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OIIEHKA PUCKOB MOHUTOPUHT A TEXHHYECKOI'O COCTOSHUA
OBOPYJTOBAHMUS TIK

CoBpeMeHHast IKCIUTyaTalus 00opynoBaHHS OOBEKTOB TOMIMBHO-IHEPTETHUYECKOrO KOMIUIEKca
(TOK) nempicnuMa 6€3 HCMOIL30BAHUA CHELMATBHBIX CUCTEM MOHUTOPHHTA TEXHHYECKOTO COCTOS-
Hus. B HacTosinee Bpems o0bekThl TOK paznuuaroT Mo creneHy BIMSAHUA Ha 6E30MacHOCTh, IKOHO-
MHKY M DKOJIOTHIO CTpaHbl: 00beKThl TexHuueckoro peryiuposanus (OTP), onacHsie npoussoa-
crBerHble 00bekThl (OIT0), kpuTHuecky BaxHsie 00bekThl (KBO), cTpaTernyecky BakHsle 00BEKThI
(CBO) [1, 2]. ITonaTHO, 4TO IS MOHHTOPHHIa TEXHHYECKOTO COCTOSHHUSA 3TUX OOBEKTOB JOKHEI
MCMIONB30BATECS CHCTEMBI PA3JIMUHBIX KIAcCOB. [IPUHLMIIBI TOCTPOEHHS CHCTEM MOHMTODHHTA H3-
noxxensl B [3, 4] v orpaxensl B cTanaaprax [10-15]. Cuctemsl monuTopunra (CM) gomkHsl obec-
Te4MBaTh NOJyYeHHEe HHOPMALUH O COCTOSHUM 060pya0BaHHA (00bEKTA MOHUTOPHHIa) B HEO6XO-
JUMOM KOJIMYECTBE M KadecTse Mg obecnedeHUs Habaio0aemocmy ero TEXHUYECKOro COCTOSHUS.
[To pesynbratam HabmoaeHus CM 10/KHBI 3a61a208pemenHo BpIpabaThIBATh Ynpasnsiowue BO3NeH-
CTBHS, KOTOphle OOECleuMBAOT HEOOXOMUMEIH 3anac ycmouyugocmu TEXHONOTHYECKOH CHCTeMB,
KayecTBO €€ (PYHKLIHOHHPOBAHHSA, CO3JAOT HeOOXOAUMBIH 3aMac €€ MexHOSEeHHOH, IKON0SUYECKOU
u sxkonomuneckoi bezonacrocmu [17]. Takue CHCTEMBI COCTABJIAIOT OCHOBY aBTOMATH3MPOBaHHBIX
CHCTEM YyTIpaBlieHHst 6e30macHoN pecypcocheperatomel sxcmtyartaurMed obopy10BaHUs B peanbHOM
BpeMeHH B paMmkax Bcero npeanpustus (ACYBIP) [3].

Jns peanu3auvyd aBTOMaTH3MPOBAHHBIX CUCTEM YNpaBieHHA Oe3onacHoil pecypcocbeperaiolueit
JKcrIyaTauuei obopynoBanus HeoGxoauMo rocrpoeHde CM ¢ HCMONB30BAHMUEM psiia MPUHLIMITOB U
creyrouux Haubosee BaKHBIX CBONCTB U xapakrepucTuk [11, 13]:

1) KOIMYECTBO M BUA UCTIONBL3YEMbBIX METOIOB Hepaspytatowero koutposs (MHK);

2) THII 3KCITEPTHOH CHCTEMBI,

3) 06beM BBIABISAEMBIX HEMCIIPABHOCTEN;

4) BeTM4MHA CTATHYECKOM OIMOKM pacro3HaBaHHUst COCTOSIHUS 060PYA0BAHUS,

5) BeMUMHA IHHAMUYECKOM OLIMOKH pacrio3HaBaHUA COCTOSHUS 000pYAOBaAHHS,

6) BeJIMUHHA PUCKA MPOITyCKa BHE3AITHOTO OTKA3a,

7) 4HUCIIO HU3MEPUTENBHBIX KaHAJIOB CHCTEMBI;

8) ctoco6 onpoca AaT4MKOB;

9) apxHTEKTypa CUCTEMEI,

10) Tun Hcrons3yeMoro aHaIM3aTopa CHrHaJIOB,

11) Tl M~HAKKATOPA COCTOAHUS,

12) Hanu4ue ¥ ypOBEHb JUArHOCTHYECKOMN CETH;

13) Tin yripaBneHus.
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OtH HaKTOphl NOJIOKEHB! B OCHOBY KJIaCCHOHKALMH CHCTEM, NPEAIAraeMbIX TPOM3BOAHTENIAMH K
BHEJPEHUIO HA KPUTHUECKHX OOBEKTAX JUIA ONpPEIENIEHHs KNacCoB 000pYOBAHMS, HA KOTOPHIX OHM
MOTYT ObITh MOJIe3HBI. COBOKYNMHOCTE 3THX B3aUMOCBA3AHHBIX (HaKTOPOB ONpeneNnieT CyTh KaXIoii
KOHKPETHOH CHCTEMBI M HE JIOIyCKAEeT MPOM3BOJIbHBIX BapHalui. BHyTpu kaxaoro daxtopa Bbize-
JIS€TCS HECKOJIBKO YPOBHEH, oLleHHBaeMbIX B Oaynax ot 2 10 4 (tabu. 1).

[To xonuuecTBy ¥ Buay Mcnose3yeMbix MHK pasinyaroT KOMIUIeKCHBIE CUCTEMBI, MCIOMb3YIO-
wue Habop paznnunerx MHK — Ry = 1, u crieuuanusupoBaHHble CUCTEMBI, MCHIOMB3YIOIIME ONHH U3
MHK - R, = 2.

ITo THITy SKCIEPTHOH CHCTEMbI PA3NUYAIOT: CHUCTEMBI NOANCPXKKY NpuHsTHA peuretuii (DCIIIIP)
~ R, = 1; mnarHoctiueckue (OC/) — R; = 2; cuctembl mHaMKkauun coctoauus (CUC) — R, = 3.
CHcTeMbl MHIHKALMH COCTOAHHS OCYLIECTBISIOT TOJIBKO OINpPENEaeHHe TEeXHHUYECKOro COCTOAHMA
obbekTa, 63 ykazaHUH Ha BHI HEMCTIPABHOCTH. JIHATHOCTUHECKHE CHCTEMBI HAPAIY C OTpENeNeHHU-
eM TeXHUYECKOr0 COCTOSHMS [IODKHBI ONPEAENATh OHY MITH HECKOJILKO OPUUHH (BH) HEUCTIPABHO-
ro COCTOSHUSA 00BEKTa. DKCIIEPTHBIE CUCTEMBI NOMAIEPKKU NPUHATHA PELUEHMI BKIIIOYAIOT CBOMCTBA
AMArHOCTHYECKIX CUCTEM M JIOJDKHBI aBTOMATHYECKU BBIAABATE LENIeYKA3yIOLIUE NPEANACAHNS TIep-
COHaJly JUIS MPEIOTBPALEHHs ONACHOTO COCTOSAHMA OOBEKTA M MPHBEACHUS €ro B HOPMAJbHOE Co-
CTOSIHUE.

[To 06beMy BRIABJIAEMBIX HEUCTIPABHOCTEHN Pa3NMYarOT: CHCTEMBI IIUPOKOIo Kitacca [5], BBIABIA-
fOLLME HEUCTIPABHOCTH Pa3IMYHBIX Y3/I0B arperara, a Takkke HEHCIIPABHOCTH B ero paboTe Mo TEXHO-
JIOTMYECKOH CXeME YCTaHOBKH — R3 = |; CHCTEMBI Y3KOTO KJacca, BBIABIAIOILME HEHCIIPABHOCTH
TOJIBKO OJHOTIO y3/1a arperara — Ry = 2, HanpuMep NOAUIMITHAKA.

Cratuyeckas ownbka pacrno3HaBaHUs €CTh NPOITYCK CBOEBPEMEHHOIO paclo3HaBAHUSA OMNACHOro
COCTOAHHA 0OOPYAOBaHMA, BBI3BAHHBIA TEM, YTO HEHCIIPABHOE COCTONHHE 06OPYAOBAHMS CHCTEMA
BOCIIPUHHUMAET (AMArHOCTHPYET) KaK UCTIpaBHOE. 110 BEpOATHOCTH OLIMGKH CTATHYECKOTO pacro3Ha-
BaHMsA Pas/IM4aloT: CUCTEMBb] HU3KOHM omMbKH (< 5 %) — Ry = 1; cuctems! cpeanedt oty (5-30 %)
~ R4 = 2; cucremel Beicokoi ommnbku (> 30 %) — R, = 3.

Knaccupuxauma no punamudeckod owybke pacrio3sHaBaHMs aHATOFMYHA KIACCH(MKALIMK 1O
CTaTHYECKOH OowMbKe, HO 37eCh MOA OWMOKOH MOHMMAIOT MPOMYCK CBOEBPEMEHHOIO PACIIO3HABA-
HHS OTIACHOTO COCTOSHUS 06OPYOBAHMS, BBI3BAHHBIA TEM, YTO NEPHON MOHMTOPUHTA (AMArHOCTH-
POBAHMSA) COM3MEPHM C HHTEPBAJIOM Pa3BUTHS HEMCIPABHOCTH OT MOMEHTA ee OGHApYXKeHHs [0
npenebHOro cocTosHua obopynosanus. [lepros MOHHTOPHHIa MOXKET HOCTHIaTh HECKOJNBKUX CE-
KyH Y CTAalMOHApHBIX CUCTEM M HECKONbKHMX AHEH M Jaxe NEeT y nepeHOCHbIX cucTeM. Cleayer
OTMETHTB, UTO OBICTPOAEHCTBHE CHCTEM MOHMTOPUHIA ODKHO GBITH CyIIECTBEHHO BBILIE CKOPOCTH
pasBuTHs nedekToB 3ammiaeMoro odopynoBaHus. s OUEHKM obweit omMOKd CHCTEM MOHMTO-
pHHra BBOAMTCH IOHATHE PHCKa MpOITyCKa OMACHOrO COCTOSHUA 00OpYAOBAHMA — COBOKYMHOCTb
CTaTU4ECKOM, AMHAMUYECKOH OWKOO0K W OWIMOKK U3-3a BIMAHUS YesIoBeueckoro (akTopa, 06yCNoB-
JIEHHOrO HECBOEBPEMEHHDBIM BBIMOJIHEHHEM TEPCOHATIOM MNpPEANUCAHU CHCTEMBI MOHMTOPHHIA
M0 YCTPaHEHHIO OGHAPYIKEHHOTO CHCTEMOR OMACHOrO COCTOAHMA 0Gopyaosanus. [To BesHuMHe pHC-

Ka TaKKe pasH4aloT: CUCTeMbl HM3KOH oMbk (< 5 %) — R¢ = 1; cucremsl cpelHei OLMOKH
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(5-30 %) — R = 2; cucTemsl BbICOKOM ommbku (> 30 %) — Rg = 3. BaxkHbIMM (akTOpamMu KinaccHbu-
KaLMK ABJIAIOTCSA NAapaMeTphbl apXHTEKTYphbl CHCTEM. 3A€Ch YCTAHABIIMBAETCS pa3de/IeHHE 110 YHUCITY
M3MEPUTENIbHBIX KAHAIOB CUCTEME! [MHOrokanaisHele (Ry = 1), onHokaHaneHble (R; = 2)], no cro-
co0y ornpoca JaT4MKOB [yHHBepcallbHble NapauleNbHO-NnocaenoBatTenbhble (Ry = 1), napannensHsie
(Ry = 2), nocnenosartenbHsie (Ry=3)], no apxurektype [pacnpeaeneHHsie (Ry = 1), cocpenoToueH-
uoie (Ry = 2)]. IlocnenoBarenbHple CHCTEMBl OCYILECTB/IAIOT TOOUEPEAHOE U3MEPEHHE CHUTHAJIOB H
ux obpaborky. [locnenoBarenbHsle H3MepPeHUsS MOTYT NPOBOJMTLCA KaK aBTOMATHYECKH, TaK M ue-
NOBEKOM-0niepaTopoM (MEpeHOCHBIe cUcTeMbl). [lapasnesnbHble CUCTEMBI OCYIUECTBASIOT OJHOBpE-
MEHHOE H3MEpEeHHE CHTHAJOB U HMX mocieayrolylo obpaboTky. YHHUBEpCanbHbIE (Iapaiie/bHO-
NOCJIEI0BATENbHBIE) CUCTEMBI UMEIOT CMELIAHHYI0 CTPYKTYPY: YCTaHaBIHBAIOTCSA FPYIIbI KaHAJIOB,
BHYTPH TPYIIBI KaHAIBl M3MEPAIOTCA IOCIe0BATE/IbHO, U 3aTEM OCYLUECTBJSETCS MNapajulesibHas
06paboTka BBIXOAHBIX CHIHAJIOB IPYNN W/nid HaoOopoT. Bes anmapaTypa coCpe0TOUEHHOH cHCTe-
MBI (32 HCIJTIOUSHHEM NAaTYHKOB) pa3MellaeTcsl B OHOM MecTe. Anmnaparypa pacnpenelIeHHOH cu-
CTEMBI MOXET pa3MeILaThCs HEMOCPEACTBEHHO B GIH30CTH HIIM Ha 00BbEKTE MOHHTOPHHTA.

ITo THITYy HCIIOB3yEMOro aHATM3aTOpPa CHTHATIOB paslHyaroT BeKTOPHbIE (Rjp = 1) M cKanspHele
(Rio = 2) cucteMsl. B ckanspHbIX cucTemax pe3ynbTaToM paboTel aHATM3aTOpa CHIHAIOB ABSAIOTCS
ckanspHele yucna (oOIuii ypoBeHb BUOpALMH, TEMIIEPATYpa, U T. A.). BekTopHbie cHcTeMbl B pe-
3yneTaTte 06paboTKH MHGOPMALMH HapsAay CO CKANAPHBIMU 3HAYEHMAMM JOJDKHBI BbIAABATh OJHO-
MEPHBIE ¥ MHOTOMEPHAIE MACCHBBI, NPOU3BOJAUTh CIEKTPANIbHYIO, KOPPENALUMOHHYIO, H APYTYIO Ma-
TeMaTH4yecKyro oopaboTky.

[To Turmy mHOMKAaTOpa COCTOAHMA 0OBbEKTa MOHUTOPUHIA PaslIMyaloT KOMIUIeKcHsle (R = 1),
MHoroyposHessie (R, = 2) u npoctele (R = 3) cuctemsl. I1pocTble HHANKATOPBI COCTOAHUSA HMEIOT
TONIBKO (PYHKLHIO OTOOpaXKEHHS COCTOsHHA 0OBEKTa. MHOrOypOBHEBBIE HMHAMKATOPBI COCTOSTHHA
Hapsay C OTOOPKEHHUEM COCTOSHUSA 0OBEKTA JOJKHBI HMeTh QYHKLIMU OTOOPAKEHHUS COCTOSHHMIA U
[1apaMEeTPOB PA3TM4YHBIX €r0 COCTaBHBIX yacTeil. KoMmekcHble HHAHKATOPBI COCTOSTHUS BKIIOHAIOT
B ce0s1 PyHKLMU MHOTOYPOBHEBBIX HHAUKATOPOB U AOKHBI 0TOOpaXKaTh: AaThl MyCKa/OCTaHOBA CH-
CTEM M arperaTos, HX HapabOTKH, MPOrHO3 OCTATOYHOrO Pecypca, a TAKXkKe BEIBOAAT HHPOPMALHIO MO
CNelyOIMM KaHaJIaM: 3BYKOBOH BBIBOJI, Me4aTh MPOTOKOJIOB, NEpeAaya AaHHbIX MO ceTH (myOnauka-
uus Ha Web-cepsepe).

ITo HANMMYMIO M YPOBHIO AHACHOCTHUECKOM CETH PA3IHUAOT CIIGAYIOLUME IPYMIbI CHCTEM: aBTO-
MaTH4ecKas AHarHOCTHYecKad cetb (R, = 1); pytdHas AMarHOCTHYECKas C€Thb, HHTEPHUPOBAHHAS C
NepeHOCHBIMH cHCTeMaMH (R = 2); py4Has quarHocTu4deckas ceTb (R, = 3); OTCyTCTBHE AHArHO-
cTHUecKOH ceTH (R); = 4). ABTOMATHUYECKAS JUATHOCTHYECKAS CETh JO/DKHA 00ecreunBaTh aBTOMA-
THYECKOE MMPEICTaBIEHHE HA KOMIBIOTEpaX YAaJeHHbIX MOb30BaTENAEH NOMHOH MHDOPMALMHK O CO-
CTOSHHH 000pY0BaHHS NPU OJHOM OOpalleHHH K CETH, NOJYYEHHON KaKk aBTOMATHYECKUMH CTaLIHU-
OHAapHBIMH CHCTEMAMH, TaK U NMEPEHOCHBIMHU (EPCOHATBHBIMH).

[To Tury ynpapiieHUs CHUCTEMBI pas3leNiAloTcs Ha aBTomarHdyeckue (R)3 = 1), aBTOMaTH3MpOBaAH-
Hble (Rj3 = 2) 1 pyunsle (Rj3 = 3). PyuHsle cucTeMbl BBITIONHAIOT OONBIIHHCTBO (YHKUUH MOHHTO-

PHUHra noj ynpaBJICHHEM HeJIOBEKa-oreparopa. ABTOMaTPBHpOBaHHI)Ie CUCTECMbI OOJKHBI BBINOJ-
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HSITh OCHOBHBIE (DYHKUMH MOHHTOPHMHIa aBTOMATHYECKH, a BCTIOMOTaTesbHbIE — [0/ YIIPaBieHHeM
yesioBeKa-onepaTopa. ABTOMaTHUECKUE CUCTEMBI MOHHTODUHTA [O/KHBI BBINONHATE BCE (DYHKLMU
MOHHTOpPHHra aBTOMaTH4eckd. YenoBek B aBTOMATHYECKHX CHCTEMaX MOXKET MCIIOB30BATHCS Kak
3BEHO YNPAaBJICHHs IS BbIJAUHM YIIPABISIOMMNX BO3AEHCTBUH Ha OOBEKT.

Krnacc cuctempr onpeaessioT no BhIPaKEHHIO:

K =int(1+log (ITR,), )

rae K — KOMIUTEKCHBIH MOKa3aTesb, ONPeAeTAOILHH KIacC CHCTEMbI;

[[Ri — npousBeneHue 6aynoB, COOTBETCTBYIOLMX CBOHCTBAM CHCTEMBI,

int  — uesas yacTb YHCNa;

A — ocHOBaHMe norapudma, onpexpenserca KputhuHocTeio OINTK, wanpumep ans OTP
n OO A = 10 [11]; ana KBO npeanaraerca A =3 unn A = e (e = 2,718... ocHOBaHMe HATYpATbHbIX
norapudmos), wis CBO pekomennyercs A = 2. B 5ToM ciyuae, yxe NpH BeJIHUHHE [IPOU3BEAEHHUS
1R, paBrom 3 mnn 2, knacc CM pasen 2.

Kcrary, B [18] ocHoBaHue norapudma He yKa3aHO HMEHHO U3 COODpaXEHUH nocnexyrowei Kiac-

CHCbHKaLU/IH CHCTEM )14 pa3HbIX KaTeFOpHﬁ OTBETCTBCHHOCTH OG'I)GKTOB.
Tabnuua l

anMepbl pacyeTa Kjtacca cMcTemMm

Homep cucremsl |

Bua knaccnpuxaumnu [TapaMeTpsl KIacCH(pUKaLMK T2 T34 ¢ =
[To konuuectBy u Buay MHK Komnnexcusle, cneuyanusuporanssie (1,2) | 1 | 1} 1 ] 1 1 2
| Io tuny skcnepTHOM cHCTEMbI OCIP, 3CH, CUC (1, 2, 3) | S O O U [ 2 3
Ll'lo 06BeMY HEHCTIPaBHOCTEH [upoxoro kiaacca, y3xkoro (1, 2) 1|1 1|1 ]2 2 2
Ll'[o cratuyeckor omubke Huskoii, cpexnet, seicokoii (1, 2, 3) 1 1 1 1 1 | 1
Lﬂo JHHAMHUYECKOHR omnbke Huskoi, cpeaueit, Bsicokoit (1, 2, 3) 1 1 1 1 1 2 3
[To pucky nponycka Huskui, cpeanu, Beicoknit (1, 2, 3) 213122 3 3
BHE3AHOrO 0TKa3a
1o uncny n3mepuTeNnbHbIX MuorokaHanbHele, OHOKaHaNbHbIE (1, 2) 1 1 1 1 1 { 2
KaHaJoB
[To cnoco6y onpoca VHuBepcalbHble, TapanesbHble, NOCAEN0- | O O O O 2 3
[aTHHKOB Barensusie (1, 2, 3)
Ll'Io APXUTEKTYPE PacnpeaeneHHsle, cocpenoroyennsie (1, 2) 1] 1 1111 1 2
Ll'[o TUIY aHAIM3ATOPA CUTHANIOB | BEKTOpHBIH, ckansapHslit (1, 2) 1 1 1 1 1 1 1
[To Tamy ®WHAKKAaTOpa COCTOS- KoMmnaeKcHbIe, MHOTOYPOBHEBEIE, NPOCTHIE 1 1 1 1 2 2 l
Hus (1,2,3) |
Tlo Hanuuuio AMarHocTHueckod | ABToMaTuyeckue, pyunsle, Het (1, 2, 3, 4) | 1 1 212 2 |
CeTH
Mo Tuny ynpasnenus ARBTOMATHYECKUE, ABTOMATU3HPOBAHHEIE, 1 1 1 l I 2 2
py4neie (1, 2, 3)
L Tpousseachue [[R; 1 2]31]47]32]384]2592
OoTP Logo([TR:)=Lg([1R») 0 103(05|06/(1,5| 2,6 | 34
Knacc (K) 1|1 |1]|1]2 3 4
OI1o Logs([TR:)=Le([1R:)/0,77 010410,6(08/1,9| 34 | 44
Knacc (K) L1112 4 5
KBO Ln([TR,)= Lg([1R:)/0,43 0 (07{1,1]1,4]|35]| 56 | 79
Knace (K) 1112 4 6 8 J
CBO Log,([TR:)= Lg([1R:)/0,3 0 1.6 8,6 I
Knace (K) 12236 | 9 12
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B tabn. | npuBeneHsl MpuMephl pacyera Kilacca CUCTEM IS Pa3sNMYHBIX KOHGHIypauwii anmna-
paTHBIX W MPOrpaMMHBIX CPEACTB. YMeHblIEHHe OCHOBaHUA A yorapudma 10 3 U jasee 10 2 cyle-
CTBEHHO MOBbIlAET TpeboBaHus k CM, paspewas npumenats 1ig CBO cuctemsl ¢ Haumy4mmimu
napameTpamH, A/ KOTOPBIX BCe MOKA3aTely PaBHbI €IMHULE.

JInst Kaxa0ro Kiacca CUCTEMbl YCTAHABJIMBAIOTCS TPAHMLbBI IPUMEHEHHUS TIPH OCHALLEHUH JHepre-
THYeCKMX KoMruiekcoB [11, 13] B cooTBeTCTBUM € pUCKOM Nporycka oTka3oB. Kiaccudukauus obo-
pyZlOBaHHS OCHOBaHa Ha MaTpule pucka [6, 10], yuuTBIBalOLIEeNd BEPOATHOCTE BOSHUKHOBEHMS OTKa-
32 M €r0 SKOHOMHUYECKHE, IKOJOrMUECKHE U TEXHONEHHBIE TOCIIEACTBHA.

CucTeMbl MOHUTOPHHTA 1-ro kilacca NMPUMEHSIOTCS IS KOMIUIEKCHOrO MOHMTOPHHIA BCEH TeX-
HOJIOTMYECKOH YCTaHOBKH, BKJTIOUas OOBEKThbl NMEPBOM, BTOPOH U TPETHEH KATETOPHH C BO3MOXHO-
CTBIO aBTOMaTHYECKOH GJIOKMPOBKHM OMAacHBIX arperatoB U obecrneunBaroT 6e3onacHyro pecypcoche-
perarouIyro 3KCrtyaTauHo o60opyaoBaHus o GaKTHYECKOMY TEXHUUYECKOMY COCTOSHHIO.

CucteMsl 2-ro Kiacca NpUMEHSIOTCS U1 MOHHTOPUHra o60pyNOBaHUA BTOPOW M TPEThEeH KaTe-
rOpHH C BO3MOXHOCTBIO aBTOMaTHYECKOH ONIOKMPOBKH OMNACHBIX arperatoB M oOecneuuBaroT 6e3-
OTACHYIO pecypcocOeperarollyro 3KCIIyaTauo 060pyAOBAHUA MO (AKTHYECKOMY TEXHHUYECKOMY
COCTOSIHHMIO.

CucteMsl 3-ro Knacca NMpUMEHSIOTCS I MOHHTOPHHTa 0OOpYNOBaHMS TPEThEH KaTeropuu rno
($aKTHIECKOMY TEXHUUECKOMY COCTOSHHIO.

Cuctemsl 4-ro ¥ 607ee HU3KHX KIaCCOB HOCAT BCIIOMOTaTE/IbHBIA XapaKTep.

[TpyMeHeHre CTaAUMOHAPHBIX CHCTEM JUATHOCTHKHY M MOHUTOPHHIA MO3BOJIAET MEPEBECTH OTKA3bI
TEXHOJIOrMYECKUX CUCTEM U3 KATErOpWM BHE3AINHbIX B KAaTEOPHIO MOCTENEHHBIX, T. €. Habimwonae-
MbIX. B Tabn. 2 npuBeneH npumepHBIi nepeyeHbh HEUCNIPABHOCTEH MalIMH 3a611aroBpEMEHHO aBTO-

Tabnuua 2

Hepeqeub HeHCHPaBHOCTeﬁ MAUIHH 336JIRI'OBPCMCHHO ABTOMATHYECKH oﬁuapymuaaemux
H YKa3biBaeMbIX MepcoHaNy cucremMoit MOHUTOPHHIa COCTOAHUA B DEATbHOM BPEMEHH

Nen.n. | Bua nencnpasHocTu Nen.n. | Bua HeucnpasHoCcTH

Knacca Knacca

1 MOAWUMHUKA: HEAOCTATOK CMA3KU 5 NOpPWHEBbLIX KOMNpeccopos:
nepekoc Knanaos
ocnatnenve KPUBOWWNHO-WAaTYRHOW rpynmot
LederT BHewHeln o6oiMbl ocnabneHue raiiku NopwHA
LAedeKT BHyTpeHHeW 0BofiMbi KOPeHHbIX NOAWNNHUKOB
AedeKT Ten kayeHUn 3abpoc KoHaeHcaTa
AedpekT cenapaTopa

2 MexaHusma: . 6 ruapo-rasoguHaMmuyeckue:
AedekTbl MydTbI KasuTayua
AedekTbl 3ybuaTbix nepegay ruapoypap

3 MaluHbl: npoxaar

Sananc poTopa nomnax (npeanoMnain-Hoe

Anc COCTOAHWG)

HapyuweHus KpenneHus
nedexTsl pabodero koneca

cpes pana 7 aneKTpuyeckune:

Heponycrumoe 6ueHne neperpyaka no Toky

potopa nepekoc chaa

HeAonYCTUMbI OceBOo cABUr AecbexTbl cTatopa
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VII Me3cOyRapoOHas HQyHHo-meXHUNECKAR KOH(peperuua

MaTH4eCKH OOHAPY)XHBAEMbIX M YKa3bIBAEMBIX NEPCOHANY CUCTEMOM MOHUTOPUHTA COCTOSIHHA B pe-
anpHOM BpeMmenH [2, 3, 13].

[Tockosbky JHOOBIe CHCTEMBI PAclO3HABAHMA OOJIANAIOT HEHYJEBOM OIIMOKOH 7, TO BO3ZHHMKAET
3aa4a OLleHKH TpeOyeMoi OHOKHM CHCTEM AHATHOCTUKK K MOHHTOPHWHIA 77, €CJH JUIA TEXHONOTHYe-
CKOM CHUCTEMBI, HMEIOLLEH B CIIOMHBLIMXCS YCJIOBHMAX IKCILUTYaTallid BEPOATHOCTh BHE3aMHbIX OTKa-
30B O 1 HapaboTKy Ha oTka3 Ty, TpebyeTca obecneunTs PUCK MpPOIycKa OTKa3a He Gojiee ¥ U Hapa-
0oTky Ha oTka3 He meHee 7. Ilomaras, 4To CyuwlecTBYIOIMe napaMeTprl HagexHoctd Q u Ty Ho-
CTHUTHYTBI IIPH CYLUECTBYIOLIEH TEXHOJOTMH OOCTY)KMBAHUA ¥ MHCTPYMEeHTaX Hab/roeHHs 3a COCTO-
sHueM 00opyNOBaHus, T. €., KaK PABHIIO, BU3YabHO-H3MEPUTENIbHBIiH koHTposs (BHUK) npu o6xo-
Aax, noxasaHo B [4]. Tpebyemas BEpOATHOCTL OLUMOKH Pacro3HaBaHUs J1eEKTHOro0 COCTOSHUA 060-
pyZOBaHUs ONpPEeNsIeTCs COOTHOIEHUAMH (pHc. 1):

n=[Ln(l —r)]/ [Ln(1 = r)*+Ln(l — O)].

Koadduuuent ypennuenus HapaboTKu My OTKa3aMu (puc. 2):

Tr =T [Ln(1 - D)/ [Ln(1 = 1], @)
kr=Ty/ Tp, k1=%7—1.

Hanpumep, s 7 = 4 % ko3 PuunenT yseanueHns HapaboTKH MeX /Ty BHE3AMHbIMH HEOOHAPY-
KEHHBIMM OTKa3aMH arperaros ky = 24 pasa, 4T0 OOBACHAET CYLIECTBEHHOE yBEIMYEHHE TEXHOTEH- |
HOM, 9KOHOMMYECKOH M 3KOJIOTHUYECKOH G€30MacCHOCTH NPH BHEAPEHHUH CUCTEM MOHMTOPHHra. axe
Mpy CyMMapHOH olnbke MOHMTOPHHTa B 30 % BBIMIPHILI COCTABISET HE MEHEE ABYX pa3.

HMmenno peskoe coxpauenue (6oJee YeM Ha Mopsaaok) omubku MoHuTopunra ¢ 30+40 % 1o 1 %
H MEeHee NPUBOINT K PEIKOMY POCTY IP(PEKTHBHOCTH, B YACTHOCTH K YBEJTHHYEHHIO MEXABAPHHHONO
npofera B 1eCATKH U COTHH pa3, a, CJIEI0BATE/IbHO, K PAIMKaIbHOMY COKPAIEHHIO IKCILTyaTaLHOH-

HBIX 3aTPaT U POCTY BbipabaThiBaeMOi MPOAYKIMH (JHEPTHH).
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Puc. 1. Jlonycrumas owwnOka 7 CHCTEMBI MOHHTOPHHIA NPH TPEGYEMOM PUCKE 7 1 (haKTHUECKOH BEPOATHOCTH OTKA3A
obopyaosanus TOK Q
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«IIpobnemuvt subpayuu, suGPOMOHUMOPUHZA U OUAZHOCIUKI 0GOPYO0BAHUA ITEKMPUHECKUX CRIAHLUEY

S¢pdexTuBHOCTL
1000 1
kT —I
] B
100 —=—=F——=—=—— s
iy
=
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1
0,1 . 1 10 n.%

OwuGKa MOHHTOPHHTA

Puc. 1. Koadpuument ysenvyenns HapaboTKH MEXAY 0TKa3aMH K7 B 3aBUCHMOCTH OT OLUMOKM MOHHTOPHHTA 77

Haunbonee crnoxHas npobnema B peallbHOM JKU3HHM, KaK IOKa3bIBAET MPAKTHKA, — YMEHbLIIECHHE
pHCKa IMPOIyCKa ONACHOr0 COCTOSHWS OOOPYIOBAHHA F, NPENCTABIAIOIIErO COOOH COBOKYMHOCTH
oumbok CIIM # u yenoseueckoro ¢akropa (UD) k. B cBoro ouepens ommbxa CM # ansercs cym-

MO cTaTHYECKOH S M nuHaMuueckoi d ommOOK:

r=1-(1-$(-d)1-h),

a NpUOTKEHHAs OUEHKA npu' (S, r, h) < 0,1 moxer ObITh MOTy4eHa 1o Gopmynam:
n=S+d, r=n+h=S+d+h. (3)
Hano otMeTHTs, 4To ouminbka u3-3a BnuaHus YD aHAIOrn4Ha AMHAMUYECKOH olHOKe, NOCKOIbKY
YBEJIMYHBACT MHTEPBAN 3ana3jblBaHUs afeKBATHOW peaklUMV MepcoHana Ha npeaynpexiaenus CM.
OnacHoe cocTosHUe 000pYIOBAHUS MOXKET OBITH MPEAOTBPALLEHO NEPCOHATIOM, €CJIM Npeaynpexae-
vust CJIM n0BOAATCS HEYKOCHUTENBHO, 63 3aep)KeK, HE3ABUCHMO OT €rO BOJIM M XKEJaHHi, a HHO-
rja, eci HeoOXOMUMO, TO U NMPUHYAUTENBHO Yepe3 YIPaBISIOLIee BO3AEHCTBHE PyKOBOAUTENS 6O-
Jiee BBICOKOrO YPOBHs ynpasiieHus. Mmenno mns atoro CIIM NO/DKHBI COAEpKaTh BCTPOEHHYIO aB-
TOMATHYECKYIO IKCIIEPTHYIO CHUCTEMY IOJUIEPKKH NPUHATUS PELIEHUN O TEXHUYECKOM COCTOSHHH
o0beKkTa H JansHeimeM ynpasneHuu (R, = 1), BBISBIATH IHPOKUI K1acc HeucnpaBHocTel (R = 1),
ObITh aBTOMaTHHECKMMH (Ry3 = 1), o6nagaTh KOMIJIEKCHBIM WHIHWKATOPOM COCTOSIHHSI C pEYEBBIM
npenynpexaenueMm (Ry; = 1) 1 apromaTuveckoil AMarHocTnyeckod cetsio (Ry; = 1), npeacrasnsio-
led pyKOBOACTBY OOBEKTHBHYIO KAapTHHY TEXHHUYECKOTO COCTOSIHHS OOOPYNOBaHHS B pEalbHOM
BpeMEHH. be3 BBINOTHEHMS 3THUX YCIIOBUN UMeTh npHeMNeMbld pHuck (r < 5 %) He Bo3mokHO. Ha
yMEHbLIEHHe OLMOOK MpOIycka OTKA30B HANpPaBJIEHBl M ApYrue rnokasatenu xkinaccubukaumu. [pu
cHuHTe3e JI060it CHCTEMbl MOHUTOPHHTA TS PACTIO3HABAHHUS TEXHUYECKOTO COCTOSHUSA 00BEKTA BaXK-
HeHIMM sBJISEeTCS BBIOODP MOKa3aTeNs, JOCTHKEHUE KOTOPbIM HEKOTOPOro KPUTHYECKOrO 3HAUEHHUS
MO3BOJISET CUUTATB, HTO OOBEKT NepeLies U3 OJHOTO COCTOSHMUS B Apyroe. [Ipu 3TOM He BaXHO, YTo
3TO 3a MOKa3aTeNb (AHACHOCTHYECKHH TMpPU3HAK) — BEKTOPHBIA MIIM CKAISAPHBIN, U3MEPAEMBIA B
KaKMX-T100 LIKanaxX WM BBIUMCIISEMBIH, HEMPEPBIBHBIA Ml AHCKPETHBIN, OLIEHUBAEMBIN JKCMepTa-
MU B 6annax v T. . BaxkHo gocTHraeT oH MM HET KpUTH4ecKoro 3Hadenus [19]. Tak ob6crout aeno
B CJly4ae CTaTUYECKOTO paclo3HABAHMSA, XapAKTEPU3YIOLIEroCcs CTaTHYeCKod ounbKoit § — BeposT-

HOCTBIO INPOITYCKa OMAaCHOI0 COCTOSHHA OGBCKTa, Korna Cl)al(TOp BPEMEHHU HE ABIACTCA CYLICCTBEH-
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VII MexcOynapoonan Hayuno-mexnudeckan Kondepenyua

HeiM. HHaue 06CTOUT 1e10, KOraa oCyeCTBIAT MOHUTOPUHT COCTOAHMSA O6BEKTA, KOTOPOE MEHS-
eTcs BO BpeMeHU. B 5ToM cilydae HaJlH4Me CTaTHHECKOHW OIMOKM pacrno3HaBaHMs MPHUBOIUT K He-
OTIpeIeNIEeHHOCTH ONpeNesieHHss MOMEHTa NMepexona oObeKkTa B HeONarorpHUaATHOE COCTOAHUE, KOTO-
pas 100aBNAeTCS K HEONpeJeSeHHOCTH, OOYCJIOBJIEHHON MMCKPETHBIM XapakTepoM HabiroleHus
(MOHHTOpHMHT2), Ha3bIBAEMOH OLIMOKOH NMHAMUYECKOrO pacnosHaBaHKs d. COOTBETCTBEHHO YBEIH-
YHBAETCA W PHUCK NMPOITYCKa OMACHOr0 COCTOAHHUA I.

BeposTHOCTB OIINGKKM AMHAMHYECKOTO PACTiO3HABAHHS OMACHOTO COCTOSHUSA 0GOPYAOBaHUSA (U~
HaMu4eckas OlMOKa) ONpeENsIeTCs BEPOATHOCTIO CBOEBPEMEHHOTO IIOKPBITHUS MHTEPBAJIOM MOHH-
TOPHHIa T MOMEHTOB HACTYTUIEHUS COCTOSHHMI «TpeSyeT npuHatus Mepy tr 1 «HedomycTumo» fy
Ha UHTEPBaJie Pa3BHTHA HEHCTIPaBHOCTH Ty M paBHA OTHOLICHHIO HHTEPBAIAa MOHUTOPHHIA T K UH-
TepBary pa3ButHsa HeucnpasHocTh Ty [18]: d = ©/Ty (puc. 3). Hanuuue cratuueckoit omnbku s npu-
BOMHUT K 3ana3[biBaHHIO MOMeHTa oOHapyxcHus coctosnusa TIIM Ha untepsan tr = fr5 — Iy,
a coctosnua HJII Ha uHTepBan ty = fy5 — ty. DAKTUHECKN AMHAMHYECKas OIINOKA d yBEIMUHBAETCA
Ha BETMYMHY 3afa3]bIBAHMA, BBI3BAHHYIO HAJTMYHMEM CTATUHECKOH OHOKH ds. [Ipy HAMH4UM CTATH-
yeckoH owuOkH § NUHAMHYEcKas ouinbOka pe3Ko BO3PACTAaeT BCIEACTRUE 3aMa3iblBAHHA MOMEHTA

BPEMEHH NPaBWILHOTO pacno3xasanus coctosuus TIIM frs u HIII ty5 Ha untepsans! 7 v 7y COOT-

BETCTBEHHO:!
d=d+de: de=de+dey; den="T TH
o=d+ag; de=dsp+asy; der= "/ 5 dey="1/0 . (4)
H H
PaccMaTpuBaroTCs 1Ba IpUMepa HanOosee TUITMUHBIX TPEHIOB (TPaeKTOPUI AerpaJaliy COCTOs -
Hus) [4].

MO>HO 10Ka3aTh YTO AJS JIMHEHHOH TPAEKTOPHHU Aerpajalidid TEXHUYECKOro cocTosnus ¥ = k+t

JHHAMUYECKHE OUIMOKH ONpenensitOTCAa BBIPOKEHHAMH:

S 1 S G S G+l

dn=1_g*g-1 Ym=T3"G-T YTims5Gor )

rie § — BepOATHOCT OLIHMOKHM CTATHYECKOTO Paclo3HaBaHus; G — OTHOLIEHHE YPOBHA JMArHOCTHUYE-
ckoro npusHaka «OCTaHOB» NpH JOCTHKEHUH cocToanus «Henomycrumo» (HJIII) k ypoHIO aua-
THOCTHYECKOTrO npu3Haka »llpepynpexaeHue»» Nnpu AOCTHNKEHHH cOCTOSHUA «TpebyeT NnpuHATHS
mep» (TTIM); dsy; — yBennueHue auHamuyeckoi owMOKK onpenmenenus cocrosHus TIIM NpH Nu-
HEHHOM Tpenne; dgyy — yBeNTHYeHHEe TMHAMUUECKOH omKrbku onpeaenenus coctosHus HJTT npu nu-
HEWHOM TpeHae; dgy — yBEIMYEHHE CyMMapHO#H NMHAMUYECKOH OLIUOKH NPH IMHEHHOM TPEH/E.
Beipaxkenuns (5) NOKa3bIBAKOT, YTO NPH JIMHEHHOM TPEHAE AErpafialiiid COCTOSHUA OOBEKTa yBe-
NMYeHHe IMHAMMYeCKo ownbku onpepenenus coctosnus HIII B G pas Gonblie, yeM yBenHueHHE

JUHaMH4ecKoH ommbky onpeaenenus coctosiHus TIIM:
A, =G dgry,- (6)

Jins TpeHnoB dkcnoHeHuUanbHoro tuna ¥ = A-exp(a‘t), V' = a-A-exp(a-f). Yeenuuenue auHa-
muueckoit ommbkn onpenenenus cocrosuus TIIM dsre m HITT dgyr okaswmiBaloTcs paBHBI

mexay coboit dsryg:
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«llpodnemsi suspayuu, 6UbPOMOHUMOPUHZA U QUAZHOCHUKY 000PYO08AHUA FNEKMPUHECKUX CHARIUIY

G

dgrg =dsyg =dsrpg Z—S % NG ) (7
1-S G-1

VBennuenne cyMMapHO#i AMHAMUYECKOM OMIMOKH MPH SKCTIOHEHLIHATbHOM TpeHae dsg:

s 2JG
T — . 8
dse=1-5%G-1 ®)

Ha puc. 3 npuBeneHs! 3HaueHHs JTOMOHHUTENbHBIX JHHAMUYECKHUX NOrpeIIHOCTEN dg A% NHHEH-
HBIX M 3KCIOHEHUMANbHBIX TPEHAOB NpHW 3HadeHusax G, paBHbix 1,25; 1,6 u 2,5, naubonee uyacto
BCTpevarollMXxca B ctaHnaprax [8, 9, 12, 14] B nmpotieHTax OT MHTepBa/ia pa3BUTUA HEUCTIPABHOCTEH
T ot coctostnus TTIM go coctosnus HJTIL Tpu G = 1,25 nononHurenbHas AMHAMHUeCKas olubKa
dg 6onee ueM B 9 pa3 MpeBbIILACT CTATHYECKYIO S

Haubonee cunpHO craTHyeckas omybka pacrno3HaBaHUS YBEIMHHUBACT IONOJHHUTENBHYIO AUHa-

MHUYECKYIO OLIHMOKY NP MUHUMaBEHOM Koadhduunente G = Yy/Y = 1,25 ana nuneitnoro tpeHna dsy;.
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Puc. 3. 3aBHCUMOCTb AMHAMHYECKOH oMK 0OHapyx)eHUs cocTosHus «Tpebyer npuHaTHS Mep» U «HenomycTumo»
NpH MOHHTOPHHTE OT CTaTH4eCKON S fuis pa3HsiX 3HaueHuH oTHowenus G ypoBHs «OctaHoB» K ypoBHI0 «[Tpenynpex-
JEHHEY HATHOCTHYECKOTO NPU3HAKA ANl TMHERHOTO dyyy, gy, M SKCIIOHEHUMANBHOTO dyryg TPEHIOB
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Puc. 4. 3aBHCHMOCTH KOIDPULMEHTOB yBeAHUEHHS NOMONHUTENLHONH AuHamuyecko owmbku CM, BosHukarouleH

BCJIENCTBHE CTATUYECKOH OWINOKHM, OT OTHOWICHHS KPHTHHECKMX YPOBHe# npusHakoB «OctaHoB» u «[IpeaynpexicHues

G = v/Y: L, E, ~ ko3bduureHtsl ypenndeHus o6uIeH M0NONTHHTENBHON OUHAMMYECKOH OMIMOGKU ANS THHEHHOrO

H IKCTMOHEHUMALHOrO TPEHAOB, COOTBETCTBEHHO; L, E, — K03 (PULHEHTB! YBEIHUEHUS RONOJIHUTENBHON AHHAMHUYECKOR

OwWHKOKH OMpeleNeHns MOMEHTAa nepexona B cocrtosHde HJAIl Q08 AMHEHHOTO U 3KCMIOHEHLMANLHOTO TPEHAOB,
COOTBETCTBEHHO

233



VII MencOyHapoOHAA HAYPHHO-MeXHUYECKAR KONPePEHUUA

Ve nipu cratnueckoit owmnbke § =1 % (yposeHp dakTopa Ry = 1) gononHuresibHas AHHAMAYe-
ckast ownbka ouenku coctosuus HIAIL dsy, > 5 %. YuursiBas BbIpakeHHe Qs puUCKa MPOIycka
OMacHOro coctosHug (3) nociaeAHui TakKe oKasblBacTCs 3aBenoMo Oossiie 5 %. To ecTh MO 3THM
dbaktopam: Rs>2 u Rg > 2, [[R; > 4 npu npouux daxropax, paBHbIX 1, u kiacc CM mia OITO pasen
1, wia KBO -2, a uis CBO - 3. Ecnu 8§ = 6 % (R4 = 2), obmas quHamudeckas omubKa A1 TPEHIOB
oboux Tunos npu G = 1,25 npepeiuaer 30 %. Y4nTeiBas BhIpaXKeHUE JUI PUCKA MIPOITYCKA OMACHOTO
coctosnus (3) nocneAHMH TaKoke OKaspiBaeTcs 3aBefoMo 6onbie 30 %. To ecTh Mo 3TUM (akTopam:
R,=2,Rs=3uR,=3,[[R;> 18 u wiacc CM ana OIIO pasen 2, mis KBO — 3, a ang CBO - 5.
Takyro CM moxHO npuMeHsTs ans obopynosanus 2-i kateropun OITO M He pekomeHmyertcs

npuMeHaTs Asst obopyroeanus KBO n CBO!

BriBoamwl

1. HccnemoBanbl CBOHCTBA OLEHKM Kilacca CHUCTEM MOHMTOpHHIa 00BEKTOR NMPOU3BOACTBEHHO-
TPaHCOIOPTHOIO KOMILIEKCA, NOKa3aHa HeOOXOAUMOCTE THIATEABHOrO Y4E€Ta B3aUMOCBA3N Cb'dKTOpOB
KﬂaCCM(bHKaLII/lH MEXNY cobont ans NpaBUJIBHOIO OMPEACIICHUSA 00BEKTOB JHEPIreTUKH, HA KOTOPhIX

MOTYT GbITh HCIIONE30BaHbl KOHKpeTHbIe CIM.
2. TlpeanoxeHsl YTOYHEHHs KPUTEPUEB KIACCUPUKALMH 1715 OOBEKTOB TEXHHUYECKOTO PErynpo-

Banus (OTP), onacubix nponszsoacteenHeix 00bekToB (OI10), kpuTHUecku BaxkHpix 06bekTOB (KBO)

W cTpaTernyecky Baxkubix 00pekToB (CBO).
3. Tloka3aHO CYILECTBEHHOE BIMAHHE OWMOKK CTATHYECKOrO PAaCTO3HABAHHUS TEXHHYECKOro CO-

CTOAHHUA 060pynosafmﬂ epBoro poAa Ha AMHaAMHYECKYHO OUJH6Ky pacrno3HaBaHUA 1NEPBOro ponaa,
KOTOpOE pacTeT OGpaTHO NpONOpUHOHANIBHO YMCHBUIEHHIO OTHOWIECHHMA KPUTHYECKUX 3HAYEeHHUH

AWACHOCTUYECKHUX TPHU3HAKOB, COOTBETCTBYIOIUMX TEXHHUYCCKHM COCTOAHHUAM (<HCIIOHyCTI/IMO)> H

«TpebyeT npuHATUS MEPY.
4. IokasaHo, 4to BHeapeHre CJIM uenecoobpa3Ho faxe npu G0BLIOM pUCKe TIPONyCKa 0TKa3a,

Tak npu r < 30 % ysenuuenue BpemeHu 6e3aBapuitHoit paboter OIIO cocrasnser He meHee 2 pas.
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Kongepenunun mno subpauuu B OAO «BTW» cramm mnpusitHO u
MONIE3HOH Tpajauuuedl Hamrero WHCTHTYyTa. OHM HEOOXONHUMBI, IOCKOIBKY
BUOpalMs — OAMH M3 BAXHEHIINX MPU3HAKOB COCTOSHHUS SHEPreTHYECKOro
obopynoBanus. OHa CTPOro KOHTPOJUPYETCS MpPH 3KCTUTyaTalMH, ITO3BOJISET
paHo OOHapYXHTh HEraTUBHbIE M3MEHEHHs, Ae(PEKTbl O00OpYIOBAHHS H
NPUHATE Mephl, 4TOOLI H30eKaTh CEPLE3HBIX MOBpexAeHUH. Hecmorps Ha
HAKOIUICHHbIE YK€ ONBIT W  3HAHUS, HAy4YHbIE MCCIEJOBaHHS |
COBEPILIEHCTBOBAHNWE KOHCTPYKIMHU, NTPoOAeMbl ¢ BUOpaLMeR BpallaroIXCs
MEXAHHU3MOB COXPAHSIOT OCTPOTY. YCJOBHS, B KOTOPBIX IPUXOAUTCS
padoTaTh, UIMEHSKOTC: C OAHON CTOPOHBL, B AEKTPOIHEPTETHKE MMOHU3UTIACH
KBATH(HUKAIUS [ePCOHATA, YXYIUIMIOCh KAYECTBO PEMOHTHBIX H MOHTAXKHBIX
paboT, HO, ¢ APYro# CTOPOHLI, MOSIBIISIFOTCA HOBBIE TUATHOCTHYECKHE CHCTEMBI
W yJ1y4LUaloTCs CTapble.

YBepeH, uTo y BAC €CTh O UeM IIOTOBOPHUTH M TOYUUTHCS APYT Y APYTa.

Kenaro Bam  MJIOAOTBOPHOH  pabOTHI, TBOPUECKOTrO IOUCKA B
KOJUIEKTUBHOM aHa/n3e HEepelIeHHBIX [POONeM M YCHELIHOTO ydyacTHsl Ha

KOH(pEPEHLIUH.
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Puc. 2. 4-cyTouHblii TpeHA subponapamMeTpos arperara 7/JB-A

Armn. COEKTR 0cHoBMON KypCOp
CK3: 5D0.81 MAKC: 40.87 Kypcop 2.50 I'u«, 3.73
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Puc. 3. Amnauryansi ciektp [13B ayrresoro BentunsTtopa 7 JIB-A

B cnexrpe curuana subponepemeuienus noawunyuka Ne 4 (puc. 3) xopoio BuaHo rnpeobnaga-
H1e 06opoTHOH cocTapnstowei, npu obuem yposne CK3 subponepemeuienus 50,81 mxm Ha obo-
POTHYIO cOoCTaBIsroLe npuxoautes npumepHo 80 % (40,87 mim).

CBoeBpemeHHO npoeaeHHbie paboThl Mo OajlaHcHpoBKe arperata 7J1B-A nepesenu ero TexHuue-
CKO€ COCTOfHHE B 30HY «JonmycTHmo», TeM CambiM TO3BOJIMIIM MOBBICHTL JKCITYaTaLMOHHYIO

I'OTOBHOCTL arperata H CHU3UTD 3aTpaThkl HA PpEMOHT.
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