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OBIIAA XAPAKTEPUCTHUKA PABOTHI

AKTVAILHOCTL TeMbl. B HacTosiee Bpems s IIMPOKO HCIIOMB3YEMBIX YCTPOHCTB €O
CBEpXOONBIIMMY HHTErpATEHEIME cxemMamMu (CBHC) OfHON M3 OCHOBHBIX MIPHYHH  HEMNoJanoK
ABNACTCA NPEKACBPEMEHHBINA BBIXOA U3 CTposd camoit CBHC, 4To NpHBOIMT X (MHAHCOBEM, a B
HEKOTOPBIX Clly4asx - K 60Jiee CyIIeCTBEHHBIM IIOTEPSM.

Berxon u3 crpos CBUC wacto 06ycioBieH nerpaganueii METANIHIECKHX COSTHHEHMH MO
BO3/CHCTBHEM OOIbWIMX TOKOB. OTO SBICHHE HA3BIBAETCS 3NEKTpOMHMrpammeil. OHO ObUIO
obnapyxeno Gonee 100 net Hasan u 1o nossieaus CBUC uMeno TonbKo TCOPETHYECKOE 3HAYCHHE,
ITapannennHo ¢ nepexonoM K CyOMHKPOHHEIM TeXHONOTHsM Tpoussozxctea CBUC, ¢ Touku 3peHus
obecriedenua pabounx ycmouit CBHC, sBieHHe 3MeKTpOMUIpaUHy cTato Golee CYLIECTBEHHRIM
(daxropom.

ITpuumns! Beixosa u3 crpost CBUC Muoroumcnenns:. OXHAKO 0COBEHHOCTD JNEKTPOMHUTPALIAH
B TOM, 4TO OHa MPOSABNIIETCA CO BPEMEHEM M HE MOXKET ObITh Jlerko oGHapykeHa Kak B Mpolecce
NPOCKTHPOBAHHUA, TaK M TMOCIE HM3rOTOBNCHHS NPOGHOH Mozmeau. Mepol H3MepeHHsl cpoka
rapanTuHHOA pabotsl CBHUC sBnsercs roz, a BLIXOX H3 CTPOS! BCIIEACTBHE 3JIEKTPOMUIPAUH MOXKET
NIpOSABUTECS B TE€YEHHE HECKOJBKHUX JeT. SICHO, uTo B npouecce npoussonctBa CEUC HeBo3MOkHO
KAaTh HECKOJILKO JIET OKOHYAHHS TECTHPOBAHHS, HE HMes [PH 3TOM TAPAHTHH YCIIEHIHOrO
3aBEpILEHUS.

BeliieykasanHoe 1 CTalo pHYUHOM GOMee ACTAIBHOTO H3ydeH s SBIEHUS 3JIEKTPOMHTPALHH
CO CTOpOHBI NMPOM3BOIAIIMX NpEANPHATHH. B pesympTaTe 4ero B Mpasuia 1POEKTHPOBAHHS
TIPEIOCTAB/IACMbIC — MPOM3BOAMTENEM, OBUIM  100ABACHBI MpaBMNa AUl  [IPEIOTBPAIIEHHS
JNICKTPOMMIDAUNH, KOTOPHIE M3MEHSIOTCS H CTAHOBATCH OONee CTPOrMMH Hapsily C MpOrpeccoM
TexHoNnoru# npoussonctea CBUC u poctom crenenu uuTterpanuu. OnHAKO, U3-3a TPYIHOCTEH,
CBAI3AHHBIX C MPOBEPKOH ITHX NMPABHI, MOCIEAHHE AO CHX IOP HE BHEIPEHBI B IPENOCTABIAEMBIE
[POM3BOJMTENEM NPOrpaMMHBIE CPEACTBA MPOBEPKM HA COOTBETCTBHME MPABHIAM — TEM CAMBIM
OCTaBJICHBI HA OTBETCTBEHHOCTh MNPOEKTHUPOBIIMKA. B ManooGbEMHBIX MPOEKTAX MOXHO K He
OMUOUTECS, HO B GOIBIINX MEPAPXHIECKHX CTPYKTYPaX, Hal NPOEKTHPOBANHEM KOTOPBIX paGoTaior
Gonec necATKa HHKCHEPOB, WCKMIOYEHHE OMHMOGOK MOYTH HEBOSMOKHO. B MHUKpO3IEKTPOHHON
(IPOMBILINCHHOCTH HAACKHOCTh TAK K€ B@KHA, KAK M HPOM3BOLMTENbHOCTH. ToT (akT, uTo
YCTpOHCTBO paboTaeT BO BPEMs TECTHPOBAHMS, C TOYKU 3PEHHS DJIEKTPOMHMIPALMH €Ile HUUCTO He
3HayuT. ['1aBHOE, YTOGB! OHO MOTIO COXPAHSTH CBOIO PaBOTOCNIOCOGHOCTS HA IPOTSHKEHHH A0JITOT0
BpemenH - 10 1 6osee ner. Cpok HKCIUTyaTaluu - OAUH U3 BOKHEHLIIX napamctpoB CBHC.

Hcxons U3 BBULCH3IIOKEHHOr0, CTAJIM MPOBOIUTECS PaboThl 10 CO3AAHMIO alrOPUTMOB IS
TIPOBEPKH, a TAKXKeE 10 paspaboTke MPOrpaMMHBIX CPEICTB Ha OCHOBE 3THX aArOPHTMOB. B Teuenue
TNOCHEAHUX 2-3 NIeT TaKHE CPE/CTBa ObUTH Pa3pabOTaHEl B HEKOTOPLIX MEPENOBBIX TIPCANPHUATHSX.
Ho, HecMoTpsi Ha OypHOE Da3BHTHE KOMIILIOTCDHOH TEXHMKM B TEUEHME MOCICAHMX T, ITH
TpOrpamMMHBbIe CPEACTBA MOKA TPEOYIOT GOMBINMX MAIIMHHBIX 3aTPaT — 0BCTOATENBCTBO, KOTOPOE
OrpaHUiMBACT WCIOJL30BAHUE CYINECTBYIOMMX MPOrPaMMHBIX CpeACTB. CleJ0BaTCIBHO, B
HACTOALICE BPEMS! aKTyaNbHBIM SBISICTCH Pa3paboTka CPeNCTB MPOBEPKH [PABHI DNEKTPOMHTPALHH
8 CBUC, koToprle obecreyar JoIyCTHMEBIE paCcXOb! TPEOYEMBIX MALIMHHBIX 3arpar.

Obbexramu uccrenopanns ssiusiorcs CBUC u cpenctea, ucrnonbsyemsie B npouecce Ux
TPOCKTHPOBAHUA 1715l POBEPKH Pa3pabOTAHHBIX H3TOTOBUTENEM NIPABHIT AEKTPOMHIPALIHH.

[enpio paGoTei spinsercs pa3paGoTka CPEACTB NPOBEPKH MPABHIJ IEKTPOMHIPALHH,
NO3BOJAIOIIMX [IPOBEACHHE TaKUX MpoBepok B coBpemennsix CEUC ¢ Mcmosns3oBanneM o6bHeMOB
MaIIMHHBIX CPEACTB ¥ CPOKOB NIPOEKTUPOBAHUSI, HE PEBBINIAIOIIHE UMEIOILHECS.

Meroan! uccneaosanust. Mcnons308ans1 METOb! pemenus tuddepennuansbx YPABHCHHIA,
Auckpernsauuy 001acTelf M anmpoOKCHMAUMH 3aBHCHMOCTEH, BKIIOYCHHBIE B MATEMATHIECKHE
nakerbl FEMLAB 3.0A, MATLAB 6.5 u Curve Fitting Toolbox 1.1.1, psur anroputMos perueHus
FEOMETPUHECKUX 32/1a4, B HACTHOCTH, ANFOPHTM, IOCTPOEHHEIH Ha OCHOBE GyJIEeROH anTeGpsL.
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Hayynas HoBH3HA.
1. PaspaboraHa mnpouenypa NpOBEPKH MPaBHI JJEKTPOMHIPAUHH Ha OCHOBE GoJiee

OBICTpONEHCTBYIOMIMX AITOPHTMOB, TPEOYIOLIMX MEHBIIEr0 066EMa MAITMHHON HAMSITH.

2. Cospaubr Tumosble crpykrypst (TC) peanusamuu tomomoruu CBHC, oxsaTsiBaroniue
bonee 50% mexcoeaunenuit. Ha ux ocHoBe pa3paboTaH HOBEIA METOX MPOBEPKH MpaBUI
NMEKTPOMHUIPAUMH — METOA THHOBBIX CTpYKTyp (MTC), mnossomsumomuii ¢ Gonblnei
TOYHOCTBIO M 33 MCHBIIEE BPEMs BBINOJIHHTE IIPOBEPKY MPABHI 3NEKTPOMMIPALUU A
ofnactei, cocrosmux u3 paspaboraHusix TC.

3. OKCrepUMEHTANBHEIM IIYTEM MOJNyY€HBl AHATHTHYECKHE BBIDAKCHHS IS BBMUCICHUS
MaKCUMaJIbHEIX 3HAYEHHH MIOTHOCTH TOKa, IPOTEKAeMOro B nipeuiokeHHBX TC.

4. Paspabotane! ycnosust HenpepbiBHocTH s TC u obnacteid, He comepxawmx TC, T. e.
HETHUNOBBIX  CTPYKTYp. Tem  caMmblM  cO3ZaHa  BO3MOKHOCTE  OGBECHMHEHHs
(MHTErpHpOBaHHs) Pa3pabOTaHHOr0 METONA THIOBEIX CTPYKTYP C PaHEE HCIOJb3yeMbIM
METOJIOM KOHEeYHbIX 31eMeHToR (MKD) s nmpoBepku npaBui SNEKTPOMHIpalHM B
CBUC.

OcHoBHble M0J107KeHHS, BLIHOCHMble HA 3AMKTY.

e YcoBepmeHCTBOBaHHAs MPOLIEKYpa MPOBEPKHM NpaBuil 3nekrpomurpauny B CBUC.

°  HoBblif moaX0x MPOBEPKY NPaBUII JNEKTPOMHIPALIMH, OCHOBAHHBIN Ha onpenenenuy TC u
MX MOZIEIMPOBaHHUHU.

e  Harerpauums meroga TC ¢ MKD.

[IpakTHyeckas LeHHOCTHL [OJYYEHHBLIX pe3VibTaToB. B paMKax auccepranmonnoii
paboTEl IETANEHO W3ydeH MPOUECC MPOBEPKH IMPABUIT JNEKTPOMHUIPalliU B PACCMOTPEHB! CBS3aHHbIC
¢ HHM npo6embl. ITpensioweHp! PeleH st 3THX MPpobIIeM, KOTOpble MOTYT GBITh MCIONE30BaKb! A5
Pa3BUTHS MMCIOIIMXCS H CO3IaHMs HOBBIX MPOrPAMMHBIX CpeACTB. PaspaboraHa HOBas mpouenypa
paszbuenus TOmMOMOrMYECKMX MexCOeAMHenMil, OCHOBaHHas Ha ompeaciacHHd TC u  px
Mozerposanuu. [IpennoxenHas npouexypa no3soIseT IPOBOANTE Pa3OUEHNE, IKOHOMHOE ¢ ToYKH
3PEHHS UCTIOJIB30BaHMsl MAIMHHBIX PECYPCOB, YTO, B CBOKO OYepelb, MPEROCTABIACT BOIMOKHOCTE
pacuupurs kpyr CBUC, nms KOTOpbIX BO3MOXHO NPOBECTH MPOBEPKY MPABUI 3IEKTPOMUIrpary
CyIIECTBYIOWMMH Metofamu. Monenn TC wmoryT ObITh MCHO/B30BaHBl KaK B mponecce
aBTOMATH3MPOBAHHOTO NMPOCKTHPOBAHMUS, TAK M IPH NPOCKTHPOBAHMH HECTAHIAPTHBIX CTpykTyp. Ha
OCHOBE pa3pabOTaHHEIX MOAXOZOB W &ITOPHUTMOB CO3JAHO nporpaMMHOE CPCACTBO, MO3BOJIsIoOmEe
TNpoBeAcHME kak rpyGoi, Tak ¥ To4HO# (¢ momoubio TC) npoBepky MPaBHI AIEKTPOMHIpaniy,

BHenpeHne pe3ynnTaToB HccaenoBadus.. PaspaGoranHas npoueaypa MPOBEPKH mpasun
SJIEKTPOMUIPALMKM M CO3M@HHBIA HAa OCHOBE MPCIJIOKCHHBIX ANrOPUTMOB MPOIrPAMMHBIA naker
Bueapensl B 3A0 “Cunoncuc Apmenns” u B yueOHBIH mpouece MexIenapTaMeHTHOH kapenpr:
“MHKPO2IEKTPOHHEIE CXEMBI K CHCTEMBI .

HocToBepHOCTL HAYYHBIX MONOKeHHi. MakcHMaibHsle 3HadeHHs IUIOTHOCTHM  ToOKa,
BLIYHC/ACHHBIE (hopMYyiamMu, BbIBeAeHHBIMH Uit TC, COOTBETCTBYIOT YHCIOBLIM 3HAYEHHAM TEX ke
e B TC, monydeHHBIX C MOMOLIBIO YHCAEHHBIX MCTOJOB, YTO CBHUACTEIBLCTBYET O
JLOCTOBEPHOCTH HAYYHBIX TOJIOKEHHIA.

Iy6auxaunp. OCHOBHbIE NONOKEHHS AMCCEPTAUMM OTPAXKEHB B IITH MEHATHBIX TPYax
CIIMCOK KOTOPBIX MPHBEIEH B KOHLE aBTOpedepara.

CrpykTypa u 06nem paGoThl. Pabota cOoCTOMT M3 BBegcHMS, YETHIpEX IJiaB, 3aK/IOYECHHUS,
CNIUMCKa JIMTEPATYpPEI U3 79 HAUMEHOBAHWH U TpeX NpuioxeHui. O6bem paGorsr - 138 crpanui,
BKmo4Yas 71 pucynok, 7 Tabnui. OObeM npuioxeHuii - 32 cTpaHuubl.

OCHOBHOE COJEPXXAHUE PABOTBI

Bo_mBesenun 000CHOBaHAa aKTYyalbHOCTb TEMBl, H3JIOKEHBl LENb H OCHOBHBIE 3aNadyH
uccnenoBanus, oQopMieHsl 00BEKT W METOIBI HCCICNOBAHUSA, NPENCTaBIEHEl CTPYKTYPa H 06BEM
paboTkL.

B _nepBoli riaBe NacTCA OMHMCAHUE ABJICHHS SJEKTPOMHIPAlMH M YKa3aHbl [IPHYMHEL €ro
BO3HHKHOBEHMA. DJIEKTPOMMUIPALMS - 3TO MAacCOBOE NEpPEMELICHHE METajula BCIEACTBHE OOMEHa
KUHETHYECKOH 3HEPrHH MEXAY NMPOBOAAIINMH 3JIEKTPOHAMH H aTOMaMH METaJUla IIPH BO3IACHCTBUA
60Jb1I0} TIOTHOCTH Toka. OHa ONpEAENsAETCs CAEHYIOMHM 00pa3oM:

O ot i
J=-ZADge MeZ' g, (1)

rne N, - MIOTHOCTH aTOMOB B KPHCTaLIMHECKoH pemerke; Dy - koddduuuent nuddysuu; QO -

SHEprus aKTUBALMK; eZ - Pe3yNbTHDPYIOWMiA 3aps; O - YACIBHOE CONPOTHBIEHHE; k - NOCTOSHHAS
Boasimana; 7 - abcomoTHas TeMmeparypa; j - INIOTHOCTh TOKa.

B 0OBIMHBIX 2MEKTPONPOBOAAX I3TO SIBIEHHE HEBO3MOXKHO HabMONaTh, TaK Kak OHO
TPOSBILSIETCS NP 3HA4EHMAX TUTOTHOCTH ToKa mopsnka 10°A/cm® u Gonee. Kak H3BECTHO, 0GB HEIE
MEIHBIE M AMOMHHHEBBIE NPOBOAA TPU KOMHATHOH TEMIIEpaType TUIABATCSH YK€ NIPH 3HAYCHHU

ILIOTHOCTH Toka ropsinka 10*A/cm?.
B pesynbrare HaGMIOJCHMI NDH MOMOLIM MHKDOCKONA CTAiO SCHO, YTO BCACACTBHE

3NEKTPOMHUIPALIMH B Pa3HBIX OTPE3KaX NMPOBOJOB MOTYT 00pa3oBHIBATHCS BIAIHHBI H OTPOCTKU
(puc. 1).

Puc. 1. Hapymenus, o6pasoBaHHbIe BCIEACTBHE 3MEKTPOMHIPALIH B METALTHYCCKHX
NPOBOANHKAX: @ — B OIHOM H TOM e CIoe; 6 — MexIy AByMs CIOSIMH.

[Ipuuunoli 3TOMy SBNSETCS HEODHOPONHOCTH AaTOMHBIX IOTOKOB. Mccnemopanus
T0Ka3any, YTO MPUYHHOH BOSHHKHOBEHHS HECOJHOPOIHBIX aTOMHBIX NMOTOKOB SBISIOTCS Ae(EKTHI
KPUCTAMIMYECKOR PEUISTKH, IMCIOKALMS, MHOTOKPUCTAJBHBIE CTPYKTYPBl M HX OCOOEHHOCTH,
HATHYHE TEIUIOBOrO IPaiMeHTa W Pl APYrHX BHEHIHHX W BHYTPEHHMX QakTopos.

CBUC wMoxer pnath cOOH HE TONBKO TPH pPasphlBE WIH KOPOTKOM 3aMBIKAHHUU
[POBOIIHHKOB, HO U BCIEACTBHUE 3aMETHOTO YBENHYEHHS CONPOTUBICHUS POBOIHMKA. 3aBHCUMOCTh
COTPOTHBIEHHUS IPOBOAHHKA OT BPEMEHU BCIEACTBUE MEKTPOMHUIPALMY [I0KA3aHA HA PHC. 2.

[Teppas kpHBas MONMy4YeHa MPH MIIOTHOCTH TOKa j=3-10°A/eM? 1 temneparype T=160° C, a
BTOpas - MpH yenoruax j=2,5-10°A/em* u T=140° C. OtHocuTensHoE COMPOTHURIJIEHHE MPOBOXHUKA
CHayana yBENUIMBAETCA MEIUIEHHO, MOCTENEHHO MOBPEXas MPOBOJHHUK, a C HEKOTOPOr0 MOMEHTA
PE3KO M B TEUCHHUE KOPOTKOI® BPEMEHH NMPUBOIHUT K €M0 PasphiBy.
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Puc. 2. 3aBHCHMOCTS COMPOTHB/IECHHS AMOMHHHEBOTO MPOBOJHUKA OT BPEMEHH
BCJIEICTBHE INCKTPOMUIPALIMH

Jl1a u3sMeHEHHs CONPOTHBICHUS B HAaYaILHOM TIEpHOIE t BCIEACTBHE 3EKTPOMHTpaLMH
IKCOCPUMEHTAILHBIM ITyTEM HalifleHa CIIeAYIolas 3aBHCHMOCTh:

R(T)=Cj"e™9/¥T | )
rae C - NOCTOAHHAdA, 3aBUCAMIAd OT MApaMETPOB MaTepHania, TeMIEPaTyphl U ¢opme1 npoBoaHuKa;
n - CTENEHHOH yKka3aTen NJIOTHOCTH TOKA j. [ToCpeacTBOM H3MEPEHUs CONPOTUBNCHHS BCENCTBHE
JJIEKTPOMUIPaUMH [IPH PasHBIX TEMIEPAaTypax MOXHO HalTH 3HEPTUIO aKTHBauuW, a MpU pa3HBIX
3HaYCHUAX IUIOTHOCTH TOKA — 3Ha9EHHE CTENICHHOTO yKa3aTes.

Hdns cpeanero spemenn mnospexacHus (CBII) npoBoauuka B 1969 rony Bnexom 6sina
nosTyueHa cinenyouas gopmyna:
: CBII= Cv —n -Q/kT (3)
rae C' - MOCTOSHHas, 3aBHCANIAA OT NAPaMETPOB MPOBOIHHKA H YCIIOBHI TecTHporanus CEUC.

PaccmoTpeHs! 3anauH, cBs3aHHsle ¢ nekrpomurpanueii B CBHUC. HUx Moxuo pasnenuTs Ha
ABE TpYNObL: 3alauyd ceredl IMMTaHMA W 3aJaYM CHIHANBHBEIX JHAHEA. [Ipu HEPapXHUECKOM
TMPOEKTUPOBAHHHM MPOEKTHPOBIUMK CO34acT GNOKM, HE WMes MONHBIX CBEACHHH 0 Tom y4acTke
CBHC, rae Gyaer pacnosioxeH 3ToT 6lok.

TNpoexTHpoBIUIMK, OTBETCTBEHHBIH 3a pasMemieHue roGANLHON CETH MMTaHMs, we MMeer
OTHOUEHHAIX CBENEHHMI 0 peajiH3aliH JIOKAIbHEIX cereli NUTaHMA. 3TO NENACT HEBOIMOMKHBIM
TIpeZIBUIEHRE PacripeaeeHus Toka B ceTsax muranus Beeli CBUC Bo Bpems MPOEKTHPOBAaHUA Ha
BBICOKOM YPOBHE HEepapXuH.

ITpoexrupormuk 610KOB, HE HMES NOCTATOYHBIX CBEICHHH 0 cocenuux Gnokax, we moxer
3HaTh, kakuM 0Opasom OyzeT MPOU3BEEHO MMTaHUE JAHHOTO 6J10Ka Ha ClIeAyIOIeM ypoBre. Kpome
TOr0, HEBO3MOXHO TNpeayrafars TOT (hakT, HTO NpOEKTHpyeMblii 610k Moxer crars
[IPOMEKYTOUHBIM 3BEHOM HPH MUTAHUM APYTOro GOKa.

CrenosatenbHo, TOYHOCTh MPOBEPOK HEBO3MOKHA 1O TEX MOp, NMOKa paspaboTumkn He
obvenuuar sce 6moxu CBHUC u He BLINONHAT NOMHEIHN aHam3 cetell nutanus 8 CEUC.

B nmponecce mnpoexrupoBatus CBHC o0CHOBHBIE NpHYHHEI HapymICHHS HpaBuI
INEKTPOMHIPALIHMM CHEAYIOIIHE:
® co3jaiue  OnaronpHATHBRIX  YCNOBMH  ANM  3MEKTPOMMIpalMM  BCIEACTBHE
TEXHOJIOrHYECKOro pa3sBHTH;
MCTIOJIE30BaHKE aBTOMATH3HPOBAHHBIX CPEACTB IPOEKTHPOBAHKS;
HepapXM4ECKHH MOAXOA MPOCKTHPOBAHNU;
KOHCEpBATHBHBIH MOAX0] CHHXPOHU3ALINH;

6

HeNpaBWIILHOE MPOEKTHPOBAHHE H PacTpeeeHHE BXOAHEIX/BEIXOHEIX YCTPOHCTB;
M30JIMPOBaHME ceTeli MuTaHus 610KO0B;

[IPOEKTHI MAJTEIX MOIHOCTEH;

omH160yHbIE COSAMHEHHS MEXAY 670KaMH M rT0GaNbHEIMH CETSIMM MUTAHUS.

Hccnenopank!  coBpeMeHHBlE CPEACTBa INPOBEPKH MpaBUI  JNEKTPOMUTPALHH M
MOALITOXEHB! WX oOrpaHuvenus. TakoBEIMM SBISIOTCH NPOrpaMMHBIE nakeTs! VoltageStorm,
ElectronStorm u Astro-Rail, Astro-Xtalk, cosmaunbie kommanusamu “Keiimenc” u “Cumoncmc”.
IporpamMmusie cpeacrsa VoltageStorm u Astro-Rail npennashHaweHs! ans npoBepku mpasun
3NEKTPOMHIPALIUM B ceTsx nuTanms, a ElectronStorm u Astro-Xtalk - s CHrHQITBHEIX MyTeis.

B npouiecce HCCIEN0BAHKA THX MPOrPAMMHBIX CPEACTB GBLIM BEISBNEHEI HENOCTATKH, H3-
32 KOTOPHIX OHH HE COOTBETCTBYIOT COBPEMEHHBIM TpeGoBanuaM mpoekTuposaums CBHUC. Mns
3THX NMPOrPaMMHBIX CPEIACTB OOIMMMH HEAOCTATKAMH SABJIAIOTCA: i e

®  MONyY€HHE HOMONHHTEABLHOTO H3BICICHHUS,

e Heo6XOOUMOCTH NONOTHUTEHLHONO MOACIMPOBAHNA,

e  Gonbmoit o6beM BxoaHOM HHGOPMALMH;

®  OTCYTCTBHE METOZLOB MCHPABICHNS OGHAPY)KEHHKIX OUIHGOK.

B nporpammuex cpeacreax VoltageStorm u ElectronStorm oGHapyxeHs! ciemyiompme
JIOTIONHKTENBHBIE HEAOCTATKH:
®  MOJENMPOBAaHME CIIUCKOM 3JIEKTPHIECKHX JIEMEHTOB H CBA3EI;
®  UrHOpHpOBaHHE (aKTa OKPYTJIEHHS YIJIOB B PEANIbHBIX TOMONOTHAX;
e HeolXOMMMOCTh HCIO/b30BAHUA APYrkX CPEACTB B mpouecce nposepkH (Fire & Ice QX,
Thunder);
e  [poBepka pacmpeseieHus MIOoTHOCTH Toka MKD;

B nporpamMMHBIX cpeiacTBax Astro-Rail n  Astro-Xtalk 06Hapy>xenu cleayiomue
JOMONHHTENBHBIE HEROCTATKH: ‘
®  KCNONL30BAHHE aCHMITOTHYECKOTO METOJa OLIEHKH CHTHANA, W\
®  BO3MOXHOCTE OCYIIECTBIIEHUS TOJBKO rpy6oii mpoBepKH: AN
O  pacyer MIOTHOCTH TOKa B MEXCOESIUHEHHSAX MO UX LIHPHHE;
O  pacyeT IUIOTHOCTH TOKa IIOCPEACTBOM CYMMapHO¥ NMOIQAH MEXCIORHBIX
HEepPEXo0B.

B jamoli rnaBe Talke OMMCAaHBI MPEANAracMbie METOAN MPOBEDKM paBui
SMCKTPOMMIPALUMH B CBEPX6ONBIIMX MHTErpansHeIX cxemax. Jins paspaGoTamHoro cpencrsa
TIPOBEPKH NPaBUN NEKTPOMUTPALIHH NPEASaraloTcs CICAYIOUHe TpeOGOBaHHS:

e BO3MOXHOCTb MIPOBEPKM MPABHIT KAaK B CETAX MUTAHKA, TAK ¥ B CHTHANLHBIX JIMHUAX;
e crencHh OLICTPONENCTBMA M 3aTpPaTa MNaMATH, MNPONUKTOBAHHEIE COBPEMEHHEIMH

MpoLEecCaMH MPOEKTHPOBAHHS;

e  TOYHOCTH MPOBEPKH, cooraercraylomas COBPEMEHHBIM TPEGOBAaHHAM 3KCILTyaTALMM

CBUC;

yRo6CTBO M NPOCTOTA MCIIONB30BAHMS;

paspaboTka METO10B KOPPEKTHPOBKH BBIABIEHHLIX OIUMGOK;

BBISIBJICHHE M30BITO4YHOM IIMPHUHEI BO BHYTPEHHUX COENVHEHUAX CBP[C # $opMHUpoBatne

COOTBETCTBYIOIHX COOOIIEHMIA;

®  COCTaB/ICHHE OTHETOB 0 BRIABICHHBIX OWIMOKAX B M3BECTHBIX popMaTax.
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Bo BTOpoii riaBe mnpennaraeTcs NPOM3BOLMTE BeIGop TC ¢ ydyeToM ux gactodt BcTpeun B
TOTNOIOTHYECKHX CTPYKTYPaX M HyBCTBUTENBHOCTH 3THX CTPYKTYP K 3ME€KTpoMMrpamuy. I1o 3Tum
KPHUTCPHAM JUI MOACIMPOBAHUS CO CTOPOHEI aBTOpa OblmH BEIGpaHE! TC, npuBeneHHbIe Ha pHc. 3.

O6ocHoBanue BribpanHex TC mokasaHo B Ta6n. 1 OYTEM MOACYETa KOJHYECTB BCTPEY W
TMPOLEHTHBIX KO PHIMEHTOB NOKPBIBAEMBIX WMH TUIOWANeH A5 pasmuanbx CBUC. C 370 uesio
NpOV3BEAEH NOACYET ITHX 3HA4eHNH s Heckombkux CBUC (Tabu. 1).

a)
== —]
= ==
6) )
3)
B) e) )
r) %) u)

Puc. 3. THNOBbIE CTPYKTYPEL, BoIOpaHHBIC JUIS MOAETHPOBAHUS

Tabnuua 1
Pe3yabTaThl ONbITA, IPOU3BCAEHHOIO C LENbIO 0G0CHOBAHHMS BHIOPAHHEIX THIIOBBIX CTPYKTYp

Tunopas

CTPYKTypa

Kosnuecrso
Mnomans,
%
Koauuyectno
Inomans,
%
Koanyecerso
Ilnomaae,
%
Koanyectso

w3
o

Puc.3a’ 9 | 16643910 6 | 20582714 | 7374407
Puc. 36 9283 16700 0

6583941
=
8195
0
225007
5
64
16339
0

Puc. 3B 56859 13269 170152
Puc. 3r 0 2582 0
Puc. 3n ( 341139 840437 I 1166584
Puc. 3e 0 38474 39033
Puc. 3x 28 ; 56 0
Puc. 33 65401 26780 95161
Puc. 3u 1341

olv|ololg|elwn|o

M3 nosy4yeHHBIX pe3yasTaToB BUIHO, YTO st TC, COOTBETCTBYIOLIMX BbIAEIEHHBIM B Tabl. |
CTpOKaM, MoJydeHbl Hauboiblive 3HaueHus. Mcxons u3 3toro, ObUIO MPUHATO peELIEHHE O
MPOBENCHHH MOMENMPOBaHHA B MEPBYIO ouepenb Ui 3THX AByXx TC. MoaenupoBaHHe 3THX
CTPYKTYP NMPEAOCTaBHT BO3MOKHOCTb ABTOMATHUECKOH OLEHKH HAHOOJIBIIEro 3HaYeH s MJI0THOCTH
TOKA B 3THX CTPYKTYpPax B 3aBHCHMOCTH OT HX F€OMETPHYECKHX MapaMeTPOB H FPAHUYHBIX YCIOBHI.

OnBITHBIM MyTEM MPOM3BENCHO MOAENHPOBAHHE MU BHIOpPAHHBIX CTPYKTYp. C 3TOM uenbio
6p11M  Mcrionb3oBaHbl MaTeMaTHueckue mnaketsl FEMLAB 3.0A u MATLAB 6.5. s
paccMaTpHBaeMoOH 3amaiyd IPaHUYHBIMM YCJIOBHSIMH SIBJSIOTCS 3allaHHbIe IIOTHOCTH TOKa [0
HarnpasieHHIO HopMaiH. Heo0XoMMMO HaliTH 3aBHCHMOCTbL HaubO0JIbIIEr0 3HAaYEHHUS TIOTHOCTH TOKa
OT IPaHMYHBIX YCIOBHi H reOMETPHUECKHX NapaMETPOB pacCMaTpHBAEMOii MOEIIH.

A
)
ol
r
sabia) Sl
L X
al -
7 > r
F vy Y
a)

Puc. 4. JIna Moe1HpyeMoii THIOBOH CTPYKTYPhI: @ — MapaMeTpsl; 6 — pacnpeneneHne
MJIOTHOCTH TOKa

Ha puc. 46 noka3saHsl kapTa pacnpeieneHHs MIOTHOCTH TOKA W BEKTOphI HAMpaBleHHs TOKa
ans TC, npuBeneHHod Ha puc. 4a. JIng MpHBENEHHOrO MpHMEpa IPaHHYHBIE YCIOBHS HMEIOT
paBHOMEDHOE pacrpeleieHHe TOKOB M0 HAmNpaBlCHHIO HOpMaid, paBHble j, H —j,

COOTBETCTBEHHO isl pedep a H b : ans octambHeIX - 0. [To kapTe pacnpeneneHus MIIOTHOCTH TOKa
BHJIHO, YTO Y BHYTPEHHEr0 YTJa MOAE/IH TOK CTYLIAETCs, a Y BHELIHEro, Ha00OpOT, pa3pexaercs.
[TpousBeneH OMBIT C LEIbIO BBIABICHHS 3aKOHOMEPHOCTEH pacrnpeleneHHs TOKa [pH
HEPABHOMEPHOM pacrpeleeHHH rpaHHuHbIX ycaoBuid. [Tpu stom ans TC, npuBeneHHOH Ha puc. Sa,
I pedpa @ GbLI0 NPUMEHEHO MPAHHYHOE YCIIOBHE C PABHOMEDPHBIM PacnpeaeneHHeM Toka j,=1, a
onsa pebpa b pacnpeleieHHe TOKAa HMEET BHI, NPHBEACHHBI HAa puC. 56, H B OCHOBHOM
COCPENOTOYEHO B BepXHeM yriy. ITo pHCYHKY BMAHO, 4TO MTIOTHOCThH TOKA PE3KO YOBIBAeT y
BEpXHero pebpa M yBEIH4YHBAETCS y HHIKHEro IPH OTAANCHHH oT pebpa b. B cepemuHe mpsamoro
y4acTKa MPOBOAHMKA IIOTHOCTH 3THX TOKOB B HAHOOJBLIEH CTEMEHH NPUOMDKAIOTCS APYT K APYTY
(puc. 5B).

Puc. 5. Paccuorpemle HEpaBHOMEPHOI'0 pacnpeac/iCHHs rPpaHHYHBIX TOKOB

9
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Ha ocHoBe 1poBeseHHOTo onbiTa TakoKke GRIIO BEIBACHO, YTO OJHOBPEMEHHO C YBETWIEHHEM
RMMHBL BETBEH MOZC/H HAKOObIIEE M HAUMEHBIIEE 3HaYeHHs rpaduKa, IPUBENEHHOTO Ha pUC. 5B,
crpemaTcs k efuHHue. CheloBaTeNEHO, MOKHO NPEANONOKUTb, YTO NPH YBENWdEHHH ATHHEI
BerBedi | paccMaTpuBacMOl MONENH YMEHBIUAETCA BO3NEHCIBHE pacHpene/IeHus FPaHUYHBIX
ycnosu#f Ha HauGonbmiee 3HaueHue IUoTHocTH Toka (H3IIT). Dtor daxT mosBonser m3bexats
PacucTa pacnpefiefieHds IPaHMYHLIX YCJIOBUI MONENM M BSIABJNIEHHS 3aBMCHMOCTH HauGombureif
IIOTHOCTH TOKA OT 3TOr0 pacmpeleNeHus. Pacuer pacmpeneneHHs rpaHHYHBIX TOKOB BHOBL
OPUBOIMT K PEMICHHIO MM epeHUHAbHBX YPaBHeHH . UTak, HYXHO HaliTH TaKylo HaHMEHBILYIO
AmuHy 1, BeTBeH, NP KOTOPOH JIA 3HAYEHHH JIMH BETBEH, NPEBLILAIOMUX 3Ty, OTHOCHTENLHAS

PasHHUIA HaUGONBIIMX 3HAYEHMH TUIOTHOCTH TOKA MOJENM HE MPEBBICHT NAHHYIO MOrPEMHOCTS £
OpH JOOBIX BO3MOKHBIX 7 ¥ w. JUMHY /,,,, HEOGXORMMO HAWTH [N TAKHX TPAHHTHEIX YCIOBUH,
EOTOpbie C MPAKTHYECKOH TOYKH 3DEHHMS MOKHO CUHTATh HAUXYALUMMH, TaK KaK NpPH APYruX
TPaHHYHLIX YCHOBHAX A1 OXHOTO M TOTO XK€ 3HAUEHHA £ MOMydaTcss GOJee MEHbIOHE 3HAYCHHA
lo. B pesynrtare uccmenosammii nns paccMarpuBacMoii TC Gbina BiGpasa crpykTypa,
TpenCTaBIcHHas Ha puC. 6, kak CTPYKTYpa, 06eCIeUHBAIOIIas HAUXYIUME TPAHHIHEIE YCIOBHA.

C nomomg1o BEIGpaHHOM CTPYKTYpHI G5U1a HalNIeHa 3aBUCHMOCTS [UTHHEI l,, OT panuyca r u

HIMpHUHBI w (puC. 6).

T le—r>
2 Vv '
Il
»i K
-
Y A
1 A
|. Id

Puc. 6. Ctpyxtypa, BbiGpaHHas C LEBIO TOUCKA 3HAYEHHA [,

I[lpouseenen omBIT C LEABIO BBIABACHMS HE3HAYMTENBHOCTH M3MEHEHHA HaubOBIIEro
3HAYEHWA MIOTHOCTH DPACCMATPUBAEMOTO TOKA B 3aBMCHMOCTM OH 3HAYeHMil ImMH how o,

mpesocxonqumx /. VuuTeIBas, YTO ONHOBPEMEHHO C YMEHLIUCHHMEM MIMHBI | yBEIMYMBaeTcs
BiMAHUE rpaHHyHbIX ycnosuit Ha H3IIT, mns mposeneHus onsita 3uavenne / 6bino BhIGpaHo Mo
BO3MOXHOGTH MUHUMAILHBIM - [ = 3 - r (310 3HAYEHHE HAMMEHBIIIEE, T. K. IPH [ =2-F BHYTpEHHUE
pebpa pasHel Hymo (puc. 6)). 3Hauenue w BBIGpaHO paBHBIM [ . Takoe 3HaYeHHe W MPaKTHYECKH
MOXHO CHHTAaTh HaUXYAUIMM, TaK KaK C YBEJIMYEHHEM W TaKkKe YBCIMYMBACTCH BIHSHHE
TpaHH4HbIX ycnosuit Ha H3IIT, a B cirydae BenMuuH w, NPEBBILAOMUX [, OFPEMHOCTE £ A
BT ¢ npakTv4eckoM TOYKM 3PCHUA HENOMYCTHMO Benuka. OHYEBHIHO, YTO B 3TOM Ciyuae
PRSYNETATH! OMNBITOB HE 3aBMCAT OT Benuyuubl r . [Ipunnman r =1, nonyuum [ =3, w=3. Uz-3a
BANOXEHHUA BeTBEH 3HAaYCHMA /, ¥ [, ONHOBPEMEHHO HE MOrYT MpeBLULATh !/, BCIEACTBHE YEro

OPUXONUTCS (GPHKCHPOBATH 3HAUEHHE OMHOM M3 HUX TOYTH PaBHBIM / U U3MEHATH 3HAYECHHE TOBKO
Apyro#i Benuumubl. Ha ocnose 3asucumoctn H3IIT 0T /), nosyueHHOH B pesynsTaTe ONbITa, MOXHO

3AKOYHTB, YTO B Cifydae /,, nout pasxoro / , nomyyum H3IIT, koropoe npu Gonsiem I, (nocne

EOTOPOTO M3MEHCHHS 3HAYCHHA TOKAa MEHBIUE, 4YeM TOYHOCTH MNPOTPAMMHOTO CPEICTBA,
HCTI0/1630BaHHOTO N4 NOMyHEHHS MoAenu) MeHbiue noyyennoro H3IIT we 6onee uem Ha 1% (puc.
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7a). VuuTeBas Taioke TOT (aKT, YTO C yBenudeHneM | YMEHBIIAeTCs BIUSHUE IPAHHYHEIX YCIOBUH
Ha H3IIT, MoXHO yTBEpP:AATH, YTO B 3TOM CITydae YMEHBUIMTCA TAIOKE pasHuua B 1%.

Hns seseneHns 3asucuMocti H3IIT oT omHoBpemeHHOro usmeHenus I; u I, cHadana
H3MEHMM /; B IMana3oHe 3Ha4eHMUH, MeHbIIMX 4eM / (puc. 76), ocrasnss /, MOYTH paBHEM /, moche
4ero NMpoOM3BENEM OINHOBPEMEHHOE H3MEHEHHE /) ¥ [, B TOM e MPOMEXyTKe 3HadeHm# (puc. 7).
Taxum 06pasom, MOXKHO 3aKIOTHTH, YTO PE3YNBTATh], NONY4YEHHEIE it o6nactu Gonbmel /, mouTw
HE M3MEHATCS NPH ONHOBPEMEHHOM M3McHeHHH /;. [lomydeHHEIE pe3ynbTaThl JAIOT BO3MOXHOCTD
cuMTarh 3HaveHus /; u [, pasHemu / B ommbre moucka 3asucuMoctd H3IIT or mapamerpos
paccMaTpMBaeMoO MOAETH.

i J
J1H962 1'91"964 PR
’ » 19192
19195 W /\ NN ene / \ PN A/
’ i Vi 1.9188 [1 ] [\ I!
1019 ! Vg 19185 [\ [ ] [V TN
U \/ 190184 [\ [ T N VT —
19185 {1 byt N WVAR W 0 ) A ALV WY i R WP
1918 1918 7 \\ f \"I v
: i 19178 -1
19175 19176
0 00 400 600 8O0 12 17 2.2 27
a) e 6)
19188 : —
19188 i/\\ /‘\ —
FR AL
bytveds I\ AN
118 —[i\ ANV
1,9178 / \l I AN
1.9176 \/l ' S
1,9174 : -
19172 ; |
12 17 5) 22 27 I,k
Pric. 7. 3asucumocts Jj o 0T Lmpwa-12/;6-15<l;8-0r Ilu‘lz
: ™~

(bl <)

B pesysisTare nposeneHHBIX ONMBITOB OKA3aJI0Ch, YTO MUIt XYAILEro W3GPaHHOro BapHAHTA
npu //w=1,5 oTHOCHTEbHaR pasuMua nomyueHssix H3IIT cocrasnser 0,5...0,6% oT 3hadveHus,

nomnyyenHoro ans H3IT npu Gomsmmx 3naueHusx ! (puc. 8). Ilpunumas Bo BHHMamMe To, 4TO
NOrpellHOCTL HAaWy4miero BapHaHTa HaMHOI0 MEHbBIOIE [IIOrPELIHOCTH HauXyamiero, MOXHO
YTBEPXKAAT, 9TO CyMMapHas NOrpelmHocTs OyaerT MeHbwe 1%. Takodl MPOLEHT NOrpemHOCTH
Gyner HanGONBIIHM, TaK KaK NPU yBENUYEHUH / OH PE3KO YMEHBILACTCA KaK B HAMXYNIIEM, TaK U B
HaMJIy4llieM BapUaHTax, CTPEMSICh K HYJO.

&% . ; -
10 . %
8 4' -
6 7
. !
2 N :
0 >i—0—ia &
04 0608 1 121416 1,8 2 ]/w
Puc. 8. 3aBucimocTs norpelwHocTd € ot [/ w
11
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Jins paccmarpusaemoii TC B paMkax orpaHHueHHs
/w215, 4)
GbUIM MPOBENEHEI OMBITH ANS HAXOXIEHUS 3aBUCHMOCTEH MIOTHOCTH TOKa Jyg OT Mapametpos r
H w. B pesynbrate npeasuiyiiero onsrra 65U10 TAKOKE MONYYEHO, YTO 3aBUCHMOCTD Jyg OT I He

3aBHCHUT OT W H Ha060p0‘r, TO €CTh UMEECT BHA

Jus = L) 0(w)-j, &)
rne =L, ©)
w

H TpENCTaBNseT cOGOH MIOTHOCThL TOKAa B PaBHOMEPHO pachpefcieHHON o6nacTi. Tem caMbim
ABIACTCS TPAaHUYHBIM OrpaHMueHHeM A Tex pebep paccMarpuBaemoit TC, koTopie Mo
HarpaB/eHAIO HOPMATH HMEIOT 3HAYEHHE TOKA OTAUYHOE OT HYJIA.

Hcxons u3 suipaenus (5), a1 onpegeneuus Gynxumit [ u ¢ 6bun MPOBEAEHB! ABA OMNLITA,
B OJHOM H3 KOTODHIX 6b110 3aMKCHPOBAHO 3HauyeHMe napamerpa w (w=1000) u noaiyuena
3aBHCUMOCTL j o OT r (puc. 9a), a Bo BTOpoM 3aHKCUPOBAHO 3HAYEHHE napamerpa r (r=I)wu

HalIeHa 3aBUCHMOCTB OT w (puc. 96).

0 150 300 450 600 750 900 1w
6)

Puc. 9. 3aBucumocts jH6 or: a-r;6-w

Ina onpeneneHus QopMmyn yKkasaHHBIX 3aBHCHMOCTEH GBUIO HCMOML3OBAHO nporpaMMHoe
cpeacreo Curve Fitting Toolbox 1.1.1 nakera MATLAB 6.5. U3 Heckoabkux by HKUMi
annpokcumauuy 6b11a BeIGpaHa clieayiomas:

! a-xb+e. 0]

B pesysnsTare annpokcumanuy 3aBUCHMOCTH, NPHBEACHHON Ha PHC. 9, [UIs KO3(pQULHEHTOR
a,b u ¢ GpUM MOJyHeHEI CeaylouMe 3HaveHus (puc. 10):

a=13.2,
b=-0,33, 8)
¢=-0,06368,
a B ciy4ae pHc. 96 (puc. 11):
' a=0,09743,
b=0,3365, )]

¢ =0,0005986.
[Toacrasnss (7)-(9) B seipaxenue (5), ans paccMarpuBaeMoi TC moayqum:

Jus =(13,2-r7°% - 0,06368) - (0,09743- w®**65 +.0,0005986) ; . - (10)
12
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Hcnonssys supakenns (6) u (10), w11 w nonydum

0,09743-w***% +0,0005986 _ Jit
w I-(13,2-r7%%-0,06368) °

an

GRS

o FV/N“”“‘"" M“\A»‘VV\;&%: .
-0.01 . -

]
Puc. 10. PesynbTaT annpokCHMainH 3aBUCHMOCTH Jug OT T

R % 34BHCHMOCTS H €6 ANMpPOKCUMA

T T T T

0D 208 .30 . 40 E- I 60
Puc. 11. PesynsTar anmpoKCHMAUMH 32BUCHMOCTH jH5 oT w
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Omucana  obmas cxemMa  pa3spaGOTAaHHOTO  MeETONAa MPOBEPKH  NpPaBHI

SJIEKTPOMHUT ALK,

Ha puc.12 npuenena o6o6iueHHas cxeMa MHTerpalMH pa3paGOTaHHOrO METOXA M

npouecca npoektuposanus CBHC. Baok# pa3pa6oTaHHEIX METONOB OTTECHEHB!.

B

Cxemarugeckoe

NpOEeKTHpOBaHHe

[pasana
MPOEKTHPOBAHHA

v

$+—1 Monemposarme |

v

Tononoraueckoe
NpOEKTHPOBAHHE

v

TMocrrononorugec-
KOE MOZE/IMPOBaHHE

A

—>

P i mrmimim -,

Hcnpasnenue onmbok

Puc. 12. O6o6mennas cxeMa MHTErpaliy METOZa H npouecca npoextuposanus CBUC

Hinke npuBesieHa MocneA0BaTeNBHOCT pa3paboTaHHOTO METONA:
1. Pasbuesue Tonosoruu:
e pasbuenue ekrpuyeckux nemeHtos (DJ);
& pasbucHue n o6penuHeHe MC.
2. Pacyer MakCHMaJIHEIX 3HadeHHiH Toka B 3D u y3nax MC:
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®  pacyeT ¥ NMPOBEPKAa MaKCHMANLHBIX 3HATEHHUH TOKa B D3;
®  pacYeT MaKCHMaLHLIX 3HaYeHH Toka B y3nax MC.
3. Pas6uenue u pacqer COnpoOTHRICHHMI Ana MapamiensHex MC.
4. BsIBICHUE HAMMYHS TOKA B 3AIMTHBIX KPYTaxX.
5. Tpy6as npoBepka npaBuII 3MEKTPOMUTPALIAH:
®  MOpOBepKa INMPHHEI MPOBORHMKA;
®  [pOBEpKA KONMYECTBA MPOXONAOB METALI-MONYNPOBOIHHK H METANI-METAILL.
6. HcnpaBneHwe BBISBICHHBIX OMMGOK:
e yBENWYEHHE IHPHHEI IPOBOXHHKA; I
e  yBeNMyeHUE KOAHYECTBA IPOXOLOB METAI-NOMYIPOBOAHMK H META/LI-METALL.
IMouck u pas6ucuue TC. ’
Tlouck H3IIT B TC.
9.  Pacuer H3IIT B HETHNOBBIX CTPYKTypax:
e  (opMHpOBaHHE HETHIIOBBIX CTPYKTYP;
e (opMHpOBaHHE rPaHHIHBIX YCIOBHH JUIA HETHIIOBBIX CTPYKTYD;
®  TPHUAHTYAAUMS HETHUIIOBBIX CTPYKTYP;
e  mnpuMeHenne MKD.
10. OdopmneHue MPOTOKONA BEIABAECHHBIX OMHGOK.

® N

B _rperbeii riaaBe naeTci OMNHCaHue MaTeMaTHYeCkoro, anrOPHMTMHYECKOr0 K
uHQopMaLMORHOro obecneyenns pa3paboTaHHEIX MPOrPAMMHBIX CPEACTB JIA MPOBEPKHM IIpaBHI
JnexTpoMurpaulH. B MaremMatiueckoe obecrnieaeHKe BKIIOHCHBI OMMCaHus ypasneums Jlannaca u
ero npeobpasoBaHMs C LENBLIO DEMEHHS paccMarpHBaeMoi 3ajaud, a Ttake MKD. B
anropHTMHYECKoe oOecreyeHHe BKIIOYEHE! ONMMCAHHA peanusauyu OyNeBBIX Onepaumii, MeToza
CKaHHPYIOIIEro Jlyya, ONPEACNCHHS OTHOCHTENBHOTO TMOJOXKEHMSs TOYKM M  BEKTOpa,
NPHHANIEKHOCTH TOMKM MHOTOYTONBHMKY, IIEPECEYEHHMS ABYX MPSAMBIX, npam:ﬁu\ pedpa,
TpHaHrynsmud  JlenoHe M amroputMa Panmepra ans  ynydmeHus --TpMamryasmmk. B
uHpopMauHOHHOE ofecneyeHre BKMOYEHA CTPYKTYPa BXOAHBIX, BHYTPEHHHX H BEIXOAHBIX AAHHLIX
Ui pa3paboTaHHOro CPEACTBa.

B 4eTBepTOi I/1aBe ONMMCAH MPOFPaMMHEI NAKET, CO3AAHHEIH Ha OCHOBE Pa3spaboTaHHOro
npouecca NPOBEPKM MNPaBHI 3AEKTPOMMIPAUMM, M YKasaHbl 06nacT¥ €ro mpuMeHeHus. B
pa3paboTaHHBIii NakeT BKMOYEHH! ABa MPOrpaMMHBIX cpeacrsa: EMETS (ElectroMigration Explorer
by Typical Structures). 4To B nepesone 03HayaeT — BHIABNECHUE ICKTPOMHMIPALMH [IOCPEACTBOM
THMOBBIX CTPYKTYp, W TS-Calculator (Typical Stucture Calculatore) — KaNbKyasSsTOp THIOBBIX
CTPYKTYP.

[lpuBenens! npuMeps! NMPHUMEHEHHd, KOTOPbE MO3BONAIOT MOHATL PabOTY MpOrpaMMHBIX
CPEACTB ¥ YBUAETH PE3YNbTATHL ,

IpousseneHa oOuEHKA MPOM3BOAMTENBHOCTH, 4YTO JA3aeT BO3MOXHOCTH 00Jie€ OYEBMAHO
YBHIETE OTHOCHTENBHYIO MPOU3BOIXMTENHHOCTE Pa3paGOTAHHEIX NPOrPaMMHEIX CPEACTB IO
CPaBHEHUIO C CYILECTBYOLIMMH.

Tporpammuete cpeactsa Astro-Rail u Astro-Xtalk, cosaannble komnamueii “Cuuoncuc”,
OCYLIECTBAOT NPOBEPKY MpaBu 3nekrpomurpaimyu B CBUC. OnHako NpUMEHAEMEIE HMH METONB!
NPOBEPKH HEAOCTATOYHb /1A NIO/IHOA MPOBEPKH MPABAN NEKTPOMUIPALIAH B coBpeMeHHBX CBHC.
Onu MOryT ObiTh MCNONB30BaHEI TOMBKO C LEABIO  MPEJBApHUTENbHOH, rpy6o#t mpoBepKH.
PaspaGoTaHHeI METOA NPOBEPKH NpPaBHI IACKTPOMMIPALMWK TAKKE IO3BOJNSET IPOBOAMTH
NpOBEPKY TaKOro THM, HO B OTIMYME OT yKa3aHHBIX METOAOB, NPOBEpKa OCymecTaasercs 6e3
DOTIONHHUTENIBHOTO H3BJIEYEHHS W MOAENMpOBaHuA. Bmecte ¢ TeM, B 3aBHCHMOCTM OT CTENeHH
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CIIOXHOCTH IeHCTBHI, peammsyembix B AanHoM CBUC, pa3paGoTaHHEIH METON MOXET peamu3oBarTh
BBIIEYNOMAHYTYIO IIPOBEPKY B HECKONBKO pa3 Obicrpee. HanpuMep, naxe NnpH MOIENMpOBaHWUM
CBUC, cozmepxameii 5*10° amemenToB, ML NONy4YeHHs 3HAYCHHH AMHAMUYECKMX TOKOB IO
kaxaoMy 30, HCroONb3ysa HOBelIMe MamMHMEIE CPENCTBa, MOHAno6UTCH Gonee ABYX HHEH, B TO
BpeMs Kak Jid rpyboii mpoBepky mpaBHn snekrpoMurpauuu noxo6usx CBUC nonanoburcs He
6Gonee 6 yacos.

Ilporpammusie cpenctea, paspaGoTaHHsie KommaHueil “KeiiieHc”, TO3BONSIOT MPOBOAMTE
JCTAILHYIO MPOBEPKy, Henonsdys MKD. Onxako mns ucnomssobanns MKD uweo6xonumo cHawama
TPHAHIyMHpOBaTh. TOYHOCTE 3TOTO METONZ CYHIECTBEHHO 3aBHCHMT OT Liara JUCKDETH3alMy
obnacru. B pesymsTate HccnenoBanmii 6bU10 Takoke MONYHEHO, IT0 ¢ npuMeHeHneM MKD, naxe nns
NOJTy4eHHS IUIOTHOCTH TOKa C MPHEMJIEMOH TOYHOCTHIO, B 3aBHCHMOCTH OT FEOMETPHYECKHX
NapaMeTpOB, BO3MOXHB! GONBIIME OTKIOHEHHS OT PEANbHBIX 3Ha4YeHHil. A IIPH HCHONE30BAHHH
onpeneneHubx TC, Bkmodatomux Gonee 50% MC, BepOATHOCTH HOSBIEHHS MONOGHLIX OMIHGOK
YMEHBIIAETCH, KaKk MHHUMyM, B Ba pasa. Ilpumenenme TC mo3sosser Takke COKPATHTEL BpeMs
BRIYHC/ICHHE M MOBBICHTb TOYHOCTh. HesaBucHmocThb OT rpaHMuHHIX ycnosuit TC paer
BO3MOXHOCTh He GeCIIOKOMTBCA M0 TMOBOAY BOHHKHOBEHMS OMMGOK B pe3ynbTare HCHPARICHHUSA
BBIABJICHHEIX OIMGOK BCEACTBHE H3MEHEHHS FPAHMYHEIX YCIOBHIL, 9TO HEBO3MOXHO YTBEDIKIATH
npu npumenenry MKD. B kayecTse npuMepa paccMOTPHM HEOGXOAMUMBIE MALIMHHEIE PACXOMBL 1A
OOJyYeHHd pachpefiefleHus IIOTHOCTH Toka nocpeactsoM MKD B monemposausoii TC yrna (taba.
2). Pesynsrarhl nomyueHel ana cpended mmpuast TC. Jing pacderoB ucrions3osad Intel(R)
Pentium(R) M ¢ uacroro#i 2.00I T

Tabnuua 2
3aTpaTE MAIMHHONO BPEMEHH H MTaMATH, HEOOXOAHMBIE 1A MOMYYeHHUs pacnpeleneHus
wiorHocti Toka B TC yrna

Cetb
pasbuenus C aBymsa C Tpems
yaAyumeHus- | yaydmenus-

Bes C oaHum
yayumeHuii

PachanuBae- YayuduieHueMm

Mbl€ MapaMeTpsl

' Bpems, ¢

IlaMATh, KO

Jaxe npy NpUMEHEHHWH BAPHAHTA C MHHUMAabHBIM BPEMEHEM H MAMATHIO — BapHaHT 6e3
yayuwenns, ais noacdera H3IOT s 50000 TC neobxonum 1 yac 44 MMH, B TO BpeMs Kax MpH
TIPUMEHEHHH ONy4eHHON dopmyiisl 1 paceMarpuBaemoii TC HeoGxoxumo Beero 0,0257 c.
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OCHOBHBIE BbIBO/IbI I10 TUCCEPTALIMOHHOM PABOTE

PaGora noceamena pa3pa6oTke CpeACTB A4 MPOBEPKH MPABHIT MEKTPOMUIPALMH B CBEPXGOTBIIHEX
HMHTETPAIbHBIX CXEMaX. :
TMomyyens! cneayromue pe3yabTarr:

1. HccnenosaHo SRNEHHE 3NEKTPOMMIPALMH M yKa3aHB! MPHYMHEI BhIX0Xa 3 ctpos CBUC
BCIIENCTBHE 3TOTO SBNEHMA. HI3ydeHB! COBpeMEHHBIE CPEACTBA MPOBEPKH IMPOEKTOB Ha
COOTBETCTBHE NPABUNIaM 3JNEKTPOMHMIPALMM H YKa3sAHEl UX HENOCTATKH, KOTOphIE
ABJIAIOTCA  OPWYHHOH  HECOOTBETCTBHA PACCMOTPEHHBIX CPEACTB  COBPEMEHHBIM
TpeboBanuam npoexrupopakus CBHC.

2. PaspaGoran HOBbIH, yNyuMICHHEIH IPOLECC MPOBEPKH NMpPaBHI 3neKkTpoMurpaiiy B CEHC,
KOTOPELH, B OTJIHYHE OT CYIIECTBYIOMMX, HCKIIOYACT XOMOMHATENBHOE MOIETMPOBAHUE H
BBIBOJ [TAPA3UTHEIX INIEMEHTOB. .

3. IlpeasnoxeHs THHOBLIE KOHCTPYKLMH AJIA TOMONOrMYECKON PEATH3ALMA MEXKCOEHHEHH,
KOTOpHIE MO3BOJAIOT MOKPHBaTH Gomee 50% mexcoeaunenwt CBUC. B oTauuue ot
CYIIECTBYIOIIMX CPEACTB MPOBEPKH, NPEMTONKEHHBIE THIOBBIE KOHCTPYKLMH TO3BOISIOT
OCYLIECTBIATh MPOBEPKY NPABHUI 3JEKTPOMUIpallil C MaKCHMAILHOM TOYHOCTHIO 3a
MHHMMansHoe BpemA. To OGCTOATENLCTBO, 4TO B THNOBRIX koHcTpyknmsax H3IT we
3aBMCHMT OT FPaHMYHEIX YCJIOBHH, B oTinave or MKD, nossonser u3bexath mosBaeHus
HOBBIX C/IabbIX MECT C TOUKH 3PEHMA JJICKTPOMHMIDALMAH, BCICACTBME H3IMEHEHMS
TPaHHYHBIX YCJIOBHH NOC/IE HCIIPABNEHHS HaHIEHHBIX OMIHOOK.

4. Jina onpenencHHs MaKCUMAJbHOM IUIOTHOCTH TOKa, POTEKAIOLICTO Yepe3 MPENIOKEHHbIE
THINOBBIE KOHCTPYKUHH, OSKCHEDHMEHTAIbHBIM IIyTeM MONYYEHH aHAIHMTHYECKHE

BBIPXKCHHUA. .
5. Cospan crmoco6 COBMECTHOrO TNPUMEHEHHS METONAa KOHEYHBIX 3/EMEHTOB M
NpEAN0XKEHHBIX THIIOBEIX KOHCTPYKIIMiA.
6. PaspaGotaHo CpENCTBO, MO3BOJAIOWIEE NPOBOMMTH TPYGYI0 W NETANBHYIO MPOBEPKH
npasyil SMCKTPOMHIPAlMH KaK B LIKHAX NUTAHHA, TaK K B CHTHANLHLIX MEKCOCTHHCHHAX.
7. C uembio HMCIpaBICHHS HAHNEHHLIX OWMGOK paspaGoTaHO CpENCTBO pacyera
HEOOXOIHMEIX F€OMETPHYECKHX Pa3MEPOB NPEIOKEHHBIX TUIIOBBIX CTPYKTYP. .

17

© National Library of Armenia




OCHOBHEIE ONOKEHNA JUCCEPTAIAHR OIy6IMKOBAHE B CIEAYIONEX paGoTax:

Harutjunyan A. G., Fanyan K. A. Algorithm for minimization of amount of
vias in VLSI, based on the problem of crossing lines // Semiconductor
microelectronics: Proceeding of the fourth national conference. -Tsakhcadzor,
May 29-31, 2003. —P. 286-289.

duyuls 4. U. BiEjnpuinupupupdhg umuunpbint tyunwym] gpdks
htnbqpuy  upjbkdwibph  dhgthwgmdubpnid  hnuwbph  ponnipjui
unmquuib  dkpny  bhwpdh  webknd  wwppbph - wwpudbnpuloi
nkjininghwlwt pnnultkpp / Zujuunwih  fwpuwpughunwljwi
wlunbkdhugh Tpwpkp. ~-Gplwb, 2004. -2 1, N 4. -k 620-623:

dulyuwb G. EjEjupudhgpughwihg untuuhbnt buywnwln] ghpuks
hunkgpuy  ujukdwibph  Uhguhwgnulukph  hnuwbph  junmppuh
uinmquu dkpny // Sknblunjulub nkjininghmbbkph dhewqquyhi
Ephinwuuppuljuwt ghvnmdnnm): Uimphph dnnnjwént. ~bphwi, 2005. -
ko 146-150:

duyub G., Benjuil 2., FEnjkgiul b. Qpiks Punkgpuy Upbkdwitkpnd
Ljinpudhgpughugh juwintbbph uinniguul bywnwyny wnwyninghugh
upnhdwb  wignphpuh dpwynd // 2M&Z-h wnwpklwl  ghnwdnnng:
Uniptph donnjuédnt. —~Gplwl, 2005. ~ke 612-615:

Meligyan V.Sh., Davtyan D.F., Fanyan K.A. Simulation methodology
based on conditional extraction and shortest path representation for
electrostatic discharge (ESD) analysis in CMOS technologies // National
Science Academy of Armenia and State Engineering University of
Armenia proceedings. —Yerevan, 2006. -V59, Ne 1. —P. 184-190.

18

© National Library of Armenia

UUONOUARL 15.05. 2014

1. Mundbwuhpyl b EEjunpunfhgpughu Gpinypp, npu hkwnbwupny ghpdks

hunbkqpuy upblwibtph (RUPU) punhubfwb  wwndwobkpp, QURU-ukph
twhiugduiwl gopspupugnid HEjnpudhgpughugh jubnbubph jowjonnufbbph
hujinhwpbpiwh hwiwp welw wjwugnyh thgngubpp b npuhg phpnipjniutikpp:

. Upulyk) E BEjnpudhgpughuyh jubntukph ninnigiub tnp, junwphjpugnpsgws

qopdplpwg, npp qtpd & ajupugpiws sSpugpught dhengubph hunfup wihpudhown
UnnEjunnpuwt b yyuwpwqhwnught muppkph ninwgdut wthpudbownnipiniihg:

. Uuntpdity ki QUDPU-ukph vhguhmgnidukph wnnyninghwuljubh  hpujutmgluh

whuywiht  jupmgyuspukp, npnup pny; Ei wnwihu  bpunky - SUBRU-Ukph
Uhguhmgmdutph wykjh pwh 50%-p: P wwppipmpimi gojmipymu  nibtgng
unmaqiimt Uhongutph, dpwlyws whyuwihtt juengywspubpp poyp Eu wwjhu
wopunjbpugnyth Loumppudp b bjuqugnyt dudwbwlnd  junwply
EEywnpudhgpuighugh Juinbukphh hunlwyunmuhitinipyut wvinnignid: Shujuyhte
unnigwspttipmy hnuwbph junnpju wewbjpugnyt wpdkph (ZWUT) Eqpuyhis
wujUwbtphg wiljwjn (hukpt hwbquuiwipp, h wwppkpmpmt  dhpowdnp
wpplph dkpagh (ASU), poy b wwhu qips wuhb)] junumjws ngnmudukph
wprnuipnid Eqpuyyhty wuyUubabnh thnthnpaduih hEnhwlpny
hkyunpudhgpughush tjunndundp inp poy) ninudwubph wewgmgnidhg:

. Unwowpyywd whwyuptt junmgjuspubpn] hounn ZRUU-h  hwpjwpluwi

huwdwp hopdwlui  dwbwwywphny  pmpu B phpllp  pmbwdbughi
wpuwhuwjnnipniikn:

. Unbnsytp £ wowpwplpjuwd  wnhyuyght  juomgiuspibph L Gwuhbod

ogunugnpdynn ISU-h hwilwinky oginugnpduimb httwpun]npoipinii:

. Upwlyty & vhgng, npp poy) & nwjhu Yunnwply bEynpudhqpughugh i{nu,lpm {01

dwbpumyphpin  vinmignulibp hywhu wimgiwh, whwbu §  wqpubywbughb
gotpnu:

. Shuyuyht jupmgyuspupnid  huynbwpipgws vuyitph nnpuwb Guyunulng

unbnoyly £ whyught junmgiuwdph wihpwdtow bphjpusuhwlub surthtph

buwgyunpluw 1thong:
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