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OBLIASA XAPAKTEPUCTHUKA PABOTHI

AKTyaJlbHOCTb TEMBI
MaremaTudeckie IHpOrpaMMbl, TNpeiHa3Ha4YeHHBIE It MOJETHPOBaHUS

INEKTPOTEXHUHECKHX CHCTEM, SIBISIIOTCS MHCTPYMEHTAMH HHTErPalu 3HAHUA O
CYIHIECTBYIOUIUX TEXHMYECKHX peLIeHHSX M [O3BOJAIOT COKPAaTHTh BpeMms
NPOEKTHPOBAHUS H3/IeTHIL.

Ob6ecneunBas BBIMOJHEHUE pPAcueTOB pPEXHMOB paboThl uemnedt  nwoOoi
CIOXKHOCTH, MOZEIUPYIOLINE TIPOrpaMMbl KOHKYPUPYIOT C KIaCCHYECKUMHU
MeTOflaMH TEOPHH pacueTa 3NeKTPUYEeCKHX Lenei, 1 JOJDKHBI BEITECHATH MX U3
nHxeHepHOH npakTuky. Ho xn1accuueckue MeTons!l TOMHHUPYIOT. B ToM ducie, B
yuebHoM mpollecce. KOMOBIOTEPEl 3a4acTyl0 HCTIONB3YIOTCS  JIHIOE  Kak
WHCTPYMEHT KaueCTBEHHOrO BBOJA/BbIBOJA JaHHBIX. VX BBIMUCITHTENBHBIE
pecypcht 3a/leiCTBOBaHb! He B IOMHOH Mepe ([OCKONBKY KIACCHYCCKHE METO/b
pa3pabathlBalich Ui BBIYHCICHUH ¢ NpUMEHeHHeM KapaHjauia u OyMaru, a He
MUKPOIPOLECCOPOB).

Bonpias 4acTh IpelcTaBIEHHBIX HA PBIHKE MPOrpaMM Ui MO/AeTHpPOBaHUS
INMeKTpUYecKuX Lenedl ucronns3yor ©Oubmoreky SPICE, xoropas ©Obina
pazpaborana B Kanudopruitckom yuusepcurere (. [lenepcon, JI. Haren). K Hum
orHocsitest mporpammel Electronics Workbench, Micro-Cap, VNSpice, XSpice,
Triana. CiHCOK MOXHO IIPOJOJKHTE, HO OTPaHUUYCHHUS], KOTOpble HaK/a/bIBaeT Ha
rpadudeckuit nunTepdeiic dGudanorexa SPICE, vy B oaHOl U3 nporpamm He GbUIH
npeoposiedsl. B EBpone paspabarteiBaluch anbTepHATUBHBIE MPOrpaMMHbIE
komitnekcsl: Dymola (Ideon Research Park, Hsewust), 20sim (Controllab Products
B.V., Hunepnauast), Dynast (Ilpaxkckuii yHupepcuret). B Poccuu u CHI Ha
CeTOAHAIIHUHA AeHb aKTUBHO Pa3palaThiBalOTCs NMpOTrpaMMHEIe Kommidekcsl: [TK
«MBTVY» (MI'TY nm. baymana), Model Vision Studium (CTI6T'Y), FASTMEAN
(CI'YT cosmectho ¢ YI'TY), KOTIPAC (Texnuuecknii yHuBepcuteT MonaoBst),
HCMA (HI'TVY), Stratum (PLI-OITHUT).

Bo Bcex mepedHClIEHHBIX IIPOrpaMMHEBIX TNPOLYKTaX pelakTophl Monenei
MOAEePKUBAIOT BU3yalbHOE IPOEKTHPOBaHUe. B 3aBUCHMOCTH OT HCIIOAB3YEeMOro
NOAX0Aa, UX MOXHO OTHEeCTH 1TH00 K mporpaMMaM GJIOYHOIO MOAENHpPOBaHHS
(MCnoNp3yI0T OI0K-CXeMBl B BHIE NepenatouHsik (GyHKuuit), 160 ¢Ppu3nieckoro
MOJeIHPOBaHUs (HCIONb3YIOT HEOPUEHTHPOBAHHBIE JIEMEHTH U KOHTakThl). Ha
MpaKTHUKe, NPHU NPOSKTUPOBAHUH CJOXHBIX CHUCTEM, IS PEllleHHs OAHOM 3anauu
CTeUHaTuCThl HCTIONB3YIOT HECKONBKO MOIAENHPYIOLIMX ITporpaMM. B mporpamme
GJI0MHOrO MOJEIMPOBAHHS COCTaBNsieTCss MaTeMaThveckas MOJIeNns CHCTEMBI B
LeTOM W BBHIIIONHSAETCS CTPYKTYPHBIH aHanu3, B nporpamme ¢HU3UHECKoro
MOZENIMPOBAHHSL  OCYLUECTBIISETCS IPOSKTUPOBAHHE OTJENBbHBIX Mofyieill ¢
YTOMHEHHEM NapaMeTpOB 3JIEMEHTOB U ocobeHHoCTell pexumMoB paboTbl. O0muM
HeOCTATKOM MporpaMM (U3HYECKOTO MOIENHPOBAHHUS SBISETCSA HCIONb30BaHUE
3aKPBITBIX MoJeJiell TeXHHYeCKHX YCTPOHCTB — HeT BO3MOXKHOCTH H3YYHUTh HIH
MoAUGbUIHPOBATE COOTBETCTBYIOIIME CHCTeMB! NuddepeHIHaNbHBIX ypaBHEHUH.
Henoctatok nporpamMm 67104HOTO MOJEIMPOBAHMS 3aKIIOUAETCsl B OTHOCHTENIBHOM
CIIOXKHOCTH Ipoliecca pa3paboTKH MoJeneil.

AV HAH
CEAETUOTEKA |



IMepcniexTHBHBIA TMyTh pa3BUTHS KOMIILIOTEPHOTO MOACIUPOBAHNA COCTOUT B
OOBENHHEHNH ABYX TIOIXO/0B K [TOCTPOEHHIO MOJEIICH.

Lensto auccepraumy sisnsercs pazpaboTka MPOrpaMMHOrO KOMILICKCa [Jist
HMHTaLMOHHOIO MOJENUPOBAaHUS 3MEKTPOTEXHUUECKUX CHUCTEM C NMPHMEHEHHEM
OTKPBITON TEXHOJIOIUM II0CTPOEH S MoAeleil, KoTtopas Nno3Bouia 6bl paboTaTh ¢
MOIENSMH TEXHHYECKHX YCTPOHCTB Ha JIBYX YPOBHSX: BepxHeM ((H3MYECKOM) M
HIKHeM (MaTeMaTHUeCKOM).

JIns nocTHXKeHHs NIOCTaBNeHHOM e B paboTe pelialiknch Cle/iylolye 3afayM:

— paspaboTKa HOBOTO TrpaHyeckoro g3LlKa MpPEICTABJICHUs OTKPBITHIX
Uepapxu4ecKux Mojenei;

— NOUCK METOAa pacdeTa Lemed, NPUTOJHOTO [UIS HCIONL3OBAHMS B
rpaduyecko Gopme;

— paspaboTka Mofesel Ga30BbIX IEMEHTOB;

— TIPOEKTUPOBAHUE MOJYILHOH CTPYKTYPEI MOJIEINPYIOILEil MPOrpaMMmBl;

— pa3paboTka rpaMuecKoro MHCTPYMEHTa AJS NpeCcTaBlieHus Mojeieil u
porpaMMHPOBaHHs. MaTeMaTHYECKUX afep (6ubiuorexka paclIdpeHus pelakTopa
BeKTOpHOH rpaduxu MS Visio);

— pa3paboTka MaTeMaTH4YecKoro sapa;

— paspaboTka  ONTHMaigbHOIO  HHTepbefica s KOHGHIYPUPOBaHUS
MaTeMaTHYeCKHX sfep ¢ NOTOYHONH MOJEIIBIO YIIpaBieHuS;

— pa3paboTKa CepBEPOB BU3YaAIH3allid U MHTEPAKTHBHBIX BO3AEHCTBH,

— paspaboTka MH(OPMAIHOHHON CTPYKTYPBI [JIS XPaHEHUs MaTeMaTHYECKUX
Mojienei.

Meronpl pemienus 3anad. Jiis penieHusi NEPeHHCACHHbBIX 3a/{a4 IPUMEHSITUCH:
Teopust Leneil, YNCIeHHEIE METOIBl, METOAbl TEOPHH N006Hs, METO/(bl TEOpHH
yIpaBneHus, IporpaMMHpoBaHue Ha s3pikax C++, VBA, JavaScript.

Hay4Hasi HOBH3HA,

1. Pazpaboran rpaduyeckuil 13bIK NPEeACTABIEHUs MOJIENIeH, HHTErPUPYIOILMN
O6n0K-cxeMbl M (M3HYECKHE CXeMBl, KOTOpBIi ofecnevuBaer IOJHYIO
ACUHKANCYNALMIO MoJellell U To3BongeT padoTarb ¢ HUMHM HA Pa3iUYHBIX
HepapXxu4ecKHX ypOBHAX.

2. Mertoz NMOCTPOEHNA MOJENER TEXHHIECKUX YCTPOHCTB Ha OCHOBE UTEpali
NOTEHUHaloB B y3MaX LenH copMyIMpoBaH B HOBOH ¢opme (B Buje
rpaguuecKux YepTexeri).

3. Paszpaboran uHTepdelc KOHPUrypalMH MaTeMATHICCKUX AAEp C INOTOYHON
MOJENBIO YIIPaBICHHUA.

[IpakTnyeckas IIEHHOCTD.

1. PazpaboTanHeii nporpaMMHBIE KOMIUIEKC HCHONB3yeTCs B ydeGHOM
mponecce W IS pellleHHs] WHXeHepHBIX 3afad. Ero mpumeHenue Io3Bonser
YIIPOCTUTD H YCKOPUTb IPOBEAEHHE UCCIIENOBAHMIA.

2. IlpennoxeHHBIH S3BIK rpaduuecKoro MNpeACTaBiIeHUs MOAeneil B Buje
rubpuza OJOK-cXeM H (U3INYECKMX CXeM HarmsiaHee ansTepHatue (VisSim,
Simulink), 1 AaeT BO3MOXHOCTb MOJB30BATENI0 MOAMDULHPOBATE BCTPOEHHLIE
Mozenu ycTpoifcets (B ouune ot Electronics WorkBench, PSpice).




3. IMoarBepxaeHa 3GdeKTHBHOCTE CXEMBI pa3leieHus Tpyaa pa3padoTyHKOB
MOJIEJIHPYIOIIUX NIPOrpaMM, KOra MaTeMaTHYecKoe SapO MOXKET CO3[aBaTh OJHA
thupma, a rpadudeckuil MHCTPYMEHT ero KOHGbHUIYypalun — ApyTas.

4. TlpemnoxkeH >ddexTunHblii crocod pacnpocTpaHeHus W HHCTAIUISIUH
MareMaTHyecKoro siipa.

Anpobanust _paborpl. OCHOBHBIC I[ONOXKEHHUS U Pe3yJbTATH HCCIEA0BaHHUH
JOKIaJbIBANINCh M 00CYKaanuch Ha KOHQEePeHUHX i CeMUHapax:

— BcepoccuiickMit  KOHKYpC pa3pabOoTYNKOB MPOrpaMMHOTO obecreyeHHUs
«Intel Cup — 2005», Himxuuit Horopon, 2005 1.

— MexayHapoaHelif cemuHap «DHUIUKO-MAaTEMAaTHUECKOE MOMENHPOBaHHE
cuctem», Boponex, 2005, 2006, 2007 rr.

— PeruonanbHas xoHbepeHIHS M0 HAYYHOMY NMpPOTPaMMHOMY obecreueHHIo
«IlpaxTika MpUMEHEHHs HayqHOTO IPOrpaMMHOro obecnedenns B8 0OpazoBaHuM H
HayuHBIX uccirenoanuaxy», Caukt-[letepbypr, 2006 r.

— Hayuyno-npaktnvyeckuit  cemunap  «IlapannenbHele  BBIYUCIHMTENLHBIE
TexHonoruny, Yensbunck, 2006 r. ‘

— PeruoHanbHas  Hay4HoO-TIpaKTH4ecKas  CTyAeH4YecKas  KoH(epeHIUs
«3NeKTPOTEeXHHKA, DIeKTPOMEXaHNUKA U NEKTPOTEXHONOTHI», ToMck, 2006 .

—  Kondepennus-xonkype «Texnonorun Microsoft B Teopun u mnpaxrtike
nporpamMuposarus, HoBocubupck, 2006, 2007 rr.

Oy6apkanuu. Ilo pesynpraraM BBHINOTHEHHBLIX HCCNENOBaHUE U pa3paboTOK
omybnukogaHo 11  mevarHeix paGoT, m[odydeHo 2 CBHJAETENHCTBA O
roCyapCTBEHHOH peructTpanuy nporpamm ang IBM.

Crateu [1-3] onybnukosaHbl B Hay4YHbIX JKypHanax, BXOAAUINX B IepeueHb
BAK. B cratee [2] Kiunaueso#t H.B. npunamnexut orucaHue wmerona
MOCTPOCHUs MOJeNell Ha OCHOBE HTepallMd noTeHuuanos. B craree [3]
Knnnauésoit H.B. npusHamnexur omucaHue rpaduyeckoro s3piKa, MOZAENb
MalllMHBI TIOCTOSIHHOro Toka. B npenpunte [7] Knunauésoit H.B. npunannexar
pasgens! 1, 3, 4 (c. 3-5, 10-17, 19-22). B pabore [9] Knunauésoit H.B. onucan
BapHaHT MOIYJILHOIO cocTaBa Mofenupylomleft mporpammbl. B pabortax {§8,10]
Knnnauésoii H.B. npuHagnexuT omucaHde MeEToma IIOCTPOeHUst Mojeneli Ha
OCHOBe UTepalH TokoB. B paGorax [1, 6, 11] Kmunauery H.B. mpuHamnexut
noctaHoBKa 3anaud, Knurauépoil H.B. Bce momyuenHsie pe3ynsrarhl.

Crpyxtypa U _o6beM pabor. Jluccepranusi COCTOMT U3 BBeleHUS, 4-X rnaB,
3aK/IIOYEHHMS, CITHCKa IHTepartypsl M 4 npusoxenuil. Cogpepxut 150 crpansy
MAaUMHOMUCHOIO TEeKCTa, 64 wimocTpauy. B npumoxkeHussx MpUBeAEHb! IPUMEPSI
Mojeefl  BNMEKTPOTEXHHYECKHX  CHCTeM,  IIpeJcTaBlieHa  COBOKYNHOCTh
GuGIHOTeYHBIX MoJeNefl yCTpOHCTB, IepedcleHbl 3IeMeHTHl  rpa@uuecKoro
A3bIKA.

Ha 3amuTy BEIHOCSTCH:

1. I'padpuyeckuif  sA3BIK  IIpPEJCTaBIEHHA  MoOjeNed,  MHTErpPHPYROLIMIH
dbusudeckne cXeMsl 1 GIOK-CXEMBI.

2. T'padprueckoe mpeAcTaBieHHe METONA IMOCTPOEHUS Mojeliel TeXHHUYeCKHX
YCTPOIHCTB HAa OCHOBE HTepalliH MOTEHLUHAIOB B y3/1ax IeflH.




3. IlporpaMmHBli  KOMIUIEKC  JUIl  MMHUTALMOHHOTO  MOZJENMPOBAHMSA

NMEKTPOTEXHHUYECKUX CHUCTEM.
4, Wurepdeiic kondurypainy MaTeMaTHYECKHX siiep C NOTOYHOH MOJENEIO

ynpasieHus.
COJEPXXAHHE PABOTBI

Bo BBeneHun 00OCHOBaHA aKkTyalbHOCTh TE€Mbl QUCCEPTALIOHHOH paboThi,
copMyIupOBaHEI LENb U 3a7a4H, YKa3aHbl OCHOBHbIE [TONOXKEHHS, BBIHOCUMBIE HA

3aLUTY.
B nepso#l rmaBe npuBoguTcs 00630p JIMTepaTypel M CYLIECTBYIOLIHX
MPOrpaMMHBIX KOMILIEKCOB, UCIIONIB3YEMBIX JULst MOJIETHPOBAHUS

JJIEKTPOTEXHMYECKHUX CHCTeM. PaccMaTpuBalOTCS Takuhe AacleKThl, Kak s3bIKH
rpaduueckoro INpeACTaBIeHHs Mojesel, MeTonsl IIOCTPOSHHS — Mojenei
3/JIeKTPOTEXHUUECKHX CUCTEM U pelllalolliie MOAYIIH MOAETUPYIOHHMX [IPOTPaMM.

B coBpeMEHHBIX  MOJENMPYIOIMX  MPOTPaMMHBIX  KOMILIeKcax — Juis
rpaduuecKoro npeACTaBieHHs MoJeel HCnoNB3yIoTes OIOK-CXeMbI, GH3UYeCKue
CXeMbl M TeKCTOBble (OPMBI 3aMUCH CHCTEM YpaBHeHu#. Ilpw MomenMpOBaHUM
3MEKTPOTEXHHUECKHX CUCTEM HCIIOIb30BaHHE ONOK-CXEM M TEKCTOBBIX 3amucei
OIPAaHHYEHO, IIOCKOJNBKY HE KaKAblH 4HeJIOBEK CIMOCOOEH COCTABUTH CHCTEMY
middepeHIMANLHBIX ypaBHEHHMH [ HE3HAKOMOro obbekra. McmonbzopaHue
GH3MUECKUX CXeM TakXKe HaKlIajAblBaeT CBOM OIpaHMYCHHUS - OOJNBUIMHCTBO
MOACJIUPYIOHIMX MPOTPaMM  PEANU3YIOT 3aKpbIThie MOAENH TEXHHYECKHX
YCTPOHCTB, KOTOPBIE HEb3sl U3YYUTh WM MOAUPHULUHPOBATS.

IlpeononeTs Ha3BaHHBIC 3aTPYAHEHHMsS MOXKHO MOCPeJCTBOM HMHTErpalldd Ha
OFIHOM YepTexe Onox-cxeM W ¢u3nUecknX cXem (uro TpebyeT pa3BUTHA
rpagrueckoro sA3Blka, a TaKkKe pa3paboTKM  COOTBETCTBYIOLUETO METOo/a
MOCTpOEHUs Mojienelt).

[Ipr 3ToM pa3BuTHE TpaHUecKOro f3bIKa APENCTABACHMS MOKEIEH JONKHO
ObITE CBA3aHO € pa3peilleHUeM JBYX CYLIECTBYIOIMX OrpaHHYeHH:

—B uUepTexax Mojeled S3IeKTPUYECKHX CXEM HeoOXOAMMO H30aBUTBCS OT
atpubyTa nceBponoiapHocTH y R, L, C-3neMeHTOB (IipucyTCTBYET B pOrpaMmax
20-Sim, Dymola, Simulink);

—~HHTerpauus Ha OJHOM deprexe OJIOK-CXeM H (QH3HYECKHX CXeM He AO/KHA
MPHBOIHTE K YBEJIUUEHHIO Pa3MEPHOCTU pellaeMOH cHCTeMbl YpaBHEHHH (KaK 3To
IpOHCXOAHT B nporpamme Simulink, Npy peaan3alyy BHEIIHUX AATYHKOB TOKA K
Pa3HOCTH MOTEHLMANOB).

JpyruMm HanpaBlieHHEM pPa3BHTHSI KOMIBIOTEPHOr0 MOIENHPOBAHUA ABIAETCS
COBEPILIEHCTBOBAHME peluaroInux Moayaei. Kinaccuuuupys ux, MOXXHO BbIIEIHTh
rpynioy MaTeMaTWdecKuX OHOIMOTEK W IPyNny MaTeMaTHUYeCKUuX  aiep.
Marematudeckue OUOMMOTEKH IPUBOAAT CUCTEMY YpaBHEHUH K KBaJpaTHOM
MaTtpuile, MOAKNIOYAIOT K Heft OMOK peulaTesedl W 3allyCKalOT BEIMHCIUTENbHBIH
npouecc. B MaTematuueckux sigpax JUIs BEIYHCIICHHS KaXAOH QYHKIMU B CHCTEME
YPaBHEHUH [I0POXKIAETCS JK3eMIUIAp OOBEKTa OT MaTeMaTHUYECKOro KJlacca.
Cozpaercs ceTh nepefadn apryMeHTOB (IIOCPE/ICTBOM HACTPOMKM ykaszaTejed Ha
BO3BpalllaeéMble JJaHHbIE), U 3aITyCKAeTCs CYeT.
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Marematuyeckue OHGNHOTEKM MHOAXOAAT IS MOJIETHPOBAHUS JITHHAMHKU
nonet. Ilpu pacdere nemeii B Gonblueit Mepe onpaBiabiBaeT cebs apXUTEKTypa
MaTeMaTHYECKOro A7pa — oTagaeT HeoOXOANMOCTh ONTHMH3AIUY MaHHNYJIALUUH
C paspsyKeHHBIMH MaTpulaMM, HE BO3HHMKAaeT OCOOBIX 3aTpyAHEHWH MpH
MOJENHPOBAaHUH IApaMeTpPUYeCKHX W CYUMIECTBEHHO HENIHUHEHHBIX CHCTEM.
IosABnsiercs BO3MOXHOCTH cO3/1aHHst ©E30[1aCHOTO W KOHTPOIHPYEMOTro cpenoH
HCTIOIHEHNU K04, YTO YIPOIIlAaeT ero pacnpocTpaHenue B cetu MuTtepHer.

Bropas riasa nmocBsnieHa MeTOaM ITIOCTPOSHUS MOACTeH AIIEKTPOTEXHUYEeCKHX
CUCTEM.

Monens mo6oro TeXHHYECKOro yCTpoHCcTBa MOXKHO NPEACTABHTE B BUAE CXEMBI
3aMelllgHus], COCToAledl W3 6a30BBIX 3IEMEHTOB (aKTHBHOE, HHIYKTHBHOE,
€MKOCTHOE€ conpoTHBienye). KimoueBoll BOHpoc mpu peald3aliyd 4UCIEHHOTO
METOZA PacueTa Leleld — 4To cielyeT IPHHATh 33 HEW3BECTHEIE: TOKU JIEMEHTOB
HIIN IOTEHLHUATIB Y3JI0B.

B mnepsoM maparpade omceiBaercs rpadHudeckoe npeactaBieHHe.. MeToa
HOCTpPOCHWS Mojlelell Ha OcHOBe wWTepalud TokoB. Bo BropoM maparpade
ONMMUCHIBAETCA BBIHOCHMEIM Ha 3aliUTy METOJ, OCHOBAHHBIA Ha HTepaluu
IIOTEHIIHAJIOB,

HeorsemnembiMM  atpubyTamMu  rpadHueckoro  MpefCTaBIeHUs  MeToja
uTepalld MNOTEHUMANOB fBIAIOTCS IIECTh uepTexel (parMeHTOB OI0K-CXeM,
KOTOpBIE COOTBETCTBYIOT 6a30BBIM O3JIEMEHTaM CXeM 3aMelleHuil (ysny uenw,
aKTHBHOMY,  HHIYKTHBHOMY, €MKOCTHOMY  COMpOTHBIEHHIO,  MCTOYHHKY
IMEKTPOABUIKYIIEH CHITBI, HCTOUHUKY TOKa (pHc. 1, 2)).
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Puc. 1. Mopsens J-anemenra, Mojielis y3ia

INpunHtmnel nocTpoenus rpada (u3Mdeckoit cXeMbl HPH HCTIONB30BAHUH
MeTOJa UTepalliy NOTeHHANIOB!

1. BBIBOXBI TEXHHYECKHX YCTPOHCTB MOIYT COGAUHSATLCA TONBKO C y3/IaMH.

2. V31Bl B TeXHHYECKHE YCTPOHCTBA COENMHAIOTCS MexX Iy coO0 MoCcpeaAcTBOM
UIMHHBIX NIPOBOJAHUKOB, B KOTOPBIX MMEWTCH JBE JIMHMH CBA3M, IEpEAarolIne
CHTHAJIBL
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Puc. 2. Monenu R, L, C, E-anemeHnTOB

B Tpersem maparpade TpOBOAUTCS CPaBHATENBHEIH aHAMH3 METOJOB
NOCTpOeHH s MoJieNiell BIeKTPOTEXHUUECKHX CHCTEM, (GOPMYJIMPYIOTCS CIeLyOIHe
BBIBOIBL:

~MeToa, HCTIONB3YIONMH HTepalluio TOKOB, paboTaeT OGbICTpee MpH pacyeTe
uernei ¢ OOJbIIMM KOJMYECTBOM IIOCHEAOBATENBHBIX COSMHEHHH 37eMEHTOB.
Ilenu ¢ nNpeNMyLIeCTBEHHO NHapaiefibHbIM COEAWHEHHEM 3JIEMEHTOB ObICTpee
paccUMTBIBAIOTCA € [PHMEHEHHEM  METOla, HUCIOAB3YIOUMM  UTepaluio
[IOTEH1IHANO0B.

—Hcnonp3oBanne MeTO[a UTepallid TOKOB 00YyClHaBiyBaeT AONONHUTEIbHOE
TpeGosanue k wmopmensM RLC-31eMeHTOB: OHM JOMKHBl HMETh YCIOBHYIO
nojsipHocTs.  Kpome  Toro,  y3nel — peanusylorcs  ABYMs  MOJEIAMH

8



(axxyMymupylolue#f u pacnpesessiomeit ToKH), KOTopble Helib3st MacTabupoBaTh
(U3MEHSITL  KONWYECTBO  BBIBOAOB). MeETOA WTepauuy NOTEHUUANOB HE
HaKIafbiBaeT MONOOHBIX orpanuyeHud. [losBonser WCHOAB30BATH HENOJSPHbIE
Mogenn RLC-3meMeHTOB U euHylo, MacmTabupyeMylo Mofenb y3na ¢
B3aMMO3aMEHIEMBIMH BBIBOJAMH.

—Ilpu  urepatd ODOTCHUWANOB HCHOXB3YIOTCA MOBEAH  3/EMEHTOB ¢
¢GuKcHpoBaHHOH OnMoOK-CXeMOH, B TO BpeMs Kak [pW WTCPALUH TOKOB
He3HAuNTeNIbHble MOAU(UKALHN MoJienell TeXHMYEeCKUX YCTPOWCTB MOIYT CTaTh
NpHYHHOM mepepacnpedeneHus CYHNIECTBEHHOTO KOMMYeCTBA Y3JI0B B CXEME,
IEPENOAKIIOUSHUS YCIOBHO-TIONAPHBIX RLC-351eMeHTOB, W3MeHeHus! 3HaKoB Y
CyMMaTOpoB B HX Onok-cxemax. Jlake ecnu peanu3osaTh  airOpUTM
aBTOMATHUeCKOH mepecTpoliki MOAENH, 3To OyleT HeymoOHO s ONb30BaTeNs,
TOCKONBKY CJIOXKHO DYZeT OTCIIeXKNBATh BCe H3MeHenus., 1o Toii e npu4nHe, IIpyu
UTEpalliM TOKOB TepseT CMBICH JeMHKANCY/sius Mojenell Huke YpOBHS
37IEMEHTOB CXeM 3aMeIleHIH. .

—Mozenu, MOCTPOEHHBIE HAa OCHOBE METOJa C HTepanueil MOTEHUHAOB,
XapaKTePU3YIOTCA MEHBIUIUM KONHIECTBOM IIOCNIENOBATENLHEIX BLIYUCIEHHIA, 1 B
bosbIeit cTerneHH NMONNAIOTCSA PACMAPANIENUBAHHUIO 10 BHIYMCIUTEIBHBIM sApaM
IpoLeccopa.

B Tperneit rnaBe omHckBaeTcA paspaboTaHHBIH HPOrpaMMHBIH KOMITIEKC.

B nepsom naparpade npennaraercs MOAyJIbHas CTPYKTypa MOJETHPYIOIIEro
TIPOrpaMMHOTO KOMIUIEKCa, pealn3alMs KOTOpoil aenaeT BO3MOKHOU cOopky
KOHEYHOro MHpOJYKTa H3 TOTOBBIX KOMIIOHEHTOB, M COKpaliaeT 3aTpaTh! Ha
pazpaboTky.

B crpykrype MojenupyromeH IMpOrpaMMbl BBIAENSIOTCS 4eTsipe Ga30BBIX
KOMIIOHEHTa: Tpa(UuecKnil pefakTop, CHUCTEMa yNpaBicHHS 0a30# AaHHBIX
(CYBM), marematudeckoe sapo (miau OuOIMOTEKa), cepBepbl BH3yalH3aUMH U
WHTEPaKTHBHBIX BO3/ieliCTBHIL.

I'padmyeckuit pepakTop — 3T0 MOAYNTb, KOTOPBIA COAEPKUT MHCTpYMEHTapHi
JUTA BU3YaNbHOTO COCTaBJICHUS MaTeMaTHYeCKOH Mogend B BuHje, IMOHITHOM
mupokomy Kpyry cnenuanuctoB. CYBJ[ oTseuaer 3a XpaHeHue OOBEKTOB
COCTABJIEHHON NOJNL30BATENEM MOJENM, a Takke ofecnednBaeT TpeGyemsie
TpaHchOpMalH CTPYKTYpHl XpaHHIHIa. MarteMaTnuueckoe sapo Oepet Ha cels
OCHOBHYIO BBIYHACIHTENBHYIO Harpy3ky. OHO peanusyeT HCIONHEHHE IIOTOKOB
MaTeMaTudeckHx OYHKLMH, B LUKIE, COTNAcHO 3aJaHHOMY alITOpPHIMY,
PYKOBOZCTBYACH FOTOBHOCTEIO @pI'YMEHTOB M IIPHUOPUTETHOCTHIO MATEMATHYECKUX
omepatiuii. CepBepbl BU3yanu3aldl H NHTEPAKTHRHLIX BO3JAEHCTBHI 0TOGpa)aroT
pe3ynpTar ¥ obecneyuBaloT  UHTepdefic  Mexay — (QYHKUMOHHPYIOIINM
MareMaTHYECKUM SIEPOM U I10Jb30BaTeneM. Ilocnennue nBa Moxysis He ciienyeT
paslensTs 10 ypOBHs HHTepdeiicos.

Ilpu paspaboTke Moaenupyroweil nporpammer SimLib4Visio B kauecTBe
OCHOBBI [Uls rpadudeckoro nHTepdeitca ObIT BRIOpaH makeT BEKTOPHOH rpaduky
MS Visio. [Ins ynpapneHHs TeKCTOBBIM XpaHUIHIEM Mozenn ¢ XML-pasmeTkod
B3AT HeOONBIION, NMEIOINH KaUeCTBEHHYIO NOKYMEHTANMIO, U IPUCYTCTBYIOLIUH
Ha KXol MallliHe ¢ onepalHonHol cucteMoil Windows, [BIKOK pensiLIMOHHOM
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Oasel  pgamspix MS XML PARSER. Marematudeckoe sapo M cepBephl
BHU3yanU3alil HalHcaHbl Ha s3blke C++, oObeAuHEeHBI B OJHH ITPOrpaMMHBIHA
MOJyJib U IpejicTaBleHbl B Buae ActiveX-3ieMeHTa.

Bo BTOpoMm maparpade onuceiBaeTcs rpaduueckdil pelakTop MoJeNUpyoLIeil
NporpaMMBl U BLHIHOCHMEBI Ha 3amUTy rpaduueckufl sA3BIK NpPEACTABICHMSA
Mopenei.

Penakrop MS Visio 6pu1 nomonHeH OHOIHOTEKON YCNOBHBIX IpadHYeCKHUX
0603Ha4YeHnil (B COOTBETCTBHHU € NIPEIJIOKEHHBIM IpPadHueCKUM SI3bIKOM ), a TaKKe
HabOpoM anrOpPUTMOB, KOHTPONMPYIOIHX HPOLECC CO3NaHUs 4YepTeka MOIENH
(5000 ctpox xoza Ha a3pike VBA). UeTkas dbopmanuzanus npouecca cocTapieHus
4yepTexa U Majoe KOJIU4eCTBO TpebyeMBbIX AEHCTBHMIl sBiseTCS OJHOH U3 NpUHMHH
oTKaza 0T coxpaHeHHs padounx Mozesned B vsd WM vdx ¢opmarax, colepallux
Oonblloe KOAMYECTBO M3NUIUHKMX JaHHBIX. [Ipeanoxenusii dopmar pabouero
SimML-¢aiina (Simulation Bond Graphs Markup Language) paspabGotan B
COOTBETCTBUY C NpaBUIIaMM HopManu3aunud 0a2 JaHHBIX W MOXeT OBITh
MCTONB30BAaH  pasHbIMH =~ MoOJeIUpyroluMH fporpaMmamMi  (XML-pasmerka
pabounx (aiinos npeycMaTpUBaeT BO3MOKHOCTD npeobpa3oBaHus
paspaboTaHHEIX Mojeneil B paboune ¢halisl APYrHUX MOAEIUPYIOUINX NPOTPaMM €
nomotpto XSLT-dunstpos).

Tlpeanaraemelil rpaduraeckuil A3BIK MPERCTRBACHHA MOAETeH TEXHHUIECKHX
YCTPOHCTB M03BOJIAET OOBEANHNTE Ha OJHOM uepTeke Gi0K-cxeMbl B QU3HUECKHe
cxeMbl. bubnnoreka rpaduyeckux 31eMEeHTOB A3bIKa COAEPKUT: MATEMATHIECKHE
610KH, ycnoBHBIE TpaduueckHe oOo3HAYEHHs UIEKTPOTEXHHYECKUX YCTPOHCTB,
MOTPaHHYHBIE 3JIEMEHTBHI, BCIIOMOTaTeIbHEIE SIEMEHTHI i GIIOKH.

[Npennoxennsle MoAMMUKAINKM  YCIOBHBIX rpaduveckux  0003HaUeHUH
3IEMEHTOB CXEM 3aMeIleHHH CAeNall BO3MOKHBIM!

— HUHTerpauuio OyoK-cxeM M (U3HYECKUX CXEM Ha OJHOM uepTexe 0e3
NOSABIEHHS JOTIOMHUTENEHBIX KOOPAUHAT B PACYETHON MOJEIH;

— NONHYIO  JAEMHKAICYIILui0  Mogenell  du3suueckux  ycTpOHCTB, ¢
BO3MOXKHOCTBIO MX MOAHU(UKAIUH MOJIB30BATENEM.

OcHOBO}l HMHTerpalH ONOK-cXeM H 3MIeKTPHYECKUX CXeM SBILIOTCH AT
Mojaenedl uieanbHeIX norpebuteneil U ucrounuxos sHeprun — R, L, C u E, J-
aneMeHTHl. B rubpuasolt momenn (oOpeguusmouIeil (parMmeHTsl ONOK-CXeM H
(bu3MUECKUX CXEM) WX YCIOBHOe rIpadudeckoe H300pakeHHE  MOXeT
BapbUPOBATLCS B 3aBHCUMOCTH OT TOTO, ABJIAIOTCSH JIM 3JIEMEHTEl NOTPaHH4YHBIMH
win HeT (puc.3). Hambonplmee konuvecTBO TEPMHHANOB JNS NOTPAHHYHOTO
37leMeHTa — IATh: JIBA BBIBOJA, OAWH BXO[, IBa Beixoia. (OceBble TepMHHATEI
acCOLMHPYIOTCA C BBIBOAAMH, KOTOpPBIE HMMEIOT (DH3UUECKH CYLIECTBYIOIINE
sneMeHTbl. 1IMHHBIE TPOBONHHKY, COCAMHSAIOILHUE BBIBOIb! IJEMEHTOB C Y3/aMH,
COCTOSNT M3 JABYX OPHUEHTHPOBAHHEBIX CBA3eH, MepeflaloIuyx KOOPAMHATBI MEXAY
mozme/siMi. Tlomepeunsle TepMUHAnel (BXOA W BBIXOABI) HCIOIB3YHOTCS IS
KOHTPOAA Haj TapaMeTpoM 3JeMEHTa (HOMMHANIOM) H €ro COCTOSHHEM.
CocTosHMe 3JIEMEHTOB XapaKTepHsyeTcs AByMA (QU3HYECKUMH BeITHYMHAMH
MepBOTO U BTOPOro pojia (HalpHMep, TOK U HalIpsKeHHe COOTBETCTBEHHO).
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Ce * ou:0.64

Puc. 3. Csa3piBan#e (parMeHTOB OJIOK-CXeM H (DH3MIECKHX CXeM
B MOJIEJIM MallIHHB] TIOCTOSHHOIO TOKA

bnu3k#e K TPagHLMOHHBIM, YCIOBHEIEe rpaduieckie oGo3HaueHHus GUIHUECKHX
YCTPOHCTB HHKANCYJUPYIOT COOTBETCTBYIOILME UEpTeXH MoJeledl B Buje
MaTeMaTH4eCKUX OIOK-CXeM.

B tpertpem naparpade riaBbt OMUCaHO pa3paboTaHHOe MaTeMaTHIECKOE SAPO U
unTepdeiic ero KoHGUrypauu.

Marematuyeckoe gapo — 3To nporpamMMHblid Monyiab (14000 ctpok xonma Ha

SI3BIKE C++), NpenHa3HaueHHbIH U1k peleHus anrebpanyeckux,
nuddepeHIUaIbHBIX, Pa3sHOCTHBIX YPaBHEHUH, ypaBHEHMH ¢ 3ama3jibIBalollyM
apryMeHTOM.

Jlnsa tex cnydaes, KOTZia HeNblO HCCASAOBAHUSA ABNAECTCS ABUKEHHUE CHCTEMBI B
OKPECTHOCTH YCTaHOBHUBIIETOCS peXHUMa, HO pPacueT IIepeXOAHBIX IPOLECCOB
TpebyeT 3HaYMTENbHBIX BBIYUCIHTENBHBIX PECYPCOB, B MAaTeMaTHYeCKOM fApe
TpelyCMOTPeH PEeXUM MOJACIHPOBAHUS C NPEAyCTAHOBKOH HavaNbHBIX YCIOBUH
(Exclude Transient), koTopbifi HpennonaraeT HOAMEHY alrOPHUTMOB OCHOBHBIX
pemareneif Ha IePBOM HIare CUMYJNALHYU B COOTBETCTBHH C pHC. 4.

Hdns nmoasepxkn ¢yHkuuil aHanuza B agpe K2.SimKernel peanuzosan
aNropuUTM HICHTH(UKAUME MOZIENH, TPY BBHIIONHEHHH KOTOPOTO BBIYHCIIAIOTCH
YUCIeHHble 3HaYeHHs Kod(p(UIHEHTOB JNHHEapH30BaHHOrO ofpasza MojenH,
CTPYKTYpa KOTOpOH ¥ mapaMeTphl BbIOpaHBl IOJE30BaTEsieM IIPOH3BOJIBHO.
PesyneTaT npeacTasisercs B Buie odbeanHeHHOH ABCD-Matpuuesl. [TonmydeHnsle
KO3P(OUIUEHTH] SBIAIOTCS HCXOAHBIMH JaHHBIMH IS YaCTOTHOTO, KOPHEBOTO H
JpYrMX  BHUIOB  aHanW3a, a  TakikKe  II03BOMSIIOT  9KCMOPTHPOBAThH
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CKOH(OHUIYPUPOBAHHBIH 00pa3 mojend B BHAE MaTpUUBl A4 pacuyeTa
MaTeMaTHuecKuMU Onbanorexam.

HuTerpartop 3BeHo 3ana3nbLiBalng ‘ Pernctp 3anepxuu

sk fieE {117}
\ /’

SN
Lopm—Gg | pE—Cto |

Puc. 4. TToncranosku Anst 610K0B ¢ 3thhekToM aMaTy U1 peKuMa
MOZEHNPOBAHKS C IPeIyCTAHOBKON HAYaNBHEIX YCaoBUHi

OcobeHHOCTE  Peann30BaHHOTO B MaTeMaTH4eckoM  siipe  alnropuTMa
MAEeHTH(OUKALIMHA COCTOMT B TOM, 4TO NoJydaeMas B pesynsTate ABCD-marpuna
COCTaBMSIETCS OTHOCHTENBHO BCEX OCHOBHBIX pellaTesiel, a HE TOJNBKO
OTHOCHTENIBHO HHTErpaTopoB. B HacTHOCTH, B MaTpHIy NonagaoT Ko3(QhHUIIeHTb
Pa3HOCTHBIX  ypaBHEHWH, ypaBHeHHil ¢  3ama3fslBalolyMM  apryMeHTOM,
nuddepeHIUANbHEIX  ypaBHeHu#, ypaBHeHHH 3amMCaHHLIX  OTHOCHTE/IBHO
IKCTPAIONSTOPOB HYJIEBOTO TMOpPsAKa, ajrebpaudecknx ypaBHeHHil (mporpamma
MO/IIEPKABACT YaCTOTHBIN aHANN3 TS COOTBETCTBYIOIIMX CHCTEM ).

IMockonpky siapo K2.SimKernel BmecTe ¢ HaGopoM cepBepoB BHU3yalM3allUU
aBaseTCs BHyTpunpoueccopusiM COM-cepeepoM, oHO MOXKET GITh BCTPOCHO B
mo6yio nporpaMMy-KoHTeHHep Juif sneMeHToB ActiveX. Jlnst 3Toro Obl1
paszpaboran wuHTepdeiic KOHGHIypalUM MaTeMaTH4eCKOro sapa ¢ IOTOUHOH
MOJIeNbIO YTIPaBNEHHs, B KOTOPOM pealli30BaHbl TpH MeToja. [lepBblil MeTon
createBlock() co3naer o06BeKTB HCIONHAEMOTO Kojaa, Meton create Wire()
HacTpaHBaeT CXeMy Mepelaud aprymeHToB, meTon setBlkParam() yctanaBnusaet
napameTpht FK3eMIULIpaM HcHoHsteMoro koja. Ilpu stoM Bxoawoit HHbOpMauuei
MOXeT OBITh YepTeX MoJenH Mo00ro ypoBHS CIONKHOCTH (coxepikaumil Gnok-
CXeMbl U DJEKTpuueckue cxeMel). PerynapHas undopMmaunuonHas CTPYKTypa
unTepdeiica YHPOLIAET WHTErpamdio MaTeMaTtHdecKoro sapa ¢ JAPYTHMH
nporpaMMHbIME poaykTamu (MS Internet Explorer, MS Visio, MS PowerPoint).

B d4erBeproM naparpade ONUCHIBAIOTCE CEpBEpHl  BU3yanusauuu MU
HHTEPaKTUBHEIX Bo3zeHcTBUil. OHN pealnu3oBaHbl B BHE MIKajibHOro npubopa
ocuwtorpada. BzammonmeficTBHe ¢ MaTeMaTWdecKHM  SIIpOM B [EpHOA
BEIIIOHEHHAS ~ MaTeMaTHYeCKHX  pacueToOB  OpPraHH30BaHO  IOCPEACTBOM
IKCHOpPTUPOBaHus ykazatens Ha C++ kiacc cepsepa B obnacts Buaumoct C++
KJ1aCCOB MATeMAaTHYECKOro sapa, YeM JIOCTHraeTCst peaesibHOe OpIcTpoaeiicTIe.

B _uerBepToll riiaBe aq@ccepTalMy OMMCAaHbl MOJETH TeXHHUECKAX YCTPOMCTB U
CHCTEM, BXOIMIIMX B COCTAB BETPOIHEPreTUUECKON ycTaHoBKu BDY-3, koTophie
ObUTH COCTABIEHH! NpH BHEAPEeHHW TPOrpaMMHOro KOMIUIEKCA Ha NpeJapHATHH
000 «I'PLI-Beprukaipy.
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Onucadbl  MofenH: BEeTPAHOH J[BHTaTejlb, OJJIEKTPOMArHUTHBIE TOPMO3,
3JEKTPUYECKHH TeHepatop; cHcTeMa a’spOJMHaMHUYECKOro TOPMOXKEHMs, CHCTeMa
OannacTHOM MeXaHMUECKOH Harpy3kd, cHcTeMa OGamiacTHON 3neKTpUYecKoit
Harpy3kH, CHCTeMa aBTOMATHUYECKOro PEeryjiMpOBaHMS HaNpsLKEHUs TreHeparopa
{puc. 5). IlpennoxenHsle MOZeNd HCNOIb3OBAIMCE JUIS PACUETHOH HPOBEPKU
WHKEHEPHBIX pelIeHUH M anpobalMd BO3MOXHEIX aJTOPUTMOB YIpPaBieHHs
YCTPOHCTBAMU BETPOIHEPreTUYECKOH YCTaHOBKH.

Betponeuratens: 5 kBt A3pOANHAMHMYE CKMIA MOMEHT M CKOpPOCTh B
18.85
0.05
{1z
bannacthasn
3auuta BJ}

x10°3

0.5 1.0 1.5

I'MT HB: 3 kBt {Pe)

CAP Hanpspkenns axops

0.2 0.4 0.6 0.8 1.0

Puc. 5. Monens BeTpoasurartens ¢ BxmouenHoit CAP reneparopa

OnpIT 3KCITyaTalld¥ NPOrpaMMHOTO KOMIIIEKCa Ha NPEATIPHUSATHHA I03BOTUI
CAAeNaTh CJIEeYIOIIUE BBIBOIbL

1. IlpennoxxeHHBIH rpadudecKuil A3bIK MMO3BONSET COXPAHUTH HATIAOHOCTD
yeprexeldl Mofenell, U MPeOCTaBIsleT BO3MOXHOCTE [IOHMKATH MOPSIOK CHCTEM
ypaBHeHHH, O71arofapst UCIIOJIb30BAHUIO GJI0K-CXEM.

2. OTKpBITas TEXHONOTHS MEHsET KIacCHYeCKHe IMOJXOJbl K NMOCTPOCHHUIO U
omlagKe MoJenedl TeXHWYecKMX YCTpoHCTB — mpocrefilline MogubHKalmuy
6ubnuoreunplx  Mojenell  MO3BOJSIIOT  Mpolle  Moly4aTb  HMHGOPMaUMIO,
TPaJMIMOHHO IOJY4aeMyl0 B XOJAE€ IMPOBEAEHHS KIACCHUECKHX IKCHEPHUMEHTOB
(HanpuMep, OIIBIT XOIOCTOrO X0/1a | OTBIT KOPOTKOTO 3aMBIKaHHS ).

3. Hcnonp3oBaHue pelieHHH, peald30BaHHBIX B NPOrPaMMHOM KOMILIEKCE,
HO3BOJISIET COKPATUTh ofLiee Bpems pa3paboTKu MoJesell TeXHHUECKUX YCTpoHcTR
H CHCTEM.
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B 3aiii0YeHMH TepPeuUCHIeHbl pe3yNbTarhl AHCCEPTALUMOHHON  paboTHL.
IlpusBenennt pannsle 06 anpobaumy. CoHopMmynupoBanbl BEIBOJABL YKa3aHb
HalpasJieHys JaJIbHeHIHX HCceJoBaHii U pa3paboToK.

OCHOBHBIE PE3VJIbTATHI U BbIBOIbI

1. IpemnoxeHuslii HOBBI TpaduuecKuil s3plk obecreuMBaeT HarmsgHOe
NpeJcTaBieHUe OTKPHITBIX MOJeNned TeXHH4eckuX ycTpoifcts. Ilonb3oBaTens
NOJy4aeT BO3MOXKHOCTH H3Y4YHTh ¥ MOIU(PUIHUPOBATH CHCTEMY YPaBHEHUH,
COCTABIIAEMYIO aBTOMaTHYECKH.

2. Mertog nocTpoeHus MojieNieli TeXHUUECKHX YCTPOHCTB Ha OCHOBE UTEPALiUH
NOTEHIHAIOB B y3nax Lend cdopMmynupoBaH B HOBOH ¢opme (B BHIe
rpaduecKux ueprexei).

3. Ilpepnoxennas MOARyJbHa® CTPYKTypa MOJCIHPYIOIIEH MporpamMMsl
H03BOJISIET ONTHMHU3UPOBATE 3aTPAThl Ha CO3/aH)e IPOrpaMMHOro NpoAyKTa.

4. PazpaboTaHo MareMaTH4ecKoe fApO ¢ TOTOMHOI MOJENBI0 YNpaBIEHHS,
obopmiieHHoe B Bije ActiveX-anemenra (14 000 cTpok kona). ITopnepxuBaeMbie
¢byuKIHn:

— pacueT MojeneH uerell BO BpeMEHHOM JIOMEHE;

— aHajgu3 Mogesel B YACTOTHOM JIOMEHE;

— uaeHTrdUKANUA THHEAPU30BAHHOTO 0bpa3a MOJeNH.

5. PazpaboraHHplii UHTepdelc koHOUrypanMd MaTeMaTHYeCKOro fjpa,
OT/IHYAIOIIMACA peryaspHoil HHGOPMAMHOHHON CTPYKTYpoH HaHHBIX, yIpOCTWI
HHTErpanuio ¢ ApyruMHU nporpaMMueiMy npoxykramy (MS Internet Explorer, MS
Visio, MS PowerPoint).

6. Paspaboran u pasMeuieH B cetd VHTepHeT NporpaMMHBI# KOMIJIEKC UL
MMHTALMOHHOTO MOIENMPOBAHMA 3JIEKTpPOTeXHHUEeCKuX cucrem. ITomydeHo nBa
CBHIETENBCTRA O FOCYyAapCTBEHHOMN perucTpauy nporpamm i 3BM.

7. Paspabotansl W BHeapeHsl Ha mnpexmpustun OOO «I'PL-Bepruxans»
MOZIeM  TeXHHYECKHX YCTPOWCTB M cuCTeM, BXOAAIIMX B  COCTaB
BETPOIHEPTeTUYECKOH YCTaHOBKH.

ITYBJIMKALMM T10 TEME JUCCEPTALIMH
CratbH, ONyOIHKOBAaHHBIE B HAYYHBIX KypHalax U3 crucka BAK:

1. Knunauéea, H.B. Vnrepdeiicel koHOUTypalkd MaTeMaTHUECKHX sIep ¢
NOTOYHOH Mojenbio ympasnenus / H.B. Kwunauéeéa, H.B. Krunaues // BectHuk
BopoHneskcKkoro rocyapcTBeHHOTO TeXHHYeCKoro yHHBepcuTeTa. Cepus «DusmKo-
MaTeMaTHyeckoe MojenupopaHue». — Bopouex: BI'TY, 2006. — Tom2 (Ne8). —
C.110-112.

2. O cmocobe dopManu3anuy mpuMeHeHus 3akoHoB Oma u Kupxroda no
YPOBHS NPOrpaMMHBIX anroput™moB / H.B. Knunaues, H.B. Knunauéea // BecTHuk
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IOxHo-Ypanbckoro rocynapcreenHoro yumsepcutera. Cepust «KoMiblorepHbie
TEXHOJIOTHH, YIIpaBiIeHUe, paguodeKTponnKka». — 2006. — Bem. 4 — Ne14 (69). —
C. 93-96.

3. Kaunauéea, H.B. IlpencraBnenne  MareMaTHUeCKUX — Mozened
SNMEKTPUHECKHX MAILMH ¢ NOMOUIBKO rpagUuecKoro si3plka Iporpammer Jigrein /
HB. Kaunaues, H.B. Kaunauésa /" Bectauk  IOxHo-Ypansckoro

rocyjapcTBeHHOro yuuepcurera. Cepus «dHepretuxa». — 2008. — Brin. 10. —
Ne26 (126). - C. 46-50.

Jpyrue nyGnukanuu:

4. Knunauéea, H B. MS VISIO 1 MS XML PARSER kaxk cocTaBHbie MOJIYJIH
Mojenupyroumx nporpaMm // Texdosorum Microsoft B Teopuu M TpakTHKe
nporpaMMupoBanua: Tes. gokn. (22-24 despans 2006 r., r. Hosocubupek). —
Hosocubupck, 2006. — C. 18-20.

5.  Kaunauéea, H.B. Vicnione3zoBanue mareMatvdeckoro siapa K2.SimKernel
JUlT  CO3MAHWsl  BUPTYaJbHBIX JabopaTopHBIX paboT 10  AUCLMILTMHE
«DNEKTPOTEXHUKAY // DIEKTPOTEXHHUKA, 3NEKTPOMEXaHNKA U NEKTPOTEXHONOTHUH!
Tpyunet VI PernonanbHoil Hay4HO-NpaKTHYeCKOH cTyeH4eckoi KoHdeperuuu (6—
9 utonsn 2006 r., r. Tomck). — Tomcek, 2006, — C. 47-51.

6. Kaunauéea, H B. Vicnionp3zopanue MateMaTudeckoro sapa K2.SimKernel B
cetn Wurepuer / H.B. Kwunauésa, HB. Kmunaues // Texunonornu Microsoft B
TEOPHM U TpaKTHKe NporpaMMypoBaHus: Te3. HOK1. Hayd. KoH(}. (24-26 despans
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