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I'maBa 4. AHAJIN3 TOYHOCTHU U CTABUJIBHOCTHA
BbIXO/JHbLIX ITAPAMETPOB _
PAJUOIJEKTPOHHBIX YCTPOUCTB N
TEXHOJOI'MYECKHUX ITPOLECCOB

4.1. CepuiiHONPUTOAHOCTh KOHCTPYKI M

UtoObl HMCMOJB30BaTh KOHCTpYKIHUI0O POY mno HazHayeHHWIo, HAAO
4yTOOBl €€ BBIXOJHOW mapaMeTp ) Jiexkald B ONpeJesIEHHBbIX Mpeaesiax oT
Vmin A0 Vmax, T.€. TOJKHO BBIIIOJHITHCS YCIIOBHUE

yminSySymax- (41)

N3-3a Hanuyusg Npou3BOJCTBEHHOro pa3zdbpoca mapaMeTpoB dJe-
MEHTOB B psiJi€ CliydaeB BBIXOJHOW mapaMeTp MOKET BBIXOJAUTH 3a Mpe-
NEeJIbl YKa3aHHOTO nuamna3oHa. CBoWCcTBO KOHCTpyKuuu POY mMmeTs ero
B lMana3oHe, ONMCAHHBIM BbIpakxeHueM (4.1), HemocpeaICTBEHHO MOCIe
COOpPKHM KOHCTPYKLUHU HA3bIBAOT CEPUUHONMPUTOTHOCTHIO.

Ha npakTuke CepuWHONPUTOJHOCTh OMHUCHIBAIOT MPOILEHTOM BbI-
X0Ja TOJIHBIX K DJKCIUIyaTallMd YCTPOMCTB HEMOCPEJICTBEHHO IMOCIHE
npoiecca ux cCOOpPKH M PEryJIHUpPOBKH, €CIM MOCHEIHAS NMPEeaIyCMOTpEHA
TexHoaorueu. [Ipu »TOM mpeamonaraercs, 4TO KOMIJIEKTYIOIIHE DBJeE-
MEHTBHI UCHpPaBHBI, a TEXHOJOTUA COOPOYHBIX M PETYJIHMPOBOYHBIX pa-
0oT coBepuienHa. HeroaHele u3aenuss BO3HUKAIOT BClelcTBUE Hebina-

' Upr TONMPUATHOTO codYeTaHus pazdpoca

NepBUYHBIX mapameTpoB. [Ipumep —

R1 R3 YCUIIUTENbHBIA KacKaJ C HCIHOJb-
30BaHueM TpaH3ucrtopa (puc.4.1.)
3a CcYET HEeYJa4YHOro COYETAHHS
NPOU3BOJICTBEHHBIX OTKJIOHEHU I
napaMeTpoB 3JIEMEHTOB (pe3ucTo-
pOB, TpaH3uUCTOpa, KOHJEHCcaTopa)
Kod(pPuuueHT ycuIeHHUs Kackaja
Cl1 Ky MoxkeT BBINTH 3a IpeJeibl 3apa-

HEE OTOBOPEHHBIX HOPM.
s - JIns KOIMYECTBEHHON OLIEHKH

Puc.4.1.YceuaureabHblii KacKajg nponcHTa BbIXOJa TOAHBIX K 3KC-
IJyaTalluu YCTPOUCTB HUCHOJB3YIOT

R2

BEPOSATHOCTD
P(Ymin <Y < Ymax) - (4'2)

Jiiss ee HAXOXJAE€HUS B MHKEHEPHOW MPAKTUKE OOBIYHO HCHOJb-
3YIOT TMIIOTE3y O HOPMaJbHOM 3aKOHE pacHpeaeseHUs BbIXOJHOIO Ma-
pamerpa. C y4yeToM 3TOW TUMOTE3bl BEPOATHOCTh YHUCIEHHO paBHA 3a-
LITPUXOBAHHOM miomanu Ha puc.4.2.
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w(y)

S= P(ymin < Vuom Symax)

Vmin Vuaom Vmax y

Puc.4.2. K Bonpocy 00 onpeaejeHuH NPOLEHTAa BbIX0/1A
TOJHBIX K IKCIJIYATAUH YCTPOHCTB

yKaBaHHYIO BCPOATHOCTDb MOJXHO IIOACUYHUTATh KaK

Ymax YV Ymin —JV
— @ max HOM _@ min HOM ,
/ c o (4.3)

y y

P(ymin Sygymax

rjge 6, — CpeJHee KBaJpaTH4YeCKO€e OTKIOHEHHE BHIXOJHOIO MmapaMer-
pa y; IpenamnoJaraercsa, 4TO OTKIOHEHHS BBI3BIBAIOTCA IPO-
U3BOJCTBEHHOM NOTPEMIHOCTHIO NEPBHUYHBIX ITapaMeTpPOB, a
BEJIMYUHA G, U €CTh XapaKTEPHUCTHUKA OTKJIOHEHHUW IapaMerT-
pa y, 0OyCIOBJIEHHBIX NPOHU3BOJACTBEHHOW NOTPEIIHOCTHIO
INEPBUYHBIX TapAMETPOB,;
® — pyHKUHUA CTAHJAPTHOTO HOPMAJbHOTO pacrpeeIeHus .

4.2. Buabl 10n1yCKOB, YCTAHABJHMBaeMbIX
HAa MapaMeTpbl

B oOmem cinydae moa JONYCKOM HOHMMAIOT XapaKTEPHUCTHUKY Ia-
pameTrpa, KOTopass OrpaHMYMBaeT (pEerjJaMeHTUPYET) €ro MpeaeibHBbIE
OTKJIOHEHHS.

B xoHcTpynpoBanuu u TexHoaoruum POV paszmumuaroT snekTpu-
YECKME M MEXAHUYECKHME NONYCKH B 3aBUCUMOCTH OT TOrO, Ha KaKHeE
napaMeTpsl OHM ycTaHaBiuBarwTcsa. Kpome Toro, pa3inyarwT Opou3BOA-
CTBECHHBIM, PEMOHTHBIN U DKCIJIYaTallUOHHBIN NOIYCKHU.

Ilpouszsoocmeennviti 0onyck periaMeHTUPYET IMpeJelIbHbIe OT-
KJIOHeHHs (pa30dpoc, MOTPEemHOCTh) NapamMeTpa, 00yCIOBIEHHbBIE YUCTO
IPOU3BOJCTBEHHBIMH INpUYMHAMU. IIpOM3BOACTBEHHBIE OTKJIOHECHHUS
napaMeTpoB MHOTIJA HAa3bIBAKT TAK)KE HAYaJIbHBIMHU OTKJIOHEHUSIMHU WU
TEXHOJIOTUYECKUMHU OTKJIOHEHUsAMU. [[o 3TOW mNpUYMHE HPOU3BOIACT-
BEHHBIE JIONYCKHU HA3bIBAKOT TAKKE MEXHON02UYECKUMU OONYCKAMU.

DKkcnayamayuonuvliti OONYCK PeriaMeHTUPYET TMpeJllesibHbIe OT-
KJIOHEHUs mapaMeTpa, OOYCIOBJIEHHbIE KakK YMCTO NMPOU3BOJCTBEHHBI-
MH TpUYMHAMHU, TaK U JAelcTBUEM (AKTOPOB OKpYyXKawUel cpeasl
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U MPOLECCOB CTapE€HUsA. 3JHAUYEHUE AKCIIYaTAallMOHHOTO JOMYyCKa Ha W3-
neyime 0ObIYHO YKAa3bIBAETCS B TEXHUUYECKON JOKYMEHTAIUH.

Pemonmnuuorii donyck, B OTIIMYME OT 3KCIJIYyaTallMUOHHOTO, HE Y4YH-
THIBA€T MpoLecchl ctapeHusa. I1o 3Ha4YeHHUIO 3TOr0 JOMYCKa BBINIOJIHACT-
Cs IPUEMKA U3JEJIUU B yCIOBUAX MPOU3BOACTBA.

Jlonmycku MOryT OrpaHMYMBaTh pa3zdpoc mapaMeTpoB, BbI3bIBae-
MBI nHeUCTBUEM OTJEIbHBIX dKCHIyaTallUOHHBIX (akTopoB. B 3aBucu-
MOCTH OT TOTO KakKo¥i (akTop paccMaTpuBaeTcs, pa3inudaroT: TeMIIe-
paTypHBIA JONYCK, 1ONYCK CTapeHus (3aech PakTop — BpeMs ) U T.J.

Temnepamypuoelii donyck Ha mapaMeTp — O3TO XapaKTEepUCTHKaA
napamMeTpa, periaMeHTHpyolas ero pazopoc, oOyclOBIEHHBIH AEUCT-
BUEM TeMIlEpaTypbl B 3aJJaHHOM JHana3oHe. AHAJTOTMYHO MOXKET OBITh
JaHO ONpeJesieHue U IPYyTuM aonyckam (JONYCKY CTapeHUs U T.II.).

B KuTPDVY ucnonp3ylT KaKk CUMMETPUUYHBIE OTHOCUTEIBHO HO-
MHHAJBbHOTO 3HAYECHHUS TaK U HECUMMETPHUYHBIE JOIMYCKH.

[Ipumepsl CUMMETPUYHBIX nonyckoB: R =1 kOm = 10%;
U=(5+0,25) B.
[Ipumepsl HECUMMETPUUYHBIX aonyckoB: C =1 MkD ffg(;),

[ =100%7Mm; d = 10" MMm.

Ha nmapaMmeTpsl MOryT yCTaHaBJIMBAThHCS KakK JBYXCTOPOHHHE, TakK
U OJJTHOCTOPOHHHUE JONMYCKH.

[IpuBeeHHbIE BBINIE MPUMEPHl CUMMETPUUYHBIX U HECUMMETPHUY-
HBIX JONYCKOB SBJISAIOTCS TaKXXe NpUMepaMH JBYXCTOPOHHUX JOMYCKOB.
B cnyuae mapameTpa d orpaHu4YeHHE C JIEBOW CTOPOHBI (CHU3Y) TaKXKe
UMEEeT MECTO, HO 3HAaYEHHUE DTOW XapaKTEPUCTUKU PABHO HYJIIO U IO-
ATOMY MOXET HE 3alUChIBATHCH.

OAHOCTOPOHHHE JONYCKM yCTAaHAaBIMBAKT B TEX clyyasxX, Korja
OJlHAa M3 TpPaHUIl mapamMeTpa (BEpPXHSAS WJIMU HUXKHAA ) HE UrpaeT MPUH-
nunuaibHoi posu. Hampumep, nnas OumonsipHoro TpaHzmctopa Tpebo-
BaHWE K mapaMeTpy h;;5 MOXKET YKa3blBaThbCcia B BuUAE hy1p > 20, a

s kKodpdunuenta nyiabcanuu K, HCTOYHHUKA IMIUTAHUSI — B BUJIE
K, < Kygon, THe  Kyzon — JAONYyCTHMOE 3HaueHHE KodddummeHra
NyJIbCallUH.

Ha mpakTtuke ans 3agaHus JOMYCKOB HCHOJB3YIOTCA CIEAYIOIINE
XapakTepucTuku (puc.4.3)

v

1. Huxuee (HO) u Bepxuee (BO)
Mapamerp z PE/CTBHBIE OTKIOHEHHUS.
B 2. lllupuHa mons JomycKa v.
HO E " Zuow BO 3. [lonoBuHa moasg AOMycCKa 9.

4. KoopauHarta cepeIuHBI NOJs
Puc.4.3. [lapameTpsl noJis1 10NMycKa nomycka E.

A A
o7/
o7

vy

A

»
>
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XapaKTepI/ICTI/IKI/I CBiA3aHBbI MG}KI[y 0060171 COOTHOULOICHUIAMHU
v = BO - HO, )

o =v/2,
E= (HO + BO)/2, >
BO = E + 9,

HO =E - 6. e

CneayeT MOMHHUTBH, YTO XapaKTEPUCTHUKU L U O BCerjaa MOJIOXKHU-
tenbHble. Koopaunara E B o0meM ciydyae MOXKET HE COBIaJAaTh C HO-
MUHQJbHBIM 3HAYCHUEM MapaMmeTpa.

Jlns 3agaHusa 1OomMycKa Ha MmapaMeTp HMCIOJIb3YeTCsS OJiHA WM He-
CKOJIBKO W3 TEPEUYMCICHHBIX XapaKTEpUCTUK. YKa3zaHHBIE XapaKTepH-
CTUKH MOTYT OBITh 3aJaHbl HATypaJbHBIMH 3HAYCHHSIMH IapaMmerpa,
a1u60 aO0COJMIOTHBIMH OTKJIOHCHHSIMH IapaMeTpa OTHOCHUTECIbHO HOMMU-
HAJIBHOTO 3HAYCHHUsS, JUOO OTHOCHUTEIBHBIMH OTKIOHCHUSIMH, BBIpa-
KECHHBIMHU OOBIYHO B NPOIEHTAX OTHOCHTEJIHLHO HOMHMHAJLHOTO 3HaYe-
HUA TapameTpa.

B kauecTBe mnpumepa yKaxkeM C TOMOUIbIO MNEPEYUCICHHBIX
XapakKTepUCTUK JOMNYCK Ha €MKOCTh KOHJEeHcaTtopa, JJs KOTOpPOro
C =20 mx® .

B ta6n. 4.1 npuBeneHB 3HAUCHUS XapaKTEPUCTHUK C YyUETOM pas3-
JUYHBIX cCNOCO000B MX 3amaHusg U 3HaYeHUS Cyyy = 20 MKD.

Tabmuna 4.1
[Ipumep 3anmucu XapakKTepPUCTHUK, 3aJaAIOIIUX JOMYCKH
Cnoco6 3amaHust XapaKTEPUCTUKHU
XapakTepuUCTHKA,
3amaBaeMas HaTypajdbHBIM 3Ha- [ aOCOJNIOTHBIM OT- OTHOCHTEILHBIM
JOMYCK YeHUEeM mapamerpa KJIOHCHHEM OTKJIOHCHHEM
C, Mx® AC, Mmx®D AC/IC, %

HO 18 -2 -10
BO 26 +6 +30
v 8 8 40
4 4 20
E 22 2 10

JIns nMHENHBIX U YIJIOBBIX pa3MepoOB AOINYCKH 3aJal0T, Kak Ipa-
BUJIO, C MOMOIIbK a0COJNIOTHBIX OTKJIOHEHUH COOTBETCTBYIOIIUX Hapa-
METPOB.
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4.3. TOYHOCTH M CTA0OHJIBHOCTHh MAPaMETPOB

4.3.1. TOYHOCTHb BBIXOJHBIX MapaMeTPOB

Tounocmb BBIXOJHOTO IapaMeTpa XapakKTepu3yeT CTENEHb NpH-
ONMKEHUSI €ro UCTUHHOTO 3HAYE€HUS K HOMHUHAJIbHOMY IPHU OTKJIOHEHH-
AX TEPBUYHBIX NAapaMeTPOB, COOTBETCTBYIOIIMX IPOU3BOIACTBEHHBIM
norpemHocTaM. HeTouHOCTh BBIXOAHBIX IapaMeTpoB oOyciaBlIMBaeTCs
NPOU3BOJACTBEHHBIMU OTKJIOHEHHUSAMH INMEPBUYHBIX NapaMeTpPOB, MHOTA
FOBOPSAT HAYAJbHBIMU WM TEXHOJOTMYECKUMHU OTKIOHEHUsAMHU. Hamu-
YUe€ IPOU3BOACTBEHHBIX MMOTPEMIHOCTEW NEPBHYHBIX MAPaAMETPOB —
00beKTUBHAsA 3aKOHOMEPHOCTH [1, 6, 14 u aAp.], modTOMy Bcerjga MOXeT
UMETh MECTO OTKJIOHEHHE MCTUHHOTIO 3HAYEHHS BBIXOJAHOTO MapaMeTpa
OT HOMHHAJBHOTO.

Ha npaktuke nins OUEHKM TOYHOCTH KaK CBOMCTBA MOJb3YKOTCSH
IIPOU3BOJACTBEHHON NMOTPEIMIHOCTHIO BBIXOJHOI0 napaMmerpa. B cuny Tto-
ro, 4TO NPOU3BOJCTBEHHBIE NOTPEMIHOCTH NEPBUYHBIX ITIaPpAMETPOB SAB-
JSAOTCS CIYy4YaWHBIMHU, CIYYaWHOMU SBISAETCA TAKXKE U NPOU3BOIACTBEH-
Has MOTPEMIHOCTh BBIXOAHOTO nmapaMmerpa. OTMETHM, YTO MOHATHUE CIIY-
YaMHOCTU INPOU3BOACTBEHHBIX MOTPEHIHOCTEN KaK NEPBUYHBIX, TaK H
BBIXOJHBIX IIapaMeTpOB, HE O3HAa4YaeT "HMOJHBIA Xaoc". 3Ha4YeHUs Iapa-
METPOB HJIM HUX MMOTPEMIHOCTEW BCerja OrpPaHUYMBAIOTCS XapaKTepH-
CTUKaMH, Ha3bIBA€MbBIMHU NPOU3BOJACTBEHHBIMHU JONYCKAMHU.

B npakTuke HepeAKO MOJ TOYHOCTHIO MapaMeTpa NOHUMAIOT ONu-
30CTh paccCMaTpPUBAEMOTO NapaMeTpa K €ro HOMHHaJIbHOMY 3HA4Y€HHUIO,
HE YTOYHSS NPUYUH, KOTOPHIE BBI3BAJIU OTKJIOHEHHWE OT HOMHUHAJIBHOTO
YPOBHS.

4.3.2. CTa0OMJIBHOCTH BBIXOAHBIX MapaMeTpPOB

[Ipu skcnayatanuu PDOY Ha HUX OKa3bIBalOT BIHUsAHUE (QakToOp
BPEMEHH M pa3JIMuHbIC BHEIIHUE Bo3aeiicTBusa. Hanbosee xapakTepHbie
BUJIbl BO3JICHCTBUM — TEIJIOBBIC, MEXaHUUYECKHE, AercTBUE Baaru. llog
BIMSHUEM BPEMCHHM M BHEHIHUX BO3JCUCTBUN B (PU3HUECKUX CTPYKTY-
pax saeMeHTOB POV mnpoucxoasT sSiBACHUS, MPUBOISANINE K U3MEHECHUIO
WX MapaMeTpoB. OTO BBI3BIBAET HM3MEHEHHE BBIXOJHBIX MMapaMeTpPOB.
CTeneHb U3MEHEHUS BBIXOJHBIX MMapaMETPOB MOJ BIUSHUEM BPEMEHU U
BO3JCHCTBYOMUX (PAKTOPOB OIEHHUBAIOT TaKHUM CBOWUCTBOM, KakKk cCTa-
OMJIIBHOCTD.

CmabunrvbHocms — 3TO CBOMCTBO MapaMmeTpa COXpPaHATh CBOE
3HAYE€HHUE HEU3MEHHBIM (IIOCTOSHHBIM) OTHOCHUTEIbHO HAYaJIbHOTO
3HA4YEHUs MPU BO3JACUCTBUU (HAKTOPOB Cpelbl U C TEHCHUEM BPEMEHH.
Korpa roBopsT “Hu3Kas CTaOMJIBHOCTH BBIXOJHOTO MMapamerpa’, TO
MMEIOT B BUAY, YTO 3TOT MapaMeTp 3aMETHO U3MEHSETCSA NMPHU BO3JCH-
CTBUHU yKa3aHHBIX NPpUYUH. B 3aBUCUMOCTH OT TOTO, KaKOW aecTabu-
AU3UpyImud ¢GakTop paccMaTpHBaeTCs INMPH aHalW3e, MOXHO TOBO-
pPUTH O TEMIEPATypHOW CTAOMIBHOCTH, CTAOUIBLHOCTH NPH ICHCTBHUH
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y 4 . BJaru u T.A. Ecau BO BHHU-

- MaHUE NPUHUMAITCA JUIIb

’ 2 OpOIECChl  CTapeHHs, TO
HOM

MOYHO TOBOPUTH O BpeE-
MEHHOM CTAaOUIBbHOCTH.
Bricokassi TOYHOCTH BBI-
XOJHOTO TMapaMeTpa BOBCE
HE O3HayaeT €ro BBICOKYIO
cTabUIBHOCTH M, HAOOOPOT,

Bpems, memnepamypa  Bpicokasg cTaOMIBHOCTH BBI-
Puc.4.4. Peaauszauuu u3MeHeHUH XOIHOTO mapamMmeTpa He

BBIXOXHOTO mapamerpa: 1 — mapamer
A P P P P €CTh TapaHTHS €ro TOYHO-
OTHOCUTECJIBbHO TOYCH, HO HME€E€T HU3KYIO
ctu (puc.4.4).

cTa0MJBHOCTh; 2 — MapaMeTp MeHee
TOYeH, HO 00J1aJaeT 3aMeTHO 00JbIIei Ha npakTuke crabuib-
CTA0HJIBHOCTBIO; Vyoy — HOMHHAJBHOE HOCTb BBIXOJHBIX HIapaMeT-

(cpeaHee) 3HAYEHHE BBIXOJHOI0 mapaMerpa poB OOBIYHO OLEHUBAIOT IO
OTAECIbHBIM JKcHayaTalu-
oHHbIM (aktopam. Ilpu

paccCMOTpEHHHM Takux (aKTOpOB, KaK TeMmImepaTypa U BpeMs, HCIOJb-

3YIOT TEMIIEPATYPHBIM NONYCK U JONYyCK cTapeHus. [Ipu paccMmoTpeHuun

IpyTrux (HakKTOpoOB HMCMOJB3YIOT AONMYCKH, OTPAaHUYMBAIONIME OTKJIOHE-

HUS BBIXOJHOTO Iapamerpa, OOyCJIOBJIEHHBIE JIEeHCTBHEM pacCcMaTpH-

BaeMbIX (DaKTOPOB.

COBMECTHYIO OIIEHKY TOYHOCTH M CTa0UJIBbHOCTH BBIXOJHBIX IMa-
paMEeTpPOB BBIIOJHAIOT C IOMOMIBIO DKCIIJIYaTallHOHHOT O JOIIyCKa.

PaccMoTpeHHbIe CBOMICTBA TOUYHOCTH U CTAOUIBHOCTU XapaKTEPHBI
HE TOJBKO JAJisi BBIXOJHBIX, HO M JJs JIOOBIX MmapamMeTpoB BooOIIe, B
TOM YHCJIE U JIJIsI NEPBUYHBIX.

v

4.3.3. Onucanve TOYHOCTH M CTAOMJBLHOCTH
napamMeTpoB 3JeMEHTOB

Jlng onmmcaHus TOYHOCTH NAapaMETPOB DJJIEMEHTOB Ha IpPaKTUKE
NOJIb3YIOTCS NPOU3BOACTBEHHBIM AonyckoMmM. Hampumep, B 3anucu Ha
3TUKETKEe pe3uctopa “comporuBiaeHue 1 kOm + 10%”, momyck 10%
€CTh NPOU3BOACTBEHHBIM nonyck. OH XapakTepu3yeT HadaJbHbIE, UJIH
TEXHOJOTHUUYECKHE OTKJIOHEHUS CONPOTUBIEHUSA PE3UCTOPA.

CTrabunpbHOCTh HapaMeTpOB 3JEMEHTOB OLEHUBAIOT MO OTAEIb-
HBIM S3KCIJIyaTallMOHHBIM ¢dakTopaMm. BaxkHelmue skcmyiyaTallMOHHBIE
dakTopel — TeMmmeparypa u BpeMms. Jlas omucaHuUS TeMIepaTypHOW u
BPEMEHHOW CTa0MJIBHOCTHU MapaMETPOB 3JEMEHTOB Ha NPAaKTHUKE IMOJb-
3ytoTcs temrnepatypabiMu koddpdunuentamu (TK) u xorpdunuentamu
crtapenus (KC).

TK moka3bpIBaeT, Kak U3MEHSIETCS IMapaMeTp JJIEMEHTAa C U3MEHeE-
HUEM TemOeparypbl Ha oxaumH rpanyc. OObpuHo TK mnoxkaseiBaer
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OTHOCHUTEJIbHOE U3MEHEHUE, BRIPAXKEHHOE B MpOIEeHTax. B a3ToM ciyuae
pasmepuocth TK: [TK] =% / °C.

KC nmoka3piBaeT, Kak M3MEHSETCS NapaMeTp 3JIEMEHTa IpPHU IKC-
miayatanuu djaeMeHTa B TedeHue 1 4. O6wryHo miusa KC umcmonp3yercs
pasmepHocTh: [KC] =% / 4.

B cuny o6bsexktuBHO aeictByromux npuund TK nu KC mapamerpos
3JIIEMEHTOB SBJISIOTCA CIAy4YaWHBIMU BenuuuHamu. IloaTomy npns sne-
MEHTOB JTaHHOTO THUIa MOXXHO TOBOPHUTH O CpEJAHEM 3HAaYCHUHU K0dPu-
HUMEHTa U O CTENEeHHU pacceuBaHud Korpdunuenrta. [IpakTuka mokasbl-
BaeT, uTo TK u KC umewTt pacnpeneneHue, 60JU3K0e K HOPMAJIbHOMY
3akoHy (puc.4.5).

w(TK) 4

\ | wTK)

-7 0 +7 g
TK-107 % 1/°C
Puc.4.5. I'mcrorpamma pacnpejaejieHusi TeMIepaTypHOro ko3¢ gpuunenrta
pe3uctopoB Tuna MJIT

A

3amedeHo, 4To TK Moryr umerp pa3jindHble 3HAaYEHUS JJIs AHama-
30Ha oTpuunareabHbiXx (+20° C u Huxke) U noyoxutenabHbix (+£20° C u
BhIlIE) TemnepaTyp. Hanpumep, nns pesuctopoB tuna MIJIT:

TK=+7-107%% 1/rpag C npu t = +20°...4+100 °C;

TK=+12-1072% 1/rpax C upu ¢t = —60°...4+20 °C.

B Texnuueckoil mokymeHTanuu He penko mHpopmanusa o KC 3a-
JaeTcsi He B SIBHOM BHUJE, a, HaNpUMEp, B BHUJE 3alUCU “HU3MEHEHUE
€MKOCTH KOHJeHcaTopa npu skcmiyartauuu B TeyeHue 2000 u He 0o-
nee yeM Ha MuUHYC 5%”. M3 yka3aHHOW 3amuCU JIETKO OMNPEIAECIUTH
yucinenHoe 3HaueHue KC. IIpenenbHble OTKIOHEHHUS €MKOCTH COCTAaB-

JIAKT.
C min C max

Torna mnpeaenpHbpiMu oTkaIoHeHUsMu KC emkxoctu Oyayr
3HAYECHUS:

KC _(AC/C)pin _ =5
i e 2000
KC, . _(AC/C)p _ 0 =0 % 1/4.

t 2000

OKC

=-25-107 % 1/u;
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[Ipuaumas runore3dy o HopmaiabHOM pacnpeaeneHuun KC, MoxHO
ONMpeAeuTh TAKHE XaPAKTEPUCTUKH, KaK CPEIHEE 3HAUECHUE U MOJOBHU-
Ha noias paccenBanus KC.

Ciin + KCinax

2

S(KC) = KC o — M(KC)=0—(-1,25-1073)=1,25-10"3% 1/u.

K _
M(KC) = =-1,25-107% 1/u;

4.4. MeToabl aHAJN3Aa TOYHOCTH BBIXOJHBIX
napaMeTrpos

4.4.1. YpaBHeHHS NPOU3BOJACTBEHHBIX MNOTPelIHOCTEIll
BBIXO/HBIX MAPAMETPOB

I[Iycte ansa POY mam TEXHOJNOTHYECKOTO IMpolecca M3BECTHA Ma-
TeMaTUu4ecKas MOAEIb BUAA

Y= ¢(x19“'9xn)’ (44)
rae y — BBIXOJHOW MmapaMeTp;
X1, ..., X, — NEPBUYHBIE NAPAMETPHI;
n — KOJINYECTBO YUYHTHIBAEMBIX NEPBUUYHBIX NAPAMETPOB.

Bbynem cuurtarh, 4TO a0COJIIOTHBIE MPOU3BOJCTBEHHBIE OTKIOHE-
HUS NEPBUYHBIX MAPaMETPOB 3HAYUTEIBbHO MEHBIIE, YEM CAMH Iapa-
METPBHI, T.€.
Ax;<<x;.

Tormga MOXKHO 3amucarh
y+Ay =@, + Ax,...x, + Ax, ). (4.5)
Pasznoxum ypaBHenue (4.5) B psan Telinmopa B ToUke

on{Xm, cees Xno},

rje X;o — CpeJilHee 3HauYe€HHE (-TO MePBUYHOr0 nmapamerpa; i=1, ..., n.
[Tonyunm
n 9 1 0°
YVHAY = @(Xigs s Xp9) + . —(pri +=> —(f(Axl.)2 + (4.6)
iz1 0 201 Ox

i

Boiuts u3 ypaBHenus (4.6) ypaBHenue (4.4) u oTOpOCHB YJIEHBI
2-T0 ¥ BBICIIETO MOPSAJKOB MAJOCTH, MOJIYUYUM

"0
Ay~ 2 Ax, . (4.7)

i=1 6)(?1-

OTOo BBIpaXXeHHE Ha3bIBaeTCAd YpaBHEHHEM abOCONIOTHOW TpOU3-
BOJICTBEHHOW MOTPEMIHOCTU BBIXOJHOTO Tapamerpa. B mpuBemneHHOM
ypaBHEHUU AX; €CTh aOCOJIOTHBIE MPOU3BOJCTBEHHBIE MOTPEIIHOCTHU
NEepPBUYHBIX TapaMeTpoB, [ = 1, ..., n.



95

Benuuunasl 0¢@/0x; Ha3zpiBaloT abOCONIOTHBIMU Kod(dumueHTaMu
YyBCTBUTEIbHOCTHU, OHU MOKA3bIBAIOT, KaK pearupyeT BeJIUYHHA 0y Ha
3HAa4YC€HHUE OTKJIOHEHUUN Ax;.

PasznenuB ypaBuenue (4.7) Ha BeipaxeHue (4.4), moiydyum ypas-
HEHHE OTHOCUTEIbHOW MPOU3BOJCTBEHHOW MOTPEIMIHOCTH BBIXOHOTO
napaMmeTrpa
o0p Ax; x;
10X; @ Xx;

Ayz

(4.8)

i=1 l

[Ipu BHINOJTHEHHUH PTON OMEpalUMU C LEIbI BBISBICHUS BEIUYHUHBI
Ax;/x; IpOW3BEIEHO YMHOXXEHUE U JICJICHUE Ha X;.
OTHOIIEHUE
op Ax;
B, =|—+-—*% (4.9)
Oox
i (0 0

Ha3bIBAIOT OTHOCHUTENbHBIM KO3(P(PUIHUEHTOM UYYBCTBUTEIBHOCTH HWIHU
ko3P punuenToM BAMSAHMA. OH XapakTepuU3yeT CTENEHb BIUSHUS OT-
HOCHTEJIbHONW NOTPEIIHOCTH NEPBUYHOTO MapaMeTpa Ha OTHOCHUTEIb-
HYI NOTpPEIIHOCTh BBIXOJAHOro mnapamerpa. HuxHui HHAEKC “HONB”
yKa3bIBa€T, UTO mociie TuPPepeHuupoBaHusg U 10 YMHOXEHHUS Ha X;/¢ B
NOJy4eHHOE ypaBHEHHE HEOOXOIMMO MOJCTaBUTh CpPEJAHUE 3HAUCHUS
Xy, ..., X;, €CIM B BBIPAXXECHUU OHU €LI€ OCTAHYTCH.

4.4.2. MeToabl onpeaeaeHus NPOU3BOACTBEHHBIX
AONMYCKOB HA BBIXO/JHbIEe MapaMeTPhbl

JlJiss KOJIMYEeCTBEHHOW OLIEHKM TOYHOCTHU BBIXOJHBIX MapaMeTpoOB
MOJXHO HCHOJb30BaTh M(y) — MaTeMaTudeckoe OXuJaHue (cpeaHee
3HAa4Y€HHUE) BBIXOJJHOTO MmapaMmeTpa y u 6()y) — cpelHee KBaJpaTUUECKOe
OTKJIOHEHHE BBIXOJHOTO MHapaMeTpa y, HOpuuyeM o()) XapakTepHu3yer
pa3bpoc BHIXOMHOTO MapaMeTpa, 0OOYCIOBICHHBIH TOJIBKO MPOU3BOJCT-
BEHHBIMH MOTPEIIHOCTSIMU NEPBUYHBIX HapaMeTpoB (MHOTAAa TOBOPST
HA4YaJbHBIMU UM TEXHOJOTUUYECKHUMHU OTKJIOHEHUSIMHU).

B uHXXeHepHOU NpakTHKE Yallle MOJb3YITCA XapaKTepUCTHUKAMU

BHUaa
A
)43
Y Y

OHU UMEIOT TOT XK€ CaMBI CMBICT, YTO M XapaKTepuctuku M(y) u
6(y), HO oTHOCATCH K Ay/y.

B nOpoMBIIITIEHHOCTH BMECTO XapakTepUCTUKH G(Ay/y) 0ObIUHO
npuMeHsoT 0(Ay/y), mpeacTaBIAAIONMYK COO0N MOJOBUHY TOJISI pacCceu-
BaHUS OTHOCHUTEJHBHOIO MPOU3BOJACTBEHHOTO OTKJIOHEHHUS BBIXOJIHOTO
napamerpa.
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Xapaktepuctuka o(Ay/y) HCHONB3yeTCs B KayeCTBE IMOJOBUHBI
NOJISI IPOU3BOJACTBEHHOTO JOMYyCKa.

[Ipou3BOACTBEHHBIM JOMYCK Ha BBIXOJHOM ITapaMeTp MOXKET ycC-
TaHABIUBAThCSA, UCXOJMS U3 CIYXEOHOTO Ha3HAYCHUS PaJHOIIECKTPOH-
HOI'0 yCTPOWCTBA MJIM TEXHOJOITMYECKOro npouecca. Ho npu uHxenep-
HOM NPOEKTHUPOBAHUM YACTO MOCTYMAKT CIEAYIOUIUM 00pa3oM.

Buauane omnpenensioT, Kakoil NpPOU3BOJICTBEHHBIH pa3zdpoc BHI-
XO0JHOTO mapameTrpa OyaeT MMEThb MECTO MpPU 3aJaHHOW BEPOSTHOCTH.
3aTeM mnojararT JONYCK YHUCIEHHO paBHBIM 3HAYEHHUIO 3TOro paszdpo-
ca. Ecin 3aka3dunMka 3Ha4YE€HUE NOMNYyCKa yCTpaumBaeT, TO 3ajayda €ro yc-
TAHOBJIEHUS pElIeHa, U JONMyCK OyJIeT rapaHTUpPOBAThHCA C TAaKOW BEpPO-
ATHOCTBbIO, C KOTOPON NOJCUUTHIBAJCA NPOU3BOJACTBEHHBIH pa3zdbpoc
BBIXOJHOTO IapaMeTpa.

[Ipon3BOACTBEHHBIMN NONYCK HAa BBIXOJHOW MapaMeTp MOXKET pac-
CMaTpUBaThCAd KaK XapaKTEpUCTHUKA OLEHKUM €ro TOYHOCTU. B Ha-
CTOsIIIEEe BPEMS B MHXKEHEPHOM MNPAKTHUKE CYLIECTBYET JIBA OCHOBHBIX
METOJa ONpeNeTIeHUsI MPOU3BOIACTBEHHBIX JONYCKOB Ha BBIXOJHBIE Ia-
paMeTphl:

a) pacyeTHO-aHAJUTUYECKHHU METOJ C Yy4YE€TOM BEPOSATHOCTHOIO
pacceMBaHUs NEPBUYHBIX NApPAMETPOB;

06) meton MouTe-Kapio (MeToa CTAaTUCTHUYECKUX UCIBITAHUN).

Kpome ykazaHHBIX METOJOB HHOTJA HCIOJB3YIT MeTOJ '"min-
max". DTOT METOJ WIMUPOKO MCHOJIB30BAJICS paHEE, HO HE OINMpaBjaji ce-
0s1, 1 ceillyac ero NPpUMEHSAIOT B OCHOBHOM JJii MOBEPOYHBIX PACUETOB
(mpeABapUTENbHBIX MPUKUIOK).

4.5. OnpenesieHre NPOU3BOJACTBEHHOI'0 JOMYyCKa
MeToa0M "min-max"

ODTOT METOJ MHa4Y€ HA3bIBAKOT “ONpEIEIIEHUEM NONYCKOB, UCXOAS
U3 HauXyJUIero ciiydyas pacCeWBaHWUsA INEPBUYHBIX mnapamerpoB’. Hc-
XOJAHBIMHU JAHHBIMH SBISIIOTCS:

a) IPOU3BOJICTBEHHbIE (TEXHOJOTUYECKUE) NONMYCKU TMEPBUYHBIX
napaMeTpoB, OOBIYHO B BHUJAE 3HAYEHUH OTHOCHUTEJIbHBIX HNPOU3BOJCT-
BEHHBIX morpemuoctei Ax;/x;; i =1, ..., n;

0) ypaBHEHUE OTHOCUTEIbHONU MPOU3BOJCTBEHHOMN MOTrPEIMIHOCTH
BBIXOJTHOTO IapaMeTpa B BUJE

n
Ay B Ax;
s —,
Yy i=1 Xl-
rae B; — KOO(QQUIIMEHT BIUAHHSA [-TO IEPBUYHOTO NMapaMeTpa;
AXxi/x; — OTHOCHTEIIbHOE IPOU3BOACTBEHHOE OTKJIIOHEHHE (pa3bpoc,

NOTPEIIHOCTD) I-TO MEPBUYHOTO apaMeTpa;
n — KOJHMYECTBO YUYHUTHIBAEMBbIX MEPBUUYHBIX MapaMeTPOB.
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CyTh ME€TO/A COCTOUT B CIEAYIOUIEM.

Buavane omnpenenseTcs MaKCHMalbHOE OTKJIOHEHHE BBIXOJHOTO
napaMmeTrpa, KOTOPOE€ OH MOXET NPUHATh B JIeBOU (OTPUIATENIbHOM)
CTOPOHE OTHOCHUTEIbHO HOMHUHAJIBHOTO 3HAYEHUS. 3aTeM OINPENENIAIT
MaKCUMallbHOE OTKJOHEHHUE BBIXOJHOTO MapamMeTpa B NpaBoil (ITOJOKU-
TEJIbHON) CTOPOHE.

IIpu moxcyere yKa3aHHBIX OTKJIOHEHUM NOJIB3YKTCS HENOCPEHACT-
BEHHO ypaBHEHHMEM OTHOCHUTEJIbHOW MPOU3BOJACTBEHHOW NOTPEIIHOCTHU
BBIXOJTHOTO MapaMeTpa, MOJACTaBJsAd B HEro npejeyibHbie (HaAUXYyIIUE)
3HAYEHUS OTHOCHUTEJBHBIX OTKJIOHEHUW NEPBUYHBIX mapaMeTpoB. [lpwu
3TOM IMpeJrnojaraercs, 4TO M3BECTHBI WM KaKUM-JIHOO oOpa3zom Haii-
JNCHBI 3HaUYCHUS KOIDPUIHMEHTOB BAUSHUS B;.

Jlonyck Ha BBIXOJAHOW IapaMeTp yCTaHAaBJIMBAETCA C YUETOM pac-
CUYMTAHHBIX OTKJIOHEHUM JJIs JIEBOU U MPaBOU CTOPOHEBI. [Ipounnroctpu-
PYEM 3TO IPUMEPOM.

IIpumep 4.1. B kauecTBEe BBIXOJHOIO mapaMeTpa AEIUTENS Ha-
npsikenus (puc.4.6 ) 6ynem paccmarpuBaTh KodddpunueHt aeiaenus K.

He tpynno y6enuThcs, 4To AJis 3TOr0 nmapaMeTpa CpaBeJInBO
Ul RI+R2 RI N

e S T VR T
> [TycTts nHPOpMAIIUS O MEPBUYHBIX Ta-
pameTpax (pesucropax R;, R;) 3anmana B
R1 BUC:
R1 =3 xOm £ 10% ;
Ul - R2 =2 xOwMm £ 10%.
YcTaHOBHM, HCTIONB3YS METOJ "min-
R2 v2 max", 1onycK Ha KO3 PULIUEHT aeneHus
paccMaTpuBaeMoOro JEJIUTENS.
> Pemenne. 1. Ilonyuaem ypaBHEHUE

OTHOCUTEJIBHOM NPOU3BOJACTBEHHOU IIO-
TPEIMIHOCTHU s KOdPPUIIUEeHTA JeTCHUS.
st 5TOoro BHadajge ompeaeauM Kod(-

Puc.4.6.9nexkTpuvecas
cxema JeJInTeas

HaNpsKeHUs
GUIMEHTHl BIUSHUS pe3ucTtopoB R1 m R2,
BOCIOJb30BABIIUCH  BbIpaxkeHuem (4.9).
[Tonyunm
1 RI-R2 Rl 3
MR2 (RI+R2) RI+R2 3+2
AHAJIOTUYHO

Rl R2-R2 Rl
By, =~ 2 == =

(R2)* (R1+R2) RI+R2
3ameTuM, 4TO0 KOAGGUIMEHTH BIHUSHUSA NMEPBUYHBIX MapaMeTpPOB
MOTYT OBITH KakK IMOJOXUTCIBbHBIMH, TAK U OTPHUIOATCIBbHBIMH, KaK MCHb-

me CAMHHNIBI, TAaK U OoJpIIE CANHUIEI.
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2. llonb3ysick BeIpaxxeHueM (4.8) 3amuchiBaeM ypaBHEHHE OTHO-
CUTEJIIbHON MPOU3BOJCTBEHHON MOTPEIIHOCTH BBIXOJHOTO MapaMeTpa
(konddunuenrta nenenus K,).

AK AR1 AR?2
A =0,6—-0,6—.
. RI R2

3. C yyeToM mnpeleNbHBIX OTKJIOHEHUH OTHOCHUTEIbHBIX HPOU3-
BOJICTBEHHBIX MOTPEMIHOCTEW CONPOTHUBIEHUU PE3UCTOPOB, T.€. BEIU-
yuH ARI1/R1 u AR2/R2, "HaxoguM MaKCHUMaJIbHOE 3HAYE€HUE OTHOCHU-
TEJIbHOW MOTPEMIHOCTH KOdhdUIIMEHTa IeJIeHUS B JIEeBOM CTOpoHE (MU,
KakK roBopsT uHaue, "B Mmunumyme"). [lonyuum

AK, _|ARI/R1=-10%
K “|AR2/R2 =+10%

A/ max —min

= 0,6(=10) = 0,6(+10) = —12%.

OO0patruM BHHMaHHE, YTO MAaKCUMaJIbHOMY OTKJIOHEHHUIO BBIXOJ-
HOro mapamMeTpa "B MUHHUMYME" COOTBETCTBYKOT OTHOCHUTEIBHOE OT-
knoHeHne —10% nans comporuBieHus pesucropa Rl u 3HaueHue
+10% — nns conpoTuBieHHUs pe3uctopa R2.

4. AHaJOTMYHO HaxXOJAMM MaKCHMaJbHOE 3HAa4Y€HHUE BEIUUYUHBI
AK,/K, B npaBo#i ctopoHe (uHaue, "B makcumyme"). [Tonyuum

AK
- = 0,6(+10) —0,6(~10) = +12%.

A/ max—max

3nech HCHOJb30BAaHbl 3HAYEHUS OTHOCUTEIbHBIX OTKJIOHEHUU
+10% nus mapamerpa R1 u 3Hauenue —10% nnsg nmapamerpa R2.

5. Ilpou3BOACTBEHHBIH JOMYyCK Ha KOIXPPHUUUEHT JEICHUS B
OKOHYATEJIbHOM BHJIE MOXET OBITh YCTaHOBJIEH, KaK

App = (=12...+12)% = £12%.

OCHOBHBIM HEJOCTAaTKOM MeToJa "min-max" gBaseTCI TO, YTO
OH gaeT B OOJBIIMHCTBE CJIYy4YaeB 3aBHIIIEHHOE 3HAYEHHUE JOIYyCKa,
npuYeM, JIOMYCK 3aBBIIIEH TeM OoJsblie, yeM OOJbIIee YHUCIO TMep-
BUYHBIX NapaMeTPOB BXOJAHUT B MAaT€MAaTHUYECKYI MOJEJIb yCTpPOWCTBA
unu npounecca. CiaeacTBUueM 3TOrO SABIAITCS HEONPABIAHHO >XECTKHUE
TpeOoOBaHUS K auMama3oHaM H3MEHEHUS (JOMycKaM) MEPBUYHBIX Mapa-
MEeTpOB. BeposATHOCTh BO3HMKHOBEHHUS HAUXYJAILIErO cliydyas, Kak mpa-
BUJIO, KpallHe Malia U peajbHBIA pa30dpOC BBIXOJHBIX MapaMeTpPOB OKa-
3pIBA€TCS HAMHOT'O MEHbIIE, 4YeM IMpeJCcKa3aHHbId MO MeToay '"min-
max".

JlocTouHCTBOM MeToJa SBAseTcs ero mnpocrtora. Ecau mo-
JY4YEHHBIH JOMYCK YCTpaumBaeT 3aKa3uuka, TO HET HEOOXOIUMOCTH
NPUMEHATH 00JIee CIOXKHBIE METO/IbI.
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4.6. AHA/IU3 TOYHOCTHU BBIXOJAHBbIX IAPaAMeTPOB
BEPOSITHOCTHBIM METOJA0OM

4.6.1. BbiOOp KpuTepueB OLEHKH TOYHOCTH

PacueTHO-aHAJIUTHUUYECKUN METOJ OINpPEHAEIEHUS NPOU3BOJICTBEH-
HBIX JOMNYCKOB C y4Y€TOM BEPOSTHOCTHOTIO pPAaCCEUBAaHUSA IEPBUYHBIX
rmapaMeTpoB KpPaTKO HAa3bIBAIOT MHOTJa BEPOATHOCTHBIM METOJOM pac-
yeTa JO0IyCKOB.

Ob6paTtuMcs K ypaBHEHHUIO OTHOCHUTEIBHON MPOU3BOACTBEHHOMN MO-
TPEMIHOCTH BBIXOJHOTO mapaMmeTpa

n
(&j ~ D B A ,
Y mp i=l Xi p
rae B; — kooppuuueHT BAUSHUA [-TO TEPBUYHOTO MMapaMmeTpa.

3Hak "mp" — moayepKHBAEeT MPOU3BOJACTBEHHBIH XapaKTEp OTHO-
CUTEJIbHBIX NOTPEMIHOCTEH.

[Ipu BEepOATHOCTHOM METOJI€ 3aMUCAaHHBIM YpaBHEHUEM BOCIOJb-
30BaThCs Cpa3y HE MPEACTABISIETCS BO3MOXHBIM, TaK KaK HESICHO, Ka-
KM€ KOHKPETHO YHUCJICHHBbIe 3HaueHUs (Ax;/x;);, HEOOXOAUMO MOJCTAB-
JASTH B 3alIMCAHHOE YyPaBHEHHE B CUJIy CIYYaMHOCTH 3TUX BEJIWYHUH.

B cuny storo (Ay/y)n, Takke OKa3blBaeTCA CAy4YalHOU, U I KO-
JUYECTBEHHOTO €€ ONMMCAaHUS UCIMOJB3YIOT IBE XapaKTePUCTHUKH:

M(Ay/y)y, — MaTeMaTudeckoe oOXxujgaHue (cpeaHee 3HaYEHUE)
OTHOCHUTEJbHOW MPOU3BOJACTBEHHON NOTPEIIHOCTH BBIXOJHOTO IMapa-
METpa;

o(Ay/y)up, — cpeHee KBagpaTuueckoe oTkioHeHue (Ay/y)u,.

Yka3zaHHBIE XapaKTEPUCTHUKH MOTYT HMCIOJb30BAThCS sl OlLlEH-
KA TOYHOCTH BBIXOJHOTO NapamMeTrpa. B mMpOMBINMIJIEHHOCTH B KayecTBeE
KOMIIJIEKCHOW OII€HKHM TOYHOCTHU BBIXOJIHBIX MapaMeTpPOB HCIOJb3YyeTCs
IIPOU3BOJACTBEHHBIM JOINYCK Ha BBIXOJAHOW MapaMeTp, KOTOPBIM ycCTa-
HaBJMBAETCA Ha OCHOBE JIBYX BBIIIEC 3alMCAaHHBIX XapaKTEPHUCTHK.

4.6.2. PacueTHble COOTHOIICHHUA, HCITOJIDbB3YEMBIC
AJA OHMEHKHN TOYHOCTH BBIXOAHBLIX IMapaMeTpoB

OTU COOTHOWIEHUS MOJYy4YarwT g XapakTtepuctuk M(Ay/y),, u
6(Ay/y)np. VIcnOAB3YIOT 3allUCAaHHOE BBIIIE YPAaBHEHHUE OTHOCHUTEIbHOM
NPOMU3BOJCTBEHHON MOTPEMIHOCTH BBIXOJIHOTO IapaMeTpa.

[Ipu monydyeHUn HHKEHEPHBIX POPMYJ NPUHUMAIOT BO BHUMaHUE
TEOPEMBl TEOPUHU BEPOSITHOCTEH, CMBICI KOTOPBIX MOXHO BBIPA3UTh
cinenywomumu popmynamu [7]:
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M (ax) = oM (x), a=const;

D(x +z)=D(x)+ D(z)+2r_o(x)o(z),

rjae x; Xx, z — CJIy4auHbIM BEJIUYNHBI;
n — KOJIMYECTBO CJYYaWHBIX BEJIHYHH;
Vs — Ko DUIUEHT MNapHOU KOPPEIAIUU MEKAY napa-
METpAMU X U Z.
M — 3HaK MAaTE€MaTHUYECKOT0 OXHUJAHUS CIy4YauHBbIX BeE-
JIAYUH;
D, o — 3HAKW JUCIEPCUM U CPEIHEro KBaJApPaTHUYECKOIrO

OTKJIOHEHUS CIy4YalHBIX BEIUYHH.

[Tocnenuss u3 ¢opmMya 3amucaHa sl cliydas ABYX CJIy4alHBIX
BEJIMYUH, OJHAKO MOJO0OHOE CcHpaBeAJIMBO U AJs clydas JOOOTo HX
KOJIMYEeCcTBA.

C ydyeToM 3amMCaHHBIX BbIlIe (POPMYJ, UHTEpPECYIOIIUE HAC pac-
YEeTHBIC COOTHOLICHUS 3aMUIIYyTCS B BUJE

A n Ax.
M 2 =S BMm| EE (4.10)
Y =l i Jup
A 4 Ax; L Ax; Ax
of 2| = ZBl'zcs2 —L | 42> 1njBiBjol—| © —L (4.11)
y = Xi = Xj Xj
np i=1 np i,j=1 np J Jnp
i# ]
i<j
Ax,
rne M| —| - MaTeMaTUYEeCKOoe OXHJaHue (cpelHee 3Ha4deHUeE)
X )
OTHOCHUTEIBHOW IPOU3BOACTBEHHOW IOTPEIIHO-
CTH I[-T'O IEPBUYHOIO IapaMeTpa;
Ax,
ol — — cCpelHee KBaJpaTU4YECKOE OTKIOHEHHE OTHOCH-
X )
TEJIbHON NPOU3BOACTBEHHOM HOTPEIIHOCTH I-TO
NEPBUYHOTO MapaMeTpa;
B, — KO3 (PUUUEHT BIUAHUSA [-TO NEPBUYHOIrO mapa-
1
METpa;
rij — K03(PUIUEHT NapHON KOppeaaUun MEXAY i-M U

Jj-M MEepPBUYHBIM MapaMeTpoOM.
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CwMmbica o(Ax;/x;)n, U B; aHalorudeH BbIIIEyKa3aHHBIM, HO TOJbKO
JUIs j-TO NEPBUYHOTO MapamMeTpa.

3anuce i<j

moJ 3HAKOM BTOPOH CyMMBI O3HadaeT, 4TO Oepyrcs

HENOBTOPSAIONIMECS COUETAHUS Nap NapaMeTpPOB X; U X;.
B nmpoMBIIIIEHHOCTH MPU ONPEAEIEHUH MPOU3BOICTBEHHOTO J10-

nycKa BMECTO XapakTepuCcTHUKH G(Ay/y),, HOAB3YyIOTCA

XapaKTEepUCTHU-

kot 0(Ay/y)up, TIpeAcTaABASOMEN cOO00W MOJOBUHY TOJS pacCeUBAHHS
OTHOCHUTEJIbHOW MPOU3BOJACTBEHHON MOTPENIHOCTH BBIXOJAHOTO Hapa-
MeTpa. DTa BEJUMYMWHA C yuyeToM BbIpaxeHusd (4.11) moxer ObITH Oompe-

ACICHA KakK

Ay - p2:2[ Ax; 2 4% Ax; AY;
p i=1 ! Jmp i,j=1 J Jnp J Jnp
i#]
i<j
rae O0(Ax;/x;)up — TOJOBUHA TMOJII PAaCCeMBAHUS OTHOCUTEIBHOW  MpO-

p J—

W3BOJCTBCHHOW NOTPEIIHOCTHU i-r0 MEPBUYHOTO Ta-
pameTrpa (MOJOBHHA TMOJS TPOU3BOJICTBEHHOTO JIO-
nmycKa Ha MEPBUYHBIN MapaMeTp);

K0P bUIIMEHT TapaHTUPOBAHHOTO oOOecmeuyeHUus

AOTyCKa, 3aBUCUT OT BEpOATHOCTH P, ¢ KOTO-
poil rapaHTUpPYETCs  MPOU3BOJACTBEHHBIH  JOMYCK
(tabmn. 4.2);

Ko (OUIMEHT OTHOCHUTECIBHOTO pacCCEeHMBAHHS [-TO
MEPBUYHOTO IMapaMeTpa; MOKa3blBaeT, B KaKOW cTe-
MEHW pacCeWBaHUE [-TO MEPBUUYHOTO MapaMeTpa OT-

AWYaeTcs OT HOPMAJbHOTO 3aKOHA pacupelesiCHUS
(tab6m.4.3).

Cwmbica 0(Ax;/x;)up, B;, K; aHanoTrM4YeH BbINIEYKAa3aHHBIM, HO TOJIb-
KO JUIs j-TO MEPBUYHOTO IIapaMeTpa.

Januce I <

Jj moJ 3HAKOM BTOPOM CyMMBI, KaK H paHee, O03-

Ha4dyacT, 4TO 6Cp}7TC5I HCIIOBTOPAKIIHUCCA COYUYCTAHHUA IIap MapaMCcTpPOB

X;i 1 X;.
Tabnuna 4.2
3HayeHue Kod3pPuurueHTa p B 3aBUCUMOCTHU OT BEPOSATHOCTH P
BepositHocTh P: 0,80 0,90 0,95 0,99
Koapdunuenr p 0,43 0,59 0,65 0,86
BepostHOoCTh P: 0,9973 0,999 0,9999 0,99999
Koapdunuenr p 1 1,1 1,3 1,47
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Tabnuua 4.3

3HayeHHe KOYPPHUIUEHTOB OTHOCUTEIBHOTO pacCECHUBAHUSA
NEPBUYHBIX MMapaMeTPOB

Hopmasnbnslii “TpeyrosnbHuka” PaBHOMEpHBIH
3aKoH

pacnpeneneHus
MEPBUYHOTO
napaMeTrpa

Kosdppunuent

OTHOCHUTEIBHOTO 1 1,225 \ﬂgzl 73
pacceuBanus, K;, K;

B okxoHuUaTrenpHOM BHJ€ NPOU3BOIACTBEHHBIM JOMNYCK YCTAaHABIIH-
BaeTCA Kak

A A
Amp :M(—y + = (4.13)
CUCTEMaTH4YeCKasa CHy‘IafIHaH
COCTaBIAOIIAA COoOCTaBIdAOIOIAA
OomycKa JOIMmycKa

ConocraBnsis ypaBHeHus (4.12) u (4.13) MOXHO 3aME€TUTh, YTO
nojoBUHA mojs pacceuBaHus (Ay/y),, UCIONB3yeTCS B KadeCcTBE MO-
JOBUHBI MOJIA NPOU3BOACTBEHHOro nonycka. Iloatomy nmomyck A,, ra-
pPaAHTUPYETCA C TaKOW BEPOSITHOCTHIO P, KOTOpas COOTBETCTBYET CIY-
yallHOU cocTaBastomeit nonycka 6(Ay/y)y,.

4.6.3. IlpuMepbl aHATHU3a TOYHOCTH BBIXOJIHOIO
napamerpa
IIpumep 4.2. BoiNOJHUM aHAJIKU3 TOYHOCTU NOCTOsSHHOU RC-uenu
IPHU CIAEAYOIUX UCXOOHBIX TaHHBIX:

R=1k0OM £ 10%; C =10 Mx®""

-10% *

Kpome Toro, yctaHoBUM NPOU3BOJACTBEHHBIN NONYCK HAa NOCTOSH-
Hyl0 RC-umenu, KOTOpbIM OBl TapaHTUPOBAJICA C BEPOSITHOCTHIO
P.=0,9973. Ucnonb3yembie ayst RC-11enu 3JI€MEHTHl JUCKPETHBIC.

Pemenue. 1. B xauecTBe BBIXOJHOTO mapaMeTpa B JaHHOM CJYy-
yae BBICTYMAaeT NOCTOSIHHAS LEMNH T:
y—>1=RC.
2. Onpenenum koddbunueHTs BIusHUS napamerpoB R u C. Boc-
nonn3yemcs popmynoit (4.9). B namewm cnyuae ¢—t. [Tlonyuum
R C

B,=C——=1; B.=R—=1.
RC RC
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3. 3anmmeM HCXOIHBIE JaHHBIE, HEOOXOAMMBIC MJs TOACYETa
xapakTepucTuk M(At/T)ygp, 8(AT/T)s,. Bocmonesyemces puc.4.7.

) NG e N\
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Puc.4.7. Kpusble pacnpeaejieHusi napaMeTpos

N3 ycnoBuit npuMepa u puc.4.7. HaX0JUM

M(ﬁ):o’ 6(&):10%;
R R

+10%

() )
M(ch: C )y \C )y _—10+(+30) _
C 2 2

6(£):(£) _M(Ejzgo_lozzo%
C C ), C

rae (AC/C)y, (AC/C), — HUXKHEE W BEpXHEe NpelielbHbIE OTKIOHCHHUS
napametpa AC/C.

Kri = 1, Tak Kak MOXXHO BOCIOJIb30BAaThCsl TUIIOTE30H O HOpPMaJb-
HOM pacnpejelieHuu napamerpa R. AHaroruuno K¢ = 1.

Koappunuent p = 1, tak xak P, = 0,9973. Kosbdbunuent nap-
HOU Koppensnuu rz ¢ = 0, Tak KaK 3JIeMEHTHI TUCKPETHBIC.

4. Tlo Beipaxenuto (4.10) paccumteiBaeMm 3HaueHue M(AT/T)y,.
[Tonyunm

M(ﬁj =1-0+1-(+10)=+10%.
T Jup

5. Ilo popmyne (4.12) paccuutbiBaeM 3HaueHUue O(AtT/1)y,. [1o-
Ay9IUM

SKEJ =W 10°- 1P + 12207 - 17 =+/500 =~ 22,4%.

T Jup

6. 3anucpIBaeM NMPOU3BOACTBEHHBIN TONYCK HAa NOCTOSIHHYIO RC-
LEIu.

A, =(10£22,4%) = (~12,4...+ 32,4)%.
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I[Ipu »>tOoM gomyck A,, TrapaHTHUpPYeTCi C BEPOSITHOCTHIO
P.=0,9973.

IIpumep 4.3. TpebGyeTcss yCTAaHOBUTHh NPOU3BOJCTBEHHBIN TOMYCK
Ha KOA(GGUIMEHT AeJCHUs ACTUTENs] HANpsSKEHHUS, BBIMOJIHEHHOTO Ha
OUCKPETHBIX 3JIEMEHTaX U B MHTETPAJbHOM HCHOJIHEHHUU. DJIEKTpUYE-
CKas CXeMa, 3HAaYEHHUs MmapaMeTpoB 3JeMeHTOB R1 u R2 COOTBETCTBYIOT
UCXOJHBIM AaHHBIM npuMmepa 4.1 (pazn.4.5).

Pemenue. 1. BoimonHUM aHanu3 I8 ACJIUATENS, TOCTPOEHHOTO Ha
JTUCKPETHBIX DJIEMEHTAaX.

Onpenenum kod3hPuueHTs BIUSAHUSA TapaMeTpoB R1 u R2.

Panee Obl1o wHaiimeno (cMm. npumep 4.1), uto Bri= 0,6, a
BR2:—0,6.

NcxonHbsle OaHHBIE AJIsI ONpEAENIEeHUS NPOU3BOACTBEHHOTO JO-
MyCKa TaKOBBHI:

M(ﬁj M(&j _0; 5(@) :5(&) - 10%
R ), R2 ), Rl ), R2

Bribepem BeposaTtHocts P. = 0,9973, torna p = 1.

JlonycKH Ha CONPOTUBJIEHUS PE3UCTOPOB OTHOCHUTEIbHO BEJIHKH,
MO3TOMY MOXHO BOCIOJb30BAThCS THIOTE30H O HOPMAJIbHOM pacipe-
nenenun mapametrpoB. CrnegoBatenbHO, KO3((GUIHEHTH OTHOCHUTEIb-
HOTO pacceuBanus Kp; =Kp, = 1.

Kosdbdbunument xoppensuuu rgiz; HPUHHUMAEM paBHBIM HYIIIO,
TaK KaK Pe3UCTOpPHl AUCKPETHEHIC.

[Tpumenss dopmynsl (4.10) u (4.12), Haxoaum

AK
M - ZO,TaKKaKMﬂ =0,i=1; 2;
K R

x Jup i

AK
5 =1-,/0,6" 10> - 1> +(=0,6)* - 10* - 1* =+/72 = 8,5%.

a p

Torna
App=(0 £ 8,5)% = £8,5 %.

2. BpimonHUM aHalu3 TOYHOCTHU IS cliydyass UHTErpajbHOTO HC-
NOJHEHUS JACIUTENS.

N3BecTHO, YTO NpPU HMHTETpalibHOW TEXHOJOTHHU PE3UCTOPHI MO-
JYy4alT B OJHOM TEXHOJOTHYECKOM ILHUKJE, MOITOMY MEXIYy MapaMeT-
paMu pe3uCTOPOB CYIIECTBYET TecHas, 0Ju3Kkas K GyHKIIMOHATBHOHN 3a-
BUCUMOCTH, KOPpPEISIIIUOHHAS CBA3b.

DKCcnepUMEeHTalbHO YCTAHOBJIEHO, YTO JJIsi MHTETPAJbHBIX PE3U-
cTopoB kodppunuent koppensuuu » — 0,85...0,95. [Ipumem B pacue-
TaxX Vri,p2 = 0,9
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OcTanbHbBIC HNCXOOHBIC OTAHHBIC TAKHC XC, KaK WU OJA CJIydasd HC-
IMMOJHCHUA OCIUTCIA HAa JUCKPCTHBIX JJICMCHTAX!

m| ALY [ ARZY . o ARLY G ARZY g0,
Rl ), R2 ), Rl ), R2 ),
Kr1=Kr, = 1, ubo pacmpeneieHue mnapaMeTPpOB HHTErpaidbHBIX
DJIIEMEHTOB, Kak MpaBuio, OJIM3KO K HOpMalbHOMY 3akoHy. Kak u pa-
Hee, npumem P, = 0,9973, torma p = 1.

Kax u B m.1, M(AK,/K;)s, = 0, Tak KaK JONYCKHU Ha MapaMeTphl
pe3uctopoB R1 u R2 CHMMETPHUYHBI.

[To popmyne (4.12) noacuutaeM 3HadyeHUe BeIUUUHBI O(K /K )np.
AK p=1T.K.

pis

K ) |P=09973

op

= J0,6>-10° -1 +(—0,6)> - 10> - > +2-0,9-0,6- (<0,6) - 10-10-1-1 =

=J7.2~2,7 %.

3.B ClIydac NUCKPCTHOTO HCIOJIHCHHA PC3UCTOPOB, AOIMYCK HaA
KOB(i)(l)HHI/IeHT ACICHUA OCIUTCIA YCTAHOBHUM B BHC

AK, AK,
Ay =M +3 =(0+8,5) %.
K K

a p a p

B ClIydacC MHTCIpaJIbHOI'O UCIIOJIHCHUA OCIUTCIIA IMOJTYUYHUM
Ay =(0£27) % =427 %.

Takum oOpa3zom, KOppenslus napamMeTpoB B JaHHOM CJy4yae ChIT-
paja NMOJOXUTEIbHYI poJib. [IpM ONHOM M TOWU K€ TapaHTUPOBAHHOM
BEPOSTHOCTH JOMYCK Ha KOd(pPUUMEHT neieHus] UHTETrpaabHOTO JEIH-
TeJIE MOXET OBITh YCTAHOBJIEH 3aMETHO ECTYe, YeM B cjydae JeJuTe-
Js1 HAa JUCKPETHBIX DJIEMEHTAX.

4.7. AHAJIM3 TOYHOCTH BBIXOJHBIX MAPaMeTPOB
metoaoM Mourte-Kapao

4.7.1. HazHaueHnue MeTOaa

DTOT METOJ HuHaue Ha3blBalOT METOJOM CTAaTUCTHUYECKHUX HC-
NBITAHUMN.

[[pyMEHHUTENBHO K aHAJINU3Y TOYHOCTH BBIXOJHBIX MMapaMeTpPOB MO-
3BOJISIET OLEHUTh M(y) — MaTeMaTUYECKOE OXHUJaHHE (CpeaHee 3Haue-
HUE) BBIXOJHOTO MmapamMeTpa W o(y) — cpeaHee KBaJgpaTUUYECKOE OT-
KJIOHEHUE BBIXOJHOTO MapaMeTpa.



w(y) : 3Has M(y) u o(y), MOXHO Ha-
() /\ () 3HAYUTh JONYCK HA BBIXOJHOM Iapa-
> > METPp ), BBIPAXXEHHBIM pa3MeEpPHO-

CThIO CaMOTO MapaMeTpa HJIH €Tro
OTHOCHUTEJIbHBIM OTKJIOHEHUEM, OT-
KJIOHEHUEM, OOBIYHO BBIPAXKAEMBIM B
| NpOoIEHTAaX.
Ha npakTuke npu Ha3HAUYCHUU
Puc.4.8. Kpuas pacupeneienns JNOMycKa NOJb3YIHTCA TUIOTE30d O
BLIXOJHOTO MAPAMETPa HOpMaJbHOM pacOpe]eieHUUu  BbI-
xoaHoro nmapametpa (puc.4.8).
Toraga mo "mpaBuny Tpex curMm'" MoJIOBMHA MoJs gomnycka o(y) Ha
BBIXOJTHOW MapaMeTp MOXKET OBITh 3allMcaHa Kak

S
=y

0(y) = 30(y). (4.14)
5| 2| = 2010004 (4.15)
y) M(y)

Tak kKak Mbl BOCHOJIB30BaJIUCh "MPaBUIOM TPEX CHUTM", TO 3TOT
JOTyCK OyJeT rapaHTUpPOBAThCA C BeposATHOCTHIO P, = 0,9973.

4.7.2. CymmHoCTbh MeTO/a

OcHoBy metona MonTe-Kapno cocraBiasieT mpouecc NOJydYeHUs
ClyuyalHBIX peanu3anuid yctpoicTtBa uiu nponecca [16]. Kaxnas pea-
AU3alus ONMUCHIBACTCS 3HAYEHHUEM BBIXOJHOTO MapaMeTpa paccMaTpHu-
BAeMOT0 ycTpoicTBa uin mpoiecca. Eil cooTBETCTBYeT ompeaeneHHoe
COYETaHUE NMEPBUYHBIX NAapaMETPOB U HOBOE 3HAYEHUE BBIXOJHOIO Ia-
pamertpa.

3HauyeHUs NEPBUYHBIX MapaMeTpoB AJs TOW WMJIM MHOU peanu3a-
UM yCTAaHABJIWBAIOT HE NPOMU3BOJBHO, & C YUETOM HUX BEPOATHOCTHOTO
ONMUCAaHHUSA, T.€. UCHOJb3YIOT XapaKTEPUCTUKHU

M(x;), o(x;), w(x;); i=1,...,n,
r7e n — YHUCIO MEPBUYHBIX MAapaMeTPOB, NPHUHMMAaEMBbIX BO BHUMaHUE

IIPU paCCMOTPEHUU YCTPOMCTBA UM MpoLEcca.

3Ha4YeHHUsS BBIXOJHOTO MapaMeTpa B KaXJOW pealu3aluu omnpenue-
JASI0TCS, KaK MPaBUJIO, HOBOM KOMOMHaAINUE (coueTaHUEM) MEPBUUYHBIX
napametpoB (puc.4.9).

Ha puc.4.9 mrpuxoBkoil 0003HadYeHBl MOJISI JONYCKOB MEpPBUY-
HBIX TapaMeETpPOB.

[TonmyuyuB N peanu3anuii yCTpOWCTBA HJIH NpPOILECCa, MOXKHO
chopMHUpPOBATH PAL

Vi, V2, --.5 VN-
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A w(x)

v

n

-9 xomOUHATIUS
2-s1 KOMOMHAINA

3-s1 KOMOMHAIHS
Puc.4.9. llonyyenune ciayqyaiiHOH KOMOMHAIINM NIEPBUYHBIX IAapAMeTPOB

Craructuueckas ob6paboTka 3TOro psijia MO3BOJSET ONPENEIUTHh
xapaktepuctuku M(y) u o(p).

[Ipu npakTuuecko peanusanuu metrona MoHte-Kapimo umcnons-
3YIOT MaTeMaThdeckoe WM (PU3nYecKoe MOJCTUPOBAHHE YCTPOUCTB
WJIA TIPOIIECCOB.

4.7.3. Metoa Mounte-KapJio ¢ ucnonb3oBanumem
MAaTEeMATHY€CKOTr0 MOJeJTUPOBAHHUSA

[Ipy MaTeMaTH4€CKOM MOJAECIUPOBAHUU MCHOIB3YIOT MOJENb yCT-
poiicTBa MJIM MpoOllecca B BUJIE BhIpAKECHUS

y:(P(xla"'axn): (416)

rjie n — KOJHYECTBO NPUHITHIX BO BHUMAHUE MEPBUYHBIX MapaMETPOB.
Meton Monte-Kapino ¢ HCOOJNB30BAHUEM MATEMATHYECKOTO

MOJEIUPOBAHUS pealu3ylT, Kak npaBuio, Ha OBM. McxonHbIMu naH-
HBIMU JTOJIKHBI OBITH:

a) KOJIMYECTBO MEPBUUYHBIX MapaMeTPOB 7,

0) BEpOSITHOCTHOE ONKMCAHUE MEPBUYHBIX MapaMETpPOB, T.€. Xapak-
tepuctuku M(x;), o(x;), w(x;); i=1,...,n;

B) TpebyeMoe 4HucCJio peaiuns3anuu ycTpolcTBa uiam mnpoimecca N.
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HOCHCHOB&TCHBHOCTB I[CﬁCTBHﬁ Ha IIPAKTHUKEC TAaKOBa:

1. YrounsawT Tpebyemoe yucio N. B HHXKeHEpHOU NpaKTHKE
IUISL ONIPEAEIICHHUS 3TOM BEJIMYHUHBI YACTO MOJb3YIOTCS BBIPAXKEHUEM

2
4lc
Nz%, (4.17)
A
rie A — 3agaHHas J0 NPOBEAEHUS MOJEIMPOBaHHUA AONycTUMas MO-
rpemIHOCTh (OmHuOKa) B ONpPEAEIEHUU XapaKTEPUCTUKU
M(y);
o(y) — cpenHee KBaJpaTHUYE€CKOE OTKJIOHEHHUE BBIXOJHOTO  Tmapa-
MeTpa.

®opmyna (4.17) npeamnonaraet, 4To MO pe3yJibTaTaM HCHOBITAHUMN
MaTemMaTudeckoe oxuaanue M(y) ¢ omubOkol A rapaHTUpYeETCS C

JOBEPUTEIbHOU BeposTHOCThIO Y = 0,95; yucno 4 B ykazaHHOU ¢op-

2

y» Tak kak npu y = 0,95 [, =1,96 =2

MYJ€ €CTh HE€ 4YTO HHOC, KakK ¢

(cMm. Ta6m1.2.3).

2. Ucnonb3yss reHepaTophl CAy4YaWHBIX YHcesl (MOANPOTPaMMBbl
s OBM), nonydarT caydailHyl0 KOMOMHAUUIO MEPBUYHBIX MapaMeT-
pOB AJId MEPBOM peain3aluu YCTPOMUCTBA UJH IpOLECCa.

3. llogcTaBasiOT MOJYYEHHYI KOMOMHAIIMI0O 3HAaYEHUH NepBUY-
HBIX IapaMeTpOB B MAaTEMAaTHU4YE€CKYI MOIEIb ) =@(x],...,X,,) U paccyu-

THIBAIOT 3HAYEHUE Y, COOTBETCTBYIOIIEE MEPBOU pealnu3aluu.
4. JleiicTBUA, onucaHHble B NyHKTax 2...3, moBTopsAwT N pa3. B
UTOTE MOJYYawT Psijl

yla yZa R yN

5.BBINOJAHAIOT CTAaTUCTHUYECKYI0 00pabOTKY MOJYUYEHHOTO psjaa
U HaXoAT Xapaktepuctuku M(y), 6(y).

6.1Ipy HEeoOXOOMMOCTH YCTAaHABJIMBAIOT 3HAa4YEHHUE JONMYyCKa Ha
BBIXOJTHOM mapamerTp.

[Ipu onpeneneHuu 3HaueHuUss N mpeamnosaraetTcs U3BECTHBIM G()).
Ecnu xe o()y) HEeu3BeCTHO, TO MOCTYNAKT CIEAYIONHM oOpa3om. 3aja-
IOTCSI ONPEEIEHHBIM YHMCJIOM peajlu3aluil yCTpOMCTBA MU Npouecca
Ni(N; = 500...1000).

Boinonusawt N; peanuzanuii. OueHuBaoT 3HaueHue 6()) u npose-
pstoT ycnoBue (4.17). Ecau oHO BBIMONHSETCS, TO 3aJlaHHAsl TOYHOCTH B
onpeaenenuu M(y) yxe noCTUrHyTa. B MpPOTHBHOM cliydae yBEJIHYU-
BAalOT YHCJIO peaiu3aluil mpolecca HMJIU yCTPOUCTBA, KOPPEKTHPYIOT
3HaueHue 6()y) U BHOBb MO yclioBuio (4.17) npoBepsAOT, TOCTUTHYTA JH
3aJlaHHas TOYHOCTD.
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4.7.4. Metox MounTe-Kapao ¢ ucnojab30BanuemM
(pu3n4ecKOro MoaeTUHPOBAHUA

B Tex cnywasx, korga TpyAHO MOJYYUTh MaTEMaTHUYECKYIO MO-
nenb y=¢(xi,..x,) WIH K€ KOTJa OHA HE OTpa)KaeT JNEHUCTBUTEIbLHOU
KapTUHBI nIponecca (00beKTa), UCMOJIB3YIOT Qu3dnueckue moaenu. llpu
peanu3anuu Metona Moute-Kapno Ha Takux MoJaelsix o6jacTh pacceu-
BaHUs MEPBUYHBIX NMapaMeTpoB pa3zbuBaeTcs Ha 4-6 MHTEpPBAJOB U B
Ka4yecTBE MpPEeJCTaBUTEIISI UHTEpBala BbIOMpaeTCs 3HaUYeHUe, OIU3K0e K
ero cepeaune (puc.4.10).

1 2 3 4 5

v

Puc.4.10. Pazouenue nnana3soHa paccenBaHUs NEPBUYHOIO apaMeTpa
HA MHTEPBaJIbI

[Ipu ¢duzuyeckoM MOJEIUPOBAHUU [Jid MOJYyUYEHHUS CIAy4YalHOMU
KOMOWHAIIMU 3HAYEHUW TEPBUYHBIX MapaMETPOB HCIOJb3YIOTCS JIUIIb
3Tu 4-6 3HAYEHUUN MEepBUYHOTO mapameTrpa. Takoro pazbueHus obiac-
TH pPacCEMBaHHUs IMEPBUYHOTO IapaMeTpa BIIOJHE JOCTATOYHO IJs pe-
HEHUS NPAaKTUYECKHUX 3aj/1ay.

[lpu ¢duzuyeckoM MOIOEITUPOBAHHHU C YYETOM TOJYUYCHHOU CIIy-
yallHOW KOMOWHAIIMU 3HAYEHUN MEPBUUYHBIX MapaMeTpPOB, OCYIIECTBIIS-
IOT UX U3MEHEHHE Ha (PU3UYECKON MOJAEIH U U3MEPSIIOT 3HAYEHHE BBI-
XOAHOTO IapameTpa, COOTBETCTBYIOIIEE TOW HJIM HHOW pealiu3aluu
o0bekTa. [Jns takux POV, kak pe3ucTopsl U KOHIAEHCATOPHI, OCYIIECT-
BUTh U3MEHEHHUE IapaMeTPOB MOXHO IIYyTEM IapajljIeJbHOTO HIHU MO-
CJE€N0BATEIbHOTO BKJIIYEHUS JONOJHUTEIbHBIX 3JEMEHTOB TAKOTO HO-
MUHAJIbHOTO 3HAYEHUS, YTOOBl CyMMapHO€ 3HAaY€HHE HHTEPECYIOUIEro
napaMeTrpa COOTBETCTBOBAJIO 3HAYECHUSAM NPU MOAEIUPOBAHUMU (TOUKAM
1-5 na puc.4.10).

Jns HeKOoTOpbIX di1eMeHTOB PDY (oTmenbHbIe THUIIBI JUOJIO0B U
JAp.) OCYIIECTBJSAIOT HUMHUTUPOBAHHE, T.€. MOJKJIIYAIOT K paccMaTpu-
BAEMOMY 3JIEMEHTY JJIEMEHTHI APYroro GyHKIMOHAJILHOTO HAa3HAUYCHUS,
NPUBOISANIME K U3MEHEHHIO ITapaMeTpa pacCMaTPUBAEMOTO DJIEMEHTA.

Ecnu mo xakum-nu0o0 mpuuYMHaAM BO3JE€MCTBOBATh HAa HM3MEHEHHE
NMEPBUYHBIX MApaMETPOB HEIb3sl U HE YJAETCSI MMUTHUPOBATH H3MEHE-
HUE, TO OCYIIECTBJSIOT CJIYy4YaWHYI 3aMEHY DJJIEMEHTOB YCTpPOWCTBa
(Momenu).

[Ipu peanuzanuu metona Moute-Kapno Ha pu3ndecKUX MOIEAX
OCYILIECTBISAKT 3aMEHY TAaKUX DJ3JEMEHTOB KaK TpPaH3UCTOPbI, HHTE-
rpajJibHbIe MUKPOCXEMBI, HMIYJbCHBIC TPAaHCPOPMATOPHI U IP.
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4.8. AHaIHM3 CTAa0MJBHOCTH BBIXOJHBIX MapaMeTPOB
PaaMoO3JEeKTPOHHBIX YCTPOMCTB
U TEXHOJIOTHYECKHUX MPOLECCOB

4.8.1. CTaOMIABHOCTH BBIXOAHBIX IapaMeTpPOB
U IPUHIHUIN ee OLEeHKH

CTaObuABHOCTH BBIXOJHBIX apaMETPOB — 3TO cBoilcTBO POV uin
TII. Ona xapakTepuszyeT CTeNeHb HEU3MEHHOCTHU (MOCTOSHCTBO) BHI-
XOJHOTO TMapaMeTpa B YCJIOBHUAX BO3AEeUCTBUSA (AKTOPOB OKpYyKaOIIECH
cpennl U mpoieccoB ctapeHus (hakTop — Bpemsi), IpUUeM Moapa3zyme-
BaeTCsd HEU3MEHHOCTH BBIXOJHOT0 MapaMeTpa OTHOCHTEJIbHO CBOErO
HAyaJIbHOTO 3HAYE€HUS B HOPMAJbHBIX YCIOBUSAX IKCIIyaTalUH.

3aMe4eHo, YTO NPUMEHHUTEIbHO K MHOruUM Buaam PDY Hecra-
OUIBHOCTH, OOyCIIOBIIEHHAass TakKMMU (PaKTOpaMHu, Kak TeMmIeparypa Hu
BpeMs, cocTaBiseT He MeHee 90...95% obmelt HecTaOUIBHOCTHU BBIXOJI-
HBIX MMapaMeTpoOB, NPHUYEM HaA JOJI TEeMIEpaTypbl MNPUXOAHUTCA M0
60...70%. IloToMmy, eclid HU3JENHE SKCIIYyaTUPYETCS HE B KaKUX-TO
cnenu(pUIeCKUX yCIOBUAX, TO B MHKECHEPHBIX pacueTax, Kak MpaBuUJIo,
NPUHUMAIT BO BHUMAaHHE 3THU JBa Ba)XHeWmMux (paktopa — Temmepa-
Typy U Bpems.

N3BecTHO, 4YTO JJisi KOJMYECTBEHHOW OIEHKHU TEMMEpaTypHOU u
BpEMEHHON CTaOUIBHOCTU NMEPBUUYHBIX MapaMeTpoB (mapaMeTpoOB dJie-
MEHTOB, KaCKaJoOB U T.Il.) MOTYT HUCIOJb30BaThCS TEeMIEpaTypHbIE KO-
sbdbunueHTs U K03 PUIUEHTH cTapeHusA. B nmpuHIHUNEe MOoT00HBIE KO-
3¢UIHEHTH MOXHO ObIJIO OBl MCMOJNB30BaTh U JJII KOJUYECTBEHHOU
OLIEHKU TEeMIepPaTypHOU M BPEMEHHON CTAaOUIBHOCTU BBIXOJHBIX IMapa-
MeTpoB POV u TII. OnHako B NIpOMBIMIJIEHHOCTH JJsI 3TOTO MOJb3YIOT-
Cs TeMIEepaTypHBIMHU JONMYyCKaMHu, JONYyCKaMHU CTape€HUS U T.A., B 3aBU-
CUMOCTH OT TOTO, BIUSHHE KakKuX (pakKTOpOB HEOOXOJAUMO OMUCATH.

B ocHOBY oleHKH CTaOMJIBHOCTHU BBIXOJHOTO MapaMeTpa MoJoKe-
HO ypaBHEHHE OTHOCHTEJIbHOW MOTrPEIIHOCTH, OOYyCIOBIEHHON HIeicT-
BHEM TOTO MJHM MHOTO 3KCIIyaTallMOHHOTO (hakTopa.

[Ipenmnosoxum, 4TO U3BECTHA MaTemMaThuueckas moaens POY unm
TII B BU€ BBIpAKEHUSA

y:(p(xl, xn)-

Torga, mo aHajJoOruM C MOJYYEHHEM YypaBHEHHUS OTHOCUTEIbHOU
NPOU3BOJHONW MOTPEMIHOCTH BBIXOJHOTO MapaMeTpa, MOXHO MOJYYHUTh
ypaBHEHHE OTHOCUTEIbHON MOTPEMIHOCTH BBIXOJIHOTO Mapamerpa, o0y-
CJIIOBJICHHOW NeWCTBHEM JKCHiyaTallMOHHBIX (akTopoB. Bua uuTepe-
CYIOIIETr0 HAC YpaBHEHUS TAKOB:

(ﬂj _ S| (4.18)
Y i =

x; ).
-1 i)
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rae B, — KO3(Q(UUMEHT BIUAHUS [-TO IEPBUYHOTO apaMeTpa;

(Axi/x;); — OTHOCUTEJIbHOE U3MEHEHHE [-TO MEPBHUYHOTO MapaMeT-
pa, BBI3BIBAEMOE NECHUCTBUEM j-TO 3KCIIJIYyaTaUOHHOTO
dbakTopa.

Nupekc j mogquepkuBaeT KOHKPETHBIM OKCIJIyaTalMOHHBIN (ak-
Top. IIpuBenenHOe ypaBHEHUE OTHOCUTEIBbHON MOTPEMIHOCTU HMCIOJb-
30BaTh Cpa3y I OLUEHKHU CTAaOMIBHOCTH BBIXOJAHBIX MapaMeTpOB HE
IpEACTABISIETCS BO3MOXHBIM B CHUIy cllydyaiHoro xapaktepa (Axi/x;);.
OnHako 3TO ypaBHEHHE MO3BOJAET MOJYUYUTh pabouue GopMyibl, UC-
II0JIb3yE€MbI€ IPU ONPENEIECHUU TEeMIEPaTypHBIX JOINYCKOB, IOMNYCKOB
CTapeHus W T.II.

4.8.2. OnpenesieHne TeMnepaTypHbIX J0NYCKOB
U IO0NMYCKOB CTaApeHHUA

3nech U Aajgce NpU aHAIW3¢ CTAOMIBHOCTH BBIXOJHBIX IMapaMeT-
pOB IpHMEM BO BHHMAaHHE JBa BaXHCHIHUX (GaKTopa: TeMIepaTypy H
BpeMs. DKCIEPUMECHTAJIbHO yCTAaHOBJCHO, YTO TEeMIlepaTypHBIE U Bpe-
MCHHBIC HW3MCHCHHS TEPBUYHBIX IapaMETPOB HOCAT CIAYYaWHBIA Xa-
pakTep W CONPOBOXIAKTCA Pa3JIUYHOTO pojaa BeIOpocamMu ((daykTya-
UMAMHM), KaK moka3zaHo Ha puc.4.11.

Ax A UToObl BBHIMOTHATH HHXKEHEP-
& . HBI€ pacYeThl, YKa3aHHbIE H3ME-
" HEHUs NPHUHUMAIOT 3a KBa3HUJle-
Ax; PeanbHBbIit TEPMUHUPOBAHHBIE IIPOLECCHI, B
Xi )er nporiecc KOTOPBIX IPOCJIIEKUBAECTCSI TEH-
Juneiinas JEHIUS U3MEHEHHUS IapaMeTpoOB,
MOIelnb AU AININPOKCHMHUPYIOT KaKHUMHU-
> aAu00 MaTeMaTHYEeCKUMH MoJie-
TeMHePaTygaT IAMHU. B MHXKEHEPHOUW MNpPAKTUKE
Bpemst T MOMyJIApHA aNIIpPOKCHUMAaLUs JIH-
Puc.4.11. Cnyuyaiinblii Xapakrep HeHHE’IMHU Mozenamu. C ydeToMm
TeMIePATYPHbIX H BPeMeHHBIX JAHNHCHHOH aIllIpOKCHMaluu
H3MEeHEeHUI NepBUYHbIX IAPAMETPOB MOZKHO 34aIIHUCATh
Ax;

— | =oAL (4.19)

xl °

t

Ax,
~| =cAt, (4.20)
Xj
CT

rae o, — TeMIepaTypHblil Ko3(p(DUUUEHT i-TO MEPBUYHOTO MapamMeTpa,

NMOKa3bIBAIOMIUNA, KaK M3MEHSIETCS TEPBUYHBIA MapaMeTp
Npu H3MEHEHUHW TEMIepaTypbl Ha OJWH Tpaayc; OOBIYHO
umeet pasmepHocTh [%/Tpan CJ;

At=t.,~20°C,
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riae t,, — TeMIeparypa OKpyKalolei cpelasl;
¢; — KodpPUIHUEHT CTapeHus i-TO MEePBUYHOrO MapamMeTpa; Xapak-
TEpU3yeT CTENEeHb U3MEHEHUS MEPBUUYHOTO MapaMeTpa 3a Kax-
JBIY yac BpEMEHU dKCIIyaTaluu, UMeeT pa3MepHoOCcTh [% / 4];
AT — paccMaTpuBaeMbIii HHTEPBAJl BPEMCHHU.
Tak xkak ans POY o0bIuHO 3ajaeTcs quama3oH pabodymx Temmepa-
TYp, TO YCJIOBHO pa3jiMYaroT JABE UX 00JIACTH: MOJIOKUTEIbHYIO U OTPHU-
natejgbHyto (puc.4.12).
B wmHXEHEepHBIX pacueTax B Kade-
CTBE€ f., IPUHUMAIOT: IJII OTPULATEIb-
— + HOW o00JacTW — HAUMEHBIIYIO, a I
NOJOXUTEIbHOU — HauboJbUIyIO U3

BO3MOJXXHBIX TeEMIIEpATyp.
Puc.4.12. IloaoxxuteabLHAas
Cnenyer MOMHHUTH, YTO 3HA4YCHUSA
H OTPUIATEJbHAA 00/1aCTH 5
TeMmepaTyp K0>(QQUIIMEHTOB «; AJsA dTHX oOnacrei
MOTYT oTiindatbca. Hanpumep, ansa pe-

OV

20 °

suctopoB tuna MJIT:
o; =+7-1072%/°C npu t = +20...100°C;

o; =+12-1072%/°C npu t = —60...+20°C.

B Takux cnydasx aHanu3 TeMmMmnepaTypHOW CTAaOUIBHOCTH BBIXOJ-
HBIX TapaMeTpoB OyJe€T HIATH MO JBYM BETBSIM, a OKOHYATEJIbHOE pe-
HIEHHE O TEMIEPATYPHOM JOMYCKE JOJKHO MPUHUMATHCS C YUETOM J10-
nycka Kak JJsi 00JIacTU OTpUIATENbHBIX, TaK U AJsi 00JaCTU MOJOKU-
TEJNbHBIX TEMIIEPATYP.

B cnpaBouHO# nuteparype KodPpPUIHUEHTH CTapeHUs ¢; HHOTIA B
SIBHOM BHJI€ HE YKa3biBaroTcs. [IpuBoasTCS NUIIb U3MEHEHUS MEPBUY-
HOTO mapameTpa, npuxoasmuecs, Hanpumep, Ha 5000 u.

[TonctaBuB (4.19) u (4.20) B ypaBHEHUE OTHOCUTEIbHBIX IO-
rpemHocTei, OOyCIOBIEHHBIX JAEWCTBUEM j-TO HKCIIyaTallMOHHOTO
dbakTOpa, MOXHO 3alUCaTh

&y =Y Ba,At=AtY B, =At-ay; (4.21)
Y ) i=l i=1

&y =Y Bic;At=A7) Bic, =At-c, (4.22)
Y ) i=l i=1

B Beipaxkenusax (4.21) u (4.22) BeIHYHHBl oy U ¢y, MOTYT pac-

CMaTpUBATHCS COOTBETCTBEHHO KaK CyMMAapHBIH TeMmepaTypHBIH KO-
3pPuuueHT U cyMMapHBId KOd3pPUUIHEHT cTapeHUs (PYHKIHUOHAIBHOTO
y3Jla MpU YCIOBHUHU, YTO NEPBUUYHBIMH HapaMeTpaMH SBISJIUCH Mapa-
METPHI SJIE€MEHTOB.

B 3Tux BBIpake€HUAX CIy4YaWHBIMU SBISIOTCI oy U ¢y, HOITOMY

I UX OIMMCAaHHUA UCIIOJNB3YIOT JOBC XAPAKTCPHUCTHKH: MATCMATHYCCKOC
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OXKHJAaHUE M TOJOBUHY IMOJISI pacCeMBaHUA COOTBETCTBYIOIIETO KO-
bunuenTa.

MaTtemaTnueckue BBIPpAXEHHUS AJIsI ONpPENEICHHUS XapaKTEPHUCTUK
M(as) u d(ag) MOTYT OBITH MOJYYEHBI C MCIOJB30BAHUEM TEOPEM TEO-
pUM BEPOSATHOCTEW MO AaHAJIOTUU C TMOJYYEHHEM XapaKTEPUCTHUK
M(AY/Y)up, 0 (AY/Y)np, UCTONAB3YEMBIX MPH aHAJIW3€ TOYHOCTH BBIXOJ-
HBIX NMapaMeTpoB (cM. nmoapasn.4.6.2):

May)= 3 BiM(,): (4.23)
i=1

n n
i=1 i,j=1

i#]j

i<j
rae M(o;) — MaTeMaTH4YeCcKOoe OXHJlaHUuE (CpeJHee 3HAUYEHHE) TEeM-
neparypuoro kosddunueHTa i-ro MEepPBUYHOTO TMapa-

MeTpa;
d(a;), 6(0;) — MOJTOBUHA MOJS pacCeMBaHUSA TEMIEPATYpPHOTO KO-
dpdunuenTa i-ro M j-ro NIEPBUUYHBIX MapaMeTPOB;

B;, B, —  KO03pbUIHEHTH BIAUSHUA [-TO MU j-TO TMEPBUUYHBIX
napamMeTpoB;
K, K; — K03G(UIHUEHTHl OTHOCHUTEIbHOTO pPAaCCEUBAHUS TEM-

nepaTypHbiX KO3 OUIUEHTOB [-TO U j-TO MEPBUUYHBIX
napametrpoB(cm.T1abmn.4.3);

p —  kodpduuueHT rapaHTHPOBAHHOTO obOecmedYeHus Jo-
NMycKa; 3aBHCUT OT BEPOSTHOCTH, C KOTOPOH TapaHTH-
pyeTcs nonyck (cMm. ta6mn.4.2);

¥ij —  K0dpGUIHEHT MNapHOU KOppENAHU MEXAYy TemIepa-
TYPHBIMU KOdPPHUUIUEHTAMH i-TO H j-TO MEPBUUYHBIX
napamMeTpoB.

3anuck i < j moja 3HaKOM BTOPOH CyMMBbI O3HayaeT, 4yTo OepyTcs
HEMOBTOPSIONIMECS COUETAaHUS MEPBUUYHBIX TapaMeTPOB, MPUUEM i#].

dopmynsl a8 pacdeTa xapakTepucTuk M(as) m O(cy) MOTYT
OBITHh TOJIydeHBbl M3 BbIpaxeHui (4.23) u (4.24) nmyTemM 3aMeHBl Be-
JUYUHBl Oy Ha Cy, @ BEIWYUH o, Ha c¢;. CMBICT mapaMeTpoB B HOBBIX
bopmynax anajrorudeH napametrpam Gopmyin (4.23) u (4.24).

TemnepaTtypHblil fonyck A, u nonyck crapeHus A., onpeaensitoT
KakK

A, =|M(ay), £3(ay). ]; (4.25)
Agr = MM (o) £8(cy ). (4.26)
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Huxnue unHaexcsl £ B BbIpaxkeHuu (4.25) o3HayaroT, 4YTO TEM-
nepaTypHbIl gomyck A, ompenenseTcs OTAENbHO g oOiacTedl oTpu-
nateabHbIX (A, ) U mnonoxutenbHbiXx (A, ) TemmepaTyp, a OKOHYa-
TEJIBHOE PEIICHUE O TEMIIEPATYPHOM JOMNYCKE NPHUHUMAETCS HA OCHOBE
aHaJaMu3a dTUX 3HAYCHUM.

TemnepaTypHbli JONYyCK A; W JONYyCK cTapeHus A, TapaHTUDPY-
e€Tcd ¢ TaKOW BEPOSATHOCTHbIO, C KOTOPON MOJACYHUTHIBAJIUCH MOJOBUHBI
nojiel pacceuBaHus KOd3PPUIUEHTOB Oy U Cy.

IIpumep 4.4. Ilpeanonoxum, 4TO C HCHOJb30BaHHUEM (QOpMYI
(4.23) u (4.24) nns BBIXOJAHOrO mapamMeTpa y3Jia MOJyYeHbl 3HAYEHHUS
xapaktepucTuk M(az) u O(cy) AJiga 00IaCTU MOJIOKHUTEIBHBIX TeMIepa-
Typ:

M(os), ==5-1072%/°C; &(ay), =9-107%/°C;
Ui 00JIaCTH OTPHUILIATENIBHBIX TEeMIEPATYP:
M(oy)_ =—4-10"2%/°C; &(ay) =12-107%/°C;

TpebyeTrca omnpenesluTh 3HAYEHUE TEMIEPAaTypHOro JOMycKa
Ha BBIXOJHOM mapaMeTp y3Jia Ipu ero paborTe B JHana3oHe TeMmIepa-
Typ oT —10 mo +40° C.

Pemenne. OmnpenenseM mnpenesibl TeMOEpaTypHBIX OTKJIOHEHUU
BBIXOJTHOTO IMapaMeTpa, Hoab3ysack Gopmynoi (4.25). IMonyuum ngus
00J1aCTH MOJIOKUTEIbHBIX TEMIEpaTyp npu t = +40° C:

At =At-a,, =MM(a,), +5(a), ]=
(40-20)-(=5+9)-107 =(=1,0 £ 1,8)% = (=2,8...+ 0,8)%;

Ui 00JIacTH OTPHUIIATENBHBIX Temuepatyp npu ¢ = —10° C:

At_=At-oy_ =AM (ay)_+8(ay)_|=

(=10 —20)-(=5£9)-102 = (1,2 £ 3,6)% = (~2,4... + 4,8)%.

Torna 3HaveHue o0mIEero TEeMIEepPaTypHOTO JOMycKa ONpeaeauTcs
KakK
A =(-2_8...+4,8)%.

HerpynHo ycTaHOBUTBH, UTO
A, =(=2,8...+ 4,8)%=(1%3,8)%.

CnenoBatenbHo, cpeaHee 3HadeHue M(Ay/y), U NMOJOBHHA MO
pacceuBanus O6(Ay/y), OTHOCHTEIbHOW TEMIEPAaTYpPHOWU NTOTPEUIHOCTHU
BBIXOJHOTO MapaMeTrpa OyAyT UMETh 3HAUCHUS

M(Ay/y), = +1% ; d(Ay/y); = 3,8% .

[TonpoOHBII mpuMep ompenesieHUus TeMIEepaTypHOTO AOMycka Ha
BBIXOJHOW mIapaMeTp HnpuBeleH Bbime (cM. nmoapasn.4.9.3) npu pac-
CMOTPEHUH NIpUMEPA YCTAHOBICHUS DKCIIIYaTallMUOHHOTO JAOIyCKa.
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Ha puc.4.13 nosicieHo xpelictBue temmneparypbl. M3 Hero BUIHO,
4YTO NpU KaxJOW KOHKPETHOHN TeMmmepaType H3 3aJaHHOTrO Juama3zoHa
(—10...+440° C) nnOoTHOCTH pacHpelielIeHUs] OTHOCHUTEIbHOW TeMIepa-
TypHOU morpemuaoctu (Ay/y), IpUMEepPHO COOTBETCTBYET HOPMAaJIbHOMY
3aKOoHy pacnpeneneHus. [lpu usmeHenuu teMmmneparypsl B JIOOyIO0 CTO-
poHy oT 3HaueHus +20° C mpoOUCXOIUT CMEUIEHUE U YBEIUUYEHUE MO
paccerBaHHUsS OTHOCUTEIbHBIX TEeMIEpaTypHbIX morpemHoctei. Tak, B
pPacCMOTPEHHOM MNpUMEPE NPH HU3MEHEHUHM TeMmmneparypsl oT —10 1o
+40° C cpenHee 3HAYEHHUE TEMIIEPATYPHOUN MOTPEIIHOCTH MEPEMEIIAET-
ca ot +1,2 no —1,0%, a momoBUHA MOJsA pacCeWBaHUS YBEIUYUBACTCA
ot Hynsa npu ¢t =+20° C go 3,6% npu ¢t = —40° C.

PesynpTHpylOoniEe pacnpeneacHue TEMOEPATYpPHBIX HOTPEHIHO-
CTe mpu ompeneneHHoM auamnazone tremmneparyp (—10...+40° C) noka-
3aH0 Ha puc.4.13 (kpuBas a). [IpaBas u neBass BETBU 00pa3oBaHbl KpU-
BBIMM HOPMAJIbHOTO pacHpelieldeHHsl, HO C pPa3JIUYHbBIMH 3HAUYCHUSIMU
napametrpa o. llpu omnpeaeneHuu IOMYyCKOB TpebyeTcs YCTaHOBHUTH
npeensl U3MEHEHUS BBIXOJHBIX napaMeTpoB POY UIu

k\\\ "[?].:%

-2.8 -1 0 1 2 4.8
Puc. 4.13 3aKoHbI pacnpefeneHnA OTHOCUTENBHBIX

TeMnepaTypHbIX NOrPelHOCTelN BbIXOAHBIX NapaMeTpoB P3Y:
(a=peanbHbIi 3aKOH; G—annpoKCUMMUPYIOLLNIA 3aKOH
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TEXHOJOTUUECKUX MPOLECCOB IMOJ BO3JEHCTBUEM TeMIlepaTyphl, a HeE
3aKOH paclpelieieHus TeMIepaTypHbIX morpemHocteit. M3 npumepa
BUJHO, 4YTO [UIi Takoro pacueTra JOCTaTOYHO JIMIIb 3HAaTh KO-
JUYECTBEHHBIE XapaKTEPUCTUKHU HOPMalbHBIX pachpelejeHuil npu
KpallHUX pabouux TemmepaTypax. DTO MO3BOJISAET IJisi NPOCTOTHl al-
NpOKCHUMHPOBATh pealbHbIIl 3aKOH pacnpeAeieHus OTHOCHTEIbHBIX
TEeMIIEpAaTypPHBIX MOTPEUIHOCTEH BBIXOJAHOTO MapaMeTpa KOMIO3HUIHEH
3aKOHa paBHOM BEpPOSTHOCTHU M JABYX 3aKOHOB HOPMaJILHOTO pacmpene-
JEeHUsS C pa3JIMUYHbBIMU 3HadeHUus MU o (puc.4.13, xpuas 0).

OTMeTHM, 4TO B OCHOBY OINpEIEJICHHUS TeMIEepaTypHOTO JOMycKa
OBIJIO TOJOXXEHO MPEANOJ0XKEeHNE O JUHEHHOM M3MEHEHHH MEPBUUYHBIX
nmapaMeTpOB MOJ BO3/JACHCTBUEM TeMIIEPATYPHI.

B pabGote [17] moka3aHo, 4TO B cjiydae, Korjga TemMIepaTypHbIe
U3MEHEHHUSI NMEPBUYHBIX MapaMEeTpPOB HEJIMHEHHBl M B 3aJlaHHOM Juana-
30HE TeMIlepaTyp BbIllIe, HEXEIU NpPU JHUHEHHOM XapakKTepe H3MEHe-
HUS, TO JUIM MCKIIOYEHHUS OMMUOOK NpU ONpeAeeHUU TeMIepaTypHbIX
JOTIyCKOB HEOOXOJAMMO TeMmmepaTrypHble KOdDPUIUMEHTH TEepBUUYHBIX
napaMeTpoB ONpeNeauTh no Gopmyne

Ax:

l

o Yi ) max
o =~ /max (4.27)

" Apyy

rae (Ax;/X;)max— MaKCHMallbHOE 3HAaYCHHE OTHOCHTEIHLHOTO M3MEHEHUS
NEePBUYHOTO MapaMeTpa X; B KpaWHUX TOYKaX pa-
Oodyero nuama3zoHa TeMmImepaTyp, YKa3aHHOE B JO-

KyMEHTAIUU Ha 3JIEMEHT;
Atpry — MAaKCHMaJIbHBIN mepenaa TeMIEepaTyp OTHOCUTEIbHO
HopMmanpHOU (+20° C) nna POY, B kotopom
NPUMEHSIETCS DJJIEMEHT, XapaKTEepU3yeMbId Tep-

BUYHBIM MapaMeTpPoOM X;.

ScHO, 4TO JOJIKHO BHIMOJHATCS YCJIOBUE

At > At

rac AZ‘BH — MaKCHMaJIbHBIN nmepciag TCMucparyp OTHOCUTCIIBHO HOP-

POV 2

MaJbHOM, YKa3aHHBIH B TEXHUYECKHX YCIOBHUSAX Ha 3Je-
MEHT.

Bo Bpems skcnnyaranuum POV (TII) mon Bo3melcTBUEM HeNpe-
PBIBHO MEHAIOIIEHCS TeMmepaTypbl U APYrux (HakToOpoB Cpelbl MPOUC-
XOJIUT CMEUIEHUE W M3MEHEHUE IO0JIEd pPacCEeMBaHUS CYMMAapHBIX MO-
IPEMIHOCTEN BBIXOJAHBIX MMapaMeTpoB. B 3TOM ciydae cymMMapHBIU 3aKOH
pacnpenelieHUuss BBIXOJHBIX MapaMeTpPOB CIyYaeH U MOXET MNPUHUMATh
a0y ¢opmy. OgHAKO AN OMpENeNeHUS DKCIIyaTallMOHHOTO J0-
nycka, Kak mokaszaHo B pabore [17], BaXHO 3HATh JHUIIh BO3MOXHBIC
npeaeabl M3MEHEHHUS BBIXOJHBIX MapaMeTpoOB MOJ BO3JEHCTBUEM DJKC-
miyaTalMoOHHBIX (AaKTOPOB U CTapeHHUS.
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4.9. OnpenesieHne IKCIJIYATANMOHHBIX I0NMYCKOB

4.9.1.McxoaHbie NpeanochblaKH

DKcnJlyaTallMOHHBIM JOMYCK OOBIYHO YCTaHaBJIMBAIOT Ha OCHOBE
3HaHUS NPOU3BOJACTBEHHOIO JIONYyCKa, TEMIEpPAaTypHOToO AOMNYyCKa, J0-
nycKa CTapeHHUs W OAPYTuX B 3aBUCUMOCTH OT TOTrO, Kakue (PaKTOphI
NPUHUMAKTCSI BO BHUMaHHUE.

Juns annmapatypsl, paboraromeil B OOBIYHBIX YCJIOBUSX, B 0O0Jb-
MIMHCTBE CJIyYaeB NPUHUMAIOT BO BHHUMaHHE JBa BaXHeHmux ¢axkTo-
pa — TeMmnepaTtypy u ctapeHue (Bpems). Ecium anmapatypa goskHa
(GYHKIMOHUPOBATh B CHEUU(PHUUECKUX YCIOBHUAX, TO (HaKTOPbI, Xapak-
TEPU3YIOMIUE 3TU YCJIOBUS, AOJKHBI OBITh NPHUHATHI BO BHHUMaHHE B
IEPBYI O4YEepEb.

AHAJIOTUYHO HAXOAAT PEMOHTHBIN JONYCK, TOJBKO NPHU 3TOM HE
YUYUTBIBAIOT JOINYCK CcTapeHHs. Tak Kak DJSKCIUIyaTalMOHHBIM M pe-
MOHTHBIH JONMYCKH OTPaHUYMUBAIOT Pa3OpocC, BHIZBAHHBIA JAEHCTBUEM
COBOKYNHOCTH (AaKTOpPOB, TO MX HMHOTJAa Ha3bIBAlOT CyMMapHBIMH JO-
nyCcKaMu.

IIpu sxcnnyartanuu POY mon BO3aeNCTBHEM MEHSIOMIUXCS COYe-
TaHUW NeCTAOMIM3UPYIOMMUX (PAKTOPOB NMPOUCXOIUT CMEIIEHHE U H3-
MEHEHHE MOJs pacCeuBaHHsI CyYyMMapHOTO pa30poca BBIXOJHOIO IHa-
pameTpa. B aToMm cinyyae 3aKOH pacnpefesieHUs CyMMapHON NOTPEIIHO-
CTU BBIXOJHOTO MapaMeTpa OKa3blBA€TCS CIy4YallHBIM U B 3aBUCHUMOCTH
OT COYETaHMS SKCIJIyaTallMOHHBIX (AKTOPOB MOXKET NPUHUMATH JTIOOYIO
dbopmy. OnHako, sl ONMpENENeHUs SKCIJIYyaTalMOHHBIX U PEMOHTHBIX
JONYCKOB BaXHO JIMIIb 3HAaTh NMpeJeNbHBII pa3dpoc BBIXOAHOTO Iapa-
metpa. [loaToMy mnpu pacueTax CyMMapHBIX JAONYCKOB HEOOXOIUMO
y4eCTh BO3MOXHBIE COUETAaHUs HKCIJIyaTallMOHHBIX (aKTOpOB, Haubo-
Jee HeyJauHble ¢ TOUYKHU 3peHUs pa3dpoca BRIXOJHOTO mapaMeTpa.

DKCIIyTAallMOHHBIM JOMYyCK MOXET paccCMaTpPHUBATHCS B KAayeCTBE
KOMIIJIEKCHOW OLIEHKM TOYHOCTH U CTAOUIBHOCTH BBIXOJIHBIX Ila-
paMeTpoB.

Ero 3HaueHne OOBIYHO BKJIIOYAETCS B TEXHUYECKYI JTOKYMEHTa-
LU0 HA YCTPOMCTBO UIM TEXHOJOTUUYECKUU MpoOLECC.

B nanpHeiimeM, npu UIJTIOCTPAlUU METOJAUKH YCTAHOBIEHUS JKC-
IMJIyaTallMOHHOTO JONYCKa NPpUMEM BO BHHUMAaHHUE JBAa BaXHEHIIUX HKC-
IMJIyaTalMOHHBIX aKkTopa — TeMIEepaTypy U CTapeHHE.

4.9.2. MeToauKa onpeaeeHUs IKCNJYATANMOHHOT O
AOMyCKa

Pexomenayemas mocinenoBaTeIbHOCTh JEUCTBUN TAaKOBA.

1. OHpeI[eJIﬂIOT MAaKCHUMAJIBbHBIC TMPCACIbl CMCHICHHUA CPCIAHCTO
3HAa4YCHU CYMMapHOﬁ OTHOCHUTECIBbHOM NOorp€mHOCTHN BBIXOOHOTO Ilapa-
MCTpa, OTHOCHUTCIBbHO CPpCAHCTO 3HA4YCHUA IMMPOU3BOACTBCHHOTO
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nonycka. CyMMUpPOBaHHE BEIETCS OTIEIABHO [JSI TOJOXKHUTEIbHBIX H
OTpULATEIbHBIX CPEJIHUX 3HAYEHHUU JOMNYCKOB CTapeHHUs M TeMIepa-
TYPHBIX JOIIYCKOB.

[IpumensaTr oOmee CyMMUpPOBaAHHE C KOMIEHCAIlMEW CpEeaHUX
3HaAUYeHMUU 31ech OyJaeT HeNmpaBUIbHBIM, TaK KaK KOMIIEHCALlUs Xapak-
TE€pHa JHULIb AJS YAaCTHBIX ciydaeB (OTAEIbHBIX BPEMEHHBIX HJIH TEM-
nepaTypHBIX CEUYEHHN).

Pacuer BenyTt no ¢popmynam

M(& :M[ﬂ +M(ﬂ +M(ﬂ (4.29)

Ys+ Y Jup YV Jer+ Y t+

M(ﬂ =M(ﬂ +M(ﬂ +M[ﬂ (4.30)
v )y _ Y Y )er v ).

rae M(Ay/y)s+ — cyMMa MOJIOKHUTEIbHBIX CPEIHUX 3HAUYCHU;
M(Ay/y)s. — cymMMa OTpUIIATEIbHBIX CPEJIHUX 3HAYCHUH.

Ecnu M(Ay/y)., aBIsieTCa MONOKUTEIbLHON, TO OHA MOJCTAaBIsETCSA
B Qopmyny (4.29). B dopmyny xe (4.30) B sTOM ciydae mnon-
craBusiercs 3HadueHue M(Ay/y)e.: = 0. Ecnu M(Ay/y)., oTpuniatenbHa, To
ee 3HadeHHe ucmoibzyercs B ¢opmyne (4.30), B dopmyny (4.29) B
3TOM ciydae mojacrtaBasercs 3Hadenue M(Ay/y).. = 0.

Uro kacaetrcas M(Ay/y);,, To IpuHUMAIOT BO BHHUMaHUE 3HAYCHUS,
nojydaeMble MPH KpaWHHUX TMOJOXHTEIbHBIH M OTPHUIATEIBbHBIX TEMIIC-
patypax. B dopmyny (4.29) moAcCTaBiSAIOT MOJOXUTEIbHOE 3HAYCHUE
M(Ay/y), a B dopmyny (4.30) oTpunatesibHOE 3HAYCHHE, HE3ABUCHUMO
OT TOTO, Kakoil oOjacTu TemmepaTryp OHU COOTBETCTBYIOT. Ecinm xe
M(Ay/y),, HalineHHbIe A 00JacTel MOJOKHUTEIbHON U OTPHUIIATEIbHOMU
TeMmepaTtyp OJHOTO 3HaKa, TO MOCTYMAalOT Mo aHauxoruu ¢ M(Ay/y).r,.

2. OnpenensiioT MOJOBUHY IMOJISI PAaCCEUBAHUA CYMMAapHOW OTHO-
CUTEJIbHON MOTPEHIHOCTH BBIXOJHOTO TapamMeTpa, MoJb3ysich ¢Gopmy-

99 ¢¢

(4.31)

Nunpekcsl “np”, “t” “cT” UMEIOT TOT K€ CMBICI, UYTO U BHIIIE.

3Haku + NpU HUXKHEM HHJEKCe ! O03HA4YalT, YTO U3 3HAUCHUU
0(Ay/y),, HaWJgeHHBIX IJisi 00JACTH MOJIOXKUTEIbHBIX U OTPHUIIATEIBHBIX
TeMneparyp, Oepercs Gojbliee.

XapakTepuctuka 0(Ay/y)s rapaHTUPYETCS ¢ TaKOW K€ BEPOSTHO-
CThIO, C KOTOPOH MOJCUYHUTHIBAJIUCH COCTABJISAIOUIUE MOJKOPEHHOTO BBHI-
paxeHusa. Eciu 3TU COCTaBISIONIUE MOJCYUTHIBAIIUCH C PA3HBIMU BEPO-
aTHoCcTsAMU, hopmyna (4.31) npuHumaeT Apyroi, 0ojee CIOXHBIN BUJ.
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3. yCTaHaBHI/IBaIOT 3HAYCHHUC BKCHJIyaTaHI/IOHHOFO ,IIOHYCKa KakK
A =E{[M(AY/y)s—d( Ay/y)s] ... [M(Ay/y)s++d( Ay/y)s]}, (4.32)

rae & — xkoddduUUUEeHT 3amaca, YYUTHIBAIOIMUN BIHUSHUE HEYUYTEHHBIX
dbakTOpOB (aBJIEeHUE, BIAXKHOCTh U T.I.).

CornacHo pab6ore [17], HecTaOUIBHOCTHh BBIXOJHBIX IapaMeTpPOB
POV, obycinoBienHass HeydYTEHHBIMU NpU pacueTre ¢pakTopaMmu, HE Mpe-
BeimaeT 5...10%. Ha aTtoM ocHoBaHuM 3HaueHue kodddunuenta & Oe-
pPYT ¢ HEKOTOpbIM 3amacoM: & = 1,05...1,2.

DKcniayaTallMOHHBIM JOMYCK TapaHTUPYETCAd C TaKOoW BEPOSTHO-
CThIO, C KOTOPOM Oompenensanoch 3HaueHue 0(Ay/y)s.

4.9.3. lIpuMep pacyeTa IKCIJIYATAMUOHHOI0 AONMYyCKAa

IIpumep 4.5. Onpenenum 3KCHIyaTallMOHHBIA TOMYCK Ha BBIXOJ-
HOoM mapameTp RC-uenu (MOCTOSHHYIO T) NPU CICAYIOIMIMUX HCXOJHBIX
JaHHBIX:

R=1%xOM* 5%; C = 1Mx®D 2.

B RC-nenm O6yayT MCHOJB30BaHbl JUCKPETHBIC dJEMEHTHI. J[Hna-
na3oH pabouux Ttemneparyp ¢ = —10...+40°C. HWHTepBan BpeMEHHU
AT = 100004. BepodaTHOCTh TapaHTUPOBAHHOTO OOEcCIEeUYeHUs JAOMycKa
Pr=10,9973.

Pemenue. 1. OnpenensieM Npou3BOJACTBEHHBIN JOMYCK.

MatemaTtnueckasa Moaeip RC-11eId UMEET BU

y —>1=RC.
Haxoaum kosddunuentsl BausHus napamerpoB R u C, npuMeHss
bopmyny (4.9). Herpyano ybenutcs, 4To
BR = BC =1.
Ha ocHOBaHWU HMCXOJHBIX JAaHHBIX MOJy4YaeM CBEJACHUS, HEOOXOIU-
MBIE€ IJI ONpEIeIeHUs MPOU3BOJCTBEHHOTO JOMYyCKa

M(&) =0; 6(&) =5%;
R R

(AC] +(ACJ
M(ch: CJy \CJy_=10+20_ .
C 2

a(A_CHEJ _M(E]:zo_szls%,
C c ), C

rne (AC/C)y — HWXKHEE TpeAelbHOE OTKIOHEHUE OTHOCUTEIHLHOW IO-
IPEITHOCTH €MKOCTH KoHaeHcaTtopa AC/C;
(AC/C)g — BepxHee npeaenbHoe oTkiaoHeHue AC/C.
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Hns mapamerpa R uiu, 4TO TOXeE camoe, s napameTrpa AR/R,
BOCMHOJb3yEMCsI TUIIOTE30M O paBHOMEPHOUW MoAenu (paBHOMEPHOM 3a-
KOHE pachnpeaesieHus), TaKk KaK €ro mnpejejibHble OTKJIOHEHHUS OTHOCH-
TenbHO Maybl. ClenoBaTeabHO, €Tr0 OTHOCHUTEIBbHOTO pPaCCEUBAHHUS

K, =3 (cM. Ta61.4.3).

Hns mapamerpa C BOCHOJb3yeMCsS THIOTE30H O HOPMaJIbHOW MO-
nenu, n0o moJie 10MycKa 10CcTaTouyHo mupokoe. CnenoBarenbHo, K¢ =1.

Tak kak 31eMeHTbl R u C TUCKPETHBIE, TO CUUTAEM, YTO KOppeEIs-
OUOHHAas 3aBUCHUMOCTh MEXJIy HUMHU OTcyTcTBYeT. [loaTomMy nmpuHuma-
eM rgc = 0.

Koadpdunuent rapanTupoBaHHOro oOecneyeHuss JONycKa p MpH-
HUMaeM paBHBIM eauHulle (cMm. Tabn.4.2), ubOO MO yCIOBHUIO MpuUMepa
P.=0,9973.

2. Honw3yscy popmynamu (4.10) u (4.12), onpenensiemM 3HaUYCHUE
xapakTepuCcTuK M(Ay/y)up U 0(AY/Y)np. llonyunm

M(&] =1-0+1-5=5%;
y Hp

S(QJ S22 (V3) + 1715 1 =300 ~17,3%.
p

y

CJ'IGI[OB&TCJIBHO, HpOH3BOI[CTBCHHBIﬁ AJOIIYCK Anp MOXKECT 6BITB ycC-
TAHOBJICH B BUJIC
Aup = (5 +17,3)%.

3. OnpenenseM TeMnepaTypHbId TONYCK.

N3 cnpaBouHo# mHpopManuu Ha 3neMeHTH R u C, HAaXOIUM HX
TeMmiepaTrypHsie KodduuueHTsl. [lpeamnonoxum, 4To 3TU KOdIPPHULU-
€HTHl UMEIOT CIENYIONNe 3HAUYCHUS:

ap: =+7-10% %/° C mpu ¢ = +20...+100° C;
ap. =+12-102 %/° C upu t = —60...+20° C;
oc=(-8...—2) 107> %/° C Bo BCeM AMaNa30He TEMIIEPATYP.
AHnanu3zupys d3Ty HHPOpManuio, BbIAEIIEM XapaKTEePUCTHUKH,
M(a;) m 0(a;), HE0OOXOAUMBIE IS ONPEACICHUS TEMMIEPATyPHOTO [0-
nycka. [{nsg npoctoTsl 3anucu pazMmepHocTh [% /° C] onymeHa.
[Tonyuum
M(ags) =0; (o gs) = 7-107%;
M(ag) =0; 8(og) = 12-107%;
M(ac) =-5-10% 8(a ¢) = 3-10°.

Tak kak »suaeMeHTsl RC-uenu JAUCKpPETHbIE, OyJeM CUUTATh,
4YTO  KOppEIALMOHHAs  3aBUCUMOCTb  MEXKIYy  TEMIEpPaTypHBIMHU
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kodppuuuentamu mapamerpoB R u C orcyrcTtByer. CienoBaTelibHO,
KOY(PPUIUEHT KOppeasIUU MEXAy TeMIepaTypHbIMU KOdpPuuuentTamu

OLg U OLc MOXKHO NIPUHATH PAaBHBIM HYIJIIO, T.€. rR“C =0.

Ha ocHOBe 3KCepUMEHTANbHBIX UCCIEOBAHUN YCTAHOBIEHO, UYTO
pacmnpenelieHne TeMIepaTypHbIX KOIPPUIUEHTOB o; U KOdP(PUIIMEHTOB
CTapeHUs ¢; IUIsd MapaMeTpoB 3JeMeHTOB PDY 0au3k0 K HOpMalbHOMY
3akoHy. [losTOMYy BOCmONb3yeMcsl TUMIOTE30M O HOPMAJILHOM paclpese-
aeHuu 3Tux kodpdunuenton. [lons3yscy Tabn.4.3, BeiOMpaeM 3Haue-
HUS KOX(PPUIMEHTOB OTHOCHUTEJIBHO PACCEUBAHHUSA BEJIUYHH O U .
[Tonyuaem

K@ o k™o

[Tonws3ysice dopmynamu (4.23) u (4.24), onpenensieM 3Ha4YCHUS
M(ayx) u 6(ay) AN MOJNOXKUTENbHOU o0nacTu Temneparyp. Mcnonsizyem
3HaueHue p = 1, tak kak P. = 0,9973 (cm. Ta61.4.2). llonyuum

M(as)=1-0+1-(=5) -10 > = —=5-10"* %/° C;

§ay, )=1-417-(7-102F -1 +1-(3-102) -1 27,6 - 10> %/°C.

C ucnons3zoBaHueM BbIpaxeHus (4.25) HaxoAUM TeMIepaTypHBIH
JONYCK JUI 3TOH 00JacTH TeEMIEpaTyp.

Ars = (40 = 20) -(=5-102 £ 7,6-10 %) = (1,0 + 1,5)%.

BbeinonHAA aHAJOTMYHBIE ONEpaluu AJs 00JaCTHU OTPHULATEIbHBIX
TEMIIEPATYp, NOJIYyYaeM

M(as )=1-0+1-(=5) -10% = —5.10 %/° C;

8oy )=1-417-(12:102) 12 +1-(3-10) -1 ~ 12,410 %/°C;

Ar = (= 10-20) (5102 +12,4-10%) ~ (1,5 * 3,7)%.

4. Ananu3upys TeMmIneparypHble JONYCKH, COOTBETCTBYIOIIHE 00-
JacTAM TOJOXHUTENbHBIX M OTPULATEIBHBIX TEMIIEPATyp, ONpPEIENIsIeM
o0mMi TeMmepaTypHbId AONYCK Ha BBIXOJAHON mapaMeTp (MOCTOSHHYIO
T RC—uenun). Umeem:

A =(-1,0 £ 1,5)% = (=2,5...40,5)%;
A= (1,5+3,7)% = (-2,2...45,2)%.

CJ'ICI[OB&TCJ'IBHO, B Kau4YCCTBC O6HICFO TCMIICPATYPHOIO AOOIIyCKa
H€O6XOI[I/IMO IIPUHATD

A, = (=2,5...45,2)% = (1,35 + 3,85)%.
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[Ipu onpeaeneHUn FKCIIIyaTallMOHHOTO JOMycka HEOOX0qUMO OY-
€T ONpEeeNUTh

M2 m| 2] w2
y2+ yZ— yz

Hns moncuetra M(Ay/y)s+ HEOOXOOMMO B3ATh TMOJOXHUTEIbHOE
cpenHee 3HaueHue, a Ak noacuéra M(Ay/y)y — oTpunateiabHoe Cpej-
Hee 3HaueHHE TeMIepaTypHOTo JAONycCKa U3 JOMYCKOB, MOJYYEHHBIX
Ui 00acTe MOJOKUTENbHBIX U OTPHUIIATEIbHBIX TeMIepaTyp. B kaue-
ctBe 3HaueHus O(Ay/y), HeoOXOIUMO B35ATh OOJbIIECE 3HAYCHUE U3
O0(Ay/y), mOoJIlydeHHBIX Js 00JacTed MOJOKUTEIbHON U OTPUIlATEIbHOU
TeMmeparyp.

5. OnpenenseM NONYCK CTapeHUS.

JI7ist 3TOTO MO NOKYMEHTAIlMU Ha 3JEMEHTHl HaxXxoauM Koddduuu-
€HTHI cTapeHud. [Ipeanonoxum, 4TO HANAEHO:

cr=(1...5)-10"* % /u;
cc=1(-0,1...5,5)-10"" % /u.

AHanu3zupysa uH@opManuio o KodpPuIHueHTaxX CTapeHus, BbIIEN-
em xapaktepuctuku M(cg), d(cr), M(cc), d(cc), ucnoab3yeMbie B pac-
yeTax MpH onpeaeseHuu gonycka crapenus. [lonyuum

M(cg) =3-10% % /q; 8(cg)=2-10"* % /u;
M(ce) = 2,510 % /a; 8(cc)=3-10"" % /u.

Tak kak Mo ycloBuio mpumepa, 31eMeHTH R u C TUCKpPETHBIE TO
OyneM cCUuTaTh, 4TO KOPPEIILIUOHHAS 3aBUCUMOCTh MEXIY K03 duim-
eHTaMu cTapeHus mapameTpoB R u C orcyrcTtByeT. llosTomy ans ko-
sbdunmenTa KOppeassnuu MexXay KodhpduIueHTaMu CTapeHus dTHX Ta-

() _
pamMeTpoB CIpaBeJIMBO PABEHCTBO 7, . =0.

Hns xko3hGUIMEHTOB OTHOCHTEJIBHOTO pacceuBaHus Koddduunu-
€HTOB cTapeHus nmapameTpoB R u C npumem

K =1, k0 =1,

n00, KaK OTMEYajJoch B M.3 pelIeHUs JaHHOTO MpUMEpa, MOXKHO BOC-
H0JIb30BAaThCs TUNOTE30M 0 HOpMAJbHOM pacnpeaeseHuu Kod3pPuireH-
TOB Cr U Cc.

[ToncuuTeiBaeM, MOJIB3YSCh BBIPAXEHHUEM, aHAJIOTUYHBIM (4.23)
3Ha4YeHUs Xxapaktepuctuku M(cy). [lonyuum

M(cs)=1-3-10%+1-2,5-10* =5,5-10"* % /u.

OmnpexnensieM NOJOBUHY IMOJII pacceMBaHHUs BEIUWYEHBI cy, 00y-
CJIOBJEHHYIO JNEHCTBUEM MpoleccoB cTapeHus (BpemeHu). [lonb3yeMcs
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BhIpaXKeHUEM, aHaJOTHYHBIM (4.24). 31ech, Kak W BBINIE, UCIOJb3yeM
3HaueHue p = 1, T.x. P, = 0,9973. Ilonyyum

8oy ) =117+ (2:107F -1 +1°- (310 - 1" 3,6-10 %/ u.

Torga ¢ ucnonp3oBaHueM BbIpaxeHUs (4.26) OONycK cTapeHUs
MOYHO OMPENENTUTh KakK
Agr = 10000-(5,5-10% £ 3,6-10°%) = (5,5 + 3,6)%.

CJ'ICI[OBaTeJIBHO, MOJXXHO 3aIIUCaThb

M(ﬂ] _55% s[ﬁj _36%
cT cT

y Y

6. [To dopmynam (4.29) u (4.30) noxcyuThiBa€M 3HAUYCHUS Xapak-
tepuctuk M(Ay/y)s+ u M(Ay/y)s_. [lonydum

M(&j =5+15+5,5=12%; M(gj =5-1+0=4%.
Y sy Y s

7.Ans ompeneneHuss 3HadyeHus o(Ay/y)s monabzyemcs (popmyioi
(4.31), u6o cocraBasoIIne

), ) 45
Y N\ o

MOJCYUTHIBAJIUCH C OJHOM U TOU XK€ BEPOATHOCTHIO P, = 0,9973.
Boime (cM.1m.2-5) ObLJIO MOJAYYEHO

S(QJ =17,3%, S[QJ =3,7%, S(QJ =3,6%.
Y mp Y 15 Y CT

[TosTomy

S(QJ =J17,3> +3,7° +3,6° ~181%.
=

8. YcTaHaBIMBAaeM JKCIJIyaTallMOHHBIM JOMYCK HAa BBIXOJHOMW ma-
pamMeTp, Moab3ysich BhipaxeHuem (4.32). BriOupaem 3HadeHHe K0d(d-
dbunuenTa 3anaca &; npuuem & = 1,1.

Torma skcnayaTallMOHHBIA JOMYCK

A, =1,1-[(4 - 18,1)...(12 + 18,1)] = (-15,5...33,1)%.
[Ipm 3TOM BKCmIIyaTaUMOHHBIN TONYCK A, rapaHTUPYETCA C BEpO-

sTHOCThIO P. = 0,9973.
[TocnenHiow 3anMKuch MOXKHO MNPEJACTABUTHh B BUJE

A, = (-15,5...+33,1)% = (8,8 = 24,3)%.
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4.10. O0ecneyenre TpeOOBAHUN K TOYHOCTH
BBIXOJHBIX MapaMeTpPoOB

4.10.1. PazpabdoTka Tpe0OBaHUH K TOYHOCTH
BBIXOJAHBIX MapaMeTPOB

3amadyu, B KOTOPBIX HA OCHOBE JONYCKOB HAa MEPBUYHBIEC MTapaMeT-
pBl ompenensieTcsd NONYCK Ha BBIXOJHOW mapaMeTp, Ha3blBalT 3ajaya-
MU aHajlu3a JOMNYyCKOB. 3aJadyd, B KOTOPBIX HA OCHOBE 3aJaHHBIX Tpe-
00OBaHWW K TOYHOCTH BBIXOJHOTO MapaMeTpa HEOOXOIMMO HAa3HAYHUTH
JNOMYCKW HA MEpBUYHBIE MapaMeTphbl, HA3bIBAIOT 3aJayaMu CHUHTE3a J10-
nyckoB [17].

Pemenue mepBoro Bujaa 3ajaauy Obljio paccMoTpeHo B pas3n.4.4-4.9.
Celiuac pacCMOTpUM 3aa4d BTOPOTO BHUJA.

Jlis ux peuieHUs Hajgo0 3HATh, KakKue TPeOOBaHUS MPEABABISIOTCS
K TOYHOCTH BBIXOJHOTO IapaMeTpa.

3aka3uyuk OOBIYHO 3a7aéT TpeOOBaHUS K DKCIIyaTallMOHHOMY J0-
NyCKYy, HalpuMEp, B BHJE MOJOBHUHBI MOJI PACCEUBAHUSI CYMMAapHOU
OTHOCHUTEJIbHON MOTPEMHOCTH BBIXOJHOTO MMapaMeTrpa

d &y —9d &y :
Y s Yy

Pa3zpaboTka ke TpeOOBaHMN K TOYHOCTH BBIXOJHOTO THapameTpa
JNOJIKHAa OBITH MPOU3BEJAECHA UHXKEHEPOM KOHCTPYKTOPOM-TEXHOJOTOM B
npolecce NpOEeKTUPOBAHUS yCTpOMCTBAa UM npoinecca. [Ipuuem caeny-
€T MOMHUTh, YTO B COOTBETCTBUU C pa3pabOTaHHBIMU TPEeOOBAHUSIMHU K
TOYHOCTHU BBIXOJHOTO MapaMeTpa OyJayT Ha3HA4Y€HBl TEXHOJOTUYECKHE
(HayaJbHbIE HMJIM TPOU3BOJCTBEHHBIE) OTKJIOHEHHUS MEPBUUYHBIX TMapa-
METPOB.

3agaya pa3paboTku TpeOOBaHUU K TOYHOCTHU BBIXOJHOIO Mapa-
METpa MOXET OBITh pelIeHa Ha OCHOBE MCHOJb30BAHUS BbHIPAXKECHUS

2 5 2
m
A R = 2 Y P A A (4.33)
Vs ynp Y er j=1 yj

66 9

rae uHaekc “j” — o3HavyaeT j—i dKcInayaTalluoOHHBIN (aKkTop;
Mm — YUCJIO0 NMPUHUMAEMBIX BO BHHUMaHUE (PAKTOPOB OKpPY-
KAIEn cpeasl.

[Ipy HHXEHEPHOM MNPOEKTUPOBAHUMU YCTPOMCTBA HJIU TEXHOJIO-
TMYECKOTO Mpolecca MOTYT ObITh OLIEHEHBl XapaKTEPUCTUKU CTAOUIIb-
HOCTM BBIXOJHOTO mapameTpa. Torma paszpaboranHoe TpeOoBaHUE
K TOYHOCTH BBIXOJHOTO IlapaMeTpa MOKa3blBaeT, Kakas AO0Js OTKJIO-
HEHHUs BBIXOJHOIO IapaMeTpa OT HA4YaJbHOTO 3HAYEHUS MOXKET MpU-
XOJHUTHCS Ha TMPOU3BOJCTBEHHBIM (TEXHOJOTMYECKUH) pazdpoc, mpu
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yCIOBHUHU, YTO pa3Opoc mapamMeTpa MPU dKCIJIyaTallud HE MPEBBICUT 3a-

JAHHOI'O 3HAYCHUSA
A A
5(1) —>5(—yj .
Y s Yy

N3 dopmynsr (4.33) cienyer, 4To TpeOOBaHHME K TOYHOCTH BBI-
XOJTHOTO MapaMeTpa MOXeET ObITh 3alIMCAHO B BHJIC

2 2
m

5 &Y A I O .V B A o0
ynp Vs Y Jer j=1 yj

(4.34)

N3 Beipaxenus (4.34) BuaHoO, 4TO 3ajaya obecrneueHuss TpeboBa-
HUM K TOYHOCTHU BBIXOJHOTO MapaMeTpa UMEET CMBICJI, KOrja IMOJIKO-

PCHHOC BBIPAKCHHUC OoabIIe HYyJd, T.C. KOraa
2

2 2
m
o 21| s 2| |22 | (4.35)
Vs Y Jer Jj=1 yj

B cnyuae HeBbimosHeHUs ycaoBus (4.35) Hamo NPUHSATH MEPHI MO
MOBBIIIEHUIO CTA0OUIBLHOCTH BBIXOJHOTO MapaMeTpa.

TpebGoBanue K TOYHOCTH B JAaHHOM cliydyae pa3pabaTheiBajoch ¢
y4e€TOM TOTO, YTO CpEJHUE 3HAaYeHUS OTHOCUTEJIbHBIX OTKJIOHEHUH,
00yCIIOBJICHHBIE NEHCTBUS cTapeHUs U (aKTOPOB OKpYy’KaroIieil cpeasbl,
paBHBl Hyni0. Eciaum 3TO Tak, To mpouenypa pa3paboTku TpeOOBaHUA
yCIOXHSAETCSA, U €€ pacCMOTPEHHUS BBIXOIUT 3a TpeAesbl JaHHOTO
y4eOHHKA.

4.10.2. O0ecneuyenue TpeOOBAHUI K TOYHOCTH
BBIXO/JIHBIX MAPpaMEeTPOB

OTa 3aja4a COCTOUT B Ha3HAYCHUU TAKUX MPOU3BOJACTBEHHBIX J10-
NMyCKOB Ha NMEPBUYHBIEC TapaMeTpPhl, KOTOpbIe oOecmevyaTr 3aJaHHbBIE Tpe-
OoBaHHS K MPOM3BOJCTBEHHOMY JOMYCKY Ha BBIXOJHOUW mapamMeTp.

HeTpynHo MOHATH, 4TO JaHHas 3ajJadya HE MMEET OJHO3HAYHOTO
pemieHus. DTO O3HAa4yaeT, YTO HAWAETCA MHOro codyetaHud (KomMOWHa-
Mi1) TPOU3BOJCTBEHHBIX JOMYCKOB Ha MEpPBHUYHBIE MapaMeTpbl, obOec-
NeYrBaOUUX TPeOOBAaHUN K TOUHOCTH BBIXOJHOTO MapaMeTpa.

[Ipoctelimum cnocoOOM pelieHHs paccMaTpUBaeMOM 3aJayul SB-
JsieTCs MeTOoJl mepedopa MPOU3BOJACTBEHHBIX JOMYCKOB MEPBUYHBIX Ta-
pameTrpoB. Peanuszanus storo cmocob6a cBoautcs kK cienyrwomemy. Ha-
3HA4YalT TNPOMU3BOJCTBEHHBIE JONMYCKM Ha MEPBUYHBIE MapaMeTphl U
pPacCCUYHUTHIBAIOT JOMYCK Ha BBIXOJHOW mMapaMmMeTp, a Jajee MPOBEPSIOT
COOTBETCTBHME dTOTO JAOMYyCcKa TpeOOBaHUIO K TOYHOCTH mocieanero. Ha
NpakTUKe, KaK TMPaBUJIO, OMPEACISIIOT HECKOJbKO cOYeTaHUU (KOMOU-
Hamuii), oOecneynBaOIMUX 3aJaHHOoe TpeOOBaHWE K TOYHOCTH, a UCKO-
MY KOMOWHAIMIO HaXOOiIT € YYETOM DOKOHOMHYECKHX 3aTpar
(tabn.4.4).
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TaOnuua 4.4
OObecneyeHre MPOU3BOJCTBCHHOTO JIOMYyCKa HA BBIXOJHOUW MapaMeTp METOJ0M
nepebopa MONMYCKOB Ha MEPBUYHBIC TapaMETPHI

Howmep Jlonycku Ha MEPBUYHBIC | [[pou3BOACTBEHHBII
COoYeTaHUsA 11apamMeTpbl NOMyCK Ha BeIXoAHOU | 3atpatsl (3)
(koMOMHAIINH) X1 X2 Xk napaMmeTp
(1)
1 U8l | | 8V [8(Ay/y)] 30
(N)
N CTARR I ISR U B [8(Ay/ )] 3

Breinonusasa nepebop, ciaeayer uMeTh BBUAY /1Ba OOCTOSTENbCTBA:

a) NPOU3BOJACTBEHHBIE JONYCKM Ha IapaMeTpbl OTIEJIbHBIX 3Jie-
MEHTOB, ONPEIEIAIOTCSA TEXHOJOTUEN U3TOTOBJIECHHUSA, U MHXKCHED HE B
cujax MOBJMATH Ha MX 3HAUeHHUsA O€3 opraHM3alUM NpoUeaypbl oTOopa
3JIEMEHTOB C 3aJJaHHBIM YPOBHEM TOYHOCTH IapaMeTpPOB;

0) NpOU3BOJACTBEHHBbIE JOMYCKHU Ha MapaMeTpbl HEKOTOpPBIE 3Jie-
MEHTOB COOTBETCTBYIOT 3HAYE€HHUSAM M3 AUCKPETHOro psaa yucen: +20,
+10, 5, ...

[Ipu peanuszauuu 3TOoro cmnocoda, NONMYyCKHU Ha NMEPBUUYHBIE Mapa-
METpPbl JOJKHBI HAa3HAYaThCS C Yy4eTOM KOI(PPUUUEHTOB BIUSHHUSA dTUX
napaMeTpoB. B wacTHOCTH, 4eM HHUXKE KOIPPHUUUEHT BIAUAHUSI ITUX Ma-
paMeTpoB, TeM Ooiiee rpyOBIil JOMyCK MOXeT ObITh Ha3HaueH. [Ipumep-
HbIM KPUTEPHEM Ha3HAYE€HUS MNPOU3BOJCTBEHHOIrO JOIYyCKa SBISETCH
oOpaTHas BeIWMuYuHA KOdPPUIHEHTA BIUSIHUA NEPBUYHOTO MMapaMeTpa.

3anauu obecneuyeHUs TpeOOBAHUM K TOYHOCTH BBIXOJHOTLO Mapa-
METpa MOTIYT TAaKKE€ pelaThCs 3KCIEPUMEHTAIbHO C HMCIOJb30BAHHEM
TEOPHH MIAHUPOBAHUA dKcnepuMenTa [17].

IIpu pa3zpaboTke TpeOOBAaHUN K TOYHOCTHU BBIXOJHOIO IapameTpa
U UX o0ecneyeHUU NpU NPOEKTHUPOBAHHUU NOJpPa3zyMeBaeTCs, YTO BBHI-
HOJIHSAETCS YBSI3Ka BEPOSTHOCTH, COOTBETCTBYIOIIEH TpeOOBaHUIO K
TOYHOCTH, C BEPOSATHOCTBI, C KOTOPOW rapaHTHUPYETCs NPOU3BOJICT-
BEHHBIN JONYCK HAa BBIXOJHOU IMapamMeTp.

4.11. Cnoco0ObI onpenesieHns KO3GPPUINEHTOB BIUAHUSA

4.11.1. AHaJUTHYECKHE CNNOCO0BI

KosppunuuenTsl BIUSHUS HEOOXOAUMBI AJS MOJICUETA XapaKTepu-
ctuk M(Ay/y) m 0(Ay/y) npu aHanu3e TOYHOCTHU M CTAOUIBLHOCTU BBI-
XO0JHBIX nmapameTpoB. Kak ormeuanocs panee, kod3pPuuueHTs, HCIOJIb-
3yeMmble B ¢opmynax ais HOojAcYeTa  ITUX  XapaKTEPHUCTHK,
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3aBUCST OT BUJAa MaTeMaTU4YE€CKOW MoJedaHu y = ¢(Xy, ..., X,) U OT HOMHU-
HaJbHBIX 3HAYCHUN MEPBUUYHBIX TapaMeTpPOB.

[Ipu 3aganHOM BUJE MOJEIU U BHIOpaHHBIX HOMUHAJIbHBIX 3HaYe-
HUSX TEPBUYHBIX MapaMeTpoOB, KOXPPHUUUEHTH BIHSAHUS TEPBHUYHBIX
nmapaMeTpOB SIBIAIOTCS AETEPMHUHUPOBAHHBIMU BEIUYMHAMH, T.€. MPEI-
CTaBAsAOT co00il ¢pukcupoBaHHble ynuciaa. KoddpduuueHt BIUAHUS MO-
KET OBITh KaK IMOJIOKHUTEIbHBIM, TaK M OTPULATEIbHBIM, KaK OoJjblIe
€IUHUILBI, TAK U MEHBIIE €JUHUIBI.

Ha npakTtuke ans omnpeneneHus Kod3(QpPUUUEHTOB BIUSHUSA HC-
NOJB3YIOT ABE I'PYIIBl METOMOB:

a) pacyeTHO-aHAJIUTHUYECKUE;

0) SKCHEepUMEHTaJIbHO-pPAaCUETHBIE.

Kosppunuent BiausHus B; i-To0 NEepBUYHOTO TapameTpa NIpu
AHAJIUTHUYECKUX METOJaX MOXET OBITh MOJCUUTAH C MOMOIIBIO BBIpaXKeE-
Hus (4.9).

IIpumep 4.6. OnpenenuM Kod3PPUUIMEHTH BIUSHUS PE3UCTOPOB
R1 u R2 nenutens "HanpsixeHus (puc.4.14), paccmatpuBasi B KauecTBE
BBIXOJAHOTO mapaMeTpa y KodxppuuueHt neaeHus neautens Ky.

Rl Ul R1+R2
—-> K, = = .
] - YT 02T R
[TapaMeTpsl 21€EMEHTOB:
Ul R2 U2 R1 =2 xOMm £ 5%; R2 =3 kOm £ 5%.

Pemenune. Bocrnonb3dyemMcss 3anucaHHOM
bopmynoir nmns koddduUIMEHTA JEICHUS
K. Ilpuaumas Bo BHUMaHue, 410 ¢ —> K,

Puc.4.14. lenurenn

HANPSIKEHUsI x; > R; (i =1; 2) nonyuum
1 RI-R2 Rl 2
““R2 (RL+R2) RI+R2 2+3
Rl R2-R2 R1

p— . p—

B _ = — =
“ (R2) (R1+R2) RI+R2

5

IIpumep 4.7. Onpenenum Kod3PPUUUEHTH BIUSHUA TapaMeTpoOB R
u C RC-uenu, BHIXOAHBIM ITapaMEeTPOM KOTOPOM SABJISETCSA MOCTOSIHHASA
BpeMenu t = RC.

Pemenne. B nannom npumepe ¢ - v = RC.

C y4eToM 3TOro, ONpeneasiemMm

B -cX_1p -rE 1
RC RC

HerpynHo moka3arb, 4TO €CJIIM BBIXOJAHOW mapaMeTp ) MOXKET
OBITH MPEJCTABIICH B BUJAE BBIPAXKCHUS

n a.
y=const[][ x ',
i=1
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TO KOO(PPUIHUEHTHI BIUSHUSI MOTYT OBITh ONMpPEAEICHBl KaK

Bi = i, I = 1, R (P

IIpumep 4.8. OnpenenuM ko3¢ PULHUEHTH BIUSIHUSA NapaMeTpoB L
u C konebaTedbHOTO0 KOHTYpa, paccMaTpuBas B Ka4eCTBE BBIXOJHOIO
napamMeTpa y pe30HaHCHYIO YaCTOTY fye;. 3HaueHHne napamerpos L u C:
L=10mMxI'n £ 10%; C =100 n® *+ 5%.
Pemenue. B nanHoM ciydae y = fpes.
H3BecTHO, 4TO

1
Jves = 2nJLC

910 BBIPAXCHHUEC MOJXHO INPECACTABUTb B BUJC

1 -0,5 -0,5
_ [7V° .70
fpes )

M3 nocinegHeun 3anucu BUAHO, YTO
B, =-0,5; Bc=-0,5.

Ecnu BbIXOIHON mapaMeTp y MOXET OBbITh NpPEJCTaBJIEH B BUJE

OTHOUIEHUS
y=—§(();z)):% (4.36)
e
rae 0, H — MHOro4JeHbl, COepKallue He 0053aTEIbHO BCE X;, IPUUYEM
UX CTENEHb MOXET OBbITh 000,

TO KO3((UUUEHT BIUSHUS [-TO MNEPBUYHOrO MHapaMeTpa MOXKET OBbITh
NOJCUYUTAH C MOMOUIbIO BBIPAXKEHHUS

, , (4.37)
0 H
rae Q(x;) u H(x;) — yactu MHorouieHoB ( u H, cojaepxamue
TOJIBKO X;;
m, | — MakcUMajJbHbIE€ CTENEHH X; COOTBETCTBEHHO B

MHorouneHax Q(x;) u H(x;).

Ipumep 4.9. OnpenenuM ¢ MOMOUIbIO NMociaeaHed GOPMYJIBl KO-
3G GUIMEHTOB BIUSAHUS pe3ucTopoB Rl u R2 penutenss HanpsKeHUs,
paccMOTpeHHOTro B npumepe 4.6.

Pemenne. Panee Ob1s10 IpUHATO, UTO ¢ — K.

[To ananoruu ¢ BeipaxkeHuem (4.36) MOXKHO 3alHUCaATh

_RI+R2 H

Ky=—"—"="".
Y R2 0

B nannowm cnywae: Q = R1 + R2, H = R2.
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[Ipumenum dopmyny (4.37), BeIOpaB, HalnmpuMep, B KayeCTBE X;
napameTp R1.
Torna

OR1)=R1; H(R1)=0;: m=1;1=0.

CrmenmoBaTeabHO

R1 0 R1 2
BR] = — 0 = = =
R1+ R2 R2 RI+R2 2+3

DTOT pe3ylbTar, Kak BHUJIUM, COBIaJaeT C Pe3yiabTaTOM, IMOJY-
YEeHHBIM B npumepe 4.6.

Ko>ppumuenTsl BIUSHUS MOTYT OBITH TaKXe OINpPEEICHBI METO-
oM mpupamnieHus. B aTom cinyyae mons3ymTca GopMyaon

9

~ Ay xiHOM _ inoM  IHoM 4 38

i i HOM l i HOM

O(X yoosX +AX ..., x )=y X
B 1 i i n

TouHocTh ompeneneHuss kKod3pPuUuUEeHTOB B; TeM MEHbIIass, 4eM
CUJIPHEE BBIPAKEHO HEJIMHENHOE BIMSAHUE MEPBUYHOIO IMapaMeTpa X; Ha
BBIXOJTHOW MapaMeTp y U 4eM OoJblle 3aJaBaeMoe npupamenue Ax;.

Mpumep 4.10. Onpenenum ko3P puuueHT BausHUA pe3ucrtopa R2
nenuTens HanpsxeHus (cMm. puc.4.14), paccCMOTpEHHOTO B NpUMEpE
4.6, u cuuTas BBIXOAHBIM NapamMeTpoM KodpduuueHnt nenenus Kj.

Pemenusi. HamoMHHUM, 4TO B yCIIOBHUSIX 3TOr0 IpUMeEpPa

R1 =2 xOm £ 5%; R2 =3 kOm £ 5 %.

Jns onpeneneHus KodpPuuueHTsl BIUSHUSA Br, NEepBUUYHOMY Ha-
pameTpy R2 nagum manoe npupaunieHue AR2 = 0,1 kOM u BOoCHoab3y-
emcs popmyinoit (4.38). [Tonyuum

B~ (2+31)/31-(2+3)/3 3 0387,
R2 0,1 (2+3)/3
DTOT pe3yJbTaT HCMHOTO OTJIHUYACTCA OT pC3yJibTaTa, IMOJIYUYCHHO-
ro B npumepe 4.6 (Bg, = —0,4).

4.11.2. DKcnepMMEeHTAJIbHO-PACYETHBIH CIOCO0

[Ipu s3ToM cnocobe MONB3yIOTCSI MAaKETOM YCTPOMCTBA WJIU peau-
3alMeil TeXHOJIOTUYECKOTO mpoliecca. PaccmMarpuBaeMoMy MEPBUYHOMY
napamMeTpy Xx; JalT Majoe NpupameHre. 3Ha4YeHUsI OCTAJbHBIX MEPBUY-
HBIX IapaMeTPOB CYHUTAKT COOTBETCTBYIIIMMH HOMHUHAJIbHBIM YPOB-
HSIM, UJU K€, €CJIH HET TEXHHUYECKUX CIOKHOCTEW, 3aJal0T UX HOMHU-
HaJlbHble 3HaueHUd. Ilocime BBHINOJNHEHUS ONEpalUMu NpUpallCHUs
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KOHTPOJHUPYIOT 3HaueHUe BBIXOAHOTO mapamerpa y. Koadbdunuent
BIMSHUS MEPBUUYHOTO MapamMeTpa onpeAenstoT no popmyie

T€ Xiyau, Vinay — COOTBETCTBEHHO 3HAYEHUS NEPBUYHOIO MMapaMeTpa X; U
BBIXOJHOTO IapaMeTpa y A0 BBINOJHEHUS OIEpaluu
NpUpanicHus;
Ay; — u3MeHeHHUs (MpupalieHrue) BBIXOJHOTO MmapaMmeTpa ¢ yde-
TOM 3HAKa IMOCJI€ BBIMOJHEHUS ONEPALUU NPHUPALICHUSA
NEPBUYHOTO MapaMeTpa X;.
Ecnu Bce mepBUYHBIEC TapaMeTphl (BKJIOUYas mapamMeTp Xx;) 10 BbI-
MOJIHEHHS OlNepaluyu NPUPALICHUA X; YCTAHABIHWBAJINWCh PAaBHBIMHU HO-
MUHAJbHBIM YPOBHSIM, TO CIIpaBEAJUBLI paBEHCTBA

X1uau = X1uoms --+» Xinau = Ximoms --+» Xnnau = Xnuom;

yiHaq = yHOM-



