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NPEOHCJ/IOBHE

B xypce «IDddekTHBHOCTL H [HaJle}KiI:I‘(;CTb vIeTaTeJbHBIX aNnaparoB®» H3JaraloTCs
OCHOBH 3(¢eKTHBHOCTH KaK KPHTEPHA ONEHKH ONTHMAJbHOCTH IPOCKTHPOBAHHA H
KOHCTPYHpPOBaHHS JeTaTesbHEX ammapaToB (JIA) M Kak KpHTepHs cpaBHenus JIA
mexJy coboit. Kypc cocrouT H3 psifa pasfenoB. OAHH H3 HHX, & HMEHHO HajeX-
HOCTh KOHCTPYKLHH §a/IHCTHUECKHX paKeT, H OCBellleH B J4HHOM yuyeGHOM MOCOGHH.

Boabias CTOMMOCTL KORCTPYKIMH H MaJjoe BpeMs, OTBOAHMOE HA CO3JZaHHe H OT-
paboTKy pakeT, He MMO3BOJSIOT BHITIOJHHTL 3HAUHTENbHOE UHCJHO HCNBITAHWH HA HaJeX-
HOCTb, KaxkJ0e H3 KOTOPLIX [O/XKHO 3aKaHYHBATHCHA YHHYTOXKEHHEM KOHCTPYKLHH.
[TosToMy anas ompeleseHHs HaNeXHOCTH KOHCTPYKIHH TIDHMEHSIOT pacdeThl Ha 3Tamne
TeXHHYECKOro 3a[aHHs, Ha 3Talne TEXHHUYECKOTO NPeJIOKeHHd, SCKH3HOTO IPOeKTa —
MeTOJ NMPOTHO3HPOBAHHA HAJEXKHOCTH. :

B yueGHoM nocoGHH paccMOTpPeHbl OCHOBHHE NOHATHS 00 sdpdexTusHOocTH JIA, TeO-
PHH HAJeXHOCTH M CYUIHOCTH OTKA430B, H3JOMeHbl METOAbl pacueTa HANEXKHOCTH 3Jie-
MEHTOB aNNapaTypul H CHCTeM [0 NEPBOrQ OTKAa3a, MeTOAbl pacyeTa HANEKHOCTH 3Je-
MEeHTOB KOHCTPYKLHH, METOAbl pacueTa HAJeXKHOCTH OTCOKOB H3 ITOCJAeIOBATENbHO, f1a-
pPa/JeNIBHO WAH €MEIIaHHO COENMHEHHBIX 3JeMEHTOB, 3aBHCHMHIX HJH He 3aBHCHMBIX
MeXny coboil mo HagexHOCTH. [IpuBeneHLl MeTORH pacueTa HaNeXHOCTH Kophyca pa-
KeTbl, HaJleXHOCTH NMUPOYCTPOHACTB, HALEeXKHOCTH MeXaHHYeCKUX YacTeH KOHCTPYKILHH.
B BOcbMOfl T/IaBe Ha OCHOBe MPHBeASHHOTC MaTepHasa AdaHbl  METOXbl ONpefeleHHs
HAJEXKHOCTH JETAaTeJdbHOro amnapara. B HeBsaTofl riaaBe .paccMOTPEHA HHTEPBAJLHAS
OLeHKa HAAEXKHOCTH, KONA JOBEPHUTE/NbHAS BEPOSTHOCTL He HA3HAYAETCS anpHOPHO, a
onpeaensieTcs N0 LAHHLIM 3KCIEPHMEHTA, AAHO IOHATHe 00 OTNTHMM3ALKHM HAAEKHOCTH
yacTell KOHCTPYKUMH H Onpele/IeHHH ONTHMAJbHOTO 3HadeHHA xosdbuuuenta Gesonac-
HOCTH. '

B mpunoxkeHun TpuBefeHH c©nocoGH pacyeTa HANCKHOCTH 3JIEMOHTOB KOHCTPYK-
KK ¥ OTCeKOB MO Ta6/UIaM HOPMaJbHOTO paclpeleseHHs. , .

B Kuure GHUJIH yuTeHhl 3aMedaHHa pelenseHtoB JI. M. Boakosa, B. I'. llep6a-
KoBa u B. A. [IMHTpHeBa, ABTOp BHpaXaeT UM CBOI NPH3HaTeJbHOCTb. ABTOp 6aaro-
napur Takxke A. A. 3oaoroBa, B. A. Komarunna, M. H. Turosa, B. H. fponkoro 3a
noMolllb NPH NMOATOTOBKE PYKONHCH.
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BBEJLEHUE

ITpoextupoBanue JIA HepaspEIBHO CBSA3aHO C ONTHMH3al el ero na-
pameTpoB. HauGosiee o61HM KpUTEpHEM OUEHKH ONTHMAJBHOCTH pemie-
HHH siBJsieTcs: b PekTHBHOCTD JIA. :

KoneTpyupoBanye pakeT CBS3aHO C BLIOOPOM ONTHMAJBHBEIX KOHCT-
PYKTHBHBIX CXeM M C PACUeTOM KOHCTPYKIHMH HA NMPOYHOCTD. OnTtumasns-
HbI¢ KOHCTPYKTHBHBIE CXEMBI CJIEYyeT TaKKe BLIOMpATH ¢ yueToM 3dhdek-
TUBHOCTH. B HacTosilllee BpeMs BHIOOD KOHCTPYKTHBHOH CXeMHI, T. €.
CXeMBbl PacrooXKeHUss CHIOBHIX 3JEMCHTOB B OTCEKe, IIPOU3BOAUTCSA
aJLTEPHATHBHBIM METOJ0M, METOJIOM CPaBHeHHS MeXAay coboil mo Ka-
KOMY-JIHGO KPHTEPHIO HECKOJbKUX TPOPaBOTaHHBLIX KOHCTPYKIHH OJHO-
ro ¥ TOTO JKe OTCEeKa W BHIGOPOM H3 HUX sayuweil. IIpu sTOM HaeKHOCTD
OTCeKa He paccMaTpUBaeTcs. YueT Nokasartess 3¢((eKTHBHOCTH H HC-
101b30BaHUe er0 KaK KpHTepus NPH ONTHMH3AllHH MapaMeTPOB KOHCT-
PYKLUHHI MOMKET H3MCHHTb IIpeJCTaB/jeHHe 00 ONTHMAaJbHOCTH KOHCT-
DYKTHBHBIX CXeM H 3aCTaBHTb NI€PEeCMOTPeThb CYLIECTBYIOIIHE KOHIEel-
LY.

CpaBHeHHe U ONEHKA PaKeT TakikKe HEBO3MOXKHH 0e3 pacyeTa 3¢-
(heKTHBHOCTH.

SddexTuBHOCTb JIA Kak KpHTepUi OLUEHKM PEIICHHi IIPH IPOCKTH-
pOBaHMH M KOHCTPYHPOBAHHH, & TaKxke JJfA CPaBHEHHUS JIA ocobyro
IEHHOCTD TIPeACTaBAAeT Ha HauaJbHBIX CTAfHSAX Pa3paGoTKH JIA, Kor-
Jla UMeIoTCHl uepTexHd OODBEKTOB H BO3MOXKHBI JHIIL OJHH pac-
YeThl.

HaaeXKHOCTb IBASETCS COCTABHOM uacThio ¢ dexTuBHOCTH. bes 3Ha-
HHsT HaleKHOCTH HEBO3MOXKHO onpelenuts addexruprocTs JIA. Caeno-
BaTeJbHO, He yMesi PacCUHTHIBATL HAJEKHOCTb, HEJb3A BHIIOJIHHTH
fIPOEKTHPOBAHHE, KOHCTPYHPOBAHHE H OLEHKY JIA na Hay4HO!l OCHOBE.
Tlpu BHeApeHHH MAIIMHHOTO NMPOCKTHPOBAHHST H KOHCTPYMPOBAHHS He-
yuer 3¢ $eKTHBHOCTH BOOGILE HeJOMyCTHM. D/IeKTPOHHLIE BHUHCIHTENb-
Hble MALIHHBL JA2I0T BO3MOJKHOCTb Ha PAHHHX CTaiusx pasdpaborku JIA
{{a cTaAUH TeXHHYECKOrO 3a4aHHs, TEXHHYECKOro NMPeJI0KEHHS, SCKHU3-
HOrO MPOEKTa) BHOHMpaTh mapamerTpni JIA, OCHOBBHIBAsICb Ha HAyYHOM
dbyunamente, T. e. Ha sddpekTHBHOCTH. HeyMeHHe pacCUMTHIBATH atpdpex-
THBHOCTD JIMLIAeT NPOEKTAHTA ¥ KOHCTPYKTOPA TaKOil BO3MOXKHOCTH.
Koneuno, 3¢ (GeKTHBHOCTL ONpeeAeTCs HE TOJBKO OJHOA HaJekKHO-
CTBIO, HO HAJEXKHOCTH SBJAETCH CI0XKHOH H MeHee H3yUeHHOH COCTaB-
adomel 3¢QeKTHBHOCTH,
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HapgexuocTh siBasieTcs OAHOH M3 BaXKHEHIIHX 3KCIJIYAaTAUHOHHBIX
XapakTepHcTHK JIA., DTa XxapakTepHCTHKa He MOXeT OBbITb IIpHJaHa
rOTOBOMY H3JEJHIO, a 3a/0XKeHa elle NPH IpoekrupoBanuu. Kakyio
BeJHUHHY HaJEXKHOCTH YAACTCS 3aJ0XKHUTh NPH NPOEKTHPOBAHHH, TY Be-
JIHYMHY M MOXKHO HOJIYUYHTh B pe3yabTaTe OTPabOTOK K 3Taly KCILIya-
ranui. Uto6m obecneuuTb ONpeAecHHYIO BeJHUMHY HaJeXHOCTH HA
9Tale NPOEKTHPOBAHHS, HYKHO CyMeTb ONPERENHTh €€ ONTHMAaJ/bHYIO -
BEJHYHHY U yOEAUTbCSt B [PaBHJIBHOCTH OOecHevYeHHs HaIerxKHOCTH.
B 3ToM cJydae pacyer HaJeKHOCTH HHYEM He OTJIHYaeTcs OT pPacueToB
110 GajJHCcTHKe, AHHaMHKe, a3poJHHaMUKe, IPOYHOCTH U T. [A. HA 3Talie
NMPOEKTHPOBAHHSA.

Pacuer HaAeKHOCTH HIpeAcTaB/sieT cOOOH MyTh K COKpallleHHIo 3aT-
paT na orpaborky npu ucneitanusax JIA. Ilpu menbiranusix  nauGosee
TOYHO ONpeAesiioT BeJqHuMny HajexHocTH. Ho ato Tpebyer Goabimiux
3aTpaTr KaK MaTepHajibHbIX, TAK H BPEMEHHDBIX.

PacueTnas olleHKa HaMe:KHOCTH 00JajgaeT MeHbIIedl TOUHOCTBIO, UeM
SKCHEePUMEHTaJabHas OLeHKa, HO ABJAseTcs OoJee JelieBOd M 3aHUMAaeT
MeHblllee BpeMsi. UeM MeHbUIS HaA€KHOCTb 00DhEeKTa, TeM BBIIIEe CTOU-
MOCTb ero HCIBITaHHH U A0pabOTKH. PacueThl HaAeKHOCTH MOTYT CHH-
3UTb CTOMMOCTb Pa3pabOTKH H3JejHsi B pe3yJabTaTe ONTHMH3ALUHUH
porpaMmbl HCHBITAHHA Ha OCHOBE TIIATEIbHOH NMPOBEPKH MeHee Ha-
JEe>KHbIX 3JIEMCHTOB. d

PacueTHast olleHKa HaJEXKHOCTH ITO3BOJisieT: 1) HCKJIOUHTL JaHHDLIA
BHJI MCIILITAHHI, €CJi SICHO, UTO PUCK M3-3a 3TOTO HeBeJHK; 2) CHH3UTH
TpeGOBaHHsl K HCHBITAHHAM Kak N0 00beMy, TAK U TO HX CJHOXKHOCTH;
3) mpoM3BecTH H3MEHEHHs KOHCTPYKIHH, NOBBIIAIIIHE ee 0e30TKas-
HOCTDL [0 HCHBITAHHH, YTO CYILECTBEHHO COKPATHT CPOKH JOBOJKH H31€-
JIHSI U CHH3HT CTOHMOCTbL ero HCIBITaHHUIl; 4) HCK/IIOUHTH AOIOJHUTEb-
Hble HCIILITAHHMS TE€X arperaToB, HaJEKHOCTh KOTOPLIX AOCTATOYHO TOYU-
HO ompejeJieHa aHaJHuTHUECKH; D) ONPEeJeJHTh BCe HaHMeHee HaJeXHble
JeTaJH H y3JIbl.

Yyer TpeboBaHuil HaleXHOCTH Y€ Ha HauaJ/bHBIX dTalax NPOeKTH-
pPOBaHHsT OOXOJAHTCA B COTHH pa3 jelleBJ/e, UeM Nocjedylolllee HCIPaB-
JIeHHe OLIHOOK BO BpeMsi HCHbITAHHIT H SKCIIyaTalHu.

HageKHOoCTh KOHCTPYKIIHH MO CYIIECTBY CBOEMY MNPeJCTaBJsieT Be-
POSAITHOCTHYIO IIPOUHOCTE. BeposiTHOCTHAsi MPOYHOCTH GoJiee aJeKBaTHO
OTpa)KaeT NMPHPOAHBIE SBJEHHs, UeM IeTePMHHUPOBAHHAs NPOUYHOCTD
(Hecyllas CHOCOGHOCTL KOHCTRYKLUHMH H BHEIIHHE HAIPY3KH GpEACTAEIR
10T co6oii cayuaiuble ¢pakTopel). B 3TOM OTHOLIEHHH pacueThl HalexK-
HOCTH KOUCTPVKIIMH CHOCOOCTBYIOT YTOUHEHHIO PacdyeTOB Ha MPOUHCITL,
BBITNIOJIHEHHBIX [0 JeTepMHHHMPOBAHHBIM BeJHUHHAM. ITO YTOUHCHHE
OCOOEHHO BaXKHO B CBS3H ¢ HabJmojaeMOH TEHAEHIHEH YMeHbIIeHHs
ko3 dUIHeHTa 6e30acHOCTH NMPH pacdeTe Ha MPOUHOCTb C IEJbI0 110-
BHIUeHus ¢ derTusHoctd JIA. JIHIIb pacueTbl HAACKHOCTH KOHCTPYK-
HHH AAOT BO3MOXKHOCTb ONPEAEJHTh PAa3yMHBIC 3HAUEHHS KO3pdHIIH-
€HTa 6e30MaCHOCTH [Js1 pacueToB MO JETePMHHHPOBAHHBIM BEJHUYHHAM.

[IpOeKTAaHT H KOHCTPYKTOD pakeThl OTBEYAIOT 32 HAAEKHOCTb BCeH
PaKeTLl B LEeJOM, OJHAKO CaMH OHM MOTYT O0eCHe4YdThb 3ajJlaHHYIO Ha-
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HEeXHOCTb KOHCTPYKIHH PaKeThl U HEKOTOPHIX YacTeH MHEBMOTHJPOCHC-
teMbl. Ocra/sbHBEe YacTH pakeThl (CHCTEMBI yIpaBJieHHs, SHEepronura-
Hust, GopToBasi KabGeJabHasi CeTb, ABHraTeJH H T. A.) NOCTYHAIOT KakK ro-’
TOBHIC M3JeJus (KOMIUJIeKTYOWKe H3fenns). ObecnedyeHneM HX HaJeXk-
HOCTH 3aHHMAaIOTCA HHMKEeHepH APYTHX crnenHadbHocTell. [To3ToMy KHHra
B OCHOBHOM IOCBfILIleHA HaJA€XHOCTH KOHCTPYKUHH JIA, BoiGop u obec-
leyeHHE KOTOPOH NMpexKJe BCEro JOXKHTCA Ha NPOEKTAHTOB H KOHCTPYK-
topoB. O HagexHocTH Apyrux uvacre#i JIA paercs suwmb oGulee mpex-
CTaBJIeHHE. .



Tnasa 1. OBILUE CBEAEHHA

1.1. 3¢PEKTHBHOCTb KAK HAYYHASl OCHOBA
NMPOEKTHPOBAHHSI U KOHCTPYHUPOBAHHUS PAKET
. H CPABHEHHSA UX ME)XIY COBOH

1.1. 1. O6mue cBenenns 06 ahPeKTHBHOCTH

D heKTHBHOCTL BAACTCA HAHOO0/ee BaXKHON KOMIJIEKCHOH XapaKre-
PHCTHKO! J1060r0 Jieratenpnoro annapata (JIA). I¢gexriusnocroro
JIA Ha3BIBaETCSA €ro CBONCTBO COOTBETCTBOBATHL CBOEMY Ha3HAUEHHIO.
S HeKTHBHOCTL Onpesesiercst KauecTBOM JIA H YCIOBHSIMU ero mpuMe-
HeHus (puc. 1.1). .

Kauectgom mpOAYKUMH HA3LIBAETCS COBOKYMHOCTb CBONCTB NPOAYK-
LMK, 00YCJIOBJIHBAIOLNX €€ NPUTOAHOCTD YAOBJIETBOPAThL ONpEeAe/eHHbIe
TIOTPEOHOCTH B COOTBeTCTBHH ¢ ee HasHaueHnem (I'OCT 15467—70.
Kauecrso npoaykuun. Tepmunbt).

_ CeoiicTéo npodyxyuu — 310 06GBEKTHBHANA ©COGEHHOCTL TPOAYKIIHH,
. TIpPOSIBASIIOULASICA IPH ee CO3AaHHH, SKCIUIYaTaHHH HJH TOTPelJIeHHH.
. B cramgapre Bce TepMHHBI H ONpEREJEHHS] AAHB MPHUMEHHTEIBHO K
TIPOJAYKUHH, KOTOpasl MOXKET COCTOATb U3 U3Aeaud H (HJAH) MPOIAYKTOB.
TepMuHbl u onpejeneHHs, OTHOCAUIMECS K NPOLYKUHH, NPHMEHHMBI K
H3JeJHIM H NPOAYKTAaAM. . -

Bce cBoiicTBa JIA, onpepeasolliue ero KadecTBo (B AaJjbHElmem
HasblBaeMble mapameTrpaMu JIA), MOXKHO 1Js1 3aiay HPOEKTUPOBAHHSA
npeactaBUThb B BHAe cxeMbl (pHc. 1.2).

IIpoexTHoimu napamerpanri Ha3bIBaeTCsi MHHHMAJbHBIA HaGop ma-
PaMeTpoB, KOTOpble onpedensioT o6auk JIA na sTane npoekTHpoBaHus.
OToT HaBop COMEPKHT MapaMeTpbl TAKTHYECKHE, MaCCOBBIE, SHEpPTeTH-
YeCKHe H reoMeTpHUECKHE. |

_ 3ananue Ha NPOEKTHPOBAHHE BKJIOYAET JIETHbIE NapaMeTpsl (Ha-
TIpUMep, MAaKCHMAaJbHYIO AAaJbHOCTh Lmax). K HUM Heob6xonumo moba-
BHTb TaK»Ke XapPaKTePHCTHKH BHIGDAHHOIO TOIJIMBA; pelleHHe O ¢opMe
Kopryca H roJyioBHol wactH n Ap. CJeayeT OTMeTHTb, YTO YacTh fapa-
METPOB MOXKHO 3ajasaTb NPH NPOEKTUPOBAHHH (HANPHMeEp, Maccy Ho-
JIe3HOro rpysa). COBOKYNHOCTb 3ajaBaeMblX Ha NPOEKTHPOBaHHE H
Ha#iJJleHHbIX B IIpollecce MPOEKTHPOBAHHUSI NAapaMeTPOB JOJKHA TaK OIl-
penensite JIA, 4To6b MOXKHO OBLIJIO NPUCTYNHTL K KOHCTPYHPOBaHHIO
OTCEKOB,
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YcaoBust npuMenenus (cM. puc. 1.1) ABAAIOTCA TeMH BHEUIHHMH
(haKTOpaMH, KOTOpble OKa3blBaIOT CYIIeCTBEHHOe B/HfHHEe Ha 3(dex-
THBHOCTb JIA: cTpaTerus u TaKTHKa NPUMCHEHHS DAakKeT, UHPopMaLHs
O 11eJIH, JeHCTBHSI NPOTHBHHKA, METEOPOJIOTHYECKHEe H KJIHMaTHYeCKHe
YCJIOBHSL NIPUMEHEHHs U T. J. Bce yCJOBHs NPHMEHEHHs, KpOMe IepBO-

=S

flapamempsr JIA

TpoEKTIHBIE Koncmpynmopoxue
.
/75/mfb/¢ - lpournocmubie
Tarmuyecnue ASpofUHAMUYECKUE
bannucmuyecrue : Junamuyeckue
SROHOMULYECKILE THEPLEMIUYECKILE
- Thxwonoeuyecxue [EOMEMPUYECKUIE
3ﬁcn(ryamauuoﬁﬁb/e O0vemrbie
CmamucmuyecxiLe Maccaﬁbfa 1
OmHOCUITIETBHBIE —‘ _

Puc. 1.2. IlapaMeTpsl JieTaTeNBHOTO amnnapara

TO, XapaKTePH3YIOTCS PasJHYHON CTENeHbIO HEONPEeAeJIEHHOCTH HHOP-=
Manuu. HMcnonbsys uX npy IpoekTHpoBaHuH JIA, Heo6xoauMmo mpuMe-
HSITb MI'POBYIO MOCTAHOBKY IIPH PEIIeHHH TeX HJIH HHBIX IPOEKTHPOBOY-
HBIX 3a7a4 (YYHTHIBATb HEIOJNHYIO HHPODMAHHIO B YCJOBHAX NPHMEHE-
Hug JIA).

Db DeKTHBHOCTL OLEHHBACTES UHCJIOBLIMU NOKA3ATEAAMU (XapaKTe-
PHCTHKAMH, KPHTEPHSAMHU), OTPAKAIOIIMMH Ha3HayeHHe CHCTeMBl BOO-
PYKEHHA: BEPOSATHOCTHIO NOPAaXKEHHS ILeJH, MaTeMaTHYECKHM OXKHJa-
HHUEM YHCJa NOPaXKeHHBIX [eJel, BEePOSTHOCTbIO MOPAXKCHHS He MeHee
3alaHHON YacTH lieJH, MaTeMaTHUeCKUM OXHAaHHEM YHC/ja IopaXkeH-
HBIX 2JeMEHTOB, MaTeMaTHUECKHM OXHAAaHHEM NOpaXKeHHOH YacTH KO-
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WAaAd Lead, MaTeMaTHUeCKHM OXHIAHHEM BeJHYHHbl HaHECEHHOTO
ymepba u-T. I.

~ BeposiTHOCTb NIOpa’kKeHHs TeJH KakK TokaszaTtedb 3(hGheKTHBHOCTH
OpHUMEHSeTCS TOrAa, KOrja pe3yJbTaTOM IYCKOB pakKeT MO IeJH MOXKeT
OBbITb TOJIBKO ee MOpazKeHHe HJH HCINOpaxKeHHe, YTO B OCHOBHOM OTHO-
CHTCSl K LeJSIM MaJbiX Pa3sMepoB («TOUEUHBIM» IeJsAM), He NpeBHIIAI0-
mwuM 0,2 paauyca 30HbI TopaKeHHs 60eBoH yacTbio [22]. ‘

MaTeMaTHyCTKOe OXKHJaHHe YHCJia TOPAaKEHHBIX IeJied NMpHUMeHsIeT-
cA Kak NoKasaTeJb TOrAa, Korja HYyCcKH paKeT I[IPOM3BOASITCI MO He-
CKOJBKHM HEJAM.

OcraabHble nokasaTtean 3GEGEKTHBHOCTH HCHOJAB3YIOTCS TOrAa, KOT-
Ja pakKeTbl NYCKAIOT O KPYIHLIM LEJAM H Pe3yabTaTOM IycKa MOKeT
OBITH IIOJHOE HMJH HACTHYHOE pa3pyLieHHe 3JIEMEeHTOB LeJaH, TO HJH
HHOE U3MeHEeHHEe CIIOCOOHOCTH K (YHKUHOHHPOBAHHIO, €CJH UeJH QYyHK-
IHOHHPYIOILHe, HAPHMep, BOEHHO-TIPOMBIIJIeHHble 00beKThI, U T. A.{22].

YacTo NMpOCKTAHTY OBIBAeT He NMOJHOCTBIO H3BECTHA CTpaTerusi M
TaKTHKa NpUMEHEeHHsi pakeThl, co3paBaeMol um. Vunoraa takThka H
CTPATErus MEHSIIOTCSI WJH BbIpabaThIBAIOTCS BHOBb B 3aBHCHMOCTH OT
a¢pdexTHBHOCTH, NMOJYYeHHOH IIPH HCOHTaHHAX. B TakTHKO-TexXHHuUe-
CKOM 3aJaHHH IoKasarejb 3h¢PeKTHBHOCTH He BCErja yKasbiBaeTcd.

Ecau ontumuszaunuio napamerpoB JIA npoussonst no 3¢deKTHBHO-
CTH, TO JJs 3TOTO AOJKeH OBITh 3a/JaH HYXKHBIH noxkasaTeb 3P (eKTHB-
HocTH. B sToM caydae MpoeKTaHT BIpaBe BHIOMpAaTbhb IOKasaTeab 3¢-
(QEKTHBHOCTH, KOTOPBIH AOJKEH OBITb KPHTHYHBIM K ONTHMU3HPYEMbLIM
HPOEKTHHIM MapaMeTpaM JIA. »

ITokasaTeap 3P PEeKTHBHOCTH ONPEAE/SIOT aHAJMUTHUECKHMI MeTO/ a-
MH M MeTOLAMH CTATHCTHYECKOIO MOJEJUPOBaHHs. AHaJHTHUECKHe
METO/JBI 3aKJ/JAI0UAOTCsI B YCTAHOBJICHHU CBA3eH MeXKAY IapaMeTpaMH
JIA u nmokaszateasMH 3M(PeKTHBHOCTH B OIpelesieHHBIX YCJAOBHSAX MNpH-
MeHeHust. CTaTHCTHYECKOE MOJEJHpPOBaHHE COCTOHT B MHOIOKPaTHOM
 BOCIIPOHM3BEeHHH MaTeMaTHUeCKOH MOJEJH YCJOBUH IPHMEHEHHS H B

onpejesennn nokasaresaeil 3¢pOEeKTHBHOCTH KaK PYHKUIHUI cpeaHHX CTa-
THCTHYECKHX XapPaKTEePHCTHK [22].

ITokaszarenn 3pHPeKTHBHOCTH He II03BOJSIIOT NPEACKa3biBaTb PE3YJib-
TaThl OTAEJbHBIX NYCKOB pPaKeT. JIHIIb NIPH A0CTAaTOUHO §OJBIIOM YHCJTe
clydaeB NPUMeHEHHs] PAKCTHBIX KOMIIJIEKCOB B aHAJIOTHYHBIX yCJOBHAX
cpemHuil pesyabraT OyaeT OMU3KO K HaWJAEHHOMY ¢ MOMOILBIO BEPOAT-
HOCTHBIX KPHTEDHEB [22].

Tlon paxerusvim xomnaexcom noaumaeM JIA u Bce HasemuHoe 060py-
JOBaHHWE, KOTODOe CBA3aHO ¢ NMPeACTapTOBOH NOATOTOBKON, KOHTpPOJEM,
crTaproMm (HaseMHoe o00OpylOBaHHe ofecledueHHsl cTapTa) M yIPaB/JIeHH-
eM IoJeToM (HaseMHoe oGOpYIOBaHHe ynpas/JcHHs noJgetom) {22].

OOGoluno moHATHe 3(P¢GeKTUBHOCTH HCIOJb3YeTCsa JJA OLEeHKH yiKe
cosnannoro JIA. B s3tom cayuae pe3yabTaTbhl KOHTPOJbHBIX HCIBITAHHH
06pabaTeiBA0OT TaK, uroObl IOJYYHTb HYIKHBIH IOKas3aTeb 3(M@eKTHB-
HOCTH, H 3TO 3HAUYeHHE CPaBHHBAIOT C DACUYETHBHIM, TEM CAMBIM OIpeje-
JiSIsi CTEINEHb BLITTOJHEHWM 3aJ1aHUA HA NPOEKTHPOBAaHHUE.

Db PeKTHBHOCTL HCII0JB3YEeTCs KaK HayuHasd OCHOBA HPOEKTHPOBA-
HUs JIA, Korja npoekTHbie MapaMeTphl HAXOASIT U3 YCJAOBHS MaKCH-
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MaJbHOH 3(P(EKTHBHOCTH NPH HEKOTOPBIX AHCUHIJIHHHPYIOLUIHUX YCJIOBH-
AX. MMeHHO B 3TO# posn 3pPeKTHBHOCTL Npexkiae Bcero HeoOXOaHMa

MPOEKTaHTaM.

1.1.2. 3dpdexTHBHOCTL KaK Hay4Has OCHOBA
NPOEKTHPOBAHHA PaKeT

3anaua npoektupoBanus JIA 3akJogaercss B TOM, 4TOGHI IIPH JIO-
OBIX yCJIOBHAX NPHMEHEHHs BHISIBUTb TaKHE CBOHCTBA U3JesMs (ONTH-
. MaJibHble NPOEKTHLIe NMapaMeTpri), KOTOpHe oOecHeuHBaJJH Obl MaKCH-
MaJjbHyio 3¢dekTuprocTs JIA. OnTuManbHBe NPOEKTHBHIE MapaMeTpH
MOXKHO ONpeleJATb AJd KaXkJA0ro KOHKPETHOro Habopa YC/JAOBHH NpH-
MEHEeHHS, TO TOTAa AJf APYTHX YCJAOBHH NPHMEHEHHS Takoil JIA Oyger
yXe McHee 3(P(PeKTHBHBIM, 4YeM . . '

~OH Mor 6mp ObiTh. Ecau XKe on- fpoexmupobanie
THMaJibHble  TMPOEKTHBIE Iapa- P“"f’"
METpPLI oOnpciaeqadaATh AJHA HEKO- | ) _ 1
TOPBIX CpPpEAHHX HHTerpaJlbHBX fpoernmupofanue fpoexmupaobanue parem
YCJIOBHHI HpHMEHEHHS c yue- MHOROLENEGHIX DAKEM - dng sadannoi yenu
TOM 4acTOTHI peaJsH3anHu [
KaXAblX KOHKDETHBIX yCJIOBH}"I, Apoexmupobanue parem ¢ | |/Tpoewmupolanue parem
T0 JIA ©6yger MeHee >@dek- yyEmon: YCIoBuR PUMEHERIA | |10 MEXHUAYECKOMY S000HLKT
THBHBIM JAJIdA JI00BIX KOHKPETHBIX I

YCJIOBHH MPHUMEHEHHS, HO B Cpel- Maunioe npoexmupodande Ipapoananumuvecnoe
HeM Oyner nHaubosee 3dpdexTus- £ YHEmom IPERmUBHOCTIL npoexmupofanue
HeiM. Bojsiee 1mnpoctoit sABJsIeTCHA —— ‘ ,
IepBast IOCTaHOBKa 3aAadH. - Baifap npoexmuasx adpa-| [Onmumusayus napamem]
Hacro mpoextnpoBanne JIA 2w T sme | o0 B elTARA

OCYILEeCTBJAsIeTCH Jaxe 06e3 HU3y-

YeHHS] KOHKPETHHIX YCJIOBHH NPH- p

A Yerm
MEHEHHs. YCJOBHA NPHMEHEHHS wougnocm dvem Jvem
IJ1sT IPOEKTAHTa KOHKPETH3HUDY- doefoi; | |TIVRTIT [ SR
IOTCSl TAKTHKO-TeXHHYEeCKHM 3a- vacmu g | o8 ,

JaHHeM, B KOTOpOM YKa3aHa
AaJLHOCTD N0JIETa (NE.aKCHMa‘Hb- Pue. 1.3. YcaoBusa nNpoeXTHPOBAHUA pai{er
Hasl), Macca NOJEe3HOH HAarpy3kH .

(cBoficTBa JIA), Mereoposioruie-
cKMe yeioBusg H T. A. (puc. 1.3). OHH ¥ o0ecneuuBalOT ONpeJeseHHbs

'yCJIOBHSA NpHMeHeHusi. KakHe 3TH YCJOBHSI NDHMCHEHHS — onpenpens-
JOT Ha GoJiee BLICOKOM HepapXHUeCKOM YpOBHe co3aanus JIA.
Mawunnoe npoexruposarue paxker — aBTOMAaTH3allHA IPOCKTHPO-
BaHUs ¢ TOMOUIBIO 3/1€KTPOHHEIX BBIYHCIHTEIbHBIX Mawun (OBM). Ilpu
5TOM MOXKHO cpa3y paspemiaTb GyHKIHOHAJbHbIE CBA3H MeXKIY PasJiHd-
HBIMH TapaMerpaMu H 3¢ ¢eKTHBHOCTbIO JIA H ONpejesNaTh MPOCKTHLIE
napaMeTphl, MaKCHMU3UPYsl 3¢(pdekTHBHOCTb. LAl 5TOro HYXXHO 3HATD,
yT0 Takoe 3(pPEKTHRHOCTD, HAaZIEXKHOCTh H IPYTHe COCTABIS0OMHe 3P PeK-
THBHOCTH. YMETh HCIOJb30BaTh 3TH NOHATHA H (QYHKIHOHAJbHBIE CBA-
3M MeXAy HHMH H NPOEKTHHIMH TlapaMeTpaMH. YMeTb COCTaBJATH aJji-
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TOPHTM 3ajJayd MO NPOEKTHPOBAHHIO, COCTABJATL H OTJAXKHBATh IHpPO-
rpaMMy pacueTa ONTHMAaJbHbIX IIPOEKTHHIX MapaMeTpoB Ha JBM.

I'pagoanarutruneckoe npoexruposarue paxer. Celiuac elle Nnpoek-
tHpoBaHHe JIA NpoH3BOAUTCA NPHOJHKEHHBIM TrpadoaHaJHTHIECKHM
METO/OM, 1O CYUIeCTBY «BpPYUHYy» (cM. puc. 1.3). OgHako u npu 3TOM
"METO/le MPOEKTHPOBAHHUSA yiKe MOXKHO HCIONb30BATb 2P (MEKTHBHOCTD AJIs
JaJjibHeHIefi ONTHMH3ALHH HaWJeHHBIX ImapaMeTpoB. [Jas 3TOro HeEko-
TOpBIe M3 IapaMeTpPOB HYXKHO H3MEHHTb TaK, 4TOOBl AOOHTLCA MaKCH-
MaJbHOro 3Hauedust 3¢deKTHBHOCTH JIA NpH HEKOTOPHIX AHCHHAJIHHH-
PYIOULHX YCJIOBHSIX (HampuMmep, NpH 3adanHoii croumoctu JIA unu npu
3alaHHOHN CTAapTOBOH Macce H T. X.)

[Ipeasaraemasi B 3TOii KHUre MeTOJAHKa IIpedHa3HadyeHa AJA ONTH-
MH3alHy HaljaedHbix napaMeTpoB JIA ¢ TOUKH 3peHHsT MOJYyUeHHS] Mak-
‘CHMaJibHOTrO 3HayeHHs1 3 derTHBHOCTH. [l 3TOro pacemorpeHo pele-
HHE psifia 3a/a4, B KOTOPHIX CUMTAETCH, YTO HA 3Tale NPel3CKH3HOTo
NPOEKTHPOBAaHUs mapamerpsl JIA yxe onpenenenst. B nanbneiiuiem onn
NOJABEpPraloTcs] U3MEHEHHIO C HEJbl0 MaKCHMH3alLlHH 3(P(PeKTUBHOCTH.
DTH M3MEHEHHS SBJAIOTCS CJAeAYIOLled HTepauued NPH ONTHMH3AaLUH
IPOEKTHBIX IapaMeTPOB.

dopManusanuo 3aiaud ONTHMH3AIHH NPOCKTHBIX MNapaMeTpoB Mo
HAJACXKHOCTH NHpH NPHUONHKEHHOM rpadoaHaJUTHUECKOM IPOCKTHPOBA-
HHH MOZKHO TIPeACTaBHTh TaK:

x;=opt; i=1, n;
3=min;

M, .=const; L
x; 205 ¢;(x)=0; j=1, m;
X;=0pty;

=const;

max

H ;, =counst.

-

B sToM cayuae ontuMaJbHBIe NPOCKTHBLIC IlapaMeTphbl X; ONpeIeJsi-
I0TCcst B pesyabtate AByX Hrepauuil. Ilpu neppoit urepamun nmpoekrtunie
napaMeTpbl ONPeIedsiiOT ONITHMAAbHBIMH 6€3 yueTa HaJeXHOCTH, 10 3aT-
"pataMm 3 HpH AUCIUNAHHHPYIOLIHX YCNIOBHAX, 3aJl@aHHBIX B BHJe MacCHI
TOJIC3HOro rpysa Mpr ¥ MakCUMaJdbHOH AaJbHOCTH nojeTa Lpay. 31eCh
@;(X;}) =0 — DYHKUHOHAJbHEIE CBSI3U MeEXKJAY IPOEKTHBIMH IapaMer-
paMi. ‘

Bo BTOpo# uTepaunu ONTHMH3UPYIOTCS JHIIb HEKOTOPBIE U3 HaHAeH-
HBIX INMPOEKTHLIX NMapamMeTpPOB, CBSI3aHHBIX C HAJEXKHOCTbIO OTAEJbHBIX
yacte#d JIA (KOHCTPYKIHH, ABHTATEJbHONH YCTAHOBKH). JIpyrue uactu
JIA (cucteMa yrpagnJeHHs, CHCTEMa 3HEProlMTasBHsA H JAp.) HMeEIOT Ta-
KYIO HaIeXHOCTb, KOTOpasi COOTBETCTBYeT 3aJZaHHOH Macce IOJe3HOTo
rpysa. Cieayer OTMeTHTb, UTO ONTUMH3 AL 10 HAJEAKHOCTH HEKOTOPHIX
'TIPOEKTHBIX ITapaMeTPOB MPOW3BOJAUTCA IPU HCH3MEHHBIX paHee 3alaH-
HbIX AHCHUNJIHHHPYIOMUX YCaoBUAX (M =—const u Lyay==const). 3a-
naHnas HajgexHocTe Hjga =const Takxe BXOAUT B AHCHHNJIHHHPYIO-
IIIHe YCJAOBHUS B 3TOH HUTepalHH IO ONTHMH3ALHUU MPOEKTHBIX TNapaMeT-
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poB. H3MeHsis KakHe-TO IPOeKTHBIe IapaMeTphl (TOJIIMHY JHCTa
ofeyaliky, MO AAb YIONEPEUFHIOr0 CEUEHHS CTPHHTEPOB, T. e. Maccy
KOHCTPYKIIHH arperaTa, ¥ T. A.) AJs1 JOCTHKEHHS 3aJaHHON B JHCIHIIJIH-
HHPYIOIHX YCJAOBHAX HaAEXKHOCTH, MNPHUXOAHTCS H3MEHSTh H APYrye
IpOeKTHbIE HapaMeTphl (TArY ABHraTeNsI, Maccy TOMJIHBA H T. 1.), ONpe-
JleJieHHble B TIEPBOI HTepalHH, YTOOB OCTABHTH HEM3MEHHOH JaJbHOCTD
nmoJera n1pu Myr=const. B 3ToM cay4ae, KOHEUHO, U3MeHsieTCA CTapTo-
Bast Macca JIA, Ho npHu 3alaHHBIX Y¥Ke TpeX JHCUHIVIMHHPYIOMIHX YCJa0-
BHUSIX 3aTpaThl (CTapTroBasdg Macca HJH CTOHMOCTB) KaK KPHTEPHIl ONTH-
MH3aUHUH OyAYyT MHHHMAaJbHBIMH.

1.1.3. 9ddekTHBHOCTL KaK HayuHasi OCHOBA
KOHCTPYHPOBaHUSA PaKeT

ITpn koHcTpyuposanuu JIA Takxke HEOGXOAHNMO HCIOJAB30BATH
3b(ECKTHBHOCTb KaK HAYUYHBIH MeTOJ pelleHHs 3ajlau, Halupumep, AJA
BBIOOpa ONTHMaJbHON BeJHUYHHH KO3(pdHIHMeHTAa 6e30NMacHOCTH f, npu-
MEHsIeMOro InpHu pacyere Ha NIPOYHOCTh. OGLIYHO pacueT KOHCTPYKIHH HA
NPOYHOCTbL BBINMOJIHAIOT IO PaspyllaloliUM Harpyskam NP, KOoTophmle Ol-
peneasioT mo ¢popmyne NP=N°f, rae N° — sKcriiyaTalldoHHAst HArpya-
Ka; f — kosdduuuent Gesonacuoctu (f=1,5). OntTumusupys Hamex-
EOCTb, KaK COCTaBJAIOUIYI YacTh 3(PPEKTHBHOCTH, MOXKHO ONpPeaeTHTD
ONTHMAJBHYIO BEJIMUHHY HaJCXKHOCTH 3JIEME@HTOB KOHCTPYKIIHH, a 3aTeM
ONTHMAJLHBEIA KO3))HUHEHT 6€30MaCHOCTH H MACCy MaTepHasa, BOCHPH-
HUMAaMOUIEro BHEIIHIOK HArPY3Ky NDH JAHHOH KOHCTPYKTHBHQH cXcMe
orceka. CpaBnuBas TaKUM 06pa3oM KOHCTPYKTHBHBIE CXEMbl, MOZKHO
ONPeJe/HTh CPeIH HHX HAUJYUIYIO, 3(PPEeKTUBHYIO KOHCTPYKIHIO, 06ec-
MEYHBAIOUYI0 MAKCHMaNbHYI0 3D peKTHBHOCTE JIA NpH Npounx paBHBEIX
VCJOBHSIX. : .

KoncTpynposanue pakeT Hepa3pbiBHO CBSI3AHO C pacyeToM KOHCT-
PYKIHH Ha ONPOYHOCTD. - _

MeTtoder pacuera Ha npouHOCT6 KOHCTPYKILHH JeTATeIbHLIX allla-
PaTOB B HACTOsIllee BpeMs CBOIAATCA B OCHOBHOM K MeTOJaM CTaTHue-
CKOro gerepMHHH3Ma. M Harpyska, ¥ HecyilHe CIIOCOOHOCTH KOHCTPVK-
ITHH TPUHHUMAIOTCS JeTePMHUHHPOBAHHBIMH, a HArpy3KH — ACHCTBYIOIZE
MH HaCTOJbKO AJIHTEJbHO, YTO MOXKHO CUHTATb HX CT4ATHYECKHUMH
(puc. 1.4). ‘

Ha puc. 1.4 o6o3nauenn: NP — paspyliamoniasi BHELIH s Harpy3Ka;
N° — skenayaTanMoHHAas BHelIHfisT Harpyska; [-— Koadoduuuenr 6Geso-
NIaCHOCTH; Cmm, Op,2, Op — HAIPSAMKEHHs IIipejesa NMPONOPUHOHAJNLHOCTH,
TEKYYE€CTH, NPOYHOCTH COOTBETCTBEHHO; § — TOJUIMHA JHCTA: S — mJo-
Hlanb IOMEePEeYHOr0 CEYEHHA CTPUHTePa; dx— YAapHasi BA3ZKOCTh:
Wna — mepenarounas ¢yuxuus JIA ot BHeWHHX HAarpysokKk k Hamps-
JKEHHUSM B KOHCTPYKUHH; G| — Ipeaes] BHIHOCJHBOCTH. _

Ho B moJsere Harpysku H3MEHSIOTCSI JAOCTATOUHO BBICTDO. BricTpo
MEHSIOTCA U HANPSXKEHUA B KOHCTPYKHUUH. KosieGauust ru6koro Kopryca,
HATIOMTHEHHOTIO KHAKOCTbIO, HEOOXO/ITHMO YUHUTHLIBATH TAaKXKe H NPH pac-

U€Te KOHCTPVKIHH Ha IIPOYHOCTb METOIOM IAOHHAMHYCCKOIQ JACTEPMH-
HH3Ma.
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IToBbilIeHue HArpy3ok MO CPaBHEHHIO CO CTATHUYECKHM Harpy>KeHH-
€M KOHCTPYKUHH VYHTHIBAIOT C NOMOIIbLIO KO3pdHUHEeHTa ITHHAMHYHO-
ctH (Kz>1). Takoit ko3dPuHeHT 103BOJsIeT XOTA OH B CTATHYECKOH
HHTepNpeTalHH yyYecTh H3MEeHeHHe BHEeIIHHX Harpy3oK, CBA3aHHBIX C De-
aJbHBIM TOJIETOM amnmapara.

ITockonbKy MeTOABl AUHAMHYECKOTO JleTepPMHHH3MA ellle JaJ/IeKH OT
COBEpIIEHCTBA, HM Ha CMEHY JAOJIXKHBI MPHHTH METOAbl BEPOSATHOCTHOH
[IPOYHOCTH KOHCTPYKLHH. B pacueTHBIX cxeMax HeOOXOAUMO TOouHee
otobpazkaTbh peaJJibHOCThb. PeasibHble XKe BHEIIHHEe HArPy3KH M peaJsbHad
Hecyiasa cnocob6HOCTb KOHCTPYKIUHHK ABJAIOTCA BEPOATHOCTHBIMU: BHCIL.
HHe Harpyska — cnyqannbu\m NpOIEeCCaMH, TPOUHOCTL MaTepia/la KOH-
CTPYKIIMH — CJIyYafiHOH BeJMUMHOHN HJH CJAy4YaliHBIM npotieccoM (Hame
pHMep, ecJII TeMIlepaTypa KOHCTPYKUHH B IOJIeTe M3MeHsAeTCs 3Hauu-
TeJIhHO) TeOMeTpHYEeCKHe NapaMeTpbl IMPHMEHSIEMOro COpTaMeHTa —
CAYYaHHBIMH BeJHUHHAMH.

Ilpupapasi Gosbliioe 3HAaueHHe pacueTaM IO JIeTeD\iHHHpC)BdHHbIM
BeJIHYHHAM, HY2KHO NOMHHUTB, YTO pacueThl MO CAYUaAHHBIM npoueccaM "
BeJqiMudHAaM 6oJiee afeKBATHO OTPAXKaIOT JeHCTBHTEJNbHOCTD.

MeToas BepOSITHOCTHOH NPOYHOCTH MO3BOJSIOT pellath jABe T'PYIIIL
3a/lau: OPH NMOBEPOYHBIX pacyeTax Ha IIPOYHOCTh ONPEAECSHTh HaJekK-
HOCTb KOHCTPYKIHH, 4 IPH IPOEKTHPOBOUHLIX IPOYHOCTHBIX pacyerax—
napamMerpbl KOHCTPYKTHBHBIX 3JE€MEHTOB M0 3aJaHHOH HaJdeXHOCTH.

MeToan! BEpOSITHOCTHOH NMPOYHOCTH BBIFOJHO OTJMYAIOTCSI OT METO-
JIOB pacueTra Mo JeTEPMHHHPOBAHHBLIM BEeJHUYHHAM TeM, UTO lipeACTaB/If-
IOT BO3MOKHOCTb IPHHUHMIIHAJBHO YTOYHATL pacueThl Ha MPOYHOCTD,
060CHOBANHO yYMeHbIIATh Maccy KOHCTPYKIHH JIA, Omaromapst yuery
pakTHUECKUX HATPYy30K Ha KOHCTPYKIIHIO, (paKTqucKoﬁ IIPOYHOCTH Ma-
TepHasa, ¢GaKTHUECKOH IreOMeTPHH CopTraMeHTa, OJsarogapst BeIOOpPY OIl-
THMAaJIbHOH BEJIHYHHBI HA/1CKHOCTH.

Hpu neficteuu aunaMyueckux (BHOPAIMOHHBIX) BHEHNIHHX Harpy30K
KOpIyc HeOOXOZMMO DacCMaTpHBATb KaK IepeJaTOuYHYI (YHKIHIO

JA OT JeHCTBYIOIIUX CHJ K HaNpsI:KeHHO-AedOPpMUPOBaHHOMY COCTO-
SHHIO KOHCTPYKUHH. MaJjas cHJa, OPHJIOKEHHAass B Pe30HAHC cOOCTBeH-
HBIM HacTOTAM KOHCTPYKIIHH, MOMKET pas3pyUHTb €e, B TO Ke Bpems
Gosibilass CHJIA, MPHJOKEHHAS YAAPHO, MOMKET OCTaBHThH KOHCprKHHIO
eJIoH.

Vamepenus nanpskeHHidl B KOHCTPYKUHH HPH JIETHBIX HCIILITAaHHAX
O3BOMAIOT OOOHTHCE 6e3 pacuera nepepaTouHoit ¢yaruuu Wy, |, oana-
KO INOCKOJBKY KOJHYECTBO T2KUX H3MEDPEHUH MaJio, TOCTOJLKY A
npoekTHpyemoro JIA ne ymaetcss usGexaTth pacuera Wana .

PacnpocTpaneHHi0 METOAOB BEPOATHOCTHOH INPOYHOCTH He CIOCOG-
CTBYeT TO, UTO B CBO€ BpeMsi K KOHCTPYHPOBAHHIO pAaKeT NPHCTYIHJIH
HHIKEHEPHbl, B OCHOBHOM HMeOIIHe ONBIT pPaboThl B CaMOJIETOCTPOCHHH.
ITosTomy Hcmosb3yeMble Hpd pacdeTe HA IPOYHOCTb KOHCTPYKIHH ca-
MOJIETOB METOJbI CTAaTHUYECKOTO JeTepMHHH3Ma OblJIH TNepeHeCceHbl H
B KOHCTPYHpOBaHHe pakeT. ¥l He TOJbKO MeTONbl, HO Ma)Ke U HEeKOTO-
phle YCTaHOBHBIIHECS KOJHUECTBEHHBIE COOTHOIIeHHs. Tak, HanpuMep,
BeJIHUHHa Ko3bhuurenra 6e30MacHOCTH, IIPHHUMaeMas B CaMOJeTo-
CTPOEHHH, OblJIa IepeHeCceHa H B PAKCTOCTPOCHHE. : :
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Euwe B To Bpemsi, Korja KOHCTPYKTOp He OBL1 TBEPAO YBEpeH, moJe-
THT JIH CIIPOEKTHPOBAHHAA HM pakerta, GoJablllasg BeauunHa kKo3hdHUIH-
nueHra OeszormacHocTH Obl1a onpaBJaHa, TAK KAK YMEHbIIaJOCh YHCJO
OTKa30B NIPH CO3JAAaHHH PAKET, CBA3AHHBIX C NOJOMKOI KOHCTPYKIIHH.

Ilo Mepe mpuoGpereHus onbiTa NPOEKTHPOBAHHS H HOBHIUICHHS
KYJAbTYpPbl KOHCTPYHPOBAHHS CTaJI0O OYEBHAHLIM, UTO IepeTaXKeJeHHas
KOHCTDYKUHS, UMelollass Oonbluoli Ko dHuiuedT 6e30MaCHOCTH, HE SIB- -
JIAeTcss OCTOMHCTBOM JIA, Tak Kak yMmMeHblIaeT ero 3¢¢heKTHBHOCTS.
Crano HeOGXOAUMBIM YMEHBIIATb KO3(MDGHIMEHT 6e301aCHOCTH IIpH pac-
YeTe KOHCTPYKUHH Ha NpouHocTb A0 1,35 u gaxe 1,25.

YMmenblleHne KO3(duiuenta 6e30MaCHOCTH NPHBOIHT K YMEHblIIIe-
HHIO B3JIETHOH Macchl JIA npu TOi e MoJIe3HOH Harpyske, HO B TO Ke
BpeéMs YMCHbUIAaeT HaJeXHOCTb KOHCTPYKUHH. Ecau npu koaddpuimuen-
Te OesomacHocTH [==1,5 HAZEKHOCTb KOHCTPYKIHH NPEACTaBJSET YHC-
TO TEOPETHYECCKHII HHTEPEC, HACTOYIbKO OHA BeJIMKA 10 CpaBHEHHIO C Ha--
AeXKHOCThIO ApYrux 4acreil JIA (CHCTeMBbl yHpaBJeHHS, ABHTaTeNbHON
YCTAHOBKH H T. A.), TO npu Ko3(ddunuenrte GesomacuHoctu 1,25 Hamex-
HOCTb KOHCTPYKUHHM CTAHOBHTCS COM3MEPHMON C HAaJeXKHOCTBIO OCTaJb-
HBIX yacTeil paKeThHl. ‘

TloaBunacey HacTosiTenbHas HEOOGXOAHMOCTL PACCUHTHIBATH HaMeXK-
'HOCTb KOHCTPYKIIHH €elll¢ Ha CTajHH IPOEKTHPOBAHUS H KOHCTPYHPOBa-
HHf, KOrjJa HasHauaetrcss KO3(pdHuHeHT 6e30MacHOCTH, a TaKXKe 3aja-
BaTb ONTHMAJbHBIH KO3 (HIHEHT OEe30MaCHOCTH NPH NPOEKTHPOBAHHH
JIA Kax st Bceft KOHCTPYKUHH, TaK H JJS OTAEJbHLIX OTCEKOB KOPIY-.
ca ¥ 3JIEeMEeHTOB OTCEKOB.

© is pelleHus 3THX 3ajad CYLIECTBYIOT ABa MeTOJAa: pacieT HajexX-
HOCTH KOHCTPYKUHH Ha 3Taile NPOEKTHPOBAHHA H ONTHMH3alUHS KO3(-
®OHIHCHTOB 06€30MaCHOCTH NMPH MOMOLIM ONTHMH3ALHH HALEKHOCTH
KOHCTPYKIHH Ha 3Talle NPOeKTHPOBAaHUS. ,

DTH METOABI IPHMEHSIOT caeayiomuM obpasom. Ilepen pacueTom Ha
NPOYHOCTh ONPEAEC/AIOT ONTHMAJbHBIH K03¢hdulHeHT 6e30MacHOCTH
KaXJI0ro 3/JeMeHTa KOHCTPYKHHH HJM BCeH KOHCTPYKIHU cpa3y MO OI-
THMAaJIbHOH HAJEXKHOCTH KOHCTPYKUHMH. 3aTeM pacCYHTBIBAIOT KOHCT-
PYKUHIO HA OPOYHOCTb M HAXOAAT Te IapaMeTpPbl cOpTaMeHTa (TOJILH-
Hy JIHCTa, ILIOWAAL MOMEPEYHOro CeYeHHs NPOPHAST U T. A.), KOTOPbIe
ONpPENEJSIIOT NIPOYHOCTb KOHCTPYKIHHU. 3HAsT HOMHHAJbHBIE 3HaYeHUS

1apaMeTpoB COPTAMEHTa, ONPEAeJsIOT HX BCPOSITHOCTHLIE XapaKTepH-
CTHKH.

Ha sTame mpoekTHPOBaHHA YyXKe MOYXHO pacCYMTaTh HAJAEIKHOCTD
KOHCTPYKIUHH annapata. Eciau nonyueHHass HaJleKHOCTh COBNAafaeT IO
BeJIHYHMHE C ONTHMaJbHOHM, TO pacyeT 3aKaHYHBAIOT, B IPOTHBHOM CJY-
Yae H3MEHSIOT HapaMeTpPhl COPTaMeHTa H pacyeT IOBTOPSIOT.

1.2. TEPMUHOJIOTHS U OCHOBHBIE NOHSITHS
TEOPUM HAJLE)XHOCTHU

@_qdéofcuocrpfo Ha3bIBAETCA CBOHCTBO O0bEKTA BHINOJHATH 3aJaHHbIe
¢yHKIMH, cOXpaHsss BO BDEMEHH 3HAUEHMs YCTAHOBJEHHBIX 3KCIIyaTa-
LHOHHBIX ITOKa3aTeaeH B 3aJaHHBIX NpejesaX, COOTBETCTBYIOUIMX 3a-
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NaHHBIM peXHMAaM H YCJOBHSAM HCNOJb30BAHHSA, TEXHHUECKOTO OOCTYXKU-
BaHHsl, PEMOHTOB, XxpaHeHus u Tpancnoptuposanus (I'OCT 13377—75).

B cranmpapTe Bce TepMHUHBI U ONpeJEJACHHS JaHbl MPHMEHHTEJbHO K
TeXHHUYECKHM OOBEKTaM. ITog o6vekTOM MOHUMAETCA NPeAMeT OInpeje-
JIEHHOTO 11e/IeBOTO HAa3HAUEHHS, pacCMaTPHBAaeMbIHl B NEePHON IPOEKTH-
POBaHHSA, NMPOW3BOJACTBA, IKCIIyaTaUHH, HCCAENOBAHHH M HCILITAHHH
Ha pHage:kHocTb. OGBbekTaMy MOryT OBITb HU3JeJHSl, CHCTEMBI H HX 3Je- °
MEHTHI, B YaCTHOCTH, COODYXKEHHSs, YCTAHOBKH, yCTPOHCTBA, MAalIHHEI,
anmapathl, IpuOOPH ¥ HX YACTH, arperaThl H OTAe/bHbIE AETaJH.

DKcnnyaTtauusi 06beKTa H ero XpaHeHHe, KakK NMpPaBHJIO, CONPOBOK-
JAIOTCsl MOCTENMEeHHBIM YXYAIUeHHeM ero Kauectsa. ITosTomy HamekHOCTB
06BIYHO sBJsieTc yOmBatomed dyukrinel Bpemenu. Ilpasaa, npu Heko-
TOPBIX YCJOBHSX, KOrJa TEXHOJOTHUYCCKHH INpOLeCC H3rQTOBJCHHA HU3-
JeJIHg ellle He 3aBeplIeH HJH 0Tpa60TKa HE 3aKOHYEHa, HadeXKHOCThb
MOXKET 0Ka3aTbCs U Bospac'ralomeu dbyHKIIHeH BpeMeHH, HATIpuMe), AJs
XKene300eTOHHBIX H3JeJHUi Ha CTaAUH TBepJeHHs 6eToHa; 151 0OBeKTOB,
NoJABepraeMplX B MpOIlecce KCHNyaTallHd PEMOHTY HJIH YCHJIEHHIO; IJs
06'bEKTOB B IIpoliecce 3KCIePHUMEHTANAbHOH OTpabOTKH (Hampumep, JieT~
HBIX HcnelTaHuid JIA).

HapexHocTb siBAsieTCS KOMIJIEKCHBIM CBOWCTBOM, KOTOpPOE€ B 3aBH-
CHUMOCTH OT Ha3HaueHH§ OOGBEKTA U YCJOBHH €ro 3KCHJAyaTallHH MOIKeT
BKJIOYaTh 0€30TKAa3HOCTDb, /I0JTOBEUHOCTb, PEMOHTONPHIOAHOCTL H COX-
PaHSAEeMOCTb B OT/AEJbHOCTH HJH ONpeJieJIcHHOe cOUeTaHHe 3THX CBOHCTP
Kak 1Jis1 00'b€KTa, TaK H AJA €ro yacTei.

Jl1 KOHKPETHBIX OOBEKTOB U YCJOBHH HX SKCIIyaTallHU 3TH CBOH-
CTBa MOTYT HMETb Pa3JHYHYK OTHOCHTEJIbHYIO 3HaYHMOCTb. Hamnpumep,
JJIs1 HEKOTOPBLIX HEPEMOHTHPYEeMBIX OO'BEKTOB HAaJEXKHOCTb BK/JIIOUaeT B
cebsl, B OCHOBHOM, HX 6e30TKas3HoCTb. g peMOHTHPYeMBIX OGBEKTOB
OJHHM H3 BaXXHEHUIHX CBOHCTB, COCTABJSIIOIIUX HAAEXKHOCTb, MOXKET
SABJIATLCA PEMOHTOIIPUTOJHOCTD.

ITon 3KcnayaTanHOHHBIMH IIOKa3aTeJdsiMUH B ONpele/IeHHH HaleXHO-
CTH MOHHUMAIOTCS NOKa3aTeJy NPOH3BOIHTEJNBHOCTH, CKOPOCTH, pacxoja
SJEKTPOHEPrHH, TOMJHBA H T. 1. '

HagexxHocTh KOJHYECTBEHHO XapaKTEPH3VeTCsl NOKas3aTeJIIMH Ha-
nexuoctu. [lokaszarese HaleMHOCTU — 3TO KOJHYECTBEHHAs - XapakKTe-
PUCTHKA OJHOTO HJH HECKOJbKHX CBOMCTB, COCTAaBJAIOLIHUX HAJEXKHOCThb
o0beKTa.

[Toka3zaTenp HaAeXXHOCTH KOJHUYECTBEHHO XapaKTepH3YyeT, B KaKoOH
CTEelleHH KOHKPETHOMY OOBeKTYy MPHCYLIH ONpeleseHHBle CBOHCTBa,
0o6yCJIOBINBaIOIIHE €r0 HaleXKHOoCTh. IlokazaTenb HageXHOCTH MOXKeT
HMeTb pasMepHOCTb (HampHMep, HapaOOTKa Ha OTKa3) HJH He HMETh
ee (Hanmpumep, BepOATHOCTb 6e30TKa3HOH paboTHl). .

IIpu paccMoTpenHuu mokasartesieil HaJeXHOCTH CJedyeT pa3JHuYaTh:
HaUMEeHOBaHHe MoKa3aTend (HanmpuMmep, cpeaHasa HapaboTka [0 OTKa-
3a); YHCJEeHHOe 3HAayeHHe, KOTOPOE MOXKeT HU3MEHSITbCS B 3aBUCHMOCTH
OT YCJOBHH 3KcHJyaTaudu o0beKTa, CTaAHH €ro CO3JaHUA WM cyllle-
CTBOBaHHA; (POPMYJNHPOBKY NOKasaTeJsl, COAePKAIUYIO0 YKa3aHHsS O CIO-
cofax 3KCIepPHMEHTAJbHOTO HJH PACUETHOrO OlNpe/eJIEeHHs UHCJIeHHOTO
3HaueHus. MHorue nokasaTeJH HaAEKHOCTH SBJAAIOTCA MIapaMeTpaMH
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pacnpenesieHUs1 CAYyYaHHBIX BEJHUYHH (Hanpnmep, cpeaHsas HapaboTka
0 OTKa3a — IapaMeTp pacnpelelieHHsl CIyYaiHOH BeJHYHHBI, Ha3bIBa-
eMOH «HapaboTka 10 0TKasa»).

Pasnnyaior efHHUYHBIE H KOMIJIEKCHBIE MOKa3aTeJH Hane}KHOCTH

Edunuuneui nokasaress HalemHOCTU — 3TO MOKa3aTesb HaleXKHO-
CTH, OTHOCSIIIIHICS K OAHOMY H3 CBOHUCTB, COCTABJSIIOIIHX HAaAEKHOCTH
06 bexTa. Hanpumep, napa6oTka Ha oTKa3 (6e30TKa3HOCTb); raMma-
IIPOLUEHTHBIH CPOK CJAYKOHBI (,ELOJII‘OBG‘-IHOCTI)) cpelHnee BpeMsi BOCCTa-
HOBJIEHHS] (PEeMOHTONPHUTOAHOCTb); CPEeJHHH CPOK COXpaHsAeMOCTH (co-
XpaHAeMOCTb).

Komnaexcuolli nokazareas HAOEHHOCTU — 3TO NMOKA3aTesJb HameX-

HOCTH, OTHOCSIILIHACS K HECKOJbKHM CBOHCTBAM, COCTABJSIIOIIHM HAEK-
HOCTb OOBbeKTa. Tak HanpHMep, A8 BOCCTAHABJIHBAEMOTO O0'beKTA MPH-
MEHSETCA KOMIJIEKCHBIH MOKa3aTedb — KO3GdHUIHEHT TOTOBHOCTH, OIl-
penensembiii no opmyne Kr=1/(1+1:/tp), rne {x — cpeanee Bpems
BOCCTAHOBJIEHHsI, XapaKTepH3ylolulee¢ PeMOHTOIPHUIOAHOCTb; [y — Hapa-
60TKa Ha OTKas, XapakTepHayouas 6e30TKa3HOCTh.
*  Kpome kosddHuHeHTa TOTOBHOCTH, MOTYT NPHUMEHATHCH CJACAYIOIIHE
KOMIIJIEKCHBEIEe MOKa3aTeJqH HaNeXKHOCTH: KO3 (PHIHEHT TEeXHHUYECKOTO
HUCNIOJIL30BaHHA; KOY)DHULHEHT ONEPATHBHONH TOTOBHOCTH; CPeIHSISI CyM-
MapHast TPYAOEMKOCTb TEXHHUYECKOro OOCHyXKHUBAaHHA, yAeJbHASA CYM-
MapHasli TPYyLOeMKOCTh TeXHHUYeCKOro o0CayKUBaHHS;, CPeAHAsT CyMMap-
Hasi TPYAOEMKOCTb PEeMOHTOB; yAeJbHAas CyMMapHas TPYLOeMKOCTb pe-
MOHTOB; cpe/Hss1 CcyMMapHas CTOMMOCTb TEXHHYECKOro OOC/aYy:KHBaHUS,
yAe/bHasg CyMMapHasi CTOHMMOCTb TeXHHYECKOro oO6CaYy>KHBaHHS; Cpen-
HSIsi cyMMapHasi CTOUMMOCTb PEMOHTOB; yaeJbHAS CyMMapHas CTOHMOCTb
PEMOHTOB.

" BesoTkasHocTs — 31O CBOACTBO 0O6BEKTA HENPEepPLIBHO COXPAHATHL pa-

60TOCIOCOOHOCTEL B TeUeHHEe HEKOTOPOTro BpPeMeHH HJH HeKOTOPOH Hapa-
OOTKH.

CBOHCTBOM 6€30TKA3HOCTH 06'beKT obs1ajgaeT Kak B [I€PHOJA €ro Hc-
NOJIb30BaHHSA, TaK H B NEePHOALI XPaHEHHS U TPAHCHOPTHPOBAHHS.

Hepenko Hage:kHOCTh H3IEAUSA OTOXKIECTBJSAETCH C ero 0e30TKas-
'HOCTBIO. [y HM31eauil OAHOPA30BLIX U HCPEMOHTHPYEMBIX HUJH AJSI OT-
A€JbHBIX MCPHOAOB paboThl H3ACJIUH 6€30TKAa3HOCTb H HadeXKHOCTh TOXK-
NeCTBeHHBl (HanpHMep, AJA CTapPTOBaBIIEero OJHOPa30BOI0 HEPEMOHTH-
pyemoro JIA). das toro xe JIA, HaXOoAslIErOoCss Ha XpaHeHHH, 6e30T-
Ka3HOCTb He TOXKJIECTBEHHA HANEKHOCTH, a ABJSIETCS] JHIIbL OAHHM H3
CBOMCTB HaJAeXHOCTH, HApPSILY C JOJIIOBEUHOCTBHIO, PEMOHTOIIPHIOIHO-
CTbIO U COXPaHAEMOCTBIO.

[TokasaTenstMu Ge30TKA3HOCTH SIBJAAIOTCS BEPOATHOCThL Oe30TKAa3-
HOHIl paboThl, cpefHsiga HapaGoTKa A0 OTKa3a; UHTEHCHBHOCTh OTKAa30B;
ImapaMeTp NOTOKa OTKa30B; HapaOOTKa Ha OTKas.

BeposarHocTe 6e30TKA3HOI paboTbl. — BEPOSTHOCTb TOTO, YTO B Ipe-
JeJsiax 3a/laHHOH HapaOOTKH 0TKa3 00beKkTa He BO3HUKHET.

Cpednss napaborka 00 0TKA3a — MaTeMaTHYeCKoe OXHJlaHHe Ha-
pa6oTku 06bEKTa 10 MePBOro OTKasa.

Hurencugrnocrty 0TKA308 — YCJOBHAS IJIOTHOCTh BEPOSITHOCTH BO3-
HHKHOBEHHsSI OTKa3a HeBOCCTaHaBJHBaeMOro o0BeKTa, onpeaessaeMas
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AJs paccMaTpHBAeMOrO MOMEHTa BPeMEHH IPH YCJO8HH, YTO AJisA 3TOTO
MOMEHTa BPeMeHH OTKa3 He BO3HHK.

ITapamerp noroka 0TKa308 — NJOTHOCTH BepOHTHOCTH BO3HHKHO-
BE€HHs OTKa3a BOCCTaHaBJHBaeMoro oObekra, onpenesjseMast AJst pac-
CMaTPHBAeMOro MOMeHTa BPEeMEHH.

Hapaborkxa na orxa3d — oTHolleHHe HapaGOTKH BOCCTaHaBJIHBaeMoO-
0 00BEKTa K MaTeMaTHYECKOMY OXKHAHHIO YHCJA €ro OTKa3oB B Teye-’
HHUe 3TOH HapabOTKH. .

Paborocnocobroe cocroanue (PaGOTOCNOCQOHOCTh) — 3TO  COCTOSI-
HHe 00beKTa, IPH KOTOPOM OH CHOCOOEH BBLINMOJHATH 3ajaHHble GYHK-
LHH, COXpaHsas 3HAYCHHs 3aJaHHBIX NapaMeTpPOB B Tipejlejax, yCTaHOB-
JIEHHbIX HOPMAaTHBHO-TEXHHYECKOH JOKYMEeHTaLHeN.

AabrepHaTHBOH paboOTOCHOCOOHOTO COCTOSIHHA SIBJASIETCS HepaboTo-
crocobHoe cocrosHHe (HepabOTOCHOCOOHOCTh) — COCTOsiHHE OODbeKTa,
IPH KOTOPOM 3HauYeHHe XOTH Obl OJHOIO 3aJaHHOrO mapamMerpa, Xapak-
TEPH3YIONIEro CIOCOGHOCTDb BHIIOJHATDL 3aJaHHbie (PYHKIHH, He COOTBET-
cTByer Tp660BaHH$IM YCTaHOBJIEHHbIM HOPMaTHBHO-TEXHHUECKOH JIOKY-
MeHTallHeH.

Caenyer pasjaHyaTbh JABa cJuayuass HepabOTOCMOCOOHOIO COCTOSTHHUSA:
YCTPaHHUMOE COCTOsIHHEe HepabGoTOCIOCOOHOCTH H HEyCTPaHHMOE COCTO-
sinle HepaboTocnocobGHoCcTH. B mepBoM caydae paboTOCnOCO6HOCTL 00B-
€KTa MoxKeT OBITH BOCCTAHOBJIEHA BHIIIOJHEHHEM PEeMOHTHBIX paboT. Bo
BTOPOM cJlyuae BOCCTaHOBJeHHe paboTOCIOCOOHOCTH TeXHHYECKH HEeBO3-
MOXKHO HJIH 3KOHOMHYECKH HeleJecooOpasHo.

Kpome moustua paboTocnoco6HOCTH H. HepabOTOCHOCOGHOCTH B
I'OCTe BBeAeHbI IIOHATHSI UCITPABHOCTH H HEHCIIPABHOCTH.

Hcenpastioe cacroadue (HCIPpaBHOCTb) — COCTOsIHHE OObeKTa, IIPH
KOTOPOM OH COOTBETCTBYeT BceM TPeOOBAHHUSM, YCTAHOBJEHHBIM HOpDMa-
THBHO-TeXHHuYeCKOH mokymenrtanuel. HeHcnpaBHoe cocTosiHHe (HeHCI-
PaBHOCTb) — COCTOsIHHE 0OBEKTa, IPH KOTOPOM OH HEe COOTBETCTBYeT XO-
TSt 6Bl OJIHOMY H3 TpeOOBaHHI, YCTAaHOBJEHHLIX HOPMaTHBHO-TEXHHYE-
CKOH JOKyMeHTaluHuex. 7

ITonsiTHe «HCIIPaBHOCTh» IIHPE, YeM TOHATHE «paboTOCIIOCOGHOCTLY.
PaborocnocoOubiii 06beKT B OTJIMYHE OT HUCIOPABHOIU YIAOBJIETBODPSET
JHIIb TeM TpeOOBAaHHAM HOPMATHBHOH NOKYMEHTALHH, KOTOpHIEe obec-
[IeYUBAIOT ero HOopMaJibHOe (PYHKLUHOHHPDOBAHHE IIPH BBLINOJHEHHH 3a-
JaHHBIX (yHKUuH, IIpw 3TOM OH MOXKeT He YAOBJETBOPATb, HalpHMED,
Tpe6GOBaHHAM, OTHOCSIIIHMCS] TOJIBKO K BHellHeMY BUAY. Pa6GoTtocnoco6-
HBIH OOBEKT MOKeT OBITb HEeHCIPaBHBEIM, OJHAKO €ro HeUCHPaBHOCTH
IIPH 3TOM He HACTOJbKO CYMIECTBEHHBLI, 4TOOBl HapymaTb HOpPMaJibHOE
¢ YHKIHUOHHpPOBaHUEe O0BEKTA. -

Lonreoseyrnocrs — cBOHCTBO 00 bEKTa COXpaHHTb paboTocroco6HOCTD
JO HacCTYIJIEHHS NPEAEJbHOr0 COCTOSIHHSI IIPH YCTAHOBJIEHHOH CHCTeMe
TeXHHYECKOro 00CNAYXKUBAHUSI H PEMOHTOB.

IlokaszaTensiMu HOJATOBEUHOCTH SIBJASIIOTCA TraMMa-MPOUEHTHHIH pe-
CypcC; CpelIHMH pecypc; Ha3dHauyeHHBIH pecypce; CPeAHHH pecypc MexAay
cpeAHHMH (KaNHTaJbHBIMH) pPEeMOHTAMH; CPEAHHN PeCypC OO CIIHCAHHA,;
CpedHHA pecypc n0 cpeadero (KamHTaJbHOTO) DEMOHTAa; ramaa-mpo-
LEHTHHH CPOK CaYyXKObl; CpeAHHI CPOK CAYKOB MeXAYy CpeJHHMH (KanHu-
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TaJbHBIMH) PEMOHTAMH; CPeAHHH CPOK CJAYKOB N0 cpedHero (Kalu-
TAJIbHOI0) PEMOHTA; CPeJHHH CPOK CAYKObI OO0 CIHCAaHHSI.
lIpedenonoe cocrosnue — coctosinne o6bEKTa, INpH KOTOPOM €ero
JanbHeiias SKCOyaTanus AOJKHa GbiTb MPEKpallcHa H3-3a HeycTpa-
HHMOro HapyuleHHsi TpeGoBanuii 0€30MaCHOCTH, HJH HEYCTPAHHUMOIO
YXOla 3allaHHBIX ITapaMEeTPOB 3a YCTAHOBJIGHHBIE NpeE/eJB], HJIH HEeYyCT-
PAHHMOTO CHHIKCHHsSI 2 (PEKTHBHOCTH 3KCTIyaTallUH HHKe JOTYCTHMOH,
HJIM HeOOXOAHMOCTH NIPOBCAEHHST CPEJHEr0 UJIH KaNHTAJbHOTO PEMOHTA.
- Ilpuspaku (KpHTEpPHH) NpemesbHOro COCTOSHHS YCTaHABJHBAIOTCS
HOPMATHBO-TEXHHYECKOH JOKYMEHTAIlHeH Ha JaHHBIH 0OBEeKT.
HepemonTupyemplii 06b€KT JJOCTHFaCT HPENE/bHOIO COCTOSHHS npu
BO3HHKHOBEHHH OTKa3a WJU MPH JOCTHIKEHHH 3apaHee YCTAHOBJCHHOTO
IpeleJbHO A0NYyCTHMOTO 3HAYEHHUsS CPOKaA CJaYyKOHB HJH CcyMMapHOIX
nHapaborku. IlpesenbHo nonycTHMble 3HAUEHHS CPOKA CJAYIKOBL H Hapa-
OGOTKH yCcTanaBAHBAIOTCH H3 COOOpaKeHHH Ge30MacHOCTH 3KCIJyaTaluumy
B CBA3H ¢ HEOOPATHMBIM YXOJOM OCHOBHBIX IaPaMeTPOB 32 YCTAaHOBJIEH-
HbIH ONYCK H HeOOpaTHMBIM CHHKeHHeM 5(P(GeKTHBHOCTH 5KCIJayaTa-
LXK O0bEKTa HUIKe AOMYCTHMOH HJIH B CBA3H € YBEJHUCHHEM HHTEHCHB-
HOCTH OTKa30B, 3aKOHOMEPHBIM [Jisi 00'bEKTOB AaHHOTO THIIA TOCJAE yC-
TAaHOBJCHHOrO INepHojda 3KCINIyaTalHd. 3Ha4eHHs MNPEAeJbHOTO CPOKa
CIYXKOBI HJH HpefefbHOH CYMMapHOH HapaGOTKH HEPEeMOHTHPYEMBIX
OOBEKTOB MOTYT ONpE/e/sITbCsI PACUETHHIM METOJOM, SKCIePHMEeHTANb-
HO-CTAaTHCTHYECKHM HJIH COBMECTHBIM HCMOJIb30BAHHEM 3THX METOJOB.
st peMOHTHPYeMBIX OGBEKTOB INEepPeXoa B HpeAeJbHOe COCTOSHUE
ONpeie/sieTcs HAaCTYIJICHHeM MOMEHTa, KOrjaa AaJjbHefilllasi 3KcIJayaTa-
Ousl HeBO3MOXKHA HJIH HellesiecooOpa3Ha MO OJAHOH HJH HECKOJAbKHM U3
~NCAIEAYIOMHEX NPHYHH: CTAHOBUTCA HeBO3MOXKHBIM MOJAJACP KaHHe Ge30nac-
HOCTH, 6e30TKa3HOCTH MM 3D GHEeKTHBHOCTH 3KCIUIVATAMM OGBeKTa Ha
AOMyCTHMOM YPOBHC; B pe3yJ bTaTe H3HAILIMBAHHsI W (MJIH) CTapeHHS
OOBEeKT NpHIUEe] B TAKOe COCTOSIHHE, IIPH KOTOPOM DEMOHT TpeOyeT He-
AoNyCTHMO OOJbLLIMX 3aTpaT HJAH He obecneynBaeT HeOOXGIHMOH CTe-
[IeHH BOCCTaHOBJIeHHS PaboTOCNOCOOHOCTH H HCHPaBHOCTH.
PemorTonpueoOnocTs — cBOIICTBO 0O0'bEKTA, 3aKJI0UAIONIEECS B npH-
CNOCOOJIEHHOCTH K NPEAYNPEIK/ACHHUIO H OOHAPYXKEHHIO NPHUYHH BO3HHK-
HOBEHHsT ero OTKa30B, HOBPEXK/ASHHH U YCTPAHEHHIO HX IOCJEACTBHH ITy-
TEM IIPOBCIEHHSI PEMOHTOB M TeXHHYECKOTrO OGCAYKHBAaHUSI.
- TlokasarenrsiMH pPeMOHTONPHIOLHOCTH SIBJSIOTCS BEPOSATHOCThL BOC-
CTAHOBJIEHHS B 3aJlaHHOe BpeMs (BepPOSITHOCTh CBOEBPEMEHHOI0 BOCCTA-
HOBJIEHHS ), CpelHee BPeMs BOCCTAHOBJeHUsT. O6beKTh MOryT OLITb pe-
MOHTHpYeMble H HepeMOHTHPYEeMble, BOCCTAHABJHBAEMbIC H HEBOCCTA-
HaBJIHBaeMEbIe,

Penonrupyemoit 06sexT — 06bEKT, HCIPABHOCTb W paboTocmocos-
HOCTb KOTOPOI'O B cjyuyae BO3HHKHOBEHMSI OTKasa HJAH NOBPeXKAEHUS
NOJEXKHT BOCCTAHOBJACHHIO. HepemMonTUpyemblii. 06BEKT — OGBEKT, HCII-
PaBHOCTb H PabOTOCNOCOOHOCTh KOTOPOTO B CJyuae BO3HUKHOBEHHS OT-
Kasa HJIH IOBpeXKACHHA HE NOAJEXKHUT BOCCTAHOBJEHHUIO.

Boccranasausaemoiii 06veKT -— 3T0 OO'BEKT, paboToCcnoCcoOHOCTL KO-
TOpPOro B CJiyuae BO3HHKHOBEHHS OTKa3a HOMJEXKHT BOCCTAHOBJIEHHIO B
paccMaTpuBaeMoil cutyauuu. Hesoccranasauseaemoii 06BeKT — 06b-
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ekT, paboTOCIOCOGHOCTD KOTOPOro B Cayyae BO3HHKHOBEHHsI OTKasa He
MOJJIEKHT BOCCTAHOBJIEHHUIO B pacCMaTPHBAEMOH CHTYaLUH.

[1pu mocTaHOBKe W peliefdu 3ajad HaAEXKHOCTH, OCOGEHHO NPH BHI-
6ope mokKasaTejiell HalleKHOCTH OODbEKTa, CylleCTBeHHOe 3HAUYEHHe HMe-
eT peuleHHe, KOTOPOe J0JKHO ObITH IPHHATO B cjayuae OTKa3a o0'bekTa.

Ecau B paccMaTpuBaeMoO#l CHTyallMH BOCCTaHOBJIEHHe PaboTocnocob-
HOCTH JaHHOro 00be¢KTa B CJydae ero OTKasa 10 KaKHM-JHOO NMPHYH-
HaM NPH3HAETCH HeleJeco06pPas3HBIM HJIH HEOCYLIEeCTBHMBLIM, TO TaKOW
O6BEKT B AAHHOH CHTYallHH $IBJSIETCSI HEBOCCTaHaBJIUBaeMbIM. TakuM
0o6pa3oM, OJHH H TOT e OOEEKT B 3aBHCHMOCTH OT OCOGEHHOCTeH HJIH
3TANoB 3KCIyaTallHd MOXKET CUHTAThC BOCCTAHABJANBAaCMBIM HJH He-
BoccTaHaBauBaeMbiM. OAHAKO yaile BCero CBOHCTBO BOCCTaHaBJIHBaeMO-
cTH OOG'BEKTOB paccMaTpHBaeTcsi OAHO3HAUHO NMPHMEHUTEJIBHO KO BCEMY
IIepHOAY 3KCIyaTanud. Hanmpumep, OCBeTHTeJbHAsl JjiamIla NpakKTHue-
CKH BCerja HeBOCCTAHABJAUBAE€MbLId OODCKT, MeTaJIOPeXKYIIHH cTa-
HOK — BOCCTAHABJHBaeMBbIH. ’

TepMHHBI «HEBOCCTAHABJAHBAEMBIH OOBEKT» H «BOCCTaHABJHBAEMBII
O06BeKT» He 3aMeHSIOT COB0H MOHSITHSE «DPEMOHTHDYEMHIH OO6BeKT» H
«HEPEeMOHTHPYEMBI 00'bEKT», TAK KaK MOCJEAHHE XapPaKTePH3YIOT CBOM-
CTBa OO'BEKTOB (HMX NPHCIOCOOJEeHHOCTh K IPOBEAECHHIO pEMOHTOB H
TeXHUUYECKOTO OOCAYKHBAHUS), a NepBble OTHOCATCS K YC/JOBHAM BOC-
CTaHOBJICHHA PaboTOCNGCOGHOCTH OOBEKTOB B KOHKPETHOH CHTYallMH B
npoilecce 3KCOJyaTalMyd. B psijie caydyaeB 5TH IOHSATHS COBIIajaloT.
Hanpumep, HepeMoHTHPYeMBIfi 00beKT OCGBIYHO OJHOBPEMEHHO ABJISETCS
H HEBOCCTAHABJHBAaeMBIM, 4 PEMOHTHpPYeMbIH O0ObeKT MOXKHO paccMar-
PHUBATL KAaK HEBOCCTAHABJUBAEMBIHl MJIU KaK BOCCTAHABJHBAaEeMBIl B 3a-
BHCHMOCTH OT YCJOBHH 3KCIJyaTallHH. :

CoxpaxsemocTs — cBOHCTBO 06'b€KTAa HENPEPBIBHO COXPAaHATb HCI-
paBHoe u paboTocnoco6HOe COCTOSAHHE B TeUeHHE U MOCJEe XPAHEHHUS H
(unH) TpaHCHOPTHPOBAHHUSA.

ITokazaTessIMH COXPAHIEMOCTH SIBJAAIOTCA: FaMMa-MPOUEHTHHH CPOK
COXPaHSEMOCTH (CPOK COXPaHsSEeMOCTH, KOTOPHIH OyAEeT TOCTHTHYT 00b-
eKTOM ¢ 3aJaHHOH BePOSITHOCTbIO raMMa (y) NPOLEHTOB); CpefHUHl CPOK
COXPAaHSIEMOCTH (MaTeMaTHUeCKOe OXKHIAaHHe CPOKa COXPaHsAeMOCTH).

COXpaHsgeMOCTh 06'beKTa XapaKTepPU3yeT ero ClIocoOHOCTb NPOTHBO-
CTOSITL OTPHLATEJNbHOMY BJAHAHHIO YCJAOBHH XpaHEHHs W TPaHCIOPTHPO-
BaHus O6beKTa Ha ero Ge30TKa3HOCTb H AOJATroBeYHOCTh. Ilockoabky
pabora (meitcTBHE, IPUMEHEHHE, HENOCPEACTBEHHOE HCIOAb30BaHue 00%-
eKTa Mo HAa3HAUEHHIO) ABJISIETCS, €CTECTBEHHO, OCHOBHBIM B 3KCIIyaTa-
IUH 00beKTa, 0co0oe 3HAUeHHe HMCET BJIHAHHE XPaHEHHUs H TpPaHCHOD-
THPOBAHHA Ha NOCJAeAylolllee MOBeieHHe 00beKTa B pafoueM pexuMe.

IpomonkuTesbHOe XpaHeHHe H TPAHCIIOPTHPOBaHHE HHOrjJa He CKa-
3bIBaETCA 3aMETHO Ha NTOBeJeHUH O0O'beKTa BO BPEeMSA €ro HaXOXKIEHHUS B
3THX pexXKHUMaX, HO upH nocnenypomel padoTe NOKasaTeJH HaJEKHOCTH
TaKHX OOBEKTOB MOrLYT OKa3aTbCsl 3HAYHTEJbHO HHIKEe, YeM aHaJorHy-
Hbl¢ IIOKa3aTeJH ONHOTHIHBIX 00BEKTOB, HO He HAXOJAUIHXCH Ha XpaHe-
HHH U He NMOJABEPraBIIHXCSA TPAHCIOPTHPOBAHUIO.

Hanpumep, mocse npoadAKHUTCIbHOTO XPAHEHHSA XHMHYECKHX HC-
TOYHHKOB 3JEKTPHUYECKOTO TOKa (0aTapeH AJs KapMaHHBIX ¢oHaped H

21



T. II.) HX €MKOCTb, a CJeAOBaTeJbHO, U HapaboTKa OO0 OTKa3a CyllecT-
BEHHO YMEHbIIAIOTCsl, XOTSI BO BPeMsi XPAaHEHHSA BO3HHKAIOT OTKAa3hl
JUIIL OTHOCHTEJbHO Heb6O0Jblioro uHcsaa usaenuit. CoxpaHsaeMOCThb IIO-
JOOHBIX H3JeJHH OOBIUHO XapaKTEPH3YETCsI TAKHM CPOKOM HaXOXKJIEHH S
Ha XpaHEHHH B ONPEIAEJCHHBIX YCJ/JOBHAX, B TeUeHHE KOTOPOro YMeHbllle-
HHe cpelHeHd HapaBOTKH A0 OTKa3a, O0YCJOBJIEeHHOEe XpaHEeHHEM, Haxo-
JHUTCSI B JONYCTHMBIX Npeaeaax.

Takum 06paszom, CPOK COXPAHSAEMOCTH HEJIb35 OTOXKACCTBJAATE CO
CPOKOM BO3HHKHOBEHHSI OTKa3a BO BpeMsi XpaHeHud. [locneannit xapak-
TepHu3yeT noBeleHHe o0beKkTa (ero 6e30TKasHOCTb) TOJBKO BO BpeMs
XpaHEHHsI H He XapaKTepH3YyeT BJMSHHUSA XpaHeHHUsT Ha 6e30TKa3HOCThb
00BeKTa NPH nocaeaywolleil padore.

Cpok coxpaHsieMOCTH OINpeAe/fieT KaJeHIAaPHYIO IPOAOJKHTE b-
HOCTb XPaHEHHsI H TPaHCIOPTHpPOBaHHs OOBEKTa B 3aJaHHBIX YCJOBHSAX
C YYeTOM INPOBEIEHHsI HeOOXOAUMOro TeXHHUYECKOro oOCaAyKHBaHHUSA,
YCTaHOBJICHHOT'O B HOPMAaTHBHO-TeXHHYECKOH JOKYMEHTAllHH Ha OOBEKT.

Caeayer pasjnuaTe COXpaHseMOCTb 0OBEeKTa 10 BBOJIa B SKCILayaTa-
LIHIO ¥ COXPaHsEeMOCTb 00'b€KTa B MEPUOJ IKCIIyaTalUu (IIpH nepephl-
Bax B pa6ote). Bo BTOpOM ciayuae CPOK COXPaHsIeMOCTH BXOIHT COC-
TaBHOM 4YacCTbIO B CPOK CJYKOLI.

BaxXHocTb HaJeKHOCTH KaK XapaKTEPHUCTHKU KauecTBa He ocllapH-
PHBaeTCsA, HO BHeJApeHHEe ee B NMPAKTHKY BCTpeuaeT P 3aTPyJAHEHHH.
TpyanocTs BHeApeHHsI HAJEXHOCTH 3aKJIOUaeTCsd B TPYAHOCTH ee KO-
JHYeCTBEHHOro uamepenus. CraenayeT 3aMeTHTb, YTO ANPeoA0JeHHe TaKOoIl
TPYAHOCTH CONPOBOXKAAJIO BHeJpPEHHEe BCeX [APYTrHX, paHee OCBOEHHBIX
XapaKTepHCTHK KauecTBa. M3BecTHO, UTO MOJITOe BPeEMsI He YMEJH KO-
JIUUYECTBEHHO H3MEDPATh TOYHOCTb HU3TOTOBJEHHS M IOTOMY Ha uepTexKax
Oblyid HaanucH: «H3roroButh TOUHO», «HM3roTOBHTHL KakK MOXKHO OoJjee
TO4HO», [lo3nHee Hay4YHJIUCh H3MEPSITb TOUHOCTb KOJIHYECTBEHHO.

TpyAHOCTL H3MepeHHS HaAeXHOCTH BHI3BIBAaeTCA pPSIJAOM 06CTOMA-
TeJabeTB. HagexXHocTh — TeXHHYeCKasi XapakKTepPHCTHKA, AJs KOJH4Ye-
CTBEHHO# OLECHKH KOTOPOW KaxKABIH pa3 NMPUXOAHTCS ONpeaessiTb Habop
HauboJee MOAXOASIIHX NOKa3aTeaeH HaleXKHOCTH, YCTaHABJAUBAThL HPH-.
3HAKH, OMNpedesiTb KOHTPOJIHpYeMBble MapaMeTpbl, pabouHe YCJOBHS
U T. I ‘

HMaMepenne HageXKHOCTH He MOMKET OLITH OCYIUIECTBJIEHO OOBIYHBIMH
crnocof6aMH H3MepeHUs1 TeXHHUYeCKHX napamerpoB. Henbssi, Hanpumep,
NpeaJIOXUTs, Npubop, HA IIKaJle KOTOPOro MOXKHO Oblj0 6Bl NPOYHTATD
3HayYeHHe HU3MepsieMOH HAaJeXKHOCTH, MPHXOAHUTCH NPOBOAHTbL OO0JbHIOE
KOJIHUECTBO 3KCIEPHMEHTOB, YTOOBl MO UX AAHHBIM pacCUHTATb HaJeXK-
HocTh, Ilpu atom, yem GoJiblile 3KCHEPHUMCHTOB, TEM TOUHEE pacyeT Ha-
JeKHOCTH. [1oCKOMIbKY KOJIHUECTBO SKCIEPUMEHTOB BCerja KOHEYHO, TO
TOUHOCThp pacueTa HaJAEXHOCTH JaxKe IO 3KCONePUMEHTAJbHBIM AAaHHBIM
BCerja OTHOCHTeJbHa. 3TO IpeBpallaeT H3MepeHHe HAJAeXKHOCTH B Ipo-
MO3AKHI H LOPOrOCTOSLIHHA Npollece, KOTOPbIH MOXKHO BBHIIIOJHHUTD TOJIb-
KO TOrja, KOrja H3JeJjihue y:Ke U3rOTOBJICHO, UTO CHUIKaeT LEHHOCTb Hall-
JIGHHOTO TAaK 3HauYeHHs HAIeXKHOCTH.

ITporHosupoBanne HaJeKHOCTH, KOrja H3Je/HEe HaXOJAHTCA elle B
yepTtexkax, TpEOyeT HCXOAHBIX CTATHCTHUECKHX AaHHBIX. OQHAaKO B HacC-
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TosIlllee BPeMs TAKHM NPOTHO3HPYIOIIMM pacueTaM elle HelOCTaTOYHO
JIOBEPSIOT. . S
AKCNayaTanysi aBTOMAaTHUECKHX YCTPOHCTB BBIABHTAeT HaJdeXKHOCTbH
Ha OJIHO H3 MEpBBIX MecT CPelH XapaKTepPHCTHK KauecTBa oGbekTa. ITO
BCeJisieT HAAeX/y, YTO TPYAHOCTH, CBS3aHHBIE C POCTOM 3HAaYeHHHA Ha- .
JEeKHOCTH, OYAYT NpeooJeHbl. ' )

1.3. MOHSATHE OB OTKA3AX

OCHOBHBIM TMOHSITHEM TEOPHHU HAJCIKHOCTH SIBJSETCS NOHSATHE OTKa-
3a. QTKG3 — 5To cobbLITHe, 3aKJjroualouleecss B HapylleHHH paboTocmo-
co6HOCTH OObekTa. IlpH3naku (KPUTEPHH) OTKa30B yCcTaHaBJAHBAOTCA
HOPMATHBHO-TEXHHUECKOH AOKYMeHTallueH Ha NaHHBIH OOBEKT.

Kpome mousitust «otkas», 8 FOCT 13377—75 BBeleHO mNOHATHE
«IOBpexaeHue». [Togpesmdenue — 370 cOOBITHE, 3aKJIOUalOlIeeCs: B Ha-
pYIleHHH HCHPaBHOCTH O0G'beKTa HJIH €0 COCTaBHBIX YacTed BCJAEACTBHE
BJIMSHUS BHCIIHUX BO3JeHCTBUH, NpeBHIIAIOIIHX YPOBHH, YCTAaHOBJICH-
Hble B HOPMATHBHO-TEXHHUUECKOM JOKYMEHTAIUH Ha OOBEKT.

[ToBpexxaenyue MOXKeT OBITh CYLIIECTBEHHBIM, SIBJSISICH NMPHUYHHOH Ha-
pylLIeHHst paGOTOCHOCOGHOCTH, ¥ He CYLIIECTBEeHHBIM, IPH KOTOPOM pabo-
TOCIOCOGHOCTL OOBeKTa coxpaHsieTcss. HeKoTopbie He3HaYUTeJbHBIE
IOBPEXKAEHHS CO BpeMeHeM MOTYT IePeXOJHTh B KATCTOPHIO 3HAUHTRIIb-
ABIX H TEM CaMbIM INPHBOAHTb K OTKa3sy o6bexkta. HekoToprie oOTKa3wr
0OBEKTOB HE CBS3aHBI ¢ HX moBpeXaeHUsMH. Hanpumep, omnboynas
yCcTaHOBKAa ONEpPaTOPOM OPraHOB YNpABJeHHsT OOBEKTOM MOXKeT NMpHBe-
CTH- K HecpaGaTHBAHHIO B HYXXHLIFI MOMEHT ONpeJeseHHEIX YCTPOHCTB
(3kcnayatandoHHbH oTka3). OTKa3bl, NPUYMHOA BO3HHKHOBEHHS KO-
TOPBIX SIBJASIETCS HAPYIIEHHe YCTAHOBJEHHBIX NPAaBHJ H HOPM 3KCIJIY-
aTal¥H, IPH OLleHKe Ha/1eKHOCTH 00beKTa He YIHThIBAIOTCH.

[IpMMeHHTEeNbHO K OTKA3y M MOBPEXIACHHUIO PAacCMATPHBAIOT KPHTe-
pHil, TIPUUUHY, NPU3HAKH ([IPOABJIEHHA), XapakKrep U NOC/eACTBHA.

PafotocrnocobHoe coctosinie 00beKTa ONpeiessieTcsl mepeyHeM 3a-
JIAHHBIX MapaMeTPoB M AOMYCTHMBIMA IpeJeJaMH HX H3MEeHeHHS — KO-
nyckamu. Hapyulenre pa60oTocnoco6HOr0 COCTOSIHHA Ha3biBaeTCs BLIXO-
JA0M XOTs GBI OLHOIO 3aJaHHOIO MapaMeTpa 3a YCTAHOBJEHHBLIH HOMYCK.
[TpM3HAKH, O3BOJSIOIHE YCTAHOBUTh (DAKT HapylleHHs paborocnocob-
HOTO' COCTOSTHHSA, SIBJSIOTCA Kpurepuamuy orxaada. Kpurepnu orkasa yka-
3LIBAIOTCS B HOPMAaTHBHO-TEXHHYECKOH JNOKYMEHTAalHH Ha OOBEKT.

Hpuuunamu 0TKA308 OGBEKTOB MOTYT OHLITh nedeKTH, AONYLICHHBIE
NMPH-~KOHCTPYHPOBAHHUH, IIPOH3BOJICTEE H PEMOHTAX, HapylIeHHe NPaBHII
H HOPM 3KCIJIyaTallHH, PasJiHUHOrO POJia NOBPEXJCHHS, a TaKXKe ec-
TeCTBCHHBIE NMPOIECCHl H3HAIUIHBAHUS H CTapenus.

ITpusnaxkamu orkasa (NOBpPeXAEHHA) SIBAAIOTCA HENOCPEACTBEHHBIC
WJH KOCBEHHBIE BO3IelCTBHSI Ha OPraHbl YyBCTB Hab/101aTeasl ABJEHUH,
XxapaKTepHHIX JAJs HepaGOoTOCIOCOGHOro COCTOSIHHSE O0beKTa HJM Npo-
11eCCOB, ¢ HHM CBsi3aHHBbIX. Hanpumep, H3MeHeHHE TMOKa3aTeJseld KOHT-
POJILHOTO YCTPOHCTBA, BO3HHKHOBEHHE OIpeleJeHHBIX HIyMOB (CTyKa)
npu paboTe ABUrareasa U T. I
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Xapaxrepom orsa3a (NOBPEXKAEHHS) SIBJSIOTCH KOHKPETHbIE H3Me-
HeHHs1 B 00beKTe, CBsi3aHHbIE C BO3HHKHOBEHHEM OTKa3a (NoBpexjae-
Hus). Hanpumep, o6peiB npoBoaa, AepopMalis AeTaJH H T. 1.

K nocaedersuam orxkasa (IOBpeXIEHHsI) OTHOCSTCA ABJIEHHS, NPoO-
1ecchl ¥ COOBLITHS, BO3HHKIIHE NOCJAe OTKa3a (MOBPeXAEHHs) H B HeENo-
CPEJCTBEHHOH MPHUYHHHOM CBsi3H ¢ HuM. Hanpumep, ocraHOBKa ABHra-
TeJst 1 T. 4. HekoTopble MOCAEACTBHS OTKasa (NOBPEXKIEHHSI) MOTYT
CJOYXKHTb U €ro NpH3HaKaMH.

B 'OCT 13377—75 npuBeieHBl HAUMEHOBAHHA OTKAa30B, NpeACTaB-
JeHHble Ha cxeme puc. 1.b. Ha cxeme ykasaHbl Ha3BaHHS U APYTHX OT-
ka3oB, ne npuBeicunnx B [OCTe. Haumenosanue otkazos no 'OCTy
o6o3Haueno Ha cxeme . cqaosom ['OCT. Haaum onpeaeneHHsi OTKa30B,
NpeACTaBJIEHHbIX Ha cXeMe. |

BresanHoyj 0IKG3 — 5TO OTKa3, XapaKTEPHUIYIOUIHUCA CKaykoob-
06pa3HbLIM H3MeHeHHeM OJHOIO HJIH HeCKOJbKHX 3a/laHHBLIX ITapaMeTpoB.
o0BeKTa. -

ITocrenenroli oTKA3 XapaKTepHU3YeTCs IOCTCNCHHBIM H3MEHEHHEM
ONHOI'0 HJIH HECKOJIbKUX 3a/JaHHBIX IapaMeTpoB 00beKTa; BHE3aNHOMY
OTKa3y Takoe M3MeHeHHe NMapaMeTpa MPaKTHYECKH He IpelllecTBYyeT.

IMTocreneHHbIi OTKa3 sABJAAeTCS HeH30eXKHBLIM, 3aKOHOMEpHBIM pe-
3yJbTATOM H3HOCA H CTapeHHs JI000ro H3Aesdsi, H II03TOMY PaHO HJH
IO3JHO OH AOJKeH 00s3aTeJbHO MPOH30HUTH, T. €. €f0 BePOSATHOCTb paB-
Ha enunuie. CieqoBaTe ] bHO, TOCTENIEHHBIH OTKA3 yXKe HeJIb3s paccMar-
pPHBATb Kak cJayualiHoe cobbiTHe. OHAKO €CJH MOCTENEHHBIH OTKa3 He
ABJAETCA CAydaliHbiM cOOBITHEM, TO BPeMsI HaCTYIIJIEHHSI TAKOrO OTKasa
H CPOK CaYKObl H3[eaus N0 NOCTEINEHHOTO OTKa3a ABJSAITCA ciayyaii-
HBIMH BeJHYHHaMH, [I09TOMY NOCTENeHHble OTKa3bl ABJSIOTCSI KaTeropH-
SIMH BEPOSITHOCTHBIMH. '

Ecap K paccMQTPeHHIO OTKAa30B NOAXOAHTb MCXOJs M3 BPeMeHH HX
BO3HHKHOBEHHH, TO 4acTo 6biBaer yaA00HO ACJHTb OTKa3bl Ha TPH BHAA:
npHpaBoTOUHbIE, B NepHOA HOPMAaJbHON paboThl H H3HOCOBHIE. Taxkoe
AeNieHHe COOTBETCTBYET TpPeM SIBHO BBbIPaKeHHBIM. NepHoaam paboThl
KaXKJ10ro H3AeJaHd. :

ITpupaboTounbie OTKa3bl, XapaKTepHble JAJA MepBOro nepuoga pabo-
ThI, OOYCJIOBJEHEl HajJHuHeM Ae@eKTHBIX 3JeMEHTOB B H3[EJIHH, FpOoU-
HOCTb KOTOPHIX 3HAYHTEJAbHO HHKe TpeGyemoro ypoBus. Ecau B u3ane-
JHU HCHNOJAB3YeTCs] MHOrO CaMblX Pa3JIMUHBIX 3JIEMEHTOB, TO Jaxe HNpH
HX OYeHb TIaTeIbHOH OTOPAKOBKC He BcCerja yJAaeTcs HCKJIIOYHTb BO3-
MOJKHOCTb NOoNajanHsg B COOPKY 3J€MEeHTOB, HMEIOHIHX Te HJH HHbIe
CKPBITHIe NPOH3BOJACTBeHHble Ae(heKThl. IIpnunHOfl mMpHPabOTOYHHIX OT-
Ka30B MOTYT ObITb M OUIHGKHU, AONYIIeHHBIe IIPH COOPKe M MOHTaxe.
OmubKH MOHTaXKa BHISIBJAAIOTCA, KaK IIPaBU/O, B epsulil nepuod pabo-
TH H3feaus. HaxeXHocTb H3AeaUsT B HNepHOH NPHPAOOTKH NMOJNHOCTHIO
ONpeNessieTCs BEPOSATHOCTBIO OTKa30B JAedeKTHHX aaeMeHToB. C ynasne-
HHEM H 3aMeHOH KaxkA0ro AeGeKTHOro 3JeMeHTa HANeXXHOCTb H3JAEJHsH
nosoiiaercsa. Ho noka B u3genuu OyAeT OcTaBaTbesl XO0Ts OBl OKHH Ae-
(GEeKTHBIH 3/JeMeHT, HaJAeXXKHOCTh H3AeJHs He MOXKeT ObITb BhIllle HaleX-
HOCTH 3TOTO nocJeaHero ge@eKkTHOro 3JeMeHTa. :
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3a npHpabOTOUHLIM MEPHOAOM CJeLyeT NepHOX HOPMaJbHOH paboThl
H3J4eJHs], B TedeHHe KOTOPOro OTKa3bl SABJSIOTCS CJIEJICTBHEM BIE3all-
HBIX HEJAONYCTHMBIX KOHILEHTPAlUH# HArpy3oK Ha 3JIeMEHT HJH BHE3al-
HOIoO M3MEHEHHs KauecTBa CaMOro 3JjieMeHTa.

JJst KOHCTPYKUMH JIA TakHe OTKasbl sIBJASIOTCA CJAEJACTBHEM HeE
TOJIbKO MONafaHHs anmapaTta BO BpeMs IoJieTa B YCJIOBHs, HE Ipeay-
CMOTpPeHHBe AeTePMHUHHPOBAHHBIMH pacyeTaMH, HO H CJAeACTBHEM eC-
TEeCTBEHHOro pas6poca NMPOYHOCTHBIX CBOHCTB MaTepHa a KOHCTPYKIHH.

JII06ble U3/eNHA NOABEPKEHBl CO BpeMeHEM H3HOCY H CTApeHHIo, No-
CTENEHHO NPHUBOAAIINM K OTKa3y. BpeMms HacCTYIUIeHHs TaKOro OTKasa
(CPOK cary>K6bl H3MeJiHsi A0 H3HOCOBOI'O OTKasa) sBJSETCH cay4anHoOH
sesuuunoi. [Tog H3HOCOM IIOHMMAETCsl MeXaHMYECKHH, 2JCKTPUUECKHH,
XHUMHUUECKHH M3HOC U T. . Mexan#ueckuil H3HOC HaHboJee OUEBHIAEH H
CBSI3aH, KaK MPaBHJO, ¢ H3MEHEHHEM DasMepOoB H3JeJHH HJH COCTOfA-
HHEM HX MOBEPXHOCTH, HAKOIJIEHHEM OCTAaTOYHBIX AedopMauHil H T. .
D/IeKTPUUECKHI H3HOC CBsI3aH € IPOXOXKAEHHEM 3JEeKTPHUYECKOTO TOKa

H BO3HHKAMOIIHMH NPH 5TOM B H3AEJHH IJEKTPOXHMHUYECKHMH IIpOLEC-
caMH. ' ¢

Hezagucumbli. 0T£43 — 3TO OTKa3 3JEeMeHTa ‘06'beKTa, e O00yCa0B-
JIEHHEBIl MOBPEKAEHHEM HJIH OTKa3aMH JIDYTHX 3JIEMEHTOB OOBbeKTa.
3asucumeli 0TKA3 — OTKA3 3je¢MeHTa 0ObeKTa, OOYCJOB/IEHHHI MOB-
perKJeHneM HJIH OTKa30M APYToro sJjeMeHnTa O0beKTa.

C60ii — caMOyCTpaudOUIKACIT OTKa3, IPUBOASIINA K KDATKOBPCMEH-
HOMY HapylueHHio paborocnocoGHocTH. [lepemencaroujuica orkas —
MHOrOKpPaTHO BO3HHKAKIIHH cOOM ONHOTO H TOTO XKe XapakTepa. Ycroti-
4u8blL OTKA3 — 3TO OTKAa3, [JIs JHKBHAAUHH KOTOPOro Tpebyercst BMme-
1IATeJbCTBO U3BHE. DTO MOKeT OBITb 3aMeHa HJH PEeMOHT OTKa3aBLIero
3JIeMeHTa, BKJIOUeHHE De3ePBHOrO 3JeMeHTa HJH COCPeAOTOueHHe Ha
pe3epBHOM 3JeMeHTe BCeX (PYHKIHH, KOTOPble PaHbliC BBLINOJHAN H OT-
Ka3aBIUHH 3JeMEHT.

Kowncrpykyuonrelil oTKa3 — O0TKas, BOSHHKUIHH B pe3y/abTaTe HApY-
LICHHSi YCTAHOBJIEHHLIX NPaBHA H (MiM) HOPM KOHCTpyupoBanus. Ipu
HEOOXOAHUMOCTH KOHCTPYKIIHOHHBIE OTKa3bl JNEJIsIT Ha OTKa3bl, BO3HHK-
1I¥e H3-3a HAPYIIEHHS NPABAJI U (HJIH) HOPM KOHCTPYHPOBAHH:A OGBeK-
T4, H OTKA3bl, BO3HHUKIINE H3-3a HADYIUEHHS MPaBHJ U (HJIH) HOPM KOH-
CTPYHPOBaHHSI MOKYNHBIX 3JeMeHTOB (aeraJsei). I poussodcreenHslll
OTKA3 — TO OTKa3, BO3HHKUIHI B pe3y/bTaTe HAapPYUIEHHs YCTAHOBJECH-
HOrO Mpolecca H3rOTOBJEHHs HJAH peMoHTa oObekra. [IpoH3BoacTBeH-
HBle OTKa3bl TaKKe MOTYT OBITb pasjeJieHbl Ha OTKasbl, BO3HHKIINE
BCJECTBHE HapYIIeHHs NpoLecca H3rOTOBJEHHA OO0BeKTa, H OTKa3hi,
BO3HHKINKE BCJEACTBHe IIpollecca H3Ir'OTOBJECHHSI NMOKYIHBIX 3JIEMEHTOB
(meTaneft). JKCnAYATAYUOHHbLL OTKA3 — OTKa3, BO3HHUKIIHH B pe3yJb-
'TaTe HapyIIeHUs YCTAHOBJECHHBIX NPaBHJ U (HJM) YC/IOBHi KCIIyaTa-
IHH OObEeKTA. \ o,

PasfesieHde OTKa30R Ha KOHCTPYKIHOHHLIE, MPOU3BOJACTBEHHBIE H
SKCITYaTalHOHHBIe OGKIMHO MPOH3BOASAT C LEJNbI0 BLIACHEHHs CTalHH
cylliecTBOBaHHs 00'beKTa, HA KOTOPOH c/iefyeT NPOBECTH COOTBETCTBYIO-
IIHe MEPONpPHUATHS, YTOOB YCTPAHHUThL NPHYHHY OTKasa. ITpakTuyecKu
HMEIOT MECTO OTKa3bl, KOrJa NPHUYMHBI HX BOSHHKHOBEHHS HE MOTYT ObITh
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OTHECEeHB HH K OJHOMY M3 3THX 3Tanos. Hanmpumep, 0TKa3 KOMIJEXTY-
IOLIero 3JeMeHTa TNpH cO6aI0JeHHH BceX TpeGOBaHHU NPOEKTHPOBAHHSA,
NPOU3BOACTBA H 3KCIJyaTaluyH OO0beKTOB. Takue OTKasbl YYHTLIBAIOTCA
OTAEJbHO, YTOGH NMPUBJEYb BHEMAHHE MOCTABIIMKOB 3THX 3JEMEHTOB W
NMPHHSITH Mepbl II0° MOBBIIEHHIO HAJEXKHOCTH KOMnJIeK'rylome sJeMeH-
TOB.

B page cnyqaeB pH KJIaCCH(pHKaU,HH OTKa30B TPAMEHSIOT TepMH-"
HBI: CHCTEMATHYECKHH OTKa3, NOJHBIH OTKAa3, YaCTHYHBIH OTKa3. -

Iopa cuctemaruueckum 0TKA30M NOEUMAIOT MHOTOKPATHO NOBTOPSHIO-
muiicss 0TKa3, 00yCAOBACHHBH TleeKTaMH KOHCTPYKIHH OGbeKTa, Ha-
PYUIEHHEM NpOlEecca ero H3rOTOBJCHHA, HH3KHM KadyeCTBOM HCIOJbL3Y-
eMBIX MaTepHaJsoB H T. . IIpu noanQu OTKa3e wHaONOIaeTcs MOJHASA
notepsi paGoTocnOoCcOGHOCTH H3AeNHA. JacTuuHbid 0TKA3 — OTKa3, 1MOC-
Jle BO3BHHKHOBEHHs{ KOTOPOTO H3JeJjHe MOKET GHITh HCIONb30BAHO TIO
HAa3HAUEHHIO, HO ¢ MeHbilell 3(P(PeKTHBHOCTHIO.

UYacro Ha JIA cucTeMa yrpaBJeHHs He MOJHOCTbIO pe3epBHpPYeTCs, a
pe3epBUPYETCs TaK, YTO MPH BHIXOJe H3 CTPOsI KAKOro-TO 3JIeMeHTa CHC-
TE€Ma YIpaBJIeHHs NpojpoJ/KaeT paboTaTh, HO BHIpabaThHiBaeMble €10 na-
paMeTphl OTJAHYAIOTCS OT HOMHUHAJbBHBIX, CJAEJICTBHEM Yero sBJseTcHd,
HanpuMep, JIHIIb yBeJHYeHHe PacCeMBAaHHUs NpPH NONAJaHHH B LeJb, a
He mpekpallleHHe nosera JIA.

PaccMaTpuBas OTKashbl, CJAeAyeT pPa3/H4aTb OTKAa3 3JeMeHTa 00BbeK-
Ta U 0TKa3 o0bekTa B 1lesoM. [Ipu 3TOM BO3MOXKHEI cJy4YyaHu: OTKas3 3Je-
MEHTa OJHOBPEMEHHO O03HauaeT ¥ OTKa3 OObeKTa B LEJOM; OTKa3 age-
MEHTa He O3HadaeT OTKa3a oCbekxTa.

llapamerpureckum OTKQ3Q0M HA3LIBAIOT TAKOH OTKa3, NPH KOTOPOM
KaKOH-MHG0 MapaMerp BBIXOAHT 32 YCTAHOBJICHHBIH JAOTYCK.

1.4. METOJIbl PACYETA HAJIE)XHOCTH ¥ EE BHJIbI 47 - ¢

JLig KOoJKruecTBEHHON OIEHKH HaJeXXHOCTH NPHMEHSIOT pa3/iHuHblie
METO/Hl . pacuetTa HajgexHocTH (pHc. 1.6): mareMaTtHuyeckue (dopmadb-
Hble) MeTOMbl H MEeTOJbl, YUHTHIBAKOIIHe (HH3HYECKHE NMPHUYHHEI OTKAa30B.

Ilpu ucnosib30BaHHH MaTeMaTHUECKHX METOJOB pacyeTa HaJaexKHO-
CTH NPHHHMAIOT, YTO H3MEHEeHHe HAJAEXHOCTH HNONYHHAETCH HEKOTOPHIM
CTATHCTHYECKHM 3aKOHOMEPHOCTSM, KOTOPHE ONPEeAJHAITCS JHIIb IKC-
nepuMeHTaJbHO. IIpu 3TOM Hesb3st BHISICHHTL NPHUYMHBEL OTKA30B H OIpe-
NeJIUTh BO3MOXXHOCTH HX YCTPaHEHHs, UTO SIBJASIETCH HENOCTATKOM 3THX
metonoB. CYIIECTBYIOT JBa HanpaBJeHHsi MaTeMaTHYeCKHX = MEeTOIOB:
OJHO paccMaTpHBAaeT HaJeXXHOCTb KaK BPEMEeHHYIO KaTeropuioo (Hamaex-
HOCTb KaK KAueCTBO, pa3BepHyTOe BO BPeMeHH), APyroe — Kak BepOsiT-
HOCTb CJiy4aHHOTO cOOBITHSA. -

MaremMaTHYeCKHe METOABl NEPBOrC HalpPaBJEHHS NPHMEHSIIOT NpH
pacuere HaJe>XHOCTH pa,uuoa.nemponﬂoﬁ annaparyphsl, 3JeKTpOMEXaHH-
. YeCKHX arperartoB, aeTaJjiell Mall¥WH H ME€XaHH3MOB, paﬁoTocnocoﬁﬁocrb

KOTOPBIX THMHTHPYETCA H3HAIIHBAeMOCTbIO YacTeH.

MarTemaTHueckne MeTOAbl pacieTa HaJAeXKHOCTH H3JIOXKeHH B pabo-
TaxX TAaKHX BHAHBIX yuennX, Kak A. M. Bepr, H. I'. bpyesuny, B. B. TI'ne-
Aenko, B. U. Cudopos, B. C. CotckoB H ap.
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B stux pabotax nmosydyeHnl pe3yJbTaTbl, XOpPOLIO COBHajawliue ¢
SKCNEPHMEHTANBHBIMHY, DTO HaimpaBJeHHe TECODHH HaJCHHOCTH, HauaB-
miece 6ypHo pasBuBaTthes B 1950—1951 rr. B cBaA3H ¢ OLICTPHIM pa3BH-
THEM pakKeTHOH TeXHHKH, NPOAOJXKHTE/NbHOE BpeMs OblIC BeZyILIUM H
IPHHHMAJOCh 3a 3TAJOH BO MHOTHX 00JacTAX TEXHHKH, I'le HaYHHAJH
JUHTHIBATH HALEXKHOCTh.

Jpyroe HanpaBJjeHHe MaTeMaTHYeCKHX METOJOB pAacyeTa HaJeXKHO-
CTH NPUMEHHMO K MHPOYCTPOHCTBAM H YCTPOHCTBAM, CpabaTHBAIOIHM |
MT'HOBEHHO H OJHOKPATHO. B 3TOM cjydae IO CYIIECTBY HEBO3MOMKHO |
NPUMEHUTb BPEMEHHEIe XaPaKTePHCTHKH HAJAEXKHOCTH, U HAAEKHOCTb
onpejesisieTcss U3 SKCIEePHUMeHTa KaK BEPOATHOCTL peasIu3alHH caydali-
HOro cOOHITHS &.

CyliecTBYIOT Takxke JABa BHjia MeTOAOB, YUHTHIBAOIIHNX (GHIHUECKHUE
NPHYHHBEI OTKAa30B: OJIHO H3 HHUX PacCcMaTpPUBaeT HaNAEeXKHOCTb KakK Bepo-
ATHOCTHYIO NPOYHOCTb, ONEPHPYs CAYYaHHBIMHM BENTHWIHHAMH, APYyroe —

KaK BepOsITHOCTb HeBHIGpoOca cJayuyaiiHoro mpouecca (no:m) 3a 3ajau-
HHH YDPOBEHb.

Metozn pacuera HafeXHOCTH KaK BEPOSTHOCTHOH NMPOYHOCTH KOHCT-
pyKuuu Obln  paspaboran B 1926—1929 rr. H. ®. XounanospiM #
M. Maiiepom, Ho passusaJca caabo. Ilepebie paGoTel B 3TOM Hanpag-
JIEHHH He MOJYUHJAM LIHPOKOro oAoOpeHHd, He HAIUJAH T[pPUMEHEHHUA B
IPaKTHKe U HEe BHIUJH 3a I'PaHHIBI JUCKYCCHOHHOTO XapakTepa.

JInwp nocnenyowue paborsr H. C. Crpesenxkoro, A. P, Pzxkauunu-
na, SI. b. lllopa u Apyrux y4eHbIX CTa/jiH TMOCTENEHHO MPOKJIaAbiBATh
STOMY HANPaBJACHHIO NYThb B IPAKTHKY.

TlokasarteseM Hazne:XHOCTH B 5TOM METOJle pacyeTa SBJSETCS BEpo-:
SITHOCTh NpPEeBHIIUEHHS] HecyIleH CNOCOOHOCTH KOHCTPYKUMH Haj AeHcT-
BYWOUMIHMH Harpyskamu. M Hecylmlas cnoCOOHOCTh KOHCTPYKIIUH, U JeH-
CTBYIOILIHEe HArpys3kKy paccMaTPUBAIOTCS KaK CaAydYaHHble BeJHUHHHL.

McxopabiMu HaHHBIME AJI8 pacyeTa B JAHHOM CJAyuae fABJAAIOTCH TaK-
ZKe CTaTHCTHUYECKHe JaHHBle, HO He CaMHX- XapaKTepPHCTHK HaAC:KHOCTH,
a4 HPOYHOCTHBIX XapaKTEeDPUCTHK KOHCTPYKIHMOHHOTO Marepuana (o,
Go,2, Omm, £); reOMeTPHYECKHX NapaMeTpoB COPTaMeHTa (6, S), BHem-
HHMX HArpys3ok, AeHCTBYIOUIHX Ha KOHCTPYKIHIO (pacmmxaaromen CHJTBL

, IepepeanBapliell cHabl Q, Hsrﬁﬁammero MoMeHTa Mlyar, hpymm;e»
ro Mmomenta Myp). ,

MeTtonpl 3TOro HanpaBJeHHS YUHUTBIBAIOT NPHYHHBL, NPHBOASIIHE K)
OTKa3y KOHCTPYKTHBHBIX 2JIEMEHTOB, TAK KaK PacCMAaTPHBAKOTCS BHEIL-
HHUe Harpys3KH, JAeHCTBYIOUIHE HA KOHCTPYKIHIO, H HeCcylas criocof6HoCTh
KOHCTPYKIIHH, HO He YUYHTEIBAIOT (PAKTOP BPEMEHH, YTO CYKAeT IpaHH-
IIbl NPUMEHEHHsI 3TOr0 HANpaBJeHHS NPH pacdeTax HaAeXXKHOCTH.

- HauGonee obumuit MeTos TeOpHH HAACHKHOCTH, OCHOBAHHBIH Ha TeO-
puuM MHOXecTB, cozfan B. B. bonorunsim. Corjacro 31oMy Merony
_BBOJUTCS HEKOTOPOE IPOCTPAHCTBO KauecTBa cuctemsl V, obgacts fo-
AYCTHMBIX COCTOSIHHII cucTeMBbl Q¢ ¥ TpaexkTopus v (f) U3MeHEHHsS Kaue-
CTBa CHCTEMH BO BpeMeHH. Brixoag Tpaextopuu v(f) u3 obiactu aomny-
CTHMBIX COCTOSIHHH TPaKTyeTcsd KakK OTKa3 cHcreMul. IlepBas paBora B
3TOM Hanpasaenvn Owbia onyOJaukoBaHa B. B. Bosoruaeim B 1959 r.
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B pa6orax 1969 r. reopus H3nOXKeHa CHCTEMATHYECKH C Pa3JHYHBIMH
NpHMepaMHu ee npuMeHenus {4, 5]

XapaxkTepHCTHKAMH HaJeXKHOCTH KOHCTPYKUHH 110 5TOMY METORY SIB-
JSI€TCs BEPOATHOCTh HEBHIOPOCaA CJAYy4aiHOTO HOJsI HJAM Ipoliecca 3a 3a-
JaHHBIi ypoBeHb, [/ pacueTa HaAeXKHOCTH 31eCh TaKiKe HeOGXOXHMbi
HCXOJHBIe CTAaTHCTHYECKHE JaHHBlE, KacalollHecs mapaMeTpoB cCaydaii-

-

HadewHocrs
7o ﬁagy 70 npedensisim coc— Ao Gpyeam
oImKa3a TIIOAHUAM HOHCIIQYRGUL ApuUIHEKAM
- Tpoexmupobornas 7o npovHocmu | Cmpyrxmypras
{CxemHas) B
i Ex#al?azavemaﬂ o yecmouyubocmu AR |
HATEHHOCTTS
WIrenayamayuonsas fla  xecmrocmu - :
. crnyamagus : Mo pyrkyus —
Hipobaruro B
|, Hadewnocms < Mo yemanocmmiold |
venafexa . npoYHoCIIU
Hadexenocms o dnumensHod ]
- curmemsl - APCYHGCTTTU
. Yenobex— mawiurna
7o mon3yyecnry -
| Tepamempuyecras
o axycmuycexod . ||
TPO Y HOCTTIU
770 2epMmemuInacmuy _
70 mepMacmoULRICTIIY

-Puc. 1.7. Buanl HaaeKHOCTH

HBIX TOJeH WM cayualnpiX npouecos. IloayunTts Takue fauHbie H3 SKC-
NEPUMEHTOB HAMHOTO TPYAHee, 4eM HCXOAHbe NaHHBE /A MeTOAOB
pacyeTa HaJeKHOCTH KaK BEPOSATHOCTHOH IIPOYHOCTH.

OueBujHO, uTO NpH pacuere HAAEXKHOCTH PaITHUHBIX gacreft JIA
(cHcTeMBl ynpaBJiienusi, NHPOYCTPOHCTB, KOHCTPYKIHH KOpHyca M T. A.)
CJHeAyeT HCNONB30BATh TOT MEeTOJ, KOTODHIi HauboJsiee nNpHEMJeM IJs
pacueTos.

30



PassuThe HaleXXKHOCTH KaK HaYKH BLI3BAJIO NOSBJACHHE GOJBIIOrO
UHCJa TEPMHHOB B 3TOH 00JaCTH, MNOAYAC TI0-PA3HOMY - TPAKTYeMBIX
KaxXJAbIM aBTOPOM. UTOOB HCKJIOUHTb HEOJAHO3HAYHOCTh TPAKTOBKH He-
KOTOPHIX TEPMHHOB B 06JIaCTH BHAOB HAJEXKHOCTH, BBEJeM HEKOTOPHIC
[IOSICHEHHd, KacalollHecsi B OCHOBHOM HAaJAeXKHOCTH KOHCTPYKUHH JIA
(puc. 1.7). ‘

YacTo HaJeKHOCTb HA3HBAIOT IO BHAAM OTKAa30B: HaJeXHOCTb Npo-
€KTHPOBOUHAs, TEXHOJOrHYecKas, 3KCHJyaTallHOHHAf, <«HaACKHOCTb»
ue/0BeKa, HaJAeXKHOCTh CHCTEMBI «YEJOBEK — MaIlllHHa», IapaMeTpHye-
CKasl HaJeXHOCTb H T. .

HHorpa HafeXXHOCTL HMEHYIOT IO HAa3BaHHIO TeX IIpeeNbHBIX COC-
TOSIHHH, B KOTOPHIX MOKET HaXOAHThCA KOHCTPYKIHS: HAAEXKHOCTb MO
NPOYHOCTH, MO YCTOHYMBOCTH, MO KECTKOCTH, 1O YCTAJOCTHOH MPOUHO-
" CTH, [0 JJIATENbHOH NPOYHOCTH, IO INOJI3YUYECTH, 10 aKYCTHUECKOH IpOY-
HOCTH, IO TepMETHYHOCTH H T. 1. '

HHorna BCTPEYaIOTCs ¥ TaKHe TEPMHHBI: CTPYKTYpPHAas HaJleXXHOCTh,
IIOJIHAast HAJEXKHOCTh H T. .

Mwﬁ,mﬁg@mmmr Ha3blBaeTCA HAAEXKHOCTh, KOTOpas
OUpEAeIAETCS pacyeTom Ha dTane npoektupoBanust JIA. Ilpu pacuere
MPOCKTHPOBOUHOK HAJeXKHOCTH YYHTHIBAETCA (PH3HUECKAsi KapTHHA pa-
OOTEI KOHCTPYKIIWH, TEXHOJNOTHS €€ H3TOTOB/JICHHS, SKCUJAYATAILHS U T. a.,
HO JIHWIb B BHAC MOJeJe, 3aMeHsIIOHX PealibHLIC SIBACHHS IIPH pacue-
Tax. Pea/ipHbple SiBJIEHHS BCerja cJA0XKHee Moaesei.

aCTb CTATHCTHYECKHX KO3 (HIHEHTOB Ha 3Talle NPOEKTHPOBAHHS
[IPHXOLNHUTCST ONpele/isiTh II0 MaTepHajgaM NPeAbIAVIIHX AHAJOTCHUYHBIX
JIA. D10 HensbGexHO IPHBOAUT K OIHOKaM B pacueTax.

Heo6x0aMM0 0TMETHTD, UTO NPOEKTHPOBOUHYIO HALEHKHOCTD paccuu-
TLIBAIOT TOTAa, KOrAa JIA mpeacTaB/eH B OCHOBHOM B uYepTermKax.
B sTOM cayuae sqHuIL Ha OCHOBe TEOPHH, YUHTHIBAIOLIEH (PH3HUECKHE
IIDHYHHBI OTKA30B, MOXKHO Olpe/eJHTb MeTOABl pacueTa HaAeXHOCTH.
MHeHHe, uro Ge3 CTATHCTHYECKHX SKCIIEPHMEHTOB He MOMKET OBITH OII-
Pe€lc/ieHa HaAeXKHOCTb, CIPAaBEeAIUBO U B 3TOM caydae. M na arane npo-
€KTHPOBAHHS INOJb3YIOTCS CTATHCTHYECKHMH JaHHBIMH JJisl  pacueTa
- HaIe2KHOCTH, KOTOpbIe NMOJIYIeHH BHE CBSI3H C NPOEKTHPYEMBIM ammapa-

TOM. HCoosb3yloT cTaTHCTHYeCcKHe JNaHHBIE NPOUHOCTHHX CBOBCTB
KOHCTPYKIHOHHOTO MaTepHaJia, NIPAMEeHsIeMOro B IPOEKTHPYEMOM amnma-
paTe, reOMeTpUUCCKHX MapaMeTpOB CopTaMeHTa (JHCTOB, npodusnei,
TPY® ¥ T. A.), KOTOPHIH He 3aBHCHM OT KOHKPEeTHOro JIA, H3TOTOBJISIOT
Ha MeTaJuanoo6pabaTHBAIOIIMX 3aBoJaX  COTJIACHO NEeHACTBYIOUIUM
FOCTam. Ux caeayer Toabko nogo6paTh M IIPHMEHHTh B pacueTax.

Brewnne Harpysku ma KOHCTPYKLHIO, HEOGXOAHMDIE IJIsA pacuera
Ha1CKHOCTH, ONPEAC/AIOT U3 JETHBIX SKCIEPHMEHTOB MO NPeIblIYIIAM
PaKeTaM, U3 TEOPETHYECKHX PaCUETOB IO IPOEKTHPYEMOMY amnnapary.

ITpoexTpoBOUHYI0O HameKHOCTB PacCUHTBIBAET KOHCTPYKTOpP C TOH
CTEIICHLIO TOYHOCTH, KOTOPasi COOTBETCTBYET BCEM NPOEKTHPOBOYHBIM
pacueraM. IToBepounnift pacuer HaneKHOCTH KOHCTPYKLUHH MOIKET npo-
H3BOAUTH OpHraja HaJeXHOCTH; NOBEPOUYHLIH pacueT Ha IIDOYHOCTD
KOHCTDYKIHH NPOH3BOAUT OpHrajia NPOYHOCTH, a NPOEKTHPOBOUHBIH
PACHeT Ha NPOYHOCTb BBHINOJHSIET KOHCTPYKTOP OTCEKa HJIH arperara.
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Texnonoeuueckan HaderHOCTL OTAMYAETCS OT NPOEKTHPOBOUHOMH
TEM, 4TO 3/eCb YUYHTHIBAETCH PACXOXKIAECHHE PeaJbHOrO TEXHOJOTHUYECKO-
o npouecca OT 3aNJIaHHPOBAHHOIO, OTJHYHE PeaJbHBEIX BEPOSTHOCTHBIX
XapaKTePHCTHK COPTAMEHTA OT PACYETHHIX H PEAJbHBIX PA3MEpPOB 3Je-
MEHTOB OT 3aJaHHBLIX B UepTexKax H T. 1. '

Ilpu pacuete npoekTHpoBouHOl HaI€2KHOCTH 3TH OTJIHUHSA YUYHUTHIBA-
IOTCsI KaK TEOPETHYECKH, TaK U CTATHCTHUECKHM Ko3a¢hbHnuenToM, pac-
CUATAHHBIM 110 MPeABIAYIHM H3JeausM. Ecan Bce 3anmanupoBannoe
TPH NPOEKTHPOBAHHH BHINOJNHACTCS IPH H3TFOTOBJEHHH, TO TEXHOJIOTH-
HeCKasi HaJleXKHOCTb COBHAAAeT C IPOEKTHPOBOYHOM. ’

IKCNAYATAYUORHASL HAQEHHOCTS OTAHIACTCS H OT IIPOEKTHPOBOYHOM,
M OT TEXHOJIOHYECKOH, TaK KaK YCJOBHSA IKCIUIYaTalHH MOLYT He COB-
TAMATH C TeMH, KOTOPEle ObliH HNPHHATH IPH pacyeTe (IPHHUMAIOT, KaK
paBuJIO, HaHOOJee TsAXKeJbIC YCJIOBHs); KOHCTPYKIHS MOZKET rnoaBsep-
raTecs 10paboTKe, CPOKH XPaHEHHS MOTYT HE COOTBETCTBOBATH pacyer-
HBIM H T. 1. YCJOBHUS 5KCILIYaTAlUU OHPEReaSIOT IO AaHHbIM npeabay-
wux JIA mpu pacuerTe NpoeKTHPOBOUHOH HALeKHOCTH paccMaTtpHBaeMo-
ro annapara. Ho 6o7ee Tounble 1aHHBIE BO3MOXKHO NOJIYYHTD JIHUIb NPH
SKCMIyaTaluuu (XOTst GBI 4aCTHUYHO) HPOCKTHDPYEMOTrO H3eJHS.

«Hanexnoctby ue/oBeka MOXKHO IPENCTABHTD Kak BEPOSATHOCTD
6€301HGOUHBIX BHITOJHEHHIT HM (GYHKIHI B CHCTEMe «Ye0BeK—MalllH-
Ha». Kak Nokasaja NpakTHKa, MHOTO OTKa30B M3MeJHil CBH3AHO c
OIHOKAaMH YesoBeKa NpPH NOATOTOBKE K 3KCIIyaTallud H TIPH, caMofi
3KCIJyaTalyy.

Ilpu pacuere Ha1eXKHOCTH CHCTEMBI <UeNOBEK—MAIIHHAS HeoOXxoaHu-
MO yUHTBIBATH HE TOJIbKO HAJAEXKHOCTb KOHCTPYKIUHH, HO U OIIMGKH UeJo-
BEka Ipu NMOArOTOBKe M 3KCHJayarauuu JIA, npusogsmmue K OTKa3y
KOHCTpyKUUH. KosHuecTBO OmIHMGOK, AOMYCKAEMBIX YeJ0BEKOM, 3aBHCHT
OT CJIO’KHOCTH .KOHCTPYKUHH. Ha ouin6xu uesoBeka BAMSIOT Takke yc-
JIOBHsT SKCHTyaTalHH, KBaJU(pHKAIHA, TPDEHUPOBKA UeJ0BeKa U T. J.

Ilpu pacuere npoeKTUPOBOYHOH HAMEKHOCTH OWUHGKH 4yeJsI0BeKa
YIUTBIBAIOTCS HEKOTOPBIMH CTATHCTHYECKHMH KO3Gh(DHIIHEHTAMH MO npe-
ABIIYIMHUM H3IENUM, HO Haubo/1ee TOUHBIH YYeT MOXKET JaTh JHIIb KC-
mayaTtanusi (XoTst OBl 4aCTH) paccMaTPHBAEMBIX cepuiinbix JIA.

IlapameTpuueckor HadesHOCTbI0 HasLIBAeTCS Takas HaJeKHOCTb,
KOTOpasi CBsI3aHA C BLINOJHEHHEM YCJIOBHI MO KAKHM-1HE0 napamer-
PaM (yCKOpEHMIO, CKOPOCTH, YIJY, TOUHOCTH TONAAAHHS B IeJib, No npe-
BBIUECHUIO HATIPAKEHHI, PABHBIX IPEAe]Y [POMOPIHOHAJIbHOCTH, H T. I.).

BeposTHOCTs HapylIeHHs: repMETHUYHOCTH OTCEKOB npuBeJa K Tep-
MUHY «HAOEHHOCTH 1O 2ePMeTULHOCTIL. .

5mg$;ypuaﬂ (uau cxemuas) HaleKHOCTb €CTh HALEKHOCTb CHCTE-
MBI, COCTOSIIEell H3 3JEeMEHTOB, COedHHEHHBIX nocJaeJ0BaTeIbHO, mapaJ-
A€JbHO HJIH CMELIAHHO M 3aBHCHMbIX HJIH He3aBHCHMEIX MEXKIY coboH.

HMHoraa roBopsar o mouHOil HaZeKHOCTH, XOTSI MOHSTHE «9acTHYHas
HaJieKHOCTb» OTCYTCTBYeT. Iloa noanod nradexcnocrero monumaior Ha-
ACKHOCTL KOHCTPYKIHH, KOTOPasi MOXKET HAXOAHTbCS B PA3AHYHBEIX
[IPEJCJIbHBIX COCTOSIHHAIX. B 3TOM cayuae nmosHas HaleXHOCTD KOHCT-
PYKUHH siBJASeTCs (PYHKUMEH HaJeXKHOCTH KOHCTPYKIHH B KaMAOM
npenesbHOM COCTOSTHHH.



Faasa 2. HAZLE)XHOCTb ANINTAPATYPbI

2.1. HALE)XHOCTh 3JEMEHTOB, PABOTAIOIIHX
A0 NEPBOrO OTKA3A

IMosnakomumcs ¢ MeTOZaMH pacCyeTonB, B KOTOPBIX HAACXKHOCTL pac-

CMaTpHBaeTCd Kak KadecTBO, pa3BepHyToe BO BpeMmenH. Ilpm sTomM .

aAemMenTom HasoBeMm JaioGoe yCTpPOHCTBO, HaAEXKHOCTH KOTOPOro ompe-
JeJIsieTCsi He3aBHCHMO OT HaJeXHOCTH COCTaBJISIIOLIHX ero yacrted. D10
MOXeT OHTh H OJHH 3JEMEHT, U n:e.nblﬁ OJI0K anmapaTyphl, H Bech JeTa-
TeJIbHHIE angapar.

ITycts B MOMeBT f==0 37aeMeHT HauHHaeT paboTy, a B MOMEHT
t=T npoucxoinT ero orkas. Torna BpeMst T «KH3HU» JEMEHTaA ABJA-
eTCs cayyafiHoll BeJIMYHHOMN C 3aKOHOM paclpeae/eHHs

F(t)=P(T <%,

rae F() ~~(1)3,fm<m,mf pacnpejeseHHs BpPEMEHH OTKa3a (HHOTAa ee Ha-
3LIBAIOT BEPOSTHOCTBIO OTKa3a sJeMeHTa 40 MoMeHTa f); f(f) =F’ (1) —
NJIOTHOCTh pAaclIpefiesieHHs] BpeMeHH OTKa3a JJIeMEeHTa (HJIOTHOCTb Be-
POSITHOCTH OTKAa3a).

Baenem ¢yHKUUIO HaAeKHOCTH P(t)__le(t).__P(T>z‘) T. €. Be-
posaTHOCThL 6e30TKa3Ho# paboTk 3a BpeMma ¢ (puc. 2.1). dta obyukuna
HO3BOJAET PACCUHTATh BepOSTHOCTH Oe30TKa3HOH paboTH B Teuenie
3aJIJaHHOTO BPEeMEeHH HJIH ONpeJeJIHTh KOJHYeCTBO H3JedaHH, mnpopabo-
TaBIIHX HadHHoe BpeMsi G6e30TKa3HO. PYHKUHIO HAAENKHOCTH ONpemeis-
€M H3 3KCHEPHMEHTa, pe3yabTaThl KOToporo obpabartniBaeMm no ¢op-
MyJae

P* (t)= "._._.g )~ P2,

rae n(f) — uuCcA0 HEOTKa3aBIUUX 3JEMEHTOB K MOMEHTY BpeMeHH

- N — unci0 3/1eMEHTOB, NOCTaBJAEHHUBIX HA SKCIepPHMEHT; Py (£)— aKe-~
nepHMeHTaJibHas (cryneHuyartas) QYHKUHS HanexXHocTH; P(f) — nenpe-
PBHIBHAas (QYHKIMS HAJeXKHOCTH, OJYUEHHas CrJa)KHMBaHHEM 3KCHepH-
MEHTAaJbHOH (PYHKLHH (puc 2.2) u gaBaAOUIasgCa OQUEHKOH PyHKHHE Ha-
AEeXKHOCTH TeHepaJbHOi COBOKYITHOCTH.

Ilo dynRUNH HaneKHOCTH ONpejeseTcs BEPOSTHOCTD 6e30TKa3HOM
palboThl 3/1eMEeHTa, OAHAKO JUISl ONpeleJeHHs 9TOH (YHKUHH, moJyvae-
MOH M3 3KCIlepHMeHTa, Tpebylorcsi OosblliHe MaTepHaJbHBIC H BPEMEHs
Hble 3arpathl. IlosroMy uacto 0e30TKa3HOCTb XapaKTepH3yeTcs sHe
¢byHKUHell HageXXHOCTH P(f), a TAKHMH NOKAa3aTe/NsIMH, KaK  CPeAHAA
HapaboTKa o OTKa34a f.p, HHTEHCHBHOCTb OTKa30B A(f) H T. A. _

Cpenusa napa6oTka A0 OTKasa — MaTeMaTHYECKOE OXKHAAHHE Ha-
paboTKn o6meKTa 0 NepBOro OTKAa3a,

Cpensuss HapaloTKa 10 OTKasa npeacTaBisier coﬁou MaTeMaTHue-
CKO€ OXHJaHHEe CJHYUaHHOH BEJHYHHBI BpeMeHH — T «3KH3HH» 3JIeMeHTa
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BosbMeM uuTerpad (2.1) mo dactsam
f¢p=5 tf (t)dt=tF (£) | —§ F (¢)dt.
’ 0 0

IMoacrasum BMecTo F (£) ero sxauenue F (&) =1—P({)

tcp=t(1—P(t))l —j [1—P(#)] dt:tl —tP(t)I —gz|+g P (¢) dt.
0 4] 0 ] c 0

p’/_;,c ’ \p » =

AlE) TN | F(#) 7 Prt)

- pH(t) -
#(¢) |

/A | .

0 T g -

Puc. 2.1. @yHUKIHA HANLKHOCTH

Puc. 2.2. DxcriepuMeHTAALHOR
ompeaenenue GyHKUHN HA-

JeXHOCTH

IIpuBeneM momo6Hble WIEHBH M YUTEM, YTO HHTErpaJibl CXOASIIHECH,
nas kotopuix ZP (8)|o=0; Toraa

fep= § P (t) dt, (2.2)
T. €. cpeaHsia HapaGoTKa A0 OTKa3a reOMETPHYCCKH BBIpaxkaeTcs IJO-
‘1aAbl0, OTPAHHYEHHOH OCAMH KOOpPAHHAT H KpHuBO# P ().

O6siuno cpeaHIoi0 HapaGoOTKy A0 OTKasa ONPEAEJ AT H3 SKCIepH-
MeHTa mo dopmyJe '

cp'=

. b dfo ...+t
¢ 1T N ¢

N cpr -
. ] : - - -
rae fcp — SKCIEPHMEHTAJIbHOE 3HaueHHe cpeanefi HapabOTKH JO OT-
Ka3a; f{; — BpeMsa <«XH3HH» i-ro sneMeHTa; N — uHCJO paccMaTpHBae-
MbIX 3JI€eMEHTOB. ‘

HHTeHCHBHOCTBIO OTKa30B A(f) Ha3bIBaeTCs YCJOBHasA HJIOTHOCTDH
BepPOSTHOCTH BO3HHKHOBEHHS OTKa3a HeBOCCTAaHABJIHBACMOro o0BEKTA,

yipeAesasieMas JAJisl pACCMaTPUBAeMOro MOMeHTa BPEMEHH IIPH YCJIOBHH,
¥TO /IO 5TOr0 MOMEHTAa OTKa3 He BO3HHK [35].

ﬂ.‘l’ﬂ PEMOHTHPYEMOTO H3NCJAHS B KayecTBe IOKa3aTeJid HaACKHO-
‘TH HCOOJIL3YETCHA MapaMeTp NOTOKa OTKAa30B, T. €. MJIOTHOCTp BEPOAT-
‘AOCTH BO3HMKHOBEHHSI OTKa3a BOCCTaHaBJHBAeMOTro o0beKTa, onpeneJs-
eMasa AJisi paccMaTrpHBaeMoro MOMEHTa BPEMEHH.



BriBefeM 3aBHCHMOCTb MEXKJY HHTEHGHBHOCTBIO OTKa30B H (QYHK-
nHell HajexHOCTH. IlycTh 3jeMeHT npopaboran 6€30TKa3HO A0 MOMEH-
ta ¢ (puc. 2.3). ' .

OnpeaeanM BepOSITHOCTH-TOrO, UTO OH He OTKaXeT Ha YyuacTke (2,
t,). O6o3naunM 3Ty BepoaTHocTb uepe3 P (Z, ¢;). Ilycts A — cayuaiinoe
co6uITHe — 6e30TKasHas pabGora sAeMeHTa Ha orpeske (0, {); B —
cayuaiinoe coGbiTHe — Ge30TKa3Has paboTa na oTpeske (¢, #1). Toraa

P(t, t;)=P(B/A)=P(A N B)/P(A).

LA
A ,
A(t) :
A Y

T~ Y cal
0 .t & 7 0t
Puc. 2.3, K BHBONYy 3aBHCHMOCTH Puc. 2.4, MinrencuBHOCTD OT-
MeXJY HHTEeHCHBHOCTBIO OTKa30B H Kas3oB A(f) npH paBHOMEpPHOM

byHKIHER HaJeXKHOCTH 3aK0oHe PpacrpeaeseHda OTKa-
T o " 30B

Ho tak xak P(AN B)=P(!;) ecTb BepOSTHOCTb CJAYyYaHHOro cOGHI~
THs — 6e30TKa3Hoil paboThl Ha orpe3ke (0, ), TO

Pt t)=P(t)IP(8). 23y
BepoaTHOCTb OTKa3a Ha oTpeske (Z, f) '
F(t, t)y=1—P(, tp=1—28_LO L)

P . Rl O B
IMoaoxum 4 =t+Af, At —0; Toraa’
L PO —PE+A)_ P+ A)—P(t) At
Ft t4-a)= P(¢) o At P ()

P,

oy Mo =A)
roe ' | | (2.4)

A(t)=—P' ¢_ _[—F@W) __ f¢ _ () _ f@®
P() . 1 — F(£) 1—F (@) Py’

f
1—{ f(v)du
0

P’(t) — npousBofinass o BpeMeHH OT (DYHKUHH HaJeXHOCTH; o(Af) —
GbYHKIHS BTOPOTO MOPsSAKA MAaJOCTH OT Af. |
OueBHAHO, YTO HHTEHCHBHOCTb OTKAa30B fABJsieTcA PyHKnuesn Bpe<
MEHH. - ' ' :
Heb6xoaumo o6paTHTh BHHMAaHHe Ha caeaymouiee. BepostHoeTh 6e3-
OTKa3HOl pabGoThl Ha otpe3ke (f, {;) mpelacrasaset co0o# yCIOBHYIO Be-
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DOSITHOCTb TOTO, YTO 3JIEMEHT, He OTKa3aBwni Ha oTpeske (0, t), He OT-
- KaxeT u Ha oTpeske (f, f1). [loaTOMy 2Ta yCJIOBHAA BEPOATHOCTH H OII-
peneasiercss no ¢opmysae (2.3), T. €. KAK OTHOIICHHE MEHbIIEH BepOsAT-
HOCTH K OOJILIIIOH. .

Ilpu 3akone pacnpejejeHHsl OTKa30B 3JICMEHTOB f(t) [unun F(£)]
JIerKO ONpPeIeJHTh H MHTEHCHBHOCTb 0TKa3oB. Ilycrtb, HampuMep, 3akoH
pacnpefe/eHyss paBHOMEDHHIH, ¢ MapaMeTpaMH, YKa3aHHBIMH Ha pHC.
2.4. Torga no ¢popmyne (2.4)

¢ 0,1 0,1 -
)\(t): tf() = { _1_0’1;} *
. - l—gf(v)d('c) 1—(0,1d%
. ) 3

IMpu —~10 moayuyum h(t)—»oo.r

PF,ATF

. C 1
) . o F(t)

p A(t)

p(E)

_ f(t)

=)
M~
N
S
[y 2
3
c+y

Puc. 2.5. MaMenenue unrencusro-  Puc. 2.6. DKCIOHSHIHAALHLI 32KOH HaJAeXKHO-
CTH OTKAa30B A BO BpeMeHH { : CTH

Hcnoneays dopmyay (2.4), GYHKIHIO HaAeXKHOCTH MOXKHO BHIpa-
3UTb Yepe3 WHTEHCHBHOCTb OTKAa30B

P’ () +A(6) P =81 @) P )=0.

-

Ito maudpdepeHunasbHOEe YPABHEHHE € Pa3NEJSIOUIHMHCH MEPEMEHHBI-
MH, KOTOpO€ MOXHO 3allHcaTb B BHIE ‘

dP (t) _
PO ~+ i (2) dt=0,

orkyna - In P ()4 S A (¢) dt=c. T1pu HauaaLHLIX yeaosuax £==0, P (f)=1
peamanda ¢=0. Torxaa lnP(t)=—j'l () dt nm
: ¢
— } M=)d=
P(t):e—j MO e : . (2.5)

STO COOTHOLIEHHE HHOTJAAa HAa3bIBAlOT OCHOBHO# (hOPMYJIOH HaHdEeXKHOCTH.
Ouno gasasercs OCHOBOIIOJIarTalOIHM B MaTeMaTHUeCKOH TECOPHH HaACK-
HOCTH. .
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BepositTHocTh Ge30TKa3HOM paboThl Ha oTpe3dke (fi, f2) BblpaxaeTtcs
3aBHCHMOCTBIO

ty
— { a(e)at

P(.tls t2)=e o .
Enuunna H3MepeHHsl HHTEHCHBHOCTH OTKAa30B ONpENEJISAeTcs H3 CO-
OTHOIIEHHUS
. P ()] _ lu
XapakTepuctuka A(f) onpefmensiercas H3 3KkcnepuMenta. Ilycts

n(t) — uyHMcJI0 3JIEMEHTOB, He OTKa3aBIIHX K MoMenty {. Torma npu jpoc-
TaTOUHO MaJjoM Af H goctaTouHo 6oJbiiom N

A= 2O PO=PELA)  n(YN—n(E+A)N _
T Pw ALP (f) @)
| N
N
T Afn(f) =A ("f)’

rjae An —-UHCJO OTKa30B Ha OoTpe3Ke (f, t+Af).

CraTHcTHYeCKas OlleHKa HHTEHCHBHOCTH OTKa30B A* ({) paBua uucay
OTKa30B 3a €JHHHLY BPeMEHH, OTHECEHHOMY K YHCJY 3JIEMEHTOB, i€ OT-
Ka3aBIIHX K AaHHOMY MOMeHTy. BHA 3TOH XapaKTEepHCTHKH MOKa3aH
Ha puc. 2.5, rne I — nmepuon npupaboTky; /I — nepuox HopMasbHOH pa-
Sotol; 111 — nepuon crapedHs.

Hns BTOpOrO nmepuoja, MHOTHX M3JeJHH NPHHHMAIOT A(f) =A=
=const, Toraa

¢
-—g A(z)dx -
P(t)=e - =eTM, \ (2. 6)

OTO Tak HashHBacMbIH 3KCIIQHEHIHAJbHBLIH 3aKOH HaAEXHOCTH (pHC.

2.6), nojyuMBIIHK HauGoJbllee pacIHpoCTpaHeHHe OJaarogaps cBoel
npocrore. COracHO 3TOMY 3aKOHY

fy
— { Mx —IAf
e "2 P(ty)
P(t, ty=e " —e M= = ;
Ft)y=1—e™; f(t)=re {

(2.7)
P -t T
(e gyp—® | o1 _1
tcp_Se dt="— | =0——=—.
0 0. . )
— t . .. | .
Torna PiH)=e ‘. (2.8)

Ecau t<tep, T0 P(t) = 1—t/tcp, omnbra He nmpeBOCXOAUT /o (¢/tcp)2.
B racTosiee BpeMst MHHHMaJbHOe 3HaUeHHE HHTEHCHBHOCTH OTKA30B
JJis yCTPOUCTB HA MeUaTHHIX cXeMax Amim=10"12 1/u.
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DKCIOHEHIIHAJbHBIH 3aKOH HaJeXHOCTH o0JialaeT CAeAYIOIMHM BaxK-
HBIM CBOHCTBOM: BEPOSTHOCTH 6€30TKa3HOH paboTbl B JaHHOM HHTEp-
Base (f, f+7). He 3aBHCHT OT BPeMeHH NpeALIecTByiollell paGoTH £, a
3aBHCHT TOJbLKO OT HHTepBaja T. FIHBIMH CJOBaMH, €CJIH H3BECTHO, YTO
B JaHHLIH MOMEHT 3JeMEHT HCIpaBeH, TO OyAylliee ero NoBefAcHHE HE
3aBHCHT OT HPOULIOro. leCTBUTENBHO, BEPOATHOCTh Ge30TKa3HOH pa-
60TH B HHTepBaJe (f, {+T) i

_. P (¢t + —AME+7) e
P(t, t+1)= (P(t)")=“' ——=e.

-

TlosryueHHH pe3yJbTaT NPOTHBOPEYHT BBEACHHOMY IOHATHIO 06 us-
MEHEHHH Ha[eXXHOCTH O BpeMeHeM, HO TOJIbKO B TOM OTHOIUEHHH, HTO
He CYLeCTBYeT CTPOro 3KCIIOHEHIIHaJbHBIX 3aKOHOB HaJlCXKHOCTH. Ecnu
JKe MBI MOJeJHPYeM DeaJsibHbIIl 3aKOH H3MEHEHHH HaleXHOCTH ISKCHO-
HeHIHaJbHBIM (mpHuuMaem A (f) =const), To nosy4eHHbsle pe3yabTaTbr
SIBJASIIOTCST CTPOTHMH. ’

Ipu ucrnonp3oBanuu GYHKIHH HAJEXKHOCTH MOXHO CKa3aTh, YTO Ha-
npHMep, HaAeXKHOCTh CHCTeMBbl YIPaBJIEHHS XapPaKTEPU3YETCsT BEpOAT-
HOCTBIO 5e30TKa3HOil paGoTsl B TedeHHe 5 u, pasuo# 0,99. Ilpn nemous-
30BaHMH CpefHEH HapaGOTKH J0 OTKa3a MOXKHO CKa3aTb, YTO HaNeX-
HOCTbL CHCTEMBl YIIPaBJeHMs XapaKTepH3yeTcsi cpejuell HapabOTKOH AC
orkasa, pasuoi 100 u. Ilpu Hcnosb30BaHMHM HMHTEHCHBHOCTH OTKasOB
MOMKHO CKa3aTh, YTO HAJEXKHOCTb CHCTEMBI YNPaBJI€HHS XapaKTepH3Y-
eTcs MHTEHCHBHOCTBIO OTKa3oB, pasHo#i 0,01 u='. B aByx mocaeaHux
caydasix BooGlIle OTCYTCTBYeT Kakoe-JH60 sABHOE YIOMHHaHHE O BepO-
SATHOCTH 6e30TKa3Hoil pa6othl. OHO MOXKeT ObITb HaHACHO, eC/IH yKasa-
Ha (YHKIHS HaJeXHOCTH HJIH IOApa3yMeBaeTcsd, YTO OHA 3KCIIOHEHLH-

daJibHa.

2.2. COCTABJIEHHE ®YHKIHHU HAOEXHOCTH
HEBOCCTAHABJIUBAEMbBIX CACTEM

2.2.1. MeToabi CTPYKTYPHBIX CXeM

UacTo HaZeKHOCTh CHCTEMBl Ha3bBAWOT CTPYKTYpHOH (CXeMHOH,
(pyHKIHOHaAbHOH). [lon cucTemof NMOHHMAIOT Ji0Goe YCTPOHCTBO, COC-
Tosllee U3 4yacTed (2JeMeHTOB), HaJE€KHOCTh KOTOPHIX H3BECTHA. Ha-
JIE’KHOCTb CHCTEMBl PaCCYHTHIBAIOT MO (QYHKIHH HAaAEKHOCTH CHC-

TEMBHI. .

' Dynkyuel; HAOEHHOCTY CUCTeMbl HA3BIBAETCA aJIrOPUTM pacieTa Ko-
JHUYECTBEHHOro 3HAYEeHUsS HAJeKHOCTH CHCTEMBI O HAJEXKHOCTH 3Je-
MEHTOB. B ofmieM ciayyae (pyHKIHSA HaAEKHOCTH MOXKET YYHTHIBATbH Me-
TOJ| COeIHHEHHS. 2JIeMEHTOB, BO3MOXKHBIE BHALI OTKa30B 3JE€MEHTOB, 3a-
BHCHMOCTbL 3JIEMEHTOB MO HAJEXKHOCTH, MOCJEJ0BATEJBHOCTb OTKa3OB
3J1eMeHTOB, BpeMsl BO3HHKHOBEHHsI OTKa30B (pHC. 2.7). Ha puc. 2.7 npxn-
BeJeHB TAKMe H METOXbl COCTaBJeHHs QyHKuuu HajexuoctH. Crox-
HOCTb METOOB COCTABJIEHHSI YBEJHUHBAETCS IO Mepe YBEIHYEHHs 9HC-
Ja $aKTOpOB, 