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BBenenue

[lon HamEeXHOCTHIO TIOHMMAETCSI CHOCOOHOCTh TEXHUYECKUX YCTPOIMCTB
0e30Tka3HO (McIpaBHO) paboTaTh B TEYEHHUE OIPEICICHHOTO OTPe3Ka BPEMEHHU B
3aJJaHHBIX YCJIOBUAX. be30Tka3Ho# (MCrmpaBHOI) pabOTON CUHMTACTCS HOPMAJIbHOE
BBITIOJITHEHWE TEXHUYECKUMHU YCTPONUCTBAMHM BCeX CBOUMX (GYHKUMHA B mpenenax
3aIaHHBIX JOMYCKOB. IIpu aTOM mpeamnonaraercs, 4To paccCMaTpUBAEMBbIE YCTPOKUCTBA
MMEIOT MPAaKTUYECKOE HA3HAYCHHME, 3AKJIIOYAIONIIEECS B BBINOJHEHUHM 3a/JaHUS B
3apaHee YCTaHOBJIEHHOM OOBbEME.

Hane:xxHOCTH TECHO CBf3aHAa C  pa3JIMYHBIMM  CTOpPOHaMHU  IIpouecca
AKCIUIyaTallUM TEXHUYECKUX YCTPOMCTB. bonplioe 3HaYeHWE HUMEIOT BOIMPOCHI,
CBSI3aHHBIE C BOCCTAHOBJIEHMEM CBOMCTB OTKa3aBIIUX OO0BEKTOB. PocT 3HaueHus
npoOieMbl  HAJIEKHOCTH CBSI3aH C  HEKOTOPHIMM  OCOOCHHOCTSAMM  pa3BUTHUSA
COBPEMEHHOM TEXHMKU. BO — mepBbIX, CYHIECTBYET CTpEMJICHHE K TMOAPOOHOMY
IUJAHUPOBAHUIO XOJA NPOM3BOACTBEHHBIX IPOLECCOB, KOTOPBIE CTAHOBATCA BCE
Oonee cnoxHbIMU. BOo — BTOpBIX, Bce OONbILIE pacHpOCTPAHSAETCS aBTOMAaTU3ALUsA
pPa3JIMYHBIX MPOLECCOB; IIOCTENIEHHO aBTOMATH3alldsl CTAHOBUTCA OCHOBHBIM
CPEACTBOM TEXHUYECKOrO Iporpecca. B — Tperbux, aBTOMaTHYECKHE CHCTEMBI
BBITIOJIHSIOT BCe O0JIee OTBETCTBEHHbBIE 3a/1aUH.

Meroguyeckne yKa3aHus @peJHAa3HAYEeHbl JUIsl TOJYYEHHUS CTYIAECHTAMH
MPAKTUYECKUX HABBIKOB IO MOBBIIMICHUIO HAJIEKHOCTH CUCTEMbI 3JIEKTPOCHAOKEHUS
ANEKTPUPUITUPOBAHHBIX JKEJE3HBIX TOPOT.

[IpennasnaueHo naisi CTyAeHTOB Bcex ¢opm oOyuenus. McxomHbie naHHbIE
ONPENENSIIOTCS IO HOMEPY BapHaHTa, 3aJaHHOrO IpenojasareneM. Bompockl mis
TECTUPOBAHUS TMPEACTaBICHbl B mpuioxkeHuun 3. B mnpuioxenuun 4 upuBeieH
IIEPEYEHb BOIIPOCOB IS K3aMEHOB.



B kayecTBe MCXOIHBIX JaHHBIX MMEETCS PE3YyJbTaTbl KOHTPOJS HEKOTOPOM
¢busndeckoil BenuuuHbl. TpebyeTcst o BRIOOPKE MOCTPOUTH THCTOTpaMMy, OLEHUTD
MaTEMaTHYECKOE OKHMJaHUE, CPEAHEKBAJAPAaTUYHOE OTKIOHEHHE, MOAo0paTh 3aKOH
pacrpeneneHus U IPOBEPUTh COOTBETCTBUE ONBITHBIX JAHHBIX MPUHITOMY 3aKOHY.
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[Iponomxenue Tabmuisr 1.3

Ne Bapuanrtsl

41142]143|44145]46[47[48]49]50]51]52]53]54]55]56]57]58|59]60
41140]40|35|31|10| 2 [76]66]22]|35]46] 8 |19]53|13|20|12|76|46| 8
42128] 8 |45]45|54[31]16]33]25]21]46]33|43|44|42]41]48]48|30{31
43134150]21]30{20{13]47]51]36]15]40] 9O |48|41|47]|15]44|59|22
44160]46]25]20|21| 7 [11]46]31]44]21]|58]38] 9 |44]10]41]61]|20
45121122]58]22|26{31[33]56]63]31]56]21]21]48]|31|13|68|37|36| 4
4613734 4 |24|59] 5 |37]54]29]42]52]10]40| 5 |42]| 8 |38|47]45]36
47115]71|58|32|17{12[54]38]34]43]26] 1 |50]20]38]|28]26]|46]|46
48117]36]|53|41|36{48[59]19]48]13]39]|41]15]|37|18]|26|47]|45
49141159|37|82| 1 [19]53]45|17|22]|24]119]46]|79|33| 1 | 24|50

50139146]36(18| 3 |14|76|33|36|36|37|33|36|48| 8 | 4 |16| 8

=

AN

N

22

R[R]|8

IIpumep pemenus

Paccuuraem unciio nHTepBaNIOB 1O hopMyIie
n
k =5Xn—=5, (1.1
10

rae N- 4ucio HaOIIOIECHUN.

Paccunraem nnuHy uHTEepBaia
Dx = Zmax  “min (1.2)

TO€ Xmaz - MAKCUMAJIBHOC 3HAUCHUE X,
X min - MUHUMAJIbHOC 3HAYCHUEC X.

Kk =5>4n@ =124,
10

[MpeanoyruTelibHee BHIOMPATh YMCIIO MHTEPBAJIOB HEYETHBIM, TaK KaK IMPHU
4ETHOM YHUCIIC HWHTEPBAJIOB U OCTPOBEPIIMHHOM pACHpENCICHUH B IICHTPE
THCTOTPaMMBbl  OK@XYTCsl JIBa CTOJNOI@ W CepelinHAa KPHUBOH pacrpeieicHHs
NpEBAPUTEIBLHO YIIOTHSICTCS.

[Mpunumaem k=11
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PaccuuteiBaem NJIMHY HHTCPBAJIOB

_26,06- 1,53

DX =223

I[JISI TOTO YTOOBI MMOCTPOUTL THUCTOIpAMMYy pPACHPCACIICHUA OOCTUTHYTBIX
H3HOCOB, H€O6XOIII/IMO paccunuTatbh OTHOCUTCIBbHYIO 9aCTOCTh HOHaIIaHI/Iﬁ B UHTCPBAJI

_
qd@—nwm, (1.3)

rje N - 9UCIIo MoMaaHuii B MHTEPBAT,
N - 91CJI0 HAOIFOIEHMIA.

Pesynbratel pacuéra gi(X) cBeném B Tabmuiy 1.4 u n300pa3uM THCTOTpaMMYy
(puc. 1.1).

Tabnuua 1.4 - OTHOCUTENBHAS YacTOCTh NOMAIaHUN B UHTEPBAJ

rpanny | 1.53- | 3.76- | 599- | 822- | 10.45- | 12.68- | 14.91- | 17.14- | 19.37- | 21.6- | 23.83-
unreps. | 3.76 5.99 8.22 1045 |12.68 | 1491 | 17.14 | 193 21.6 23.83 | 26.06

1 2 3 4 5 6 7 8 9 10 11 12
gi(x) 0,011 | 0,056 | 0,037 | 0,075 | 0,086 | 0,06 0,045 | 0,034 | 0,015 | 0,019 | 0,011
n; 3 15 10 20 23 16 12 9 4 5 3

JUJ1sl ONIBITHBIX TAaHHBIX HEOOXOUMO BBIOpATh 3aKOH pacipeieNICHusI.

IIpoBepsieM [ ONBITHBIX JAHHBIX [JBa 3aKOHA pacnpezaencHus Ilaycca
(nopmanbHbIF) u BeiiOymra. BbpiOop 3akoHa pachpeneiacHHs MPOU3BOIATCA C
IIOMOILBIO KpuTepus coryacus [Iupcona.

Kpurepnii cornacus [Iupcona

szgﬁléEQ: (1.4)
E, =n(Q(x;) - Q(x..,)), (1.5)

rae Q(X) - unTerpanbHas GyHKIuS;
Xj - MpaBasi TpaHUIAa UHTEPBAJIA;
Xj.1 - JIeBasi TpaHUIAa HHTEPBAIA.

11



3akoH pacrnpezenenus ['aycca

-¥ 1 g_E(L Zg
X)= 0———xe® 2 5 Udx. 1.6
Q(x) +9$><\/2_p (1.6)

OyHKIKS HOPMHUPOBOUHOW Benwuuubl Z = (X - W)/o (Murterpan Jlamnaca)
Ta0yIMpoBaHa.
e X - [paHuIla HHTEePBAa,;
N - MAaTEMAaTUYECKOE OKUIAHHE;
S - cpeaHee KBaIpaTUIHOE OTKIOHEHHE.

1 R
q(x) = W e ) (1.7)

rjac X - cepeanuHa HHTCpBaja.

1.00E+00 -+

9.00E-01 et 111
8.00E-01 /

7.00E-01 /

6.00E-01 /

5.00E-01 /

4.00E-01 /
3.00E-01 /
2.00E-01 7
/
1.00E-01
000E+00 T T T T T T T T T T T T T T T T T T T T T T T T I T T T T T T T T T T T I T T T T T T T T T T T T T T I T T T T T T T I T T T TTITITITrTrTITl
’%,bfp ’b‘fb(p fbﬂ:p ’q',\:p '\’,0?2}900?’ ALY I N T
S
S

0.

Pucynok 1.1 — I'uctorpamma pacnpeneneHus
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IIpn coBmasgeHMM MOAENM C ONBITHBIMU JAHHBIMU 3HAYEHUE KPUTEPHS
paBHsIoCh Obl HyIt0. [lonydyeHHas BeMYuHA KPpUTEpUs CPABHUBAETCS ¢ TaOJIMYHBIM
3HAYEHUEM C YUCJIOM CTereHel CBOOO bl MPU ONPeIeIEHHOM YPOBHE 3HAUMMOCTH

N=k-r-1, (1.8)

rje I - Ynucjo mapaMmeTpoB 3akoHa pacrpeneneuus (mis [Maycca r=2, mis BeliOysmia
r=3).

3akoH pacnpezenenus BeitOoyna

a@(xo

Q(x)=1- e , (1.9)

(SRR

D @ D
cooo

IrJie Xo- MUHAMAaJIbHas TPaHMIla HHTEpBaJa,
b - popma;
h - macmrra0.

b=—"P__ x0988, (1.10)
xS,

8 [ - xp)- 5T

s, - - | (1.12)
n
= (X, = Xn ). (112)
i=1
& 05772269
— b s (113)
b-1 ga’('xo 2b3
q(x) _989( 00 eE¢ " oY (1.14)
(4]
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DKCIOHEHIUAJIBHBINA 3aKOH paclpeeaeHus

Q(x) = 1 - exp (-ko X), (1.15)
Mo=n/ é Xi, (116)
a(x) = Xo €xp (-ho X), (1.17)

3nauenus Q(X) u (X) cBenens! B a0, 1.5.
PaccunTaem kpuTepHii cornacus ajisi 000UX 3aKOHOB paclpe/ICICHHUS.
3akoH pacnpeaencHus ["aycca

E,=120(0,05951- 0,02394) = 4,2684

E,=120(0,12725 - 0,05951) =8,1288

E3=120(0,23576 - 0,12725) =13,0212

E,=120(0,38187 - 0,23576) =17,5332

E5=120(0,54732 - 0,38187) =19,854

E¢=120(0,70483 - 0,54732) =18,9012

E;=120(0,83092 - 0,70483) =15,1308

Eg=120(0,91578 - 0,83092) =10,1832

Eo=120(0,96381- 0,91578) =5,7636

E10=120(0,98666 - 0,96381) = 2,742

E11=120(0,99580 - 0,98666) =1,0968

Kpurepunii cornacus

o _(3-42684)  (15- 81288)°  (10-130212)° (20-17,5332)°

4,2684 81288 13,0212 17,5332

, (23-19854)° (16-189012)°  (12- 151308)°  (9- 101832)
19,854 18,9012 15,1308 10,1832

, (4-57636)°  (5- 2,742)°  (3- 10968)’
5,7636 2,742 1,0968

c

2
+

=14,6638

Tabnuua 1.5 - [TapameTpsl pacnipeneneHuit

rpaHuubl
uHTepBa- | Q(X)r Xi-Xmin Q(x)B cepeAuHa q(x)r Xi-Xmin q(x)B
nos VHTepBanos

1 2 3 4 5 6 7 8
1,5321 0,02394 | 0,00000 | 0,01138 2,64710 0,01570 1,11499 0,02975
3,7621 0,05951 | 2,22999 ([ 0,07757 4,87710 0,03020 3,34499 0,05495
5,9921 0,12725 | 4,45997 | 0,19926 7,10710 0,04871 5,57499 0,07143
8,2221 0,23576 | 6,68996 | 0,35740 9,33710 0,06588 7,80499 0,07582
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[Iponomxenue Tadmuier 1.5

1 2 3 4 5 6 7 8
12,6820 |0,54732 | 11,14993 | 0,67861 13,79700 0,07110 12,26489 0,05498
14,9120 |0,70483 | 13,37991 | 0,80101 16,02700 0,05673 14,49489 0,03877
17,1420 ]0,83092 | 15,60990 | 0,88766 18,25700 0,03796 16,72489 0,02434
19,3720 ]0,91578 | 17,83988 | 0,94230 20,48700 0,02130 18,95489 0,01364
21,6020 ]0,96381 | 20,06987 | 0,97309 22,71700 0,01003 21,18489 0,00684
23,8320 |0,98666 | 22,29986 | 0,98863 24,94500 0,00396 23,41289 0,00307
26,0620 0,99580 | 24,52984 | 0,99565

N=11-2-1=8,

a = 0,05 - ypoBeHb 3HAUNUMOCTH.
3akoH pacmpezencHus Beitoynna
y =2,21655; S,=0,58195; b =2,175097; h =11,96439.
E1=120(0,07757 - 0,01138) =7,9428
E»,=120(0,19926 - 0,07757) =14,6028
E3=120(0,35740 - 0,19926) =18,9768
E4,=120(0,52542 - 0,35740) = 20,1624
Es=120(0,67861- 0,52542) =18,3828
E¢=120(0,80101- 0,67861) =14,688
E;=120(0,88766 - 0,80101) =10,398
Eg=120(0,9423 - 0,88766) = 6,5568
E9=120(0,97309 - 0,9423) = 3,6948
E10=120(0,98863 - 0,97309) =1,8648
E1;=120(0,99565 - 0,98863) = 0,8424

Kpurepunii cornacus

2
+

, R -E)* _(3-79428)*  (15- 14,6028)°
¢ =a = + +
o E 7,9428 14,6028
,10-189768)° (20- 201624)° (23-18,3828)° (16- 14,688)
18,9768 20,1624 18,3828 14,688
,12-10398)° (9-65568)°  (4-36948)°  (5- 18648)
10,398 6,5568 3,6948 1,8648
,(3-08424) _ 2059
0,8424
n=11-3-1=7,
a =0,05.
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OneHuM TpHUHATHE IS HAIIUX ONBITHBIX JTaHHBIX WM 3akoHa [aycca wiam
3aKOHa Beﬁ6yJ1J1a

=14,66 £155=c?

C ac mag: ~ TIPA 3aJaHHOM YpPOBHE 3HAYMMOCTH. Tak Kak

pacu€THOE 3HAUEHUE KPUTEpHUs COIJlacus MEHbIE TaOJIMYHOIO, TO JIeJIaeM BBIBOJ,
YTO OMNbBITHBIE JIaHHBIE HE MPOTHUBOPEYAT BHIOPAHHOMY 3aKOHY pacIpeaesieHus
l"aycca.

3a1<0H pacnpeneneHus Beﬁ6yJ1J1a

C e = =20593 141= Cma& IIPH 33JIaHHOM YPOBHE 3HAYUMOCTH.

Tak kak pacy€THOe 3Hau€HUE KPUTEpHs corjiacusi OOjbIle TabIUYHOTO, TO
JieJJaeM  BBIBOJl, 4YTO, OIBITHBIC JaHHBIC MPOTUBOpPEYAT BBIOPAHHOMY 3aKOHY
pacnipenencHus BeliOyina.

1.2 Ounenka noka3areJeil HAJAEKHOCTH HEBOCCTAHABIUBAEMOI'0 00HEKTA
TeopeTnveckue cBeJeHUs

BCpOHTHOCTB 0e30TKa3HOI pa6OTBI 110 CTaTUCTUYCCKUM OJaHHBIM 00 OTKa3ax
OLCHUBACTCS BBIPAKCHUCM

P(t n(t) (1.18)

riae N(t) — yrcio u3esuii, He 0TKa3aBIIMX K MOMEHTY BPEMEHH {;

N —uwucao H?;IICJIHﬁ, IMOCTAaBJICHHBIX HAa UCHBITAHUAA,
N

P(t) - CTATUCTHUYCCKAA OLICHKA BCPOATHOCTH 0e30TKa3HOU pa60T51 N3ACIuA.

I[JIH BCPOATHOCTH OTKa3a 110 CTATUCTHUYCCKUM JdHHBIM CIIPpAaBCIJIMBO
COOTHOILIICHHUC

" N - n(t)

q(t) = N (1.19)

riae N-n(t)- urcno u3genuii, OTKa3aBIIMX K MOMEHTY BpEMEHH {;

N

Q(t) - CTATUCTHUYCCKAA OILICHKA BCPOATHOCTHU OTKA3a U3ACIINUA.
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YacTora OTKA30B II0 CTATMCTUYECKUM JaHHBIM 00 oTKazax OIIPCACIIACTCA
BBIPpAKCHUCM

p Dn(t)

f(t) = O (1.20)

rie N(t) - 9rcio OTKa3aBIIKNX M3ACIUi Ha ydacTke BpemenH (t, t+t);

N

f(t) - craTucTHyeckast OIleHKa YaCTOTHI OTKA30B M3/IEIINS,

t - “HTEpBa BpEMEHU.

NHTEHCMBHOCTh OTKa30B IO CTaTUCTUYECKMM JaHHBIM 00 OTKa3ax
ornpenensercs Gpopmyon

~ o Dn(t)

l@_Mmm’ (1.21)

rie N(t) - grcno u3aenui, He OTKa3aBIIMX K MOMEHTY BpEMEHH {;

N(t) - unciIo OTKa3aBIIMX U3/CIMIA HA ydacTKe BpeMenH (i, t+t);

N

I (t) - CTaAaTHCTUYCCKAaA OUCHKA MHTCHCUBHOCTH OTKAa30B U3 CJIN.

Cpennee Bpemsi 0€30TKa3HOM paOOTHI M3AEIHS MO CTATUCTUUYECKUM JTaHHBIM
OIICHUBAETCS BHIPAKCHUEM

mo=28
ENat (1.22)

rie t - BpeMs 6e30TKa3HOM padOTHI i- T U3EIIHS;

N - o01ree 4rcio U3aeIni, IIOCTABJIEHHBIX HA UCIIBITAHUS,

N

Mt - cratucTHueckas OLCHKA CPCOAHCTO BPCMCHHU 0e30TKa3HOI pa6OTBI n3A4CIuA.
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AN

Jns onpenenenuss Mt mo dopmyne (1.22) HeoOX0aUMO 3HATH MOMCHTBI

AN

BbIxo1a 3 cTpost Beex N m3nenmii. Moxkno onpenensats Mk u3 ypaBHeHUs

m » a nt
i=1

i “epi ! (123)

rac ni - KOJIMYCCTBO BBIILICAININX U3 CTpOH I/ISIICJII/Iﬁ B | — OM I/IHTepBaJIC BpeMCHI/I;
tepi = (tiatti)/2;

m=t,/t;

t=tjs1 — t;;

ti., — BpeMs Hadaja i — r0 HHTEepBaJIa;

ti — BpeMs KOHIIA i- TO UHTEpBAJIa,

tk - BpeMH, B TCUCHUC KOTOpOFO BBIIIJIN U3 CTpOH BCC U3CIIHNA,

t-I/IHTepBaJI BpeMCHI/I.

Hucnepcust BpeMeHU O0€30TKa3HOM paldOThl H3AENHS O CTaTUCTHYECKUM
JaHHBIM OIpeenseTcs GopMyion

Dt ——a (t - m)?, (1.24)
N-1°
raie D¢ - craTucThuyeckas OIIEHKa JUCIEPCUU BpPEMEHHM O€30TKa3HOW paboThI
U3JIENUA.
Pemenune TunmoBbBIX 3a1a4
3agaua 1.2.1

Ha ucneitanue nocrasieHo 1000 ogHOTHIIHBIX 37eKTpOHHBIX Jiamt, 3a 3000

N N

gacoB oTkazano 80 nammn. TpeOyercs onpeaeanThb P(t), q(t) npu t = 3000 yac.
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Hcxoanbie 1aHHbIE
t =3000+10:N
YUCJIO OTKAa3aBIIUX J1aMIi. 80+10:N .

IIpumep pemenus

B mannom cimydgae N = 1000; n(t)=1000-80=920; N-n(t)=1000-920=80. Ilo
dopmynam (1.18) u (1.19) onpenensiem

P(3000) = nt) _ 920 _ 09
N 1000
q3000) = N0 _ 80 _ 569
N 1000

3agaua 1.2.2

Ha ucneiranue 6su10 nmocrarineHo 1000 oxnotunseix jgami. 3a nepseie 3000
gacoB oTkaszano 80 nam, a 3a uatepsas Bpemenu 3000 - 4000 yacoB oTkazaio elie
50 gjamn. TpeOyercs omnpenenuTh CTaTUCTHYECKYHO OIEHKY YacTOTBHl H
MHTEHCHUBHOCTH OTKAa30B 3JIEKTPOHHBIX Jiamn B npomexyTke Bpemenu 3000 - 4000
9acoB.

Hcxoanbie 1aHHbIE

Yucno orka3asiux jJjaMir. 80+103N;

yuciio otkazaBmux Jamn B npomexyTtke 3000 —4000 yac.: 50+10>N .
IIpumep pemenus

B nannom cirygae N=1000; t=3000 uac; t =1000 gac; n(t)=50; n(t)=920.

ITo popmymnam (1.20) u (1.21) Haxoaum

fao00)= 2N S0 _ gy [
N>Dt  1000X1000 uac

[ @oog) = M- 190 _ge521
DU(t) 1005200 uac
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3agaua 1.2.3

Ha wucnpiTaHne MOCTAaBICHO 6 OJHOTHIHBIX H3ae/uil. [ToMydeHbl Claeayomue
3Havenus ti (ti - Bpems 6e30Tka3HOM padoThI | - ro mw3aenus) : t1 =280 yac; t2 = 350
yac; t3 =400 yac; t4 =320 yac; t5 =380 ygac; t6 =330 uac.

Hcxoaubpie JaHHBIE

t, =220+5xN;t, =350+ 5xN;t, =400+ 5xN;t, =320+ 5xN;t; =380+ 5xN;t, =330+ 5xN

Omnpenennuts CTAaTUCTHYECKYIO OIEHKY CpPEAHETr0 BpPEeMEHH Oe30TKa3HOU
paboTHI U3ACIIHS.

IIpumep pemenus

[To popmyne (1.22) umeem

rAn(t) _ 280+ 350+ 400+ 320+ 380 + 330 _ 2060
6

= 343,3uac.

3agaua 1.2.4

3a HaOJt0JaeMBbIi IEPUOA IKCIUIyaTallMy B anmaparype Obu10 3a()UKCUPOBaHO
7 0oTKa30B. BpeMst BoccTaHOBNIEHUSI COCTaBUIIO:

t1 =12mun.; t2=23muH.; t3 =15muH.; t4=9Mmuu.; t5=17mud.; t6=28mun.; t7=25mun.;
t8=31mun. Tpebyercst onpeneauTh CpeIHEE BpEMs BOCCTAHOBJICHUS ammnapaTypbsl m, .

Hcxoanbie JaHHBIE

t1 =12 + IN mun.; t2=23 + 2N mud.; t3 =15mun.; t4=9muu.; t5=17mun.; t6=28
+ 2N MuH.; t7=25 + 2N mun.; t8=31 + 1IN mumn.

IIpumep pemenus

" 1g ., 12+23+15+9+17+28+25+31 _ 160
mtg—ﬁati = 3 =
i=1

20
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1.3 Pacuer noka3zareJieil HaJe’KHOCTH HEBOCCTAHABJIMBAEMOI0 00bEKTA
NPH U3BECTHOM 3aKOHE pacnpe/ieJleHUsI BpeMeHHU 0e30TKa3HOil padoThI

TeopeTnyeckue cBeJIeHUsA

Bemuimem (i) OpMYJIHI, II0  KOTOpPBIM ONPCACIAAIOTCA  KOJIHMYCCTBCHHBIC
XAPAKTCPUCTHKH HAJACKHOCTU U3 ACIIUA

p(t) =exp(- @ (t)dt) =1- of (t)dt; (1.25)

q(t) =1- p(t); (1.26)

da(t) __ op(t),

f(t) = (1.27)

dt dt
_f@.
I (1) =—=;
( o(t) (1.28)
m = gp(b)dt, (1.29)
0

rie P(t) — BeposTHOCTH 0€30TKa3HOM PabOThHI M3/eHs Ha HHTepBajie BpeMeHu ot O 10
t;

g(t) — BepossTHOCTB OTKa3a U3eNus Ha HHTepBajie Bpemenu ot 0 70 t;

f(t) — yacToTa OTKA30B M3AEIUSA WIH INIOTHOCTh BEPOSTHOCTH BPEMEHH 0€30TKa3HOU
paboTsl u3aenus T,

| (t) — MHTEHCUBHOCTH OTKA30B U3/ICIIHS;
M, — cpeaHee BpeMst 6€30TKa3HOM pabOThI U3,

Boimie  npuBegeHHble  (GOpMysnbl IS OKCIOHEHLMAIBHOTO  3aKOHa
pacnpeieneHus: BpeMeHU 0€30TKa3HOW paboThl U3AENUs MPUMYT BU!

p(t)=e'"; (1.30)
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qt) =1- e''; (1.31)

ft)=1 " (1.32)
| xe '
| (t) :T =1; (1.33)
1
m, ~ (1.34)

@opmynsl A8 HOPMAJIBHOTO 3aKOHA pAclpeaesieHUus] BpeMEHU Oe30TKa3HOU
paboThl U3AENUs MPUMYT BUA!

t-
p(t) =0,5- @U);U = Sm; (1.35)
1 Y
Q(t):0,5+@(U);@(U):f2p>‘g‘)? 2du; (1.36)
o 1 U
=000y = e 7 wan
(V) 1
| = pd
() s 05-oU)’ (1.38)

rae ®(U) - pyukuus Jlamnaca, obmagaromias CBOWCTBAMHU;
®(0)=0; (1.39)
d(-U) =-d(V) ; (1.40)

M; - CpeHEE 3HAUYCHUE CIIYYalHOW BEJTUYUHBI T

2
t - JUCTICPCHUA CIIyYaHnHON BCINYMNHBI T,

T - Bpemsi 6€30TKa3HOM pabOTHI U3AEIHS.
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dopmynbl s 3aKoHa pacnpezeneHus BeliOynna BpeMeHu O0e30TKa3zHOMN

pa60T51 n3aciausa nMCrOT BU,
pt) =e*";
qt) =1- & *;

f(t) = akt™ " xp(t);

| (t) = akt“*;
11
()
m(t) = X%,
ik

rie a, K - mapametpsl 3akoHa pacrpeneneHus BeitOyina.

(1.42)

(1.43)
(1.44)

(1.45)

(1.46)

dopmyiibl A1 3aK0HA pacrnpezenenus Penes BpeMenn 0€30TKa3HOM paboThI

n3aciausa nMCrOT B,

2

mo:am-;zx

t

2

_ 4 LR
q(t) =1- exp( 255)’
_t ot
f(t)__f xexp( 235)’

23

(1.47)

(1.48)

(1.49)

(1.50)

(1.51)



rae U - Mona pacnpenenenus ciyuaitnoit Benuuunbl T;

T - BpeMs1 6e30TKa3HOM pabOTHI U3EITHS.

3agaua 1.2.5

Bpems paboTel asieMeHTa 10 OTKa3a MOJAYMHEHO YKCIOHEHLINATbHOMY 3aKOHY
pacmpenelneHuss ¢ IapaMeTpoM | =2,540° % 4o - TPeOyeTCs  BEIYUCIHUTH

KOJIMYCCTBCHHBIC XapaKTePUCTHUKU HaAeKHOCTH 3mementa P(t), q(t), f(t), my ms

t=10004ac.
IIpumep pemieHus:
Hcnoaszyem popmyisr (1.30), (1.31), (1.32), (1.33) as p(t), q(t), f(t), m.
Bbruuciinm BeposITHOCTh O€30TKa3HOM padoThI

p(t) — e- 2,5>10'5t .

P(1000) = g 2540400 = 0025 = 9753

Borancaum BepositHocTh oTkasza ((1000)
g(1000)=1-p(1000)=0.0247.

BBI‘{I/ICJII/IM qacToT y OTKAa30B
f(t) =1 (t) xp(t) = 2,540 x 25"
f (1000) = 2,5X0°5 xe 259" =2 5x0°% »0,9753 = 2,439 40°° y :
qyac

Boruncium cpegnee Bpemsi 6€30TKa3HON pabOThI
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Hcxoanbie 1aHHBbIE

BpCMH pa6OTBI QJICMCHTA A0 OTKa3a INOAYHHCHO JKCIIOHCHIUAJIIBHOMY 3aKOHY

pacripenenenns ¢ mapamerpom | = (2,3+0,1xN) 0™ %ac -

3agaua 1.2.6

Bpems paGoThl snemMeHTa 10 OTKa3a MOAYMHEHO HOPMAaJbHOMY 3aKOHY C
napameTtpamu My =8000 yac, s { =2000 yac. TpeOyeTcst BHIYUCIUTh KOTUUYECTBEHHBIC
xapaktepuctuku Hagexxaoctu P(t), f(t), (t), my s t=10000 gac.

Ipumep pemenus

Bocnoasszyemcs popmynamu (1.35), (1.36), (1.37),(1.38) aus p(t), f(t), | (1),

Bbruncium BeposiTHOCTh 6€30TKa3HOM pabOThI
p(t)=0.5®(V);
U = (10000-8000)/2000=1; ®(1)=0.3413;
p(10000)=0.5-0.3413=0.1587.

OmnpenenuMm gacToTy otkasa f(t)

f(1000)=(1)/2000=0.242/2000= 121:40° ¥/ .

PaccunTaeM HHTEHCUBHOCTb 0TKa30B | (1)

121205 _ _
| (10000) = “o1ea7 - 76,430 S%GC_

Cpennee Bpemsi 6€30TKa3HOM pabOTHI AIeMEHTa

my = 8000 yac.
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Hcxoaubpie JaHHBIE

Bpems pabotTbl 31eMEHTa OO0 OTKa3a MOAYMHEHO HOPMAJbHOMY 3aKOHY C
napameTpamu m =8000+20xN 4yac, s,=2000+10xNuac. Tpebyercss BBIYUCIHUTH

KOJIMYCCTBCHHBIC XapakTepucTuku Haaexuoctu P(t), f(t), 1 (t), m, s t=10000 gac.
3apmava 1.2.7

Bpemst paboTel u3genus 0 OTKasa IOJUYMHSAETCS 3aKOHY pacIpeac/ICHHs
Penes. TpeOyeTcs BBIYHMCIMTD KOJNMYECTBEHHBIE XapAKTEPUCTHKH HAaICKHOCTH
uzgenus P(t), f(t), 1 (t), my g t=10004ac, ecnu mapametp pacnpeaencuus s (=1000
Jac.

IIpumep pemeHus:

Bocnoasszyemcs dpopmynamu (1.47), (1.48), (1.49),(1.50), (1.51) mns p(t), f(t),
M, 1 (t).

Bbrancaum BeposTHOCTD 6¢30TKa3Hoi padoTsl P(t)

1000?

P(1000) = exp(- —
( ) p( 2310007

) = €5 =0,606

Onpenenum yactoTy oTkasa f(t)
_ 2_ -3
f(1000)=10000.606/1000°= 0,606 <10 % se

PaccuutaeM MHTEHCUBHOCTH OTKA30B
| (1000)=1000/1000% =10 1/4ac.

Omnpenenum cpeaHee BpeMs 6€30TKa3HOM paOOThI U3/1eus, Yac.
m, =1000>1,253 =1253uac.

Hcxoaubie JaHHBIE

Bpems paGoTsl u3fenus 10 OTKa3za MOJUYMHSETCS 3aKOHY pacripeereHus
Penesi. TpeOyeTcs BBIUMCIUTH KOJUYECTBEHHBIE XapaKTEPUCTUKU HAJEKHOCTH
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w3nenus  P(t), f(t), | (t), my mna t=10004ac, eciu mapameTp pacupeaeICHUs
s, =1300 + 20 xN ygac.

3aa4uu AJ151 CAaMOCTOSITEJILHOIO pellleHUus
3agaua 1.2.9

BepositHocTh 6€30TKa3HOM pabOThl aBTOMATUYECKOW JIMHUU W3TOTOBIICHUS
IWJIUHIPOB aBTOMOOWJIBHOTO JBUTaTeNst B TedeHue 20+2°N yac pasHa 0.9.
[Ipeanonaraercsi, 4YTO CHOpaBEUIMB OSKCIOHEHIUAIBHBIA 3aKOH HAJEHKHOCTH.
TpeOyercs paccuuTarh MHTEHCUBHOCTH OTKA30B M YacTOTY OTKA30B JIMHUHU IS
MOMeHTa BpeMeHH t =120 + 20> N dac., a Takxke cpeiHee BpeMs 0€30TKa3HOM padoThI.

3agaua 1.2.10

Cpennee BpeMs 0€30TKa3HOW paOOThl aBTOMATHYECKON CHCTEMBI YIIPaBICHUS
paBHo 640 wuac. I[Ipeamomaraercsi, 4YTO CIpaBEIJIUB SKCIOHCHIIMAIBHBIN 3aKOH
HaJe)KHOCTU. HeoOXxoammo omnpeneauTh BepOSTHOCTh O0€30TKa3HOW paboThl B
TeueHue 120+ 3>N yac., 4aCTOTy OTKa30B JJIsI MOMEHTAa BpeMeHH t =120+ 33N yac. u
HMHTEHCUBHOCTH OTKA30B.

3agaua 1.2.11
Bpems paboThl uzzienvs noJ4uHEHO HOPMAJILHOMY 3aKOHY C IapaMeTpaMmu

m =8000+30xN wac., s, =1000+ 20xN yac. TpeOyeTcsi BbIUUCIUTh KOJIMYECTBEHHbBIEC
XapaktepucTuku Hagexxaocta P(t) , f(t) , | (t) , My ams t =8000+ 30> N yac.

3agaua 1.2.12

Bpewms 6e30Tka3Hoii paboThl MprOopa MOTIYNHEHO 3aKOHY Pernest ¢ mapaMeTpom
s = 1860 uyac. TpebOyercss Bbrumcautsh P(t), f(t), | (t) ams t=1000+10°N dYac u
cpelHee BpeMs 0e30TKa3HOoM paboThl mpubopa.

3agaua 1.2.13

Bpems ucnpaBHOW paOOThl CKOPOCTHBIX IMIAPUKOMOJIIUAITHUKOB TMOTIYUHEHO
3akoHy BeitOymna ¢ mapamerpamu K =2,6+0,1xN,a=165x0’ % "
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TpeOyercss BBIYMCINTH KOIWYECTBEHHBIC XapaKTEPUCTHUKU HazjekHocTd P(t),
f), 1 () mrs t=150 wyac. wm cpemHee BpeMs 0e30TKa3HOW  PabOTHI
IHIAPHKOITOIIIMITHUKOB.

3agaua 1.2.14

BepositHocTh  Ge30Tka3HoO#l  pabotbl u3nenuss B TeueHue 1=1000 wac.
P(1000) =0,92+0,001>N . Bpems wucnpaBHOi paOOThl NOAYMHEHO 3akoHy Pernes.
Tpebyercs onpeneauTh KOJIUIECTBEHHbBIC XapakTepucTuku Haaexunoct f(t), 1 (t), m.

3agaua 1.2.15

Cpennee Bpemsi uchpaBHOW paboThl u3aenus paBHo 1260 wyac. Bpewms
ucrpaBHOM paboTel moguuHeHo 3akoHy Penes. HeoOGxomumo HaliTu  ero
KOJIMYCCTBCHHBIC XapakTepucTuku Haaexxnoctu P(t), f(t), | (t) ais t=1000+10>N
Jac.

3agaua 1.2.16

B pe3ynbTaTe aHanu3a JaHHBIX 00 OTKa3ax M3JENIHs YCTAaHOBJICHO, UTO YaCTOTa
0oTKa30B uMeeT Bun f(t)=2e"'x1-e'). HeoOxogumMo HaWTH KOJIMYCCTBCHHBIC
xapaktepucTuku Hagexuoctu P(t), | (t), m..

3agaua 1.2.17

B pesynpTaTe aHanmm3a OaHHBIX 00 OTKa3axX W3JENHNA YCTAaHOBJICHO, YTO
. ¥ ot a2ty 3t
BEPOSATHOCTh O€30TKa3HOM paboThl BeIpaskaeTcs hopmyioit P(t)=3e™ - 3e“ + ™.

Tpebyercst HAlTH KOJTMYECTBEHHBIC XapaKTepUCTUKU HaaexHoctu P(t), | (t), m.
3apaua 1.2.18

OnpenenuTs BEPOSTHOCTh OC30TKa3HOW pPabOThl M MHTCHCHUBHOCTH OTKA30B
npubopa npu t = 1300 gyacoB pabGoThI, €CIU MPU UCIBHITAHUAX TMOJTYUYCHO 3HAUYCHHE
cpeaHero BpeMeHH Oe3oTkazHou paborsl M=1500 yac. u cpegHee KBaaApaTUUECKOE
otkionenue s = 100 gac.
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1.4 PacuyeT 3J1eMEeHTHOIl HAeKHOCTH CHCTEMBI CIIOCOO0M Npeodpa3oBaHus
CTPYKTYPbI

M3BecTHBI BEpPOSITHOCTH OTKa30B JJIEMEHTOB CHCTEMBI, INPEACTABICHHBIC B
tabn. 1.6. Heobxoammo paccuutaTh BEPOSITHOCTh OTKa3a CHUCTEMBI CIOCOOOM
npeoOpa3oBaHus CTPYKTYPHI "3Be3/1a-TPeyroibHUK"  "TpeyrojapHuk-38e3aa”/1/.

Tabnuua 1.6 — HageXxHOoCTh AJIEMEHTOB CUCTEMBI

Bapu-
Pucynox BepositHocTH  OTKa30B
aHT
1 2 3 4 3 6 7 8 9
1 2 3 4 5 6 7
1 12
5 13 0,10{0,10{0,50]0,10 0,301 0,10 | 0,40
3 12
4 13 0,10(0,10{0,40]0,20 (0,401 0,20 | 0,30
5 12
6 13 0,05(0,06{0,30]0,30|0,5010,10 | 0,20
7 12
3 13 0,05|0,0510,20]0,40 | 0,60 0,20 | 0,40
9 12 0,10{0,05{0,10]0,10( 0,301 0,10 | 0,30
10 1.3 ) ) ) ) ) ) )
11 12
12 13 0,10{0,0510,50]0,20 | 0,4010,20 | 0,20
13 12
14 13 0,05(0,10{0,40]0,30|0,6010,30 | 0,40
15 12
16 13 0,05(0,10{0,30]0,40|0,5010,30 | 0,30
17 12
18 13 0,12 0,06 {0,20]0,10 | 0,401 0,10 | 0,20
19 12
20 13 0,12|0,1210,10] 0,20 | 0,30 0,20 | 0,40
21 12
29 13 0,06 | 0,06 { 0,50]0,30|0,4010,20 | 0,30
23 12
24 13 0,06 |0,1210,40]0,40 | 0,501 0,20 | 0,20
25 12
%6 13 0,07(0,1210,30]0,10 | 0,60 | 0,10 | 0,40
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[Iponomxenue Tadbnuis 1.6

1 2 3 4 5 6 7 8 9
27 1.2
8 13 0,12|0,0710,20]0,20 | 0,50 | 0,20 | 0,30
29 1.2
30 13 0,12|0,05{0,10]0,30 | 0,4010,10 | 0,20
31 1.2
20 13 0,05(0,11{0,50]0,40(0,3010,30 | 0,40

CXeMBbI CUCTEM.

1 )
] | ]
3@ 5
>— [ ]
4E;
7 7
V—\ 1
L
Pucynox 1.2 Pucynox 1.3

1.5 Pacuer Ha/Ie:KHOCTH CHCTEMBI € IOCTOSIHHBIM pPe3epBUPOBAHMEM

TeopeTnyeckue cBeJeHUA

HpI/I IMOCTOAHHOM PE3CPBUPOBAHHUN PC3CPBHBLIC 3JICMCHTHI 1,2,.... COCAMHCHBI
mapaJuiCJibHO ¢ OCHOBHBIM (pa60‘{I/IM) 9JICMCHTOM B TCUCHHUC BCCI'O IICpUoOaa pa6OTBI
cucteMbl. Bce aineMeHThI COCAMUHCHBI ITOCTOAHHO, nepeCTpoﬁKa CXCMBbI IIPHU OTKa3ax
HC IIPOUCXOOUT, OTKa3aBIIUM 3JIEMEHT HE OTKJIIOUACTCH.

BepositHOCTB OTKa3a cuctembl (q(t) onpenensercs popmyoit
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e (t) = ém) a; (t); (1.52)

rae 0j(t) - BepoATHOCTB OTKa3a | - TO AJIEMEHTA.

BepositHocTh 0€30TKa3HOM pabOThl CUCTEMBI
Juj
Pt)=1- O 1- P ), (1.53)
j=0

rae Pj(t) - BeposiTHOCTH G€30TKa3HOM PAOOTEHI | - TO AIEMEHTA.

Ecmm Pi(t) =P(t),j =0,1,...,m, o

0c (t) = g™ (t);

P.(t) =1- (L- PH)™. (159

HpI/I SKCITIOHCHIIMAJIBbHOM 3aKOHC HAACXKHOCTH OTACIIBHBIX 3JICMCHTOB MMCCM
—_ — Al t.
Pt)=Pt)=¢e"

qc(t) — (1_ e-lt)m+1;
P.(t)=1- (1- '™,

(1.55)
-
Mo I%lﬂ'

PCBCpBI/IpOBaHI/Ie Ha3bIBACTCsA O6H_II/IM, CCJIN PC3CPBUPYLCTCA BCA CHUCTCMA,
COCTOsIIAas U3 MOCJICAOBATCIBHOIO COCANHCHUA N DJICMCHTOB.

OnpenenvM KOJUYECTBEHHBIE XapaKTEPUCTUKU HANCKHOCTA CHUCTEMBI C
o0IIMM pe3epBUpoBaHreM (pe3epBHBIC IIEMH BKIOYCHBI TOCTOSHHO).

3anuiieM BeposSTHOCTh O€30TKa3HOM pabOThI | - OH ICTH
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A
P (t) = O P.(1);j =12...n, (1.56)

i=1
rae Pj(t), j=0,1,2,...n;
I =1,2,3,..., N - BEpOATHOCTh OE30TKA3HOM pabOThI IJICMEHTA.

BeposiTHOCTB OTKa3a | - Oif 1eTH
i
q;(t)=1- QR (1) (1.57)
j=1
BeposTHOCTh 0TKa3a CUCTEMBI C OOIIUM pe3epPBUPOBAHUEM

Py A
q.(1) =0 @- O P, (1)). (1.58)

=0

BepositHoCcTh 0€30TKa3HO# pabOThl CUCTEMBI C OOIIUM PEe3ePBUPOBAHUEM

pu, A
P®=1-O@@- OPR ). (1.59)

j=0 i=1

YacTHbIN cnyqaﬁ: OCHOBHAasA MW PC3CPBHBIC NCIIKU HUMCHOT OIWHAKOBYIO
HaACKHOCTD, T.C.

P;()=Ri(t) . (1.60)
Torna
il .
A (1) =2- O RE)™. (L.61)
P =1- @- ORO™. (162

PaCCMOTpI/IM 3KCHOH€HLII/I&JIBHBII>1 3dKOH HAaJACKHOCTU, T. €.
— At
Pt)=¢e", (1.63)

q.(t) =(L- e™)™, (1.64)
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P(t)=1- - ™)™,

(1.65)
J
l,=al; (1.66)
i=1
rac I o -~ HHTCHCUBHOCTBH OTKA30B IICIIN, COCTOSIH_Ieﬁ U3 N DJIEMEHTOB.
YacToTa 0TKa30B CUCTEMBI C OOIIMM pe3epBHUPOBAHUEM
_ _dR(t) _ 1t 1t
fo(t) =- —dt =1, (m+1)xe o X1- e )" (1.67)
I/IHTCHCI/IBHOCTB OTKAa30B CUCTCMBEI C O6H_II/IM pCBCpBI/IpOBaHI/IeM
- 1ot _ o lotym
=B Lomed)e DA e T (1.68)
R.(t) 1- - )"
Cpennee Bpemsi 6€30TKa3HON pabOThI pe3epBUPOBAHHON CUCTEMBI
m=T.4 (1.69)
C (o] 1+ J

j=0
rne To=1/1, - cpenHee Bpemst 0€30TKa3HOM paObOThl HEPE3EPBUPOBAHHOM CUCTEMBI.

Pemenune TUnmoBbBIX 3a1a4
3agaua 1.5.1

Cucrema cocront u3 10 paBHOHAJEKHBIX JJIIEMEHTOB, CpEIHEE BpeMs
6e30TkazHoi pabotel 3nementa My = 1000 gac. Ilpeanonaraercsi, 4To CHpaBenuB
AKCMIOHCHIIMATBHBIA 3aKOH HAJEKHOCTH IS DJIEMEHTOB CHCTEMBI M OCHOBHAs U
pe3epBHasl CHCTEMbl paBHOHAIEXKHBL. HeoOxoammMo HaWTH cpegHee BpeMs
0e30TKa3HOU pabOThI CHCTEMBI My, @ TAKXKE YacTOTy 0TKa30B f () u HHTEHCHUBHOCTD
oTka3oB | .(t) B MomeHT Bpemenu t = 50 yac B ClIeIyIONINX CITydasx:

a) HEepe3ePBUPOBAHHON CUCTEMBI,

6) HY6HHpOBaHHOﬁ CUCTCMBI ITPpU TOCTOSHHO BKIIOYCHHOM PC3CPBEC.
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Penienue

)
a) I c - a. I i1y
i=1
rac | ¢ - HHTCHCUBHOCTb OTKA30B CHUCTCMBEI,

I i - HHTCHCUBHOCTBH OTKAa30B | - ro JJICMCHTA,

n = 10.

1=12...,Nn
| .=1,>1=0,001x0=0,01
yac

me = Ii 100uac;

C

fo(t) =1 () xR (1);

0) m, =

1 1
= = x1+>) =150uac;
M, 0’01”( ;) =150uac

p.(t) =1- (L- '™,
l,=1,=001

° ¢ ’ yac’

PC:l_ (1_ e—lot)2:2e-lot_ e—2lot’
() = d:lt(t) 2 e d (1 €');

fo(t) _ 20 ,-€'").
P() 2-¢&'

I.(t)=
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3agaua 1.5.2
B cucreme TeneynpapiieHHs NpUMEHEHO AyOIupoBaHWE KaHaia YIpaBJICHHUS.
2
NHTEeHCUBHOCTh OTKa30B kamama | =10 1l/gac. PaccuuTaTh BEPOSATHOCTH

0e3oTka3Hoi paboThl cuctembl P(f) mpu t=10 uac, cpemnee Bpemsi 0e30TKa3HOMU
paboTBI My, yacTOTy 0TKa30B f(t), ”HTEHCHMBHOCTH 0TKa30B | ((t) ccTeMBI.

IIpumep pemenus

B nannom ciywae n=1; A= A; |, =1 =sa=1 ;m=1.

R()=1- (1- €)%
P(10)=1- (1- %2,

Tornma
e % =0,9048.

Tornma
P.(10) =1- (1- 0,9048)% =1- 0,0952* = 0,9909.

Onpenenum My, yac

1
é, - = >(1+%) =150uac.

Omnpenenum gactoTy 0TKa30B f(t). [Toayunm
w=- 0260 e

OmnpenenuM HHTCHCUBHOCTD 0TKa30B A (1)

_f®_2 e''x1-e') _2 x1-¢e'"),

Ib(t) Pc(t) - e—lt>(2_ e—lt) - 2. e—lt !
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33)13‘11/1 I CAMOCTOATECJIBHOI'O PCINCHUSA

3agaua 1.5.3

[Ipuemuuk cocrout u3 tpex. 6ysokoB: YBY, VIIU u YHY. MnaTtencuBHocTH
OTKa30B 3THX OJIOKOB COOTBETCTBEHHO PaBHbI: |, =4xN X0 % ac | ,=25N 0" % ac™

| ,=3xNx0"* . Tpebyercss paccuWTaTh BEPOSITHOCTh O€30TKa3HOU PabOTHI
3 yac

npueMHuka 1pu t=100 yac nis crneayronmx ciy4yaes:

a) pe3epB OTCYTCTBYET; 0) MMeeTcs oOlee 1y0JIupoBaHue IPUEMHHKA B LIEJIOM.

3agaua 1.5.4

HepesepBupoBanHass cucrema ynopasiIe€HUS COCTOMT U3 n=4000+10°>N
aNeMeHTOB. V3BecTHa TpeOyemasti BEpOsSITHOCTh Oe30TKa3HOW paboThl cucTeMbl P (t) =
09 mpm t = 100 wyac. HeobGxoaumMo paccuuTaTh JOMYCTUMYIO CPEIHIOIO
WHTCHCUBHOCTh OTKAa30B OJHOTO DJIEMEHTA, CUUTAsl SJEMEHTHl PaBHOHAICKHBIMH,
IS TOTO dYTOOBI TPUOJVIKEHHO OIICHHTh JOCTWKCHUE 3aJaHHONW BEPOSTHOCTU
0e30Tka3HON pabOTHl IPU OTCYTCTBUHU MPOPUIAKTHUECCKUX OCMOTPOB B CIEIYIOIINX
CITyJasix: a) pe3epBUPOBaHUE OTCYTCTBYET ; 0) mpuMeHeHo ol1ee 1ybmupoBaHue.

1.6 Pacuer Ha/1e2KHOCTH CHCTEMBI € N03J1€MEHTHBIM pe3epBUPOBAHUEM

TeopeTnyeckue cBeJeHUA

HpI/I MMO3JICMCHTHOM pPC3CPBUPOBAHUN PC3CPBUPYIOTCA OTACIBHO 3JICMCHTHI
CUCTCMBI. OHpCIICJII/IM KOJIMYCCTBCHHBIC XAPAKTCPUCTHKH HAJACKHOCTU CUCTCMBI.

3anumieM BEPOSTHOCTh OTKA3a i - OM IPYIIIbI
Jo
at)=0 q; (1), (1.70)
j=0

rae 0j(t) - BeposaTHOCTH OTKa3a >neMenTa Ha uHTepBaie BpemenH (0, t).

3anuiieM BEpOSTHOCTh 0€30TKa3HOM paOoThI j-0i rpymibl. [lomydunm

P =1- g =1- O - P.(), (1.71)

j=0
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rae P;(t) - BepositHOCTE 6€30TKa3HON pabOTHI JIeMEHTa HA HHTEpBae
Bpemenn (0,t);
M - KPATHOCTh PE3CPBUPOBAHUS IJICMEHTA |-Oi TPYIIIIHIL.

3anuiieM BepOATHOCTh 0€30TKa3HOM pabOThl CUCTEMBI C MO3JIEMEHTHBIM

pe3epBUPOBAaHUEM
Py
P.()=OR®
i=1
WIn

=00 O Ro). (L.72)

I[JISI PAaBHOHAACKHBIX 3JICMCHTOB CUCTCMBI U mi=m=C0nSt HMECEM

P (t) = P(t); (1.73)

P.()=(- @- PM)™)". (1.74)
Ecmu

P () =R(), (1.75)

to (hopmyna (1.72) mpumer Bu

R®=00- @- RO™). (1.76)

it
[Tpu SKCIMOHEHIIMATLHOM 3aKOHE HaS)KHOCTH, Koraa P(t)=e

PM)=0 - @ &)™ (1.77)
B stoMm ciiyuae hopmyiia mpuMeT BHT
P(t)=(L- (- &)™y, (1.78)

a CpCaHCC BpCM:A 0e30TKa3HOH pa60T51 CUCTCMBI OIIPCACIIACTCA COOTHOIICHUCM
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m. = oR(Ddt. (1.79)

[Moacrasmss (1.78) B (1.79),monyunm

(n-n & 1
| Xm+1) xjaz‘onj>(nj+1)...(nj+n- 1)’

m, = (1.80)

rae Ng =(+1)/(m+1).

Pemenune TUnmoBBIX 32124
3agaua 1.6.1

JI1s1 TIOBBINICHUST HAACKHOCTH YCHJIMTENSI BCE €ro 3JIEMEHThI JTyOJUPOBAHBI.
[Ipennonaraercsi, 4ro CHPAaBEIJIUB SKCIOHCHIMAIBHBIA 3aKOH HAJIECKHOCTH IS
AJIEMEHTOB CHUCTEMBbl. HeoOXoammMo HaWTH BEpOSTHOCTh O€30TKa3HOW pPabOThI
ycuiuTens B TedeHue t =5000+100>N yac. CocTaB 3J1€EMEHTOB HEPE3EPBUPOBAHHOTO
YCWJINTES U JaHHBIE TI0 HHTEHCUBHOCTH OTKA30B 2JIEMEHTOB MpHUBEIEeHbI B Ta01.1.7.

Tabmuma 1.7 — Jlaaasie a1 3agaun 1.6.1

NHTEHCUBHOCTH
KonnuectBo
DNeMEeHTHI D EMEHTOB OTKa30B 2JIEMEHTA ,
10° 1/uac
1 2 3
Tpan3uctopsl 1 2,16N
Pesucropsl 5 0,23N
Konnencatopbl 3 0,32N
Jnombl 1 0,78N
Karymku 1 0,00N
WHIYKTUBHOCTH
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IIpumep pemenus

B paccmarpuBaeMoM cilyyae MMEET MECTO pa3[elbHOE PE3EPBUPOBAHUE C
KpPaTHOCTBIO M; = M= 1, 4ncio 31eMeHTOB Hepe3epBUPOBAHHOrO ycunuTens N = 11.
Torna, ucnionw3ys naHubie Ta01.1.7, Ha ocHoBaHuM hopmyiiel (1.78) monyunum

P(5000) = O (1- (¢"*)?).

i=1

I[JISI HpI/I6JII/I)I(eHHOTO BBIYUCJICHHUA ITOKA34dTCIIbHYIO (1)YHKI_II/IIO MOXHO
PAa3JI0KUTH B pAd U OTPAHUYUTHCS IICPBBIMU IBYMS YWICHAMU PA3JIOKCHHA.

Torma
A n n
P.(5000) » O (1- (50001 ;)?) »1- (5000l ;)2 =1- 50002 xq | 2 =
=1 i=1 i=1
=1- 25X0°° (2,16 +50,23 +30,32? + 0,78% +0,097) 40" ****,
3anaua 1.6.2

HepesepBupoBanHnasi cucrema ymnpasieHus coctouT u3 N=5000 31eMeHTOB.
JIisi TOBBIIICHUS] HAJACKHOCTH CHUCTEMBI MPEJIoiaraeTcsi MPOBECTH pas3aeiibHOE
nyonupoBaHue  3JIeMEHTOB. UTOOBI  MPUOIMKEHHO  OIEHUTh  BO3MOXKHOCTD
JOCTHIKCHHUS 3aJIaHHOM BEPOSTHOCTU Oe30TKa3HOU padoThl cuctembl Py(t) = 0,9 npu
t=10+ N yac, HEOOXOAUMO PACCUUTATh CPEJIHIOI0O MHTEHCUBHOCTH OTKAa30B OJHOTO
AJIEMEHTa MPH MPEOIOKEHUHN OTCYTCTBHS MOCIEACHCTBUS OTKA30B.

IIpumep pemenus

BepositHoCcTh 0€30TKa3HOM pabOThl CUCTEMBI MIPU Pa3AeIbHOM TyOJIUpPOBaAHUU
Y PaBHOHAJICKHBIX 3JIEMEHTaX paBHa

P()=@- (- P(t)")",
rie P(t) - BeposTHOCTH 0€30TKa3HOM paOOThI OJTHOTO JIEMEHTA.
Tak kak 107KHO OBITh

(1- (- P()*)"2 09,

TO.
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P(t) 3 1- 41- £/0,9.

Paznoxus §/0,9 =(1- 0,1)% o crerieHr 1/N B psAn v npeHeOperas wicHaMH psija
BBICIIIETO ITOPSIJIKA MAJIOCTH, ITOJIyYUM

@- 0,1)%000 »1- i>‘0,1:1- 2X0°,
5000

MHTEeHCUBHOCTh OTKA30B 3JIEMEHTA JOJIZKHa OBITh

L 1 v/08 = L w/1- 12 240° _
|£¥><,/1-\/T_E 1-1+2:40° »4440° Y/

3agaum 1J1s1 CAaMOCTOATETHHOTO PeleH st
3agaua 1.6.3

HepeszepBupoBanHass cucremMa ynpaplIeHHS COCTOUT u3 n=4000+100:N
2JIeMEHTOB. M3BecTHA TpeOyemasi BEpOSITHOCTh 0€30TKa3HOM paboThl cucteMbl P(t) =
0,9 mpu t=100+N wyac. HeobGxogumo paccuuTaTh JOMYCTUMYIO CPEIHIOIO
MHTEHCUBHOCTh OTKA30B OJHOTO JJIEMEHTa, CUMTas 3JIEMEHThl PaBHOHAJIEKHBIMHU,
UL TOTO 4YTOOBI MPUOJIMKEHHO OLEHUTh JOCTUKEHUE 3aJaHHOW BEpPOSTHOCTH
0e30TKa3HON pabOThl MPU OTCYTCTBUU MNPOOUIAKTUYECKUX OCMOTPOB B CIEAYIOMIMX
cllydasiX: a) pe3epBUPOBAaHME OTCYTCTBYeT, ©) MNPUMEHEHO pa3JelibHOE
(mosnemMeHTHOE) TyOIMpOBaHUE.

3agaua 1.6.4

B paanonepenatyuke, cOCTOSIIEM M3 TPEX PAaBHOHAJCKHBIX KackamoB (N=3)
IPUMEHEHO pa3/ielbHOE NYOJMPOBAaHNE KaXKJIOro Kackajaa. VIHTEHCMBHOCTb OTKa30B

KackajoB paBHa | =5xN 0" % 4o+ PACCUMTAaTh BEPOATHOCTH 0e30TKa3HON paboThI

Pc(t) B Teuenne Bpemenu t = 100 uwac u cpemHee Bpemsi 0€30TKa3HOW PaOOTBI My
panuornepenaTIuKa.
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1.7 Pe3epBupoBaHue ¢ APOOHOIl KPATHOCTHIO U MOCTOSTHHO BKJIKYEeHHbIM
pe3epBoM

TeopeTnyeckue cBeJIeHUsA

PesepBupoBanHasi cucrema coctouT u3 | ormenbHbIX cuctem. s ee
HOpPMaJIbHOW pabOThl HEOOXOAMMO, YTOOBI MCHPAaBHBIMH OBbLTH HE MEHee 4yeM h
cucteM. KpaTHOCTB pe3epBUpPOBAaHMS TaKOW CHCTEMBI paBHA

I-h

[Ipeanonaraercsi, 4TO OCHOBHBIE U BCE PE3EPBHBIE CUCTEMBI PABHOHAIECHKHBI.
BepositHocTh 0€30TKa3HO# pabOThl pe3epBUPOBAHHON CHCTEMBI

P(M=8 CP ) (-1'CIP (1)

i=0 j=0
rac

SR (1.82)

3nech P,(t) - BeposATHOCTH 0E30TKa3HOM PadOThl OCHOBHOW CHCTEMBI WU JIHOOOMH
PE3E€pPBHON CUCTEMBI;

| - 0O11Iee YMCIIO OCHOBHBIX U PE3EPBHBIX CHCTEM;
h gucio cuctem, HEOOXOIUMBIX JIJIsI HOPMAJIBHOM PadOTHI.

BYIICM npearoiaratb, 4To AJIsd JIFOO0OM OTACJIBHO B3STOM CHUCTEMbI CIIpaBCIJINB
C—)KCHOHeHL[PIaJIBHBIﬁ 3aKOH HaJCKHOCTH, T.C.

Pt)=¢€' (1.83)

Omnpenenum cpeaHee Bpems 6€30Tka3zHOM paboThl cucteMbl. Mimeem

¥

\ 1
m. = R (O)dt=—>xq — (1.84)

0 izo N+

1 5"
I0
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Pemenune TunmoBbBIX 3a1a4
3agaua 1.7.1

Cucrema anektpocHabxenus 61oka IBM coCcTOUT M3 YeThIpEX TeHEepaToOpOB,
HOMHHAJIbHAsI MOIIHOCTh KaXKI0T0 M3 KOTOphix 18 kBT. bezaBapuitnas padora Oioka
elme BO3MOXKHA, €CIM CHUCTeMa DJIIEKTPOCHAOKEHHS MOXKET 00ecreunBaTh
norpebutenss MomHocThio 30 kBT. HeoOxomaumo omnpenenutb BeposITHOCTD
0e30TKa3HON PabOTHI CHUCTEMBI PHEProCHAOXKEHUS B TEUCHHE BpeMeHH t =600+ N
yac, cpeaHee BpeMs 0€30TKa3HOM paboThl My, 4acTOTy 0TKa30B f.(t), HHTEHCHBHOCTH
oTKa30B | .(t) cucTeMbl PHEProcHAOXKECHHUS, €CJIM WHTEHCUBHOCTh OTKA30B KaXKIOTO
3 reseparopos 10° Vuac.

IIpumep pemieHus:

MOoImTHOCTH ABYX I'€HEepaTOpOB JOCTATOYHO i muTaHus Ojoka DIIBM, tak
KaK UX CyMMapHasi MOITHOCTb COCTaBJISIET 36 KBT. ITO 03HAYAET, UTO OTKA3 CHCTEMBbI
AIIEKTPOCHAOKEHUSI €Ille HE HACTYINHUT, €CJIM OTKaXyT OJWH WIM JBa JIOOBIX
reHepaTopa, T.€. UMEET MECTO CIy4ail pe3epBUPOBAHUS C APOOHON KPAaTHOCTHIO M =
2/2 ipu o611ieM yucie yeTporcTs, paBHoM 4. Ha ocHoBanuu gopmyiasl (1.82) umeem

M) =& CIP* () (1CIPI() =
i=0 i=0

= COR}()CIPY(t) + CLRY (1) XCPRA(t) - CIRX(L)) +
+C2ZR2(t) XCORY(t) - CIRL(t) + C2RA(t)).

Tak xak
Ci'=1; Co=1; Ci'=4; Cr'=1; Cr'=1; C,=6; C2=1; C;'=2; Cr'=1,
TO
P.(t)=6Py*(t)- 8P>(t)+ 3Py*(t).
Tak xak Po(t)=exp(- | t), To
Po(t)=6e" " 8e"¥'+3e™".
Jns nanubeix Hamei 3agaun | t = 0,09. Torga
P,(600)=0,997.

Cpennee Bpems 0e30TKa3HOU paboThl Ha ocHoBaHuK hopmyibl (1.84) Oynmer
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2
:Il 2 _1 = 11—3 » 7200uac.

M 02+ 121

Omnpenenum yactoty oTka3oB f(t). Umeem
f.(t)=- % =12l e?'- 24l ¥ +121 ",

OmnpenenyM HHTEHCUBHOCTB 0TKa30B | . (t). [Tomyuum

f(t) _121 x1- 2" +e?")

I ()=
C() F)C(t) 6' 8e-|t+3e-2|t

3agaua 1.7.2

JIJIsi TIOBBITIICHUS TOYHOCTH HW3MEPCHUS HEKOTOPOW BEIMYMHBI NPHUMEHEHA
CXeMa TPYNIUPOBAHHWS MPUOOPOB W3 TSATH IO TPH, T.€. PE3YJIBTAT H3MEPCHUS
CUMTACTCS BEPHBIM I10 MOKa3aHUIO cpefaHero (Tperbero) mpubopa. Tpebyercs HaiTh
BEPOSATHOCTh Oe30TKa3HOoW paboThl P(t), cpemnee Bpemsi 0e30TKa3HOW pabOTHI My
TAaKOM CHCTEMBI, a TaKke 4acToTy OTKa3oB f.(t) m mHTEeHCHMBHOCTH OTKa30B | ((t)

CHUCTEMBI, €CJTH HHTEHCUBHOCTh OTKA30B Ka)K0ro nmpuodopa | =0,4xN x10° % e

IIpumep pemenus

B manHOM ciydae mM3MepHTeNIbHas CHCTEMa OTKa3bIBa€T B TOM CIIydae, €Cld
OTK&)XYT U3 IATH IPUOOPOB TpU U OoJiee, T.e. UMEET MECTO O0Iee pe3epBUPOBAHNC
JApOOHON KpaTHOCTH, Korja oOiiee 4uciao mpubopoB | = 5, umcino mpubopos,
HEOOXOAMMBIX JIJI1 HOpMaIbHON paboThl, h = 3, a kpaTHOCTH pe3epBUPOBAHHUS M =

2/3.

Hcnonw3ys popmyiy (1.82), momyuaem

PH=&CP ()& (1'CP =4 CP () ()'CP (1) =

20 =0 20 <0
= CoRy (1) XCoRy (1) + CoR (1) XCR) (1) - CIR (1) + CZR' (1) XCo Ry (t) + CI R (1)),
Tak xak
C=1; C’=1; C5'=5; C,°=1; C,'=1; Cs’=10; C,°=1; C,'=2; C,°=1,
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TO
Pc(t)=Po’(t)+5P5 (t) 1Po(t)+ 10Po°(t) 12P,(t)+ Py’ (t) =6Po°(t)15P,"(t)+ 10Po°(1).
Tax xax Py(t)=exp(t), To
P.(t)=6e™ 15e*+10e™.
Cpennee Bpems 0e30Tka3HOU paboThl Ha ocHoBaHuK hopmyibl (1.84) Oyner

>(l + 1 + E) = ﬂ =1958uac.
3 4 5 60

(o]

Omnpenenum | (t). [Tomyunm

_ () _ 30 X1-€")?

I (t = :
) R(t) 6e”'-15e'" +10

3aa4uu AJ151 CAaMOCTOSITEJILHOIO pellleHUus
3agaua 1.7.3

NHTEHCUBHOCTh OTKA30B WM3MEPUTEIBHOrO TMpubopa | =0,83xN ><103%ac.. st

MOBBIIICHUS TOYHOCTH M3MEPCHHMS IPUMEHEHA CXeMa I'PYIITUPOBAHUS U3 TPEX IO JBa
(m=1/2). Heo6x0aumMo onpeaeanTh BEpOSITHOCTh O0€30TKa3HON paboThl cxeMbl Pg(t) ,
cpeaHee BpeMs 0€30TKa3HOM paboThl CXeMbl My , dYacToTy oOTKa3zoB fc(t)
WHTCHCHUBHOCTB OTKa30B | ((t) cxeMbl.

3agaua 1.7.4

ABTOMOOMIBHBIN ABHUTATCIIb HMCCT |=4 cBeun 3axkuranusg 10 OIIHOﬁ Ha

KOKIABIA  HWIMHADP. VIHTEHCHMBHOCTH OTKa30B cBeud | =2xN X0’ % , a

ac
JUIATEIBHOCTh Pa0OTHI JBHraTelis B TEUEHHE BCEro MyTemecTBHsit=20+N uac.
[peamnonaraercsi, 9T0 aBTOMOOMIIL MOXET €XaTh TAKXKe MPH OJHOM HepaboTaroIeM
rHape. HeoOXoaumMo onpenenuTh BEpOSITHOCTh 0€30TKa3HOM pabOThl JIBHraTelIs
Pc(t), cpentee Bpemsi 0e30TKa3HOW PabOTHI ABHratels My , 4acToTy 0TKa3oB f(t),
UHTCHCUBHOCTh OTKa30B | ((t) sgBurarens. KakoBa BEpOSTHOCT TOrO, YTO
aBTOMOOMJIb JJOCTABUT TYPHCTOB B IIYHKT Ha3HaUCHUs 0€3 3aMEHBI CBEUCH ?
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3agaua 1.7.5

B BbIUMCIUTETLHOM YCTPOWMCTBE NPUMEHEHO pE3EPBUPOBAHUE C JPOOHOM
KpaTHOCTHIO “ OJIUH U3 TpeX . NHTEeHCUBHOCTh OTKA30B OJIHOTO HEPE3EePBUPOBAHHOTO

O10ka paBHa: | =4xN X10° %

ac’

TpeOyetcst paccuuTaTh BEpOSITHOCTD O€30TKa3HOW paboThl ycTporicTBa P () u
cpenHee Bpemsi 0€30TKa3HOW paldOThl My PE3epPBUPOBAHHOTO BBIYUCIUTEIHHOTO
YCTPOKWCTBA.

1.8 Ckoab3siiee pe3epBUPOBaHME NPHU IKCIOHEHIIMATBHOM 3aKOHE HA/IeKHOCTH

TeopeTnyeckue cBeJeHUs

BeposaTHOCTh 0€30TKa3HOI pabOThl pe3epBUPOBAHHON CUCTEMBI ONPEIEIIETCA
COOTHOILIEHUEM

pm=e' g () (1.85)

izo I
rac | o~ HHTCHCUBHOCTH OTKAa30B HepesepBI/IpOBaHHOﬁ CUCTCMBI,
N - 9YUCI0 DJIEMEHTOB OCHOBHOU CHUCTCMEI,
rrb - UUCJIO PC3CPBHBIX 3JICMCHTOB, HAXOAAIIUXCA B HCHAI'PYKCHHOM PC3CPBE.

B aTOM citydae KpaTHOCTh pe3epBUPOBaHUS

m:%_ (1.86)

CpenHee Bpemss  0e30TKa3HOW  pabOTBl  PE3EPBUPOBAHHOW  CUCTEMBI
ornpenensercs: Gopmyon

M = To (Mo + 1), (1.87)

rae Tp - cpenHee BpeMsi 6e30TKa3HON paboThl HEPEe3EePBUPOBAHHON CUCTEMBI.
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Pemenune TunmoBbBIX 3a1a4
3agaua 1.8.1

[Mudposas BeruncauTenbHAsE MamnHa cOCTOUT U3 1024 OMHOTUMHBIX STYEEK U
CKOHCTPYHpOBaHa TaK, YTO €CTh BO3MOXHOCTh 3aMCHHUTH JIFOOYIO U3 OTKa3aBIIHX
sueek. B cocraBe 3UII mmeercst 3 sueiiku, Kakaas U3 KOTOPBIX MOXET 3aMCHHTH
MO0y OTKa3aBIIyr0. TpeOyeTcss ONpeaesiuTh BEPOSATHOCTh O€30TKa3HOW pPabOThI
LIBM P(t) , cpeanee BpeMs 0e30TKa3HOH pabOTBI Mk, YacTOTy OTKa30B f(t),
UHTEHCUBHOCTH 0TKa30B| (t). Taxxke Tpedyercs onpenenutb Pg(t) mpu t=10000 uac.

M3BeCTHO, YTO MHTEHCUBHOCTH OTKA30B sYeUKu| =0,12xN x10° % ac Ilon otka3zom

Oynem noHumath coObiTre, koraa [IBM He moxeT paboTarh u3z-3a orcyrcrsus 3Ul1a,
T.€. korjaa Bech 3UII nu3zpacxogoBan v oTkaszana eie ojaHa siuerika namsatu [IBM.

IIpumep pemenus

Taxk kak mwobas sueiika u3 coctaBa 3UIla Moxer 3aMeHHTH JHOOYIO
oTkazaBmyio sueiiky [IBM, To umeer mecto “ckoinb3siiiee” pesepBupoBaHue. B
HalleM cllydyae 4YMCIOo 3JEMEHTOB OCHOBHOHM cucteMbl N=1024, uncino pe3epBHBIX
anemeHTOB My=3. Ha ocHoBanuu popmysiel (1.85) umeem

3 i 2.2 343
. o (It . | <t |t
R R R

i=0

Onpenenum M. [omyunm

mc :To >(mo +1);T0 :|i
WU
-1 X3+1) » 32500uac
Me 1,2340 4 '

Omnpenenum yactoty oTka3oB f(t). Umeem
(1) =- dr.(t) :%XI g,

OmnpeaenuM HHTCHCUBHOCTD 0TKa30B | ¢(t). [Tonyuum
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_f)_1 | 42

242 343 7
RO 6, ol T3
2 6

I ()

Omnpenenum Pg(t) mpu t=10000uac. Umeem

-4 4y 2 -4 413
F)C(t) —e 1,2340" 740 >(1+ ]123)4-0- 4 >{l_o4 + (:L23xlo >ﬂ_0 ) + (:L23>g-06 >ﬂ_0 ) ) » 0’96
33)]3‘11/[ I CAMOCTOATECJIBHOI'O PCINCHUSA
3anaya 1.8.2
biok YCHHHTeHeﬁ HpOMBIH.UICHHOﬁ YacTOTBl BKJIIOYaeT B cebt N = 4

MMOCJICAOBATCIIBHO COCAMHCHHBIX YCHUIIHUTCIIEI U OAWH YCHIIUTCIb B HCHAI'PYKCHHOM
PE3CPBL. MHTEHCUBHOCTD OTKa30B Kaxaoro pa60Ta10Luer0 YCUIINTCIIA

| =6xNx0* % 4o OlpenenuTb  BEpOSTHOCTh  Oe30TkasHoOi  paborsl  Pc (t)

pPE3ePBUPOBAHHON CHUCTEMBI, CpelHee Bpemsi 0e30TKa3HOW paboThl M i CHCTEMBI,
yactoTy oTKa3oB f¢ (), uaTeHcHMBHOCTH 0TKa30B | .. (t). Onpenenuts Takke Pg (t) mpu
t=100+10>N wuac.

3amgaua 1.8.3

brnok Tenmemerpum BKIOYaeT B ce0sA JBa OJMHAKOBBIX IPHEMHHKA.
VMHTEHCMBHOCTH OTKA30B KaX/I0I'0 IPHUEMHHKA COCTaBiIsgeT MMeeTcss o uH MpUEeMHHUK
B HEHArPy)KEHHOM CKOJIb3sIeM pe3epBe. Omnpeaenntb BEPOSITHOCTh 0€30TKa3HOU
pabotsl P; (f) pe3epBrpoBaHHON CHCTEMBI, CpeHee BpeMs 0€30TKa3HON paboThI My
CHUCTEMBI, 4acToTy 0TKa30B f¢ (1), mHTeHCHMBHOCTD 0TKa30B | ((t). Onpenenuts P (t)
npu t =250+10>N wac. Onpenenuts P (t), koraa pe3epB OTCyTCTBYET.
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2 OCHOBBI TEXHMYECKOI TMATHOCTUKH
2.1 OneHka kayecTBa NPOAYKIMHU

3aBoJl MO MPOMU3BOJCTBY ANEKTPOOOOPYIOBAHUS MPOU3BOAUT PAZbEIUHUTEIU.
W3 Beimyckaemoit naptuu otrOupatorca 300 pazbeauMHUTENEH, U MPOU3BOJIUTCA HX
KOHTPOJIb 10 MaKCUMaJIbHOMY YyJAapHOMY TOKY, KOTOPBIA CIIOCOOEH BBIAEPKUBATDH
pa3beIUHHUTENIhF B MOMEHT KOpOTKOro 3aMbikanusi(80 kA). JlomycTuMOe OTKIOHEHHE
OT 33JJaHHOT'O 3HAYEHHUs paBHSAETCSA D KA. BoIUHCINTH KakoBa BEpPOSTHOCTH TOTO, YTO
B JAaHHOM MApTUM HE OKAaXYTCA PA3bEIUHUTENIM C TNPEBBIILICHUEM 3aJlaHHOTO
OTKJIOHEHUS YAApPHOTO TOKA.

IIpumep pemrenus 3agaqu

B pe3yiabTaTe WCHBITAHUN MBI Imojay4dacm BBI60pKy PE3YIbTATOB WCHOBITAHUN U3
300 3HaveHwui. I[JISI HaHHOﬁ BBI60pKI/I BBIYUCIIMM MATCMAaTHYCCKOC OXHIAHHUC II0

bopmye

h,+h, +..+h
n

X =

, 2.2)

rac h n- 3KC1‘IepI/IMeHTaJIBHBIe IIaHHBIe;
N — BEJIMUYUHA BBI60pKI/I.
80+84+713+..+77,4+89,4

X = =79,53
300

Jlasee BBIYUCIISIEM TUCHEPCHI0 W CPEAHEKBAJAPATUYHOE OTKIOHEHUE I10
dhopmynam
_ (- X)) (- X)) AL+ (X - X)°

Dx, = .
X, - (2.2)

, _ (80- 7953)% +(84- 79,53)% +...+(89,4- 79,53)°
" 300

Do, =./3237 =57

[Tocrie BBIYMCIICHUS CPEIHEKBAIPATHYHOTO OTKIOHCHHS MOYXHO BBIYUCIIHTH
BEPOSITHOCTh TIOTQ/IAaHKS B IMMAPTHUIO Pa3bEIUHUTENSI ¢ OTKIOHEHHWEM OT YAapHOTO
TOKa SKA 1o dopmyiie

Dx =32,37
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p= 2@(&) , (2.3)

r7ie € - IOMYyCTUMOE OTKJIOHEHHS OT 3a/IaHHOT0 3HAUYEHUS;
@, - pynkus Jlamnaca.

P = 20(—>) = 0,62
5,7

BepOHTHOCTB TOI'O, UYTO B IMAPTUHU OKAXKYTCA TAKUC PA3BCIAUHUTCIIN PABHA 0,62

Hcxoanbie JaHHBIE

Heob6xoaumo niist J1F060T0 THIIA JIEKTPOOOOPYI0BAHUS COCTaBUTh BRIOOPKY M3
TPEXCOT 3HAYEHUU JI0O0OT0 SJEKTPHUYECKOTo mMapamerpa. Haiitm marematudeckoe
OKHJAHWE, JUCICPCHIO, CPEIHEKBAJAPATUIHOC OTKIOHCHHE U  BEPOSTHOCTH
MOTIA/TaHKSI B TIAPTHIO 3JIEKTPOOOOPYAOBAHUS C 33 IaHHBIM OTKIIOHEHUEM.

2.2 CocrtaBiienne Tadauubl GPyHKIHII HeHCTIPABHOCTE

Heo6xoaumo coctaBuTh Tabnuily GyHKIIMNA HEUCHPABHOCTEH I JIIOOOTO
TUMa d3JeKTpooOopyaoBanus. Ilpu 3ToM HEOOXOAUMO COCTaBUTH CTPYKTYPHYIO,
JOTHYECKYl0 M (YHKIHOHAIbHYIO cxeMy ycrpoictBa (m.4.2.2 u 4.2.3 /1/). Ilo
nonyuenHod TOH pazpaboTtaTh anroputm 1UarHOCTUPOBAHUS YCTPONCTBA.

2.3 IlpoBepka n30JSIIUOHHBIX CBOMCTB MacJia TpancgopmarTopa

[TpoBOIUTCSA MUArHOCTHUKA TBEPJON H3OJIAIMH OOMOTOK TpaHchopmaTopa o
onpejaeincHU0 npumMeceid B Macie Oaka /1/. HMccrnenoanme mnposeneno Ha 100
tpanchopmaropax, cpeau kotopeix 40 + N (rme N — HOMep BapuaHTa) HUMEIH
ucnpaBHoe cocrosiaue usomsanuu (A1) u 100 — (40 + N) - HemcmpaBHoe (Ap).

KonuuectBo npumeceii B Macie ObIJI0 KBAaHTOBaHO Ha Tpu ypoBHs B1, Bo, Bs.

Haiitn:

- CpenHIo MH(OPMAIMIO O COCTOSSHUM TBEPAOU H3OJAIMH MO Pe3yabTaTaM
HCCIeI0BaHMs MacJa,

- BEJIMYMHBI HHPOpMAITUU 00 UCTIPABHOM W HEHCIIPABHOM COCTOSIHUU TBEPIOH
W30JISLMY 110 PEe3yJIbTaTaM UCCIEA0BAHUS MAcCIa;
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- BCJIMYHUHBI I/IH(I)OpMaI_[I/II/I O COCTOAHHHU TBCpIIOﬁ n30JiA0MU AJIA  KaXXA0Io0

YPOBHA KBAHTOBAHUA COCTOSHUA MaACa.

Hcxoanbie JaHHBIE

Tabmuma 2.1 - Pactipenenenue yucia TpaHchopMaTOpOB B 3aBUCUMOCTH OT

OT ypOBHs IpuMecei B 0ake

CocrosiHue Aj, mir. Cocrostnue Ao, mT. CocrostHue macia
20+ N 0 By
15 6 B,
5 100—- (46 + N) B

IIpumep pemenus

Tabnuua 2.2 — IcXonHbIe JaHHBIE

CocrosiHue Aj, mir. Cocrostnue Ao, mT. CocrostHue macia
40 0 By
20 6 B,
4 30 B

CpeJIHSIH I/IH(I)OpMaI_[I/ISI O COCTOAHUH U30JIALINU 110 UCCIICAOBAHUAM MacCjia

2 3

Ja(B)=a a P(A;j *Bj)¥og,
i=1j=1

0,40

g——+

Ig2 0,64>0,40

-1 (0404

+0Xg

+
0,36>0,40

0,06

0,36>0,26

50

J 0,36>0,34

P(AiB)) _
P(A;) <P(B))
0,20

g0,64>O,26

0,04
g————+
0,64>0,34

030 ) _os6.




Bennuuna I/IH(I)OpMaI_[I/II/I 00 HCIIPAaBHOM COCTOAHUHU U30JIALUH

$ P(A,B)) 1 040 0,40
J,,(B)=8 P(B,/A,) Hog, 5 e L Ag
=1 (B,)¥P(A,) 1927064 ~0,64>0,40
0,20 0,20 0,04 0,04
+ | + N

0,64 g0,64>O,26 0,64 g0,64>0,34

)=0,33.

Bennuuna I/IH(I)OpMaI_[I/II/I O HCUCIIPABHOM COCTOSHHH U30JIITUH

g P(AB) 1,0 0
Ja,(B)=a P(B//A,)Hog, ——————=——+(—¢g +
ot P(B,)*P(A,) 192°036  0,36>0,40
0,06 0,06 0,30 0,30
+ | + |

0,36 gO,36>O,26 0,36 gO,36>O,34

)=0,97.

Bennuuna I/IH(I)OpMaI_[I/II/I O COCTOSAHHUH TBepHOﬁ N30 JIJIA  TIICPBOT'O
YPOBHA KBAHTOBAHUS

2
_$ P(AiB1) _
Ja(B1) = @ P(Ai/By)Hogy — ==
o P(B1) *P(Aj)
_ 1 (O,4O>‘Ig 0,40 + 0 ¥ 0 )=0,64

l[g2 040 ~0,64>0,40 0,40 gO,36>O,4O

Haxomaum Ja(B2) = 0,05.

Haxomaum Ja(B3) = 0,85.
OcranpHble pe3ybTaThl CBOAUM B Ta0uIly 2.3.

Tabnuna 2.3 - PesynbTaThl pacueToB unpopmaiuu Jai(Bj)

Aj B

B1 B> B3
Aq 0,64 0,26 —-2,45
Ao —¥ —0,64 1,29

AHEUII/I?)I/IPYH PE3YJIbTATBI PACUCTOB, MOXHO OLCHUTH I/IH(I)OpMaL[I/IOHHyIO
OCHHOCTh KaXXI0Io COCTOSHMHA. Paz6uenue IMPOCTPAHCTBA COCTOSIHMM Ha KBAaHTHI
HOJDKHO IIPOBOAUTHA C YUCTOM HX I/IHfl)OpMaI_II/IOHHOI‘/’I IOCHHOCTHU. B pPacCMOTPCHHOM

npuMepe COCTOAHHUC Bz ABJISICTCA MAJIOLCHHBIM. Hcnons3oBanue HeI/IH(I)OpMaTI/IBHBIX
IMPU3HAKOB HEC TOJIBKO 6CCHOH63HO, HO MU CO34acT IOMCXH IIpU PaACIIO3HABAHHMU.
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Haubonpimii quarHOCTUYECKUN Bec uMmeeT mpu3Hak B (oTcyrcTBHE mpumecei B

MaCJIC), paBHBIﬁ MHUHYC 66CKOH€‘IHOCTI/I, 49TO OTPHULACT BO3MOXKXHOCTb HCHCIIPABHOI'O
COCTOAHMUA TBepHOﬁ n30JI101u.

2.4 Metoa Baiieca

[Tycth cocTosiHME OOBEKTa XapaKTEpH3YeTCs HEKOTOpbIM mpu3HakoMm Kj,
NpUYEeM U3BECTHO, YTO OH MOJXKET MOSIBJIATHCS KaK MPU HAIW4YMK auarHosa Di, Tak u

IPH €ro OTCYTCTBHH. BepOSTHOCTH COBMECTHOTO IMOSIBJCHHS COOBITHH (Hajauuue y
o0bekTa coctossaus Di n npusnaka Kj) /1/

P(DK,) =P(D)xP(K;/D;) = P(K,)xP(D, / K;).

N3 sToro paseHcTBa BeITEKAET TeopeMa baiieca

PO )=PODRC 1) IPK)),

rae — P(Di) — anpuopHasi BEpOSTHOCTh IHAarHo3a, OrnpeIeeHHast 0 CTaATUCTHYCCKUM
IAHHBIM,

P(Kj/Di) — BeposiTHOCTh mosiBcHHUS npu3Haka K| y o0bekToB ¢ coctosHueMm Di;

P(Kj) — BeposiTHOCTH ToOsIBIICHHs Mpu3Haka K| y Bcex OOBEKTOB HE3aBUCHMO OT
COCTOSIHHMS.

Tabnuua 2.5 — 3aganue A penieHus 3a1auu

CocrosiHne ITokazaHus
3aKHMa U3MEPUTENS Hokazanus TepMoMeTpa
Hopma He nopma
HcnpaBHoe 1000- 103N 950- 10>°N 50
HewucnpaBHoe 10°N 25N 8>N

IIpumep pemenus

Ha xonrtaktHoit cetu mnpoBenu 1000 wucnbiTaHuil, 4YTOOBI OMNpPENETUTH
BO3MOXHOCTh OECKOHTAKTHOTO KOHTPOJISI COCTOSIHUSA MUTAIOIMUX 3aKUMOB. [Ipu 3TOM
CpPaBHUBAIU PE3yJIbTaThl KOHTPOJIS OECKOHTAKTHBIM TEPMOMETPOM U H3MEPHUTENIEM
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MEPEXOTHOTO0  COMPOTHUBICHUs. bBBUIO MpUHATO JomNylieHHe 00 aOCOJIIOTHOM
JIOCTOBEPHOCTH KOHTPOJS HM3MEPUTENIEM COINPOTUBJICHUS. Pe3ynbTaThl ONBITOB
npuBeJIeHbI B TabuIe 2.4.

Ta6J11/1ua 2.4 — PC?)y.IIBTaTBI OIIBITOB I10 OIIPCACIICHUIO COCTOAHUA ITUTAOIIUX

32)KUMOB
CocTtosiHne [Toxazanus [Tokazanust TepMOMeETpa
3a)KUMa U3MEpUTEIs
Hopma He nopma
HcnpasHoe 990 970 20
Heucnpashnoe 10 2 8

TpeOyercs HAlTH CleAYIOIINE OLICHKH

arpuOPHOMN BEPOSITHOCTU COCTOSIHUSA «HEUCTIPABEH;

BEPOATHOCTH IMOSBJICHHUS MPU3HAKA «HE HOPMa» Yy HEUCIIPABHOIO 3aKUMa,;

BEPOATHOCTU TMOSBJICHHUS MPU3HAKA «HE HOPMa» HE3aBHUCHUMO OT COCTOSHUS
3aKUMa,

BEPOATHOCTH JUArHO3a <«HEUCIPABHOE COCTOSHUE 3aKMMa» MpPHU MOJIYYECHUH
pE3yJIbTATOB «HE HOpMa».

OI_IeHKa aHpI/IOpHOﬁ BCpOHTHOCTI/I JAUarHo3a «HeI/ICHpaBeH»
P(D,) =1 @90 =0,0101.

OI_IeHKa BCPOATHOCTHU TIOABJIICHUA IIPHU3HAKA <«HC HOpMAa>» y HCUCIIPABHOI'O
3aKMa

K _8/ _
p("m DH)_éo_o,s.

OI_IeHKa BCPOATHOCTU TIOABJICHUA IIPHU3HAKA <«HC HOpPpMa» HC3aBUCHUMO OT
COCTOAHUA 3aKUMa

P(K,,) = 2%000 =0,028.
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OHeHKa BCPOATHOCTHU AHATHO3d <«HCUCIIPABHOC COCTOAHHC» IIPpU ITOJTYYCHHH
pe3yiabTaTa «HC HOpaM>»

D _ 08/ .
PP/ )=00101%" =029,
( /<HH) {70,028

2.5 MeToa MUHUMAJILHOTO PUCKA

[lpy  HaTUYMK  HEONMPEACICHHOCTH  MPUHATHSA  PEHICHHS  MPUMEHSIOT
CHCIHMAIbHBIE METO/IbI, YYHUTBHIBAIOIINE BEPOSATHOCTHYIO HPHUPOAY COObITHI. OHHU
MO3BOJIAIOT Ha3HAYATh I'PAHUILY TOJISA JOMYCKa MapaMeTpa I MPUHATHS PEIICHUS O
auaraoctupoanuu /1/.

[TycTe HPOM3BOAUTCS JUATHOCTHKA COCTOSHHS  HKCJIC300CTOHHOW  OIOPBI

BUOPALIMOHHBIM METOJIOM.
BubOpanuonnsiii  metoq (Puc. 2.1) ocHOBaH Ha 3aBHCHMOCTH  JCKPEMCHTA
3aTyXaloluX KoJeOaHUH Omopel OT CTENEHH KOppo3uH apmarypbl. Ormopa
MPUBOIUTCS B KOJeOaTeIbHOE JBHKCHIE, HAIPUMED, MPH MTOMOIIM TPOCa OTTSIKKU U
cOpaceiBaroriero  ycrpoictBa. COpachiBaiolee yCTPOMCTBO —KaJIMOpyeTcsl Ha
3ajjaHHoe ycwiaue. Ha omope ycTaHaBIWMBaeTCs JaTYMK KojieOaHWi, Hampumep
akcenepomeTp. JleKpeMeHT 3aTyXaromuxX KoJieOaHHH ompenesseTcss Kak Jorapupm
OTHOILICHHUS aMILUTATY]T KOJIeOaHuI:

d=In22 (2.4)

Az

Tac A2 u A? — aMIINIUTYAbl COOTBCTCTBCHHO BTOPOI'O U CCABMOTO KoJIcOaHHIA.



cOpachIBaroniee A
YCTPOUCTBO AOA
]
— HaTmKe;e R t
AN / A=A ye* cosut
N\
JIaTYMK ~
< IN—— —
) H AIO-2M AN
: ] 0] M’ < t>
™ [
1..2m M- -
Ve
/
/7
/
/
a) cxema 0) pe3ysbTaT U3MEpCHHUIA

Pucynok 2.1 — BuOpaunoHHsblii MeTOA

AIO-2M  u3mepsier amruuTyasl  konebanuit 0,01 ... 2,0 MM  wyactoToit
1..31m.

Yem Ooubllie CTENEHb KOPPO3UH, TEM ObICTpee 3aTyXalT KoJeOaHus.
Henocratkom MeTona sIBISIETCS TO, YTO JEKPEMEHT KoJieOaHUM B OOJIBLION CTEeeHH
3aBUCHUT OT MapaMeTpoB IPyHTA, crloco0a 3aJeJIKu OMOpbl, OTKIOHEHHH TEXHOJIOTHH
M3TOTOBJIIEHUS ONOPHI, KauecTBa O€TOHA. 3aMETHOE BIUSHUE KOPPO3UH MPOSBISETCA
JIUIIb MPY 3HAYUTEITLHOM Pa3BUTUU IIpoLiecca.

3ajaya CTOUT B BbIOOpE 3HAUEeHHUS XO MapameTpa X TakuMm 0o0pa3oM, 4yTOObI
nmpu X>XO0 NpUHUMAIIA pELICHUE O 3aMeHe Oomophl, a npu X<Xo HE IPOBOIAUIHU
YIPaBIAIOLIET0 BO3AECUCTBUS.

VYcnoBumess cuutath D1 — ucmnpaBHOe cocrosiHue omopbl, D2 — Hanuume
Koppo3uu. Torjga npaBuiao COCTOUT B CIAEAYIOIIEM:

x1 D, I pu X< X, U 25)
x1 D, an/IX>XO?§' '

JlekpeMeHT KoJie0aHU OMOPhI 3aBUCUT HE TOJIBKO OT CTENEHU KOPPO3UH, HO U
OT MHOXeCTBa JIpyrux ¢akTopoB. [103TOMy MOKHO TOBOPUTH O HEKOTOPOM 00J1acTH,
B KOTOPOH MOXET HaXOJUTHCS BEJIMYMHA JEeKpeMeHTa. PacmipeneneHust neKkpeMeHTa
KOJIeOaHUM JIJIsl UCTIPAaBHOM M MPOKOPPOAMPOBABIIIEH OMOPHI TTOKa3aHO Ha puC. 2.2.
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A
f(x/D) D, f(x/D,) Dy f(xiD,)

>

X

Pucynok 2.2 - I110THOCTH BEpOSTHOCTH I€KPEMEHTA KOJIeOaHUN OMOPHI

CymectBeHHo, 4To obnactu ucnpaBHoro D1 u xoppo3uonHoro Do cocrosinuit

MepeceKkarnTCss U MOTOMY HEBO3MOXKHO BBIOpaTh Xg Tak, 4ToObl mpaBmiio (2.5) He
JaBaJio ObI OITMOOYHBIX PEIICHUM.

Ouiubka nep6o2o poda - NPUHATHE PEIICHHS O HAJIHMYUH KOppo3uu (medexra),
KOTJa B ICHCTBUTEIILHOCTH OIopa (CHcTeMa) HaXOAUTCS B UCIIPABHOM COCTOSIHUU.
Ouiubka 6mopo2o poda - IPUHATHE PELICHHS 00 UCIPABHOM COCTOSIHHH, TOTa
Kak oropa (crcrema) mpoKoppoArupoBaia (CoOaepKuUT ACPEKT).
BeposaTHOCTh OIIMOKH IMEPBOrO poja paBHA IPOM3BEACHHUIO BEPOSTHOCTEM
IBYX COOBITHI: BEPOSITHOCTH HAIHYHs HUCIIPABHOI'O COCTOSHHUS M BEPOSTHOCTH TOTO,
9TO X > XQ [IPH UCIIPABHOM COCTOSIHUH
¥
a(xq) = P(D1) (x> xg/ D7) = B ¢f (x/ Dy)dx, (2.6)
Xo
rne  P(D1) =P1 - ampuopHas BepOSTHOCTh HAaxXOXIEHHS OIOPHI B HCIPABHOM
COCTOSHUHM (CUMTAaeTCs M3BECTHOM Ha OCHOBAaHUH MPEIBAPUTEIBHBIX
CTAaTMCTUYECKUX JAHHBIX).

BeposTHOCTH OIIMOKH BTOPOToO poja
X0
b(xg) = P(D2) *P(x < X¢/Dy) =P, J(x/D5)dx, (2.7)
¥
rie  P(D2) = Py - anpuopHas BepossTHOCTh Kopposuu (aedekra), Po =1 — Py

Ecnu  wu3BeCTHBI 1IEHBI OIMOOK TEepBOTO M BTOPOro poia C u Yy
COOTBETCTBEHHO, TO MOKHO 3aIIMCATh YPABHEHUE JJIsl CPEAHETO pUCKA
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R(xg) =ca(xg)+y:b(xg). (2.8)

Haiinem rpanuuHoe 3HadeHue Xg /i npaswia (2.5) w3 yciaoBus MUHUMyMa
cpennero pucka. [loacraBmsas (2.6) u (2.7) B (2.8) mubdepenmupys R(X) mo X,
pHUpaBHIEM POU3BOAHYIO HYIIIO

dlz)((XO) = Cxplf (XO/Dl) +y><P2f (Xo/Dz) =0, (2.9)
0

nim

(2.10)
f (XO/D2) CXP]_

910 YCIIOBHUC JI HAXOXKACHUS IBYX 3KCTPECMYMOB - MAKCMUMYMad U MUHHUMYyMaA.

Jlns cyiiecTBOBaHMSI MUHUMYMa B TOYKE X = X BTOpasi MPOU3BOHAS JIOJDKHA OBIThH
MOJIOKUTEITLHON

2
d“R(xq) S

~0%>0. (2.11)
dXO

3TO0 NPUBOJUT K CIEAYIOIEMY YCIOBHUIO

f((Xol Dl) < y>P2 . (2.12)
ff(Xol D2) CXP]_

Ecnu pacnipeneneuus f(x/D1) u f(x/D2) oqHoMomanbHbIe, TO MPH
M <Xg <My (213)
ycaosue (4.58) BbimonHseTCS.

Ecnu mmoTtHOCTH pacnpeneneHuil napaMeTpoB HCIPABHOW U HEUCHPABHOU
(cucteMbl) IOAUMHEHBI 3aKOHY ['aycca, To OHM UMEIOT BUJI

e ) u

f(X/Dq) = ——»expé 12X MY (2.14)
S1vV2p € 2 s1 O y
é .20
~ XX - o -

f(X/Dq) = — T sexpé L2 M0 (2.15)
So+2p € 2e S, @ U
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VYcnous (2.10) B 3TOM cilydae IPUHUMAET BHT

e <2l
A - o -~
speps J&X0° M ¢
é 2 S1 @9U
e Uzymz. (216)
é L2() CX¥
A - o -
seps  F0° T2 ¢
8 2 So @ H

[Tocne mnpeoOpazoBaHuss U Jorapu(pMHUpPOBaHMS MOJIy4aeM KBaJpaTHOE
ypaBHEHHE

axxg +bxxg+c=0, (2.17)
e azslz—s%;
b=2ms?-2ms?;
_ 2 2 2.2 .4 38Xr%5,0
C=nHbST{ - MS5-sis5HdncI—~—=.
ifod - nfs3 - sfs3 02510

Pemiass ypaBHeHue (2.17) MOXXHO HAWTH TaKyl BEJIMUYUHY X0, IPU KOTOPOU
JOCTUTAETCS MUHUMYM PHUCKA.

IIpumep pemenus

Tabnuua 2.6 — Vcxomable TaHHBIE

Homep m S, m, S, C Y P2

BapHaHTa

N 01 | 001 0,3 0,015 | 300 [1500 |0,011

ax; +ex, +c=0
a=s?-s?2=001- 0,015° = -0,00013

6=2ms . - 2ms/ = 2x0,1>0,000225- 2x0,3>0,0001 = - 0,00001

Xp, %
c=mis 2xfs 2- s 2s 22221y =
CXp1 S,
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300-0,011>0,01
1500 >0,989>0,015

=0,09>0,0001- 0,001x0,00023- 0,0001>0,00023n( ) = 0,000067.

I =6° - 4ac

JI =(-0,00001)* - 4>0,00013>0,000067 = 330°°

X, = - 0,00001.- ,/0,000000003 _

2x-0,00013)

X, =-0,00001 + Y.000000003 _,

- 2x-0,00013)

BriBOa

Ipu X, = 0,23 nocruraercs MunuMyM pucka.

Hcxoaubie JaHHBIE

HcnpaBHoe cocTosiHuE
Marematnueckoe oxxuganue. 0,07 +0,01: N;

BeposTHOCTH HCIPaBHOTO COCTOAHUA cUCTEMBI. 0,57 +0,01> N;
CpennekBajpatudHoe oTkiIoHeHue: 0,007 +0,005° N;
[IpuBeneHHbIE 3aTpaThl HA KCTIPABHOE COCTOSIHUE: 100+103 N;

HeucnpaBHoe cocTosiHue
Marematnueckoe oxxuganue. 01+ 0,013N;;

BeposTHOCTE HEUCITPaBHOTO COCTOSIHUS cucTeMBbI: 0,43- 0,01° N;
CpennekBagpatuuHoe oTkiaoHeHue: 0,01+ 0,005>N;
IIpuBeneHHbIe 3aTpaThl HA HEUCIIPABHOE COCTOsIHKE: 1500+ 20> N.
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2.6 MeToa no3jieMeHTHBIX POBEPOK
Teopernueckue cBegeHUs

PaccmorpuMm  yCTpOMCTBO  pEleHOM  3aIlMTHI, crosimee  u3 N
byHKIMOHATBHBIX 0J10KOB (puc. 2.3) /1/

Q1 Q2 Q3 QN
BXog ——={ 1 2 3 N |———> BBIXO]
tep1 tep2 tep3 tepN

Pucynok 2.3 — YcTpoicTBO peneiiHOMN 3aluThl

ITycTh M3BECTHO, YTO YCTPOMCTBO OTKa3ajl0, HO HEM3BECTHO, KaKOW 3JIEMEHT
orkasan. IlycTh Takke W3BECTHBI CPEIHHE BPEMEHA NPOBEPOK IJIEMEHTOB fopi U

anpuOpHbIC (TOOMBITHBIC) BEPOATHOCTH OTKA30B 3JIeMeHTOB Q.

Heo6xoaumo pa3paboTaTh aJrOpUTM AUATHOCTHUKHU, ONTUMHU3UPOBAB €r0 IO
KPUTEPUIO MAaKCUMAJIbLHON CKOPOCTH TOTydeHUs] HH()OPMAIIUH.

PaccmoTpuMm BHauane CHUTyalHio, KOrJa CpEJHUE BpEMEHA IPOBEPOK
OJINHAKOBBI.

tcpl = thZ = tcp3 = ... = tcpN. (218)

CyMmMa anpropHBIX BEPOSITHOCTEN OTKa3a paBHA €IMHULIE

Qi =1. (2.19)
1

Qo=

Kak crnemyer u3 Ha3BaHUs METOAa, B pe3yJbTaTe KaXKJI0H 3JIeMEHTapHOMN
MPOBEPKU HUMEETCS BO3MOXHOCTb OINPEJIEIUTh COCTOSHHE TOJBKO OJIHOTO
aneMmeHTa. TakuMm oOpa3oM, Bce YCTpPOWCTBO pa3dOMBaeTcs Kak Obl HA JIBE YaCTH:
MIPOBEPSEMBIN 3JIEMEHT U BCE OCTANIbHBIE 3JIEMEHTHI. Bhillle yxe paccMaTpuBaioch
3aBUCUMOCTbh HHTPOIUU CHCTEMBl OT BEPOATHOCTEH OTKAa30B BXOMSIIUX B HEe
anemeHTOB. Ha puc. 2.4 nokazana takasi 3aBUCUMOCTb JIJI METOJ1a TI03JIEMEHTHBIX
MPOBEPOK.

60



0 Q 05 1 Q
Pucynoxk 2.4 - 3aBucUMOCTb H(Q)

JIiist MaKCMMaTbHOM CKOPOCTH ToJTyueHust mHGopMaiuu npu yciopuu (2.18)
HEO0OXO0IUMO ISl IEPBOM MPOBEPKH BbIOPATH TaKOW 3JIEMEHT, Y KOTOPOTO arnpuOpHast
BEpOSATHOCTh OTKa3a Ommxe Bcero k 0,5. Bropas snemeHTapHasi mpoBepka JOJDKHA
MPOBEPATH CIEAYIONIMI AJIEMEHT M3 OCTaBIIMXCS, BEPOSITHOCTh OTKa3a KOTOPOIO
takxke Ooimxe Beex K 0,5. [IpakTruecku ke ykazaHHOE yciioBUE OyleT coOoaaThes,
€CJIM aJITOPUTM IIPOBEPOK UMEET BU/T

Q12 Q2% Q3% ..>QN- (2.20)

Ecnu cpenHue BpeMeHa MPOBEPOK Pa3IudHbI, TO HEOOXOIUMO PACCUUTHIBATH
CKOPOCTh TMOJydeHHs HHPOpMAIMM TpH KaXIOoW 3JeMeHTapHo mposepke. Ho,
YUHUTBIBAs pUC. 2.3, MOXKHO JITOPUTM IIPEJACTABUTH B BUJIE

Qi , Q4 Q33_ 3Q_N_

.. (2.21)
tcpl tcp2 tcp:% tcpN
Ecnu anipruopHbie BEPOSITHOCTH OTKA30B 3JIEMEHTOB OJIMHAKOBBI
Q1=Q2=Q3=...=QN, (2.22)

YTO MOXKET HMMETh MECTO W TMPU OTCYTCTBUH JOCTOBEpPHOM HUHGOOpPMAHUHU O
HaJIe)KHOCTH (DYHKIIMOHAJIBHBIX OJIOKOB, a CPEIHUE BpEMEHA IIPOBEPOK Pa3IUYHBI, TO
MOJTy4aeM €I11€ OJIUH aJITOPUTM MPOBEPOK
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Hcxoaubie JaHHBIE

Tabmuma 2.7 — Cpennee Bpemsi IPOBEPOK

N 1 2 3 4 5 6 | 7 8 9 10
OTbITa
tCP 7N|3N| IN| 8N |[12N [15N |[3N | 1IN |10N | 4N
Tabnuma 2.8 — BeposTHOCTH OTKa30B 3JIEMEHTOB CUCTEMBbI
N
OTIbITa 1 2 3 4 5 6 7 8 9 10
N
Bapuanrta
1 2 3 4 5 6 7 8 9 10 | 11
1 0,05|0,23/0,24|0,04 0,07|0,1 |0,11 /0,28 | 0,05 | 0,03
2 01 (0,24|0,01|0,09|0,14|0,21| 0,05 | 0,07 | 0,03 | 0,06
3 0,13 ]0,11 | 0,26 | 0,02 | 0,05 | 0,24 | 0,23 | 0,02 | 0,01 | 0,03
4 0,20 | 0,06 | 0,09 | 0,10 (0,01 |0,15|0,03| 0,01 | 0,24 | 0,11
5 0,16 | 0,18 | 0,03 | 0,08 | 0,07 | 0,05 | 0,11 | 0,26 | 0,04 | 0,02
6 0,01 0,24 | 0,05|0,09 | 0,07 | 0,16 | 0,19 | 0,07 | 0,10 | 0,02
7 0,23|0,03|0,04 0,06 0,11 0,13 0,18 | 0,06 | 0,06 | 0,10
8 0,24 0,02 0,05|0,10 | 0,27 | 0,01 | 0,08 | 0,21 | 0,02 | 0,10
9 0,04 | 0,06 | 0,19 | 0,07 | 0,07 | 0,17 | 0,29 | 0,02 | 0,01 | 0,08
10 0,11 0,08 | 0,24 | 0,03 | 0,06 | 0,08 | 0,13 | 0,22 | 0,15 | 0,10
11 0,20 | 0,11 | 0,03 | 0,05 | 0,07 | 0,18 | 0,15 | 0,13 | 0,02 | 0,06
12 0,14 0,23 0,08 | 0,09 | 0,05 | 0,06 | 0,17 | 0,02 | 0,10 | 0,06
13 0,01|0,06 |0,09|0,05|0,25|0,17| 0,03 |0,05| 0,09 | 0,20
14 0,12 0,14 0,01 | 0,05 | 0,08 | 0,24 | 0,03 | 0,20 | 0,30 | 0,03
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[Tponomxkenue Tabiuis 2.8

1 2 3 4 5 6 7 8 9 |10 | 11
15 (004, 01 |0,18| 0,10 | 0,06 |0,05|0,19|0,02|0,25|0,05
16 |0,05| 0,07 |0,09| 0,18 |0,19|0,05|0,04|0,03|0,10 0,20
17 005 0,19 | 0,11 | 0,01 | 0,03|0,04|0,16|0,04|0,31|0,08
18 (0,04, 002 | 0,13| 0,13 |0,07|0,03|0,17|0,05|0,08 | 0,28
19 0,26 0,04 | 0,10| 0,10 | 0,01|0,07|0,04|0,20|0,19 0,09
20 |003| 006 |016| 002 [0,16|0,15|0,02|0,10|0,15|0,15
21 |004| 003 |007| 019 [0,14|0,20|0,010 0,02 |0,19 | 0,11
22 (002 0,09 |0,14| 006 [0,08|0,11|0,17|0,01|0,07|0,25
23 |005| 006 |016| 0,23 [0,07|0,04|0,02|0,18 | 0,09 | 0,20
24 1004 002 |0,19| 0,23 [0,04|0,02|0,08|0,04 0,340,210
25 (011 019 |001| 001 [0,03|0,19|0,07|0,05|0,05|0,29
26 (0,170,003 |0,02 0,05 |0,06]|0,02]|0,07|0,06 0,22 0,30
27 (002004 |008|006 (004019017 0,15]|0,18 0,07
28 (0,100,216 |001 0,02 [004|0,05|0,10|0,05|0,12|0,35
29 |009(006 |005|011 [013|0,05|0,06|0,18 0,01 0,26
30 |009017 016|002 |0,04 005|006 |0,17|0,08|0,16
31 |005003 005|013 |0,13|0,16|0,01|0,05|0,15|0,24
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IIpumep pemenus

Tabnuua 2.9 — IcxonHbIe JaHHBIE

N 1 2 3 4 5 6 | 7 8 9 10
OMbITa

QX0 21 6 7 13 | 16 2 7 4 |14 | 18 | 13

t 17 | 32 9 2 19 [ 43 |40 | 50 | 35 | 12
CP

1) t, =const, Q=var

Ql 3 Qz 3 ---QN;

0183 0,162 0,143 0132 0,132 0,073 0,072 0,063 0,043 0,02

Q% Q% Q% Q% Q% Q°Q°Q7% Q% Qs

2) Q =const;t = var

2E9L£12£17£19£32£35£ 40£ 43£50

Cepa Eleps Elepio Elepy Eleps Elepy Elepg Elpr Eleps £ g

3) Q=var;t, =var

Q, _ 006 _

=L ==—2-0,00353
Lep 17

Q _013_ 0,014,
tCP3

Q -002_ 0108,
teps 19

Q =007 0,0022
Lepa
Q 016 _ 505
Lepa 2
Qs = 007 =0,00162
Lers 3




Q, _004 Q _ 014 _ 0,0028

=0,001,
tepr 40 tere S0
Q9 — % — 0’00514, & = % =0,0108
Lepg tepe 12

Q ; Q, L, Q, &%, Q, %,

tCP4 tCP3 tCP9 tCPl tCP8 tCP2 tCP6

3Q103Q53Q7.

t CP10 tCPS tCP7

4) HaﬁHeM OHTPOIIMKO CHCTCMbI, JId 3TOIO H€O6XOIII/IMO IIOCYHUTAaTh
OHTPOIINIO KAKIO0TO U3 3JICMCHTOB CUCTCMBI

H, = - 0,06In0,06 = 0,168
H, =-0,07In0,07 = 0186
H, =-013In013= 0,265
H, =-016In016 = 0,293
H, =-0,02In0,02=0,08
H, =-0,07In0,07 =0186
H, =-0,04In0,04= 0129
H, =-014In014=0,275
H, =-018In018=0,308
H,, =-013In013=0,265

He=H +H,+H;+H, +Hs+H+H, +Hg+ Ho+Hy =

=0,168+0,186>2 + 0,265>2 + 0,293 + 0,08 + 0,129 + 0,275 + 0,308 = 2,155
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2.7 MeTtoa rpynmnoBbIX NPOBEPOK
TeopeTnveckune cBeJeHUs

PaccmoTpum  ycTpoicTBO pesieiiHON 3amuThl, IOKa3aHHOEe Ha puc. 2.3.
OTnenpHBIE JIEMEHTBl CUCTEMBI CBSA3aHbI MEXAY cOo00M (YHKIIMOHAIBHO, U BCEraa
MOXHO KOHTPOJIUPOBATh CUTHAJ, TTO3BOJISIONIUN CYIUTh O COCTOSIHUM BCE CHCTEMBI
i mro0oi ee yactu. ONTUMANIBHBINA aITOPUTM MPOBEPOK BhIpabaThIBaeTCs 3apaHee,
710 HACTYIUICHHs oTKa3a /1/.

Takoit Meron TmpeaycMaTpuBaeT OJHOBPEMEHHYIO TIPOBEPKY TPYIIIBI
AJICMCHTOB M3 OCHOBHOW CHUCTeMbI. ECiM B pe3ysibTate MPOBEPKH BBIICHSICTCS, YTO
HEUCIIPaBHBIM 3JIEMEHT HAXOJIUTCS B TMPOBEPSICMOM TpyIe, TO OHA BHOBb
pazOuBaeTcs Ha JBe MOATPYyNIbl. Takas mpoieaypa AeIeHUsT CUCTEMBI MPOI0JKACTCS
710 TeX TOp, MoKa He Oy/IeT HalIeH OTKa3aBIIUNA dJIEMEHT.

PaccmoTpum BHavasie CHUTYyalMio, KOTJIa amnpUOpPHBIE BEPOATHOCTH OTKA30B
AJIEMEHTOB PaBHBI IPYT APYTY, a BpeMs MPOBEPKHU HE 3aBUCHUT OT criocoda pazOueHusl
Ha MOATPYIIBEL. B 3TOM ciiydae MpHMEHSIOT METO MOJOBUHHOTO JEICHUS, XOPOIIO
W3BECTHBIA TEM, KOMY NPHUXOAMIOCHh UCKATh MEPErOPEBIIYIO JaMIly B HOBOTOJHCH
TUPJIIHAEC C TIOCJIEIOBATEIbHBIM JJICKTPUUECKUM coeauHenneM. [lpu pazOueHuun
TaKOW CHCTEMBI MO CpeHEeN TOYKe, MOJIydaeM paBHBIC BEPOSATHOCTH OTKA30B JIBYX
noArpynm. Tak Kak Bech OOBEKT OTKa3all, TO BEPOSTHOCTH OTKA30B KaXIOH W3
MOJIYYCHHBIX TMOATPYNN mony4atorcs paBHeiMH 0,5. Torma mpu mepBoii mpoBepke
Oyner MoJIydeHO HauOoJbllee KOJIWYECTBO HHGOpPMAlMK pPaBHOE OJHOMY OUTY
(puc.2.18).

Ecnu BeposITHOCTH OTKa30B 3JICMEHTOB, BXOJSIIHMX B CHCTEMY HE PaBHBI, TO
HEOOXOIMMO TIPUACPKUBATHCA JCICHHUS CHCTEMBI TaKMM 00pa3oM, YTOOBI
BEPOSITHOCTH OTKA30B IMOJTYyYEHHBIX MMOATPYIN OBUTH Kak MOXxHO Oike K 0,5.

[Ipu BTOpOIl mpoBEepKe TMOJYUYCHHYI0 Ha TIEPBOM OJTale IMOJCUCTEMY
HEOOXOIMMO TAaKXe IMOJACIUTh Ha MOATpYMHIbl. [Ipu 3TOM cileayeT HCXOAWTHh U3
MOJIOXKEHUSI O TOM, YTO OTKA3aBIIUN dJIEMEHT HAXOJIUTCS BHYTPH paccMaTpuBaeMoil
noacucteMbl. Clie10BaTeNIbHO, BEPOSITHOCTH OTKA30B JIEMEHTOB 3TOM MOJACUCTEMBI B
CyMMe€ JIOJDKHBI COCTABIISITh €AMHMIYY. JIJIT 3TOTO MX HEOOXOIUMO MPOHOPMHPOBATH
JIOMHOXXMB Ha BEJIUYUHY, OOpAaTHYI0 CyMME€ BEpPOSTHOCTEH OTKa30B 3JIEMEHTOB,
BXOIIMX B mojacucteMy. st |-ro sjaeMeHTa M3 MOJACHUCTEMBI C N 3JEMEHTaMHU
npoHopMupoBaHHas (YCIOBHasI) BEPOATHOCTh OTKa3a OyaeT

CQ (2.24)

Tac N - Y1UCJIO 3JICMCHTOB B MOJCHUCTEME.
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[Iponienypy HOpMHUpOBaHUS U JIEJICHHS Ha IMOJCUCTEMbl HEOOXOJIUMO
MOBTOPATh 1O TE€X IMOp, MOKa B KaXJOW MOATPYINE HE OCTAHETCS IO OJHOMY
AJIIEMEHTY.

Ecnm e pa3nuuHbl HE TOJIBKO BEPOSITHOCTH OTKAa30B, HO U BpeMeHa MPOBEPOK,
TO Ha KaXJOM 3Tafne pa3OMeHUss MOMHUMO HOPMHUPOBAaHUS HEOOXOIMMO eIle U
BBIYUCIIATh KOJUYECTBO HWH(OpMAIMU, KOTOPOE MOXKHO TMOJYYUTh MPH TaKOM
npoBepke (TakoM pa3OueHHMH). 3aTeM IS KakJI0ro BO3MOXKHOro BapuanTta K"
pazOueHus HEOOXOIMMO PACCUUTATh CKOPOCTh MOJTyYeHUST HHPOopMAITIU

w, =k (2.25)
tcpk

Ha xaxmoMm ortame pa3OHMEHHMS CHCTEMBI Ha MOATPYIIIBI BBIOMPAETCS TOT
BapHaHT, IPH KOTOPOM CKOpPOCTH IOJIydeHHs uHpopMaimu OymeT HauOONIBIICH.
Pe3ynbTaThl pacyeTOB ONTHMAIBHOIO alrOpuTMa ymOoOHO NPEACTaBUTh B BHJIE
nepesa (puc.2.5)

UCXOJHOE yCTporcTBO P3

IIEPBBIN dTAIl

(2—4)(5—6) C?—lO) BTOPOM 3Tar
|

2-3 @@@(7—8) C9—10) TpeTHii 3Tar

6 @ YETBEPTHIN dTAll

Pucynok 2.5 - IIpumep aepeBa anroputma mpoBepoK
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Hcxoaubie JaHHBIE

Tabmuma 2.10 — BepoaTHOCTH OTKa30B 3JIEMEHTOB CUCTEMBbI

N
OTbITa 1 2 | 3 4 S | 6 7 8|9 10
N
BapHaHTa

1 2 3 4 5 6 7 8 9 | 10 | 11
1 0,03|0,25(0,24 0,04 | 0,07|0,10| 0,11 | 0,18 | 0,05 | 0,03
2 0,1 (024|0,01|0,09|0,15|0,20| 0,05 | 0,07 | 0,03 | 0,06
3 0,130,121 0,26 | 0,02 | 0,05 | 0,14 | 0,23 | 0,02 | 0,01 | 0,03
4 0,20 0,06 | 0,09 | 0,10 0,01 |0,15|0,03|0,01|0,24 | 0,11
5 0,16 | 0,18 | 0,03 | 0,08 | 0,07 | 0,05 | 0,11 | 0,26 | 0,04 | 0,02
6 0,01,0,24|0,05|0,09|0,07|0,16 | 0,19 | 0,07 | 0,10 | 0,02
7 0,230,033 (0,04 0,06 |0,11|0,13| 0,18 | 0,06 | 0,06 | 0,10
8 0,24 0,02 0,05|0,10|0,27| 0,01 | 0,08 0,11 | 0,02 | 0,10
9 0,04 0,06 (0,29 | 0,07 |0,09|0,15| 0,29 | 0,02 | 0,01 | 0,08
10 0,11 0,08 | 0,24 0,03 | 0,06 | 0,08 | 0,13 | 0,12 | 0,15 | 0,10
11 0,200,121 0,03|0,05|0,07|0,18 | 0,15 | 0,13 | 0,02 | 0,06
12 0,14 0,23 (0,08 | 0,09 | 0,05| 0,06 | 0,17 | 0,02 | 0,10 | 0,06
13 0,01 0,06 |0,09|0,05|0,25|0,17|0,03|0,05|0,09 | 0,20
14 0,12 0,24 0,01 |0,05| 0,08 | 0,14 | 0,03 | 0,10 | 0,30 | 0,03
15 0,04 0,06 (0,18 | 0,10 | 0,06 | 0,05| 0,19 | 0,02 | 0,25 | 0,05
16 0,05|0,07(0,09|0,18 | 0,19 | 0,05| 0,04 | 0,03 | 0,10 | 0,20
17 0,05/0,19 (0,11 |0,01|0,03|0,04|0,16 | 0,04 | 0,31 | 0,08
18 0,04 0,020,123 |0,13|0,07|0,03|0,17| 0,05 | 0,08 | 0,28
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[Iponomxenue Tabmuie 2.10

1 2 3 4 5 6 7 8 9 10 | 11

19 0,26 | 0,04 | 0,20| 0,10 | 0,01 | 0,07 | 0,04 | 0,20 | 0,19 | 0,09
20 0,03 0,06 0,16 |0,02 0,16 |0,15|0,02 | 0,10 | 0,15 | 0,15
21 0,04 0,03 |0,07|0,19|0,14| 0,20 0,01 | 0,02 | 0,19 | 0,11

22 0,02 10,090,124 |0,06 0,08|0,11|0,17 0,01 |0,07 | 0,25
23 0,05|0,06 | 0,16 | 0,13 | 0,07 | 0,04 | 0,02 | 0,18 | 0,09 | 0,20

24 0,04 0,02 0,19|0,13|0,04 | 0,02 | 0,08 0,04 |0,34 | 0,10
25 0,11/0,19,0,01|0,01|0,03|0,19 | 0,07 | 0,05| 0,05 | 0,29
26 0,17 |0,03 0,02 |0,05|0,06 | 0,02 0,07 0,06 |0,22 | 0,30

27 0,02 0,04 0,08|0,06|0,04|019|0,17|0,15| 0,18 | 0,07
28 0,10 0,16 | 0,01 | 0,02 | 0,04 | 0,05 | 0,10 | 0,05| 0,12 | 0,35

29 0,09 0,06 | 0,05|0,11|0,13|0,05|0,06 | 0,18 | 0,01 | 0,26
30 0,09|0,17 /0,16 |0,02 0,04 |0,05|0,06 017|0,08|0,16

31 0,05|0,03/005|0,13|0,13|0,16 | 0,01 | 0,05 | 0,15 | 0,24

IIpumep pemenus

Tabnuua 2.11 — McxoaHbple JaHHBIE K 3aa4e

N 1 2 3 | 4 5 6 | 7 8 9 | 10

OIIbITAa

Q>§|.0'2 6 7 13 | 16 2 7 4 14 | 18 | 13

Pazgenum BEepOSTHOCTH 2JIEMEHTOB, BXOJSIIUX B CUCTEMY TaK, 4TOOBI Y Hac
MOJIYYHIIOCH JBE IMOJCUCTEMBI C BEPOATHOCTAMHE OTKa3za oam3kum k 0,5 (1., = const).

[TocTpoum nepeBo anroputma npoBepok. Ha kaxaom stane OyJeM BBITOJHATh
HOPMHUPOBKY BEPOSITHOCTEM OTKA30B [0 TE€X IOp, MOKA B KaXAOW MOATPYMNIE HE
OCTAHETCS [0 OJTHOMY JJIEMEHTY.
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1,2,3,4,5,6,7,8,9,10

4,5,8,9

QONOR Y
o s

PucyHnox 2.6 - AITOpUTM AMArHOCTUPOBAHMUS

Tenepb BBITIOJTHUM HOPMHUPOBAHHC HA 1 —om sTamne JJIA 00enx BeTBel

Q = 2 =006 _5
Q1+Q2+Q3+Q6+Q7+Q10 0;5

Q, = 2 =097 _ 014
Q1+Q3+Q6+Q2+Q7+Q10 0;5

Q; = % =913 _ 526
Q1+Q2+Q3+Q6+Q7+Q10 015

Qs = L =907 _ 014
Q1+Q2 +Q3+Q7 +Q10 015

Q= o = 9% _ 508

Q+Q+Q+Q+Qp 05
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Q _ 013 _

= 0,26
Q+Q+Q+Q+Q, 05

Qp =

CnenaeM npoBEPKY BEPOATHOCTH OTKA30B PACCMaTPUBAEMOM MOICUCTEMBI
Q +Q,+Q,+Q, +Q, +Q, =012+0,14+0,26+0,14+0,08+ 0,26 =1

I[JISI OCTaJILHBIX BETBEU IMPpONU3BOANM dHAJIOTUYHBIC PACYUCTHI.
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3 HaeskHOCTh U IHATHOCTHKA YCTPOICTB JIeKTPOCHAOKEeHH S JKeJIe3HbIX
A0por

3.1 Boi0op BapuaHTa MOJEPHU3AIUM YCTPOHCTBA JIEKTPOCHAOKEHUS

[ToTpeOuTenp MoJy4aeT 3JEKTPOIHEPTHUI0 OT MOHU3UTEIBHON MOJCTaHLIUU
yepe3 JIDII. Tloacranuust u  JIDII oTka3piBaloT HE3aBUCUMO. 3BECTHBI
MHTCHCUBHOCTU IIOTOKOB OTKa30B M BOCCTAHOBJICHMS, CPEAHUE 3aTpaThl IpHU
oTKa3zax. B pe3ynbrare MOAEepHU3ALMU HHTEHCUBHOCTh BOCCTAHOBJIEHHUS BO3PACTET
BIBOoE. MIMeroTcs cpencTBa HaA MOAEPHU3ALMIO TOJIBKO OJHOro ycrpoucrsa: JIOII
uiu nojactaHiuma. Haiitu cpeanue motepu 6€3 MOJAEpHU3AIMU U TTOOYEPEIHO TIPHU
MOJICpHHU3AIMH OHOTO U APYroro yctporctal/2/.

I/ICXOI[HBIe JAaHHbIC 1JId 3aJ1a9YU

Ta6JII/II_Ia 3.1 — CraTucTuueckKue JaHHBIC 110 OTKa3aM IOoACTaHI U 1 JIDII

IoacTannms JIDII
Bapuant [ rencus- | unrencus- Cpe[HHE | MHTCHCHB- | MHTCHCHB- | CPEIHHE
HOCTb HOCTb 3aTpaThl, | HOCTh HOCTb 3aTpaThl,
OTKa30B, | BOCCTaHOB- | pyoO. OTKa30B, | BOCCTaHOB- | pyoO.
rog* JIEHUS, rog* JIEHUS,
rog* rog*
1 2 3 4 5 6 7
2 3 300 100 1 720 1100
3 3 500 100 1 720 1100
4 3 500 300 1 720 1100
5 3 500 100 1 1440 1100
6 3 500 300 1 1440 1100
7 3 300 300 1 1440 600
8 3 500 100 1 720 600
9 1 300 100 1 720 600
10 1 500 300 1 1440 600
11 1 500 100 1 1440 600
12 3 300 100 3 720 600
13 3 300 300 3 720 600
14 3 300 300 3 720 1100
15 3 300 500 3 720 1100
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[Iponomxenue Tabauis 3.1

1 2 3 4 5 6 7
16 3 300 300 3 1400 1100
17 3 300 100 3 1400 1100
18 1 300 300 3 720 100
19 1 300 500 3 720 100
20 1 300 300 3 1440 100
21 1 300 300 3 1440 100
22 1 300 300 3 1440 600
23 1 500 500 3 720 100
24 1 500 500 3 720 100
25 1 500 500 3 1440 100
26 1 500 500 3 1440 100
27 1 300 300 1 1400 500
28 1 300 300 1 1450 500
29 3 300 500 1 1600 400
30 3 500 500 1 1600 400
31 3 500 500 1 1650 400

IIpumep pemenus

HCpC‘II/ICJII/IM BO3MOXXHBIC COCTOSAHHNA CUCTCMBI

O — saroBas noacrannus u JISII ucnpasusr,

1 — TaroBas nojAcTaHIus oTKa3ana, a JIDII — ucnpapHa,
2 — TATOBAs MOJCTAaHIIM UcTipaBHa, a JIDII — oTka3zana;
3 —arosas noacranmus u JIDII orkazanm.
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Hapucyewm rpad cocTossHul U epexo0B JIsl TAKOH CUCTEMBbI

I JIoIT

/\
1

g

L
\
\ A 4

i
T

Pucynok 3.1 — I'pad nepexonoB cucteMbl

J30 - MHTEHCUBHOCTE oTka3os JIDII, 1/rox;

I 77 - HHTCHCHUBHOCTDB OTKAa30B TATOBOM IIoaACTaHIINH, 1\I‘OII;
m

V757 - MHTEHCUBHOCTH BoccTtaHoBienus JIDII, 1\rox;

M"H - HHTEHCUBHOCTh BOCCTAHOBJICHUS TSITOBOM IIoaACTaHIINH, 1\I‘OII.

3anumeM ypaBHenus: Koamoroposa fijist JaHHOTO rpada COCTOSHUM

dP

d_to = - (I JRIT +| TI7) xPo(t) + Myn xPl(t) + my, xPz(t)
dP _

dt - (I TI1 + mﬂaﬂ) ><F)1('[) +] JIDIT ><F)o('[) + rn“n Xps(t)
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— === My +1 ) X855 (0) +1 o XBy (1) + My, 3B (1)

RO +R(1)+ R (1) + R(t) =1

CocTaBum KBaAPAaTHYIO MaTpuny JId KaXKA0T0 U3 COCTOSIHMH.

Hanpumep, tarosas noacranuus u JISII paboraroT HOpMaibHO

- (l J7317+| Tn) Wirom e 0 0
| JIoI1 B (I mt m7317) 0 My — 0

| T 0 B (n}n +l J7317) Myon 0

1 1 1 1 1

Pemrast nonmy4yenHsie Tpu MaTpuibl MmetonoMm I'aycca nnu XKopaana —I'aycca,
Mbl TIOJIyYUM BEPOATHOCTU KaXJIOr0 M3 COCTOAHMHA. BO3MOXHO MOMy4YUTH
pelIeHre CHUCTeMbl JIMHEWHBIX YpaBHEHUMH, HCMONB3ys mporpammy «Pacuer
JUHEHHBIX ypaBHEHHUI», pazpadoTanHoii mabopatopucii CAIIP KC (YpI'VIIC).

Tenepp ompeaenuMm cpelnHue JEHEXHble mNoTepu M ang Tpex HITHUX
BapUaHTOB!

M = Cﬂ9]7 )F)l(t) + CTH )PZ (t) + (Cﬂ917 + CTH) ? PS(t) ’

rne C mn 1 Cp - cpenHue 3arparbl Ha MoaepHuzanuio JIOII u Tarosoi
MOJACTAHIIUH.

IIo MNOJMYYCHHBIM CpPCIHHUM JCHCKHBIM IIOTCPSAM JOCJIACM  BbBIBOJ O
HCO6XOIII/IMOCTI/I MOACPHHU3AIINH.

3.2 PacueT onTUMAJILHOW NEPUOINYHOCTH 3aMeHbI TPYOUATOr 0
Pa3psAIHUKA N0 KPUTEPHIO 0€30TKA3HOCTH

CpabatbiBanue TpyOUaTOro pa3psiiHMKa TPUBOAUT K MOCTEIEHHOMY U3HOCY.
OTka3 MOXeET HACTYNIUTh KaK B Pe3yJIbTaTE U3HOCA, TAK U BHE3aNMHOT0. M3BECTHBI
MHTEHCUBHOCTU TIPEIOTKA30B, MHTEHCUBHOCTH BHE3aNHBIX M NPUPAOOTOYHBIX
0TKa30B. [IpuyeM WHTEHCUBHOCTh NPUPAOOTOUYHBIX OTKA30B M3MEHSETCA II0
[IOKa3aTEJIbHOMY 3aKOHY, a BCE MPOYUE MHTEHCUBHOCTH HE 3aBHUCAT OT BPEMEHU.
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Haiitu ONITUMAJIBHYIO TICPUOANYHOCTH 3aMCH II0 KPUTCPHIO 0€30TKa3HOCTH.

Hcxonnbie naHHbIC MPUBEACHBI B Ta0wHIe 3.2.

Tabnuua 3.2 — JlaHHbIE IO UHTEHCUBHOCTSM OTKa30B TPyOUaTOro pa3psAHUKA

Bnesanusle [IpupaboTouHsie IIOCTEIIECH- U3 COCTOS-
BAPUAHT | U3 COCTOS- | aprymeHT mapamerp | HBIC B COC- | HHUS
HUs pabo- 10°°, 0ens™ TOSTHUE npeoTKa-
TOCIIOC00- NpPe0TKA30B | 30B
HOCTH X032, 0ens™t | X0%,0enp
X103, oenp ™ *
1 2 3 4 5 6
1 0,01 0,6 3 0,05 0,1
2 0,01 0,6 3 0,05 0,2
3 0,01 0,6 3 0,08 0,1
4 0,01 0,6 3 0,08 0,2
5 0,01 0,6 5 0,05 0,1
6 0,01 0,8 3 0,05 0,2
7 0,01 0,8 3 0,05 0,1
8 0,01 0,8 3 0,08 0,2
9 0,01 0,8 3 0,08 0,1
10 0,01 0,8 5 0,05 0,2
11 0,01 0,8 5 0,05 0,1
12 0,02 0,6 5 0,08 0,2
13 0,02 0,6 3 0,05 0,1
14 0,02 0,6 3 0,05 0,2
15 0,02 0,6 3 0,08 0,1
16 0,02 0,6 3 0,08 0,2
17 0,02 0,6 5 0,05 0,1
18 0,02 0,6 5 0,08 0,2
19 0,02 0,8 3 0,05 0,1
20 0,02 0,8 3 0,05 0,2
21 0,02 0,8 3 0,08 0,1
22 0,02 0,8 3 0,08 0,2
23 0,02 0,8 5 0,05 0,1
24 0,02 0,8 5 0,05 0,2
25 0,02 0,8 3 0,08 0,1
26 0,02 0,8 2 0,04 0,2
27 0,02 0,8 2 0,05 0,1
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[Iponomxenue Tabauie 3.2

1 2 3 4 5 6
28 0,02 0,8 2 0,08 0,2
29 0,02 0,8 2 0,08 0,1
30 0,02 0,8 2 0,05 0,2

TeopeTnyeckue cBeJeHUs

Hapucyem rpad cocrosinuii 00bekTa

Pucynok 3.2 —I'pad cocrosinuii 00beKTa

PaborocniocoOHOe cocTosiHre 0003HAUYEHO HYJIEM, COCTOSTHHE TpeIoTKa3a —
eIMHUIIEH, COCTOSIHUE OTKa3a — JIBOMKOM.
OyHKIKS HAZACKHOCTH (BEPOSATHOCTH 0€30TKa3HOM pabOThI) 00BEKTA

F(t) =R ®)+R().

IlonHass UHTEHCMBHOCTH OTKA30B

I(t):%.

CpCJIHSIH HMHTCHCHUBHOCTDH OTKAa30B
I (ronm) - I cp(ronm) = O'
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Pemrass sto ypaBHeHwe ¢ momompio OBM  (KOMILIEKC mporpamm,
paspabotannbix nadopatopueit CAIIP KC (YVpI'VIIC) npumep Koma mporpamMmmbl
NpHUBEJICH B MPUIOKEHUHU 1), moiydyaeM rpadyuK 3aBUCMMOCTH MHTCHCUBHOCTH U
CpeaHell MHTEHCUBHOCTH OTKa30B. Touyka mepecedcHus] STUX IpaduKOB MOKaKET
YPOBCHb ONTHUMAJIBHON TMEPUOJUYHOCTH 3aMEHbl TPYOUaTOro paspsaHHKa I10
KpPUTEPHIO 0€30TKa3HOW pabOTHI.

| ’ | ’10'4/cym

cp
0,14 +
0,13+
0,12+

0,11+

0,10 +

Yy I A
1 1t T 1 I 1 1T 1
50 100 150 200250300 350 400450 500550 600 Hapa6 OTKa,

ITHU

Pucynok 3.3 — I'paduku HHTEHCUBHOCTH OTKA30B
BriBoa

OnTuManbHOW TEPUOIUYHOCTHIO 3aMEHBI TpPyO4YaTOro paspsaHHKa IO
KpUTEpHIO O€30TKa3HOU paboThl sBisieTcss HapaboTka B 370 yacos.

3.3 Pacuet pecypca TpancdopmaTopa TAroBoii NoACTAHINH
B 3amade TpebyeTcs

1) onpeieMTh OTHOCUTENIBHYIO CTEIICHh U3HOCA TPaHC(HOPMATOPA;
2) onpeeTuTh OCTATOYHBIN pecypc TpaHchopmMarTopa.
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Hcxoanbie 1aHHBbIE

Tabmuma 3.3 — Tun u MomHOCTH TpaHcpopmaTopa

Ilocnenuss
uudpa Tun u MoutHOCTH TpaHchopmaTopa
mudpa
0 TATHD —40000/110
1 TATH — 25000/110 — 66
2 TATH — 16000/110 — 66
3 TATH —40000/110 — 67
4 TATH — 16000/110 — 66
5 TATH — 25000/110 — 66
6 TATH —40000/110 — 16Y1
7 TATH —40000/110 — 67
8 TATH — 25000/110 — 66
9 TATHD —25000/110 — 69

Tabnuua 3.4 — CpenHeuacoBble HArpy3Ku HanboJliee 3arpy>keHHou ¢asbl

TpaHnchopmaropa (OCCHHE — 3UMHUI IEPHOT, TTOCIICTHSSA

udpa mudpa (meppas MoJIOBHHA CYTOK))

mudp CpellHHE YacOBbIE HArPY3KH
0-1{1-2|23|34|45|56|6-7|7-8|89| 910 | 10-11 | 11-12
1 213|456 |7,8]|9] 10 11 12 13
0 0204/01/05|13| 0/01/08|15| 03 0,5 0,2
1 03{0502/06|14|01/02|04|13| 04 0,6 01
2 050 |03/04|14|12|04|05| 0| 04 08 0,6
3 020 (09(06(04|06|1 [09]|04| 03 0,4 0,2
4 05/01]1 (05/03|07(13|1 03| 01 0,5 03
5 04/02| 1 (04|02|08|14|0 (06| 09 08 03
6 01{01(13|11|14| 0051 |[05| 05 0,9 0,2
7 02| 1(11| 0 |04|07/08|03|04| 06 0,9 03
8 01{11/04(07/05|06(0708| 1 | 04 0,3 1
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[Iponomxenue Tadbnuus 3.4

1

2

3|4 |56 |7|8]9]10 11 12 13

9

1

08/08/06/06|{05{09|11|14 0 0,1 0,2

Tabnuua 3.5 — CpenHeuacoBble Harpy3Ku Haubosee 3arpyKeHHou (a3bl

TpaHnchopmaropa (OCCHHE — 3UMHUI IEPHOT, TTOCIICTHSASA

udpa mudpa (BTopas MOJOBHHA CYTOK))

mudp CpenHue 4yacoBbl€ Harpy3KH
0-1{1-2|23|34|45|56|6-7|7-8/89|9-10 |10-11 |11-12
1 213|456 |7,8]|9] 10 11 12 13
0 03/04/01(05(13| 0|04|08|15| 03 0,5 0,2
1 04/05/02/06|14|01/05|04|13| 05 0,7 01
2 070 |03/04|14|12|06|05| 0| 04 08 03
3 02,0 (09(03(04/06|1 |06|03| 03 0,4 0,2
4 06041 (05/05|07|14|1 |03]| 01 0,5 03
5 05/02|1 (0402|0814 0 (06| 09 08 0,6
6 05/03|14|11|14| 0051 |05| 05 0,5 0,2
7 07| 111 0|07|07]06[03|07| 07 0,9 03
8 08(11/08(05/05|06(07|08|1 | 04 0,3 1
9 1/08/01|04|06/07|06|11|14| O 01 0,5

Tabnuua 3.6 — CpenHeuacoBble HArpy3KU HanboJliee 3arpy>keHHou (dasbl

TpaHnchopmaropa (BECEHHE - JICTHHIA TIEPUO]T, TIOCIICTHSIS

udpa mudpa (meppast MOJIOBUHA CYTOK))

mudp CpenHure yacoBbl€ Harpy3KH
0-1{1-2|23|34|45|56|6-7|7-8/89|9-10 |10-11 |11-12
1 213|456 |7,|8]|9] 10 11 12 13
0 05/04/01(05(13| 0|01|08|15| 03 0,5 0,2
1 03{05/05(07|11|04|04|04|13| 04 0,4 0,3
2 020 |03|04|12|12|04|05| 0| 05 0,8 0,6
3 01,0 (09(06(04|06|1 [09]|04| 03 0,4 0,2
4 06041 (05/03|07(13|1 07| O1 0,5 03
5 04/02| 1 (04|01|08|14|0 (06| 09 0,6 0,2
6 01/0113(13|11| 0051 |05| 02 0,9 0,2
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[Iponomxenue Tadbnuibl 3.6

1 213|456 |7|8]]9]10 11 12 13
7 02111} 0 |04|06|08|05|06| 06 0,9 0,1
8 06(12(04/07]05|06|05|08| 1 0,4 0,4 1
9 1/08/08/06|06/05/09|11|14 1 0,1 0,2

Tabnuua 3.7 — CpenHeuacoBble HArpy3Ku HanboJliee 3arpy>KeHHou ¢dasbl

TpaHnchopmaropa (BECEHHE - JISTHHIA TIEPUO]T, TIOCIICTHSIS

udpa mudpa (Bropas MoJOBHHA CYTOK))

mudp CpenHrie 4acoBbIC HATPY3KH
0112233445 |56|6-7|7-8/89|9-10 |10-11 |11-12
1 2 314 ]| 5 6 7 81| 9 |10 11 12 13
0 0103040513 0|04(08|15]| 0,2 0,5 0,9
1 04/05/02|07(11(01|05(04|13| 0,2 0,7 0,1
2 04,0 |03|04/11(11|05/03| 0| 04 0,8 0,3
3 o6,0 |[09/05|04(06|1 |06]|03]| 0,3 0,4 0,2
4 05/04]1 |05/05(0,7|14|1 |05] 01 0,5 0,6
5 051021 /0404|0814 0 |06 07 0,8 0,6
6 05101121114 0 |05|1 |05] 08 0,7 0,2
7 o6, 11112 0(07(05|0,7(02/|0,7| 0,7 0,4 0,3
8 08/11/05/03/04(04|0,7(01]| 1 04 0,3 1
9 1/08/01/04/06/03|04 11|12 0 0,1 0,5
Tabmuma 3.8 — TemnepaTypa oxJiakaroIiel cpesl
ITepuon [Ipeanocnennss nudpa mudpa
O|1(2|3,4|5|6]7|8|9
OCEHb 5|0 (5105|150 5|50
BECHA 1015201520 |25 |15 |20 |15 |10
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TeopeTnveckue cBeJeHUsA

Temo, BeiAeNIEMOE npu padboTte TpaHchopmaTopa, BEI3BIBAET HEOOPATUMbIE
MpolLecchl B Marepuane HW30JdUUd OOMOTKHM, NIPOUCXOJUT TaK Ha3bIBaeMoe
CTapeHUE N30JIALNH.

Crapenue U301 0OMOTKHU MPpH paboTe B Cpelie Maciia 3aBUCUT OT LEJI0Tr0o
psiga (akTopoB: TeMmmeparypbl, SJEKTPUYECKOTO MO, BOJIBI, KHUCIOPOAA,
MPOAYKTOB OKHUCJIEHUS Macia M Jp., HO pelaromuM (akTopoM SIBISETCS
TEeMIEpPATypa.

B camomMm o0miem cnydae teMmrepaTypa HauOosiee HarpeTol TOYKM OOMOTKH
TpaHcdopmaropa q,,, onpeaensercs no Gopmyine

qHHT :nHHTM +nM +qOXJ71 (31)

rae N yyry, - IpeBbIlIeHne TeMIIEpaTyphl HAHOOJIEe HATPETOM TOUKH OOMOTKH Hajl
MAacJjoM;

N, - npeBbimeHMe TemmepaTyphl BEPXHHMX CIOEB Macia HaJ OXJIaKIaromliei
cpenou;
Joxrz - TEMIEpaTypa OXJIaKJAOIIEH Cpebl.

[lpu HOMHHANBHOW Harpy3ke TpaHchopmatopa 3uaueHus N yprmoy H

N ymom B cootBetctBre ¢ TOCT 14209 — 85 u 11677 — 75 paBHBI COOTBETCTBEHHO

23 u 55 ?C, a Temnepatypa HanOoJiee HarpeTol TOUYKH 0OMOTKH cocTaBisieT 98°C
Y Ha3bIBaeTCs 0A30BOM TeMIIEpaTypo OOMOTKH (,,,, - ECIIM TeMIepaTypa 0OMOTKH
OyJeT MOCTOSIHHO paBHA (,,, = 98°C, TO MOJYyYUM ONTUMAJIBHBIN CPOK CIYKOBI
TpaHchopMaTropa, KOTOPEIM B HACTOAIIEE BpEeMs MPHUHAT paBHbIM 25 rogam. Ilox
ONTUMAJIBHBIM CPOKOM CJIYKOBbI TpaHc(opMaTopa MOHMMAIOT €r0 CPOK CITYKOBI,
M0 WCTEUEHUIO KOTOPOro JallbHEHIIas dKCIUTyatanusi TpaHcdopMmaTopa
DKOHOMHMYECKH HEBBITOJHA. JTO OOBACHAETCS TEM, 4YTO TIpOrpecc B
TpaHCc(HOPMATOPOCTPOCHUHN 3a YKa3aHHBIH TMEPHOJA HACTOJNBKO 3HAYMTENICH, UYTO
paboTaromuii TpaHCPOPMATOP FIKOHOMUYCCKH BHITOAHO 3aMCHUTH JPYTUM TaKOU
K€ MOIIHOCTH, HO 00Jiee COBEPIICHHBIM KaK C TOYKH 3pEHUS KOHCTPYKIIUH, TaK U C
TOYKH 3PEHUS UCIOJIb30BaHUS 00JIee TPOrPECCUBHBIX AKTUBHBIX MaTEPHAIIOB.

BpeMms, B TeueHWHM KOTOPOTO H3OJANHUS OOMOTKH MPAKTUYECKH TEPSICT
MEXaHUYECKYIO MMPOYHOCTh, HA3bIBACTCS MPOJIOJDKATEILHOCTHIO KU3HU H30JISIIUN
U OTIpEIEACTCS SMIUPHIECKor popmyoi

L=Ax aduyr , (32)

Tac L — MPOAOJDKUTCIIBHOCTD )KM3HU M30JIALMA B IoJiax,

A —nocTosHHas, onpeaesieMas BUAOM U30JISIUY,;
a - ko3(ppunueHT, XapaKTepu3yoInuii HHTEHCUBHOCTb CTapEHUS N30SI,
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U,ur - TeMiepaTypa Hanbosee HarpeTo TOUYKH.

B cooTBeTcTBUM C MIECTUTPAAyCHBIM TMPABUIOM CTapeHUsS H3OJIALNH,
COrJacHO KOTOpOMY NpH H3MEHEHHHM TEeMIlepaTypbl H30JsUMd Ha 6°C cpok
CIIy)KOBI €€ M3MCHSIETCs BIBOE (COKpAIaeTcsi NMpU MOBBIIICHUU TEMIIEPATyphbl U
YBEIUUUBACTCS MPH MOHIKEHUH e¢), ko3 dunuent a pasen 0,115.

CreneHb  crapeHus  M3OJSIIUHM, JAPYTUMH  CJIOBaMH €€  M3HOC,

MIPONOPLUMOHAIbHA BPEMEHH JKCIUTyaTaluu. 3a BpeMs t mpu temmneparype .,
CTEINEHb CTAPEHUS U30JSALUN

X :i:imachmr
L A '

[Ipu Ga3oBoil Temmneparype 0,,;; CTENEHb CTapeHUs H30JSAUUMU Oyaem
CUUTATh HOPMAJIBHOM, T.€.

_U
X, p = — X8

Qunrs
Torna OTHOIIICHUC HeﬁCTBHTeHBHOﬁ CTCIICHHA CTapCHI/IH N30JIsI0UU K
HOpMaHBHOﬁ 6YIICT HpeIICTaBJIHTB OTHOCI/ITCJIBHYIO CTCIICHb CTapeHI/IH (I/IJII/I

OTHOCHUTCIIBHOT'O PI?)HOC&) n30JIA0u N

a -
F — —e (A - pamrs )

XHP

[To T'OCT 14209 — 85 Bbluie npuBeaeHHas GopMmyna 3alUChIBAETCS B MHOM
BU/JIE

(9 gmr - Yunrs)

F=2 D , (3.3)
rne D=6 °C.

OTHOCUTENBHBI HM3HOC IMIOKA3bIBAET, BO CKOJBKO pa3 JEUCTBUTEIBHOE
CTapeHUE H30JMALMU OTJIMYAECTCS OT CTAapeHHs H30JSUUA NPH HOMHUHAJIbHOMU
temrepatype oOMOTkM. Ecaum B TedeHMM ToJa HENpPEepbhIBHOW  palbOThI
TpaHchopMaTopa OTHOCUTEIBHBIA M3HOC OKAa3alCsi pPaBHbIM 2, TO 3TO O3HAYaeT,
YTO BpeMs, ‘OTKHUTOE" H30JsLMeld B TEUEHUWU ToJia, paBHO ABYM rojaam. llpu
nanbHeWmeld  pabore  TpaHcpopMaropa B TaKOM  pPEXKHUME  Harpys3Kku
JEHUCTBUTENBHBIN CPOK €ro CIyx)Obl COCTaBUT He 25 JeT, a 12,5.
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[Ipu 3nauenun F = 0,5 neicCTBUTENbHBIA CPOK CIYKObI TpaHcpopmaTopa
coctaBuT 50 JieT, Tak Kak BpeMsl, “ OTkUTOe” M30JIsIIuel B TeueHue rojaa, pasuo 0,5
rona.

PaccmoTpuMm  Tpaduk  OTHOCHUTENBHOM  HArpy3ku  TpaHcopmaropa,
NpEe/CTaBICHHBIN B BHIE cTyneHuaTod Kpuou (puc. 3.4). Ilog oTHOCHTENbHOM
Harpy3koi Tpancpopmaropa K moHMMaroT oTHOIIEHUE NEHCTBUTEIBbHON HArpy3Ku
TpaHcdopMaTropa K €ro HOMHUHaJIbHOMY TOKYy. JlJis gaHHOrO rpaduka Harpysku
HEOOXOIMMO OLEHUTh XapaKTep H3MEHEHUs TeMIlepaTypbl Hambojee HarpeTou
TOYKHM OOMOTKHM HaJ| OXJKJAIOLIEH Cpelod U OTHOCUTENbHBIM W3HOC W30JSLIUU
tpaHnchopmaropa. J{ist | — Toro uHTEpBaia NPsIMOYroJbHOr0 rpaduKa Harpy3Ku:

Dt (A gz - Apgrarn )

E:?@ ° (3.4)

rae 45 - cpeaHee 3HaYeHUe g, Ha UHTEepBae |;
D =6°C.

CpenHeyvacoBble Harpysku

k 175
15
1,25 B

0,75 — — —

0,5
0,25 — f—

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
WHTepBan uamepeHus

Pucynok 3.4 — I'paduk oTHOCUTEIBHON HATPY3KU

3a Bech nepuol T OTHOCUTENBHBIA U3HOC
_ 9o
F=aF (3.5
Jns pacueta F mpeaBapuTeNbHO oOmpenessieTcs Temreparypa Haubosee

HArpeToil TOYKM OOMOTKM B YCTAaHOBHUBIIEMCS TEIUIOBOM pexume (mpu
OTHOCUTENIbHBIX Harpy3kax K1 u K2)

Quur =Yoxn +J MK +J HHTMK (3.6)
1+akK?
Jax = vmou 1+a )X; (3.7)
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‘] HHTMK = ‘] HHTMHOM XRy ’ (38)

rae J e - MIPEBBIIEHUE TEMIIEPATYPHI Macja B BEPXHUX CIOAX HAJl
TEMIIEPATYPON OXJIaXKAAIOLIEN Cpellbl IPU OTHOCUTENIBHOU Harpyske K;

‘J MHOM — TO XK€, IIPpH HOMHUHAaJIbHOM Harpyske,
J HHTMK ~ HPCBBIIICHHUC TCMIICPATYPhI HauoOolee HaneTOﬁ TOYKH OOMOTKH Haza
TeMnepaTypoﬁ Macjia B BCPpXHUX CIOAX IIPH OTHOCHUTEIILHOM Harpyske K,

J HHTMHOM - TO K€, IPY HOMUHAJIBHON Harpys3Ke;
A - OTHOIIEHHUE MOTEPh KOPOTKOTO 3aMBbIKaHUS K TIOTEPSM XOJIOCTOTO XO/a.

[lokazarenu cTeneHu X U y ONpPEAeNIAIOTCs: A TpaHC(HOPMATOPOB C BUAAMU
oxnaxnaenus M u J1 —x =0,9u y = 1,6; s TpancopMaTopoB ¢ BUgaMu
oxnaxaenus Jllull-x=1uy=18.

B 3anaue npumensiercs Bua oxiaxaeHus /.

Pacuet npousBoasat Ay otHocutenbHoi Harpy3ku K = K1, a 3arem nns K =
K2.

Jlnst pacueTa Jyx ud auTmr BMecto hopmyi (mocieauue nse (3.7), (3.8))
MO’KHO HCIIOJIb30BaTh 00JIee MPOCTHIE, AMPOKCUMHUPYIOIINE UX (hOPMYJIBI

J e =397K? +153 (3.9)
J e =17, 7K? +5,3 (3.10)

Temneparypa HauOosiee HarpeTodl TOYKM OOMOTKH B MEPEXOJHOM
TEIJIOBOM DPEXUME CHIKEHHS TEMIIEPATypbl MpU JUIMTEIBHOCTH CHUXKEHUS,
npesbimatomeid t > 4t . (rmet,, - TeIIoBas MOCTOSIHHAS HarpeBa OOMOTKH)

qHHT[ :qOXJT +J Mt +JHHTMK; (311)

t
t

I TIwcs T - ) et ; (3.12)

J HHTMK1 = J HHTMHOM ><[{1)} ' (313)

[IpunsTHIE B JaHHBIX (hOopMyTiax 0003HAYEHUS

85



— 1
K 1= - Ha4YaJIbHAas] HArpy3ka, NpcamcCTBYIOMIAA HAIPY3KE HIIN

I HOM
MEePCrpy3Ke KZ , B 10JIsIX HOMUHAJIIBHOTO TOKA,

I
— 2
K 2 = | - Harpy3ka HJId Ieperpy3ka, Cacayroniasa 3a Ha4aJIbHOU HArpy3KOoHu
HOM

K, B 1OJIIX HOMHUHAJILHOTO TOKAQ,

qHHTKl , qHHTK2 - TeMIiepaTypa HanboJiee HarpeTol TOUKH OOMOTKH B

YCTAaHOBUBILIEMCS TEIUIOBOM pEXUME NpU K, U K, ;

U prim - TeMIIepaTypa HanboJiee HarpeToi TOYKH OOMOTKH B KOHIIE meproja h

npu Harpy3ke K, u K,, °C;

Ak Y9uyk2 - TeMmeparypa Maciia B yCTAHOBHUBIIIEMCS TEIIOBOM PEKHUME TIPH

Harpy3kax K, u K,, °C;

Uox; - TEMIlepaTypa oxJjaxjaaromnieit cpeasl, °C;

J vt s 3 e - TPEBBILICHUE TEMIIEPATYPhl HAMOOJIEE HATPETON TOUKH
OOMOTKH HaJl TEMIIEpaTypOoil Macyia B BEPXHUX CIIOSIX TIPH
Harpy3kax K, u K,, °C;

J vk s J @) - TIPEBBILIEHNE TEMIIEPATYPBI MACIIA B BEDXHUX CIIOSX HAI
TEMIIEPATYPO OXJIAXKIAOLIEN CPEAbI COOTBETCTBEHHO B
YCTAHOBMBILIEMCS TEIUIOBOM pEKUME IIPU HArpy3ke K, U B
MOMEHT BpeMeHHU t nipu Harpyske K,, °C;

t - TEIUTOBAs IOCTOSTHHAS BpeMeHHu TpaHcdopmaropa, 4 (MpUHUMAETCS paBHOMN
2,5 4 npu 1yTheBOM OXJIQXKICHUH ).

Jl71s1 HayaJ1a mepBOro MHTEpBaja MPUHATh J vh =55°C, J pume = 23°C,

Qsun = Yoxn +78,

TemmepaTypa oxnaxaaromeil cpebl U3MEHSETCS B TEYCHHE rojia, CE30Ha,
Mecsma, Ccyrok. [Ipy W3MEHEHMHM TEMIEPaTypbl OXJIKIAMOIICH Cpeabl,
npeBelmaromeM 12°C, WM TNpu  OTPHUIATENIBHBIX 3HAYCHHUSAX TEMIICPATYpPhI
oxiaxpaaromero Bo3ayxa B coorBeTcTBuM ¢ ['OCT 14209 — 85 Heobxomumo
WCITOJIB30BaTh SKBHUBAJICHTHOE 3HAUYCHUE TeMIeparypbl. lloJ HUM TOHMMArOT
HEM3MECHHOE 3HAYCHHE TEMIIEPATYPhl OXJIAXKIAIOMIEH CpPeabl, TPH KOTOPOM HUMEET
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MECTO TaKOH e M3HOC M30JLUU TpaHc(opMmaTropa, HECYLEro HEU3MEHHYIO
HArpy3Ky, Kak IpHu IMePEMEHHOM TeMIIepaType OXJIaxaatomiei cpes /2/.
B pesynbrate pacuera ctpoutcs rpaduk q,,,, (t) (cMm. puc. 3.5)

TemnepaTypa Haubonee HarpeTom TO4KHU

180,0
160,0
140,0
120,0
100,0
80,0 +—
60,0 — —
40,0 — — —
20,0
0,0

OHHT

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

UHTepBasn naMmepeHus

Pucynok 3.5 — I'padux Temneparypsi

OTHOCHUTENILHBIM M3HOC BUTKOBOM n30JIA0 N1 HeO6XOIII/IMO pacCuUnuTaTh
10 KAXXA0MY U3 M — HHTEPBAJIOB HAI'PYy3KH, Ka)KIIBIﬁ MpOAOJIZKUTCIIBHOCTBIO Dt, (B

sagaue Dt = 14.) 3arem mo kaxmomy wunrepany Dt cnemyer paccumrars

O i (1) .

PacyeT 0OTHOCUTENHHOTO M3HOCA MPOU3BOJUTCS ISl CYTOK OCEHHE — 3UMHETO
(F; ) u Becenne — netnero (F, ) nepuo0B ¢ UCIOIB30BAHUEM COOTBETCTBYIOLINX

TOKOBBIX HAI'PY30K U 3KBUBAJICHTHBIX TCMIICPATYP omamnammeﬁ CpCIbl.
Torna OTHOCHUTEJILHBIM U3HOC 3a ron

_F3+F./7

r 5 (3.14)

B xouTposbHON paboTe NpUHUMAETCS HEU3MEHHbIH TrpaduK Harpy3Ku
TpancopMaropa ¢ MOMEHTa BKJIIOYEHHUs €ro B paboTy. Torga OTHOCHUTENBbHBIN
U3HOC 32 TpoIle/Iee BpeMsi paboTsl Tpanchopmaropa T, , JieT (cMm.puc. 3.6)

F,=F T,

Ecmn Fp> 1, 10 510 03H2UaeT, uT0 pecypc TpanchopMaTopa HcuepHaH.

Ecim Fp <1, To ocratounsiii pecype cocraBut
Toer =LA~ Fp), (3.15)

rne L; - CPOK CITY>O0bI TpaHchopMaTopa nMpu padboTe B HOMUHAIBHOM
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pexnme ( L, =25 Jer).

B KoHTpobHOM padote mis pacueta I oo npunate 1, =5 ner.

OTHOCUTEeNnbHbLIA U3HOC

Fi 18
1,5
1,3

0,8
0,5
0,3
0,0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

UHTepBasn namepeHus
Pucynok 3.6 — ['paduk oTHOCHTENHLHOTO U3HOCA

Pekomenayercss  Takas ~ IOCIEAOBAaTEIBLHOCTh  pacuera  pecypca
TpaHchopmaropa

1) mo popmynam (3.11), (3.12), (3.13) onpenensieTcs q,,,,; B KOHIE KaXJI0r0

HHTEpBajla BECCHHE — JICTHEro rpaduka Harpy3kd U CTPOHUTCS Tpaduk

Q.. (1) . BHYTpH KaXa0ro HHTEpBaja MPUHATH JHHEHHOE H3MCHCHHE

Qur - Jut mepBoro untepBana npussath: Nyx; = 55 °C, Nyymme =
23°c, Ki=1.

2) B KaXI0M MHTEpPBAJIE HATPY3KHU onpeaensercs cpeanee 3nadenne d gy .

3) ompenenuTh OTHOCHTEIbHBI HM3HOC Ha KaXJIOM HUHTEpBalie Tpaduka
HArpy3Ku ¥ MOCTPOUTH €ro Tpaduk.

4) onpeeTUTh OTHOCHTEIBHBI M3HOC M30JSIMH 332 pPaccMaTpUBAEMbIC
CYTKH.

5) noBropuTh 1.1, 2, 3 I OCEHHEe — 3UMHETO TpaduKa Harpy3Ku.

6) onpenenuTh OTHOCUTEILHBIA U3HOC U3OJISIIUH 32 TO/I.

7) onpeaenuTh OCTaTOYHBIH pecypc TpaHchopMaTopa.

3.4 Onpenenenue pecypca 6aTapen KOHIEHCATOPOB

B 3anaue tpeOyercs

1) OTPEICIUTh PECYpPC KOHACHCATOPOB MPHU 3aJaHHBIX IMapaMeTpax
yCTpOMCTBA MonepeyHo — eMkocTHou komneHcaruu (YIIK).
2) paccuuTaTh YMCIO MAPAICIIBHO COCJIMHEHHBIX KOHICHCATOPOB

JUTSL UX ONITUMAJIBHOTO cpoka ciayk0b1 T = 20 ner.
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Hcxoanbie JaHHBIE

Tabnuua 3.9 — Yucno napamienbHo coeAMHEHHBIX KoHAeHcaTopoB B YIIK

MOCJIEeTHSAS
nudpa 0 1 2 3 | 4 5 | 6 7 8 9
mudpa

N 8 10| 12| 14| 16| 18| 16| 14 | 12 | 10

Tabnuua 3.10 — CpenHeyacoBble Harpy3Ku Haubosee 3arpyKeHHou (a3bl

TpaHnchopmaropa (OCCHHE — 3UMHU EPHO/I, TTOCIICTHSASA

udpa mudpa (meppas MoJIOBUHA CYTOK))

mudp CpenHure yacoBbl€ Harpy3Ku
0-1{1-2|23|34|45|56|6-7|7-8|/89|9-10 |10-11 |11-12
1 21 3|4 |5 |6 /|7 8|91 11 12 13
0 02|04/01(05|13| 0{01/08|15| 03 0,5 0,2
1 03/05/02(06|14|01|02|04|13| 04 0,6 01
2 050 |[03(04|14|12|04|05| 0| 04 08 0,6
3 02,0 (09/06|04|06|1 |[09/04| 03 0,4 0,2
4 05(01|1 [05|03|07|13|1 (03| 01 0,5 03
5 04(02|1 (04|02|08|14|0 (06| 09 08 03
6 01{01/13|11/14 O (051 |[05] 05 0,9 0,2
7 02| 1|11 0 |04|07|/08|03|04| 06 0,9 03
8 01/11/04(07|05|06|07(08|1 | 04 0,3 1
9 1/08|08|06|06(05(09|11|14| O 01 0,2

Tabnuua 3.11 — CpenHeyacoBbie Harpy3ku HauboJiee 3arpyKeHHou (a3bl

TpaHnchopmaropa (OCCHHE — 3UMHUIN TIEPUOJT, TOCIICTHSS

udpa mudpa (Bropas moJOBHHA CYTOK)

mudp CpenHue yacoBbl€ Harpy3Ku
0-1{1-2|23|34|45|56|6-7|7-8|89|9-10 |10-11 |11-12
1 21 3|4 |5 |6 /|7 8|91 11 12 13
03/04/01(05|13| 0|04(08|15| 03 0,5 0,2
1 04/05/02(06|14|01|05|04|13| 05 0,7 01
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[Tponomxenue Tabauisl 3.11

213|456 |7]|8]|9) 10 11 12 13

070 |03|04/14/12|06|05| 0| 04 0,8 0,3

02| 0 |09|03|/04/06|1 |(06]03] 03 0,4 0,2

06(04|1 |05|/05|0,7]14]1 |03]| 01 0,5 0,3

05/02|1 |04/02|0814|0 |06| 09 0,8 0,6

05/03|14/|11/14 0 (05|1 |[05] 05 0,5 0,2

o7 1)112| 0 |0,7(0,7]06]03|07| 0,7 0,9 0,3

08(11/08|05/05/06(0,7]08]| 1 0,4 0,3 1

O O N| O O |l W N

1/08/01|04|06|07/06|11|14 0 0,1 0,5

Tabnuua 3.12 — CpenHeyacoBbie Harpy3ku HauboJsiee 3arpyKeHHou (a3bl
TpaHcdopmaTopa (BeCeHHE - JIETHUI TIEPHOJI, TIOCIIETHSS

udpa mudpa (meppas MoJIOBUHA CYTOK))

mudp CpenHure 4yacoBbl€ Harpy3Ku

0-1{1-2|23|34|45|56|6-7|7-8|89|9-10 |10-11 |11-12

213|456 |7]|8]|9) 10 11 12 13

05/04/01|05/13, 0(01(08|15| 03 0,5 0,2

03{05|05/|07/11/04(04|04 13| 04 0,4 0,3

02| 0 |03|04/12/12(04|05| 0| 05 0,8 0,6

010 |09|06|/04 /061 [09]04| 03 0,4 0,2

04(1 |05|/03|07(23|1 (07| 01 0,5 0,3

04(02|1 |04/01/0814]0 |06| 09 0,6 0,2

01{01/13|13|11| 0051 |05]| 02 0,9 0,2

02| 1/11| 0 |04/06(08|05|06| 06 0,9 0,1

06(12|04|07/05/06(05|08| 1 0,4 0,4 1

©| o N|o| U] A W N R O
o
o

1/08/08|06|06|05/09|11|14 1 0,1 0,2
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Tabnuua 3.13 — CpenHeyacoBble Harpy3Ku Haubosee 3arpyKeHHou (a3bl
TpaHcdopMmaTopa (BeCeHHE - JIETHUN TIEPHOJI, TIOCIIETHSS

udpa mudpa (BTopast HOJOBHHA CYTOK)

mudp CpenHue yacoBble Harpy3Ku
0-1{1-2|23|34|45|56|6-7|7-8|89|9-10 |10-11 |11-12
1 21 3|4 |5 |6 /|7 |8]|9] 10 11 12 13
0 01{03|04/05|13| 0|04|08|15| 02 0,5 0,9
1 04(05/02(07|11|01|05|04 13| 02 0,7 01
2 o4/0 |03(04|11|21|05[|03| 0| 04 08 03
3 06,0 (0905|0406 1 |06|03| 03 0,4 0,2
4 05/04|1 |05|05|0,7]14]1 |05]| 01 0,5 0,6
5 05(02|1 (04|04|08|14|0 (06| 07 08 0,6
6 05/01/12|11/14, O (051 |[05]| 08 0,7 0,2
7 06| 1|11 0|07|05|07|02|07| 07 0,4 0,3
8 08(11/05|03|04/04/0,7/01]| 1 0,4 0,3 1
9 1/08(01|/04|06(03(04|11|12| O 01 0,5

Tabmuma 3.14 — TemnepaTypa oxJIaKaroIIeH Cpebl

ITepuon [Ipeanocnennss nudpa mudpa
o112 3|4 |5|6]7]8|9

OCEHb 5105105 (15|10 |5 |5 |0

BECHA 1011520 |15 20 |25 15|20 |15 | 10

UccnenoBanus, npoBeNeHHbIE Ha OyMaxHO — XJIOPAU(PEHUIOBBIX
KOHJIEHCATOpax, IOKa3ald, YTO B CPaBHUTEIBHO Y3KOM HWHTEpBaje pabounx
TeMIlepaTyp pecypc KoHaeHcaTopa L MOKHO BbIpa3UTh CTEIIEHHOW 3aBUCUMOCTBIO

A
L (" 7,7
(Eq) , (3.16)

rae A — MOCTOSIHHBINA KOA(PDUIIMEHT;,
E — paboyas Hanpss>keHHOCTH MOJIA;

Q - Tremneparypa aussexTpuKa.
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CornacHo ¢dopmyne (3.16), 3Has JOArOBEYHOCTH L, IpH  HEKOTOPBIX

YCIIOBUAX (Eziqz), MOXHO OIPCACINUTL JOJTIOBCYHOCTDH Li B ApPYrux YycCJIOBUAX

(E;,q;), ne onpenenssa xkoappurnuenta A

! E

L =L )(E2q2)7,7
i 2 L : (3.17)
i i

B dopmyne (3.17) mpuHATO, YTO HANPSHKEHHOCTH MOJS B KOHIEHCATOpPAaX
VIIK He npeBbllIaeT 3HAYEHHH, BBI3BIBAIOIINX KPUTHUYECKUE YACTUUHBIE Pa3psibl,
MO3TOMY TOKa3aTelb CTeneHu 7,/ OyJeT 0CTaBaThCs BEJIMYMHON MOCTOSHHOM Mpu
Bcex pexxumax padotsl YIIK B TsroBoii cetu.

OTHOCHTENbHASL CTCNEHb CTapeHMs (M3HOCA) JMAJICKTPUKA OIPEICIHM U3

El |
(3.17), YYUTBIBast, YTO E = I—', U NIPUHUMas U1 HOMUHAJIIBHOI'O peXXUMa
2

2

l,=1,.9, =q,,;
Fi - LH :( Ii >Ch )7,7
L, I, A,

, (3.18)

rie | i , di - cpenuue 3HaueHMs ToKa yepe3 KOHIEHCATOP M TeMIEpaTypsl
JUDJICKTPHKA B pab0UYeM PexUME ]

I H - HOMUHAJIbHBIN TOK KOHICHCATOopa.

Haubonpmrass ~ gomyctumass ~— paboyass — Temieparypa  JUDJEKTPHUKA
KOHJZIEHCAaTOopa C  TPUXJOPAU(PEHWIOBOW  NPONMUTKOM, padoTaromero Ha
MPOMBIIIVICHHON 4YacToTe, OO0EClNeYMBaOMIe HSKOHOMUYECKH ONTHUMAaJIbHBIN
pecypc, coctaBisieT q, =95°C . OTHOCUTENbHBIN U3HOC MOKA3bIBAE€T, BO CKOJBKO
pa3 JIeHCTBUTENBHOE CTapeHHE IMUPJIEKTPUKA OOJbllle CTApEHUs H3O0JALUU NpU
HOMUHAJIbHOM pexkume. [Ipu kpaTHOCTSX meperpy3ok 6osee 1,2 — 1,3 u3HoOC pe3ko
BO3pacTaeT U MPEBbIIIAET HOPMAIBHBIN B 5 — 25 pa3 u Oosee.

Konnencatoper YIIK mpu u3MeHSIONMIENCS TIATOBOWM Harpy3ke paboTaioT B
HECTAallMOHAPHOM TEIUIOBOM pexuMme. BolgensemMoe B KOHIEHCAaTOpe Tejao P,
YaCTHUYHO PAcXOAYyeTCs Ha MOBBIIIEHWE BHYTPEHHEH TeMIlepaTypbl KOHAEHcaTopa
(yBenmuueHHUe Teperpesa), YaCTUYHO PACCEHBAIOTCSA B OKPYXKAMOIIYIO cpeay. Eciu
MPOUCXOUT CTYNEHYATOE€ M3MEHEHHE Harpy3ku OT OJHOTO CTal[MOHAPHOTO

sHayenuss Pyj, KOTOPOMY COOTBETCTBYeT yCTAHOBHBILNEECS Haj OXJaxKaarouieii
Cpeloii  TPEBBINICHHE TEMIEpPATyphl  AMAIEKTpHKAa Jgq, IS APYroro

CTATMOHAPHOI'O 3HAYCHUSA P[(z U COOTBCTCTBCHHO \][(2, TO 3aKOH H3MCHCHUA

TCMIICPATYPBI AUIJICKTPUKA BO BPCMCHU UMCCT BU]
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t
A =oyy tI o T - Jp2) % N , (3.19)

rae Uoy; - TeMneparypa oxJyiaxaarouie cpebl,

t 7 - TCILIOBAs MMOCTOAHHASA KOHACHCATOPA (HpHHHTB t T = 3 qaca).

VYpaBHeHuUe, ONpeeAIoee YCTAHOBUBIIEECS MPEBBIIICHUE TEMIIEPATYPhI
HaJl TEMIIEPATYPOI OXJIAXKAAIOIIECH Cpeibl, UMEET BU/T

‘]K:q[(_qOXJT:PKRTs (3-20)
rae Jy - YCTaHOBUBIILIAACS TEMIIEpaTypa BHYTPU KOHAEHcATOpa IIPU MOIIHOCTHU

TCIJIOBBIACICHUA P ;

R - Tennosoe conporupnenne konaeHcaropa (s kouaeHcaropos KCII RT =
0,45 °CIBT);
Py - MomHOCTH TemnoBbIETeHNS B KOHAEHCATOpE Ha | — M mHTepBane, Iy =
12X *%gd , toe X - emkocTHOe conpoTuBieHHe KoHneHcaropa KCIT — 0,66 — 40,
X, =10,9 Om;
tgd - Tanrenc yrna musnekTpuUecKUX HOTEP.

IIpu pacuere mpuHAMAaeM, 4To R. He 3aBHCHT OT TeruioBslnencHus Ly, a

tgd sBnsercs BenmumHON TMOCTOSHHOM, He 3aBucsIIedl oT Temmepatypwl (tgd =
0,003).
CpenHsisi MHTEHCUBHOCTb M3HOCA 3a ONPEACICHHBIM MepHoja BpeMEHH |

(puc. 3.7)

FDt (3.20)

Tac Fi - OTHOCHMTEJIBbHBIA U3HOC AUDBJICKTPHUKA KOHACHCATOpA IIPpH BOBIICﬁCTBHH

Harpy3ku | i Ha KOHJICHCATOP Ha | — TOM MHTEpBaJie rpaduka Harpy3KH;
M — KOJIMYECTBO UHTEPBAJIOB HATPY3KH.
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Ux,

T

Pucynok 3.7 - CpenHsisi MHHTEHCUBHOCTb M3HOCA

Tok KoHIEHCaTOpa

TN -, (3.22)
rae | ik, - TOK, mpoxosuuii uepe3 YIIK Ha i— ToMm nHTepBane rpaduka
Harpy3Ku.

Homunanensiii Tok YIIK

Ly, =1y XN, (3.23)

rae | H - HOMHHaJIbHBIN TOK KoHAeHcaTopa (mis KCIT — 0,66 — 40 | H =60,6 A).

Tornma
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C nomouipio mnpuBEeACHHBIX (opMyl Mo rpaduKy TIrOBOM HarpysKu,
3aMEpeHHOM Ha  JIEUCTBYIOIIEM  JJIEKTPU(DPUIIMPOBAHHOM  y4yacTKe, WIIU
cMmoaenupoBanHomy Ha OBM, npousBoautcs MammHHbIA pacuer YIIK mpum
paznuuHblx N u 3aTeM BbIOHMpaeTcsi onTtuMaibHoe N, W3 yClIOBHS HOPMAaJIbHOTO

HN3HOCAa KOHACHCATOPOB, IIPU KOTOPOM Fcp = 1, N HCIIPCBBLIMICHU S MaKCHUMaJIbHOM

TeMIeparypsl AudJIeKTpuKa. [IpenMyinecTBo Takoro MalMHHOIO METOJIa pacyeTa
COCTOUT B TOM, 4YTO, BO — II€PBBIX, YIUTHIBAIOTCSI BCE BO3MOXKHBIE PEKUMBI PaOOTHI
y4acTKa U, BO — BTOPBIX, YUUTHIBAETCS MOCIEI0BATEILHOCTh BOSHUKHOBEHUST TOU
WJIM UHOW Harpy3KH.

B 3amaue yci0BHO MPUHUMAETCS, UTO YKa3aHHbIE rpadUKu pacrpeesatoTCs
Ha BECh MEPHUOJ — COOTBETCTBEHHO OCEHHEE — 3UMHUI U BECEHHE — JICTHUH.

PacyeT OTHOCHTENBHOIO M3HOCA MPOU3BECTH ISl CYTOK OCEHHE — 3MMHEr0
(F,) u Becenne — netHero (F,) MEpPHOAOB C MCIOJb30BAaHUEM COOTBETCTBYIOIIMX

TOKOBBIX HAI'PY30K U 3KBUBAJICHTHBIX TCMIICPATYP omamnafomeﬁ CpCIbI.
OTHOCHUTENBLHBIN U3HOC PaBCH

_F3+F./7

F, >

Toraa pecypc KOHEHCATOPOB paBeH
L=F*'x,, (3.24)
rjae L, - CPOK KU3HHU KOHJEHCAaTOpa IIPU €ro HOMUHAIBHON Harpys3Ke.

[Tpu F, otnuyatomemcst OT eIMHUIBI B 2 B 0oJiee pas, CleayeT YMEHBIIUTh
(mpu F < 0,5) win yBenawuuth (npu F > 2) yucio napamieabHO COCAMHEHHBIX
KOH/ICHCATOPOB M TIOBTOPUTH PACUETHI.

Cnengyer y4ecTb, 4YTO W3MEHEHHE YMCJAa MapaliebHO BKIIOYEHHBIX
kougeHcatopoB N na 10...15% npuBonut k u3menenuto F npumepno B 3...5 pas.
[Tpu M3MeHEeHNHU YuCia mapauieTbHO COeIMHEHHBIX KoHAeHcaTopoB N 1o N, TOk

KOHICHCATOpPA PAaCCYUTHIBAIOT I10 (1)OpMy.IIe

=K1, N

[Ipennaraercs Takasi HOCJIEI0BATEIBHOCTh pacyeTa
—_ o
1) B Hagane nepBoro MHTEpBaia npuHuMaercs O = 95° C u onpenensercs
J 1 =99- Qyyy, rae Qyy; - TeMIepaTypa OXIaKAaomeil cpeibl.
2) onpenensiercst J 2 B kKoHIE epBoro uuTepBana, npu stom t = Dby =1u

3) IMpUuHUMaAs JIMHEMHOE W3MCHEHUEC TCMIICPATYPBI B HMHTCPBAJIC [11,
OIIPCACIIACTCA
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qi — qu ;qKZ . (325)

4) pacyer mpoAOIDKACTCS Ui BTOPOTO MHTEPBAja, MPH STOM MPUHAMACTCS

‘JKl Broporo uHTepBania paBHBIM (Jk, - Qoy;) mepBoro wHTEpBasia, a

3aTCM BBIYUCIIACTCA qi IJIA 3TOr0O UHTCpBAJIA.

5) pacueTbl HOBTOPSIIOTCS JJIsl BCEX HHTCPBAJIOB.

6) majgee pacyeT NTPOU3BOMUTCS Ui OCCHHE — 3HMHErO IMEpHojaa, WU
oTpeeNsieTCsl OTHOCUTENIbHBIN U3HOC 3a TOJI.

7) TPOHU3BOAMTCS MEepepacyeT OTHOCUTEIBHOIO n3Hoca npu F<0,5u F > 2,

8) ompenensercs pecypc KOHACHCATOPOB.

Taxoke pemuTh 3Ty 3a7ady BO3MOXKHO, HCIIOJNB3YsS KOMILICKC IpOrpam,
paspabotannbix nadopatopueit CAIIP KC (YVpI'VIIC) npumep Koma mporpamMmmbl
IpHUBEJICH B IPUIOKeHUH 1.

3.5 Opranuszanus TeXHMYECKOro 00CIY;KMBAHUA YYaCTKA KOHTAKTHOWH ceTH
10 COCTOSTHHMIO ¢ KOHTPOJIEM YPOBHS HA/1€KHOCTH

Hcxoanbie JaHHBIE

Croumocts ympasisioriero Bo3aeiicteust C, =3000+100xN ;
Viep6 ot otkaza C, =500+ N ;

IMapamerp notoka otkazos W = (0,03+ 0.01xN) X0 * 1/rox;
Jnmuna yyactka L =70+5>N kwm;

Yucno npoxoaos JIIC B rog P =10000+100>N pas3;
CpenHee 4mcIIO 0TKa30B cTapenus B rox N, =25+ 01xN ;
DaKTUYECKOE YHCIIO OTKa30B B rog N, =2+01>N ;

Bepxusst rpanuiia uncia oTka3zoB — 12.

TeopeTnveckue cBeJeHUs

Bepxneit rpanuneii perynupoBanus (BI'P) HaspiBaeTcs uuciio OTKa30B,
KOTOpOE€ MPHU HCXOAHBIX Iapamerpax II0TOKa OTKa30B, YHCIE 3JJIIEMEHTOB W
IIPOMEKYTKA BPEMEHH HE IIPEBBIIIACTCA C 3aJaHHOU BEPOSATHOCTBHIO IPU HAJIUYUU
OJIHUX JIMILb CIy4aHbIX OTKa30B. [Ipu npesbiuiennn BI'P craBurcs nuarmos -
cTapenue oobekTa /2/.

[locTaHoBKa auarHo3a COMpsbKEHAa ¢ PUCKOM OIIMOOK MEPBOTO U BTOPOIO
pona. OmubKy nNepBOro poja MOXHO COBEPLIUTh, €CIIM YUCIO OTKA30B MPEBBICUIIO
BI'P, a crapenue He HacTtynmwio. BeposTHocTh TOro, uro mnpessiiieHue BI'P
BBI3BAaHO HE CTapEHUEM
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a =1 a(WLP)
o Nl

, (3.26)

rae N- xommuecTBo 0TKA30B (331aHHOE);
W - mapamerp noroka oTkasos, 1/xm;

p —uucio npoxoaos IIIC;

L — pa3BepHyTas IjIMHA ydacTKa.

DKOHOMHUYECKHE MOTEpH OT OIIMOKM MEpPBOrO pojia — 3TO 3aTpaThl Ha
YIPaBIISAIOIIEE BO3ICHCTBUE, B KOTOPOM HET HEOOXOUMOCTH.

OmubKy BTOpPOro pojia MOKHO COBEpUINTH, KOTJa YHCIO OTKa30B HE
npesbicwiio BI'P, a ctapenne nosBuiiocs

p =4 WR" (WLR) (3.27)

n=0

MuHuMaIbHbIE YKOHOMUYECKUE IIOTCPH

M=Ca+n,6C,b (3.28)

IIpumep pemenus

Tabonuua 3.15 — cxonHble JaHHBIE

Croumocts | Yiep6 | [lapamerp | dnuna | Yucno Cpennee dakTuueckoe
YIIPaBIL. oT MOTOKA y4acTKa, | MPOXOJIOB | YHCIIO Yucno
BO3JEHCT., | OTKa3a, | OTKAa30B, | KM OIIC B OTKa30B OTKa30B
pYyo. pYyo. Uron roj CTapeHHsI B TOJI
B TOJ
4600 900 0,035 100 19000 4,5 8

[TocunTaeM BEpOATHOCTH OLTUOOK IMEPBOTO U BTOPOT'O POJOB

- IIpU OTCYTCTBHUH OTKa30B.

_,. (003510200

5 xexp(- 0.035>10"* X.00>49000) = 0,9987 ;
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b=1-a =1- 09987 =0,0013;
- IPY OJTHOM OTKa3e

-4 1

o 1. (0035:40°2400)
1

b =1- a =1- 0,9901=0,0099:

xexp(- 0.035.0"* ¥.00>49000) = 0,9901

- [IpU JIBYX OTKa3ax

(0,035.0 * X00)>
2

a=1-

xexp(- 0.035x40"* x00>19000) = 0,9615

b =1-a =1- 0,9901=0,0385;
- IIpY TPEX OTKa3ax

-4 3
N (0,0354; »00)

xexp(- 0.035X0 * .00x19000) = 0,8981.

b=1-a =1- 0,9901=0,1019;
- IIPU YEThIPEX OTKa3axX

(0,035.0 % 300)*

y xexp(- 0.035540"* ¥.0049000) = 0,7926 -

a=1-

b =1- a =1- 0,9901=0,2074:
- HpI/I IISITH OTKa3ax

(0,035.0"* 100)°

5 >exp(- 0.035x0 * ¥100>49000) = 0,6524 :

a=1-

b =1-a =1- 0,9901=0,3476;
- TIPY IIECTH OTKa3ax

-4 6
o 1. (0035:40°2400)

6 >exp(- 0.035X10" * x.00>49000) = 0,497

b =1-a =1- 0,9901=0,5030;
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- IIpu CCMH OTKa3ax

(0,035.0"* 00)”
7

a=1- xexp(- 0.035X0"* 4.0019000) = 0,3493

b =1-a =1- 0,9901=0,6507;
- IPY BOCBMU OTKa3ax

(0,035X.0"* 300)®
g

a=1-

xexp(- 0.035540"* ¥.0019000) = 0,2265

b=1-a =1- 0,9901=0,7735;
- IPU JICBATH OTKa3ax

(0,035.0°* 100)°
9

a=1-

xexp(- 0.035X0"* .00x19000) = 0,1359

b=1-a =1- 0,9901=0,8614:
- IIpU JCCATU OTKA3aX

(0,03510"* X.00)°

G *exp(- 0.035X0"* ¥.00x19000) = 0,0755 :

a=1-

b=1-a =1- 0,9901=0,9245;
- IPY OJIMHHAJIIIATH OTKa3axX

-4 11
o 1. (0035:40°2400)

I xexp(- 0.035X0"* ¥.0019000) = 0,0396:

b =1-a =1- 0,9901=0,9604;
- [IpU AIBEHAAIIAaTH OTKa3ax

(0,035.0"* X.00)2

o >exp(- 0.035x10"* 0019000 = 0,0189

a=1-
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b =1-a =1- 0,9901=0,9811

TCHCpB MMOCYUTACM S3KOHOMHUYICCKHUC IIOTCPH

min M, = 4600>0,9987 + 0 = 4544,02 py6.;

min M, = 4600X1- 0,0099) + 4,5>900>0,0013 = 4559,72 py6.;
minM,, = 4600(1- 0,0385) + 4,5>900>0,0099 = 4462,99 py6.;
min M, = 4600X1- 01019) + 4,5900>0,0385 = 4287,18py6.;
minM, = 4600>(1- 0,2074) + 4,5X900>0,1019 = 4058,65py6.;
min M, = 4600X(1- 0,3476) +4,5900>0,2074 = 3841,01py6.;
min M, = 4600x1- 0,5030) + 4,55900>0,3476 = 3693,98p)6..
minM, = 4600(1- 0,6507) +4,5x900>0,5030 = 3643,93p)6.;
min M, = 4600X(1- 0,7735) +4,59000,6507 = 3677,23py6.;
min M, = 4600X1- 0,8641) + 4,55900>0,7735 = 3757,81py6.;
min M, = 4600x(1- 0,9245) + 4,5x900>0,8641 = 3846,70py6.;
minM, = 4600%(1- 0,9609) + 4,5900>0,9245 = 3924,08py6.;
minM, = 4600x(1- 0,9811) +4,5900>0,9609 = 3978,586.;

BriBOO

Tak KaK YKOHOMHYECKHUE IMOTCPHU HC IPCBBICUIIM CTOUMOCTH YIIPABJIATOUICTO
BOBIICﬁCTBPIH, TO MMPOBOAUTD YIIPABJIAIOIICES BOBHCﬁCTBHe HCT HCO6XOIII/IMOCTI/I.
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[puwioxenune 1

HpI/IMCp KOoZa JId 3aJdadu 3.2 «Pacuer onTUMaJIbLHOM MNCPUOANIHOCTH

3aMEeHbI TPy0YaToro paspsHUKa 1o KpuTepuio 0e3otkasHoctu» (Matlab):

disp('NTO2_2 PacueT onTUMaJIbHOM MEPUOTUIHOCTH 3aMEH ')

disp(' tpyOuaToro paspsiiHUKA [0 KPUTEPHIO OE30TKa3HOCTH')

clear

for i=50:50:600% 3anoiHeHne CTPOKH HApaOOTKU

t(i/50)=i;

end

disp('BBeinTe HHTEHCHBHOCTH MEPEX010B')

lo=input(‘Bue3amnubix =);

|p=input('npupaboTOYHBIX, APTyMEHT = ');

zp=input('mpupaboOTOUHBIX, TapameTp = ');

eo=input(‘nocteneHHbIX = ');

el=input(‘u3 cocTostHUS MPEAOTKA30B = );

gam=(lp/zp)* exp(-zp*t);k=el-eo-lo;

ms=-lp* exp(-zp*t)./(k-zp)-(Ip"2)* exp(-zp*t)./zp/(k-2* zp);
mo=1/k+lp/zp/(k-zp)+(Ip/zp)*2/2/(k-2* zp);
m=21/k+gam/(k-zp)+(gam).*2/2/(k-2* zp);

fori=1:12

f(i)=exp(-1p/zp)* (exp(-(eo+lo)*t(i)+(Ip/zp)* exp(-zp*t(i)))+eo™ (m(i)* exp(-
(eot+lo)*1(i))-mo*exp(-e1*1(i))));

q(i)=exp(-Ip/zp)* ((eo+lo+|p*exp(-zp*t(i)))* exp(-(eot+lo) (i) +(Ip/zp)* exp(-
zp*t(i)))-eo* (ms(i)-(eo+l0)*m(i))* exp(-(eo+l0)*t(i))-eo* e1* mo* exp(-e1*t(i)));
L(i)=q(i)/f(i);Lsr(i)=(-log(f(i)))/(t(1));

end

disp(‘napadotka');disp(t);

disp(‘monuas nHTeHCHBHOCTH 0TKa30B');disp(L);

disp(‘cpennsis uaTeHCHBHOCTD 0TKa30B');disp(LSr)

disp('Criumiute pe3ynbTaThl U I BbIBOIA TPa(®HUKOB HAXKMHTE JTIO0YIO KIIaBHIITY')
pause;clg

hold on;plot(t,L,'r");plot(t,Lsr,'b"),grid;

title('ilaTeHCMBHOCTH OTKa30B')

hold off
I[Ipumep koma gnus 3agaunm 3.4 «OmpeneneHue pecypca Oartapeu

KoHeHcaropos» (Matlab):

disp('NTO2_3 Omnpenenchrie pecypca baTapen KOHICHCATOPOB')
clear

for i=400:200:3000% 3amosHeHHE CTPOKU HAPAOOTKH
t((i-200)/200)=i;
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end

disp('‘Beeaute mapameTpbl HHTEHCUBHOCTH OTKa30B')
bet=input(‘'napametp dpopmsl =");
tet=input(‘mapameTrp Macirada =");

disp('Beenute cpeanee BpeMs 3aMEeHBI YCTPOHCTBA')
da=input(‘orka3zasmiero = ‘);

dp=input(‘ucripaBuoro = ‘);

x=dp;g=1-exp(-(t/tet).”bet);

|=(bet/tet)* (t/tet).(bet-1);

save nt

fori=1:14

lew(i)=dp/(dat+x);

i1(1)=quad8('kog',0,t(i));
praw(i)=1-1/(1-q(i)*1(i)*il(i));

end

disp(‘napadotka');disp(t);

disp(‘neBast yacts');disp(lew);

disp(‘mpaBas gacts');disp(praw)

disp(‘CrmmiuTe pe3yabTaThl U A1 BBIBOAA IPaUKOB HAXXMHTE JIFO0YIO KIIABHUIILY')
pause;clg

hold on;plot(t,lew,'r");plot(t,praw,'b"),grid;

title('Onrumuzarus mo Kor')

hold off
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I[puioxenne 2

Il1aH npakTHYeCKUX 3aHATUHI

OCHOBBI TEOPUU HAIEKHOCTH:

1)
2)

3)

4)

3anaua. Cratuctuyeckas o0OpaOOTKa OMBITHBIX JTAHHBIX.

Cemunap 1. Pacuer HaJIeXHOCTHM HEBOCCTAHABIMBAEMBIX OOBEKTOB C
HenapamMeTpUYeCKUMHU MOJIETIIMUA HaJIeKHOCTH. 3a/1aya.

Cemunap 2. Pacuer HaJIeXHOCTHM HEBOCCTAHABIMBAEMBIX OOBEKTOB C
HeTapaMeTPHUSCKUMHU MOJICTISIME HaJI)KHOCTH (IIPOIOJDKEHHE). 3a1a4a.
Cemunap 3. Pacuer HaJIeXHOCTHM HEBOCCTAHABIMBAEMBIX OOBEKTOB C
napamMeTpUyeCKUMH MOJIETISIMUA HaJIeKHOCTH. 3a/1aya.

Cemunap 4. Pacuet HaJie:KHOCTH BOCCTaHABIMBAEMbIX OOBKTOB. 3a/1aua.
Cemunap 5. Pacder HajgexHOCTU cucTeM. 3ajaya.

Cemunap 6. Pacuet Hase:)xHOCTH cucTeM (IPOI0JDKEeHHUE). 3a1aua.

Cemunap 7. Pacuet HaJiexKHOCTH pe3epBUPOBAHHBIX 00BEKTOB. 3aaya.
Cemunap 8. Pacuer HajeXHOCTH pe3epBUPOBAHHBIX BOCCTAaHABIMBAEMBIX
00BeKTOB. 3a/1aua.

OCHOBBI TEXHHYECKOMH JUATHOCTHKH.

1)
2)
3)

4)

5)

6)

7)

8)

3agava. OneHka KauyecTBa NpOayKIHH.

Cemunap 1. OCHOBHbBIE TOHATHS U ONPEACICHUS TUarHOCTHKHU.

3anaua. CocraBieHue TabIUIbl PYHKIUN HEUCITPABHOCTEM.

Cemunap 2. Texuuueckas JauarHocTuka M HporHosupoBaHue. CBs3b
TEXHUYECKON TMarHOCTUKHU C Ka4€CTBOM MPOYKLIHUU.

3anaua. [IpoBepka U30JALIMOHHBIX CBOWCTB Macia.

Cemunap 3. TectroBoe JIUarHOCTUPOBAHHUE. OyHKIIMOHAIBHOE
JIUarHOCTUPOBAHHUE. Marematuyeckoe MO/IeJIUPOBaHUE npu
(YHKUHOHATBHOM JIMarHOCTUPOBAHUU aHAJIOTOBBIX O0BEKTOB.

3agaua. Meton baiieca.

Cemunap 4. MaTemaTH4eCcKrue MOJENIH C PACIpPEEICHHBIMU MMapaMeTpamu.
MaTtemaTudyeckue MOJIeNId CUCTEM.

3amava. MeTo MUHMMAJIBHOTO PHUCKA.

Cemunap 5. CtaTucTuecKue METO bl IpU POPMUPOBAHUN MATEMATHUYECKUX
Mmozenei. Tabnuna QyHKIMii HeuCIPaBHOCTEH.

3anauva. MeTo/1 M03JIEeMEHTHBIX TPOBEPOK.

Cemunap 6. Monenb HenpepbIBHOTO 00bekTa. Mojenb JUCKPETHOro
o0BbekTa. Mozenb NpOTSKEHHOT0 00bEKTa.

3anaya. MeTos1 rpynnoBbIX MPOBEPOK.

NudopmarimonHass »HTpONUS M HEONMPENEICHHOCTh COCTOSIHUS OOBEKTA.
Cratuctuyeckre MeTo/bl paclio3HaBaHUs. AJITOPUTMBI IUarHOCTUPOBAHUS.
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Hane:xxHocTh U Texo0cC/ay:KUBAaHHE YCTPOMCTB 3JIEKTPOCHAOKEHNU S

1) 3anava. Beibop BapuaHTa MOJEPHU3AIUN YCTPOUCTBA JICKTPOCHA0KEHUSI.

2) Cemunap 1. BnusiHre HaIe)KHOCTH YCTPOUCTB 3JIEKTPOCHA0KEHHUS Ha padoTy
TpaHcnopra. OTKa3bl 000pyHOBaHHUS KOHTAKTHOM ceTH. OTka3zbl 000pyaOBaHUSA
TATOBBIX TMOJCTAHLMUM, JUHUN DJJIEKTpoIepeaadu, MPUMEHEHUE pPe3yJIbTaToB
pacyeTa pucKa OTKa3o0B.

3amava. PacyeT onTUManbHOM TMEPUOAMYHOCTH 3aMEHbl TPyO4aTOro
pa3psiIHUKA 110 KPUTEPUIO OE30TKA3HOCTH.

3) Cemmuap 2. Ilpomecchl cTapeHHs, pa3peryaupoBOK, U3HOCOB. CHIIOBBIC
TpaHchopMaTopsl U KoHJeHcaTopbl. JKene300eToHHbIE OMOpbl. MeTalnyeckue
KOHCTPYKIIMH, POBOJIA.

3anaua. Pacuet pecypca TpaHchopmaropa TSIroBoi MOACTaHLIUU.

4) Cemunap 3. KontakTHbIe MpoBoja. M3HOC U pa3peryiupoBKa KOHTAKTHBIX
poBOJIOB. Bo3ayiiHbIe CTpenku. DIeKTpuiecKast U30ISIHs.

5) Cemunap 4. CuIOBBIC MOJYNPOBOJIHUKOBBIC MPUOOPHI, KOMMYTAIlMOHHAS
annaparypa. KaOGenbubie JIOII, akkymyJsTopbl, MHKPOCXEMBbI, KOMIIbIOTEPHI,
MPOrpaMMHOE 0OeCIICUeHHE.

3anaua. Onpenenenue pecypca 6arapen KOHIEHCATOPOB.

6) Cemunap 5. Pacuer  (QyHKUMOHANBHON  HAJACKHOCTH  CHUCTEMBI
anekTpocHaOxkeHus. CrpaTernu TeXHUYECKOro oobcnyxuBanusi. Ctporo
nepuonyYeckoe BoccTaHoBleHHe. BoccTaHoBneHue O6J10KaMH.

7) Cemunap 6. Crpaterusi ¢ ONTUMHU3AIMCH [0 KPUTCPHUIO MaKCUMyMa
koa(dduiieHTa onepaTUBHOW TrOTOBHOCTU. OOCTYKHBaHHE IO COCTOSHHUIO C
KOHTPOJIEM YPOBHS HaaeKHOCTU. CTpareruss oOCITY>KMBAHHS IO COCTOSHHUIO C
KOHTPOJIEM MOHOTOHHO H3MEHsAroulerocs: mnapamerpa. Ctpareruss TEXHHUYECKOIO
00CITy’>KHBaHMSI C KOHTPOJIEM MapaMeTpa MapKOBCKOI'O THUIIA.

3amava. OpraHuzanus TEXHHYECKOr0 OOCIY)KMBaHUS y4yacTKa KOHTAKTHOM

CETH I10 COCTOSIHUIO C KOHTPOJIEM YPOBHS HAJI€KHOCTHU.

8) Cemunap 7. Crpareruss TEXHHYECKOTO OOCITYXHBaHHS C MapKOBCKOMW
anmnpoKcUMaleil mpolecca U3MEHEHUs mapaMerpa. [ pynnupoBka yrnpapisiomnx
BO3JEHUCTBUN B KOMIUIEKCHI.
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1.1.
1.2.

1.3.
14.
1.5.
1.6.
1.7.
1.8.
19

1.10.
1.11.
1.12.
1.13.
1.14.
1.15.

1.16.

1.17.

2.1.

2.2.
2.3.

24.

2.5.

2.6.

[puinoxkenue 3

Bonpocs! g TecTUpoOBaHUA

1 OcHOBBI T€OPUU HAIEKHOCTH

IToHsATHE HANEKHOCTH.

[loHssTHS 0G€30TKAa3HOCTH, JOJTOBEYHOCTH, COXPAHIEMOCTH M PEMOHTO-
IIPUTOAHOCTH.

[ToHsATHS UCTIPAaBHOCTH U PaOOTOCTIOCOOHOCTH.

IToHATHSA NPENETBLHOIO COCTOSIHUS U ITOBPEXKACHUS.

IToHATHSA OTKa3a ¥ BHE3AIIHOI'O OTKA3a.

IToHATHSA MOCTENEHHOTO OTKAa3a U HE3aBUCUMOI'0 OTKAa3a.

IToHATHSA MOJHOrO OTKA3a U YACTUYHOI'O OTKA3a.

[ToHsTHS IEpEMEKAIOIIETOCS 0TKa3a U U30BITOUHOCTH.

IToHATHSA CUCTEMBI U 3JIEMEHTA, OTHOCUTEIBHOCTD ITUX ITOHATHH.

[ToHsATHS HEBOCCTAaHABIMBAEMOI'0 OOBEKTA U BOCCTAHABIMBAEMOTO O0OBEKTA.
[TapameTprueckuii mOAXOX B pacyeTax HaJEeKHOCTH, €ro JOCTOMHCTBA U
HEJIOCTATKH.

Henapamerpuueckuii moaxoJq B pacyeTax HAAEKHOCTH, €ro o00JacThb
IIPUMEHEHUS.

O6nactd TpUMEHEHHs, JOCTOMHCTBA M HEIOCTaTKH I€PBOTO YPOBHS
HCCIIEIOBAHUM HAJIE)KHOCTH.

OcoOEHHOCTH CTPYKTYPHOT'O pacueTa HaJIeKHOCTH CHUCTEM, ero o0JacThb
IIPUMEHEHUS.

Oco0OeHHocTu GYHKIIMOHATBLHOTO pacyeTa HaJeKHOCTU CUCTEM, €ro 00J1acTh
IIPUMEHEHUS.

Tpu stama gopMupoBaHUs HAJEKHOCTH OOBEKTa, 3aJayd pellaeMble Ha
KaXXZIOM U3 HUX.

Oco0eHHOCTH HAJIEKHOCTH YCTPOUCTB MPeoOpa3oBaHMs SHEPTHUH, NIepeaadn
OHEpPryuU, ABTOMATUKU U 3aIUTHI.

2 HeBoccTaHaBanMBaeMbie 00bEKThI

[lepeuncnuTe OCHOBHBIC ITOKA3aTEIM HAJIC)KHOCTH HEBOCCTaHABIMBAEMBIX
00BEKTOB, UX 00J1aCTH U3MEHEHUS.

[TorsiTHS HYHKIMA HaJIC)KHOCTH U HEHAICKHOCTH, UX CBOMCTRBA.
BepostHOoCTh 0€30TKa3HON pabOTHl B TEUCHHE 3aJaHHOTO HMHTEpBaja, MX
MIPUMEHEHUE.

[ToHsITHE TUIOTHOCTH pacHlpeeicHUus HapaOOTKH O OTKa3a, 00JacTH ero
WU3MCHCHHUS, CBA3b C PYHKITUAMU HAJC)KHOCTH U HEHAICHKHOCTH.

[ToHsITHE WHTEHCUBHOCTH OTKa30B O0BEKTa, 00JaCTh €r0 W3MCHCHUS, TPH
sTamna, 00J1acTH MPUMEHEHUS.

[TonsiTHE cpemHel HapaOOTKH 10 0TKa3a, CIIOCOOBI €€ BBIYUCIICHHUS.
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2.7.

2.8.

2.9.

2.10.

2.11.

2.12.
2.13.

2.14.

2.15.

2.16.

2.17.

2.18.

2.19.

2.20.

2.21.

2.22.

2.23.

2.24.

3.1
3.2.
3.3.

I'paduueckoe n3oOpakeHre W AOMYIIEHUS B MOJEIM OTKa3a «Harpyska u
MPOYHOCTb - CIIy4allHbI€ BEJTUYHUHBI».

OcoOEHHOCTH TOJYYEeHHS 3aBUCUMOCTH BEPOSATHOCTH OTKa3a B MOJEIHU
«Harpy3kKa U MpOYHOCTH - CIy4aliHbI€ BEJTUYMNHbBI».

[TonsiTusi, oO6JacTH TPUMEHEHHUS TApaMETPOB PACIOJIOKEHUSI KPHUBBIX
IJIOTHOCTEW pacnpeiesieHrsl Ha BEPOSATHOCTh OTKa3a B MOJIENIA «HArpy3ka u
MPOYHOCTh - CiydaiiHble BenuuuHb». [loHATHEe Ko3ddunmeHTa 3amaca,
CIOCOOBI €r0 CHUKEHUS.

I'paduueckoe n3oOpakeHre W AOMYIIEHUS B MOJEIM OTKa3a «Harpyska u
MPOYHOCTH - CIyYaiHbIe IPOIECChI» (TP BapuaHTa).

Bun, mnonaTtue ¢GyHKIMU MaTeMaTHYECKOrOo OXUJAHWS U JAUCIEPCUU
CJIy4ailHOTO MpOoLIecca U3MEHEHUS HArPY3KHU.

[TonsiTue u cBOMCTBA PYHKIIMH YCTAIOCTH.

BeposiTHOCTH OTKa3a B MOJENA «HArpy3ka M MPOYHOCTh - CIIydailHbIE
porecch» (Tpy BapuaHTa), (haKTOPhI BIHUSIOIINE Ha BEPOSTHOCTH OTKA3a.
I'paduueckoe n3oOpakeHre W NOMYIICHUS B MOJEIM OTKa3za «ImapameTp -
TOJIE TOMyCKa».

[Topsimox BbIBOJA (DYHKIIMM HEHAJEKHOCTH M IUIOTHOCTH DPaCIpeaesICHUS
HapaOOTKHU JI0 OTKAa3a B MOJCIH «I1apaMeTp - MOJje JOIMyCKa».

[TonsiTue MOMEHTHBIX (YHKIMH # (YHKIUA TapaMeTpoB B MOJIENHU
«rapaMeTp - MoJje J0MycKa», uX BU/I.

I'paduueckoe n3o00pakeHre U JOMYIIEHUS] B MOJEIN OTKa3a ¢ MapKOBCKOM
armpoOKCUMALEH.

O6o6menHoe ypaBHeHue KonmoropoBa JJis MOAEIH OTKa3a ¢ MapKOBCKOM
amnmpoKCUMAaIuei, CriocoObl €ro PeIIeHus.

Brruncnenue mokaszaresiel HaJIe)KHOCTH B MOJEIM OTKa3a C MapKOBCKOM
armpoOKCUMALEH.

Mogens mpouecca HM3MEHEHHMs TlapaMeTpa B BHJE Lenu Mapkosa,
JTOMYIIEHUS.

@uU3NYECKOE  TOJIKOBAHME  3aKOHOMEPHOCTEW  TOSBJICHUS  OTKAa30B
HEBOCCTAaHABIMBACMBIX 00OBEKTOB BO BpeMEHH (TpH dTara).

UYeThipe K1acca 3aBUCUMOCTEH MHTEHCUBHOCTH OTKa30B OT HapaOOTKH M UX
MIPUMEHEHHE.

OueHku (QyHKIME MMOKa3aTese HaJIeKHOCTU M HEBOCCTAHABIMBAEMBIX
00OBEKTOB.

VYyer CTaTUCTUYECKOTO BIUAHUS IpOIEcca HArpy3Kd B IMAapaMeTPUUECKUX
MOJIENIAX 0TKa30B. OrpaHUYeHUSI B MOACISX.

3 BoccranaBianuBaeMble 00bEKThI
JIBa BHa BOCCTAaHABIMBAEMbIX OOBEKTOB, MX OIMMCAHUE W TIPUMEPHI.
[TonsiTHE MAapaMeTpa MOTOKa OTKA30B, 00JIACTH €T0 U3MCHCHHUS.

HCO6XOJII/IMBIC JJIs1 TOI'O, I'ITO6[>I, YCIIOBHA MMAPaAMETP ITOTOKA OTKA30B MOKHO
ObL1a OBl CUMTATH ITOCTOSHHBIM. HpaKTI/I‘{CCKaH IOCHHOCTD.

107



3.4.

3.5.

3.6.

3.7.

3.8.

3.9.

3.10.

3.11.

4.1.

4.2.
4.3.

4.4.

4.5.

4.6.

4.7.

4.8.

4.9.

4.10.

4.11.
4.12.
4.13.
4.14.
4.15.

[ToHsITHE MATEMATHYECKOTO OXXHIaHHMS HapaOOTKM Ha OTKa3 O0BEKTa ¢
HYJIEBBIM BPEMEHEM BOCCTAHOBJICHUS.

[TokazaTtenu HaJIe)KHOCTH 00BEKTa C KOHCUYHBIM BPEMEHEM BOCCTAHOBIICHHS,
00J1aCTH UX TPUMEHEHUS.

[ToHsITHE TIIOTHOCTH paclpeaesicHuss HapaOOTKH MEXIy OdYepeIHBIMH
BOCCTaHOBJICHHSIMU OOBEKTa C KOHEYHBIM BPEMEHEM BOCCTAaHOBJICHHS H
CIIOCOOBI €€ BEIYHCIICHHS.

[TonsiTHE TapaMeTpa MOTOKa BOCCTAHOBJICHUH, €ro MPUMEHCHUE B TIPAKTUKE
pacyeToB.

[TorsiTue PyHKIMH TOTOBHOCTH W OIEPATUBHON TOTOBHOCTH, O0JIACTH HX
M3MEHEHHS.

[TorsiTne KO3 (UIMEHTOB TOTOBHOCTH U OIECPATUBHOH TOTOBHOCTH,
0071aCTH UX U3MEHEHHS.

[ToHsITHE MAaTEMaTHYECKOTO OXKHUJAHUS BPEMEHH O€30TKa3HOW paboThI,
BPEMEHU BOCCTAHOBJICHUS W BPEMEHH MEXKIY OYEPECIHBIMU COOBITUSIMH
ITOTOKA.

O1eHKY MoKasaTeaed HaleKHOCTH BOCCTAHABIMBAEMBIX O0BEKTOB.

4 PacyeT CTPYKTYPHO# HA/IE:KHOCTH CUCTEM

[loHsTHs, cXoncTBa W pas3iuyus, JAOCTOMHCTBA M HEAOCTATKH, PacyeToOB
CTPYKTYPHOU U (DYHKIIMOHAJIbHOM HA/I€KHOCTU CUCTEM.

[loHsiTHE CTPYKTYPHOI CXEMBbI HA/IE)KHOCTH, €€ Ha3HAYCHUE.

[ToHATHE mNOCIEAOBATEIBHOIO COEIMHEHUS 10 HAJEKHOCTH, IOKa3aTelu
HaJIeKHOCTH BOCCTAaHABIMBAEMbIX U HEBOCCTAHABINBAEMBIX OOBEKTOB.
O6nactd W3MEHEHUS BEPOATHOCTU OE30TKAa3HOW paboOThl CHCTEMBI C
MOCJIEIOBATEIBHBIM COEAMHEHUEM B 3aBUCUMOCTH OT YHCJIA AJIEMEHTOB.
[lonsTHe mapawieabHOTO COEAMHEHUS MO HAAEKHOCTH, (YHKLIHUH
HAJICKHOCTU U HEHAJE)KHOCTH, UX BHIYUCIICHUE.

Bbruncienne MareMaTH4ecKoro OKMJaHUS HapaOOTKH 10  OTKas3a,
MHTEHCUBHOCTHU OTKA30B MPHU NapaijIeIbHOM 110 HAJEKHOCTU COETMHEHHH.
O6nactd W3MEHEHUS BEPOATHOCTU OE30TKA3HOW pabOThl CHCTEMBI C
napajieIbHbIM COEAMHEHUEM B 3aBUCUMOCTH OT YHCJIA DJIEMEHTOB.

[lonsTue mnpeobpa3zoBaHus "3Be3ga - TPEyroiabHUK' U 00JACTh €ro
MIPUMEHCHUS.
[lonsTue mnpeoOpa3oBaHus "TPEYroJIbHUK - 3Be3Ja’, W 00JacThb €ro
MIPUMEHCHUS.

Pacuer HanmeXHOCTH CUCTEMBI W3 JIBYX OJJEMEHTOB C HCIOJIb30BAHUEM
rpad)oB COCTOSTHUMN U MEPEX0I0B, BRIUUCICHUE TTOKa3aTeIeH HaeKHOCTH.
[TonsiTHE Y3JI0B M BETBEU CETH.

[Tonsitue rpada cetu.

OneHka HaJIeXKHOCTH METOAOM NMPeoOpa30BAHHBIX CETEH.

JlonyieHrst METOa MUHUMAJIBHBIX ITYTEN U CEYEHUM.

[ToHsTHS METOa MUHUMAJIBHBIX ITYTEW U CEUYCHUU.
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4.16.
4.17.
4.18.
4.19.

4.20.

4.21.
4.22.

5.1.

5.2.

5.3.

5.4.

5.5.

5.6.

5.7.

5.8.

5.9.

5.10.

5.11.

5.12.

5.13.

5.14.
5.15.

Marpuua nmyreu, ee NpUMEHECHUS.

Marpuia cedueHuii, €€ IPUMEHEHUS.

Pacuer BeposATHOCTH OTKa3a METOAOM MUHUMAJIBHBIX ITyTEW U CEUCHUU.
Yder npegHamMepeHHBIX OTKIIOUYEHUM B METOJAE MHUHUMAJbBHBIX IMYTEH U
CCUCHUMH.

Oco0eHHOCTH, KOTOPbIe HEOOXOIUMO YYUTHIBATH MPU pacyeTe HAJEHKHOCTH
00BEKTOB, PACIPEICIICHHBIX B MPOCTPAHCTBE.

Hemnapametpuueckuii pacueT HaJeKHOCTU MPOTHKEHHBIX OOBEKTOB.
[TapaMeTpuueckuii pacyeT HaJAEKHOCTH MPOTSHKEHHBIX 00BEKTOB.

5 Pe3epBupoBanue

CxoacTBa M OTIMYHS CTPYKTYPHOTO U (YHKIIMOHATBHOTO PEe3epPBUPOBAHUS,
UX JJOCTOMHCTBA M HEJOCTATKH, 00JIaCTH IPUMEHEHUS.

CxoacTBa M OTIAMYHMS NACCHBHOTO M aKTHBHOTO PE3EPBHPOBAHUS, 00JIACTH
UX IPUMCHCHHSI.

Bo3MoxHbIE BapHaHTBl W3MEHEHHUS YCIOBUW HArpyXeHHUs 3JIEMEHTOB INPHU
MACCUBHOM PE3EPBUPOBAHUM, UX BIHSHUE HA HAJICKHOCTb.

[loHATHsA, BHUABI aKTUBHOTO pE3EPBUPOBAaHUS, WX JOCTOMHCTBA U
HEJOCTaTKH.

CTpyKTypHBIE CXeMBI OOWIEr0O W  pa3lelbHOTO  PEe3ePBHPOBAHUS,
0COOEHHOCTH UX PAOOTHI.

BepositHOCTH OTKa3a 1 0e30Tka3HOW paboThI MpH O0IIEeM pe3epBUPOBAHUM,
3aBUCUMOCTH €€ OT [TapaMeTPOB JIEMEHTOB.

[lonsiTHe TUIOTHOCTM  pacmpezeNieHus: HapaOOTKM 10 OTKaza W
MHTCHCUBHOCTH OTKa30B TIpH OOIIEM pe3epBHUPOBAHUM, CIOCOOBI WX
BBIUMCIICHHS.

[loHATHE MaTEeMaTUYECKOTO OXKUAAHWS HApaOOTKH JO0 OTKaza M (YHKIUU
pe3epBUPOBAHUS TPU OOIIEM pe3epBUPOBAHNH, CTIOCOOBI HX BBIYUCIICHUS.
[ToHATHE BEPOSATHOCTH OTKa3a M OE30TKa3HOW pPabOTHI MPHU pa3AeIbHOM
pe3epPBUPOBAHUH, CITIOCOOBI UX BHIYHCIICHUS.

[loHATHS TUIOTHOCTH  paclpeneiieHuss HapaOOTKM 0 OTKa3a U
MHTCHCUBHOCTH OTKa30B MPH pa3[eibHOM pPE3epBUPOBAHHUH, CIOCOOBI HX
BBIUMCIICHHS.

[ToHATHA MaTEeMaTUYECKOTO OXUAAHWsS HapaOOTKH 10 OTKa3a U (DYHKIUHU
pEe3EpBUPOBAHUS TPH  pPa3lAeTbHOM  pPE3epBUPOBAHHMM, CIIOCOOBI  HX
BBIUMCIICHHS.

Oco0OeHHOCTH pacdyeTa aKTHUBHOTO pPE3EPBHPOBAHUS B  YCTPOWCTBAX
AIIEKTPOCHAOKEHHUS C YUETOM Ha/IeKHOCTH MEPEKITI0YaTeseH.

[loHATHE BEpOATHOCTH OTKa3a YydyacTKa ¥ y3Jla TIpd aKTUBHOM
pe3epBUPOBAHUH.

BnusiHre Ha HaJEKHOCTH YUCIIa Pa30MEeHHI HCXOJHOTO 00bEKTa Ha YYaCTKH.
OcoOeHHOCTH TACCHBHOTO  PE3EPBUPOBAHMS C  IepepachperesieHueM
Harpy3KH.
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5.16.

5.17.

5.18.

5.19.

5.20.

5.21.

5.22.

5.23.

5.24.

5.25.

5.26.

5.27.
5.28.

5.29.

5.30.

6.1.

6.2.

6.3.

6.4.

[TaccuBHOE pe3epBUPOBAHUE B TUPIIHAE U3 ABYX U30JATOPOB MOCTOSHHOTO
TOKA.

XapakTtep ¥ TpPUYMHA 3aKOHOMEPHOCTEH W3MeHeHHs (MM TOCTOSIHCTBA)
MHTEHCUBHOCTH OTKa30B OOBEKTa C TMAaCCUBHBIM PE3EPBUPOBAHUEM C
repepacIpeeeHueM Harpy3KHu.

[TaccuBHOE pe3epBUPOBAHUE B TUPIIHAE U3 TPEX U30ISATOPOB IIEPEMEHHOTO
TOKA.

Oco0OEHHOCTH HEHArpy>KEHHOro pe3epBa MpH aOCOJMIOTHO HAJIEKHBIX
MEPEKIIIOYATENSX, TOMYIIEHUS B MOJIEIIN.

Pacuer BeposiTHOCTH 0€30TKa3HOW pabOTHI NyOJUPOBAHHOM CUCTEMBI IPU
HEHarpy»K€HHOM pe3epBe MpHu aOCOTIOTHO HAJEKHBIX MEPEKII0OYATENAX.
Pacuer mnoTHOCTHM pacnpejeneHuss BpeMeHH 0e30TKa3HOM  paboTh
OyOIMpOBaHHON CHUCTEMBI MPU HEHArpy>KeHHOM pe3epBe MpH aOCOIIOTHO
HAJIE)KHBIX MEPEKITI0YATEIAX.

PacueT MHTEHCMBHOCTH OTKa30B M MaTeMaTHYECKOE OXKMJIaHHE HapabOTKH
70 OTKa3a ayOJIMPOBAaHHON CHUCTEMBbI IMPU HEHATPY>KEHHOM pe3epBe IpH
a0COJIIOTHO HAJIEKHBIX MEPEKITI0YaTENAX.

OcobenHoctu CKOJIB3AILEr0 pe3epBUPOBAHUS B YCTPOUCTBAX
AIEKTPOCHAOKEHUS.
Pacuer BeposiTHOCTM 0€30TKa3HON paboThl 00BEKTa CO CKOJB3SAIIUM
pEe3epBUPOBAHUEM.

Pacuer mimoTHOCTH pacmpejeneHuss HapaOOTKU 10 OTKa3a, MHTEHCHUBHOCTHU
OTKa30B U MAaTeMaTHUYECKOTO0 OXKWJAaHUsI HapaOOTKH 10 OTKa3a 00BEKTa CO
CKOJIB3SIIIMM PE3EPBUPOBAHUEM.

OcoOeHHOCTH  pe3epBUpPOBaHMsI 1O  Harpy3ke B  YCTpPOMCTBax
AIEKTPOCHAOKEHUS.

Biusinue dncia BeHTUIEH B TPyINe HA UHTEHCUBHOCTh OTKA30B.

Onucanne Mojaenu  AyOJIMPOBAaHHOM  BOCCTAHABIMBAEMOW  CHCTEMBI,
JTOMYIIEHUS.

VYpaBuenuss KomMoropoBa B Mojenu ayOJIMPOBAHHONW BOCCTaHABIMBAEMOM
CHUCTEMBI, CITIOCOOBI UX PEIICHUS.

Brluncnenue mokasaTenell TOTOBHOCTH JTyOJMPOBAHHOW BOCCTaHABIMBae-
MOM CUCTEMBI.

6 Pacuetr pyHKUMOHAJIBLHOW HA/IEZKHOCTH CHCTEM

IIpencraBienue mporiecca (G YHKIMOHUPOBAHUS B MOZENAX
(GyHKUMOHATBHOW HAJIEKHOCTH.

YacTHble 3a/layd M Moka3zareiau (yHKUMOHATIBHOW HAJIEKHOCTH YCTPOUCTB
ANEKTPOCHAOKEHUsI, 001aCTH UX TPUMEHEHUS.

Pacuer cTpyKTypHOU HaIE€KHOCTH JEIUTENS HANPSKECHMS, OLICHKA BIVSHUS
OTZIEJIbHBIX JJIEMEHTOB.

Merton Monte-Kapno mpu pacuere (QyHKImoHanibHOM HaaexxkHOCTH. Ero
JOCTOMHCTBA U HETOCTATKH.
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6.5.
6.6.

6.7.
6.8.

6.9.

6.10.
6.11.
6.12.
6.13.
6.14.

6.15.

7.1.
1.2.

71.3.
7.4.

8.1.
8.2.

8.3.
8.4.

8.5.
8.6.

8.7.
8.8.

8.9.
8.10.

MeTton MOMEHTOB CHUCTEMbl MpU pacuere (PYHKIMOHAJIBHON HAaJIeKHOCTH.
Ero 1ocToMHCTBA M HENOCTATKHU.

Oco0OeHHOCTH pacyeTa HAJIeKHOCTH YPOBHS HANpSOKEHUS B KOHTAaKTHOU
CETH.

@akTOpHI, BIMSOIINE HA YPOBEHb HANIPSIKEHNS B KOHTAKTHOM CETH.
HcxonHble naHHBIE TPU pPACUYETE HAJEKHOCTU YPOBHS HANPSIKEHUA B
KOHTaKTHOM CETH, JOMYILIECHHUS.

ITopsiaoK 3amOJHEHUS] PACYETHOTO IEPETOHA TATOBBIMHU HAarpy3KaMH.

Pacuer MeXMmoe34HOr0 HHTEPBAJIA C YYETOM THUIIA MTOE3/10B.

PacueT TOKOB uepOB U ypOBHS HANPSKEHUS Y MOE3/1a.

Bun pe3ynbTaTtoB pacuera Ha/leKHOCTH YPOBHS HANPSKEHUS U BBIBOJIBI.
Oco0eHHOCTH (DYHKIIMOHAIBHOTO PE3epBUPOBAHUS YPOBHS HANPSIKEHUS.
@akTOpHI, BIUSIOLIAE HA HETO.

[lopsok pacdeToB TMoOKa3zaTeled HaAEKHOCTU MpH (PYHKIHOHAIBHOM
pPE3EPBUPOBAHUM U UX HA3HAUYCHHUE.

BeIBOobI 1O pe3yJibTaTaM pacyeToB IOKa3aTelied HaJIeKHOCTH IpU
(GyHKUMOHATBHOM PE3epBUPOBAHUMU.

7 BeposiTHOCTH

CooTHOIIIEHUE BEPOSITHOCTH M OTHOCUTEIBHOM YacTOCTH, 00JIaCTH HUX
CYIIIECTBOBAHHS.

[ToHsAITUSI COBMECTHBIX M HECOBMECTHBIX COOBITHH, TIIOJHOW T'PYIIIbI
COOBITUIA.

[IpaBuia Teopuu BEpOSTHOCTEM, UX TPUMEHEHHE.

Teopema baiieca, ee hU3NUYECKHIT CMBICT U BO3MOKHBIE TPUMEHEHHS.

8 CayuaiiHble BeJIUHYUHbI

[ToHsTHSA, BUABI U IPUMEPBI CITyYalHBIX BEJIMYHH.

[lonsiTue 3akoHa pacnpenesieHusl CaydailHOM BeJIUYUHBI, (HOPMBI €ro
MPEICTABJICHHUS.

[TonsiTue u cBOMCTBA PYHKIIUM pacTIpeICTICHHUS.

[TonsiTHE MaTeMAaTUYECKUX OXUIAAHUM JUCKPETHOM U  HENPEPBIBHOM
CIIy4aWHBIX BEJIIMYUH.

[TonsTHE TIOKa3aTeNnen LEHTPA PACIIPEACIIEHNS, UX TEOMETPUUYECKUX CMBICII.
[ToHsiTHE LEHTPAIBHBIX MOMEHTOB PACHPEACIEHUS, UX TE€OMETPUUYECCKUHN
CMBICII.

[Topsanok NOCTPOEHUSI TUCTOTPAMMBI PACIIPEACIICHUS .

OueHka MaTeMAaTUYECKOTO OXHUJAHHUS U ILEHTPaJIbHBIX MOMEHTOB TIO
pe3yibTaTaM HaOJII0ACHUMH.

3akoH pacrnpezenenus Beilibyiia u ero npuMeHeHue.

3akoH pacnpenenenus ['aycca u ero npuMeHeHHeE.
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8.11.
8.12.
8.13.
8.14.
8.15.
8.16.
8.17.
8.18.
8.19.
8.20.
8.21.

9.1.
9.2.
9.3.

9.4.
9.5.

9.6.

10.1.

10.2.

10.3.
10.4.

10.5.

10.6.

10.7.

10.8.
10.9.

DKCTNOHCHIIMAJILHBIN 3aKOH paclpeIe/iCHUs U ero MPpUMEHEHHE.
[TokazaTenu HAACKHOCTH ISl "TEOPETHUECKHUX ' 3aKOHOB PACIIPEICICHUS.
O0600611eHHOE pacnpeieNieHUe CIIyIaitHOM BETUYMHBI.

Orenka mapaMeTpoB 0000IIEHHOTO PacTIpeIeICHUs CITyYaiiHON BETMYNHBI.
JIuCKpeTHBIC pacnpeneeHus U UX MPUMEHUMOCTb.

[Topsimox moabopa "TeopeTnueckoro” 3aKoHa pacipeacacHusl.

[ToHsiTHE ¥ BO3MOXKHBIC MTPEACIIBI H3MEHEHHS K03 hUIIMEHTa KOPPETAIUH.
Onenka ko3 puneHTa KOppesiuu.

[ToHsATHE PETPECCHOHHOTO aHAJH3a.

MeTo1 HAUMEHBIIIUX KBAJIPaTOB, €r0 IPUMCHCHHE.

Jlunetinas perpeccust X mo Y u Y mo X, CHOCOOBI BBIYHCICHUS
K03 PUIIEHTOB.

O I1oTOKM COOBITHIA

[ToHsTHS M IpUMEPHI TOTOKOB COOBITUN, MHTEHCUBHOCTHU TIOTOKA.

[ToHsATHS pErynsIpHOrO U CTAlMOHAPHOTO MTOTOKOB.

[loHATHS OpAMHAPHOTO MOTOKA, MOTOKa O€3 MocieAeCTBUS, MPOCTEUILEro
MTOTOKA.

[HonsiTus GyHKUMM U MapaMeTpa MOTOKa COOBITUHM, 00JACTH UX U3MEHEHHUS.
[loHsiTHe cpeaHEro BpeMEHH MEXAY COOBITUAMH TIOTOKAa U €ro
F€OMETPUYECKNNA CMBICI.

IToToku ITanbma m DpnaHra, uX NPUMEHEHHUE.

10 Cayuaiinbie mpouecchl

[TonsTE TIpOLECCOB C  HEMPEPBIBHBIM  ITPOCTPAHCTBOM  COCTOSIHUU,
MIPUMEPHI.

[TonsiTust GyHKIIMU MAaTEeMaTHYECKOT'O OXKUJIAHUS U JUCIIEPCUU CIYIaHOTO
nporecca.

[ToHsTHS CTAMOHAPHOTO U HECTAIMOHAPHOI'O MPOLIECCOB, UX CBOMCTBA.
[ToHsTHS DHproguyecku M HEIPrOAMYECKHM TPOLECCHl, MX CBOMCTBA
TOHSTHE.

[TonsiTe KOPPENALMOHHOW (YHKIIMU TpoIlecca M €€ CBOWCTBA, TMOHITHE
BPEMEHU KOPPESALIMU MPOLECCa.

[ToHsTHS TPOLIECCOB C AUCKPETHBIMHU COCTOSIHUSIMU M HEINPEPBIBHBIM U
JTHUCKPETHBIM BPEMEHEM, UX IPUMEHECHMUS.

Mogenbs 3aeKTpUPUIIMPOBAHHOTO YyYacTKa KEJIE3HOW JIOPOTH B BHUJIE
MAapKOBCKOTO npoiiecca. YpaBHenusi Konmoroposa, 1onyiieHus.

[Toustre ¢puHanbpHOMU (MpeaeIbHOM) BEPOITHOCTH, €€ CBOMCTBA.

[TonsiTie MapKkOBCKOM LIETH, €€ PUMEHEHHS B pacueTax HaJle)KHOCTH.

10.10.0Ouenkn mapaMeTpoB MapKOBCKHUX LIETIEH.
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11 Teopusi onepanuoOHHOI0 HCYUCTEHUSA

11.1. TlonsTus opuruHaia U U300paKeHUs!, UX MPUMEHEHUE.

11.2. U3o6paxkeHne MOCTOSIHHOTO YKCIa.

11.3. U3ob6pakeHue nokazaTeabHOU (PYHKIUU.

11.4. N3o6paxkeHus runepooIuIecKux QyHKIUH.

11.5. U3o6paskeHust TPUTOHOMETPUUECKUX (PYHKIIUH.

11.6. TeopeMbl JIMHEHHOCTH U TTO100US, UX TPUMEHEHUE.

11.7. TeopeMsl 3ama3ablBaHus U 3aTyXaHUsl, UX PUMEHEHHE.

11.8. U3o6paskeHust NPOU3BOJIHBIX U UHTETPAJIOB.

11.9. duddepenunpoBanue u HHTETpUPOBaHUE H300paKEHUH.

11.10.1lepBas Teopema pa3yioKeHHUs .

11.11.Bropas TeopeMa pa3ioKeHuUs.

11.12.nrerpupoBanue  OOBIKHOBEHHBIX  JMHEHHBIX  JudepeHnnanbHbIX
YpaBHEHUM.

Pemenue onHopoHoM cuctemsl qudepeHrnanbHbIX ypaBHEHUH.

12 Ananu3 3KCIIyaTallMOHHOM HAEKHOCTH YCTPOMCTB 3JIeKTPOCHAOKEeHUsI

12.1. Ilens u 3a1aun TEXHUYECKOTO OOCITYKUBAHUSI.

12.2. BausiHue HaACKHOCTH  YCTPOWCTB  JJICKTPOCHAOXEHUsST Ha  paboTy
TpaHCHOpTAa.

12.3. CtpykTypa cUCTEMBI JIEKTPOCHAOKEHHUS.

12.4. llenu u 3a7a4u CUCTEMBI AJIEKTPOCHAOKEHHUS.

12.5. TpeOoBanus k nokazarenasiM 3(hPeKTUBHOCTH (HYHKIIMOHUPOBAHHUS.

12.6. TloHsATUS TOHHO-KHJIOMETPOBON PabOThI U MACCAKUPO-KUIOMETPOB.

12.7. Tloka3aTenu KauyecTBa dJIEKTPUUECKON IHEPTUHU, UX TPUMEHUMOCTb.

12.8. Tloka3arenu KauecTBa TOKOChEMA, UX IPUMEHUMOCTb.

12.9. Tlonstue npupaiieHue nokazarenas 3(PEeKTUBHOCTH (PYHKIIMOHUPOBAHUS
CUCTEMBI.

12.10.Pe3ynbpTaThl aHaM3a OTKA30B KOHTAKTHOMN CETH.

12.11.Pe3ynbpTaThl aHAIU3a OTKA30B TSATOBBIX MOACTAHIIUMN.

12.12. XapakTepuUCTUKU COCTOSIHUSI OTPaHUYEHHUS.

12.13.T1paBuna pacyeTa pucka 0TKa3oB, €ro 0COOEHHOCTH.

12.14.Pe3ynbpTaThl pacueTa puUCKa OTKa30B OOOPYIOBAaHMS TATOBBIX MOJCTAHIIMM
MOCTOSIHHOT'O TOKA.

12.15.Pe3ynbpTaThl pacueTa puUcCKa OTKa30B OOOPYIOBAaHMS TATOBBIX MOJCTAHILIMM
NEePEMEHHOTr0 TOKA.

12.16.Pe3ynbpraThl pacuera pucKa OTKa30B OOOpPYIOBaHMUS KOHTAaKTHOW CETH
MOCTOSIHHOT'O TOKA.

12.17.Pe3ynpTaThl pacuera puUCKa OTKa30B OO0OpPYIOBaHMUS KOHTAaKTHOW CETH
NEePEMEHHOTr0 TOKA.
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12.18.11prunHbl 0TKA30B 00OPYAOBAHUS TATOBBIX MOJCTAHIUH.
12.19.11puunHbI 0TKA30B 000PYI0BaHUS KOHTAKTHOM CETH.
12.20.1Tpuunnbl 0TKa30B 000pyAoBaHus Bo3aymHbIX JIOII.
12.21.Tlpuunnbl oTKa30B 000pynoBanus kadenbHbix JIOII.
12.22.TIpumeHeHue pe3ysbTaToB pacueTa pucka OTKa30B.

13 IIpouecchl cTapeHus, pa3peryjupoBoOK, H3HOCOB

13.1. Tpwu rpynmsl yCTPOUCTB IEKTPOCHAOKEHHUSI, X OCOOCHHOCTH.

13.2. OcHoBHbIE TUIIBI ONIOP KOHTAKTHON CETH.

13.3. O6uue cBeaeHUst 0 KOPPO3UHU. AKTUBALIUS U ITaCCUBAIIHS.

13.4. TloHsiTHE KOPPO3UHU KEIE300€TOHA.

13.5. ®akropsl, AeiicTBYONIME HAa OETOH, BO3MOKHBIE IPUYUHBI UX MOSBIICHUS.

13.6. OcobeHHOCTH ANEKTPOKOPPO3UOHHBIX MOBPEKIACHUHN OIOP.

13.7. OcobeHHOCTH MOBPEXKICHUI ONOP, HE CBA3aHHBIEC C MPOTEKAaHUEM TOKA.

13.8. Yetbipe rpymniibl HOBPEKICHUN METANTMYECKUX KOHCTPYKITUH.

13.9. TlonsTue AMarpaMMsbl pacTSXKEHUS CTalU, €€ XapaKTepHbIE YUACTKHU.

13.10.I1Ipoueccrl crapenust U u3Hoca Bo3AymHbIX JIDII, ux mocnenacTBus.

13.11.TIpoueccol ctapenust U u3Hoca kadbenpHbIX JIDI, ux mocnencTBus.

13.12.TIpouecchl cTapeHust U U3HOCA IIKH.

13.13.1Ipouecchl cTapeHust 1 U3HOCA HECYIIETO Tpoca.

13.14.TIpouiecchl cTapeHust M U3HOCA DIIEKTPUUECKUX COCTUHUTENCH.

13.15.0co6eHHOCTH KOHTAKTHBIX MPOBOOB.

13.16.Pacnipenenenrie u3HOCA HA AHKEPHOM YYaCTKE.

13.17.ITapameTpsl MECTHOTO HW3HOCA W  BBIOOpP TapaMeTpOB  CPEJICTB
JTUArHOCTUPOBAHMUS.

13.18.Mopaensb npoliecca npupaiieHuii u3Hoca, PyHKIMKU MapaMeTpoB.

13.19.1IpuunHbBI ¥ TOCNEACTBUS MpOLiecca pa3peryJInpoBOK KOHTAKTHBIX MPOBOIOB
B IUJIaHE.

13.20.Monenb mpoliiecca pa3peryIupoBOK IMOJOXKEHUS KOHTAKTHBIX MPOBOJOB B
I1aHe, TOMyIEeHus, 00J1acTh IPUMEHEHUS.

13.21.Mopaenb mpoiiecca pa3peryaupoBOK MOJIOKEHUSI KOHTAKTHBIX MPOBOJIOB IO
BBICOTE, JOMYLIEHUs, 00J1aCTh TPUMEHEHHUS.

13.22.11prunHbI ¥ OCAEICTBUS Pa3peryIupOBOK BO3AYIIHBIX CTPEIIOK.

13.23.0cHOBHBIE BHIIBI H30JSILMA B YCTPOMCTBAX dJIEKTPOCHAOXKEHHUS, UX
MIPUYMHBI CTAPEHUS U OTKA30B.

13.24.TTpuunnbl 0TKa30B U30JTOpOB JIDII 1 KOHTaKTHOM CeTH.

13.25.0T1HOCHUTENbHAS TOBPEXKIAEMOCTD U30JIATOPOB KOHTAKTHOM CETH.

13.26.11Ipouecchl 0TKa30B TapebuaThIX U30JIATOPOB.

13.27.01Ka3bl CTEPKHEBBIX U30JIATOPOB.

13.28.Crapenue u 0TKa3bl HOJUMEPHBIX U30JISTOPOB.

13.29.CxonctBa W pa3iauuus MpOLECCOB 3arps3HeHus uzoistopoB JIDII wu
KOHTaKTHOM CETH.

13.30.BiusiHue Biaru v MbUIK Ha 3arpsS3HEHUE U30JISTOPOB.
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13.31.Buibl npo60st 3arpsA3HEHHBIX U301 TOPOB.

13.32. AtmocdepHbIii BO31yX, Kak ra3oBas U30Js11s, €r0 CBOMCTBA.

13.33.DOnekTpuyeckas MPOYHOCTh U BpeMs 10 MpoOos 3ierasa.

13.34.IIpouecchl cTapeHust )KUJIKOU U30JISUU.

13.35.Tpu popMmbl TpoOOst TBEPIBIX AUIIICKTPUKOB, UX 00JIaCTH BO3HUKHOBEHHS.

13.36.[TousiTne ckopoctu crapenus TBepaod wusomsamuu (8, 10 m 12 rpan.
NpaBUIIa).

13.37.BiausiHue TemmnepaTyphl, BIaXKHOCTA U arpeCCUBHBIX CpPeJl Ha CPOK CIIYKOBI
TBEPAOU U30JISLHUU.

13.38.3akonbl pacnpeneneHuss BpeMEHHM J0 Npo0os W HaNpsKeHHe Mpooos
TBEPAOU U30JISLHUU.

13.39.1loBpexieHHsT ~ MAarHUTONPOBOJOB M NEPEKIIOYAIONIMX  YCTPOMCTB
TpaHchOpPMAaTOPOB.

13.40.T1oBpexieHrs OTBOJIOB U BBOJOB TpaHC(HOPMATOPOB, ONMUCAHNUE MEXaHU3Ma
CTapeHUsI U3OJIALINH.

13.41.Tpapuxk (M4  MOsACHEHHWs)  H3MEHCHHMH  TemmepaTypel  OOMOTOK
Tpanchopmaropa.

13.42.YcraHnoBuBLIEeCs 3HAYEHUE U 3aBUCUMOCThH IMPEBBIIMICHUS TEMIEPaTyphl
Macja HaJ OKpYy’Kalollen cpeaoi 11 Tpancopmaropa.

13.43.3aBucuMoCTh TEMIlEpaTypbl Haubojee Harperoil TOYKM M  CpPEIHSs
TeMreparypa oOMOTKU TpaHc(opmartopa.

13.44.PacyeT 1 CMBIC OTHOCUTEIIBHOT'O M3HOCA U30JISIIIUU TpaHCchopMmaTopa.

13.45.Ha3nauenue u ycnoBus pabotsl koHaeHcatopoB B KY u VIIK, tpu dpopmsr
CTapeHUsI TUAJIEKTPUKOB.

13.46.IlonsTHe poLiecca cTapeHus: U30JISIIIUU KOHIEHCATOPOB.

13.47.1lonsiTue TaHreHca yrja AUAJIEKTPUUYECKUX IOTEPh, MEXaHU3M pPa3BUTHUSA
YaCTHUYHBIX Pa3psI0B B KOHIEHCATOPE.

13.48.YcraHnoBuBIIeeCs 3HAYEHUE TMPEBBIIICHUS TEMIEpPaTypbl IHUAJIEKTPUKA
KOHJIEHCATOpa HaJ TEMIEPATYPOi OKPYKatOIIe cpe/ibl.

13.49.3aBucuMOCT, OT BpPEMEHHM TEMIIEpaTypbl HamOoJiee HarpeToil TOYKH
JIURJIEKTPUKa KOHAEHcaTopa.

13.50.ITonsiTHE ¥ pacyeT OTHOCUTEILHOTO U3HOCA IMAJICKTPHUKA KOHJICHCATOPA.

13.51.Bunipl, nocneAcTBUs U MPUYUHBI OTKa30B B CHJIOBBIX MOJYIPOBOAHUKOBBIX
npubopax.

13.52.11pyunHbl, MEXaHU3M M CIEJCTBUA KPUCTAIUIM3ALUU TPUIOS B CHIIOBBIX
MOJIYIIPOBOJHUKOBBIX MPUOOpaXx.

13.53.Xapakrtep 3aBUCHMOCTH TEIUIOBOT'O  CONPOTUBICHUS  BEHTUJIEH OT
HapaOOTKHU.

13.54.Bnusinue kpyThiX (PPOHTOB OPOCKOB TOKA HA OTKAa3bl BEHTHIICH.

13.55.Buibl 1 3aKOHOMEPHOCTH OTKA30B CUJIOBBIX LieTiel peoOpa3zoBaTeseil.

13.56.Onpeaenstoniuii mapaMmeTp U MPOIECChl OTKA30B MACISHBIX BBIKIIOUATEIICH.

13.57.01ka3sl U pecypc BaKyyMHBIX BBIKJIIOUATEIEH.

13.58.01ka3et BMI'-133 u BMII-10.

13.59.Cpasnurte mporneccsl n3Hoca 1 0tka3oB Ab-2/4 u BAB-28.

13.60.0tka3st BAB-43.
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13.61.TIpouiecchl pa3peryIMpoBOK U OTKA30B Pa3beIUHUTEIICH.

13.62.11pouecchl pa3peryIupoBOK U OTKA30B POTOBBIX U TPYOUATHIX Pa3psAHUKOB.

13.63.IIpoueccrl pa3peryaupoBoK u 0Tka3oB paspsgaukos PBC, PMBB, PMBYVHE,
PBIIK, PBBK.

13.64.Crapenue u noBpexaeHus kadbenbubix JIDII.

13.65.0co6eHHOCTH YCTPOUCTB YIIpaBICHUs] aBTOMATHKU U PEICHHOM 3aIlUTHI.

13.66.OcHOBHBIE TPUYHHBI OTKA30B YCTPOWCTB YIPABICHUS aBTOMATUKH H
PEJIEMHOMN 3aIUTHI.

13.67.IIpouiecchl cTapeHust ¥ OTKA30B MHTETPATbHBIX MUKPOCXEM.
[Ipormecchl cTapeHust U 0TKa30B aKKyMYJISITOPOB.

14 CTpaTernu TeXHH4eCKOT0 00CIYyKUBAHUS

14.1. Knaccudukanus crpareruii TexHudeckoro odciyxupanus (CTO) mo Tumy
UCXOJHON MH(POPMALIMH O COCTOSIHUU OOBEKTOB.

14.2. Knaccudukanus crpateruii TexHmdeckoro obcmyxkuBanus (CTO) mo
riyOuHe yrpasisiomux Bo3zaciicteuii (YB).

14.3. Tlonstue xputepuen ontumuzanuu CTO.

14.4. Pucynok u nosicaienusi CTO co cTporo nepuoiuyeckuM BOCCTAHOBJICHUEM.

14.5. BeposiTHOCTH TOrO, YTO CiydaiiHas BeIUYMHA HApaOOTKU MEXAYy JBYyMs
MOCJICIOBATEIbHBIME BOCCTaHOBIIEHUsIME OKakeTcs:i Menbine t (CTO co
CTPOTr0 MEPUOTUICCKUM BOCCTAHOBIICHHEM ).

14.6. Marematuueckoe OXUAaHUE HApaOOTKU MEXAy ABYyMs aBapuiiHbIMH YB B
CTO co cTporo nepuogN4eCKMM BOCCTAHOBJICHUEM.

14.7. Cpennue wuyucna mnpodunaktuk Bcex BuaoB B CTO co cTporo
MEePUONYECKUM BOCCTAHOBIICHUEM.

14.8. HaxoxneHnue ontumMaibHOro cpoka YB npu  onTumuzanum 10
JKCIUTyaTauHMOHHbIM 3aTpataM B CTO co cTporo mnepuoguyecKum
BOCCTaHOBJICHUEM.

14.9. Pucynok u nosicaienust CTO ¢ BoccTaHOBIEHUEM OJIOKAMH.

14.10.Haxoxnaenue onTumMaibHOro cpoka YB nmpu  onTumuzanmu 10
sKcIUTyataiioHHbIM 3aTtpaTaM B CTO ¢ BoccTaHOBIEHUEM OJIOKaMH.

14.11.V3n0Basi TeopeMa BOCCTaHOBJIECHUs, aomnyiieHus u npumeHuMmoctb CTO c

ornrtumu3zaiuei mo koddduiueHty onepatuBHoi roroBHocth (Kor).
14.12.Beipakenue 1 Kor 8 CTO ¢ ontummuzaiueit mo Kor, ee BerauciacHue.
14.13.BeposiTHOCTh Oe30TKa3HOM padoThl 00bekTa Ha uHTepBaie (t, t+x) B CTO c
ornruMm3aiueii mo Kor, ee BeIYKCIIEHHE.
14.14.BeipaxkeHue IS MaTeMaTHYECKOrO0 OXKHUJAaHHWS WHTepBaia Mexay YB
npousBosibHOro tuna B CTO ¢ onTumu3aimei mo Kor, ee BeIYUCIICHHE.
14.15.VpaBHeHue 711 HaXOXKJEHUS ONTUMAJIbHON nepuoandHocTd YB u crnoco0

ero pemenust B CTO ¢ ontumusanueii mo Kor, ee BHIYHCICHHUE.
14.16.TpebGoBanus Kk 00BEKTaM, JJIs1 KOTOPBIX BO3MOKHO oOciyxkuBanue no CTO ¢
KOHTPOJIEM YPOBHS HaJI€KHOCTH.
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14.17. Nonymenust B CTO ¢ KOHTpoJIeM YpOBHSI HaI€KHOCTH.

14.18.MaremaTtuyeckoe ONHCAHWE BEPOSATHOCTH BO3HUKHOBEHHUS CIIyYaWHBIX
otka3oB B CTO ¢ KOHTpoJIeM YpOBHS Ha/I€)KHOCTH.

14.19.TlousTie BepxHel rpanulibl peryaupoBanus (BI'P).

14.20.1lonsiTue, BEpOATHOCTh U moTepu s ommOku mnepsoro poaa B CTO ¢
KOHTPOJIEM YPOBHS HaJI€KHOCTH.

14.21.Tlonsitue, BEpOATHOCTb U MoOTepu A omuOku Broporo poaa B CTO c
KOHTPOJIEM YPOBHS HaJI€KHOCTH.

14.22. Ypasuenue g Haxoxjaenus BI'P u cioco6 ero pemenus.

14.23.Pucynok u noscHenuss CTO ¢ KOHTpoJIEeM MOHOTOHHO HW3MEHSIOUIErocs
napameTpa (JJOCTOBEpPHBIH KOHTPOJIB).

14.24. Pucynox u mnoscHeHuss CTO ¢ KOHTpoJieM MOHOTOHHO H3MEHSIOUIErocs
napameTpa (C y4eToM MOTPEIIHOCTH U3MEPEHHIA).

14.25.Tlonsitue  ynenbHblx 3atpar B CTO ¢ KOHTpojieM MOHOTOHHO
M3MEHSIOLIErocs napaMerpa.

14.26.YpaBHenue i1 HaXoxaeHus ontumaibHoro cpoka YB B CTO ¢ koHTposiem
MOHOTOHHO M3MEHSIOIIETrOCs MapaMeTpa U CIoco0 ero perieHus .

14.27 Boipaxkenue s BEPOSITHOCTH OTKa3a KOHTakTHoro mposojga B CTO ¢
KOHTPOJIEM MOHOTOHHO M3MEHSIOIIETOCS apaMeTpa.

14.28.Yuer crenenn mnepememuBaHus peanmsamuii B CTO ¢ koHTposiem
MOHOTOHHO M3MEHSIOIIET0oCs TapameTpa.

14.29.Vuet moctoBepHocTH KOHTpoJs (uHTerpan ceeptku) B CTO ¢ koHTposem
MOHOTOHHO M3MEHSIOIIETOCs TapaMmeTpa.

14.30.Yuer Bcex Todyek mectHoro m3Hoca B CTO ¢ KOHTpPOJIEM MOHOTOHHO
M3MEHSIOLIErocs napaMerpa.

14.31.Cpennue ynenbHble 3aTpathl U Kputepuil ontumuzanuu B CTO ¢ koHTposieM
napameTpa MapKOBCKOT'O THIIA.

14.32.Cuctema ypaBHeHu# ctaroHapHbix BepositHocteir B CTO ¢ KoHTposieM
napameTpa MapKOBCKOT'O THIIA, CIIOCOOBI €€ PelIeHHUs.

14.33.Bce ypaBHeHHs ¢ ydeToM BBeleHHOTo obOo3nauenus "Xi" B CTO c
KOHTpPOJIEM MapamMeTpa MapKOBCKOT'O THIIA.

14.34.Cnioco6 monyueHus W MpaBHiia MCIOIB30BAHUS MATPUIIBl YIPABISIOIINX
pemennit B CTO ¢ KOHTpoJieM napamMeTpa MapKOBCKOT'O THIIA.

14.35.1Tpumenenne CTO ¢ KOHTpoOJIEM MapaMeTpa MapKOBCKOI'O THUIIA JJIs 3Ur3ara
KOHTaKTHBIX MPOBOJIOB.

14.36.lonymenuss u kpurepuid ontumu3zauuun B CTO ¢ MapkoBckoi
armpoOKCUMALEH.

14.37.T'pad cocTostHuil u nepexoaos, a Takxke ypaBHeHus Kommoroposa B CTO c
MapKOBCKOM anmpoKCUMalUel, UX petieHue.

14.38.Haxoxaenue (B oOmieM Bujae) mokaszatenedi Hamexxnoctu B CTO ¢
MAapKOBCKOM allPOKCUMALUEH.

14.39.VpaBHeHue 711 HaXOXKJEHUS ONTUMAJIbHON nepuoandHocTd YB u crnoco0
ero pemenus B CTO ¢ MapKkOBCKOM annmpoOKCUMAaIUen.

14.40.Mopeny u noscuenuss B CTO ¢ MapKOBCKOW anmpokcUMaluen u3Hoca
KOHTaKTHBIX MPOBOJIOB.
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15 OcHoBHbBIE NOHATHS U ONPe/ieeHUs ANATHOCTUKHA

15.1. TloHsATHE TEXHUYECKON TUArHOCTUKHU.

15.2. TloHsTHE KU3HEHHOTO LMKIIA.

15.3. TlonsAaTHus OUArHOCTUPOBAHUA, OOBEKTa, CPEICTBA, AITOPUTMA U CUCTEMBI
JIUarHOCTUPOBAHMUS.

15.4. Tlenb v 3a1a4u AMATHOCTUKU YCTPOUCTB IEKTPOCHAOKEHUSI.

15.5. TloHsATUS TIPOBEPOK HCIPABHOCTH, PaOOTOCIOCOOHOCTH, IPABUIBHOCTH
(YHKUMOHUPOBAHUS U TIOUCKA HEMCIIPABHOCTEHW MX 00JaCTH MPUMEHEHHUS.

15.6. TlonsiTue ryOMHBI TUATHOCTUPOBAHUS.

15.7. TlonsiTHe cUCTEMBI TECTOBOI'O IMArHOCTUPOBAHUS.

15.8. Tloustue cucteMbl GyHKIMOHATBLHOTO IUATHOCTUPOBAHHUS.

15.9. TlousTus npsiMoi U KOCBEHHON AMArHOCTUKH UX 00JACTH IPUMEHEHHUS.

15.10.TIonsATHS 3IE€MEHTAapPHBIX TPOBEPOK, UX PE3YIBTATOB U LIEJIM aHATIU3A.

15.11. Knaccudukanus cpeacTB JuarHoCTUPOBAHUS.

BeposTHOCTHBIN U AETEPMUHUCTUYECKHUM MTOXObI B TUATHOCTUPOBAHUMU.

16 Texnnuyeckasi JMATHOCTHUKA U MPOTHO3UPOBAHHE

16.1 Tpwu Tuna 3aa4 TEXHUYECKOU TMATrHOCTUKHU

16.2 OcoGeHHocTH 3a7a4 TEXHUYECKOTO POrHO3UPOBAHHUS.

16.3 Knaccudukanus 3aa4 NporHo3UPOBaHUS U JUATHOCTUPOBAHMUS.
16.4 Teopernueckas MOCTAHOBKA 3a/1a4ll MPOTHO3UPOBAHUS.

16.5 Ilpuemsl yrpomieHus] MOJENH MPoIiecca MPOTHO3UPOBAHUS.

16.6 3agauu TeopuM U NMPAKTHUKU U3MEPEHUHN.

16.7 TpyAHOCTH W OTPAaHUYCHUS B PEIICHUSIX 32/1a4l TIPOTHO3UPOBAHUS.
16.8 TIlousiTue KpUTEpUS TOJHOCTH.

17 CeB#A3b TEeXHHYECKOW JUATHOCTHUKH C HAJCKHOCTHI0O M KA4YeCTBOM
NPOAYKIMH

17.1 TlonsiTue Ka4ecTBa MPOAYKIIUH.

17.2 Tlonsitue PU3MUECKOTO ACIEKTa HAJECKHOCTH.

17.3 TlousTue anmapaTypHOTO acleKTa HaJIeKHOCTH.

17.4 Tlonstue nHGOPMAIMOHHOTO ACTIEKTa HAJIC)KHOCTH.

17.5 Tlonstue nHGOPMAITMOHHOTO ACTIEKTa HAJIC)KHOCTH.

17.6 IloHsTHe IMAarHOCTHYECKOI'O acIleKTa HAJIEKHOCTH.

17.7 MeponpusTusi, BEINOJHIEMbIC B paMKax Ka)kJI0r0 U3 aCIIEKTOB HaJCKHOCTH,
X B3aMMOCBS3b.

17.8 TlonsiTHE HEMOJHOTHI OOHAPYKEHUS 1€(PEKTOB.

17.9 Henonnora obnapyxenus aedexkros u BUKC.

17.10 I[NonsiTHE «TIPUCTABHOM» TMATHOCTUKHU.

17.11 Tloka3aTenu KauecTBa CUCTEM JTHArHOCTUPOBAHMS.
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17.12 B3auMHas CBSA3b U B3aMMHOE BIIMSHHUE ITOKa3aTeel HaAeKHOCTH OOBEKTOB
Y XapaKTEPUCTUK CUCTEM JIUArHOCTUPOBAHMS.

17.13 Pazagen «TexHudyeckoe AMArHOCTHUPOBAHUE» B ACKU3HBIX M TEXHUYECKUX
MPOCKTaX.

18 TecToBOE TMAarHOCTMPOBAHUE

18.1 TIlonsiTHs HENPEPBIBHBIX (AHAJIOTOBBIX), JUCKPETHBIX W THOPHIHBIX
0OBEKTOB.

18.2 TlousATHSA COCPETOTOUCHHBIX U MPOTSHKEHHBIX OOBEKTOB.

18.3 TlonsATHA 0OBEKTOB C MAMSTHIO U O€3 MaMSITH.

18.4 Tlepuoas! pa3BUTHs TUATHOCTHKU B OMMCAHUU JUCKPETHBIX OOBEKTOB.

18.5 MamuHHbIE CpeCcTBAa MOCTPOEHUSI TECTOB M MOJEIUPOBAHUS TUCKPETHBIX
00BEKTOB.

18.6 TlousTusa noruyeckux Mojesiel U rpadoB MPUUUHHO-CIECICTBEHHBIX CBS3EH
IIPU MOJICITUPOBAHUH aHATIOTOBBIX OOBEKTOB.

18.7 TlousTus TEOpUU YYBCTBUTEIBHOCTH, METOAOB IIMPpPALMM U METOJIOB
MHTETrpajJbHON TUarHOCTHKHU.

18.8 TlousiTHe MOBEPSIOUIUX TECTOB.

18.9 Tlousitue QPyHKIIMOHAIBHBIX TECTOB.

18.10 OnHonMHEHBIE CXEMBI CPECTB TECTOBOI'O TUATHOCTUPOBAHUS.

18.11 ABTOoMaTH3UpPOBAHHBIE CPEACTBA TECTOBOI'O TUATHOCTUPOBAHUS.

19 dynkuuoHaIbHOE TMATHOCTHPOBAHME

19.1 BcrpoeHHble cpencTBa KOHTPOJIA.

19.2 CamormpoBepsiembie CpeACTBa KOHTPOJIS.

19.3 JlokanbHas 1 00111asi CUCTEMbI JUArHOCTUPOBAHMUS.

19.4 OyHKIMOHANBHOE  JUATHOCTUPOBAHUE  HEMPEPBIBHBIX  (aHAIOTOBBIX)
00BeKTOB. BpeMs 1 nepuoinyHOCTh TUarHOCTUPOBAHUS

20 MaremaTtuuyeckoe MoO/eJIMpOBaHue npu (pyHKIMOHATBHOM
ANATHOCTHPOBAHUH AHAJOTOBBIX 00bEKTOB

20.1 OO6ocHOBaHME HEOOXOAMMOCTH HUCIOJb30BAaHUE MATEMAaTUYECKUX MOJeIeH
(MM) 00beKTOB JUArHOCTUPOBAHHMS.

20.2 Ilonsatue MM.

20.3 Ilpumenenne MM npu GyHKIMOHATBEHOM JIMArHOCTHPOBAHUMU.

20.4 Ilpuuunbel paznuuus MM ucnpaBHOTO COCTOSIHMSI OOBEKTa M €ro
HEUCITPaBHBIX COCTOSHHM.

20.5 OO0ocHOBaHHE HEOOXOAMMOCTH HUCIOJb30BAaHUE MATEMAaTUYECKUX MOJeIeH
(MM) 00beKTOB JUArHOCTUPOBAHHMS.

20.6 Ilonsatue MM.

20.7 llpumenenne MM npu GyHKIMOHATBEHOM JIMArHOCTHPOBAHUMU.
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20.8 Ilpuuunbl paznuuus MM ucnpaBHOTO COCTOSIHMSI OOBEKTa M €ro
HEUCITPaBHBIX COCTOSHUM.
21 MaTemaTu4ecKne MOJeJu CHCTEM

21.1 MM u 3KBUBaJICHTHBIC 3JEKTPUUYECKUE LEMU THAPABINYECKOTO TPAKTA.

21.2 VYpaBHeHHE IBHXXEHHS KUJIKOCTU B MM rugjpaBinyeckoro Tpakra.

21.3 VYnpomenus B MM u ux nocieacTBusl.

21.4 VYpaBHeHHe IBWXKEHUS >KUAKOCTH B MM ruapaBivueckoro TpakTa B
0e3pa3MepHBIX NIEPEMEHHBIX.

21.5 OO6umocts MM.

21.6 MM s351eMeHTOB ¢ pacnpee’IeHHbIMU TapaMeTpamu.

21.7 CnocoOsl pemiennss MM 31eMEHTOB € paciipeieIeHHBIMU apaMeTpaMHu.

21.8 Yto HeoOxomumo caenath aisg (GOPMHPOBAHUS 3aMKHYTOW CHCTEMBI
ypaBHeHU MM cucteMbl u mouemy?

21.9 C(Cxema 3JI€KTpUYECKOH LIENU U €€ MTHEBMO-TUIPABIMYECKHUI aHaJIOT.

21.10 Vicnonws3oBanue ypaBHenuil Kupxroda npu onucanuu MM cuctemsi.

21.11 YpaBHeHHE CONPOTUBIICHUI 371€eMEHTOB BeTBeid MM cucTeMBl.

21.12 YpaBHeHHs COXpaHEHUS )i y3710B MM cuCTeMBL.

21.13 [lonsTHE MATPUIBI COCTUHEHUH.

21.14 YpaBHeHue, CBA3BIBAIOLIEE MOTEHUMABl Y3JI0B C MAJCHUSMU HANpPsHKEHHUH
Ha MTACCUBHBIX dJIEMEHTaX BETBEH.

21.15 Tlonsatue koHTypa rpada u MaTpUIbl KOHTYPOB.

21.16 IlonaTtue Mopesield HEUCHpPaBHOCTEH M OCOOEHHOCTh HMX yuera B MM
CUCTEM.

21.17 TloHATHS TPOCTHIX U CIOXKHBIX HEUCITPABHOCTEH.

21.18 MM HeucnpaBHOCTEH B ciy4yae, KOrja MOJENb arperata HE COACP>KUT
SIBHOT'O OIMCAHUS JIEMEHTOB.

21.19 Kak MoJienupyoTcs HEUCTIPABHOCTH, HAPYIIAIOIIUE CTPYKTYPY CUCTEMBI ?

21.20 CooTHoOIIEHHE BpPEMEHHM Ppa3BUTHUS HEUCIPABHOCTU C  XapakTEepHOU
MOCTOSIHHOM BPEMEHU CUCTEMbI 1 OCOOCHHOCTH UX yUeTa.

21.21 KakoBa mnpupona (meTepMUHUpOBaHHAs WJIM  CTOXacTUYECKas) B
JNEUCTBUTENBHOCTH HCXOJIHBIX JaHHBIX Mpu mnoctpoennn MM u kak ee
YUUTHIBATh?

21.22 Vicnonp30BaHHE METOJa CTATUCTUUECKUX UCTIBITAHUN TIPU MOCTpoeHur MM.

21.23 Vicnonb30BaHUe CTATUCTUYECKUX METOAOB MPU UAECHTU(DUKAIIUU CUCTEM.

21.24 TloHaTre KOPPENSIIMOHHOI'0, PErpecCHOHHOTO METOJIOB, a TaKXKe MeTojaa
KBa3WJIMHEapHU3aluu U UX MPUMEHEHUe Mpu noctpoeHrr MM.

22 Ta6umnna pyHkuil HeMcnpaBHOCTEH

22.1. Tlousartue u cBorcTBa TaOIMUIBI (PYHKIMI HEUCTTPABHOCTEM.

22.2. CpoiicTBa OOHapYKE€HHUS, Pa3INuUs U TPAHCTIOPTUPOBKU HEUCITPABHOCTEM.

22.3. Tlouatus npsaMoi nu 0OpaTHOM 3a7a4u TUArHOCTUPOBAHUS.

22.4. CrpykrypHas v GyHKIMOHAJIbHAsI CXEMbI HepepbhIBHOIO 00bekTa. [loHsTHE
JIOTUYECKON MOJIECIIH.
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22.5. Tlopsgok 3anonHenus TOH na npumepe BxonHoro ycrpoiictsa P3.

22.6. JIBouuHbIi nemudpaTop U ero Tabinia UCTUHHOCTH.

22.7. lloHaTHs MpaBUIbHON JOTUYECKOMN CETH, MPABUIbHON HEMCIIPABHOCTH.

22.8. byneBa GyHKUMS BXOJHBIX NMEPEMEHHBIX AUCKPETHOTO KOMOMHAIIMOHHOTO
YCTPOICTBA, CIOCOOBI €€ BHIYMCIICHHUS.

22.9. Haubonee yacto BCTpeyaroluecs: HEUCIPABHOCTU JUCKPETHBIX YCTPONCTB.

22.10.1Tonsitie TOH xOMOMHAIIMOHHOTO YCTPONCTRA.

22.11.TlonaTHe U cxeMa KOHEYHOT0 aBTOMarTa.

22.12. Ananutuueckas ¢popma 3agaHus GYHKIMOHUPOBAHUS KOHEYHOI'O aBTOMATA.

22.13.RS - Tpurrep u ero tabauiia Nepexo10B - BEIXOA0B.

22.14.T'pad nepexoaoB - BbIX0J0B RS — Tpurrepa, ero Ha3HaueHHE.

22.15.0cHOBHbIE TIPUYMHBI OONBIION Pa3MEPEHHOCTH MPOCTPAHCTBA COCTOSHUM
OTIOPBI.

22.16.1TonsTHE HECYIIETO MOMEHTA I10 JYTMHE OTIOPHI.

22.17.3arpy3Ka KOJbIIEBOTO CEYEHHSI OTOPHI.

22.18.Harpy3ka B ONEepeYHOM CEYEHUHU OMOPHI MO TIIyOHHE 3a7eraHus.

22.19.1loteHuan rpyHTa B MECTE YCTAaHOBKH OIOPBHI.

22.20.Yder B MOZI€JIA ONIOPHI MPOCTPAHCTBEHHOM MPOTSHKEHHOCTH.

23 UndopmManmnoHHasi JHTPONUS U HEONPeAeJIeHHOCTh COCTOSIHUSI 00bEKTA

23.1. 3aBUCHUMOCTb CTENEHH HEOMNPEIEICHHOCTU COCTOSHHS OOBEKTa OT YHucia
BO3MOXHBIX COCTOSIHUM U UX BEPOATHOCTEH.

23.2. BrluncneHue SHTPONUU 00BEKTAa UMEIOMIEro “ N’ BO3MOXKHBIX COCTOSIHH.

23.3. CpoiicTBa SHTPOIHH.

23.4. 3aBUCHUMOCTb SHTPOIUU CUCTEMBI U3 JIBYX 3JEMEHTOB OT BEPOSITHOCTH UX
COCTOsIHU# (C MPUMEpPOM pacyeTa).

23.5. DHTpomnusg 00bEKTa ¢ HEMPEPHIBHBIM MPOCTPAHCTBOM COCTOSIHUI: PUCYHOK U
KBaHTOBAHHUE.

23.6. AHanuTuhueckas 3aluCh SHTPONHMM [JJii OOBEKTA C HENPEepPbIBHBIM
MPOCTPAHCTBOM COCTOSTHUM.

23.7. DHTpONHUSA CUCTEMBI, €CIIUM YHCIO COCTOSHHM KaXXJIOro 3JIeMEHTa OOJbIle
JBYX MIPU UX HE3aBUCUMOCTH.

23.8. DHTpoOIHUS CUCTEMBbl U3 AJIEMEHTOB, COCTOSIHUS KOTOPBIX UMEIOT B3aUMHYIO
3aBUCUMOCTb.

23.9. TlonsaTue Mepbl BHECEHHOW MH(POPMAILIMK B pe3yJIbTaTe OIbITA.

23.10.Cpennsisi BenuunHa MHGOPMALMM O COCTOSIHUM TBEPAOW H30ISIUU A 10
HaJIM4YUIO IpuMeceil B macie B.

23.11.Uudpopmanus, coaepxkainascs B o0ObekTe B 00 eAMHCTBEHHOM I-M -
COCTOSIHUM 00BbeKTa A.

23.12.Beiuncnenue nHGopManuu 0 COCTOSHUM Aj, 10 €UHCTBEHHOMY COCTOSIHUIO

00bBEKTA B;.
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24 CtaTuCcTHYECKHE METOAbI PACTIO3HABAHUS

24.1. HeoOGX0aAuMOCTh U BO3MOKHOCTH CTATUCTUYECKUX METOJIOB PAaCiO3HABAHHUS.

24.2. BepoaTHOCTb COBMECTHOI'O MOSABIEHUE Y 00BbeKTa cocTossHus Dj u mpu3Haka
Kj.

24.3. O6o6menHas gopmyna baiieca, ee mpumMeHeHuUe.

24.4. B03MOXHOCTH METO/Ia MOCJIEA0BATEILHOIO aHAN3A.

24.5. TloHaTHe OTHOIIEHHUS TPABAONOAOOMS B METOJE IMOCIEI0BATEIHHOTO
aHanuza.

24.6. HaxoxaeHue rpaHul] B METO/I€ MOCJIEeI0BATEILHOrO aHaIN3a.

24.7. llenb MeTOZ]a MUHUMAJIBHOTO pUCKA.

24.8. IlnoTHOoCTH pacnpeneneHuil JeKpeMeHTa KoJieOaHWW HCIpaBHOW H
MIPOKOPPOIMPOBABIIEH OMOPHI, UX 00JIACTH MPUMEHEHHUS.

24.9. TloHaTHus BEpOATHOCTEH OLIMOOK MEPBOTO W BTOPOTO poOJa B METOAE
MUHHMAJILHOTO PUCKA.

24.10. YpaBHeHHe 7151 CPEAHETO PUCKA.

24.11. HaxoxaeHrue T'paHUYHOTO 3HAYEHHUS MapaMeTpa B METO/I€ MUHUMAaIbHOTO
pucCKa.

25 AJITOPUTMBI THATHOCTHPOBAHUS

25.1. TloHATHS ONTUMANbHBIX U MUHUMAJbHBIX aIrOPUTMOB AUArHOCTUPOBAHMUS,
KPUTEPHUEB UX ONTUMU3ALIIH.

25.2. O6001IeHHBIN BU]T TAOIHIIBI TOKPBITUMN, €€ CBOMCTBA.

25.3. Tlopsaok 3amnonHeHus: TabauIbl TOKPHITHH.

25.4. MeToapl ONTUMU3ALMHT TAOTUIBI TOKPBITHH.

25.5. Metoj 1o3JIeMEHTHBIX POBEPOK

a) top1 =tep2 = .. tpn, @ Q1 Q21 .. Qn

0) Q1=Q2=..0n,atep1? tp2t ... tepn
25.6. Mero O3JIEMEHTHBIX IPOBEPOK: 3aBUcUMOCTh H(Q) 1 anroputm

tep1t top2? - tepnu Q11 Q21 ... Qn

25.7. TpeboBaHus MeTO/1a TPYIIIOBLIX MPOBEPOK K OOBEKTY AUATHOCTUPOBAHMUS.

25.8. Ilpouenypa HOpMUPOBAHUSI BEPOSITHOCTEH OTKAa30B B METOJAE T'PYIIOBBIX
MIPOBEPOK.

25.9. Tloscuute mpouenypy pa30OHMeHUE CHUCTEMBbl MpPU METOAE TIPYMIOBBIX
MPOBEPOK.

25.10.Tabnuna CMMNTOMOB OTKA30B U €€ IPUMEHEHHE.

25.11. KoHTpoJIb CXE€MBI B PallMOHATIBHON TUarHOCTHKE.

25.12.3aMeHa 3JIEMEHTOB Ha 3aBEJOMO HCHpPABHBIE M HCIOJIb30BaHUE TaOIHI
HEUCITPaBHOCTEM.
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26 CpeacTBa 1MarHOCTUPOBAHHUSA

26.1. Tpu rpynmnbsl NPU3HAKOB TEXHUYECKOI'O COCTOSIHHSI DJIEMEHTOB CHUCTEMBI

AIEKTPOCHAOKEHUS.

26.2. IlpumeHneHue pu3nUeCKUX METOI0B KOHTpoIst. OnpeereHne 1aTYuKoB.

26.3. TloHATHs BU3yaJbHOTO KOHTPOJISI U MAarHUTHOM 1€(PEKTOCKOIUU.

26.4. TloHsTHs JJFOMUHECIICHTHOTO U YIBTPa3ByKOBOT'O METOIOB.

26.5. TloHATHS BUXPETOKOBOTO METO/IA U aKyCTUUECKOW AIMUCCHUHU.

26.6. TloHATHS pEHTI€HOCKOMHH, CIIEKTPATILHOTO U XUMUYECKOT O aHATH30B.

26.7. VndpakpacHble TaTYMKU U PAAUOU30TOIHBIN METO/I.

26.8. Ilepeuncnute U oxapakTepuU3yuTe mnapameTpbl KOHTAaKTHOW CETH, KOTOpbIE
1e71eco00pa3HO KOHTPOJIUPOBATh.

26.9. ITlapametpsl, kouTponupyembie BUKC-76.

26.10.Ocnamenne BUKC-76 u Barona HUMDODA.

26.11.O1eKTpOKOHTAKTHBIM  fgaTuuk. OmnpeneraeHue MOJI0KEHUsS KOHTAKTHBIX
MPOBOJIOB B IUIAHE.

26.12. VIHnyKTUBHBINA JaTYUK MOJIOKEHUSI KOHTAKTHBIX MPOBOOB B IJIAHE.

26.13.0Ontuueckuii  gaTyuk (HAa TOKONPHEMHHKE) TIOJOKEHHUS KOHTAKTHBIX
MIPOBOJIOB B IUIAHE.

26.14.0nTryeckuil  JaTYMK TOJIOKEHUS KOHTAKTHBIX IPOBOJOB B IUIAHE C
3€pPKaJIbHOMN pa3BEPTKOM.

26.15.Buneokamepa M AJIEKTPOMAarHUTHBIE NATUYUMKHU JJI KOHTPOJIA TOJIOKEHUS
MIPOBOJIOB B IUIAHE.

26.16.OnpeneneHue BbICOTHI MOJIBECA KOHTAKTHBIX TPOBOIOB.

26.17.JlatTuynku pukcanuy MecT MoaxBara.

26.18.JlaTynku yaapoB U OTPHIBOB.

26.19. TermoBu3o0p.

26.20.JIaTunky HaXKaTHS.

26.21.]J[aTyuKu MyTH U OTMETYHUK OMOP.

26.22.baibHast OLEHKa.

26.23.1lorpenHocTy u3MepeHnui BaroHa-i1adopaTopuH.

26.24.11po6sieMbl ¢ aBTOMaTH3alKENd U3MEPEHHSI U3HOCA KOHTAKTHBIX MTPOBOJIOB.

26.25.Knaccudukaiys METo10B U3BMEPEHUS U3HOCA KOHTAKTHBIX TPOBOIOB.

26.26.YcTpoiicTBa M3MEpEHUsT M3HOCA KOHTAaKTHBIX MPOBOAOB IO OCTaBIIEHCS
BbicoTe (B ToM uncie u AT-1208).

26.27.YcTpoilcTBa HM3MEpPEHUsI M3HOCA KOHTAKTHBIX MPOBOAOB IO BBICOTE OT
0a30BOi1 JINHUMU.

26.28.21eKTpOKOHTAKTHBIE JTaTYUKU M3HOCA KOHTAKTHBIX MPOBOJAOB MO IIUPHUHE
TUIOLIAJKA TPEHHUS.

26.29.YcTpoilcTBO ¢ POTOAMOIHON MATPUILIEH AJ1 U3MEPEHHS] U3HOCA KOHTAKTHBIX
MIPOBOJIOB.

26.30. TeneBU3MOHHOE YCTPOMUCTBO AJII U3MEPEHUS U3HOCA KOHTAKTHBIX MMPOBOJIOB.
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26.31. TokoBHXpeBOE YCTPOMCTBO U3MEPEHUSI U3HOCA KOHTAKTHBIX MPOBOOB.
26.32.VI3mepenue HaTsKEHUs! TPOBOIOB.
26.33.Ilupomerp UKJl, koHTponp mnuTaromux 3akuMoB. Koadduiment

ne(EeKTHOCTH.
26.34.1Tupometrpst HPK u TepMornounr.
26.35. [luarnocTupoBaHue CTBIKOBOK CTaJICAITFIOMHUHEBBIX MIPOBO/IOB.

JlnarHocTupoBaHUe CTPYHOBBIX 32KUMOB.

26.36. lepexTupoBKa N30IITOPOB UBMEPUTEIHHOMN IITAHTOM.

26.37. lepexrockon Ounun 3.

26.38.BcTpoeHHasi cucteMa IMarHOCTUPOBAaHUS 3arpsi3HEHUs u3oisaTopoB ¢ PT3-
50.

26.39.MeTo bl KOHTPOJIS CTENIEHH 3arps3HEHUs U30ISTOPOB BO3AyIIHbIX JIDII.

26.40.1loTeHunanbHble U 3JEKTPOKOPPO3UOHHBIE TUArPAMMBI.

26.41. lnarnoctupoBanue onop mpu nmomoinu AJ[O-2M (nBa meTona).

26.42. [IluarnoctupoBanue onop npu nomoinu JJMAKOPa.

26.43. [IluarnoctupoBanue onop npu nomoinu npudopos N3C.

26.44. JluarHocTUpOBaHNE METAJUIMYECKUX KOHCTPYKUUI nipu oMo MOUT-7.

26.45.1IpoBepka emneii 3a3eMiieHus pu nomouu npudopa “ Ummnynsc”.

26.46.1IpoBepka HCKpOBBIX MpOMEXyTKOB mpu mnomomu MC-06 u auoaHbIxX
3azemuintener - M1101.

26.47.J]luctaHiMOHHBIE W Tomorpaduyeckue MeTOJbl  JUArHOCTUPOBAHMS
kabenpHbIX JuHui (KJT).

26.48.11pouenypa npoxuraHusi KaOeabHbIX TUHUH.

26.49.VIMnyibCHBIN METOJT TMAarHOCTUPOBAHUS KaOEIbHBIX JTMHHUM.

26.50.Meton konebaTeIpHOTO pa3psiia TUarHOCTUPOBAHUS KaOEIbHBIX JIMHUM.

26.51.1letneBoit MeTOA TUAarHOCTUPOBAHUS KAaOEJIbHbBIX TUHUH.

26.52.VIHnyKTUBHBIN METOJ IMATHOCTUPOBAHUS KAOEIbHBIX JINHUM.

26.53. AKyCTHYECKUI METOJT TUarHOCTUPOBAHUS KaOENbHBIX TUHUH.

26.54.HeoOX0AUMOCT, ~ KOHTPOJS  Macia M YacTUYHBIX  pa3psioB B
TpaHchopmaTopax.

26.55.tgd Maca nipu yBlIa)KHEHUH.

26.56. 3Bneyenue razoB a1 xpomaTtorpaduu macia Tpaacdopmaropa.

26.5/. Xpomarorpaduyeckasi ycTaHOBKA.

26.58. Xpomarorpamma 1 ee aHajus3.

26.59. Curnanuszarop Bojopoaa B Maciie Tpanchopmaropa.

26.60.OnTrueckuit JFOMUHECLIEHTHBIN NaTYUK Harpesa O0OMOTKH
Tpanchopmaropa.

26.61. KoHTpoih 4aCTUYHBIX Pa3psa0B B TpaHCPOpMaTOpax.

26.62.KonTposib abCOpOLMOHHBIX XapaKTEPUCTUK TpaHCHOpMaTopa.

26.63.BoisBienue nedopmairin oOMOTOK TpaHchopmaTopa.

26.64.11apameTpsl 17151 KOHTPOJISI COCTOSIHUS KOMMYTAIIMOHHBIX aIapaToB.

26.65.BubporpamMma BBIKITIOYATEIS.

26.66.KoHTposb HapaOOTKH BHICOKOBOJIBTHBIX BBIKJIIOUATEIIEH.

26.6/.1Iposepka KPY u KPYH npu nomomu YIIKA-1.
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26.68./3Mepenune mepexoJHbIX COMPOTUBICHUNA KOHTAaKTOB BBIKIIIOYATENEH MpH
nomotu M-1.

26.69. BusyaibHbIil ¥ CIyXOBOM KOHTPOJIb BBIKIIIOYATENICH: MACISHBIX, 3JIETa30BbIX
Y BaKyyMHBIX.

26.70. [IuarnoctTrpoBaHre ObICTPOAECHCTBYIOIINX BBIKIIOUATEICH.

26.71. lnarHoCcTUpOBaHUE Pa3beANMHUTENCH, OTEeIUTENEH, KOPOTKO3aMbIKATEIICH.

26.72.21eKTpOHHAs yCTaHOBKA KOHTPOJISL pacIlpeiiesieHHs] TOKa MEXIY BETBIMHU
BeHTHIIe DYKPT.

26.73.TpancopmaTopHbIil 1aTYMK TOKAa W JAaTYUK C pa3zdajmaHcoM MoOCTa B
npeo0pa3oBaTEILHOM arperare.

26.74. JlaTuynK KOPOTKUX 3aMbIKAHUNA M KOHTPOJIb MTOCJIEI0BATEIILHOTO COSIUHEHUSI
BEHTUJIEH B IpeoOpa3oBaTEIbHOM arperare.

26.75.]J1aTuyuky HanpsiKEHUs U TOKa B IpeoOpa30oBaTeIbHOM arperare.

26.76.1IpeBenTuBHAas 3amurTa naBepTopHoro arperara U-ITTII.

26.7/7.VI3mepuTtens TemnoBoro conpotusieHus Benruieit UTCB-1.

26.78. TepMOMHANKATOPHBIE KPACKH JIJISi KOHTPOJISl HAarpeBa BEHTHJIEH.

26.79.YcrpoiicTBo kKoHTpOIs TepMonukioB YKTLI.

26.80. Y cTpoiicTBO 17151 MPOBEPKU UCIPABHOCTU CUIIOBBIX BEHTUJIEH.

26.81.JIluarnocTpoBaHrE BEHTHJILHBIX Pa3psiIHUKOB.

26.82. [IlnarnoctupoBanue orpannuutesncii nepenanpsokenuii (OITH).

26.83. [IluarnoctupoBanue TpaHCHOPMATOPOB TOKA U HAIPSIKEHHUS.

26.84.VcnipiTaHusi BTOPUYHBIX ETICH.

26.85. luarnoctupoBanue u3onsatopo OPY npu nmomomu MY, IIN-35, 110,
220.

26.86.KonTtpons  TemmepaTypbl IIMH M COEAMHEHHMM  TpPU  MOMOIIH
ANEKTPOTEPMOMETPA, MAHOMETPUUYECKOTO TEPMOMETPA U KOMILIEKTA CBEY.

26.87.KoHTposib TeMnepatypsl IUH U COSAMHEHUN NIPU MOMOIIM TEPMOKPACOK U
TEIJIOBU30POB.

26.88.MeTobl JUAarHOCTUPOBAHUS YCTPOWCTB PENCHMHON 3alIUThl U aBTOMATHUKH,
OLIMOKU MEPBOTO U BTOPOTO PoOJIa.

26.89.TecToBoe NMarHOCTUPOBAHUE PEJICHHOMN 3alIUTHI U aBTOMAaTHKU 0€3 BhIBOJA
uX U3 paboThl. MaxxopuTapHbi€ 3alHUTHI.

26.90.3amyck Tecta peaeiHON 3alUThl U aBTOMATUKH 1o BHeITHUM K3.

26.91. luarHoCTUpPOBaHNE TOKOBBIX 3aIIUT.

26.92. JIuarnoctupoBanue 3amut npu nomonu Y5000 u DY 5001.

26.93.1IpoBepka aBToMatuueckoro ooopynosanus 0,4 kB npu nomomu YI1-04.

26.94.1IpoBepka npocThix pese ¢ nomonibio YIIP-3.

26.95.1poBepka ¥  Halagka TeJIEMEXaHUYECKUX  KOMIUIEKCOB  CHCTEMBI
anexkTpocHadxeHus npu nomoiuu [ITY u CTY.

26.96.1loaB1rKkHAas [UarHOCTUYECKash YCTAHOBKA PeJICHHOM 3alIUThl U aBTOMATHKHU.
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[puioxenue 4
Bonpocsl i1 3K3aMeHOB

OCHOBBI TEOPUY HA/IEKHOCTH

IToaxoasl K pacueTam HaJI€KHOCTH.

Otanbl HOPMUPOBAHMS HAJEKHOCTH OOBEKTA.

Hemapametpuueckne MOeIu OTKa30B HEBOCCTAHABIMBAEMBIX OOBEKTOB.
Mojenb 0TKa30B HArpy3Ka-MpoOYHOCTh — CIIyYaliHbIE BEJTUYUHBI.

Mojenb 0TKa30B apaMeTp-11oJie JOIycCKa.
Mosenb 0TKa30B ¢ MapKOBCKOW allIpOKCUMAaLMEN apaMeTpa.
OueHku nokaszaTesnei HaJleXKHOCTH HEBOCCTAHABIMBAEMBIX 00bEKTOB.

1
2
3
4
5. Mogenbs 0TKa30B HArpy3Ka-MpoOYHOCTh — CIIyYalHbIE TTPOIIECCHI.
6
7
8
9

[Tokazatenn HaACKHOCTH BOCCTAHABIMBAEMBIX OOBEKTOB C  HYJICBBIM
BPEMEHEM BOCCTAaHOBJICHHUS.

10. IToka3zarenu HaAEKHOCTH BOCCTAaHABIMBACMBIX OOBEKTOB C KOHCYHBIM
BPEMEHEM BOCCTAHOBJICHHUS.

11. Onenkwm moka3aTenei HaJIe)KHOCTH BOCCTAHABIMBACMBIX 00bEKTOB.

12. ITocnenoBaTenpHoe (O HAACKHOCTH ) COCAUHCHUE.

13. ITapannensHoe ( 110 HaICKHOCTH ) COCTUHEHHE.

14. O6miee pesepBupoBanue. Pa3znenbHoe pesepBUpOBaHHIE.

15. AKTHBHOE pPE3epPBUPOBAHUE C YYETOM HAJEHKHOCTH MEPEKIIOUATEIICH.

16. IlaccuBHOE pe3epBUPOBAHUE C TEpPEepaCHpeICICHHEM Harpy3KH.

17. Harpy»xeHHBIN pe3epB MPH aOCOTIOTHO HAJICKHBIX MEPEKITIOYaATEIAX.

18. Cxonp3siiee pesepBupoBaHue. PesepBupoBanue 1Mo Harpy3Ke.

19. PezepBHpOBaHHBIE BOCCTAHABIMBACMBIC OOBCKTHI.

agrwbdPE

©O~ND

OCHOBBI TEXHHYECKOM AHArHOCTHKHU

JInarHoCTHKa, OCHOBHBIE IMOHATHS U ONPEIEIICHHUS.

TexHuueckass AMarHOCTHKA U MPOTHO3UPOBAHHUE.

CBs13b TEXHUYECKON JUArHOCTUKH C Ka4€CTBOM MPOIYKIIHH.

TecToBoe auarHoctrupoBaHue. PyHKIHOHAIBHOE THATHOCTUPOBAHHUE.
MaremaTudeckoe MOJEIUPOBAHNE pu (GyHKIMOHATBEHOM
JIUArHOCTUPOBAHUH aHAJIOTOBBIX OOBEKTOB.

MatemaTuyeckue MoJieNId 0ObEKTOB C paclpeeICeHHBIMU MTapaMeTPaMH.
MaremaTH4eCKHE MOJIENIA CUCTEM C COCPENOTOUEHHBIMU NTapaMETPaMH.
MonenupoBaHue HEUCIIPABHOCTEN.

. Craructuueckue MeTObl pU (HOPMUPOBAHUHM MATEMATHUECKUX MOJIEIEH.

10 Tabnuma GyHKIMI HEUCIIPABHOCTEH.
11.Monenu HEenpepbIBHOTO U IUCKPETHOI'O OOBEKTOB.
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12.Monenb npoTsS)KEHHOTO 00BEKTA.

13.0Onpenenenre nHGOPMATMOHHONM SHTPOIHH.

14.5uTtponus 00beKTa ¢ HEMPEPHIBHBIM MPOCTPAHCTBOM COCTOSTHUN. DHTPOIUS
CUCTEMBI.

15.Mepa undpopmanuu.

16.Meton, ocHoBaHHBIN Ha Teopeme baiteca. Meron MOCJIEAOBATEIBHOTO
aHanusa.

17.Meton MUHMMAIBLHOTO PUCKA.

18. AnropuT™Mbl TUAarHOCTUPOBAHUS U KPUTEPUH UX onTuMu3aiuu. [loctpoenue
Y ONTUMM3AIMUS TAOIULIBI TOKPBITUH.

19.MeTo1bI TO3JIEMEHTHBIX MTPOBEPOK U IPYIIIOBBIX IPOBEPOK.

20.Meron  JOrMYECKOr0 aHajiu3a CUMIITOMOB OTKaza. PanuonanbHas
JIUArHOCTHKA.

Hane:XHOCTH M IHATHOCTHKA YCTPOMCTB 3JIEKTPOCHAOKeHU S

1.Bnusinue HaJeKHOCTH YCTPOMCTB 3IEKTPOCHAOKEHU Ha paboTy TpaHCIOpTa
OTka3sl 000pynoBaHus KoHTakTHOM cetu. C. 162-170.

2. Ortka3pl 00OpYHOBAaHMS TSATOBBIX MOJCTAHIUN, JHUHUA BJIEKTpONepeayu,
NpUMEHEHUE pe3yJIbTaTOB pacuera pucka otkazos C. 171-181.

3. [Ipouecchl crapeHus, pa3peryiaupoBoK, U3HOCOB. CUIOBbIE TpaHCHOPMATOPHI U
KoHeHcaTopsl. C.214-221.

4. XenezobeToHHble onopsl MeTtayummueckue KOHCTpyKIuH, rposoja. C. 182-195.
5. KoutaktHele npoBoaa. M3HOC W pa3peryinupoBKa KOHTAKTHBIX IPOBOJIOB.
Boznymnsie crpenku. C.195-204.

6. Dnexrpuueckas uzomnsnus. C. 204-213.

7. CuiioBble MONYNPOBOAHUKOBbIE NPUOOPHI, KOMMYTAIMOHHAs amnmaparypa.
C.221-230.

8. Kabenpubie JIOII, akkyMynsiTOpbl, MUKPOCXEMBI, KOMIBIOTEPHI, IPOrPaMMHOE
obecneuenue.C. 232-235.

9. CpencTBa qUarHOCTUPOBAHMS KOHTAKTHOM CETH M JIMHUU 3JIEKTpoIepeay.

10. Baroun-naboparopusi AJisi HCTIBITAHUN KOHTAaKTHOM CETH.

11. ABToMarTu3anus U3MEPEHHsI U3HOCAa KOHTAKHBIX MTPOBOJIOB.

12. CpenctBa 1MarHOCTUPOBAHUS CUIIOBOTO OOOPYAOBAHUS TATOBBIX MOACTAHIUH.
13. CpeactBa AMArHOCTUPOBAHMS ABTOMATHKH, TEJIEMEXaHUKA U peJeiHoM
3aIUTHI.

14. Crparerun TexHu4yeckoro oociayxuBaHusg. CTporo MepuoaHYECKOe
BOCCTaHOBJICHHE.

15. Boccranosnenue 6nokamu. C.235-244.

16. Crpateruss ¢ onTuMu3alMedl MO KPUTEPUIO MakCUMyMa Ko3(p¢ulreHTa
ONepaTUBHOM TOTOBHOCTH. OOCIy)XMBaHUE MO COCTOSHUIO C KOHTPOJIEM YPOBHS
HagexHocTu. C.244-251.

17. Crpaterus oOcCnyXMBaHUSI 1O COCTOSSHUIO C KOHTPOJEM MOHOTOHHO
M3MEHSIOLIErocs napaMerpa.
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18. Crpateruss TEXHHUYECKOTO0 OOCIY)KUBaHUS C KOHTPOJIEM IapaMmeTpa
MapkoBckoro tuna. C 252-262.

19. Crpaterusi TEXHUUECKOTO OOCHYKMBAHHUS C MAapKOBCKOW amMpoOKCHUMAaIlUeH
mporiecca M3MEHEHMsI mapamerpa. ['pymnnupoBka yHpaBisSIOMIMX BO3JACHCTBUN B
koMmrIuiekcel. C. 262-274.
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Anexcanap BacunbeBuu Edprumosn
Anekcannap I'enHagpeBud ['asikun

Anpgpeit Onerosuy I'pexoB

HAJIEXHOCTDH, TUATHOCTHUKA
U TEXHUYECKOE OBCJIYKUBAHUE
YCTPOUCTB DJEKTPOCHABXEHUSA

SJEKTPUUYECKUX KEJE3HBIX JTOPOT

MeToanueckue YKazaHuid K MIPAKTUHICCKUM 3aHATUAM

Penakrop
JIuneH3us Ha U31aTEIbCKYIO ICSITCIIbHOCTD
620034, r. Exatepunoypr, yia. Konmoroposa, 66, YpI'YIIC

PenakiimoHHO — M30aTEILCKUN OTIC]I

IHonnucano B neyatnb
bymara nucuast Nel ®opmar  VYeu. m.a. V4. —u3n. 5.

Tupax 200 Ilena noroBopHas 3aka3

129



