5. OCHOBbBI TEOPUU HAJJEXKHOCTHU. METO/1bI OHEHKH
MOKA3ATEJIEM HAJIEXKHOCTHU 3JIEMEHTOB U P2Y

5.1. PacueTtHbie cooTHOIIEHUS U POPMYJIIBI
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[Ipumeuanus. 1. @opmyna (5.3) sBuasgercst oOIIeH 111 KOJIMYECTBEHHON OIICHKU KO-
3¢ PUIUEHTOB AIIEKTPUUECKOI Harpy3KH 3J1€MEHTOB.

2. ®opmyroii (5.4) ciemyer mOab30BaTHCS UL PE3UCTOPOB, Gopmyroi (5.5) — mmst
KOHJIeHCAaTOpoB, hopmysiamu (5.6) - (5.8) — 1151 TpaH3UCTOPOB.

3. @opmynbl ans pacyeTa KOd(PPUIIMEHTOB 3IEKTPUUECKOW HArpy3KH IPYTUX 3Jie-
menToB POY mpusezaenst B [1, Tabn. 5.4, c. 154].

5.2. IlosicHeHHe mapaMeTpoB

Ty _ cpenHee Bpems 6€30TKa3HOM paboThl uzaenus (dnementa, POY);
M1), w(f), P(f) — WHTEHCUBHOCTH OTKA30B, YaCTOTa OTKA30B M BEPOSITHOCTh 0€30TKAa3HOM
paboThl, COOTBETCTBYIOIINE HHTEPBALY BpEMEHU 1

P(t;) —  BepoATHOCTH 0€30TKa3HOM paOOTHI U3JENHUS 33 BpeMS I,

K, _ KO3 GULHMEHT IEeKTPUUECKON HATPY3KH JIEMEHTA;

F pa6 —  3JIEKTpHUYecKasl Harpy3ka 3JeMeHTa B paboueM peKuMe;

F — HOMUHAaJbHas WM OpenesbHas no 1Y sjekTpudeckas Harpys3ka 3JI€MEHTa,
oM BBITIOJIHSAOIIETO B KOHCTPYKUMHU (DYHKIIMIO CXEMHOT'O AJIEMEHTA;

KO KD KD - kooddHreHTs 2IeKTPUIecKoil HATPY3KH COOTBETCTBEHHO

110 TOKY, HAIIPSPKCHUIO U MOITHOCTH,

P — paccerBaeMasi MOIIIHOCTD (ISl pe3UCTOpa);
U — HamnpsDKCHHE, TPUKIAAbIBaEMOe K 00KIIaIKaM KOHICHCATOPa;
I, Ug, P — COOTBETCTBEHHO TOK, HAMPSHKEHUE U paccenBaeMasi MOIIHOCTD IS

KOJJIEKTOpa TPAaH3UCTOPA;
MVv)=MK,;) — HHTEHCHUBHOCTbH OTKA30B AJIEMEHTA I Ja0OPaTOPHBIX yCIOBUI
C yueToM Ko3(ppHUIIMEeHTA €T0 JICKTPUIECKON HATPY3KH;



ceny

noKa3aTellb CTEeIEHH, 3aBUCSIINN OT BUJa U TUMA 31eMeHTa (b=3...5
JUTSI KOHJIEHCATOPOB; b=1...2 — nisi APYTHUX DIIEMEHTOB);

B (hopmyiie (5.9) — cnpaBoYHOE 3HAUYEHNE HUHTEHCUBHOCTH OTKA30B
3JIEMEHTa, COOTBETCTBYET JJabopaTOpHbIM yciaoBusiM 1 K,=1;
BEPOSITHOCTb 0€30TKa3HOU paboTsl POY 3a Bpems £,

BEPOSITHOCTb OE€30TKa3HON pabOThl i-I0O 3JIEMEHTA 33 BPEM /.

KOJIMYECTBO 3JIEMEHTOB B POV
CyMMapHasi ”HTCHCUBHOCTb OTKa30B 3JIeMeHTOB POV nis nmabopa-
TOPHBIX yCJIOBUH;

CyMMapHasi HTHTEHCUBHOCTb OTKa30B 3JIEMEHTOB POY ¢ yuyerom
YCIIOBHUH UX pabOThI U 3JIEKTPUUECKOTO PEXKUMA;
CPEIHETPYIIIOBOE 3HAYCHUE UHTCHCUBHOCTU OTKA30B JIEMEHTOB
J—¥ TpyIIIbl, HAWJEHHOE C UCIIOJIB30BAHUEM CIPABOYHHKOB;
KOJIMYECTBO AJIEMEHTOB B j—ii rpymme, j=1, ..., k;

KOJMYECTBO TPYII OJHOTUIIHBIX 3JIEMEHTOB, BKJIIOUas MalKH, HECYLIUE
KOHCTPYKIUH U T.IL.;

00001IeHHBIN SKCTUTyaTaIMOHHBIN K03 dunmeHT [1,tabmn.5.5,c. 161];
HapaboTka POV Ha oTkas;

ramMmma-IporeHTHas HapaboTtka POY 1o oTkasza;

MHTEHCUBHOCTb OTKAa30B 3JIEMEHTOB j-i TPYIIIbI C YYETOM 3JIEKTPUUYECKO-
ro peXuMa U yCIOBHUI UX paboThl B coctaBe POY;

MONPAaBOYHBIA  KOA(DPUIMEHT, yYMTHIBAIOIIMKA BIUSHUE (QakTopa X,
i=1,..., m;

B opmynie (5.16) — yucno mnpUHUMAEMbIX BO BHUMaHue (haKTOPOB, B
OCTabHBIX (popMyrax — oOIiee KOJINYECTBO HJIEMEHTOB PE3ECPBUPYEMOT0O
y37a;

KOA(UIIMEHT TOTOBHOCTH (7151 peMOHTHUPYEMBIX POY);

CpellHee BpeMs BOCCTaHOBIeHUs POY;

BEpPOSITHOCTH BOoccTaHOBIIeHUs POY 3a 3amanHoe Bpems T, ;

cpeliHee BpeMsi BOCCTAHOBIICHUS DJIIEMEHTOB j-i TPYMIIbL;

OuHOMUHaNIbHBIE KO3 uneHTsl Gopmyisl HetoToHa (kKordduimeHTs
6unoma HeroToHa);

BEPOSATHOCTh 0€30TKa3HOM padOThI 3a BpeMms f, pe3epBH-

(t3 ), p% (t )-  pyemoro y3Ia, UMEIOILEr0 BCETO m
m

1,2,...m 3
3JICMCHTOB, COOTBETCTBCHHO JIA IIaPAJICIIBHOI'O U I10-

CJIEIOBATEIBHOTO CIOCOOOB UX COEIMWHEHUs MPU MOCTO-
STHHOM PE3epPBUPOBAHUH,
BEPOSITHOCTh 0€30TKa3HOM pabdOTHl 3a BpeMs ¢, pe3epBU-

nap I10CJI V)
P (¢ 5 ), P L ) - PYeMOro y371a, HMEIOIIEro JBa 31eMeHTa (0MH OCHOBHOM

3 o
u OJUH pCSGPBHBII/I), COOTBCTCTBCHHO IJId MapaJlJICIbHOTO

U TOCJIEIOBATENBHOIO CIIOCOOOB UX COEIMHEHHUS MpU IO-
CTOSIHHOM PE3€pPBUPOBAHUH;



P — B ¢popmynax (5.22)—(5.25) — BepossTHOCTb O€30TKa3HOM PabOTHI AJ1e-
MCHTA 3a 3aJIJaHHOC BPEMH £,

do» s — BEPOSTHOCTH OTKa3a 3JIEMEHTa COOTBETCTBEHHO TUIIOB ~OOPHIB” U
”KOPOTKOE 3aMbIKaHHe”’, HailICHHbIE JJI1 BPEMEHU s,

pl) 1) — BEPOSTHOCTh O€30TKa3HOM pabOThI 3a BpEMSl ! PE3EPBUPYEMOro Yy3ia
3am(12,...,m) MpU HAJIMYUU PE3EPBUPOBAHMS 3aMelIeHUEM (pe3epB HEHArpy>KeHHBbIH,
BCEro M 3JIEMEHTOB: OJIMH OCHOBHOM U (m-1)—pe3epBHbIE);

I20) 0) BEPOATHOCTh 0€30TKa3HON paboOTHl 3a BpeMs ¢ pe3epBUPYEMOro y3ia
3am(1,2) - OpU HAJIUMYMKM PE3EPBUPOBAHUS 3aMEICHUEM (pe3epB OOJEr4eHHBIH,
BCETO JIBa AJIEMEHTA: OJMH OCHOBHOU U OJIMH PE3E€pPBHBIN);

p 0) BEPOSTHOCTh O€30TKa3HOM pabOThI 3a BpEMsl ! PE3EPBUPYEMOro Yy3ia
sam(1,2,,m) "~ TPU HaJM4UM DPE3EPBUPOBAHMS 3aMELICHHEM (PE3epB Harpy KECHHBIH,
BCET0 M 3JIEMEHTOB: OJIMH OCHOBHOM U (m-1)— pe3epBHBIC);

q, (1) — BEpOSATHOCTH OTKa3a 3a BPEMsl / pe3ePBUPYEMOTO y3Jia IPU HATUIHUU pe-
3epPBUPOBAHUS 3aMelleHreM (pe3epB HAarpy>KEHHbIM, BCETO M 3JIEMEH-
TOB: OJUH OCHOBHOM M (r=m-1)— pe3epBHBIC);

A, Ay — B dopmymnax (5.26), (5.27) — UHTEHCUBHOCTH OTKAa30B 3JieMeHTa (DY,
0JIOKa M T. 11.) B HArPY>KEHHOM U 00JIESTYUEHHOM PEXXHMax;

o — B dopmye (5.27) — ko punmeHT 3arpy3ku dIeMeHTa, 0=Ay/A;

r — KOJHMYECTBO PE3EPBHBIX JIEMEHTOB, 7=m-1.

5 .3. TunoBsle puMepsl

IIpumep 5.1. B komnekTopHyto 1ienb TpaH3ucTopa (puc.5.1) npeanonaraercs mnocra-
BuTh pesuctop tuna MJIT co 3nauenuem comporusienuss 1 KOM*+10% u HOMUHATBHOI

R1 MOIIHOCTHIO paccenBanus 0,5 BT .

T Tok, mporekaromuid B KOJUIEKTOPHOW LENU TpPaH3U-
¢ ctopa (I), pasen 10MA . TpeOyercst onpeneanTh, Kakoe 3Ha-

I yeHue Kod(p(uUMEeHTa Harpy3Ku OyJleT UMETh MECTO JIsl Bbl-
| OrpaeMoro pe3ucTopa.
Pemenne. {1 onpenenenus ko3PpUIMEHTOB 3JIEKTPH-
YeCKOM Harpy3Ku pe3ucTOpOB MOIb3yroTCs popmyroi (5.4):

KH = Ppa6/PH0M'

Puc. 5.1. K pacuery [lo ycmosuto mpumepa R =1 kOmM+10%, T.e. MmOxer

K03(PHULUICHTA HATPY3KH  pMeTh MECTO OTKIOHCHHE COIIPOTHUBIICHUSL PE3UCTOPA OT HO-
PE3UCTODA MHUHAJIBHOI'O 3HAYEHHsS B Mpeaeiax 3aJaHHOIO0 IPOU3BOJCT-
BEHHOro (TexHosioruyeckoro) pomycka +10%. Paccuntaem
3HaueHUEe KOd(PPUIIMEHTa HArpy3KHU JJii HOMHUHAIBHOTO 3HAYCHUS COMPOTUBIIECHUS PE3U-
cropa, pasHoro 1 KOM .
U3 ycrnoBuii mpumepa nmeem PHOM =0,5 Br.



Onpenenum 3HaYCHUE Pp T.€. TO 3HAUE€HUE MOIIHOCTU PACCEHBAHHUA, KOTOpOE Oy-

ad”’
JIET UMETh MECTO Ha CXEMHOM 3JIEMEHTE R1 (cMm. puc. 5.1). [IpumeHUTENBHO K paccMaTpu-

BaeMOMY MPUMEPY

) I =10MA=10-10" A 32 4
P =Ig-R =| " X =(1o-1o )-10 =0,1 BT -
pa R, =1kOm=10" Owm

Torna 3HaueHue KodpPuIMeHTa Harpy3Ku ONPeaeTUTCS KaK
K = Ppas/Puon = 0,1 /0,5=10,2 ;
T.€. pe3uctop Oyaer HarpyxeH Ha 20% OT HOMHUHAIBHBIX BO3MOXHOCTEH.

I[Ipumep 5.2. Dnextpuueckas npuHIUNUaibHas cxema POY pa3buta Ha ueThipe

) > - > 3 > (YHKIIMOHAIBHO 3aKOHYEHHBIE HaCTH. DnekTpuye-
CKasg CTPYKTypHasl cXxema YCTpOMICTBa MpH 3TOM
T MMEET BU/I, TIOKa3aHHBIN Ha puc. 5.2.
4 TpeboBanue, npeabsBIgeMOe K HaJEKHOCTU
POV, TakoBo: BeposATHOCTH 0€30TKa3HOM paboOTHI
Puc. 5.2 3a Bpems t=1000 u nomxna 6T HEe MeHee 0,99.

Tpebyercst omnpeaenuTh, KakoBa J0MKHA OBITh 3a
Bpemsi 1000 4 BepossTHOCTH 0€30TKa3HOM pabOThl PYHKIIMOHAIBHBIX YacTeil POY?
Pemenne. bynem cuutarh, 4TO ¢ TOUKH 3pEHUS HAJEKHOCTH (DYHKIIMOHAJIBHBIC YaCTH
COEMHEHBI MOCIe0BaTENbHO (puUc.S.3).

Puc. 5.3

TPEIOTI0KH M,
_ . _ _ pho.
Torna PP3y (1) = Pl(t) P4 (1) OJIOKH MMEIOT Pi (1);

PaBHYIKO HAJCKHOCTH

_ _4 ~
P.(1)= Q/PPW (1) =1/0,99 = 0,9975.

IIpumep 5.3. TpeOGyercs Ha paHHEW CTaauH

Uy (F20B) IPOEKTUPOBAHKS BBIIOIHUTh OPHUEHTUPOBOYHEIA

pacueT TmoKaszarenei 0e30TKa3HOCTH (PYHKIIHO-

RI R3 HanpHOTO y31a (DY), BKIIOUYAIOMIETO MATh yCHIH-

TEIBHBIX KackagoB (puc.5.4), paboTaronmx B CO-

\/r craBe POY B Ha3zeMHBIX CTAIlMOHAPHBIX yCIOBUSIX.

o VTl 3amanHoe BpeMs paboTel DY t, =1000 u. [Ipen-

MOJIaraeTcsi, YTO OH OYJET MU3rOTOBJICH C UCIOJb-

Us - 30BaHUEM M€YaTHOTO MOHTAXA.

\ R2 R4 —— ClI

‘ Pemienne. BpIIOJIHMM — OpUEHTHUPOBOYHBIN
+ pacuer nokasarenen Haae:KHOCTH DY .

1. Chopmupyem TpyImIbl OJHOTUITHBIX JJIe-

Puc. 5.4. Snexrpuyeckas MEHTOB U I KaKJIOW TPYIIBI 10 CIPAaBOYHUKAM

IpUHIUTIHATBEHAL CXCMa (ta6u.I1.2.1 mpuit. 2) ompeaenuM 3HaYeHHE WHTEH-
YCHJIMTEIBHOTO Kackanua




CHUBHOCTEH O0TKa30B, COOTBCTCTBYIOIICC B CPCAHCM I3JICMCHTaAM KaH(IIOﬁ I'PpYIIIBL. I[J'ISI OJICK-

-6
TPOJUTHUYECKUX KOHAEHCATOPOB 310 3Hauenue paBuo 0,4-10 - 1/4, Tak Kak TUI KOH/IEH-

caTtopa TOKa HE BbIOpaH (QJIIOMUHUEBBIM WJIM TAaHTAJOBBIN). {71 pe3sucTopoB BeIOMpaem
3HAUYE€HHWE WHTEHCUBHOCTH OTKa30B, COOTBETCTBYIOIEE MOIIHOCTH pPACCEUBAHMS MEHee
0,5 BT mnpu n0CTOSAHHOM TOKE, IOCKOJIBKY 3JICKTPUYECKUN KacKaJl SBISETCS MAJIOMOIIHBIM

U DHEPreTHyYecKasi Harpy3Ka 3JIEMEHTOB B OCHOBHOM ONPEJESETCS PEKUMOM IO MOCTOSH-
HOMY TOKY. AHQJIOTMYHO BBIOMPAIOTCS 3HAUCHUS MHTCHCHBHOCTEW OTKA30B ISl OCTAILHBIX
anemMeHTOB (Tabu. 5.2). Yucio maek omnpenesaeHo Kak CyMMapHOE YKCIIO BBIBOJOB AJIEMEH-
TOB U BHEIIHKUX BbIBOOB DVY. B 1aHHOM cilyyae mailku paccMaTpuBarOTCs KakK JIE€MEHTHI.

N3 1a61.5.2 MOHATHO, KaK MOJCYMTaHAa CyMMapHasi HHTEHCUBHOCTh OTKAa30B JIEMEH-
ToB DVY.

A =88-1001/u

)
Tabnuua 5.2
I'pynna »snemen- | KonmnuectBo 3iie- | UHTEHCMBHOCTH 0TKa30B i | [IpousBenenue
TOB MEHTOB B  J-U | 9IEMEHTOB  j-i  Tpymmsl | A 0/ -nj ,
rpymnme n . -6
> / XOJ" <107 1/a x1070 1/4
TpaH3ucrop 5 0,4 2,0
Pesuctop 20 0,05 1,0
Konpencarop 5 0.4 2,0
IleuaTtHas nnata 1 0,2 0,2
ITaiika 90 0,04 3,6
Z — — 8,8

2. C nomo1ipo 0000IIEHHOTO AKCITYyaTallMOHHOTO KO3 uuueHTa, HalJJEHHOro 10
CTIPaBOYHBIM TAaOIUIAM Ul HA3€MHBIX CTAllMOHAPHBIX YCIOBUM, CKOPPEKTHPYEM BEINUUHY
/Iz , YUTS T€M CaMbIM HNPUOIMKEHHO AJIEKTPUUECKUN PEKUM U YCIOBUS pabOTHI 3JIeMEH-

ToB Kackana. [Ipumem K, =2,5 [1, Tabmn. 5.5, c.161]. Torna
A ()= 88-1070.25=220.1001/x.

3. Tlo dopmynaMm najisg SKCIMOHEHIIMATBLHOTO 3aKOHA HAJAEKHOCTU [l] moacuuThiBaeMm
JpyTye noka3arean HaJeKHOCTH:
a) HapabOTKa KacKaJa Ha OTKa3

1 1
s (V) 22,0-10°°

~ 45455 u;

(o)

3aMeTuM, 4TO JaHHOE 3HAUYCHUE HApaOOTKU HA OTKAa3 HE UMEET (PU3UUYECKOrO CMBICIIA,
a HOCUT 4YKCTO PACUYCTHBIN XapakTep, MO0 pecypc TAaKOro 3JIEMEHTa, HallPUMEpP Kak 3JIeKpo-
JUTHYECKUI KOHJIEHCATOP, cocTaBisieT Beero b 5000 .

0) BepOSITHOCTh O€30TKa3HOW PabOTHI 32 BpeMs t, =1000 u



—t A (V) ~1000 -22,0-10 6

P(t,)=e 3 * =e¢ ~ 0,978 ;
B) TaMMa-TIPOIIEHTHAsE HapaboTKa 10 oTKaza (mpu y = 99% )
ml 7
100 In 0,99

= - = — — ~ 457 %
A (V) 22,0-10
B otmnume ot T, nokazatenn P(t)m T, usnuecknit cMbICT UMEIOT.
IIpumep 5.4. TpeOyeTcst BHIMOIHUM YyTOYHEHHBIM pacueT mokas3aresneil 0e30TKa3HOCTH
(GYHKIIMOHAJIBHOTO Y3714, PACCMOTPEHHOI0 B mpumepe 5.3.
[TapameTpsl 271EMEHTOB:
R1:43 KOM£10% ; R2:10 KOM£10% ; R3:1,2 kKOM£10% ;
o
R, =300 OM£10%:; C, =10 Mxd (0, .
Jnst coopku @Y wucnonb3oBaH MeYaTHbIH MOHTaX. TUI BBIOPAHHBIX PE3UCTOPOB
OMIJIT ¢ HOMHHAJILHOW MOITHOCTBHIO PACCEUBAHMUSI PHOM =0,125 Bt u momyckom Ha co-

nporusneane +10%. Tun BeiOpanHoro konmencatopa K50-6 ¢ HanpspkeHHeM
U Hom =6 B. Tun Ttpam3ucropa VT1 — KT301]J[. HanpsokeHue HCTOYHHMKA THATAHUS
U _— =20 B£10% . ®Y ucnonezyercs B coctaBe POY, st KOTOpOro XapaKTepHBI Clie-

JYIOIIKE YCIOBHS AKCIUTyaTalluu:

o
nuana3zoH padounx Temmeparyp —10 ... +45 C; oTHOcHTeNbHAs BIaXKHOCTH BO3AyXa

o
10 80% mpu Temmneparype +25 C; armocheproe nasnenne 93+ 13klla.
PacueT TEImIOBOrO peXMMa YCTPOMCTBA, B KOTOPOM HCIIOJIB3YIOTCS YCHIIUTEIIbHBIC

) o )
KacKaJIpl, IOKa3aj, 4TO MeperpeB B HarpeTor 30He coctapisieT He Oonee 18 C, a cpenanmii
MeperpeB Bo3ayxa B ycTpoicTse — mpumepHo 12°C.

Pemenne. 1. OnpenenuM, Kakue 3Ha4YeHUS KOIPHUIIMEHTOB JIEKTPUUECKON HATPy3-
K1 OyZlyT UMETh MECTO IS BEIOPAHHBIX AJIEMEHTOB YCHIIMTEIHHOTO KacKaa.

Jns moacyera 3TUX K03 GUIIMEHTOB Bocmoab3yemcs Gopmynamu (5.4) — (5.8). Ho-
MUHAIBHBIC WIN JOMYCTUMBIE TI0 TY IKCIUTyaTallMOHHBIC JIEKTPUICCKUE XapaKTEPUCTUKH,
UCIIOJIb3YyEeMbIe B 3THX (OopMynax IS PE3UCTOPOB M KOHJICHCATOPA, YKa3aHbl B YCIOBHH
npuMepa, a UMEHHO: JJIsl Pe3UCTOPOB PHOM =0,125 BTt ; mns kounencaropa U oM =6 B.

Hnst Tpan3ucropa mnpeAenbHbie 1Mo TY sIeKTpuuecKkue XapaKTepUCTUKHU OIMPEaeIuM
W3 CIIPaBOYHBIX JaHHBIX Ha Tpan3uctop tuna KT301 1. [Tonyuum:
MOCTOSIHHBIN TOK KoJuiekTopa [ o= 10 MA ;

IMOCTOSAHHOC HAIIPSXKCHUC MCKIY KOJUICKTOPOM B SMUTTCPOM UK3 =30 B;

MOIHOCTh, pacceMBaeMas Ha  Komlektope mpu  Temmeparype  +60°C,
P =150 MBt;
IIOII

o)
MOIIIHOCTh,  paccerBacMas Ha  KOJUIGKTope nmpu  Temmeparype +85 C,
P =58 MBT ;
JOII



(@]
npu MOBBIIICHUU Temreparypbl ot +60 mo +85 C momycTrmasi MOIIHOCTH CHHXA-

€TCs IMHENHO, T.€. 110 3AKOHY

P =370,8—3,68¢°,
on

rae t° — Temmeparypa okpyskaromeii cpempl, | C.

3HaueHUS EKTPUUECKUX XAPAKTEPUCTUK DIIEMEHTOB B paboueM peXUME OTPEICIIUM,
BBITIOJIHUB JKCIIpEcCc-aHanu3 (MpUOIMKEHHBIA pacdeT) AIEKTPUUYECKOro pekuMa paccmar-
pUBAEMOr0 yCHWIHTENIBHOTO Kackaaa (cM. puc. 5.4). C omucaHueM 3TOro aHajlin3a MOXKHO
03HAKOMUThCA B padote [1]. s mpocTOThl MILTIOCTpAIlMM OH BBIMIOJIHEH ISl CPETHUX 3Ha-
YeHHUI apaMeTpoB AJIEMEHTOB. Pe3ybTaThl aHalM3a, UCTIOIb3yEMbIe JUIs OLIEHKU KO3 du-
IUEHTOB JIEKTPUICCKON HATPY3KU DJIIEMEHTOB :

Mo1HOCTH, pacceuBaeMble Ha pe3UCTOPAX:

Ha pe3uctope R/ PRI ~ 7,23-10_3 Br;
Ha pe3uctope R2 PR2 ~ 0,51-10_3 Br;
Ha pesucrtope R3 PR3 ~ 65107 Br;

Ha pe3ucrope R4 (nmpeanomnaras, 4to, [, =1, ~ 1) PR4 ~163- 1073 Br.

Hanpsiokenne Ha konaeHcatope U ., = 2,2 B.

Hanpsbkenue Ha Tpan3ucrope

UVTI :Unm —(UR4 +UR3 ):Unm —(UR4 +IK -R3)=8,97 B.

MomHoCTh, paccenBaeMas Ha TPaH3UCTOpE (KOJIIIEKTOPE),

P ]:[K U

— . _3. ~ =
T J =7,36-10 ~-8,97=0,066 Br=66 MBT .

VT

Koadduiment smexrpudyeckoii Harpysku pesuctopoB RI-R4 wu KoHIeHCaTo-
pa Cl noacuuteiBaeM 1o popmynam (5.4) u (5.5) ¢ yderom TOro, 4yTo JJisi PE3UCTOPOB
Pyon = 0,125 Br, a qyist kongencaropa Uy, = 6 B.

Hetpyano yoeautscs, uro ans tpanszucropa KT301/] B paccmarpuBaeMoit 35eKTpu-
YECKOW CXeMe OMPEACISIONIMMHE JJIEKTPHUYSCKUMHU XapaKTePUCTUKAMH, BIUSIONUMH Ha Ha-
NEKHOCTD, SIBIISIIOTCS KaK TOK KOJIJIEKTOPA, TaK M MPUKIIAIbIBAEMOE K HEMY HAIpPSIKEHUE .
[ToaTOMy yYeT 3IeKTpUUeCKOW HArpyKeHHOCTH TPAH3UCTOPA BBHIMIOJHUM C TOMOIIBIO KO-
s unmenTa Harpy3ku 1Mo MOIIHOCTH. s moxacuera 3Toro xKoddduimeHTa He0OXOAUMO
pacrnosiaraTh 3HaYCHHEM PHOH , COOTBETCTBYIOIIIMM MaKCUMaJIbHOW paboueil Temreparype
=t1° + AL,

TpaH3UCTOpa. DTy TEMIEPaTypy ONpPEIEIUM KaK t pa..max

V1max

o

pab..max

rae - MaKcUMaJlbHas paboyast Temreparypa OV;

At, - meperpes B HarpeToii 30He OY.

[MTomyunum t° =45+18=63°C.

V' 1max



Cornacuo TY ¢ noseimennem temmneparypsl or +60°C mo +85°C momycrumas
patyp y

MOIIHOCTB, pacCcruBacMasd TPAH3UCTOPOM, UBMCHSCTCA 110 3aKOHY

Jlns remmeparypst ¢ =63 °C nomyumm

=370,8-3,68-63~139 MBr .

p(63°)

J0IT

PCD Z3708-3,68-1°, MBT.

JOII

CnenoBatenbHO, KOAGPUITMEHT HATPY3KHU TPAH3UCTOPA

K - Pyr

66

H P(63°) 139

J0I1

~0,47 "

3HaueHus Ko3((PUIMEHTOB AIEKTPUYECKON HATPY3KU, OJCUYUTAHHBIE ISl DJIEMEHTOB
YCHJINTEJIBHOTO KacKa/ia, BHECEHbI B Ta0I. 5.3.

Tab6mumna 5.3

I'pynna | Kon-o | CmpaBoun. | Koad. | Makc. | I[Ipous- 3HaueHue | 3HaueHUe
3JIEMEH- | DJIEMEH- | 3HAYEHUE JJIEKT. pa60q. BEJCH. Ao(V)s A.(V)n.,
TOB TOB A, Ha- TEM- nornpa- / / 6 /
(mo3. B TIpyIl- 0j IPY3KM | mepa- | BOUH. K | X 100 1/9 | x107° 1/
0003H.) | me <107 1/4 Ky Typa, |- TOB

I’lj °C 0(2
VTl 5 0,4 0,47 63 1,5 0,6 3,0
RI, R2 10 0,05 <0,1 63 0,15 0,008 0,08
R3 5 0,05 0,52 63 0,7 0,035 0,175
R4 5 0,05 0,13 63 0,2 0,01 0,05
C1 5 0,55 0,37 58 2 1,1 5,5
Ileyar. 1 0,2 — 58 1 0,2 0,2
riaTa
[Taiika 90 0,04 — 58 3 0,12 10,8
Z _ ~19,8

2. Ilpu ydeTte 37eKTPUUECKOro pexnuma U yCIOBUN pabOThl AJIEMEHTOB YCUIIUTEILHOTO
Kackajia MpuMEM BO BHHMAaHHE J[Ba BaKHEHIINX (hakTopa: KOIPPUIIMEHTHI SIEKTPUIECKON

o (v
Harpy3ku K , 1 Temreparypy t . Koadduumentsl s5ekTpuyeckoil Harpy3Kku ObUIH Ompe-

JIeJIeHBI BhIIIe (cM. Tadu. 5.3).

TemmepaTypy 3J1€MEHTOB OMPEICIHM CIICIYIOMIUM 00pa3oM: ISl TEIUIOHATPYKEHHBIX
snemeHToB (RI-R4 u V1)

riue to

i

+At

pab.max

o

3,

— MakcumaibHas pabouas Temneparypa OV

pab. max
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o 9 (9]
A t, — MEpEerpeB B HArPETOW 30HE YCTPOICTBA;

JUTSl HETETIJIOHATPY>KEHHBIX 3JIeMEHTOB (KOHEHCAaTOp, eyaTHas IuiaTa, naiku)

t°=t° +ALS,
i pab.max B

rie A tcl; — CpeHUI NIEpPErpeB BO3yXa B YCTPOMCTBE.

PacueTHble 3HaU€HUs1 TEMIIEPATYPBI JIEMEHTOB BHECEHBI B Ta01.5.3.
3. ®opmupyeM Irpynibl OJHOTUIIHBIX 3JIEMEHTOB.
Pesuctoper RI u R2 BkiroyaeMm B OJHY TPYIINY, TaK Kak st HUX K . <0,1. Otnens-

HBIE TPYIIbI 00pa3yrot snementsl, R3, R4, C B VT1 wn toukn maek. CaMOCTOSATEIBHY IO

TPYNITy COCTaBJISIET Tak)Ke TeYaTHAs IIaTa.

4. CyMMapHyl0 MHTEHCHUBHOCTh OTKa30B 31eMeHTOB DY ompenensem no ¢opmyiaam
(5.16), (5.17). Ilpu >TOM cripaBOYHBIC 3HAYCHUSI HHTCHCUBHOCTEH OTKA30B AJIEMEHTOB KaX-
JIOW TPYMIBI HAXOAMM MO TaOJiHIle MaKCUMAaJbHBIX 3HAUYE€HUI WHTEHCHBHOCTEH OTKa30B
anemeHToB POY (cM. Tabn. I1.2.1 npui. 2), a nonpaBouHble KOAP(HULHUEHTHI, YUUTHIBAIOIINE
BIUSIHUE KOA(DPUIIMEHTOB 3JIEKTPUUYECKON HArpy3Ku U TeMIepaTypbl, OMpeaessieM Mo Ho-
morpammam (puc. [1.2.1-11.2.4 mpwu. 2).

Pe3ynpTaThl pacueToB cBeJEeHBI B Ta0.5.3.

PacueTHOE 3HaYEHUE BETUUUHBI A 5 (v) mast @Y (mATh KaCKaI0B) COCTABIISACT

A (V)=198-107° 1/x.
5. OnpenensieM HapaboTKy DY Ha OoTKa3:

0 A (v) 198-10"

~ 505054.

6. PaccunThiBacM BEpOSTHOCTH 0€30TKa3HON pabOThI YCHIIMTEILHOTO Kackaja 3a Bpe-
Mt =1000 4. [Momyunm

~1000-19,8-106

P(t,)=e ~0,98.

7. OmpexensieM raMMa-mpoIeHTHYI0 HapaOboTky DY 10 oTkaza aid 3HaYCHUS
v=99%.
99

In(—)
T 100

———— %508
T 198:10°

8. IlomcunThiBaeM cpeHee BpeMsi BOCCTAHOBICHHS 1 L, 1o dbopmyie (5.20).
Pacuer Bemmuuubl T , C WCTOTb30BAHUEM CHPABOYHBIX 3HAYCHUIA MHTECHCHBHOCTCH

OTKa30B 2JIEMEHTOB 1 Ta0. 5.3 cBeneH B Ta0I. 5.4.
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TabOmuma 5.4

I'pynma KonnuectBo | 3HaueHue 3HaueHue T Iz y | IIpoussenenue
SJIEMEHTOB aneMeHTOB B | A . (V), n.t. A (v),
rpymme 71 J (tabm. I1.2.5 J J J
7 %1070 1/4 nput. 2) %107

VTl 5 0,6 0,8 2,4
RI, R? 10 0,008 0,5 0,04
R3 5 0,035 0,5 0,0875
R4 5 0,01 0,5 0,025

C | 5 1,1 0,55 3,025
Ileyar. mmaTa 1 0,2 3 0,6
ITatika 90 0,12 0,5 5.4

3 _ — — ~ 11,58

k
C yuetom Toro, uto > n,;A;(v)=198- 107° 1/4, noyuum
j=1

11,58-107°
19,8-107°
9. IloacunThiBaeM 3HaAYEHUE BEPOSITHOCTH BOCCTaHOBJIEHUA DY 3a 3a1aHHOE BpeMsi
T, » HCTIONB3Y S dopmymy (5.18). Ilpunss T 5= 1,5 u, momyunm

Ty ~0,6 4.

vie)=1-e 3T ~ 002

IIpumep 5.5. Ilyctb cxema (Mojeb)
pacdeTa Ha/Ie)KHOCTH UMEET BH/I, IOKA3aH-
HBIW Ha puc. 5.5.

Bynem cumrarh, 9TO OCHOBHBIC U pe-
3€pBHBIE AIIEMEHTHI OJIMHAKOBBI, a AJIEMEHT
4 uMeeT MUHUMAIbHYIO (YHKIIMOHAIHHO
HEOOXOIUMYIO CTPYKTYPY, T.€. SKBUBAJICH-
TEH LIENOYKe, MOKa3aHHOM Ha puc. 5.6.

[IpeanonoxkuMm, 4TO IS 3aJaHHOTO
BpEMEHU 1 paboThl yCcTpoOMCTBa M3BECT-

Puc. 5.5. Cxema pacuera HaJIe)KHOCTHU

1 2 3

— 1

Puc. 5.6. Ctpykrypa 3nemenra 4

Hbl BEpPOSTHOCTH O€30TKa3HOW palbOoThI
3JIeMeHTOB 1, 2, 3:

p,(t,)=p,=06;
p,(t )=p,=095;  p.(t )=p,=08.

Tpebyercst paccuuTaTh BEpOSTHOCTh 0€30TKa3HOW pabOTHI PEe3EepPBUPYEMOTO YCTPOM-
CTBa B LIEJIOM 3a BpeMS 7, .

Pemenne. 13 puc. 5.5 BUJIHO, YTO yCTPOMCTBO COCTOMT U3 y3j7a A (KOTOPBIN Mpe-
CTaBIISIET cOOOM pe3epBUPYEMYIO CTPYKTYPY C KPAaTHOCTBHIO PE3€pPBHPOBAHUS JBA K OJHOMY),
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y3na B (HepesepBupyeMmsblil anement), y3na C (pe3epBupyemasi CTpyKTypa ¢ KpaTHOCTBIO pe-
3epBUPOBAHMS OJIMH K OTHOMY) U y311a D (pe3epBHbII 37IEMEHT U1 yCTPOMCTBA B LIEJIOM).

1. OmpenennmM BEepOATHOCTH 0€30TKa3HON pabOTHI dJeMeHTa 4, TOMHS, YTO C TOYKH
3peHHs] HaJIe)KHOCTH OH COCTOUT M3 TPEX IOCIEN0BATENbHO COEIMHEHHBIX 3JEMEHTOB (CM.
puc. 5.6).

C ucnonp30BaHMEM pacdeTHOro cooTHomieHus (5.11) ompenensem BEPOATHOCTH 0e3-
OTKa3HOM palbOoThI AieMeHTa 4:

Py=P | Py Py =0,6-0,95-0,8~0,46.
2. Paccmotpum y3en A. BHavane ornpenenuM BEpOSITHOCTh OTKa3a anemenTta 1. [Tomy-

qUM
q, zl—pl =1-0,6=0,4.

HeTpyaHo MOHSTH, YTO OTKa3 y371a A B IIEJIOM MPOU30UET TOTIa, KOTJIa OTKXKYT Kak
OCHOBHOM 3JIEMEHT, TaK U JIBa PE3ePBHBIX. BEpOSTHOCTH 3TOr0 COOBITHS MOJCYUTHIBAEM 10
dbopmyie (5.29).

3
9,749,949, =0,4"=0,064 .
3mech W Jaliee CYMTaeM HAJCKHOCTh TMEPEKIIOYAIONINX YCTPOMCTB UICAIbHOM, T.C.

nepekn
3. Paccmotpum y3en C. Onpenenum BeposITHOCTh OTKa3a dJIeMEHTa ThMa 3:
q4 =1—p3 =1-0,8=0,2.
BepostHocTh 0TKa3a y3na C noacuutaem o popmyiie (5.29). Iomyunm

r,+1
2
qC=q33 =q5=0,04.

4. OnpenenuM BEpOSITHOCTh 0€30TKa3HOM pabOThl yCTPOWCTBA, COCTOSIIETO U3 y3JI0B
A, B, C. BHauane HaiijieM BEpOsSITHOCTH O€30TKa3HON pabOThI KaXKI0TO U3 HUX:

A B C p =l-q ,=1-0,064=0936;

L 1 1 =, p =095 p.=l-q . =1-0,04=096.
B 2 C C
Puc. 5.7. Coenunenne y3no A, B, C Vs3ae1 A, B, C ¢ TOYKM 3peHHs HaJeKHOCTH
COeMHEHBI TocienoBarenbHo (puc.5.7). Cneno-
:A BC BaTeIbHO, MCIOJb3ys PACYETHOE COOTHOIIEHUE,

UX OOIIYI0 BEPOSITHOCTh O€30TKAa3HOM paboThI

\ D A MOJXHO ONPEACINTh KaK
Puc. 5.8. CoetuHEHHE Y3II0B Papc=P 4 PpPc =0936-0,95-0,96=0,85.
ABCuD 5. TlomcuuraeM BEPOSATHOCTH 0GE30TKA3HOI
paboThl yCTPOWCTBA B 1eJIOM (C yueToM y3ia D).
V3en D pezepBupyet y3isl A, B, C, 4to cxemaTuuecku H300pakeHo Ha puc.5.8.
HeTpyaHo mOHATH, YTO OTKAa3 YCTPOWCTBA B 11€JIOM HACTYMHHT MPHU OTKa3e KaK CTPYyK-
Typbl ABC, Tak u y31a D. CnenoBartenbHo,

G pyy =0 450 4 p =D e )-(1=p 4 )= (1-085)(1-0,46) = 0,15:0,54 ~ 0,08
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Torma P,,, =1- q,., = 1-0,08=0,92.

3aMeTHM, YTO B Cydyae OTCYTCTBHUS KaKOro-imbo pe3epBuUpoBaHMs JaHHOTO POY Be-
POSITHOCTH O€30TKa3HOU paboThl OblIa OBl paBHa 3HaUeHHIO 0,45.

3agaua 5.6. Jlyig moBbIIeHHsS] HAJAECKHOCTH YCTPOMCTBA OTOOpaXkeHUs: nHpoOpMaIuu
PJIC ucnionp30BaHO pe3epBUPOBAHUE 3aMEIIICHUEM C HarpyKEHHBIM pe3epBoM. OCHOBHOE U
pe3epBHOE YCTPOUCTBA OJMHAKOBHI (pHC. 5.9) U UMEIOT 3HAaUeHUE HapaOoTku Ha oTka3 5000
4. Tpebyercs onpenenuTh HapaOOTKy Ha OTKa3 yCTPONCTBA C yUETOM pe3epBupoBanus. Ha-
NEKHOCTh IEPEKITIOYAIOIINX YJIEMEHTOB CUMTATh UICATbHOM.

Pemenne. bynem npenmnonaraTh, 4TO 11 OCHOBHOTO U PE3€PBHOTO YCTPOUCTB CHpa-
BEJUTMB AKCIIOHEHITMAIBHBIN 3aKOH HAJEKHOCTHU. B 3TOM cilyd4ae MMeeT MECTO YMCICHHOE
paBenctBo T =T,. IlooTtomy mna onpenenenus HapaboTku Ha oTkas T, pesepBupyemMoro
YCTPOMCTBA BOCIIOIb3yeMcsl BhIpakeHueM (5.1) B Bume

I_%_I T = ojoP( t)dt.

| 0
T T, T Jlanee, mpuHUMAas BO BHUMAaHUE PACYCTHBIC COOTHOIICHHSI
JUIA  OKCIOHCHIMAIBHOTO 3aKOHA HAJEKHOCTH U (hopMmy-
1y
(5.29) mpu 3HaueHMH mM=2 WJIM, YTO TO XK€ camoe, r=m-1=1,
Puc. 5.9 MOy YUM:
At _
/IZ:I/T()Z, P(t)=e ™" =P,
(pe3) _ _‘_ _‘_2______l‘t2
q,, =4,y =|q, =4, =q|=9" =lg=1-P|=(-e ')~
ppes) _y_,(pe3) _ 1_(1_6_’111)2 —% At _e_uit
P3Y P3Y )
At 24t Al 220
o =4, —2A. 2(=1) — 4. -1y —24.
Torma T(p83)=j 2e ! —e ! dtz—( )e i D )e ! =
0 0 A. 22,
! 0 ! 0
o0 (e8]
_, _r
oo Tol _op . To| Z_ 2500+2:5000=7500 u.
270 0
0 0

5.4. 3agaym U1l CaMOCTOSITEILHOTO PEIICHUS

5.1. VcnbIThiBanach BEIOOPKA OJHOTUITHBIX UCTOYHUKOB MUTaHUSA 00beMOM 50 dK3eM-
wisipoB. McnbelTanus NpOBOAMIMCH B (POPCUPOBAHHOM pEXHME B TEUYEHHE BpPEMEHU
ty =3004, >KBHBaJI€EHTHOM C TOYKHU 3peHUS (PYHKIMOHHPOBAHUS M BO3HHUKHOBEHUS
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oTKa30B BpeMmeHH fy; =5010u »skcmuryatanuu B HOpPMalbHBIX ycioBusix. Mubopmanus
00 oTKazax mpuBeneHa B Tabi. 5.5.

Tabmuna 5.5
WNurepBan 0... 836... 1671... 2506... 3341... 4176...
BpeMeHH f,, 94 | 835 1670 2505 3340 4175 5010
Kom—Bo otKka-
3aBimux POY 7 6 > > 4 3

Cpennee Bpemsi 0€30TKa3HOM pabOTHl U CpeHEE KBAJAPATUUECKOE OTKIOHEHUE BpeMe-
HU 0€30TKa3HOUM paboThl, paCCYNTAHHBIC C MCTOJIb30BAaHUEM JaHHBIX Ta0J. 5.4 cOCTaBWIN:
M, =25214; o, ~2476 4.

Jlnst BpemeHn 6e30TKa3HOM paboThI (Kak B OOIIEM Cilydae CIIy4ailHOW BEJIMYUHBI) TPe-
Oyercs nogo0paTh MATEMAaTUYECKYIO MOJIEb 3aKOHA PACHpPEeIeHHs U C TOMOUIbIO KPUTe-
pust cornacusi [lupcona, a Takke ¢ MOMOIIBIO BEPOSITHOCTHON CETKU MOJATBEPAUTH MPaBO-
MEPHOCTb BHIOPAHHOM TUIIOTE3HI.

5.2. ITo nanubIM Tab. 5.4 U1 KaXXA0r0 MHTEpPBaja ONpeeIUTh MHTEHCUBHOCTh OTKa-

* *
30B }\‘l nu HOCTpOI/ITB 3aBUCHUMOCTH BCIIMYUHBL 7\, oT BpeMeHI/I . CrﬂaﬂI/ITB HOqueHHYIO JIN-

HUIO METOJIOM HAWMEHBIINX KBAJPaTOB (CM. pa3i. 3), 1aTh OOBSICHEHUE MOTYYEHHOTO I'pa-
¢duka.

5.3. Ilo nanubIM Tabm. 5.4 A1 KaXX/10r0 MHTEpBaIa ONPEAEIUTh YacTOTy (W) U UHTEH-
CHUBHOCTHh O0TKa30B (A). Kpome Toro, /s uHTEpBasia BpEMEHH, UCUUCIISIEMOTO OT HYJISI JI0
3HAYEHUsl BEpXHEH I'paHUIlbl MHTEPBaJla, PACCUUTATh BEPOSITHOCTh 0€30TKa3HOU paboThl U
IIPOBEPUTH CIPABEAIUBOCTD BhIpaxeHus (5.2).

5.4. TeneBu3op AKCILUTyaTUPOBAJICS B TEUEHHUE ABYX JIET. 3a 3TO BpEeMs OH OTKa3bIBal
ATk pas. Ilocne kaxmoro oTkasa OH PEMOHTHUPOBANICS U Jlajiee CHOBA MCIOJIb30BAJICA MO
HazHaueHuto (puc. 5.10). JInutenbHOCTh HHTEPBAIOB 0€30TKA3HOM PabOTHI #; © HHTEPBAJIOB
[0 YCTPAHEHMIO OTKA30B T; MPUBEICHHI B Ta0I. 5.5.

t ty t3 ty ts
0 777 777 777 777 77777 >
I, <2 B 4 5
Puc. 5.10
Tabmuna 5.5
ti,4 800 700 1200 600 500
T;, 4 1,5 2,0 1,3 1,4 2,2

TpeOyercs HaliTh oLeHKH HapaOOTKU Ha OTKa3 [, CPEJHEro BPEMEHH BOCCTAHOBIIE-
Hus T 1 k03¢ (duLKeHTa rOTOBHOCTH.

5.5. U3BectHO, uto juist POY cnpaBeminBa runore3a 00 3KCIOHEHIIMAIBLHOM pacIipe-
JIEJICHUM BPEMEHH 10 OTKa3a. /I SKCIepUMEHTaIbHOTO ONpeAeeHus nokasarend 1, (Ha-

pabOTKH Ha 0TKa3) UCHBIThIBAIOCH 10 3Kk3emIsipoB. [lociie BO3HUKHOBEHHUS OTKa3a KaXKabIi
SK3EMILISIP PEMOHTHPOBAJICSA U MPOAOJKAJI UCHBITHIBATHCA Aajiee. BpeMs ucnbplTaHu
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B IIepecyeTe Ha HOpMajbHbIe ycioBHs coctaBwio 2500 u. MHbopmanus o6 wHTepBaiax
0e30TKa3HOM paboTHI (MHTEpBAJiaX /10 OTKA3a) MpuBeeHa B Tabm. 5.7.

Tabmauma 5.7
Ne omsemn- | 3 14 s e |7 18 |9 |10
Jspa
Wnrepansr | 700 | He 1200 | 500 800 1100 | 1800 | 200 900 1800
0 oTkaza, | 150 | orka- 1200 200 1150 | 200
Jac 0 3BIBAJI 700 300

TpeOyeTcst HAlTH TOYEUHYIO U UHTEPBAJIbHYIO OLIEHKY Moka3atenst To.

5.6. B TexHuueckoi TOKyMEHTalMu Ha LUPPOBOM BOJIBTMETp 3amucaHo: «CpeaHee
BpeMs 0e30TkazHou paboThl He MeHee 2000 u». Tpebyercs onpeaenuTh, CKOJIHKO TPUMEPHO
3K3EMILUIAPOB 3TOTO TUIA BOJIBTMETPA OTKAXKET MPU UCIBITAHUAX B YCIOBHIX, OTOBOPEHHBIX
B HT/I, 3a cnenytomee Bpemsi: a) 20 u; 6) 50 u; B) 75 9; t) 100 u; 1) 150 4; e) 200 u; x)
300 g; 3) 500 u. O6bem BeIOOpPKH N =100  23K3.

5.7. B TexHuueckoi AOKYMEHTAIlMU Ha 3JEKTPOHHBIN ocruuiorpad ykaszaHo: «95-
MIPOIICHTHBIM CPOK CIIY>KOBI cocTaBisieT He MeHee 10 net». Opranuzamus 3akynuia 20 3k-
3eMIUISIPOB Takoro Tuma ociumiorpada. Tpebyercs ompeaenuTb, CKOIBKO 3K3EMIUIIPOB
MOXKET «IPUATH B HETOAHOCTH» B TE€UEHHUE MSTH JIET MPU YCIOBUM NPABUIBHOM dKCILTyaTa-
uuu. [lpeanonaraercs, 4to pecypc ocuMuiorpadoB pacxoayercss paBHOMEPHO M MOXKET
ObITh BBIOpaH 3a Bpems He meHee 10 ner.

5.8. B TexHuueckoil TOKyMEHTAIlMU Ha AJIEKTPOHHBIN ocimiorpad 3amucaHo: «95-
IPOLEHTHBIN pecypc coctaBisieT He MeHee yeM 3000 u». TpebyeTcs onpenenuTs cpeaHuii
pecypc ocuiorpaga 3Toro TUa.

5.9. B TexHu4eckoN JOKyMEHTAllMM Ha JIEKTPOHHBIM CaMOMMCEL yKa3aHO, YTO Cpel-
HUN CPOK cITyk)O0bl cocTaBisgeT He MmeHee 10 ser. TpebyeTcs onpenennuTb, Kakoi CPOK CITy K-
061 Oy Iy T UMeTh 99% camomnucieB TaHHOTO THIIA.

5.10. B TexHMuecKOl NOKyMEHTAIlMM Ha CBS3HYK PAJAMOCTAHILIMIO 3alHCaHO, YTO
CpPEeHUI CPOK COXPaHSIEMOCTH B 3a/IaHHBIX YCJIOBUSX XpaHEHUs U (WJIM) TPAHCIOPTUPOBA-
HUSl COCTaBIISIET HE MeHee 5 JieT. Tpedyercs BBIACHUTB, C KAKOW BEPOSTHOCTHIO OyJIET ra-
PaHTUPOBATHCS CPOK COXPAHSAEMOCTH, PAaBHBI OJHOMY TOAY.

5.11. TIlo pe3ynbpTaTaM UCHBITAaHUS Ha HAJACKHOCTh BHIOOPKHU OJHOTUIIHBIX POY 005-
émom N=100 mT. 1aHa OllEHKa BEPOSITHOCTU O€30TKAa3HOW paboThl JUIsl Pa3HBIX 3HAUYCHUU
BpeMeHH t; ( oTpe3ky BpemeHH OoT t = 0 110 t = t3 ). Pe3ynbpTarhl 3TOI OLEHKHU MPUBEJICHHI B
tabn. 5.8. TpeOyerca nns BapuaHTa, YKa3aHHOTO MPENOJaBaTeIeM, OMPEICTUTh CpeaHee
BpeMst 0e30TKa3HOM paboTel POY.

Tabmuma 5.8
Bapuant
Bpewms t,,4

1 2 3 4 5 6
400 0,93 1 0,97 1 0,96 1
600 0,90 0,99 0,90 0,95 0,90 0,95
800 0,85 0,95 0,85 0,92 0,87 0,93
1000 0,83 0,93 0,84 0,89 0,86 0,92
1200 0,81 0,91 0,82 0,87 0,86 0,92
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5.12. [Ins BeraucnutenbHoro komiuiekca CAIIP cpegnee Bpemst 6€30Tka3HON pabOTHI
coctaBisier He MeHee 200 4, a cpegHee BpeMs BOCCTAHOBJIEHUSI B CIy4ae BO3HUKHOBEHUS
OTKa3a — He 0oJiee Tpex CyTOK. BeposSsTHOCTh peuieHHs] TEXHHYECKOH 3aauyu OJJTHUM KOM-
miekcoM pasHa 0,9. TpeOyercs onpeneanTs, CKOJIbKO MUHUMAJIBHO OJTHOTUITHBIX KOMILICK-
coB goimkHa umeTh CAIIP, yToObI B 110001 MPOU3BOJILHO B3AThIII MOMEHT BPEMEHU TEXHH-
yeckas 3ajia4a MorJia ObITh pelieHa ¢ BeposiTHOCTHIO (0,999,

5.13. HUccnenoBatenbckas (yueOHas) maboparopust umeeT 10 KOMIUIEKTOB OJHOTHUII-
Hbeix [I9BM, BKIIIOUAIONIMX CIEAYIOLIHE YCTPOMCTBA: CUCTEMHBIN OJIOK C UCTOYHUKOM ITH-
TaHUsl, MOHUTOP, KJIABUATYPY, MbIIb, CTPYHHBIN npuHTep. M3-3a HEUCIIPABHOCTU XOTS ObI
OJIHOTO W3 YCTPOMCTB B CpPEAHEM KaXKIbIH JIEHb OAMH U3 KOMIUIEKTOB HE MOKET BBITIOJIHATh
MpeanucanHbple eMy QYHKIUU B MOJIHOM 00BEMe. TpebyeTcs onpeaenuts KodhuimreHT ro-
toBHOCTH [I9BM nanHOro TMma u y3HaTh, KaK M3MEHHUTCS 3TOT KOd((ULIMEHT, eciu B Ka-
yectBe komiuiekta 3UII 3akynuTh AOMOJHUTENBHO €UI€ OAMH KOMILIEKT BCEX YCTPOWCTB
[15BM.

5.14. Tpebyetrcs ompenaenuth KOIPHUIMEHT SJISKTPUUECKON HArpy3Kd 3JIEMEHTOB
AJIEKTPOHHOTO KJII0Ya, BHIMOJHEHHOTO Ha Tpan3uctope tTuna KT646A (puc. 5.11).

v R;=100Om, tun MJIT-0,5; C;=0,01 Mmxd c
N nonyctTuMbIM HanpsikenueM 60B; R, =100 Owm;

! Ukogmae < 1B ipnt Ix(I5) = 0,5A, 15=0,05A; mocTosH-

!
D U,=27B.
CHpaBO‘-IHBIe JAHHBIC TpaHSI/ICTOpa:
VT1

i ﬁ HOE HaNpsHKEHUE KOJUIEKTOP-AMUTTEP pU Ry =0
R1 coctaBisier 60 B, mpu Rpy; =1 kOm — 50 B;
> MOCTOSIHHBIN TOK KosutekTopa 0,7 A; UMITYJIbCHBIN
i TOK Kosuiektopa 0,5 A; mocrosHHas paccemBaemas
Puc.5.11 MouiHocTh 1 BT; uMmynbcHass — paccemBaemasi
MOIIHOCTH 1,2 BT.
Bxoanoit ummnynbscHbIM TOK Kitoua [;= 0,05 A.
CxBaXHOCTb UMITYJILCOB Q = 2, IJIMTEILHOCTh UMITYJIBCOB T, = 1 MC.
5.15. TpeOyercst oneHUTh KOA(PPUIIUESHTHI JIEKTPUUESCKON HArpy3KH MajOMOIIHOTO
YCUJIUTENBHOTO Kackaja (puc. 5.12) mist ycnoBuid SKCTpeMaIbHOTO peKUMa.

oY
:

R1=27 kOm % 10%; R2= 10 kOm £ 10%;

UHI/IT
R3 R3 = 1KOM £ 5% - R4 =100 Om + 5% ;
Cl 20%
R1 — :
Cl1=10 p1 0%
>—} . VTI
2 =20 b +20%
= MK o -
R2 R4 T ™ -10%
S > Tun pesucropoB OMJIT ¢ HOMUHaIBHOM
Puc. 5.12 MOIIHOCTBIO paccenBanus 0,25 Bt. Tun

KoHAeHcaTtopoB — K53-3 ¢ gomyctumeiM
pabouum HanpsokeHuem 10B.
Tun tpanzucropa KT325AM . Unur =12 B + 10%; Usx =10...100 mB.
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5.16. CnpaBouHOe 3HAaYCHHUE HHTEHCUBHOCTH OTKA30B METALIO0YMa)KHOTO KOHICHCa-
TOpa cocTaBisieT Lo < 0,06 -10° 1/a . Tpebyercst onpeaeanTh MaKCHMAIBHOE 3HAUCHHE Be-
POSITHOCTH OTKa30B 3TOT'0 THIIa KOHJIEHCATOPOB MPH €ro paboTe B HOPMAJIbHBIX YCIOBUSX B
teyenue t; = 10000 u ¢ koapdunmrentom Harpysku K, =0,7.

5.17. JlnuHa >JIEKTPUYECKOrO IIHypa MUTAaHUS COCTaBisieT 1,5 M. DnekTpuueckas
BWJIKA, K KOTOPOH MOAKIIIOYaeTcs UIHyp, uMeeT mapamerpsl: 220 B, 6 A. Tok, norpedmse-
MBI anmapaTtoM OT ceTd HanpsbkeHueM 220 B + 10%, cocraBnser 2A. JlonycTtumas miort-
HOCTB TOKa B TIpoBOJE mHypa — 4 A/Mm® . Cedenne mpoBoaa muypa — 0,75 mm”. TpeOy-
€TCs OMNpeJeIuTh MAaKCUMAJIbHOE 3HAY€HHWE BEPOSITHOCTH OTKa3a IIHypa MUTaHUS
(COBMECTHO C BUJIKOM) JUIsl TAOOPATOPHBIX YCIOBHM MPHU IKCIUTyaTalliy B TEYCHUH JIBYX JIET
npu 40 dacoBoil paboueit nenene. IIpeanonaraercs, uro B pabouee Bpemsi nmpubOOp Haxo-
JIUTCS B paboveM peKuMe.

5.18. Dnexrtpuueckas CTpykTypHas cxema POV wumeer BuUA, MOKa3aHHBIA Ha
puc. 5.13. 3aganHoe TpeboBaHUE K O€30TKa3-

Hoctu PDOVY:cpennee Bpemsa Oe30TkazHOU
1 > — 3 >
paboThl JOKHO OBITH HE MeHee 2000 u.
Tpebyercst onpenenuts HOPMY HaIEX-
HOCTH (CpeliHee BpeMsi 6€30TKa3HOIl pabOThI) 4
JUTISL KaKI0M  QpyHKIMOHaNbHOU yacTu POY.

5.19. DOnextpuueckas CTPYKTypHas
cxema POV cootBerctByer puc. 5.13. Cpen- Puc. 5.13
Hee BpeMsi ero 0e30TKa3HOM paboThl JOIKHO
obiTe He MeHee 3000 uy. ITpumepHOE KOJMYECTBO 3JEMEHTOB KaXKJ0i ()yHKIMOHATbHOU
YacTH COOTBETCTBYET AaHHBIM Tabi. 5.9. Tpebyercs ompenenuTh HOPMY HAAEKHOCTH JUIS
Kak70i QyHKIIMOHanbHOM YacTu POY u paccuntarh, KakoBO TOJDKHO OBITH 3HAYEHHE MOKa-
3aresns Ha/leKHOCTH KOMIUIEKTYIOUIUX AJIEMEHTOB (CIPaBOYHOE 3HAUEHHE MHTEHCUBHOCTH
OTKa30B).

Ta6nuna 5.9
Homep ¢yHKUIMOHANBHOU YacTH 1 2 3 4
I[IpumepHoe KonuuecTBO 31eMeHTOB | 100 250 150 200

5.20. [dns ycnoBuii 3amaun 5.18 onpenenuTs cpenHee 3HaY€HWEe MHTEHCUBHOCTH OT-
Ka30B AJIEMEHTOB, HEOOXOAMMOE /IJisi oOecrieueHrs TpeOoBaHUI K ToKa3aTeato 0e30TKa3HO-
ctu POV B uenom.

5.21. DnekTpuueckas CTPYKTypHasi cxema peMoHTupyemoro POV cooTBercTByeT
puc. 5.13, a BeposITHOCTh 0€30TKa3HOUM paboThl yCTpoilcTBa B 1esioM 3a Bpems t, = 10000 u
noibkHa ObITh He Hike 0,95. TpebOyercs ompeaenuTh HOPMY HAAEKHOCTH IS KaKIOH
(GyHKIMOHANBHOW YacTH B BUJE 3HAUYCHUS: a) BEPOSATHOCTU OE30TKa3HOW pabOThI 3a Bpe-
Ms t,; 6) MUHUMaATBHOW HApabOTKU HA OTKA3.

5.22. ®OynknuoHanbHbIN y3en POY Brmrodaer 20 kackaioB, aHAIOTUYHBIX Ta0d. 4.4,
COTJIACHO yKa3aHHOMY BapuaHTy. TpeOyeTrcs moayduTh IPUMEPHBIC OIEHKH MUHUMAJIBHOTO
3HaueHus 99-nporieHTHON HapaboTku DY 10 0TKa3a, a TakKe BEPOATHOCTU €ro O6e30TKa3-
HOM paboThl 3a Bpems t; = 10000 4 B mpeIrnonoKeHn , 4To OH OyeT UCTIOIb30BaThCS B CO-
CTaBE€ HAa3€MHOI'0 MEPEHOCUMOr0 YCTPOMCTBA. DIEKTPUUECKYIO CXEMY KacKaja BbIOpaTh co-
[JIACHO BapHaHTYy, YKa3aHHOMY MPENOAaBaTeNIEM.
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5.23. Jlnsa ycnoBuii 3aga4u 5.22 onpeaeauTh mokazaTean 0€30TKa3HOCTH C YYETOM KO-
3¢ PUIMEHTOB AJEKTPUUECKONW HArpy3Kd W YCIOBUN pabOThl dJeMEHTOB B coctaBe POYVY.
VYenoBusa skcmuyaranuu POY — nmo 'OCT 15150 ans ucnonuenust YXJI 5.1. Pesynbratsl
pacuéra TerioBoro pexxuma POVY: neperpes B Harpetoii 30ue 27°C, cpeIHHil IEperpeB BO3-
nyxa B POY 21°C. Tunsl u TUIOpa3Mepbl MMACCUBHBIX AJIEMEHTOB YKa3bIBAIOTCS Mpenojaa-
BaresneMm. [Ipu pelreHnn 3agaun y4ecTh BCE DKCIUTyaTallMOHHbIE (DaKTOPBI, YKa3aHHbBIE AJIs
3TOrO UcnonHeHus: POY.

5.24. TpeOyercsi onpenenuTs CPpeaHIO U 99-MpoleHTHYI0 HapabOTKy A0 OTKa3a
KacKaJa COTJIaCHO yKa3aHHOMY BapuaHTy (cMm. Tabmn. 4.4), nis HOMHUHAJIBHOTO pPEXHMa B
NPEANONOKEHUH, YTO JUIS MACCUBHBIX 3JIEMEHTOB BpeMs /IO OTKa3a paclpeieseHo IO
AKCIIOHEHIIMAIBLHOMY 3aKOHY: IJIi PE3UCTOPOB C TMapaMeTpoM A = 0,6:10° 1/a; mist KoH-
neHcaTopoB ¢ Ao = 0,4-10° 1/4. Jlnst cTaGMINTPOHOB M MHTErPATBHBIX MHKPOCXEM BPEMSI
J10 OTKa3a ONHMCHIBACTCS 3aKOHOM BeiiGyiia co cieyrommmu mapamerpamu: p = 10~ 1/4,
B = 0,6 (crabumurponsr) u p = 0,5-107 1/4, p = 0,6 (uHTerpansHBe cxembl). [lapameTpsl
3aKOHOB pacIpeiesieHus] YKa3aHbl JUIsi HOMUHAJIBHOTO PeXuMa, T.€. i JJabOpaTOPHBIX yC-
joBui 1 3HaueHuii K, = 1.

5.25. Texuuueckas 3amaya, Bo3inaraeMas Ha DBM, MOKeT ObITh YCIEIIHO PelieHa ¢
BeposITHOCThIO HEe HUKe 0,85. Tpebyercs onpenennuts, CKOJIbKO aHAIOrMYHbIX OBM nomxk-
HBI peuiaTh 3Ty 3a/audy HapajuielbHO, YTOObl BEPOSITHOCTh PEIICHUS 3a7aud OKa3ajlach He
Hmxe 3HaueHus 0,999.

5.26. BeposTHOCTH HEBOCTIPUATHS (TIPOMYCKa) CUTHAJNIA JATYMKOM IpUOOpa COCTaB-
nsiet He 6onee 0,08. Tpebyercs onpenenuTh, CKOJIBKO MPUOOPOB JOJIKHBI HE3aBUCUMO KOH-
TPOJIMPOBATH ITOT CUTHAJI JIJISl TOTO, YTOOBI BEPOATHOCTh BOCIIPUSTHS CUTHAJNIA ObLTa HE Me-
Hee 0,999.

5.27.  Jlns noBbIIEHUS] HAAEKHOCTH MOCTOBOM CXEMBI BBINIPAMIICHUS TEPEMEHHOTO
HaIPSDKEHUS B KXKJIOM IUIEUE UCIOJIb3YETCSl IOCTOSIHHOE PE3EPBUPOBAHUE CO CMEIIAHHBIM
criocoOoM coerHEeHUsI T1oa0B (puc. 5.14 ).

NHTEHCHUBHOCTh OTKA30B OJHOTO
aUoja JUIsl 3alaHHBIX  JKCIUTya-
TallMOHHBIX YCJIOBUW COCTaBJISIET
0,5:107 1/u4. Tpebyercs BbIsic-

a 6 HUTh, Kakasg u3 cxeM (a uinu 0)
Jy4lie C TOYKHA 3peHHs Oe30TKa3-
Puc.5.14 HOCTH  BBINPSMUTEIBHOTO MOCTA B

[EJIOM ISl CIISIYIOIIUX COOTHOIICHUM
OTKa30B THMAa «KOPOTKOE 3aMBbIKaHME» M THIA «0OpBIBY sl Kaxaoro auoxa: a) 0,1; 0)
0,2;8)0,5, 1) 1; n)2; e)5; 3)10.
5.28. Jlna ycnoBwuit 3amaun 5.27 onpeaenuTh CpeaHee BpeMs 0e30TKa3HOM paboThI
Tieya BBIIPSIMHUTEILHOTO MOCTA COTJIACHO MCXO/IHBIM JaHHBIM, YKa3aHHbBIM B Tabm. 5.10.
Tab6mua 5.10

Cxema coesu- CoOTHOIIIEHUE OTKA30B THIMA KOPOTKOE 3aMBIKAHHE)
HCHUA THOJ0B U THIA «OOPBIBY JUISl KAXKIOTO AMO/Ia

Puc. 5.14,a 01 | 02 | 04 | 07 1 14 | 25 5 10

Puc. 5.14, 6 0,1 0,2 0,4 0,7 1 1,4 2,5 5 10
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BapuanT 3aganus onpezensercs cxemoi (a win 0), a TaKKe COOTHOLUIEHUEM OTKa30B
THUTIA KKOPOTKOE 3aMBIKAHUE» U TUTIA KOOPHIBY.

5.29. [ns ycnoBuil 3amaun 5.27 onpenenuTh cpelHee Bpemsi 0€30TKa3HOMl padoThI
BCETO BBIIPSMUTEIHHOTO MOCTa (C YYETOM MOCTOSTHHOTO PE3CPBHPOBAHUS B KAXJIOM ILJIe-
ye). BapuanTsl 3a1anuii BEIOUPAIOTCSI B COOTBETCTBUU ¢ Ta0. 5.9.

5.30. Mexnay Toukamu A u b aiekTpruyeckon cxeMbl HE0OX0IMMO 00ECTICUUTh HaJIH-
Yre €MKOCTHBIX CBOMCTB ISl TOTO, YTOOBI OTCEYh MOCTOSHHYIO COCTAaBIISIOINIYIO0 CUTHAA.
JIJist KOHJIEHCATOPOB, MCTIONB3YEMBIX IS ATUX IEJeH, TPEeo0IajaloT OTKA3bl THITA «KOPOT-
KO€ 3aMBIKaHHEe». BeposTHOCTH 6e30TKa3HON paboThl 32 HHTEPECYIOIIee BpeMs t, COCTaBIIsI-
et 0,9. Tpebyetcst onpeaennTh, Kak OyIeT U3MEHSITHCS BEPOATHOCTh O0ECIICUCHUS] MEXKIY
ToukaMi A 1 b eMKOCTHBIX CBOWCTB B 3aBUCUMOCTH OT KOJIMYECTBA MOCJIEI0BATEIHHO CO-
€IMHEHHBIX KOHJIEHCATOPOB (puc. 5.15) U COOTHOIIEHUSI OTKA30B TUIIA «KOPOTKOE 3aMbIKa-
HHUE» U THUIIA «OOPBIB» ISl OJJHOTO KOHACHCATODA.

A b [Ipenmonaraercs, 4ToO KOHIEHCATOPHI, UCIIOJIb-

— |-} 3yeMbIE B LIENIOYKE, OJAMHAKOBBI. BapuaHThl 3a1aHui
BBIOMpAIOTCs coryiacHo Taou. 5.11.

Puc. 5.15
Tabmmma 5.11

KomnaecTBo Howmep BapuaHTa 1J11 COOTHOIICHHUSI OTKA30B THIIA
KOHJICHCATO- «KOPOTKOE€ 3aMBIKaHHE» U THUIIA OOPHIBY»
poB 5 2 1,5 1,3 1,1 1

2 1 2 3 4 5 6

3 7 8 9 10 11 12

4 13 14 15 16 17 18

5 19 20 21 22 23 24

5.31. [Ins ycnoBuit 3agaun 5.30 mocTpouts rpaduK 3aBUCUMOCTH BEPOSITHOCTH, C KO-
TOPOM TrapaHTUpyeTcsi o0ecredeHre MeKay ToukaMu A U b eMKOCTHBIX CBOMCTB, OT COOT-
HOILIEHHUS OTKA30B TUIA «KOPOTKOE 3aMbIKAaHUE» U TUIIA «KOOPHIBY.

5.32. B paauo3yieKTpOHHOM KOMILUIEKCE PEAIN30BaHO PE3EPBUPOBAHUE 3aMEILICHUEM.
Peseps narpysxennsrii. Jlornueckast cxema (Mojenb) pacuéra HaAEKHOCTH UMEET BUJ, IO-
Ka3aHHbIN Ha puc. 5.16.

1 2 3 DJIeMEHTHI 1-3 ¢ TOUKHU 3peHUs HaIEKHO-
— ! | | :l_ CTH COEMHEHBI MOCNIeI0BaTENbHO. BeposiTHOCTH
0e30TKa3HON paboThl 3JeMeHTOB 1-3 3a Bpems

t; = 1000 4 cooTBETCTBYIOT HaHHBIM Tabm. 5.11.

3
tl:‘l'T T_Ej Tabmmma 5.11

DNeMeHT 1 2 3
1 P(z,) 0,85 0,97 0,89
T—|:|—T 4 OnemMeHT 4 TpencTaBiseT co00i MUHUMAITb-

HYI0 (YHKIUMOHAIBHO HEOOXOIUMYIO CTPYKTYPY,
;‘ ‘4 T.€. BKJIIOYaeT 3emMeHThl 1,2,3 6e3 yuéra pesepBu-

Puc. 5.16 poBaHus.
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Tpebyercst omnpenenuTh CleqylOIIMe MOKa3aTean O0e30TKa3HOCTU PE3epBUPYEMOTO
POYV: 1) BepositHOCTh 6€30TKa3HOM PabOTHI 32 BpeMms t,; 2) cpeaHee Bpemsi 0€30TKa3HOU pa-
00THI . PemuTh 3a1ady B IMPEANOI0KEHUH, YTO PE3€PB HATPYKEHHBIH.

5.33. PewmwuTtsh 3agauy 5.32 B NpeANOIOKEHUH, UTO PEXKUM pabOThI PE3EPBHBIX 3Jie-
MeHTOB | U 3 HarpyxeHHbIi, a 37eMeHTa 4 — oOnerueHHbd. Koadduiment 3arpy3ku o
snemeHnTa 4 paseH 0,1.

5.34. Pemmuth 3agauy 5.32 B NpPEANoJIOKEHUH, YTO AJIEMEHT 4 OTCYyTCTBYET. Pezepn
371eMEHTOB | U 3 — Harpy KEHHBIH.

5.35. Jlornueckas cxema pacuéra HaaéxHocTd POY no Tumy 3amelieHne cCOOTBET-

cTByeT puc. 5.17.
TBYCT pH Cpennee BpeMs 0e30TKa3HON paboThI T,

1 2 3 a1emMeHTOB 1 - 3 mpuBeaeHo B Tadu. 5.12.

I:I Tabmuma 5.12
OJIEeMEHT 1 2 3

n

Tt 4000 5000 2000

TpeOyeTcs onpenenuTs cperHee Bpems oe3-
OTKa3HOU paboThI pe3epBupyemoro POV npu
CJIEIYIOIUX MPEANON0KEHUIX:

1) pesepB anemeHTOB 1-3 HarpyKeHHbIH;

2) pes3epB dJIEMEHTOB 1-3 HEeHArpy KEHHBIH.
Puc. 5.17

I-0-1-



	              5. ОСНОВЫ ТЕОРИИ НАДЕЖНОСТИ. МЕТОДЫ ОЦЕНКИ  
	                     ПОКАЗАТЕЛЕЙ НАДЕЖНОСТИ ЭЛЕМЕНТОВ И РЭУ 
	                                                                                                                           Таблица 5.1 
	Пример 5.2. Электрическая принципиальная схема РЭУ разбита на четыре функционально законченные части. Электрическая структурная схема устройства при этом имеет вид, показанный на рис. 5.2. 
	Решение. Будем считать, что с точки зрения надежности функциональные части соединены последовательно (рис.5.3). 
	    Таблица 5.2 
	Следовательно, коэффициент нагрузки транзистора 
	     Таблица 5.3 
	                                                                                                                   Таблица 5.4 
	Вероятность отказа узла С  подсчитаем по формуле (5.29). Получим 




	Решение.  Будем предполагать, что для основного и резервного устройств справедлив экспоненциальный закон надежности. В этом случае имеет место численное равенство  То=Тср. Поэтому для определения наработки на отказ То резервируемого устройства воспользуемся выражением (5.1) в виде 
	                                                                                                                           Таблица 5.5 
	                                                        Рис. 5.10 
	                                                                                                                           Таблица 5.5 
	     Таблица 5.7 
	 
	Рис. 5.16 








