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MukponpoueccopHsie ycmpolicmea perneliHol 3aujumsi 8 nociedHee 8peMs CyLecmeeHHO MOMECHUU 31ieKmpoMexaHuyecKue U
Oaxe 37eKmpoHHble, 0COBEHHO 8 3Hepaocucmemax 3anadHbix cmpaH. Crieyuanucmsl CrOPSM, XOPOWO 3MO UMuU M70X0, HO
makosa eceobujasi meHOeHUusi. Poccusi noka Haxo0umcsi mosibko 8 Havane amoeo Mymu, oOHaKo rpoyecc 6osee WUpPOKO2o
MpUMEHEHUST MUKPOIPOUECCOPHbIX pesie Habupaem cuny u 8 Hawel cmpaHe. OnbIT NPUMEHEHUST MUKPOMPOLIECCOPHbBIX YCTPOWCTB
pesneiiHoii 3almUTel BO MHOTMMX 3HEProcMcTeMax MO3BOMWM HE TOMbKO OLUEHWTb WX MPeuMYLLEecTBa, HO U BbISIBUTb Cepbe3Hble
HegocTaTku. Bnagumup Mypesuy cunTaeT, YTO MUKPOMPOLIECCOPHbIE pene 3a4acTyro NPUHOCAT MWL JONOSHUTESbHbIE NpobGnemsbi
3KCNMyaTupyoLLEMyY NepcoHany.

MukponpoueccopHble pere 3awWuThl
HoBble nepcnekTUBbLI UNN HOBbIe NPoGnemMbI?

Bnadumup lypesud,
K. m. H., Israel Electric Corporation
2. Xaligpa, N3paunb

MMKponpoueccoprle yCTpOIZCTBa pene|7|H0|?1 3alUTbl ABNAKOTCA BeCbMa ClOXHbIMU yCTpOIZCTBaMVI co Cl'IeLI,MQJVI‘-IeCKMM
npUHUMNOM OENCTBUSA, HE MMEIOLWUM HMYero obuiero ¢ obbIYHbIMK (Tpa,EWILlVIOHHbIMVI) pene 3awnTbl. B cBsA3u ¢ 3TM BO3HMKaeET
BOMpPOC O TOM, HAaCKOJIbKO Boo6LUe MUKpPONpoLUeCCOpHOe pere ABndaeTca cobCcTBEHHO pene.

MwukponpoLeccopHoe pefie — 3TO caMblii HACTOSILLMIA KOMMbOTEP Ha ocHoBe npoueccopa cupmbl Intel nnm AMD (puc. 1),
codepxalluin OOMOSNIHUTENBHO MNaTy C BXOAHbIMU TpaHcopmaTopamyu Toka M HanpspkeHus (puc. 2), CormacoBaHHbIMU MO
napameTpaM C BHELUHMMM TpaHcopmaTopamy TOKa W HampsbKeHus, a Takke nnaty ¢ HabopomM MWHMATIOPHbBIX BbIXOAHbBIX
3MNeKTPOMarHUTHbIX perne.

3anncaHHas B cneuunanbHbIn Ynn (Tak HasbiBaeMblin «software-key», akTmyeckn 910 NMOCTOSAHHOE 3anoOMMHaloLLLee YCTPONCTBO —
M3Y) nporpamma nossonseT obpabaTbiBaTb BXOAHbIE CUTHAmNbI TakKuM 06pa3om, YTOObl CMOAENNPOBAaTL AEWCTBUE TOMO UIMN MHOTO
BMAa 3aliMTHOro pene. 3amMeHMB OAMH TakOW YMM Ha rMaBHOW NnaTe Ha APYroW, MOXHO nonyy4nTb pene moboro Tuna. To ecTb
MUKPOMNPOLLECCOPHOE pene SBMSIETCA BCEro NMLb BUPTYarbHbIM, @ HE HAaCTOSALLMM pene.

MoxxHo BO3pa3nTb, YTO MHOIMME U3 UMEKLINXCA Ha pPblHKE yCTpOI?ICTB 3awnTtel Ha CcCaMOM fOene ABNAKTCA
y3KkocneunanmsnpoBaHHbIMU yCTpOIZCTBaMM, npegHasHayYeHHbIMM  ONA  BbINOMMHEHUA CTPOro onpeaeneHHoro u  BecbMa
orpaHn4eHHoro HaGopa beHKLlVII;I, NPUCYLLKNX TOJTbKO perie KOHKPeTHOro suaa. [a v Ha3blBalOTCA Takne yCTpOI7ICTBa Kak KOHerTHbII7I
BUO pene, HanpumMmep «perne 4actoTbl». HporpaMMMpOBaHme Takoro pene cBognTcA B OCHOBHOM K 3anncu B ero namMmaTb Tpe6yeMb|x
noporos Cpa6aTbIBaHMﬂ, BpeMeHHbIX UHTepBanos, Bbl60pa TOr0O UM KMHOro TUna pa6o*—|el7| XapakTepuUCTnukn KnU3 HEKOTOPbIX
BO3MOXHbIX. HO 1 B aTOM Cllyqae orpaHumyeHusa Ha BbINOJIHAEMbIe (byHKLWIIA HaKnagblBaldTCA BOBCE He MUKPOMPOLEeCCoOpOoM,
KOTOpOMY coBepLUeHHO BCé paBHO, KaKkue curHanbl 06pa6aTblBaTb, a Nnay, s KOTOPOM 3anucaHa nporpamMmma paGOTbI 3TOro
MUKponpoueccopa, U Konn4eCtsOM BXOAHbIX U BbIXOOHbIX KAHAIoB.

Ecnn wucnonb3oBaTb B YCTPOWCTBAX, BbIMOMHALWMX YHKUMKM pene 3awmTtbl, He [13Y ¢ nporpamMmon, 3anuMcaHHON
npoussogutenem, a CIMN3Y — cTupaemoe nporpammupyemoe 3anomuHawowee yctponctso unu ICIMMN3Y — anekTpuyecku
CTMpaemoe nporpaMMuMpyemMoe 3arnoMuHaiLee yCTPOMCTBO, U MOPTATUBHBIA NMPOrpaMmarop, NMo3BOMsWMKA 3annucatb B NaMaTb
nobor anroputM AeNCTBMS MUKpOMNpoLeccopa, TO BMECTO perne 4acToTbl Noy4YMM HEKOe YHMBEpPCAalbHOE YCTPONCTBO 3aLUNThI.

Mpy 3TOM OHO NpaKTUYECKM HNYEM He ByaeT OTNMYaTLCs OT LUMPOKO NPUMEHSIEMbIX CEFOAHS YHMBEPCASbHbIX MUKPONPOLECCOPOB C
LMMPOBLIMKA 1M aHanoroBbIMM BXogamu, Hanpumep Takux, kak Modicon, Siemens 7S-200, u mHorux apyrux. Kaxpgoe Takoe
YCTPOWUCTBO MOXET WUMETb [JeCATKM BXOAHbIX Moayrnei Aans npeobpas3oBaHWs BXOAHbIX CUrHanNoOB B ABOWYHBIA - MK
LecTHaaUaTUPNYHbIA LUMGPOBOM KO, COTHM BUPTyarnbHbIX TaMepoB pasHbiX BWAOB, KOMMApaTOPOB, CHETYMKOB C Pa3fnuUYHOW
KOHUrypaumemn, pasHbix TUMNOB TPUITEpOB, OAHOBMOPATOPOB, OrPOMHOE KOMMYECTBO PErucTpoB MamsiT, UCMOMb3yembiX ANS
3an1cy NPOMEXYTOUHbIX Pe3yrnbTaToB, MOLLHbIE BbIXOAHbIE MOAYNN U T.[.

M3 atoro Habopa BUPTyarnbHbIX 31EMEHTOB C MOMOLLbI0 KOMMbOTEPHOW nporpaMmel, paboTatowei nog Windows, pucyloT Ha
aKpaHe (MOYTU Kak B M3BECTHbIX rpaduyeckux nporpammax) CroXxHeillune CUCTeMbl aBTOMAaTUKW, KOTOpble 3aTeM 3arpyxatoT B
KOHTponnep. BkmiounB onumio «CMMynsiuMsi», MOXHO YBMAETb Ha 3KpaHe KOMMbioTepa, kak GyaeT pabotaTb Bcs aTa cuctema
aBTOMaTWKM B peXXMMe pearibHOro BpeMEH! Ui B creupanbHO CMOAENMPOBAHHBIX aBapUIAHBIX PEXUMAaX.

CoBepLUEHHO O4EBMIOHO, YTO BHYTPEHHSS apXUTEKTypa 1 MPUHLUMNbLI paBoTbl MUKPOMPOLECCOPHLIX YCTPOMUCTB MMET 04YeHb Marno
obLero ¢ ycTporcTBaMu, onpefeneHHbIMU Kak anekTpuyeckue perne. [o3aToMy, Mo MHeHUIO aBTopa, BHYTPEHHEE YCTPOWCTBO U
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npuHUMN OencTBust MUKPONPOLUEeCCOPHbIX YCTDOVICTB, B TOM HuUCne 1 pene 3awuntbl, OOJIKHbI paccMaTpuBaTbCA U N3y4aTbCA He
crneumanucTamm rno penenHoun 3awmTe, a cneumannucTtammn B obnactu KOMMbIOTEPHOM TEXHMKN.

OpHako, NMOCKOJIbKY Takune BUPTyalibHble MUKpPOMNpPOLEeCCOpPHble yCTpOI?ICTBa LUMPOKO NPUMEHAKTCA B Ka4decTBe pene 3aluTbl,
uenecoo6pasHo PacCMOTpeTb HEKOTOPbIE BaXXHble aCnekTbl, CBA3aHHblE C NPUMEHEHNEM TaKuX pene. CHavana paccMoTpum TE
npenvyuiecTtesa MUKpPONPOLIECCOPHBbIX pene, KOTOPpble OTMeYaloTCA B PeKnaMHbIX NpocneKkTax I'IpOI/I3BOL|I/ITeJ'|eIZ.

Puc. 1 Puc. 2

lnasHasi nnama yHuUeepcaibHO20 MUKPOMPOUECCOPHO20 lMnama MUKponpoueccopHO20 pese ¢ 8XO00HbIMU
perie ¢ ycmaHo8/1eHHbIMU Ha Hell cmaHOapmHbIM mpaHcghopmamopamMu mokKa U HarnpskKeHus!
«KOMIMbIOMEPHLIM>» MUKPONPOUeccopom (1) u mocmosiHHbIM

3anomuHarowum ycmpoticmeom (2) ¢ npoepammod,

onpedensowel murn pene

«MpenmMyLlecTBa» MUKPONPOLIECCOPHbLIX pere

lMossonstom 3anuckieame U MOMOM 80CMpPouU3BO0UMb Onsi aHanu3da asapuliHol cumyayuu pexumbl, HernocpedcmeeHHO
npedwecmeosaswiue asapuu U 8 medyeHuUe asapuu.

A paHblue TakoW BO3MOXHOCTW Yy 3HepreTukoB He 6bino? Pa3Be He CyllecTByeT OrpoOMHOE KONMYECTBO BCEBO3MOXHbIX
perucTpaTtopoB aBapuHbIX PEXMMOB M peructpatopoB cpabatbiBaHuin pene? ABB, Areva, Siemens, Ametek, NextPhase,
Dewetron — naneko He NOMHbIN NepeYveHb BeayLLIMX MUPOBLIX MPOU3BOAUTENEN TakUX PErMcTpaTopoB U aHann3aTopoB aBapUHbIX
PEXMMOB.

lMossonsitom ¢ nomMowbto MOGKIYEHHO20 KOMIblomepa U3MeHSImb ycmaseku cpabambigaHusi u rnepexodums C O0OHOU
Xapakmepucmuku Ha 6py2yio yucmo npozpamMmHbIMU cpedcmeamu.

310 gencTBMTENBHO yp,o6Hee, 4YeM HacTpauBaTb peJie C NOMOLLbO NOTEHUMOMETPOB N OTBEPTKU, HO CKOJIbKO pa3 B Te4eHune 10-20
neT NpuUxognTca B pealbHbIX YCIOBUAX NUSMEHATL PEXUMbI HaCTpOIZKVI pene? ,D,Ba-TpI/I, He Gonblue.

lNo3eonsrom nepedaeamb 8cro Uquopmauwo 06 ux cocmosiHUU Ha ydaneHHb/e OucnemqepCKue MyHKMbl 4epes3 crieyuasibHble
KaHarlbl ceA3u.

A pasBe [0 MUVKPOMPOLIECCOPHbIX perne He MPUMEHSNNCb AUCTaHUMOHHbIE MHOrOKaHamnbHble CUCTEMbl nepefadn [AaHHbIX
(Hanpumep, SCADA), ocyllecTBnsiowme nepegady nHdopmaumm o cpabaTbiBaHWM KaXKOOro SMEeKTPOMEXaHUYecKoro perne Ha
rnaBHbIA AUCNETYEPCKUI NynbT?

loseonsarom mMeHsMb KoHgu2ypauyuro Komriiekma penetiHol 3auumel: 8Kmoyame Unu omkroyames omaoernbHele yHKUUU (mo
ecmb Kak Obl MOOKMYame UMU  OMKIoYame omoerbHble pesie) 4Yucmo npogpaMMHbIMU cpedcmeamu, C  MOMOUbI0
MOOKIOYEHHO20 8HEWHE20 KOMITbIoMepa.

OTO [encTBMTENbHO HaMHOro yaobHee, YeM ycTaHaBnUBaTb AOMOSIHUTENbHbIE pene W nepefenbiBaTb MOHTaX B NaHensx
penenHow 3awuTbl. Ho onaTb BO3HMKAET TOT e CaMblii BONPOC: Kak 4acTo npuxoauTcs npuberatb K Takum onepaumsm? OguH
(vnn pBa B camoM HebraronpusTHOM cryyae) pasa 3a BeCb Cpok cnyxbbl pene (25 — 30 ner).

OO0Ho Hebonbwoe Mo paamepam MUKPOMPOUECCOPHOE perie MOXem 3aMeHUmb Ueslyr 2pyrny OBbIYHbIX 37IEKMPOMEXaHUYeCcKuUX
pene. OcobeHHO 3mMO OMHOCUMCST K CIIOXHbIM 3auwjumam muna OuCmaHUUOHHbIX. Bbrnazodapss amomy MOXHO CIKOHOMUMb
dopoeocmoswue nnowadu, 3aHUMaeMble WkKaghamu ¢ penedHou 3auumod.

[encTBUTENBHO, CNOXHbIE MUKPOMPOLIECCOPHbIE pene 3aHMMatoT Niowaam Ans MoHTaxa B 5—10 pas MeHblune, YeM aHanorMyHbINn
No YHKUMOHANbHBIM BO3MOXHOCTSIM KOMMMEKT OGblYHbIX perie. Ho BOT kaBep3Hblii BOMPOC: Kakyld YacTb Molaau BCew
3MeKTPOCTaHUMM WM MOACTaHUMM yAacTCsl C3KOHOMWUTb MPU  MEPEXOAEe OT  OObIYHBIX  3MEKTPOMEXaHUYecKux pene K
MUKPONPOLECOPHbIM? OfHY CTOTLICSYHYIO UMW OOHY MUMSIMOHHYIO?

lNo3eonsrom peanuzoeamb  3Ha4umersibHO 6ornee 8bICOKYHO 4yecmeumersibHoCMmb K aeapUUHblM pexumam, yem
3/IeKmpomexaHu4ecKkue perie.

M 3710 uuctenwas npaega, HO BOMPOC B TOM, BCerga MM HyXHa Takas YyBCTBUTENbHOCTb M TOYHOCTb B PereviHoW 3awute
3HepreTuyecknx 06beKToB? ApKUii NpUMeEp TOMY — MMKPOMPOLIECCOPHbIE pene 4YacToThl, obecneunBalowme cpabaTbiBaHne npu
OTKIOHeHun YacTtoTbl Ha 0,005 Ny, B OTIMYME OT NPOCTbIX aHANOroBbIX ANEKTPOHHBIX pene ¢ TOYHOCTbI0 cpabaTeiBaHusa 0,01-0,05
'y (ans pasHbix Mmogenen). MIHTepecHo, ecTb N rae-HMbyab B MMpe 3MeKTPOCTaHUMs U NOACTaHUMS, Ha KOTOPbIX UCMOSb3yeTcst
pene 4acToTbl, Mpon3Boasiiee Kakve-nnubo onepaumn B aHEprocMcteMe npu OTKMOHeHWUM YactoTbl Ha 0,005 'y OT HOMWHANBLHOTO
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3HayeHun? Bo MHornx cny4yasax BbIBaeT N36bLITOYHOW HYyBCTBUTEJIbHOCTb Oaxe 0BbIYHbIX ANEKTPOMEeXaHN4YEeCKUX Unn aHanoroBbIX

QNEKTPOHHbIX pene U UX NpUuxoanTca UCKYCCTBEHHO 3arpy6n;m>.

bonee ebicokasi HadexXHOCMb CMamu4yecKkux MUKPOIIPOUECCOPHbIX perie 0o CcpasHeHU C J3JIeKmpoMacHUMHbIMU péerie,

COGep)KaLL{UMU MexaHu4ecCKu rnepemewarowuecs arieMeHmabl.

[enctBntenbHO, KaxeTcs HEeOoCnopuMbIM TOT Q)aKT, 4YTO CTaTu4eckoe yCTpOIZCTBO, He cojepXallee NnoABUXHbIX 3/1€MEeHTOB,
HaMHOro HagexHee B pa60Te, YEM CIOXHbI MEXaHU3M CO MHOXECTBOM BSaVIMO,D,eVICTBleLLI,VIX anemeHToB. Ho 3TO TOnbkOo Ha

I'IepBbII?I B3rnaa. HpM Honee TwaTensHOM PacCMOTpPEHUN OKa3biBaeTCA, YTO BCE He TaK npocCTOo.

Bo-nepBebix, konuyectBo cpabaTbiBaHW (TO €CTb NepeMeLLeHU NOABWKHBIX 3MEMEHTOB) 3NIEKTPOMEXaHUYECKUX pene 3alumTbl
COBEpLUEHHO MM3EPHO MO CpPaBHEHUIO C UX PecypcoM. B nuuyHon npakTuke aBTopa Obinu cryyaun, korga Ha NpoBepKy NocTynanu
pene c 3aBOACKUM [OedeKToM, KOTopble Haxoawunucb B akcnnyaTauuu cebiwe 10 neT. ToT dakT, 4to 3TM AedekTbl He Obinun
BbISIBMIEHbl B Te4eHue cabiwe 10 neT, roBoput nuilb O TOM, YTO B T€YEHWE BCEro 3TOr0 BPEMEHU perne Hu pa3y He cpaboTtarno (a
elle 0 TOM, YTO HeJoNyCTMMO MPOBOAUTL MPOBEPKM perne Tak peako). O KaKoM MeXaHN4YeCcKoM U3HOCE MOABWKHBIX YacTel MoXeT

NATU peYdb B TaKNX cnyqaﬂx?

BO-BTOprX, KONMM4ecTBO 3N1IEMEHTOB, M3 KOTOPbLIX MOCTPOEHO MUKponpoLeccopHoe perfie, B COTHU-TbICAYM pa3 bonblle, 4Yem
KONMM4YecTBO 3J1IEMEHTOB, U3 KOTOPbIX COCTOUT 3rieKTpoMexaHW4ecKoe pere. A un3 Teopun HaaexHoOCTn mn3BecTHa OGpaTHO
nponopunoHanbHada 3aBUCUMOCTb MeXay KONMMYECTBOM 3JIEMEHTOB N HAAEXXHOCTbIO CITOXHbIX CUCTEM. YTto KacaeTcsa HagexHOCTU
CaMKnX 3NEeMEHTOB, TO U TYT HE BCE TakK npocCTO. B ANIEeKTpOMexXxaHN4YeCKOM pene noa BO34E€NCTBUEM BHELLUHMX d)aKTOpOB, CMocobHbIX
BbI3BaTb NOBpeXAeHWe, HaxoaAaTCca NUllb KaTyLUKU 3NEeKTPOMarHuToB 1 U3ondaumna BHYTPEHHUX MOHTaXHbIX NMPOBOAOB. Camu no
cebe 3TO O4YeHb HagexHble U yCTOI;NMBbIe 3NeMeHTbl, HO ecnun Obl BO3HMKNA HEOOXOAMMOCTb B AaNibHEWLIEM MOBbILLEHWMN
HaEeXHOCTU, TO KaTyLlKn MOXXHO ObIno Obl nponuTaTtb 3MOKCUAHbIM KOMMAayHOOM noa BakyymMOM U MUCNOJSIb30BaTb MOHTaXXHble

npoBOAHUKN BO (*)TOpOI'IJ'IaCTOBOI;I nsonauunn.

B MUKPOMNPOLLECCOPHbIX pene npakTU4eCkn BCE JINEKTPOHHble J3NeMeHTbl HaxoAATCA noa BO34ENCTBMEM npunoXeHHoro
HanpaxeHuna nutaHua, a 4actb U3 HUX — U Nnoag BO3JENCTBMEM BXOAHOrO TOKa MIu HanpaxeHua. YacTb 3MeMeHTOB MOCTOSIHHO
HaxoauUTCA B pexXume reHepauum curHanos. HeKOTOpre KOMMNOHEHTbI (Hanpmmep, ANEeKTponnTnyeckmne KOH,D,eHcaTOpr) YCUNEeHHO
CTaperT npn noCcTtoAHHOM BO34ENCTBUMU paGoqero Hanps>XeHus. Yrto kacaetcsa MUKPOCXEM — OCHOBHbIX @KTUBHbIX 3/1EMEHTOB

MVKPOMPOLIECCOPHbBIX Perne, TO UMEHHO OHM SIBASIOTCSA NPUYMHON GonbLUMHCTBA 0TKa30B pene (cM. puc. 4 B [1]).

He yauBuTenbHO mMo3ToMy, 4YTO WUCCReAOBaHWs, BbINONHEHHble uccrnepoBaTtenbckum otaenom Israel Electric Corporation [2],
npuBenu K BbIBOAY O TOM, YTO HaAEXHOCTb MMKPOMPOLIECCOPHBIX PENne HUXe, Yem IMEKTPOMEXaHNYECKUX U NOMynpoBOOHMKOBBIX
cratmyeckmx perne. KoMnoHeHTbl MUKPOMPOLIECCOPHBIX perne BbIXOAST M3 CTPOs Yalle, YeM anemeHTbl pene apyrux Bugos. [pu
3TOM OTMEYaeTCsl, YTO MMEIOLLMINCS B CIOXHbBIX MUKPOMPOLIECCOPHbLIX perle BHYTPEHHWUIA MOHWUTOPWHI UCMPaBHOCTM He cnacaet
[eno, TaK Kak, BO-NepBblX, 3TO MOHWUTOPWHI TOSNIbKO OCHOBHbIX PEXMMOB KPYMHbIX (DYHKLMOHamNbHLIX Br10KOB, @ HE MCNPaBHOCTU
3MeMEeHTOB, a BO-BTOPbIX, MH(OPMALMS O BbIXOAE U3 CTPOsi KAaKOro-To Grioka pene nocTynaeT K NepcoHany yxe nocre Toro, Kak

COCTOANCA OTKas perne. To ecTb Hanu4une Takom BHyTpeHHeVI camMonarHoCTUKU He yBenndmuBaeT HaaeXHOCThb perne.

3710 6bINM Tak Ha3biBaeMble «npenmMyuiecTtea» MUKPONPOLECCOPHbIX pene 3alunTbl. PaCCMOTpVIM Aanee nx HegoCcTaTKku.

HepocTaTkn MMKpONpoOLIeCCOPHbIX pere

BrnusiHue Ha pa6omy persie arieKmpomMacHUMHbIX BOSMyLueHU[] €O CMOPOHbI NuMarowel cemu:

® BHesanHas noTepda onepaTtuBHOIo NUTaHUA BO BpeMA paﬁOTbI pene, Bbi3BaHHaA neperpyaKon NI KOPOTKMM 3aMblKaHUEM
B CeTn, Cpa6aTbIBaHMeM aBTOMaTUYECKUX BbIKIKOYaTenen B Lenu onepaTtuBHOro NUTaHuA, nonagaHUAMM MONMHUX B IMHUN

aneKTponepeaayn, OprIBaMM npoBoaoB 1 ap. Takne noBpexaeHna MoryT npmBecTu K npepbiBaHUIO TeKyLLl,eVI pa6OTbI

OI'IepaTI/IBHOl7| naMATn U Kalla, 3aBUCaHUO MUKponpoueccopa, a uHorga u K nonHown noTepe AaHHbIX B TOM Clly4ae, eClin He

NPUHATLI cneunanbHble Mepbl Mo opraHn3auun GGCHGPGGOVIHOFO nnMTaHuAa pene.

[ ] SJ'IGKTpOMaFHVITHbIe LWYyMbl U NOMEXN B Uendax NuTaHna 1 BO BXOAHbIX Lendax pene. Takne nomexu MOoryT ObITb BbI3BaHbI

pasnuuHbIMK hakTopamm 1 ABNEHUAMM, HAaNPUMEpP, KOMMYTAUMOHHBIMU UM aTMOCGEPHBIMW NePeHanpsKeHNIMU,
N3nyyYeHnsamMn nepeaaTynkoB UM MOLLHOMO NPOMBILLIIEHHOrO 060pyA0BaHUS, HECUHYCOMAANBHOCTBLIO HanpsihxeHus. 13
NPaKTUKKU KChnyaTaumm MUKPOMNPOLIECCOPHbIX pene U3BECTHbI Crlydan, Koraa UCTOYHUKOM TaKoro U3nyyveHus,
HapyLUMBLLEro HOpMarbHYy paboTy MUKPOMNPOLECCOPHOrO pene, Obin 0bbl4HbIV TernedoH COTOBOM CBA3N.

@ HecuMMeTpuyHbIe PEXMMbI B CETU U PEXUMbI, CBSI3aHHbIE C NPOBaniaMmn HaNpPsHKeHUs U ¢ ANIMTENbHbIM (B TeYeHne
HeCKOIbKUX CeKyH[, 1 Bornee) NOHMKEHNEM YPOBHS HaNpskeHWsl. Takue pexxMmbl BO3HUKAIOT NPU BKITIOYEHUM MOLLHOW
ofHoha3HOM Harpy3ku, Mpu Myckax MOLLHbIX 3MEKTPOABUraTeNen KOMNPECCOPOB, MMMTOB U Ap., a Takke Npy geduuuTte
MOLLHOCTY B 9HEProcucTeMe B Yachl NMuK. CroXHbIe MUKPOMPOLECCOPHbIE pene 06bIYHO CHABGXKatoTCsl CNOXHBIMU 1

AoporMMmn UCTOMHUKaMn NUTaHUA, crnocobHbIMKU 0becnevnTb HeOOXoAMMbIN YPOBEHb HaNpsAXeHna Ha AnemMeHTax CXxemMbl

naxe npum FJ'Iy6OKVIX npoBanax HanpsXXeHna nuTaHna. OpHako B 6onee NPOCTbIX perie Takne pexxmmbl NpUBOOAT K

HapyLeHUo nx I'IpaBVIJ'IbHOVI paGOTbI. I'IqueM Takme HapylweHna nHorga npnuBogAT K O4eHb TAXKEelbiIM aBapuaMm B CETU, TaK
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Kak paboTa MuKponpoLieccopa rnpu NOHMKEHHOM YPOBHE HamnpshKEHWUs NUTaHMs CTAHOBUTCA COBEPLIEHHO
HenpepackasyeMon.

[ ] nepeHaI‘Ipﬂ)KeHl/lﬂ B CeTAX, Bbl3BaHHbIE C6pOCOM Harpysku, unn nMmnyrnbCHbl€ KOMMYTaUMNOHHbIE NepeHanpaXXeHn4,
KOTOpbI€ MOTyT NPOHUKHYTL B pefe Yepes NUTaLWy CeTb U NPUBECTU K NOBPEeXAEeHUAM BHYTPEHHUX 3NIEMEHTOB pene n
€ro NonHoMy oTkasy. KoHeuHo, CyLeCTBYHOT MeXAYyHapoaHble CTaHA4apPTbl, B KOTOPbIX U3JTOXKEHbI TpeGOBaHMﬂ no 3auwute
pene oT BCeX 3ThX BO34ENCTBUN, U paSpa6OT‘-II/IKVI pene npuHMMarT cneunarnbHblie Mepbl. OpHako NpakTuKa nokasbiBaerT,
YTO OalleKko He Bcerga 3T1o cnacaet oT I'IOBpe)K,D,eHI/IVI Aaxke perne seayunx CbVIpM Mupa.

B nutepaType onvcaHo MHoro criyyaeB cOOeB U Jaxe MOBPEXAEHUs MUKPOMPOLIECCOPOB OT MepeHanpsikeHuin. M3BecTHbl,
HanpumMep, cllyyan MaccoBblX OTKA30B MUKPOMPOLIECCOPHLIX Perie BpeMeHM, YCTaHOBMEHHbIX Ha aTOMHbIX anekTpocTaHumsx CLUA.
B vHdopmaumoHHoM GionneTeHe, NOCBSLLEHHOM 3Tol NpoGreme [3], onucaHbl Criydan NOBPEXAeHNs MUKPOTNPOLLECCOPHBIX perle
BpPEeMeHU OT NepeHanpspKeHUi, BO3HUKLLIUX NPY OTKIMIOYEHWUMN KaTyLLEK MPOMEXYTOUYHbIX 3NIEKTPOMarHUTHBIX pere.

MukponipoueccopHble cucmembi pesieliHoll 3aujumsl, 0CO6eHHO CIOXHbIe, HarnpuMep makue, Kak OUuCmaHUUOHHble, He eceada
adekeamHo 8edym cebsi Mpu C/I0XKHbIX asapusix.

JoBonbHO YacTo HabniogatoTca criydan cOG0OeB M HenpaBWIIbHOM PaBOThl COXHBIX MUKPOMPOLECCOPHBIX 3aLUMT B pearnbHbIX
ycnoBusax akcnnyatauuy. Mpuyem, ecnu NpoBepsTs Takoe perie Ha 06bIYHOM NabopaTopHOM CTeHAe Npy CTaHAAPTHBIX cUrHanax
Ha ero Bxofax, To OHO GyneT paboTaTb YeTKO M HadexHo. Mpobrnema 3aknyaeTcs B TOM, YTO Ha TAkoM CTeHAe HEBO3MOXHO
3apaHee CbIMUTMPOBATbL BCE BO3MOXHble KOMOVMHALIMM M UCKAXEHWUS CUTHArOB, KOTOPbIE MOTYT NMPOU3OUTU B pearibHoW cuTyauum.
HeBo3moXHO 3apaHee NpegycMoTpeTh Takue Criydan 1 Npu paspaboTke perne.

OTa cuTyauusi 4em-To HanomMmnHaeT Npobrnembl C NepCoHanbHbIM KOMMbIOTEPOM, KOra COBEPLUEHHO UCMpaBHas MoOLLHas MaluuHa,
cHabxeHHas HemnoBpexXaeHHOW MoLLHON nporpammHon obonoykon Windows, HeoxmnaaHHO 3aBucaeT npu onpegeneHHoMm Habope
KOMaHa vnu npyv OOHOBPEMEHHOM 3arycKe HEeCKONMbKWX nporpamM. B GonblumHCTBE cryvaeB Takve npobrnembl HEBO3MOXHO
3apaHee NpeaycMoTpeTb U NpeaynpeaunThb.

Cyuwecmeyem 0080/MbHO CmpaHHasi, Ha rnepebil 83211590, cumyayusi, npu komopol beicmpodelicmayrouue MUKPONpPOUECCOPHbIE
3awumsi peacupyom Ha agapuliHbil pexum 20pa3do MedrieHHee, YeM 37IEKMPOMEXaHUYeCcKue.

B HEeKOTOPbIX 3HeprocumcremMax Anda noBbllWeHUA HaaeXHOCTU Ha napannenbHyro paGOTy BKINMKOYeHbl 1 MUKpOMpoLeCcCopHble, n
ANeKTpomMexaHn4eckmne perne. I'IpM aHanuse aBapVIVIHbIX CVITyaLI,VIVI HEOHOKPAaTHO OKa3blBasioCb, YTO 3JIEKTPOMEXaHU4YeCkoe perne
cpa6aTb|Bano 1 OTKIKOHano BblKIo4vaTenb 40 TOro, Kak ycnesaso oTpearmpoBatb MUKPONpPOLECCOPHOE pene.

B obwem cnyyae, ecnu ans cpabaTtbiBaHNA 3MEKTPOMEXAHUYECKOrO UK 3NEKTPOHHOrO perne MrHOBEHHOro AeNCTBUS AOCTaTOYHO
5-15 mc, TO AnA MMKPOMpPOLECCOPHOro perne yxe Heobxoanmo 30—40 mMc (Mo AaHHbIM Npon3soamnTenen). B peanbHbIX xe ycnosuax
okasblBanocb 80—100 Mc. 3TO CBA3AHO C TeM, YTO, B OTNINYME OT 3MEKTPOMEXaHNYECKOro Uy aHanoroBoro 3MeKTPOHHOTo perne,
MUKponpoLeccopHoe pene paboTaeT co BXOAHbIMU BenuyMHaMn auckpeTHo. OHO «3axBaTbiBaeT» TEKyLUMe 3HaYeHWUsi BXOAHbIX
BENUYMH, NomMeLlaeT ux B Bydpep, 3aTeM 3axBaTblBaeT eLle OAMH KOMMMNEKT BXOAHbIX BEMUYUH Yepes onpedeneHHbIn MpoMeXxyToK
BPEMEHN W CpaBHMBAET €ro C nomelleHHbIM B Gydhep. Ecnu BTOpOM KOMMNMEKT OKaXeTCs MOEHTUYHBbIM MEPBOMY, BXOAHbIE
BeNM4YMHbI OTNPAaBNSIOTCS B MUKpOnpoLueccop Ans 06paboTkv. B aBapuitHbix NepexogHbiX pexmmax MUKponpoLeccopy NpUxoanTcs
obpabatbiBaTb OonbluMe MaccuBbl WHGOPMaLUM B peXume peanbHOrO BPeMEHM, conpoBoXaarowerocs ObicTpbiMu 1
3HAYUTENbHLIMWU W3MEHEHVUAMW BXOAHbIX CUrHaroB, M AN 3TOro eMy HeobxoAMMo onpefeneHHoe BpeMsi (MHoraa COTHU
MunnncekyHa). bonee Toro, ecnu yxe nocre 3anycka MMKponpoLeccopa CUTyaums uaMeHunach (Hanpumep, 3amblkaHue Ha 3emio
odHoW a3kl nepewno B AByxdasHoe, a 3aTeM M TpexdasHoe), TO 3anyLieHHbIA MPOLECC BbIMMCIIEHWS MpepbIBaeTCA U Bce
N3MepeHNs HauMHaTCsl cCHavana.

UHgpopmayuoHHass usbbimoyHOCMb.

MHorve pene umeloT cpegun napameTpoB Ans YCTaBOK MHOXECTBO TakuX, KOTOpble He ABNATCA OAHO3HA4YHO HeobxoaumMbIMK 1
TOJIbKO 3arpomMoXxgarT U 6e3 Toro CIIOXHYIO npouenypy HaCTPOWKM pene. Ocob6eHHO 3TO kacaeTcs pene Cco CrNoXXHbIMU beHKLI,MFlMI/I,
Hanpumep, QUCTaHUMOHHbIX C UX COTHeW YyCTaBOK.

Peub nget o Takmx YCTaBKax, Kak CTeneHb APKOCTU 3KpaHa, LBeT CBe4YeHUA 3KpaHa, LuBeT I/lHq)OpMaLI,MOHHbIX coobLLeHui,
BbIBOOAMMBIX Ha 3KpaH, BpeMsd COXpaHeHuUA [OaHHbIX Ha 3KpaHe nocrne WX BbiBOAa HaA 3KpaH, MHOrMoYUcCrneHHble BapWaHTbl
Ha3Ha4yeHunA (byHKLl,I/IVI KaXgoro m3 nonyrtopa OecCATKOB CBETOAMOAOB, pPacCnoOJIOXEHHbIX Ha nepe,qul?l naHenu pene, n 1.4. ,D,J'IH
Bbl60pa YCTaBOK pene B nporpamMmme, an,anH0|7| K perne, UMerTCA YyTb JI1 HE OECATKM BapUaHTOB Ka)KOoro napameTtpa, KOTopble
MoryTt ObITb Bbl6paHbI 13 6ubnuoTtekn napameTposB. YacTto atn BapuaHTbl Takxe N36bITOYHbI.

Hanpuwmep, B MmukponpoueccopHom pene MiCOM P437 Tonbko KOHTPOMb LENOCTHOCTU NPefoXpaHUTens B Lenu TpaHcdopmMaTtopa
HanpspkeHs MoXeT BbiTb BbIGpaH No YeTbipeM pasHbIM anropuTMam.

Takas siBHasi U3bbITOYHOCTb npuBOANT K TOMY, 4YTO obLLee KonmM4ecTBo BapnaHTOB YyCTaBOK NnepeBasniMBaeT 3a TbiCAYY OANA pene co

CINOXHbIMU (*)yHKLl,I/IHMVI. 370 B CBOWO o4vyepenb nNpnBogUT K Pe3KoMy BO3pPaCTaHUKO BEPOATHOCTU owmnbkn n yBenn4yeHna Beca Tak
Ha3blBaeMoro «4yerfioBe4eckoro (baKTopa». npOGJ‘IeMbI, CBA3aHHble C 4enloBe4YeCKUM (*)aKTOpOM, BO3pacCTakdT MHOroKpaTHO, ecru
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OZHOW ¥ TOW e rpynne niofen NpUxXoauTcst oB6CrnyXvBaTh pene pasHbiX MPOWU3BOAMTENEN, UMEIOLLMX pasfnuyHbie MNporpambl,
MHTEPMENChI, NPUHLMMNbI BbIGOpa YCTaBOK.

BoamoxHocmb npedHamepeHHbIX OUCMaHUUOHHbIX 6030elicmeulli Ha MUKPOIMPOUECCOPHY pernelHy 3awumy C Uenblo
HapyweHusi ee HopMmaribHoU pabomai.

CerogHs MHTEHCMBHbIE UcCnedoBaHUs B obnacTu anekTpomMarHWTHoro opyxus Begytca B Poccun, CLUA, Anrnun, Fepmanum,
Kutae. B nocnegHvie rogbl MHOrve paspaboTKM MPOLUMbIX JIeT, Hanpumep Takue, Kak KOMMaKTHble CBEPXMOLLHbIE UMMYIIbCHble
WCTOYHUKN HanpaBMEeHHOro 3eKTPOMAarHUTHOrO M3NyveHnss MolHocTbio Ao 1 BT, 6binn paccekpeyeHbl M Tenepb CBOBOAHO
npegnaraloTcs K npojaxe kak Ha 3anage, Tak u B Poccum [4].

Bonpochkl «anekTrpoMarHMTHOro TeppopuamMa», CocobHOro BbI3BaTb TEXHOreHHblE aBapuy HaumoHanbHoro macwraba (nogobHble
Toi, KoTopasi npomsoluna B Hito-Vopke B asrycte 2003 roaa), 6binu cchopMynMpoBaHbl B cTaTbe MaHyans Buka [5]. B aToii ctaTbe,
B YaCTHOCTW, OTMEYaeTCs, YTO SMEKTPOHHbIE KOMMOHEHTbI, TakMe Kak MUKPOMpPOLLeccopbl, paboTalolme Ha BbICOKMX YacToTax npu
HW3KMX YPOBHSX HanpshKeHWi, 0ocCoBEeHHO NoABEPKEHbl BO3AENCTBUIO BHELUHUX MPeAHAMEPEHHbIX 3NEKTPOMArHUTHbIX U3MNyYeHWUi.
OpHako NMuUWb COBCEM HEAABHO B psiAe OpraHu3aumii HayaTbl Cepbe3Hble MPaKTUYecKue WCCrefoBaHWs BO3AEWCTBUI Takux
N3NyYeHNIn Ha AMEKTPOHHYIO annapaTtypy 3MeKTPO3IHEPreTMYECKNX CUCTEM. DTU UCCeQOBaHMSl BO3MMABMSATCA U KOOPAVHUPYIOTCS
B CLLA KEMA 1 Sandia National Laboratory.

Ho paxe 6e3 cneumanbHbiX MccnegoBaHui COBepLeHHO o4eBnaHO, YTO MUKPONpPOoUEeCCOpPHbIe pene ropasgo MmeHee yCTOI7I‘—WIBbI K
TakMM BO3OENCTBUSAM, 4eM ANeKTpOMexXaHN4YeCckKne W [Aaxe aHanoroBble 3JIeKTPOHHbIe. Kpome TOro, OKasblBaeTcdA, 4TO
<<3]'IeKTp0MaFHVITHbII7I Teppopusm» — He €[VHCTBEHHbIN BUA, COBpeMeHHOro AUCTaHUMOHHOIo Teppopusma, KOTopomMy noaBepXeHbl
MUKpOnpoLeCCopHble perne. CyLLleCTByeT ewe un Takom BuA ONEKTPOHHbIX I/IHTepBeHLlI/IIZ, Kak <<K|/|6ep—aTa|<|/|». B Hawe BpemMsa
XaKkepCkne aTakm 4epe3 KOMMboTepHbIE CEeTH, Te]'le(*)OHHble JINMHUN, MHTepHeT BCE Jallle CTaHOBSTCSA OpyXunem TeppopuUcToB.

BbiBOAbI

@ MukponpoLeccopHble pefie He NPUBHECTIM B PENEenHyIo 3aLUMTy Kakue-To HoBble (dyHKUMKU. OHM BCero nulb 06beanHunm
hYHKLUMM OTAENBHBIX pere, o6aBunB (yHKLMM, BEIMOMHSIBLUMECS PaHEE PEMVCTPUPYHOLLIMMU Npubopamu.

o MukponpoueccopHble penie He obecneunnu bonee BbICOKMN YPOBEHb HAOEXHOCTU 3MEKTPOCHabXeHust n He obneruunu
paboTy obcnyxuBaroLero nepcoHana.

e KakoTmeuaetcsa B uccnegosaHun, BeinonHeHHoM B Israel Electric Corporation, «M1kponpoLeccopHble pene BO3HWKMW Kak
pe3ynbTaT nporpecca B 06nacT¥ 3MeKTPOHUKM W B PasBUTUM CTaTUYECKUX IMEKTPOHHBLIX perne». Tak 3adyem xe
noTpe6oBanocb YCnoXHATb cebe XU3Hb M BBOAWUTH B IKCMyaTauuio CMOXHblE MWUKPOMPOLIECCOPHbIE pene, C OAHON
CTOPOHbI, HE UMEILLME HUKAKUX CYLLECTBEHHbIX NPENMYLLECTB nNepes TpaauLUMOHHBIMUK, @ C Apyror, obnagatowme uenbim
BEepoM COOCTBEHHbIX Mpobnem?

Oka3sblBaeTcsl, Ha 3TO eCTb 0Ha OYeHb CyLleCTBEHHas npuunHa. Ho oHa nexuT He B cdpepe 3NeKTpo3IHepreTukn, KOTOPYy Mbl
paccmaTpuBanu o cux nop, a B ccepe npoussoacTea pene. NponsBoauTb MUKPOMPOLECCOPHBLIE perie HecpaBHEHHO Goree
BbIFOAHO, YEM JrEeKTPOMEXaHWYeckMe W [axe aHasrioroBble ONEKTPOHHble. JTO 0ObBSACHAETCH BO3MOXHOCTHIO  MOSHOW
aBTOMaTM3auuM BCEX TEXHOMOIMYECKMX MPOLECCOB MNPOM3BOACTBA M KOHTPOSsS MapamMeTpoB MMUKPOMPOLECCOPHLIX pene.
KpynHenwwne mexagyHapoaHble KOHUEepHbl, Takue kak ABB, General Electric, Siemens, Alstom, yxxe gaBHo ctanu «3akoHogaTtensamu
MoZbl» B 061acT 3NeKTPO3HEPreTUKN 1 ONPEeAEenstoT CEerofHs MaructTparsbHbie MyTU Pas3BUTUSI HE TONbKO peneriHoN 3aLuThbl, HO U
BCEIN 3NEKTPOIHEPTETUKN.

o HecmoTpsi Ha OTMeYeHHble HeaoCTaTku U I'IpO6J'IeMbI, TEHOAEHUUN Pa3BUTUSA PEnernHON 3aLnTbl TaKoBbl, YTO LUMPOKOE U BCE
BO3pacTawLlliee npuMmeHeHne MMKponpoLecCopHbIX pene 3allinTbl HensbexHo. B cBaA3n ¢ aTum 3HepreTnvyeckne KomnaHum
OOJDKHbI HETKO npeacTtaBnATb Te TPyOHOCTU U I'IpO6J'IeMbI, C KOTOpbIMM UM NpunaeTca CTOJNIKHYTbCA, U 3a6narOBpemeHHo
NPUHATL BCe Heobxoaoumble Mepbl.

B vactHocTH, HeVITpaJ‘IMSaLI,VIﬂ BO3MOXHOCTWN npeaHaMepeHHOro guctaHuMoHHOro BO3OEWNCTBUS Ha Takune pene TeppopuctamMn u
KPUMWUHANbHbIMU 3N1EMEHTaMM obecneunBaeTcsi 3aMeHON Bcex ANEeKTPNYeCKMUX NnpoBoaoB, NOAKMYEHHbIX K MUKPOMNpOL.eCCOpHOMY
pene (38 UCKMNKYeHnemMm nutaHu4, pasymeeTcyl), Ha OMNTOBOJIOKOHHblE Kabenu ” KCMoNb3oBaHNEM OMNTO3JTIEKTPOHHbIX
TpchcbopmaTopOB TOKa N HanpsaXeHnAa BMeCTO TpaAUUNOHHbIX 3NTEKTPOMArHUTHbIX.

Llel'll/l NUTaHNUA MUKPOMPOLECCOPHbIX penie A0JKHbI UMEeTb MOJTHYI0 ranibBaHNU4eCKyr U3ondauunto ot SJ'IEKTDI/NeCKOI;I ceTun, Hanpumep,
3a CYEeT MCnosfb3oBaHUA CUCTEMbI MOTOP-reHepaTtop. Ecnv no skoHomwu4yeckum npuynHamMm 3TO HEeBO3MOXHO, OOJDKHbI ObITb
NCNoNb30BaHbl MOLHbIE BbICOKOYACTOTHbIE (bMﬂprbl n orpaHunymnTenun Hal'lpFl)KeHVIVI BO BCeX CTyneHAx Luenen NUTaHus, uenen Toka
N HanpsaXXeHud. Pene pomxHbl 6bITb YCTaHOBJIEHbl B MNOJIHOCTbHO MeTalIM4eCcKnx LIJKaCbaX, M3rOTOBIIEHHBLIX MO CrneuuanbHoOwn
BbICOKOYACTOTHOM TEXHOMormm (C NCnonb3oBaHMEM 3NEKTPONPOBOAHbLIX PEe3NHOBbLIX MPOKMNagoK U CMa3oK U T.I'I.). Heobxoanmo
NPUHATL CcneunanbHble Mepbl MO CHUWXEHUKD COoMpoTUBIIEHUA uenen 3asemrneHus, pasgeneHuto Luenen 3asemrneHus
BblCOKOHyBCTBMTeJ‘IbHOVI 3J'IeKTpOHHOl7I annapatypbl 1 CWMOBOW BbICOKOBOJIbTHOM.
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370 Ta LeHa, KOTopyto HeobXoAMMO 3annaTuTb 3a MPOrpecc B 06nacTi penenHomn 3almThbI.
McTouHuk: news.elteh.ru
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