METOAUYECKHUE PEKOMEHJALIMHA 110 U3YYEHUIO JUCHUIIVINHBI
|. MeToanueckne peKOMEeHIAMH M0 M3YYCHHUIO Pa3/1e10B JUCHUIIINHBI

1. OcHOBHBbIE NOHATHS U MOKA3aTEJU TEOPHUH HAIEKHOCTH
JlaHHBIN pa3zaen cocTaBiIsieT OCHOBY AMCHUIUIMHBI KaK HAyKy B II€JIOM, HAYMHAS C UCTOPHUS Pa3BUTHS
TEOPUU HAJIEKHOCTH, IMOITOMY TpeOyeT TIyOOKOro H3ydeHUs, OCBOCHHS OCHOBHBIX MOHSTHN
HAJIe)KHOCTH. J{J11 MOJHOIEHHOTO AaJIbHEUIIET0 YCBOCHUS OCHOB TEOPUHM HAJEKHOCTH HA JAHHOM
JTame BaXXHO TaKXKe OBJAACTh NpUEMaMU BBIYMCIICHHUS IOKa3aTesled s OIEHKH Oe30TKa3HOCTH,
TaKMMM KakK: [IOKa3aTeld JJIsl OLIEHKHM JIOJTOBEYHOCTH; IMOKA3aTeNlu ISl OLICHKH COXPaHsSEeMOCTH;
MOKa3aTeNu JIJIsl OLIEHKA PEMOHTOINPUTOIHOCTH; KOMIUIEKCHBIE MOKa3aTenu HajaexkHocTH. [lonyduenue
nH(popMaIuy 0 HaICKHOCTH MaliH. HopMupoBaHue nokasareneid HaJaeKHOCTH

2. MaremMaTn4ecKHe OCHOBbI HAIEKHOCTH
[Ipu m3ydeHun paszjena ciaeayeT oOpaTHTh BHUMAHWE HAa MAaTeMAaTHYECKUH ammapar ajis 00pabOTKu
CIIy4aiflHBIX BeNWYWH. V3ydeHWe TeMbl CIIy4ailHbIe BEJIMYUHBI HAIPABICHO Ha (OPMUPOBAHUS
HABBIKOB /711 0OpaOOTKU CllydalHBIX BEJIMYMH Pa3IMYHBIMH MpuéMamu U Meronamu. HeoOGxomaumo
OBJAQJIETh 3HAHUAMH O 3aKOHAX paCHpeACNieHUs BEJIMYMH: HOPMAJIbHOE paCIpe/IelICHUE;
SKCIIOHEHIIMAILHOE paclipe/ie]ieHne; pacipeaeneHue Beitdysia u yMeTh MpUMEeHsATh MaTeMaTH4YeCKHi
anmapar JJisl peIIeHHs] COOTBETCTBYIOIIUX 3a]1a4.

3. OcCHOBBI HAIEKHOCTH CJI0KHBIX CHCTEM
OcBoeHHE JTaHHOTO pa3jiefia B 3HAYMTEIHLHON CTEMEHU OINUPACTCS HAa 3HAHUS NPUEMOB U METOJOB
pacuera mnokasareieil HaaexxHocTu. Crenyer oOpaTUTh BHUMaHHE Ha KIACCU(PUKALUIO CIOXKHBIX
CHUCTEM, Ha CTPYKTYpy ¥ OCOOCHHOCTH pacdera HAJC)KHOCTH CIOXKHBIX CHCTEM, ITOCKOJIBKY
OTpeIeJICHUE TUIIA CUCTEMBI IIO3BOJISIET BBIOPATh METO/T €TI0 PEIICHHMS.

4. WN3HammMBaHMe W pa3pylleHUe
Pa3nen omnupaerca Ha 3HAaHUA OCHOB pa3pyLICHUs M HW3HAIIMBAaHUS KOHCTPYKLHM, B TOM YHCIE
Koppo3un. Heo6xoaumMo ymMeTh onpeaessiTh XapaKTepUCTUKHN W3HAIIMBAHUN, TPaBUIBLHO OMPEICTUTh
BU/JI U3HOCA U IPUMEHUTh COOTBETCTBYIOIINE MeTO bl 00pbObl. 3yueHue naHHOTO pa3/iesnia mo3BOJIAT
MPUMEHUTh MAaTeMAaTHMUYECKHI ammapar pacyeTa HaJeKHOCTH CHCTEMbl B 3aBUCHUMOCTH OT THMNA M
COCTOSTHUSI OOBEKTa HCCIENOBAaHHUS, UYTO B CBOIO OYepeIb IO3BOJIIET CBOECBPEMEHHO MPHUMEHHUTH
HEO0OXOIMMBIE MEPHI 10 YCTPAHECHUIO HETOJIAJIOK U YAYUIIUTh MOKa3aTeNH PaOOTHI.

5. TexHuyeckasi JMarHOCTHKA
B nanHOM pazzen nmpenctaBieHO U3YYEHUE PA3TUYHBIX COCTOSTHUE TEXHUYECKOTO 00bEKTa, METOIUKU
KOTOPOTO TIO3BOJISIOT OMPENEIUTh COCTOSTHUS TEXHUYECKOTO 00BEKTA B HACTOSIINI MOMEHT BPEMEHH,
JIaTh OIICHKY COCTOSIHUA B TpouuioM u Oynymiem. HeoOxoaumo oBiafeTh 3HAHUSAMH TEXHUYECKOTO
TUATHOCTHUPOBAHUS, HAYyUYUTHCS - yCTaHABIMBATh BHUABI U oObema pabor mo TO; — ompenensTh
OCTaTOYHBIE PECYPChl MAIIIMHBI U CTETIEHb €€ TOTOBHOCTH K BBITTOJTHEHUIO MEXaHU3UPOBAHHBIX padoT;
— OCYIIECTBISATH KOHTPOJIb Ka4ecTBa MPO(PHUIAKTUYECKUX Oorepanuii npu nposeaeHnu TO; — BBISBIATH
MPUYHMH U XapaKTep HEUCIPABHOCTEH, BO3HUKAIOIIUX B MPOIIECCE UCIIOIb30BAHMS MAIIUHBIL. | TaBHOM
3a/la4eil TEeXHUYECKOW UArHOCTUKU SBISETCS OMpeelieHHe TEXHMUYECKOTO COCTOSHUS O00BeKTa B
TpeOyeMbIif MOMEHT BPEMEHHU.

1. O6pa3oBaTe/ibHbIE TEXHOJIOTHHU

B coorBerctBun ¢ ®I'OC BO ¢ uensto ¢GOpMHpPOBAHUS KOMIETEHIUH, pa3BUTHS
npo(ecCHOHANBHBIX HABBIKOB, OOECIEUEHHUsI BBICOKOTO KadecTBa IOJATOTOBKU HCIOJIB3YIOTCS
CJIeAYIOIINE NHHOBAI[MOHHBIE 00pa30BaTeIbHbIE TEXHOJIOTHH:
1. UHdopmannoHHO-KOMMYHUKATUBHbIE TEXHOJIOTMH, IO3BOJISIIOIINE OBJIAJEBAaTh U OINEPUPOBATH
OOJBIIMM 3allacOM 3HAHUIM MyTEM CaMOCTOSATEIHOTO H3Yy4YEHMs JIMTEpaTypbl, IPUMEHEHHsS HOBBIX
MH(OPMALIMOHHBIX TEXHOJIOTWH, BKJIIOYas HCHOJIb30BaHUE TEXHUYECKHUX U BJIEKTPOHHBIX CPE/ICTB
NOJy4YeHUs: HHPOPMALIUH.



2. TIpobGneMHO-OpUEHTHUPOBAHHBIC TEXHOJOTHH, HAMpaBICHHBbIE HA (OPMUPOBAHME W PA3BUTHE
MPOOJIEMHOTO MBILIUICHUS, MBICIUTEIBHON AaKTUBHOCTH, CHOCOOHOCTH BHIETh U (OPMYIUPOBATH
PO0OJIEeMBbI, BEIOMPATh CPEACTBA JISI UX PELICHHUS.
3. JINYHOCTHO-OPHUEHTUPOBAHHBIE TEXHOJOTHUH, OOECIeUnBalolue B X0Ae y4eOHOro mpoiecca ydeT
pa3IMYHBIX CIMOCOOHOCTEH 00ydaeMbIX, CO3JaHHE HEOOXOAMMBIX YCIOBUW [UIsI Pa3BUTHS HX
MHAUBUAYAIIbHBIX CIOCOOHOCTEH, pa3BUTHE aKTUBHOCTH JINYHOCTH Y4eOHOM IpoI1iecce.
4. 3popoBbecOeperarwmue TEXHOJIOTHH, HAMpaBICHHBIE Ha O00ECleYeHHe YCIOBUW OOYYCHHS,
COXpaHSIOMIMX (PU3UYECKOE U MCUXOJOTHIECKOE 3I0POBhE 00YUaAIOUINXCS, TO3BOJISIOIINE PABHOMEPHO
pacmpeaensaTh OrKEeT BPEMEHH Ha Pa3InYHbIC BUBI 3aHATUH.

Jlia peanu3anuy yKa3aHHBIX TEXHOJIOTHI HCHOJB3YIOTCS CIEAYIONIUE COYETaHUS METOJOB U
dbopM opraHu3any 00yICHHUS:
- ICKIIMOHHO-CEMHHAPCKas CUCTEMa 00yUCHHUS;
- ”H(OPMAIIMOHHO KOMMYHHKAITIOHHBIE TEXHOJIOTUH;
- mpo6sieMHOe 00y4CHHE;
- pa3HOYPOBHEBOE O0yUYEHUE;
- HCCJIeIOBATEeNIbCKHE METO/IbI B O0yUYeHU N

[TporpamMma nucruruimHbl «OCHOBBI TEOPUU HAICKHOCTHY MPEAYCMATPHUBACT HCIIOH30BAHUE
AKTUBHBIX M MHTEPAKTUBHBIX (OPM IMPOBEICHUS 3aHITHIA B COUYETAHHM C WHAMBHAYaIbHON paboTOi
CTYIeHTOB. D(PPEKTUBHOCTD UX MPUMEHEHUS 00SCTICUNBACTCS PealTU3aluei CICYIOMNX YCIOBUN
- CO3J]aHKe TUATIOrOBOTO MPOCTPAHCTBA B OPraHU3AIMK Y4eOHOTO MPOIIecca;
- MCTIOJIb30BAHNE TIPUHIIAIIOB COIUATHHO-TICUXOJIOTHYECKOTO O0yUeHUs B y4COHOH JIeITeTbHOCTH

Meronsl ®opMbl OpraHu3aluu 00ydeHUs
Jlexunn [IpakTueckue CamocrosrenbHas paboTta
3aHATHS

IT-mMeTo 1B +
Metoap!l mpo6IeMHOTO 00yYEHHS + + +
Meroasl Pa3sHOYpPOBHEBOIO + +
oOyueHus

WNuuBuayansHoe o0yyeHue + +

IT-MmeToab1

OcHOBOW MOJAECPKKH Iporecca OOy4eHHMsl CIy)KaT COBpPEMEHHble HWH(OPMALMOHHbIE
TE€XHOJIOTMH, KOTOpbIE Jal0T BO3MOXKHOCTb HCIOJIb30BAaHUS PA3IMYHBIX (OpPM MPEICTaBICHUS
uHpOpMalnH, 00eCIeUnBaIOT JOCTYN K MUPOBBIM HH(POPMALIMOHHBIM PECypcaMm.

IT- TexHOTOTMM CIOCOOCTBYIOT Pa3BUTHIO TBOPUYECKUX CIIOCOOHOCTEN, BEIpAOOTKH HABBIKOB U YMEHHI
OpPraHU30BBIBATh CAMOCTOSITENIbHYIO pabOTy, OPUEHTUPOBATbCc B MH(OPMAIIMOHHOM IMPOCTPAHCTBE,
MOJIy4aTh ¥ aHAJIM3UPOBATh HEOOXOIUMYIO HH(OpMAITHTO.

IIpy w3yyeHUM NHUCLUUIUIMHBI  IPUMEHSAIOTCS CJIEAYIOLIME HaIlpaBJICHMsI MCIIOJIb30BaHUSA

MH(OPMALIMOHHBIX TEXHOJIOTH:

- UCTIOJIb30BAHUE B 00YUEHUH JIEKTPOHHBIX pecypcoB, mpenocraBisgeMeix HTh AT'TY;

- rectoBas cucrema «I[1O-rect» AI'TY, npeanasHaueHHast 1 MPOBEPKU U OLIEHKU 3HAHU;

- ucnonb3oBaHue caiitoB Math Beiciias marematuka. Pemenue 3amad u npumepos — online u Caift
Pemenne 3amau mo marematuke online U Jp., COCOOCTBYIOIIUMX OOYYEHHUIO W Pa3BUTHIO HABBIKOB
pELIeHNs] MPAKTUYECKUX 3aJaHHi.

Hcnonp3oBanne MHGOPMAIIMOHHBIX TEXHOJOTMH B 00pa3oBaHUM O00JIaJaeT  MOJIOKUTEIbHBIM
addekTom 3a CuéT:

- Oonpliel ajmanTanuu oOyyaromuxcs K YydeOHOMY MaTepuaily ¢ Y4€TOM MHJIMBUIYaJbHBIX
BO3MOKHOCTEH U CIIOCOOHOCTEN;

- BO3MOXXHOCTH BBIOOpa I 0OydaemMoro HamOoJiee MOAXOIAIIETO METO/Ja YCBOEHHUS YYEOHOTO
MaTepuana;



- peryiMpoBaHHE HMHTEHCHUBHOCTH OOYy4YeHHsS Ha pa3IMYHBIX JTamax Y4eOHOro Imporecca u
CaMOCTOSITEIIbHON PabOTHI;

- IOCTYI K 00pa3oBaTeIbHBIM PECypcaM BCEPOCCUHCKOTO U MEKIYHAPOIHOTO YPOBHS;

- IOJIZICPYKKA aKTUBHBIX METOJIOB 00yUECHUS,

- BO3MOHOCTh BbIOOpa (hOPMBI IPEICTABIICHUSI U3Y9aeMOT0 MaTepUaIa;

- Pa3BUTHE HAaBBIKOB CAMOCTOSITEILHOTO U3yUCHHUS U YTIITyOJICHUS 3HAHHA.

MeToabl NPO0JIEMHOT0 00yUeHUust

[Tox mpoGiemHBIM OOyYEeHHEM MOHMMAETCS CHUCTEMa HAydyHO OOOCHOBAaHHBIX METOJOB H
CpEeACTB, IPUMEHseEMasl B IIPOLIECCE PAa3BUBAIOLIET0 00Y4YEHUs, KOTOpasi MPEAINoaraeT co3JaHue moj
PYKOBOJCTBOM IPENOIaBaTENs IPOOJIEMHBIX CUTyalluil U aKTUBHYIO CAMOCTOSITEIIbHYIO JAESITEIbHOCTD
y4alluxcsl MO0 UX Pa3pelieHHI0 C LENbI0, B MEPBYI0 OYepelb, MHTEIUIEKTYyaJbHOIO U TBOPYECKOIO
PasBUTHS y4alluXcs, a TAaKKe OBJAJCHHS WMH 3HAaHUSMH, HAaBBIKAMH, YMEHHUSIMH U CIIOCOOaMU
no3Hanus. [IpoGineMHoe oOyueHre oOecrieunBaeT BO3MOKHOCTH TBOPYECKOTO Y4acTHsl 00y4aeMbIX B
npolecce OCBOCHHSI HOBBIX 3HaHUM, (POPMHpPOBAHUE IO3HABATEIBHBIX HWHTEPECOB U TBOPYECKOTO
MBILIIEHHS], BBICOKYIO CTEIIEHb OPraHMYHOI'O YCBOSHUS 3HAaHUM U MoTuBaK yuyamuxcs. [Ipobnemuoe
00y4eHHEe MOYXHO OTHECTHU K JINYHOCTHO-OPUEHTUPOBAHHBIM KOHLIEMIUAM, TaK KaK OHO IIPUMEHSIETCS
JUIS TOTO, YTOOBI Y CTY/IEHTOB Pa3BUBAJIOCh TBOPUECKOE MBILIUIEHUE, HHTEIEKT. OCHOBOM /sl 3TOrO
ABJIIETCS MOJEJIMPOBAHUE PEATbHOIO TBOPYECKOTO IIpolecca 3a CUET CO3JaHus MpoOIeMHON
CUTyallud W YOpPaBICHMUs IIOMCKOM pemieHuss npodiemsl. [Ipu 3TOM oco3HaHuWe, NpPUHATHE U
paspelieHrne 3TUX MPOOJIEMHBIX CUTYyallUH IPOUCXOAUT HPHU ONTUMAJIbHOM CaMOCTOSITENbHOCTH
yyalluxcs, HO TMOA OOLIMM HAaNpaBJAIOUIMM PYKOBOJCTBOM II€arora B XOJI€ COBMECTHOIO
B3aumozeiictBus. IlpoGiemMHoe 00yueHMe B NpPENoJaBaHUU AMCHUIUIMHA «OCHOBBI TEOpUU
HaJIeKHOCTU» MCIIOJIb3YeTCs, B OCHOBHOM, B MHIUBUAyaJbHON pabore co cryaeHTamu. COCTOUT B
IIOCTAaHOBKE y4eOHOW MpoOjemMbl, KaK TBOPYECKOW 3ajayM, MpeArojaraeT HU3ydeHUEe JIUTEepaTyphl,
BBIJIBUKEHUE CIIOCOOOB PELICHHUs 3a/1a4M KaK TMIIOTe3, PELICeHUE U IPAKTUYECKYIO MPOBEPKY TUIIOTE3,
CHOCcOOCTBYeT (hOPMHUPOBAHUIO HABBIKOB PAaOOTHI C JIUTEPATYPOU U HH(OPMAITHOHHBIMU UCTOYHUKAMH
JUIS CAaMOCTOSITENIbHOTO MOJyYeHUs 3HaHUH, pa3BUBAaET TBOPUECKUE CIIOCOOHOCTH.

[Ipo6nemHOe 00yueHue MOKET IPUMEHATHCS K OTACIbHBIM, IPEUMYIIIECTBEHHO TPAKTHYECKUM
3aHATHUSAM U 3aKJII0YAETCS B IOCTAHOBKE MPOOJIIEMHON CUTYaIlUH, pa3pelieHre KOTOpoi mpearnoiaraer
aKTHBHOE B3aMMoOjIelicTBHE OOydaeMbIX C MpernojaBareneM U Mexay coboil. Ilpu Takom oOydueHun
CYIIECTBEHHO  YCHJMBA€TCi  pOJb  CaMOCTOSITEIBHOIO  OOpa3oBaHMs,  HMHUIMATUBHOCTb.
CaMocTOATEIbHBIA TOUCK pElIEHUs MPOOJEMHONW CUTYallud pPa3BHBAE€T YYBCTBO OTBETCTBEHHOCTH,
MOBBIIIAET MOTHUBALIMIO yyamuxcsa. Kpome Toro, B mpouecce npo6ieMHOro o0y4deHus npemnoiaraercs,
YTO yyamuecs OyAyT CaMOCTOATENIbHO BbIOMpaTh W 00pabaThIBaTh CaMble pa3Hble HCTOYHUKU
uHpOpMalKHY, B TOM YHUCIIE U T€, C KOTOPBIMU OHM OyayT paboTaThk B MOCIEAYIOIIEM, U 00palarbes K
TUM HMCTOYHHMKAM WM MPUXOJIUTCS Yalle, YeM TeM, KTO O0y4yaeTcsl Mo TPaAUIMOHHOM MpOorpaMMe.
I'pynnoBasi opraHuszanus paOoThl ywamuxcs B Ipolecce HpoOJIeMHOro OOYy4deHHs MPHUBOJUT K
YKPEIUIEHUIO0 MEXJIMYHOCTHBIX OTHOILIEHHH, pa3BUBAaeT B3aUMOJIEHCTBUE B YU4E€OHOM MHUKPOCOIIMYME:
peleHre MpoOJEeMHBIX 3a]ad MPOU3BOAUTCS, Kak MNpPaBWIIO, B TPyHNax HEOOJBIIOrO U CPEIHEro
pa3mepa. B ciiydae mpuMeHeHHs TpyNIIOBOIO METO/ia MPOOJIEMHOT0 O0y4YeHusl, yJaliuecs MoIy4aroT
HaBBIKM KOJUIETHAJIBHOTO pelieHuss pabounmx mpobiem. UYUpesBblyailHO BaXHOM (yHKuMeEH
npo0ieMHOTO O00y4eHHs MOXKHO Ha3BaTh M TOBBIIIEHWE MOTHBaluu ydaumxcsa. I[IpoGiemHoe
o0yyeHHe XapakTepu3yeT TBOpUYECKas JESTEIbHOCTh YYalUXCs, CTYACHTBHI IOJIy4aroT OoJblie
BO3MOXKHOCTH CaMOpeaJIu30BaThcsl B Ipoliecce OOYy4eHHs, IMOCTOSHHAs IMOCTAaHOBKAa W peEIICHHE
npoOJeMHBIX 3aJau sBJsieTcs Oojee MpHeMIeMOl A MOoJIep KaHus HeoclabeBaolero HHTepeca u
AKTUBHOCTH YYal[UXCS.

MeToAbl KOHIIEHTPHMPOBAHHOTO 00y4YeHM S
[Tog mpoGnemMHBIM OOyYEeHHEM TOHHUMAETCS CHUCTeMa HAydYHO OOOCHOBAHHBIX METOJOB H
CPEIICTB, MPUMEHsIeMasi B MPOLIECCe Pa3BUBAIOLIETO OOyUYeHUs, KOTOpas MpeArnoaaraeT co3IaHue Mo
PYKOBOJICTBOM TIPETIOIaBaTENsl MPOOJIEMHBIX CUTYAIlMid M aKTUBHYIO CAMOCTOSITEIHbHYIO JEATEIbHOCTh
YUYAIIUXCS MO MX Pa3pelieHHI0 C LENbl0, B MEPBYIO OYEPE/lb, MHTEIIEKTYaJIbHOTO U TBOPYECKOTO



PasBUTHS y4alluXcs, a TAaKKe OBJAJCHHS WMH 3HAaHUSAMH, HaBBIKAMH, YMEHHUSIMH U CIOCOOaMHU
no3Hanus. [IpobnemMHoe o0yueHrne 0OecrieurBacT BO3MOYKHOCTH TBOPUYECKOTO Yy4acTHs 00y4aeMbIX B
npolecce OCBOCHHMS HOBBIX 3HaHUM, (OPMHpPOBAHHE IO3HABATEIBHBIX WHTEPECOB U TBOPYECKOTO
MBILIEHHS], BBICOKYIO CTEIIEHb OPraHUYHOI'O YCBOSHUS 3HaHUM U MoTUBauK yyamuxcs. [Ipobnemuoe
00y4eHHe MOXHO OTHECTH K JMYHOCTHO-OPHEHTUPOBAHHBIM KOHIICTILIMAM, TaK KaK OHO TMPUMEHSETCS
JUIS TOTO, YTOOBI Y CTYI€HTOB PAa3BUBAJIOCh TBOPUECKOE MBILUIEHUE, HHTEIUIEKT. OCHOBOH /JIs 3TOro
SBIISICTCS MOJEIHPOBAHME PEAJTbHOIO TBOPYECKOTO IpOIecca 3a CYeT CO3/JaHusl MpOoOJIeMHOMN
CUTyallUd W YIpPaBICHMUsI IOMCKOM peuleHus npoOiemsl. [Ipy 3TOM oco3HaHue, NpPUHATHE U
paspelIieHne STHUX TMPOOJIEMHBIX CUTYAllMid HPOMCXOJUT NPU ONTHMAIBHOH CaMOCTOSITEIbHOCTH
yyalluxcs, HO MOJA OOLIMM HAIpPaBJAOUIMM PYKOBOJICTBOM II€arora B XOJ€ COBMECTHOIO
B3auMmoseiictBusa. [IpoGiiemHoe o0O0ydeHue B MpenoAaBaHUM TUCHUIUIMHA «OCHOBBI TEOPUHU
HaJIeKHOCTU» MCIIONIb3YEeTCsA, B OCHOBHOM, B MHIUBHUAYaJbHON pabore co cryaeHTamu. COCTOUT B
MOCTAaHOBKE Y4eOHOH MpoOeMbl, Kak TBOPYECKOW 3afauyu, MpearojiaracT HM3y4eHHE JIUTEPaTypHl,
BBIJIBUKEHUE CIIOCOOOB PELICHHUs 3a/1a4l KaK MIIOTE3, PEIIeHUE U IPAKTUYECKYI0 IIPOBEPKY I'MIIOTE3,
croco0cTByeT (hOPMHUPOBAHHIO HABBIKOB PA0OTHI C TUTEPATYPOid M MHPOPMAITMOHHBIMU UCTOYHUKAMU
JUIS CAaMOCTOSITENIbHOTO MOJyYeHUs 3HaHUH, pa3BUBAaET TBOPUECKUE CIIOCOOHOCTH.

[TpobnemHOE 00y4YeHHE MOXKET MPUMEHSATHCS K OTACIBHBIM, IPEUMYIIECTBEHHO MPAKTHYECKIM
3aHATHUAM M 3aKII0YAETCs B IIOCTAHOBKE MPOOJIEMHOM CUTYalMH, pa3pelieHne KOTOpOH Mpearnoaraet
AaKTUBHOE B3aMMOJICHCTBHE O0yYaeMBIX C MperojaBaTeseM W Mexay coOoi. Ilpu Takom oOydeHun
CYLIECTBEHHO  YCHUJIMBAe€TCi  POJb  CaMOCTOSTEIBHOIO  OOpa3oBaHMs,  HMHUIMATUBHOCTb.
CaMoOCTOSITEebHBIN MOUCK PEHICHUsI MPOOJIEMHOW CHTYallMd pa3BUBAET YYBCTBO OTBETCTBEHHOCTH,
HOBBIIIAET MOTHUBALMIO yyamuxcsa. Kpome toro, B mpouecce npo6iieMHOro o0y4eHus npemnoiaraercs,
YTO ydammecss OyIyT CaMOCTOSITEIbHO BBIOMpaTh W 00padaTbBaTh CaMble pa3HbIE HCTOYHUKHU
uHpOpMaLKMY, B TOM YHUCIIE U T€, C KOTOPBIMU OHM OyayT paboTaThk B MOCIEAYIOIIEM, U 00palaTbes K
THM HCTOYHUKAM MM MPUXOJHUTCS Yalle, 9eM TeM, KTO 00ydaeTcsi 1O TPaJAWIUOHHOW IpOrpaMMe.
I'pynnoBas opraHuszanus paOoThl yyamuxcs B Ipolecce HpoOJIeMHOro OOy4YeHHs NPUBOJUT K
YKPEIUICHUIO0 MEXIMYHOCTHBIX OTHOIICHUH, Pa3BUBAET B3aUMOJICHCTBHE B yU€OHOM MHKPOCOIYME:
peleHre MpoOJeMHBIX 3a/ad MPOU3BOAUTCS, KaK IpPaBWIIO, B TpyHnax HEOOJBLUIOrO U CpPEeIHEro
pa3mepa. B ciyyae nmpuMeHEHUS TPYIIIOBOTO METOJa MPOOIEMHOT0 O0yUYEeHHsI, YJalIuecs: MOIyqdaroT
HaBBIKM KOJUIETHAJIBHOTO pelieHuss pabounmx npodbiem. UYUpesBblyailHO BaXHOM (yHKuMen
npoOJeMHOTO OOy4YeHHs MOKHO Ha3BaTh M TIOBBIIEHHE MOTHBAaIWW ydamuxcs. [IpoGremHOe
o0yyeHHe XapaKTepu3yeT TBOpUYECKass MAESTENbHOCTh YYALIUXCS, CTYAEHTHI MOJIy4yaroT OoJblie
BO3MOXKHOCTH CaMOpPEAIN30BaThCsl B Tpolrecce OOydYeHHs, IMOCTOSHHAs IIOCTAaHOBKAa W pEUICHHE
npoOJeMHBIX 3aJau sBJseTcs Oojee MpueMIeMOl Ui MoJiep KaHusl HeociabeBarolero HHTepeca u
AKTUBHOCTH YYaIIUXCS.

KPATKHWII KOHCOEKT JIEKIIMIA IO TUCIUTIIVHE

OCHOBBI TEOPUUN HAAEXHOCTH
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BBEJAEHHUE

[IIupokoe npUuMeHEHE TEXHUKU B MTPOU3BOJICTBEHHBIX Ipolieccax CAealo
aKTyalbHbIM Bompoc 0 ee AhPekTuBHOCTU. DP(HEKTUBHOCTH HUCIOIH30BaHUS
TEXHUKHU CBSI3aHA C €€ CIOCOOHOCThIO HEMPEPHIBHO, KAYECTBEHHO, 0€30MacHO
BBITIOJTHATh BO3JIOkKEHHBIE (yHKIMU. OJHAKO M3-3a MOBPEKICHUH, Ne(eKToB
U OTKa30B CHIKAETCS KAYECTBO PabOThl, BOZHUKAIOT BBIHYKICHHBIE MPOCTOU
U OTPEeOHOCTh B PEMOHTE JIJIs BOCCTAHOBIICHHS pab0TOCIOCOOHOCTH U Tpedye-
MBIX TEXHHUYECKUX XapaKTEPUCTHUK.

[lepeuucnennbie 00CTOATENHCTBA MIPUBEIIN K MOSBICHUIO TOHSATUS HAIECK-
HOCTHU TE€XHUYECKUX CPEACTB U cucTeM. [loHATHE HA/Ie)KHOCTU CBSI3aHO CO CIO-
COOHOCTHIO TEXHUYECKOI'O CPEACTBA BBHIMOJIHATH BO3JIOKEHHBIE HAa HETO (PYHK-
MU B TEUCHHUE TPEOYEeMOro BpeMeHH U ¢ TpeOyeMbIM kadyecTBOM. C NepBbIX II1a-
rOB Pa3BUTHUSI TEXHUUYECKUX CPEJICTB U CUCTEM CTOsJIA 3ajlaya CAeNaTh UX TaKu-
MU, 4TOOBI OHM paboTanu HajexkHO. C pa3BUTUEM M YCJIOKHEHUEM TEXHUKH
YCIOXKHSUIACh U pa3BHUBajiach mpobiemMa ee HaJleKHOCTU. g pelieHus ee mo-
TpeboBaach pa3pab0OTKa HAyYHBIX OCHOB HANlpaBJIEHUS — HAYKH O HaJIeKHOCTH.

[Ipeamer uccnenoBaHus HAyKH O HAJIEKHOCTH — U3YUEHUE TIPUYMH, BBI3bI-
BAIOIIUX OTKa3bl OOBEKTOB, OMpEACICHUE 3aKOHOMEPHOCTEH, KOTOPHIM OHH
MOAYMHSIOTCS, pa3paboTKa COCOOOB KOJWYECTBEHHOTO HM3MEpPEHUs HaAeKHO-
CTH, METOJOB pacueTa M HUCIbITaHUN, pa3paboTka MyTeil, METOAOB U CPEACTB
MOBBIIICHUS HAJICKHOCTH.

LenssMu ocBoeHUsT yueOHOU AUCUHUIIITUHBI «OCHOBBI TEOPUH HAJACKHOCTHU»
ABJISIIOTCST (DOPMHUpPOBAHUE 3HAHUM penieHUsl MpoOJieM OUEHKU M TMOBBIIICHUS
HAJICKHOCTU TPU HM3YUYEHUH CUCTEM JKEJIE3HOAOPOKHON aBTOMATHKHU, TeJeMe-
XaHUKHU U CBSI3U. 3aJjayaMy OCBOCHHSI yU€OHOW NUCIUIUIMHBI SIBISIOTCS U3y4e-
HUE OCHOBHBIX MOHATHUM M MaTeMaTUYECKUX METOJIOB OCHOB TEOPUU HAJICKHO-
CTH 3JIEMEHTOB U CHCTEM, OBJIaJICHHE METOJaMH pacyeTa HaJeKHOCTU TeXHUYE-
CKHX CHUCTEM >KEJIE3HOJAOPOKHON aBTOMATUKH, TEIEMEXaHUKHU U CBSI3U.

VYyeOHasi AUCUUILIMHA BXOAUT B 0A30BYI0 YaCTh MAaTEMAaTUYECKOTO U €CTe-
CTBEHHOHAY4YHOTO IMKJa. HeoOXoquMbIMK yCIIOBUSIMU Jisl OCBOCHHS JTUCLIH-
IUTMHBI ABJISIOTCS 3HAHUSI U YMEHUS pelIeHUsl anredpandeckux u quddepenun-
aJbHBIX YPABHEHUU C MOCTOSTHHBIMU KO3(duULIMeHTaMu, 3HaHUSI OCHOB (pu3unye-
CKHMX TIPOILIECCOB CTAPEHUS] U U3HOCA, YMEHHUE MPUMEHSTh METOJIbl aHAIUTHYE-
CKOIr'0, MaTEMaTUYECKOr0, UMUTAIIMOHHOTO U CTATUCTUYECKOTO MOAECIUPOBAHUSI.
Jlnst aToro Heobxoaumo Biagenue kommereHmusamu OK-1, OK-2, OK-7, TIK-1,
[1K-2, T1K-3, TIK-12, T1K-26.

Hucuumnraa «OCHOBBI TEOPUHM HAJEKHOCTU» SBISIETCS JIOTUYECKUM IIPO-
JIOJDKCHUEM COJIep)KaHUusl TUCHUIUIMH «Marematuka», «®usuka», «Teopus
JUCKPETHBIX YCTPOWCTB» U CIYXKUT OCHOBOM I OCBOCHUS JTUCUUIUIMH «MHUK-
ponpoLeccopHble MH()OPMALIMOHHO-YIPABISIONIME CUCTEMbI», «OpraHu3zanus
MPOU3BOJICTBA U MEHEKMEHT.



ITponiecc ocBoeHUS TUCIUILIMHBI «OCHOBBI TEOPHH HAJIC)KHOCTH» HaIlpaB-
neH Ha popmupoBanue kommerennmii [1K-3, TTIK-18.

B pesynbrare 0CBOCHUS TUCHUIUIUHBI 00y4aeMble JTOKHBI:

3HATh.

— OCHOBBI U OCHOBHBIE TIOJIOKEHUSI TECOPHUHU HAJIC)KHOCTH,;

— Ipo0OIEMBI HAJIE)KHOCTH U 0€30TaCHOCTH,

YMETh:

— IPUMEHATh METOJbl MAaTEMAaTHYECKOTO aHAJIN3a B OIEHKE HAJIC)KHOCTU U
0€30IIaCHOCTH CHUCTEM,

— IIPUMEHATH METOIbI 0OOECIIeueHHUsI 0€30MaCHOCTH CHUCTEM;

— o0pabaTbiBaTh W MPEACTABISITH pPe3yiabTaThl PACUECTOB IIOKa3zaTesei
HaJC)KHOCTH,

BJIAJICTh.

— MaTeMaTHYECKMMHU METOJaMU pacyeTa IoKa3aTeyieil HaJle)KHOCTH,;

— METOJaMM pacueTa HaJeKHOCTH TEXHHMYECKUX CHUCTEM B mpodeccHo-
HaJIBHOHU OEATEIbHOCTH.

OO01mast Tpy10eMKOCTh TUCITUIIIIMHBI COCTaBIsAET 4 3a4ETHBIC €AMHULIBI UITH
144 yaca. Pacnpenenenne TPyJOE€MKOCTH AUCHMIUIMHBI MO0 BHUJAM 3aHITUUA U
CaMOCTOSITEJILHOM PabOThI CTyACHTA NpeacTaBieHa B Tadauie 1.

Tabmuua 1
Bunpl ayauTOpHBIX 3aHATHIA U CAMOCTOSITEIBHOM paboThl CTyJEHTa Tp yﬁ?{if:)?c“

AyIMTOpHBIE 3aHATHS, B T. 4. o4
JICKITHH 36
IIPAKTUYECKUE 3aHATUS 18
CamocrosiTeibHast paboTa CTyIeHTa, B T. 4. o4
npopaboTKa MaTepuasa JeKIHi 12
MOJITOTOBKA K MPAKTUYECKUM 3aHATHUSIM 6

BBITNIOJTHEHUE KYpPCOBOM pabOThI 36
IloaroToBKa K MPOMEKYTOUHOM aTTeCTALMH — IK3aMeHY 36
Hroro 144




Jlekums 1

1.1. OBIUME CBEJIEHUS

HanexxHoCTh TEXHUKHM Bcerja OblIa OJHOW W3 OCHOBHBIX MPOOJIEM B €e
pPa3BUTHH M COBEPIICHCTBOBAaHWH. HaneXKHOCTH BO BCE BpPEMEHA YIETSIOCH
6onpmoe BHUMaHue. OO 3TOM CBUACTEIBCTBYET OTPHIBOK W3 YKaza Iaps
ITetpa |, oTHOCAmMIiCA K mpoOiieMe oOecreueHUs] HaJe)KHOCTH, B YaCTHOCTH
HAJIe)KHOCTU BOOPYKEHUS apMUU: «...[logenesaio xozauna Tynvckou pycetinou
Gpabpuxu Kopnuny benoenaza 6ume kHymom u cociame 8 pabomy 8 MOHACHIbl-
pu, noHesice oH, noouey, OCMeIUICs BOUCKY 20CyO0apesy npooasams He200Hble
nuwanu u @yzeu. Cmapwuny onoepmana @Pponra @ykca b6umes KHYMOM U co-
ciame 8 A308, nycms He cmagum Kieuma Ha NioXue Pyricbsi.

Ilpuxaszviearo pyacetinou kanyenapuu uz Ilemepbypea nepeexamo 6 Tyny u
OEHHO U HOWHO OIoCcmu uUcnpagHocms pyxceti. Ilycme Ovbiaku u noovsuue
cMompam, Kak 0J10epMaH Kieuma cmasum, Oyoe COMHeHUe 603bMem, CAMUM
nposepsimv U CMOMPOM U cmpenb0010. A 08a pyicvbs KaicOblil Mecay cmpesimy
NnoKa He UCNOPMSMCAL.

byoe 3amunxa 6 eoiickax npukiouumcsi, 0cobauBo Hpu Cpaxcemuu, no
He002/110) 0bsIKO8 U NOObAYUX, OUMb OHBIX KHYMAMU HewaoHO N0 020JIeHHOM)
Mecmy:

— XO35UHA — 25 KHYMO8 U NeHU N0 YePBOHYY 34 PYHCHE,

— cmapwe2o o10epmana — obums 00 becuyscmeust,

— cmapuwe2o 0bsKa — omoamo 8 yHmep-oguyepul,

— 0bsKA — 0MOAMmb 8 NUCApsL;

— n00bAYE20 — TUUUMb BOCKPECHOU 800KU CPOKOM HA OOUH 200.

Xozauny pyacetinoit habpuxu [lemudosy nosenesaro nocmpoums ObsKam u
noovbAUUM U30bl, 0adblL He Xyoce Xo3sauckou oviiu. byde xyoice, nycmo [lemuoos
He 00udcaemcsi, N08e0 HCUBOMA TUUUUMBY.

Crout o0patuTh BHUMaHUE HA TO, yTO B YKaze lleTpa orpaxxeHbl MHOTHE
CIIOCOOBI KOHTPOJIS W TIOBBIIIICHUST HAIEKHOCTH U3JICTNH, MPUMEHSIEMBIE U Ce-
TOJHS: KOHTPOJbHbIE UCHbITaHUA, HenpumupuMmocts OTK, KOHTpoJsib 3a KOH-
TpoJIepaMH, CYMEPCOBPEMEHHBIC YCKOPCHHBIC WCTBITAHUS, a TakKe YPOBCHD
HaKa3aHUH 32 HEHaIe)Kalllee UCIIOTHEHNE 00sI3aHHOCTEMN.

3a mocnennue 50-60 neT mpobrema HAJASKHOCTH 3HAYUTEIHHO 00OCTpH-
Jach. ITO 00YCIOBICHO CIEAYIOMUMI OCHOBHBIMH MPUYUHAMU |

— Yeenuuunacov cnoscnocmov mexnuku. CoBpeMEHHbIE TEXHUYECKUE CH-
CTEMBI MOTYT UMETb B cBoeM coctase 1o 10— 10% u Gonee anementoB. Vcmox-
HEHUE TEXHUKU 3aKOHOMEPHO MPUBOJIUT K CHUKEHUIO €€ HAJ[CKHOCTH.

— Ycununace unmencuenocme pexcumos pavomsl. Pexxumol paboThl xa-
PaKTEPU3YIOTCS BBHICOKUMU W CBEPXBBICOKHMMH CKOPOCTSMH, TEMIIEpaTypaMu
U JaBJICHUSIMHU.

— Ycnoscnunuce ycnoeus skcnayamayuu. VIsmMeHeHue TeMIepaTyphl,



BJIQXXKHOCTH, BHUOpaluii, JUHEUHBIX YCKOPEHUW U JUHAMHYECKHX Harpy30K
B IIMPOKOM JIMANa30He MPUBOMAST K 3HAUUTEILHOMY CHIKEHUIO YPOBHS HAJIEK-
HOCTH.

— Iogbicunuce mpebosanusn K Kauecmey, mMOYHOCIMU U 0071206€4HOCHU.

— Ycununace omeemcmeennocms 3a 6blnoIHAEMblE PYHKYUU.

— Ilonyuuna wupokoe énedpenue agmMomMamu3auus NPoOUecco8 Npou3s-
600cmea u ynpaejieHus.

Ocnosnas 3a0aua meopuu HAOEHCHOCMU — BLIOOP ONTUMAJbHBIX TEXHU-
YECKUX PEIICHUH, O00EeCleurBaloOliX COXPAHEHHE OCHOBHBIX XapaKTEPUCTHUK
TEXHUYECKUX OOBEKTOB M MX AJIEMEHTOB B TEUCHHE HEKOTOPOrO BPEMEHU B
OMPENICNICHHBIX YCIOBUIX IKCILTyaTallUu.

OnHuUM U3 OCHOBHBIX CBOMCTB J1t000M TEXHUYECKOU CHCTEMBI SIBIIIETCS €€
KaueCTBO — COBOKYITHOCTb XapaKTEPHUCTHUK, OMPEICTSAIONINX €€ MPUTOJHOCTD
YAOBJIETBOPSATH TPEOOBAHUS B COOTBETCTBUM C HA3HAUCHHUEM.

Kauecmeo mexnuuecko2o 00bekma — KOMIUIEKCHOE CBOICTBO, BKJIIOYa-
folee B ceos:

— TlokazaTtenu Ha3HAYEHUS — XapaKTEPU3YIOT CBOWCTBA, OMpPEACISIONINE
00J1acTh NMPUMEHEHUS U PYHKIMOHAIIbHOE MpEeTHa3HAYCHHE.

— IlokazaTenn HaAEKHOCTH — XapaKTEPU3YIOT CIIOCOOHOCTh OOBEKTA BbI-
MOJIHATh CBOM (PYHKLHMHM B ONPEAEIICHHBIX YCIOBUSIX IKCIUTyaTallUd B TECUCHUE
OMPE/IEICHHOTO BPEMEHHU.

— DpProHOMHUYECKHE MOKAa3aTeIN — XapaKTepU3yrT yA0OCTBO MCIOJIb30Ba-
HUS U O0CTY>KUBAHUS.

— DCTeTUYEeCKUEe OKAa3aTeNIN — XapaKTePU3yIOT BbIPA3UTEIbHOCTD, palll-
OHAJbHOCTh (POPM, LETOCTHOCTh KOMIO3UIUM, CTAOUIBHOCTh TOBAPHOTO BU-
na.

— Iloka3arenu TEXHOJIOTUYHOCTU — XapaKTepU3yIT YJ0OCTBO U MPOCTOTY
M3TOTOBJICHUS U SKCIUTyaTalluu 00bEKTa.

— Iloka3arenu TpaHCHIOPTAOEIBHOCTH — XapaKTEPU3YIOT MPHUCIOCOOJICH-
HOCTb 00BEKTa K EPEMEIICHUIO.

— Ilokazarenu yHUPUKALMU W CTAaHAAPTU3ALMUM — XAPAKTEPU3YIOT HAChI-
HICHHOCTh OO0BEKTa CTAaHJAPTHBIMHU, YHU(PUUHUPOBAHHBIMU, OPUTHMHAIBHBIMU
AJIEMEHTaMH.

— [laTeHTHO-IIpaBOBBIE MOKA3ATENIN — XapaKTEPU3YIOT CTENEHb OOHOBJIECHUS
TEXHUYECKUX PEIICHUM, TaTEHTHYIO 3alllUTy, BO3MOKHOCTh peaanu3aluu 00bheK-
Ta B Poccuu u 3a pyOexxom.

— DKOJIOTUYECKHE TOKA3aTeNd — XapaKTEPHU3YIOT YPOBEHb BPEIHOI'O BO3-
JNEUCTBUS HA OKPYKAIOIIYIO CpEeny.

— IokazaTenn 6€30MaCHOCTU — XapaKTEPU3YIOT O€30MaCHOCTh 00BEKTA MO
OTHOILIEHHUIO K YETIOBEKY.

— Ilokazatenu >KOHOMUYHOCTH — XapaKTEPU3YIOT COBEPIICHCTBO OOBEKTA
10 YPOBHIO OTPEOJICHUS KM PECYPCOB (CHIPhS, TOIIMBA H T. JI.).



1.2. OCHOBHBIE ITOHATHUS TEOPUU HAJJEXKHOCTH

OCHOBHBIE TEpPMUHBI, MOHATHSA W onpeneneHus npuseaeHsl B ['OCT
27.002-89 «HanexHOCTh B TeXHUKE. TEpMUHBI U OTIPEACIICHUS.

Hapge:xxHocTh — CBOMCTBO 00BEKTa COXPAHATH BO BPEMEHHU B YCTAHOBJICH-
HBIX TIpejenax 3HA4YeHUs BCEX MapaMeTpoB, XapaKTEPHU3YIOIIUX CHOCOOHOCTH
BBITIOJTHATH TpeOyemble (DYHKIIMU B 3aJJaHHBIX PEKUMaX U YCIOBUSAX MPUMEHE-
HUS, TEXHUYECKOTO 00CIYKUBAHUS, XPAaHEHUS U TPAHCIIOPTUPOBAHUSI.

B onpenenennu uMeroTcs Clenyomue 0COOEHHOCTH.

Bo-niepBbIx, moguepKHyTa HEMPEPHIBHOCTH BHITIOTHEHUSI OOBEKTOM 3aJ1aH-
HbIX (yHKIMH. HeT cMbIcia roBOpUThH O HaJIEXKHOCTH 00BEKTa B MEPUO/] MPOBE-
JICHUs Ha HEM MOpO(HIAKTUYECKUX, PEMOHTHBIX PadOT, 3aMEHbl U3HOIICHHBIX
AJIEMEHTOB U JPYTUX MEPONPUSATUN C OCTAaHOBKOM 00beKTa. OOBEKT B 3TO BpeMs
HE BBITIOJIHAET 3aIaHHBIX ()YHKIIUMA.

Bo-BTOpBIX, B OmnpeneneHue HaJACKHOCTH BKJIIOUEHO MOHSITHUE «YCTaHOB-
JeHHble npenens». CloXHas cucTeMa MpU OTKa3e OTIENbHBIX AJIEMEHTOB WIH
MOJACUCTEM MOXET COXPaHUTh CBOIO pabOTOCHOCOOHOCTH M BBHIMIOJHUTH (yHK-
[MOHAJLHOE MIPeAHA3HAYeHUE, HO C MEHbIIeH 3(PPEKTUBHOCTHIO.

B-TpeThux, HameKHOCTh 00BEKTA I€JeCO00pa3HO OMNpEeNeIsaTh 3a Ompee-
JICHHBIE MPOMEXYTKH BPEMEHHM WU HapaOoTKy. To ecTh 3a Bpems 10 mpekpa-
HICHUS IKCIUTyaTaluu.

HanexHoCTb sIBIsieTCS CII0KHBIM KOMILIEKCHBIM CBOMCTBOM, KOTOpPOE B 3a-
BUCUMOCTH OT Ha3HAY€HUs O0BEKTa U YCIOBUU €ro MPUMEHEHUS MOXKET BKIIO-
4aTh CBOMCTBA 0€30TKAa3HOCTH, JIOJTOBEUYHOCTH, PEMOHTOIPUTOHOCTH U COXpa-
HSEMOCTH WJIH OTNPEJIETICHHBIE COUETAHUS TUX CBOUCTB.

Be3oTka3HOCTH — CBOICTBO 00BEKTA HenpepvigHO COXPAHATh pabOTOCIO-
COOHOE€ COCTOSIHME B TEUEHUE HEKOTOPOTO BPEMEHH WJIM HEKOTOPOU HApaOOTKH.

Ecaun Hac mHTEpecyloT BO3MOXKHOCTH pabOThl O0OBEKTa /10 MOJHOTO HC-
MOJIb30BAHUSI €T0 TEXHUUYECKUX BO3MOXKHOCTEH, IPUMEHSETCS MOHSITHE JIOJITO-
BEUHOCTH.

JloJIroBe4YHOCTh — CBOMCTBO 00BEKTA COXPAHITh pab0TOCIIOCOOHOE COCTO-
SHUE 0 HACTYIUICHUSI TPEAEIbHOTO COCTOSIHUS MPU YCTAHOBJIEHHOW CHCTEME
TEXHUYECKOTO O0CITyKUBAHUS U PEMOHTA.

[locne oTka3za pabOTOCIIOCOOHOCTH OOBEKTA, KaK MPaBUIO, MOXET ObITh
BoccTaHoBlieHa. [[0ATOMY B XapaKTEepUCTUKY HAJEHKHOCTH BBEJICHO IOHSTHUE,
OnpeeNAIoNIee TPUTOJHOCTh 00BEKTA K PEMOHTY — PEMOHTONPUTOAHOCTb.

PeMOHTONPUTOAHOCTH — CBOMCTBO O0BEKTA, 3aKIIOUYAIONIEECS B MPHUCIIO-
COOJICHHOCTH K TMOJACP>KaHUI0 U BOCCTAHOBIECHUIO PAOOTOCIOCOOHOTO COCTOS-
HUS IyTeM TEXHUYECKOTO 0OCITYKUBaHUSI U PEMOHTA.

N3menenue coctosiHusl 00bEKTa BO3MOKHO HE TOJBKO BO BpPEMsl €ro Hc-
MOJIb30BAaHMS, HO U MPU XPAHEHUHU HA CKJIajie, MPU TPAHCIIOPTUPOBAHUU U T. 1.
Ecth cimydamn, xorga mocie TpaHCHOPTUPOBAHUS OOBEKT JMOO BOBCE TEpsET
CBOIO PabOTOCTIOCOOHOCTH, TUOO €ro IMoKa3aTelu HACTOJIBKO CHIDIKAIOTCS, YTO
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OH MPAKTHYECKH CTAHOBHUTCS HE MPHUTOAHBIM K DKCILTyaTallMd. JTO CBOWCTBO
00BEKTa XapaKTEPU3YETCS CBOMCTBOM COXPAHSIEMOCTH.

CoxpaHsieMOCTh — CBOMCTBO 00BEKTA COXPAHATh B 33JJaHHBIX MpeIenax 3Ha-
YeHUs MapaMeTPOB, XapaKTEPU3YIOLIUX CIIOCOOHOCTU OOBEKTA BBHIMOIHSITH TPEOY-
emble (DYHKIIMH, B TCUCHUE U TIOCIIC XpaHCHUS U (FJTH) TPAHCTIOPTHPOBAHHSI.

B mporecce npuMeHeHHs, XpaHSHUsS, TPAHCIIOPTHPOBAHUS, TEXHUYCCKOTO
00CITy’>KUBAaHHS U PEMOHTA TEXHUYSCKUI 00OBEKT MOXKET HAXOAUTHCS B OJTHOM M3
HECKOJIBKMX COCTOSIHUM.

HcnpaBHoe cOCTOSTHUE — COCTOSIHME O0BEKTa, IPH KOTOPOM OH COOTBET-
CTBYeT BCEM TPeOOBaHUSM HOPMATHBHO-TEXHUYECKOW M (WJIM) KOHCTPYKTOP-
CKOM (ITPOEKTHOM) TOKYMEHTAITUH.

HeucnpaBHoe COCTOSIHHE — COCTOSTHHE OOBEKTa, MPU KOTOPOM OH HE CO-
OTBETCTBYET XOTs OBl OJHOMY W3 TPEOOBAHWI HOPMATHBHO-TEXHUYECKON W
(MTM) KOHCTPYKTOPCKOH (IPOCKTHOM) JOKYMEHTAIIHH.

HeucnpaBHbIii 00BEKT, B CBOIO 04epe/lb, MOKET HAXOAUTHCS B CIICTYIOITHX
COCTOSIHHSIX — pabOTOCTIOCOOHOM, HEPAOOTOCIIOCOOHOM M TIPEAETBLHOM.

PaboTocnocodHoe cocTosiHUE — COCTOSIHHE O0BEKTA, Y KOTOPOIO 3HAUECHHSI
BCEX IMAapaMeTPOB, XapaKTEPHU3YIONIUX CIIOCOOHOCTh BBIMOIHATL 3aJaHHBIC
(GYHKIMH, COOTBETCTBYIOT TpPEOOBAHUSAM HOPMATHBHO-TCXHHUYECKOH M (WJIH)
KOHCTPYKTOPCKOH (ITPOEKTHOM) TOKyMEHTAIINH.

Hepa6oTocnocodoHoe COCTOSHIE — COCTOSTHUE 00BEKTa, IPH KOTOPOM 3Ha-
YeHUsS XOTS OBl OJHOTO TMapaMeTpa, XapaKTepU3YIOMIETO0 CIIOCOOHOCTH BBITION-
HATh 3aJaHHbIe (YHKIIMU, HE COOTBETCTBYIOT TPEOOBAHUSIM HOPMATHBHO-
TEXHUYCCKOH 1 (WIIN) KOHCTPYKTOPCKOM (ITPOEKTHO#) TOKYMEHTAIUH.

IIpenenbHoe COCTOSIHME — COCTOSIHME OOBEKTa, MPU KOTOPOM €T0 Jajihb-
HelIas 3KCIuTyaTalurs HeJOMyCTUMa WM HelenecooOpas3Ha, 1100 NpuBeIeHHE
€ro B pab0oTOCIIOCOOHOE COCTOSTHUE HEBO3MOXKHO WJIM HEIEJIeCO00PasHo.

JIOTIOJTHUTENIBHO JIJISI CHCTEM JKEJIe3HOIOPOKHOM aBTOMATHUKH U TeIeMeXa-
Huku (CXKAT) pasiaudaroT ABa BHAa HEPAOOTOCIIOCOOHOIO COCTOSHHS: 3aIllMT-
HOE W OMACHOE COCTOSTHUE.

3ammuTHOE COCTOSIHME — HEPabOTOCIOCOOHOE COCTOSIHME OOBEKTa, MpHU
KOTOPOM 3HAYEHHsI BCEX MapaMEeTPOB, XapaKTEPHU3YIOIINX €T0 CIIOCOOHOCTH BBI-
MOJIHATH 3a/laHHbIe QYHKIIMU MO 00eCTeYeHUI0 0€30MacHOCTH ABMKEHHS T0€3-
JI0B, COOTBETCTBYIOT TPEOOBAaHUSIM HOPMATHBHO-TEXHUYCCKOW W (WMJIH) KOH-
CTPYKTOPCKON JOKYMEHTALIUU.

OmnacHoe cocTosiHHE — HEPAOOTOCTTIOCOOHOE COCTOSTHUE O0BEKTa, PH KO-
TOPOM 3HauYeHUE XOTS OBl OJTHOTO MapaMeTpa, XapaKTEPHU3YIOIIETO ero CIoco0-
HOCTH BBITIOJTHATH 3aJaHHbIC (DYHKITUH O 00€CTIeueHNI0 0€30MaCHOCTH JIBIIKE-
HUS TI0€37I0B, HE COOTBETCTBYET TPEOOBAaHUSM HOPMATUBHO-TEXHUYECKOW W
(WTM) KOHCTPYKTOPCKOM JOKYMEHTAIUH.

[lepexon oOBEKTa M3 OHOTO COCTOSTHUS B APYTOE MMPOUCXOAUT BCIICACTBHEC
BO3HUKHOBECHUS Je(deKTa, MOBPEKACHUN U OTKa30B, BOCCTAHOBIICHUI M PEMOH-
ToB. CoOBITHE, 3aKITFOYArOIICeCs B HAPYIIICHUH MCIIPAaBHOCTH OOBEKTa, Ha3bIBa-
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etcs AepekToM. Eciii 00BEKT MEepeXoqUT B HEUCTIPABHOE, HO Pab0TOCTIOCOOHOE
COCTOSIHHE, TO TaKoi Ne(eKT Ha3hIBAIOT MOBpPekaeHneM. Ecii o0bekT mepexo-
TUT B HEPAOOTOCTIOCOOHOE MJIM MPEAEILHOE COCTOSHUE, TO 3TO COOBITHE Ha3bI-
BalOT 0TKA30M.

OOpatHbIi TIpoliecc Ha3bIBAETCS MPOIECCOM BOCCTAHOBJICHHS PabOTOCIIO-
cooHocTtu. Ecnu 00beKT HaXoauTCsl B HEpaOOTOCIIOCOOHOM COCTOSIHUH, TO MPO-
W3BOJIUTCS €ro PeMOHT. Ecii 00BEKT HAXOMUTCS B MIPEACITLHOM COCTOSIHUH, TO
MIPOU3BOJIUTCS €r0 KAMUTATBHBI PEMOHT, COCTOSIINI B 3aMEHE OTACIIbHBIX JIe-
Tajeil 1 BOCCTAHOBJICHUH €TO pecypca. Ecim peMOHT SKOHOMHUYECKH HEIIeeco-
oOpa3eH, MPOU3BOANTCS CIIHCAHUE O0BHEKTA.

B coorBerctBrm ¢ 'OCT 27.002-89 00BEKTHI pa3feisaioTCs Ha HEBOCCTA-
HABIIMBA€MbIE M BOCCTAHABIMBAEMBIC.

HeBoccranaBnmuBaeMbIM Ha3bIBAETCS OOBEKT, JJISI KOTOPOTO B paccMaTpH-
BAEMBIX YCIIOBHUSX BOCCTaHOBJIEHUE PabOTOCIMOCOOHOCTH HE MPEAYCMOTPEHO B
HOPMAaTUBHO-TEXHIUYECKOU TOKYMEHTAIUH.

BoccranaBiauBaeMblii 00bEKT — OOBEKT, JJII KOTOPOTO IPOBEICHHE BOC-
CTAaHOBJIEHUS PAaOOTOCIIOCOOHOIO0 COCTOSIHUSL MPETYCMOTPEHO B HOPMATHUBHO-
TEXHUYECKOW U KOHCTPYKTOPCKOW TOKYMEHTALIUH.

1.3. KTACCUO®UKALIUA U TIPUYHUHBI BOSBHUKHOBEHUS OTKA30B

OT1ka3 — coObITHE, KOTOPOE 3aKJII0YAETCS B HAPYIIEHUU pabOTOCIIOCOOHO-
ro cocTosiHusl 00bekTa. OTKa3 — cCOObITHE, TTOCIIE BOSHUKHOBEHUSI KOTOPOIO Xa-
pakTepucTUkH (IapaMeTpbl) TEXHUYCCKOTO OOBEKTa BBIXOMAT 3a YCTaHOBJICH-
HBIE MIPEJICIIBL.

Ilo xapaxkmepy u ckopocmu uszmeneHus napamempos oObBEKTa 10 MO-
MEHTAa BO3HUKHOBEHUS OTKAa3bl JCJIST HA BHE3AIMHBIE U IOCTEIICHHBIE.

BHe3anHble 0TKa3bl XapaKTEPU3YIOTCS CKAUYKOOOpa3HbIM HM3MEHEHHEM
3HAQYEHUIN OJHOTO WM HECKOJIbKMX MapaMeTpoB oObekTa. [IpuunHamu BHE3am-
HBIX OTKa30B MOTYT ObITh KaK €CTECTBEHHBIC IMOCTETICHHbIC U3MEHEHUS B PU3H-
YECKOU CTPYKType OOBEKTa, KOTOPBIE MPHU OMNpPEJEICHHBIX YCIOBUSX MPUOOpe-
TalOT JTABUHOOOpa3HbIM XapakTep, TaK U YCIOBHs MpUMEHEHUs oO0bekTa. BHe-
3alHBIM OTKa3 MOXET HACTYNHUTh B JI000H MOMEHT BpemeHu. llpenBuaers u
MPEIYIPEAUTH €T0 HEb3S.

IlocTeneHHBI 0TKA3 XapaKTEPU3YETCA MOCTEIICHHBIM W3MEHEHHUEM 3Ha-
YEeHUN OJIHOTO WJIM HECKOJIBKUX MapaMeTpoB oObekTa. [locTenenHslii 0Tka3 siB-
JII€TCS CJIEACTBHEM HAKOIUIEHUS CPABHUTEIIBHO MAJIbIX U MEIJICHHBIX U3MECHE-
HUW CBOMCTB 00BEKTa, HAPUMEDP, U3HAIIMBAHUE TOBEpXHOCTEH TpeHus. [locte-
MIEHHbIE OTKa3bl MOXHO MPEIBUACTh U Jlake U30ekKaTh, CBOEBPEMEHHO 3aMEHSIsI
M3HOILICHHbIE OOBEKTHI.

Ilo muny OTKa3bl IEJST HA:

— O0TKa3bl GYHKUMOHMPOBAHMS, IIPU KOTOPBIX MPEKPAIIACTCS BBINIOJIHE-
HUE 00BEKTOM OCHOBHBIX (YHKITHH (HAIIprMep, NOJIOMKA 3yObeB IIECTEPHH);
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— 0TKa3bl MapaMeTPpUYeCcKHe, IPU KOTOPHIX NapaMeTphbl 00BEKTa BBIXOIAT
3a yCTaHOBJICHHBIC Mpeeibl (IIOTeps TOYHOCTH M3MEPEHUS HAINIPSHKCHHS BOJIBT-
METPOM).

Ilo nanuyuto npuUUHHO-C/1€0CMEEHHOIL C6A3U OMKA3bL 0EIAM HA.

— HE3aBUCHUMBIE;

— 3aBUCUMBIE.

He3aBucumplii 0TKa3 — 0TKa3 00BEKTA, BOZHUKAIONIUN B pe3yJbTaTe Mpo-
1IECCOB, MPOUCXOJAIIUX B €ro BHYTPEHHEUW CTPYKType, U HEe OOYCIIOBIEH BO3-
HUKHOBEHHUEM OTKAa30B JAPYTrUX 0OHEKTOB. 3aBUCHMBbIE OTKA3bI SBIISIIOTCS CIE/-
CTBUEM BO3HMKHOBEHHS OTKA30B APYTUX OOBEKTOB.

Ilo ceoeit npupode 0TKa3bl MOTYT OBITH!

— cJayvaiiHble, OOYCIOBJIECHHBIE HENPETyCMOTPEHHBIMU TIEPETPY3KAMH,
nedextaMu maTepuana, omMOKamMu MepcoHana, cOOSIMU CHUCTEMbl YIPaBICHUS
U T. I

— cHCTeMaTH4YecKHe, 00YCIIOBIICHHbIE 3aKOHOMEPHBIMU SIBIICHUSIMU, BbI-
3bIBAIOLIMMHU TTOCTENIEHHOE HAKOIUJIEHUE MOBPEKICHUM — yCTaNIOCTh, U3HOC, CTa-
peHue, Koppo3us U T. .

Ilo npuuune 603HUKHOBEHUA OTKA3bl MOTYT OBITh!

— KOHCTPYKIIMOHHBIE;

— IPOU3BOJICTBEHHBIE;

— JKCIUTyaTallMOHHBIE.

KoHcTpyKunoOHHBIE 0TKAa3bl BO3HUKAIOT B pe3yibTaTe OMMOOK M Hapy-
HICHUW MpaBUI U HOPM KOHCTPYMPOBAHMS B MEpUOA pa3pabOTKU OOBEKTa: He-
JIOCTaTOYHOM 3aJaHHOM MPOYHOCTH, HEMPABWIBHOTO BBHIOOpA peKuMa, Heyaau-
HOM KOMIOHOBKU 00bekTa. IIpon3BoacTBeHHBbIE 0TKA3bI BO3HUKAIOT B PE3YJib-
TaTe HECOBEPUIEHCTBA MPOIECCAa WM HAPYLIEHUM TEXHOJOTMU U3TOTOBJICHUS
00bekTOB. YacTo K TaKMM OTKa3aM MPUBOJUT HApYIIEHHE COPTHOCTU Marepua-
JIOB U JPYTUX KOMIUIEKTYIOIUX OOBEKTOB. JKCILIyaTAIMOHHbIE OTKa3bl CBSI-
3aHbI C BO3JICMCTBUEM HEIOMYCTUMO OOJIBIINUX HArpy30K, BHICOKHUX WJIM HU3KUX
TEMIIepaTyp, YAapOB, TPSICKU U JPYTUX BO3JEUCTBUM, HEMPEIYCMOTPEHHBIX pe-
KUMaMU UX SKCILTyaTaIuu.

Ilo xapakmepy nposaeienus 0TKa3bl JEAT HA!

— SIBHEIE,

— CKpPBITHIE.

SIBHBIM Ha3bIBAIOT OTKA3, KOTOPHI MTHOBEHHO MPOSBIISIETCS MPHU €ro BO3-
HUKHOBEHUHU. CKPBITHIM Ha3bIBAIOT OTKa3, KOTOPBIA OOHAPYKUBAETCS TOJIBKO
MIpU IPOBEACHUU MTPOPUIAKTUUECKUX PadOT.

110 603modtcHocmu nocneodyrouiezo ucno1b308anus 0ObEKTA:

— TIOJIHBIE;

— YaCTUYHBIE.

B caydae monHOro otrkaza mpuMEHEHHE OOBEKTa 10 BOCCTAHOBJIEHUS €ro
paboTOCIOCOOHOTO COCTOSIHMSI HEBO3MOXHO. B ciydae 4acTUYHOro OTKaza
MIPUMEHEHHE 00BEKTa BO3MOXHO, XOTSl 3HAYEHUE OJTHOIO WJIM HECKOJIbKUX Ia-
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pamMeTpoB He OyIeT COOTBETCTBOBATH TPEOOBAHUSIM HOPMATHBHO-TEXHHYECKOU
JTOKYMEHTAIIHH.

Ilo 603Mo0dicHOCHU yCMPAHEHUA'

— YCTpaHUMBIC;

— HEYCTpaHUMBIE.

[Ipu ycTpaHUMOM OTKa3e BO3MOYKHO BOCCTAaHOBJICHHE CHCTEMBI KaK B
YCIIOBHSIX IKCIUTYaTUPYIOIINUX MOAPA3ICICHNN, TaK U HA PEMOHTHBIX MPEIITPHsI-
TUAX. B ciydae HEyCTpaHUMOTO OTKa3a CUCTEMa WM U3JIEINe TOMJIC)KHUT CIIH-
CaHWIO U yTHIN3AIHIH.

IIo nocneocmeuam:

— 3alIUTHHIC;

— OTTacHBIE.

3amuTHBIN 0TKa3 — 3TO COOBITHE, KOTOPOE 3aKII0YAETCS B HAPYIICHUH pa-
00TOCIIOCOOHOTO COCTOSIHUSI CUCTEMBI MPU COXPAHEHUU 3AIIUTHOTO COCTOSIHUSI.
OmnacHbI OTKa3 — 3TO COOBITHE, KOTOPOE 3aKJIIOYACTCS B HAPYIICHUH PaboTo-
CIIOCOOHOTO | 3aITUTHOTO COCTOSTHHM.

1.4. MTOKA3ATEJIM HAJEKHOCTH HEBOCCTAHABJIMBAEMBIX
OBBEKTOB

Iloka3aTesb Hage:KHOCTH — KOJMYECTBEHHAS XapaKTEPUCTUKA OIHOTO
WJIU HECKOJIBKUX CBOMCTB, COCTaBIISIFOLIMX HAJIEKHOCTh OOBEKTA.

[Tokazarenb HaJIE)KHOCTHU KOJIMUECTBEHHO XapaKTEPU3YeT, B KaKOU CTeNeHU
00BEKTY MPUCYILU OIpEJeICHHbIE CBOWCTBA HaJEeKHOCTU. B 3aBucumoctu ot
TOTO, CKOJIBKO CBOMCTB HAJIe)KHOCTHU XapaKTEPU3YIOT MOKA3aTEeI, Pa3inyaroT
€MHUYHBbIE U KOMILJIEKCHBIE MOKa3aTeIN HAJIEKHOCTU: €IMHUYHbIC XapaKTepu-
3YIOT OJIHO U3 CBOMCTB, KOMIUIEKCHbIE — HE MeHee nByX. Ilpm ompeneneHuun
HAJIE’KHOCTU OOBEKTOB UCMOJB3YIOT ABE (POPMBbI IIPEACTABICHUS MTOKa3aTeIeh —
BEPOSITHOCTHYIO M CTATUCTUUYECKY10. BeposiTHocTHas popma ynoOHa [J1sl aHAIIH-
TUYECKUX PACUYETOB, CTATUCTUUYECKAs — MPU MPOBEIACHUU HKCIEPUMEHTAIbHbBIX
HUCCIENOBAaHUN U UCIIBITAHNN 00BEKTOB HAa HAJIE)KHOCTD.

[TokazaTensiMu HaIEKHOCTH HEBOCCTAHABIMBAEMbIX OOBEKTOB SBJISIIOTCSL:

— BEpOSATHOCTH Oe30TKa3HOU paboThl P(t);

— BeposITHOCTH oTKaza Q(t);

— gacTtoTa oTka3os f(t);

— HHTEHCUBHOCTH 0TKa30B A(t);

— cpenHss HapaboTka 110 oTkasa To (Hapa®oTka 10 0TKa3a).

BeposiTHOCTH 0€30TKa3HOM pPadOThl — BEPOSATHOCTH TOrO, YTO B IIpEAEIax
3aIaHHOM HapaOOTKU OTKa3 OOBEKTA HE BOSHUKHET.

B oO1iem ciaydae BenmnunHa BEPOSITHOCTH 0€30TKa3HOM pabOThl 3aBUCUT OT
HapaOboTKK 00bekTa (BpeMeHM dKcrnryatanuu). [log HapaOOTKOW MOHUMAETCs
MPOJOKUTEIBHOCT WK 00beM paboThl o0bekTa. HapaOoTka u3mepsiercs B
€AMHUIIaX BPEMEHH WIH €IMHUIAX 00beMa BHITIOJIHEHHON paOOThI.
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CrarucTuyeckasl OLlEHKa BEPOSITHOCTU O€30TKa3HOW pabOThl MOXKET OBbITh
MOJIyY€Ha B pe3yJIbTaTe UCIBITAHUN HA HAJIEKHOCTb.
s ucneitanust N 00BEKTOB /10 0TKa3a MOCIeaHETO OOBbEKTA

P(e) = N(t) N —n(t) 1 n(t)
O=—=—"7 = R
rae N — dncino 00beKTOB, MmocTaBiacHHBIX Ha ucnbiTanue; N(t) — unciao padboro-
CIOCOOHBIX 00BEKTOB Ha MOMEHT BpeMeHH t, N(t) — yuciio 00BEKTOB, OTKA3aB-
IIMX 32 BpeMs { OT Havasia UCTIBITAHHH.

YacTo HE0OXOIUMO OTIPEAEIATh BEPOSITHOCTh OE30TKa3HOM pabOThl 0OBEK-
Ta B MHTEpBaJIe BpeMeHu (Wim HapaboTku) oT t; 10 tp, mpeacTapisronyo codoi
YCIIOBHYIO BEPOSITHOCTH TOTO, YTO OOBEKT HE OTKAKET B 3TOM HMHTEpPBAJIC, ECIH
OH 0€30TKa3HO IMpopadoTall 10 Havala HHTEepBaia.

Torpa cratucTrueckas OlEeHKa BEpOSITHOCTU 0€30TKa3HOU pabOThI

N(t;) N -—n(t,)
N(t;) N—n(t)

P(ty,t,) =

rne N(t;), N(t;) — uuciio paboTOCIOCOOHBIX O00OBEKTOB, COOTBETCTBEHHO Ha
Ha4ajao0 U KOHell MHTepBajia BpeMenH, n(t,), n(t,) — UMCIO OTKA3ABLUIMX O0BEK-
TOB, COOTBETCTBEHHO Ha HA4YaJIO U KOHEI] HHTEpBaja BPEMEHU.

[loka3aTenb «BEpOATHOCTh 0€30TKa3HOM pabOTHI» MMEET CIENYIOLIUE J10-
CTOMHCTBA:

— XapaKTepu3yeT U3MEHEHHE HaIe’KHOCTH 00bEKTa BO BPEMEHH,

— SIBJIIETCSI MHTEPBAJILHOM OLIEHKOM, TO €CTh MO3BOJISIET OIIEHUTH 0€30T-
Ka3HOCTb 00BbEKTA HA JIIOOOM BHIOPAHHOM MHTEPBaje BPEMEHH padOThl OOBEKTA,

— CPaBHUTEILHO MPOCTO OLICHUBAETCS MO CTATUCTUYECKUM JaHHBIM 00 OT-
Ka3ax 00bEKTOB.

OCHOBHOM HEAOCTAaTOK 3TOr0 KPUTEPHUS — XapaKTepHU3yeT HAIAEKHOCTH
00BEKTOB JI0 MEPBOr0 OTKA3A.

BepositHocTh 0TKa3a Q(t) — BEpOATHOCTH TOTO, YTO B Ipe/eiiax 3aJaHHOM
HapaOOTKH OOBEKT OTKAXKET XOTS ObI OJIUH pas3.

CrarucTudeckas OlleHKa BEpOATHOCTH OTKa3a 3a BpeMs WM HapabOTKy

N—N(t) n(t)
N N

Q) =

PaboTocniocoOHOE 1 HEPaOOTOCIIOCOOHOE COCTOSIHUSL — MIPOTUBOIOJIOKHbBIE
HECOBMECTHBIE COCTOSIHUSA, 00pa3yIolire MOTHYI0 TPYMIY BO3MOXHBIX COCTOS-
HUN 00BEKTA, MOATOMY B JIFOOON MOMEHT BPEMEHU WJIU IIPH JIt0O0M HapaboTKe

P(t) + Q(t) = 1.
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Ecru P(t=0) =1, 10 Q(t=0) = 0; eciiu P(t = 0) = 0, Q(t = o0) = 1.

BeposatHocTh 6€30TKa3HOM pabOThI U BEPOSITHOCTh OTKa3a — 0e3pa3MepHbIe
BEJIMYMHBI, BEIPAXKAIOTCA B JOJIAX €UHUIIbI, UHOT/Ia B IPOLICHTAX.

Jlna onuvcaHus MIHOBEHHBIX 3HAYECHUM IIOKAa3aTelIel HaJeKHOCTH IIPUME-
Haetrcs auddepeHunanbHas QyHKIUS — 4acTOTA OTKA30B WJIHM IUIOTHOCTH
pacnpejaejieHuss HApadOTKH 10 0TKAa3a:

d d d
F(5) = —0(0) = {1 - PO} = =P ()

CraTucTrueckas oleHKa 9acToThl 0TKa30B f(t) onpenensercs oTHomeHHEM
Yrclia OTKA3aBIIUX OOBEKTOB B CIMHUILY BPEMEHHM K YHCITY IOCTABJICHHBIX Ha
UCIIBITAHUE OOBEKTOB MPH YCJIIOBHUH, YTO OTKa3aBIIWE OOBEKTHI HE 3aMEHSIOTCS
HOBBIMU

n(At)

NAt'’

f(@t) =

rae n(At) — 9ucio oTKa30B OOBEKTOB 32 paCCMAaTPUBAEMBI MPOMEKYTOK Bpe-
MeHU At; N — 4ucio 0ObeKTOB, MOCTAaBIEHHBIX HA UCIIBITAHHUE.

OuyeHb BaXXHOU XapaKTEPUCTUKOW OE€30TKA3HOCTH HEBOCCTAHABIMBAEMbIX
O0OBEKTOB SIBIIIETCS HHTEHCHBHOCTh OTKa30B A(t).

NHTEeHCMBHOCTH 0TKA30B — YCIOBHAS INIOTHOCTh BEPOATHOCTU BO3ZHUKHO-
BEHHUs OTKa3a 00BbEKTa, onpeaesseMas sl paccMaTpUBaeMOro MOMEHTa BpeMe-
HU TIPU YCJIOBHH, YTO JI0 3TOIO MOMEHTA BPEMEHU OTKAa3 HE BO3HHUK.

AHaJIUTUYECKN NMHTEHCUBHOCTH OTKA30B ONIPEAEISAETCA KaK OTHOLICHUE Ya-
CTOTBI OTKa30B K BEPOSITHOCTH O€30TKa3HOU pabOThI

A(t) = %.

CraTuctuueckas OLICHKAa MHTCHCHUBHOCTHU OTKAa30B

n(At)

A() N(t)At

rae N(t) = [N(t;) + N(t,)]/2 — cpennee uncno paboOTOCIOCOOHBIX 00b-
€KTOB B MHTEPBAJIEC BpeMeHU At.

ONBIT MCCIENOBAHUSA TEXHMYECKMX CHCTEM IIOKA3BIBAET, YTO HMHTCHCHUB-
HOCTb OTKa30B A(t) B TeueHHEe BPEMEHH M3MEHSETCS TaK, KaK MOKa3aHoO Ha PH-
cynke 1.
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A(t)

Pucynok 1

I'paduk pyHknuu A(t) ycIoBHO MOKHO Pa3JIeiIUTh Ha TPU ydacTKa — Iie-
puoja npupabOTKH, HOPMaJIbHOU paboThI U Aerpananuu. Ha nepBoM yyacTke UH-
TEHCUBHOCTh OTKAa30B CHAYAJIa PACTET, & 3aT€M YMEHBIIAETCS C TEYCHUEM Bpe-
Menu. Ha 3ToM yudacTke BBISBISIOTCSA CKpPBIThIE A€(EKThl MPOU3BOICTBA U MOH-
Taka CUCTEM. YYAaCTOK HOCUT Ha3BaHUE y4yacTKa NpUpaOOTKH. J[JIUTENbHOCTH
€ro COCTaBJISIECT OT JECATKOB YaCOB JI0 HECKOIbKUX JieT. MIHOrma ¢ atum nepuo-
JIOM CBSA3BIBAIOT rapaHTUITHOE 00CTyKUBaHUE 00BEKTA, KOTJ]a YCTPAHEHUE OTKa-
30B MPOU3BOJIUTCS U3rOTOBUTENEM. BTOPOW y4acCTOK CUHUTAETCA MEPUOIOM HOP-
MaJIbHOM 3KcIuTyaTanuu. OH XapakTepru3yeTcsi OTHOCUTEIIBHO MMOCTOSIHHBIM 3Ha-
YEHUEM MHTEHCHUBHOCTH OTKa30B. 371€Ch MPOSIBISIOTCS TJIaBHBIM 00pa3oM BHeE-
3allHbIE OTKAa3bl, MPEXKIE BCErO M3-3a CIYyYANHBIX U3MEHEHHWM HArpy3KH, HECO-
OJIfoZICHUSI YCIIOBHI AKCIUTyaTallui, HEOJIAaronpUsATHBIX YCIOBUHN SKCILTyaTalUu.
JIMUTENBHOCTh y4acTKa COCTABISET THICSYM U JIECATKHU ThICSAY yacoB. Ha Tpers-
€M YYaCTKe MPOSBISAETCS YCHICHUE CTapEHUs, U3HOCA DJIEMEHTOB. Bciencraue
3TOr0 MHTEHCHUBHOCTHh OTKA30B HAYMHAET Bo3pactaTh. [Ipyu gocTukeHun Bpeme-
HU t; 00BEKT, KaK MPaBUJIIO, HOJKEH CHUMATBCS C SKCIUTyaTalllH.

Hapa6orka 10 oTka3a — HapaOoTKka 00bEKTa OT Hayaja dKCILTyaTaluu A0
BO3HHUKHOBEHUS MEPBOIO OTKA3a.

AHaNIUTHYECKU HapabOTKa /10 OTKa3a ONpeesaeTcs Kak:

0

Ty :fp(t)dt.

0

Cpennsist HapadoTKa 10 0TKa3a — MaTeMaTHYSCKOE OXKHJIaHUE HAapaOOTKH
o0BeKTa 40 OTKa3a:

oo1:-f(1:)d1: = foot-dQ—(t)dt.

M = | e

0

CrarucTudeckas olieHKa cpeiHeld HapaOOTKH 10 OTKa3a:
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rae N — 4ucio 0OBeKTOB, MOCTABICHHBIX HA MCHBITaHUE, thi — BpeMs paOOTEI
I-ro 00bEKTa 10 IEPBOro OTKAa3a.
Ha ocHoBe omnpejienieHusi ”HTEHCUBHOCTH OTKa30B UMEET MECTO PABEHCTBO!

ft) —%P(t)
P(t)  P(b)

A() =

Ilocne HMHTCTPUPOBAHUS DTOI'0 BBIPAXKXCHU A ITOJTYUHM

j MOt = P ()
0

NnIIn
P(t) = e—fotxl(t)dt.

[TocreqHee ypaBHEHUE — OJTHO U3 OCHOBHBIX B TEOPHUH HaJIeKHOCTH. M3 He-
ro CJIEIyeT, YTO BEPOSATHOCTH 0€30TKAa3HOM pabOThI MpeACTaBIsET CO00I HKCIO-
HEHITMATHHYI0 MOHOTOHHO YOBIBAIOIIYIO (DYHKITHIO, KOTOpasi B MHTEpBAJC Bpe-
MeHHU Wi HapaboTku oT t = 0 mo t = co m3mensiercs ot 1 1o 0 (pucynok 2). Co-
OTBETCTBEHHO, BEPOSTHOCTh OTKa3a MEHsAETCS B ToM ke mHTepBasie ot 0 go 1.
Taxoit 3aKOH TOIYYIIT HA3BaHUE IKCMOHEHIIHAJIBHOT0 3aK0HA HAJIC)KHOCTH.

P, QM) ,
1

Pucynoxk 2

Ecnn "HTEHCUBHOCTH OTKA30B SIBJIAECTCSA BEJIMYUHOU ITOCTOSHHOMU, TO:

1
P(t)=e ™, Q@)=1-e* T, = 7
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Jleknus 2

2.1. MOHATHUE O CTPYKTYPHOM CXEME HAJIEXKHOCTH

Bce TexHnueckne 0ObEKTHI COCTOSIT U3 JIIEMEHTOB. DJIEMEHThl (PU3NUEeCKU
MOTYyT OBITh COEIMHEHBI MEXAY COOON caMbIM pa3iIMuHbIM oOOpa3zoM. [l
HarJISIAHOTO M300paKEHUSI COSIMHEHUM AJIEMEHTOB MCIOJB3YIOTCS Pa3IuyHOTO
pO/ia CXEMbl: CTPYKTYpHbIE, (DYHKIIMOHATbHbIE, IPUHIIUNHUANIbHBIE U T. 1. Kax-
Jasi UMEeT CBOE MpeIHA3HAYCHUE W TO3BOJSIET aHAIU3UPOBATH, KaK ()YHKIIMO-
HUPYET TO WU UHOE U3JIeIUeE.

Jlyisa aHanu3a ypoBHSI HAJIe)KHOCTH M pacyeTa ee Mokasareseld MPUMEHSIOTCS
0COOBIE CXEMBbI, KOTOPBIE MOJYYHIIN Ha3BaHUE CTPYKTYPHBIX CXEM Ha/IeKHOCTH.

[loa cTpyKTypHOM CXeMOM HaJEeKHOCTH MOHUMAETCS HarsiAHOE rpaduye-
CKO€ IPEe/ICTaBICHUE YCIOBUM, MPU KOTOPHIX pabOTaeT Wiu HE paboTaeT ucclie-
JIyEeMBIi 3JIEMEHT, OOBEKT, CUCTEMA, YCTPOUCTBO U T. I.

JIist cocTaBieHUs: CTPYKTYpPHOU CXEMbl HAAECKHOCTH AHAIM3UPYIOT IPO-
necc (pyHKIMOHUPOBAHUSI O0BEKTA, M3Y4YalOT (PYHKIIMOHAIbHBIE CBSI3U MEXKAY
AJI€MEHTaMHM, BUAbl OTKAa30B M MPUYMHBI UX BO3HUKHOBEHHUS. Takoe uccienoBa-
HUE TpeOyeT BBICOKOW WHXKEHEPHOM M MareMaTudeckou 3pyauiuu. CTeneHb
IpoOneHus 00bEKTa Ha SJIEMEHThI 3aBUCUT OT KOHKPETHOM 3a/1a4yu pPacyeToB.

OnHO M TO K€ COEMHEHHUE HA MPUHIHUIIHUAIBHON CXeME MOXKET UMETh CO-
BEPIIECHHO JAPYroe COeINHEHNE Ha CTPYKTYPHOU cXxeMe HaJeKHOCTH.

OCHOBHBIMH OTKa3aMH 3JIEKTPUUECKUX OOBEKTOB SIBJISAIOTCS OTKA3bl THUIMA
«OOpBIB» M «KOPOTKOE 3aMbIkaHue». IIycTb OOBEKT COCTOUT M3 JABYX JHMOJOB
VD1 u VD2, ¢usnueckn COeNMHEHHBIX NapauienbHo. [Ipu oTkaze Tuma «ko-
POTKOE 3aMBIKAaHUE» CXEMa BBIWJIET U3 CTPOsI, KOTJla OTKaXXEeT JII0OOW U3 JBYX
nuonoB. [loaToMy cTpykTypHasi cxeMa HaJeKHOCTH JJisl 3TOro ciiydyas u3odpa-
AETCA B BUJIE MOCJIEAOBATEILHOIO COEAMHEHUS PJIEMEHTOB. B nipyrom ciyuae,
MpU OTKa3e TUIA «OOPBIB», MapajjiejbHasl LENoYKa JUO0J0B OTKAXET TOJILKO B
cily4yae OTKasa JByX IuoJ0B. CienoBaTenbHO, CTPYKTYpHAsl CX€Ma HaJIeKHOCTU
OyAeT mpencTaBiIsaTh COO0M MapauIeIbHOS COSTUHEHUE 3JIEMEHTOB (PUCYHOK 3).

VD1 1 1 2
<
& B ==
"N
VD2 2
OOpsIB KopoTkoe 3ambikaHue
Pucynoxk 3

[Tpu ompeneneHnn CTPYKTYPHOU CXEMbI HaJC)KHOCTH O0OBEKTA OICHUBAIOT
BIIMAHUE PAOOTOCIIOCOOHOCTH KaXKJI0r0 3JIEMEHTa Ha pab0TOCIOCOOHOCTh 00b-
exta B 1esoM. C 3Toi TOYKU 3pEeHHs BCE DJIEMEHTHI 00BEKTa ACNAT Ha YEThIPe
IPYIIITHL:
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1. DnemMeHThI, 0TKa3 KOTOPBIX MPAKTUYECKH HE BIUSET Ha paboTOCIOCO0-
HOCTh 00BeKTa (HampuMmep, AeopMalus KoKyxa, H3MECHCHHE OKPACKH MOBEPX-
HOCTH H T. 1I.).

2. DNeMeHTHI, pab0TOCIIOCOOHOCTh KOTOPBIX 332 pacCMAaTPUBAEMBINA TTPOMeE-
KYTOK BPEMEHU MPAKTUUECKU HE M3MEHSIETCS U BEPOSITHOCTh MX O€30TKa3HOU
paboThl Onm3Kka K equHHIEC (CTAHWHBI, KOPITYCHBIC JETaJId, MAaJOHATPYKCHHbIC
9JIEMEHTBI ¢ OOJIBIIIAM 3aI1aCOM IMPOYHOCTH U T. II.).

3. DIeMeHTHI, PEMOHT WJIM PETYIHPOBKA KOTOPHIX BO3MOXHA B IPOIIECCE
pa®oTHl WJIM BO BpeMs IJIAHOBBIX OCTAHOBOK (HajajKa, 3aMeHa PEXKYIIero WH-
CTPYMEHTA U T. 11.).

4. DreMeHThI, 0TKa3 KOTOPHIX caM MO ce0e WM B COYETAHUU C OTKazaMu
JPYTHX DJIEMEHTOB MPUBOJIUT K OTKA3Yy CUCTEMBI.

[Ipu ananuze HaJIEKHOCTH OOBEKTA B pACCMOTPEHHUE, KaK MPABUIIO, BKIIIO-
YaloT JEMEHTHI MTOCIEAHEN TPYIIIHI.

[Ipu ananuze HaAEKHOCTH OO0BEKTA MPUIIEPKUBAIOTCS CIEIYIONIETO MO-
paaKa:

1. TlpoBoauTCS aHAMM3 YCTPOUCTBA M (PYHKIIMOHAIBbHASI B3aUMOCBS3b CO-
CTaBHBIX YaCTEH, BRIMOTHIEMBIC (PYHKITUN OOBEKTOM U €r0 AJIEMEHTaMHU.

2. opMynupyeTcs CoaepiKaHue TIOHIATHI «0e30TKa3Hast padoTa» h «OTKa3».

3. Ompenensiorcss Bce BO3MOXKHBIC OTKa3bl 00BEKTa U €r0 COCTaBHBIX Ya-
CTEH, MX PUYHUHBI ¥ BO3MOYKHBIC TIOCIIC/ICTBHUS.

4, OueHuBaeTCA BIUSAHHE OTKA30B COCTABHBIX YacTeW Ha pabOTOCIIOCO0-
HOCTbh O0OBEKTA.

5. OOBEKT pa3AessieTcss Ha AJIEMEHTHI, Y KOTOPBIX MOKAa3aTeN HAJIEKHOCTH
W3BECTHBI.

6. CocTaBisieTcs CTpYKTypHas cXxeMa HaJe)KHOCTHA CUCTEMBI.

7. Ilo cTpyKTYpHOI cX€M€ HaJIeKHOCTU COCTABIISIIOTCSl PACUETHBIC 3aBUCH-
MOCTH, IO KOTOPBIM OMPEACIISIOT BEIMUYNHY IMOKa3aTeNle HaJie)KHOCTH 00BEKTa.

Pacuet Hafie:KHOCTH MPOBOAUTCS B MPEAINOJIOKEHUH, YTO OOBEKT U KaXKIbIi
€ro 3JEMEHT MOT'YT HaXOAMUTbCA B OJHOM U3 JBYX BO3MOXKHBIX COCTOSIHUSIX — pa-
00TOCTIOCOOHOM U HEPabOTOCIOCOOHOM. OTKa3bl 3JIEMEHTOB HE3aBUCHUMBI JPYT OT
Apyra.

Jlist pacdera mokasaresiedl HaJIe)KHOCTH CIIOKHBIX OOBEKTOB HUCHOJB3YIOT
METO/IbI, CBSI3aHHBIC C TICPEYMCIICHUEM SJIIEMEHTAPHBIX COOBITHI (METOI TPSIMO-
ro mnepebopa, KOMOWMHATOPHBIH METOJ), TOIOJOTHYECKUE W CTPYKTYPHO-
JIOTHYeCKHe MeTObI (METOAbl MUHIUMAJIBHBIX IyTeH W MUHHUMAJIbHBIX CCUCHUH,
Pa3NIoKEHUs OTHOCUTEIBHO OCOOOTO 3JIEMEHTa, METOJbl C HCIOJIb30BAaHUEM
rpad)0B COCTOSHUHN U JCPEBbEB OTKA30B W JP.), @ TAK)KE METOIbl MaTeMaTHue-
CKOI'0 M CTAaTUCTUYECKOT'O MOJICIIUPOBAHHSI.

CoenuHeHne 3IeMEHTOB B CTPYKTYPHBIX CX€MaX HaJeKHOCTH CBOJIAT K 4e-
THIPEM OCHOBHBIM BHJaM: MOCJEAOBATEILHOMY, TTapAILICIFHOMY, CMEIIIAHHOMY,
MPOU3BOJIHLHOMY.
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2.2. OBBEKTBI C HOCJIEJOBATEJIBHBIM COEJUHEHUEM
QJIEMEHTOB

[TocnemoBaTenbHOE COCTMHEHNUE SJIEMEHTOB B CTPYKTYPHOM CXEME HAJEHK-
HOCTHU — 3TO TaKO€ COCIMHEHUE, MIPU KOTOPOM OTKa3 XOTs Obl OJTHOTO 3JIEMEHTa
MIPUBOJUT K OTKa3y BCEr0 0OBEKTa B LIEJIOM.

Takoll TUI COETMHEHUSI B TEOPUU HAJIECKHOCTH HA3bIBAIOT OCHOBHBIM CO-
€IUHEHUEM.

[locnenoBarenbHas MOJENb HAJACKHOCTU MPEACTABISAET COOON CXeMy, CO-
CTOSAIIYIO U3 JIBYX U 00JIee DJIEMEHTOB, COCIMHEHHBIX MOCJIeI0BATeIbHO (pUCy-
HOK 4). DjieMeHTBI UMCIOT BEPOSATHOCTh 0€30TKa3HOH pabOThl COOTBETCTBEHHO

P1(t), Pa(t),...,Pn(t).

P1(t) Pa(t) Pn(t)

—> 1 > 2 —> T — n —>

Pucynok 4

YcnoBueM paboTOCIIOCOOHOCTH MOCIEAOBATEIBLHON CXEMBI SIBIIsIETCS pado-
TOCIIOCOOHOCTh BCEX COCTABIISIONINX €€ JIEMEHTOB.

BepostHocTh 6€30TKa3HOM pabOThl 00BEKTa C MOCAEI0BATEILHBIM COCIM-
HEHHUEM S3JIEMEHTOB pPaBHA MPOU3BEIACHUIO BEPOSTHOCTEH 0€30TKa3HON pabOThI
OTJICTFHBIX €€ DJIEMEHTOB!

P.(t) = ﬁpz(t), Q(6) =1— ﬁ P(t) =1- ﬁ{l = Qi(®)},

rue P;(t), Q;(t) — COOTBETCTBEHHO BEPOSATHOCTH 0E30TKAa3HOW pabOTHI U BEPO-
ATHOCTh OTKa3a I-T0 3JIEMEHTA.

Ecnu 00BEKT COCTOUT M3 OMHAKOBBIX AJIEMEHTOB, UMEIONINX PaBHBIC Be-
POSITHOCTH 0€30TKa3HOU paboOThI:

P.(t) = P(t), Q.(t) =1 - P(1).

Ecnu anemeHThI paboTaroT B IEPUOJIE€ HOPMATBHOM IKCILTyaTallUk U UX Be-
POSITHOCTH 0€30TKa3HOM pabOThl MOMYUHSIIOTCS SKCIOHEHUIHUATBHOMY 3aKOHY,
MOXHO 3amucaTh BBIPAXKEHUS BEPOSTHOCTU 0€30TKa3HOUM paboThl Yepe3 MHTEH-

CHBHOCTB OTKAa30B.
n

P.(t) = 1_[ o=l Mi®at — ,-FL, [fA®at _ - [[TE, ADat

i=1
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OTCIOI[a, HWHTCHCHUBHOCTBb OTKAa30B HOCHCHOB&TCHBHOﬁ CXEMbI COCANHCHUA
9JICMCHTOB paBHA CYMMC WHTCHCUBHOCTEH OTKA30B OTACIIbHBIX DJICMCHTOB.

Ae(t) = Zn:ﬂi(t)-

Eciin s1meMeHTBl UMEIOT OJMHAKOBYIO HAIEKHOCTh, TO A (t) = nAd;(t).
CremoBaTelIbHO, HAJICKHOCTh CUCTEMBI C TIOCJICIOBATEIIBHON CTPYKTYpOH CHH-
’KaeTcs C yBEIIMUCHUEM YHCIIA 3JICMEHTOB. J[J1s yBeIMUeHUS HAJC)KHOCTH HEO00-
XOJMMO YMEHBIIATh KOJUYECTBO 3JIEMEHTOB, CHM)KaTh HHTCHCHBHOCTh OTKAa30B
9JICMEHTOB HMJIY YBEJIUYHUBATH CPESIHIOI HAPAOOTKY JIO OTKAa3a.

Jliist mepuoaa HOpMabHOM AKCIUTyaTallMk HapaboTKa 0 OTKasza IMOCIeA0-

BATEIbHOU CTPYKTYPBI:
1

1 = )
To - = Z Ai(t) .
he i=1

AHanu3 NoJy4YeHHBIX BBIPAKEHUM MO3BOJISIET CAENATh CISAYIOIINE BEIBOJIBI:

— BEPOSATHOCTH 0€30TKa3HOU paboThl OyAEeT TEM HMKE, UeM OOJIbIIee YUCIIO
AJIIEMEHTOB COCTABJISIOT MIOCJIEI0BATEIBHOE COEIUHEHNUE;

— BEPOSATHOCTb 0€30TKAa3HON pabOThI MOCIIENOBATEILHOTO COEAMHEHHUS BCe-
rla HUXKE, YeM BEpPOSITHOCTh 0€30TKa3HOW pabOThl CaMOro HEHAJEHKHOTO 3Jie-
MEHTa COCMHEHUS (XyXKe XYJIIIIEro).

2.3. OBBEKTbBI C TAPAJVIEJIBHBIM COEIMHEHUEM 2JIEMEHTOB

[lapanienbHbIM COEAMHEHUEM BJIEMEHTOB B CTPYKTYPHOU CXeMe HaJeKHO-
CTH HA3bIBAETCSI TAKOE COCJMHEHHE, MPU KOTOPOM OOBEKT OTKA3bIBAET TOJHKO
IPH OTKAa3€ BCEX COCTABJIAIONINX €r0 3JIEMEHTOB (PUCYHOK 5).

VYcnoBueM pabOTOCIIOCOOHOCTH OO0BEKTAa € MapaJUieIbHBIM COCIUHEHUEM
3JIEMEHTOB B T€UEHHUE HapaOOTKU t HEOOXOAMMO M TIOCTAaTOYHO, YTOOBI XOTS OBI
OJIH 3JIEMEHT ObLI B pa00TOCIIOCOOHOM COCTOSIHUU.

P1(t)

Pz(tl

A\ 4
N
v

Pn(t

A\ 4
>

Pucynok 5
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[TapamtensHas MOJCIb HAJACKHOCTH OTOOPAKAET CUCTEMY, COCTOSIIYIO U3
IBYX M 0oJiee 3JIEMEHTOB, COEJMHEHHBIX MapasuienbHo. Ha pucynke 5 o6o3Ha-
yerus Pi(t), Pa(t),...,Pn(t) uMeroT TOT k€ CMBICI, YTO W B TOCJICIOBATEIBHOM
MOJICITH HaJICKHOCTH.

Eciu 0TKa3bl 3JIeMEHTOB HE3aBUCHMBI JIPYT OT JPYyra, TO BEPOSTHOCTH OT-
Ka3a 00bEKTa paBHA MPOM3BEIACHHUIO BEPOSTHOCTEH OTKa3a ero 3JCMEHTOB:

Q(t) = ]_[ Q:t) = ﬁ[l 0!
i=1 i=1

a BEPOSITHOCTh O€30TKa3HOU PabOThI:

r@O=1-00=1-| [a®w=1-] [n-rw©]

ECJ’II/I BCC DJICMCHTHI 06T>CKTa HUMCIOT O,Z[HHaKOBy}O HAaICKHOCTB, TO
Q) =Q!@)=[1-P@®]", P@)=1-0Q')=1-[1-P)]"

[Ipy SKCHOHEHIMATBHOM 3aKOHE paclpelieNieHUus] BEpOATHOCTh 0O€30TKa3-
HOM pabOThI Uepe3 UHTEHCUBHOCTh OTKA30B MOYHO 3alKCcaTh:

P(t)=1- ﬁ (1 _ e—fotx‘l(t)dt)
i=1

Ecnu Bce 31eMeHTEI UMEIOT OJMHAKOBYIO HAACKHOCTD, TO:
2
P(t)=1— (1 —e JoA®dtyn,
[Ipu A = const nociegHee BhIpa)keHUE MPUHUMAET BU/L:
n
P@)=1-(1-e)"

Cpenunee Bpemsi HApaOOTKU MapajuieIbHOM CTPYKTYpPHI 10 0TKa3a PaBHO:

T, = joooP(t)dt = jooo{1 —(1- e"“)n}dt.

ITocne HUHTEIpUPOBAHUS IIOCIICIHETO BHIPAXKCHUS IOy YHM.

1 1 1N 11
L=y (1) =1 T
C C

i=1
Anamms INOJTYYCHHBIX BI)Ipa)KeHI/II\/’I IO3BOJIACT CACIATH CICAYIOIIHUEC BBIBOBI.
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— BEpOSATHOCTH 0€30TKa3HON pabOThl 00BEKTA C MapaieIbHBIM COCIUHE-
HUEM DJIEMEHTOB TTOBBIIIIACTCS C YBETUICHUEM YHCIIA DIIEMEHTOB;

— BEPOATHOCTh 0€30TKa3HOM paldOTHI IMapajIeIbHOTO COSIWHEHHUS BCEra
BEIIIIE, YeM BEPOSTHOCTHh O€30TKA3HOW PadOTHI CAMOTO HAJEKHOTO 3JIEMEHTa CO-
enuHeHus (JIydIie Jy4qIero).

— HapaboTKa 00BEKTa JI0 OTKa3a C IMapajjelbHBIM COCIMHEHUEM 3JIEMEH-
TOB 00JIbIIIE HAPAOOTKHU HA OTKA3 €r0 PJICMEHTOB.

2.4. OBBEKTBI CO CMEIIAHHBIM COEAUHEHUEM 2JIEMEHTOB

B cTpyKTYypHBIX cXeMax HaJIe)KHOCTH O0BEKTa CO CMEIIAHHBIM COCAMHCHHU-
€M DJICMEHTOB MPHUCYTCTBYIOT OJTHOBPEMEHHO ITOCJICIOBATEIbHBIC M TTapaLIeiIh-
HbIE CXEMbI HaJIC)KHOCTH (PUCYHOK 6).

—| 3 — 5 — 6 |
1 | 2 N B
| 4 11 7 — 8
Pi(t) Pi(t) Pm(t)
Pucynok 6

Jlist pacdeTta HaACKHOCTH OOBEKTAa MPUMEHSIOT METOJ CBEPTKU». MeTon
CBEPTKH COCTOUT U3 HECKOJIBKHX 3TAMOB:

— Ha MEPBOM 3Tale pacCMaTPUBAIOTCA BCE MAPAIUICIIbHBIE COCTUHEHUS, KO-
TOPBIE 3AMEHSIOTCS SKBUBAICHTHBIMH 3JIEMEHTAMH C COOTBETCTBYIOIIMMHU TOKA-
3aTeJIsIMU HaJIEKHOCTH;

— Ha BTOPOM 3Talle pacCMaTPUBAIOTCA BCE MOCIEA0BATEIbHBIE COEAUHECHUS,
KOTOPBIE 3aMEHSIIOTCS] KBUBAJICHTHBIMU 3JIEMEHTaMU;

— Ha TPEThEM 3Talle BHOBb pacCMaTPUBAIOTCS BCE MapaJlieIbHbIE COEIUHE-
HUS, KOTOPbIE 3aMEHSIOTCS] SKBUBAJICHTHBIMU 3JIEMEHTAMH;

— npeoOpa3oBaHus MPOAOKAIOTCS 10 TE€X MOp, MOKA UCXOJHASA CTPYKTYp-
Hasg cXe€Ma HaJeKHOCTH He OyJleT MpeoOpa3oBaHa K CXEME MOCIEA0BATEILHOTO
COEUHEHUS PJIEMEHTOB.

Tak, olleHKy 0€30TKa3HOCTH CUCTEMBI, IPEACTAaBIECHHON Ha PUCYHKE, MOX-
HO BBITIOJIHUTH CJIEAYIOIINM 00pa3oMm:

P, (t) = P1(t)P,(2),
P (t) =1-[1-P;(0)I[1 - P, ()],
Pn(t) =1—1[1 - Ps(t)Ps(t)][1 — P,(t) P (t)].

B utore cTpykTypHas cxema HaJIeKHOCTH OyJleT mpeoOpa3oBaHa K Imocie-
JI0BAaTEIIbHOMY COSMHECHHIO (PUCYHOK 7):
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Pi(t) Pi(t) Pm(t)

Pucynok 7
Torma P.(t) = P, (t)P,(t)P,,(¢t).
2.5. OBBEKTHLI C ITPOU3BOJIBHBIM COE/IMHEHUEM 3JIEMEHTOB

Onnoit HamboJiee YacTO BCTpeYaeMOM CXeMOM O00BbEKTa C MPOU3BOJIBLHBIM
COCTMHCHHUEM DJICMEHTOB SIBJISICTCSI MOCTHUKOBAs cxeMa (pUCYHOK 8).

1 4

Pucynok 8

[Tokazarenu HAAEKHOCTH TAKOW CXEMBbI OMPEIEIISIIOT:

— JIOTUKO-BEPOSITHOCTHBIM METOJIOM;

— METOJIOM MUHUMAIbHBIX ITyTEH U CEUYCHUMH;

— DOKBHUBAJICHTHBIMU CTPYKTYPHBIMH NPEOOpPa30BAHUAMHU COCAUHECHHUI
«TPEYTOJILHUK» B COCIMHCHUE «3BE3/1a»;

— METOJIOM PA3JIOKEHUS CTPYKTYPHI IO KKJIFHOUYEBBIM AJIEMEHTAMD.

2.5.1. Jlozuko-eeposamuocmuslii Mmemoo

[Ipy wucmonb30BaHUM JIOTUKO-BEPOSTHOCTHOTO METOJa MaTeMaTH4YecKas
MOJIeNTb OOBEKTA COCTABISIETCS B TEPMUHAX aNreOphl JOoTuKH. B pesymbTaTe co-
cTaBisieTcs (hopmManm3oBaHHAS MOJIENh, KOTOpasl OMpeeseT ycioBue paboTo-
CIIOCOOHOCTH WJIM OTKa3a 00beKkTa — (PyHKIUI0 pabOTOCIOCOOHOCTH WIIM HEpa-
6orocniocooHOocTH. [Ipn ee cocTaBieHU sl KaXI0ro dJIEMEHTa paccMaTprBa-
10T IBa HECOBMECTHBIX COCTOSIHUSI — pabOTOCIIOCOOHOTO U HEPAOOTOCTIOCOOHO-
rO.

Jlnst coctaBieHHus QYHKIMH pabOTOCTIOCOOHOCTH (HEpaOOTOCIIOCOOHOCTH)
COCTaBJISIIOT TalJuUIly mepedopa BCEX COCTOSIHUM paccMaTpUBAEMOro OObEKTa
(Tabnuna 2). Yucno paccMaTpHBaeMbIX COCTOSHHI 00bekTa paBHO 2", rae N —
YHCJIO DJIEMEHTOB B COCTaBe 00bekTa. B Tabmuiie mpumeHsoT popMaan30BaH-
HOe 0003HaYeHHEe PabOTOCTIOCOOHOTO COCTOSTHMS dJIeMEHTa 4uciioMm «1», Hepa-
60TOCTIOCOOHOTO cOCTOSTHUS — «0».
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Tabnuma 2

Ne Howmep siemenTa OyHKIUA
COCTOSIHUS 1 2 3 .. n HAJEKHOCTHU
1 0 0 0 0 Q1Q2Q3... Qn
2 0 0 0 1 Q:0Q2Qs... Py
3 0 0 0 0 Q1Q2Qs... Qn
4 0 0 0 1 Q:0Q2Qs... Py
5 0 0 0 0 Q1Q2Qsz... Qn
6 0 0 0 1 Q:0Q2Qs... Py
2" 1 1 1 1 P1PyPs... Py

B 3aBucuMocCTH OT pemraeMoi 3ajayu ONpeNeleHUs] BEPOSITHOCTU Oe30T-
Ka3HOW paboThl WM BEPOATHOCTH OTKa3a U3 BCEH COBOKYNHOCTH (YHKLHI
HAJe)KHOCTU BBIOMPAIOT TOJBKO T€, KOTOPBIE YIOBJIETBOPSIOT YCIOBUSAM IIO-
CTaBJICHHOU 3aa4H.

PesynpTupyromas BepoaTHOCTh 0€30TKa3HON paboThl (BEPOSTHOCTH OTKa-
3a) paBHa CyMME IPOW3BEICHUN BBHIOPAHHBIX (DYHKIMHA OE30TKa3HOW pPabOTHI
(pyHkumii oTKa3a).

JIoruko-BepOATHOCTHBIN METO[ SIBISIETCS YHUBEPCAIBHBIM, MOKET IIpUMeE-
HATbCA JJIA JII0OOr0 THIIA COEIMHEHHsI 3JEMEHTOB B CTPYKTYpPHOM cXeMe
HaZexxHOCTU. OrpaHudeHue JUisi MeToAa — MPU YBEIUYECHUH YHUCIIA HJIEMEHTOB
PE3KO PAaCTET YUCIO PACCMATPUBAEMBIX COCTOSHHUA OOBEKTa. DTO CO3LAET W3-
BECTHBIE TPYAHOCTH JUIsl aHAJIM3a HA/I€)KHOCTU OOBEKTA.

2.5.2. Memoovl MUHUMAIbHBIX RYMEl U MUHUMATbHBIX CEYEeHUL

Jlist cokparnienusi oo0bema nmpeoOpa3oBaHU MPU COCTABICHUH JIOTMYECKUX
(GyHKIIMI Ha OCHOBAHUU CTPYKTYPHOU CXEMBbI MPEABAPUTEIBLHO COCTABIISIETCS
Joruueckas cxema o0bekTa. JIornyeckne CXeMbl COCTaBIISIIOTCS MyTEM MpUMe-
HEHHSI METOI0B MUHUMAJIbHBIX TyTEH U MUHUMAJIbHBIX CEUCHUI.

MuHUMaTBEHBIM TTyTeM (KpaTdaiimuM IMyTeM YCIENIHOTO (YyHKIIMOHUPOBA-
HUS WM MUHUMAJIBHBIM TIPOXOHBIM COYCTAHUEM) Ha3bIBACTCS MTOCIICIOBATEIb-
HbII HA0Op PabOTOCIIOCOOHBIX NEMEHTOB, KOTOPBIM 0OecreynBaeT paboToCHO-
COOHOCTh O0BEKTa, a OTKa3 J000ro M3 HUX MPUBOAUT K €ro OTKazy. MuHu-
MaJIbHBIX TyTeH B 00BEKTE MOXKET ObITh OJJMH WK HECKOJbKO. OOBEKT C moce-
JIOBATEJIbHBIM COCIMHEHUEM 3JIEMEHTOB HMEET TOJIbKO OJWH MUHUMAJIbHBIN
MyTh, BKJIIOYAIOLIUM BCE €ro 3JeMEeHThl. B 00bekTe ¢ mapasienbHbIM COEIUHE-
HUEM 3JIEMEHTOB YKCJIO MUHUMAJIbHBIX MyTEH PaBHO YHUCITY 3JEMEHTOB U KaxK-
Il MUHUMAJIBHBIN MTYTh BKJIIOYAET B CE€0S1 OIMH U3 SJIEMEHTOB.

Metoa MUHUMAaJIbHBIX MyTEH JAeT OIEHKY HMXKHEH IpaHullbl HAJIEKHOCTHU
00BbeKTA.

Jliist pacuera BepxHEl OLIEHKH BEPOATHOCTH 0€30TKa3HOM padoThl 00bEKTa
UCIIOJB3YIOT METOJI MHHUMAJIBHBIX CeYeHHU (pa3pe3oB). MHUHUMAIbHBIM ceUe-
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HUEM HAa3bIBACTCS IOCJIENI0BAaTEIbHbII HAa0Op 3JEMEHTOB, OTKa3 KOTOPBIX MpPH-
BOJAUT K OTKa3y OOBEKTa, a BOCCTAHOBJIEHHE PabOTOCIOCOOHOCTU JIOOOro M3
HHUX — K BOCCTAaHOBJICHHUIO Pa00OTOCIIOCOOHOCTH OOBEKTA.

MuHMMaNbHBIX CEYEHUN B OOBEKTE MOMKET OBITh OJUH WJIM HECKOJBKO.
OOBEKT ¢ napajieIbHbIM COSAMHEHUEM 3JIEMEHTOM MUMEET TOJIbKO OJJHO MHUHH-
MaJbHOE CEYEHHE, BKIIIOYAIOIIEE BCE €ro 3JIEMEHTHl. B 00bekTe ¢ mocnenosa-
TEJIbHBIM COEIMHEHHEM 3JIEMEHTOB YMCIO0 MUHUMAJIbHBIX CEYEHUIN COBIAJIAET C
YKCJIOM JIEMEHTOB, U Ka)KJJ0€ MUHUMAJIbHOE CEYEHUE BKIIIOUAET OJIMH U3 HUX.

Tak, misg paccMarpuBaeMOil MOCTUKOBOM CXEMbl COCAMHEHHS AJIEMEHTOB
CTPYKTYpHBIE CXEMbl HAJEKHOCTHU METOJIa MUHUMAJIbHBIX MYyTe U MUHUMAIb-
HBIX CEYCHUI UMEIOT CIICNYIONMNI BHI, KOTOPBIN MPEICTAaBIICH Ha pUCYHKE 9.

P
©

o—6] 3
Lok
A0SR0,

a) METOJ] MUHHUMAJIbHBIX 0) MeTO MUHUMAITbHBIX
nyTen CEYEHHUI
Pucynok 9

Slelo

2.5.3. Memoo npeobpazosanus coeOuHeHUA <MPEY2ONbHUKY
6 COeOUHEeHUe <36€30a»

MOCTHKOBYIO CXEMY COCIMHCHHUS 3JEMCHTOB MOXKHO pacCMaTpHUBaTh Kak
COCIMHEHUE JBYX TPEYTOJBHUKOB, HMCIOIIHMX OJUH OOIIHMK 3JEMEHT 101 HOMe-
pom 3.

<

Pucynox 10

Metoa cocToUT B IpeoOpa30BaHUM UCXOIHON CXEMBI B CXEMY CMEIIIAaHHOTO
COCJIMHEHUSI 3JIEMEHTOB, IS KOTOPOM MOXKHO NMPUMEHUTh METOJ «CBEPTKU»
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(pucynok 10). IlpeamonararoTcss H3BECTHBIMU BEPOSITHOCTH O€30TKa3HOU pabo-
ThI KQXJ0T0 3yieMeHTa. Jjig npeoOpa3oBaHHONW CXeMbl HEOOXOAUMO BBIUYUCIUTD
BEPOSTHOCTH O€30TKa3HOH paboTsl Py, Py, P;.

Tak Kak BEpOATHOCTH O€30TKa3HON pabOThI AJIEMEHTOB OJIM3KU K €IUHHUIIE,
JUTSL BBIBOJIa YpPaBHEHUM MpeoOpa3oBaHUN MCIOJIB3YIOT BEPOSTHOCTU MOSIBJICHUS
otka3oB Q(t) amemenToB. Torna cucreMa ypaBHEHWH, YCTaHABIMBAIOIIAs B3au-
MOCBSI3b MEXy TOKa3aTeIsIMU HAICKHOCTH MCXOHOU CXEMbI U MPeoOpa3oBaH-
HOU, UMECT BUII.

QX+Qsz_QnyQz = Q:1Q:
Qy+QxQz_QnyQz = Q1Q:s.
Q; + Qx Qy_Qx Qsz = Q2Q3

Cuurasi, 4TO BEpOSTHOCTU OTKA30B 3JIEMEHTOB Mallbl, MpeHeOpexKeM Mpo-
U3BEJICHUSAMHU BEPOSITHOCTEH OTKa30B. B pesynbpTaTe mosiydum mpuOIMKEHHbIE
YPaBHEHUS MEPEXO/A OT CXEMBI KTPEYTOJIBHUK» K CXEME «3BE3/1a»:

Qx = Q1Q; Py=1-0Qx
Qy ~ Q1Q3 Py=1-Qy.
Q;~ Q2Q3 P,=1-Q;

3Hasi BEJIMYUHBI BEPOSITHOCTEN OTKA30B, MOXKEM OMNPEACIUTh BEIUUUHY HC-
KOMBIX BEPOSATHOCTEH 0€30TKa3HOW pabOThI 3JIEMEHTOB MPEOOPa30BAHHOM CXe-
MblL: Py, Py, P;.

2.5.4. Memoo paznosicenus cmpyKmypol HO <K1I04€6bIM IJ1IEMEHMAM>

CymHOCT METOAA 3aKII0YAECTCS B 3aMEHE HMCXOJHOW CTPYKTYpPBI ABYMSI
0oJiee MPOCTHIMU, TAKUMH, UTO CyMMa BEPOSITHOCTEN pabOTOCIIOCOOHBIX COCTO-
SHUM 3TUX CTPYKTYP pPaBHA BEPOSATHOCTU PaOOTOCIIOCOOHOTO COCTOSIHUSI UCXO/-
HOU CTPYKTYPBHI.

a) 0) B)
1 4 1 4 1 4 —
3 — 3 _13
2 5 2 5 — 2 5
Pucynok 11

3amaua ompeseneHus HaJIe)KHOCTH O0OBEKTa PENIaeTCs B TPU dTarma.

1. B xadecTBe KII0UEBOTO JIEMEHTA BEIOMPACTCS DJIEMEHT, KOTOPHIN NMEET
HanOOJBIIIEE YHCIIO COCIMHEHWA C IPYTHMH dJIEMEHTaMu 00bekTa. B Hamem
CJIy4ae dTO JIEMEHT MO HOMEpPOM 3.
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2. CuuTaeM, 9TO 3JeMeHT 3 SBIsIeTCS a0COTIOTHO HANEKHBIM. Torma BMme-
CTO DJIEMEHTa 3 MOKHO TOCTaBUTh KECTKYIO CBSI3b M CXeMa Mpeodpaszyercs K
BUIy 0), HO K HEH HEOOXOJUMO MPHCOCAUHHUTH IOCICIOBATEIBHO JIEMEHT 3,
TaK KaK HEOOXOJIUMO yYECTh BEPOSITHOCTh €ro pabOTOCIOCOOHOIO COCTOSHUS.
[Ipumensis MeToa «CBEPTKHU», OTMpEesieM BEPOSTHOCTh 0€30TKa3HON PabOThI
cxeMbl — Pg.

3. Cumraem, 4TO 3JEMEHT 3 HAXOJWUTCS B COCTOSHUU OTKaza. Torjga Ha
CXEME €ro MOJIOKEHUE CleayeT O003HAuUUTh OOphIBOM Ienu. K monydeHHOoM
cxeMe 0OaBIIsIEM DJIEMEHT C BEPOSTHOCTBHIO OTKa3a KII0UEBOTo deMeHTa. B pe-
3yJIBTATe TOJYYUM CXeMy B). [IpEMEHsISI METOJ] «CBEPTKU», OMpPEICSISIeM BEpo-
ATHOCTh 0€30TKa3HOU paboThl cXeMbl — P,

4, OnpenensieM BEpOSTHOCTh 0€30TKa3HOM pabOThl 00BEKTa

P(t) = Ps(t) + Pa(t).
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Jleknus 3
3.1. IOHSITHUE O IOTOKE OTKA30B 1 BOCCTAHOBJIEHUN

BoccranaBnuBaeMbIM Ha3bIBa€TCsI OOBEKT, JJISI KOTOPOTO BOCCTAHOBJICHHE
paboTOCTIOCOOHOTO COCTOSIHUS TMOCHE OTKaza MPEeAyCMOTPEHO B HOPMATHUBHO-
TEXHUYECKOUW TOKYMEHTAIUH.

JIJist BOcCTaHABIMBAEMBIX OOBEKTOB XapaKTEPHO YepeoBaHUE pabOTOCIIO-
COOHOT'O COCTOSTHUSI M BOCCTAHOBJICHUSI pabOTOCIIOCOOHOCTH Iociie oTKa3a (pu-
cyHoK 12). Takum 00pa3oM, MpoIecC IKCIUTyaTaluu 00bEKTa MOKHO TPEJCTa-
BUTHh KaK TOCJEIOBATEIbHOE YepEeOBaHUE CIyYalHBIX COOBITUH WHTEPBAJIOB
BPEMEHHU paboTOCIOCOOHOTO th M HEPAOOTOCIIOCOOHOTO COCTOSTHUM {5 .

g tp2 tsi
<= | | <=

-

t] 0 t] 8 t20 t26 t3o t38 tio tis
Pucynok 12

[IpocTeiineit MoAenbI0 PYHKIIMOHUPOBAHUS BOCCTAHABIMBAEMOT0 00bEKTa
SBJIICTCS TaKasl, TPU KOTOPOW OH B HAYaJIbHBI MOMEHT BpemeHnu t = 0 paboro-
CIocOO€H. 3aTeM KaKoe-TO ciaydaiiHoe BpeMs ty; paboTaeT 10 MepBOro OTKa3a,
3aTeM ClielyeT BOCCTAHOBJICHHE CBOMCTB, MOCJE Y€ro OOBEKT CHOBAa paboTaeT
CllydanHo€ BpeMs tp, 10 BTOPOro 0TKa3a, 3aTeM BOCCTAHABIMBAETCS U TAK Jajlee.

MowmeHnTbl 0TKa30B t;, ty, .. 1, oOpa3ylor nomok cobdvimuii omkaszoe, a
MOMEHTBI OKOHYaHUSI BOCCTaHOBIICHUS t;; 1os . 1z 00pasyroT nomox codowvimuii
6occmanoenenuii. YKazaHHble MOTOKH MPEJCTaBISIIOT cOOON ciyyallHble TPO-
LIECCHI.

Cny4aitHblii TOTOK COOBITHH, (PYHKIMS pacrpeneneHus KOTOPOro Mmoayu-
HSIeTCSL DKCIIOHEHIMANbHOMY 3akony F(t) = 1 — e, HaspiBaeTcst IIOTOKOM
[Tyaccona. B manHOM ciydae A (cpemHee YUCIIO COOBITHI B €AMHHIY BPEMEHH )
HAa3bIBACTCS MHTEHCUBHOCTBIO CIIy4alHOTO MOTOKA.

JI71st TyacCOHOBCKOTO MOTOKA BEPOSTHOCTH HACTYIUICHHSI POBHO K COOBITHIA
B IpoMexyTKe BpeMeHH (o,t) paBHa:

k
Pelto,) = P() = EL -t

U HE 3aBUCHUT OT BPEMEHHU tp, TO €CTh B TyaCCOHOBCKOM MTOTOKE BPEMS O3KHIaHHSI
HOBOT'O COOBITHS HE 3aBHCHUT OT BPEMEHH, MPOIISANIETO MOCIE MOCIESIHETO CO-
ObrTHs. JIJI1 TyaCCOHOBCKOTO IMOTOKA MaTEeMaTHUYECKOE OKHJIAHUE CIYYaiHOTO
yrciia 0Tka3oB N(t) coObITHiA 32 Bpems t paBHO:
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M[n(t)] = kP, (t) = At.

[lyaccoHOBCKuUi MOTOK 00JIalaeT CIEAYIOMIMMU CBOMCTBAMU

1. CTauMoHAPHOCTBI0O — BEPOSTHOCTHBIC XapPAaKTEPUCTHKU IIOTOKA JIJIs
J1000T0 MHTEpBaja BPEMEHHU 3aBUCIT TOJIBKO OT JUIMTEIHLHOCTH 3TOI0 MHTEpBa-
JIa ¥ HE 3aBHUCAT OT MOMEHTA €ro HayaJia.

CranroHapHOCTh MOTOKA OTKA30B O3HAYAET, YTO BEPOSITHOCTH IOSBICHUS
OTPEACICHHOTO YKCiia OTKA30B 3a OMPEACICHHBIM UHTEPBAJI BPEMEHHU JIJIUTEIIb-
HOCThIO Al He 3aBHCHUT OT TOTO, IJIe€ paclojlaraeTcsi Ha OCH BPEMEHHU ATOT HH-
TEpBaJl, a 3aBUCHUT TOJILKO OT JJIUTEIBHOCTH CAMOTO HHTEpBAJa.

2. OpAHHAPHOCTBHIO — B OCCKOHEYHO MajoOM HHTEpBajieé BPEMECHH BEPOST-
HOCTb MOSIBJIEHUS ABYX U 0oJiee coObITUI OeCKOHEUHO Mana. To ecTh, B OAUH U
TOT K€ MOMEHT BpPEMEHH MOsBIICHUE 00JIee OHOTO 0TKa3a HEBO3MOKHO.

3. OTcyTcTBHEM MOCJeAeCTBUA — HAYMHAS C HEKOTOPOTO MOMEHTA Bpe-
MEHHU BEPOSTHOCTH MOSBICHHS O0TKa3a B pacCMaTpUBA€MOM HHTEpBaJie BpEMEHU
HE 3aBHCHUT OT TOTO, CKOJIbKO OBLIO OTKAa30B /10 MOMEHTA Hadajia paccMaTprBa-
€MOro MpOMEXyTKa BpeMeHU. OTCYyTCTBHE MOCHEACUCTBUS BBIPAKAET B3aUM-
HYIO HE3aBUCUMOCTbH OTKAa30B, OTKA3bl SIBISIIOTCA COOBITUSIMU CITy4YalHBIMU U HE-
3aBHCHMBIMH.

3.2. IOKA3ATEJIM HAJIEXKHOCTHU BOCCTAHABJIMBAEMBIX
OBBEKTOB

[Tpu aHamM3e HaJIEKHOCTH BOCCTAHABIMBACMBIX OOBEKTOB CICAYET OTME-
TUTh, YTO JI0 BO3ZHUKHOBEHUS IIEPBOTO OTKa3a K HUM MOXXHO TPUMEHUTH T€ XKe
METOJIbI OTIPE/ICIICHHUs TTOKa3aTeIe HAJCKHOCTH, YTO W JIJII HEBOCCTAHABIINBA-
eMBIX 00beKTOB. HO, Kak TOJIbKO B BOCCTAaHABIMBAEMOM OOBEKTE BO3HUKHET OT-
Ka3, OH BOCCTaHABIIMBACTCS IO pabOTOCIIOCOOHOTO COCTOSHUS, MOCIE Yero pa-
0oTaeT 10 BOBHUKHOBEHUS CICAYIOMIETO 0TKa3a. DTH ITUKJIBI MPOIOJIXKAIOTCS JI0
HACTYIUICHHS MTPEICTIHLHOTO COCTOSHUSI.

JIns aHanM3a HaJIS)KHOCTH BOCCTAHABIMBACMBIX OOBEKTOB HCIOJIB3YIOTCS
CJICYIOIUE TIOKa3aTeIIH:

— o(t) — mapamMeTp MOTOKa OTKA30B;

— T — cpennee Bpems paboTHI MeXTy O0TKa3amu (cpeaHsisl HapaOoTKa Ha OT-
Kasz);

— P(t) — BeposTHOCTH 0€30TKa3HOU PabOTHI,

— Q(t) — BeposTHOCTH OTKa3a.

IMTapameTp moToka 0TKa30B @(t) — OTHOIICHHE CPEIHETO YUCIIA OTKA30B
BOCCTAHABJIMBAEMOT0 00BEKTa 3a MPOU3BOJILHO MATYIO €ro HapabOTKy K 3Haye-
HUIO 3TOM HapaOOTKH.
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dn(t)
dt '

w(t) =

riae n(t) — 9ucio 0TKa30B 00bEKTa 32 HapaboOTKYy .
CraTucTrueckas OIleHKa ImapaMeTpa MOTOKa OTKa30B

n(At)
NAt'

w(t) =

riae n(At) — 94UCIIo OTKA30B B pacCMaTprUBaeMOM IpoMekyTKe BpeMeHn At; N —
YUCI0 0OBEKTOB MOCTABJICHHBIX HA UCTBITAHUS, IPU YCIOBUHU, YTO OTKA3aBIIINE
00BEKThl BOCCTAHABIIUBAIOTCS WM 3aMEHSIOTCS AaHAJTOTUYHBIMHU, HO HOBBIMHU.

-1
Pa3zmepHOCTh MapameTpa MoToka OTKa30B — 4 .

[TapameTp MoTOKa OTKA30B 001aaeT CICAYIONIMM CBOMCTBOM: €CIIH MOTOK
0TKa30B cTarpoHapeH, To @(t) = @ = A. To ecTh B cUCTEMaX KEIC3HOAOPOKHOM
ABTOMATHKH M TEIEMEXaHHUKH IOHATHS KHHTEHCUBHOCTH OTKA30B» U «IIapaMeTp
IIOTOKA OTKA30B» MOKHO HE Pa3IeIIsTh.

Jlis OpAMHAPHBIX IOTOKOB IPH HM3BECTHOM IIapaMeTpe IMOTOKA OTKA30B
MO3KHO OIIPEIEINTh MaTeEMaTHIECKOE OKUAaHKe Yhciia 0oTka3oB N(t) 3a Bpems t:

t

M([n(t)] = jw(t)dt.

0

JIJIs cTalmoHApHOTO TIOTOKA OTKAa30B @ = CONSt, Torga N(t) = w t.

Bpemsi paGoTbl MeXAy OTKa3aMM — HapaOOTKa OOBEKTa OT OKOHYAHUS
BOCCTaHOBJICHHSI €r0 PabOTOCIIOCOOHOTO COCTOSHHSI MOCJE OTKa3a J0 BO3HHUK-
HOBEHHUS CIIEAYIOMIETO OTKAa3a.

Cpennsiss Hapa6oTka Ha oTka3 7 (HapadoTka Ha 0TKa3) — OTHOIICHUE
HapaOOTKH BOCCTAHABIMBAEMOr0 00BEKTa K MATEMATHYCCKOMY OXKHJIAHUIO YHC-
Jla €ro 0TKa30B B TCUCHHUE 3TON HApaOOTKH:

t
"= M1

CraTucTtrdeckas olieHKa HapaOOTKH Ha OTKa3:

n
1
r=2D b
i=1

rae t,i — Bpems paboThI MEXy OTKa3aMH I-TO 3IeMEHTa, N — HabIr1aeMoe IHc-
JI0 OTKA30B 32 3TO ke BpeMsl.
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[Ipu u3BeCTHOM NapameTpe MOTOKAa OTKAa30B HapaOOTKa Ha OTKa3 paBHa!

BepositHocTh 0€30TKa3HOM pabOTHl BOCCTAHABIMBAEMOTO OOBEKTa B pac-
CMaTPUBAEMOM MHTEpBaJie HapaOOTKHU:

P(t) = e~ how®ar

BeposTHOCTB OTKA30B:

Q) =1-P(t)=1- e—fotw(t)dt.

B ciyyae cTaMoHapHOCTH OTOKA OTKA30B, KOraa @ = CONSt:
—wt —wt 1
P(t) = e @, Q) =1—-e ", T=—,
w

3.3. IOKA3ATEJIMU PEMOHTOITPUT'OIHOCTH

OTka3aBiiue 00bEKTHI BOCCTAHABIMBAIOTCS B X0JI€ MPOBEICHUS PEMOHTOB.
B pesynbrare BoccTaHaBiauBaeTcs pabOTOCOCOOHOE cOocTOsiHuE oObekTa. JlJis
OILICHKH BO3MOXHOCTH BOCCTaHOBJICHHUS BBEJICHBI TOKA3aTEeIM PEMOHTOIPHUTO/I-
HOCTH, K KOTOPBIM OTHOCST:

— u(t) — mapameTp MOTOKa BOCCTAHOBJICHUH (MHTCHCUBHOCTh BOCCTAHOBIIC-
HUR);

— f(tg) — wacToTa BOCCTAHOBJICHUN;

— Tg — cpeqHee BpeMsi BOCCTAHOBJICHHUS;

— Pg(t) — BeposATHOCTH BOCCTaHOBJICHHUS,

— Qg(t) — BeposATHOCTH HEBOCCTAHOBJICHHS.

ITapameTp NOTOKAa BOCCTAHOBJEeHHH (HMHTEHCHBHOCTH BOCCTAaHOBJIE-
HHSs1) pa00TOCIIOCOOHOTO0 COCTOSIHUSI 00beKTa L(t) — yCIIOBHAs TUIOTHOCTD Be-
POSTHOCTH BOCCTaHOBJICHUS OOBEKTa, OmpenesseMas i paccMaTpPUBaEMOTO
MOMEHTa BPEMEHH IPH YCJIIOBHH, YTO JI0 3TOT0 MOMEHTa BOCCTAHOBJICHHE HE
MIPOU3OIILIO.

AHAIUTHYECKOE ONPE/ICIICHNE TapaMeTpa MOTOKa BOCCTAaHOBJICHUI:

f(ts)

u(t) = T—P.0)

rae f(tg) = dPg(t)/dt — yactora BOCCTaHOBJIECHHMIA.
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CraTuctuueckas OLCHKaA I1apaMcTpa IIOTOKa BOCCTAHOBJICHUIA:

_ nB(At)
W) =y oar

rie ng(At) — 9UCI0 BOCCTAHOBJICHHBIX 3JIEMEHTOB 3a MMPOMEXKYTOK BpeMeHH At;

N, (t) — uKci10 HEBOCCTAHOBIEHHBIX OOBEKTOB 3a IMPOMEXKYTOK BpeMEHH At.
L1

Pa3zmepHOCTh Mapamerpa MoToka BOCCTAHOBJICHUN — Y .

BeposiTHOCTH BOCCTAHOBJIEHUS PAdOTOCIOCOOHOIO COCTOSAHMS 00BEK-
Ta — BEPOSITHOCTh TOTO, YTO BPEMsI BOCCTAHOBJIEHUSI PabOTOCIIOCOOHOTO COCTO-
SAHUSI 00BEKTA HE MPEBBICUT 3aJJaHHOr0. TO €CTh BEPOSITHOCTh TOrO, YTO OTKa-
3aBIIUN 00BEKT OYy/IET BOCCTAHOBJIEH B TE€UECHUE 33JJAHHOTO BPEMEHHU.

BepositHocTh BoccTaHOBiIeHUS JiexkHuT B mpenenax 0 < Pg(t) < 1. [Ipuuem
P3(0) =0, Pg(0) =1.

BeposiTHOCTh BOCCTaHOBJIEHUSI OOBEKTa 3a BpeMs t Mpu M3BECTHOM mapa-
METpPE MOTOKAa BOCCTAHOBJICHUMN

t
Py(t) = 1 — e~ Jor®at,
Cratuctnueckas OLCHKA BCPOATHOCTHU BOCCTAHOBJICHUA 3a BPCMA t:

ng(t)
Ng |

Pp(t) =

rie ng(t) — YUCIIO BOCCTAHOBIEHHBIX 00BEKTOB 3a BpeMs t, Ny — 4rciio o0bek-
TOB MOCTaBJICHHBIX HA BOCCTAHOBJICHUE.

BeposiTHOCTH HEBOCCTAHOBJIEHUSI PAGOTOCTIOCOOHOTO COCTOSAHUS 00B-
€KTa — BEPOSTHOCTh TOTO, YTO BPEMSI BOCCTAHOBJIEHUSI pabOTOCIOCOOHOIO CO-
CTOSIHUS 00BEKTA MPEBBICUT 33JJaHHOE.

BepoaTHOCTh HEBOCCTAHOBIICHHS PaBHA:

Q) =1-P(t) =1- (1 - e_fot#(t)dt).

CpeaHee BpeMsi BOCCTAHOBJIEHHSI €CTh MAaTEMaTHYCCKOE OKHMJIAHUE Bpe-
MEHH BOCCTaHOBJICHHS pa00OTOCIIOCOOHOI0 COCTOSTHUS 00BbEKTA MOCJIE 0TKAa3a.

Cpennee BpeMsl BOCCTAaHOBJICHHUS T ONPEACIACTCS OTHOIICHUEM CPEIHETO
BPEMCHH BOCCTAHOBIICHHH OOBEKTa K CPEAHEMY YHCITy YHCIIa BOCCTAaHOBJICHUM
MpU JJIUTENIbHOU paboTe 00beKTa.

IIpn m3BeCTHON BEIMYMHE BEPOSTHOCTH BOCCTAHOBJICHHS CPEIHEES BpeMs
BOCCTaHOBJICHHS OIIPEICIACTCS KaK:
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Tg = | [1 — Pg(t)]dt.
|

CraTuctuueckas OLICHKAa CPEIAHEr0 BpEMEHHU BOCCTAHOBIICHU A

ng
T 1
B=—) tg,
ng 4 '
i=1
rae tz — AIMTETBbHOCTH BPEMEHH BOCCTAHOBJIEHHS I-TO DIIEMEHTA, N — YHCIIO

BOCCTAHOBJICHUH.

. 1
[Ipy U3BECTHOM 3HAUYEHUU MApAMETPA MOTOKA BOCCTAHOBICHUN Tg = 0
u

YacTora BOCCTAHOBJEHHS — IUIOTHOCTH pacipcacicHua BPECMCHH BOC-

CTaHOBJICHMUAI.

Takum o6pasom, f(tg) = % 5(t).

B cirygae cTaimoHapHOCTH ITOTOKA BOCCTAHOBJIEHUH, Koraa (4 = CONSt:

P()=1—ek,  Q()=1—-(1—eH), Tz= %

3.4. KOMIIVIEKCHBIE ITOKA3ATEJIN HAAEXKHOCTHU OB BEKTOB

YacTo aJ1s1 OLEHKHU SKCIUTyaTallMOHHON HAIEKHOCTH OOBEKTOB €MHUYHBIX
nokaszarenei ObIBaeT HEA0CTaTOYHO. [103TOMY MCHONB3YIOT KOMIUIEKCHBIE TO-
Ka3aTely, XapaKTepU3yIolue OJHOBPEMEHHO HECKOJIbKO CBOMCTB HaJI€KHOCTU
(0€30TKa3HOCTh, PEMOHTOIIPHUTOIHOCTD, JOJITOBEYHOCTh, COXPAHICMOCT).

Haubonee pacnpocTpaHeHHBIMU KOMILIEKCHBIMU MTOKA3aTENSIMU SIBIISIFOTCS |

— K03 (HUITMEHT TOTOBHOCTH;

— K03 PUIIUEHT MPOCTOS;

— K03 (DUITMEHT OnepaTUBHON TOTOBHOCTH,

— KO3 DUITMESHT TEXHUYECKOTO MUCIIOIB30BaAHMUS.

Kosgduuuent roroBHocTH K — BEPOSITHOCTh TOTO, UTO OOBEKT OKaXKET-
csi B pabOTOCIIOCOOHOM COCTOSIHUM B MPOU3BOJIBHBIII MOMEHT BPEMEHH, KpOME
IJIAHUPYEMBIX MEPUOJIOB, B TEUCHHE KOTOPHIX MPUMEHEHUE 00BhEKTa MO Ha3Ha-
YEHUIO HE MPEyCMaTPUBACTCH.

KoadduuneHT roToBHOCTH — BEPOSITHOCTh TOTO, YTO cUcTeMa OyaeT pado-
TOCIIOCOOHOM MPH JUTUTEIBHOM IKCILTyaTaIluH (CTAIMOHAPHBINA PEIKUM).

3nauenue kod(dHIMEeHTa TOTOBHOCTH H3MEHSETCS OT Hyys (Korja Bce
9JIEMEHTBI 32 pacCMaTPUBAEMBbIN TIEPHUOT HEPAOOTOCTIOCOOHBI) 10 SIUHHIIBI (KO-
IJ1a BCE DJIEMEHTHI 32 pacCMaTPUBACMbIN TIEPHOJ] paOOTOCIIOCOOHBI).
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KoadduirieHT roTOBHOCTH XapaKTepU3yeT TOTOBHOCTh O0BEKTA K MpUMeE-
HEHUIO TOJHKO B OTHOILIEHUH €r0 pabOTOCIIOCOOHOCTH M, CIEAOBATEIbHO, O3HA-
JaeT BEPOATHOCTh 3acTaTh OOBEKT B pabOTOCIOCOOHOM COCTOSSHUM B IPOU3-
BOJIbHBI MOMEHT BpeMeHH. [IprueM 3TOT MOMEHT HE MOXET ObITh BHIOpaH B
TEX UHTEpBaJIaX BPEMEHH, IJIe IPUMEHEHUE 00bEKTa UCKITIOUYEHO.

B npaktrueckux 3amayax OIEHKH HAJEKHOCTH OOBEKTa MCHOJB3YIOT CTa-
TUCTUYECKYIO OIIEHKY KO3 (UIIMEHTa TOTOBHOCTH

T 1 1

K-= = = ,
FoTr 4Ty 1+ 0Ty 142

rae T — HapaOoTka Ha 0TKa3; Ty — cpelHee BpeMsl BOCCTAHOBJICHHS; @ — Iapa-
METp MOTOKA 0TKA30B; |l — MapaMeTp MOTOKa BOCCTAHOBJICHUM.

Jlist HenmpepbIBHO padoTaromux 00beKTOB KOI(P(UIIMEHT TOTOBHOCTH pa-
BEH!

rae Tk — xaneHnapHoe BpeMsi paboThl 00bEKTa, B TEUEHUE KOTOPOro 3adukcu-
pPOBaHO CyMMapHOE€ BpeMsi BOCCTAHOBJICHUS L.

KoadduineHT roToBHOCTH OLIEHUBAET JBa CBOMCTBAa 00BbEKTAa — O€30TKa3-
HOCTh M BOCCTAQHABIIMBAEMOCTh M XapaKTePU3yeT AKCILTyaTAI[MOHHYIO TEXHOJIO-
TUYHOCTh OOBEKTA, KAueCTBO IUIAHUPOBAHHUSA PabOT, COBEPIIEHCTBO CPEICTB
AKCIUTyaTallik ¥ PEMOHTA, YPOBEHb OpraHU3aIu paboT, 00y4eHHOCTh MEepCo-
HaJja.

Koa¢ppuuuent npocrosi Kj; — BEpOATHOCTh TOTO, YTO OOBEKT OKAKETCS B
HEpPabOTOCTIOCOOHOM COCTOSIHMM B ITPOU3BOJILHO BHIOPAHHBI MOMEHT BPEMEHHU,
KpOME TUTAaHHPYEMBIX MEPUOIOB, B TEUCHHE KOTOPHIX MPUMEHEHHE O00BEKTa HE
peyCMaTPUBACTCSI.

KoaddummenT npoctos xapakrepruszyeT BEpOsSTHOCTh HEPAOOTOCTIOCOOHOTO
COCTOSIHUS BOCCTAHABIIMBAEMOTO O0BEKTA IIPH €T0 ITUTEIHHOMU IKCIUTyaTaI|H.

B mpakTtudeckux 3agadax OIEeHKH HAICKHOCTH DJIEMEHTA UCTIOJIB3YIOT CTa-
TUCTUYECKYIO OIIEHKY KO3 (UIIEHTa TPOCTOSL:

s 1 1
T+Tg 1+uT 14K
4

K;(t) =

Tax xak mo onpenenenno K(t) + Kp(t) = 1, ro K (t) = 1 — Kp(¢).
C xordpuimeHToM NpocTosi TECHO CBA3aHO BpeMs mpoctosi. OHo omnpeje-
JSI€TCS BBIPAKEHHUEM:
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Ko3¢puumeHT onepaTuBHOii rOTOBHOCTH — BEPOSITHOCTH TOTO, YTO 00B-
€KT, HAXOISICh B PEKUME OXKUJAHUS, OKAKETCS B paOOTOCTIOCOOHOM COCTOSIHUU
B MPOU3BOJIbHBII MOMEHT BPEMEHU W, HAUMHAS C 3TOrO0 MOMEHTa, OyneT pado-
TaTh 0€30TKA3HO B TEUCHHUE 3aIAHHOTO MHTEPBAJIa BPEMEHHU.

Koaddunnent xapakrepuszyeT HaJIeKHOCTh OOBEKTOB, HEOOXOIUMOCTH
MIPUMEHEHUSI KOTOPBIX BO3HUKAET B TPOU3BOJILHBIH MOMEHT BPEMEHH, IOCIC
KoToporo Tpebyercs Oe30Tka3Has paboTa B T€UEHUE 3aJaHHOTO BpemeHHu. [lo
ATOTO MOMEHTa OOBEKT MOXKET HAXOJHUTHCS B PEKUME JIEKYPCTBA WU BBIIOJ-
HATH ApYyTrue QyHKIUH.

UucnenHoe 3HaueHue Kod(dduiveHTa OmepaTUBHOM TOTOBHOCTH PABHO
npou3sBesieHUI0 Ko3dduimerta roroBHocTH KA(t) Ha BeposATHOCTH O€30TKa3HOM
paboThl 00BbEKTA B UHTEPBAJIEC BPEMEHHU T :

Kor(t, 7) = Kr(t) - P(2).

CraTuctrdeckas oreHka ko3¢ duiimeHTa ornepaTiBHOM rTOTOBHOCTH

Nt(T)
N

Kor(t, 7) =

rae N;(t) — 4ncio oObeKTOB, HCIPABHBIX B MOMEHT BpeMeHHU { U 6e30TKa3HO
npopaboTaBIINX B TeueHUe BpeMeHHu 7, N — o0Iiee 4ncio 0ObeKTOB.

Ecnmu mukn skcrutyaTaniud BOCCTaHABIMBAEMBIX 3JIEMEHTOB MOMHMO HH-
TepBaJIOB 0€30TKa3HON pPabOThl M MEPUOJOB BOCCTAHOBIICHUSI COJEPKHUT MpPO-
CTOH, OOYCIIOBJICHHBIC TEXHUYECKUM OOCITY)KMBAaHHEM JJIEMEHTa B TPOIecce
sKcIuTyaTanuu (mpoduiiakTHIecKue padoThl), TO JJIs KOMIUICKCHOW OICHKH UX
HAJISKHOCTU IPUMEHSIETCS KO (PHUIMEHT TEXHUYECKOTO UCIIOIH30BAHUS.

Ko3¢ppuuueHT TeXHUYECKOT0 MCIOJIb30BAHUS — BEPOSITHOCTH TOTO, UTO
AJIEMEHT B MPOU3BOJILHBI MOMEHT BpeMEHHU OyJIeT B pabOTOCIIOCOOHOM COCTO-
STHAH C Y9€TOM MPOBEICHUS TEXHUIECKOTO 00CITy KHBaHUSI.

Craructryeckas oreHka Kod(hPuImeHTa TEXHHIEeCKOT0 UCIIOTh30BaHMS .

_ T
T4+ Tg+ T

KTI/I

KoaduireHT TeXHn4ecKoro UCroab30BaHus Hapsay ¢ 0€30TKa3HOCThIO U
PEMOHTONPUTOJHOCTHIO OIEHUBAET SKCIUTYyaTal[MOHHO-TEXHUYECKUE CBOMCTBA
AJ€MEHTa — MOTPEOHOCTh B TEXHUYECKOM OOCTYKHUBAHUU.
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Jlekums 4

4.1. METO/JbI PESEPBUPOBAHUA

PezepBupoBanmne — crioco0 oOecreueHus] HAaIEKHOCTH OOBEKTa 3a CueT
UCIIOJIb30BaHUS JIOMOJHUTEIBHBIX CPEACTB M (MJIM) BO3MOXKHOCTEH, H30BITOY-
HBIX TI0 OTHOIICHUIO K MUHUMAJIbHO HEOOXOJIUMBIM JJIsl BBIIIOJTHEHUSI TpeOye-
MbIX (DYHKIMNA C IEJbI0 COXpPAaHEHHS pabOTOCIOCOOHOIO COCTOSIHUS OOBEKTa
MIPU OTKA3€ OJIHOTO WJIM HECKOIBKUX 3JIEMEHTOB.

MunumajibHas (YHKIHOHAIbHASL CTPYKTYPa — 3TO CTPYKTypa 00BEKTa,
WU3MCHEHHUE KOTOPOH 3a CUCT UCKITIOYCHHS KaKUX-THOO 3JIEMEHTOB M (WJIH) CBSI-
3eil BJI€YEeT HEBO3MOXKHOCTH BBIMOJIHEHUS 3aJjaHHOro Habopa yHkiui. Munu-
MaJIbHYI0 (PYHKIIMOHAJIBHYIO CTPYKTYpPY 00BEKTAa MHOTa HAa3bIBAlOT OCHOBHOM.

OCHOBHOI1 3JIeMEHT — AJIEMEHT, HEOOXOAUMBIN 71 BBITIOJTHEHUS Tpeoye-
MbIX (QYHKIHM 0€3 UCIOIb30BaHuUs pe3epBa.

Pe3epBHBIN 3JIeMEHT — 3JIEMEHT, MPEIHA3HAYEHHBIA ISl BBIIOJHECHUS
(yHKIIMI OCHOBHOTO 3JIEMEHTA B ClIy4ae ero oTkasa.

Pe3epBupoBaHHbIii 00bEKT — COBOKYITHOCTH OCHOBHOI'O W PE3EPBHBIX
AJIEMEHTOB.

C 1enbio NOBBIMICHHUS HAIEKHOCTH MPUMEHSIIOT BpeMEHHOe, UH(pOopMaIu-
OHHOE, ()YHKI[MOHAIBHOE, Harpy304HOE, MPOrpaMMHOE, CTPYKTYpPHOE Pe3epBHU-
pOBaHUE.

BpemeHnHoe pe3epBHpOBaHHE — WCIIOJIB3YeTCs pe3epBHOE (CBOOOIHOE)
BpeMsl JUIsl BBINOJHEHUS AONOJIHUTENbHbIX (yHkuuid. Hampumep, pesepBHOe
BpEMsI MOKET OBbITh KCIIOJB30BaHO JJIA MOBTOpa Iepenayud MH(popMamuu, AJis
yCTpaHEHHUs HEUCITPABHOCTH.

NudopmannonHoe pe3epBUPOBAHUE — B KAUECTBE pe3epBa UCIOJIb3YETCS
n30bITouHas uHdopmanus. K nadpopmMalluoHHOMY pe3epBUPOBAHUIO OTHOCSITCS
MHOTOKpaTHas nepeaada no 0OJHOMY KaHally OJHOM U Toi ke nH(opMaluu, uc-
MOJIb30BAHKE JOMOIHUTEIbHBIX Pa3psa0B PU KOJUPOBAHUM UH(POPMAIUH.

DOYHKIMOHAJIbLHOE Pe3ePBHPOBAHUE — HCIIOJIB3YETCSI CIOCOOHOCTH 3Jie-
MEHTOB BBINOJHATH JAONOTHUTEIbHbBIE (DYHKIUU.

Harpy3o4uHoe pe3epBupOBaHMe — UCIOJIb3YETCSI CIOCOOHOCTh 3JIEMEHTOB
BOCIIPUHUMATh JIOTIOJHHUTEIbHBIC HArpy3kd (JCKTpHUECKHE, MEXaHUYCCKHUE
U T. I.).

IIporpamMHoOe pe3epBHPOBaHME IPEIyCMATPUBAECT HCIOJIB30BAHUE W3-
OBITOYHBIX IPOrpaMM HWJIM HX 3JIEMEHTOB, BXOJAIIMUX B COCTAB MPOrPAMMHOIO
oOecrieueHus 0ObEKTOB.

CTpyKTypHOE pe3epBHPOBAHUE OCYILIECTBISIETCS IIyTEM BBEACHUS J10-
MOJIHUTENBHBIX 3JIEMEHTOB B CTPYKTYPY OOBEKTa, KOTOPBIE BBHIMOJIHSIOT (YHK-
MM OCHOBHBIX B CIy4ae X OTKa3a.

Knaccudukanus pa3inuuHblX CHOCOOOB CTPYKTYPHOTO pPE3€pBUPOBAHUS
OCYIIECTBIISIETCS 10 CJIEAYIOIINM IPU3HAKAM.
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1. o cxeme BKJIIOYEHHS pe3ePBHBIX 3JI€MEHTOB!

— o0uiee pe3epBUPOBAHNE — IIPU KOTOPOM PE3EPBUPYETCA OOBEKT B LIEIOM;

— pa3AenbHOE PE3EPBUPOBAHUE — MTPU KOTOPOM PE3ECPBUPYIOTCS OTAECIbHbBIC
AJIEMEHTHI CUCTEMBI UJIU TPYIITa 3JIEMEHTOB 00BEKTA.

2. I1o 0oMHOPOHOCTH pe3ePBUPOBAHUS:

— OJTHOPOJHOE PE3ECPBUPOBAHUE — MPHU KOTOPOM HMCIOIB3YETCA OIHMH CIHO-
co0 pe3epBUPOBAHMS;

— CMEIIAHHOE PE3EPBUPOBAHUE, MTPU KOTOPOM COUETAIOTCS PA3INYHBIE BU-
JIbl PE3EPBUPOBAHUS.

3. 1o cmocody BKIIIOYEHHS pe3epBa:

— MOCTOSIHHOE PE3€PBUPOBAHUE — MPHU OTKA3€ OCHOBHOTO JJIEMEHTA IEepe-
CTPOUKHU CTPYKTYpPbl 00BEKTA HE MPOUCXOIUT;

— IMHAMHYECKOE PE3EPBUPOBAHUE — MPU OTKA3€ OCHOBHOTO 3JIEMEHTA MPO-
HCXOJIUT MEPECTPONKA CTPYKTYPhl O0BEKTA;

— pEe3epBUPOBAHUE 3aMEIICHUEM — BBINOJHSEMbIE (PYHKIIMH OCHOBHOI'O
3JIEMEHTA MEPEIAIOTCS PE3EPBHOMY 3JIEMEHTY ITOCJIE OTKa3a OCHOBHOIO;

— CKOJIb341lIe€ PE3EPBUPOBAHKNE — IPYINa OCHOBHBIX 3JIEMEHTOB PE3epPBU-
pyeTCsl OTHUM WM HECKOJIbKUMH PE3EPBHBIMU 3JIEMEHTaMHU C MOMOIUIBIO Mepe-
KJIFOYAIOIIUX YCTPOMCTB. IIpuyueM pe3epBHBIN 3IEMEHT MOXKET PE3E€pPBUPOBATH
000 U3 OTKa3aBIIMX OCHOBHBIX AJIEMEHTOB;

— (QuKCUpOBaHHOE pE3epPBUPOBAHUE, MPU KOTOPOM KaXKAbIM pPE3epPBHBIM
AJIEMEHT 3aKPEIyIeH 32 OJTHUM U3 OCHOBHBIX.

4. I1o BOCCTAHOBJIEHHIO Pa00TOCIIOCOOHOCTH 0TKA3aBIINX 3J1€MEHTOB!

— pPe3epBHPOBAHKE C BOCCTAHOBJICHHEM (BOCCTAHABIUBAEMBII pe3epB), IPH
KOTOPOM PabOTOCIIOCOOHOCTh OTKA3aBIIMX 3JIEMEHTOB BOCCTaHaBIMBaeTCsl Oe€3
npeKpaieHust PyHKIIMOHUPOBAHUS BCETO 00BEKTA;

— pe3epBupoBaHue 0e3 BOCCTAaHOBIICHUS (HE BOCCTAHABIMBAEMBI PE3EPB),
IpU KOTOPOM PabOTOCTIOCOOHOCTh OTKA3aBIIMX AJIEMEHTOB HE BOCCTAHABJIMBA-
eTCHL.

5. I1o Harpy3ke pe3epBa:

— HarpyxeHHoe (ropsiuee) pe3epBHPOBAHKME — OCHOBHOM M PE3EPBHBIN 3JIc-
MEHTBI pa00TAIOT B OJJUHAKOBOM PEXUME;

— obJsieryeHHOE (TEIUIOE) Pe3EPBUPOBAHKE — PE3CPBHBIN JIEMEHT HAXOIUT-
Csl B MEHEE Harpy>KEHHOM peXuMe pab0Thl, YeM OCHOBHOM 3JIEMEHT;

— HeHarpy»eHHoe (X0JI0JJHOe) Pe3epPBUPOBAHUE — PE3CPBHBIC JIEMEHTHI HE
HECYT Harpy3kH 10 MOMEHTA MOJKIIOUYEHHUSI NX BMECTO OTKa3aBIlIETO OCHOBHOTO
AJIIEMEHTA.

OCHOBHOM XapaKTEPUCTUKOW CTPYKTYPHOT'O PE3EPBUPOBAHUS SBIISIETCS €O
KPaTHOCTb — OTHOUIEHHE YKCIIa PE3EPBUPYIOIINX JIEMEHTOB K YUCITY pE3epBU-
PYEMBIX 3JIEMEHTOB (OCHOBHBIX), BRIPAXKCHHOE HECOKPAIIIEHHOU JIPOOBIO.

KpatHocTh pe3epBupoBaHusi M ONpeeNsieTcs] COOTHOIICHUEM:
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m —

P
.
TJIe P — YUCJIO PE3EPBHBIX AIeMEHTOB; 0 — UHCII0 OCHOBHBIX JJIEMEHTOB.

Ecau m = 1, pe3epBupoBaHU€ BBIIOJIHEHO C LIEJI0N KPaTHOCTHIO. ITO O3HA-
YaeT HAJIMYKME OJHOr0 OCHOBHOTO UM OJIHOTO PE3EPBHOTO 3JIEMEHTa, a o0Iee
YHUCJIO 3JIEMEHTOB 00BEKTa PaBHO JIBYM.

Ecmm m = 3, pe3epBupoBaHue BHIMOTHEHO C IIEION KPaTHOCTHIO. DTO Mpe-
noJjiaraeT HaJM4Khe OJIHOTO OCHOBHOTO U TPEX PE3EPBHBIX JIEMEHTOB, a 00IIee
YUCJIO PJIEMEHTOB PABHO YETHIPEM.

Eciim m = 4/2, 310 03HaYaeT HAIMYUE PE3CPBUPOBAHHMS C JPOOHON KpaTHO-
CTBIO, MPU KOTOPOM UHUCIIO PE3EPBHBIX IJIEMEHTOB PaBHO 4, YHCIO OCHOBHBIX
AJIEMEHTOB PaBHO 2, a OO0Iee YHCIIO 3JIeMEHTOB paBHO 6. Cokpamarh apoOb
HEJIb3s, TaK Kak eciii M = 4/2 = 2, 310 OyAeT 03Ha4YaTh pe3epBUPOBAHUE C IEIO0M
KPaTHOCTHIO, TP KOTOPOM YHUCIIO PE3EPBHBIX 3JEMEHTOB paBHO 2, a oOIiee
YHUCJIO0 DJIEMEHTOB PaBHO 3.

4.2. HAAEXKKHOCTb HEBOCCTAHABJIMBAEMbBIX
PE3EPBUPOBAHHBIX OBBEKTOB

Pacuer KOIMYECTBEHHBIX XapaKTEPUCTUK HANIEKHOCTU OOBEKTOB C pe3ep-
BUPOBAHUEM OMpENENIeTCs BUJIOM pe3epBUpoBaHUs. Bce paccmaTpuBaembie
MaTeMaTU4YECKHE 3aBUCUMOCTU MPUBOJATCS 0€3 ydeTa HaJAeKHOCTH MEPEKII0-
YalolUX YCTPOUCTB, 00ECNEUUBAIONIUX TEpepacinpeesicHUe Harpy3Ku MeExIy
OCHOBHBIMH U PE3E€PBHBIMU 3JIEMEHTAMHU.

4.2.1. Obwee zopsauee pezepsuposanue c ueaoi KpamHoCmvio

CtpykTypHas cxema HaJIe)KHOCTH OOIIEro ropsuero pe3epBUPOBaHUS C 1ie-
JIOM KpaTHOCTHIO UMEET BHI, KaK Ha pucyHKe 13.

i= 1 2 n
j= — —---

-

I
!
|

Pucynok 13

[Ipu oOmieM ropsiueM pe3epBUPOBAHUU OCHOBHOW M KaXKJIbIH pPEe3epBUPYIO-
IUH 00BEKT UMEIOT OJJMHAKOBOE KOJIMUECTBO AJIEMEHTOB, COCIMHEHHBIX MOCIIe-
JOBaTEIbHO B CTPYKTYpPHOM cXeM€ HaleKHOCTH. PesepBupyrominie OOBEKTHI
BKJIIOUYEHBI TapaJIeIbHO OCHOBHOMY OOBEKTY U cCaMUM cede.
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B kaxxnom 00beKTe ¢ MociaeoBaTeIbHBIM COCIMHEHUEM 3JIEMEHTOB BEPO-
ATHOCTh 0€30TKa3HOU pabOThI ONpeieNseTCs] HA OCHOBAHUM BHIPAXKEHUM

Py(t) = ﬁPOi(t); Pi(t) = ﬁpu'(t) poeer Pp(t) = ﬁpmi(t)-

OCHOBHOU W pe3epBUPYIONINE OOBEKTHI, COCTOSIINE U3 TOCIEI0BATEIBHO
COCJTMHCHHBIX 3JICMCHTOB, COCTABIISIOT CTPYKTYPHYIO CXEMY HAJCKHOCTH 00b-
eKTa C MapaJlICIbHBIM COSIMHCHUEM.

Torna BepossTHOCTH Oe30TKa3HO# padoThl Pc(t) oObekTa:

m+1

Pc(t) =1- 1_1_[Pi(t) ,
i=1

rie P;(t) — BepoaTHOCTh O€30TKa3HOM pabOTHI I-I'0 IIEMEHTA.
Ecnu u3BecTHa MHTEHCHBHOCTH OTKA30B 3JIEMCHTA M OHA SIBISETCS BEJIU-
YHUHOW MOCTOSIHHOM, TOT/AA:

— —Aptym+1
Pe(t) =1—(1—e %)™,
rae g = )i A; — THTEHCUBHOCTb OTKA30B OCHOBHOTO OOBEKTA MU JIFOOOTO 13

PE3EPBHBIX OOHEKTOB.
Hapa6oTtka 10 oTka3a pe3epBUPOBAHHOTO OOBEKTA!

m
- 12 1
Ao 4 j+1
Jj=0

NHTEHCUBHOCTH OTKA30B PE3EPBUPOBAHHOIO OOBEKTA!

_(m+Dlgre Mot (L—e )™ (m+1)25P(£)Q5(t)
c— 1-(1- e—/lot)m+1 - 1 — Q6n+1(t)

OOmiee ropsyee pe3epBUPOBAHME [JII HEBOCCTAHABIMBAEMBIX OOBEKTOB
naeT xoporuii 3P GeKT mpu MaJabIX 3HAYCHUSIX TPOU3BENEHUS Agt. DTOT BUI pe-
3epBUpOBaHUsl Haubojee 1eaecoo0pa3HO MCIOJIb30BaTh [IJIsi PE3EPBUPOBAHUS
JIOCTAaTOYHO HAJIEKHBIX 00BEKTOB PA30BOr'0 HCIOJIL30BaHUSA C KOPOTKUM BpeMe-
HEM HENPEpPHIBHON PabOTHL.

Kpatnocts pezepBupoBanus M, HEOOXOAUMYIO ISl TIOCTUXKEHUS 3aJJaHHOU
HAJIC)KHOCTU PE3EPBUPOBAHHOTO OOBEKTA B OMPEICICHHBII MOMEHT BPEMEHU
MIpU 3aJIaHHOW HAJIe)KHOCTH OCHOBHOTO OOBEKTA, MOKHO HAWUTHU U3 BHIPAXKECHHUSL:
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_in[1-PR@®)] . _ InQ3(t)
TTWMI-REO] T Q)

rae P3(t) — 3amaHHas HaJe)KHOCTh PE3CPBUPOBAHHOTO OOBEKTAa B OMpeEiCIiCH-
HBI MOMEHT BpeMmeHH; P)(t) — HaJe)KHOCTh OCHOBHOTO 00BbeKTa 0e3 pe3epBu-
pOBaHMUSI.

4.2.2. PazoenvHoe zopsauee pe3epeuposanue ¢ yeaoi KpamHoCmoio

CTpyKTypHas cXxeMa HaJIeXKHOCTH MPHU Pa3JICIbHOM ropsueM pe3epBUPOBa-
HUM C [IeJI0M KPaTHOCThIO UMeeT BU (pucyHOK 15):

I = 1 2 n
j=0 — e
1 — aE T
mb—r——r—
Pucynok 14

[Ipu pa3aenbHOM ropsiYeM pe3epBUPOBAHUU OCHOBHOM M KaXK]IbI pE3€pPBU-
pytomuii 00beKT MOTYT UMETh OJIMHAKOBOE M PAa3HOE KOJIMYECTBO SJIEMEHTOB.
PeszepBupytoiire 00bEKThl BKIFOUEHBI MApAJIIEILHO CAMUM ce0€ U MapajuiesIbHO
AJI€eMEHTaM OCHOBHOT'O OOBEKTA.

3nmech KaxIblid I-i 3JIEMEHT OCHOBHOTO OOBEKTa PE3CPBHPYETCS PE3CpPBHU-
pytouM 3aeMeHToM. [lpu pazgenbHoM pe3epBUPOBAHUN OOBEKT COCTOUT U3 N
MOCJIeI0BATEIbHO COSIUHEHHBIX 3JIEMEHTOB, KaXKblil U3 KOTOPBIX UMEET M co-
€MHEHHBIX NapaJlJIeJIbHO, B CMbICIIE HAJIEKHOCTH, JJIEMEHTOB.

BepositHOCTh Oe30TKa3HOW paboThl 00bekTa Pc(t) mpu pasmenbHOM rops-
YeM pPe3epBUPOBAHUM PaBHA:

P =] [t -tn-r@ry = [[1- o)
i=1 =1

rjae M; — KPaTHOCTh PE3EPBUPOBAHUS KAXKIOTO I-I'0 3JIEMEHTa OCHOBHOIO 00BbEK-
Ta.

Ecnu snemMeHTHl MMEIOT OJIMHAKOBYIO HAJIC)KHOCTh M OJWHAKOBYIO KpaT-
HOCTb PE3EpPBUPOBAHMUS, TO BEPOATHOCTh 0€30TKa3HOU padOTHl 0OBEKTA!

Pe(t) =[1— (1 —e )™ 1" = [1 - Q" (OI™
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Hapa6oTka 1o 0Tka3a pe3epBUPOBAHHOTO 00BEKTA!

GRS 1

T = - - - .
A(m+1) j=0 (r]n_:—ll) ((r]n_:—ll) +1).. ((]m_FTll) +n—1)

NHTEHCUBHOCTD OTKA30B PEe3€PBUPOBAHHOTO 00BEKTA

_n@m+1)-2-e - (1—e™*H)™  p@m+1)-21-P(HQ™(L)
c— 1 — (1 _ e—/lt)m+1 - 1 — Qm+1(t) ’

r7ie A — UHTEHCUBHOCTh OTKA30B OJTHOTO JIEMEHTA.

[Ipn mpoumux paBHBIX YCIOBHUSX pPa3feiIbHOE PE3ECPBUPOBAHUE JAET CyLIE-
CTBEHHOE TMOBBIIICHUE HAJIEKHOCTHU MO CPABHEHUIO C OOIINM PE3EPBUPOBAHUEM.
PaznenbHOE pe3epBUpPOBAHUE UCTIONB3YETCS ISl MOBBIICHUS HAJCKHOCTH 00b-
€KTOB C OOJIBIIIUM YHUCIIOM 3JIEMEHTOB M JJIUTEIbHBIM BPEMEHEM HCIIOJIh30Ba-
HUSL.

4.2.3. Obwee zopsiuee pezepeuposanue ¢ OpoOHOI KPAMHOCHLbIO
(masdicopumapnoe pesepsuposanue)

MaskopHuTapHblii OOBEKT MOXHO pacCMaTpuBaTh KaK BapHaHT OOBEKTa
C MapauieIbHBIM COCMHCHUEM JJICMEHTOB, 0TKa3 KOTOPOTO MPOU30UICT, €CIIH
U3 N 3JIEMEHTOB, COCIMHEHHBIX MapalieIbHO, Pa0OTOCIIOCOOHBIMU OKaXKyTCs K
9JIEeMEHTOB. [IpuMEepoOM CTPYKTYpPHOH CXEMBI HAJCKHOCTH IMPU MaKOPHUTAPHOM
pE3ePBUPOBAHUK MOXKET CIYKUTh O0BEKT «2 u3 5» (prucyHok 15).

Pucynok 15

[IpeacraBienHas cxema pabOTOCIOCOOHA TOT1A, KOT/Ia U3 €€ MSATU 3JIEMEH-
TOB pabOTOCIOCOOHBI JtOObIE ABAa, TPH, YeThlpe WM Bce NsATh. Ha pucynke
MyHKTUPHBIM KOHTYpPOM OOBEJIEHBI YCIIOBHO NEpBbIE JBa 3j1eMeHTa. Bce msaTh
AJIEMEHTOB UMEIOT OJIMHAKOBYIO HAJEHKHOCTb.
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Jlns pacuera HaJAEKHOCTH MaKOPUTAPHBIX O0BEKTOB MOXKET MPUMEHSITHCS
KOMOMHATOPHBIA METOSI.

Torna BepossTHOCTb 0€30TKa3HOM pabOThl OOBEKTA!
_ rkpk —k
Py = Cup"(1 = p)"™",

rae
nl
k T ——
Cn k!(n— k)"

Hapa6oTka 10 OTKa3a pPe3epPBHPOBAHHOTO OOBEKTA MPU PAaBHOHAIEKHBIX
3JIEMEHTAX PaBHA!
k
© Alan+j’
Jj=0

AHaM3 MOCIEIHEr0 BBIPAKCHHS ITO3BOJISICT CHIeNIaTh BBIBOJ O TOM, UTO
cpeaHee Bpemsi 0€30TKa3HOM pabOThl Yy pe3epBUPOBAHHOIO OOBEKTAa MEHBIIIE,
4eM Yy Hepe3epBHPOBAHHOTO 00OBekTa. (CreaoBaTeNbHO, PE3ECPBUPOBAHHE C
JTpOOHOM KPaTHOCTHIO HEIEIeCOO0pa3HO MCIIOIL30BaTh Il OOBEKTOB C JJIH-
TEJILHBIM BPEMEHEM HEIIPEPHIBHON PaOOTEHI.

4.2.4. Obwee xon00H0e pezepeuposanue ¢ ueaoll KpamHoCcmvio
B cnyyae oOiiero xonoJIHOro pe3epBUpOBaHUs paboOTaeT OCHOBHOW 00b-
€KT, pe3epBHBIC OOBEKTHI OTKIIOUCHBI C MOMOINBIO CHEIHAIBHBIX IEPEKIIIoYa-

FOIIUX YCTPOUCTB. CTPYKTYpHAS CXEMA HAJECKHOCTH UMEET BU/L:

i = 1 2 n

Pucynok 16

IIpu oTka3ze OCHOBHOTO OOBEKTa OH OTKJIFOYAETCS, @ BMECTO HErO MOAKIIIO-
YaeTcs OJIMH U3 PEe3ePBHBIX 00BbEKTOB. Takum 00pa3oM, pe3epBUPOBAHHBIN 00b-
€KT OTKAXKET MPU OTKA3€ OCHOBHOTO M BCEX PE3EpPBHBIX 00BEKTOB. [Ipu 3TOM
MPEANOJIaraeTcsl, 4YTo MEePEKIIOUAIONIUE YCTPOUCTBA A0OCOIIOTHO HAJICHKHBI.

Torna BeposTHOCTH 0€30TKa3HOM pabOThI paBHA:
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m m AO ]
P.(t) = z P(4;) = et Z ﬂ
j=0

|
= )

rae Ao = X, A

NHTEHCUBHOCTH OTKA30B:

Ao(Apt)™
Ac(t) = oo 21 7
m|Zm ( Ot)
Hapa6otka 10 oTkaza:
m+1
T, = =(m+ 1)T,.
Ao

PezepBupoBanue 3amerieHueM sBisieTcst 3Q(PEKTUBHBIM CPEACTBOM IOBbI-
HICHHS] HAJEKHOCTH MPHU HU3KOM HAJIE)KHOCTH OCHOBHOT'O HEPE3EPBUPOBAHHOTO
00bekTa. OOBEKTHI C «XOJOJHBIM» PE3EPBOM HAJIEKHEE OOBEKTOB C KTOPSIUUM»
pezepBoM. HapabGoTka 10 0TKa3a TMHEHHO YBEIUYUBAETCS C POCTOM KPATHOCTH
pe3epBUPOBAHUA.

4.2.5. PazoenvHoe X0100H0€ pe3epeuposanue ¢ yeaoil KpamHocmbio

[Tpu pa3nenpbHOM XOJIOJHOM PE3EPBUPOBAHUM C IIEIOH KPAaTHOCTBHIO CTPYK-
TypHas cXxeMa HaJIe)KHOCTH uMeeT Bu (pucyHok 17).

i = 1 2 n
j=0 —___ | ] I

Pucynox 17

BepositHocTh 6€30TKa3HONM pabOThl OCHOBHOTO OOBEKTa MPH IMOCIEIO0BA-
TEJIBHOM COCIMHECHHUHU JIEMEHTOB

P(t) = ﬁpi(t),

riue P;(t) — BeposTHOCTH 0€30TKa3HOW pabOThI AJIEMEHTOB 00BEKTa, pe3epPBUPO-
BAHHBIX IO CIIOCOOY 3aMelIEHUS.

BeposatHocTh 6€30TKa3HOM paboThl OOBEKTA MPU PAaBHON HAJICKHOCTH BCEX
AJIEMEHTOB:

45



P.(t) = et [Z (At)] .

NHTEHCUBHOCTH OTKA30B:

2(6) = Ao (A1)™

| Zm (At)m,

r7ie A — MHTEHCUBHOCTH OTKA30B OJTHOTO 3HeMeHTa, Ao = nAi.

Hapa6otka 10 oTkaza
m+1

T, = 7
0

=(m+ 1)T,.

PaznenbHOE pe3epBUpOBAaHUE 3aMENIEHUEM IIPU MPOYUX PABHBIX YCIOBUAX
JaeT HAMOOJIBIIINKM BBIMTPHINI HAJIEKHOCTU IO CPABHEHUIO C JIPYTUMHU BUIAMHU
pesepBupoBanus. [IprueM 3TOT BRIMTPHIIT TEM OOJIbIIE, YeM OOJIbIIE JIEMEHTOB
MMEET PE3EPBUPOBAHHASA CUCTEMA.

2.4.6. Cronb3awee peszepsuposanue

Ckop3siiee pe3epBUPOBAHUE MCTIONB3YETCS IS MOBHIICHUS HAJC)KHOCTH
HECKOJIbKMX OJIMHAKOBBIX (MJIM B3aMMO3aMEHICMBIX) DJICMEHTOB 00BEKTa OTHIUM
WM HECKOJBKMMH PE3epBHBIMH 3JIeMeHTamu. llpm 3TOM OTKa3 oOBeKTa mpo-
W30UJIET, €CIM YUCJIO OTKA3aBIIUX OCHOBHBIX OOBEKTOB MPEBBICUT YHCIO pe-
3€pPBHBIX.

[Tpu ckomb3sIIIeM pe3epBUPOBAHUH CTPYKTYpHAS CXeMa HaJACKHOCTH MMe-
€T BUJ pucyHOK 18.

i = 1 2 n
— {1 1+
j =1

t—¢
m

t—t

Pucynox 18

OTOT BUJ PE3€PBUPOBAHUS IPUMEHSIETCS, €CIU BCE DJIEMEHThl 00bEKTa BbI-
MOJIHAIOT OANHAKOBbIe (PyHKIMU. OCHOBHOM OOBEKT MMEET N 3JIEMEHTOB, a M
AJIEMEHTOB HaXOAATCsS B X0JI0oAHOM pesepse. [Ipu atom m < n. IIpu oTkaze mro-
00ro OCHOBHOI'O 3JIEMEHTa BMECTO HEro MOJKIIIoYaeTcs 000N U3 pe3epBHBIX
2JIEMEHTOB. B 3TOM ciiyyae KpaTHOCTh pe3epBUPOBAHUS COCTaBIsICT M/ N.

BeposatHocTh 0€30TKa3HOM pabOThI TAKOr0 0OOBEKTA paBHA:
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m m AO ]
P.(t) = zP(Aj) = e—lofz( .:’L) ,
j=0 j=0

J)
rae Ao = Xiti A
HBTeHCUBHOCTL OTKA30B.
A(t) = Ao(Ao)™
C — )
Aot)’
Hapa6oTka 10 0TKa3a T, =22 = (m+ 1)T,,.

0
OTO O3HA4YaeT, YTO HAJCKHOCTH 00BeKTa paBHa HAJAC)KHOCTHU 00BEKTa C

oOIIIUM PE3ePBUPOBAHUEM C 3aMEIIECHUEM, HO B TO K€ BpeMsl OHa UMEET B N pa3
MEHBIIE PE3EPBHBIX AEMEHTOB. OAHAKO MPU 3TOM CYHIECTBEHHO YCIOXHSIIOTCA
MEPEKITIOYAIOIINAE YCTPOUCTBA.
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Jlekums 5

5.1. HOHATHUE O MAPKOBCKUX ITPOLHECCAX

MHoroe B mpupoJie pa3BUBAETCS KaK CIYyYalHBIM MPOLECC, X0 U HCXOJ
KOTOPOTO 3aBUCUT OT MHOXECTBa cilydailHbIX (akTtopoB. K ux uyucimy MOXHO
OTHECTH 0TKa3z OBM, nmomexu B JBUKECHUH MOE3A0B U3-3a aBapUil, OTKA30B aB-
TOMATUKH, XapAKTEP JIBUKECHHS NTOTOKA KIIMEHTOB U T. .

JIns MaTeMaTH4eCKOro OMKMCAHUS CIYy4aiiHOIO Mpolecca NTPUMEHSETCS Ma-
TeMaTUYECKUN anmapat MapKOBCKUX CIIy4allHBIX MPOLIECCOB.

CrnydaliHBIN TIPOIIECC, MPOTEKAIOIIMA B CHCTEME S, Ha3bIBacTCsS MapKoB-
CKHM CIyY4allHBIM MPOIECCOM HIIM IIPOILIECCOM 0€3 MOCIeAEHCTBUSN», €ClU OH
o0JajaeT CIeIyIONMM CBOMCTBOM: JJISI KaXKJIOTO MOMEHTa BpeMeHH ty BeposAT-
HOCTB JIFOOOTO COCTOSIHUSA CHCTEMBI B Oyaymiem (mpu t > tp) 3aBHCHT TOJIBKO OT
ee coCTOosiHUA B HacTosmieM (npu t = tp) ¥ HE 3aBUCHUT OT TOTO, KOTJIa U KaKHM
o0pa3oM CUCTeMa MpHILIA B 3TO COCTOSHHE (T. €. KaK pa3BUBAJICS IPOIECC B
nporuioMm). B MapkoBCkoM cily4aifHOM MpoIiecce ero pa3BUTHE B OyayIeM 3a-
BHUCHUT TOJIBKO OT HACTOSIIIETO COCTOSIHUSL U HE 3aBUCUT OT «IPEABICTOPUN» MPO-
ecca.

B 3aBHCcMMOCTH OT TOr0, HENPEPHIBHOE WIIM JUCKPETHOE MHOYKECTBO 3HA-
YCHHUU MPUHUMACT CiTy4aitHbii nporecc X(t) u ero mapameTp Bpems t, pasiuua-
0T CIEIYIOKE BUABI MapKOBCKUX CIyYalHBIX MTPOIIECCOB.

Jluckpemnotit npouecc ¢ ouckpemuvim spemenem (uenv Mapkoea).

X(t) a

Xk """""""""""""""""""

R B [ ————————————————

Pucynox 19

B nanHOM ciiydae nepexojJ CUCTEMbI U3 OJHOIO B JAPYro€ COCTOSHUE BO3-
MOJKEH B CTPOIr0 ONpPEJICICHHbIE MOMEHTBI BpeMeHH 1o, ty, ..., t,, a ciyyaiiHbIl
nporuecc X(fj) B mpoMexyTKkax MEXAy yKa3aHHBIMH MOMECHTaMH BPEMEHHU CO-
xpaHseT cBoe cocrosHue (pucyHok 19). Takue mporiecchl BCTpedaroTcs IIpH
MallMHHOU 00paboTke nHpopmanuu B b poBbix IBM.
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Henpepuieuutii npoyecc ¢ OUCKpemuvim epemeHem
(Mapxoeckas nociedo6ameibHOCHD).

Cayyaitaeiii niporiecc X(t) sSBJISCTCS HENPEPHIBHBIM, a apryMeHT Bpems t
U3MEHseTCsl AUCKpeTHO (prucyHok 20).

X(t) 4

Pucynox 20

[TpumepoM MoOKeT OBITH MPOIECC HAKOIJIEHUS yiepOa, HAHOCUMOIO Pelib-
caM Ha UX CThIKax B Pe3yJbTaTe yAapOB KOJIECHBIMH MMAapaMH BaroHOB B JIHC-
KPETHbIE MOMEHTBI BPEMEHHU.

Jluckpemmubwlii npoyecc ¢ HenpepvlBHbIM 8PEMEHEM
(Ouckpemmuotit Mapkoeckuit npoyecc).

CityyaiiHbI MPOLIECC HA3BIBACTCS NUCKPETHBIM MapKOBCKMM IPOLECCOM,
€CJIM €ro COCTOSHUSA MOYKHO IMPOHYMEPOBATh U NIEPEXO/ U3 OJAHOTO B IPYroO€ CO-
CTOSIHUSL TIPOUCXOANT ckauykoM (pucyHok 21). B aTom citydae ciry4aifHbIN mpo-

recc X(t) mpuHHMaeT AUCKPETHBIC 3HaUeHUs Xj, 1 = 1 ... N, Bpems t u3MeHseTcs
HEIPEPHIBHO.
X(t) a

X [Ty

X, f---- -+ --1----

X,  |o— - ----1--1----

0 t
Pucynok 21

[IpumepoM Takoro mpoiiecca SIBJASICTCS MPOIECC, MPOTEKAOUUNA B CUCTe-
Max MacCOBOT'0 OOCTYKHBAHUS.
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Henpepoienoiii Mapkoeckuit npouecc.

Cayuyaitapiii mporiece X(f) nmpuHUMaeT 3HAYCHHS U3 HEKOTOPOTO HEmpe-
PBIBHOTO MPOCTPAHCTBA, a apryMEHT t M3MEHsEeTCS Takke HEenpepbIBHO (pHUCY-
HOK 22). Hampumep, HanpspkeHHUE B OCBETUTEIILHOM CETH MPEICTaBISAET COOOM
CIIy4ailHbIN MPOLECC C HEMPEPBIBHBIMU COCTOSIHUASIMU.

X(t) a

v

Pucynok 22

5.2. HIOHSATHUE O I'PA®E COCTOSAHUI OFBEKTOB

[Tpu ananuze ciydyaiiHbix MapKOBCKHX MPOLIECCOB MONB3YIOTCS rpaduue-
ckoi cxemoil — rTpadom coctossHuU. ['pad cocTossHUN SBAsIETCS MOJEINbBIO
HAJICKHOCTH TEXHUICCKOW CUCTEMBI (PHCYHOK 23).

() ‘
So P g St S :)

Pucynok 23. Ilpumep rpada cocTossHuii

A

Ha pucynke Sy — nucnipaBHOE cOCTOsSIHHE, S1 — paOOTOCTIOCOOHOE COCTOSIHHE,
S, — mpenenbHOE COCTOSHHE.

DOneMeHTamu rpada COCTOSTHUN SABIISIIOTCSL:

— IPSIMOYTOJILHUKHU U300pakatoT BO3MOXKHBIE COCTOSIHUSL 00BEKTA;

— CTpPEJIKM M300pa)ar0T BO3MOKHBIEC HAIMpPaBJICHUS MEPEX0/I0B 00BEKTa U3
OJIHOTO COCTOsIHMS B pyroe. Han cTpenkamMu MOTyT yKa3blBaThCsl JIMOO MHTEH-
CUBHOCTHU NEPEXOJIOB, JIUOO BEPOATHOCTH MEPEX0JI0B OOBEKTA U3 OAHOTO B JPY-
roe cocrosHue. B ciyuae eciu cTpeiika OTCYTCTBYET — 3TO O3HA4YaeT HEBO3-
MOYKHOCTh TIepexoa 00beKTa,

— OKpYIJIbIE CTPENKH O0003HA4YaloT COOBITHE, YTO OOBEKT OCTAHETCS B
MPEKHEM COCTOSIHUU (MCIPABHOE COCTOSHUE MPOJIOJDKASTCS, COCTOSHUE OTKa3a
npojoskaercs). B nanpHelmem Ha rpade He H300paxaroTcs;

— COCTOSIHUE, U3 KOTOPOTO OOBEKT HE MOKET MEPEUTH HU B KAKOE JIPyroe
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(Ha rpade COCTOSIHMIA HET HU OJHOM CTPEIKH, UCXOSIICH U3 3TOTO COCTOSHUS),
HA3bIBAIOT MOTJIOIIAIONINM HIIH COCTOSTHUEM 0e3 BhIxoja (cocTosHuE Sy).

Ecin Ha rpade cocrosuuii Haj (MOJ) CTpEIKaMHU MOCTABJICHBI WHTCHCHB-
HOCTHU WJIH BEPOSITHOCTH MEPEXOA0B, TO TaKoi rpad) COCTOSTHUN HA3BIBAIOT pPa3-
MEUYEHHBIM.

[IpaBuiio mocTpoeHus rpada COCTOSTHUMN:

— rpad HAYUHAETCS C COCTOSIHUSI, B KOTOPOM BCE 3JIEMEHThI CUCTEMBI pado-
TOCTIOCOOHBI. DTOMY COCTOSIHHIO TIpHCBanuBaeTcs HoMep Sy. Kakmoe criemytoriee
COCTOSIHUE TOJy4aeTcsl W3 MPEeAbIAYIIero BCIEACTBUE OTKa3a OJIHOTO U3 dJie-
MEHTOB;

— KOJIMYECTBO CIEAYIOUIMX COCTOSIHUM PaBHO KOJIMYECTBY AJIIEMEHTOB, KO-
TOpbIE MOTYT OTKa3aTh B MpelblAyiieM coctosiuuu. [Ipu 3TOM cuuTaercs, 4To
HepabOTOCIOCOOHBIC U HEPAOOTAIOIINE AJIEMEHTHI OTKa3aTh HE MOTYT,

— HOBBIE€ COCTOSIHUS JOOABISIOTCS 10 T€X MOpP, MOKA HE OKAXETCS, YTO BCE
paccMaTpUBaEMbIE€ COCTOSIHUSI XapaKTEepU3YIOT HEPaObOTOCIOCOOHOE COCTOSIHHE
CUCTEMBI;

— BCE HEpabOTOCHOCOOHBIE COCTOSIHUSI CHCTEMBI SIBJISIIOTCSI KOHEUHBIMHU
BepIIMHAMU Tpada, Tak KaKk HepabOTOCHOCOOHAs CUCTeMa OTKa3aTh HE MOXKET.
Takue cOCTOSIHUSI U COOTBETCTBYIOIIME UM BEPIIMHBI Tpada sl HEeBOCCTaHaB-
JIMBAEMBIX CUCTEM Ha3bIBAIOTCS MOTJIOMIAIOIIUMHU.

Nmest pazmedeHHbIN rpad) COCTOSAHMI, MOKHO HalTH BCE BO3MOXKHBIE Be-
POSITHOCTHU COCTOSIHUHM UCCIEAYEMOTO 00bEKTA.

HecoMHEHHBIM JOCTOMHCTBOM pacyeTa HaJIe)KHOCTU CHCTEMBI MO pa3Me-
YEHHOMY T'pady COCTOSIHUH SIBJISIETCSL €r0 HAIJISIAHOCTh. A HEIOCTaTKOM — HE00-
XOJJMMOCTh aHaju3a OOJBIIOTO KOJIMYECTBA COCTOSHHUM U OOJbIIONW O0OBEM BBI-
yuciaeHu. Eciiu KaXXaplid 3JIEeMEHT CUCTEMbl MOXKET HaXOJAUTHCA TOJIBKO B JIBYX
cocTostHUsIX (paboTOCIIOCOOHOM W OTKa3a), TO OO0IIee KOJUYECTBO COCTOSIHHI
cucTeMbI U3 N 31eMeHToB paBHO 2" . Torna nojiHelii rpad cocTosHUI OyAeT co-
nepxats 2" BepiuH (IPAMOYroabHUKOB) U 10 (2")? HpsIMBIX M 0OPAaTHBIX Iepe-
xomo0B (crpenok). Iloaromy mnpsMoOil aHAIMTUYECKUH pacueT IOKa3aTele
HaJIe’)KHOCTU TAKUX CUCTEM HE BCET1a BO3MOKEH.

5.3. MAPKOBCKHNH CJIYYAWHBINA TPOECC C IMCKPETHBIMH
COCTOSIHUSIMHU U TUCKPETHBIM BPEMEHEM (LIEITb MAPKOBA)

JuckpetHpiM MapKOBCKHM MPOLIECCOM C AUCKPETHBIMU COCTOSIHUAMH H
JMCKPETHBIM BPEMEHEM Ha3bIBAIOT MPOLIECC, B KOTOPOM BO3MOYKHBIE COCTOSHUS
CUCTEeMBI S, Sy, ... , Sy MOKHO TEPEUYUCIUTE (IIPOHYMEPOBATh), a CaM IPOIECC
nepexo/ia CUCTEMBI U3 OJIHOTO B JIPYTO€ COCTOSIHUE TPOUCXOIUT B (PUKCUPOBAH-
HbIE MOMEHTHI BpeMEHH 1y, 1y, t3, ... {,. B mpomexyTkax mMexay 3THMHU MOMEH-
TaMHl BPEMEHU CHCTEMa COXPAHSIET CBOE COCTOSIHUE.

[Tpu nroGoM 11are mepexojia CUCTEMbI COOBITHS TTEPEeX0 0B 00pa3yIoT MOJ-
HYIO TPYIIITYy U HECOBMECTHBI, TaK KaK CUCTEMAa MOKET HaXOAUThCS JUIIb B Ka-
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KOM-TO OJIHOM U3 COCTOSIHMI, a HE B IByX U OoJjee cpa3y. [Ipu s3ToM paccmarpu-
BAIOTCSI BCE BO3MOKHBIE COCTOSIHUSL CHCTEMBI.

Ecin kaxxmoe cocTosiHie CHCTeMBI B K-Ii MOMEHT BPEMEHH CBSIKEM C BEpO-
ATHOCTBIO, TO moxy4duM BepositHocTh coctostHuil Pi(K), Po(K), Ps(K),..., Pa(K).
Jlns mroboro momenta Bpemenu Pi(kK) + Po(K) +,..., + Py(k) = 1.

Jliisa mr060ro MOMEHTa BpeMeHH 1y, 1o, 13,..., tk CyIIeCTBYIOT BEpOSTHOCTH Mi€-
pexoza cucTeMsl u3 Joboro cocrosHus B mrodoe apyroe Pij(K) (1, j=1, 2, ..., n).
NX Ha3bIBalOT BEPOSTHOCTSIMH IEPEXOJa WM MEPEXOJHBIMU BEPOSTHOCTSIMH.
OTHU BEPOSITHOCTA OTJIMYHBI OT HYJIS, €CJIM CUCTEMA NMEPEXOAUT U3 OJHOrO CO-
CTOSIHHMSI B IPYrO€, U PaBHbI HYJIO, €CJIM HA IAHHOM IlIare CUCTeMa OCTAeTCs B
MPEKHEM COCTOSHUMU.

Ecin BeposTHOCTH Iepexoa He 3aBUCAT OT HOoMepa Iimara (MOMEHTa Bpe-
MEHH) U HE M3MEHSIOTCA OT Iara K Iary, TO Takod MapKOBCKHIA TpOIecC
HAa3bIBAIOT OJJHOPOAHBIM. B mpoTuBHOM ciiydyae MapKOBCKUI MpOLECC Ha3bIBa-
FOT HEOAHOPOIHBIM.

BeposiTHOCTHast KapTHHA BO3MOXHBIX COCTOSIHUM CUCTEMBI U €€ TIEPEX00B
MOXKET OBITh 3a7laHa MaTpUIleh P, aJeMeHTaMl KOTOPOU SIBJISIIOTCS TIEPEXO0/IHbIE
BEPOATHOCTH:

pll(k) plz(k)--- pln(k)
P(k)= p21(k) pzz(k)--- pzn(k) .
pnl(k) pnz(k) pnn(k)

Martpwuiia nepexoaHbIX BEPOATHOCTEN 001a0aeT CICAYIONIMMU CBOMCTBAMM.
— CyMMa BEpPOATHOCTEH, CTOSAIIUX B KXKJAOM CTPOKE MATPHIIbl, paBHA €-
HHUIIE:

dp(k)=1,  i=12 .., n
-1

— Ha TJaBHOW JUAroHAJIM MATPHUIIbI CTOSIT BEPOSITHOCTU TOTO, YTO CHCTEMa
HE BBIMJIET U3 COCTOSTHUSA Sj, @ OCTAHETCS B HEM,;

— eciu nepexonHas BeposTHOCTh Pjj(K) = 0, To 3T0 03Hauaer, 4ToO HA HaH-
HOM IIare CUCTEMa He MOXKET IIEPEUTH U3 COCTOSHUSA Si B COCTOSTHUE S;.

Nmest pazmedeHHbI rpad) COCTOSHUI WM MATPUILy NEPEXOJHBIX BEPOAT-
HOCTEW W 3HAs HAYAJIIbHOE COCTOSHUE CHUCTEMBI, MOKHO HAaUTHU BCE BO3MOKHBIC
BEPOSITHOCTU COCTOSIHUM CHCTEMBI JJIs JIIOOOTO MOMEHTA BPEMEHH.

JIns1 3TOro UCNoab3yIoT CIECAYIOUIME YPABHEHHUS:

— U1l OMHOPOAHOTO MapKOBCKOIo mporecca:

pj(k):ipi(k—l)pij, 1=1 2, ..., n,

— JIJI HEOAHOPOTHOTO MapKOBCKOTO Tpoiiecca:
p(K)=2 p(k-1)py(k), j=1 2, ., n.
i1
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5.4. MAPKOBCKHM CJTYYAWHBIN NPOIIECC C JUCKPETHBIMHU
COCTOSIHUSIMU U HEITPEPBIBHBIM BPEMEHEM
(IUCKPETHBIHN ITPOIIECC)

Ecnmu mepexoapl CUCTEMBI U3 OAHOTO COCTOSIHHSI B JIPYTO€ MPOHMCXOMST B
CIIy4aifHbIe MOMEHTHI BPEMEHH, a CHCTeMa IMPH ATOM MPUHUMAET HEKOTOPOe
JUCKPETHOE COCTOSIHUE, TO B HEM MPOTEKAET MapKOBCKUU CIy4alHBINA MTPOLECC
C TUCKPETHBIMU COCTOSIHUSIMHU ¥ HETIPEPHIBHBIM BPEMEHEM.

Kaxxmomy BO3MOXHOMY COCTOSIHUIO CUCTEMHBI Sy, Sy, ..., Sy COOTBETCTBYIOT
BeposiTHOCTH cocTostHUE Pi(t), Po(t), Ps(t),..., Pa(t).

Jlist mo00ro MOMEHTa BpPEMEHHM CyMMa BEPOATHOCTEM COCTOSIHUN paBHA
enunuie Pi(t) + Po(t) + Ps(t) +,..., + Py(t) = 1, kak BepOSITHOCTH HECOBMECT-
HBIX COOBITUH, 00pa3yOIUX NOJHYIO TPYIITY.

B caydae ciywaitHoro mporiecca ¢ HENpPEepPHIBHBIM BPEMEHEM paccMaTpH-
BAIOT MHTEHCUBHOCTH mepexona Ajj(t) cucremsl u3 0MHOrO COCTOSHUS B APYTOE.
Bemnunna A;j(t) mo ¢usndeckomy cMbICiy SIBISCTCS CPEIHHM BO3MOXKHBIM HHC-
JIOM [IE€PEXO0/I0B CUCTEMBI U3 COCTOSIHUSA S B COCTOSIHUE Sj 32 €IUHULLY BPEMEHH.

Ecnn mHTeHCHMBHOCTH MOTOKA cOObITHIT Ajj(t) = 4;; = cONnst He 3aBHUCHT OT
BpPEMEHH, TO TaKOW MOTOK COOBITHI HAa3bIBAIOT CTAIMOHAPHBIM.

JIns onucaHus CUCTEMBbI, B KOTOPOM MPOTEKAET QUCKPETHBIM MapKOBCKUI
nporecc, 3agatoT uaTeacuBHoct Aij(t) (i, j = 1, 2, ..., N) 1t BceX BO3MOXKHBIX
MEPEXO/I0B CUCTEMBI U3 OJTHOTO COCTOSHUSI B APYTrO€ B BHJIEC MATPHIIBI HHTCH-
CHUBHOCTEM MEPEXOJIOB!

Aa(1) - App(1)e A (1)
AL =| Au(t) Ap(t)e Ay(1)].
Anl(t) Anz(t) Ann(t)

Ecim xakoii-nmm6o simement matpuisl A(t) paBeH HyIIO, 3TO O3HAYAET, YTO
IIEPEXO0Jl CUCTEMBI U3 COCTOSHUA Si B COCTOSHUE S; HEBO3MOxeH. Ha riaBHoi
JarOHAIM MAaTPHUIIBI CTOAT WHTEHCUBHOCTH TMEPEX00B, XapaKTePU3YIOIINE TO,
YTO CUCTEMA OCTACTCS B TIPEIKHEM COCTOSTHHH.

Ecmn maTeHCHBHOCTH TepexonoB Ajj(t) He 3aBucAT oT BpeMeHH, MapKoB-
CKHH TIPOIIECC HAa3BIBAIOT OJTHOPOIHBIM, B IPOTUBHOM CITy4ae — HEOAHOPOTHBIM.

Nmest pazmedeHHBIN Tpad COCTOSHUM, MOXKHO OMNPEACTUTh HEHU3BECTHHIC
BEPOSATHOCTH COCTOSIHHM Kak (yHKIH BpemeHu Pi(t), Po(t), Ps(t),..., Pq(t). Otn
BEPOSITHOCTU OMPEACIISIOT C TTOMOIIBI0 CUCTEMBI TU(PepeHITNANTBHBIX ypaBHE-
Huit Konmoroposa:

n n

d

EPk(t) = Z/likpi(t) — P () zlkj-
i=1 j=1
ik Jj*k

MHeMOHHYEeCKOE TPAaBUIIO COCTABJICHUS CHUCTEMBbI JU(depeHIInaATbHBIX
ypaBHeHui Konmoroposa:
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— yucno auddepeHuanbHbIX YpaBHEHUM B CUCTEME YpaBHEHUN paBHO KO-
JINYECTBY PACCMATPUBAEMBIX COCTOSIHUI CUCTEMBI,

— B JICBOM YaCTH KaXJIOTO YPaBHEHUs 3aIMCHIBAIOT MPOU3BOAHYIO Py (t) oT
HEU3BECTHOW BEPOSITHOCTH COCTOSTHHUS,

— YHCJIO YIEHOB B MPABOM YAaCTH KaXIOTO YPaBHEHHS PABHO YUCIY CTpe-
JIOK, COEIMHSIOIIMX PACCMATPUBAEMOE COCTOSHUE C IPYTUMHU COCTOSIHUSIMU;

— KaXbIi WIEH NMPABOW YAaCTU KaXKJAOTO YPAaBHEHHS PaBEH MPOU3BEIACHUIO
WHTEHCUBHOCTHU NEPEXO0Ja Ha BEPOSITHOCTh TOI'O COCTOSIHUS, U3 KOTOPOTO BBIXO-
IIUT CTPEJIKA,;

— 3HAK MPOU3BEACHUA MOJOKUTEICH, €CIU CTPEIKA BXOAUT B paccMaTpu-
BAEMOE COCTOSIHUE, U OTPULIATENIEH — €CJIM CTPEJIKA BBIXOAUT U3 HETO.

54



Jleknus 6

6.1. MAPKOBCKHUE INPOLECCHI B PACYHETAX HAJIEXKHOCTH
HEPE3EPBUPOBAHHBIX BOCCTAHABJ/IMBAEMbIX OBBEKTOB

OCHOBHBIMH OCOOCHHOCTSIMH BOCCTaHaBIMBAEMbIX CHCTEM IO CPABHEHUIO
C HEBOCCTaHABIIMBAEMBIMU SIBIIIFOTCSL OOJBIIOE YHUCIO COCTOSIHUM, HATUYHE T10-
CJeICICTBUSI OTKA30B 3JIEMEHTOB, 3aBUCHUMOCTh TOKa3aTeJIed HaJeKHOCTU OT
00Jb1I0TO yncia (aKTOpOB.

Jliis ynpolueHus npoliecca pacuera nokasaTteiaei HaJeKHOCTH € TOMOIIBIO
MapKOBCKHX MPOIECCOB MPUMEHSIIOT CIIEIYIONINUE TOMYIICHUS |

— 3aKOHBI pacrpeesieHus: oKa3aTeael HaJeKHOCTH MOIUYMHSIOTCS SKCIIO-
HEHIIMAJIbHOMY 3aKOHY;

— COCTOSIHME O0BEKTa KOHTPOJIHMPYETCS HENPEPHIBHO, T. €. MOMEHT OTKa3a
0OHapyKUBAETCS HEMEJIEHHO MOCJIE €r0 BO3SHUKHOBEHUS,

— BOCCTaHOBJIEHHME OOBEKTa HAYMHAETCA Cpa3y IIOCIE €ro OTKa3a Mpu
HaJu4Yuu CBOOOJHOM Opurajbl; IpU OTCYTCTBUU CBOOOJHOW Opurajbl OTKa3as-
1M OOBEKT CTABUTCA B 0Uepeb HAa 00CTyKUBaHUE.

NnxeHepHasi METOAMKA aHAIN3a HAJIEKHOCTH TEXHUYECKUX OOBEKTOB, OCHO-
BaHHAasl Ha Teopurd MapKOBCKUX MPOIIECCOB, BKIIOYAET B CEOSI CISMYIOIIUE ITaIbI:

1. ®opmynupoBKa MOHATUS «OTKa3» U OINpPEJIETCHUE MCXOAHBIX JAHHBIX.
[lonsiTve «OTKa3» ABJISIETCA MOHATUEM CYOBEKTUBHBIM, TO3TOMY €ro OIpeelie-
HUE JIJIs1 KOHKPETHOW CUCTEMBI COTJIACYETCS C 3aKa3UYUKOM.

2. IlocTpoeHnne pasmedeHHOTO rpada COCTOSHHI CHUCTeMBI. PaccmaTpuBa-
IOTCSI BCE BO3MOYKHBIE COCTOSIHUSI CUCTEMbBI U BO3MOXHBIE MEPEXOAbl U3 OJTHOTO
COCTOSIHUS B JIPYTO€, MOCJIEeI0BATEILHOCTh EPEXO/IOB.

3. CocraBnenue 1o rpady cocTossHUN nuQGepeHITNATHHBIX yYpaBHCHHMA
Konmoropoga.

4. PerieHue cUCTEMbl YpaBHEHUM U OMpPEAECICHUE BEPOSITHOCTEH COCTOSI-
HUM CUCTEMBI.

HepesepBrupoBaHHasi BOCCTaHABIIMBaeMas CUCTEMAa B MMPOU3BOJIbHBIM MOMEHT
BPEMEHHU MOKET HaXOJUTHCS B OJTHOM M3 JIBYX COCTOSIHHUM: pab0TOCTIOCOOHOM S) €
BepOsSTHOCTBIO Py(t) 1 HepaboTocmocoOHOM S; ¢ BeposSTHOCTBIO Py(t).

[Ipouiecc GyHKIMOHUPOBAHUSI CUCTEMBI OTpakaeTcsi rpadoM COCTOSHUM
(pucyHok 24).

A

A 4

So Sl

[
Pucynok 24

U3 cocTostHUS Sy B COCTOSIHHE S; CHCTEMa MEPEXOIUT B PE3YJIbTaTe OTKa-
30B C MHTEHCUBHOCTHIO A, a U3 COCTOSIHUS S; B COCTOSTHUE SO MEPEXOIUT B pe-
3yJIbTaT€ BOCCTAHOBJIEHHUS C MHTEHCUBHOCTHIO . IloTOokm 0TKa30B U BOCCTa-
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HOBJICHUH SIBJISIFOTCS TPOCTEUIINMU, UHTEHCUBHOCTH MOTOKOB OTKAa30B M BOC-
CTAHOBJICHUU SIBJISIOTCS] BEIMYMHAMU TIOCTOSIHHBIMU A = CONSt, L = const.

Cuctrema nuddepeHnnaibHbiX ypaBHeHUN Koamoroposa, xapakTepusyto-
X BEPOSATHOCTU COCTOSTHUU CUCTEMBI:

L Po(t) = —Po(t) - 2+ P(8) -

d
Eﬂ(t) = Py(t) - 1 — Py(t) - .

DTa cucTeMa J0MNOJHEHa HOPMUPYIOIIMM yCIIOBHEM:
Po(1) + Po(t) = 1.

Eciii B HawampHBIM MOMEHT BpeMeHH 00beKT pabortocniocodben FPy(0) = 1
u P;(0) =0, pemenue cucTeMbl YpaBHCHHI UMEET BUL:

A
Po(t) = —— + =0,

Ad+u A+4+u
A
P.(t) = — —(/1"'#)15.
1(6) A+u A+ue

Ecnu B HauaabHBIH MOMEHT BpeMeHH 00beKT HepaboTocmocoben Py(0) = 0
u P;(0) = 1, pemenue cucTeMbl YpaBHCHHI UMEET BU:

I I
P.(t) = — _(A+ﬂ)t;
o(t) A+u /1+,ue
A 2
P.(t) = + _(/1+H)t.
1(6) A+u /1+,ue

[Ipu t — oo HE3aBUCHUMO OT HAYAJILHOT'O COCTOSIHUSI 00BEKTa — pabOTOCIO-
coOHOe miH HepaboTocmocooHoe — BeposiTHOCTH Po(t) m Pyi(t) cTtpemsarcs k mo-
CTOSIHHBIM 3HAUCHUSIM:

U

A
Py(t) = Tt Pi(t) = Tt

DTO 03HAYaeT, YTO NPU IKCIOHEHIIMAJIBbHOM 33aKOHE PaCIpPEACIICHUs Bpe-
MEHH HapaOOTKU U BPEMEHU BOCCTAHOBJICHUS CIIy4ailHbIN mpoiiecc paboThl BOC-
CTAaHABJIMBAEMOM CUCTEMBbl MO MCTECYEHUU HEKOTOPOTO BPEMEHM CTAOWIU3UPY-
€TCs, U BEPOSITHOCTH 3aCTaTh CHCTEMY B TOM WJIM MHOM COCTOSIHUM B HPOU3-
BOJIBHBII MOMEHT BPEMEHHM OCTAIOTCS TMOCTOAHHBIMU. B cucteme Hacrtymaer
CTallMOHAPHBIN TPOLECC, W MPOU3BOJHBIE B CHUCTEME YPABHEHUU CTAaHOBSTCA
paBHBIMH HYJIO. BMecTo cuctemsl auddepeHImaibHbIX YpaBHEHUHN MOdydaeM
CUCTEMY JIMHEHUHBIX aJire0pandecKux ypaBHEHUIA:

0=—Py(t) -2+ P,(t) -
0=Py(t)-1—P(t) - u
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P0+P1:1.

[Ipu manbix 3HaueHUsAX BenuuuHbl (A + p)t, korma e~ WMt =1 — (1 + p)t,
U3 CHCTEMBI YPaBHEHUIH MOYKHO TIOJIyYHUTh:

U A
Py(t) = + 1-( t] =1 — At,
(0 = o+ 1= (et
P,(t) = - 1-( t] = At.
() = 7~ - (e

OTcrona creayer, 9To B HaYaJIbHBIN MEPUOJT IKCIDTyaTauu 00beKTa, eCiu
00BEeKT paboTOCTIOCOOHBIN, KOA(D(PHUIIMEHT TOTOBHOCTH MPUMEPHO PAaBEH BEPO-
SATHOCTH 0€30TKa3HOUW pabOThI CUCTEMBI, a BeposATHOCTH Pi(t) paBHA BEpOsATHO-
ctu oTka3a Q(t):

K.=P,=1-1t, Q(t) = P, = At.

Ecnu B HauanbHBIE MOMEHT BpEMEHH OO0BEKT ObLIT HEPAOOTOCMOCOOEH, TO
KOA(P(GUITUCHT TOTOBHOCTH TPUMEPHO paBEH BEPOSTHOCTH BOCCTAHOBIICHUS
Ps(t), a BeposiTHOCTh P;(t) — BEpOSITHOCTH OTCYTCTBHSI BOCCTAHOBIICHHS.

[Toka3aTenn HaJIEKHOCTH MOYKHO PaCCUUTATh HEMTOCPEICTBCHHO M3 pa3Mme-
YEHHOTO Tpada COCTOSIHHIA TOTOJOTHYSCKHMM METOJO0M, He mpuoderas K COCTaB-
JICHHIO M PEIICHUIO CUCTEMBI AU PEPCHIINATBHBIX YPABHCHHI.

Tomonmorndeckuii METOI UMEET CIICAYIOIINE OCOOCHHOCTH:

— MPOCTOTA BEIYUCIUTEIIBHBIX aJITOPUTMOB,

— BBICOKAsl HaIISTHOCTH MPOIEAYP ONMPEISICHUS KOJTMUSCTBEHHBIX XapaK-
TEPUCTUK HAJC)KHOCTH;

— BO3MOYKHOCTb IPHOJIMIKEHHBIX OLIEHOK MOKa3aTeIel HaJAe)KHOCTH;

— OTCYTCTBHE OTPAaHHUYCHUH Ha BUJ CTPYKTYPHOHW CXEeMbI (CUCTEMBI HEBOC-
CTaHABJIMBaeMbIC M BOCCTAHABJIMBAcMbIe, HEPE3CPBUPOBAHHBIC H PE3CPBUPO-
BaHHBIC C JIIOOBIM BUIOM PE3CPBHPOBAHMS U JIIO00H KPATHOCTHIO).

Tomnomornyeckuii METOT KIMEET OrpaHUYCHUS 10 puMeHeHuto. K HuM oT-
HOCSITCS: HHTCHCUBHOCTH OTKA30B M BOCCTAHOBJICHUH 3JICMEHTOB SIBJISIFOTCS BE-
JUYMHAMU TTOCTOSSHHBIMH, ITOKa3aTelu HAaJE)KHOCTH, TaKhe KaK BEPOSTHOCTDH
0e30TKa3HOW pabOThl M (YHKIIUS TOTOBHOCTH, ONPEICIIIIOTCS MTyTeM MPUMEHE-
HuUs npeodpa3zoBanuii Jlamnaca.

[TycTh uMeeM pa3zmedeHHbIN Tpad) cocTosHui (pucyHok 25):

Aol A12 Ant n
Ll Lad —» —’ —P
SO - Sl - 82 ¢ SRR Sn_l > Sn
H1o Moz Mn, n-1

Pucynok 25

Torma BeposATHOCTL Py COCTOSIHHSI Sg OTIPEACIISICTCS BRIPAKECHUEM:
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1

Ao Aok, Aorkiz o Anoin
Hio H21M10 Unn-1 - H21H10

Py =

B uyncnurene npaBoi 4acTu — BCerja €IMHHUIA, 3HAMEHATENb — CyMMa, CO-
CTOsIIAs M3 €IUHMIBI U IPOOEeH, YUCIUTEIN KOTOPHIX — MPOM3BEICHUS MHTCH-
CHBHOCTEH Ha BEPXHHUX CTPEJIKAX, 3HAMEHATEIU — MPOU3BEJICHUS UHTECHCUBHO-
cTel HIWKHHUX CTpenok. [IpousBenenuss GopMHUpyIOTCS € MOCIEAOBATEIbLHBIM
YBEJIMYECHUEM UYHCJIa COMHOXKUTENIEH OT OJHOTO A0 N B COOTBETCTBUU C IEPEXO-
JIJaMH U3 COCTOSIHHSI B COCTOSIHUE.

BepostHOCTh P; cocTOsTHUSI S; paBHA BEPOSITHOCTH COCTOSIHUSI Py, YMHO-
KEHHOW Ha KOd(P(UIIMEHT, paBHBIA BTOPOMY CllaraéMOMYy B 3HaMEHaTeJe s
Py, TO ecTb.

P, =P, }ﬂ.
I25T0)

BepostHOCTh P, cocTosiHUS S, paBHA BEPOSITHOCTA COCTOSIHHUS Py, YMHO-
®KEHHOM Ha KOA(PIULMEHT, paBHBIA TPEThEMY CJaraeéMoMy B 3HaMEHaTele NS
Po, TO eCTb:

P, = Ppy———.

HUa1H10
BeposiTHOCTH N-TrO COCTOSIHUSL paBHA BEPOATHOCTU COCTOSIHUSL Py, yMHO-
KEHHOM Ha KO3 (UIIMEHT, paBHBIM MOCIEAHEMY CIara€éMoOMy B 3HaMEHaTele

s Py, To ecThb.
/101/112 ---/1n—1,n

KoadduirieHT rotoBHOCTH siBAsieTCsl (PUHATBEHON BEPOSITHOCTHIO TOTO, YTO
00BEKT UCTIPABEH B MPOU3BOIBHBIN MOMEHT BpemeHu. Ha rpade 3To cocTosinue
obo3Hauaercsa Sg. Torma K. = P,.

Ha ocHOBaHMM TOMOIOTHUYECKOTO METO/IA MOTYYaeM:

K — 1
F T A
L+ o7

l

Tak kak OOBEKT MMEET OJHO HCIpaBHOE cocTosiHMe ¢ HoMepoM 0, Torma

HapaOOTKa Ha OTKa3:
1 1

T =——7=—.
n
i=0 /11' /16
k! IIOJIYUYCHHOT'O BBIPAXCHUA CICOAYET — Hapa60TKa Ha OTKa3 HEPEC3CPBU-
pOBaHHOfI CUCTECMBI HC 3aBUCHUT OT 4HCJia BOCCTaHOBHeHHfI.
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CpenHee BpeMs BOCCTAHOBIICHHUS PaBHO:

1-K;
TB:TFT.

Ecnu noacraBum panee mosydyeHHbIE 3HaUCHUS 151 KO3 (PUIIMEHTa TOTOB-
HOCTH ¥ HapaOOTKHU Ha OTKa3, TO:

B Ac i:OMil

U3 MOJYYCHHOT'O BBIPpAKCHHUA CIICAYCT BBIBOJ — BCIWMYMHA CPCIHCTO BpPC-
MCHH BOCCTAHOBJICHUA 3aBHCHUT HC TOJBKO OT HMHTCHCHBHOCTH BOCCTAHOBJICHUAI,
HO U OT HHTCHCHUBHOCTH OTKAa30B.
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Jlekums /

7.1. MAPKOBCKHUE ITPOLIECCHI B PACUETAX HAJAEKHOCTH
PE3EPBUPOBAHHBIX BOCCTAHABJ/IMBAEMbBIX OB BEKTOB

7.1.1. Obwee zopauee pezepsuposanue

CoenvHEHHE 3JIEMEHTOB B 3JEKTPUYECKON MNPUHUUINHUAIBHOW CXEME IpPH
o0l1lleM ropsiYeM pe3epBUPOBAHUU U €€ CTPYKTYpHasl cXema HaJeXKHOCTU U300-

paskeHbI Ha pUCyHKe 26.
A p
1 0
1
2 ] m
6)

a)

Pucynok 26
a) (hu3uuecKoe COeTMHEHHE IIEMEHTOB, 0) CTPYKTYpHAsi cXeMa HaJeKHOCTH COSTMHEHUS

Paccmorprum MeToAaMKy pacyera i Clly4yaeB OrPAaHUYCHHOTO U HEOTPAHU-
YEHHOT'0 BOCCTAHOBJICHMUSI.

OrpannyeHHoe BOCCTAHOBJIeHHE (0JHA Opurana).
Pa3MeuenHbIi rpad) cOCTOSHUM sl pacCCMaTPUBAEMOr0 Cay4dasi H300paxeH
Ha pUCyHKe 27.
(m+1) A ma A
So " S S [~ *Sm " St
— <

H H H
Pucynox 27

A 4

A
A

Pacuetnbie opMynbl onpeaesieHUs] oKa3aTeleld HaJeKHOCTH BbIBEICHbI
MIpU CIEAYIONINX JOMYUICHUAX: UMEEM PE3EPBUPOBAHUE 1I€JIOM KPAaTHOCTH, MO-
CJIeIciICTBUE OTKA30B OTCYTCTBYET.

Tak kak K03(pPUUIHEHT TOTOBHOCTU U KO3 PUIMEHT MPOCTOSI CBS3aHBI CO-
otHouienneMm K = 1 — K, onpeaenum ko3 PUIUEHT TPOCTOS HEMOCPEACTBEH-
HO 110 rpady COCTOSIHUN TOMOJOTUYECKUM METOIOM:

K P (m + 1)! . m+1
n=Frm+1 = . gm+1 1. gm+l ;2 '
(m+1)!-/1m+1+(m+1i!' A .%+(m+1%i A .ﬁ_2+...+um+1
Iocne cokpamenus Ha (m + 1)! - 7™ nojpyunm:
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m+1
)4

y2
NI ey )

=
P=

—
rac )/—Z

Ilocne MMPUMCHCHUS COOTHOLICHHA MCIKAY KO3(1)(1)I/II_[I/IGHTOM T'OTOBHOCTH H

KO3(PPUIIUEHTOM MPOCTOSI MOJYYHM BBIpaKeHUE NJis1 Kod(puimenta roroBHO-
CTH:

Zm+1 )/

Zm+1 )/

B cooTtBetrcTBUM ¢ TpadoMm COCTOSIHUN CpelHee BpeMsi BOCCTAHOBJICHUS
paBHO:

T_l
B~

MHTEeHCUBHOCTh, BOCCTAHOBJICHMS 3JIEMEHTOB OJMHAKOBA, IMO9TOMY CpCIa-
HCEC BpPCMA BOCCTAHOBJIICHUSA CHCTCMbI PAaBHO CPpECAHCMY BPCMCHHU BOCCTAHOBIJIC-
HUA 3JICMCHTA.

K
B cuiy cootHomenus T = K—FTB u Gopmyn st ko3 duiieHTa IpocTos,
I

KOB(i)(l)HHI/ICHTa TOTOBHOCTH U BPECMCHH BOCCTAHOBJICHUS ITOJIYYHM.

m+ m+
XY
i! i!

ODTO COOTHOIICHUE YCTaHaBJIMBACT 3aBUCHUMOCTD Hapa6OTKI/I Ha OTKa3 OT
KpPpaTHOCTH PC3CPBHUPOBAHUA U CPCAHCTO BPCMCHHN BOCCTAHOBJICHMA.

";II—\

HeorpanuyeHnnoe BoccTanoBJieHHe (HECKOJIbKO OpHUTan).

B ciyyae HeorpaHWYEHHOTO BOCCTaHOBJIEHHS (YMCIIO Opuraa oOCITyKHBa-
HUs paBHO M + 1) pa3medeHHbIii rpad coctossHui umeet Bu (pucyHok 28):

(m+1) A ma A
> > > )
So < Sy < S2 Sm [ Sm+1

H 2u m+1) p

Pucynok 28
B cooTBeTCTBHM C pa3MeueHHBIM IpadOM COCTOSHUN MOKHO OIPEICIUTh

MOoKa3aTeIu HaJIe)KHOCTH.
— K03 (HUITMEHT TOTOBHOCTH
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m+1

p

KF = 1—W,
rae p :/1/;1’

— HapaOoOTKa Ha OTKAa3
(1 + p)m+1 _ pm+1

A(m+1)p™

— cpeaHee BpeMsl BOCCTAHOBJICHUS

Ty

1
C(m+ Dy

7.1.2. Obwee xonoonoe peszepeuposanue
CoenvHEHHWE 3JIEMEHTOB B JJIEKTPUYCCKON MPUHIUIMHAILHOW CXEME IMpH

o0IIeM XOJOTHOM pPE3EepPBUPOBAHUN W €€ CTPYKTypHash cXema HaJeKHOCTH
M300paKeHbI Ha pucyHKe 29.

Ay
—I N ey B
: A R—
Ly m ot
a) 0)

Pucynok 29
a) GU3MUECKOEe COCTMHEHHE DIIEMEHTOB, 0) CTPYKTYpHas cXeMa HaJIeKHOCTH COSTUHECHUS

PaccMoTprum MeToAMKY pacyeTra i Clly4yaeB OrPaHUYCHHOTO U HEOTPAHU-
YEHHOT'0 BOCCTAHOBJICHMUSI.

OrpannyeHHoOe BOCCTaHOBJIeHHE (0OHA Opuraaa)

Pa3MeueHHbIl rpad) COCTOSHUM ISl pacCMaTPUBAEMOro Cay4dasi H300paxeH
Ha pucyHnke 30.

A A A
So | S1 1S ™ Sn ”| Sm+1
hl hl 4_ 4_ hl
u n n
Pucynox 30

B cootBeTcTBUM ¢ pa3MeueHHbIM I'paOM COCTOSIHUM MOKa3aTeIu HAJIEK-
HOCTH PaBHBI:
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— K03 (HUITMEHT TOTOBHOCTH

‘um+1 +/1‘um +/12‘um—1 + ._.+/1mﬂ
‘um+1 + A‘um +/12‘um—1 + - F /Lum +/1m+1
1+ p+pit4p™
_1+p+p2+,,,+pm+pm+1’

KF=P0+P1+P2++Pm:

WIN
o
K. = Zi=0 p'
I = Smei o
izo P
e p =4/,
— cpeHee BpeMsl BOCCTAaHOBJICHUS .
T 1
B—
U
— HapaOoOTKa Ha OTKa3:
m+1
_kr i
T = _TB = TB Y
Kn :
i=1
WIN
m

HeorpanuyeHnnoe BoccTaHoBJieHHe (HECKOJIbKO OpHUTan).

B ciiyyae HeOrpaHWYEHHOTO BOCCTAHOBJICHUSI YKCIIO PEMOHTHBIX Opuran
paBHO M + 1. PasmeuenHsIi rpad cocTossHmi Ha pucyHke 31.

A A A
So [, ™ s, P " s, :: Sm [ g
il 2u (m+1) p
Pucynok 31

Ha ocHoBanuu rpada cocTOosSTHUN U MpaBUiia TOMOJOTMYECKOro METOo/a 3a-
MIUIIEM BBIPAXKEHUS JJIA:
— ko3 puimenTa npocTosi:

Am+1
KH:Pm+1= | |
(m+ 1)!Mm+1 +wuml+wﬂm—llz + o+ (m+ 1)‘ulm+/1m+1
m+1 '
_ (m+ 1)!
- 2 +1
N L L L

o ml F m+ D)1
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rep =4/,

— K03 duIeHTa TOTOBHOCTH.

2 m i
1+202 L i ymn P
_ _ 1 2 m! _ “t=0g1
KF_l_KH_ 2 m m+l T i’
1+ 2 p_ . P m+1P
+ o+ + f L
1 2! m! (m+ 1) =0 jl

— CpeJIHETO BPEMEHH BOCCTAHOBJICHUSI .

1
Tg = ———;
P (m+ Dy
— HapaOOTKHU Ha OTKa3!
m
T—KFT _1 m! i
Ky BT s O(m—i)!y’
1=
rae yzg.

CpaBHUTENBHBIN aHAU3 PACCMOTPEHHBIX METOJOB PE3EPBUPOBAHUS CHU-
CTEM C BOCCTAHOBJICHUEM MTOKA3bIBAECT:

— CYIIECTBEHHO MOBbIMIAETCS KOAP(UIIMEHT TOTOBHOCTH U HapabOTKa Ha
OTKa3. 3HAYUTENbHOE MOBBIIIEHUE HAIC)KHOCTH MOJIYYaETCs YKE IPU KPATHOCTHU
pesepBupoBanus m = 1,

— 1pu AyOJIUPOBAHUU C BOCCTAHOBICHUEM CpPEIHEE BpeMsi pabOThl MEXKIY
OTKa3aMHU MOBBIIIAETCS B pa3bl B CiIydyae MOCTOSHHOTO pPE3E€pPBUPOBAHMS, a B
ClIy4yae pe3epBUPOBAHUS 3aMEIICHUEM B JECATKU Pa3;

— MOKa3aTeu HAJI)KHOCTH TEM BBIIIIE, YEM BBIIIE KPAaTHOCTh Pe3€PBUPOBA-
HUS U YUCIIO O0CITYKUBAIOIIUX OpuUra.
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Jleknus 8

8.1. 3BAKOHBI PACHPEJIEJIEHUA MOKA3ATEJIEA HAJEXKHOCTH

OTKa3bl B CUCTEMaX KeJIE3HOOPOKHON aBTOMATUKU M TEIEMEXaHUKHU BO3HU-
KalOT MO/ BO3ICUCTBUEM pa3HOOOpa3HbIX (PaKTOpoB. [0CKOIBKY Kaxkablid (PakTop B
CBOIO OU€pe/lb 3aBUCUT OT Pa3HOOOpa3HbIX MpuunH, To 0TKazbkl CXKAT u ux sme-
MEHTOB OTHOCSTCSI K CIIy4ailHbIM COOBITHSIM, a BpeMsi pabOThl JJO BOSHHUKHOBEHUS
OTKa30B — K CIy4ailHbIM BeIMYMHAM. Takum 0OpazoM, MpU aHaIM3€ HaJIeKHOCTH
O00BEKTOM UCCIICIOBAHUS SIBJISIFOTCS CITy4YaliHbIE COOBITHSI U CITy4aiiHbIC BEJIMUUHBI.

CnyyaiiHas BeJIMYMHA — BEJIMYMHA, KOTOpasi B PE3yJbTaTe OIMbITA MOXKET
MPUHUMATH TO WJIM MHOE 3HAYCHUE, 3apaHee HEe U3BECTHO, Kakoe umMeHHo. Ciy-
YaifHas BEJIMYMHA MOXKET OBITH JTUOO TUCKPETHOW (YUCIIO OTKA30B 3a Bpems t,
YHCIIO OTKA3aBIIUX 3JCMCHTOB IMPH HCIBITAHUSIX 33JJaHHOTO O0beMa W T. J.),
1100 HernpepbIBHOM (BpeMs paOOThI H3ACTUsS O 0TKa3a, BpeMsi BOCCTAHOBIICHUS
paboOTOCTIOCOOHOCTH H T. JI.).

CnyvaitHoe coObITHE — COOBITHE, KOTOpPO€ B PE3YJIbTaTE OMbITA MOXKET
POU30MTH WK He npon3oiTh. CilydaiiHble COOBITHS (OTKa3bl, BOCCTAHOBJICHHUSI
U T.J1.) 00pa3yIoT ClydailHbIe MOTOKH U CITyYaiHbIC MPOIIECCHI.

IToTok cOOBITHI — TTOCTEOBATEIHLHOCTh COOBITHH, MPOUCXOIAIINX OTHO 32
JIPYTUM B KaKue-TO OTpe3ku BpemeHu. Hampumep, oTka3bl BOCCTaHABIUBAEMOI'O
00beKTa 00pa3yroT MOTOK COOBITUM OTKA30B M BOCCTaHOBjIeHUM. Ilom Bo3mei-
CTBUEM MOTOKa OTKA30B U BOCCTAHOBJIECHUM OOBEKT MOXKET HAXOJUTHCS B pa3-
JUYHBIX cocTossHMsIX. [lepexosl 0ObeKkTa U3 OJIHOTO COCTOSIHUSL B APYroe mpea-
CTaBJIsIeT cO00M cilyyaliHbIN TIpoliecc.

CooTHoIlIeHUE, YCTAaHABIMBAIOIIEE CBSI3b MEXJY BO3MOKHBIMU 3HAUYCHUSI-
MU CIIy4yalHOM BEIMYHMHBI U COOTBETCTBYIOUIMMU UM BEPOSTHOCTSIMHU, Ha3bIBa-
€TCS 3aKOHOM PACnpedeneHusn Cayuaiunoll 6eUYUHbL.

Haubonee npoctoit popmoii 3a-
JaHWs 3aKOHAa pACHpeNeNICHHUs] JuC-
KPETHOM CIIy4YallHON BEJIWYUHBI SIBJISI-
€TCsl CTATUCTUYECKUI psll pacupene-
B JIeHUs, MPEJICTaBICHHBIN B BUJIe Ta0-
4 JUIBI WK TpaduKka-moaurona (pucy-
2 HOK 32).

JIns HenpephIBHOW CIIy4ailHOMN
* BEJIMUYMHBI 3aJa€TCS yHKuua pac-
X1 | 2 3 4 5 | 6 npeoenenus F(X) , XapakTepusyro-
p | 2 6 | 9 (10| 8 | 5 mjasi BEpPOSITHOCTh COOBITHSL X < X

(T. €. BEpOSITHOCTh TOTO, YTO CIy4aii-

Has BEJIMYMHA HE MPEBBIIIACT 3a/aH-
HoOro 3HaueHus). ['padmk GyHKIUHU pacrpenciiceHUus] UMEeT BUJ HEyObIBAIOIICH
KPHUBOM, 3HAYCHHS KOTOPOH M3MeHstoTcs B quama3one ot 0 1o 1 (pucyHok 33 a).

P A
10

8 4

Pucynok 32
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A Fix) A fix)

, AN
/| AN

e ~

v
v

a) 0)
Pucynoxk 33.
I'paduk ¢pynkum pacupeneneHus (a), TACTOrpaMma U KpUBast
pacnpezenenus (0) HEIPEPHIBHOM CITy4aiitHOM BEIMYHUHBI

KpOMC TOI'O, OJIA XapPaKTCPHUCTHUKHU CJ'Iy‘-IEIfIHBIX BCIINYHWH ITHUPOKO HCIIOJIb-

3yeTcsl IIOTHOCTh BEPOSITHOCTH , TpaduuecKku MpeacTaBisieMas

THCTOTPAaMMOM WIJIH KpUBOH pactipeneicHus (pucyHok 33 0).

[Ipu ompeneneHuu BEPOATHOCTH Oe30TKa3HOU palboThl cuctembl KAT
YCTaHABJIMBAIOT 3aKOH pacipeiesieHus HapaOOTKX Ha OTKa3 U BPEMEHH BOCCTa-
HOBJICHUSI OCHOBHBIX AJIEMEHTOB.

B Teopuu Haie:)KHOCTH UCTIONB3YIOTCA CIEAYIONINE 3aKOHbBI PacipeiesICHUs
CITy4yalHbIX BEJIMYMUH:

— U1 TUCKPETHBIX CIyYalHBIX BEJIWYMH — OMHOMHAIbHBIN 3aKOH, 3aKOH
ITyaccoHna,

— JIJIs1 HETIPEPBIBHBIX CIIyYalHBIX BEJTUYUH — SKCIIOHEHIIMAIBHBIN 3aKOH, HOP-
MaJTbHBIN 3akoH (pactpenenenuie ['aycca), 3akoH BeiiOysiia, xz — pacrpeneiieHue,
norapuMUYECKU-HOPMAIbHOE pacipeesieHue, raMMa-pacipeieiieHue U T. 1.

3akon pacnpenenenusi Ilyaccona onuchiBaeT MOBEICHUE IUCKPETHOIO
ciy4yaiiHOro coObITus 3a Bpems t. B coorBercTBuu ¢ 3akoHoM Ilyaccona Bepo-
ATHOCTb MOSIBIICHUS CIy4ailHOro coObITHSI N pa3 3a Bpems t paBHa:

r71€ A — UHTEHCUBHOCTb CIIy4ailHOTO COOBITHS.
Pacnpenenenune [lyaccona obianaer ciaeayromyUMHI CBOMCTBAMM:
— MaTeMaTU4eCKOe OXKHUIaHUE YKcia cCOObITUM 3a Bpems t paBHO At;

— CpPEAHEKBAAPATHUECKOE OTKJIOHEHUE YUCTIa COOBITHIMA

XapakTepHsblil npu3HaK pacnpeaenenus [lyaccona — paBeHCTBO MaTeMaTu-
gyeckoro oxumanus u gucrnepcud (D = ). DTo CBOWCTBO MCHOJIB3YETCS IS
MPOBEPKU CTEMEHH COOTBETCTBUS OMBITHOTO PACIPENENICHUS C TEOPETUUECKUM
pacnipenenenueM [lyaccona.

Ouenb vacTto 3akoHOM [lyaccoHa moJyib3yrOTCs, KOTJla HEOOXOIUMO OIpe-
JEIUTh BEPOATHOCTH TOrO, YTO B HW3JACIHUM 3a 3aJaHHOE BpEMsl MPOU30UJIET
OJIVH, JIBa, TPU U T. J. OTKA30B.
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IKCIMOHEHINAJbHBIH 3aK0H pacnpe/aejeHUs] TPUMEHISTCS ISl aHaIn3a
CJIOXHBIX CHCTEM, TJe MpeoOIagaroT BHE3AMHbIE OTKA3hI. | TaBHAS 0COOCHHOCTH
3aKOHA — HE3aBUCUMOCTh HHTEHCUBHOCTH MOTOKA OTKA30B OT BPEMEHU IKCILTya-
Taruu A = const.

Ecnm nmeet MecTo KCITOHEHITHATBHBINA 3aKOH PACTIPEICIICHHUS:

— BEPOSITHOCTh 0€30TKa3HOU pabOTHI

P(t) = e™;

- BepOHTHOCTB OTKa30B
Qt)=1-P@)=1-e*,;
— YacToTa OTKa30B
d
f(t) = EQ(t) = AP(t) = de 7

— UHTCHCUBHOCTEH OTKA30B
_f@@

/1(t) = m

— HapaboTKa J0 OTKa3a
©o ©o _At 1
To=| P@®)dt=| e *dt=c;
0 0 A

— AUCIIEpCHUsl BpeMEHU pabOThl 0 BOZHUKHOBEHMSI OTKa3a

@ 1
D) = [ (=Tt =553
0

— CPCAHCKBAAPAaTUICCKOC OTKIIOHCHHUE BPCMCHU pa6OTBI J0 OTKa3a

PaBeHCTBO CpelHEKBAIPATUUECKOTO OTKJIOHEHUS! BPEMEHU pabOThl 0 OT-
Ka3a — XapaKTEPHbIA MPU3HAK IKCTIOHEHIIMATIBLHOTO paclpeeIeHusI.

I'paduku 3aBucuMocTeil nmokazareneid HaACKHOCTH OT BPEMEHH, XapakTe-
PU3YIOIINE YKCITOHCHIIMATBHBIA 3aKOH, UMEIOT BUJI (PHCYHOK 34):

P f(t) MY
1

0 t o t o t
Pucynok 34

[Ipy SKCHOHEHIMAIBHOM 3aKOHE MAaTEMaTHYECKOE OXKHUIAHUE M CpCIHE-
KBaJPaTUYCCKOE OTKIIOHEHHE COBIAAalOT ¢ mapameTpom 3akona (1/A). Dto
CBOMCTBO MCIIOJB3YIOT JIJISi IPOBEPKH THITOTE3bI 00 AKCIIOHCHIIMAILHOM Xapak-
Tepe U3MEHEHHUS HaJICKHOCTH.
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HopMmanabHblii 3aKoH pacnpeneienus (pacnpeneienne ['aycca) ucroiib-
3yeTcs, KOrja JoJisl BHE3aIHBIX 0TKa30B Majia. B aToM ciydae nmpeo0iaaroT mo-
CTEIeHHbIC (TapaMeTPUUECKHE) OTKA3BI.

HopmanbHOMY pacnpelneiieHHI0 MOAYHHSIOTCS ONIMOKH M3MEpPEHUs IeTa-
JIeH, OIMOKY N3MEPEHHSI BPEMEHHBIX HHTEPBAJIOB U T. .

JIJ1s HOpMaJIbHOT'O paclpeiesicHUs] OCHOBHBIC XapaKTEPUCTHKH PaBHBI:

— BEPOSATHOCTH 0€30TKa3HOU padOThHI

P(t) =1 ! jt (¢ - T)Zl dt
=1- exp | ————1|dt;
oV2mJy P 202

— 49aCToTa OTKa30B

f(t):a\/_

3neck g, T — mapaMeTpbl HOPMAJILHOTO paclpeeieHusl, COOTBETCTBEHHO Cpel-
Hee KBaJIpaTUYECKOE OTKJIOHEHHE BPEMEHU HapaOOTKU HAa OTKa3 M HapaboTKa Ha
OTKa3;

— IapaMeTp NOTOKA OTKA30B

1 (t = T)>?
21 exp 202 |

® 1 [(T —t)?
w(t) = ——exp ,
oV2n®d (%) 20°

rae
Z
1 z2
CD(Z) —Ejexp —? dz.

0

®(z) ¢ynkuus Taycca (MHTErpan BEPOATHOCTH) MPUMHUMAETCS 10 CIIpa-
BOYHBIM JIAHHBIM.

['paduyeckrie 3aBUCUMOCTH Jisl OCHOBHBIX XapaKTEPUCTUK HAJEHKHOCTHU
IPY HOPMATHHOM 3aKOHE PaCTIpeIeICHIS TIPUBEICHBI HAa pUCYHKE 35.

P f(t) o(t)

0,5

t 0 T t o t

Pucynok 35

[TapameTp MOTOKA OTKAa30B MOHOTOHHO YBEJIMYUBAETCS C TEUEHUEM BpEME-
HHU, YTO XapaKTEPU3YET CTAPECHUE IIIEMEHTOB.

68



Pacnpenenenue BeiiOy/uia npuMensieTcs sl aHain3a HAJEKHOCTU TeX-
HUYECKUX CUCTEM B MEPUOJ] BPEMEHH UX MPUPAOOTKH.
J71st paccMaTpuBaeMoro pacupeaesieHus:

— BEPOSITHOCTh O€30TKa3HOU pabOTHI
b

t
— YacToTa OTKa30B
b st\P~1 (5)”
t) =—(- -\a) :
fo=5(g) <
— UHTCHCUBHOCTLH OTKAa30B
b t b—1
A6 :—(—)
a\a

3nech a u b —mapamerpsl Maciirada u opMbI pacrpeneeHus BelOyina.
I'pacduxm pacnpeneneHus nokasarenen HaiexKHOCTH BeliOyiia npuBeaeHbl
Ha pucyHke 36.

P(t) f(t) A(t)
b>1 b>1 b>1 /

b=1
0 t 0 t o t
Pucynok 36

B 3aBucumocTH OT BeIMYMHBI D 3aKOH M3MEHSET CBOW BHJI, YTO MO3BOJISACT
OIKCHIBATh KaK BHE3aITHbIC, TaK U MPHPAOOTOYHBIC W JETpalalioHHbIe (M3HO-
coBble) oTKasbl. [Ipu b = 1 pacnpenenenue BeliOymia npeBpariaercs B 3KCIO-
HEHITMAJILHOE paclpejie/icHUue, ONMUChIBaoIee BHE3amHble oTKa3bl. [Ipu b > 2
3aKOH XOPOIIO OMUCHIBAET MPOLECCHl H3HOCA U CTAPEHUS, KOTJa MHTEHCUBHOCTD
OTKa30B cO BpeMeHeM Bo3pactaer. [Ipu b < 1 3akoH ommchIBaeT Mporece Mmpu-
pabOTKH, KOTJJa MHTEHCUBHOCTh OTKAa30B CO BPEMEHEM YMEHBIIAETCS.

8.2. OIPEAEJEHUE BUJIA U ITAPAMETPOB 3AKOHA
PACHPEJEJEHUSA IOKA3ATEJIEA HAJIEXKHOCTH

Bun ¢pynkuum pacnipenenenus HapaObOTKU Ha OTKAa3 3apaHee He U3BECTEH U
JIOJKEH OMPEACIISITHCS MO ONBITHBIM AaHHBIM. [Ipy BBISIBJIEHUU 3aKOHA pacmpe-
JIEIeHUs1 COOTI0IAeTCA CIIEIYIOIIUNA MOPSIIOK:

— MOJIYYalOTCsl M TOTOBSITCS JJIsl aHAIN3a SKCIIEPUMEHTAJIbHBIC JTAaHHBIE;

— OCYUIECTBJISIETCSI TOCTPOEHUE THCTOIPAMMBI KOJIMYECTBEHHOW XapakTe-
PUCTUKU HAJEHKHOCTH,

— IPOBEPAETCS JOMYCTUMOCTD IMPEANOJIAraéMOro 3aKOHAa pacHpeleiICHHUS,
wcrons3ys kpurepun cornacus (y -ITupcona, Koamoroposa u ap.).

Kpurepuii coraacusi y>-IInpcoHa 0CHOBAH Ha MEpPE PACXOKACHUSI MEKIY
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TEOPETHUYECKMMH BEPOATHOCTSIMH IIOMAJAaHHl B YACTUYHBIC HHTEPBAIbl U
HaGIIIOaeMbIMH YaCTOTAMH pj MHTEPBAIBHOTO CTATHCTHIECKOTO PSA.

[IpeanonoxuM, MPOU3BEAEHO N HE3ABUCUMEBIX OIBITOB, B KaKIOM H3 KOTO-
pBIX clydaiiHas BelndMHa X MPHHsIA ONpPEACICHHOE 3HAauYCHHE. Pe3ysbTarsl
OIIBITOB CBOIATCA B K pa3psaoB u 0hOPMIISIIOTCS B BHAE CTAaTHCTHYECKOTO Psia
(Tabauna 3).

Ta6mumma 3
1 2 3 k
Ji XoX1 X1X2 X2X3 Xk - 1%k
pi p1 p2 ps Px
3nech p*1, p*2, p*s3, ..., p*k cTaTUCTHYECKAs BEPOSATHOCTH MOMATaHMS

CIIy4ailHOM BEJIMYMHBI B KAXbIN U3 pa3psi0B.
Ha ocHoBanuu naHHbIX TaOIUIIBI IPOU3BOIUTCS TOCTPOCHUE THCTOTPAMMBbI

(pucynox 37).

»

f(t) 4

AN

7 .

4 N\
Z

= P~ _

X0 X1 X2 X3 X4 X5 X X7 X8
PL P2 D3 Ds DPs Ps D7 D8 Do

X9 t

Pucynok 37

I'mcrorpaMmma anmpoOKCUMHUPYETCS KPUBOW. 3aTEM MPOBEPSIETCS, COTJIAcy-
FOTCS JIA SKCIIEPUMEHTAIbHbBIE TAHHBIE C TUIOTE30M O TOM, YTO Cly4alHas Be-
auynHa X MMEeT 3aKOH paclpeefieHus 3aJlaHHbld (PYHKIMeW pacnpeeneHust
F(X) wu uiotHOCTRIO pactipenencHus f(X). 3Has TeopeTHYeCKHUil 3aKOH pacrmpe-
NEJICHUSI, MOXKHO HAWTH TEOPETUYECKUE BEPOSATHOCTH IOMNMAJAHUS CIYyYaAWHOU
BEJIMYMHBI B KQXKIBIN U3 pA3PAIOB pP1, P2, P3, -, Pk -

[IpoBepsisi COrmacoBaHHOCTh TEOPETUUECKOTO M CTATUCTUYECKOTO pacmlpe-
NEJECHUM, UCXOIAT U3 MEPBI PACXOKIACHUS MEXKIY TEOPETHUYECKUMU BEPOATHO-
CTSIMH pi W HAaONIOJAEMBIMU YacTOTAMH pj . Mepoil pacXOXKICHHS BBIOHPAIOT
CYMMy KBaJpaTOB Pa3HOCTH BEPOSTHOCTEH (pi — pi)z, B3ATBIX C HEKOTOPBIMH
«Becamm» Cj:

k
U= z C; (P} — P))?.
i=1

Y4unuteiBas, 4To
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MOHO 3acaTb CTATUCTUKY B BUAC

rae M; — YKUCJI0 MONAJaHUN CIydalHOW BEJIMYUHBI B I-i MHTEpBAJ; N — YHUCIIO
pa3psaoB.

JIns pacnpeneneHus )(2 COCTaBJIEHBI crenuaibubie Tadauubl. [loap3yscek
VMMM, IS KQXKJIOTO0 3HAYCHUS )(2 U Yucia CTeneHel cBOOObI I' ONpeessitoT Be-
POSITHOCTH TOTO, YTO BEJIMYHMHA, PACIIPEICIICHHAS 110 3aKOHY )(2, MPEB30UJIET ITO
3HAYECHHUE.

Ecnu 3Ta BEpOATHOCTH Malia, TO TEOPETUYECKOE U CTATUCTUYECKOE pacipeie-
neHust He cornacyrores. Hamo uckats HOBoe, OoJiee mpuemMieMoe pacipeiesiCHUE.

Ecnu BEepOSTHOCTh CPaBHUTENIBHO BEIIMKA, MOXXHO MPU3HATH PACXOXKICHUS
MEXIY TEOPETUYECKUM M CTATUCTUYECKUM PACIPEICIICHUEM HECYIIECTBEHHBIM
Y OTHECTH WX 3a CYET CIYyYalHBbIX NPpUYMH. MOXHO NPUMEHSITH COOTHOIIEHUS
JUISL OTIPENICIICHUS TTOKa3aTeNen HaleKHOCTH.

C npyroit cTOpoHBI, 04eHb OobIIast BeposTHOCcTh p = 0,99 He ecTh KpuTe-
pUil HAcaTIbHOM COTJIACOBAHHOCTH pacripeaescHusi. B 3ToM ciydae pacxoxie-
HUSI CIIUIITKOM MaJibl, YTOOBI MPU3HATH UX MPABAONO100HBIMH.

Kputepuii KojiMoropoBa oCHOBaH Ha MEpE PACXOKACHUS MEXKITy TEOPETHYE-
CKHM U CTaTUCTHYECKHUM pacnpeneneHneM. B kauecTBe Mepsl pacxoxieHus: Konmo-
TOPOB MPEMIOKIWI UCTIOIB30BaTh MAKCUMAIBHOE 3HAUEHUE MOJYJI PA3HOCTHA MEXK-
Iy CTATHCTHYECKO (yHKImel pacipenenerms F (X) 1 TeopeTraeckoit F(X):

D=max | F (x) - F(X) |.

Crpoutcs cratuctuueckas (QyHKIUS
pacrpenenenust F (X). OHa ammpoKCHMHEpYeT-
csl TeopeThuuecKko PyHKIMEH pacnpeaeneHus
F(X) (pucynok 38). Onpenensercss MaKCHMYM
D Momynst pasHOCTH Mexay HuMH. Ornpeje-
nserca Bemmunaa DV = A, rae k — obmee
KOJIMYECTBO IKCIIEPUMEHTAIBHBIX TOYCK.

[lo cneumanbHOW TabMWIlE HAXOIUTCS
3HaueHue BeposTtHocTH P(A). BeposTHOCTH
XapaKkTepu3yeT, HACKOJIbKO CIIy4aiiHas BeJTUYHMHA X pacupe/iesieHa Mo TeOpeTH-
4ecKoMy 3akoHy F(X).

Ecin BepositHOCTh P(A) Maja, TEOPETHYECKOE U CTAaTHCTUICCKOE pacipe-
JCNICHUsT HEe corIacyroTcs. TpeOyercs UCKaTh APYroe TeOpeTHIeCKoe pacmpe/ie-
nenue. [Ipu cpaBHUTENBbHO OOabIIMX P(A) TEOpEeTHUYECKOE W CTATUCTHUYECKOE
pacmpesielieHUe COrIacyloTCs U TEOPETUICCKOe PACTIPEICIICHUE MOXKHO HUCITOJb-
30BaTh JIJIS ONPECIICHUS TIOKa3aTellel HaIe)KHOCTH.

Pucynok 38
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Jleknus 9

9.1. IOKA3ATEJIX JOJI'OBEYHOCTH

JloJIroBe4YHOCTH — CBOMCTBO O0OBEKTA COXPAHATHh PAOOTOCTIOCOOHOE COCTO-
SHUE 10 HACTYIUICHHS] MPEACIbHOTO COCTOSHUSI MPU YCTAHOBJIEHHON cCHUCTEMeE
TEXHUYECKOTO OOCITyKUBAHUS U PEMOHTA.

Kpurtepuii npenejbHOro cocTOAHUSA — IPU3HAK UM COBOKYIHOCTH MPHU-
3HAKOB, YCTAaHOBJICHHbIC HOPMATHBHO-TEXHUYECKOW W (MJIM) KOHCTPYKTOPCKOH
(IPOEKTHO¥) TOKyMEHTAITUEH.

B 3aBHCUMOCTH OT yCIIOBHI 3KCILTyaTalliu, AJI OJJHOTO U TOTO K€ 00bEeKTa
MOTYT ObITh YCTAaHOBJIEHBI JBa U 00Jie€ KPUTEPUEB MPEJETLHOIO COCTOSHUS.
K HuM oTHOCHT:!

— HEJIOMYCTUMOE YBEJIMUYEHUE BEPOSTHOCTH OMACHOTO OTKA3a;

— OTKa3, yXy/lleHue (pyHKIIMOHAIBHBIX CBOWCTB,;

— BpPEAHOE BIIMSIHUE HE MOTEPSBIIEr0 pabOTOCIIOCOOHOCTH 3JIEMEHTAa WU
0JI0Ka Ha COMPSI)KEHHBIE WM CMEXKHBIE C HUM BJIEMEHTHI;

— MOpPAJIbHOE CTapEHHUE.

K nokazarensim 10IroBe4HOCTH 0OBEKTOB OTHOCSIT:

TexHuuecknii pecypc — HapabOTKa 00bEKTa OT Hayaja SKCIUTyaTalluu UiIu
€€ BO30OHOBJIEHHUS MOCIIE PEMOHTA JJO HACTYIUICHUS MIPEJEIbHOTO COCTOSTHUS.

TexHuueckul pecypc MpeacTaBiasieT coOOl 3amac BO3MOXKHOM HapaOOTKH
o0bekTa. [l HEeBOCCTaHABIMBAEMBIX OOBEKTOB OH COBMAAaeT C HApaOOTKOM 110
oTkaza. /{7 BoccTaHaBiIMBaeMbIX OOBEKTOB Pa3inyaloT JOPEMOHTHBIN, MexXpe-
MOHTHBIH, MTOCIEPEMOHTHBINA U TIOJHBIN (JI0 CIIICAHUS) PECYPCHI.

Cpeanuii pecypc — MaTeMaTHYECKOE OXKUJAHUE TEXHUUECKOTO pecypca.

Ha3naveHnHblil pecypc — cymmapHas HapaOOTKa, MPU JOCTUKEHUU KOTO-
poil mpuMeHeHrne 00BEKTA IOKHO OBITh MPEKPAILIECHO.

[IpeanpusiTHe-U3roTOBUTENb WM PEMOHTHOE MPEANPUITUE MOTYT yCTaHO-
BUTH FAPAHTUHHBIN pecypc, B T€YEHHUE KOTOPOTO rapaHTUPYETCS BBIIIOTHEHUE
YCTAHOBJICHHBIX TPEOOBAaHUM K OOBEKTY MpU COOJIIOACHUU MpPaBUI SKCIUTyara-
WU, XPAHEHUS U TPAHCTIOPTUPOBKH.

Cpok cayx0bl — KaJeHIapHas MPOJOJIKUTEILHOCTD (JIHU, MECSIIBI, TOJIbI)
paboThl OT Hayasla SKCIUTyaTallud OOBEKTa WJIM BO3OOHOBJIEHHUS HKCILTyaTalllU
MOCJIE PEMOHTA JI0 MIEPEX0/ia B MPEIeIbHOE COCTOSIHHE.

JIJ1si HeBOCCTaHABIMBAEMbIX OOBEKTOB TEXHHUECKUU PECYpC COBIANIAET C
HapabOTKOM A0 OTKa3a.

JIisi BOCCTaHABIMBAEMbIX OOBEKTOB PA3IMYAIOT JOPEMOHTHBIN, MeEXpe-
MOHTHBIH, TOCIEPEMOHTHBIN U IMOHBIN (10 CIIMCAHUS) CPOKHU CITYKOBI.

Cpeannii Cpok cJ1y:K0bI — MAaTEMaTHYECKOE OXKHIAHUE CPOKA CITY>KOBI.

Ha3zHa4yeHHBIN CPOK CayxkObl — KaJIEHAApPHAS MPOJOJDKATEIIBHOCTD JKC-
IIyaTaluu 00bEeKTa, MPU JOCTHKEHUU KOTOPOM MPUMEHEHUE €ro Mo HazHaue-
HUIO JIOJKHO OBITh MPEKPAILEHO.
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[IpeanpusiTue U3rOTOBUTENb UM PEMOHTHOE MPEANPUSITHE MOTYT YCTaHO-
BUTh TAPAHTUMHBIA CPOK CJOYKObI, B TECUEHUE KOTOPOrO TAPAHTUPYETCS BBI-
MOJIHEHUE YCTAHOBIICHHBIX TPEeOOBaHHI K OOBEKTY MPHU COOIIOJICHUH MPaBHII
AKCIUTyaTalluK, XpaHEHUS U TPAHCTIOPTUPOBKHU.

9.2. IOKA3ATEJIU COXPAHSAEMOCTHA

CoxpaHsieMOCTb — CBOMCTBO O0BEKTA COXPAHAThH B 33JJaHHBIX MpeJieiax 3Ha-
YEeHUSI MMapaMETPOB, XapaKTEPU3YIOIIUX CIIOCOOHOCTh OOBEKTA BBIMNOIHSITH TPEOy-
eMble (DYHKIIMY B TCUCHHE M TIOCIIC XPAHEHHS U (WJIN) TPAHCTIOPTHPOBAHUS.

B npornecce xpaHeHus U TPaHCIIOPTUPOBAHUS OOBEKTHI MOJIBEPTatOTCs He-
OJaronpHUATHBIM BO3JICHCTBUSAM. B pesynbrare mocie xpaHeHus u (W) TpaHC-
MOPTUPOBAHUSI OOBEKT MOXKET OKa3aThCsl B HEPAOOTOCIIOCOOHOM U JIaKe B Mpe-
nenbHOM cocTosiHuU. COoXpaHsieMOCTh OOBEKTa XapaKTepU3yeTCsl €ro CrocoOHO-
CTBIO MMPOTUBOCTOSITh OTPUILIATEIILHOMY BIHMSHUIO YCIOBUN U MPOAOJIKUTEIBHO-
CTH €ro XpaHEHUs U TPAHCIIOPTUPOBAHHS.

K nokazarensim coXxpaHsieMOCTH OTHOCSIT:

Cpok coxpaHsieMOCTH — KaJeHJapHasi MPOJOIKUTEILHOCTh XpPAHEHUS U
(Wi) TPaHCIIOPTUPOBAHUS OOBEKTA, B TEYCHHUE U MOCIIC KOTOPOU COXPAHSIOTCS
B 3a/IaHHBIX Tpejenax 3Ha4eHUsl MapaMeTpoB, XapaKTepU3yIOUIUX CIOCOOHOCTh
00BEKTa BBITIOIHATH 3a/JaHHBIC (DYHKIIUH.

Paznuyaror cpok COXpaHsSEMOCTH O BBOJA B 3KCIUTyaTallMi0 MU CPOK CO-
XpaHSIEMOCTH B MEPUO/] IKCILTyaTAIIUH.

Ha3HaveHHBI CpPOK XpaHeHWsi — KaJeHJapHash MPOJOJKUTEIbHOCTh
XpaHEeHUs, NMPU JTOCTUKEHUH KOTOPOW XpaHEHHE OOBEKTa JOJKHO OBbITh mpe-
KpaIlleHO HE3aBUCHUMO OT €ro TEXHHUUYECKOTO COCTOSHUS.

CpenHuii cpok COXpaHSIEeMOCTH — MAaTeMaTUYECKOE OKUJaHUE CPOKa CO-
XPaHSIEMOCTH.

OCHOBHOH YHCIICHHOM MEPOW COXPaHSIEMOCTH SIBIISIETCSI BEPOATHOCTH TOTO,
YTO 3a OIpEICIICHHbIA UHTEPBAJ BPEMEHHU U B 33/IaHHBIX YCIOBUSX XPaHEHUS HC-
MIPABHOCTh TEXHUYECKOTO YCTPOMCTBA HE HAPYIIUTCS WU OTKa3 HE MPOU30MIET.

K unciy KOIM4ecTBEHHBIX XapaKTEPUCTUK COXPAHIEMOCTH OTHOCSIT:

— BEPOSITHOCTh UCIIPABHOTO COCTOSIHUS MIPU XPaHEHUU

P(t,) = N_Tn(t")

rae n(t,) — YNUCIO TEXHUYCCKUX YCTPONCTB, MPUIICAIINX B HEUCIPABHOE CO-
cTosiHue B mporuecce xpaHeHus; N — oOlllee 4YMCI0 OJHOTUIHBIX TEXHUYECKUX
YCTPONCTB HAXOIAMIMUXCS HA XpaHEeHUH ¢ MoMmeHTa ty = O;

— IJTOTHOCTh BEPOSITHOCTH MOSIBJICHUSI HEUCTIPABHOCTH MPHU XPAHEHUH

n(At,)

fx(t) = NAL,
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rae n(At,) — 4MCI0 HEWCIPABHBIX YCTPONCTB B MHTEPBAJC BPEMEHHU XpaHCHUS,
At, — uHTEpBa) BPEMEHU XPAHEHUS;
— UHTEHCUBHOCTH MOSIBICHUSI HCUCIIPABHOCTH MPU XPaHEHUU

n(At,)

A0 = yeoan

rae N(t,) — cpeaHee YnuCI0 UCITPABHBIX TEXHHYECKUX YCTPONUCTB, HAXOASIIUXCSI
Ha XpaHECHUU B TEUEHUE NHTEPBAJIA BPEMEHU XpaHEHUs At,;
— CpellHee BpEMsI UCIIPABHOTO COCTOSTHUSI YCTPOMCTB MPHU XPAHEHUH

e t, ; — BpeMs IOSBJICHUS] HEUCIIPABHOCTH I-T0 YCTPOWCTBA B TICPHO XPaHESHUS.
9.3. OKOHOMHUYECKHUE MMOKA3ATEJIN HAAEX KHOCTHU

HanexHocTh TeXHUUECKUX OOBEKTOB CYIIECTBEHHO CKa3bIBAETCS HA JKO-
HOMHUYECKMX TMOKa3aTeasiX WX HSKcIuyatauuu. [loBeimeHue O€30TKa3HOCTH U
JIOJITOBEYHOCTHU C OJHOM CTOPOHBI MPUBOJUT K YBEIUUECHUIO MATEpUANILHBIX 3a-
TpaT, 3aTpaT Ha MPOEKTHUPOBAHUE W M3TOTOBIICHHE, a C IPYTOd — K CHIXKCHUIO
AKCIUTYaTallMOHHBIX U3JIEPHKEK.

CyliecTByeT ONTUMAJbHBIM ypOBEHb HAACKHOCTH C MHUHHUMAJIBHBIMU CyM-
MapHBIMU 3aTpaTaMy Ha U3TOTOBJICHUE U SKCILTyaTallUI0 TEXHUYECKON CUCTEMBI.

DxoHOoMHUUYECKUN 3P(HEKT OT IKCIUTyaTaIui 00bekTa (pucyHok 39) nu3MeHs-
€TCS1 BO BpPEMEHHU M0]1 BIUSHUEM TPEX OCHOBHBIX (PAKTOPOB:

A

C

Cu — cTOMMOCTbD TPOEKTUPOBAHUS
Y U3TOTOBJICHHUS
C5 — cTOMMOCTB 3KCIUTyaTalluu

| »

0 Pom(t) P(t)
Pucynok 39

— 3arpaT Ha usroroBieHue Cy (BKIIOYas MPOCKTHPOBAHUE, MOHTaX, OT-
JAa7Ky U T. 1.);

— JKCIUTyaTalnoHHBIX 3aTtpaT Co (BKIIOYAs TEXHHUYECKOE 00CIyKMBaHUE,
PEMOHT, MPOPHUIAKTHIECCKUE MEPOIIPUATHS H JIp.);
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— npuosLTU Cpy osie3Horo 3 dexra oT IKCIITyaTaIuu.

[lepBble ABE BEIMYMHBI CHIKAIOT 00U OanaHc 3¢ (HEKTUBHOCTH SKCILTY-
aTaluu, TpeThs — yBenuuuBaeT (pucyHnok 40). 3aTpaThl Ha U3rOTOBIICHUE HE W3-
MEHSIIOTCSI OT MOMEHTA Hauajla dKCIUTyaTall JI0 CIUCAaHMs. DKCIUTyaTalluoH-
HBIE 3aTpaThl UMEIOT TEHJICHIIUIO K Bce 0ojiee OBICTPOMY POCTY M3-3a MPOIECCOB
cTapeHuss U u3Hoca. M3MeHeHus mpuObUIM BO BPEMEHU UMEIOT TEHACHIUIO K
YMEHBIIICHUIO, TaK KaK 4acThle MPOCTOU MPU PEMOHTE U TEXHHYECKOM OO0CHy-
KUBAHUU CHUKAIOT IPOU3BOJUTEILHOCT 00BEKTA.

A
C Cn
Crnax Cu+Csr+Cn
|\ :
0 !
Tok Tont Tnp\ t
Cu \
Cs
Pucynox 40

[ToaTomy kpuBast cymmapuoi spdexktuBnoctu C = Cy + C» + C; umeer
MaKkCUMYM Cpax U BBl TIEPECEKAET OCh BpeMEHU. [IpoI0IKUTENIBHOCTh 3KO-
HOMUYECKH 11€JIeCO00Pa3HOTO CPOKa SKCIUTyaTalluu JISKUT MEXIY ABYMs TOY-
KaMH: CPOKOM OKYHaeMOCTH [ px U IPEAEITBbHBIM CPOKOM 1 7p.

[locne HacTyIUIeHHs IPEeIeILHOTO CPOKa AKCILTyaTalus 00bEKTa yObITOUHA.

Takum 00pa3oM, MmoKaszaTear HaJIeKHOCTH (BEPOATHOCTH OE30TKA3HOH pa-
OOTBI, CPOK CITY>KOBI U JIp.) CBS3aHBI C SKOHOMHYECKUMH TIOKa3aTelsaMu (IKcC-
IUTyaTallMOHHBIMU 3aTpaTaMH, MPUOBLILIO U Jp.). Tak Kak 3KOHOMHYECKHE I10-
Ka3aTeld XapaKTepu3yloT cpa3y HECKOJIbKO CBOMCTB HAJIEKHOCTH, TO UX MOKHO
CUUTATh KOMIUIEKCHBIMHU.

DOKOHOMHYECKUMU KPUTEPUIMH HAJEHKHOCTU MOTYT CIYKUTh:

— yJIeTIbHBIE 3aTPaThl HA U3TOTOBJIEHUE U SKCILTyaTallUIO

Cy + Gy
33— T 4
Ty
rae Cy — cTOUMOCTh M3roToBiieHUs, CH — 3aTpaTbl HA 3KCIUTyaTalMi0, PEMOHT
u obciyx)uBanue, T, — NepHO/ LIeIeco00pa3HOM IKCILTyaTalUu.

KoadunmeHT sxcrmyaTalilnoHHbIX U3aepxKeK K3 — COOTHOLIEHUE MEXKIY
CTOMMOCTBIO U3TOTOBIICHHS U HKCILTyaTalluu OOBEKTa!
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Bonee BricOokasi HAEKHOCTh OOBEKTA JHOCTUTAETCS 34 CYET JOMOJHUTEIb-
HbIX 3aTpaT. OO0mMe 3aTpaThl HA U3TOTOBIEHHE OOBEKTa CKIAJBIBAIOTCS U3 TO-
CTOSIHHBIX 3aTpar Cj3, HE 3aBUCAIIUX OT YPOBHS HAJEKHOCTH, U NEPEMEHHOMU
coctapistonieit Cy, KoTopas 00ycioBiieHa TpeOOBAHUSIMU HAJIEKHOCTH

CI/I - CH3 + CH'

I[J'I?I IIPOTrHO3UPOBAHUSA 3HAYCHUA BCIMYNHLBI CH, KOTOpasa HAa3bIBACTCA L€~
HOM HaJICKHOCTH, OOBIYHO HCIIOJIB3YCTCA CPABHCHHUC C IMPOTOTHUIIOM Ha OCHO-
BaHWH OSMITMPUICCKUX 3aBHUCUMOCTEH BHUJA.

a

T
CH - CH np T_ )
np
rae Cy ,, — IeHa HaaexxHocTH nportortumna (ananora), I'u Tj;p — HapaOoTKa Ha
OTKa3 WU CPEIHHUIA CPOK CITY>KOBI MTPOSKTUPYEMOT0 O0OBEKTa M MPOTOTHUIIA, A —
SMIIUPUICCKUI ITOKA3aTeNb, XapaKTEPU3YIOIINN YPOBEHD MPOU3BOJICTBA.

9.4. TAPAMETPUYECKASA HAJJEX)KHOCTb OBFBEKTOB

B nepuon ¢pyHKIIMOHUPOBaHUSA O0OBEKTOB MOKET BOSHUKATH MOCTEIICHHBIN
OTKa3, KOTOPBIA XapaKTepU3yeTcs: MEAJICHHBIM U3MEHEHUEM K 3HAUCHHSIM YyCTa-
HOBJICHHBIX JJOMYCKOB OJTHOTO HJIM HECKOJIbKUX MapaMeTpoB OOBEKTa B TEUCHUE
JIOCTAaTOYHO JJIMTEILHOTO BPEMEHH B PE3yJIbTaTe U3HOCA, CTAPEHUS U T. 1.

Jliisa yctanoBneHUs (pakTa COOTBETCTBUSL OOBEKTa YCTAHOBIIEHHBIM TpeOOBa-
HUSIM Ha3HAYAIOT OJIMH WJIM HECKOJIBKO OMNpeelstomux mnapametpoB X(t). Omnpe-
JEISIONINNA MapaMeTp CIYXKUT MEpod KauecTBa oObekTa. B obiieM ciydae ompe-
JeISFOIIU i mapameTp MokeT ObITh BeKTOPHBIM X () ={X1(t), X2(t), X3(t) ... X,(t)}-

[Mapamerp X(f) mox Bo3meHCTBHEM CIIYYalHBIX W JACTCPMHUHHPOBAHHBIX
¢dakxTopoB (M3HOCA, CTAPEHUS, PA3PETyIUPOBAHUS U T. [I.) H3MEHSICTCS B TIPOIIeC-
ce IKCIUTyaTanuu (XpaHeHHs) O0bEKTa U JIOCTHTaeT MPeaeIbHOTO (KPUTHYECKO-
ro) 3naueHus. [lociae 3Toro o0bEKT cuntaeTcss HepadoTocnocoOoHbIM. [Iporcxo-
TUT OTKA3.

Oo6macte usmenenus: napametpa {X, o Xy}, B MpPEACIax KOTOPOTO CO-
CTOSIHUE OOBEKTa CUMTaeTcsi pabOTOCHOCOOHBIM, Ha3bIBaeTCs pabouei 00J1a-
CTHIO WK MoJIeM Jomycka (pUCyHOK 41).

X(t)

Pucynok 41
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[loka 3HaueHHe OMpeneaoNIero napaMmerpa HaxXoAUTCs BHYTPH OIS J0-
MyCKa, O0OBEKT CUUTAETCA PaboTOCTIOCOOHBIM. Touka MepeceueHus pearin3alnuu
OMPENEIAIONIEro MmapaMeTpa C TpaHUIEH MOJs JIOMYyCKAa CUUTAETCS COOBITHEM
OTKa3a U COOTBETCTBYET HapabOTKe 00bEKTa 10 OTKa3a 7.

MaremaTH4eCcKUM KPUTEPUEM MOCTENEHHOTO OTKa3a B JaHHOM ciiydyae 0y-
net HapymieHue HepaBeHCTBA X, < X(f) < Xue @ KOJIUYECTBEHHON Mepoii
HAJIC)KHOCTH — BEPOSTHOCTH BBITIOJHEHUS JTOTO YCJIOBHUS B TEUYCHHE BpEMeE-
HU T — HapaOOTKHU Ha OTKa3.

Ms1 paccMoTpenu mpolecc U3MEHEHHUS! OJIMHOYHOIO OMpPEAeIISIIoNIero na-
pameTpa y o0bekTa. B ompeneneHHbIX yCIOBUAX XapaKTEPUCTHKU IMapaMeTpH-
YEeCKOM HaJe)KHOCTH MOTYT OBITh MOJYYEHbI HA OCHOBE 3HAHUS MHTETPATbHOU
i auddepeHnmanbHol (YHKIUNA paclpeieNIeHUs ONpeIesIoNIero napaMmerpa
X(t) B HavasbHBIH MOMEHT BpeMeHH Po(Xo, to) mmu fo(Xo, to) 1 dyHKIMM ero u3-
MeHeHus Bo BpemeHn X(t) = ¢(Xy, t).

PaccmoTpum ocHOBHBIE 3Tambl (DOPMUPOBAHMS 3aKOHA pacIpeeieHus
BpeMeHH 0e30TKa3HO# paboThl o0bekTa f(t) (pucynok 42).

1-P(¢) o)

f(ta)

F(Xo) l
— bz

Xo

Pucynok 42

B Hauane skcmilyaTanMy HMMEET MECTO pa30dpoC HayadbHOTO 3HAYCHUS
onpenenstoniero mnapamerpa f(Xg) OTHOCHTENIBHO CBOETO MaTEMATHYCCKOI'O
oxugaHus Xo. 9T0 MOXKET OBITh CBSI3aHO C HECTAOMILHOCTHIO CBOMCTB MaTepHra-
JIOB U TEXHOJIOTUM HM3TOTOBJICHUS, Pa3IUYHBIMM BHYTPEHHUMU M BHEITHUMH
npuyrnHaMu. B mpoliecce skcmityaTanuu 00beKTa Onpeesionil napameTp noja
BO3JEHUCTBUEM MPOUCXOJAIINX MPOLECCOB HAYMHAET U3MEHAThCA. V3MeHeHue
napaMeTpa MOXeT HauaTbCsl Yepe3 HEKOTOPhIN MPOMEXYTOK BPEMEHH OT Hauasa
JKCIUTyaTaluu ty. DTOT IPOMEKYTOK TAKKE SBJISICTCS CIYYAMHON BEIWYMHOU C
pacnpenencuaueM f(fy) OTHOCHUTEIBHO CBOEIO MaTEMaTHYECKOTO OXKUIAHUS, CBSI-
3aHHBIM, HAIPUMEP, C MPOLECCOM HAKOIUICHHS MTOBPEKICHUM.
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CKopoCTh M3MEHEHUs OMpeestoniero napamerpa y = dX/dt nmocne me-
puoja tp 3aBUCUT OT MPUPOIBI MPOIECCOB U3HOCA, CTAPSHUSI WIH Pa3peryinpo-
BaHUs. OHa B O0IIEM CIly4ae TaKkKe SBISIETCS CIIy4ailHOW BEJIMYUHOM.

B pe3ynbraTe Bcex 3TUX MPOIECCOB U SIBICHUN MPOUCXOIUT (HOPMHUPOBA-
Hue 3akoHa pacnpenencuus f(X,t), onpenensronero BeposTHOCTh BbIX01a Tapa-
MeTpa X 3a TpaHUIly MOJIs IOIMycKa, TO €CTh BEpOITHOCTh oTKaza Q(t) = 1 — P(t).

PaccmaTpuBaeMasi cxema OMHCHIBAET MPOLIECC BOSHUKHOBEHUS MTapaMeTpu-
YEeCKOro OTKa3a B 00IIeM BuAE. B KOHKpETHOM ciiydae MOJENb JOJDKHA OTpa-
’KaTb KOHCTPYKTHUBHBIE OCOOEHHOCTH W YCIOBHS SKCIUTyaTallud KOHKPETHBIX
AJIEMEHTOB TEXHUYECKHUX CHCTEM.

CKOpOCTh HM3MEHEHHUs OMpENEAIoNnero mapamerpa y = dX/dt MoxeT
OBITH OIpeieTieHa SKCIIEPUMEHTAIBHO WIIM Ha OCHOBAHWU aHaIHM3a Mojenen Gpu-
3UKO-XMUMHUYECKUX MPOLIECCOB, MPOUCXOIAIINX B AIIEMEHTE IIPU HKCIUTyaTaI|H.

Jlnisi OONBIIMHCTBA AJIEMEHTOB CKOPOCTh M3MEHEHHs OMPEACIISAIONIEro ma-
paMeTpa MOCTOSTHHA Ha BCEM MEPUOJIe UX IKCILTyaTalluu:

Hapa6otka snemenTa 10 oTkasza 1 sBisieTcsi PyHKIUEH ABYX HE3aBUCHUMBbIX
CIy4ailHbIX BEJIMYMH: HAYaJIbHOIO 3HAYCHMS mnapamerpa Xy, CKOPOCTH U3MEHE-

Hus nmapamerpa y. OueBuaHo, yto T = (an — XO) /Y. DTO cpaBeIMBO, €CIU B

IIPOLIECCE M3MEHEHUS ONPENENAIONETro napamerpa Xo < X,,. X0Ts BO3MOXKEH H
oOpaTHBIM ciydaid, KOrJa BeJIMUKMHA OMpPEAESIONIero napaMmerpa UuMeeT orpa-
HUYEHHUE CHU3Y, OJHAKO MOJENb OTKa3a IPU 3TOM IIPUHLHUNHUAIBHO HE U3MEHS -
ercsl.

Ecmu aprymenTsl Xp U ¥ pacnpeneneHsl 10 HOpMaJbHOMY 3aKOHY, TO HpPH-
MEHHUB K ITOCIECIHEMY YPAaBHECHHUIO OINEPALMI0 MATEMaTHUYECKOTO OXHUIAHUS
M[X] = M[X,] + M[y]t, nonydnm cpeaHee KBapaTHIECKOE OTKIOHCHUE:!

Oy = \/0')%0 + (ayt)z.

YuuThIBast, 4TO BEPOSATHOCTh Oe30TKa3HOU paboThl 3nemeHTa P(t) paBHa
BEPOSATHOCTH TOTO, YTO B T€UEHHE BpeMeHH t mapamerp X He BBIMICT 3a 3a1aH-
HO€ 3HAYEHUE Xppax, TTIOTTYIUM

X —(my +m,t
P(t)ZP(XSXmax):O,5+CD max (Xo )/)’

| U)%o + (Uyt)z ]

rae @ — uHTerpai BEpOSITHOCTH.
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Jleknusna 10
10.1. UICIIBITAHUMS HA HAAEXKHOCTD

OrueHka ¥ KOHTPOJIb MOKa3zaTeaeld HaeKHOCTH OOBEKTOB M MX DJIEMEHTOB
OCYIIECTBIJISIETCSL IO pe3yJibTaTaM HCMBITAHUN WK HAOMIOJACHUN B MpOIECcCe
skcrutyatanuu. llenplo HMCIBITaHWIT HAa HAJEKHOCThH SIBISIETCS YCTaHOBJICHUE
ypoBHs HaJie:kHOCTU. OCHOBHAs 3aj7jaya UCIBITAHUNA HA HAEKHOCTh — TOJIyde-
HUe uHbopManuu 0 pabOTOCHOCOOHOCTU OOBEKTOB B KOHKPETHBIX YCIOBUSIX
AKCIUTyaTalluK, MPUMEHEHUS WK UCTIOIb30BaHUS.

B 3aBucuMocTu OT 1e5iei U xapakTepa mnojiydaeMoi nHQopMaIuu TeXHU-
YecKre OOBEKThI MOJIBEPraroTcs (PYyHKIUOHAIBHBIM UCTIBITAHUSIM U UCIIBITAHUSAM
Ha HaJeKHOCTh. DYHKIIMOHATBHBIEC UCTIBITAHUS MIPOBOISITCS C LIEJIBI0 TPOBEPKHU
CIIOCOOHOCTU OOBEKTA BBINMOJHATH PabOTy, Jisi KOTOPOM OHO MpeAHa3HAUYECHO.
WcnbiTanust Ha HaJIE)KHOCTh IPOBOJIATCS JUIsl ONPEACIICHUS UM OLIEHKU MOoKa3a-
Telel HaJeKHOCTH, TaKMX KaK 0€30TKa3HOCTh, JOJTOBEYHOCTh, PEMOHTOIPH-
TOJIHOCTb U COXPAHSIEMOCTb.

B 3aBucuMocCTH OT HCCIEeAyeMbIX CBOMCTB HAIEKHOCTU UCTIBITAHUS JCIIST Ha!

HcnbiTaHUSI HA JO0JTOBEYHOCTHh (PECYpCHBIC UCHBITAHUSA). TIO MEISIM H
BUJIaM UCHBITAaHUH (JIOBOJOYHBIC, TIPEBAPUTEILHBIC, PUECMOYHBIC, OTPEICIIU-
TEJbHBIC, KOHTPOJbHBIC, MUCCIEAOBATEILCKUE, IKCIUTyaTallHOHHbBIE), 1T0 00BEK-
TaM WUCIBITAaHUH (MCTIBITAaHUS JCTAJICH, DIEMEHTOB, Y3JIOB, arperaToB, 00bEKTa U
CHCTEMBI B IIEJIOM), IO TEMIIaM M CPOKaM IpOBeJeHUs (HOpMajbHBIC M YCKO-
pPCHHBIE), IO CIOCO0y MPOBEJACHUS WCIBITAHWN (CTEHIOBBIC, IKCIUIyaTAI[HOH-
HbIC, IMOJIMTOHHBIC), TI0O KPUTEPHUSAM MPEACIBHOTO COCTOSHUSA (JI0 MOJIHOTO OTKAa-
3a, 710 U3MCHEHUS TIapaMeTPOB).

HcnbiTannsa Ha 0€30TKA3HOCTH — HAIMIPaBJICHHbIE PECYPCHBIE UCIIBITAHUS,
MPOBOJIMMBIEC MO CHEIUAIBbHOW METOJIMKE MpHU CIEUaIbHO MOA0OpPaHHBIX pe-
JKMMaX C LEJbI0 BbI3BaTh OTKA3bl ONPEJEICHHOTO BU/IA.

HcnbiTaHus HA PEeMOHTONPUTOAHOCTHL MTPOBOISTCS C LEIBI0 OIpeelie-
HUS TOKa3areliell PEeMOHTONPUTOJHOCTH MO TPEM OCHOBHBIM HAIPABICHUSIM:
TEXHUYECKOMY OOCITYKUBAHUIO, TEKYIIEMY U KalTUTAIbHOMY PEMOHTAaM.

[To xa)xqoMy HAaIpPaBJICHUIO OLIEHUBAIOTCS TPYJIOEMKOCTh, MPOJOJKUTEIb-
HOCTb U CTOMMOCTb OIlEepalui. 3ajaya peraercst AByMs MyTSIMU. UMUATAUEH U
HaOII0JICHUSIMU TIPU UCTIBITAHUSAX U KCILTYaTaliu.

HcnbiTaHus HA COXPAHSEMOCTb MPOBOIATCS C LEJbIO ONpPEAEIeHUs 1o-
Ka3aTesnend COXPaHsIeMOCTH.

B 3aBucuMocTtu OT 1eneil u xapakrepa nojiydaeMod WHQOpMaIuu, UCHbI-
TaHUs HAa HAJEHKHOCTH JCJISITCS HA ONPEACIUTENIbHbIE U KOHTPOJIbHBIE.

10.2. ONPEAEJIUTEJIbBHBIE UCIIBITAHUSA HA HAJIE2XKHOCTD

HCHB OoNpCACIUTCIIBHBIX HCIIbITAHUN Ha HaACKHOCTb — OIIPCACICHHUC KO-
JINYECTBEHHBIX YHMCJICHHBIX 3HAUCHUI MOKa3aTesei HaJICKHOCTH.
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[lo MeTogaM u cTpaTeruu MpoOBEJEHUS U crocobaM o0paboTKU pe3yibTa-
TOB HOpMHpOBaHO 16 TIaHOB WCHBITaHWM, KOTOphle ompeneneHsl B ['OCT
27.410-87.

O6o3HaueHue TJIaHA UCIBITAHUNA COCTOUT MX TPEX CHUMBOJIOB, 3aKIIOUYEH-
HBIX B ckoOkax. Hammpumep [NUT], [NUT], (NMr) u 1. 1.

[lepBblii cuMBOJI 0003HAUYEHUS TJIaHA OMpeAessieT 00beM BBIOOPKU U3JIE-
JWWA 111 UCTIBITAaHUN. BTOpPOU CMMBOJI yKa3bIBAET HA BO3MOKHOCTh BOCCTAHOB-
JICHHS WA 3aMEHBbI OTKA3aBIIMX W3JEJIUN B MPOLECCE UCTIBITAHUN. TpeTtnil cum-
BOJI YKa3bIBAET HA MIPUHIIUIT OKOHYAHUS UCTIBITAHUU.

Hanpumep: [N = 120, M, r =16] o6o3nauaet ucnbitanus 120 u3genuit ¢
BOCCTAaHOBJICHMEM IOCJE OTKA30B 0 TE€X MOP, MOKA YUCIO OTKA30B JOCTUTHET
16. KBanpaTHbeie CKOOKM O3HAYAIOT OJHOBPEMEHHOE, KPYTJIbIE CKOOKH — HEO/I-
HOBPEMEHHOE MOCTYIUIEHNUE U3EINUN MOCIIE OTKA30B.

PacnpocTpaneHHbIMHU TJTaHAMU ONPEICTUTEIIbHBIX UCTIBITAHUN SABIISIFOTCS:

Ilnan 1. Ha ucneitanue craBsatcs N uznenuit. OTkazaBiiue u3aeiusl He
BOCCTAHABJIMBAIOTCS. VCNBITAaHUSA MPOAOIKAIOTCA 0 OTKAa3a BCex m3aenuu. B
KaueCTBE CTATUCTUUYECKOTO CPEAHEr0 3HAUEHUS BpeMEHU paboThl O OTKa3a!

N
7 = &i=1 L
(0] N !

rje t; — Bpems paboThl KaKI0TO U3/EHs 10 OTKa3a.

HenocraTtok paccMOTpEHHOTO IUIaHA WCIBITAHUN — 3HAYWTENIbHAS JJIU-
TEJIHLHOCTh BPEMEHHM HCTIBITAHUA W HEOOXOIUMOCTh TOCTABUTH Ha UCIBITAHHE
OOJIBIII0E KOTUYECTBO U3JICIUN.

Inan 2. Ha ucneitanue craBsatcs N wm3genmii. OTkazaBIme HW3AETUS HE
BOCCTaHABIUBAIOTCS. VICTIBITAHUS TTPOIOJDKAIOTCS JTMOO IO 3aJaHHOTO BPEMEHHU
t, mu00 10 MoTydYeHHs 3aJaHHOTO YKCIa OTKA30B N.

Inan 3. Ha ucneiranue craBstcs N uzmenuii. OTkazaBiive uU3aenusi BOC-
CTaHaBIMBaOTCA. VCTBITaHUS MPOAOIKAIOTCS MO0 10 3aJaHHOTO BPEMEHH H{,
7100 10 MONYYSHUS 3aJaHHOTO YKCcia 0TKa30B N. K TakuM HCTIBITAaHUSM TIPE.Th-
SBIIIETCST TPEOOBaHNE CTAOMIBLHOCTH TMOKA3aTeNe HAJIEeKHOCTH IO TIEPBOTO H
MOCJICTYIOIIETO OTKA30B.

Hcnonp30oBaHue CpeHETO 3HAUCHUS TOKAa3aTels HAJACKHOCTH TO3BOJISIOT
peniaTh WH)XXCHEPHBIC 3a/ladyd — CPaBHUBATh OIICHKU HAJEKHOCTH, OCYIIECTB-
JISITh PacUeThl HAJCKHOCTH CIOKHBIX M3Jenuid U T. . Ho cpeaHue 3HaueHus co-
Jepkat mMajao uHGOpMalUM O CIy4yalHOM BENMYMHE. DTO BBIHYXKJAET HCKATh
Oonee mHOpMATHBHBIE CHOCOOBI OOpa0OTKU pe3yNabTaToB HcHbITaHuil. Ilo-
IpoOHYI0 WHPOPMAIHIO O HAIECKHOCTH TOTYYAIOT 1O JOBEPUTESIEHOMY WHTEP-
BaJly BO3MOJXKHBIX 3HAYCHUH TIOKA3aTels HAJEKHOCTH, KOTOPHIM HAaKpPHIBACTCS
OIpEICIAEMBII MTOKA3aTeNb ¢ 33JAHHOW BEPOSITHOCTHIO (pUCYyHOK 43).
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JloBEepUTENbHBINA HHTEPBA
| I
1 1

Zy Zy Zp

v
N

Pucynoxk 43

Ha pucynke o0o3HaueHbl: Zy , Zp — HWKHSAS ¥ BEPXHSSL TPAHUIIBI JIBYXCTO-
POHHETO JOBEPUTENILHOTO UHTEpBaja; Zy — UICKOMasl XapaKTePUCTUKA HAJIEKHOCTH.

WNHTepBan, 3akI0OUEHHBIA MEXK]ly BEPXHEW M HHXKHEW TPAHUIIAMH, HA3bIBa-
€TCA JIOBEPUTEIbHBIM. JOBEPUTEIbHBIM MHTEPBAI C 3aJAHHOW JTOBEPUTEIBHOU
BEPOATHOCTHIO Y HAKPBHIBAET UCTUHHOE 3HAYCHUE MCKOMOrO Iokasarens. Jlose-
PUTEIBHBIN UHTEPBAT XapaKTepHU3yeT 3HAUCHUE OMIMOKU MPH OIEHKE MoKazaTe-
71 HAJIE)KHOCTH, TOBEPUTENIbHASA BEPOATHOCTh — JOCTOBEPHOCTH OLEHKH. Kpome
JBYCTOPOHHETO JTOBEPUTEIBHOTO MHTEPBAJIA MOTYT MPUMEHATHCA OAHOCTOPOH-
HUE JOBEPUTEIbHbIC HHTEPBAJIBI.

PaccMoTprM npuMeHEHHE NOBEPUTEIBHOTO MHTEpPBAia ISl OLIEHKU Cpeli-
Hell HapaOOTKMU Ha OTKa3, €CJIM cllydaliHas BeJIMYMHA pachpesesieHa MO 3aKOHY
x2-pactupenenenus (pucyHok 44).

A ! !
f(2) ! !
! | Py
i Y : Pg
o ie e~ T
0 x2u x2B x2
Pucynok 44

Ecim m3BecTHO, 9TO ciydaiiHash BEJIMYWHA paclpejeicHa 10 3aKOHY y2-
pacmpeaesieHus1, TO U3 TUIOIaaH, orpannueHHon f(y2), «BpIpe3aeTcsa» 1uIomas,
COOTBETCTBYIOIIAs 33JaHHOW JTIOBEPUTEIHHOW BEPOSITHOCTH P, TaK 4TOOBI OCTa-
IONIUECs CJIeBa U CIpaBa YacTH ¢ ObUTH OJMHAKOBHI. JIeBasi U mpaBasi TPAHUIIBI
«BBIPE3aHHOW» IUIOMIATN COOTBETCTBYET HMKHEMY W BEPXHEMY M 3HAUYCHUSIM
JIOBEPUTEIILHOTO HHTEPBAJIA.

['paHUIB TOBEPUTEIHLHOTO WHTEPBAJIA JJIS CpPelHEH HapaOOTKH Ha OTKa3
onpeaensoTcsa Beipaxkenuem Ty, < Ty < Tyg, TI€

2tp 2p
TOH:THpI/IkZZTL'FZ; TOB:T HpI/IkZZTL.
B X°H

3nech )(ZH, )(ZB — HWKHEE M BEPXHEE 3HAa4eHus y2 ; 2t, — yIABOECHHOE

3HaYeHHE CyMMapHOH HapaOOTKH HCCIEAYeMOro M3Aenus. 3HaUCHUs y2, U y2g
OTIPEETSIOTCS IO TabIuIE y2-pacrpeaeacHus.
BxoaHpIMU BeTUYMHAMHA B TAOIUITY SBIISIOTCS
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— K — gucrno cremneneit cBo6OABI IpH N Ynciie 3aQUKCUPOBAHHBIX OTKA30B;

— Py u Pp — BEpOSITHOCTH TOTO, UTO )2, U 2z OyayT Oonbllle 3HAaUCHUH )2,
YKa3aHHBIX B TaOIHIIE.

3uauenus Py u Py onpenenstores u3 pacupenenenus f(y2):
1-y 1+y 1-vy

2 = 27 PB_z

PH=y+

3HaueHHe cpeaHel HapaOOTKU Ha OTKa3 PaBHO

Tep = npu k =2n+2; y =0,5.

2
CP

10.3. KOHTPOJIbHBIE UCIIBITAHUS HA HAJIEXKHOCTbD

KoHTponbHbIE UCHBITAHUS HAa HAACKHOCThH CIyKaT CPEACTBOM KOHTPOJIS
HAJIEKHOCTU H3JIEIUN 10 HEKOTOPOMY 3aJITaHHOMY KOCBEHHOMY Mpu3Haky. Ta-
KHUMU KOCBEHHBIMU ITPU3HAKAMU MOTYT OBITh:

— OTCYTCTBUE OTKa30B MpPHU MPOBEJACHUU UCTBITAHUN Ha MPOTSHKEHUM 3a-
JAHHOTO BpeMeHH. B 3TOM cilyyae KOHTPOJIbHBIC UCIIBITAHUS HA3bIBAIOTCS HC-
MBITAHUSAMU Ha YKCIIE IOMYCTUMBIX OTKA30B, PABHBIX HYJIIO;

— MpEeNEIbHOE YUCTIO JOMYCTHUMBIX M HEOMYCTUMBIX OTKA30B IJisl MOCIe-
JIOBATEIbHBIX MHTEPBAJIOB BpeMEHU. B 3TOM ciydyae KOHTPOJIbHBIE UCIIBITAHUS
Ha3bIBAIOTCS UCIIBITAHUSMH, OCHOBAaHHBIMU Ha MOCJIEA0BATEILHOM aHaJU3e.

[lenbio KOHTPOJIBHBIX MUCIBITAHUN Ha HAJEAKHOCTH SIBIISIETCSI TPOBEPKA CO-
OTBETCTBUS (DAKTUUECKOTO YPOBHS HAJCKHOCTH MapTUU U3JETUN TpeOOBaHUSIM,
KOTOpbI€ YCTAaHOBJIEHbI B HOPMATHUBHO-TEXHUYECKOM MokyMeHTanuu. [lo pe-
3yJbTaTaM WCTBITAHUM MapTUs U3AEIU 00BABIAECTCS TUO0 TOAHOU ISl MpUEM-
KH, 1100 OpakoMm. B xone ucnbITaHuil MpoOBEPSIIOT U BHIOUPAIOT OAHY U3 JIBYX
B3aMMOUCKITIOYAIOIINX TUIIOTE3!

— MpsiMasi TUIOTE3a — HAJIEKHOCTh MapTUU COOTBETCTBYET YCTAHOBJIECHHBIM
TpeOOBaHUSM,

— oOpaTHas TumnoTe3a — HaJACKHOCTh MAPTHU HE COOTBETCTBYET YCTaHOB-
JICHHBIM TPEOOBAHUSM.

Tpernii BO3MOMKHBIM HMCXOJ <«JIOIMYCTUMAsl MAPTHS» B 3aBUCUMOCTH OT
YCJIIOBUHM UCTIBITAHUN MOXKET OBITh IPUCOEAUHEH K JTI000MY U3 paHee MPUBEICH-
HBIX THUIIOTE3.

10.3.1. Hcnvimanus, 0CHOBAHHbBIE HA YUCLE
00NYCMUMBIX OMKA308, PAGHBIX HYI0

Ha ucnpiTanust npoomKuTeNbHOCTHIO t; yacoB cTaBsatcs N u3genuii. Ecnu

IIpHU UCHBITAHUAX IIPOJOJIKUTCIbHOCTBIO tH He OBIIO OTKAa30B N = 0, TO U3O0CINA
CUUTAOTCA YAOBJICTBOPAIOIINMU Tpe6OBaHI/I${M HagCKHOCTH.
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PacueTom ompenenstoTcs muO0 MPOIOKUTEIBHOCTh MCIIBITAHUM MPH 3a-
JTAHHOM YHUCJI€ UCTIBITYEMBIX U3JIeTUi, MO0 YUCIIO UCHBITYEMbIX U3JEIUNA NpU
3aJJaHHOM BPEMEHH UCIIBITAHUIA:

th =

3aech tp — oO1as HapaOOTKa U3ACIUI B IEPUO UCIIBITAHHIA.
Benmnunny TpeOyemoit HapaOOTKH, €CI UMEET MECTO y2-pacrpe/eicHue,
OTIPEJICIISIFOT M3 BHIPAKCHUS .

tp =05 Ty x*; mpuk=2,yy=1-y,

3nech 1y — HUJKHEE 3HaUCHHE HapaOOTKH, KOTOPOE MOATBEPIKAACTCS UCIIBITAHU-
MU TIPH OTCYTCTBHM OTKA30B, Y2 — 3HAU€HHE, COOTBETCTBYIONIEE JOBEPHTEINh-
HOW BEPOSATHOCTH TPU YHCJIC OTKA30B, paBHOM HYI0, K — guciio creneHeit cBo-
00/1bl, Y — 1OBEpUTEIIbHASI BEPOSITHOCTb.

HenocratkoM paccMOTPEHHOTO METOMA SIBJISIETCS JIIUTEIBHOCTh MPOBEE-
HUS UCIIBITAHUM, a TaKKe HEOOXOAUMOCTh CTaBUTh HA HCHBITAaHUS OOJBIIOE KO-
JMYECTBO OJHOTUITHBIX U3JAEIUMN JJIs MOJYYEHUsI JOCTOBEPHBIX PE3YJIbTATOB

10.3.2. chblmaﬂu}l, OCHOBAHHbBIE HA NOCIE008AMEIbHOM AHAIU3E

DTOT METOJ TMO3BOJSET COKPATUTh BpPEMs Ha NMPOBEICHUE KOHTPOJBHBIX
WCTIBITAHUU, €CJIM UCITOIB30BaTh CIEAYIOIIHUN NOAXO/ K IUIAHUPOBAHUIO!

1. He nmnanupoBarh 3apaHee MPOJOJLKUTEIBHOCTh UCTIBITAHUM, a pa3OUTh
MX Ha psij IMOCIEIOBATENBHBIX ATANnoB. Ha KaxkaoMm 3Tane mpoBOAUTH aHAIMU3
MOJYYEHHBIX PE3YJIbTATOB U MPUHUMATH OJIHO U3 TPEX PEIICHHUN:

— IPEKPATUTh UCHBITAHUS, TaK KaK €CTh OCHOBAHHUS CUUTATh, YTO U3ACIUS
YAOBJIETBOPSIOT TPEOOBAHUSM HAJIEKHOCTH;

— IPEKPATUTh UCHBITAHUS, TaK KaK €CThb OCHOBAHHUS CUUTATh, YTO U3ACIUS
HE yJOBJIETBOPSIIOT TPEOOBAHUSIM HAJEKHOCTH;

— NPOJOJKUATH MCIIBITAHUS, TAK KaK HET OCHOBAHUU ISl BBIBOJIA O HAJE¥K-
HOCTH U3JEIIUN.

2. B xoxge o0paboTku pe3yabTaTOB WCHBITAHWUN B KOHIIE Ka)JJIOTO dTara
MPOBEPATH TUIIOTE3Y O MPUHAJIEKHOCTH WU3AECIUNA K TOW WM MHOM IpynIie mo
YPOBHIO HAaJICKHOCTH.

[Ipy wucnbpITaHUSAX Ha HAJAEKHOCTh PEKOMEHIYETCS YCTAHABIMBATH [IBE
IPYIIbl U3IEIUNA MO0 YPOBHIO HaAeKHOCTHU. Ilepeasa. K Hel OTHOCAT u3nenus,
OpakoBKa KOTOPBIX MOET ObITh MPOU3BEJCHA C BEPOIATHOCTHIO @. JTa BEPOAT-
HOCTh MOJYy4YWJia HAa3BaHUE OIIMOKK IMEPBOTO PoOJia WM PUCKA IMOCTABIIMKA.
Ommbka mepBoro pojia UMEET MECTO TOTrJa, KOrja Xopoliasi mapTusi, U3aeinus
KOTOPOM MUMEIOT YPOBEHb HAJIEKHOCTH, PABHBIA WJIM Jy4llle 3aIaHHOTO, OpaKy-
€TCs MO pe3ysibTaTaM HUCHbITaHuW. Bmopasa. K Hell OTHOCAT U31eusl, TPUHATHE
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KOTOPBIX MOXET OBbITh JOMYIIIEHO C BEPOSTHOCTHIO f. DTa BEPOSITHOCTD MOJTYUH-
Jla Ha3BaHHE OIMKUOKU BTOPOTO poja, WM pucka norpedurens. Ommodka BTOpOro
po/ia UMEET MECTO TOTJa, KOT/ia IioxXas MapTus, U3Ielus KOTOPO UMEIOT ypo-
BEHb HAJIC)KHOCTH XYK€ 3aJJaHHOTO, IPUHUMAETCS 110 Pe3yIbTaTaM HUCTIbITAHUM.

Pucku a u f Haznauarorcs gocrarouno mansiMu (ot 0,001 g0 0,2) mo goro-
BOPEHHOCTHU MEXK]Ty U3TOTOBUTENIEM U 3aKa3UYHUKOM.

B xo1e moaroToBKy UCHBITAHUN B KaU€CTBE BEPXHETO YPOBHS HAJIEAKHOCTHU
MIPUHUMAETCSl YPOBEHbB, 3aJJaHHBIN B TEXHUYECKUX YCIOBHUSX, B KAUECTBE HMXK-
HEro ypOBHSI — TAaKOW ypOBEHb, C KOTOPHIM MOKHO HNPUHUMATh U3JENHUS C 3a-
JAHHBIMU BEPOATHOCTSAMHU @ U ff, a TaKXKe 3HAUEHUs] HUKHEN Ty U BepxHeu Tp
IPaHUIIBI IOBEPUTEIBHOTO HHTEPBAIA.

Hcxonst n3 3aaHHBIX UCXOHBIX TAHHBIX, OCYIIECTBISETCS MOCTPOCHUE
rpaduka kak pyHkiws N(ty,) (pucynok 45). Jlunust 1 Ha rpaduke HOCUT Ha3Ba-
HUE JIMHUA OPaKOBKH, IMHUS 2 — TUHUU TIPUCMKH.

n(tn) a

30Ha OpaKOBKHU

30Ha HEOIIPEIEIEHHOCTU
2

30Ha MPUCMKHU

v

0 1974

Pucynoxk 45

Jliist nocTpoenust rpaduka UCTIONB3YIOT CIEAYIONINE YPAaBHEHUS
— JUISl IMHAW TPUEMKH

- In[p/(1 — a)] . UTy—UTs
Tp = In(Tg/Ty) In(Tg/Ty) i

— JUIsl TUHUHM OPaKOBKHU

_ Il = B)/a)] | LTy — LTy
e = T (T Ty In(T/Ty) |

B xoze ucnbitannii Ha rpa@uK HAHOCSAT TOYKH, COOTBETCTBYIOIINE KOJIHYE-
CTBY OTKa30B N 3a Bpems t;. Eciu Touka pacnonaraercst B 30He OpaKOBKH, HC-
MBITAaHUS MPEKPAIIAIOTCs], BRIHOCUTCS PEIICHUE O HECOOTBETCTBUU M3IEIUS 3a-
JAHHBIM TpeOOBaHUAM HaJeKHOCTU. Ecliu Touka pacmnoyiaraercsi B 30HE MpUeM-
KM, UCIIBITAHUSI TTPEKPAIAIOTCS, BBIHOCUTCS PEIICHUE O COOTBETCTBUU U3JIEIHUS
TpeboBaHUAM HaleKHOCTU. [Ipu pacmosiokeHnHn TOYEK B 30HE HEOMpPEACICHHO-
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CTH HCIBITAHUA IIPOAOJIKAIOTCA. Ho IIpK 3TOM Ha3HA4YacTCsAa HIPCACIIbHAA IIPO-
JOJDKUTCIBHOCTD HWCHBITAHUU.

10.4. YCKOPEHHBIE UCIHIBITAHUSA

[Tpo10AKUTETLHOCTh UCIIBITAHUNA HA HAACKHOCTH ISl MOJYYEHUs JOCTO-
BEPHBIX PE3yJIbTATOB JOJKHA ObITh HE MEHEE HapaOOTKU W3JAENUi U, cleaoBa-
TENBHO, JIJII HEKOTOPBIX M3 HUX MOXET JIOCTUraTh HECKOJbKUX JieT. [lorTomy B
HACTOSIIEE BPEMsl IIMPOKO MPUMEHSIIOTCS METOAbl YCKOPEHHBIX HCIBITAHUM,
MO3BOJIAIONIUE MMOAYyYaTh CBEACHUS O HAJACKHOCTH W3JCNIHUM 3a Bpems, Cyllle-
CTBEHHO MCHBIIICE X HApaOOTKH J0 oTKa3a (HapaOOTKU Ha OTKa3).

Haubonbiiee pacnpocTpaHeHUE MOMYYUIU METOAbl YCKOPEHHBIX HCIMbITA-
HUW: METOJ JIMHEHHOTO BO3pacTaHUs HArPYXEHUs, METOJ AKCTPAIOsAIUU, Me-
TOJ OJIHOCTYNEHYATOrO HArpy>KeHHs, METOJ MHTEHCUPUKAIMU TPpUPabOTKH,
METO]T SKBUBAJICHTHBIX UCTIBITAHHH H JIP.

Metoa nTuHEHHOro0 BO3pAaCTaHUsI HATPYKEHUSI UCIOIb3YETCs MPU UCHBITA-
HUSX 00BEKTOB C MOCTOSHHOM CKOPOCTHIO JIETpajallMOHHBIX MPOIECCOB B HOP-
MaJIbHBIX YCJIOBHUSIX JKCIUTyaTallMu. Y CKOPEHUE MCHBITAHUN JOCTUTAETCS MpPU
JUHEWHOM YBEJIMYEHUH HArPY3KH BO BPEMEHHU.

Metoa 3KCTpamoJisiliii OCHOBAaH Ha MCIOJIb30BAaHMHU 3aBHUCHUMOCTH Iapa-
METPOB pacrpezeieHus: HapaOOTKU OT Harpy3ku. Metoj mpejmnonaraetr npose-
JICHUE WCIIBITAaHUHN TIPH HECKOJIBKUX MOBBITIICHHBIX YPOBHIX HATPY3KH M IKCTpa-
MOJIATIMIO WX PE3YIIHTATOB ISl HOPMAaJIbHBIX 3HAUCHHUI HATPY3KHU.

B MmeTone OIHOCTYINEHUYATOrO0 HArPYXKEHUSI UCIOIb3YETCS MPUHIUIT CyM-
MUpOBaHUs MOBpexaeHn. OOBEKT mocie nepuojaa nNpupabOTKu CHayvajna Mmoj-
Bepraercs OObIYHON HArpy3Ke, a 3aTeM MOBBIILIEHHOM.

Mertoa uHTEeHCHUPUKAIMU MPUPAOOTKU HCHONb3YeTCs ISl YCKOPEHUsl HC-
ciie10BaHUM 00BEKTOB € OOJIBIIMM EPUOIOM MPUPAOOTKHU.

Meto 3KBUBaJ€HTHBIX UCIBITAHUM CTPOUTCS MO MPUHIUIY YCKOPEHHOTO
ucuepnaHus pecypca o0beKTa Ha OCHOBAHMM aHAIM3a 3aBUCUMOCTEH MEXIy
HArpy3KOl M XapaKTepUCTUKAMH HAJC)KHOCTU IO KKIOMY BUIY HATPYKCHHUS.
YckopeHue noiaydeHus: MHPOpMAIMK O HAJEHKHOCTH JOCTUraeTcsl 3a CUET Ipo-
BEJICHUS UCIIBITAHUHN B HAaNOOJIee TSHKEIBIX SKCIUTYaTAIlMOHHBIX PeKUMAaX.

DopcUpOBaHHBIE YCKOPEHHBIE UCTIBITAHKS MOKHO pacCMaTpUBaTh KakK pas3-
HOBUJITHOCTh (PU3MUECKOTO MOJICTUPOBAHUSI, MO3BOJSIONIETO OIEHUTh HAIeXK-
HOCTb MPH CKaTOM MaciuTtadbe BpemMeHU. X BO3MOKHOCTh OIpeJiesieHa 3aBUCH-
MOCTBIO HAJ€KHOCTH OT BEJIMYMHBI BHEITHUX SKCILTYaTallMOHHBIX (PaKTOPOB.
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Jlekusa Ne 11

11.1. HAAEKHOCTBH IIPOI'PAMMHOI'O OBECIIEYEHMUSA

PaboTocniocoOHOCTh MUKPOMIPOLIECCOPHBIX U KOMITBIOTEPHBIX CUCTEM JKe-
JIE3HOJIOPOKHOM aBTOMATHKH, TEIEMEXaHUKHW U CBS3UM BO3MOXHA TOJBKO MPH
OJTHOBPEMEHHOM pabOTOCIIOCOOHOCTH ammaparyphl («keje3a») U MporpaMMHBIX
cpeactB. llporpamMHoe obecniedeHue MPEBPATUIIOCH B CAMOCTOSITEILHOE IPO-
MBIIIUICHHOE W3/EJINE, OKAa3bIBAIOIIEe OTPOMHOE BIUSHUE HA TPYJOEMKOCTb,
CTOMMOCTB, Pa00TOCTIOCOOHOCTH MUKpoOTIporieccopHbIX CHKAT.

[log HaAEXKHOCTHIO MPOTPAMMHOTO O0ECIEUEHUS MOHUMAETCSI CBOMCTBO
MpOrpaMMbl BBITIOJHATH 3aJlaHHble (YHKIUU, COXpaHSs XapaKTEPUCTUKHU B
YCTAHOBJICHHBIX Tpe/eliax MpU OMPEACNICHHBIX YCIOBUAX dKcmutyatauuu. [lox
OTKa30M MPOrPAMMHOI0 00€CIeYeHUsI MTOHUMAETCA HEJIOMYCTUMOE OTKIOHEHUE
XapaKTEPUCTUK (YHKIITMOHUPOBAHUS OT MPEAbIBISIEMBIX TPEOOBAHUM.

HanexHocTh mporpaMMHOTO 00ecCIieueHUs BKIIOYAET CIEAYIONIUE COCTaB-
JISIIOIIHNE — KOPPEKTHOCTh, YCTOMYUBOCTh, 0€30MaCHOCTh, HEJJOCTYITHOCTb.

KoppekTHOCTBH — CBONHCTBO MPOTrpaMMBbl YJIOBIETBOPATH €€ (PYHKIIMOHAIb-
HOMY MpeaHa3HaueHu10. KoppekTHOCTh TpeOyeT MpaBUIbHBIX BBIYUCICHUN B
00J1aCTU M3MEHEHUs BXOJHBIX JAHHBIX, MPU YCIOBUU OE30TKA3HOCTH armapar-
HBIX CPEACTB. ¥ CTOMYMBOCTH — CBOWCTBO MPOTrpaMMbl ObITH B MPOIECCE €€ BhI-
MOJIHEHUSI HEUYBCTBUTEIBbHON K OlIMOKaM, OTKa3aM amnmnapaTypbl U HEKOPPEKT-
HBIM BXOJHBIM JJAHHBIM. DTO CBOMCTBO AHAJOTUYHO CBOWCTBY OTKa30yCTOMYH-
BOCTH anmapaTypbl. Y CTOMYMBOCTh IPOrpaMMHOT0 oOecreueHust 00bIYHO olec-
MEYMBAETCS C MTOMOIIBIO BBEJCHUS PA3TUYHBIX (POPM HU30BITOUYHOCTH, MO3BOJIS-
IOIIUX UMETh AYOJIUPYIONIME MOAYJU MPOTpaMM, albTePHATUBHbBIEC MPOTPAMMEBI
JUISL OJTHUX M T€X K€ 3a/1a4, OCYIIECTBISATh KOHTPOJIb HAJl MIPOIIECCOM UCIOJIHE-
HUs nporpamMm. be3omacHOCTbL — CBOWCTBO MPOrpaMMBbl BBIYHCIISITH MPaBUIIb-
HbIC WJIM 3alIUTHBIC BBIXOJIHbIC JAHHBIC MPU HAJIUYUHU OIIUOOK MCXOJHBIX JIaH-
HBbIX WJIH NpU MOSIBJICHUU OTKa30B anmapaTypsl. [1oJ 3allUTHBIMU BBIXOJIHBIMHU
JAHHBIMU OHUMAIOT HEMPABWIbHBIE PE3YJIbTAThl BIYUCICHUM, KOTOPBIE HE Ie-
PEBOJSAT YIPABIAIONIYIO CHCTEMY B omnacHoe coctosHue. HegocTymHocTh —
CBOMCTBO NMPOrPAMMHOI0 OOECIEUEHUs] UCKIIOYUTHh BO3MOXKHOCTH OOpaIlleHHS
OJIHOTO TOJIb30BATEIIS K JAHHBIM U IIporpaMMam, KOTOPBIE SBIISIIOTCSI COOCTBEH-
HOCTBIO JAPYroro mnojs3oBatens. HemocTynmHOCTh focTUraeTcs TIaTebHON U30-
JSUUEN TaHHBIX W MPOTPaMM Pa3HBIX MOJIb30BATENEe Ipyr OT Apyra U OT ofe-
PAllMOHHOM CUCTEMBI, & TAK)KE€ MPUMEHEHUEM KITFOUEBBIX CJIOB, KOJOB U T. .

OOk MpoOrpaMMHOTO OOECIeUeHHUs AEIST Ha: TPOrpaMMHbIE, aJITOPUT-
MUYECKHUE, CUCTEMHBIE.

[IporpaMmHbie OMIMOKU BBI3BIBAIOTCSI HEMPABUIHLHOM 3aMUChI0 KOMaH/ Ha
A3bIKE€ TPOTPAMMHUPOBAHUS M OIIMOKaMH UX TpaHCIAUU. VX KomuyecTBO 3aBU-
CUT OT KBAJIM(PUKAIIMU MPOrPaMMHUCTOB, CTEIIEHU aBTOMAaTU3AIlMU MPOrpaMMU-
poBaHUs, TTyOUHBI U KauecTBa TecTUpoBaHusl. Ha HauanpHBIX 3Tanax pa3zpadbor-
KU MPOrPAMMHBIE OIIMOKU COCTABISAIOT OJHY TPETh BCEX OLINOOK.
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ANTOpUTMHUYECKHUE OIMMOKU BO3HUKAIOT M3-32 HEMPABUIHLHON MOCTAHOBKHU
3a/1aud WIM U3-3a HEKOPPEKTHOU (OpPMYIHPOBKHU alroputma ee peuieHus. Cu-
CTEMHBbIEC OIIMOKHU CBSI3aHBI C HEMPaBWJIbHBIM B3aWMOJICHCTBUEM KOMILIEKCOB
MporpaMm MeXay cOOOM U BHEITHUMH O0hEKTaAMHU.

[IporpamMmHbIe ¥ anmapaTHbIE OTKa3bl UMEIOT MHOIO OOIIETO, HO BO MHO-
TOM CYILIECTBEHHO Pa3IndyaroTcs.

Oouiee MexXly HUMU: HEBBINIOJHEHNE O0OBEKTOM 3aJaHHBIX (PYHKIUH, Bpe-
M JI0 OTKa3a M BpeMsl Ha yCTpaHEHHE OTKa3a HOCSIT CIydailHbId XapakTep, cTa-
THUCTUYECKHUE OLICHKH MMOKAa3aTeNeH almnapaTypHOU U IPOrpaMMHON HAJEKHOCTH
MOTYT OBITh OJIMHAKOBBI [0 CBOEMY Ha3BaHMUIO.

Omauuue: 0TKa3 anmnapaTypHbIN 3aBUCUT JIUOO OT BPEMEHH, JIMOO OT 00be-
Ma BBINOJIHEHHOM paboThl, a OTKa3 MPOrpaMMHBIM — OT BEPOSITHOCTH BBIXOJA
MporpaMMBbl Ha €€ YYacCTOK, COJIepKalluil omuOKy; YCTpaHEHHBIHN anmnapaTypHbIi
OTKa3 MOXET MOBTOPUTKLCS MPU JadbHEUIIEH dKCIUTyaTallid 00bEeKTa, YCTpaHEH-
HBIJ IPOrPaMMHBIN OTKAa3 B JAJbHEUIIIEM HE MOBTOPSETCS; TPOTHO3UPOBATH BO3-
HUKHOBEHUE MHOTHX anmnapaTypHbIX OTKa30B BO3MOXKHO, a TPOTHO3UPOBATH BO3-
HUKHOBEHUE OTJEIbHBIX MPOrPaMMHBIX OTKa30B BECbMa 3aTPYAHUTEIBHO WM
MPOCTO HEBO3MOXHO; JIEIUTh TPOrPAMMHBIE OTKa3bl HA BHE3AIHbIE U MOCTEIICH-
HBIE M0 aHAJIOTUH C anmnapaTypHbIMU OTKa3aMU HE UMEET CMBICIIA.

CrnenctBueM mosiBieHHs! OMIMOOK B MpOrpaMMe SIBIIETCS €€ cOOM WM OT-
ka3. [TocaencTBus oTka3oB (COOEB) MPOrpaMMHOTO OOCSCIICUECHUST MOXKHO pasJie-
JUTh HA! TOJHOE MPEKpallleHUE BBIMOJHEHUS (PYHKIHMI MPOTrpaMMbl; KpaTKO-
BPEMEHHOE HapylIeHHue Xoaa o0paboTKu nHPOPMAIUH.

11.2. TIOKA3ATEJIM HAJIEZXKHOCTH
IHPOI'PAMMHOI'O OBECIIEYEHUA

[lokazarensiMu HaJCKHOCTH MPOrPAMMHOIO 00€CTICUSHUS! SBIISIOTCS .

— BEpOATHOCTH Oe30Tka3HOU padoThl P(t), mpeacrapistomas codboi Bepo-
ATHOCTh TOr'O, YTO OIIMOKU MPOrpaMMbl HE MPOSBATCA B MHTEPBAJE BPEMEHHU
peIICHUS] KOHKPETHOMW 3a/1a4H;

— BeposTHOCTB oTKa3za Q(t);

— HHTEHCUBHOCTH 0TKa30B A(t);

— HapaOoTka Ha oTKa3 7.

[Ipu onpeneneHun XapakTepUCTUK HAJEKHOCTU MPOrpaMMHOTr0 odecreue-
HUS YYUTHIBAETCS TOT (PAKT, YTO BOZHUKAIOIIKUE IIPU pabOTe MPOrpaMM OIIUOKH
YCTPaHSIOTCS, KOJIMYECTBO OIMOOK YMEHBIIAETCS U, CIE0BATEIbHO, UX UHTEH-
CUBHOCTb NMOHMKAETCS, a HapaOOTKa Ha OTKa3 IMporpaMMbl yBeluuyuBaeTcs. B
CBS3U C TAKUMH TNPEANOJOKEHUSIMH PACCMAaTPUBAETCS HECKOJIbKO MOJenei
HaJICKHOCTU MTPOTPAMMHOTO 00€CTICUCHUS

— MOJIeJIb C IUCKPETHO-MOHMXAIOIIENH YaCTOTOM MOSIBJICHUS OIUOOK;

— MOJIeJIb C AUCKPETHBIM YBEJIMYECHHEM HAapaOOTKU HAa OTKAa3 WA OLIUOKY
MIPOrpaMMHOTO 00eCTIeUeHUS;

— HKCIIOHEHIIMAIbHAsA MOJEb HAJIEXKHOCTH MPOTPAMMHOr0 00€CICUEHUSI.
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11.3. MOJAEJIM HAAEXKHOCTHU TIPOI'PAMMHOI'O OBECIIEYEHU A

11.3.1. Mooenb ¢ ouckpemno-noHu carouieii Yacmomoi
NOABNEHUA OUUOOK

Moenb mpearnoiaraeT MmoCTOSHCTBO HHTEHCUBHOCTH OTKA30B IMPOTPaMMBbI
At) mo oOHapykeHus ommOku (0TKa3a) MpOrpaMMbl U ee¢ ycTpaHeHus. [locie
sTOro 3HaueHue A(t) yMeHbIIaeTCsl, MHTEHCUBHOCTh OTKa30B CHOBAa CTAHOBHTCS
KOHCTaHTOH. Torma MeXy HHTEHCUBHOCTBIO 0TKa30B A(t) ¥ 4HMCIOM OCTaBIIMX-
Csl B IIpOTpamMMe OITHOOK CYIIECTBYET 3aBHCHUMOCTD:

A(t) = k(M — i) = 2,,

rae M — HeU3BECTHOE IEPBOHAYAIBLHOE YHCIIO OMIMOOK, | — YHCI0 OOHApYKEH-
HBIX OIMOOK, K — HEKOTOpas KOHCTaHTA.

XapakTep U3MEHEHHS UHTCHCUBHOCTH OTKAa30B I 3TOW MOJEIH MOYXHO
MPEICTaBUTh KaK Ha PUCYHKe 46.

M) ]

v

Pucynox 46

[1oTHOCTB pacnpeneicHusl BpeMeHH 0OHAPYKEHUS I-i OIIMOKH B MOMEHT
BpeMeHHU i ompenensiercs COOTHOLIEHUEM

f(t;)=Ae 1"

3HaveHHs] HEM3BECTHBIX mapaMeTpoB K m M oleHHBaIOTCS Ha OCHOBAHHH
HaOJII0/ICHNS] THTEPBAJIOB BPEMEHH MEXKIY MOMEHTAMU OOHAPYKEHUS OIITMOOK.

Ha mpakTtuke yclioBHUs pacCMOTPEHHOM MOJIENTM HEPEAKO HE COOII0at0TCS
U3-32 HCYMEHBIIICHHS WHTCHCHBHOCTH OTKA30B Ha OJHY M TY K€ BEIHUYUHY K,
BO3HHUKHOBEHHUS APYTHUX OMIMOOK IOCTE YCTPAHCHUWS BBISABICHHBIX, HEBBISBIIC-
HUSI TPUIUHBI BO3SHUKHOBEHUSI OIIMHOKH.

11.3.2. Moodenwb ¢ ouckpemuvim ygeauueHuem epemeHnu
HApadoOmKu Ha OmKa3

OCHOBHBIM AOIMYHICHUEM MOJACIHN ABJIACTCA IIPCAIIOIOXKCHHUC O TOM, 4YTO
OTKa3bl M OIIMOKHU [IporpaMmMbl B HA4YaJIC 3KCILIyaTalliKd BO3HHUKAIOT 4YaCTO. ITo
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MCpPE OTJIaAKH IIPOrpaMMBbI OIITMOOK CTAaHOBHUTCS MCHBIIC, a BPCMA Hapa6OTKI/I Ha
O0TKa3 MOCJIC IUKBUAALIUN OUCPCAHOTO OTKa3a YBCINUYNBACTCA.

Aty + At Ab+ Atsh Atg+ ... Atma + At

| | | |t
| Au At | At | | Atm |
0 ty t, ts ... tma tm

Pucynox 47

Ha pucynke 47 Benmuuunsl t; , t, t3, ..., th1 , ty — caydaiiHble MOMEHTBI
BPEMEHHU BO3ZHUKHOBEHUS IIEPBOT0, BTOPOTO, TPETHErO U TaK jJajiee — M-To OTKa-
30B. Benuuunsl Aty , Ay, Atz, Aty , ..., Aty , Aty — cilyyaliHble UHTEpBabI
BPEMEHH MEXY COCETHUMHU OTKa3aMU MPOTPAMMEBI.

[lycTe mepBast ommnOKka, MPOSIBUBIIASICS B PE3yibTaTe€ OTKa3a MPOTpaMMBI,
MPOU30IIUIA B CIIy4YailHbIi MOMEHT BpeMeHH 1y u Oblia yctpanena. Hapabotka 1o
MEePBOr0 OTKa3a W BO3HUKIIEH OMMOKM paBHA MHTEpBaY BpeMeHu At;. Bropas
omuOKa BO3HUKJIA B MOMEHT BpemeHu ty. HapaboTka 1o BTOpoi ommOKu ompe-
nensiercs uHTepBajioMm Aty. B cooTBeTCTBUM € MPEANONIOKEHHEM, STOT HHTEPBAI
Oosbliie, yeM At;, Tak Kak Moclie mepes3anycka mporpaMmma npopadoTtaia Bpems
710 BOBHUKHOBEHHUS IEPBOM YCTPaHEHHON OIIMOKH, a 3aT€M MPOJOJDKUIIA PadoTy
JI0 HOBOM BTOPOM OIIMOKHU.

CnyvaitHoe BpeMsi BOSHUKHOBEHHUS OIIMOKH j OTCUMTHIBAE€TCS OT Haudalb-
HOTO MOMeHTa BpemeHu t = 0. Bpewmsi, HeoOxomuMoe Ha JIMKBHIAIIAIO OITUOKA B
pacuer He Oepercs. B aTom ciydae ans Bcex CilydailHbIX MOMEHTOB BPEMEHHU
BO3HUKHOBEHUSI OLIMOKH U BPEMEHHBIX MHTEPBAJIIOB MEXAY COCEIHUMH OIIUO-
KaMU MOKHO 3aIUCaTh!

t = Aty;
th =1t + Al
tm = tm_]_ + Atm

Kak Buaum, ¢ mocieayronmM 3anyckoM MpOorpaMMbl Moclie 0OHApYKEHUs
U YCTPAaHEHUS OMMOKM BPEMEHHOW MHTEPBAJ MEXAY COCEHUMU OTKa3aMu IO-
CTOSIHHO yBenuuuBaeTcs. ClenoBaTelbHO, YBEIUYUBACTCS CPEAHssi HapaOOTKa

Ha 0TKas. BCJ'II/ILII/IHy Hapa60TKI/I Ha O0TKa3 HporpaMMBI MO>XHO OILICHUTH KaK.
m
_ =1t
tep = ——.
m

11.3.3. Okcnonenuyuanvnas mooesib HAOEIHCHOCHU

OCHOBHBIM MMPCAIIOIIOKCHUEM MOICIIN ABJIACTCA 3KCHOH€HHH3.HBHBII>1 Xa-
PAKTCPp U3MCHCHHA 4YHCJIa omuooK B nporpaMmmec BO BPpCMCHHU. OCHOBHBIMHU TIa-
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paMeTpaMu MOJEIH SIBISIOTCS. T — CyMMapHOe BpeMs (DYHKIIMOHHPOBAHUS OT
Havajla TeCTUPOBAHUS C YCTpaHEHHWEM OOHAPYKCHHBIX OINMMOOK 10 MOMEHTa
OLICHKH HAJeKHOCTH,; M — umcio ommbOK, UMEIONIMXCS B MPOTpaMMe IMepe
HAYaJIOM TECTUPOBaHUs; M(7) — YHUCIO MCIPABJICHHBIX OMUOOK; Mo(7) — YKCIIO
octaBuxcs omuook. [Ipu atom M = m(7) + mo(7).

[Ipennonaraercs, 4To YUCIO OMIMOOK B TPOTpaMMe B KaXKIBIH MOMEHT
BPEMCHHM MMEET ITyaCCOHOBCKOE (HOpMajbHOE) paclpeieliceHue, a pacrpesere-
HUE MHTEPBaJia BPEMEHU MEXy OIMOKAMU TOJYHHSIETCS KCIIOHECHIIUAITBHOMY
3aKOHY.

[TapaMeTp SKCIOHEHIIMAIBLHOTO PACIIPEACIICHUS H3MEHICTCS MOCIE BBISB-
JICHHSI U YCTPaHEHUsl odepeaHor omruOku. [Ipu 3TOM MHTEHCMBHOCTH OTKa30B
CUMTAETCSl HEMPEepBhIBHON (YHKIMEH, MPOMOPIMOHAIBHON YKMCIy OCTABLIUXCS
OIHOOK.

C ydJeToM BBEJICHHBIX MTapaMETPOB M MPEANOIOKCHHIA KOJIHMYECTBO OCTAB-
muxcs omKrboK mporpammel pasao my(t) = M — m(t).

MHTEHCHBHOCTD MOSBIEHHS OMKMO0K paBHa Aq(T) = Cmy (), roe C — xo-
3 GUIMEHT MPONMOPIUOHAIBPHOCTH, YUYUTHIBAIOIMMUN ObIcTpojaeiicTBue OBM u
YHCII0O KOMaH/ B IIPOTpamMMe.

VMHTEeHCHBHOCTH MCIIPABJICHUS ONTHMOOK paBHa:

dm(t)

) = dt

MHTEHCHBHOCTL MCIPABIEHNUS OIIMOOK paBHA MHTEHCUBHOCTH MX IIOSBIIE-
uus u obHapyxenus A(t) = 1,(7).
Torna
dm(t)

= = Cmy (@) = CM — m(@)],

i

dm_(r) + Cm(r) = CM.
dt

Pemiennie nuddepeHnnanbHOr0 ypaBHEHHUs MyTeM MPUMEHEHUs Mpeoodpa-
3oBaHus Jlammaca BBITJISIAUT Kak

m(t) = M(1 — e~ 7).

Panee MbI 3anucainu, uto my(t) = M — m(1). [loacTaBuB BeIpaXKEHHUE IS
m(T) B mocieiHee ypaBHEHHUE, Oy IUM

mo(z) =M —M + Me™ %" = Me™ "7,
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HapaboTka Ha 0TKa3 mporpaMMbl IOCJIE€ TECTUPOBAHUS B TEUYEHUE BPEMEHHU T:

1111
“2,(0)  Cmg(t)  CMe—  cM°®

T Cr,

W3 3TOrO0 BBIpaXKE€HUs CIAEAYET, UTO HApaOOTKa HA OTKA3 YBEJIMUYUBAETCS 1O
Mepe YBEJIMYEHHUS CYMMapHOTO BpEMEHH (PYHKIMOHHUPOBAHHS OT MOMEHTA
Hayasa TECTUPOBAHUA C YCTpaHEHUEM OOHAPYKEHHBIX OLINOOK.

11.4. IPUHIOMUIIBI PASBPABOTKHU HAJIE KHOI'O IPOI'PAMMHOI'O
OBECIIEYEHMU A

[ToBBIIIIEHNIO HAEKHOCTH MHUKPOIPOLIECCOPHOU TEXHUKH COJCUCTBYIOT
CJIeAYIOIINE TPUHITUIIBIL:

— palMOHANIBLHBIA BHIOOP AJITOPUTMUYECKOTO S3bIKA, MO3BOJSIONIETO CO-
KpaTUTh YUCIIO ONepaIuii U KOMaH/I MPU BHIMIOJHEHUH MOCTABJICHHOM 3a/1auu;

— BBEJICHUE B pa3pabaTbiBaeMble MpOrpaMMbl TECTOBBIX 3ajad, TO3BOJISIO-
X OOHapYXUTh COOM U OTKa3bl B pabOTE MPOTpaMM U Jaxe MPOU3BECTH aB-
TOMAaTUYECKOE MEPEKITIOUCHUE Ha PE3EPB WM Ha MOBTOPEHHUE OTEpallnii;

— OIpe/IeJICHHE MECTa BOBHUKHOBEHUS HEHCIPABHOCTH (IMArHOCTUYCCKHE
TECTHI) C LEIbI0 YCKOPSHHSI padOT MO YCTPAaHCHHUIO HEHCIIPABHOCTEH;

— o0ecreueHre NOCTOSHHOM TOTOBHOCTH PE3E€PBHBIX YCTPOUCTB K MCIOJIb-
30BaHUIO UX B KAYECTBE OCHOBHBIX;

— obOecriedyeHUE BO3MOXKHOCTH MEPECTPOCHUSI CTPYKTYpPhl KOMILIEKCA Ha
HOBBIA PEXHUM pabOTHI B Clly4ae OTKa3a HEKOTOPOH ero 4actu (BBIOJHCHHE
BCero o0beMa 3a/ady KOMILUIEKCA OJHOW BBIYUCIUTEIBHON MAIIMHOM, XOTA U C
MEHBIIINM OBICTPOACHCTBHEM, H3MEHEHUE MPUOPUTETHOCTU OOpabOTKH J1aH-
HBIX), TIEPEXOJI Ha JAPYTUE CPEJCTBA OTOOPaKeHUS HHPOPMAITUH | T. 1.

11.5. PACYHET HAAEKHOCTH C YYETOM HAJAEKHOCTHU
IHPOI'PAMM

CyuiecTByone METO/Abl pacyeTa HaJAeKHOCTH MHUKPOMPOIECCOPHBIX CH-
CTEM OPHCHTHPOBAHBI Ha YYET TOJIBKO ammapaTypHBIX (TEXHHYECKHX) OTKA30B.
PacueTbl HaJIE)KHOCTU C YYE€TOM BIIMSIHUS NPOrpaMM HaXOASTCA B CTaJUU pa3pa-
0O0TKHU.

OcHOBHasi HAPABJIEHHOCTh U MOCJIEI0BATEILHOCTh PACUETOB HAAEKHOCTHU
TEXHUYECKUX YCTPOMNCTB C YUETOM BIUSHHS MPOTPaMM COXPAHSETCA TaKOH Ke,
KakK U [PU pacyeTe annapaTypHOU HAIEKHOCTH.

Pacuer Hafe)KHOCTU MOXET MPOU3BOAUTHCS MO IBYM BO3MOKHBIM BapuaH-
TaM.

Bapuanr 1. fBnsgercs rpybo opHEeHTHpPOBOUHBIM. B cxeMy pacuera
HAJICKHOCTU BKJIIOYAeTCAd (DUKTUBHBIN OJIOK — «IPOrpaMMHOE U3JIeNIUe» C Xa-
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pPaKTepUCTUKAMH HAJEKHOCTH, MOTYUYECHHBIMH JTMOO U3 MACIOPTHBIX XapaKTepu-
CTUK «IIPOTPAMMHOTO HU3JEIusi», TM00 W3 PEe3ylbTaTOB €r0 MPOBEPKU U HCIbI-
Ttanus. [Ipu 3TOM mpennosararoT 3KCNOHEHIHAIBHOCTD 3aKOHA PACIPENECIEHUS
nporpaMMHbIX OMKOOK. Torga BEpOsSTHOCTh TOrO, YTO OIMIUOKHU B BBIMOJTHEHUU
MporpaMM He TOSBSITCS Ha MHTepBasie BpeMenn 0 — t, paBHa:

P(t) — e—fotxl(t)dt’

rne A(t) — MHTEHCUBHOCTh OTKA30B BCETO W3/IENHS, BRI3BAHHBIX OIIMOKaMH TPO-
rpaMMBl.

BapuanT 2. OT0 BapHaHT pacyeTa HaJIC)KHOCTH H3JCIUS C yICTOM BIIHS-
HHSl IPOTPAaMM Ha 3Tare€ COBMECTHOTO MCHBITAHMUS amlIlapaTypbl U MPOrpPaMM.
Takoil pacueT MPOBOJIUTCS MO OOBIYHBIM MPaBHIIaM, TO €CTh C UCIOJIb30BaAHUEM
100 CTPYKTYPHBIX CXeM, JINOO rpada coOCTOSHHMIA.

B kauecTtBe mokKazaresnedl HAJAEKHOCTH YacTEHd M3MEIUS HCHOJIb3YHOTCS
MpOrpaMMHO-aNIApaTypHbIC TOKa3aTeIU HAACKHOCTH, KOTJa U3/ICIUE YIIPaBIIs-
eTcsl peasibHOM mporpaMmoid. [Ipu 3TOM pacyeT HaIe)KHOCTU U3JeNus pruoodpe-
TaeT XapakTep pacuera (YHKIMOHAIHLHOW HAJEKHOCTH, TaK KakK ITOKa3aTelu
HaJIe)KHOCTHU OMIPEACSTSIOTCS IS KaKI0W M3 BBIMOJIHAEMBIX () yHKITHHA.
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Jleknusna 12

12.1. TIOHATHUE O BE3OITACHOCTHU TEXHUYECKUX OBBEKTOB

JI71s1 0OOBEKTOB, KOTOPHIE SIBISIOTCS MOTEHIUATBHBIM UCTOYHUKOM OIACHO-
CTH, BA)KHBIM ITOHSITHEM SIBJISIETCA «0e30macHOCThL». be30macHoCTs — CBOMCTBO
00beKTa MPU U3TOTOBJICHUH, SKCIUTyaTalliy U B CiIydyae HapylleHus paboTocmo-
COOHOr0 COCTOSIHUS HE CO3/1aBaTh yrpo3y ISl )KU3HU U 3I0POBbSA JIIOJIEH, a TaK-
&Ke IS OKpyXkKaroleu cpenbl. be3onacHOCTh ABMKEHUS MOE3/1a — 3TO CBOMCTBO
JIBUKEHUS TI0€3/1a HE MEPEXOAUTh B OITACHOE COCTOSTHUE.

Pe3ynbTaThl aHanu3a HapyIICHHH 0€30MaCHOCTH MO3BOJISIIOT ONPEISTUTh
OCHOBHBIEC MPUYHNHBI KX BOSHUKHOBEHUS .

— HECOOJII0ZICHUE PErIaMEeHTa TEXHOJIOTHUYECKHUX MPOIIECCOB;

— HEJIOCTATOUHBII MPOPECCUOHATN3M YYACTHUKOB IEPEBO30YHOT0 MPOIIECCa;

— 4acTasi CMEHIEMOCTh PYKOBOJIUTENECH CTPYKTYPHBIX MOApa3eIeHU, OT-
JECIICHUNA U XO3SMCTB KEJIE3HOU JOPOTH;

— HU3KUN YpOBEHb CHUCTEMHBIX TpeOOBaHUU K pa3paboOTKe, MPOU3BOJICTRY,
UCIBITAHUIO NpUOOPOB M B IIEJIOM K CHCTEMaM, oOecleuuBaroluM Oe3ormac-
HOCTb JBUKCHHUSI.

12.2. TIOHATHUE O 3BAIIMTHOM U OITACHOM OTKA3E

B cootBerctBum ¢ OCT 32.17-92 «be3onacHOCTh KeJIE3HOAOPOKHON aB-
TOMATUKHA W TEIEMEXaHWKU. TepMHUHBI M ONPEACIICHUS» PA3TUYaAr0T JBa BUAA
HepaboTocnocoOHoro coctosiuus cucteM JKAT: 3alIUTHOE U OMTACHOE.

3ammMTHOE COCTOSIHHME — HEpPabOTOCIOCOOHOE COCTOSIHUE CHCTEMBI, MpHU
KOTOPOM 3HAU€HHS BCEX MapamMeTpoOB, XapaKTEPU3YIOUIUX €€ CIOCOOHOCTh BBI-
MOJIHATH 3a/IaHHbIe (YHKIIMU MO 00eCTeueHUI0 0€30MacHOCTH ABUKEHHUS MOE3-
JI0B, COOTBETCTBYIOT HOPMAaTUBHO-TEXHUYECKON JOKYMEHTALINH.

OmnacHoe cocTosiHMEe — HEPAOOTOCIIOCOOHOE COCTOSIHUE CUCTEMBI, MPU KO-
TOPOM 3HA4YE€HHE XOTS Obl OJIHOTO IMapaMeTpa, XapaKTEPHU3YIOIIEro ee Crocoo-
HOCTb BBITIOJIHATH 33/IaHHbIE (PYHKIMH 1O 00ECreyeHr0 0€30IacHOCTU JBHKE-
HUS 10€3/10B, HE COOTBETCTBYET HOPMATUBHO-TEXHUYECKOM JOKYMEHTAIIUH.

B cooTBeTCTBUM C JAaHHBIMU OMNPEEICHUAMU PA3IUYalOT OTKA3bl. 3allUT-
HBIE U OTACHBIE.

3amMTHBIA 0TKa3 — 3TO COOBITHE, 3aKJIIOYAIOIIeeCcs] B HAPYIICHUH pado-
TOCIIOCOOHOT'O COCTOSIHUSI CUCTEMBI IPU COXPAHEHUU 3AIUTHOTO COCTOSIHUSI.

OmnacHbplii 0TKa3 — cOOBITHE, 3aKJIIOYAIONICECS B HAPYIIEHUU pabOTOCHO-
COOHOI'0 U 3alIUTHOTO COCTOSTHUSA.

OnacHblil 0TKa3 MOKET MPUBECTH K BOBHUKHOBEHHIO aBAPUU WA KPYIICHUIO
noe3/a. 3alllUTHBIM OTKa3 HapyllaeT 0e30TKa3HOCTh CHCTEMbI, HO HE HapyllaeT
0e3omnacHocTh. OnacHbId 0TKa3 HAPYIIAET U OE30TKA3HOCTh, U 0€30MaCHOCTb.

YT0oOBI peuIuTh BOIPOC O TOM, KaKOW OTKa3 B CUCTEME SIBJIIETCSI OMACHBIM,
bopMyIIUPYIOT KPUTEPHIl OMMACHOTO OTKa3a — MPU3HAK UM COBOKYIHOCTH MPU-
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3HAKOB OMACHOTO COCTOSIHUSI CUCTEMBL.

B coorBercTBum ¢ PJI 3211111 1115842.03.93 «be30macHOCTh JKEJIE3HOI0-
POXKHOM aBTOMATUKH U TeleMeXaHWkKu. Kpurepum omacHbIX OTKa30B» IMpH-
3HaKaMH OMACHOI'O OTKa3a SIBJISIIOTCS: HapyIIEHHWE KOHIEMIHUK O€30MacHOCTH,
M0 KOTOPOU MOCTPOCHO U3JIENUE; OTKIOHEHUE XOTsl Obl OJTHOTO MoKazaTels 0e3-
OMACHOCTH 34 MPEAENbl YCTAHOBICHHBIX HOPM; OTKa3 COCTABHON YaCTH CUCTEMBI
KAT, nepeBoasuuii €€ B OMACHOE COCTOSIHHME; BBIXOJ IMOKA3aTENEd KadecTBa
(YHKIIMOHUPOBAHUS CUCTEMBI 3a MpeJeibl YCTAHOBICHHBIX HOPM B Pe3yJbTare
repexoa B MPeIebHOE COCTOSIHUE.

Metoasl TMOBBIIIEHUS 0€30MaCHOCTH (PYHKIIMOHUPOBAHUS TEXHUUECKUX
CPEACTB OCHOBBIBAKOTCS HA TPEX MPUHIIUIIAX:

— YMEHBUICHHE WHTEHCHUBHOCTH ONACHBIX OTKAa30B TEXHUYECKUX CPEICTB
WJIU OMAaCHBIX ONTMOOK CIEIHAIUCTOB,

— YMEHBIIIEHUE YKCIIa BUIOB OMACHBIX OTKA30B MJIM OMACHBIX OIINOOK;

— yBenuueHue Kor(PuiuuenTa napupoBaHusi OMACHBIX OTKA30B WJIM Olac-
HBIX OIITHUOOK.

[lepBoe mocturaercst myTeM CO3JaHUS HEOOXOJMMBIX 3aMacoB MPOYHOCTU
(HaJIe)KHOCTH) DJICMEHTOB TP WU3TOTOBJICHUHM W TMOCIEAYIONIETO BOCIIOTHCHHUS
3amacoB B MPOIECCE IKCIUTyaTalluu B pe3ybTare NpoGUIaKTUKH UIM PEMOHTOB.
Btopoe nocturaercs mytem BbIOOpa ONTUMAIBHOM CTPYKTYpPbl TEXHHUYECKOIO
cpeactBa. Tperbe qocTuraeTcsa myTeM npuMeHeHus 3P(EeKTUBHBIX METOJIOB Ma-
pUPOBAHUSA OMACHBIX OTKA30B.

12.3. TIOKA3ATEJIM BE3OITACHOCTH

Ornenky 06€30MacHOCTH JTAI0T BEPOSATHOCTHBIC MOKA3ATENH, KOTOPBIC OIpe-
nenenbl B OCT 32.17-92. K BepOoSATHOCTHBIM KOJMYECTBEHHBIM IOKA3ATEISIM
0€30MacHOCTH OTHOCSTCS:

— BEpOSATHOCTH Oe3omacHoi padoTsl Pj(t);

— BEpOSATHOCTH oracHoro otkasza Qo(t);

— HHTEHCUBHOCTD OTIACHBIX O0TKa30B Agy(t);

— ImapameTp MOTOKa OIMACHBIX 0TKa30B woy(t);

— CpenHss HapabOTKa JI0 OMacHOTo 0TKaza 7o,

— CpelHss HapaOOTKa Ha ONACHBIN OTKa3 T,

— ko3¢ durment 6e3omnacHocTu K.

BeposiTHoCcTh Ge30omacHoii padoTnl Pg(t) — BeposTHOCTH TOTO, 4TO B TIpe-
JieNiax 3aJJaHHON HapaOOTKH t OIMacHBIN 0TKA3 CHCTEMBI HE BOSHHUKAET.

[Tpu aTOM MpeanonaraeTcs, YTO0 B HA4aIbHBI MOMEHT UHTEPBAJIa BPEMECHH
CHUCTeMa HaXOJIWUTCA B HMCIPABHOM WJIH PaOOTOCIIOCOOHOM COCTOSIHHHM, HO HE
HAXOJWUTCS B 3aIIUTHOM COCTOSHUHU. BeposTHOCTh Oe3omacHOW paboThl Pj(t)
onpenensercs no popmyse

PB(t) =1- FOH(t)I
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rae Fop(t) — dyakmus pactpenenennst HapaOOTKH A0 OMACHOTO OTKa3a.
BepositHocTh onacHoro orka3a Qgy(t) — BeposSTHOCTH TOTO, YTO B Mpee-

Jax 3alaHHOM HapaOOTKH OMACHBIM OTKa3 HACTymaeT XOTs Obl OJIUH pa3s.
BepostHocTh onacHoro otkasa Qop(t):

Qon(t) =1 — Ps(1).

Benuunnbl BepoATHOCTH 0€30MacHOM pabOThl M BEPOSITHOCTH OMACHOTO
OTKa3a OLIEHUBAIOT O€30MaCHOCTh CUCTEMBI JO BO3HWKHOBEHHS IEPBOIO OIac-
HOTO OTKa3a. [Ipu 3TOM 3alUTHBIX OTKA30B HE OBLIO.

NHTEHCUBHOCTH OMACHBIX 0TKa30B Agp(l) — yCIIOBHAs IUIOTHOCTH BEpO-
ATHOCTH BO3HUKHOBEHHMSI OIACHOTO OTKa3a HEBOCCTAHABIMBAEMOU CHCTEMBI,
ompenenseMast 1Jil pacCMaTpUBaeMOTO0 MOMEHTAa BPEMEHU MPHU YCIOBHUH, YTO J0
ATOTO MOMEHTA OTKa3 HE BO3HUK.

CTaTUCTHYECKN BEJIUYMHY WHTCHCUBHOCTH OITACHBIX OTKa30B Agp(t) ompe-
JIEJISIFOT B pe3yJIbTaTe UCHBITaHUM 10 hopmylie

n(At)

Aon(t) = m,

rae n(At) — yucio oOpa3oB CHCTEMbI, IMEBIIUX OMACHBINH OTKa3 3a MHTEPBAJ
Bpemenu At, Ncp — cpeaHee 4nciio paboToCIOCOOHBIX JIEMEHTOB, HE MMEBIITUX
OIMaCHBIX OTKA30B B MHTEpBajic BpeMeHH At (Ipw yCIOBUH, YTO 00pa3Iilbl CH-
CTEMBI, KOTOPbIC MMEJIHU 3aIUTHBIN 0TKa3, HEMEJICHHO 3aMCHSUTUCH HOBBIMHU).

B nanHOM cnydae cpenHee yucio pabOTOCIMOCOOHBIX 0Opas3IlOB CUCTEMBbI

OmpeeNseTes: KaK
_ Niga +N;
NCP - 2 !

rae N; — uuciao paboToCrocOOHBIX 00pa3lOB CUCTEMBI B MOMEHT BPEMEHU
(t — At)/2; N;,, — unciio paboOTOCIIOCOOHBIX 00PA3I[OB CUCTEMbI, HE MMEBIIIMX
OITaCHBIX OTKAa30B K MOMEHTY BpeMeHH (T + At/2).

ITapamMeTp MoTOKa OMACHBIX 0TKA30B wWoy(t) — OTHOIIEHNE MaTeMaTHYe-
CKOTO OYKHUJAaHHS YHCIa ONMACHBIX OTKA30B BOCCTAHABIMBAEMOW CHCTEMBI 32
MPOU3BOJIFHO MATYIO €€ HapaOOTKy K 3HAYEHUIO ITOH HapaOOTKH.

CTaTUCTHYECKH ATOT MOKA3aTe b OMPEICIISIOT 0 Pe3yJIbTaTaM UCIIBITAHUH
WM SKCIDTyaTaIly 1Mo GopMmyie

n(At)

NyAt'

won (t) =

rae n(At) — yucio oOpa3loB CHCTEMbI, IMEBIIUX OMACHBIH OTKa3 3a MHTEPBAJ
BpeMeHH At MpPU  YCIOBUH, YTO 00pa3i(bl CUCTEMbI, KOTOPhIC MMEIU OMAaCHBIN
WM 3aIIUTHBIA 0TKa3, HEMEIJICHHO 3aMEHSUTUCh HOBBIMHU; N, — Y4HCIIO 00pa3IoB
CHCTEMBI, TOCTABJICHHBIX Ha MCIIBITAHKE B MOMEHT BpeMeHH (t — At)/2,
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Cpeansia Hapa®oOTKa /10 ONACHOI0 0TKa3a 7y — MaTEMATUYECKOE OKHJIA-
HUE HapaOOTKHU HEBOCCTAHABIMBAEMOM CHCTEMBI JI0 TIEPBOTO OMACHOTO OTKA3a.

Cpennsia Hapa0oTKa Ha onacHbId 0TKa3 Ty ., — OTHOILIEHUE CyMMapHON
HapaOOTKU BOCCTAHABJIMBAEMOW CUCTEMbl K MATEMAaTUYECKOMY OXUJAHUIO YHC-
J1a OTIaCHBIX OTKA30B B TEUEHHUE ITOM HAPaOOTKHU.

Ko duuuenr 0e3onmacHocTu Ky — BEPOSITHOCTh TOTO, YTO CHCTEMA OKa-
XKETCA B pabOTOCIIOCOOHOM WJIM B 3al[UTHOM COCTOSIHUM B MPOU3BOJIBHBIA MO-
MEHT BPEMEHH, KPOME IUIAHUPYEMBIX NEPUOAOB, B TEUEHUE KOTOPBIX NPUMEHE-
HHE CUCTEMBI 10 HA3HAYEHUIO HE MPEAYyCMaTPUBACTCS.

OT0T KOADPUIMEHT ABISETCS KOMIUIEKCHBIM IMOKa3zaresieM 0e30MacHOCTH
CUCTEMBI, KOTOPBIA YUYUTHIBAET €€ 0€30MacCHOCTh U PEMOHTONPUTOJJHOCTb.

Ero BennunHy MOXHO ONpeNeNuTh Mo (popmyie:

TBCP
KB:T + Tq cp.
b CP B CP

rae Ty cp — cpeiHEEe BpeMsI BOCCTAHOBIICHMUSL.

dakTHUecKre 3HAaUeHUs MTOKa3aTeael 0€30MacHOCTH HE JOJKHBI ObITh HU-
K€ HOPMATUBHBIX, TaK KaK TOJHKO B 3TOM CIy4ae MEPEBO3KH MOKXHO CUUTATh
0€30MacCHbIMH.

12.4. OIIUBKU YEJIOBEKA U BE3OITACHOCTb OB BEKTOB

[Ipyn WHTEpPBAIIBHOM PETYIMPOBAHUU JBHXKEHHUS MOE3/I0B C UCIIOJIb30BAHU-
eM komruiekcoB COKAT mronu BRIMONMHAIOT (PYHKIMU ONEpaTopa-peMOHTHHKA,
oreparopa-KOHTpoJiepa U omnepaTopa-pykoBojautens. OOCIyKUBaromuii nepco-
HaJl IUCTAHLUMHU CUTHAIM3ALMUU U CBSI3M — 3TO OINEPATOPBI-PEMOHTHUKHU C HH-
CTPYMEHTOM W mpubopaMu Hjis peMOHTa. Pe3ynapTaToM (yHKIMOHHPOBAHUS
OMEePaTOPOB-PEMOHTHUKOB SIBISIOTCSL pabOTOCTIOCOOHBIE YCTpoiicTBa. ManmHu-
CThI, BBIMOJHSS (DYHKIIMU ONEpaTopa-KOHTpoJepa, 00eCeynBalOT HOBOE MOJI0-
KEHHE TOe3/1a B MPOCTPAHCTBE 3a 3aJaHHOE BpeMs. Onepatopbl-pyKOBOIUTEIN
o0OecrneunBalOT BBIMOJHEHHE rpadrKka JBIKEHUS T0e3/10B. B pe3ynbTaTe cBOEH
JeATETLHOCTH ONEPaTOPbl MOT'YT COBEPILIATH OLTUOKH.

OCHOBHBIMU MPUYMHAMHU OMACHBIX BO3JACHCTBHUI OMEPATUBHOIO M OOCIYXKH-
Baroniero nepconana Ha CXKAT, kpome npeTHAMEPEHHBIX IEUCTBUH, SIBISIFOTCS :

— HECOTJIaCOBAHHOCTh JACHCTBUM, MpodeccuoHanbHasi HENPUTOJAHOCTh 4e-
JIOBEKa-0IepaTopa;

— OIIMOKHU ONEepaTopoB OT HEJOCTaTKa MH(OPMALIMK, HEPABHOMEPHOCTU UX
3arpy3KH WIM CHHKEHUS BHUMAHUSI OT MOHOTOHHOCTH TPY/JIa;

— HapyILIEHUE TEXHOJIOTHUU MPOU3BOACTBA PA0OT UM MEPUOAUYHOCTH TEX-
HUYECKOT0 00CITY>KUBaHUs, HU3Kasl KBaTuPUKaLKs 00CTyKUBAIOIIETO MEPCOHA-
J1a WM PACXOXKIACHUE OMBITa €ro padOoThI C peaIbHOM CUTYyaIUueH.

JInsl CHUKEHUSI THTEHCUBHOCTH OITACHBIX BO3JCHCTBUN YEJIOBEKA Ha IPO-
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ecC ABMXKEHUS MOE3/0B, ymOpapiisieMbld ¢ ucnodb3zoBanueM CXKAT, peko-
MEHYETCS CIIEAYIOIIEE:

— pacmupenre (YyHKIUI aBTOMAaTUUYECKUX YCTPOMCTB, MOJICTPAXOBBIBAIO-
UX JEUCTBUS MAIIMHUCTA MO YIPABICHUIO TOPMO3aMHU JIJisi BBITIOJHEHHS Tpe-
OoBaHu 0€30MaCHOCTH ABMKEHUS,

— TOBBIIIEHUE YPOBHA MNPO(ECCHOHAIBLHON MOATOTOBIEHHOCTH, 3aIacoB
(U3HOIOTHYECKON M TICHXUYCCKOW YCTOWYUBOCTH omeparopa (MOBBIIICHHE €T
HaYaJIbHON HAJCKHOCTH);

— COBEPIIIEHCTBOBAHHE YCTPONCTB OOHAPYKEHUS OMACHBIX OTKA30B Orepa-
TOpa U YBEJIWYEHHE BEPOATHOCTHU MEPEBOJA TEXHOJOTMYECKOTO MPOIECCa B 3a-
HIUTHOE COCTOSIHUE MTPU OOHAPYKEHUU OMACHBIX JCHUCTBUI orepaTopa.

MoHO OCTHYb CYIIECTBEHHOTO MOBBIIICHUSI YPOBHS 0€30MaCHOCTHU Iie-
PEBO30K, MPEXKAE BCETO B PE3YNbTATE pealu3allid MEPONPUSTHI, HAIpPaBJIECH-
HBbIX Ha MPEeAOTBPAIllCHUE HAPYIICHUN TEXHOJIOTUYECKUX MPOILIECCOB OOCITYKHU-
BAHUA U PEMOHTA TEXHUYECKUX CPEACTB U MOABHKHOTO COCTaBA XO3SUCTB MYyTH.
K takum mMeponpuaTusm ciaeayeT OTHECTH:

— aBTOMAaTU3UPOBAHHBIN MOOMEPAMOHHBIA KOHTPOJIb CBOEBPEMEHHOCTHU
Y KQ4e€CTBA BBITIOJHEHUS TEXHOJIOTMYECKUX MMPOLIECCOB,;

— ABTOMATH3UPOBAHHBIM KOHTPOJb OCTAaTOYHOTO pecypca TEXHUYECKHX
CpEICTB,;

— aBTOMAaTU3UPOBAHHBIN pacyeT (PaKTUUECKUX U MPOTHOZUPYEMbIX MMOKa3a-
Tenel 0e30MacHOCTH MEPEBO30K;

— AaBTOMATH3UpPOBaHHAsi BBIPAOOTKA OINEPATHUBHBIX PEKOMEHJALMUN 1O
MpEeAOTBPAIICHUIO HAPYIIEHUN YCIOBUN 0€30MaCHOCTH MEPEBO30K.

OTU MEpONpUsITUS PEANTU3YIOTCS IMYyTEM BHEAPEHUSI aBTOMATU3UPOBAHHOMU
CHUCTEMBI yIpaBiieHus 0e3omacHocThio aBrokeHus (ACY BJI).

12.5. KOHTPOJIb IOKA3ATEJIEA HAJIEXKHOCTH
11O JAHHBIM J3KCIIJIYATALI U

OddekTBHO yNpaBisATh 0E30MACHOCTHI0 HEBO3MOXKHO 0€3 OCTOBEPHBIX
JAHHBIX O MPUYMHAX U MOCIEACTBUSIX BOSHUKHOBEHHS 3AIlIMTHBIX U OMACHBIX OT-
Ka30B, 00 YPOBHE HAJIS)KHOCTU TEXHUYECKUX CUCTEM, O KBATH(PHUKALIMU TIEpCOHAIA.

Cuctema cbopa u o0paboTKu MH(MOPMALUK O HAJEKHOCTU JOJKHA oOec-
MEYUTh OMNpEICICHUE U OLEHKY TMOKa3aTeJed HaJle)KHOCTH, BBISIBJICHUE KOH-
CTPYKTUBHBIX M TE€XHOJIOTUYECKUX HEIOCTATKOB, YCTAHOBJICHUE JIeTallel U cOo-
POUYHBIX €UHMUI], OTPAHUYUBAIOIINX HAJICKHOCTh KOHEUHBIX WM3JENH, orpeje-
JIEHWE 3aKOHOMEPHOCTEN BO3HMKHOBEHMSI OTKa3a, ONTHUMU3AIMI0 HOPM pacxoja
3alacHbIX YacTeW, BBISIBJICHUE HEIOCTATKOB HKCILTyaTallUM U COBEPIICHCTBOBA-
HUE CUCTEMBbI TEXHUYECKOTO OOCTY>KUBAaHUS U PEMOHTA, YCTAHOBJICHUE BIUSHUS
YCJIOBUH M PEKUMOB IKCIUTyaTallMM Ha HAJIEKHOCTh, KOPPEKTUPOBKY HOPMHUPY-
€MBbIX TOKa3aTelied HaIEeKHOCTH, omnpeaeneHue 3(pPEeKTUBHOCTH MEPONPUITUIA
0 TOJIJIEPKAHUIO IKCILTYaTAllMOHHOM HAJIEKHOCTH HAa HEOOXOJIUMOM YPOBHE.
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Jleknua 13

13.1. CUCTEMA ABTOMATHYECKOI'O YYETA KACAHT

D@ heKTUBHOCTD AESATEIBHOCTU CETU KEJIE3HBIX JTOPOT MOXKET ObITh 00ec-
neyeHa 3a cuet Oecriepe0oiHON paboThl TEXHUUECKUX CPEACTB U B MEPBYIO OUe-
peab 00BEKTOB UHPPACTPYKTYPHI U MOJBUKHOTO cocTaBa. OIHUM M3 MOKa3aTe-
JIed, XapaKTEePU3YIOIINX KaueCTBO pabOThl TEXHUYECKUX CPEJCTB, SIBISETCS KO-
JMYECTBO CIy4YaeB HaAPYIICHUS] UX HOPMAJIbHOU JIESITEIbHOCTH.

Baxxnoe mecto npuoOpeTaeT CUCTEMHBIN aHaJIN3 KayecTBa pabOThI Ha Oa3e
MOJIy4YeHUs 00bEKTUBHON MH(POPMAIIUU U3 PA3IUYHBIX UCTOYHUKOB, B TOM YHC-
ne cpeAcTB nuarHoctuku. {ns cOopa mHdopmanuu o0 OTKa3zax TEXHUYECKUX
CPEICTB HAa OCHOBE JAHHBIX I'Pa(UKOB HCIOJTHEHHOTO JBHXKEHHS, UCIOJb3ye-
MBIX B TNIEPEBO30YHOM TMpolecce, pazpadotana KomrmiekcHas ABTOMaTU3Upo-
BaHHas CucrTeMa ydera, KOHTPOJIA, YCTpaHEeHUsI 0TKa30B U AHanusa HanexHo-
ctu Texunueckux cpeacts KACAHT.

CoueTtaHus pa3IUYHBIX CIOCOOOB KOHTPOJISI U UACHTU(UKAIMU TTO3BOJISIET
o0ecrneynTh HEOOXOAUMYIO JOCTOBEPHOCTh U MOJHOTY UCXOJHOW MH(POpMAIIIU
O MOJBHKHOM COCTaBe. JTO KAa4ECTBEHHO MOBBIMIAECT 3(P(HEKTUBHOCTL UHPOP-
MaIllMOHHO-YIIPABJISIONINX CUCTEM 3a CUET YMEHBILICHHUS] HETaTUBHOTO BIIMSIHUS
«4es0BeYeCcKOoro (akTopa» v MO3BOJISIET NEPEUTH K MPOTHO3HBIM METOJIaM.

KACAHT sBunach npuHUIMNNAIBHO HOBBIM MHCTPYMEHTOM MOHUTOPHUHTA
COCTOSIHUSI 00BEKTOB MH(GPACTPYKTYPhl U MOABUAKHOTO cocTaBa. Cucrema ycra-
HOBUJIA €JUHCTBO MOpPsSJKA yu€Ta U pacciaelOBaHMs CIIy4yaeB OTKa30B TEXHHUYE-
CKHX CPEJICTB BO BCEX XO34MCTBaX, Ha BCeX keye3HbIX goporax OAO «PXK]I»,
CYILIECTBEHHO MOBBICUJIA JOCTOBEPHOCTh U OMEPATUBHOCTH cOOpa MHGOpMALUU
3a cu€T «0e30ymaxHoi» TexHosoruu nponecca. Cucrema KACAHT no3Bonuiia
MOATANIHO TMEpPEeUTH Ha €IMHYI0 CUCTeMy ydé€Ta M aHaliu3a OTKa3oB B padore
TEXHUYECKUX CPEJACTB, BHEAPUTH KOMIUIEKCHbIE METOAbI OLICHKHU 3 (PEKTUBHO-
CTH IKCIUTyaTallMOHHOW JESITEIbHOCTH KaK MO OTPACIEBbIM XO3SIIICTBaM, TaK U B
LEJIOM 10 KOMIIAHWH, C WCIOJIb30BaHUEM €JUHOMN OoO0lIeceTeBO 0a3bl JaHHBIX
y4€Ta OTKA30B TEXHUUYECKUX CPEICTB.

Cucrema KACAHT unTerpupoBana ¢ aBTOMaTU3UpPOBAHHBIMHA CUCTEMAMU .

— CHCTEMOU aBTOMATH3MPOBAHHOTO BEACHUS rpaduka ABUKEHUS MOE3/I0B
(TN «Ypan-BHUMKT»);

— aBTOMaTU3UPOBAHHOW CUCTEMOM BEJCHUS aKTOB KOMHUCCHOHHBIX MECSU-
HbIX ocMoTpoB cTaHimii (AC KMO);

— aBTOMAaTU3UPOBAHHOM CUCTEMOW KOHTPOJISI TEXHUYECKOTO COCTOSIHUS T10-
asuxHOro cocraa (ACK IIC);

— aBTOMAaTU3UPOBAHHOM CUCTEMOW BBIAAYM U OTMEHBI IMPEIYIPEKICHUN
(ACYBOII-2);

— AaBTOMATH3UPOBAHHOW CHUCTEMOM YIIPABJIEHUS IYTEBBIM XO3SMCTBOM
(ACY-ID);
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— KOMIUIEKCHOM aBTOMAaTHU3MPOBAHHOM CHUCTEMOW YyIpaBlieHHs UH(]pa-
CTPYKTYPOH XO3SMCTBOM CHTHAJIM3AIMH, [ICHTpanu3anuu u ookupoku (ACY-
111-2);

— aBTOMAaTU3UPOBAHHOM CUCTEMOU yIpaBiICHUS XO3IUCTBOM dIEKTpU(UKa-
1IUHU U 3JIekTpocHa0xenus (ACY-D).

Oco6ennocteio cuctrembl KACAHT oT nokanbHbIX WH()OPMAIMOHHBIX
pa3palboTOK, IEMCTBOBABIIMX PaHEE HA PSJIC KEJIE3HBIX JOPOT, CTaja aBTOMAaTH-
yeckas Qukcarus ¢akTa 0TKaza Ha OCHOBE MH(GOPMAIlMU, BHOCUMOW MOE3IHBIM
JUCIIETYEPOM B aBTOMATU3UPOBAHHBINA rpadUK MCIOTHEHHOTO JBIMXKEHUS MOE3-
noB cuctembl ['NJI «Ypan-BHUMKT». {51 moBbIIEHUS JOCTOBEPHOCTH JIaH-
Hbix B cucteMy KACAHT 3anoxkeHa BO3MOXHOCTh (opMupoBaHusi nuHPopma-
Md 00 OTKa3aX TEXHUYECKUX CPEICTB U3 HECKOIbKUX UCTOYHMKOB. Koppekt-
HOCTh yuéTa (hakTa OTKa3a peajqn3oBaHa yepe3 MEXaHW3M IMPOBEPKU MOCTYyMHaro-
IUX JaHHBIX Ha MpeaMeT AyOJUpOBaHUS C BO3MOXHOCTHIO MOCIEIYIOIIErO
00bEeITMHEHUS JAaHHBIX MOJIb30BaTENCH.

COop undopmanuu 00 oTKazax mpexje 0a3upoBalics HA CUCTEME IMepea-
9y OyMa)XHbIX OTYETOB, YTO HE MCKIIIOYAJIO BO3MOXXHOCTU COKPBITHUSI U UCKaXKe-
Hug uHpopmanuu 00 oTKazax Ha JMoOoM stane ee nepenadd. OTCYTCTBUE €u-
HOT'O TMOPSAJIKA, OMHUCHIBAIOIIETO B3aUMOJCHCTBHE MPUYACTHBIX XO3SAKMCTB B BO-
npocax y4deTa M pacciieIoBaHus OTKA30B, HE MO3BOJISIO0 OOBEKTUBHO OLICHUBATD
COCTOSIHUE UH(PPACTPYKTYpPbl U TOABUKHOIO cocTaBa. B pamkax PXX] nelictBo-
BaJl psii U30JUPOBAHHBIX JIPYT OT ApYyra HOPMATUBHBIX JTOKYMEHTOB, OMpEes-
IOIIUX MOPSA0K ydeTa OTKa30B TEXHHUYECKUX CPEACTB MO KaXIOMY XO3SMCTBY.
B cBsI3u ¢ 3THM Npu BO3HUKHOBEHWH OTKA30B, ONPEACICHUNA NPUYUH U OTBET-
CTBEHHOCTH 3a4acTyH0 BO3HUKAIM MEX(YHKIIMOHAIbHBIE MpoTUBOpeuus. [Ipu-
MEHEHHE €IMHOW MH()OPMAIIMOHHOM TEXHOJIOTMU MO3BOJUIO 00ECIEeUUTh Olle-
paTUBHOE MOJy4YeHHe MHPOpMAlUH, Nepeady €€ MPUYACTHBIM CIEIUaTUCTaM
JUI. OpraHW3aldd MPOLECCAa YCTPAaHEHHS HEUCIPABHOCTH, KOHTPOJIMPOBATH
CBOEBPEMEHHOCTh M KayecTBO (OPMHUPOBAHUSI MATEPHUAIOB PACCIEAOBAHUS IO
KaXJ0MY CJIy4aro OTKas3a.

B cucteme KACAHT peanuzoBansl clieiyromue GyHKINN:

— aBTOMATU3UPOBAaHHOE (OPMUPOBAHKE MEPBUYHON MH(DOpPMALIMK IO OTKA-
3aM TEXHUYECKHUX CPEJICTB HA OCHOBE MOMETKHU MOE3IHOTO JAUCIIETYEpa B CUCTE-
me ['N/I-Ypau;

— (hopMupoBaHue epBUYHON HHPOPMAIIUK 00 OTKa3e TEXHUYECKOTO Cpea-
CTBa HAa OCHOBE PYYHOTO BBOJIa JUCIIETUYECPOM MPUIACTHOTO XO3siicTBa (TIpH OT-
cyrctBuu Beaenus [ MJ[-Ypan B aBTOMaTU3UPOBAHHOM PEKUME);

— aBTOMAaTUYECKUN KOHTPOJIb NEPBUYHOM HMHPOpPMAIIMU HA MPEAMET BO3-
MOXHOTO JyOJIMpPOBaHUS C 3alIPOCOM MOJIb30BATENA HA O0BEIUHEHNE TaHHBIX;

— aBTOMaTuyeckas rnepenaya uHdopMauuu o0 OTKaze AHMCIETYEpaM MpH-
YAaCTHBIX XO3SUCTB (B TOM YHCIIC M OTHOCSAIIUMCS K Pa3IUIHBIM JKEJIC3HBIM JIO-
poram) Ui OpraHH3aIMK MPOIEcca YCTAaHOBICHUS MPUINHBI M YCTPAHEHUS OT-
Ka3a,
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— ABTOMATHUYECKUN KOHTPOJb HNPUHATHS OTKA30B K yUE€Ty NMPUYACTHBIMU
ciry:)x0amMu (IUPEKIHUSIMHA) U CTPYKTYPHBIMHU MOAPA3JCICHUSIMH C BbIIa4e WH-
(hOpMaIMOHHOTO OIOBEIICHUSI O HAPYIICHUSX OTBETCTBEHHBIM PYKOBOAUTENSIM
Ha YPOBHE OTJIEJICHUS U YIIPABJIEHHUS JOPOTH;

— aBTOMAaTHYECKHI KOHTPOJIb MOJTHOTHI U KOPPEKTHOCTU MAaTepHUajIoB pac-
CIENOBAaHUS OTKA30B, BHOCUMBIX B CUCTEMY MPUYACTHBIMU CTPYKTYPHBIMU MOA-
pa3aeneHusIMY;

— (hopMUpOBaHHE OTUETHBIX U AHATIUTUYECKUX CIIPABOK MO OTKa3aM TEXHU-
YECKHUX CPEJICTB 3a BEIOPAHHBIN MOJB30BATEIEM MIEPUOT.

BaxxHbIM HaIpaBIeHUEM MOBBIIICHUSI JOCTOBEPHOCTH MOCTYNAOUIEH HH-
dbopmanuu siBisercs: unTerpanusi KACAHT c orpacneBbiMU aBTOMAaTH3UPOBAH-
HeiMH cucteMamu yrpasienus (ACY-II, ACY-T, ACY-1I2 u np.) mo oOMeHy
JaHHBIMU 00 OoTKa3zax. B psjie mepeyuciaeHHbIX aBTOMAaTU3UPOBAHHBIX CUCTEM B
JOKanbHOU (popMe peann30BaHbl 33/ladyd MO pacliuPpoBKEe U aHAIHU3Y CKOPO-
CTEMEpPHBIX JEHT, KacceT peructpauuu KJIYbB-Y, cuuTbiBaHUIO CBEIECHUH O
HapyIlIeHUU HOPMaJibHOU paboThl ¢ HanmoJdbHbIX ycTpoicTB CLIb, naHHBIX Baro-
HOB-ITyTEU3MEPUTENCH U APYrUX MOOWIIBHBIX CPENICTB U3MepeHusd. st opranu-
3aruu dpdextuBHoro BzauMoiecTBus ¢ cucremoit KACAHT npennonaraercs
I0pabOTKa yKa3aHHBIX aBTOMAaTU3WPOBAHHBIX CUCTEM B YAaCTH XpaHEHUS U J0-
CTyna K JaHHBIM BaroHOB-IyTE€U3MEpUTEIEH, pe3yabTaraM paciiupoBKU CKO-
POCTEMEPHBIX JIEHT, KacceT peructpauuu KJIYbB-Y u apyrux yctpoucTs peru-
CTpally MapaMeTPOB JABUKECHUA MOE3/1A.

Cucrema KACAHT pa3BuBaeTcs no ciienyromuM HalPaBICHUSAM:

— pa3paboTKa MOJICUCTEMBI ONPEIEIICHU Y KOHOMUYECKOro yiiep0a oT OTKa-
30B TEXHHUYECKHUX CPEJICTB U MOACUCTEMBI ONPEJICICHUS MOKA3aTENEN HANEHKHOCTH
10 OCHOBHBIM BHJIaM oOopyaoBanus. Peamuzaius B pamkax KACAHT 3anaun no
OLICHKE 3KOHOMMYECKUX IMOTEPHh OT OTKA30B IO3BOJUT OINPEACIIATh HAIPABICHUSA
MHBECTUIIMI B pa3BUTHE MaTepUaIbHO-TeXHUYeCKON 0a3pl Kommanuu. Ilpu sTom
M3MEHSETCA U CHCTEMa OIICHKM KauecTBa pabOThl COOTBETCTBYIOIMX XO3SMCTB U
BUJIOB 00OPYIOBaHHUS OT KOJMYECTBEHHBIX MOKa3aTesiel (00bIle MITM MEHBIIIE OT-
Ka30B) K KaYeCTBEHHBIM (BEIMYMHA YKOHOMHYECKOTO yIepOa BCIICICTBHE OTKa-
30B). Takas ormeHka siBisieTcs 0ojiee OOBCKTHBHOM M MPUEMIIEMON C 3KOHOMHUYE-
CKOM TOYKH 3PEHHUS U MO3BOJISIET CTPOUTH OTHOLICHHSI MEXKy XO3lCTBAMU BHYT-
pu KoMnaHnu Ha OCHOBE SKOHOMUYECKOTO B3aUMOJCHCTBUS;

— OLICHKA BJIMSAHUS OTKA30B TEXHUYECKUX CPEACTB HA BaXKHEUILHME HKCILTY-
aTallMOHHBIE MOKAa3aTEeIN. YYaCTKOBYIO CKOPOCTb, 0OOpPOT BaroHa, MpoOU3BOJIH-
TEJIbHOCTh JJOKOMOTHBA;

— OLIEHKa paboThl OMEpPaTUBHOTO MEPCOHANA, B MEPBYIO OYEPENb TUCIIET-
YEpCKOro armapara X03sicTBa NepeBO30K;

— aBTOMATHYECKHUI aHaJIW3 CUTYallMd, KOTOPbIE MPUBEIN K CEPbE3HBIM 3a-
JEp>KKaM MOoe370B. DTO MO3BOJUT HE JIOMYCTUTh HEOOOCHOBAHHOE MEPEKIAIbI-
BaHME OTBETCTBEHHOCTH 3a HEIP(EKTUBHYIO OpPraHHU3alUdI0 MEPEBO30YHOTO
mpoluecca Ha ciiydau OTKa30B TEXHUUYECKHUX CPEJICTB.
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13.2. CUCTEMA YPPAH

3agaud ONTUMHU3AIMU PACXOJIOB Ha cojepkanue uHppactpyktypsl PXKJ]
MOTpeOOBaAIM HOBBIX MOJXOJO0B K YNPABICHUIO HAACKHOCTHIO, PUCKAMH, CTOU-
MOCTBIO JKH3HEHHOT'O IMKJIA C MCIOJIb30BAHUEM METOMOJOTUH O00eCcCTeUeHUs
0€30TKa3HOCTH, TOTOBHOCTH, PEMOHTOINPUTOAHOCTH U O€30MaCHOCTH B COOTBET-
CTBUM C MEXJIYHAPOAHBIMH CTaHAAPTAMHU. JTO JIA€T BO3MOKHOCTh CHU3UTH CTO-
MMOCTb )KM3HEHHOTO I[UKJIa O0BEKTOB MHPPACTPYKTYPHI U MOJBHKHOTO COCTaBa
Mpy 00eCTIeYeHUH BBICOKON HAAEKHOCTH U TPEOYeMOTO ypOBHS OE30MMaCHOCTH
MEPEBO30YHOI0 MpOoIECcca

B HanmoHanbpHBIX CTaHAAPTaxX IO YIPABJICHUIO HANEKHOCTBIO HE OTpaXKe-
HBI BOIIPOCHI YNPABICHUS WHBECTULIMSMH, 3aTPAaTaMU HA TEKYLIEE COACPIKAHMUE.
OO0cnyxuBaHUE TEXHUUYECKUX CPEJCTB BEETCS HA OCHOBE HOPMATUBHOI'O CPOKa
UX CIIY>KOBbI, 3a4acTyIo 0€3 yuéTa TeKyIlero COCTOSIHUA.

B cBs13u ¢ 3TM pazpaboran u BHeapsietcs npoekt YPPAH (Ympasnenue
Pecypcamu, Puckamu, Ananu3zom HanexxHOCTM Ha 3Tamax >KMU3HEHHOTO IMKJIA
00BEKTOB KeJIe3HOAOPOKHOTO TpaHcmopra). YPPAH — ato mpexne Bcero cu-
cTeMa MOAACPKKU MPUHSATHS YIPABICHUECKUX PEIICHUN MO 00eCeYeHUIo Tpe-
OOBaHUN HAJIE)KHOCTU U 0€30MacHOCTH (PYHKIUOHUPOBAHUSI TEXHUYECKUX
CPEACTB Ha XKEJIE3HOJOPOKHOM TPAHCITOPTE.

YPPAH o6ecnieunBaeT nepexo OT TPaJUIIMOHHBIX MTOKa3aTeael HalEKHO-
CTU M 0€30MacHOCTH K MOKa3aTessiM, OTPAXKAIOIIMM IKCIUTYyaTallMOHHYIO Jes-
tesibHOCTh PXKJ[. YPPAH opueHTHMpOBaH Ha ynpaBi€HHE HANEKHOCTHIO MEpe-
BO30YHOTrO Iporecca. BriepBeie Ha mpuUMepe MyTEBOTO XO34MCTBA I OLEHKH
CIIOCOOHOCTH MH(PPACTPYKTYPHI K BHITIOJTHEHHUIO 33IaHHOTO0 00bEMA MIEPEBO30K C
YCTAHOBJIEHHOW CKOPOCTBIO BBEJCHBI IMTOKA3ATENM, XapaKTEPU3YIOLINE HAIEXK-
HOCTh HE KOHKPETHOIO TEXHUYECKOTO OOBEKTa WM CUCTEMBI, a IEPEBO30YHOI0
npoiiecca B 1eyoM. OHa BbIpakeHa IKCILUTYaTAllMOHHBIM KO3(P(UIIMEHTOM TIo-
TOBHOCTH, B KOTOPOM YUHWTHIBAIOTCA HE TOJIbKO MapamMeTpbl 0€30TKA3HOCTU U
PEMOHTONPUTOTHOCTH, HO U MapaMeTpbl NEPEBO30YHOTO MPOLEcca: y4aCTKOBOM
CKOPOCTH MO€3/10B, MJIAHOBBIX M BHEILJIAHOBBIX TEXHOJOTHUECKUX NIEPEPHIBOB.

Ha ocHOBe mNpHHIWIIOB W CHUCTEMBI IMOKa3aTeleld HKCIUTyaTalHOHHOMN
HaJIEXKHOCTU M 0€30MaCHOCTH CTal0 BO3MOXHBIM pa3paboTaTh METOJUKHU OITH-
MHU3AlMU YIPaBICHUS] MHBECTUIIUSIMUA B XO35MCTBAaX KOMIIAHMM Ha BCEX ATarax
KU3HEHHOTO IMKJIA. DT METOJUKH YMPABICHUS WHBECTUIHUSMH HAMPSIMYIO
CBSI3aHBI C TEKYIIMMU OLIEHKAMHU PUCKOB IIEPEBO30YHOrO ITpoLecca.

[Touemy BO3HUKIIAa HEOOXOAMMOCTh BHEApeHUs TexHomoruu Y PPAH?

MexnyHapoiHasi METOI0I0THsl o0ecrieueHusi 0€30TKa3HOCTH, TOTOBHOCTH,
PEMOHTONPUTOJJTHOCTH U O€30MACHOCTH Ha >KEJE3HOJIOPOKHOM TpaHcHopTte Oa-
3UpyeTcs Ha MPUHLUINE OOecreyeHUH Oe30MaCHOCTH M HAJIeKHOCTH Ha BCEX
ATanax *)U3HEHHOTO LHKJIA 00BEKTA KEJIE3HOJOpOKHOTro Tpancnopra. CyTh ee
3aKJII04YaeTcsl B 00€CleYeHUU HACTOJIBKO HU3KOTO YPOBHSI OCTAaTOYHOI'O PHUCKA,
HAaCKOJBKO 3TO B Pa3yMHOM MEpPE BO3MOXKHO, B TOM YHUCJIE U3 YKOHOMHYECKUX
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cooOpaxeHuil. OHaKO OHa HE B MOJIHOM Mepe peliaeT 3ajlauyd ynpaBieHUs
HaJIEKHOCTHIO, 0€30MaCHOCThIO, PECypCaMu M HE OXBAThIBAET ACHEKThI JOJTO-
BEUHOCTH, MPEIYCMOTPEHHBIE POCCUMCKUMU cTaHaapTamu. Kpome toro, meto-
JIOJIOTHSI TPAKTUUECKU HE PacCMaTpUBAET UesIOBeUeCKUi (hakTop U HE 3aTparu-
BaeT MpoOJIeMbl YIIPABICHUS 3aTpaTaMU Ha COJIEpKaHUE U MOJEPHU3AIUIO 00b-
€KTOB HH(PPACTPYKTYPhI HA dTaax KU3HEHHOTO [UKIIA.

[Ipu GyHKIIMOHUPOBAHUM KEJIE3HOJAOPOKHOTO TPAHCIIOPTa 3aJIeUCTBYETCS
00JIbIIIOE KOJUYECTBO JIOJIEH — OT MacCaXXupoB, 0OCIYKUBAIOIIETO MEPCOHAA,
nepcoHana, OTBETCTBEHHOIO 3a paboTy 00OpYIOBaHUS JI0 APYTHX YYaCTHUKOB
nerkeHus. Kaxaplil U3 HUX pearupyeT Ha BO3HUKIIYIO CUTYallUI0 MO-Pa3HOMY.
[TockoNbKY 4eOBEK MOXET OKa3aTh OOJbIIOE BIUSHHE HA DKCILTyaTallMOHHYIO
HaJIe)KHOCTh, TOTPEOOBAJICS OOJIee CTPOTHH yUET YeIOBEYECKOTO (haKkTopa.

YenoBeueckuii pakTop MOKET OBITH OMPEIECIICH KaK BIUSHUE XapaKTEPHBIX
O0COOCHHOCTEM, BO3MOXKHOCTEH M TOBEJICHUS 4YelloBeKa Ha cucTeMmy. JlaHHBIM
(dakTOop BKJIOYAET aHATOMHUYECKHUE, (PU3UOJIOTHYECKHE M TCUXOJOTHYECKUE
ocoOeHHocT Jojeil. TloHsATHS, CBsA3aHHBIE C YETOBEYECKUM (HaKTOPOM, HC-
MOJIB3YIOTCSI, UTOOBI MO3BOJIUTH JIIOASM paboTaTh palMoHaIbHO U 3P(EKTUBHO,
C JOJKHBIM BHMUMaHUEM K MOTPEOHOCTSAM 4YEJIOBEKAa B aCMEKTax 3/I0pOBbs, 0e3-
OMAcCHOCTH U TMOJYYEHHsS YAOBIETBOpeHUsi OT paborhl. [loaToMy BO3HUKIIA
HEO0OXOJUMOCTh O0BEAMHUTH MOAXOJbl MEXIYHAPOIHON METONOIOTHH YIpaB-
JICHUS HAJEKHOCTHIO U CUCTEMBI YIIPaBJICHUS PECYypCaMH, PUCKAMU U HAJEHKHO-
CTBIO OOBEKTOB KEJIE3HOJOPONKHOIO TPAHCIOPTA HA ATaNax >KU3HEHHOTO IUK-
na — cuctemy YPPAH.

B dyukiuu cuctemsr YPPAH Bxonsrt:

— aBTOMAaTH3alMs IEPBUYHON 00pabOTKU CTATUCTUYECKHUX JIAHHBIX 00 OT-
Ka3ax TEXHUYECKUX 00bEKTOB MH(MPACTPYKTYPHI U MOJBHKHOTO COCTaBa KeJe3-
HOJOPO>KHOTO TPAHCIIOPTA,

— OMpeIeNICHUE KOJIMYECTBEHHBIX 3HAUYCHUI MOKa3aTelel HKCITyaTalluoH-
HOM HAJEKHOCTH U 0€30MaCHOCTU 00BEKTOB UH(PACTPYKTYPHI;

— KOJIMYECTBEHHAsI OLIEHKA IPOU3BOJICTBEHHOMN JESITEIHbHOCTH XO3SIICTB
MH(PPACTPYKTYPHl U MOJBHXHOTO COCTaBa C y4E€TOM OTKA30B WM OpraHu3aluu
TEXHUYECKOTO O0CIYKUBAHUS U HKCILTyaTallMl OOBEKTOB UH(MPACTPYKTYPHI.

UTO CKpBIBAETCS MO/ MTOHSATHEM KPUCK»?

[lox pyuckOM MOHUMAIOT OXKUJAEMYIO YAaCTOTY WM BEPOSITHOCTH BO3HUK-
HOBEHHMSI OIMACHOCTEM ONpPEAEIICHHOr0 Kiacca, WM € pa3Mep BO3MOXKHOIO
ymepba (morepb, Bpema) OT HEXKEIATSIBHOTO COOBITHS, WM K€ HEKOTOPYIO
KOMOMHAIMIO 3TUX BEIWYMH. PucCK, gakrtudecku, ectb Mepa omacHocTH. llpu-
MEHEHHE MOHATHS PUCK, TAKUM 00pa3oM, MO3BOJISET NEPEBOAUTH OMACHOCTH B
paspsa u3MepsAeMbIX Kareropuil. @OpMUPOBAHME OIMACHBIX M YPE3BBIYANHBIX
CUTYyalluil — pe3yJbTaT ONPEACIICHHON COBOKYMHOCTH (PAaKTOPOB PUCKA, MOPOXK-
JTAEMbIX COOTBETCTBYIOIIIMMU UCTOUHUKAMMU.

CooTHolleHME OOBEKTOB PHUCKA U HEXKENATEIbHBIX COOBITUN IMO3BOJISIET
pa3auyarh WHAWBUAYAJIbHBIA, TEXHUYECKUH, SKOJIOTMYECKHM, COLMATIbHBIN,
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AKOHOMUYECKUN pucCKU. MHAUBHAYaTbHBIA PUCK OOYCJIOBJIEH BEPOSTHOCTHIO
peanr3auny MOTEHIMAIbHBIX ONACHOCTE!N MPHU BOSHUKHOBEHUHU OMACHBIX CUTYa-
uuid. TeXHUYeCcKuil pUCK BbIpa)KaeT BEPOSTHOCTh aBApUU WUIIU KaTaCTPO(bl MpH
AKCIUTyaTallMy MaIllH, MEXaHU3MOB, PEAIN3AIMU TEXHOJIOTHYECKUX MTPOLIECCOB,
CTPOUTENBCTBE M IKCIUTyaTallMU 3AaHUM U COOPYKEHUM. DKOJOTUYECKUN PHUCK
BBIPAKAET BEPOSITHOCTh JKOJIOTHYECKOT0 OeNCTBUS, KaTtacTpodbl, HapYIICHUS
JaibHEUIIEro HOPMAIbHOTO (PYHKIIMOHUPOBAHUS U CYIIECTBOBAHMS SKOJIOTHYE-
CKHMX CHCTEM U OOBEKTOB B pe3yJIbTaTE aHTPOMOTC€HHOTO BMEIIATEILCTBA B MPHU-
POIHYIO Cpely WiId CTUXUHHOTO OeacTBUs. ColManbHBIM PUCK XapaKTepU3yeT
MaciITaObl U TSAXKECTh HETATUBHBIX MOCJIEIACTBUM UpE3BBIUAMHBIX CUTyallUH, a
TaKKe€ Pa3IUYHOrO poja SIBICHUM M IpeoOpa3oBaHUM, CHIDKAIOUIUX KaueCTBO
Ku3HU Jronen. 1o cymecTBy, 3TO pUCK sl TPYNIbl WIK COOOLIECTBA JIOJICH.
DKOHOMUYECKHI PUCK OMPEAEAECT COOTHOUIEHHUE MOJIb3bl U Bpeaa, MOJIy4aeMo-
ro O0IIECTBOM OT pacCMaTPUBAEMOT0 BUJIA JIESITEIHLHOCTH.

Hcnonp3oBaHue pa3iUyHbIX BUJOB PUCKA MO3BOJSET BBINOIHATH MOUCK
ONTUMAJIBHBIX PEHICHUN MO 00ECNIEUEeHUI0 HAJACKHOCTH U O€30MaCHOCTH KakK Ha
YpOBHE MPEANPUATHS, TaK U B MaciiTabax unpactpykryp. s sToro Heo6xo-
JIUMO BBIOMpATh 3HAYEHUSI MpUemiieMoro pucka. [Ipuemiiemblil pUcCk codeTaeT B
cebe TeXHUYECKHE, IKOJOTUUECKUE, COLMANIbHbIC ACHEKThl U MPEACTABISET He-
KOTOPBIA KOMIIPOMHUCC MEXKIY MPUEMIIEMbIM YPOBHEM O€30MaCHOCTH U 3KOHO-
MUYECKUMU BO3MOKHOCTSMH €T0 IOCTUXKEHUS, T. €. MOKHO TOBOPUTH O CHUXKE-
HUU UHAUBUIYATBHOTO, TEXHUYECKOTO WM HKOJOTUYECKOTO PUCKA, HO HEIb34
3a0bIBaTh O TOM, CKOJBKO 3a 3TO MPUJETCS 3alIaTUTh U KaKUM B pe3yJjbTarte
OKa)KETCSl COLUMAIbHBIN PUCK.

[lepBonpuunHaMu pucka sIBJISIOTCS:

— OTKa3bl B pabOTe Y3JIOB U 00OpPYAOBaHUS BCIEICTBUE WX KOHCTPYKTHUB-
HBIX HEJOCTATKOB, IJIOXOI0 TEXHUYECKOTO M3rOTOBJICHUS WM HapyIICHUs Mpa-
BUJI TEXHUYECKOTO O0CTYKUBAHUS,

— OTKJIOHEHUSI OT HOPMAJIbHBIX YCIIOBUH AKCIUTyaTalllH,

— OIIMOKH TIePCOHANA;

— BHEILIHUE BO3JCUCTBUS U TIP.

Puck siBiisieTcst HeU30€KHBIM, COMMYTCTBYIOIIUM (PAKTOPOM MPOMBILIIIEHHOM
NEeSATENbHOCTU. PUCK 0OBEKTUBEH, JJISI HETO XapaKTEpHbI HEOKUIAAHHOCTh, BHE-
3alHOCTh HACTYIUICHHUSI, YTO MPEIOoaraeT MporHo3 puckKa, €ro aHajius, OLEHKY
U yNOpaBiieHUE — psl ACHCTBUI MO HETONMYUIEHUIO (PAaKTOPOB pHCKa UK OCiial-
JICHHUIO BO3JCUCTBUSI OTACHOCTH.

AHanu3 pucKa — MpolecC MASCHTU(PUKAIMU OMAaCHOCTEH U OIEHKH pHUCKa
JUIs OTACNBHBIX JIUI, TPYIIN HaceleHUs, OOBEKTOB, OKPYKAIOUIEH MPUPOIAHOM
Cpelbl U IPYTrux 0OOBEKTOB PACCMOTPEHHUSL.

AHanu3 pucKa JI0J>KEeH 1aTh OTBETHI HA TPU OCHOBHBIX BOIIpOCA:

1. Yto oxoro moxeT npomsoitu? (MaeHTudukamnms onacHOCTEH).

2. Kak gacto 310 MokeT cirydatbesi? (AHAIN3 4aCTOTHI).

3. Kakue moryT ObITh mocieAcTBUSA? (AHAIU3 TIOCTICACTBHN).
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OreHka pucKa — IPOLECC, HCIOIb3yEeMbIH IS ONPEACICHHS BETMUUHBI (Me-
pbl) pHCKa aHATM3UPYEMOW OIMACHOCTH JUIS 3[I0POBbS YEIOBEKA, MATePHATLHBIX
LIEHHOCTEM, OKPYXKAIOWENH NPUPOJHONU CPEeIbl U IPYTrUX CUTYyallUd, CBA3AHHBIX C
peanmzainueit onacHoctu. OreHKa pucka — o0s3arenbHas 4acTh aHanu3a. OreHka
PHUCKA BKJIIOYAET aHAJIA3 YaCTOThI, aHAIU3 MTOCIEICTBUI U NX COUYCTAHU.

VYrpaBieHne pUcCKOM — 3TO YacTh CHCTEMHOTO MOAXOJIa K MPUHATHIO pe-
LICHHM, MPOUEAYyp U NPAKTUYECKMX MEP B PELICHUM 33Ja4 NPEeAyNpeKIACHUS
W YMEHBIICHUS OMACHOCTH MPOMBIIUJICHHBIX aBAPHUM [JIs KU3HU YEJIOBEKA,
3a00J€BaHUI WM TpaBM, yiepOa MaTepUalbHBIM LIEHHOCTSIM U OKpY: Kalollei
MpUPOAHON cpene. Peub maer o mpeaoTBpallleHUd BOSHUKHOBEHUSI aBAPUMHBIX
CUTyalliii Ha MPOU3BOACTBE M MEpax MO JIOKAJW3alWH HETATUBHBIX MOCIE]I-
CTBHH B TE€X CIIy4asX, KOT/1a aBApUH NPOU3OLLIH.

Jljist yripaBiieHHUsI pUCKOM €r0 HE0OXOJUMO MPOAHAIM3UPOBATH U OLICHUTD.
B kauecTBe KOJIMYECTBEHHOTO MOKA3aTENsl PUCKA BBICTYNAIOT YHCICHHBIE 3HA-
YCHHS BEPOSATHOCTH HACTYIUICHUS HEXKEIATSILHOTO COOBITHS MK (M) pe3yJibTa-
TOB HEXEJIATEIbHBIX MociencTBul (yiepoa).

Cuctema YPPAH o6GecnieunBaeT ynpaBieHHE PUCKAMU HA KEIE3HOJOPOXK-
HOM TpaHcnopte. OHa UMEET CBOEU LEbI0 JOCTUKEHUE TAKOTO COCTOSTHUS JKe-
JIE3HOAOPOKHOTO TPAHCMIOPTA, MPU KOTOPOM PUCKH NMPUUYMHEHHUS BPEAa JIOIAM
U OKpY)Karouieh cpejae, SKOHOMHUYECKUX MOTepb, HaHeceHUs yuiepOa uHPpa-
CTPYKTYpE U MOABHKHOMY COCTaBY CHWKEHBI O IPUEMIIEMOTO ypoBHs. MmeH-
HO CHMXKEHBI, @ HE MCKIIFOYEHBI, TOCKOJIBKY IMOJHOE UCKIIOUEHUE PUCKA HEBO3-
MOYKHO.

[Ipotiecc ympaBiieHUs] pUCKaMU MIpeAycMaTpUBaeT UACHTU(DUKALIUIO Omnac-
HOCTEH, ONpe/IeJIEHNE YaCTOThI M MOCIEICTBUM OMACHBIX COOBITHH, OIICHUBAHUE
pucka, ero 00pabOTKy U MOHUTOPHHT .

Jliist onipenieneHus 4acTOTbl BOSHUKHOBEHHUS COOBITHSI HA KEJIE3HOI0POXK-
HOM TPAaHCIOPTE UCIOJIb3YIOTCS:

— OLIEHKA YacTOThl BO3HMKHOBEHHS OINPEJEICHHOIO0 COOBITHUSI B MPOILIOM
Ha OCHOBE CTaTHCTUYECKUX JTAHHBIX (IJaHHBIC, HAKOIJICHHBIC 32 HEKOTOPBIH Tie-
pUOJ DKCIUTyaTallUM PaccMaTpuBaeMoOro oObeKTa HHPPACTPYKTYypbl WIH TIO-
JABW)KHOTO cocTaBa, conepsxkamnuecs B ACY xo3siictB orpaciu uwin AC PB) u
MIPOTHO3UPOBAHUE YACTOTHI, C KOTOPOM 3TO COOBITHE CTAHET BOSHUKATH B OyAy-
IeM,

— OIIEHKAa YaCTOThl BO3HUKHOBEHHUS OMNPEJCICHHOTO COOBITHS Ha OCHOBE
JTaHHBIX 00 OTKa3aX TEXHHUYECKUX CPEJICTB (IaHHBIC, COAEPIKAIIUECS B CHCTEME
KACAHT), nmpousonieanmx 3a ONnpeaeicHHBIA MEePHOJ BPEMEHH M TPUXOIs-
IIUXCS HA €IMHUIY U3MEPEHHUSI SKCILUTYaTallMOHHOW paOOThI MO KAXKJIOMY XO3sii-
CTBY KE€JIE3HOAOPOKHOTO TPAHCTIOPTA,;

— TPOTHO3MPOBAHUE YACTOT COOBITUM C HCHOJb30BAaHHEM aHAIW3a JHa-
rpaMMbl BO3MOKHBIX OTKa30B 00BEKTa MHPPACTPYKTYpPbl WU MOIABUKHOIO CO-
cTaBa (aHANMHM3 «JIepeBa OTKA30B» W aHAIHM3 JHArpaMMbl BO3MOXKHBIX IOCIIEH-
CTBHI OTIPEJICIICHHOTO 0TKa3a («IepeBa COOBITHIY);
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— OIICHKAa Ha OCHOBE MOKa3aTesiell 3KCILTyaTallMOHHON HAJeKHOCTU U 0e3-
OMacHOCTH (PYHKIIMOHUPOBAHUS MJIs KEJIE3HOJOPONKHON HHEPPACTPYKTYphl U
MOJABMYKHOIO COCTaBa MAaCCAKUPCKUX U T'PY30BBIX MEPEBO30K CO CKOPOCTSIMHU
nerkeHus 10 160 kM/9 1 1151 BBICOKOCKOPOCTHOTO JIBHYKEHUS

— OIIEHKa Ha OCHOBE MHEHHS dKcnepToB. [Ipu mpoBeneHUM SKCHEPTHBIX
OILICHOK CJIEAYET YUYUTHIBATH JIO0YI0 JOCTYNHYIO HH(pOpMalnio 00 00beKTe HUH-
(bpacTpyKTypbl WIH TMOABUKHOTO COCTaBa: CTAaTUCTUYECKYIO, SKCIIEPUMEHTAIIb-
HYI0, KOHCTPYKTUBHYIO U JIp.

AHaM3 NOCIEACTBUNA NMPENYCMATPUBAET OLICHKY PE3YJbTaTOB BO3ICUCTBUS
HEXXeJNIaTEIbHOTO COOBITUS Ha JII0/IeH, UMYIIIECTBO M OKpYXkarolryto cpeny. Ha oc-
HOBE CTaTUCTHUYECKUX JAHHBIX 00 OMACHBIX COOBITUSX MO 00BEKTaM HH(PPACTPYK-
Typbl U MOABWXXHOTO COCTaBa, MOJy4a€MbIX M3 aBTOMATU3UPOBAHHBIX CHCTEM
KACAHT, B YPPAH paccunutbiBatoTcs OLIEHKH COOTBETCTBYIOIIMX PUCKOB. PHCK
OLICHMBAETCS KaK KOMOWHAIIMS JIBYX COCTABIISIIOIIUX — YaCTOThl BOSHUKHOBEHUS U
MOCIICACTBUM, a 3aTEM CPABHUBAETCS C MPUEMIIEMbIM JIJI1 CBOETO BU/Ia YPOBHEM.

Pe3ynbTaThl OLICHKH PEACTaBIAIOTCA B popMe MaTpull pucka. [lanee npu-
HHUMAaeTCs perieHrne 00 o0paboTke pucka B 3aBUCHMOCTH OT €r0 3HAYMMOCTH,
onpeieNieHue nopsjika GUHAHCUPOBAHUS.

Ha npakTrke mHUpoKo MPUMEHSIOTCS CIEAYIOIINE BApUAHTBI Mep Mo 00pa-
0O0TKE pHUCKa: MpeIOTBpaIlleHHE, IEPEHOC, CHIKEHUE U IPUHSATHUE PUCKA.

C TOukM 3peHUs MUHUMHU3AIMU PUCKA MPEACTaBISIOT HUHTEPEC MEPBbIE TPU
Bapuanta. OCHOBHBIM U HamOoJiee MTPUMEHUMBIM 71 OOBEKTOB UHPPACTPYKTY-
pbl METOZIOM O0OpabOTKU pUCKa SBISIETCS CHUXeHue pucka. [Ipu 3ToM BHempe-
HUE CPEJCTB KOHTPOJIS OMACHBIX OTKA30B M JIPYTUX HEXKEIATeIbHBIX COOBITUN
MO3BOJIIET CHU3UTh YAaCTOTY MX BO3HUKHOBEHHMS WJIM pa3Mep BO3MOXKHBIX IIO-
CJIeICTBUM, TAKUM 00pa30M, MUHUMU3UPYST KOHTPOJIUPYEMbIN PUCK.

Hamnpumep, nocneactBusi oTka3a TOPMO3HOM CUCTEMBI MO€37ja MOTYT IMpHU-
BECTH K MHOT'OUYHCIICHHBIM >K€PTBaM, IPUUMHEHHUIO CYIIECTBEHHOI'O Bpe/a KO-
JIOTUM ¥ UMYIIECTBY. Y MEHBIIIUTh Pa3Mep MOCIEACTBUNA TAKOrO OMACHOTO OTKa-
3a IpaKkTUYeCKu HeBO3MOkHO. Ho mpuMenenue 3(ppeKTUBHBIX CPEACTB TEXHHU-
YECKOr0 KOHTPOJISI MO3BOJUT 3HAYUTEIBHO CHU3UTH YAaCTOTY BO3HUKHOBEHUS
OMAacCHOCTH, BCJIEACTBUE YEro PUCK Oy/IeT MUHUMHU3UPOBAH.

Pucku, cBsizanHble ¢ 00beKTaMU UHOPACTPYKTYPHI, ONPEACIISIIOTCS COCTaB-
JSIOIMMHU, BHOCUMBIMHM Ha PA3JIWYHBIX CTAAUSAX KM3HEHHOTO I[UKIIA OOBEKTOB.
Hamnpumep, puck HapyuieHus: 0€30MacHOCTH JBHKEHUS MOE3/10B M3-3a OTKA30B
TEXHHYCCKUX CPEJICTB XKEIC3HOAOPOKHONW aBTOMATHKU U Teaemexanuku (JKAT)
3aBUCUT OT TPEX OCHOBHBIX COCTABIISIIOIIMX MHTEHCUBHOCTU OTKa30B 000pYyI0-
BaHUS: JOMYCTUMOM, TPOEKTHON U (pakThueckou. JlomycTumass HHTEHCUBHOCTD
OTKAa30B YCTaHABIIMBAETCS TPeOOBaHUSIMH MEPEBO30YHOIrO Ipoliecca mpu odec-
MeYeHnU 0e30MaCHOCTH JABUKEHUS MOE30B, MPOEKTHASI XapaKTEPU3YET CUCTEMY
B MPOIECCE CO3/aHMUSl HAa TAKUX HTalax *XU3HEHHOTO LHUKIA, KaK pa3paboTKa,
MPOEKTUPOBAHKUE U MPOU3BOJICTBO, a (DaKTUUYECKasi COOTBETCTBYET MOKa3aTEIsIM
OTKa30B Ha 3Tane ’Kciutyatauuu oobekra JKAT.
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[Iporiecc ynpaBieHus: puckaMu HaXOJUTCS B HEMOCPEJACTBEHHOW CBSI3H C
yIpaBJIE€HUEM pacxoJaMu Ha cojepkanue uHdpactpykrypsl. [Ipomaienue cpoka
CIIYXOBI CIIOXHBIX TEXHHUYECKHX CHUCTEM ONpeAeNseTcss Mo pe3ylbTaTaM HH-
CTPYMEHTAIbHON JIMATHOCTUKU (PAKTUYECKOTO COCTOSIHUSI 00bekTa. OKoHUa-
TEJbHOE PENICHUE O MPOJJICHUU CPOKA CIIY>KObI IPUHUMAETCSI HA OCHOBE aHaJM-
3a 3aBUCHUMOCTHU IOKa3aTelsl HAJACKHOCTH TEXHUYECKUX CHUCTEM OT BPEMEHHU
AKCIUTyaTallud WM BBITIOJHEHHON paOOThl, BHIPAXKEHHOW B (DU3UUYECKUX BEIIU-
YUHAX.

Nudopmanust 06 oTkazax U puckax 00bEKTOB HHPPACTPYKTYPHI MOCTYHAET
B TPU CUCTEMBbI MOJJICPKKU MPUHATUS PEIICHUN, KOTOPHIE SBISIOTCS SIAPOM MH-
dhopmarmonHoi Texnosorun Y PPAH.

Cuctema noAAep>KKU MPUHATHS PEIICHUH MO YIIPABICHUIO HAJIEKHOCTHIO U
(yHKIIMOHAIBHOM 0€30MaCHOCTHIO BKJIIOYAET B ceOs:

— MOJlyJib NMEPBUYHOTO pacyeTa M OLEHKU HAJEKHOCTH OOBEKTOB MH(ppa-
CTPYKTYPBI JKEJIE3HOJOPOKHOTO TpaHcmopTa. OH SBISETCS COCTABHOM 4YacThIO
AC YPPAH wu ocymiecTBisieT pacdeT MmokaszaTesiaed 0e30TKa3HOCTH, PEMOHTO-
MPUTOJIHOCTH, TOTOBHOCTH, JI0JITOBEYHOCTH, OE30MAaCHOCTH, a TAKKE CTOUMOCTH
KU3HEHHOTO IMKJIA 3TAJIOHHBIX OOBEKTOB BCEX XO3SIUCTB IMYTH, aBTOMATUKHU U
TENIEMEXaHUKH, ANEKTPU(DUKALMU U DJIEKTPOCHAOKEHUS, CBSI3UM U MHPOpMATH-
3aiuu. Bce aTalioHHbIEe OOBEKTHI — 3TO MPOCThIE YCTPOMCTBA, MJisi KOTOPBIX
ornpeieNIeHbl He0OX0AUMBbIE KO3(DPUIIUEHTHI EPEeCcUeTa;

— MOJyJIb pacyeTa 1 MPOTHO3UPOBAHUS MOKa3aTelell HaIe)KHOCTH U (PyHK-
MOHAJLHON 0€30MaCHOCTHU CJIOKHBIX CUCTEM. DTOT MOJYJb MpPeIHAa3HAYEH /IS
pacyeToB PE3EPBUPOBAHHBIX CUCTEM aBTOMATUKH U TEIEMEXaHUKH, IIEKTpUudu-
Kallud M JJIEKTPOCHAOXEeHUsT U HMH(POpMAlMOHHO-yHpaBistomux cucteM AC
YPPAH. On ocHoBbIBaeTcs Ha pa3pabOTaHHOM TOMOJIOTMYECKOM MOJyMapKOB-
CKOM METO/I€ U MO3BOJIIET PACCUMUTHIBATH KAK CTAllMOHAPHBIE, TaK U HECTAINO-
HapHbIE MOKA3aTEeNHN HAJICKHOCTH U QYHKIIMOHAIBHON 0€30MaCHOCTH CUCTEMBI;

— MOJYJIb MOAAEPKKU NPUHATUS PEUICHUN MO yNPABICHUIO HAJIC)KHOCTHIO
1 PyHKIIMOHATBLHON 0€30MaCHOCTHIO Ha KEJIE3HOOPOKHOM TPAHCIIOPTE C yde-
TOM MHTEHCUBHOCTH M CKOPOCTH JBHXKECHHS MOE30B, JUIMTEIBHOCTH 3aJIEPKEK
MOE3/I0B 0 MPUYMHE OTKA30B TEXHUYECKUX CPEJICTB, PUCKOB KEIE3HOIOPOXK-
HOM aJIMUHUCTpALIUKM U, KOHEYHO, NHTEHCUBHOCTHU OTKA30B U JUIMTEIBLHOCTH UX
BoccTaHOBIeHUs. Monynb peanusyercs B AC YPPAH. Cnenyer oTMeTuTh, 4TO
PEKOMEHJAIMU 10 MNPHUHSITHUIO COOTBETCTBYIOIIETO PEIICHHS YYUTHIBAIOT pe-
3yJbTaThl OLIEHKH PUCKOB MO KAXIOMY U3 XO3SMCTB HHPPACTPYKTYPHI.

Cucrtema noAIep KU NPUHATUS PEUICHUN MO YIPABICHUIO pecypcaMu CO-
JIEPAKUT:

— MOZYJIb ONITUMU3AIMU TEXHUYECKOTO 00CTYKUBAHUS U PEMOHTOB 00BEK-
TOB T10 UX COCTOSIHUIO;

— MOJAYJIb TOAACPKKU MPUHATUS PEIICHUI MO YIIPABIECHUIO CTOMMOCTBIO
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xu3HeHHoTo 1ukia. Haznauenne pabor AC YPPAH cornacHo nanHoMy Mopy-
JI0O OCHOBBIBAETCS HA CpaBHEHUHU (HaKTUUYECKUX U KOHTPOJbHBIX 3HAUEHUN MHO-
rUX MoKa3arened. B 4acTHOCTH, 10 peMOHTaM IyTH UCIOJIb3YIOTCS CIEAYIOIINE
MOKa3aTeNu:

— MPONYIIEHHBIA TOHHAX, MJIH T;

— 4acToTa OTKa30B Ha 1 KM NyTH,

— IpsIMBbIE PacXo/Ibl Ha TEKYyIee coAepkanue 1 kM myTu.

Cucrema MOANEPKKUA MPHUHATHS PEUIEHUN MO TPAHCIOPTHBIM MPOUCIIE-
CTBUSIM M COOBITHSIM COCTOUT M3 CHUCTEMbI MPOTHO3UPOBAHUS TPAHCHOPTHBIX
MPOUCIIECTBUN M CUCTEMBI MOJICPKKU MPUHIATUSA PELICHUI NPU BO3HUKHOBE-
HUHU YPE3BBIYAMHBIX CHTYaIlMi Ha JKEJIE3HOIAOPOXKHOM TpaHcHopTe (T0Xxapos,
CTUXUUHBIX O€ICTBUM, KPYMHBIX TPAHCIOPTHBIX MPOUCIIECTBUM, BaHAAIN3MA,
TEpPpOpPU3MA).

B xo03siicTBaX aBTOMAaTHKU U TEIEMEXaHUKH OIlEHKAa paOOThl JNMCTAHIIMI
CLIb nmpou3BoaUTCS MO UHTErPATLHOMY MOKA3aTEII0 Ka4eCTBa, ONPEACISIEMOMY
U3 JIByX COCTAaBIISIIOIIMX — OallJIbHOM OLEHKHU COJEp>KaHMs U OaIbHOW OLICHKU
ONEPATUBHOIO YCTPAHEHHS OTKA30B TEXHUYECKHUX CpEJICTB, a TaKkKe
HAaHECEHHOMY YIlepOy >KU3HU U 3J0POBbIO JIIO/ICH, MaTepuaibHOMY yiiepOy B
pe3yibTaTe UMEBIINX MECTO HapylleHu B pabote Texunueckux cpencts KAT,
B TOM YHCJIE U 32 JOMYIICHHBIE 3a€PKKHU NACCAKUPCKUX U TPY30BBIX MOE3/10B.

B cayuwae, ecim mo muctranium CIIb oTka3z wim HapyiieHwe B padbote
ycrpoiictB JKAT mpuBeso K TpaHCIIOPTHOMY MPOUCIISCTBHIO (KPYIICHUE MTOE3-
7a, aBapusi KpoMe 3aJep)Kku moe3ia Ha 1 yac m 0oJiee), TO OIeHKa IMoKas3aTess
KayecTBa TEXHUYECKOW 3kcruryatamuu cpeAactB KAT 3a Mecdr] mo AUCTaHIIMKU
CLIb ompenensiercss Kak <«HEYHOBJIETBOPUTEIbHAS» W HAa MATPULE PHUCKOB
MIOIA/IA€T B KPACHYIO 30HY.

B cootBeTctBUM ¢ mertononorueit YPPAH paccuuThiBarOTCST M OLCHU-
BAIOTCSl OCHOBHBIE TMOKa3aTenu HaJekHOCTU: Ky — K03(PPUIMEHT TOTOBHOCTH,
K7 — ko3 dunneHT npoctost, A — THTEHCUBHOCTh ITOTOKA OTKa30B, 15 — cpeqiHee
BpeMsI BOCCTAHOBJICHUS, [/ — UHTEHCUBHOCTh BOCCTaHOBJEHUs, I — HapaboTKa
Ha OTKas3.

[Ipn >TOM [ yKa3aHHBIX TOKA3aTeled HAAEKHOCTH Pa3IMYaloT TpHU
YPOBHS:

— TMPOEKTHBIE, ONpEAECISAEMbIE IO JAaHHBIM TEXHUYECKHX YCJIOBHM Ha
TEXHUYECKHUE CPEJICTBA U 11O MPOEKTHBIM CXEMaM,;

— JIOIYyCTUMBIE, ONMPEAECISAEMBbIE IO YCIOBHUSM MEPEBO30YHOTO MpOoLEcca
(MakCUMaJIbHOTO JOMYCTUMOTO CYMMAapHOT'O BPEMEHHU 3aJIepKKHU TMOE3J0B IO
BCEH JIOPOTe B CYTKH WJIM 32 MHOW OTYCTHBIN ITEPHO/);

— (hakTUUYECKHE, KOTOpPhIE OLIEHUBAIOTCS MO CTATUCTHYECKUM JaHHBIM W3
ACVY-11I-2, KACAHT, HOpMaTHUBHBIM JOKyMEHTaM TIO YYEeTy OTKa30B
TEXHUYECKUX CPEACTB.

CpaBHeHuEe AOMYCTUMOTO U (HDaKTUYECKOrO YPOBHEU JaeT BO3MOXXHOCTh
ONpEeNeNuTh, COOTBETCTBYET JIM TMOCIAEAHUW U3 HUX  TpeOOBaHUSIM
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MepeBO304YHOrO Mpouecca. CpaBHEHHE YPOBHEN JAET BO3MOKHOCTh ONIPEAECIUTD
MHTETpaJbHBII TOKa3aTedb KadecTBa B BHJE OalsIbHOM OIIEHKHM KadyecTBa
colepkaHusi W OalyIbHOM OLIEHKHM OINEPATUBHOCTH YCTPAHEHHS OTKa30B
TEXHUYECKUX CPEACTB.

B cootBetctBuU ¢ MeTonosorneii YPPAH B mononHenne k Oa/UIbHOM OLIEHKE
COZIEP>KaHUSI TEXHUYECKUX CPEJICTB M ONEPATUBHOCTU YCTPAHECHUS MOCIEACTBUN
OTKA30B TNPUMEHSAETCS METOAMKA YydYeTa TSOHKECTM M BEJIMYUHBI  yiepOa
nocneAcTBU oTka3oB. OIlleHKa HaHECEHHOro yiiepda B pe3yibTaTe OTKaza
MPEAYCMAaTPUBACT IMIATh YPOBHEW TSDHKECTEW TMIOCIEACTBUI: HE3HAYUTEIbHBIN,
CEpbE3HbIN, KPUTHUECKUM, KaTacCTpohuUyecKuil, OECTBEHHBIA — U YETHIPE YPOBHS
PHUCKOB: 3€JICHBIN, KEJIThII, OPaHKEBbIN, KPACHBIN.

Bce 310 opopmitsiercst B BUe MaTpUIlsl pUCKOB (Tadmuna 4).

Tab6mumna 4

YPpoBHM TsDKECTH MOCeACTBHI (BeauunHa yiep0a)

<50 50-200 Tsic. 200-4000 4000-20000 >20000 TsIC.
YpoBHH TBIC. pyO pyo TBIC. pyO TBIC. pyO pyo
He3Ha4YH- katactpodu-

o CEpBE3HBIN KPUTUYECKHUH
TEJIBHBIN

JeCKHH

32107 Hactoe opamkebiii | opamkepbiii | kpacHbti | kpacHiii

10%<A<10" | BeposiTHOE JKEJITBIA | ODaHKCBBII | ODAaHKEBEII | KPACHBIA

107 <\<10? | ciyuaitnoe KEITHIH KEJTTHIH OpaHIKEBBIit OpaHKeBbIi

10 <\<10" | pemxoe 3eJIeHBIit JKEIITHII JKCIITBIIT | OpaHKeBBIT |
10°<A<10* | kpaiine penkoe | BeJCHbIN 3€JICHBIN JKENTHII JKENTHII

A<107 MaJIOBEPOSITHOE | BEJCHBIN 3€JICHBIN 3€JICHBIN JKEJITBIN JKEJITHIN

[locne onpenenenus ypoBHS HaHECEHHOIO yliepOa B pe3ysbTaTe OTKa3a C
YYETOM pacyeTa BEJIMYMHBI MHTEHCUBHOCTH MOTOKA OTKAa3a HAa MaTPHUIIE PUCKOB
OTIpPEICIISICTCS TOYKA, TOJOXKEHHE KOTOPOi (€€ I[BET) XapaKTepPU3yeT COCTOSIHHE
X031CTBA (JIUCTAHIINKU) B 3aBUCUMOCTH OT npuHiITOH B OAO PXX/I rpanarumu.
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Jlekumsa 14

14.1. ®AKTOPBI, BJUAIOIIUE HA HAJAEX KHOCTb OBBEKTOB

HanexHocTh TeXHUYECKUX OOBEKTOB 3aBUCUT OT MHOTUX (hakTopoB. U3y-
YeHUE BIMSHUS (PAKTOPOB HAa HAJAECKHOCTh OOBEKTOB — CaMOCTOSATEIBHOE
HaIpaBJICHUE HCCIIEIOBATENIbCKUX padOT MO HAJEKHOCTH, Ha3bIBAEMOE aHAJIU-
30M (U3UKH O0TKa30B. Brnusuue (HhakTopoB HA HAJIEKHOCTh OOBEKTOB UCCIEAYET-
Csl B XOJI€ CTEIMATIbHbBIX UCIIBITAHUN HA HAJI€KHOCTb.

Bo Bpems skcrimyaTanuy Ha 00ObEKThI IEUCTBYIOT KaK OJaronpusTHbIC, TakK
HeOnaronpuatHbie (akTopbl. braronpusTHeie PaKTOPhl OKA3bIBAIOT MAJIOE BIIU-
SHUE Ha CHI)KEHUE HajexHoCcTH. HeOnarompusitHbie (akTOpbl MOTYT IPUBECTH
K OTKa3aM.

BonbmmHCTBO OOBEKTOB MPEACTABISIIOT COOOM €IMHCTBO TPEX YacTeil:
TEXHUYECKUX CPEJCTB, MPOTPAMMHOr0 oOecreYeHus, 00CIyKUBAIOIIETO Mepco-
Hana. [losToMy U (akTophl, BIUSIONIME HA HAJIEKHOCTb, JCNAT HA TPU OCHOB-
HbIC TPYIIBI. TEXHUYCCKHE, MPOrPaMMHBIC, SKCILTyaTallMOHHBbIC (KIUMaTHUe-
CKHE, 3aBUCSIIHNE OT KauecTBa OOCIYKMBAHMsI, 3aBUCSIINE OT B3aUMOOTHOIIIE-
HUH CHCTEMBI YEJIOBEK-MaIINHA).

Texnuueckne Qakropbl — (PaKTOpPbl, KOTOpPHIE 3aBUCAT OT CTPYKTYPHI
00beKTa U ero pabounux peKUMOB, MPUMEHEHHUS PE3EPBUPOBAHUS, OpraHU3alUN
KOHTPOJISI M1 BOCCTAHOBJICHHS TIOCJIE€ OTKa3a, XapaKTEPUCTUK KOMIUIEKTYIOIINX
AJIEMEHTOB, 3alIUIIIEHHOCTH AJIEMEHTOB OT HEONAaronpusITHHIX (PaKTOpPOB, Kade-
CTBa TEXHOJOTUYECKUX MPOILIECCOB B MPOLIECCE U3TOTOBIEHUS, CTENIEHU MPUCTIO-
COOJIGHHOCTH JIJIs1 SKCILTyaTalluH.

IIporpamMMHblie (haKTOPBI 3aBUCSIT OT KauecTBa pa3pabOTKU MPOTrpaMMHO-
ro o0ecreyeHusi MUKPOIPOLIECCOPHON TEXHUKHU.

JKCILIYaTAUMOHHBbIe (PAKTOPBI 3aBUCSAT OT BHEIIHEW CpeJbl, OKPYKaro-
el 00BEKT B MPOLIECCE IKCILUTyaTalUH.

Knumamuueckue ¢oakmopur — Temneparypa, BIaKHOCTb, COJTHEUHAs pajiu-
alusi, BETPOBbIC HArPY3KH U JIP.

buonocuueckue axkmopwi. Hac okpyxaer xuBas mnpupoga. ['pbI3yHsl,
HAaCEKOMBIE, IUIECEHb, SKCKPEMEHThI >KMUBOTHBIX U NTHUI[ HAHOCSIT CEPhE3HBIM
yiiepO, eclii He MPUMEHSITh HEOOXOJUMBIX MEP 3aIlUTHI.

Brusnue obcnysxcueanus Ha HaIEKHOCTb ONpPENENseTCS TEM, YTO 4acTO
OOBEKTHI SBJISIIOTCSI aBTOMATU3UPOBAHHBIMHU, a4 HE aBTOMAaTUYECKUMU CUCTEMa-
Mu. YenoBek SIBIISIETCSI CBOEOOPA3HBIM 3BEHOM, BIUCHIBAIOIIMMCS B CTPYKTYPY
CUCTEMBI.

Bzaumoommnowenus uenosexa u mexuuku. C pa3sBUTUEM TEXHUKH, YCIOK-
HEHHUEM €€ CTPYKTYpPhI, PACUIUPEHUEM BBINOIHAEMBIX (PYHKIIMI BOMPOC O B3au-
MOOTHOIIIEHUH Y€JIOBEKA U TEXHUKHU MPUOOpETaeT Bce OOJBIIYIO OCTPOTY.

O0630p (hakTOpPOB, BAMSIIONIMX HA HAJIEKHOCTb, MO3BOJISIET CAENATh BHIBOJI O
TOM, YTO MOMUCK IyTeH MOBBIIICHUS HAJICKHOCTH JOJKEH CTPOUTHCS HA KOMIUIEKC-
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HOM CHCTEMHOM Mnojaxojae. O0ecrnedyeHre HaJIeXKHOCTU JOJKHO MPEACTABIISAT €U~
HYIO CUCTEMY B3aMMOCBSI3aHHBIX U B3aUMOOOYCIIOBICHHBIX MEPOTIPUSTUH.

14.2. YUET YCJOBHUM DKCILTYATALIUU
IIPU PACYHETAX HAJJEZKHOCTH

CyImHOCTh METOJIa ydeTa YCIOBUH IKCIUTyaTaIlMH MPU pacdyeTe HaJeKHO-
CTH CHCTEM 3aKJII0YacTCs B TOM, YTO B pacueTHbIC (hOPMYIIBI ONPEICICHHS IM0-
KazaTeliell HaJIeHOCTH TIOJCTABJISIFOTCS 3HAYCHHUS WHTECHCHUBHOCTEH OTKa30B,
OTIpeJICTICHHBIC IS 3aJIAHHBIX PEXKUMOB U YCIOBHUI IKCILTyaTallly.

OmnpenereHye BEIMYMH MHTCHCUBHOCTH OTKA30B JUIS 3aJaHHBIX YCIOBUH
OKCIUTyaTallK TPOU3BOIUTCS IyTEM:

— MpUMEHEHUS pacyeTHBIX rpadukoB ¢pyHkiwu A = f(0), roe 6 — pexum pa-
OOTBI ¥ YCIIOBHSI SKCILIyaTalluy,

— HCITOJIb30BAHUEM TONPABOYHBIX KOIPPHUIIUEHTOB a; JUII HHTEHCUBHOCTH
OTKa30B g, ONPEJICIICHHBIX B JJa0OPAaTOPHBIX YCIOBHSIX;

— HCITIOJIb30BAHNEM TaOJIMII HHTCHCUBHOCTEH OTKA30B 3JIEMEHTOB JUIS JaH-
HBIX YCJIIOBHI KCILTyaTaI|H.

Koaddumuent a; npencrapisieT coO0H OTHONICHUE BEITUYHHBI HHTCHCHUB-
HOCTH OTKa3a A, COOTBETCTBYIOIIETO 3aJaHHBIM YCIIOBUSAM 3KCIUTyaTallud, K WH-
TEHCUBHOCTH OTKa30B TOTO K€ 3JIEMEHTA Ay, ONMPEIEICHHOTO B JIA0OPATOPHBIX
ycioBusX (MpU HOPMAIbHOW TeMIepaType W JaBJICHUH, TPH HOPMaIbHOMN
Harpyske):

a:z.

B pacuerax HameXHOCTH MOTYT YYUTBIBATHCS HECKOJIBKO BHJIOB ITOIpa-
BOYHBIX KO3(P(UIIMEHTOB, TAKHUX KaK

a1 — YYUTHIBAIOIIHH SJIEKTPUIECKYIO HATPY3Ky U TEMIIEPATyPy DJIEMEHTOB;

Ay — YIUTHIBAIOIINH BIUSTHUE MEXaHHUECKUX HArPY30K;

a3 — YUYHUTHIBAIOIINA U3MEHCHUE HHTCHCHBHOCTH OTKA30B B YCJIOBHSIX Xpa-
HEHUS, TPAHCTIOPTUPOBAHMUS | T. .

3HadyeHNEe WHTCHCUBHOCTH OTKa3a JJIEMEHTA IS KOHKPETHBIX YCIIOBHM
AKCILTyaTalli MOYKHO OTNPEACIUTH 1Mo dhopmyse A = aq .

Ecnmm HE0OX0auMO OJHOBPEMEHHO YUYECTh HECKOJBKO (DAKTOPOB, TO TPH
YCIIOBHH WX HE3aBHUCHUMOCTH HHTCHCHUBHOCTH OTKa30B OyJeT paBHA:

/1=a1'/10+a2'/10...'an * /10.

[Ipu MUKIMYECKOM XapaKTepe SKCIUTyaTalluu O0bEeKTa MPOUCXOAUT YBEJIH-
YEHHE MHTEHCUBHOCTH OTKA30B HM3-3a YBEIWYCHHS Harpy30K B MOMEHTHI BKIIIO-
yeHHs (BBIKJTFOUEHUs). Torna MHTeHCHBHOCTh OTKA30B:
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A=A, +1 Ay

rae Ap — UHTEHCHUBHOCTH OTKa30B 00BEKTa MPHU HEMPEPHIBHOM PEKUME PaOOTHI;
| — cpenHsisa 4acToTa BKIIHOUCHUH; /111 — UHTEHCHUBHOCTH OTKA30B HA OJIWH ITHKJI
BKJIIOUEHUN.

14.3. BIUSAHUE NEPUOANYHOCTHU U OB BEMA
NPOPUIAKTUYECKUX MEPOIIPUSATUN HA HAJJEXKHOCTH

Cpenu MeponpusTUil 0 TOBBIIMICHUIO HAJEKHOCTH MPU SKCILTyaTalluUd CU-
CTEM Ba)XHOE MECTO OTBOJUTCSA TEXHHUECKOMY OOcCiykuBaHuto. [loa Texuude-
CKHM OOCITYy’KMBAaHMEM MOHMMAETCAd KOMILUIEKC OPraHM3allMOHHBIX U TEXHHUYE-
CKMX MEpPOMNPUSATUI, HAIPABICHHBIX HA MPEAYIPEKICHUE OTKA3O0B.

K ocHOBHBIM 3a1auam TexHudeckoro oocnyxubanus (TO) oTHOCAT:

— IpeIynpeKIeHUE YCKOPEHHOIO U3HOCA, KOPPO3HH U CTapEHUS;

— MOJ/IJIEPKAHUE OCHOBHBIX TEXHUYECKUX XapaKTEPUCTUK 000PYIOBAHUS Ha
3aIaHHOM YPOBHE;

— IPOJIJIEHUE MEKPEMOHTHBIX CPOKOB IKCILTyaTallMK 000pYIOBAHHUSI.

OcuoBy TO cocrtaBnsitor npoduiaakTHuecKue padoOThl U PEriaMeHTHBIE
npoBepku. [Ipodunaktuyeckre padOThl MPOBOJATCS MEPUOIUYECKU C IEIBIO
BEBISIBJICHUSI HCHAJICKHBIX, OTKA3aBIINX WM HEHCIPABHBIX DJIEMEHTOB, a TAKXKe
JUTSl yCTAHOBJICHUS TIPUYUH, CITIOCOOCTBYIOIIMX BOBHUKHOBEHUIO OTKA30B.

CymHOCTh BIUSHHAS TPOPUIAKTUKH Ha HAJAC)KHOCTh MOXKHO TOSICHUTH
C IMOMOIIBI0 KPUBBIX (prcyHOK 48):

»

P(t) 4

0 tnp 1 tnp 2 tnp 3 tnp 4 t

Pucynoxk 48
KpuBas 1 BeIpakaeT m3aMeHeHue BeposTHOCTH P(t) O0e30Tka3HOW pabOThI
AJIEMEHTA B MPE/NOI0KEHUN OTCYTCTBUS NMPOYUIAKTUKH.

B xone mnpoBeneHuss mpoPUIAKTUUYECKUX pPaOOT BBISBICHHBIE OTKa3bl
ycrpansitores. [Ipu aTom kpuBas P(t) mosydaer xapakTepHbId, TaK Ha3bIBAEMBbIH
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«rI000pasHbIin» BUI (KpuBas 2). B MOMEHTSI t;pi BBITOJIHSAIOTCS TPOQUITAKTH-
YecKue paOoThl, U B JaibHelIeM kpuBas P(t) umeeT Havaio Ha JTUHUH, OJTH3KOH
K MaKCUMaJIbHOMY 3HAY€HHUIO BEPOSITHOCTH pabOTOCIOCOOHOro cocrosinus. U3-
3a BO3/E€UCTBUS ()aKTOPOB BHEILIHEU Cpeabl HaJAEKHOCTh MOCTENEHHO YXYy/Illa-
ercsa. Kpome Toro, mocine BbINOTHEHUS MPO(UIAKTUKH MOTYT OCTAaThCSl HEUC-
MIPaBHbBIC AJIEMEHTHI, KOTOpbIe HE ObUTM OOHAPYKEHBI OOCTYKHBAIOIIUM IEPCO-
HaJIOM B XO/I¢ MPOBEPKH pabOTOCTTIOCOOHOCTH OOBEKTOB.

KonuuecTBeHHO 3TO OTpa)kaeTCsi HAKJIOHOM JIMHUU Ha YTOJl (0 OTHOCHUTEIb-
HO MpsAMOI MakcuMyma BepositHocTh P(t) B MoMeHT Bpemenu t = 0. DTy JHHUIO
HA3bIBAIOT JIMHUEH yxyameHus (mpsmast 3).

[IpuHUMNNANbHO JUHUS YXYIUIEHUS MOXKET OBITh HE NPSIMOW U HMETh
HAYaJIo Ha OCH OPJWHAT HE 00s3aTEJILHO B TOUKe, cooTBeTcTBYIONICH P(t = 0) =
1, Tak KaK CI0XHBbIE OOBEKTHI, TOKK A 3aBOJI-U3TOTOBUTEIIb, HE UMEIOT BEPO-
ATHOCTU 0€30TKa3HOU paboThl, paBHOU eIUHUIIE.

Yuacrok ab kpuBoii 2 TOKa3bIBacT, HACKOJIBKO BOCCTAHABIMBACTCS HAJCK-
HOCTh 00OpYyZOBaHUS MpU MHpoBeacHUU npodunaktuku. HegoBoccTaHoBIeHUE
HAJICKHOCTHU JI0 HAYaIbHOUM BEJIMYMHBI C TEUCHHEM BPEMEHH IKCILTyaTalluu pac-
TeT. MOXeT HacTyNmuTh MOMEHT, KOTJa HaJeXHOCTh HE Oy/leT BOCCTaHABIIU-
BaThCS 32 CUET MPOPUIAKTUKUA. ITOT MOMEHT BPEMEHHU YKa3blBaeT Ha HEOOXO-
JMMOCTh TIPOBEICHHS OoJiee 3PPEKTUBHBIX padOT (CpeIHUI WM KalUTaIbHbIH
PEMOHT).

CHWKeHne Ha/Ie)KHOCTH B HEJIOMTYCTUMBIX Tpenenax (Hmxe 3HaueHud Pg i
U Pj2) MOXET IPUBECTH K OTKa3aM B paboTe. 3HaU€HHE JOMYCTHMOM BEPOSTHO-
CTH P BBIOMpaeTCsl Ha OCHOBAHMH aHaIN3a 3PPEKTUBHOCTH 000PYAOBAHUS.

[lepuoAMYHOCTh BBIMOJHEHUSI MPOQUIAKTUKH CYIIECTBEHHBIM 00pa3zoM
BJIUSCT Ha 3HAYEHHE BEPOSTHOCTH Oe30TKa3Ho# paboThl P(t). Tak, ecinu mepuo-
JTUYHOCTH MPOPUITAKTUKH paBHA TIPOMEKYTKY BpeMeHr oT MomeHTa t =0 o t =
tpp U T. A., TO 3HAUEHUE BEPOSITHOCTU OE30TKA3HOW pabOThI OMUCHIBACTCS «3Y-
oom mwie» 1,0-b—d. C ymeHbImeHHMEM BpeMeHU MEXIY MPOPUITAKTHUCCKUMHU
paboTaMu B JiBa paza BEPOSTHOCTh 0€30TKA3HOU PabOTHI CHCTEM MOBBIIIACTCS U
onpeaensercs «3yoom muiab» 1,0—a—b, b—d—c u 1. x. [Ipn Ha3HaYeHUU TIEPHO-
JUYHOCTH MPO(UIAKTUKN HEOOXOAUMO MPOMEKYTKU BPEMEHHU MEXKY [TUKIAMU
paboT BbIOMpaTh Tak, 4TOObI oOecneuuTh TpeOyeMoe 3HAUYE€HHE BEPOSTHOCTH
0€30TKa3HOIl pabOTHI.

[InanupoBanue MPOPUIAKTUKA 3aBUCUT OT TOTO, HACKOJIBKO BEPOSTHBI
OKHMJIaeMbl€ OTKa3bl Pa3IMYHONA MPUPOJbI. Eciin 0TKa3el — pelikue coObITUS U
HOCSIT XapakTep BHE3AIHBIX OTKA30B, TO HE UMEET CMbICIA MPOBOJIUTH YaCTbIC
IJIAHOBBIE 3aMEHBI 3JIEMEHTOB, TIOCKOJIBKY 3aMEHSIEMBII JIEMEHT HE OyneT Mme-
HEEe HaJIC’)KEH, YeM HOBBIW, U 3aMEHA €ro MOKET MIPUBECTH HE K MOBBIIIEHUIO, a K
CHUKEHUIO HaJIeKHOCTHU. [Ipyn mocTeneHHbIX 0TKa3ax MIaHOBas 3aMeHa 3JIEMEH-
TOB MOET CYIIECTBEHHO MOBBICUTH HA/IC)KHOCTh CUCTEMBI, €CJIM 3aMEHa CBOE-
BpEMEHHA.
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[Ipu 3a7aHHBIX 3HAYEHUSX BEPOATHOCTH O€30TKa3HOU pabOTHI MOXKHO Olle-
HUTb MEPUOJUIHOCTH MTPOPUIAKTUKH |

~ IN(1 = Quon)
Qon=1-Py=1—eHMw, ¢ < iﬂ"“.

Kpome 0Oe30Tka3zHOCTH, Ha BBIOOp JIMTEIBLHOCTH MPOMENKYTKA BPEMEHU
MEXAY IUKIAMUA MPOPMIAKTUICCKAX Pa0OT OKA3bIBAIOT BIUSHHUE CIEAYIOIINE
(bakTOpBI: IEPHUOJ] IKCIUTyaTaIliH U XapaKTep MPUMEHEHUS 000pyI0BaHUS, JTOJI-
TOBEYHOCTh DJIEMEHTOB M MX CTOMMOCTH, XapaKTep BO3MOXHBIX IMOCIIEICTBHMA
OTKa30B.

Bpewms nmpodunaktudeckoi npoBepku paboToCocoOOHOCTH 000pyI0BaHUS
HA3HAYACTCS NP YUETE CICTYIONTUX COOOpaKEHUH.

1. Tlpu HOpMaJLHOM IEpHOJe 3KCIuTyaTtanuu, korma A (f) = const u wus3-
BECTHO 3HAYCHHE JOIMMYCTUMOTO CHIDKCHHS HAJIEKHOCTH P,,,, BpeMs mpoduiiak-
TUKW BBIOMPAETCS C YYETOM TOTO, YTOOBI BEPOSTHOCTH TMOSBICHUS OTKa3a HE
MPEBBIINIAIA JOMYCTUMOTO 3HAYCHHUS.

2. Jlns ompeneneHus BpEMEHH KaJICHIAPHOTO OOCITy)KHBaHUS OOBEKTOB,
paboTaOMKUX IITUTEIHFHO B HEMPEPHIBHOM PEKUME U OPHEHTHPOBAHHBIX Ha 3a-
MEHY 3JIEMEHTOB, BBIPAOOTABIIINX PECypC, MPEABAPUTEITHLHO OIEHUBACTCS CPE-
HSIT HapabOTKa J0 TOCTEMEHHOTO OTKa3a I W cpeaHee KBaJApaTUYECKOe OTKIIO-
Henue Hapabotku or(t) (pucynok 49.

fity 4 nor(t) I

v

tup T t

Pucynok 49

Torma t,, =T —nor(t). Yucao N BHIOMPAETCs TaKMM, YTOOBI BEPOAT-
HOCTbH OTKa3a ObLIa MEHBIIIC TIOMYCTUMOW BEPOSITHOCTH.

3. Ha A-xapakTepucTrkax 0ObEKTOB B Pa3IMYHbIE MOMEHTHI BPEMEHHU MO-
TYT TOSIBISIThCS «ropObI» (pucyHOk 50), KOTOpBIE XapaKTepU3YIOT Pa3HbIA pe-
Cypc 37eMeHTOB (B 00BEKTE MOTYT OBITh DJICMEHTHI C Pa3HOW MEXaHHUECKOH U
IIEKTPUIECCKON TPOTHOCTHIO).
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)\'(t) A

v

mp 1 tnp 2 tnp 3 tnp 4
Pucynox 50

B mMomeHTH!I t,, nenecoobpa3Ho NPOBOAUTH MPOPUIAKTUKY COOTBETCTBYIO-
niero oobeMa (TayOuHBI).

4. JIns cucreM, pabOTaIONIMX B JSKYPHOM pexuMe (CUCTEMBI YIIPaBIICHUS
U 3aIlMThl, CHCTEMbI O€30I1aCHOCTH), HEOOXOAUMO, YTOOBI IPO(HIAKTHKA HE
CHIDKaJIa 000O0IIEHHBIHN TTOKa3aTeNlb HAJIC)KHOCTH:

R = Ky P(t),

rae Kty — Ko3pOUITMEeHT TEXHUYECKOTO UCTI0JIb30BaHUS.

PaboThl 0 TeXHUYECKOMY OOCTY>XKMBaHUIO OOBEKTOB B MPOILIECCE IKCILTya-
TallMK OCYLIECTBIISIIOT ABYMS CIIOCOOAMH:

— PeryJsipHoO, uepe3 3apaHee BIOpaHHbIE TPOMEXKYTKU BPEMEHH,

— B 3aBUCUMOCTH OT ()aKTHIECKOT'O COCTOSTHUS 00bekTa (00CTyKUBAHUE 110
COCTOSTHHIO).

14.4. BBIBOP ITIOKA3ATEJIEA HAJIEXKHOCTHU
B 3ABUCUMOCTHU OT KJIACCA,
I'PYHIIBI HAJEKHOCTHU U PEXXKUMA SKCIIVIYATAIIUHN

Kiaccel, Ha koTOpbI€ 1eTIT OOBEKTHI:

Kuanace 1 — HeBoccTaHaBiuBaeMble OOBEKTHI IS OOIIETO IMOJIb30BaHUA, a
He crieruaibHOo co3aaHHbie 11 cucteM JKAT. K HUM OTHOCSATCS KOHIEHCATOPHI,
PE3UCTOPHI, OJTYIPOBOIHUKOBBIE IPUOOPHI U .

Knacc 2 — HeBoccTaHABIIMBaeMbIe OOBEKTHI ISl IPUMEHEHUS B CHCTEMax
KAT. Hanpumep, K HUM OTHOCAT CBETO(OPHBIC JTAMIIBI.

Knacc 3 — BoccTtaHaBnmuBaeMble OOBEKTHI BCEX BHJIOB, IPETHA3HAUYCHHBIC
Kak crenuaibHo s yeTporcTB XKAT, Tak u qis obmiero nmons3oBanus. K HuM
OTHOCSIT CTPEJIOYHBIC 3JICKTPOIPHUBOJIBI, pElICHHBIE OJI0KH, KOMIUIEKCHOE 000-
PYAOBaHUE U Y3JIbI U TIP.

OOBEeKTHI IO TPYIINE HAJCKHOCTH.
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I'pynna 1 — o0beKThl, y KOTOPBIX BCE MPEANOJIAracMble OTKa3bl JOJKHBI
MPUBECTH YCTPOMCTBO B O€30MACHOE WJIU 3alIUTHOE COCTOSHUE JIJISl JIBHOKCHUS
MOE3/0B C LENbI0 MPEIOTBPALICHUS MPSIMON YTPO3bl KU3HU JIIOJIEH, 3HAUUTENb-
HOT'0 MaTepHaIbHOTO U MopajibHOro yiiepoa (ycrpoiictBa D1, aBT0OI0KHUpPOB-
KM, TIEpEee3qHOM aBTOMATHKH, penbcoBble Henu, pene CLIb mepBoro kiacca,
KOMIIapaTOPbl MAKOPUTAPHBIX CUCTEM H T. 11.).

I'pynna 2 — 00BEKTHI, OTKa3bl KOTOPHIX HETIOCPEACTBEHHO HE BIUSIOT HA
0€30MacHOCTh JBMXKCHUSI MOE3/I0B, a MPUBOJAT K 3aJepKKaM B UX JBUKEHUU
(mucneTdepckas ICHTpaTH3aIysl, JJaMITbl HAaKaTUBaHUS U JIP. ).

I'pynna 3 — 00beKTHI, KOTOPBIC HETIOCPEACTBEHHO HE BIMSIOT Ha Oe3omac-
HOCTh JIBIDKEHUSI MOE37]0B, UX OTKa3bl HE OKa3bIBAIOT 3HAUUTEIILHOTO BIIMSHUS
Ha paboTocrocoOHOCTh ycTpoiicTB JKAT u Ha OecriepeOOMHOCTh ABUKEHHS T10-
€3710B (AMCIIeTYCPCKUA KOHTPOJIb, HHIUKATOPHBIC U JHArHOCTUYCCKUE IICMCH-
THI K JIp.).

[lepeyenb mokasaTeneil HAJEKHOCTH YCTaHABIMBAETCS ISl KaXJA0ro 00b-
€KTa B 3aBUCUMOCTH OT KJIacca, TPYIIbl HAJIE)KHOCTU U PEKUMA SKCIUTyaTaI|H.

[Tpu 3TOM Bce TeXHUUYECKUE OOBEKTHI YCIOBHO JEISAT HA TPU TPYIIIIBIL:

— O0OBEKTHI, MpeHa3HAYEHHbIE AJisi paboThl B cucrtemax, 3(PQPEeKTUBHOCTD
(YHKIIMOHUPOBAHUSA KOTOPBIX MOXET OBbITh OLICHEHA YKOHOMUYECKUMHU KpUTe-
pusiMH;

— 00BEKThI, (PYHKIIMOHUPOBAHHUE KOTOPBIX CBSI3aHO C oOecreyeHueM 0Oe3-
OMacHOCTH,

— 00BEKTHI, 111 KOTOPBIX HEJIb3s 3apaHee ONPEICIUTh YCIOBUS UX UCIOJIb-
30BaHUS.

Jl71s1 00BbEKTOB MEPBOIl TPYIIBI BHIOOP MOKa3aTeael HaJIeKHOCTH OMpeJie-
JSETCSI PSKUMOM MX npuMeHeHus. K HuM oTHOCSTCS 00 uncioBbie (koddu-
IIUCHT TOTOBHOCTH, BEPOSTHOCTh O€30TKAa3HOW padOThI), TUOO HHTEPBAIBHBIC
(HapaboTka Ha 0TKa3, HapaOOTKa JI0 0TKa3a) IMOKa3aTeIl HaJIe)KHOCTH.

[Tpu BeIOOpE MOKa3zaTenell HAEKHOCTH 11 0OBEKTOB BTOPOU IPYIIbI Py-
KOBO/JICTBYIOTCSI YCJIOBUSIMU OOecIieueHHs] 0€30MacHOCTH C YYETOM IPOIECCOB,
MPOUCXOJSLIMX MTOCIIE MOSIBJICHUSI OTKA30B.

Jlnst Tpetheld rpynmnbl OOBEKTOB B KAaueCTBE OCHOBHBIX IOKa3aTelen
HAJIEKHOCTU HA3HAYAIOT JIIOOYI0 MOJHYIO XapaKTEPUCTUKY HAIEKHOCTHU. JlJis
HEBOCCTAHABIMBAEMBIX 00BEKTOB — BEPOSITHOCTh Oe30TKa3HOM paboTel P(t), nimu
IUTOTHOCTB pacIipeiesieHuss HapaOboTku 1o oTkasa f(t), i nHTeHCHBHOCTD OTKa-
30B A(t). [l BoccTaHABIMBAEMBIX — BEPOSITHOCTh O€30TKa3HOM pabOTHI B TeUe-
HUE 3aJaHHOr0 MHTepBasia BpeMeHu P(At), mapamerp moroka otka3oB o(t), kKo-
3¢ PuneHT roToBHOCTH, KOA(DPUIIMEHT ONepaTUBHON TOTOBHOCTH.

B kaxmoM KOHKpEeTHOM ciiydae Bompoc 00 OmpenesieHHH MoKa3aTenen
HAJIEKHOCTHU PEIIAIOT UHIUBUIYAIIBHO.
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Jlekums 15

15.1. OBECIIEYEHUE PAIIMOHAJIBHOI'O COCTABA 3AITIACHBIX
QJIEMEHTOB KAK CIIOCOB ITOBBIIIEHUA HAJIEKHOCTH

OMnBIT 3KCIUTyaTalldid CIOXKHBIX 0OBEKTOB MOKA3bIBAET, YTO BPEMsI BOCCTa-
HOBJICHUSI PabOTOCMOCOOHOCTH MOCHE OTKa3a 3aBUCHUT OT HAJW4us 3alacHBbIX
31eMeHTOB. OTCYTCTBUE 3alacHBIX 3JIEMEHTOB Aa)Xe MPU XOPOIIEH pPEMOHTO-
MPUTOJIHOCTU 00BEKTA MPUBOAUT K 3HAUYUTEILHOMY YBEJIHMUYECHUIO BPEMEHH BOC-
cra”HoBJieHus. TepmuHoM 3UII npuHATO HA3BIBATH 3amac CMEHHBIX HW3IECTUM,
MaTepuanoB, UHCTPYMEHTOB W MPUHAJICKHOCTEH Mg O0OCIyKUBAHUS OOBEK-
ToB. Cokpamenno 3UII — 3anmac uznenuii 1 NpUHAAJIEKHOCTEN.

Bueapenue B npakTUKy HaydYHO 0OOCHOBAHHBIX METOJIOB pacueTa KoJihue-
cTBeHHOTO coctaBa 3UII BeneT Kk ynydlIeHUuI0 XapaKTEPUCTHK BOCCTAaHABIMBAE-
MOCTH U JOCTHXKEHHUIO OOJIBIIOT0 YKOHOMUUYECKOTO A deKTa.

Hcnonp3yrorcs crnenyromuye cTpykTypsl cuctemsl UL

— oauHouHbIM KomIuiekT 3UIT npumaeTcs HEMOCPEACTBEHHO OOBEKTY C Iie-
JIBbI0 00ECIeUeHUsI €T0 HAJIe)KHOCTHU MPH JUTUTEIHLHOM UCIIOJIH30BAHNY;

— rpynnoBoit komruiekT 3UIT npumaercs rpynmne oObEKTOB AJis MOMOJIHE-
HUS OJIMHOYHBIX KOMIUJIEKTOB [0 MEPE UX PACXOAOBAHUS WUIU IJi1 00ecrieUeHust
HAJIe)KHOCTU HU3JEIUN MO TEM BJIEMEHTAM, KOTOPbhIE OTCYTCTBYIOT B HOMEHKJIA-
Typ€ OAUHOYHBIX KOMIUIEKTOB;

— peMoHTHBIN KOoMIUIEKT 3UII nmpugaercs peMOHTHOMY Oprasy.

Cy1miecTByeT 3aBUCUMOCTD MEK/1Y YHCJIOM 3aIIaCHBIX 3JIEMEHTOB U BEPOST-
HOCTBIO TOT'O, UTO Ha 3a/IJaHHOM HUHTEpBaje BpeMeHU padoThl t 0OBEKT HE OyaeT
MPOCTanuBaTh U3-3a OTCYTCTBHSI HEOOXOAUMBIX 3aMIaCHBIX JIEMEHTOB.

KosnuecTBo 3ammacHpIX 3J1EMEHTOB 3aBUCUT OT HHTEHCUBHOCTH UX OTKAa30B,
ot Bpemenu nonosinenus: 3UII, Tpedyemoil ero 10CTaTOYHOCTH M OpraHU3aluu
CHA0XeHUS.

Konuuectsenno 3UII 3aBUCHUT OT MHTEHCUBHOCTH OTKAa30B A 3aMEHSEMbBIX
aneMeHToB U BpemeHu nomnojguenuss 3UII t;. Yem Oonbiie A u t;, Tem Oosbiiee
KOJIMYECTBO 3aMacHbIX U3EIUN MOTPeOyeTCs MPU SKCILTyaTalUu.

KonunuectBo HeoOxonumbIX 31eMeHTOB B 3UII MOXHO ompenenuts AByMs
OCHOBHBIMHU CIIOCOOAaMH: Ha OCHOBAHMM CTATUCTUYECKHUX JAHHBIX MO 3KCIUTya-
TaIUu cUcTeM (MM UX aHAJIOTOB) U PAacueTOM B COYCTAHUHU CO CTATUCTUYCCKUM
MOJIEJTUPOBAHUEM.

[TepBoiii MeTON (MHKCHEPHBIN) IMO3BOJISICT MPAKTHYECKHA O€3 BBIMTOJHCHUS
pacyeToB NMPUHUMATH PEIICHUE O BKJIIOUYEHUH DJIEMEHTOB B HOMEHKJIATYpPY 3a-
MacHeIX 4acte. Kolm4ecTBO 3amacHBIX 3JIEMEHTOB OMNPEIEIISIETCS UCXOAS W3
JAHHBIX 10 3KCIUTyaTalluk OOBEKTOB WJIM MX aHANoroB. Takoi cmocob mnpuem-
JIEM TOJIBKO MPH IITUTEIbHON 3KCIUTyaTallui OOBEKTOB M JIOCTATOYHO OOJIBIION
0a3bl JAHHBIX O HAJEKHOCTHU UX DJIEMEHTOB.

Bropoit Metox (pacdeTHBI) UCHOIB3YETCS MPU MPOSKTUPOBAHUU COBEP-
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IIICHHO HOBBIX, HE UMEIOIINX aHAIOTOB 00BheKTOB. OH OCHOBaH Ha pe3yibTaTax
CTPYKTYPHO-JIOTHYECKOTO aHAIH3a HAJEKHOCTH TEXHUIECKUX CUCTEM C UCTIOJIb-
30BaHHEM METOJIOB ONITUMH3AIUN CTPYKTYPHOTO PE3EPBUPOBAHMS.

3amaua pacuera KoamdecTBeHHOTo coctaBa 3UII B oOmem Buae MOXET
OBITH CPOPMYTUPOBAHA CIETYIOIIUM 00Pa30OM.

HwmeeTcss HEBOCCTaHABIMBAaEMas CUCTEMa HEMPEPBIBHOTO JEUCTBUS, KOTO-
PYIO MOXXHO TIPEJCTAaBUTh B BHUJIE KOMILJIEKCA, COCTOSIIETO U3 OAHOTHUITHBIX TO-
CJIEIOBATEIBLHO COCIWHEHHBIX O HAJACKHOCTH DJIEMEHTOB, MMCIOIINX HHTCH-
CHUBHOCTH OTKa30B, paBHYI0 A. [IoTOK 0TKa30B cunrtaercs mpocrenmum. Tpedy-
€TCSl OTIPENICTUTh HEOOXOIMMOE YHCIIO 3aIMaCHBIX JIEMEHTOB JUIsl 00ecIeueHus
OecrniepeOoitHOM pabOThl CUCTEMBI B TE€UEHUE BpEMEHH t.

[Tpu oTka3e BMECTO OTKA3aBIETO JIEMEHTA KaKIbIN pa3 U3 3amaca OyaeT
M3BIMATHCS HOBBIN 31eMeHT. [103TOMy 4MCIIO M3pacX0IOBaHHBIX DJIEMEHTOB Z 32
Bpems t OyzeT paBHO YHCITY BO3HHKIIIMX OTKAa30B N 3a 3TO K€ BpEeMs.

BepostHocth P,(t) Toro, uro 3a Bpems t cucreMa motpedyeT TOYHO Z 3a-
MACHBIX JICMEHTOB (YHCII0 3aMeH), onpeneiauTtces mo gopmyde [lyaccona:

(At)?
B,(t) = e~ M
z!
CpenHee 4MCIO PacXOIyeMBIX DJIEMEHTOB Z, 3a BpeMs 3KcILlyaTranuu t
paBHO

= (At))
Zep = M[z] = e M (jl) .

j=0

B cuny ciiygyalilHOCTHM BO3HUKAIOIIMX B 00BEKTE OTKA30B MOXKET MOTPEOO-
BaThCsl JTMOO OoJblliee, TUO0 MEHbIIEE YHUCIO 3aMACHBIX JJIEMEHTOB, YEM Zp.
[ToaTOoMy rapanTuiiHasi BEpOATHOCTH TOTO, YTO 3a BpeMsl t OyneT u3pacxo10BaHO
He 0OJIbIIE, YEM Z, 3aIIACHBIX 3JIEMEHTOB, paBHa BCero Juub 50 %.

Ha npakrtuke npu skcruryaTaiiii 0ObEKTOB B YCIOBHSIX, 3aTPYIHSIONIUX JI0-
CTaBKY 3allaCHbIX 3JIEMEHTOB, TapaHTHIHAs BEPOSITHOCTH TOTO, YTO MOTpedyeTcs
OoJIbIIIe, YeM 3aIMacHbBIX JIEMEHTOB, paBHas S50 %, sBiseTCS HEIOCTATOYHOM.

OmnpenenuTs YUCIIO 3allaCHBIX DJIEMEHTOB Z,, €CJIM TpeOyeTcs 3aJaHHas ra-
paHTHUITHAs BEPOSATHOCTh B pabOTOCIIOCOOHOCTH OOBEKTA ¥, MOKHO M3 COOTHO-
IICHMUS:

Z

y =P =e Yy T

j=0

Mopnens padotel 00bekTa ¢ 3UII cooTBeTCTBYET MOJENH pabOThl 0OBEKTA C
XOJIOZHBIM PE3EPBUPOBAHHEM.
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BepositTHOCTh 6€30TKa3HOM pabOThl CUCTEMBI B 3TOM CJIydae OMpeAeisieTCs

BBIPAKCHUEM
m i
oty = ety et
e L
r1e M — YUCJIO PE3EPBHBIX AJIEMEHTOB, A, — HHTEHCUBHOCTHh OTKAa30B OOBEKTa,
t — 3agaHHOE BpeMs DKCIUTyaTaluu.

DTO BbIpaXEHHUE MOXKHO UCIIOIB30BaTh ISl pacyeTa HE0OXOAUMOTO KOJIU-
yectBa 3UII, ecau moxg m moHumars yucio 3neMeHToB B 3UII, a mox BpemeHem
t — Bpems Ha kotopoe paccunutbiBaeTcs 3UII. Takum obpazom, ecnu 3a1aTh Be-
POSITHOCTH 0€30TKa3HOM pabOThl OOBEKTA MPU U3BECTHBHIX MHTEHCUBHOCTSAX OT-
Ka30B AJIEMEHTOB, MOKHO PAaCCUUTATh, CKOJIBKO 3JIEMEHTOB HEOOXOJUMO UMETh
B 3UIL

Beenem B paccMmoTpenue noustiue ko uiinenTta 3amnaca, KOTOpbIA paBeH:

Jlist obecrieueHs: BEpOSATHOCTU BBITIOTHEHUSI OOBEKTOB CBOMX (DYHKIIMI B
3arnace HeOOXOAUMO UMETh HE Zy, a Z, = K37, snementoB. Koapduuuenr 3a-
naca K3 > 1 paccuuThiBaeTCs B 3aBUCUMOCTH OT 3a/1aBAa€MOTr0 3HAUEHUSI BEPOSIT-
HOCTH 7.

IIpu pacuere ymcna 3amacHbIX 3JIEMEHTOB HEOOXOAMMO YYUTHIBATH HE
TOJIBKO UHTEHCUBHOCTh OTKa30B A, HO W APYrHE SKCIUTyaTallMOHHBIE PacXO/bl,
KOTOPBIE CBA3AaHBI ¢ MPOQUIAKTUIECKON 3aMEHON 2JIEMEHTOB Z,,, YXyILICHUEM
apaMEeTPOB JJIEMEHTOB IIPH XPAaHEHHH Z,,, PACXOAOM DIEMEHTOB IIPU TPaHC-
MOPTUPOBKE U JP.

Torma cymMMmapHOe 3KCILTyaTallMOHHOE KOJIMYECTBO 3alacHBIX 3JIEMEHTOB
Z5 MOXXHO MPEJCTAaBUTh B BUAC CYMMBI: 25 = Z, + 2, + Z,,,.

[Ipu nomyiieHny TPOCTEHIIEro MOTOKAa OTKA30B MPU XPaHEHUH, 3HAYEHUE
Zy, PABHO:

Zy, = Ko + A, N 1,

rae Ay, — HHTEHCUBHOCTb OTKAa30B DJIEMEHTOB NpHU XpaHeHuH; N — KonuyecTBo
XpaHALIUXCS DJIEMEHTOB; {,,, — BpeMs XpaHEHUs JJIEMEHTOB.

He Bce anementst 3UII OynyT XpaHuUTbCs 10 KOHIIA cpoka t, Tak Kak
4acTh DJIEMEHTOB PACXOJyeTcs B TeYeHue 3Toro cpoka. Ilooromy 3Hauenue z,,
MOXET ObITh YMeHbllieHo. Ecnu npeanonoxuts pacxon snemenToB 3UIL B Te-
4YeHHUe cpoka t,, pABHOMEPHBIM, TO NIPUONHKEHHO Z,;, PABHO:

Zyp = 0.9K; + A, Ny,
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B cnydae BOCCTaHABIMBAEMBIX JJIEMEHTOB cXxeMa ucnoib3oBaHus 3UII
MOXET ObITh omucaHa Tak. OTKa3 3J1eMeHTa NPOUCXOJUT C MHTEHCUBHOCTHIO A.
OTka3aBIINM AIEMEHT PEMOHTHPYETCSA M nocTynaeTr Ha nonoiaHenne 3UII. Ecnn
BpeMsI PEMOHTa HEOOJIBIIOE, TO KOJMYECTBO ieMeHTOB i-ro tuma B 3UII mo
CPaBHEHMIO CO CIIy4ac€M HEBOCCTAHABIMBAEMBIX JJIEMEHTOB MeHbIe. Omnru-
MaJbHBIA BapuaHT coctaBa 3UII m cpoKOB €ro momoJHEHHsI PACCUUTHIBAETCS
METO/IOM MOCJEA0BATENBHOIO NPHOIMKEHUS: B Hawane skcrutyatanuu 3UII
OIPENENACTCS MO M3JI0KEHHOM paHee METOAMKE, a 3aTeM KOPPEKTUPYETCS C
Y4ETOM XapakTepa II0TOKAa OTKa30B U BOCCTAHOBJICHUS CUCTEMBI.
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Jleknusn 16

16.1. METOJbI HOBBIINEHUSA HAJIE2XKHOCTHU OB BEKTOB

HanesxxHOCTh 00bEKTOB 3aKJIaILIBACTCS MIPH MPOSKTUPOBAHUH, PEATH3YETCS
MIPY M3TOTOBJICHUHM M PACXOIYeTCsl MpU dKCIuTyaTaruu. [loaTomy MeToasl mmo-
BBIIIICHUS HAJEKHOCTH PACCMATPUBAIOTCS HAa TPEX ATallax >KM3HCHHOrO ITMKJIa
0OBEKTOB.

Knaccugpuxayua memooos nogviuieHus HA0EHCHOCHU.

MeTopl TOBBIIICHUST HAJIE)KHOCTU O0OBEKTOB BKIIIOYAIOT B ce0s. pe3epBU-
pOBaHUE, YMEHBIIIEHUE MHTEHCUBHOCTU OTKA30B AJIEMEHTOB, COKpallleHHuEe Bpe-
MEHH HEMpPEPBhIBHON pabOThl, YMEHBIIEHUE BPEMEHU BOCCTAHOBIICHHUS, BBHIOOD
palMoHaIBLHON EPUOAUYHOCTH U 00bEMA KOHTPOJISL 00OBEKTA.

Hapne:xxHocTh 3aKiiafblBaeTCsl MPU MPOSKTUPOBAHUU U M3rOTOBIEHUU. OT
paboThl MPOEKTUPOBIIMKA 3aBUCHUT, Kak OyneTr paboTath OOBEKT B YCIOBUSX
AKCIUTyaTanuu. B mpoliecce mMpOeKTUPOBAHUS UCTIONIB3YIOTCA CXEMHbIE U KOH-
CTPYKTHUBHbBIE METO/IbI OBBIIICHUSI HAJIEKHOCTHU.

CxeMHBbIe MeTOAbI BKJIIOYAIOT B CEOsi: CO3/IaHNE CXEM C MHUHUMAJbHO He-
00XOIMMBIM YHUCIIOM 3JIEMEHTOB, pE3EpPBUpPOBaHME, Pa3pabOTKy CXeM, HE J0-
MyCKAIOUIUX OMACHBIX MOCIEACTBUNA OTKA30B AJIEMEHTOB, ONTUMHU3AILUIO TTOCIIE-
JIOBATEJIBLHOCTU PaOOTHI AJIEMEHTOB CXEMBbl, MPEABAPUTEIBHBIN pacdyeT Haaex-
HOCTU TPOECKTUPYEMON CXEMbl. YMEHBIICHHE YKCIIA 3JIEMEHTOB MPUBOAUT K
YBEIIMYEHUIO BEPOATHOCTU 0€30TKa3HOM pabOThl OOBEKTA, a TaKKe OJaromnpusT-
HO CKa3bIBaeTCsi Ha macce, rabapurax u crouMmoctd. Ho cokpaienue uwucia
AJIEMEHTOB HE JOJKHO YBEJIMYMBATh KOA(DPUIMEHT HArpy3Kd Yy OCTaBIIUXCS
AJIEMEHTOB, B MPOTUBHOM ciiydae 3(pPeKT MOXKET ObITh MPSAMO MPOTHUBOIOTIOXK-
HBIM.

Pe3zepBupoBanue sBisierca HauOosiee 3P(EKTUBHBIM METOAOM IMOBBIIIIE-
HUg HagexHocTH. [Ipu pe3epBUpOBaHMM B KOHCTPYKIMH OOBEKTa 3apaHee
npeaycMaTpUBaeTCsl BO3MOKHOCTh 3aMEHbI OTKa3aBlilero siaemMenta. [lpu co3na-
HUU CXEM C OIPAHUYEHHBIM MOCJIEICTBUEM OTKA30B MPUMEHSIOTCS CHElUAlb-
HbIE 3alllUTHBIE U MPEJOXPAHUTENbHBIE YCTPOUCTBA, KOTOPHIE MPEIOTBpPALIAIOT
aBapuUHbIC MTOCIEACTBUS OTKA30B.

[loxg onTuMH3anmMe NOCIEI0BATENHLHOCTH PaOOTHI 3JIEMEHTOB TOHUMAET-
Csl COIJIaCOBaHME TAKTOB aBTOMATHYECKON pabOThl CXeM HE TOJIBKO 10 BPEMEHH,
HO ¥ 10 IOCTUKEHHIO TEM WJIM MHBIM MapaMeTpOM 3aJaHHOTO 3HAUCHUSI.

B 4ncno KOHCTPYKTUBHBIX METOJIOB MOBBIIIECHUS HAAEKHOCTH BXOJIAT !

— UCIOJIb30BaHUE JIEMEHTOB C MAJION BEJIMYMHON MHTEHCUBHOCTU OTKAa30B
MIPU 33JIaHHBIX YCIOBUSX SKCILTyaTallUH;

— obecnieueHune 0J1aronpusATHOrO pekuMa pabOThl JIEMEHTOB,

— palMOHAIbHBIN BEIOOP COBOKYITHOCTU KOHTPOJIBHBIX MapaMETPOB,;
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— panuoHaIbHBIN BHIOOpP MOMYCKOB Ha M3MEHEHUE OCHOBHBIX MapaMeTpOB
AJIEMEHTOB U CHUCTEM,

— 3allliTa 3JIEMEHTOB OT BUOpaLUii U YJIapoB;

— yHU(UKAIUS JIEMEHTOB U CUCTEM;

— pa3paboTKa SKCIUTyaTallMOHHON IOKYMEHTAIlUU C YYE€TOM OIbITa MIpUMe-
HEHHUSI CUCTEMBI, TOJA0OHON KOHCTPYUPYEMOIA;

— 00ecCIeYeHHE IKCILTYaTAIMOHHON TEXHOJIOTHYHOCTH KOHCTPYKITUH (IIpH-
MEHEHHE BCTPOCHHBIX KOHTPOJIbHBIX YCTPOWCTB, aBTOMAaTU3allus KOHTPOJS U
WHJMKAIUsl HEUCTPAaBHOCTEH, yJI0OCTBO MOAXOJOB MJisi OOCIY>KHUBaHUS U pe-
MOHTA).

Cnoco0ObI MOBBIIICHUS] HAJEKHOCTH IIPU TPOU3BO/JICTBE:!

— COBEPIICHCTBOBAHUE TEXHOJIOTMU U OpTraHU3alluy MPOU3BOJICTBA, €r0 aB-
TOMaTU3aIus;

— MPUMEHEHUE MHCTPYMEHTAJIbHBIX METOJIOB KOHTPOJSI KauyecTBa MPOIyK-
MU NIPU CTATUCTUYECKHA 0OOCHOBAHHBIX BBIOOpKAX;

— TPEHUPOBKA JIEMEHTOB U CUCTEM.

[lepeuyuncnenHbie METO/IbI MOBBIIIECHUS HAJIE)KHOCTH JTOJKHBI TPUMEHSITHCS
B COBOKYMHOCTH C YY€TOM BIIUSIHUSI KaXXJO0T0 U3 HUX Ha pabOTOCHOCOOHOCTH
00beKTA.

Metoapl MOBBIIICHUS! HAJIE)KHOCTH CUCTEM B HKCIUIyaTallU MOTYT OBITh
pa3OuThl HA ABE IpyMMbl. B mepByto rpymimy BXOASIT BCE M3JI0KEHHBIE METO/IbI.
Ha ocHOBe u3y4eHus OMbITa SKCIUTYyaTallui UHXKEHEP-IKCIUTYaTallMOHHUK UMEET
BO3MOXKHOCTh pa3paboTarh psii PEKOMEHIAUMM JiS MPOECKTUPOBIIUKOB,
HaNpPaBJICHHBIX HA YJIy4IICHHE KauecTBa 00BEKTOB (M3MCHCHHE CXEMBbI, 3aMeHa
9JIEMEHTOB, H3MCHCHHE KOHCTPYKIIMH, MaTepHaJIOB H Jip.). Bropas rpymnma me-
PONPUATUN OTHOCUTCS K BO3JIEUCTBUIO O0CITY>KMBAIOIIETO MepcoHaia.

K 3tM MeponpusTUsM OTHOCST:

— MOBBIIIEHUE KBATU(UKAIMK 00CTYKUBAIOIIETO IEPCOHAA,;

— MPUMEHEHUE WHCTPYMEHTAJIbHBIX METOJIOB KOHTPOJISI TEXHUYECKOIO CO-
CTOSIHUSA OOBEKTOB,

— 000CcHOBaHUE 00bEMa U CPOKOB MPOBEACHUS NPODHIAKTUYECKUX MEPO-
MPUSATUNA, OCHOBAHHBIX HA IPUMEHEHUU METOJI0OB TEOPHUH HAAECKHOCTH,

— 000CHOBaHHME CPOKOB CITY>KOBI 3JIeMeHTOB U cocTaBa 3UII;

— pa3paboTKa U BHEIPEHHE CIIOCOOOB MPOTHO3UPOBAHUS OTKA30B.

HanexHocTh 00bEKTa B MPOIECCE AKCILTYyaTallui MOXKHO MOJAIEPKUBAThH Ha
OMpE/IEICHHOM YPOBHE, KOTOPBIM 3aJ105K€H MPU MPOCKTUPOBAHUU U U3TOTOBIIE-
Huu. [IpeB30iTH &e 3TOT YpOBEHb HEBO3MOXKHO. OOBEKTHI, HAXOMSIIUECS B
AKCIUTyaTaluu, 00JagaloT TaK Ha3bIBAEMOW «BCTPOEHHON» HAJEKHOCTBIO C Ma-
pameTpoMm Tcp. Ilog BCTpPOEHHON HAAEKHOCTHIO NMOHUMAETCS PACCUYUTAHHOE
KOHCTPYKTOPOM 3HA4Y€HHE CpeIHEeN HapaOOTKH HA OTKa3. JTO 3HAYEHHUE OIpe-
JENSeTCA UCXO/I U3 UHTEHCUBHOCTH OTKa30B A 3JIEMEHTOB, KOTOPbIE MOJIYUYECHBI
JUTsl YCIIOBUM pabOThl, OTOBOPEHHBIX B TEXHUYECKOM 3aJlaHUH, U HEOOXOJAUMO-
CTH BBITIOJIHEHUSI PYHKIIUN, MPENUCAHHBIX HHCTPYKIIMI MO SKCIUTyaTallUu.
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[TapaMeTp BCTPOEHHOM HAJIEKHOCTH MOKHO OIPEICIUTh U3 BEIPAKCHUS
t 1

P 0T Noer + Mgy

MOCT BH

T,

rae N — obImee YuciIo OTKa30B 3a Meproj padboThl ) 1y y.r — OKHUITAEMOE pacyeT-
HOE YHCJIO TTOCTETICHHBIX 0TKA30B; Npy — CPEAHEE YUCIIO BHE3AITHBIX OTKA30B.

B mpornecce skcrutyaranuu o0beKTa MOKHO BO3JI€HCTBOBATh HA BEJIUYUHY
(haKTUYECKOr0 YPOBHSI TapaMeTpa HaJle:)KHOCTU T ¢p, KOTOPBIN MOXKET U3MEHUTh-
Csl B 3aBUCUMOCTH OT 3()(PEeKTUBHOCTU 00CITYKUBAHUSI OOBEKTOB.

BeposiTHOCTH BBIsSIBJICHUS Ae()EKTHOIO AJIEMEHTa B IMpoilecce oO0CIyKuBa-
HUS ¥ TIPEI0TBpAIlleHUE TTOCTETICHHOTO 0TKa3a B MHTEpBajie BpeMeHu t paBHa:

t

n _-
P(t) = —"T (1 _¢Tt)
Npocr + Npy

rne t, — cpenHee BpeMsi Ha OOHapyKeHHE JeEKTHOTO dJIEMEHTA.

Bpems t,, 3aBUCHT OT umcia OOCITY)XKHBAeMBIX JJIEMEHTOB, METOJIWUKH W
MPOU3BOAMTEILHOCTH amliapara MPOrHO3UPOBAHUS, OT KBAM(HUKAIIMKA W OIBITA
paboThl 00CTyKHBaroIero nepconana. CienoBareiabHo, Benmanaa P(t) ompene-
JISICTCSI TIPOLIECCOM IKCILTyaTalliid 00bEeKTa M YHCIIO MOCTEIICHHBIX OTKa30B MO-
’KET OBITh YMEHBIIIEHO JI0 3HAUCHUS

J —_
Npocr = nHOCT(l - P) < Npocr-

Korna peanbHbie yCI0BHS 3KCIUTyaTAllud Mallo OTJIMYAKOTCS OT PAaCYETHBIX
YCJIOBUH, YCUIIUAMH OOCTYKMBAIOIIIETO MEPCOHANIA BO3/ICHCTBHUE BHEIIHUX (haK-
TOPOB MOXET ObITh OciiabiaeHo. Torjla MHTEHCUBHOCTh OTKAa30B 3JIEMEHTA B
YCJIOBUSIX dKCIUTyaTaluu OyJeT MEeHbIIE pacueTHOM. B 3TOM ciiyuae uncio BHe-
3aIlHBIX OTKa30B 3JIEMEHTOB YMEHBIIUTCH.

Nnoy = Aat <Ngyy.
Takum oOpazom:
P n%OCT + ngH > e

B sTom 3akmrodaeTcsi CymHOCTh aKTUBHOTO BO3JIEHCTBHSI DKCIUTyaTallnOH-
HBIX MEPOIIPUATHH IO MOBBIIICHHUIO HAISKHOCTH.

Opra"u3anroHHbBIC MEPOIIPUATHS 110 MOBBIIICHUIO HAJISKHOCTH 0OBEKTOB!

— TIOCTaHOBKA 3KCIEPUMEHTAIBHBIX MCCIICIOBAHUN HAJC)KHOCTH OOBEKTOB
Ha BCEX dTalax uX pa3paOdO0TKH, U3TOTOBICHUS U IKCILTyaTalllH;

— CO3/IaHHE €TMHON CUCTEMBI HHPOPMAITHH O PaOOTOCTIOCOOHOCTH OOBEKTOB,;

— o0ocHOBaHHWE, BBHIOOP W BKIIOUCHHE B TEXHHYECKOE 3aJaHUE HOPM
HaJIS)KHOCTH,;

— Opra"u3aius J0pad0TOK U peKiIaMalliOHHas MTPaKTHKA.
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16.2. PE3BEPBUPOBAHME KAK METO/I MOBBILLIEHUS
HAJIEXKHOCTH

Pe3epBupoBaHue SBIsSETCS OJHUM U3 PACHPOCTPAHEHHBIX CIOCOOOB TO-
BBIIIEHUS HAJIKHOCTH 00BEKTOB. OHAKO OH BEJAET K YCJIOKHEHHIO OOBEKTOB,
YBEJIMYEHUIO UX MACChl U CTOUMOCTH. 32 KpUTEPUN KauecTBa OOBEKTa B CMBICIIE
HAJICKHOCTU MPUHUMAETCS CJICAYIOIIHI: 00OBbEKT CUMTAETCS a0COIIOTHO HAIEK-
HBIM, €CJIM OTKa3 OJIHOTO JII0OOr0 3JIEeMEHTa HE MPUBOJUT K OTKa3y BCEro 00b-
exkta. Peanmuzamusi KpuTepusi OCYIIECTBISETCS IyT€M IO3JIEMEHTHOTO WU
MOOJIOYHOTO PE3EPBUPOBAHUSI.

Ouennutb 3(pPEKTUBHOCTH PA3TUYHBIX CLIOCOOOB PE3EPBUPOBAHUS MOKHO,
MPUHSB 32 KPUTEPUM KAYECTBA BEPOSITHOCTh M HApaOOTKy Ha OTKa3 W CJeJiaB
CJIeAYIOIINE YNPOUIAIONINE MPENONIO0KEHUS: BCE JIEMEHThl CUCTEMbI PABHOHA-
JICKHBI, TOTOK OTKA30B AJIEMEHTOB SIBJIECTCS MPOCTEUIIINM, KPATHOCTh PE3EpPBU-
POBaHUSI BCEX JIEMEHTOB OJIMHAKOBA.

Ecnau npu npuHATHIX JOMYIIEHUSIX BEPOSTHOCTh U CPE/HSIST HapaOOTKa /10
OTKa3a HEPEe3epPBUPOBAHHON CUCTEMBI BhIpaXkaeTcsl (hopMynamMu

1
P(t) = e N, Tep=—,
(0] ) CP N/I
TO BBIUTPBIII HAJECKHOCTH PE3EPBUPOBAHHOM CHCTEMBI IO CPABHEHUIO C HEpe-
3epBUPOBAHHON OYyJIeT paBeH

Q Tcp A
GQ:Q_' GT:T , }“:A_'
o CPo o

rae A, — UHTEHCUBHOCTh OTKA30B HEPE3EPBUPOBAHHOrO 00bEKTa; A — WHTEH-
CUBHOCTH OTKAa30B DJIEMCHTOB, Aa — MHTCHCHUBHOCTH OTKA30B aBTOMATa HAIACK-
HOCTH; M — KpaTHOCTh pe3epBHpoBaHus; N — 4UCIIO 37IeMEHTOB B 00beKTe; K —
9UCJIO0 3JICMCHTOB, OTKa3 KOTOPbIX HE ITPUBOAUT K OTKA3Y o0BeKTa.

N3 ananu3a npuMeHEeHUs1 METOIOB PE3EPBUPOBAHUS BBITEKAIOT CIIEAYIOIINE
BEIBOJIEI.

1. THTEHCUBHOCTH OTKA30B PE3E€PBUPOBAHHOTO OOBEKTA BCEr/la HAUMHAET-
CiA C HYJII HC3aBUCHUMO OT HHTCHCUBHOCTHU OTKAa30B HCPE3CPBHUPYCMOT'O 00BEKTA.
IIo MCPC YBCIMUYCHUA BPECMCHHU JKCILTyaTalluk, MHTCHCUBHOCTb OTKAa30B PE3Cp-
BHUPOBAHHOI'O 00BEeKTa CTPCMHUTCA K MHTCHCHUBHOCTHU OTKA30B HCPC3CPBHUPOBAH-
Horo oObekTa. Ilpu pesepBupoBaHHU ¢ IPOOHON KPAaTHOCTHIO MHTCHCHBHOCTH
OTKa30B PE3E€PBUPOBAHHOTO OOBEKTA IMPH OINpPEICICHHBIX 3HaUYCHUAX M u t Mo-
KeT OBITh OOJIbIIIC MHTEHCUBHOCTH OTKa30B HEPE3EPBUPOBAHHOU CHUCTEMBI. DTO
03HAYaeT, YTO OOBEKT, Y KOTOPOr0 MPUMEHEHO pEe3epBUPOBAHUE C APOOHOMU
KPaTHOCTBIO, MOKET OBITh MEHEE HAJCKHBIM, YeM Hepe3epBUpOoBaHHBIN. Cyiile-
CTBYET KPUTHUUYECKOE 3HAYEHUE BPEMEHH PalOThl, BBIIIE KOTOPOTO PE3EPBUPO-
BaHME C IPOOHOI KPaTHOCTHIO HEIEIECO00pa3HO.
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2. BBIUTPHINT HAAEKHOCTH IO BEPOSTHOCTH OTKAa3a TEM OOJbIIE, YeM
MEHBIIIE UHTEHCUBHOCTh OTKA30B HEPE3EPBUPOBAHHOTO 00BEKTa. ITO OCHOBHOE
MIPOTUBOPEYHE BCSIKOTO PE3ePBUPOBAHUS. J[JIs1 TIOBBIIICHUST HAIEKHOCTH 00BEK-
TOB IJTUTEIIHFHOTO WCIIOh30BaHUS HEOOXOAMMa BHICOKAs KPATHOCTh PE3ePBHUPO-
BaHUAI.

3. Ilpu cxemHOI peanu3amnuu JIF0O0T0 pe3epBUPOBAHUS, KPOME CKOJIB3SIIIE-
ro, 3HAYNTEIHLHOE YBEIWYCHUE MACCHI MMPUBOJIUT K MEHEE 3HAUMTECIILHOMY yBE-
JUYEHUIO HApaOOTKHU Ha OTKa3.

16.3. CITIOCOBbbI YMEHBHIEHUA UHTEHCUBHOCTH OTKA30B

BepostHOCTh 6€30TKa3HON pabOThl CHCTEMbI, HHTEHCUBHOCTh OTKAa30B KO-
TOpO¥ yMeHbIIIeHA B K pa3, paBHa

_ Aot
P(t) =e &

Torz[a BBIUTPBIII HAACKHOCTHU COCTABIISICT.

Aot
_l-e k 1
Co=1 e Or=k Gi=p

[Ipu Manbix A,,t BBIMTPBIIT HAACKHOCTH MO HapaOOTKE Ha OTKa3 pacTeT
MPONOPITMOHATBHO K. YMEHBIIICHHEe HHTCHCUBHOCTH OTKAa30B MPUBOJIMT K CYIIe-
CTBEHHOMY TOBBIIIEHUIO HAJIEXKHOCTU 0OBEKTOB IJTUTEIBHOIO UCIIOJIB30BAHUS U
3HAQYUTEIIbHOMY TOBBIIICHUIO HAJIEKHOCTU OOBEKTOB, MPEIHA3HAYEHHBIX IS
MaJioro BpeMeHU paboThI.

D¢ EeKTUBHBIMU METOIaMH TTOHM)KEHNSI HHTEHCUBHOCTH OTKa30B 0OBEKTOB
SIBJISIOTCS . PUMEHEHHE Han0O0JIee HaICKHBIX JIEMEHTOB, OTOPaKOBKa («BBIKH-
TaHWe») MaJIOHAJICKHBIX IJIEMEHTOB CHUCTEMBI, OOJICTYCHHE PEKHMOB PaOOTHI
AJIEMEHTOB.

Buvioop naubonee naoexicHvix 31emMeHmos.

[Ipu npoekTupoBaHUU OOBEKTOB HEIOMYCTUMO NMPUMEHEHHUE OOBEKTOB C
YCTapeBUIMMHU TUIIAMH 3JeMeHTOB. C 3TOH 11e/IbI0 pa3padaThiBalOTCs CIEIUab-
HbIE HOPMBI HaJC)KHOCTH 3JIEMEHTOB U OOBEKTOB B 3aBUCHMOCTH OT Ha3zHaue-
Hus. HafexXHOCTh 371EMEHTOB HE BCET/Ia YIOBIETBOPSET BHICOKUM TPEOOBAHUSIM
MpU CO3JaHUU CJIOXKHBIX OOBEKTOB. Kpome 3TOro, mpu BBIOOpE 3IEMEHTOB
HEOOXOJJMMO YUYHUTHIBATh PEAbHBIE YCIOBHS IKCILTyaTallUhd OOBEKTOB.

Omopakoska (<evlacuzanue») MaaioOHAOEHCHBIX IJIEMEHM 0.

VYMEHBIINTh, HHTEHCUBHOCTHL OTKA30B MOXKHO IIyTEM OT6paKOBKI/I, NI
«BBIKUT'aHHA», J3JICMCHTOB, MMCHOIINX KOHCTPYKTHUBHBLIC W IIPOU3BOACTBCHHLIC
I[e(l)eKTI)I. I[J'IH 9TOI0 OCYHICCTBIIACTCA TPCHHUPOBKA JJICMCHTOB B TAXKCIIBIX
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yCIIOBHSIX paboThL. Mmess MeToma BeDKUTAHUS Je(DEKTHBIX SJIEMEHTOB COCTOUT B
UCKJTIOYCHHH HAYaJIbHOTO yJ9acTKa A-XapaKTepUCTHKH (Teproia mpupaboTKy).

Jlist GONBIIMHCTBA 3JIEMEHTOB C YBEJIMYEHUEM KO3 UIIMEHTa HATPY3KU
Ky xpusas A = f(t) cmemaercst BiaeBo BBepX. [Ipu 3TOM ydacTok, rae A = const,
COKpaIlaercs, 1 Ha4ajo 3TOT0 y4acTKa CMEIIAETCs BIEBO.

YrcrneHHOE 3HAYCHHE BPEMEHU BBDKUTAHUS OMPEACISIOT MyTEeM IpOBeIe-
HUS CIICIUAIBHBIX UCIIBITAHUN MPU Pa3IMYHbIX Kod(hunmeHTax Harpy3ku Ky u
HA OCHOBAHUM CTaTUCTUUYECKHUX JAHHBIX 00 OTKa3aX. [lo momydeHHBIM CBEACHMU-
sm ctpost rpaduku A = f(t) u mo xapakTepy UX U3MCHEHHS yCTAaHABIMBAIOT KO-
a3 PumeHT Harpy3Ku U BpeMsi BbKUTAHUS.

Oobnezuenue pexrcumos padbomeol I1eMeHMOB.

CHimkeHue Harpy3Kd 3JEMEHTOB, YMEHbBIIEHUE UX TEIUIOBBIX, BUOpPALIUOH-
HBIX U JPYTUX PEKUMOB MPUBOJUT K YMEHBIIECHUIO BEPOSITHOCTU TMOSIBICHUS
otrkaza. [loaToMy obneruenue pexuMoB paOOThl SBJSIETCSA OJAHUM M3 BO3MOX-
HBIX MYTE€W MOBBIIICHHUS HAJEKHOCTU 000pyAoBaHusA. B mopamisoniemM 00Jib-
IIMHCTBE COBPEMEHHBIX CUCTEM AJIEMEHTHI Pa00TAIOT B Pa3rpy>KEHHOM PEXKHUME.

JIist psia IeMEHTOB OIpeeeHbl 3aBUCUMOCTH UHTEHCUBHOCTH OTKA30B
oT ko3 uimenta Harpy3ku. Hanpumep, 3aBUCUMOCTh HHTEHCUBHOCTH OTKA30B
AJIEMEHTOB AJIEKTPOHHBIX CXEM OT 3HaUeHUU Ky I0BOJIBHO TOYHO MOXKHO Hpe-
CTaBUTH POPMYIOi

A=a-Ky-[(b-Ky)?+1]"",

riae a, b, N — xoahuLKMeHTHI, 3aBUCSINKME OT THIIA 3JICMEHTA.

Ecnu snemenThl paboTatoT B pexkumax, OJM3KUX K HOMHUHAJIBHBIM, TO TO-
HIDKeHHE Kod(pdulineHTa Harpy3Ku J1aeT MeHee 3HaYuTeNbHbIN dpdekt. Obner-
YeHUE PEKUMOB pabOTHI PJIEMEHTOB 03HAYAET, YTO B OOBEKT CTABATCS JIEMEH-
ThI, UMEIOIIHE 3aIac MO MPOYHOCTH WJIA MOIIIHOCTH.

16.4. COKPAIIIEHUE BPEMEHU HEIIPEPBIBHOM PABOTHI
N BOCCTAHOBJIEHUA

IIpu 3KCnIOHEHUMANBHOM PACHpPENEICHUNM BPEMEHU NOSBJICHUSA OTKAa30B B
BBIPAKEHUAX JUII OCHOBHBIX KOJIMYECTBEHHBIX XapaKTEPUCTUK HAJIEKHOCTH
3Ha4YeHUS A U t BXOAST B BUJE MPOU3BEICHUN. DTO 03HAYAET, YTO COKpAILCHHE
BpPEMEHHU PabOThl IKBUBAJICHTHO YMEHBIICHUI0 MHTEHCUBHOCTH OTKa30B. JlJis
MOAABJISIONIETO YKciia 00bEKTOB BAXKHBIM SIBIISIETCSI TAKOE CBOMCTBO, KaK FOTOB-
HOCTb K JeHCTBHIO. ['OTOBHOCTH CHCTEMBI K BBIMOJHEHUIO CBOUX (DYHKIMH Xa-
paktepuzyetcsi Ko3QUIHEeHTOM TOTOBHOCTH

T
Kr=17 Ty
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YMeHbllleHue BPEMEHU BOCCTAHOBIICHHS MPHU MPOUYUX PABHBIX YCIOBUSX
MO3BOJIIET YBEIUYUTHh BEPOSTHOCTb UCIPABHOTO COCTOSIHUSI OOBEKTa B JIFOOOM
MOMEHT BPEMEHHU, T. €. TOBBICUTh TOTOBHOCTb CUCTEMBI.

MeponpusTus 1o yJay4lIeHUI0O BOCCTaHABIMBAEMOCTH OOBEKTOB Ha HTalle
MX CO3JIaHMsI BKJIIOYAIOT B Ce0si: aBTOMATU3AIMIO ITpoliecca OOHAPYKEHUSI HEHC-
MPaBHOCTEM; aBTOMATU3AIMIO0 KOHTPOJISI OCHOBHBIX MapaMeTPOB U PEXKUMOB pa-
OOThI; pe3epBUPOBAHKE; PAIMOHATIBHOE KOHCTPYUPOBAHUE; Pa3pabOTKy IKCILTY-
aTallMOHHOM JOKYMEHTALUH.

VYkazannabie (akTOphl BIUAIOT HAa CIAEAYIONINE MOKA3aTeNu: CpeaHee BpeMs
npeObIBaHUs 00bEKTa B OKUJIAHUU PEMOHTA U €r0 MPOBEACHUS; CPEAHEE BpeEMs
JIOCTaBKH 3aIlaCHBIX 3JIEMEHTOB; CPEHEE BpeMs YJIOBIECTBOPEHUS pEeKIaMalnid;
MOTpeOHOE KOJIMYECTBO 3amacHbIX 35iemMenToB B 3UII u ap.

VYceunus o0cayKUBAIOIIETO MEePCOHala IO HbI ObITh HAIIPABJICHbBI HA TIPO-
BesieHre Hanbosee 3(p(HEKTUBHBIX MEPONPUSATUN MO MOBBIIIEHUIO BOCCTAHABIIN-
BAEMOCTH OOBEKTOB, OCHOBHBIMU M3 KOTOPBIX SIBIISIOTCS: MOBBIIICHUE KBaJIU-
¢dukanuu nepcoHana U NPpUOOPETEHUE UMU YCTOMUMBBIX HABBIKOB MOKCKA U 3a-
MEHBI OTKa3aBIIUX 3JIEMEHTOB; 00OCHOBAHUE PAllMOHATBLHON MEPUOANYHOCTH U
o0beMa MpoPUIAKTUIECKUX MEPOIIPUSITHIL; ONpeeIeHue ONTUMAIBLHOTO COCTa-
Ba 3UII; obocHoBaHue U pa3paboTKa ONMEpPaTUBHON CUCTEMBbI CHAOXKEHUS; CO-
BEPIIECHCTBOBAHNWE METOJOB JKCILTyaTalldd U CUCTEM y4ueTa U OTYETHOCTH; yCO-
BEPIIECHCTBOBAHUE IKCIUTYaTAlIMIOHHON IOKYMEHTAIIUH.
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Jlexus Ne 17

17.1. METOJAbI MOAEJIUPOBAHUSA HAJTEZXKHOCTHU

MeTtoipl TPOTHO3UPOBAHUS COCTOSTHUS TEXHUYECKUX OOBEKTOB, OCHOBAH-
HbIE HA U3YUYEHUU MPOUCXOMSIINX B HUX MPOLIECCOB, CIOCOOHBI 3HAUYUTEIIHHO
YMEHBIIIUTh BIUSAHUE CIy4allHbIX (aKTOPOB, 0OJIee TOUHO OMHUCATH MOBEJICHHE
0OBEKTOB M BO3MOXKHOCTH ITOSIBJIEHHSA OTKa30B. OIHAKO JJI9 OIEHKU HaJeKHO-
CTH DJIEMEHTOB IO JAHHBIM O MPUOIMKEHUH K 0TKa3aM HEOOXOIUMO COCTABUTH
MOJIEJIH MPOIIECCOB, MPOUCXOIANINX B 2JIEMEHTAX M MIPUBOIAIINX K UX OTKa3aM.

Br16op Moenn HaIe)KHOCTH TTPOU3BOAUTCS HA OCHOBAHUHU CTaTHCTHYECKO-
ro aHaJM3a JaHHBIX O (YHKIIMOHUPOBAHUM OOBEKTOB IPU HCIBITAHUAX WU B
YCJIOBUSX IKCILTyaTallUH.

Jlns peleHus: MHOTHX HCCIIEAOBATENIbCKUX M MPOCKTHBIX 3a7ad B MHXKE-
HEPHOM MPAKTUKE HCMOIB3YIOTCSA METOIbl UMUMAUUOHHO20 MOOETUPOBAHUA
MPOIIECCOB U CHUCTEM, B TOM YHCII€ HA DJICKTPOHHBIX BHIYUCIUTEIHHBIX MAaIllH-
Hax. [Ipu »TOM Hccienyercs HE caM TEXHHUECKUU OOBEKT, a ero guiznueckas
WM MaTeMaThdecKas MOJIeTb B BUAE alropuTMa (GyHKIIMOHUPOBAHUS, OTpaxka-
I0I1asi BCE OCHOBHBIE CYIIECTBEHHBIE CBOMCTBA U XapaKTepUCTUKHU o0bekTa. Oc-
HOBHOM 11€JIbI0 UMHUTAIMOHHOT'O MOJIEIUPOBAHUS SIBJISIETCS MOJYYEHUE HOBOMU
nH(pOpMaIIKM O CBOMCTBAX, XapaKTEPUCTUKAX U MOBEJCHUU U3y4aeMOro pealb-
HOT'O TEXHUYECKOr0 OOBEKTA.

B 3aBucHMOCTH OT cTeneHN (DU3NYECKOTO CXOJICTBA MEXKIY OPUTHHAJIOM U
MO/IEJIBIO MOKHO Pa3jinyaTh MOOEAUPOSAHUE HA OCHOBE NOO0OUA I MOOETUPO-
éaHue no aHaio02uu.

[Ipu MonenupoBaHUM HA OCHOBE MOAOOUS CO3/1aeTCs MOJ00HAsT OPUTHHATY
MaTepuaibHas cucteMa (pu3ndeckas MoJIeNb), C TOMOIIBIO KOTOPOH U3y4aroTCs
MPOIECChI, MpOTeKaromue B opuruHaige. CUCTeMbl WJIN SIBICHUS HA3BIBAIOTCS
nOO00OHBIMU, €CITH BCE KOJIMYECTBEHHBIC XapaKTEPUCTUKU OJHOTO M3 HUX MOXK-
HO TMOJIYYUTb MPOMOPIIMOHATBHBIM MMPE0OPa30BAHUEM XapPaKTEPUCTUK JPYroro.
JlocTOMHCTBa MOJAEIUPOBAHUS HA OCHOBE MOAOOUSI — JOCTOBEPHOCTH pe3yJibTa-
TOB M BO3MOKHOCTD BBISBJIICHUS (PU3UUCCKUX IPUUNH SBICHHI.

[lox ananozueit noHUMaeTCsi YaCTUYHOE CXOJCTBO MEXK]Y MpEIMETaMH U
SIBJIEHUSIMU, B OCTAJILHOM Pa3IUYHBIMH.

Mamemamuueckoe moodeaupoganue — MPOIECC CO3AAHUS UMUTUPYIOIICH
MaTeMaTU4YeCKON MOJIENIU U €€ MCIOJIb30BAHUE C LIEJIbIO MOJYyUYEeHUS CBEIACHUN O
pealbHOM 00BeKTe. MaTreMaTH4ecKoe MOJEIMPOBAHUE SBJISETCS albTepHATH-
BOM (PU3MUYECKOMY MOJEIUPOBAHUIO. Y HETO €CTh Pl CYIIECTBEHHBIX MPEUMY-
IIECTB. MEHBIINE CPOKU HA MOATOTOBKY, 3HAUUTEIHLHO MEHbIIIA MAaTepUAIOEM-
KOCTh, BO3MOYKHOCTb BBITIOJTHCHHS YKCIIEPUMEHTOB Ha KPUTHYCCKUX U 3aKPUTH-
YECKUX PeXUMaX, KOTOphIC MPUBEIN ObI K pa3pyIIeHUIO 00pasna, u Jap.

Mamemamuueckas mooeb — COBOKYITHOCTh MaTEMAaTUYECKUX OOBEKTOB
(ducel, CHMBOJIOB, MHOXKECTB W T. JI.) M CBSI3eH MEXIY HUMH, OTPAKAIOMUX
BayKHEHIIINE CBOMCTBA TEXHUYECKOr0 OOBEKTA.
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Onpenenenue mnokaszaTeneid HAJACKHOCTH HAa OCHOBAHUU BEPOSTHOCTHBIX
MoJieie BKIo4YaeT Tpu dTana. CHavaja yCTaHABIUBAETCS THUI Mojaeau (BU
pacmpezeneHus). ITo MOXKeT ObITh CJCIaHO Ha OCHOBAHWH W3BECTHBIX 3aKOHOB
pacripeiesieHus1, oJIy4eHHBIX i1 00beKTOoB-aHaloroB. Ha BTopom stame orre-
HHUBAIOTCSA MAapaMeTpPhl PACIPEICIICHUS], YCTAHABIMBACTCA KOHKPETHBIM BUJ Be-
POSITHOCTHOM MOJieNu JUIsl JaHHOTO TeXHUYecKoro o0bekra. Ha Tperhem 3Tane,
Ha OCHOBAHUU MOJYYEHHON BEPOSITHOCTHON MOJIEH, ONPEAEIOTCS HE0OX0au-
MBI€ ITOKa3aTeNN HAIEKHOCTH.

17.2. JMCKPETHBIE MOJEJIM HAJJEXKHOCTH

Jluckpemmnsie pacnpedeiienusa ONVCHIBAIOT CIy4ailHble BETUYUHBI, KOTO-
pble MPUHUMAIOT KOHEYHOE HMJIM CUETHOE MHOXECTBO 3HaUCHUH (YMCIIO OTKA30B,
YHCIIO UCITPABHBIX MJIU OTKA3aBIIMX OOBEKTOB M T. J.).

Bunomuanvnoe pacnpeodenenue onpenenseT BEPOATHOCTD K YCIICIIHBIX HC-
MBITAHUN U3 OOIIEro Yucia UCIBITAHUN N, €CIIU U3BECTHO, UTO BEPOATHOCTH OJI-
HOT'0 YCTICITHOTO MCIBITAHUS PaBHA P, WIH YUCIO K UCTIPAaBHBIX 3JIEMEHTOB CH-
CTEMBI, COCTOSIIIEN M3 N 3JIEMEHTOB, €CIU BEPOATHOCTH 0€30TKAa3HON padoThI
KaXXJIOr0 3JIEMEHTAa paBHa P:

n!
—_k)|Pk(1 -p)" = Cip* (A —-p)tH

Pl = k!'(n

e C¥ — 6GuroMmanbHbIe KOA(DHUIMEHTHL.

[Ipu noctatoyHO OOJBIIOM YHUCHIE N U MaJIbIX 3HAYEHUAX p OMHOMUATIBHOE
pacrpejielieHue XOpouio anmnpokcuMupyeTcst pacnpenenenueM I[lyaccona ¢ ma-
paMeTpoM A = NP ¥ OIMMOKOM anmpOKCUMAIINH TTOPSIKa AZIn

/1k
P(k) = T exp(—4),

HJIKM HOPMAaJIbHBIM PAaCIIpCaACICHUCM

P<|k |> ) 1-20 n
n P p(1—p)

rne ®(z) — HopmupoBanHas ¢yHkius Jlamaca.

bruHOMMaTbHOE pacpe/ie/iCHHEe XapaKTEPHO JIJISI BEPOSTHOCTH TOSBIICHUS
B 00bekTe K 0TKa30B 3a BpeMs WM HapaOOTKy t, eciim M3BECTHO, YTO BEPOST-
HOCTB TIOSIBJICHHUS OTKa3a B OJJHOM M3 N MHTEepBajoB t/n paBHa p.

[Tpu N — o0 MOKHO HCITOJIB30BAThH pacnpeaeiienue [lyaccona B Bujie

()"
k!

P(k) = exp(—At).
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ITpu k = 0 pacnpenenenrie MOKHO pacCMaTPUBATh KaKk BEPOSATHOCTh OE30T-
Ka3HOU paboThI (BEpOSITHOCTH OTCYTCTBHS OTKa3a) 3a Bpems t

P(k = 0) = exp(—At).

Ompuuyamenvnoe 6unomuanvroe pacnpedenenue (pacupenenenue I[lac-
KaJIs)

P(n) = Cl?+n—1pk(1 - p)"

UCIIOb3YETCsI, HAPUMED, JIJISl ONPEICIICHHUs] BEPOSITHOCTH YKCIIa HEUCTIPABHBIX
U3JICNTAN N, MPEAMECTBYIOMNX K-My UCTIpaBHOMY, TIPY IUIAHUPOBAHUH BBITyCKa
W3JIeNIUNA JJIsI TIOTYUYEHHUS 3aIaHHOTO KOJIMYECTBA UCTIPABHBIX M3JEIUNA TIPU U3-
BECTHOM BEpOSITHOCTH Opaka p.

IIpu k = 1 oTpumarenbHOe OMHOMMAIBHOE pacIpelaeicHue MpuoOpeTacT
BUJI 2e0MeMpU4ecKo20 pacnpeoeieHusl.

T'unepeeomempuueckoe pacnpedenenue WCHOIb3YETCS I ONpPEACIICHUS
HAJIEKHOCTU MPOAYKIIMU TPU BHIOOPOYHOM KOHTPOJIE KauecTBa M OINpeaeiseT
BEPOSATHOCTh YMCIIa TOJIHBIX M3Jenuii K B BRIOOpKEe 00beMa N U3 mapTuu o0be-
MoM N, comepkarieit M rogHbIX U3ICIIHIA:

17.3. HEIIPEPBIBHBIE MO/JIEJIU HAJIE2KHOCTH

B uenpepwvienvix pacnpedenenuax B TeOpuu HAJICKHOCTH HENPEPHIBHOM
CIIy4yallHOW BEIMYMHON OOBIYHO SIBJISIETCSI BpeMs UM HapaOOTKa — BpeMs 0€30T-
Ka3HOW paOoThl, TMOSBJICHUS OTKa3a, BOCCTAHOBJICHMs, HapaOOTKa Ha OTKa3,
MEXAYy OTKa3aMmu, 10 OTKa3a U T. 1.

Hawnbomnee mpocToit u BMECTe ¢ TEM OJTHOM M3 CaMbIX UCTIOJIb3YEMBbIX MOJIE-
Jei SABIETCS KcnoneHyuanvhoe (MoKa3aTeabHOE) pacnpedeienue HapaOOTKH
Ha OTKa3, KOTOPOE MOJYy4YaeTCs M3 BBIPAXKEHUS OCHOBHOI'O 3aKOHA HAJAECHKHOCTH
MIpY MOCTOSTHHOM 3HAYE€HUH MHTEHCHBHOCTH OTKA30B A = CONSt

P(t) = exp(—At).

[IIupokoe HCHONBb30BAaHHE HKCIIOHECHIIMATBLHON MOJENIN OOBICHSAETCS, B
MIEPBYIO OYEPE/lb, TEM, UTO OHA OMMUCHIBAET MEPUOJ HOPMAJIBHOM IKCIUTyaTalllH,
KOTJla MHTEHCUBHOCTh OTKA30B MPUMEPHO MOCTOSIHHA U CTApEHHE O0BEKTA €Ille
MaJI0 CKa3bIBAE€TCS HA €ro HAaJEKHOCTH. OJKCIIOHEHLIHMAIBHOE PACHPEICICHHE
TUMHWYHO JJISI TEXHUYECKUX CHUCTEM, COCTOSIIUX U3 OOJIBIIOT0 KOJIMYECTBA 3Jie-
MEHTOB C Pa3JIMUYHBIMU pacHpeesiCHUsIMU HapaOOTKu 10 oTka3za. Kpome Toro,
AKCIOHEHIIMATIBHOE PaCIpe/ICJICHUE OMKCHIBAET (PYHKIIMOHUPOBAHHE OOBEKTa
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MoJ IEMCTBUEM IMyaCCOHOBCKOTO MOTOKAa UMIYJbCOB HAarpy3ku, oOyciaBiIuBa-
IOIETO OTKa3bl CIOXKHBIX CUCTEM C BOCCTAHOBJICHHUEM AJIEMEHTOB. DKCIIOHEH-
[MaJIbHOE PACHpeIelICHHEe MOXKHO TaK)Xe€ paccMaTpUBaTh Kak MpeeabHOE s
pacnpenenenus [lyaccoHa U reoMeTpUYECKOTrO pacupeieeHusl.

[Ipu ucnosib30BaHUU SKCIMIOHEHIIMAIIBHON MOJIENTM B KAYECTBE XapaKTepu-
CTHKHU HapaOOTKH 00BEKTa Ha OTKAa3 BEIMUUHY 1o = 1/A MOXHO paccMaTpHUBaTh
KaK CPEJHIOI HapaOOTKY, U TOTJla BhIpAKEHUE 3aITUIIETCS B BUJIE

P(t) = exp(—t/Tp).

CyIl1eCTBEHHBIM MPEUMYIIECTBOM JKCIIOHEHIIMAIBLHOTO 3aKOHa SIBJISIETCS
TaKK€ BO3MOXKHOCTb Pa3lIOkKEHUS (PYHKIUH B Psii U aNIpOKCUMALMHU TIPU
M = t/To<0,1 nuHeHO# 3aBUCUMOCTBIO BUIA

)% (At)3 t
(A1) _( ) +o=1—-At=1——

=1—At+
PO)=1-at+—m——— T,

KOTOpasi 4acTO MCHOJIb3YETCS NpU MPUOIUKEHHBIX pacyeTax MapaMeTpoB
HaJeKHOCTH.

BaxHbIM CBONMCTBOM SKCIOHEHIIMAIBLHON MOJICIHM HAACKHOCTH SBIISICTCS
TO, YTO BEPOATHOCTH 0€30TKa3HOW pabOTHl M BEPOSATHOCTH OTKa3a B MHTEPBAJIC
Bpemenn (i, t+At) (1. e. P(t, t+At) m Q(t, t+At) = 1 — P(t, t+At)) 3aBucAT TOIBKO
OT JUIMHBI 3TOr0 UHTEpBaia Al U He 3aBUCAT OT MPEAIIECTBYIONIETO BpeMeHH {.
DTO CBOMCTBO B 3HAYUTEIILHOW CTENEHU OTPAHUYMBAET BO3MOXHOCTH HCIOJIb-
30BaHUs 3TOU MOJEIH — OHA MOXKET MPUMEHSTHCS TOJIBKO B CIy4asiX, KOrja He-
oOpaTuMbIe U3MEHEHHS (CTapeHHE) 0OBEKTOB HECYIIICCTBEHHBI U OTKA3bl CBSA3a-
HBI TOJIBKO CO CIy4YalHBIMHU BO3/ICCTBUSIMH.

DKCIMOHEHIIMAIBHOE pachlpe/ieieHHe MOXXHO OOOOIIUThL pacnpedenenuem
Beiioynna B Bune

P(t) = exp(—At?).

B oTinune ot 3KCHOHEHIMANBHOTO, pacupenenenue BeitOynna 3agaercs
nBymsi napamerpamu. [lapametrp A ompenenser Maciitad KpUBOM pacmpejelie-
HUs (MIpU ero W3MEHEHWH KpUBas CXKUMAETCS WU pactsaruBaetcs). [Ipu 3Haue-
Huu napamerpa ¢opmel a < 1 Mozgens BeliOyia mo3BoJisieT onuchiBaTh NpuUpa-
OOTOYHBIE OTKAa3bl, 00OYCIOBJICHHBIE CKPBITHIMU AcdexTamMu, Ipu a = 1 — BHe-
3aIHBIE OTKa3bl B MEPUOJI HOPMATBLHOM 3KCIuTyaTanuu, npu 1 < a < 2 — oTkassl
OBICTPOCTAPEIONINX OOBEKTOB, Y KOTOPHIX MOYTH HET CKPBITHIX AEHEKTOB, MpHU
a > 2 — u3HOCOBBIe O0TKa3bl. Kpome Toro, ipu a = 2 (pacnpeodenenue Penes) mo-
JIe1b ONMUCHIBAET (DYHKIIMOHUPOBAHUE OOBEKTA, COCTOAIIETO U3 HECKOJIBKHUX MO-
CJIeI0BAaTEIbHO COEAMHEHHBIX TYOJIMPOBAHHBIX 3JIEMEHTOB. OOBIUHO 3HAYEHUE
a IeXUT B uHTEepBase ot 1 1o 2.
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T'amma-pacnpedenenue

A

P(t) = F(a)jo t* Lexp(—A1t) dt

UCIIOJIB3YETCs JIJIsl ONpe/IeNIeHUs MOMEHTAa OTKa3a ¢ HOMEPOM a MPU UCTIBITAHU-
X C 3aMEHOM 3JIEMEHTOB, €CJIM HapaOOTKa MOAYMHSETCA HKCIOHEHI[UATBHOMY
3aKOHY, a TaKXKe Il OMpPEeAeNICHHUs] OOIIEro CpoKa CIYy>KObl Tpynmbl 0ObEKTOB
IIPHU UCTIBITAHUAX O€3 3aMEHbI (TakKe MPU IKCIIOHCHIIMAIHLHOM 3aKOHE) M B He-
KOTOPBIX APYTUX CIIyYasix.

OnHuM U3 camMbIX OMYJISIPHBIX B TEOPUU HAJIEKHOCTU SIBIISIETCS. HOPMATb-
Hoe pacnpeoenenue

3 3 1 ¢ (t — p)?
PO=1-F@O)=1-—= j_ooexp [— T‘ dt.

dyHIaMEHTaIbHOE 3HAUYCHHE HOPMAJbHOIO paCHpeeeHus CBSI3aHO C
LEHTPaJIBLHON MpeNeIbHOW TeOpPEeMOil TEOPUU BEPOSITHOCTEH, COTJIACHO KOTOPO
pacrpeielieHue CyMMBbl JIOOBIX CIIy4YalHbIX BEJIMYUH B MpElesie CTPEMUTCS K
HOopManbHOMY. HopmanbHOe pacnpeneneHrde 4Yamie BCEro HCIOJIb3YEeTCS s
OMHUCaHUs MOCTENEHHBIX U3HOCOBBIX OTKA30B, OHO 0oOpa3yeTcs, KOrja Ha Ccly-
YaliHyI0 BEJIMYMHY JIEUCTBYET OOJIBIIIOE KOJUYECTBO PABHOIPABHBIX (DAKTOPOB.
Ero HemoctaTkoM B HEKOTOPBIX ClIydasX MOXET OKa3aTbCs Haaudue oOJacTH
OTPUIIATENIbHBIX 3HAYEHUN apryMEHTa, YTO JUIsl ONMUCaHMUs HApaOOTKU Ha OTKa3
He uMeeT cMbicia. C 1eNbl0 YCTPAHEeHHS 3TOT0 HEOCTaTKa MOYXHO BOCIIOJb30-
BAThCS YCEUEHHbIM HOPMATbHbIM pacnpedenenuem

_ _ c (f (t — )’
P@O=1-F@=1-- zﬂj()exp[—?]dt,

WU J102APUDMULECKU HOPMATbHBIM PACHpedeneHuem

3 1 tq (Int — u)?
P(t)_l_F(t)_g 27'[,[0 ?exp[—T]dt

JlorapumMudeckn HOpMAaJIbHOE pACIpPEICIICHHE MOXKET HCIOJIb30BaThCS
JUISL ONMCaHUS JOJTOBEYHOCTH METAUIOB, M3HOCOBBIX OTKA30B MaTCPHAJIOB,
CTapeHHs DJIEKTPOHHOW ammaparypbl, MPOIECCOB BOCCTAHOBICHUS HEKOTOPBIX
0OBEKTOB U T. 1.

[Ipu ommcaHWM HAIEKHOCTH WCIIONB3YIOTCS TAKXKE MOJEIH, 00hEIUHSIO-
e HECKOJIBKO pactpeaeincHuii. Hampumep, eciim 0oTka3sl 00beKTa MPOUCKOIIT
MO/ ICCTBUEM JIBYX HE3aBUCUMBIX ()aKTOPOB, MPUBOAAIINX K OTKa3aM IO JKC-
MOHCHITMAIIBHOMY W HOPMAaJbHOMY 3aKOHAaM, TO PE3YJIbTHPYIOIIas MOJEbh Oy-
JCT MPEACTABIATH COO0H KOMIO3UIKIO (MPOKM3BEACHUE) ATHX PacIpeIeICHUI.
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17.4. CTATUCTUYECKOE MOAEJIMPOBAHUE HAJIEZXKHOCTH

Ecmu ciyvaiinbie BETMYUHBI, 3HAYEHUSI KOTOPBIX OKA3bIBAIOT OMPEICIISIONIEE
BIUSIHUE HA pabOTOCIOCOOHOCTh, PACIpeiesiEHbl MO CIOXKHBIM 3aKOHAM WJIU SIB-
JISTFOTCSL TUCKPETHBIMU CITYYaiiHBIMU BEJTMYMHAMHE, OJJHOBPEMEHHO Ha HAJIEKHOCTh
AIIEMEHTA BIUSIOT MHOYKECTBEHHBIC CITydaifHbIe (DaKTOPBI, TO AaHATMTHYECKUHA pac-
4eT HaJIS)KHOCTH CTAHOBUTCS MIPAKTHUYECKU HEPA3PEITMMON 3a/TaUeH.

B aTOM cityuae 11 mpOTHO3MPOBAHUS TTOBECHUS DJIEMEHTOB HCTIOIB3YIOT
METOJI CTAaTUCTUYECKOTO HMMHUTAIIMOHHOTO MOJCIUPOBAHUS — MeTon MoHTe-
Kapro. Ykazanuseiii MeTO SBISETCS MPAKTUYECKH YHHUBEPCATBHBIM ISl OTpe-
JICJICHHsI 3aKOHA PACIPEICIICHUs MapaMEeTPOB COCTOSHUS TEXHHUYECKUX O0OBEK-
TOB ¥ paCYETOB HAIC)KHOCTH.

OcnoBHas uaes meroa Monte-Kapio 3akito4aeTcsi B MHOTOKpPaTHOM pac-
4eTe OMPENETSIONIEro mapamMeTpa M0 W3BECTHBIM 3aBUCHMOCTSIM, OMHCHIBAO-
UM TIpoliecc norepu padorocrnocodHoctu. Kaxaoe crarucTudyeckoe UCIbITa-
HUE TO3BOJISICT MOJYYUTh OJHY PEaTH3aIldi0 CIIydaitHOTo Tporiecca. MHOXe-
CTBO peaju3alluii CIy4ailHOTO TpoIlecca 1aeT BO3MOXXHOCTh OIIEHUTh XOJ MPO-
I[ecca U €ro OCHOBHBIC MTapaMETPHI.

B o0mem ciydae 3HaueHWE OMPEACISIONIeTro mapamerpa X onpeaensercs
HabopoM ciyvaitHbix BenmuuH Z; (1 =1, 2, ..., N), 3aKOHBI pacnpeIeieHus KOTO-
PBIX U3BECTHBI, TO €CTh

X - X(Zl,Zz, ,Zn).

[locnennsisi 3aBUCUMOCTh MOXKET OBITh 3aJlaHa KaK OJIHOM, TaK U HECKOJIb-
KUMU pacyeTHbIMU (GOpMYJIaMH, aAITOPUTMaMH, TabIuLaMu, TpaukamMu u T. JI.

Tak kak aprymMeHTamMu (PYHKIHMH SIBJISIIOTCSI CIydailHble BEJIWYUHBI, TO U
napameTp X ABISIETCA CIy4aiiHON BEJIMYMHOM.

Ha nepBom sTamne npumeHenuss meroga Monrte-Kapno B 3aBUCUMOCTH OT
HEO0OXOJUMON TOYHOCTH ONPEACIICHUS] XapaKTePUCTUK HAJIE)KHOCTU BhIOMpaeT-
csi HeoOxoaumoe uncio peanuszanuii N. 3aTeM U3 3aJaHHOTO JUana3oHa H3Me-
HEHHUSI KaXKJIOT0 U3 apryMEeHTOB Z;j 10 U3BECTHBIM 3aKOHAM PACHpPEICIICHUs CIIy-
YallHbIM 00pa30M C UCIOJIb30BaHUEM TaOIUIbI UM FeHepaTopa CIy4ailHbIX 4H-
cen BeiOMpaetcs o N 3HaueHui KaXk10ro U3 apryMeHToOB:

Zy € Zyy Zip e Z1j e ZIN
ZZ € Zy1 Zy9 sz e ZoN
Zi € Zi1 Ziy Zij ZiN
Zn € Zpy Zpy e Znj - ZiN

[locne 3Toro u3 MOJy4eHHBIX 3HAUEHUN apryMEeHTOB Z;j CllydyalHbIM 00pa-
30M BbiOMpatroTcas N HaOOpOB 3HAUYEHW, MPUYEM B KaXJIOM HAOOpe MpHUCYT-
CTBYET IO OJTHOMY 3HAUYEHUIO KaXJ0ro apryMeHnTa Z; .
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JIist KaxJ10ro U3 HaOOpPOB 3HAYEHUM PACCUUTHIBACTCS OMPEACISIONIUN Ma-
pamerp X. OI1EeHKY BEpOSITHOCTH O€30TKa3HOM pabOoThl MOJIy4alOT HEMOCpen-
CTBEHHO IO 3HAYEHUSM Mapamerpa X:

1
P = NN(Xmin X< Xmax)’

e N(Xpin < X < Xqx) — YMCIO peanm3anuii mapamerpa X, IPH KOTOPBIX
ero 3HaveHue nomnaino B uHTEPBaAT (Xmin, Xmax)-
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Jleknusn 18

18.1. HAJIEXKHOCTD HAIIOJIBHBIX YCTPOMCTB
N AIIITAPATYPBI ’KAT

HagexHocThb P€IbCOBBIX ueneifl H HX JICMCHTOB

PenbcoBble 1ienu ABISAIOTCA HAaMMEHee HalaeKHbIMU ycTporicTBamu CXKAT,
YTO OOBACHSETCS TSAXKEIBIMU YCIOBUSAMH UX SKCIUTyaTalllu, CB3aHHBIMU C JCH-
CTBHUEM TOCTOSIHHBIX JMUHAMUYECKUX HArpy30K OT ABUXKEHHUS MOE3]I0B, Kojeba-
HUW TeMIepaTypbl U BIQXKHOCTH OKPY’KAIOUIEH Cpelbl, 3aCOpeHHueM Oailiacta
TOKOIPOBOSIIMMU MaTepuaiaMu. 3arnacbl MEXaHUYECKON MPOYHOCTH COCNHU-
TEJbHBIX U U3OJALMOHHBIX MAaTEPUATIOB, MPUMEHSEMBIX B PENbCOBBIX IEMSX,
HeBeJMKU. [IpodunakTuyeckue U peMOHTHbBIE PaOOTHI B HUX BBIMOJIHSIOTCS pa-
OOTHHKaMH CIIY>KO CUTHaIu3alldd U CBSA3U, IYTH, BJIEKTPOCHAOXKEHHUS, 4YTO
YCIOXKHSIET pabOThI MO MPEIOTBPALIEHUIO U YCTPAHEHUIO OTKA30B.

[TapameTp moTOKa OTKa30B PENbCOBBIX Lener st Ab Ha psae ydacTKoB
KEJIE3HBIX TIOPOT TOCTUTAET 40-10°® u*, st D11 gocturaer 55-10° u,

Haubonee xapakTepHbIMU OTKa3aMU PEIbCOBBIX IENEN SABIISIIOTCS:

— YXYJIIIEHUE WU HapyUIEHHUE U30JSLHUU B CTBIKE, CTSDKHOM MOJIOCE, Ceph-
re, TapHUTYpPE, B pacropke KpecToBuHBI (25 %);

— OOpBIB WJIM TUIOXOM KOHTAKT COEJUHUTENICH, MEepeMbIueK, JKEMIIEPOB
(29,7 %);

— MOHW)XEHUE conpoTuBiieHus d6amracra (13 %);

— KOPOTKO€ 3aMbIKAHHE PEJIbCOBBIX JIMHUU MPHU MYTEBBIX pabOTax WM IMO-
croponHumu npeameramu (18,7 %);

— OTKa3bl B pabOTe MyTEBBIX MPUEMHHUKOB BCJIEACTBUE MOCTOPOHHHUX HC-
TOYHUKOB NMHUTAHUS, IPO3bl, HEMPABUIHLHON PETYJIUPOBKU pexUMa pabOThl 00-
CJTY>KUBAIOIIUM MEPCOHAIIOM.

Hapyiienue u30ii1uuu B M30JHUPYIOMIMX CTHIKaX MPOUCXOJMUT U3-3a MPO-
JABIMBAHUS TOPUEBOM H3OJSALMU B KAPKYIO IOrojy, pa3pylieHus OOKOBOM
¢buOpoBOIl M30JALIMH, MPOAABIMBAHUS BTYJIOK U 1maiid. Cpok ciiyObl CThIKa
OMPENIENACTCS] CTPOTOCTHIO COOIOICHHS] TEXHOJIOIMU IIPU COOpPKE CThIKA, Kade-
CTBOM COJEp>KaHUSl MYyTH, KIUMATUYECKUMHU OCOOEHHOCTSAMM Yy4dacTKa, WHTEH-
CUBHOCTBIO U CKOPOCTBIO IBUKEHUS MOE3/0B.

[To nanusiM MUUTa, cpenusst HapaOOTKa W30JUPYIOLIETO CThIKA IO Mepe-
BE3EHHBIM Tpy3aM cocTaBisieT 25-35 muH T. [lapameTp moToka OTKa30B MU30JH-
PYIOLINX CTBIKOB KoJe6iercs B mpenenax (2,25 — 10,5)-10° u™ s AB u (9,2 -
13,7)-10'6 g s Ol

C yueroMm TOro, 4T0 Ha ceTu *kene3Hbix gopor ctpad CHI ceituac skcnnya-
TUPYETCS OKOJIO OJHOTO MUJUIMOHA HU30JUPYIOIIUX CTHIKOB, CTAHOBUTCS MOHSIT-
HOM Ba)XXHOCTb NPOOJIEMBI MOBBIMIECHUSI UX HAACKHOCTH. OCHOBHBIE MYTH MO-
BBIIIICHUS HAJCKHOCTH H30JUPYIONIUX CTHIKOB — IIOBBIIIEHUE KauyecTBa X
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COOpKM U TEXHUYECKOTO OOCIyKMBaHUS, MEPEXO] Ha CThIKA ¢ Oojee Kaue-
CTBEHHOM M30JSLIUEH, HAaTpUMep Ha KJIeeOO0ITOBBIE CTHIKM WIIM HAa U30JIAIUIO U3
CTEKJIOTEKCTOJIUTA BMECTO (PMOPOBOI M KapOHOBOMN M3OJISALINH.

OCHOBHBIMH TPUYMHAMHU OOPBIBA CTHIKOBBIX COCIUHUTENECH MPUBAPHOTO
TUIA SIBJISIIOTCSA. KOPPO3Usl, HEKAUECTBEHHAsl MPUBApKa, MOBPEKACHUS TIPU ITy-
TEBBIX pabOTax, MOTEPS] KOHTAKTa MEKY TPOCOM U HAKOHEUHUKOM.

VY mTencenbHbIX COCAMHUTENCH HanOojee XxapakTepHON MPUUYMHOM OTKa3a
SABJISIETCS HECTAOWJILHOCTh COMPOTHUBIICHUS TEpexoja IITerncelb-penbe. [lapa-
METp MOTOKa OTKAa30B CTHIKOBBIX COCIMHUTENCH HaxoauTcs B npenenax (11,0 —
16,5)-10° ¢, [Tockompky Ha 1 KM myTH TIpu JUTHHE pebca 25 M IPUXOAUTCS HE
MeHbIe 80 CTHIKOBBIX COCTMHUTENIEH, X OTKA3bI JOCTATOYHO YACTHI.

JlyOnupoBaHu€e CTHIKOBBIX COCAUHUTENEH cunuTaetcs Hauboisee 3PheKTuB-
HBIM METOJIOM MOBBIIIECHUS HAJEKHOCTU TOKOMPOBOJSAIIUX CTHIKOB PEIbCOBOM
nuauH. {1 obecnieueHnss paboToCcmocoOOHOCTH TOKOTIPOBOIAIIETO CThIKA J0 3a-
MEHBI OTKa3aBIIETO IMIMPOKO MPUMEHSIOTCS BPEMEHHbBIE CTHIKOBBIE COEIUHUTE-
7Y, KOTOPbIE€ BCTABISIOTCS MO/ HAKIAJAKU C 00OEUX CTOPOH CThIKA, WU UCIIONb-
3YIOT JIBa IPOTUBOYTOHA, COCAMHEHHBIX MEXAYy COO0N OTPE3KOM MEIHOTO TpPO-
ca. Xopomuii 3pPeKT AaeT CIIOMHON BXOAHOW KOHTPOJIb COEAUHUTENEH, MO-
CTyHarolUX B JUCTAHIMU, C OTOPAKOBKON HETOJHBIX U JOMOJIHUTEIbHBIM 00-
KATUEM MaH>XeT MEJIHbIX MPUBAPHBIX COCAUHUTENECH JJIS YIy4YlIEHUsS KOHTaKTa
Tpoca C MaHXETOM.

Cpennuii mapaMmeTp MOTOKA OTKa30B OYTJIEKHBIX MEPEMBIYEK COCTABIISIET
1,54-10° 4, CTPEJIOYHBIX COCIUHUTENICH — 0,87-10° v, JPOCCEIBHBIX TIepe-
mbraex — 0,35-10° u?. CrmkeHue konmuecTBa HX OGPHIBOB JOGHBAIOTCS YIIyd-
IIEHUEM KOHCTPYKIIMM HAKOHEYHUKOB U KauecTBa 3aJ€JKU B HUX Tpoca. [1oBbI-
HIEHUE CPOKa CIYKObI KaOEIbHBIX U JIPOCCEIbHBIX MEPEMBIYEK C YMEHbBIIICHUEM
KOJIMYECTBA 3aMbIKaHHI 00ECleurnBaeT MOKPBHITHE MX MOJMAITHICHOBOU H30JIs-
HEH.

ConpoTuBieHrUEe HU30JISIIUUA PEILCOBOM JIMHUM MOKET PE3KO Pas3linydyaThbCs
Ha Pa3HbIX y4yacTKax Jla’ke OJHOM >KeJIe3HOW JOPOTrH B 3aBUCMMOCTH OT BUJIA U
coCTOsIHUS OaJiacTa, TUIA U KauyecTBa IUMaJl, KIMMAaTH4YeCKUX (pakTopoB, HAJIU-
Yusi TEPEBO3UMBIX CBHIMTYYMX TOKOMPOBOASIIMX Ipy30B. CpenHssi MHTEHCHUB-
HOCTb OTKa30B PEJILCOBBIX LIETIEH Ha CETH JIOPOT U3-3a CONPOTUBIICHUS OaljacTa
ceituac Haxoautes B npezenax (5,0 — 7,5)-10'6 gl

KpatkoBpeMeHHbIe 3aMbIKaHUsI PEIbCOBBIX LEMEH ¢ HMHTEHCUBHOCTHIO
(7,0 - 10,5)-10° u™ mporcxomsiT 0GBIMHO HIPH Iy TEBBIX PaGOTaX: 3aKOPAYHBAHAE
CHUMAEMbIM WJIH YCTAHABIMBAEMBIM PEIIbCOM, 3aKOpaunBaHue Ae()EKTOCKOMHON
TEJISKKON WA IYTEMCKUMH JJIEKTpOarperaraMmy ¢ HEUCIIPABHOM H30JISILIUEH,
MHCTPYMEHTOM IIPU 3aMEHE CTPEJIOYHBIX MEPEBOJIOB, IINAN U NMEPEUIUBKE MYyTH,
3aKOpavYrBaHUE U30JIMPYIOIIETO CTHIKA.

['po30BbI€ pa3psa/ibl U KOPOTKUE 3aMBIKAHHSI KOHTAKTHON CETH MPUBOMST K
BBIXOJly U3 CTPOSI YCTPOMCTB 3allIMThI PEIbCOBOM LIETH, & B OTJAEIBHBIX CIydasx
K MOBPEKJICHUIO alaparypbl. ECIIA TATOBbIE TOKH B PEIBCOBBIX JIUHUSIX OJHOTO
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MyTH 3aMETHO Pa3IMYaroTcsl (aCHMMETpPHS TATOBOTO TOKAa), TO Pa3HOCTh TSATO-
BBIX TOKOB B MOJIyOOMOTKax JIpOCCeNb-TpaHCPOPMATOPOB MPUBOJIUT K IMOSBIIE-
Huto Memaromed 3/IC Bo BTOPUYHBIX UX OOMOTKax M Ha OOMOTKax MYyTEBBIX
peue.

BnusitHue HU3KOBOJIBTHBIX JIMHUM JIEKTPOTEPEAaud U OCBETUTEIIbHBIX Ce-
Te MOXET BbI3BATh JIOKHYIO 3aHATOCTh WJIM JIO)KHYIO CBOOOJHOCTh PEIbCOBOM
LETIH.

B penbCcoBBIX IEMAX KeJNEe3HbIX JOpOr U MeTponoiuTeHoB Poccun skcruty-
atupyroTcs okosio 190 Teicsiu npoccenb-Tpanchopmatopor (IT). Cnenuduue-
CKOM MPUYMHOM MOBPEKICHUS OOMOTOK M BBIBOJOB, pasrepmeru3anuu T sB-
JSIETCSl BOSHUKHOBEHHE B 00MOTKax (mosryoOMoTkax) ycuiauii 1o 160 krc B pa-
JTMATBHOM HAIPaBICHUU OT UMITYJIBCOB ¢ aMIUIUTy0i 10 10-15 KA u nmuTens-
HocThio 400-500 mMc mepemenHoro Tsaroporo Toka min 60—100 Mc MOCTOSHHOTO
TATOBOTr0 TOKa. IMIyIbChl BOZHUKAIOT MPU TPOTAHUU MOE370B U KOPOTKHUX 3a-
MBIKQHUSX B KOHTAKTHON CETH.

[IpodunakTudeckoe 0OCIYy>KUBAaHUE W JUArHOCTUKA OTKA30B PEbCOBBIX
Lernen 3aTpyHSAIOTCS OTCYTCTBUEM CEPUMHBIX YIOOHBIX B pabOTe MHIUKATOPOB
¥ U3MEPUTETHHBIX TPUOOPOB 71T KOHTPOJISI UX ITapaMeTPOB.

Hanemﬂ OCTb JJICKTPOIIPUBOAOB

CrpenoyHble 3IEKTPONPUBOABI SBIISIIOTCS MPUYMHOW B CPEIHEM IISITOM 4Ya-
ctu oTka3oB B cucteMax JlLl. [Tapamerp moTtoka OTKa30B B 3aBUCUMOCTH OT HX
THIIA U yCIOBHIl SKcIuTyaTanuy paseH (6,7-40,0)-10° ¢, Bonee monosuus! o1-
Ka30B [IPOUCXOJIUT MU3-32 OOPHIBOB 1€ HA KOHTAKTaX aBTonepexitouarens, 17—
24 % oTKa30B TEHEPUPYIOT AMEKTpoaBuraTend, 3,5-12,3 % 0Tka30B MpPOUCXO-
AT B MexaHumdeckux mnepeaadax, n0 11,4 % oTka30B BBI3BAHO HApPYIICHUEM
KOHTaKTa OJJOKUPOBOYHOTO YCTPOICTBA, HA 3aKIIMHUBAHUE IIMOEpa MPUXOTUTCS
1,5-7,0 oTka3oB.

bonee Tpetn 0TKa30B aBTOMEpEKIIOYATENICH SBISIOTCS CIIECACTBUEM HEMpa-
BWJIHLHOW PEryJIUPOBKH MPYKUH KOHTAKTHBIX KOJIOJIOK M HEIOCTATOYHOU TITyOUHBI
BpyOaHusi Hoxel. [louTu CTONBKO K€ OTKa30B MPHUXOAUTCS HA U3JOM KOJIOJOK,
KOHTAaKTOB, PblYaroB, KOHTPOJIbHBIX JUHEEK. M3710M KOHTAKTHBIX KOJIOJOK IIPOUC-
XOJUT U3-32 HEKAYECTBEHHOT'O BBIITOJIHEHUS padOT MO TEXHUYECKOMY OOCITYKH1Ba-
HUIO, KOT/Ia BpYyOarolecs: HOKM pa3OMBAIOT KOJIOAKH, a TAKXKE BCIEACTBUE MOSIB-
JEHUsI TPEUIMH TpU HU3KHUX TEMIEpaTypax B MeCTaxX COIpPSHDKEHHS MeTalla C
riactMaccoil. Mcnonb3oBaHue 17151 M3rOTOBICHUS KOJIOIOK MPEMUKCA BMECTO Kap-
0oMTa UCKITIOYAET 3TH OTKa3bl. CBOEBpEeMEHHAs 3aMeHa KapOOJIUTOBBIX KOJIOJIOK
1ocyie BRIpaOOTKHU HA3HAYEHHOT'O Pecypca TakxkKe 1aeT XOpoIHid 3 dexT.

OKoOJI0 TpeTH OTKA30B aBTOMEPEKIIoUaTeIeid BEI3BAHO 3arpsA3HEHUEM U WH-
J€BEHHEM KOHTaKTOB. J[Ji1 mpenoTBpalieHus] HHACBEHUS UCIOJIb3YIOT 000TPEB,
cMa3Ky rpaduTOM WIH TJIMIIEPUHOM, CIIeIMalbHbIE HACEUKH Ha HOXAX, KOJMay-
KM U3 OpPrcTeKia u T. .
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HekadyecTBeHHOE TEXHUYECKOE OOCIIYKMBAHUE MPUBOAUT K HECTAOMIBHO-
CcTU B paboTe (PpUKIMOHHOIO YCTPOWCTBA MPHU MEPEKOCE TPYIIUXCS MOBEPXHO-
CTE! WM OTCYTCTBUM CMa3Ku Ha MOBEPXHOCTH (PPUKIHUOHHBIX NUCKOB. OTKa3bI
AJIEKTPOJIBUTATENCH COCTABISIOT B CPEAHEM YETBEPTYIO YacThb OTKA30B CTpe-
JIOYHBIX AJIEKTPOIPUBOJIOB.

B crpenmouHbix anmekTpoaBUrarensx nocrossHaoro toka tuna MCII okono
MOJIOBUHBI OTKA30B MPOUCXOJNUT HU3-3a OOPHIBOB WJIM 3aMbIKaHUM CEKIUi 0OMO-
TOK SKOPSI U IPUMEPHO TPETh — BCIEACTBUE HEUCIIPABHOCTH IIETOYHOTO y3JIa.

OcTtasibHBIE OTKa3bI ACIATCS MOYTH IMMOPOBHY MEXKY OOpbIBaMU WJIW 3aMbI-
KaHUSIMHA OOMOTOK CTaTopa, a TaKKe MOHWKEHHEM COIPOTHUBIICHUS U3OJISAIINH.
OOpBIBBI CEKITUN SKOPS SBISIOTCSA CICACTBHEM HAPYIICHUS TEXHOJOTHH H3TO-
TOBJICHHUS Ha 3aBOje. 3aMEeTHBIN 3(D(PEKT B MOBHIIIICHUH HAJIC)KHOCTH IIIETOYHOTO
y3Jia JaeT IPUMEHECHUE YCUJICHHBIX IPYXUH U KOHTPOJIb UX COCTOSTHUS.

Ctpenounbie Tpex(a3Hble aCHHXPOHHBIE 3JICKTPOJABUTATEIIN TIEPEMEHHOTO
toka Tuna MCT Oosiee Haie)XHBI, TAK KaK HE UMEIOT KOJIJIEKTOPa CO IMETOYHBIM
Y3JI0M.

Be3oTka3HocTh cBeTOdOpPOB

Ha curnansnyto anmapatypy npuxoautcs 10 6 % otkazo C)XKAT. Ha na-
neHue MauT cBetodopos mpuxoautcs 10 0,5 % oTkazoB. JlonroBeYHOCTSH Kee-
300€TOHHBIX MayT U (YHIAMEHTOB ONpPEACISIETCA JACHUCTBUEM AJIEKTPUUYECKOU
KOpPpO3UH, TEMIIEpATyphbl U BIArd OKpYKarolled cpenbl, JEHCTBHEM arpeccHB-
HOW cpeibl (ITOYBBI B aTMOC(EpHI).

Haubonee omacHbIMU SIBISIIOTCA TOBPEKJACHUS apMaTypbl M aHKEPHBIX
00JITOB B MOJI3EMHOM 4acTh MauT U (yHAAMEHTOB CBETO(OPOB M3-3a BJIEKTPHU-
YECKOW KOPPO3HH, BOSHUKAIOUIEH OOBIYHO HA yYacTKaX 3JIEKTPU(DUIIMPOBAHHBIX
KEJIE3HBIX JOPOT MOCTOSHHOTO TOKA B MpeesiaX aHOIHbIX U 3HAKOMEPEMEHHBIX
MOTCHIINAJIOB PEIbCOBOM CETH MpPH yTeYKaX TOKA C IIOTHOCTHIO cBbIie 0,6
A’ ¢ MOBEPXHOCTHU MeTasuia B OETOH.

XapakTepHbIM MPU3HAKOM JJIEKTPUUYECKOW KOPPO3UH apMaTyphbl WM aH-
KEpHBIX OOJTOB SIBIAIOTCA MPOAOJbHBIE TPEUIMHBI B MOJ3EMHOM YacTU KOH-
ctpykuuu. Hecyias cnocoOHOCTh KOHCTPYKLIMM CTAHOBUTCSI MEHbIIIE HOpMa-
TUBHOM, KOT/1a TPEUIMHBI BBIXOIST HA €€ MOBEPXHOCTh. Pacnuparoiiee nercTue
MPOJYKTOB KOPPO3UU MOXKET MPUBOAUTH K 00OpPa30BAHUIO MONEPEYHBIX TPEUIUH
B (hyHgamenTe mauthl Ha riyoune 0,5-0,6 M B MecTe 3arnba aHKepHBIX OOJITOB.

Pa3zpyuienne 0eroHa (yHIAaMEHTOB U JIPYTUX KeJI€300€TOHHBIX KOHCTPYK-
IUA MOXET MPOUCXOJUTHh OT MONEPEMEHHOr0 3aMOpPaKMBAHUA M OTTAaWBaHUS
BOJIbl, POHUKAIOLIEH B MOPHI OETOHA HU3KUX MApOK WM MPU HEKAYECTBEHHOM
W3TOTOBJICHUHU U3ennil. B Hag3eMHOM yacTu OETOH MOXKET pa3pyIiaThbCs BCIed-
CTBHUE HEJIOCTATOYHOU €r0 MOPO30CTOMKOCTH.

CocrosiHre KOHCTPYKIMI JOKHO OLIEHUBATHCS OAWH pa3 B TPU rojia Mo
pe3ysibTaTaM OCMOTPOB HA3€MHOM M MOA3€MHOW 4Yacted. [loa3eMHyr0 4acThb
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MadT u (PyHIAMEHTOB OTKambiBatoT a0 Tyouns! 0,6-0,8 M moodepenHo ¢ aByx
OOKOBBIX CTOPOH C BPEMEHHBIM 3aKpEIJICHHEM MauT JUIsl UCKIFOUCHUS MaJeHus
Pa3pylLIEHHOTO 3JIEKTPUYECKON KOppo3ueil ceeTtodopa. B mepByro ouepenn oT-
KanbIBalOT KOHCTPYKIIMIO B aHOJHBIX 30HaX C HEOOJBIIUM MOTEHIIMAJIOM U CO-
MPOTUBIIEHHEM T1eTin pesibe-cBeTodop merbine 100 Om.

Pecypc cBetohopHOI J1IaMITbl 3aBUCUT OT CKOPOCTH HCIapeHus Boib(dpama ¢
HUTH HaKaya, OJIHOPOAHOCTH JHaMETpa BOJIb(PPaMOBO MPOBOJIOKHU, MOCTOSIHCTBA
1iara Crvpajid HUTH HaKaia U aKTUBHOCTU BPEIAHBIX T'a30B BHYTPU KOJIOBI JIAMITBI.
CkopocTb ucnapeHus BojibppaMa pe3ko BO3PACTAET C MOBBIILICHUEM TEMIIEPATYPHI,
MEHSIIoIIEHCsT 10 JuInHe crnupand. KOoHIbI crvpany OXJIaXKIaroTCsl MaCCUBHBIMU
AIIEKTPOJIaMH, TOATOMY TEMIIEpATypa pacTeT K cepellMHe crnupaiu. boiee BbICO-
KYIO TeMIepaTypy UMEIOT YYacTKU CO CONMIKEHHBIMU BUTKAMU U JIaXKE C CaMbIMU
He3HauuTeNnbHbIMU AedexTamu. [lepen ycTaHOBKOW KaX1yl0 CBETO(OPHYIO JIaMITy
JOJDKHBI 00KHTaTh B TEYEHHE OJHOTO Yaca HOMHUHAJIBHBIM HaIpsDKEHHEM Mpo-
MBIILJICHHOW 4acTOThl. B monmydyeHHol naptuu gomyckaercs oTopakoBka 5 % jgamn
TH30BBIX cBeTohopoB 1 10 % mamm mpoKeKTOPHBIX CBETO(OPOB.

3aBbIlICHUE HANPSHKEHUS MUTAHUS CBETO(OPHBIX JaMIl COKpAIaeT CPOK
ciyx0b1 pumepHo Ha 70 %, B TO BpeMs Kak CHIDKCHHE HampsokeHust Ha 5 % ot
HOMHUHAJILHOTO YBEJIMYMBAET CPOK CIYKObl B JBa pa3za. ClieioBaTesbHO, Mpa-
BUJIbHAS PETYIMPOBKA WIIM CTAOWIIN3alls HAMPSDKEHUS MATAHUS CBETO(POPHBIX
JIaMIT 3aMETHO MOBBIIIAET UX HA/IC)KHOCTD.

be30TKa3HOCTH HCTOYHHUKOB JJICKTPONIUTAHUSA

K uctounukam 37eKTponuTaHus OTHOCIT TpaHcPopmaTopsl, npeodpa3zoBa-
TEJU, BBIIPSIMUTEIIN, aKKYMYJISTOPBI, IIUTOBBIE 3JEKTPOMUTAIONINE YCTAHOBKH,
Ha KoTophie mpuxoautcs 10 12 % otkazoB yctporictB Ab u 1o 8 % otkazos DI,
IIpu 3TOM MapaMeTp MOTOKA OTKA30B UCTOYHHUKOB NuTaHus JL[ MOxkeT MEHATh-
cst Ha pa3sHBIX yuacTkax (3,5-38,0)-10° u™.

Haulonbiiee KOIMYECTBO OTKA30B B YCTPOWMCTBAX 3JICKTPONUTAHUS TPU-
XOJUTCSI HA TpaHC(OpMATOphI, BHIIPSIMUTEIbHBIE 3JIEMEHTHI, MaKETHbIC Mepe-
KJIFOYATENH, KHOIKYU U IPYTHe KOMMYTAIIMOHHBIC 3JIEMEHTHI.

Axkymynsaropel ABH-72 B ycrpoiictBax C)KAT paboTatoT B OCHOBHOM B
OydepHom pexume. MI3MeHEHUsT HANPSIKEHUS! CETU IEPEMEHHOTO TOKAa B TaKOM
pexUMe MEHSIIOT TOK MoJ3apsiga akKyMyJiaTopa, B pe3yJibTaTe OHH OKa3bIBaIOT-
csl MO0 mepe3apsKEHHBIMU, OTYETO HAYNHAETCS pa3pyIlIeHUE UX ILUIACTHH, JTHOO
He3apsHDKEHHBIMU, TOTJAa HAauMHAETCsl Cylb(aTauus MmiacTuH. M3HOC MiacTuH,
YCKOPSIEMBI CUCTEMATHUYECKUM MEPE3apsioM aKKyMYJATopa TOKOM OOJBIION
BEJIMYMHBI, IPUBOJUT K BBHIKPAIIUBAHUIO U OIMOJI3aHUIO0 aKTUBHOW MAaccChl, K KOp-
pO3UHU pelIeTOK. B pe3ynbTaTe pe3ko CHHXKAETCS eMKOCTh aKKyMyJIITOpa U pac-
TET BEPOSATHOCTh BHYTPEHHUX KOPOTKUX 3aMbIKAaHUU IIIAMOM Ha JHE OaHKHU.

Pazpsg akkymynaropa OOJIBIIUM TOKOM MOXKET HPUBOAUTH K KOPOOJIEHHIO
IJIACTUH U BHYTPEHHHUM KOPOTKHM 3aMbIKaHUsIM. ['yOokue paspsiabl Oarapeu,
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JUTUTEIbHOE XpaHEHUE €€ B Pa3psDKEHHOM COCTOSIHUM, JKCIUTyaTalusl C TMOHHU-
KEHHBIM YPOBHEM SJIEKTPOIUTA, BHICOKOW IJIOTHOCTHIO JIEKTPOJIUTA, BPEIAHbBIC
MPUMECH B AJIEKTPOJIUTE, CUCTEMAaTUYECKHE HEI03aps/ibl BI3BIBAIOT Cyib(daTa-
LU0 TUIACTUH. Be30TKa3HOCTh U CPOK CIIY:KObI aKKyMYJISITOPOB PAcTyT MPU HC-
MOJIb30BAaHUU aBTOMATHYECKUX PETYIATOpoB Toka Tuma PTA c Garapesmu Ha 6
U { KUCIOTHBIX aKKYMYJISITOPOB.

Hanexnocts TpanchopMaTopoB, peakTOpPOB U JIpOCCeNeil 3aBUCUT OT pe-
KUMa M YCJIOBUM pabOThI, IIIOTHOCTH TOKA B OOMOTKAaX, HAIpPSKEHUSI HA HUX,
BJIQYKHOCTU M TEMIEPATYPhl OKpyxkatoiieil cpespl. [ToBbilieHne HApsiAKEHUs Ha
obmoTtke Ha 20 % OT HOMHHAIBHOTO 3aMETHO ITOBHIIIACT BEPOSTHOCTH MPOOOS
m3oJisanuu. lIpeBbillieHe HOMUHAIBHOTO 3HAYEHHUS TOKAa BBI3BIBAECT MEPETPEB
TpaHcopMaropa, OTUYET0 YMEHBIIAETCS ANEKTPUUYECKasi MPOUYHOCTh H3OJIALINH,
MOBBIIIAETCS BEPOATHOCTh OOPHIBOB WJIM KOPOTKUX 3aMbIKaHHII 0OMOTOK, je-
dhopMarus WM pa3pylieHue Kopiyca.

Cumxenue paboyell 4acTOTHl HUKE JOMYCTUMOIO Mpejesia MPUBOAUT K
YBEIIMYEHUIO TOKA BCIIEJICTBUE CHHM)XEHUSI PEAKTUBHOTO COMPOTUBIICHUSI 0OMO-
TOK, @ YBEJIMUEHHE paboueil 4acTOThl COMPOBOXKIAETCS POCTOM MOTEPh B CEp-
JICUYHUKE.

Birara MokeT MpoHUKAaTh Yepe3 3aIMBOYHBIA MaTepHas, BIUTHIBATHCS de-
pe3 BbIBOABI OOMOTOK U MO OIJIETKE MPoBOAOB. KpoMe TOro, mpu 3HaUUTENbHBIX
nepenagax TeMIepaTrypbl OOJIBITHHCTBO OPTaHMYECKUX M30JISIITUOHHBIX MaTEepH-
aJIOB PAaCTPECKUBAETCS U OTXOJUT OT 00J0XKHU. B pesynbrarte co3garorcs 3a3o-
pbI, B KOTOpBIE MPOHMKAET Biiara, paspymiaromas u3onsaiuo. [locnennuii dax-
TOP CJIEAYET YUUTHIBATh, MPEXKJIE BCETO, I TpaHCHOPMATOPOB, KOTOPbIE yCTa-
HaBJIMBAIOTCS B PEIICHHBIX MIKadax M MyTeBbIX KOPOOKaX.

NHTEHCUBHOCTHh OTKA30B BBIMPSIMUTEIBHBIX JUOJO0B 3aBUCUT OT HOPMHUPO-
BaHHOM TeMrepaTypbl U KO3 duIlmeHTa Harpy3Ku, IpU4YeM yBEIUUYCHUE TEMIIE-
paTypbl 10 ONPEACICHHOrO Mpejiesia HEe BhI3bIBAET YBEIWUYEHUS UHTCHCUBHOCTH
otka3zoB. C Bo3pacTaHueM Ko3(pQuilMeHTa Harpy3Ku 3TOT IPeAe CIBUTAETCS B
obnacTb 0ojiee HU3KUX TEMIIEPATYP.

Jlns obecrieyeHrs] HAJIC)KHOCTH BBIMPSIMUTENCH, KaK U JIPYyTHX MOJIYIPO-
BOJITHUKOBBIX MPUOOPOB, HE CIEAYET MPEBHIIIATh YCTAHOBJIEHHBIE MPEAEIbI MO
ANEKTPUUYECKUM PEXKUMAM, a TAKKE HEOOXOAMMO CO3/laBaTh HOPMAaJbHBIN Tel-
JIOBOW PEKUM U 3aIUIIATh BBIIPSIMHUTEIN OT BO3JACHCTBHUS BIary.

be30TKa3HOCTH CTATHBOB U pPeJIeHHBIX MKA(POB

Peneitnbie mkadbl U CcTAaTUBBI MPEAHA3HAYCHBI JJISI YCTAHOBKH IITEIICENTb-
HBIX U HEHITeNceabHBIX nmpuoopoB, 010koB DL, 'ALl m monTaxa cxem XAT.
Hcnonb3oBaHue MITENCENbHBIX Pa3beMOB MO3BOJISIET OBICTPO M JIETKO yCTaHaB-
JMBaTh W 3aMEHATH pesie Wik 0J0ku. OaHako OOpBHIB ILIEMH B IITEINCEIbHBIX
pa3zbeMax BCJIEACTBHE KOPPO3WU THE3M, TyOOK, IITBIpEH M HOXKEH — Hambosee
XapaKTepHBIE OTKA3bl B pEJICHHBIX MIKadax U cTaTUBaX.

139



[IpyurHaMM 3TUX OTKA30B SABJISIOTCA BHOpalusi, HEKAueCTBEHHOE 00CIy-
’KHBaHUE, BPEIHOE BIUSIHHIE OKpYKatomiei cpeabl (0COOEHHO BIaXKHOCTH).

OOpBIBBI TPOBOJIOB MOHTAKa MPOUCXOJAT OOBIYHO B MECTAaX HEKA4Y€CTBEH-
HOM mNalky, KOrjJa B MECT€ COEIMHEHHsS OO0pa3zyloTCs pPAaKOBUHBI, TPELIUHBI,
CKBO3HBIE IIPOXOTH, HAIUIBIBBI, IIJIAKOBBIE BKJIIOUEHHsI, OCTpbIE BbICTYIBI. Co-
€AMHEHUS C TaKUMH Jle(peKTaMu JOJKHBI MAasAThCsS MOBTOPHO MOCIE yIaleHUs
CTaporo IpHUIIos, a 3aTEM 3aKpaIlUBaThCA LANOHIAKOM. B 3aBOJICKUX yCIOBUAX
NasiHbIE COEIMHEHHUS JIOJKHBI MPOBEPSTHCSA HA pa3pbiB, BUOPOIIPOUYHOCTH, KOP-
PO3UIHYIO CTOMKOCTH, BBIHOCIMBOCTb IPU KPYYEHUH U U3THOE.

Halle)KHOCTL Ka0eJbHBIX U BO3YyHIHBIX JUHHN CBA3H

KabGenbHble NHMHUM BXOIAT B MEPBYIO MIATEPKY HAUMEHEE HAICKHBIX
yctporicte CXKAT. IlapameTp moToka oTKa30B kabens B pacuere Ha 1 kM He3a-
BHCHUMO OT YHCJIA KWJI HAXOJUTCS B CPEAHEM B Mpeaenax (1,0—1,6)-10'6 gt npu
MHTEHCUBHOCTHU OTKA30B M30JISIIIUU KaOemsl mopsiaKa 0,15-10° u™ u xun kabems
0,08-10'6 g Ha oBpeXACHUS Kadems npuxoautcs 48 % oTka30B, Ha ITOHMKE-
HUE CONPOTHBICHUS u3osanun 24,7 %, Ha oOpbIBHI kw1 kadens 16,8 %, Ha 3a-
MbIKaHue xui 8 %, Ha mpouune nmpuduHsl 2,5 %.

IToBpexaeHus kadener MPOUCXOAAT U3-3a CTUXUUHBIX O€ICTBUM, MOmaja-
HUSI TATOBBIX TOKOB M T'PO30BBIX Pa3ps0B, MEXaHUUYECKUX BO3/ICUCTBUM, BIIUS-
HUSI OKPYKaIOIIEH Cpelbl, HApYyIICHUs MPaBHJI MPOU3BOJICTBA 3€MIISTHBIX paboOT
u T. A. [lpu TpancrnopTupoBke kKabenb MOABEpPraeTcs yaapam W BHOpamusm, a
MpY MOHTaXe W MPOKJIaJKe Kadelb M3rudaeTcs cHavyaja B KaOeleyKIaJaunuke, a
3aTeM IPHU BBIKJIAJIKE KOHIIOB Kabensa B popMe KoTioBaHa. I3MEeHEHUs CKOPOCTH
JIBMOKEHUSI M BBIHY)KJICHHBIE OCTAaHOBKH KaOeseyKJaaunKa MPUBOAAT K IOsBIIC-
HUIO YCWJIMH, PAacTATHUBAIOMIMX WA CKUMAKOIUX Kadenb. MexaHudyeckue BO3-
JNEUCTBUS Ha KaOeiab OKa3bIBAIOT MPOCAJKU T'PYHTA, BUOpAIIMKM HAa ydacTKaxX C
Tpaccou kabess Moj JoporaMu ¢ MHTEHCUBHBIM JBMXEHHEM. B pesynbTaTe 1mo-
BpexkJaeTca kabeinbHas 000JI0YKA, YTO CIOCOOCTBYET YXYIUIEHUIO 3JIEKTpHUYe-
CKHX XapaKTEPUCTHK Kabes.

Haunbonee Bpeansl sl KaOENbHBIX JUHHN H3MEHEHHS TEMIIEpaTyphl U
BlIaXXHOCTH. C M3MEHEHHEM TeMIepaTypbl MEHSIETCS COMPOTHUBJICHUE KU Kabe-
ns. [lpy NMOHWKEHHH TeMIepaTypbl yXYAILIAIOTCS yAapHas BS3KOCTh U IPOY-
HOCTh Ha PACTSHKCHHE M3OJISIMOHHBIX MaTEpPHAIOB, PACTPECKUBACTCS WM pas-
pBIBAETCA 3alIUTHBIN J)KYTOBBIN MMOKPOB, MPONUTAHHBIA OUTyMOM. [loBbIIaeTcs
BJI&YXKHOCTh BHYTpH KaOens. Biara cnocoOcTByeT pa3pylIeHUIO 3aUUTHBIX 000-
Jo4ek kabensd. B 3umHee BpeMs BOja, TOMABIIAs B MEJIbYalIliie TPEIIMHbI, 3a-
Mep3aeT U, PacIIUpssACh, YBEJIMYMBAET TPEIIMHBI. Bjara MoXeT MPOHUKHYTH
BHYTpPb KaleJisd uepe3 MmiacTMaccoBbie 000J104KHU BeliecTBUuEe AU Py3un.

Kabenu B CBHHIIOBOM, MJIACTMACCOBOM U MOJUBHUHIIXJIOPUIHON 000JI0UKE
MOBPEKIAIOTCS TPhI3yHAMH, BEPXHUE JPKYTOBBIE TTOKPOBBI OPOHUPOBAHHBIX Ka-
Oenelt MOTYT pa3pyliaThbcs rpuOKaMu, TIeCeHbl0. ['po30BBIe pa3psiabl, YyCTAHOB-
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KU CWJIBHOTO TOKA UM MOIIHBIE PaJUOCTAHIIMK OKa3bIBAIOT TaK)KE BIUSHHE Ha
HaJIeKHOCTh KalOenbHbIX nuHUM. [1o Mepe crapeHust kabenst y MOJMBHHUIXIIO-
PUIHBIX 000JIOYEK CHIKAIOTCS MOPO30CTOMKOCTh M M3OJISIIUOHHBIE CBOMCTBA.
[Iponiecc crapenuss yckopsieTcsl MOJA BIUSHUEM XUMHUUYECKUX CPEJl, BBICOKHX
TEMIEPaTyp U HANPSIKEHHOCTH 3JIEKTPUUYECKOTO MOJis, MEXaHUYECKUX BO3Jeil-
CTBUH.

K nHanbonee omacHbiM OTKa3zaMm KaOelbHbIX W BO3AyHIHBIX duHUNA CKAT
OTHOCSITCSI COOOIIEHUE WIIM 3a3eMJICHHUE OTACNbHBIX XK. CIeICTBUEM 3TOrO
MOTYT OBITh JIOXHBI KOHTPOJb CBOOOJIHOCTU PEICOBOM IIEMH, JIOKHOE IMOSB-
JICHUE Pa3peIlaloIIero CUrHala, MepeBo/l CTPEJIKU MO COCTABOM U T. .

HuxHuli nomycTUMBIA OpeAen CONPOTUBIIEHUS W30JSIMUM MOHTaXKa CO-
craBiser 1 kOm Ha 1 B pabGodero HanpsikeHus, T. €. HE JOMYCKaeTCsl TOK yTed-
k1 6osiee 1 MA. DTa HOpMa BeIOMpanach Mo xapakTepucTukam pene tuna HP-1-
1000, umeromiero TOK OTIyCKaHus sSkops 2,5 MA. J[ns pene u apyrux 3jaemMeH-
ToB JKAT, BKIItOUaeMbIX uepe3 KabenbHble WM BO3AYIIHbBIE IUHUH, TIPEAyCcMaT-
pUBAeTCs JABYXMOJIOCHOE OTKJIIOUEHHE, MO3TOMY OIMACHBIM SIBISICTCS HAJIUYHe
3a3eMJICHUS WJIU TIJIOXOM M30JIAIMU KaK MUHUMYM B ABYX mecTax. OJHako ra-
PaHTUPOBAHHOE MPEIOTBPAICHUE MOSBICHUSI OMACHBIX OOXOJHBIX MYyTEH AJIs
CUTHAJIBHOTO TOKa TpeOyeT HEMEIJECHHOrO YCTPAHEHUS YXYIUICHUS W30JALUN
YKWJT WJIM TIPOBOJIOB JIMHEHUHBIX 1IETCH.

Ha Bo3ayIiHbIEC TUHUN NPUXOAUTCS OTHOCUTEIBLHO HEOOJBIIIOE KOJUYECTBO
otkazoB CXAT, ognako 3To ompeaensieTcss UX HEOOIbIION MPOTIKEHHOCTHIO B
JAHHBIX cUCTeMaX. be30TKa3HOCTh BO3AYIIHBIX JIMHUW MPUMEPHO B JIBa pa3a
HIDKE, YeM KaOeNbHBIX. ITO 00BSCHIETCS UX OOJbIIEeH MOABEPKECHHOCTH BPE-
HbIM KJIIUMATUYECKUM YCIOBUSIM M JJIEKTPUUYECKUM BO3JICUCTBUSAM, MEHbIIIEH
3alMIIEHHOCThI0 OT MEXaHW4eCcKUX Bo3jaehcTBuil. Hanbonee xapakTepHbIMU
oTKa3amu B BO3AyIIHBIX JUHUAX JKAT sBisitorcss oOpsiB mpoBooB (o 60 %),
3aKOpauyMBaHUE MPOBOJOB MPU UX CIUIETEHUU WM HAOpocax TOKOMPOBOJSAIIAX
npeameToB (10 25 %), CHIKEHUE CONPOTUBJICHHS H30JSAIUM HAa «3EMITIO»
(o 5 %) u mexnay npoBoaamu (1o 10 %).

Hanemnocn) MHUKPO3JICKTPOHHBIX H MUKPOIIPOHECCOPHBIX yCTpOﬁCTB

OCHOBHBIMU KOMITOHEHTAMH BCEW MUKPOIICKTPOHHON M MHUKPOIIPOLECCOP-
HOM ammapaTypbl SBJISIOTCS UHTETpajbHbIE MUKPOCXEMBI U PATIUODJIEMEHTBHl —
PE3UCTOPHI, KOHJAECHCATOPHI, KATYIIIKK UHAYKTUBHOCTH, TPAH3UCTOPBI, TUOIBI.

B mukpoanexktponHor u mukponpoueccopHon anmnaparype CKAT ocHoB-
HOM BKJIaJ B CYMMAapHYI0 MHTCHCHBHOCTh OTKAa30B BHOCST MHTETrpaJIbHbIE CXe-
Mbl. B G710KaxX ¥ MOJYIsIX MHKPOIPOIIECCOPHBIX CUCTEM HAa MHUKPOCXEMBI C MX
natikoit mpuxoauTcs ot 80 % mo 97 % oT o0Imeli HHTEHCHBHOCTH OTKa30B. Ha
OTKa3bl PE3UCTOPOB IpuxoauTcs 10 8 %, Ha oTKa3bl KOHAeHcaTOpoB — 110 4 %,
Ha OTKa3bl TpaHC(HOPMATOPOB, KATYyIIEK HHAYKTHBHOCTEH — 110 2 % OoT obmiei
WHTEHCHBHOCTH OTKa30B 0Jioka vk Moayis. CiienoBaTelbHO, HA 3TH JIEMEHTHI
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BMECTE C MUKPOCXEMaMH U MOJYyHIPOBOJHUKOBBIMU MPUOOPAMU MPUXOAUTCS JO
95 ... 99,9 % ot paccmaTpuBaeMoii 00IICit MHTCHCUBHOCTH OTKA30B.

OTka3bl MUKPOCXEM MOXHO pa3AeUTh HA TPU TPYMIbI: OTKa3bl, 00YCIOB-
JIEHHbIE (PUBUKO-XUMUYECKHUMHU MPOLIeCCaMH, MPOTEKAIOIMMH B 00beMe Kpu-
cTajyia MOJYNPOBOJHUKA; OTKa3bl, CBS3aHHBIE C MPOLECCAMH HAa MOBEPXHOCTH
MOJYyIPOBOAHUKA; OTKA3bl, CBA3aHHBIE COCTOSSHUEM KOHTAKTHBIX COCTUHECHUM.

IlepBasi rpynmna oTka3oB CBsi3aHa B OCHOBHOM CO CTPYKTYPHBIMU Jiepek-
TaMu 00beMa KPUCTAJUIA IMOTYIPOBOAHMKA (MUKPOTpEIMHAMH U Ap.). JlehekTs
CTPYKTYPBI, pa3BUBAsICh B MPOLECCE SKCIUTyaTallMu MOJ BO3JACHCTBUEM TEMIIE-
paTypbl U MEXAaHWYECKUX HArpy30K, CYLMIECTBEHHO HM3MEHSIOT JJIEKTPUYECKHE
XapaKTEPUCTUKNA MUKPOCXEM, TPOBOAS K IOCTEIIEHHBIM U BHE3AITHBIM OTKA3aM.

Bropas rpynma oTka3oB CBs3aHA C HAKOIUICHUEM HA 3aIIUTHOM CJIO€ JBY-
OKHCHU KPEMHUS TIOJIyIIPOBOAHUKA, & B 00beMe, OJU3KOM K OBEPXHOCTH, — 3a-
PAIOB, BBI3BIBAOIINX 3HAYUTEIbHBIE U3MEHEHUS B COCTOSHUU P — N MEPEXOI0B
Y TOSIBJICHHE IMOBEPXHOCTHBIX KAaHAJOB C MHBEPCHOW NPOBOAMMOCTBHIO. B pe-
3yJIbTATE BO3PACTAIOT TOKM YTEYKH, MPOUCXOJUT IIYHTHUPOBAHHUE TOKOMPOBO-
JAIIAX JIOPOKEK, YXYIIIAKOTCS SJICKTPUUYECKUE XAPAKTEPUCTUKHU SIEMEHTOB
CTPYKTYPBI MUKPOCXeMbI (KOA(PPUITUCHTHI YCUIICHUS, YPOBHH IITYMOB | T. 1.).

Tpetbs rpynna ceg3ana ¢ ucnonbzoBanneM B UMC nByx TUIIOB coequHe-
HUW. METAJUIM3UPOBAHHYIO Pa3BOJKY MEXIY OTAECIbHBIMH 3JIEMEHTAMH U CO-
€IUHECHUE AJIOMUHHMEBBIX KOHTAKTHBIX IUIOWIAJOK C BHEIIHWMH BBIBOJIAMHU C
MMOMOIIBIO 30JI0THIX MTPOBOJHUKOB, ITPUBAPUBAEMBIX K KOHTAKTHBIM ILTONIAJIKaAM
Ha KpUCTaJUIE MOJYIPOBOJHUKA U K BbIBOJIAM HA Kopmyce. OTKa3bl 3TOM TPYIIIbI
CBSI3aHbl UMEHHO C HAPYIIEHWEM 3TUX KOHTAaKTOB M METAIUIM3UPOBAHHOM pas3-
BOJIKM H3-3a MEXAHWUYECKUX IMOBPEKACHUW WM HEAOCTATOYHOM TOJIIMHBI
IJICHKU aJIOMUHMS. B pe3ynbpTare NpoucXOINUT JIOKAIbHBIN MEPETPEB TOPOKEK,
KOTOPBIMA MOKET NPUBECTU K BHE3AIIHOMY OTKA3y — NEPETOPAHUIO COCTUHEHUS.

Hapymenue 1einoCTHOCTH 3IEKTPUYECKON LIENU U MOSBIICHUE OTKa3a MO-
JKET MPOU3OUTH W H3-3a 00pa30BaHUS JUANEKTPUUYECKOW IUICHKH Ha TpaHUILIe
paszena alfOMUHUNA — KPEMHHMI WM TUJIpaTa OKUCH JIIOMUHHUSI HA METAJJIU3H-
POBAaHHOM pa3BOAKE IpH nonaaanuu Biaaru BHyTpb kopnyca UMC. Coennnenne
METaJJIM3UPOBAHHBIX TUIOMIAJIOK ¢ BHEIIHUMHU BbIBoJlamu koprnyca MMC ocy-
HIECTBIISIETCS. C MOMOIIBIO 30JI0TOM MPOBOJIOKH, KOTOpass ¢ MOMOIIBK) TEPMO-
KOMITPECCHOHHOM CBApKU NMPUCOEIUHSAETCS K KOHTAKTHBIM Iuiomaakam. OCHOB-
HbIMU NPUYUHAMU OTKA30B TEPMOKOMIPECCUOHHBIX KOHTAKTOB SIBISIOTCS: 00-
pa30BaHME IUIEHOK C BBICOKMM CONPOTHUBIICHMEM HA TPAHHUIIE pa3fesia aatoMU-
HHAW — 30JI0TO, OTPBIB aJTFOMUHHUEBBIX KOHTAKTHBIX IUIOMIAJIOK OT MOBEPXHOCTH
MOJYIPOBOJHUKA, & TAKKE MaJlas MEXAHUYECKas MPOYHOCTh CAMUX TEPMOKOM-
MIPECCUOHHBIX KOHTAKTOB.

MHUKpPO3IEKTPOHHBIE 3JIEMEHTHI U PA3JIMYHbIE KOMIIOHEHTHI MUKPOIIPOLIEC-
COpPHOM TEXHMKH MOHTHPYIOTCS Ha MeYaTHbIX Iuatax. OHU MOTyT OBITH OAHO-
CJIOMHBIMH, ITPOCTPAHCTBEHHBIMU U MHOTOCJIIOMHBIMU. B KauecTBe IU3IIEKTpUKA
HauOoJiee PacHpoCTpaHEH TEeTHMHAKC WM TeKCToJauT. Ha Hero HakienBaeTcs
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MenHas posnbra, U3 KOTOpo BHOCIEACTBUU (POPMUPYIOTCSI KOHTAKTHBIE TOPOXK-
KH.

Hanbomnee yacto Kk oTKazaM MHUKPOIPOIIECCOPHBIX CHUCTEM IMPUBOIAT Clie-
aytomue aeQeKThl MeYaTHbIX IIaT: OTCIOCHHE, OOPBIBBI, MUKPOTPEIIUHBI TO-
KOMPOBOJISAIINX JOPOXKEK, CHIYKEHUE COMPOTUBIICHHS M30JISIIIMN MOJI0XKKH, 3a-
MBIKAHUE TOKOIPOBOJSAIIMX 3JIEMEHTOB, JJEKTPOXUMHUYECKas KOPPO3HUs B Me-
CTax NalKu, MOBEPXHOCTHOE 3arps3HeHue. [Ibuib HA A7IEeMeHTax Co3JaeT ycio-
BHS TSI TIOBBIIIICEHHOTO YBJIAXKHEHUS, CHUXKAET CONPOTUBICHUE H3OJISAILHH, CIIO-
COOCTBYET BO3HMKHOBEHUIO Ha SJIEMEHTAX OMACHBIX AJEKTPOCTATUUYECKUX pa3-
PAZIOB M TIOJIEH BBICOKOTO HAMPSIKESHHUS.

Pe3ucropel — Hanbosee MacCOBBIE JIEMEHTHI U cocTaBsAOT 10 40-45 %
BCEX AJIEMEHTOB CUCTEM aBTOMATHKH. BcieacTBue 3TOro ux HajIeKHOCTh B 3Ha-
YUTEJIbHOM CTEIICHHU OMpeesaeT HaAe)KHOCTh alllapaTyphl B IIEJIOM.

VY pesucropoB Oosee 55 % 0TKa30B MPOUCXOAUT HU3-3a OOPHIBOB B TOKO-
MIPOBOJISAIICH ey W HapylmieHud KoHTakToB, 35—-40 % BciencTBue meperopa-
HUSl TIPOBOJAIICTO MaTepuana (BHe3amHble oTkasbl), 5-10 % 3a cuer npeiida
CONPOTHUBJICHHS IIPOBOAIICIO MaTepuaa (MocTeneHHbie 0TKa3bl). [Ipu 3ToM 10
25 % o0TKa30B PE3UCTOPOB SBJISIOTCS 3aBUCHMBIMH, TO €CTh BBI3BIBAIOTCS KO-
POTKMMU 3aMBbIKaHUSMHU, TTPOOOSIMHU KOHACHCATOPOB | T. .

Ha mameXHOCTh pe3uCTOpPOB BIUSIOT (DU3MKO-XUMHYECKHE IMPOIECCH —
TEPMHYECKOE OKHUCIICHHUE PE3UCTHUBHOTO CJIOS, M3MEHEHHE €ro CTPYKTYpHI,
00yTrIMBaHKE 3aITUTHOTO MOKPHITHS, MEXaHUYECKHE BUOpALIMM M yAapbl, BIaXK-
HOCTh W JaBJICHHE BO31yXa. BHasHHBIM pE3UCTOpP MOXKXHO paccMaTpuBaTh Kak
HEKOTOPYIO MacCy, YCTAHOBJICHHYIO Ha YIPYTHX dJEMEHTaX CJI0KHON (POPMBI.
Ecnu coGcTBeHHAs pe30HAHCHAs YacTOTa TaKOW CHCTEMBI COBITAJIET C YaCTOTOM
BHOpAIMK, TO BO3HUKACT PE30HAHC KOJeOaHUM, MPUBOIAIIMN K pa3pyLICHHUIO
pe3rcTOpa WM y3JI0B Maiku (pe3oHaHCHas YacToTa JCKHT B auama3one 100—
900 I'n).

KonpaeHcaropsl, Kak ¥ pe3UCTOPHI, COCTABISIOT OOJIBIIYIO YaCTh AJIEMEHTOB
cxeM. Y KOHJICHCATOPOB JIeTpalalliOHHbBIC MPOIIECCHI BHI3BIBAIOT MOSIBICHUE KaK
BHE3AIIHBIX, TAK U IOCTEIEHHBIX (TapaMeTPUUYECKUX) OTKA30B.

OCHOBHBIMU MPUYHMHAMH OTKA30B KOHJIEHCATOPOB SBJISIOTCA MPOOOH JH-
anekTprka — mpumepHo 80 % OoT BceX 0TKa30B, HA MEXaHUYCCKHE TTOBPEKACHUS
MPUXOIUATCS OKoJIO 8 %, CHIKCHHE BEIWYHMHBI €MKOCTH BCIICJICTBHE IOTEPH
anekTponuTa — 8 %, CHIDKEHHE BEJIUYHMHBI COMPOTUBICHUS H3OJSALUN (TOKH
yTeukn) — 10 5 %.

B mporecce skcruryaTaliuu SAEKTPOJIUTHYECKUX KOHJIEHCATOPOB 4YACTOM
MIPUYMHOM OTKA30B SIBJISIETCS KPAaTKOBPEMEHHAs Mojada HaIlpsoKeHUs oOpaTHOU
MIOJISIPHOCTH.

KaTymky mHIYKTUBHOCTH MIPUMEHSIOTCS B Ka4eCTBE APOCCEieH, KaTyIIeK
CBsI3H, (OWIBTPOB, PE30HAHCHBIX KOHTYPOB. BHe3amHbie OTKa3bl KaTyIIEK HH-
JTYKTUBHOCTH OOYCJIOBJICHBI OOpPhIBAMH U KOPOTKMMHU 3aMBIKAHUSIMU MEXKITY
BUTKamMu 00MOTKH. [locTeneHHble 0TKa3bl 00YCIOBIECHBI HEOOPATUMBIMU U3MeE-
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HEHUSIMU UHAYKTUBHOCTU U JOOPOTHOCTU. Ha HameKHOCTh KaTyIIeK UHIYKTHUB-
HOCTH HauOoJiee CWIBHO BIUseT TemmepaTypa. B pesynbpTaTe TEmiaioBoro Bo3-
JEUCTBHS BO3MOXKHBI OOPBIBBI MTPOBO/IA OOMOTKHU U3-3a Pa3HOTO TeMIIEpaTypHO-
ro ko3¢ duiueHTa JMHEHHOTO pacIIMPEeHNUs KapKaca U caMoro mpoBoja, KOpoT-
KO€ 3aMbIKaHUE BUTKOB M3-3a TECILUIOBOTO Pa3pyLICHUS U30JSLHH.

B Tpancdopmaropax oTkazbl NpOUCXOAAT U3-3a MPOOOS U30JISIIIUU HA KOP-
MyC WIM MEXIy OOMOTKaMu, OOpbIBa MPOBOJHHUKOB B OOMOTKE, 3aMbIKaHUS
MEXJy BUTKAMH OOMOTKHM, HapYIIEHUS KOHTAKTOB M COCAWHEHUM, HEOMyCTH-
MO0 CHUKEHUSI CONPOTHUBIICHUS U30JSALUN BCIECACTBUE €€ CTAPCHUS WUJIU Upe3-
MEPHOT0 YBJIAXXHEHUS, HAPYIICHUS MEXIUCTOBON U30JALIMU MArHUTOITPOBOOB.

MeKBUTKOBOE KOPOTKOE 3aMbIKaHUE OOMOTKH MPUBOJUT K YPE3IMEPHOMY
HarpeBy TpaHcopmaropa. HapyieHne MexXIMCTOBONM M30MISIUUA CEPACUHUKOB
MarHUTONPOBOJAA MPUBOAUT K HEJAOMYCTUMOMY IMOBBIIICHUIO TEMIIEPATYPHI OT-
JEIbHBIX YYAaCTKOB MAarHUTOINPOBOJA M BCEr0 MArHUTONPOBOAA B LEIOM, IIO-
BBIIIICHHOMY HarpeBy OOMOTOK, BBITOPAHHMIO YaCTH MarHUTOINpoBoja (moxap B
CTaJIH).

TpaH3ucTopsl U AMOMIBI OTHOCSTCS OOJBIION TPyMIE MOJTYIPOBOIHUKOBBIX
npubopos (I1I1). ¥ paccmarpuBaeMbIXx MPUOOPOB MPAKTUICCKU OJMHAKOBO TPO-
ABJISIFOTCS MOCTENECHHBIE W BHE3anmHble OTKasbl. Y IIII BHe3amHble OTKa3bl CoO-
ctaBsroT 10 20 % ymcna Bcex 0Tka3oB. OHU 00YCIOBIEHEI. podoeM P — N Tie-
PEX0JI0B, 0OpbIBAMHU U MEPETPEBOM BBIBOJIOB, HAPYKHBIM MPOOOEM MEKIY BbI-
BOJIaMU, KOPOTKUM 3aMbIKAaHUEM B CTPYKTYpe MOJYIMPOBOJHHMKA, PACTPECKUBA-
HUEM KpHUCTaia u JIp.

HemnpaBuibHbIM BBIOOPOM THUIOB M 3KCITyaTallMOHHBIX PEXKUMOB 00Y-
cioBneHo 0 70 % Bcex orka3oB III1. IaTeHCMBHOCTH BHE3amHbIX 0TKa30B 111
MPAKTUYECKU HE 3aBUCUT OT BpeMEHU padoThl nmonynpoBogHuka. Ho u qis TII1
CYLIECTBYET NEPUOJ CTAPEHUS, B PE3YJIbTATE MPHU JJIUTEIBHOU SKCILUTyaTalud
MOBBIIIAETCS BEPOSITHOCTh MOCTEIEHHBIX OTKa30B. [locTeneHHble OTKa3bl CO-
ctaBistoT 10 80 % Bcex oTka30B. OHU BBI3BIBAIOTCS BO3PACTAHHEM OOpATHBIX
TOKOB MEPEX0JI0B, CHIDKEHHEM KO3 (UIIMEHTOB epenayu, apeiidoMm napamer-
POB U XapaKTEPUCTUK, BO3PACTAHUEM YPOBHSI COOCTBEHHBIX IIIYMOB.

YBenuueHne 3anuparonmx HanpspkeHuil Ha P — N nepexonax 111 yBennuu-
BAET BEPOSTHOCTH SJIEKTPUUECKOTro Mpo0osi B 00beMEe KpUCTala U HA €ro mo-
BEpXHOCTH. M3-3a HaIMuMsi HEOJNHOPOAHOCTEM B KPHUCTAJUIE IMOJYyIPOBOIHHUKA
MOTYT BO3HHUKATh JIOKaJIbHbIE MPOOOU MO HEOJHOPOIHOCTSAM, KOTOPBIE MPUBO-
JAT K o01eMy mpoooro nepexoaa. BeanunHa HanpshKeHUs MPpoO0si CHUXKAETCS B
pe3yJibTaTe CTApEeHUs NMOJYyNpOBOAHUKA. MakcumanbHOe 3HaueHne Toka B III1
omnpeAensercss AOMYCTUMOM TeMIepaTrypou mepexoaa. [loBellieHHE NMIOTHOCTH
TOKa B MaJioM 00be€M€ MPUBOJUT K JOKaJIbHBIM NeperpeBaM u otkasy III1 B pe-
3yJbTaTe TEIIOBOTO MPOOOS MEPEeXo/Ia.

HeonnoponHoctu B matepuasie BHyTpeHHUX BbIBOJAOB III1 BbI3bIBaET MOsAB-
JICHHE B HUX YYaCTKOB C IOBBIIICHHBIM conpoTuBicHueM. [loatomy gaxe npu
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TOKaX, MEHBIINX MAaKCUMAJIbHO JOMYCTUMBIX, BO3MOKHO INEPETrOpaHHUE BBHIBO-
TOB.

[Ipu Bo3pacTaHuu O0OpPaTHOTO HANPSIKEHUSI HA MEPEX0]ie€ MOIIHOCTh, pac-
cerBaeMasl B HEM, YBEIIMUMBAETCS. DTO MPUBOJNUT K YBEIUUYEHHUIO TEMIIEPATYPbI
npudopa, YBEITUYEHUIO TOKOB Yepe3 MepPexo/i, YTO OMATh MPUBOJUT K yBEIUYeE-
HUIO TEMIIEPATYpPhl ¥, B KOHEYHOM UTOTE, K TeIOBOMY npoooro. [Ipu TemnoBom
po0oe BO3ZHUKAET KOPOTKOE 3aMbIKaHUE B PE3yJIbTATE Pa3pyLICHUS CTPYKTYPhI
MOJTYyIPOBOJHUKA.

[locTenennbie OTKa3bl MOJYMPOBOJHUKOB BBI3BIBAIOTCA OOpPAaTUMBIMHU W3-
MEHEHUSIMU TapaMETpPOB H3-3a MOBBIIICHUS TEMIEpaTypbl U HEOOPATUMBIMU
W3MEHEHUAMU BCIEICTBUE cTapeHus. CTapeHrue NMONTynpOBOAHUKA MPOUCXOIUT
n3-3a (PU3UKO-XMMUYECKHUX MPOIECCOB KaK B 00bEME KpHUCTALJA, TAK U Ha €ro
MOBEPXHOCTH. YKa3aHHbIE MPOIECCHl CUIIBHO 3aBUCAT OT (PU3UYECKUX BO3JIECH-
CTBUM U XMMHYECKOW MPUPOABI OKPYKAOMIEH CPEAbl, OT KOHLEHTPAMHU U Xa-
pakTepa npumecei, HeOAHOPOAHOCTEN U Ae(HEKTOB CTPYKTYPHL.
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