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Y4eHslii cekpeTapb
JIUCCEPTALMOHHOTO COBETa
JIOKTOP TEXHUYECKUX HAYK, TOLIEHT Cepeeti Axoenesuu Eeopos



OBIIAS XAPAKTEPUCTHUKA PABOTbBI

AKTyaJIbHOCTh NpoOjemMbl. B mocneqHue AecATHIETHS C POCTOM INPOMBIIITIEHHOTO
TIPOM3BOJICTBA 3HAYNUTEIHFHO YBEINYMIOCH H KOJIMUECTBO TEXHOTCHHBIX aBapyil pa3HOTO Mac-
mrTaba, BIEKYIIHUX 32 COOOH 4enoBeuecKre KepPTBbl, MaTepUalIbHbIE MTOTEPH U KOJIOTNUECKUI
ymep6. B HacTosimee Bpemst B Poccuiickoit @enepanym ¢pynxunonupyer ceoiie 3300005ek-
TOB 3KOHOMHMKH, DPACIOJAralomuX 3HAYMTEIbHBIMH KOIMYECTBAMH OINACHBIX XMMHYECKHX
BemecTB; U3 HUX /0% HaxozsTcst BONMM3M KPYNHBIX TOpoJoB. Benmencreue aToro B 30HE BO3-
MOYKHOTO XMMHUYECKOT0 TIOPAXKEHUs OKa3bIBaloTcs cBbiiie 44 MitH dyenoBek. [1o nanasim MUC
Poccun mpsimoif ymiep6 OT BcexX BHIOB UPE3BBIYAWHBIX CHTYAlMil COCTAaBISET CBEIIIE
100 mipz p. B TOJ1, a C y4ETOM KOCBEHHOTO yIiep0a OH MOXKET 10CTHraTh 3% BaJIOBOTO BHYT-
peHHero mpojykra crpaHsl. Ha rocynmapcTBeHHOM ypoBHE HpoOiieMa SKOJIOTHYEeCKOH 0e30-
MACHOCTH OTHECEHa K NMPHOPHUTETHBIM HampaBieHHusM «CTpaTeruu HalMOHAJIbHOM Oe3omac-
HoctH Poccuiickoit @eneparmu 1o 2020rona». Ee pemenne oTBeuaer MHTEpecaM yCTOHUIH-
BOTO Pa3BUTHs SKOHOMMKH, MPUPOIBI U 00IIecTBa. DTO HANpaBleHHE HCCIEIOBAaHUH TaKkke
3akperuieHo B 1.21 [Tepeyns KpuTHUECKUX TexHOJIorHi Poccuiickoi @enepanuu (yTBEpXKIcH
Vkazom Ipe3unenta PO Ne899ot 7 uronst 2011r.).

B nameii ctpane HE0OXOIUMOCTh pPEIICHUS MPOOJIEM SKOJOTMYECKOH M MPOMBIIIICH-
HOIi 6€30MacHOCTH HAyYHO 000CcHOBaN akageMuk B. A. Jleraco BoubIioit BkiIaa B penicHue
3a1a4 6€30MacCHOCTH C IPUMEHEHHEM KHMOEPHETHUECKHX METOI0B U METOJOJIOTHU CUCTEMHO-
ro aHaim3a BHeciu akagemuk B. B. Kagapor u ero yuennku — npodeccopa B. JI. Ilepos,
A. ®@. Eropos, B. II. Memankun, b. B. Ilamox, T. B. CaBunkas. OueHke ypoBHSI pUCKa XU-
MHUYECKMX aBapuil INIpH XpaHEHWH U TIiepepaboTke OOEmpHIlacoB MOCBSIIEHB! pabOTHI
B. M. Kononkuna. Pa3Butuio TeopeTn4ecKux OCHOB 3KOJIOTHYECKON 0€30MacHOCTH U METO-
JIOB OLICHKHU aBapUITHOTO PUCKA HAa XMMHUUYECKUX HPEIIPHUATHAX MOCBIIIEHB! paboThl mpodec-
copa B. I'. T'opckoro. Xopomo H3BECTHBI CBOMMH pPabOTaMu M 3apyOeKHbIE Y4eHBbIE —
H. Pacmyccen, B. Mapmramn, 3. Xenny, [ Xummensomiay.

PykoBOICTBYsICE COBPEMEHHOM KOHLEMUHUEN «IPUEMIIEMOIO PUCKa», OCHOBY KOTOpOM
COCTaBJISIET NIPUHINUII «IPEIBUICT U IPEAYIPEIUTH», 0€30MaCHOCTD ITIOTEHIUATEHO OIACHBIX
MPOU3BOJICTB HEOOXOIMMO aHAM3UPOBATh U 0OECTIEUNBATh HA BCEX ITAMAX UX JKHU3HEHHOTO
LUKJIA: MPOEKTHPOBAHUS, CTPOUTENILCTBA, HOPMAJIBHOTO (YHKIHOHHPOBAHUS, PEKOHCTPYK-
II1, KOHCEPBUPOBaHUA U NuKBHAanuu. [Ipu 3ToM BakHeilmmas poib B pa3paboTKe U peau-
3aI[M CHCTeM 0e30IIaCHOCTH OTBelleHa dKcrepruse. Ilo ee pesynbTaTaM NPUHUMAIOT pele-
HHS TIPOEKTAHTBI, CTPOHUTENH, CIENUATHCTHI-3KCIUTYaTalHOHHUKH, JHMKBUAATOPBl aBapHUi.
CII0’KHOCT TIPOBEJCHUS SKCIIEPTU3bI B IPAKTHUECKOM IUIAHE 3aKIIOYaeTcss B TOM, YTO 3Ta
cdepa AeATETBHOCTH IOAEH OTHOCUTCS K KaTETOPUH BBHICOKOMHTEIIEKTYalIbHBIX, OCHOBAaH-
HBIX Ha TTyOOKHX IPO(ECCHOHAIBHBIX 3HAHUSAX IPOOIEMBI, IIe ONBIT M MHTYHIUS YKCIICPTOB
BBINOJIHAIOT «CTOPOXKEBYIO» H <OBOJIIOLMOHHYI0» QyHKINH B GOpMHUPOBaHUHM pereHui. On-
HAKO, BBIOOP KCIIEPTOB IO OE30MMaCHOCTH OMAacHBIX MPOMBIIUICHHBIX 00bekToB (OITO) B
peanpHOI CHTyaIlMu OKa3bIBACTCSI BECbMA 3aTPYIHUTEIBHBIM IO LEIOMY PSRy NMPUYMH: OT-
cyrcTBusi HeoOXomumbix 3HaHuMA 00 OIIO; cnoxrocTH coctaBa OITO; MHOXKECTBEHHOCTH
QHAIM3UPYEMBIX IIEPEMEHHBIX COCTOSHHS, HAJIMYHS Pa3HOPOIHBIX (H3UKO-XUMHUYCCKUX,
TEXHOJIOTMYECKUX M MHBIX xapakrepuctuk OIIO; Hemocrarka MHGOPMALMU O BHYTPEHHEM
COZIEPXKAHUU IIPOIECCOB IPOU3BOACTBA M MX (DYHKIMOHAJIBHBIX OCOOECHHOCTSIX; MHIMBUIY-
IBHOCTH KaXkoro konkperHoro OI1O.

B03MOXHBIM BBIXOJJOM B TaKOH CHTYallUH SIBIISIETCS pa3paboTKa CHENUaIbHOTO METO-
JUYECKOTO M TPOrpaMMHOT0 OOecTieueHusl Mmpolecca SKCMEPTH3bl U €r0 peanu3anus B BUAE
HH(OPMAIIOHHON CHCTEMBI OAEPKKU IPUHATHS PEIICHUH ¢ 3JIeMEHTaMU HCKYCCTBEHHOTO
HHTEJUIEKTa (IKCIEPTHOM CHCTEMBI).



Hacrosmee nccnenoBaHne NpoBOIMIOCH B COOTBETCTBHMH C ITaHAMHU PabOT MO Haydy-
HBIM IIPOEKTaM:

— MNWIOTHOTO NpoeKTa 0a30BO CHCTEMbI 00ecHeYeHnsI XUMUUECKONH 6e30MacHOCTH U
COIMAIBHO-TUTUEHNYECKOT0 MOHHTOPHHTa B KPYHHBIX aIMHHHCTPATHBHO-TIPOMBIIIIEHHBIX
LEHTpax, aJIpecOBAHHOrO YMPAaBICHHUIO MO HAA30pY B XUMHUYECKOH, HEQTEXMMHUYECKOU U
HedrenepepabaTbiBaroniel MPOMBIIUICHHOCTH, YTpasieHuio Bepxne-J[oHCKOro okpyra u
Anvunuctpanun TamGoBcKkoi obnactu.

— nporpammsl HUOKP xonkypca Y.M.H.M.K. npu noanepxxke «Donga coneicTus
Pa3BUTHIO MaibiX (HOPM MPEANPHATHI B HAay4HO-TEXHHUYECKOH chepe» (Horosop Ne 3 or
31.07.2012).

Temaruka paboTsl cooTBeTcTBYeT myHktam 2 — 5, 10, 11, 18acmopra crenuaibHOCTH.

O0bekT M mpeaMeT ucciaenoBanus. OOBEKTOM HCCIICIOBAHUS SIBIISIETCSI COCTOSIHUE
MPOMBIIUIEHHON 6€30TaCHOCTH B PETHOHAILHOM MPHPOAO-TIPOMBIIIEHHOM KOMILIEKCE.

Ipenmer nccnenoBaHus — CHCTEMa IPHUHATHS PEIICHAI IO BOIIPOCaM IIPOMBIIIIIEHHOH
6€30MacHOCTH Ha JTamax MPOEKTHPOBAHUS, aHAIN3a WM ayAUTa AeHCTBYIOIUX MOTEHIUATb-
HO OIacHBIX NIPOU3BOJICTB.

Henn u 3apaun ucciaegosanus. Llens paboTsl — pa3paboTKa METOAUKH NPOEKTUPOBA-
HUSI 3KCIEPTHOI cructeMsl oneHkn 6ezonacHoctr OITO, BXOISMIMX B COCTAB PErHOHATIBHOTO
MPUPOJIO-MPOMBIIUIEHHOTO KOMIUIEKCA, U €€ MPorpaMMHas peanu3anusl.

JI1s NOCTYOKEHNS! TTOCTABJICHHON LISNH B ICCEPTAIMHU PELICHBI HayJHbIE 3a/[adm:

— aHaJIM3a COBPEMEHHOTO COCTOSIHHS TEOPUH 0E30MacHOCTH KaK HayKH, €€ BO3MOXK-
HocTeil pu cozaanuu cucteM 3amuthl OIIO 0T BHYTPEHHUX U BHEIIHHUX yIpo3;

— ¢dopmammzanum 6a30BBIX MOHATHI TEOPHH 0E30IMACHOCTH, HEOOXOIUMBIX IPH pa3-
paboTKe 3KCHEPTHOH CHCTEMBI,

—  ONHCaHHs MOTEHIHAILHO OMACHBIX NPUPOIO-TipoMbiiieHHbIX cucteM ([TO IITIC) u
PETHOHAIBHBIX NIPHUPOJIO-TIPOMBIIITIEHHEIX KOMIUIEKCOB KaK OOBEKTOB HKOJOTHUECKOH 0e30-
TIacHOCTH,

— (Qopmanuzanuu 3amaud ONTHMAIBHOTO YMHPABIECHHUS IPUPOJIO-IIPOMBIIITIEHHBIM
KOMILJICKCOM Ha MHOeCTBe cocTostHui pyrkumnonuposanus OI10;

- npoekTHpoBaHus dkcrepTHOH cucteMsl (3C);

— IporpaMMHOH peann3anud HHPOPMALUOHHONW CHCTEMBI OLIEHKU YPOBHS MOXKapo- U
B3peiBoonacHocT OIIO;

— TIpoBepKH pe3ynbraroB paboTsl OC Ha YyBCTBHTEIHHOCTh K METOAUYECKUM II0-
TPELIHOCTSIM.

Hayunasi HOBH3HA HCCIIeIOBAHMS.

1. 3apmaunm 3kcnepTU3bl 0€30MaCHOCTH MOTCHIMAIBHO OIACHBIX IMPOU3BOJCTB PEILICHBI
IUTSL KJTacca CHCTeM, HIMEHYEMBIX IPHPOA0-npombiiuieHHbME ([TIIC).

2. Tlpennoxena meromuka cunTe3a peruoHanbHoi IIIIC u3 snmeMeHTOB Tpomocdepsl,
ruapocdepsl, negochepsl U MPOMBILIICHHOH TEXHOIOTHH.

3. TlocraBnena 3amaya ontuManbHoro ynpasienus [1IIC Ha MHOXeCTBE COCTOSIHHIA
¢yukunonuposanust OI1O, oLeHKa KOTOPBIX SIBISIETCS 00BEKTOM IKCIIEPTH3bI.

4. IlpoBeneH ceMaHTHYECKHH aHanu3 0a30BBIX MOHATHH TeopHH 0€30MacHOCTH, IO
UTOraM KOTOPOTO MPEIOKEHO HCMonb30BaTh B DC UX COOTBETCTBYIOIIEE MATEMaTUUECKOE
OIHCaHME.

5. Pa3paborana MeTOJMKa HPOCKTHPOBAHUS KCIEPTHON CHCTEMbl MACHTHOHUKALNY U
ouenku 6e3omacuoctu OIIO.

6. IlpennoxkeHa mpouexypa NepeAaddl 3HAHUH OT BKCIEPTa B KOMIIBIOTEPHYIO IIPO-
rpammy.
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7. Pa3paboTaH MeTO[ OLICHKH «yCTOWYMBOCTH» MPUHSTHIX MITPaQHBIX 0AJJIOB 32 OT-
kyoHeHue xapakrepucTuk OITO oT HOpMAaTHBOB CpeCTBAMH HMUTALIOHHOTO MOJIETNPOBAHUS.

IIpakTHyeckas 3HAYMMOCTDb HCCIICOBAHMS.

Pazpaborano MeTonuueckoe oOecreueHre SKCIepTH3bl 0€30MacHOCTH B3PBIBO- U TOXKa-
poonacHbIX 00bekTOB B pernonansHoi [II1C.

Co311aHo IporpaMMHOE 00eCTIeueHNe SKCIEePTHOI CHCTEMbI HACHTH(HUKAINA U OLCHKN
6e3onacnoctu OINO.

IIpoBeneHO KOMIUIEKCHOE OOCIICIOBAaHME IBYX MOTCHI[HAIBHO ONACHBIX IPOU3BOICTB
TamboBcko# obnmacTu B nemsix cbopa u 00paboTku uHbopMamu U pa3pabOTKU CLEHAPHUS
JUIS IPOBEACHHMS SKCIIEPTH3HI OE30IIaCHOCTH.

Pa3paboTana MHCTPYKIHUS MO HCIOIb30BAHMIO PEKOMEHIALUH koMmmaHuu DOW B skc-
nepruse OIIO.

Anpo6anusi padoThI.

IIporpamMHoOe obecreueHre SKCIIEPTHOH CHCTEMBI OBUIO arpoOHUpOBAHO Ha ABYX CIHHPT-
3aBosax OAO «TanBuc», HA3BaHHBIX B AUCCEPTALMH HOBBIM» U «CTapbIM».

IIpemnoskeHs! MEpHI IO CHIKEHHIO YPOBHS X IT0Kapo- U B3PHIBOOIIACHOCTH.

JlaHa olleHKa SKOHOMHUYECKOH Ie1eCO000Pa3HOCTH MPUHATHIX MEp IO TOBBILIIEHHIO TEX-
HOTGHHOH 0€3011aCHOCTHU ITPOHU3BOJICTB.

[To Teme auccepranuu onyoaukoBaHo 14 mevaTHbIX paboT, B TOM YHCIE IIECTh CTaTei
B )KypHasax u3 nepeuns BAK u ogna MmoHorpagus.

O0beM n cTpyKkTypa padoThl. [luccepranyst COCTOUT U3 BBEAEHHS, YETHIPEX IJIaB, 3a-
KJIIOYCHHMsI, CIIMCKa uTeparypbl u3 132 naumenoBanuit u 4 npunoxxenuii. Jucceprauus co-
JepkutT 224 cTpaHus! Tekera, 61 pucyHok U 23 TaOIUIIbL

COJEPKAHUE PABOTBI

Bo BBegenmm 000CHOBaHAa aKTyaJIbHOCTh BHIOpAaHHON TeMbI, COPMYIMpPOBAHA IIEb
paboThI, TOCTABIIEHBI 331124, PEIIEHNE KOTOPBIX MO3BOJISET JOCTUYD LIETH UCCIIEI0BaHMS.

B mepBoii riaBe conepXHUTCS KPUTUUECKUIT aHAIN3 COBPEMEHHOTO COCTOSHHS TEOPUH
6€30MacHOCTH KaK HAyKU Ha TpeaMeT MOUCKa MyTel ee NPHUMEHEHHs B KJIacCe MOTEHI[HAIbHO
OIIaCHBIX TPUPOJO-TIPOMBIINIIEHHBIX CHCTEM. [IpuHIMI «0e30macHOCTh 4Yepe3 pa3BUTHE»
OTMEYEH B KaueCTBE BEYILET0 NPUHIINIIA Pa3pabOTKU U peaan3alliy CTPaTerui yCTOHINBOro
paszsutus Poccun.

AHanu3 MeTOIOJIOTHYECKHX OCOOEHHOCTEH Teopuu OE€30IacHOCTH IMOKa3all, YTO OHH
TECHBIM 00pa30M CBSI3aHBI C CUCTEMHBIM IOAXOJIOM, TEOpHEll yCTOIUMBOCTH, TeOpHeH Kara-
crpod, Teopueil ynpasieHusl, TEOpUECH HAACHKHOCTH U TEOpUel BeposTHocTel (cMm. puc. 1).
SnpoM cuMOMO03a 3HaHMI ITUX TEOPUH cTaia

Teopusi 6€30MacHOCTH, NPpeAHa3HAuUeHHAs UL
pelLICHUS Hay4YHbIX 3a/1a4:

— aHajJu3a YCTOMYMBOCTH M CTPYK-
TYpHOH IIEJTOCTHOCTH OOBEKTOB HCCIIEN0-
BaHMS;

— U3y4YeHHUs YCIOBHH CTaOMIBHOCTH
MPOLECCOB M CBOMCTB MaTepHalioB, OMpese-
JSIOIMINAX SKU3HECTIOCOOHOCTh OOBEKTOB HC-
ClIeJOBaHuS;

— MOJEIHPOBAHMS MOBEICHUS 00BEK-
TOB HCCNENOBAaHUS B YCIOBHSX HeEOmpese-
JICHHOCTH U YPE3BbIUAiHBIX CUTYaIUH;

1. Teopus
CHCTEMHOTO
10,

2. Teopust

7. Teopust L
CTOHYHBOCTH

HUCKYCCTBEHHOTQ. —
l/IHTCHCKTa(

3. Teopust
KaTactpod

BEPOATHOCTE! 3uanus

TCOPHH

>, Teopu 6e30IaCHOCTH

HAJIC)KHOCTH 4 TCOpHS{

YIpaBJeHHs

Puc. 1. ®opmupoBanue 00,1acTH 3HAHHIA
TeopHuHu 0e30MaCHOCTH KAaK HAYKH



— CHHTE3a CHCTEM 3allUThl OOBEKTOB HMCCJIEAOBaHHUA OT BO3HUKHOBCHUS B IIpoliecce
HX (QYHKIMOHUPOBAHUS KPUTHUECKUX COCTOSHUI M HEXeJTaTelIbHBIX PeXXUMOB paboTHI C pa3-
PYLINTSIBHEIMI WM TSDKEJIBIMH IOCIEICTBHAMH Kak JUIt CaMHX OOBEKTOB, TaK M IS X
OKpY>KCHUSI.

OIHO M3 NPOJYKTUBHBIX HANPaBJICHHWI Pa3BUTHA (YHIAMEHTAJIbHBIX MCCIIEIOBAaHUH B
TEeOpHH 0E30IaCHOCTH JOJDKHO OBITH CBSI3aHO C CO3JaHHEM MH(OPMALMOHHBIX CHCTEM IOJ-
JEPKKU MPUHATHUS PELLeHHIT C JIEeMEHTaM1 HCKYCCTBEHHOTO MHTEIUIEKTa B cdhepe Oe30macHo-
ctu OIIO u 3KkcnepTHBIX cucTeM oneHku bezomacHoctu OI10.

B rnaBe | Taxke ycTaHOBJICHO, YTO HA CEroOIHs TeOpHus Oe30MacHOCTH 00IanaeT HeJoc-
TaTOYHO COBEPIICHHBIM HMOHATHHHO-TEPMHHOIOTHYECKUM aIlllapaToM, MCHOJIE30BaHHE KOTO-
poro BecbMa 3aTPyJHUTENHEHO IPH PENICHHH NpakTHYecKuX 3anad. CeMaHTHUYECKHH aHanu3
TakuX 0a30BBIX ONpeeTeHHH KaK «0e30IaCHOCT», CIPOMBIIUICHHAs 0€30MacHOCTE» U «II0-
XKapHast 0e30I1aCHOCTBY» MPUBEI K 3aKJIFOYEHHIO O TOM, YTO OHH PACIUIBIBYATHI; CYILIECTBYIO-
IMe B HUX Pa3Inyius HOCAT BEOMCTBEHHBII XapaKkTep U He CIOCOOCTBYIOT OHUMAaHHUIO TOTO,
KakuM 00pa3oM <«JIHarHOCTHPOBATh» 0e30MaCHOCTh OOBEKTOB, U, TeM Ooiiee, Kak ee odecre-
yuBaTh. Hanpumep, B 3akone P® «O 6e3omacnoctu» Ne 2446-1ot 5.03.199%. nano onpene-
JeHne 0€30MacHOCTH KaK COCTOSHUS 3aIUIIEHHOCTH XU3HEHHO Ba)XKHBIX MHTEPECOB JIMIHO-
cTH, ofIecTBa U rocyAapcTBa OT BHYTPEHHUX M BHEIIHUX yrpo3. [IoBogoM miist KpUTHKH B
9TOM OIIPE/CJICHUH SIBIISIETCS ClIeIyIOIee:

1. Tox «cocTostHMEM» OOBIYHO IOHMMAETCSI MTHOBEHHOE OTOOpaKeHHE XapaKTepH-
CcTHK 00beKTa B TEKYIIMil WM 3aJaHHBI MOMEHT BPEMEHH. B peasbHOCTH 3TH COCTOSHHUS
HOCTOSIHHO MEHSIOTCS, T.€. MbI BCEIJa UMEEM JIeJI0 C IIPOLECCOM. 3Hask XapaKTePUCTUKH ITO-
IO IPOLeCcca, MOXKHO IPOrHO3UPOBATh €ro NOBEACHUE B OyayLIeM.

2. ®pa3za ©KU3HEHHO ...JJAYHOCTH, OOIIECTBA U IOCYAAPCTBA» CTAHOBHUTCS KOHCTPYK-
THBHOH JIMIIb B CIlyyae 3a/laHHsi KOHKPETHBIX 3HAUCHUH «IapaMeTpoB», 00ecreunBaromnx
6e30IaCHOCTh 3THX TpeX 00beKToB (Hampumep, HopmaTtuBoB ITJIK, mpeienbHBIX CHIIOBBIX
Harpy3oK, CPOKOB CIIyXObl 000PYy/I0BaHHUS U T.1.).

3. HesicHo, 9TO MOHUMATH HOJ CIIOBAMH <«COCTOSHHE 3aIUIIEHHOCTH» U KaK 3TO CO-
CTOSIHUE OIIPEAEISITh Ha MIPAKTHKE, YEM OHO OTJIMYAETCs OT APYTHX BO3MOKHBIX COCTOSTHHI —
0e3pa3nuuusi, HEYYBCTBUTEIBHOCTH WM HE3AIMIICHHOCTH OT BHYTPEHHMX M BHELIHHX
yrpo3. [Ipyrumu ClIOBaMH, B YKa3aHHOM OIPEICJICHHM HET U HaMEeKa Ha HEKYIO <TPaHHIy»
3QLMIICHHOCTH M HAa HEOOXOIMMOCTh €€ OIPEICIICHHS.

Jloruka ceMaHTHYECKOTO aHaIM3a TePMHHA «Oe30I1aCHOCTh» OKa3aHa Ha puc. 2.

OTta JOoTHKa MO3BOJMIIA BELSIBUTH HEOOXOMUMOCTD B 3HAHUH COCTaBa M YPOBHS BHYTPEH-
HUX ¥ BHEIIHHX YIPO3; B KOJINYECTBEHHOM BBIPAXKCHHH I'PAHUIl HHTEPECOB JIMYHOCTH, 00IIIe-
CTBa M TOCyJapcTBa 4Yepe3 IPHUHATHIE MIS ITOTO HOPMATHBEI, B IIPOBEPKE YCIIOBUS
<GaIUIIEHHOCTU» Yepe3 CPaBHEHHE TEKYIIEro COCTOSIHUS OOBEKTa C «KPHTHYECKUM» WIIH

Tpuana o6bexTOB JKn3HEHHO Ba)KHBIC MHTEPECHI

JIuunocts (Hy> b1, TOTPEGHOCTH)
L ) COCTOSIHHE 3aLIUIIEHO |
Tocynaperso CocrosiHue

W 0 Y

BruyTtpennue 03BI « >
YTP! yrp COCTOSHHE HE 3aLAIICHO | be3onacHocTh» 1o O3

Yeyy

Iposepka
YCIIOBHI 3amu-
[IIEHHOCTH

BHewnue yrpossl

Puc. 2. CMbIC/I0BO#i aHAIN3 TEPMHHA «§€30MACHOCTb>



rpaHUYHBIM (HOPMaTHBHBIM). Bce MpOCTpaHCTBO COCTOSHMIT 0OBEKTOB HEOOXOAUMO Pa3OUTh
Ha JIBa HEIEPECEKAIOUIUXCA MOJMHOKECTBA COCTOSHMI THIA: <GAILUILECHHOE» M «HE3allu-
LIEHHOE», C SICHO ONPEIEICHHON IpaHulled Mexay HUMHU. TOJIBKO B TAKOM CIIy4ae BO3MOXKHO
UCIIOIb30BaHHE ONpPeeTIeH s «0e30MacHOCTh> AT PEIEHNUs MPAKTUIECKHX 3a/au.

VYunuteiBasi HEAOCTATKU U B APYTMX TEPMHMHAX TEOPHU OE30MaCHOCTH, B AMUCCEPTALUU
MPEUIOKEHO MATEMaTHYECKOE ONHCAHME IOHATHH <«Oe30MaCHOCTB», <«yIpo3a», <PHUCK» U
«UHIUIEHT», YTO J€JacT UX OJHO3HAYHBIMYU, KOHCTPYKTUBHBIMHM B MHJKCHEPHOM ILUIaHE, U OHH
MOT'YT UCHOJIb30BATHCS IPU IIPOSKTUPOBAHUYU CUCTEM 3aILUThL, KOHCTpyrpoBaHuu DOC U T.1.

Bo BTOpOIi ri1aBe mpeyoxKeHa METOIUKA CONPSDKEHUS JJIEMEHTOB PETHOHAIBHOM MpH-
POIO-NIPOMBIIIUICHHOH CHCTEMBI U TPOBOJMTCS €€ aHAIN3 KaK OOBEKTa 3alUTHl OT OIACHO-
creit U yrpo3. Ha pucynke 3 mpuBeneHa CTPYKTypa CHCTEMBI OOECIICUCHHUsI PErHOHaIbHOM
TEXHUKO-3KOHOMHYECKOH 0€30IacHOCTH, B KOTOPOH BakHelIIee 3HaUeHHue UMeIoT Oioku |V
u V. VX paccMOTpeHHEe OTHOCUTCSI K OCHOBHBIM LEIISIM TUCCEPTALMN.

Cuctema yrpaeneHus
pervoHanbHo
3KOHOMUKOW

WHavkaTopb!
2] COCTOAHWS

OnacHocTn

Bxogbl

[} |
MOHWTOPWHI COCTOAHWIA
¥ TEHASHLWA, ayauT

Vil
| Peanusayna cuctem | |

6esonacHocTn 06 yrposax 1 onacHOCTAX

T Vi ‘L

| CTpaxoBaHue puckoB | OLeHka onacHOCTe| 1 yrpos
Ha mopensx

T = Y ¢ v
MpuHATHE peLUeHnid
Mo MUHUMW3ALUN PUCKOB Pacuet puckos

Puc. 3. Cucrema obecneveHns: perioHAILHOI 6e30MacHOCTH

BblABIWKEHME MMoTe3 |

B (opManM30BaHHOM BUJIE MOJIENb PETMOHA IIPEACTABMM B BUJIE MIECTEPKH MHOKECTB!
A\ \/H
< Suine V(Sine), R VA,V VT >,

rae Sine, V(Sinc) — cootBercrBenro MuoxkecTBa IIIC B perroHe W BHYTPEHHHX CBsizeid; R —
MHOYECTBO OTIEPaTOPOB COCAMHEHHS Spic; VA VI VY _ MHOXKecTBa aKTHBHBIX, TACCHBHBIX
W HEUTpaIBHBIX KOHTaKTOB. Oneparop R umeer Bug

(e — (i)
kyeg - R(kXiJ )

¢ 001acThIO OIIpCACICHN Ha MHOXKCECTBEC Kxi H 00JaCThI0 3HAYEHHWH HA MHOXECTBE

n
U Kyg , COIOCTABISIFOIIEH J-My BXOAHOMY KOHTAKTY i-TO 3JICMEHTA €-if BBIXOJHON KOHTAaKT
g=0

g-ro snemenTa (g = (ﬁ) .



Crpykrypy I1O IIIC npeacTaBuM B BHIE COSAUHEHHS MPOMBILIICHHOH Sy 1 9KOJIOTH-
4eckoii Sy noncucrem (puc. 4).B cocraB SyBxoasar OIIO.

Yoo Zm  Zx LY
—» > > e
Yn | S Zxn Zys S i )
«— oro < -

Puc. 4. Crpykrypa IIIIC

Ha pucynke Xy, Zy, Xo U Zyy — COOTBETCTBEHHO BXOJHEIC, a Yr, Yo, Zy U Zyy — BBI-
XOJHbIC NEepeMeHHble. B 3ammcu Sypc CHMMBON ° O3HAYaeT ONEpalHIo MOCIEJOBATENbHOTO
COCJIMHEHHUSI IOJICUCTEM, a {2 — OTIepAaLII0 3aMBbIKaH!sI 00paTHOIT CBS3H.

B rmase Il paccmoTpeHsl XapakTepHble 0COOCHHOCTH HOBOTO KJacca MOTCHLHAIBHO
OIACHBIX IPUPOAO-TIPOMBIIUICHHBIX CHCTEM.

Jonyckast GpyHKIHOHANIBHOE OMUCAHKUE MOJCUCTEM Sy M Sy, B ANCCEPTALMK TT0KA3aHO,
YTO MOJENb Syc MOXKHO 3allicaTh B BUJE:

yn = R (), up, 205, 295); Zyy = Fyp(h)(ry, Uy, 205, 285);
5 =@1(M)(Us, 1y, 295, ¥3); 3 = @o(h)(Us, 1y, Zy, ¥5); @
Zgy = D5(N)Us, Ty, Zypy, Z05); 28, =@, (h)(Uy, 1y, Zyy, Z5),

rae Uy Uy , ry OORy — cOOTBETCTBEHHO ympaBiseMble U HaOII01aeMble BXOIHbBIE IIEpeMEH-
Hble B Sy; Up UUp, rp ORy — ynpasisembie n HabI0JaeMble BXOAHBIC NEPEeMEHHBIE B Sy;

y5 B y¥ — COOTBETCTBEHHO abMOTHYECKHE M GMOTHYECKHE BBIXOJHBIE NEDEMEHHBIE B Sy;

ZYH » Vrm — BbIXO/IHbIC IEPEMEHHBIC B S’lv 293 u 233 — BBIXOJHBIC a0MOTHYECKHE U OMOTHYE-

CKHeE MepEeMEHHBIC B Sy, BO3JCUCTBYIOIIUE HA ;.

3agaua onrumansHoro ynpasieHus 11O IITIC B ycnoBHSX YacTUYHBIX pa3pyLCHUN
OIIO craButcs cnenyroumM odpasoM: OydeM cUMTaTh 33JaHHBIM KOHEYHOE MHOXKECTBO H
BO3MOJKHBIX aJIbTepHATUBHBIX CTpyKTyp OIIO, BXxomsmux B cocrtaB Sy. CMeHa COCTOSHHMS
hOH 8 OIIO mpusoaut u x cmene oneparopoB Fi(h), Fa(h), @1(h)...®@4(h), omuceiBarommx
MoBeIeHHE Sy

A B A B
Bynem cuntath, 4TO Us, I3, Uy Iy V5 4 Vo 3 Zyns Vi Zyy » Zyn HPHHAIJIEXAT K KO-
HEYHOMEPHBIM BEKTOPHBIM €BKJIMAOBBIM mpocTpancTBam Uy, Ry, Up, Ry, Y3A , Y3B v Ly Y

Zy,, Zy, COOTBETCTBEHHO.

CucreMy IIaHOBO-TEXHHYECKUX TpeOOBaHMIT M OTpaHUYCHHH Ha TEXHOJIOTHYECKHE Ia-
paMeTphI U YIPaBISAIONINE BO3ACHCTBHS ONPEIETHM B BUJIE

F(rm,yn,Ug)20; G(zy) 20; E(y§,y§,r3)20, (2

ug Oug(rg) OUg, uyOuy(ry) OU,.



Bymem cuurarh, 4TO KaXAOMY DIIEMEHTY MHOXecTBa H albTepHATHBHBIX CTPYKTYp
Sinc nocrasiena B coorserctBue Mepa p(h) — BepositHOCTh TosiBICHHsT cTpykTyphl h[JH.
OrnpeiennM YacTHYIO [ENeBY0 QYHKIHNIO Kak 0TOOpaKeHHE:

Q: Yy xUy xRy xY xY2xU, - L, 3)

rae L —MHoXecTBO, B 0011eM ciiydae YHOPSIIOYCHHOE OTHOIIECHUEM « > ».
OG6o3Havast 4yacTHyI LeneByw ¢yHkuuoo npu  ¢duxcupoBannom hOH B Buze

Qn (Up Uy, 1y) , UMeeM

Qn (U, Uy, T) =Q(Yp, Upy, Tryy 15, ¥5, Us). 4)

LeneByro dyHKIHMIO J, YUCICHHO OLIEHUBAMOLIYIO dbEKT AeiicTBHS yrnpaBieHuit Uy, Uy
C y4ETOM BEPOSTHOCTH PA3JIMYHBIX AIBTEPHATUBHBIX CTPYKTYP, MOXHO NPEACTAaBUTh B BUE

Iun, Uy, ) = Y QU Uy, i) p(h) - (5)
hOH
B TakoM ciyuae 3amauy ynpasieHHs Syc chOpMyIUpyeM Clieayommnm oopasom.
J1s 3agaHHBIX I WM 3 HAWTH Takue 3HAYEHMs YNPaBIAIOIIUX BO3AEHCTBHH

ur, Oug () OU, m Uy Ous(ry) OU, , npr koTopeix wis kakaoro h(JH Bemomsiorcs

yenoBus u orpannyenus (1), (2),u mus Beex Up OUp u Us OUs | iput KOTOPBIX [UISE K&XKI0TO
hOH cnpaseqnusst (1), (2),umeer Mecto

Iy sy, )2 (U, Us, Ty). (6)

Ouerka BepositHocTell p(h) mo3BoJISIET HANTH ONMTUMAIIBHBIC YIPABISIOUINE BO3/ICHCT-
BUSI, TIPU KOTOPBIX JOCTUIaeT MaKCUMyMa OXHAAEMOE M YCPETHEHHOE 110 BEPOSTHOCTH BO3-
HHKHOBEHHMS allbTepHATHBHBIX CTpyKTYp OITO 3Hauenue ueneoil ¢ynkuuu. 3nauenus p(h)
HaXOAATCS B pe3yibTaTe npoBeaenus sxcrneptusst OITO.

TpeTbsi IJ1aBa MOCBSILICHA CO3aHHUI0 dKcnepTHOH cucteMbl (DC) OLEHKH TEXHOICH-
HBIX OIACHOCTEH Ha JTalax IMpoeKTUpoBaHus, aHanu3a u ayauta OIIO. OcHoBo# At MeTo-
Jukn co3nanust OC SBISIOTCS UCXOAHBIE JaHHBIE, THTIOTE3bl M IMIUPHYECKHE IPABUIIA.

B mucceprauuu npepioxkeHo BBecTH omneparop ES, orpaxaromuii cMbici pabotsr OC.
OH uMmeeT cienyroliee 0ToOpaKeHe:

ES: X xNxP(X,N)x= 5 1, (7)

rae X — MHOkecTBO HaHHBIX; N — MHOKecTBO 3HaHuH; P(X, N) — MHOXECTBO MpaBmJI, MPOIie-
Jyp WU omiepanuii ¢ 6a3aMu JaHHBIX U 3HAHUH; = — MHOXKECTBO (JaKTOPOB HEOIIPEIEICHHO-
CTH, BIMSIONIMX Ha KadecTBO paboTel DC; | — MHOXKECTBO MTOTOBBIX OLIEHOK, BBIBOJOB MIIU
pe3ouTonuii SKCIepTa, MOHATHBIX MMoJIb30oBaTelio JC; X —3HaK AeKapToBa IPOU3BEICHHS.

JeiictBue omneparopa ES 3akmouaercs B 0TOOpaKEHUM MHOXXECTBAa BO3MOXHBIX CO-
crostauit OI1O, XxapakTepu3yeMbIX yHOPSIOUYSHHBIMA HAOOpaMy JTaHHBIX U 3HAHMI, B MHOXe-
CTBO 9KCIEPTHBIX OLICHOK. 3HaHMs 33/al0TCs B BHJC NPOAYKIHOHHBIX mpasui <ECJIN (yc-
aosue) TO (umeiictBue)>, (GYHKIMII NPUHAICKHOCTH, (YHKIHOHAIBHBIX 3aBHCHMOCTCH.
Omnepatop ES obecneunBaer mepeHoC ONbITa SKCIEpTa B KOMIBIOTEPHYIO Iporpammy. [lo-
3TOMYy crocob kKoHcTpyupoBaHus ES cnenyer paccmarpuBaTth Kak METOAUKY IIPOSKTUPOBAHHUS
JKCIIEPTHOM CUCTEMBI.

DKCHEPTHYIO CUCTEMY OLIEHKH YPOBHS M0OXapo- M B3PHIBOONACHOCTH 0OBEKTOB CKOHCT-
pyupyeM cienyromum oopasom. O6pa3yeM BEKTOp X, KOMIIOHEHTbI KOTOPOTO XapaKTEPHU3YIOT
00bekThl 3KkcnepTu3bl O M3 ONPOCHOrO JIMCTA, COCTABICHHOIO Ha INPEABAPUTEIBHOM 3Tare
pabots ¢ OITO. KoMnoHeHTHI BeKTOpa X MOTYT OBITh KOJINYECTBEHHBIMU HIIM Ka9E€CTBEHHBIMH.
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Jlnst ydeTa cBOMCTB BEKTOpa X pa3o0beM €ro Ha TpU MOJABEKTOPA: X = x[x lfxzfxa]. " nycrp

KOMITOHEHTHI X; XapakTepusyloT cBoiictBa OIIO, crmocoOHBle yBEeIMYUTH pa3Mep YOBITKOB
NpU HACTYIUIEHUH HEOIaronpHUsATHOTO COOBITHs, KOMIOHEHTHI X, XapaKTepU3yIOT CBOICTBa,
YBEJINYUBAIOIINE BEPOSTHOCTH BOSHUKHOBEHHMS 110XKapa WM B3PBIBA, a X3 — YHEPIeTHIECKHE
MOTEHIMANIBI TOPIOYMX MM B3PBIBYATHIX BellecTB. Tak, HAPUMED, Ui i-i KOMIIOHEHTBI X; X —
peakLys OKUCICHHS, a X4 — Temmeparypa cMecH. st K-ii KOMIOHEHTHI X, X« — AaBJeHUE,
TPEBBILIAIOLIEE ATMOCHEPHOE, @ Xy+g — HAIMYHME CMOTPOBOIO CTEKJIa B amnmapare. st j-it komro-
HEHTBI X3 X, — KOJIMYECTBO TOPIOYEH CMECH KOHKPETHBIX BELIECTB, @ X4 — 00BEM B3PhIBO-
omacHoro ra3a. B mmane koHctpyupoBanusi ES X — 310 dakThl niu naHHble, HEOOXOUMbIE
TIPU OTIMCAHHUHN COCTOSTHHS O€30IIaCHOCTH O0BEKTa IKCIICPTH3EL.
Crpykrypy omeparopa ES mpencraBum B nByx3BeHHOM Buze. mrpadHOil (QyHKIHH
(LLI®) 3a OTKJIOHEHHS EPEMEHHBIX X OT HOPMATHBHBIX 3HAYCHHUI U PE3yJIbTHPYIOIIECH QYHK-
. (P®), uWHTEpHpETHPYIOIIEH 3HAYCHHS
| . mTpadoB B COCTaBE HKCIIEPTHOTO 3AKITIOUCHUS
%ﬁ J1I0) ly_»| P® |—|—> (cm. puc. 5).
I | BeraBuraem rumnoresy o Tom, 4To mrpad-
L ___ - ES_ _ _ ___ _! HOM ¢ynkumeit obbekta dkcmeptussl O,

i =1k, sBustercs byHKImS
Puc. 5. Ctpykrypa onepartopa ES el
i =0 (1, X, %), T=1K,

re Y, — peakuus dKCIepTa Ha 3HAYEHHs KOMIIOHEHT Xi,Xp,...X, Bekropa X. ®yHkius g

MHOTHUX IIepEMEHHBIX 0OBIYHO HeNMHeHHas. B okpecTHOCTH «pabodeii TOUKH SKCTIepTH3ED M
(Touka M —3TO CBOEro po/ia rpaHuIid, OT KOTOPOIl HE JTOJKHBI OTKIIOHSTHCS JCHCTBUTEIIBHBIC
3HAYCHMS XapakKTepHCTUK 00bekTa O) GYHKIHMIO  MOXHO anlpOKCHMHPOBATH JIMHEHHON
MOJIENBIO MPU MaJIbIX OTKJIOHEHHUSIX HE3aBUCHMBIX NepeMeHHbIX. Ecnu g sBiseTcs aHamuTH-
YeCKOH, TOraa B OKPECTHOCTH TOYKM M ¢ koopauHatamu X = (X;, X,,... X,) OHa MOXeT

OBITH pa3ioxkeHa B psaj Teitnopa:

V=009 g(x)+ 3 2 (-, ®)
i=1

M

_ 0g; L=
3HaueHus Pi=—1 » I= Ln, i =1m, ABISIOTCS HE TOJIbKO KO GHIMEHTaMH Iie-
0% |,

penaun HHGOPMALMY, BBIYUCISIEMBIMU 110 YaCTHBIM IPOU3BOJIHBIM, HO TaKXe M NPaBHIaMU
pabotsl ¢ ¢dakramu u 3HaHumsIME P(X, N) B (7), nockoibky AX 310 (akThl HapyuleHHi, a
GbyHKIMs g HeceT B ceOe 3HAHUS O TOM, KaK X MHTEPIPETUPYET IKCIIEPT.

Wrak, npu MajbIX OTKIOHEHHUSX BONMU3U M cucTeMa ypaBHEHHH JTMHEAPU30BAHHON MO-
JIeTH ISHCTBHH HKCIIepTa B BEKTOPHOH (opMe UMeeT BUL

Ay MPAX, ©)

rae marpuna P sisercs SikoOnanom.
Ecnu ananutuyeckuii BuA QyHKUMH J HEM3BECTEH, TO TOTZA BO3MOXKHO €€ 3aJaHue B
TabamyHO# hopme, MO0 ¢ TOMOIIBIO TIPABII MPOAYKIMHA HCKYCCTBEHHOTO WHTEJUICKTA.
Pesynprupyrontyio (QyHKIMIO B CTpPyKType omeparopa ES moctpoum Ha oOcHOBe
SBPUCTHYECKOTO MPaBWJIAa, OTBEYAIOLIETO LENH PACCMAaTPUBAEMON 3KCIEPTHOH CHCTEMBI.
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TaxuM npaBUIOM MOXKET OBITH aHAJIOT 3aKOHA AEHCTBYIOIIUX Macc. B utore, Mepy omacHOCTH
KOHKpPETHOTo0 25eMeHTa npouecca B OIIO npencraBuM B 3amucu

=R iAyil iijz , (10)
i=1 j=1

rae Z:Ayl1 U Zijz — CyMMBI IITpadHbIX 0AJUIOB, HAJIOXKEHHBIE IKCIIEPTOM 33 HapyLICHHE

HPEINICaHHbIX HOPMAaTHBOB KOMIIOHEHTaMU BEKTOPOB X; U X, COOTBETCTBEHHO; R — konmue-
CTBEHHAas Mepa OMAacHOCTH XuMHUeckoro Beuiectsa B OI1O.
CrpykTypHasi cxema crnipoektupoBanHoi DC nokasana Ha puc. 6.

3arnpoc Ha SKCIepTU3y

TTonb3oBaTenn

DkcnepTHOE Cuenapuit
3aKJIFOYCHHE 9KCIICPTH3HI
Hutepdeiic
9 > ES
baza ¥ Ynpasnstomas » 5
a3a
HOpPMaTHBHO- [« nporpamma <
. JTAHHBIX
PaBOBO
nHpopMaImH
bopvan baza
3HaHUH
TTposepka Okcmept
KaK HCTOYHHK
OHCHOK SHAHUIH 3anpoc HepocTaromeit
OKCIIEPTH3bI Ha A —
YCTOIYHMBOCTD w3 Uneprer

Puc. 6. ApxuTeKTypa IKCIEPTHOI CHCTEMBI

OcHoBHO# ipo6niemoii moctpoerust IC sBIsIeTCs NPOIeAypa Iepenadn 3HaHuH OT He-
KOTOPOTO MH(OPMAIOHHOTO MCTOYHMKA (JKCIIepTa) B KOMITBIOTEPHYIO Nporpammy. Bine-
JIIM YETHIPE KATErOPUH MOTEHIHMANBHO OnacHbIX anementos OI1O X'

i = 1: COUEUHBIE» TMHTBUCTHUCCKHE [IEPEMEHHBIE X,

i = 2! «€IpOCTPaHCTBEHHbIE» NIepeMeHHbIe X(&, &, 1);

i = 3: «iecTanMoHapHbIEY» IEPEMEHHBIC X3(tj);

i = 4: «pacnpeseeHHbIe» THHIBHCTHUECKHE HepeMennsie X'(g, &, 1, 1), ABmsomuecs
o6o61eHrem oobekToB i = 1, 2, 3.

IMocnenoBarensHOCTH KCTIepTH3EI 00BeKkTOB O; MOKa3aHa Ha pUC. 7.

Wmxenep 1o 3HaHHAM pa3pabaThIBAeT M PeaM3yeT CIeHapHi HHTEPAaKTHBHOIN paboThI
C 9KCHepToM (C MOMOIIBIO OIPOCHHKOB, MHTEPBBIOMPOBAHHUS, MO3TOBOTO IITypMa U IPYTHX

npuemoB). ITo atomy cuenaputo Bce 00bekThl O, | = 1, K mocnenoBaTensHO aHATIM3UPYHOTCS

9KCIIEPTOM B IIEIIX COOOMIEHHS O HUX MoJe3HBIX it OC 3HaHMH — HapUMep CBOHCTB M
OTHOILEHUH ¢ APYyrumMu 0OBbEKTaMu.



Cuenapwuii

Vinkerep 1 paboThI
10 3HAHUSIM HNurepnperaums
C 9KCIEPTOM SHAHM
Dkcrneprusa
3 CBOHCTB X 4 DKcIepTHOe
OTHOLICHUH 3aKITI0YEeHHE
00BEKTOB

Puc. 7. Opranusanus npouexypbl CYINTHIBAHUS 3HAHMIT JKCIIepTa

Ilo pe3ynpTaTaM SKCIIEPTH3EI BHIAACTCS 3aKJIIOUCHUE, CMBICIIOBBIC 3JIEMEHTHI KOTOPOTO
HIDKEHEp IO 3HaHWIM (HopMaan3yeT B BUAC, YAOOHOM i paboThl KOMIBbIOTEpa (IPOLyKIIH-
OHHBIE MPaBIiIa, HYHKLHHU IPHHAJICKHOCTH).

Ipouenypy nepenadyn 3HaHUH OT SKCIEPTa B KOMIBIOTEpHYIO nporpammy OC ¢popma-
JIM3yeM CIIeAyIomuM 00pa3oM:

1. Bsogumrcs knacc 00bekToB O, , i = l,_k .

2. Onmnpenensiercs kareropust oovektos | = 1, 2, 3, 4.

3. OpraHu3yeTcs IpoIieaypa 03HAKOMJICHHS IKCIEPTa ¢ 00BEKTAMH X B COOTBETCTBHH
CO CLIEHAapHEM.

4. Odopmisercs IPOTOKOJ 3KCIEPTH3HI.

5. Bribupaercs Bua QyHKIUM NPHHANICKHOCTH |[ly, aJA€KBAaTHBIA pe3yiabTaTraM dKC-
HEePTHU3BL.

6. PaspabaTbiBacTcs anropuT™ 00pabOTKU MPUOOPETCHHBIX 3HAHUI.

C npumeHeHneM pa3pabOTaHHBIX METOAUK CO3AaH MPOTPAMMHBIA KOMIUIEKC ¢ HEO0OXO-
JIMMBIMH SJIEMEHTAMHU dKCIIEPTHOH cucteMbl, HasBanHbld FNEI Shield mo3sonstomuii mpous-
BOJUTH UACHTU(UKAIMIO U OLIEHKY MoXkapo- U B3pbiBoonacHoctu OI1O. IIporpamma npenHa-
3HAUeHA M1 CHUCTEMaTH3allMi pPabOTHl HHXEHEPHO-TEXHMUYECKOrO MEepPCOHANA, 3aHITOrO
obecrieueHreM 0€30MIaCHOCTH NPEANPHUATHS. DKCIEPTHAS CHCTEMa MOKET OBITh HCIIONIb30Ba-
Ha U areHTCTBaMH 110 CTPaXOBaHUIO IPOMBIIIIEHHBIX PUCKOB.

Cucrema 001afaeT MHTYHTHUBHO MOHSITHBIM HHTEp(pEHCOM U KOMIIOHEHTOM, OObBsc-
HSIIOIMM TIPHHATEIE eio pemeHus. OparmMenT paboThl ¢ CHCTEMOI Ha 3Tame BhIOOpa o0mux
oIacHOCTe#! Impomnecca npuBe/eH Ha puc. 8. Ha 3agHeM mmane — moiie oT4eToB, cipasa — 00b-
SCHUTEIbHBIA KOMIIOHEHT cucTeMsl. [IpenycmoTpeHa paboTa mporpamMMbl B PeXUMAaX: «IIU-
eHT» 1 <«OKcrepT». [IepBblii 1M03BOJISET MOJIL30BATHCS TOTOBOM CHCTEMOM IS OLICHKU YPOBHS
onacHoctu OITO. PexxuMm <oKcrepT» MO3BOJIIET BHOCHTH M3MEHEHHs B IPUHLMII pacuera
TIOKa3aTeNiedl OMAacHOCTH M JOOABISITh XapaKTEPHUCTHKH HOBBIX OMACHBIX XUMHYECKHX Be-
IIECTB U3 UMeloIuxcs 6a3 naHHbIX B VIHTEepHeTe.
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YerBepTasi 1J1aBa MOCBANICHA [TPUMCHEHHUIO pa3pabOTaHHOW 3KCIEPTHON CHCTEMBI K
peleHnio 3agad 0e30MacHOCTU MPOMBILUICHHBIX NpEeanpusTHid. B 3Toi riaBe mpuBeIeHBI
pe3yabTaThl 00CIEIOBAHUS JBYX CIHPTOBBIX 3aBOAOB TaMOOBCKOH 0OJIACTH: «CTaporo» u
«HOBOTO», pon3BoauTesbHOCTEI0 3000 10000 nan/cyT crmpra pekrudHKaTa COOTBETCT-
BeHHO. [loTeHIMALHO OMAacHBIMH OOBEKTaMH 3THUX 3aBOJIOB SIBJISIOTCS CHHPTOXPAHWIUINA,
otaeneHus pektudukanuy, noapaboTayHble OTACICHHUS U 3epHOXpaHmwnina. [IpoBeaeH aHa-
T3 YPOBHS OIACHOCTH 3THX OOBEKTOB ISl KXKIOTO MPEANPHUSITHS, CPOPMUPOBAH IMAKET
aHaJM3a OMACHOCTEH, MPEACTABIIIONINN COBOKYITHOCTh OTYCTHBIX (popM s kaxaoro OI1O u
UTOTOBYIO PacueTHYI0 TaOnuIly AJsl Bcero mpenanpustusi. [IpuBeneH cpaBHUTENbHBIN aHAIN3
YPOBHEH OMACHOCTH TSl CHIMPTOXPAHUIIMIL U OTACICHHH pekTudukanun (tadm. 1).

1. CpaBHe}me CTEeNEHU ONMMACHOCTHU CITUPT3AaBO/10B 110 OCHOBHBIM IMOKa3aTeJIsAM

Criupto- Crnupro- bparo- bparo-
pekTH(HUKAMOHHOE | peKTH(HHKAIINOHHOE
XpaHWINLLC XpaHWJIUIIEC
(lOOT/C ) (30 T/C ) OTOCICHHUC OTOCICHHUC
yr T (1007/cyr) (1007/cyr)
Kareropus MIPOMEXKY- TPOMEKY- MPOMEXKY-
OMacHOCTHU JIerKHii TOYHBIA TOYHBIH TOYHBIA
Onenka
OITACHOCTH 56,24 114,8 99,76 118,56
®dakxTop onacHoCTeH
MPOLIECCHOMN €IMHUIIBI 1,90 7,175 4,3 7,41
®dakrop moBEepHs K
CHUCTEME KOHTPOJIS
oTeph 0,36 0,83 0,34 0,72
®dakrop ymiepba 0,42 0,64 0,58 0,63
LlennocTs momagu
9KCIO3HLMH, MIH. P. 0,5 3 25 13
ILnomans
SKCIIOBULUH, M 651 2552 2058 2803
basoBas ctoumMocCTh,
MJIH P. 0,21 1,92 14,5 8,19
JlelicTBuresnbHas
CTOMMOCTb, MJIH P. 0,11 1,61 4,93 5,88
KonmaecTBo guei
MIPOCTOSt 30 30 60 60
[orepu OT oCcTaHOBKH
MIPOU3BOJICTBA, MJIH P. 40,5 13,5 81 27
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@DaKTop OMACHOCTH CHMPTOXPAHWIMILA HOBOTO TIPEAIPHATHS CHUKEH 1ouTH B 3,5pasa,
a 11t OparopeKTU(GUKALHOHHOTO OT/ENEeHHs — IT0YTH B 2 pa3za. HOBBIil 3aBOJ HMEET TaKxe
Gopliee ToBepre K 6a30BbIM 3aIIUTHBIM H MPO(UIAKTHICCKUM XapaKTEePUCTUKaM, KOTOPbIC
MO3BOJISIFOT MPEIOTBPATUTh W CHU3UTh ONACHOCTh MHIMACHTA. Takoe NOBEpUE OTIHYACTCS
B 2 pasa.

Takasi pa3HHIa [TOKa3aTeNnel 00BACHICTCS OTCYTCTBHEM HOTCHIMAIBHO ONACHBIX CTEK-
JSTHHBIX 2JIEMEHTOB B allllapatax, YCTaHOBKOIl COBPEMEHHBIX CPEICTB KOHTPOJIS U YIpaBiie-
HMS, @ TAKKE HATMYMEM COBPEMEHHOMN CHCTEMBI NOXKAPOTYLICHHUS.

MeTo10M MMHTAIIMOHHOTO MOJEIMPOBAHHUS IIPOBE/ICHA OLICHKA MOrPELIHOCTEH, KOTO-
pble MOTYT BO3HHKHYTb BCJIEACTBHE OLIMOOK NMPOEKTUPOBIIMKOB U HENPABUIBHOIO Ha3Haue-
HUs WTpadoB. DTH 3HAYEHUS 110 BCEM KAaTErOpPHAM CIy4aifHBIM 00pa3oM reHepHpOBaIUCH B
nuanazone +30% ot HomuHaNbHBIX. K03 GHULIHMEeHTH BapHaliy s 9TUX YCIOBHIA HE IPEBbI-
cui 11%,4T0 CBUAETENBCTBYET O AOCTATOYHON YCTOWYMBOCTH CHCTEMBI.

Pa3paboranHas MH(OpMALMOHHAs CHCTEMa NPUMEHMMa Ul IIOMCKA ONTHMAJIBHOTO
KOMIUIEKCA MEPOIPHUATUH MO YMEHBIICHHIO YPOBHS ONACHOCTH IPEANPHATHS C y4E€TOM €ro
SKOHOMHYECKHUX BO3MOXHOCTEeH. [IpuMep moucka Jyisi CIUPTOXPAHMIIMIIA «CTaporo» 3aBoja
HoKa3aH B Tabi. 2.

B pesyibrate NpoBeACHHBIX UCCIENOBAHUI OblIa IOJIy4YeHa OLEHKA I10Xapo- U B3pbl-
BOOMACHOCTH uisi 3Toro o6bekTa. OHa cocraBmwia 114,8,4T0 COOTBETCTBYET KaTeropuu mpo-
MEXYTOYHOH CTENeHH ONMAaCHOCTH. Takoe 3HaYeHHe MHIEKCa IMOJYYeHO u3-3a mrpados, Ha-
3Ha4YEHHBIX 32 cle/ytonue (HhakTopbl ONACHOCTEH!

1) mepepaboTka u TpaHcopTHpoBKa MaTepuanos — 0,85;

2) orpanuuenHble goctyn u noaxox — 0,2;

3) Temmeparypa Bbliie TOUYKH Bocuiamenenust — 0,5;

4) o6bem xpanenus — 0,4;

5) kopposust ocHOBHBIX ammapatos — 0,1;

6) HanMuMe CTEKIISTHHBIX CMOTPOBBIX OKOH B MepHHKax — 1,5,

2. XapakTepuCTHKH MePONPUSITHI 10 YMeHbIIeHHI0 OMACHOCTH

Meponpusitus O11eHKa OMmacHOCTH Ki, p. Zi, p.Iron @;, p./ron

1. He npoBopsitcst 114,8 0 0 0
2. YMmenblIeHne oobemMa

XpaHeHus B 2 pasa 113,6 0 0 0
3. IIpoxyBka naepToM 108 30 000 0 4200
4. (2)+(3) 106,6 30 000 0 4200
5. OxnaxkJeHue cupTa 98,4 50 000 18 000 25 000
6. (2)+(5) 96,76 50 000 18 00( 25000
7.YnaneHue CMOTPOBBIX CTEKOI 65,6 80 000 0 11 200
8. (3)+(7) 59,04 110 00¢ 0 15 400
9. (2)+(3)+(7) 57,4 110 00¢ 0 15 400
10. (5)+(7) 49,2 130 00¢ 18 00 36 200
11. (2)+(5)+(7) 47,56 130000 18 000 36 200
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AHani3 BO3MOXXHBIX BapHaHTOB CHI)KCHHS YPOBHs ONACHOCTH B TabJl. 2 MOKa3bIBAeT,
YTO BO3MOXKHO yMEHBILIEHHE ITpada 3a TeMieparypy cnupra B xpanwmuie (m. 3),3a o6pem
xpaHeHus (0. 4) ¥ HAJIMYKE CMOTPOBBIX OKOH B MepHHKaX (1. 6). Fcrosp30BaHHe OCTABHBIX
MYHKTOB HE TPEACTABISICTCS BO3MOXXHBIM B CYIIECTBYIOIIUX YCIOBHUSX Mpou3BoacTsa. 060-
3Ha4YeHHs Buaa (2) + (3)COOTBETCTBYIOT OJHOBPEMEHHOMY MPOBEICHHIO MeponpHsaThii (2) u
(3). 3ameruM, uTO OAHOBpeMeHHas peanusanus Meponpustaii (3) u (5) HenenecoobpasHa,
TaK KaKk OHM M3MEHSIOT BEMMYUHY IuTpada B OJHON KaTeropuu (Temieparypa BbILIC TOYKH
BOCILJIAMCHEHHS]).

JU1s1 IPUHATBIX BapHAHTOB PACCYUTAHBI 3HAYCHHS YPOBHS MOXKApO- M B3PHIBOOMACHO-
CTH, YKa3aHbl OPUEHTHPOBOYHBIC 3aTpaThl: KamuTtansHbie BaokeHus (K , p.), Tekymue 3atpa-
Thl Ha OKCIUIyaTauuio xpaHwmuma (Z, p.from) u npuseneHssie 3arpatsl (®j, p./rox,
@, = Z; + K Ey, Ey = 0,14).Bapuantsl MepONpHATHIl OTCOPTHPOBAHBI B HOPSJIKE YMCHBIIIC-
HUSI MHIEKCA OIIACHOCTH.

3HaueHHsI PUCKOB U 3aTPAThl HA PEANH3ALHI0 BAPHAHTOB MEPOIPHSTHI IO CHIXCHHIO
YPOBHSI OIaCHOCTH 13 Tabi. 1 moka3ansl Ha puc. 9. 3aciy)KMBAIOT BHUMAHHS BAPUAHTEI, TIPH
KOTOPBIX 3HAYCHHE YPOBHS OMAacHOCTH coorBercTByer Jjerkoil (1 — 60) m ymepeHHOM
(61 — 96)kareropusiM OMACHOCTH. DTOMY YCJIOBHIO YAOBJIETBOPsOT BapuaHtsl (7) — (11).
Bapuanrs! (5) u (6) He cOOTBETCTBYIOT 00LICi KOHLETIMI CHIKCHHS PUCKA IPH YBEIUYCHHN
3aTpar, YTO CBUACTEIBCTBYET 00 HX HELEIec000pa3HOCTH.

140 i
F&EI py6irog,
120 - 36000
100 H — — — .
0 =
R.ﬂ. —
80 Ht— —{ — [ L 24000
60 Ht— 11 L
40 Ht— —f— - 12000
20 Ht— {1 s
I I O - puck
0 - -0
1 2 3 4 5 6 7 8 8 10 11| W - zarpat

Puc. 9. luarpaMma: pucKH H 3aTpaThl JJIs1 PACCMATPHBAEMbIX BADHAHTOB 3aLIHTHI

IMaper BapuanToB ((10)—(11))u ((9)—(8)) otimyarorcs Apyr OT Ipyra TeM, 4TO B OJHOM
U3 HHX TPELYCMOTPEHO YMEHbIICHHE 00EMOB XPaHEHHS B [Ba pa3a, KOTOPOE HECYILECTBEH-
HO BIIMSICT HA YPOBCHb OMACHOCTH, HO OTPAHUYHMBACT ACATEIBHOCTD NPEANPUSITHS. DTH Bapu-
AHTBI MOTYT PACCMATPUBATHCS KaK YKBUBAJICHTHBIC.
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Takum 06pa3oM, B pAaCCMOTPEHHH OCTAIOTCS TPU Pa3yMHBIE aIbTEPHATHBLI, BAPUAHTHI
(7), (8)u (10), xoTopsie o6GpasyoT MHOXKeCTBO [lapero. B manbHeiinieM BHIOOp ONTHMAIb-
HOTO BapHaHTa 3aBHCUT OT KOHKPETHBIX 3HAYCHHI Pa3pelieHHOro pucka Ry M JomycTHMbIX
3arpar.

TMpeanaraeMplii METOJ| O3BOJISET MOIYyYaTh KOJIMYECTBEHHBIE OLIEHKU PHCKA, 0OOCHO-
BAHHO BBIOMPATH MEPONPHUATUS MO MPEAOTBPAIIEHUIO OMACHOCTEH, KOTOPbIE ObUIH ObI MpH-
emJieMBI 110 3 PEKTUBHOCTH U 10 CTOMMOCTH JUIs TOTEHIHAILHO OITACHOTO MPOM3BOICTBA.

OcHOBHBIE BBIBO/IBI H Pe3yJIbTAThl Pa0OTHI:

1. IIpoBemeHHBIH 0030p COBPEMEHHOI'O COCTOSHHS TEOPUH OE30MaCHOCTH BBISIBHI He-
00XOJMMOCTB CO3JIaHUSI METOJUIECKOTO U IIPOorpaMMHOTo obecriedenus sxcreptussl OI10.

2. CeMmaHTHYECKHI aHAJIM3 OCHOBHBIX TEPMHHOB MO3BOJMII BBISIBUTH HEAOCTATKH I10-
HATHHHOTO almapara TeOpUH O0€30IaCHOCTH M MPOM3BECTH NX MAaTEMAaTHYECKylo (opMann3a-
LUIO B [EJISIX MCIIOJIB30BAHMUS [IPU MTOCTPOCHUH IKCIEPTHON CHCTEMBI.

3. TloreHnuansHO OmacHasi MPUPOJO-IIPOMBIIIIEHHAs CHCTEMA IIPE/ICTABICHA B BHME
JBYX B3aHMOJICHCTBYIOIIHMX MOACHCTEM: NPOMBIILICHHOM (¢ comepsxkanuem OTIO) u skosoru-
yeckoil. Pazpaborannas meroauka cuntesa I1IIC u3 Habopa 351eMEeHTOB O3BOJISET IOCTPOUTH
mozeins IIIC pernonansHoro yposHs. IloctaBnena 3agaya ontuManbsHoro ympasiaeHus 10
IIIIC ¢ yueroMm ee anbTepHATUBHBIX COCTOSHUH (DYHKIMOHUPOBAHUS, CBI3aHHBIX C BO3MOXK-
HeIMU HHIMAeHTaMH B OI10.

4. Paspaborana meroauka KoHCTpyupoBaHus OC B 00J1aCTH OLIEHKH YPOBHS ONACHOCTU
OI1O na ocHoBe orepaTopa ES,ucxoqHBIX TaHHEIX, THIIOTE3 U AIMIMPUYECKUX 0000IIEHHMIT.

5. PaspaboTana Meronuka nepeqayy 3HaHUH OT dKCIepTa B MHPOPMAILIMOHHYIO CUCTE-
MY T10 YETBIPEM KAaTETOPUSIM OOBEKTOB.

6. C ucnonb3oBanueM DC NIpoOBENCHBI OOCIEIOBAHUS BYX MPOMBIIIICHHBIX MPEX-
MIPUATHH, TPeUI0KEHB MEPONPHUSTHS 110 YMEHBIICHUIO YPOBHS onacHOCTH. VX peanmzarms
M03BOJIa CHU3UTh YPOBEHb OMACHOCTU «CTAapOro» U «HOBOTO» CIHMPTOBBIX MPEANPUSITUH Ha
50 1 35%co0TBETCTBEHHO.

7. MeTogoM HMMHTAIIOHHOTO MOJICIMPOBAHMS IPOBEACHO HCCIECIOBAaHUE YYBCTBH-
TENBHOCTH OLeHKH cTeneHu onacHocTH OITO k BO3MOXKHBIM METOANYECKHM OIIHOKaM.

8. Peuiena 3ajaua onTUMH3ALUK KOMIUIEKCA MEPONPUATHH 110 YMEHBIICHUIO YPOBHS
onacHoctu OITO ¢ yueToM ero 5KOHOMUYECKUX BO3MOKHOCTEH.

B npuiiosKeHUsIX IPUBEACHBI CIPABKH O BHEAPEHHH PE3yJIbTaTOB IHCCEPTALIMOHHOTO
uccrenoBanus, noropop Ha BeimosnHenne HUOKP mo mporpamme Y.M.H.M.K or 2012r., a
TaK)Ke BCIIOMOTaTe/IbHBIC MaTEPUAIIbI, HE BOLICAIINE B OCHOBHOM TEKCT AUCCEPTALIUH.

OCHOBHBIE TIYBJIMKAIIUA ABTOPA 11O TEME JUCCEPTALIUN

Momnoepaguu:

1. Tlonos, H. C. Ouenka ypoBHS 1oxapo- U B3pHIBOONACHOCTH IPOMBIIIICHHBIX 00b-
ektoB. Meroauka. IIporpamma. Ipumepst : moHorpadust / H. C. Tlomos, B. A. Jlysraues,
H. B. JlysraueBa. — Tam60B ; M. ; CIIG. ; Baky ; Bena : HoGenucrrka, 2009. — 104.

Cmambvu 6 dcypranax uz nepeuns BAK:

1. Tlomog, H. C. Merononorudyeckue ocHoBbI Teopuu OesomacHocti / H. C. TTomos,
H. B. JlysraueBa, A. Xaiipu // Bompocbl COBPEMEHHON HAyKH WM MPAKTHKH. YHHUBEPCHTET
um. B. U. Bepraackoro. — 2010. \e 10 — 12(31). €. 10 — 28.
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C. 304 - 312.
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