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BBEOEHUWE

bezonacHOCTh sBiIsIETCS OJHOM M3 Hambosee COIMaTbHO-3HAUUMBIX Xapak-
TEPUCTHUK JIEATEIILHOCTU TPOU3BOJCTB, CBS3aHHBIX C PUCKOM HAHECEHHUs Bpena
JIOSM, MaTepUAIIbHBIM LIEHHOCTSIM, NMPHUPOJIE B XOJ€ BBHITOJHEHHS OOIIECTBEHHO
noJe3HbIX pabor. M3 3TOro creayer HEOOXOAMMOCTH TINATENBHOTO H3yUYCHHS
yCJIOBUI BO3HUKHOBEHHS TaKOTO BpeAa, pa3paObOTKU M peayin3allid Mep IO ero
mMuHuMHU3anuu. [IpudeM, pedb UIET HE TOJNBKO O MPOBEACHUH CIEIUATBHBIX HC-
CJIETOBAaHU B 3TOM BOIIPOCE, a 0 POPMHUPOBAHUU TaK HA3bIBAEMON KYJIBTYPHI 0€3-
OTMACHOCTH 3a CYET MepeAayu HaKalUIMBaeMbIX 3HAHHM IIUPOKOMY KpPYTy CIelHa-
JUCTOB.

Nzyuenne kypca «HamexHOCTh U TUATHOCTHKA TEXHOJIOTHMYECKUX CHCTEM)
UMEET IENIbI0 MO3HAKOMUTH CTYJEHTOB C CYIIECTBYIOIIEH KOHIEMINEH yrpase-
HUsl 0€30MAaCHOCTbIO TEXHOJIOTUYECKUX CHCTEM Ha OCHOBE OLIEHKH PUCKOB 3TOU
JEeSITEIbHOCTH, MPEACTABUTD CIIOKUBILIUECS METOIMYECKUE TPUEMBI UCCIIEJOBAHMS
PHUCKOB, OPOXKIECHHBIX OTKAa3aMU TEXHUYECKUX CHCTEM, [T0OKa3aTh POJIb YeJoBeye-
CKOTO (pakTOpa B IPUPOJIE TEXHOTEHHBIX KaTacTpod.

TeopeTnueckre OCHOBBI HAJEKHOCTH BKJIIOUYEHBI B KypC B TOM OOBEME, B
KOTOPOM OHU MOTYT OKa3aTbCs IMOJIE3HBIMHM IPU PACCMOTPEHHUM IPOOJieM yIpaB-
JeHus 0€30I1aCHOCTBIO CIOXKHBIX UYEJI0BEKO-MAIIMHHBIX CUCTEM.



Jlekumns 1. TexHOreHHbIW PUCK U KOHLUENUUA ynpaBrieHns 6e3-
onacHocTtbio TC

THonamus «puck», «onacnocmoy. Knaccuguxayus pucka no obvekmam pucka, OCHO8Hble Kidc-
cugurayuonHvle NPUHAKU U UCMOYHUKY pucka. Ananuz pucka. OcHo8Hble NPUHYUNBL U NOCHL)-
Jlamul NPOBeOeHUsl AHANU3A PUCKA 8 Yelsax ynpasieHus bezonacnocmoio Llens u ocnognvie me-
moovl nposedenus oyenku pucka. Llenv ynpasnenus puckom. OcHosHble u0bl yujepdba u3z-3a pe-
anu3ayUY MexHo2eHHblX OnacHulx hakmopos. «F/N ouazpammely. Texnozennwiil puck. Lleau u
Gopmbl MoOenuposanusi npoyecca 603HUKHOBEHUS U pA38UMUSL MEeXHO2EHHO20 PUCKA

Tonkosanus NOHAMUIL «PUCK», «ORACHOCHIbY.

B cooTBeTCTBMM C COBPEMEHHBIMH B3IUIAAaMU PUCK OOBIYHO TMOHMMAETCS
KaK BEpOSTHOCTHAsI MEpa BO3HMKHOBEHUS OMACHBIX TEXHOTCHHBIX WJIM TPUPOTHBIX
SIBJICHUH, a TAKKe XapaKTePUCTHKA pa3Mepa HAHECCHHOTO MPU ATOM COI[HATIbHOTO,
9KOHOMHUYECKOTO, IKOJIOTUIECKOTO U IPYTUX BUIOB yiepOa u Bpeaa.

WHbIMH CTTOBaMH TIOJI PUCKOM CJIEIYET TOHMMATh OXKHIAEMYIO YaCTOTY HIIH
BEPOSITHOCTh BOSHUKHOBEHUS OMACHOCTEH OIMPE/ICICHHOTO KJIacca, HITH JKe pa3Mep
BO3MOYKHOTO yiep0Oa (moTepb, Bpeia) OT HEXKENATeIbHOTO COOBITHUS, UM K€ HEKO-
TOPYIO KOMOMHAIMIO ATUX BEJIHYHH.

[MpumMeHeHHe MOHATHS PUCK TO3BOJIAET MEPEBOIUTH ORACHOCHb B Pa3psl
U3MepsieMbIX Kareropuit. Puck, (akTHueckw, ecTh Mepa omacHoctd. Yacro wc-
noJjb3yeMoe nousaTue "crenenpb pucka" (Level of risk), mo cytu, He oTiinyaercs OT
HIOHSTHUS PUCK, HO JIMIIIb TIOJYEPKUBACT, YTO PeYb UACT 00 U3MEPSECMON BEITMYHHE.

Bce umHTepnperanuu TepMmuHa "pUCK" HCHONB3YIOTCS B HACTOSINEE BpPEMsI
IPU aHAJIW3E OMACHOCTEH M YIpPaBJICHUU OE30MACHOCTHIO (PHCKOM) TEXHOJIOTHYEC-
CKHX TIPOIECCOB.

BO3HMKHOBCHHE OMACHBIX CUTYallMid SIBISICTCS PE3yJbTATOM MPOSBICHUS
OMPECICHHONW COBOKYITHOCTH (DaKTOPOB PUCKA, MOPOXKIACMbIX TEMHU WM WHBIMH
UCTOYHHKAMHU, OOCTOSTEIbCTBAMHU, YCIOBHSIMHU. (MPUMEPbI MCTOYHUKOB, 0OCTOS-
TEJIBbCTB, MOCJICICTBUIN

Knaccugpuxayun pucka no oo6vekmam pucka, 0CHo6Hble KN1ACCUPUKAUUOHHBLE
HPU3HAKU U UCHMOYHUKU PUCKA.

Bun pucka | OOBeKT pucka Hcrounuk pucka HexenatenbHoe coObiTHE
NunuBuny- |Yenosek VYcnoBus KU3HENEATEIBHOCTH [3a00JieBaHUE, TPAaBMa, MHBAJIH/I-
aJbHBIN YyeJI0BeKa HOCTb, CMEPTh
Texnnue- |TexHuueckue |TeXHHMUECKOE HECOBEPILIECH- ABapusi, B3pbIB, KaTacTpoda, 1mo-
CKUH CUCTEMBI 1 00b- |CTBO, HApYIICHHE TIPABHII IKC- |kKap, pa3pylIeHHe

€KThI IJTyaTalyy - TEXHHYECKUX CHU-
CTeM U 00BEKTOB
DKosoruye- | IKOJOTHYECKHE | AHTPOIOT€HHOE BMENIATENb- | AHTPOIOIrE€HHbBIE SKOJIOTMYECKHE
CKUH CUCTEMBI CTBO B IPUPOJHYIO CpENY, KatacTpo(dbl CTUXUIHBIE OE/ICTBUS.
TEXHOTE€HHbIEC YPE3BbIYANHBIE
CUTYallU1
Connane- |CounanbHbie UpesBbIyaiiHass CUTyanus, ['pynnoBeie TpaBMBI, 3a00JI€BaHNUS,
HBII TPYIIIBI CHM)KEHUE KAa4eCTBA KU3HU ru0enb JII0JIeH, POCT CMEPTHOCTH -
OxoHomu- |MarepuanbHbie |[loBBIIIEHHAsS OTACHOCTH MPO- | YBEIMYECHHE 3aTpaT Ha Oe3omac-
YECKUH pecypcsl M3BOJCTBA WM PUPOJHON HOCTb, yIep0d OT HEJOCTATOYHOM
CpeJbl - 3alIMIIEHHOCTH




TexHn4eckuil PUCK - KOMIUICKCHBIM MOKA3aTENb HAJECKHOCTU 3JIEMEHTOB
texHochepbl. OH BbIpa)kaeT BEPOATHOCTh aBAPUHU WJIM KaTacTPO(bl MPH IKCILIya-
TalMy MalluH, MEXaHU3MOB, PEATN3AIMU TEXHOJOTUYECKUX ITPOIIECCOB:

AT(t)
=
T({)
rae Rt - texanueckui puck; AT - 4HCIIO TPOUCIIECTBUM BCIEACTBUE OTKA30B TEX-

HHUKHW B CAUHHUIY BPCMCHU t HA UICHTUYHBIX TEXHUUYECKUX CUCTEMaX M 06’I)GKTaX;
T - gmcio NICHTUYHBIX TCXHUYCCKHUX CHUCTEM H O6'[>€KTOB, IMOABCPIKCHHBIX o6me—

My (akTopy pucka f.

Hctounuk TP

Haubonee pacnpoctpaneHHbIC (DAKTOPHI TEXHUIECKOTO PUCKA

Huskuii ypoBeHb Hayy-
HO- UCCJIEJOBATEIbCKUX
pabor

Omu0OoyHbIi BEIOOP HANPaBICHUH PAa3BUTHS TEXHUKU M TEXHOJIOTUH I10
KPUTEPHSIM O€30MacHOCTH

To xe. OIBITHO-
KOHCTPYKTOPCKUX paboT

Bb100p MOTeHLMANBbHO OMACHBIX KOHCTPYKTUBHBIX CXEM M NPHHLMIIOB
neicTBus TexHuyecku™® cucreM. OmuOKY B ONpeesIeHUH IKCIUTyaTalu-
OHHBIX Harpy3ok. HenpaBuibHbIM BbIOOp KOHCTPYKLIMOHHBIX MaTepua-
noB. Henoctatounslii 3anac npoyHoctd. OTCYTCTBUE B IIPOEKTaX TEX-
HUYECKUX CPEJCTB 0€301MacCHOCTH

OnpITHOE TPOU3BOICTBO
HOBOH TEXHHUKH

HekauecTBennas JOBOJKaA KOHCprKIII/If/'I, TCXHOJIOTMHU JOKYMCHTAIUN
10 KpUTCPUAM 0€e301acHOCTH

CepuiiHblii BBITYCK HE-
0e3011acCHON TEXHUKH

OTKIIOHEHHE OT 33JaHHOTO XMMHUYECKOTO COCTaBa KOHCTPYKIIMOHHBIX
marepuanoB. HenocrarouHas TOYHOCTh KOHCTPYKTHBHBIX pa3MepOB.
Hapymienue pexuMoB TEPMUUECKONM U XMMHKO-TEPMHUECKON 00paboT-
Ky aeraneil. Hapymienue perinaMeHTOB COOpPKM M MOHTa)Ka KOHCTPYK-
U U MalluH

Hapymenue npasuin 6e3-
ONaCHOM 3KCIUTyaTalluy
TEXHUUYECKHUX CUCTEM

Hcrnonbp3oBaHue TEXHUKU HE 110 Ha3HayeHUr0. Hapylienne nacnoprHeIX,
IIPOEKTHBIX PEXUMOB FKCIUTyaTannu. HecBoeBpeMeHHbIe NMpopuIaKTH-
YecKHe OCMOTpBI U peMoHThI. Hapymienue TpeGoBaHUN TpaHCIOPTUPO-
BAHMS U XpaHEHUs

Omunbku nepcoHana

CnaOble HaBBIKM JIeHCTBUI B CI0KHOM cuTyanuu. HeymeHnue oneHuBaTh
uHpopmaruo o cocrosiHuu mporecca. Cnaboe 3HaHHE CYITHOCTH IMPO-
ucxozduiero npouecca. OTCyTCTBHE caM000J1alaHus B YCIOBUSAX CTpec-
ca. HegucnunimHupoOBaHHOCTH

Ananu3s pucka

Ananusz pucka unu puck-ananus (risk analysis) - npouecc uaeHTHGUKAITIN

(BBISIBJICHHS) OMTACHOCTEH M OLIEHKH pUCKa JJIs JIIOJIEH, MaTepUalbHBIX 00bEKTOB,
OKPY>KAIOIIEH NPUPOIHOU CPEIBI U JIP.
[Tpu 5TOM MO/ OMACHOCTHIO TOHUMAETCSI HICTOYHUK MOTEHIIMAIIBHOTO YIIep-

0a M Bpeaa WK CUTYaIus ¢ BO3MOKHOCTBIO HAaHECEHHU yiepoa, a Mo UICHTH-
duKarmei omacHOCTH - MPOIIECC BBISBJICHHS €€, a TAKXKE OIMPEJICIICHHE €€ Xapak-
TEPUCTUK.

AHanu3 pucka - CyObeKTHUBHBIN MPOIIECC, B XO€ KOTOPOTO YUUTHIBAIOTCS HE
TOJIbKO KOJIMYECTBEHHBIE MOKA3aTEeNIM, HO U MOKa3aTenu, He nojjarommumecs (op-
Malii3aliy, Takue, KaK MO3WIUU U MHEHUS Pa3IMYHbIX OOIIECTBEHHBIX TPYIII,
BO3MOXXHOCTh KOMIIPOMHUCCHBIX PEIICHUMN, IKCTIEPTHBIC OIEHKHU U T.J.



Oco00EHHOCTh aHaJIM3a TEXHOJIOIMYECKOr0 PUCKA 3aKJIK0YAETCS B TOM, YTO B
XO0JIe €ro paccMaTpUBAIOTCS MOTEHIMAILHO HEraTUBHBIE MOCIEACTBUS, KOTOPbIE
MOTYT BO3HHKHYTh B pe3yjibTaTe OTKaza B pabOTe TEXHUYECKUX CHUCTEM, COOEB B
TEXHOJIOTUYECKHUX MPOIIeCCaxX WM OMIMOOK CO CTOPOHBI IKCILTYyaTallMOHHOTO Tep-
COHaJla. DTO HE MCKJII0YaeT HEOOXOJUMOCTH PACCMOTPEHUS HETaTUBHBIX BO3JIEH-
CTBUU Ha JIIOZEH U OKPYXKAIOIUIYIO MPUPOJIHYIO Cpelly MpH 0€30TKa3HOM (DYHKIIHO-
HUPOBAHUM MPOU3BOACTBA B T.4. TEXHOJOTMYECKOW CHUCTEMBI (3a CUET HAIUYUs
BPEAHBIX IS 3I0pPOBbs JIFOJIEH MMPUMECEN B BO3JIyX€, YTEUKU BPEIHBIX HJIM OMac-
HBIX BEILECTB, HEOUHILEHHBIX CTOKOB, BO3JICUCTBHS COJTHEYHOU paJHalliu U T.1.).

Oouwiue nonoxcenus ananu3za pucka.

AHanu3 prucka uMeeT psj oOIMUX TMOJIOKCHUH HE3aBUCUMO OT KOHKPETHOM
IPUPOJIBI U3y4aeMbIX (PaKTOPOB PUCKA, METOIUKM aHAIM3a M crienu(uKu periae-
MBIX 3a/1a4.

Bo-nepgvix, o0uiel sBIsSETCsS 3a7ada ONPEAENCHUs JIOIMYCTUMOTO YPOBHS
pHUCKa, CTaHAAPTOB OE30MACHOCTH IEPCOHANA, HOTPEOUTENEH OMACHON MPOIYKIUH
WUJIM YCIIYT M 3alUThl OKPY>KAKOUIEH IPUPOIHON CPENIBI.

Bo-eémopuix, onpeneneHne ypOBHS pHUCKa IPOUCXOJIWUT, KAK IPABUIO, B
YCIOBUSIX HEJOCTATOYHOM WM HETOYHOM (HEmpoBEpeHHOH) MH(pOpMaluu, OCo-
OCHHO KOIJla 3TO KacaeTcsl HOBBIX TEXHOJIOTMYECKUX IPOIECCOB MJIM HOBOHM TeX-
HUKH.

B-mpemvux, B Xxo1e aHan3a 0OBIYHO MPUXOJUTCA pelIaTh BEPOSITHOCTHBIE
3aJlayy, YTO MOKET MIPUBOAMTH K PACXO0XKJICHHUSM B MIOJy4aeMbIX pe3yJIbTaTax.

B-uemeepmuix, ananu3 pucka Hy>kKHO paccMaTpuBaTh, KaK MPOLIECC PELICHUs
MHOTOKPUTEPHUAIBHBIX 33/1a4, KOTOPbIE OOBIYHO BO3ZHUKAIOT U3-3a HEOOXOAUMOCTH
HAXOXKJEHUSI KOMIIPOMHUCCA MEX]y CTOPOHAMHU, 3aUHTEPECOBAHHBIMU B OIpEJie-
JICHHBIX Pe3yJIbTaTax aHaIu3a.

OcHogHble nPUHUUNBL U NOCMYJIAMbL NPOEEOEHUS AHAIUZA PUCKA 6 UeIAX
ynpaenenus 06e30nacHoCmuvio

[Ipu npoBeaeHnH aHanu3a yYpOBHS pUCKA HEOOXOAMMO PYKOBOACTBOBATHCSA
CJIEYIOIMMHU MPUHLIKIIAMU (MJIM UX COUETAHUSIMHU):

® - MPUHIUI 0€3yCIIOBHOTO MpHOpHUTETa 0€30MaCHOCTH, COXPAHEHUS JKU3HHU U
3JI0pPOBbsI HaJl TIOOBIMU APYTUMH KPUTEPUSIMH KaueCcTBa KU3HU JIIO/IEH;

® - IPUHIMI TPUEMIIEMbIX OMACHOCTU M PUCKA, B COOTBETCTBUU C KOTOPHIM
YCTaHABJIMBAIOTCS HWKHUM (IOMYCTUMBINA) W BEPXHHUM (JKEIaeMblil) YpOBHH
0€30M1acCHOCTH U B 3TOM UHTEpBaJie — MPUEMIIEMbIH YPOBEHb 0€30I1aCHOCTH U
pHUCKa C Y4ETOM COLIMATbHO-9KOHOMUYECKUX (PAKTOPOB;

® - [IPUHLMUII MUHUMAJIbHOW OMACHOCTH, B COOTBETCTBUU C KOTOPBIM YPOBEHBb
pPUCKa YCTAaHABIMBAETCA HACTOJIBKO HU3KUM, HACKOJIBKO 3TO PEAIBHO JOCTH-
KUMO B KOHKPETHBIX COI[MATbHO-3KOHOMUYECKUX YCIOBUSX;

® - [PUHILIMII NTOCJEI0BATEILHOTO MPUOIMKEHUS K a0COIIOTHON O€30MaCHOCTH.

B 60onbpIMHCTBE CTpaH MUPOBOTO COOOIECTBA B HACTOSIIEE BpEMsI IPUHSTA
KoHIenus «mpuemiemoro pucka» (ALARA — as low as risk acceptable), mo3so-
JISIIOIIasi UCTOIb30BaTh MPUHIUI «IIPEABUIETh U MPEAyNPEAUTh». JTa OOIIEepH-
3HAHHAS KOHLEMNIMS HAallIa OTPAKEHNE B YETBIPEX OCHOBHBIX MTOCTYJIATaX:



* MEpBBIA MOCTYJAaT — ONPaBAAHHOCTh JEATEIBHOCTH IO YIPABICHHUIO
pucKkoM, GOopMyJIUpYETCsl KaK CTPEMIIEHUE K OOECIIEUEHUI0 MATEPUAIbHBIX U NYy-
XOBHBIX OJjiar mpu 0053aTeIbHOM COOJIIOJICHUU YCIIOBUS: MPAKTUYECKas IEATEIb-
HOCTb HE MOXET OBITh OIpaBAAaHHA, €CJIM BBIF0JIa OT ATOM JIEATENBHOCTH B LIEJIOM
HE MPEBBIIIAET BbI3BIBAEMOIO €10 ylepoa.

* BTOPOM IIOCTYJIaT — ONTHMH3ALUA 3alIUTHl 110 KPUTEPUIO CPEAHECTATH-
CTHUUYECKON OKUIAeMON MPOJOJDKUTEIBHOCTH NMPEACTOSIIEH KU3HU B OOIIECTBE.
OnTUManbHBIM CYUTACTCS BapUaHT COATaHCHPOBAHHBIX 3aTpaT Ha MPOIJICHHE
JKW3HU 34 CUET CHW)KEHUS YPOBHS PUCKA M 34 CYET BBITOJBI, MOJYy4aeMON OT XO-
35IMCTBEHHOM JIESITEIBHOCTH.

* TPETUH MOCTYJNAaT — HEOOXOJUMOCTh Y4eTa BCEro CHEKTpa CYLIECTBYIO-
IIMX OMACHOCTEH; BCs MH(GOpMAIKs O MPUHUMAEMBIX PEIICHUSX MO yINPABICHUIO
PHUCKOM JIOJIKHA OBITh JOCTYIHA IIUPOKUM CIOSM HACEJICHUS.

* YETBEPTHIA MOCTYyJAaT — Y4eT TpeOOBaHUI O HEMPEBBIINICHUU MPEIEIIbHO
JOIYCTUMBIX JKOJOTMYECKHUX HArpy30K Ha AKOcUCTeMbl. OH COCTOMT B TOM, YTO
obecrnieueHrne O€30MaCHOCTU YEJIOBEKA, JKUBYILEIO CETOAHSI, CIEAyeT AOCTUIaTh
NyTEM pealu3allii TaKUX PEIIeHUH, KOTOPbIE HE CHUXKAIOT CIIOCOOHOCTh MPUPOIbI
o0ecneunTh 6€30MaCHOCTh U MOTPEOHOCTH UeIOBeKa OyIyIIEro MOKOJIEHUS.

Ilenv u ocnosénvle memoovl npoeedeHUA OUEHKU PUCKA.

C aHanmM30M pUCKa TECHO CBSI3aH MPOLECC OLEHKHU pHucka. OneHka prucka 3To
IPOLIECC, UCTIOIB3YEMBIN ISl ONPENEICHUS BEJIMYMHBI (MEPBI) PUCKA JJIs 310pO-
Bbsl YEJOBEKAa, MATEPUAIIBHBIX LIEHHOCTEW, OKPYKAIOLIEH NPUPOJHOM Cpelapl U
JIPYTUX CUTyalluil, CBSI3aHHBIX C peaiu3anueil onacHocTH. OLeHKa pucka - o0s3a-
TEJIbHAS YaCTh aHAJIU3A.

Ha sToMm 3Tamne ycTaHOBJIEHHBIE OTACHOCTH JIOJKHBI OBITH OLIECHEHBI € Uelblo
6bl0eIeHUA ONACHOCMEll C HeNnPUEMIEMbIM YPOGHEM PUCKA. DTAIl CIIYKUT OCHO-
BOI Ui pa3pabOTKU PEKOMEHJAIMI U MPUHATUS MEp MO0 YMEHBIIECHUIO OMAaCHO-
creil. IIpu 3TOM M KpUTEpPUH MPUEMIIEMOIO PUCKA, U PE3YJbTAThl OLICHKU pUCKA
MOTYT OBITh BBIPAYKEHBI KaK KaU€CTBEHHO, TaK U KOJU4YeCTBEHHO. OIeHKa pucKa
BKJIFOUYAET B ce0s1 aHAJIN3 YAaCTOThI M aHAJIM3 MOCIIEICTBUM.

OpnHako, Koraa nocJIeCTBHAsS HE3HAYMTEIbHBl M YaCTOTAa KpalHEe Maia, J0-
CTaTOYHO OLIEHUTH JIUIIb OJWH U3 YKa3aHHBIX IapaMETPOB.

Cywiecmeyom paznole Memoobl OYeHKU PUCKA.

[TepBbiii U3 HUX - uHHcenepHwiii. OH ONMUPACTCS HA CTATUCTUKY pPEaIu30-
BaBILIMXCS OIMACHOCTEH, HAa BEpPOSTHOCTHBIM aHanu3 O€30MaCHOCTH, KOTOPbIN
OOBIYHO BKJIFOYAET MOCTPOCHHUE U PACUYET TaK HA3bIBAEMBIX JEPEBHEB COOBITHI U
JepeBbEB 0TKa30B. C MOMOIIBIO NEPBBIX TPOTHOZUPYIOT BO3MOKHBIE MTOCIEACTBUS
pa3BUTHSl TOM WM MHOW OIMACHOCTH, a JE€PEBbS OTKA30B, HA00OPOT, MOMOTAIOT
MPOCIEAUTh BCE MPUUYMHBI, KOTOPbIE CIIOCOOHBI BBI3BATh KAKOE-TO HEKENIATEIbHOE
cobriTe. Korna nepeBbsi MOCTPOEHBI, PACCUUTHIBAETCS BEPOSITHOCTh pealln3aliu
KaXXI0ro M3 ClieHapueB (KaxJoM BETBU), a 3aTeM - 00Ias BEpOSITHOCTh Hebe3-
OTTACHBIX COOBITHIA B AaHAIM3UPYEMOU CUCTEME.

Bropoli moaxon, mooenwvustit, - OCHOBaH Ha paCCMOTPEHUH MOJEJIEH BO3-
JEHCTBUS BPEAHBIX (PAKTOPOB Ha YEJIOBEKAa U OKPYKAIOLIYIO Cpery. DTH MOJEIH



MOTYT OLIEHHWBATh BO3JCUCTBUS KaK B XOZ€ paOOThI CUCTEM B IUTATHOM PEXHUME,
TaK 1 MPU BOBHUKHOBEHUU B HUX OCOOBIX CUTYaIUH.

O6a moaxoa OCHOBAaHbI HAa pacyeTax, OJJHAKO, JJIs TAKUX PAacueTOB JAJIEKO
HE BCEr/la XBaTaeT HaJIeKHBIX UCXOJHBIX JTaHHBIX. B 3TOM ciydae mpuemiieM Tpe-
TUN TOJXOJ] - IKCHEPMHBLIL: BEPOSITHOCTU PA3NIMYHBIX COOBITHM, CBSA3U MEXAY HH-
MU U TIOCJIEJICTBUSMHU OIPEACIIAIOT HE BHIYUCICHUSIMH, a ONPOCOM ONBITHBIX CIie-
[[UAJICTOB.

HakoHeln, B paMKax 4€TBEPTOro MOAXO0/A - COUUOI02UHECKO20 - UCCIIENYET-
Csl OTHOLUEHHWE JIIOJEH K pa3sHbIM BUAAM PHUCKA, HAIPUMEP C MOMOIIBIO COLMOJIO-
THYECKUX OIPOCOB.

Ilenw ynpasnenusa puckom.

[log TEpMHHOM «yIpaBiICHUE PUCKOM» MOHUMAETCS COBOKYITHOCThH JEH-
CTBUM, HAIIPaBJICHHBIX HA CHUJMCEHUE YPOGHA MEXHON0ZUUECKO20 PUCKA, YMEHb-
uieHUue NOMEeHUUAIbHLIX NOMeEPb U OPYUX HEe2AMUGHBIX NOC/1e0CHEUTl HEXeENa-
TenbHBIX coObITUH. 10 cyTH nena, peus uaeT o NpeaoTBPAILIEHUN BOSHUKHOBEHUS
IIPOUCIIECTBUNA B XOJI€ MPOU3BOJCTBEHHON JEATEIBHOCTH U MEpax IO JOKaIu3a-
[IMM HETaTUBHBIX IMOCJEACTBUI B TEX CIIydasX, KOrja HeKelaTelIbHble COOBITHS
IIPOU3OLLLIN.

OcHoeHbvle 6uodbl yuiepoa usz-3a peanuzayuu MexHO2eHHbIX ONACHBIX PaAKMopoa.

[TocnencTBusi HEOIATONPUATHBIX COOBITHII MOXHO Pa3/ieliuTh HA TPU TPYyI-
bl yep0a: * NpUuYMHEHre yiiep0a *U3HU U 3J0POBBIO JIIOCH; * SKOHOMUYECKUE
yIIepObl: —U3-3a MOBPEXKICHHUS U Pa3pyLICHUs] TEXHUYECKUX OOBEKTOB, BKIIIOYAS
O0OBEKTHI aBHAIIMOHHON UH(PPACTPYKTYpPbl; —KOCBEHHBIE YOBITKU M3-3a BBIXO/IA MX
U3 SKCIUTyaTallhud U OCTAHOBKHM MPOU3BOJACTBA; * yuiepO U HEOJIaronpusiTHbIE MO-
CJIEJICTBHS 1151 OKPYKAIOILEH CPEIbl.

[Ipu paccMOTpeHUN COLMAIBHBIX, SKOHOMUYECKUX U SKOJIOTUYECKUX CTOPOH
HEOJIAronmpusITHBIX COOBITUH 11€TIeCO00Pa3HO OMEPUPOBATH MOHSATUSMU MPSIMOTO,
KOCBEHHOT'O U MOJHOTO yIepoa.

Oowgnocms u paznuyue npoyeodyp OUEeHKU U ynpasieHus puckom.

O0mmM B OIIEHKE pHCKAa U YIPABICHUH PHUCKOM SIBJISIETCA TO, YTO OHU
IPEJCTaBISIIOT cO00M ABE CTaAMM €IMHOTO IpoLecca ypaBiIeHUs] 0€30MacHOCThIO
NEeATENbHOCTH. L{enpro 3TOM NEATENbHOCTH SIBISETCS ONPENECICHUE NPUOPUTETOB
JIEWCTBUH, HAIIPABJICHHBIX HA YMEHBIIEHUE PUCKA JO NPUEMIIEMOIN BEIMYHUHBL. ITO
CTAaHOBUTCSI BO3MOKHBIM, KOT/Ia M3BECTHBI KaK MCTOYHHUKHU OIMACHOCTH - (aHAIM3
pucka), Tak 1 Haubosnee >P(EeKTUBHbIE MYTH UX YCTPAHEHHS WIM JIOKAJIU3ALHUH
(YympaBieHUEM PUCKOM).

OcHOBHOE paznuyue MEXIy ABYMSI MOHATHSIMHU 3aKIIOYAETCs B TOM, YTO
OLICHKA PHUCKA CTPOMUTCS HAa €CTECTBEHHOHAYYHOM M HMH)KEHEPHOM H3YyUYEHHH HC-
TOYHUKA (HampuMmep, HaJACKHOCTh BO3AYIIHOIO CyAHAa) U (PAKTOPOB pHUCKA
(manpumep, TexHudeckoe oOciyxkuBanne BC) m mexaHw3zMa B3auMOJCHCTBUS
MEK]ly HUMHU.

Ilpuyunst nepexooa om Konyenyuu «adcoIOMHOIN 6e30naAcCHOCMU) K KOHYen-
UUU (NPUEMTIEMO20 PUCKA).

TpaauiuoHHbIi MoAX0A K o0ecreueHno 0e30MacHOCTH MPH 3KCILTyaTaluu

TEXHUYECKUX CUCTEM M TEXHOJOTMH Oa3upyeTcss Ha KOHIENIHMH "aOCOTIOTHON
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oesonacuoctu" — ALAPA (ab6peBmarypa ot "As Low As PracticablLe
AchievabLe": "HacTONBKO HU3KO, HACKOJIBKO ATO AOCTHKUMO TpakTrdecku"). To
€CTh BHEJIPEHUE BCEX MEp 3allUThl, KOTOPbIE MPAKTHUYECKU OcyllecTBUMBI. Kak
MOKa3bIBaeT MPAKTUKA, TaKasi KOHIICTIIMS HeaJeKBaTHA 3aKOHaM TeXHOC(hephl. ITU
3aKOHBI UMEIOT BEPOSITHOCTHBINA XapakTep, U abCcoItoTHAs O€30MacCHOCTh JTOCTUTa-
€TCs JIMIIIb B CUCTEMax, JIMIIICHHBIX 3allaCeHHON sHepruu. TpedoBaHue abCOIIOT-
HOM 0€30MacHOCTH, MOJAKYMAIOIIee CBOCH I'YMaHHOCTbIO, 000pauMBaeTCsl Tpaream-
el IS oIk, TOTOMY 4TO 00€CTIeunTh HYJEBON PUCK B ICUCTBYIOIUX CHCTEMAax
HEBO3MOJKHO, ¥ YEJIOBEK JIOJDKEH OBITh OPUEHTHPOBAH HAa BO3MOXKHOCTH BO3HHK-
HOBEHUS OMIACHOM CHUTYyaIlWH, T.€. OPHCHTHPOBAH HA COOTBETCTBYIOIIHMA PUCK.

B Hacrosmiee Bpemsi Ha CMEHY KOHIICTIIIMHM a0CONIOTHOW O€30MacHOCTH
MpUlUIa KOHIENUus "mpuemMiaeMoro” (IOMyCTUMOro) pUcCKa. DTO MOHSATHUE MPO-
M30IUI0 OT MPHUHATOTO B COBPEMEHHON HAyYHOW JUTEpAType TEpPMHHA "TPUHITATI
npuemiieMoro pucka", m3BectHoro kak npuHiun ALAR (ab6peBuatypa ot "AS
Low As ReasonablLe AchievabLe": "HacTOIBKO HU3KO HACKOIBKO 3TO JOCTUKUMO
B Mpejesiax pa3yMHOro", yUuThIBas COLMAJIbHBIE dKOHOMHUYECKHE (akTopbl). To
€CTh €CJIM HeJb3s CO3/1aTh aOCOJIIOTHO Oe30MacHbIe TEXHOJIOTHH, 00eCTeunTh ab-
COJIFOTHYIO 0€301acHOCTb, TO, OUYEBUJIHO, CJIETYET CTPEMUTHCS K TOCTHXKEHHIO, XO-
T OBl TAKOTO YPOBHSI PUCKA, C KOTOPHIM OOIIECTBO B JIaHHBIN MEPUOJ BPEMEHU
MOKET COTJIACUTHCS.

1.12. Ileau nocmpoenusn «F/N ouazpammy.
KirroueBoe 3HaueHHWe B YCTaHOBIIE-
Lo HHUHW TpaHHUI] JOIMYCTMMOTO pHCKa MOJIy4YH-
na unes, npeanoxennas @apmepom B 1967
roxy. CMBICT ee 3aKJII0Yalcs B yCTaHOBIIE-
HUW 3aBUCUMOCTH MEXIY CPEIHHM KOJIH-
YECTBOM HEKEJATEeNIbHBIX (HEOE30MaCHBIX)
COOBITHII M BEpPOSTHOCTBIO (CpemHsAs 4Ya-
5 CTOTa B TOJ)) WX HacTyrieHus. [Ipumepom
10 \ WCIIOJIb30BAHUSI TaKUX JUarpaMM MOTYT
\ \ cnykuTh Tpaduku (cM. puc.l.1l), Ha KOTO-
10 \ = =l PBIX TIOJI00HBIE 3aBUCUMOCTH TTPUMEHSIOT-
\ \l\H ] Csl JIE CpaBHEHUS PA3IMYHBIX TEXHOTEH-
1 - HBIX ¥ IIPUPOJIHBIX OMACHOCTEN. 3a TAKUMHU
\, rpadukamu 3akpernuiocs HazBanue "F/N -

107 \ auarpamma’.
1

T
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Yactora F, columese/ ] ——

[lonoGHbIe Tpaduku ¢ TOPU3OH-

107 . . v o v
0 100 1000 10000 100000 Lonsen  TAVIPHOH  OCBIO N YHCJIO COOBITHH CO

" ~
Uscnes B IS TLTEHAD HE00moE » CMCPTCJIBbHBIM HCXOJAOM M BCPTHUKAJILHOU

Puc. 1.1 Yacrora u Koiau4ecTBO KatacTtpod cBs3aH-
HBIX C TEXHHKOHW | - cymMMapHas KpuBast; 2 - oOiee
yucno kartactpod BC; 3 - moxapsr; 4 - B3pBIBB; S5 —
MPOPBIBBI IUNIOTHHBL; 6 - BBHIOPOCHI BPEIHBIX XHMH-
YeCKHX BEIeCTB; 7 — KaracTpodbl CcaMoJICTOB
(6e3 maccaxupoB); 8 - 100 aTOMHBIX PEaKTOpPOB

ocbio F - "yacTora coObITHil" B cityuae, ec-
JM KOJMYECTBO JAHHBIX U JMANa3oH MX
U3MEHEHUN OY€Hb BEJIHMK, OOBIYHO CTPOST-
csi B Jsorapudpmudeckom Mmacmradbe. OHu
MOTYT OBITH aNMPOKCUMHUPOBAHBI HEMpe-
PBIBHOM (PyHKITHEH.



OcHoeHble yco6usn 603HUKHOBEHUA MEXHO2EHHO20 PUCKA.

PHCK IIETaqbHOro MCXO/a CyHmIeCTBYeT Ha ypoBHe 107 u BhIIIE HA YEIOBEKA
B roa. Takum oOpa3oMm, Npu MPOCKTUPOBAHUU U DKCIUIyaTallUd TEXHUYECKUX
YCTpOMCTB puck Ha ypoBHe 107 4en/rog MOXKeT ObITh NPUHAT AOMYCTUMBIM HPH
CJIeYIOUIUX YCIAOBHAX: - MpobiieMa pUCcKa MPOaHaTU3MPOBaHA TITyOOKO M BCe-
CTOPOHHE; - aHAJIU3 MPOBEJEH /10 MPHUHITHS PEIIEHUN U MOATBEPKIECH UMEIOIIH-
MUCS CTaTUCTHUYECKUMU JIAaHHBIMU B ONPEICICHHOM BPEMEHHOM HMHTEpBaje; - IMo-
Clie HACTYIUICHUs HEOJAromnpusTHOTO COOBITUS aHAIM3 U 3aKJIIOUEHHE O PUCKE,
MOJIy4YeHHbIE HA OCHOBAHMM UMEBIIUXCS JaHHBIX, HE MEHSIOTCS; - aHAJIM3 MOKa3bl-
BaeT, U PE3yJIbTaThl KOHTPOJISI BCE BPEMS MOJTBEPKAAIOT, YTO Yrpo3a HE MOXKET
OBITh YMEHBIIIEHA IICHOW ONPaBJAAHHBIX 3aTpart.

Ienu u ¢hopmor moodenuposanusn npoyecca 603HUKHOBEHUA U PAZGUMUA MEXHO-
2EHHO020 pUCKa

JIis OLIEHKM AWHAMHMKH BO3HMKHOBEHHMS W PA3BUTHUA TPUYUH TPOHUCIIE-
CTBUU, MPOTHO3UPOBAHUSA UX MOCIEICTBUN OOBIYHO TpeOyeTcs co3qaBaTh MaTeMa-
TUYECKHUE MOJIENH, MO3BOJISIOIINE OCMBICIUTD MOBEIEHUE TEXHUYECKON CUCTEMBI U
C €€ MOMOUIBIO OLICHUTh Pa3IUYHbIE CTPATEruu pucka. Mojenp 10KHA OTPaKaTh
BaXHEHINIE YePTHI SBJICHUS, T. €. B HEH JOJDKHBI OBITh YUTCHBI BCE CYIIECTBEHHBIC
(bakTOphl, OT KOTOPBIX B HAMOOJIBLIEH CTENEHH 3aBUCUT (DYHKIIMOHUPOBAHUE CHU-
creMbl. BMecTe ¢ TeM OHa J10JKHA OBITH IO BO3MOKHOCTU MPOCTOM U MOHSITHOM
II0JIb30BATEINIO, LIEJICHANPABICHHON, HAJIeXKHON (rapaHTus OT aOCypAHBIX OTBe-
TOB), YIOOHON B yHpaBJIEHUU M OOpPAILLEHUH, TOCTATOUYHO IOJHOW, aJIEKBaTHOM,
MO3BOJIAOILEH JIETKO MEPEXOAUTh K JIPYrUM MOAU(PUKALUIM U OOHOBIICHUIO JaH-
HBIX.

[Ipu mocTpoeHuu MaTeMaTHYEeCKOH MOJETN MOKET OBbITh HUCIIOJIb30BaH Ma-
TEMaTUYECKHUI anmapar pa3iMyHON CIOKHOCTH - aiaredpandeckue u nuddepeHim-
allbHbIE YpaBHEHHsI, KaK OOBIKHOBEHHBIE, TaK M C YaCTHBIMHU MPOU3BOAHBIMU. B
HanOoJiee TPYIHBIX CIy4yasX, €CIM (PYHKUMOHUPOBAHHE CHCTEMBlI 3aBUCUT OT
OOJBIIOr0 YHCJIA CIOXHO COYETAIOIIMUXCS MEXIy COOOW CllydailHbIX (PaKkTOpoB,
MO>KET MPUMEHSATHCSI METOJI CTATUCTUYECKOTO MOJIETIMPOBAHUSI.

Mooenuposanue coyuanbho2o pucka. COnUanbHbI PUCK - 3aBUCUMOCTH
YacTOThl BO3HUKHOBEHHUS! COOBITHH, BBI3BIBAIOLIMX YHIEPO OMNpPENeIeHHOro Mac-
mrTaba, oT MacmTada ymepoa. Pe3ynpTaThl aHamn3a n300paxkaroTcs B Buje rpadu-
KOB (Tak Ha3biBaeMbix F— N muarpamm). Cormanshsiii puck R - F(N) xapakrepu-
3yeT MaciTad peanu3ali BO3MOXHBIX onacHocTed. COIMalbHbI PUCK MOXKET
OBITH paccuuTaH 1o Gopmyie

Ro(W)= 3% AN/ Q. )P(Q, / ALF (A1)

mald [al
rae P(N/Qm)— BeposiTHoCTh TuOenu (TpaBMupoBanusa) N mogeit or Qm-ro ¢ak-

topa yrpo3bl, P(Qm/AI) - BeposTHOCTH BO3HUKHOBEHUsT QM-ro ¢akTopa yrpo3bl
npu peanuzauuud Al -ro coObITus (aBapuM, ONACHOTO MPUPOJHOTO SBJICHUS, KaTa-
CTPO(dbl, CTUXUIHOTO WJIK UHOTO OCJICTBUSA).




JIsl OLIEHKM pUCKa MPOUCLIECTBUM, HApALY C AHAIUTUYECKUMHU METOJAMM,
IIPECTABIIIETCS. BO3MOXKHBIM HCIIOIb30BaHue Merona Monrte-Kapio. bonbmma-
CTBO METOJIOB, UCIIOJb3YEMBIX IIPU aHAIU3€ PUCKOB, MO3BOJAIOT peulaTh BEPOAT-
HOCTHBIE IIPOOJIEMBI, CBOJIA MX K 3a/JayaM TEOpUU BEPOSITHOCTEH M MaTeMaruye-
CKOI'0 aHajIu3a, PELICHUE KOTOPBIX, B CBOK OYEPElb, MOKHO IIOJIYYUTh aHAIUTH-
4eCKU WK 4ynuciieHHo. Meron MoHnre-Kapio, Ha3bIBaeMbIi TakKe METOAOM CTaTH-
CTHUYECKOTI'0 MOJIEJIMPOBAHUs, MO3BOJISIET pellaTh BEPOSATHOCTHBIE MPOOJIEMBI CTa-
TACTUYECKUMH CPEJICTBAMU.
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NEKUMNA 2 OCHOBHBbIE OMNPEAEJNIEHUNA TEOPUM
HAOEXHOCTHU

Haoesicnocmo, bezomraznocmyb, 0071208€4HOCIb, PEMOHMONPULOOHOCHb, COXPA-
HAeMoCcmb mexHuveckux cucmem. Knaccuguxayus cocmosnuii mexwuueckoeo
obvexma. Buowvl nadesxcrnocmu. Omkazvl 00vexma u ux Kiaccugpukayusi.

[IpuMeHUTETHPHO K OMACHBIM MPOMBINIJICHHBIM U TPAHCTIOPTHBIM OOBEKTaM
I1EJI€CO00Pa3HO paccMaTpUBaTh MPOOJIEMbI O€30MaCHOCTH KaK MPOOIeMbI HaIEK-
HOCTU CJIOXHBIX UYEJIOBEKO-MAlIMHHBIX CHCTEM IO OTHOLICHHIO K 3/I0POBBIO U
KU3HU JIIOJIEH, COCTOSTHUIO OKPY>KaIOIIEH CPEIbI.

Bo-miepBbIX, Npu OMpeeIeHHBIX YCIOBHSIX 3TH TOHSATHS TECHO CBS3aHBI
(Hampumep, KOrja HapylleHUEe paboTOCIIOCOOHOTO COCTOSIHUS TEXHUYECKUX 3JIe-
MEHTOB CHCTEMbI MOXKET MPUBECTH K aBAPUUHBIM WJTM KaTaCTPOPUUECKUM TMOCIE]-
CTBUsAM). BO-BTOPBIX, TaKOW MOAXO/ MO3BOJISIET HCIOJIB30BATh KOJIMYECTBEHHBIC
nokasareyid 6e30MacHOCTH, MOI00HBIE B MATEMAaTUYECKOM OTHOIIIEHUU MPUHSTHIM
MOKa3aTesiiM TEOPUHM HAJEKHOCTH, METOAbl KOTOPOH pa3paboTaHbl JOCTATOYHO
MOJIHO U IIUPOKO UCTIOIB3YIOTCS Ha MPAKTHKE.

[Ipu 5TOM BBOAMUTCS TOHSTUE «TEXHUYECKUU PUCK» (WK (YHKIMS PUCKA)
KaK JOTIOJIHEHHUE 10 €IUHUIIbI (DYHKIIMK O€30MacHOCTH, ONpEAeIsieMOn M0 aHaJo-
ruu ¢ (QyHKIHEH HaIEeKHOCTH KaK BEPOSTHOCTH Oe3omacHod paboTel. TexHuye-
CKUH PUCK HE BKIIOYACT M3MEPEHHUE pa3MEpOB MOTeph WK ymiepOa, 3Ta XapakTe-
PHUCTHKA MTO3BOJISET OIEHUBATh BEPOSTHOCTH KPUTHUECKOTO (OMAaCHOTO) OTKAa3a.

Haodeycnocmb - cBoiicTBO 00BEKTa COXPAHITh BO BPEMEHH B YCTaHOB-
JICHHBIX TpeJiefiax 3HaueHUsI BCEX MapaMeTpoOB, XapaKTEPU3YIOUIUX CIHOCOOHOCTH
BBITIOTHATH TpeOyeMble (DYHKIIUU B 3aJaHHBIX PEKUMAX U YCIOBUSX MPUMEHEHUS,
TEXHUUYECKOTO OOCIyKMBaHUsSI, PEMOHTOB, XpaHEHUsI U TpaHcropTupoBku. K ma-
paMeTpaM, XapaKTEPU3YIOIIUM CIOCOOHOCTh BBIMOJHATh TpeOyeMble (PYHKIIHH,
OTHOCSIT TEOMETPUYECKUE, KHHEMaTHYECKUE U JUHAMUUECKHE MMapaMeTphl, oKa3a-
TeJM KOHCTPYKIIMOHHOW MPOYHOCTH, MOKA3aTeIM TOYHOCTU (DYHKIIMOHUPOBAHUSI,
MPOU3BOJIUTEIIBHOCTH, CKOPOCTH U T. M. C T€UEHUEM BPEMEHH 3HAYCHUsS ITUX Ma-
paMEeTpPOB MOTYT U3MEHSTHCS, XapaKTEPHU3ysl TO UM MHOE COCTOSIHUE OOBEKTA.

Ceoiicmea mexnuueckoil cucmemul

HanexxHOoCTh - KOMIUIEKCHOE CBOICTBO, ONMpPEAEISIEMOE 4Yepe3 0Oe30mKa3-
HOCMb, 0071206€4HOCHb, PEMOHMONRPULOOHOCHb, COXPAHAEMOCHb TEXHUYECKUX
cucteM. /{15 KOHKPETHBIX OOBEKTOB M YCIOBUM WX IKCIUTyaTallMd 3T CBOMCTBA
MOTYT UMETh Pa3IUYHYI0 3HAUUMOCTb.

be3omkaznocmp - cBOMCTBO 00BEKTA HEMPEPHIBHO COXPAHATh PabOTOCHO-
COOHOCTh B TEYECHHE HEKOTOPO HApaOOTKH WJIM B TCUCHUE HEKOTOPOTO BPEMEHH.

Pemonmonpuzodnocms - cCBOWCTBO 00beKTa ObITh TPUCIOCOOJIEHHBIM K
MPEAYNPEKICHUIO U 00OHAPYKEHHUIO OTKA30B U MOBPEKIECHUM, K BOCCTAHOBJICHUIO
paboTOCTIOCOOHOCTH M UCIIPABHOCTH B IIPOIIECCE TEXHUYECKOTO OOCTYKUBAHUS U
pEMOHTA.
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onzoseunocmp - CBOWCTBO 00BEKTa COXpaHATH PabOTOCTIOCOOHOCTH 10
HACTYIUICHUS IPEIETbHOTO COCTOSIHUSI ¢ HEOOXOIMMBIM MPEPHIBAHUEM ISl TEXHH-
YEeCKOTo 00CTy>KUBaHUSI U PEMOHTOB.

Coxpanaemocnb - CBOUCTBO 00BEKTA HEMIPEPHIBHO COXPAHSITH UCIIPABHOE U
paboToCIOCOOHOE COCTOSIHHME B TEUCHHE (M TTOCIE) XpaHEHUS U (WJIU) TPAHCIIOPTH-
POBKH.

Hapabomka — nipo10KUTEIBLHOCTD WM 00beM paboThl 00bekTa. HapaboTka
MOXET OBITh KaK HEMPEPHIBHOW BEITUYHHON (IIPOIOJDKUTEIHLHOCTh pabOTHl B 4Ya-
cax) TaK W [EJTOYNUCICHHON BEIMYNHOMN (YUCIIO pabovmX ITUKJIOB, 3aITyCKOB, IOJIE-
TOB | T.I1.).
Hapabomka 00 omkaza — HapaboTKa 00BbEKTa OT Havaja dKCIUTyaTaluu 10
BO3HMKHOBEHUS TIEPBOTO OTKA3a.
Pecypc — cymmapnas HapaOoTKa 00beKTa OT Hadala €ro SKCIUTyaTalluy WK e
BO300HOBJICHHS MOCTIE PEMOHTA JI0 MePeX0/ia B MPEAEIbHOE COCTOSHUE.
Cpok_cayxcobl — KaneHaapHas MpOAOHKUTENBHOCTh KCIUTyaTalldd OT Haudaja
AKCIUTyaTaliii 00bEKTa WM €€ BO30OHOBJICHHS IOCJIE PEMOHTa JI0 IMepexoja B
peiesIbHOE COCTOSIHUE.
Ocmamounslii_ pecypc — CyMMapHas HapaOOTKa 00beKTa OT MOMEHTa KOHTPOJIS
€ro TEXHUYECKOTO COCTOSHUSA JI0 MePexo/ia B MPEJEIbHOE COCTOSIHUE. AHAIOTMYHO
BBOJISATCA TIOHSITHSl «OCTaTOYHasi HapabOOTKa N0 OTKa3a» M «OCTAaTOYHBIA CPOK
CITYKOBI».
Ha3znauenustii pecypc - cyMmMapHasi HapaboTKa, TPU JOCTHKEHUN KOTOPOH
AKCIUTyaTanusl 00beKTa JOJKHA OBITh MPEKpalleHa HE3aBHCHMO OT €Tr0 TEXHHYE-
CKOTO COCTOSTHHSI.
Ha3znauennolii_cpoK ciyicobl — KajeHIapHas MPOIOJDKUTEIFHOCTh JKCILTyaTa-
IIUH, TP JOCTHKEHUN KOTOPOH 3KCIUTyaTanus 00beKTa JTOJDKHA OBITH TIpEeKpaliie-
Ha HE3aBUCUMO OT €r0 TEXHHYECKOTO COCTOSHUS.

Knaccuguxayua cocmoanuit mexnuueckozo oo6vekma

B Teopun HamexHOCTH OOBIYHO PACCMATPHUBAIOTCS UCHPAGHOE, HEUCHPAs-
Hoe, padbomocnocooHoe, HepadomocnocodHoe Vi npeodesibHoe COCTOSTHUS.

HUcnpaenoe cocmosanue (MCTIPaBHOCTh) — COCTOSIHUE OOBEKTa, MPU KOTO-
pPOM OH COOTBETCTBYET BCEM TPEOOBAHUSIM HOPMATHUBHO-TEXHUYECKOW W (WJIM)
KOHCTPYKTOPCKOM (IIPOEKTHOM) JOKYMEHTAIIUH.

Heucnpasnoe cocmosnue (HEUCIPAaBHOCTh) — COCTOSIHHE OOBEKTa, MPHU
KOTOPOM OH HE COOTBETCTBYET XOTS OBbI OJHOMY W3 TPEOOBAHWI HOPMATHBHO-
TEXHUYECKOM U (M) KOHCTPYKTOPCKOM (MTPOEKTHOMN) TOKYMEHTAIUH.

Pabomocnocodnoe cocmoanue (padboTocrnocoOHOCTh) — COCTOSHUE 00BEK-
Ta, MMPU KOTOPOM 3HAYCHUS BCEX MApaMETPOB, XapaKTEPHU3YIOIIUX CHOCOOHOCTH
BBITIOJIHATH 33/IaHHbIE ()YHKIIUH, COOTBETCTBYIOT HOPMATHBHO-TEXHUYECKOH (IIpo-
€KTHOW ) TOKYMEHTAIUU.

Hepabomocnocoonoe cocmosnue (HepabOTOCIIOCOOHOCTh) — COCTOSIHUE
00BeKTa, MPU KOTOPOM 3HAUYECHHE XOTSI OBl OJTHOTO TTapaMeTpa, XapaKTEPUIYIOIIETO
CIIOCOOHOCTh BBITIOJHSATH 3aJlaHHble (YHKIIMHM, HE COOTBETCTBYET TPEOOBAHUSIM
HOPMATUBHO-TEXHUYECKON M (WJIM) KOHCTPYKTOPCKON (TIPOEKTHOM) HOKYyMEHTa-
1107078
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Ilpedenvnoe cocmoanue — coctosHue oOBEKTa, MPU KOTOPOM €ro Jajb-
Helas HKCIUTyaTalysl HEAOMyCTUMa WM HelernecooOpa3Ha b0 BOCCTaHOBIIE-
HUE ero paboTOCIOCOOHOTO COCTOSTHUSI HEBO3MOXKHO UJU HelenecooOpasHo. Kpu-
TEpUN MPEIAEIBHOTO COCTOSIHUSA — MPU3HAK WIM COBOKYIMHOCTh MPHU3HAKOB Ipe-
JIEBHOTO COCTOSIHUSA 00BEKTA, YCTAHOBJICHHBIE HOPMATUBHO-TEXHUYECKON U (MIIH)
KOHCTPYKTOPCKOM (IIPOEKTHOM) TOKyMEHTaIuel. B 3aBUCMMOCTH OT YCIIOBUM dKC-
IUTyaTallud ¥ Ha3HAYEHUS JJI OJTHOTO U TOTO K€ 00BhEKTa MOTYT ObITh YCTaHOBJIE-
HBI pa3JIMYHbIC KPUTEPUU MIPEACTBHOTO COCTOSHUS.

Buowt naoexcrnocmu

MHoroueneBoe Ha3HauY€HHE O0OpPYAOBaHUS U CHCTEM IPHUBOJIUT K HEOOXO-
JMMOCTU HCCIIEJIOBATh T€ WM JIPYTU€ CTOPOHBI HANEKHOCTH C YYETOM IPUYMH,
bopMHPYIONTUX HAIEKHOCTh OOBEKTOB. ITO IPUBOIUT K HEOOXOAUMOCTH
noApa3eieHus HaJIe)KHOCTH Ha BUbI. PaznuyaioT:

- ANNApPamypHy0 HadeydcHocny, 00yCIOBICHHYIO COCTOSSHUEM TEXHUUYECKHUX dJie-
MEHTOB CJIOKHBIX CHUCTEM; B CBOIO OYEpPEAb OHA MOXKET IOJpa3JeNAThCs Ha
HAJIE)KHOCTh KOHCTPYKTUBHYIO, CXEMHYIO, TPOU3BOJICTBEHHO-TEXHOJIOTHYECKYIO;
- (DYHKUUOHABHYIO HAOEHCHOCHb, CBA3AHHYIO C BBINOJHEHHEM HEKOTOPOU
bynkuun (Mu60 KoMIUIeKca (QYHKIIHI), BO3JIaraeMbIX Ha 00BEKT, CUCTEMY;
- IKCHIYAMAUUOHHYIO HAQEHCHOCHb, OOYCIOBIEHHYIO KaueCTBOM HCIOJIb30Ba-
HUS U 00CITy>KUBaHUS;
- NPOZPAMMHYIO HAQEHCHOCH b, OOYCIOBICHHYIO KaUeCTBOM IIPOrPaMMHOro odec-
ne4yeHus (mporpaMm, aaropuTMOB AEUCTBUI, MHCTPYKUUN U T.1.);
- HaodexcHocmo _cucmemsl "'uenosek-mawiuna'’, 3aBUCIAIIYI0 OT XapaKTEPUCTHUK
B3aMMO/ICHCTBUS YEJIOBEKA-OMepaTopa U TEXHUYECKOr0 YCTPOICTBA.

Omkas3zvl 00veKkma u ux Kuaccupuxayus

OnaHUM U3 OCHOBHBIX MOHSITUN TEOPUU HANICKHOCTH SIBJIICTCS TOHSATHE OT-
Kaza (0OBeKTa, anemMeHTa, cuctembl). Ommbka ornepaTopa MOXKET TaKKe paccMmart-
pUBaTbCA KaK OTKa3 (PYHKIIMOHAJIBHOTO AJIEMEHTAa CIIOKHOW MOJMIPraTHIeCKOM
(4eoBEKO-MAIIMHHOW) CUCTEMBI.

Otka3 00beKTa - COOBITHE, 3aKIIFOYAIONIEECS B TOM, YTO OOBEKT ITOJHOCTHIO
WM YaCTUYHO TIEpecTaeT BBIMONHATH 3agaHHble ¢yHKuMU. [Ipu monHoN motepe
paboTOCTIOCOOHOCTH BOSHUKAET HOJIHbLI OMIKA3, TIPU YaCTUYHOW - YACHUYHBLIL.

[ToHSATHS TOTHOTO U YaCTUYHOTO OTKA30B KAXKIBIN pa3 OJKHBI ObITh YETKO
chopMyIHpOBaHbl MEpe]l aHATU30M HAJEKHOCTH, MOCKOIBKY OT 3TOrO 3aBUCHUT
KOJIMYECTBEHHAs OI[EHKA HAJICKHOCTH.

[lo npuuunam 603HUKHOBEHUA OTKAZ0B PA3TUYALOT:
* OTKa3bl U3-32 KOHCTPYKTUBHBIX JT€(EKTOB;

* OTKa3bl U3-3a TEXHOJIOTHYECKUX JIe(PEKTOB;

* OTKa3bl U3-3a IKCIUTyaTallMOHHBIX JE(EKTOB;

* OTKa3bl U3-3a MIOCTEIIEHHOTO CTapeHUs (M3HOCA).

OTKa3pl 10 HPUYUHHBIM CXEMAM 803HUKHOBEHUA TIOIPA3IEISIIOTCS Ha Clie-

JYIOLIWE TPYIIIbI:

* OTKa3bl C MTHOBEHHOW CX€MOM BO3HUKHOBECHUS,

* OTKAa3bl C IOCTEIIEHHOM CXEMOU BO3HUKHOBEHUS,

* OTKAa3bl C PENAKCAMOHHON CXEMOW BO3HUKHOBEHHS;
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* OTKa3bl ¢ KOMOWHUPOBAHHBIMHU CXEMaMH BOSHUKHOBEHHS.

Ilo epemenu pazeumus u cmenenu nPedCcKazyemMocmu OTKa3bl
MOJIPA3/IETSIOTCS HA BHE3AIHbBIE U MOCTETICHHBIE.

Ilo xapakmepy ycmpanenusa ¢ meueHuem @pemMeHy pazinyaroT yCTONYH-
BbIe (OKOHYATENbHBIE) U caMOyCTpaHstomuecs (KpaTKoBpeMeHHbIe) oTKa3bl. Kpat-
KOBPEMEHHBIN 0TKa3 Ha3bIBaeTcs cOoeM. XapakTEepHbIM MPU3HAKOM COOsI SIBISETCS
TO, YTO BOCCTAHOBJIEHHE PaOOTOCIIOCOOHOCTHU IMOCJE €r0 BOSHHUKHOBEHHUS HE Tpe-
OyeT peMoOHTa cUCTEeMbL. [IpuMepoM MOXKET CIIyKUTb KPATKOBPEMEHHO JEHCTBY-
IOIast TTOMeXa MPH MPUEeMe CUTHAJIa CBSI3HOTO 000pymOBaHMs, Ne(EKThI IPOrpam-
MbI HABUTAIIMOHHOTO KOMITJIEKCA U T.II.

OTka3sl MOTYT BO3HUKATh B PE3YJIbTATE: MEPBUYHBIX OTKA30B; BTOPUYHBIX
OTKAa30B; OIMOOYHBIX KOMaH/l (MHULIUUPOBAHHBIE OTKA3bI).

IlepBUYHBIN 0TKA3 3JIEMEHTA ONPEIEIAIOT KaKk Hepabouee COCTOSTHUE 3TOTO AJie-
MEHTa, TMPUYUHON KOTOPOTO SIBJISIETCS OH CcaM, U HEOOXOJIMMO BBIMIOJHUTH pe-
MOHTHBIE€ PaOOTHI JIsl BO3BpAIIICHUsI dJIEMEHTa B pabouee coctosinue. [lepBuynbie
OTKa3bl IPOUCXOJIAT MPU BXOJIHBIX BO3JICHCTBUAX, 3HAUEHUE KOTOPHIX HAXOJIUTCS B
npenenax, JexKallux B paCUeTHOM JIMalla3oHe, a OTKa3bl OOBICHSIOTCS €CTECTBEH-
HBIM CTapEHUEM DJIEMEHTOB.

Bmopuunstii omka3 - Takoii ke, Kak EPBUYHBIN, 32 UCKIIOYEHUEM TOTO, YTO CaM
AJIIEMEHT HE SIBIISIETCA MPUYMHOW OTKa3za. BTopuuHbIE OTKa3bl OOBSICHSIIOTCS BO3-
JEHCTBUEM MPEABIIYIINX WU TEKYIIUX W30BITOYHBIX HAMPSOKCHUA HA 3JIEMEHTHI.
AMIUTATY/Ta, 9acTOTa, MPOAOJKUTEIBHOCTD ACHCTBUS ATHUX HAIPSIKECHUH MOTYT
BBIXOJIUTH 32 MPEJEIBI JOIMMYCKOB M BBI3BIBAIOTCS PA3IMYHBIMU UCTOYHUKAMH JHEP-
TUH: TEPMUYECKON, MEXaHUUECKOM, JIEKTPUUECKOM, XUMAYECKOM, MAarHUTHOM, pa-
JTUOAKTUBHOW W T.I. DTU HANPSDKCHHS BBI3BIBAIOTCS COCCTHUMH AJICMEHTAMHU WIIH
OKpY’Karoliel cpeaon, HampuMep - METEOpOJIOTMYECKUMH (JTMBEHb, BETPOBas
Harpy3ka), BO3JICICTBUEM CO CTOPOHBI JIPYTUX TEXHUUECKUX CHCTEM.
Hnuyuuposannvie omkazpl (0OmMOOYHBIE W JIOKHBIE KOMaH[bI). Jltonu, Harmpu-
Mep, OMepaTopbl U OOCTY>KUBAIONIUN TEXHUYECKUN TEPCOHAN, TaKkKe SBISIOTCS
BO3MOKHBIMH MCTOYHHUKAMHU BTOPUYHBIX OTKA30B, €CIU WX JCUCTBUS MPUBOIAT K
BBIXOJTy 2JIEMEHTOB U3 CTPOs. OUMOOYHBIE U JIOKHBIE KOMAH/bI MPEACTABIISIIOTCS
B BUJIE DJIEMEHTA, HaXOMSIIErocsl B HepaboyeM COCTOSTHMU H3-3a BBIPAOOTKU He-
MPaBUJILHOTO CUTHAJIA YIIPABICHUS UK TTIOMEX.

Kpumepuu omkaza — npu3HaK UM COBOKYMHOCTh NMIPU3HAKOB HAPYIICHUS
paboTOCIOCOOHOTO  COCTOSIHUSI OOBEKTa, YCTAHOBJEHHbIE B HOPMATHUBHO-
TEXHUUYECKOUN U (MJIM) KOHCTPYKTOPCKOM (MPOEKTHOM) TOKYMEHTAIUH.

Ilpuuuna omkaza — SIBICHUS, MPOLIECCHI, COOBITUS U COCTOSIHUS, BbI3BAB-
11Me BOSHUKHOBEHUE OTKa3a 00bEKTA.

Hocnedcmeue omkasza - SIBIICHUS], IPOLIECCHI, COOBITUS U COCTOSIHUS,
00yCJIOBJIEHHBIE BOBHUKHOBEHHEM OTKa3a 00BEKTa.

Kpumuunocms omka3za - COBOKYITHOCTh MPU3HAKOB, XapaKTEPU3YIOIIHX
MOCJIEACTBUS OTKa3a.

Hoepexncoenue — coObITHE, 3aKITIOYAIONICECS B HAPYIICHHH HCIPABHOTO
COCTOSIHUSI 00BEKTA IMPU COXPAHECHUHU €r0 pab0TOCIIOCOOHOTO COCTOSIHHMS.
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NEKUUNA 3 NMOKASATEJIN HAOEXHOCTU m
BE30MNACHOCTU TEXEMYECKOWU CUCTEMbI

Beposamnocmu 6e3omrasnou pabomul, pyHKYUSL HAOEHCHOCTU, CPOK CAYHCObL,
@yHKYUs 6ezonacHocmu, UHMEHCUBHOCMb OMKA308, cpednull pecypce, Cesa3b medc-
0y nokazamensimu 6e30nacHOCmuy U MmexHu4ecko20 PUcKda.

K noxazarensm HafAeKHOCTH M O€30IACHOCTU OTHOCSAT KOJIMYECTBEHHbIE Xa-
PaKTEpUCTUKH, KOTOpPHIE BBOJAST W OMNPENEISIOT COTJaCHO IMpaBUjaM TEOpHH
HAJIC)KHOCTH, TEOPUU BEPOATHOCTEH M MaTeMaTU4ecKoW cTaTUCTHKUA. O0iacth
MPUMEHEHUSI 3TUX TEOPUI OrpaHUYeHa KPYMHOCEPUIUHBIMH OOBEKTaMH, KOTOPbIE
U3TOTABIMBAIOT M JKCIUTyaTUPYIOT B CTATUCTUYECKU OJHOPOIHBIX YCIOBUAX M K
COBOKYITHOCTH KOTOPBIX MPUMEHHMO CTATUCTUYECKOE HCTOJIKOBAaHHE BEPOSITHO-
CTH.

[IpuMmeHeHne CTaTUCTUYECKOW TEOPUH HAACKHOCTH K YHUKAJIBHBIM U MaJlo-
CEepUHHBIM 00BEKTaM (TaKOBBIMH SIBIISIOTCS, KaK MPaBUIIO, MOTEHIMAIHHO OIac-
HBIE TPOM3BOJICTBEHHBIE M TPAHCIOPTHBIE OOBEKTHI) OTPAaHWYCHO. DJTa TEopus
OpUMEHUMA JJIsl €AMHUYHBIX BOCCTAHABIMBAEMBIX WU PEMOHTHPYEMBIX OOBEK-
TOB, B KOTOPBIX JOMYCKAIOTCS MHOTOKpAaTHbIE OTKa3bl, /IS ONUCAHUS KOTOPBIX
IPUMEHSIOT MOJIEb TOTOKA CIIy4allHbIX COOBITUH (B TOM YHUCIIE PEIKUX COOBITHMH,
KOI'Jla MPOBOJUTCS aHAIN3 KPUTHUECKUX WM aBapUiHBIX O0TKa30B). CTaTHCcTHYe-
CKYIO TEOPHIO MPUMEHSIOT TaKXKe K YHUKAIbHBIM U MaJOCEPUIHBIM 00BEKTaM, KO-
TOpbIE, B CBOIO OYEPE/b, COCTOAT U3 OOBEKTOB MacCOBOT0 MPOM3BOJACTBAa. B aTom
cllydae pacyeT Mokas3arejeil HaJle:KHOCTU U 0€30IacHOCTH 00BEKTa MPOBOISAT Me-
TOJIaMU CTaTUCTUYECKOW TEOPUH IO M3BECTHBIM MOKA3aTENSIM HAJCKHOCTH U O€3-
OMMAaCHOCTH KOMITOHEHTOB U 3JIEMEHTOB.

PaccmatpuBasi oTka3 Kak ciy4dailHOe COOBITHE, MEPOUl HAOEHCHOCMU meX-
HUYECKUX 00BbeKmMO8 NPU3HAEMCA 6EPOAMHOCHb (0e30MKA3HOoI padomul CUCTe-
MbI U, COOTBETCTBEHHO, MepPOil 0e30nAcCHOCMU - 6EPOAMHOCHb (e3a6apuiiHoll
pabomut.

BeposiTHOCTh 0€30TKa3HON padOTbl — BEPOSATHOCTH TOTO, YTO B IpEAENax 3a-
JIAHHOW HapaOOTKH OTKa3 00BhEKTAa HE BO3HUKACT.

BepositHOCTh 6€30TKa3HOM pabOThl ONpeAeseTcss B MPEANONI0KEHUH, YTO B
HAvaJIbHBI MOMEHT BpEMEHH (Hayauo UCUUCIICHHSI HApaOOTKN) OOBEKT HAXOAUJIICS
B pab0OTOCTIOCOOHOM COCTOSTHUH.

O6o03HaunM yepes t Bpems uiu HapaboOTKy 00bekTa. Bo3HUKHOBEHUE TIEPBO-
ro OTKa3a — cliydyailHoe cOObITHE, a HapaOOTKa OT HA4aJbHOTO MOMEHTA JI0 BO3-
HUKHOBEHUS 3TOTO COOBITHS T - cliydaiiHas BennurHa. BeposTHOCTh 6e30TKa3HOU
paboTel 00BeKTa B MHTEpBaJie BpeMeH! OT () 10 t BKIIOYUTENHHO ONPECIISIOT KaK

Piy=Pl{t>1].

3necs P{t > t} — BepoATHOCTH COOBITHS, 3aKIIOUYCHHOrO B CKOOKH. Oue-

BUJIHO, YTO 9Ta BEJIMYMHA SBJSICTCS (QyHKIUEH BpemMeHn wiu Hapabotku P(t). B
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TEXHUYECKON JHTEepaType 3Ty (PYHKIHIO Ha3bIBAIOT (PYHKUUEN HAOEHCHOCHU.
AHaAJIOTUYHO MOYKHO ONPEENUTh BEPOATHOCTh Oe3aBapuitHOI paboThI:
S(t) = S(T>1),

paccMmaTpuBasi MPOMCIIECTBUE KaK OTKa3 M3-3a mepexoaa o0beKTa B MPEAETbHOE
cocTOsiHAE (YCTaHABIMBAEMOTO W3 COOOPaKEHUM Oe30macHOCTH), a HapabOTKy
(v BpeMsi) OT HA4YaJIbHOIO MOMEHTa JIO0 JIOCTHXKEHHS MPEIeTbHOTO COCTOSHUS
kak pecypc T (unm cpok cnyx6bl). Oyukuuio S(t) B 3ToM ciydyae Ha3bIBaIOT (110
aHaJOTUM ¢ PyHKIMEH HaAeKHOCTH) PYHKLMENn 6€30nacHOCTM.

B Gonee oOiieM cityyae, Korjja coCTOsSIHUE O0OBEKTa XapaKTepu3yeTcs: Ha0o-
poM mapameTpoB, GyHKIHs O0e3omacHocTH S(t) ompenensercs BEpOSATHOCTHIO CIy-
YaiHOTO COOBITHS, COCTOSIIIIETO B TOM, 4TO Ha oTpe3ke BpeMenw [0, t] Hu pasy He
BO3HHMKHET 0C00asi CHUTYyallus, BBI3BaHHAs OTKA30M WM TMPHUBOAAIIAS K MPOUCIIE-
CTBHIO.

Oynkuus O6e3onacHocTu S(t) cBa3aHa ¢ pyHkuuer pacnpenenenus H(t) u
IJIOTHOCTBIO pactipeneneHus h(t) ciyyaiinoi BenuuuHbl T COOTHOILICHUSIMU

H(B)=1- S(1), h(t) = dH(t)/dt= -dS(t)/dt.

Jlononxenue ¢yHknuu 6e3onacHocTr S(t) 10 eauHUIBI (T.e. PYHKIHUS pac-

npejeeHus caydaitHoil Benuuunbl T B TeOpUM BEPOSITHOCTEH )

1-S(t) = H(t)
B TeOpHH 0E€30MaCHOCTH M pUCKa Ha3bIBaeTCs (PYHKITMEH PHICKA WU TEXHUYECKUM
PUCKOM.

OTy QyHKIMIO OCOOEHHO YAOOHO HCIIOIb30BAaTh TPUMEHUTEIBHO K OTKa3aM
WM COBOKYITHOCTSIM OTKAa30B, MOCIICIACTBUS KOTOPBIX MPEICTABIISIOT OMACHOCTH
JUTSL JIFOJICH, OKPY KAIOIEH Cpeibl, a TAKXKE CBSI3aHbBI C CEPhE3HBIM MaTEepUATHHBIM
U (WJI1) MOPAJIbHBIM YIIEPOOM.

Cratuctuueckyto orieHKy h"(t) st mioTHOCTH pactipeaenenus h(t) ciyqaii-
HOW BEJIMYMHBI T IPUHUMAIOT B BUJIE

n(t+ At/ 2)—n(t — At/ 2)

NAt
rae N- ynciio o0beKToB, pab0TOCIOCOOHBIX B HaYaIbHbI MOMEHT BPEMEHU;
n(t+At/2) — yucno 0ObEKTOB, MEPEXOASIINX B MPEAEIbHBIE COCTOSTHUSL Ha OTPE3KE
oT 0 mo t + At/2;
N(t-At/2) — 4uciio 0ObEKTOB, MEPEXOAANINX B MPEACITbHBIC COCTOSIHUAS HA OTPE3KE
ot 0 1o t -A t/2.

Bpems t npu olieHKe puCKa MPOUCHIECTBUM OOBIYHO MCUMCISIOT B Tofax,
MoATOMY BennunHa h'(f) UMeeT CMbICN roaoBOW OTHOCUTENILHOW Y4acToThbl
npoucwecteun V(t).

[Tokazarenu cpeAHWX pecypc, cpeaAHUN CPOK CNYXO6bl paBHbI MaTEMATH-
YEeCKUM OXKHJIaHUSM COOTBETCTBYIOLIMX CIIy4alHBIX BEIMUYMH (pecypca, Cpoka
CITY>KOBI).

C yaeroMm opmyin (2.2) cpeaHuit pecypc BBIUUCISIOT 10 hopMyIie

hit) =
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= =

‘:-Ms}u’: =

T.=

[[1 - H9e) b

Hnmencusnocms mexHuuecko2o pucka A(t) (ananoz unmeHcUeHOCMU

OMKA306 6 Meopuu HAeI}CHOCHU) OTIPEIEISIIOT 0 popMyIie

A =h()/[1-H(1)]

-S'(1)/S(1).

Orcroma, mocie mpeoOpa3oBaHUi, BEPOSTHOCTh Oe3aBapuiiHON PabOTHI Ha
OTpe3Ke BpEMEHH OT Hadaja 3KCIUTyaTaluy J0 HEKOTOPOro MoMeHTa {
OTIpeAeTuTCs 1Mo hopMmyIie

—_

-

S()=5(() exp |- rfbf:: )t |

Bce BblenpuBeIeHHbIE XapaKTEPUCTUKHA B3aUMOCBSI3aHbl, UTO
WLTIOCTPUPYETCS TaOTUIIE.
Tabnumna. CBsi3b MEXy MOKa3aTeIsIMU O€30MaCHOCTH U TEXHUYECKOTO pHUCKa

IlokazaTean S(t) H(t) h(t) At
S(t) - I - H(t) ]-_‘hf:,}rfs, exp |- _[Af:: )t |
Hit) I -8 - f."rl.’!,}rr’!, l-exp | = [fbf!:}n"!:
h{t) -8it) H'it) - Mt)yexp | —_[ Alt)dt, |
] , h(t)
" ') H' (1)
Al S(1) - H(1) 1= [ h(e, ), -

NHTEHCUBHOCTDh TEXHUYECKOTO prcKa A(t) SBISAETCS BaXKHOW XapaKTEPUCTH-
KO B Teopun 0€301aCHOCTH, TaK KaK OHA ONPEIETISIeT BEPOSITHOCTH TOTO,
YTO TOCJe 0€30TKa3HOW PaboThI 10 MOMEHTA BpeMEHH t MPOUCIIIECTBUE TTPOU30M-
JIET B MOCIEAYIOEM OTPE3KE BpeMEeHU At.
DTOT MoKa3aTellb U €ro MPUOIMKEHHBIE CTaTUCTUUYECKUE OIEHKH IIHPOKO
UCIIOJIB3YIOTCS TIPY aHalIu3e OE30MaCHOCTH U pUCKa 0OBEKTOB B MPOLIECCEe

IKCILTyaTal1H.
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CTaTI/ICTI/I‘-IeCKYIO OLCHKY AJIsI HHTCHCUBHOCTHU TCXHUYCCKOI'O pHUCKa IIPUHHN-
MaloT B BUJEC

. nit+ At/ 2y =nit = At/ 2)
Alt) = _
[N —n(t)]At

[TpakTryecku 115l OLIEHKW UHTEHCUBHOCTHU pUCKa A(t) UCIIONB3YIOT IPUOIH-
JKEHHBIE OLICHKHM HCXO/I M3 TOTr0, YTO ISl BEICOKOHAACKHBIX cucteM S(t) = 1. I1o-
ATOMY UHTEHCHUBHOCTh PUCKA MPUOJIUKEHHO PaBHA IJIOTHOCTU pacipeieicHus
pecypca, 9TO IPUBOJUT K CISAYIOIINM MPUOIMKCHHBIM OT[CHKAM

Wt =h(t) = h(t)= vit)

Tak kak Bpems t pu OlLIEHKE pHUCKa OOBIYHO UCUUCIISIIOT B TOJIaX, TO BEJU-
yrHa A(t) *MeeT CMBICI I'0JIOBOTO TEXHUYECKOTO PUCKA U (haKTHUECKU UMEET 3Ha-
YyeHUe YCIOBHO MHIAMBUIYATLHOTO pUCKa 3a roj. Takum oOpa3om, B ciaydae pei-
KHX COOBITUH YCIIOBHBIN MHAMBUAYAIbHBIN pUCK (r0A0BOI) MPUOIMKEHHO paBEeH
roJI0BOM OTHOCUTEJIBHON YaCTOTE IPOUCIIECTBUM.

B TexHuueckoi nurepaType UMEIOTCSl CTAaTUCTUYECKUE IAaHHBIE 10 YaCTOTaM
M MHTEHCHUBHOCTSIM OTKa30B (B TOM YHUCIE KPUTUUYECKUM), KOTOpPHIE MOTIYT HC-
MOJIH30BaThCA (C YYETOM MX MOJHOTHI U JOCTOBEPHOCTH) JJIsi allPUOPHBIX U MPO-
THO3HBIX OIEHOK HWHTEHCUBHOCTEH TEXHUYECKUX PHUCKOB U TEM CaMbIM -
WHJUBUAYAJbHBIX PUCKOB.

MOXHO MCIOJIB30BATh TAKXKE CPEAHUM IOJOBOM TEXHUYECKAM PUCK KaK OT-
Howmenne H(T)/T. Takue mnokazarenu O€30MAaCHOCTH HEPEIKO HCHOJb3YIOTCS B
aBUAIIMU U ATOMHOM SHEPIrEeTUKE.

OmnpenesieHue KOJIMYECTBEHHBIX XaPAKTEPUCTHK HAAEKHOCTH
M0 CTATUCTUYECKNM JAaHHBIM 00 0TKa3aX M3/1eJIus

Beosmuocms 6e3omrasnoti pabomul IO CTATUCTUYECKUM JTaHHBIM 00 OTKa-

3aX OLIEHUBAETCA BBIPAKEHUEM

F(t) =

it}
N L)

riae N(t) — uncio u3aenui, He OTKa3aBIIMX K MOMEHTY BpeMeHu t; N—umcio u3ne-
JIM, TIOCTaBJICHHBIX Ha HcmbITaHus; P(f) — craTucThyeckas OleHKa BEPOSTHOCTH
0e30TKa3HON PabOTHI U3CIHS.

I[JISI eepoAamHocmu omkasa CripaBEaAJIMBO COOTHOIICHUEC

{ } N — ﬂ{f} p { }
gltl)=———=1-P(t
N (2)
rae N-n(t) — umcio u3menuii, oTKa3aBIIMX K MOMEHTY BpeMenH t; (t) - cratuctu-
yecKasl OLIEHKa BEPOSTHOCTH OTKa3a M3IEIHsl.
Yacmoma omka3086 ONPELIIACTCS BRIPAKCHUEM
£© An(t)
ty=—-
N - At (3)
rae An(t) — uuciio oTKasaBIIMX M3SIUMA Ha ydacTke Bpemenw (i, t+At); f(t) — cra-
TUCTHYECKAs OI[CHKA YaCTOThI OTKA30B M3eus; Al — HHTEpBa BpEMCHH.
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Humencusnocms omkazo06 Mo CTaTUCTUYECKUM JTaHHBIM 00 OTKa3ax orpe-
nensiercst popmysoin
Aan(t)

At - nlt) (4)
riae N(t) — cpenHee YUCIIO U3EIMMA, HE OTKAa3aBIIMX K MOMEHTY BpeMmenu t; An(t) —
YHCJI0 OTKA3aBIIMX M3CIUI Ha ydacTke BpeMeHH (i, t+At); A (t) — cratuctuyeckast
OIIEHKA MHTEHCHUBHOCTH OTKA30B HM3/ICIIH.

Cpeonee spems bezomkasHol pabomsl W3ACIHAS TO CTATUCTUYCCKUM JIaH-
HBIM OILICHHUBACTCS BhIPAKEHUEM
.
L &
me = N Z L8
i=1 ()

rie ti — Bpems 6e30Tka3HOM paboThI I- ro m3menus; N — obIee Ynciio u3/Ieiuid, mo-
CTaBJICHHBIX HA UCIBITAHMS; M; — CTATUCTUICCKAS OIICHKA CPETHETO BPEeMEHHU 0e3-
OTKa3HOU paOOThI U3IETHSI.

Jlns onpeneneHus M mo gpopmyiie (5) HEOOXO0AUMO 3HATH MOMEHTHBI BbIXO/1a
u3 ctpost Bcex N uznenwii.

3apaua 1. Ha ucneitanue noctasierno 1000 ogHoTunHBIX u3aenuii, 3a 3000
yac. oTkazayo 80 uznenuit. Tpebyercst onpenenuTh BEPOSITHOCTh O€30TKAa3HOU pa-
0otbl P(t), BeposTHOCTH 0TKa30B ((t) 1151 OTpe3Ka BpeMEHHU OT Havajia SKCILIyaTa-
uu 1o t = 3000 ygac.

Pemenne. B mannom cimyuae N= 1000; n(t)=1000-80=920; N-n(t)=1000-
920=80. ITo ¢popmynam (1) u (2) onpenensiem

P*(3000) = &7 = 20 = 092,

1000 —

q*(3000) = T2 = 80 = 0,08,

N 1000

q*(3000) =1-P*(3000) =1-0.92 = 0.08.

Alt

3apaua 2. Ha ucneiranue 610 noctaryieno 1000 uzaenwuii. 3a nepsoie 3000
yac. oTkazano 80 mT. u3aenuid, a 3a uarepsai sBpeMenu 3000+-4000 ygac. oTkazano
emie 50 mt. TpebyeTcsi onpeneauTh CTATUCTUUECKYIO OLIEHKY YaCTOThl U MHTEH-
CHMBHOCTH OTKa30B u3zaenui B npomexyTtke Bpemenu 3000+4000 gac.

Pemrenne. N=1000; t=3000 4ac;

At =4000-3000=1000u4ac;
An(t)=50;  n(t)=920.
[To dopmynam (3) u (4) HaxoaUM

JF@)=f*(3000)= ﬁ':”(;g = Toootoms = 5-1071/ wac

A#(t)= A*(3000) = ho =5.107° l/uac

At-n(t) 100 - 200

3agaua 3. Ha ucneitanue nocrasieHo N = 400 uzgenuit. 3a Bpems t = 3000
yac oTkazano 200 uznenuii, T.e. n(t)=400-200=200.3a unTepBas BpemeHu (t, t+At)

, Te At= 100 ugac, otkazano 100 uznenuit, T.e. An(t)=100. Tpebyercs onpenenuTh
P*(3000), P*(3100), f¥(3000), A*(3000).
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Pemenue. [To popmyne (1) Haxoqum

P*(3000) =2 =20 =05
P*(3100) =22 =100 _ (>

Hcnonesys dopmyisl (3) u (4), moxydnm

| An(t
£#(t) = £ *(3000) = aft) _ 100 =25-
| N-At  400-100
An(t) 100

A7 (1) = A°(3000) = _
(t) = 4/(3000) At-n(t) 100-200

5.

107 (1/gac)

=5.107° (1/4ac)
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JIEKIIUA Ne4 CTpyKTypHBIE MOJEJIH HAIEKHOCTH CJIOKHBIX
CUCTEM

Croorcrnas cucmema, noJiosicunieslbHole U ompuyanejlibHoble 0801201’1’18&,' cpyn-
nvl JJ1eMEeRN06 CUCmemysl, nomedoeameﬂbﬁble, napajiienvHsvle , CMEUAaArHble CU-
cmembol, HAOEeHCHOCMb cucmemol, copAadee X0N00HOEe pesepsuposarnue, nNnOKaHlb-
HO€ U NOIJJIEMEHNHOE pe3epBUpOsAHUe, npumep pacdema CMEUanHou cucmemol

BONBIIMHCTBO TEXHUYECKUX CHUCTEM SIBJISIFOTCS CJIOKHBIMH CHCTEMaMH, CO-
CTOSIIIIUMHU U3 OTACIBHBIX Y3JIOB, JIETAJICH, arperaToB, CUCTEM yIpaBJIEHUS U T.II.
Iloo cnoscnoit cucmemoit nonumaemcesa 00veKm, nNPeOHA3HAYEHHBL 0151 6bl-
NOJIHEHUA 3A0AHHBIX QYHKUUIL, KOMOPBLIL MOXycem Oblmb pacyieHeH Ha Jie-
MeHmbl (KOMROHEHMbL), KAXCOblil U3 KOMOPLIX MAKMCe BblNOJIHAEn onpeoe-
JIeHHble (DYHKUUU U HAXOOUMCA 60 63AUMOOCUCMEUU C OPY2UMU ITIeMEHMaAMU
cucmemeol.

C no3uiuii HaJIeXKHOCTHU CJIOXKHAs cucTeMa 00JialaeT Kak OTpUIATEIbHBIMU,
TaK ¥ TOJIOXKUTCIbHBIMH CBOMCTBAMH.

®dakTophl, OTPHUIATEIIFHO BIIMSIIONIME HAa HAJIGKHOCTH CIOXKHBIX CHCTEM,
CJIeAYIOIIHE:

- BO-TIEPBBIX, MO 00IbULIOE YUCTO ITIEMEHN 08, OMKA3 KAHCO020 U3 KON O-
PbIX MOdHcem npueecmu K OmKa3sy éceil cucmemat,

- BO-BTOPBIX, OUEHUMb PAOOMOCHOCOOHOCHY C/I0HCHBIX CUCHIEM 6eCbMda
3ampPYyOHUMENbHO ¢ MOYKU 3PDEHUA CHAMUCMUYECKUX OAHHBIX, T.K. OHU 4acTo
SIBJISIIOTCS] YHUKAJIbHBIMH MM UMEIOTCSI B HEOOJIBIIIMX KOJIMYECTBAX;

- B-TPEThHUX, JIAKE Yy CUCTEM OJMHAKOBOTO MpEIHA3HAYCHUS KaXKIbIH IK3EM-
TUISIP UMEET CBOM HE3HAYUTEIHHBIC BapUAIIUA CBOMCTB OT/EIBHBIX AJIEMEHTOB, UTO
CKa3bIBACTCS HA BBHIXOJHBIX MapameTpax cuctembl. Yem cnodcnee cucmema, mem
0onbuIUMU UHOUBUOYATILHBIMU 0COOCHHOCMAMU OHA 00.1a0aem .

OpmHako CIIOKHBIC CUCTEMBI 00J1aal0T M TAKUMHU CBOMCTBAMHU, KOTOPBIC TTO-
JI0KUTCITBHO

BIIMSIIOT HAa MX HAJIC)KHOCTD:

- BO-TIEPBBIX, CJIOKHBIM CUCTEMAaM CEOUCHIBEHHA CAMOOP2AHU3AUUSA, CAMO-
pezyaupoganue uiu_camMonpucnocodienue, Ko20a cucmema cnocodHa Hamumu
Haubo.1ee ycmouuueoe 01 c60e20 hYHKUUOHUPOBAHUSA COCIOAHUE,

- BO-BTOPBIX, JUISl CJIOKHOM CHUCTEMBI YacCTO 603MOMNCHO 80CCHAHOG]ICHUE
pabomocnocobHocmu no yacmsam, 6e3 npeKkpauieHus ee PyHKUuoOHuposanus;

- @-MPEMmbUX, HEe _6Ce _IJeMEHNIbl _CUCHIEeMbl _00UHAKOBO _6JIUAIOM _HA
HAQEHCHOCHLY CTIOHCHOU CUCHIEMDbL.

AHanu3 paboTOCIIOCOOHOCTH CIIOKHOM CHCTEMBI CBSI3aH C H3YyUYECHHEM €€
CTPYKTYPBI H T€X B3aMMOCBSI3€H, KOTOPBIC ONPEACIIIOT €€ Hae)KHOE (PYHKITMOHHU-
pOBaHUE.

Ilpu_ananuze Ha0eIHCHOCHIU _C0NCHBIX _CUCHIeM _UX _pa3zdusarom_Ha_3Jie-
MeHmbl (KOMNOHEHMbl) C mem, Ymoodbl sHaua1e paccmompenms napamempsl u
XapaKmepucmuKkyu_31eMeHmos, a_3amem _OoueHums padomocnocoOHocmb _eceil
cucmembl. 1100 31emenmom _mMoxHcHO NOHUMAMb COCHIAGHYIO YACHLb CILOHCHOUL
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cucmembl, KOMmopas moxcem_xXapaxKmepu306amubcsa_CamoCmosamebHblMU_6X00-
HbIMU U 8bIX00HbIMU napamempanu. Ilpu uccaedosanuu HaoeycHocmu cucme-
Mbl_IJIEMEHM_He PACUICHACMCA HA_COCMAGHble Yacmu, U _noKazamenu _de3zom-
KA3HOCMU U_001208€4UHOCHU_OMHOCAMCA K I1emMenmy 8 ueaom. [1pu 3Tom BO3-
MOXHO BOCCTaHOBJIEHHE PabOTOCIOCOOHOCTH 3JEMEHTAa HE3aBUCHMO OT JIPYTHX
YacTeH U DJIEMEHTOB CUCTEMBI.

AHalIM3 HaJIC)KHOCTU CJIOKHBIX CHUCTEM HMMEET CBOM cHelu(uieckue oco-
OeHHOCTU. BiusHHME pa3IMyHBIX OTKAa30B U CHHYKEHHE PAaOOTOCIIOCOOHOCTH 3Jie-
MEHTOB CUCTEMBI TO-Pa3HOMY CKa)KyTCs Ha HAJCKHOCTH BCEU CUCTEMBI.

[Ipu ananu3e HaEKHOCTU CJIOKHOW CHUCTEMBbI BCE €€ JIEMEHThl U KOMIIO-
HEHTHI 1IeJIeCO00pa3HO pa3ACUTh Ha CICAYIOIINE TPYIIIIbI.

1) DnemeHThl, 0TKa3 KOTOPBHIX HPAKHIUYECKU HE 81Usienl_HA_padomocno-
codHocmb_cucmembsl (eopmarus orpakIaromero KoxXyxa MallnHbl, U3MEHECHUE
OKpacKH TMOBEPXHOCTH M T.I.). OTKa3bl (T.€. HEHCIPABHOE COCTOSHHE) ATUX dJie-
MEHTOB MOTYT PacCMaTPUBAThCS N30JUPOBAHHO OT CUCTEMBI.

2) DneMeHThI, paboTOCIIOCOOHOCTh KOTOPBIX 3a pacCMaTpUBAEMbIN TEPHO/T
BPEMCHU HPAKMIUYECKU He uzmeHsaemcsa (CTaHWMHBI U KOPITYCHBIC JCTaH, Majlo-
Harpy>KeHHbBIC 3JIEMEHTBI ¢ OOJIBIIIMM 3a11acoOM IPOYHOCTH).

3) DaeMeHTBI, PEMOHT WJIH PezyauposKa KON opblxX 603MOMNCHA nPU padome
W3JICNIUSI UM BO BPEMS OCTAaHOBOK, HE BIUSIONIMX Ha ero 3((PeKTUBHOCTH (MOI-
HajaJKka U 3aMEHa PEeXYIIEero MHCTPYMEHTa Ha CTaHKE, PEryJIMPOBKA XOJIOCTOTO
X0/1a KapOropaTopa aBTOMOOHIIBHOTO JIBUTATEIIS ).

4) DneMeHTbI, 0TKa3 KOTOPBIX HPUBOOUM K OMKA3AM CUCHEMBL.

Takum 00pa3oMm, pacCMOTPEHHMIO W aHAIM3Yy HAJICKHOCTH MOJJICKAT JIHUIIh
AJIEMEHTHI TocieAHed rpynmbl. Kak mpaBumio, wmeemcsa 02panuydeHHoe Yucio
2J1eMEeHmM 08, KOMOpble 8 OCHOBHOM U ONPEOeIAI0Om _HAOCHCHOCMb u3oenus. ITH
AJIEMEHTHl M TIOJICUCTEMBbI BBISBIISIOTCS MPHU PACCMOTPEHUU CTPYKTYPHOM CXEMBI
rapaMeTpuueCcKor HaAC)KHOCTH.

Mooenu HadexcHocmu YCTaHABIUBAIOT CBSA3b MEXKIY IMOACHCTEMaMu (WU
AJIEMEHTAMH CUCTEMBI) ¥ MX BIMSHUEM Ha pabOTy BCEH CHCTEMBI.

CmpyxkmypHas cxema nHadedcHocmuy onpeaenseT PyHKIINMOHAIBHYI0 B3aUMO-
CBSI3b MEXJIy paObOTOM IMOJCHUCTEM (MJIM 3JIEMEHTOB) B OMPEICICHHOM IMOCceI0Ba-
TEILHOCTU. DTY CXEMY COCTAaBIISIOT MO MPUHIMMIY (YHKIIMOHATHLHOTO HAa3HAYCHUS
COOTBETCTBYIOIIUX TOJCUCTEM (WMJIM DJICMEHTOB) TP BBITOJTHCHUM UMM OTIPEIIC-
JIEHHOM 4acTu paOOoThl, BHITIOJIHAEMOW CUCTEMOM B LIETIOM.

TexHuyeckas cucteMa MOXET ObITh CKOHCTPYHMPOBaHA TaKUM 00pa3om, 4TO
JUIsl YCHEIIHOro €€ (PYHKIIMOHMpPOBaHUA HEoOXoAMMa UcCIpaBHas paboTa Bcex ee
3JE€MEHTOB. B 3TOM ciydae ee Ha3bIBalOT HOC1€008aANE/IbHOU CUCHLEMOU.

Ectb Taxkke cucTeMbl, B KOTOPBIX NMPU OTKAa3e OJHOrO dJIEMEHTa JPyrou
AJIEMEHT CTIIOCOOCH BBIMOIHUTH €ro GyHKIuU. Takyro CUCTEMY Ha3bIBAIOT HAPAJl-
J1CJIbHOU.

OyeHb YacTO CHUCTEMBI 00J1aJal0T CBOMCTBAMHM KaK MapaJUICIbHBIX, TaK U
MOCJICIOBATEIbHBIX CUCTEM — CUCHIEMbL _CO _CMEULAHHbIM _coedunenuem. 1lpu
pacyeTe HaJIe)KHOCTH HE0OXOUMO HCCIIeI0BATh JICHCTBUS CHCTEMBI, OCHOBBIBASICh
Ha ee QYHKIMOHATBHOU CTPYKTYPE U UCTIOIB3YS BEPOSITHOCTHBIC COOTHOIIIECHUSI.
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Takoe mccieqoBaHue CTPYKTYpPHl TIO3BOJISIET BBISBHTH Y3KHE MECTa B KOH-
CTPYKIIMU CUCTEMbI C TOUKU 3PCHHS €€ HaJCKHOCTH, a Ha dTare MPOSKTUPOBAHUS
pa3paboTaTh KOHCTPYKTUBHBIE MEPHl HO YCHIPAHEHUI0 HOOOOHBIX Y3KUX MeCH.
Hanpumep, M0oHO 3apaHee MOoJICUUTaTh, CKOJIBKO PE3EPBHBIX AJIEMEHTOB HE00XO-
MO JIJIs 0OeCIieueHrs 3aJJaHHOTO YPOBHSI HAJI@KHOCTH CUCTEMBI. Jlaiee MOXKHO
paccuuTarh HAJEKHOCTh CHCTEMBI, TOCTPOCHHOW W3 3JIEMEHTOB C H3BECTHOM
HAJIC)KHOCTHIO, MJIM HA00OPOT, UCXO0MsI M3 TpeOOBaHMS K HAJAC)KHOCTH CHCTEMBI,
MPEABSIBUTH TPEOOBAHUS K HAJIC)KHOCTH DJIEMEHTOB.

PaccmoTpum cucteMmy, COCTOSIIIYIO U3 JIBYX WUIK 00Jiee JIEMEHTOB.

[Tycth A — coOBITHE, COCTOSAIIEE B TOM, YTO CHCTEMa paboTaeT 0€30TKa3HO.

[Tycte Ai (i=1, 2,., n) — coOBITHS, COCTOSIINE B MCIPABHOW paboTe BCEX
AJIEMEHTOB cUCTeMBI A. Jlanee mpeamnoaokum, 9To coobITHe 4 MMEeT MECTO TOTIa
¥ TOJIBKO TOT/a, KOTJIa HIMECIOT MECTO Bce coOBITHsA Al, T.€. CHCTEMa HCIIpaBHA TO-
I/1a ¥ TOJBKO TOT/a, KOT/Ia UCTIPAaBHBI BCE €€ AJIEMEHTH. B 3TOM ciydae cucreMmy
HAa3BIBAIOT 10CIE008AMENIbHOL CUCTNEMO.

Puc. CtpyktypHas cxema HaIe)KHOCTH CUCTEMBI C TTOCIIEA0BATEIbHBIM
COEMHEHUEM 3JIEMEHTOB

N3BecTHO, UTO OTKA3 JI0OOr0 JIEMEHTA TAaKONH CUCTEMBI IPUBOJIAT, KaK Mpa-
BUJIO, K OTKa3y cucTembl. [[03TOMy BEpOSTHOCTH O€30TKa3HOW pabOThl CUCTEMBI
ONPEIEISIOT KaK MPOU3BEACHUE BEPOATHOCTEN ISl HE3ABUCUMBIX COObIMUI.

Takum 00pa3om, HAZAEKHOCTh BCEM CUCTEMBbl paBHA MPOU3BEIICHUIO HAJICXK-
HOCTEH MOJCUCTEM WIIH 3JIEMEHTOB:

P(A)=]TP(A)
Oo6o03nauuB P(4) = P; P(4i) = pi, moJyuuMm

P=T]P
i=1

rae P — nadescnocmo (6epoamuocmy 0€30mKa3Hol padomvl ) CUCHIEMDL.

Cno>kHble CHCTEMBI, COCTOSIIINE W3 AJIEMEHTOB BBICOKOW HAJEKHOCTH, MO-
ryT 00J1alaTh HU3KOM HAJECKHOCTBIO 32 CUET HAJIM4YUs OOJBIIOr0 YHCIA JIEMEH-
toB. Hanpumep, ecnu y3en cocrtout Bcero u3 50 neraneid, a BEpOSITHOCTh 0€30T-
Ka3HOU PabOThI KaXKOM JeTallv 3a BHIOPAHHBINA MPOMEKYTOK BPEMEHHU COCTABIISET
Pi = 0, 99, To BeposiTHOCTH 0€30TKa3HOM pabOTHI y371a OyaeT

P(t) =0,99° = 0,55.

Ecnu xe y3en ¢ aHaJIorM4HOM 0€30TKa3HOCThIO 3JIEMEHTOB cocTout u3 400
neraneii, To P(t)=0,99%%=0,018, T.e. y3es cTaHOBUTCS NMPAKTUYECKU HEPAOOTOCIIO-
COOHBIM.

Ipumep 1. OnpenenuTs HaJEKHOCTh aBTOMOOUISL (CUCTEMBI) TIPU JABUXKE-
HUU Ha 33JaHHOE PACCTOSIHHUE, €CIM HW3BECTHBI HAJIEKHOCTH CIEAYIOIIMX MOJCH-
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CTEM: CUCTEMBI 3akuranus P1 = 0,99; cuctembl NUTaHUS TOILUIMBOM M CMa3KoW Py =
0,999; cucremsl oxnaxaenus Pz = 0,998; neurarens ps = 0,985; X010BOM YacTh ps
=0,997.

Pemenne. 3BecTHO, 4TO OTKA3 1000 MOJCUCTEMBI IPUBOAUT K OTKa3y aB-
ToMoOmIIsA. JIJ1s oripeiesieHus HaJIe)KHOCTH aBTOMOOMIISI KCTIOJIb3yeM (hopMYITy

P =p1p2p3 psps =0,99.0,999.0,998.0,985.0,997 = 0,979.
Otset: P =0,979.

B npakThke NpOEKTUPOBAHUS CIOKHBIX TEXHUYECKUX CHUCTEM YacToO HC-
MOJIB3YIOT CXEMbI C HApallelbHbiM CcOeOuHeHuem d1emenmos (puc. 2.), KOTOpbIe
MOCTPOEHBI TAKUM 00pa30M, YTO OTKAa3 CHCTEMBbI BO3MOXKEH JIMIIIb B ClTydae, KOTia
OTKa3bIBAIOT BCE €€ AJIEMEHTHI, T.€. CUCTEMa UCIIPaBHA, €CJIM UCIPABEH XOTs ObI
OIUH €€ dJIEMEHT. Takoe COEeIMHEHUE 4YacTO HA3bIBAIOT pesepsuposanuem. B
OOJBIIMHCTBE CIy4aeB PE3EPBUPOBAHUE OIPABIBIBACT CeOsl, HECMOTPSI HA YBEJIH-
yeHue crouMocTh. Hambosiee BBITOJHBIM s671semcs pe3epeuposanie omoelbHblxX
97lemMeHmo8, KOTOPbIe HEIIOCPEJCTBEHHO BIIMSIOT Ha BBHIMOJHEHHE OCHOBHOM pabo-
Thl. [Ip¥ KOHCTPYMPOBAHMU TEXHUUYECKHX CHUCTEM B 3aBUCHUMOCTH OT BBINIOJIHSIEC-
MOM CUCTEMOM 3a/1au MPUMEHSIOT TOpSYEe MU XO0JIOJIHOE PE3CPBUPOBAHHUE.

R
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Puc. 2. CTI)YKTypHaH CXEMa HAJICKHOCTU CUCTCMEBI C ITAPAJUICIIbHBIM COCAUHCHUCM 3JICMCHTOB

TI'opauee pezepsuposanue MPUMEHSIOT TOTJa, KOT/Ia HE JOMyCKaeTCs mepe-
pBIB B paboTe Ha MEPEKIIIOUEHUE OTKA3aBIIETrO AJIEMEHTa Ha PE3EpPBHBIN C IIENbIO
BBITIOJIHEHMSI 3a/1a4ll B YCTaHOBJIEHHOE BpeMs. Yalle Bcero ropsiaeMy pe3epBUpO-
BaHUIO MOIBEPratoT OTJENIbHbIE 3JIeMeHThI. MIconbp3yIoT ropsiuee pe3epBupoBaHue
3JIEMEHTOB M MOJCHCTEM, HalpUMEp UCTOYHUKOB MHUTAHUS (AKKyMYJISATOpHbIE Oa-
Tapeu NyOIUpyrOTCs TEHEPATOPOM H T.I1.).

Xo100H0€ pe3epsuposanue VCTIONb3YIOT B TEX CIyYasxX, KOrja He00X0IuMo
yBEJIIMYEHUE pecypca paboThl 3JIEMEHTa, U MO3TOMY MPEIyCMaTPUBAIOT 6pemsa Ha
nepeKoueHue OmKa3aeuiezo I1eMeHma Ha Pe3epeHblil.

CyIecTBYIOT TEXHUYECKHE CUCTEMBI C YACMUYHO NAPAIENTbHLIM De3epaU-
posaHuem, T. €. CUCTEMbl, KOTOPbIE€ OKa3bIBAIOTCS paOOTOCIIOCOOHBIMU JIaK€ B
cllydae 0TKa3a HECKOJIbKHX AJIEMEHTOB.

PaccMoTpuM cuctemy, HMEIONIYIO Psii MapayljIebHBIX AJIEMEHTOB C HaIeXK-
HOCThIO P(t) M cooTBeTcTBeHHO HeHamexkHocThio () = 1- p(t). B ciyuae, eciu cu-
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cTeéMa COJACPIKUT 71 IJIECMCHTOB, KOTOPBLIC COCAWMHCHLI IAapalJICIbHO, BCPOATHOCTDH
OTKa3a CUCTCMBI paBHaA:

O =[q(M]".

a BEpOSITHOCTb O€30TKa3HOM paboThI

— n

P(1) = 1- [a(DT".
[Ipu yacTMYHO TapayUIETLHOM PE3EPBHUPOBAHUHU BEPOSITHOCTH O€30TKa3HOM
pabOTBI CHCTEMBI, COCTOSAIIEH M3 OOLIEro 4Yucia 3JIEMEHTOB N, ONPENENSIOT IO

dbopmye:
P(t)=2 Cy-p(t) -q(t)
k=

rae P(t) — BepoATHOCTH OE30TKA3HOM PabOTHI OJHOTO DJIEMEHTA; | — YHCIIO HC-
MPaBHBIX AJIEMEHTOB, MPU KOTOPOM obecnedynBaeTcss paboTOCIOCOOHOCTh CHUCTe-

MBI, Cok=ny [k!(n - K)!] - yucio coderanwuii U3 N 3eMEHTOB TI0 K.

B cinyyae | =1 cucrema OyAeT MOJIHOCTBIO MapajlIebHON, B OCTAIbHBIX
Cllydasix — YaCTUYHO MapaiIeTbHOM.

CrnenyeT OTMETHTb, YTO B NMPAKTUKE MPOCKTUPOBAHUS TEXHUICCKUX CUCTEM
4acTO HCIONB3YIOT CTPYKTYPHBIE CXEMBI HAQACKHOCTH C  HAPALIENbHO-
nOCIe008ameNbHbIM COeOUHeHueM DIIEMEHTOB. Tak, HampuMep, 4acTo MPH MPOeK-
TUPOBAHUU CHCTEM C PaTUO3JICKTPOHHBIMH 3JIEMEHTAMH HMPHUMEHSIOT CXEMBI, pa-
OoTaronue 1o NPUHIHUITY JIBa U3 TPEX, Koraa paboToCrnocoOHOCTh 00eCTIEUMBACTCS
Onarogapst UCTIpaBHOMY COCTOSTHHUIO JIFOOBIX JABYX 3JIeMEHTOB. Hale:KHOCTh Takoi
CXEMBbI COSAMHEHUS OTPEICIIAIOT 10 opmyIe

P(1)=P(1) +3P*(T)o(T).
rie p(t) — HaIeKHOCTh KaXJI0ro dJIEMEHTa 3a BpeMsi pa0oThI t 0OIMHAKOBA;
q(t)=1- p(t).
[[Inpokoe npuMEHEHNE B MTPOEKTUPOBAHNH HAILIM TaK HA3bIBAEMBIE MOCHIU-
Koeble cxembul. Haﬂe)KHOCTI) TaKOﬁ CXCMBI OIIPCACIIAOT U3 COOTHOLICHUA B A

P()=p’(1) + 5p*(1) q(t) + 8p° (1) (1) + 2p°(1) ().

3)16(:]5 BCC DJICMCHTHBI TAKXKEC UMCIOT OI[I/IHaKOBYI'O HAACKHOCTD.

Pa3HI/IanOT CprKTypHBIe CXEMblI HAACKHOCTU C HOKAHAJIbHbIM U nNoIJjie-
menmuvim pezepeuposanuem. CTpyKTypHasi CXeMa HaJEKHOCTU C ITOKAHAJIBHBIM
pe3epBUPOBAHUEM MIOKA3aHA HA PUC. 3.

dopMyJia HaIEKHOCTU BBITISIUT TaK:

P =[1-(1- p11 p127 pin J(1-p21ip22 P2n)(1-Pripi2 Puk)]

IIpu pij = pj P=1-(1- Plpjmp?‘i')r
Ecmu pij=p,t0o P=1-(l -
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Puc.3. CtpykTypHasi cxema Ha/Ie>KHOCTH C MIOKaHAJIbHBIM PE3EPBUPOBAHUEM

B mpakThke NPOEKTUPOBAHUS YACTO HCIOJB3YIOT CTPYKTYPHYIO CXEMY
HAJIS)KHOCTHU C TIOJIEMEHTHBIM pPEe3epBUPOBAHUEM

Pll Pl'} Pln

Py W ( Py Py

P J |_ Pp J l— Pr, J

Puc.4. Hane:XHOCTh Takoil CUCTEMBI OMPEAEIIAIOT 10 (hopMmyIie:

P=1[l-(1- p){l - p22)...(I - pa)][I - (I -_p12)(1- p22)...(I - px2)]...[1- (1- P1n)(1- p2n)...(1- pxn)].
Mpupy=p; P =0--p) - -p)T [1-A-p)']

Ecupj=p,10 P=[1-(1-p)T".

AHanmu3 MOCICAHNX JBYX CXEM ITOKA3bIBAET, UTO CTPYKTYpHAs CXeMa C I0-
AJIIEMEHTHBIM PE3EPBUPOBAHUEM MMEET Oojiee BBICOKYIO HAIEKHOCTh IO CpaBHE-
HUIO C TTOKAHAJLHBIM PEe3EPBUPOBAHUEM.

IIpumep 2. TexHnueckass cucTeEMa MpeIHA3HAYEHA JJIS1 BBIIOJHEHUSI HEKO-
Topoit 3agaun. C 1epio0 odecreueHnuss paboTOCTIOCOOHOCTH CHCTEMa CIPOSKTUPO-
BaHa CO CMEIIAHHBIM COCIMHEHHEM JIEMEHTOB (puc. 5.).

Onpenenuts HaAEKHOCTh CHCTEMbBI, €CIM HM3BECTHO, YTO HAJC)KHOCTH €€
AJIEMEHTOB paBHA:
p1=0,99; p2=0,98; p3=0,9; p4=0,95; p5=0,9; p6=0,9; p7=0,8; p8=0,75; p9=0,7.

- P; -

Py || Py

r, L] P ] Py

Ps - Pg J

Puc.4. CtpykTrypHas cxema HaJie:KHOCTH TEXHUYECKOW CUCTEMBI

- Pq -
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Pemenue. [Ipu pacuete HamexKHOCTH BOCHOJIB3yeMcsl (GOpMysIaMu, Kak AJis

HOCJIE0BATENBHOIO, TAK U JUUIS TAPAJUIENBHOIO COEUHEHUS DJIEMEHTOB:
P = p1 p2[1- (1- ps p4)(1- ps pe)][1- (1- p7)(1- ps)(1- po)] =

=0,99.0,98[1- (1- 0,9.0,95)(1- 0,9.0,9)][1- (1- 0,8)(1- 0,75)(1- 0,7)] = 0,927.

IIpu pacuere cxeMHON HAJEKHOCTH TaHHYIO CUCTEMY IIPEICTABISIOT B BUJIE
CTPYKTYPHOM CXEMBI, B KOTOPOW 3JIEMEHTBI, OTKa3 KOTOPBIX MPUBOAMUT K OTKA3y
BCEH CHUCTEMBI, N300paxaroTCs MOCIEI0BATEIBHO, & PE3EPBHBIC IIIEMEHTHI I 11e-
nu — napaensHo. Crnenyer UMeTh B BHUJY, YTO KOHCTPYKTHBHOE odopmileHue
AJIIEMEHTOB, UX MOCJIEOBATENBHOE UM NAPAIJIEIBHOE COEAMHEHUE B KOHCTPYKIIUU
ellle He 03HAYaeT aHAJIOTUYHOTO N300paKEHUS B CTPYKTYPHOUM cXeMe Ha/IeKHOCTH.
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NEKUUA 5 PACHET HAOEXXHOCTU TEXHUHECKUX CUCTEM

Knaccugukayua pacuemos Hadedxcnocmu; Aneopumm pacuema HAOEHCHOCMU,
Dopmynuposka 3a0anus Ha pacuem HadedxcHocmu, MnxcenepHvle Memoobl OyeHKU
onacHocmeti, KauecmeeHHvle U KOIU4eCmeeHHvle Memoobl AHANU3A HAOEHCHOCMU
cucmenm.

Pacuetsl HafIEXKHOCTH - pacyeThl, MPEAHA3HAUCHHBIC JJISI OMPEICIICHUS KO-
JIMYECTBEHHBIX MOKa3aTeyiel HaaeHOCTH. OHU MPOBOASTCS HA Pa3IUYHBIX 3Tanax
pa3pabOTKH, M3TOTOBJICHUS U KCILTyaTallud OOHEKTOB.

Knaccuguxayua pacuemos naoexcnocmu

Ha smane_npoexmuposanusa pacyeT HaJCKHOCTU MPOU3BOJUTCA C ILIEJIbIO
MIPOTHO3UPOBaHUs (TIPEICKa3aHUs) OKHMIAaeMOM HaJIeKHOCTU MPOCKTUPYEMOU CH-
cTteMbl. Takoe IPOrHO3MpOBaHUE HEOOXOAUMO JIJIT 0OOCHOBAHUS IpeIIoaracMo-
r'o MPOEKTA, a TAKXKE JJISI PEIICHUS] OPraHU3aIIMOHHO-TEXHUYECKUX BOIIPOCOB:

- BRIOOpa ONTUMAJILHOT'O BapraHTa CTPYKTYPhI 00BEKTA,
- cioco0a pe3epBUPOBAHUS DJIEMECHTOB;

- IIyOMHBI U METOJIOB KOHTPOJIS;

- KOJIMYECTBA 3alaCHBIX YJIEMEHTOB;

- IEPUOJIMYHOCTU TPOPUTAKTUKH.

Ha smane ucnvimanuil u ykchayamayuy pacueTbl HAJEHKHOCTH MPOBOJISAT-
Csl ISl OLEHKU KOJIMYECTBEHHBIX MOKa3zaTesell HaJeKHOCTH. Takue pacuersl HO-
CSIT, KaK TMPaBWJIO, XapaKTep KOHcTaTaluu. Pe3yiabTaThl pacuyeToB B 3TOM Cilyyae
MOKA3bIBAIOT, KAaKOW HAJEKHOCTHIO 00J1a/laii OOBEKTHI, MPOLIEAIINE UCIBITAHUS
WU HUCIOJIb3yEMble B HEKOTOPBIX OMpPEACICHHBIX YCJIOBUSX JKCIUTyaTanuu. Ha
OCHOBAHHHU ITUX PaCUYETOB pa3padaThIBAIOTCS MEPHI IO MOBBIIICHUIO HAJCKHOCTH,
OTIPENICIIAIOTCS clladble MecTa 00BEKTa, MAFOTCS OICHKH €ro HaJACKHOCTH W BIIUS-
HUS Ha HEE OTJICIbHBIX (haKTOPOB.

MHOTOYHCIICHHBIC TIEIH PACYSTOB IMPUBEIHN K OOJIBIIOMY UX pa3HOOOpa3HIo.
Ha pucynke n300pakeHbl OCHOBHBIC BHIbI PACUCTOB.

l— Pacyersl HAICKHOCTH —1
DNeMEHTHEIN PYHKIMOHAIBHBI
Y
upm.tn M3Le i CAOKHBIX HANSMMHIt
¥
He peaepnnpnmmmx pPE3ePBHPOBAHHLIX

HIACTHH HIACIIMH

¥ ¥
0e3 BOCCTAHORICHHSA C BOCCTAHORBRJICHHCM
v ¥
C VIETOM TOJILKO € YYCTOM PadInY=
BHC3ANHAIX OTKA308 HOI'O BMJId OTKa308
Puc. 2.3 Knaccupurauusi pac4eToB HAAEKHOCTH
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dnemenmublil_pacuem - ONpeeTeHUE MOKa3aTeiaeil HaJe)KHOCTH 00bekTa, 00y-
CJIOBJIEHHBIX HAJEKHOCTBIO €r0 KOMIUIEKTYIOIIMX YacTel (dyeMeHToB). B pe3yiib-
TaTe TaKOro pacuera OIEHUBAETCS TEXHUUECKOE COCTOSTHUE 00beKTa (BEPOSITHOCTD
TOTO, YTO OOBEKT OYJET HaXOAUThCS B PAOOTOCIIOCOOHOM COCTOSIHUU, CPEIHSA
HapabOTKa Ha OTKa3 U T.II.).

Pacuem ¢pynkuuonanvnoii nadexycnocmu - onpesieJieHue noka3areiei HaleKHO-
CTH BBITIOJIHEHUS 3aJaHHBIX (DYHKIMI (HampuMep, BEpOSITHOCTb TOTO, YTO CUCTEMA
MO/Iauy TOIUIMBA B JABUTATENN OyAeT padoTaTh 3aJlaHHOE BpeMs, B 3aIaHHBIX pPe-
KUMax JKCIUTyaTallud ¢ COXPAHCHUEM BCEX HEOOXOIMMBIX MapaMeTPOB TOILIHBO-
obecrieuenus). [lockoabKy Takue IMOKas3aTed 3aBHCIT OT psia JCUCTBYIOIIMX
¢dakTopoB, TO, KaK MpPaBUIIO, pacueT (HYHKIMOHATHLHOW HAJEKHOCTH Ooyiee cio-
YKEH, YEM AJIEMEHTHBIN pacyer.

Anzopumm pacuema HaodexicHocmu

| | CroBecHoe onucaHue VCIOBHH
3 2 4
PaztucHue cucrems Hasnavuenue Bujia Pasbucune na
Ha GnokH, vausl pactcTa salaHHBIC (DYHKUMM
7 5
6 Coctapnenne [
P CTPYKTY ‘u(ln‘i CXEMBI FITATRCIR NS
Ao " / Xe!
ac. H.T l|lnue>mocm p(Ha.i fmuocn « 4 $paxropos
TR LR (pacuer ux piusng)
CHCTEMBI
N 9 10 11 i
[Tapaeibno= Berssuasics Jloruueckas I'pachonornyeckan
OCHACAOBATC/IbHAS CTPYKTYpa ¢GyvaKuNa CTPYKTYPA
CIPYKTYpa
' I
12

Cocramicune nabopa
pacyeTHbix opmy

13 '

PacyeT HANCKHOCTH CHCTCMNM

14 :
AHLUTH3 PE3VILTATOB

H NMPUHATHE peLIeHHH

Puc. 2.4. AaropuT™m pacyera HAJAeKHOCTH

Bri6upas Ha puc 2.3 BapuaHThI IEPEMEIICHUA TI0 TTyTH, YKa3aHHOMY CTpPEJI-
KaMH, MOT'YT OBITh MOJTY4Y€HBI HOBBIE BUJIBI pacyeTa.
DopmynuposKka 3a0aHusA HA PAciem HAOEHCHOCHU
[Ipexxae Bcero, 4eTKO cieayeT chopMyTupoBaTh 3a/IaHUE Ha pacyeT HallexK-
HOCTH. B HEM TOKHBI OBITh YKa3aHbI:
1) Ha3HaYEHHUE CUCTEMBI, €€ COCTAB U OCHOBHBIC CBEICHHS O (DYHKIIMOHUPOBAHUH;
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2) TOKa3aTeNny HA/ICKHOCTH U TIPU3HAKU OTKA30B, IEJIEBOC HA3HAUCHUE PACUETOB;
3) ycioBus, B KOTOpIX paboTaeT (uiu Oyaer paboTaTh) CUCTEMA;

4) TpeOoBaHUS K TOYHOCTH M JOCTOBEPHOCTH PACUeTOB, K IOJIHOTE ydeTa JeH-
CTBYIOIIMX (PAKTOPOB.

Ha ocHOBaHuMM u3y4yeHUs 3aJaHUsl JIETAeTCs BBIBOJI O XapaKTepe MNPeCTOSIIMX
pacueToB. B ciydae pacyera (pyHKIIMOHAIBHON HAJEKHOCTU OCYIIECTBIISETCS Te-
pexon k aTanam 4-5-7, B ciydae pacdeTa 3JE€MEHTOB (anmapaTypHOU HaJEKHOCTH)
- K oTamam 3-6-7.

Huocenepnvie memoovl oyenku onacHocmeii MOTyT ObITh OCHOBaHBI Ha Kaue-
CTBEHHOM W KOJIMYECTBEHHOM IMOAX0JaX. KadecTBEeHHBIN aHamu3, Kak IPaBUIIO,
IPEALIECTBYET KOJUYECTBEHHOMY. HMiueHTudukauus (BBISIBICHUE) OMACHOCTEN
BBIINIOJIHAETCS. TOJBKO HAa OCHOBE KA4eCTBEHHOTO MX aHaim3a. OOBIYHO aHaIu3
MPOBOAUTCA MO pe3yibTaTaM HaONIOJEHUS 32 M3y4aeMOW CHCTEMOH (Hampumep,
TeXHU4YEeCKUM cocTosinueM BC, uiu TexHonorueit paboThl SKunaxa). 3ajgayda - Bbl-
JIEUTh OMACHOCTH, HYXKJaroluecs B 0ojee moApoOHOM paccMOTpeHuu. B mo0bix
BUJIaX JESATEIHHOCTH, BKIIIOUAs BBITIOJHEHNE U 00ecTieueHre MOJIETOB, MOKHO BBI-
SIBUTh UCTOYHUKU TOBBIIICHHON OMACHOCTH B T.4. HEHAJICKHbIE KOMIIOHEHTHI TEX-
HUYECKUX CUCTEM.

B TexHHKe U TEXHOJOTHAX BCTPEYAIOTCS PAa3HOOOpa3HbIe UCTOYHUKU OIac-
HOCTH U €CJIM OHU OKa3bIBAIOTCS CBS3aHHBIMU CO 3HAYUTEIBHBIMH 3ariacamMu dHep-
TUH, TO ONACHBIE TOYKU OOHAPYKUTh OTHOCUTENIBHO MPOCTO. Yale Bcero 3To J0-
CTUTAETCS KA4YeCTBEHHBIM aHAJTH30M.

[IpuMeHeHre KOJMYeCTBEHHBIX METOI0B aHAIN3a TpeOyeT BhIOOpa KpUTe-
pHUEB, KaK MEPHI JIJIsI CPABHCHHSI KOJTMYECTBECHHBIX MTOKA3aTEIICH UCCIICyEMbIX ajlb-
TEpHATUB pPEIICHUS MPOOJIEMbI B OTHOIICHUH 3aTPAaYMBAEMbIX PECYpPCOB H TOTyYa-
€MBIX Pe3yJIbTaTOB (ITOKa3aTeNu TuMa "leHa/KayecTBo").
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JNNIEKLUMNA 6. OcHOBHbIe MeTOAMKUN OLIeHKU ONMacHOCTEeu

IIpeosapumenvhoiii  anaiuz onacrhocmetl, Memoobl nposepouno2o  aucma
(CHECK-LIST) u "umo 6yoem ecnu ...?" ("WHAT - |F"); 5.3 [epeso omkazo6 -
JO (fault tree analysis - FTA), Kapta o6iero ananusa onacHocteid; I'pad aepera
0TKa30B; Jlocuueckue cumMeoubl 83auUMOCes3ell

Ilpeosapumenvnulit ananus onacnocmeil

enbto npenBaputenbHoro aHanuza onacHocren (ITAO) sBisieTcs omnpene-
JeHue Tororpadun (CocTaBa) CUCTEMBI, €€ YaCTH WU OTIASIHHOTO JIEMEHTA, BbI-
SBJICHUE MOTEHIIUATBHBIX OMACHOCTEW WJIM OMACHBIX COCTOSIHUM, KOTOPBIE MOTYT
CO3/1aBaTh CUCTEMA WJIM €€ 3JIEMEHTHI B X0Ji¢ paOdOThl U KOTOPHIE MOTYT MPUBECTU
K OITACHBIM COOBITUSIM, T.€. OMPEACIICHNE TOH YaCTH CUCTEMBI, T1ie TpeOyeTcs mpo-
BecTU 0oJiee MOAPOOHBIN aHATH3.

B MammHOCTpOoeHUU pUCK MPOUCIIECTBUS, MIPEXK/IE BCETO, CBA3aH ¢ OECKOH-
TPOJILHBIM BBICBOOOXKICHUEM YHEPTUU JABMKYIITUXCS YacTe 000py10BaHUS.

[TockoJIbKY OIHM YacTH CHCTEMBI (BO3IYIIHOTO CYJHA, CUCTEMBI «3KHIAK-
BC» u T.1.) mpeacTaBisitoT OOJIBIIYIO OMACHOCTh, Y€M JIPYTHe, B CAaMOM Hayaie
aHanM3a CcienyeT pa3OUTh CUCTEMY WJIM TEXHOJIOTMUECKHUI MPOIECC Ha MOJICUCTE-
MBI (3Taribl), 17 TOTO YTOOBI BBIMOJHUTE IIPEIBAPUTEIBHBIN aHAIN3 OMAacHOCTEN B
CJIEAYIOIIEN NTOCIIEN0BATENBHOCTH:

IIlar 1. BeisgBieHue MOTEHIIMAIBHBIX MCTOYHHUKOB OMACHOCTEH (CHCTEMBI, YacTH
CHUCTEMBbI WJIU 3JIEMEHTOB), KOTOPhIE€ MOTYT BbI3BaTh HACTYILJICHHE HEOJIArompusiT-
HBIX TTOCJIEJCTBUM.

[ar 2. OnpeneneHre CTENEHN OMACHOCTH BEPOSTHBIX TOCIEACTBUN - BO3MOKHBIC
MOKaphbl, B3PHIBBI, Pa3pylICHUE KOHCTPYKIIUU, YTEUKHA TOPIOUYMX BEIIECTB U T.1., B
T.4. TEX KOTOPBIE MAJIOBEPOSITHBI U pAHEE HE TPUBOJAUIN K POUCHIECTBUSIM.

[ar 3. UckmroueHnue u3 CIUcKa TeX OMacHOCTEH, MPOSBIIEHUE KOTOPHIX MIPAKTHYE-
CKH HEOCYLIECTBUMO.

[Tpouenypa [TAO Hepenako BKIIOYAET B ce0S HE TOJILKO MPEABAPUTEIHLHOE
BBISIBJICHUE DJIEMEHTOB CUCTEMBI WJIM COOBITUM, KOTOPBIE MOTYT NMPUBECTU K OIac-
HbIM CHUTyalusM. 3aJadyd aHaliM3a PACIIUPAIOTCS C HCIOJIb30BAHUEM KOJIHYE-
CTBEHHBIX ((pOpMaIM30BaHHBIX) MPUEMOB CPABHEHHS, BKIIIOUEHHEM B PACCMOTpE-
HUE MOCEI0BATEILHOCTA COOBITUH, TPEBPAIIAIOIINX OMMACHOCTH B IPOUCIIECTBUSI,
a TAaK)Ke KOPPEKTUPYIOITUX MEPONPUITUI (KOHTpMEp) AJIsl YCTPAHEHHSI OTTaCHOCTH.

Takum oOpaszom, pesyiabraroM [IAO OyayTt: mepedyeHb OMACHOCTEH, MpH-
YUHHO-CJICACTBEHHbBIC IEMOYKM HACTYIUICHUS HEOJAronpUsiITHBIX MOCIEACTBUN U
KOPPEKTUPYIOIIME BO3ACUCTBUA. Ha 3TOM OCHOBE B JAJIbHEUIIIEM Pa3BOPAUYUBACTCS
JeTaJbHBIA KOJIMYECTBEHHBIN aHaM3. JpyruMu ClIOBaMU - BBISIBJSIOTCS TIPHUOPH-
TEThI ¥ BUJIBI OTTACHOCTEH, KOTOPHIE CIIETyeT pacCMaTpuBaTh OoJiee moApOOHO.
Memoowt npoeepounozo aucma (CHECK-LIST) u "umo o0yoem ecau ...2
("WHAT - IF™)

DT METOMBI, CIOCOOCTBYIOT BBISIBIICHUIO HA MPAKTHKE KPUTUUECKUX TOUEK
CUCTEMBI, CIIOCOOHBIX BBI3BATh OTKAa3 CHCTEMbI (dJ€MEHTa) Wik OOYCIOBHUTH aBa-
pUITHOE COCTOSIHME TEXHOJOTHYECKOTO MpoIecca. DTH METOIbI (Jale - uX KoMOu-

44
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HAIMs) OTHOCSATCS K TPYIE KAYeCTBEHHBIX METOOB OIIEHKH OMACHOCTH, OCHO-
BaHHBIX HA M3YYEHHUU COOTBETCTBHSI yCIOBHUH JKCILTyaTalldd CUCTEMBI (0OBEKTA)
JENUCTBYIOUM TpeboBaHUsIM Oe3oracHOCTU. OHU AI0T NpeICTaBleHne 00 OTKIIO-
HEHUHU OT HOPMBI H MOTYT CITYy>KUTh OCHOBOM i OoJiee MmoaApoOHBIX (B T.4. U KO-
JMYECTBEHHBIX) METOJOB aHAJIM3a, IO3BOJISIOT BBIPA0OTATh KOPPEKTHPYIOIIHNE
BO3JICHCTBHS HE TOJHKO B OTHOIICHUH YCIIOBUH JKCIUTyaTallid, HO U BHECTH KOP-
PEKTUBHI B COICpKAHHUE TEXHOJIOTUUYECKOTO MPOIlecca WIH MOJCPHU3UPOBATH KOH-
CTPYKIIHIO CHCTEMBI. METOJI MCIONBh3yeT MPOMEKYTOUHBIC TMPU3HAKA COCTOSHUS
CHUCTEMBI U CITIOCOOCTBYET IIPEIOTBPAIICHUIO OTIACHBIX COOBITHH.

Ha pwuc. 6.1 mpuBoguTCS cXeMa WCIOJIB30BAHUS POMEKYTOUHBIX TpPHU3HA-
KOB JUIsl IPEJOTBPAIECHUS Pa3BUTHsI OMACHOW CHUTYallUW, MPUBOMSINCH K MPOWC-
IIECTBUI0. B MeToaMuecKoM IIIaHe 3Ty CXEMY MOYKHO NMPUMEHHUTH K JTF00OOMY TeX-
HOJIOTUYECKOMY TPOIIECCY.

> [IpoMeKyTOYHBIC
DUUHH > ;
[prranna > MPHIHAKH
Ornenka u
[MpenorepalieHue | |fe KOppPEKTHpYIOIee
BO3JICHCTBHE
ABapuu

M HecHacTHBIC Cjyyan

Puc 6.1 Meroanka uconbp30BaHus IPOMEKYTOUHBIX TPH3HAKOB
JUIs TIPEIOTBPALLCHUS IIPOUCILIECTBUN

Meron npoBepouHoro nucrta otTimyaercs ot "Urto Oyxer, ecnu...?" Gonee
OOIIMPHBIM TPEACTAaBICHUEM HMCXOJIHOM MH(OpMalMU U PEe3yJIbTaTOB O MOCIEN-
CTBUSIX HapylleHuil Oe3omacHocTH. MccnenoBanue 0€30MacHOCTH CYIIECTBEHHO
YIPOCTUTCA, €CIU MPOLECC UCCIEeN0BaHUs 00eCneynTh BCIIOMOTaTeabHbIMU (op-
MaMHi, YHUDUIIMPOBAHHBIMU OJaHKaMU, OOJIETYAIONIUMHU Ha MPaKTHKE cOOp HH-
dopMaruu, IpoBeJEHUE aHAINW3a U IMPEACTaBICHUE PE3yIbTaToB. MeToabl HENo-
poru u HaubOoisiee 3(PEKTUBHBI PU UCCIECTOBAHUU O€30MACHOCTH XOPOIIO H3Y-
YEHHBIX OOBEKTOB C M3BECTHOW TEXHOJOTHEH DKCIUTyaTallud Uiud OOBEKTOB C He-
3HAYUTENbHBIM PUCKOM KPYITHBIX TPOUCIIECTBUN.

[TpumepoM TOMY MOTYT CIIY>KUThb KapThl KOHTPOJIBHBIX MPOBEPOK, HITUPOKO
UCTIONb3yeMbIe B Pa3NUYHBIX TEXHOJIOTUYECKUX TMPOIeccax MPH IKCIUTyaTaluu
(TEXHUYECKOM U JIETHOM ) aBUALTMOHHOW TEXHUKHU.

B kaxaoM KOHKPETHOM Ciy4dae HUCIOJB3YIOTCS COOCTBEHHBIE MPHU3HAKH.
OMNBITHBINA CHEUANKCT MO OE30MaCHOCTH MOXKET 3aMETUTh MPOMEKYTOUHBIA TIPHU-
3HaK, KOTOPBIN HE BUJIEH JIMILY, SKCIUTyaTHPYIOIIEMY 000pyJ0OBaHHE, TaK )K€ KaK U
orepaTop TEXHUYECKOW CHUCTEMbl WJIM TE€XHOJOI MOTYT YBHJETh OTKJIOHEHHUS OT
HOPMBI, KOTOpbIE HE IOHATHBI CHEIHAIUCTY 1o 6e3onacHocTi. Hanpumep, B kaye-
CTBE MPOMEKYTOYHOTO MPU3HAKA MOKET BBICTYNATh MOBBILICHHAS] BUOpAIUs, IIIyM
B OTJEJbHBIX YacTsX arperara u Jp. @opma npoBEpOYHOro JKCTa - IEPEUYEHb BO-
IIPOCOB ¥ OTBETOB O COOTBETCTBHH HCCIEAYEMOM CUCTeMBbI TpeOoBaHUsIM Oe3omac-
HOCTH Y yKa3aHUs 10 00ecreyeHno 0€30MmacHOCTH (KOHTPMEDHI).
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OnucaHne KaxJI0i U3 KOHTPOJUPYEMBIX OMACHOCTEW CIEAYET 3aHOCHUTH B

kapTty (Tadm. 6.1).

Ta6numa 6.1. Kapra oGmiero anaimsa onacHocTein

[Monrotosun Hata _

OnucasHue onacHoCcTH

V4acTOK CHCTEMBI

Cepbe3IHOCTD BepoaTHOCTS Jarpartsl HdelicTeua

Brizsisatowan Gecnokotictse | HeGonbiuas Jonyctumeie  |HecpouHsie
MpeaensHO AONVCTHMASN Vuepennas Mpeaensubie  [AHanus
KputHueckas 3HauuTensHas |3HauuTenbHble |HemMemeHHbIE
Karactpoduueckas

Ha xapte npocrtaBisieTcst 1ata, 4To JAaeT BO3MOKHOCTh YCTaHABIIUBATh XPO-
HOJIOTHIO BBISIBJICHMS (Pa3BUTHUS) OMACHOCTEH, YKa3bIBAECTCA AJIEMEHT CUCTEMBI,
YTO JJAeT BO3MOXKHOCTb MPOCIEIUTh Tomnorpaduio omnacHocteid. OctanbHasi 4acTb
pa3buta Ha uyeThlpe pyOpuku. Kaxknas U3 HUX IpeJcTaBieHa HECKOJIbKUMH KaTe-
ropusimi. Karteropuu pacnojiaraiorcst Tak, 4TO T€ U3 HHX, KOTOpbIE TpeOyroT
HauOOJIbIIEr0O BHUMAHUS, HAaXOJATCA BHU3Y mepeuHs. Hampumep, ecnu cepbes-
HOCTb OIIACHOCTHU KaTacTpo(uueckas, BEpOSITHOCTh MIPOUCHIECTBUS - HEMUHYEMOE,
a 3aTpaThl - HOMUHAJIbHbBIE, TO HEOOXOIUMO HEMEMJIEHHOE KOPPEKTUPYIOLIEE JIei-
CTBHE.

JleTanbHbI aHAIU3 MPOBOAUTCS MO COBOKYHMHOCTH COOPAHHBIX KOHTPOJIb-

HBIX KapT U COCTOUT B CJIEIYIOLIEM:
1. OnacHOCTH CHCTEMAaTU3UPYIOTCS IO MECTY U BPEMEHHU JIEMCTBUS B TEXHOJOTH-
YECKOM omeparyu, 4YTo MO3BOJISET JIyUIlle OLIEHUTh CEPHE3HOCTh U MPOIAOJIKUTENb-
HOCTbH OTNACHOCTU. 2. BBIABIAIOTCS M3HAYAbHBIE TPUYMUHBI BOSHUKHOBEHUS OTac-
HOCTH, (BMECTO MWCHOJB30BAHUS MPOMEXKYTOUHBIX MPU3HAKOB BBISBISEMBIX Ha
stane obOmiero aHanmsa). 3. [logpoOHO OlleHHWBAaeTCs BIUSHUS KOHTPMEp, YTO
TPYAHO cienaTh B obmieM aHanuze. 4. [IpociexnBaercs BIMSHUE KaxXaA0H KOHTp-
MEpBI Ha BCE 3JIEMEHTHI CUCTEMBI C LIEJIbIO BBISBIICHHUS TAKUX COCTOSHUI CUCTEMBI,
P KOTOPBIX ONACHOCTH ITPOUCIIECTBHS BO3PACTAET U3-3a HETATHUBHOI'O BIUSHUS
KOPPEKTHUPYIOLIUX Mep Ha paboTy APYrHX JIEMEHTOB CUCTEMBI.

Crenyromuii dtan AETaabHOIO aHali3a - MAaTPUYHOE MPENCTABICHUE pe-
3yJbTaTOB aHanu3a. Ero nenb - npeAactaBuTh MH(pOpMaLUIO 0 3aTpatax U 3Pdek-
TUBHOCTU KOHTPMEP B CKaTOU U joruuHo popme. [Ipu aTom napopmanus He 00-
pabaTbiBaeTcs, He (POpPMaJU3YETCsA, a TOJIBKO JIMIIb MPEACTABIAETCS B yIOOHOM
BUJIE JUUISl IPUHATHSA PABUIIBHOTO pelieHus. Kak mpaBuiio, Mpou3BOIUTCS CpaBHe-
HUE aTbTEPHATUBHBIX BAPUAHTOB KOHTPMEP U PA3JIMUYHBIX TUIIOB OMACHOCTEH.

B marpuiie 31eMeHThl ONTACHOCTH, BBISIBJICHHBIE B X0JI€ IETATLHOTO aHAIN3a,
pacnoJiaratorcs B MOPSJIKE BaKHOCTH. AJIbTEpPHATHBHBIE BapUAHTHI YKa3bIBAKOTCS
B BEPTUKAJIBHOM CTOJIOIE U TYT K€ YKa3bIBaIOTCS 3aTPaThl HA TAHHYIO KOHTPMEPY.
B nosie MaTpuibl B MecTax NMEPECEUEHHs] OMAaCHOCTEW M KOHTPMEDP YKa3bIBAKOTCS
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CUMBOJIBL: - - yCTpaHEHHE 3JIEMEHTA OMacHOCTH, R - CHI)KEHHE OmacHOCTH, X
- OMACHOCTh HE U3MEHUJIACh, | - OMMACHOCTh yBEIMUUIIACS.

OxoHoMuueckas 3¢h(HEKTUBHOCT, MEPONPUATHIA MPEJCTaBIsAeT CcOO0M J10-
MOJIHUTENIbHYIO TIEPEMEHHYIO, OIMPEACNIEHHYIO B XOJIe JIeTalbHOro aHaiau3a. Mat-
pUYHOE TMPEJCTaBICHUE HE TapaHTUPYET ONTHUMAIbHOCTb PEHICHUS, MOCKOJbKY
MpPEeIHa3HAYEHO TOJBKO JJIs OOJEeryeHus Mpolecca MPUHATHS YNPABIEHYECKOTO
pelIeHus 3a CYET YIOPSA0YEHUS PE3yJIbTaTOB KaUeCTBEHHOM OIEHKH OMACHOCTEH.

/lepeso omkazos - /10 (fault tree analysis - FTA)

AHanu3y NpUYMH OTKA30B U BBIPAOOTKE MepomnpusaTuid, Hambonee 3¢ dek-
TUBHBIX JJI1 UX YCTPAHEHHS, CHOCOOCTBYET NOCTPOEHHUE JEpeBa OTKA30B U Hepa-
00TOCIOCOOHBIX COCTOSAHMUN. Takol aHaIU3 CleayeT NPOBOAUTH IJIsl KAKIOTO Ie-
pHroaa GYHKIIMOHUPOBAHUS, KaXX/I0M YaCTH WIIA CUCTEMBI B IIEJIOM.

JlepeBo OTKa30B (aBapuii, MPOUCIIESCTBUM, MOCIEACTBUN HEXKEIATEIbHBIX
COOBITUH U Tp.) JIEKUT B OCHOBE JIOTMKO-BEPOATHOCTHOM MOJEIU NPUYUHHO-
CJIEICTBEHHBIX CBS3€H OTKA30B CHUCTEMBI (KaK BHUJA MPOSIBIECHUS ONMACHOCTH) C OT-
Ka3aMH €€ 3JEMEHTOB M JIpyrMMH coObITHsIMH (Bo3aeiicTBusimu). Ilpu anamuze
BO3HUKHOBEHHUSI OTKa3a CHUCTEMbI (IIPOMCIIECTBHsI) COOBITHE NPEJICTABISIETCS IO-
CJIEIOBATEIbHOCThIO M KOMOWHAIMEN HapylIeHWH M HEUCIPABHOCTEH, U TAKUM
00pa3oM OHO MpEACTaBIseT cOO0M MHOTOYPOBHEBYIO I'paOIOrHUECKYIO CTPYKTY-
Py NPUYUHHBIX B3aUMOCBS3€EH, IOJYYEHHBIX B PE3YyJIbTaTe MPOCICKUBAHUS JUHA-
MUKH Pa3BUTHUS OMACHBIX CUTyallUid B 0OPAaTHOM MOPAJKE, ISl TOIO YTOOBI OThIC-
KaTh BO3MOYKHBIC IPHYUHBI UX BO3HUKHOBEHUS (pHcC. 6.2).

LleHHOCTB AepeBa OTKA30B 3aKIIOYAETCS B CICTYIOIIEM:

- aHAJIU3 OPUEHTUPYETCS HA HAXOXKACHUE OTKa30B AIEMEHTOB, TPUBEIIINX K
OTKa3y CUCTEMBI;

- IO3BOJISIECT MTOKA3aTh B IBHOM BUJI€ HEHAJE)KHBIE MECTA;

- obecrieunBaeTcs rpauKoO U MPEACTABIACT HATJISAHBIA MaTepual i TOH 4acTH
pabOTHUKOB, KOTOPbIE MPUHUMAIOT YYaCTHE B SKCILTyaTallui CUCTEMBI;

- J1a€T BO3MOJKHOCTb BBIIIOJIHATh KAaYECTBEHHBIM WJIM KOJWYECTBEHHBIN aHAJIN3
HAJKHOCTH CUCTEMBI;

- METOJI ITO3BOJISIET CIIELUAIMCTAM ITI00YEPETHO COCPEAOTAUYNBATHCS HA OTIIEIBHBIX
KOHKPETHBIX 0TKa3aX CHUCTEMBI;

- obOecreynBaeT HarJisiJHOE MPEICTaBICHUE O MOBEICHUM CHUCTEMBbl U IMOBBIIIAET
3¢ (HEKTUBHOCTH KOHTPOJIS HaJ €€ paboToi

| e 7_*<‘( """"" OrKa3 CHCTEMBI
2 s e 7»\- """ OTKa3 cocTaBHBIX HacTeil
4 -~

3 = 7 ————— ;=== OTK43 31eMCHTOB
4 ~ Z == CobbITisi, NOPOXIAKONIAC OTKA3
5 OO \ > (- Buawl BosgcicTsui

Puc. 6.2. I'pad nepeBa oTka3zoB
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- IOMOTaET JEYKTUBHO BBISIBIIATH OTKA3bIL;
- 1aeT KOHCTPYKTOpaM, MOJb30BaTENIIM U PYKOBOJUTEISIM BO3MOKHOCThH HATJISI]I-
HOTO OOOCHOBAHUSI KOHCTPYKTHUBHBIX M3MEHEHUN WJIM YCTAHOBJICHUSI CTENEHU CO-
OTBETCTBUSI KOHCTPYKIIMM CUCTEMBI 33JIaHHBIM TPEOOBAHUSM M aHaJIM3a KOMIIPO-
MUCCHBIX pElICHU;

- o0JieryaeT aHallu3 HaJIEKHOCTH CIIOKHBIX CUCTEM.

['maBHOE MpEeUMyIECTBO JepeBa 0TKa30B (110 CPABHEHUIO C IPYTUMU METO-
JlaMH) 3aKJIIOYAeTCsl B TOM, UTO aHAJIM3 OrPAaHUYMBACTCS BBISIBICHHEM TOJIBKO TE€X
AJIEMEHTOB CUCTEMBI U COOBITUM, KOTOPHIE MPUBOJAT K TAHHOMY KOHKPETHOMY OT-
Ka3y CUCTEMBbI (ITPOUCIIECTBHUIO).

Henocrarku nepeBa 0TKa30B COCTOSAT B CIEAYIOLIEM:

- peanu3anus MeToa TpeOyeT 3HAUUTEIbHBIX 3aTPaT CPEICTB M BPEMECHH,

- IEPEBO OTKA30B MPEJCTABISIET CO00i cxeMy OyneBON JIOTUKH, Ha KOTOPOH MOKa-
3BIBAIOT TOJIBKO JBA COCTOSIHUS: pabouee U OTKA3aBIIIeE;

- TPYIHO Y4Y€CTh COCTOSIHHME YACTUYHOI'O OTKa3a 3JIEMEHTOB, IOCKOJIbKY IMpU UC-
MOJIb30BAaHUHU METO/a, KaK MPaBUJIO, CYUTAIOT, YTO CUCTEMA HAXOJIUTCA JIMOO B HC-
MIPaBHOM COCTOSIHUH, JINOO B COCTOSIHUU OTKa3a;

- TPYJHOCTH B OOIIIEM CiIy4ae aHAJMTUYECKOTO PeIIeHUs I IEPEBbEB, COACPKa-
IIUX PE3EPBHBIE Y3JIbl U BOCCTAHABIMBAEMBIC Y3Jbl C MPUOPUTETAMHU, HE TOBOPS
YK€ O T€X 3HAUUTEJBHBIX YCWIMSX, KOTOPbIe TPEOYIOTCS JJI OXBaTa BCEX BUJIOB
MHOKECTBEHHBIX OTKa30B;

- TpeOyeT OT CHEIUATMCTOB MO0 HAJEKHOCTU TTyOOKOTO 3HAHUS CUCTEMbl U KOH-
KPETHOT'O pACCMOTPEHUS KAXK/bIM pa3 TOIbKO OJJHOTO OMPEAEICHHOIO 0TKA3a;

- IEPEBO OTKA30B OMHUCHIBAET CUCTEMY B OINPEACICHHBI MOMEHT BpeMEHHU (0ObIU-
HO B YCTAaHOBUBILIEMCS PEKHUME), U PEabHBIE MOCIEI0BATEIILHOCTH COOBITHI (T1e-
PEXOJIHBIE MPOIECCHI) MOTYT OBITh MTOKa3aHbI ¢ OOJIBIINM TPYJIOM, HHOTAA ATO OKa-
3bIBAETCS HEBO3MOKHBIM. JTO CIPABEMJIMBO ISl CUCTEM, MMEIOIIUX CJIOKHbBIC
KOHTYPBI PETYJIHPOBAHUSI.

YToOBI OTHICKATh M HATJISHO MPEACTABUTh MPUUYUHHYIO B3aUMOCBS3b C T10-
MOIIIBIO JIePeBa 0TKa30B, HEOOXOIUMBI dJIEMEHTAPHBIE OJIOKH, TIOIpa3esIONue
U CBSI3bIBAOIINME OOJBIIOE YUCIO COOBITHM. B MH)KEHEPHOU TpakTUKE MPHUHSITO
WCITIOJIB30BATh JBA TUMA OJIOKOB: JOTUYECKUE CUMBOJIBI (3HAKU) U CUMBOJIBI
COOBITHIA.

Jlocuueckue cumeonnbt. Jlornueckue CUMBOJIBI (3HAKU) CBS3BIBAIOT COOBITHS
B COOTBETCTBUHU C NMPUYMHAMH UX BOSHUKHOBEHUsA. OO0O3HAUEHUS JIOTUYECKUX 3HA-
KOB TIpHUBeACHbI B Tabn. 6.2 Jlorndeckuii cuMBOI (3HAK) MOKET UMETh OJIMH WIIH
HECKOJIBKO BXOJIOB, HO TOJIbKO OJMH BBIXO/I, MJIM BBIXOJJHOE COOBITHE.

Jlornueckuii 3Hak "N" (cxema coBmazaeHusi). BeixogHoe coObITHE JIOTHYE-
CKOro 3Haka M HacTymaet B TOM ciy4ae, €clid BCe BXOJAHbIE COOBITHS
MOSBJISIIOTCST  OfHOBpeMeHHO. [IpaBmino dopmynupoBanusi coObituii. CoObITHS,
BXOJIHBIE TIO OTHOIICHUIO K onepamuu M, 1omKHBI POpMYIUPOBATHCS TaK, YTOOBI
BTOPOE OBLIO YCIOBHBIM IO OTHOIIEHHUIO K TIEPBOMY, TPEThE YCIOBHBIM IO OTHO-
HIEHUIO K NEPBOMY U BTOPOMY, a MOCJIEIHEE - YCIOBHBIM KO BCEM IMPEABIIYIIUM.
Kpome Toro, 1o kpaiineir Mepe, OJJHO U3 COOBITHH JOJKHO OBITH CBSI3aHO C IOSIB-
JIeHUEM BBIXOJHOTO coObITHs. [lomHas xapakTepuctuka cCOOBITHS HE TpeOyeTcs.
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Huorga ona naxe Memiaer rpaduveckoi sICHOCTU auarpaMMmbl. TpeOyeTcs Juib
YIOPSIOYUTH COOBITHS TaK, YTOOBI COOBITHE CTOSIIEE CIPaBa 3aBHCETO OT IOSB-
JeHus COOBITUSL CTOALIETO cieBa. TakuM 0Opa3oM, MOSIBIIEHHE BBIXOAHOTO COOBI-
TS OyZIeT ONpPEeeATHCS MOSBICHUEM MTOCIEAHET0 COOBITHS B psiay N - COOBITHIA.

Ta0Omuma 6.2 Jloruueckue CUMBOJIIBI

Crpo-| Cumsoa norn- Ha3saune MpuunHHan

Ka YECKOro 3HaKa |JOrHYecKoro 3Haxka B3aHMMOCBSA3b

| H BuixoaHoe coOuITHE NPOKUCXO-
AT, €CAN BCC BXOAHBIC COORI-
THSA CAVNAKOTCH OAHOBPEMEHHO

2

HIH BeixoaHo¢ COOBITHE NMPONCXO-
ANMT, CCAN cayvacTes nwdoe
M3 BXOAHBIX COOLITHIT

«3anpem» Hanuume Bx0aa BLIILIBACT Ha-
AWYKME BbIXOAA TOIMA, KOrja
MPOUCXOANT VCJIOBHOS COOBITHE

«IIpuopumemnoe |BoixoaHOC cODBITHE CAYHACTCA,

H» eCJIM BCE BXOAHBIE CODBLITHS
NPOUCXOAAT B HYKHOM MoOpai-
Ke ceBa Hanpaso

whn

«Hexaronawmee |BoixoaHoe cOOBITHE NPOMCXO-
HITH» JINT, eCIM CyYaeTcs oaHO (Ho
He 00a) M3 BXOAHBLIX CODBITH I

) «m W3 n» BoixoaHoe cODBITHE NPOMCXD-
(ronocoBaH A AUT, CCAH CAYHACTCA m U3 i
HaH BuIOOPKH) BXOAHBIX COOLITHI

T = )-Q:)Z}:D-

[IpaBuno npumeHeHus Jsorudeckoro 3Haka M. Eciam MMErOTCs HECKOJIBKO
MPUYUH, KOTOPHIC JOJKHBI MOSBUTHCS OJHOBPEMEHHO, TO OOBIYHO, MCIOJIB3YIOT
onepaiuto M. Bxoasl onepanuu J0JKHBI OTBe4aTh Ha Bompoc: "UTo HeoOXoauMo
JUTST HOSIBJIEHUS BBIXOJHOTO COOBITHS?".

Jlornueckuii 3nak "NJIN" (cxema o0beauHeHus ). BoixoiHOe cOObITHE JIOTH-
yeckoro 3Haka MJIN HacTymaer B TOM city4ae, €ciii UMEET MECTO JIt000€e U3
BXOJIHBIX COOBITHIA.

[TpaBuno ¢popmymnupoBanus coObiTii. COOBITHS, BXOIHBIE TIO OTHOIICHHIO K
onepanuu NJIN, nomkHbl GopMyIUpoOBaTHECS TakK, YTOOBI OHM BMECTE MCUYEPITHIBA-
JI1 BCE€ BO3MOXKHBIC MYTH TMOSBIICHUS BBIXOAHOTO coObITHS. KpoMme Toro, moboe u3
BXOJIHBIX COOBITHI JTOJDKHO TIPUBOJUTH K TMOSIBICHHUIO BBIXOAHOTO coObITHS. [Ipa-
BUJIO HE JIAET CIoco0a OMUCaHUs COOBITHI, HO OHO JOJDKHO BBITIOJHATHCS TIPH TI0-
CTPOECHUU AEPEBa OTKA3a.

36



[IpaBuno mpumenenus jorudeckoro 3Haka WMJIW. Ecim mobas w3 npuyamH
MPUBOJUT K TMOSIBJIIEHUIO BBIXOAHOTO COOBITHS, CIEAYET MCIOIb30BaATh OIEPaIUIo
NJIN. Bxoasl onepaiuu oTBeuaroT Ha Bompoc: "Kakue coObITHS TOCTATOYHBI /IS
MMOSBJICHUS BBIXOJIHOTO COOBITUA?".

[Ipumepsl 3TUX IBYX JIOTHUECKUX 3HAKOB MOKa3aHbl Ha puc. 6.3. CoObITHE
"BO3HHKHOBEHHE TMOXKapa'" MMEeT MECTO, €Cld JBa COOBITHS - "yTeuka roprouei
x)kuakoctu" WM "ouar BocIlaMeHEHUs BOJIU3W TOPrOYEH KUIKOCTH', MPOUCXOIST
oHOBpeMeHHO. [locneaHee (KpUTHUECKOE) COOBITHE CITyHaeTCsl, €CIIM MPOUCXOUT
OJTHO U3 ABYX cOoObITUH - "Hammuue uckpsl'" NI "oTkpeiToe miams ".

BosHukHoReHHS

FEE) A A TF
[ |
Yreuka roprouei Ouar BociuIaMeHEHHA
KMIKOCTH BOUTHIH KMILKOCTH
[ |
Hasmume || OrkpsiToe
HCKPBI TIaMst

Puc. 6.3 IIpumep ucnonbpzoBanus Jorudeckux 3HakoB 1 u UJIN
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JNlekuma 7 . NMpouenypa npoBeaeHNA aHannM3a HageXXHoOCTHU
TexHn4yeckoro obbekTta (TO)

Ananuz "ceepxy enu3z" — amanwi npogedenus; .6udbl cCoOOLIMUL 0epesa OMKA308;
nOCIe008amMeNbHOCHb NOCMPOEHUs. 0epeéa OMKA308; NPUMED AHAIU3A HAOEHCHO-
cmu TO; Jlepeso coommuii - /[C (event tree analysis - ETA), Hepeso pewenuii,
Jlocuueckuii ananus;

CyTh MeTO/1a 3aKITI0YAETCSl B MOCTPOECHUU CTPYKTYPHOM CXEMBI - JIepeBa OT-
Ka30B cUCTeMbl U ee aHanu3e. OCHOBHOW MPHUHIMI MOCTPOCHHUS JEpeBa OTKA30B
(J0O) 3axmtoyaeTcsi B MOCIEI0BATENBLHON MTOCTAHOBKE BOIPOCA, MO KAKUM MPUYH-
HaM MOXET MPOU30MTU OTKA3 CUCTEMbI WUJIU 3JIEMEHTA. AHAIU3 OCYIIECTBISETCS
"cBepxy BHM3'".

OOBIYHO TPEANoJiaraeTcs, YTO MHKEHEP, MPEXKIE YeM MPUCTYHUTh K MO-
CTPOEHHUIO JIepeBa OTKa30B, TUIATEIIbHO H3Yy4yaeT CTpoeHHe cuctemsl. [losTomy
OMHUCAHUE CUCTEMBI JOJKHO OBITh YacThIO JIOKYMEHTAIlMU, COCTaBJICHHON B XOJI€
ananu3a J10.

[Ipouenypa mocTpoeHus AepeBa OTKAa30B BKIIOYAET, KaK MPaBUIIO, CIETYIO-
e sranel: 1. OnpeneneHue KPUTHYECKOTO (3aBEpIIAIONIET0) COOBITHUS B pac-
cmaTpuBaeMoil cucreme. 2. TaTenbHOE U3yYeHHUE MPEATNOIaraeMoro pexkxuma 1c-
M0JIb30BAHUSI CUCTEMBI U €€ pealibHOTO noBeeHus . 3. [IpoBenenue yriry0IeHHOTo
aHann3a pabOThl CUCTEMBI C IIEJIbIO BBISIBICHUSI COOBITHI, CTIOCOOHBIX MTPUBECTH K
otkazy cuctembl. 4. CoOCTBEHHO IOCTPOCHUE JepeBa OTKa30B. DTH COOBITHSA
JIOJKHBI ONIPEAEISITHCA B TEPMUHAX HE3ABUCHUMBIX IEPBUYHBIX OTKA30B.

UToOBI MOJIYYUTh KOJTUYECTBEHHBIE OIEHKHU 3aBEPIIAIOIIETO HEXeTaTeIbHO-
ro coObITUS (MPOUCIIESCTBUS), HEOOXOUMO 3a]]aTh BEPOSITHOCTH OTKA30B, UX WH-
TEHCUBHOCTb, THTEHCUBHOCTh BOCCTAHOBJICHUN U PyTHE MOKa3aTeNn, XapaKTepu-
3YIOIIUE MEPBUYHBIC COOBITHS, TIPU YCIOBHUH, YTO ITHU COOBITHS JepEBa OTKA30B HE
SIBJISIFOTCS] U30BITOYHBIMH (T.€. HE MPUBOSIINUME K MPOUCIIESCTBUIO).

Bonee neranpHbIN aHAIU3 TIpEayCMaTPUBAET BBIMOJHEHUE TaKUX MPOLETYD,
KaK oIpeJeseHne HeOe30MacHbIX TpaHull CUCTEMBbI, MOCTPOCHUE JIepeBa HEUC-
MIPAaBHOCTEM, KAYECTBEHHAsI OLIEHKA, KOJIMYECTBEHHAS OLICHKA.

OcCHOBOI MOCTPOEHUSI JE€PEBA OTKA30B SIBISIETCS CHMBOJIBHOE IPECTaBIIE-
HUE CYIIECTBYIOIIUX B CUCTEME YCIIOBUI - COOBITHH, CIOCOOHBIX BBI3BATh OTKA3.

[Ipu noctpoernu JJO y4UTBHIBAIOT U HWCIHOJB3YIOT CIIEIYIOIINE OCHOBHBIC
BUJIbI COOBITUH:

- pe3yapTUpyroIiee coObITHE (TIPOUCIIECTBUE) - HEXenaTelbHOe COObITHE (KOH-
KPETHBIN BUJ] OTKa3a CUCTEMBI U3 MEPEUHS BO3MOXKHBIX OTKa30B, PUBOISIIIHI

K HEJIOMYCTUMOMY yIIepOy), aHaIu3 KOTOPOTO MPOBOIUTCS;

- IPOMEKYTOYHOE COOBITHE - CJIOKHOE COOBITHE, BOZHHUKAIOIIEE MPU OIpPEaeICH-
HBIX YCIIOBUSIX W SIBJISIFOIIEECS] OJTHOM M3 BO3MOXKHBIX MPUUYUH PE3YJIbTUPYIOIIETO
coObITHsI. Ero BBISBIISIIOT B XOJIe aHalM3a MPUYUH BOSHUKHOBEHUS PE3YyJbTUPYIO-
IIEro COOBITHS U MOABEPraloT JajJbHEUIlIeMy aHaN3Y;
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- 0a30BO€ COOBITHE - TTPOCTOE UCXOTHOE COOBITHE, O3HAUAIOIIEE MEPBUYHBIN OTKA3,
KOTOpOE JIajibllle HEe aHAIU3UPYETCS B CBSI3U C ONPENEIIEHHOCTHIO U HATMYUEM J0-
CTaTOYHOTO YMCJIa JaHHBIX;
- HETIOJIHOE COOBITHE - HEIOCTATOYHO JETAIbHO UCCIIE0BAHHOE COOBITHE, KOTOPOE
Jajbllle HE aHAM3UPYETCs, U3-32 HEBO3MOXKHOCTU WJIM OTCYTCTBUS HEOOXOIMMO-
CTH MPOBEJICHUS €r0 aHaJU3a;

NcxonubiMu coObITHsIMU TipU TIocTpoeHUH [{O SBISIOTCS EepedHr BO3ZMOXK-
HBIX BUJOB COOBITUH - OTKA30B W WX MPUYHMH, HEPACUCTHHIC 3HAUCHUS BHEITHHX
BO3AeCTBYIOMKX (PakTopoB U Ap. COOTBETCTBEHHO, KaXXIOMYy BHUIY COOBITHUSA U
olepaTopa NPUCBAUBAIOTCS CUMBOJIbI, KOTOPbIE UCIOJB3YIOTCS ISl TpauyecKoro
MOCTPOEHUS JepeBa O0TKa30B. JIOrMuecKkue CUMBOJIBI CBS3bIBAIOT COOBITUS B COOT-
BETCTBHH C UX IPUYUHHBIMU B3aUMOCBSI3SIMHU.

[TocTpoeHue nepeBa U aHAIM3 UCCIEAYEMOTO 00BEKTA (CUCTEMBI) MPOU3BO-
JAT CISTYIOITAM 00pa3oM.
1. OnpenensitoT aBapuitHOE (IIpeIeIbHO ONACHOE, KOHEYHOE) COOBITHE - MPOUCIIE-
CTBHE, KOTOpoe o0pa3yeT BeplInHy JepeBa. J(aHHOe cOObITHE YETKO ONMPEeIsioT,
YCTaHABJIMBAIOT YCIOBUS €T0 IMOSBICHUSA, TAIOT MPU3HAKK ISl €r0 pacliO3HaHMUS.
OnpenensoT BO3MOXKHBIEC NMEPBUYHBIE U BTOPUYHBIE OTKA3bl, KOTOPHIE MOTYT BbI-
3BaTh aBapUitHOE COOBITHE, paCCMATPUBAIOT UX KOMOMHAIIMH.
2. Vcnonb3ys cTaHAApTHBIE CUMBOJIBI COOBITUN M JIOTUYECKHE CHUMBOJIBI (TaOJI.
3.2-3.4), ctposT JIO B COOTBETCTBUH CO CICIYIONIUMHU MPABHIIAMH: a) KOHCUHOE
(aBapuiiHoe) coObITHE TTOMEIIAIOT BBEPXY (ypoBeHb 1); 0) 1epeBO COCTOUT U3 TO-
CJIEI0BATEIBbHOCTH COOBITHI, KOTOPbIE BEAYT K KOHEUHOMY COOBITHIO; B) TIOCIIE0-
BaTEJIbHOCTH COOBITUM 00pa3yroTcsi ¢ MoMolnplo Jiorudeckux 3HakoB UM, MWJIN u
Ip.; T) COOBITHE, ONpPEAEIsIEMOE JOTUYECKUM 3HAKOM MOMENIAIOT B MPSMOYTOJIb-
HUKE, @ TEKCTOBOE OINHMCAHHE COOBITHS BIUCBHIBAIOT B 3TOT MPSMOYTOJBHUK; 1)
NepBUYHBIC COOBITHSA (MCXOHBIE MPUYUHBI) PACOiaraloT BHU3Y.
3. OmnpenensitoT MUHUMAJIbHBIE aBapUITHBIC COYETAHHUS U MUHUMAIbHYIO TPAaeKTO-
PHUIO IPOXOKIEHUS OTKa3a JUlsl MOCTPOCHHOro AepeBa. [lepBuuHbIe M Hepasarae-
MbI€ COOBITHS COCIUHSAIOTCS C COOBITHUSIMU TIEPBOTO YPOBHS MapiipyTamu (BETBs-
Mu). CJIOXKHOE JIEpeBO UMEET pa3IudHble HAOOPBI UCXOTHBIX COOBITHH, MPU KOTO-
PBIX JOCTUTaeTCs COOBITHE B BEPIIMHE. DTH HAOOPHI HA3BIBAIOTCS aBAPUMHBIMU
coueTaHUsAMH. MUHUMaNBHBIM aBapuitHbiM coudetanueM (MAC) Ha3bIBalOT
HAaMMEHbBIIMKA HA0Op MCXOIHBIX COOBITHH, MPUBOISAIIMX K COOBITUIO B BEPILIUHE.
[lonHass COBOKYITHOCTh aBapUMHBIX COYETAHUM KOHKPETHOTO AEPEBA MPEICTABIISET
co0o0ll Bce BapuaHThl COYETAHUM MEPBUYHBIX OTKA30B, MPU KOTOPBIX MOMKET BO3-
HUKHYTb ITPOUCILIECTBUE (OTKA3 CUCTEMBI B LIEJIOM).
4. Ha ypoBHE KaueCTBEHHBIX U KOJMYECTBEHHBIX OLIEHOK MCCIIEAYIOT AEPEBO OTKa-
30B C UCIOJIb30BAaHUEM HaWJEHHBIX MUHUMAJbHBIX aBapuiHbIX codyeTaHuil. Kaye-
CTBEHHBIN aHaau3 3aKJI0YaeTCsl B COIMOCTABICHUM Pa3UYHBIX MapIIPYTOB U
HAYaJIbHBIX YCIIOBUU C TICNIBIO OMPENETCHUsI KPUTHUECKNX (HanOoJiee OIMACHBIX)
yTeH, NPUBOIAIIMX K MPOUCIIeCTBUIO. [Ipy KOJMYECTBEHHOM HCCIEA0BaHUM pac-
CUUTHIBAIOT BEPOSTHOCTh MPOUCIIECTBUS B T€UEHHUE 3a/laHHOTO WHTEpBaJia BpeMe-
HU TIPU BCEX BO3MOXKHBIX MapIIPyTax paclpoCTPaHEHUS OTKA30B.
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5. Pa3pabarpiBalOT peKOMEHIAIMH TI0 BBEJACHUIO M3MEHEHWU B KOHCTPYKIIHIO U
TEXHOJIOTUIO JKCIUTyaTalli OOBEKTa, CUCTEMbl KOHTPOJISI W YMPaBICHUS IS
yIIy4IlIEHHs TIoKa3aTeseil ero 6e3aBapuiiHOCTH.

B 3aBUCHMOCTH OT KOHKPETHBIX IIeJIeld aHaiu3a, JIEpeBbs MOTYT OBITh IO-
CTPOEHBI JJis JIIOObIX BUJOB OTKA30B - MEPBUYHBIX, BTOPUYHBIX U MHUIIMHPOBAH-
HBIX OTKa30B.

Crnydaii mepBUYHOTO OTKa3za. OTKa3 3JeMEHTa HA3bIBAECTCS MEPBUYHBIM, €C-
JU OH TMPOUWCXOAUT B PACUETHBHIX YCIOBHUAX (DYHKIIMOHMPOBAHUS CUCTEMBI. [lo-
ctpoerre JIO Ha OCHOBE ydeTa JIMIIb TAaKOTO poAa OTKAa30B HE MPEACTaBISACT
OOJIBIIION CIOKHOCTH, TaK KaK JIEPEBO CTPOUTCSA TOJBKO O TOW TOYKH, T/I€ UJICH-
TU(QUIIPYEMBIC IEPBUYHBIE OTKA3bI 3JIEMEHTOB BBI3BIBAIOT OTKA3 CHCTEMBI.
IIPUMEP. TpeGyetcsa noctpoutb 1O 17151 MPOCTOM CUCTEMBI - SIIEKTPOCETH, BbI-
KJIFOUATENsl U AJIEKTPUUYECKON JTaMIouKku. CYUTAETCs, YTO 3aBEPIIAIOITUM COOBITH-
€M SIBJISIETCS OTCYTCTBUE OCBEIICHUS.

JlepeBo OTKa30B MJisi 3TOM CHCTEMbl MoKa3zaHo Ha puc.6.l. OCHOBHBIMU
(nepBuunbiMu) coObiTUsIMU JIO siBisitoTest (1) oTka3 ucrounuka nutanus El, (2)
otka3 npenoxpanutens E2, (3) orka3 Beikmouarens E3 u (4) meperopanue jgam-
nouku E4.

[IpomexxyTOUHBIM COOBITHEM SIBIISIETCSl TIPEKpallleHue rnojadu sHepruu. Hc-
XOJIHbIE OTKa3bl MPeacTaBiIAiOT coboi Bxoabl cxem WJIW: npu HacTymuieHUH Jito-
O0ro M3 YEThIPEX MEPBUYHBIX COOBITUN OCYIIECTBISETCS 3aBEpIIaroilee COObITUE -
OTCYTCTBHUE OCBEILICHHUS.
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Puc. 7.1. Dnektpudeckasi cxeMa CHCTEMBI "CeTh - AIeKTpUUecKas Jamrodka” (a) u
nepeBo (0) mist ciaydasi TepBUYHBIX OTKA30B: | - ceTh; 2 - BBIKJIFOYATENb; 3 - DJIeK-
Tpojammna; 4 — mpe1oXpaHuTelb
Cnyyait BTopuuHOTrO 0TKa3a. B aToM ciyuae Tpedyetcs 6oJiee TiyooKoe uc-
CJICAOBAHUE CUCTEMBI. HpI/I 9TOM aHaJIM3 BLBIXOJHUT 3a pPaMKH paCcCMOTPCHHUA CH-
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CTEMBI Ha YPOBHE OTKAa30B €€ OCHOBHBIX JIEMEHTOB, IOCKOJIBKY BTOPUYHBIE OTKA-

3bl BBI3BIBAIOTCSI HEOJIArONPUATHBIM BO3/JAECHCTBUEM BHEIIHUX YCJIOBHM WIN 4Upe3-

MEpHBIMH HAarpy3KaMH Ha 3JIEMEHT CUCTEMBI B IIPOLIECCE €€ IKCILTyaTaluu.
Jepeso coovimuir - /[C (event tree analysis - ETA)

HepeBo cobpituil (JC) ncnonb3yercss A aHanu3a IOCIENI0BaTEIbHOCTH
(BapuaHTOB, CLIEHAPUEB) PAa3BUTHUS OTKa3a CUCTEMbI (MPOMCILIECTBUS), BKIHOYAIO-
IIEH CIIOKHBIE B3aMMOCBSI3M MEXAY TEXHUUYECKHMMH 3JIEMEHTaMH OOecredeHHUs
0e3omacHOCTH. BeposITHOCTh KaKJI0ro CLEHApUs Pa3BUTHs aBAPUKWHON CHTyalud
paccUMTHIBACTCA MyTEM YMHOXKEHUSI BEPOSTHOCTU MEPBUYHOTO COOBITHSI HA BEPO-
SATHOCTh KOHEYHOTO COOBITHS.
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Puc. 7.2 JlepeBo coObITHi

PaccMmoTpeB Bce BapuaHThI JAepeBa COOBITUN, MOKHO MOJYYUTh CIEKTP BO3-
MO>KHBIX YIIEpOOB U COOTBETCTBYIOIIME BEPOSATHOCTH JIJISl PA3JIMYHBIX MOCIIEA0BA-
TEJILHOCTEH pa3BUTHS MPOUCIIeCTBUS (pHC. 6.2).

/lepeeo pewenuii

JlepeBo peleHuil SBISIETCS Pa3HOBUIHOCTHIO JiepeBa coObiTuil. B nepese

COOBITUI PabOTOCIIOCOOHBIE COCTOSIHMSI CUCTEMBI HE pacCMaTpHUBAIOTCS, TaK YTO
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CyMMa BepOsITHOCTEH Bcex cOOBbITHII He paBHa enuHuUIle. B nepeBe permieHuil Bce
BO3MOYKHBIE COCTOSIHUSI CUCTEMbI HEOOXOJMMO BBIPA3UTh YEpe3 COCTOSIHHS 3Jie-
MeHTOB. TakuM 00pa3oM, Bce COCTOSIHUSI CUCTEMbI B3aUMHO YBSI3aHbI, 1 UX BEPO-
ATHOCTh B CYMME€ JIOJI’KHA PaBHSATHCS enuHuIle. JlepeBbsi pelieHui MOTyT UCIOJb-
30BaThCsl, €CIM OTKa3bl BCEX AJIEMEHTOB HE3aBHUCHUMBI MM UMEIOTCS DJIEMEHTHI C
HECKOJBKHUMH BO3MOKHBIMU COCTOSIHUSIMH, a TaKXKE €CTh OJJHOCTOPOHHHUE 3aBHCH-
MocTH. OHU HE MOTYT UCIOJIb30BAThCS MPU HATTMYUU MHOTOCTOPOHHUX 3aBHUCHUMO-
CTEH.
Jlocuueckuu ananus

Jlornyeckuii aHanaM3 OMACHOCTEH OCHOBAH HA MOHSATHSIX OYyJIE€BOW aireOpbl
(anreOphI JIOTHKN).

B anreOpe noruku mnepeMeHHbIE, 00O3HAUYaeMble 3arjaBHbIMU OyKBaMH,
UMEIOT, KaK MPaBUJIO, CMBICI HEKOTOPBIX cOObITHI mim ¢akropoB. Hampumep,
MOKHO 0003HAYUTh CUMBOJIOM A COOBITHE, COCTOSIIIME B TOBPEXKICHUN KAKOW-TO
4acTH TEXHMYECKOW CUCTEMBI. ECiM 3TO MPOUCXOANUT, TO MBI FOBOPUM, 4yTO A=T
win 910 A ucTuHHO. Eciii 3TO coObITHE HE MPOUCXOIUT, TOBOpUM, uTo A=F niu
4TO A JI0’)KHO. Takue BBICKa3bIBAHMSI CIIPABEIINBBI JUIsl HEKOTOPOTO OIPEIEIEHHO-
ro MHTEpBaJa BPEMEHU U BEPOSITHOCTH, CBA3AHHON € mosiBieHUEM coObiTus. le-
PEMEHHBIE B alreOpe JOTUKY MPUHUMAIOT JIBa 3HAYCHUS: UCTUHA WIIU JIOXKb (TIOSIB-
J€HUE WIN HEMOSBJICHHE). AHAJIOTMYHO M (PyHKIMH, 0Opazyemble 3TUMHU Iepe-
MEHHBIMU, IPUHUMAIOT JBa 3HAYEHUS B 3aBUCUMOCTH OT KOMOWHALIUU JIOTUYECKHUX
nepemMeHHbIX. DyHkuMM 00pa3yroTcs ¢ momoielo onepauuii U (Joruueckoe
ymHoxenue), UJIN (noruueckoe crnoxenue) u HE T(1ormyeckoe otpuiianue).
CMBICIT 3TUX omepaluii onpeneaseTcss Ta0IUIaMid UCTUHHOCTH.

HctrHHOE 3HaueHue (QPYHKUUU OINPENENseTCs 3HAYEHUSIMU TNEPEMEHHBIX,
BXOAs1MX B Hee. Hanpumep, mycTh PyHKIIUSI A UMeeT BUJ

A =BC + DE.

YtoObl onpeenuTh HCTUHHOE 3HaU€HNE A, HaJ10 3HaTh UCTUHHBIE 3HAUECHUS
YeThIpeX MEepPeMEHHBIX. BhIuncienne 3Ha4eHus] OTIACIbHBIX YJICHOB (DYHKIIMU Be-
netrcsi B onpenenennoit nocienosarensuoct: (1) HE, (2) U u (3) UJIN. Takum
obpaszom, ecim, Harmpumep B=JIOXKb, C=MMCTHUHA, D=MCTHUHA u E=JIOXb,
TO, UCIOJIB3YS TaOJUIIbI, TOTYYUM:

A=FT+TF=FT+T=F+T=T.

[Ipu onpeneneHHbIX HaBbIKAX TAKUE BBIYMCIICHUS MPOU3BOIATCSA J1OCTATOY-
HO ObICTpO. OCOoOBINi MHTEpEC MPEACTABISACT MPUMEHEHHE aiareOpbl JOTUKHU ISt
aHaJIKM3a BEPOSITHBIX OMACHOCTEH.
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Jleknusi 8. OCHOBHBIE HAITPABJIEHUSA, METOIbI U CPE/I-
CTBA OBECIIEYEHUA HAJAEKHOCTHU U BE3OITACHOCTHU
TEXHUYECKHUX CUCTEM

IIpedynpedumenvHvie, KOHMpPOIbHbIE 3awumuble Mmeponpusmus,; TexHuue-
cKas nooodepaicka u obecnedenue pabom no 6€30nACHOCMU CLOHCHBIX MEXHUYECKUX
cucmem; Texnuueckue cpeocmea npedynpexicoeHus OmKa308, KOHMpOas HA0eHC-
HOCMU 8 NpoU3800cmee 3aujumuas aemomamuxa, Aemomamuyeckui KOHmMpoab U
usmepenus. Cuenanuzayus, brnoxupoexa.

JIJIsl CHIDKEHHSI OTTACHOCTH OTKAa30B CHUCTEM HM3-3a KOHCTPYKTHUBHBIX, POU3-
BOJICTBEHHBIX WJIM DKCILTyaTallHOHHBIX MPUYHMH CYIIECTBYET PSJI THIIOBBIX MEpO-
NPUATHH TIPEIyNPEIUTEILHOTO, KOHTPOJHMPYIOMIETO W 3allUTHOTO XapakTepa,
o0ecTIeUrBaIOIINX HAIEKHOCTh U 0€30MaCHOCTh TEXHUYECKUX CHUCTeM. VX mpume-
HSIOT Ha Pa3IMYHBIX ATarax KU3HEHHOTO ITUKJIa CUCTEM - B MPOIECCe MPOCKTUPO-
BaHMsI, Ha CTAIUSAX U3TOTOBJICHUS U DKCILTyaTallHH.

Ha cmaouu npoekmuposanus u_u32o0moeienHuss_MmexHudecKux Cucmem
npeoynpeoumeibHble Meponpusmus 0OLIYHO BKIIFOYAIOT:

* WCIOJIb30BaHUE OTPAOOTAHHBIX METOJOB U CPEICTB OOCCIICUCHUS HaCK-
HOCTH;

* aHAJIN3 ABTEPHATHUBHBIX MPOEKTHO-KOHCTPYKTOPCKHUX PEIICHUN U BBIOOD
HAWJTy4IIInX;

* CO3/IaHHE 3aIacoB PabOTOCIIOCOOHOCTH IO HArpy3kaMm M OTKa3aM pasiind-
HBIX BHUJIOB;

* HCIIOJB30BAaHUE PE3ECPBUPOBAHMS; BHIOOP BBICOKOHAICKHBIX KOMILIEKTY-
IOIKX DJIEMEHTOB, MAaTEPHAJIOB;

* CO37IaHNE KOHTPOJICIPUTOIHBIX M PEMOHTOIIPUTOHBIX AJIEMEHTOB;

* 00y4eHHE KOHCTPYKTOPOB, HCIIBITATENICH IMEPEIOBBIM METOJIaM M CIIOCO-
0aM oOecrieueHns HaJIeKHOCTH;

* YCTAaHOBJICHHE MTPOCKTHBIX HOPM HAJIC)KHOCTH W THUIIOBBIX MCIIBITAHUHN MU
IKCTICPUMEHTAIbHON OTPabOTKE;

* pa3pabOTKa HOBBIX CPEJICTB KOHTPOJISI U TUATHOCTHUKH.

Konmpoavuvie meponpusmus:

* SKCIIEpUMEHTAJIbHAS MIPOBEPKA TEXHUIECKUX PEIICHUH, 0COOCHHO HOBBIX;

* MPOBEPKA BCEX PEKUMOB (DYHKITMOHUPOBAHUS,

* 1[eJIEBBIE U KOMIIJIEKCHBIE MCIIBITAHUS,

* KOHTPOJIb H KOPPEKTUPOBKA KOHCTPYKTOPCKOU JTOKYMECHTAITUH;

* DKCIIEpPUMEHTAJIbHAS MPOBEpPKa 3aIacoB padOTOCIIOCOOHOCTH Ha BCEX pe-
X’uMax (QyHKIHMOHHUPOBAHUS;

* KOHTPOJIb HAJCKHOCTH; KOHTPOJIb KadyeCcTBa TPyJa HCIOTHUTENCH, caMo-
KOHTPOJIb.

3awumnole meponpusmusi:

* QaHAJIM3 BUJIOB U MOCJICJICTBHI OTKA30B;

* BBEJICHUE CIIEHAJILHBIX DJIEMEHTOB B COCTAB CUCTEMEI,

obecrnieunBarIIMX 0€30MaCHOCTh MPU BOSHUKHOBEHUHU OTKA30B;
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* 0TpabOTKa OCHOBHBIX OTKA3HBIX PEKUMOB (DYHKITMOHUPOBAHUS;
* TPEHUPOBKA HKCILTyaTaI[MOHHOTO [IEPCOHANIA;
* peanu3alys TEXHUYECKUX PEIICHUH O JIOKATU3alMKi OTKA30B;
* IPUMEHEHHE ONEPATUBHOTO KOHTPOJISL U YIIPABICHUS
(GYHKIIMOHUPOBAHUEM;
* o0ecrnieyeHHe COXpaHEHHsS PabOTOCIIOCOOHOCTH CHUCTEMBI IMPHU OTKa3ax
HIIEMEHTOB;
* pa3paboTKa CUCTEMbI OOCITYKUBAHUS U BOCCTAHOBJICHUS TEXHUKHU.
Ha cmaduu yxcnayamayuu mexHu4ecKux Cuchnem npeoynpeoumeibHble
MepPOnpUAMuUA’
* UCIIOJIb30BAaHUE aBTOMATHU3MPOBAHHBIX CPEICTB KOHTPOJS M IMOWCKA HEHC-
IIPABHOCTEN;
* 0TpabOTKa IKCILUTYaTAIMOHHO-TEXHUIECKOMN TOKYMEHTAINN;
* POBEJICHUE PETIAMEHTHBIX PadoT;
* OlIEHKA 1 MPOTHO3UPOBAHNE TEXHUUYECKOTO COCTOSHUS U HAJCKHOCTH;
* 00yuyeHHe U aTTecTalus IepCcoHaa.
KoHTpoJsibHbIE MEPOTIPUSTHS:
* aBTOMAaTU3HPOBaHHAs peructpaiusi u oopadorka nunpopmaium o0 o0TKazax
Y HEUCITPABHOCTSIX;
* KOHTPOJIb KA4eCTBa;
* CAMOKOHTPOJIb;
* TAPAHTUHUHBIN HAJ30D.
3aImuTHBIE MEPOTIPUATHS:
* IPOBE/IEHUE TO0PAOOTOK IO TOKYMEHTALUN Pa3pabOTIYNKOB;
* HCTIOJb30BAHNE aBTOMATUYECKHUX CPEICTB 3aIUTHI;
* HCIOJIb30BAaHME 3aMAaCHBIX YacTel, 0OMeHHOTO (POH/Ia;
* aHAJINU3 MOCTEACTBUI MPOU3OIIEAIINX OTKA30B U PeaTn3aIus
3aIIUTHBIX MEPOTIPUSITHIA;
* o0yueHue 1 aTTecTaIus epcoHana ajs paboThl MPYU BOSHUKHOBEHUHU
OTKa30B.
Texnuueckasn nooodeprcka u obecneuenue pabom no 6€30nNACHOCMU CTIOHCHBIX
MexXHUYeCKux cucmem
Texnuueckue cpencrpa (djaemMeHTHas 0asza, SKCIEPUMEHTAbHBIE W MPOU3-
BOJICTBEHHBIC BO3MOYKHOCTH) TIPEACTABISIIOT HanOOJee BAKHYIO YacTh aKTHBHBIX
cpenctB oOecrieyeHus: 0€30MacHOCTH U 3P(GEKTUBHOCTH CHOKHBIX TEXHUYECKHX
cucteM. OTCyTCTBHE MaTEpHAIBHO-TEXHHYECKOW OCHOBBI CO3MaHUS HAJAC)KHOU
TEXHUKH U TTOJICPKaHUS €€ B padOTOCITIOCOOHOM COCTOSTHUHM Ha MPOTSIKEHUHU BCE-
r0 )KH3HEHHOTO IIMKJIa, HE MOXKET OBITh 3aMEHEHO JIPYTHUMH MepamMu (OpraHu3aIm-
eil paboT, peanu3alyeil mMporpaMMHOTO MOIX0a, METOAUYECKOTO, HOPMATUBHOTO
WM HHPOPMAITMOHHOTO 00ECIIeUeHUS).
YpoBeHb TEXHUUECKOTO 00ECIICYCHHS 3aBUCHUT OT CJICTYIOITNX (PaKTOPOB:
® ypOBHEH KadyecTBa U HAJCKHOCTH MaTepUajoB, MOTy(HaOpPUKATOB, KOMILJIEK-
TYIOIIUX SJIEMEHTOB, arperaToB U U3JAeJIUi 001Iero Ha3HAYCHMUS,
®  BBINYCKAEMbIX MPOMBINIJICHHOCTHIO M UCTIOJIB3YEMBIX B COCTABE TEXHUUYECKHUX
CUCTEM;
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® TEXHUYECKOTO YPOBHS, HOMEHKJIATYPhI, MIPOU3BOJUTEIIBHOCTH, CTEIEHU aB-
TOMATU3AlIMA TEXHUYECKUX CPEICTB JUIsl MPOEKTUPOBAHUS, OTPAOOTKHU IMPO-
M3BOJICTBA U KCILTyaTalluU CIOXKHBIX U3JIETUH;
® - YPOBHSI aBTOMAaTH3aIlMM CUCTEM U CPEJICTB ONEpPAaTUBHOIO cOOpa, 0OpaboT-
Kku, oOMeHa nH(popMaruen s KOOPAWHAIIMA M KOHTPOJIS XOJa CO3JaHMs U
MPUMEHEHUS TEXHUYCCKUX U3ICIIUNA U TEXHOJIOTHH.

Yem crokHEE CO3/1aBaeMble TEXHHYECKUE CHCTEMBI, TeM OOJbIINEe B HUX TO-
TEHIIUATBLHBIX UCTOYHUKOB OTKA30B, TEM IMpoOJeMaTHIHEE CTAaHOBUTCS o0ecrede-
HUE€ WX HAAECKHOCTH HPU JTOCTUTHYTOM HAYYHO-TEXHUYECKOM YPOBHE MPOCKTHUPO-
BaHMUsI, SKCIIEPUMEHTAIIbHON OTPaOOTKH, MPOU3BOJICTBA U IKCILTyaTaI1H.

Bce Texnudeckue cpeicTBa 0OeCreYeH s HaJIexKHOCTH U 0€301aCHOCTH, KO-
TOpPbIE WCIONB3YIOT MPU CO3/IaHUU M IKCIUTyaTallud TEXHUYECKUX CHCTEM, MOTYT
OBITH YCIIOBHO pa3JielieHbl HA TPU Kjacca: CPeACTBa MPEayNpexaeHus, CpeicTBa
KOHTPOJISL U CPEJICTBA 3AIUTHI.

K gnciy TeXHMUECKUX CPeNICTB, UCTIOIb3YEMBIX JIJISl IPEAYIPEKICHHS OTKA-
30B KOHCTPYKTHUBHOTO XapakTepa, OTHOCSIT:

* aBTOMATU3UPOBAHHBIC ITU(POBHIC U aHATOTO-IIU(PPOBHIE KOMILJIEKCHI MOJIE-
JUPOBAHUSI, UMEIOIINE HEOOXOAMMOE MaTeMaTH4YecKoe OOecreyeHrue U IMO3BOJIS-
IOIME MPOEKTaHTaM pa3pabaThiBaTh OOJBIIOE YUCIO AJIbTEPHATUBHBIX BapUaHTOB
AJIEMEHTOB CUCTEMBI, PEKMMOB UX PabOThl M BhIOMpaTh HauOoJiee HAJEKHBIE U
3¢ (peKTUBHEBIE;

* CpeJlICTBa aBTOMATU3UPOBAHHOM pa3pabOTKU KOHCTPYKTOPCKOM U TEXHOJIO-
TMYECKOM TOKYMEHTAIMH, TIO3BOJISIFOIINE UCKIIOYUTh OMUOKY B JOKYMEHTAIMH U
3HAYUTEIHLHO YCKOPUTH €€ pa3paboTKy;

* COBPEMEHHOE JKCIIEPUMEHTAJIbHOE O0OpPYJOBaHUE, TMO3BOJISIONIEE CBOE-
BPEMEHHO OTpabaThiBaTh HOBBIE TEXHUUYECKHE PEIIEHHUs, 00ECIEeUUTh BBICOKYIO
HaJIE)KHOCTb 3JIEMEHTOB;

* TEXHUYECKHE Cpe/ICTBAa OOYYEHHS M TOBBIIMICHHUS KBaTU(UKAIIMU KOH-
CTPYKTOPOB, TEXHOJIOTOB, SKCIIEPUMEHTATOPOB U JIPYTUX COTPYIHUKOB MPEINPHsI-
TUH-Pa3pabOTYNKOB;

* aBTOMATU3UPOBAHHYIO CUCTEMY HMH(OpPMalMM MO BOMPOCAM KadyecTBa U
HAJIC)KHOCTHU AJIEMEHTOB TEXHUUECKUX CUCTEM.

K uucny TexHu4eckux CpeacTB, MPEayNPEKIAIONUX OTKA3bl U OTKIOHEHUS
MIPOU3BOJICTBEHHOT'O XapaKTepa, OTHOCHT:

. MIPOTPECCUBHOE ABTOMATH3UPOBAHHOE MIPOU3BOJICTBEHHO-
TEXHOJIOTUYECKOe 00OpyAOBaHKE, CPEICTBA KOHTPOJS U YIPABICHUS TEXHOJIOTHU-
YECKUMHU MPOLIECCAMU;

* TEXHUYECKHE CPEACTBA BXOJHOTO HEPA3PYILIAIOMIETO KOHTPOJS U AHATHO-
CTUKHU, WCKIIFOYAOIIHE TIOMAalaHue B MPOU3BOJICTBO HEJOCTATOYHO KAYECTBEHHBIX
MaTepHuayioB, Moy(haOprUKaTOB U KOMILIEKTYIOITUX dJIEMEHTOB;

* aBTOMATU3UPOBAHHBIC CpENCTBA OOydeHHUS padOUYMX U HMHXKEHEPHO-
TEXHUYCCKUX PAaOOTHUKOB TIPEANPUATHIH-U3TOTOBUTEIICH;

* aBTOMATHU3UPOBAHHYIO CUCTEMY UH(POPMAIIMU 10 KaYeCTBY U HAJIEKHOCTHU
CHUCTEM B IIPOU3BOJICTBE.

K uucny TeXxHU4eCKUX cpedcme npedynpercoeHus omKazoe 6 IKCnayama-
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Uuu OMmHoOCAM:

* TEXHUYECKHE CPEACTBA JJIsl OTPAOOTKHU SKCILTyaTal[AOHHOW IOKYMEHTalUu
(cTeHbl, MaKeThl) U 00YUYEHUS HKCILTYaTUPYIOLIEro MePCOHANA;

* aBTOMATU3UPOBAHHBIE CPEICTBA KOHTPOJIS, JUATHOCTUKH U MOUCKA HEHC-
MIPABHOCTEMN;

* TEXHUYECKUE CPEJCTBA AJIA MPOBENCHUS MPEAYNPEAUTEIbHBIX U perja-
MEHTHBIX PaboT.

K 4ncity TEXHUYECKUX CPENICTB, 00ECTICUNBAIOIIUX KOHMPOb U 8blAGIeHUE
OMKA306 KOHCMPYKMUBHO20 XapaKmepa, OTHOCST:

* JKCTICPUMEHTAIbHYIO 0a3y, MOCTAaTOYHYIO JJIS KOHTPOJISA TMPaBUILHOCTH
3aJI0’)KEHHBIX TEXHUUYECKHUX PEIICHUH, TMPOBEPKH 3amacoB pabOTOCIIOCOOHOCTH
AJIEMEHTOB BO BCEX pekMMax (DYHKIIMOHUPOBAHUS, KOHTPOJIS HAJAC)KHOCTH;

* TEXHHYECKHUE CPEACTBA KOHTPOJIS U KOPPEKTUPOBKU KOHCTPYKTOPCKOM J0-
KyMEHTallUU, KaueCTBa TPY/la UCIIOJTHUTEIIEH.

Texnuueckue cpeocmea KOHMPONA HAOEIHCHOCMU 8 NPOU3BOOCHIGE

TEXHUYECKUX CHUCTEM IMpEeAHA3HAYEHBI NJIsi OCYIIECTBICHUS CIIEIYIONTUX
byHKIIMIA:

* ipoBeieHust 3(HHEKTUBHOTO BXOHOTO, TTOONEPAIMOHHOTO U MPUEMOYHOTO
KOHTPOJISI KaueCTBa 2JIEMEHTOB;

* MPOBEPKU PEKUMOB (DYHKIIMOHMPOBAHUSA, 3aMacoB pabOTOCTIOCOOHOCTH,
MIPOBEICHUS] KOHTPOJIHHO-TEXHOJOTHUECKUX UCITBITAaHUMH;

* KOHTpPOJII KayecTBa COOPKM M COBMECTHOIO (DYHKIMOHUPOBAHUS TPYIIII
AIIEMEHTOB;

* KOHTPOJIA Ka4yeCTBa TEXHOJIOTHIECKON JOKYMEHTAIINH, CTAOMIBHOCTH TEX-
HOJIOTMYECKHUX MPOIIECCOB, KAYECTBA TPYAa HCIIOTHUTENEH.

Texnuueckue cpedcmea KOHMPOJIA HAOEHCHOCMU 6 IKCHIIYAMaAUUL:

* TEXHUYECKUE CPEACTBA HEPA3PYIIAIONIETO KOHTPOJIS U JUATHOCTUKH,

* aBTOMATU3UPOBAHHBIE CPEJICTBA PETUCTPAIIMU U 00pabOTKKM MHPOpMALIUU
0 pe3yibTaTax (QYHKIMOHUPOBAHUS JIEMEHTOB CUCTEM, 00 OTKa3axX M HEUCIPaB-
HOCTSIX;

* TEXHUYECKUE CPEACTBA IPOTHO3UPOBAHMS paOOTOCIIOCOOHOCTH IJIEMEHTOB,
KOHTPOJISI ¥ TIOMCKA HEUCITPABHOCTEH;

* ABTOMATU3UPOBAHHBIC CPEACTBA KOHTPOJIS KauecTBa pabOThI ONEepaTopoB.

K uucny mexnuueckux cpeocme 3awjumel, npeHa3HavYEHHBIX AJIA yCTpa-
HEHUs YCJIIOBHM BO3HWKHOBEHHS OTKA30B, a TaKXKE IMOCJICACTBHIN WX IOSBICHUS,
OTHOCSIT:

* TEXHUYECKUE CPEJICTBA JIOKAJTU3AIMKI OTKA30B, BBOJUMBIC HEITOCPEICTBCH-
HO B COCTaB CHCTEMBI;

* TEXHUYECKHUE CPEACTBA OMEPATUBHOTO KOHTPOJIS M YIPABICHHUS CUCTECMOM
IPY BO3HUKHOBEHHH OTIACHBIX CUTYaIUH;

* OJIOKMPOBKM B OTBETCTBEHHBIX TEXHOJOTHUYECKHX IMPOIECCaX, HUCKIIOYAIOIINE
BO3MOKHOCTH Pa3pyIICHUsI 3JIEMEHTOB CUCTEMbI MPU HAPYIICHUH TEXHOJIOTHYE-
CKOTO ITpolLecca;

B KOHCTpYKIIMU TEXHUYECKUX CHCTEM JUIsl YMEHBIIEHUS yiiepba oT BO3MOMXKHBIX
OTKa30B MPEIYCMaTPUBAIOT CIEAYIONINE TEXHUYECKUE CPEACTBRA!
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- MO0XapO-B3PBHIBOOE30MACHOCTH U TMOKAPOTYIICHUS; - aBTOOJOKHUPOBKH, HCKITIO-
Yarouue NpoX0oXKAECHUE U BHIMOJHEHUE OIIMOOYHBIX KOMAH]I;
- IPEAYNPEXKACHUS OLIMOOUHBIX JEHCTBUNA OTIEPATOPOB.

[Ipu pa3zpaboTke HOBBIX TEXHUYECKUX CUCTEM B HHUX JIOJDKHBI OBITH BKITIOYE-
HBIL:

- CpEACTBa MPEAYNPEKICHUS OTKAa30B M OTKIOHEHUH OT YCTaHOBJIEHHOI'O XOJa
TEXHOJIOTUYECKHUX MPOLIECCOB;

- CpECTBA ONEPATUBHOIO KOHTPOJISI M BBIABICHHS IPUYUH OTKA30B U OTKJIOHECHMIA;
- CpEIICTBA 3aIIUTHI OT OIACHBIX ITOCIEACTBUN OTKA30B U OTKJIOHCHUH.

K unciy coBpeMEeHHBIX CPEACTB 3aIUThl TEXHUYECKUX CHUCTEM OT JIEHCTBHS
OIMACHBIX OTKA30B OTHOCAT 3allIUTHYIO aBTOMATHUKY.

Jawumnan agmomamuka - 370 COBOKyIHOCTb OPraHU3ALIMOHHBIX U TEXHU-
YECKHUX CPEICTB, HUCMOJb3YyEMBIX B CUCTEMAX ISl MOJJAEPKAHUSA 3aJaHHOTO PEXKU-
Ma TE€XHOJOTMYECKOro Mpoliecca, NpeA0TBPaIlleHUs] aBapUNHBIX CUTYyalluil U (MiIH)
HOBPEXKICHUS 2JIEMEHTOB CUCTEM.

3amuTHas aBTOMaTHKa JOJDKHA OOecredyMBaTh OIPEAENIEHUE COCTOSHUSA
o0opyioBaHus (HampuMep, "BKIOYEHO MM BBIKIIOYEHO"), CTENIEHH €ro 3arpy3KH,
pexxumMa paboThl U 3HAUEHUN TEXHOJIOTMYECKUX ITapaMEeTPOB.

[To ¢pyHKIIMOHATBPHOMY MpPHU3HAKY B 3aAIIMTHON aBTOMATHUKE BBIAEISIOT OJIOKU
aBTOMATUYECKOTO KOHTPOJIS, U3MEPEHHUS, CUTHAJIU3ALlUH, 3aIIUThI U OJIOKUPOBKHU.

Aemomamuyeckuii KOHMPOAb U U3MEPEHUA MOTYT IIPOBOAUTHCS JUCKPET-
HO WJIM HENPEPBIBHO. B 3aBMCHMOCTH OT MeCTa MPEACTABICHUS ITOKA3aHUM pa3JIn-
Yal0T KOHTPOJIb MECTHBIM U IIEHTPAIN30BaHHBIN (AUCTaHIIUMOHHBIN). [Ipu MecTHOM
KOHTPOJIE U3MEPUTEIIbHBIE TPUOOPHI U MHIUKATOPHI YCTAHABIUBAIOTCSA HA O0BEKTE
KOHTPOJIsl, MPU UEHTPAIM30BAHHOM, WHAMKATOPHl BBIHOCAT Ha JHUCIETYEPCKUU
nynabT. [Ipu KOHTpoJle MpenenbHbIX MOJIOKEHUN PErucTpUpyOTCs TOJBKO Mapa-
METpPBI, COOTBETCTBYIOLIME 3TUM IOJIOXKEHUSM, IIPH HEMTPEPBIBHOM KOHTPOJIE MTPO-
UCXOJUT HENPEPHIBHOE U3MEPEHUE NTaPAMETPOB.

Cucnanuzayua TNpelHAa3HAUYCHA JUIS NEpPEeNadyd KOHTPOJIBHBIX, YIPABIISIO-
X (KOMaHIHBIX) U WHOOPMAITMOHHBIX CUTHAJIOB MO KaHAjlaM W JIMHUSM CBSI3H,
HaIIpUMED ONEPATOPY WJIU AUCIIETUEPY.

Pa3nuuaroT CUTHAMM3aLMI0 NPEAYNPEAUTENbHYIO0 - JUIS MPEAYyHNpEexRACHUSL
IIEPCOHAJIA O ITYCKE TE€X WJIM UHBIX MEXAHU3MOB, PACHIOPSAUTENBHYIO - IS ITyCKa U
OTKJIFOUEHHS CUCTEM ONEPATOPOM, UCTIIOJIHUTENIBHYIO - JIJI1 KOHTPOJIS BBIIIOJHEHUS
PaCIIOPSKEHN, aBAPUKWHYIO - JUIA ONOBELICHHs IEpCOHAajJa O HapyLIEHWH HOp-
MaJIbHOTO XOJa IpoueccoB. /[ curHanu3anvu O COCTOSIHUM PacIpeAcIeHHBIX
O0OBEKTOB HUCIMONB3YIOT TEIEKOMMYHHUKALIUIO.

BJ10KHPOBKA - COBOKYITHOCTh METOJIOB U CPEJICTB, 00ECIIEUNBAIOIINX
¢dukcaruio pabounx yacTtei (3JeMEHTOB) TEXHUYECKON CUCTEMBI B ONPEACICHHOM
COCTOSIHUH (ITOJIOKEHUH ), KOTOPOE COXPAHAETCS HE3aBUCUMO OT TOTO, YCTPAHEHO
WIN HET OJIOKUpYIOIIee BO3IeHCTBUE, UeM JOCTUTAETCs Kak 0€30MacHOCTh
000pyI0BaHUs, TaK U O€30MaCHOCTh OOCITY)KHUBaHHUS.

Texnuueckoe obcaysycuganue, peMoOHmMHbLE PAOOMbL U UHCHEKMUPOBAHUE

Hagexxnocts 1 06e30macHOCTh (DYHKIMOHMPOBAHHUS TEXHHUUYECKHX CHCTEM
CYLIECTBEHHO 3aBUCHUT OT KauyeCTBa TEXHUYECKOTO OOCITYy>KMBaHHS U PEMOHTA 3TUX
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cucteM. [1o 3Toi1 mpruunHe MOKHBI OBITH pa3paboTaHbl TEXHOJIOTHH OOCTY>KHUBa-
HUS, KaK CaMUX TEXHMYECKHX CHUCTEM, TaK M OTHOCSAUIMXCS K HUM CHCTEM Oe3-
omacHocTu. TexHuueckoe obOcmyxkuBanue (TO) cucrem 0€30MACHOCTH JIOTKHO
oOecreynBaTh pelICHUE CACTYIONINX 3a/1ay:

* POBEPKY YCIOBUM pabOThI cUCTEM 0€30MIaCHOCTH, KaK B TECTOBBIX PEKUMAX, TaK
U B pabo4mXx Mpoliieccax;

* MIPOBEPKY MCIIPABHOCTH OOOPYIOBAaHMS CHCTEM O€30MacHOCTH Ha pabodyux Mme-
CTax, HallpUMeEpP, MMyTEM BU3YaJIbHOTO OCMOTPA WM TUCTAHIUOHHOTO KOHTPOJIS;

* MOHUTOPHHT UTAIOLIUX YCTPOUCTB;

OmmbOKy ¥ HapylIeHUs IepcoHana Npy BbITOJHEHHMH TO M peMOHTHBIX pa-
00T, MOTYT CTaTh MPUYUHONU BO3ZHUKHOBEHUS onacHOCTel. [loaTOMy MOJKHBI OBITh
pa3paboTaHbl MOJPOOHBIE HHCTPYKIIUHU MPOBEACHUS TaKUX padboT. B HUX JOKHBI
OBITh OTpa)KE€HbI KBATH(PUKAIIMOHHBIE TPEOOBAHUSA K OOCIIYKUBAIOIIEMYy IEpCOHA-
1y, a Takke TpeOOBaHUS MO KOHTPOJIIO 3a MPOBEIECHUEM ITUX PadoT.

HeoOxoaumo pa3paboTtaTh MjaH MHCHEKIUI U UCIIBITAHUN CIIOKHBIX TEXHH-
YECKUX CHCTEM, CPOKH IPOBEJACHHS KOTOPBIX JOJDKEH CTporo codmroparbes. MH-
CIEKTOPCKOM IPOBEPKE JOJKHBI OBITH MMOJABEPIHYTHl TEXHUUYECKHE CPEICTBA U ME-
PBI OpraHu3aly KOHTPOJIA HaJ ONAacHOCTAMH. VHCIIEKIMY U UCIIBITAHMS JOJDKHBI
COOTBETCTBOBATH OOILIENPUHATON MPAKTUKE U MPOBOJUTHCS C MEPUOJUYHOCTHIO,
PEKOMEH/I0BAaHHOM M3rOTOBUTENIEM, a MPU HEOOXOAUMOCTH (YCTaHABIMBAETCS IO
MPEAIIECTBYIOLIEMY OMbBITY SKCIUTyaTalli), M Yalle.

TexHu4Yeckuil NepCcoHaN, OCYIIECTBISAIOMIMN JKCIUTyaTallUI0 CUCTEM, TOJI-
KE€H YCTpPaHUTh HEHCIPABHOCTU WIH NEpel JAIbHEUIINM UCIOJIb30BAHUEM CHUCTE-
Mbl, UJIM TO IJIaHy-TpaduKy, €CIM HEMEIJEHHO ObUIM MPEANpPUHITHl HEOOXOIH-
MbI€ MEpHI 1JIs1 00ecreueHns 0€30MaCHOCTH SKCIUTyaTallu.

Ynpaenenue usmenenuamu 6 mexnonozuueckom npoyecce

[lepen TeM Kak BHOCUTH Kakue-IMOO M3MEHEHHUS B TEXHOJIOTHMIO Ipoliecca
HKCIUTyaTallM TEXHUYECKUX CHUCTEM, B Apyrue oOBEKThI, pab0oTa KOTOPBIX BIIUSET
Ha TEXHOJIOTUYECKHUH Mpoliecc, HEOOXOAMMO PACCMOTPETh U OLIEHUTH:

* - TEXHUYECKYIO 0a3y AJisl mpeiaraéMoro U3MeHeHHUs,

* - BJIMSIHME U3MEHEHHUs Ha O€30MaCHOCTh 3TOM U APYTUX CUCTEM, BKIIOUAs
HKOJIOTUYECKYIO 0€3011aCHOCTb;

* - I3MEHEHME SKCIUTYyaTallMOHHBIX IPOLENYP;

* - CPOK, HEOOXOIUMBIN JJIsl pean3ali U3MEHEHUH;

[lepconai, BOBJICUYEHHBIM B IKCIUTyaTallMI0 CUCTEM M TEXHUYECKOE 00CIIy-
YKUBAHHE, TOJDKEH 0 BHECEHUS M3MEHEHHMH W 3aIycKa MOJEPHU3UPOBAHHOIO TEX-
HOJIOTMYECKOT0 Tpolecca ObITh MPOMHPOPMUPOBAH 00 U3MEHEHHUSIX, U MPONTH CO-
OTBETCTBYyIOIIee oOyueHnue. Eciu um3mMeHeHue 3arparuBaeT HMHPOPMALMIO M HH-
CTPYKLIMM TIO 3KCIUTyaTalldd CHCTEM, TO OHU JOJIKHBI OBITh COOTBETCTBYIOIIUM
00pa3oM OTKOPPEKTUPOBAHBI.

Ooyuenue

Hecmotpst Ha To, 4TO B obecrnieueHUM 0€30MaCHOCTH Ba)KHOE MECTO 3aHH-
MalOT TEXHUYECKHE CPe/ICTBa, Oe3 yuacTusl 4elloBeKa HUKAKOE MPOU3BOJCTBO pa-
ootath He Oyner. [lockonbky Ha ypoBeHb 0€30MaCHOCTH JIFOAU MOTYT OKa3bIBaTh
KaK MO3UTUBHOE, TaK M HEraTUBHOE BIIMSHUE, KpallHE HEOOXOAMMO CHU3UTH IO-
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ClIeJTHEE U BCSUECKU Mojaepkath nepoe. O6e 1eian MoryT ObITh JOCTUTHYTHI My-
TEM NPaBUIBHOIO NOJ00pa MEPCOHANA, €r0 MEPBOHAYAIBHOIO O0yUYEHUS U TOCe-
JYIOILEro nojiepKanusi npo(ecCUOHAIBHBIX HAaBBIKOB. B xo1e 00ydeHus a0 ciy-
miatesnei 1oykHa ObITh TOBE/ICHA Clelytomast uHpopManus:
* 00 OMACHOCTSIX, CBSI3aHHBIX C IPOU3BOJICTBEHHBIMU MPOIIECCAMU U YPOBHSIX pHUC-
Ka;
* 00 UHCTPYKLHUSAX, KOTOPblE HEOOXOAUMO CTPOTO COONIOAATH B XOJ€ BBIIOJHEHUS
paboThI;
* 0 BO3MOKHBIX YCJIOBHSIX PaOOTHI;
* 0 PEKOMEHAYEMOM MOBEAECHUH NPH HAPYIICHUH PEKUMOB paOOThI CUCTEMBI;
* 0 CUTYyalMsIX, OJIM3KUX K aBApUUHBIM, Ha IPYTUX aHAJIOTMYHbBIX POU3BOICTBAX.

[ToBTOpHOE OOyuYeHHE MOKHO MPOBOAUTHCS, MO KpalHEH Mepe, KaKIble
Tpu rojaa (WM yaiie, Mo Mepe HeoOXOIUMOCTH) I KaK0ro pabOTHHKA, BKIIIO-
YEHHOI0 B 3KCIUTYaTallUI0 TEXHUYECKHUX CUCTEM, JUIS MOJITBEPHKACHHUS TOTO, YTO
pabOTHUK NMOHHMMAET U TBEPAO NPUICPKUBACTCS NEUCTBYIOIIMX HKCIUTyaTallMOH-
HBIX UHCTPYKIIHIA.

PykoBonuTenb IOJIKEH ONpPENEIUTh BO BpeMsl KOHCYNIbTalUN ¢ pabOTHHKA-
MU, BOBJICUEHHBIMU B JKCILUIYyaTAllMI0 TEXHUYECKUX CUCTEM, MEPUOAUYHOCTH IIO-
BTOpHOro 0oOydeHus. PykoBoAMTENIO0 HEOOXOIAUMO yIOCTOBEPUTHCS, UTO KaXKIbIN
pabOTHUK, BOBJICYEHHBIN B MIPOLECC, MOJYYWJ U YCBOWJ TpeOyeMmble 3HaHUS U
HaBBIKH.

Pe3ynbpraTel 00ydeHUs U aTTeCTallMy IEPCOHANA AOJKHBI OBITh 0(hOPMIICHBI
COOTBETCTBYIOIIUM 00pPa3oM.
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JIEKIUS 9 JluarHocTHKA ONACHBIX CUTYyallMil B TEXHUYECKHUX
cucTeMax

Texnuueckoe cocmosiHue Cucmemvl, CUCHEMbl MEXHUUECKO20 OUACHOCIMUPOBAHUS,
00CMOBEPHOCMb Pe3yibmamos OUaHOCMUPOBAHUsL, PYHKYUOHATbHOE U MeCmo8oe
ouacnocmuposanue;, ACYTII, AC/], 3a0aua axycmuueckoco OuacHOCMUpo8aHusl,
aneopumm odbecneyerus IKCLYAMAyUOHHOU HAOEHCHOCTIU MEXHUYECKUX CUCmEM

OmnpeneneHre TEXHUYECKOTO COCTOSIHUSI CUCTEM B XOJI€ AKCILTyaTalluy WIId
MOCJIE PEMOHTA HA3bIBAIOT TEXHUYECKUM AUarHoctupoBaHueM. C MOMOIIBIO TEX-
HUYECKON JUArHOCTUKH MPOTHO3UPYIOT BO3ZMOXHBIE OTKJIOHEHHUS B COCTOSIHUM CH-
CTEM M YCTPOMCTB, a TaK)Ke pa3pabdaThIBAlOT METO/bl U CPENICTBA OOHAPYKEHUS U
JIOKAIM3allid HEUCTIPABHOCTEH B HUX. Pa3nuvHBIM HapyIieHUsIM B pabOTe CHCTEM
COOTBETCTBYIOT OIPE/ICTICHHBIE TEXHUUECKUE COCTOSIHUS.

Texnuueckum _cocmosaHuemM Ha3bIBalOT COBOKYIMHOCTh CBONCTB CHCTEMBI,
MOABEPKEHHBIX U3MEHEHUSIM B MPOIECCE €€ IKCILTyaTallui. DT CBOMCTBA Xapak-
TEPUBYIOTCA NpHU3HAKaMH (TpeOOBaHUAMH, IMapaMeTpamu), YCTaHABJIMBAEMbBIMU
HOPMAaTHUBHO-TEXHUYECKON NOKYMEHTAIIMEN HA CUCTEeMY. BBelneHHE nepeMeHHOU
cocTosiHUA (PYHKIIMOHUPOBaHUS h Mo3BoJIA€T KaXXAOMY 3HaYEHUIO h CTaBUTH B CO-
OTBETCTBHE OIPEIETIEHHOE TEXHUYECKOE COCTOSIHHE.

COBOKYITHOCTB CPEJICTB, MPABWI U AITOPUTMOB JUATHOCTUPOBAHUS 00pa3y-
€T cucmemy mexnHuueckozo ouaznocmuposanua (CT/I).

OcHOBHBIE 3aJlayd JUArHOCTUPOBAHUS NPU MPOEKTUPOBAHHMU - IPOBEPKA
COOTBETCTBUS pa3pabOTaHHON CHCTEMblI UCXOJHOMY 3aJJaHUIO HA MPOEKTUPOBAHUE
U 00ecrieueHre BHICOKOTO KauecTBa JUArHOCTUKHU CUCTEMBI Ha MOCIEIYIONIUX dTa-
nax >KU3HEHHOTO IIUKJIa Ha TIPEJAMET YCTAaHOBJICHUS BO3MOXHBIX OTKA30B.

OnHoBpeMeHHO ¢ mpoekTupoBanreM cucteMbl co3aaroT CT/I. Tak kak 3Ha-
YUTEeNbHAsT J0JISI TTPOUCIIECTBUM CBSI3aHA C ONIMOKAMH TMPU MPOEKTUPOBAHUU, a
CTOMMOCTb KaXKJO0W MPOMYyIIEHHON OIMMOKU MCKIIOYUTEIBLHO BEJIMKA, TO JUArHO-
CTUPOBAHUIO HEOOXOUMO YIENATh O0JbIIOE BHUMAHUE.

[Ipy WBroTOBJIEHUM, MOHTQXXE CUCTEM TEXHUYECKOE JIMAarHOCTUPOBAHUE -
HEOThEMJIEMasl 4aCcTh BHITIOJIHSAEMBIX paboT. OCHOBHAs 1eb JUAarHOCTUPOBAHUS HA
ATUX JTamax - MpoBepKa padoToCrocoOHOCTH. BO3MOXKHBI JBa TEXHUYECKHUX CO-
CTOSTHUS cUcTeMbl: pabotocrnocooHoe (ho) u HepadboTocnocoOHoe. [Ipu peMonTe C
MOMOIIBIO TUATHOCTUKU MOKHO BBISIBUTH, COACPKUT JI CUCTEMA JIe(PEKTHBIC dJIe-
MEHTBI, ICCTBUTEIBHO JIU YCTPAHEHBI BCE HEUCIIPABHOCTU. AJITOPUTMBI TEXHUYE-
CKOTO JMarHOCTUPOBAHUS JODKHBI 00€CTIeunBaTh TPEOYEMYIO JJOCTOBEPHOCTh pe-
3yJbTATOB OMPEAEICHUS COCTOSHUSI CUCTEMBI.

[Ipu sKCcrTyaTauu CUCTEMBI C TTIOMOIIBIO TEXHUYECKOTO JUArHOCTUPOBAHUS
OTIPENICTIAIOT COCTOsSIHUE (YHKIITMOHUPOBAHUSA (JIOMyCTUMOE, MpeaBapuitHOe, aBa-
PUIHOE), OCYIIECTBIISIOT MOMCK HEUCTPABHOCTU. YHMCIIO COCTOSIHUM, pa3inyaeMbIX
B pe3yJibTaTe MOMCKa HEUCTIPABHOCTH, ONpeeseTcs riyOrnHoM moucka aedexra u
TpeOyeMoil JTOCTOBEPHOCTBHIO PE3yIbTATOB JHArHOCTUpOBaHMs. ['myOnMHa mowucka
3a/1aeTCsl YKa3aHUEM AJIEMEHTOB CUCTEMBI, C TOYHOCTBIO, JO KOTOPHIX OMPEACIISIOT
MECTO HEUCTPABHOCTH.
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Hocmoseprnocms pesyivmamog OuazHoCmupo6anus - CTEICHb COOTBET-
CTBHsI COCTOSIHMSI, OLIEHEHHOI'O 110 3TUM PE3yJIbTaTaM, HCTUHHOMY COCTOSIHUIO CH-
crembl. KOJIMYECTBEHHO JOCTOBEPHOCTh XapaKTEPU3YETCS BEPOSTHOCTBIO COBIIA-
JICHHsI OLICHEHHOTO ¥ HICTUHHOTO COCTOSTHUMU.

OnpeneneHne COCTOSHUM, IMPEAIIECTBYIOIINX ITPOUCIIECTBHIO, a CIEA0Ba-
TEJIbHO, U NEPBOIPUYMHBI €r0 BO3HUKHOBEHUS, UCKIIOUUTEIIBHO BAXXKHO Ul MUX
yCTpaHEHHs B OyAyIleM U Ha aHAJIOTUYHBIX CHCTEMAaX.

Krnaccudukanus MeTog0B TEXHUYECKOTO AMATHOCTUPOBAHUS TPU DKCILTya-
TaI[¥ CUCTEMBI U B HepaboueM COCTOSIHUY MOKa3aHa Ha puc. 8.1.

Texuuyeckoe
JIMEATHOCTHPOBAHKC

| [

B mpouecce sKCITyaTarin B HepaboteM COCTOSIHWH

MDuinveckue
METObI
JIMArHOCTHPOBAHMSA

PYyHKIUMOHAILHOS Tecrosoe
ANArtoCcTHpoOBaAHMC JMAarHoCcTHpopanmc

Puc. 9.1 MeTtoasl, TEXHUYECKOTO THArHOCTUPOBAHUS
[Ipu 3KCruTyaTaluu TEXHUYECKUX CUCTEM HanboJiee paclpoOCTPaHEHO (PyHK-
IIMOHAIIEHOE U TECTOBOE IMarHocTupoBanue (puc. 8.2).
B nepBoM ciyuae cocTosiHHE CHCTEMBI OMPEAEISIOT MO pe3yibTaTaM TeKy-
IIETO KOHTPOJISI 32 BXOJHBIMH «X» M BBIXOJHBIMHU «y» MepeMeHHbIMH. Bo BTOpOM
cllydae Ha CUCTEMY MOJAl0T CHelMaIbHbIE TECTOBBIE BO3ACUCTBUS «XT».
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Puc. 9.2. CtpykTypHBIE CXEMBI JHATHOCTHPOBAHUS: a - PYHKIIMOHAIBHOTO; O — TECTOBOTO

JI71s1 IpOU3BOJACTBEHHOTO TEXHOJIOTHYECKOT0 00OPYAOBaHUS HCIOIB3YIOT B
OCHOBHOM (hYHKIIMOHAJIBHOE JUAarHOCTUPOBAHUE, JJISI aBTOMATHYECKUX YCTPOUCTB
KOHTPOJISI, YIIPABJICHUS U 3alIUThl TPUMEHSIOT 00a BUa TUArHOCTUPOBAHUS, BBI-
YUCIUTEIbHBIE CPEJICTBA, TPOTPAMMHOE OOECIIeYeHNE TPOBEPSIOT C MOMOIIBIO Te-
CTOB.

[Ipu TecTOBOM KOHTpOJIE Ha BXOJ IPOBEPSEMOIO YCTPOMCTBA MOJAOTCS
CIIEIUAJIBHO MOJ00paHHbIE COBOKYITHOCTH BXOJHBIX BO3JCUCTBUN (MPOBEPSIIOIINE
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TecThl). [loaydeHHYI0 Ha BBIXOJI€ PEAKIMI0 CPAaBHUBAIOT C 3TAIOHHOW. Eciu oHM
COBIAJAIOT, TO YCTPOUCTBO HA MOMEHT KOHTPOJISI HAXOAUTCS B pabOTOCIOCOOHOM
COCTOSIHUU. B MpOTUBHOM cilydae ycTpoMCTBO HeucnpaBHO. Pa3paboTaHbl crienu-
albHbIE METOIBI IOCTPOEHHUS ONTUMAJIBHBIX TECTOB, MO3BOJIIOIINX 38 MUHUMAJIb-
HOE BpeMsl MPOBEPATh pabOTOCIOCOOHOCTh YCTPOMCTBA B IEJIOM, a TaKXKe alro-
PUTMBI aBTOMAaTUYECKOTO PEIICHUS 3aa4 CUHTE3a POBEPSIOMINX U JUArHOCTUYE-
CKUX TECTOB. TecThl pa3paldaThIBalOT OJHOBPEMEHHO C IPOESKTUPOBAHUEM OOBEKTA.

Ponp TexHMYECKON AMArHOCTHKU BO3PACTAET C YBEJIMYEHUEM MOIIHOCTH U
CJIO)KHOCTH CHUCTEM, JUIsl KOTOPBIX WHTYUTHBHBIE METOJBI M PYYHBIC CIIOCOOBI
OTPENICNICHUS] COCTOSIHUM HENPUTOAHBI. 3aJayd JUATHOCTUKHU CIIOXKHBIX CHUCTEM
pemaroT ¢ Ucnoiab3oBanneM DBM B paMkax aBTOMaTU3HPOBAHHBIX CUCTEM YIPaB-
neHust TexHojgornueckumu npoueccamu (ACYTII) unn aBToMaTUu3MpOBaHHBIX CH-
ctem auarHoctuku (ACJ).

Hanpumep, npuMeHHATENBHO K TeXHOJOrH4YeckoMy komruiekcy AC/I Bbimo-
HSET cienyromue QyHKINN:

- OINpefeNieHue TEKYUIEro COCTOSHUSA pabOTOCIOCOOHOCTH, OOHapyXEHHUE Ipena-
BAPUMHBIX U aBaPUMHBIX COCTOSIHUU;

- JIOKaJIu3alusl HEMCIIPABHOCTEN 10 YPOBHS OTHIEJIbHBIX arperaToB, JIEMEHTOB CH-
CTEM KOHTPOJISI, YIIPABJICHUS U 3aIUTHL;

- perucTpaiusi MOMEHTOB OOHAPYKEHHSI HEUCIIPABHOCTEH U UX YCTpaHEHUS;

- MPOTHO3UPOBAHUE 3HAYCHUHN MEPEMEHHBIX TEXHOJOTHYECKUX IMPOIECCOB B pa3-
JUYHBIX COCTOSIHUAX pab0OTOCIIOCOOHOCTH;

- MPOTHO3UPOBAHMUE MPENEIBHOTO 3HAYCHHUS BPEMEHM BOCCTAaHOBJICHHUS PadOTO-
CITOCOOHOCTH CHUCTEMEI,

- peructpanus (HaKTHUECKOr0 BPEMEHU BOCCTAHOBJIEHHS pabOTOCIOCOOHOrO CO-
CTOSTHUS,

- 0OTOOpaXkeHne onepaTUBHON MH(GOPMAIIMK O HEUCIPABHOCTIX HA DKPAaHE TUCTLIES
omneparopa;

- 3aMKCh, HAKOTUICHUE W XPaHEHHE HAa MArHUTHBIX AMCKax WH(OpMaIuu O HEeuc-
MPaBHOCTSIX;

- BbIJ]Jaya HAKOTUICHHOW uH(popmaruu o HeucnpaBHOCTsIX cuctembl. AC/l, ¢ mo-
MOIIBI0 KOTOPOM PEIIaroT JaHHBIC 3a7a4H, MOXKET ObITh peaan3oBaHa Ha DBM.

Ha ocuoBe ACJl crpouTcsi aBTOMAaTU3UpPOBAHHAS CHUCTeMa OOECTIeUCHUS
6e3aBapuiinoro pynkmuonupoBanusa. Cxema ACJ] npuBenena Ha puc. 7.3. Jlannas
CHUCTE€Ma OCYIIECTBIISICT TEKYIIUH KOHTPOJb BXOJHBIX «X», BBIXOJHBIX «y», Mepe-
MEHHBIX U MapaMeTpoB A 00BEKTa.

[Tocne mpeoOpa3oBaHus CUTHAJIOB OT AaTYMKOB B YHU(PHUIIUPOBAHHYIO (oOp-
My (O6ok 2) 3naueHus X(t), y(t),A(t) comocTaBisioT ¢ AOMYCTUMBIMU JUIS HOP-

MajbHOM paboThl (070K 4), T.e. MPOBEPSAIOT BBINOJHEHUE yciaoBUM X(t) € Xnmom,

y(t) € Ymon, A(t) € Anom, rae Xaorm, Yaom, Ao - 00JaCTH JTOIMYCTUMBIX 3HaYe-

HUN COOTBETCTBEHHO X, Y, A. Ecnm kakoe-nu0Oo yciaoBHE HE BBINOJHAETCS, TO B
0JIoKe 5 MpUHUMAETCs pPEeIleHUEe O BblJaue CUTHalla TpeBoru S(X, y, A), a Takxke
BbIPA0OTKE KOPPEKTUPYIOUINX BO3JAEHCTBUN yIPABISIOIMMHU YCTporcTBamMu (OJI0K
11). B 6moke 10 nmo maunem o X(t), y(t), a uHorna u otaensHBIX 3HaueHUi h(t),
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OILICHUBAIOT BEKTOp (Pa30BbIX KoopauHAT Z(t) ¥ mepeMeHHYI0 COCTOSHUS (yHKITHO-
nuposanus N(t). 3uauenns z(t) u h(t) conocraBsior ¢ ronyctumbiMu (0JI0K 9), T.€.
npoBepstoT ycioBus z(t) Znom, h(t) Ha. B 61oke 5 ananusupyercs Tekyliee co-
CTOSTHME CUCTEMBI B CJIy4ae OIMaCHOCTHU M BBIIACTCS CUTHAJ MpeaynpexacHus Sn(z,
h) wu tpeBoru, S(z, h) 6moxom 3. BiokoM 7 MPOU3BOIUTCS THATHOCTHKA UMEIO-
IIUXCSl HapyIIeHUH, a O6JI0KOM 6 - mpoBepka pabOTOCIIOCOOHOCTH CUCTEMBI 0bOec-
neYeHNs 0€3aBapUITHOCTH C IIOMOIIBIO CIICITUATBHBIX TECTOB.
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Puc. 9.3. Cxema aBTOMaTHU3UPOBAaHHOM CHUCTEMBI TUAarHOCTUKU: 1 - 0OBEKT; 2 - MepBUYHBIE Npe-
oOpa3yromme 1 00padaThIBAIOIINE YCTPOMCTBA; 3 - CHTHAI TPEBOTH; 4 - COIOCTABJICHHUE C HH-
TepBajaMH, JOMYCTUMBIMH JJI1 HOPMAJIbHOM pabOThI; 5 - aHANIN3 U IPUHATUE PELIeHus; 6 - mpo-
BepKa pabOTOCTIOCOOHOCTH CUCTEMBI; / - AMArHOCTHKA HAapyIIeHus; 8 - CUTHAN 0 HapylIeHuy; 9 -
COTIOCTABJICHHE C MHTEPBAJIOM ZJ0M U moJMHOXKecTBaMu coctostHuii Hi, Hoa, Ha; 10 - onenka
HepeMEHHBIX COCTOsIHUSA Z, N; 11 - KOppeKIHs ynpaBisoiX BO3ACHCTBHIA

Hanpumep, ananu3 BUOpanuu MO3BOJISET MOJYYUTh BaXKHYIO MH(POPMALUIO
O MpoIECcCax B Pa3IMUHBIX MEXaHUUYECKHX YCTPOMCTBAX, CBA3AHHBIX C BPALLICHUEM,
KAUEHHUEM, CKOJIbKEHUEM, IBMKEHUEM MXHUIKOCTEH, ra3oB W T.n1. B HacTosmee
BpeMs pa3paboTaHbl JAaTYMKU BUOpaIuii, METOAbl U YCTPOWCTBA MOJIyYECHHUS 4Ya-
CTOTHOTO CIIeKTpa - BUOporpamm. Cxema cucTeMbl KOHTPOJIsSI BUOpaluii mpuseie-
Ha Ha puc./.4a. PacnonoxxeHre TUCKPETHBIX YaCTOT BUOPOrpaMMBI U UX aMILIUTY-
JIbI TIO3BOJISIFOT OTPEEATh COCTOSTHUE PAaOOTOCIIOCOOHOCTH CUCTEMBI, OOHAPYKH-
BaTh 3apOXKAAOUIMECS OTKA3bl, CBA3aHHbIC, HAITPUMED, C U3HOCOM.

XapakTepHbIil BU BUOpOTrpamMM JJisi Pa3IMYHbBIX COCTOSIHUI (PYHKIITMOHHPO-
BaHMS MOKa3aH Ha puc. 9.40.
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Puc. 9.4 Cuctema koHTpoOJIs BUOpaIuii: a - cxema; 6 - BUOPOrpaMMBbI IIPH PA3TUYHBIX
COCTOSIHUSIX pabOTOCIIOCOOHOCTH

Hapymenust HopmManbHOro (PyHKUMOHUPOBAHUS, KaK MPaBUJIO, YBEIUYMBa-
10T BUOparuto (MyHKTUpHAs JTUHUS Ha puc. 8.4,0 mist cocrosinug hl).

MHOrMM MEXaHMYEeCKHMM Yy3J1aM U YCTpOMCTBaM Ha BHOporpamme COOTBET-
CTBYIOT OIpENeJICHHbIE AUCKPETHbIE YacTOThl. [ BpamareapbHOro MeXaHU3Ma,
HaIpuUMep ABUTATENS, KOMIIPECcopa, Hacoca, BEHTUIISTOpa, TYpOUHBI, IMeeTCs ce-
pUS IUCKPETHBIX YaCTOT, KPATHBIX YACTOTE BPAILIEHUsI POTOpA.

Pa3zpabotan psig KpuTepueB, MO3BOJSIIONIMX YCTaHABIMBATH JIOMYCTUMBIC
YpOBHU BUOpaIlMu MallliH ¢ MEXaHW3MaMHU BpalieHus. B kadecTBe mapamMeTpoB B
KPUTEPUSAX UCTIONB3YIOTCS KU BEIMYUHBI BUOPALIMN U CMEILIEHHUS TTUKOB.

OcHOBHbBIE MCTOYHHMKH BHOpalMM B JAaHHOM ciydae aedopmaius WIH Io-
BpEXJEHUE YacTell poTopa, nedopMaliusi KOpIyca U OCHOBaHUs, SKCLIEHTPUCUTET
B TIOJIIMITHUKAX, TIOBPEXJICHUE MOAMNITHUKOB U Jp. B MeHbIel cTenenu uccie-
JIOBaHbl BUOPOTrpaMMbl MEXaHU3MOB C BO3BPATHO-TIOCTYIATEIbHBIM JIBUKEHUEM U
KOpOOOK 3y0UaThIX nepeaad.

JUis TMarHOCTUKU M MPEeNOTBPAILLEHUS HapyLIeHU B paboTe TEXHUYECKUX
CHCTEM IIMPOKO HCIIONB3YIOT U3MEPEHUE M aHAIN3 XapaKTEPUCTUK ITYMOB, HCXO-
JSIIMX OT JBUKYIIUXCS MEXaHU3MOB, TIOTOKOB - TPYyOOTPOBOIOB M TETIOOOMEH-
HUKOB. C TIOMOIIBIO aKyCTUYECKUX METOAOB BBISBISIOT CIEIYIOIINE MOBPEKIC-
HUS: TPEUIMHBI B METAINIMYECKUX KOpITycaxX arperaroB, CTCHKaxX TPyO M COeIMHe-
HUSX, OClabJieHue KpeIUIeHUs, OTJIOKEHHS Ha CTEHKaX W KOpPPO3HI0, Te4Yh B
YIUTOTHEHUSX, MIPOITYCK Ta30B | JIp.
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Hlymbl arperaToB ¥ MallMH XapaKTEpU3YIOT Kak OOIIHME CBOWCTBA CHCTEM,
TaK U CBOMCTBA MX 4dacTeu. [IpOM3BOACTBEHHBIM IIyM HMMEET LIMPOKUN CIIEKTP
CUTHAaja, mapaMeTpbl €ro MOKHO paCCMaTPUBATh KAK MHOTOMEPHBIN BEKTOP. OMbIT
MIPUMEHEHUS aKyCTUYECKUX METOJOB MOKA3bIBAET, UTO B COCTOSSHUM HOPMAJIbHOIO
(GYHKIMOHUPOBAHUSI SHEPTUs IIyMa B OCHOBHOM KOHIIGHTPUPYETCS B 00J1acTh
HU3KHUX YacTOT, a SHEPTHUs, COOTBETCTBYIOIAs fedeKkTaM, pacrnojaraercs Ha 6osee
BBICOKHX YacCTOTax. DTO OOCTOSITENIbCTBO MCIOJB3YIOT /i1 CBOEBPEMEHHOT0 0OOHa-
PYKEHHUS 3apOKAAIONINXCSI HAPYILICHHM.

Kaxxmomy cocTostHuI0 paboTOCTIOCOOHOCTH CHCTEMBI COOTBETCTBYET CBOM
XapaKTEPHBIN CHOEKTP IIyMa. 3ajada aKkyCTUHYECKOTO TUAarHOCTHPOBAHUS 3aKJI0Ya-
€TCsl B TOM, YTOOBI MO 3apETrUCTPUPOBAHHOMY CHUTHAJy LIyMa ONpPEAENIUTh TEXHU-
YECKOE COCTOSIHME KOHTpoJupyemoro o0Owbekra. Haunbonee pacnpocTpaHeHbl JBa
crioco0a i pelieHus TON 3aJauu.

[lepBbIii crmoco0 OCHOBaH Ha NMPUMEHEHUHM B3aMMHBIX KOPPEISAIIMOHHBIX
GbyHKUMNA, OH MpejrnojiaracT MpeIBapUTEIbHYI0 3alUCh B MaMSATh JIUarHOCTHYE-
CKOr'0 YCTPOMCTBAa BPEMEHHBIX pean3alliii CUTHAIOB, COOTBETCTBYIOLIUX Pa3JINy-
HBIM COCTOSIHUSIM pab0oTOCIIOCOOHOCTH. B MOMEHT KOHTPOJIS 3aMHUChIBAETCS peau-
3alMsl IIYMOBOI'O CHTrHaja, M3Jy4aeMoro CHCTeMOM. [laHHyr0 peanu3anuro Hc-
MOJIB3YIOT JIJISl pacueTa B3aMMHBIX KOPPEISIIMOHHBIX (PYHKIIMN C CUTHAJaMu, Xpa-
HAIIAMUCS B MaMSTA CUCTEMbI KOHTpOJis. CUMTAETCs, UTO CHCTEMA HAXOJUTCS B
COCTOSIHUU, KOTOPOMY COOTBETCTBYET MAaKCHUMAaJIbHASI B3aUMHAsI KOPPEJISLIUS.

BTopoii cnocob6 ocHOBaH Ha CpaBHEHUU CTATUCTUUYECKUX XapaKTEPUCTHUK pe-
aNnu3alyil CUTHAJIOB, HAIPUMEDP IUIOTHOCTEW pacClpeleseHN, aBTOKOPPEIAIINOH-
HbIX (PYHKIMM, SHEPreTUYECKUX CIEKTPOB. B MaMsaTH XpaHSITCS CTaTUCTHYECKHUE
XapaKTePUCTUKU, TUIIOBBIE JJI1 BO3MOXHBIX COCTOSIHUM (yHKIIMOHUpoBaHuUs. Ilo
peanu3aluy CUrHajla B MOMEHT KOHTPOJIS CUCTEMbI BBIUMCISIOT TEKYLIYIO XapaK-
TEPUCTUKY, KOTOPYIO CPABHUBAIOT C TUIIOBBIMH.

PaccuuthiBaeMble KpuTepuu OIM30CTH (MAaKCUMaJIbHOE OTKIOHEHHUE, CPE/l-
Hee KBaJ[paTHYE€CKOE OTKJIOHEHHME U T.II.) UCIIONB3YIOT NIl XapaKTePUCTUKHU TEX-
HUYECKOTO COCTOSIHUSI CHCTEMBI.

Xopolire pe3ynbTaThl MOJYYalOT C MOMOUIBIO Memood aKycHu4yeckou
amuccuu. Ha mOBEpXHOCTH CUCTEMbl YCTAHABIMBAIOT KOMIUIEKT TaTYUKOB, KOTO-
pBI€ PETUCTPUPYIOT YIPYTUe KOJeOaHUsl aKyCTHUECKOTO rara3oHa, UCTOYHUKAMU
KOJICOAHM SIBISIIOTCS Pa3BUBAIOIIMECS MAaKpO- U MUKPOJe(EKThl MaTepuaia KOH-
cTpykuuu. [lo pa3HOCTH BpeMEHU MPUXO0/a UMITYIbCOB aKyCTHYECKON SMHUCCUU K
pa3NUYHBIM JTaTYUKAM, CYMMApHOI'O YHUCJIa UMIYJbCOB, UX MHTEHCHUBHOCTHU, Xa-
pakTepa aMIUIMTYJJHOTO paclpeeieH!s] CUTHAIOB ONpPENeNsoT KOOPAUHATBI pac-
MOJIOKEHUSI U CTENEeHb OMACHOCTH HAPYILIEHHUS - UCTOYHMKA aKyCTHYECKOW dMHC-
cuu. CnekTpaiabHbld aHAJIU3 UMITYJIbCOB, KOPPEISLUOHHBIE 3aBUCUMOCTH MEXIY
CUTHAJIaMU OT JIaTYUKOB M pazMepaMu, KOHPUTyparreil u craauend pa3BUTUS MaK-
pO- U MUKPOACPEKTOB JIsI KOHKPETHBIX MATEPHUAIIOB MO3BOJISIOT OICHUTh TEXHU-
YECKOE COCTOSIHHE KOHCTPYKLUU CUCTEMBI, €€ OCTATOUYHBII pecypc.

HenocraTok GOJBIIMHCTBA aKyCTUYECKUX METOOB - HEOOXOAMMOCTh UMETh
B MMaMSTA CUCTEMbI KOHTPOJISI PeaiM3allii CUTHAJIOB WM CTaTUCTUYECKUE Xapak-
TEPUCTUKUA CUTHAJIOB BCEX COCTOSHUN (QyHKIMOHUpOBaHUs. [Ipu 3TOM OHM JOTXK-
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HBI OBITH TIOJy4eHBI HA KOHTPOJIUPYEMOU CHCTEME, 4TOOBI Y4eCTh €ro MHIUBHITY-
aJIbHbIE 0COOCHHOCTH.
Anzopumm obecneuenusn IKCNIYamayuoOHHOU HAOEHCHOCIMU MEXHUYECKUX CU-
cmem

B nporecce 00paboTku MHGOpMAIMKM MO aHAIW3Y IMOCICACTBUN OTKA30B
TEXHUYECKUX CUCTEM MPUHUMAIOT PEIICHUE JIMOO O HEMEIJICHHOM YCTPaHCHUH
KOHCTPYKTHUBHBIX HEIOCTATKOB, U3MCHCHHH TEXHOJIOTMU SKCIUTyaTallud WM TEX-
HUYECKOTO OOCITY)KUBAHUSI CHCTEM (eCIM MPUYMHA O0TKa3a OYEeBHUIHA), JTHOO0 O TPo-
BEJICHUM HEOOXOJMMBIX WCCIICIOBAaHUM IS YCTPAHCHHS NMPHUYMHBI OTKa3a M I10-
CIIEAYIONIETO YCTPaHeHHs cl1aboro 3BeHa. OKOHUYATENIbHBIC H3MEHEHUS B TEXHOJIO-
THYECKYIO JIOKYMCHTAIIMIO BHOCSIT TOJILKO ITOCJIC TIPOBEPKHU MPHHSITHIX PEIICHHH.
[Tporecc 3TOT HOCHT HENMPEPHIBHBIM XapakTep, YTO IMO3BOJISET MOCTOSHHO ITOA-
JCp)KUBaTh W JaKe IOBBINIATh HEOOXOAMMBIH YpPOBEHb SKCILUTyaTaIIHOHHOW
HAJIC)KHOCTH W 0€30MaCHOCTH TaKMX cUcTeM. TakuMm oOpazom, oOecriedeHrne K-
TUTYaTaIllMOHHOW HAIEeKHOCTH U 0E30MacHOCTH MPEICTaBIsET COOOW 3aMKHYTBIN
IIUKJT TIOCJICIOBATENBHBIX ONEpalnii, OJMH U3 BO3MOXKHBIX BapUaHTOB KOTOPOTO
n300pakeH Ha puc. 9.5.

= Puc. 9.5. Anroput™m obecnieueHust dKc-
L IUTyaTalliOHHOW HAJEKHOCTH H  0e3-

o ) 5 ONAaCHOCTH CHUCTEMBI: | - KOHCTPYKIIHS
I E 6| obopynosamus; 2 - cymecTsyiomas
1 | 4 |e h IpaKkTUKa 3KcIlyaTauuu; 3 - uHdopma-

> E usi; 4 - cpeacTBa nodydeHus nHpopma-
l+| IIJI'J 1IUK; 5 - MPUYUHBI OTKA30B; 6, 7 - cBele-
HHUsSl COOTBETCTBEHHO O pacxoje 3amac-

Ll %] HBIX YacTeld M 4YacTOTe MX 3aMEHBl M O
12 14 1 ] f,| TmoTepsAX HPOM3BOACTBA, BBI3BAHHBIX
¥ _ TpoCTOsMHM; & - JIaHHBIE PE3YNIbTATOB
13 l 2 *[] :h MHCIEKUUN 000pynoBaHus; 9 - cBeieHUs

o 21 00 M3MEHEHUSX pa3MepoB, CTPYKTYpPHI U

T CBOWCTB MaTepuaia JeTaleil B mpouecce

¥ skcrutyaranuu; 10 - apyrue ceaeHus;

11 - obpabotka unpopmanuu; 12 - ana-

;1 ]4.3 JU3 NPUYMH OTKA30B U BBISBIEHUE Clla-

- ObIx MecT; 13 - mpuHsTHE perienust; 14 -

Ll peleHre O HEeMEUIEHHOM HW3MEHEHHU

24 }' KOHCTPYKIIMHU, TPAKTHKH SKCIUTyaTalluu

¥ 20 WIN TEXHUYECKOT'O OOCITYXKUBaHMS U pe-

25 20 MOHTa obopynoBanus; 15, 16, 17, 18 -
I + ] 35 ! U3MEHEHHE COOTBETCTBEHHO KOHCTPYK-

UM, MaTepraia JeTall Wik crocoda ee
YIIPOYHEHHUS, TPAKTUKU IKCIUTyaTalluH, MPAKTUKH TEXHUYECKOTO OOCITY>KMBAaHUS U peMOHTa; 19
- IPOBEpKA MPEUIOKEHUN B MPOMBIIIIIEHHOW dKCILTyaranuu; 20 - TaHHbBIE IPOMBIIIJIEHHON JKC-
IUTyaTallMy MOCJi€ BHECEHHBIX M3MEHEHMM; 21 - pelleHne o NMpOBENEHUU HCCIEN0BaHuM; 22 -
pa3paboTKa METOAMKHU UCCIEA0BaHUM; 23 - pe3yJbTaThl UCCIIEIOBaHM; 24 - YCOBEPIICHCTBOBA-
HUE KOHCTPYKIMM WJIM MPAKTUKU HKCIUTyaTallul 00OpYAOBAaHUS HAa OCHOBAHUH HCCIIEIOBaHMA;
25 - oOpaTHast CBsI3b
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