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CMMNCOK COKPALLEHI
AlI - aBapuiiHas OCIEN0BATENBHOCTD
AC - aToMHas cTaHIUS
ACPK - aBTOMaTH3MpOBaHHAsl CUCTEMA PAIUALIMOHHOTO KOHTPOJIS
ADC - aTromMHast 3NIEKTpUYECKas CTAaHIUS
A3 - aBapuiiHas 3amuTa
BP - GwicTpEIil peakTop
BIIY - 6;10uHBIi KT yHOpaBiIeHUs
BAD - BeposTHOCTHBIN aHaIN3 6€30MaCHOCTH
BBOP - Bo10-BOASHON SHEPTETUUECKHUI PEAKTOP
BKY - BHyTpHKOpITyCHBIE YCTPOHCTBA
I'AH PO - T'ocatomnanzop Poccuiickoii @eneparmn
I'E - runpoeMKoCTh
I'lTH - rimaBHBINA HUPKYJIALUOHHBIN HACOC
I'UT - rnaBHBI HTUPKYISIUOHHBIN TPYyOOIIPOBO
I - nnu3ens-renepartop
JAI'C - nu3enb-renepaTopHasi CTaHIIM
1O - nepeBo 0TKa30B
JC - nepeBo coOBITHIA
3CBb - 3amuTHas cuctemMa 6€30MacHOCTH
HNC - ucxomHoe coObITHE
K/l - koMInieHcaTop AaBiIeHUs
KUII 1 A - KOHTPOIBHO-U3MEPUTENBHBIE TPUOOPHI U AaBTOMATHKA
KC - xoHeuHoe cocTosiHME
JICB - nokanu3ytomas cucrema 0e30MacHOCTH
MAT'ATO - MexayHapoIHOE areHTCTBO 110 aTOMHOM SHEPIUH
MKP3 - MexnyHapoaHasi KOMUCCHS IO paHOIOIrMUECKOM 3aIuTe
MP3 - MakcuMaIbHOE PaCYETHOE 3€MIIETPSICEHUE
HT/I - HOpMaTUBHO-TEXHUYECKUE JOKYMEHTHI
HD - HopmanbHas skcrTyaTanus
OK - oOpatHblii K1amnaxn

OIIb-88 - O6mume monoxxkeHus odecrnedeHusi 6e301macHOCTH aTOMHBIX cTaHiui (OI'LL-
88) IIHADI'-1-011-89

OP - opransl peryaupoBaHus
OCEB - o6ecnieunBaromas cucremMa 0€30MacHOCTH
OT - oTBOJX TEIIOTEI

IIB - nmurarensHast Boga



IIT" - maporeneparop

ITH - nuraTensHbIN Hacoc

IIK K/I - npenoxpaHuTeNnbHBIA KJIAIIAH KOMIIEHCATOPA JaBICHUS
I1C - mpomexxyTouHOE COOBITHE

[1C CVY3 - nornomaromtue crepkau CY3

PO - paGounii opran

PV - peakropHas ycraHOBKa

PIIIY - pe3epBHBIN IUT yIIpaBICHUSA

CAQO3 - cucteMa aBapuiHOTO OXJIAXKACHUS aKTUBHOM 30HBI
CAOP - cucreMa aBapuiHOTO OXJIaKIEHUS PEAKTOpa
CAPX - cucrema aBapHitHOTO pacxoJiaKUBaHHs

Cb. - cucrema 6e30nmacHOCTH

CIIOT - cucrema nacCMBHOI'O OTBOJIA TETJIa

CH - coOGcTBeHHBIE HY Kb

CHD - cuctembl HOpMaJIbHOM 3KCILTyaTalluu

CV3 - cucrema ynpaBieHUs U 3allUTHI

TBC - temoBbLaensonas coopka

TB3J1 - TETUIOBBIIEIISIFOIIMNA 2JIEMEHT

VC - ynpasnsiomas cucreMa

VYCb - ynpasistomas cucrema 0e30macHOCTH

@b - ¢pynkuus 6e3onacHOCTH

XOST - xpanunuine oTpaboTaHHOTO SIIEPHOTO TOIIUBA

SOV - sanepHas sHEpreTUyYecKasi yCTaHOBKA



BBEJIEHUE

SlnepHas sHepreTUKa pacCMaTPUBAETCS KaK peaslbHbI MyTh PEIICHUS 3HEPreTHYECKUX
u okojormyeckux mnpodimem XXI B. OcHOBaHHEM O3TOTO SIBIISIETCSI OMBIT AKCIUTyaTaI[HH
OonpmmHcTBa KpynHbIX ADC, mOCTpoeHHBIX B 60-X rojax, HpOAEMOHCTPUPOBABILIMMA
OJ1aronpusATHBIE HKOJIOTMYECKUE XapaKTEPUCTHKU AaTOMHBIX CTAaHUUH. SInepHas sHepreTuka
@®pannuu, odbecnednBaroiias okoio 78 % 3MeKTpOIHEPIur CTPaHbl , OBICTPOPA3BUBAOLIASICS
siepHasi SHepreTuKa SIMOHUN SBISIOTCS yOCAUTEIBHBIM TOMY ITOATBEPIKICHUEM.

ObecnedyeHue 6€30MaCHOCTH BCETAA COCTABIIIO BAXKHEHUIIYIO YacTh paboT MO sIepHOM
texuuke. Kpynnas aBapus Ha ADC CHIA B 1979 r. u karactpoda Ha 4-m Onoke
Yepuoobuibekoit ADC B 1986 r. moka3zanu, 4To BONPOCH! 0€30MaCHOCTH JAJIEKU OT PELICHUsI.
Jnist CHUOKEHHUSI pUCKa OT TPUMEHEHUS SIIEPHOM YPHEPTETHUKHU JI0 TIPAKTUYECKH HE OIIyTHMOTO
HaCeJICHUEM YPOBHS 0Ka3aJ0Ch HEOOXOAUMBIM ITPUHATH MEPHI MO MOBBIIICHUIO O€30I1aCHOCTH
paborarommx  ADC, MEePECMOTPETh TIPUHITUTIBI obecrieueHus 0€301acHOCTH
pa3pabaTbIBaéMbIX PEaKTOPHBIX YCTaHOBOK.

Bonpocel 6e30macHOCTH M HEpa3pbIBHO CBS3aHHBIE C HMUMM BOMNPOCHI HAJIEKHOCTHU
paccMaTpUBAIOTCSl BO BCEX CHENMaJbHBIX Kypcax Kadenpsl "SnepHble peakTopbl U
sHepreTHYeckre ycTaHoBkH'". Ha 3akitounTenbHOM 3Tane nepBoro (6akaaaBpCcKOro) ypoBHS
HOJTrOTOBKU B 00beMe auciUIUIMHbl "Pacdersl u nmpoexktupoBanue SADY" paccmarpuBaroTcs
o01ue BOIpockl 0€30MaCHOCTH U HEOOXOUMBbIE [T UX KOJMYECTBEHHOTO aHAIN3a BOIPOCHI
Ha/IeKHOCTH PEAaKTOPHBIX YCTaHOBOK. B ocHOBY Kkypca "be3omacHOcTh M Ha/leXKHOCTb
PEaKTOpHBIX YyCcTaHOBOK" mojokeHbl pexkoMmeHnauuu MAI'ATO, HopMaTuBHbIE JOKYMEHTHI,
OTIBIT Pa0OTHI IO CO3AAHUIO PEAKTOPHBIX YCTAHOBOK MOBBIIIEHHONW O€30MaCHOCTH.

1. ATOMHASI CTAHLIMS. BO3JIECTBUE HA OKPYXKAIOII[YIO CPELY.
BE3OITACHOCTD.

1.1. CTpyKTYypa aTOMHOW CTaHLUU

be3omacHOCTh sIIEpHOM HSHEPreTHKM JIOJDKHA OLEHHBATHCA C YYETOM IIOJHOTO
TOIJIMBHOTO IIMKJIA, BKJIIOYAIOIIEro J00bIUYy, (U3NYECKYI0 M XHUMHYECKYI0 MepepadoTKy
ypaHa B TOIUIMBHBIC 3JIEMEHTHI, pabOTy aTOMHBIX CTAaHLUH, XpaHEHHE, NepepadoTKy,
3aXOpOHEHHE 0TPabOTaHHOTO TOIUIMBA, TPAHCIIOPTUPOBKY TOILIUBA.

PaccMoTpuM aTOMHYIO CTaHIIHIO C TTO3UITUHM 0OCCIIeUeHUs ¢ 0€30IacHOCTH.

AtomHo# cranuuen (AC) Ha3bIBalOT IPOMBILUIEHHOE NMPEANPUATHE ISl IPOU3BOJICTBA
SHEPrMM B 3aJaHHBIX PEXKMMaxX M YCIOBHUAX HPUMEHEHHMs, paclioyiararolieecss B Ipenenax
OTIpeNIeICHHONW MpOoeKTOM Tepputopuu. s mpousBoAcTBa sHepruu Ha AC HCIONB3YIOTCS
SEPHBIN  peakTop (peakToppl) W  KOMIUIEKC HEOOXOIMMBIX CHCTEM, YCTPOMCTB,
000pyIOBaHUS, COOPYKEHUN C HEOOXOAMMBIM MTEPCOHATIOM.

biokom AC HazpBaroT yactb AC, BbemonHsONyr 3agadyun AC B ONpeAesieHHOM
POEKTOM 00beMeE.

Dneprobmok ADC BKIIOUYAET peakTOpHOE, TypOMHHOE, BCIIOMOTATENIbHOE OT/ACIICHUS,
COOpPY)KEHHE DJICKTPOTEXHUYECKUX YCTPOWCTB M YIpaBieHHs. ODHEProOJOK BKIIOYAET
PEaKTOPHYI0 YCTAaHOBKY M TypOOyCTaHOBKY (OJHY WM HECKOJIbKO). MoXeT OBITh
MCIIOJIb30BaHA JIBYX-, TPEX- MM OJJHOKOHTYypHas TerioBas cxema ADC.

[lepBblii  KOHTYp, COIEpKAIUKM  OXJIAKIAIONIMKA  aKTHUBHYIO 30HY  peakTopa
TEIVIOHOCUTENb, SBJSIETCS PAJUOAKTUBHBIM. IIepBbIi  KOHTYp COICPKHT HECKOJIBKO
HUPKYJSUOHHBIX TeTenb, BKItouyatonmx maporeneparop (IIIN) wim npomexyTOUHBIN
TETI000MEHHUK (B 0HOKOHTYpHBIX ADC - GapabaH-cenapaTop), IIaBHbIN HUPKYIISIHOHHBIN
Hacoc (I'LIH), mupKyISiuoHHbBIN TPyOOPOBOI.



Temonocurenem B 0JHOKOHTYpHBIX ADC sBIsETCS XMMHUECKH 00eccoieHHasl BOja, B
JIBYXKOHTYPHBIX - pacTBOpP OOpPHOH KHCIOTBHI, B TPEXKOHTYPHBIX - >KHIKOMETAJJIMUECKUI
HaTpHil.

Peaktopnast ycranoBka (PY) pacnonaraercs B peakTopHOM otTnaeneHuu. OObem
PEAKTOPHOTO OTACICHMS 3aK/IIOUEH B T'€PMETUYHYIO O0O0JIOUKY, OTAECISIONIYI0 IOMEIIEHUS
PY or okpyxatomeit cpensl. B repmernuHoi 000504Ke PpEaKTOPHOIO OTIEJICHUS
pacrnosaratroTcs CUCTEMbl, 00€CTIEYMBAIOIIUE BEIPAOOTKY TEIUIOTHI. DTU CUCTEMBbI BKIIKOYAIOT:

CHCTEMY PEaKTOpa - KOPILyC peakTopa, BHYTPUKOPITYCHbIE YCTPOUCTBA, AaKTUBHYIO 30HY;

CHUCTEMYy TEIUIOHOCUTENsI - TpyOompoBoasl, mnaporeHeparopel, [TIH, cucremy
MOJ/IepKaHUs JaBJICHUS B IEPBOM KOHTYDE;

IIapoByl cHucTeMy - mnapomnpoBoasl oT III' no orceyHol apmaTypel Ha TpaHULE
repMETUYHON 000JI0UKH;

BCIIOMOTATCIBHBIC CUCTEMBI - OXJIAXKACHUA O60py,lIOBaHI/I$I, IOATIMTKHU W MNPOAYBKH,
a30Ta BbICOKOT'O AaBJICHUA U APYTUC,

cuctemy nutarenbHoi Bojsl (I1B) - oT repmernynoii obonouku na Il

CHUCTEMY pacXONa)KMBaHUS PEAKTOPHOM  YCTAHOBKM dYepe3  TEIIOOOMEHHHKHU
pacxonaXxuBaHUs;

CUCTEMY OXJIAXKIAI0IIEeH BOJIbI PCAKTOPHOTO OTACIICHHA.

Jns 3arpysku peakTopa CBEXHMM TOIUIMBOM, BBITPY3KH, XpPaHEHHUS U OXJIAXKJCHUS
0Tpa0OTaBUIET0 TOIUIMBA B O00bEME PEaKTOPHOIO OTHEIECHUS HMMEIOTCS COOTBETCTBYIOLIHE
cucTeMBbI "paboThI C TOTITUBOM".

B TypOuHHOM OTHeneHuu pacmoiiaraercs TypOOoycTaHOBKa (TypOOyCTaHOBKH) U
CHCTEMBI BTOPOTO KOHTYPA , YaCTh U3 KOTOPHIX HAXOIUTCS BHE 3aHUS TYpOMHHOTO
otaeneHus (TpaHchopMaTopsl, 31aHHE MACIOXO03SHCTBA, 3AaHUE KOHICHCATOOYHCTKH).

Bo BcmomorareabHOM OTACICHUH pacnogararorcsa CUCTEMbl BOAHO-XUMHUYCCKOI'O
peixxuMa nNepBOro KOHTYypa, CIICHOYNUCTKH PAAHOAKTUBHBIX OTXO4O0B.

B coopyXeHHUH JIEKTPOTEXHUYECKHUX YCTPONCTB M YNPaABICHHS PACIOJIATarOTCs
cucTeMbl OyiogyHOro W pe3epBHOro mutoB ympasiaeHus (BILIY, PIILY), ynpasmstoniue
CUCTEMBI.

Bce mnepeuncrneHHble cHCTEMBl SBISIFOTCA CHUCTEMaMH HOPMAIbHOM 3KCIUTyaTalluu
(CHD), oHn HEOOXOIUMBI 17151 OCYLIECTBICHUST HOpMalIbHOH 3kcrryaTarmu AC.

1.2. DKOMOrMyeckmm acnekt aToMHbIX CTaHUUN

ATOMHasi cTaHIUS, Kak U J000e Jpyroe MpenrpHsITHE OKa3bIBaeT BO3JACHCTBHE Ha
OKPYXAIOIIyI0 cpely © 4YenoBeka. [Ipw oIleHKe BO3ACHCTBHS 000U MPOMBIIIICHHON
JESTENIbBHOCTH Ha OKPYXAIOUIYI0 Cpely U 3[0pOBbE Jt0JIe HEOOXOJUMO YUUTHIBATh Kak
MUHUMYM CJeayIonue GakTopsl:

O’KUIaeMblii yI1epO 370pOBbIO NIEPCOHAIA NPEANPUATHIA U HACETIEHHUS, TPOKUBAIOLIETO
B MX OKPECTHOCTH, ONpEICNSEMBbIi M0 3aperuCTPUPOBAHHBIM (aKTaM WM TPEeACKa3aHHBIM
BBIUHCIICHUM;

XapakKTep 3arpsA3HEHUs OKPYKAIOLIEH Cpebl;

XapakTep, KOJIMYECTBO U TOKCUYHOCTh OTXOJIOB, KOTOPbIE JOJKHBI ObITh TIepepaboTaHbl
Y U30JIMPOBAHBI OT OKPY>KAIOILEN CPEIbl;



palroOHAJIBHOC UCIIOJb30BAHNEC NPUPOAHBIX PECYPCOB, BKIIOYad 3€MJII0, BOAY U BO3AYX
aTMocq)epLI, a TaKKC TaKUX NOIIOJHUTCIBbHBIX CPCACTB, KaK TPAHCIIOPT,

BO3MOXXHOCTB aBaprI C CCPBE3HBIMU MOCIICACTBUAMMU.

[TpoBectu cpaBHeHME, TeM 0oJiee KOJIMYECTBEHHBIN aHANIN3 3TUX (PAKTOPOB TaK, YTOOBI
MOJIYYUTh OIPEICIICHHBIA KPUTEPUN I NPUHATUS DPELICHMs, KpalHe HenpocTto. Tem He
MEHee, aHaJIW3 TEePEeUUCIIEHHbIX (AaKTOPOB NMPOBOAMTCSA, U B MEPBYIO oyepedb B aTOMHOM
DHEPTeTHKE, Ha ()OHE COMOCTABJICHHUS BBITO/l, KOTOPBIE XOUET MOIYYHTh OOIIECTBO, M PUCKA, C
KOTOPBIM OHO TOTOBO MHUPUThCS. IIpyn 3TOM BaKHBIMM OKa3bIBAIOTCSI U MECTHBIE YCIIOBHS, U
HallMOHAJIbHAs TOYKA 3PCHUS.

Okosorudeckne acnekThl (yHKuuoHHpoBaHUS AC U COMYyTCTBYIOIIUX MPEANPHUSATHIHA
AACPHOTO TOIUIMBHOI'O IUKJA, C 0I[H0171 CTOPOHBI, U APYTUX BUIO0B IHI/IpOKOMaCIHTa6H0ﬁ
NPOMBIIUICHHOH  JEATENbHOCTH (B TpPaAMLMOHHOW  DHEPreTMKe,  XUMHUYECKOM,
METaJUTyprHU€CKOM MPOMBIIIJIEHHOCTH ), C APYTOH, Pa3IuvaroTCss HECUIBHO.

OpHako, Ui SA€pHOM SHEPrHM XapakTepHbl crenupuyeckue (akTopbl, CBI3aHHBIE C
PAANOAKTUBHOCTBIO W PAAHUOJIOTHYCCKUMHU IOCICACTBUAMU €C BO3I[€I>'ICTBI/IH Ha 4YCJIOBCKA,
OKpY>KaloLIyIo cpely Kak Bo Bpems paboTsl AC (koraa oOliecTBO MOIydaeT BhITOAY), TaK U B
NOCHEeAYIOIMe CTOJETHs, Korja OyJeT HeoOXOAMMO 3aTpauuBaTh pecypchl OOIIecTBa Ha
XpaHEHHUE PATHOAKTUBHBIX OTXO/IOB.

AHanu3 cnenuduueckux (GakTopoB BbI3bIBAET HEOOXOIUMOCTh PACCMOTPETH BOIIPOCHI:

BEPOATHOCTEH aBapuu C CEPbE3HBIMU PATUOIOTUYECKUMHU TOCIHEACTBUSIMH IS
OKPYXKaIOIIE Cpeabl;

CrocoO0OB 3aXOPOHEHUS PATUOAKTUBHBIX OTXOJIOB, MCKIIOYAIOIINX MX BO3JIEHCTBUE HA
OKpPYXaIOIIyI0 Cpely, UICTOUHUKH BOJOCHA0KEHHUS;

BIUSHUS PaJMOAKTUBHBIX BHIOPOCOB MPU HOPMAIBHOM HKCIUTyaTallid Ha KadeCTBO
BO3]IyXa, BOJIbI, 3€MJIH;

HCIIOJIBb30BaHUA BBIIACICHHBIX I1O AC IJI0MIaI0K IO OKOHYaHWH CPOKa UCIIOJIb30BAHUA
AC.

Ananu3 xomruiekca crenupuieckux (akTOpoB IMOKA3bIBAET, YTO, MPHU HCKIIOYECHUU
aBapHﬁ C CCPHE3HBIMHU PATUOJIOTHUICCKUMHU IMOCICACTBUAMU, C TOYKH 3PCHUSA BOSIIGP'ICTBPI}I Ha
MPUPOJIHYIO CPEey, OXPaHbl KaueCcTBa BOJABI M BO3/yXa, 3alIMThI 3€MJICTIONB30BAHMS, yIIepO,
KOTOPBI MOXeET ObITh MPUYMHEH OOIIECTBY B CBSI3U C HCIIOJIB30BAaHHEM SIIEPHOM >HEPruw,
ABJIIETCS OTHOCUTENIbHO HM3KHM II0 CPaBHEHHUIO C APYTMMU HCTOYHUKAMU SHEPruu (U
BO300HOBISIEMBIMH, ¥ HE  BO300HOBIsieMbIMH). IlosTOMy  siaepHas  DHepreTHka,
a1epHOOe30MacHas, yJOBIETBOPAIONIAs OCHOBHBIE NMOTPEOHOCTH YEJIOBEYECTBA B DHEPIHH,
MOJKET BHECTH IIOJIOKUTEIILHBIN BKJIaZd B KaUCCTBO KHU3HU W CHU3BUTHL TCMIIbl YXYAIICHUA
Ka4yeCTBa OKPY KAIOIIEH CPEIbI.

W3 mupokoro kpyra BOMPOCOB IKOJIOTHYECKOro acrekra paborsl AC B TaHHOM Kypce
Oyner paccmoTpeHo obecrieuenne 6ezonacHocTa AC.

[Ton OGe3omacHocThio AC moHuMaercs cBoicTBO AC mpu HOpMalbHOU
skcrutyatanuu (HD) m B ciyuae aBapuwii OrpaHMuYMBaTh pajUaIllMOHHOE BO3JICHCTBHE Ha
NIEPCOHAJI, HACEJIEHHWE, OKPYXKAIOIIyI0 Cpely YCTAaHOBJIEHHBIMM Ipeaenamu. [naBHOe
BHUMaHue OyJeT yneneHo GopMHpOBaHUIO OCHOB CUCTEMHOTO MOJX0/1a K MPOSKTUPOBAHUIO |,
KoHcTpyupoBaHuio AC ¢ Mo3uLUi yJIOBIETBOPEHUsT KpuTepusiM Oe3omacHocTH. Kpurepun
0e301acHOCTH, B COOTBETCTBHU C KOTOPBIMH OOOCHOBBIBaeTcs Oe3omacHocth AC, - 3TO
3HAa4YeHUs TapaMeTPOB W/WIIM XapaKTEPUCTUK cUCTEM, dyieMeHTOB AC, a TakKe MOCIeICTBUI
aBapuii, KOTOPHIE YCTAaHABIUBAIOTCS HOPMATHBHO-TeXHUYeCKUMH JokyMeHTamu (HT/) n/unn
opranamu ['ocatomuanzopa PO (I'AH P®) na ocnoBe pexomengauuiit MAI'ATD.



1.3. Nogxoa kK NpoekTUupoBaHUIO

CoBpeMeHHbII OAX0/ K NMPOeKTHpoBaHUIO Oe3omacHbIXx AC MPUHLIMINAIBLHO Mo, B
YeM OTJIMYAaeTCs OT aHAJOTMYHBIX MOJIXOAOB B JIPYI'MX CJIOXHBIX, HAyKOEMKHX 00JacTix
TEeXHUYECKOM  JesATEeNbHOCTH. B  mepByw  ouepenp  ciaeayeT  Ha3BaTh  pakera-,
CaMOoJIETOCTPOEHHE (KOCMOHABTHKY, aBHAIMIO, €CIM BECTH pedyb O Oe30MacHOW saepHOM
sHepreTHke). B ocHOBE MoaX0/a 3aJ05KEHO JOCTaTOYHO YCIOBHOE pa3/ieiieHHe KOHCTPYKLUUU
Ha PsAJl CUCTEM HOPMalbHOHM SKcrutyatamuu M cucrteM OesonacHoctH (CB), coBokymHOe
B3aMMOJIEMCTBHE KOTOPBIX, HECMOTpPS Ha BO3MOJKHBIE OTKa3bl, CBA3aHHbIE C JedeKTaMu
NpOEKTa WJIM M3TOTOBJICHUS, OIIMOKAMHM SKCIUTyaTalldd, MaJIOBEPOSITHBIMA BHEIIHUMHU
BO3/ICHCTBUSAMU, CHUYKAET PUCK UCIIOJb30BAaHUS KOHCTPYKLNHU A0 IPUEMIIEMON BETUYUHBI KaK
Juis oOlIecTBa B LEJIOM, TaK M JAJS KaXJ0ro yeynoBeka. Hu3kol HacTOJBKO, YTO BBITOJBI OT
UCIIOJIb30BAaHUSl KOHCTPYKIIMM MHOTOKPAaTHO IPEBBIIAIOT HEraTUBHbIE MOCIEACTBHUS OT
aBapuil. Haunmyumielf xapakTepucTHKON O0€30MacHOCTH KOHCTPYKLUHU sBiseTcs (akt ee
9KCIUTyaTalMy MpHU 3HAYEHUSIX MapaMeTpOB TEXHOJOTMYECKOTO IMpOLEcca, HE BbI3bIBAIOIIMX
HE0OX0IMMOCTH BBOJIa B JIEHCTBUE CUCTEM O€30MaCHOCTH.

Paspabotka cucrem ©Oe3omacHoctu AC TpeOyeT [OCTaTOYHO MOJAPOOHONH U
OTpe/IeIEeHHBIM 00pa3oM MOCTPOEHHOM HH(popMau 0 GyHKIHOHUpOoBaHUU AC B yCIOBUSX
HOpPMAaJIbHOM SKCIUTyaTallud U aBapusx, T.. HapylleHusxX skcruryatanuu AC, mpu KOTOPBIX
INPOUCXOIUT BBIXOJ PAJUOAKTHBHBIX BEUIECTB M HWOHU3UPYIOUIMX M3IY4YCHUH 3a
NpeaAyCMOTPCHHLIC IIPOCKTOM JIJId HOpMaHLHOﬁ OKCILTyaTalluki TpaHUIbl B KOJHWYCCTBAX,
IPEBBIIAIONINX YCTAaHOBICHHBIEC IPEICIIbI.

AHanu3 aBapuil U OrpaHHYEHUE UX MOCIEICTBUI MPOBOJUTCS MPH pa3esieHuu aBapuit
Ha IPOEKTHBIE, 3allPOEKTHHIE W HCIIOJIB30BAHUU INPOMEKYTOYHOTO MEXKIY HOpPMaIbHON
JKCIUTyaTalMed U aBapueil COCTOSIHAS B ABaPUIHON CHTYyallUN.

2. COCTOSIHUE ATOMHOM CTAHIIVHN.

2.1. HopManpHas SKcIIyaTalus

K pexumam HOpManbHO# skcrutyaraiun AC oTHocsATCs paboTa Ha MOIIHOCTH, IYCK,
OCTaHOB, WCHBITAHHUSA, TEXHUYECKOE OOCIyKMBAaHHE, PEMOHT, Ieperpy3ka TOIUIUBA,
MHCIIEKTUPOBAHUE, a TAK)KE APYyTas CBA3aHHAS C ’TUMH PEKUMAMHU JESTEIBHOCTD.

HopmanbHast »skcmmyaranusi oOecrieunBaeTcss — MPOEKTHBIM  (PyHKIHOHHUPOBAHUEM
CUCTEM HOpPMAaJIbHON 3KCIUTyaTallud, KOTOPbIE YNPABISAIOTCS aBTOMAaTUYECKU U C MOMOUIBIO
MIEPCOHAJIA, ACHCTBYOLIETO B COOTBETCTBUU C IKCILTYyaTallAOHHBIMUA HHCTPYKLIHSMH.

2.2. ABapuiigas cuTyaims

K aBapuitHpIM cUTyalusM OTHOCSTCS PEKUMBI, B KOTOPBIX HAPYIIECHbI MPEAEIbI
W/ ycnoBHs 0€30MacHOM AKCIUTyaTallH, KOTOpbIe, OJIHAKO, HE IMepeluld B aBapuio. B
aBapUIHBIX CUTYallUAX BBILICAIINE 3a MpeAeibl HOPMAIbHOM SKCIUTyaTallud HapaMeTphbl
BO3JICUCTBUEM CHUCTEM HOPMAJbHOM HKCIUTyaTalldd BO3BPAILIAIOTCS B MPEANUCAHHBIC
YCIIOBUSIMU O€3011aCHOM KCIUTyaTalluy Mpeebl.

IIpuMepamu aBapuiHBIX CUTyalUH SBIISIOTCS PEKUMBI OTKIOYEHUS OJHOIO WU
Heckonbkux 'IIH u3 uncna paboTaromux, OTKI0YEHNUsT TypOHHBI CTOIIOPHBIMU KJIallaHaMH,
OTKJIIOUEHUS BHELIHETO djeKkTponuTanus AC, OTKIIOYEHHS BCEX TPAKTOB IIUTATEIbHOU
BOJIbl, OIIMOOYHOE YMEHbIIIEHHE KOHIIEHTpaluu 0opa B IEPBOM KOHTYPE,
CaMOIIPOU3BOJIBHOE U3BJICYCHHE MOIVIOMIAOIIUX CTEPKHEN CUCTEMBI YIIPABIICHUS U 3aILUThI



(IIC CVY3), noxuHoe cpabaTbiBaHue aBapUiHOM 3aUThl (A3), HempaBUIIbHAS 3arpy3Ka
terosblAenstomel coopku (TBC) B akTUBHYIO 30HY U €€ SKCILTyaTalysl, JT0)KHOE OTKPbITHE
KJ1anaHa copoca napa B KOHACHCATOP TYPOHHBIL.

B aBapuiinbix cutyanusx CHO oGecnieunBaroT aBTOMaTH4YECKUN BBOJI pe3epBa,
cHIDKeHHe MoutHocTH PY, obecrieuenue (ecim HeoOX0IMMO) MTOAKPUTHYHOCTH aKTHBHOM
30HBI, OTBOJ] OCTaTOUYHBIX TEIUIOBBIIEICHUHN, pacxonaxusanue PY, a npu norepe cBsi3u C
HHEPrOCUCTEMOH - 3aIlyCK IU3€eIb-T€HEPATOPOB, KOTOPBIE 00ECIIEYUBAIOT HJIEKTPOIUTAHUEM
CHCTEMBI, 00ecreYrBaroIue MOAKPUTHYHOCTh U pacxojaxkuBanue PY.

2.3. [IpoeKTHBIE aBapUU

K npoekTHbIM aBapusiM OTHOCATCSI PEXKUMBI, B KOTOPBIX PAaJMOAKTUBHBIC MPOLYKTHI U
U3JIy4EeHUS PACTIPOCTPAHSIIOTCA 3@ IPELYCMOTPEHHBIE YCIOBUSIMU HOPMAJIbHON SKCILTyaTaluu
TpaHUIBIl B KOJHMYECTBAaX, MPEBBIMIAIONIMX YCTAHOBJIEHHBIC Tpelnenasl  0e30MmacHou
JKCITyaTaluu. B MPOEKTHBIX aBapuax AODKHO OBITh TapaHTUPOBAHO TMPEJOTBpAIICHUE
pPa3BUTHS MOBPEXKACHUN TOTUIMBA U BHIOPOCOB PATMOAKTUBHBIX MPOIYKTOB B OKPY>KAOIIYIO
cpeny.

B ycnoBusix mpoekTHbix aBapuii CHD mpomomxaioT BBINOIHATH CBOMCTBEHHBIE UM
GYHKIUN CO3/IaHUs TOJKPUTUYHOCTH aKTUBHOW 30HBI, OTBOJ]a OCTATOYHBIX TETUTOBBIICICHUN,
pacxonaxuBanus PY B Toil Mepe, B KakOil 3TO OCTaeTCsl BO3MOKHBIM B CBETE BBI3BABIINX
NPOEKTHYI0 aBapui0 COOBITMM ¥ OTKa3oB. J[Is TapaHTHPOBAHHOTO oOOecTeueHus
MOAKPUTHYHOCTH W pacxoyiakuBaHuss PY mpu ycrnoBUsSIX NpeAOTBpalleHUs MOBPEXKACHUN
TOIJIMBAa U BBIOPOCOB pPaJMOAaKTHBHBIX MPOIYKTOB B OKpY’Karolyio cpeay PY ocHarmmaercs
cucteMamu 0€30IacHOCTH.

Cb ob6ecneunBator HezaBucumoe oT CHD co3naHmne moAKpUTUYHOCTH aKTUBHOU 30HBI,
pacxonaxuBanus PY u moanepkaHue ee B O€30MaCHOM COCTOSSHMHM B . TEUCHHE BPEMCHH,
HEOOXO0JUMOTO ISl Hayasa MPOTUBOABAPUMHBIX MEPOIIPHUITHIA, HO HE MeHee 24 4acoB.

OmnpiT 3kcmtyaranuu PY mokassiBaeT, 4TO K peKuMaM IMPOEKTHBIX aBapUil OTHOCSITCS
HETpeHaMEPEHHOE OTKPBITUE MPEIOXPAHNUTENILHOIO KilanmaHa komneHcaTopa fgasieHus (11K
KJI) c mocnenyromeil ero Hemocaakod, TeYyd HpU pa3pbiBaX TPyOOIPOBOIOB MEPBOTO
KoHTypa, TpyOok III', 3aknmuHuBanwe wnm pa3pbiB Bama oxHoro ['TIH, BeIOpoc oprana
perynupoBaHus Ipu paspbiBe yexia npuBoaa CY3, paspeiB Tpydonposoaa [1B I1I', magenue
TBC npu meperpy3ke TOIUIMBa, MOXKAp, 3eMJICTPSICEHHE, MaJeHUE camojieTa Ha 000JO0UKY
PEaKTOPHOTO OTAEJIEHUS U IPYTUE BHEIIHNUE BO3ACHCTBHYSL.

AHanu3 nepeyrcieHHbIX U IPYTUX PEKUMOB J0JKEH N0Ka3aTh, UTO B YCIOBUAX
MIPOEKTHBIX aBAPUN BEPOSITHOCTH MOBPEKICHUS TOIIMBA AKTUBHOM 30HBI M BBIXO/1A
PaIMOaKTUBHBIX MPOAYKTOB B OKPYIKAIOIIYIO CPEY TOCTATOYHO MaJia (COCTaBISAET 10 1/rox
1 107 1/rox B coorercruu ¢ OITB — 88/97)

2.4. 3anipoekHas aBapus

K 3ampoekTHbIM aBapusiM OTHOCSIT aBapuH, 4YacTOTa BO3HUKHOBEHHUS M pealu3aluu
KOTOpPBIX MEHBbUIE NPHUHATON YacTOThl MOBPEXKIEHUN IPU NPOEKTHBIX aBapusix (B
cootrBeTcTBUU ¢ OIIb-88), HO B XOJe KOTOPHIX BO3MOXKHO TSDKEIIOC TOBPEKICHUE WIH
paciiaBieHUe TOIUIMBA B akTHUBHOM 30HE. HecMOTps Ha TO, YTO BEPOATHOCTh TAKOIO pojaa
aBapuii KpaiiHe HU3Ka, B COBPEMEHHBIX MPOEKTaX MpeaycMaTpUBAIOTCS TEXHUUECKUE MEPHI,
obOecrieunBarONIfe yICpKaHUE PpACIUIABICHHOTO TOIUIMBA B 00bEeMe pPeaKkTOPHOTro
noMenieHus. PazpabaTeiBaloTcst Mepbl yIpaBiIeHUs MPOTEKaHUEM 3aIPOEKTHBIX aBapHil ¢
ucnons3oBanueM CHO u Cb, mpecneayromye 1eab YMEHBIINTD PAJUALMOHHbBIE [1OCIIEICTBHSA
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TIPOLICCCOB.

K 3anpoexTHeIM aBapusM MOTyT IpuBecTH MaccoBble oTka3sl Cb m CHO, Tsaxensie
NOBpeXJIeHUsT 00opynoBaHus: oOpbIB maxTel BKY; OTpeIB mHUINA WM KPBIIKH KOpPITyca
pEaKTOpa; OAHOBPEMEHHBIM pa3pblB BCEX MApONpPOBONOB M OTKa3 OTCEYHON apMaTyphl
IIapOIIPOBOJIOB; OTKA3 MEXaHWYECKOM M MHOM aBapUIHOW 3aIMTHI; MTOTEPS BCEX MCTOYHUKOB
sHeprocHaOxeHus, otkaz CY3 M HEeBMEIIATEeNbCTBO ONEPATOPOB; HEKOMIICHCHUpYEMasi TeUb
00NuIIOBKM OacceitHa BRIIEP)KKH OTPAOOTAHHOTO TOIUIHBA.

2.5. MexmyHapoaHas ImKaja IMPOUCIIECTBHNA HA ATOMHBIX CTAHITHSIX

N3noxeHHast KTacCUPUKAIMS COCTOSHUN aTOMHOM CTaHIIUH JISKHUT B OCHOBE MTPOESKTHOM
KOHCTPYKTOPCKOW  JI€ATENbHOCTH, OpraHu3allud  CTPOUTEIbHO-MOHTaXHBIX  padorT,
9KCIUIyaTallik , MOATOTOBKM CIEHNHAJUCTOB /IS aTOMHOW MNPOMBINIIEHHOCTH.
OnHako OHa HepalHOHAJTbHA C TO3WIMH HH()OPMHUPOBAHUS HACEICHUS O COOBITHSAX,
HPOUCXOAIINX HA CTAaHIIMU U, TJIABHOE - OIIEHKE MX OMACHOCTH JJIsl HACEJICHUSI, OKPY KaroIIe
CpEIIpbL.

I'pynna skceproB MAI'ATO pazpaboTana mIKaly OLEHKHM COOBITMH Ha aTOMHBIX
CTAaHIUSAX Ha OCHOBE OIbITA, MOJYYEHHOTO MPHU MOJb30BAHUU MOJAOOHBIMHU IIKajdaMU BO
Opanuun u SnonHuu, ux pa3paborku B psge crpaH, Bkiaodas CCCP. Illkana BBOIUT
i depeHInpPOBaHHOE BOCTIPHSTHE COCTOSIHU aTOMHOW CTAHIIMH, OOBSCHSIET B TOCTYITHOM
dopMe MX BaXXHOCTb ¢ mo3uuuil 6ezonacHoctu C saepHON WM panguanvoHHoi ). HikHss
yacTb IIKajbl (10 YypOBHA 3) OTHOCUTCS K COCTOSHUSAM, NPEICTABISIIOIIMM JIMILIb
HNOTEHIMAIbHYIO YTpo3y AJs HacelaeHus. BepxHss yacTh mkainsl (YpoBHU 4-7) COOTBETCTBYET
aBapusM, paJMallHOHHOE BO3/ICUCTBUE HA HACEJICHHUE IIPU ATOM IIPEBBIIIAET AOIYCTUMOE IIPU
HOpMaJIbHOM JKCILTyaTtanuu. MexyHaponHas mkana npouciiectsuii Ha AC mpenacrasicHa B
IpuJIoKeHuu 1.

3. KOHLIEITIUS BE3OITACHOCTH ATOMHOU CTAHIIUU

3.1. IloHsATHE KOHIEIINN 0€30ITACHOCTH

Konuernus 6e30macHOCTH MPeACTaBISIET COO0H COBOKYITHOCTB!

KPUTEPUEB, KOTOPHIM JOJDKHO YAOBJIETBOPATH paguanoHHoe Bo3aelcTBue AC Ha
MIEPCOHAJI, HACEJIEHUE, OKPYKAIOIIYI0 CPely B YCIOBUSAX HOPMAJIbHOW 3KCIUTyaTalUd, MpU
MIPOCKTHBIX U 3aIPOCKTHHIX aBapHsiX;

OPUHIMIIOB, C TIOMOIIBIO KOTOPBIX JOCTUTAIOTCS  KadecTBa  0O€30MacHOCTH,
YCTaHOBJICHHbIE KPUTEPUSIMU;

IIPDOCKTHBIX PELICHUM, HAIPaBICHHBIX HAa pPEAIMU3ALUI0 KPUTEPUEB U IIPUHLUIIOB
0€30I1aCHOCTH.

3.2. PagyanioHHoe BO3IEUCTBHE

Kputepun pagnanimoHHOT0 BO3AEUCTBHS yCTaHABIINBAIOT:

YTO TpPU HOPMaJbHOHM SKCIUTyaTallUd M B ABAPUMHBIX CHUTYalUAX JONOJHUTEIbHBIN
BkJa7 AC B 9KBHBAJICHTHYIO /103y OOJydeHUs HaceaeHus noybkeH ObiTh B 10 - 100 pa3 Huxke
(OHOBBIX 3HAYCHUI;

npu TPOEKTHhIX aBapusx Ha AC 3amuTa HaceleHUs [OJDKHAa ObITh obOecreueHa 3a
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npeaenamu npomiuiomaaky (tuiomaaku AC) 6e3 BBeeHUSI OpTraHU3aIlMOHHBIX MED;

IpY JUKBUJALUM TOCJIEACTBUN aBapuil ypPOBHM IIAHUPYEMOIo OOJydeHHUsl MepcoHasa
JIOJDKHBI COOTBETCTBOBATH HOPMaM PaIUallMOHHON 0€3011acHOCTH;

IpU  3alpPOCKTHBIX aBapUsX 3a TMpeJeiaMu 30Hbl I[JJAHUPOBAHUS  3aLUTHBIX
MEPOTIPHUSITHIA, MPEACITBHBIA Paguyc KOTOpPOro He Oojee 25 KM, HE JTOJKHBI TPeOOBAThHCS
Mepbl MO 3alMTe HaceleHus. B 3Toil 30HE MOTYyT OBIThH JIMIIL YCTAaHOBIIEHBI BpEMEHHBIC
OTpaHWYECHUS Ha TMOTPEOJIEHWE OTIEIBHBIX CEIbCKOXO3SIMCTBEHHBIX MPOIYKTOB MECTHOTO
NMpPOU3BOACTBA. Paauyc 30HBI IJIAHUPOBAHHUS 3AUIUTHBIX MEPOINPHUSATUNH B COBPEMEHHBIX
npoektax AC MMeeT TeHJICHIIUIO K YMEHBIIICHHUIO, TaK YTO 30HA TJIAHUPOBAHMS 3aITUTHBIX
MEPONPHUITHI TPUOTIKAETCS K pa3MepaM 30HBI MpoMIUIOmaaku (paauyc mopsiaka 1...1.5

3.3. I[Ipuunun "3ammra B tnyouny"

[lpuHIMIBI, € TOMOUIBIO KOTOPBIX JIOCTHTAlOTCA KayecTBa  0€30MacHOCTH,
YCTAaHOBJICHHBIC KPUTCPHUSIMH, BBIPAOOTaHBI C Y4YETOM HCTOYHHUKOB IMOTCHIIMATLHOM
onacHoctu AC:

BO3MO>XKHBIX PaJIMallMOHHBIX aBapuil MpH IKCIuTyaTauu Torimea Ha AC.

BO3MOXKHBIX paJUAllMOHHBIX aBapuid TIPU TEPEBO3KE PaJMOAKTHBHBIX OTXOJOB,
oTpaboTaHHOTO U cBexero Torumea AC,

pacipoCTpaHEeHHUs] PaJMOAKTUBHOCTH CO CTOYHBIMHU BOJAMH WM BO3JYyXOM CHUCTEMBI
BenTuisainu AC,

BO3MOXHOCTHU XUIICHUA AACPHBIX MaTCPHUAJIOB.

OTHW OPUHLMIBI - COBOKYNHOCTh TEXHHYECKUX U OpPraHU3aLMOHHBIX MEp,
BBICTPOCHHBIX TaKUM 00pa3oM, YTO MpPHU UCUEPHAHUU Pecypca OJHMX BCTYHAlOT B JIEHCTBHE
CIIEIyIOIIME TEXHUYECKHUE W OPTraHM3allMOHHBIE MEpbI, TaK YTO peanu3yeTcs '3ammra B
riyOuny". B mpuHIune 3auuThl B 1NyOUHY MOKHO BBIJICIUTh TP CTYTICHHU.

[lepBast OCHOBBIBAETCS HA TIIATEILHOM MPOEKTUPOBAHUHU, COOPYKEHHHU U OCTOPOKHOMU
skcruryatauuu AC. Mcnonb30BaHME CTaHIAPTOB KAauecTBa, BBICOKAs CTEMEHb TapaHTUW OT
OTKa30B M OIIMOOK, HCIBITAHHE MAaTEPHAOB M KOHCTPYKIUH, pasHooOpa3ue CpeacTB
MU3MEPEHHSI U KOHTPOJISA, MOBBIIIEHHAs! HEUYBCTBUTEIBHOCTh KOHCTPYKINH K HAapYyLICHUSM B
COBOKYITHOCTH TPHUBOASIT K CHW)XEHHIO JI0 BEChbMa MAaJIOrO 3HAYEHUSI BEPOATHOCTEH
BO3HMKHOBEHHUs aBapuu. llepBas crymeHp "3amuThl B yOumHy" oOecreyuBaer
IpEeAyNpEeXRACHUE aBapUil.

Ha Bropoil crynmeHu mnpenmnosaraeTcsi BO3MOKHOCTb OTKa30B OOOPYJOBaHUS WU
OMOOK MepcoHaa M MpeyCMaTPUBAIOTCS 3aIUTHBIE CPEJICTBA, OPraHW3aLMOHHBIE MEPHI B
neinsix Bo3ppaiieHuss AC K ycrnoBusM 0€301MacHON SKCIUTyaTalluy WU, €CIIH 3TO HEOOXOAUMO,
ocraHoBke AC, Korga OTKa3 WIH OIIMOOYHOE MACWCTBUE NPOM3OUIYT. OTH 3alIUTHBIC
CpeICTBa Ha3bIBAIOT cHcTeMaMM Oe3omacHocTH. VX mpuMepbl: cUcTeMa aBTOMATHUYECKOM
OCTaHOBKHM pEaKToOpa, CHUCTEMA aBapUMHOIO OXJAXIEHUS aKTHUBHOW 30HBI, CHCTEMA
pacxoiaxuBaHus MepBoro Kourypa PY.

Ha Ttpetseil cTynenu "3ammrhl B IyOHHY" CO37at0TCS TOTOJHUTENbHBIE TEXHUUECKUE
U pPa3pabaThIBAIOTCS IUIAHOBBIE OPraHM3ALMOHHBIE MEpPbI, HAIIPABJICHHbIE HA OrpaHUYCHHE
pacIpoCTpaHEHUs PAaJIUOAKTUBHBIX MPOAYKTOB WM 3aIUTy HaceleHUsA. TeXHUYEeCKOW Mepou
ABIISIETCA  COOPY’)KEHHME 3alllUTHBIX O000J0YeK, YIEpXKHUBAIOIMX B CBOEM o00beMe
PaavoaKTUBHBIE NPOAYKTHI. OpraHU3allMOHHON MEPOIl MOXKET CTaTh YBaKyallusl HACEJIECHUS U3
ONACHOW paJuallMOHHOMN 30HBI.
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3.4. bappepbl 0€30MacHOCTH. 3ammTa 0apbepoB

HpOCKTHI)Ie peliCHusd, HAIPABJICHHBIC Ha pcalru3alluio KPUTCPUCB W IMPUHIUIIOB
6e30macHOCTH, 0a3UPYIOTCS HAa MPUHLUIE 3aLUTHI B INTyOuHy. IIpoeKTHBIE peleHus UMEIoT
[EeNbI0  CO3/JaHUE  HECKOJNBKHX  0apbepoB, CIIOCOOHBIX  A(PPEKTUBHO  YIEPKUBATH
palMOaKTUBHBIE BEIECTBA U OCHAOIATh MOHU3UpYIOMIKE H3inydeHus. [IpoekTHble pereHus
UMEIOT IIETTBI0 COXPAHUTH APPEKTUBHOCTH OAPHEPOB OE30MACHOCTH B YCIOBHSIX HOPMAIbHOM
9KCIUTyaTallud, MPOEKTHbIX M 3alpPOEKTHBIX aBapuil, TeM CcaMblM OOECIEUYUB 3aLIUTY
IIEpCOHANA, HACEIEHUs, OKPYXKAIOWEH Cpeasl OT pPaJuOJOrHYeCKOro BO3ACHCTBHSL.
[TpoexTHbIE perIeHus Mo CO3AaHNI0 0apbepoB, UX 3aLIUTE U COXPAHEHHIO X APPEKTUBHOCTH
BKJIIOYAIOT KaK TCXHUYCCKHUE, TAK U OPraHU3allUOHHBIC MCPHI.

Cuctema 6aprepoB AC BKIIIOYAET CIIEyIOLIEe:

TOIUIMBHYIO MAaTpHIly, CIOCOOHYIO MpH OINpPEIEICHHbIX 3HAUYEHUSAX TEMIEpPaTyphl,
HOPUCTOCTH, TITyOHHBI BHITOPAHUS, B OTPEICIICHHBIX YCIOBUIX UX M3MEHEHUS yIepKUBaTh B
CBOEM 00bEME YacTh MPOJYKTOB JICIECHNUS;

000JIOUKY  TETUIOBBIICISIONIETO JJIEeMEHTa WM MHKPOTBINA, YIEP>KHUBAIOIIYIO
MPOJIYKTHI JICJICHUSI B CBOEM T€PMETHYHOM OOBEME MPU OMPEICTCHHBIX TEPMOMEXaHUYECKUX
Harpy3kax M YCIOBUSX XHUMHUKO-METAJUIyprUYecKOro B3aUMOJACHCTBUS C TOIUIMBHOM
MAaTpHUILIEH;

IPOYHOIJIOTHYIO TOBEPXHOCTh IMEPBOr0 KOHTYPA, YAEP)KHUBAIOLIYI0 TEIJIOHOCUTEID,
COJIep)Kalliii B CBOEM COCTaBE KOMIIOHEHTBHI, IPUMECH, MPHOOPETAOIIUE CBOWCTBO
pPaTMOAaKTUBHOCTU TpPU MPOXOXKAECHUM Yepe3 akTHUBHYIO 30HY. IIpu pasrepmernzanuun
000JI0YKH TBAJIA, MOBPEXKIEHUN TOIJIMBHON MaTpPHUILbl IPOYHOIUIOTHAS TOBEPXHOCTh IEPBOTO
KOHTYpa OIrpaHUYMBAET PaclpoCTpaHEHHE MPOAYKTOB JeJeHHsI 00bEMOM MEPBOTO KOHTYPA;

FepMCTI/I‘IHOe OFpa)K)IeHI/Ie, CI/ICTeMy HOMGHIGHI/II\/JI nu 06OJ'IO‘-IGK, YIlep)KI/IBaIOHII/IX B CBOEM
o0beMe cpelapl C PAaTUOAKTUBHBIMU BEIICCTBAMH, BBIIICAIIAMHE 3a TIPEACTIbl CBOETO
IIPOEKTHOI'0 MOJIOKEHUA. TakMMM cpellaMH MOTYT CTaTh TEIUIOHOCUTENb IEPBOr0 KOHTYpa
NP Pa3repMETH3AIUU TOBEPXHOCTH MIEPBOr0 KOHTYpa, TEIUIOHOCHTEh OAacCeiiHa BBIICPKKU
0Tpa0OTaHHOTO TOIUIMBA TNPH HAPYLUIEHWHM CHUCTEMBI OXJaXICHUs OacceiiHa, HCHapeHUH
TEIJIOHOCHUTENS OacceliHa.

3ammra OapbepoB B LEISIX COXPAHEHUS HX PAaOOTOCIIOCOOHOCTH O0eCTeYrBaETCs
HOJ/Iep>)KaHUEM IIPU HOPMAJIBHOM 3KCIUTyaTallud 3HAYEHHH CYIIECTBEHHBIX MapamMeTpoB U
XapaKTepUCTHK cocTosiHus cucrteMm, osiaemeHToB AC, AC B 1nenom B Ipexaenax,
YCTAHOBJICHHBIX B MPOEKTE (3TH 3HAYCHUS HA3bIBAIOT '"IKCIUTyaTallMOHHBIMH Tpeaeiaamu').
Takumu mapameTpamu SIBISIOTCS B NEpPBYIO ouepensb (IIoeHC HEWTPOHOB, TeMIepaTypa
MaTepHalioB 0apbepoB, JaBJIECHUE OKPYXKAIOIUX Oapbepbl Cpell, CKOPOCTh U3MEHEHHUs 3TUX
[apaMeTpPoB BO BPEMEHHU. {7151 UX KOHTPOJIS BBINOIHAIOTCS U3MEPEHUSI MOLIHOCTH PEaKTOpa,
pacmpeneneHuss  SHEpProBbIACIEHUS 10  00beMy  aKTUBHOW  30HBI  JaTYUKaAMHU
BHYTPHPEAKTOPHOTO  KOHTPOJS, MOJOrpeBa  (MapocofepXaHus) TEIUIOHOCHTEIS B
TEIUIOBBIACISAIOMNX cOOpKax, AaBJIEHUs TEIUIOHOCUTENS. KOHTpoIupyroTCs XapakKTepUCTHKI
COCTOSIHUSI MeTallla TpyOONpoOBOAOB, OOOPYIOBaHUS, B TOM YHCIE HAa BHYTPEHHUX
IIOBEPXHOCTAX KOpIyca peakTopa, komiekrtopos III' m T.4. ¢ ucnosnb3oBaHMEM 00pa3LOB-
CBUJETENIEH U CUCTEMBI ONPEJEIIEHNS OCTATOYHOIO pecypcea.

[Tocne meperpy3ku peakropa WIM PEMOHTHBIX pPadOT MPOBOJATCS T'MIPABIMYECKUE
UCIBITaHUS Ka)KJIOT0 YIUIOTHEHUS MEPBOTr0 KOHTypa. OpraHn30BaHHbIE U1 HEOPraHU30BaHHbIE
NPOTEUKH TEIUIOHOCUTENS IEpPBOI0 KOHTypa TMpH HKCIUIyaTallud KOHTPOJUPYHOTCS
aBTOMAaTU3MPOBAaHHOW cucTeMOil paguanuoHHoro KoHTposs (ACPK) mno penepHbiM
HYKJIM1aM, U3MEHEHUIO YPOBHEH B 000py10BaHUH, IPUSAMKAX cOOpa MPOTEUEK.
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['epmeTryHOE  OTrpakI€HHE MCIBITBIBAETCS HA MPOYHOCTH M T'€PMETUYHOCTH
U30BITOYHBIM  JaBJICHHEM  BO3AyXa. MeTauIMuecKue  OTrpakJarollfue  3JIEMEHTHI
KOHTPOJUPYIOTCS JTaTYUKAMH KOPPO3HMOHHOTO MOHUTOPUHIA, CHUCTEMOW ONpPEAEICHUs
TEXHUYECKOI'0 COCTOSHUSA TEPMETUYHOIO OTPaXKICHUS.

Jns  orpaHudYeHMs] JABIECHHS B IIEPBOM KOHTYpE, TE€pPMETHYHOM OTIPaKICHHUH
IOPEIYyCMOTPEHbl CHUCTEMbI 3alllUThl OT TNPEBBIICHUS JAaBieHHUs (TpeAOXpaHUTENIbHbIE
YCTpOICTBa - KJIanaHbl, peAyKIIMOHHO-0XJIaAUTEIbHbIE YCTAHOBKHU, Pa3pbIBHbIE MEMOPAHBI).

[Tonnep)xaHue periaMeHTHPYEMOro MPOEKTOM KadyecTBa TEIUIOHOCUTENs, MapaMeTpoB
Cpell B FepMETUYHBIX MOMEILIEHUAX BaXKHO JAJIS 3aIIUTHI OapbepoB. 3ajaya 3aliuThl 0apbepoB
OCTaeTcs CYLECTBEHHON U B YCIOBUAX HapyIlIeHHs MpeesioB OezonacHoi sxcrutyaranun AC.
Torma 3amura OapbepoB HampaBleHa Ha IOAJCPKAHME 3HAYCHUHM IapaMeTpoB H
XapakTepUCTUK cocTossHus cucreM (3nemeHToB) AC u AC B 1enoM, YCTaHOBJIEHHBIX IS
aBapHUIHBIX CUTyallMi U aBapuil (Ha3bIBa€MbIX "MPOEKTHBIMU Mpeaenamu').

B ycrnoBusix aBapuiHBIX CHUTyalluil 3alllMTa TOIUIMBHOW MATPUIBI U TB3JIA BKJIHOYACT
cIeyoiee;

OTpaHNU4YCHHUC CKOPOCTU YBCINMYCHUA (YMCHBI_HeHI/ISI) MOIMHOCTHU pE€aKTopa,

HE MpPEBBILICHUE MPEIENIbHO JOMYCTUMbIX 3HAUYEHUH IMapamMeTpoB TEIUIOHOCUTENS B
HEPBOM KOHTYDE.

3amuTa rpaHUIlbl KOHTYpa TEIUIOHOCUTENSI U T€PMETUYHOTO OIPa)A€HUs TOCTUTaeTCs
Omarojapst He TMPEBBIMICHUIO MPEIEIBbHO [JOMYyCTUMBIX 3HAUYEHUH TEIIOTEXHUYECKUX
apaMeTpoB CPeJ EPBOro, BTOPOTr0 KOHTYpa U FepMETUYHON 00O0JIOUKH.

3amura 6apsepoB obecnieunBaetcst CHO, a npu HEOOXOAMMOCTH U C UCHOJIb30BAHUEM
yactu Cb (Hanpumep, A3).

B ycnoBusxX DIPOEKTHBIX aBapui  3allluTa TOIUIMBHOM MaTpUIbl M TB3Ja
IIPEAyCMaTpUBAaeT B MEPBYK OYEpEedb AOCTHKEHUE U IOAJACPNKAHUE IOAKPUTHYECKOTO
COCTOSIHUSI aKTHMBHOHM 30HbI. He MeHee BakHO obOecneueHue OTBOZAA TEIUIOTHI OCTATOYHOTO
TETUIOBBIACTICHHUS OT TBIJIOB, a TAKXKE OTBOJA TEIUIOTHI, aKKyMYJIUPOBaHHON B 000pPY/I0BaHUH,
TpyOOIpOBOJaX MEPBOrO KOHTYPA.

3amuTa KOHTypa TEIUIOHOCUTENS M TEePMETUYHOTO OTPa)XJACHUS HMEeT IEeNbi0 He
NPEBbINICHHE MaKCHUMAJIBHO JOMYCTHUMBIX 3HAUCHHWH TEIUIOTEXHHUUYECKUX MapaMeTpOB B HHX.
BaxxHyto 0COOEHHOCTh B XapaKTep M3MEHEHHUS TEIUIOTEXHHYECKUX MapaMeTpPOB M BBIOOP UX
NpeJIeNbHO JOMYCTUMBIX 3HAUCHHW BHOCST aBapHU C pasrepMeTH3alHell epBOro KOHTYpa
(Maneie, cpegHUEe W OOJBIIME TEYM U3 MEPBOr0 KOHTypa). [Ipm Manblx Tedax BO3MOXKHO
NoJyIep)KaHue 3HAYCHUH TapamMeTpoB TEIUIOHOCUTENS Ha YPOBHE, NMPUHSATOM JUIS YCIIOBHM
HOpMAIBbHON dKcrutyaranuu. [Ipu cpenHux U OONBIIMX Te4YaxX IaBliEHHUE B MEPBOM KOHTYype
aBapuitHO cHIDKaeTcs. J{iist oOecredeHns TapaHTHPOBAHHOTO OXJIAXKICHHS M PACXOTaKUBAHHS
AKTUBHOM 30HBI, BCETO MEPBOT0 KOHTYPA MPHU aBaAPHSIX C pa3repMeTu3alueil mepBoro KOHTypa
1es1Ieco00pa3Ho MPUHYAUTENFHOE €r0 Pa3yIIOTHEHNE C TEM, YTOOBI UCTIOIB30BATh IJIsl TETLIO
0TBOJIa 3amackl TeruioHocutens B ruapoemkoctsx (I'E) armocdeproro naBneHus, 6acceline
BBIJICPYKKH OTPaOOTAaHHOTO TOIUIMBA.

B ycnoBusix 3ampoeKTHBIX aBapHii 3alluTa TOIUIMBHOM MAaTpHIlbI, 00O0JOYEK TBAJIOB,
repMETUYHON (pa3pylIeHHONH) MOBEPXHOCTH IEPBOIO KOHTYpa aHAJOTMYHA 3allUTE IMpU
IPOEKTHBIX aBapusX. Mepbl ynpaBieHUs aBapuel IPEIIOararoT HCIOJIb30BAHUE B ATHUX
nensax kak CHO, tak u Cb. Ilpu 3amure repMeTUYHOTO OrpakJAeHUsI BO3HUKAET Pl HOBBIX
byHKIMH:

noJyIepyKaHue ToXKapa- M B3PBIBOOE30MACHON KOHIIEHTpAIMK BOJIOpOaa (TOPIOUHX
ra3oB) B 00beMe 000JIOUKH;
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NpeaoTBPAIICHUEC BO3HUKHOBCHHSA IIAPOBBIX B3PLIBOB W OIPaHUYCHUC HOCHGILCTBI/Iﬁ
MMapOBLIX B3PLIBOB;

oOecrieyeHre OXJIaXJEHUSl paciulaBa AKTUBHOM 30HBI B KOpIyCE€ peakTopa WU B
JIOBYILIKE pacIulaBa B 00beMe TeépMETUYHOTO OTPaKICHHUS.

3.5. CaMo3allMIEHHOCTh. BHYTpeHHe npucyias 0€301macHOCTh

3ammra 6aphepoB 0€30MacCHOCTH TpeOyeT 3aTpaT 3HEPruu, CHElHUaIbHO MOABOJUMOMN
JUIS OTHX LEJIEH, YIIPABISAIOIIMX BO3ICHCTBHIM, BMEIIATEIBCTBA [IEPCOHAIA.

B To ’xe Bpems OYeBMAHO, YTO 3aJaya 3alIUThl OAPHEPOB MOXKET OBITH pelIeHa
CIIEIMATIbHBIM KOHCTPYHPOBAHUEM TE€X YaCTEW YCTAHOBKH, MPOLECCHI B KOTOPBIX BIUSAIOT Ha
paboTtocnoco6HOCTh OaphepoB. Hampumep, 3amura 6apbepa OT BIUSHUS YBEIHUHNBAIONIETOCS
HEHUTPOHHOTO TTOTOKAa MOXKET OBITh JOCTUTHYTa Bo3aelcTBHeM opranoB CY3, a MoxkeT ObITh
ofOecriedeHa W HAa OCHOBE CBOICTBa CaMOpEryJIUpOBaHUS AaKTUBHOM 30HBI - BBIOOpA
COOTBETCTBYIOIIETO  3HAYCHHSI  OTPUIATCIILHOTO  TEeMIIEpaTypHOro  kodddummenrta
peakTUBHOCTU. Jpyroil mpumep -yBeIHUEHHUs TEIUIOOTBOAA OT Oapbepa MOXXHO JTOOUTHCA
yBenudeHueM uuciaa oboporoB ['TIH, HO MOXHO W yBeIWYEHHEM JBIDKYIIEro Haropa
€CTECTBEHHON LUPKYJISLUH.

Hcnonp30BaHue caMOpEryIUpOBaHMsI aKTUBHOW 30HBI, €CTECTBEHHON LUPKYJIISALUH JUIs
3alUThl 0aphepOB SIBISIETCS MPUMEPOM HCIOIB30BaHHUS TMACCUBHBIX CHCTEM, CTPYKTYD,
NpUEeMOB JUIs  3aIIuTBhl  OaphepoB. [lacCHMBHBIE CTPYKTYpHl HCKIIOYAIOT OMACHOCTH
paspy1eHust 0apbepoB BCIEICTBUE BHYTPEHHE MPUCYIIMX UM CBOMCTB. OHU HE HYKJIAlOTCS B
NOJIBOIE DHEPIUM, cucTeMe ynpasieHus. WX nelicTBUe OCHOBBIBAETCS Ha €CTECTBEHHBIX
mpoleccax U OOpPaTHBIX CBA3SIX, MHUIIMHPYEMBIX STUMU MPOIIECCAMH.

B kauecTBe TakuMx €CTECTBEHHBIX IIPOLECCOB PACCMATPHUBAIOT  CJEAYIOLIUE:
TEIUIOBOE PACIIMPEHUE MATEPUAIIOB;

repeaayda TerIoThl TEIIONPOBOAHOCTBIO, U3IIyUYEHUEM;
€CTECTBEHHAs1 KOHBEKIIMS U LUPKYJIALNS TEIUIOHOCUTENS, CPEN;
JBUXKYIIUECS pabouue cpepl;

CHCTEMBI C TAMATBIO (OPMBI;

AKKyMYJIITOPbI MEXaHUYECKOH, TEIUIOBON SHEPTUU;
YCTPONCTBA C U3MEHEHHUEM arperaTHOro0 COCTOSIHUSA, (POPMBI.

CBoifcTBa 3aIIUTHI, TOCTUTAEMBIE 32 CUET €CTECTBEHHBIX IPOLIECCOB, HE MOTYT OBITH
MEXAHUYECKU OTICIIEHbl OT KOHCTPYKLHHU, YTO, OJHAKO , BO3MOYKHO IIPH HCIOJB30BaHUU
aKTUBHBIX CHCTEM ympaBieHus. [103ToMy HCIO/Ib30BaHHE €CTECTBEHHBIX OOPATHBIX CBA3CH M
IPOILIECCOB 00ECIIEUNBAET BHICOKYIO HAJIEXKHOCTb 3allIUThl OapbepoB.

[Ipy wuCHONB30BaHUM ECTECTBEHHBIX IPOLIECCOB W OOpPATHBIX CBS3EW peaKkTopHas
yCTaHOBKa MPHOOpPETaeT KaueCTBO CAMO3AIIMIIICHHOCTH, BHYTPEHHE MPHUCYIIHE €l CBOWCTBA
0e30IMacHOCTH,

Camo3zaniuiieHHasi akTUBHAs 30Ha JIOJKHA UMETh:
MaJIblii ONIEpaTUBHBIN 3aI1aC PEaKTUBHOCTH;

MaJIbIi OTPHUIATEIBHBIA KOA(DPHUITUEHT pEaKTUBHOCTH;
KOHCTPYKTHUBHBIE PELICHUS U MaTEpUaIIbl, UCKIIOYAIOIIHE
® BTOPUYHBIC KPUTHUYECKHE MACCHI,

® JIOKaJIbHBIC KPUTUYCCKHUE MACCHI,
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® DK30TEpPMHUYECKHE PEAKLUU MEXYy MaTeprallaMu;

TEIJIOOTBOJ 3@ CYET €CTECTBEHHOW IUPKYJSIIMM B  YCIOBUAX HOPMaJIbHOU
JKCILTyaTaluu;

HaCCUBHBIC CUCTCMBI aBapHﬁHOFO OTBOJA TCIIJIOTHI,

MAaCCUBHBIC CUCTEMBI ITYHICHUSA PEAKTOPA.

4. CUCTEMBbI BE3OITACHOCTH

4.1. OYyHKUMU CUCTEMBI 0€30IIACHOCTH

®ynkuus OezonacHoctn (PB) - cnenmpuueckas KOHKpPETHAs LENb M PEaTH3YIOIIUe
[eNnb JEeHCTBUS, HANpaBICHHBIE Ha TMPENOTBpAIlEHHE aBaphuil WJIM OTpaHUYCHHUE UX
nocieacTBui. Cpeau KOHKPETHBIX crenn(UyecKux 1eseil 0ObIYHO BBIIENISIOT TPH: KOHTPOJIS
U YOpaBJICHUS PEAKTHBHOCTBIO, OXJAKICHHS AaKTHBHOH 30HBI W  JIOKAJTU3AIHH
PaTMOAaKTUBHBIX BEIIECTB U M3Iy4YeHUH. DTU LN U pean3yroline UX JACHCTBHUs Ha3bIBAIOT
(dyHIaMEeHTaIbHBIMU (YHKIUSAMHU 0€30TT1aCHOCTH.

IIpenoTrBpamenue aBapuil siBisiercs 3agadeii CHO, ¢ KOTOpoil 3TH CHUCTEMBI YCIEIIHO
CHpPAaBIIAIOTCS B YCIOBUSIX, Korjga oOTKa3bl cucreM (ameMeHToB) AC He CHUXKaloT
s¢ppextuBHOCTE CHD HACTONIBKO, YTO 3HAYEHMS MApaMEeTpOB TEXHOJIOTMYECKOIo Ipolecca
OTKJIOHSIFOTCSI 32 YCTAHOBJICHHBIE TPOEKTOM O€30IacHbIe TMpeaebl (mpeaensl 0e30macHon
skcrutyatauun  AC). Ecmum  s¢pdextuBHocte CHD  craHOBUTCS HENOCTaTOYHOM /7St
NOoJIep)KaHus 3HAYCHUH MapamMeTpoB TEXHOJIOTHYECKOTO MpoIiecca B mpeenax 0e30macHoM
9KCIUTyaTalluy, BCTYNAIOT B IEHCTBHE CUCTEMBI (3JIEMEHTHI) O€30IaCHOCTH.

Cucremspl (371€MEHTbI) 0€30IIaCHOCTU - CUCTEMBI (IJIEMEHTHI), MpEeJAHAa3HAUEHHBIE IS
BbINMOJIHEHUsT (QyHKUMI OezomacHocTu. Pa3paborka Cb kak KOMIUIEKCa TEXHUYECKUX H
OpTaHU3aIMOHHBIX Mep, TpeaHa3HaueHHBIX Ui TOBBIIEeHHs Oe3omacHocTH  AC,
IPOBOJIMIIACH TTOCIIE IPUHSATHS OCHOBHBIX PEIICHUH 110 MPOSKTHO-KOHCTPYKTOPCKOMY OOJIHKY
CHD, obopynoBanus PY. Kaxnas u3 cucrem 0€30MacHOCTH CO3/1aBajlach, UCXOS U3 OIbBITA
skcrutyatauuu AC MpeaIiecTBYOMUX MOKOJISHUH, TS MOBBIIIEHUST KauecTBa 0€30MacHOCTH
AC B ompe/ieJICHHBIX YCIOBUSX, C YIETOM . ONIPEIEICHHBIX ITOCIIEA0BATEILHOCTEH COOBITHI 1
otka3oB. Ilo 3Toil mpuumHe QyHKIMM Oe3zomacHocTH, BbimonHAeMble Cb, kak mpaBuio
KOHKpeTHb! (crneunduunsl, y3ku). OyHkuum Oe3omacHocTH, BbinoaHsiemble CHO, Ooiee
IIMPOKH, KOMIUIEKCHBI, W TJaBHBIM O0Opa3oM IOTOMY, YTO B YCJOBHUSIX HOPMaJbHOU
OKCIUTyaTalliy MPOTEKAeT MOJaBIisioniee OOMbIMHCTBO peskuMoB AC. PexuMbl, B KOTOPBIX
3Ha4YeHUs napameTpoB U xapakrepucTuk CHD HaxomsTcs B SKCIUTyaTallMOHHBIX Mpejenax,
s Cb sBistrores pexumaMu oxugaHus. Pexxumer ¢yHkumonupoBanusi Cb - pexuMbl
IPOEKTHBIX, 3aIIPOEKTHBIX aBaPHid, HHOT/Ia PEXKUMBI aBAPUHHBIX CHTYAIUH.

4.2. Knaccudukams cucreM 0€30IacHOCTH

['naBHOM ¢yHKIMEH Oe3omacHOCTH cucteM OezomacHocT AC  sBIsSETCS 3aluTa
0apbepoB 0€30MacHOCTH B ILEISIX MPEIOTBPAIICHHUS WIM OTPAaHWYCHUS HX IOBPEKICHUH,
JIOKaJIM3alMy PaJIMOAKTUBHBIX MPoAykToB Ha AC. B 3aBHCHMOCTH OT KOHKPETHBIX (PYHKIHUH,
BeinosiHseMblx Cb mo 3ammre OGapbepoB, pasnuuaror 3amurtHble (3CB), nokanusyromue
(JICB), obecnieunBaronue (OCB), ynpasnstoniue cucremsr (YCB).

38.H_II/ITHBIG, JIOKAJIM3YIOIHUE CUCTEMbI NPCAHA3HAYCHBI JId TPCAOTBPALLICHUA WU
OrpaHn4€HHrs COOTBCTCTBCHHO!

MOBPEXKACHUIM TpeX MepBhIX OapbepoB 0€30MaCHOCTH, COAEpPkAIIUX PaTUOAKTUBHbBIC
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BEIIECTBA;

PacIpOCTPAHEHUS BBIACIAIOIIMXCS IIPU aBAPUIX PAJIUOAKTUBHBIX CPEIl U U3JIyUYEHUM 32
YCTAHOBJICHHBIE IIPOCKTOM IPAHULIBI U BBIXO/IA UX B OKPYKAIOILIYIO CPENY.

ObecnednBaroiye CUCTEMbl 0€30MAaCHOCTH IpeaHa3HaueHbl A cHaOxkeHus Cb
dHEprueH, pabouelt cpenoif, Co3IaHus yCIOBHMA 1T MX (YHKIIMOHUPOBAHUSI.

VYnpasisionue cucTeMbl 0€30IacHOCTH MpeHa3HAuYeHbl ISl NPUBEACHUS B JACHCTBUE
CBb, ocymectBienuss xkoHTponss u ympasineHuss Cb B mporiecce BBIOJHEHHS 3aJaHHBIX
byHKIHA.

3ammTHBle, JIOKanmu3yomwue, oOecrieunBaomme Cb  HocAT  HauMEHOBaHHE
TEXHOJIOTHYECKHX, T.C. pPEaJH30BaHHBIX B (OpME KOHTYpOB CO CpeJaMH, arperaTos,
HMCTOYHHUKOB YHEPTUU U T.II.

4.3. 3ammrHbIe CHCTEMBI 0€30IMaCHOCTH

B cocraB 3aIlIUTHBIX CUCTEM BXOJIAT:

CUCTEMa YIPABJICHUS U 3aIUTHI;

CUCTEMAa aBapUIHOTO OXJIaXKIeHUs aKTUBHOM 30HbI, peakTopa (CAO3, CAOP);
CHCTEMA aBapUITHOTO ra3oyJajIeHHs;

3alUTHBIE 3JIEMEHThI IPAHUILIbI IaBJICHUS TIEPBOTO KOHTYPA.

Cucrema ynpaBiaeHMs] M 3alIUTHl BBINOIHAET (YHKIHUIO 3alIUTHI [IEPBOTO MU BTOPOTO
O6aprepoB Oe3onmacHocTH. KoHkpeTHble ¢(yHKIMM Oe3omacHOCTH, BbInosHsemble CVY3,
BKJIIOYAIOT;

OTpaHHuYEHUE TepHofa M BEIMYMHBI HEUTPOHHOTO MOTOKA B IyCKOBOM, padoyem
JIMara3oHe B 3aBUCUMOCTH OT 33JJaHHOTO 3HAaYeHHUs MOITHOCTH, yucia padoraronmx ['T[H;

OTpaHHYEHUE JaBICHUS HaJl aKTUBHOW 30HON U TeMIIepaTypbl TEIIOHOCHUTENS B JII000i
rops;tiel HHUTKE METJIM, NPEAOTBPAIICHUE CHWKEHHS PA3HOCTH MEXKIy TeMIepaTypou
HACBILIEHUS B IIEPBOM KOHTYPE U MAKCUMAJIBHOM TEMIIEPATYPOU B TOPAUYUX HUTKAX IETEIIb;

IpeloTBpalieHre cHxkeHus ypoBHs B K/ mnu kotnosoi Boael B 1T

Cucrema aBapUIHOrO OXJIQXJEHHUS IMpeJHa3HaueHa JJid 3alojHEHHs peakTopa
TEIUIOHOCHUTENIEM MpPH Tedax MEepBOro KOHTYpa, OTBOAA OCTATOYHBIX TEILIOBBIACICHUN H
AKKyMYyJHMpPOBaHHOM TeroThl. CucTeMa BKIIOYAeT TMIPOEMKOCTH BBICOKOTO JIaBJICHUs, OaKu
aTMoc(epHOro MaBleHUs, CUCTEMY aBapHUHHOW MOMAMUTKHA IEPBOTO KOHTypa (HACOCHYIO),
CHUCTEMBbI MAaCCHMBHOI'O OTBOJIa TEIUIOTHI OT MaporeHepaTopa, TEIJIOHOCUTENS peakTropa. Bee
COCTAaBHBIE 4YAaCTH CHCTEMBl aBapUWHOTO OXJIAXKJCHUS BBIMOJHAIOT (YHKIUIO 3allUThI
TOIUIMBHOM MaTpuibl U OOOJIOYKM TBAJIOB MOJA4YeH TEIUIOHOCUTENS B AKTUBHYIO 30HY,
CO3/IaHMEM aBAPHUIHBIX KOHTYPOB TEIUIOOTBO/IA, BBHITIONHEHUS IPYTUX KOHKPETHBIX (DYHKIUH
0€30MacHOCTH, 3aBHCSIIMX OT KOHKPETHOT'O BHIOOpA MapaMeTpoB cpadaThIBAaHUSI Pa3IUIHBIX
YacTe CUCTEMBI.

Cucrema  aBapuiiHOrO  ra3oyJajeHHUs  BBIIOJHSAET  (QyHKUHUIO  yAaJeHUs
HEKOHJICHCUPYIOIIUXCS Ta30B U3 NMEPBOTO KOHTYpa M 3aIIMILNAET TBIJbI, MPEIOTBpallast CPbIB
€CTECTBEHHOM IIUPKYJISINK B IEPBOM KOHTYPE.

3aH_[I/ITHI>Ie 9JICMCHTLI T'pPaHUIBI OABJICHUSA TICPBOr0 KOHTypa IMPCAOTBpAlIarOT
MOBBINICHUE JABJICHUS B TIEPBOM KOHType Oojee uem a0 1,15 ot pabGodero, TeM caMbiM
npenoTBpamias paspylieHHe TpeTbero Oapbepa OE30MacHOCTH, HEAOMYyCTHMBIH POCT
3HAYEHUI MapaMeTpoB TEINIOHOCUTEIS, HApYIICHHUE YCIOBUI OXJIaXI€HUS TBAJIOB.
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4.4. JIokaIu3yIone CHCTEMBI 0€30IaCHOCTHU

B cocraB nokann3yomumx CUCTEM BXOJIAT:

repMeTUYHas OOTUIIOBKA WIIM METaITTHYecKas 3alluTHasE 000JI0UKa;
CHUCTEMa TEIUIOOTBO/IA OT CPEJIbI U/UITN TEPMETHIHOU 000JI0UKHY;
CHCTEMa M30JUPYIOUINX YCTPOMCTB, TEPMETUYHBIX MTPOXOJIOK, IIIITI030B;

CUCTEMA KOHTPOJA HNPUCYTCTBUA B CpPCAC BaMHTHOﬁ 000JI0UKH ropro4ynux ra3oB U
CHUCTEMa aBapHﬁHOFO CKHUT'aHUSA BOAOPOAA.

['epmeTndHass OOMWIIOBKA W/WIM 3allWTHAs O0O0OJOYKA SBISIOTCA OapbepoM JUIs
pacrpoCTpaHeHUsT PAJUOAKTUBHBIX MPOAYKTOB B  OKpyaroulyro cpeay. Cucrema
TETUIOOTBOJA OOECTIIeUMBACT HE TPEBBINICHUE 3HAYCHHN TEIUIOTEXHHUUYECKUX ITapamMeTpoB B
cpele 3aluTHON 00070ukH -QYHKIUIO 3amuThl O6apeepa. o3l (JI10KkKM) TpeaHa3HaYeHb
JUIsE 00ECTIeYeHHUs] JOCTyIa IepcoHalia, OOOpPYJOBaHUS W MaTEpUaloB INPH pPEMOHTE (Ha
OCTAHOBJICHHOM PEaKTOpE), /Ul TOCTaBKHU (BBITPY3KH) TOIUIMBA B (U3) OacceilH meperpys3Ku.
W3omupytonme ycTpoHCTBa BKIIOYAIOT apMaTypy, IEpPEeKpHIBAONIYI0 KOMMYHHKAIIWH,
KOTOpBIC CBS3BIBAIOT 00OPYIOBAaHHUE W CUCTEMBI BHYTPH W BHE TE€PMETHYHOTO OOBEMa.
Cuctema KOHTpOJISI TOPIOYMX Ta30B M CXKHTaHUS BOAOPOAA BBHINONHACT (YHKIHIO
0€30MmacHOCTH - TPENOTBpaIlaeT OOpa30BaHUE B3PHIBOONACHBIX KOHIIEHTpPAMK WIH
HEOPraHM30BaHHOE TOPEHUE BOJOPOA B TOMEIICHUIX 3aIIUTHON 000IOUKH.

4.5. ObGecrieynBaroIIne CUCTEMBI 0€30IACHOCTH

B cocrtaB O66CHC‘II/IBaIOH_II/IX CHCTCM BXOIAT.

CHCTEMa aBapUITHOTO 3JICKTPOIIUTAHHUSI IEPBOM TPYIIIBI - aBAPUHHBIE aKKyMYJISITOPHBIC
Oarapeu;

CHUCTEMa aBAPUUHOIO JJIEKTPONMTAHMUS BTOPOM TPYyIIbl - aBAPUKHBIE JU3EIb-
TEHEPaTOPHI;

CHUCTEMBI CKaTOro rasza Juis IpUBOJAA IHEBMOAPMATY DB,

CHCTEMbI BEHTUJIALIUH.

4.6. YupasJSIiOlIie CUCTEMBL 0€30IIaCHOCTH

B coctaB ympaBisomux cucteM 0€30MacHOCTH BXOISAT:
CHCTE€Ma aBTOMATHYECKOW OCTAaHOBKH PEAKTOPA;
CUCTEeMa MPUBEACHUS B IEHCTBUE TEXHUYECKHUX CPEICTB O€30MACHOCTH.

CucrteMa aBTOMAaTHYECKOM OCTAHOBKHM PEAaKTOpa BKIIOYAET JAaTYUMKH, YCTPOMCTBA
Joruyeckoi 0OpabOTKM M (OPMHPOBAHUS YNPABIAIONIMX CUTHAJOB, BO3ICHCTBYIOIIUX B
aBapUHHBIX peKUMax Ha mpuBoj bl opraHoB peryiupoBanus (IIC CY3). OyHKIUU cuCcTeMbl
ABTOMATHUYECKOW OCTAHOBKH PEAKTOPa B3aUMOCBS3aHbI ¢ (QYHKIMAMHU cucTeM A3.

Cucrema mpuBeIeHHS B ACHCTBHE TEXHHYECKHX CPEJCTB O€30MAaCHOCTH BKIIOYACT
JaTYUKHU, YCTPOMCTBA JOrMYeckod oOpaboTku M (pOpMUPOBAHUS YIPABISAIONIMX CHUTHAJIOB,
KOTOpBIC TPUBOIAT B JCHCTBHE aKTUBHBIC OJIEMEHTHl 3AIIUTHBIX, JIOKAJIU3YIOIINX,
obecrieunBaromux Cb (BEHTWIM ¢ 3J€KTpa- WIM ITHEBMOIIPUBOAHOM, H30JHUPYIOLIHE
yCTpOHCTBA, AU3ETb-TeHEPATOPHI U T.11.),
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5. KAUECTBEHHBII AHAJIM3 ABAPUU

5.1. UcTOYHUKY AAepHOI U paJIualliOHHON OIMACHOCTH

HcTouHnkaMu SIIEPHOM U pallalliOHHOM ONACHOCTH SIBIISIIOTCA: aKTUBHASI 30HA;
IIEPBBIN KOHTYP;

CHUCTEMA OYHCTKHU IICPBOI'0 KOHTYpaA;, CUCTEMA BCHTHIISINUU ((I)I/IJ'ILTPBI); XpaHWJIAIIEC
AACPHOTO TOILIMBA.

Wcrounnku sHEpruu, CriocoOHbIE TPUBECTH K pa3pylICHUIO OAPbEPOB:
s/IepHasi SHEPTUs IEJICHUS;

SHEPrusi OCTaTOYHOTO SHEPTOBBIACICHUS,

SHEPrUsi XUMUYECKUX PEaKLIMii KOMIIOHEHTOB:

® 3aracoB JM3eIbHOr0 TOILIMBA, Macla,

®  3a1acoB FOPHOYUX MAaTEPUAIIOB,

®  3a1acoB BOJOPOJA; AKKyYMYJIMPOBAHHAS YHEPTHS;

® B TECIUIOHOCHUTEJIE MEPBOTO KOHTYPA,

®  BO BpAIIAIOIINUXCA MEXaHU3MAX,

® B EMKOCTSIX C Ia30M, BOJOM; BHEIITHUE BO3ACHCTBHA .
® 3eMJIETPSICEHHS,

® yhapsl,

e XUMHUYECKHE BO3JCHCTBHUSI;

MEXaHWYECKUE HaArpy3Kd, UHUKIMYECKHE Harpy3kd, KOPPO3UOHHBIE MPOIECCHI,
OMOJIOTHYECKHE TIPOIIECCHI, pa3BUBAOIIHMECS B ycIoBUsax HO;

busnueckoe Bo3aencTBUE (TEPPOPHU3M).

5.2. BUIbl HCXOOHBIX COOBITHH

bapbepsl 0€30mMacHOCTH B YCIOBHSIX HOPMAQJIbHOW SKCIUTyaTallMd 3allUIIeHbl OT
NOTCHLIUAIBHON ONACHOCTHU paspyeHus. OJHaKO B CHIIy KOHEYHOI'O 3HAYEHUS BEPOSATHOCTU
0€30TKa3HOM paboThl JIOOOH CHUCTEMBI, 3JE€MEHTa YCJIOBHUS HOPMAJIbHOM AKCIUTyaTal[lH
COINPOBOKIAOTCS MOSBIECHUEM OTKA30B.

Hcxonnoe cobbitue (MC) - equHnuHbIA 0TKa3 B cucteMax AC, BHEIIHEE COOBITHE WIIH
ommuOKa TepcoHala, KOTOPhIe HAPYIIAIOT HOPMAJbHYIO SKCIUTYyaTallMi0 U MOTYT NMPUBECTH K
HapYIICHHIO MPEJIEJIOB U YCIOBHI O€30MaCHOM SKCILTyaTalllu.

NC npunsto 00benuHATh B Tpynnbl 1o npusHaky Biausaus MC Ha mpomeccsl B PY.
[Ipumep Takoro oObenuHenust npuseneH B Tabm.l. Kaxnas rpymma MC npuBoauT k
HapyIIEHUIO OJHOW MM HECKOJIbKUX (PyHAaMEHTaIbHbIX (YHKLMH Oe3zomacHOCTH. Peakius
CHD u Cb nomxHa OBITh aJeKBAaTHOM - TMPENATCTBOBATH pa3pylICHUIO OapbepoB
0€30MacCHOCTH, MPEIOTBPATUTh aBapHIO, a €CJIM 3TO HEBO3MOXHO OCIA0UTh IOCIEICTBUS
aBapuil 1OMyCTUMBIMHU C TIO3ULUI KpuTepueB 0€30MaCHOCTHU MpeAeIaMH.

Kak mpaBuno, mpu konkpetHom HWC crienyer OXuIaTh HapyIICHUS HECKOJIBKHX
byHKIMI 6€30MacHOCTH.
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Kakne MC nomnexar ananusy? B mepByro odepenb Te, KOTOpbIE MMEIOT BBICOKYIO
4acTOTy HPOSIBJIEHUS. 3aTeM - UMeEloIue 0ojee HU3KYI0 YacTOTy, HO MOTYILUE HMPUBECTH K
OUEHb TSDKEJBIM PAJAMOJIOIMUYECKUM IOCIEACTBUAM (3alpOEKTHBIM aBapusiM). BooOiie
roBOps, JOJDKHBI OBITH IMpOaHANIM3UpOBaHbl mpakTHuecku Bce HC, kpome, mnoxatyi,

MPUBOJAIIMX K 3aBEIOMO MAJIO3HAYUTEIbHBIM, C MO3ULMI PagUOJOTMYECKON OMacCHOCTH,

IOCJIICACTBHUAM.

Xapaxrepuctuka nateHcuBHoctu MC npencrasiena B Tadur. 1

Bune! ncxoaueIx coOBITHI

Taomuual.

['pynma ucxoaHbIX COOBITUI

[Ipumepbl HCXOTHBIX
COOBITHI TPYNIIBI

OyHKIMS 0€301MacHOCTH

1

2

3

Henpennamepennoe
WU3MEHEHUE PEaKTUBHOCTH

HecanknuonuposanHoe
nepemernienue OP. Beiopoc
(mapenune) OP. Otkasbl
CHCTEMBI OOPHOTO
perynupoBanus. [lonmananue
sameuinTensa B bP.
H3meHeHune TemiooTBoaa

KoHnTpons u ynpasienue
pEaKTUBHOCTHIO, 1-1 ®b

Hapymenue temiooToaa ot
peaktopa

[Toreps BHEIIHEN HATPY3KHU.
Ob6ecrounBanue CH. [Toteps
[1B. Camxenue pacxona B
KOHTYypax. YXyJIUICHUE
TermooTBoga oT TBC

OxJaxaeHue akTUBHOU
30HEI, 2-1 ©®b

Pasrepmerusanus neporo
KOHTYypa

Pazrepmernszanus
TpyOOMpPOBOIOB.
Pazrepmernszanus UI'.
Heucnpasunocts [IK I1I'. Pa3-
repMeTu3anus
IIPOMEXKYTOYHOTO KOHTYpa
CH

1-ag u 2-aa ©b

Hapymenue npu pabote ¢

TOIIJIMBOM

OTKa3bl TPaHCIIOPTHO-TEXHO-
JIOTUYECKOr0 000PYJOBAHHUS.
ITanenne TBC B peakrop. Ila-
JICHHE KOHTEHEpa C Kacce-
ToH. Teur Boapl XOST

1-ag u 2-aa ©b

I/IHI/IHI/II/IpOBaHHLIe

BHEIITHUMH COOBITUSIMU

3emnerpsacenue. [lanenue ca-
Moseta. Bo3aelictBue yaap-
HOH BOJIHBL. LlyHamu, cmepu,
HaBOJHEHUE

Jlokanu3anusa
pallOaKTUBHBIX BEIIECTB,

uznyuyenuii, 3-1 b

[Ipoune coObITHS

IToxxap B MOMEIIEHHUSX.
[Toxap Ha mnomanke AC.

B3pbIB GhuiibTpa aKTHBHOCTH.

1,2 u 3-1 ®b
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Tabmuia 2
NHTEHCUBHOCTH UCXOIHBIX COOBITHI

HaumeHoBaHMe UCXOIHOTO COOBITHUS WuTeHcuBHOCTS, 1/rox
1 2

PeakTUBHOCTHBIE aBapuy IIPH ITyCKE 10"
peakTopa
Ommbo9YHOE U3BIICUCHNE PAOOYNX OPTaHOB
CV3 Ha MOIIHOCTH. 10"
[ToTepst BHEIIHETO AJIEKTPONUTAHHUS, 2x 10"
B TOM yHclie Ha BpeMs 6osee 30 MuH 4x107
PasrepmeTusanus nepBoro KOHTypa:

manas teus (1o d,=50... 100) 10°

cpennss Teus (10 dy =150.. .300) 3x 10"

Oounblas Te4b 10"
Paspyienue kopnyca peakropa <10°
ITagenue camosera Ha AC <10°
MP3 107(def)
[Toxxap Ha AC, 107
B ToM ynciie Ha BIIY (2..5)x 107

5.3. Pa3pa60TI<a CIICHAapHsA NMEPEXOAHOI0 ITponecca

Cuenapuif - 1OCIEAOBATEIbHOCTh JIEUCTBUNH CHCTEMbl yIpPAaBIEHUS, CUCTEM
HOopManbHOM okcmutyaranuu, Cb. HampaBnenHsix Ha mnpuBeaeHue AC B 0Oe3zomacHoe
COCTOSIHHE:

cocrosHue HO;

COCTOSIHWE OCTaHOBJICHHOTO (MTOJKPUTUYHOTO, OXJIAKIAEMOT0) PEaKTOpa, B KOTOPOM OH
MOJKET HaXOJUTHCS HEOTPAHWUYCHHOE BpeMsi, O¢3 BBIXOJa aKTUBHOCTHU 32 YCTAaHOBJICHHBIC Ha
AC Oapbepbl.

Kakoro cocrosuus pocturier AC npu gansom MC - mpeamer aHanusza. Anpuopu
OIIPEIETINTh COCTOSHHUE CI0KHO. HeoOXoamMo MopaenupoBaTh MPOLECCH, paboTy OpraHoB
YIOPAaBJIEHUS, WCIOIHUTEIbHBIX MEXaHW3MOB M T.A. COOTBETCTBYIOIIME IIPOrpPaMMHBIE
KOMIUIEKCHI CO3/1aHBbI.

B mponecce ananuza BeiOupator xapakrepuctuku CHD u Cb.: 00beM Bojbl B IEpBOM
KOHTYpPE, MaxOBbl€ MAacChl HAacoOCOB, OBICTPOAECHCTBUE HCIIOJIHUTEIbHBIX MEXaHU3MOB,
yctaBku cpabarbiBanus [1K u 1.1.

IIpu pa3paboTke cleHapus MepexoAHOro mnporecca BaxHO BbinoiaHenne CHO u Cb
TeX (PYyHKIMH, U151 KOTOPBIX OHM IpegHa3HaueHsl. [1o cylecTBy 3To BOIIPOC O HAAEKHOCTH
CHD, Cb.

Hopwmsl (OI1b-88) mocTynupyroT HEOOXOAUMOCTh COOIOACHUS MPHU 3TOM "MpUHLUIA
€IMHUYHOTO OTKa3a'", B COOTBETCTBUHU C KOTOPBIM CHUCTEMA JOJDKHA BBITIOIHATH (DYHKIHH MTPH
aro6om TpebdytouieM ee pabotsl C u npu HezaBucumoM oT MC oTka3e 01HOTO M3 aKTUBHBIX
AJIEMEHTOB WJIM AaCCUBHBIX 3JIEMEHTOB, UMEIOIINX MEXaHUYECKUE JABMKYIINE YACTH.

HpI/IMepBI AKTUBHBIX 3JICMCHTOB: HACOC, KJIAIlaH C JJICKTPOIIPHUBOIOM. ITaccuBHBIM
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9JIEMEHT, UMEIOIINM MEXaHUYECKHE JBIXKYIINE YacTH, - OOpaTHBIN KjamaH, HE MMEIOIUN
MEXaHUYECKUX JBIKYIUX YacTell - TpyOonpoBo.

"ITpuHIMI €TUHUYHOTO OTKa3a" - TpeOOBaHWME K CTPYKTYpEe W TOKa3aTessiM
HazexxHocTH Cb. Eciin MoKeT 0TKa3aTh Hacoc, JOJKEH pe3epBUpoBaThCs Hacoc. Ecim Moxer
otkazatb OK, Hamo pesepBupoBath OK. Ecnmum MoXeT oTkazaTh cHUCTeMa, TO HEOOXOAUMO
pe3epBUPOBATH CUCTEMY,

6. METOJIOJIOT WSl IEPEBLEB COBBITUI U JIEPEBBEB OTKA3OB UL
BEPOATHOCTHOI'O AHAJIM3A BE3OITACHOCTU ATOMHOU CTAHIIMU

Hns  ompenenenusi MHOXeCTBa KoHeuHbIX coctosHuii ['KO ¢ moBpexaeHuem
000pyOBaHuUsA, DIEMEHTOB U CHCTEM, COJCpXKAIIMX PAJHOAKTUBHBIC BEIECTBA, IIUPOKO
MCIIOJIb3YETCs JIornueckuit Meroa nepea coobituit (JC) u nepesa otkazos (10).

JAC - normdeckas guarpamma, KOTopas npencrasisieT MHoxecTBo KC, kaxnoe u3
KOTOPBIX peann3yercs B (opMe ONpeAeseHHON COBOKYITHOCTH TPOMEKYTOUYHBIX COOBITHIMA
(IIC), cymectBenHbIx ans Ge3onacHocTH AC mpH paccMaTpUBaeMOM HCXOJHOM COOBITHH
(UC), Cosokynrocts [IC or UC k KC obOpasyer myTh pa3Butusi aBapuu. CxemMaTHUECKOE
nu3o0Opaxxkenue JIC nmeeT BuA TaOJIUIBI COCTOSHUM M JIOTHYECKOM AMarpaMMbl COCTOSIHUN B

dopme rpada (puc.l1).

CIUIOIIHBIMU TOPU30HTAJIBHBIMU JIMHUSAMH HM300pakaeTcsl perijaMeHTHOE IMpOTeKaHHe
[IC. LITpuxoBbIMM BEPTUKAIBHBIMM W TOPU30HTAIBHBIMM OTpE3KaMU - OTKa3bl HpHU
BBINOJIHEHUH (QYHKIMH IpoMeKyTouHbIX coObITuid. O0mmee uncino KC npu N IIC paBHo 2 .

Mertox gepeBa OTKa30B - JIOTUYECKUI METO/ BBISIBICHUS Pa3IMYHBIX KOMOMHAITHIA
OTKa30B, IPUBOSIINX K paccMaTpuBaeMoMy OTKasy. Jloruka nepeBa 0TKa30B B U3BECTHOM
cMBbIciIe o0paTHa Joruke nepeBa coobiTHii. [loctpoerne 1O HaunHaeTcs ¢ BeIOOpa
BEPIUHHOTO COOBITHUS - OTKa3a, 3aTeM BBISICHSIIOTCS IPUYUHBI COOBITHS - 0TKa3a, KOTOPhIE
COCIIMHSIIOTCS C BEPIIMHHBIM COOBITHEM C UCTIONB30BaHUEM JIOTHUECKUX coro30B UJIN u U,
Hamnpumep, BepmmHHOE COOBITHE ~ OTKA3 €CTh CIAEACTBUE WM 0TKa30B A u b nnm otkaza C.
3areM BBISICHSIOTCS MPUYUHBI 0TKa30B A, b, C 10 Tex mop, moka He OyAyT JOCTHTHYTHI
OTKa3bl AJIEMEHTOB, XapaKTEPUCTUKU HAJC)KHOCTU KOTOPBIX U3BECTHBI (pHC.2).
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Puc. 1. Cxematuueckoe n3zoodpaxenue J1C

Pasnuyaror dynkmuonansubie IC u J1O, ecnu paccMaTpuBaroTCs MPOMEKYTOUYHBIE
coObiTust - QyHKIMH Oe3zonacHoctd, u cuctemusie JIC, O, ecaum mpoMeKyTOYHBIMU
COOBITUSIMH SIBIISIIOTCS AJIEMEHTHI, 000pYJ0BaHHUE, CUCTEMBI.

[Tpu ananuze 6e3onacHocTH yacto ucnonb3yrotcs JC u JIO coBmecTtHO. MOXKHO
paccmarpusats "kopotkue" JIC, Ho "mmHHBIE" JIO. M0OXHO, HallpOTUB, pacCMaTpUBAaTh
"mmuaabIe" JIC, HO "kopoTkue" J1O. [IpeanoutuTeneH nepBbiid MOAXO0A, TaK KaK IOCTPOCHHE
JO nporte hopManuzyercs U B HACTOAIIEE BPeMs MOJKPEIIICHO CEPbe3HBIM TPOrPAMMHBIM
obecrieueHueM.

Jloruka JIC u 1O npuHnunuaibHO SKBUBaleHTHA, JIto6oe JIC MOXXHO MpeacTaBUTh B
Buje J1O.

UcnonszoBanne JIC mOpeanmouTUTENbHO, €CIM  JIOTHMKA BEPOATHOCTHOTO aHaIH3a
MPUMEHSETCS COBMECTHO C MOJICIIMPOBAHUEM ITPOIIECCOB, NMPOTEeKarmMux npu aBapuu Ha AC.
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BepmunHnoe
COOBITHE-0TKA3

Jlornyeckunit
oreparop

NJIN

Jlornueckuii C CoOsbITHE-TIpHYHHA
orepaTop

A b CoO6BITHE-TIPHYHHA

B ) i 7 (T3 < 7
OTICPATOP = = = = = = = = m m o m e o m e e e e e e e e e e m e e e e

e} | 32 3n CoObITHE-OTKA3
3JIEMEHTOB

Puc.2. Cxemarnueckoe nzoopaxenue /1O

7. METO/Ibl KOJIMYECTBEHHOI'O AHAJIM3A BE30ITACHOCTH ATOMHO
CTAHIINU

7.1. JJleTepMUHUCTCKUN aHaJIN3

JleTepMUHUCTCKUN aHalIM3 OCHOBAaH Ha NMPOTPAMMHBIX KOMIUIEKCAX, MOJEIUPYIOIINX
npoueccsl B PY, repMeTHUHBIX TOMELIECHUSX, OKPYXKAIOIIEH Cpele,

[TporpaMMHBIC KOMITIEKCHI, MOJACITUPYIONTUE PUINICCKUE MPOIIECCHI, BKITFOYAOT;
MaTEeMaTHUYECKYI0 MOJIEb;

MEepPEYCHb JOMYIIECHUN U YIPOLIEHUI MaTEMAaTHYECKOW MOJIEIIH;

ompezeneHre 001acTi IPUMEHUMOCTH MTPOTPAMMHOT0 KOMILIEKCa,

OIMHMCAHUC YCTAHOBOK, IIPOLCCCOB, IMOATBCPNKAAOIMIUX KA4YCCTBO MPOrpaMMHOIO
KOMIIJICKCA.

MeToauKH, UCTIOIh3yeMbIe B TIPOCKTHBIX PadoTaX, MOJDKHBI OBITH aTTECTOBAHBI
'AH P®. Arrecranuu mpeiIecTBYeT BepUPHKAIMi HPOrpaMMHOIO  KOMILIEKcCa,
ABJIAIOIIASICS HE3aBUCUMBIM CPAaBHEHHUEM PE3YJIbTATOB PACUETOB IO METOAUKE C U3BECTHBIMU
JTAaHHBIMH,

JlJist pacyeToB ¢ HCMOIB30BAaHUEM MTPOrPAMMHOTO KOMILIEKCa (HOPMUPYIOTCS HCXOTHBIE

22



JNaHHEIE:

reOMEeTPHUECKHUE, T.€. KOHCTPYKTUBHBIE XapaKTEPUCTHUKU 00BbEKTOB pacueTa C 00beMbl,
MacChl, CEYEHHs, Mepemajbl BBICOT, IUIOMIATU ITOBEPXHOCTEH TEIUIOOOMEHa COCYJIOB,
TpyOONPOBOIOB, AKTUBHOU 30HBI);

dusnueckue, T, €. HEUTPOHHO-(PU3NIECKHE XaPAKTEPUCTUKNA aKTUBHOM 30HBI,

TEXHOJIOTMYECKUE, T.€. XapaKTEPUCTUKU CUCTEM HOPMAJIBHOM JKCILIyaTallud U CUCTEM
0e30MacHOCTH (aBapuUHHOM 3aIMTHI, CUCTEM MOJACpPKAHUS JaBJICHUS B KOHTYpaX, CUCTEMBI
repMETUYHON 000JI0YKH), @ TAKXKE YCTaBKH CpadaThIBAHUsI, AITOPUTMbI pabOThI CUCTEM;

HavyaJbHbIC YCIOBUS (PU3NUECKHE, TEIIOTUIPABINIECKIE, YPOBHUA aKTUBHOCTH).

AHann3 TepexoqHOro IMpoliecca, MPOEKTHOW (3ampOEKTHOM) aBaphM HayMHAEeTCS C
BBIOOpA TTOCIIEZI0BATEIIEHOCTH COOBITHI U PaCCMOTPEHHS PabOTHI CHCTEM B XPOHOJIOTHUECKOM
MOCIIEA0BATENBHOCTH, PacyeT 0T HaYaNbHOTO COCTOSIHUS MPOBOJUTCS 1O HEKOTOPOT'O HOBOTO
CTAI[MOHAPHOI'O COCTOSHUS WJIN J0 JOCTH)KEHUS yCTOWYMBOM paboThl CUCTEM 0€30I1aCHOCTH.

OcHOBHBIE pacueTHbIC MapaMeTphl CPABHUBAIOTCSA C MpPENeIbHBIMU, HA OCHOBE 3TOTO
JieNaeTcs BBIBOZ O OE€30MacHOCTH PEXHMMa, BBIXOJE aKTHBHOCTH 3a Tpeiensl Oapwhepa, B
OCHOBE TaKUX OICHOK JIeXAT JIeTAlIbHbIC OSKCIIEPHUMEHTAIbHBIC JaHHBIC O CBOWMCTBAaX
OGapbepoB.

[Ipu HapymeHMAX TepMETHYHOCTH OapbepoB aHAJIM3UPYETCS pPacHpOCTpaHEHUE
AKTUBHOCTH B ITOMEIICHUAX T€PMETUUHOM 000JI0UYKH, B OKpYKaIOILIEH cpefe.

Oco0ble METOAUKH UCTIOIB3YIOTCS IIPU PACCMOTPEHUHU MPOLIECCOB IJIABJICHUS aKTUBHOMN
30HBI U OXJIAKJCHHUS KOpPHyMa, pa3pylIeHUs KOPITyca, MapoBbIX B3phIBax, abisamuu OeToHa,
BBIJICJICHUH DHEPIUH B 3THUX IIPOLIECCAX.

B XO0J€ BaApUAHTHBIX PACUCTOB BLIABIIAIOTCA IMCPEXOJHBIC MMPOLCCChI, HE MPHUBOJAIINC K
HApyHICHUIO HOpCAC]IOB U yCHOBI/Iﬁ Oe3omacHOM OKCIUTyaTalluu, YCTAHABJIMBAKOTCA
HGO6XOI[I/IMI)IG XaApaKTCPHUCTHUKU CUCTEM 6630HaCHOCTI/I, OrpaHNM4YMBarOIve MOBPCKIACHUS IIPpHU
IMPOCKTHBIX aBapUAX, pa3pa6aTHBa10Tc;1 MCPEI 110 YIIPABJICHUIO 3aIIPOCKTHBIMU aBapUsMU.

7.2. BepoITHOCTHBIN aHaJIN3

JleTepMUHUCTCKUI aHaJIW3 MO3BOJSIET MPOCIECIUTHh Pa3BUTHE MEPEXOAHOTO Mpoliecca
pH JTF000M TIOCIIeIOBATEILHOCTH COOBITHH, paboTe CHUCTEM Ha OCHOBE aJeKBAaTHOM MOJEIH
¢usuueckux mporeccoB B PY, na AC. OnHako NETEPMHUHHMCTCKUN aHAIM3 HE COACPIKUT
OTBETa Ha BONPOC O YAacTOTaxX MPOSIBICHUSA IEPEXOAHBIX IPOLECCOB, MPUBOMSIIINX K
KOHEYHBIM ~ COCTOSIHMSIM, XapaKTEPU3YIOUIMMCS HapyUICHHEM IMpeaesioB W YCIOBHM
0€30MacHOM 3KCIUTyaTallud - MPOEKTHBIM W 3allPOEKTHBIM aBapHsM. DTy CTOPOHY aHaIu3a
6e3omacHocT AC BBINOJIHSAET BepOATHOCTHBIN aHanu3 OezonacHoctu (BAB). Ilpu BAB AC
BBISBJISIIOTCS HauOoJsiee OmacHbIe IMOCIIEI0BATEIbHOCTH COOBITHI, MPUBOASIINE K aBapusM,
OpeUIaraloTcss  CIocoObl  CHIDKEHHMS ~ YacTOThl  MPOSBICHHUS ~ TaKUX  OMACHBIX
MOCJICIOBATEILHOCTEH COOTBETCTBYIOIIMM BBIOOPOM TIpOeKTHBIX pemennii. BAb AC
MO3BOJISIET OLIGHUTh, HACKOJIBKO TMPOEKTHpyeMas WM HaxoJsmascs B skcruryaranuu AC
COOTBETCTBYET TPeOOBaHHUSIM HOPMATUBHBIX JOKYMEHTOB U YPOBHIO 0€30IaCHOCTH.

KauecTtBo 6e3onmacHoctu AC 3aBucUT OT MHOTUX (pakTopoB. [ToaTOMy mpuHSTO
pa3aensTh BEpOSITHOCTHBIN aHAJIW3 Ha YEThIPE YPOBHS, HA3bIBAEMbIE COOTBETCTBEHHO
BEPOSTHOCTHBIM aHAINU30M Oe3omacHocTy HyseBoro ypoHs (BAB-O), nepBoro ypoBHs
(BAB-1), BToporo yposas (BAB-2), Tpetbero yposas (BAB-3).

BAB-0 BritouaeT aHalM3 HAJEKHOCTU cucTeM u obopynoBanus AC, BaXKHBIX IS
6e3omacHOCTH. ET0 BBITTONHSIOT MPH pa3pabOTKe MPOSKTOB CUCTEM M 000pyI0BaHUs. AHAIINA3
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HAJCKHOCTH IIPOBOJUTCSA C YYETOM BHEIIHMX M BHYTPEHHUX BO3JCHCTBUH, OTKA30B, B TOM
YHclie 1Mo OOMIMM MpUYMHAM, OMIMOOYHBIX NeicTBUi nepcoHana. B xone BAB-0 BriOupator
IPOEKTHbIE U KOHCTPYKTUBHBIE PELICHMs, CHOCOOBI 3alIUThl OT BHEUIHMX U BHYTPEHHHUX
BO3/ICHICTBUIA, periaMeHThl TEXHUYECKOT0 OOCITyXUBaHUS U peMoHTa. B pesynsrate BAB-0
MOJYYar0T KOJMYECTBEHHBIC XapPaKTEPUCTHKH HAJEKHOCTH BAXKHBIX I OE30MAaCHOCTH
cucteM 1 obopynoBanus AC.

BAB-1 BkirodaeT OIEHKY KOJIMYECTBA PAaJUOAKTHUBHBIX IPOAYKTOB, BBIACISIOIIUXCS B
noMerieHusx AC npu noBpexaAeHUU 000py0BaHUS, CUCTEM, COJIEPKAILUX SIEPHOE TOIIIUBO
U PaJuOaKTUBHbIE BellecTBa. Ha HadanbHOM CTaauy aHaIW3a LENECOOOpPa3HO BBIOJIHHUTH
KOHCEPBATHUBHYIO OLIEHKY, IOMYCTUB TSKEJI0€ MOBPEXKICHUE UM IJIaBI€HUE aKTUBHOM 30HBI.
B I[aJ'II)HeI\/’IIHCM B X04€ TCXHHUYCCKOI'O MPOCKTHPOBAHUA IMOJIY4YalOT MAKCUMAJIbHO ITOJHYIO
UHPOPMALIMIO O BO3MOXKHBIX COCTOSHUSIX M TIOBPEXKICHHUAX AKTUBHOW 30HBI, JPYTUX
HCTOYHHUKOB PaJUOAKTUBHOCTH B MPOHCCCC ACTAJIBHBIX JACTCPMUHHUCTCKUX PACUCTOB
HEUTPOHHO-(U3NYECKHUX, TEIUIOTUAPABINYECKHUX, MEXaHUYECKUX, XMUMUYECKHUX,
METaJUTypru4eCKuX Mpoueccos B PY.

B nponecce BAB-1:

OTIPEeNIeNSIIOT MHOXeCTBO cocTosiHuil AC, CBS3aHHBIX C OTKa3aMH OOOpYIOBaHUS,
CHCTEM, OIIMOKaMH MepPCOHalIa, BHEIIHUMH BO3JCHCTBUAMU;

ONPEEIAIOT MOJAMHOKECTBO cOCTOSIHMI AC, B KOTOPBIX HAapYIIEHbI IPEIEIIbI
0€30MaCHOCTH, U TSKECTh UX PAJUALMOHHBIX TOCIEICTBHIA;

JUTS KaKJOW rpynmbl coctosHni AC, nMeroniel OM3Kue pagralioHHbIE TTIOCIIEACTBYS,
OTIpeNieNIsII0T aBapuiiHble mocienoBarenabHocTH (All), BHOcAIIME MakCUMallbHBIA BKIaJa B
BEPOATHOCTb MOSBJIEHUS 3TOM Tpynmbl cocTosHuM. Ot All Ha3pIBalOT JOMHUHAHTHBIMU.
Paznuunble nomuHanTHbe AIl OMKHBI UMETh OMU3KYIO BEpOSITHOCTh peanu3auuu. Ecmu
3TOr0 HET, CJIELYEeT HAUTH TEXHHYECKOE PEIICHHE, HCKIIOYAIOIIEE PE3KOEe IPEBBIIICHUE
BEPOSITHOCTH OTAENbHbIX JOMUHAHTHBIX AlIl Han npyrumu, no0uBasch TeM CaMbIM
cOamaHcupOBaHHOCTH TexHUYecKux mep OezomacHoctu AC. Ilpu 3TOM BO3MOXKHO MEPEUTH K
MCIIOJIb30BAaHUIO TPUHIUIIAAIBHO NHOTO TEXHUYECKOIO PEIICHUS;

JUTSI OCHOBHBIX NTOMHHAHTHBIX All pa3pabaThIBarOT JAeTaNbHBINA CIICHAPUN U MPOBOJIST
TIIATENBHOE MOJEIMPOBAHME MEPEXOJHOIO IMPOLECCa, KOHEYHBIX COCTOSHHMM. Pe3yibTaTsl
MOJICTTUPOBAHUS MTO3BOJIIOT pa3pad0TaTh TEXHHUECKUE CPEICTBA, CMATYAIOIINE TTOCICICTBUS
aBapUU, UHCTPYKLIUH U CUCTEMBI MTOAJIEPKKH OIEPAaTOPOB IPH aBAPUSAX, METO/AbI YIIPABICHUS
3alPOEKTHBIMU aBapUsIMH, B TOM YHUCJIE IJIaHbI 3aLTUThl HACEJICHUS.

BAB-2 Bkitouaer aHaiM3 pacnpoOCTpaHEHHUsS PaTUOAKTUBHBIX MPOIYKTOB, pacluiaBa
AKTUBHOMW 30HBI 32 mpeaensl PY B cucteMax uX JOKaau3aluuy ¢ y4€TOM BO3MOKHBIX OTKa30B
U TOBPEXKACHUM cHCTeM JoKanu3aluu. VcxonHble cOOBITHS, paccMaTpuUBaeMble MpU
npoeaeHun BAB-2, nomyuator B xone BADB-1. Ilensto anammusa BADB-2  sBisercs
ONpeNeJICHNE KOJIMYECTBA M COCTaBa PAJUOAKTUBHBIX BEUIECTB, BBIXOIAIIUX 3a IPEIEINbI
CUCTEMBI JIOKQJIM3AIMKA MPU OTKA3aX U BHIOPACBIBAEMBIX B OKPYXKAIOIIYIO Cpedy, a Takke
ompeniesieHne BeposTHOCTH BbIOpocoB. B xome BAB-2 pa3pabarpiBaloT TEeXHHUYECKHE
CpeicTBa M OPraHU3ALMOHHBIE MEPbI, YMEHBIIAIOIMINE BEPOSTHOCTH U  KOJHUYECTBO
PaAMOAKTUBHBIX BBIOPOCOB B OKPYJKAIOLIYI0 Cpedy [0 3HAu€HUH, COOTBETCTBYIOLIUX
TpeOOBaHUSM HOPMATHBHBIX IOKyMEHTOB.

BAB-3 Bkmrouaer aHanmu3 pacnpocTpaHeHusi BbeIOpackiBaeMbix AC paaroaKTHBHBIX
BEILIECTB B OKPY’KAIOIIEH cpejie, ONpeaeieHre paJuOaKTUBHOTO 3apa)KCHUSI MECTHOCTH,
OIICHKY 7103 00mydeHus HaceneHus. Micxomupimu nanabsiMu 11t BAB-3 sBisitoTCS pe3ynbTaThl
BAB-2. B xogme BADB-3 paccmarpuBaioT BCEBO3MOXHBIE IIYTH PaclpOCTpaHEHHUS
PaAMOAKTHUBHBIX MPOIYKTOB B OKPYXKAIOUIEH cpelie, YUYUTHIBAIOT XapaKTepHble 0COOEHHOCTH
MECTHBIX NPUPOJIHBIX YCIOBHUH.
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ITo pesynpratam BAB-3 pa3pabarbIBaloT MiaHbl 3alIUTHl HACEIEHUS U ONPEIEISIIOT
puck ot AC 111 HaceJIeHUsl, OKPYKaoLIe Cpenbl.

IIpu BemonHennun BADB wucnonp3ylorcs cieayrolue BEpOSTHOCTHBIE I10Ka3aTeau
0e30MacHOCTH:

s BAB-O - BeposSTHOCTD HEBBINONHEHUS 33JaHHOW (QYyHKIMM O€30macHOCTH,
BEPOSITHOCTh OTKa3a CUCTEMbI Ha TpeOOBaHUE;

st BAb-1 u BAB-2 - BepoATHOCTb MOBPEKICHHUSI aKTUBHOW 30HBI C MPEBBIIICHUEM
BhIxofa akTHBHOCTH (P <10™ 1/rof), BEpOSTHOCTb MPEETLHOIO BHIOPOCA B OKPYKAIOIIYHO
cpeny (P2< 10 7 1/rom);

st BAB-3 - BeposTHOCTH ompeneneHHoM A03bl Ha onpeaeneHHOM paccTosiHuE 0T AC,
SKBHUBAJIEHTHAs f03a o0myuenus [(s) Ha paccrosinuu s oT AC:

A(s)=H(T)=3 P(T.J)* A, (7.1)

rne JI(T) - cpennsas oxxumaemas 3a Bpemst T 1o3a obmydeHus Ha pacctossHuu s oT AC;
P(T,[;.) - BepositHOCTB 10361 BenmuunHo# [I;. 3a Bpemst T Ha paccrosiHuu s oT AC; N - uncino
coctostauit AC, mpuBoasimux k no3e Jl; Ha paccrosinuu s ot AC.

NuauBuayanbHBI PUCK JIETATBHOTO HCXOJa, T.€. MAaTEMaTHUYECKOE OKUIaHHE
YCIIOBHOM BEPOSITHOCTH JIETAIBHOTO MCXO0/a TP 00JIy4eHUH YesioBeka /10301 [,

R(T)=ZPZ-(T,ﬂ,-)*’”i(ﬂz)

rac:

Pi-BeposATHOCTH TOJTyYeHHS YeTOBEKOM J103b1 Jlj mpu ero obydeHuu 3a Bpems T;
1i(;) - yclioBHast BEpOSTHOCTD JIETAILHOTO MCX0/1a TIpU 00IyueHUH yenoBeka no3oi [j; N -
YHCIIO BO3MOXKHBIX COCTOSIHUN AC, MPpUBOASAIINX K MOTYUYECHHUIO YETTOBEKOM Pa3InYHbIX
3Ha4YeHUM 1036l [;.

7.3.CTpyKTYpa BEpOATHOCTHOM MOJIean O€300aCHOCTH

[TocnenoBarenbHOCTh pa3pabOTKHU O€30MaCHOCTH, UCIIOJIb3YEMBIX MTPH 3TOM METO/I0B
aHaJIM3a HaJeKHOCTH KOJIMYECTBEHHOI'O aHAJIM3a MPOIECCOB MILTIOCTPUPYET CXeMa Ha puc.3.
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Puc.3.BeposiTHOCTHAs MoJienb 0€301aCHOCTH KOHCTPYKIIUHU MITU CUCTEMBbI

8. HAJIEXXHOCTDb PEAKTOPHBIX YCTAHOBOK, EE OJIEMEHTOB 1
CUCTEM

8.1. KOMIIIEKCHOCTh CBOMICTBA HAJIEKHOCTH

HagnexxHocTh - cBOICTBO 00BEKTa COXPAHATh BO BPEMEHH B YCTaHOBJIEHHBIX MpeJesiax
3HAYeHUs BCEX MapaMETPOB, XapaKTEPHU3YIOLIUX €ro CIIOCOOHOCTH BBIMOIHATH TpeOyemble
GYHKIUHM B 33JaHHBIX PEKMMAaX M YCIOBHUAX TNPUMEHEHHUS, TEXHUYECKOro OOCITyKUBaHUS,
PEMOHTOB ,

HaexHOCTh - KOMITJIEKCHOE CBOMCTBO, B KOTOPOM MOT'YT OBITh BBIJICIICHBI:
0C30TKa3HOCTD;

JOJITOBECYHOCTD,
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PEMOHTOIPUTOTHOCTB;
COXpaHsAEMOCTb;

be3oTka3HOCTh - CBOMCTBO 00BEKTA HEMPEPHIBHO COXPAHSITH pabOTOCIIOCOOHOE
COCTOSIHME B TEYCHHE HEKOTOPOTO BPEMEHU MJIM PEaKTOpa, KOT/Ia €ro mapaMeTphl B
paCCManHBaeMBIﬁ MOMCHT BPpEMCHHU COOTBCTCTBYIOT OCHOBHBLIM IIPOCKTHBIM TpC6OBaHI/IHM.
Ortka3 - moteps paborocnocoOHOCTH. OTKa3 MOKET OBITh YACTUYHBIM WJIH MOJHBIM.

JloArOBEeYHOCTh - CBOMCTBO OOBEKTa COXpaHATH PAaOOTOCIOCOOHOE COCTOSHUE MO0
HACTYIUICHHSI TPEAETbHOTO0 COCTOSHUS TPU YCTAHOBIEHHOM CHCTEME TEXHHUYECKOTO
0o0CTy)KUBaHUS W pPEeMOHTa. JlONTOBEYHOCTh B OTIMYHE OT OE30TKAa3HOCTH YYUTHIBACT
BO3MOXKHOCTh MEPEPHIBOB B pa0OTOCIIOCOOHOM COCTOSIHUM HAa TEXHUYECKOE OOCTyKHUBaHUE U
peMoHT. IlpenenpHOEe COCTOSIHME YCTAaHABIMBACTCS U3 YCJIOBHI O€30MAaCHOW IKCILTyaTalluH,
SKOHOMHYECKUX COOOpakeHU, COOOpakeHHiI MOpaIbHOTO W3HOCA. PeakTopHbIe yCTaHOBKH,
HC UMCIOIUC COBCPIICHHBIX CUCTEM 6C3OHaCHOCTI/I, MOTYyT OBITH BBIBCJICHBI U3 OKCILTyaTallunu
JI0 MCYepIIaHus

PeMOHTONIPUTOTHOCTS - CBOWCTBO OOBEKTa, 3aKIIOYAONIeecs B BO3HHUKHOBEHUS
OTKa30B, HNOBPEXJICHUA M  MOJNJEPKAHUIO M BOCCTAHOBIEHHIO pabOTOCHOCOOHOTO
COCTOSIHUSI TIyTE€M TIPOBEICHHS KOHCTPYKIHMEH, KBaIM(pUKaUeH MepcoHana, ypOBHEM
TEXHUYECKOH OCHAILIIEHHOCTH IpoIiecca peMOHTa, OpraHu3anueii paboT.

CoxpaHsieMOCTh - CBOMCTBO 0OBEKTA COXPAHITH 3HAUCHUS TMOKa3areel 0e30MacHOCTH,
JONTOBEYHOCTH M PEMOHTONPUTOAHOCTH B TEUYEHHE M TMOCIe XpaHeHus U (WJIH)
TPaHCIIOPTUPOBAHUS.

8.2. KonmuecTBEeHHBIE TOKA3aTENU 0E30TKA3HOCTH

KomnuecTBeHHBIMU XapaKTCPUCTUKAMU CBOIicTBa 0€30TKA3HOCTH SIBJISIOTCS:

BEpOSITHOCTH OTKa3a Ha uHTepBase Bpemenu (0,t)

F(H)=P@<1) = j F(t)dt (8.1)

BEPOSTHOCTH 0€30TKa3HOM paboThl Ha MHTEepBase Bpemenu (0,t)

R(t)=1-F() (8.2)

WHTEHCUBHOCTH OTKa30B A(¢) B MOMEHT BPEMEHH ¢

S _ F@ _ _ R
A1) = I-F(t) — 1-F(t) — R() (8.3)

cpenHsis HapaboTKa OTKa3a

Q=

S ey 8

t* f(t)dt = TR(t)dt (8.4)

@Ou3nvecknii CMBICT BBEICHHBIX BEIUYMH SICEH W3 pHUC.4, TIe TMOKa3aHa TUIUYHAs
3aBucumocts F(t). Bun 3aBucumoctu R(t)=1-F(t) He Tpebyer mnosicHenmii. IlnoTHOCTH
pacnpenenenusi BepositHocTedt f(t)=F’(t). Bun f(t) Taxke mpuBenen Ha puc.4 (mrTpuxoBas
JIHMUS).
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3nauennue F(t) mpu t=0 pasro unTencusHocTH oTKa30B A(0), Tak kak

a=T07 =T O)f

E(t)
R(t) (
— R(t)
f(t)
()
E(t)

v

Puc.4. Xapakrepuctuku 6€30TKa3HOCTH

VIHTEeHCUBHOCTh OTKa30B A(f) UHCIEHHO paBHa BEPOSTHOCTH TOrO, YTO OOBEKT,
npopaboTraB 0e3 0TKa3a B TEUCHNE BPEMEHH ! (BEPOSITHOCTh 3TOTO COOBITUS - R(?) ), OTKaXET
B MaJIyIO [TOCJIEAYIONIYI0 €IMHUILY BpEMEHU. JeliCTBUTENBHO,

f(@)=A()*R(1) (8.5)

rae f(¢)- BeposSTHOCTh OTKasza 3a Bpemsi (11 =1; R(f) - BEpOSITHOCTh O€30TKa3HOM
pabotsl 3a Bpems (0,t).

CnenoBarenbHO, A(t) - BEPOSTHOCTH TOTO, YTO OOBEKT, MPOpadoTaB 0e3 OTKa3a BpeMs
t, OTK@XKET B CIEAYIOLIYIO MAIYIO €AMHULYY BPEMEHU.

st 06opynoBaHus, CUCTEM, FIEMEHTOB 3aBUCUMOCTh HHTEHCUBHOCTH OTKa30B A (f) OT
BPEMEHH, KaK Ha puc.5.

At)

v

Puc. 5. 3aBUCHUMOCTh HHTEHCUBHOCTH OTKa30B OT BPEMEHHU:

(0,Twp)- mepuop npupaboTkH; (Tup, Ter) - mepuon HopmanbHOR paboThl; (Ter,00) -
HepuoJl CTapeHus: (MHTEHCUBHOCTb U3HOCA)

B Teuyenme mepuoma mpupaOOTKM TPOUCXOAMT "BhDKHMTaHWE" OTKa30B. B mepuon
CTapCHUA OGyCHOBHI/IBaIOH_II/IMI/I OTKa3s3 NpuiruHaMu  SBJIAHOTCSA (bI/ISI/IKO-XI/IMI/I‘IeCKI/IG,
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MCXAaHUYCCKUE U APYTHUEC POUCCChI, IPUBOAAINMNE K ACTpadallun CBOICTB MaTCpHraloB.

B nepnon HOpMaHBHOI\/'I pa6OTbI HHTCHCUBHOCTBL OTKAa30B COXPAHACTCSA MOCTOSTHHOM.
I[J'IH 9TOro Inepuoaa XOpOHICI\/JI MOACIBIO OIIMCaHHs OTKAa30B ABISACTCA 3KCIIOHCHIMAJIBHOC
pacnpeaciiCHue:

F(t)=1-exp(—A1),t 20 (8.6)
f(t)=A*xexp( —At),t >0 (8.7)
rae: A - mapaMmeTrp 3KCIOHEHUUAJbHOTO pacnpeneneHusi; A(f) - HUHTEHCUBHOCTH

O0TKa30B, IO OIIPCACIICHUIO PABHA ITAPpaAMETPY IKCIIOHCHIIUAJIBHOTO 3aKOHA!

At)y=71-=2 (8.8)

JJ1s SKCTIOHEHIIMATBHOTO paclpeieIeHUsl BEPOSITHOCTh 0€3 OTKa3HOW PaboThI

R(t) = exp( —At), (8.9)
a® =1/1 (8.10)
Jns ciiydallHBIX ~JUCKPETHBIX BEJIWYWUH YJIOOHO HCIIONBh30BaTh OWHOMHAIBHOE
pactnpenenenue. CrydvaiiHas BenuuMHA X HMEET OMHOMMAJIBHOE pacIpeleieHue ¢
rnapameTpaMu
(n,g);0<g<1l,n>1

€CJIn

P(X=k)=()*q" " *(1-¢g)""

Hn COOTBCTCTBCHHO

L(n k n-k
Flx) = > A #(1—q)" " 1<x<I+1 &.11)

k=1
I,x>n;0,x<0.

n n!

k) (n—k)l*k!

Ou3nvecKuii CMBICII OMHOMHUATBHOTO paclpeAe/ieHUs] TAKOB: CHCTEMa UMEET n
HE3aBHCHUMBIX JIEMEHTOB, PYHKIIMOHUPYIOIIUX Ha 33JaHHOM WHTEPBAJIe BPEMCHH.
BeposTHOCTE 0TKa3a OTAENBHOTO 2JIEMEHTa Ha HHTEepBalie paBHa . B aToM cinyuae uncio
OTKa3aBIINX 3JeMeHTOB (X=k) cuCTeMBbI 3a paccMaTprUBaeMblii UHTEPBAJ BpEMEHHU Oy1eT
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OIHMCHIBATLCS OMHOMHUAIIBHBIM pactpenencaueM P,(X=k).

8.3. be30TKa3HOCTh CUCTEM PEAKTOPHOHN YCTaHOBKHU

Cucremy PY mnpencraBuM Kak COBOKYITHOCTb 3JIEMEHTOB, CBSA3aHHBIX B HEKOTOPYIO
CTPYKTYpY U IIpeIHa3HAUEHHBIX JIs BBIIIOJHEHUS onpeieeHHoN pyHKImu. Eciau takux
(GYHKIHH HECKOIBKO, 0€30TKa3HOCTh CIIEAYET pacCMaTpUBATh IS Kax10i QpyHKIuN. AHamu3
CTPYKTYpBI cucTeMbl PY nmeer 1enbto onpeneneHue ycioBuil ee paborocrnocodHoctu. CBs3b
JJIEMEHTOB B CHCTEME B CMBICIIE €€ pab0TOCTIOCOOHOCTH yCTaHABIMBACTCS JIOTHUECKUMHU
oneparopamu U, NJIN. Jlornueckuit oneparop U ncnonb3yercs, €Ciiv 3JIEMEHTBI CUCTEMBbI
COCIIMHEHBI TTAPAJUICIILHO | JTF000 U3 HUX (B Cirydae paboTOCIIOCOOHOCTH) 00eCTIeUnBaeT
paboTOoCTIOCOOHOCTH cucTeMbl. [IpuMep Takoil CUCTEMBI, COCTOSIIEH U3 IBYX MapajuieIbHO
COEJIMHEHHBIX JIEMEHTA, [T0OKa3aH Ha puc. 6.

Puc.6. Jlornuecku napauienbHOe COeIUHEHNE 31eMeHTOB | u 2 B cucteme 3

B cucreme ™oxer OBITh OoJiee JBYX MapayIeIbHO COCIMHEHHBIX SJIEMEHTOB
(Hampumep, YeThIpe), IPUYEM J[Ba M3 HUX OOECIEUMBAIOT BBINOJHEHHUE (DYHKIMIA CHUCTEMBI.
Toraa mox anemMeHTOM (CM. pUC.6) cieayeT MOHUMATh JBa JTIFOOBIX CAMHUYHBIX DJIEMEHTA.

Jlormueckuit omepatop MJIM wucnone3yercs, €cid 3JIEMEHTbl CUCTEMBI COEIUHEHBI
nocienoBarenbHo (puc.7). Cucrema 4 paborocmocoOHa, eciu paboTOCIOCOOHBI 00a
AJIEMEHTA.

Puc.7. Jlornuecku nocienoBaTeiIbHOE COeTUHEHNE 31eMeHTOB 1 U 2 B cucteMme 4

Cucremsl nmapaui€JIbHO MW IIOCJIICA0OBATCIbHO COCAWMHCHHBIX JJIEMEHTOB MOTYT
O6paSOBBIBaTB 0oJiee CII0KHBIE HCPAPXUICCKUC CUCTCMBI.

Jns ucknroueHus (yMEHBIIEHHS BEPOSTHOCTEH) JIOXKHOrO cpadaThlBaHUS CHCTEM
HOPMAJIbHOM 3KCIUTyaTallMd WIM CHUCTEM O€30MacHOCTH MCIOJIB3YEeTCs JIOTUKA, COTJIACHO
KOTOPO# JIEHCTBHE CHCTEMBl HAUWHACTCS MPH HATHYUH, HAPUMEP, IBYX CHTHAIIOB M3 TpPeX
BO3MOXHbIX. CucreMa "znBa u3 Tpex" m3o0paxkaeTrcs B BUAE TPeX OJUHAKOBBIX 3JEMEHTOB;
OTKa3 CUCTEMbI HACTYIAET MPU OTKAa3€ ABYX JIOOBIX AJIEMEHTOB (pHC.8).

I[J'IH TIOBBIIIICHU HAACKHOCTU CUCTEM HUCIIOJIb3YCTCA:
MHNOBBIIICHHUEC HAAC)KHOCTHU DJICMCHTOB,
PE3CPBUPOBAHNEC KAHAJIOB CUCTEM (napanneanoe COCIUHCHHUC, I/I),

HE3aBHCHMOCTh KaHAJIOB, BKJIIOYAsl UX (U3NICCKOE pa3lieicHHE (MCKIIF0YaeT OTKa3 I10
o011eil mpu4nHe, B TOM YHCIIE TUBEPCUN);
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pa3iudue, pa3HOTUITHOCTh YCTPOUCTB, UCTIONB3YyEMBIX B OTACIBHBIX KaHATaxX
(uckIrouas 0TKa3 Mo o0IIel MpUIHHE).

2/3

Y

—| @2 —  YIpaBisIOLIUNA CUTHAII

Puc.8. ®opmupoBanue ynpapisOIIero CUTHaja Mo JIOTUKe "Ba u3 Tpex"

ByneMm cuutath, 4TO NMOKa3aTeIN HAZECKHOCTH OT/EIbHBIX 3JIEMEHTOB U3BECTHBI U UTO
OTKa3bl 2JIEMEHTOB HE3aBUCUMBI, T.€. OTKa3 OJJHOTO JIFOOOTO AJIEMEHTA HE MEHSET
HaJIe’KHOCTH OCTAJIbHBIX.

PaccMoTpuM cucTeMy U3 n MoCiIeI0BaTeIbHO COSMHEHHBIX IeMeHTOB. [TycTh Ri(t)
(i=1,2,...n) - BEpOsATHOCTH 0€30TKa3HOU PabOTHI KaXA0T0 U3 AJIIEMEHTOB. BeposTHOCTH
0€30TKa3HOM pabOTHI CUCTEMBI U3 N 3JIEMEHTOB TPEOYET OAHOBPEMEHHON 0€30TKa3HOCTH BCEX
3JIEMEHTOB, YTO NPUBOAUT (COOBITUS HE3ABUCUMBIE) K BHIPAYKEHHIO

R.(t)= ﬁRl. (1) (8.13)

Ecm R, (f) =exp(—A1), 10 Ao =D 4.

i=1

Jlns moce10BaTeNIbHOTO COSMHEHHS DJIEMEHTOB BEPOSTHOCTH 0€30TKa3HOM pabOThI
YMHOKaI0TCsl, @ UHTEHCUBHOCTH OTKa30B CKJIa/IbIBAIOTCH.

[Tockonbky Rj(t) < 1, 6€30TKa3HOCTH CUCTEMBI U3 MTOCJIEIOBATEILHO COCTMHEHHBIX
2JIEMEHTOB MEHbIIIE 0€30TKa3HOCTH Jr000T0. [T03TOMY B IEepByIO Ouepeb ClIeayeT
3a00TUTHCS O TMOBBIIICHUN HAJIE)KHOCTH HanOosee HedPPEKTUBHOTO FIEMEHTA.

PaCCMOTpI/IM CUCTEMY U3 II MAPAJUICIIbHO-COCAUHCHHBIX 3JICMCHTOB. OTKa3 CHUCTEMBI
HACTyIacT, CCJIN OTKAa3aJIh BCC 3JICMCHTBI CUCTCMBI. OTO - HE3aBUCHMbIC COGBITI/ISI, MMOSTOMY

Fo=[1F0. (8.14)

rae Fi(t) - BepossTHOCTH OTKa3a 3JeMeHTa.
Orcrona

1= R0 =] (- R @),

Rc(t):l—li[(l—Rl.(t)). (8.15)

I[JISI napalICJIbHOI'O COCANMHCHUSA BCPOATHOCTU OTKA3a 3JICMCHTOB IICPEMHOKAIOTCA.

N3 cootHomenuii (8.14), (8.15) cnexyeTt, uTo 6€30TKa3HOCTH CUCTEMBI C IMapauIeTIbHO
COCIUMHCHHBIMU 3JICMCHTAMU BBIIIC, YEM 663OTKa3HOCTB OAHOT'O 3JICMCHTA. C YBCIIMUCHUCM
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YHcIia 3JIEMEHTOB 0€30TKa3HOCTh MOHOTOHHO, HO € OCJIA0JISAIONMIECCS MHTEHCUBHOCTBIO,
pacrer.

XapakTepHUCTUKH HAJIC)KHOCTH, TTOJTy9ICHHBIC B HACTOSIIIIEM Tlaparpade, mpuBeICHbI B
Tadi.3.

8.4. IToka3aTes HaIC;)KHOCTH CUCTEM 0€30I1aCHOCTHU

Pazaugaror CJICOYIONIMC ITOKAa3aTCIIn:

BEPOSITHOCTH HeCpaOaTHIBAHUS CHCTEMBI Ha TPEOOBAHUE - BEPOATHOCTH PEObIBAHUS
CHCTEMBI B HEpaOOTOCIIOCOOHOM COCTOSIHUM (TP HACTYIUICHUH CUTHAJA Ha €€
cpabaThIBaHUE);

BCPOATHOCTDH OIICPATUBHOI'O Hecpa6aTI>IBaHI/I$I - BEPOATHOCTb TOT'O, UTO CUCTCMA HC
BKJIFOUMTCA B pa60Ty IIpU IMOCTYIVICHUU CUT'HAJIa Ha €€ Cpa6aTBIBaHI/Ie MW BKIIKOYHUTCA, HO
OTKaXXCT Ha 3aJaHHOM HHTCPBAJIC.

Bbruncium BeposITHOCTh ONEPaTUBHOTO HECPAaOaThIBAHUS AJISi CHCTEMBI, KOTOpasi B
IEeJISIX MTOBBIIICHUS €€ HA/ICKHOCTH MPOBEPSIETCS ¢ epuoauaHocTbio T. Byaem cunrars, 4To
OTKa3bl SBJIAIOTCS CKPBITHIMU (T.€. HE JUArHOCTUPYIOTCS), @ BOCCTAHOBJICHHE
pabotocniocoOHOCTH - MTHOBEHHBIM. B MomenT T+0(t) cuctema padorocrnocobna
(BoccranoBineHa). [{ns mo6oro natepsana dt B OKpecTHOCTH TOUKH t (t, t+dt), t € (0, T) mmm t
€ (T, 2T), nonaraeM 0IMHAKOBOI BEpPOSITHOCTh NOCTYIUIEHUSI CUTHAJIA HAa cpabaThIBaHUE,
koTopas paBHa dt/T. Takoe mpeanoaokKeHne MOXKET Ka3aThCsl €CTECTBEHHBIM, HO MOXET U
OCIIapHUBATKCS, OTHAKO 3TO HE MMEET NMPUHINITHAILHOTO 3HAYEeHHUs. BajkHO, UTO BEpOATHOCTH
cUrHaia Ha cpabaTbiBaHHe 3a BpeMs T u3BectHa kak ¢pyHkuus t€(0, T).

BeposiTHOCTh MpeObIBaHUSI CHCTEMBI B MOMEHT t B HEpaOOTOCTIOCOOHOM COCTOSIHHH
o6o3HaunM V(t):

V(t)=F(t)=1-exp(=At) = At(£(At)’ /2). (8.16)

PaccMmoTpuM BeposITHOCTh HecpabaThIBaHUS CUCTEMBI Ha TpeboBaHue 3a nepuoa T. s
3TOro TpeOyeTcs OAHOBPEMEHHOE HACTYIUIEHHE JBYX COOBITUM: B epuo dt moctynaet
CUTHAJI Ha cpabaThIBaHKE, B MIEPUO]] t CHCTEMa CTAHOBUTCS HEPAOOTOCTIOCOOHOM.
CrnenoBartenbHO, HCKOMasi BEPOSTHOCTh €CTh MPOU3BEIEHUE BEPOATHOCTEH cOOBITHI. UTOOBI
YUYeCTb JUINTENIBHOCTD Nepuoja T, cielyeT BbIOJHUTh HHTErpUpoBaHue. Takum o0pa3oM,

cat
V(l)y=|—-V(). 8.17
(T) !T 0) (8.17)
[Tpunumas V(t)=\At, noxydaem
T 2
V(T):Iﬂ.ﬂt:i.T_:ﬂ. (8.18)
T T 2 2

Pacuet BeposITHOCTH ONepaTUBHOTO HecpabaThiBaHUs TpeOyeT yuera Kak TOro, 4yTo 3a
nepuon T cucrema MOXeT ObITh B HEPAOOTOCIIOCOOHOM COCTOSIHUU (HE cpaboTaTh Ha
TpebOBaHME), TaK M TOTO, YTO MOCJIEC BKIIOYEHHUS, B pAOOTOCIIOCOOHOM COCTOSIHUM OHA
OTKaXkeT. BeposATHOCTh pabOTOCIIOCOOHOTO COCTOSIHUS CUCTEMBI B MOMEHT BKITtOueHus (1-
V(T)). BeposiTHOCTB OTKa3a CUCTEMBI 3a BpeMsl UHTepBana padoTsl T, mpumem paBHOU A, T, .
CrnepnoBarenbHO, BEPOATHOCTb CUCTEMBI BKIIFOUUTHCS, HO OTKa3aTh 3a BpeMs T , paBHa [1-
V(T)] - AT, (coOBITHS HE3ABUCUMBIE).

BepositHOCTh onepaTuBHOTO HecpabaTsiBanus ecth cymma V(T) u mocnenneit
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BEPOSTHOCTH:

Vou :V(T)‘F[I—V(T)]-EPTP:

AT AT
REIM Gy
z)L?T—l-ﬂ,PTP

nockoabKy AT « 1, A, T, « 1.

(8.19)

I[JISI YMCHBIICHHA BEPOATHOCTHU OIICPATUBHOTO HeCpa6aTBIBaHI/I5I CJICOYCT:

MOBLIIIATE 0€30TKAa3HOCTh DJICMCHTOB,

pE3EpPBUPOBATH JJIEMEHTHI U KAHAJIBI CUCTEM;

o0ecrneuynBaTh BOCCTAHOBJICHHE DJIEMEHTOB ITOCJIE MX OTKa3a. JTa PEKOMECHOaA

CIpaBeIJINBA JJIsl 3alIUTHBIX, JIOKAJTU3YIOMINX, 00ECTICUNBAONINX, YIIPABISIONINX CUCTEM,
PaBHO Kak U MOJCUCTEM HOPMaJbHOU AKCILTyaTaluu.

ITokazatenu HaACKHOCTH HCKOTOPBIX J3JICMCHTOB CUCTCM 0e30ImacHOCTH MMPUBCICHLI

B IIPUJIOKEHUU 2.

XapaKTepI/ICTI/IKI/I HAACKHOCTH 3JICMECHTA C OSKCITIOHCHIMAJIbHBIM pacpCaCICHUCM
Hapa6OTKI/I J0 OTKa3a u HpOCTeI\/'IH_II/IX CHUCTCM.

Taobnuua 3

9JICMCHTOB

OOBeKT Xapakrepuctuka HagexxHoctu | OOo3HaueHue ®opmyna s
BBIYUCIICHHSI
1 2 3 4
OnemMeHT BeposiTHOCTB OTKa3a Ha F(t) 1-exp(-At)
unrepsaie (0,t)
BepositHocTh 6e30TKa3HOU
pabotsl Ha uHTEpBae (0,t) R(t) exp(-At)
NHTEeHCUBHOCTH OTKA30B AMt) A
Cpeusist HapaOOTKa 10 OTKa3a ) 1/A
Cucrema c BepositHOCTh OTKa3a Ha
nocnenoBarenbH |uHTEpBae (0, t) F.(t) ~ Z F ()
BIM COCJIMHEHUEM i
SJIEMEHTOB BeposaTHocTh 6€30TKa3HON
paboTsl Ha uHTEpBaie (0, t) Re(t) H R.(1)
MHTEeHCHBHOCTH OTKA30B Ac(t) z 2.(t)
Cucrema c BeposiTHOCTB OTKa3a Ha
napajuienbHeiM  [mHTEpBaTe (0, t) F.(t) H F (1)
COCJIMHEHUEM i
HEBOC-CTAHABIIN- | BeposTHOCTh O€30TKa3HOM
BAaCMbIX pabotsl Ha uHTEpBaie (0, t) R.(t)

-[17@
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9. MOBBIINEHUE HAJJEXKHOCTU CUCTEM

9.1. IToBblieHre 0€30TKA3HOCTH DJIEMEHTOB

J1st TOBBIMIIEHUST HAICKHOCTH CUCTEMBI CJICYET MOBBIIIATh 0€30TKA3HOCTh BXOISIIINX
B HEe JIeMEHTOB. Eciii B crcTeMe MPUCYTCTBYET HECKOJBKO JIEMEHTOB, TO TIOBBIIICHHE UX
0€30TKa3HOCTH JIOJDKHO OBITH COTJIACOBAHO TaKUM 00Pa30M, YTOOBI pe3yIbTHPYIOIINI
3¢ dexT ObLT HAaNOONBIIUM U TIOCTUTANICS C HAUMEHBIIIMMU 3aTPaTaMHU.

Bnmstare 6€30TKa3HOCTH 3JIEMEHTOB Ha HAJIE)KHOCTh CUCTEMBI PACCMOTPHUM Ha TIpUMepe
aHaJM3a BEPOSITHOCTH ONEPATUBHOTO HECpaOaThIBAHUS AU3EIb-TEHEPATOPHON CTAHIIUU
(ArC). AI'C crannus BKIOYAET TpHU Au3enb-reneparopa ('), paboTaronux mapauieabHO Ha
norpebureneil aBapuitHoro sHeprocHadxkenus. Kaxxmomy JII' cBOMCTBEHHBI OTKa3bl ABYX
BUJIOB: OTKa3 Ha 3aIlyCK U OTKa3 mnpu padbore. OTka3wpl He3aBUCUMBL. OTKa3 Ha 3aITyCK
XapaKTepU3YIOTCS YaCTOTOM (, OTKa3bl MPH pabOTe - UHTEHCUBHOCTHIO OTKA30B A Ha
unrepsane T,. [l pabotel notpedureneil qocraroyno oxnoro JI.

s ananusa HageskHoctu JI'C moctpouM GyHKIHMOHAIBHO-IOTHYECKYIO CXEMY
cTaHiuu (puc.9) u AepeBo 0TKa30B, COOTBETCTBYIOIIEE ITON cxeme (puc.9).

C Y4€TOM BHUJA0B OTKA30B HF BEPOATHOCTB OIICPATUBHOI'O HeCpa6aTLIBaHI/I$I KaXXa0ro u3
HUX

Voui =(q+AT)), 9.1

BepositHocTh onepatuBHOro HecpabaTeiBanus " cranmm

3
Vewe =1 1(a+2T,), =(q + AT,)’ =
i=1

=q’ +3q°AT, +3q(AT,)* +(AT,)’ = (9.2)

(3 i 3
=>|" |4'@T)
i=0 \ !

dusnueckuii cMbIch ocneaneit Gopmel 3ammcu B (9.2) oueBuaeH: otkasz AI'C moxeT
IIPOM30WTH NpH OTKa3ze wiu Tpex [I" Ha 3amycke, unu neyx I Ha 3amycke u onHoro JII' B
pabore (Takux codeTaHuii - Tpu), uinu oxnoro JI" Ha 3amycke u aByx JII' B pabote (Takux
coyeTaHull Toxxe TpH), 1100 npu oTkasze Bcex Tpex I B paboTe.

PaccmoTpuM Bompoc 00 onTuManbHOM BbiOope 3HaueHui q U AT, Ui yMeHbIIEeHUs
3HA4EHUS V. 3ABUCUMOCTD V4 c OT BemnuuHbl q ¥ AT,/q nemoHcTpupyet puc.10.

Amnanms puc.10 nmo3BonseT caenaTh BbIBOJ, YTO 3Ha4eHUs U AT, JOJIKHBI OBITH OJJHOTO
TOPSIKA ¥, HACKOJIBKO BO3MOYKHO, MaJIBIMHU.

A1

J2

13
(3 x 100 %)
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Bepmuna Orkas — I I
i=l
144
Voni Vom Voms
Ortkaz 'l Otkaz 172 Ortxkaz I3
WJIn N N
Orkas OTka3 Otkas Orkas OTtka3 OTka3
npH pu npH npH npH npH
3aIycke pabore 3aIycke pabore 3aIycKe pabote
q }\‘Tp q )\,Tp q )\,Tp

Puc.9. ®ynknumonanbHo-norudyeckas cxema JII' cranuuu (8) u a1epeBo

otkazoB JII" cranmuu (0)

9.2. CtpykrypHOE pe3epBupoBanue. Peseps n - m.

J171st TOBBIIIEHUST HA/IEKHOCTH CUCTEMBI MOKHO HCIIOJIB30BATh PE3EPBHBIC AIIEMEHTHI
(KaHaJBI) B CTPYKTYpPE CUCTEMBI. DJIEMEHTHI MJIM KaHAJIbI JTOJHKHBI OBITh HE3aBUCUMBIMH. [1o7
KPaTHOCTBIO PE3EPBUPOBAHUS TOHUMAIOT OTHOIICHHUE YHCIIA DIEMEHTOB (KaHAJIOB),
HEOOXOIUMBIX JIJISl BBITOJTHCHUST (DYHKIIUH, K OOIIEMY YHCITY JICMEHTOB (KaHAJIOB).
Tunuunele npumeps! pezepBupyeMbix cucteM: 2x100 %, 3x100 %, 3x50 %, 4x50 %, roe
nepBas [uQpa 03HaYaeT YMCIIO SJIEMEHTOB (KaHAJIOB), @ BTOPast -0JF0 KAKI0TO U3 HUX B
BBINOJTHEHNH (PyHKINN cucTeMbl. KpaTHOCTH pe3epBUPOBaHUS B IPUBEICHHBIX IpUMeEpax
1/2,1/3, 2/3, 2/4, T.e. B pe3epBe HaXOIATCS COOTBETCTBEHHO 1, 2, 1, 2 amemenTa (kaHama).

VO.H.C . VO.‘H.C
10 0 ¢
107° 4
10"104
10“12_
10“!4__
10“19__
AT
[} 1 1 _E
T L] ¥
10° 10™* 10 102, 0 ¢

g

Puc.10. Bausaue napametpoB q( )u A( ) Ha BEpPOSITHOCTH ONIEPATUBHOTO
HecpabarbiBanus JII'C
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PaccmoTtpum cucteMmy, KOTopast BKJIFOYAeT N HE3aBUCUMBIX KaHAJIOB, a /Il BHIIOJTHEHUS
HpeAnucaHHbIX QYHKIMH He00X0AUMO M KaHaJIoB (m<n, N-m-pe3epBHOE YUCIIO KAHAJIOB).
Mopnens HanexHocTu cucteMbl: Ha uHTepBaie (0, T) Mexay npoBepkaMu HHTEHCUBHOCTh
CKPBITBIX OTKAa30B PaBHA A¢, ”HTEHCUBHOCTb JIOKHBIX CpabaThIBAaHUM A;. DTH OTKAa3bl
He3zaBucUMBL. B MoMeHT T mpoBepka paboTOCIIOCOOHOCTH M BOCCTAHOBJIEHUE
paboTOCIIOCOOHOCTH MPOTEKAIOT MTHOBEHHO. TpeGoBaHue Ha cpabaTbIBAaHUE CUCTEMBI MOKET
MNOCTYIIUTh C PaBHOW BEPOATHOCTHIO B J1I000i1 MoMeHT t € (0, T).

I1pu 3amycke kaHana CUCTEMBI B pabOTYy HHTEHCUBHOCTb OTKA30B paBHa A, Ha
uHTepBaJie pabotel T . PeMOHTa M BoccTaHOBIICHUH TIpU pabOTe HE TIPOBOIUTCS.

[Tomyuum BbIpaXkeHUe 7151 ONepaTUBHOIO HecpadaThIBaHUSI CUCTEMBI "m u3 n" u
BEPOSITHOCTH JIOKHOTO cpabaThIBaHUS CHCTEMBI.

Cucrema O0TKa3bIBa€T, €CIIM YUCIIO OTKA3aBIINX KaHAIOB OOJbIIIE YHCIIa PE3EPBHBIX, T.€.
paBHon-m+ 1, n-m+2,...,n-m+ m=n. Kaxnupii u3 0Tka3zaBUINX KaHAJOB MOXKET
0TKa3aTh WM BCJEACTBUE OTKa3a MU 3aIlycKe, UK BCIEICTBUE 0TKa3a Mpu padoTe.

BCpOﬂTHOCTI) OTKa3a k KaHaJIOB U3 N OMUCHIBAETCS OMHOMHAIBHBIM pacnupeaciICHUCM:

_ _ n k n—k
FX=k= |4 -(0-9

n
P(X=n-m+l)= " (1= g)"
n-m+l1

WIN : (9.3)

P(X =n)= : q"-(1-q)"

[TockonbKy norudeckast cBs3b 0TKa30B n-m+1, n-m + 2 ..., n KaHAJIOB onpeAemnseTcs
cotozom MJIN (nocnenoBaTeibHOE COEAMHEHUE OTKA30B), TO BEPOSITHOCTh X COBMECTHOI'O
HACTYIUICHUS, T.€. BEPOSITHOCTh ONEPATUBHOIO HeCcpabaTbIBaHUs, IPUOIU3UTENBHO PaBHA (B
CUJIy UX MaJIOCTH) CyMME OTKAa30B:

n

Vo= 2 B(X=0)=

(9.4)

n

-y g (—-gq)"

i=n—m+1

PaccmoTtpum oTka3 npu 3amycke. B 3Tom ciydae BeposiTHOCTh TpeOOBaHMS Ha 3aIyCK
paBHa dt/T, a BeposATHOCTbH OTKa3a B MOMEHT t

F(t)=1-exp(-At)~ At =q 9.5)
CnenmoBartennsHO,
- n i n—i
VOTK.3 ()= Z ; ) (ict) (1= ﬂct) (9.6)
i=n—m+1

[Tockonbky At « 1, B mocieqHEM BBIPAXKEHUH MOKHO COXPAHUTB JIMIIb TTIaBHBIN YJICH:
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VOTK.3 (t) 0 : (lct)n_m+1 9.7)

n—m+1

BepositHOCTh HecpabaThIiBaHUS Ha TpeboBaHue npu 3ammycke 3a nepuon (0, T) Oyner,
CJICZIOBATEIIBHO,

 dt
VOTK.3 (T) = J? ) VOTK.3 (t) =
0 (9.8)

dt =

_j: n ﬂ’:—mﬂ .tn—m+1 n (ﬂ,CT)n_mH
_O n—m+l1 T n—-m+1) n—m+?2

PaccmoTpuM Ternepb COBMECTHO OTKa3bl IpH 3amycke u npu pabdore (A,Tp). g oTkasa
CHUCTEMBI JIOJDKHO OTKa3aTh n-m+1 kanamoB. OTka3 O00JbIIEro Yncia KaHaioB (n - m+2, ..., n)
JaeT Mallblii BKJIaJ B BEPOSTHOCTh OTKAa3a U MOATOMY He yunuThiBaeTcs. OTka3 n - m+1 kaHana
MOJKET TIPOU30MTH, €CITH BCEe KaHAJBI OTKA3aJIH MPH 3aITyCKe HITU TIPH 3aITyCKe OTKA3aJI N - m
KaHaJI, a elle OJIMH - B paboTe, U T.1. BeposTHOCT O0TKa3a Npu 3amycKe i KaHAJIOB U3 N

n\ (A1)
Yomea )=, % 9:9)

0<i<n—-m+l.
BepositHOCTB OTKa3a npu padoTe (n-m+1-1) KaHAIOB M3 OCTABIIUXCS N-i:

|- (lpr)n_mH_i (910)

V T,)=
oric.r(Tp) nemal—i

[Tocneanee BbIpaskeHUE 3aITUCAHO C YYETOM CIIEIYIOMIMX MPEIIOChUIOK:

OTKa3bl 3aIyCTUBIIUXCS B pa0OTY N-1 KAHAJIOB €CTh IUCKPETHAs CllyyaiiHas BeIMYUHA,
OnuchbIBaeMasi OMHOMUANIBHBIM PacIpeleIeHUuEM;

OTKa3 CUCTEMBI U3-32 OTKA30B pa0OTAONINX KAaHAIOB HACTYIAET, €CIIH 00IIee YHUCIIO0
OTKa3aBIINX KAHAJIOB CTAHOBUTCS PaBHBIM N-m+1; €CJIK HEe 3aITyCTHIIOCH 1 KAHAJIOB, TO MPH
pabote "momxHO" 0TKa3aTh n-m+1-1 KaHAIOB.

OmnepatuBHOE HecpabaTHIBAHNE CHCTEMBI IMEET MECTO, €CITH MIPH 3aITyCKe OTKA3bIBAET i
KaHaJIOB, a U pabOTe OTKAa3bIBAIOT U OCTAJbHBIE N-m+1-1 kaHanoB. Takum oOpazom,
COOBITHS OTKA30B COEAMHEHBI JJOTMYECKHU MapajlIeIbHO M BEPOSITHOCTH OTIEPATUBHOTO
HecpabaThIBaHUS paBHA MPOU3BEICHUIO BEPOSITHOCTEH:

Vourc =Vorxs (T)- Vork (T,)=

n—m+1 n /1 T i n—i R (911)
= z . u . .(/IPTP) l
=\ ) i+l \n—-m+1-i

3HAKOM CyMMBI B TIOCIICHEM BBIPAKEHUHU YUYUTHIBACTCS BO3MOXKHBIN THANa3oH
M3MEHEHUS 1 U jorudecku nocienoBarensHoe (MJIN) coenraeHne BepoaTHOCTEH ©
pa3INYHBIMH 3HAYCHUSMU 1.
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HeTpyaHo BUAETh, YTO BEPOATHOCTD JIOKHOTO CpabaThIBAaHUS M JIEMEHTOB U3 N

n
Pr(X=myz| |- (A;T)" 9.12)

9.3. CtpykTypHOE pe3epBupoBanme. Pe3eps - oauH KaHal

Paccmotpum cuctemsl ¢ n=3 1 4 ¢ m=2 u 3. OTH CUCTEMBI OTBEYAIOT IPUHLIUITY
€AMHUYHOTO O0TKAa3a U BBIMOJIHIIOT CBOU (DYHKLIMHU IIPU OTKa3€e KaHaja.

PaccMoTpuM cuctemsl, peAHa3HAUYECHHBIE UIsl TOABO/IA TEILIOHOCUTEIIS B IEPBBIN
KOHTYp npu Teuu TeroHocurens. [lycts n=4, m=3. Paccmotpum pazpsi ['IT u
TpyOOIpOBO/a M0/IBO/IA TEIIIOHOCUTEN. J[eTEepMUHUCTCKUIN aHaIN3 MOKa3bIBaeT, UTO B
ciyuae paspsiBa I'L[T, B peakTop 10JKEH OBITH MOJaH TETUIOHOCUTENb U3 TpeX KaHaioB. Eciu
paspbiBaeTcsi TpyOONpPOBO/ MOBO/IA TEIUIOHOCUTENS OJJHOTO M3 KaHAJIOB, TO B PEaKTOp
JIOCTATOYHO MOAATh TEIUIOHOCUTENb U3 IBYX KaHAJIOB (Masiasi TeUb).

OHpCI[CJ'II/IM BCPOATHOCTDH HeCpa6aTBIBaHI/I$I Ha Tp€6OBaHI/IeI

n (//iCT )n—m+1

Vo (T)= :
or(T) n—-m+1) n—m+2
eci n=4, m=3, TO
4\ (ary _ (ar)’
V T) = . =6- ; 9.13
OTK.3( ) ) 3 3 ( )
eclm n=3, m=2, TO
3) (ATY’ ATY
R LN ORI o.14

2 3 3

BaxHO OTMETUTH, YTO IPU YMEHBIIEHUH N U N-m =1 BEpOSITHOCTh OTKa3a
yMEHbILAETCs. DTO BaXKHBIN pe3ysibTaT. B obmem cinyyae:

eclm n, m=n-1, To

W (ATt (ATV an-1) (AT)

V. (D= | = : 9.15
‘”5'3( =) 3 (n=2)121 3 2 3 O-13)
ecnn n=2, m=1, To
(A7)
Ve =—— (9.16)
2 3
Hu, CJICI0OBATCIIbHO,
"
oIV nn-1)
=_n " 7 9.17)

VOTK.3 I/Z 2

2

Bupa nocnenneit 3aBucuMocTH npeacTaBiieH Ha puc.l1. W3 Hee cienyeT, 4To
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YBEIUYUBATH YUCJIO KAHAJIOB, €CJIM n-m=l (B pe3epBe - OJIMH KaHaJI) HelEeJIeco00pa3Ho.
BapuanT n=2, m=1 Henpuemiiem, Tak Kak MpU pa3pbiBe TPaKTa MOBOAA HE BHIMIOTHICTCS
MPUHIUT €AMHUYHOTO 0TKa3a. JlomycTtumo umeTh n=3, m=2. OaHaKO, €CII IPUHSTO
pelleHre NoABOAUTh BOAY B aKTUBHYIO 30HY CBEPXY M CHHU3Y, TO h=4.

4 4
a0 d
|4
2

10 +

amalpu
e
——
s
-
e
-+

Puc.11. OTHOIIEHNE BEpOATHOCTH HeCpaOaTHIBAaHUsI HAa TPEOOBAHHE CUCTEMBI C N
KaHaJlaMHU K CUCTEME ¢ AByMs KaHaJlaMU

Ecnu BeposiTHOCTH HecpabaThIBaHUS CUCTEMBI C N-M=1, €CJIM BEPOSITHOCTh Pa3phiBa
I'IT %y ¥ BEPOATHOCTD pa3pbiBa NOABOISALIETO TPYOOIPOBOIA HKrp, TO BEPOSITHOCTD
HecpalaThIBaHUS CUCTEMBI ¢ N-m=1

~1) (AT) ~1)(n-2) (AT)
VO.H‘H:)KFL[T"/Z(nz )( 3) +)KTP'n(n ;(n )( 3) (9.18)

9.4. Pe3epBupoBaHNe VIPABISIOIINX CUCTEM

st YCB cyuiecTBeHHOE 3HaUY€HNUE UMEIOT:

(GyHKIMOHATIBHBIN OTKAa3, T.€. 0TKa3 Ha TpeboBaHue, npu kotopoM YCb nomxkHa
BBITIOJIHUTH HEKOTOPYHO Db;

JIOKHOE cpabaTrkiBaHue, (HOPMHUPOBAHKE CUTHANIA Ha BhIOJIHeHUE DB npu orcyTCTBHH
TpeboBanus Ha neiicteue YCb.

bynewm paccmatpuBath Mozienb Y Ch, B KOTOpOi OTKa3bl MOAYUHSIOTCS
9KCIIOHEHIMAIbHOMY PAaCIPEENICHUI0 C TapaMeTpaMu Ay U A, cooTBeTcTBeHHO. Kanansl YCb
IPOBEPSIOTCS Yepe3 MPOMEXKYTOK BpeMeHH T, paboToCIoCOOHOCTh KaHAJIOB IPH STOM
MT'HOBEHHO BOccTaHaBiuBaeTcsi. CurHai Ha TpeboBaHue B 1000 MmoMmeHT t € (0, T) nmeet
OJIMHAKOBYIO BEpOATHOCTb. [IpH 3TUX MpennochlIkax BEpOsITHOCTh OTKa3a Ha TpeOOBaHUE

A,T
y="2 (9.19)
2
a BepOHTHOCTB JIOZKHOI'O Cpa6aTBIBaHI/I$I
P,=A,T (9.20)

Jist CHIDKEHHSI BEPOSTHOCTH (PYHKIIMOHAIBHOTO OTKa3a €CTECTBEHHO MPUMEHUTH
napajuieNIbHOE coeMHeHne KaHanoB. OTHAKO TP TOM BEPOSITHOCTH JIOKHOTO
cpabaThIBaHMsI TayKe BO3PACTACT: JIO)KHOE cpabaThIBaHUE JTIOOOTO U3 MapajuieIbHO
COCAMHCHHBIX KaHAJIOB BbBI3bIBACT JIOKHOC CpaGaTBIBaHI/Ie CHUCTEMBI (HOCHC,Z[OB&TGHBHOG
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COCTMHECHUE).

I[J'IH YMCHBIICHUS BEPOATHOCTH JIOKHOTO Cpa6aTLIBaHI/I$I MpuemMIIeMoO
MMOCJICA0BATCIIbHOC COCANHCHUEC KaHAJIOB, B 9TOM ClIy4ac AJIisd JIOKHOT'O Cpa6aTI)IBaHI/I$[
JOJIDKHO HpOHSOﬁTH JIOXKHOC Cpa6aTBIBaHI/Ie ABYX KaHaJIOB OIHOBPEMCHHO (T.e. COCIUHCHHUC
ABJIACTCA TAapaJIJICIbHBIM B JIOTUKE JIOKHBIX CI/IFHaJ'IOB).

OTMeueHHas MPOTUBOPEUNBOCTD MpHBENa K pezepBupoBanuio YCb ¢ ncnonb3oBanueM
CTPYKTYPHO-JIOTHYECKUX CXEeM THIa "'m U3 n", Koraa s OpMUPOBAHUS KaK
(GYHKIIMOHATIBHOTO, TaK U JIOXKHOTO CUTHAJIa IOJDKHO HACTYNUThH COBMA/ICHUE M. CUTHAJIOB
kaHajoB YCbB u3 ux oOuiero uucia n.

[TpocTeimmmM MpuMepoM CTPYKTYPHO-TOTHUECKON CXEMbI TAKOTO BUJA SIBIISIETCS
cucrtema "aBa U3 Tpex', KOTopast yAOBIETBOPSAET NIPUHIUITY €AUHUYHOTO OTKa3a 10
OTHOIICHHUIO K JIO)KHOMY cpabarbiBanuio. Cuctema "oJIuH U3 ABYX'" TaKUM KaueCTBOM HE
o0nagaer.

BeposiTHOCTh (PyHKITMOHATHHOTO OTKa3a AJis CUCTEMBI "'m u3 n"

ﬂ,T n—m+1
V= " .% (9.21)
n-m+1l) n—m+?2

a BEPOATHOCTD JIOKHOI'O Cpa6aTLIBaHI/I$I JUIA TOM K€ CUCTEMBI
n m
By=| |- (T) (9.22)

3nauenus V u P, s cuctem "nBa u3 tpex", "oaun u3 aByx" u kanana YCb npuBeneHsl
B Tab1n.4.

Tabnuma 4
CpaBHeHue BeposiTHOCTEM 0TKa30B YCb
BepositHoCcTH Cucrema
OTKa30B "TBa u3 Tpex" "OauH U3 ,Z[ByX" Kaunan YCB

2 2

CDyHI(I_[I/I({;{aHBHOFO (A,T) (A,T) AT

3 2
JloxHoro cgjefarmnanm 3(A,T) 2(4,T) A, T

N3 Tabauiel BUAHO, YTO JUIsl CUCTEMBI ""Ba U3 TpeX' yBEIMYMBACTCS BEPOSITHOCTD
(YHKIIMOHAJIBLHOTO OTKAa3a M0 CPAaBHEHHIO ¢ CUCTEMOM "0aMH U3 ABYX" (YMEHBIIAETCS 101
pe3epBHBIX KaHatoB ¢ 1/2 no 1/3). Ho ans cuctemsl "nBa u3 Tpex'" CHMXKAETCS BEPOSITHOCTD
noxHoro cpabareiBanus B (3/2)(A;T) pa3 mo cpaBHEHHUIO C BEPOSATHOCTHIO JIOKHOTO
cpabaTpIBaHMs J1s1 CUCTEMBI "ouH U3 AByX". Tunuuabie 3HaUeHUS Agp = Ay ~ 10-8 1/4,
T=720 41 (30 cyTok) natot 3HaueHue Al ~ 10-2, T.e. BEepOSITHOCTD JIO)KHOTO cpabaThIBAHUS
JUIs1 CUCTeMBI "IBa U3 Tpex'" yMEeHbIIAETCs Ha JABa MOpsIKa.
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9.5. O BaugHun Maciuradba pe3epBUPOBAHUI

JI71s TOBBIILICHNST HAJISKHOCTH CHCTEMbI MOXKET OBITh HCIIOJIb30BaH MOIXO/I,
3aKIIIOYAIOIIUICS B Pe3epBUPOBAHNH KaHAJIOB, T.€. YaCTEH CHCTEMBI, BKITFOUAEMBIX JIOTHUECKH
napauIeIbHO U CITY)KaIlMX IS BHITTIOJIHEHNS HICHTUYHBIX (yHKIui. Enuannei
(MacmTaboMm) pe3epBUPOBAHUS B TOM CITydae sIBIISICTCS KaHal.

OpnnHako, UCIOJIB3YS DJIEMEHTBI, BXOJAIINE B COCTAB KaHAJIOB CUCTEMBbI, MOXKHO
pe3epBUPOBATH KaXAbIH JIEMEHT U COEIUHATH PE3EPBUPYEMBIE JIEMEHTHI IOCIEA0BATEIBHO.
Taxoe coenHEHNE TEMEHTOB B CHCTEME Ha3bIBA€TCS KOJUIEKTOPHBIM, TIOCKOJIBKY (DYHKLIUU
UJICHTUYHBIX 3JIEMEHTOB BBITIOIHSIOTCS, €CTH (YHKIIHOHUPYET 00BETUHSIOMINI X SJIEMEHT -
"KoJekrop".

CTp}IKTypHO-J'IOFPILICCKI/Ie CXCMbI KaHAJIBHOT'O U KOJIJICKTOPHOTO BAPHUAHTOB CUCTEMEI C
HCIIOJIb30BAHUECM OJUHAKOBOI'O KOJINYCCTBA 3JICMCHTOB IIPUBC/ICHBI HA PUC. 12, auoO.

\VaVA

a 0

Puc.12. KananpHoe (a) u koiuiekTopHOE (0) pe3epBUpOBaHUE CHCTEM

Ecnu oTKa3bl 21€eMEHTOB UMEIOT BEPOATHOCTb (jj, TAE 1 - HHAEKC (QYHKIIMOHAIBHOTO
DIIEMEHTA, ] - €r0 KPAaTHOCTh B CHCTEME, TO BEPOATHOCTh OTKa3a KAHAITLHOU CUCTEMBI (CM.
puc. 12,a)

n

k
Vewr =1 1| D4y |- (9.23)
j=1

i=1
A€ N - YUCJIO 3JICMCHTOB B KaHAJIC, k - 4KCII0 KAHATIOB B CUCTEME.

[Ipu ToM e BEpOATHOCTH OTKA30B AJIEMEHTOB BEPOSTHOCTh OTKa3a KOJUIEKTOPHOM
cuctemsl (cMm.puc. 12,0)

n

k
Vior 2. T4, |- (9.24)
j=1

1
A€ n - 4uciio Q)YHKL[I/IOHEIHLHBIX DJICMCHTOB, k- KpPaTHOCTb UCIIOJIb30BAHHUA 3JICMCHTOB.

Herpynno Bunets, uto Vian > Viorr:

n

k k
[T 29 :H(qu HEEY +"'+qnj):

j=1 \i=l j=1 (9.25)
(g +-+qn) (g +- 44, )

n

k
Z qu'j = (ql'l'ql'z"“'qik):

=it 5 (9.26)

N

=G G @) (@ Gy G ) (G Gy D)
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CnenoBaTeabHO,

k n n

k n
H i :Z Hqij + Z (‘111'qp2'---'qx<k) (9.27)
1 =l

j=1 \i= i=1 j= I=p,...l=x
Lp,.x=1

OTKYZa U CIIEyET HCKOMOE HEPABEHCTBO, TaK KaK B CHILy (;j > 0, mocaennuit wien > 0.

Ecmu n=3, k=2, qi=q, T0

2 3
Vi = H q|= (3‘])2 = 96]2 (9.28)
1 1
3 2 s
Veorn =2, [ 14 |=34 (9.29)
1 1
Vs =V eon (9.30)

OpnHaKo TakKuM pe3yJsIbTaT OyAeT, TOIBKO €CIIM HE YIUTHIBATH BO3MOXKHBIC OTKA3bI
KOJUIEKTOPOB (CUUTAst X MAJIBIMU).

9.6. Posib cBOMCTBA caMO3aIIMIIEHHOCTH PEAaKTOPHON YCTaHOBKH

CBoiicTBO camo3amuiieHHocTH PY 3a cuer 01aronpusSTHRIX OOpaTHBIX CBS3EH U
JMHAMHYECKHUX CBOWCTB JJa€T MIEPCOHATY pe3epB BPEMEHH JUIS YIIPABJICHUS MTPOIIECCAaMHU, YTO
CYIIIECTBEHHO YMEHBIIIAET 3HAUE€HNE BEPOSTHOCTH OTKA3a.

[IponemMoHCTpHpyeM 3TO Ha IPUMEPE CHCTEMBI, UMEIOIIEH SNIEKTPOYIIPABIIEMYIO
apmarypy, cucteMy ympaiieHus padotoit apmatypsl (YC) u nomyckarolien pyuyHoe
OTKpBITHE apMaTyphl iepcoHanoM. CBOICTBa caMO3alTUIIIEHHOCTH OMPEIENSIOT PE3epPB
BpeMeHHU (OKOJIO Yaca), B TEYEHUE KOTOPOTO ONepaTop (B cliydae HEUCIPABHOCTH CUCTEMBbI
yIOpaBlIEeHUs ) MOXKET BO3JICHCTBOBATh HAa apMaTypy, oOecrieunBas TEM CaMbIM BBITIOJTHEHHE
@b cucremsl.

Cxema paccmaTprBaeMOl CUCTEMBI IpUBECHA Ha puc.13. Apmarypa He
BOCCTAHABJIMBAETCA 10 TPOBEPKH, MPOBOIUMOM uepe3 BpeMst T. THTEHCUBHOCTh OTKAa30B
apMaTypsl A. BeposTHOCTB OTKa3a yImpasisioniel cucreMsl - . OnepaTop aeicTByeT
0e301H1O0YHO.

o)
Telel-E

Puc.13. CTpyKTypHO-TTOTHYECKAsI CXeMa CUCTEMBI

1 - ynpaBmstomas cucrema, 2 - paboTa nepcoHana, 3 - apmaTypa.
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BeposiTHOCTB O0TKa3a cucTeMBI 0€3 yueTa poJu orepaTopa onpenensieM no jgoruke 10
(puc.14).

OTKa3 CUCTEMBI

N
P4 P2+y P2+y P2y
OTKa3 OTtka3 1Byx Ortka3 1Byx OrKa3 1ByX
YEeTBIpEX apMmaryp u apmaryp " VC
apMaryp VC vC
Ortka3 Ortka3 Ortka3s Ortka3 OTka3s Orka3
apmary | | apmarty | | apmaty | | apmarty apmarty | | apmary | | Otkas Otkas | | Otka3
pBI pBI pHI pHI pHI pHI yC yC yC
Nel No2 Ne3 N4 Nel Ne2

Puc.14. [lepeBo oTka3zoB

BeposTHOCTB OTKa3a yeThIpex apMaTyp, IBYX apMaTyp M YNpaBISIOLIEH CUCTEMBI, a
TaK)Ke JIBYX YIPABJIAIOIINX CUCTEM COCTaBJISET:

T 4
dt AT
R R e
o ) (9.31)
dt At
P, ()=(A)-q—> P, ()= j?(,u)z q :%.q
0
P,=q
CJIC,Z[OBaTeHLHO, BCPOATHOCTL OTKa3a
ar)t_(ary’
y L)Ll 3) q+q 932)

VYuer posn onepaTopa SKBUBAJIEHTEH OTCYTCTBHIO OTKa3a yIpasistoieil cucremsl: q = 0.
IToaTomy

Vor =——— (9.33)

JI1s1 TUITMYHBIX 3HAYCHUH A = 10 1/4, T= 8-10° q,q= 102
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(8:10%) 2, ]
V:—+—(8-10 ) 1024+10%=15-107",
5 3

(8107

Vo = =819-10°10.8-10.

3HaveHHS BEPOSITHOCTEH pa3auvaroTcs 0oJjiee 4eM Ha TOPSIOK.
10. OTKA3BI ITO OBIIEN ITPUYNHE

10.1. Kinaccuduranys 0OTKa30B I10 00LIeH IpUYNHE

OTka3sl 1o 001Iel TPUYHHE - 0TKa3bl HECKOJIBKUX 3JIEMEHTOB B OJIHOM MIJIM Pa3HBIX
cUcTeMax, BO3HUKAIOIIUE B PE3YJIbTATE OJHOIO UCXOJHOIO COOBITHS, OTKa3a OJTHOTO
YCTPONCTBA UM OIIMOKH B MPOIIECCE CO3/IaHMsI, IKCIUTyaTaIllil CUCTEMBI.

OTka3bl Mo 001IeH MPUINHE €CTh CJIEICTBHE OOITHOCTH:

MECTa PACIOJIOKEHHS, YCIOBUIM paboThI;

BCIIOMOTaTENbHBIX CUCTEM (YNPABIISAIOLINX, 00ECIIEUNBAIOIINX );

croco0O0B TEXHUYECKOT0 00CTYKUBaHUSI, IPOBEPOK, PEMOHTOB;
KOHCTPYKTHUBHBIX M TEXHOJIOTHYECKUX PEIICHHIA, HCIIOIb3YEMBIX MAaTEPHAIIOB.

VYKka3zaHHBIE OOIIHOCTH MOTYT OBITH OCHOBOM KJIacCH(HKALIMU OTKA30B 10 001ei
IpUYMHE, IPUBEACHHON B Ta01.5.

[TpuBenenHas kiaaccupuKays CBUIETEIbCTBYET, B YACTHOCTH, UTO OTKa3bl O o0IIeH
NPUYHHE MOTYT OBITH CBSI3aHBI C JIFOOBIM 3TANlOM YKM3HEHHOTO ITUKJIa CUCTEMBI (YCTAaHOBKH).
N3HOC cucTeMBI SBISIETCS IPUMEPOM OTKa3a 1o 001Ieil MpuuuHe, HOITOMY
IpeycMaTPUBAETCS] CBOEBPEMEHHAs 3aMEHA BAKHOTO ISl 0€30MaCHOCTH 000py10BaHUS 10
HACTYIUICHUS [IEPUO/1a CTAPECHHUS.

CucreMHOE nccieloBaHUE Iy Te pa3BUTHS aBapUU C UCIIOJIb30BAHUEM "'epeBa
COOBITUI" MPOBOJMUTCS C YYETOM OTKA30B MO 00IIeH NpUYMHE, KaK 00YCIOBIEHHBIX
HCXOIHBIM CO6I)ITI/IGM; TaK 1 BO3HUKAIOIIMX B ITPOLCCCE PA3BUTHA aBaApUH.

10.2. Orka3sl 110 00111€el MPUYNHE BCIEACTBUE UCXOIHOTO COOBITHS

3eMIeTpsiICeHHE MOKET ObITh MPUINHON MHOTOUYUCIICHHBIX OTKa30B 000pYI0BaHUS U
cucteMm. [ToaTomy Bce coopyskeHus, 000pyTOBAHUE M CUCTEMBI TPOSKTUPYIOTCSI CTOMKUMU K
MaKCHMaJbHOMY pPacYeTHOMY 3€MIIETPSICEHHIO, OAMITLHOCTh KOTOPOTO 3aBUCUT OT MECTa
pacnionoxxenus AC.

[Tanenue camonera, Bo3eHCTBHE y1apHOM BosHBI HA AC aHAIOTUYHO 3€MIIETPSCEHHUIO,
HO XapaKTEepU3yeTCs 3HAUUTEIbHBIM Pa3pyILIEHUEM YacTH YCTAHOBKH, BO3MOKHOCTBIO Havaja
noxapa. 3almuTHas 000JI04Ka WK jKe1e300€TOHHAs I11aXTa, IPYTHe COOPYKEHUS U
koHcTpykunu AC, pa3HECEHUE KaHAJIOB CUCTEM 0€30IIaCHOCTH B IIPOCTPAHCTBE CIIyXKaT LENIN
CHIDKEHHSI BEPOATHOCTH 3HAYUTEIBHOTO pa3pylleHUs], IOTEpH YIIPABICHHUS yCTaHOBKOM.

[Toxap siBisieTcst OAHUM U3 HanboJiee ONaCHbIX HICTOYHUKOB OTKA30B IO 0011ei
-1
npu4MHEe (MHTEHCUBHOCTD NoXkapoB okosio 107 1/rox). Hanbonee BeposTHBI OXkKaphl B
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CHCTEMe Ta30yAaJICHUs, MACISIHBIX CUCTEMaX, CUCTEME IEKTPUIECKUX Kabenel, Ha Tu3elb-
re’eparopax, TpaHcopMaTopax, yrojabHbIX GuiIbTpax. IcTOUHMKaMH OKapOB SIBIISIOTCS
B3pBIB raza, KOPOTKOE 3aMbIKaHHE B cUCTeME Kabelel, MonajgaHue Macia Ha TOpsiuie y4acTKU
000py10BaHUs, HEOCTOPOKHOCTh B OOpAIllEHUH C OTKPBITBIM OTHEM IIPU PEMOHTAX.

JIJIst 321U TRI OT MOKAPOB TPEIYCMATPUBAIOTCS TPU YPOBHS 3aIHTHI:
NpeOTBPAICHHE BOSHUKHOBEHUS;

ObICTpOE OOHAPYKEHUE U JTMKBHUIALINS;

N0XKapo0e30MacHOe UCTIOJHEHUE CUCTEM U 000PYI0BaHUSI.

OTKa3bl IO OOITUM MPUIMHAM MOTYT OBITh CBSI3aHBI TAKXKE:

CO B3pPBIBOM BOJIOPO/IA;

¢ 00pa3zoBaHMEM JICTSIINX MTPEIMETOB, CTPYH BOJBI M MTApa MPU pa3repMeTH3aIHN
00opya0BaHus U TPyOOIIPOBOIOB;

3aTOIUIEHUEM, 3allapUBaHUEM MTOMEILEHUH, 00YCIOBIEHHBIMH pa3repMeTu3annei
COCYJI0B, TPyOOIIPOBO/IOB.

JI1s1 CKIIr0ueHns B3phIBOOIIACHBIX KOHIIEHTPAUKA BOJOPOAA IPUMEHSIOTCSA
JO’KUTATEN BOJOPOA, BEHTWIALNA TOMEIEeHUH. /J[nHaMudeckoe BO3EICTBHIE TPEAMETOB U
CTpYH YUUTBIBAETCS MPU Pa3MEIICHUN BaXHBIX JIJIs1 0€30M1aCHOCTH CUCTEM U 000PYAOBAHUS.
OTBOZ BOABI U MTapa B CUCTEMBI JIOKAIM3ALUH SIBJIETCS MEPOM, CHIYKAIOLIEH OITaCHOCTh
3aTOIUICHHS U 3allapUBaHMS BXXHBIX Ui GyHKIHOHHpoBaHUs Chb momMerieHuii.

Ananuz I[C npeaAyCcMaTpuBacT BBISIBJICHUEC BCCX 3dBUCUMBIX OT UCXOOHOT'O COOBITHS
OTKa30B.

10.3. 3aBucHMBIE OTKa3bI B IIPOIIECCE aBAPUU

Cuenapuii aBapuu npezrnoaraeT uccieoBaHue BO3CHCTBIS aBapuu Ha Oapbepbl
6e3onacHocTi. Oco00e BHUMAHUE CIEAYET yACIUTh BO3MOKHOCTH BO3/ICHCTBUSI aBapHH HA
HECKOJIbKO OaphepoB 0€30MacCHOCTH.

Hanpumep, pazrepmeTusanusi CHCTEMBbI IEPBOTO KOHTYpA SBJSICTCS HAPYIICHHEM 3TOTO
Oapbepa O6e3omacHOCTH. B To ke BpeMs Takas aBapus MOKET IPUBECTH K TIEPETPEBY U
pasrepMeTu3anuu 000JI04eK TBAJIOB, JaKe TUIABJICHUIO TOIUIMBA, a TAKXKE CO3/1aeT OMACHOCTb
paspymenus Jokaausytomux cucteM AC, T.e. co31aeT OMacHOCTb IS IBYX IPYTUX
6apbrepoB. UTOOBI HCKITIOUUTH 3aBUCUMBIE OTKa3bl, TPeOyeTcsi CO3JaHHE COOTBETCTBYIOIINX
CBb, opranusyromuyx HaJIe)KaIlyo 3auuTy 0apsepoB 0€30MMacHOCTH.

JpyruM npumMepom 3aBUCUMBIX OTKA30B SIBIISIETCA OTKA3 aKTUBHOW CUCTEMBbI
aBapUIHOIO OXJIAKICHUS PEAKTOPa U aKTUBHOW CHCTEMBI CHUKCHHMS JaBJICHYS B 3aILIUTHOM
000JI0YKe TPU OTKA3€ CHCTEMBbI HaJICXKHOTO JIEKTPOCHAOKEHHUS.

MHOKeCTBEHHBIC 3aBHCHMBIC OTKa3bl MOTYT OBITH CJICICTBUEM OIIMOOK ITePCOHAA.
Haubounee omacHble OIIUOKU:

OJIOKMpPOBKA aBapHHOTO curHaja npu cpadaTeiBanuu Chb;
HenoakmoueHne Chb mocne TeXxHu4eckoro o0CIy>KUBaHHUS WIM PEMOHTA;
npexaeBpeMenHoe oTkioyeHue Chb.

YcTpaHeHue 0TKa30B M0 o0Ieil mpuurnHe TpeOyeT BBEACHUS CIIEUATBHBIX MEp.
BaxnHelMu u3 HUX SIBJISIIOTCS CIETYIOIINE:

(1)I/I3I/I‘-IGCKOG pasacJICHUEC KaHAJIOB CUCTCMBI C Pa3MCIICHUEM UX B OTACIIbHBIX
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MOMEILEHUSX;
pa3paboTka 000py0BaHUs, TPYOOIIPOBOIOB ¢ HEOOXOIUMBIMH 3arlacaMy IPOYHOCTH;

KaHaJIbHOC HCITIOJIHCHHUEC KaK 3alllUTHBIX, TaK U H€O6XOI[I/IMBIX JJIA UX
(YHKIIMOHUPOBAHUS 00CCIICYMBAIONINX U YIPABJISIOMIUX CUCTEM (KaHAJbI HE OyTyT UMETh
00IIMX 2JIEMEHTOB);

IIPUMEHEHNE KaHAaJI0B Pa3IMYHOTO MPUHIMIA IEHCTBUS, BKIOYAEMbIX [10 CUTHAILY
YCTPOMCTB pa3aIu4HON (PU3NYECKON MPUPO/IbI, OPraHU3alus UX IPOBEPKU, PEMOHTA,
00cCITy>)KHBaHUE C IPUBJICUECHUEM PA3JINYHBIX, B TOM YHCJIE IPUIIIALIAeMbIX U3BHE,
ucnonauTenen. [IpoBepka KaHamoB JOMKHA TIPOU3BOAUTHCS 0€3 BBOJIA TOTIOJTHUTEIBHBIX
CBA3EH B CUCTEMY.

10.4. KonnuecTBEeHHBIE XapaKTEPUCTUKU OTKA30B I10 00Iel OpUIrHE

Crioco0 KOJIMYEeCTBEHHOTO y4eTa OTKa30B 10 00IIel MpUInHE OCHOBAH Ha
MPEANOJI0KEHUH, YTO CUCTEMA, COAEPIKAIasi OTHOTUITHBIE 3JIEMEHTHI, MOKET BBIXOJUTH U3
CTpOS BCIIE/ICTBUE HE3aBUCUMBIX, IBOMHBIX, TPOMHBIX OTKa30B. IHTEHCUBHOCTH IBOMHBIX U
TPOMHBIX OTKA30B BBIPAXKAeTCA B JOJSAX OT MHTEHCUBHOCTH HE3aBHUCUMOTO OoTKa3a. Ecmu A -
WHTEHCHUBHOCTh HE3aBUCHUMOI'O OTKa3a, TO MHTEHCUBHOCTh TBOMHBIX OTKA30B OyA, @ TPOHWHBIX
03\, CymmapHas MHTEHCUBHOCTh OTKa30B

Ay = A+ 8,4+ 80=2-(1+5,+5,) (10.1)

CorytacHO UMEIOIIIMMCS OTIBITHBIM JIaHHBIM Oy U O3 He npeBbimatot 0,1 u 0,01. Otn
HpeI[eJILHbIe 3HAUYCHUSL I/ICHOJIBSyIOTCH, CCJIN HCT 60.]186 TOYHBIX JAHHBIX, JJI4 OLICHKHU pOHI/I
OTKa30B 110 obmiel npuunHe. [IpuBenemM npuMepsl TAKOTO yueTa OTKA30B.

BrinonHNM OLIEHKY BEPOATHOCTH OTKa3a cucteMbl u3 Tpex I, ecnu 1uist BeIMOIHEHUS
bynkumii toctatouno oguoro JII'. Ilpeamomnaraercs, 4To BEpOATHOCTH HE3aMycKa JIF0O0To
oanoro [II' q = 3-10'2, a Ha OJMH HE3aBHUCUMBIN OTKA3 MIPUXOJAUTCS 107! JIIBOMHBIX U 102
TPOMHBIX OTKA30B.

Otka3 cucTteMbl IPOU30UIET B CIAEAYIOUIUX CIIydasiX:
otkaxyT (He3aBucumo) tpu A (q);

otkaxyT aBa [II' u omHOBpeMeHHO oTka3 ogHoro I OyaeT qBOMHBIM (BEpOSTHOCTh
JIBOMHOTO OTKa3a (0, BEPOSITHOCTh 0TKa3a Tpex JI - q282‘3, TaK KaK YMCIIO COYETaHUM U3
"Tpex no aBa" paBHO 3);

oTkaxxeT onuH I, 1 3TOT 0TKa3 OyAeT TpoiHBIM (q03°3).

Paccmotpennsie coObiThst cBsi3anbl Jorukoit MJIN, T.e. mornyecku mocaea0BaTebHbI.
[TosTOMy BEpOSATHOCTh OTKa3a cucTeMsl U3 Tpex I paBHa cymme pacCMOTPEHHBIX
BEpPOSITHOCTEM:

Voue=4+3¢-8,+3-q-6,=(3-107) +3-(3-107)*- 0.1+
+3-(3-102)-102=27-10°+27-10° +90-10~° = (10.2)
=120-10°=12-10"*

3 MOJIYUCHHBIX 3H3.‘-ICHPII>1, COCTAaBJIAIOHINX BEPOATHOCTHU OTKa3a CUCTCMbI, BUIHA
omnpeacisaromas poJjib TpOfIHBIX n ,I[BOI>'IHI>IX 0TKa30B, €CJIN BEPOATHOCTb HE3aBUCUMBIX
OTKa30B JOCTATOYHO Maja.

PaccMoTpuM BeposSTHOCTH ONEpaTUBHOTO HecpabaThIBaHUS CUCTEMBI, IOCTPOSHHOM 1O
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KaHaJHbHOMY M KOJUICKTOPHOMY TPUHITUTIAM, ITOJIarasi, 9TO y BCEX Pa3HOTHUITHBIX JJIEMEHTOB

KaHAJIOB (KOJUICKTOPOB) BEPOSITHOCTH OTKA30B OJIMHAKOBBI U PABHBI (, B KAHAILHOW CUCTEME
¢ 1

0,=0, a B kouiekTopHO# 8,=10"". CxembI cuCTeMbI TPUBEJEHBI HA puC.12.

OTKa3 KaHaILHON CUCTEMBI HpOHSOﬁHeT, €CJIN OTKAXYT o0a kaHaja:

Vian=3- Q)2+3 q- 52' (10.3)

HepBoe cJIaraeMoe€ XapakTepu3yeT BEPOATHOCTb HE3aBUCUMBIX OTKAa30B, BTOPOC - JIBOMHBIX.

OTKa3 KOJUIEKTOPHON CUCTEMBI - OTKa3 0000 U3 "KOJIJIEKTOPOB":

Ecimn q = 107, To

V

Vion =3-9°+3-q-6, (10.4)

Vi =9-107%,

von =310 +3.107%-107"'=3-10"%+3-107°=33-10""

Ta0nuua 5

Knaccudukanus oTkazoB mo o0meit npuanHe

[IpyrurHa 0TKa30B

Bo3zaeiicTByromuii hakTop

1

2

OO01HOoCTL MecTa
PAcCIIONIOKEHHSI U YCIIOBUH
paboTHI

VY ciioBUS OKpYyXKaKOIIEH Cpebl: TeMIepaTypa, 1aBiIeHueE,
BJIQXKHOCTH, BUOpAIIMH, OTJIOKEHUS, KOPPO3HS, SPO3HSI,
paauanys, CTaTHYeCKOe IEKTPUUECTBO.

BHemrnue u BHyTpeHHUE BO3JCHCTBHS: 3eMIIETPSICEHHE,
najJieHue caMoJieTa, yAapHas BOJIHA, THPABINYECKUI
yaap, 3aTOIJICHHE, BO3JICHCTBUE CTPYH Tapa, BOJbI,
JIETAIIUX MPEAMETOB, B3PBIB BOJAOPOIA, ITOXKap.

3aBHUCHMOCTH OT OO0IIeH
CHUCTEMBI (2JIEMEHTA)

Otka3 o0mel cucTeMbl (3JIEMEHTA)

OOIIHOCTE CITOCO00B HaJIAIKHU
TEXHUYIECKOTO 00CITYKUBAHHS,
MIPOBEPOK pabOTOCTIOCOOHOCTH,
PEMOHTOB, TUCTAHIIMOHHOTO
yIPaBICHUS CHCTEMaMH

HenocraTku 3KCIulyaTallMOHHBIX UHCTPYKLUHN U
HEKayeCTBEHHOE BBINOJIHEHHE 00CTY)KUBAaHUS, PEMOHTA
OmuOKy 3KCIITyaTallMOHHOTO NEPCOHAaIa: HEMPaBUIIbHbIE
JIECTBHSI WX IIPOITYCK IEUCTBUS; CBA3aHHBIE C HEJIO-
CTaTKOM MH(popMaIuu

OOIIHOCTh KOHCTPYKIHMU

HenoctaTo4yHOCTB 3HaHMH O MPOLECCAX B YCTAHOBKE,
MPUBOIAIIAS K CHIDKEHUIO 3((HEKTUBHOCTH CHCTEMBI
OmmbKka B KOHCTPYKIIMH, CBSI3aHHAS C
HECOTJIACOBAHHOCTBIO Y3JIOB, BBIIIOJHEHHBIX B PAa3JIMYHBIX
OPraHU3aLMAX; UCIIOJIb30BAHUEM MaTEPUATIOB
HEJOCTATOYHOTO KayecTBa

OmmobKka B TEXHHYECKOH JIOKYMEHTAIIHH

HenocraTku nmporecca U3roTOBIEHUS: POMYCK nedeKTa
W3TOTOBJICHHS; HEOCTATOYHBIA 00bEM MPOBEPOK U UCIIBI-
TaHUM; BO3JACHCTBUE OKPYKAIOLLIEH CpelIbl

47




Takum o0pa3om, pu y4eTe TBOWHBIX OTKa30B BEPOSITHOCTh ONEPATUBHOTO
HecpalaThIBaHUS KOJUIEKTOPHOM CHCTEMBI 0oJiee 4YeM B TPH pa3a BhIIIE, YeM y KaHAIbHOU Mpu
OTCYTCTBHH B MTOCJIEAHEN 3aBUCHUMBIX OTKA30B OJIHOTUITHBIX 3JIEMEHTOB.

PaccmoTpuM KaHanbHYyI0 cuctemy "oauH U3 AByX'. OnpenenumM BEpOITHOCTh OTKa3a Ha
TpeOOBaHuUE, €CIIM KaHAJIbI HE3aBUCUMBI (HHTEHCHBHOCTh OTKa3a KaHaia A, a Bpemsi paboThl
T) 1 ecnu MHTEHCUBHOCTH ABOWHBIX OTKa30B paBHA Oy°A.

J171s He3aBUCHMBIX OTKa30B BEPOSATHOCTh OTKa3a CUCTEMBI ""OJJUH U3 IBYX" paBHa

(AT)/3.
JIy1st cucTeMBI ¢ THTEHCHUBHOCTBIO OTKAa30B O,A BEPOSTHOCTH OTKa3a paBHa 0, (A-T/2).

BepOHTHOCTL OTKa3a Ha Tpe6OBaHI/IC

2
V= (/1'3T) +§2-ﬂ”éT (10.5)

Hycrs A= 107 1/4, T=0,72-10* 4, 8, = 10"". Torna

10°.0.72-10°) 5079107
V:( ) g0 10°:072:10"

-6
_02200 036104201710 +0.36-10% =0.36-10

BI/II[HO, YTO UCKIIOYCHUEC 3aBUCUMBIX OTKA30B ITOBAIIIACT HAACKHOCTh CHCTCMbBI Ha
MOPAAOK.

11. BOCCTAHOBJIEHUE PABOTOCITOCOBHOCTH 3JIEMEHTOB 1 CUCTEM
BE30OITACHOCTM.

11.1. BoccranoBaenue paboTOCIIOCOOHOCTH B PEKUME OKUIAHUS.

ITocTOSSHHO KOHTPOJMPYEMBIC DJIEMEHTEI C BBISBISIEMBIMU OTKa3aMH

PaccMmoTpuM aiieMeHT, BCe OTKa3bl KOTOPOTO BBISBISIEMBI. byiemM cuutarh, 4To cucteMa
JTUArHOCTHKY OTKa30B "abcomoTHO HajexkHa'". THTEHCUBHOCTH 0TKa30B paBHa A. CpenHee
BpEMs BOCCTAHOBJICHHUS 3JIEMEHTA TI0cie 00HAPYKEHHOTO 0TKa3a paBHO Tp (BKIIOUas
MOJITOTOBKY K PEMOHTY U MPOBEJCHHE PEMOHTA) U PACHPEIENICHO 10 YKCIIOHEHIIUATBHOMY
3aKOHY C ITapaMeTPOM MHTCHCUBHOCTH BoccTaHOBIIeHUS u=1/Tp.

M3MeHeHne COCTOSIHUSA 2JIEMEHTA B pACCMAaTPUBAEMBIX YCIOBHUAX OMMCBIBACTCS
CHUCTEMOM YPaBHEHMI OJJHOPOJHOTO MapKOBCKOIO IPOLECCa:

M: —ﬂv 'PPAE(t)+'Ll.POTK(t),
det (11.1)
%(t):—ﬂv'PpAs(t)_ﬂ'POTK(t)’

rie Ppag(t) - BEPOATHOCTH HAXOXKACHUS IEMEHTa B paO0TOCIIOCOOHOM cOCTOSTHUY; Pork(t) -
BEPOSITHOCTh HAXOXKJICHHS AJIEMEHTA B COCTOSIHUHU OTKa3a.

I'pad mepexonoB 3JIeMeHTa MEXIy pPabOTOCIIOCOOHBIM U HEPaOOTOCIIOCOOHBIM
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COCTOSIHUSIMU WJUTFOCTPUpPYET pHUc.15.

, 7
Ppas(t) ,/ Pras(t) N

Pork(t) \
\ /
\ /
\
/
Puc. 15. Ilepexoasl 17151 TOCTOSIHHO N /
/
KOHTPOJIHUPYEMOI'O dJIeMeHTa; P - \ /
p py s \\ 7

pabotocnocobHoe coctosame, O - 0TKa3
Puc.16. Ilepexonb! asis 31neMeHTa,

MOABEPKEHHOTO BBISIBIIsIEMBIM (BO) 1
ckpbIThiM (CO) oTKazam

C y4eTroMm 04EeBHIHOTO PaBEHCTBA
P, ()+ P, ()=1 (112)

CUCTEMa YpaBHEHHI OTHOPOIHOTO MAapPKOBCKOTO MpoIlecca MOKET ObITh CBE/ICHA K
OJIHOMY YPaBHEHHIO:

Lot )P0+ 2 (113

[Tpu HauansHOM ycnoBuu Pork(t = 0) = 0 penieHre nociaeIHero ypaBHEHHs
(momyyaemoro, HapuMep, METOI0M Bapualluy MPOU3BOJILHON MOCTOSIHHON) UMEET BUJ

POTK(I):ﬁ-[l—exp[—(ﬂﬂu)tﬂ (11.4)

[Tpu t — oo BeposTHOCTH 0TKa3a Pork(t) — A/(A+p). OTHOmIEHME A/(A+1L) Ha3bIBaeTCS
KO3(PHUITMEHTOM HETOTOBHOCTH IMOCTOSIHHO KOHTpOJupyeMoro semenTa (Ky).

JIJIs TUIIMYHBIX 3HAYCHUHN 10" 1/auTg~11u
107

= =107
107 +1

11.2. BoccranoBaenue paboTOCIIOCOOHOCTH B PEKUME OKUIAHUSA. DJIEMEHT C BBIABIISIEMBIMUA
U CKPBITBIMHU OTKa3aMU

PaCCMOTpI/IM DJIEMECHT, KOTOpI:Iﬁ HUMECT BBISBISIEMBIC OTKA3bl C THTCHCUBHOCTBIO 7\,}3.
VHTEeHCUBHOCTH BOCCTAHOBJICHUS BBISBIISIEMBIX OTKa30B paBHa Mo (puc. 16). Kpome Toro,
SJICMCHT UMCCT CKPBITBIC OTKAa3bl C MHTCHCUBHOCTBLIO A KOHC@pBaTI/IBHO A0ImyCTHUM, YTO
CKPBITBIM OTKa3aM TOBEPKECHBI KaK pab0TOCTIOCOOHBIE 3JIEMEHTBI, TaK U DJIEMEHTHI,
HaXosIIInueCs B COCTOSIHUU BBIABIIIEMOI'O OTKa3a. 910 MIPHUBOJAUT K HCKOTOPOMY 3aBLIIICHUTIO
HCKOMO# BEpOSTHOCTH OTKa3a 3JIEMEHTA, MOCKOJIbKY PEabHO CYIIECTBEHHBI JIUIIb CKPBITHIE
OTKa3bl AJICMCHTOB, HAXOASIIUXCS B paboTocmocoOHOM cocTostHuA Ac(P).
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JlomycTiM, YTO CKPBIThIE OTKA3bl YCTPAHSIOTCS B MPOLIECCE TPOBEPOK, MPOBOJUMBIX
yepe3 NpOMEKYTOK BpeMeHH Tr. BpeMsi ycTpaHeHHs CKPBITBIX OTKa30B Majlo, OHU
YCTpaHsTCA "MTHOBEHHO".

B nipoun3BosbHBI MOMEHT BPEMEHH t, BCIICICTBUE CKPBITHIX OTKA30B, JIEMEHT
OKKETCsI B HEPaOOTOCIIOCOOHOM COCTOSIHHU C BEPOSTHOCTHIO Act. BeposITHOCTB B TOT ke
MOMEHT M30€KaTh CKPBITOrO O0TKa3a paBHa (1- Act). st STHX 37IEMEHTOB CyIIIECTBCHHBI
BBISIBJISICMBIC OTKA3bl M BEPOSTHOCTH ATUX AJICMEHTOB HAXOJUTHCS B COCTOSTHUHM OTKAa3a B
cootBercTBUU C (11.4) paBHa

ﬂ’B
A+ 1

-[1 - exp[—(/iB + ,u)t]] :

BepOHTHOCTI) Hp€6I)IBaHI/IH OJICMCHTA B COCTOSAHUHN OTKa3a B MOMCHT BPEMCHU t
BCJICACTBHUC CKPBITHIX U BBIABIACMBIX OTKA30B paBHA, CJICA0OBATCIIBHO,

V(t):ict+(1—/1ct)-/’—jﬂ-[l—exp[—(@ +,u)t]] (11.5)

B

BepO}ITHOCTL OTKa3a 3JICMCHTA 3a HpOMG)KyTOK BpeMeHI/I HpOBepKI/I
1
V=—-jV(t)dt (11.6)
TH 0

Pesynbrarom unTerpupoBanus npu ycinoBusax Act « 1 u T « Ty siBisieTcs BeIpakeHUE
V ~ ﬂ’CT 11 + ﬂ“B
2 Ay + 1

(11.7)

U3 KOTOPOTO CIIEAYET, YTO PACCMATPUBAEMBIH AJIEMEHT MOKHO MOJICIIMPOBATH B BHJIE CYMMBI
JIBYX TOCJICOBATEIILHO COSMHEHHBIX AJIEMEHTOB, OJIMH U3 KOTOPBIX UMEET CKPBITHIC (IIEPBOC
cjaraeMoe), a BTOpoi - BBIABIISIEMBIEC (BTOPOE CIIaraeMoe) OTKa3bl.

11.3. Ilepuoanueckuii KOHTPOJIb padOTOCHOCOOHOCTH

JI71st BBISIBTICHHS CKPBITHIX OTKA30B MPEyCMaTPUBAIOTCS MIEPHOANYECKIE (Uepe3 BpeMst
Trr) mpoBepkH pabOTOCTIOCOOHOCTH IEMEHTOB M KX BOCCTAHOBJICHHE, TIPOBOIUMOE 32 BPEMSI
. [Ipu 5TOM Ha BpeMs T 3JIeMEHT (KaHaJl) BEIBOAUTCS U3 PabOThI U BEPOSITHOCTh OTKa3a
KaHajia CTAHOBUTCS pPaBHOU enuHuUIEe. BeposSTHOCTH 0TKa3a KaHaia Ha MHTepBaje BpeMenu (0,

Tn); (T +t, 2 T +1); ... yBenuuuBaercs ot 0 1o ATr. CpenHee 3HaueHHE BEPOATHOCTH
0TKa3a Ha 3TUX UHTepBayax paBHO ATy /2.

B cooTBeTcTBUM ¢ N310KEHHBIM, KO3()(PULIIUEHT HErOTOBHOCTH CUCTEMBI CKJIAJbIBACTCSI
U3 CYMMBI HE TOTOBHOCTEW NpU pabOTe U P PEMOHTE ¥ BOCCTaHOBIICHHH:

AT, T, 1T
2 T,+7 I, +7

(11.8)

OueBuano, uto mipu Ty =0 K=1, a mpu Ty /tr » 1 K — ATy /2. HetpyaHo momyduTs, 94TO
CYIIECTBYET ONTUMaIbHOE OTHOIICHHE T1/T, TpU KOTOPOM KOA((PHUITMEHT HETOTOBHOCTH
MPUHUMAeT MUHUMAIIbHBIC 3HAYC€HUS. JTO ONTHMAIIbHOE OTHOIIeHHE (T « 1/A)
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R

(=), =
T Jonr AT

a MUHUMAJIbHOE 3Ha4YeHUE KO3 PUITMCHTA HETOTOBHOCTH

K, EN2AT

Jns TunmuaHBIX 3HaYeHUH A = 10-5 1/aut=14

(Tmont =450 4, Ky = 4.5-10°,

(11.9)

(11.10)
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[MPUJIOXXEHUA

Me:xnyHapoaHas mikaia npoucuectsuii Ha AC

[Ipunoxenue 1

YpoBeHb Kpurepuu u atpulyTsl 6€301MacHOCTH
Kpurepuii 1 Kpurepwnii 2 Kpurepuii 3
Bri6poc 3a npenenst AC|  Bribpoc BayTpu AC YXyaleHue 3aumThl
1 2 3 4
7 Kpynusriii BeIOpoC: B
Kpynnas KOJIMYECTBaX,
aBapusl PaIuOIOTHYECKU
HKBHUBAJICHTHBIX OoJiee
94eM JECATH ThICSuaM
TeTpa-0eKkepeneit
nona-131
6 3HaUYUTENbHBIN BBEIOPOC:
Cepne3Has B KOJIMUECTBAX,
aBapusl PaIuOIOTHYECKU
HKBHUBAJICHTHBIX
MOPSI/IKa HECKOIBKUX
TBICSIY TETpabeKKepenei
Mona-131
5 OrpaHu4eHHbIN BbI- Cepbe3Hoe NOBPEXIEHUE
ABapusi ¢ Opoc: B KOJTMYECTBAX, |aKTUBHOMW 30HBI
PHCKOM BBI- PauOIOTHYECKU
Opoca 3a HKBUBAJICHTHBIX
npenensl AC  |mopsaka OT HECKOJIBKUX
COTEH JI0 THICSYH TeTpa-
Oexkepenei ioga-131
4 He6onpmoit BeiOpoc:  |3HaunTENBHOE MOB-
ABapus 6e3 HanOosiee OOMYyUYCHHBIH |peXIeHHE aKTUBHON
pHCKa 3Ha- YeNoBeK 3a mpeneiaamMu  [30Hbl. CMepTenbHOe
YUTEIBHOTO AC nony4u 103y o0y4yeHue paboTHHKA
BbIOpOCa 3a MOPsIIKA HECKOJIBKHIX
npeeibl MUITH3UBEPTOB
AC
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Oxonuanue npui.l

1 2 3 4
3 Ouens manbiid BeIOpoc:  [Cepre3Hoe 3arpsizHeHue, |He ocranoch
Cepbesnblii  |HanOosee 0OMyYeHHBIH |cepbe3HbIi yiepo IIPAKTUYECKHU HU
WUHIUICHT YeJI0OBEK MOJyYry 103y  (3J0POBbIO pabOTHHKA OJIHOTO 3aIIUTHOTO
MOPsIIKA AECATHIX AOJen YPOBHS
MUJUIA-3UBEPTA
2 3HAUYUTENBLHOE WHumneHTs co
Nununent 3arpsi3HEHUE 3HAYUTEITbHBIM
Ob6nyuenue paboyero yiepooM asis
BBIIIIE JOITYCTUMOM pe3€epBOB
TOJI0OBOW HOPMBI 0e30macHOCTH
1
Anomanus AHomarusl,

Be3 Bo3aelicTBus Ha 0€3011aCHOCTD BBIXOJZAIIAA 3a paMKH
pa3pereHHoro
pexxnma paboTsl

0 0" CobbitHe,
Menbuie MOTYILEE TIOB-
JIOITY CTUMOTO JUATH Ha Ge3omac-
3HAYEHUS HOCTh pEaKTopa

0" CoOsItHeE,
MOTYIllee UMETh
OTHOILLEHUE K
0€30MacHOCTH
peaktopa
OrtcyTcTBUE Her Bnusiaust Ha 6€30MaCHOCTH
OTKJIOHEHUI
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[Ipunoxenue 2

IToxa3aTenu HaAEKHOCTHU HCKOTOPLIX 3JIECMCHTOB CUCTCM 0e30macHOCTH

HanmenoBanue cuctemsl Xapakrep u nocnenctsus | IHTeHCUBHOCTD | BeposiTHOCTD
U 2JIEMEHTa OTKa3a OTKa30B, 1/4 OTKa3a Ha
TpeGoBaHue
1 2 3 4
1. 3aUTHBIE U JIOKATU3YIOIINE
CUCTEMBI
1.1. PaGouunii opran A3 He BBOIMTCS B aKTHBHYIO 10
30HY
Manenne PO CY3 3,2:107 —
1.2. Hacoc He 3amyckaercs 107 107
OcTtaHoB mipu padoTe 3107 —
1.3. Kianan ¢ maesmonpuBogoM  |He cpabatpiBaer (1...3) 10 3-10™
1.4. 3agBuxka ¢ snextponpuooM |He cpabaTsiBaeT 107 107
1.5. OGpartHblil knanaxn 3aKIMHMUBAHUE B 0,5:10° 10
3aKpPBITOM IOJIOKEHUH
3aKJIMHUBAaHUE B 5-10° —
OTKPBITOM TOJIOKEHUU
OO6partHas npoTeyka 0,55-10° —
Teus 0,52:10” —
1.6. [IpenoxpaHuTeabHBINA He oTkpbiBaeTcs 0,5-10° 10”°
KJlataH Henocanxka — 107
[IpexxneBpemeHHOE 10° —
OTKpBITHE
1.7. DnexTpoMarHuTHbBIN He cpabarpiBaer — 107
KJIaraH
1.8. TennooOMeHHUK Teun 10”° —
1.9. bak Pasrepmeruzamnus 10 —
2. ObecneunBaromnme
CUCTEMBI
2.1. luzenp-reneparop He 3amyckaercs 0,5-10™ 3-10°
OctanoB nipu pabote 3-107 —
2.2. AkkymynsaTopHas 6arapes OtcyTtcTBYeT 3-10°° —
HanpsHKeHUE Ha KJIeMMax
He ob6ecnieunBaer — 2,6 102

HEOOXOIUMOM
MOII{HOCTH

54




OxoHuaHue npui.2

1 2 3 4
2.3. Kabes O6psIB 3107 —
KopoTkoe 3amblkaHue Ha 3,7-107 —
3EMITIO
Kopotkoe 3aMbIkanne Ha 10" —
UCTOYHUK MTUTAHUSA
2.4. Tpancdopmatop OO6psIB 00MOTKH 10° —
KopoTkoe 3ambikaHMe 10° —
2.5. Ilpenoxpanurens [IpexxneBpeMeHHbII 10° —
pasphbiB
He cpabartreiBacT — 107
2.6. Tepexmouarens He otkmtouaercs 10° —
10 xBr He Bximovaercs 2,3:10° —
3. YpaBaustomue CucTeMbl CwMmeleHre HacTpONKU 3107 —
3.1. U3mepuTenbHble TpUOOpPHI He cpabateiBaeT 10°
3.2. ManomeTp HenpaBunbHbie 4,510 —
MOKa3aHUs
OtcyTcTBHE IOKa3aHUN 3-107 —
3.3. JlaTuuk Temneparypsl HenpaBunbshbie 1,8:107 —
MOKa3aHus
3. 4. 'amma-no3umerp HenpaBunbshbie 4,5-10° —
MOKa3aHus
3.5. [ToaxynpoBOAHMKOBBIE Hapymenue 10°.3-10°° —
npubopbI KopoTkoe 3amblkaHue 107..10° —
3.6. Pene 3aMbIKaHue (2..5)-10° —
Pa3mbIkaHnE KOHTAKTOB 10”7 —
3.7. ABTomMaTuyeckuii He cpaGatsiBaer — 107
BBIKJIFOYATEIIb [IpexneBpeMeHHbIN 10°
niepedpoc
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