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Cuctema MMUTALIMOHHOTO MOAENMMNPOBAHNA ANHAMUKU
COCTOSAHWUI CNOXKHbIX TEXHUYECKUX CUCTEM HA OCHOBE ATEHTHOTO NOAXOQA*

O.A. Hukonaiuyk, A.WU. MNasnos, A.1O. FOpun (MACTY CO PAH)

Pacemorpera crcrema MMUTAUMOHHOTO MORENMPOBAHMS BUHAMMKM COCTOSHMS CITOXKHBIX TEXHUYECKMX CUCTEM, MMEIOLLMX B CBO-
em COCTaBE yHMKASbHbIE MEXAHMYECKMe cuctemsl. [lpeacrasneHa mopens areHta, Knacckl COCTOSHMI, OTPAXKAIOLYME CTapmm
(31anbl) Npoyecca U3MeHeHMs TEXHUYECKOTO COCTOSHMS: OT COCTOSHMA MCXOAHONM AedektHocu fo orkasa. Mopgenmposarme
OMHOMMKM OCHOBAHO HA MPUMEHEHMM JTOTMKO-MATEMATMYECKONH MOBETH, OBbeaMHAIOLYEH SKCAEPTHbIE 3HAHMS M aHAIMTMYEC-
KMe MO Oi1s peanu3aLmm NoBeAeHUs QreHTos. Pe3ynsTatsl MMUTALMOHHOTO MOBENMPOBAHMSA SBAKOTCS OCHOBOM MOAGEPX-
KM MPMHSTHS peLueHmii npu obecneyernn 6e30MacHOCTH Ha BCEX CTAAMSX XXM3HEHHOTO LMKIIA MPOMBILLIEHHbIX O6bEKTOB.

Kntouessie cnosa: asromarmmsayms uccnenosanms 6e30NACHOCTH, CIOXHAS TEXHUYECKAS CUCTEMA, YHUKQIbHAS MEXaHMYecKas
CMCTEMA, QreHTHOEe MOZENMPOBAHME, MPORYKUMM, NPELEREHTSI.

Otka3ssl cnoxHbix Texuuueckux cucrteM (CTC), uc-
MOJIB3YeMBIX JUIS peai3allii OMACHBIX MPOLECCOB MpU
AKCTPEMaJIbHBIX 3HAYEHUSIX MapaMeTpPOB B3PBIBOITOXA-
POOTIACHBIX ¥ TOKCUYHBIX CPEIl, SBIISIIOTCSI NICTOUHUKOM
TEXHOTEHHBIX Upe3BbIYANHBIX cuTyannii. ColnaibHbIe,
SKOHOMUYECKUE U DKOJOTUYECKUE MTOCIENCTBUS MTOA00-
HBIX TEXHOTEHHBIX YPE3BbIUAHBIX CUTYAIIN OOYCIIOBITH -
BaIOT HEOOXOAUMOCTh COBEPILIEHCTBOBAHUS HAYYHBIX OC-
HOB 00€CIeYeHUsI TEXHOTeHHOU 0e30MmacHOCTU. 3HaYn-
TeapHOoe yncyio otka3oB CTC u mocnenyonmx 3a 5TUM
aBapuil 00YCJIOBJIEHO OTKA3aMU YHUKAJIbHBIX MEXaHUYE-
ckux cucrteMm, Bxopasauux B coctaB CTC. Iloa yHUKab-
HBIMU MEXaHUYECKUMU CUCTEeMaMU TTOHUMAIOTCS CHUCTe-
MbI, U3TOTaBIUBaEMBbIE B 1...5 9K3eMIUIsIpax, SKCIUTyaThu-
pyeMble B OTJIMYAIOUIMXCS YCJIOBUSIX U peau3ylollue
SKCTPEMAJIbHBIE TEXHOJIOTUYECKHE OMepallii B COCTaBE
CTC. OTKa3bl YHUKQJIbHBIX MEXaHUYECKUX CUCTEM O0YC-
JIOBJIEHBI TIPOLIECCAMU JIETPATAlIMU X CBOMCTB A0 TaKOM
CTETIEHU, KOTJa YHUKATbHbIE MEXaHWYECKHE CHUCTEMBbI
TIepeCTalOT BHITIONHSIThH BO3JIOKEHHBIE HA HUX (DYHKIINH,
B YAaCTHOCTHU, obecrieueHre 0e30MacHOCTH.

[MpenoTBparieHne aBapuii TEXHUIECKUX CUCTEM CBSI-
3aHO C 3ala4eil MOHWXEHUSI BO3MOXHOCTUA OTKA30B YHU-
KaJIbHBIX MEXaHUYECKUX CUCTEM, KOTOpasi, B CBOIO Oue-
penb, B 3HAUUTETHLHON CTETIEHU 3aBUCHUT OT TTPOTHOZUPO-
BaHUS AMHAMUKY UX TEXHUUIEeCKoro cocrtosiuus. [Tocnen-
Hssl ompenensieTcs (akTopaMu, OOYCIOBIUBAIOIIUMU
MNpOTEKAHUE NEerpalallMOHHBIX MPOLECCOB B 2JIEMEHTAaX
YHUKaJTBHBIX MEXaHUIeCKNX cucTteM. [lom nerpagaiimoH-
HBIM TIOHUMAETCs] MeXaHO-(U3NKO-XUMUIECKUN TPO-
1ecc, MpoTeKaIINiA B MaTepurase 1eTaiu, o0yCcIoBInuBa-
IOIIUIi OMHOBPEMEHHOE W3MEHEHUE TEXHUYECKOTO CO-
CTOSTHMSI 3JIEMEHTOB HepapXuu: "meTajib — cOOpoYHast
eIMHNIIA — MEXaHWYeCKasl CUCTeMa — TeXHUYECKast CUC-
TeMa", ¥ TPUBOISAIINI K TTPEKpaIeHUIO (DYHKITMOHUPO-
BaHUS W/WJIA HAPYIIEHUIO O€30MTaCHOCTY SKCILUTyaTalluu
cuctemsl [1, 2].

[MpumeHeHne COBpEMEHHBIX TEXHOJOTUI MMUTAIU-
OHHOTO MOJICJIMPOBAHUS SIBIISIETCS] OMHUM U3 3 DeKTUB-
HBIX CTIOCOOOB PeIlIeHUsT 3a1a4r TTPOTHO3UPOBAHUS U UC-
C/IeI0OBaHUS, B TOM YHUCJIE TEXHUYECKOTO COCTOSIHUS
CTC. CrnoxHas TexHu4ecKasi cucrteMa — 3T0 OOBEKT CO
CJIOXKHOUW CTPYKTYpPOW, U €ro COCTOSIHUE CKJIaJbIBAETCS

U3 COCTOSIHUI OOJIBIIIOTO YUCIa PAa3HOTUIHBIX JIEMEH-
TOB, MMO3TOMY JIJISI MOJEIUPOBAHUS NTMHAMUKY TEXHUYEC-
KOTO COCTOSIHUSI CJIOXKHOM CUCTEMBI 11eJIECO00Pa3HO UC-
MOJIb30BaTh areHTHOE MOJEIMPOBAHUE, IMO3BOJISIONIEE
HUCCJIEeIOBATh MOBEACHUE OOBEKTOB, COAEPXKAIIUX OOJIb-
1I0€ YKCJIO MOACUCTEM WM O0JaJaloINX WHAWBUIYATb-
HBIM MoBeaeHueM |3, 4].

Hdnsa paccMatpuBaeMoil TPOOJEMBbl OYEHb BaXKHBIM
MPEUMYIIECTBOM areéHTHOTO MOJEIUPOBAHUS SBISIETCS
TO, 4YTO, B OTJIMYME OT MOIEJEN CUCTEMHOU TUHAMUKU
WIU TAUCKPETHO-COOBITUIHBIX MOJIENEH, 3eCh HET HEO00-
XOIUMOCTU TOAPOOHO OMPENENsATh MOBEACHUE CUCTEMBI
B LIEJIOM, pa3paboTKa MO BO3MOXHA IPU OTCYTCTBUU
IyOOKUX 3HAHUU O MI00ATBbHBIX 3aBUCUMOCTSIX. ATE€HT-
HYIO MOZIeJIb MOXKHO MOCTPOUTD, OMUPASICh HA 3HAHUS 00
VHIWBUAYAJIIbHOW JIOTUKE TOBEIECHUSI O0BEKTOB. A MH-
dopMannio 06 0COOEHHOCTAX AMHAMUKU CUCTEMBI B 1ie-
JIOM MOXHO BBIBECTU U3 PE3YJBTATOB UCCIECAOBAHUS TO-
BEIEHUS MOJENU. ATEHTHYIO MOJEJIb MPOLIE MOANAEePKU-
BaTh: yYTOYHEHUSI OOBIYHO JIEIAI0TCS Ha JTJOKAJIbBHOM YPOB-
HE U He TPeOYyIOT T100aTbHBIX U3BMEHEHU [3].

Hpyroii 0oCOOGEHHOCTbIO HCCAEAOBAHUS COCTOSTHUIA
CTC, 00ycnoBIEHHBIX OTKa3aMU YHUKAJIbHBIX MEXaHU-
YECKUX CUCTEM, SBJISIETCS OTCYTCTBUE CTATUCTUYECKOM
uHGOpPMALlUA O NWUHAMUKE W3MEHEHUS TEXHUYECKOTO
COCTOSIHUS, YTO BJIEYET HEOOXOAUMOCTh UCTIOJIb30BAHUS
METOIOB MCKYCCTBEHHOTO WHTEJUIEKTa, B YAaCTHOCTH,
SKCMEPTHBIX CUCTEM.

B nmanHoi1 paboTe mpeacTaBIeHa UHTEJUIEKTYaIbHAS
AreHTHas MOJNEJb U CUCTEMA, PeaTu3yIollre UMUTALU-
OHHOE MOJIEIMPOBAHUE MPOIIECCA UCCIEIOBAHUS U 00eC-
neyeHUs1 O0E30MaCHOCTH Ha MNpuMepe 000pyIOBaHUS
He(PTeXUMUYECKOro MPOU3BOACTBA MOJUATUIICHA HU3-
KOl TUIOTHOCTU MPU CBEPXBBICOKOM JABJICHUMU.

IIpeacraBum CTC (npou3BOACTBO TMOJMUATUIIEHA) B
BUJIe Uepapxuu 3jieMeHTOB (puc. 1). KaxmomMy cTpyKTyp-
HOMY 3JIEMEHTY COOTBETCTBYET areHT MOJEIU. ATEHT
UMEEeT OMUCAHUE CTPYKTYPbl CBOUX COCTOSIHWIA, aJlrO-
PUTM UIEHTU(DUKALIMNA COCTOSTHUI U UH(MOPMALIMOHHO-
JIOTUKO-MaTeMaTuiyeckoe obecriedyeHue B Bune b/l, skc-
MEePTHBIX CUCTEM |5, 6] 1 MaTeMaTUYECKUX MOIYJICIA.

CTpyKTypy COCTOSIHUIA OMUCHIBAET cxeMa Ha puc. 2 [1].
CocTosiHUSL pacCMaTpUBAIOTCS Ha pa3IMYHbIX WHGbOpMa-

* PaboTa BBIIOJIHEHA 110 MEXKIUCLIUIIMHApHOMY MHTerpaunoHHomy npoekty CO PAH Nell6.
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Puc. 1. lNpencrasnenme texHmyeckos
CUCTEMBI B BMAE MEPAPXMU QreHTOB

C6opoyHas
eavHuua 1

Baza
MaTemaTuieckux
moaenen

LIMOHHBIX YPOBHSIX C TOUKU 3peHUS (PYHKIIMOHUPOBAHUS
(ucmpaBeH/HeWCIIpaBeH), TEXHUYECKOTO COCTOSTHUS
(omucaHue mapaMeTpoB COMIACHO TEXHUYECKUM TPeOOBa-
HUSIM), GU3NYECKOTO COCTOSTHUS (OMMCaHUe MeXaHO-(hu-
3UKO-XUMUYECKUX TapaMeTPOB NETPaJallMOHHBIX MPO-
1IECCOB) U CaMUX JerpalallMOHHBIX MPOLIECCOB (UX Mexa-
HU3M KakK COYeTaHue BO3IEUCTBYIOIIUX (DAKTOPOB U
CBOWCTB UCCJIEAYeMOTrO O0BbEKTa, U KWHETUKA KaK MocJIe-
JIOBATEJIbHOCTb COOBITUI pa3BUTUA mpouecca). Ha uH-
(bopMalIMOHHBIX YPOBHSIX BBIIEJIEHBI KJIACCHI COCTOSTHUIA.
Kaxnplii Kjtacc ONMUCHIBAET HEMPEPHIBHYIO TUHAMUKY TEX-
HUYECKOro cocTtosiHus. [lepexoapl Mexay Kiaccamu OIu-
CBIBAIOT JUCKPETHYIO COCTABJISIIONIYIO, KOTOPasi OTPaXKaeT
CKauK0O0Opa3HbIi Mepexo/i COCTOSTHUS U3 OTHOTO KJ1acca B
JPYToi, KOraa KapaAUHAJTBHO MOTYT U3MEHSThCS KaK 3Ha-
YEHUS ITapaMETPOB COCTOSIHUS, TAK U UX MHOXECTBO.

HenpepbiBHas AMHAMUKa ONMCHIBAETCS Ha OCHOBE
MaTeMaTUIeCKNX,/IMITUPUIECKUX MOJENeid, a JUCKPET-
Hasi — Ha OCHOBE 3HAHUI. 3HAHUS OTPAXKAIOT HAKOIIJICH-
HBII OTBIT B BUE OMUCAHUI UMEBIINX MECTO OTKA30B U
aBapuil, TEOPETUYECKNX 3HAHUM, OMUCHIBAIOIIUX AeTpa-
JNALIMOHHBIE MPOLIECCHl U 3aKOHOMEPHOCTH UX MPOTeKa-
HUS, U 3HAHUN SKCIEPTOB-CIEUUAIUCTOB B O0JACTU
CTPYKTYPHOI U IPOYHOCTHOW HAJEXKHOCTU U OE30IMacHO-
CTU TEXHOTEHHBIX OOBEKTOB.

AJITOPUTM MMUTALUOHHOTO MOJECJIUPOBAHUS TIpE.-
CTaBJIIET COOOI MOCIeN0BATEIbHOE UCCIEIOBAHNE KaXK-
JIOTO KJlacCca COCTOSHUI Ha BceX MHGMOPMALMOHHBIX
YPOBHSX, HAUMHAS C YPOBHS AeTrpafalluOHHBIX MPOLIEeC-
COB U 3aKaH4YMBas GYHKIIMOHAIBbHBIM ypoBHeM. [Tpu uc-
CJIeIOBAHUM KJIacCa COCTOSIHUI Ha BXOJ MOCTYNAaloT UC-
XOJHbIE TAHHbBIE O CBOMCTBAaX 00BEKTA, BO3IECTBYIOIINX
(hakTOpax U pe3yabTaThl MPEABITYIINX ITAIIOB UCCIEI0-
BaHWUS, HA BBIXOJIE ONPEAENSIOTCS MapaMeTphbl TEXHUYEC-
KOTO COCTOSIHUS. 3afayda OmpeesieHus mapamMmeTpoB pe-
IIaeTCs HA OCHOBE KOMIUIEKCHOTO MCMOJb30BaHUS Tpe-
LIEIEHTHOM W TPOMYKIIMOHHON SKCIEPTHBIX CUCTEM U
OMOIMOTEKU MAaTEMAaTUYECKUX MOJIETICH.

Ha xaxnom 1mare UMUTAalMOHHOTO MOJEIUPOBAHUS,
COOTBETCTBYIOIIEM OTHOMY TaKTy MOJIEJBHOTO BPEMEHHU,
WMEETCS OYepellb areHTOB, (hOpMUPYIOLIas TUIAH BBIYUC-
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Puc. 3. Anroputm mogenmuposarms
30 OfMH TAKT MOGBENMPOBAHHMS

seHns. OOBEKTHI JTAHHOU OUepea paCIIOIOKEHEI B COOT-
BETCTBUHU CO CTPYKTYPHOI Mepapxueii (OT JeTaIu J0 TeX-
HIUYECKON cHUCcTeMBbl). B Hauano odepenn moMeIaloTcs
areHThI, KOTOPEIC HEe MMEIOT COCTAaBHBIX YacTeil. B pac-
CMaTpUBacMOM IIpUMepe — 3TO IeTaiau. B KoHIile ouepe-
I HAXOASATCS areHThI, He BXOMSIINE B COCTaB IPYIUX
areHToB. B mpumMmepe — 3T0 TexHMYecKas cuctema. I1po-
IeCC BBIUMCIICHUS IBIDKETCS B HAIIPABIICHUH OT ITPOCTHIX
areHTOB (areHTHI AeTajieil) K COCTaBHBIM (areHTHI TEXHU -
yeckux cucreMm). CorjaacHo ouepenu, Ha KaxkKaoM lare
MOJICTUPOBAHUS OYIET IPONCXONNTD BEIUUCIICHIE TEKY-
111eT0 (HOBOTO) COCTOSIHUS KaXKI0ro areHTa Mojaeau. Al-
TOPHUTM OTAEJBHOTO IIIara MMUTAIIMOHHOTO MOJIETNPOBa-
HUS COCTOMUT U3 Tpex 3TanoB (puc. 3).

1. AKTUBaIIMs areHTa, HaxXOMsIIerocsT Ha TIePBOI o-
3UINUN OYepear TEKYIIEro Iara MOAETUPOBaHUS, C TI0-
CJICIYIOIINM €TO YIAJCHUEM 13 3TO ouepeIn.
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OcHoeHble c60poYHbIe eQUHUYbI U demarnu

Puc. 4. Cipykrypa areHtHos mogenm
peaktopa mna "tpy6a & Tpy6e”

2. lMonyyeHne aKTUBUPOBAHHBIM areHTOM YITpaBJe-
HUS U OCYIIECTBJIEHWE MM BBIYMCIIEHUSI CBOETO HOBOTO
COCTOSTHUSI B COOTBETCTBUM C MOJIEJIBIO TTIOBEICHUS U Te-
KYIIIUM COCTOSTHUEM areHTOB, OTBEYAIOIINX 3a TOBE/Ie-
HUE €ro COCTaBHBIX 3jieMeHTOB.Harpumep, cocrosiHue
areHTa MeXaHMYeCKOI CUCTeMBbl BEIUUCIISIETCSI HA OCHOBE
nHOOpPMAIK O TEKYIIIEM COCTOSTHUU BCEX MOMOOBEKTOB
(COOPOUHBIX €IMHULI, BXOMSIIMX B €€ COCTaB) U COOCT-
BEHHOTO COCTOSTHUSI Ha TIPE/IBIIYIIEM Iare.

3. JeakTuBalus areHTa U 100aBiIeHNUe ero B hopMu-
pYeMyIo ouepe/b CJIEAYIONIeTo 1ara MOIeIMPOBaHNSI.

[MpentoskeHHBII TIOIXOM peaiM30BaH B CUCTEME NMUTA-
LIMOHHOTO MOJeIMPOBaHUs nuHAMUKU coctostHuil CTC.

OCHOBHBIMM (DYHKITUSIMU CUCTEMBI SIBJISTIOTCSI:

BBOJI, XpaHEHUE U YIIpaBJIeHNE TaHHBIMU;

- 3aJaHNe CTPYKTYPHI U JIOTUKU MOJIEIIH;

- TJITAHUPOBAHME U 3aITyCK SKCIIEPUMEHTOB;

- UIMUTAIIMOHHOE MOJICIMPOBAHMNE;

- BU3yalu3alus, KOHTPOJIb CTPYKTYPbI, TIOTUKNA MO-
JIEJIV, BXOJTHBIX TAHHBIX ¥ TUHAMUKU TIPOTOHA MOJIEIIN;

- MOHMTOPUWHT Mojiesn U (hOPMUPOBAHUE TTPOMEXKY-
TOYHBIX 1 KOHEUHBIX PE3YIBTATOB.

PaccmoTrpuM B kauecTBe 00beKTa NCCIIETOBAHNS YHU-
KaJTbHYIO MEXaHUUYECKYIO CUCTeMY "TpyOJaThlii peakTop",
SIBJISTIONITYIOCST KOMITOHEHTOM "TIpon3BoACTBa TTONIMATH-
JIeHa HU3KOM TJIOTHOCTU" W BBITIOTHSIIONIYIO (DYHKIIUIO
obecrieueHnsI TeTUIO0OOMEHA TPU BHICOKOM JaBJICHUN pa-
Ooueit cpeapl TPYOHOTO MPOCTPAHCTBA U KOHTAKTUPYIO-
el cpeabl B MEXTPYOHOM MPOCTPAHCTBE (B pydalike).

OCHOBHBIMU COCTaBHBIMU YacTSIMUA YHUKAJTbHOW MeXa-
HUYECKOI CUCTEMBI SIBJISIFOTCST COOPOYHBIE €IMHUIIBI 'THY-
Tas TpyOa B pydarike" u "mipsiMast Tpyoa B pyoOari-
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Puc. 5. Cxema pabortsi 6noka 1.1 mogenm
MPYM BbIYMCTIEHMM TEKYLLEro cocTosHua areqta deranm

st TaHHOTO OTACHOTO OOBEKTa JAETATM3UPYEM UMU-
TAIMOHHYIO MOJIEJTb U3MEHEHUS €T0 TEXHUUECKOTO COCTO-
STHUS BO BpeMeHU (puc. 4). B paccmarpuBaemMoM rprumepe
HMHTEepBaJI MojeiabHOro BpeMenu — [0, 26 000 4], 1mar —
10 4. Tlpu 3amycke mpoliecca MOIEIMPOBAHUS aAreHTbI
ypoBHs "JleTanp" HaxomsATCs Ha YpPOBHE HEXKeNaTeTbHBIX
TPOIIECCOB, B TIEPBOM ITOITPOCTPAHCTBE COCTOSTHUI "TIPO-
1IeCCOB TIOBPEXICHUST HAa CyOMMKpoypoBHe", 0ok 1.1.
C y4eToM BXOIOB CUCTEMBI, XapaKTepU3YIOIINX TTapaMeT-
DBI CpeJibl, HATPY3KKM U CBOMCTB OOBEKTA, OMMCHIBAIOIIMX
Marepuaj, Ha OCHOBE arperaliii MeTONOB TPOMYKITMOH-
HOW M TIPELIEICHTHON 9KCIIEPTHOM CUCTEMBI OCYITIECTBIISI-
€TCsI BEIBOJ] O MEXaHU3MaX U KWHETUKE BOBMOXKHBIX HEXKe-
JIaTeJIbHBIX (JIeTpaJalliOHHBIX) MTPOLIECCOB (puC. J).

B paccmaTtpuBaeMoM ciydyae MeXaHW3M U KUHETHKa
JIETpaIallMOHHOTO TIpoliecca OMpesesieH Ha OCHOBAaHWUM
3HAHUU TPOAYKIIMOHHOU 9KCIEPTHOU cUCTEMBI [2]:

ECJIA 3HauuTeNbHBIE PACTSATUBAIONINE HATIPSIKEHUS
(Gpacr < 0,76,), B TOM umciie ocraTouHbie M 4yBCTBUTE b-
HBII MaTepuan (nechopMalivs HU3KOJIETUPOBAHHOM CTaJIv B
XOJIOMHOM COCTOSTHUW BeJMuuHOM 10 5%), W akTHBHas
KOHTaKTHas cpena (Bona o aasieHueM 3...4 MIla u tem-
nieparype okosio 300°C), TO mexaHu3Mm "okaibHast KOppo-
3ust” (Koaddument ysepennoctu (KY) = 0,8) WU me-
XaHM3M "Koppo3noHHoe pactpeckuBanue” (KY = 0,9);

ECJIN mexaHu3Mm "KOpPpO3MOHHOE pacTpecKuBa-
Hue", TO norioiieHrne B CyOMUKpoOoObeMax MaTepuaia
9QHEPTUM OCTATOUYHBIX HAIPSKEHUI M BHEITHETO Mexa-
HUYECKOTO Bo3zelicTBUsT Y TOBBITIIEHNE 2HEPTUUN KPUC-

ke". B cBOIO ouepenb, COCTABHOM YaCThIO KaXKIOit
COOPOYHOI eMMHULIBI SIBJISIETCS AETAJTh ""TETUIO-
oOMeHHas THyTas Tpyoa" WM "TeTI0OOMEHHAS
npsiMast Tpyoa"'. B MeXTpyOHOM TpOCTpaHCTBE
IMPKYJIUPYeT TeTUI000MeHHas cpena (MexaHude-
CKM M XUMUYECKU OUMIIIEHHAsT BONa TIPU JaBJie-
Huu 3...4 MIla u temneparype 290...300°C), B
TOJICTOCTEHHOI TpyOe TiepeMenaeTcsl B3pPhIBO-
noxapoornacHblii ra3 (gaBieHue o 250 MIla,
temmeparypa 290...300°C) u npoayKT noamumepu-
3aIMK 3TOTO Ta3a (TTOIMATUIIEH).

ITomoGHBIE TTapaMeTphl Tpolecca U mepe-
pabaTbIBaeMble BEIIECTBA XapaKTePU3YIOTCS
Kak OITacHble M TIO3BOJISIIOT KJIACCU(PUIIMPO-
BaTh OOBEKT KaK OIMACHBIN.
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Puc. 7. Pesynvratsi mogenupoBaHms.
[Mapamertpsr cocrosHms getamnm
B 30[QHHbIA MOMEHT MOBENMPOBAHMS

TAJTMYECKON PEIIeTKU 10 KPUTUIEeCKOTo YpoBHs, U ne-
(bopmanusg kpucraminueckoil peuetku, U pa3psiB Me-
JKaTOMHBIX CBSI3€H.

Hanee ocyllecTBISIeTCs MEePexXo Ha CAEAYIOIIUN UH-
(opmanOHHBIN YypOBEeHb ((PU3NUECKUI yPOBEHB) B MO -
MPOCTPAHCTBO "(PUKCHPYEMBIX COCTOSTHUI", OJOK 1.2,
TIie pe3yIbTaTOM MOJAEIUPOBAHUS SBISIOTCS MapaMeTphbl
COCTOSTHUI Ha (DU3UYECKOM YPOBHE.

[TapameTpsl onpeneeHbl HA OCHOBAHUU CJIEIYIOIIUX
3HAHUIA:

ECJIN xuHeTnKa "KOPpO3MOHHOTO PaCTPeCKUBAHUS "
Ha cyoMuKkpoypoBHe, TO TMHUM U TIOJIOCH CKOJTBXEHUS
(MecromnonoxeHue — Ha noBepxHoctr) U TpelnHbl (Me-
CTOIOJIOXEHNE — Ha MOBepXHOCTH; inHA < 100 MKM).

AHAJIOTUYHBIE TIEPEXOJbl OCYIIECTBISIOTCS MO BCEM
UH(POPMALIMOHHBIM YpOoBHSIM, Oyioku 1.3, 1.4. Utorom
MOJICJIMPOBAHUS SBJISIETCS MHOXECTBO IapaMeTpoB,
OIUCHIBAIOIINX TEXHUYECKOE COCTOSTHUE BO BCEX acCIeK-
Tax (puc. 6, TIepBbIil ypOBEHb JAepeBa).

OBCY)KOAEM TEMY...

Puc. 8. Pesynbrarsl mogenmposaHms.
lNapametpsi npoctpaHcTsa npegensHoro
COCTOSHMS M MX 3HQYEHUS B KCXKAbIF MOMEHT MOLENMPOBAHMS

3aTteM 11 KaXI0TO MOMEHTAa MOAEIUPOBAHUS OCY-
LIECTBJISETCS BBIUUCICHUE 3HAUYCHUI MapamMeTpoB MO
AaHAJIUTUYECKUM 3aBUCHMOCTSM, BEISIBJICHHBIM Ha
OpeabIayIeM 3Tane, B YaCTHOCTHU, OTIPEIeISIeTCS TN -
Ha MaKpOTpeLIMHbI U MOMEHT BpeMeHU, Koria 3Haue-
HUE BBINIET 3a Mpeaesibl pacCMaTPUBAEMOTO TMPOCT-
paHcTBa. JI1MHAa MaKpOTPEIIMHBI B KaXKIBI MOMEHT
MOJIEJIBHOTO BPEMEHU OMPEIEIISIeTCS 110 IKCIIEPUMEH -
TaJIbHOW MOJIEJIU.

B 0co06EIit MOMEHT, KOTIa TTapaMeTp JUTMHBI TPEIIHEI
BBILLIEJT 32 TPAHUILY KJIaCCa COCTOSIHUI, OCYIIECTBIISIETCS
nepexo] B CAEOYIOIIMK KJacC, XapaKTepusyloluencs
0OJIBIIIEI OMTAaCHOCTBIO, TO €CTh PACCMATPUBAIOTCS COCTO-
SIHUSI MIPOLIECCOB MOBPEXIEHUS HAa MUKPOYPOBHE U BCE
COOTBETCTBYIOILLIME UM KJIACChl COCTOSTHUI (puC. 2, 6JJOKKU
2.1-2.4). Nanee mpouecc MOIEIUPOBAHUS aHAIOTWYEH.
Pesynbrar MopmenupoBaHUSI — 3TO NEPEBO COCTOSIHUIA
(puc. 6), rme Kaximas BepllIMHA JepeBa OIMMCBhIBAETCS

B uensx noppep>xku BUpTyanuzaumm u obnauHbix sbiumcnenunn Cisco nosbicuna apxutektypHyto rubkocts LIOM

Cisco 00bsABMIA O CO3TAHUM HOBOU TEXHOJIOTUM, Pa3BU-
Batoieit ctpateruio Cisco Data Center 3.0 u momorarolei
3aKa3uyMKaM IMOBbIIIATh TMOKOCTh LIEHTPOB O0OPaOOTKU JaH-
Heix (LLO/1), rae Bce mupe NpUMEHSIOTCS pelieHus U151 BUP-
Tyajau3aluy U 00JaYHBIX BBIYUCACHUI. DTa TeXHOJIOTHUSI pac-
IIUPSIET BO3MOXHOCTH YHUDUIIMPOBAHHON MATPULILI KOMMY-
taruu Cisco, ToBbIIamei 3Gp(HeKTUBHOCTh TOCTaBKA MH-
dopmauuu B dbusznueckux u BuptryanusupoBanHbix O/, a
Takke 3 HEKTUBHOCTD YIIPABISHUS YaCTHBIMU U TTyOJIMYHBI-
MU objgauyHbiMKM pecypcamu. Hosast TtexHonorus — Cisco
FabricPath® pe3ko yBenmmuuBaeT MaciiTabupyeMOCTh CETel,
TUOKOCTh pecypcoB, 3 (HEeKTUBHOCTh aKTUBOB W TIPOU3BOIH -
teabHOCTh LIO/I.

Kpome Toro, Cisco 00bsiBIIa HOBBIE YCOBEPIIEHCTBOBAHUS
B kommyTaTopax LLOJ] Cisco Nexus® u Catalyst®, TOTOJTHUTETb-
uele pacmupenus yeayr Cisco WAAS (Wide Area Application
Services) u HoBbIe cepBuchl Cisco.

Macwmabupyemocmo 1101,
pacnpeoeaeHue pecypcos u npou3eo0umeabHoCny

Texnonorust Cisco FabricPath crana yacteio NX-OS — OC
Cisco mist ieHTpoB 00paboTku gaHHbIX. Cisco FabricPath perra-

eT HoBbIe Npoosembl LIO/] 1 061auHbBIX BEIYMCACHUI, BO3HUKA-
IollMe M3-3a CIOXHBIX TPeOOBAHMIT BUPTYaIM3aLMU, MOOUIb-
HOrO W JMHAMMYHOTO pacripe/ieiIeHrs] pabouyuX Harpy3ok u
dopmupoBaHus 00JIAYHON TPUKIATHONW CpPENbl ISl BBICOKO-
NPOU3BOAUTENbHBIX  BbluMciaeHuil. TexHomorusi  Cisco
FabricPath, ocHoBanHast Ha HoBoM ctaHmapte TRILL
(Transparent Interconnection of Lots of Links), monnepxxuBaet
HeOBIBAJIO BEICOKYIO MACIITAOMPYEMOCTh, HAIEXKHOCTh U TTPOU3-
BomuTenbHoCTh LIO/I.

Monynb BBoma/BbiBona Cisco Nexus 7000 F-series (HOBBIi
moxayaib it kKommyTtatopoB LIO/ Cisco Nexus 7000) mommepxu-
BaeT KaYeCTBEHHO HOBBIN YPOBEHb MPOU3BOIUTETHLHOCTH C TIO-
moipio 32 moproB 10 Gigabit Ethernet u ominyaeTcss HU3KOM
JIATEHTHOCTBIO, TIOHVKEHHBIM SHEPrornoTpedIeHMeM U YCKO-
PEHHOI OKYyNaeMOCTbl0. DTOT MO.Y/b, pa3pabOTaHHbIN s
YPOBHEM IOCTyMa M arperaiuu, KOMMYTUPYET TpadUuK CO CKO-
poctbio 10 320 [out/c 1 obecreurBaeT OMHOBPEMEHHYIO MO/~
nepxky coemuHeHmnii Gigabit Ethernet m 10 Gigabit Ethernet,
co3/1aBasi BOBMOXHOCTh MOJICPHU3AIIVNYI W 3alIAThl UHBECTUIINI
B cymectByltomue TexHonorun. Cisco Nexus 7000 F-series mom-
nepxuBaer cneunubukanuun Data Center Bridging, TRILL u
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MHOXECTBOM TTapaMeTPOB U UX 3HAUYEHUI B KaXKIbIiT MO-
JIeJIbHBIA MOMEHT BpeMeHu (puc. 7, 8).

B pesynbrate paboOTB CUCTEMBI MOIEJIMPOBAHUS
MpelioXkeH Habop ynpaBisIONMIMX ASUCTBUN IS YHU-
KaJbHBIX MEXaHUIECKNX CUCTEM, O0eCTICUNBAIOTITNIA:

- IMATHOCTHMPOBAHUE TETUIOOOMEHHBIX THYTHIX TPYO
peaxkTopa oauH pa3 B 2,5 roaa;

- KOHTPOJIb 32 HAJIWYMEM B3PBIBOIIOXAPOOTIACHOTO
raza B TEIJIOOOMEHHO cpejie.

3aknoueHme

IIpencraBieH AeTEpMUHUPOBAHHBINA MOAXOA K IPO-
THO3UPOBAHUIO TEXHUUYECKOTO cocTosiHus. OTka3 pac-
CMOTPEH He KakK cliydaiitHoe COObITUE, JIs1 KOTOPOTO OCY-
IIECTBJISETCS OLIEHKA BEPOSTHOCTU HACTYILJIEHUS, a KaK
mnpoliecc, oOYCIOBJIEHHBIM aerpagalueid yHUKaJbHbBIX
MexaHuueckux cucteM. [onpoOHoe onucaHue AaHHOTO
mnpolecca odecrneyrBaeT BO3MOXHOCTD MOJIy4eHUs OoJiee
TOYHBIX PE3YJBTATOB MPOTHO3UPOBAHUS JTUHAMUKU TEX-
HUYECKOTO COCTOSTHUS.

MMuTalimoHHoe MoOJeIMpOBaHUE TEXHUYECKOIO CO-
CTOSIHUSI MEXaHUYECKUX CUCTEM HEOOXOAMMO HUCITOJb30-
BaThb Ha 3Tafe TPOEKTUPOBAHUS JUIS BBISIBIICHUS BO3-
MOXHBIX JIeTpaJlallMOHHBIX TPOLIECCOB, OOOCHOBAHMS
HauboJiee MOIXOISIIEro Marepuansa U €ro CTPYKTYpbhl,
(GopMuUpoBaHUSI KPUTEPUEB MPEAETbHOIO COCTOSIHUS,
METOJIOB, CPEIACTB W TEPUOAUYHOCTH JTUATHOCTUPOBA-
Hus. Ha aTtane skcrutyatalilu MOAEb JA0JIKHA UCITOJb-
30BaThCs JUIS OIPENEJIEHUS OCTAaTOYHOrO pecypca u
00OCHOBaHUS MEPUOANYHOCTA TEXHUYECKOTO OOCTYKU-

BaHUS U peMOHTa. Pe3ybTaThl UMUTAIMOHHOTO MOJIEIU-
POBaHUS MOTYT OBITh UCTIOJIB30BAHBI U JJIS 3a/1a4 aHAJIU-
3a M OLICHKM PUCKa aBApUMHBIX CUTYALIM U aBapuil.
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Fibre Channel over Ethernet (FCoE), peaiin3yembie ¢ TOMOIIBIO
npoctoro ooHopaeHus I10.

Cucrema kommytaruu Cisco FabricPath Switching System
(FSS) — wuHTerpuMpoBaHHasi, MpPOBEPEHHAs aImapaTHO-IPO-
rpaMMHasi CuUcTeMa, MOAAepKuBaomas (yHKIIMOHAIbHOCTh
FabricPath 1 mo3BouisioIasi CTpOUTh OTIMYHO MacIITabupye-
Mble 1oMeHbl. CrcTeMa OCHOBaHa Ha MPOrpaMMHON (DyHKLIMKU
FabricPath, Bctpoennoit B OC NX-OS, u anmapaTHbIX Cpe/icT-
Bax, MOJAepXuBaOIINX GyHKIIMOHATBHOCTh FabricPath (ume-
1otcst B BUILy KommyTatopsl Nexus 7000 ¢ MoxysisiMu BBOJIA/BbI-
Boma F-Series).

OnTUMHU3AIMS POU3BOAUTETLHOCTH MPUIIOKEHUI

Pemenue Cisco WAAS yckopsieT niepeaady Tpaduka 1o Iio-
OaTbHBIM CETSIM, JaBasi MPEANPUITUSIM BO3MOXHOCTb KOHCOJIM-
JIMPOBATh MPUJIOKEHHUS B LIEHTpaxX 00pabOTKK TAaHHBIX U UCTIONb-
30BaTh 00JTAYHbIC BBIYMCIICHUSI, TAPAHTHUPYST BHICOKYIO ITPOU3BO-
JIUTETBHOCTD JJIS1 YIAJICHHBIX U MOOMJIBHBIX COTPYAHUKOB.

Cisco WAAS MOXXHO YCTaHAaBIIMBaTh B OTAEICHUSIX KOMIIa-
HUM KaK yCJIyry "Mo TpebOBaHUIO" C MOMOIIBIO MapIIPyTU3aTO-
poB uHTerpupoBaHHbIX yciyr Cisco ISR G2. B pesynsrate mo-
BBIIIIA€TCSI TUOKOCTh OM3HECAa M Pe3KO YIPOIIAIOTCS JeJIOBbIe
onepaluu.

Hogas Bepcus Cisco WAAS 4.2 onTuMu3upyeT Ipor3BOIAK-
TeabHOCTh Web-TIpuiioxeHuit, yctaHoBIeHHbIX B LIO/I, mpeno-
CTaBJIIEMBIX [0 XOCTUHTY Yepe3 CeTeBOe 00J1aKO MU JOCTaBIISI-
eMBbIX KakK yciyra (SaaS).

Cisco WAAS 4.2 Jyuine MNOAAEPXHUBAET TEXHOJOIHUIO
Windows-server-on-WAAS (WoW), yckopsist IOCTYIT K TTPUIIO-
xenusaMm [[OJl, oOJslauHBIM BBIYUCICHUSIM M JIOKAJIbHBIM
‘Windows-cepBucaMm Ha eIMHOM IIaThopMe.

WAAS Mobile 3.5 mist 061a4HbIX BRIYMCICHUI JIETKO YCTa-
HaBIMBaeTcs B UHGPACTPYKType MyOJIUYHOro obsiaka U yBelIu-
YUBACT TPOU3BOAMTEIBHOCTh TPWJIOXEHUM TSI MOOWIBHBIX
TOJIb30BATEJIEH.

Buvicoxonpouseooumeavnasn kommymauus oan 1[0/

PaszBuBas ycriex kommytaropoB cepuu Cisco Catalyst 4900
(4MCII0 TPOIAHHBIX TIOPTOB HA KOMMYTaTOpax 3TOM Cepuu Ipe-
Beicwiio 10 miH. en.), Cisco aHoHcupoBaia kommyTtatop 4948E
C MOBBIIIEHHON EMKOCTbIO, BEJIMKOJIEITHOM MPOU3BOIAUTEIbHOC-
TBIO, 3AIUATON OT MUKPOITMKOB IS CTAOMIN3ALIMN JJATEHTHOC-
TH, aBTOMATU3ALIMEN U MPO3pavHOCThIO. [1py 3TOM KOMMYyTaTOp
MOJIEPXKUBAECT HEOJIOKUPYIOILYI0 KOMMYyTaluio B cpene IPvo,
aBTOMATUYECKOE BBIACJICHUE PECYpCOB U YMHbIE (DYHKIIMU 10-
MAaIlTHUX BBI30BOB.

Http://www.cisco.ru
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