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BBEJAEHUE

[ToBbIIEHNE TEXHUYECKOTO YPOBHSA M KadyecTBa MPOAYKLUHH TOPHOTO
MAaIIMHOCTPOEHMS, CPEICTB aBTOMATHU3allNU, TPUOOPOB, JIEKTPOOOOpyI0Ba-
HUSI U CXEM DJIEKTPOCHAOXKEHHUS] OTHOCUTCS K YMCIy Hauboliee akTyalbHbIX
npo0seM, CBSI3aHHBIX C Pa3BUTUEM COBPEMEHHOW TEXHHUKH, €€ Ha/I€KHOCTHIO
U JI0JITOBEYHOCTHIO.

HNuTeHcudukanus ropHbIX padoT, MOBBIIIEHUE TPOU3BOAUTEILHOCTH Ma-
IIMH U arperaToB, CYLIECTBEHHBIM Ka4E€CTBEHHBI POCT F'OPHOTO IIPOM3BOJCTBA
HEBO3MOXKHbI 0€3 TMOBBIIIECHUS HAJE)KHOCTH TEXHUYECKUX CPEACTB TOPHBIX
PEAIPUATHN.

OnbIT 3KCIUTyaTalliy TOPHBIX MPEANPUATHNA TOKA3BIBAET, UTO HA/IEKHOCTh
ropHOro 00OpyAOBaHWs MOKa HEAOCTATOYHA U BO MHOTOM 3aBHUCUT OT TOpPHO-
TEXHUYECKUX, OPTaHU3alMOHHBIX, TOTOAHO-KJIMMATHYECKUX U JKCIUTyaTaluOH-
HBIX YCJIOBUH.

['opHoe o6opynoBaHME HA TOPHBIX MPEANPHUATUSAX OTKPBITBIX U MOI3EM-
HBIX pa3pabOTOK IKCIUTYyaTUPYETCS B TSKEINBIX YCIOBUSX, MIO3TOMY MO OTHOIIIE-
HUI0O K HEMY OCOOEHHO HEOO0XOJUMO YMENO€ COJIEp)KaHHE U CBOEBPEMEHHOE
poBeieHne MPOPUIAKTUYECKUX MEp MO MPEAYNPEXIACHUI0 HEUCIPABHOCTH
TOPHBIX MAIUH U 3JIEKTPOOOOPYOBAHUS.

HeoOxomumocTh obecriedeHusi HaJeKHOCTH TOPHBIX MAIIWH U 3JEKTPO-
0o00Opy/OBaHUS W CPEICTB AaBTOMATHKU OOYCIIOBJICHA BBICOKUMHU TEXHUKO-
HYKOHOMUYECKUMHU TPEOOBAHUSIMH K MPOU3BOJICTBEHHBIM MPOIIECCaM HAa TOPHOM
OPEINpPUITHH, a TAKKE MPaBUIaMU O€30MaCHOCTH TPY/1a TOPHSKOB.

Ilon Teopuer HaAEKHOCTH MOHUMAIOT HAYYHYIO JUCLMIUIMHY, KOTOpas
M3y4aeT 3aKOHOMEPHOCTH COXPAHEHMSI BO BPEMEHH TEXHUYECKUMU CPEACTBAMHU
CBOMCTBa BBINOJHATh TpeOyeMble (PYHKIIMU B 3aJJaHHBIX PEKUMaxX U YCIOBUSX
TEXHUYECKOTO OOCTYKUBaHUS, PEMOHTOB, XpPaHEHUS U TPAHCTIOPTUPOBAHMUS.

OCHOBHBIE BOIIPOCHI, KOTOPBIE U3YYAET TEOPHS HAJIEKHOCTU: OTKA3bl TEX-
HAYECKUX CPEACTB; KPUTEPUU U KOJIUYECTBEHHBIE XAPAKTEPUCTUKHU HAJIEKHO-
CTH; METO/Ibl AHAJIN3a U MOBBIIIECHUS HAJEKHOCTU DJIEMEHTOB U CUCTEM Ha ITa-
nax IPOEKTUPOBAHMS, W3TOTOBJIEHUS M OKCIUTyaTallid; METOJbl HWCIBITAHUS
TEXHUYECKUX CPEACTB Ha HAJEKHOCTh; METOJbI OIIEHKU 3((HEKTUBHOCTHU MOBbI-
LIEHUS HAJIE)KHOCTH.



1. OCHOBHBIE ITOJIOKEHUA TEOPUN HAJIE/KHOCTH

1.1.0mnpenenenue MOHSITHSA HAAEKHOCTH

B coorBerctBun ¢ 'OCT 21.002-83m04 HaZIe)KHOCTHIO HOHUMAKOT CBOIi-
CTBa O0BEKTAa COXPAHITH BO BPEMEHHM B YCTAaHOBJICHHBIX Mpeesiax 3HAuYCHHS
BCEX I[apaMEeTPOB, XapaKTEPU3YIOLIUX CIOCOOHOCTh BBIMOJNHATH TpeOyemble
(GYHKIIMM B 33JJaHHBIX PEKUMax M YCIOBUSAX MPUMEHEHHS, TEXHHUYECKOro 00-
CIIy>KMBaHHsI, PEMOHTOB, XPAaHEHUS U TPAHCIIOPTUPOBKH.

Onpenenenune HaIGKHOCTH MOXKHO MIPEICTABUTDh Ha CIEAYIOIIUX IPUMEPaX:

1. HanexxHOCTh — CBOMCTBO COXpaHATh BO BpeMEHU TpeOyemble (yHKLUH.
Hamnpuwmep, ans nuratens — obecneunBaTh TpeOyeMblii MOMEHT Ha Baly U
CKOPOCTb.

2. BoinonHenue TpeOyeMbIx (PYHKIHMI JOMKHO MPOUCXOAUTH MPH 3HA-
YEHUSX MapaMeTpoB B YCTAHOBJICHHBIX Mpejenax, HampuMep, JJs 3JIeKTpo-
NBUTaTENsT — 00ecneynuBaTh TPeOyeMblii MOMEHT U CKOPOCTb MpU TeMIepary-
pe ABUraTtesisi, He MPEeBbIIAOLIEH Tpe/ena, OTCYTCTBUM BBIICTIEHHOTO UCTOY-
HUKa B3pbIBa U moxkapa. Jyis ounctHoro kom0OaitHa — oOecrneynBarh 3ajiaH-
HYIO TPOU3BOJAUTEIBLHOCTh MPU YCTAHOBJIEHHOW KPEMOCTH YIJIsl, MOIIHOCTH
nJacTa, yrjie HakjIoHa U T.[.

3. CnocoOHOCTH BBIMOJHATH TpeOyeMmble GYHKIHMH JOHKHA COXPAHATH-
Csl B 3aJIaHHBIX peXuMax (Hampumep, B TOBTOPHO-KPATKOBPEMEHHOM PEKUME
paboThl); B 3aJJaHHBIX YCIOBHIX (HalpuMep, B YCIOBUSAX IMOBHIIICHHON 3aITbI-
JCHHOCTH, BUOpAIUH, TEMIIEPATYPbI) U T.1I.

4. O0BeKT J0JDKEeH 00J1a1aTh CBOMCTBOM COXPAHSITh CLIOCOOHOCTH Tpe-
Oyemoli (pyHKIMU B pa3iuuHble (Pa3bl )KU3HU HU3JEIUSA: MPU SKCIUTyaTallHH,
TEXHUYECKOM OOCIyKUBAHUU, PEMOHTE, XpaHEHUH U TPAHCIIOPTUPOBKE.

Teopust HAIEKHOCTU ABJISAETCS KOMIUJIEKCHOW JUCHMUIUIMHON U COCTOUT
U3 pa3JesoB. MaTeMaTHYecKasi TeOpUs HaJIeKHOCTH; HAJIE)KHOCTh MO OT/IEJb-
HbIM (U3UYECKUM KPHUTEPHUSM OTKA30B; MPOTHO3UPOBAHHUE HAJECKHOCTHU; Me-
pONPUATHS. MO TOBBIIIEHUIO HAJEKHOCTH; KOHTPOJIb HAJIEKHOCTH; TEOPUS
BOCCTaHOBJICHHS HAJIE)KHOCTH; SKOHOMHUKA HAJIE)KHOCTH.

B Teopum HameXHOCTHM paccMaTpUBAIOTCS ClIEAYIOIIME 0000IIeHHbIE
OOBEKTHI:

u3zoenue — eIUHUIA MPOAYKIMHU, BbITyCKaeMas WJIM UCIOIb3yeMasl Ha
TOPHOM MPENNPUATHH W T.JA., HAIPUMEP MOAIIMIHUK, PEAYKTOp, MPHUBOL,
OYMCTHON KOMOaifH, 3KCKaBaTop;

JnemMenm — poCTeiIIas B JaHHOM PaCCMOTPEHUU COCTaBHAs 4acTh W3-
Jenusi, B 3afa4ax HaJIeKHOCTH MOXET COCTOSITh M3 MHOTHX JeTajeH, Halpu-
Mep peXyIIui opran kombaiHa,

cucmema — COBOKYITHOCTb COBMECTHO JICHCTBYIOIIMX 3JIEMEHTOB, MPEAHA-
3HAYEHHAs JJI1 CAMOCTOSITEIbHOTO BBIMIOJHEHUS 33aHHBIX (DYHKIIMIA, HAaIpUMep
AIIEKTPONPHUBO/] IIATaHUS SKCKaBaTOpa, CUCTEMA JIEKTPOCHAOKEHUSI y4aCTKa.



[TonsiTve 3MeMeHTa U CUCTEMBI TPAHCHPOPMHUPYIOTCS B 3aBUCUMOCTU OT
IOCTaBJICHHOM 3ajaun. MamuHa (O4MCTHOM KoMOaiH, 3KCKaBaTop, TpaHC-
GopmaTop) Mpu YyCTAHOBJICHUH €€ COOCTBEHHOHN Ha/IC)KHOCTU paccMaTpUBaET-
CsA KaK CHCTEMA, COCTOsIIIAas U3 OTIACIBHBIX JJIEMEHTOB — MEXAHU3MOB, JE€Ta-
JeH u T.I., a IPH U3yYEHUH €€ B KOMIUJIEKCE C IPYTHMH MeXaHU3MaMu (Mexa-
HU3UPOBAHHOM KPENbIO, TPAHCIIOPTHBIMU CPEACTBAMH, JUHUIMU Iepeaadu
3IIEKTPOIHEPTUH) — KaK DJICMEHT.

W3penust pensiT HA 6occmanasnueaemvle, KOTOpble MOTYT OBITH BOC-
CTaHOBJICHBI Ha paboyeM MecTe, HalpUMeEpP IKCKaBaTop, JICHTOYHBIN U CKpeo-
KOBBIM KOHBEWEPHI, IIyCKATENb U T.4., U HE60CCMAHABIUEAEMbIE, KOTOPBIE HE
MOTYT OBITH BOCCTAHOBJICHBI Ha pabodyeM MECTe U MOAJIekKAT 3aMeHe, Hallpu-
Mep NOALIUIHUKN KaueHUs, 3B€310YKH, STTOKCUIHBIE MY(PTHI U T.1I.

Psn u3nenuii, OTHOCUMBIX K HEBOCCTAHABIMBAEMbIM, HAIIPUMED MOALLIHII-
HUKU KaueHUs, 3B€3/104KH, NHOTJ1a BOCCTAHABIIMBAIOTCSA, HO HE Ha paboueM Mec-
T€, a B CIIELHAIN3UPOBAHHBIX MacTepCcKux. CIIOKHBIE U3IENHsI, COCTOSAILUE U3
MHOTHUX 3JIEMEHTOB, KaK IPaBUJIO, BOCCTAHABIMBAIOTCS, TaK KaK OTKa3bl OOBIYHO
CBSA3aHbl C ITOBPEXKICHUEM OJHOTO MM HEMHOI'MX JJIEMEHTOB, B TO BpeMsl Kak
Jpyrue ocrarorcsi padoTocrnocoOHbIMU. [IpocThie 3yIeMEHTh MOIydaroTcs ¢ 3a-
BOJIOB U3rOTOBUTEJIEN WIM BOCCTAHABIIMBAKOTCS HA IIPEANPUATHN.

HanexxHOCTh — CII0KHOE CBOMCTBO, IIO3TOMY B 3aBUCUMOCTU OT Ha3Ha-
YEHUsl PA3IUYHBIX OOBEKTOB TOPHO-IIAXTHOTO OOOPYNOBAHUS M YCJIOBHH HX
IPUMEHEHHs] OHA MOKET COCTOSITh U3 COUETaHUM CBOWCTB M COOBITHH.

Pabomocnocobnocms — COCTOSIHHE U3JAENHS, IPU KOTOPOM OHO CIIO-
COOHO HOPMAaJILHO BBITIOJHATH 3aJlaHHble QYHKIIMHU C TapaMeTpaMu, yCTaHOB-
JEHHBIMU B TEXHHUYECKOW nokymeHTanuu. PaboTrocnocoOHOCTH HE KacaeTcs
TpeOOBaHUM, HEMOCPEACTBEHHO HE BIMSAIOUIMX HA SKCILTyaTallMOHHBIE MMOKa-
3aTeNM, HallpUMep MOBPEKICHUE OKPACKH KOPIyCa U T.J.

Hcnpasnocmp — coOCTOSHUE U3AEUS, IPU KOTOPOM OHO YJIOBJIETBOPSIET
BCEM HE TOJIbKO OCHOBHBIM, HO U BCIIOMOTraTelbHbIM TpeOoBaHUsAM. Mcnpas-
HOE M3zeaue 0053aTeabHO Pab0TOCIOCOOHO.

Heucnpagnocmb — cOCTOSIHUE U31€Us, IPU KOTOPOM OHO HE COOTBET-
CTBYET XOTs Obl OAHOMY M3 TPeOOBAHMUN TEXHUYECKOW AOKymMeHTauuu. Pas-
JIMYAIOT HEUCIIPABHOCTH, HE NMPUBOAALIME K OTKa3aM, U HEMCIPABHOCTH U UX
COYETaHHMsl, IPUBOISIINE K OTKA3aM.

Omka3 — coObITHE, 3aKII0YaIONIeecsl B MOJTHOM MIIM YaCTUYHOM yTpate
paborocrnocobHocTH. OTKa3bl AENAT HA OTKa3bl QYHKIMOHUPOBAHUS, IPU KO-
TOPBIX BBIIIOJIHEHUE CBOUX (DYHKIIUH paccCMaTpUBAEMBIM 3JIEMEHTOM HJIH 00b-
eKTOM IpeKpamnaeTcs (HampuMep, MoJIOMKa 3yObeB IIECTEPHH), U OTKa3bl Ma-
paMeTpudecKue, Ipu KOTOPBIX HEKOTOphIE MapaMeTphl 00BEKTa U3MEHSIIOTCS
B HEJIOMYCTHMBIX Tpejenax (Hanmpumep, yMEHbIIEHUE COTIPOTHBIICHUS U30JIs-
M 3JIEKTPOOOOPYTOBAHUS).

Ilpuuunst omka3z06 NenAT Ha Clly4aliHble U CUCTEMaTUYECKHUE.

Cnyuaiinple npuyunsl — 3T0 HENPEAYCMOTPEHHbBIE NIEPETPY3KH, IePek-
Thl MaT€pHajia U NOTPEUIHOCTH U3rOTOBJIEHUS, HE 00OHAPYKEHHbIE KOHTPOJIEM,
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oImMOKN 00CITY>KMBAIOUIEro MepcoHana, coou cucteMsl ynpasieHus. Hampu-
Mep, 3aKaJO4yHbI€ TPEIIMHbI, OTKJIOHEHHE B pa3Mepax JeTayeil, HEpOBHOCTHU
JIOpOTH, Hae3Abl Ha mpenarcTBus U T.1. CiaydaliHble (akTOpbl MPEUMYIIECT-
BEHHO BBI3BIBAIOT OTKA3bl MIPH IEUCTBUIX B HEOJIATOMPHUATHBIX COUETAHUSX.

Cucmemamuueckue npuuunpl — 3TO 3aKOHOMEpPHbBIE SBJICHUS, BBI3bI-
BaIOIlME MOCTEIIEHHOE HAaKaIlJIMBAaHUE MOBPEXKICHHUI. BIMsHIE BHEIIHEH Cpe-
IIbl, BPEMEHHU, TeMIlepaTyphl, 00Jy4eHHs, KOPPO3UHU, CTAPEHUs, HArPY3KH U
paboThI TPEHUSI — YCTAJIOCTh, MOI3y4eCTh, U3HOC, (DYHKIIMOHATIBHBIC BO3JICH-
CTBUS — 3aCOPCHHUSI, 3QIUITAHUS], YTESUKHU.

B cooTBeTCTBHU C ITUMHU NPUYMHAMHU U XapPaKTEPOM PA3BUTHS U IMPOSB-
JICHUSI OTKA3bl NIENAT HA 6He3anHble (IPU KOTOPBIX MPOMCXOTUT CKAYKOOOpas3-
HO€ M3MEHEHHE OCHOBHBIX IApaMETPOB — MOJOMKH OT IEPETpy30K, 3aeIaHusi),
nocmenenHvle nO paA3euUmMul0 u @He3aAnHvle No nposenenuto (ycTaloCTHBIC
paspylIeHusi, IeperopaHus JaMIl, KOPOTKUE 3aMbIKaHUS U3-3a CTAPEHUS U30JIs-
IIM1) U hocmenennvle (M3HOC, CTapeHHe, KOPPO3Ws, 3aMblKaHue). BHe3arHbie
OTKa3bl BCIEICTBHE CBOEU HEOXHJIAHHOCTH OOJiee OMAaCHbI, YEM IOCTOSIHHBIE.
Ilocmenennvie omkazpl PEICTABIAIOT COOOW BBIXOJBI MAPaAMETPOB 3a TPaHU-
116l IOIYCKa B IPOIIeCcCe SKCIUTyaTalliy WM XpaHEHHUS.

[To mpyuuHaM BO3HUKHOBEHHS OTKa3bl MOKHO Pa3leiUTh HA KOHCHPYK-
YUOHHbIe, BHI3BAaHHBIE HEIOCTATKAMH KOHCTPYKLUUH TOPHOTO 00OpYAOBaHMUS,
MexHOo102uYecKue, BhI3BaHHBIE HECOBEPIIICHCTBOM HIT HApyIIEHHUEM TEXHOJIO-
TUU U3TOTOBJICHUSI OTACIBHBIX JJIEMEHTOB, M IKCHIYAMAYUOHHbIE, BHI3BAH-
HbIC HEMPABWJIBHOW JKCIUTyaTanmued (HECOOTBETCTBYIOIIMMHU TOPHO-
TEXHOJIOTUYECKUMH, KIUMATUYECKUMHU yCJIOBHSIMHU, HENPABHIBHBIMH JIEHCT-
BUSIMHU 00CITy )KHBAIOIIETO TIEPCOHAIIA).

OTKa3bl B COOTBETCTBUH CO CBOEH (PU3NUYECKON MPUPOJION OBIBAIOT CBS-
3aHHBIMH C Pa3pyIICHUEM JeTalleil UK UX TIOBEPXHOCTEH (MOJIOMKH, BBIKpAIIIH-
BaHME, U3HOC, KOPPO3Hs, CTAPCHUE) WM HE CBSI3aHHBIMHU C pa3pylieHueM (3aco-
peHHe CMa3KM, KaHAJIOB MOJA4u KHUJIKOCTH B THAPOIPHUBOJAX, OcialdieHne co-
eIMHCHUH, 3arps3HEHHe WM OCIa0lIeHHe DIICKTPUYECKUX KOHTaKToB). B coort-
BETCTBHM C 3TUM OTKa3bl YCTPAHSIOT 3aMEHOW JeTasiedl, peryJIMpoBaHuEeM WU
OYKCTKOM.

[To BnusiHMIO Ha Oe30macHOCTh PaboOT OTKa3bl OBIBAIOT fe3onacHole,
KOT'/1a BOSHMKHOBEHHE OTKa3a HE MOXKET IMPUBECTU K TPaBME OOCITYKHBAIO-
IIeTO MepcoHaja, HapuMep H3JI0M 3yObeB KOBINIA, U OHACHblE, KOTJa BO3-
HUKHOBEHHE OTKa3a MOXET MPUBECTH K TPaBME IMEPCOHANA! yMEHBIICHUE
M30JSIANA KaOemsi MOXKET MPUBECTH K €ro Mpo0OI0 W YyTEUKe TOKa, a TaKKe
AJIEKTPOTPABME TIEPCOHAA.

[To B3auMOCBSI3M MeXIy COOOW OTKa3bl AETATCA Ha 3asucumole (TsoKe-
JbIe), HAPUMEpP CXO0J KoMOaiiHa ¢ KOHBeiiepa B pe3ysibTaTe MOJIOMKH COeINHE-
HUIi PEIITavYHOTO CTaBa KOHBeWepa, U Hezagucumble (CpeIHUE U JIETKHE), KOTO-
pble B OTJIMYME OT 3aBUCHUMBIX HE CBSI3aHBI C MPEALIECTBYIOIMIMMHU OTKa3aMH
JPYTUX 3JIEMEHTOB, U JIETKOYCTPAHUMBI.



[To BO3MOXHOCTH JajJbHENIIETO UCIIOIB30BAHUS U3/1EJIUS OTKA3bI IEIATCS
Ha NOJIHble, CKIIIOYAIOIINE BO3MOKHOCTb paOOThI U3AEIUs O UX MOJIHOTO yCT-
paHEHus, U YacmuyHnble, IPU KOTOPBIX H3JEINE MOXKET YaCTUYHO HMCIOJIB30-
BaTbCsl, HAIIPUMED, C HEMOJIHOW MOLTHOCTBIO WIIM HA TIOHUKEHHOW CKOPOCTH.

I10o CI0KHOCTH yCTpaHEHHUsI PA3IMYAIOT OTKA3bl, YCHIPAHUMbLE 6 NOPAOKE
MeXHUYEeCK020 00CAYIHCUBAHUA, 8 NOPAOKE CPEOHe20 Ulu KAnumaibHO20 pe-
MOHmMA, U TI0 MECTY YCTPAHCHUS — OMKA3bl, YCHIPAHUMbLE 6 IKCHIIYAMAUUOH-
HbIX U CIMAYUOHAPHBIX YCA0GUAX, YTO OCOOCHHO CYIECTBEHHO ISl MOIIHOTO,
BBICOKOITPOU3BOUTEILHOTO TOPHOTO 000PYT0BaHUS.

Bcerpeuarores Takxke camoycmpanaloujueca OTKa3bl, HAPUMEp, B CHC-
TeMax 3JIEKTPOCHAOKEHUS MpHU IpeeabHOM IpoBece mpoBoaoB JIDII.

ITo BpeMeHM BO3HUKHOBEHMS OTKA3bl JEJAT HA HPUPAOOMOYHbIE, BO3HU-
KAIOIIME B MEPBbIM MEPUOJ SKCILIyaTallu, CBSI3AHHBIE C OTCYTCTBUEM MpHUpa-
OOTKHU U C TIOMaJaHueM Ha COOpPKY Ne(PEeKTHBIX JIEMEHTOB, HE OTOPaKOBaHHBIX
KOHTPOJIEM; HpU HOPMAIbHOU IKchayamayuu (32 TEPUOJ N0 TIOSBICHUS W3-
HOCHBIX OTKa30B), U3HOCOBbLE.

HanexxHocTh u3nenuii 00ycinoBIMBAETCS UX 0OE€30TKa3HOCTBIO, JI0JITOBEY-
HOCTBIO, PEMOHTOIPUTOJTHOCTBIO U COXpaHsAeMOCTbi0. Takum 00pa3oM, Haaex-
HOCTb XapaKTEPU3yeTCsl CBOMCTBAMHU, KOTOPBIE MPOSBIIAIOTCS B 3KCIUTyaTallUU U
IIO3BOJISIFOT CYJUTh O TOM, HACKOJIBKO M3J€JIUs ONPABIAIOT HAJEK bl H3TOTOBU-
TeJel U MOTpeOUTEIEH.

be3omkaznocmeb — cBOICTBO 00BEKTa HEMIPEPHIBHO COXPAHATH pabOTOCIIO-
COOHOE COCTOSIHHME B T€UEHHE HEKOTOPOro BPEMEHU HIIM HEKOTOpPOW HapabOTKH,
U3MEPSIEMOi1, HallpUMep, B TOHHAX JOOBITOTO IMOJIE3HOTO MCKOMAEMOro, METpax
KyOW4ecKMX BBIHYTOM TOPHOM Macchl, B MalllMHOYacax, KUJIOMETpax mpoodera
TPaHCIOPTa WX APYTHX €IUHHUIAX. ITO CBOMCTBO OCOOCHHO BAXKHO ISl MAIIUH
U 3JIEKTPOOOOPYJOBaHUs, OTKa3 B pabOTe KOTOPBIX CBA3aH C ONACHOCTBIO AJIS
KHU3HU JIIOJEH WK C IEPEPHIBOM B pabOTE OOJIBIIOT0 KOMILIEKCA MAIlIKH.

/onzoeeunocmsv — CBONUCTBO O0OBEKTa COXPaHATH PabOTOCIOCOOHOE CO-
CTOSIHUE 10 HACTYIUICHMsI MPEJEIbHOIO COCTOSHUS IPU YCTAHOBIICHHOM CUCTE-
M€ TEXHUYECKOTO 00CITyKUBAaHUS U PEMOHTA.

IIpenenbHBIM HA3bIBAETCSl COCTOSIHHME OOBEKTA, NMPU KOTOPOM €ro Jalib-
Hellee NpUMEHEHUE 110 Ha3HAYeHUIO0 HenomycTuMo. Hampumep, o yciosusam
BBINIOJIHEHHs TpeOoBaHUI 0€30macHOCTH paboT WK MPU BBIXOJE 3aJaHHBIX Ia-
paMEeTpOB 3a YCTAHOBJIEHHBIE MPEAEIBI, MO0 BOCCTAHOBIEHUE €TI0 UCIPABHOIO
WK paboTOCIIOCOOHOTO COCTOSIHUS HEBO3MOXKHO HIIM HEIIEIecO00pa3Ho.

JUJIsi HEBOCCTAHABIIMBAEMBIX M3JEIUM MOHATHSA JOJITOBEYHOCTH U 0€30T-
Ka3HOCTH NMPAKTHYECKU COBMAIAOT.

Pemonmonpuzoonocms — CBOMCTBO OOBEKTa, 3aKIIIOYAIOIIEECS B MPH-
CHOCOOJIEHHOCTH K MPEAYIPEXKIECHUIO U OOHAPYKEHUIO TPUUUH BO3ZHUKHOBEHUS
OTKa30B, MOBPEXKACHUIN U NOJJEPKAHUIO U BOCCTAHOBIIEHUIO Pa0OTOCIOCOOHO-
IO COCTOSIHUS ITyTEM IPOBEIEHUSI TEXHUUECKOTO 00CIy)KUBaHUS U peMOHTOB. C
YCIIO)KHEHUEM CHUCTEM BCE TPYJHEE CTAHOBMUTCS HAXOAUTh IPUUYMHBI OTKAa30B.
[TosTomMy oOJsieryeHne NMOMCKa OTKAa3aBILMX JIEMEHTOB 3aKJIA/IBIBAETCSI B KOHCT-
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PYKITUIO HOBBIX CJIOJKHBIX TOPHO-TOOBIYHBIX M TPAHCIIOPTHBIX KOMITIEKCOB. Bax-
HOCTh PEMOHTOIPHUIOJHOCTH MAIIMH OMpEAesIeTcs] OrPOMHBIMHU 3aTpaTaMH Ha
PEMOHT MaIlliH, KOMIUIEKCOB U 3JIEKTPOOOOPYI0BaHHUS HA TOPHBIX HPEAPHITHSIX.

Coxpansemocmb — CBONWCTBO 00bEKTa HEMPEPHIBHO COXPAHATH 3HAUCHHUS
YCTaHOBJICHHBIX IMOKa3aTejei ero KavyecTBa B 3aJlaHHBIX MpeJeiiax B TCUCHHE
TPAHCIIOPTUPOBKH.

MHororieieBoe Ha3HAu€HHE SJCKTPUUYECKOIrO, 3JIECKTPOMEXaHHYECKOrO,
ITHEBMATHUYECKOTO U JIPYroro o00pyAOBaHUS, aBTOMATH3MPOBAHHBIX KOMILJICK-
COB TOPHBIX MPEANPHUATHH TPUBOIUT K HEOOXOAMMOCTH Pa3inNyaTh T€ WIN JIPY-
T'He CTOPOHBI HAIEKHOCTH C YYETOM INPHUYHH, (OPMHUPYIONIUX HAIC)KHOCTHBIE
CBOMCTBA OOBEKTOB. DTO NMPUBOJUT K HEOOXOJIMMOCTH TOIPA3ACIATh HAICK-
HOCTb Ha CJICYIOIINE BUIBI:

anmnapaTHyl HaJIeKHOCTh, OOYCIIOBJICHHYIO COCTOSHHEM armapaToB. B
CBOIO Ouepe/ib almapaTHas HaJIe)KHOCThb IMOJApa3/e/iIeTCs Ha KOHCTPYKTHBHYIO,
CXEMHYIO, IIPOU3BOCTBEHHO-TEXHOJIOTHYCCKYIO;

(GYHKIIMOHATILHYIO HAJIe)KHOCTh, CBSI3aHHYIO C BBIITOJIHEHUEM OT/EIbHBIX
(GyHKIMi, BO3J1araeMbIX Ha 00BEKT, 3JIEMEHT HIIH CUCTEMY,

IKCILIYaTAIMOHHYIO HACKHOCTh, OOYCIOBICHHYIO KA4eCTBOM JKCILIya-
TaIUU ¥ 00CITy)KUBaHHUS;

IPOrpaMMHYIO HaJCKHOCTh, O0YCIOBIIEHHYIO COCTOSIHUEM IMPOrPaMMHO-
ro o0ecreueHus.

1.2.Tloka3aTe/id HAAEKHOCTH

Jlyist petrieHrs MpaKTHYEeCKUX BOMPOCOB B 00JIACTH HAJIEKHOCTH MCIIOJIb-
3YIOTCSl TIOKA3aTeNu, C MOMOIIBI KOTOPBIX XapaKTEPU3YETCS KOJUYECTBEHHO
YPOBEHb HAJIC)KHOCTH TOPHBIX MAIIIMH, BEIEMOYHBIX KOMIIJIEKCOB, arperaToB u
HUX DJIEMEHTOB.

ITokazaTenu HaAEKHOCTH PA3IMYAIOTCS B COOTBETCTBUU C KOMIIOHEHTaAMHU
HAJIe)KHOCTH Ha TOKa3aTelu 0€30TKa3HOCTH, JIOJITOBEYHOCTH, PEMOHTOIPUTO/I-
HOCTHU U COXPAHSIEMOCTH.

ITo BoccTaHAaBIMBAEMOCTH M3JCIHUM OHU JICIATCS Ha MOKa3aTeNu JJIs BOC-
CTaHaBJIMBA€MbBIX ¥ HEBOCCTAHABJIMBAEMBIX H3JICITHM.

DT MOKa3aTeNH JOJDKHBI YIOBIETBOPATH CIACAYIOMNUM TPEOOBAHUSM:

YYHUTHIBATh PA3IMYHBIC (PAKTOPHI, BIHUSIONTNE HA HAIC)KHOCTB,

OBITH HATJISITHBIMU U UMETH (PU3UYECKUN CMBICIT;

OBITH TOCTATOYHO MPOCTHIMH M YTOOHBIMHU JIJIs1 BEIYMCIICHUI MaTeMaTH4e-
CKHUX BBIPAKECHHM.

IToka3aTenu HaACKHOCTH IIO3BOJISIOT.

OLICHUBATh HAJICKHOCTh MIPU MPOEKTUPOBAHUU U ONPEIECIIATH €€ IKCIIEpHU-
MEHTAJIbHO MPU UCIBITAHUSX U B MPOIIECCE MPOMBIIIICHHON SKCIUTyaTalluH,

OLICHUBATh BJIMSIHUE YPOBHS HAJICKHOCTH TOPHBIX MAIIMH HA WX MPOMU3-
BOJIUTECIHLHOCTD,



HaMeuaTh MYTH TOBBIMICHUS HAJEKHOCTH MPUMEHSEMOTO U BHOBB CO3/1a-
BaeMOT0 000pyI0OBaHMUS,

paccUMTHIBATh HEOOXOIMMOE KOJMYECTBO 3allaCHBIX YacTeH;

OIICHMBATh HAJIEKHOCTh BBHITIOJHEHHUS TOPHOW MAaIIMHOW €€ OCHOBHBIX
GyHKITUH.

[Tokazarenu HaZAE)KHOCTH OTPEICIIIOTCS PACUETHBIM U SKCIIEPUMEHTAITb-
HBIM ITyTeM. Ha ypoBeHb TEXHUYECKOW HAJCKHOCTH OKa3bIBACT BIMSHHE Kade-
CTBO MPUMEHSEMBIX MAaTEPUAIOB U M3TOTOBJICHMS, @ TAK)KE BHIMIOJHEHNE TEXHU-
YECKUX yCIIOBUW HA U3TOTOBJICHHUE U 3aBOJICKUE MCTIBITAHMUS.

IToka3aresn 0€30TKA3HOCTH

C YU4€TOM TOI'O, YTO BOBHUKHOBCHHC U YCTPAHCHHUC OTKA30B IIPOUCXOJIUT
IO 3aKOHY CﬂyqaﬁHLIX CO6I>ITPII>1, JJIs1 KOJUYECTBEHHOM OLICHKHN HaJCKHOCTH
INPUMCHAIOT XapaKTCPUCTHUKH, UCIIOJIB3YCMBIC B TCOPHUHU BCpO}ITHOCTCﬁ H MarTe-
MaTHYECKOM CTaTUCTHUKE.

I[J'IH OLICHKH 0e301macHOCTH IPUMCHAIOT CICAYIOIHEC ITOKA3aTCIIN.

Tcp — cpenHsisi HapabOTKa J0 MepBOro oTkasza (cpemHee Bpemsi O0€30TKa3-

HOM paboThI);

T — napabotka Ha OTKa3 (CpemHee BpeMsi MEXIY COCCTHUMH OTKa3aMH)
ISl BOCCTaHABJIMBACMBIX H3/ICINH;

P(t) — BeposaraocTs Ge30TKa3HOM paGoThl 3a Bpems t (QyHKIMS Hagex-
HOCTH),

A(t) —unTEeHCHBHOCTH OTKA30B;

A, (t) —napamerp noToka 0TKa30B I BOCCTAHABIMBAEMBIX M3JIENIHIA;

a(t) — cpennss yacTora 0TKa30B.

1100 eepoamnocmuio 6e30mKa3HOU padOmMbl TTOHUMAIOT BEPOSTHOCTH TO-
ro, 4TO B Mpejiesax 3aJaHHOr0 BpEMEHH He MPOU30i1eT oTkasa usaenus [1, 2]:

P(t)=P(T 2t), (1.1)

rae T —Bpemst oT Havyata paboThI 70 OTKa3a u3aenus; I —Bpems, B TeueHne Ko-
TOPOTO OIpeieJieHa BEPOSITHOCTh O€30TKa3HOU paboTHl.

Jl7is yCTaHOBNIEHUS 3HAYSHHSI BEPOSTHOCTU O€30TKA3HOM pabOoThl HA Mpak-
TUKE UCIOJIB3YIOT (POPMYITy CTATUCTUYECKOTO 3HAUCHUS

N —N
P.(t) :%, (1.2)

rIe N0 — 4KCII0 00pa3IoB U3CIUM B Havasle HaOJ0ICHUS, N1 _ YHCJIO OTKa-

3aBINKX M37eaui 3a Bpems 1.
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Hpumep. Ha yronpHOM paspese mpu dkcruryaTanui u3 10 yq4acTKOBBIX
HAaCOCOB B TeueHHe rojaa otkazaiu 3. OnpenenuTh BEPOSTHOCTh 0€30TKAa3HOM
paboThI 3a TO/I.

Pemenue:

pt)=No ~N: 208 _ 7

N, 10

Cpeonaa napadomka 00 nepeozo omkasza N CpeHEE BPEMsI MEKIY Clle-
OYIOLIIMMHU IPYT 32 APYTOM OTKAa3aMH ONPENEIAETCs MO BBIPAKECHMIO ISl MaTe-
MaTUYeCKOTO OKUJIaHUsI CITydaiiHO# Ben4uHbI 1 :

T, = [tE (D, (1.3)

rae U — cinyyaiiHas BemMuMHA JUIMTETBHOCTA BPEMEHH JIO NIEPBOTO OTKA3a WU
MEKy CPEHHMH OTKa3amu; [ (t) — IUTIOTHOCTB PACIPEIEIICHUs CIIy4allHOU Be-
nuuuHbl { (UTs pa3smTUYHBIX CXEM OTKA30B OMPEICIISIOT M0-Pa3HOMY).

Ha npakrtuke nipu pacuere ' ¢p 1O pe3ynbTaTaM HaOIIOJCHHS CTATHCTH-

YeCKHii TIoKazarenb 1 ¢.cp OTIPEICIAIOT 110 hopmye

T =2 (1.4)

rne N, —uncio snemenrtos nox HabmopeHnem; t;, —Bpems 6e3oTkasHoil pado-

THI | -TO dJIeMeHTa.

IHpumep. llpn nabmogenun 3a paboroit 10 sxckaBaTOpoB OBLIO yCTa-
HOBJICHO ciexayromiee BpeMs Hapabotku g0 otkaza. 200; 350; 280; 400; 450;
360; 380; 430; 26 150 yacos. OnpenenuTh CpeAHIO HapaOOTKy Ha OTKa3
HKCKaBaTOPOB.

Pemienue:

_ >t _ 200+ 350+ 280+ 400+ 360+ 450+ 380+ 430+ 260+ 150 _

7N, 10
= 3264acos.

Humencuenocmo omrazoe A(1) xapakrepusyer ycioBHYIO IIIOTHOCTB

BCPOATHOCTH BOZHHMKHOBCHHUSA OTKA30B HCBOCCTAHABIMBACMOI'O U3ACINA 3a pac-
CManI/IBaCMHﬁ nepuoJ BpEMEHU B Ci1y4dac, €CJIU A0 3TOI'O UX HE Ha6JIIO,Z[aJ'IOCB:
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_f®)
A(t) = 0 (1.5)

Ha mnpakTuKe OpY YCTAHOBIEHMH CTaTHCTHYECKOrO 3HadeHus A, (t)
HOJIB3YIOTCSL (POPMYIION

N. (t
Ac(t) :ﬁ, (16)
NCPA'[
. t—At
rae Nl(t) — YMCIIO OTKA3aBIUMX U3aenuii B uatepsane spemenu At (or
t + At o
); N — CpeJHEE YHUCIIO UCIPABHO pabOTaBIIMX M3JCIUN B UHTED-
Baje At.
_ N +N;,,
Ncp = T, (1.7)

rre N, N;,; —ancio ucrpaBHO paboTarOMKMX H3/EINI COOTBETCTBEHHO B Ha-

yajie u Kouie uarepsana At .

IHHpumep . Ilpu skcrutyaranun 20 3KCKaBaTOpOB B TeUEHHUE 3 JIET MPO-
u30mnuio 15 0Tka30B 3neKkTponpuBoAa noabema. OnpenenuTb MHTEHCHUBHOCTh
OTKa30B B TEUEHUE MEPUO/Ia IKCILUTyaTaIl|H.

Pemenne:
Alt) = Nl(t) = = 0,25roma .
NcpAt 20(B

Hapamemp nomoka omkKasoe /]1(1:) JJIs1 BOCCTAaHABJIIMBACMOT'O HU3OCIINA

XapaKTCPU3YCT INIOTHOCTL BEPOATHOCTHU ITOABJIICHUA OTKaza pEMOHTOIIPUIOJHO-
ro 00ObeKTa AJI1 OnpEaACIICHHOIO MOMEHTA BPCMCHU.

df (t)

A ) =
3 dt

(1.8)

rac f (t) - INIOTHOCTDH pacCHpcCACICHM II0OTOKAa OTKAa30B 34 IICPpUOJ BPpECMECHU t.
HpI/I OIpCACICHHUHN 3TOTO ITOKAa3aTC/IA CTATUCTHICCKUM MCTOA0M

Zn(t+At) Zn(t)

t) =1L , .
A (t) = NAL (1.9)

rae N, (t) — KOJIMYECTBO OTKA30B | —T0 00pasua a1 HapaboTkw t.
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IHpumep. DneKTPOTEXHUUECKOE YCTPOUCTBO COCTOUT M3 6 AIEMEHTOB.
B TeueHue roma sKkcruTyaTauu B epBOM dJIeMEHTE ObUTO 4 0TKa3a, BO BTOPOM —
2, B TpeTheM — 4, B 4eTBEPTOM — 3, B MATOM — 5, B IIECTOM OTKAa30B HE OBLIO.
OnpenenuTh mapamMeTp MOTOKA OTKA30B YCTPOKCTBA.
Pemienue:

%ni(t-l-At)_%ni (t)

_ iz _(4+2+4+3+5-0 _
A, () == = =

NAt 601

3

Taxkum 00pa3om, mapameTp MOTOKA OTKA30B YCTPOMCTB B I'OJl COCTABIISACT
3 oTKa3a.

Cpedu}m yacmoma omkKasoe Cb(t) ITOKa3bIBACT OTHOIICHUEC YHCJIa OTKa-

3aBIIUX M3JEIUN B €IMHUILy BPEMEHU K YHMCIY MCIBITHIBAEMbIX 00pa3lOB MpHU
YCJIIOBUH, YTO OTKA3aBILIME JJIEMEHTHl 3aMEHSIOTCS WCIPAaBHBIMU WJIA BOCCTa-
HAaBJIMBAIOTCS.

Jpyrumu cioBamu, cu(t) — IUIOTHOCTb pacmlpejiesIieHUus: BpeMeHU padoThl
U3JIeNus 10 €ro 0TKasa.

_ Nn(t)
a(t) = AL (1.10)

BeposiTHocTh 6€30TKa3HON PabOTHI P(t) YKa3bIBa€T HA BEPOSTHOCTh TO-

ro, UTO B 3aJaHHOM MHTepBane BpeMeHn ' nmim B mpenenax 3agaHHOM HapaboT-
KM HE BOBHUKHET OTKa3 U3/EJIUS.

Benuuuna BeposiTHOCTH 0€30TKa3HON pabOThl 32 HEKOTOPBIM MPOMEKY-
TOK BPEMEHH MOXET ObITh OIpe/ieJieHa Ha OCHOBE CTAaTUCTUYECKHUX JIAHHBIX, Xa-
PAKTEpU3YIOIIUX PE3yJIbTaThl UCIBITAHUN 3JIEMEHTOB Ha HAJIEKHOCTh, KaK OT-

nomenue ancia snementos N(t), ocrammxces ncnpasHemMu B KOHLE pacemar-
pHBAEMOr0 MHTEpBala BpeMeHH 1, K HayalbHOMY YKCITy MCIBITBIBAEMBIX SlIe-
MEHTOB N('[O):

_ N@®
CN(t)

HpI/I 3HAYUTCIBHOM YHCJIE HCIIBITBIBAEMBIX 3JICMECHTOB CTAaTHCTHYCCKAaA

P(t)

(1.11)

BEPOATHOCTL P [(t) CXOJIUTCSI C BEPOSITHOCTHIO P(t), T.€. B TIpejene, paBHOM

HMCTUHHOMY 3HAQUYE€HHIO BEPOATHOCTU 0€30TKa3HOM pabOThl. ITO OTHOILIEHUE Ha-
3bIBAETCS AMIUPUUYECKON (DYHKIIMEH HAIEKHOCTH.
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0 t,u

Puc. 1.1.I'paduxu BeposiTHOCTH O€30TKa3HON PaOOTHI P(t) u

BEPOSITHOCTU OTKa3a Q(t)

OO6muMu cBoMcTBaMM (DYHKIIMM HAJEHKHOCTU JJIS JIFOOBIX BUIOB AJIEMEH-
TOB SIBIIIIOTCS ClieayroIue mapamerpsl: mpu 1= 0 P(O) = 1, 1.e. monararor, 4To
B Ha4yaJbHbIII MOMEHT BPEMEHM 3JIEMEHT HAXOJUTCS B UCIPABHOM COCTOSIHUU;
P(t) SBJIIETCS] HE BO3pacTarolle (yHKIMel BpeMeHH, T.€. OHa TM00 MOHOTOH-
HO yObIBaeT, JMOO Ha OTACNBbHBIX y4acTKaX MOXKET OCTaBaThCSl MOCTOSHHOW;
npu [ - o P(t) — 0, T.e. mpu BO3pacTarolIeM BpeMEHU padOThl AIeMEHTa

BEPOSITHOCTh €0 0€30TKa3HOM padOThl YMEHBIIAETCS U CTPEMUTCS K HYJIIO.

VYopiBaroias KpuBas MOJHOCTBIO XapaKTepu3yeT co0oil 6e30macHOCTh U
JOJITOBEYHOCTh HEPEMOHTHpYyeMbIX wu3aenuil. HapaboTka HEpeMOHTHpPYEMOro
U3JIeNUsl HACTyNaeT MpU OTKa3e U SBIIAETCS €ro pecypcoM. PazmmuuaroT pecypc
JI0 TIEPBOT'0 PEMOHTA, MEKPEMOHTHBIN PECYPC, CPETHUI pecypcC.

I'amma-npouyenmmuwtii pecypc BblpaxaeT HapaOOTKy, B T€UEHHUE KOTOPOU
U3JIeNe C 3aJJaHHOM BEPOSITHOCTBIO )/ - MPOLIEHTOB HE JOCTUTAET MPEEIbHOrO

COCTOSAHHA. BepOHTHOCTB B 3TOM CJIydac YCTAHABJIMBACTCS COITIACHO CTATHUCTH-
YEeCKUM MOIECIISIM OTKA30B.

Pt )=-", (1.12)
77 10C
rae y - yucio usnenuit, %, He JOCTUTraoIIUX C 3alaHHON BEPOSITHOCTBIO Ipe-
JIEIIBHOTO COCTOSIHUS.
Cpok ciyx6b1 1., mpencraBisier coOOl KaleHAAPHYIO HMPOJIOIDKHTEINb-

HOCTDB 3KCILTyaTalluu WX UCIIOJIb30BAHUA U3 ACIINA IO MOMCHTA BO3HUKHOBCHUA
npeacIbHOIO COCTOAHUA U CITMCAHUA.
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0 200 200 600 800 "t.u

Puc. 1.2.0npenenenue pecypca 00beKTa

Ha puc. 1.2BumgH0, yto MUHUMaIbHOMY pecypcy 20049acoB COOTBETCTBY-
et 90% wuznenmii, 5001acoBeiM pecypcom obmamaer 50% wuznenwmii, a 800-
4aCOBBIM pecypcoM obianaeT Bcero 20%u3aenmii.

IToxka3aTenu PEMOHTOIIPUTOAHOCTH

JIJ151 OLIEHKH PEMOHTOIPUTOIHOCTH TIPMMEHSIOTCS CIIEMYFOIIUE TIOKA3ATENH:
P, (t) —BepostHOCTS BOCCTaHOBNECHNS 3a Bpems T ;

T —cpenHee BpeMs BOCCTaHOBJICHHS;

J(t) — MHTEHCHBHOCTL BOCCTAHOBICHUS,
kr — K03(PUIIUEHT TOTOBHOCTH;
K, — KO3 UIIMEHT aBapuHHOTO MPOCTOS;

H (t) — cpennee uncno pemontos (BoccTaHoBIEHHMIT) 3a Bpems 1.

[Tokazarenu peMOHTONPUTOAHOCTH XapPaKTEPU3YKOT BOCCTAHABIMBAECMbIE
U3EIIHS.

Bepoamnocms eoccmanosnenus P, (t) npencrasnser coGoii BeposT-

HOCTb TOTO, YTO CIy4aifHOE€ BpeMsl BOCCTaHOBIIEHUS u3aenus Oyaer He Ooiee
3aJJaHHOTO.

P (t)=P(t <T). (1.13)

Cpeonee epemsa éoccmanognenun 1, npenycMaTpuBaeTcs Kak MaTeMa-

THYECKOE OXHJAHWUE CIy4alHOW Benu4uHbI {
o ¢hopmyiie

B; CTATUCTUYCCKHN OIIPCACTIACTCA

n
ZtBi
T, =2 (1.14)
n

rac tBi — BpEMsI BOCCTAHOBJICHMA | -0 U3aCJ1us:.
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Humencuenocmo eoccmanosienus NpecTaBisieT coO0M YUCIO BOCCTA-
HOBJICHUW B €IMHUILY BPEMEHH:

-1
u(t) = — (1.15)

C.B

B o0uiem ciyuyae Bpems, 3aTpauyuBaeMoe Ha JTUKBUAALMIO OTKA30B | -TO
THUIIA, IPEJICTABIISIET COO0M CyMMY CIEAYIOIIEro BUIA!

G =ttt +t,; Ty, (1.16)

rac toj - BpEMs OKHNAAaHUA, CBA3aHHOC C HCO6XOI[I/IMOCTI>IO O6Hapy}KCHI/IH OTKa-

34, tn.s’j — HOATrOTOBUTECIIbHO-3aKIIOYUTCIBHOC BPEMs, 3aTPauUCHHOC HAa IIOAI0-

TOBKY 3allaCHbIX qaCTeﬁ, HHCTPYMCHTA IICpcA HaA4YaJIOM H IIOCJIC JIMKBHAAIWH

orkasza; t,, — omepaTuBHOE BpeMs, XapaKTepHU3yIOIIee 3aTpaThl BPEMEHU HC-

onj
MMOJIHUTEJIEH Ha BBINOJHEHNUE OCHOBHBIX M BCIIOMOTIaTEIIBHBIX onepaunﬁ Inpu
JUKBHU ALK OTKa3a, t;[j — AOIOJIHUTCIIbHOC BPCMA HA OTAbIX WU JINYHBIC HaI[O6-

HOCTH UCIIOJIHUTEJIEN.
ITokazarenp 1

B
HE TOJIbKO PEMOHTOIPHTOTHOCTh OOBEKTa, HO M OPTraHU3AIUI0 PEMOHTHOU
ciyk0bI, ee 00eCIIeYeHHOCTh 3aIaCHBIMU YaCTSAMU U MHCTPYMEHTAMHU.

Eciau umeroTcsi TaHHBIE O BENWYMHE YKa3aHHBIX COCTaBJISIONIMX 3aTpar
BPEMEHHU, TO MOYXHO TOJYYHTH IOKa3aTeId PEMOHTOIPHUTOIHOCTH, 0a3HpyrO-
IIMecs] Ha MCIIOJIb30BAHUH OIEPATHBHOTO BPEMEHH H ONEPATHBHOU TPYIOEMKO-
cTH paboT, IPU ITOM CPENHSS OTIEPATUBHAS MPOIOJKHTEIHHOCTh BHEIUIAHOBOT'O

TEKYIIEro peMOHTa (yCTpaHEHHUs 0TKa3a) TaHHOTO BUA

OTpeeCHHBIA 0 BPEMEHU MPOCTOEB, XapaKTepU3yeT

1 D
T,y = o 2 oni (1.17)

j i

IZie 7 - KOJIMYECTBO BHEIIAHOBBIX TEKYIMX PEMOHTOB (0TKa30B) | -ro BujA 3a

PaCUETHBIN NEPUOI.
CpenHssi onepaTUBHAsI TPYJOEMKOCTh BHEIUIAHOBOTO TEKYILIETO PEMOHTA
(ycTpaHeHus 0TKa30B) JaHHOTO BHA

1 J
VVBHj :_ZWonj d (1.18)
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rac WOnJ = TPYAOCMKOCTDb BLIIMOJHCHUSA OJHOI'O BHCIINIAHOBOI'O TCKYLICTO PC-

MOHTa (YCTpaHESHHS OJIHOTO OTKa3a) j -T'0 BUJIA, YEJ.-Y.

Cpennsia omnepaTuBHAs MNPOJIOIKUTEIBHOCTh IIJIAHOBOTO TEKYIIETO pe-
MOHTA JaHHOT'O BUA

TB.n]lK - Ztonk ’ (119)
nk k=1

rac nk — KOJIMYCCTBO INTIAHOBLIX TCKYIIUX PEMOHTOB k -I'0O BHJAa 34 paC‘ICTHLIﬁ

HIEPHUOI.
Cpennsist onepaTHUBHAas TPYAOEMKOCTh IUIAHOBOIO TEKYILIEr0 PEMOHTA
JAHHOTO BUJA

_ 1k
— 2> W (1.20)

kkl

rac W/lk - OII€paTuBHAA TPYAOCMKOCTDb BBIIIOJHCHUSA OAHOTO IIJIAHOBOI'O TCKY-

mero peMoHTta K -ro Buza 3a pacyeTHBII IEpHOJ, YEIL.-U.
Cpennsis omepaTHBHAs TPYAOEMKOCTh TEXHUYECKOTO OOCITYyKUBaHHUS
JTAaHHOTO BUJA

_ 1 Ny
o6c| - Z‘i oni ? (1-21)
| 1=

rae N — Konu4yecTBO paboT MO TEXHUYECKOMY OOCIY)KUBAHMIO |-ro BHIa 32

pacuernslii nepuog; W

oni — OIICPpATHMBHAA TPYAOCMKOCTD BbIIIOJTHCHMA TCXHHUYC-

CKOI'O O6CJIy>KI/IBaHI/I$I | -0 Bujaa, 4€J.-4.
Koaqbqbuuueum 20moeénocmu Kr ABIACTCA KOMIIJICKCHBIM ITOKAa3aTCJICEM,
OTpaKarouum 0€30TKa3HOCTh U PEMOHTOIIPUTOAHOCTDb U31CTINA.

K, =—1_ (1.22)

PAEPNE

i=1 i=1

T.C. MPEJCTABIACT COOOM OTHOLICHUE CyMMapHOTO BPEMEHH paboTOCIIOCOOHOTO
COCTOSIHUSL U CYMMapHOTO BPEMEHH BOCCTAHOBJICHHS (BpeMs TUIAHOBBIX MPOQHU-
JAKTUYECKUX PEMOHTOB HCKJIFOUASTC).

KoaddurmenT ToTOBHOCTH MPENCTaBIsieT CO00M BEPOSTHOCTH HCIIPABHOTO CO-
CTOSTHMS M3MIETIHSL M XapaKTEPH3YeT €r0 TOTOBHOCTH K padoTe B JTFOOO MOMEHT BPEMEHH.
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Koygppuyuenm asapuiinozo npocmon K, sBisercs KOMIUIEKCHBIM I10-

Ka3aTeJeM, XapaKkTepPU3yIOIIUM BEPOSITHOCTh BOCCTAHOBJICHUS U3ICTHUS B JTFO00M
MOMEHT BPEMEHU:

K =—""__ (1.23)

a n n

zti + tBi
=1

i=1 [

Koadpdpummentsr K, u K, cBszanbl Mexay co0OH COOTHOLICHHEM
K. +K, =1.

V IenbHBIA BEC KOJIMYECTBA OTKA30B KAKOrO-IM0O0 dIIEMEHTa U yAeIbHBINI
BEC MPOCTOEB M3-3a OTKa3a dTOTO dJIEMEHTa MOTYT XapaKTepH30BaThCs KO du-
LIUEHTOM 0TKa30B K, M OTHOCHTEIIBHBIX IPOCTOCB n;.

Kosgppuuyuenm omrkazoe nipenctaBisieT coOOM OTHOIICHUE KOJIMYECTBA
OTKa30B M0 MEMEHTY N; K 00I11eMy KOJTMYECTBY OTKa30B:

N (1.24)

K,=—L
n

o

Kosgpgpuyuenm omnocumenvnvix npocmoeg — 31o OTHOIICHNUE BPEMEHU
IIPOCTOEB M3-3a OTKA30B AJIEMEHTA K 00IeMy BPeMEHH MPOCTOSI MAIIMHbBI, KOM-
TUIeKCa UJTK arperara u3-3a BCeX MpPOCTOEB!

nTBj TBj
K, = = =K, T (1.25)

OHCHKa CpE€AacCTB, 3aTpavuyuBACMbIX Ha IIOAACPIKAHNC HAACKHOCTH MAIIWH
B IIPOLECCCC SKCILTyaTalliu, MOXKET ITPOU3BOAUTLCA C ITIOMOIIBIO KOC—)(b(bI/IHI/ICHTa

croumocTy skcmnyaramun K, .

-G
(&¢] C !

o

K (1.26)

rac C 5, — CTOMMOCTB 3KCIITyaTallMd O KaIlMTaJIbHOTO PEMOHTA, COCTOAIIAsA M3

3aTpaT Ha MPOBEJCHNUE PEMOHTHO-MPOPMIAKTHUECKUX paboT, U 3aTpat, CBsI3aH-
HBIX C BOBHUKHOBEHHEM U JIMKBUAANMEH OTKa30B (CTOMMOCTH 3allaCHBIX YacTel
U PEMOHTOB, 3KCIUIyaTallUOHHBIE PacXojbl, YOBITKM H3-3a2 IIPOCTOEB JIaBBl BO

BpeMsi yCcTpaHeHus 0TKa30B u ap.); C, - CTOMMOCTb FOPHOTrO 060pyJOBAHUS.
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KoHTposbHBIE BONIPOCHI

JlaiiTe onpeaeneHne HaJeKHOCTH.

Kakue 060011eHHbIe 00BEKTH pACCMATPUBAIOTCSA B TEOPUH HAICKHOCTU ?

N3 kakux pa3aenoB COCTOUT AUCHUILINHA «HaaexxHOCTh»?

[To xakuM KpuUTEpUsSIM W3IENUs ACNIIAT Ha BOCCTAaHABIMBAEMbIE M HE-

BOCCTAaHAaBIIMBaeMble?

Haszosure cBOMCTBA HaIEKHOCTH.

[IpuBeauTe OTAMYUMS UCTIPABHOTO U pabOTOCIOCOOHOTO 000PYIOBAHMS.

JlaiiTe onpezenenue oTkaza 000pyJ0BaHUS.

HazoBuTe npuynHbl 0TKa30B TOPHBIX MAIIIHH.

. Kakumu mapamerpamu oOycCiOBIMBAaETCS HAIEKHOCTH 000PY0BaHUS ?

10 Kak paznuuarorcs rnokasareiu HaJIe)KHOCTU?

11. Kakum TpeOOBaHUSM JOKHBI YIOBIECTBOPATH MOKA3aTENN HAJEKHO-
cTu?

12. JlatiTe onpeneneHre BEpOITHOCTH 0€30TKa3HOM pabOTHI.

13. [laiiTe onpenenaeHre MHTEHCUBHOCTH OTKa30B.

14.Yem xapakTepusyeTcs mapaMmeTp MOTOKa OTKa30B?

15. JlaifTe onpenenenne pecypca o00pyaI0BaHUS.

16. O0bsicHUTE MapaMeTpbl HAJIEKHOCTU TOPHOTO OOOpYAOBaHUSA IPH
t=0;P=1.

17 Ha ocHOBe KakuX JaHHBIX MOXKET OBITh OINpeJiesieHa BeJIMUYnHa 0€30T-
Ka3HOU pabOoThl 32 HEKOTOPBIN MTPOMEKYTOK BPEMEHU ?

18. JlaiiTe onpeneneHrue raMmma-poLEeHTHOTO pecypca.

19. HazoBute nokaszaTend peMOHTOIPUTOJHOCTH.

20.Yto xapakTepu3yroT K03 UIIMEHTH: TOTOBHOCTH, aBAPUHHOTO MPO-
CTOSI, OTHOCUTEJIbHBIX MPOCTOEB?

21 Kak mexay coboii cBsizaHbl KOA(G(HUIIMEHTH TOTOBHOCTA U aBapuii-
HOTO MPOCTOSI?

22. JlaiiTe onpesieieHre UHTEHCUBHOCTH BOCCTAHOBIICHUS.

hroONPE

© 0N
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2. MATEMATHYECKUM ATIITAPAT TEOPUU BEPOSITHOCTEHA
2.1.BeposiTHOCTDH COOBLITUA

OCHOBOIIOJIATAIOIIUM [TOHATHEM B TEOPUU BEPOSITHOCTEH SIBIISICTCS TOHS-
THE cOObIMUsL, NOO KOMOPLIM NOHUMAIOM BCAKUL (akm, MOSYWUli NPpou3oumu
UIU He NpoU3oUmuU 8 pe3yivmame onvimd.

CoObITHS MOXKHO pa3AeauTh Ha 3 TPYIIIIHI.

Jocmosepnbie codvimus. JIoctoBepHOe cOObITHE 0053aTENBHO MPOU30M-
JIeT, ecau OyIyT BBINIOJHEHBI BIIOJIHE ONpezesieHHbIe ycaoBus. [Ipudaunsl qocto-
BEPHOT'O COOBITHSI HEMHOTOYHCIICHHBI, OUEBUAHBI U MOJIAIOTCS TOUHOMY YUETY.

Heeso3zmoircnwie codvimus, T.€. Takue, KOTOpbIE IPU ONPEAETICHHbIX U 13-
BECTHBIX YCIIOBHUSX MPOU30MTH HE MOTYT, TaK KaK OTCYTCTBYIOT NMPHUYUHBI IS
UX BO3HUKHOBEHHUS. DTH NMPUUUHBI TOXKE MOKHO YUECTh M HA OCHOBE X aHAJIM3a
c/IeTaTh BBIBOJ O HEBO3MOXKHOCTH JAHHOTO COOBITHS.

Cnyuaiinvie (6eposmmusie) codvimusn. Tak Kak HEM3BECTHO, KOTAA ITH
COOBITUSI TPOU3OMAYT W MPOU3OMAYT JU BOOOIIE B MHTEPECYIOMIMNA OTPE30K
BpPEMEHHU.

Ciydaiinple COOBITHSI HE SBISIOTCA OCCIIPUYMHHBIMH, OHM MMEIOT MHO-
KECTBO MPUYMH, HO HEJIb34 3apaHee TOYHO MpeacKa3aTh BOZHUKHET Ta WM WHAs
COBOKYITHOCTb IIPUYMH, KOTOpasi MPUBEIET K TaHHOMY COOBITHIO.

YucneHHOW Mepoil CTEeNeHH BO3MOXKHOCTH KaKOro-In0o CiydyailHOro co-
obiTuss A spnsercs ero sepositHocTs P(A).

BeposaTHOCTE HEBO3MOXKHOTO U JOCTOBEPHOTO COOBITHS MPHHATHI COOT-

BeTcTBeHHO O 1 1. BeposATHOCTD Cily4alHBIX COOBITUN MOXKET MPUHUMATH 3HA-
YEHUSI.

0< P(4)<1. (2.1)

CoObITHS B TaHHOM OIIBITE€ 00Pa3yIOT MOJHYIO TPYMIY, €CJIU B PE3yJIbTaTe
OTIbITa HEMPEMEHHO JIOJDKHO MTPOU30UTH XOTS ObI OJTHO U3 HHUX.

HeckoyIbKkO COOBITHI HA3LIBAIOTCS HECO6MECHHbIMU B JAHHOM OIIBITE,
€CJIM HU KaKue JIBa U3 HUX HE MOTYT MPOU30MTH BMeCTE. TUITUUYHBIM MPUMEPOM
ABJISICTCSL OMKA3 U Oe30mKasnan paboma odvekma.

Korma coObITHS B HEKOTOPOM OTIBITE SIBJISIFOTCS PaBHOBO3MOKHBIMH, He-
COBMECTHBIMHU M 00pa3yloT MOJHYIO TPYMNIy, TO PO TAKOW OIBIT TOBOPST, UTO
OH CBOJAMTCS K CXEME CIIy4aeB, IIPH STOM BEPOATHOCTH HEKOTOPOro coObITus A

MMOACYUTBIBACTCA KaK OTHOIICHUEC YMUCIIa CIIy4acB N6 6HaFOHpI/I}ITHBIX ITOsABJIC-

HUIO coObITHst A K 00mmemy unciy ciydaes N, .

N5

P(A):N_

. (2.2)
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OmnpeneneHHas TaKuM 00pa3oM BEPOSITHOCTh SBIISETCS MAaTEMaTHYECKOM,
TaK Kak OHa pacCYuTaHa.

st coObITHH, HE CBOJAIIUXCA K CXEMe CIIy4aeB, T.€. KOrja B pe3yJbTare
Mpou3BeeHuss N ONbITOB 3apaHee M3BECTHO CKOJBKO Pa3 MOXET MPOU30UTH

coObITUE A, CYIECTBYET MOHATHE YACTOTHI COOBITUS A .
Yacmoma codbtmusa Ha3bIBAETCA CTAaTUCTUYECKOM BEPOSTHOCTHIO U OT-
JUYAETCs OT MaTeMaTHYECKONU BEPOSITHOCTH

PH) :%, (2.3)

TJe 71 — YUCIIO TOsIBJIeHUs COObITHs A .

JUiist HEGOJIBIIIOTO YHCIA OMBITOB N yacToTa COObITHH A HOCHT B 3HAYM-
TEJIbHOW CTENEHU CIIy4alHBId XapakTep U MOXKET 3aMETHO MU3MEHATHCA OT OJ-
HOM TPYIIIBI ONBITOB K Apyroi. [Ipu yBenndyeHnn 4ncia OmnbITOB 4acTOTa COOBI-

C
tus P~ (A) cxoaurtcs no BeposATHOCTH ¢ BeposATHOCThIO coobiTus P(A).

3HaHUE BEPOSTHOCTH KAKOTO-JIMOO CIy4aiHOTO COOBITHS HE JaeT OJIHO-
3HAYHOTO OTBETA HAa BOMPOC, MPOU3OMIET JIN YKa3aHHOE COOBITHE TIPU TPOBE/Ie-
HUU JAHHOT'O OIIBITA MJIU HET.

Hapsiny ¢ moHsiTHEM CITy4ailHOTO COOBITHS CYIIECTBYET BaXKHOE MOHSITHE
CIIy4allHOW BEJIMYWHBI, T.€. BEJIMUYMHBI, KOTOPas B PE3ylbTaTe OIBITA MOXKET
MPUHSATH TO WM MHOE HEM3BECTHOE 3apaHee 3HAUCHUE.

CnyualiHple COOBITHS MOTYT OBITh OUCKPEMHbIMU U HENnpepblGHbIMU.
Crnyualinbie COOBITHS, MPUHUMAIOIINE TOJBKO OTJEIbHBIC APYT OT ApyTra 3Haye-
HUS, Ha3bIBAIOTCS OUCKpemHbimu. [IpuMEpOM JHCKPETHOW BEITMYHMHBI MOXKET
SIBJIATHCS KOJMYECTBO OTKA30B TOPHON MAaIllMHBI, BO3HUKAIONIUX 3a KaKOW TO
nepuoj ee padboThl, KOTOpPOE MOXKET MpUHUMATh 3Hauenus: 0, 1, 2, ...

CnyyaliHble BEJIMYHHBI, BO3MOXKHBIC 3HAYCHUS KOTOPBIX HEIPEPBIBHO 3a-
HOJIHSAIOT HEKOTOPBIH MPOMEKYTOK, HAa3bIBAIOTCS Henpepvlenbimu (Bpems Oe3-
OTKa3HOM pabOThl TOPHOU MAIIIMHBI, BpeMsl yCTPaHSHHS OTKa3a U T.JI.).

2.2.TeopeMbl, NpMMeHsieMble B TEOPUH HATEKHOCTH

Teopema CJ102#CeHuA 6ep0ﬂmuocmeﬁ Heco8MeCHHbBIX COObIMUL

Beposmnocmo nosisnenuss 00Ho20 u3 08yX HECOBMeCmHbIX cOObIMuUlL, be3-
PA3IUYHO KAKO20, PABHA CYMMe 8ePOSIMHOCMEL 9MUX coObImuil

P(A+ B) = P(4) + P(B). (2.4)

BeposiTHOCTh MOsIBIIEHUSI OAHOTO U3 HECKOJIBKUX MOMAPHO HECOBMECTHBIX
coObITHH, 0€3Pa3TMIHO KaKOTO, pABHA CyMME BEPOSITHOCTEH ITUX COOBITHIA

P(Ay+ Ay +..+ 4,) = P(A) + P(A) +..+ P(A,).
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Teopema C/102#CeRHUA 6ep0ﬂmuocmeﬁ COBMECHIHBIX COObIMUIL

Bepoamnocmus nossenenus xoms 661 00H020 U3 08YX CO8MECMHbIX COObI-
MUt pagHa cymme 8eposamuocmeri Imux coovimuil 6e3 8epoSMHOCMU UX CO8Me-
CMHO20 NOSABNEHUS:

P(A + B) = P(4) + P(B) - P(AB). (2.5)

Teopema MoxeT ObITH 00001TIEHA HA JTF000€ KOHEYHOE YHUCIIO COBMECTHBIX
COOBITHI

P(A+ B +C) = P(A) + P(B) + P(C) — P(4B) - P(AC) - P(BC) + P(ABC)

Cneocmeue 1. Ecnu nosgBieHre XOTsA ObI OJHOTO W3 N HECOBMECTHBIX
COOBITUH SABJISAETCS HJOCTOBEPHBIM COOBITHEM, TO COOBITHS Ai COCTABJISIET MOJI-

HYIO TPYIITy HECOBMECTHBIX COOBITHIA.

n
P(4) =Y P(4) =1 (2.6)
i=1
TaK KaK OJJHO U3 COOBITHH SIBHIJIOCH IOCTOBEPHBIM.
B srom cnyuae BepositHocts P(A, ) mosBnenus m u Gonee coObITHiA

(1< m < n)6yner pasua
P(Am) = ZP(AI)!
I=m

d BECPOATHOCTD COOBITHS Am—l’ 3aKJIFOYAarouIerocs B MOSIBICHUHN MEHBIIIC, YEM /71

COOBITHH,

P(A44) = ”ilp (4).

i=1

Cnedcmeue 2. JIBa HecoBMecTHBIX coObitiss A 1 A , o6pasyroiue moJ-
HYIO TPYIITY CIy4aiHBIX COOBITHH, HA3bIBAIOTCS MPOTHUBOIMOJIOKHBIMU COOBI-
TusAMHU. [TOCKOJIBKY MPOTHBOIIOJIOKHBIE COOBITHS 00Pa3yloT MOJHYIO IPYIILY H
HECOBMECTHBI, CyMMa UX BEPOATHOCTH

P(A)+ P(4) =1. (2.7)
Ilpumep: otka3 u 0e30TKa3zHas paboTa FIEMEHTA.
Teopemul ymHuoscenusn eepoamuocmeit

Beposamnocms coemecmnozo nosgnenus 08yx He3a8UCUMBIX COObIMULL
PAasHa npou38e0eHUI0 8ePOSIMHOCMEN IMUX COOLIMUIL
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P(A4B) = P(4) [P(B) 2.8)

BeposTHOCTh MOSIBIICHUS HECKOJIBKUX COOBITHI, HE3aBHUCHUMBIX B COBO-
KYITHOCTH, paBHA MPOU3BEICHUIO BEPOSITHOCTEN ATUX COOBITUI

P(A LA, [A[..[4) = P(A)P(A)P(A)L.[PA).

Bepoamnocms cosmecmnozo nossnenus 08yx 3a8Ucumbix cOObImMull pasHa
NPOU3BEOEHUIO BEPOAMHOCIU 00OHO20 U3 HUX HA YCIOGHYIO 8EPOSAMHOCHb 8MO-
pozco

P(AB) = P(A) (P, (B);

(2.9)
P(AB) = P(B) [P, (A).

CJIeI[CTBHe. BCPOHTHOCTB COBMCCTHOI'O IMOABJICHHUA HCCKOJIBKHNX 3aBHCH-
MBIX COOBITHI paBHA IPOU3BCACHUIO BEPOATHOCTU OAHOI'O U3 HUX HA YCJIIOBHBIC
BCPOATHOCTH BCEX OCTAJIBbHBLIX, IIPHYEM BCPOATHOCTH KAXKAOI'0 IOCICAYIOLICTO
COOBITHS BEIYHCIISIIOTCS B MNpEAIOJIOXKECHNH, YTO BCC IPCALIAYITHEC COOBITHS YXKE
ITOSABHUIINCDE.

P(AITAIAL.TA) =P(A) [PAl(AZ) [PAlAZ (A) [...[PAT“An_l(,%),

rIe PA1 Ay AL (An) — BEPOSITHOCTh COOBITHUSI An, BBIYUCJICHHAS B MPEIOJIO-

)KeHHH, 4T0 cobbITus A4y, A,,...,A,_; HacTynuimn.

Teopema eepoamnocmu nosae1eHUA XOMA Obl 00HO20 COOBIMUA

[ycts cobbitust Ay, Ay,...,A He3aBUCHMBI B COBOKYITHOCTH, MpPHYEM
P(A4)) = py, P(4,)=p,, ..., P(4,) = p,, a B pe3ynbTare ucnbiTanuii Mo-

I'yT HACTYIIUTh BCE COOBITHS, TMOO YaCTh U3 HUX.

BeposTHoCcTh HacTyIieHus: cOObITHS A, COCTOSIIErO B MOSBIEHUH XOTS
661 ogHOTO U3 coObIThit A, A,,...,A,, HE3aBUCUMBIX B COBOKYITHOCTH, paBHa
Pa3HOCTH MEXKIY E€AMHULEN U IPOU3BEICHUEM BEPOSITHOCTH IIPOTHBOIIOIOKHBIX
COOBITHI ZI,ZZ,...,Z

ne

P(4A)=1-qlq,!...[q,, (2.10)

rae ¢ = P(A), 4, = P(A), ... d, = P(A).
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B wactHOCTH, eciu Bce N coObITHIT UMEIOT OJTMHAKOBYIO BEPOSITHOCTD, TO
BEPOSITHOCTD MOSIBJICHUSI XOTSI ObI OJTHOTO U3 3TUX COOBITHIA

P(A)=1-q".

Teopema noanoit eepoamuocmu

Teopema nosiHOM BEpOATHOCTU (POPMUPYETCSI HA OCHOBAHUU TEOPEM CIIO-
YKEHHSI 1 YMHOKEHUS BEPOSTHOCTEN.

ITycmo cnooicnoe cobvimue A modcem npousoumu monvKko ¢ ocyuecme-
neHuem N Hekomopwvix Opy2ux HeCOBMECHMHbBIX COOLIMULL - NPEONOIONCEHUL, Ha-

svigaemvix eunomesamu H; , obpasyrowumu noanyio epynny necosmecmuwix co-
ovimuti H .

H=H,+H,+..+H +..+H_, (2.11)

P(H) =Y. P(H,) =1,

CoObite A MOXKET OCYIIECTBIMTBLCS, €CIH TIPOM30WAET OJHO U3 CJie-
nyromux napubix coobituit: H; ¢ Bepostroctsro P(H,) u A/ H; ¢ Beposr-

noctero P(A/H;).

BeposTHOCTH nosiBIIcHUs coObITus A onpenensercs 1mo GopMyJie MOIHOMI
BEPOSTHOCTU

P(A) =Y. P(H,) [P(A/H,). 2.12)

i=1

IIpumep. TpeOyeTcss onpenenuTb BEPOATHOCTh OTKa3a CEKIIMH MEXaHU-
3upoBaHHON Kpenu (. 3a BpeMs paboTel , eciu BepoOsSTHOCTU HE3aBHCHUMBIX
otka3oB (, ee anmemeHTtoB: ruapocroek (I'C), ruapoUIMHAPOB MEPEIBIKKH
(I'TT), metamnokouctpykuuu (MK) u 611oka ynpasienus cekuueir (BY) cocras-
JISIFOT JUT BpeMeHU 1 COOTBETCTBEHHO:

0..= 0,05 q,=0,02; 0,=003n (g =004.

Jaaum moHsATHE COOBITHS «OTKa3 CEeKIMHU Kpernu». CeKlus Kpemnu OTKa-
JKET, €CIM OTKAXKYT. TMIPOCTOMKA WJIA THAPOLMIMHADP NEPEABUKKHU, WIH Me-
TAJUTOKOHCTPYKIIHS, UK OJIOK yNPaBICHHsI, UM TUAPOCTONKA U TUAPOLMIIMHAD,
WJIM TUAPOCTOMKA U METAJUIOKOHCTPYKIUSA U T. 1.
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[TosTomy nnst paccMaTpuBaeMoOro COOBITHS CIEIyeT, UTO JJis pacuyera Be-
POATHOCTH OTKaza (. CEKIMM MEXaHM3MPOBAHHOM KpENH CIIEAYeT HCIOJIbL30-

BaTh TEOPEMY CJIOKEHHUS BEPOSITHOCTEH JIJIT COBMECTHBIX COOBITHM, a /IS OTpe-
JIETICHUST BEPOSTHOCTH O€30TKa3HOW pabOThl TEOpEMY YMHOKEHUS BEPOSITHO-
CTEH JUI HE3aBUCHUMBIX COOBITHH.

Taxum oOpazom:

Oc = O t Oy Oy T 05y ~ O L0y ~ O L0y = O L0y ~ O L0 —
~ Oy LG5y = O L0y + O L0y L0y + O (O [y + O [0, [y
+ 0, [0k [Dsy ~ O [0, [0, LDy -
TozcTaBuM BMeCTO (| MX BETMYHHBIL, TIOTYYHUM
g.= 0,05+0,02+0,03+0,04-0,05-0,02-0,05-0,03-0,05-0,02-0,03-0,02-0,04-

-0,03:0,04+0,05-0,02-0,03+0,05-0,02-0,04+0,03-0,04+0,02-0,03-0,04-
-0,05-0,02-0,03-0,04 = 0,133.

Jlyia pelieHus: OCTAaBICHHON 3aJaud MOXKET ObITh MPUMEHEHa Teopema
YMHOXEHHS BEPOATHOCTEHN I He3aBUCUMBIX cOObITUI. CoObITHE «Oe30TKa3Has

pabota» cexuun kperu P, 3a Bpems [ ocymectsisercs, eciau 6e30TkasHO Oy-

nyT padorate ['C, I'TI, MK u BY, Torna

P,=P_[P_ [P, IP

MK oOy.

ITockonpky OTKa3 M «Oe30TKa3Hasg paboTa» CEKLUM KpEemu — COOBITUS

IPOTHBOMOJIOXKHEIE, TO Beanaunsl P, P P

K ,P6y MOTYT OBITh HAWICHBI TIO

3a[JaHHBIM 3HaYeHusM (., J,,, , 0, » {5y » @ IMCHHO
P.=1-0; P, =170, Py =1- 0y Ps, =1 0Qg,.
B urore nonyuaem
P, =(1-0,05) - (1-0,02) - (1-0,03) - (1-0,04) = 0,867.
. =1-P,=1-0,867 =1,33.

Dopmyna beiieca

Teopema runores SBISETCS CIEICTBUEM TEOPEMBI YMHOXXEHHUS U POpMY-
JIbI TIOJIHOM BEPOSTHOCTH.

HUmeemcs nonnas epynna necoemecmuwix eunomes H,H,,....H . Us-
secmubl doonvimmuvie eeposmuocmu smux eunomes P(H,), P(H,),...,P(H ).
Hzeecmnor makce ycnosnvie eeposmuocmu P(AlH;) cnoocnozo coboimus

A y KOMOpoe MoaHcem noABUMsCA emecnie C OOHOI U3 2Unomes Hi .
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[TpoM3BOANTCS OIBIT, B PE3YJILTATE KOTOPOrO MPOU3OIILIO COObITHE A, HO
HEHW3BECTHO, BMECTE C Kakoif u3 rumote3 [1; 0CyIecTBHIOCH 3TO COOBITHE.

B 5TOM cily4ae 3HaUEHHUs YCIOBHBIX IIOCIEONBITHBIX BEPOSTHOCTEH IHIIO-
te3 P(H, / A) onpenensercs no teopeme runores:

P(H,) [P(A/H,)

> P(H,) (P(A/H)

P(H,/A) =

(2.13)

IMpumep. IIpu paboTe 0OYMCTHOTO MEXaHU3UPOBAHHOTO KOMILJIEKCA, CO-
CTOSALIETO U3 BHIEMOYHOM MalIuHel — B, qocraBouynoi Mammuel — /[ , v Kpe-

nmu - K B pa3Hble MOMEHTBI CMEHBI COTJIACHO TEXHOJIOTHU TOPHBIX paboT Mo-
ryT QYHKIIMOHUPOBATH OJHA WJIM HECKOJBKO MAaIIMH OJHOBpPEMEHHO. [ umnore3a

H, — dyaxumonunpyror tpu mamunsl B, /[, K'; runoresa H, — dyskimo-
uupyot /[ n K; runoresa H; — dpynkunonupyer tonsko kpens K . OObI4HO
B, 1 n K oyuxkunonupyror 40% spemenn cmensl, T.e. P(H,) =0,4; /] u
K —5%spemenu t.e. P(H,) =0,05; K — 55%gpemenu t.e. P(H3) =0,55.

VCIIOBHBIE BEPOATHOCTH MOSBIEHHUS OMACHBIX OTKA30B 00OPYIOBAHHUS
(cobbituss A) coorsercreenno pasubl: P(A/H;)=0,03; P(4/ H,) =0,02;

P(Al H,;) =0,01.
Tpebyercs onpenenuts ycnoHyo Bepostocts P(H,/ A) u Beposrt-

Hocte P(A) cobwitus A (HemosBIeHUs ONACHOTO OTKa3a) B JIO0OH MOMEHT
CMEHBI.

P(A) = P(H,) [P(A/H,) + P(H,) [P(A/H,) + P(H,) [P(A/H,) =
=0,4-0,03 + 0,05-0,02 + 0,55-0,01 = 0,0185.
P(H,) [P(A/H,) _ 0012

S P(H,)[P(A/H,) 00185
i=1

P(H,/4)= = 0,6486.

IloBTOpPEHME ONIBITOB

B Teopuu HaJEKHOCTU NPUXOJUTCS BCTPEYATHLCS C 3aJa4aMi, B KOTOPBIX
OJIMH U TOT XK€ OIBIT IIOBTOPSAETCS HEOJHOKPATHO. B pesysbrare Kaxa0ro ombl-
Ta MOKET MOSBUTHCS MJIM HE HOSBUTLCS HEKOTOpoe coObiTue A . Ilpu 3TOM MH-
Tepec MPEACTABISLET HE PE3YIIBTAT KaXI0r0 OTAEILHOIO OIBITA, a OOILEE YKCIIO
nosiBieHuss coobitusg A . Takue OmbITHI HA3BIBAIOTCS HE3aBUCHUMBIMUA OTHOCH-
TeabHO coObITHS A .
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Koria npu npoBeieHHH 71 HE3aBUCHMBIX OIIBITOB BEPOSTHOCTH P 1osiB-
nenus cobbITust A BO BCEX OMBITAX OJHA M Ta K€, TO BEPOATHOCTH TOTO, YTO CO-
osrtne A Hactynut, poBHo K pas, He menee K pas, 6onee K pas, u ne 6onee K
pa3, MoXeT ObITh onpeneseHa mo gopmyne beprymu u reopemam Jlamnaca.

®opmyaa bepuyiiu

Beposamnuocmv mozo, umo 6 N He3a8UCUMBIX ONbIMAX, 8 KAHCOOM U3 KO-
mopuix eeposmuocmo nosenenus coboimua P(0< p 1), cobimue A nacmy-

num poeno K pas (6espaznuuno 6 xaxoii nocredosamenvrocmu).

P, (k) =cy [p“ "™, (2.14)
P =g (2.15)
i P '
rie =1—p.

BeposTHOCTb TOTO, UTO COOBITHE HACTYIIUT!
menee K paz

F.(0)+ R @) +...+ B (k-1; (2.16)
Somee K pas
P(k+)+P/(k+2)+..+P,(n); (2.17)
e menee K pas
F.(K) + B, (k+D) +...+ B, (n); (2.18)
e Gonee K pas
P.(0)+R,@) +...+ P, (k). (2.19)

IIpumep. TpeOyeTcst paccunTaTh BEpOSTHOCTH NosiBieHus pasuo 0O, 1, 2,
3 1 4-X 0TKa30B CEKIMI MEXaHW3UPOBAHHOW Kpenu B YeTbipex (7 = 4) He3aBH-
CHMBIX ombITax (pabo4ymx CMEHaX) CEeKIMH MEXaHW3UPOBAHHOW KpEIH, eCii Be-

positHOCTh OTKa3a cekunn (. (1 = 6u) =0,133,a BeposATHOCTD GE30TKA3HOM pa-
6orer P, (t =6u) =1-(,(t =6uy) =0,867.

k=0: P,0)=cj[° p*=1-10867=0,56504;
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k=1 P,(1)=c; @ [p°=401330867 =0,34671

Y. 222 A _
k=22 P,(2)=c°p = o2y 0,133 [0,867° = 0,07978

4l
k=3 PR =c@’p'=—— [013F [0,867=0,00816,
2 (3) =c, [g° [p 34-3)

k=4: P,(4)=c; " p°=10133"[=0, 00031

n
[Ipu sTOM kZPn (K) =1, uTo ¥ HOATBEPKNAIOT MONYYEHHBIE PE3YIHTATHI
=0
pacueTos.
Menee K pa3

P,(0)+P,@+...+ P,(k—-1) = 056504+ 0,34671+ 0,07978+ 0,00816= 0,99969
He meHee K pa3
P (k) + P,(k +1) +...+ P. (k) = 0,00031
He oosiee K pas
P.(0)+ P.(1) +...+ P,(K) =1.
Teopema Jlansiaca (J1okaJbHast)

Beposamuocmv moco, umo 6 N He3a8UCUMBIX UCNBIMAHUAX, 8 KAXCOOM U3
xomopwix eeposmuocms nosenenus coovimus pasna P(0< p <1), cobvimue

nacmynaem posno K pasz (6espaziuuno 6 xaxoii nocredosamenvHocmis) m.e.

P,(K) = J:—mww, (2.20)
e )= Lo 2. x=KZMP

Jan Jong”

@(X) - maxonar no Tabauuam.



Teopema Jlaniiaca (MHTerpajbHas)

Beposamnuocmv mozo, umo 6 N He3a8UCUMbBIX UCHBIMAHUAX, 8 KAHCOOM U3
Komopwix eeposmuocms nosenenus coboimus pasna P(0< p <1), cobvimue

Hacmynum He mMeHee kl He boJiee k2 pas, m.e.

R (ky, kp) = D(X") = D(X), (2.21)

72

e D(X) = \/2—”\ 2(z - ¢yuxuust Jlamaca;
k_np X"_kZ_np

Jpg "7 Jnpg

Ipumep. Cnydaiinbie 3HaueHus: BpeMeHu pabothl 1 ouncTHOrO KOMOAii-
Ha MEXJy OTKa3aMH MOJUUHSIOTCS 3KCIOHEHIMAIbHOMY 3aKOHY pacrpesese-

X:

uust. CpeHsis HapaboTKa Ha oTKa3 komOaiina 7' = 194. Tpebyercs onpenenuTs
BEPOSATHOCTH Oe30TKa3Hoi pabotel P(t) xomGaiina nns mectryacoBoii padoueii
cmensl (t = 64) u BepostHOCTL NOnananus CB B uatepsan @ = 94; = 19u.
ITo dopmyne (10), npunsiB t = 6au M =T, =194, nonyaum
6
Pt =6y) =A 10 =\%%® =729

ITo ¢popmyne (12):
9 19

Bep(9u <t <19y) =A 19 —) 19 = \7%474 _\71 = 9 523- 0368 = 0,255.

IIpumep. Cpennsisi HapabOTKa 10 OTKa3a 3JIEMEHTOB FOPHOW MAIlIMHBI,
TEpSIOLIEro padOTOCMOCOOHOCTh MO NPUYMHE M3HAIIMBAHUS COCTABISET

T, =12004, ciyvaiiHble BEeIMYUHBI HAPAOOTKH 10 BpeMeHH {; momuuHsoTCS
HOpMaJIbHOMY 3aKkoHy pacmpeznenerus. Koapduunent Bapuaunn V,= 0,35.Pac-

cuntats P(t) nna t= 3004 u BeposTHOCTL Nonananus CH Ha uHTepBale ¢
rpanuniaMu @ = 10004 u ,8 = 2000y.
ITo popmyse (15)

P(t =300 = 05— p(S20_ "y

t
Hpuassm, =T, =1200u u O, = U,m, =0,35-1200= 4204, nosy4nm
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30071200 _ o5— h(~214) = 05+ (214).

300-1
P(t =300 = 05—
( ) A —

Cormacno ta6m. I11 [3] na 2= 2,14 ¢h(2)=0,484.
Torna P(t =300)= 0,5+0,484 = 0,984.

Bep(@ $t< B) = (20 = (=) = p(19) - (~048) =

42C
= (1,9) + p(048) = 0,471+ 0184 = 0,655.

HauBeposiTHelIIee YMCI0 HACTYIUVIEHUH COOBITHSA

Ywucino Ko (HaCTyr[JICHI/I}I COOBITHI B HE3aBUCHUMBIX HUCIIBITAHUAX, B KaXK-

JIOM U3 KOTOPBIX BEPOSTHOCTH MOSIBIICHHS COOBITHII paBHA p ) HA3bIBAIOT HaW-

BCpOHTHCﬁMHM, €CJIM BEPOATHOCTDb TOI'O, UTO COOBITHE HACTYIIUT B 3THUX HUCIIbI-
TaHHUAX k pas3, IPEeBBIIIACT MJIM HEC MCHLIIC BCPOATHOCTU OCTAJIbHBIX BO3MOXK-
HBIX NCXOJHBIX WCIIbITAHUM.

HauseposiTHeiiuee uncino K, onpenensercs n3 ABOIHOTO HEPaBEHCTBA

np—q< K, <np+q. (2.22)

[Tpuuem ecin np — ( apoOHOE, TO CYLIECTBYET OJJHO HauBEpOsITHEIIEee Ync-
no K. Eciu np — ( uenoe, To CyliecTByeT ABa HanepostHenmx uncaa K

u K , 11, ecim uncio 7p uenoe, To HAMBEPOATHEHUIIEE YMCTIO K ,=np.

B Tex cimyuasx, korjaa BeposSTHOCTh P mosiBinenust coobitust A U3 onbITa
K OIBITY MEHSETCS, ONpPEIEIEHHE BEPOSTHOCTH MOSIBJIECHHs COObITHS A POBHO
K pa3 u3 rpynmsl 7 He3aBUCHMBIX OIBITOB HPOM3BOJUTCA HA OCHOBAHHU 00-
LIEH TEOPEMBI O IIOBTOPEHUH OIIBITOB

Py n = p Lo, L.Lpy Lo, LL.LG, +...+ p, L, Lp; L0, [P, +
+..+0, [0, L0 [ Prokes L[ Py (2.23)

T.C. HICKOMas BEPOATHOCTb PaBHA CYMMC BCCX BO3MOKHBIX HpOHBBCI[CHHﬁ, B KO-
TOPBIX P C pa3HbIMU HWHIACKCAMH BXOIWUT kpa3, a q C pa3HBIMU HMHJCKCaMHU

(n — k) pas.
JIns TOro YTOGBI YMCTO MEXAHMYECKH COCTABIATH BCE YKA3aHHBIE BO3-
MO>KHBIE TIPOM3BEIEHNS, HCIIOIL3YIOT IPOU3BOASILYIO (BYHKIIHIO.
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[IpounsBomsimieil ¢pyHkimel BepostHocTeld P, (k) naseBaror Qynximro,
OIPENEISIEMYIO PABEHCTBOM

9,(2) = (P2 +q)(PZ+ q)...(P, 2+ 7). (2.24)

BCpOHTHOCTB Pn (k) TOTO, YTO B /1 HC3aBHCHMBIX MCIBITAHUAX, B IICP-
BOM M3 KOTOPBIX BCPOATHOCTDL IOABJICHUSA COOBITHS A paBHa pl’ BO BTOPpOM —

k
P, ¥ T.J1., cOObITHE TOsiBIsieTCs poBHO K pas, pasna koodduimenty npu Z2° B

Pa3I0XKEHUH MPOU3BOAAIIECH (PYHKIIUH 110 CTETICHU 2 .
Hanpumep, npu n = 2

$,(2) =(pz+0qy)(P,2+0y) = Py pzz2 +(pQ, + pqu)zl +0,0,-

2
3nech koahduument P; P, mpu 2° pasen BepositHocTH P, (2) Toro, uto
B IBYX HCHOBITaHMAX coObitie A mosBuThes 2 pasa, KOdPPUIHUEHT

P10, + P,0, mpu Z' pasen BepostroctH P, (1) Toro, uro coGetie A mosi-

0 .
BUThCA 1 pa3, kodddunuenT npu Z°, 1.€. cBoOOAHBIN wieH (;(, paBeH Bepo-

atnocti P(0) Toro, uto cobbiTHe A HE MOABUTHLCA HU OJHOTO pa3a.
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3. CIYYAWHBIE BEJIMUUHBI U UX XAPAKTEPUCTHKA

BHe3anHbIe 0TKa3bl OMPENEIAIOTCS CIIyYaiHBIMU HEOJIaronpUsTHEIMH CO-
YeTaHUSMHU HECKOJBbKHX (pakTopoB. CiydaifHOCTB CBsI3aHA C TEM, YTO HMPUYHNHBI
COOBITHSI OCTAIOTCS Uil HAac CKPbIThIMH. CyIIECTBEHHOE paccesHUe IMpH JKC-
IUTyaTalluyd TOPHBIX MAIIMH U AJIEKTPOOOOPYIOBAHUS UMEIOT JISHCTBYIOIINE Ha-
IPY3KH, MEXaHUYECKUE XapaKTePUCTHUKH MATepHaIoOB U JIeTallel, 3a30Pbl, HATS-
T'H, KPUTEPUH PECYPCOB YCTAIOCTH, U3HOCA U T.II.

[TosTOMy B pacueTax HaJEKHOCTH MHOTHE ITapaMeTphl JOJDKHBI paccMart-
pHUBATHCS CIy4ailHBIMU BEITMYMHAMH, T. €. TAKUMHU, KOTOPbIE MOTYT IPHHAMATh
TO WJIA UHOE 3HaueHHE HEM3BECTHOE 3apaHee. OHU MOTYT OBITh HENMPEPHIBHOTO
TMCKPETHOCTHOTO (MPEPHIBICTOTO) THIIA.

B pesynbraTe OMBITOB Ciy4ailHble BEIMYMHBI IMONYyYalOT KOHKPETHBIC
peanm3anu.

JIucKpeTHas ciy4aiiHash BelWYuMHA X MOMKET TOJYYUTh 3HAYCHUS

X1, X9,...,X, . KaX1oe U3 5TuX 3HaYeHUH BO3MOXXHO, HO HE JOCTATOYHO, U Be-

JMYMHA X MOKET INPUHATH KAXKI0€ U3 HUX C BEPOSTHOCTBIO D1, Poyerny P, -
B pesynbrare ombiTa BeqmuuHa X TPUMET OJHO W3 3HAYEHHH X, T. €.

POU30MAET OTHO U3 MOJHON IPYMIbl HECOBMECTHBIX COOBITHIA:

X =x)

X =x
2>

X =x

Tak Kak HECOBMECTHBIE COOBITHS 00Pa3yIOT MOJHYIO TPYIIIY, TO

n
2.R=1
=1

OTa cymMMapHas BEpOSITHOCTh KAKMM-TO 0Opa3oM paclpejesieHa MEXIy
OT/AEJIbHBIMHU 3HAYCHUSIMU.

Ecnu B TouHOCTH OYJET yKa3aHO, KAKOH BEPOSATHOCTHIO OTAAET KaXKIA0€ U3
COOBITHUI MOSBJICHUE KOHKPETHBIX CIy4YalHON BEIUYMHBI, TO CllyuyaiiHas BeJd-
yiHa Oy/1eT MOJHOCTHIO OMUCAaHa C BEPOSATHOMN TOUKHU 3PEHHUS.

CooTHOILIEHNE, YCTaHABIMBAIOIIEE CBA3b MEXKIY BO3MOMKHBIMU 3Haye-
HUSMH CIIy4aiiHOW BEIVYHMHBI U COOTBETCTBYIOIMMH UM BEPOSITHOCTSIMH, Ha3bl-
BAETCS 3AKOHOM pacnpeoeneHus CiyuatHou 8elUUUHbI.

Haubonee npoctoii gopmoii 3agaHMsl 3aKOHA pacHpelesIeHUuss TUCKpeT-
HBIX CIIy4YalHBIX BEJINYUH SBISICTCA PsJ] PACIPEACIICHHUS.

31



Psim pacnpenenenust MmoxkeT ObITh TpeICTaBIeH B Bujae Tabn. 3.1,B KoTO-
POI IPOTUB KAXKIOI0 M3 BO3MOKHBIX 3HAYEHUM ClaydalHON BenuuuHbel X = X

yKa3bIBaeTCsi COOTBETCTBYIOIIAS BEPOITHOCTS [ .

Tabmuma 3.1
Pan pacnipenenenus
.xl Xl X2 X3 R xn_l .xn
Pi pl p2 p3 R pn—ll pn

JIst HarISITHOCTH TUCKPETHOE pachpeiesieHne n300paxaroT B BHIE MHO-
royroJibHHKa pacnpenenenus (puc. 3.1)

a) PI A

6) F(x)t

| |
| |
! |

I I

0 X, Xy Xg X4 .o .. X

v

n

Puc. 3.1.a — MHOTOYTOJILHUK pacTpeie/ICHNS;
0 —rpaduk QyHKIUU pacipeaeacHus (TUCKpeTHas BeJIUYHHA)
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[TomHOM 1 yHUBEpCAIbHON (OPMOU 3aMaHUS 3aKOHA PACIIPEACIICHUS CITy-
YailHOW BEJIMYUHBI sIBsieTCS (YHKIMS paclpesesieHus], Ha3biBaeMasi TakKe WH-
TerpajibHON (PyHKIMEN pacnpeneseHus Wik UHTErpajJbHbIM 3aKOHOM pachpe/ie-
JICHUS.

JInsi TUCKPETHBIX CIy4YalWHbIX BENWYUH (PYHKIUS pacHpe/eieHUs] UMEET
BU/I

F(X)= Y P(X=x), 3.1

X <X

rae HepaBeHCTBO X; < X MMOJ 3HAKOM CYMMBI yKa3blBaeT, YTO CyMMHPOBaHHE

PacIpoCTpaHgACTCA Ha BCC TC SHAYCHUSA Xi , KOTOPBIC MCHBIIIC X.

Korna texymias nmepemeHHass X MPOXOIUT uepe3 Kakoe-HUOYIb U3 BO3-
MOJKHBIX 3HAYEHHI JUCKPETHOM BenuuuHbl X , QYHKLHUS PacipeaeeHus MEHs-
€TCsl CKaYKOOOpa3HO, MPUYEM BEIMYMHA CKAYyKa paBHA BEPOSITHOCTH ATOTO 3Ha-
yenusi. CymMMa BceX BO3MOKHBIX ckaukoB QyHkuuu F(X) pasHa enunuie.

I'paduk GyHKIMM pacnperesieHus TUCKPETHOW CIyd4alHOM BEJIMYMHBI
npeacTaBisier coOOM cTyneH4yaTyro KpuByro. IlOCKONBKY aJisi HENpepbIBHOM
CIy4allHOM BEJIMYMHBI HEJIb3sl IIEPEUNUCIUTD BCE €€ BO3MOXKHBIE 3HAUYECHUs, TO
JJI KOJIMYECTBEHHOW XapaKTEPUCTUKU HENPEPBIBHOIO PACIPEAECICHUS MOJIb-
3yIOTCS HE BEPOATHOCTBIO COOBITHA X = X, a BEPOATHOCTBIO COOBITHSA
X < X. ®yukuus pacnpeeicHus HENPEPHIBHOM CilydaliHON BennuuHbl X
MMEET BUJ

F(x) =P(X <Xx), (3.2)

rae X —HEKOTOpasi TEKyIas IepEMEHHas.
®ynkuusa pacnpenenenus F(X) sasnsercsa neyOwiBaromieil (yHkiueit

cBoero aprymenta, T. €. F(X,) 2 F(X;) mpu X, = X;.
Ha munyc 6eckoneuynoctu GyHKIUS pacrpeneaeHus paBHa HYJIIO,

F(—) =0. (3.3)
Ha mmtoc 6eckoneunocTr pyHKITNS pacTpeieieHus paBHA €IUHHUIIE,

F(+00) =1. (3.4)
['paduk dyHKIMU pacnpesereHus HENPEPhIBHOW CIIydallHOW BEJIMYHUHBI
IpeJCTaBlIeH Ha puc. 3.2.
3Has 3Ty QYHKUIMIO pacnpeeNieHus: CydailHOW BEJMYMHBI, JETKO OIpe-
JEJUTh BEPOATHOCTD MOMATAHUS CIy4YaliHOW BEIMYUHBI HA 3aJaHHBIA YYaCTOK.
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) F(x) |

F(f)
F(a)

0)

Puc. 3.2.a —rpaduk byHKIIUU pacrpeacieHus;
0 — IJIOTHOCTH pachpeiesieHHs] HEeMPEPhIBHON CIIy4aiiHON BEJIMYUHBI

[Ipu pemieHnn MPaKTHUECKUX 3a7a9 YACTO OKAa3bIBAECTCS HEOOXOIUMBIM
BBIYHCIINTH BEPOATHOCTDH TOTO, YTO CIy4alHAas BEJIWYWHA NPUMET 3HAYEHHUE, 3a-
KIFOYEHHOE B KaKMX-TO Ipefenax oT & 10 [3. IIpu 5ToM 0OBIMHO JIEBBIH KOHELL

@ Bkmouaercs B ydactok (@, ), a npaseiit [ - He Bkmouaercs. Tora noma-
nanue ciaydaiinoi BenmuumHbl X Ha ydactok (@, [3) paBHOCHJIBHO BBINOJIHE-
HUIO HEPaBEHCTBA

asX<p.

BeposTHOCTE 3TOTO COOBITHSI MOKET OBITh BhIpaKEHa 4Yepe3 (YyHKIIHIO
pacnpeeaeHus BeIHIruHbl X .
PaccmatpuBatoTcst Tpu COOBITHS:
coowitie A: (X < )

cobeitue B: (X < @)
coowtne C: (a £ X < B)
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Vuursisas, uto A = B + C, cormacno Teopeme crnoxenus BepoOsATHOCTEM

P(A4) = P(B) + P(C), (3.5)

P(X<pB)=P(X<a)+P(as X<p). (3.6)
Hockomeky P(X < B) =F(B), a P(X £a) = F(Q), umeem
PlasX<pB)=F(B)-F(a), (3.7)

T.€. BEPOSITHOCTD MOMAJaHUs CIIy4YalWHOU BEJIWYHHBI HA 33JaHHBIM Y4aCTOK paB-
Ha IPHUPAIEHUI0 (PYHKITUU pacTIpeIeICHHsI Ha 9TOM y4acTKe.

JIns XapakTEepUCTUKH HEMPEPBIBHBIX CIYyYalHbIX BEJIWYMH HapALy C
byHKIIHEH pachpeneieHus] MHUPOKO HCIOIb3YETCS TUIOTHOCTh BEPOSTHOCTH

f (x), nassiBaemas ougppepenyuanvubvim 3akonom pacnpedeneHus
f(x) = F'(x). (3.8)

['paduK IIOTHOCTU BEPOATHOCTH HA3BIBAETCS KPUBOM pacpeae/eHus.
[I10THOCT ~ BEPOATHOCTH  SABIAETCS  HEOTPULATENbHONH  (yHKIHMEHt
f (x) =0, Tak kak QpyHKUUS pacrpeeNeHus ABIIETCA HeyObIBAIONIEH.

I/IHTeraH B OECKOHEUHBIX npeaciax OT INIOTHOCTH BCPOATHOCTH PAaBCH
CAUHUILIC.

ojo f(X)dx =1, (3.9)

T.€. IJIOIIAJb, OTPAHUYEHHAs KPUBOW PACIPENENICHHs U OChO abclucc, paBHA
€MHHUIIE.

OyHKIMS paclpenesieHusl MOXKET ObITh BbIpAaXKEHA 4epe3 IUIOTHOCTh Be-
POSITHOCTH

F(X) = )j(f(x)dx. (3.10)

I'eomerpuueckn F (X) —momans noa kpuBoii pacrpeaeneHus, exkanias JeBee

TOYKU X.
BepOHTHOCTb MMOonaaaHus BEJIUYHUHBI X Ha OTpPE30K OT &' 10 ,3 BBIpaka-

€TCA 4CPE3 INIOTHOCTE BEPOATHOCTHU CIACAYIOIIUM o6pa30M:

wa<x<m:fu@m. (3.11)
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[eOMETpUYECKH BEPOSATHOCTh IIONAJAHUS CAydalHOM BenumuuHbl X Ha
y4acTok oT @ 10 [ pasHa nuomamu o kpusoii pacnpenenenus f (X), orpa-
HUYEHHOM opMHaTaMK B Toukax & u [3.

I[JI?I BCPOATHOTO OIIMCAaHUA CJIy‘lElﬁHBIX BCJIMYMH HIMPOKO HUCIIOJIb3YHOTCS
YUCJIOBBIC XapPAKTCPUCTUKMU.

Mamemamuueckum odxncuoanuem M N CIy4ailHOM BEJMYMHBI, WIH €€
CpEAHUM 3HAYEHUEM, HA3BIBAETCA CyMMa MPOU3BEJACHUN BCEX BO3MOMKHBIX 3HA-

YEHNU CIIy4allHOM BEJIMYMHBI HA BEPOSATHOCTD ITUX 3HAYCHUM.
JInst AMCKPETHBIX CIIyYalHbIX BEJIMYUH

M(X) :anxi E (3.12)

i=1

JI71s1 HenpepBIBHBIX CIIy4anHbIX BEIUYUH
M(X) = [xf(x)dx. (3.13)

Moooiu Mo caydaiinoii Ben4MHbBI Ha3hIBAETCS TO €€ 3HAYEHUE, B KOTO-
POIi IJIOTHOCTh BEPOSITHOCTH MakcuMalibHa (puc. 3.3).

Meouanou Me cny4aiinoli BeIWYMHBI Ha3bIBAETCSA TAKOE €€ 3HAUECHHE,
JUJIS. KOTOPOT'O0 OJMHAKOBO BEPOSATHA ClydaiiHas BETWYMHA MEHbIIE WU OOJIbIIe
Me (puc. 3.3).

JInsl XapakTepUCTUKU CIIyYaWHBIX BEJIMYHUH UCIIOJIb3YIOTCS TAKXKE HAUAIb-
Hble U YEeHMPAIbHble MOMEHMbL.

f (X) A

|
|
|
|
|
|
|
I
|
|
— |
|

0 Me Mo

Puc. 3.3.Mopna u meanana ciy4aifHON BEJTUYUHBI

Hauanvuvim momenmom K —ro mopsika auckpeTHoi ciaydaiiHoil Benu-
ypnbel X Ha3bIBae€TCS CyMMa BHMJA

ay :ixik SE (3.14)
i=1
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JI71s1 HenpephIBHOM CIIy4allHOW BEJIMYMH
a, = [x*f(x)dx. (3.15)

B oTnuure oT HayadbHBIX MOMEHTOB LIEHTPAJIbHbIE OTHOCSTCS K IIEHTpa-
JIM30BaHHBIM CITyYalHBIM BEJIMUMHAM.

Lenmpanuzoeannon ciyuainoi eeauyunoi X Ha3BIBACTCA OTKIOHEHHE
CIly4aiiHO# BenuuHbl X OT €€ MaTeMaTHYeCKOTO OKUIaHHS:

X=X-M(X). (3.16)
HCHTpaHBHBIC MOMCHTBI k —T0 IIOopAdKa HAXOOATCA U3 BBIpa)KeHHﬁ:

I TUCKPETHOM CIIyYaliHOM BEJIMYHMHBI
: k
M, =2(x-m)"p, (3.17)
i=1
IUJT. HEMPEPBHIBHOW CIIy4alHOMW BEJTUYUHBI
0]
_ _ k
M = [(x=m,)* f(x)dx. (3.18)
—00
N3 Bcex MOMEHTOB AJI1 XapaKTEPUCTUKH CIyYalHbIX BEJIMYUH Yallle BCe-
ro NPUMEHSAIOT NEPBBIA HaYaabHBIA MOMEHT &, NMPEJCTaBIIAIOIMUNA cO00H Ma-

TEMAaTUYECKOE OJKUAAHUE CIly4YalHOW BEIMYUHBI & = M, , ¥ BTOPOH LEHTPAIIb-

ub1it Momentr M 5, HA3bIBAEMBIN JUCTIEpCUEN DX CIIy4YaliHOM BEJIMYMHBI.

JI719 IMCKPETHOM CITy4YallHOW BEJIMYUHBI
: 2
D(X)=2.(x —m,)"p, (3.19)
=
JI1s1 HenpepbIBHOM CITy4allHOW BEJIMYHHBI

D(X) = [(x=m,)? f (x)dx. (3.20)

Jlucnepcus SBISIETCA XapaKTEPUCTUKON PACCEUBAHUS CIIYYAWHOW BEJIUMYU-
HBI, pa30POCAHHOCTH €€ 3HaUYEHU OKOJI0 MATEMATUIECKOTO OKH/IaHUS.
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Hapsiny ¢ aucnepcueil moap3yroTcs cpeoHuM Keaopamuyeckum OTKIOHE-

HHUEM CIIYYaNHOW BEJIMYUHBI
g, =+D,. (3.21)

OTtHolIEHHE BUIA

X (3.22)

Ha3bIBaeTCs Koagpuyuenmom eapuayuu (UsmeHyusocmu) CIydalHOW BeH-
YUHBI.

Keanmunbio Ha3bIBAIOT 3HAYCHHUE CIIYYAWHOW BEIMYHUHBI, COOTBETCTBYIO-
1iee 3aJaHHOM BEPOSTHOCTH.

KBantunp, coorBeTcTByMomas BepostHocTu 0,5, Ha3piBaeTca Menua-
HOH, T. €. MIoIaAb noja rpadpukoM (YyHKIIMU MIOTHOCTH ACIUTCA MEIUAHOU
IIOII0JIaM.

JI1s1 XapaKkTepUCTUKU PACCESHUS CIy4alHOM BEJIMYMHBI HCIIOJIB3YIOT TaK

K€ BEPOATHOC OTKIIOHCHHE, PAaBHOC ITOJIOBHHC paSHOCTCﬁ kBaHTHIIEH X 075 H

X 025, T.€. 3HAYCHHH CIIyYailHONW BEITHYUHBI, COOTBETCTBYIOMINX BEPOSITHOCTSIM
0,75u 0,25.

Cucrema IByX CIIy4ailHbIX BEJIUYHUH

[Ipn pemieHMM TPAKTUUECKHUX BOIPOCOB HANAEKHOCTH TOPHBIX MAIIWH
BO3HHUKAIOT 33/J1a4d, B KOTOPBIX PE3YJIbTAT OMNbITA OMUCHIBACTCS HE OJHOM CIIy-
YJalHON BEJIMYUHOMN, a HECKOJIbKHUMH.

dynkuueil pacupeseneHus cucteMsl AByX ciydaiinpix senuuun (X,Y)
Ha3bIBAETCS BEPOSTHOCTH COBMECTHOTO BBIMOJHEHUS JBYX HEPABEHCTB

F(x,y) = P{(X <x)(Y < y)}. (3.23)

3aKOH pacnpeeseHus CUCTEMbl HENPEPBIBHBIX CIy4YalHbIX BEJIHYMH
00bI4HO 3amaéTca He (QYHKIUEH pacrpeneieHus], a MIOTHOCThIO BEPOSITHOCTU
pacrpeneneHus.

I110THOCTB pachpejielieHus CUCTeMBI ABYX ciaydaitnbix Benuund f (X, Y)
IpeACTaBiIsIeT cOOOM BTOPYIO CMENIAaHHYI0 YaCTHYIO MPOW3BOJAHYIO (DYHKIIMH

F(X,y) no Xuy.

9%F (X, .
f(x,y) =%yy) = E"y(x, ). (3.24)
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[110THOCTH pacmpeneneHusi CUCTEMBI SBIISETCS HEOTPULATENbHON (yHK-
nuen
f(x,y)=0. (3.25)

JIBOiTtHOI MHTerpan B OECKOHEUHBIX Mpejesiax OT IUIOTHOCTH pacipeje-
JICHUSI CUCTEMbI PABEH €JIMHULIC

| ojo f(x, y)dxdy =1 (3.26)

IInmoTHOCTE pacnpeneneHust CUCTEMBI IBYX CIIy4alHBIX BEJIMYMH pPaBHA
IJIOTHOCTU PACHPENEIICHUS] OJNHOW W3 BEJIWYMH, BXOIAIIMX B CUCTEMY, YMHO-
JKEHHOW HA YCJIOBHYIO IUIOTHOCTH PAaCIpENEIeHUsl APYrod BEIWYWHBI, BBIYMC-
JIEHHYIO IIPH YCJIOBUH, YTO MEPBas BEJIMYNHA NPUHSIA 3aJaHHOE 3HAUCHUE

f(xy)= () f(x/y), (3.27)

f(xy)=f,(y) f(x/y).

I[JI?I HE3aBUCHUMBbIX CJIy‘-IElfIHBIX BCJIMYMH, KOT'Jd 3dKOH pacCHpCACIICHUA
K&)K,Z[Oﬁ M3 HUX HC 3aBUCHUT OT TOI'O, KAKOC 3HAYCHUC IIPHUHAIA ApYyrasd,

f(xy)= £, f,(y), (3.28)

T.€. INIOTHOCTh PAaCHpEIEJICHUs CUCTEMBbl HE3aBUCHUMBIX CIy4YalHBIX BEJINYUH
paBHA NMPOU3BEICHUIO IUIOTHOCTEW paCIpenesieHUus OTACJIBHBIX BEJIMYUH, BXO-
JAIINAX B CUCTEMY.

BaxHOU 4 CII0BOM XapaKTEPUCTUKOW CUCTEMBI ABYX CIIy4alHbIX BEIUYUH

NI

ABIIACTCA BTOpOﬁ CMEIIaHHbIN HCHTpaHBHLIﬁ MOMCHT kxy, KOTOpBIﬁ HA3bIBACTCA

KOPPESLUOHHBIM MOMEHTOM (MOMEHTOM CBSI3M) CIIy4aiHbIX Benuuun X, Y .
JIns IUCKPETHBIX CIIyYalHbIX BEIUYUH

kx,y = ZZ (Xi - mx)(yj - my) P;j» (3.29)
i ]
IJIsL HETIPEPHIBHBIX
Koy =] [(x=m)(y—m,)f(x y)dxdy. (3.30)

KoppesiuoHHblii MOMEHT ONMCHIBAaET KpoMe paccenBannsg X u Y emé
Y CBSI3b MEXIY HAMM.
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JIis XapaKTEPUCTUKM CBA3M MEXKIY CIIydaliHBIMU BenuuuHamu X u Y B
YUCTOM BHUJIE HCIOJL3YETC Oe3pa3sMepHas XapaKTEpHCTHKA, Ha3blBaeMmas KO-
s} durmentom xoppensaiuu Beauaud X u Y.

k
Foy = ——. (3.31)
° o0,

JI71s1 He3aBUCHUMBIX CIIyYalHBIX BEJIMYUH KOPPEIALMOHHBIA MOMEHT k><y ,a

cleioBaTenbHO, U Kod(duuueHt xoppemwinuu I,  paBHbl Hymo. Takue ciy-

YalHbIC BEJIMYMHBI HA3bIBAIOTCS HCKOPPCIIIHOHHBIMU.

Eciu KOppCHHHHOHHBIﬁ MOMCHT CHCTEMBI ABYX CﬂyqaﬁHBIX BCINYHUH
OTJIMYCH OT HYJIA, TO OTO ABJACTCA IMPU3HAKOM HAJIN4YUA 3aBUCUMOCTHU MCXKAY
HHUMU.

MaremaTtudeckoe OXKHNAAHHUEC CYMMBI [ABYX CﬂyqaﬁHLIX BCJIMYUMH PaBHO
CYMMC X MAaTCMAaTHYCCKHX O}I(I/I,Z[aHI/Iﬁ

M (X +Y)=M(X)+M(Y). (3.32)

MaremaTndeckoe O0XUIAHUE NPOU3BEIACHHS NBYX CIy4alHbIX BEIUYUH
PABHO NPOU3BEIACHUIO UX MAaTEMATUYECKUX OXKUIAAHUN IUTIOC KOPPEJSIIUOHHBIN
MOMEHT

M (XY) = M,M k. (3.33)

Jlucriepcust CyMMBI JBYX CIIy4alHBIX BEJIIMYHMH PaBHA CYMME MX AMCIED-
CHH IUTIOC YJIBOCHHBIM KOPPEIALMOHHBIM MOMEHT:

D(X +Y) =D(X) + D(Y) + 2k, , . (3.34)

I[J'IH HE3aBHCHMBIX CﬂyqaﬁHBIX BCIIMYNH

M (XY) =M (X) [M(Y); (3.35)
D(X +Y) =D(X)+D(Y); (3.36)
D(XY) = D(X)D(Y) + M ZD(Y) + M 2D(X). (3.37)
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4. CIIOCOBBI 3AJJAHUS 3AKOHOB PACIHIPEJIEJIEHUSA
4.1. Cnnoco0bl 3aaHNsl JUCKPETHBIX CJAYYAWHBIX BeJIUYUH

[Ipn pemreHnu pas3inuHBIX 334a4 HAAEKHOCTH HCHOJIB3YKOTCA 3aKOHBI
pacupeaenaeHusl BEpOSITHOCTEN KaK JNUCKPETHBIX, TaK U HEMPEPBHIBHBIX CIIydaii-
HBIX BEJIMYHH.

Hanbonee yacTto HCMOIB3yeMBIMH paclpeieieHUsIMU sl JUCKPETHBIX
CITy4alHBIX BEJIMYWH SIBIISIOTCS OMHOMHHAIIBHOE paclpelesieHue U pacrpese-
nenue [lyaccona.

buHOMMHANBHBIM pacipeesiCeHUeM Ha3bIBACTCS 3aKOH PACIIPEICIICHUS CITy-
yaitHoii Beymunabl X —uncna K mosieienwii coObITis B N HE3aBHCHMBIX HCIIBI-
TaHMSAX, B KAKIOM M3 KOTOPBIX BEPOSTHOCTH HOSBJIEHHS COObITHS paBHa P .

BepoSTHOCTD MOSIBIEHUS KaXKIOTO U3 BO3MOXHBIX 3Ha4eHHi X = K (cne
K —umncro nossneHns coObITHs) BBIUMCIAETCS MO dbopmyne bepuymmm

__n k 4Nk
Pn(k) = (=) p'g . (4.1)

Ecnu yucno ucneITaHWil BEJMKO, @ BEPOSTHOCTH MOSBJICHUSI COOBITUN B
KQKJIOM MCTIBITAHUH MaJia, TO UCIIOJIb3yeTcs opMyna
ky—a
a“A
P(k) == — 4.2)

rae K —umcno nossnennii coObITHS B 71 HE3aBUCUMBIX HCHBITAHUAX, d =N L p
- CpeIHEeE YUCIIO MOSABJICHUM COOBITUS B /1 UCTIBITAHUSIX.

Pacnipenenienne AUCKPETHOM ClydaiiHONW BenmuumHbl X, ONUCHLIBAEMOMN
dbopmyoii (4.2),Ha3biBaeTcs pacnpeaeiacHuem [lyaccona.

4.2. Cioco0bl 3a1aHNS HeNMPEePHIBHBIX CAYYailHBIX BeJIMYHH

HaunbGosnee yacTo ucnonas3yeMble 3aKOHAMH PaCTIPEIEICHIS] HEMPEPHIBHBIX
CIy4YalHbIX BEJIMYWH, XapaKTepU3YIOUIUX HAAECKHOCTh U3JIEIUNA U UX DIJIEMEH-
TOB, SBJSIIOTCSA:  DKCIIOHEHIMAIBHBIA, HOPMAaJbHBIM, JOrapuPMUIECKHU-
HOpMaJIbHBIN U pacnpeaeienue BeiOyria.

Haoeorxcnocmo 6 nepuoo nopmanvrou skenayamayuu. B 3T0T nepuoa mo-
CTEIIEHHbIE OTKa3bl €LIE HE MOSBISAIOTCSH, U HAJEKHOCTh XapaKTEPU3yETCs BHE-
3aMHBIMU OTKa3aMU. DTH OTKa3bl BBI3bIBAIOTCS HEOJArONMpPUATHBIM CTEYEHUEM
MHOTHX O0OCTOSITEILCTB M TIO3TOMY MUMEIOT TTOCTOSIHHYIO HHTEHCUBHOCTD, KOTO-
pas He 3aBHCHUT OT BO3pacTa U3JeIIus
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Alx) = A = const (4.3)

rne, A =1/ m,, M, - MareMaTHYECKOE OXKHUIAHHE CIy4alHOW BEIUYMHBI

X
(oOBIYHO B Hacax).

BepositHocTh 0€30TKa3HON pabOThI

X

- [ Adx
P(X)=e® =™ (4.4)

OHa moguMHAETCs SKCIIOHEHIIMAILHOMY 3aKOHY paclipe/ielieHUe BPEMEHU
0e30TKa3HOW paboThl W OJAMHAKOBA 3a JIIOOOW MEpHOa BPEMEHHU HOPMAJIbHOM
IKCIUTyaTal|H.

DKCIOHEHIHAIBHBIM 3aKOHOM PaCHpeeIeHUs MOXHO amnmpOKCUMHUPO-
BaTh BpeMsi 0€30TKa3HON pabOThl HIMPOKOTO Kpyra 00bEKTOB: BRICOKOIPOU3BO-
JUTENIbHBIX MEXaHU3UPOBAHHBIX OUUCTUTENIBHBIX U MPOXOAYECKUX KOMILIEKCOB,
HKCKABATOPOB U JIp. B MEPHUOJ MOCIIE NIPUPAOOTKU U 10 CYIIECTBEHHOIO MPOSIB-
JIEHMsI TIOCTETNIEHHBIX OTKAa30B.

Cyl111eCTBEHHOE JTOCTOMHCTBO 3KCIIOHEHILUAIBHOIO PACIpEAENICHUs, €ro
POCTOTA, OHO UMEET TOJIBKO OJUH IMapameTp.

[Tpu 5KCIIOHEHIIMAIEHOM 3aKOHE TUIOTHOCTh paclpeneieHus (IUIOTHOCTb
BEPOSITHOCTH) CIIy4alfHOW BEJIMYMHBI ONUCHIBACTCS (hOPMYIIO

X

F(x)=-—e™ (4.5)
m

X

rae M, - MaTeMaTHYECKOE OXKUIaHUE CITyYaHON BETUYMHEI.

CpenHee KBaJIpaTHYeCKOe OTKIOHeHHWEe O, CiydailHOW BenuuuHbl X,
pacnpenenéHHON 1Mo YKCIMOHEHITMATILHOMY 3aKOHY, PaBHO €€ MaTeMaTUYECKOMY
oxuIaHuo M, , T.e. Ko3ddunueHT Bapuanuun V=1.

DYHKIUS SKCIIOHCHIINAILHOTO PaCTIpe/ICICHUS UMEET BU/T

F()=—[e ™dx=1-e ™ (4.6)

x 0

I'papuku mnotaoctu BepostHoctd T (X) u pynkuun F(X) skcnoneniu-
aJIbHOTO 3aKOHA MpeJicTaBlieHbl Ha puc. 4.1.
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P(x), F(x), Tf(x), A(x)

1

A(X)

= f(x)

X

Puc. 41(DYHKI_II/IH U IIJNIOTHOCTBb BEPOATHOCTU U MHTCHCHUBHOCTD
OTKAa30B 3aKOHa pacrpecacjaCcHus

Hanpumep, oneHuTh BeposaTHOCcTh P(X) OTCyTCTBHE BHE3aIHBIX OTKA30B

npoxomueckoro kombaitna B Teuenrne 100004, ecii ”HTEHCUBHOCTH OTKA30B
A=1m_ =10%q"
P(x) = e = 0,9990.
Ecu A(x) £ 01,10 P(x) =1-Ax=1- 1¢-10® = 1-0,0001= 0,9999.
Pacuet gaétr TouHOE COBIaJicHUE.

JIst mocTerneHHbIX (M3HOCOBBIX) OTKA30B HY)KHBI 3aKOHBI PACIPEICIICHHUS
BpeMeHHU 0€30TKa3HOM padOoThl, KOTOPBIE AI0T HU3KYIO IJIOTHOCTD PACIIPE/ICIICHUSI.

B cBsi3u ¢ MHOrooOpa3ueM Npu4rH U YCJIOBHM BO3HUKHOBEHUSI OTKA30B B
ATOT MEPUOJ JJIS OTMUCAHUS HAZSKHOCTH MPUMEHSIOT HanboJiee YHUBEPCATIbHOE
pacnpeneneHne — HOpMaJIbHOE.

Pacrnipenenenue Bcerna nogqUMHAETCS HOPMAJIbHOMY 3aKOHY, €CJIM HA U3-
MEHEHHE CITyYalHOW BEJIMYMHBI OKA3bIBAIOT BIUSIHHE MHOTHE MPUMEPHO PABHO-
3HA4YHBIE (PAKTOPHI.

HopmansHoMy pacnpeaesieHuIo MmoauuHseTcss HapaboTka 10 0TKa3a MHO-
I'MX BOCCTaHABJIMBAE€MBbIX M HEBOCCTAHABIMBAEMBIX JETajeil, pa3Mepbl U OLINO-
KU U3MEPEHUM U T. [I.

HopmanbsHoe pacnpenenenne XxapakTepu3yeTcs MIOTHOCThIO BEPOSITHOCTH
BUA

_(X_mx)2

f(x) = 205 (4.7)

1 e
o,N2IT
I[Ipenensl M3MEHEHHs CITy4aiiHON BeMuuuHbl X :

—0< X <+,
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OyHKIMS HOPMAIBHOTO PacHpeIeIeHNs OMIUCHIBAETCS (POPMYIIOit

(x mx) 72
F(x)— e % dx= e 2dz, (4.8)
hI hJ
X—m
rae z=——*%
O-X
Tak kak uHTErpaI
L 02
—~ [e 2dz=05, 10
T2l
1 X _é
F(X)=05+—|e 2dz=05+®(2), 4.9
(X) hzﬂi (2) (4.9)

2

rne D(2) =

\/_ je 2 dz - HOpMasnbHas QyHkius Jlamaca.
®(2) sBnsercs neuyetHoii pyukuueii, r.e. P(—2) = D(2).
BepodTHOoCcTh momnamaHus Ciay4alHOM BEJIMYMHBI B 33aJaHHBIM WHTEPBAI

[a : ,3] paBHa

Pla<X<p)= CD('BU ) - CD( p ) (4.10)

I[JI}I HOPMAJIbHOI'O 3aKOHAa PaCIIpCaCICHUA
P(m, —30, <x<m, +30)=0,997,

T.€. BEpPOATHOCTH OTKJIOHEHWSI CITyJaiHOM BEJTMYMHBI OT €€ MaTeMaTHUECKOTO OXKH-
JaHus 3a ipeziebl 30 04YeHb Majia u coctassieT Beero ymib 0,3 % puc. 4.2).

COnmKkeHne mapaMeTpoB M OICHOK YBEIIMYUBACTCS C YBEIIMUCHUEM YHCIIa
VCTIBITAHUU.

MatemaTrdeckoe OXHJIaHuEe OINpeaeiisieT Ha TpaduKe MOJI0KCHHUE TIETIIH,
a cpellHee KBaIpaTHYECKOe OTKIIOHEHUE — mupuny netim (puc. 4.3).

KpuBas mioTHOCTH pacmpesesieHusi, TeM OCTpee W BHIIIE, YeM MEHBIIE

o » KBAaHTHJIb HOPMAJIBHOI'O COIIPOTHUBIICHHUA

U,=(X-m)/o (4.11)




P(x),F(x), f(x),A(X)
1
P(t) F(x)
At)
f(x)

O~ 27T

0 m,—-30, m m, +30,

X X

Puc. 4.2.I'paduku QpyHKUINH, TUIOTHOCTH, BEPOSITHOCTH U
pacnpesiesieHns: 0TKa30B HOPMAJIBHOTO pacipeieIeHHs

F(x) P(x) A(X)
0,5 0=0,5
0=0,5
o=1
| / o=1
o=2 o=2
X X X

Puc. 4.3.OcHoBHBIE XapaKTEPUCTUKH HOPMAJILHOTO pacIpe1eICHHS
P Pa3HbIX 3HAYEHUSAX CPETHETO KBAAPATHUYECKOrO OTKIIOHEHUS

Hanpumep, onpenenuts Beposithocts P(t) 6e30TkasHoli paboThl B Teue-
ave t = 1,5-10 u u3HAMMBAEMOrO MOJBHKHOIO COMpSDKEHMS, €CIH PECypC
NOJYMHAETCS HOPMAJIbHOMY DAaCHpPEENIEHUI0 C IapaMeTrpaMu M, = 4-10 1,
o= 10" u.

4 4
15010"-400" _

10°

2,5.

Haxomum kBauTwis U 0=

Io ta6n.I16 naxoqum P(t) = 0,9938.

B TCOPUNU HAJACKHOCTHU IMHUPOKO HCIIOJB3YCTCA YCCUCHHOC HOPMAJIbHOC
pacupeacsiCHuC, IMoJIydacMoCc M3 HOPMAJIBbHOI'O IIPpW OIpaHUYCHHU HHTCpPBAJIA

BO3MOYKHBIX 3HAYCHUM CITy4alHOW BEJIMYHUHBI X1, Xp. OHO B 4aCTHOCTH, BHOCUT
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YTOYHEHMSI B pacueThl HaJIeKHOCTH, IO CPABHEHUIO C HOPMAJBHBIM pacrpese-
JIeHHEeM TIpH GONbIIKX 3Ha4YeHusX Kooduimenta Bapuaun V =0/ m,.

[TnotHoCcTh BepostHocTH f)X) yceueHHOro HOpMaNbHOIO pachpesene-
HUS paBHA

f'(x) =cf (X),

r1€ C —HOPMUPYIOIIUNA MHOXKUTEIIb, ONIPEACIISIEMbIN U3 YCIIOBUSI, UTO TIJIOIIA b
10/ KPUBOU pacripe/ie/iCHUs paBHa eUHUIIS

c= ! : (4.12)
Cb(Uz)_@(Ul)
X —Mm X —M
e U]_ -1 X ’ UZ - 2 X
Oy Oy

Korga BO3MOXKHbIE 3HaYE€HHs CIyYaiHOU BeIMYMHBI X JI€KAT B UHTEP-
Bajie (0,+00)
1

c=
m,
g

X

05+d( )

[TprMepoM yCEUYEeHHBIX pacrpee/IeHHi MOKET OBITh pacIpeIeICHHe Ia-
pameTpa KauecTBa U3JCIUI Mociie OTOPAKOBKU YacTH M3CIHUM M0 3TOMY mapa-
METpY.

B norapudmudeckn HOpMAJILHOM paclpeieCHUN JOTapu(M CIydaiHO
BEJIMYMHBI paclpeielisieTcs 10 HOpMadbHOMY 3akoHy. Kak pacmpenencHue mo-
JIOXKUTEIIbHBIX BEJIMYMH, OHO HECKOJBKO TOYHEE YeM HOPMajbHOE, OIMHUCHIBACT
HapabOTKy JI0 OTKa3a JeTaliel, B YaCTHOCTH 10 YCTAJIOCTH JAeTajei (mommii-
HUKOB Ka4CHHUS, SJICKTPOHHBIX JIAMIT U JIp.)

JlorapuMuyeckd HOpMaJIbHOE paclpe/ieicHne yI00HO IS CIydailHBIX
BEJIMYMH, TPECTABISIONIMX COOOH MPOU3BEICHUE 3HAYMTEIBHOTO YHCHIA CITY-
YaHBIX UCXOJHBIX BEJIMYMH, MOJOOHO TOMY, KAaK HOPMAaJIBHOE pacpeiciicHHE
yIOOHO ISl CyMMBI CTy4aiiHbIX BEJIMYHH.

[Tpu norapudmMuyecKu-HOPMAIbHOM 3aKOHE JIOTapu(M CiydaiHOW BeJH-
uypapl X pacnpeere o HopMajabHOMY 3aKOHY.

[T1OTHOCTH BEPOSTHOCTH UMEET BUJT

(g x-lgm,)?

f(x) = e (4.13)

M
XO N 21T
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rne M = 0,4343 «osdduiment nepexona 0T HaTypaIbHBIX JOrapu(MOB K Je-

CATUYHBIM; O _ - CpelHe KBaJApaTUUYECKOE OTKJIOHEHHE Jiorapudma ciydaitHOM

X

BEITUYMHBI.
BepositHOCTh 6€30TKa3HOM pabOTHI MOYKHO OTMPEIETUTh MO TAOIUIIaM IS

HOPMAJILHOTO PacTpe/IeTICHUsI B 3aBUCUMOCTH OT 3HAUYCHUS KBAHTUIIN

U,=(Inx-m)/o.

Hampumep, onpenenuth BEpOSITHOCTH P(X) OTCYTCTBUE YCTaJOCTHBIX
MOBPEK/ICHMIA Bajia B TeueHue [ = 10 4, ecim pecypc pacnpenesneH jJorapupmu-
YECKH HOPMAJIBHO C MapaMeTpamMu Ig m.=4,5;, 0,=0,25.

lgx—Ig mx) iy (Iglo4 — 45
°" 025
Pacnpenencane BeiiOymia T0BOIBHO YHHBEPCAIBHO, OXBATHIBACT IIyTEM
BapbHUPOBAHUS MMAPAMETPOB IMMUPOKUI JHANa30H CIIy4aeB H3MEHEHHUSI BEPOSTHO-
creii. BMecTe ¢ morapupmMudeckn HOpMalbHBIM PaclpeneIeHneM OHO YIOBJIe-
TBOPUTEILHO OIMKCHIBAIOT HAPAOOTKY JETANICH 10 YCTATOCTHBIM Pa3pyIICHUSIM.
Wcnonp3yeTcs IS OLEHKH HaIeKHOCTH JeTalell U y3J0B aBTOMOOMIIEH, TpaK-
TOPOB, IOABEMHBIX MAIlllMH X BCEX BUAOB TPAHCIIOPTHBIX MalllHhH.
Pacnpenenenuie BeliOyiuia mMeeT IIIOTHOCTh BEpOSATHOCTH TUMA (puc. 4.3)

P(t) = Fo( ) =0,9772.

a . -
f(x)= Ex” e 7, (4.14)
U QYHKIUIO pacrpeaeacHus
XO’
F(x)=1-e ?. (4.15)

[TapameTps! pactpenenenus @ u [ naxoasres 1o GpopMmynaam

InIn

; -Inin ;
1-J(R, 1-J(Ry) .
INR -InR, ’

a =
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Puc. 4.3.®ynk1us (a), mimoTHOCTH (0) ¥ MHTEHCUBHOCTSH (B)
pacnpenenenus BeliOya

><V

[IpaBuna nosib30BaHus ATUMHU (HOPMYIaMU MOKHO YSICHUTh Ha MpUMeEpE.
JlanHble 715 pacuera cieayrolue:

JlmatenpHOCTh KonnuecTBo oTKazaBImnx JloJst oTkazaBIIMX
WCIIBITAHUM, 4 3JIEMEHTOB, IIT. AJIEMEHTOB
90 26 0,26
200 36 0,36
500 44 0,44
900 57 0,57
1500 77 0,77
2100 79 0,79
4300 87 0,87

[IpoBeeHbI MCIBITAaHUs MapTUH deMeHToB B KoarmyectBe N = 100w,

Boi6upaem rpanuipl pasoueHus R u R, ONBITHBIX JaHHBIX TAKKM 00pa-

3oM, ut0 R < R,.

ITycTh R1= 2004 n R2= 21004. Jlanee mOACYUTHIBACTCS KOJIHMYECTBO
snementoB N, orkasasmmx B quanasonax O — R u O — R,. Ot konuuecrsa

pasubl cootercTBerHo O — R =36u O - R,=79.

3atem naxonstcs otnomenns J(R)) =

n(Rl)

IRy ="

JI0JIsL OTKA3aBILIMX DIEMEHTOB K MOMEHTaM BPEMEHH R1 nR,.
B paccmarpusaemom npumepe J(R,) = 0,36; J(R,)=0,79.
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3nauenns J;(X) =1In u J,(X) =InIn
' 1-x  ° 1- X

uam (@ =0,532;5 = 37,6).
Jlns npulamKEeHHOM OLICHKH mapameTpoB BelOyiima MOXXHO HCIOJIB30-

BaTh BEPOSITHOCTHYIO Oymary.

HAXOIIT MO Ta0JIM-

[Tpumep. OnpenenuTs BepOSTHOCTH 6e30TKasHoi pabotsl P(Xx) pomuko-

nommmmankoB X = 10%, eciu pecypc MOIMITHAKOB ONMHMCHIBAETCS PacIpeeie-
nueM Beii6yiia ¢ mapamerpamu =104, @ =1,5.

P(x) = e_xﬁ = 100510 0,905.

[Ipu coBMECTHOM JeHCTBUM BHE3AHBIX U MOCTEIIEHHBIX OTKA30B BEPOST-
HOCTH 0e30TKa3HOW padoThl M3aeaus 3a nepuos {, eciu 10 3T0ro oHO Mpopado-
Tajuo BpeMs | , 110 TEOPEME YMHOMKEHUS PaBHA

P(t) =P, (1)P, (1), (4.16)

rne  P.(t) = e u P.(t)=P,(T +t)/P,(T) - BepostHocTH OTCyTCTBUS
BHE3AIHBIX U MOCTENEHHBIX OTKA30B.

JIist cucTeMbl M3 MOCIENOBATEILHO COEIUHEHHBIX JJIEMEHTOB BEPOAT-
HOCTh 0e30TKa3HOM paboThI 3a nepuoa { paBHa

Pni (T +t)

P (t)=e"IT
I:)ni (T)

, (4.15)

rme >, wu Il - 310 cymma u npoussenenue. Jlis HoBbX usneuit T= 0 u

P (T)=1.

P(t)
1
P, (t)

P(t) P(t)=e™

»
>

t

Puc. 4.4.CoBMecTHOE JIENCTBUE BHE3AMHBIX U IIOCTEINEHHBIX OTKA30B
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Ha puc. 4.4.110Kka3aHbl KPUBBIE BEPOATHOCTH OTCYTCTBHUSI BHE3AIHBIX OT-
Ka30B, MOCTENEHHbIX OTKAa30B M KpHBas BEPOATHOCTH O€30TKa3HON pabOoThl.
Brayane, korjia MHTEHCUBHOCTb ITOCTEIIEHHBIX OTKAa30B HU3Ka KpUBasi COOTBET-

creyer kpusoii P(t), a motom pesko cHmkaeTcs.

B nepuoa NMOCTCICHHBIX OTKA30B UX MHTCHCUBHOCTDL, KaK ITPaBUJIO, MHO-
TOKPATHO BBIIIC, YEM BHC3AITHbIX. ,
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5.0COBEHHOCTH HAJIEXKHOCTH BOCCTAHABJINBAEMBIX
W3JIEJIUA

5.1. ®opMupoBaHUE MOTOKA 0TKA30B
Y HEBOCTOHABIIMBAEMBIX M3JCINN pacCMaTPUBAIOT MIEPBUYHBIC OTKA3bI, Y
BOCCTAHABIIMBAEMbIX — IEPBUYHBIE U TIOBTOPHEIE.
JIyisi BOCCTaHABIMBAEMbBIX M3 MOKa3aH rpaduk SKCILTyaTarlid BOC-

CTaHaBIMBaeMbIX u3nenuit (puc. 5.1).

pao. pao. pao. pao.

——
=
=
=
=
=
=
=

v
—t

ocM. peMm. peMm.

Puc. 5.1.I'paduk skcmnyaranuu

C TedyeHHEM BPEMEHM IEPUOIBI padOThl MEXY PEMOHTAMHU CTAHOBSITCS
KOpoYe, a IEpUOoIbl PEMOHTA U TPO(UIAKTUKHA BO3PACTAIOT.

HanexHocTh paziuyHbIX CPEICTB MEXaHU3alHUHU ONPEIEISETCS YPOBHEM
HAJIC)KHOCTH BXOJAIIUX B HUX DJIEMEHTOB U CIIOCOOOM B3aMMOJICHCTBUS 3Iie-
MEHTOB, OT KOTOPOI'O 3aBHCHUT PE3yJbTUPYIOIIAsl BEIMYMHA MapaMeTpa MOTOKa
OTKa30B.

IToToKOM OTKa30B SIBJISIETCS MOCJIEN0OBATENBHOCTh OTKA30B 00BEKTa, BO3-
HUKAIOUIMX OAVH 3a IPYTUM B KAKME-TO MOMEHTBI BPEMEHHU.

JUIsl KOTMYECTBEHHOW XapaKTEPUCTUKU MOTOKA OTKA30B BOCCTAaHABIIMBAE-
MBIX OOBEKTOB, K KOTOPBIM OTHOCSITCSI Pa3IMuHbIE CPEACTBA MEXAaHU3ALUU Top-
HBIX paldoOT, UCIIOJIb3YETCsl apaMeTp MOTOKAa OTKA30B, BEIMYMHA KOTOPOTO OIl-
penenseTcs Ha OCHOBAaHWM CTaTUCTUYECKHX JaHHBIX. [lapameTp moToka oTkasza
XapaKTepU3yeT CpelHee YHCIO OTKa30B OOBEKTa B €JUHHILY BPEMEHH, B3SITOE
JUISl paCCMAaTPUBAEMOI0 OOBEKTA B €AMHUILY BPEMEHH

n(t + At) — n(t)
At ’

a)(t) = (5.1)
rae @(t) —mapamerp motoka orkasos, u ; N(t) u N(t + At) —umcno orkaszos

00beKTa COOTBETCTBEHHO K MOMeHTY Bpemenu [ u t + Atl.

JInsi pa3iu4HbIX CPEICTB MEXAHU3AIUM TOPHBIX PabOT XapaKTepHO MO-
CIIeIOBAaTENIbHOE B3aUMO/ICHCTBUE YJIEMEHTOB, IIPH KOTOPOM OTKa3 JIF00O0ro diie-
MEHTA SIBJIICTCS HEOOXOJMMbIM U JIOCTATOYHBIM YCJIOBHUEM OTKa3a BCeil cucTte-

mbl (puc. 5.2).

Ecnu oTka3 kaxaoro sjeMeHTa SIBISETCA CIy4yallHbIM HE3aBUCHUMBIM CO-
OBITHEM U U3BECTHBI BEPOSTHOCTH GE30TKa3HON paboThl snementoB p, (t) B Te-
yeHue Tpedyemoro Bpemenu [, To BeposTHOCTh 0€30TKa3HOM PabOThI CHCTEMBI
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P(t) OIIpCACIIACTCA COTIIaCHO TECOPEMEC YMHOKCHUA BCpO}ITHOCTCﬁ JJIs1 HE3aBU-

CUMBIX COOBITHUI
N
P(t) = 1T p, 1) 52)

rae N —uncio nocnenosarensHo B3auMOIENCTBYIOIUX SIEMEHTOB.
N3 popmynsr (5.2) BUIHO, 9TO ¢ pOCTOM YHCIIA MTOCIICOBATEIILHO B3au-
MOJICHCTBYIOIIMX JJIEMEHTOB BEPOSTHOCTh OC30TKA3HOW paOOThI CHUYKACTCS PU

BCEX MPOYMX YCIOBUAX PAOOTHI.

tw. tarz
Y, : 1 e

vt tiz 3| fiy s %in-f

: +24 t22 t23 20
2 " [
p : €y tea tr3 er -

L l L ..
T2

2 , ‘ ‘ R
t.g ‘ﬁ.a_‘t_a, '/'_1., tg tg tq. ‘t‘.,g fg t’o.&” tfz tls thn-t th

Puc. 5.2.IToTOK 0TKa30B 3JIEMEHTOB CUCTEMBI

[Ipu mocnenoBaTenbHOM B3aUMOJICHCTBUHU BCE 3JEMEHTHI pabOTaIOT OJI-
HOBPEMEHHO M, KaK BUAHO U3 CXeMbl (HOPMHUPOBAHMS MOTOKA OTKA30B, PE3YJib-
TUPYIOIIHIA MOTOK OTKA30B CHCcTeMbl 10 ocu [ mpencraBnsier co0oii cynepnos3u-

OHUIO ITIOTOKA OTKA30B BCEX JJICMCHTOB.
!
B sTtom ci1y4dac Hapa60TKa Ha OTKa3 To CHUCTCMEI 3a BpEMA t' cocraBur

T = v (5.3)

[0} ’
N +n,+..+n +..+n

rac Ny, N,,...,N,..Ny - 9UCIIO OTKA30B JICMEHTOB CUCTCMBI.

B cBoro ouepenp

T,=t'In; T,=t/In,; ..;
(5.4)
T, =t/n; ...; T,y=t/ng,

OTKyJa

n=t/T,; n=t'"/T,; ..o n=t"/T,;, ..., ng=t'/T . (5.5)

52



[MoncraBuB 3tH 3HaueHUs B hopmyny (5.3), monyuanm

-1

N
T,=12To | . (5.6)
i=1

Kak u3BecTHO, Mpu BHE3AMHBIX OTKAa3aX M3JEJIHSI 3aKOH PaCIpPEICIICHUS
HapabOTKH 70 0TKa3a SKCTIOHCHIIMAILHOM C unTeHcuBHOCTHIO A . Ecin u3nenue
IIPH OTKa3e 3aMEHSIOT HOBBIM (BOCCTaHABJIMBAEMOE H3JIENIHE), TO 0Opa3yeTcs
IIOTOK OTKAa30B MMapaMeTP KOTOPOro

a(t) =cons =1/T.

JIJ1st TOPHBIX MAaIIWH, KOMIIJIEKCOB M arperaToB, COCTOSIIUX U3 OOJIBIIIOTO
YHCJIA 3JIEMEHTOB, UMEIOIUX B OTAECIBHOCTH MaJIble BEJIMYMHBI MMapameTpa Io-
TOKa OTKa30B, PE3yJIbTUPYIOIINH MOTOK OTKA30B OyJIeT OJM30K K MPOCTEHIIeMy
ToCJIe Tepuoia MpupaboTKH 0OBEKTA.

BaxxnenmmmMu CBOMCTBAMM IPOCTEMIIETO WA MyaCCOHOBCKOTO ITOTOKA
OTKa30B SIBISIETCA CTAlMOHAPHOCTh, OPAUHAPHOCTh U OTCYTCTBUE MOCIICICTBUS.

CranoHapHOCTh MOTOKA O3HAYAET, UTO BEPOATHOCTh BOSHUKHOBEHUS Ka-
koro-nmu6o uncna K orkazos o0bexTa B uHTepBasie Bpemenu At He 3aBucuT OT
0JI0KEeHHs 3Toro uaTepBana Ha ocu (0,1).

OpanHapHOCTh OTOKA O3HAYAET, YTO BEPOSTHOCTh OJHOBPEMEHHOIO Ha-
CTYIUICHHUS JBYX WM 00JIee OTKA30B MPEHEOPEIKUMO Malia TI0 CPaBHEHUIO C Be-
POSATHOCTBHIO HACTYIUICHUSI OJJHOI'O OTKa3a.

OTtcyTcTBHE TOCHEACHCTBHS 3aKIIOYAETCS B TOM, YTO BEPOSITHOCTH Ha-
crymienust K otkasos B mHTepBane At He 3aBHCHT OT TOro, KaKoe 4MCJIO OTKa-
30B IIPOMU3OIILIIO JO 3TOTO UHTEPBAJIA BPEMEHU.

JInst mpoCTEeNIIIero NoTOKa OTKA30B BEJIMYMHA NTapaMeTpa MOTOKA OTKA30B

cc(t) = (. = CONSt u paBHa 00paTHOM BeIUYHMHE HAPAOOTKH OOBEKTA HA OTKa3,
Te. & =1/T,.

Torma iis N nocnenoBaTensHO B3auMOIERCTBYIOIIMX 2JIEMEHTOB MOTy9UM

W= @, (5.7)

rae , be - IMapaMeTpbl IIOTOKa OTKAa30B COOTBETCTBCHHO CHUCTEMBI CPCICTB

MEXaHH3aIHH FTOPHBIX PaboT U | -r0 dIeMeHTa, 4 .

CnyyaiiHple 3HaueHUS HApaOOTOK CHUCTEMBI MEXKIY OTKa3aMH IOIYUHS-
IOTCS B OTOM CJIy4ae SKCIIOHEHIIMAILHOMY 3aKOHY pachpeleiieHHs, a BEepOsT-
HOCTb 0€30TKa3HOU pabOThI
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P(t) = e_yTO =e“, (5.8)

CaMOCTOsITeIhHOE PACCMOTPEHUE IMOCTEINIEHHBIX OTKAa30B BOCCTaHABIIH-
BACMBIX M3JEIUI TPEACTABISET HHTEPEC, IIOTOMY YTO BPEMs BOCCTAHOBIICHUS
TIOCJIe MOCTENEHHBIX OTKA30B OOBIYHO CYIIECTBEHHO OOJIbINE, YeM MOCie BHE-
3aITHBIX.

[Ipu COBMECTHOM JIEHCTBUM BHE3AITHBIX U MMOCTEIICHHBIX OTKA30B OOBIYHO
CYIIECTBEHHO OOJIBIIIE, YeM ITOCIIe BHE3AITHBIX.

[ToTok mocTeneHHbIX (M3HOCOBBIX) OTKAa30B CTAHOBUTCS CTAllMOHAPHBIM
npu Hapabotke U, 3HauuTeNnbHO GOJIbIIe cpeaHero 3HaueHus 1 . Tak, mpu HOp-
MaJIbHOM PAacCIpeeIeHu: HapaOOTKH J0 OTKa3a MHTEHCHUBHOCTh OTKA30B BO3-
pacTaeT MOHOTOHHO, a TTapaMeTp MOTOKA OTKa30B CHadajla BO3pPACTAeT, a IOTOM
HAYMHAIOTCS KOoJeOaHus, KOTopeie 3aryxaroT Ha ypoBhe 1/7 . HaGmromaembie
makcumyMbl ((t) cooTBeTcTBYET cpenHeil HapaGoTKe 10 OTKa3a NEPBOro, BTO-

pOro, TPEThErO U T.J. MOKOJICHUN JAETAJICH.

a(t) 4

t 2t 3t 4 5t, 6t 7t

4 4 4 & Y & &

Puc. 5.3.I'paduk gyacToThl 0TKa3a 0OBHEKTOB C MOCIEI0BATEIbHON
3aMEHOM MMocie 0TKaza

B cioxHBIX H3A€nMAX MapaMeTpoB MOTOKA OTKa30B KaK CyMMa ITapaMeT-
POB MOTOKOB 0TKa30B. COCTaBISAIOIIME NOTOKH MOKHO pacCMaTpUBATh 110 y3j1am
WM TUIIAM YCTPOMCTB, HallpUMEpP T'MAPABIMYECKHUM, IEKTPUUECKUM, MEXAHU-
YECKHUM U J.p.

5.2.CTpyKTypHBI€E (pOPMYJIbI HAIEXKHOCTH CPEACTB MEXaHU3AIUH
TOPHBIX padoT

VYpoBeHb HAEKHOCTH PA3NUYHBIX CPEJICTB MEXaHU3AlMU TOPHBIX pPadoT
3aBHCHUT OT HAJIEKHOCTU U COCTaBa (DyHKIMOHAJIBHBIX MAlllMH, & TAK)KE OT BUJIA
Y HaJIe)KHOCTH CBS3€H, OOBEIUHAIOIUX pa3InyHble (PYHKIIMOHAIBHBIE MAILIMHbI
JUIsL COBMECTHOM pabOTHI.

54



Briemounas «B», moctaBounast «J[», MexaHu3upoBaHHas Kpemnb «K» - oc-
HOBHBIC (D)YHKIIMOHATHHBIC MAIIMHBI CUCTEMBI 3a00MHOTO 00OPY/IOBAHUS — MO-
I'YyT 0OBEIUHATHCS JIJI1 COBMECTHOM pabOThl B CHCTEMax C MOMOIIBIO TEXHOJIO-
THYECKHUX «—»,KHHEMAaTHYCCKUX «+» W KOHCTPYKTUBHBIX & CBSI3EH.

TexHOoMOTMYECKass CBS3b OCYIIECTBIIICTCS COTVIACOBAHUEM C TEXHOJIOTH-
YECKUM MPOIIECCOM OO0OCOOJICHHBIX MAIIMH JJIS MX IEJIeCO00pa3HOTo couera-
HUS, T.C. SIBJISETCS JOTHYCCKOHN CBS3BIO, HA 0a3e KOTOPOW 0Opa3yroTCs HAOOPHI
MaIllMH Ha3bIBa€MbI€ BHIEMOYHBIMU KOMIIIEKCAMH.

ba3oBoii cTpykTypHOU (hOopMyIToOit A KOMIUIEKCA SIBISIETCS

B-J1-K. (5.9)

Jlnst yuera BIHMSHUS TEXHOJIOTUYECKOW CBS3M HAa YPOBEHb HAJIEKHOCTH
KOHTaKTa MalllMH €€ I1eJIeCO00pa3Ho MPEACTABUTh B BHJE MaPaLICIbHON TEXHO-
JOTHYECKOW CBSI3U «||»Ipu mapayuienbHol (0JHOBPEMEHHOI) paboTe (HyHKIIHO-
HAJILHBIX MAIIIWH, JIM0O0 B BUJIE MOCIIEI0BATEILHO TEXHOJIOTUIECKON CBS3H «— »
IPY TOCIIEAOBATENLHOCTH (DYHKIIMOHUPOBaHHS MamuH. Takum oOpazom, u3 Oa-
30BOH (POPMYIIBI MOTYT OBITh ITOJTyYESHBI COUSTAHUS

B - DIK; (B-Bl|AIK: BlA|K, (5.10)

KOTOpBIE OMHUCHIBAIOT CIEAYIOLIME KOMIUIEKTHl MAIIWH: BpyOOBYIO, JOCTaBOY-
HYI0, Kpelb;, BpyOOHABAaJIOUHYIO, JIOCTaBOYHYIO, KpEIlb; HIMPOKO3aXBaTHBIN
KOMOaiiH, JOCTaBOUHYIO KPEMb.

OyHKIMIO KpeIUIeHUs TPU3a00MHOr0 MPOCTPAHCTBA KPEIb OCYIIECTBIISET
HENPEPBIBHO, MMOATOMY TEXHOJIOTHUECKYIO CBS3b KpEIu C JI000H Apyroit GyHK-
IUOHAJIbHOW MaIlIMHbI MOKET OBITh TOJIBKO MapaJICIbHOM.

CtpykrypHble HOpMyIbl KOMILIEKTOB MAIIMH C BHIPOXKACHHBIMHU 3JIE€MEH-
TaMU UMEIOT BUJ

B~ MO, B-B|4;, B|A4; BlK;, AIlK. (5.11)

[Tpu mapannenbHONH TEXHOJIOTHYECKON CBA3M (YHKIIMOHAJIBHBIX MAIIMH
MOTOKM MX OTKA30B HAKJIAJBIBAIOTCS IPYT Ha JIPyra, W, CJICJOBATEIBHO, pacyueT
nokasarelieil 0e30TKa3HOCTH KOMILUICKTOB MAIIMH C MapaJIeIbHBIMUA TEXHOJIO-
I'MYECKUMHU CBSI3IMHU JOJDKEH ocyinecTBisieTcs mo gopmynam (5.3) — (5.8)mns
CITy4aeB MOCJIE0BATEILHOTO B3aMMOICHCTBUS 3JIMEHTOB B CUCTEME.

[Ipu mociienoBaTeIbHONW TEXHOJIOTUYCCKON CBS3M (YHKIIMOHAIBHBIX Ma-
IIMH TIOTOKHM UX OTKA30B MPOJODKAOT APYT apyra (puc. 6.2).
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Puc.5.4.1locnenoBarenbHas TEXHOJIOTUYECKAS CBS3b
(GYHKIMOHATBHBIX MalTUH

B sTOM cnyuyae mapameTp MOTOKAa OTKa30B CHUCTEMbl MAIIMH B KaXIbIA
KOHKPETHBIN MEepUoji BpEMEHH PaBEH MapaMmeTpy MOTOKAa OTKa30B KaKOH-IHO0
(GYHKIIMOHATFHOW CHCTEMBI M JJISl IOCTATOYHO JJTUTEIHHOTO TMepruoaa paboThI
CUCTEMBI

w:Za) -, (5.12)

I
rae N - yncno nocenoBartensHO paboTaOIMX BO BpEMEHH (DYHKIIMOHAIBHBIX
mammH; [, - Bpems pabor [| - off (pyHKUMOHANBHOM MAIIMHBI 33 HEPUOX

N
t= Zti :
i=1
[Tpu mpocreiinieM MOTOKE OTKAa30B KaxA0W (DYHKIMOHATIBHOM MAIIUHBI

¢; =1/T; napaGoTka Ha OTKa3 CHCTEMBI MAIIMH C IOCIEA0BATEIbHBIMH TEX-

HOJOI'M4YC€CKMMHU CBA3IMHU

-1

N t.
L (5.13)

T =Y
’ ET@

rae T, - HapaGoTka Ha oTKa3 [ | - 0if YyHKIMOHAIBHOM MAIIKHBI.

®opmynst (5.9)u (5.11) onpenensor CTPYKTypy CPEIACTB MEXaHU3AIINH,
T.€. COCTaB (PYHKIIMOHAJIBHBIX IJIEMEHTOB CHCTEMbI, a TAKXKe CIIOCOO B3aMMO-
JICHCTBHUS AJIEMEHTOB, BIMSIOIIMN Ha mpoiecc GOpMUPOBAHHS MMOTOKA OTKA30B
Bceil cuctembl. [103TOMy OHM Ha3bIBAIOTCS CTPYKTYPHBIMH (OpPMYJIaMU HaJExX-
HOCTH.

Cama TexHoJIOTHYeCKasi (JIornyeckas) CBsI3b HE SIBISETCS HMCTOYHHKOM
OTKAa30B, XOTsI U BJIMSET Ha CII0CcO0 pacyeTa 0€30TKa3HOCTH CUCTEMbI MAIIIMH.

Kunematudeckasi CBsi3b OCYIIECTBISICTCS COUJICHEHHUEM TEXHOJOTHYECKU
COTJIACOBAaHHBIX W COXPAHMBIIHUX CBOIO WHIMBHIYAIBHOCTH (DYHKITHOHATBHBIX
MAaIllMH W BeJeT K 00pa30BaHWIO CUCTEMBI MAIlTMH, HA3bIBACMBIX BBIEMOYHBIMHU
KOMILICKCaMH.

56



CouneHeHust MallMH TPEOYIOT YBA3KU CKOPOCTEW M HANpaBiICHUN B3aUM-
HOT'0 NEpEMELICHMSI Pa3InYHbIX (DYHKIMOHAJIBHBIX MAlIUH U BEAYT K 00pa3oBa-
HUIO CUCTEMBI MAllIMH, HA3bIBAEMbIX BBIEMOYHBIMHA KOMIUIEKCAMU.

KoHCTpyKTHBHasl CBSI3b OCYILECTBISIETCSI COBMEIIEHHEM Oa30BbIX 3Je-
MEHTOB, COIVIACOBAaHHBIX HA OCHOBE IAapauIEIbBHOM TEXHOJIOTWYECKOMU CBS3U H
KMHEMAaTUYeCKH YBSI3aHHBIX (DYHKIIMOHAIBHBIX MALINH, U BEAET K 00pa30BaHUIO
000pynOBaHus, HA3bIBAEMOTO BEHIEMOYHBIMU arperaTamMu.

KoncTpykTuBHas CBSi3b 00yCIaBIMBAET W3MEHEHHE KOHCTPYKIUM WHIU-
BU/yaJIbHBIX MAlllMH U MOTEPIO UMH 000COOJIEHHOCTH.

B oranume OT TEXHOJIOTMYECKOM, KMHEMAaTH4YeCcKas U KOHCTPYKTHBHAas
CBSA3U SBJIIIOTCS MATEPUAIBHBIMU CBSI3IMHM, IIO3TOMY OHHM, NPEAONPEAEss MO~
CJIEIOBATEIILHOE B IUIAHE HAJECKHOCTH B3aMMOJCHCTBHUE JIEMEHTOB B CHCTEME
(mpu mapasuenbHON HX padoTe), yJacTBYIOT HapsAy ¢ (pyHKIIMOHAIHHBIMH Ma-
mmHamMu (opraHamu) B ()OPMHPOBAHHM BEIUYMHBI TTApaMeTpa MOTOKA OTKA30B
CPEIICTB MEXAaHU3AIMH TOPHBIX padOT B LEIOM:

N M
W=D Wy + 2 W, (5.14)
i=1 j=1

rac N — 4YHUCJIO0 q)YHKHI/IOHaJILHBIX MalllMH OpPraHOB BBLICMOYHOI'O KOMIIJICKCA
HJIM arperara, M — YHCJI0 MaTeMaTUYECKUX CBS3CH (KI/IHCMaTI/I‘ICCKI/IX N KOH-

CTPYKTHBHBIX) MEXIY (QYHKIIMOHAILHBIMU MaIllMHAMH, Q- TIapaMeTp MOTOKa

OTKa30B | -0if MalnHel, &, . ; - IapaMeTp MOTOKA OTKA30B | -Oi KMHEMAaTH4e-

CKOW WJIM KOHCTPYKTUBHOU CBSI3H.
Yucno u tin GyHKIMOHAIBHBIX MAIIHH, a TAaKXKe BUJ CBSI3H MEXIy HUMHU
OIPENIEIISAIOTCS CTPYKTYPHBIMU (POpMyJIaMH HaJIEKHOCTU CPEJICTB MEXAHU3ALINY.

CrpykTypHble (GOpMYIIbl UMEIOT BUJ!

JUISl BBIEMOYHBIX IMOJIYKOMJIEKCOB — CHUCTEM MAIIWH, Y KOTOPBIX MEXY
(GYyHKUIMOHAJIBHBIMU MalllMHAMU HMMEETCSl HE TOJbKO KHHEMaTHU4ecKas, HO U
TEXHOJIOTUYECKasi CBS3b

Bl A+K, B+J|K, B|K+X;
JJI BBICMOYHBIX KOMIIJICKCOB C ITOJIHBIM Ha60pOM (I)YHKHI/IOHEUIBHBIX Ma-
IINH C BBIPOKACHHBIMHU 3JICMCHTAMU

B+/J+K, B+J, B+K, JI+K:

JUISL BBIEMOYHBIX IOJIyarperaTtoB, y KOTOPhIX MeXAy (hYHKIHOHATIbHBIMU
MalmHamMu (OpraHamM#) UMEETCsl He TOJIbKO KOHCTPYKTHUBHAS, HO M TEXHOJIOTH-
YyeCcKas Ui KMHEMAaTU4YeCKas CBS3b

BI|AIK, BUA|K, BIK[LA,
B+ K, BIJ+K, B+KI[]J:

57



JUIsL BHIEMOYHBIX arperaTtoB C MOJIHBIM Ha0OpOM (PYHKIIMOHAJIBHBIX Opra-
HOB U C BBIPOXKJICHHBIMU JJIEMEHTAMU
BLJAIK, BLJA, NIK, BIK.
Jli cpeacTB MeXaHU3aluu TOPHBIX padOT, OMMCHIBAEMBIX ITUMH CTPYK-
TypHBIMU (DOPMYJIaMH, BBIPaXKEHUS IS OIIpeielIeHnst HapaboTKu Ha oTKa3 1 u

BepoATHOCTH Oe30TKasHoit pabotel p(t) cucrem 3aboiiHoro o6opynoBaHus B
IIEJIOM UMEIOT BHU]I

N M -
1 1
T, =2 -2 , (5.15)
i=1To(qb.i) =T,

o(x.c.j)

N M

i=1 j=1

rne I’ o(pi)? Py (t) - HapabOTKa Ha OTKA3 U BEPOATHOCTH OE30TKa3HOM PabOTHI

| -0if QyHKIMOHAIBHON MamuHbl, 1 o(kc.j) P (t) - HapabOTKa Ha OTKa3 W

BEPOSITHOCTh 0€30TKa3HON palbOThl | -0 KMHEMAaTHYE€CKOW WM KOHCTPYKTHB-
noii ces3u; N, M —uucio coorBeTCTBEHHO (YHKIMOHAIBHBIX MAIIUH U MaTe-

PUAIIBHBIX CBA3ECH.

O1u popmynsl ipy M = 0 MoryT GBITH Tak)Ke HCIIOIB30BAHBI IS pacye-
Ta BEJIMYUHBI MOKa3aTenel 0e30TKa3HOCTU KOMILIEKCOB MAIIMH C Mapajlielb-
HBIMU T€XHOJIOTUYECKUMU CBSI3SIMU.

5.3. AHa/IU3 CTPYKTYPHBIX COCTOSIHUI CPeACTB MeXaHU3aAUNHU
TOPHBIX padoT

CoBpeMeHHbIE BBIEMOYHBIE KOMIUIEKCHI U arperathbl SIBJISIFOTCS MHOIO-
GYHKIIMOHATBHBIMA TEXHUYECKUMHU cucTeMaMu. CTPYKTypHBIE 3JI€MEHThI KOM-
MJICKCOB M arperaToB /I OYMCTHBIX PabOT KpOMe OCHOBHOW ()YHKIIUM CPEJICTB
MEXaHU3aIMHA — BRIEMKH YTJIS BRITIONHSIOT YHKIIMHA KPETUICHHsI 320051 U yIipaB-
JICHUSI KpOBJIEH, TTEPEABMKKN TOCTABOYHOW MAIIIMHBI Ha HOBYIO JIOpOTy, o0ec-
nevyeHus 6e30macHbIX YCIOBUHM Tpyaa B 3a00e€.

B 3aBucuMocTH OT cxeMbl pabOThl MAalllMH KOMIUJIEKCA M arperara, hx
KOHCTPYKTHUBHBIX OCOOEHHOCTEM B pa3liMyHble MOMEHTHI BPEMEHU MOXKET
(GYyHKIMOHUPOBATh PA3IMYHOE YHUCIO CTPYKTYPHBIX 3JI€MEHTOB. PasznuuHbie
CTPYKTYpPHBIE COCTOSIHUS OOYCJIOBJIEHBI HEOOXOJUMOCTHIO BBITIOJHEHUS HE
TOJBKO OCHOBHBIX, HO M BCIIOMOTaTEJIbHBIX MEXAHU3UPOBAHHBIX OIEpalHii, HE
COBMEILIEHHBIX C NPOLIECCOM BBIEMKH IOJE3HOTO HMCKOIMAEMOro, MOCTOSHHBIM
BBITIOJIHEHUEM KpPEnbio (PYHKIUMU KpeIyieHUus: paboyero mpocTpaHCTBa, a TaKKe
JOTIOJTHUTENHHBIM (YHKIIMOHUPOBAHUEM JTIOCTABOYHOW MAIIMHBI B CBSI3U C He-

58



00XOAMMOCTBIO BBIIAYM YTJISi U3 HUII (IPU OTCYTCTBHH CaMO3apyOaroIIuXxcs
MAIlIH) ¥ JOCTaBKH B OYMCTHOM 32001 MaTepUalioB U 3aIlaCHBIX YaCTEH.

[Iponiecc pyHKIMOHUPOBAHMS CPEACTB MEXaHU3ALUHU TPEACTABISIET CO-
001 ciryyaiiHOe yepeioBaHHE Pa3IMYHBIX CTPYKTYPHBIX COCTOSIHUN BBIEMOYHBIX
KOMILJIEKTOB, KOMILJIEKCOB, arperaToB U APYruX CUCTEM BBIEMOYHOTO 000pYII0-
BaHUS ¥ MOXET OBITh PACCUMTAH IPHU MOMOIIU CTPYKTYPHBIX (POPMYI HAJEKHO-
CTH COOTBETCTBYIOLIMX CPEJICTB MEXaHU3AILMH C YYETOM JOMOJIHUTEIBHBIX CO-
CTOSIHUN yOBIBAIOLIET0 4YMcia OJHOBPEMEHHO paboTarommx (yHKIIMOHAIbHBIX
CHUCTEM.

Tax, A KOMIUIEKTa MAallliH, UMEIOIIUX CTPYKTYPHYIO (OpMYIy HaJexK-
noctu B || A || K, norudeckas popMyna BO3MOKHBIX CTPYKTYPHBIX COCTOSIHMIA

uvmeer Bug B u J[ u K win B u K win K. I 04UCTHOrO MEXaHUYECKO-
ro komiuiekca B+ /[ + K norumdeckoit GopMysioil CTPYKTYPHBIX COCTOSHHI

seisiercss B+ /[ + K wim B+ K wm K.

Jlorndeckasi cBsi3ka «u» B (hOpMyJIax BO3ZMOXKHBIX CTPYKTYpPHBIX COCTOSI-
HUI CPEJICTB MEXaHW3allMW 3aMEHSET YCIOBHOE O0O3HAuCHHE MapaulebHON
TEXHOJIOTUYECKOH cBsi3u ( || ) B CTPpYyKTYpHBIX (hopMysIax HAJIEKHOCTU U YKa3bl-
BAaeT Ha OJHOBPEMEHHOE (YHKIMOHHPOBAHUS pa3IMYHBIX MammH. CBsi3Ka
«UTA» YKa3bIBae€T HA COBMECTUMOCTH BO BPEMEHH PA3IMYHBIX CTPYKTYPHBIX CO-
crosiHuit cpencts Mexanusanuu. Jius arperata B[ /] [ K noruueckas ¢popmyna

oyner umeth Bug B[ /[ [ K wm J[ [ K v K .

BeposiTHocTh 0€30TKa3HOTrO (DYHKIIMOHUPOBAHUS CUCTEMBI 3a00WHOTO
000pYyI0OBaHUA C YYETOM PA3TMUYHBIX BOZMOXHBIX CTPYKTYPHBIX COCTOSIHUI MO-
XeT ObITh omnpeserneHa no ¢Gopmyse MoJHOM BEPOSATHOCTH Kak CymMMa Ipou3Be-
JICHHON BEPOSITHOCTH KaXKIOTO CTPYKTYPHOT'O COCTOSIHMSI Ha BEPOSTHOCTH 0Oe3-
OTKa3HOU pabOThl CUCTEMBI B COOTBETCTBYIOIIEM CTPYKTYPHOM COCTOSIHHH.

r Nj Nj
P(t) = Zlktj 171P(qb.i)j (tj )HP(K.C.K)J' (tj) (5.17)
= - z

rae I - 9ucio BO3MOYKHBIX CTPYKTYPHBIX COCTOSSHUM CHUCTEMBI MAIlHH, ktj -

CTallMOHAPHAS BEPOATHOCTb IPEObIBAHMSA CHCTEMBI B | -OM CTPYKTYPHOM CO-
CTOSIHUM, YUCJIEHHO paBHAasi BPEMEHHU HAXOXKIEHUS B 3TOM CTPYKTYpPHOM CO-
CTOSIHUH, P(qb_i) J- (t j ) - BepOATHOCTH O€30TKa3HON paboThl | -0if PyHKIMOHAL-

HOI MAIIMHEL B | -OM CTPyKTypHOM cocTosHuu; N j - 4MCI0 QYHKIHOHATBHBIX
MallliH, OJHOBPEMEHHO pa0OTAIOMUX B | -OM CTPYKTYPHOM COCTOSHHM,

P(K.C.K) j (t j ) - BEPOATHOCTHL 6E30TKA3HON PabOTHl KWHEMATHYECKOM MM KOHCT-

PYKTUBHOM cBsi3u B K-oM crpykrypHOM coctosauu; M j - UMCIIO MaTepHalb-
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HBIX CBAI3€il Mexny (yHKIMOHAIBHBIMM MANIMHAMH B | -OM CTPYKTYPHOM CO-
CTOSIHUH.

[Tpumep. CtpykTypHas hopMmysna HaJEKHOCTH CUCTEMBI 3a00iHOT0 000pY-
nosanust B + J[ + K, nuna ounctHoro 3a60s L= 140m. [Tokasarenn HaaexHO-

CTH MAUIMH 1 d1eMeHToB aHanoros: Iopy= 74 To 1y= 6 9; Ty =1420y;
Topaxy= 8095 Toy= 60u; Tppy= 0,695 Ty 7= 0,654 Tpy=
TB(aK)— 1,2qu; TB(+)— 0,8u. Illar ycranosku cexuuii kperm |- = 1,4m.

Tpebyeres Hatitn T g, 1exeys 1 ppegexyr K rpeg+x)-

-1
7 _ LD 1 4 1 T _ LDTB(C) +TB(3K) :
0(K) | B(K) 0(K) |
C TO(C) TO(QK) c o) r 0(9K)

1
Tox)= = L -1 =12124;
140 _ 1 1 007+0,0125 0,0825
O+
14 1420 80
140 2 2
Ty =1212 =—B—+ 12 =1212(0,1408+ 0,015) = 1,894.
14 1420 80
SO R T
TO(cucm) = ZT +ZT .
=L Yogpi)  17110(kc.j)
T =T ZTB(d?') +Z E’>('<CJ)
B(cucm) ~— + O(cucm) T T J
=1 Yopi) 171 Yo(k.ci)
K. = TO(cucm)
r
TO(cucm) + TB(cucm)
T = 1 = = 254
O(B+4+K) — = - q.
}+}+ 1 +i 0,3937

7 6 1212 60
a 06 065 189 08
TB(B+,ZZ+I() = 2.54( = + 6 +1212+ 65

254 254
K = = = 0,734.
PBHIE) 9544 092 346

j = 2p410,363= 092 u.
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[Tpumep. B cucteme, cocrosineit u3 4 3eMEHTOB 3a CYMMapHYIO HapaOOTKy
Marusb { — 1864 npon3onuio 6 0TKa30B Pa3IMYHbIX IEMEHTOB 11;= 1; 11,= 3;

ny= 2; n,= 0, cpenHee BpeMs BOCCTAHOBJICHUs OTKa3a JUI Ka)KJOI'O DJIEMEHTa
Tp=654, T'y,= 754, T 3= 704, T'5,= 0. Onupenenurb CpeaHIO Ha pabOTKY

OTKa3 cucTeMbl 1 Cpe/iHee BPEMsI BOCCTAHOBIEHHS. CUCTEMBL 1 p( .0y M

O(cucm)

K02 (OUITUEHT TOTOBHOCTH CUCTEMBI.

Lo 186 186
TO(cucm) = . - = =31u.
n+n,+n,+n, 1+3+2+0 6
T _ Ty lng T gy lng +Tpglng + Ty, lny, _
B(cucm) n, + n, + n, + n,
6501+ 75[B+70[2+0[D
= =7166 u.
1+3+2+0
1 1
K rouem = = = 0,3019.
TB(Cucm) 7166
1+ ——= 1+
TO(cucm) sl

5.4.CTpyKTypHOE pe3epBHpPOBaHUE FTOPHOIIAXTHOIO
o0opynoBaHust

U3 popmyn (5.2) — (5.7)kcnenyer, 4yTo ¢ yBEIMUYESHUEM YHCIIA MTOCIIEI0BA-
TEILHO B3aUMOJICHCTBYIOIINX DJIEMEHTOB, SBJISIONICTOCS CIIEACTBHEM POCTa
CIIO)KHOCTH PAa3JIHYHBIX OOBEKTOB TOPHOIIAXTHOTO 000OpymoBaHus, 0e30TKa3-
HOCTh 00OBEKTOB MPH MPOYUX HEU3MEHHBIX YCIOBHUSIX CHUKACTCH.

OJHHM M3 OCHOBHBIX CPEJICTB 00ECIIEUEHUS] OTKAa30yCTONUHNBOCTH O0BEK-
TOB B IIEJIOM, T.€. COXPAHEHHUS UX PabOTOCIIOCOOHOCTH MPU BOZHUKHOBCHHH OT-
Ka3a OJTHOTO MJIM HECKOJIBKUX 3JIEMEHTOB, SIBIISIETCS pe3ePBUPOBAHHE.

B mpakTHke TOpHOTO MAaIIMHOCTPOCHHS MOCTOSHHO IOJIB3YETCS Harpy-
30YHOE PE3ePBHUPOBAHKE, CBSI3AHHOE C 00ECICUCHHEM CIIOCOOHOCTHU 3JIEMEHTOB
BBIJICP)KUBATh ICHCTBYIOIIME HA HUX HArpy3Kku (0OecreunBaTh 3amac MOIIHOCTH
JIBUTATENICH, YCHUIINH, pa3BUBAEMbIX MEXaHHU3MaMHM MMOJa4Yi M Pa3IMYHOro poja
JOMKpaTaMH, 3amac IMPOYHOCTH DJIEMEHTOB, YCTAHOBKY MPEIOXPaHUTEIbHBIX
KJIalaHoB, My(T peAeTbHOT0 MOMEHTA U JIp.).

YCcTaHOBKA MPOMEKYTOUYHBIX OYHKEPOB-HAKOMUTEICH B TPAHCIIOPTHBIX
CHCTEMax TOPHBIX MPEANPHUITHIN MO3BOJISIET JOMYCKATh MPOCTOM OMPEAEICHHON
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JUIUTEIHLHOCTU B CBSA3M C OTKAa3aMH OTAENIbHBIX 3J€MEHTOB TPAHCIIOPTHOM CHC-
TEMBI, T.€. OCYIIECTBIIATh BPEMEHHOE PE3EPBUPOBAHHE.

B nocnennue ronpl B MpakTUKE CO3/IaHUS PA3IUYHBIX CPEICTB MEXaHM3a-
IIUU TOPHBIX pabOT MOJydaeT PaclpoCTpaHEHHE CTPYKTYPHOE pPEe3epBUPOBAHUE
— pe3epBUPOBAHKE C IPUMEHEHHUEM PE3EPBHBIX AIEMEHTOB CTPYKTYPhI 00BEKTA.

PesepB MoxeT ObITh HATPYKEHHBIM, €CITH PE3EpPBHBIC JIEMEHTHI HAXOIST-
Csl B PEKMME OCHOBHOTO JJIEMEHTA, M HEHArpy>KeHHBIM, €CII pE3epPBHBIC dIie-
MEHTBHI HaXONATCS B HEHArpy)KEHHOM COCTOSIHHH JIO Hadayia BBITIOJHEHUS WM
(GYHKIIMIT OCHOBHOT'O 3JIEMEHTA.

PesepBupoBanue, ocymiecTBisieMoe 0e3 MepeCcTPOKU CTPYKTYpPhl 00bEKTa
IpU BOBHUKHOBEHUHU OTKa3a €ro 3JIEMEHTAa, Ha3bIBAETCS MOCTOSIHHBIM.

JluHaMu4ecKkoe pe3epBUpOBaHHE (pe3epBUPOBAHME, CBSI3aHHOE C Tepe-
CTPOMKON CTPYKTYphl OOBEKTA), MPU KOTOPOM (PYHKIIMHU OCHOBHOTO DJIEMEHTA
NIEPEIAlOTCsl PE3EPBHOMY TOJIBKO TIOCJE OTKa3a OCHOBHOTO JJIEMEHTa, Ha3bIBa-
eTCSI pe3epeuposanuem — 3amelujeHue.

Eciu 06bekt coctont 13 N mapaiiensHo B3auMOIeHCTBYIOIUX dJI€MEH-
TOB OJMHAKOBOTO (DYHKIMOHAJIHLHOTO HAa3HAYEHUS M €ro paboTOCIMOCOOHOCTH
Oyner obecrieueHa MpU COXPaHEHUH pabOTOCIIOCOOHOCTH XOTSI ObI OJTHOTO 3Jie-
MeHTa, TO cunTaeTcs, 9ro N —1 seMeHTOB SBIsAIOTCS pe3epBHbIMU (puc. 5.4).

1 2 [ N
N t
___ __ O N
| ;
2 t, :
oO—g LT
Ty

Puc. 5.4.Cxema popMHupoBaHus MOTOKA OTKA30B
NpU NapajuIeIbHOM PE3ePBUPOBAHUN

[Ipu NOCTOSTHHOM pE3€pBUPOBAHUYN U HATPYKEHHOM PE3EPBE BEPOSITHOCTh
OTKa3a 00beKTa, cocrosmero u3 N mapamiensHo B3aUMOIEHCTBYIOMIUX -
MEHTOB, COTJIACHO TEOPEME YMHOKECHHUS BEPOSATHOCTEH ISl HE3aBUCUMBIX COOBI-
THM COCTABUT

N
q(t) = 114 (t), (5.18)

rae 0 (t) - BeposTHOCTS OTKA3a | - rO SMEMEHTA.
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BepositTHocTh 6€30TKa3HOM pabOThl 00BEKTa HAXOAUTCSA KaK BEPOSITHOCTD
coObITHs, TpoTuBonosoxkHoro (t).

P(t) =1—zfqui ® :1—,1371[1—1% o)l (5.19)

Jlist paBHOHAQAEKHBIX, MAPAIUICTHHO B3aMMOACHUCTBYIOIIUX 3JIEMEHTOB
dbopMyna UMeeT B

pt)=1-[1-P®)]". (5.20)

Cpennee BpeMs pabOThl 00BEKTA O OTKAa3a MPU M3BECTHOM aHAIUTHYE-
ckoM Bhlpakenuu GyHkiuu P(t) MoskeT GBITH PACCUUTAHO C YUETOM BBIpAKe-

HUM 110 hopMmyie
T, = [ P(t)dt. (5.21)
0

Ecnu pe3epBHBIE 37IEMEHTHI BKIIIOUAIOTCS B pad0OTy MOOYEPEIHO U HE BOC-
CTAHABIIMBAIOTCA JI0 HACTYIUIEHUS OTKa3a BCEHM COBOKYIMHOCTH B3aUMOJICHCT-
BYIOIIMX JJIEMEHTOB (pe3epBUPOBAHUE 3aMEIICHHEM IPH HEHArpy>KeHHOM pe-
3epBe), TO 0TKa3 00beKTa, uMmeromiero oaun ocHoBHol 1 N — 1 pesepBHBIX dite-
MEHTOB, TIPOU30MAET, KOTa OTKAXKYT IMOOYEPETHO BCE IIIEMEHTHI 0€3pa3IuyHO
B KaKoOW MOCJIeIOBATEIbHOCTH (CM. cxeMy (hOPMHUPOBAHHMSI ITOTOKA OTKA30B...).
B sTom cityuae

T, =3T,. (5.22)

HpI/I 9TOM IMpCAnoJaracTcsa, 410 BpEeMs BBCACHHA PE3CPBHOI0 3JICMCHTA
Ha MCCTO OTKAa3aBILICTO pa6oqer0 MaJIO 1 UM MOKHO HpCHC6pC‘IB, HO BCEM BpC-
MCHEM BBCJCHHUA PC3CPBHOIO 3JICMCHTA, Ha MCCTO OTKa3aBHICTO HpeHe6peqL

Henp3s, T0 1 1= T 1i » 1 0€30TKa3HOCTh 0OBEKTa HE Bo3pacTaeT. B sToM ciyuae

pe3epBUPOBaHUE 3aMEIICHUEM NIPU HEHArPY>KEHHOM PE3epBE MOXKET UCIIOJIb30-
BaThCsI JUIsS CHIDKEHMSI 3aTpaT BPEMEHU Ha JIMKBHJAIMIO OTKa30B o0bekTa. [1pu
3TOM JIOXOJI, MTOJy4aeMbIi 33 CUET CHIDKCHUS BEJIMYMHBI BPEMEHU BOCCTAHOBJIC-
HUS pabOTOCIIOCOOHOCTH 0OBEKTA, JOJDKEH MPEBHIIATh 3aTPaThl HA MPUOOpeTe-
HUE U COJICPKAHHUE PE3ECPBHBIX 3JICMEHTOB.

OTHOIIICHHE YKCIIa PE3ePBHBIX 3JIEMEHTOB 00BEKTa K YHCIY pe3epBHpYE-
MBIX WJIH OCHOBHBIX 3JICMCHTOB OOBEKTa, BHIPAKEHHOE HECOKPAIIEHHOW JpO-
ObI0, HA3bIBACTCSI KPATHOCTHIO Pe3epBa.
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Eciu npu 06mmeM uncie 3neMeHToB N 00beKTa 4MCI0 OCHOBHBIX dJI€-
MEHTOB PaBHO [, TO KpaTHOCTb pe3epBa

h=(N-r)/r, (5.23)

rane N — T - uucio pesepBHBIX 2IEMEHTOB.

Pe3epBupoBanne ¢ KpaTHOCTHIO pe3epBa OJAMH K OJHOMY HAa3bIBaeTCS
TyOIUpOBaHUEM.

[Tpu xpaTHOCTH pe3epBUPOBaHUS /7 <1 MMEET MECTO PE3EPBUPOBAHUE C
JTpOOHON KPaTHOCTBIO.

[Tocneqare cmocoObl pe3epBUPOBAHUS OOECICUYMBAIOT MEHBIIUN pPOCT
00beKTa, 4eM Tpu 7 > 1, Ho SIBISAIOTCS 00JiIee SKOHOMUYHBIMH.

Ha ropHBIX NpeanpuaTusx AyOJUPYIOTCS BEHTHJIATOPHBIE W BOJOOTIIHB-
HBIC YCTAHOBKH, HEKOTOPBIEC 3JIEMEHTHI HACOCHBIX CTAHIIMI MEXaHH3UPOBAHHBIX
Kperel, CUCTEM DIIEKTPOCHA0KEHUST ¥ aBTOMATH3AIMH TOPHBIX MalinH. B MHO-
TOCTOCYHBIX CUCTeMaxX (KOCTPOBBIX CEKIMSAX MEXaHH3MPOBAHHBIX Kpemed J[oH-
Oacc) M-103 umeeT pe3epBuUpOBaHKE C APOOHOW KPATHOCTHIO THAPOCTOEK. B
CKpeOKOBBIX KOHBEHEpax MPUBOIHBIE OJIOKM MOTYT PE3epBUPOBATHCS C KPaTHO-
cteio 1 < 1. C Takoii )ke KpaTHOCTBIO PE3EPBUPYETCS OOBIYHO U paboumii HHCT-
PYMEHT UCTIOTHUTENIbHBIX OPTraHOB OYMCTHBIX M MMPOXOTYSCKUX MAITHH.

PesepBupoBanme, mpu KOTOPOM pe3epBUPYETCS OOBEKT B I€JIOM, Ha3bIBa-
ercs obmmMm (puc. 5.5).

1 2 3 4

1 2 3 4

Puc. 5.5.006mee pesepBupoBanue

[Ipu pa3penbHOM pe3epBUPOBAHUY PE3EPBUPYIOTCS OTIEIBHBIC SJIEMEHTHI
(puc. 5.6)wm ux rpynmsl (puc. 5.7)

1 2 3 4

Puc. 5.6.Pe3epBupoBanue oTAEIbHBIX JIEMEHTOB
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1 2 3 4

Puc. 5.7.CmMerianHoe pe3epBUpOBaHUE

HaubGonpimas >hPekTUBHOCT, B TOBBIIIEHUH OE30TKAa3HOCTH OOBEKTA,
KaK TpU MOCTOSIHHOM, TaK M TPU CKOJB3AIIEM DPE3EPBUPOBAHUM JTOCTHTACTCS
IIPY pa3aeIbHOM TTO3JIEMEHTHOM PE3ePBUPOBAHUH.

Ot mapareapbHOro (pe3epBUPOBAHHOTO B3aUMOJCHCTBUS JJIEMECHTOB B
CHUCTEMax) CJIeyeT OTIMYaTh CIIy4aid IMapajuielbHONW paboThI, HAIIPUMED, ABYX
BOJIOOTJIMBHBIX YCTAaHOBOK WMJIM KOHBEMEPOB, KOTJAa UX YHUCIO MPUHUMAETCS U3
ycJIoBUSI 00OecIieueHusT HEOOXOIUMON MPOU3BOAUTEILHOCTH BOJOOTIMBA WITU
TpaHCTIOpTUPOBaHUs. B 3TOM ciydyae O0Tka3 0JHOrO M3 MapajuieNbHO padoTaro-
IIMX AJIEMEHTOB BBI3BIBACT MAPAMETPUUYCCKUN OTKA3 BCEU CHCTEMBI M IMTOATOMY
TaKO€ B3aMMO/ICHCTBHE HA3bIBACTCS MOCIIEIOBATEILHBIM.

B3anmoeiicTBIE 2IEMEHTOB B CUCTEME MOXET OBITh TAKKE CMEIIaHHBIM.
B aTOM ciyuae BeposSTHOCTh 0€30TKa3HOW pabOThl CUCTEMBI MPHU TMOCTOSTHHOM
PE3EepPBUPOBAHNU M HATPYKEHHOM PE3EpPBE OTAEIBHBIX OOBEKTOB PAcCUUTHIBA-
etcs. [Ipumep pacuera nis puc. 5.8.mpuBeIeH HUXKE.

I | 11 Vv
4 A A A A AN
11 = N[ N I
’7 2 4 5
1 3
L 2 4 5
L1 L

Puc. 5.8.Pacuer pe3epBHpOBaHUS
P(t) = P, (t) [P, (©) [Py, (t) [Py (1),
me RM)=1-[q®F; P ®=1-[q,®]";
wm P (1) =1-[1- p,®O]; R (1) =1-[1- p, O]
Pu (0 = ps(t); Py (1) =Py (t) = p,(t) [ps(t):
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wm Py (1) =1-[1- poy (O)]° =1-[1- p,(®) Tps ()]
Torna gist cucteMsl B 1IeJIOM

Py () ={-[1- p.®F - [1- p, @)} s () G- [1- p, (1) Cos O],

T.e. 1711 00bekToB | u |l ucnonbp3oBaHo pazaenbHOE, a 1isd oobekTa |V — oliee
pe3epBHpPOBaHUE.

ITpumep 1. TpeOyercst paccuuTaTh BEPOATHOCTH OTKa3a cucrtemsl (.,

UMEIOIIEN CIAEAYIONIYIO0 CTPYKTYPHYIO CXEMY B3aUMOJIEHCTBUS 3JIEMEHTOB.

P.=0,8
0,=0,05 ,=0,07 (,=0,09 g
1 2 3 q,= 0,02
1 2 3
5
— / \ ) J
N Y Y
a 4] 8

CxeMe COCTOMT U3 TPEX MOCIEA0BATEIBHO B3aUMOICUCTBYIOIIMX MTOACHUC-
TeM: d, O U 8.

Iosromy P, =P, [P, [P,.

[Toacucrema «a» umeer oOliee MOCTOSHHOE pe3epBUpoBaHue. Peszeps
HarpyxeHubii. UYncno napamiensbubix Bereii N = 2, 4ncimo OCHOBHBIX BETBE
r=1.

KpatHocTh pe3epBUpOBaHKs COCTABISAET

h= N-r 2-1

r

Peemeu :P1 [PZ [PB = (1_q1) [(1_q2) [(1_q3)

=1/1 OuH x otHOMY).

JIJ1s1 TOACUCTEMBI «a »

o = (- Py )® =[1- - q) (- a,)1-a)]%,
P, =1-q, =1-[1- (1-q,)(1- q,)(1-q,)]*.

HO,Z[CI/ICTCMa ((6 » COCTOUT U3 OAHOTI'O DJICMEHTA, ITO3TOMY AJIA HEC

P; =1-q,.
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[Toncucrema «6>» COCTOMT U3 TPEX MapajlIeIbHO B3aMMOJEHCTBYIOIIUX
snementoB (N =3, I = 1). KpaTHOCTb pe3epBHpOBaHMs I HEE COCTABIISAET

3-1_2

h=>""-=%
1 1

(1Ba K OTHOMY),

— — — 3
P, =1-05=1-0; =1-(1-F)".
OKOHYATENBHO MOKHO 3aIMCATh

=1-P =

qcucm cucm

=1-f1- - - @)a-0,)a- @)Pfa-a)h-a- R
=1-fi-[i- - - a)a-w)PJe-a)i- a- R
=1-0,962:0,98-0,992 0,065.

[Tpumep 2. TpeOyeTcsa onpenenuTb CpeiHIO HapaOOTKy A0 OTKa3a CHC-

TemMbl 1 UMEIOIIEH CJIEAYIONIYI0 CTPYKTYPHYIO CXE€MY B3aHMMOJECUCTBUS

(cucm) 1

aneMeHTOB. Iloka3arenu HaJIC)KHOCTH 3JICMCHTOB IIPUBCICHBI HA CXEMC.

T,,=3200u T,,=3400u4 T,;=3300u T,c=1250u
1 2 3 5
T,,=26004
1 2 3 4
-
1 2 3 4] 5
N /
v - ~ /
a 8

CucremMa COCTOUT U3 TPEX MOCIEN0BATENLHO B3aMMOAEHCTBYIOUX MO/
cucreM: a,0,86.

-1

1 1 1

Moostomy T pyem) = + + :
Ty Tugy T
[Toncucrema «a» uMmeer oOIee TMOCTOSHHOE pe3epBUpoBaHuEe. Peseps
Harpy>keHasii, N = 3, = 1.
CornacHo ¢opmyiie
2
_ 1
Tl(a)_ Tl(eemeu) EH‘l
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B cBoto ouepenp, kaxmaast BETBb COCTOUT U3 TPEX MOCIEAOBATEILHO B3au-
MOJICHCTBYIOIIMX 3JIeMEeHTOB: 1, 2, 3.
[ToaTomy

-1
T, 1 1 1 :[1+1+1

(6emsu) ~— + +

Ty Tiy Ty

} =10994y.
3200 3400 3300

HOnas N=3, r=1-i =0, 1, 2.Toraa

1 1 1
Tl(a) =1099 + + ) = 1099-1,83 2011.
O+1 1+1 2+1

IToxcucrema «6 » COCTOUT U3 OAHOTIO DJICMCHTA, ITO3TOMY

Tys =T14 = 2600u.

[Monacucrema «6 » umeet oauH OcHOBHOUM (I = 1) u omuH pe3epBHBIH dJ1e-
MeHT (0OIee Ynciio mapauiebHO B3aMMOICHCTBYIONUX AIeMeHTOB N = 2).
PesepBupoBanme B cirydae O0TKa3a OCHOBHOTO JJIEMEHTa «5» OCYIIECTBISETCS
3aMENICHUEM €T0 aHAJIOTUYHBIM PaHee He HArPYKEHHBIM JIEMEHTOM.

Cpennsist HapabOTKa J0 0TKa3a MOJICUCTEMBI <6 » COCTABHUT

Cpennue HapaOOTKHU O OTKa3a OT/AEJIbHBIX MOJCUCTEM YCTaHOBIEHBI. To-
T/1a ISl CACTEMBI B II€JTIOM

-1

1 1 1 1 1 1 717
Tl(cucm) = + + - |: + + :| = 780u.
Tyw Tupy Ti 2011 2600 2500

68



7.OBECIHHEYEHUE HAJIEKHOCTHU CPEACTB MEXAHU3ALIUN
I'OPHBIX PABOT

7.1. TexHo10THYECKHE MEPONIPHUSITUSA MO NMOAAEPKAHUIO
HA/Ie’KHOCTH TOPHBIX MAIIMH

BriOpanHbiii HA cTaiud NPOEKTUPOBAHUS U 00ECIIEUEHHBIN MPU U3rOTOB-
JICHUU T€XHHUKH YPOBEHb €€ HAJAEKHOCTU JNOJDKEH CUCTEMATHYECKU MOINEPHKHU-
BATHCS MPU IKCIUTyaTallMX HA TOPHBIX MPEANPUATHSIX.

Jlist mogaepkanus HeOOXOAMMOTO YPOBHS TMTOCTOSTHHOW TOTOBHOCTH TEX-
HUKH K UCIIOJIb30BAHUIO TI0 Ha3HAYCHUIO MO (aKTOpy HAAEKHOCTH JTOHKCH BbI-
MOJTHATHCS KOMIUIEKC TPEOOBaHUIA U MEPOTPUSITHI, TTIABHBIMU U3 KOTOPBIX SIB-
JISIOTCS COOJTFIOICHUE WHCTPYKIIMKA TIO0 SKCIUTyaTallid M OPTaHU3aIluu PaIiuo-
HaJbHOM CHCTEMBI, TEXHHYECKOTO OOCIYKMBAHMS M PEMOHTa TOPHOIIAXTHOTO
000pyIOBaHUA.

OCHOBHBIM pE3yJbTaTOM COOJIOJEHUSI MHCTPYKIMI MO 3KCIUTyaTaluu
JOJKHO OBITh OTCYTCTBUE HENMPABUIIBHBIX JEUCTBUI OMEpaTOpOB, KOTOPHIE MO-
I'YyT NPUBECTH K BO3HMKHOBEHHIO OTKA30B, HA3bIBAEMBIX «OLIMOOYHBIMU», a
TaK)ke BBIOOP U COOJIOJIEHUE PEKUMOB PAaOOTHI TOPHBIX MAIINH, UCKITFOUYAIOIINX
BO3MO>KHOCTh TOSIBJICHUSI 3HAYUTENBHBIX MO BEJIWYMHE WM JUIMTEIBHBIX IIO
BPEMEHH MEPETPY30K JIEMEHTOB MAIIIVH.

Texandeckoe U peMOHTHOE OOCITYKUBAHHE TOPHBIX MAIIMH MPECTABIISCT
c000i1 cucTeMy MEpPOMPUATHI MO TEXHUYECKOMY YXOy, MOJAECPKAHUIO U BOC-
CTaHOBJICHHIO PA0OTOCIIOCOOHOCTU TOPHBIX MAIIUH.

[IpaBuiIbHO OPraHU30BAHHBIE TEXHUYECKOE OOCITYKMBAaHUE U PEMOHT
TOPHO-TIIAXTHOTO OOOPYJOBaHUS TMO3BOJSIOT: MOBBICUTH HAIAEKHOCTh PaOOTHI
Pa3IMYHBIX N0 (PYHKIIMOHAIILHOMY HA3HAYEHUIO TOPHBIX MAIUH U MNpeaynpe-
JUTH OBICTPBINA U3HOC AJIIEMEHTOB; CBOEBPEMEHHO MOJATOTOBUTHCA K PEMOHTHBIM
paboTaM M KayeCTBEHHO MPOBECTH WX B YCTAHOBJICHHBIH CPOK; OOECIEYUTh
MPOU3BOIUTENIbHYIO U 0€30MACHYI0 pabOTy TEXHUKU; YMEHBIIUTh SKCILTyTalU-
OHHBIE PACXO/JIbI 32 CUET CHIKEHUS YHCIIa aBAPUMHBIX OTKA30B U YOBITKOB M3-3a
UX BOBHUKHOBEHHUE.

B nonoxenuu o IIIIP ycTaHOBIIEHBI BU/IBI, PETJIAMEHTHI U IIPUHIUIIBI Op-
raHU3alMd TEXHUYECKOr0 0OCITYKMBAHUS U MJIAHOBBIX PEMOHTOB; HOMEHKJIATY-
pa OCHOBHOW HOPMATHUBHO-TEXHUYECKON TOKYMEHTALWH JJISl TIJIAHUPOBAHUS pPe-
MOHTHBIX HOPMAaTHBOB; ITPUHIIUIIBI OPraHU3alUU CMa304YHO-3MYJILCUOHHOTO XO-
3SICTBA; MPUHIIAIIBI OPTAHU3AIUN YIETa U JBIKEHUS 000PYIOBAHUS; METOIBI
y4€Ta U KOHTPOJIS 3a COOJIIOICHUEM JICUCTBYIOIIMX MTPABUII U HOPM IO TEXHUYE-
CKOMY OOCITY>KHBAaHHIO, PEMOHTY H dKCIUTyaTalluu 000py10BaHUS.

Cymnocts IIIIP cocTOUT B NIaHUPYEMOM BBINOJHEHUH B COOTBETCTBHUH
CO CTPYKTYpPOH PEMOHTHOIO LIMKJIA YCTAHOBJIEHHBIX BUIOB TO M MIaHOBBIX pe-
MOHTOB, 00BbEMBI KOTOPBIX OMPEACNAIOTCS (GAKTHUECKUM TEXHUYECKHUM COCTOSI-
HUEM COOPOYHBIX €IMHUIL U 000PY/I0BAHUS B LIEJIOM.

97



JIJist 04MCTHOTO 00OPYIOBaHMSI U 00OPYIOBAHUS ISl IOJTOTOBUTEIbHBIX
pabot nonoxenuem o [P nmpegycMmarpuBaroTcsi cienyronue BUAbl TEXHUYE-
ckoro obciyxuBanus. execmeHHoe (TO-1), exxecyrounoe (TO-2), u exene-
nenbHoe (TO-3).

TO-1 BeInoONHSIETCA ACKYPHBIMU JIEKTPOCIECAPSIMH, MAITUHUCTaMU 000-
pynoBaHus U pabOYMMH NPOU3BOJACTBEHHBIX MpoleccoB; TO-2 — peMOHTHBIMU
AIIEKTPOCIIECapsIMU, TIOCTOSHHO OOCIY>KMBAIOIIMMU JAHHBIA BUJ 000pyI0Ba-
Hus; TO-3 — TeMu Xe CHJIaMUd U DJIEKTPOCIEcapsiMU DJIEKTPOMEXaHUYECKOM
CITyXObl axThl. B ABYX MOCIEIHUX CIIy4asX MPUBJIEKAIOTCS MAIIMHUCTBI 000-
pyZIOBaHMs U paboure MPOU3BOACTBEHHBIX MTPOILIECCOB.

K miaHoBBIM TEKYIIMM PEMOHTAM OTHOCSATCS: €XKEMECSIYHOE PEMOHTHOE
obcnyxuBanue (PO), BBIOIHAEMOE PEMOHTHBIMH JJICKTPOCIECAPSIMH SHEPTO-
MEXaHUYECKOW CIyKObl IIaxThl, MalIMHUCTaMU OOOpPYIOBaHMs, PaOOUUMHU
MIPOM3BOJICTBEHHBIX MPOIECCOB, CIECIHATN3UPOBAHHBIMA OpUTagaMUd PEMOHT-
HBIX JJIEKTPOCJECApPEN; MEPBbIM U BTOPOU TeKymue peMoHThl T1,T, ¢ mepuo-
JTUYHOCTHI0O 3 U 6 MECAIEB COOTBETCTBEHHO BBIMOJHSIIOTCS TEMHU K€ CHUJIAMH,
yto 1 PO, a Takxke crenuaiu3upoBaHHbIMU PEMOHTHBIMU HaJaJOYHBIMU, MOH-
T@XHBIMU TPEANPUITHIMA TPOU3BOJACTBEHHBIX 00BEANHEHUN U MECTHBIX IO/
pa3neneHnii TEXHHIECKOTO 00CITYKUBAHUS 3aBOI0B M3TOTOBUTEIEH TEXHUKH.

PemonTtsl T1 1 Ty ABISIIOTCS OCHOBHBIMH BUJIAMU TEKYIIUX PEMOHTOB. Ec-
JM B TOPHBIX MAaIlIMHAX UMEIOTCS 3JIEMEHTHI CO CPOKAaMHU CIY>KOBI, IPEBHITIAIO-
MU 6 MeC., HO MEHBIITUMHU TEPUOANIHOCTH KANUTAIHLHOTO PEMOHTA, 3aBO/I-
W3TOTOBUTEIIb TEXHUKU MOXET HA3HAUYUTH JOTOJIHUTENbHBIE BUIbI TEKYIIUX pe-
MOHTOB (T3, T4, ...) ¢ mepuoauIHOCTHIO, paBHOU 9, 12, ...Mec. BrimosiHeHne
JOTIOJIHUTENBHBIX BUIOB TEKYIIMX PEMOHTOB OCYILIECTBIISIIOTCS TEMU K€ CHUJIa-
MH, YTO U OCHOBHBIX BHJIOB PEMOHTOB. J[iis clioskHOTO 000pymoBaHHS (OYUCT-
HbI€ U MPOXOJYECKUE KOMIUIEKChl M arperatbl, MOJbEMHBIE U KOMIIPECCOPHBIE
YCTAHOBKHU TJIABHOTO MPOBETPUBAHMS) HA3HAYAIOTCS IUIAHOBBIC TEKYIIUE pe-
MOHTBI, COBMEIICHHbIE C MPOBEJECHUEM PEBU3UMN, HAIAIOK U PErYJIUPOBOK CO-
CTaBHBIX YacTeld W COOPOYHBIX €IUHHII 00opymoBanus; kBapTainbHbie (HPK),
nonyroaoseie (HPII), rogoseie (HPI') u asyxroauunsie (HPJI). IlnanoBsie Te-
KyIIME PEMOHTBHI JIOJKHBI MPOBOJUTHCS CHJIAMH CHEUATU3MPOBAHHBIX Halla-
JIOYHBIX U MOHTaXHBIX yIPABICHUMN.

[TnaHOBBIA KamMTaJIbHBI PEeMOHT (K) BBITIOJHSETCSA CIICIUATN3UPOBAH-
HBIMU PEMOHTHBIMH MIPEANPUATUSIMHU C TIEPUOJUYHOCTHIO, YCTAHOBJICHHOW HOP-
MAaTHUBHO-TEXHUYECKOW JOKYMEHTAIIUEH.

[Ipo10KUTENBEHOCTS BCEX BUIOB IJIAHOBOTO TEXHUYECKOIO OOCITYyKHBa-
HUS M PEMOHTAa yCTaHABJIMBAETCS OTPACIEBBIMM PEMOHTHBIMH HOPMATHBAMHU.
OOBbeMBI TEXHUYECKOTO OOCTY)KHMBAHHS M PEMOHTA JJII KOHKPETHBIX YCJIOBHIMA
IKCILTYyaTAllM CUCTEM OYMCTHOIO M MPOXOJYECKOTO 000pYyIOBaHUS pa3padaThl-
BAIOTCA PHEPrOMEXaHUUYECKOU CIy:KOOM 00BEAMHEHUN M IIaXT HA OCHOBAaHUU
uHCTpyKIuit mo TO, pyKoBOACTBa MO HaJaJKe 00OpYAOBaHUS U JIp. HOPMATHUB-
HBIX JOKYMEHTOB, B KOTOPBIX MPHUBOJUTCS COCTAB HEOOXOIUMBIX padOT U TEX-
HOJIOTHS MX BBITTOJTHCHHS.
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3aMcHa 110 Hapa6OTKC

Puc. 7.1.I'paduxu pemoHnTa 060py10BaHUS

3aBOJICKME MHCTPYKIMHU MPU HA3HAYEHUU MEPUOJUYHOCTH TEXHUUYECKOTO
00CITy’)KMBaHUS U PEMOHTOB ONEPHUPYIOT CPEIHUMHU JAHHBIMH O CTOMKOCTH Y3-
JIOB ¥ JETAJEN U HE MOTYT Y4ECTb yCIOBUM U PEKMMOB JKCIUTyaTallMM TOPHOU
TEXHUKH B KaXJIOM KOHKPETHOM ciydae. [[03ToMy Ha mpakTuke eme noka J1oc-
TaTOYHO IIMPOKO PaCIpOCTpaHEHa «0a3oBas» 3aMeHa AJIEMEHTOB, T.€. 3aMEHa
AJIEMEHTOB IIOCJIE MX OTKa30B. HOBBIM 3JIEMEHT, 3aMEHMBIIMM OTKa3aBILIMH,
OTSITh PabOTAET JI0 TEX TOP, MOKa HE OTKAXET.

Ecnu nepBblit 31eMeHT uMeln HapaboTKy 1o oTkasa i, Bropoii —t,, a mo-
n
cnennuii — 1, To cymmapnas Yt 0 = >t
i
CyMMmapHbIe 3aTpaThl Ha BHEIUIAHOBBIE PEMOHTHI
c(t,) =nc,, ¥.1

I7I€ - YUCJIO OTKAa30B 3a HapabOTKy tp, C, - CpeaHssi CTOMMOCTh 3aMEHBI 3Jie-

(0]
MCHTaA I10CJIC OTKa3a, BKJIr04Yas Y6I>ITKI/I H3-3a IIPOCTOCB O60py,Z[OBaHI/IH, P-
YI[eJIBHBIe 3aTpaTel C 0.0 Ha BHCINIAHOBBIC PCMOHTDI

c

n
0o =NC Ity =nc, 13t =c Ty, (7.2)
~

rae 1'; - cpenusist HapabOTKa IIEMEHTA 10 0TKa3a, U.

bazoBas 3ameHa 371€MEHTOB MOXET ObITh OMpaBlIaHa TOJBKO JHIIb MPH
0TKa3ax BHE3aITHOTO TUIA U OOJBIION BEIMUMHE ACTIPECCUH HAPAOOTOK AJIeMEH-
TOB J0 OTKa3a.

PernameHTUpoBaHHas 3aMEHa COCTOUT B 00s3aTEJIbHON 3aMEHE BCEX dJe-
MEHTOB JaHHOI'O THUIIA YE€PE3 UHTEPBAJIbl BPEMEHH, KOTOPbIE HEAABHO ObUIN MO-
CTaBJICHbl B3aMEH OTKa3aBUIMX. J[aHHBIN croco0 ynoOeH A OCyIIEeCTBICHUS
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3aMEH 3JIEMEHTOB, OTKa3bl KOTOPHIX HOCAT MOCTENEHHBIN XapakTep, a TAaKKe KO-
raa oOCIyXKUBAIOIIEMY MEPCOHANTy 3aTPYJIHUTEILHO BECTH YUYET HapabOTOK 10
0TKa3a Kak/10ro 3JIeMeHTa U3 MHOTHX AJIEMEHTOB, UMEIOIIMXCA B 000pYI0BAHUU
(ruIpOCTONKH, THIPOPACTIPEASIIUTENIN U Jap. neMenThl). OCHOBHAs 3ajada 3a-
KJIFOYAeTCAd B HAXOXJACHUHM TaKOTO IMepuojia TPYIIOBON 3aMEHbl OJHOTUITHBIX
AJIIEMEHTOB, JUIsl KOTOPOTO YOBITKM M3-32 HEOOXOJAMMOCTHU JIMKBUJIALIMKA aBAPUI-
HBIX OTKAa30B 3JIEMEHTOB C (PAKTUYECKHUMH PECypCcaMH WM CPOKOM CIY>KOBI

tcp <1, a TaKe U3-3a HEJOHUCIIOIB30BAHMS PECYPCa HIEMEHTOB, ISl KOTOPBIX
tcp >1;, OyayT MUHUMAJILHBIMH.

CyMMmapHbie 3aTpaThl Ha BO3MOXXHBIE 3aMEHBI 3JIEMEHTOB MOCJIE BO3HUK-
HOBEHUS OTKA30B W Ha PErIAMEHTHPOBAHHBIEC 3aMEHBI MPU HAPAOOTKE, PaBHOM

t3, OIIPCACIIAIOTCA U3 BhIPAXKCHUA
c(t;) = m(t;)c,N +c, N, (7.3)

rac CO, Cp - Cp€aAHUC CTOUMOCTH COOTBECTCTBCHHO BHEILJIAHOBOM U periaMcCH-

THpOBaHHOﬁ 3aMEH OJHOI'0 JJIEMECHTA, m(t3) - MareMaTH4c€CKOC OXHIAaHHC

YKCIIa OTKA30B JIEMEHTA, YCTAHOBJICHHOI'O Ha OJJHOM U TOM e MecTe ((hyHKIUs
BoccranoBienns); N - 9KciI0 OMHOTHIIHEIX 2JIEMEHTOB.
VY nenbHbIE 3aTpaThl HA €IUHUITY HAPAOOTKH

t C
L= NSy (7.4)
t3 t3

UtoObl HailT 1O 3TOM (opMysie MHTEpBal 3aMEHbI MO0 HapabOTKe WU
BPEMCHH, HEOOXOIUMO yCTaHOBUTH 3HAYCHHE CTOMMOCTHBIX NapameTpos Cp, u

C,, ¥ BEIMYNHY MATEMATHYECKOTO OKmAanus uncina otkasos m(l;) B Teuenue
Pa3IMYHBIX BO3MOXHBIX MHTEPBaNIOB {3, MpuHMMaOT TO 3Hauenue 1y, npu Ko-
TOPOM Cy() =min.

OntumanbHas BenuuuHa U, NOKHA ObITh MEHbIIE CpEelHEH HapabOTKH

AJIEeMEHTa JI0 OTKa3za. B 3ToM ciyyae 1 MHKEHEPHBIX PAcueTOB MOXHO IPH-
HSTBH, YTO MAaTEMATUYECKOE OKHJAHUE YHCJIa OTKAa30B m(t3) 3a nepuon (0; t3)

YKCIIEHHO paBHa BeposTHOCTH oTKa3a snementa ((f3) 3a aror xe nepuon.

3arpathl pH IUIAHOBOU (pErfiaMeHTUPOBAHHON) 3aMEHE DJIEMEHTa

— Suo T 1S,
=y g+ oy o 75)
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rac SH_3 - CTOUMOCTBH HOBOI'O DJIEMECHTA, I’ZB - Cp€aHEC YHUCIIO BO3MOXKHBIX BOC-
CTAHOBJICHUM 3JIEMEHTA IIpru IPOBCACHNHN PCTIAMCHTHPOBAHHBLIX 3aMCH C IIC-

PpHUoOA0OM t3, SB - CpeaHAsL CTOMMOCTH BOCCTAHOBJICHHUS 3JICMCHTOB, c3aM.p -

CpeaHsasd CTOUMOCTD pa60T I10 3aMCHC 3JICMCHTA 110 IIJIaHY, BKJIOYas CTOUMOCTD

JOCTAaBKH B IIPCACIIax IIaxThI, CTp.p - CpCaHsAsA CTOMMOCTL TPAHCIIOPTHBIX pac-

XOJIOB IO JOCTaBKE Ha PyJOPEMOHTHBIM 3aBOJ M 00paTHO; C, p - BEIMYMHA
yOBITKOB OT HEIOWCIIOIH30BaHUS OCHOBHBIX (DOHIOB 32 BPEMs PETIaMEHTHPO-

BAaHHOM 3aMEHBI, TPAHCIIOPTHUPOBAHHUS, PEMOHTA 3JIEMEHTA M [TPOYHE PACXOIbI.
[Tpu 3amMeHe A1eMeHTa TIociie 0TKa3a 3aTpaThl (py0.) COCTaBISAIOT

(1+x5,)S,., K,
— op SH.3 JIL SB + +e +e 0+CCM_3+Cy6, (76)

0 2 3aM.0 Tp.O H.

rae Kg,- K09QQHUIHCHT 3aMeHbI OPaKOBAHHBIX DJIEMEHTOB HOBBIMH; K, , - KO-
3QQHUIHEHT BOCCTAHOBJIEHUS M IOBTOPHOIO MCIIOJb30BaHHA 3JEMEHTOB;

C om0~ CPEIHSA CTOMMOCTB PabOT 10 3aMEHE DJIEMEHTA 10CJIE €r0 OTKa3a, BKIIIO-

4ass CTOMMOCTBb TPAaHCIIOPTHBIX PacXoIOB IIPH OTKA3€C dJIEMCHTA, C no Y6BITKI/I oT

HCIOHUCITOIBb30BaHHUA OCHOBHBIX (I)OH,Z[OB B IICpUOa 3aMCHEI, TPAHCIIOPTUPOBAHHA U

BOCCTAHOBJICHHS 3JIEMEHTA IIOCJIC OTKa3a, C e~ CTOMMOCTD BO3MOJKHBIX ITOJIOMOK

CMCIKHBIX 3JICMCHTOB M3-3d OTKa3a pacCMaTpruBacMoro O6’beKTa; C 6~ CTOHMMOCTD

Y6BITKOB M3-3a IMPOCTOA YUaCTKa BO BPCMs JIMKBHUAALIMKU OTKAa3a.
I/IH,Z[I/IBI/II[yaHBHaH 3aMCHa 3aKJII04YacTCAd B TOM, 4YTO JJIECMCHT HE MOXCT

MEHSATBCS, €CIU ero HapaboTka MeHblue {5, u oH ABngerca ucnpasHeIM. Ho B TO
K€ BpeMs, €CJIM IIPOU3OLIEI OTKa3 3IeMeHTa npu Hapadotke {; <1, To HOBBII

nepuona IIAHOBOM 3aMEHBI t3 Ha3Ha4acTCsd IIOCJIC JIMKBHAAIIMH OTKa3a. HpI/I

JAHHOM CHoco0e 3aMeHbl HEOOXOAMMO BECTH YYET <«BO3pacTa» KaxJaoro sJie-
MEHTA.

WunuBuyanbHas 3aMeHa MPEANOYTHTEIbHA TIPH 3aMEHE TOPOTOCTOSIIUX
AJIEMEHTOB MAIIIKH.

[Ipu arperatHOoM crioco0e peMOHTa OTACIBbHBIC COCTABHBIC YACTH WIIH
cOOpOYHBIC €TUHUIIBI 000OPYIOBAHUS, COMIEPIKAIIEe U3HOIICHHBIEC AeTali, 3aMe-
HSFOTCS HOBBIMU WJIM 3apaHee OTPEeMOHTHpPOBaHHBIMU. COCTaBHBIC YacTh U cOO-
POYHBIC EIMHMIIBI, COACpKAIIUe W3HOIICHHBIC ETald, 3aMEHSIOTCS HOBBIMU
WIM 3apaHee OTPEMOHTHPOBAHHBIMU. /[eMOHTHPOBAHHBIC COCTABHBIE YACTU H
COOpOYHBIE €IMHUIIBI, COACPIKAIINE W3HOIIEHHBIE IETalH, TOJJIeKaT BOCCTa-
HOBJICHHIO, OCYIIECTBISIEMOMY, KaK TMPaBHJIO, CHJIAMH PEMOHTHBIX MpEANpH-
ATHI. DTOT CIOco0 00ecIeunBaeT BHICOKOE KaueCTBO PEMOHTA.
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3aTpaThl P UHAUBUIYAIBHOMN 3aMEHE
¢ =q(t3)c, + p(ts)c,, (7.7)

rae C,, C,- CPeAHHE CTOMMOCTH COOTBETCTBEHHO BHEIIAHOBOH (npu oTkaze) u

nnanoBoit 3amensl snementa; Q(t3), P(t3)- coorercTBeHHO BeposTHOCTH OT-

Ka3a 1 0€30TKa3HOM pabOThI dJIEMEHTA.
VY nenbHbIE 3aTpaThI

_q(t;)c, + p(ts)c,
Cya - t )
cp

(7.8)

t
rIe tcp = I03 p(t)dt - cpennee 3nauenue HapaGOTKHM dJeMEHTa O BBIIAYU B

IIJJAHOBBI PEMOHT.
7.2.CHUKeHMe 3aTPAT BpeMEeHHU HA JTUKBUIAIHIO

JlukBuaanus OTKA30B PA3JIUYHBIX KOHCTPYKTHBHBIX 3JIEMEHTOB CPEJICTB
MEXaHU3aIUKA TOPHBIX PabOT — MPOIECC, KOTOPHIN HEIb3s COBMECTHTH C pabdo-
TOM CpEJCTB MEXaHM3allMM — BCETJa BBI3BIBAET HEOOXOAMMOCTH MPOBEIACHUS
BHEIUIAHOBBIX (aBapUIHBIX) PEMOHTOB B TMEPUOJBI PabOYUX CMEH, a CJeI0oBa-
TEJIbHO, TPUBOJIUT K COKPAILLIEHUIO BPEMEHH, OTBOAUMOTO HA BBIITOJHEHUE CPEI-
CTBaMM MEXaHHU3aIlM1 CBOMX OCHOBHBIX ()YHKIIMA.

CHmKeHue 3arpaT BPEMEHM HA JMKBUJALUMIO OTKA30B TOPHBIX MAallWH,
KOMITJIEKCOB M arperatoB TECHBIM OOpa3oM CBS3aHO C BO3MOXKHOCTSIMH IIpa-
BUJILHOM OIICHKU TEXHUYECKOTO COCTOSHUS JIEMEHTOB MAITUH U UX COOPOYHBIX
eIMHMUII, a TAaKXKe C pa3pabOTKONH METOJIOB YCTAHOBIICHUSI ONTUMAJIBLHOM Mepuo-
JUYHOCTU TEKYLIUX PEMOHTOB 000pPYAOBaHUS.

UeTkoe mpoBeneHUE PETIaMEHTUPOBAHHBIX PAa0OT MO E€KECMEHHOMY,
€KECYTOUHOMY TEXHUYECKOMY OOCTY>KUBAHUIO MO3BOJIIET MPEIOTBPATUTH WIIH
CYIIECTBEHHO COKPATUTh YHMCJIO TaKMX HETMOJIHOMOYHBIX OTKa30B (MEPEeKOCHI
CEKIIMI Kperu, MOTEPH PE30B B UCIIOTHUTEIBHBIX OpraHax KOMOAlHOB, TEYHU B
TUAPOCUCTEMAX Kpenmu U KoMOaifHa, MOATOpaHue KOHTAKTOB AJICKTPOITYCKOBOM
anmaparypsel 4 ap.).

JI71st paBUIIBHOTO OMPEEIeHUS] TEXHUYECKOTO COCTOSIHUSI MaIlluH TpeOy-
€TCs IUPOKOE BHEAPEHHUE HA TOPHBIX MPEANPUATHIX CPEICTB TEXHUUECKOU JU-
arHOCTUKH U METOJIOB TUArHOCTUPOBAHUS.

TexHuyeckass IUAarHOCTHKA B IPOIECCE HKCIUIyaTallMM TOPHBIX MAaIlWH
MO3BOJISIET HA OCHOBE ONMPEAECICHHS UX TEXHUUYECKOTO COCTOSIHUS CHU3UTH IPO-
CTOW MAalIWH 3a CUeT MPAaBWIBHO YCTAHOBJICHHBIX PECYPCOB JJIEMEHTOB, cOO-
POUYHBIX €IMHUI]I U CBOCBPEMEHHOW HX 3aMEHbl; 0OOCHOBAHHO YCTAHABJIMBATh
BUJIbI 1 0O0BEM PEMOHTOB; IMOJIHEE MCIOIb30BATh MEKPEMOHTHBIE PECYpChl Ma-
IIMH; COKPATUTh PACXO] 3allaCHBIX YacTeW; MPaBUIBHO IIAHUPOBATH PabOTy
PEMOHTHBIX CITY>KO0; coBepilieHcTBOBaTh cuctemy III1P.
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TexHuyeckoe COCTOSHHWE TOPHBIX MAIWH, UX COOPOYHBIX €IUHUIL U dJie-
MEHTOB XapaKTepHU3yeTcs psioM napameTpoB. K nuarHoctuueckum napameTpam
OTHOCSTCSI: MOILIHOCTh, TEMIIEpaTypa, AaBJICHUE, BEIMUMHA IIymMa U BUOpaIuu,
COMNPOTHUBIICHUE U30JISIUU OOMOTOK JIEKTPOABUTATENEH U JPYTrUe (PaKTOPHI.

Jlnst onpenesieHns epuoia 3aMEeHbI AIEMEHTa, OTKa3aBUIEro B pe3yJibTa-
T€ U3HOCA, MOKHO BOCIOJIb30BaThCS (PYHKI[MEH BEpOSTHOCTH OE30TKa3HOM pa-
OOTBI 3JIEMEHTAa ISl MpoIlecca U3HAIIMBAHUSA C CUIIbHBIM MEPEMEIINBAHUEM

® =0, —Mt
vv \[mg(a)_éo) ,

rne @(z)- unrerpan BepositHocTelt Jlamnaca; 0, - HAYANIBHOE 3HAYEHHE H3Me-

P(U) =05+®(2)

(7.9)

psIEMOro 1mapameTrpa, (0 - KpUTH4CCKOC 3HAYCHUEC M3MEPACMOro ImapamMeTpa, Ipu
AOCTHIKCHHHN KOTOPOI'o 3JICMCHT JOJIKCH OBITh 3aMEHCEH, M c 141 Uv - MaT€MaTHu4c-

CKOE OXHUJIaHUEe U KOAPPUITMEHT BapraIlui CKOPOCTH MTPOIIeCca H3HAIITMBAHMS.
3amaBasch BEIUYMHOW BEPOSTHOCTU O€30TKa3HOM paboThl 3JIeMEHTa

P, (t), MoxHO HaliTi HapaGOTKy dJEMEHTA 10 3aMEHBI 10 (JAKTOPY HACTYILIE-
HUS €r0 MPESTbHOTO U3HOCA.
Jlonycrum, tpeGyercs, uro6sr P, (t) > 0,95.13 dopmyusi (7.9) momyunm

@(2) = P,(t) - 050 095— 05 = 045,

re  Z - BEIMYMHA, XapaKTePU3yeMasi OTHOIIEHUEM B KBAJPATHBIX CKOOKaX B
dbopmyie (7.9).
U3 tabun. 11 maiinem, uto @(Z)= 0,45npu 2 = 1,645.Torna npu us-

BECTHBIX 3HAYCHUAX ), 50 u mg MOJIy4YruM

. ® =3, ~164%,/m_(w=46,)

B

m,

KoadhdummenTt Bapuanmu cCKOpOCTH MpoIiecca W3HANTMBAHUS MOXKET MPH-
Humateca 0, = 0,2+ 0,3.

7.3.Pacuyer HEO0X0AMMOI'0 KOJIUYECTBA 3aMACHBIX YacTel

CpeacTBa MeXaHU3AlMKM TOPHBIX PAa0dOT OTHOCSTCS K CHCTEMaM MHOTO-
KpPaTHOTO JAEMCTBHSI, KOTOPbIE JOKHBI BBIOJIHATE 33JaHHbIE (PYHKIIMU B Teue-
HUH JUTATEIBHOTO BPEeMEHHU Wiu HapaOboTku U (Hampumep, B MEKPEMOHTHBIN
nepuon). 3a 3To BpeMsi B CUCTEME MOXKET MPOU30MTH CllydailHOe YKciio #, 00y-
CJIOBJIEHHOE HEHAJIE)KHOCTBIO OT/IEJIbHBIX €€ AJIEMEHTOB.
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IToTok BO3HHKAIOMINX OTKA30B MOXKHO CUHUTATDb HpOCTCﬁHIHM, 4TO IIpaBoO-
MCPHO [JId 'OPHBIX MalllMH U UX CUCTEM, CPCAHEC YHUCIIO OTKA30B COBOKYITHOCTHU
N OJHOTHITHBIX 3JICMCHTOB OIIPCACIIACTCA KaK

n, = Nt/T, (7.10)

rae 1 - paccmarpuBaemslil nepuox 3kciuryatanuu; 1,- HapaboOTKa IO OTKa3a

paccMaTpUBaEMOI0 THUIA JIEMEHTOB.

OTkazaBuIuil 3J1eMEeHT 0OOBIYHO HE BOCCTAaHABJIMBAETCS, a 3aMEHSETCS HO-
BbIM, U3bIMaeTCs U3 3anaca. [lo3ToMy uncino u3pacxoJ0BaHHBIX AIEMEHTOB Z 3a
BpeMst Wi HapaOboTky { Oymer paBHO YMCIy OTKa30B, BOZHUKAIOIIMX 32 3TO XKE
BpeMsl WM HapaboTKy (0e3 ydera BTOPHYHBIX OTKa30B). [Ipu 3THX yCIIOBHUSIX

BepositHocts P, (t)- Toro, uro 3a Bpems mapaGotky t morpebyercs TouHO Z
3aMACHBIX 2JIEMEHTOB JUISl JMKBHAALMU OTKAa30B, MOKET OBITH OIPEIEIEHA IO
dbopmyre Ilyaccona

Nt

P,t) = (N)* (7.11)

Z4|
1,7z
rme 2=0,1,2,...]1,..., 0.
CpenHee KOJMYECTBO 3aNACHBIX SJIEMEHTOB Zg), PACXOJyEMBbIX 33 MeEXK-

peMOHTHBIH mepuo t yup DABHO CDEIHEMY YHCITy OTKa30B 71, SJICMEHTOB, T.C.

coriacHo Beipaxenwuio (7.10)

z, =Nt /T,. (7.12)

cp Mp

B cuny cnydailHOCTH BO3HHMKHOBEHMSI OTKAa30B MOXKET MOTpeOOBaThCs
0OJIBIIIEE MM MEHBIIIEE YKCIIO 3alaCHBIX DJIEMEHTOB, YEM ZCp. [Ipu 3anace ane-

meHToB N, paBHOMY cpeHEMy OXHAAEMOMY HX PAacxomy Zg,, T.e. €CIH KO-

cp?
>pounment sanaca K, = N_/ Z,, =1, mOTPEOHOCTH B 3aIACHBIX DJIEMCHTAX
OyZeT yJIOBICTBOPATHCS C TapaHTUPOBAHHON BeposTHOCTBIO 0,5, KoTOpas sIBHO
He jgocraTovHa. [103TOMy HEOOXOAMMO MPOU3BOAUTH PACUYET YMCIIA 3alacHBIX
3JIEMEHTOB C 3aJaHHOI FapaHTUPOBAHHOM BEPOSTHOCTBIO P, MX HaIHYHs.

BeposiTHOCTBIO TOTO, UTO 32 MEKPEMOHTHYIO HapaOOTKY tMp notpedyercs

He OoJiee ueM N , 3allaCHBIX 3JICMCHTOB, MOXKCT OBITH Hay"meHa N3 BbIPAKCHMA

Nt

Ny (N )2
Pyt )=e Yl
Na Y Zo T2

(7.13)
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BepositHocTh PN3 (t Mp) JOJ>KHA OBITh HE MEHEe MPUHSITON rapaHTUpo-

BaHHOU

BCPOATHOCTH

P

B

obOecrieueHus

3allaCHbBIMH

HJacCTsiaMH,

T.C.

Py, (t,,) 2 P,. Cyderom cxazanmoro B bipaxkennn (7.12)popmyna s pacye-

Ta FapaHTHpOBaHHOﬁ BEPOATHOCTHU HAJIMYHMA 3alIaCHBIX 3JICMCHTOB IIPUMET BHU/]

[Tosk3ysick TpaduKOM 3aBUCHMOCTH TapaHTHPOBAHHOW BeposTHOCTH P

OT ImapameTpoB Z

cp?

2, N3 Zy,
PNs(tMp):e pZ_IZPB'

z

z=0 £

moxuo Haiit N, (puc. 7.2).

(7.14)

B

Takum 00pa3om, st 00ecTieueHUs] BHICOKOM BEPOSITHOCTH JIMKBHUIAAIIAN
O0TKa3a rOPHOW MamMHBI IO (PAKTOPy HAIWYUs 3alMacHBIX AJIEMEHTOB B 3arace

HEO0XOIMMO UMETH HE Z

a N, anementos, T.c.

cp!
N, =k, Zy,. (7.15)
Ipu sToM K0dhduument 3amaca K, = N, / z,>1
3aBHCUMOCTb KOO QHIHCHTA K, OT Zg, U P_ npusenena B tabu. 7.1.
Tabmuma 7.1
3naueHue ko3P uIieHTa 3amnaca
Zey 1 2 3 4 5 6 7
P, 0,9...1,8 1,65 1,57 1,50 1,47 1,40 1,3
P, 0,95...2,3] 2,6 1,83 1,75 1,67 1,63 1,6

OueBHIHO, YTO C YBEIMUYEHHEM CPEIHEOKHIACMOTO YHCIa OTKA30B, T.C.
npu 00eCreYeHnH 3amaca Ha OOJIbIIee YMCIIO AIEMEHTOB WU Ha 00Jiee IITUTelb-
HBI CPOK HMX OKCIUTyaTalud, KOdQQHIMEHT 3amaca ymeHblnaercs (puc. 7.3).
CnenoBarenbHO, IKOHOMHUYECKH BBHITOJIHEE MPUOOPETaTh 3aracHbIe AJIEMEHTHI
Ha BCE KCILTyaTUPYIOUIHECS B IPOU3BOJICTBEHHOM O0bETMHEHUN KOMILJICKCHI.

CyMMapHOe 3KCIITyaTallHOHHOE YMCIIO 3alaCHBIX JIEMEHTOB

N3.9 = N3 + Np.3 + pr + an’

rac N 5~ YHCJO 3alaCHBIX 3JICMCHTOB IJIA JIMKBAAAIUHM OTKA30B, OIIPCACICHHOC

no ¢opmyne 7.15; N p.;~ HEOOXOIMMOE YHCIIO 3allaCHBIX IEMEHTOB IS per-

JJAMCHTHPOBAHHBIX 3aMCH, NXp_ pacxon 3JICMEHTOB IIPpHU XPaHCHUH, an- pac-

X0 3JICMCHTOB M3-34 IPOYUX ITPUYINH.
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ARSI Ry

AN
RNAN
RN

0,6 \\

0,4 N
FIERNANEARNA
e e
0 2 4 6 8 V4

cp

Puc. 7.2.I'paduk 3aBUCUMOCTH TapaHTHUPOBAHHOU BEPOSITHOCTH 0OeCTIeueHUs
3al1aca 9JICMCHTOB OT IapaMeTpa Zy, IPH PasInYHbIX 3HAYCHHUSX N,

K3
200
3,0\
1
2,0 N
2\

0 4 8 12 Zy,
Puc. 7.3.I'paduk 3aBucumocty ko3¢ huiiMeHTa 3amnaca 3JI€MEHTOB OT CPEIHETO

YKCJIa UX OTKA30B Z, 33 MEXPEMOHTHEIN IEPUOJ IIPH BEPOSATHOCTH

p
obOecneuenus 3anaca P,= 0,95 kpusas 1)u P,= 0,9 [pusas 2)

B B

[Tpumep. Tpebyercss paccunTath HEOOXOIWMOE KOJUYECTBO 3amyactein
N, obecnieunBaronmx nOTPeGHOCTb B HUX € TapaHTUPOBAHHOI BEPOSTHOCTHIO

P,= 0,811 cnenyrouux yenosuit: t, = 10004, 7= 11004, N = 6.
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_t,N 100006 _
Io popmyne 7., = . =100 =4,
1

N3 Zip N3 42 08 08
a COIrJIaCHO BBIPAKCHHUTIO Z_ = —_— = 2 -
7=0 Z! 02 e 0,0183

0
4 1
[TepBoe cnaraemoe cymmebl ipu Z= 0 OyzieT paBHO F = 1 =1;

=43,68.

=

4
BTOpOE ciaraemoe nmpu 2= 1 1 =4;
42
TpeThe ciaaraeMoe mpu 2= 2 — =8;
102
43
YeTBepTOe ciaaraeMoe npu 2= 3 =10,67,
1(2[3
4
ISATOE cilaraeMoe npu 2= 4 —— =10,67;
1(2[3[4
45
IIeCTOe cjaaraemMoe mpu 2= 5 —— =8,53;
1[2[3[4[5
48
cepMoe ciaraeMoe mpu 2= 6 =5,69
1[2[3[4[5[6
Takum ob6pa3om, ipu mectu ciaraemeix (2: 0, 1, ..., 5)
N3=5 42
Z o = 4287, uro < 43,68 pazuumna 0,81);
z=0 Z'
npu cemu cimaraembix (2: 0,1, ..., 6)
N3=6 42
Z o = 48,56, yto > 43, 68 pasuuna 4,88).
7z=0 Z'

IIo crenenu HpI/I6JII/I>KeHI/I$I K BEJIMYHNHEC P
“Zp
Pyosle ™ = 43,68
MOXHO IIPUHATH N3 =7Z= 5, T.€. 5 3amacHBIX 3JIEMEHTOB Ha 6 OAHOTHUITHBIX

JJICMECHTOB.
dakTHueckas BeJIMYnHa PB IIpu 3TOM COCTABUT
N3=5 42
P ="y = 4287 [&* =4287(0,0183= 0,785,
z=0

T.€. HECKOJIbKO MEHBIIIE PB =0,8.
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Ecnu sxe npuHsTH N3 =7Z=6,T10

_4Ne30 47 4
P =e z — =4856[& " =4856[0,0183= 0,888,
? z=0 Z!

T.¢. cylecTBenHo 6onsme P, = 0,8.
Takum 06pa3oM, OKOHYATEIBHO IPUHUMAEM
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HNPUJIOKEHHUE

Tabmuna 111
3nauenne pynxkuuu D(2)

Z D(2) Z D(2) Z D(2) Z D(2)

0,00 0,0 0,34 | 0,1331, 0,68 | 0,2517| 1,02 | 0,3461
0,01 | 0,0040| 0,35 | 0,1368| 0,69 | 0,2549| 1,03 | 0,3485
0,02 | 0,0080| 0,36 | 0,1406| 0,70 | 0,2580| 1,04 | 0,3508
0,03 | 0,0120| 0,37 | 0,1443| 0,71 | 0,2611| 1,05 | 0,3531
0,04 | 0,0150| 0,38 | 0,1480| 0,72 | 0,2642| 1,06 | 0,3554
0,056 | 0,0192| 0,39 | O0,1517| 0,73 | 0,2673| 1,07 | 0,3577
0,06 | 0,0239| 0,40 | 0,1554| 0,74 | 0,2703| 1,08 | 0,3599
0,07 | 0,0279| 0,41 | 0,1591| O,75 | 0,2734| 1,09 | 0,3621
0,08 | 0,0319| 0,42 | 0,1628| 0,76 | 0,2764| 1,10 | 0,3643
0,09 | 0,0359| 0,43 | 0,1664| O,77 | 0,2794| 1,11 | 0,3665
0,10 | 0,0398| 0,44 | 0,1700| 0,78 | 0,2823| 1,12 | 0,3686
0,11 | 0,0438| 0,45 | 0,1736| 0,79 | 0,2852| 1,13 | 0,3708
0,12 | 0,0478| 0,46 | 0,1772| 0,80 | 0,2881| 1,14 | 0,3729
0,13 | 0,0517| 0,47 | 0,1808| 0,81 | 0,2910| 1,15 | 0,3749
0,14 | 0,0557| 0,48 | 0,1844| 0,82 | 0,2939| 1,16 | 0,3770
0,15 | 0,0596| 0,49 | 0,1879| 0,83 | 0,2967| 1,17 | 0,3790
0,16 | 0,0636| 0,50 | 0,1915| 0,84 | 0,2995| 1,18 | 0,3810
0,17 | 0,0675| 051 | 0,1950| 0,85 | 0,3023| 1,19 | 0,3830
0,18 | 0,07r14| 0,52 | 0,1985| 0,86 | 0,3051| 1,20 | 0,3849
0,19 | 0,0v53| 0,53 | 0,2019| 0,87 | 0,307/8| 1,21 | 0,3869
0,20 | 0,0/93| 0,54 | 0,2054| 0,88 | 0,3106| 1,22 | 0,3883
0,212 | 0,0832| 055 | 0,2088| 0,89 | 0,3133| 1,23 | 0,3907
0,22 | 0,0871| 0,556 | 0,2123| 0,90 | 0,3159| 1,24 | 0,3925
0,23 | 0,0910| 0,57 | 0,2157| 0,91 | 0,3186| 1,25 | 0,3944
0,24 | 0,0948| 0,58 | 0,2190| 0,92 | 0,3212| 1,26 | 0,3962
0,25 | 0,0987| 0,59 | 0,2224| 0,93 | 0,3238| 1,27 | 0,3980
0,26 | 0,1026| 0,60 | 0,2257| 0,94 | 0,3264| 1,28 | 0,3994
0,27 | 0,1064| 061 | 0,2291| 0,95 | 0,3289| 1,29 | 0,4015
0,28 | 0,1103| 0,62 | 0,2324| 0,96 | 0,3315| 1,30 | 0,4032
0,29 | 0,1141| 0,63 | 0,2367| 0,97 | 0,3340| 1,31 | 0,4049
0,30 | 0,117v9| 0,64 | 0,2389| 0,98 | 0,3365| 1,32 | 0,4066
0,31 | 0,1217| 0,65 | 0,2422| 0,99 | 0,3389| 1,33 | 0,4082
0,32 | 0,1255| 0,66 | 0,2454| 1,00 | 0,3413| 1,34 | 0,4099
0,33 | 0,1293| 0,67 | 0,2486| 0,01 | 0,3438| 1,35 | 0,4115
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Oxonuanwue Tao. [11

Z D(2) Z D(2) Z D(2) Z D(2)
1,36 | 0,4131| 1,69 | 0,4545| 2,04 | 0,4793| 2,70 | 0,4965
1,37 | 0,4147| 1,70 | 0,4554| 2,06 | 0,4803| 2,72 | 0,4967
1,38 | 0,4162| 1,71 | 0,4564| 2,08 | 0,4812| 2,74 | 0,4969
1,39 | 0,4177| 1,72 | 0,4578| 2,10 | 0,4821| 2,76 | 0,4971
1,40 | 0,4192| 1,73 | 0,4582| 2,12 | 0,4830| 2,78 | 0,4973
1,41 | 0,4207| 1,74 | 0,4591| 2,14 | 0,4838| 2,80 | 0,4974
1,42 | 0,4222| 1,75 | 0,4599| 2,16 | 0,4846| 2,82 | 0,4976
1,43 | 0,4236| 1,76 | 0,4608| 2,18 | 0,4854| 2,84 | 0,4977
1,44 | 0,4251| 1,77 | 0,4615| 2,20 | 0,4861| 2,86 | 0,4979
1,45 | 0,4265| 1,78 | 0,4625| 2,22 | 0,4868| 2,88 | 0,4980
1,46 | 0,4279| 1,79 | 0,4633| 2,24 | 0,4875| 2,90 | 0,4981
1,47 | 0,4292| 1,80 | 0,4641| 2,26 | 0,4881| 2,92 | 0,4982
1,48 | 0,4306| 1,81 | 0,4649| 2,28 | 0,4887| 2,94 | 0,4984
1,49 | 0,4319| 1,82 | 0,4656| 2,30 | 0,4893| 2,96 | 0,4985
1,50 | 0,4332| 1,83 | 0,4664| 2,32 | 0,4898| 2,98 | 0,4986
151 | 0,4345| 1,84 | 0,4671| 2,34 | 0,4904| 3,00 | 0,4988
152 | 0,4357| 1,85 | 0,4678| 2,36 | 0,4909| 3,10 | 0,4990
1,53 | 0,4370| 1,86 | 0,4686| 2,38 | 0,4913| 3,20 | 0,49931
154 | 0,4382| 1,87 | 0,4693| 2,40 | 0,4918| 3,30 | 0,4995
1,55 | 0,4394| 1,88 | 0,4699| 2,42 | 0,4922| 3,40 | 0,49966
1,56 | 0,4406| 1,89 | 0,4706| 2,44 | 0,4927| 3,50 | 0,4997
1,57 | 0,4418| 1,90 | 0,4713| 2,46 | 0,4931| 3,60 | 0,49984
1,58 | 0,4429| 1,91 | 0,4719| 2,48 | 0,4934| 3,70 | 0,49989
1,59 | 0,4441| 1,92 | 0,4726| 2,50 | 0,4938| 3,80 | 0,49993
1,60 | 0,4452| 1,93 | 0,4732| 2,552 | 0,4941| 3,90 | 0,49995
1,61 | 0,4463| 1,94 | 0,4738| 2,54 | 0,4945| 4,00 |0,499968
1,62 | 0,4474| 1,95 | 0,4744| 2,556 | 0,4948| 4,10 |0,499978
1,63 | 0,4484| 1,96 | 0,4750| 2,58 | 0,4951| 4,20 |0,499987
1,64 | 0,4495| 1,97 | 0,4756| 2,60 | 0,4953| 4,30 |0,499992
1,65 | 0,4505| 1,98 | 0,4761| 2,62 | 0,4956| 4,40 |0,499995
1,66 | 0,4515| 1,99 | 0,4767| 2,64 | 0,4959| 4,50 |0,499997
1,67 | 0,4525| 2,00 | 0,4772| 2,66 | 0,4961| 4,60 |0,499998
1,68 | 0,4535| 2,02 | 0,4783| 2,68 | 0,4963| 5,00 |0,499999
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3navenus ) ° B 3aBucumMocTH ot I 1 P

Taomura I[12

] P 0,9 0,8 0,7 0,5 0,3 0,2 0,1 0,06
2 0,211 | 0,446 | 0,713 | 1,886 | 2,41 | 3,22 | 4,60 | 5,99
3 0,584 | 1,005 | 1,424 | 2,37 | 3,66 | 464 | 6,25 | 7,82
4 1,064 | 1,649 | 2,20 | 3,86 | 488 | 599 | 7,78 | 9,49
5 1,610| 2,34 | 3,00 | 435 | 6,06 | 7,29 | 9,24 | 11,07
6 220 | 3,07 | 383 | 585 | 7,23 | 8,56 | 10,64 | 12,59
7 283 | 3,82 | 467 | 6,35 | 8,38 | 9,80 | 12,02 | 14,07
8 349 | 459 | 553 | 7,34 | 9,52 | 11,03 | 13,36 | 15,51
9 4,17 | 538 | 6,39 | 8,34 | 10,66 | 12,24 | 14,68 | 16,92
10 486 | 6,18 | 7,27 | 9,34 | 11,78 | 13,44 | 15,99 | 18,31
11 558 | 6,99 | 8,15 | 10,34 | 12,90 | 14,63 | 17,28 | 19,68
12 6,30 | 7,81 | 9,03 | 11,34 | 14,01 | 15,81 | 18,55| 21,0
Taomura 13
Suauenus 1o’ (o)
o 0,05 0,10 0,20 0,30 0,40 0,50
no’(a) | 04614 | 03473| 02412 0,1843 0,147  0,1184
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3navenus kodppuumnenTos I, u I,

Taomuna [14

Iy F

" »=0,8 »=0,9 | y=0,95| »=0,8 »=0,9 | y=0,95
5 1,62 2,05 2,54 0,63 0,54 0,40
6 1,54 1,90 2,21 0,66 0,57 0,51
7 1,48 1,80 2,13 0,68 0,59 0,53
8 1,43 1,82 2,01 0,70 0,62 0,55
9 1,40 1,66 1,91 0,72 0,63 0,57
10 1,37 1,61 1,83 0,73 0,65 0,59
11 1,35 1,57 1,78 0,74 0,66 0,60
12 1,33 1,53 1,73 0,75 0,67 0,62
13 1,31 1,50 1,69 0,76 0,68 0,63
14 1,29 1,48 1,65 0,77 0,69 0,64
15 1,20 1,46 1,62 0,78 0,70 0,65
20 1,24 1,37 1,51 0,81 0,74 0,69
25 1,21 1,33 1,44 0,83 0,76 0,72
30 1,18 1,29 1,39 0,84 0,78 0,74
40 1,16 1,24 1,32 0,87 0,81 0,77
50 1,14 1,21 1,28 0,88 0,83 0,79
60 1,12 1,19 1,25 0,89 0,84 0,81
80 1,10 1,16 1,21 0,90 0,86 0,83
100 1,09 1,14 1,19 0,91 0,88 0,85
150 1,07 1,12 1,15 0,93 0,90 0,87
200 1,06 1,10 1,13 0,94 0,91 0,89
250 1,06 1,09 1,11 0,95 0,92 0,90
300 1,05 1,08 1,10 0,95 0,93 0,91
400 1,04 1,07 1,09 0,96 0,94 0,92
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3nauenusi ko3ppuunenta CTbrOaeHTA

Tao6muma I15

=4 | K=5 | K=6 | K=7 | K=8 | K=9 | K=10| K=11

0,8 1,533 | 1,476 | 1,440 | 1,415| 1,397 | 1,383 | 1,372 | 1,363

09 | 2,132| 2,015| 1,943 | 1,845 | 1,860 | 1,833 | 1,813 | 1,796

0,95 | 2,776 | 2,571 | 2,447 | 2,365 | 2,306 | 2,262 | 2,220 | 2,201

K=12 | K=13 | K=14 | K=15|  K=16 | K=17 | K=18 | K=19

0,8 1,356 | 1,350 | 1,345 | 1,341 | 1,337 | 1,333 | 1,330 | 1,328

0,9 1,782 | 1,771 | 1,761 | 1,753 | 1,746 | 1,740 | 1,734 | 1,729

0,95 | 2,179 | 2,160 | 2,145 | 2,131 | 2,120 | 2,110 | 2,101 | 2,093

K=20| K=22| K=24 | K=26 | K=28 | K=30| K=40 | K=50

0,8 1,325} 1,321} 1,318 | 1,315| 1,313 | 1,310 | 1,303 | 1,299

0,9 1,725| 1,717 | 1,711 | 1,706 | 1,701 | 1,697 | 1,684 | 1,676

0,95 | 2,086 | 2,074 | 2,064 | 2,056 | 2,048 | 2,042 | 2,021 | 2,009
K=60 | K=90 | K=100 | K=150 | K=200 | K=300 | K=500

0,8 1,296 | 1,292 | 1,290 | 1,287 | 1,236 | 1,284 | 1,283 | 1,282

0,9 1671 | 1,664 | 1,660 | 1,655 | 1,653 | 1,650 | 1,648 | 1,645

0,95 | 2,000 | 1,990 | 1,984 | 1,9/6 | 1,972 | 1,968 | 1,965 | 1,960
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