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Pa3nen 3. OHEHKA MOKA3ATEJIEM HAIEXKHOCTH
NMNPOEKTUPYEMBIX YCTPOMCTB

3.1.0ueHka nokas3arejied HaAéKHOCTH NPpoeKTHpPYyeMbIiX PIY
(OCHOBHBIC PACYETHBIC COOTHOIIEHMS)

OTH COOTHOIIEHUS MOJYy4YalOT B MPEANOJOKEHHUU, YTO IJIEMEHTHI B
POV ¢ Touku 3peHUSs HAOEXKHOCTHU
1 2 N COEIMHEHBI IOCIEN0BATENBHO
] || . | (puc.3.1). Kpome Toro, orkasbl 3lie-
MEHTOB CYHUTAIOTCS CIHYy4YaWHBIMU H
HE3aBUCHUMBIMU APYT OT Apyra. Torga
Puc.3.1. IlocaexoBaTenbHoe C yuéTOM NPHUHATHIX JONYIICHHUH Me-
c((;\fn_":s;:‘e{:cii‘ze;{;:;e':{:?‘g TOJaMU TEOpHUU BCpOHTH?CTCﬁ st
BEPOSTHOCTU 0O€30TKa3HOW, pPaboOTHI

yCTpOMWCTBA 3a BpEMS f3 MOXHO MOJYYUTH CIEAYIOIIEE BhIpaKeHUE:

N
1=
rae pi;(t3) — BEepOATHOCTU 0€30TKA3HOU pabOThHI PJIEMEHTOB, MOJACUYUTAH-
HbIE€ 175 3aJJaHHOTO BpEMEHH 3, 1 = 1,..., N.

N3 Beipaxkenus (3.1) BUAHO, 4TO IJs ONpeaeseHUss NMoKa3aTens Ha-
NEXHOCTU YCTpOWCTBAa HEOOXOAMMO pacmojaraTh JaHHBIMH O HaJEXHO-
CTH DJIEMEHTOB, BXOJSIIUX B YCTPOMCTBO.

B ciayyae skCmOHEHIMAJIbHOTO 3aKOHAa HAaJEXHOCTHU 3JEMEHTOB

pl-(tg):e_m, (3.2)

rae A; — mapaMeTp S3KCIOHEHIHMAJIbHOTO pachpelesieHus Ais [-ro 3Je-
MEHTa, YUCIEHHO PaBHBIA HHTEHCUBHOCTHU €ro OTKa30B.
I[ToncraBnsis BeipaxeHus Bunaa (3.2) B coorHomenue (3.1), nonyuum

N

s 2 3.3

P (1 )=e_/11t3 e e — sl (3:3)
3

N3 Beipaxenus (3.3) caeayeT, 4TO BEpOATHOCTh 0€30TKa3HOU pabo-
Thl YCTPOWCTBA MOXET OBITh ONpeAeseHa C HCIOJb30BAHUEM 3HAUYECHUU
UHTEHCUBHOCTEW OTKAa30B DJIEMEHTOB.

B BoipaxkeHnuu (3.3) BEIUYUHY
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Ha3bIBAIOT CYMMAapHOW MHTEHCUBHOCTHIO OTKA30B 3JIEMEHTOB YCTpPOMCTBA.

W3 Hero BMAHO, 4YTO 4yeM OONbIIE 3HAYECHHUE Ay, TEM HHXKE YPOBCHD
HaJE€KHOCTHU YCTPOMCTBA.

Bripaxenue Buna (3.1) Ha3bIBalOT OCHOBHBIM pacu4E€THBIM JIJIsl BEPO-
ATHOCTH 0€e30TKa3HON paboThl ycTpoiicTB. Bripaxkenue (3.3) — ananor
BeIpakeHus (3.1) npUMEHHUTEIbHO K DKCIOHEHIMAJIbHOMY 3aKOHY HalEX-
HOCTHU 3JIEMEHTOB.

g cpeaqHero BpeMEHHU BOCCTAHOBIIEHUS PaJUOBJIEKTPOHHOTO YyCT-
poHicTBa MOXKET OBITHh MOJYYEHO BBIpAXKECHUE

N
2.4,
_i=l
TB - N 9 (3.4)
2.4,
i=1
rae g;,— BEPOATHOCTH OTKa3a I-ro dJIEMEHTa, NMOJACYUTAHHAA IJId UHTEP-
BajJa BPECMCHHU [3;
T, — CpeJHee BpeMs BOCCTAHOBJICHUS [-TO dJEeMEHTa (3HaYEHHUS dTUX

BCJIMYMH MOXHO HalWTH B CIIPAaBOYHHUKAX JJISA Pa3IMYHBIX BUIOB
BJIEMEHTOB M KJaCCOB almapaTypbl, Mpui.4).
Ecnu nmpousBemaenue A; f3<<l, 9T0 0OBIYHO UMEET MECTO Ha MPaKTH-
K€, TO mocaeaHsas GopMyaa MOXET OBITh IPEJICTABICHA B BUJC

N N
t, AT DT
=l _i=l (3.5)
q;=q;(t,)~M; -t N N
1 13 1 3 t3zl;\‘l 217\‘1
i= i=

~

npu A, -1, <<1

B

Bripaxenue (3.5) sBasieTcss OCHOBHBIM pPacU€THBIM COOTHOLIEHHEM
ISl ONIpEJIEJICHUsS] CPEeJITHEr0 BPEMEHU BOCCTaHOBJIEeHUS POV,

3.2. OpUeHTUPOBOYHBIN (MPUOJMKEHHBIN) pacyéT moKasareJei
HAIEKHOCTH NPOEeKTUpPYeMBbIX PDY

CyuiecTByOImMEe METOJbl pacdy€Ta mokaszarejed HanéxHocTtu POV
pa3JIM4aTCs CTECNEHBI TOYHOCTH YUYETA BJIEKTPUUYECKOTO pEXKHUMa U yC-
JJOBUM AKCIIJIyaTallUW 3JIEMEHTOB.
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[Ipu opueHTUPOBOUYHOM pacyé€Te ITOT y4&T BBINMOJHSIETCS MPUOITU-
KEHHO, C MOMOINBbK OO0OOMIEHHBIX YKCIHIyaTAalIMOHHBIX KO3(PPHUIMCHTOB.
3HavyeHuss 3TuX KodpdunumeHTOB 3aBHCAT OT Buga POY wu ycimoBuit ux
3KCIJIyaTalluu.

OpUeHTUPOBOYHBIH pacy€T BBINOJHIETCS HA HayallbHBIX CTalUAX
npoekTupoBaHus POV, korma emé He BBIOpaHBI THUMBI W AKCIIyaTaIlMOH-
HBI€ XapaKTEPUCTUKH DJIEMEHTOB, HE CHPOCKTHUPOBAHA KOHCTPYKIHS H,
€CTECTBEHHO, OTCYTCTBYIOT PE€3yJbTaThl KOHCTPYKTOPCKUX pacdyE€ToB (Te-
MJIOBOTO pexXuMa, BUOPO3aMUIIEHHOCTH U T.II.).

NcXonHBIMU NaHHBIMU NPH OPUEHTHUPOBOYHOM pPACUYETE SABISIOTCA:
anekTpudyeckas cxema POY (nmpuHuunuanwsHas, a ais nudpoBbeix POV B
psaine ciaydyaeB (QyHKIMOHalbHasi), 3ajJlaHHOE BpeMs pabOTHl f3, yCIOBUS
sKcIayaTtauuu uiu sujg POY.

OpUEeHTUPOBOYHBIM pacu€T BBINOJHAKT s NEPUOJA HOPMAJIbHOU
skcmiyatanuu POY, T.e. nas mepuona, korga o0masi HUHTEHCUBHOCTh OT-
Ka3a yCTpO¥WCTBa NPUMEPHO MOCTOSIHHA BO BpeMeHHU. B 3ToM ciydae ans
omnpeaesieHus] UHTEHCUBHOCTU OTKa30B PDOY mnoap3yroTcs 3HAYECHUSIMU
WHTCHCUBHOCTEH OTKa30B dyjeMeHTOB. OO0mas WHTEHCHUBHOCTh OTKa30B
POV onpenensierca nyreM NpocTOro CyMMUPOBAHUS NMOCIEAHUX.

I[Ipy OpUEHTUPOBOYHOM pacyé€Te MOJB3YIOTCS CIECAYIIMHUMHU TOMY-
MEHUSIMU (IPEANOCHIIKAMHU):

a) OTKa3bl 2JIEMEHTOB CJIYYalHBl U HE3aBUCUMBI;

0) nns snemenToB POV cnpaBensuB 3KCMOHEHIMAJbHBIM 3aKOH Ha-
JEXKHOCTH;

B) NPUHUMAIOTCS BO BHMMaHUE TOJHKO BHE3aIllHbIe OTKa3bl, T.€. BE-
POSITHOCTH C TOYKH 3PEHHS] OTCYTCTBUS MOCTENEHHBIX OTKAa30B paBHa
€AUHHUIIE;

I') YYUTBIBAIOTCS TOJBKO 3JIEMEHTHI 3JIEKTPUUYECKOU CXEMBI, a TAK¥kKe
MOHTAaXHbI€ COCAUHEHUS, €CJIIM BUJI COCAUHEHUMN 3apaHee ONMPEIEIICH,;

1) YU€T BJIEKTPUUYECKOTO PEXKHUMA U YCIOBUM dKCIIIyaTallUU 3JIE€MEH-
TOB BBITIOJIHACTCS MPHUOJTUKEHHO.

[TocnenoBaTenbHOCTh OPUEHTUPOBOYHOTO pacuéra:

1. Ha ocHoBe aHanu3a 3JNeKkTpuuyeckod cxembl POY dopmupyrorcs
TPYNIbl OJHOTUIIHBIX 3JIE€MEHTOB.

[IpuzHakoM o0OBEAMHEHHUS DJIEMEHTOB B OJHY TpPyINNny SBIsSETCS
GYyHKIIMOHAaNbHOE Ha3HauYeHHE D3JEMEHTa M, B OINpEeJeIEeHHOW CTeNeHH,
JKCIJyaTallMOHHAasA J3JEKTpUuYeckas Xxapakrepuctuka. Hampumep, mano-
MOIIHBIE TPAH3UCTOPHl 0OBEAUHSAIOT B OJHY T'PYIIYy, MOUIHbIE — B APYTYIO
U T.I.

MoHTaXHbl€ COECIUHEHUSI COCTABJISIOT OTAENbHYIO Trpynny. Eciu Bun
MOHTaxa (me4yaTHbI, OOBEMHBIN) oOmpenenéH 3apaHee, TO OTICIbHYIO
TPpYINIy COCTaBJSIOT TakKXe€ HECylHMe KOHCTPYKIHU (medyaTHas mjata Hu
T.1.). OTAENBbHYIO TPYIIY COCTABISIOT TaKX€ TOUKM Maek (B AajdbHEHIIEM —
Mankm).
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2. Jlns sneMeHTOB KaxJou rpynnsl mo cupaBouHukaMm (TY, karano-
raMm M T.I.) ONPEAEISIOT CPEAHETPYNIIOBOE 3HAYEHUE NHTEHCUBHOCTHU OT-
ka3oB. Eciau rpynmy o0Opa3yloT 3J€MEHTHl OJHOrO THIIA, TO HEOOXOIU-
MOCTH yCPEIAHATh 3HAUYEHUS UHTEHCUBHOCTEN OTKAa30B OTIIAJAcT.

3. IloxcyuThIBalOT 3HAaYEHUE CYMMAapHONW HMHTEHCUBHOCTH OTKa30B
JJIEMEHTOB YCTPOMCTBA, UCIIOJIb3YSl BBIPAXKEHUE

k
A= 2 g, (3.6)

rae Ag; — CpEAHErpynnoBoe 3Ha4YeHHE MHTEHCHBHOCTH OTKa30B JJIE€MEH-
TOB j-UW TPYIIIbl, HAUJEHHOE C UCIIOJIb30BAHUEM CIPABOYHUKOB,

j=1, .., k;
n; — KOJHMYECTBO DJIEMEHTOB B j-U rpynne,j = 1, ..., k;
k — yuciao chopMHUPOBAHHBIX TPYMI OJHOTUIHBIX 3JIEMEHTOB.

4. C ucnonp3oBaHueM 000OIMEHHOTO 3KCIIyaTAallMOHHOTO K03 du-
UEHTA BBIMOJHIIOT NPUOTUKEHHBIN YUET IJTEKTPUUECKOTO PEKUMA U yC-
JOBHU DKCIJyaTalluu dJEMEHTOB.

CyMMapHyl0 HHTEHCHUBHOCTH OTKa30B 3JeMeHTOB POV c¢ yuérom
AIEKTPUUYECKOTO pEXHUMa U YCIOBUU pabOTHl ONMpPENEIAIOT KaK

Py (3.7)

k
A WV)=4,-K =K - 2 2‘0]' ‘n

j=1
rae K, — 0600mEHHBIN 3KCIIyaTallMOHHBINA K03 dunmenT, BeiOUpaeMblii
no tabiuuaM B 3aBUCUMOCTH OT Bujaa POY wunum ycinoBuil ero

skcmayatanuu (tadn. 3.1).
Tabmnuma 3.1

3HayeHUsd 0000UIEHHOTO dKCcIayaTaluoHHOTO Ko punuenta K, [8]

Bung POV,
YCIIOBHS dKCITyaTaluu

3uauenue K,

JlaGopaTopHBIE YyCIOBUS 1,0

I[Tomemenus ¢ perynupyemMou 11
TEMIEPATYpPON U BIAXHOCTHIO ’

Kocmoc (Ha opOute) 1,5
HazeMHBIe cTaninoOHapHBIE YCIOBUS 2...4,7 (2,5)
Haszemupie Bo3uMbie POY 4...7 (5,0)
e oS 7..15 (0.0
Mopckue 3alIUIIEHHBIE yCIOBUS 7...12 (7,6)
Mopckue He3alHIIeHHbIE YCIOBHUSI 7...15(10,0)
boptoBrie camoneTHbsie POY 5...10 (7,0)

3anyckK pakeTsl 10...44 (20,0)
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B ckxoOkax B Ta6un.3.1 yka3aHbl 3HaYCHUSA, PEKOMEHAYEMbIE IIJIsI UC-
II0Jb30BaHUsA B pacuérax.

5. C ucnonp30BaHUEM TUNOTE3bl 00 3KCIOHEHIMAJIbHOM 3aKOHE Ha-
NEKHOCTHU MOJCUYUTHIBAIOT APYTHUE MOKa3aTEIU HAJAEKHOCTH.

HapaboTka Ha oTKa3

To - ) (3.8)

BeposTHocTh 0€30TKa3HOM paboOTHI 3a 3alaHHOE BpeMs /3

I3

-t Ao (v) T 3.9
_ sV :
Pt )=e ° =e ', (3.9)

Cpennee BpeMmsi 6e30TKa3HOW paboThl ycTpoiicTBa (CpeAaHss Hapa-
00TKa 10 OTKa3a)
T =T.

cp 0

'amMa-npouneHTHas HapaboTka n0 oTka3a I, ompenensercsa, Kak
pelieHre ypaBHEeHUs

Y
P(T)=—-.
(V) 100

B ClIydac 3KCIIOHCHOMWAJIbHOI0O paClupcaAcCICHUA BPCMCHHN A0 OTKa3a

ln(yj
_ o) _ o m(Lj, (3.10)
100

7oA e

3.3. Pacuér nmoka3zareJieii HAJé:KHOCTH NMpoeKTUpPYeMbIX PDY ¢ yuéTtom
KOY(PPUIHEHTOB 3JIEeKTPHUUYECKOH HATPY3KHU U yCJIAOBHI padoThl
3JIEMEHTOB B COCTaBe YCTPOMCTB

OTOT pacué€T, Ha3bIBAEMbI TAaKX€ YTOYHEHHBIM pacuéToM MOKa3a-
TeJNel HaAEXHOCTHU, BBIMOJHIT Ha 3aKIIOYUTEIBHBIX CTAAUSAX NMPOEKTH-
poBaHus POV, xoraa BeIOpaHbl TUIIBI U TUIOPAa3MEpPhl FIEMEHTOB, CIIPO-
EKTUPOBAHAa KOHCTPYKLUHUSA MU HMEITCA pe3yabTaTbhl pacyé€ra TEIJIOBBIX
pEXKUMOB, BUOPO3AMUIIEHHOCTH U T.l. HanmoMHuM, 4TOo TUnOpa3Mmep 3ie-
MEHTa ONpEeAECHACTCS OCHOBHOM DJJIEKTPUYECKOW IHKCIUIyaTALlMOHHOW Xa-
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PAKTEpUCTUKON »3ieMeHTa (HampuMep, IJs PE3UCTOPOB — MOIIHOCTBIO
pacceMBaHUs, 111 KOHJEHCATOPOB — AOMYCTUMBIM HAMNpPS)KEHUEM).

PacdéTr BBIMOJIHAETCS NpPU TEX K€ NOMNYIIEHUSAX, YTO U OPUEHTHUPO-
BOYHBIA. OAHAKO BJIEKTPUUYECKUN PEXHUM U YCIOBHUSA dKCILUIyaTallUHU 3Jie-
MEHTOB YyUYHUTBHIBAIOTCS 0O0jJ€e TOYHO U, KpOME TOro, MPUHUMAIOTCSA BO
BHUMAaHHUE KOHCTPYKTHBHBIE OJJIEMEHTHl yCTpoHcTBa (mIaccu, KopHyc,
npoBOJa U T.I.).

[TocimenoBarenbHOCTH pacyéra:

1. OnpenensaoT K03 GUUUEHTH 3JIEKTPUUYECKON HATPY3KH DIIEMEH-
ToB PDOVY. Ilone3syrwrcsa obmed dopmynod (2.3) unum ee KOHKPETHBIMU
peanu3zanusMu, NpuBeAeHHbIMU B Tabun.2.1. B kadecTBe 3JIeKTpUUYECKOH
Harpy3ku [,y MCHOJB3YIOT HOMUHAJIBHBIE WJIHN NpenesbHbie Mo TY aiexk-
TPUUYECKHE XapaKTEPUCTUKHU BJIEMEHTOB, BbIOpaHHBIE AJS MPOEKTUPYEMO
KOHCTpykuuu POY. DnekTpuueckne XxapaKTE€pHUCTUKH [,s OepyT H3 pe-
3yJBTATOB 3JEKTPUUYECKOr0 pacuéTa NPUHUUNHAIBHON DJIEKTPUYECKOH
cxeMmbl POY unm nonydarwT nyTéM 3KcIpecc-aHaln3a (OpPUEHTUPOBOYHOU
OLIEHKHN) 3JIEKTPUUYECKUX HArPpy30K CXEMHBIX 3JIEMEHTOB.

2. [IlpuHUMaIOT peleHne o0 TOM, Kakue GakTopsl, KpomMe Kodppuuu-
€HTa JJIEKTPUUYECKON HArpy3KH, OYAYT YUTEHHI.

Ncnonp3ys pe3ynabTaTel KOHCTPYKTOPCKHUX pPacy€ToB, ONPEACIIAIOT
3HAa4YE€HUS MapaMeTpoOB, ONMCHIBAIOIIMX YUYHUThIBaeMble (AKTOPBI, MPUUEM
3TH 3HAYEHUS JKENATEJIbHO UMETh JJIS KaXXJOT0 3JIEMEHTA.

3. ®opMUPYIOTCS IPyHNBl OAHOTHUIIHBIX 3JIEMEHTOB.

[IpuzHakamMu OOBEAWHEHUS DJJIEMEHTOB B OJHY TIpyNIly B JaHHOM
pacdéTre ABISETCS HE TOJBKO (PYHKIMOHAIbHOE Ha3HAYEHHUE DJIEMEHTA, HO
U TpPUMEPHOE pPaBEHCTBO KOI()(OUIMEHTOB HIEKTPUUECKON HATPYy3KH H
napaMeTpoB, ONMCHIBAKOIINX JAPYrMe€ YUYHUTBHIBAEMBIE 3KCIIJIyaTallHOHHBIE
baxTOpHI.

Ecnu nnsg »neMeHTOB OJHOTO M TOTO € (YHKIMOHAJIHLHOTO Ha3Ha-
yenus 3Havenus K, < 0,05...0,1, To takue 31eMEHTH MO KO3 PUIUEHTY
BIIEKTPUUECKON HATPy3KHU JOMyCcKaeTcs OObEAUHIATH B OJTHY TPYIITY.

4. Onpexnensiercs cyMMapHasi HHTEHCHUBHOCTbh OTKa30B 3JIEMEHTOB C
y4€TOM KOIPPUIHEHTOB 3JIEKTPUUECKON HArpy3KU U yCIOBUN UX pabOTHI
B cocTaBe ycTpoiictBa. [lonb3ytoTcs popmynamu

/”Lj(v):/”tojﬁa(xi); (3.11)
k

ﬂ,z(v):anlj(V), (3.12)
j=1

rae Aj(v) — HHTEHCUBHOCTh OTKa30B JJIEMEHTOB j-H TIPyNNbl ¢ Yy4E€TOM
AIIEKTPUUECKOTO pEeKUMa U yCIOBUMU pabOTHI;
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MAoj — CHPAaBOYHOE 3HAYEHUE HHTECHCHBHOCTH OTKa30B JJIEMEHTOB
j-# rpynnsl; j=1, ..., k;

n;  — KOJIMYECTBO JJIEMEHTOB B j-ii rpynmne; j=1, ..., k;

k — 4yuciao cCPOpMHUPOBAHHBIX TPYNN OJHOTHIHBIX 3JIEMEHTOB; B

NpeaeNbHOM clydyae KaxXablil 31eMeHT POY MOXeT cocTaBUThH
OTAEJIBHYIO TPYIIIY;

a( ) — MONMpPaBOYHBIM KOIPPHUIMEHT, YUYUTHIBAIOUIUNA BIUsIHUE ¢ak-
Topa x;; i=1, ..., m;
m  — KOJIMYECTBO MPUHUMAEMBIX BO BHUMaHHE (HaKTOPOB.

Hamomuum, 4to B KayecTBe (PakTOpOB X; MOTYT paccMaTpHUBaThCs
k03¢ bunueHTs Harpy3ku K,, remmneparypa u T.II.

5. [lo oOmenpuHsATHIM (GopMynaM JJis 3KCIIOHEHUMAJIbHOTO paclpe-
JEeJEeHUs MONCYUTHIBAIOT Noka3arenu 1, Ps(t,), Tep, Ty.

6. [loncuuThiBalOT MokKa3zaTesn BoccTaHaBiauBaemoctu PIY. Cpen-
HEe BpEMs BOCCTAHOBJIEHUS MOJACUUTHIBaOT o Gopmyine (3.5). Beposr-
HOCTh BOCCTaHOBJeHHMs POV 3a 3amaHHOe BpeMs T3 pacCUMUTHIBAIOT IO
BeIpakeHUto (1.24) B nmpeamosio)KEHUU, YTO BpEMs BOCCTAHOBJIEHUS pac-
INpEeNeNeHO M0 dKCNOHEHIMalbHOMY 3aKOHY. PacuéTtHas ¢opmyiia B 3TOM
cllydyae MPUHHUMAET BUJ

T3

v(t,)=1-e TB. (3.13)

7. Ilpy HEOOXOAUMOCTH MOACYUTHIBAIOT KOIPPHUIHUEHT TOTOBHOCTH
K, m ko3P PuuueHT onepaTuBHON rOTOBHOCTU (BEPOSITHOCTh HOPMAJbHO-
ro @QyHKIHOHUpPOBaHHUA Py ¢ (2,)). [lons3yrorcs popmynamu [1]

T
K =—9° Pqu (tg):Kr -Pz(tg).
r TO +TB

3.4. llpumepsbl OLEHKHU NMOKa3aTeJe
HaJAEKHOCTH NMpoeKkTUpPYyemMoro POY

Ipumep 3.1. TpebyeTcs OUEHUTHh MOKa3aTeau O0€30TKA3HOCTU YCH-
AUTENbHOTO Kackama (puc.3.2), dyHKNHOHHpYyMOMmEro B coctaBe POV u
npeJHa3Ha4YeHHOro AJS 3KCIUIyaTallud B Ha3eMHBIX CTALlMOHAPHBIX YCJIO-
BUSX.

[Ipennonaraercsi, 4To Kackaja OyJaeT U3TOTOBJEH C MCIOJb30BaAaHUEM
ne4YyaTHOro  MOHTa)xa. 3ajgaHHoe  Bpems  paborer  #3=1000 4.
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Unir (+20 B) Pemenue. BrimoaHum
OPUEHTUPOBOYHBIA  pPacCUér
mokKazarejen HaJIEXHOCTH

R1 R3

ATOTO Kackaja.
1. Chopmupyem rpymn-
bl OMHOTHIHBIX JJIEMCHTOB
A VT1 M I8 KaXIOW TPYMIBl IO
— cnpaBOYHHKAM (MpHUI.2) OI-
\ peaeiauM 3HAYCHUE WHTCH-
CHBHOCTEH OTKa30B, COOT-
Us R2 R4 I__il 1 BETCTBYIONIEE B  CPeIHEM
\ AIIEMEHTAM KaXXJIOH TPYIIEHL.
\J Hus DJIEKTPOTUTUYECKHUX
L KOHJEHCATOPOB JTO 3HadYe-
HHE paBHO

Puc. 3.2. DnexkTpnyeckass NPUHIUNHAJBbHASA P
cXeMa YCHJHUTEJbHOTO KacKajaa 0,40-10™ 1/4, Tax Kax TUI
KOHACHCATOpa IMOKa HC BbI-

OpaH (aTIOMUHHMEBBIN WJIM TAHTaJIOBBIN). s pe3ucTtopoB BeIOMpaeM 3Ha-
YeHWE MHTEHCHUBHOCTH OTKa30B, COOTBETCTBYIOIIEE MOIIHOCTHU pacCeHBa-
Hus MeHee 0,5 BT nmpu mOCTOSIHHOM TOKE, NMOCKOJBKY 3JIEKTPUYECKUU
Kackaj sIBJIs€TCS MaJOMOIIHBIM, U dHEpPreTUYecKas Harpys3ka 3JEMEHTOB
B OCHOBHOM OIpPEIENIAeTCS PEXKUMOM IO MOCTOSHHOMY TOKY. AHajloruu-
HO BBIOMpPAIOTCA 3HAYEHUS HHTEHCUBHOCTEW OTKa30B [JIs OCTAJbHBIX
3JIEeMEHTOB (KOMIOHEHTOB). MHpopmManus o 3HaAUYEHUAX MHTEHCUBHOCTEMH
OTKa30B MpejacTaBjeHa B Tab.3.2.

Tabnuma 3.2

K npumepy opueHTUPOBOYHOT0O pacuéTa mokaszaTteyiel HaAEKHOCTH
I'pynna snemen- | KounumuectBo | MHTeHcuBHOCTH OoTKa- | IIpousBenenue Ao, nj,

TOB 3JIEMEHTOB B | 30B JJISl DJIEMEHTOB j-H x107° 1/

j-¥ rpynme TPy MBI
n; Aoj, X107 1/4

Tpausuctop 1 0,40 0,40
Pesuctop 4 0,05 0,2
Konnencatop 1 0,40 0,40
IleyaTrnas naara 1 0,2 0,2
ITaiika 18 0,04 0,72
¥ _ — 1,92

Uucino maexk onpeneseHo Kak CYMMAapHOE€ YHCIO BBIBOJOB JJIEMEH-
TOB M BHCIIHUX BBEIBOJOB Kackanma. M3 ta0a1.3.2 MOHATHO, KaK IMOJACUYHATaHA
cCyMMapHasi HHTEHCUMBHOCTh OTKa30B 3JIEMEHTOB Kackaja. B maHHom ciy-
yae malku pacCMaTPUBAIOTCS KaK 3JIEMEHTHI.

Ay =192-107°1/u.
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1. C noMompi0 0000MEHHOTO IKCMIyaTalMOHHOTO KodhdUIMEeHTa,
HaWJEHHOTO IO CHPaBOYHBIM TabiWIaMm Ui Ha3eMHBIX CTAalHOHAPHBIX
ycinoBui (cMm. Tab6m1.3.1), CKOppEKTUPYEM BEIMUYUHY Ay, YUTS T€M CaMbIM
NpUOIMKEHHO PIEKTPUUECKUN PEXHUM U yCIOBUS PabOTHI IJIIEMEHTOB Kac-
kana. [Ipumem K,=3,0 (cm. Tabn.3.1). Torna

A (1)=192-10"°-3,0~58-101/u.

3. Ilo obmenpuHsATHIM GopMysiaM AN IKCIOHEHIIMAJIBbHOTO 3aKOHa
HaJAEKHOCTH MMOJACYUTHIBAEM APYTrHUe NMOKA3aTEIN HALEKHOCTHU:
a) HapabOoOTKa KacKkajaa Ha OTKa3

1 1

T = = =~ 172400 4.
° A.(v) 58-107

MoOXHO YCTaHOBUTH, UTO B JaHHOM cllydyae 3HaueHue I, HE UMEET
GU3HUECcCKOTO CMBICTA, @ HOCUT YUCTO PacdE€THBIN XapakTep;
0) BEepOsATHOCTh 0€30TKa3HOU pabOTHI 32 BpeMs f3

Y _ Q. -6
Pity)=¢ () _ ,~1000-5,810 ~0.994

B) raMMa-mnpoleHTHas HapaboTka 10 oTkaza (mpu y=99%)

In| 7
_\100) _ 1099

= = ~ 1733 4.
o As(m 58.107

Ilpumep 3.2. BeInodHUM yTOYHEHHBIN pacuéT mokaszareiaer 0e30T-
Ka3HOCTH YCUJUTEJBbHOTO KackKajaa, paCCMOTPEHHOTO B mpumepe 2 [9].
[TapaMeTpsl 21EMEHTOB:

R1=43 kOM+10%; R2=10 xOm*10%;
R3=1,2 xOM£10%; R4=300 Om£10%:;

_ +30%
C1=10 Mx® *{>.

Hnsa cOopku Kackaja UCHOJb30BAaH MEYaTHBIM MOHTaX. THUN BBI-
OpanHbIX pe3ucTopoB OMIJIT ¢ HOMUHAIBLHON MOIIHOCTHIO pacCEHBAHUS
Pion=0,125 BT u gfonyckom Ha conpotuBiienue £10%. Tun BeiOpaHHOTO
koHneHcaropa K50-6 ¢ monmyctumblM HanpsxkeHuem Uy,,=6 B. Tun

tpanzuctopa V71 — KT301J[. HanpsxxeHue HUCTOYHUKA TMHUTAHUSA
Unu:=20 B£10%.
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YcunuTenpHbIM KacKkaJ UCHOJb3YETCS B COCTABE PAaJUO3IEKTPOHHO-
ro yCTpPOMCTBA, JUId KOTOPOrO XapaKTEPHBI CIEAYIOIIHE YCIOBHUS 3KC-
IIyaTaluu:

auamna3zoH pabouux rtemnepatryp —10...+45 °C; oTHocuTenbHas
BIaXXHOCTh Bo3nyxa no 80% mpm Temmepatrype +25 °C; atmocdepHoe
naBiaeHue 93+13 klIla.

Pacuér TenmoBoro pexuma yCcTpoHMCTBAa, B KOTOPOM HCIOJB3YyETCH
YCUJUTEIbHBIM KacKaj, MOKa3ajd, 4YTO NEperpeB B HaAarpeTo 30HE COCTAB-
asiet He Oonee 18 °C, a cpeaHUl HarpeB BO3JyXa B yCTPOHCTBE — MpPH-
mepHo 12 °C.

Pemenue. 1. Onpenenum, xkakue 3HaueHUs KOA3P(UIMEHTOB dJEK-
TPUYECKON HATrpy3KHM XapaKTEepHbl JJig BBIOpAHHBIX JJEMEHTOB YCHUIIH-
TEJIBHOTO Kackaja.

Jns mojcueTa yka3zaHHBIX KO3(PPHUIHUEHTOB BOCHIOJIb3yeMcs Gopmy-
namu Tab61.2.1. HomMuHanbHble uian gonyctumbie mo TY sKcmiayaTalnuoH-
HblE DJIEKTPUUECKHE XapaKTepUCTHKH, HCHOJb3yeMble B (dopmynax
Tabn.2.1 nug pe3ucTopoB MU KOHJAEHCATOpa yYKa3aHbl B YCIOBHHU NMpHUMEpa,
a UMEHHO: IJs pe3uctopoB Pu0,=0,125 Bt; nnsg xonnencaropa U,,,=6 B.

Hns TpaH3uctopa gonycTumble (mpenenbHbie) no TY siektpuye-
CKME XapaKTEPUCTUKHU OINPEJEIMM U3 CHPAaBOYHBIX JAaHHBIX Ha TpPaH3U-
ctop tuna KT301/1. [Tonyunm:

® TOCTOSHHBIA TOK KoJuekTopa [,=10 MA;

® MOCTOSHHOE HANPSIKEHUE MEXAY KOJUIEKTOPOM H OHMHUTTEPOM
Ux,=30 B;

e MOIIHOCTH, paccerBaemMas Ha KOJIJIEKTOpe Ipu TeMIepaType
+60°C, P,on=150 MBrT;

e MOILIHOCTh, paccenBaeMas Ha KOJJIEKTOpPE MpPH TeMIepaType
+85 °C, Pon= 58 MBT;

e Npu NOBBIIEHUHU Temmeparypel oT +60 nmo +85 °C momyctumas
MOIIHOCTbh CHUXKAETCs JUHEHUHO, T.€. IO 3aKOHY

P =370,8-3,68-¢ .
JO0IT

3HauYeHHUsA DIEKTPHUUYECKHUX XapaKTEPUCTHUK DIEMEHTOB B pabouem
peXuMe OINpeIenM, BBIIOJHUB JKclpecc-aHanu3 (MpuOIUKEHHBIH pac-
9€T) 2JEKTPUIECKOTO pEKUMa paccCMaTPHBaEeMOTO yCHIUTEIbHOTO KackKa-
na (cMm. puc.3.2).

Dkcnpecc-aHalIU3 [ HOPOCTOTH HIJIOCTPALUM BBIMOIHUM JUIA
CpeHUX 3HAYE€HUU MapaMeTpoB 3JeMeHTOB. [Ipu neTanbHOM HHXEHEp-
HOM aHaju3e CcJelyeT YUYUTbIBaTh JHKCTpPEMalibHbIE YCJIOBUS HArpy3KH
Bcex nJeMeHTOB. C METOAMKOW TakOTo aHajlW3a MOXHO O3HAKOMHUTHCS,
Hanpumep, B padote [10].



49

IIpu 3Kkcnpecc-aHanu3e pacCMaTPpUBAEMOTI0 YCUJIHUTEIBHOIO KacKajaa
ClielyeT yuecTh SKBUBAJEHTHOE BXOJHOE CONPOTHUBIEHHE Lenu Oaza—
SMUTTEP, BKIWYEHHOE NapaljeIbHO pe3ucTtopy R2. DTo cOnpoOTUBIEHUE
(75x) MOXKHO ONPENIENUTh KaK

F =15 T L+ P)R4=(1+P)R4,
rJle g — CONPOTUBJIEHUE Teja 6a3bl TpaH3UCTOPA.

Cornacuo TY tpansuctop KT301/[ umeer kordbdbunueHT ycuieHus
no Toky =20...60.

B nanHOoM mpumepe, no ycioBUIO, MaKCHUMalbHas paboyas TeMmmnepa-
Typa ycTtpoiicTBa cocraBiser +45 °C, a meperpeB B Harpetroil 3o0He — A0
18 °C. CnenoBatenbHO, MakcuMallbHass pabodas Temmeparypa TpaH3U-
ctopa moxeT ObiTh +63 °C. [loaToMy nns manpHellIero aHaiaui3a U3 copa-
BOYHHMKA B3SAThl 3HaUYCHHUA KOd(PPULMEHTAa yCUIEHUS MO TOKY, COOTBETCT-
BYKOIIME UMEHHO 3TOU TeMIlepaTrype.

s pacu€ToB MpUMEM cpeJHee 3HaueHue Kodhdumuenra

_20+60
2

B 40,

Tornpa
rex=(1+40)-300=12300 Om=12,3 xkOm.

OOmiee conpoOTHUBIEHUE NapalJIeJIbHO BKJIIOYEHHBIX pe3uctopa R2 u
CONPOTUBIECHHUS Fyy.

_R2-r 104123

R = = ~ 5,52 xOM.
O R24r 10+12,3
BX
Tok, npoTekarwmuid yepes pezucrtop R1,
U
[THT 20 =~ 0,41 MA.

I = =
Rl R1+R 43 +5,52
BX

Hamnpsxenue Ha 6a3ze (B Touke A)

U =1, R _=041552~226 B.

Toxk, mpoTrekarouuit yepe3 0a3y TpaH3UCTOpa,

Us _ 2,26

~ 0,184 MA.

R 12,3
BX
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Tok KoJJIEKTOpa TpaH3UCTOpa

I =P-15=40-0,184=7,46 MA.

MomHuocTH, pacceuBaeMble Ha PE3UCTOPaAX:
Ha pe3ucrtope R1

P, =1, R1=(0,41-107)%-43-10° ~7,23-107 Br;
Ha pe3uctope R2

L U; 226

-3
= = ~0,51-10 ° Br;
R2 - R2 10.10°

Ha pe3uctope R3
P, =I’R3=(7,36-107)*-1,2:10° ~ 65-10~ Br;
Ha pe3uctope R4 (npeamonaras, dto Ips=1,=1y)
P, =I1"R4=(736-10")%-300~16,3-107 Br.
Hanpsxxenue Ha koHIEeHCATOpE
Up =Up, =14, R4=1 -R4=736-10"-300~22 B.

Hanpsxenue Ha TpaH3ucTope
UVTI - UHI/IT N (UR4 + UR3) - UHI/IT N (UR4 + IK ' R3) -
20-(2,2+7,36-107-1,2-10°)~ 8,97 B.
MoiHoCTh, paccerBaeMasi Ha TpaH3ucTope (KOJJIEKTOpeE).
_ — -3 ~ —
P =1 -U, =736-10"-897~0,066 Br=66 MBT.

Kosppuuuenr snexkTpuueckol Harpy3ku pe3uctopoB R1-R4 u koH-
nencatopa C1 moacuuteiBaeM mo ¢gopmynam (tabn.2.1) ¢ yuérom TOTO,
4TO JJs1 pe3UCTOPOB Pyoy=0,125 BT, a nas xougencatopa U,o,=6 B.

Herpynno yb6enutnhcs, uto ans tpansuctopa KT301J[ B paccmar-
pUBaeMOM JIEKTPUUYECKON CXEeME€ OMPEAEHSIIOIUMU 3NEKTPUUYECKUMHU Xa-
PaKTEepUCTUKAMHU, BIUAIOIIUMHU Ha HAAEXKHOCTH, SIBASIOTCA KaK TOK KOJ-
JEKTOpa, TakK U MpUKIaJbiBaeMoe K HeMmy HamnpskeHue. Iloatomy yuér
AIEKTPUUYECKOUW HArpyXEHHOCTH TPaH3UCTOPA BBIMOJHHUM C MOMOIIbIO
kodddunreHTa IEKTPUUECKONU HATrpy3KH MO MOIIHOCTHU. [{ns moacuéra
yKazaHHoro kodddunuenta HeoOXoAMMO pacmojiaraTh 3HaAa4€HUEM Py,
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COOTBETCTBYIOIIMM MaKCHUMaJbHOW pabodeil TemmepaType TpaH3UCTOpA.
DTy TemMneparypy onpeeauM Kak

o

rae t

pab6.max

[Tonyuum

o

t

V'1max

o

- tpa6.max

o

+ At

t, =45+18=63 °C.

V1ma

— MakcuMaJibHas paboyas Temneparypa ycTpoucTna.

Cornmacno TV, ¢ moBeimieHueM temnepatypsl ot +60 go +85 °C no-
nycTuMass MOIIHOCTb, pacceruBaeMas TPAaH3UCTOPOM, MU3MEHSAETCS MO 3a-

KOHY

Jlns Temmepatyps ¢ =63 °C

P\%) =370,8—3,68-63 ~139 MBT.

PU) =370,8-3,68-1 , MBr.

CnenoBartenbHO, KOO PUIHMEHT HATPY3KH TPaH3UCTOPA

_PVTl _ 66

W P(zo) 139

J10IT

K

~ 0,47 .

3HayeHuss KOdDDUIUMEHTOB DIEKTPUUYECKON HATPY3KH, MOJCUUTAH-
HbI€ JJI5 DJIEMEHTOB YCUJIUTEIBHOTO Kackaaa, yka3aHsl B Ta01.3.3.

Tabnuna 3.3
K nmpumepy pacuéra mokaszareneil HagEXHOCTHU
I'pynna | Koun-Bo Copa- Koad-1 Makc. [Ipous- | 3Haue- 3Haye-
3IIEMEH- | aJIeMeH- | BOYHOE | 3NMeKTp. | pabouas | BeIeHHUe HHE HHE
TOB TOB B 3Ha4Ye- | Harpys- | TemIme- | mompa- Ai(v), nj-Aj(v),
(mos. rpymnmne | Hue Ao, k1 Ky parypa, | BOYHBIX x107° x107 1/a
0003H.) n; x10° °C K03 (- 1/4a
1/4 TOB Oy
VTI 1 0,40 0,47 63 1,5 0,600 0,6
R1,R2 2 0,05 <0,1 63 0,15 0,008 0,016
R3 1 0,05 0,52 63 0,7 0,035 0,035
R4 1 0,05 0,13 63 0,2 0,01 0,01
Cl 1 0,55 0,37 58 2,0 1,1 1,1
Hewar. 1 0,2 — 58 1,0 0,2 0,2
njara
[Taiika 18 0,04 — 58 3,0 0,12 2,16
)y ~4,2
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2. Ilpu yuéTe BJIEKTPUUYECKOTO pEeXHUMa U YCIOBUN pabOTHI dIIEMEH-
TOB YCHJIMTEJIHHOTO KacKajga MPUMEM BO BHHUMaHHE JIBa BaXHEUIMHUX (ak-
Topa: KOd(GPUIHEHTH TEKTPHUSCKON HATPY3KH K, U TeMIeparypy f .

KoxppunueHTsl 3IEKTPUUECKONW HATpPy3KU JJIEMEHTOB OBLIM Ompe-
neneHsl Boile (cM. Tab1.3.3).

TemnepaTypy 53J€MEHTOB OINpPEACIUM CIEAYIIHUM o0pa3zoM: Ias
TEIJIOHATPYXKEHHBIX 3JIeMeHTOB (R1-R4 u VT1)

(o]

i pa6.max+ 37
rue tpaGmaX — MakKcuMaJibHasi pabodas TeMmmneparypa;
At — TIIEpErpeB B HATPETOU 30HE YCTPOUCTBA;

Ui HETEIMJOHArpy»KE€HHBIX »JJIEeMEHTOB (KOHAEHCATOp, MedaTHas
njiara, naku)

o o [e]

=t + At

i pab.max B

rae At; — CpPEIHUM MeperpeB BO3AyXa B YyCTPOUCTBE.

PacuéTHbple 3HaUCHHS TeMmepaTyphl JIEMEHTOB BHECEHBI B Tabui.3.3.

3. ®opmMupyeM TPYIIbl OJHOTUIIHBIX 3J1E€MEHTOB.

B nanHom cinyyae oO0pa3yrTcs ABE IpylIbl OJHOTUIHBIX 3JIE€MEHTOB
C KOJMYECTBOM 3JEMEHTOB B rpynmne 0osiee ogHoro. Ilepsas rpynmna — 310
pe3uctopsl Rl u R2 (nns nux K, < 0,1), Bropas rpynna — naiku. OT-
NeJibHbIe Tpynnbel o0pa3ywT snemeHTsl R3, R4, C1 u VT1. CamocTos-
TEJIbHYIO TPYNIy COCTaBIsIET TaKKe MeyaTHas miara.

4. CyMMapHyH0 MHTEHCUBHOCTH OTKAa30B 3JIEMEHTOB yCHJIHUTEIbHOTO
kackana omnpeaensiem no dopmynam (3.11), (3.12). [Ipu sTomM cnpaBou-
Hbl€ 3HAYEHUS] MHTEHCUBHOCTEW OTKA30B JJEMEHTOB Ka)XJOW TIPYIIbl Ha-
XOJHUM C UCMOJIb30BaHUEM Npuia.l, a monpaBouyHbie KOADOUIUEHTHI, YUU-
THIBAIOIIUE BIUSHUE KOAXPDUIIMEHTOB IIEKTPUUECKON HATPY3KH U TEMIIE-
paTypsl, OINpeaedasieM IO HOoMOrpamMmaMm, MNPHUBEJACHHBIM B IMpUJI.2 Ha
puc.I12.1-112.3.

PesynpTarel pacuéToB cBeeHBl B Ta0m.3.3.

PacuétHoe 3HaueHUE BEIUUYUHBI Ax(V) COCTABISIET

-6
Ay (1) ~4,2:107° 1/u.
5. OnpenenseM HapaOOTKYy Ha OTKa3:
T =1/A,(v)=1/4,2-10"° ~ 238100 u.

PaccuutpiBaeM BepOSATHOCTh 0€30TKa3HOW pabOThl yCHIUTEIBHOTO
kackazga 3a Bpems 13=1000 u.
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[Tonyuum

-t A -6
P(ty)=e 3 2 () _ ,=1000:4.2107% _ 996

. OnpenensieM raMma-npolUEeHTHYK HapabOoOTKy g0 oTkaza. Jlus
3HadeHus y=99%

7 __In(99/100)

~2393 u.
Y 42.107

2. IlongcuuteiBaeM cpeaHee BpeMs BoccTaHOBIIeHUs T, mo Gpopmye

Zk:n 7 A.(v)

j_ljff
T = s

rie T, — CpeJHee BpeMs BOCCTAHOBIEHHSA JIEMEHTOB j-U I'PYyIIIBI;
k — XONW4YeCcTBO TPynn OJHOTUIHBIX 3JEMEHTOB, BKJIIOUYas Malku,
HECYyIIHe KOHCTPYKIIUHU U T.II.
Pacuér BenuuumnHbl Ty C HCHOJb30BaHHEM JaHHBIX MNpuJI. 3 U
1a01.3.3 cBenéu B Tabin.3.4.
C yué€toM TOTO, 4TO

k
> A (v)=4210"1/q,
Jj=1

-6
T, z—2,8 10—6 ~0,7 d.
4,2-10
Tabmauma 3.4
K npumepy pacuéra nokaszarejgeil BOCCTaHAaBIMBAEMOCTH
I'pynmna sne- KosnnuectBo 3HadeHue 3Ha4YeHHue T;, IIpoussenenue
MEHTOB 3JEMEHTOB B Ai(v), x10°° gy (mpun.4) n;-tiAi(v),

rpynmne #u; 1/4 x107°

V11 1 0,6 0,8 0,48
R1, R2 2 0,008 0,5 0,008
R3 1 0,035 0,5 0,018
R4 1 0,01 0,5 0,005
Cl 1 1,1 0,55 0,605
Ileuar. mara 1 0,2 3,0 0,600
ITaiika 18 0,12 0,5 1,080
)y — — — ~2,8
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3. IlogcuuThsiBaeM 3HAYE€HHE BEPOSITHOCTU BOCCTAHOBJIEHUS yCTPOU-
CTBa 3a 3aJlaHHOE BpeMs T, (mpuMmem t,=1,5 )

wz)=1-¢ '™ ~088.

3.5. Ipunuunsl pacyéra 0e30Tka3HoCcTH PIY ¢ yuéToM NUKIUYHOCTH
padoThI

Panee OblIO MOKa3aHO, KaK pacCyUTaTh BEPOATHOCTH 0€30TKa3HOM
pab®oThl I 3aJaHHOTO BpPEMEHHU f, MPUUYEM Mpeanojgarajliochb, 4TO 3TO
BpeMs BbIOUpaeTcsd HempepbiBHO. B nelcTBUTENBHOCTH XK€ Ui 3HA4YU-
TenbHOW yacTu POY mMeeT MecTo MUKJIUYHBIA XapakTep paboOThl, TO €CTh
0 UCTEUYEHUU HEKOTOPOH HapaOOTKM M3JIene BBIKJIIOYAETCS, a 4epe3 He-
KOTOpOE BpeMs CHOBA MOXET OBITh BKJIIOUYEHO. I[Ipomecchs BKIOUYECHUS U
BBIKJIIOUeHHST POY MoOryTr cymecTBeHHO cKa3aThbCs Ha peajbHOU uX 0e3-
oTka3HocTu. [lokaxeM, Kak y4ecTh HUKIUYHOCTH pabOTHI, TO €. MpoOIec-
Chl BKJIOUEHUS U BBIKJIIOUYeHUs POY.

BeposaTtHocTs 60e30Tka3HOM paboOTH 3a KakKoe-TO MHTEpECyIoliee Ka-
JeHIapHOEe BpeMs ¢ MOXKET ObITh MOJy4YeHa B BUJE

r, =1
3 p —(Apty+ Ayt + AL -1
Ppay(t): :e(pp plep u):e 3z;
t=t, +1,,
rape ¢+ — MHTEPECYIOIUN KaJeHIAapHBIM NIPOMEXYTOK BPEMEHHU;

t, — 3amaHHas HapaOoTKa (BpeMms paboOTH) 3a pacCMaTpUBAacMBIN Ka-
JEHJapHBIN NIEPUON I;

fxp — BpeMs, B TedeHHe KoToporo POY He umcnonp3oBanoch mo Ha-
3HAaYEHUIO, 3a pacCMaTPpUBaEeMbIil MPOMEXKYTOK £;

A, — HHTEHCHBHOCTb 0TKa30B POV B pabouem pexume, nmpeacrabis-
eT co00l CyMMapHyI0 MHTEHCUBHOCTh OTKAa30B 3JIeMEHTOB POV
C YU4€TOM DJIEKTPUUECKOTO peXrMMa U YCIOBUH pabOTHl dJIEMEH-
TOB COOTBETCTBYMIIEro POY;

Ay — MHTEHCHBHOCTbh OTKA30B C Y4E€TOM HUKIMYHOCTU paboTsl PDOVY.
DTa BeIWYHMHA B ONPEAECIEHHOM CMBICIE SIBISAETCS YCIOBHOU M
UMEET pa3MEepHOCTh [A,]=1/muKN. DKCIEpUMEHTAIbHO YCTAHOB-
JICHO, 4TO JJIg 3JieMeHTOB PDY Xu_an_::(l..lO)-l()'8 1/mukn;

N, — KOJIMYECTBO IIMKJOB (BKIYEHO-BBIKJIIYEHO) 3a paccMaTpH-
BAE€MBbI KaJICHIAPHBIN NEPUOT ¢.

N3 npuBenéuHoit GopMysbl MOXHO BBIJEIUTH, TaK Ha3bIBAEMYIO,
AKCIJIYaTAallMOHHYI0 MHTEHCUBHOCTh OTKa30B PDY, oTHECEHHYIO K KaJ€H-
JapHOMY IIPOMECXKYTKY f.
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t t N
}\43 :}\’p .i—i_}\’xp .£+}\'Ll _Ll’
t t t

Ny/t = Fy;

rae t = tpytiyp,;
F, — gactora mukmaoB paboThl, [MUKI/4].

3aMeUueHO0, YTO NMUKJIUYHOCTH CKA3bIBACTCS CYNIECTBECHHO Ha HaMEXK-
HOCTU npu F>1 nukin/yg.

3agaua.

Hns POY npu 3nmadenuu f, = t3 = 1000 4 monyueno p(t;) = 0,95.
TpebOyeTcs ompeaeluTh BEPOSITHOCTh Oe¢30TKazHoOUW paborel POV 3a ka-
nennapueii nepuon t=10000 4, npeamoisaras, uto 3HadyeHue {,=1000 4
OyaeT BRIOpaHO MPUMEPHO 32 ATOT KaJleHAAPHBINA Tepuoa. YnUcCa0 MUKIOB
B CYTKH MPUMEPHO paBHO Tpém, N7 = 3.

Pemenue.
l.t,=1¢,=10004, t,,=1¢—-£,=10000 - 1000 = 9000 u.

t

2.p(t,) = e_x'”’;

logep(tp) = —Aptp;

Inp(z,)  n095 5
=— ——— = =5x107 (V).
P t 1000 VA

p

3. OnpenensieM 3HaY€HUE kxp(Pay). H3BecTHO [7]:
~ _ PoY) _ -8
degp ~ (0,01..0,001)%, = A, =0,005%, = 257 =25 x10 " (1/a) .

4. llpennonoxum, uto POY conepxutr N = 500 aneMeHTOB, TOraa
A2 =00,N=(1...10)10"%500=2,510" 1/muk.

5. KonnyecTBO IMUKJIOB 3a KaJleHAapHBIK MEePHOT:

10000
— N (eyr) —|q = — = ~
Ny=N&. 8 -WS- oy -—4Y4—3'417~12“)unxn03.

YHCIIO
CYTOK

~ Mty + el +haN
6. p(t)=e iy Hoxplap V) =‘rz[e A,shyp A, oTHOCHTCS K POY B niemom| = 0,92 .

Xp?
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3agaua.

[MIpennonaras, 4to Prpm(#,=1000 9) = 0,99, nygy = 1000 smemen.,
BBISSICHUTH, YTO XYX€ C TOUYKH 3PCHUS HaAEKHOCTH: OJHO BKIIOUYCHHUE-
BBIKJIIOUCHHE UJIM )K€ HEMpPEephIBHAS paboTa B TEUEHUE OJHOTO Yaca.

Pemienue:

1.OnpenensieM 3HaueHue A,. [Ioap3ysach rTunoTe3oi 00 IKCIOHEHLU-
AJIbHOM 3aKoHe HajaéxHocTH DOBM, nonyuum

_ In p(t
p(tp)Ze Mol :>}\4p == p(p) :_ln0’99 =1'10_5 1/4.

t, 10004

2. OnpenensieM UHTEHCUBHOCTh 0TKa30B DBM ¢ y4éTOM HUKIHUYHO-
CTH

AP =, N =510"%1000 =510 1/unki.

3. OnpenenseM BepOSITHOCTh O0€30TKa3HOM paboTel DBM 3a onun
MUK (BKJIIOYCHO-BBIKIIOUEHO):

p(t)=e M =107 2099994,

4. BepostHOCTh 0e30TKa3HON paboTel OBM B TeueHue oqHOTO yaca
pabortsl (¢, = 1 4):

p(t)=e " =317 20,9995

CnenoBaTenbHO, C TOYKH 3PEHHUS HAAEKHOCTU OJHO BKJIIOUYECHHUE-
BBIKJIIOYEHHE XYXKE, YEM OJMH Yac HENMPEPHIBHOU pabOTHI.

OnpenenuMm, KakoMy BpPEMEHHM HENPEPBIBHOW pabOTHl ¢ TOYKHU 3pe-
HUS PaBEHCTBA BEPOSITHOCTEM OTKa3a COOTBETCTBYET OJHO BKJIIYEHHE-
BRIKJIIOYeHHEe DBM.

N3 paBeHcTBA

NOJIy4UM

ty = N/ hp.

Jlerko y0eauThCs: OJHO BKJIIOUEHHE-BBIKJIIOUYEHHE C TOUYKU 3PEHUS
Ha/&XHOCTU PAaBHOCUJIBHO MATH YacaM HempepbiBHON paboTsl DBM.
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3.6. Pacuér nmoka3zareJieili HAJéKHOCTH NMPHU Pa3HbIX 3aKOHAX
pacnpejejeHusi BpeMeHH 10 0TKa3a 3J1eMeHTOB

N3moxeHHbIE BBIIIE METOAUMKM OLEHKHM NOKa3aTeJied HaXEXHOCTH
npoeKTHpYyeMBbIX POY ucxoadar u3 Toro, 4to Ajs 3JEMEHTOB UMEET MECTO
DKCIIOHEHIMAJIbHBIM 3aKOH HAXEXHOCTHU, T.€. BPEMs N0 OTKas3a pacmpene-
J€HO MO DKCIIOHEHIIUAJIbHOMY 3aKOHY

w(t) = kl.e_k"t; >0

U, CJIEI0BATENIbHO, JJIsl BEPOSITHOCTH 0€30TKAa3HOM pabOTHl PJIEMEHTOB 3a
BpEMS 3 CIpaBeJINBO BhIpAXKEHUE

—Ajts

p,(t,)=e :

rjie A; — UHTEHCUBHOCTh OTKA30B i-TO 3JE€MEHTA.

OneiT 5kcnanyarauuum POY, a Takke NpOBEIECHHBIE HCCIEIOBAHUSA
NOKa3ajldH, 4YTO TAKOE€ JOMNYUIEHHE B pANE CIydyaeB MOXKET MNPUBECTH K 3a-
METHBIM OIMOKaM. DKCIEPUMEHTAJbHO OBLJIO YCTAaHOBJEHO, YTO BpeEMs
10 OTKa3a JJEMEHTOB MOXET OBITh ONUCAHO CJIEAYIOIUMH 3aKOHAMHU
(MogensiMu):

a) DKCIIOHEHUUAJbHBIM (PE3UCTOPHI, KOHAEHCATOPbI, HEKOTOPHIE TH-
bl TOJYIPOBOJHUKOBBIX NPUOOPOB, HHTErPaJIbHBIX MUKPOCXEM H JP.);

0) 3akoHoM BeitOynna (MHOTHE TUNBI MOJYNPOBOJHUKOBBIX MPUOO-
POB, HHTETPaJbHBIX MUKPOCXEM, MEXAHUYECKHE DIIEMEHTHI);

B) HOpMaJIbHBIM (3JI€MEHTHhl, QYHKIIMOHUPOBAHUE KOTOPHIX CBS3aH-
HO 3aMETHBIM HM3HOCOM KOHCTPYKTHUBHBIX YacTe€d — BJIE€MEHThl KOMMYTa-
MU U MEXaHUYECKHUE);

r) Jorapu@MUUYECK HOPMaJbHBIM (HEKOTOpPHIE TUIB KOMMYTHPYIO-
NIUX U MEXAHUUYECKUX DJIEMEHTOB).

[Tonuno¥i nHPopManuu o 3aKOHAX pacupelesieHUs BpeMEeHHU 10 OTKa-
3a aneMeHTOB moka HeT. [Ipu pacuére mokazareneid HanéxHocTu POY B
cllydyae pas3JINYHbIX 3aKOHOB pacHpeaeeHUus BPEMEHHU O OTKa3a MOJIb3Y-
IOTCSI OCHOBHBIM PacCY€THBIM COOTHOIIEHHUEM

P.(t,)=p ) p,( ) ..-.py(t),

OJNHAaKO p;(t;) onpeAeasaoTcs ¢ Y4ETOM KOHKPETHOTO 3aKOHa pacnpesene-
HUS.

PaccMoTpuM, Kak moACYUTHIBATH p;(f;) AJid 3aKOHOB NMEPEUYUCIECHHBIX
BBIIIIE.

1. OKCIOHEHIIMAJIBLHBINA 3aKOH.
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[InoTHOCTH pacmpenesieHuss BpEMEHHU JO O0TKa3a B 3TOM Cllydae UMe-
€T BUJ

w(t) = kl.e_k"t,

rjae A; — mapaMeTp PKCIMOHEHIIMAaJIbHOTO pPacHpeaeNeHus IJisl i-TO dIIEMEH-
Ta, YUCJICHHO PAaBHBI MHTEHCUBHOCTH €T0 OTKa30B.

[Ipy »SKCHMOHEHIMAJTBHOM paclpeaeNeHun YUYET KOIPPHIUEHTOB
DIIEKTPUUECKON HArpy3kud W yCIOBUH pabOTHl DIEMEHTOB, Kak OTMeda-
JOCh BBINIC, BBHIMOJNHIETCS NMYyTEM KOPPEKTUPOBKHU IMOKa3zaTens A; C HC-
NOJb30BaHUEM (POPMYIIbI

(V) =h, ﬁa(xj),
j=1

rae A;(v) — MHTEHCUBHOCTbh OTKA30B [-TO 3JieMeHTa ¢ yuéToMm Kod3dduuu-
€HTOB DJIEKTPUUYECKON HArpy3KH U yCIOBHUU PabOTHI 3JIE€MEH-

TOB;

Ao; — CHpPaBOYHOE 3HAYEHUE MHTEHCHBHOCTHU OTKAa30B i-I'0 3JEMEH-
Ta;

a(x;) — TONMPaBOYHBIH KOOO(PHUIMEHT, YUYUTHIBAIOIIUNA BIHMAHHE (aK-
Topa x;; j=1, ..., m;

m  — KOJNYECTBO (paKTOpOB.

3HavyeHue p;(f,) MOJCUYUTHIBAIOT MO BHIPAXKECHUIO

_ " B4i()
pi(ts,)_e ’ 9

rae t, — 3agaHnHoe Bpems pabotel POV, a, cnemoBaTesnbHO, i-TO 3JIEMEHTA
B cocTtaBe POYVY.
2. 3akoH Beiibynna. [I10THOCTH pacnpeneiaeHuss BpEMEHHU 10 OTKasza
B DTOM CJIy4ae 3aJaeTcs BhIpaXCHUEM

w(t) = ppePle

rae p, B — mapameTpsl pacupenesienus BelOynna.
CrnpaBOYHBIMH MOKa3aTedsIMU HAAEKHOCTHU JOJKHBI OBITH p U .
Y4ér K0dPPUIUEHTOB DIIEKTPUUYECKON HArpy3KH U YCIOBUH DKC-
IJyaTalUu 3JIEMEHTOB MOJKET BBINOJHATHCS NYTEM KOPPEKTHPOBKHU Ia-
paMeTpa p, UCIIOJIb3Yys BbIpaXXEHUE

0. =py [ Jou(x,) (3.14)
=
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rJle poi — CHpPaBOYHOE 3HAUEHHUE MOKA3aTeNs p;;
a(x;) — monpaBOYHBIA KOdGPUUHUEHT OIS pP;, YYUTHIBAIOIIUN BIUSIHUE
pakTopa Xx;.
K coxaneHuio, 3KCIepuMEHTaIbHbIC JaHHBIE O 3HAYECHHUIX MHOIpa-
BOYHBIX KOA(PPHULIUEHTOB AJSI p OTCYTCTBYIOT.
®opmyna nna noacuéra p;(t;) B ciaydae 3akoHa Belibynma moxer
OBITH MOJIyuYeHa B BUJE

p(t)=e P (3.15)
13

DKCHEepUMEHTAIbHO YCTAHOBJIEHO, YTO JJIsi OOJBIIMHCTBA MOJYNpPO-
BOJHUKOBBIX NpuOOpoB Kod3pPuuumeHt Qopmbl B JEKUT B JuamnazoHe
0,3...0,7. 3ameueHO, 4eM BbIIIE€ KYJIbTypa NMPOU3BOJCTBA U COBEPIICHHEE
TEXHOJIOTUS HM3TOTOBJEHHUS MOJYNPOBOJAHUKOBBIX NPUOOPOB, TEM HHXKE
3HaueHue koddpdunuenta dopmsl fB.

Ecau B=1, To umeeM Jeso ¢ 4YUCTO PKCINOHEHIMAJIbHBIM pacnpese-
aeHueM. JlJis MHOTUX MEXaHHUYECKHX 3JIeMeHTOB KoddduuueHt hopmbl B
npubnuxaercs K 2...3, u pacupeaencHue BeliOynma B 3ToM ciydae 3ame-
HSIOT HOPMAJIbHBIM PacHpeIeICHUEM.

3. HopManbHBIN 3aKOH.
['paduk ninoTHOCTH pacupeneeHus BpeMeHH JO0 OTKa3a B 3TOM CIy-
yae HMMEET BHJ, NOKa3aHHBIM Ha
() puc.3.3.

[lapameTpamu pacnpenene-
HUS B 3TOM cCliydyae ABIAKOTCA f¢p
— cpenHee BpeMms O€30TKa3HOU
paboThl (cpeaHee BpeMs A0 OTKa-
3a) U G, — CpellHee KBaJpaTuye-
CKO€ OTKJIOHEHHE BpeMeHHu 0e3-
oTKa3HoOU paboTsl. CrnegoBaTesb-
HO, B 3TOM CJIy4ae OHH JOJIKHBI
UCIIOJb30BAThCS B Ka4eCcTBeE
CHPaBOYHBIX JaHHBIX O HAJEXKHO-
CTH [-T'0 DJIEMEHTA.

Yuér KO0dQPUUUEHTOB JIEKTPUUECKON HATPY3KH U YCIOBUH IKC-
IyaTalluu 3JIEMEHTOB MOXXHO BBIIOJHUTH NMYyTEM KOPPEKTUPOBKU MOKa-
3aTeNs f.p, MCIOJB3Ys BBIPAKCHUC

0

Puc.3.3 I'paduk niioTHOCTH pacnpeesieHust

(O
t o ()=—P

cp.i m (3.16)
]l'_[:IOL(xj)
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rae fep(v) — cpenHee BpeMsa 0€30TKa3HOW pabOTH i-T0O DIEMEHTA C y4é-
TOM Kod(dduuueHTa 3JeKTPUIECKON HATPYy3KH U yCIOBUH
paboThI PTOTO DJIEMEHTA;
a(x;) — mnonpaBOYHBIH KodQpduUUUEHT [uas f.p,;, YYUTHIBAIOIMUI
BIUsAHUE j-TO (pakTOopa (cMBICT 3TOTO K03 dunuenrta ana-
JOTUYEH 3KCIOHEHIIMAJIbHOMY paclpeieleHUuI0 U pacipe-
nenenuto BeitOynmna);

1(0)_ — CIIPABOYHOC 3HAYCHUC I p ;.
cp.i

DKcnepUMEeHTalbHbIE JaHHBIE O 3HAYEHUSX MONPAaBOUYHBIX KOd(pdu-
IUEHTOB f¢, OTCYTCTBYIOT.
3HavyeHue p;(t3) MOXKET OBITH ONIPEAEICHO KaK

p;(t,) =S = [w(t)dt = F(o0) = F(t,) =

ly

Ly =l C yuétom cBoiCTBa Lopi ~ ¢
o 2P| y _ | P 3 , (3.17)
c.. by O(...) o,

1)
rae @(...) — rabnuyHas QyHKUUS CTaHAApTHOTO HOPMaJbHOIO pacnpene-
neHus (cMm. tabn.I14.1, mpun.4).

CMmbica npuBeIEHHON POPMYJIBl MOHATEH U3 puc.3.4.

2. Jlorapudmuyuecku HOpPMaJbHBIA 3aKOH. B ciyyae 3TOoro 3akoHa
HEOOXO0AMMO MOMHHUTH: IO HOPMAJIbHOMY 3aKOHY pacrpeieeHo He BpeMms
10 OTKa3za, a Jorapudm 3TOro BpeMeHHU. 3HAUEHUS BEPOSITHOCTEH p(f3)
OMpeNeNa0T aHAJOTUYHO HOPMAJIbHOMY 3aKOHY.

3.7. llapameTpuveckasi HagéKHOCTh PIY

3.7.1. lapameTrpuyecKkass HAAEKHOCTh H
Gpynkuuonuposanue PIY

B kadecTBE KOJHYECTBEH-

A HOW XapakKTEepUCTUKU napamem-
puueckou Haodéxucunocmu PDIY
HUCIOJB3YIOT BEPOATHOCTh OTCYT-

CTBHUS B YCTPOWCTBE IIOCTEIECH-

HBIX OTKa30B NIpu ero pabore B
3aJJaHHBIX YCJIOBHUSAX DJKCIJyaTa-

p MU B TeuyeHue BpemeHu 3. Ilo-
HATHE MAapaMETPUUYECKON HaIEX-

Puc. 3.4. K onpenenenunio HOCTH TIPSIMO CBS3aHO C MOHSTH-

BEPOSITHOCTH p(73) €M MOCTEIMEHHBIX OTKA30B.
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g ananmoroBeix POY mocTeneHHBIN OTKa3 MPOSABISAETCS B CHHUXKE-
HUU 3()(HEeKTUBHOCTH HCIOJb30BaHUs ycTpolcTB. Hanmpumep, npenmnoso-
XKHUM, YTO COTJIACHO TEXHHYECKUM YCJIOBUSIM YYBCTBUTEIBHOCTb PaauoO-
npuéMHOTO ycTpoiicTBa goikHa ObiTh He Huxke 100 mxB/M. lomycrtuwm,
YTO C TEYEHUEM BPEMEHM UYYBCTBHUTEJIBHOCTh yXyAlIHiaach u crana 150
MKB/M, Ha ciayX MBI MOXEM 3TO Ja)e He MmouyyBcTBOBaTh. OJHAKO CHO-
COOHOCTh pPaAUONPUEMHOTO YCTpPOUCTBA MNPUHUMATH cJabble CHUTHAJbI
CHHM3MJIACh, T.€. MOXXHO TOBOPUTb O CHMXE€HHUH 3P(PEKTUBHOCTH €r0 HC-
noJab30BaHUA. B nanHHOM ciiyyae 3a)MKCUpPOBATh HACTYIJIEHUE MOCTEMEH-
HOTO OTKa3a MOXHO NYTEM M3MEPEHHS YPOBHS YyBCTBHUTEIBHOCTH C IO-
MOIIbIO KOHTPOJBbHO-U3MEPUTENbHBIX NpubopoB. Ho ecium 4yBCTBUTENB-
HOCTh YXYALIMUTCS €l B OOJIbIIEH CTENEHU U CTAHET PaBHOM, HallpUMeEp
900 mxB/m, TO BechbMa BEpOSTHO, YTO MBI M Ha CIyX MOYYBCTBYEM: C
YYBCTBUTEIbHOCTHIO PAJUONPUEMHOTO YCTPOUCTBA YTO-TO HE TaK.

[IpumenuTenbHo K NUPpoBBIM POY mocTenmeHHBIH OTKa3 MOXET BhI-
3BaTh JIOXKHOE cpabaThiBaHUE JOTUYECKUX BIEMEHTOB HJIHU, HA0OOpOT, He-
cpabaTpiBaHWE B HYXHbBIH MOMEHT. [lo3TOMy mocTenmeHHbIE OTKa3bl B
NUPPOBBIX YCTPONCTBAX OOBIYHO MPHUBOAAT K MCKaXECHUIO HIH Ja)ke MO-
Tepe oOpabaTsiBaeMOil HHPOpPMAIIHUU.

3.7.2. lIpuyuHbI, 00ycJaaBJMBaOIIHE NOSIBJIEHH
NMOCTENMEHHBIX 0TKAa30B

OCHOBHBIMH NPUYUHAMHU, BBI3BIBAIOIIMMHU BO3HHUKHOBEHHE IIOCTE-
INEHHBIX OTKa30B, ABISIOTCS CIEAYIOIUE:

IPOU3BOJACTBEHHBIN pa3z0poc BBIXOJHOTO MapaMeTpa, BbI3bIBA€MBIH
NEUCTBUEM NPOU3BOICTBEHHBIX NOTPEIIHOCTEN;

yXOJ BBIXOJHOrO HapamMeTpa OT HOMHHAJIbHOTO 3HA4YE€HUS HU3-3a
NpOIECCOB CTApEHUS;

OTKJIOHEHHUS BBIXOJHOTO MapaMeTpa OT HOMHHAJIbHOTO 3HAYCHHA
nojJ BO3JEeWCTBUEM JecTabunuizupyromux (akTopoB (TemmepaTyphl,
BIAXHOCTH U T.1.).

BBuny Hanuuus npoU3BOJCTBEHHOT0 (T€XHOJOTMYECKOro) pazbpoca
BBIXOJHOU MapaMeTp YK€ MOXKET 3aMETHO OTKJIOHHUTHCS OT HOMHUHAJIBHO-
ro 3HaueHus. B mpouecce skcmiyaTauuu, a TakXe NOJ BO3JeilCTBUEM
AecTa0MIU3UPYOIUX (PaKTOPOB MOXKET NPOU30MTH JalbHEHIIEee U3MEHE-
HUE BBIXOJHOIO INapaMmeTrpa. B urtore ero 3HadeHue MOXKET JOCTUTHYTH
KPUTHUUYECKOW TpaHUIIBI M 3aTeM BBIUTU 3a He€ (puc.3.5). Hactynut mo-
CTENEHHBI! O0TKa3 (MOMEHT BPEMEHH fo;).

[TocTeneHHbIE OTKa3bl BHISABIAKT U yCTPAHSAT B OCHOBHOM B IIPO-
necce NpoUIAKTUUYECKUX MEPONPUSATUN, COTIaCHO YCTAHOBIEHHOMY s
nanHblX POY rpaduky (Tak Haz3piBaeMbIX periaMeHTHBIX paboT), a Takxke
B mpolecce 3kcmiyarauuu POY.
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3.8. Ouenka napamMerpuueckoii Hagéxxuoctu PIY Ha 3Tane
NPOEKTUPOBAHUA

A pisssssss sy Tounslii pacu€t ypoBHS

/// OGuacTs oTKa30B // mapaMeTpUueckoil  HaaEXKHOCTH
G -///4//////4//- . ” npoekTupyemeix POY saBugercs
O61acTh 6e30TKA3HOI pabOTHI JOCTATOYHO CJIOXXHOM 3ajgadeci.
Ha npakTuke HCHONB3YIOT MPH-
ONM>KEHHBIE METOJIbl, OCHOBaH-
Hbl€ Ha psae pgonymeHuu. Pac-
T Aesteaias” %7 A CMOTPUM OJHMH U3 METOJOB, HO
// OGuacts 0TKa308 /! CHayalla cjeJaeM cleayloliee

> 3aMEyYaHHue.

CrapeHue mnposBIsETCS B
CPaBHUTEIbHO MEAJEHHOM U3-
MeHeHUuH  napametpoB POV,
OOBIYHO B OJHY CTOPOHY, XOTS

CKOpPOCTh CTapeHHUs I Pa3HbIX 3K3EMIUISIPOB OJHOTO M TOTO X€ BHUAA
U3JEIUNA pa3nudHa. B mHTEepBane BpeMeHHu oT (=0 m0 f=f3 XyAIIHUM CIYy-
yaeM € TOYKHU 3pEHHUsS yXoJa BBIXOJHOTO IMapaMeTpa OT HOMHHAJIBHOTO
3HAa4Y€HUs SBJISETCS, KaK NpPaBUIO, MOMEHT BpeMeHHu f¢=t3. [loaTtomy B
JalbHEWIIEM MOJ CI0BAMHU «K MOMEHTY BPEMEHU f=f3 C yUETOM AEUCTBUS
necrabunusupyrmux (akropoB» OyaeM MNOHUMATH XYIIIHUNA ciaydall ¢
TOYKHU 3pEHUS MapaMeTpPUUYECKOW HaAEKHOCTHU U3JEJIUs B UHTEpBajle Bpe-
MeHH OT t=0 10 f=f3 B 3aJJaHHBIX YCJIOBUAX IKCHJyaTalHH.

B uHxeHepHbIX pacuéTax OOBIYHO MOJB3YIOTCS THIOTE30H O TOM,
YTO BBIXOJHOMW IapaMeTp ¥ B TEYEHUE BPEMEHHU 73, AJS KOTOPOTO UHTEpPE-
CYIOTCS BEPOSTHOCTBIO OTCYTCTBHUS NOCTENEHHBIX OTKa30B, pacupeleicH
N0 HOPMAaJlbHOMY 3aKOHY. 3aMEYE€HO, YTO B OOJBIIMHCTBE CJIY4YaeB BbI-
XOJHbIE mapaMeTpbl POY Xopomo onucheiBarOTCSs 3THUM 3aKOHOM Ha BCEM
ydacTke s3kcnayatanuu ot t=0 no t=¢3. OgHAaKO B NMpoLEcce dKcIyaTa-
UU, T.€. C U3MEHEHUEM BPEMEHH f, a TaK)Xe MOJ BO3JAelcTBUEM JaecTaldu-
AU3UPYIOIUX (PAaKTOPOB HM3MEHSIOTCS HapaMeTpbl HOPMAJbHOTO 3aKOHA.
OOBIYHO TPOUCXOOUT CMEILIEHHE CPEJAHEro 3HAa4€HHUs BBIXOJHOTO mapa-
METpa U HM3MEHSETCS CTENEHb €ro pacceuBaHHUA OTHOCUTEJIHBHO HOBOTO
cpennero 3uaueHus (puc.3.6).

31ech NPUHATHI ClieAyIoNHe 0003HAYCHUS:

w(y/t=0) — GYHKIHUS MIOTHOCTH paclpeaeeHUs] BBIXOJHOTO Iapa-
MeTpa ¥y B MOMEHT BpeMmeHHU t=0 0e3 yuéra AelcTBUSA NecTaOUIU3UPYIO-
mux GakTopoB (TeMmepaTrypsl, BJIAXKHOCTH U T.11.);

w(y/t=t3) — pyHKIUA pacnpereeHus] BEIXOJHOTO apaMeTpa y K MO-
MEHTY BPEMEHHU {=f3 C y4ETOM JEUCTBUS JECTAOUIUZUPYIOMHUX (HAKTOPOB.

yHOM-

Vu

0 tor Bpewms ¢

Puc.3.5. U3MeHeHHe BBIXOJAHOI O
napaMerpa npu 3xkcnayaranpun PIC
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w(y)A O

>

S=Prap(ts)

yH yHOM yB y Vu Vuom Ve Y

Puc.3.7. U3meHeHHne
pacceMBaHUA BBIXOJIHOIO
napaMeTrpa npu
ykcnayartanuu PIOY

Puc.3.6. Bausinue npouecca 3KCnjayaTanuu
Ha pacnpejaeyeHue napamerpa PIVY:
Yus Vs — HUKHSASA M BePXHAA J0NYyCTUMBIE
rPpaHULbI

B psane ciaydaeB cmeunieHuss cpeaHero (HOMHUHAJbHOTO) 3HAYeHUS
BBIXOJHOTO MapaMeTpa HE NPOMUCXOAMUT, a H3MEHseTcs (Kak IpaBuIIo,
BO3pAacTaeT) CTENEHb pPacCeMBAHUSA 3TOr0 IMapaMeTpa OKOJO CPEIHEro
3HaueHus (puc.3.7).IlycTh nonyck Ha BBIXOJAHOW mapaMmeTp y 3aJlaH, UC-
XOJs U3 ClyXeOHOoro Ha3zHaueHus POV, HuxXHel y, U BepXHEHl y, IpaHU-
namu. Toraa BeposATHOCTb, C KOTOPOW rapaHTUPYETCsI OTCYTCTBHE MOCTE-
NEHHOT0 OTKa3a B T€YEHUE MPOMEXYTKAa BPEMEHHU f3 YUCIEHHO paBHa 3a-
MTpUXOBaHHOW miuomanau (puc.3.6, 3.7).

Bocnonp3yeMcss runoTre3oii 0 HOpMajdbHOM pacHpeieIeHUHU BBIXOJI-
Horo nmapamerpa y. MCKOMyI BepOATHOCTb Pp,,(f3) OmpenelnuM ¢ IMOMO-

b0 GOPMYJIbI

b—m a—m
P(aSySb):CD( -O , (3.18)
c c
rae a, b  — HUXHSISI U BEPpXHSIS TPAHHUIBI HHTEpPECYIONe 001acTH;

m — MaTeMaTHuYecKoe OXuJaHue (CpeJHee 3HAa4YEHHE) mapameT-
pay;

o — cpeaHee KBaJpaTHYeCcKoe OTKIOHEHHUE MmapaMeTpa y;

®(...) — yHKOHSA CTAaHAAPTHOTO HOPMAJBHOTO paclpeaeIeHUs
(6=0; m=1).

[IpuMeHUTENBHO K pacCMaTpUBAEMOW 3ajade mapaMeTpsl B popmyie
(3.18) mpuMyT 3HAYCHUS:

a=ys; b=ys; m=M(y/t=t3); o=c(y/i=t3),
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rane M(y/t=t3)— cpeaHee 3HA4YEHHE BBIXOJHOTO MapamMeTpa B MOMEHT
BPEMEHU {=f{3 C Y4ETOM JACUCTBUS NECTAOUIU3UPYIOMIUX
baxkTOpOB;
o(y/t=t3) — cpeaHee KBaapaTU4YeCKOE OTKIOHEHHE BBIXOJHOTO Iapa-
METpa B MOMEHT BPEMEHHU [=f3 C YU4ETOM IAECUCTBUS AEC-
TaOUIU3UPYIOMHUX PaKTOPOB.
Tornma BepoATHOCTD Ppap(f3), ¢ KOTOPOW TapaHTHUPYETCSA OTCYTCTBHUE
NOCTENEHHOT0 0TKa3a, ONpeJeuTcsa Kak

vy, —M(ylt=t)) @ Yy —Mylt=t))
a(y/t=t,) a(y/t=t,)

Pap () =@ (3.19)

Ecnu mpum anmanmze mapamMeTpHyecKOW HaAEXKHOCTH HCIOJIH30BATH
OTHOCHTEJbHBIE MOTPEIIHOCTH BBIXOJHOTO MapamMeTpa ), TO pacuyéTHas
dbopmynaa MoxeT OBITH MOJiydeHa Mo aHamoruu ¢ popmynoi (3.19), co-
rjiacHo puc.3.8.

B sToMm cnyuae umeem:

a=-90; b=9; m:M(g/t:tS} G:c{ﬂ/t:tg}
y y

rac 0 — IMOJOBUHA MOJA AJOIIyCKa OTHOCHUTEJIbHOU IMOrpCIIHOCTH BBIXOJIHO-
ro mapamMeTpa, 3ajJaBacMasd UCXOOSd H3 CHY)KG6HOFO Ha3Ha4YCHHUA

POY.
Torpa, ucnonas3ys Beipaxenue (3.18), MoXHO 3anucarh

P ()=
map ~ 3 Ay
G(/l‘z BJ

Ecnu nponecc skcnnyatauuu POY He BbI3bIBA€T CMEIIEHUS CPEAHE-
ro 3Ha4€HHUSI OTHOCUTEJBbHOW MOTPEUIHOCTH BBIXOJHOIO MapaMerpa, To

M(ﬂ/t=t3j20.
y

(3.20)

B stom cnyuae ¢dopmyna (3.20) ynpouraeTrcss ¥ IpuMeT BUJ
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~-1 (3.21)

P.(t,) =D ) =2
fap A
C{Ay t=t3j G(Ay/l‘ :tSJ c{y/t = 3]
Yy Y L Y

Jlnsg Toro, 4TOOBI BOCIIOJIB30-
BaThcs (popmynamu (3.19)-(3.21),
HEOOXOOMMO 3HATh, HACKOJIbKO
MaKCHUMaJbHO CMECTHUTCS CpeaHee
3HaY€HHUE BBIXOJHOTO IMapameTrpa
WA €T0 OTHOCHUTEJIBbHOU IOTPEII-
HocTU mpu pabotre PDOY B 3amaHn-
HBIX YCIIOBUSAX OJKCIUIyaTallUH B
TEYEHHE BPEMEHHU f3, T.€. XapakKTe-

PUCTUKHU M(y/t=t,) WITH
A

M(y/t:tgj. Kpome storo, Hazxo
Y

pacmoJjiaraTh CBEJEHUSIMH O CTe-
neHu pazdpoca mapameTpa y HIHU

Puc. 3.8. Bausinue npounecca g
JKCNJYATALMM HA paclnpeaelieHue Ay/y nns 3amaHHBIX ycloBHil dKc-

OTHOCHTEJLHOH NOTrpPpeIMIHOCTH HJIyaTaHI/IH u BpeMeHH t3 T.€. Xa-

BLIXOAHOTO TapaMeTpa paktepuctukamMu o(y/t=t) wunu

A
a(y/tzgj. ITokaxxeM, Kak oI-
y

pEAENUTh YKAa3aHHbIE XapPAaKTEPUCTHUKH Ha MPUMEPE PAaCCMOTPEHUS OTHO-
CUTENbHOW morpemuoct Ay/y. DTO mpsSMO CBS3aHO C pacuéToM JKC-

MIyaTallMOHHOT 0 OTKJIOHEHHs BEJIMYMHbI (mapamerpa) Ay/y.
Ucnonbizysa bopmyny
Ay

M[—] ~ATY B, -M(a), (3.22)
Y e i=1

OnmpenessAT cpeaHee 3HadeHue Ay/y, o0yCIOBIEHHOE NEHCTBHUEM TEM-

nepatypsl. 3HaKH + MpH HIKHEM WHIEKce 7 03HAa4alT, YTO dTa XapakTe-
pHCTHKA JOJKHA MOJCUYUTHIBATHCS OTACIBHO AJsS 00JacTEW MOJOXKHUTEIb-
HOU (+) M OTpHIIATENBHOK (—) TEeMIlEpaTyp.

[To popmyne

M(ﬂj — At B -M(c) (3.23)
Y cT i=1
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MOJCYUTHIBAIOT CcpeaHee 3HaueHue Ay/y, 0OycCIOBIEHHOE AeiCTBHEM
crapeHus. B ¢popmynax (3.22), (3.23) M(a,) u M(c,) — cpenHee 3Hade-
HUE TeMIlepaTypHoro kKodpdumuenta u koddhdunueHta cTtapeHUs [-TO

NEPBUYHOIO MapamMeTpa.
Jlanee omnpenensitoT MaKCUMaJbHbIE CMEUIEHUS CPEAHEro 3HA4Y€HUs

Ay/y OTHOCHTENBHO CpEIHEr0 3HAYEHHS NPOHM3BOJCTBEHHOTO OIYCKA.

CyMMHpOBaHUE BBINOJHAKT OTAEIbHO IS NOJOXHUTEIbHBIX M OTpHIA-
TEJAbHBIX CpeaHux 3Hadenuit M(Ay/y), u M(Ay/y),., ucnonb3ys Bbipa-

y z y p y T y CcT

M) ) ) 3,
Y - y np y T- y cT—

(13 29

3Haku “+” m “—” MOYEpPKHUBAKT, YTO BBINOJHIETCA CYMMHUPOBAaHUE
MOJOKHUTENbHBIX M OTPHLATENbHBIX CPEAHMX 3HaueHuit M(Ay/y), wu

M(Ay/y)., -
Ay

I[J'If[ HaXO0XKXIACHHUSA BCIWYHNHEI O'[ t=f3 IHOJCUHUTHBIBAIOT BHAYAJIC
y

(3.24)

3HAa4YE€HUE XapaKTEPUCTUKHU

A A A A
GL—y = 2| s Y| oY , (3.25)
y z y np y T+ y cT
rae o{—y] — CpEHEE€ KBAJAPATHUUYECKOE OTKIOHEHHE OTHOCUTEIbHOU
YV )w
MPOU3BOJACTBEHHOW NOTPEUIHOCTH;
Ay .
ol — | — cpeaHee KBaIpPaTUUYECKOE OTKIOHEHHUE OTHOCHUTEIbHOU
Y s
MOTPEMIHOCTH, OOYCJOBJIEHHOW JAEWCTBUEM TEMIEpaTy-
pbI;
Ay o
ol — | — cpeaHee KBAaAPATHYECKOE OTKIOHEHUE OTHOCUTEIbHOM
Y Ja

NorpCmHoOCTH, BbI3bIBAEMOM CTAapCHHUCM.
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3Haku + mpu uHaekce I B popmyne (3.25) o3HaAuyarwT, 4TO 3HAYE-

A
HHUEC O —y JOJXKHO BI)I6I/IpaTBCH Ha OCHOBC aHaJIM3a TCMIICPATYPHBIX

Y Jr
JOTyCKOB, PACCUYUTAHHBIX JJI MOJOXHUTEIbHON U OTpUIlaTeIbHON o0Oac-
TE€W TeMmeparyp.

Breipaxenue (3.25) cnpaBeJiuBO IJs ciyyasi, KOTrJa paccMaTpuBa-
I0OTCSl JIBA JIeCTa0MIu3upyromux Gakropa (Bpems U TemmepaTrypa), a Tak-
XK€ B MNPEANOJONKEHUU, YTO MEXKAY YKa3aHHBIMHU MOTPEMIHOCTSIMH OTCYT-
CTBYET KOpPpEIsSIIusl.

A
Pacuét 0| -~ | MoXkeT GBITh BEIMOTHEH C HCTOTb30BAHHEM BBIpaXxe-
Y Jw
. , Ay Ay
Hus (4.11), npuBeaénnoro B [1]. dnsa pacuérta o — | u ol — | MOXHO
y T y [
BOCIIOJIb30BaThcA GopMyIaMu
A 1 "
ol 22| ~-|AT|,[> B8 (a). (3.26)
Y J)r 3 i=1
A 1 n
o 2 zg‘Ar‘\/ZBf -5°(c), (3.27)
y CcT =l

®opmyinsl (3.26) u (3.27) 3anucaHbl IS ciaydass TUIOTE3bl O HOP-
MaJbHOM pacHpeieleHUU TeMIepaTypHbIX KOd(Q(OULUUEHTOB «, U KO3 (-

(GULUMEHTOB cTapeHHUs c,, a TakXe B IPEANOJIOKEHHU, UTO KOpperasauusd

MEXIYy TeMIepaTypHbIMH KOd(h(UIMEHTAMU NMEPBUYHBIX MapaMeTpPOB OT-
cyrcTByeT. [locneanee oTHocHTCS W K Kod(ddummeHTaMm cTapeHHUs Tep-
BUYHBIX MapaMeTpPOB.

Ncnonb3oBaHue JaHHOM THUNOTE3bl B OOJBUIMHCTBE MPAKTHYECKHX
ciyuaeB omnpaBaaHo. Ecium xe mMexay TemmnepaTrypHbIMH Kod(dduuueHnra-
MU TEPBUYHBIX MMapaMeTpPOB CYHIECTBYET Koppensnus, To dopmyna (3.26)
NpUMET APYTroi, 60jee CI0XKHBIN BUI

A 1 n n
ol 2 zg‘AT‘ > B2 -8%(a,) +2 21, B,B,8(a,)3(at ), (3.28)
Y Jr i=1 i,j=1
i<j
rae r; — Ko3(QGUIHMEHTHl MapHOW KOPPEISALUH MEXKAY TeMIEpaTypPHBIMU

K03 PuUIMEeHTaMu {-TO U j-TO MEPBUYHBIX MapaMeTPOB.
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3anuck i < j B BelpaxkeHuu (3.28) o3HavaeT, 4YTO pacCMaTPUBAIOTCS BCE
HEMOBTOPSIOMIUECS COUYETAHUS Map MEPBUUYHBIX TAPAMETPOB, IPUUEM [ # j.

B cnyuae yuéra koppensuum Mexay kKodhduUIMEHTAMU CTapeHUs
NepBUYHBIX mapaMeTpoB popmyna (3.27) momxHa OBITH NOMOJIHEHA Clia-
raeMbIM MOJI KBaJpPaTHBIM KOPHEM MO aHaJOTUU C BbipaxeHuem (3.28).

3HaueHus M(Ay/t:tsj u J(Ay/t:th, UCcHojJb3yemMbie B popmynax
y y

(3.19)-(3.21), nanmee MOKXHO ONPEICIUTh MO BBEIPAKECHUAM

M(A«V/HJM(AyylfM(Ayyl. (3.29)

y 2 ’

y

G(Ay/t:tgj:c{ﬂ] + Y Jse Y )5 (3.30)
v )y 6

A A
[lonyuyeHne MHTEpECYHOIIUX BEIUYUH M(y/tzt,sj u a(y/tzt,sj
y y

OBLJIIO MOKAa3aHO B NPEANOJIOKEHUM yd€Ta NBYX BaKHEHIIMX JKcIyaTa-
HUOHHBIX (PaKTOPOB — TeMIEpaTypbl U BpeMeHU(CTapeHus).
Ecnu TpebyeTcs ydyecTh BAMSHHE ABYX APYrux (PakTopoB, HE MpH-

A A
HSATBIX BO BHUMAaHUE NpPHU pacyére, TO M(y/t:th u ({y/tztg} omnpe-
y y

nensiembie mo Gopmynam (3.29) u (3.30), KOPPEKTUPYIOT C MOMOUIbIO
kodddunuenTta 3amaca §, ymHoxas Ha £=1,05...1,2. 3HaueHHUe xapakrte-

A A
PUCTHK M[y/t:t3] u J(y/l‘=t3], B TOM 4YHcCJe C y4€TOoM KOdphuIim-
y y

€HTa 3amaca §, MOXXHO TaKXe€ OINpEJCIUTh Ha 3Tame pacuéTra 3KcIlyaTa-

IHUOHHOTO fgonycka no ¢dopmyine (4.32), npuBoaumoi B yueOuuke [1] nns
. A
NOJIyYEHUS NpeJeJbHbIX OTKIOHEHU N 2.
y

S LORGIEHRCT
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A A
[ToncuutaB mo 3TOoM (Gopmyse HUXKHEE (_y] U BEpXHEe [—yj npe-

y y
Ay
JIeNbHBIC OTKJIOHEHHS BEIWYUHBI ——, BBIACISIIOT XapaKTCPUCTUKH
y
Ay Ay
M| — /t=t | n o — /t=t |, ucnoas3dyemslie B popmysax (3.19)-(3.21):
y y

M(Ay /”Jm [Ayy] (3.31)

y 2

(3.32)

8(
A
c =4 r=t, |= Y
y 3
Ha puc.3.9 3amrTpuxoBaHHBIN 1HWANa30H €CTh MOJI€ IKCIIyaTalMOH-
HOTO JIOIIyCKa C Y4E€TOM

(Ay Ay kodddunuenTta  3amaca
o /t= 3j 5(/f= J E. Tlpeamonaraercs, 4To
< Y > ) > BCE  XapaKTEPHUCTHUKH,
5(&] 5(&} yKazaHHBIE Ha puC.3.9,
v Y )y yKe  IepPecYUTaHbl

yaéToM 3TOoro K03 du-
uuenrta. M3 puc. 3.9.

HOHSTEH CMBICT QOpMyT
(ﬂj M(ﬂj M(Aj/t=t3J M(QJ (ﬂj (331) u  (3.32).
H - z+ 8

Y Y Y Y Taxk Gopmyna
(3.32) cnpaBeayiuBa B
Puc. 3.9. Iloe JKCMJIyaTaMOHHOIO0 A0MYyCKa, NpPeaNnoI0KEHNH, 4TO
noJiyuyaemMoe pac4éTHbIM NYTEM A
5(—)}} IMOJACYUTAaHA C
Y s

rapaHTUpoBaHHOW BeposATHocThi0 P =0,9973. Kospdunuent rapantupo-

BaHHOTO oOecredyeHus JO0MycKa B 3TOM ciaydae p = 1.

Peanbusie PDY B OOJBMIMHCTBE CIydyaeB XapaKTEPU3YIOTCS He-
CKOJBKHMH BBIXOAHBIMHM IapamMeTpaMu. B »Tux cinydasx oias ompenene-
HUS BEPOSATHOCTH, C KOTOPOM TAPAHTUPYETCS OTCYTCTBUE MOCTENEHHBIX
OTKa30B, MOXHO BOCIOJb30BAaThCS BBIPAKEHUEM
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L
Pnap Z(t3):11Pnap j(z3)’ (333)
j:

ruae B, ;

(,) — BCPOSITHOCTH OTCYTCTBMs IMOCTCINEHHOI0 OTKa3za IO j-My

BBIXOJTHOMY MapaMeTpy;

L — KOJIMYECTBO BBIXOJHBIX MapaMeTpPOB, KOTOPBIMU XapakTe-

pu3yeTcd napaMmeTpuueckas HagexHoCTh POY.

Bripaxxenue (3.33) 3anucaHo B NPEANOJOKEHUU, YTO MOCTENEHHBIE
OTKa3bl 10 Pa3HbIM BBIXOJHBIM napamerpaM PDOY He3aBUCUMBEI.

IHHpumep 3.3. Jlnsa nenutenss HaNpPAKEHUS, PACCMOTPEHHOro B
pa3n.4.5-4.6 [1], onpenaeluTh BEPOATHOCTb, C KOTOPOW TapaHTUpPYyETCH
OTCYTCTBUE IOCTENEHHOro OTKa3a. 3aJJaHHOE€ BpeMs pabdOThl JEIUTENS
t3 =10000 4. Iuana3zon pabouux temnepatyp +10..+50 °C. Ilapamerpsl

pe3uctopoB: R1=3 kOmMmx10% , R2=2 kOm£10% . Tunsr pe3ucTopoB —
MJIT. VcaoBue OTCYTCTBHS MOCTemeHHOTO oTkasa: Ag/q <+5% . 3aBucu-
MOCTH BBIXOJHOTO mapameTpa (KodppuiueHTa IejJeHus ¢g) OT NEePBUUYHBIX
napameTpoB (Rl u R2) 3amaeTca MOJEIbIO

_RI+R2

1 R2

Pemenue. 1.3nauenus ko3 HUIMEHTOB BIUSHUS, TOJCUYUTAHHBIC IO
dopmyne (4.9) [1], paBubl: By =0,6; B,, =-0,6.
B npumepe 4.3 (nmoapas3n.4.6.3 [1]) moaydeHo

Y w q ).,

3. Jlns moacueTra 3HAYECHUS G(Aq/q)np BOCIIOJIb3YEMCS BBIpaXKEHUEM

(4.11) [1], onHako BHayaje Mo NpaBUIYy “TpeX CUTM” OIpeJeIuM 3Haue-
HUS o(AR,/R). [Tonyuum:

5(AR1)
o ARI ~ Rl =&z3,3%.
R1 3 3
AHAJIOTUYHO
J(ﬂzj ~3,3%.
R2

Torpa
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U[ﬂj = \/0562 . 3,32 + (_096)2 : 3332 ~ 2’8% .
q ).,

4. BeposSTHOCTHOE OINHUCAHUE TeMMIepaTypHbIX KOdPOUIIMEHTOB U
K02 PUIIMEHTOB CTapeHHUs, MOJyYeHHOE Ha OCHOBE aHalM3a CIPaBOYHOMU
nHpopmanuul12]:

M(a,)=0; 5(a,)=7-10"%1/°C npu T =+20...+100°C;
M(a,)=0; 8(a,)=12-10"%1/°C npu T =+20...— 60°C;

M(C,)=3-10"% l/uac; 6(C,)=2-10"%1/uac.

5. Onpenenum 3HayeHue BeauIuHbl M (Aq/q), 1l MONOKUTENBHOM
U OTpuUllaTedbHOUN oOJacTell Temmeparyp:

M(ﬂJ :M(ﬂj =0, Tak kak M(a,)=0.
q T+ q T-

6. Illpuaumas THMOTE3y O HOPMAalbHOM paclpeleleHUU TeMmIepa-
TYPHBIX KOIPPUIMEHTOB U YUYUTHIBASA, UTO I3TU KOIDDUIUMEHTH HEKOppE-
JUPOBaHBl (TaK KakK pPE3UCTOPHl JACIHUTENS JTUCKpETHbIE), To GopMy-

ne (3.26) moxcuuTtaeM 3HaueHUs O(Ag/q), IS MONOKHUTENbHOU (+) M OT-
pumnarenbHou (—) obnacteit temneparyp. [lonyuum:

a(% ) %Jo,@ {(7-107) +(=0,6)* -(7-10)* -(50 - 20) = 0,6%
q T+

G[ﬁ] :%\/0,62 <(12-107%)* +(=0,6)* - (12-107)*-| 10— 20 |~ 0,34%.
q )

Jns nanpHeHmUX pacuy€ToB BeIOMpaeM OoJbliee 3HAYEHUE

U(ﬁj =0,6%.
q )r

7. Oupenensem M(Aq/q), no Gpopmyne(3.23):

M(ﬂJ =10000-[0,6-3-107* +(=0,6)-3-10]=0

qd )



72

8.[IpuHUMas THMOTE3y O HOPMAJIbHOM pacmupeaeacHuu Kodhhuim-
€HTOB CTAPEHHUS U YyUYUTHIBAS, UTO ITH KOOIDDUIMEHTH HEKOPPEIUPOBAHBI,
no Beipaxkenuto (3.27) noacuuraem o(Aq/q).,, .

a(ﬂj = —10300 0,67 -(2:107) +(=0,6) -(2:107)" ~ 0,57%.
q

4. C Yy4ETOM BBIPaXXECHUS (3.29) 151 TOTO, 4TO

M(ﬁJ =M(£j =0, monyyum
X+ -

q q
M(Aq/t:gj:o.
q

DTO O3HadaeT, 4TO B JaHHOM cjlydae He HaOJI0JaeTcs CMEIEeHUs
EHTpa pacCeUBAHUS OTHOCHUTEIbHOU MOTPEIMIHOCTU BBIXOJAHOTO MapaMeT-
pa q.

5. [IpeanonaoxuM, 4TO MEXAY MHOTPEIIHOCTAMHU, OOYCIOBIECHHBDI-
MU NPOU3BOJACTBEHHBIMU MPUYHMHAMHU, CTAPEHUEM U AECHCTBUEM TEMIEpa-

A
TYpbl, OTCYTCTBYET Koppensauusi. Torga nis onpeaeaeHus 0(—6]) MOJKHO
9 Js
. Ay
ucrnons3zoBath Qopmyny (3.25). C yuérom Ttoro, uro M|—| =0 u
y Z+

A A
M(—qj = M(—q] =0, no BeipaxeHuto (3.30) mosyuaem
q Js. q )s

a(Ay /t - th - a(ﬂJ =J2,8° +0,6> +0,57* = 2,92%.
2

y y

11. ITo ycnoButo npumepa 0(Ag/q)=5%. OnpenensieM BEepOSITHOCTb,

C KOTOpPOH rapaHTUpPYETCA OTCYTCTBHE MOCTENEHHOTo oTka3za. C yuérom
3aMeuyaHus, cAeJlaHHOTro B 1.9, npuMmenseM dopmyny (3.21). [lonyuaem

5
P (t;)=20| — |-1~1914-1=0914.
nap(3) (292j

b

[Ipu pacuére ucnonszoBana tabx.Il1.1, mpun.l.
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BGpOHTHOCTB TOT'O0, YTO B 3aJJaHHBIX YCJIOBHAX JKCIIJIyaTallMu MU TC-
YCHUC BPCMCHH 1=t3 HpOI/I3OI‘/III[eT MOCTENEeHHBIN OTKa3, OonpcaACINUTCA KakK

Gy (1,) = 1= Py (2,)=1-0,914 = 0,086.

DTO 03HaA4YaeT, YTO MPHU DKCIJyaTalluu JeJUuTe]Iel B 3aJaHHBIX YyC-
JOBUSX B T€UE€HHUE NpoMexyTka BpeMeHu 3 = 10000 u B cpenHeM U3 Ka-
xAbIX 100 genuTenel aump y 8-9 3Kk3eMIIAPOB BBIXOIHOW mapamMeTp (KO-
3¢ GUIMEHT NeNeHUS ¢) BBIUACT 3a mpeaenabl Ag/qyon = £5%.

HoMuHanbHOE 3HaueHUE KOB(i)(bI/IHI/IeHTa AcCJICHUsA ¢, .~ OHUPCHCIUTCIA
KakK
g :R1HOM+R2H0M :3+2:25
%9
HOM R2H0M 2
rne Rl ,R2 — HOMHUHAJbHbIC 3HAYCHHUU NEPBUUYHBIX IIAPAMETPOB — CO-

NPOTUBJIEHUN pe3ucTtopoB Rl u R2.

3.9. YnpouleHHasl OLEHKA YPOBHS MapaMeTPHUYeCKOM
HAXEKHOCTH YCTPOMCTB

C nmoHsATHEM NapaMeTpUyecKas HaAEKHOCTh YCTPOUCTBA MPSAMO CBS-
3aHBl MOCTEMEHHBIE OTKa3bl yCTpOiicTBa MO ero (yHKUMOHAJIbHBIM Mapa-
meTtpaM. Ecniu xoTs Obl o1uH U3 PYHKIHMOHAJIBHBIX MapaMeTpPOB YCTPOW-
CTBa ) BBINIEJ 3a NpPEJeJIbl HOPM, YKA3aHHBIX B JOKYMEHTALUH,

ymingygymaxa (334)

TO CUUTAIOT, YTO HACTYIHUJ MOCTENMEHHBIA OTKA3.
B ycnosum (3.34) ..., Vi — HUKHSS M BEPXHAS IPAaHULBI, YKa3aH-

HbI€ B TEXHUYECKOW JOKYMEHTAIUH.

B kauecTBe KOJMYECTBEHHOW XAPaAKTEPUCTUKU HApPAMEMPUYECKOU
Haodéxucnocmu PDOY, kak oTMedanoch paHee, OOBIUYHO HMCHOJB3YIOT BEPO-
SATHOCTh, C KOTOPOW TapaHTUPYETCS OTCYTCTBHE MOCTENEHHOTO OTKa3a,
T.€. BEPOSTHOCTH TOro, 4TO (YHKIMOHAJIbHBIE MapaMeTphl OyAYyT OTBeE-
yaTh ycioBuio (3.34). Ilpuuém, 3TO ycia0BHE JOJKHO BBIMOJHATHCS B 3a-
JAHHBIX YCJOBHSIX 3KCIJIyaTallud U B TEUECHHUE 3aJJAHHOTO BPEMEHH 1.

[TosscHUM nmpUHUUD YOIPOWEHHOTO pacuyéTa BEPOSITHOCTH BUA

Pnap(t3) = P(ymin Sysymax)

Ha MpUMepe oJHOTro (YHKIMOHAIBLHOTO MapaMeTpa y.
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OTMeTuM, 4TO NPUYMHAMHU, BBI3BIBAIOUNIMMH MOSBJIEHUE IMOCTEIEH-
HOTO OTKa3a [0 paccMaTpuBaeMoMy (YHKIHOHAaJIbHOMY NapameTpy ) SB-
JSIFOTCA CIEAYIOMUE:

1. IIpousBoacTBeHHBIN pa3dpoc (GyHKIHOHAIBHOTO MapaMeTpa y
(maet ceOs 3HaTh npu ¢ = 0).

2. 3MeHeHHe y moJx Bo3AeiCcTBHUEM (PAaKTOPOB OKPYIKAIOUIEH Cpebl.

3. U3MeHeHue y U3-3a MPOLECCOB Jerpaaaluu, BO3HUKAIOUIUX B TeE-
YCHHUEC 3aJaHHOTO BPEMCHHU [3.

ITpu omeHke BepOATHOCTH BUIAA P,,(f3) MOIB3YyIOTCA THIOTE30H O
HOpMaJbHOM 3aKOHE pacmnpeneneHus y (puc. 3.10).

C yuéTtoM rumoTe3bl 0 HOPMaJbHOM 3aKOHE paclpeaeIeHUus] BbIXO-
HOTO IapameTpa y

Pmsxsby:QC””q—q{“_mj

(&) &)

B,t)=Py,<y<y,)=
a=y,; b=y, m=y,,; 0=0,

—P Vs = Viom ) Vi = Viou

Oy Sy

b

rae w(y/t=0) — NIOTHOCTb pachpejejeHUus BBIXOJHOTO IapaMmeTpa ) B
MOMEHT BpeMeHH t=(0 u 0e3 yueTa AeicTBUS (HAKTOpPOB

OKpPYXAarUIeW cpeabl NPU dKCIJIyaTalluN;
w(y/t = t,) — IIOTHOCTh paclpeieJieHUus BRIXOJHOTO MapaMeTpa y Ha
MOMEHT BPEMEHHU t = f, ¢ Yy4€TOM AeUCTBUS (AKTOpPOB

OKpYXarUlel cpeabl NpU KCIIyaTALUH.

w(y)A Gy IG(y/t=l3),

w(y/t=0)
rae o, — CpelHee KBaJApaTHYECKOE OT-
KJIOHEHHE BBIXOJHOrO IapamMeTrpa B
MOMEHT BPEMEHU [ = f3 C YUETOM JICU-
S=Pup()  cTBHSA (HaKTOPOB OKPYIKAKOIIEH Ccpejbl

IIPU DKCIIJyaTaluu.

Bennuuna 6, MoxeT OBITH Halije-
» Ha InpuéMaMH, pPAaCCMOTPEHHBIMU B

Yu o Yuow Ve Y yuebHolu npucuunauHe «llpuknagHas
Puc.3.10. U3meHenue pacceMBaHUA pNaTeMATHKA.
BBIXO/JIHOTO MapaMeTpa NMpH
Ikcnayaranuum POY

w(y/t=t;)




