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1 KOHCIIEKT JEKIIUIA

JIEKIIMA 1. (2 yaca) BBogHas JIeKIUA

1. Texuunueckas cucrema. OnpenesneHue.

Ham mnpexncroutr wusydarb aucuuIiminHy «HagexkHOCTh TEXHUYECKHX CHUCTEM H
TEXHOTE€HHBIN puck». OHa COCTOUT U3 ABYX YacTel: 1. HaexKHOCTh TEXHUYECKUX CUCTEM
U 2. TeXHOTeHHBIN puck. Uto ke Takoe TexHuueckas cuctema? CylecTByeT KJIacCHYECKOoe
OINIpE/ICNIEHUE CHCTEMBbI, OCHOBAaHHOE Ha IEpPEBOJIE C TIPEUYECKOro: cucrema (Leloe,
COCTaBJICHHOE W3 4YacTeH) — MHOXECTBO 3JIEMEHTOB, HAaXOJAIIMXCS B OTHOILCHUSX U
CBSI3SIX APYT C APYroM, KOTOPOE 00pazyeT ONpPeEIEICHHYIO LIEIOCTHOCTh, €IMHCTBO.

B meopuu Haoexcnocmu noo mexmuueckou CUCmemol NOHUMAIOM COB0KYNHOCHb
83auMOO0eucmeyiowux U  QYHKYUOHANbHO —63AUMOCEA3AHHbIX Yacmell, HA3bleaAeMblX
NeMeHmamu.

Cucrema MOXET pacCMaTPUBATHCS KAK COCTABHAsI YacCTh 00Jie€ KPYIMHOW CUCTEMBI, U
TOI/IA OHA BBICTYIIAE€T B KadyecTBe djeMeHTa. CO CBOEH CTOPOHBI, €CIIM JJIEMEHT MOKET
OBITH pa30UT HA COCTABHbBIC YACTH, OH PACCMATPUBAETCS KaK CUCTEMA.

Hanpumep, 3epHOyOOpOUHBIl KOMOAitH COCTOMT M3 HECKOJIbKUX arperaToB: jKaTKa,
MOJIOTHJIKA, KOITHUTENb, JBHUIaTellb, XOAOBAas YaCThb U JIp., & KAXKIBIM arperar, B CBOIO
ouepenb, COCTOUT M3 ONPEIEICHHBIX COCTaBHBIX dacTeid. C TOYKHM 3pEHHs TEOpUHU
HAJEKHOCTH KOMOaiH — 3TO CHCTeMa, a COCTaBIISIOLIUE €ro arperarsl — 3jeMeHTsl. Ho B
TOXKE BpEMs KaXAblii arperaT — CHCTEMa, a €ro COCTABHbIE YacTH — JJEMEHTH. B
JalbHENIIeM OyJeM 4YacTO HUCIOJb30BaTh TEPMHH «OOBEKT», MOHMMAasl MOJ HUM Kak
TEXHUYECKYIO CUCTEMY, TaK U 3JIEMEHT.

2.Hapgexxknocts. Onpenesenue.

HanexHocTh — 0JHO U3 OCHOBHBIX CBOMCTB KauecTBa 00bEKTa. A KauecTBO 00beKTa
- COBOKYNHOCTb CBOMCTB, OOYCIIOBJIMBAIOIIMX €ro CHOCOOHOCTh YAOBJIETBOPSTH
onpeeeHHble MOTPEOHOCTH B COOTBETCTBHM C €ro Ha3HaueHueM. K Takum cBoilcTBaM
MOXKHO OTHECTH CTaOWIBHOCTH BBITIONHEHHUS 3aJaHHBIX (YHKIHH, YAOOCTBO B
MPUMEHEHUH U  OOCITYXUBAaHUM, HKOHOMHYECKYI0 J(P(HEKTUBHOCTh, OICTETUUYECKUE
cBoiicTBa U T. 1. Ocobast poJib MPUHAJIEKUT HAIEKHOCTH.

Hampumep, 3epHoyOopouHbIi KOMOaiiH. Ero ocHoBHBIE GYHKIIMU — CKOCUTH
XJIEOHYI0O Maccy, OOMOJIOTUTb, BBIJCIUTh 3€PHO U MEPEMECTUTh €ro B HEKOTOPYIO
eMKOCTb. [Ipr 3TOM BeCh TEXHOJOTMUECKHH MPOLECC TOJKEH ObITh CTaOWIIBHBIM, T.C.
YpOBEHb TOTEPh 3€pHA, CTENEHb APOOJIEHMS, 3aCOPEHHOCTb HE JOJDKHBI MPEBBINIATH
YCTAaHOBJICHHBIX 3HAYEHUU. YCJIOBUS pabOThl KOMOailHEpa MOJKHBI OBITh YJOOHBIMU U
J0CTaTOYHO KOMPOPTHBIMU. MCTIOIB3yeMblil KOMOAH T0KEH IPUHOCUTH NPUOBLIb.

ABTOMOOWJIb TpEIHA3HAYCH JJIsi TIePEMEICHHs] MAcCaXUpOB U (UJIU) TPY30B U3
OJIHOM TOYKHM MPOCTPAHCTBA B JPYIyIO C OINPEIEICHHOW CKOPOCThO. MOXHO Ha3BaTh
MHOT'O CBOWCTB, KOTOPBIMHM, Ha Hall B3IJSI, JOJDKEH o00JiagaTh aBTOMOOWIIb:
KOM(OPTHOCTh YCIOBHIM pabOThl M OTAbIXa BOAUTENS, KOM(OPTHOCTH MACCAXUPOB,
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pa3Mepsl JIETKOBOTO aBTOMOOWIS (IMPECTUKHO UMETh OYEHb JUIMHHBIM JIETKOBOM
aBTOMOOMUJIB), €r0 I[BET, SKOJOTUYHOCTH U T.[., IPY30MOABEMHOCTh U MAHEBPEHHOCTD JIJIsi
Ipy30BOro aBTOMOOWIS, 3(DPEeKTUBHOCTh HcHoNb30BaHus U T.1. Ho, camoe riaBHoe, B
TEUEHHE BCETO MEPHOJIa SKCILTyaTallud OT €€ Havajla U JI0 CIMCAaHUs BCE CBOWCTBA W, B
NEPBYIO OYepe/lb, OCHOBHbIE (PYHKIIUU JIOJDKHBI COXPAHATHCS B ONPEEICHHBIX, 3apaHee
OTOBOPEHHBIX Mpefenax. ITo U OyAeT XapaKTepru30BaTh HAJIEHKHOCTh aBTOMOOMIISL.

Haoesxcnocmos mexuuyeckotl cucmemsl - 9mo e€ c80UCmME0 COXPAHAMb 60 8PEMEHU 8
VCMAHOBNIEHHbIX Npedelax 3HAYeHUs 8CceX Napamempos, XapaKmepuzyouwux cnocooHOCb
8bLINOIHAMb Mmpebyemvle @QYHKYUU 6 3A0AHHLIX PeNCUMax u YCloUSAX NPUMEHEeHUS,
MEeXHU4ecKo20 00CYHCUBAHUSA, PEMOHMOB, XPAHEHUS. U MPAHCNOPMUPOBAHUSL.

W3 ompeneneHrs BHUIHO, YTO CHOCOOHOCTh TEXHUYECKOW CHCTEMbI BBIMOIHSITH
TpeOyembie (PyHKINHU, T.€. €€ HAJACKHOCTh OTOBAPUBAETCS COOJIOJCHUEM psiia YCIOBUM:
paboTe B 3aJaHHBIX pEXHMAaX M YCIOBHSIX NPHUMEHEHHUs, TMPOBEACHUE uepe3
oTpe/eIeHHbIC MTEPUOJIbl BPEMEHH YCTAHOBJICHHBIX BUJOB TEXHUUYECKOTO OOCITY>KHUBaHUS,
NPUMEHEHHUE YCTAHOBJICHHBIX TEXJIOKyMEHTAllUe METOJI0OB PEMOHTa, COOJIO/IEHUE
MPaBUJI XPAHEHUS U TPAHCHOPTUPOBAHUSA. M TOJIBKO B 3TOM CiIyya€ Mbl BIIPaBE 0KUAATh,
YTO MNPUOOPETEHHBI HaMH aBTOMOOWJIb TPOCIY>KUT HaM BEepod U  TpaBAoOH
YCTaHOBJICHHBIN €MY CPOK CITYXOBbI.

3.3HaueHue MpodieMbl HA/IEXKHOCTH.
HanexxHocTh — 93TO OJMH M3 OCHOBHBIX IIOKa3aTelel KauecTBa M3ACIIHH,

MPOSIBJISIIOLIUICS BO BPEMEHU U OTPAXKArOUIU U3MEHEHHUs, IPOUCXOAIINE B MAIlIMHE Ha
MPOTSKEHUH BCETO BPEMEHU €€ SKCIUTyaTalllu.

Hanexuocts
IIpoexkTupoBanue Hsrorosnenue OKCITyaTanus
Pacuer HagexxHOCTH obecrieunBaeTcs peanusyercst
(3aknanpIBaeTcs HAaJIeKHOCTh HAaJKHOCTh

HaJEKHOCTD)

YBUAECTh U OLEHUTh HAJEKHOCTh MAIIMHBI BCECTOPOHHE HIIM JOCTATOYHO IIOJHO
MOKHO TOJIBKO B 3KCIUTyaTallUU.

Bunets nerko, TpyaHo npeasunets. (benmkamen @paHKiInH).

Ho co3pmarenu MamuHBI JOJDKHBI YMETh pPAacCUMTBIBATH W IIPOTHO3UPOBATH
HAJIC)KHOCTh CO3/1aBa€MOM TEXHUKHU Ha CTaUU ITPOEKTUPOBAHMUS.

Yem nanplie oT JOCKA KOHCTPYKTOpPa OOHAPYKMBAETCA HEHAJIEAKHOCTh, TEM JIOPOKE
oHa ooxoautcs. (A.H. Tynosnes)

Pemenue npo0iaemMbl OCIOXKHSAETCS CIASAYIOIUMHU (PaKTOpaMHu:

- BO BCEX 3aKOHOMEPHOCTSIX y4acTBYET (DaKTOP BPEMEHHU;

- (u3MUECKH 3aKOHOMEPHOCTH, ONPEACNAIONINEe HW3MEHEHUS XapaKTepUCTHK

MaIlIMH, CJIOXHBI U pa3HOOOPa3HBL;
- IPOILECCHI U3MEHEHUS TaPAMETPOB WU3EIUI SBIIIOTCS CIy4ailHbIMH;



- BC€ CTaguu CO3JaHUSI U OKCIUTyaTallud MalluH BHOCAT CBOWM BKJaJ B
dbopMHpoBaHUE MTOKa3aTeNIeH HaJIEAKHOCTH.

4. Kpartkas ucropuueckasi cnpaBka. @opMupoBaHne HAyKH 0 HAI€e;KHOCTH.

MBI 107KHBI UMETh B BUJYy, YTO BCE TEXHHUUYECKHE OOBEKTHI (MAIIUHBI, IPUOOPHI,
WHCTPYMEHTHI, IPHUCIIOCOOJICHHSI) BO BCE BpPEMEHaA H3TOTaBIMBAINCh B pacueTre Ha
HEKOTOPBIN JOCTATOYHBIN ISl MPAKTUYECKUX LEJIeW NEPUO UCIIOIb30BAHUSL.

Cozpatenu TeXHUYECKUX YCTPOMCTB BCErla CTPEMUINCH K TOMY, YTOOBI UX WU3CIHS
OBLITM TTPOYHBIMH, JOJITOBEUYHBIMHU, MOTJIU OBITh PEMOHTUPYEMBIMH, & €CIIA CKa3aTh OJJHUM
CIIOBOM — HaAekHBbIMH. Ho pjonroe BpeMsl HaJAEKHOCTh HE MOTJIa OBITh OIGHEHA
KOJTMYECTBEHHBIMHM TIOKA3aTelsiMHA. [ OBOpWIIM: MEHEe HaJeKHOE W3JeNHe WA 0oJee
HAJIe)KHOE, T.€. CYIIECTBOBaJa KAayeCTBEHHAs OLEHKA. M TOJbKO ¢ BO3HUKHOBECHHEM
KOJINYECTBEHHBIX TOKa3aTesie Hayajga pa3BUBAThCA TEOpHUS HAJEKHOCTH. HaneKHOCTh
cTaJia HaykoW. Ha mepBbIX sTamax pa3BUTHA TEOPUH OCHOBHOE€ BHUMAHHUE YACISIIOCH
cOopy u 00pabOTKe CTaTUCTUYECKUX JaHHBIX 00 oTKazax m3aenuii. Ha ocHoBe aHammza
MOJIy4YeHHOU MHGOpPMAlMK MOKHO OBLJIO OIEHHUTH CTEIEHb HAaJACKHOCTH HaOJII0/1aeMbIX
00beKTOB. Pa3zBuTHE TEOpPHH CONMPOBOXKIAIOCH COBEPIICHCTBOBAHUEM BEPOSTHOCTHBIX
METOJIOB HCCIIEJIOBaHUS, a MMEHHO: ONpEJEIICHHE 3aKOHOB paclpelielieHus HapaOOTKU
W3CIMN JI0 OTKasa, pa3paboTkKa METOJIOB pacyeTa M HCIHBITAaHUN C Y4€TOM CIy4aiHOTO
XapakTepa BOZHUKHOBCHHSI OTKa30B. B 3TO k€ BpeMsl BOZHMKAJIM HOBBIE HANIPABIICHUS B
Pa3BUTUU TEOPHUH:

- TMOWCK NPUHIHUMHUAIBHO HOBBIX MYTEH MOBBIICHUS HAICKHOCTH;

- TMPOTHO3UPOBAHUE HANIC)KHOCTH;

- aHanu3 (U3UKO-XMMHUYECKUX TMPOIECCOB,  OKAa3bIBAIOIIUX BIHUSHHUE Ha
HaJIC’KHOCTD,

- YCTAaHOBJICHHE KOJIMYECTBEHHBIX CBSI3€H MEXIY XapaKTEPUCTUKAMH OTUX
MPOLIECCOB Y MOKA3ATEISAMU HAAEHKHOCTH;

- COBEPIICHCTBOBAHME METOJ0B HWCIIBITAHUM HA HAJACKHOCTh. BHauane
MPOBOJIMJIUCH YCKOPEHHBIE W HATypHBIC HEpa3pyIIAOIIUE HCIBITAHUSA. 3aT€M BO3HUKIN
METOJbl MATEMATUYECKOTO MOJICJIMPOBAHUS, KOTOpPbIE€ IIPU COBPEMEHHOM YPOBHE
BBIYMCIIUTEILHON TEXHUKHU MOJIYYWIN IIUPOKOE pa3BUTHE. MOXKHO YyTBEpPKIaTh, 4TO K
cepeauHe XX Beka c(hOpPMHUPOBATMCH OCHOBBI OOIIEH TEOPUHU HATIEKHOCTH.

OcHoBHbIC (PaKTOpBI, OMNpEJCTUBIINE TJaBHbIC HAMNpPABICHUS B Pa3BUTHHU
HAJIe)KHOCTHU KaK HAyKH:

- BO3pACTAIONIask CIIOKHOCTh TEXHUYECKUX YCTPOMCTB;

- BO3pacTaHW€ OTBETCTBEHHOCTH (YHKIIMI, KOTOPbHIC BBIMOJHIIOT TEXHUYECKUE
YCTPOMCTBA;

- MIOBBIIICHUE TPeOOBAHUM K KAYECTBY M3JCIIUM U YCIOBUSIM UX paOOTHI;

- CTpemJIeHHe K BCE 0oJiee TOJIHOM aBTOMATHU3AIlUU MPOW3BOJCTBEHHBIX M JPYTHUX
MPOIIECCOB.

TexHudeckuM CcpeicTBaM OTBOJSAT BCce OoJiee OTBETCTBEHHBbIC (GYHKIIUA Ha
MpPOU3BOJACTBE W B cdepe ympaBieHus. Bce Oombllle HACHIIIEHHE TEXHUYECKUMHU
YCTPOWUCTBAMH  OKPYXKAIOIIETO MHpPa, TOCTOSHHO YOBICTPSIOMUNACS TEMI KU3HH
YBEJIIMYUBAKOT 3aBUCHUMOCTb YEJIOBEKAa OT TEXHUKHU: OTKa3 TEXHUYECKOIO YCTPOMCTBA
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3a494CTYI0 MOKCT IIPUBCCTU K KaTaCTpO(I)I/I‘-IeCKI/IM IIOCJICACTBUAM. B IIOCIACAHUC T OAbl
YUYCHBIC BBCIIM IIOHATHC (TCXHOI'CHHAA C(bepa», p8,3pa6aTBIBaI-OTCH MCTOAbI OIMPCACICHHA
TCXHOT'CHHOI'O PHUCKA U €TO paBHOBHHHOCTCﬁ.

5. MaremaTuyecKue MeTObl TEOPUHU HAIEKHOCTH.

HanexHocTh siBNsieTCS MPUKIAHON HAayKOM M TOITOMY KaK BCsKas MpPHUKJIaJHAs
OTpacib 3HAHWU OMHPACTCS B CBOEM PAa3BUTHH Ha (yHIAAMEHTAIbHBIE MAaTEMATHUECKHUE U
€CTECTBEHHbIE HAyKU. B CBsI3M C TeM, YTO KOJIMYECTBEHHBIE MOKA3aTEIU HAJCKHOCTH
HOCAT CIIy4yalHBId XapakTep, MaTEMAaTHYEeCKyl0 OCHOBY TEOPUM HAJIGKHOCTH Ha
HayaJbHOM JTane €& BO3HUKHOBEHHUS COCTAaBJISIIOT TEOPUS BEPOSTHOCTEU U
MaTreMaTU4ecKasi CTaTHUCTUKAa. B panbpHEHIeM MNOJy4miM MPUMEHEHUE AHAIUTHYECKUE
METOJIbl TEOPUH CIyYallHBIX MPOLECCOB. PacueTbl HaJACKHOCTH W3ACIHM, JJISI KOTOPBIX
BO3HUKAET HEOOXOAUMOCTh UX PEMOHTA, MPUYEM KaK MPOJAOHKUTEIIbHOCTh dKCILTyaTalluu
70 PEMOHTA, TaK U JJIUTEILHOCTh PEMOHTA HOCST CIy4yalHbIA XapakTep, MOJA00HBI B psJie
CIydaeB pacueTy CHUCTeM  MaccoBOro ooOciyxuBaHus. [Ipu aHamuse HaJaeKHOCTU
CIOKHBIX CTPYKTYPHBIX CHCTEM HAaXOOUT MPUMEHEHUE METOJ JIOTUYECKUX CXEM C
MCIIOJIb30BaHUEM anreOpbl JTOoTUku (anredpsl bysst). Bo3aMokHO, MBI paccMOTpUM TIpUMED
MpUMEHEHUs 3Toro mertona. M, HakoHel, Bce OoJiee MIMPOKOE MPUMEHEHHUE IMOTy4aroT
METO/Ibl pACUETA, COYETAIOIINECS C METOJAMU MATEMATUYECKOTO MOJICIIMPOBAHMSL.

6. du3nUYecKHe 0CHOBDI TCOPUHA HAACKHOCTH.

BTtopoii coctaBHOI YacThio GyHIaAMEHTA HAYKH HAJEKHOCTH SIBJISIOTCS PE3yIbTaThI
MCCJICIOBAHMS €CTECTBEHHBIX HAyK, B MEPBYIO OYEpEIh TEX M3 HUX, KOTOPHIC WM3Yy4aroT
(OU3UKO-XUMHUYECKHE TIPOIIECCHl  pa3pyIICHUS CTApeHUs, W W3MCHCHHUS CBOMCTB
MaTepHUaJIOB U3 KOTOPHIN M3rOTOBJICHBI TEXHUYECKUE OOBEKTHI MJIM KOTOPBIC HEOOXOIMMBI
U X (QYHKITMOHUPOBAHUSI.

Bce pesynbTaThl MccaeqOBaHUN 3TUX HAyK, MCIOJIb3yeMbIC B TCOPUH HAJICKHOCTH,
dhopMupyIOTCS B 00JaCTh 3HAHUH, OOBEIUHICMYIO TEPMUHOM (u3uKa oTka3oB. dusnka
OTKa30B H3y4yaeT, MCCICAYeT MNPOTEKAIOIINe BO BPEMEHHU IMPOIECCHI, MPHUBOIAIINE K
IOTepe MaTEePUaIOB IIEPBOHAYATBLHBIX CBOMCTB MPHU dKCIUTyaTaIluH U3ICIIHM.

7. DKOHOMHUYECKHI ACMEKT HAAEKHOCTH.

[Ipy opranuzanuu ¥ MPOBEACHUH PAOOT MO CO3JAHUIO TEXHUYECKOTO0 OOBEKTA C
3alaHHBIM YPOBHEM HAJIe)KHOCTHM YacTO BO3HMKAaEeT HEOOXOJMMOCTh MNpOpabOTKU
(paccMOTpeHHe, OLIEHKA) HECKOJIbKMX BapHaHTOB pELIEHUsl MOCTaBiIeHHOW 3anauu. [lpu
ATOM HEOOXOJAMMO MOCTOSSHHO TMOMHHUTh O HEOOXOJUMOCTH HSKOHOMHUYECKOH OIIEHKU
KaXIOro BapHaHTa, T.K. B OOJBIIMHCTBE CIIy4aeB HWMEHHO SKOHOMMYECKUN AacIeKT
SBJISIETCS. OCHOBOMOJIAraloluM Ipy BBIOOpPE TOTO MJIM MHOTO BapuaHTa. [leno B TOM, 4TO
COBPEMEHHBIM YPOBEHb Pa3BUTHS TEXHUKH MO3BOJIET CO3/1aBaTh OOBEKTHI MPAKTUUECKH C
TH00BIMU TMOKA3aTeNsIMU HaJleKHOCTU. OJHAKO 3aTpaThl IPU 3TOM MOTYT OBITh HACTOJIBKO
BBICOKHMH, a U3/eTus OYJET TAKUM JOPOTHM, UTO HE 3aUHTEPECYET HE OJHOI0 3aKa3yHuKa,



MOTOMY YTO YKOHOMHUYECKHI 3PPEKT OT ero mprMeHEHHs 3a BECh MEPUOJI IKCILTyaTalluu
HE OKYIIUT PacXo/Ibl Ha €ro NpuoOpeTeHue.

OTMETUM HEKOTOpbIE BO3MOXXHOCTU CO3JIaHUS H3JCIHN C TpeOyeMbIM YpOBHEM
HAJICKHOCTHU:

- IIHUPOKHUI IHana30H KOHCTPYKTUBHBIX PEIICHUII;
HaJIM4Ke JOCTATOYHO OOJIBIIOTO Pa3HOO0pa3us KOHCTPYKIIMOHHBIX MAaT€pPUAIOB;

MCIIOJIb30BaHUE MATEPHUAIIOB C 3aJJaHHBIMU XapaKTEPUCTUKAMU;

- BO3MOXHOCTb BbIOOpa TOTO WJIM HHOTO TEXHOJOTMYECKOIro Ipouecca MNpu
W3TOTOBJICHUH U3/CIINS;

- TIPUMEHEHUE TOW UM MHOM CHCTEMbI TEXHUYECKOT0 OOCITYKUBAHUS U PEMOHTA;

- UT. A



1.2-1.3 JEKIUSI 2,4. (4 yaca) Hae:KHOCTh — KOMILIEKCHOE CBOICTBO

1. CxeMa OCHOBHBIX COCTOSIHMI M COOBITHIA.

[Ipexxne, yeM MNPUCTYNHUTh K H3YYEHUIO TEPMHUHOJIOTHHU, HUCIOJIb3yeMOW B
HAayKe O HAJIeKHOCTH, CIEAyeT IaTh ONpEeIeeHUs UCIPABHOTO M HEUCIPABHOTO,
paboTocnocoOHOTO U HEPAOOTOCTIOCOOHOTO cocTOsiHMM 00bekTa. Ha kaxmoe uznenue
MaITUHOCTPOUTEIPHOW  TIPOMBIIUICHHOCTH  pa3padaThiBacTCs  HOPMATHUBHO-
TeXHUYECKasl JOKyYMEHTanus W (Wiu) KOHCTPYKTOpCKas mokymeHTarus. Hawmbonee
HIMPOKOE MPUMEHEHUE UMEET TEPMUH «HOPMATHBHO-TEXHUYECKAs OKYMEHTAIUsD»
win HT/I. Takyro abOpeBuaTypy OyJaeM HMCIOJIb30BaTh, IOHUMAs MOJ HEKO TO, YTO
OBLJIO BBINIE CKa3aHO O JOKyMeHTauuu Ha usnenue. B HTJl BkirodeHsl, Kpome
TEXHUYECKON XapaKTEPUCTHKHU, TPEOOBAHMS K H3CIHIO, TIPU COOJIFOICHIH KOTOPBIX
M3rOTOBUTEIIb UMEET MTPABO PEATU30BATh U3/IEIINE.

PaccMmoTpum cxemy OCHOBHBIX COCTOSIHUN U COOBITHIA.

HcnpaBHOE COCTOSIHME — 3TO COCTOSSHUE H3JAENHsA, NpHU KOTOPOM OHO
COOTBETCTBYET BceM, TpeboBanusiM HT/I.

HewncnpaBHOE COCTOSHHE — 3TO COCTOSIHUE W3JENUs, IPU KOTOPOM OHO HeE
COOTBETCTBYET XOTs Obl 0yHOMY U3 TpeboBanuit HT/I.

PabGoTocnocoOHOE COCTOSHUE — 3TO COCTOSHUE W3JEIHs, IPU KOTOPOM
3HAYEHHE BCEX MapaMeTPOB, XapaKTEPU3YIOIIUX CIOCOOHOCTH BBITOJHATH 3aJaHHbIC
(GyHKUIHH, COOTBETCTBYIOT TpeboBanusiMm HT /1.

HepaboTocnocoOHOE COCTOSIHUE — 3TO COCTOSTHUE W3IENHs, MPU KOTOPOM
3HAYEHUE XOTsS Obl OJTHOTO MapaMeTpa, XapaKTepU3YIOIIEro CHOCOOHOCTh BBINOJIHATh
3a/laHHble (YHKUMHU, HE COOTBETCTBYET TpeOoBanusim HT/I.

[Ipumepsr: 1. [TonapamnansbIi, CIeTKa  IOMSATHIN aBTOMOOMJIb

BBITIOJTHSIET BCE OCHOBHBIC (PYHKIIMHM — HEUCIIPABHOE COCTOSTHUE.
2. MourHocTh nBUTaTesns aBToMoomIis Hike ycraHoBinennon HTJI —
HEepPabOTOCIIOCOOHOE COCTOSIHHE.

IIpeaesbHOE COCTOSHUE — COCTOSIHUE HU3/EUs, IPY KOTOPOM €ro JaJIbHEHIIee
NpUMEHEHUE 10 HA3HAUYCHUIO HEJOMyCTUMO WM  HElenecooopasHo, JuOo
BOCCTAHOBJICHHE €r0 HCIPABHOTO MU pabOTOCHOCOOHOIO COCTOSIHUSI HEBO3MOXHO
WJIU HelleJIecoo0pas3Ho.

CoObITHs. (cM. puc.l)

[loBpexkieHne — CcoObITHE, 3akKiloyarollee B HAPYIIEHWHW HUCIPaBHOTO
COCTOSIHUS 00BbEKTa IPU COXPAHEHUH PabOTOCIIOCOOHOTO COCTOSIHUSA — 1.

Otkaz  — coOwITHE, 3aKjOyaroIeecs B HapyIIEHUH paboTOCIOCOOHOTO
COCTOSIHUA - 2.

[lepexon n3enus B IpeiesibHOe COCTOSIHUE M3-3a HEYCTPAHUMOI0 HapylIeHUs
TpeOoBaHMI 0€30MacCHOCTH, CHUKEHUS A((HEKTUBHOCTH HKCILTYyaTaAllMKM, MOPAIbHOTO
CTapeHUs U T.1. - 3.

BoccranoBneHue ucnpaBHOTO WA pabOTOCTIOCOOHOTO COCTOSTHUS — 4.

PeMOHT u3nenus, TOCTUTIIETO MPEAECIBHOTO COCTOSIHUS — 9.




Ucnpasnoe
CocrosiHue

A

HeuncnpasHoe, HO
paboTocriocooHOoe

COCTOSTHHE (D (D

Hepa6otocnocob

<3> HOE COCTOSIHHE

IIpenenbHOE
CocTtosiHue

A 4

S

A 4

v

Onucanue

Puc. 1. CxeMa OCHOBHBIX COCTOSIHUM U COOBITHA.

2. HagesKHOCTh — KOMILJIEKCHOE CBOMCTBO TEXHHUYECKOM CHCTEMBI.

HanexxHocTh - CBOMCTBO OOBEKTa COXPAHSATh BO BPEMEHU B YCTAaHOBJICHHBIX
npejenax 3HauyeHus BCEX MapaMeTpoB, XapaKTEPU3YIOIIUX CIIOCOOHOCTh BBIMIOJHSTH
TpeOdyembie (DYHKIIMU B 3aIaHHBIX PEKUMaX M YCIOBHUSAX NMPUMEHEHUS, TEXHUUECKOTO
o0CITy>KMBaHUS, PEMOHTOB, XpaHECHHS U TPAHCIIOPTHUPOBAHUS.

HanexxHoCTh SBIISIETCS  CHOXHBIM, KOMIUJIEKCHBIM CBOMCTBOM, KOTOPOE B
3aBUCHUMOCTH OT Ha3HA4YCHUS M  YCIOBHM TIPUMEHECHHS OOBEKTa MOXKET
XapaKTepU30BaThCS OJHUM WJIM COYETaHUEM JBYX U 00Jiee CBOMCTB: OC30TKA3HOCTH,
JIOJITOBEYHOCTH, PEMOHTOIIPUTOJTHOCTH, COXPAHSIEMOCTH.

Hanexuocts
TEXHUYECKOHU
CUCTEMEI
Be3oTkasHocTh JlonroBeyHOCTh PemonTonpu- CoxpaHseMoCcTh
TOJTHOCTD

be30TKka3HOCTh — CBOMCTBO TEXHMYECKOW CHCTEMBI COXPAHSATH HENPEPHIBHO
paboTOCIOCOOHOE COCTOSIHME B TEYEHHE HEKOTOPOro BPEMEHU WM HEKOTOPOM
HapaboTku. [log HapaOOTKOW MOHMMAETCS MPOAOIIKHUTEIBHOCTh WM 00beM PabOTHI.
N3mepsieTcst HapaOOTKa B OCHOBHOM, B €IMHUIIAX BpeMeHU. Ho MoeT u B eMHuIax,
XapaKTEPU3YIOIIUX 00BbEM BBIMOJIHAEMON PabOTHI.

JIoNroBeYyHOCTH  —  CBOWCTBO  TEXHUYECKOM  CHUCTEMBI  COXpPaHSATH
paboToCOCOOHOE COCTOSIHUE JO0 HACTYIUIGHHS TPEEIbHOTO COCTOSIHUSA MpHU
YCTaHOBJICHHON CUCTEME TEXHUUYECKOTO OOCITYy>KMBaHHS U PEMOHTA.

PeMOHTONIPHUrOAHOCTE — CBOMCTBO TEXHUYECKOM CHUCTEMBI, 3aKIIIOYAIOLIEECs B
IPUCIIOCOOTICHHOCTH K MPEAYNPEXKICHUIO U O0OHAPYKEHUIO IPUYMH BO3ZHUKHOBEHUS
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OTKa30B, MOBPEXKICHUH W TOJJCPKAHUIO U BOCCTAHOBJICHUIO PabOTOCIIOCOOHOTO
COCTOSIHHS ITyTeM MPOBEJICHHUS TEXHHYECKOTO 00CITY>)KUBAHHS U PEMOHTOB.

CoxpaHsIeMOCTh — CBOMCTBO TEXHHYECKOH CHCTEMBI COXPAHSATh 3HAUYCHHS
HoKasaTeneil 0e30TKa3HOCTH, TOJITOBEYHOCTH, PEMOHTONPHTOJHOCTH B TCUCHHE H
TI0CJIe XPaHEHHS U TPAHCIIOPTUPOBAHUSI.

[To kaxxaOMy CBOMCTBY BBICKA3aTh HECKOJIBKO MOSCHSIOIINX IPEIIIOKEHHIA:
NOYEPKHYTh  HEMPEPHIBHOCTH  PabOTOCIOCOOHOTO  COCTOSIHHS,  BBITIOJIHECHHE
TpeboBanuil mo cobmoaeHnio TO — U PEeMOHTOB, OBICTPOTO OOHAPYKEHUS MPUUHH
BO3HMKHOBEHUS OTKA30B U T. JI.

3.1loka3aTes i HAIEXKHOCTH.

3.1.5€30TKa3HOCTb — CBOMCTBO TEXHUYECKON CUCTEMBI HENTPEPBHIBHO COXPAHATH
paboTOCTIOCOOHOE COCTOSIHHE B TEUYCHHE HEKOTOPOTO BPEMEHU WM HEKOTOPOM
HapaOoTku. [loag HapaOOTKONM MNPHUHATH MPOJIOTKUTEIBHOCTh WJIM O00BEM PpPalOOTHI
m3nenus. HapaboTka wu3MepsieTcss B €IWHUIIAX BPEMEHM WIM B €IUHUIIAX,
XapaKTepU3yInX 00bEeM BBINONIHsAEMON paboTel. Ecnu mpeactaBuTh mpoliecc
IKCIUTyaTallMi TEXHUYECKOTO u3eiaus Ha ocu t (cM. puc.2), To Toraa ti — HapaboTka
0 mepBoro otkasa (11) U (Wmm) Mexay oTkazamu, a lgi - BpeMs BOCCTAHOBJICHUS
paboTOCTIOCOOHOTO COCTOSIHHMS.

Puc. 2

OCHOBHBIMH ~ TIOKa3aTeIsIMH ~ O€30TKAa3HOCTH  SIBISIOTCA  BEPOSITHOCTH
0e30TKa3HOW pabOThl — BEPOATHOCTH TOTO, YTO B Mpejenax 3aJaHHOW HapabOTKU
oTKa3 00beKkTa HEe BO3HUKHET. O0O03HaUeHHE BEPOSATHOCTH O€30TKa3HOM PabOThI B
camom o6miem Buze P(t). BepositHocTs oTkaza — F(t) = 1 — P(t).

Korma yka3piBatoT KOHKPETHBIM MHTEPBAJI BPEMEHU WM 00hEM HapaOOTKH, TO
nuiyT P(t=tp), yTo 03Ha4aeT BeposATHOCTH O€30TKa3HOU paboThl B MHTEpBaje ot 0 10
to. Mcnonb3yroTcst Takke CleAyrolIne moKa3aTean: cpeHss HapaOoTKa 0 OTKaza —
MaTEeMaTU4YeCKoe OXKHMJIaHWE HapaOOTKM OOBEKTa JI0 TEPBOTO OTKAa3a; CPEIHIS
HapaboOTKa Ha OTKa3 — OTHOIIEHUE HapaOOTKHU_BOCCTAHABIMBAEMOTO H3JCNIHUS K
MaTEeMaTHUYECKOMY OXHIaHHUI0O YUCIa €r0 OTKa30B B TEUEHHE JTOH HapaOOTKH.
Oo603nauator OykBoil T. IIpu 00paboTKe CTaTUCTHUYECKON HMH(POPMALMH MOTY4YaroT
OLIEHKY cpefiHell HapabOTKM Ha OTKa3, M TOTAA NMPUMEHSIOT 00o3Hadenne 7. Jlis
MIPUBEACHHOTO IMpUMepa

Si,

T = ? , TOe Y ti- HapabOTKa W3IeIus;

i=l

N — 9UCII0 OTKA30B 3a BpEMs ATOM HapaOOTKH.

OcTranoBuUMCS eIle Ha CICAYIOMUX TOKa3aTensx Oe30TKa3HOCTH: TaMma —
MPOIICHTHAsI HApabOTKa, MapaMeTp MOTOKA OTKAa30B, HHTCHCHBHOCTH OTKA30B.

lamma — mporieHTHask HapaOoTKa — HapabOTKa, B TEYCHHE KOTOPOH OTKa3
U3JIeTUsl HE BO3HHUKHET C BEPOSITHOCTBIO y , BBIPAXEHHOW B mpoueHTax. Tak,

HaAIMPUMEDP, €CIIA TOBOPAT, UTO y = 90% — HapaboTka noamunaukoB 1000 gacos, To N
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= 100 13 MOAIIMITHUKOB, MOCTABJICHHBIX Ha UCIIBITaHUE, TTocie HapaboTku B 1000 yac
MOXeET OTKazaTh He Oosiee 10 MOAIIMITHUKOB, T.€. COXPAHUTh PaOOTOCIOCOOHOE
COCTOSIHHE NOJDKHEI He MeHee 90 IMOIIIMITHUKOB.

[TapameTp TOTOKa OTKa30B — OTHOIIEHHWE CPEJAHEr0 4YHClIa OTKa30B
BOCCTAHABJIMBAEMOTr0 M3CIHS 3a MPOU3BOJIBHO MaIyl €ro HapaOOTKy K 3HAUCHHUIO
aToi HapaboTku. Ecim 3a HapaboTky Ar=2004ac. uzaenue umesno N=3 O0TKa30B, TO

napaMeTp NOTOKa OTKA30B OMPEACIUTCS TaK W () = i = % = 0,015 yac?
TeopeTquCKH 9TO BBIpAXKaeTCs cbopMyﬂofI:
oft) = MOt A - M (n(t)
N - At ’
rne  Mn(t+ At)) — MareMaTHuecKoe oOxuganue M uymcia oTka3oB N Ha

WHTEPBAJIE BPEMEHU MPOJOIKUATEIIBHOCTHIO T +Af;

M(n(¢)) - MaTeMaTU4YECKOE OXXHMIAAHHWEC YHCIIa OTKAa30B HAa MHTEPBAJIIC BPEMCHU
IIPOAOJIKUTEIBHOCTBIO .

NHTEHCUBHOCTH OTKA30B — YCIOBHAS MJIOTHOCTh BEPOSTHOCTH BO3ZHUKHOBEHUS
OTKa3a HEBOCCTAHABIMBAEMOI'0 H3JECIMs, OIpeneldeMas Uil paccMaTpUBaAEMOI0
MOMEHTA BPEMEHHU IIPU YCIIOBUH, YTO A0 3TOI'0 MOMEHTA OTKa3 HE BO3HUK,

A-tO__PO__FO .

P(t) P(t) 1-F(t)

raoe A(t) — UHTEHCUBHOCTH OTKAa30B,
£ - IUIOTHOCTbH BEPOSATHOCTH OTKA30B;
P(t) - BEPOATHOCTH 0€30TKAa3HON PabOTHI.

[Ipyn omnpenesieHM HHTEHCUBHOCTH OTKA30B M0 CTAaTUCTUYECKUM JaHHBIM
HCIIOIB3YIOT hOPMYITY:
Aty =AY
Ncp - At
rae A(f)- OlleHKAa MHTEHCUBHOCTH OTKA30B;
N(At) 94HMCIIO OTKa3aBIIUX OOBEKTOB N B MHTEPBAJIC BPEMEHH (Af);

N, - CpeaHee YUCIIO0 M3MIEIHUMH, SBIAIONIMXCA PadOTOCIIOCOOHBIMU B JaHHbINA

HHTCPBAJI BPpEMCHHU At .

rae N, ,,Ni- 4uciio paboToCrOCOOHBIX M3JIENMKA Ha HAa4yalo W KOHEIl OTpe3ka

BPEMEHHU COOTBETCTBEHHO.

3.2. JloArOBEYHOCTh — CBOMCTBO TEXHUYECKOM CHUCTEMBI COXPaHSTh
paboToCcnoCOOHOE COCTOSIHME [0 HACTYIUIGHHMS] TNPENEIbHOrO COCTOSIHUSA TpHU
YCTaHOBJICHHOM CUCTEME TEXHUYECKOTO OOCITYKUBAHUS U PEMOHTA.

IIpexxne yeM Ha3BaTh IIOKA3aTely [JOJTOBEYHOCTH BBEIEM TEPMUHBIL:
TeXHUYECKUN pecypc - HapaOOTKa W3JeiHs OT Hauyaja €ro SKCIUTyaTallud WiIH e
BO300HOBJICHHSI MOCJE€ PEMOHTA ONPEIEICHHOTO BUIA /0 NEpexojia B MPEAETbHOE
cocrostnre. Cpok cAayxObl — KajJeHaapHass MPOJOJDKUTENBHOCT, OT Hayaia
SKCIUTyaTalluH U3eNus Wik €€ BO30OHOBIICHUS MOCIIE PEMOHTA ONPEAEIEHHOTO BUIa
110 IIEpex0/ia B IMIPEAEIBHOE COCTOSHUE.
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W3 noka3zaresneil 10AroBEeYHOCTH OCTAHOBUMCS Ha CIEAYIOIIUX:

Cpennuit pecypc — MaTeMaTu4ecKoe 0XKHIaHue pecypca.

HasnaueHnnblif pecypc — cymmapHas HapaOOTKa W3JENHsl, MPU JOCTUNKECHUU
KOTOPOM MPUMEHEHHUE 0 Ha3HAYEHHIO JTOHKHO OBITh MPEKPAIIEHO.

Cpennuit Cpok ciy>kO0bl — MAaTEMAaTUYECKOE 0XKHIAHUE CPOKA CITYKOBI.

Ha3naueHHbli  CpoK  clIy’)kObl —  KajJeHJapHas  MPOJOKUTEIIbHOCTh
AKCIUTyaTallMu WU3JEIusl, IPU JTOCTHKEHUH KOTOPOM MPUMEHEHHE MO Ha3HAYEHUIO
JOJDKHO OBITH TIPEKPAIICHO.

B oTHomeHny nepeyncieHHbIX MoKa3aTenel ClIeAyeT OTMETUTh, YTO MPU UX
MPUMEHEHUU CJEAYyeT YKa3blBaTh BHJ JICMCTBUI MOCIE HACTYIUICHUS MPEACIHHOTO
cocrossHus. Hampumep, cpeaHuid pecypc [0 KanUTAIBHOTO PEMOHTA, ITOJHBIN
CpemHui pecypc (CpOK CIy»KObI), TIOJHBIN Ha3HAYCHHBIA PECypc (CPOK CIYKOBI).
YnorpebiieHne TepMHHA  «IOJHBIN»  O3HAYAeT, YTO HUBACIHE  MOJJICKUT
OKOHYATEJLHOMY CHSITHIO C DKCILTyaTallHH.

3.3. PeMOHTONPUTOMHOCTL —  CBOMCTBO  TEXHUYECKOM  CHUCTEMBI,
3aKJII0YAIoIeecss B MPUCIIOCOOIEHHOCTH K TMPEAYNPERKACHUI0 U OOHAPYXKEHUIO
OPUYUH  BO3HUKHOBEHHMS  OTKa30B, TMOBPEXKICHUA W  TOAJCPKAHUIO U
BOCCTAHOBJICHUIO Pa00OTOCIIOCOOHOTO COCTOSIHHS IyTE€M MPOBEJACHUS TEXHUYECKOTO
00CITy>KUBaHUSI U1 PEMOHTOB.

OCHOBHBIM TOHSITHUEM, HCIOJB3YEMBIM TIPU PACCMOTPEHUH BOIPOCOB,
CBSI3aHHBIX C PEMOHTONPUTOAHOCTBIO W3NS, SIBJISACTCS BPEMSI BOCCTAHOBJICHUS
pabotocnocoOHOTO  coctosiHUs.  [logl HUM  MOHUMAIOT  MPOJOKUTEIBHOCTh
BOCCTAaHOBJIEHUSI  pabOTOCIOCOOHOr0  cocTosiHMSL ~ 00bekTa. K omepauusam
BOCCTAHOBJICHUSI OTHOCATCS: OINpEJeNieHHe MeCcTa W XapakTepa OTKa3a, 3aMeHa,
PEMOHT, PETyJIUpOBaHUE, KOHTPOJIb COCTOSIHUSI AJIEMEHTOB M3ACIUN U MU3JeNus B
LEJIOM.

OCHOBHBIMH TIOKA3aTEISIMU PEMOHTOIIPUTOTHOCTH SIBJISIIOTCS CIIEAYIOIIHE.

BeposTHOCTh BOCCTaHOBIIEHUSI Pa0OTOCIIOCOOHOTO COCTOSHUSI — BEPOSITHOCTh
TOTO, YTO BpEeMs BOCCTAHOBJICHHUS PAOOTOCTIOCOOHOTO COCTOSIHHSI W3JENUs He
MPEBBICUT 33JaHHOTO.

Cpennee BpEMs  BOCCTAaHOBJICHHUS _PabOTOCIOCOOHOTO COCTOSIHUSA -
MaTeMaTU4YeCcKoe  OXXHJIaHME€ BPEMEHHM  BOCCTAaHOBJICHHS  PabOTOCTIOCOOHOTO
coctostHus. OLIEHKY CPEHEr0 BpeMEHU BOCCTAHOBIICHHUS ONPENIEIISIOT 0 (hopMyJie:

Too 2l

n

[Ipu permeHnr SKOHOMUYECKHUX BOIIPOCOB MCIOJB3YIOT B KAYECTBE MOKA3aTes
CPEIIHIOI0 TPYJIO0EMKOCTh BOCCTAHOBJICHUSI pA0OTOCITIOCOOHOTO COCTOSIHHUS.

3.4. CoxpaHIeMOCTh — CBOMCTBO TEXHUYECKOW CHCTEMBI COXPAHATH 3HAUCHUS
nokaszaresyieid 0€30TKa3HOCTH, JOJITOBEYHOCTH U PEMOHTONPUTOHOCTH B TCUCHHUE U
MOCJIe XPAHEHHS U TPAHCIIOPTUPOBAHUS U3/ICNIHSI B YCTAHOBJICHHBIX MpeJeiax.

CpenHuil  CpOK COXpaHIEMOCTH — MaTeMaTHUYeCKOe OXHUJaHHUE CpoKa
COXPaHSIEMOCTH.

3.5. KommiekcHbIe MoKa3aTean HaJle)KHOCTH.

PaccMoTpeHHbI€ BbIIIE MOKAa3aTENN HAJEKHOCTH: BEPOSTHOCTh O€30TKa3HOMN
paboTbl, HapabOTKa Ha OTKa3, CPEIHUU pecypc W T.J. — SBISIOTCA €AMHUYHBIMU
MOKA3aTeNsIMU HAJEAKHOCTH, T.K. XapaKTEPU3YIOT TOJIBKO OJTHO CBOMCTBO. Teneps Mbl
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paccMOTpUM  KOMIUIEKCHBIE — TIOKa3aTeld  HANEKHOCTH, T.€. Te€, KOTOpbIE
XapaKTepUu3yloT 00siee OJJHOrO CBOMCTBA.

KosdduimeHT roToBHOCTH — BEPOSATHOCTH TOTO, UYTO M3JEIHE OKAXKETCS B
paboTOCIOCOOHOM  COCTOSIHUM B TPOU3BOJIBHBIA MOMEHT BpPEMEHH, KpOMe
IUIAaHUPYEMBIX T[E€PUOJIOB, B TEUYEHHE KOTOPHIX MPUMEHEHHE OOBEKTOB IO
Ha3HAYEHUIO HE MPEIYCMATPUBACTCA.

Koaddumment roroHoctr (K;) xapakTtepu3yeT KOJIMYECTBEHHO JBa CBOMCTBA
HAJSKHOCTU: O€30TKAa3HOCTh M PEMOHTONPUTOMHOCTh. CTallMoOHApHOE 3HAYCHHE
ko3 umreHTa TOTOBHOCTH ONIPEEIISIOT 10 (hOpMyJIe:

T
CT4T,
rae T — HapaboTka Ha OTKa3;
Tg — cpeliHee BpeMsi BOCCTAHOBJICHUS.

T

2t
dopmysa MOXKET ObITh IpeacTaBieHa Kr = =~ ——.
D+t

Kak BumHo u3 ompexaeneHusi, Kod3((UIMEHT TOTOBHOCTH XapaKTEpHU3yeT
TOTOBHOCTh HW3JIEJHsl K MPUMEHEHHUIO MO HAa3HAYEHWIO TOJIKO B OTHOIICHHH €TrO
paboTOCIOCOOHOCTH, T.€. pedb MAET O BEPOATHOCTH 3acTaTb M3JE/INE B
paboTOCIIOCOOHOM COCTOSIHUM B JIF00OOM1 MOMEHT BpPEMEHHU, NMPUYEM 3TOT MOMEHT
BbIOMpaeTCsl B TEX HHTEpBaJlaXx BPEMEHH, KOI/Ia U3JENHE JOJKHO BBIOJHATH
3aJJaHHbIEe (QYHKIUU.

KoadpuumenT TeXHn4ecKkoro UCHoab30BaHUsl — OTHOIIIEHUE MATEMaTUYECKOTO
OXKUJIaHUS BPEMEHM TMpeObIBaHUS W3JENUs B PpabOTOCIOCOOHOM COCTOSIHHHM 3a
HEKOTOPBIN MEPHUOJ IKCILTyaTallii K CyMME MaTeMaTHIECKUX 0XKUIaHUN HHTEPBAJIOB
BpEMEHU TpeObIBaHUA U3JAeIUs B pPabOTOCHOCOOHOM COCTOSIHUM, MPOCTOEB,
OOyCIIOBJICHHBIX TEXHHYECKUM OOCITY)KMBAaHHWEM, U PEMOHTOB 3a TOT K€ TMEPHO
IKCIUTyaTaI|H.

>
_ i=1
- - ,
Zn:ti+ Dty i
i=l i=l

rae t,, — CyMMapHas NpOJOJKUATEIBHOCTh IPOCTOEB U3AEIUS HA IPOBEICHUE

KT[/I

TEXHUYECKOTO OOCTYXKMBaHUS B TEUEHUE 3alaHHOTO OOCITY)XMBaHUS B TEUYCHHE
3aIaHHOTO NIEPUOJA DKCILTyaTalUu.

CnenyeT OTMETHTb, 4YTO JUISI OLEHKHM KOI(PPUIMEHTa TEXHHUUYECKOTO
WCIIOJIb30BAHUSL JIOJDKEH BBIOMpAThCS TaKOW MEpUOJ IKCIUTyaTallMHM, KOTOPBIMA
COJIEP>KUT BCE BUbI TEXHUYECKOTO OOCTY>KUBAHUS U PEMOHTOB.
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1.4 JIEKIUA 4. (2 yaca). Knaccudukanusi 0TKa30B

4.1. BHe3anHbIE U ITOCTEIIEHHBIE OTKA3bI

BHe3anHblii 0TKa3 — OTKa3, XapakTEpPU3YIOLIMHCA CKa4YKOOOpa3HbIM
VU3MEHEHUEM 3HAYEHUMN OJTHOTO WJIM HECKOJIBKUX 33JaHHBIX apaMeTPOB OOBEKTA.
BHe3anHble OTKa3bl BO3HHKAIOT B peE3ylbTaTe COYETAaHUS HEOIArompHsITHBIX
(akTOpOB W CIIy4yalHBIX BHEIIHUX BO3ACHCTBUI, MPEBBIMIAIOININX BO3MOXKHOCTH
00BEKTa K UX BOCIPUATHUIO.

[IprMep BO3HUKHOBEHUS BHE3AITHOTO OTKAa3a

[ImoTHOCTB pacnpeneseHus [InmoTHOCTE pacnpeneneHus
(akTUYECKUX HAIPSLDKEHUN HaNpsKEHUN MeTasuia
KOHCTPYKLIUU
A
f(o)
HAMpSKEHUS

30Ha BO3MOKHOTO
BO3HHNKHOBCHU
BHC3aIIHOT'O OTKa3a
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0, - MAarcMaTu4cCKOC OXKHWIAHHNC HOPMaJIbHbIX HEIHp?DKCHI/Iﬁ BO3HUKAIOIINX IIpHU

a
AKCIUTyaTalli KOHKPETHOM JeTaJIH.

o; - MaTeMaTH4ecKoe OKUIAHUE Ipejesia TEKYy4eCTH Marepuana, U3 KOTOpPOro
U3rOTOBJICHA JIE€TAb.

[n] - momyckaemslit koo duUeHT 3anaca.

HapaGotka 10 oOTkaza sBIseTCSs BEIUYMHOW ciy4dailHOM. (OCHOBHBIM
MIPU3HAKOM BHE3alIHOTO OTKa3a SBJSETCS HE3aBUCHMOCTh BEPOSITHOCTU €0
BO3HUKHOBEHUSA OT MPOAOKUTEIBHOCTH MPEABIIYIIETO IEPUOA IKCILTYaTalllH, T.€.
F(t;-t2) He 3aBHCHT OT MPOJOKUTENBEHOCTH 1. M1 TOATOMY MPOrHO3UPOBATH MOMEHT
BO3HUKHOBEHUS BHE3AITHOI'O OTKAa3a ITPAKTUYECKH HEBO3MOXKHO. B psne cinyyaeB npu
O0onee riayOOKOM NIPOHMKHOBEHMHM B CYHIHOCTh IPOIIECCOB, CBSI3AHHBIX C
BO3HMKHOBEHHUEM OTKa3a, MOXET BO3HUKHYTh BO3MOXKHOCTh OOHAapy>KEHHUS
MOCTENIEHHBIX U3MEHEHUI B 00BEKTE, KOTOPbIE MPUBEAYT K NOCTENEHHOMY OTKa3zy. U
TOI'/1a MOKHO FTOBOPHUTH O IPOrHO3MPOBAHMH.

[Ipumepsr:

1. Ilpokon kamepsl aBTOMOOMIIBHOTO KOJIECA IIPU HAE3/I€ Ha OCTPhIE MPEAMETHI.
2. W3znom ocu KoJieca Ipy NOMaJaHuH B SIMY.

IHocTeneHHbIN 0TKA3 — OTKAa3, XapaKTEPU3YIOLIUICS IIOCTEIICHHBIM U3MEHEHUEM
3HAYEHUN OJHOTO WJIM HECKOJBKHUX 3a/IaHHBIX MapaMeTPOB 00OBEKTA U BBIXOJIOM HX 3a
npenensl, yctanoBieHHbie HT/I.

[TocTreneHHble OTKa3bl SBJSAIOTCS PE3YJABTATOM TOrO WM HMHOTO MpoIlecca
CTapeHMsI MaTepHraa, yXyIIaolero HayaabHble napameTpbl 00bekTa. K nmpoueccam
CTapeHUs] OTHOCSAT H3HOC, KOPPO3HIO, YCTAIOCTh, W3MEHEHHE CTPYKTYPHI
KOMITO3UTHBIX MaT€pUaJIOB U T.1.

[Ipumepsr:

1. W3noc mopmHeBoit mapel JIBC — yBenuueHue 3a30poB MEXAY MOPIIHEM U
UUAJMHIPOM — CHUKEHHE MOIIHOCTH JBHUraTelii HUXE YCTAHOBJIEHHOTO
3HAYECHUSI.

2. Ocu BaroHoB. YcrajocTHoe pazpyuieHue. J[o Toro, kak ObUIO H3YyY€HO
SABJICHUE YCTAJIOCTH METalJIa, TAKUE OTKa3bl OTHOCUJIM K BHE3AITHBIM.

3. M3HOCKHI MOIITMITHUKOB —> TOBHIIIICHHBIC 3a30PbI B COMPSIKEHUSIX —> MEPEKOCHI
BAJIOB — MX MOJIOMKA.

4. CrapeHue W3AeIUN U3 KOMIIO3UIIMOHHBIX MaTepHaioB. YIUIOTHUTEIH B
OBITOBBIX XOJIOAWJIBHUKAX, MPUBOJIHBIC PEMHH B C.-X. MAaIllMHAX, Pa3IUYHBIC
YVIUIOTHUTEIBHBIE KOJbIIA, TPOKIAAKUA, MAHKEThI CAHTEXapMAaTYPhI.

[Ipu3HakOM TNOCTENEHHOIO OTKa3a SBISIETCS 3aBUCHUMOCTb BEPOSTHOCTU €T0

BO3HUKHOBEHUA ti1-l OT MPOAOIKUTENBHOCTH NPEABIAYIIEH SKCIUTyaTaluu, T.€.

F(t1-t2) 3aBucut ot t;. Uem riy0Orke M3ydeH TOT MM MHOM MPOIECC CTAPSHHMS, TEM

¢ 00JIBIIIeH TOYHOCTHIO MOKHO TIPOTHO3UPOBATh MOMEHT BO3HUKHOBEHHUSI OTKa3a U

CBOEBPEMEHHO TMPUHUMATh MPOGUIAKTUYECKHE MEphl. bosbilas 4acTh OTKa30B

TEXHUYECKUX CUCTEM OTHOCUTCS K MOCTENEHHBIM OTKA3aM.
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Ecan 9KCIITyaTalMOHHUK HWTHOPUPYET MHPOUCCChbl CTApPCHHUA, HC IIPOBOJUT
AUArHoCTUpOBaHuA, HC BBIIIOJHACT HpO(I)I/IHaKTI/I‘IeCKI/IX pa60T, TO IIOABJICHHC
OTKa30B HEM30CKHO. XapaKTep HX IIPOABJICHUA BHC3AIICH.

4.2. 3aBUCUMBI U HE3aBUCHMBII OTKA3

He3aBucuMmblii 0TKa3 — 0TKa3 00beKTa, HE OOYCIIOBJICHHBIH OTKA30M JIPYroro
00BEKTA.

3aBHCUMBIH 0TKA3 — 0TKa3 00bEKTa, 00YCIIOBICHHBIM OTKa30M JPYroro 00beKTa.

Ecnmm B TeXHMYECKOW CHCTEME MPOMCXOIUT OTKAa3 DJEMEHTA, 3aBHUCSIIAA OT
OTKa3a JPYTroro JIEMEHTAa TOW CHUCTEMBI, TO 3TH AJIEMEHTHl pacCMAaTPUBAIOTCS Kak
CaMOCTOSTEIbHEBIE OOBEKTEHI.

4.3. KOHCTPYKIMOHHBIH, IPOM3BOCTBEHHBINA 1
AKCIUTyaTallMOHHBINA OTKa3bl

KoHCTpyKIMOHHBI  0TKAa3 — OTKa3, BO3HUKIINKA B  pE3yJbTaTe
HECOBEPIICHCTBA WM  HAPYWIEHHsS  YCTAHOBJEHHBIX IPAaBWJI U HOPM
KOHCTPYHUPOBaHUsSI 00BEKTA.

IIpou3BOACTBEHHBIH 0TKA3 — OTKAa3, BOSHUKIINWMN B pE3yJIbTaTE HECOBEPIICHCTBA
WJIM HapyUIEHHs YCTaHOBJIEHHOTO MPOLIECcCa U3rOTOBIEHUS O0OBEKTA.

- IPUMEHEHUE JPYyroro marepuaia c¢ Oosiee HU3KUMHU (PUIUKO-MEXAaHUYECKUMU

CBOMCTBaMU;

- IPUMEHEHUE TEXIIPOLIECCOB, MPUBOIAIINX K CHIXKEHUIO (PU3MKO-MEXaHUUYECKUX

CBOWCTB MaTEpHUaJIOB;

- OTKa3 OT OTJAEJIbHBIX AJIEMEHTOB TEXITPOLIECCA.

IKCIVIYAaTALMOHHBIM OTKAa3 — OTKa3, BO3HUKIIWKW B PE3yJbTaTe HaPYILICHHS
YCTAaHOBJICHHBIX IIPaBUJI ¥ YCIIOBUH DKCIUTyaTallUM U PEMOHTA.

4.4, Otkassl QyHKIMOHMPOBAHUS ¥ APAMETPUUECKUE

[Ipu oTka3ze (PYHKIHUOHUPOBAHMS OOBEKT MPEKPAIIAET BBINOJHATH CBOU
dbyukiuu. OTKa3 NPOUCXOIUT B pe3ysibTaTe MOJIOMKH, AehopMalluu, 3aKIMHUBAHUS U
T.1.

ITapaMeTpuyecknii 0TKa3 ONPEACTACTCS BBIXOJOM OJHOTO WM HECKOJIBKUX
MapamMeTpoB, XapaKTEPU3YIOMIMX CIOCOOHOCTh OOBEKTAa BBHITIONHATH 3aJaHHBIC
GyHKIINH, 32 YCTAHOBJICHHBIC MTPEICITHI.

[Tpumepsr: 1. ITageHne MOITHOCTH ABUTATENS HUKE YCTAHOBICHHOTO Mpeiea.

2. IToBbIlIEHHBIN pacxo/ TOTIMBA.
3. Bennuuna 3a30pa B CONPsKEHUU BBIIILIA 32 YCTAHOBIICHHbBIE
NpEAEbl.

[TapameTpuueckre OTKa3bl (PUKCUPYIOTCS MPU MPOBEICHUM TUArHOCTUPOBAHMS.
B cimydae oOHapykeHus OTKas3a JOJKHBI ObITh MPHUHSATH HeoOXoAauMble Mephl. B
MIPOTUBHOM CJTydae TaKOH OTKa3 MOXXET MPUBECTH K OTKa3y (PYHKIIMOHUPOBAHHSI.
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1.5 JJEKIUA 5. (2 yaca). 3akoHbI pacnpe/iejeHusi, NPpUMeHsieMble B TEOPUU
HA/IEKHOCTH

1. Cmy4aiiHbIil XapaKkTep MoKa3aTesleld HaJJeKHOCTH.
[Ipexxne nmaguM KpaTKOe ONpeNesieHuEe TEpPMUHAM «HEBOCCTAHABIMBAEMBIE» H
«BOCCTAHABJIMBAEMBIE) U3JIEIIU:
1.1.HeBoccTaHaBuBaeMble (HEPEMOHTUPYEMbBIE) — U3JEIUS, KOTOpBHIE B
IIPOLECCE IKCILTyaTalluu HE MOTYT MMETh 0OJiee OQHOrO OTKa3a, TO €CTh IIPU
BO3HMKHOBEHMHM OTKa3a MX OKCIUIyaTallMsl MpPEeKpalaeTcs, TaKk Kak
BOCCTAHOBJIEHME MX pPabOTOCIOCOOHOIO COCTOSIHHS HEBO3MOXHO  WJIH

HenenecoobpasHo.  Hampuwmep, JamMIbl  HaKaJUBaHUs,  MIAPUKO-,
PONMKOMOAIINITHUKY, PA3JIMYHOTO TUIA TPEAOXPAHUTEIIH.
1.2.BoccTanaBiauBaeMble (PEMOHTHPYEMbBIC) W3JCIUA - W3JEIUs, KOTOPHIC B

IpoLecce 3KCIUTyaTallud MOTYT HMMETh Oojiee ogHOro otkasa. Ilpumepsr:
aBTOMOOWJIU, TPAKTOPBI, TEIEBU30PbI, 36pHOYOOPOUHbIE KOMOANHBI U T.1.
MBI y’ke oTMEUallu, 4TO OJHOM U3 OCHOBHBIX XapaKTEPUCTHK TEXHUYECKOTO W3Eus
aBisieTcs HapaOoTka. OHa MOXXET ObITh BEIWYMHOW 3aJlaHHOM (HechTydailHoW) u
ciayvaitHoi. i1 HEBOCCTAaHABIMBAEMOrO W3JENUs HapaOOTKa [0 OTKa3a €ecCTb
BEIMYMHA cCiy4aiiHas. JlJi1 BOCCTaHABIMBAEMOIO W3JENUsl CIy4YalHBIA XapakTep
HOCHUT HapabOTKa 10 NEPBOT0O OTKa3a, MEXAY ABYMSI COCETHUMH OTKAa3aMHU.
Ecin mbl HaOmromaeM 3a mapTuell HEBOCCTAHABIMBAEMBIX H3CJIUNA B TEUEHHE
3aJIaHHOM MTPOJIOJKUTEIBHOCTH MX 3KCIUTyaTallMy, TO YACIO OTKa3aBIINX U3JEIUH 32
ATOT mepuoj OyAeT BEeTUYMHOW ciydailHOW. Takke CIydailHbId XapakTep HOCHUT
YKCIJIO OTKA30B BOCCTAHABIIMBAEMOT'0 U3/EUs B TEUCHHE 3aJaHHON HapaOOTKHU.
W3 1npuBENEHHBIX BBIINIE NPUMEPOB BHIHO, YTO B TEOPUM HAJECKHOCTH
paccMaTpuBaIOTCA KaK OuckpemHvle CIydallHble BEJIUYMHBI (YUCIO OTKA3aBILIUX
U3JIeTTUH, YUCJIO OTKa30B), TAK U HenpepuviéHvle (HapabOTKa 10 OTKa3za, MEXIy
oTkazamu). Eciin Mbl paccCMOTpUM BpeMsI BOCCTAHOBJICHHUS, TO OKaXETCS, YTO OHA
SBJISIETCS BEJIMYMHON CITy4allHOM U HENIPEPBIBHOM.

2. OcHOBHbIE 3aKOHBI pacrnpeaeaeHus

Takum 0Opa3oM Mbl UMEEM ONpeIeCHHBIM HAOOp Cy4YailHbIX BETMYUH, U KaxKJaas
U3 HUX HMEET CBOE pacCIpeAciieHUE BEpOSATHOCTEHW. MBI 3HaeM, 4TO  BCAKOE
COOTHOILIECHHE, YCTAHABIMBAIOUIEE CBS3b MEXIYy CIy4alHOM BEJIMYMHOU W
COOTBETCTBYIOIIUM € 3HAUEHUEM BEPOSITHOCTHU, HA3bIBAIOT 3aKOHOM pacnpeoeieHUs..
B Teopun BeposiTHOCTEH pa3paboTaH psll TAKUX 3aKOHOB. HexkoTophle M3 HUX HAIUIA
IIMPOKOE NPUMEHEHHUE B TEOPUU HAAEKHOCTU. 11 HENpPEpBIBHBIX CIIy4aWHBIX
BCJIMYUH HCTIOIB3YIOT HOpPMaJIbHBIM, AKCIIOHCHIIMAJILHBIN, BeiiOymna,
Jgorapu(pMUUECKU-HOPMAIbHBIA W Jp., AJI1 JUCKPETHBIX CIIy4alHbIX BEJIMYHH
HamOoJiee 4YacTo NpUMEHsOT pacnpeneneHuss Ilyaccona u OuHOomMmManbHOe. B
JNAJIbHENIIIEM pACCMOTPUM 3aKOHBI HOPMAJIBHBIM, IKCIIOHEHIIMAIbHbIN U [lyaccoHna.
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3. HopmaabHblii 3akoH (3akoH 'aycca)
3.1.06nacmov npumenenusn:

e CyMMmapHasg HapaOOTKa BOCCTaHaBIMBAEMOI'O W3JENIUs 10 MPEIEIbHOrO
COCTOSIHAA WJIM KallUTAJbHOTO PEMOHTa B pAJIE CIy4aeB MPUOJIMKEHHO
ONKCHIBAETCS HOPMAJIBHBIM paclpeeieHueM. TOYHOrO COOTBETCTBHUSL HE
MOKET OBbITh, TaK KaK HapaOOTKa SBISETCA MOJOKUTEIbHON BEIUYHMHOM, a
HOPMAJIbHOE pAaCHpeAeNICHUs HMEET JEl0 C OTpPULATEIbHBIMH U
MOJIOKUTENbHBIMU CBOMCTBaMU. OpHako, ecnu Ko3(h(UIMEHT BapHaIHH
V<1/3, T0 morpemHoCcTh He3HAYNTEIBHA.

e Bpewms BOCCTaHOBJICHUS 4acTo OIMCBIBAECTCS HOPMAJIBHBIM
pacIpenesIeHUEM.

e HapaboTka [0 OTKa3a HEBOCCTAHABIMBAEMOIO  H3JENUA  HWHOTIA
pacnpeiesieHa HOpMajbHO.

e HopwmanbHoe pacnpeieseHue UCIoIb3yeTcsl TpU NpUOIMKEHHBIX pacyeTax,
KOI'/Ia UMEIOT MECTO OMHOMHAIBbHOE paCHpe/esieHUe WM paclpeielieHue
Ilyaccona.

3.2.0cHo8HblE XAPAKMEPUCIMUKU:
OyHKIMS pacIpeneIICHUs

1 X _(x-a)®
e 207 dx,
o 272'_[0

F(x) =

a — MaTeMaTUYECKOe 0KUJaHUE,
X — TEKyllee 3HAYCHUE CIyYalHOW BEJIUYUHBI,
o - CPEIHEKBAIPATUUYECKOE OTKIOHEHHUE.

BepositHoCcTh 0€30TKa3HOM pabOTHI
P(x)=1-F(x)

_(x-a)?
1 G

[moTHOCTH pacnpeneneHus f(x)=

y

o

Koaddumment Bapuanyu V=

SH

Cnenyer OTMETHTB, YTO ISl HOPMAJIbHO PACIpPECICHHON CIy4allHON BEJIMYUHBI BCE
paccenBaHue ¢ TOYHOCTBIO JIOJIEH MPOLIEHTOB YKJIAIbIBAETCS HA YYaCTKE a+ 3o

f(x) 1 0,34

ya

0,136

/ 0,012
| |

v
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4. DKCNOHEHUMAJIbHBINA 3aK0H pacnpeejleHus
4.1.06nacmov npumenenusn:
e HapaboTka 10 0TKa3a MHOTHX HEBOCCTAHABIMBAEMBIX H3CIHNA (2JIEMEHTOB
CHUCTEMBI) OTTUCBHIBACTCS IKCITOHEHITUATBHBIM PACIIPEICIICHUEM.
e [loTok OTKa30B y BOCCTAaHABIMBACMBIX W3ICIMA YaCTO SBISETCS
npoctedmuM (mocie mpupadotku). B stom cimydae HapaboTka Ha OTKa3
MMeeT HKCIIOHEHIIMAJIbHOE pacipe/iesieHue.
e B psne ciayyaeB mIpuHUMAIOT, YTO BPEMsI BOCCTAHOBJICHUS PACIPEIENICHO 110
HKCIIOHEHTE.
UTto Takoe MOTOK 0TKa30B?

Ecmm wa ocu t oTknaapiBaTh, HayuWHAs OT MOMEHTAa BBOJA HW3JACIUS B
skcruryaranuio(t=0), MOMEHTBI OTKa30B H CUHTaTh, YTO BOCCTaHOBJICHHE
pabOTOCTIOCOOHOTO COCTOSIHUS MMPOUCXOJIUT MITHOBEHHO, TO TMOCJIEAOBATEIBHBIN Psif
TOYEK, ONPEACIISIONIINX MOMEHTHI OTKa30B, i €CTh IIOTOK OTKA30B.

o
~+
[uly
—
N

.

.
~—
.

.

.

.

.

.

.

.
—
=}
r—l-‘(

t1 — HapaboTKa /10 0TKa3a,

t,— HapaboTKa Ha OTKas3.

[ToToxk Ha3BIBaCTCS MPOCTEHIITUM, €CIU COOJIIOIAIOTCS 3 YCIOBHS: CTAIlMOHAPHOCTD,
0e3 mocenencTBrIe, OPIUHAPHOCTD.

CraruoHapHOCTh XapaKTepU3yeTcs TEM, YTO BEPOSTHOCTh BO3HUKHOBCHHMS
TOr0 WJIM MHOTO YHMCJIa OTKA30B HA y4acCTKE BPEMEHM 7 3aBUCUT TOJBKO OT JJIUHBI
y4acTKa U HE 3aBUCUT OT €r0 MECTOIOJIOKEHHUS Ha ocH 1.

be3 nmocnenelicTBUe 3akiar4aeTcsl B TOM, 4UTO IS JIIOOBIX  HE
MEePEKPHIBAIONIUXCS YYACTKOB YUCIIO OTKAa30B, BO3HUKAIOIIMX HA OJHOM W3 HUX, HE
3aBUCUT OT YMCJIa OTKA30B, BOZHUKAIOIINX HA IPYTUX y4acTKaX.

OpauHapHOCTh XapaKTepU3yeTcs TEM, YTO BEPOSITHOCTh BOSHUKHOBEHHUS Ha
AJIEMEHTAPHOM YYacTKe At JByX W 0Oojiee OTKa30B IPEHEOPSKUMO Maya IIo
CPaBHEHHUIO C BEPOSITHOCTHIO BOBHUKHOBEHMS OJTHOTO OTKa3a.

Takol MOTOK HA3BIBAIOT €€ MyacCOHOBCKHUM, MIOTOMY YTO YMCJIO OTKa30B Ha
11000M (UKCUPOBAHHOM MHTEPBAJIC BPEMEHHU pacipeesieHo mo 3akony [lyaccona.

4.1.0cHosnble xapakmepucmuku:

OyHKIMA pacnpeaeacHHas

Ft)=1-¢*,
rae t - Tekylllee 3HaYEHNUE BPEMEHH,

A - MHTEHCHUBHOCTH OTKA30B.
BepositHoCTh 0€30TKa3HOM pabOThI
P(t)=e"

[ImoTHOCTH pacnipeeneHus

f)=at-e*
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MaremMaTuueckoe OXKNJaHUEC
1
T==
A

[ToaToMy dyHKIIMS pacnpeneeHus MOKET UMETh BUJL

t
Fty=1-eT

Hucnepcus
D=i2=T2 —>a=1=T
A A
KoadummenT Bapuamnmm
v=Z-1
T

5. 3axkon Ilyaccona
5.1.06aacmeb npumenenusn:

e Eciu y BOCCTaHaBIMBAaEMOro OOBEKTAa IMOTOK OTKA30B MPOCTEUIIUH, TO
CIly4ailHO€ YMCJIO OTKAa30B U3/ENHs B T€UEHUE (PMKCUPOBAHHON HapaOOTKH

nmeert pacrpeneneane [lyaccona.

e (Cmy4yallHO€ 4YHCIIO OTKa30B BOCCTAaHABJIMBAEMOIO W3AECIUS B TECUCHUE
nepuoja MOpupadoTKa MNPUONMKEHHO MOJYUHSETCS  PACIPEACTICHHUIO

Ilyaccona.

e B page cnyuaeB pacnpenenenue Ilyaccona mpumeHsieTcsi Kak yao0HOe
npubIMKeHne K OWHOMHAIBLHOMY pacIpelesieHnio. A, KaKk HU3BECTHO,
CJIy4aitHO€ YMCJI0 OTKa3aBIIUX HEBOCCTAHABIMBAEMBIX U3JIETTUN B TCUCHHE

(UKCUPOBaHHON HapaOOTKU UMEET OMHOMHAIBHOE pacipeieeHHUE.
5.2. Xapaxkmepucmuxku 3axona Ilyaccona.

3akoH IlyaccoHa mpumeHseTCs g ONPEACICHUS BEPOSTHOCTEH IOSBIICHUS
CIIy4aitHOM BEJIMYMHBI, KOTOpash MOKET TMPUHUMATh TOJBKO ILEJbIe
MOJIOKUTENbHbIE 3HaueHus. HMrak, ciyyailHas BeJMYMHA, MNpPUHUMAIOUIAs
Lenble IOJIOKUTENbHbIE 3HaueHuss oT 0 1o N, pachpeneneHa IO 3aKOHY
Ilyaccona, ecim BEpOSTHOCTb TOrO, 4YTO OHA MPUMET 3HAYECHHE

ompenensiercs no Gopmyre:

p(m) = %a”‘ea :
I7Ie a — nmapaMeTp paclupeacIcHHs,
MaTeMaTHYeCKOEe OXKHJIaHUE —a ,
nucnepcus D=a,
CpeIHeKBaPaTHUECKOE OTKIIOHSHHE o =+/a,

kod(ppunueHT Bapuanuu V = N

Ja

NmMeeTcsi HECKOJIBKO cCiyyaeB mpumeHeHus 3akoHa Ilyaccona

ITPAaKTHUKC. OrMmeTnm JABa U3 HUX.



Ciyuaii 1.
Nwmeercs n OJTHOPOIHBIX HEBOCCTAHABJIUBAEMBIX W3JIEINH,

OJIHOBPEMEHHO paboTtaromux B TedyeHue BpemeHu t. HapabGoTka mo oTkaza y
ATUX U3ACIHM  pacmpenelieHa IO  HOKCIOHEHIMAJIbHOMY  3aKOHY C
WHTEHCUBHOCTBbIO OTKa30B A. [lpu 3TUX YCIOBHSX CcllydailHOE YHCIO M
OTKAa3aBIIMX W3Jenuid 3a Bpems t pacnpeaeneHo no 3akoHy Ilyaccona c
rnapaMeTpom

a=nit

Ciyuait 2.
MMmeeTcss BOCCTaHABIMBaeMOE H3JICIUE, Yy KOTOPOrOo IIOTOK OTKAa30B

npocredmmii (mocae mnepuoga npupadboTku). [IpoMexyTKH BpeMEHH MEXITy
MOCJIEN0BATEIbHBIMU OTKa3aMU HMMEIOT SKCIOHEHIHUAIBHOE pPacIpe/IesiCHUE.
Hapa6otka uznenus Ha oTka3 paBHa 7. [Ipu 3TuX yclioBUSIX CilydailHOE YMCIIO
M oTKa30B 3a Bpems t, pacnipeaeneHo no 3akony Ilyaccona ¢ napamerpom

t
a=—
=
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1.6 JIEKLIUS 6. (2 uaca). Moaeau 0TKa30B

MopgeanpoBanue — wHcclieJOBaHUE OOBEKTOB MO3HAHUS HA HMX MOJEIAX:
MOCTPOEHUE U U3YyUYECHUE MOJIETIEH pealbHO CYIIECTBYIONIMX MPEIMETOB U SBJICHUN U
KOHCTPYUPYEMBIX 0OBEKTOB.

MaremaTuyeckass MoJeJib — IPUOJIMKEHHOE ONMKMCAHUE KAKOro-indo Kiacca
SBJICHUM BHEIIHETO MUPA, BBIPAKEHHOE C TOMOIIbI0 MATEMATUYECKON CUMBOJIUKH.

1. (I)opanOBaHne MOIACJIHN IMOCTCIICHHOI'0 O0TKAa3a

N3MeHeHne CBOWCTB M COCTOSIHUS MAaTEpUAIIOB SBIECTCS IEPBOINPUYMHON
MoTepU OOBEKTOM PpabOTOCIIOCOOHOCTH, TEPBONPUIMHON OTKaza. J[emo B Tom, 4TO
BCE M3MEHEHMSI CBOMCTB M COCTOSHUI MaTepuajoB, MPOTEKAIOIINE BO BPEMEHH,
OPUBOJAT K  YXYANIGHWIO  3HAYGHWH  TApaMeTpoB,  XapaKTEPU3YIOIINX
paboTOCIOCOOHOE COCTOSTHHE 00BEKTA.

O4eBUIHO, UTO YEM JIy4llle U3y4YEHbI MPOLIECCHl MOBEJECHUS MaTepUajIoB, TEM
rimy0xe 3HaHUS 0 PU3UKO-XUMUYECKUX TMPOIIeccax, MPUBOMANIUNX K H3MEHEHHUSIM UX
CBOMCTB, TEM JOCTOBEPHEE MOXXHO CYJIUTh O BPEMEHU HACTYILJICHUS IPEIEIbHOIO
COCTOSIHMSI 00BbEKTa, O BEPOSITHOCTH BO3HUKHOBEHHS OTKa3a.

[ToaTOMy, XOTSI MBI U TOBOPUM, YTO JUISI OLIEHKH HAJICKHOCTH HCIOJB3YIOTCS
BEPOATHOCTHBIE XapPAaKTEPUCTUKH, IOJy4aeMble Ha OCHOBE CTAaTHCTUYECKUX
UCCIICIOBAaHU, W3y4YCeHHE TIOBEJICHUS MAaTepUaloB, H3MEHEHUS WX CBOWCTB B
MPOIECCE IKCIUTyaTalluy U3/IENNs OY€Hb BaXKHO.

Koneuno, crmegyer wuMeTh B BHAY, UYTO caMH (DU3HKO-XUMHUYECKHUE
3aKOHOMEPHOCTH TPHOOPETAIOT BEPOSTHOCTHBIM XapakTep, MOTOMY 4YTO (PaKTOPHI,
BIMSIONINE Ha YyKa3aHHBIE TWPOIECChl BeChMa pPa3HOOOpa3HbI M TEPEMEHHBI.

PaccmoTtpum BeIpaxeHue

du
E = gD(Zl, ZZ""’ Zn t)

du
E - CKOPOCTDB IIPOTCKAHNA HCKOTOPOI'O IIPOLCCCa IMMOBCACHNA MaTCpHalia,

Z; — BXOJHBIC MapaMETPhl, XapaKTEePHU3YIOIINE YCIOBUS SKCIUTyaTallud (Harpy3KH,
CKOPOCTH, TeMIIepaTypsl M T.A.), COCTOSHHE Marepuana (TBepAOCTb, MPOYHOCTD,
KayeCTBO IOBEPXHOCTH M T.A.) WU Jp. (aKTOphl, BIMSIOIIME Ha MPOTCKAHHE
paccMaTpuBaeMoro mporecca.

Eciu ynaercs monyduTh (QyHKIMOHAIBHYIO 3aBHCHMOCTB, CJICIYyeT UMETh B
BUJY, YTO TOYHO TMPEJCKa3aTh INPOTEKaHWE TIpolecca HE YAACTCs, T.K. CaMH
apryMEeHTHI Z1, Z2, ..., Zn SBJISIOTCS BEIMYMHAMHM CIyYaiHBIMU.

HeBo3MOXXHO TIpesicKa3aTh KoJieOaHUsI HArpy30K, TeMIIepaTyp, aTMOCHEPHBIX
BO3JCHCTBUM M T.1. CaMH JeTald BBITOJHSIOTCS C Pa3IMIHBIMU JOIyCKaMU Ha
TEXHOJIOTHUCCKHUE IMapaMeTphl M T.I. MeXaHWYeCKHUEe XapaKTePUCTHKH MaTephajioB
UMEIOT pazopoc u T.1.
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BoiBoa. 3HaHue (U3MYECKHMX 3aKOHOMEPHOCTEW MPOTEKaHWs Mpolecca
3HAYUTEIHHO YBEITMYMBAET BOBMOXKHOCTH O OIIEHKE X0]1a MPOoIiecca M0 CPAaBHEHUIO C
OLICHKOM TOJIbKO HAa OCHOBE CTATUCTUYECKUX JTAHHBIX.

Takum 006pa3om, MpUBEIEHHOE B Hayaye JIEKIIMU BBIPAXKEHUE MOXKHO CUUTATh
MOJIEJIbIO MIOCTEIIEHHOTO 0TKa3a.

2. (I)Ole/lpOBaHl/le MOAEC/JIH BHE3AIIHOI'0 OTKa3a

PaccmoTpum cutyaruto.

»
>

~
0 Y At BpEMsI IKCILTyaTaIluu

[TpoBoanm HaOMIOACHNE 32 HKCIUTYaTaIle TEXHHUECKOTO 3N U
(buKcHpyeM cienyromue coObITHUsl.
A — cnyyaitHoe coObITHE, 3aKITI0Yaloleecs: B OTCYTCTBUU OTKa3a Ha ydacTtue t;
B/A — cnyyaiiHoe coObITHE, 3aKITI0YAIOIIEECcs B OTCYTCTBUM OTKa3a HA y4acTKe At
U YCIIOBUH, YTO Ha yyacTKe t oTka3a He ObLIo;
AB — ciyualiHoe coObITHE, 3aKIIF0YaroIeecss B OTCYTCTBUU OTKa3a Ha ydacTke t+AL.
P(A)=P(t) — BepossTHOCTh O€30TKa3HOM pabOTHI Ha ydacTke t.
P(B/A) =P(At/t) — ycnoBHas BepOSITHOCTb O€30TKa3HOM pabOThI Ha yuacTke At mpu
YCJIOBUM OTCYTCTBHS OTKa3a Ha y4dacTke t;
P(AB)=P(t+At) — BeposTHOCTh O6€30TKa3HOM pabOThI Ha ydacTke t+AL,
N3 teopun Bepostaocteit — P(AB)=P(A)*P(B/A).
Takum obpazom, P(t+AL)=P(t)*P(At/t)
N3BecTHO, YTO MHTEHCUBHOCTH 0TKa30B A(t) ompeaensiercs mo hopmyiie:
Alt)= F(At/t)

At
rae F(At/t) — ycioBHast BEpOsSTHOCTh OTKa3a Ha ydacTke At (pu OTCYTCTBHM OTKa3a
Ha ydJacTke t).
T.x. P(AUt)+F(At/)=1,
TO

P(t + At)
2= 1P P _PM)-Pl+at) 1 P(t+at)-P(t)
At At A-P(t) P(t) At

1 P(t+At)— P(t)j

A(t)=Iim| —
PaccmoTpum ( ) [ P (t) At
rae P(t+At)-P(t) — npupamienne ¢pynkuun P(t),

At — ipupailieHue aprymeHra.
L dPO)__d oy

Taxum obpaszom, l(t)_ P(t) dt dt
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P(t)=e" [ A(t)dt

0

t
F(t)=1- e’j/i(t)dt - 5TO BBIPAKEHHE, ONPEETIEMOE B TEOPHU HAJEKHOCTH 3aKOHOM
0

HaJCKHOCTHU, MOJKHO TPAKTOBATH KdK MOJCJIb BHC3AITHOI'O OTKAa3a.
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1.7 JEKIUSA 7. (2 yaca). UcnbITaHUs HA HAAEKHOCTD
1. Ilesb ¥ 3272494 UCNIBITAHUI HA HAIEKHOCTD.

Hear — ompenenuTh YpPOBEHb HAIACKHOCTH IPOCKTUPYEMOW TEXHHUYCCKOMN
CHUCTEMBI, T.C. 3HAYCHMs IIOKa3aTCIICH JOCTAaTOYHO TIOJIHA XapaKTCPU3YOIIHNX
HAJAEeKHOCTH 00OBEKTA.

3agaun:

® YCTAaHOBJICHHE CTENEHU COOTBETCTBUS JOCTUTHYTOTO YPOBHSI HaJI€XKHOCTH
TpedyemMomy;

® BBISIBIICHUE «CNAOBIX» MECT KOHCTPYKIHMH U pa3padoTKa MEpONpPUSITHA MO
MOBBIIIEHUIO HAJEKHOCTH;

e BHEJPEHUE ONTUMAIBbHOU cucTembl TO U peMOHTA;

e ompeneneHue AOPEKTUBHOCTA W SKOHOMHUUYECKOW  I1€71€CO00pPa3HOCTH
JadbHEUIIIeH SKCIUTyaTalluu 00bEKTa;

® IMpPOBEpKA [MPABWIBHOCTH HCIOJIb30BAHHBIX METOJMK TMpPU MPOBEACHUU
pacyeToB U MPOTHO3UPOBAHNUU HAJICKHOCTH.

2. Bo3moskHbIe pe3yibTaThl HCIIBITAHUM.

HcnbiTanust Ha HaIE)KHOCTh — BECbMA TPYJI0EMKOE, JITMTEIbHOE BO BPEMEHU U
II03TOMY BECBMa JOPOTr0€ MEPOIIPUATHE.

[Ipy npoBeneHMM  MUCOBITAHMA  HEOOXOAMMO  JOOUTbCS  Tpedyemou
JIOCTOBEPHOCTH TOJIy4a€MbIX PE3YJbTATOB, YTO 3aCTaBIIAET YBEJIUYUBATH OO0BEM
BBIOOPKH OOBEKTOB, MPOAOKUTEIIBHOCTD UCTIBITAHUMI U T.1.

PaccmoTpum 4eThIpe BO3MOKHBIX UCXOAa UCTIBITAHUN.

2.1. OmnpeneneHbl 3aKOHBI pachpeeieHuss HapabOTKM Ha OTKa3, BpPEMEHU
BOCCTAHOBJICHHUSI PaOOTOCITIOCOOHOTO COCTOSIHUSI OOBEKTa M €0 3JIEMEHTOB C YIETOM
YCIIOBUH AKCIUTyaTallMy U PEKUMOB PaOOTHI.

Ilpumep. Ha wucnbitanme moctaBieHOo N OJHOTHIIHBIX HEBOCCTAHABIMBACMBIX

9JIEMEHTOB, M BCE OHHM OTKA3aJIH 3a YCTAHOBJICHHOE BPEMs UCIIBITAHUH.
B Takom ciydae HapabOTKa 10 OTKa3a ONpeesiseTcs mo Gopmyiie:

N
2t
=

T —
N )

rae tj — mapaboTka i-ro sjeMeHTa 10 OTKa3a.

I/ICHOHLSy}I HN3BECCTHBIC MCTOABI 06pa6OTKI/I CTaTUCTUYCCKOT0O MaTcpHaia, MOKHO
ONMpCACINTL 3aKOH pacpCaciICHU.
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[Ipu 3TOM cienyeT UMETh B BUIY, YTO MOJIYYEHHBIE PE3YJIbTaThl MOTYT OKa3aTbCs
MPAKTUYECKU HEHY>KHBIMH, IIOTOMY YTO U3/I€JMEe K MOMEHTY OKOHYaHUSI UCTIbITAHUN
Oyner cHiTo c mpousBoacTBa. Ho mnpu pa3paboTke aHANOTHYHBIX M3ACIUN
HaKOIUJIEHHAs1 HH(OpMAIUs MOXKET 0Ka3aThCs MOJIE3HOM.

2.2. OnpeneneHpl OTAENbHBIE MMOKA3aTeIN HAaJAEKHOCTH 3a OTPAaHUYEHHBIM NEepuos
WCIIBITaHUI, HAPUMEp, 32 TapaHTUIHBIA CPOK IKCIUTyaTaluu. Tak, ajig KoMOaiiHOB
«don - 1500» B koHme 80-x — Hawyanme 90-X r.r. OpoLUIOrO BEKa OMPEAEISIIN
HapaOOTKy Ha OTKa3 B TEUEHHUE MEPBbIX 2-X JIET IKCIUTyaTallui U TOOUIUCH 3HAUCHUS
T=100 4ac.

Ecniu  u3BECTHO, 4YTO Uil  HUCHBITBIBAEMOIO  OOBEKTAa  IPHUMEHUM
DKCIIOHEHIMAJIBHBIM 3aKOH pachpeleseHuss HapaOOTKM [0 OTKas3a, TO Ui €€
OIpEENICHHS PU HE3aBEPILICHHBIX UCIBITAHUAX UCTOJIB3YIOT (POPMYITY

t.
T:;I N_n-Tu!
n N

rae N — o0beM BeIOOpKHU
N — KOJIMYECTBO OTKAa3aBIINX O0BEKTOB
T, — IPOJIOJKUTETLHOCTh UCTIBITAHU.

-
2.3. BpemenHble MoOKa3aTelnd HE MOTYT OBITh ompeaeneHbl. Ho mis kaxmoro

BBIXOJHOI'O IIapaMeTpa OIPCACIIACTCA 3allaC HaAACKHOCTH. B coueranum ¢ METOdaMU
IPOTHO3UPOBAHUA OTH PE3YJIbTaTbl MOTI'YT OBITh MCIOJIb30BAHBI AJIL ONMPCACIICHUA
YPOBHA HAAC)KHOCTH C HEBBICOKOM CTEIICHbBIO AOCTOBCPHOCTH.

2.4. OmnpenenuTh ypOBEHb HAJASKHOCTH HEBO3MOXXHO B aOCOIIOTHBIX 3HAYCHUSX.
MO>HO rOBOpUTH O CPABHEHUHN YPOBHEN HAJICKHOCTH.

3. Knaccupukanus ucnbITaHU.

3.1. Knaccudukariys no Ha3HaA4ECHHIO:

® UCCIEN0BATEIbCKUE — MPOBOAATCS ISl U3ydeHHUs (HaKTOpPOB, BIUSIOIIMX Ha
HaJIE)KHOCTB;

® KOHTPOJIBHBIE — IIPOBOJASATCS JJIsI KOHTPOJIS YPOBHS HAJEKHOCTH, BBISBIICHUS
€ro cooTBeTCTBUsA ycTaHoBIeHHOMY HT /] ypoBHIO Haie:)KHOCTH;

® CpaBHUTEJIbHBIC — JJI1 AHAJIOTUYHBIX WUJIM OJMHAKOBBIX OOBEKTOB, MPOBOJSATCS
B WJICHTUYHBIX YCJIOBUSX JJII CPAaBHEHUS UX YPOBHEHN Ha/IC)KHOCTH;

® OMpPENEIUTENBHBIE — MPOBOIATCA ISl ONPEACIICHUS MOKa3aTelel HaJAEKHOCTH
C 3aJIaHHBIM YPOBHEM JTOCTOBEPHOCTH.

3.2. Knaccudukaiiys o ypoBHIO IPOBEICHUS UCTIBITAHUM:
® TOCYAapCTBEHHBIE;
® MEKBEJOMCTBEHHBIE;
® BEJOMCTBEHHBIE.
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3.3. Knaccudukaiiys no ycioBHUsIM U MECTY MTPOBEACHUS UCTIBITAHUNA:

e 51a0OpaTOpHBIC — HCHBITAaHUS OOBEKTa, IPOBOJUMBIC B JIAOOPATOPHBIX
YCIIOBHSIX;

® CTCHJIOBBIC — WCIBITAaHUS OOBEKTa, IPOBOJAMMBIC Ha HCIBITATCIHLHOM
000pyI0BaHUY;

® [IOJIMTOHHBICE — HCIBITAHUS OOBEKTA, IPOBOJUMBIC HA HCIBITATCILHOM
TIOJIUTOHE;

® HATypHbIE —  UCHBITAaHUA  OOBEKTa, TPOBOJUMBIE B  YCIOBHSIX,

COOTBCTCTBYIOIIHX YCJIOBHAM €TO HMCIIOJIB30BAHUA 110 IIPAMOMY HA3HAYCHUIO C
HCTIOCPCACTBCHHBIM OLICHUBAHUCM MJIM KOHTPOJIEM YPOBHS HAACIKHOCTH,
¢ DOKCINTYaTalMOHHBIC — UCIIBITAHUS O6’B€KTa, IMPOBOAWMBIC ITPH SKCILTyaTalluH.

3.4. Knaccudukanus mo npoonKUTeIbHOCTH UCTTBITAHUM:

® HOpMaJlbHbIE — WCIBITAHUSA, METOJAbl U YCIOBUS MPOBEICHUS KOTOPBIX
00ecreunBaOT MOJyYeHUE HeoOXoauMol HMHPoOpMauu O HAACKHOCTU
00BEKTa B TAKOM € MHTEPBAJ BPEMEHHM, KaK U B MPEAYCMOTPEHHBIX YCIOBUAX
JKCIUTyaTalllH;

® YCKOpDEHHBIC - WCHBITAaHUS, METOABl M YCIOBHUS TPOBEACHUS KOTOPHIX
00€eCleynBaOT MOJIyYEeHUE HEOOXOAUMON HMHPOpPMALUA O HAJAEKHOCTU
oOBeKTa B 00siee KOPOTKUN CPOK, UEM MTPU HOPMAJIbHBIX UCIIBITAHUSX;

® COKpAIICHHbIC — CIBITAHUS, IPOBOJIUMBIE 110 COKPALIEHHON IIporpaMmMe.

4. O0bEeKTHI HCNIBLITAHUM.

OO0pa3ubl — WuCCIEAYIOTCS CBOICTBA MaTEpUAOB, OMNPEACISIIONIMX CBOWCTBA
Ha/IC)KHOCTH AJIEMEHTOB.

Jeranu, conpsizkeHus1, KHHEMaTH4YeCKHe Mapbl — UCCIEAYETCS CTENEHb BIIMSHUS
KOHCTPYKTUBHBIX M TEXHOJOTMYECKUX (DAKTOPOB HA CPOK CITY>KOBI UIIH pecypc.

CﬁOpO‘-IHl)Ie CAMHUIBbI — OIIPCACIIACTCA BSaHMOHCﬁCTBﬂe OTACIIBbHBIX MCXaHHU3MOB U
9JICMCHTOB KOHCTPYKIIMHU U UX BJIMAHHUC HA ITOKA3aTCJIN pa6OTOCHOCO6HOCTI/I.

Mammuna — BBIIBISCTCS BIMSHUE Ha HAASKHOCTh MAIIMHBI  XapakTepa
B3aMMOJICHCTBHS BCEX MEXAHWU3MOB M COOPOUYHBIX €IMHMII, YCIOBUIN IKCILTyaTaIluH,
PEKUMOB pabOTHI.

CucreMa MalIMH — OIICHUBAETCS B3aUMOJICHCTBUE MAIMH, CBSI3aHHBIX B CIMHBIN

MIPOU3BOJICTBEHHBI KOMIUIEKC [IJIsi BBIMOJHEHMS OOIIEeW 3amaud, W HaJACKHOCTb
TaKOW CUCTEMBEI.

S. Ill1aHMpoBaHue UCTIBITAHUM.
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[Ipy nmmaHUpOBaHMM MCHBITAHUN Ha HAJIEKHOCTh YUYUTBHIBAETCS THUI OOBEKTa:
HEBOCCTAaHABJIMBAEMBIM, BOCCTaHABIMBAEeMbIi. JJ1s1 HEBOCCTaHABIMBAEMBIX O0OBEKTOB
MpelyCMaTpPUBAETCA JIBa BapraHTa MPOBEACHUS UCTIBITAHUM:

- OTKa3aBIIHe 0OBEKTHI HE 3aMEHSIOTCS,
- OTKa3aBIIMe 0OBbEKTHI 3aMEHSIIOTCS.

[TpoaomKUTETHbHOCTh MCIBITAHUNA OrpaHUYMBACTCS MO0 HapabOTKOM, OO
KOJIMYECTBOM OTKa3aBIIMX 3JIEMEHTOB. B TaOnuiie npuBeneHbl BapHaHThI IJIAHOB
HWCHOBITAaHUM.

Ta0nuna
BapuaHThI IVIAHOB UCNIBITAHU U
XapakTepucTuka
00BEeKTa U R M
[Tpo10IKUTEIBHOCTD
HUCIIBITAHUHN
T NUT NRT NMT
r NUr NRr NMr
T,r NU(T,r) NR(T,r) NM(T,r)

ByKBBI B IJ1aHaX UCIIBITAHUM O3HAYAIOT CIICYIOIIESE:

N — KOJIMYeCTBO OJJHOBPEMEHHO UCIIBITHIBAEMBIX 00BEKTOB;

U — HeBoccTaHaBIIMBaEeMbIE U HE3aMEHSEMBbIC B CIydae 0TKa3a OOBEKTHI;

R — HeBoccTaHAaBIMBaeMbIC U 3aMEHSIEMBIC B CiTydae 0TKa3a OOBEKTHI;

M — BoccTaHaBIIMBaeMbIe OOBEKTHI;

T — HapaboTKa, MpH TOCTHIKEHUH KOTOPOM HUCIIBITAHUS TPEKPaIaloTCs;

I' — KOJIMYECTBO OTKA30B, IIPU JOCTHKCHUH KOTOPOTO MCIIBITAHUS MPEKPAIIAtOTCS.

Ecnu B rpade «nmpoaomKUTeIbHOCTh UCIBITAHUIN» CTOUT «T,I», TO UCTIBITAaHUS
MPEKPAIIAOTCS TP TOCTHKEHUH JInbo T, nubo I.

JUis  KaXaoro IuiaHa WCHBITAHUKA pa3pabdOTaHbl METOJUKH TPOBEACHUS
UCIIBITAaHUI ¥ 00paOOTKH MOIYy4YeHHOM HHPOPMaALIUU.
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6. IIpuMepHasi cxeMa MNPOEKTHPOBAHWS MAIIUMHBI C 33JaHHBIM YPOBHEM

HA/AEKHOCTH.
PazpaboTka MeponpusTHii 1o
MOBBIIEHUIO HAZEKHOCTH
(B cityyae HEOOXOIUMOCTH )
3aaHHbBIA | Cpasmmrensn | JIOoCTUTHY TBIN )
YPOBEHB > B — < YPOBEHb <
- | HANEKHOCTH
[IpoextupoBanue— 9HHTHH »| CepuiHEI 3KCHHyaTaHP:_ PemonT 1™
i 1 oOpasern
A A
A 4 A 4
_| Crennos Y cKopeHH Y cKopeHH Onuncanue Texmpouecc
ble ble ble OTKa30B U bl DEMOHTOB
BOCCTAHOBJIEH
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1.8-1.9 JIEKIIHAI 8,9. (4 yaca).0630p MeTOI0B pacuyeTa HAAEKHOCTH
1. ITporHo3upoBaHne HATEKHOCTH — PACUYET HA CTAMU MPOEKTHPOBAHUH

JIJIs CTIOKHOM TEXHUYECKOW CHCTEMBI pacCCMAaTPUBAIOT TPH OCHOBHBIX CTAJIUU
€e CyIIeCTBOBaHUsS: MPOCKTUPOBAHWE, W3TOTOBJICHHME, HKCIUTyaTanus. Ha cramgum
MPOCKTUPOBAHMSI ~ HANEKHOCTh  3aKJIAJbIBACTCS, TMPUA  HM3TOTOBICHUHA  —
OCYILIECTBISIETCS, B AKCIUTyaTallul — peajusyercsa. Yem nanbpiie oT IpOeKTUPOBAHUS
BBISIBIIICTCS HEHAICKHOCTh, TeM OONBIIMIA yIiepd HAHOCHUTCS B pe3yjbTaTe OTKa3a.
Ymep0 MokeT ObITh MaTepUaIbHBIM, HO BCE Yallle UMEIOT MECTO TPaBMbI U JaXKe
rubens moaei. B mocnenHue aecsATHIETHS BO3POCIO KOJMYECTBO YEIOBEUYECKUX
KEPTB B pe3yibTaTe KaTacTpod, CBI3aHHBIX C OTKa3aMH TEXHHYECKUX CHUCTEM. IJTO
OoOyCJIOBJICHO  HACBIIEHUEM CpeAbl OOWTAHUS  CJIOXKHBIMH, DHEPTOCMKHMHU
MamuHaMu. Mbl  kuBeM B TexHoreHHo cdepe. Tem cambiM  oueBHIHA
HEO0OXOIUMOCTh YCJSITh IEPBOCTEIICHHOE BHUMAHUE BOIIPOCAM CO3JaHUS HAJCKHOU
texHuku. Co3nanue abCoIIOTHO HAJICKHOM TEXHUKHU HEBO3MOKHO.

AHanu3 npo0sieM, pelaeMblX B TEOPUU HAJICKHOCTH, MOKA3bIBAET, YTO BCE
METOJIbl pacyeTa HaJeKHOCTU pa3padOTaHbl IJisi CTAJIMU MPOEKTUPOBAHUS H3JEIHSL.
Jlnst peanuzani 3TUX METOJ0B (HOPMHUPYIOTCS CIIOKHBIE CTPYKTYPHBIE CXEMBI,
JIEPEeBbsI OTKA30B, COOBITHA W T.I., BBITIOJHSIOTCS OYEHb CIIOKHBIC PAacUeThl TPH
yIIOBJIETBOPUTEILHON JAOCTOBEPHOCTH TMOJy4daeMbIX pe3yiabTaToB. Ho Bce 310 mpm
YCIIOBHH, YTO MPOCKTUPOBIIUKHN 00JIaat0T 3HAHUSAMHU O HAJICKHOCTH COCTABJISIFOIITUX
CIIOKHBIC TEXHHYECKHE CHCTEMBI 3JeMEHTOB. Jlo CHMX TIOp OIpeAcIiCHHE YPOBHS
HAJSKHOCTH HEKOTOPBIX 3JIEMEHTOB B PsC ClAydaeB 3aTpyIHUTENTLHO. [IpoBomsTcs
COTHH DKCIIEPUMEHTOB, M HET KOHIIA PEIICHUI0 ATHUX TpobieMm. PexomeHmanwu u
TpeOOBaHMs, 3aKJIaIbIBAEMbIC B HOPMATHBHO-TEXHUYECKYIO JIOKYMCHTAIMIO Ha
U3TOTOBJICHUE W OKCIUTyaTallMI0 W3JENHs, TaKXkKe pa3pabdaThiBalOTCA Ha CTaJUH
MIPOCKTUPOBAHUS.

[ToaTOMy MBI pacCMOTPUM HEKOTOpbIE ACHEKThI MPOOJIEMbI HAJIEKHOCTH Ha
CTaJWM TPOEKTUPOBAHUS, TO3HAKOMUMCS C HEKOTOPHIMH METOJaMHU pacuera
HAJIS)KHOCTH, PACCMOTPUM PSiJi IPUMEPOB.

2. AIroputM pacyera Ha/le:KHOCTH.
2.1. dopmupoBaHue MOHATHS OTKA3a.

Yerkoe @opMupoBaHME TOHATHS OTKa3a T[O3BOJIAET OTPaHUYUBATH
KOJIMYECTBO 3JIEMEHTOB, KOTOPbIE JOJIKHBI YUYUTHIBATHCS MPU PacyeTe HaJIeKHOCTH.
Oco0oe BHUMaHUE YHAENSIeTCs JJIEMEHTaM, IMOABEPKEHHbIM HM3HOCY U JPYyruM
npoueccam crapeHus. Kpome Toro, ciemyer narh TOJHYIO XapaKTEPUCTUKY
napamMeTpuueckuM oTkazaM. Ha »53ToM »Tame ompezgensercss HOMEHKIATypa
AJIEMEHTOB, JJIs1 KOTOPBIX PACCUUTHIBAOTCS MOKA3aTean HaAeKHOCTH. OYEBUIHO, YTO
CTaHMHBI TEXHUYECKOTO 000PYIOBaHUS, PA3IUUYHbIC 3aIIUTHBIE KOKYXU, paMbl U T.JI.
MOTYT OBITh UCKITIOYEHBI U3 PACCMaTPUBAaEMON HOMEHKIIATypPHI.

2.2. CocTaBjeHHE CTPYKTYPHOU CXEMBI pacyeTa HaJIeKHOCTH.
B crnoxHo#l TexHWMYECKOl cucTteMe (aBTOMOOWIb, CTaHOK, TPAKTOp W T.1.)
BBIICTSIOTCS  arperatbl (OJIOKM), BBIMOJHSIONINE CAMOCTOSITENbHBIE (DYHKINUU
(IBUraTenb, TPAHCMHUCCUH, CHUCTEMbl YIpaBieHUs W T.JA.). 3JeCh ObIBaeT
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[eJIeCO00Pa3HO BBIIEIATh W TPYINIHAPOBATh B OTACIBHBIE CHUCTEMBI OIHOTHITHBIC
DJIEMEHTHI (HampuMep, MOAIIUIHUKK WX DJIEMEHTHl TUapocucTembl). Ha cxeme
YKa3bIBa€TCs MPOJAOLKUTEIIBHOCTh U PEXHUM PA00ThI KaXKIOTO 3JIEMEHTA. 3]IeCh XKe
dbopMupyeTcss HOMEHKJIATypa IIOKa3aTeledl HaJeKHOCTH, KOTOPHIE JIOJDKHBI
OIPEAEIATLCS Ha dTale MPOeKTUpoBaHusA. 1o MoryT ObiTh: P(t), T, Kr, u T.1.
2.3. BbIOOp METOIMKY pacyeTa.

Ha nannoMm sTtane HanOosiee BaXKHBIM SIBJISIETCS BBIOOp pacueTHBIX (HOpMYI U
YUCJICHHBIX 3HAYEHUU OIpeAesIeMbIX IOoKa3aTelled HajaexkHocTH. Hambonee yacrto
UCTIONIb3YEMbI TOKa3aTellb — HWHTEHCUBHOCTh OTKa30B A, KOTOPBIM sBISETCA

nmapamMeTpomMm OCHOBHOI'O 3aKOHA HAACKHOCTH
t

F(t)=1-e ®

B TOM Cﬂyqae, CCJIN DJICMCHT B pa3J'H/I‘IHBIe HepI/IOI[BI BKCHHyaTaHI/H/I UMCECECT
pa3J'H/I‘—IHBIe 3HAUYCHUA }\, NHTCHCUBHOCTU OTKa3OB, TO IJId pvaeTOB I/ICHOHB?)YIOT
3KBI/IBaJIeHTHyIO NHTCHCUBHOCTSH OTKA30B.

[Tepuos BpemeH# t;, HHTEHCUBHOCTD A1,

nepuo;i BpeMeHH ty, HHTEHCHUBHOCTB Ay,

HepI/IOII BpeMeHH ti, HNHTCHCUBHOCTD }\,i,

HepI/IOII BpeMeHH tn, HNHTCHCHUBHOCTD }\,n.

TOFI[a DKBUBAJICHTHA]A MHTCHCHUBHOCTD ﬂvyéé 6y,[[eT paBHa:

2 2 A
yéa Zti
B psne ciaydaeB mpeArnmodTeHUE OTAAIOT BEPOSTHOCTH OC30TKAa3HOH pabOThI
P(t), Ho, 3Has A(t) u F(t), moxyunm

A(t)dt

P(t)=1-F(t)
3nanue A(t) O3BOJISET OMPEICIUTh OCTAILHBIC TOKA3aTeIN HAIC)KHOCTH.

3. OnpenesieHue BEPOATHOCTH 0€30TKa3HOM PadoThl TEXHUYECKON CHCTEMBbI NPH
OCHOBHOM COC/IMHEHNH 3JICMEHTOB.

Ecnn oTKa3 TEXHUYECKON CUCTEMBI HACTYIAET IPU OTKA3€ OJHOTO U3 €€ JIEMEHTOB,
TO Takas TEXHUYECKasi CUCTEMA UMEET OCHOBHOE COC/IMHEHUE 3JIEMEHTOB.
Hanpumep,

1 2 3 4 >

Cucrema COCTOUT U3 YETHIPEX AIEMEHTOB, U, €CJIM OTKAa3 JIFOOOTO U3 HUX
03Ha4yaeT 0TKAa3 CUCTEMBbI, TO TAKOE COEUHEHHUE — OCHOBHOE (IIOCJIEI0BATENBHOE).
[Ipu pacyeTe HAAEKHOCTH TAKUX CUCTEM IPEANOJIaralT, YTO OTKa3 dJIEMEHTa
SIBJISIETCS COOBITHEM CITyYaiHBIM M HE3aBUCHUMBIM.

BepositHocTh 0e30TKa3HOM paboTHI Takoi cuctemsl Pe(t) B TeueHne Bpemenn t
OTpeENsIeTCs KaK MPOU3BEICHUE BEPOSTHOCTEN 0€30TKa3HOM pabOThI
COCTAaBJISIFOIINX €€ AJIEMEHTOB:

P.0-T]P.0),
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Ecmu P,(t)=P,(t), To P.(t)=(P,(t)".

Il
@

W3BecTHO, 4TO B OOIIIEM ClTydae BEpOSTHOCTh O€30TKa3HON PabOTHI P(t)

Ecnu u3BeCTHBI HHTCHCUBHOCTH OTKA30B DJIEMEHTOB A,i(t), TO
t n ot

n o —[4,(t)dt -y j A, (t)dt

P.(t)=]]e —g 0

=1

—njﬂs(t)dt
cciam /191' (t) = ﬂ“a (t), TO I:)c (t) =e °

[Tocnenyromue yTOYHEHHUs 3aKOHOB paclpeeieHus HapaOOTKW 1O OTKasza
AJIEMEHTOB, BXOMSIIMX B CTPYKTYpPY H3IEHUS, IO3BOJISIIOT KOHKPETU3UPOBATH
MPUBEJACHHBIC BhIIE (HOPMYJIBI, MOJYYUTh O0JIE€ TOUHBIE OIEHKH HaJEKHOCTU
paccMaTpuBaeMoro 0ObeKTa.

Ha npaktuke HamOosiee 4acTO MHTEHCHUBHOCTH OTKA30B SBJISICTCS BEIMYMHOMN
MOCTOSIHHOM (B TIEPHOJT HOPMAJIBHOM JKCILTyaTaluu), a HapaboTKa Ha OTKa3 HE

3

IIPOTUBOPEYMT SKCITIOHEHIIMAIIBHOMY 3aKOHY, TOT 1A PC (t) =€

T.C. Pc (t) = e_;tc.t , TIIEe ﬂ“c = izﬂ:iyi

4. OnpenesieHue BepPOSITHOCTH 0€30TKa3HO# padoThl TEXHHYECKO# CHCTEMBI MPH
napajiieJIbHOM COeTHHEHUHU JIeMEHTOB.

[TapamiensHOe COSTMHEHUE 3JIEMEHTOB TaKoe, NMPU KOTOPOM OTKa3 CHUCTEMBI
HACTYIIAET TMPU OTKa3e BCEX IIEMEHTOB.

B 5TOM cllydae OIpeeIsioT BEPOATHOCTL OTKa3a cucTeMbl F,(t) 3a Bpems t, kak
IPOU3BENEHHIE BEPOATHOCTEN 0TKa30B F,(t) BCEX €€ DIEMEHTOB, TO €CTh:
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Tornma BepoATHOCTH 0€30TKa3HOM pabOThI CUCTEMBI PC (t) =1- FC (t) :

5. Oco0eHHOCTH pacueTa HAIEKHOCTH BOCCTAHABJINBAEMBbIX 00 bEeKTOB.

[Ipu pacuere HaAEKHOCTH BOCCTAHABIMBAEMBIX OOBEKTOB Hapsay C
OINPENEIICHUEM BEPOATHOCTH O€30TKa3HOM palboThl, (YHKUUU pacrnpeaesieHus
HapaOOTKM Ha OTKa3, WHTEHCUBHOCTH OTKa30B OMNPEACTAIOT  MOKa3aTelH,
XapaKTepU3yIOIINe TOTOBHOCTh OOBEKTAa K BBIMOJIHEHUIO TpeOyeMbIX (QYyHKIMI B
3agaHHoe BpeMsa. K HuM oTHOCATCS KO3((UIMEHT TOTOBHOCTH U KOI(PPHUIIMEHT
BBIHYKJIEHHOTO IIPOCTOSI.

KosdduimmenToM roroBHOCTH — OTHOIIEHUE BPEMEHH YUCTON PabOThl K CyMMe
BPpEMEH YHCTOM paboTbl M NPOCTOEB MO TEXHUYECKUM MpUYMHAM (BpeMs
BOCCTAHOBJICHUsI pabOTOCIIOCOOHOTO COCTOSIHUS OOBEKTa MOCJIE OTKa3za) 3a OJUH U
TOT K€ KJICHAAPHBIN ITEPUOI.

n
2.t
i=L

Zn:ti +Zn:t8i ’
i=1 i=1

KF

rae ti — Bpems paboThl 00bekTa MeK Iy (I-1)-M U i-M 0TKa30M;
tgi — BpeMsi BOCCTaHOBIICHHSI pa00TOCTIOCOOHOTO COCTOSIHUS TIOCIE I-T'0 0TKAa3a;
N — YKCII0 OTKA30B.
Ecnu paznenuth 4UCIUTEIh U 3HAMEHATE b Ha N, TO

K =T
T+T,

n

2t

rae T = % - cpeliHee BpeMsl HapaOOTKU Ha 0TKa3;

n

p

T, = i=1 - CpeaHee BpeMs BOCCTaHOBJICHUS.
n

KoadduimenToM BBIHYKICHHOTO MPOCTOSI — OTHOIIEHHWE BPEMEHHU ITPOCTOCB
M0 TEXHWYECKUM TMPUYMHAM K CyMME€ BpPEMEH YHCTOW pabOThl M MPOCTOEB TIO
TEXHUYECKUM MMPUUHHAM.

i

tBi

¢ |
= , UJIIN Kq = B

Z”:ti N Zn:tBi T+T,
i=1 i=1

K17
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Kax Buano u3 dopmyn mis onpenenenust Kr u Kp, oHu cBsizanbl Mex1y coboi

3aBUCUMOCTBIO
Kr + Kn =1.

Yacto k03D PUIMEHT TOTOBHOCTH, BBIYMCICHHBIA MO MPUBEAECHHBIM BBIIIE
dbopmynam, ONpenemnsioT, KaKk BEpPOSTHOCTh 3aCcTaThb OOBEKT B PpabOTOCIIOCOOHOM
COCTOSIHUU B JIIOOOM MOMEHT BPEMEHHU, KPOME T€X MEePUO0B, KOTJa UCIOIb30BaHNE
O00BEKTa MO HA3HAYCHHUIO HE MPEAYCMOTPEHO. DTO MOXKET OBbITh CIpaBeJIMBO MpHU
OTIPEACTECHHBIX TOMYIICHUIX.

B cBsi3u ¢ Tem, 4TO BEpOATHOCTh BOZHUKHOBEHUS OTKa3a BOCCTAHABIMBAEMOTO
OoOBbEKTa B Hayalle JKCIUTyaTallud Majla M BO3pacTaeT C YBEJIMYEHHEM BPEMEHU
OKCIUTyaTally, BEPOATHOCTh 3acTaTh OOBEKT B PAOOTOCTIOCOOHOM COCTOSHUU B
Hayvaljie HKCIUTyaTalliy BBINIE, U C TEYCHHEM BPEMEHU OyJeT yMEHbIIaThCsA. A Ha
OCHOBAHMM TMPUBEAEHHBIX (POpMyN KOI(DPUIMEHT TOTOBHOCTM HE 3aBUCUT OT
BPEMEHH.

JUis  mpeojosieHuss  3TOro  MPOTUBOpEuYMss  NpUBOAUTCS  (opmyia,
OIpE/ENAIoNasl 3aBUCUMOCTh BEPOSITHOCTH 3acTaTb OOBEKT B PabOTOCIOCOOHOM
cocrosuuu  P.(t) or kodpduiumenTa roToBHOCTU. IIpM 3TOM paccMaTpHBaeTCs
HauOoJjiee MPOCTOM cCiydyadd, KOrja MHTEHCHBHOCTh OTKa30B A M HMHTEHCUBHOCTD
BOCCTAHOBJICHHSI |L — BEIUYMHBI TMOCTOSHHBIE, W Tpu t=0 OOBEKT HaXOIUTCS B
paboTOCTIOCOOHOM COCTOSTHUMU.

PA (t) = H + A . e*(ﬂ'ﬂ/)t ,
A+pu A+u

rae A= l; U= 1 .
T T
[Tocne cooTBeTCTBYIOMIMX MpeoOpa3zoBaHuil opmylia MPUHUMAET BU/T
Py (t) =K, + (1_ Kr)' g e

Orta opMyna ycTaHaBIMBAET 3aBUCHUMOCTh MEXTY KOAI(P(PHUIIMEHTOM TOTOBHOCTH H
BEPOSTHOCTBIO 3aCTaThb OOBEKT B Pa0OTOCIIOCOOHOM COCTOSIHHHM B 000N MOMEHT
BpemeHH 1.

13 ¢opmynsl BuaHO, Yr0 Tpu t—o P.(t)—>K,, T.e. TpaKkTOBKa
Ko3(uIeHTa TOTOBHOCTU KaK BEPOSTHOCTH 3aCTaTh OOBEKT B pabOTOCIOCOOHOM
COCTOSIHUU MUMEET CMBICII MPU YCTAHOBUBIIIEMCS MPOIECCE IKCILTyaTaINH.

6. MapkoBckuii cJiy4aliHbIN IpoLecc.

Hpouecc Ha3bIBACTCA MAPKOBCKHM, CCIM JI KaXI0ro MOMCHTAa BPCMCHHU
BCPOATHOCTDH JIFOOOT0 COCTOSTHHMSI CUCTEMBI B 6yny1ueM 3aBUCHUT TOJIBKO OT COCTOSHUA
CHUCTCMBbI B HaCTOHIHI/Iﬁ MOMCHT N H€ 3aBHCHT OT TOI'O, KaKUM o6pa30M CHUCTCMa
IpuIIa B 9TO COCTOSAHHC.

IMpumep. meercss TEXHUYECKOE YCTPOMCTBO, COCTOSAIIEE U3 JIIEMEHTOB TUIIOB
a u b, obmamaronux pasHON HAJACKHOCTBHIO. DTH 3JIEMEHTBI B CIIyYaliHbIC MOMEHTBI
BPEMEHU M HE3aBUCUMO JPyr OT Jpyra BBIXOJAT U3 cTposi. Bpemsi OGe3oTka3HOM
paboThI BJIEMEHTa - ClydyaiiHasl BeJIMYMHA, paclpeiesieHHasl M0 KCIOHEHIIMAIbHOMY
3aKOHY C MmapameTrpamu A,u 4,. B ciydae oTkaza paboTOCIIOCOOHOCTH YCTPOWCTBA
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BOCCTAHABJIMBAETCA. Bpems BOCCTAaHOBIEHMS TaKXKe SBJISETCS  CIy4alHOU
BEJIMYMHOM, pACTIPEACIICHHON 10 SKCIIOHEHIIUAIBHOMY 3aKOHY C TTapaMEeTPaMH Lla; b
(MHTEHCUBHOCTh BOCCTAHOBJICHUH 3JIEMEHTOB @ M D COOTBETCTBEHHO). MiMeeT MecTo
MapKOBCKUM TMPOILIECC C HENPEPHLIBHBIM BPEMEHEM M KOHEUYHBIM MHOKECTBOM
COCTOSIHUU:

X0 — BCE DJIEMEHTHI UCIIPABHBI, CUCTEMa paboTaeT;

X1 — OTKa3aJj 3JIEMEHT THIIA 4, CUCTEMa BOCCTAaHABINBACTCS;

X - OTKa3aJj dJIEMEHT THIIa D, cHCTEMa BOCCTAHABINBAETCS.

Y

X0 X1

A

X2

HGO6XOIII/IMOG YCJIOBHC. BpeMH pa6OTI>I A0 OTKa3a M BpCMA BOCCTAHOBJICHHA
cnyqaﬁHHe BCJIMYMUHLBI U paCIIpCACIICHBI 110 SKCIIOHCHIIHNAJIbHOMY 3aKOHY

f(t)=Ae™

g(t)= e
HOTOMy 4TO, TOJIBKO IJIS1 9TOr0o pacripeaCiiCHUA «IIPCABICTOPHA» IMMPOUCCCa HC NMCCT
3Ha4YCHUA, HC BJIUACT HA ):[aJIBHefIHJee IIOBCACHNEC CUCTCMBI.

B TCOPHUHU HAACKHOCTHU MAPKOBCKHEC IPOHCCChI pPaCCMATPUBAIOTCSA  AJIA
OIIpCACIICHUA BepOHTHOCTefI HaXO0XKIACHUA TeXHI/II‘IeCKOﬁ CUCTEMBI B TOM UM HMHOM
COCTOAHHH B HHTCPCCYIOIIHEC UCCIICAOBATCIIAI MOMCHTEI BPCMCHH.

Ilpu pemeHMd  3aJa4  COCTABIAKOTCA  CUCTEMBI  JU(QepeHIraTbHbIX
ypaBHEHHMI, HA3BIBAEMBIX YPaBHEHHAMH DJpJIaHra.

IIpuMepbI MOCTPOECHUSA CTPYKTYPHBIX CX€M U pacyeTa HaJe:KHOCTH

PaccmMoTpyM  TEXHMYECKYIO CHUCTEMYy C  OCHOBHBIM  (IIOCJI€IOBATEIbHBIM)
COEIMHEHNEM DJIEMEHTOB, COCTOAILYIO U3 4 3JIIEMEHTOB.

1 2 3 4 —™

BepositHocTh 0Oe30TKazHOM pabOThl Kaxkaoro siemeHTta pasHa: P1=0,99; P,=0,9;
P3=P4=0,98.
[TocTaBnena 3amayda: BEpOSITHOCTh O€30TKA3HOW paOOThI CUCTEMBI JOJKHA OBITH Ha
ypoBae 0,92-0,94.
BepositHOCTh 6€30TKa3HOI pabOThl CHCTEMBI TP OCHOBHOM COEIMHEHUS 3JIEMEHTOB
OTIpEETAETCS KaK MPOU3BEIEHNE BEPOATHOCTEN O€30TKa3HOM paboThl AIIEMEHTOB.

4
P,=[[P.=P-P,-P,-P, =0,99-0,9-0,98° = 0,855.

i=1
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[TomyyeHHOE 3HAYEHUE MEHbBIIE 33JJaHHOTO. AHAJIM3 MOKA3bIBAET, UTO CaMbIi
HEHAJeKHBIA 37eMeHT 2. [loaToMy mNpuMeHseM olepanuio pe3epBUPOBAHUS, T.€.
napajieIbHO BKJIIOYaEM B CUCTEMY 3JieMeHT 2', umeroniuii Py =P,=0,9.

I:)ncz

Bynem paccmatpuBaTh 0ObeUHEHHE 3JIEMEHTOB 2 U 2' Kak moacucteMy. [lpu
OTKa3ze 2JIeMEHTa 2 B paboTy BKIIOYAETCS 3JEMEHT 2', U TOJBKO IOCJEe OTKa3a
aJieMeHTa 2' HACTymaeT OTKa3 TMOJICUCTEMBbl M, KakK CJIEJACTBUE, OTKAa3 CHUCTEMBI.
[ToaToMy 17151 omIpenienieHrs BEpOSITHOCTH 0€30TKa3HON pabOThl CUCTEMBI OIPEACIIUM
BEPOSTHOCTH 0€30TKa3HOM pabOThI MOJICUCTEMBI Ppco.
Pncz = 1-Fnez = 1-F2 - Fo = 1-F2? = 1-(1-P2)? = P, (2-Py).
PC = P1 : Pz (Z-Pz) : P3 : P4 = 0,99 : 0,9 (2-0,9) : 0,982 = 0,94
[TpoGnema perreHa, T.K. TOJYUYCHHBIN pe3yJbTaT OTBEYACT MOCTABJICHHOMY YCIIOBHIO.

[TocTaBneHHass 3amada MOXKET OBITh peIlieHAa C HCIOJIb30BAaHUEM IPHUEMOB
anreOpsl JIoruku (anredpst byis).

JIJTs 3TOTO CTPOUM JIOTUYECKYIO CXEMY.

€CJIN A 4! A, )41 Ay 41 As 4! A

n

JI
g |Meemf A U [R T U A, [ A, ] 4,

n

JI

n

CCJIN Al 41 A2 " Kz' " A3 " A4 >
rae -

B — paboTocnocobHOe COCTOSIHUE CUCTEMBI;

Aj — paboTOCIIOCOOHOE COCTOSTHIE CUCTEMBI | — 'O JIEMEHTA;
‘Aj — HepaboTOCITOCOOHOE COCTOSIHUE | — TO DIIEMEHTA,;

N — norudeckoe npou3BEACHHUE;

NJIN — noruyeckoe cioxeHue.

Torna ycrnoBue HaX0XI€HUSI CUCTEMBI B pab0TOCTIOCOOHOM COCTOSIHUU OYyJeT
BBITJISIACTH TaK
B=A- Ay Ay A AHA R A A A A A A A A,
BepositTHOCTh 0€30TKa3HON pabOThI CUCTEMBI:
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P =P(B)=P1-P22-P3-P4+Pl-(1—P2)-P2-P3-P4+P1-P2(1—P2)-P3-P4=P1-P2-P3-P4-
(P,+1-P,+1-P,)=P,-P,-P,-P,(2-P,), uro

AHAJIOTNYHO IMOJIYYCHHOMY PAaHCC BBIPAKCHUTO.
B 3akmrouenue CICAYCT OTMCTUTD CICAYIOIICC. TexHuueckas cucTeMa MOXKET

HaXOJIUTHCA B OTHOM U3 IBYX COCTOSIHMU: pa6OTOCHOCO6H0€ 151 Hepa6OTOCHOCO6HO€.

HOFI/I‘ICCKYI'O CXCMYy H€HCCOO6pa3HO COCTaBJATH HJIA TAKOI'0 COCTOAHUA CUCTCMBI,
KOTOPOC OIIUCBIBACTCA MCHbBIIINM KOJIMYCCTBOM BAPHAHTOB. TaK, IIpH OIIPCACIICHUN
BCPOATHOCTHU 0e30TKa3HOMI pa6OTBI IIOACUCTCMBI PncZ C HUCIIOJIB30BAHUCM anre6p51

JIOTUKHU ITIOJIYUHUM

CeIM ) 141 Ay

€CIu [— 4! A,

BncZ

SEASSAEN

cClin A2 4! XZ

v

Bnc2:A2'A2’+K2'A2’+A2'K2’

2
P(Bncz): Pz = P +(1_ Pz)' P, + Pz(l_ Pz): P2(2— Pz).
OtoT IyTh O0JIee TPYJOSMKUH M [UTUTENBHBIN, 4eM orpeaeneHue Pye, uepes
I:nc2-
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1.10 JEKIMSI 10. (2 yaca). MeToabl NOBBIIEHHS HAEKHOCTH TEXHHYECKHX
cucTeM

N3BecTHO, 4YTO  HANEKHOCTb  3aK/IAQABIBACTCA NPU  INPOCKTUPOBAHUM,
peanusyercss MpU MU3TOTOBJICHUM U pacxoayercs IIpu dKcIuryarauuu. Ilosromy u
METO/Ibl MOBBILIEHUS HAJEKHOCTU 1LIeJIecO00pa3HO pa3padaTsiBaTh AL ITUX TPeEX
ATAIlOB JKMU3HEHHOIO IMKIIA TEXHUYECKOM CcHCTEMBbI. Kpome TOro, HaaeKHOCThb
ABJISIETCS  KOMIUIEKCHBIM ~ CBOMCTBOM, BKJIIOYAIOIIMM TakKWe CBOMCTBA Kak
0€30TKa3HOCTh,  JIOJITOBEYHOCTb,  PEMOHTONPUTOJHOCTh W COXPaHAEMOCTb.
CrnenoBaTeslbHO, 1 METOABI MOBBILICHUSI HAJEKHOCTH TEXHUYECKOW CHCTEMBI MOTYT
paccMaTpUBaThCA C MO3ULMI MTOBBIIIEHUS KAXI0TO U3 3THUX CBOWCTB.

1. @akTOpbI, BIUAOLIINE HA HATEKHOCTh TEXHUYECKUX CHCTEM.

[Ipexxne yeM u3y4arb METOJbI MOBBIIMICHHS HAJIEKHOCTH, PACCMOTPUM (DAKTOPHI,
BIIMAIOLIME HA HAJIE)KHOCTh TEXHUYECKUX CUCTEM.

DakTOopHI,
RJINAKOIIINE HA HATEXKHOCTH

KOHCTPYKTHUBHBIC IMPOU3BOACTBCHHBIC OKCINTYyaTallMOHHBIC

KoncTpykTuBHbIEC (PAKTOPHI:

BBIOpAaHHbBIE KOHCTPYKTHBHAS U CTPYKTYPHAsi CXEMBbI;

MPUMEHSIEMbIE MAaTE€PUAJIbl U KOMIUIEKTYIOIINE U3IEINS;

CIOCOOBI PE3ePBUPOBAHUS;

PUMEHSIEMbIE 3aLIUTHBIE U MTPETOXPAHUTEIBHBIE YCTPOUCTBA;
HOPMATUBHO-TEXHUYECKas U (W) KOHCTpYKTOpcKas nokymenrtanus (HT);
y4eT IpU He0OXOJUMOCTH NCUXO(PU3UOIOTMYECKUX CBOWCTB OIEPaTOPOB.

[TpousBoacTBEHHBIC (PAKTOPHI:

® BXOJHOW KOHTPOJIb KAa4eCTBA M KOMILIEKTYIONIUX HW3JIEJINl HAa COOTBETCTBHE
TpeOoBaHUsIM, 3al10keHHBIM B HT/];

® YPOBEHb OPTaHMU3AIMHU TTPOU3BOICTBA OOOPYAOBAHMS;

¢ KBaTM(UKAIK ¥ HCTIOJTHUTEIHHOCTD ITEPCOHAIA;

® KOHTPOJIb Ka4eCTBa M3TOTOBJICHUS Ha BCEX 3TAIax MPONU3BOJICTBEHHOTO ITHKJIA.

DKCIuTyaTaluoOHHbIE (PaKTOPHI:

KBaJTM(DUKAIHS ¥ UCTIOTHUTEILHOCTh 00CITYKHUBAIOIIEr0 TIEPCOHAIA;
OpraHu3alys U Ka4eCTBO TEXHUIECKOTO OOCTY)KHBAHHS M PEMOHTA,;

CO3/[aHKE YCJIOBUN HOPMAJILHOM SKCIUTyaTalliyd MalliuH U 000pYA0OBaHMUS;
BHEIITHUE dakTops (BO3AEHMCTBUS KJIIMMAaTUYECKUX YCIIOBUM,
AJIEKTPOMATHUTHBIC U PAIUAITMOHHOE U3ITyUYCHHUSI, aTPECCUBHOCTH CPEIIBI);

e BHYTpeHHHE (HaKTOPHI (CTapeHue, U3HOC, KOPPO3Hs).
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2. MBTOHI)I IMOBBLINICHUA HAACKHOCTH HA 3TAIlE€ MPOCKTUPOBAHUS.

HpI/I IMPOCKTUPOBAHUHU CIJIOKHBIX TCXHHUYCCKUX CHUCTCM pAaCCMAaTPUBAIOT JIBa
HallpaBJICHUA ITOBBIINICHU A HaIACKHOCTH: HCIIOJIB30BaHHUC CXCMHBIX )41
KOHCTPYKTUBHBIX MCTOIOB.

CxeMHbIe METO/1bI BKIIFOYAIOT:

® (CO3JaHHEC CXEM C MUHUMAJIBHO H€O6XOI[I/IMI)IM YUCJIOM 3JICMCHTOB,
¢ JTIPHUMCHCHUC PC3CPBHUPOBAHUS,
L pa3pa60TI<a CXCM, HC JOOIIYCKAaIIUX OIIACHBIX HOCJ'IGI[CTBI/Iﬁ OTKa30B

QJICMCHTOB,

® OIITHUMH3aluA IMOCICAOBATCIIBHOCTHU pa6OTBI JJICMCHTOB.

YMeHbIllleHHE 4YKcia 3JEMEHTOB MPU MPOUYUX PABHBIX YCIOBUSAX NPUBOIAUT K
YBEIIMYEHUIO BEPOSTHOCTU 0€30TKa3HOM pabOThl CUCTEMBI.

PesepBupoBanrie — oAuMH u3 caMblX S(P(EKTUBHBIX METOJOB TMOBBIIICHUS
HAJIEKHOCTH, T.K. B KOHCTPYKIIMU MPEAYyCMATPUBACTCS 3apaHee 3aMEHa OTKa3aBILIETo
3JIEMEHTA.

[Ipu co3gaHuM CHCTEM, B KOTOPBIX IIPEIyCMATPUBACTCSA IPEIOTBpAICHUE
HEKOTOPBIX OTKA30B WM OIPAHWYEHHE TOCJIEACTBUN OTKA30B, MNPUMEHSIOTCS
3alUTHBIC WA NPEAOXPAHUTEIbHBIC YCTPONCTRA.

OnTuMu3anms Mociae0BaTeIbHOCTU pabOThl 3JIEMEHTOB O3HAYaeT COTJIACOBAHHE
MIEPHUOJOB aBTOMATHYECKOW pabOThl HE TOJIBKO MO BPEMEHH, HO U IO JIOCTHKEHUH
TE€M WJIM MHBIM IlapaMeTpaM 3aJaHHOTO 3HAYCHUS.

B 41cii0 KOHCTPYKTUBHBIX METOJIOB MOBBIIICHUS HAJEKHOCTH BXOIUT:

® JICIIOJIb30BAHHE DJIEMEHTOB C MAJIOM BEIMYMHON MHTCHCHBHOCTH OTKA30B;

® palMOHAJIIBHON BHIOOP COBOKYITHOCTH KOHTPOJIBHBIX MMAPAMETPOB;

® palMOHAJIBHBIA BBHIOOP JOMYCKOB HAa H3MEHEGHHE OCHOBHBIX IIapaMeTpOB
3JICMEHTOB U CHUCTEM;

® 3aluTa AIEMEHTOB OT BUOpaIlUii U YIapOB;

e yHU]UKAIUSA PJICMEHTOB B CHCTEM;

e pa3paboTka PKCILTyaTallHOHHON JOKYMEHTAIIMH C YYE€TOM OIbITa MPUMEHEHUS
CUCTEMBI, MOA00HON KOHCTPYUPYEMOM;

e oOecrieucHuE AKCIUTYaTallMOHHOM TEXHOJIOTHYHOCTH KOHCTPYKIIUH
(mpyMeHEeHHEe BCTPOEHHBIX KOHTPOJIBHBIX  YCTPOMCTB, aBTOMAaTH3AIlUs
KOHTPOJSI W MHAUKAIMS HEUCIPABHOCTEW, YIO0OCTBO TMOJXOJOB IS
0OCITY>KMBAHUS U PEMOHTA).

3. MCTO}]I)I IMOBBIIICHUA HAACKHOCTH B IIPOU3BOJICTBE U IKCILIyaTallUM.
CpCI[I/I MCTOAOB IIOBBIMNICHHUA HAACKHOCTH IIPH IIPOHU3BOACTBC OCHOBHBIMH
ABJIAIOTCA:
¢ COBCPIICHCTBOBAHHMC TCXHOJOITHMHM W OpraHu3alid IIPOU3BOACTBA, €TI0
ABTOMAaTHU3alusid,
® JIPUMCHCHHUC MHCTPYMCHTAJIBHBIX MCTOAOB KOHTPOJIA Ka4€CTBA MPOAYKIHH;
¢ TPCHUPOBKA 3JICMCHTOB U CUCTCM.
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K  OCHOBHBIM  MEPONPHUATUSAM, TMO3BOJSIONIMM  TOBBICUTH  HAJCKHOCTb
TEXHUYECKUX CHCTEM B IKCIUTyaTallit, OTHOCSTCS:

® TIOBBINICHHE KBAIM(DHUKAIIMH 00CITYKHBAOIIETO TIEPCOHAIA;

® IPUMCHCHHE HWHCTPYMCHTAJIBHBIX  METOJOB  KOHTPOJS  TEXHUYCCKOTO
COCTOSIHUSI CHCTEM;

e o00ocHOBaHHE OOBEMOB W CPOKOB TMPOBEACHUS  MPOPUIAKTUICCKHX
MEPOTPHUATHIA, OCHOBAHHBIX HAa TPUMEHCHUU TCOPUU HAJICKHOCTH;

e 000CHOBaHHE CPOKOB CITY’KOBI DIIEMEHTOB M COCTaBa 3allaCHBIX 4acTeil;

e pa3paboTKa ¥ BHEAPEHUE CITIOCOOOB IPOTHO3UPOBAHUS OTKA30B.

B 3axmouenue cjeayer cue pas3 OTMCTHUTDh, YTO HAACIKHOCTDL 3aKJIaAbIBACTCS IIPHU
IMPOCKTUPOBAHUH, peain3ycTcCs Ipu HU3TrOTOBJICHHUUA H  pacxonycCrTcsa 810)51
9KCILIyaTalluu. HOZ)TOMy MCTOAbI ITIOBBINICHHA HAIACKHOCTH B IIPOU3BOACTBC, B
IICPBYIO O4UYCPCAb, HAIIPABJICHBI Ha4  YCICHIHYIO pPCAIHN3AIUI0 HAIACKHOCTH,
3aJI0KCHHOM IIpun IIPOCKTHPOBAHMHU, a4 B OIKCILUIyaTallUd — Ha pPa3yMHOC ¢CC
pPacxoa0oBaHUC.
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1.11-1.12 JEKIIUA 8,9. (4 yaca). HaeskHOCTDh CHCTEMBI «4YeJI0BeK-MaIIHHA»

ITonsiTHe cUCTEMBI «4€10BEK-MALLIMHA».

Paccmorpenue 11000l cucTeMbl TpeOyeT TIIATEIbHOIO H3YYEHUs BCEX €€
pa3HOOOpPa3HBIX KOMIIOHEHTOB M HX B3aUMOJICHCTBUS — HMMEHHO TaKOW MyTh aHa-
JU3a CIIOKHBIX CHCTEM IIOJyYWJI HA3BaHUE «cuUcmemuvii auaiuz». KOMIIOHEHTHI
CUCTEMBI (II0JI KOMIIOHEHTaMH 3[1€Ch IMOHUMAIOTCSI PE3YJIbTaThl YJICHEHUS CUCTEMBI
710 J1I000T0 paccMaTpuBAaEMOro YpOBHSI — IOJCUCTEMBI, arperarsl, 3JIEMEHTHI U JIp.)
MOTYT UMETh CaMyIO0 pa3HOOOpa3Hyl NPHUPOAY (HampHUMEp, KMBYIO U HEKUBYIO) H
npenHasHaueHue (ynpaBiIIoIIMe U ymnpaBisiemble). MIX coeuHEHHE B LETOCTHYIO
CUCTEMY JaJIeKO HE BCErJa BO3MOXHO, a €CJIM U BO3MOXKHO, TO CO3JaTeld H
HKCIUTyaTallMOHHUKHA TaKUX CHUCTEM MOTYT HMCIBITaTh HEMAJO CAMBIX HEOXHUIAHHBIX
TpyaHocTeidl. CUCTEMBI, /i€ YEJIOBEKY MPUXOIUTCS padOTaTh CO CI0KHOW TEXHUKON
— SIpKO€ TOMY MOATBEpPKIeHUE. PaccMOTpUM KX Ha MpUMeEpax aTOMHOW CTaHIUU
(AC) u neraTenbHOIO anmapara.

C oOoIHOM CTOPOHBI MBI HMEEM MEXHU4YecKylo cucmemy, OObEITUHSIOUIYIO
MHO>KECTBO CBSI3aHHBIX U B3aUMOJEHUCTBYIOIIUX JAPYT C IPYIrOM MOJCUCTEM, MeXa-
HU3MOB, arperaToB, TpyOonpoBonoB U BemecTB. C Opyroil CTOpOHbI — 4YEJIOBEKa,
IPEJICTaBIISIIOIIET0 COO0N Ouonocuueckyro cucmemy, SIEMEHTAMU KOTOPOH SBISIOTCS
YacTH Teja, peuenTopsl (Tasza, yud, Koka U JAp.), TOJOBHOW MO3r. OTMETHM, YTO
YEJIOBEK M TEXHHMYECKas cucTeMa (Kak COBOKYIHOCTb TEXHOJIOIMYECKOro 000-
pPYJIOBaHHs) HE B3aUMOJICUCTBYIOT IPYT C IPYrOM HENOCPEACTBEHHO. Tak, 4enoBeK-
OlepaTop HUKOrJa B TMpoOIecCe SKCIUTyaTallud HE COIMPHUKACAETCS C SIEPHBIM
pEaKkTopoM M JAPYTUM 3arpsi3HEHHBIM OOOPYJIOBAaHUEM; 3HAUMTENbHAs 4YacTh KJja-
MAHOB, 33JIBUKEK U JIPYTrOil apMaTypbl PEryIUpyeTcss JUCTAaHIMOHHA; M HAKOHEL, caM
orepaTop, CHIs 3a IIWTOM YIIpaBJiCHHs BO BpeMs pabOThl Jake HE BUAMT 3al, B
KoTopoM paszmernieHo obopynoBanue AC. BzaumoneiictBue dyenoBeka ¢ AC co-
CTaBJISIET MO CYTH €Il€ OJUH KOMIIOHEHT CHCTEMBI. DTOT KOMIIOHEHT — MaTeMa-
TAYECKas, Pu3nuecKkas Wik Kakas-Ti00 WHas CUCTEMa 3HAHWU (UHMeIeKmYabHAs
cucmema), OTIUCHIBAIONIAs 3aKOHOMEPHOCTH (QyHKUIMOHUpOBaHUs U ynpasieHus AC.
JlanHast cucreMa MOXKET OBITh KaK CYOBEKTHUBHOM, OTpaKalomied OMbIT U
MIPE/ICTABIICHUE YEJIOBEKa-olepaTopa, TaKk M OOBEKTUBHOM, sABIAIONICICS (opma-
JM30BaHHBIM 0000IIEHMEM MPOECKTUPOBAaHMsS, 3KcIutyataumu u aHammza AC.
CyObekTrBHasE U OOBEKTUBHASI CUCTEMbBI 3HAHUN B YEM-TO MEPECEKAIOTCS, & B YEM-TO
U JIONOJIHAIOT Jpyr apyra. Tak, CyObEeKTHMBHOE 3HAaHHME Ka)KJOTO KOHKPETHOTO
YeJIOBeKa MOXKET ONEPUPOBATh HEPOPMATTU3YEMBIMU MOHATUSIMU, €1a00 CBSI3aHHBIMU
SBJICHUSIMU U BBICOKOH CTENEHbIO HEOINPEJEICHHOCTH, YTO HEJAOCTYIMHO TOYHOMY
OOBEKTUBHOMY 3HAHMIO, OCHOBAHHOMY Ha YETKHX KPUTEPHSIX M Mepax (Takux, Kak
YHUCJIO) U BOIUIOIIEHHOMY B BHJI€ CUCTEM aBTOMAaTUYECKOIO YIPABIICHHUS.

AHanornyHas KapTuHa HaOIIoAaeTcs y geTyrka. B monere nerunk Hemo-
CPEICTBEHHO HE BUIUT JBUTATENb JICTATEIBHOIO anapaTa, BhITYIIIEHHOE UITH YO-
paHHOE LIACCH, MTOJIOKEHUE DJIEMEHTOB, U3MEHSIOIUX TPACKTOPUIO IBH)KEHHUS Jie-
TaTENBHOIO armapara (pyJei BbICOThI U TOBOPOTA, 3JIEPOHOB) U T.1. JIeTunk B3au-
MOJIEHCTBYET C 000PYIOBAaHUEM CaMoOJIeTa JUCTAHLIMOHHO MTOCPEACTBOM Pa3INYHbIX
OpraHOB YIIPABJICHHUS.

Wrak, MBI BBEIM B PACCMOTPEHHME TPU KpallHE PA3HOPOAHBIX KOMIIOHEHTAa —
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TEXHUYECKUH, OMOJIOTUUECKUN 1 WHTEIUICKTYaIbHBIN, COCTABIISIONINE BMECTE HEKUI
€AVHBIN YW ITEJIOCTHBIA OpraHu3M CIO0XHOW cucteMbl. Cepbe3HOoe U3yYeHUE
noJo0HOrO OO0BEKTa HE MOXKET OOOMTHCH UMb Y3KOM TEOPETUYECKOW W
NPaKTUYECKOW 0a30if — HMHXKEHEPHOW HayKoW, OWOJOTHeH, MCUXOJOTHeH u ap.,
MO3BOJISIFOLIEN UCCIIE0BATh KAXK/IbIM U3 YIIOMSHYTBIX aCIEKTOB B OTAEIbHOCTH. J1Jid
Ka4eCTBEHHOTO U 3((EKTHBHOTO pEIIeHUs CHUCTEMHBIX MpodiieM HeoOXoauma
€IMHAasl METOJOJIOTUYECKAss OCHOBAa, OOBEOUHSIONIAs W CUCTEMaTHU3UPYIOIIas
paccCMOTpEHHE BCEX YKa3aHHBIX KOMIIOHEHTOB (BOOOIIE, MOJOOHBIE «CHUCTEMHBIC)»
HAyKW CETOJIHA HE PEAKOCTb, HAIIPUMEP, SKOJIOTHUs, OOBEIUHAIONIAS PACCMOTPEHHE
TEXHUKH, YeJIoBeKa 1 Ouoreocqepsl).

B namem ciydae (CoeAMHEHMs] TEXHUKH, OMOJIOTMM W TICUXOJIOTHS) Takas
Hay4yHas JUCUWIUIMHA TMOJy4YWJia Ha3BaHUE «ODProHOMHKa». BrepBbie CIIOBO
«3PTOHOMHKa», MPOUCXOJAIIEE OT I'PEUYECKUX CJIOB gpyon — paboTa, ACHCTBUE H
voupo& — 3akoH, Obuto chopmynupoBano B 1857 1. Boiitexom fctmemOoBckuM, a
aHajornyHas o6nacth 3HaHui B CIIIA u psge npyrux HeeBponenWCcKuX CTpaH Oblia
HazBana  «human  factor».  CerogHss  spromMukKa  ompenmeisieTcsi  Kak
MEXIUCIMIUIMHAPHAs 001acTh HAYKU W MPAKTUKH, HANPABJICHHAs] HA WHTETPALIUIO
3HaHUW O TPeOOBAHUAX YEJIOBEKA M HYXJaX YEJIOBEKa B CUCTEME «UEJIOBEK-TEXHHUKA-
cpella» TpHU MPOSKTUPOBAHUU TEXHUYECKMX KOMIIOHEHTOB M pabouux cucteM (JIx.
Oxnyna). OOBbEKTaMU HCCIEAOBAHUIA JPrOHOMUKU SIBJISIIOTCS TaK Ha3bIBaeMbIe
APraTU4YEeCKUEe CHUCTEMbl WJIM CHUCTEMBI «d4eloBek-mamHay (CUM) (B pa3iuyHbIX
MCTOYHUKAX MOYKHO BCTPETUTH APYTHE, HECYIIECTBEHHO OTJIMYAOIIMECS APYr OT
Jpyra Ha3BaHUS: YEJIOBEKO-MAIIMHHBIE CHCTEMBI, CHUCTEMbBI «UYEJIOBEK-TEXHUKAY,
CUCTEMBI «UEJIOBEK-TEXHUKA-cpeaa» U ap.) naaum omnpeneneHue CUM.

B rocymapctBeHHOM CTaHIapTe 3a 3TUM TEPMHHOM [2] 3aKpEIuIEHO JOBOJIBHO
Y3KO€ MOHATHE: CUCEMA «UeN08eK—MAUUHA»— MO MAKas cucmema, 8 Komopou
cybvekm mpyoa HAxo0Uumcsi He HenocpeoCmeeHHo y 00bekma mpyoa, a yoaieH om
He20 U ocyujecmensem YnpasieHue, UCNONb3Ysi UHGOPMAYUOHHYIO MOOeNb, T.€.
CyOBEKT ymnpaBjeHUs — OIMepaTop.

Hpyroe onpedenenue, NaHHOE M3BECTHBIM aMEPUKAHCKUM HCCIEIOBATEIEM B
obryactu yenoBedeckoro dakropa Maiictepom, pacumpsieT kiracc CUM u ykasbiBaeT
Ha HaJIMYME Y CUCTEMBbI OOIIeN OTHOM MM HECKOJIBKUX LIeNel: cucmema «uenogex—
MauiuHay — 3TO OPraHU3aLNsl, COCTOSIASL U3 ONIEPATOPOB MYkKCKOTO MU KEHCKOTO
Mojia, W MalluH, Ha KOTOPbIX OHM BBINOJHSIIOT OIPEACICHHbIE JEUCTBUS,
o0ecrieunBaOIIe peaan3aluio TeX LeNel, paaud KOTOpbIX W Obula pa3paboTaHa
cUCTEMa.

[lepeuncnum ermie pa3 KIrO4YEeBble MOMEHTHI, xapakTepusytoue CUM: coueranue
YeJloBEKa M MalluHbI, 0co0asi pojib YelIO0BeKa, yAaJeHHOCTh orepaTopa OT 00beKTa
YIPABJICHUS; LEJIEYCTPEMIICHHOCTD U 33JJaHHOE Ka4eCTBO (PYHKIIMOHUPOBAHUSI.
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Kaaccuduxanus cucrem «4eI0OBeK-MallIuHA.

OpnuM u3 HamboJee CyUIECTBEHHBIX KpurepueB kiaccudukaimuun CUM sBiserca 6uo
KOHeuHOU yeniu, ONPEACNSIoNIel TMoBeleHre cucrteMbl (HamomHuM, uyto CUM—
LIEJICHAIIPABIICHHAS! CUCTEMA, LB KOTOPOU SIBIISIETCS MOJYyYEHHE HEKOTOPOro IMPOIyKTa
Tpyda). DTOT MPU3HAK MpeJIaracTcsi B Ka4eCTBE OCHOBHOTO KpUTEpHs Kiaccudukaiuu, B
COOTBETCTBUU C KOTOPBIM CUCTEMBI JIETISATCA HA:

> MPOU3BOJICTBEHHbIE, PE3yJIbTaTOM (YHKIMOHUPOBAHUS, KOTOPBIX SIBISIETCS HOBBIM
MaTepHalbHBIA MPOAYKT (HapUMep: MPOKATHBINA CTaH — CTaJbHOM MPOKAT; CTPOUTEIIbHBIN
KOMILJIEKC — KUIOU TI0M; yTi1e100bIBaAIOIIU I KOMOaiiH —
JOOBITHIN yTOJIb);

> SKCIUTyaTallMOHHBIE, PE3yAbTaTOM (YHKIIMOHUPOBAHHUSA, KOTOPBIX SBISIETCS HOBOE
COCTOSTHUE MAaTepHaIbHOTO OO0BEKTa (HampUMep: aBTOMOOWIbL — HOBOE IMOJIOKEHHUE
IIEPEBO3UMOI0 Tpy3a B IPOCTPAHCTBE; IPOTUBOPAKETHAs YCTAHOBKA - YHHMYTOXKCHHAS
11€J1b);

> uH(OpMaMOHHBIE, TPOAYKTOM TpyJda B KOTOPBIX SIBJISETCS HOBas WHQpOpMalus
(Hanpumep: cucreMa aBTOMATU3UPOBAHHOTO MIPOEKTUPOBAHUS — MIPOEKT;
ABTOMATU3UPOBAHHBIE CHUCTEMBl YIIPABJICHUS MPEANPUATAEM WIH TEXHOJOTHUYECKUM
IPOLIECCOM — YyTIpaBJstonas HHPOpMaIHsl; CUCTeMa CBA3H — IepelaHHast HHPOpMaLus).

Kputepuem knaccupukam MOXET CTaTb Xapakmep U @opma onepamopcKou
desimeibHOCmU, 3aBUCAIIME KaK OT IIeJIU, TaK U OT CTPYKTYPHOM OpraHu3aIii CUCTEMbI. Bbi-
JENSAIOTCS CIIEYIOIINE OCHOBHBIE KATETOPHUH OIIEPATOPOB:

> ONepaTrop-TEXHOJIOT, HEMOCPEACTBEHHO BKIIOYCHHBIM B TEXHOJIOTMYECKUH MPOLIECC U
BBITIOJIHAIOIIAN W3BECTHBIE NPOLEAYPHI YNPABICHHS B PEKUME PEATBHOTO BPEMEHHU
(omepaTopbl  IIMTOB  YIOpPaBJIEHUS HOHEPreTHUECKUMHU, XHUMHUYECKUMH M JIPYTUMHU
IIPOU3BOJICTBEHHBIMU CUCTEMAMM );

> OomepaTrop-AUCIIETYEpP, OCYIIECTBISAIOIIAN  UEHTPAIM30BAHHBIA  KOHTPOJIb U
KOOPJIMHAIIMIO PA3JIMYHBIX SIBICHUHW U COOBITUM, MPOUCXOIAIIUMX B PEAJbHOM MaciiTade
BpEMEHHU (aBHAIMCIIETUEp, KEJIE3HOMOPOKHBIN JUCHETYEp, IUCIETYEPHl SHEPreTHUECKHUX
cereil);

> omepatop-HaloaTenb, CIAEOAIIMA 3a COCTOSIHHEM IIpollecca, HENpepbIBHO
IPOTEKAIOLIEro B pEalbHOM MacluTa0e BPEMEHU, U €ro OTKJIOHEHHUSIMU OT 3aJaHHOTO
pexuMma (orepaTop paauoJOKAIIMOHHOW CTAaHIIUM, PYJECBOM, yIASp)KUBAIOIIWN 3aJlaHHBIN
Kypc);

> onepaTtop-MaHUIMYJISTOP, PEAJU3YIOIMN KECTKO 3aJaHHbIE IOCIEA0BATEIBHOCTH
MEXaHUYECKUX BO3JCHCTBUI Ha OpraHbl yIpaBieHHs (omepaTop MOArOTOBKHM MH(OpMaLU
Ha OBM, onepaTop KaccoBOro amnmapara, TeXHUK 10 00CIIy KUBAaHUIO YCTAHOBKH);

> omeparop-ucciaenoBaTelb, MEUCTBUS KOTOPOIO HE PETJIAMEHTUPOBAHBI 3apaHee
3aJJaHHBIMUA MHCTPYKUHUSMH M 0a3UpyIOTCSd HAa MOHATUMHOM MBIILUIEHUH (IIPOTPAMMUCT
9BM, DKCIIEPUMEHTATOD, IIPOEKTUPOBLIUK CUCTEMBI aBTOMAaTU3UPOBAHHOIO
MPOCKTUPOBAHUA );

> onepaTop-pyKOBOJUTENb,  BBHIMOJHAIOMMNA  (QYHKIMM  OpPraHU3allMOHHOTO U
JUPEKTUBHOIO XapaKTepa.

Koneuno, monoOHas kiaccudukaius yciloBHA, TaK KaK HM3BECTHbl MHOTOYHCIIECHHBIE
Cly4dau, KOIJla HEBO3MOXXHO TMPOBECTH UYETKYIHO TpPaHb MEXIAY pPa3IMYHbIMU THUIIAMHU
OIEPATOPOB.

Pacnpenenenne poneii MexIy 4YENOBEKOM M aBTOMATHUKOM JTOBOJIBHO YacTO CITYKUT
kputepueMm kiaccupukanuu CUM. Tak, B COOTBETCTBUM C 3THUM KPUTEPHUEM, Pa3INyaioT
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CJEAYIOIINE BUIBI:

> ENeyCTPEMJICHHBIE — CHUCTEMBI, B KOTOPBIX TpolecC (PYHKIMOHUPOBAHUS
OIIPELEIAETCS YETIOBEKOM;
> [eJICHAIIPaBICHHbIE — CHUCTEMBI, B KOTOPBIX Ha OTACIBHBIX JTalax WIA IIpU

ONPEACICHHBIX PEXUMaxX WM YCIOBUAX YEJIOBEK JIMIIEH BO3MOXHOCTH BMEIIATHCA B
npouecc GyHKIMOHUPOBAHUS CUCTEMBI,

> 11e51ec000pa3Hble — CHUCTEMBI, B KOTOPBIX YEJIOBEK HE UMEET BO3MOKHOCTH yIPABISAThH
nporeccoM (PYyHKIMOHMPOBAHUSA, HO 32 HHUM COXpaHsoTCs (QYHKIMU obOecredeHus
nporecca (GYHKIUOHHPOBAHUS WIM TPEKPAIlICHUs €ro B Clydae aBapUWHBIX WU
HEIUTAHUPYEMbBIX CUTYyaLUH.

Crpykrypa m kadectBo ympasiaenuss CUM. Paccmorpum ctpykrypy CUM u ee
KOMITOHEHTBI: deioBeK (Ononormuecknii CUM) u mammHa (Texaudeckuii kommoneHt CUM).
MarimHa mpu 3TOM BBICTYNAET B poiid oovekma ynpasienus (OY), mpeaHa3sHAYEHHOTO IS
MPOM3BOJICTBA HEKOTOPOro KOHEYHOro mnpoaykra. Cyowvekmom ynpagieHusi SBISETCS
YEJIOBEK, BBIMOJHAIOMUN (QYHKIIMM MPUHATUS pEHIeHUH W BBIPAOOTKH  yHPABIISIOMIUX
Bo3zeiicTBuil. B onpenenennn CUM Takke OTMEYAETCs, UTO YEJIOBEK YJIaJ€H OT MAaIlWHBI U
B3aUMOJICHCTBYET C HEM  4Yepe3  HEKOTOPOro  IOCPEAHMKA,  OJIMLETBOPSIOLIETO
uHpOopMaIMOHHY0 MoJesib OY. DTUM nocpeTHUKOM siBisgeTcss KomnoHeHT CUM — yenoseko-
mawunnsiti  unmepgeiic  (UMU), BoruiomarOnmMil MHTEIJICKTYAIbHYIO COCTABJISIONTYIO
CUCTEMBI.

UMU peanusyeT ABYXCTOPOHHEE OOIIEHHE 4YENIOBEKa C MAIIMHOM, OIKMCHIBAEMOE
cienyromeil  cxeMoil.  XapakTEepHUCTUKM W mHapaMmerpsl  (GyHKUMOHUpoBaHusa OV
PETHCTPUPYIOTCS C MOMOILBIO JATYUKOB, MPeoOpa3yomux WH(YOPMAIUIO B AJIEKTPUYECKUE
curHaibl. YacTb TMOJYYEHHBIX CHUTHAJIOB TMOCIE HEKOTOpod (opmaabHOM 00paboTKU
(«Onucanue a1 aBTOMATHKW») HAIMpaBisIETCsl Ha BXOJbl CHCTEM aBTOMAaTHYECKOTO
ynpasienus (CAY) u perymupoBanusi (CAP). Ilocneanue pearupyroT Ha MOCTYIUBIIUE
CUTHaJIbl HEMEIJICHHBIM JKE€CTKO 3aJJaHHBIM OTKIJIMKOM B BHJIE€ YIIPABIISIOMIMX BO3ACHCTBUI Ha
OYV. Bropas yacTh CUTHAJIOB, TAKXe POl HEKOTOPYIO 00paboTKy, 00pasyer HHGOPMAITHIO
(«Onmucanue 11 4YeloBEKa»), KOTopas 3aTeM IIOCTyNMaeT K CUCTeMaM OTOOpakKeHus,
npeoOpa3yrolnM €€ B MPUTOJHYK JJs YEeJIOBEYECKOrOo BOCHIPUSTHS BHU3YyaJbHYIO,
aKyCTHYECKYI0 WU TakTWibHyt0 (Gopmy. Omneparop aHaIM3upyeT MOCTYIHUBIIYIO
uH(popMalMio, MPUHUMAET pElIeHHe, CcooOpa3Hoe TekyumeMy coctosauio OY wu
NOCTABJICHHOM 3a7adye, M BO3ACHCTBYET Ha OpraHbl YIpaBieHUs, MpeoOpasyrolue
MEXaHUYECKHE JCHCTBUS Ye€lIOBEKa B YNPABISIOIIME CUTHAJIbl. DTH CUTHAIIBI MEpeNaroTCs
aBTOMATHYECKMMHM CUCTEMaMU WM HemocpeacTBeHHO K OV, H3MEHsd €ero COCTOSHHE.
HNudopmarss 00 M3MEHUBIIEMCSI COCTOSIHUM BHOBb IOCTYIAET K YEJIOBEKY U aBTOMATHKE U
LUKJI YIIPABJIEHUS TOBTOPSIETCS.

CkazaHHOE CBHIETENBCTBYET O TOM, UTO KauecTBO ynpasiieHnss CHUM, cuiapHO BIUSIOLIEE
Ha 2P PEeKTUBHOCTh €€ (PYHKIIMOHUPOBAHMS, BO MHOTOM 3aBUCHUT OT mueosnoruu UYMU, u B
YaCTHOCTH — ONTHUMAJIBHOCTH pachpesiesieHus (YHKIUN yMpaBlIeHUS MEXKIy 4YeIOBEKOM U
aBTOMATHKOW. JTa 3amada OOBIYHO TMEPBOM BCTaeT mepea cozaarensimMu cioxknoit CUM.
WHTYyUTHBHO MOHSATHO, YTO 3aj[a4a pa3ieicHus GyHKIIUN 3aKIF0YaeTCs] B TOM, YTOOBI PEIUTh
— 4TO B YIPABJIECHUH CUCTEMOW HEOOXOIMMO BO3JI0KHUTh Ha YEJIOBEKA, & YTO MOXKHO JJOBEPUTD
aBTOMAaTHYECKUM ycTporicTBaM. CerofHs B paclopsDKeHUH pa3padOTYMKOB UMEETCs Ba TUIa
aBTOMAaTHYECKUX YCTPOMCTB — C JKECTKO 3aJaHHOM jorukoil ¢yHkimonupoBanus (CAY,
CAP) u ¢ rubkoii, mporpaMMHpyeMO JIOTUKON (KOMIBIOTEPHI U CUCTEMBI, BBINIOJHEHHBIE HA
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HX OCHOBE).

HeocniopumMbIMH 10CTOMHCTBAMH ABTOMATHKH SIBJSIOTCS: BHICOKOE OBICTPOJICHCTBHE
U TOYHOCTb PAOOTHI; JJIUTEIBHBIA pEeCypc W MPOJOJIKUTEIBHOCTh HEMPEPHIBHOW padoThI;
HEOTPAaHWYEHHOE YMCIIO KAaHAJIOB MapajuleIbHOW O00paOOTKH CHUTHANOB; OOJBIION 00beM
MaMsITH; BBICOKAs HAJEKHOCTbh M YKECTKUH CaMOKOHTpoJb. IlepeuncieHHble KayecTBa B
ropas/io MEHbIIEH CTeNeHN MPUCYIIN YETIOBEKY — OH OBICTPO YCTAET, €ro PECypcChl (MaMsTh,
OBICTPOJICHCTBUE) KpailHE OrpaHUYEHBI, OH MOJBEPKEH CTpeccaM, ero AEUCTBUS MOTYT OBITh
HETOYHBIMHM, a padoTa B ILIEIOM MeHee HaJeKHOW. Bce 3TO ToBOpPUT B MOJIB3y MOJHOMN
aBTOMAaTH3alU1 CUCTEMBI.

OnHako OCHOBHBIM OrPAaHWMYEHHEM aBTOMATHUKH SBISIETCS JI€TEPMUHHUPOBAHHOCTH
arOpuTMa €€ padoThl. ITO O3HAYAET, YTO BCE BO3MOXKHBIC JCHCTBHUS TOJHKHBI OBITh 3apaHee
IPEAYCMOTPEHBl U OINHUCAHBI, HO OJHUM W3 MPU3HAKOB CJIOKHON CUCTEMBI SBISAETCS TOT
¢akT, 4TO ee MOBEACHNE B HEKOTOPHIX CIy4yasX MOXET OKa3aThCs ISl HAC HEOXKHUJTAHHBIM.
Jlpyrumu ciioBaMHM, JJI CJIOXKHOM CHUCTEMbI HET MOJHOCTBIO aJ€KBATHOM MOJENH, YTO B
CBOIO OYEpPENb €T HEBO3MOXKHOW MOJHYK) aBTOMATHU3ALMIO IMPOLECCAa YNpPaBIEHUS WU,
CJIeIoBaTeNbHO, TpeOyeT HaIU4Yusi B KOHTYpE YMpaBlieHUs yernoBeka-onepatopa. Hukakas
aBTOMAaTHKa CErofHs HE MOKET IPEB30MTH ueloBEKa B €ro CIOCOOHOCTH K OBbICTpOMY
U3MEHEHUIO aJITOpUTMa yNpaBJIEHUs, BO3MOXKHOCTh POTHO3UPOBATh pa3BUTHE COOBITHI Ha
OCHOBE COOCTBEHHOT'O ONbITa M HHTYUIUH, CIIOCOOHOCTH OPUEHTHPOBATHCS B YCIOBHSX
HEMOJIHON WM UCKaXKEHHOM HH(pOpMaLuu.

WTak, Mbl BBLACIIWIN NEPBBIN (PAKTOp, BIMAIOMINN HA pa3/ieieHre QyHKINNA: BO3MOKHOCTh
(bopMaIM30BaHHOTO J€TEPMUHUPOBAHHOTO ONMCAHUS npoiiecca YIPABJICHUS
(«TexHnonoruueckuit» (pakTop). PyKOBOJACTBYSACH 3THUM KpPUTEpPUEM, 3a7ady paclpeiesieHUus
(GYHKUIMHA MOXHO pPEIUTh JOBOJBHO IpocTo. HyXHO mepenarh MamivMHe BCE TO, YTO OHA
criocoOHa BBINOJHUTh, a OCTaJbHOE BO3JIOXKUTh Ha uenoBeka. [lomoOHBIM mMoOAXOA
IpEeAnosjaraeT, YTo pa3BUTUE TEXHUUYECKUX BO3MOXKHOCTEW KOMIBIOTEPOB U MPOrPAMMHOIO
oOecrieyeHns IMO3BOJIUT AaBTOMATH3UPOBATh BCE OoJiblilee YHUCIO (PYHKUMN YIpaBieHUS,
IIOCTETIEHHO BBITECHSS YEJIOBEKA. DTO MPUBEIAET K YMEHBUIECHUIO HArpy3KU Ha omeparopa u
YUCIIEHHOCTH  ONEpPAaTUBHOIO  IE€PCOHANa,  BBICBOOOXKACHHUIO  OMNEPaTopoB  OT
MHOTOYMCIIEHHBIX «MEJKHX» 3a00T, UCKIIOYEHUIO MajO3HAYaIlIuX OIIMOOK U Psiiy APYTrUx
MOJIOKUTENIBHBIX PE3YJbTAaTOB. XOTA OINepaTop MOo-TpexHeMy OyneT HMMETh BBICIIUHN
OPUOPUTET, OIHAKO, IepecTaB ObITh MOCTOSHHBIM aKTHBHBIM YYAaCTHUKOM Mpolecca
YIPABJIEHUS U HAXOJIACh B POJIM MACCUBHOTO HAOJIO1ATENsA, YEIOBEK-0IIEPaTOP MOKET CTaTh
UCTOYHHKOM CEpPbE3HBIX HMHIUACHTOB. [IpMuMHON 3TOro sIBIEHUS CIIy>)KAT HETraTHBHbBIE
NICUXMYECKHE COCTOSHUS, BBI3BAaHHbIE MOHOTOHHEW, BO3HMKAIOIIECH H3-32 HEIOCTATOYHON
UH()OPMAIIMOHHOW M AMOIMOHAIIBHOM HArpy3kud. B ycloBUSIX MOHOTOHHOCTH BO3MO>KHO
NOHW)KEHWE BHHUMAHHMS OIEepaTropa, CHUKEHUE YPOBHS KBalu(UKAIMU M3-3a IJIUTEIbHBIX
NEPUOJIOB «OE3/eNbs», HeKETaHUE KPUTUUYECKU OLEHMBATH CUTYallMIO M CBOM AeicTBusA. B
pe3ysibTaTe — YEeJIOBEK HE BCET/Ia MOXKET MEePEKIIOUUTHCS, COOPATHCS U MPUHATH MPABUIbHOE
pemieHne. [laHHBIM aceKT aBTOMATH3aLUU JEMOHCTPUPYET HAIMYKE €IIE OAHOTO Ba)KHOTO
(dakTopa, MoANEKAIIEro yueTy npu pasaeiacHu GyHKIUI: aJeKBaTHOCTb MCUXOJIOTUYECKUM
ocobeHHocTsM uenoBeka («I[lcuxomornueckuity Gakrop).

Brinenennnie nBa pakTopa (MCUXOJOTUYSCKUNA U TEXHOJIOTHMUECKH) COCTABIISIOT JIMIIb
BEPXHHUI YypOBEHb uepapxuu (PaKTOpoB, TaKuX, KaK OOBEMBbI IepepadaThiBacMO
uH(pOpMaIMU, CKOPOCTH MPOTEKAaHUs  MPOILECCOB, CJOXKHOCTh  3aJay, YpPOBEHb
npoQecCUOHaIbLHON MOATOTOBKH, JIMYHOCTHBIE KauecTBa, MOTHBaLUs U Jp. DopMupoBaHue
ONTUMAJIBHBIX POJIEBBIX YCTAaHOBOK 4eyioBeka M MamuHbl B CUM BO3MOXHO JUIIL TpU
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YCJIOBUY KOMITJIEKCHOTO aHAJIN3a B y9€Ta BCEeX ITHX (haKTOPOB.

Hapexxnocts oneparopa.

Her HeoO6XoauMOCTH AOKa3bIBaTh, YTO HAAEKHOCTh ONEPATUBHOTO MepcoHana (Hapsay ¢
HAJCKHOCTHIO TEXHUKH) SBISETCS OIHUM W3 BaXHEHIIMX MPOIECCYyaIbHBIX CBOWCTB,
BIUSIIOIIMX Ha KauecTBO, d(P(PEKTUBHOCTHL M 0€30MaCHOCTb PAOOTHI CIOKHOW CUCTEMBI.
KakuMm pomxkeH ObIThb HaJexkHBIM oneparop? UTo cieayer MOHMMATh MOJA HAIACKHOCTBHIO
yesnoBeka?

TpaauuMOHHO, HAIEKHBIN ONEPATOP — 3TO XOPOILIUN ONEePaTop, KOTOPBIM MYHKTYaJIbHO
UCHOJIHAET TMPEANHCAHHBIA aJTOPUTM JESITEIbHOCTH. JTO O3HA4aeT, 4YTO BO BCEX
MOTEHIIMATFHO BO3MOJKHBIX CHUTYallUsSX y YEIOBEKAa JOJDKHBI OBITh YETKHE aJTOPUTMBI
pabotel. Ho mouemy Obl B 3TOM ciyyae HE 3aMEHUTh 4eJOBeKa Oojee HaaeKHOW U
HEMPUXOTIMBON MamMHOW? Eciu MbI BCe-Taku OCTaBJIsIEM Y€JIOBEKA, TO 3TO AaBTOMATUUYECKHU
03HA4YaeT, YTO Mbl JOMYyCKAeM HaJW4YUE CUTYyallMii, HE ONMUCAHHBIX B WHCTPYKLUSIX WIH
ONMCAaHHBIX B HUX HEBEPHO, CO3HATEIBHO I0JIarasi, 4YT0 B KPUTHUYECKUX CIydasX OIepaTop
BCE-TaKd TMOBeleT ce0s He3alUlaHMpOBaHHO. B yeM ke Torja COCTOUT HaJleKHOCTh
oneparopa?

HanexHblll onepaTop MOXKET IMYHKTYyaJIbHO, IIAr 3a IIaroM, BBINOJHUTH HWHCTPYKIHIO,
HUTJIC HE OIMOUBIINCH, U MPU ITOM... HE JJOCTHYb MOCTABICHHOM 11€JIH (TO JIU MHCTPYKIUS
ObLJ1a HECOBEPILIEHHOM, TO JIU YTO-TO HYXKHO OBUIO CIIeiaTh YyTh-4yTh JIydllle, ObICTpEE WU
KaueCTBEHHEE, yeM TpeOyeT HHCTPYKLHMs ). CUUTATH JIM 3TOrO Oneparopa HaJaeKHbIM?

TBOpUECKM  MBICIAIIMNA  OMEPATOpP MOXKET, HAPYUIMB MHCTPYKIMIO, TMPOSBUTH
U300peTaTeabHOCTh B CJIOXHOW CUTyalluM W ONTHUMHU3UPOBATH YCTApPEBIIYIO, IOPOU
HEBEpHYIO Tpoueaypy (dhopManbHO Takue AEUCTBUS KBATU(UIMPYIOTCS KaK OLIMOKH).
CuunTath 11 ATOTO ONEpaTopa HEHAAECKHBIM?

JIBa oneparopa NpUMEPHO OJAMHAKOBO ACHCTBYIOT. BBINOMHSASA OJHY U Ty %€ NPOUEAYPY,
OJIHAKO, MEPBBII IOCTUTAET «OJIECTAIIIETO» Pe3yJibTaTa, a BTOpoi — «Tak cedey. CriemyeT u
pa3innyaTh CTENEHb HA/IEKHOCTH 3TUX ONEPATOPOB?

B nocnengnee Bpemsi ompenensisi HaJeKHOCTb OIEpaTopa pacCMaTpUBAIOT 0a308y10
HAO0edCHOCMb, T.€. OTEHIIMAIbHYIO CIIOCOOHOCTh OpraHM3Ma 4YelloBeKa K HaJexXHOH padoTe,
NpazMamudeckylo  Ha0edCHOCmb, KOTOpas BbIPAXKAETCS BEPOSATHOCTHIO BBINOJIHEHUS
omnepaTopoM TpeOyeMoro ajaropurMa JAeHCTBUH, MO0 MPUHITHS ONTHMAILHOTO (MJIM XOTS
OBl IPUEMJIEMOT0) PEILICHHUS.

Hapsiny ¢ mnparmaTthueckod  TpPakTOBKOM, Ha  CETOAHAIIHUKA  JI€Hb  BeChbMa
pacnpoCTpaHEHHBIM SIBJISIETCS MOHUMaHUE HAJEKHOCTU KaK MPOLIECCyalbHOTO CBOMCTBA, T.€.
KaK CIOCOOHOCTH 4YelioBeKa 0e30TKa3HO paboTaTh. Takoe NMOHMMAaHUE XapaKTEpHO st
KJIACCUYECKOM TEOPUM HAJEHKHOCTH TEXHMYECKUX cUcTeM. VIMEHHO Takoe ompeneieHue
naercsi u «IQproHomuueckum» ['OCTom [2], B KOTOpOM TOA HAAEKHOCTHIO YEITOBEKA-
orepaTopa OHUMAETCsl CBOWCTBO YEJIOBEKa-OIepaTopa, XapakTepu3yIolee ero CiocOOHOCTb
0€30TKa3HO BBHITIOJHATH JIEATEILHOCTh B TEUCHHUE OINPECICHHOTO0 MHTEpBaIa BPEMEHU TPHU
3aJJaHHBIX YCIOBHUSX.

BaxxneimmM 006CTOATETECTBOM, XapaKTEPU3YIOIIUM HAJIEKHOCTb, SBIISIOTCS YCIOBUSA, B
KOTOPBIX MPOTEKaeT AEATENbHOCTh omeparopa. OIHO Jen0, Korjga HaJeXKHbIM Ha3bIBAIOT
oreparopa, He OIMMOAOIIErocsi B OOBIYHON CIIOKOMHON OOCTaHOBKE, JPYroe — KOTJa OH
CIpaBWICS C 3aJaueil B 3KCTpEeMaJbHOM cUTyalnuu. MIMEHHO 3TO MOJYEpKUBAETCSA B pAJie
ONpeNeNICHU, OTMEUAIOIINX, YTO HAJIEKHOCTh KAaK CBOMCTBO Y€JIOBEKa MPOSBIAETCS Ha
a000M TpeOyeMoM ypoBHE (DYHKIIMOHMPOBAHUSI CUCTEMBI, MPU ONPEAEICHHBIX YCIOBHIX
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paboThl U MPU BO3MOXXHOM YCIIO)KHEHUH OOCTaHOBKHU. JIpyrMM Ba)KHBIM OOCTOSITEIHCTBOM,
IPUCYTCTBYIOIIUM B OOJIBIIMHCTBE OIMpPENEICHU, SIBISETCS BpeMsi, BBICTYIMAIOIIEE B JIBYX
pONIIX — Kak orpaHWuyuBaromuil (GakTop (BHIMOIHEHHE 3aJaHUs JOJHKHO 3aBEPIIUTHCS
CBOCBPEMEHHO — Takoe TpeOoBaHWE K HAJACKHOW paboTe TPUCYTCTBYET B
«MparMaTU4ecKuX» OIMpeACNICHUsIX) W KaK YycjoBHe (yCTOHYMBOCTH pabOTHl JOJHKHA
COXPAHSAThCS B TECYCHHE 3aJIaHHOTO BPEMEHH — TaKOBa HAJC)KHOCTh B «IIPOIECCYATHHBIX)
OTIPEICTICHUSIX ).
HaznexxHoCTh onepaTropa XapakTepu3yeTcs MoKa3aTesMu:

o OezomrazHocmu — BEPOATHOCTh OE€30TKa3HON pabOThl B TEUYEHHE OIPECIICHHOTO
oTpe3ka BpeMeHHU. [IpOIeHT BBINMONHEHHBIX (HE COPBAaHHBIX OTKa3aMH) 3aJaHHiA,
BEPOSATHOCThH TOSABIICHUS OTKa3a B Pe3yJbTaTe COBEPIICHUS OIIMOKU, UHTEHCUBHOCTD U
4acToTa OTKa30B B 3aJJaHHBII MOMEHT BPEMEHH, CpeaHee BpeMs padoThl 10 MEpPBOTO
OTKa3a, CpeHee BpeMsi pabOThl MEXAy JABYMs OTKa3amu (HapaOoTka Ha OTKa3), oOIee
YHCIIO OTKA30B 3a JaHHBIA IPOMEKYTOK BPEMEHU;

o Oe30uubouyHocmuy — BEPOSTHOCTh 0€301MO0YHON pabOThl B TEUCHUE OMPEICIICHHOIO
OTpe3Ka BpeMEHH, OoO0Ilee YHCJIo OmUOOK 3a  JaHHBIH  MPOMEXKYTOK
BPEMEHH, BEPOATHOCTh OIIMOKH KaK OTHOIIEHHE KOJIMYECTBA COBEPILEHHBIX OUIMOOK K
YHCITy BO3MOKHBIX OLIUOOK;

o CB0EBPEMEHHOCMU — BEPOATHOCTb CBOEBPEMEHHOIO BBINOJHEHHUS pPaOOTHI, T.€.
(akTUUyecKoe BpeMs BBINOIHEHUS (PYHKIUH MEHBLIE MPEIEIbHO JTOMYCTUMOro (OLEHKa
CBOECBPEMEHHOCTH OIMUPAETCS Ha OIEHKY OBICTPOJCHCTBHS, IMOKa3aTeIeM KOTOPOTO
SIBIISIETCSI BpEMsI pEIICHUS 3a/1a4H WU BBIOJHEHUS QYHKINN);

o 2omosHocmu — KO3(PPUUMEHT TOTOBHOCTH OIepaTopa (BEPOSTHOCTh BKIIOUEHUS
oreparopa B paboTy B HY>KHbIA MOMEHT BPEMEHM );
o 8OCCMAHABIUBAEMOCIU — — BEPOSITHOCTD WCIIPABJICHUS JOTMYIIEHHOM

OIIUOKH, Cpe/IHEE BpEeMsI BOCCTAHOBJICHUSI.

OTtka3 u omudKa oneparopa.

O4eBUIHO, UTO CMBICH, BKJIAJbIBAEMbId B MOHATHE HAJEKHOCTH, HANPAMYIO 3aBUCHUT OT
TOTO, YTO Mbl IIOHUMAEM IOJI OTKAa30M 4YelloBeKa (MHaue roBOps, B YEM COCTOUT COOBITHE,
HACTYIUIEHUSI KOTOPOro HE JOJDKEH JOMYCTUTh HaAeKHbIM omepatop). OnpeneneHus
YeJI0BEUYEeCKOI0 OTKa3a MHOTOUMCIIEHHBI U, IOPOM, pa3HOpeuuBhl. PaccMoTpuMm nx.

OnHO W3 MEepBBIX OMpENeIeHU omKaza, OIN3KOE MO CMBICITY K aHaJIOTHYHOMY TTOHSITHIO
B TEXHHKE, ObI0 chopMynupoBaHo B.J[. HEObUIHMIBIHBIM CIIEYIOIIMM 00pa3oM:

v'B y3KOM CMBICJIE OTKa30M HYKHO CYMTaTh IpeKpameHne paboThl BCIIEACTBHE
pPa3BUTHS OPTAHMYECKOTO WIM (PYHKIIMOHAIHHOTO, OOpAaTUMOTr0 WM HEOOpaTHMOTO
mpoiiecca B CEHCOPHOM, MOTOPHOM WU 1iepeOpanbHol chepax cyOnekTa
(coH, ToOTeps CO3HaHWs, «4YepHas TMeJeHa», NMCUXUYECKHE pPacCTpOWCTBa, Hemepe-
HOCHMOE 00JIEBOE OIIYILIEHUE, CMEPTD);

v/ B IIUPOKOM CMBICIIE OTKa3 — JEHCTBHE, KOTOPOE BEAET K YXYALIEHHIO 3P ()EKTHBHOCTH
pabodero mporiecca.

OOpaTiM BHUMaHHE, YTO B 3TOM OIPEIEICHUU MOSBIISIOTCS Cpa3y JBE TPAKTOBKU OTKa3a
— nomeps_4eno08ekomM pabomocnocoonocmu u_ yxyowenue padbomol cucmemul. [1ozxe obde
3TH TPAKTOBKH JIETJIM B OCHOBY JIPYTUX ONPEICICHUN:

v omka3 CIeQyeT paccMaTpuBaTh KaK TIOJHYIO WIM YacTUYHYIO TOTEpI pa-
00TOCITOCOOHOCTH, B PE3yJIbTaTe KOTOPOI YEJIOBEK MEPECTaeT yIOBICTBOPATH XOTS OBl
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OJTHOMY W3 TPpeOOBAaHUM, YCTAHOBIIEHHBIX ISl TAHHOTO BHJIA ACSTEIHHOCTH;

v €CIIH OMepaTop JIONMYCTUJI BBIXOJ CHUCTEMbl M3 HOPMAJIBHOTO pPEXUMa B 30HY
HEHOPMAJILHOM PabOThI, MPUHATO CUYUTATH, YTO MPOU3OILLET OMKA3 ONepamopaq.

Onupasich Ha Takoe IMOHMMaHUWE OTKa3a, PAOM aBTOPOB Obula CHOPMYIHpPOBaHA
KOHIEMIHUS OIHUOKH Kak 0co00To BUJIa KPaTKOBPEMEHHOTO 0TKa3a, HE CBA3aHHOTO C OTepei
paboTOCTIOCOOHOCTH W/UITH YXYIIIEHUEM paOOThl CUCTEMBI.

Otka3 uenoBeka KBaNU(UIUPYETCS Kak COOBITHE, MPOSIBIISIONICECS B JEUCTBUM (WM
Oe3/elicTBUM) oOmepaTopa, BIEKYIIEM 3a COO0OH OTKIOHEHUE BBIXOJHBIX I[apaMeTPOB
CHUCTEMBI 32 YCTAHOBJICHHBIC OTPAHNYCHHUS, KOTOPHIC OH HE MPEAOTBPATHII, HJIM KaK COOBITHE,
MPOSIBUBIIIEECS] B BBIXOJAE 3a JOMYCTUMBIE MPEAEibl XapaKTEPUCTUK >KU3HEACITEIbHOCTH
onepatopa. Quiubkamu onepamopa OyneM Ha3bIBaTh BCE €r0 HENMpaBUIIbHBIC ICHCTBUS,
KOTOpBIE HE BJIEKJIM 32 cOOOIl OTKa3 CUCTEMbI, a €CITU U BIEKIH, TO OBLTA CBOCBPEMEHHO
WCIIPABJICHBI WJIM TAPUPOBAHBI CAMUM K€ ONEPATOPOM.

K apyrum omnpenenenusiM, B KOTOPBIX ONIMOKA paccMaTpUBAETCs KaK Pa3HOBUIHOCTD
OTKa3a, OTHOCSTCS:

v/ 0TKa3 YeJI0OBEKa-0IepaTopa — HEBHIMOIHEHUE YETIOBEKOM-0IIEPATOPOM IIPEAMTUCAHHBIX
NEeUCTBUW WM CHIDKEHME  KauecTBa WX  BBINOJHEHUS 32  NIPEAeIbl,
HEOOXOAMMBIE ISl JOCTUXKEHUS 1enu JesTeabHoctr. Omubka yenoBeka-oneparopa
— BHUJI OTKa3a YEJIOBEKA-OIllepaTopa, HE CBA3AHHBIA C MPEKPALICHUEM AEATEIbHOCTH
(I'OCT [2]);

v ommbka — KPaTKOBPEMEHHBIH OTKa3, IPUYMHA KOTOPOTO CaMOyCTpaHHMa.
XapakTepHBIM JJIsI TAKUX OTKA30B SIBJISETCSA TO, UYTO OHU HE CBSI3aHBI C KAaKUMU-TUO0
W3MEHEHUSIMU B  OpraHu3zMe omneparopa. [Ipu  BBIIOJHEHUH  OUYEPEAHOTO
JEUCTBHS OTKA3 TAaKOTO BUJIA MOXKET YK€ HE UMETh MECTa;

v ommOKa orepaTopa — KpaTKOBPEMEHHBIH (OHOTOTHUECKHIT) OTKA3.

Hapsiy ¢ cucTeMHBIM pacCMOTPEHHUEM OIUOKM — KaK YaCTHOT'O BHJIa OTKa3a, HEPEJIKO
BCTPEYAIOTCSL OMPEEICHUS, ONMUPAIONIUECS Ha COACPKATEIbHYI0 MHTEPIPETALUIO ONIMOOK
(B 4aCTHOCTH, HAa HOBOE MOHATUE — OIMOOYHOE JACHCTBUE).

K HuM oTHOCATCS:

v owubka onepamopa — 3TO J1000€ KOHKpPETHOE JeiCTBHE YeJoBeKa B
MpOLIECCE €r0 AEATEIbHOCTH, KOTOPOE BBIXOJIUT 32 HEKOTOPBIE 10N YCTUMBIE TPAHHULIbL,
T.€. IPEBBIIIAET JOMYCK, TPAHUIIBI KOTOPOTO OMPEACIICHBI PEKUMAMU paOOTHI CUCTEMBI;

v HEAJeKBAaTHOE  BOCHpHUATHE  HUHPOPMAIMH, HEBEPHBIE  pEUICHUS, HETOYHBIC
KOMaH/JIbl WJIM HENpaBWIbHbIC JEHUCTBUSA TMEpPCOHANa, WHUIMUPYIOUIUE COOBITHUSA,
BEIyILIME K OTKJIOHEHUSIM OT PEXKHMa HOPMAJIbHOW JKCIUTyaTallud, OMPEACIISIIOTCS
KaK owuoxu yenosexa. Gaxt HeMpaBUIBHOTO BO3/AEHCTBHS Ha MPOLIECC IKCILTyaTALUH
oTpezeNseTcs Kak OlMOOYHOE IEHCTBUE YEIIOBEKA,

v ommbka — pe3yabTaT omuboyHoro neiictBus. OmubouHOe JelcTBHE —
JENCTBUE, HE TOCTUTAKOLLEE LENH;

v OIMMOOYHOE ACHCTBHE — Takoe, KOTOPOE HE aJeKBaTHO OOBEKTUBHBIM, COIHMAIIBHO
3aJJaHHBIM TIEJISIM YIpaBJICHUsA. B TO e BpeMs OHO aJeKBaTHO CYOBEKTHBHOW IIENH
YEJIOBEKA U B 3TOM CMBICJIE JIOJXKHO pacCMaTpuBaThes Kak 3akoHoMepHoe (B.®. Benna);

v C.A. Yauko, onupasch Ha MOHSATHE «HOPMA ACSATEIHHOCTHY, OMPEACNeT OUMOKY Kak
KPaTKOBPEMEHHOE HEMPOU3BOJIBHOE OTKIOHEHHWE OT HOPMBI JESITEIbHOCTH WM
OJTHOKpaTHOE HEMPaBWIbHOE (POPMUPOBAHUE HOPMBI.

B sproHoMuyeckoil MpakTHKe CYIIECTBYIOT JBa B3aMMOJOMOJHSIOIIMX MOAXO0Aa K
npoOseMe aHaliM3a HAJEXKHOCTH W CHUKEHUIO OmMOOK mepcoHana. llepBblii moaxon
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COCTOUT B HW3YYEHUU OIIMOOK, HAKOIICHHMM WX CTAaTUCTUKH, OMUCAHUNA U JETAIbHOM
aHaIM3€E C MEbI0 BBISBICHUSI HEOOXOIUMBIX U3MEHEHUN B CUCTEME YEJIOBEKO-MAITMHHOM
uHTepdeiice, SKCIUTyaTAllMOHHOM W HOPMATUBHOW JIOKYMEHTAIlMM WJIM B MOATOTOBKE
orepaTopoB. BTopoil moaxo/l uMeeT MPOTUBOMOJIOKHYIO HAIPABICHHOCTh U OCHOBAaH Ha
CUCTEMHOM  aHAJIM3€ ONEPATOPCKOM  JEATENBHOCTH C  I1ENbI0  BBIABICHUS U
npeIynpeskKIeHUs BO3MOKHOCTEH BO3ZHUKHOBEHUS OIIMOOK.
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1.13-1.14 JEKIUA 13,14. (4 yaca). TexHOTeHHBIH pUCK

1. Texnocdepa. Bo3HnNKHOBeHME U pa3BUTHE.

YemoBeK Ha MNPOTSHKEHUM MHOTMX —THICAYEIETH CBOEro CYIIECTBOBAHMS
HEIPEPBIBHO BO3JelcTBOBaN Ha cpeny obutanus. Jlo cepenumnbl XIX Beka 370
BO3/ciicTBHE ObUIO HE3HAUMTEIbHBIM. HO 3aTeM posb uyenoBeka B IpeoOpa30BaHUU
cpeapl OOMTaHMsI CTajla pe3Ko BO3pacTaTb. IJTO OOYCIOBIEHO B OCHOBHOM
CJIETYIOIIUMH [TPOLIECCAMU:

® DPOCT YHCJIEHHOCTH HAceJIeHMs Ha 3emiie U ero ypOanuzauus (cm. puc. 1);
e pocT NOTpeOJEHUS U KOHUEHTPALIMHN 3HEPTETHUECKUX PECYPCOB (CM. puc. 2);

® HMHTCHCHUBHOC Pa3BUTHUC IIPOMBIIIJIICHHOT'O Hu CEIBCKOXO03IHMCTBEHHOTO
ITPOU3BOACTBA,

¢ MACCOBOC HUCIIOJIb30BAHUC TPAHCIIOPTHLIX CPCACTB,
® DPOCT 3aTpaT Ha BOCHHBIC LICJIN.

Maipa. gen.
16 T I //I

14+ ;
12 T /II

0 | ] ] ] ! ] !

I I I | I I I
1840 1900 1920 1940 1960 1980 2000 2020 [l'oxel

Puc. 1. PocT YHCJIEHHOCTH HACEJIEHUSA 3eMJIN:
| — poct yucnennoctu no 28-30 mupa. ven. k 2070-2100 rr.;

Il — crabunuzanus yucaeHHOCTH Ha ypoBHE 10 mup. der.
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Puc. 2. YpoBHM 3HEPrum, KOTOPbIMHU BJIaJIeeT YeT10BEK:

1 — ocemn, OBIK; 4 — JIBC (200 MBrT) (1900);
2 — JIoMIa b, 5 — typbusnsl, TOC u T.11.;
3 — mapoBas mammmHaa (1770); 6 — ADC, pakeTsl

Takum o0pa3oM, eciid cpeaor oOUTaHHUs 4yejoBeka 1o cepeauubl XIX Beka Oblia
ouocdepa, To B HACTOSIIEe BpeMs BO MHOTHMX PErHOHAX OHA pa3pyllieHa U CO3J/IaH
HOBBIN THUII Cpebl OOMTaHUS TeXHOchepa.

buocdepa — obnacth pacnpocTpaHeHUs KH3HM Ha 3emiie, BKIIOYAIOIIas HIDKHUN
cioit armocdepsl, ruapochepbl M BEpXHUM CJ0M JUTOCPEphl, HE HCHBITABIINX
TEXHOTCHHOTO BO3JICHCTBHS.

Texnocdepa — cpega oOUTaHus1, BO3HUKINIAS C TOMOIIBIO IPSIMOTO WJIM KOCBEHHOTO
BO3ICHCTBHUSI JIFOJICH M TEXHUYECKUX CPEICTB HAa TPUPOJIHYIO CPEIY C IO CO3TaHus
HaWJIydIIero COOTBETCTBUS CPEAbl  COIMAITBHO-DKOHOMHUYECKUM IOTPEOHOCTSIM
YeIIOBEKa.

2. BO3HMKHOBEHHE ONACHBIX M Ype3BbIYAWHBLIX CHTyaluil. ABapum H
KaTacTpodsol.

Co3nmanHas pykaMu U pa3yMoOM 4eloBeka TexHocdepa, mpU3BaHHAS
MaKCHUMaJIbHO  YJIOBJIETBOPSATh  4YEIIOBEYECKHE TMOTPEeOHOCTH B  KoMdopTe U
0€30MacHOCTH, UMEET U HETaTUBHBIC YEPTHI.

[Iponomxkaromieecs yCKOPEHUE HaAYYHO-TEXHHUYECKOTO MPOrpecca BhIPa)XaeTcs B
WHTECHCUBHOM Pa3BUTHUM MPOMBIIUIEHHOTO U CEIbCKOXO3SIMICTBEHHOTO MPOU3BOJACTBA,
TPAHCIIOPTa, KOMMYHQJIBHOIO  XO3SIMCTBA. OJTH TMPOLECCHl  XAPAKTEPU3YIOTCS
MIOCTOSSHHBIM COBEPILICHCTBOBAHUEM, M3MEHEHUEM U YCJIO0KHEHHEM COBPEMEHHBIX
TEXHOJIOTUM, YCTAHOBOK M COOPYKEHHH, BO3PACTAHHMEM MOIIHOCTH E€IWHUYHBIX
00beKTOB (OJI0KOB, ammapaToB W T.A.). M moka, K COXaJIeHHIO, BCE€ 3TO BEAET K
YBEJIMYEHUIO OIMACHOCTH ISl YEJIOBEKA, CO3MAET Yrpo3y €ro 3J40pOBbIO, a 4acTo H
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KU3HHA. YMCII0 YeIOBEUECKHNX JKEPTB B PAa3BUTHIX CTPaHaX, BHI3BAHHBIX B YACTHOCTHU
HapYIIEHUSMH B TEXHUYECKOHN chepe TO0CTATOYHO BHICOKO.

Jlnst Toro, 4roObl pa3pabaThiBaTh MEPONPUATHS 1O MPEIOTBPAILICHUIO
NOJAOOHBIX  CHUTyalluid, HEOOXOJAMMO TIOCTOSTHHO 0000IIaTh HMMEKIIYIOCS U
MOCTYMAIOIIYI0 MHGOPMAIIMI0O U CO3/aTh COOTBETCTBYIOIIME METOIUKH. B OCHOBY
TaKUX METOJMK TMOJIOKEHBI ONPEIeNICHUsI ONaCHOM U Ype3BbIYatHOW CUTYyalluu, aHbl
onpeneneHus: GakTopoB pUcCKa.

OnacHas cutTyalusi HaOIoAaeTCsl IPU HaXOXKJICHUH YeJIOBEeKa B OMACHOM 30HE,
T.€. B IIPOCTPAHCTBE, II€ MOCTOSHHO, MEPUOANYECKH WU SMU30/IMYECKU BO3HUKAIOT
OTACHOCTH, OOYCJIOBJICHHBIC OIACHBIMU WM BpeaHbIMH (dakTopamu. OrmacHbie
CUTYyallMM PEAM3YIOTCS BCIEJACTBUE COBOKYITHOCTH MPUYHH, OOYCIOBIWBAIOIINX
BO3JICHCTBHE OMACHBIX WM BPEAHBIX (DAKTOPOB Ha YEJIOBEKA, YTO MPHBOJIUT K
MMOCTOSTHHOMY WJI MTHOBEHHOMY TTOBPEKICHHUIO €r0 3JI0POBBSI.

YpesBbluaiiHasg CHUTyallds — 3TO COBOKYIHOCTb COOBITMI M OIIACHOCTEH,
BHE3AITHO HAPYIIAIONIUX CIIOKHUBIINECS YCIOBHS KU3HEICATCILHOCTH, CO3IAIOIINX
yrpo3y >KU3HU U 3J0pOBbs JIIOJIEH, Cpelle MX OOUTaHUs, DJIEMEHTaM TEXHOTCHHOU
cdepnl.

Kaxnayro  4pe3BbIHaiiHyl0  CHUTyalldl0  MOXKHO  paccMaTpuBaTh  Kak
KPYMHOMACIITa0HYI0 OIMACHYI CHUTYalldi0, CO3JaBUIYyI0 YIPO3y OJHOBPEMEHHO
OOJBIIIOMY YHCITY JIFOAeH U 00bekTaM TexHochephl. CTaauu 3apoxKACHUS U Pa3BUTHUS
YpEe3BbIYAMHON CHUTyallMd TMPOTEKAIOT, KaK TMPaBHJIO, CKPBITHO U CBSA3aHBI C
HaKOIJICHHEM pa3pyImIUTEILHOTO TMOTeHIMana. Ha KyJIbMUHAIMOHHOW CTaauu
o0pa3yeTcss MHOKECTBO OIACHBIX M BPEAHBIX (DaKTOPOB, OOBEAMHIEMBIX B OJIMH WA
HECKOJIbKO TTOPaKAIOIMNX (aKTOPOB.

[IpoucmiectBHE — COOBITHE, COCTOSIINEE W3 HETATHBHOTO BO3JCHCTBHS C
MPUYHHCHUEM YITiepOa JTF0ICKUM, TPUPOTHBIM HIIA MaTePHATBHBIM PECYpPCaM.

ABapus — OPOHUCHIECTBUE B TEXHUYECKOM CHUCTEME, HE COIMPOBOKIAIOIICECS
rUOENBI0 JTIOJICH, TP KOTOPOM BOCCTAaHOBJICHHE TEXHHUYECKHX CPEJICTB HEBO3MOXKHO
WJIN HelenecoodpasHo.

Karactpoda — mpoucmiecTBue B TEXHHYECKOM CHCTEME, COMPOBOXKIIAIOIIECECS
rUOeIbI0 WK TIPOoTaXkel 0€3 BECTH JII0JIeH.

CruxuiiHoe OeICTBHE — TPOUCIIIECTBUE, CBI3aHHOE CO CTUXUIUHBIMU SIBIICHUSMHU
Ha 3eMJie U MPUBEJCHUEM K pa3pylieHHi0 Ouocdepsl, THOeNn Wik MoTepe 310POBhs
JOAEH.

3. OcHOBHbBIC HCTOYHUKHU ABAPUH U KaTACTPOP.

DneMEeHTHI TeXHOCHEphI CO3AI0T TEXHOTEHHBIC OMACHOCTH, BOSHHKAIOIINE TIPH
3arpsA3HEHUH OKPYKAIOIICH Cpe/ibl pa3IMYHBIMHU OTXOJIaMU U TTIOTOKaMH YHEPTHH.
3arpszHenne atMmocdepsl. B aTtmocdepe Bcerga COACPKUTCS HEKOTOPOE
KOJIMYECTBO MPUMECEH €CTECTBEHHOTO IPOUCXOXKICHHUSA. DTO Ha3bIBAaeTCs (POHOBBIM
YPOBHEM 3arpsi3HEHHUs, KOTOPHIA HE3HAUYUTEIHLHO M3MEHSETCS C TCUCHHUEM BPEMCHH.
Hapsiny ¢ atum cymiecTByeT TexHOreHHOe 3arpsi3HeHrne. OCHOBHBIMU HCTOYHHKAMU
€ro SIBJISIIOTCS aBTOTPAHCIIOPT, TETUIOPHEPTETHKA M PSIJT OTPACiIC IPOMBIIIJICHHOCTH.
Tabmuma 1

Br10pochl 3arps3HAOIINX BelleCTB B aTMoc(hepy
Poccuiickoit ®egepaumu, TbIC. T
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Hctounnku BEIOPOCOB 1996 r. 2001 r. 2003 r.
TennoanekTpocTaHIuu 4748 3655,8 3446,6
Mertannypruueckue npeanpusIThs 6133 5973,3 5439,9
Hedrsnas u razoBas

MIPOMBITTUICHHOCTh 2699 3264,3 3818,4
Xumudgeckast 1 HeTeXuMUIecKast

MIPOMBITTUICHHOCTh 454 437.4 403,3
IIponsBoacTBa, BEITyCKAIOLINE

CTPOUTENIbHbIE MaTEPHAIIBI 528 455,0 448,0
[Ipenmpustus,

nepepadaThIBAIOIINE IPEBECUHY 434 371,7 308,7
ABTOTpPaHCHIOPT 10 955 14 981 14 823,1

CaMbIMU PacHpOCTPAHEHHBIMH TOKCHUYHBIMHU BEIIECTBAMH, 3arps3HSAIOMIAMHU
atmocdepy, sistores: okeun yriepoaa CO, quokenn cepbl SO,, okcuanl azota NOo,
yraeBonopoasl CyHm u mbuib. Beicokue KOHIIEHTpanuu npumeceid B aTMochepHOM
BO3/lyX€ M MX MHUTpALMs NPUBOJIAT K 00pa3oBaHUIO 00Jie€ TOKCHUYHBIX COEIUHEHUMN
(KUCIIOT) WJIM K TakKuM SIBIICHHSM, KaK «IapHUKOBBIM 3PdekT» u paspylieHue
030HOBOTO CJIOSI.

3arpszHenue ruapocdepsl. [lotpedienue Boabl B Poccun HenpepbIBHO pacTeT U
k 2000 r. cocraBuino 85,9 kM. [Ipy UCIOIBE30BaHUU BOAY, KaK [IPABUIIO, 3arPA3HSIOT, a
3aTeM cOpachIBalOT B BOJOEMbI. BHYTpeHHHE BOJBI 3arps3HSIOTCS CTOYHBIMU BOJAMU
Pa3IMYHBIX OTPACIE MPOMBIIIJIEHHOCTH, CEIbCKOIO U KWIAIIHO-KOMMYHAJIBHOTO
xo3siictBa. BosaelictBue Ha ruzapocdepy NPUBOAUT K CIEAYIOLIUM HEraTUBHBIM
HOCJIEICTBUSM:

® CHIKAIOTCS 3amachl NUThEBOM BObI (40% KOHTPOJIMPYEMBIX BOJIOEMOB UMEIOT
3arpsisHeHusi, npesbimatoniue 10 ITAK);

® U3MEHSIOTCS COCTOSIHUE U pa3BUTHE (IIOPHI U (ayHbI BOJIOEMOB;

® HapyIlIaeTcs KpyroBOpoT MHOTHX BEIIECTB B aTMOc]epe;

e CHWXKaKTCI Ouomacca IUIAHETBl M, KaK CIEJICTBUE, BOCIPOU3BOJCTBO

KHCJIOPO/JIA.

3arps3HeHue 3eMelb. HapyieHue BepxHEro cjaosi 3eMHOM KOpbl OOYCJIOBJIEHO
CJIEIYIOIIMMU BHJIaMU JI€ATEIbHOCTH YEI0BEKa:

e 100bIYa MOJIE3HBIX UCKOMAEMbBIX U UX 000TaIlICHUE;

® 3aXOpPOHEHHE MPOMBIIIICHHBIX U OBITOBBIX OTXOOB;

® [IPOBEICHUE BOCHHBIX YUYEHNUN U UCTIBITAHUM.
[TouBeHHBIN MOKPOB 3arpsi3HAETCS OCAJKaMH, B KOTOPBIX MPUCYTCTBYIOT 3JIEMEHTHI
paznuMyHBIX BBIOpOCOB B armocepy (kucimoTHble n0xau). [laxoTHele 3emuu
3arpsi3HSIIOTCA NPU BHECEHUM YAOOpEHUM M nectuuuyoB. M3BeCTHO, YTO U3 0OIIEro
KOJIMYECTBA MAacChl, M3BJIEKAEMOM MpPH J0ObIYE MOJIE3HBIX HCKOIMAEMbIX, B 000POT
BOBJIEKAaeTcd He Oosee TpeTw. boibliasg YacTh OTXOJOB HE HCIOJNb3YEeTCS U
ckarBaeTcss B oTBanax. OcTpyio mpoOieMy NpeAcTaBiseT yTUIU3aUus |
3aXOPOHEHUE PAJIMOAKTHUBHBIX OTXO0A0B. OnacHbl OTXOJbl CEIbCKOXO35HCTBEHHOIO
MIPOU3BOJICTBA — HABO3, OCTATKHU SAOXMUMHKATOB, KJIAJ0UIIa )KUBOTHBIX.

CrnencTBueM TEXHOTEHHOTO BO3JEHCTBUS Ha MTOYBY SIBJISETCS:
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® OTTOPKEHUE MTAXOTHBIX 3€MEJIb WU YMEHBIICHUE UX IUIOAOPOAUS;
® UYpe3MEPHOE HACBHINICHUE PACTEHUN TOKCUYHBIMHU BEIIECTBAMU, KOTOPBIE 3aTEM
MOT'YT IIOIIACTh B IIPOJYKTHI IUTAHUS;
e HapylIeHHEe OMOLIEHO30B M3-3a THOEIN HACEKOMBIX, NITHULI, >)KUBOTHBIX, PACTCHHIA.
DHepreTuveckue 3arpsA3HeHns aTMocdephl.

K 30HaM €O 3HAYUTEINBHBIMH TEXHOT€HHBIMH OIIACHOCTSIMU OTHOCSATCS
TPAHCIIOPTHBIE MAarucTpaiav, 30Hbl HM3IYYEHHsS PATUO- U TEIENEPEAAIOIINX CUCTEM,
IIPOMBIIUICHHBIE 30HBI U T.I. BO3MOXKHO ITPOSIBJIEHUE OMACHOCTH IIPU MUCIIOJIB30BAHUU
YeJIOBEKOM Ha IPOU3BOJCTBE M B OBITY TEXHMUYECKHUX YCTPOWMCTB: 3JIEKTPUUECKHUX
ceTel U NmpubOpOB, CTAHKOB, PyYHOTO MHCTPYMEHTA, ra30BbIX OAJJIOHOB M ra30BBIX
CeTel, OpyKus U T.N. BO3HMKHOBEHHE ONACHOCTH B TAaKMX CIIy4asx CBS3aHO, Kak
OpaBWIO, C HaJIWYMEM HEHCIPABHOCTEH B TEXHUYECKUX YCTPOMCTBAaX HIHU
HENPaBUWIbHBIMU JACHCTBUSMH YEJIOBEKA IIPU UX HCIIOIB30BAHUU. Y POBEHb OITACHOCTH
IIPX 3TOM OIPEAEIAETCA DHEPreTUUYECCKUMH IOKA3aTENsIMA TEXHUYECKUX YCTPOMWCTB,
KOTOpBbIE€ CYIIECTBEHHO BO3pocid B XX CTOJIETUH, MOCKOJBKY YEJIOBEK MOJY4YWsI B
CBOE PaCIOPSIKEHNE MOILIHYIO TEXHUKY, OTPOMHBIE 3allachl YIIIE€BOJOPOIHOIO CHIPBS,
XUMHUYECKUX U OAKTEPUOJIOTMYECKUX BEIIECTB.

[IpoMbIlUIEHHBIE TPEANPUATUS, OOBEKTHl SHEPreTHKH, CBS3HM U TPAHCIOPT
SABJISIFOTCS. OCHOBHBIMM MCTOYHMKAMH JHEPTrEeTUYECKOTO 3arpsi3HEHUS ITPOMBIIIICHHBIX
PETHOHOB, TOPOJCKOM Cpenbl, KWIMIL W HNPUPOAHBIX 30H. K sHepreTmyeckum
3arpsi3HEHUSIM ~ OTHOCST ~ BUOpPAllMOHHOE U aKyCTHYECKOE  BO3JEHCTBUE,
JJIEKTPOMAarHUTHBIE IOJ1 W W3JIy4YEHMs, BO3LCHCTBUSA  PALUOHYKIUIOB WU
VOHU3UPYIOIIUX U3TyYECHUH.

AHTpPONIOreHHBIE OITACHOCTH.

JleATeIbHOCTh  YENIOBEKAa  SIBJSETCS  BAXKHBIM, HEOOXOJWMBIM  3BEHOM,
00eCIeunBarOIINM B3aUMOCBSI3b TEXHUYECKUX cucTeM. [Ipu 3TOM YeroBek, onepupys
DHEPTeTUYECKUMH U WH()OPMAITMOHHBIMHA MTOTOKAMH, pEIIaeT 3aJadd, COCTOSIINE M3
pslia ATAroB: BocHpUsTHE WH(POpMALIMK; €€ OlICHKA, aHallu3 U 0000IIeHNEe HAa OCHOBE
3apaHee 3aJlaHHBIX W CQOPMYIHPOBAHHBIX KPUTECPUEB, NPHHITHE PEIICHUSI O
JNaTbHENIINX JIEVCTBUSX, UCTIOJHEHUE NMPUHATOrO pemeHus. OQHaKo Ha BCEX ATamax
TESATETLHOCTH BO3MOKHBI OITMOOYHBIC ICUCTBHUS YEIIOBEKA.

AHanu3 JaHHBIX 0 TEXHOTCHHBIM aBapusiM M KaTacTpodaM IMOKa3bIBAET, UTO
3HAUUTENbHAS JIOJI OMACHOCTEH BO3HUKAET B PE3yJbTaTe OMIMOOYHBIX, HEMPABHIHHO
MPUHATHIX YEJIOBEKOM PEIICHUM, KOTJa OH caM CTAaHOBUTCS MCTOYHUKOM OMACHOCTH.
ITo cratuctuke okono 45 % aBapuiinbix cutyanuid Ha ADC, cBbeiie 60 % aBapuii Ha
o0BbeKTax ¢ MOBBINIEHHBIM pUcKoM, 80 % aBmakaractpod u Karactpod Ha Mope, a
takke 90 % aBTOMOOWIBHBIX aBapuil MPOUCXOJIUT W3-32 HEMPABWIHHBIX JEHCTBUN
JTIOAEH.

4. Knaccupurkanus aBapui u karactpod.

TexHoreHHble aBapuu U KaracTpodbl HaMOOJIEe YaCTO BOSHUKAIOT Ha 0OBEKTaX
yrOJIbHOM, TOPHOPYIHOM, XMMUYECKOM, HEPTEra30BOM U METAJUTYprHUECKONU OTpacsiX
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npoMblnieHHOCTH. CBeneHust 00 aBapusx U KaTacTpodax TEXHOTEHHOTO XapakTepa,
umeBIx Mecto B Poccun B 1999-2004 r.r., npuBeeHs! B TabIuIIE.

Ta0Omuma 2
YpesBbluallHbIC CUTYAllUH, IPOUCLIEAIINE HA TEPPUTOPUH
Poccuiickoii @enepauuu 3a 1999-2004 rr.
UpesBblyaliHble CUTYAlLlUU 110 XApAKTEPY U Yucno UC

BUJTy HICTOYHUKOB BOSHHKHOBCHUS 1999 2004
Kpymenns, aBapum Ha XKeIe3HOIOPOKHOM 10 4
TPaHCTIOPTE
ABapuu rpy30BbIX U MIACCAKUPCKHUX CYJIOB 21 19
ABHAaIMOHHBIC KATaCTPOPBI 29 35
Kpyrmiable aBTOMOOUIIbHBIEC KATaCTPOPBI 98 116
ABapuu Ha MarucTpagbHbIX U 16 55
BHYTPUIIPOMBICIIOBBIX TPYOOIIPOBOIAX
[Toxxapsb! (B3pbIBBI) B 31aHUSX, HA
KOMMYHHUKAITUSIX, TEXHOJIOTHIESCKOM 79 11
000pyI0BaHUY TIPOMBIIIICHHBIX U
CEJILCKOXO03SIICTBEHHBIX 0OHEKTOB
[Toxxaps! (B3pBIBBI) B 3/TAHUAX U
COOPY’KEHUAX JKUJIOTO, COI[UATIbHO- 288 502
OBITOBOTO M KYJIbTYPHOTO Ha3HAYCHUS
Oo6napyxenue (yTpara) HEpa3OpBaBIIUXCS 42 99
00enpunacoB, B3phIBYATHIX BEIIECTB
ABapuu ¢ BbIOpOocOM (Yrpo30il BBIOpOCA)
aBApUMHO-XMMHMUYECKH OMNACHBIX  BEIIECTB 97 21
(AXOB)
ABapuu ¢ BbIOpOocOM (Yrpo30il BBIOpOCA) 15 4
paauoakTUBHBIX BenlecTB (PB)
BreszanHoe oOpyiieHne mpou3BOACTBEHHBIX 4 9
3JIaHUI, COOPYKEHHM, TTOPOJT
OOpy1ieHue 37aHU U COOPYKEHUN KHUIIOTO,
COIMAIBHO-OBITOBOTO U KYJIBTYPHOTO 15 3
Ha3HAYCHUS
ABapuu Ha IIEKTPOIHEPTETHUECKIX 99 8
CUCTEMax
ABapun Ha KOMMYHQJIBHBIX  CHCTEMax 29 11
AKHU3HE00eCIIeYeHHUSI
ABapuu Ha TEIUIOBBIX CETAX B XOJOJIHOE 60 13
BpeMs ToJia
['mnponnHamMuyeckne aBapuu 1 1
Hroro 856 834

OCHOBHBIMH IMPpUYNHAMHU KPYIIHBIX TCXHOTCHHBIX aBapHﬁ SABJIAKOTCA:

® OTKa3bl TCXHHYCCKHMX CHCTCM H3-3a I[e(l)eKTOB HU3TrOTOBJICHUA H HapymeHHﬁ
PECKUMOB 3KCILTyaTalli, MHOIUC COBPCMCHHBLIC IIOTCHIHHAJIBHO OITACHBIC
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MIPOMU3BOJICTBA CIPOEKTUPOBAHBI TaK, YTO BEPOSITHOCTh KPYITHON aBapuM HA HUX
BEChbMAa BBICOKA ¥ OLEHMBAETCA BEIMUMHOM pucka 107 u Gonee;

e omuOOYHbIE JEHUCTBUSI OINEPATOPOB TEXHUYECKUX CHUCTEM; CTATUCTUYECKUE
JaHHBIE MOKa3bIBaeT, 4To Oosiee 60% aBapuii MPOU3OILIO B pe3yibTaTe OMIMOOK
00CTy>KHBAIOIIETO NEPCOHANA;

® KOHIICHTpAallUsl PaA3JIMUHBIX MPOU3BOACTB B IPOMBIIUICHHBIX 30HaX 0e€3
JIOJKHOTO U3YYEHUS UX B3aUMOJICHCTBUS;

® BBICOKUI SHEPTETUUYECKHUIN YPOBEHb TEXHUUECKUX CUCTEM;

® BHEIIIHUE HETaTUBHBIC BO3/CHCTBUSA Ha O0BEKTHI SHEPTETUKH, TPAHCIIOPTA.

5. Kinaccuukanusi BUI0B PHCKA.

@opMHUpOBaHME OIMACHBIX M  YPE3BBIYAMHBIX CUTyalud — pe3yJbTar
OTIPEIIETICHHOW COBOKYITHOCTH (haKTOPOB PHCKA, MOPOKIAEMBIX COOTBETCTBYIOITUMU
HWCTOYHUKAMU. B MIMPOKOM CMBICTIE CIIOBA PUCK BBIPAXKAET BO3MOXKHYIO ONACHOCTb,
BEPOATHOCTh HEXKENATEIbHOTO coObITUs. [IpuMeHuTeNnbHO K pobiaeMe 0e30MacHOCTH
KUBHEACATECIbHOCTA TAaKUMHU COOBITHSIMU SIBIISIFOTCS: aBapusi WIM KartacTpoda
TEXHUYECKOM CHUCTEMBl WM  YCTPOMCTBA, 3arps3HEHUE WIH  Pa3pyLICHUE
AKOJIOTHYECKON CHUCTEMBI, THOEb JIFOJEH WM BO3pacTaHHWE CMEPTHOCTH HaCEJICHHUS,
MaTepualibHBINA YIIepO OT peaan30BaBIIMXCS OMACHOCTECH WIIM YBEIIMUCHHE 3aTpaT Ha
0e3011acHOCTb.

Kaxmoe HexenaTenpbHOE COOBITHE MOXKET BO3HMKHYTh IO OTHOIICHHIO K
OTIPENICIICHHOM JKepTBe — 00BeKkTy pucka. COOTHOIIEHHE OOBEKTOB pHCKA H
HEeXXeJaTeIbHbIX COOBITUH IMO3BOJISIET pa3iidyaTh WHAWNBUIYATbHBIN, TECXHUYCCKHUM,
JKOJIOTUYECKUM, COIMAIBHBIA M OSKOHOMMYECKMH pucK. Kaxaslii BuJ €ro
00yCIIOBIUBACT XapaKTEPHbIE UCTOYHUKHU U (PAKTOPBI, KOTOPbIC MPUBEACHBI B TAOJIHUIIE

3.

Tabnuna 3
Bup pucka OOBeKT prcka Hcroununk pucka HexemarenpHoe
coObITHE
NupuBunyansueii | Yenoek YcaoBus 3aboneBanue,
KU3HEAEATEIbHOCTU | TPABMa,
YyeJIoBeKa WHBAJIUJIHOCTb,
CMEPTh
Texnnueckun TexHuueckue TexHuueckoe ABapus, B3DBIB,
CUCTEMBbI HECOBEPILIEHCTBO, Karactpoda,
HapyIlIeHUe TpaBuil | oxap,
JKCIUTyaTaluu paspyuieHust
TEXHUYECKUX
CUCTEM U OOBEKTOB
DKOJIOTUYECKU I DKOJIOTUYECKUE AHTpOIIOTE€HHOE AHTpPOIOTEeHHBIE
CUCTEMBI BMEIIATEIBCTBO B | AKOJOTHUECKHUE
IPUPOIAHYIO Cpeny, | KaTacTpo(dsl,
TEXHOTCHHBIE CTUXUNHBIE
Yype3BbIYaliHbIC OencTBusA
CUTYyalluu
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CounanbHelii CounanpHele UpesBbruaniHas ['pynmiossre
TpYMIIbI CUTYyaIus, TPaBMBHlI,
CHIDKEHHE KauecTBa | 3a00JieBaHM,
JKU3HU ruoesb JIIOJICH,
POCT CMEPTHOCTH
OKOHOMHYECKHI MarepuanbHbie IToBbIIcHHAS YBenuueHue 3aTpar
pecypcehl OIIaCHOCTh Ha 0e30I1acHOCTb,
IIPOU3BOJICTBA WM | yIIepO oT
MIPUPOTHOM CPEJIbI HEJOCTAaTOUYHOM
3al[UIIEHHOCTH

AHaTUTUYECKN PUCK BBIPAXKAET YACTOTY peai3allMy OMACHOCTEHN MO OTHOIICHHIO K
BO3MOKHOMY UX YHUCILY,

R — puck onpenenenHoro Buja,
N(t) — gyuciio HexenaTeabHbIX COOBITHH 3a Bpems t,
Qf — uKCII0 0OBEKTOB, MOJBEPKEHHBIX ONPEEICHHOMY (haKTOPy pUCKA.

6. UnauBuaya bHbBIN PUCK.

NunuBuayanbHeIi PUCK OOYCJIOBJICH BEPOATHOCTBIO peau3allid TOTCHITMAIbHBIX
ONAaCHOCTEN TPU BO3HMKHOBEHWH OIACHBIX CHUTyaluid. Ero MOXXHO OmnpenenuTs 1o
YUCITy pealii30BaBIIUXCS (PAKTOPOB PUCKA:

R, =%
"L
rae Ry — mHAMBUTyaIbHBIN PHUCK,

P(t) — urci0 MOCTpaAaBIINX 3a IEPUO]] BpeMEHH T,
L(t) — uucno mroei, MOABEPKEHHBIX PUCKY 3a TOT K€ MEPHUOJI BpeMEHH t.

P(t)
L

M3 MCTOYHMKOB MHAMBUAYAJbHOTO PUCKA OTMETHM COLMAJIBHYH) 3KOJOTHIO,
MPOQPECCUOHATIBHYIO JeATEIbHOCTh, TPAHCIOPTHBIE COOOIIEHUS U T. 1.

Haubonee pacnpocTtpaHeHHbIE (DAKTOpbl pHUCKa CMEPTU: HEKAUYECTBEHHBIE BO3IYyX,
BOJA, IPOAYKThI TUTAHUs, OMACHBIE U BPEIHbIE MPOU3BOIACTBEHHBIE (DAKTOPHI, aBApUU
1 KaTacTpo(bl TPAHCIOPTHBIX CPEICTB.

NuauBUyallbHBI PUCK MOKET OBITh JOOPOBOJBHBIM, €CIIM OH OOYCJIOBJIEH
NEeSATEIbHOCTBIO YEIOBEKa Ha JOOPOBOJIBHON OCHOBE, U BBIHYK/ICHHBIM, €CITU YEIOBEK
HOJBEpPraeTcss pPHUCKYy B COCTaBe dYacTh oOOIecTBa (Hampumep, MNOPOXKUBAHUE B
HKOJIOTMYECKH HEONaronpusiTHbIX paioHaX, BOJM3M HMCTOYHUKOB IOBBIIIEHHON
OTIAaCHOCTH U T.1.).

7. TexHn4ecKuM PUCK.

TexHUYeCKM PUCK — KOMIUIEKCHBIA TI10KA3aTeb HAIACKHOCTH DIIEMEHTOB
TexHochepbl. OH BhIpakaeT BEPOSITHOCTh aBAPUU WIIM KaTacTpo(dbl MPHU SKCILTyaTalluu
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Malll¥MH, MEXaHU3MOB, pEaJU3alUd TEXHOJOIMYECKUX IMPOLECCOB, CTPOUTEIHCTBE
3IaHUM U COOPYKEHUMU.

rae Ry — TexHnueckuii puck,
A(t) — grcno aBapuii TEXHOJIOTHYECKUX CUCTEM JAHHOTO BUJIA 32 IEPHO] BPEMEHH
t,
T(t) — unciio TEXHUYECKUX CUCTEM JTAHHOTO BUA, HAXOJUBIIMXCS B IKCILTyaTaIluH
3a IepuoJ BpemeHu 1.
M CTOYHMKYN TEXHUYECKOrO PUCKA:

e Hwuskuit ypoBens HUP,
e Huskuii ypoens OKP,
e OmnbITHOE MPOU3BOACTBO HOBOM TEXHUKH,
e CepuliHbll BBIITYCK HEOE30ITaCHOU TEXHUKH,
e Hapymienne npaBun 6€30MacHOM dKCILTyaTaIllui TEXHUYECKUX CUCTEM.
HcTounnku u pakToOpbl TEXHUYECKOTO pUCKa MPUBEICHBI B Ta0HIIE 4.
Tabmuua 4
Hcrtounuku pucka Haubonee pacupoCTpaHECHHbIE bakTopbl

TCXHUYCCKOI'O PUCKaA

Huskuii  ypoBeHb  HaydHO- | OmIMOOYHBIA BBIOOP MO KPUTEPUAM OE30MaCHOCTH

MCCIIEI0BATENIbCKUX padoT HAIIPABJICHUM PA3BUTHS TEXHUKHU U TEXHOJIOTHN

Huskuii  ypoBeHb  ONBITHO- | BEIOOp MOTEHIIMAIBHO-OMACHBIX, KOHCTPYKTHUBHBIX

KOHCTPYKTOPCKUX padboT CXEM U NPUHLMIIOB JIEUCTBUSA TEXHUYECKUX CHUCTEM.
Omubku B  ONpPENENCHUH  SKCIUTyaTallMOHHBIX
Harpys3oK. HenpasuibHbiii BBIOOD

KOHCTPYKIIMOHHBIX MaTepuanoB. HemoctatouHsblil
3amac  mpo4yHOCTH. OTCyTCTBHE B  IPOEKTax
TEXHUYECKUX CPEJICTB OE€30MAaCHOCTH.

OnpITHOE npon3BoACTBO | HekauecTBeHHas JIOBOJKA KOHCTPYKITUH,
HOBOM TEXHUKU TEXHOJIOTMH, JOKYMCHTAIlMH TI0  KPUTCPHUSIM
0€30MMacHOCTH.

Cepuiinblii BBINTYCK | OTKJIOHEHHSI OT 3aJaHHOTO XUMHYECKOTO COCTaBa
He0Ee301aCHON TEXHUKH KOHCTPYKIIMOHHBIX ~MaTepuanoB. HenocraTtounas
TOYHOCTb KOHCTPYKTHUBHBIX pasMepoB. Hapyuienue
PEKUMOB TEPMUUYECKOM M XHUMHUKO-TEPMUUYECKOU
oOpabotku getanei. Hapymienne periameHTOB
COOPKHU M MOHTa)kKa KOHCTPYKLMH U MaIllUH.

Hapymenue npaBui | Mcrnonb30BaHWEe TEXHUKM HE 10 HAa3HAYEHHUIO.
Oe3onacHocTH AKcityaranuu | Hapymienue PEKUMOB IKCIUTyaTalllH,
TEXHUYECKUX CUCTEM PEIyCMOTPEHHBIX HOPMaTHUBHO-TEXHUYECKOMN

JIOKYMEHTAIUEN, HECBOEBPEMEHHbBIC

NpoQUIaKTUYECKUE  OCMOTPbl U PEMOHTHI.
Hapymienne TpeOGoBaHMl TpaHCIOPTHUPOBKU U
XpaHEHHS.

8. Dkosoruveckuii puck.
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OKOJOTMYECKH PHUCK BBIPAXKAET BEPOSATHOCTH HKOJIOTMYECKOTO OeICTBUS,
KaTacTpo(bl, HApPYIIEHUS JalIbHEWUIIEr0 HOPMAJIbHOTO (YHKIMOHUPOBAHUA MU
CYLIECTBOBAHMSI IKOJIOTMUYECKUX CUCTEM U OOBEKTOB B PE3YJbTaTE AHTPOIIOTE€HHOIO
BMEUIATEIbCTBA B IPUPOJHYIO CpEAY WM CTUXUUHOTO OEICTBUS

_K()
" EQ)
rae Ry — akosiorndeckuii puck,
K(t) — 9rco aHTPONOTEHHBIX YKOJIOTHYECKUX KAaTacTPO( U CTUXUHHBIX O€ICTBUI
3a OIpelesIeMbIl IEPUOJ BPEMEHH T,
W(t) — umciao MOTEHIUAIBHBIX HCTOYHUKOB DKOJOTHYECKUX pa3pylICHHH Ha
paccMaTpuBaeMOM TEPPUTOPHUH 3a TOT K€ IIEPUOJ BpEMEHH {.

K ncroyHmkaM 3KOJI0rHYECKOro pucKa OTHOCST aHTPOMOT€HHOE BMEIIATEIbCTBO
B MPUPOJIHYIO CPEly, TEXHOT€HHOE BIIUSHHE HA OKPYXAIOILIYI MPUPOJHYIO Cpeny U
npupoaHoe siBieHue. Hambomnee pacmpocTpaHeHHBIMH (aKTOpaMu HSKOJOTHYECKOTO
pHUCKa SIBJISIOTCA: pas3pyllieHue JIaHamadToB MpH J0ObIYE TMOJIE3HBIX HCKOIMAEMBbIX,
o0pa3oBaHME MCKYCCTBEHHBIX BOJIOEMOB, HCTpPEOJIEHHE JIECHBIX MAacCHBOB,
3arps3HEHUE  BOJAOEMOB, aTMOC(EpHOro  BO3AyXa BpPEIHBIMU  BEIIESCTBAMH,
HHEPreTUYECKOE 3arpsi3HEHHE aTMOC(hEpHI.

9. ConMaJbHBIN PUCK.

ConuanbHbpli PUCK XapaKTEepU3yeT MaciiTadbl M TSDKECTh HETaTUBHBIX
MOCJEACTBUNA YpPE3BbIYAWHBIX CHUTyallud, a TakK€ pa3JIMYHOrO pojAa SBICHUW U
npeoOpa3zoBaHui, CHUKAIOIIMX KaueCTBO KU3HHU Jitojied. [1o cymiecTBy — 3TO puck ais
Ipynnbsl Wid coobmiecTBa Jtoaei. OLEHUTh €ro MOXHO, HampuMmep, MO JUHAMHKE
cMepTHOCTH, paccunTaHHOM Ha 1000 yenoBek COOTBETCTBYIOUIEH TPYIIIIbL:

R.(t)= 1000(C, —cl)’
L

Rc(t) — conmanbHbIi pUCK,

Ci, C2 — uncno ymepmux (Ha 1000 yen.) B Hayasne U B KOHLE Nepuoja BpeMeHu t

COOTBETCTBEHHO,

L — o0miast 4ucneHHOCTh UCCIIEyeMOM TPYIIIIbI.

K wucTOYHMKaM COLMAJIBHOTO PHUCKA OTHOCAT: ypOaHU3alUs SKOJIOTHYECKU
HEYCTOWYUBBIX TEPPUTOPHUI, MPOMBIIUICHHBIE TEXHOJOTUU U OOBEKTHI MOBBIIICHHOU
OMACHOCTH, COIMAJIbHBIE M BOCHHBIC KOH(IMKTHI, DMHUIEMHUH, CHIKCHHE KadecTBa
xu3Hu. Hanbosee pacnpocTpaHeHHBIMH (aKTOpaMH COLUAIBHOTO PHCKA SBIISIOTCS:
MOCEJICHUE JIIOJIEM B 30HE BO3MOXKHOTO 3aTOILUICHUSI, MOBBIIMICHHOW CEMCMUYHOCTH,
aBapuu Ha ADC, TOC, npoayKTonpoBoiax, TPAaHCIIOPTHBIE KATaCTPO(DbI, TEXHOTCHHOE
3apaK€HUEe OKpYXKaIomiel cpeapl, OOeBble MEUCTBUS, YXYIIICHHUE MEIUITMHCKOTO
oOCIy>KUBaHUS, HEYTOBICTBOPUTEIHHBIC KUITUIITHO-OBITOBBIE YCITOBUSI.

10. DxoHOMUYECKHUI PUCK.
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DKOHOMHUYECKUH pUCK onpeacsiCTcss COOTHOMICHUCM IIO0JIb3bBI WM BpCa,
IMOJIy4aCMbIX O6I.[ICCTBOM OT pacCMaTpnuBacMoOIro Buaa ACATCIIbHOCTH!

R, :]_5-100% ,

y

rae R, — skoHoMuyeckuii puck, %,
B — Bpen o0miecTBy OT paccMaTpyuBaeMoro BUaa JIEATEIbHOCTH,
IT — monp3a.
B=¢C, +0,
riae 3 — 3aTpaThl HA JOCTHKEHHE 33JJaHHOTO YPOBHS 0€30I1aCHOCTH,
VY — yiiep06, 00yCI0BIECHHBIN HEJOCTATOYHON 3alUIIIEHHOCThIO YEJIOBEKA U
Cpenbl ero 0OUTaHus OT OMACHOCTEH.

[Tonb3a, mosmydyaemasi OT paccMaTpUBAEMOTr0 BUA I€ATEIbHOCTH:
I =A-G -A>0wmm 1 =A-C -G -0>0,
rae Jl — o0muii 10X0/1, moTy4yaeMblid OT pacCMaTPUBAEMOTO BH/IA JICITEIBHOCTH,
3n — OCHOBHBIE TIPOU3BOJICTBEHHBIE 3aTPATHI.

dopmysia IKOHOMHUYECKH OOOCHOBAHHOW O€30MacCHOCTH KU3HEACSATEILHOCTH HUMEET
BU/I:

Y<I-(3nt36).
Bo3Hukaet Bonpoc 0 Moucke ONTUMaIbHOTO COOTHOLIEHUS 3aTpaT Ha 0€30MacHOCTh U
BO3MOXKHOTO yIIepba OT HEIOCTaTOYHOM 3alluuieHHOCTH. CylluecTByeT MHOTO
METOJUYECKUX pPa3pabOTOK peleHuss 3Toi mpoOsiembl. JlocTaToyHO HAarIsiAHOM
ABIIETCA  chedyromas. BBoauTcs mMOHATHE YPOBHS 0O€30MaCHOCTH, KOTOPBIN
xapakTepusyercs 5-0amibHbM K03 dunrentoM K.
Ha rpaduke noka3zan oquH U3 BapuaHTOB aHalIM3a yiiepOa u 3aTpat Ha 0€30MaCHOCTb.
Uem wMeHble 3arpaThl Ha 0€30MaCHOCTh, TeM OoJblle yimepOd, W HaoOOpOT.
OnTuManbHble COOTHOILIEHUS HAXOMASTCS B 3alUTPUXOBAHHOM 30HE IMpaBee TOYKHU
MepeceueHusi KpUBbIX Y=3. ITO 3HAYMUT, YTO 3aTpaThl Ha OE30MACHOCTH JOJIKHBI
MPEBBIIIATH BO3MOKHBIN yIIepO OT HEAOCTATOYHOM 3aIMIIEHHOCTH.

v 35
vy 35
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1.15-1.17 JEKIHA 15,16,17. (6 yacoB). OCHOBBI TEOPHM PUCKA

1.00muii nJIan aHaJIM3a puckKa
AHaM3 prucKa MpOBOJUTCS IO CIIEAYIONIEH CXeMe:
1. IlnaHupoBaHHWE U OpraHU3AIKs padoT.
2. Wnentuduxanus omacHOCTEH.
2.1. BrigBiieHHe OIMacCHOCTEN.
2.2. TlpenBaputenbHas OIICHKA XapaKTEPHUCTHUK OMMaCHOCTEH.
3. OrmeHka pucka.
3.1. Ananus 4acTOTEHL.
3.2. AHanus3 noCaeaCTBUH.
4. Pa3paboTka peKOMEHIAIUN 0 YIIPABICHUIO PUCKOM.

2. IlnanupoBaHue U opraHu3zauus padot
AHanu3 pHucKa MPOBOAMUTCS AN TOTO, 4TOObI 00ecrnevYuTh BXOA B MPOILECC
yIpaBJIEHUs] PUCKOM, OJHAKo, Ooyiee TOYHBIA BBIOOp 3a7ad, CPEJICTB M METOJIOB
aHaJu3a pucKa OOBIYHO HE perjaMeHTHpyeTcs. B HOpPMAaTHBHO-IIPABOBBIX  aKTax
NOJYEPKUBACTCSI, YTO aHAJIU3 ONACHOCTH JOJDKEH COOTBETCTBOBATH CIIOKHOCTHU
paccMaTpuBaEéMbIX MPOLECCOB, HAJUYMIO HEOOXOAMMBIX IaHHBIX M KBaJU(pUKALUU
CHELMAIMCTOB, TPOBOAAIIMX aHanu3. [Ipu 3ToM OoJsiee MPOCThIE U MOHSTHBIE METO/IbI
aHaJlM3a CJelyeT IMpeArno4YuTarh OoJee CIOXKHBIM M HE JO KOHIA SICHBIM H
METOJI0JIOTHYECKU oOecnieueHHbIM. [103TOMy Ha IepBOM 3Tane HeoOX0IUMO:
- YKa3aTh IPUYHUHBI U IPOOJIEMBI, BBI3bIBAIOIINE HEOOXOAUMOCTD MPOBEACHUS
aHaJIN3a PUCKA;
- OIPEJENNUTh AHAIU3UPYEMYIO CUCTEMY U AaTh €€ ONUCAHUE;
- I0100paTh COOTBETCTBYIOLIYI0 KOMaHIy JJIsl IIPOBEACHUSI aHAIN3a,;
- YCTAaHOBUTbH UCTOYHUKH HH(POPMALIUH O OE30MaCHOCTH CUCTEMBI;
- YKa3aTh UCXOJHBIE JAHHBIE U OTPAHUYEHUS, 00YCIOBIMBAIOIINE MPEIEIIbI
aHaJIN3a;
- YETKO ONPEIEIUTH LEJIM aHAJIN3a U KPUTEPUU IPUEMIIEMOIO PUCKA.
Bo Bcex HOpmaTHBaXx COJAEPKUTCS TpeOOBaHUE TOKYMEHTAILHOTO O(OPMIICHHUS
ATOrO 3TAlla aHAJIM3a PUCKA.

3. Unentudukanms onacHoCcTel

OcHoBHas 3ajaya — BBISIBJICHUE (HAa OCHOBE MH(MOpPMAIMU O JAHHOM OOBEKTE,
PEe3yJbTAaTOB JKCIEPTU3BI M OIMBITA PAaOOTHI MOJOOHBIX CHCTEM) W YETKOE OIHUCAHHUE
BCEX MPUCYIIMX CHUCTEME OMACHOCTEeH. DTO — OTBETCTBEHHBIA OTal, TaK Kak HE
BBISIBICHHBIE Ha JTOM OJTale OMNacHOCTH HE TMOJBEPrarTcs JalbHEHIeMy
PACCMOTPEHUIO, YTO MOXKET MPUBECTH K BECbMa HEKEIATEIIbHBIM MOCIEICTBUSIM.
CymecTByeT 1menblil psii popMaIbHBIX METOAOB BBISIBICHHS omacHocTed. OauH U3 HUX
— METOJI aHajW3a BHUJOB OTKA30B W WX MociaeAcTBUi. C MOMOIIBI0 3TOTO METOJa
MIOCJICIOBATEIbHO PACCMATPUBACTCA KAKIBIM JJIEMEHT, W aHAIM3UPYIOTCS BCE
BO3MOXHBIC BHIbI OTKa30B W (WJIM) aBapUWHBIX CHUTYallMd W BBIABISIOTCS HX
pPEe3YNBTUPYIONINE BO3ACHCTBUA Ha cucteMmy. OTIeiabHBIC aBapUHHBIC CUTYyallud WU
BUJBI OTKa30B DJJIEMEHTOB BBIABISIIOTCA MW aHAIM3UPYIOTCS JUISI TOTO, YTOOBI
OTIPENIETUTh UX BO3JACHCTBUE HA APYTHE JIEMEHTHI M CHCTEMY B HeJIoM. [ kaxmaoro
BUJIa OTKAa3a aHAJIM3HUPYIOTCS TMOCIEACTBHS, HAMEYAIOTCS MEPHI M0 MX YCTPAHECHHIO.
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JIOMOJIHUTENBHO JJIsl KaXKJIOrO0 BHAA OTKA30B JIOJDKEH OBITh COCTaBJIEH MEPEUYCHb
HEOOXOJIMMBIX TPOBEPOK.

Hpyroit mMeton — MeToJ aHaiau3za KputudHocTH. OH mpeaycMaTpuBaeT
KJIacCU(UKAIIMIO PJIEMEHTOB B COOTBETCTBUU CO CTEMEHbIO BIMSHUS KaXKJIOTO U3 HUX
Ha BBIMOJHEHUE CUCTEMOW OOIel 3aauu. Y CTaHABIUBAIOTCS TPYIIbl KPUTUYHOCTH
JUTSL pa3JIMYHBIX BUJIOB OTKA30B.

Hampumep:

1 — oTKka3, NPUBOJSALINI K JOTIOTHUTEIBHOMY T€X00CITYyKUBAHUIO;

2 — 0TKa3, IPUBOSIINNA K OCTAaHOBKAM B pabOTe WK MOTEpe
TPYIOCTIOCOOHOCTH;

3 — 0TKa3, KOTOPHIN MOKET MIPUBECTH K HEBBITTOJTHCHUIO OCHOBHOM 3a/1a4H;

4 — 0TKa3, MOTEHIUAJILHO MPUBOJIAIINN K )KEPTBaM.

JIaHHBIN METON HE JAET KOJUYECTBEHHON OLIEHKH BO3MOKHBIX ITOCIIEICTBUM, HO
ITO3BOJISIET OTBETUTH HA BOIIPOCHI:

- KakoOM »DJIEMEHT CJeAyeT IOABEPrHYTh JETalbHOMY aHalIU3y C LEJbIO
UCKJIFOYECHUS aBapuil;

- KAKOBBI HOPMATHUBBI BXOTHOI'O KOHTPOJIS;

- TJ€ IOIOJIHUTEJIBHO CJIEAYET BBOJMTH CIECLHAIBHBIE INPOLEAYPHI, MIpaBUIIA
0€30M1acCHOCTH U APYTUE 3aLIUTHBIE MEPOTIPUATHUS;

- Kak HanOosee 3((PEeKTUBHO 3aTPATUTh CPEJICTBA AJIsl IPEIOTBPALLICHHS aBapuil.

Ho npexne mpoBoAauTcs NHpeaBapuTeIbHas OLIEHKAa OMacHOCTEW sl BhIOOpa
JAJbHEUIIIETO HAIIPABJIEHUS IESITENbHOCTH:

- IPEKPATUTh JAJbHEUIIINNA aHAIN3 BBUY HE3HAUYNTEIILHOCTH OITACHOCTEN;

- POBECTH OO0JIEE NETATBHBIN aHAIN3 PUCKA;

- BBIpa00OTaTh PEKOMEHJAIMHU IO YMEHBIIEHUIO ONACHOCTEM.
Pe3ynbTaTel npenBapUTENBHON OLIECHKHA ONTACHOCTEN TAKKE JOKYMEHTHPYIOTCS.
IIponecc aHanmu3a prucKa MOKET 3aKOHYUTHCS ITUM ITAIIOM.

4. OueHKa pucKa

Ecnu ecth HEOOXOIUMOCTD, MEPEXOASIT K ATOMY ATaIly OlleHKH pucka. Ha atom
JTane WIASHTUPUIMPOBAHHBIC OMACHOCTH JOJKHBI OBITh OIICHEHHI Ha OCHOBE
KpUTEpPUEB TMPUEMJIEMOT0 PHUCKA, YTOOBl HJIECHTU(PUIUPOBATH OMACHOCTH C
HEMIPUEMJIEMBIM ~YPOBHEM PHCKa, UTO SBISICTCS OCHOBOM [IJIsi  pa3pabOTKH
PEKOMEHIAM U MEp IO YMEHbUIEHHWIO omnacHocTed. I[Ipu 3TOM U Kpurepuu
IPUEMJIEMOTO0 PHUCKA, W PE3YJIbTaThl OIICHKM PHCKAa MOTYT OBITh BBIPAKECHBI Kak
KauyeCTBEHHO, TaK U KOJIUYECTBEHHO.

OrneHka pucKa BKJIIOYaeT B ceOs aHAJIW3 YacTOThI W mocieacTtBuid. IlonsTue
pPHUCKa BCET/Ia BKJIIOYAET JIBa 3JIEMEHTA: YAaCTOTY, C KOTOPOH OCYILECTBIISIETCS] OMACHOE
COOBITHE, M TIOCIICICTBUS OIIACHOTO COOBITHSA. AHAJIM3 pHCKa 3aKII0YacTCsS B
BBISIBJICHUU (MICHTU(PUKAIIMN) OMACHOCTEH U OIIEHKE PUCKa, KOTJa MOJI OMaCHOCTHIO
MOHUMAETCSI UICTOUYHHMK MOTEHIIUAJIBHOTO yIepOa WiK Bpenaa, a moj UaAeHTU(hUKAIIUEH
OTIACHOCTH — TIPOIIECC BBISIBJIICHUS OMMACHOCTH U OMPEACIICHUS €€ XapaKTepUCTHK. JIJis
aHaJM3a 4acTOThl OOBIYHO MCIOJIB3YIOT:

- UMEIOIINECS JaHHbIE, COOTBETCTBYIOIIME TUITY CHUCTEMbl, 0OBbEKTa WJIU BUJIA

JIESITEIbHOCTH;

- METOJIBI aHAJIM3a JICPEBHEB COOBITUI WU JCPEBbEB OTKA30B;
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- DKCTIEPTHAS OIIEHKA C YI€TOM MHEHHSI CTICIIHAIMCTOB B JAHHOM 001acTH.

AHanu3 MocnenCcTBUI BKIKOYAET OLEHKY BO3JEWCTBHI Ha JIIOAEH, UMYLIECTBO
WM OKPYXAOIYI0 cpeny. s mporHo3upoBaHus MOCHEACTBUN HEOOXOIUMBI MOIENTH
U CYIIHOCTHU MOpakaronux (GakTopoB, TaK KaKk HY>KHO OLEHUTH pusndeckue 3PheKTbl
HEXEJNAaTeNbHbIX COOBITUH.

HNMeeTcss MHOTO HEONPEAEIEHHOCTEMN, CBA3AHHBIX C OLEHKOW pucKa. AHanu3
HeomnpeeIeHHOCTe — HeoOXoauMasi COCTaBHAasl 4acTh OLIGHKM pucka. Kak mpaBuio,
OCHOBHbIE HMCTOYHUKH HEOMpeNeIeHHOCTe — uHpopManus 10 HAJAEKHOCTU
000OpyZIOBaHUSI W YEJTOBEYECKMM OINMOKAM, a TakKe JOMyHICHUS MPUMEHSIEMBIX
MOJICNIel aBapUHOTO mporecca. UToObl MpaBUILHO HHTEPIPETUPOBATH BEITUYHHBI
pUCKa, HaJAO0 T[OHUMATh HEOMNPENCNECHHOCTH W WX [OPUYMHBL  AHaIU3
HEONPEEIEHHOCTH — 3TO MEPEBOJI HEONPENEIECHHOCTH HMCXOAHBIX NapaMeTpoB U
MPEANOJNIOKEHUM, WCIOJIB30BAaHHBIX TP OLIEHKE PpPHCKAa, B HEONPEACIICHHOCTD
pe3ynbTatoB.  VICTOUHMKHM  HEONPENEIECHHOCTH  JIOJDKHBI 1O BO3MOXHOCTH
uneHtTuunupoBatbcss. OCHOBHBIE TapaMeTphl, K KOTOPHIM aHAJIHW3 SIBISETCSA
YyBCTBUTEIBHBIM, TOJKHBI OBITh MPE/ICTABICHBI B pe3yJIbTaTaX.

Ba)XHO NOTYEPKHYTh, UTO CI0KHBIE U JOPOTOCTOAIINE PACUETHI 3a4ACTYIO AAOT
3HAYEHUE PHUCKA, TOYHOCTh KOTOPOTO HE BENWKA. J{JI CI0KHBIX TEXHUYECKUX CUCTEM
TOYHOCTh PACYETOB HWHIMUBUAYAIIBHOTO PHUCKA, JaXEe B CIIy4ya€ HAJIW4YdS BCEH
HeoOxonuMon HHpOpMaIMK, HE JNydlie ojHoro mnopsaka. [Ipu stom mpoBeneHue
MOJIHOM KOJIMYECTBEHHOW OLIEHKU pUCKa 0o0Jiee TMOJIE3HO JUIsl CPABHEHUS PA3IIUYHBIX
BapUAHTOB (HAMpUMeEp, pa3MeNieHus 000pyI0BaHMUS), YEM ISl 3aKITIOUCHUS O CTEIICHU
0e30MacHOCTH O0BEKTa. 3apyOeHbIH ONBIT MOKa3bIBAET, YTO HAMOOJBIINK 00BEM
pPEKOMEHJaui 1Mo 00ecrneYeHu0 Oe30MacCHOCTH BBIPA0ATHIBACTCS C NMPUMEHEHHEM
KaueCTBEHHBIX (MHXKEHEPHBIX) METOJIOB aHalii3a PHUCKA, MO3BOJISIONIMX JOCTUIaTh
OCHOBHBIX IIeJIel aHajau3a MPU HUCIOJIb30BAaHUU MEHBIIET0 00beMa WH(OpMaNUU U
3arpar Tpyda. OJHAKO KOJMYECTBEHHBIE METOJbl OLIEHKHM pPHCKa BCErJa OYEHb
MOJIE3HBI, 4 B HEKOTOPBIX CUTYaIUSIX — U €AMHCTBEHHO JOMYCTUMbI, B YaCTHOCTH, JJIsI
CpPaBHEHUSI OMACHOCTEH pPAa3IMYHON MPUPOJLI WM MPU IKCIEPTU3E OCO00 OMACHBIX
CJIO’KHBIX TEXHUYECKHX CUCTEM.

HakoHnen, mocimeqHuil 3Tam aHaiIu3a PUCKA TEXHOJIOTUYECKOM CUCTEMBbI —
pa3paboTKa peKOMEH/IalNii 110 YMEHBIICHUIO YPOBHS pUCKa (YIPaBICHUIO PUCKOM) B
Clly4ae, €Cli CTEIEeHb PUCKA BBIIIE MPUEMIIEMO.

5. O1eHKA I0NYCTUMOI0 PUCKA

OneHka BeJIMYMHBI JIFOOOr0 pUCKa MPOU3BOJUTCS CPABHEHUEM €T0 (paKTUYECKOU
BEJIMYMHBI, n3MeHstomencs ot 0 7o 1 , ¢ ero npuemnemont BennunHou. [Ipuemiiemprit
PUCK SBJISIETCS HEKOTOPHIM KOMIIPOMHCCOM MEXAY HEraTUBHBIMHU TOCJIEACTBUSIMHU
pucka (Bpen, yuiep0, moTepu) U 3aTpaTaMu Ha UX MPEAYNPEKICHUE WU COKpPAILICHHUE.
[TpuemsieMbIM MOHO CUMTATh TaKOW ypOBEHb PHCKa, C KOTOPHIM OOIIECTBO, OM3HEC
COTJIAIIAFOTCS HA JIaHHOM JTame CcBoero pa3BuTusa. Onupasch Ha BEIUYUHY
MPUEMJIEMOTO PHCKa, MOXHO BECh JHMANa30H PUCKOB MudPepeHnmnpoBaTh Ha TSATh
YPOBHEH, 3aKpeNuB 3a HHUMHU CICIYIOUIME Ha3BaHUS: MAJIbIA, NPUEMIIEMBbIH,
MOBBILICHHBIN, BBICOKUW U YPE3BbIYAHBIN PUCKHU.

[Tpuemnemyo BeTUYMHY Ka)XJ0TO BHUJIa pUCKa MOKHO HAy4YHO 000CHOBAaTh. Tak
MPUEMJIEMYIO BEJIMYMHY BaJI€OJIOTUYECKOTO PUCKA CMEPTH JIOJIE MOKHO YCTAHOBUTD
pasHoii 5*10* . D10 cooTBeTcTBYET NanHbIM BO3, COrNIacHO KOTOPBIM B COBPEMEHHOM
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MHUpE MPaKTUYECKH HEBO3MOXHO MPEAOTBPATHTh 5 cMepTeil OoT o0mux 3a0ojieBaHUM
Ha kKaxzaele 10000 uwenoBek B Bo3pacte A0 30 ser. C TakuM PHUCKOM OOIIECTBO
BBIHY)KJIEHO ~ COIJIAlIaThCs, TOCKOJIbKY 3aTpaThl Ha €ro CHWXEHUE OyayT
OecroJie3HbIMU BCIIEACTBUE HA3BAaHHBIX MTPUUHUH.

AHaNOTUYHBIM 00pa3oM MOKHO OOOCHOBAaTh MPUEMIIEMOCTH KOJIOTMYECKOTO
pucka. Tak, sKkonormdeckas Hayka YTBEP)KIAeT, YTO €CIU YIIepO OKpYKarolieu
OpUPOAHON cpeie He mpeBbimaeT 5% ee oOiiel pecypcHoil 6a3bl 1l KOHKPETHOM
MECTHOCTH, TO TMPHUPOJIa COXpaHSET CHOCOOHOCTh K TMOJHOW CaMOCTOSTEIbHON
peabmwiuTanui. YKa3aHHYIO BEJIMYUHY 3KOJOTMYECKOrO0 pHUCKA MOXKHO CUMTATh
npuemiemoil. Ha ee ocHOBe mpeuiaraeTcsi yCTaHOBHUTh ISITh KIACCOB 3KOJOTHMYECKOU
0€30MacHOCTH MPOM3BOJCTBA: O€30MacHOe, MPUEMIIEMON OMACHOCTH, MOBBIIICHHOM
OMAaCHOCTH, OMACHOE U YPE3BBIYANHO OMACHOE.

KoHuenuust  nmpuemiieMoro  TEXHMYECKOTO  PHCKa  cTajla  peajbHOM
albTEPHATHBOW HE OINpaBaBIlIeMy ceOsl Ha MPaKTUKE KaTErOPUYECKOMY HUMIIEPATUBY
abcomoTHOM  Oe3omacHocTu. [lpuemMiemblii  TEXHUYECKHH PHUCK HEOOXOAUMO
yCTaHABIMBATh JUISI KaXJOrO0 BHJAA TEXHUYECKUX cHUCTeM. Ero 1enecoodbpasHo
ONpPENENATh HAa CTAJUHA NPOECKTUPOBAHUS U YKa3bIBaTh B TEXHUYECKOW JOKYMEHTALIMH.
Pe3ynbrarel aHanmuza aBapUMHOCTH OOBEKTOB TEXHOC(HEPHI MO3BOJIAIOT YCTAHOBUTH
00OOIIEHHBI ypOBEHb NPUEMJIEMOTO TEXHOJOTMYECKOTO pHUCKAa B Mpejenax
0,05...0,1.

[Ipuemnemyro BeIMYMHY SIKOHOMHYECKOTO PUCKA JIyYIlIe COOTHOCUTH C PEaIbHO
JOCTH)KUMOW PEHTA0ENbHOCTBIO MPOU3BOJCTBA, AOMYCKas NpPH 3TOM, 4TO 00€ 3TU
BEJIMYMHBI ABISIIOTCS OOpAaTHBIMHU MO OTHOLIEHHUIO Jpyr K apyry. Mcxonast u3 3Toro,
MOXHO CYUTaTh, YTO SKOHOMHUYECKHN pHUCK, paBHbI 0,25...0,30, B OOJBIIUHCTBE
ciy4yaeB OyJeT MpUEMJIEMBIM, TaK KaK OH COOTBETCTBYET JOCTATOYHO BBICOKOMY
YpOBHIO peHTabenbHoCcTH, paBHOMY 70...75%.

B tabnuue npencrasieHa npumepHas Aud@epeHuuanys Ha3BaHHBIX BHUJIOB PUCKOB,
KOTOPAasi MOKET CIY>KUTh OPUEHTUPOM MPU YCTAHOBICHUU IPUEMIIEMOCTH PUCKOB IS
KOHKPETHBIX YCIIOBUM KU3HENESTEIBHOCTH.

[IpumepHbIe YpOBHU PUCKA 3a FOJ1, B MPOIIEHTaX

Bun pucka MaJibl | TIPUEMJICMBI | TOBBIIICHHBI | BBICOKH | YpE3BbIUANHBI
51 51 51 51 51

Baneonoruueckuii

: <0.01 | 0,01...0,05 0,05...0,5 10,5...2,0 >2.0
rubennb 4es./Tox

DKOJIOTrHYECKUI <1.0 1...5 5...25 25...50 >50
Texunueckuii <5 5...10 10...25 25...50 >50
DKOHOMUYECKUN <15 25...30 30...50 50...75 >75
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2. TEMATUKA ITPAKTUYECKUX 3AHSATHIA

2.1. (20 4gacos). IIPAKTMYECKHME 3AHJATUA II0 ONPEAEJIEHHIO
BEPOAJATHOCTHU BE30OTKA3HOUN PALOTBI 1 MHTEHCHMBHOCTHU OTKA3OB
I10 PE3VIJIbTATAM CTATUCTUYECKUX JJTAHHBIX

Lenb pabotsr: [IprobpeTeHre HaBBIKOB IO OBJIAJICHUIO0 METOIAMHU PACYETOB JIEMEHTOB
TEXHOJIOTHYECKOTO 00OPYIOBAHMS 0 KPUTEPHUSIM PabOTOCTIOCOOHOCTH 1 HAZCKHOCTH

Teopernueckue cBeieHUA

Beimumiem (1)OpMy.TII>I, 1O KOTOPBIM OIIPCACIIATOTCA KOJIMYCCTBCHHBIC XapaKTCPHUCTHUKU
HaICKHOCTH U3CIINA

plt) = exp(—jj.(t)dtj =1- j M (2.1
i} i]

qit) = 1- p(th
2.2) (2.3
prpy = Jalt) __ dp(t), (22)@3)
dt de (2.4)
fit)
Alt)=—=
p(t) (2.5)

p(t)dt,

I'ﬂt:

= 1]

rze p(t) - BeposTHOCTh 0€30TKa3HOUW pabOThl U3/EUsl Ha UHTEepBasie BpeMeHu oT 0 110
t; q(t) - BeposTHOCTB OTKa3a M3eIus Ha HHTEepBaye BpemeHu ot 0 j0 t; f(t)-gactoTa
OTKA30B U3/I€JIUS WU TUIOTHOCTh BEPOATHOCTH BPEMEHU O€30TKa3HOM paboThI
u3nenus T;

(t)- ”HTEHCUBHOCTH OTKA30B U3JICIUS; M; - CPEIHEE BpeMsi 0€30TKa3HOM PabOThI
U3ICTIHSL.

@opmybl (2.1) - (2.5) 15 3KCIOHEHIMATBHOTO 3aKOHA PaclpeIeIeHUs] BpEMEHU
0e30TKa3HOI pabOThl U3ENUS IPUMYT BUA

pe)=e7". (2.6)
g =1-e™. (2.7)
JO=2e™. (2.8)
i) =22 =2 29)
, = % (2.10)

®opmyiel (2.1) - (2.5) my1s HOpMaATBHOTO 3aKOHA pacHpeeieHUs BpeMEHHU

0€30TKa3HOM PaObOTHI U3EHS TPUMYT BUT
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pit) =05 B, T,

1§ =
] = 2 H4TF
d=0s+aqn, Jz?l

_o) _ 1 5
=2 ;‘P@‘@;‘*’ |
o B0 1

ot 05-(U)

rae ®(U) - pynkuus Jlamnaca, o6namaromias CBOMCTBAMH
D(0)=0 ; (2. 15)

d(-U) =-d(U) ; (2.16)

®()=0.5. (2.17)

Pelnenne THNOBBIX 3a7a4.

3agauda 2.1. BpeMst paboThI 3JIeMEHTa 10 0TKa3a MOAYMHEHO SKCIIOHECHIIMATBLHOMY

3aKOHy pachpejeaeHus ¢ napamerpom =2.510° 1/4ac.

Tpe6yeTc;1 BBIYUCIIUTD KOJIUYCCTBCHHBIC XaPAKTCPUCTUKH HAACKHOCTH 3JICMCHTA

p(t),q(t),f(t),m; ms t=10004ac.

(2.11)

(2.12)

(2.13)

(2.14)

Pemenue. Mcnonszyem Gopmyist (2.6), (2.7), (2.8), (2.10) mus p(t),q(t),f(t),m; .

1. Beruucianm BepoSTHOCTh O€30TKa3HOM paOOTHI:
Bt = s - E-:;.s-m"-‘:r

Ucnonb3ys nanueie Tabauist [1.7.14 [ 1 ] momyuum
P(1000) = g 251071000 - o005 _ 0753

2. Beruuciaum BeposiTHOCTH oTKa3a q(1000). Umeem

§(1000)=1-p(1000)=0.0247 .

3. Beluncanm 4acToTy 0TKa30B

FO) = A0 = 25107 237 se1000) =2.5.107 . o500 _ 5 5907 09753 = 2439107

1/4ac.

4. BeruncnumM cpenHee BpeMst 0€30TKa3HOM paboThI
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1 1

L =—= — = 40000
A 2510 qac.

3azmaya 2. 2. Bpems paOoThl 311€MeHTa J10 0TKa3a MOJAYMHEHO HOPMAJILHOMY 3aKOHY C
napamerpamu m; =8000 uvac, =2000 gac. TpeOyeTcsi BHIYUCIUTh KOJIUYECTBEHHBIC
XapaKTepUCTUKHU HasiexkHocTH P(t),f(t),(t),m: a1 t=10000 ygac.

Pemenue. Bocronb3yemcs dopmymnamu (2.11), (2.12), (2.13),(2.14) aus p(t), f(t),
(t),mt.

1. BeI4ucimm BEpOSITHOCTH O€30TKa3HO# paboThI
p(t)=0.5D(V) ; U=(t-my)/y ;
U=(10000-8000)/2000=1; ®(1)=0.3413 ;

p(10000)=0.5-0.3413=0.1587. 2. Onpeaenum yacToTy oTkasa f(t)

£() =

1 exp _(t_mtj'g
Jﬁ-cﬁt 2@13

BBeneMm 0003HaueHnE

g

@) = e 2 p(-T) = (U}

Torna
f(t)=(U)/t; U=(t-m/; .
f(1000)=(1)/2000=0.242/2000=12.110"° 1/4ac.

3. PaccunTaeM HHTEHCUBHOCTH OTKa30B (t)

(O)=F(t)/p(t);

(10000)=f(10000)/p(10000)=12.110"° /0.1587=76.410" 1/4ac.

4. Cpennee BpemMsi 6€30TKa3HON pabOTHI AJIEMEHTa

m¢= 8000 yac.

3anatm AJIA CAMOCTOATECIBHOIO PEIICHUA.

3amaua 2.6.BeposTHOCTh 0€30TKa3HOM pabOThl aBBTOMATUYECKOM JIMHUH U3TOTOBICHUS
IWJIMHIPOB ABUraTeas komOaiiHa B TedeHun 120 gac paBra 0.9. IIpeamnomaraercs,
YTO CIIPaBEJINB YKCIIOHEHITMATBHBIN 3aKOH HaIe)KHOCTHU. TpebyeTcst paccuuTaTh
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WHTSHCHBHOCTH OTKA30B M YaCTOTY OTKA30B JIMHHUH JUISI MOMEHTa BpeMeHu t =120 gac.,
a TaKXe cpe/Hee BpeMs 0€30TKa3HOW paboTHI.

3anaua 2.7. Cpennee Bpems 0€30TKa3HOM pabOThl aBTOMATUYECKOW CUCTEMBI
ynpasiieHus1 paBHO 640 dac. [Ipennonaraercs, 4To ClipaBeJIuB 3KCIIOHEHIUATIbHBIN
3aKOH Hazie’kHOCTH. Heo0XoauMo orpeaenuTb BEpOsSATHOCTh O€30TKa3HOM padOTHI B
teuenue 120 gac., 4acTOTy OTKa30B 1Jisi MOMeHTa BpemeHH t=120 yac u
MHTEHCUBHOCTH OTKAa30B.

3anmaya 2.8. Bpemsi paOoThI U3/1eus MOAYUHEHO HOPMAIILHOMY 3aKOHY C IMapaMeTpaMu

m; = 8000 gac., =1000 ygac. TpeOyeTcsi BHIYUCIUTH KOJTUYECTBECHHBIC XapaKTECPUCTUKH
HaJziexkHoctu p(t) , f(t) , (t) , me gy t=8000 yac.

2.2. (10 4gacoB). IIPAKTUYECKUE 3AHATHUA 110 OIIPEAEJIEHUIO
TTOKA3ATEJIEN HAJEXHOCTHU BOCCTAHABJIMBAEMbBIX "
HEBOCCTAHABJIMBAEMBIX U3EJINN 110 CTATUCTUYECKUM JJAHHBIM
Ob OTKA3AX .

Teopernyeckue cBeeHUs1
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BeposiTHOCTh 6€30TKa3HOM PabOTHI IO CTATHCTHYECKUM JTaHHBIM 00 OTKa3ax
OIICHUBAETCS BBIpAKEHUEM

(1) 2L (1.1)

rzae n(t) - Yucio U3aenuil, He 0TKa3aBIIMX K MOMEHTY BpeMeHHU t; N- 4icio u3aenuii,
MOCTaBJICHHBIX Ha UCTIbITaHUs; P*(t) - cTaTcTHYEeCKas OLIEHKA BEPOSITHOCTH
0e30TKa3HOU PabOThI U3CITHS.

]_IJ'IH BCPOATHOCTHU OTKA3a I1O0 CTATUCTUYICCKUM JAHHBIM CIIPABCAJINBO COOTHOICHUC
q*(t)= ——= (1.2)

rae N-n(t)- gucio u3aenuii, 0OTKa3aBIINX K MOMEHTY BpeMeHH t; q*(t) -
CTaTUCTHUYECKasl OIICHKA BEPOATHOCTH OTKa3a U3JICIIHS.

YacToTa 0TKAa30B MO CTaTUCTUYECCKUM JaHHBIM 00 OTKa3ax OIIpCACIIACTCA
BBIPpAXKCHHUEM

E*(t)= f;_ [;3 (1.3)

rae AAn(t) - 4uciio OTKa3aBIIUX U3/IEJIUA Ha y4acTKe BpeMeHH (t, t+t); £*(t) -
CTaTUCTUYECKas OIICHKA YaCTOTHI OTKA30B U3Meus; At - HHTEPBAI BPEMEHH.

MHTEHCUBHOCTH OTKA30B 10 CTATHCTUYSCKUM JaHHBIM 00 OTKa3ax ONpeaessaeTcs
dbopmynoii

&n[t:l

()= =L (19

At n(t)
]
rjae n(t)- YUcIo U3AeNHi, He OTKa3aBIINX K MOMEHTY BpeMeHHU t; AAn(t) - uncio

OTKa3aBIIIKUX W3JIEJIUA Ha y4acTKe BpeMeHH (t, t+t) ; At - unTepBas BpemeHu , A(t)-
CTaTUCTUYECKAs OI[CHKa MHTEHCUBHOCTH OTKA30B M3CITHS.

Cpennee Bpemsi 0€30TKa3HOM pabOThI U3ACIHS 1O CTATUCTUYSCKUM JaHHBIM
OIICHUBACTCS BBIpaKECHHUEM

1 H
= 2t (1.5)
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r71e ti - BpeMsi 0€30TKa3HOM paboTHI 1- ro m3zenus; N- 00I1ee Ynuciao u3eu,
MOCTABJICHHBIX HA UCIIBITAHUS; M;* - CTATHCTHYECKAs OIIEHKA CPETHETO BPEMECHH
0e30TKa3HON PabOTHI U3ACIIHS.

Jlns onpenenenust my* mo popmysie (1.5) He0OX0aAMMO 3HATh MOMEHTHI BBIXO/a U3
ctpost Bcex N uznenuil. MoxHO onpeaensats m* u3 ypaBHEHUs

m, & lenit,_._:,i (1.6)

L
r'AC nj - KOJIMYCCTBO BBIMICAIIUX U3 CTPOA I/ISI[CJII/Iﬁ B 1- OM HHTCPBAJIC BPCMCHU,

tepi = (tiatt)/2 ; m=ti/t ; t=tis1-ti ; ti.x -Bpems Havana i- ro MHTEpBaNA; ti- BpeMs KOHIA i-
ro HHTEPBaa; tx - BpeMsi, B TCUEHHE KOTOPOTO BBIILIHA U3 CTPOSI BCE U3ZEIHS; t-
HHTEPBaJ BPEMEHHU.

Hucnepcust BpeMeHn 0€30TKa3HON paOOThI U3AEHUs 10 CTATUCTUYECKUM JIaHHBIM
onpenensercs Gopmyion

H
Dy =12, (- m)’? (1.7)
=1

]
rac Dt*- CTAaTUCTHYCCKAad OLICHKA JUCIICPCUHU BPCMCHHU 0e30TKa3HOMI pa6OTBI U3 A0CIIHA.
Pemenue THIIOBBLIX 3aga4v

3azgaua 1.1. Ha ucneitanue nocrasieHo 1000 ofHOTUIHBIX 31EKTPOHHBIX JIaMIl, 32
3000 gac. orkazano 80 mamr. TpeOyetcs onpenenutb P*(t), q*(t) mpu t = 3000 yac.

Pemenwue. B nanHom ciryaae N= 1000; n(t)=1000-80=920; N-n(t)=1000-920=80. ITo
dbopmynam (1.1) u (1. 2) onpeaensiem

P*(3000) = M = 22 = 092,
q*(3000) = B2t = 80— 0,08,

*(3000) = 1— P*(3000) = 1- 092 = 008

i 4

3anaya 1.2. Ha ucnsitanue 6110 noctasieHo 1000 ofHOTUITHBIX JamIl. 3a epBble
3000 gac. otkazano 80 mam, a 3a uarepsan Bpemenu 3000 - 4000 yac. oTkazasno emie
50 namm. TpebOyeTcst onpeeNuTh CTATUCTUYECKYIO OLIEHKY YacCTOThl U MHTEHCUBHOCTH
OTKAa30B AJIBKTPOHHBIX Jiamn B TpoMmexyTke BpemeHu 3000 - 4000 yac.

Pewmenue. B nannom cnydae N=1000; t=3000 uac; At =1000 ugac; An(t)=50; n(t)=920.
ITo popmynam (1.3) u (1.4) Haxoaum

_ _ Ay 50 -5
F*E)=f*(3000) = 7z =mwmr= 51071/ g,
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Ao = Aoy = 2L 10 _ 507

feafy)  100.200 1/9ac

3anaya 1.3. Ha ucnsitanue nocrasieno N = 400 uznenuii. 3a Bpems t = 3000 ygac
otkazano 200 m3genui, T.€. n(t) = 400-200=200.3a uaTepsan Bpemenu (t, t+t) , e
At= 100 yac, otkazano 100 uznenuii, T.e. An(t)= 100. Tpedyercs onpeneanuTsb
P*(3000),

P*(3100), f*(3000), *(3000).
Pemenne. 1o gpopmyie (1.1) Haxoaum

P*(3000) =22 -2 _ (5
P*(3100) = m?' = 0,25

Ucnons3ys popmyansl (1.3) u (1.4), nomyuum

A
nt) 100 o5 0

£#(t) = £ *(3000) =

NoAt 400100 77 (1/qac)
AT (1) = A" (3000) = fo® __100 5.107°
At-n(t)  100-200 (1/uac)

3agaudal.4. Ha ucnipiTaHne nocraBieHo 6 OMHOTUIHBIX u3aenuil. [lomydensr
cienyrolue 3HaueHus ti (ti - BpeMsi 6€30TKa3Hoi paboThl i- ro u3genus) : t1 =280 yac;
t2 = 350 gac; t3 =400 gac; t4 =320 4ac; t5 =380 gac; t6 =330 yac.

OnpenenuTh CTaTUCTUYECKYIO OLIEHKY CPEIHETO BpEMEHH 0€30TKa3HOM paboThl
W3ICIHSL.

Pemenue. [To popmyne (1.5) umeem

.. 1 X
_ —Z 28043250 +4UU+320+380+33G 2040 _ 3433
N 6 6 yac.

3azaya 1.5. 3a HaOmrogaeMblid IEPUO/T FKCIUTyaTallMy B anmnapaType ObLIo
3aUKCUPOBAHO 7 0TKa30B. Bpemsi BOCCTaHOBJICHUSI COCTABUIIO:

tl =12mun.; t2=23MmuH.; t3 =15muH.; t4=9MmuH.; t5=17muH.; t6=28MmuH.; t7=25mMuH.;

t8=31mun. TpebyeTcs ONpeNeuTh CpeiHee BPEMs BOCCTAHOBJIEHHS araparypsl
Pewenue.

Z 12+23+15+9+81?+28+25+31 1:0220

il MHH.
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3amaua 1.6. B pe3ynbrare HaOmroaeHus 3a 45 00pas3amMu paiiodIeKTPOHHOTO
000pyI0BaHUS TTOJTYYCHBI JaHHBIE JIO TIEPBOTO OTKa3a BceX 45 00pa3IioB, CBEACHHBIC B
taba.1.1. TpeOyercs onpeneauTs m*.

Ta6auma 1.1

ti,uac. ni ti,gac. ni ti,gac. ni
0-5 1 30-35 4 60-65 3
5-10 5 35-40 3 65-70 3

10-15 8 40-45 0 70-75 3

15-20 2 45-50 1 75-80 1

20-25 5 50-55 0

25-30 6 55-60 0

Pemenue. B nanHom ciydae
tp1 = 2.5 tgs = Toitgs = 12,5 tgs = 175t gs = 225ty = 27,5t gy = 325, tgs = 37.5, tgs = 42,5
toa =475t g =525 g0 = 5T 5ty s = 625t 514 = 675t 15 = 725,01 = 775 N =45m =16

p la
Ucnions3ys dopmyny (1.6), nomyuum

A 125457548 12542 175045 2254+6 27544 325+
m, ﬁzni ' tl:pi = 45

+3.375+0.425+1.475+0.525+0.57,5+3 625+ 3. 67,5+3.725+1.775 14275
45

=317

9.

3anatm I CAMOCTOATEC/IBHOI'O PCILICHUA

3agada 1.7. Ha ucneitanue nocrapiaeHo 100 ognotunueix u3genuii. 3a 4000 yac.
otkazano S0 uznenwmii. 3a uarepsan Bpemenu 4000 - 4100 ygac. orkazano emé 20
maemuil. TpeOyetcs onpeaenuts £*(t),*(t) mpu t=4000 yac.

3ajgada 1.8. Ha ucnerranue nocraBiaeHo 100 oqHOTHITHBIX U3ACITHH.

3a 4000 yac. otkazano 50 uznenuii. Tpebyetcst onpeaenuts p*(t) u q*(t) mpu t=4000
gac.

3agaua 1.9. B teuenue 1000 yac u3 10 rupockonoB oTkazano 2. 3a UHTEpBAJl BpEMEHU

1000 - 1100 gac. oTkazai emie oiuH TUpocKoIl. Tpedyetcs onpeaenuts £¥(t), *(t) mpu t
=1000 uac.

3agaua 1.10. Ha ucneiranue nocrasineHo 1000 0OTHOTUIIHBIX JIEKTPOHHBIX JIaMIIL. 3a
nepsbie 3000 yac. otkazano 80 mami. 3a uarepsan Bpemenu 3000 - 4000 yac.
otkazaio eme 50 namn. TpeOyercsa onpeaenuts p*(t) u q*(t) mpu t=4000 yac.
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3anayva 1.11. Ha ncnerranue nocrasieno 1000 n3nenuii. 3a Bpems t=1300 yac. BpIILIO
13 cTpos 288 WTyK u3nenuil. 3a nocnenyromui nuartepsan Bpemenn 1300-1400 yac.
BBINILIO U3 cTpos eme 13 uznenuii. Heo6xonumo Beruucauth p*(t) mpu t=13004ac.

u t=1400 gac.; f¥(t), *(t) mpu t =1300 ygac.

3azmayva 1.12. Ha ncnbeitanue nocrasiieHo 45 uznenuil. 3a Bpems t=60 dac. BBIIUIO U3
cTpost 35 mTyK u3aenuil. 3a nociaeayonui nHTepBasl BpemeHnu 60-65 vac. BBIILIO U3
ctpos emie 3 u3aenus. Heooxoaumo BerauciuTh p*(t) mpu t=604ac. u t=65 4gac.; £*(t),
*(t) mpu t =60 yac.

3azmaya 1.13. B pesynbpraTe HaOmoaeHus 3a 45 oOpasiamMu paguod3JeKTPOHHOTO
000pyI0BaHus1, KOTOPBIE MPOLLUIH PeABAPUTENbHYIO 80-4acoBYyIO IPUPAOOTKY,
MOJTyYeHbI JaHHBIE 0 IEPBOT0 OTKa3a Bcex 45 00pasioB, cBeleHHbIe B Ta0.1.2.
Heobxonumo onpenenuts me*.

Tabauma 1.2.
ti,gac. ni ti,gac. ni ti,gac. ni
0-10 19 30-40 3 60-70 1
10-20 13 40-50 0
20-30 8 50-60 1

3anaya 1.14. Ha ucnpiTaHue MoCTaBaCHO 8§ OJHOTUIIHBIX U3Aeauid. [TomydeHsl
cienyromye 3HaueHus ti (ti - Bpemsi 6€30TKa3HOM pabOThI 1-T0 U3EIHS):

tl =560uac.; t2=7004ac.; t3 =800uac.; t4=650uac.; t5=580uac.; t6=760uac.;
t7=920u4ac.; t8=850yac. OnpenenuTh CTATUCTUYECKYIO OLIEHKY CPENHETO BPEMEHU
0e30TKa3HON PabOTHI U3ACIIHS.

3amadal.l5. 3a HaGII01aEMBIN ITEPHUO/T PKCIUTYaTalMK B arrapaType ObLIo
3aperucTpupoBaHo 6 0TkazoB. Bpems BoccTraHoBiIeHUs coctaBmio: t1 =15Mun.;
t2=20muH.; t3 =10muH.; t4=28MuH.; t5=22MuH.; t6=30MuH.

Tpebyercst onpenenuTh cpeaHee BpeMsi BOCCTAHOBJICHHUS arapaTyphl e

3anayal.l6. Ha ucnsiranue nocrasieno 1000 uznennii. 3a Bpems t=11000 yac.

BBINILTO U3 cTpos 410 uznenuii. 3B nocieayromuii natepsai spemenu 11000-12000
gac. BBINILIO U3 cTpos eme 40 uznenuit. Heooxoaumo Berauciuts p*(t) mpu t=11000
yac. u t=12000 ygac., a Taxxe f*(t), *(t) mpu t=11000

2.3. (6 YACOB). TIPAKTUYECKUE 3AHATHUA 110 OITPEAEJIEHUIO
TEXHOJIOTMTHECKOI'O PUCKA HA ITPOMBIIIJIEHHOM IIPEAITPUATUN

Teopernyeckue cBeeHus
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CO@I[I/IHGHI/IG QJICMCHTOB HA3bIBACTCA ITOCICAOBATCIIBHBIM, €CJIM OTKA3 XOTA OBI
OIHOI'0 3JICMCHTA IIPUBOAWUT K OTKa3ly Bcer cucrteMnl. Cucrema MOCJICA0BATCIIBHO
COCIHMHCHHBIX 3J3JICMCHTOB pa60Tocnoco6Ha TOorga, Koraa pa6OTOCHOCO6HBI BCC€ €€
OJICMCHTHI.

BepositHocTh 06€30TKa3HON pabOTHI CUCTEMBI 3a BpeMsl t onpesensercs GopMynoi

Fi(t.
Pc(t) =P1(t)*P2(1)...Py(t)= -1 (3.1)  rtme Pi(t) - BepossTHOCTH O€30TKA3HOM
paboTHI 1-TO 3NIEMEHTa 3a BpeM t.

1. 3aroTOBKM MOCTYIAIOT OT ABYX 1iexoB npeanpusatus: 60% ot nexa Nel u 40%
ot texa Ne2. 3aroToBku NepBoro 1exa coaepxkar 5% Opaka, a Broporo - 3% . Haiitu
BEPOSITHOCTH TOTO, YTO HAYyTaJ B3sTasl 3ar0TOBKA OyJeT OpakOBaHHOM.

Pewenue:

BepositHOCTB TOTO, UTO Hayraja B3siTas 3aroToBka 1exa Nel Oynetr OpakoBaHHOM paBHA

0,05 (P1). BepostHOCTb TOr0, UTO Hayraj B3ATas 3aroToBKa 1exa Ne2 Oyner

OpaxoBanHoit paBHa 0,03 (P2).

BeposiTHOCTB TOTO, UTO HayTaa B3siTasi 3ar0TOBKa MpeANpUsiTUs Oy1eT OpakoBaHHOM

paBHa:

P= P1*0,6 +P2*0,4=0,05%*0,6+0,03*0,4=0,042

2. OOBEKT COCTOUT M3 MATU KPYITHBIX AeTaneil. BeposTHocTs Opaka npu
A3roTOBJIECHNH Kakaou netanu cocrasiser 0,01; 0,02; 0,03; 0,04; 0,05
COOTBETCTBEHHO. KakoBa BEpOSTHOCTB TOTO, YTO U3JCIHE OKaXKETCs OpaKoBaHHBIM?
Peuwenue: BeposTHOCTBH TOTO, UTO HAayraj B3sTas JeTallb rogHas pasHa 0,99; 0,98;
0,97; 0,96; 0,95. BeposiTHOCTH TOTO, U3fee rogHoe paBHo : P =0,99* 0,98*
0,97* 0,96* 0,95 =0, 858

3. BepositHOCTh 6€30TKa3HON paboThl Osioka mutanus 0,9. [{7s noBbIeHUS
HAJIe)KHOCTH YCTAHABIMBAIOT TAKOW e pe3epBHbINA 010K . OnpeaenuTb BEpOSATHOCTh
0e30TKa3HOM PabOThl YCTPOMCTBA C YUETOM pe3epBHOIO O0Ka?

Pewenue: BepoaTHOCTb TOTO, UTO BbIXOAA U3 CTposi Oyioka nutanusg pasHa 0,1 (P1).

BeposiTHOCTB TOTO, YTO BBIXOJIa U3 CTPOsI pe3epBHOro Oyoka nutanus pasHa 0,1 (P2).

BeposiTHOCTh BhIXO/a U3 CTpOsi 0JI0KOB ojHOBpeMeHHo paBHa P =0,1*0,1=0,01.

BepositHocTh 6e30TKa3HOM paboThl ycTpoiictBa paBHa 1 —P = 0,99

4, B naptun noammnankoB 95% oTBeuaroT ctangapTty. Kontpons npuznaet
MPUTOAHBIM CTaHJIAPTHBINA MOAIIUITHUK C BEPOATHOCTHIO 0,98 1 HECTaHAAPTHBIH C
BeposATHOCTHIO 0,03. OnpenenuTs BEpOATHOCTD TOTO, YTO MOAIIUITHUK, MPOLICIIINN
KOHTpPOJIb, OTBEYAET CTAHJAPTY.

Pewenue: M3 10000 noammnanko 9500 otBewarot cranaapty. [lociae koHTposs u3
9500 noamumHUKOB npu3Hanbl TogubiMu 9500* 0,98 = 9310 noammmnauk. A u3z 500
HECTaHIaPTHBIX MOJUIUITHUKOB Tpu3HaHO rogubiMu 500%0,03= 15 noAMIUITHUKOB .
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Taxum 06pa3omM, KOTMYECTBO MOAIIUITHUKOB, MPOMIEAININX KOHTPOJIb, COCTABIISIET
9325. U3 Hux crangaptHbix 9310. BeposSTHOCTH TOTO, UTO HOJUIMIHUK, TPOLLIE A
KOHTPOJIb, OTBEYAET CTaHAAPTy, paBHa 9310/9325 = (0,9984.

1- (1- 0,95)*(1-0,98) + 0,03*(1-0,98) = 0,9984

Penienye THIIOBLIX 3a/1a4.

3azmaya 3.1. YcTpoiicTBa CUTHAIM3AIMU IPOU3BOAATCS TpeMs (pupmamu. Y cTpoiicTBa
nepBoit pupmbl ycTaHoBIIeHbI Ha 43% MaluH; ycTpoiicTBa BTOpO (hUpMBI
yCTaHOBJIEHBI Ha 28% MallliH; yCTPOMCTBA TPEThel (hUpMBbI yCTaHOBICHBI Ha 29%
MamuH. Hafe:xkHOCTh yCTpOiCTBaA, M3TOTOBICGHHOTO TIepBOH dupmoii paBHa 0,9;
BTOpOI Ppupmoii - 0,85, Tpetbeit pupmoit — 0,95.KakoBa HaieKHOCTh yCTPOMCTBA
CUTHAJIM3AI[MU TIPOU3BOJIEHO BEIOPAHHOMN MaIIVHBI.

3amaya 3.2.  VYcrporictBo coctout u3 1000 351eMeHTOB, pabOTaIOIUX HE3aBUCHMO
ApyT OT apyra. BeposTHOCT 0TKa3a B TeueHue nepBbix 10 MUHYT paboThI 1I000TO U3
aneMmeHToB paBHa 0,003. HaiiTu BEpOSITHOCTh TOTO, YTO B T€UECHHUE NEePBbIX 10 MUHYT
OTKaXyT 3 3JIEMEHTA.

3amaua 3.2.  VYcrpotictBo coctout u3 3000 351eMeHTOB, pabOTaIOIIUX HE3aBHCHMO
ApyT OT apyra. BeposTHOCT 0TKa3a B TeueHue nepBbix 30 MUHYT paboThI J1I000T0 U3
sanemeHToB paBHa 0,001. HailTu BeposSITHOCTh TOTO, YTO B T€UEHUE NEPBbIX 30 MUHYT
OTKaXyYT 3 3JIEMEHTA.
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