BBoaHaA nekuma no ANCUNNINHE

MeToabl oueHKN 3dEKTUBHOCTU N HAAEXHOCTN aBUALIMOHHOMN TEXHUKU



YyebHble Bonpocobl:

1.MpeameT, uenn n 3agavym ANCUUNANHDI
2.3Tanbl pa3BmuTMA PaboT B 06/1aCTN HAAEHKHOCTU



1. Mpeamer, uenn 1 3aga41 AUCLUUNANHDI

Teopua HadexwHocmu He pa3pabaTbiBaeT
MeToAbl U CcpeacTtsa MOUCKA HEUCNnpPaBHOCTEMN B
JAaHHOM ObOBbeKTe — OHa pacnosiaraet MeToJamu,
no3BoaAlWMMM onpeaenatb (Ha OCHOBE aHANM3a
CTAaTUCTUYECKONM  MHPOPMALUUN)  BEPOATHOCTb
BO3SHMKHOBEHMA  OTKA30B B  COBOKYMHOCTU
OZMHAKOBbIX 0OBHEKTOB.



TexHuyecKkaa Oua2HOCMUKa  pacnonaraet
MeToAaMM, C MOMOLLbIO KOTOPbIX MOXHO OLEHUTb
COCTOSIHME KOHKPEeTHOro obbekTa. Bmecte ¢ Tem
MHOIrMe 3adayn [AMarHOCTUKM peLlaroTcs  Ha

OCHOBe TeOpUn HaaeKHOCTHU.



B CTPYKTYpy Teopun HaOexKHOCTU BXOAAT pa3desibl,
KOTopble MOryT M3y4yaTbCA KaK CamMoOCTOATe/IbHble
ANCUUNANHDI:

MaTemMaTu4ecKasa Teopma Ha4eXHOCTH;
dun3nyecKana Teopus HageKHocTu (b13mKa O0TKa3oB);
NPOrHo3mpoBaHme pabotocnocobHOCTY;
ANATHOCTMKA TEXHNYECKOTO COCTOAHMSA;

TEeopPMA KOHTPO1A NOKa3aTesien HageXXHOCTH;

TeopmAa BOCCTaHOBAEHMA paboTocnocobHOCTW.



JTltobble TEeXHUYECKUe YCTPOWUCTBA BCeraa
M3roTaBANBaAN B pacyeTe Ha HEKOTOPbIM AOCTATOYHbIN
ANA  NPaKTUYEeCKMX uenenm nepumos  3SKOHOMUYECKM
3¢pPeKTUBHOIo Ucnosb3oBaHmAa. OQHaKo [A0aroe Bpems
HaAeXHOCTb He  U3MepsaAnn  KONMYECTBEHHO, YTO
3HAYUTENbHO 3aTPYAHANO ee OOBEKTUBHYIO OLLEHKY.

na OUueHKM HaOeKHOCTU WUCNOAb30BasMN TaKue
MOHATUA, KaK  «BbICOKaAA  HaAeXHOCTb», «HWU3KasnA
HaZleXXHOCTb» U APYrne KavyecTBeHHble onpeaeneHus.

YcTaHoBNeHue KOJIMYEeCTBEHHbIX NnoKasaTesiei
HaZle}XHOCTM M cnocoboB UX M3IMEepeHUA W pacyeTa
MOJIOXKUNO HayaNo Hay4YHbIM MeToAam B UCCAea0BaHUK
HaAe»KHOCTH.



2. OTanbl pa3suTna pabort B 06,1acTU HagEeXHOCTH

B Hawen cTtpaHe npobnema HaAEeXKHOCTU MALIMH B
KOHLEeNTya/bHOM QacneKkTte BnepBble Oblala BblABUHYTA M
obcyKaeHa Ha ceccun Akagemum Hayk CCCP B 1934 .

Ha nepBbix 3Tanax pa3BUTUA TEOPUMN HaOEKHOCTU
OCHOBHOE BHMMaHMe OblN0 cocpeaoTo4eHO Ha cbope M
06paboTKe CTaTUCTUYECKUX AaHHbIX 00 OTKas3ax u3genni. B
OLUEHKEe HaAeXHOCTU npeobsagan XapakTep KOHCTaTauuu
KONMYECTBEHHbLIX XapPaKTEPUCTUK MNOTOKA OTKAa30B Ha
OCHOBaHWUM CTAaTUCTUYECKUX AAHHDbIX.

Passutne Teopunm  HaAEKHOCTM  COMPOBOXKAANOCH
COBEpPLUEHCTBOBAHUEM BEPOATHOCTHbIX MEeTOo40B
McCcNneaoBaHUA, TaKMX  KaK  onpeaeneHne  3aKOHOB
pacnpeneneHnmn HapaboToK A0 OTKasa, pa3paboTka
MeTOA0B pacyeTa M WUCMbITAHUWA U3QENUN C  Y4EeTOM
C/IY4YAaMHOTO XapaKTepa OTKa30B U T. M.



YBennumsatowancs CNNIOXKHOCTb TEXHNYECKUX
YCTPOUCTB, BO3pacTatollad OTBETCTBEHHOCTb QYHKLUMUN,
BbIMO/IHAEMbIX TEXHUYECKUMM CUCTEMAMK, NOBbILLEHUE
TpeboBaHMN K KAa4yecTBY U3AENNN N YCNOBUAM UX PabOTHI,
BO3pOCLUaA PONb aBTOMaTU3aunmn ynpaBneHus
TEXHUYECKMMU OOBbEKTaMM — OCHOBHble (AKTOpPbI,
onpeaenunBlUMe rnaBHOe HanpaBJEeHUE B Pa3BUTUMN HAYKU
O HAaAEXHOCTMH,

MawwnHbl  CTAaHOBATCA BCe  0Oonee  CNOXHbIMU,
COCTOALMMN M3 AECATKOB TbiCcAY 3n1emeHToB. Ecam He
NPUHMMATb cneuunanbHble Mepbl NO  obecnevyeHUto
HageXHoCTU, ntbaa MmawMHA MNPaKTUYECKM OKaXKeTca
HepaboTocnocobHOM.



Kpyr BonpocoB, BXOAAWMUX B KOMNETeHUUo Teopuu
HaaeXHOCTH, Hanbonee NOJIHO choOpMyNMNpPoOBa
akagemukK A. U. bepr:

Teopua HaAAEXHOCTU YCTaHaB/IMBAET 3aKOHOMEPHOCTU
BO3HUKHOBEHMUA OTKa308B " BOCCTAaHOB/1€HUA
paboTocnocobHoOCTH cucTembl 7 ee 3/1eMEHTOB,
paccmaTtpuBaeT BAUAHME  BHEWHWUX W BHYTPEHHMUX
BO34EUCTBUU HA nNpoueccbl B CUCTemaX, CO3AaeT OCHOBbI
pacyeTa HaAeXXHOCTU U NpeacKasaHMA OTKA30B, M3bICKUBAaeT
cnocobbl NoBbIWEHNA HAaAEKHOCTU NPU KOHCTPYNPOBAHUU U
U3roTOBJIEHMU CUCTEM U UX 3/IEMEHTOB, a TaK)e cnocoo6bbl
COXpaHeHUA HaAeXXHOCTU NPU 3KCNyaTauumn.



3Tanbl pa3BuUTUA paboTr B 00NacTM  HAOEXKHOCTU
HeKoTopble 3apyberkHble cneumanunctbl nNoapasaenAtoT Ha Tpu
3Tana:

[lepBbIV aTan - «KapaHAaawHO-6yMaXKHbIN».

B 9TOT nepmoa BbIMO/THANU CTaTUCTUKO-BEPOATHOCTHbIE
OnncaHumA Hapa6OTOK Ao OTKa3a, OCHOBdHHbIE Ha
IKCNOHEHUMNA/IbHOM 3dKOHE UX pacnpeneneHuA.

MoOMEHTbl HacTynJeHMA OTKa3a U UX NMPUYUHbI paccmaTpuBanu
KaK C/lyd4anHble cobbiTuA, obnapgarowme daTasibHOM
HEN30eXKHOCTbIO, B OTPbIBE OT NMPUYMH, Bbi3bIBAOLLLMX NOABJIEHUE
OTKa30B.



BrTopos  3Tan -  XapaKTepu3oBa/iCA  LLUUPOKUM
pa3BuTMem pPaboT NO 3SKCNEePUMEHTaNIbHOU  OLEHKe
daKTM4YecKom  HapexkHoctn, cbopy wu  obpaboTKe
3KCMAYyaTauMOHHOU WMHPOpMaAUMM O HaadeKHoCTU. B
pe3ybTaTe OCYLLECTBJ/IEHHbIX HAa 3TOM 3Tane paboTt bbiaa
nepecMoTpeHa KOHUenuma c/y4anHOCTM NPUYMH OTKA30B
N UX Hen3b6eKHOCTU, bbinn 0H6BACHEHBI MHOIME C/Iy4anHble
OTKa3bl U YCTAHOBJIEHA B3aMMOCBA3b MEXAY KOHCTPYKLUMEN
n3nenns, TEXHONONMEeM U3roToBNEHMA U  NPUYUHaMU
OTKA30B8.

MHbopmaums o HaaeXHocTu m3pgenun ctana bonee
NOJIHOM, YTO MO3BOJINJIO BHECTU 3HAYUTE/IbHYIO AICHOCTb B
CYLLIHOCTb OTKa30B.



TpetTMh  3Tan -  XapaKTepusyetrcA  Kak
NANbHENLWNM Pa3BUTMEM MATEMATUYECKON TEOPUMU
HaAEeKHOCTU, TaK U cOAnKeHmem 3TOM HayKu C
TEXHUYECKNMMU ANCLUMNINHAMMU, npuagaHmem
HaEeKHOCTU MHXEHEPHOW HanpaBAEHHOCT!.



BonbWwMHCTBY paboT Ha 3TOM 3Tane nNPUCYLLM
cneayrowme NPpUHLUMUNLI:

OTKa3 OT KOHLUENUMn cy4amHOCTU NPUYNH OTKA30B U UX
HEen3bexHOCTU N CBA3b OTKA30B C KOHCTPYKTUBHO-
TEXHONOMMYECKMMM haKTOpPaAMU;

HGO6XO,£I,VIMOCTb YCTaHOBJ/1IEHUA NPUNYUNH OTKA30B, d HE
TOJZIbKO KOHCTAaTdUMNA NUX CZIy4aeEB N HANC/1a,

OTCYTCTBME HanpaB/IEHHOCTU METOA0B NPOMbILLAEHHOIO
KOHTPOAA, AENUCTBYIOLWMX Ha NpeanpUaTUAX, Ha
BbiiBNeHne nedeKToB, NPUBOAALLMNX K OTKA3aM;

H€O6XO,£I,MMOCTb noBcemecCTHOro nepexonga Ha KOHTPO/Jib
HadEeXHOCTU B YCZIOBUAX U3TOTOB/IEHUA.



CoBpeMEHHbIM KOHLUENUMAM oOpraHusaumm pabotr B 06nacTM Ha-AEKHOCTM B OONbLIMHCTBE CTPaH

NPUAOAETCA KOHKPETHaa MNpaKTU4YecKasa HanpaBAeHHOCTb. Tak, B ANOHWUM M34aHO cheumasibHOe PYKOBOACTBO AS
ANPEKTOPOB GMPM, B KOTOPOM OonpeaeneH COCTaB KOHKPETHbIX MeponpuATUMA Npu nposeaeHun paboT B obnactu
HaOeXHOCTHU:

aHaNM3 NPUYMH OTKA30B U34e/ININ-aHaNoroB;

MCMNONb30BaHNE CTAaHAAPTU30BAHHbIX 3/1EMEHTOB;

YNPOLWEHME KOHCTPYKLUUKN cucTembl (n3penns);

yCTPaHeHue oWnbOoK Npu KOHCTPYMPOBAHUM N U3TOTOBAEHWUN;

NOCTOSIHHOE U3Yy4YeHMe AO0CTUTHYTOro YPOBHA HaAEeKHOCTH;

obecneyeHune Tpebyemoro ypoBHA HaAEXKHOCTU KOMMJIEKTYIOLWMX 3/IEMEHTOB;
MCMNONb30BaHUE pe3epBMPOBaHUSA;

obecneyeHne NerkocT 0OCMOTpPa U TEXHUYECKOro 0bCcnyKMBaHUA;

YyeTKanA pernameHTaumnAa B TEXHUUYECKMX YCAOBUAX PEXMMOB IKCNIyaTauum U
bYHKLUMOHANbHbIX OFPAaHUYEHUN;

YCTaHOB/IEHME YC/IOBUM XPaHEHUS U MAaKCMMaJIbHO A0NYCTUMOMN OJIUTE/IbHOCTU XPaHEHUS;

BbIOOp HEOOXO4MMOM YNAaKOBKU, yUMTbIBAOLLEN YaAapbl M BUOpaLun npu
TPAHCNOPTUPOBAHMUY;

BbIbOp cybnoapaaAYMKOB, NOCTABAAOLWMX NPOAYKLNIO FaPaHTUPOBAHHOIO Ka4yecTBa, U
KOHTPO/1b 3@ UX AeATeNIbHOCTbIO;

yyeT BpemeHn BbINMNOJIHEHUA U3E/TUEM CBOUX CI)yHKLI,I/II\;I U pernameHtTayma gonyckaemoro
CPOKa NUCNOoJZ1Ib30BaHUA U3OENTUA,

TOYHOE co6mo,£|,eH|/|e pernameHTa TEXHNYECKUX O6CHYH(MBaHMVI.



OTpaboTKa Ha HageXHOCTb CEPUMHO M3roTaBAMBAEMbIX
n3nennin AoNxKHa BKAOYaTb B cebs:

e opraHusauuto cbopa n obpaboTkM MHPopMmaLMM O HAJEHKHOCTU
n3anesinn B Npouecce sKcnayaTauum;

* OpraHM3auuio aHaNU3a peKknamalun, NnpeTeH3nm notpebutenen
M JAHHbIX CNYXKO rapaHTUMHOIO PEMOHTA;

* BbIfiB/IeHME COCTABHbIX YacTen, IMMUTUPYIOLLMX HAAEHKHOCTb
nanennm (cnabbix anemeHTOB);

* YCTAHOBJIEHWE NPUYMH OTKA30B 1 MOBTOPSAEMOCTU KaXKJoro m3
HUX;

* BbifiB/lIeHME TEXHONOTMYECKUX NAapPaMeTPOB, OKa3blBaIOLLLMX
pellatoLlee BIUAHME HA HaAEXHOCTb 34NN N UX
KOMMNEKTYIOLLMNX;

* pa3paboTKy M peanmnsaumio MeponpuUsaTUIA N0 YCTPAHEHUIO
NPUYMUH Hanbonee YacTo NOBTOPAIOLLMUXCA OTKA30B.



Cneayetr OTMETUTb, YTO TEOPETUYECKME U MPAKTUYECKUE
nccnegoBaHma B 06s1acTM HageKHOCTU pa3BMBAIUCL MO
ABYM OCHOBHbIM HanpaBAEHUAM:

lepBoe  HanpaBAeHME  CBA3AHO C  pa3BUTUEM
MaTEMATUYECKMX  MEeTOAO0B  OLEHKM HaOEeXHOCTH,
0COOEHHO NPUMEHUTENIbBHO K CNOXKHbBIM CUCTEMAM.

B 3Tom cnyyae Ha OCHOBE CTAaTUCTUYECKOU
06paboTKM pe3ynbTatoB HaAONOAEHUM 33 OTKa3amMwu
pa3pabaTbiBalOT MeToabl, obecneymBalollne BbICOKUN
YPOBEHb HAAEKHOCTU NYyTEM ONTUMM3AUUU CTPYKTYPbI
CNOXKHOWN CUCTEMDI.

3TO HanpaB/ieHME BO3HUKNO B PaJN0O3N1EKTPOHUKE.



Bropoe HanpasneHMe CBfI3aHO C MU3y4YeHuem
dU3NYEeCKUX npoueccoB cTapeHusa (M3HalIMBaHMUA,
YCTa/NOCTHOrO pPa3pyLlleHnsa, KOPPO3uUM, KaBUTaALUU WU
np.). B atom cnyyae paspabaTbiBaloT COOTBETCTBYIOLLUE
MeToAbl pacyeTa Ha JAONMOBEYHOCTb U MPUMEHAIOT

TeXHONOrnyeckue cnocobbl, obecneymnBatowme
Heobxoanmyto HaOEeXKHOCTb KOHCTPYKTUBHbIX
3/1EMEHTOB. 310 HanpaB/IeHUe BO3HMKNO B

MalLUUMHOCTPOEHUMN.



TepmuH «ANArHOCTUKa» nponcxoanT oT
roeyeckoro cnosa diagnosticos —  cnocobHbIN
Pacno3HaBaTb.

B HacTosALllee Bpems 6ONbLIKMHCTBO
nccnegoBatenen onpeaenatoT AMAarHOCTUKY KaK HayKy O
dopmax NposBAEHMA OTKA30B, MeTodaxX M cpeacTBax
onpeaeneHus TexHn184ecKoro COCTOAHMUA "
NPOrHO3MPOBaAHMA  pecypca paboTbl  TEXHUYECKUX
YCTPOMUCTB 6e3 nx pa3bopKu.



JlnarHocTuka BKIIOYAET B CE0S KOHTPOJIb TEXHUYECKOIO COCTOSIHUS aBTOMOOMIIA,
IPOTHO3 pecypca ero 0e30TKa3HOM padOThl M 3aKIHYECHHE O HEOOXOIUMBbIX
TeXHUYECKHX BO3JICHCTBUSIX HA MEXAHU3M.

KoHTpoOJIb COCTOMT B CpaBHEHMH TIIOKa3aTeJe TEXHHUYECKOTO COCTOSHUS
MEXaHH3Ma, BBIPAKEHHBIX JHArHOCTUYECKMMM CHUTHajlaMd, C HopMmartuBamu. Ha
OCHOBAHHUH 3TOTO BBISBJISIOT HEHCIPABHOCTH MEXaHHU3MOB.

IIporuo3 pecypca — 3TO OIpeAeieHHEe BO3MOKHOCTH IIpoOera aBTOMOOMJIS J0
OYEPEIHOM JIMArHOCTHUKH. 3ajaya IpPOrHo3a pecypca CBOJAUTCS K DKCTPAIOJISIIUM
3aKOHOMEPHOCTH M3MEHEHMsI PadOTOCHOCOO0-HOCTH OO0BEKTa 10 JOCTHXKEHUS MM
IpeJIeILHOTO COCTOSIHHS, 00yCJI0BIIEHHOT'O TEXHUKO-DKOHOMHUYECKOM
11€JIECO00PA3HOCTHIO TATBLHEHIIIETO UCTIOJIb30BaHHUS.

JakJjiouenne BKIKOYAECT B c€0s MEpeUeHb HEOOXOAUMBIX BO3JICHCTBUN HA MEXaHU3M
KaK PEMOHTHOro (MO pe3yJibTaTaM KOHTPOJIS), TaK M MOPOPUIAKTHYECKOro (1o
pe3ysbTaTaM MPOrHO3a) XapaKTepa.



Jlekumua Ne 2

Tema: “ObbeKTbl, paccmaTpmBaemble B 061acTu
HagexKHocTn ”



YyebHblie sonpocsi:

1. Obwme NOHATUSA.

2. KnaccudumKaumsa tTexHnyeckmx cuctem. OCHOBHbIE
COCTOAHUA 0O6bEKTA (TEXHUYECKOMN CUCTEMDI)



B Teopun HapeXHOCTU UCNONb3YIOT NOHATUA:
* «OOBEKT»
* «3/IEMEHTY»
* «CUCTEMA»

a TaKXe gpyrme ob6obuiatoime MHOro4YMCNAEHHbIe MNOHATHUA,
BCTpeYaloLmeca B TeXHUKe, Hanpumep:

* «aBTOMObOW/IbY
°*  «MaLUMHAY

e «arperam»

°* «y3en»

e «aeTanby

* «u3penue» u ap.



OCHOBHOM 3apa4vyel TEOpPUM HAAEKHOCTM ABNAETCA WU3YYEHUe
3aKOHOMEPHOCTEN BO3HWMKHOBEHMUA OTKA30B W HEUCNPaBHOCTEMN
obbekTa M Ha 6a3e pe3ynbTaToB MCCNeAOBaHUM — pa3paboTKa
MEPONPUATUN, HanpaB/eHHbIX Ha obecneyeHne BbINOJHEHUS
06BbEKTOM 3a4aHHbIX GYHKLUMN C HAMMEHbLUMMM 3aTPaTaMMU.

Ncnonb3yembin B TeKCTe TEPMUH «obvbekm» ABNAETCA
Hanbonee  obwMm  HaMMeHOBaHMEM  M3Aennda,  Hanpumep
aBTOMObUNA, 060pYyA0BaAHUA UM OTAE/IbHON COOPOYHOU eANHULLbI.

O6beKT, npeaHa3HaAYEeHHbIN nns CaMOCTOATE/NIbHOTO
BbIMNO/IHEHUA 3a4aHHbIX PYHKUUN, Byaem Ha3biBaTb cUucmemou.



ITrobas cuctema coctont
N3 asIeMeHmoas.
Hanpumep, aBTomobunb
Kak TexHM4eckasi cuctema
BKIlOYaET B cebd
cnegyoLwmne 3neMeHTbl:
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TexHU4yeckume cucrembl MOTYT 6biTb:

HeBOCCTaHAaBIMBaEeMbIMU
BoccTtaHaB/AMBaemMbiMu
[JnntenbHOro BpemeHu paboTtbl
{OPOTKOro BpemeHu paboTbl
Pe3epBUPOBaHHbIMU
Hepe3epBUPOBaAHHbIMM.




TexHn4ecKyto cucrtemy Ha3blBalOT
HesoccmaHasausaemol (HeEPEeMOHTUPYEMOUN), eCcau
ee OTKa3 NpmMBOAUT K HEYCTPaHUMbIM NOCNeACTBUAM
M CUCTEMY HeNb3A WUCMOAb30BaTb MO CBOEMY
Ha3HAYEHMUIO.

Pabota nocne o0OTKa3a HEBOCCTAaHABAMBAEMOM
CUCTEMDbI cYmTaeTca HEBO3MOKHOM i
HeuenecoobpasHOW.



Mop, soccmaHasnausaemol (pemoHTMpyemon)
MOHMMAIOT CUCTEMY, KOTOPAsA MOMKET Npoao/KaTb
BbINO/IHEHME CBOMUX (PYHKUWUW Mocne YCTPAHEHUA OTKasa,
BbI3BaBLUEro npekpaueHune ee pyHKLUMOHNPOBAHUA.

PaboTta BOCCTaHaB/MBAaeMOW CUCTEMbI NOC/e OTKa3a
MOXeT ObiTb BO30OHOBNEHA B pe3ynbTaTe NpoBeAeHUS
HeobxoaAMMbIX BOCCTAHOBUTE/IbHbIX PaboT.



CyLLecTBYHOT CUCTEMbI CMELIAHHOrO TUMNA, Y KOTOPbIX YaCTb 3/IEMEHTOB
MOKeT BOCCTaHaBAMBATbLCA, @ Apyraa — Her.

B 3aBUCMMOCTM OT BbINOJIHAEMbIX GYHKUMA  Pa3/IMYAOT  CUCTEMBI
ANNTENBHOTO U CUCTEMbI KOPOTKOTO BpemeHu paboTbl.

PesepsuposaHuem (redundancy) Ha3biBaloT cnocob MoOBbIWEHUS
HaAEKHOCTU NMYTEM BK/IIOYEHUA pPe3epBHbIX €AnHUL, CMOCOOHbIX B Cay4dae
OTKa3a OCHOBHOrO YCTPOWCTBA BbIMNOJIHATL €ro ¢QyHKUMM. ITOT MeTon,
obnapgaetr 60NblIMMM BO3MOMKHOCTAMM MNOJIYYEHUA 334aHHbIX YPOBHEW
HaAEKHOCTU U MMEET LUMPOKOE NMPaKTUYecKoe NpUMeHeHHUe.



B npouecce 3Kkcnayatauum  OB6bEKT  MOXKeT
HaxoAuTbCA B OAHOM W3 CAeayioWwmx COCTOAHUN:
MCNPABHOM, HEUCNPABHOM, paboTocnocobHoOM,
HepaboToCcnocobHOM M NpeaenbHOM.

UcnpasHoe cocmosaHue (ncnpaBHOCTb, good state)
— COCTOAHME 0bbeKTa, NPU KOTOPOM OH COOTBETCTBYET
Bcem TpeboBaHMAM HOPMATUBHO-TEXHUYECKON wu(mnnu)
KOHCTPYKTOPCKOMN (MPOEKTHOM) AOKYMEHTALMNMN.



HeucnpasHoe cocmosaHue (HeucnpaBHocTb, faulty
state) — cocTtoAaHMe o0b6beKkTa, NMpM KOTOPOM OH He
cooTBeTcTByeT xoTdA 6bl oAgHOMYy M3 TpeboBaHUM
HOPMATUBHO-TEXHUYECKOU U (MNN) KOHCTPYKTOPCKOM
(NpoeKTHON) AOKYMEHTaUUN.

PasnnyaloT HeucnpaBHOCTM, He npuBoAAlLMe K
OTKa3am (HapyLueHne NaKOKPACOYHOTo NOKPbITUA, N3HOC
NPOTEKTOpPA KO/aeca), M HeucrnpaBHOCTM, BeayliMe K
BO3HUMKHOBEHUIO OTKA3a (TpeLmHa MeTan/IOKOHCTPYKLUUU
pambl, M3rMb  nonMactTM  BEHTUIATOPA  CUCTEMDI
OX/1aXKAeHus aABuraTtens).



PabomocrnocobHoe cocmosAHue

(paboTtocnocobHocTb, up state) — cocToAHME
0bbeKTa, NPU KOTOPOM 3HAaYEHUA BCEX NMAPAMETPOB,
XapPaKTepPU3YIOLLLMNX CrocobHOCTb BbINOJHATb

33 aHHble PYHKUUKN, COOTBETCTBYIOT TpeboBaHMAM
HOPMATUBHO-TEXHNYECKOU U (MN1N) KOHCTPYKTOPCKOM
(NpoeKTHON) AOKYMEHTALUMUMN.



HepabomocnocobHoe cocmoaHue (down state) —
COCTOoAHME 0OBbEKTa, NPU KOTOPOM 3HavyeHue xoTsa 6bl 0aHOro
napameTpa, XapaKTepu-3yloLliero cnocobHOCTb BbIMONHATD
3aaHHble  PYHKUMM, He cooTBeTCcTBYyeT TpeboBaHUAM
HOPMaTUBHO-TEXHMYECKOM U (MIKM)  KOHCTPYKTOPCKOM
(NpoeKTHOMN) AOKYMEHTaUUN.



PaboTtocnocobHocTb n HepaboTocnocobHOCTb B obuwem cayyae
MOryT  ObiTb  MOAHLIMU  WUAW  YACMUYHbLIMU. [ToNHOCTbIO
paboTocnocobHbI 0OBbEKT obecneymBaeT B onpeaeieHHbIX YCA0BUAX
MAKCUMaNbHYI0 3PPEKTUBHOCTb €ro NPUMEHEHMUA.

3dPEKTMBHOCTb NPMMEHEHMA YacTUYHO pabotocnocobHoro
obbeKkTa MeHblle MAKCMManbHO BO3MOXHOW, HO 3Ha4yeHus ee
NOKas3aTesier Npu 3TOM elle HaxoaATCcA B npeaenax, YyCTaHOBAEHHbIX
AN Takoro PpYHKUMOHUPOBAHUA, KOTOPOE CYUTAETCA HOPMasbHbIM.
YacTMyHO HepPaboToCcnoCobHbIN 0O6BEKT MOXKET PYHKLMOHNPOBATbL, HO
ypoBeHb 3GPEKTUBHOCTU NPU 3TOM HUXKE AO0MYCKAEMOTO.

[lonHOCTbIO HEepaboTOCNOCOOHbIN  OOBEKT MNPUMEHATb MO
Ha3HAYEHUIO HEBO3MOKHO.



[lpedenvbHoe cocmosAaHue ob6vekma (limiting state) —
COCTOAHME, MNPM KOTOPOM JanbHEenWaa ero 3KcnayaTauus
HeaonycTMMa UAn HeuenecoobpasHa, "MbBo BOCCTAaHOBAEHME €ro
pabotocnocobHoro COCTOSIHUA HEBO3MOXHO iz
HeuenecoobpasHo.

B a3tom cnyyae  3KCn/lyaTaumilo  NpeKkpawarT  U3-3a
HEeYyCTPaHMMOro HapyweHua TpeboBaHMM 6e30nacHOCTM WU
HEeYCTPaHUMOro yxo/Zla 3a/1aHHbIX MapamMeTPoB 3a YCTAHOBJIEHHbIE
npeaenbl, WIN  HEYCTPAHMMOTO CHUXeHUs 3PPEeKTUBHOCTU
3KCN/IyaTauum HUXKe A0NYCTUMOW.

ABTOMO6V|I'Ib, ,El,OCTVlI'LLIVIVI cBOEero npeaesibHoro CoCToAHUA,
HaMNnpas/AKOT B KanuTanabHbIN PeMOHT UITN CMAUCDLIBAIOT.



[lna BoccTaHaBnMBaemMblx 0b6beKToB (aBTOmMObOWNel) nepexon B
npeaenbHOE COCTOAHME onpeaenaeTca HacTynJeHMem MOMEHTa, Koraa
NanbHenwan 3sKcnayaTtaumMs HeBO3MOXHa WAM  HeuenecoobpasHa
BC/NeiCTBUE CAeAYIOLWUX NPUUYNH:

*  CTQHOBUTCA HEBO3MOXHbIM NnoaaepKaHue ero 6e3onacHoOCTy,
6e30TKa3HOCTM NN 3hheKmMuUBHOCMU HA MNHUMANbHO A0MNYCTUMOM
YPOBHE;

e B pe3y/bTaTe M3HALIMBAHUA U (MK) cTapeHna 06BbEKT npuLlen B
TaKoe COCTOSAHWE, MPU KOTOPOM PEMOHT TpebyeT HegonyCcTMMO HoNbLINX
3aTpaT UaKn He obecneynBaeT HeOHXOAMMOMN CTENEHUN BOCCTAHOB-/1IEHUA
MCMNPaBHOCTM UIN pecypca.



Jlekumna Neo 3

Tema: “Buabl n XapaKTepUCTUKa OTKa3oB
TEXHUYECKUxX cuctem ”



YyebHbie sonpocoi:

1. lNepexon obbeKTa B pa3/IM4HbIE COCTOAHUA.
2. Cnocobbl ycTpaHeHMA OTKa3a



Mepexon  wmn3pgenna wn3  paborocnocobHOro  coctoAHMA B
HepaboTocnocobHoe  oOcCyWecTBAseTCA NPU  HACTYN/IEHUM  TAKOro
cobbITUA, KaK OTKa3.

[MospexcdeHue (damage) — cobbiTMe, 3aKNto4atoleecs B HapyLLEeHNM

MCNPaBHOrO COCTOAHMUA obbeKTa npu COXPaHEHUM ero
paboTocnocobHoCTH.
Omka3 (failure) — cobbiTe, 3akntovaloweeca B HapyLIEHUM

PaboToCcnocobHOro cocToaHMA OO bEKTA.

Kpumeputli omka3sa (failure criterion) — npu3Hak nan HapyweHus
paboTocnocobHOro coctosiHMA 0bbeKTa, YCTaHOBNEHHbIE B HOPMATUBHO-
TEXHUYECKOWN U(MNN) KOHCTPYKTOPCKOM AOKYMEHTALUN.



BoccmaHosneHue (restoration, recovery) — 3To npouecc
nepeBoga obbeKTa B pabotocrnocobHoe cocToAHME U3
HepaboToCNOCOOHOro COCTOAHMA.

Aeapusa — cobbiTUe, 3aKaw4arouleecs B nepexose
obbeKTa € ogHOoro ypoBHA paboTocnocobHOCTM UM
OTHOCUTENbHOTO YPOBHA GYHKUMOHMPOBAHUA Ha APYyrom,
CylLecTBEHHO 6o0nee HU3KUN, C KPYMHbIM HApyLIEHUEM
pemuma paboTtbl o0b6bekTa. ABapUA MONKET NpPuMBECTU K
4YaCTUYHOMY MM NOJIHOMY pa3pylleHnto 0b6beKTa, Co34aHunto
OMACHbIX YC/IOBUWN ANA YeN0BEKa N OKPYKAtoLWLEeEN cpeabl.



Knaccudoukayms oTkasos

Mpu3Hak Bua orkaza
3HAYUMOCTD Kpuruyecxkui
CyLiecTee HHbIH
Hecymiecrre HHBIH
3aBMCHMOCTh 3aBUCHMBIU
HezaBucHMbIH
XapakTep BO3HHKHOBEe HUSI BHe3anHBIHT
IIocTeneHHBIH
Xapaxkrep oOHapvKeHU HBHBIA
CKpBITHIT
ITpu4yHHA BOZHUKHOBEHUS KOHCTPYKTHBHLINA

IMpousBoacTBeHHBIM
BKCITyaTallMOHHALA
JlerpanautAOHHBIA




AsHbil omka3 (explicit failure) — oTKa3, ob6HapyXnBaemMbi
BM3YaZbHO WMAM WTATHbIMM MeETOAdaMW U CPeACTBaMW KOHTPOAA WU
NMNArHOCTUPOBAHMA NMPU NOAroTOBKE 0ObEKTa K NMPUMEHEHUIO UAU B
npoL.ecce ero npUMeHeHUs N0 Ha3HAYEHMUIO.

Ckpoimoili omka3 (latent failure) — oTka3, He obHapyXuBaembli
BM3Yya/IbHO WW LWTATHbIMM METOAAMW U CPeaAcTBaMWU KOHTPONA M
NMNArHOCTUPOBAHMA, HO BbIIBAAEMbIN NPU NPOBeAEHUN TEXHUYECKOTO
obcnyXKnBaHMA AU cneumanbHbiIMM MeTo4aMn ANarHOCTUKMN,



C6ou (Interruption) — camoOyCTPaHAOWMUNCA OTKA3 UM
OAHOKPATHbIN  OTKa3, YCTPAHAEMbIM  HEe3HAYUTENbHbIM
BMeLUaTeNbCTBOM ONnepaTopa.

PecypcHbii omka3 (marginal failure) — oTKas, B
pe3ynbTate KOTOPOro OObeKkT JAocTuraeTr npeaesibHoro
COCTOAHMUA.

Heszaeucumesili omkas (primary failure) — oTKas, He
0b6yCcNOBNEHHDbIN APYTMMU OTKA3aMMU.

3asucumsili omka3 (secondary failure) — o0TKa3,
0byC/0B/IEHHbIN APYTMMW OTKa3aMMu.



B 3aBucumocTu ot NMPUYNH BOSHUKHOBEHUA OTKa3a pa3Jsin4yaroT:

KoHcmpykmueHbie omka3si (design failure), BO3HMKLWME B pe3y/ibTaTe HapyLleHUA
YCTaHOB/IEHHbIX NPaBMA KOHCTPYMPOBAHUA;

lMpoussodcmeeHHble omKa3bl (manufacturing failure), NPMYNMHON BO3HUKHOBEHMUA
KOTOpPbIX ABAAETCA HapylleHMe YCTaHOBAEHHOro Npouecca U3roToB/IEHUA UM PEMOHTA
nsaenus;

IKkcnayamayuoHHele omka3bl (misuse failure, mishandling failure), npuunHon
BO3HMKHOBEHUA KOTOPbIX SABAAETCA HAPYLUEHME YCTaHOBJIEHHbIX MPaBUI WUAN YCNOBUN
3KCcnyaTaumMm MallUHbI.

HezpadayuoHHbil omka3 (wear-out failure, ageing failure) — oTKa3,
00OyC/NOBNEHHbIN €CTEeCTBEHHbIMU MNPOLECCaMU CTapeHMUs, U3HALIMBAHUA, KOPPO3UU U
ycTanoctm npu cobnogeHnm BCeX YCTaHOB-JIEHHbIX npaBuna W (Man) Hopm
NPOEKTUPOBAHUA, U3TOTOBNEHUA U SKCNAYaTaALUN,



Mo cBOEWN Npupoae oTKasbl MOTyT ObITb:

cy4YauHole, obycnossieHHble
HenpeayCMOTPEHHbIMU Neperpy3kammn, aedpekramm
matepuana, ownmbkamm  nepcoHana, cboaAmM
CUCTEMbI YNPABAEHMA U T.1M.;

cucmemamu4yecKue, O6yCI'IOBI'IeHHbIe
3dKOHOMEePHbIMU ABNEeHUAMMU, Bbi3blBAalOLWLNMU
nocrteneHHoe HaKolMnjieHune I'IOBpE)K,EI,GHVIVIZ

YCTaN0CTb, MU3HOC, CTapeHue, Koppo3na maTepuanos
nT.n.



Mo XxapakTepy BO3HUKHOBEHMA Pa3/INYAIOT OTKA3bl BHE3armMHble,
nocTeneHHble U nepemeskatoLLmecs.

BHe3anHbili omKka3 (sudden failure) xapaKkrepusyetrcs pesKMM U3-MeHEeHUEeM OAHOro WU
HEeCKO/IbKMX 3aZlaHHbIX NapameTpoB obbeKTa. Npumepom BHE3anHOro O0TKasa ABAAETCS HapyleHue
PaboTOCNOCOOHOCTN CUCTEMbDI 3aXKUTaHUS NN CUCTEMbI MUTAHUA ABUraTens.

MocmeneHHbili omka3 (gradual failure) xapakrtepusyetca nocTteneH-HbIM M3MEHEHUEM
OZJHOIO UM HECKONbKMX 33a4aHHbIX NapameTpoB 0b6beKTa. XapaKTEPHbIM MPUMEPOM MOCTENEHHOTO
OTKa3a ABNAETCHA HapylweHne paboTocnocobHOCTM TOPMO30B B pe3ysibTaTe UM3HOCA GPUKLMOHHbBIX
3/1EMEHTOB.

Mepemexcarowutica omkas (intermittent failure) — MHOrokpaTtHo BO3HMKawOWMKN cHOM
OZIHOrO M TOTO Ke XapaKtepa. Mpumepom nepe-merxKatoweroca 0Tkasa MOXKET CAYKUTb yYXyaLleHne
MOLLHOCTHbIX WU TOMJINBHO-9KOHOMMYECKUX MNOKa3aTenenm Apuratenna u3-3a MNoABAEHMA Harapa B
ronoBke 6710Ka UMAMHAPOB. ITOT OTKA3 YacTO CaMOYCTPaHSAEeTCA NPU ANNTeNbHOM paboTe MallnHbI B
TAME/IOM HarpysoyHom pexmnme. Jpyrum XapaKTepHbIM MPUMEPOM MNepemerkatoleroca OTKasa
ABNSETCA BPEMEHHOEe HapylleHne paboTocnocobHOCTU ABUraTena u3s-3a CAy4alHOro nonajaHus
BOAbl B 6EH3UH.



[T0 BO3MOXHOCTU Aa/IbHENLEro NCNOJIb30BAHMSA
obbeKTa OTKasbl Moryt ObITb MNOJIHbIE UM
YaCTUYHbIE.

[MoAHbIU OMKA3 WUCKIOYAEeT BO3MOMKHOCTb
paboTbl 06BbEKTA 40 €ro ycTpaHeHwus.

[lo BO3HUKHOBEHUUN YACMUYHO20 OMKdA3d
0OBEKT MOXKET YaCTUYHO UCMOJ1b30BaTbCA.



[0 nNpu3HAKy Nerkoctm OOHapy)KeHUs OTKa3bl
ObiBalOT 0YesUOHbIe (ABHbIE) N CKpbimbie (HeABHbIE).

[0 BpemeHu BO3HMKHOBEHMUA OTKas3bl
noapasaenAatoTcsa Ha npupabomoyHsie, BO3HMKAtOLWME B
HayaNbHbIKM Nepuoa 3SKcnayaTaumm, omkasel rpu
HopmMasnbHOU 3Kcnayamayuu, U3HOCOBble OMKA3bl,
BblI3BaHHble HeobpaTMMbiMKM  npoueccamm  U3HOCa
netanen, CTapeHna matepmanos u T.0.



[MepeyeHb XxapakTepHbIX OTKa30B aBTOMOOUNSA U €ro 3fIEMEHTOB

Xapakrep 0TKa33

[Ipumep oTKazZaBIIMX INEMEHTOB

H3Hoc Pabo4ue opraubl, ITOBEPXHOCTH
AcTANEN B CONpsIXXeHHsIX

H3nom DNeMEeHTHI METATTOKOHCTPYKIIH I

TpewnHa Pambl HeCyLIMX KOHCTPYKUO WA

Cpe3 pe3nont Pess6osble coeMHEHUSA

Horepss ynpyroctn

Hpvxuuel

Pa3puiB

HInanru, TpyOOnpoBoiEl, peMHU,
Heru

Paccnoenue, pacTpecKnBaHHe

PeMHM, 1aaHru

HapyiueHue repMeTMyHOCTH

lNuaparnuueckrne U MHEBMATHYUCCKNE
CHCTEMMb!

[IpoGouHa

baxu

IoTepsi 3MaCTH'THOCTH, CTapeHHe

PeanHoTEXHUYECKHE H3ACIIUS,.
YILUTOTHCHH A '

I1poboii, 3aMbIKaHME, HAPYLUEHHE
KOHTAKTa, WCKTPHYECKHUE IMOBPEXK-
JICHUS, TIOATOpaHUs

DNEeMEHTRl HIeKTPONMpPKBOAA

ﬁepempaﬂne

OcBeTHTEIbHASA ANITIAPATYPA

HecpaGatpiBanmue

IpuOopki 3aIIMTLL M YIIPARICHNS,
IEMEHTHI CHCTEM aBTOMATHKU

Kopposnsa

TToBepXHOCTH METaNJIOKCHCTPYKIM i




JleKuna Ne 4

Tema: “lNoka3atenun HagexHocTn”



llokazamenb HadexHocmu (reliability
measure) — KOnn4yecTBeHHad
XapakTepucTtmka OOHOro WIiM HECKONbKUX
CBOMCTB, COCTaBMSAOLWUX  HAOEXHOCTb
obbekTa.

3HayeHMa  nokasartenenm  HaOeXHOCTU  Moryt  ObITb
HOPMATUBHLIMU N PAKTUYECKUMU U ONpenendaTbes
pacyeTHbIM METOL4OM (pacyeTHbIN NokasaTesib Ha4eXHOCTH),
No OaHHbLIM UCMbITAHUN (3KCMepuMeHTarnbHbIN NnokasaTerb),
No JaHHbIM 3KcnyaTauun (SKcnsiyataunoHHbIN nokasaTesb)
Mnn  nytemM 3KCTpanosiMpoBaHUsS  (SKCTpanonvpoBaHHbLIN
nokasarerb).



[1na nokasatenen HaOeXHOCTU WUCMOoNb3ylTcA AOBe (OPMbl
npeacTaBneHns: BepOATHOCTHAasA M CTaTUCTUYECKaS.

BeposmHocmHassi dopma o00blMHO OblBaeT yaobHee npwu
anpuopHbIX aHaNMMTUYECKUX pacyeTax HageXHOCTMN.

Cmamucmuvyeckasi — npwu 9KCrNepuMeHTanbHOM
nccrnegoBaHMM HaOEeXXHOCTU TexHudecknx cuctem. Kpome Toro,
OKa3bIBAETCHA, YTO OAHW MOKaslaTenu ny4dlle UHTEPnpeTupyrTCcs
B BEPOSATHOCTHbIX TEPMUHAX, a ApYrMe — B CTaTUCTUYECKUX.



Kiaaccupukanusa nokasarejaed HaAeKHOCTH

Mpu3Hak IToxasatens

HUCRo XapaKTeprulyeMbIX CBOWUCTR Enuuuunbrid
HAJEKHOCTH KoMMICKCHbIH

CBOHCTBO HAJAEXKHOCTH bes3oTkaszHOCTB
HoarosedHoCTh

CoxpaHsaeMOCTh
PeMOHTONIpHIOAHOCTE

MeToa nmonyyeHus PacueTHLIA
SKCcIIepUMeHTANLHBIN

BKCIAVATALIHOHHbBIA
BKCTpanoJHpOBAHHELA

O01acTb HCITONb30BAHUA HopmatuBHbLii
OueHOYHBIA

O0IacTE pacIpoCTpaHeHUs WUuansuayanbnelii
Ppynnoso#




CyLLecTBYIOT KOMIMJ/IEKCHble MOKa3aTenn, XapaKrepusyroLwue
HECKOJIbKO CBOUCTB, COCTaBNAIOLLUX HaAEXHOCTb 06beKTa.

EQuHu4HbIlU noKazamenb HadexcHocmu (simple reliability
measure) — nokasaresib HaAeXXHOCTU, XapaKTepusylLWwui ogHO
N3 CBOMCTB, COCTAaBAAIOLWMUX HAJEXKHOCTb 0ObeKTa.

KomnnekcHsil nokazamens HadexcHocmu (integrated reliability
measure) — nNoKasarte/ib HageXXHOCTU, XapaKTepUsyowmum
HECKO/IbKO CBOMUCTB, COCTAaBAAIOLWMX HaAeXKHOCTb 0bbeKTa.



PacyemHsili nokazamens HadexcHocmu (predicted reliability
measure) — rMoKa3aTe/lb HAaAEeXKHOCTU, 3HAYEeHUA KOTOPOro
onpeaenArnTcA pacyeTHbIM METOA0M.

JKcnepumeHManobHoIli NOKasameno HadercHocmu (assessed
reliability measure) — noka3aTenb HaAeXHOCTU, TOYEYHaH
WIW UHTEpBaNbHAA OLUEHKa KOTOpOro onpeaenserca no
OaHHbIM UCTMbITAHNN.

IKcnayamayuoHHbll nokasamesnb HadexwHocmu (observed
reliability measure) — nokKasaTenb HageXHOCTU, To4YeyHas
WIN WHTEpPBa/sbHAA OLUEHKa KOTOpOoro onpeaenserca no
NAHHbIM 3KCMnyaTauuu.



IKCcmpanonupoeaHHb.Iii noKasamesno

HaodexcHocmu (extrapolated reliability measure) —
NoKas3aTe/Nb HAAEMKHOCTU, TOYe4yHad WAM WUHTepBa/ibHaA
OLleHKa KOTOPOro onpeaenaeTca Ha OCHOBaHMM Pe3ynbTaToB
PACYETOB, UCMbITAHUM U (MNK) 3KcNayaTaUMOHHbIX AaHHbIX
NyTEM 3KCTPANO/IMPOBAHMA HA APYrylo NPOAO0 KUTENbHOCTb
3KcnayaTauum u gpyrue ycaoBmaA sKCnayaTauuu.



Kiaccupukanusa CBOMCTB HAACKHOCTH MAIIUH U MX
3JIEMEHTOB

‘ HanexHOCTH

[ be30TKa3HOCTE CoxpaHaeMocCTh
. )
‘ PeMOHTOTTPUTOIHOCTE ‘ HONroBeYHOCTD ‘



HapeXHOCTb B O6IJ.I,€M caydyae — KOMIJIEKCHOeE CBOI\/'ICTBO,
BK/1FO4akOLWlee TakKune NMOHATUA, KaK 6e3OTKa3HOCTb,
A01TroBe4YHOCTb, PEMOHTONMPUTOAHOCTb, COXPaHAEMOCTb.

[1n KOHKPETHbIX OOBEKTOB M YCAOBUN UX IKCMAyaTauum 3TU
CBOMCTBA MOTYT MMETb Pa3/INYHYI0 OTHOCUTE/IbHYHO 3HAYMMOCTb.

besomkasHocmes (reliability, failure-free operation) — ato
CBOWCTBO OObeEKTa HENPEPbIBHO COXPaHATb paboTocnocobHoe
COCTOAHUE B TEYEHNE HEKOTOPOro BPEMEHU NI HAapPabOoTKMW.

PemoHmonpuzo0Hocms (maintainability) — aTo cBoncTtso
obbeKTa, 3aKktovatoLeecs B NpucnocobieHHOCTU K
noaaep*KaHUIO U BOCCTaHOB/IEHUIO paboTocnocobHOCTH
COCTOAHMUA NYTEM TEXHNYECKOTO 0O6CNYXKMBAHMA U PEMOHTA.



HonzoseyHocms (durability, longevity) — 310 cBONCTBO 06BbEKTA
coxpaHATb paboTocnocobHoe cocToAHUE A0 HAaCTYyNNEHMUA
npeaenbHOro COCTOAHMA NPU YCTAHOBJ/IEHHOM CUCTEME
TEeXHUYECKOro obcny*KMBaHMA N PEMOHTA.

CoxpaHaemocms (storability) — 3To cBOMCTBO 0O6bEKTa
COXpPaHATb B 3a[,@HHbIX Npeaesniax 3Ha4eHnA NapameTpos,
XapaKTepm3yrouwmx cnocobHOCTU 06bEKTA BbINOAHATD
Tpebyembie GYHKLUN B TEYEHME U NOCNE XPaHEHUA U (Mnn)

TPaHCNOPTUPOBAHMUA.



Mo obnactu MCNONb30BAHMA MOKA3aTeNn HaAeXKHOCTU MOTYT
noapasnenATbca Ha HOPMaTUBHbIE U OLLEHOYHbIE.

HopmamueHbiMmu  Ha3bIBalOT  MOKa3aTenn  HaAeKHOCTW,
pPernameHTUPOBaHHble B  HOPMATMBHO-  TEXHWYECKON  WUAU
KOHCTPYKTOPCKOM AOKYMEHTALUN.

K ouyeHoYHbIiMm OTHOCATCA MOKas3aTesin, UCMoAb3yemble ANA
PA3/INYHbIX CPaBHUTENbHbIX OLEHOK npwu HaY4HO-
MCCNeao0BaTENbCKUX U MPOEKTHO-TEXHO/IOTMYECKUX pa3paboTKax. K
OUEHOYHbIM OTHOCATCA @aKTUYeCKMe 3Ha4YeHMA noKa3laTenewu
HAAEKHOCTU ONbITHbIX 060pPa3-uoB WU CEPUUHOM NPOAYKLUN,
nojsy4yaemole nNOo  pe3yabTaTaM  UCMbITAaHMM NO  AAHHbIM
3KCNyaTauuu.



Mo obnactu pacnpocTpaHeHMA  MoKa3aTenu
HafeXXHOCTU NoAapasnenaoTca Ha UHAMBUAYAJIbHbIE
1 rpynnosbile.

K uHousuoyasbHbIM OTHOCATCA TaKMUEe NOKa3aTenu
HAaOEeXHOCTHU, WCMOJIb3ya KOTOPble MOXHO MO
pe3ynbTaTaM UCMbITAaHUWN UM SKCNAyaTaumm Aenatb
BbIBOA, O COOTBETCTBMM WIM HE COOTBETCTBUMU
NAHHOTO ob6beKTa PErnameHTUPOBAHHbIM
TpeboBaHUAM NO HAAEHKHOCTMW.



[TloKa3aTenn, Ha OCHOBE KOTOpPbIX BbIBOA O
COOTBETCTBUU PErnameHTUPOBAHHbIM
TpeboBaHMAM MOXHO nenaTb TONIbKO
OTHOCUTE/IbHO HEKOTOPOM COBOKYMHOCTU (NapTum)
n3aennin, HasbiBaloT 2pynnossbimu. Kak npasuno,
MHONBUAYANbHbIE noKasaTesu HageXHOCTHU
ABJIAIOTCA OAHOBPEMEHHO M HOPMATUBHbIMMU.



HomeHKnaTypa noKasareneu HageXXHOCTU

XapaKTePHBYCMBIC O603Ha-
CBOHCTEA [MokaszaTene
HARCKHOCTH Herne
Enunuunbie: BeposiTHoCTs BE30TKA3HOH PabOTHI A
0e30TKa3HOCTh | MHTEHCURHOCTh OTKAZOR Adr)
YcraHoB/IeHHas Oe30TKa3HasA HapaboTka 7,
Cpennsa Hapaborka Ha oTKa3 T,
Cpennsin HapaboTka N0 0TKasa T
IlapaMeTp NOTOKA OTKA30B w(r)
T'aMMa-niponieHTHAs HapaboTKa 40 OTKA3a T,
JoNropeuHoCcTE | CpeaHuit pecype T,
I'aMMa-1IpOLIEHTHERIHN pecype 15y
Haznauenublii pecypc 1,4
YcTaHOBIECHHBIA pecypc (pecype) F
Cpennuit cpok ciryxObi T
lNaMMa-TIpOLIEeHTHBIH CPOK CNyXObI T,
Ha3zHauyeHHBIA CpOK CLyK0b1 Ton
YcraHoeneHHBIH CPOK CNYXObLI (CPOK Teny
CIIYKOBI) T,
coxpaHsieMOocTs |CpeHUM CPOK COXPaHAEMOCTH T,
I'aMMa-npOLIeHTHBIH CPOK COXpaHaeMOCTH T
HasHaueHHBIH CpOK XpaHCHHUA Ty
YETaHOBARHHDBIH CPOK COXPAHAEMOCTU (CPOK 7,
COXpPaHSIEMOCTH )
PEMOHTOIIPH - CpelHee BpeMs BOCCTAaHOBJISHHA paboTOCTIO- P(t)
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NNekuua Ne S

Tema: «Cbop, aHann3 n obpabortka
3KCNJ/IyaTaLuMUOHHbIX AAaHHbIX O HAAEXKHOCTU
nspgenmm»



YyebHble Bonpocsl:

Llenn n 3apa4mn cbopa MHPopMaLMN U OLLEHKU HaAEHKHOCTU
MaLLUH

MpuHUKMNbl cbopa U cMcTtemaTuU3aumm 3KCNAyaTaLMOHHOM
MHPOPMALUN O HAJEXKHOCTU U3AENNN

[MocTpoeHne asmnmMpUYecKoro pacnpeaeneHuna u
CTaTUCTUYECKanA OLLeHKa ero napameTpos



1. Uenn v 3apaum cbopa MHPopmaLmnm U OLEHKN HAAEHKHOCTM MALLUH

HapeXHocTb  mMaliuH 7 obopynoBaHUA
OUEHMBAOT ANA onpeaeneHus MX COOTBETCTBUA

YCTaHOBJIEHHbIM TpeboBaHUAM nyTem
COMNOCTaB/NEHMA MOKas3aTenerm [J0AroBEeYHOCTH,
6e30TKa3HOCTH, PEMOHTONPUrOAHOCTU "
COXPaHAEMOCTM  UCCeAyeMOro  U3aenusa ¢
aHaNOrMYHbIMMU nokasaTensamm 3TAJIOHHOTO

n3nenus.



OcHOBHOM uenblod cbopa MHPoOpMmaAUMM ABNAETCA
cBoeBpemeHHoe obecnevyeHue NnosHbIX, 0O bEKTUBHbIX

U AO0OCTOBEPHbIX AaHHbIX O HAAEXKHOCTU MalUNH N UX
2/1eMeHTOB B 3KRCNN1yaTalUN.

Heobxoanmbim yCnoBMem NOCTUMKEHMUSA
NOCTaBAEHHOW LEeAn SIBNAETCSA OpraHmM3aumsa 4YeTKom

cmMctembl cbopa u  06paboTkM  uMHPoOpmaumm o
HaOeXHOCTW.



Cuctema cbopa n o06paboTkn MHPopMaLMM O HAAEHKHOCTU AO/TKHA
obecneyunTb:

CBOEBPEMEHHOE MoJlyYeHMe NOMHbIX, CONOCTaBUMBbIX U
0ObEKTUBHbIX AaHHbIX O HaAEKHOCTU MaLLUUH, paboTatoWwmx
B Pa3/IMYHbIX YC/IOBUAX SKCNyaTaLUm;

onepaTUBHYO 06pabOTKY CTAaTUCTUYECKUX AQHHbIX U
npeacTaB/ieHne pe3ynbtatoB B dopme, Hanbonee ynobHom
AN aHaNM3a HaaeXHOCTU MALUUH;

yyeTtT n KoopanHauunto N\epOI'IpMHTI/Iﬁ Mo NoBbIWEHNIO
HaAEXHOCTU, NPOBOANMDIX pa3pa6OT‘-IV|KaN\VI, 3aBOAadaMU-
U3rotosuUTENAMUM U SKCNAYAaTaUMOHHBbIMU OPraHN3aUNAMMN.



XapaKTepHOM 4YepTou 3Kcnayataumm MallnH
AB/IAETCA WUX WUCNONAb30BaHME B  PaA3/NYHbIX
KIMMaTUYECKNX 30HAX, JOPOKHbIX YCNOBUAX U NMPU
npou3soacTee paboT pa3nnyHbix BmaoB. CpoK
CNYKObl OCHOBHbIX 31€MEHTOB MaLLUUH A0CTAaTOYHO
BeNUK n coctasnaet 5—10 ner.



Pesynbtatbl cbopa M 06paboTKm uMHPOpMAUUM O HAAEKHOCTU
MaWKUH U o060pyaoBaHMA A[O0/MKHbI obecneuntb BO3MOXKHOCTb
pelleHna cneayrowmnx 3a8au:

1.
2.

HaxoxageHune npmn4inH BO3HMKHOBEHNUA OTKA30B U HeMCﬂpaBHOCTeIZ;

BbIiBJIEHWNE AeTanen, cOopoyHbIX e ANHUL, U KOMMNJIEKTYIOLLUX U3AENNN,
NNMUTUPYIOLLIUX HAJEKHOCTb MALLUUH;

YCTaHOBJ/IEHME N KOPPEKTUPOBKY HOPMUPYEMbIX NOKA3aTeNen HaaeKHOCTH
MaLIMH U UX SNEMEHTOB;

060CHOBaHME HOPM Pacxoa 3anacHbIX YacTen, CTPYKTYPbl PEMOHTHOIO
LMKNA U NEePUOANYHOCTM NPOBEAEHUA TEXHUUYECKOTro 06CyKNBaHUA U
PEMOHTOB MallUMH;

BbIIBJIEHNE BANAHUA YCOBUIM U PEXMMOB IKCMN/IyaTaLMM Ha HaAEKHOCTb
MaLUUH;

onpeaesnieHne sSKOHOMMNYECKon 3PPEeKTUBHOCTU MEPONPUATUIN NO
MNOBbILLIEHUNIO HAaAEKHOCTM MALLUH U NX 3/1IEMEHTOB.



OCHOBHbIM  UCTOYHUKOM WHPOPMALMM O HAOEKHOCTU
aBTOMObOUNEN ABNAETCA cneumanbHo opraHu3lyemas
MOOKOHMPOAbLHAA  3KCAyamauyus  WAW  WUCNbITaHMA B
MAKCMMaA/IbHO NMPUBAMMKEHHbIX K 3KCMN/IyaTaLMOHHbIM YCNOBUSAX,
OrOBOPEHHbIX B HOPMATUBHO-TEXHUYECKOW AOKYMEHTALUMN.

MoAKOHTPONIbHOM 3KCNIyaTauMen Ha3bIBAOT SKCNAYyaTaLUmio
33[laHHOr0  yMcna MaWMH B CTPOrOM  COOTBETCTBUU C
TpeboBaHUAMMN TEXHNUYECKOWN AOKYMEHTaLUMU, COMPOBOXKAAEMYIO
KOHTPONEM TEXHUYECKOro COCTOAHMS OCHOBHbIX 3/1eMEHTOB
KaXKA0M MaLLUHbI cneunasibHO NoAroTOBAEHHbIM NEPCOHAIOM.



2. MpuHUUnbl cbopa n cuctemaTusaumm sKCNayaTauMoHHoOM uHdopmauum o
HaAeXXHOCTU
u3pgenumm

na BCECTOPOHHEN OUEHKM HaAAeXHOCTU MallMH Heobxoammo B
pe3ynbtate cbopa WMHPOpPMALMM NONYYUTb MNOAHbIe cBeaeHus 06 obbekTe
nccneaoBaHUA, YCAOBUAX €ro 3KCNyaTaumum, XxapakTepe 0TKa3oB M cnocobax mx
yCTpaHeHus.

OCHOBHble CBeAEHMA O MalLUWUHE NPMBeAEHbI B TEXHUYECKOM nacrnopre:
. MapKa
. 3aBO/A-N3rOTOBUTE/b
. 3aBO/ICKOM HOMeEp
. BPeMsA N3roTOBNEHMUS
. KaTteropusa
. HapaboTKa A0 Hayana HabaaeHUn



KaxKabi OTKa3 MallMHbI B Nnpouecce HabntoaeHn AoNXKeH
XapaKTepu3oBaTbCA TAaKUMU AaHHbIMM, KaK:

Hapa60TKa 3/1eMeHTa A0 OTKd34d
AdTa NoABJ/IEHNA OTKA34d

HauMeHOBaHUNE NI HOMEP OTKA3daBLUEIO
2/1eMEeHTAa

XdpPaKTep n BHelWHee NnpoAB/sieHNE OTKa34d
npeanosiaraemad npnd4nHa ero BOSHMKHOBEHUA

cnocob 1 Bpemsa ycTpaHeHUa OTKa3a.



B obwem cnyyae ana cbopa n o06pabotkn nHbopmaumm o

HaJEeXHOCTU NPeAyCMOTPEHbI creayowme Buabl oOpm yYETHOM
NOKYMEHTaLUNN:

* NepBMYHble GOPMbl y4eTa 3KCNyaTauMOHHOU
MHPOpPMaLLNK;

* POpPMbI-HAKONUTENIN SKCNYAaTaLMOHHOM
MHPOpMaLLNK;

* $popmbl 3aNnUCK pe3y1bTAaTOB aHaNN33
HaAe*XHOCTW.



B 3aBUCMMOCTU OT opraHn3aunm NMCnosibsoBaHMNA MallUH U YyXOA4a 34
UX TEXHUYECKNM COCTOAHUEM PA3/TUYHAIOT:

* MOAKOHTPOJIbHYIO 3KCNAyaTauuto
* HOPMaJIbHYIO 3KCnayaTauuto
* PAOOBYIO IKCNAyaTauuio



HopmanbHoli 3Kcnayamayueli Ha3biBAOT 3KCOAyaTaUMIO, NpPU
KoTopon cobntoaaloT npaBuMaa UCMNOAb30BaHMA MALWIUMH U
yX0/a 33 HUMWN, OTOBOPEHHbIE B TEXHUYECKOMN AOKYMEHTALUM.

Psdoeolii aKcnayamauyuel Ha3bIBAIOT 3KCNAyaTaumio,
NPOBOAMMYIO C OTKNOHEHUAMMU OT TPebOBaAHMN TEXHUYECKOM
NOKYMEHTAUMMN, BbI3BAHHbIMUK, HAaNpUMep, HEOBXOAMMOCTbIO
npoBeaeHnA PaboT B CrKaTble CPOKMU UAN B 0CODO CNOMKHbIX
YCNOBUAX.



OcHOBHbIMU MeToaamu cbopa MHGOPMALIMM O HAAEHKHOCTU MaLLUUH B
3KcnayaTauum ABNAOTCA:

* MHCTPYMeEHTa/IbHbIX MeToa;
* MeTOo/ XPOHOMETpaXa;
* MeToj nepnoanvecknx HabaogeHuu,

* MEeTo/, OCHOBAHHbIN HA aHaM3e AAQHHbIX
3KCMNAYaTaUMOHHON N PEMOHTHOMN AOKYMEHTaLUUM.



NHcmpymeHmManoHbsIl memoo no3soaAeT
NONYYNTb OOBEKTUBHYIO MHPOPMALMIO B Hanbonee
nonHom obbeme.

MHbopmaumio 3TMm meToaom cobupatloT, Kak
npaBuno, B YC/10BUAX NOAKOHTPO/IbHOWM
3KCNAyaTauum Npu UCMbITaHUAX MalLlMH. B KauvecTse
TeXHUYecKnx  cpeacts  cbopa MHOPMaL MM
MCNONb3YIOT KOHTPO/1IbHO-U3MEPUTENbHYIO
annapaTypy " camonuLiyLiue npmnbopbl,
yCTaHaB/MBAEMbIE Ha Uccneayemomn MalliuHe.



Memoo xpoHomempaxa WCNONb3YOT ANA
onpeaeneHmna YNcToro spemeHmn paboTbl 3/1EMEHTOB
MALLUHbI.

CyTb MmeToga 3aKaw4vaeTcA B TOM, 4TO
cneunasncT-XxPoOHOMETPUCT C NOMOLLbIO
CeKyHaAomepa OPUKCUPYeT MOMEHTbl Hayana u
OKOHYaHUA paboTbl MalIMHbI WU OTAE/IbHbIX €€
3/1eMEHTOB.

[1na 3TOro MO*KHO TaKXe NCNo/1b30BaTb NpMbopbI,
aBTOMAaTUYECKMU perncTpupytoLime HapaboTKy
nccneayemblX 3/1IEMEHTOB MALLUHDI.



Memoo nepuoou4vyecKux HabawoeHul
NPUMEHSAIOT B TexX C/ly4asax, Koraa YCTAaHOBUTH

NOCTOAHHOE HabawaeHMe 33 mawumHoU (unu
rpynnowu MaLLWH) HEBO3MOXHO n3-3a

VAANEHHOCTU 0ObeKTa.

CobupatoT nHbopmauuo B 3TOM C/ly4ae Ha
OCHOBAHMM OMnpoca BOAUTENEN U Pe3y/bTaToOB
TEXHNYECKOM 3KCNepTu3bl, MNPOBOAMMOWN Ha
aBTOMobune.



Metoa, cbopa uHPoOpmauuu, OCHOBAHHbLIA HA
aHann3e AaHHbIX 3KCNAyaTauMOHHOU U PEMOHTHOM
AOKYMEHTAUUU, MNPUMEHAIOT BECbMA LLUMPOKO.

Mpn ycnosum Nob6GPOCOBECTHOrO 3amnoJIHEHUSA
TEXHUNYECKOU AOKYMEHTauMm KU codepaHua ee B
obpa3uoBoM MopAaKEe C MOMOLLbI 3TOr0 MeToaa
MOXHO  MOAYYUTb  MUCXOAHble  AdHHble  ANA
onpeaeneHna BCEX OCHOBHbIX HOPMUPYEMbDIX
NnoKa3aTtesie HaaeXHOCTMW.



3. MocTpoeHne sMNMPUYECKoro pacnpeaeneHmnsa N ctTaTUCTUYeckas oUeHKa ero
napameTpoB

a()-10° mm
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Cratuctuueckasi QyHKIMS MNIOTHOCTH SMIUPUYECKOTO paACHPEICICHUS
1 — rucrorpamma pacnpeaeeHust CIy4aiHONH BeJIMYMHBI;
2 — KpuBasi pacnpeieJIeHUs1 CJIYyYaiiHON BeJIUNYHUHBI



Kaxkaon 4ncnoBon XapaKTEPUCTUKE CAYYaMHOWU BeNIMYUHbI COOTBETCTBYET
ee CTaTUCTUYeckmn aHanor. CtatucTtnyeckme aHanorm bygem obo3HayaTb TeMu
e OyKBaMM, 4YTO M COOTBETCTBYIOLLME YUC/AOBbIE XaPAKTEPUCTUKU, HO CO
3Be3004KOMN.

Ona maTemaTMyecKoro OXMAaHMA TaKUM aHa/NIoOroOM fBASETCA cpedHee
apndmeTnyeckoe Habnogaembix 3Ha4YEHUN CYHaNHOW BENINYMHDI

1 N
T ,Cp = N Z ti
i=1
roe t;— i-e 3HayeHne crnyyYyanHon BeNMYnHbI;

N — obLee 4yncno 3aHauYeHun.

[1na ctTaTucTnyeckoro psaga cpeaHee apupmeTnyeckoe HaxoanuTCHa U3 BblpaXkeHus
N
, N
T cp Z Pzt i
i=1

rae P;* — gacrora, P;* = n/ N;

tl — 3HAYCHHUC, COOTBCTCTBYIOIICC CCPCANHC i-ro HHTCpPBAa, ni — YHUCJIO OTKAa30B.



Ona xapakTepuCTUKM paccesHUa TakMM aHarnorom $BNseTcd craTucTuyeckasd
ancnepcusa criy4amHon BenuymHbI
N
*2
Z(ti_T)

D* (f) _ _i=l

N -1

Ui cCtTaTnveckoe cpegHee KBagpaTtn4iHoe OTKIoHeHne

Y(ti _T*)2
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N —1
Onsi CTaTUCTUYECKOro psiga
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o' (t)=\D.(t,-T" )P
CTtatuctnyeckmin KoapuumMeHT Bapuaunm onpeaenseTcda no gop-myrne
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Mpu pganbHekwe obpaboTke HEOOXOAMMO PeLInTb BOMNPOC O TOM, Kak
nogobpatb ANA JaHHbIX CTaTUCTUYECKOro pAfa TEOPEeTUYECKYID KPUBYIO
pacnpeneneHuns, BblpaXKatloLlyto N1Lb CYLLECTBEHHbIE YepTbl MaTepuana, a He
CNYY4aMHOCTU, CBSiI3aHHble C HEAOCTAaTOYHbIM OOBEMOM 3IKCNEPUMEHTA/IbHbIX
NaHHbIX.

Bua, TeopeTuyeckoro pacnpefeneHusa, Kak npaBuno, 3aBUCUT  OT
NPoL.EeccoB, BAUAKOWMX Ha U3IMEHEHME CAyYanHOM BesIMYUHLIL. B HeKoTopbIxX
CNy4asnx OH BblOMpPaeTca NPoCTo Mo BHELWHeMY BMAY rMCTOorpammsbl. HanaeHHble
napameTpbl 3MMOUPUYECKOro pacnpeaeneHua MoACTaBAAT B PYHKLMIO
TEOPETUYECKOro pacnpeaesieHMa U PacCYMUTbIBAKOT BEPOATHOCTM MOABJIEHUA
CNyYaliHOM BeNWYMHbLI B WHTepBanax (TeopeTnyeckme pacyetbl). [poBepKa
COr/IaCOBaHHOCTU 3KCMEPMMEHTANIbHOMN W  BbIPAaBHUBAKOLWLEN KPUBbLIX 4YacTo

NPOU3BOANTCA NO Kputeputo NnpcoHa (Kputeputo ).
2

4



PacnpeaeneHne paet BO3MOMKHOCTb OLEHUTb CTEMEeHb
cornacus TeopeTnyecKoro " CTaTUCTMYECKOTO
pacnpeaeneHus.

Mo 3HavyeHmam t; nocpencTBOM Tabsmubl HOPMaJIbHOTO
pacnpeaeneHna ycTaHaB/IMBAOT TEOPEeTUYEeCKMe YacToTbl.
Kputeput cornacma HaxoamTca ¢ MOMOLLbIO 3aBUCUMOCTH

k * 2
2 (P _P)
=N)
=
Ae K — 4NCno WHTepBanoB HapaboTku; P,

TeopeTnyeckasds 4Yacrtota CnyyYaHOW BENWYUHbI B
NHTEpBare.



Pe3synbTaTt onpepeneHuA Kputepusa
3anmcbiBaeTca B Tabauuy. Takum obpasom, cxema
NPUMEHEHUA KPUTEPUA  NPU OLEHKe Ccornacus
TEOPETUYECKOrO N CTAaTUCTUYECKOro pacnpeneseHus
CBOAMNTCA K OnpeaeneHunto:

* Mepbl pacxoxXaeHua (no popmyne);
* yucna cteneHen ceoboapbl r = r(S+1)

roe S — 4nmcno NnapameTpoB TEOPETUYECKOTO
pacnpeaeneHus;

 Tab/MYHOro 3HaYeHMA BEPOATHOCTU cornacusa P.



NNekuma Ne 6

Tema: «3aKOHbI pacnpegeneHna BpemeHu
HapaboTKn A0 0TKa3a, Hanbonee yacro
Ncnonb3yemblie B TEOPUMN HAJEKHOCTU »



YyebHble Bonpocoi:

1. XapaKTepuUCTUKa 3aKOHOB pacnpeneneHuna

2. [loBepuUTenbHbIN UHTEPBAN U AOBEPUTENbHAA
BEPOSATHOCTb



JKcnoHeHYyuasnbHOeE, Uau NoKasamesnbHoe pacripedeseHue.

JKCMOHEHUMANbHbIM 3aKOHOM pacnpeaeneHna MOXHO arnnpoKCMMUPOBATb
BPpEMA 6e30TKa3HOM pa6OTbI 60NbLLIOro YMCcsa 3/IEMEHTOB.

B nepsBylo o4yepeab 3TO OTHOCUTCA K 31€MEHTaM PaAUO3/1EeKTPOHHOM
annapaTypbl, a TaKXe K MallMHaM, 3KCnayaTMpyembim B nepuos nocne
OKOHYaHMs nNpUPaboTKM U A0 CYWEeCTBEHHOro MnpPOoABAEHUA MOCTEMNEeHHbIX
OTKa30B. DKCMOHEHLWaNbHOE pacnpegeneHne npumeHsetTca B 0b6sacTax,
CBA3AHHbIX C KBPEMEHEM XKU3HUY:

B MeANLUUHE — NMPOAONKUTENBbHOCTb }XU3HU BONbHBIX,
B HAAEXKHOCTU — MPOAO/IHKUTENBHOCTb 6E€30TKa3HOM PaboTbl CUCTEMDI,
B MCUXOJIOTUMN — BPEMsA, 3aTPa4eHHOE Ha BbINOJIHEHNE TECTOBbIX 33/1aM.

OHO mncnonb3yetcs B 3afia4ax MaccoBOro obcnyXmBaHMs, B KOTOPbIX peuyb
naet ob MHTepBasnax BPeEMEHU MeXKay TenedbOHHbIMU 3BOHKAMU, UAU MeXAay
MOMEHTAMM MOCTYNNEHNA TEXHUKU B PEMOHTHYIO MACTEPCKYHO, UAU MeXKAy
MOMeEHTaMKM 06paLLEHUA KANEHTOB.



d(t)=1-e* npput20

3TO pacnpegeneHne nmeet oAMH NapameTp ,
roe T, — cpefHAA HapaboTka 3snemeHTa 10
OTKa3sa. Takum  o0bpasom, napametp A
XapaKTepu3yeT YMCNO OTKA30B 3/ieMeHTa B
eANHULLY BPEMEHMU " Ha3blBaeTCA
WHTEHCUBHOCTbIO OTKa308B (oH nweet
PAa3MEpPHOCTb BPEMEHMN).



[TNOTHOCTb 3KCMOHEHUWANbHOro pacnpeaeneHnsa 3aaaetca  Kak
f(t)=Ae’t

dyHKUMA HagexHocTn P(t) = Ae?M onpepenser BepoATHOCTb
6e30TKa3HOW paboTbl 3a Bpema t. B AaHHOM c/iy4ae MHTEHCUMBHOCTb

OTKA30B ecTb Benn4vnHa noctosiHHaa (A(t)=A). PyHKumAa pecypca A(t)
NNA 3KCNOHEHUMANbHOro pacnpeaeneHus ABAsSeTca IMHenHom, A(t)=At.

P(t)
1

0,8
0,6
0,4
0,2

1 ] 1 H
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3Ha4YyeHne raMma-npoLeHTHOro pecypca
onpeaenaeTca no popmyne



JKCNOHEHUMANbHOE pacnpeaesieHne BblAenseTca cpeau
ApYrnx pacnpeaeneHnin CBOMCTBOM «OTCYTCTBUA NaMATUY.

[Myctb X— Bpema cayXbbl HEKOTOporo wu3aenma C
3KCNOHEeHUMaNnbHbIM 3aKOHOM pacnpeaeneHuna. «OTtcyTcTBue
namaTM» O3HaA4YaeT, 4YTo u3genue, npopabortasBllee Bpems t,
MMeeT TaKoe e pacnpegeneHue, YTO M HOBOE, TOJIbKO 4TO
Hayaswee paboTty. MaTemaTnyecKn 3TO CBOMCTBO BblparxKaeTca B
BUAe cneaytouero paBeHCTBa:

P(X >t + x/X>t) = P(X > x)

ana nobbix t, x 2 1.

[laHHOe CBOMCTBO KaK Obl UCKAOYaeT M3HOC M CcTapeHue
nspenus.



Yucnosble XxapaKTepUCTUKU 3KCNOHEHLMANIbHOTO pacnpeaenieHnA BblpaXKaloTca
yepes ero napamerp:

maTtemaTunyeckoe oxunaadue M(X) = 1/A, pucnepcua D(X) = —

cpefHee KBagpaTU4ecKoe OTKIOHEeHMe o(X)=—

A

I'IpM IKCMNOHEHUMalribHOM 3aKOHE OTKa30B, MeXAy TrMnokasartendMn HaOexXHOCTU
HEBOCCTaHaBJ/IMBaE€MbIX CUCTEM CYLLECTBYIOT crneayrumne 3aBNCUMOCTU.

P(t) = et T == f(t) = Aet



HopmanbHoe pacnpedeneHue

HopmanbHoe pacnpedeneHue (pacnpeaenexHue Faycca) onpeaensaeTcs nioTHOCTLIO

(t-m)?

1 o
f(t)—m/ﬂe :

N 3aBUCUT OT ABYX NapaMeTpoB — M U O, KOTOPbIe ABMATCA COOTBETCTBEHHO
MaTeMaTU4eCkuM OXnaaHuem 1 cpeaHnuM KBaapaTU4eCKUM OTKITOHEHMEM BPEMEHMU
6e30TKa3HoM paboThbl 3NeMeHTa.

y

0,02}
0,015}
0,01}
0,005}

—00 <t<+ o

y=r()
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CornacHo 3aKoHy 6oablIMX 4YUcen pacrnpeneneHne Bceraa
NoAYMHACTCA HOPMasbHOMY 3aKOHY, €C/IM Ha U3MEeHeHue
CNy4anMHOM Be/IMYMHbI OKa3blBalOT BANAHUE MHOTME MPUMEPHO
paBHO3Ha4yHble $paKTOPbI.

HopmanbHOMY pacnpegeneHuto  MNOAYUHAIOTCA  OLIMOKK
M3MepeHus aeTanen, OTKIOHEHMA AA/IbHOCTM NoseTa CHapAaoB
n 1.0. MNMpn 6onbwom BpemeHn PaboTbl 31EMEHTA U HATNYNM
BOCCTQHOB/1EHUA cpeaHee 4ynucno OTKa308B nweet
aCMMMTOTMYECKM HOPMaAbHOE pacnpeaeneHue.



[Ans HopmanbHOro pacnpeaeneHms GyHKUUsS HaAEXHOCTU BblYMCNSETCs No dopmyne

(x-m)* B
e 2 dx=0,5-d, t=m)

o1
PO=] 5 -

2

1 t X
e dx - (hyHKUWMs Jlannaca, 3HauYeHnsi KOTOpPOU
\/ 2 npvBeaeHb! B Tabnuvuax
T

®o(t) —

OTMeTUM BaXXHOE€ CBOMCTBO HOPManbHOIoO pacnpenernieHnsi: cymma He3aBUCUMBbIX
CrnyYyalHbIX BENMYMH, UMEIOLLMX HOPMarnbHOe pacnpeaeneHme, Takke pacnpeaeneHa no
HOpManbHOMY 3akoHy. [Mpyn 3TOM mapamMeTpbl CyMMbl Bbipa)kaloTCa 4epe3 napameTpbl
cnaraemMmblx. MaTeMaTM4ecKkoe OXUOaHWe CYyMMbl PaBHO CyMMe MaTeMaTU4yecKnx

oXngaHuu, Oucrnepcma CyMmbl paBHa CyMmMe OUCTMEPCUN.



YceueHHOe HopmanbHoe pacripedesneHue
YceyueHHOe HopmanbHoe pacrnipedesieHue NOJy4aeTca U3 HOPMasbHO-To Npwu
OrpaHUYEeHUM WHTEpPBasia U3MEHEHMA CAy4YalHOM Be/IMYMHbLI Ha npomekyTok (O,
+o0), [1NOTHOCTb pacnpenenieHna 3anucbiBaeTca TaK Ke, KaK Aas8 HOPMa/bHOro
pacnpeaeneHns, Ho ¢ KoadPMUMEHTOM NPONOPLMUOHANbHOCTHU C:

(t-my)°
& 205

f(t)zﬁox/ﬁe

YceyeHHOe HOpManbHOe pacnpeferneHne 3aBUCUT OT ABYX MapameTpoB — m, U O,

rae m, — 3HayeHue cnyyamHoW BEeNWYMHbI, COOTBETCTBYHOLLEEe MaKCUManbHOMY
3HayeHuo f(f) n HasbiBaemoe mModol, 0, — cpefHee KBagpaTU4ecKoe OTKITOHEHME.
KoadhpuumeHT ¢ onpenenaetca n3 ycnoBus HOPMMpOBaHUA:

K I
[f(di=1 owm  c=
0




MaTemaTnyeckoe oxuaaHuie u cpeagHee KBagpatnuyeckoe

OTKNIOHEHUNE YyCeyYeHHOINo HOPMaJ/ibHOTO

pacnpegeneHus

onpeAenAtoTca Yyepes napameTpbl m, n 6, No bopmynam

m=m,+ko,;

roe Mo

o =0, [+ k0 — k2

O,



s02apugmuyvecKu-HopmanbHoe pacripeoesneHue

B jnocapupmuuecku-nopmanvnom pacnpeoenenuu norapudm
CIyYaMHOM BEJIWYMHBI MOJYHUHACTCS HOPMAJIbHOMY 3aKOHY C
IIJIOTHOCTBIO:

1 (Int—p)°

=R

IJ€ 4 U S — TapaMeTpbl pacipeacicHus.

MareMaTuueckoe 0KuJIaHuEe 1 CpeJIHEe KBaJPaTUYECKOE OTKIOHEHHE ONMPEACISIOTCS B
COOTBETCTBHUH C (popmyaMu

m = e2y+s GZ\/Q H+S (es _1)




[MTNOTHOCTL  norapupmMnyecKkn-HopmMmarnbHOro pacrnpegeneHms  onucbiBaeTcs
doopmyron

1 (lnt-—a)2

1) = e 220 t>0
J (@) o277

rae a — napameTp pacnpeneneHns

n{7)4
Mn

’-f- |
JIUHHMA CPERHErQ :l
HAKOIUIEHUIS | ]
TIOBPCXKISHWHA ! 'I

I
_ | I
3



PacnpedeneHue Belibynna
Pacnpeoenenue Beitoynna sBnsiercs 10CTaTOYHO YHUBEPCAIbHBIM, OJlaroiapsi
BO3MO>KHOCTH BapbUPOBAHHUS JIBYX €0 IapamMeTpoB. OHO XapaKTepU3yeTcs
IJIOTHOCTBIO PACIpPEICICHUSI BEPOSITHOCTEH

0

o
ar®!l sz
f(f)f 5 e \P),

rae o — mnapameTp GopMmsl; f — mapameTp maciirada.



MareMaTtuyeckoe OKHAAHUE U CPEAHEe KBaAPAaTHISCKOE OTKIOHCHHE BBIPAKAIOTCS
gyepes nmapaMeTphl o 1 3 ciaeayromuM oopa3oMm:

m=pBI(1+1/a) o=pJyIl'1+2/a-T"(1+1/a)

+00
rae I’ — ramma-yHKIms, I’ (t ) — j‘ xt_le_xdx
0
YHUBEpCATbHOCTh pacnpenencHus BeliOymia oOBsicHIeTCS ciedy-ommM: mpu o = 1

pacupezielicHHe IIpeBpallacTcs B OKCIOHCHIHManbHOE, IpH o < 1 (yHKIUH IUIOTHOCTH H
MHTCHCHUBHOCTH OTKa30B yObIBaIol[ue; MpU 0 > 1 MHTCHCUBHOCTH OTKA30B BO3pacTalOlIas; HpH
o = 2 pyukuusa A(f) nuHeiHas u pacnpeneieHre BeliOyiia mpeBpamiaeTcs B paclpeaeacHue
Panest ¢ mioTHOCTBIO

F(t)=2Ate™™

npu o = 3,3 pacnpenencuaue BeiOyna 611M3K0 K HOpMaIbHOMY .



Hapsiny ¢ norapupMudecku-HOpMaJIbHBIM pacOpeCiCHUEM, paclpeeecHue
BeitOyisia  XOpoIllo  OMUCHIBAET  HApabOTKy JeTalied 10  YCTaJOCTHBIM
paspyllieHusiM, HapaOOTKy JO0 OTKa3a IMOJIIMIIHUKOB, a TakKXe I[O03BOJSET
OIICHMBATh HAJEKHOCTh JETaJIC U y3JIOB MaIlIH, B YACTHOCTH aBTOMOOWJIEH U JIp.

3aBUCUMOCTH MEXKJy IIOKa3aTeIsIMM HAJEKHOCTU B Cllydae pacupeacsicHus
Beii0Oyiuia uMeroT BU/I



r (1)

0,25

500 600 700 g

100 200 300 400
MHTEHCUBHOCTb OTKA30B JJIs1 pacipeeseHus BeliOyia npu pa3HbIx

mapameTpax.
I —nnpum=2004mnc=1004 2—npum=20049umuc=804Y



Tabawnua 3.1

THOEIHME 3AKOHK PACAPEACICHAN HAPADOTOK A0 0TKA30B MCXAHH3MOB
MalllHg

3akon

pacTpeaceHHs [TnotHOCTE pacnpeAc e HUs OnpeaensgeMble NOKA3ATCIH

OKCITOHEHUHA b- Ae~™ Hapa6otka no o1kasza Boccra-
HBbLt (A — napameTp HABIHBAEMBIX ¥ HEBOCCTA-
pacnpefieneHus) HaBNHBAaEcMbIX U3IEIHIR, CO-
CTOSWMX M3 HOAbLLIOTO YHUCTa
aneMeHTOB. Hapaborka mo
OTKa3a OeTanH (y3na), oby-
CJIORICHHOTO BHE3AaITHEIMH
NOBpeXIeHUSIMH M TOJIOM-
KaMH¥ [oche Mepuoga 1py-
PpaboTKH

Beiibysuta abrt-le-at’ HapaGoTtka 10 oTKaza BoCcCcTa-
{(a, b — napaMeTphl  |HABTWBAEMbIX H HEBOCCTA-
pacipeacneHis) HaBITHBAEMBIX H3AEIUI MTPU
YCTATOCTHOM Pa3pyIIEeHHH,
BpeMsi BocCTaHOBIEHUS H3-
JeNui ocne oTkasa, Hapa-
boTKa w3agenuii B nepyuon
npupadorku. Pecype noa-
ILMITHUKOB KauYeHHs

VcedyeHH IR { _(-ay? HapaboTtka uagenuii ¢ no-
HOPMAaTbHBIH Ta\ — CTEIIEHHBIM U3MEHEHHEM
(D(—]G 2 XapaKTePUCTHK (KOppo3us,
s TpeHUe, yCTa10¢Th). Pecype
(o, a — napaMeTpbl  |[|BOCCTAHaBIUBAEMbIX W3Ol
pacrnipeaeneHna) IO TIEPBOTO KAIIUTAJIEHOTO
PEMOHTA

Jlorapupmuue- 1 _(int-a) Hapabotka y3i1os (netaneir)
CKU-HOPMA/IBLHBIH oot e 2 IO OTKa3a [10 IPUYHHE YCTa-
NOCTHHIX U3HOCOB. Ilepuonn
(@, © — napaMeTpsl  |APOCTOEB MO OTEICKAHKIO
pacnpeneeHus) OTK230B




OCHORHBIC COOTHOMEHHA /IJIN nOKasaresieil 0€30TKAIHOCTH
HEBOCCTAHABIHBAECMBIX UIAENHH NPH PATNMYABIX JAKOHAX pacnpeneleHHs
HAPABOTKH JI0 OTKA3ZA

3aKoHbBl pacrpeleacHUA

T,

[Toxasatesp | IKCTIOHEH- y YeocueHHBIA JlorapuMmIecKu -
ianb- Betibyiia
. HOPMATBHEIA HOPMAaNLHBIT
HBbIH
IrorHOCTE re M abible—ot’ i _(1—a)? _ 1( int-a
pacnpeme- - e 20 e 2L o
JeHus f(t) [—)G«/Zrc 015
c
BeposiT- e e’ o 21 of @10t
HOCTb De3- p P
OTKA3HOH p
paboOTEL D (— ]
P() ©
HuTencHs- A abt® ! oy 1 [Inr—a]z
HOCTh OT- e 20 1 e 2L ©
Ka30B A(?) oVIR® a—f o1 (— a—lnt
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2. losepuTenbHbIii UHTEpPBaAN U AO0BEpPUTENbHAA
BEPOATHOCTb

OueHKa HEN3BECTHOro NapameTpa @ OAHUM YNCAOM , KaK
5TO OblI0 CKa3aHO paHee, Ha3blBaeTcsa «To4vyeyHou». B page
CNyyaeB TpebyeTrcA He TONbKO HAUTUM ANa napameTpa da
noaxoasiiee YncaeHHoe 3Ha4YeHne, HO U OLEHUTb ero TOYHOCTb
M HaAEKHOCTb. TpebyeTtcAa 3HATb, K KAKMM OLLMOKamM MOXKeT
NPMBECTU 3aMeHa MapameTpa d ero TOYEeYHOM OUEHKOU U C
KAaKOW CTeneHblo YBEPEHHOCTU MOXKHO OXWaaTb, YTO 3ITU
OWNBKM He BbINAYT 3a M3BECTHble npeaenbl. Takoro poaa
33434 0CODOEHHO aKTyas/ibHbl NPU MasIoOM Yyucne HabaoaeHun,
KOrga ToYeyHaA OUeHKa a B 3HAYUTE/NIbHOW Mmepe Cay4YanHa u
nPpnbANXKEeHHasa 3aMeHa 0 Ha MOMKET NPUBECTU K Cepbe3HbIM
ownbKkam. [Ina OUEHKM TOYHOCTU N HAOEKHOCTU nMapameTpa a
MCNONb3YIOT TaK Ha3blBaemMblit 0osepumesnbHblil uHmMepean w
ooeepumesibHyI0 8€POSMHOCM®b.



JleKuna Ne 7

Tema: CTATUCTUHECKAA OBPABOTKA
IKCNEPUMEHTAJNIbHbLIX OAHHDbIX



O6pabomka uHdopmayuu 06 omkasax MmawuH

OcHoBHaa WHPopmauma o6 OTKa3zax MallMH [OOJIKHA
coAeprKaTb, KAK MMHUMYM, 1BE BEJINYUHDI:

1) HaumeHoBaHMe OTKa3aBLUEero 31eMeHTa;

2) Be2inYnHa HapaboTKK, NPU KOTOPOM NpounsoLLen
OTKa3.

[lononHuTenbHaa UMHPopMaUMA TUMNA: MapKa MaLUUHbI,
€€ BO3PaACT, XapaKTepucTuKa yCnoBMK 3KcnayaTtaumm mn T.A4.
npegHa3sHadyeHa  Ana  npeaBaputesibHon  0b6paboTku
MHbopmauuKM, a MMEHHO pas3fdeseHna ee Ha Tpynnbl U
noArpynmnbl B 3aBUCMMOCTU OT MOCTaBNAEHHbIX LLleNEeN.



TEXHOJNOM'MA O6PABOTKU OCHOBHOWU CTATUCTUYECKOU MUHOOPMALIUU OB
OTKA3AX.

1) NMpedsapumenvHaa 0bpabomka uHgpopmayuu.

B 3a4a4u npeaBapuUTeNbHOM 06paboTKH BXOAMNT
CMCTEeMATM3alUMA  OTKa30B, WCKAOYEHMe 3aBeaoMO  Trpybbix
NOrpewHoOCTeEM U  HEeTOYHOCTEW, COPTUPOBKA  [AAHHbIX MO
BO3PACTAaHMIO 3HAYEHUMN U MOJIYYEHMNA BAaPUALMOHHOTO pAaaa.

2) Pa3buska 3HavyeHul Hapabomku Ha UHMepaansl.

O6bblyHO AnA  onpeaesnieHUA  OPUEHTUPOBOYHOINO  YMUCAA
nHtepsasnoB (K) wucnonb3yetca 3asucumoctb: K=1+3,2:-In(n) wnu
K<=5In(n), roe n — o6bEm BbIOOPKM.



[Mpn onpegeneHnn Koamnyectsa WHTEPBAJIOB
PEKOMEHAYETCA OPUEHTUPOBATbLCA HA TO, YTODObI
Be/IMYMHA HTEepBana Ax bblna yagobHOM AnAa pacyéTa,
T.€. Kpyraou umdpou.

B 6onblWMHCTBE AUTEPATYPHbIX UCTOYHMKOB
pekomeHayeTca BbiOMpaTb  creaylowee  4nUcno
MHTEpPBaJI0B:

npu n=>100-k > 15;
npn 50<n<100-11<k<15;
npu n <50—-k >5.



3) OnpedeneHue 4ucaa oOMKaA3ad8WUX 3/eMEHMo8 8
uHmepesanaax, cpeaHero 3HadYeHMA  BblOOPKKM, cpegHero
KBaZpaTUYECKOro OTKNOHEHMA, KOapPULUMEHTA BapUuaumnmn.

a) CpeOdHee apupmemuyeckoe 3Ha4yeHue. CpeaHee
3HAaYeHue onpeaenseT TaKkou NoKasaTeNb, Kak cpeaHsas
HapaboTKa MalNHbI NN €ro 3/1eMeHTA A0 OTKa3a, KOTOPbIN
onpeaenseTca no ¢opmyne:

roe |- HapaboTka /-oM MaLUMHbI 40 OTKa3a;
n - YACNO MalWH, B3ATbIX Noa HabnwaeHue;
| - cpeagHsaa HapaboTka MalnHbI 0 OTKa3a.



6) Pasmax. [NoHATME pa3maxa B TEOpUmn
CTaTUCTUKM UCMONIb3YEeTCA B Ka4YeCTBE Mepbl
paccemBaHUA cAy4aHOU BENUYUHDI.

Rm=¢€¢_ . —¢€

roe €, . - MakCMManbHoe 3HavyeHne HapaboTKu
npu OTKase;

min ?

€ . - MMHMMaJIbHOE 3HaYeHne HapaboTKun npwu
OTKa3e;

R,— pa3max.



B) CpedHee Keadpamu4yecKoe OMK/IOHEeHUe
ABNAETCA TaKXKe Mepon paccemBaHMA CAYYAUHOWU

Be/IMYUHbI. CpeagHee KBaapaTUYECKOe OTK/IOHEHME
HapabOTKM A0 OTKas3a onpeaenseTca:

o ()= > (I, =D f(n—1)

i=1
B HekaTopax pacyétax MuCnonab3yeTca MNOHATUE
ANCNepcun:

D(e)=0"?.



r) KoaghgpuyueHm sapuayuu TaKkKe XxapakTepusyert
paccenmBaHue CAy4aMHOW BeAUYUHbI C YYETOM
cpeaHen Be/MYUHbI HapaboTkn. KoappuumeHt
Bapuauum onpegenaerca no popmyne:

- 9
PasnnyaloT cayyYyamHble  BEJIMMMHBI  C  MaIoM
Bapuauuen (V<0.1), cpeaHen Bapuauuen

(0.1<V<0.33) u 6onbwon sBapmnaumen (V>0.33).



4) OnpedeneHue 0449 Kaxc0020 UHMepesadsad 3HaYEeHUU COOTBETCTBYIOLLUX
NoKasaTenen: CTaTUCTUYECKOM NJIOTHOCTU pacnpepeneHus, CTaTUCTUYECKOMn
BEpPOATHOCTU OTKa3a.

MnomHocmob 8epoAMHOCMU OMKA3d - BEPOATHOCTb OTKAa3a 3a Manyto
eanHULY HapaboTKM npu paboTe anemeHTa (MalInHbI) 6€3 3amMeHblI:

1  dm -
f)=—Z-=P(D).

roe dm/d® - anemeHTHas BEpOATHOCTb, C KOTOPOI B /11060 MOMEHT
BpeMeHN MOTyT NPOMU30MTU OTKa3bl Npu paboTe malunHbl 6e3 3ameHbl; P'(8) -
npousBoaHan ot P(8).

anN\EHMTeanO K OTKa3aM MallunH, rge nvmeet Mmecto BOCCTaHaB/1iMBaeMble
U HEBOCCTaHaB/InMBaemble U3genda, BBOAATCA AONO/IHNTE/IbHbIE MOKa3aTe/1n:

- UHMeHCUBHOCMb OMKaAs3oe (,EI,J'IH HEBOCCTAaHAB/INBAEMDbIX M3,£I,€!1MVI),‘
-rnapamemp rnomoKa omeasoe (,EI,J'IH BOCCTaHAB/INBAEMDbIX M3,£I,€J'IMI>1).



MHmeHcusHocms (ONacHOCTb) OTKA30B — 3TO BEPOATHOCTb OTKa30B
HEPEMOHTUPYEMOrO M3AeNnA B eAuHUUY BPemMeHu Wan HapaboTKu nocne
onpeaeneHHOro MOMeHTa BPEMEHU UM HapaboTKKU, Npu YCNOBUUK, YTO A0 3TOrO
MOMEHTA OTKa3 He BO3HWK. NHTEHCMBHOCTb OTKA30B ONpeaenaeTca YMCIOM
OTKa30B B eAWHWULY BPEMEHW, OTHECEHHbIX K CpeAHEeMYy 4YUCAYy 3/1EeMEHTOB,
ncnpaBHO paboTatolWmx B AaHHbIA OTPE30K BpeMEHMN:

, o omi(Aal)  fF)
A1) = NG)-al, RQY

roe m(ALi) - uncno oTKasoB B TeyeHMe UHTepBana Abi;
N(€) - yncno nsgennm pabotocnocobHbIX K MOMEHTY €.

HpumewaHue: NJOTHOCTb BEPOATHOCTHU OTKa308B OoT/IN4aeTCA oT
MHTEHCUBHOCTMN OTKa30B TeM, 4YTO TMJIOTHOCTb MNoACHUTbIBAETCA C y‘-IéTON\
BblObIBAHMA OTKA3aBLUUX 3/1IEMEHTOB U3 pacqéTa, d MIHTEHCUBHOCTb HEe 3aBUCUT OT
KONn4yecTBad paHee OTKa3aBLWNMX 3N1EMEHTOB.



Hapa/vlemp MoMoOoKAa oOmKasoe - 23T0 NJAOTHOCTb
BEPOATHOCTU BO3HUKHOBEHWA OTKa34d
BOCCTaHAaB/1MBaemMoro wum3saeqnAda, ornpegendaemad AnAd
[AAaHHOrO MOMeHTa BpemeHu nan npobera:

1 f
@ (1) - m'(Al) |
N -Al

rae N - 4yucno BOCCTaHaB/IMBAaEMbIX OOBEKTOB,
HaxoaALWMXca noa HabnwaeHuem;

m' (A€i) - cymmapHoe YMcno OTKa3oB B UHTepBasie
ACi (B obwem cnyyae m' (ALi) # m(ALi), T.K.
BOCCTaHaB/IMBaemMble  OOBEKTbl  MOryT  OTKa3aTb
HECKONbKO pa3 6e3 nx 3ameHbl).



CTaTucTMyeckaa BepOATHOCTb MOSB/EHUA OTKasa
npeacrasnAer coboi OTHOLWIEHME 4ucna Cc/yyaes
OTKa30B K 0bLemy 4yncny cnyvyaes:

roe m(€) - 4ynmcno OTKasaBLIMX 3/1eMEHTOB (MallunH) K
MOMEHTY HapaboTku €.

CobbiTMe, NPOTUBOMNONOXKHOE BEPOATHOCTM OTKA3a, HOCUT
Ha3BaHME cMamMucmuyeckasa eeposmHocmb 6e30MmKa3HoU
pabomei:

R () = '[:_H —m(/)) 1 m ()

H H



5) MocmpoeHue cmamucmu4veckux hyHKUuli pacnpeoeneHus u
2ucmozpammel.

Hanbonee ncuepnbiBatolWeil XapakTeEPUCTUKOM HaAEeKHOCTM N3aenms
aBnaeTca PyHKUMA pacnpeseneHna BepoATHOCTM 6e30TKa3HoM paboTbl uam
bYHKUMA pacnpeaeneHna BEPoATHOCTM 0TKa3a. 9T GYHKLUM YacTo Ha3bIBAKOT
amnupuyecknmu (ctatmdeckmmu). Mo pesynbratam UCMNbITaHUA PacCMaTPUBAKOT
nocnenoBaTeIbHOCTb HE3aBUCMMBbIX HabatogeHni (Hanpumep, OTKa3oB
nspenun). Ecanm nocnenoBatenbHOCTb pe3ynbTaToB HabaoaeHU (Hanpumep,
HapaboTOK Ha OTKa3 n3genunsa) pacnonoXuTb B NopagKe Bo3pactaHua | <l,, ...

<l , To ByaeT nonyyeH TaK Ha3biBaeMbl BApMaLMOHHbIN pAa AJNTENIbHOCTH
KU3HU U3genus.

HOCTpOEHVIe CTAaTUCTUYECKOM CI)VHKLI,MM pacnpeageneHnda BblNMNO/IHAKOT NYyTEM
CyMMMNpoBaHNA OTHOLWEHUA

FH III'L_
L

k=1 H

nocnenoBates/sibHO OT O4HOroO y4aCTKa K APpYyromy.



P(©)

|
1 l ___ L’-

L 4
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PucyHoOK 3.7. — CTtaTHCcTHUECKaA (PVHKIIHA paclpeaeiIcHHA
OTKa30B



OueHKY NJIOTHOCTU BEPOATHOCTM OTKa30B Jyylle BCEro Npou3BOAUTD,
MCNONb3YA 2UCMOo2pPaMMy.

[uctorpamma cTpouTca caeayowmm obpasom: nocne pa3busku
HapaboOTKM Ha WHTEPBasbl B Ka*kAOM W3 3TUX WHTEPBANIOB ONpeaensaeTcs
CTaTUCTUYECKAs NIOTHOCTb (KO/IMYECTBO OTKA30B B MHTepBane) M €€ 3Ha4yeHuA
HaHOCATCA Ha rpadukK. paduyeckoe un3o0bparkeHme NAOTHOCTU BEepPOATHOCTU
OTKA30B A4/1A HOPMaAJIbHOTO 3aKOHa NpeAcTaBieHo Ha puc. 3.8.

e )l

PucyHok 3.8 - [ HCTorpaMMa 1714 HOPMaJIbHOTO paclpeaciceHud



6) Mod6op sHewHe20 suGa meopemu4yecKoz20 pacrpedesieHus

MOXKET oCcyweCTBIATbCA HECKOJIbKUMU METOA4aMU, HO BO BCeX C/ydHaAx
NnepBoHa4a/ibHO BblABUINae€TCA TadK Ha3blBaeéMaA HY/1€EBaAA TUMNMOTE3Ad. HyerBGFI
curiomesa — 3TO0 COOTBeTCTBUE SKCNEPUMEHTA/IbHOIO pacnpeaneneHunAd
CﬂyanIHbIX BE/IMYNH, OAHOMY U3 TEOPETUYHECKUX 3aKOHOB pacrnpegeieHunA.

1-i memoO. Hynesyio rmnotesy MOXHO MPUHATb HA OCHOBE BHELUHEro
BUAA rMCTOrpammbl. 1o BHEWIHEMY BUAY TMCTOrPamMMbl MOXHO CYAUTb O 3aKOHe
pacnpeaeneHna oTKasoB. [ns Toro ytobbl 3Ta oOuUEeHKa Oblna H6onee TOYHAQ,
HeobxoaMmo, 4ToOblI NPM NOCTPOEHUU TUCTOTPAMM YMUCNO UHTEPBAJIOB ObINO He
meHee natu (k = 5) (nyywe 8 — 12), a yncno peannsaumm (oTKasoB), nonaaaroLmMx
B 6/1MKanLIMe NHTepBasbl OT CpeaHero 3HayeHmna — He meHee aecatu (mk > 10).
B aTOM cnyyae, nNO BHEWHEMY BMAY TUCTOrTPAMMbl MOXHO C [0CTaTOYHOM
TOYHOCTbIO YCTaHOBUTb BN, TEOPETUYECKOTO 3aKOHa pacnpeaeneHus.



2-U memoo. HyneBylo rmnotesy, B NepBOM NPUBAMNKEHUH,
MOXHO TMPUHATb Ha OCHOBAHMM KOo3PdDUUMEHTA BapuaLUK
CTAaTUCTUYECKOro  pacnpeaeneHnsa, napameTpbl  KOTOPOro
YKa3blBalOT Ha  OAMH M3  TEOPETUYECKUX  3aKOHOB
pacnpeaeneHnA. U3BeCcTHO 4TO:

-npn 'V =0,1+ 0,33 - chy4yarHble cobbiTMa (0TKa3bl) moryT
6bITb ONMCAaHbl HOPMa/ZIbHbIM 3aKOHOM pacnpeaeneHuns:
-npn V =0,33 = 0,5 — norapmdmmnyeckm — HOpmasibHbIM
pacnpegeneHnem;

- npn V = 065 =+ 1,0 — 3SKCNOHeHUMANbHbIM
pacnpeaeneHnem.



7). Pacuém napamempos meopemu4ecKoz20 pacrnpedesneHus.

Pacuyét npomnssoantca no ¢opmynam BblIOPaHHOrO B KayecTBe HYJ/IEBOW IMNoTe3bl
TeOpPEeTUYECKOro 3aKoHa pacnpeaenenus

8). MposepKa npasuabHOCcMuU 8bi60pPa 3aKOHA pacripedesnieHusl.

Ona  npoBepKM  COOTBETCTBUA  CTAaTUCTMYECKOro  (3KCnepuMMeHTasibHOro)
pacrnpeneneHns OTKa3oB BblIOpaHHOMY TeOpPeTUYECKOMY 3aKOHY pacnpeaeneHus
CYLLEeCTBYeT HecCKo/bKko meToauK. Hambonee pacnpocTpaHeHHON sBAAETCA MEeTOAMKA
MPOBEPKMU C UCNONb30BaHMEM KpuTepus cornacua MupcoHa (x?):

N

3 (m . —m_ )"
z- — Z i i .

o m

i

roe mi — CTaTUCTUYECKaA YaCTOTa OTKAa30B;
mim — TEOPETNHECKAA YHAaCTOTa OTKA30B.

[1na npoBepKU NMPaBUIbHOCTU BblOOpa Hy/IEBOM rMNOTE3bl HEOOXOAMMO CPaBHUTH
PACYETHYIO BennYuHy Kputepusa lMNupcoHa ¢ TabanyHon, npuBeaEHHOM B CreumnanbHbIX
Tabaunuax ana pacyéta noKasatenem HaaeKHOCTM.

y'pac. < ¥ Taldl.

Ecnn ycnosue BbINONHAETCA, TO Hy/seBaA runortesa npuHMUmaeTca. B npoTuBHoOMm
cnyd4ae HeobxogMMO YTOYHUTb HYNEBYHO runoTesy, T.e. TMPUHATbL TUnNotesy o
pacnpefeneHnmn cayyamHom BeNMYMHbI MO APYromMy 3aKOHY M MOBTOPUTL npoueaypy eé
NPOBEPKMU.



9). OueHKa napamempos pacnpeodesneHus.

CTaTucTuyeckne napameTpbl pacnpeaeneHmna TaKue Kak:
cpeaHee 3HayeHWe, cpeaHeKBaApaTUYECKME OTKAOHEHUA W
KO3dPUMUMEHT BapumauUKU, pacCYNTAHHble HA OCHOBE J[AaHHbIX
3KCNEePMMeEHTa, onpeaesieHbl HE COBCEM TOYHO U TpebyioT
OUEeHKN. TOYHOCTb UX onpeaeneHma MmoxKet ObiTb OueHeHa ¢
MOMOLLLbIO TOYEYHbIX U UHTEPBAJIbHbIX OLLEHOK.

ToyeyHas OUeHKa BblparkaetcaA OAHMM YUCaoMm, T. €.
XapaKTepmsyer OAHO W3 BO3MOMKHbIX 3HAYE€HUWU CAYy4YaUHOWU
BE/IMYUHBLI, 0BbIYHO Hambonee BeposATHOEe (onpepenaeTca Kak
cpeaHee apupmeTmyeckoe).



NHmMepsanbHaa oyeHKa — 3To 061acTb 3HAYEHUN, rae c onpeaeneHHOM
BEPOATHOCTbIO MOKET OKa3aTbCA 3HaYeHMe NoKasaTena HageXHoOCTU. Ecam
OLUEHMBAETCA C/Iy4aMHanA BeIMYNHA, Hanpumep: L u eé rpaHnYHble OLEHKMU
paBHbl LH n LB, TO BEPOATHOCTb TOrO, YTO C/Iy4aMHaA BeAUYUHA L npumet

3Ha4YeHuAa mexay LH v LB nnun paBHa

UM
(P(L, <L<L;)=a),

HAa3bIBACTCSI 08YCMOPOHHEU 008EPUMENIbHOU
8EPOSMHOCMbIO, A O6JILH ST < LB./I

IBYCTOPOHHHMM JOBEPUTEIHbHBIM HHTEpBaIoM (cM. puc. 3.10)

'

IBYCTOpOHHHE HHTEPBAN "

E, Eq

on gl Zep A



MHTepBasnbHAA OLEHKA Bbiparkaetca ABYyMA
Yynucnamm, onpeaensarowmMmMm HUKHIOID N BEPXHIOHO
rPaHULbl MHTEpPBasa 3HAYeHUN, B npegenax

KOTOPbIX C 33a4aHHOW BEPOATHOCTbIO OXMAaeTcA
noABaAeHUe CAy4anHon BeAUYUHDI.

na pacyeta rpaHUL, MHTEpPBa/IbHOM OLEHKMU

HeobxoamMmo 3a/aTb N1BYCTOPOHHIOIO
10BepUTE/IbHYIO BEPOATHOCTb

o = P(Lg, = L = L )



Mo 3dldHHOMY 3HaAa4YEHUIO AL ONPEOAENAIOT ﬂ,OBepMTeﬂbeIVl UHTEPBA E.

[lnA  HOPMaNbHOro 3aKOHa pacnpefeneHua Ccayd4arHbIX BeNYUH
NOBEpUTENbHbIA MHTepBan E, B nepBom NpubAUKEHUN, onpeaenaeTcs no

dbopmyne:

o, -o
E = '
N

roe Up — KBaHTUNb HOPMAarnbHOro pacrnpeneneHus npu 3agaHHOW
[OBEPUTENbHON BEPOATHOCTY;

o o
N — yncno ob6beKToB HabnaeHN, Unu E =ty

roe ty - koadbdpuumeHT CTblogeHTa (onpegenseTcd rno creymanbHbIM
Tabnuuam B 3aBncnumMmocTtn ot N 1 OT 3agaHHON HageXHoCTH (Y))

MMocmpoeHue Kpuebix meopemu4yecKko20 pacripedesieHusl.
3Has 3aKkoH pacnpefeneHnst OTKasoB U ero napameTpbl, CTPOATCA rpadukm
TeopeTUYEeCcKoro pacnpeaeneHus



Jlekumna No8

Tema: «CnoXHble cuctembl U UX CBOUCTBAY



Moa cucmemoli noppasymeBaeTcad MHOMECTBO
3/1EMEHTOB, HAaXOAALWMXCA B OTHOLLEHUAX U CBA3M
mexay cobon, Kotopoe obpasyeT onpeaeneHHyo
LLe/IOCTHOCTb, €AUHCTBO.



Ba)KkHenwmm npu3HaAaKOM CUCTEMbI ABAAETCA
TO, YTO COCTaBAAIOWME ee 3neMeHTbl 06pa3yloT BO
B3aMMOCBA3MN eauHOe LUesioeé C KA4YeCcTBEeHHO
HOBbIMM CBOUCTBAMM.

Pasnnyator Tpu BUAA CBA3EN  MEXKAY
3N1eMeHTaMM CUCTEeMbI: MexaHu4yeckyto (Koraa
CBA3b MEXKAY 3/1eMEHTAaMM OCYLLECTBAAETCA NyTeMm
obmeHa ycunausamu), Tpoduyeckyro  (obmeH
3HEepruen) M curHanbHyro (obmeH curHanamm,
MHbOpMaLMEN).



BcTpeyatowmecs B NpakTUKe CUCTEMbl BECbMA Pa3HO0bpasHbl, NO3TOMY
ANA CO3[4aHuA OoOLWMX MPUHLKMMNOB M METoAoB UccAedoBaHUA Heobxoaumo
NPoOn3BOANTb UX KnaccudUKaumio Mo HEeKoTOopbIM Hambonee cyllecTBEHHbIM
npM3Hakam. TakKMMmM NpU3HaKamm ABAAOTCA:

. uesiesoe Ha3HayeHue,
. ues0CMmHoOCmo,

. C/IOHCHOCMW,

. cmerneHb HeonpeoesneHHOCMU,
. Xapakmep noseoeHus,

. cmerneHb adanmueHocmu,

. yposeHb op2aHuU3ayuu,

. yrnpassaaemocme,

. Xapakmep pa3sumusi,

. 06s1acmo npunoxceHUa u opyaue npu3HaKU.



[0 CNOXKHOCTU CUCTEMbBI AENATCA HA Mpocmesle,
C/10XMCHbIe U bonbwue.

lMpocmolu cucmemol MNPUHATO HA3bIBAaTb CUCTEMY,
KOTOpas He WMeeT pa3BeTB/JIEHHOMN CTPYKTYypbl

(Henb3s BbIAEINTL NEPAPXUYECKUE YPOBHU) U NUMEET
HebonblLOe YAC/0 3/1IeMeHTOB.



CnoxcHou cucmemoll NPUHATO Ha3bliBaTb CUCTEMY C
PAa3BETBNEHHON CTPYKTYPOU U 3HAYUTENbHbIM
KONNYeCcTBOM B3aMMOCBA3aHHbIX 7
B3aMMOAENCTBYIOLWMNX 3SNEMEHTOB, ABAAKOLLUXCA
NPOCTbIMU CUCTEMAMM.

bosbwoli cucmemou NPUHATO Ha3bIiBaTb LLE/IOCTHYIO

4ye/1I0BEKO-MalWNHHYIO cncTtemy C
LULEHTPA/IN30BAHHbBIM dBTOMJATU3NPOBAHHbIM
ynpaBJ/J1EHNEM, LveseHanpasjaeHHoO

GYHKLUMOHUPYIOLWYIO U COBEPLUEHCTBYIOLWYHOCA B
YCNOBUAX CIY4AUHBIX U KOHPANKTHBIX CUTYALUN.



Bce mHOroobpasune cucrem, obcnyXmBaroLLmnX
COBpeMeHHOe 0bLLLEeCTBO MOXKHO pPa3aennTb Ha
1Ba OCHOBHbIX TUNA:

* CUCTeMbIl TUMNa «4es1oBEeK - MdlWLHAa»,

* CUCTEeMbI TUMNa «Y4eJZ1oBEK - HeJl1OBEK».



OCHOBHble CBOMNCTBa CUCTEM

* [lenocmHoCmMeb, BblpaXKaeTca npeacrtaBaeHnem o
LeneHanpasaeHHOCTU N eanHcTBe. OHa
obecneymBaeT BbINOJIHEHNE BCEMU
KOMMOHEHTaMU CUCTEMbI LleNeHanpaBJIeHHOU
PaboOTbl KaK € AMHOro LLea10ro ANA BbIMOJIHEHUA ee

Ha3HAYeHUA B Npouecce B3auMMoaencTana c
BHELIHEeN cpeaon.



* IMepOHeHMHocms onpeaenser Haamuume y
CUCTEMbI TAKUX CBOMCTB, KOTOPbIe He NPUCyLm eé
OTAE/NbHbIM 3N1€MeHTaM; IMepPAKEHTHOCTb,
XapaKTepusyetT HeaaaAUTUBHOCTb CBOMCTB
CUCTEeMbI, HEJIMHEMHOCTb CBAA3U MEXKAY
CBOMCTBaMM CUCTEMBbI U COCTABAAIOLLMNX €€
3/1EMEHTOB.



NepapxuyHocms (NOAYMHEHHOCTbL) onpeaenaeTca HaM4Ynem Tpex KaTteropumm
cUCTEM:

CoOUUNaNIbHDbIX,
OpraHM3aunMoOHHbLIX,
TeEXHUYECKUX.

[MepBble HAX0A4ATCA Ha BbICLUEM, BTOPbIE - HAa HU3LWEeM YPOBHE CUCTEMHOM
nepapxuun. B TexXHMYECKOM NAaHE MEPAPXMYECKUIN XapaKTEP CTPYKTYPbI
CBUAETEeNbCTBYET O TOM, YTO toban cmctema morKeT bbITb NpeacTaBaeHa Kak
4acCTb CUCTEMbI HOlee BbICOKOIO YPOBHA MEPaPXUM.

Cnocobom perynmpoBaHna MHOrOYPOBHEBOW MEPapPXUN SBIAETCA
ynpassieHne. YnpasneHune genaet Heob6xoaMMbIM NOCTaHOBKY Npobaembl
Lenu 1 uenecoobpasHoro noseaeHus.



* KoHeYyHocmb CUCTEMbBI onpeaensaeTca Haindymem y
Heé rpaHuu. [paHWUa ecTb TO, 4YTO oOTAenAer
cuctemy OT ApPYrnx obObeKToB. ITO NOHATUE
MHororpaHHo. OHO OTHOCUTCA He TONbKO K
NPOCTPAHCTBEHHbIM aCNeKTaM CUCTEMbI, HO TaKKe
M K BPEemMeHHbIM, KOJIMYEeCTBEHHbIM U  Ap.
KOHEYHOCTb CUCTEeMbI YKa3blBaeT Ha KOHEYHOCTb
NoTPebHbIX ana eé co3aHuA "
$GYHKLMOHUPOBAHUA pecypcoB U, ceaoBaTenbHo,
Ha NPUHLUMUNUANbHYIO Pea/IM3yeMOCTb CUCTEMDI.



* C/1I0#HOCMb cucmemsol onpeaensaeTca 6onblnm
YNC/IOM BO3MOMKHbIX COCTOAHUMN.

oA COCMOAHUEM CUCTEMDI NOHUMaETCA
MHTEerpanbHaA XapaKTepuUCTUKa, onpeaenatollan
3aBMCMMOCTb BbIXO4a CUCTEMDI OT ee BXoAa.



* Cmoumocmsb CUCTEMbI B  W3BECTHOM mepe
XapaKTepusyer e€é Ba*KHOCTb U CAOXHOCTb U
onpeaenaetr BeJNYMHY  3aTpaT  (OEeHEeXHbIH
3KBMBAIEHT pecypcos), noTpebHbIX  ANA
obecneyeHna eé co3daHUA, NPOU3BOACTBA WU
3KCNAyaTauuu.



° ABmOMGmUSUPOBGHHOCmb CUCTEMDbI BbITEKAET U3
ee 4ye/ql0BeKo-MalWWNHHOrOo XapaKTepa, onpeagender
coYyeTaHue B Heu 2/1eMEeHTOB NMPUNHATUA
dBTOMATNYECKUX DELUEHMIZ B TPUNBUNAJIbHbIX
CNTYauUnAx C NpUHATUEM pELUGHMﬁ 4e/Z10BEKOM B

TexX Cayyasax, Korga obCTaHOBKA HeTpuBMAZIbHA WU
TpebyeT TBOPUYECKUX PELLEHUN.



* PUCK U HeorpedeseHHOCMb XapaKTepusytoume
06CTaHOBKY CO34aHUA U MCNOJIb3OBAHMNA CUCTEMDI
CBA3aHbl C HENONHOTOW AaNPUOPHOU MHPOPMALNM
O cpepge, cucrteme M XapakTtepe NX
B3aMMOOENCTBUA.



2.MeToabl pacyeTa C/I0KHbIX CUCTEM



[MocnepoBaTeNbHOCTb pacyeTa HaAeXHOCTU CNOKHOM CUCTEMDI
CBOAUTCA K cneayoLlemy:

1. ®opmynnpyeTca 3agaHme Ha pacyeT HaAeXKHOCTU, B HEM

AON1KHbI ObITb YKa3adHbl.

* Ha3Ha4yeHMue arperarta (CUCTeMbl), COCTAaB M OCHOBHbIE CBEAEHUA O
GYHKUMOHUPOBAHUU;

¢ pacCy4nTbiBaemble NOKa3aTe/ I HAAEHKHOCTU U NPU3HAKN OTKA34,

* yC/N0BUA, B KOTOPbIX paboTaeT (unmn byaeT paboTatb) AaHHbLIN arperat
(cuctema);

* TpeboBaHMUA K TOYHOCTU N JOCTOBEPHOCTMN PAcYeToB, K NOJHOTE yyeTa
BO3EMCTBYHOLLNX SKCN/TyaTaLMOHHbIX PaKTOPOB.

2. MpownssoaunTtcs BbIbOp M 060CHOBaHME NOKasaTenemn
HaAeKHOCTU, MO KOTOPbIM ByAeT Nponu3BOAUTLCA OLLEHKa
HaAeKHOCTU SNeMEHTa AN CUCTEMbI B LLE/IOM;

3. Pa3pabaTbiBaeTca MamM COCTaBAAETCA CTPYKTYPHas cxema
HagexHocTtu (CCH);



[MocnepoBaTeNbHOCTb pacyeTa HaAEeKHOCTU CAOKHOM
CUCTEMbI CBOAUTCA K C/ieayloWemy:

BbibupaeTtca bonee paumoHanbHbIM MeTOA
pacyeTa B cooTtBeTcTBUU C CCH;

[MponsBoanTCA pacyeT U oLeHKa TOYHOCTU
NO/IY4EHHbIX Pe3yNbTaTOB;

[Tpon3BOAUTCA aHaNM3 MOJIYYEHHbIX PE3yNbTaTOB
N MPUHATUE peLleHuns.



Moan cmpyKmypHou cxemoU HadexcHocmu
NMOHMMAETCH HarnagHoe npeacrassieHne
(rpadunyeckoe nam B BUAE TOTMYECKNX YPABHEHUM)
YCI0BUIN MPU KOTOPbIX paboTaeT nnm He paboTtaer
nccnegyemboln 06 bEKT.



CprKTyprIe CXeMbl HagaeXHOCTU JJIeMeHTOB

n-1 n

n-1




Cuctemom 6e3 pesepBUpOBAHUA HA3bIBAOT
TAaKyl0O  CUCTEMY, COBOKYMHOCTb  3/1IEMEHTOB
KOTOPOM  MNO3BONAET  BbIMNOJIHATbL  3a4aHHbIE
GYHKLUMUN TONBbKO NMPU YCAOBUN, YTO BCE I/IEMEHTDI
paboToCcnocobHbI.

Cxemon TaKOM cuUCTeMbl, WU30bpaKaemown
rpapuyecku, ABNAETCH nocaeaoBaTe/IbHOE
(OCHOBHOE) BKNOYEHME 3/IEMEHTOB.



Pe3epBnMpoBaHHOU CUCTEMOM HA3bIBAIOT TAKYIO
COBOKYMHOCTb 3/1€MEHTOB, a KOTOPOW YacTb
31eMEeHTOB ABAAETCA U3ObITOYHOM MO OTHOLUIEHUIO
K MWHUMANbHON PYHKLUMOHANBHOUN CTPYKTYype
cMcTembl  HeobxoaMMOM WM AOCTAaTOMHOM ANA
BbIMO/IHEHUA €10 3aAaHHbIX PYHKLUNN.

Cxemon TaKOM cuUCTeMbl, WK30bpaKaemown
rpapuyecKkun, AaBNAETCA napasiebHOE BKAOYEHME
5/IEMEHTOB.



lMocnedoeamenbHoe coeOuHeHuUe 3/1eMmeHmMoa.

PX A X, ALK ,) = p(X)p(X,)p(X,) =[] p(X)

Pt = p (0 p>(0).p, () =T 2,0

0.(=1-P.(0)=1-T] (- g,()






lNapannenvbHoe coeduHeHue 31emeHmos

p(X, A X, A X)) = p(X)p(Xy)p(X,) =] [ p(X)

J=1

0.()= 40,04, =] [ 4,0

P()=1-0.()=1-T (- p,®)






Cnocobbl npeobpaszoBaHNA CNOXHKHDbIX CTPYKTYP:

* Cnocob 3KBMUBA/IEHTHbIX 3aMeH;

* PasnoxeHune cNnoXHOM CTPYKTYpbl No 6ba3oBomy
3/IeMEHTY;

* MaTpu4HbIN cnocob npeobpa3oBaHUA CTPYKTYPLI.



Cnocob 3KBMBa/IEHTHbIX 3aMeH

CywHocTb cnocoba  3KBMBANEHTHbIX  3aMeH
3aK/II04YaAEeTCA B TOM, YTO B LENU CTPYKTYpPbl y3en
CIOXHOWU KOHOUrypauum 3ameHAeTca Ha y3en
apyron, bonee npocTtom KoHPuUrypauumm, HO npu
3TOM NoAbupaeTca TaKme XapaKTepUCTUKN HOBOIO
y3na, 4yTOObI NnoKasaTenu Haae*KHOCTU
npeobpasyemon Uenn CTPYKTYPbl COXPaHANUCH
NPEXHNUMMU.



Q13 oF ds

1 | 3
a
a b
b C
, c
d4o 3o ds
« " |
2 2
a — TPEyTroJbHUKA 3BE3101 0- 3B€3/bl TPEYTOJILHUKOM

JKBHUBAJIEHTHbIE CXE€MbI 3aMeHbI COeJMHEeHUH



4:%9,-0; 5= A15(053% Q317 A3 A31);

4,%459, Q5= Q3(Q3:F G157 31 12);

d3%04:,-03 4= A33(01,% G537 A1, A33)-

Ecav npeHebpeyb Nnpomn3BeaeHUAMMU B
pe3y/ibTaTe pelleHna CUCTEMbI YPaBHEHUN MOXKHO
3anmncaTb

1= 431912 4,753 A1 3= 431 453



Jlngs  oOpaTHOro IpeoOpa3oBaHUS COCAMHEHUS DJIEMEHTOB
3B€3/I0M B COCAUWHEHME DJIEMEHTOB TPEYIOJbHHUKOM II0JIydaeMm
CIEIYIOIINE COOTHOIICHUS:




Pa3noxeHue cTPYKTYpbl N0 6a3oBoOMYy 3/1€eMEeHTY

B ocHoBe pgaHHOro cnocoba neXUT MCNoab3oBaHUE
TeopemMbl O CyMMe BEePOATHOCTEN HECOBMECTHbIX CODbITUA.

Onsa npeobpa3oBaHMA CNAOKHbIX CTPYKTYP B NapannenbHo-
nocaenoBaTenbHble BbIOMpPaloT 6a30BbIM 3nemeHT (Mam rpynny
6a30BbIX 31E€MEHTOB) N AenaloT caeaytolime AoNyLWeHus;

1) 6a30Bbin 3neMeHT HaxoauTcA B paboTtocnocobHom
COCTOAHUMN (NOTOK XNOKOCTU, INEKTPUYECKUIN TOK, CUTHaN Yepes
Hero NPoxoAasT)

2) 6a30BblA 3/IEMEHT HaxoAUTCA B COCTOAHMM OTKa3a
(NponyckHaa cnocoBHOCTb €ro paBHA HYJHO, SNEKTPUYECKMIM TOK
Yyepes3 Hero He NPOXoAuT).



MaTtpunuHbIN cnocob npeobpasoBaHNA CTPYKTYpPbI

B ocHOBe gaHHOro cnocoba nexkUT cocTaBAeHME MATPULLbI
COCTOAHWM OTKasa paccmaTpuBaemon cuctembl. MaTpuua
cocTaBnsieTcs Takmm obpasom, 4YTobbl 4YMCNO ee CTPOK
COOTBETCTBOBA/I0O 4YUC/AY BO3MOXHbIX COCTOAHUMM OTKas3a
CUCTEMDbI, @ YNCNO CTONOLOB - YUCAY 31eMEeHTOB B cucteme. B
COOTBETCTBUMU C COYETAaHMEM OTKA30B 3/1EMEHTOB B CUCTEME,
NPM KOTOPbIX HacTynaeT OTKa3s CUCTEeMbl, COCTaBAsAeTCH
CTPYKTYPHAA cXema HaaeXKHOCTH.
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JNlornyeckasn cxema
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CTpyKTypHasi cxema HageXXHOCTHU
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Jlekumna Ne 9

Tema: “YnpasneHue KayecTtBOM U HaAEXXHOCTbIO”



YyebHble BONpoChbI:

1. KauecTBO KaK 06beKT ynpaBaeHusn

2. MNopAapoK pacyeTta NoKasaresiem HaJeXXHOCTH
n3pennn Ha stane NPoOeKTUPOBaHUA



1. KauecTtBO KaK 0ObEKT ynpaBaeHuUn



[log ynpasBieHUemM KayeCcTBOM NpPOAYKUUU
cnegyet NoHMMaTb YCTaHoBAeHMe obecneyeHue u
noaaepxaHme HeobxoaMmMoro YpoOBHA KayecTBa
npoaAyKUMM npu ee pa3paboTke, NPoOM3BOACTBE,
3KCNAyaTaunm NNU noTpebneHuu,
ocyllecTsafaemsble nytem CUCTEMATUYECKOTO
KOHTPONA  KayectBa WU UeneHanpaB/eHHOro
BO3EUCTBUA Ha YCNOBUA U PaKTOPbl, BAMAKOLWLUE
Ha Ka4yecTBO NPOAYKLUM.



3a4a4u yrnpaB/ieHUA KAYEeCTBOM NPOAYKLMK

NAaHMPOBAHUE U NPOrHO3NPOBAHME KAYecTBa
NPOAYKLNK;

BbIOOP ONTMManbHOro BapmaHTa npu
NPOEKTUPOBAHNN HOBbIX BUAOB NPOAYKLUU;
0TPaboTKa HOPMATUBHO-TEXHUYECKNX JOKYMEHTOB
Ha HOBble

BUAblI NPOAYKLUNN;

MOCTOAHHbIN KOHTPO/Ib KayecTBa NPOAYKUNU;



3a4a4u yrnpaB/ieHUA KAYEeCTBOM NPOAYKLMK

MOpPa/IbHOE N MaTepUanbHOE CTUMY/IMPOBAHUE
UCNOJIHUTENEWU;

nogaepxraHme n noBbllleHNE Ka4ectBd
NpPoOAYKLWK;

aTTecTauua KayecTBa NpoayKLUUU;



3a4a4u yrnpaB/ieHUA KAYEeCTBOM NPOAYKLMK

* dHJd/InN3 "NSMeHEHNA Ka4eCTBa NPOoAYKUUNUN B
npouecce ee npom3soancrtsa U aKCrNayatTauunu,

* 0TPaboTKa Hay4HO 0HOCHOBAHHbIX MPABU
3KcnayaTaumMm npoaykumnm n coctasa 3UMMa;

* BBEAEHUE U OCYLLLECTBNIEHMNE MOCTOAHHOWM
MHbOPMaLMK MO KaYyecTBY NPOAYKLUUN.



CocTtaBnsoLwue KavyecTBa NpoayKLum

KauvecTBO KauyecTBO KauecTtBO KayecTBO Tpyaa
TeXHUYECKOoro TEXHOJIOrM4ecKoro mMaTepuanoB
3apaHuda obopyaoBaHus
KauyecTBO npoekra KauecTBO
M3roToBfIeHUA

— =

KauyecTBO
npoayKuum




2. MopAanokK pacyeta noKkasartenen
HageXXHOCTU U3aenumn Ha atane
NPOEKTUPOBaHUA



[ToBblWEHME HAAEKHOCTU NPOEKTUPYEMOMN TEXHUKMN
NOCTUIAETCA CNeayioLWLUMM MEPONPUATUAMMU:

* VAPOLLEHNEM CXEMHbIX pPeLleHNN;

* BblIbOpOM Hambonee HageXHbIX KOMMIEKTYHOLUX
31IEMEHTOB U APYrUX TEXHUYECKUX U3OENNN;

* Pa3paboOTKOM CXem C orpaHNYEHHbIMM
nocneacTBUAMM OTKa30B U3AeNNN;



[ToBblWEHME HAAEKHOCTU NPOEKTUPYEMOMN TEXHUKMN
NOCTUIAETCA CNeayioLWLUMM MEPONPUATUAMMU:
CHUXEHMEM MeXaHUYeCKNX Harpy3oK, obaeryeHmem

31EKTPUYECKOro, TEMJIOBOTO U APYrUX PEXMMOB PaboThbl
U3aenuu;

NPUMEHEHNEM PE3EePBHbIX 9/1EMEHTOB U MOACUCTEM,
MexaHn3moB, 6/10KOB 1 4p.;

CTaHAAPTU3AUMEN N YHUPUKALUMEN KOMIMNEKTYHOLLMUX
5/1IEMEHTOB M U3AE/IUN B LLE/IOM;

NPUMEHEHNEM 3/1IEMEHTOB N 0OBEKTOB BCTPOEHHOrO
KOHTPONS;

aBTOMAaTU3aLUMEN NPOBEPOK U OLLEHOK TEXHUYECKOTO
COCTOAHMA Uccnegyembix 0O beKTOB.



B TexHMYecKoMm 3a1aHUMN 3aKa34yMKa Ha pa3paboTKy
06pa3u0B TEXHMKM 3aAat0TCA:

1) Tpebyeman BeposaATHOCTb 6e30TKa3HOW PaboTbl 06beEKTa NpPU
BbIMNOJIHEHMM NOCTAB/IEHHOM 3a434n P(t);

2) HapaboTKa Ha OoTKa3 t_;
3) Tpebyemoe 3HaueHne KoapduuneHTa roToBHOCTU K ;
4) cpegHue KBaapaTUYECKNE OTKNOHEHMUA:

- BepoATHOCTN Be30TKa3sHoM paboTbl o(P,);

- HapaboTKu Ha oTKas o(T ),
- cpeiHero BpeMeHu BOCCTaHOB/IeHMA PaboToCcnocobHOro CoOCToOAHMA
o(T,).



MpeanpuaTuem-paspaboTyMKom onpeaensatoTcs
cneayolne UCXoaHble AaHHbIe:

1) MHTEHCUBHOCTb OTKA30B U3aenuin A ;

2) Bpema paboTbl 31eMeHTOB, COCTaBHbIX YacTel B COCTaBe uspenua npu
BbIMNOJIHEHUM UM NOCTaB/IEHHOMN 3aaaun t;

3) cpeaHee Bpema BOCCTaHOBAEHUA paboTocnocobHoro coctoaHua usaennin T,;
4) cpegHMe KBagpaTuyeckue OTK/I0OHEeHUA:
- MHTEHCUBHOCTM OTKa30B uspenuin o (A);
- cpepHero BpemeHu BoccTaHOBNEeHUA paboTtocnocobHoro cocroaHua ofT,);
5) koapduumeHT akcnayataumm K,, yuutbiBatoLmii BANAHME MEXaHUYECKUX
neperpy3okK (Bubpauunii, yaapos, IMHEUHbIX YCKOPEHUU U Aap.);

6) KoapPuuMeHTbI, yYUTbIBaIOLWME BAUAHNE TEMNEPATYPbI OKPYXKaloWen cpeabl,
3/IeKTPUYECKUe HarpysKu, BAUAHUE BNIAXKHOCTU Ha HErepMeTU3UPOBaHHYIO

B/1aroHe3alMLLEeHHYI0 annapaTypy 1 T.A.



* PacnpepeneHne nokasatenem HageXHOCTU MOXKeT
NPOM3BOANTLCA MEXAY arperatamu, CUCTEMaMU U
MaLIMHAMMU KOMNAeKca, COBMECTHO
BbINOJIHAIOLLLMMW NOCTABAEHHYIO 3a4a4y, N MeXay
OTAE/IbHbIMU COCTAaBHbIMM YacTAMU (COOPOUYHbIMMU
eMHULAMM) arperatos, MaLlUH.



3HayeHUA NoKasaTenem HadeXKHOCTU, 3aJaHHble B
T3, MmoryT ©OblTb  pacnpegeneHbl  Mmexay
COCTaBHbIMW  YaCTAMM  MALLUWH,  arperaTos
cneaylowmMmm MmeTogamu:

°* MemoOOM 8eco8biX Ko3ghgpuyueHmos;

°* MemooomM MUHUMAbHbIX ampam Ha
useomoaersieHue azpezsamada.



MeTon, BecoBbIX KO3PPULIMEHTOB

BepoAaTHOCTb OTKas3a i-n cuctemol (cO6opovHOM
eouHuubl) q4t) ectb ¢yHKUMA, 3aBucAWa@A OT
MHTEHCMBHOCTM OTKa3oB A; 1 BpemeHun paboTbl t |,

r.e. q{t)=f(A,t).

TaK KaK cymmapHaa MHTEHCMBHOCTb OTKa30B
CUCTEMDI ABNIAETCA PYHKUMEN 4yncna 3/1eMeHToB A,
TO MOXHO 3anucaTb caeaytollee BblparkeHue:

q,-(t)=f(n,.,t,-).



Cnyuyai 1. PacnpeneneHue BeposTHOCTU OTKa3a

npon3BoaunUTCA NPONoOpPpUNOHA/IbHO KONTNYHECTBY
2/1eMeHTOB, KOTOpPOE CoaepPHKUT KaKaaA CUCTEMA,

T.€.: q,(t)=f(n,).

Takoe pacnpegeneHue ocyLLecTBaAeTca A
cUcTeM, Bpems PpaboTbl KOTOPbIX B TeYEHME LIMKNa
He3HaynTe/IbHO OT/InYaeTcsa oT

npoAo/KUTENbHOCTU UKKna t , T.e.t ;=1 .



Mpu 3HaYEHMUN BEPOATHOCTU OTKa3a CUCTEMbI, onpeaensieMmom no ¢opmye

qi(t) ~4,t,

roe A; - UHTEHCMBHOCTb OTKA30B / - CUCTEMbI, 3aBUCMMOCTb MeXay
BEPOATHOCTbIO OTKa3a g,(t) N KONMYeCTBOM 3/1eMEHTOB B CUCTEME h, UMeeT
IMHENHDBIN XapaKTep.

3HayeHne BecoBOro K03(I)C|)MLI,M€HTa onpeagenAaeTca no cboplv\yne
ai:ni/ncp

34,€Cb N~ YNC/IO0 3NIEMEHTOB i- 1 CUCTEMbI; N, - CPEAHEE YMC/I0 3/IEMEHTOB B
O,£I,HOM cucteme (cbopoyHoM ep,MHmu,e)

N - yncno cbopoUHbIX eANHUL, COCTAaBAAOWMX arperaT (MaLwnHy).
B sTOoMm cnyyae BepoATHOCTb OTKa3a q,(t) i-n cuctembl onpegenseTca no
dopmyne:
q{t)=a4.,; q.,=1- P(t);



Cnyyaun 2. PacnpeaeneHmne BepoATHOCTU
OTKa3a NPoOn3BOAMUTCA NPONOPLUMNOHANBHO
BpemeHUu paboTbl CMCTEMDI B TeYEHME UUKAA, T.€.

qi(t)=f(t;).

TaKoe pacnpegesnieHne ocyLecTBaaeTca ana
CUCTEM, B KOTOPbIX YNC/I0 3/IEMEHTOB NMPUMEPHO
OAMHAKOBO, T.e. N ;=N , .



Cnyyan 3. PacnpepeneHue nokasaTtesie HaAeKHOCTU
OCYLLLECTB/IAETCA NPONOPLMOHANBHO KOJIMYECTBY 3/1EMEHTOB U
BpeMeHM paboTbl CUCTEMbBI B TEYEHME LIMKNA, T.€.

qi(t)zf(npti)-

TaKoe pacnpeaeneHuni ocyLLLeCcTBAAETCA TOMIbKO B TeX CAy4YasX,
Korga 3apaHee W3BECTHO KOAMYEeCTBO 3/1E€MEHTOB B
OTAE/IbHbIX CUCTEMAX U BpeMs MX paboTbl B TeYeHMe LUKAA.



