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Paznen 4. PESBEPBUPOBAHUE KAK METO/]
MNOBBILIEHUA HAJJEXKHOCTH PIY

4.1. lloHsaTHE JKCIJIYAaTAIIHOHHON Haaé:xHocTH POY

Hanéxnocte POY 3aknaneiBaeTca Ha 3Tane NPOEKTUPOBAHHA,
NOJKHA o0ecneyuBaThCsl HA 3Tale NPOMU3BOJACTBA M MOANEPKHUBATHCSA Ha
JTale dKCIJIyaTalluu.

HanéxnocTts, koTOpyro PDOY mokas3siBaloT B mpolecce 3Kcmiyara-
WU, HA3bIBAIOT JIKCIJIYATAUMOHHON HaaéKHOCTHIO. ONbIT 3Kcmiyara-
uuu POV mokasplBaeT, 4TO 3KCIIyaTallMOHHAsI HAAEXKHOCTh NMPAKTHYECKHU
BCErja HUXE€ TOr0 YPOBHS, KOTOPHIM NOJYYaeTCs IO pe3yJbTaTaM pacué-
Ta IpU NPOEKTUPOBAaHUU ycTpoilcTBa. OOBIACHAETCS 3TO KaK SBHBIMHU
omMuOKaMU MPOEKTUPOBAHUS U HECOBEPIIEHCTBOM TEXHOJIOTUHU MPOU3BOJI-
CTBAa, TAK U HU3KOW JOCTOBEPHOCTHI CIPABOYHBIX JAHHBIX O HANEKHOCTHU
JJIEMEHTOB.

N3moxeHHbIE paHee METOAMKHM OLIEHKHM ITOKa3aTeyJed HaXEXHOCTHU
POV pawT nmpuemiieMble i NPAaKTHKU PE3YyJAbTAaThl B Clydae BBINOJHE-
HUS JUISL DJIEMEHTOB NPHUHIHUIIA CTATUCTUYECKON YCTOMYMBOCTHU IOKa3are-
Je¥ HaAEXKHOCTH. DTOT NPUHIMUI O3HAYAET, YTO AJISA DJIEMEHTOB JaHHOTO
TUIIAa, HE3ABUCUMO OT MAPTUMN MU BPEMEHH MX BBIIIYCKa, JOJKHBI cOXpa-
HATBHCS CTATUCTUYECKHE 3HAUYEHUS MOKa3aTejnel HalEXHOCTHU, @ UMEHHO:

M(\;) = const;

6(A;) = const,

rae M, c — 3HAaKM MaTeMaTHU4YE€CKOrO OXHUJAaHUSA U CPEIHEro KBaJapaTu-
YECKOTO OTKJIOHECHHUS;
I — HOMED NAapTHUHU BJIEMEHTA NAaHHOTO THUIIA.

B ycloBUSAX OTHOCHUTENIBHO COBEPUICHHBIX TEXHOJOTHYECKUX IPO-
LECCOB U BBICOKOW KYJbTYpPHl IPOU3BOACTBA 3TOT NPUHIHKII, KaK IIPaBUIIO,
BBITIOJTHAETCS.

4.2. O0mas XapaKTEePUCTUKA METOJ0B MOBbLINICHU S
HaaéxkHOCTH PDY

Bce Metonsl moBbIIeHUS Han€XKHOCTH PDY MOXHO yCIOBHO pas-
OUTh HaA JABE TPYNNbl METOJOB: CXEMOTEXHHMYECKHE MU KOHCTPYKTOPCKO-
TEXHOJOTUYECKHUE.

OCHOBHBIE METOABI IEPBOU TPYMMBbL:

1. Bpibop 9AE€KTpUUECKUX MPUHIUMNHUAIBHBIX CXEM, COAEpPKaluX
MHUHHUMAJIbHOE YUCJIO JJIEMEHTOB.
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2. BpiOop »7eKTpUYECKUX MPUHUUNHUAIBHBIX CXE€M, BBIXOJHBIE Xa-
PAKTEPUCTUKU KOTOPBIX cIab0 3aBUCIAT OT U3MEHEHUsS HANPSKEHUs MUTa-
HUS ¥ pa30poca mapaMeTpoOB BJIEMEHTOB.

OTO MO3BOJIAET B 3HAYUTEJIbHOW CTENEHH MOBBICUTH MapaMeTpuyue-
CKYI0 Ha€KHOCTh, T.€. CBECTH K MUHUMYMY ITOCTEIIEHHBIE OTKa3Hbl.

3. BbiOOp 27€KTpUUYECKUX NPUHIUNHUAIBHBIX CXE€M, YCTOWYHMBBIX K
BO3/JCUCTBUIO NE€CTA0OMIU3UPYIOUIUX PAKTOPOB, OCOOEHHO TEMMOEpPaTypHhI.

Cpenu MeTOonOB BTOPOH rpynmnbl HEOOXOOAUMO OTMETHUTH CIEAYIO-
mue:

1. IIpaBunbHBIA BBIOOP KOIPPHUIHUEHTOB BIEKTPUUECKOW HArpy3KHU
3JIEMEHTOB. 3aMEUY€HO, 4YTO JAJs OOJBIIMHCTBA 3JIEMEHTOB ONTHUMAJIbHbIE
3HAYEHUSA KOAIPPHUUUEHTOB BJIEKTPUUYECKOW HArpy3ku OJM3KH K 4YHUCIaAM
0,3...0,6. Ix cHM)XEHHE MOBBIMAET HAJEXKHOCTH DJIEMEHTOB, OJHAKO Be-
JeT, KaK NpaBUJIo, K YBEJIUUYEHHUIO MacChl, rabapuToB, CTOUMOCTH yCTPOU-
ctBa. Kpome Toro, upesmepHoe yMeHbIIEHHE KOIPPHUIUEHTOB IIEKTPU-
YeCKOW Harpy3KH MOXET BbI3BaThb HeCTaOMJIbHYIO paboTy psjaa 3JIeMeH-
TOB, B YaCTHOCTH MOJYHIPOBOJHUKOBBIX MPUOOPOB.

2.016pakoBKa MOTEHUUATbHO HEHAAEXKHBIX 3JEMEHTOB B YCIIOBHUAX
npousBoactsa POVY. Mcnonb3yrT Kak 3JEKTPOTEPMOTPEHUPOBKY, TaK M
METOAbl HHAUBUYAJIbHOTO NPOTHO3UPOBAHUS HANEKHOCTHU IIEMEHTOB.

3.3amura 3nemMeHToB POV oT Bo3aeiicTBUS GakTOPOB OKpYyX awlieh
cpenabl.

OcoOyo rpynny MeTOJ0B COCTAaBJSIET MOBBIIMICHUE HAAEKHOCTU M-
TEM pE3E€pPBUPOBAHUA.

[TogpoOHOE paccMOTpeHHE METOJJOB MOBHIIICHUS HaaéxHOocTU POY
ABJISIETCS MPEIMETOM pacCMOTPEHUSA pa3aena 5.

I[Ipyu u3y4yeHUM METOJOB MOBBIMIEHUA HAAEXKHOCTU DIEMEHTOB U
POV 4guratens MoXeT Takke Mcmolb3oBaTh pabots [1, 3, 10, 11].

B nanHoM pa3zgene paccMaTpuBaeTCa pe3€pPBHPOBAHUE, €r0 BUIBI U
METOJbl OIIEHKH IOKa3zaTenel Oe30TKAa3HOCTH YCTPOWCTB NPHU HAJIUUYUHU
pe3epBUPOBAHMUA.

4.3. O0mast XapaKkTepuCTUKA pe3epPBUPOBAHUSA

PeszepBupoBaHue — 3TO BBEJAECHUE B CTPYKTYPY YCTPOUCTBA NOMOJHHU-
TEJHLHOTO YHuCJia 3JEMEHTOB, Lened u (uiau) GyHKIUMOHAIBHBIX CBS3€ MO
CPaBHEHHUIO C MUHUMaJIbHO HEOOXOIUMBIMHU JJisi GYHKIMOHUPOBAHUS YCT-
poiictBa. llenp pe3epBUpPOBaHUA — MOBBIIIEHUE HAAEKHOCTH YCTPOUCTBA.

B 3aBucumocTH OT TOro, Kak MOJKJIIOYAKTCS PE3CPBHBIE DJIEMEHTHI
B CJyuYae OTKa3a OCHOBHBIX, Pa3JMYAT CJEAYIOLUINE BUABI Pe3E€pPBUPOBa-
HUSA:



1) noctosiHHOE;
2) 3aMelIeHUEM;
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3) ckoub3smiee (MOXET paccMaTpUBAThCAd KaK YaCTHBIM ciaydail pe-

Puc.4.1. CxemaTnueckoe
u300paxeHue pe3epBUPOBAHUA
3aMeleHHeM:

(m-1) — KOTH4YeCTBO pe3epBHBIX
3J1eMEHTOB

3€pBUPOBAHUSA 3aMEUICHUEM ).

[Ipy MOCTOSSHHOM pe3epBUPOBAHUU
pe3epBHBIE HBJIEMEHTHl MOCTOSHHO TOJ-
KJIOUYEHbl K OCHOBHBIM U HaxOJsTCS B
OIMHAKOBOM C HHUMH DICKTPUUYECKOM
pexume. JlemeHue 3JEMEHTOB HAa OCHOB-
Hbl€ U PE3EPBHBIE HOCHUT 3/1€Ch YyCJIOB-
HBIM XapakTep.

[Ipu pe3epBUpPOBAHUU 3aMEIIEHUEM
OCHOBHOW 3J€MEHT B CJyyae €ro oTkKasza
OTKJIFOUAETCS OT BJIEKTPUUYECKOU CXEMBI,
OOBIYHO KaK MO BBIXOJY, TaK W MO BXO-

1y, ¥ BMECTO HEro MOJKJIIYAaeTCS OJUH U3 PE3CPBHBIX DJIIEMEHTOB.

[lepeknodeHNE MOXKET BBIMOJHATHCS OO0 aBTOMATHUYECKU C TTOMO-
MbI0 MEPEKIIOYAKIINUX YCTPOUCTB, JU00 BPYUYHYIO. Y CIOBHO pPE3EpPBUPO-
BaHHWE 3aMEIleHHEeM H300pa)kaeTcs OJHUM U3 CMOCOOOB, yKa3aHHBIX Ha

puc.4.1.

Ckonb3smee pe3epBUPOBAHUE — ITO PE3E€PBUPOBAHUE 3aMEIICHUEM,
Opu KOTOPOM JI0OON pe3epBHBIN 3JIEMEHT MOXET 3aMellaTh J00H oc-
HOBHOM 3JIEMEHT. DTO BO3MOXHO JIMIIb IPU UX OJHOTHUIIHOCTH.

Puc.4.3. Pa3zgeabHoe
(mo31eMeHTHOE) pe3epBUPOBaAHME

[Ipyu paccMOTpeHUU pE3EpPBU-
poBaHusg 1oja cloBoM "siaemMeHT"
cienyeT NOHMMAaTh KaK KOMIIJEK-
TYWOIMHA DBJIEMEHT, TaK H KacKas,
bYyHKIIMOHANBHBIN y3€J, OJIOK U T.I.,
uMesi B BHJy, UTO pe€3epBUpPOBAHUE
MOJKET BBIMOJHSITHCA HAa YPOBHE pa3-
nu4uHbIX yacten POC.

B 3aBucumocTtH OT TOro, Kakas
yacth POC pesepBupyercs, pasiu-
yaoT obmee (puc.4.2) u pasaenbHOE
(monJIeMeHTHOE) pe3epBUpOBaHUE
(puc.4.3).

[Ipu o6meM pe3epBUPOBAHUH
pE3ePBUPYETCS YCTPOMCTBO B I[EJIOM.
IIpu pa3aeibHOM pe3epBUPOBAHUU
POV pesepBupyercs mo 4actsm.
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4.4. XapaKTepMCTmca MNOCTOSTHHOIO PE3CPBUPOBAHUA

[Ipy MOCTOSIHHOM pe3epBUPOBAHUM JEJIECHHE DJIEMEHTOB HAa OCHOB-
HbI€ U pE3E€pPBHBIE HOCUT YCIOBHBIM XapakTep. PasznuuaroT ciuenyroiue
CHOCOOBl COEAMHEHUS PIEMEHTOB PE3ePBUPYEMOro y3ia:
1. [Tapannensusiii (puc.4.4).

—]— F—7 o
Takoii cmoco0 CcoOeOIMHEHHS
—
M IeMEHTOR UCIOJIB3YyETCsI B ciydae npeobia-
naHus OTKa30B Thma "oOpwiB" (Ha-
P npuMep, AJs1 PE3UCTOPOB).

Puc.4.4.IlapannenbHblii cnocod
COeIMHEHH s 3JIeMEeHTOB

pe3epBUPYEMOro y3Ja (puc.4.5).
OToT cnoco0 TNpUMEHsETCs

| | | | | | TOorjga, Korjga mpeo0iaamgarT OTKa3bl
N N N Tuma "KOpOTKoe 3aMbikaHue" (Ha-
Puc.4.5. llocaenoBaTeJbHBIH CIIOCO00 npuMep, s KOHI[eHcaTOpOB).
COCIUHCHHUA DJIEMEHTOB 3 CMGIHaHHblfx'I (pI/IC 4 6)
pe3epBUpyeMoOro y3sia .
Takoit cnoco®d mnpuMeHsercs
TOorjga, Korja oTka3sl Tuma "oOpsiB"
U TUmna "KOPOTKOE€ 3aMblKaHUE" NpPUMEPHO PABHOBEPOSITHBI, HAaNPHUMED,
JUISL TIOJIYTIPOBOJTHUKOBBIX JUOJOB.
Ha npaktuke paccmar- 6
a N N N N
puBaeMoe TOCTOSIHHOE pe- Pt Pt Dt A
3€pBUPOBAHUE HCIOJIB3YIOT — — — —
TOorjga, Korjga MeExXIy KaKH- B N N N

MHU-TO TOYKaAMH DJIECKTpHUUEC-

CKOM CXeMBI HEOOXOJIHUMO Puc.4.6. lipumepbl CMEIIAHHOTO COEIMHEHU S
3J1eMEHTOB pe3epBHUPYEMOro y3Jja:

a) - mocjeaoBaTe/IbHO-NapaJljieJibHasl cxeMa;

0) — mapajyejbHO-NOCJEA0BATEJbHAA CXeMa

2 IlocnenoBarenbHBIN

o0ecrnmeyuTh HajlU4yMe oOIpe-
JNeJIEHHBIX CBOMCTB (pe3u-
CTUBHBIX, EMKOCTHBIX, IIOJIY-
NpOBOJSIINX, YCUJIUTEIbHBIX U T.A.), a KOJHUYECTBEHHOE 3HAuYeHHE Xa-
PAKTEpPUCTUKHU, ONMUCHIBAIOIIENH J3TH CBOWCTBA, HE UI'paeT NPHUHIUINHUAIb-
HOM pPOJIH.

OCHOBHBIMU JOCTOMHCTBAMHU NOCTOSSHHOTO pE3€pPBUPOBAHUS SBJIA-
I0TCA: MPOCTOTA TEXHUYECKOM peanu3anus U OTCYTCTBHE JaXe KpaTKo-
BPEMEHHOIO IepepbiBa B paboTe B ciydae OTKa3a 3JEMEHTOB pE3E€pBU-
pyeMoro ysiaa. 9To OCOOEHHO Ba)XHO JJIs BBIUMUCIUTEIbHOW TEXHUKHU U
ycTpoucTB uuppoBoil 00paboTKM MHPOPMALUH.

OCHOBHBIE HELOCTATKHU MOCTOSAHHOTO PE€3€PBUPOBAHHUA:

1) MEHbIIUNA BBHIUTPHINI B HAAEKHOCTU MO CPABHEHUIO C PE3EPBUPO-
BAaHHUEM 3aMEUICHUEM;

2) U3MEHEHHUE DIJIEKTPUUYECKOTO pexXuma paboThl 3JIEMEHTOB pe3ep-
BUPYEMOTO y3Ja MPHU OTKa3e XOTS Obl OJTHOTO M3 3JIEMEHTOB;
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3) oTKa3 pe3epBUPYEMOro y3Jja B LEJIOM IPU 3aMbIKAHUHU OJHOTO U3
3JIEMEHTOB B cjydae HapajljleJIbHOTO crnocoba coeJUHEHHS 3JIEMEHTOB B
y3Je;

4) oTKa3 pe3epBUPYEMOTO y3Jia B I[€JIOM NMPU OOpbIBE OJHOTO U3
3JIEMEHTOB B CJyYae MOCJIEJ0BATEIbHOIO0 COEJUHEHUS 3JIEMEHTOB B y3J€.

PaccMaTpuBaeMoe NOCTOSSHHOE PE3€pPBHPOBAHME HAa NPaKTHUKE OOBIY-
HO BBINIOJHSAETCSA HAa YPOBHE KOMIJIEKTYIOIMIUX 3JIEMEHTOB U KacKaJl0B.

4.5. OuneHka nmoka3zareJjed 0€30TKA3HOCTH YyCTPOHCTBA
NPH HAJUYMYU NMOCTOSTHHOTO Pe3ePBUPOBAHUS

Ananu3 6€30TKa3HOCTH BBHITOJHSIOT, OCHOBBIBASICh HA TOM, YTO JJIf
KaXJO0ro 3JIEMEHTa PEe3epPBUPYEMOT0 y3Jia CIPaBEIJIUBO BbIpAKEHUE

p+q,+q.=1, (4.1)

rjie p — BEpOSITHOCTH 0€30TKa3HOM paboOTHI;
do — BEPOATHOCTh OTKa3a Tumna “oOpsIB”;
qx; — BEPOATHOCTh OTKa3a THUMNA “KOPOTKOE 3aMbIKaHHE .

HpennonaraeTc;I, 4YTO BCPOATHOCTH P, (¢, (xs, COOTBCTCTBYIOIIHC
QJICMCHTY, HNOACUYUTBIBAKOTCA AJA OOJHOI'O M TOI'O XKC 3aJaHHOI'O BPCMCHHU
t3, T. €.

P=pt,); 4,=49,(1,); 4 =qu(t,).

Bripaxenue (4.1) o3HagaeTr, 4TOo B JIOOOW MOMEHT BpPEMEHH JJie-
MEHT Ju00 HCHpaBeH, MO0 UMEeT OTKa3 THma “o0phIB”, UM OTKa3 TUIA
“KOpOTKO€ 3aMblKaHME”. YKa3aHHBIE TPU COCTOSHUS SBISIOTCS HECOBME-
CTHBIMHM U 00pa3yroT MOJIHYIO Ipynny coObITUH.

[Tokaxem mpuém ananuza 0€30TKa3HOCTHM Ha MpUMEpE Mmapaljelib-
HOro cmnocoba CcoOeIMHEHHUSA [JIBYyX DJJIEMEHTOB pe3epBUPYEMOro y3ja
(puc.4.7).

bynem mnpeamonarath, 4YTO 3JIEMEHTHI
1 pE3E€PBUPYEMOrO y3Ja HMIACHTUYHBI U HMEKOT
—9—:|—'— XapaKTEPUCTUKHU P, o, (xs-
PaccMoTrpuM cocTosiHUSI, OJaromnpusT-
IZ_L CTByMOIIHE 0€30TKa3HOUW paboTe I3TOro pesep-
— BUPYEMOTO y3ia. Bcero coctosuuili pesepBu-
Puc.4.7. llapaiienabHoe 2_
COCAMHCHHE 2IEMEHTOB pyemoro y3ia naeBaTh (3°=9), tak kak »3ie-
MEHT UMEET TPU COCTOSHHUS, & BCETr0 IJIEMEH-
ToB ABa (cMm. puc.4.7). U3 neBsATH COCTOSHUN OIaronpusITCTBYHOIIUMU
06e30Tka3HOM paboTe y37a B 1eJdoM OyayT auib Tpu (Tabdn.4.1).
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Tabnuna 4.1
CocTossHUA pe3epBUPYEMOTrO y3ia,
OMaronmpusITCTBYIONIHUE ero 0€30TKa3HOU paboTe

Homep cocTtosaHus DneMmeHT | DIEeMEHT 2
1 p p
2 p 9o
3 o p

B Ta61.4.1 3HaKkOM p 0003HAYEHO HMCIPABHOE COCTOSHHUE DJIEMEHTA,
3HAKOM ¢,— COCTOSIHHE, COOTBETCTBYIONIEE OTKa3y TUma “o0pbIB”.

Tak kak yka3aHHBIE COCTOSHUS SIBJISIOTCS HECOBMECTHBIMH, TO BE-
POSITHOCTH 0€30TKa3HOU pabOThl pe3epBUPYEMOTO y3Jia B LEIOM MOXET
OBITH MOJICUYUTAHA KaK CyMMa BEPOSITHOCTEH 3TUX COCTOSHUM, T.C.

PP(t,)= pp+ pq, +q4,p = p° +2pq,. (4.2)

Ecnun nanee paccmaTpuBaTh B COCTAaBE pPE3€pPBUPYEMOTO y3jia TpH,
YeThIpE U T.J. DJIEMEHTOB, TO MOXXHO MPUUTH K hopmysie BUIa

m —1 . .
map _ m—j o om=j ]
A, )= X Cp” g, (4.3)
ji=0
rae m — oOIIee 4MCIO 2JIEMEHTOB PEe3EepPBUPYEMOTO y3Ia;
C'"/ — O6uHoMuHaJIbHBIE KO3pduuueHTs ¢opmynsl HeioToHa (KO-

sbdunuents 6uHOMa HproTOHA).
OTu K03PPUIUEHTH MOTYT OBITHh BBIUUCIECHBI MO GOpMYyJie
_ m !
cnl= . (4.4)
(m — j)tj!

Cnenyet 3HaTh, 4TO

m-=j _ J
C, =C,,

m

nostomy B ¢opmyne (4.3) BenuunHa C,/ MOXeT OBITH 3aMEHEHA Ha Be-
nmuuuny CJ.

[Ipu ucnonb3zoBanuu Gopmyinsl (4.4) Hy)KHO MOMHUTH, 4T0 0!=1.

B cnyyae mocnenoBaTenbHOTO cnoco0a COCTUHEHUs 3JIIEMEHTOB pe-

3epBUpyeMoro ysia ¢opmyna s moicuyéra BEpOSITHOCTH O0€30TKa3HOM
paboThl pe3epPBUPYEMOTO y3j71a NPUMET BU]L

m—1 . R
) ="x Ot g (4.5)
j=0
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HeTtpynuno yBuaers, uto dopmyina (4.5) monydaercsa u3 GopMyIbl
(4.3) nyTém 3aMEHBI BEPOATHOCTH ¢y HA BEPOSITHOCTD (y;.

[Ipu cmemaHHOM crocobe COCAUHEHHS DIIEMEHTOB PE3EPBUPYEMOTO
y3Ja aHaiau3 0€30TKAa3HOCTU 3aBUCHT OT KOHKPETHOW CXEMBI COCIMHCHUS

% 12 DIIEMCHTOB.
IToxakeM, KaK BBIIIOJHATH aHalIn3 0€30T-
Dl Ka3HOCTU Ha NpPHUMEpPE CMEIIaHHOTO crnocoba
coeMHeHUs 2eMeHTOB (puc.4.8).
—@ 1; V4 bynem mpeamonaraTts, 4TO IHUOABI pe3ep-
BUPYEMOIO Yy3Jia OJIMHAKOBBI M HUMEKT Clie-
Dl NVIOIMIUE 3HAYEHUSA XAPAKTCPUCTHUK P, (o (xs
. JI1 BpEMEHHU £,:
Puc. 4.8 CmemaHHbIi A b 3 — =08
crnocod coeqnHeHHe THOI0B p(t;)=p=0.8;
pe3epBHPYEMOro y3Jia —0.=0.1-
(mocjie10BATEAbHO- qo (1:)= 4o=0,1;
nmapajajgeJdbHasa cxemMa — _
P ) QKs (tr«;)_ CIK3_O:1-

PaccmatpuBas cxemy coeluMHEHUA NUON0B (cM. puc. 4.8), MOXKHO
YBUIE€Th, UTO JIBE MOCJIEAOBATEIbHbIEC IEMNOYKU COCUHEHBI MEXYy COOOH
napajjieabHO, OTCHJAa W  Ha3BaHHE  CXEMBI: IMOCJIEJOBATEIbHO-
napajjeiabHas.

B nutepatype [6] omucwkiBaeTcda NpUEM aHajiW3a, OCHOBAHHBIM Ha
PacCMOTPEHUU COCTOSIHUM pe3epBUPYEMOTroO y3ia. Tak, B JAHHOM NpUME-
pe y3en 6ymer umeth 3'=81 cocTosiHHe, HOO KaKABIH JUOJ MOXKET HPHU-
HSITh OJJHO U3 TPEX COCTOSIHHUN, a B y3JI€ COCJAUHEHO YEThIPE dIEMEHTA.

Ho u3 81 coctosinus 0e30Tka3HON paboTe y3na B LeJoM Oiarompu-
SATCTBYIOT TOJBKO 39 [6]. [To3TOMY MOXHO yKa3aTh 3TH COCTOSIHUS, a 3a-
TE€M BEPOSATHOCTb 0€30TKAa3HOW paboOThHl y3Jla HAMTU KaK CYMMY UX BEpO-
aTHOCTeW. OMHAKO TaKOW MYyTh AJIUHHBIN, JTETKO AOMNYCTUTh HETOUYHOCTD.
[ToaToMy mpennaraercs npyroi, 6osee panuoHalbHBINA, CIIOCOO.

CyTp ero coctout B cleAywmeM. BHavane Ouoabl mocCiaeI0BaTENb-
HOW II€MOYKU CBOPAYMBAIOTCA B OJUH dKBHUBAaJEHTHHINH (puc.4.9), npuuém
OH OyJZIeT UMETh CBOU XapPaKTEPUCTUKH, @ UMEHHO P,, o 5. Jxs »-

[IpennmonoxuM, 4YTO MOKa3zaTelu OE30TKA3HOCTU HSKBUBAJEHTHOTO

OUONA Py, Go » {Gxs » KaKUM-JIHOO

4% oOpa3zom HalgeHbl. Torma 3agaya ompe-

D' Vo> V1 12 JEJIIEHUsI  BEPOSITHOCTH  O€30TKa3HOU

-9 &— ’ paboThl UCXOAHOTO y3Ja (CM. puC. 4.82
V23— V1, 12 CBOJAUTCS K paHee pacCMOTPEHHOMU

Dl 3ajjaye — mapajjiebHOMY COCIMHEHUIO
3IIEMEHTOB pPE3EPBHPYEMOTO y3ha (CM.

Puc. 4.9. CeepTra 1nonos puc. 4.9). [IlpuMeHUM H3JI0KECHHBIN

nmocjaeaoBaTeJbHbIX HEIMMOYEK

o nm$oaxo K accMaTpuBacMomM IIpuMe
B JDKBHMBAJEHTHBIH JHO AXON p p y 1p Py

(cM. puc.4.8).
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[Ipumensiss popmyny (4.5) ans ciaydas ABYX IMOCIEIOBATEIbHO CO-
€IUHEHHBIX 2JIE€MEHTOB, HalleM BEpOSTHOCTh 0€30TKa3HON pabOTHl IKBU-
BaJeHTHOro auoaa. [lomyuum

p =p>+2pq., =08 +2-0,8-0,1=0,8.

Hanee onpeaenum Uisd SKBUBAJIEHTHOIO AMONA XapAKTEPUCTUKHU ¢, »,
qxs »- HETPYIHO YCTAaHOBHUTH, YTO [IJSI MOCJIENOBATEIBHOTO COECIMHEHUS
TOJIBKO OJHO COCTOSHUE ONarompusiTCTBYEeT OTKa3y IEMNOYKU IO THITY
“KOpOTKOE 3aMblKaHHE”, a UMEHHO — OTKa3 JaHHOTO THUla 000UX JUOJIOB
ocJie10BaTeabHON nenouku. [ToaTtomy

Qs 5> = Y9xs "9z = %33 :Oglz :0,0l.

3HaYeHUE XapaKTEPUCTHUKH ¢,, HAWJEM, MOJb3YSACh COOTHOUICHUEM
(4.1). [Tonyuum

o, =1-(p, +q.,)=1-(0,8+0,01)=0,19.

OKoHYaTeNbHO BEPOSATHOCTH 0€30TKa3HOW pabOThl BCEro pe3epBHU-
pyemoro y3iaa (cMm. puc.4.8) onpeaenum, nmoiab3ysich puc. 4.9 u hpopmynou
(4.3), nnu ee peanuszanuen (4.2) ans ciayyas ABYX NapalijelIbHO COEIU-
HEHHBIX 2JIEMEHTOB.

_ (map) 2 2 _ 2 . . —
P)=P"™ )=pl+2plq, =08 +2-08-0,19 =0944.

€] €]

B ciayuae COCJAMHECHUS PJIEMEHTOB no napamieabHO-
MOCJIEIOBATEIbHON CXeMe BBIMOJHACTCA CBEpPTKAa B DKBUBAJCHTHBIN dJe-
MEHT IE€MOYEK U3 MapajjieIbHOTO COCJUHEHHBIX 2J1eMEeHTOB (puc.4.10).
Ananu3 O0€30TKAa3HOCTH B

V1 V2 Vi, V2,
D' {>| D| D|_ 3TOM CJly4ae AaHaJOTHU4Y€H BbI-
IePACCMOTPEHHOMY MPUMEPY.
—e o— V15—V, 12 3akaHuuBas  paccMoTpe-
V3 V4 HUEe aHaiau3a 0€30TKa3HOCTH
D' D' V2,—>V3,V4  yCTPOMCTB MPU HAJUYUH TOCTO-

SHHOTO pe3epBUPOBAHUI, 3aMe-
THUM, 4YTO IPHU TAKOM pPE3EpPBU-
pOBAaHUU  XapakTep  OTKa30B
3JIEMEHTOB HUIPAET NPUHIUNU-
AJIbHYIO POJIb C TOYKH 3peHUA 0€30TKA3HOCTH YCTPOMCTB B I[EJIOM U 005-
3aTEJIbHO JAOJIKEH NPUHUMATHCSA BO BHUMAHHE.

Puc.4.10. IlapaanenbHo-nocjie0oBaTeIbHas cxeMa
coeUHEeHUsI 3JIEeMEeHTOB pe3epBHPYeMOro y3Ja u ee
CBepTKa
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4.6. XapakTepUCTHKA Pe3¢ePBUPOBAHUA 3aMellleHUEM

IIpu pe3epBUpOBaAHUM 3aMEUIEHUEM OCHOBHOM 3JIEMEHT B Clyyae
€ro 0TKa3a OTKJIIYaeTCcsd OT 3JIEKTPUUYECKON CXEeMbl, © BMECTO HEro MoJ-
KJII0YaeTcs OJUH U3 PE3EPBHBIX 3JEMEHTOB. s MOAKIOYEHUS pPE3EPB-
HOTO 3JIEMEHTAa HMCIOJIb3YETCs NMepeKyarumee yctpoidcTtBo. Takue ycT-
poiicTBa MOryt paboTarb B aBTOMAaTHYECKOM pexuMe JuO0 OBITh pyU-
HBIMH.

OCHOBHOW XapaKTEPUCTUKON pe3epBUPOBAHUS 3aMEIICHUEM SIBISET-
Ccsl KpaTKocTh pe3epBa [1, 2], BeIpakaemas HECOKpalleHHOW ApoObI0 U
onpeneynseMas OTHOIIEHUEM

r
R=—, (4.6)
n
rae 7 — KOJIMYECTBO PE3CPBHBIX 3JIEMEHTOB, CHOCOOHBIX 3aMeniaTh OC-
HOBHBIE 3JIEMEHTHI JaHHOTO TUNOA; r= m — n (cM. puc.4.2);

n — KOJUYECTBO OCHOBHBIX JJIEMEHTOB, PE3€PBUPYEMBIX PE3E€PBHBIMHU
DIIEMEHTaMU.

I[Ipumeprl OLIEHKHN KPAaTHOCTHU pe3epBa NOHATHBI U3 puc.4.11.

OCHOBHOI OCHOBHEIE
JJIEMEHT DJIEMEHTEL
A A A A
A A A A PesepBubie
3JIEMEHTHI
k=3:2
PesepBHbIE A A
3JIEMEHTHI
k=2:1

Puc.4.11. llpumepsl OeHKH KPATHOCTH pe3epBa

N3 puc.4.11 Buguo, 4to ApoOb, ONMUCHIBAIONYIO KPAaTHOCTh pe3epBa,
HEJIb3s COKpalaTh, TaK Kak OyJaeT moTepsHa mHbopMamus O XapaKTepu-
CTUKaX pe3epBUPOBAHUS.

PesepBupoBaHHEe ¢ KPAaTHOCTHIO pe3epBa OJUH K OJHOMY Ha3bIBAIOT
NyOIUpOBAHUEM.
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[Ipu pe3epBUpPOBAHUM 3aMEIIEHUEM PE3E€pPBHBIEC 3JIEMEHTHI 10 BCTYI-
JeHus UX B paboOTy MOTYT Haxo-
AUTHCS B OJHOM U3 TPEX PEXKHUMOB
HarpyXKeHHUA:
a) B Harpy>X€HHOM peXHMe.
T[ B sTom cinydyae roBopsT o Harpy-
0, KEHHOM pe€3epBE HIHU “ropsadyem’
Wpes(?) 1] pe3epBUpPOBaHUM. 3I€Ch pE3EPB
HAXOJHUTCS B TaKOM JKe& DJJIEKTpPHU-
T[ YeCKOM peXHMMe, KaK U OCHOBHOM
6 WO(tS)‘ _ 3JIIEMEHT, U €ro pecypc BbIpada-
111 TBIBAETCS OJHOBPEMEHHO C pe-
CypcOM OCHOBHOIO 3JIEMEHTA,
TOYHO TaK €, KaK M MPH MOCTO-
T t SHHOM pe3epBUPOBAHUU

L

W()(t) / e d

v

v

a
\
~

v

0

Wpe?,(t) A

- (puc.4.12,a);
,ﬂll ﬂ 0) B 00JEry€HHOM pEeXKUME.

0 B stom canywyae roBopsaT 00 00-
wo(?) 4 A JEer4€HHOM pE3epBE€ HUIM ‘Tel-
nom” pesepBupoBaHHU. Pecypc
pE3EpPBHBIX 3JEMEHTOB HAa4YHMHAET

pacxoaoBaTbCAd C MOMCHTA BKIIO-

v

v

Wpe3(f§)‘ ' _ ! YeHHs BCEro ycTpolicTBa B pabo-
1T Ty, OOJHAKO HWHTECHCHUBHOCTH pac-
HTIT R XoJga pecypca Ppe3epBHBIX Ddlie-
0 T 't MEHTOB JO0 MOMEHTa BKJIIOYCHUS
Puc.4.12. TL10THOCTE pacnpeieienus Bpemenn WX BMECTO OTKa3aBIIHUX (BpeMs 7)
0e30TKa3HOI padoTHI pe3epBUPYeEMOii 3HAYHUTEJIbHO HHI)KE, YeM B OOBIU-
annaparypel: HBIX pabouux YCIOBHAX

a — Harpy:KeHHbI pe3epB; (puc.4.12,6).

0 — 00J1erYeHHBI pe3epB;

N B) B HEHArpy>X€HHOM pEXHU-
6 — HEHATPYKeHHbIH pe3epB

Me. B aToM cimydae roBopsaT o He-
HAarpy’>X€HHOM pE€3epBE HUIM “XOJOIHOM pe3epBHpoBaHUU. IIpu sTOM ycC-
JOBUSA, B KOTOPBIX HAaXOJHUTCS pPE3EpPB, HACTOJBKO Jierdye paboyux, 4YTO
NPAKTHYECKNA PE3EPBHBIE JIEMEHTHl HAUYMHAKT PacxXoJ0BaTh CBOU pecypc
TOJABKO C MOMEHTa BKJIIOUYEHHUS HUX B paboTy BMECTO OTKa3aBUIUX
(puc.4.12,8).

OCHOBHBIE JOCTOMHCTBA PE€3E€PBUPOBAHUSA 3aMEIICHUEM:

1) OonpmIUil BHIUTPHIII B HAAEKHOCTU MO CPABHEHHUIO C MOCTOSHHBIM
pe3epBUpOBaHMEM (B cilydasiX HEHArpy>K€HHOTo M OOJIErYeHHOTO pe3ep-
Ba);

2) OTCYyTCTBHE HEOOXOOUMOCTH JAONOJHHUTEIbHOW pPEryJIHpPOBKH B
Clly4ae 3aMElleHUs OCHOBHOTO JJIEMEHTA PE3€pPBHBIM, TaK KaK OCHOBHOM
Y pE€3E€PBHBIN DJIEMEHTHl OJUHAKOBBHI.
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OCHOBHBIC HEJIOCTATKH PE3ECPBUPOBAHUS 3aMEIICHUEM:

l) cnoXHOCTh TEXHUYECKOW peanu3aluu U CBSI3aHHOE C 3TUM YBeE-
JUYEeHUEe MacChl, rabapuTOB U CTOUMOCTH BCero pe3eppupyemoro POV,

2) nmepepsiB B paboTe B cayyae 3aMEIlleHUs OTKa3aBUIET0 3JEMEHTA;

3) HeoOXOIMMOCTh HMMETh MEPEKIYalIlee YCTPOUCTBO BBICOKOH
HaaéxHocTU. [ns oOecmedyeHUs 3TOTO HMHOTJA MPUXOAUTCA PE3EPBUPO-
BaTh CAMM MEPEKI0YAOINE YCTPONUCTBA, OOBIYHO UCTOJB3YS MOCTOSIHHOE
pe3epBupoBanue. Ha mpakTuke cyuTaeTcs, 4TO HAAEXKHOCTH MEPEKIIIO-
Yamuiero ycTpocTBa A0JKHa ObITh, IO MEHBIIEH Mepe, Ha MOPAAOK BbI-
me HaJ€XHOCTU PEe3ePBUPYEMOTO dJIEMEHTA.

4.7. Ananu3 0e3orkasHocTtu PIY npu Haauuuu
pe3epBUPOBAHUA 3aMellleHUEeM (HATPYXKEHHBIN pe3epB)

I[Ipu ananuse caeayer MMeThb B BHUJAY, UTO XapakTep OTKa30OB dJe-
MEHTOB IIPU PE3CPBUPOBAHUMU 3aMELUICHUEM HE UTPAET HUKAKOU POJIH, TAK
KaK OTKAa3aBUIUW 3JIEMEHT OTKJIIOYAETCH OT JJIEKTPUUYECKOU CXEMBI U BME-
CTO HErO MOJKJKYAeTCs UCIIPABHBIN.

MeTonbl aHanu3a 0€30TKA3HOCTH 3aBUCAT OT TOTO, B KAKOM pPEXKUME
HATpy>XeHHUs HaxoauTcs pe3epB. PaccMoTpuM nmpuémbl aHanu3a 0€30TKa3-
HOCTH YCTPOWCTB B ClIly4ya€e Harpy»Xe€HHOTO pe3epBa, NPOUIITHOCTPUPOBAB
MX HA NpuMepe.

IIpumep 4.1. Ilyctp cxema (Moaesib) pacuéTa HaAEKHOCTU UMEET
BUJ, MOKa3aHHBIN Ha puc.4.13.

By,ZLGM cduTarb, 4YTO OC-

A B C o
T 2N /Ei: HOBHOM M pE3C€PBHBIC 3JICMECHTHI
/ " H H 7 b OJMHAKOBBI, a DJIEMEHT 4 UMeeT
\ (4
'IL| |—*\ = l"+—|__L|—*.-] MUHUMaIbHYI0 (PYHKIIMOHAJBbHO
I r
'\ ) ~__.~ [’ HeoOXomammylo CTpPyKTypy, T.e.
d \Lil_*,’ DKBHUBAJIEHTEH I€NOYKE, IOKa-
N o
N D 3aHHOU Ha puc. 4.14.
A ."—\‘. A [Ipeanomoxum, 4YTO AJA
Y b 3aJJaHHOTO BpPEMEHU pPaboOThHI
- -

YCTPOUCTBA f3 U3BECTHBI BEPO-

Puc.4.13. Cxema pac4éra HafEKHOCTH SITHOCTH 0€30TKa3HO# paboThHI
sJIeMeHTOB 1, 2, 3:

1 2 3 pi(t,)=p, =0,6;
| — — -
p,(t,)=p, =0,95;

p(t;)=p;=08.

Puc. 4.14. CrpykTypa 32JeMeHTa 4
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Pemenne. 13 puc.4.13 BUAHO, 4YTO YCTPOUCTBO COCTOUT U3 y3ua A
(koTOophIi mpeAcTaBisieT COOON pe3epBUPYEMYIO CTPYKTYPY C KpaTHO-
CThIO pe3epBa JBa K OJHOMY), y3J1a B (Hepe3epBUpPYyEMBbIH 3JIEMEHT), y3Ja
C,(pe3epBupyemMas CTpPyKTypa C KPaTHOCThIO pe3€pBa OJAHH K OJHOMY) H
y3i1a D (pe3epBHBIN 3JEMEHT I yCTPOUCTBA B LIEJIOM).

1. Onpenenum BepoOSATHOCTh 0€30TKa3HOU pabOTHl deMeHTa 4, TOM-
HS, YTO C TOYKHM 3pEHHUS HaJIEXHOCTU OH COCTOMUT U3 TPEX MOCJeJO0Ba-
TEJIbHO COEJMHEHHBIX 3JIE€MEHTOB.

C wucnmonb30BaHMEM OCHOBHOTO pacué€THoro cooTHomeHus (3.1)
MOYHO OINpPEJIEJIUTh BEPOATHOCTh 0€30TKa3HOM paboThl seMeHTa 4:

Ps=D Py P3=0,6-095-0,8~0,46.

2. PaccmoTrpum y3en 4. Buauane ompenenum BEpPOSITHOCTH OTKasza
snemenTa 1. [Tonyuum

g, =1-p =1-0,6=0,4.

HeTrpynHo moHATH, 4TO OTKa3 y3ina 4 B LEJOM NPOU30UAET TOTAA,
KOTJIa OTKaXyT KaK OCHOBHOW JJEMEHT, TaK M JBa PE3€pBHBIX. BepoAr-
HOCTb 3TOTO COOBITUS MOJXKET OBITh MOJACUYUTAHA KaK

dn=9,¢,-q, =q; =04 =0,064.

3nech U Jajee CuuTaeM HaAEXHOCTh MEPEKII0YaAlUUX YCTPOUCTB
UJIeanbHON, T.€. Puepexn = 1. B cilydyae NpoM3BONBHOIO 4YMCIa PE3EPBHBIX
3JEMEHTOB 7 BEPOATHOCTH OTKa3a pe3EepBUPYEMOTO y3Jia MOJCUUTHIBAECTCS
no Gpopmyie

o+l
Qy - q

3. Paccmorpum y3en C. OnpenenuM BEpOSITHOCTh OTKa3a 3JIEMEHTa

THIIA 3:

gy =1-¢,=1-0,8=0,2.
I[Toncuutaem BEpOSITHOCTH OTKa3a y3aa C, MOJIy4uM
ge =q2" =¢3 =027 =0,04.

4. IlogcuutaeM BEPOSITHOCTh 0€30TKa3HON pabOTHI yCTpOMCTBA, CO-
cTosmero u3 y3noB A, B, C. BHauane onpenenum BepoOsITHOCTh 0€30TKa3-
HOUM paboOTHl KaXJOTO U3 HUX:



88

Pa=1—¢g, =1-0,064 =0,936;

gg = P, =0,95;
Pc=1—q-=1-0,04=0,96.

V3ner A, B, C ¢ TOYKH 3peHUS
A B C HaJNEKHOCTH COEJUHEHBl IMOCIeJ0Ba-
—_ 11 11— TenbpHO (puc.4.15).
CnenoBaTenbHO, HCHOJB3Yys OC-
HOBHOE€ pPAaCYETHOE COOTHOILIEHUE, HX
00y BEPOSITHOCTh 0€30TKa3HOU pabOTHl MOXHO ONPEIEIUTh KakK

Puc.4.15. Coenunenue y3uaoB A4, B, C

DPapc = Pa P Pc =0,936-0,95-0,96 ~0,85.

ABC 5. IlopcuutaemM BEpPOSATHOCTH OE30TKa3HOMU
—| 1 paboThl ycTpolicTBa B IesioM (¢ yuétoMm y3aa D).
V3en D pesepBupyetr y3ael A, B, C, 4yTo cXe-

L&l—* MaTH4YeCKH n300paxxeHo Ha puc.4.16.
HeTrpynHo mnoHsATH, 4TO OTKa3 yCTpOMCTBa B

Puc.4.16. Coennnenne
HEeJIOM HAacTyOUT IpPU OTKaze Kak CTpyKTtypbl ABC,

AB D
ysaop ABCu Tak u y3na D. CienoBateiabHO,
dv>y =49 usc "49p =9upc " 494 =
=(1=pypc) (I=p,)=
=(1-0,85)(1-0,46)=0,15-0,54 = 0,08.
Torpa

Ppyy =1—gpyy =1—-0,08=0,92.

3aMeTuM, 4TO B CJydae OTCYTCTBHA KakKoOro-aubo pe3epBUpPOBAHUSA

nanHoro POY BeposaTrHocTh 6e30TKa3HON paboThl Oblia Obl paBHA 3HaYe-
Huio 0,46.



