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CopepxaTtcsa Matepuanbl u3bpaHHbix Aoknagoe 70-i CTyAeHYECKON HAay4yHO-TEXHUUECKON
KOH(epeHuMn PA3aHCKOro rocyAapCTBEHHOrO PaAMOTEXHUYECKOro yHuBepcuteta. OceewarTces
BOMPOChl PAANOTEXHUKWN, SNIEKTPOHUKN, aBTOMATUKU, BbIUYUCIIUTENBHOW TEXHUKWU, SKOHOMWUKMU, UCTOPUMN,
06paboTkn MHPOPMALUKN, NPUMEHEHUS U3MEPUTENIbHO-BbIUUCIINTENbHBIX KOMMJIEKCOB B PA3/IMYHBIX
06nacTax HayKuM U TEXHUKKU, aBTOMaTM3auum c60pa AaHHbIX, pa3paboTku CUCTEM aBTOMaTU3UPOBAHHOIO
NPOEKTUPOBAHMS.

KomnbioTepHas Bepctka: YctuHosa J1.C.

©  PasaHCKUI rocyaapcTBeHHbIN
paguoTexHUYecKnin yHmsepcureTt, 2023



UCCJIEAOBAHUE METOAOB PETYJIAPU3ALIUUN OTCHETOB CUITHAJIA
M OTCYETOB ErO MPOM3BOAHOW
A.Ll. Ky3bMUHbBIX
Hay4yHbin pykoBoauTenb — OMuTpues B.T., KaHA. TEXH. HAYK, OOUEHT

B poknage paccMatpuBaetcs psg nNpobrieMHbIX BOMPOCOB MO perynsapusauvu
OTCYETOB CUrHaja WM OTCYETOB ero npousBoAHoW. B HacTosee BpeMs OCHOBHbIMU
TpeboBaHUSIMM K  afrOpUTMaM  KOAMPOBaHUSI peyvyeBoM UMHGOpMaLMK  ABNSKOTCA
obecneyeHne BbICOKOW MOMEXOYCTOMUYMBOCTU MpU BO3AEUCTBUM PA3fIMYHBLIX LUYMOB, a
TaKXke CcokpalweHue u3bbiToyHoro PC B BOKOAEpHbIX cucTeMax Ans noaaepXxaHus
XOpOLLEero KayecTsa peyu Ha BbIXOAe, YTO MOXHO obecneynTb C MOMOLIBID MEeTO[O0B
perynsipusauuu.

Perynapusauma — 310 cnocob pobaBneHust HeKOTOpbIX AOMOSIHUTESIbHbIX
OrpaHM4YeHUn K YCIOBUIO C LIESbIO PelinMTb HEKOPPEKTHO MOCTaBEHHYIO 3ajadvy WM
npefoTepaTuUTb rnepeobyyeHune. Perynapusauma nMmeeT 60sblUoe 3Ha4YeHUe, TaK Kak 3TO
no3sBosiieT  OMTMMMU3UPOBaTb CUCTEMy nNepefadn  WHGOPMauMM U MOBbICUT
3P PEeKTUBHOCTb BOCCTAHOBIIEHUSI CUIHANA.

B HacTosiwen paboTe uccneayetcs HeobxoauMMOCTb B MeTodax perynsapusauum,
KaKk K HUM nepenTn, U B AaSIbHEMLIEM pacCMaTpUBaeTCsl KaXAblM U3 U3BECTHbIX
MeTOA0B perynapusaumMm n utepaumoHHble afiropuTMbl.

[nga nocTtaHoBKM 3agauv perynsapusauun 6epétcsa 3a ocHoBy TeopeMa LLleHHOHa,
KOTOpas paccMaTpuBaeT fABa CJiydasl: TeopeMy KoTeslbHMKOBa W MpefAcTaBieHue
XypruHa - SkoeneBa. [locsie TOro Kak Mbl NoJlydaeM CNekTp NpousBoAHOM U Janee
ocylecteus bbicTpoe npeobpasoBaHue Pypbe, nMpsiMoe u obpaTHoe, T.e. NepexoamM K
BOCCTAHOBNEHUIO CUrHana. B pe3ynbTate Mbl NPUXOAMM K BbIBOAY, YTO HaM
HeobX0ANMO YUUTLIBaTb HEKOTOPbIN KOIDDUUMEHT anst Toro, 4Ytobbl nsberatb JULLHUX
06paboToK peyeBOro curHasna. Ero BO3MOXHO MNOJlyYUTb, €CNU B3ATb MOJSIOCOBOM
BoKoAep C KpUTUYECKMMU YAcTOTaMU AN CUrHaNa U NPOU3BOAHON.

Peanunsauma nosiocoBoro BOKoAepa HAa OCHOBE KOMIIEKCHOrO MpeAcTaBfieHus
noapasyMeBaeT repefayy OTCYETOB B MNpefenax KpUTUYeCcKUX MoJsioc aMrijiuTyaHoro u
$a30BOro CrnekTpoB KOMIMJIEKCHOr0 CUrHana ¢ MocseayownM  BOCCTAHOBEHNEM
NEACTBUTENBHON W MHUMOW YacTeW, SIBASIIOWUXCA AeUUMMUPOBAHHBIMW  OTCYETaMU
CUrHasa M NpousBodHOW. 3aTeEM B COOTBETCTBUM C afirOPUTMOM XypruHa - SKoBJeBa,
NPOUCXOAUT BOCCTaHOBJSieHWMe wucxopgHoro PC. [pu TakoM npeacTtaBneHun, npu
nepefjade oTCcYeTOB CMrHana M NPOU3BOAHON B KOMMNEKCHOM BUAe, NMPOUCXOAMUT y4eT
KoppensiuMmM OoTCYeTOB CUrHana W npousBogHon. TakuMm o6pa3oM, npuMeHeHue
KOMIMJIEKCHOro MpeAcTaB/ieHUs B anropuTMax CrnekTpanbHOro KOAMpPOBaHUS MO3BOJIAT
MOBbLICUTbL Ka4eCTBO BOCCTaHOBJIEHHOIro PC npu HU3KUX CKOPOCTSX Nepepadn.

PaccMoTpeHa peanusaums METOAOB perynspusauum B MalMHHOM obyyeHun, rae
cTpemMsaTca u3beraTb nepeobyyeHus, a WMeHHo: perynspusauma L1 ((nacco) wu
perynapusaumst L2 (rpebeHb)). XoTs oueHka obyyatowero Habopa Ana perpeccMoHHOM
perpeccMm HeMHOro HWXe, 4eM oueHKa obydeHUs NMHEeMHOM perpeccum, OLeHKa
Habopa TecToB ANng ridge 3HA4MTeSIbHO Bbille, YeM oueHKa Habopa TecToB JIMHEWHOW
perpeccun. Kak nokasaHo, lasso paboTaeT [A0OBOMLHO pa3oyapoBbiBalOWe, M 3TO
NPU3HAK HeAOCTAaTOYHOW aganTaumn, NOTOMY YTO BOJSbLUMHCTBO KO3DDULMEHTOB CTaNM
PaBHLIMU HYJIIO.

HekoTopble Apyrve MeTodbl, TakMe KakK paHHAA OCTAaHOBKA W OTCeB, MOryT
MCNONb30BaTLCA ANS perynsipusaumm CNoXHbIX MOAeSien, Kak CUrHanbl, B TO BpeMs Kak
nocneiHWmM B OCHOBHOM MCMOJIb3YeTCs ANS perynspusaumm UCKYCCTBEHHbIX HEMPOHHbIX
ceTemn.
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1. Omutpues B.T. PeannsaumMoHHble BO3MOXHOCTU UM MOMEXOYCTOMYUBOCTb
anroputMa o06paboTkM peyeBbIX CUrHAJIOB HAa OCHOBE MpeACTaB/ieHUst XyrpuHa-
flkoBnesa B yCTPOMCTBAX Nepefayvm nHpopMaumu, r. Pa3aHs.

2. Bacunerko I.W., TapatopuH A.M. BoccTaHoBneHue unsobpaxeHuid. Mockea:
Paguo u ceasb, 1986. — 304 c.

AHAJIN3 MHOTONTYYEBbIX AHTEHHbIX CUCTEM B CMYTHUKOBOM
HABUTALLUOHHOMN CUCTEME IFIOHACC
A.A. CuagHeHKo
Hay4uHbin pykoBoauTenb — ApoHOB J1.B., KaHA4. TeXH. HAyK, AOUEHT

B noknage 6biin onucaHbl pe3yfbTaTbl, AOCTUMHYThIE B paMkax HAP.
PaccMOTpeHbl Takne MHOroslyyeBble aHTEHHbIE CUCTEMbI, KaK 3epKasibHble aHTEHHbI,
$asnpoBaHHble aHTEHHbIe peLleTKU, a Takke rmbpuaHble aHTEHHbIE CUCTEMBI.

TeopeTnyeckass 3HauMMOCTb paboTbl  3aknyaeTca B TOM, YTO OHA
OEMOHCTPUPYET BO3MOXHOE T[pPUMEHEeHUe MHOroJlyYeBbiIX AaHTEHHbIX CUCTEM B
CMYTHUKOBbLIX CUCTEMAX HaBUraumm C LieJSiblo YBENTMYEHUS 30HbI MOKPbITUS.

B noksiape onuckiBaloTca clieayowme crnocobbl obecnevyeHnss MHOroy4eBOCTMU.

1. Wcnonb3oBaHue rmbpuaHbIX 3epkasibHbIX aHTEHH C obnyyatowen peleTkon. B
3TOM C/lydae aHTEeHHas cUcTeMa npefActasnseT cobomn 3epkano ¢ 6osbLon anepTypon u
obsiyyatoulyto  pelueTky, B OCHOBE  KOTOPOM  NEXWUT  LUMPOKOMOJSIOCHbIN
avarpamMmodopMuposaTtens [1].

2. YcTaHoBKa KoMmnsekca obnyyatened Ha OOHOM AHTEHHe, CMeLUeHHbIX
oTHocuTenbHo eé d¢okyca [2]. TakuMm o6pasoM, npu cMelleHUn obnyyatenen
nepneHamkynsapHo ¢&oKanbHOM OCUM  MakCMMyM K3fydeHust 6yaeT caBuratbcs B
Hanpas/ieHMn, NPOTMBOMONOXHOM nMepeMelleHuto obnydatena [3]. 3To nossonser
yNpaBnsiTh LUMPUHOWN MMABHOMO NenecTka U HanpasBieHUEM MaKCUMASTbHOMO U3STy4eHus.

Hanbonee noapobHo B paboTe paccMaTpmBaeTcsl BTOpoOWM Crocob, nMpu KOTOpPOM
rnaBHoe 3epkasio sBnseTcs obwmM ana Bcex nydyen U onpefensieT UX BbICOKYHO
HanpaBfieHHOCTb. TakuM 06pa3oM, MOXHO WCMNOJIb30BaTb KOMIJIEKC CUCTEM,
bopMUPYIOLUMX CUCTEMY JIydeW, KOTopble MWMelT OonpefeneHHyld pacCTaHOBKY B
npocTtpaHcTee. Npn HeobXxoaMMOCTU X BO3MOXHO CHIN3UTL, YTOBbI NOYUNTL BbICOKUIA
YpOBeHb nepecedeHus ans obecneyeHuss TpebyeMoro ypoBHSI KadecTBa rMepefayv B
33a1aHHOM CeKTope.

3akJtodeHre: paHHas paboTa uMeeT aKTyasibHOCTb B 0bnactu paguosiokaumm u
paguoHaBuraumMm, TaK KakK B 3HA4YMTeSIbHOM CTereHu onpefensieT BO3MOXHOCTb
3KOHOMUYECKN 3IDPEeKTUBHOro obCnyxXnBaHus, OBHapyXeHus U COMpoBOXAEHUS
Bonbworo uncna o6bLeKToB B CUCTEMAX LUMPOKOMOSIOCHOM CBSA3N [4].
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PA3PABOTKA JIABOPATOPHOIO MAKETA A1 UCCNNEQOBAHUA
YCUNUTEJIEA MOLLHOCTMU KJIACCOB A n B
C.0O. AkceHos, [.A. JlerocTuHoB
Hay4yHbin pykoBoauTenb — MamaeB KO.H. , KaHA. TeXH. HayK, AOUEHT

JlabopaTopHbIA NpaKTUKYM npedcTtaBnseT cobon BaxHyl 4YacTb yqebHoro
npouecca v npegHasHayeH A1 OCBOEHUSI TeOpeTMYeCKOoro MaTtepuasna OUCUMNINHLBI KN
noJlydeHMs NPaKTUYECKUX HABbLIKOB 3KCMEpPUMEHTANIbHbIX WMCCNefoBaHWMA Ha Moaenu
YCTPOMUCTBA, KOTOpasl B [AHHOM Cny4vae MpeacTaBfieHa B BuUAe HECTaHAAPTHOro
obopynosaHus - nabopaTopHOro annapaTtHOro Maketa. YCUnuTen MOLWHOCTU SIBNSIKOTCS
OOHOM W3 BaXXHEWMLUMX PasHOBUAHOCTEM 3NIeKTPOHHbLIX Yycunuteneu, Mno3ToMy B
NabopaToOpHOM MpPaKTUKyME MO CXEMOTEXHWKE aHANOroBbIX 3MeKTPOHHbLIX YCTPOWUCTB
nccneaoBaHMe UX MnokasaTteneun aBaseTcs HeobxoauMbIM.

JNabopatopHbin MakeT obecrneynBaer:

- ABTOHOMHOe 3nekTponuTaHne = 9 B (0,3 A) OT MNEepBUYHOro UCTOYHUKA,
paboTtatowero oT ceTn nepeMeHHoro Toka 220 B, n obecneuusarowero paboty
YCUNUTENbHBLIX KaCKaoB;

- UCCNefoBaHUe 3aBMCMMOCTEW MOJIE3HOM MOLUHOCTM B Harpyske OT Be/IM4YMHbI
BXOAHOro rapMoHudeckoro curHana APy=fUnmnsx), MOWHOCTM noTpebnseMon ot
UCTOYHUKA Pp=HUpsx), KIN4=Uzx), NONE3HOW MOLWHOCTU B Harpyske OT BEUYUHbI
Harpy3ku Py=1(Ry), nccneaoBaHne UCKaXKeHUn GopMbl BbIXOQHOMO KonebaHus.

B npouecce usrotossieHMs MakeTa bblan paspaboTaHbl: KOHCTPYKTUBHASA KOHLUemN-
ums Maketa; Cx3 NpUHUMNUASIbHbIE UCTOYHMKA NUTAHUS U YCUNUTENIeN MOLUHOCTU, Yep-
TeX NMueBon NaHenun B nporpamme sPlan; yepTexun nevaTHbIX NAaT B NporpamMmme Sprin-
tLayout, nevaTHble NaaTtbl U nMueBas naHenb. Kopryc MakeTa U3roToBjieH B 3aBOACKUX
ycnosusix. Ha puc.1 nokaszaHa CxC MakeTa, a Ha puc.2 ero ¢otonsobpaxkeHue.
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PucyHok 2 - doTtounzobpaxkeHne nabopaTtopHoro MakeTa

BJIOK 3ALUTDI PJIC OT AKTUBHbIX LUYMOBbIX MOMEX
C.A. BooBuH
Hay4yHbin pykoBoauTenb — CadoHoBa A.B., KaHA. TeXH. HAayK, AOUEHT

B pabore paccMOTpeH OoAMH M3 BO3MOXHbIX MeETOOB 60pbbbl C aKTUBHbLIMM
LLYMOBBIMU rnoMexamu " npoBefieHo KOMMbIOTEpPHOE MOJeNMpoBaHne
CMPOEKTUPOBAHHOW CUCTEMBI.

Mpu noMolwM nakeTa NpUKIAAHbIX MporpaMM Matlab 6biiM cMoaenMpoBaHsl
CXeMbl NS aBTOKOMMEeHCcaTopa C KOppensiuMoHHbLIMMA 0BpaTHLIMU CBSA3SIMU, a Takxke ans
aBTOKOMIEHcaTopa C NpeaBbIYMCIIEHHLIMA BECOBLIMU KO3hdULMEHTaMKn (PUCyHOK 1).

BALE

PUCyHOK 1 — CTpYKTypHasl cxeMa uccieyeMon Modesnu

Bblno NpoBeleHo McciegoBaHNe 3aBUCUMMOCTM KO3 UUMEHTA NOAABIEHUS OT
AMCNEepCUN aKTUBHOW LLIYMOBOW NoMexu (puc.2).
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PucyHok 2 — 3aBucumocTb KI1 ot ancnepcumn ALLIN ansg pasHbixX TUNOB
ABTOKOMIEHcaTopa

Mpy OAHOM M TOM e 3HaYeHUN ANCNepCUn aKTUBHOW LLIYMOBOW NMOMEXU, B CXeMe
C KOppensiuMoHHbIMM 06paTHbIMU CBA3AMU KO3IDDULMEHT MNoAaBSieHUs NoJiydaeTcs
Bosblie, yeM B CxeMe C nNpeABblMUCIEHHbIMU KO3dduumeHTamn. Hanpumep, npu
3Ha4yeHuMM aucnepcum paeHou 600 BT koadduuUMeHT noaaBfieHUs B MepBOM CxeMe
nosyyaeTrca paeHbiM 15,39 ab, B TO BpeMsl Kak ansa BTopou cxeMbl KIT npuHuMMaer
3HaveHue 13,23 ab. 3T0 CBAA3aHO C HaNMYMEM KOPPENSALUMOHHLIX 0BpaTHbLIX CBA3EW B
yCTponcTBe, Kotopoe 6onee 3dpPpekTUBHO MOACTpauMBaeTcs MNoj 3HayeHue LyMma, B
OTJ/INYNN OT CXEMBI C NPeABbIYUCTIEHHBIMU KO3IPPULMEHTAMU.

1. bakynes [1.A. PagnonokaumoHHbele cucteMbl. — M.: PagnotexHuka, 2015, 440c.

UMUTALMOHHAS MOLIEJTb MOJIHOMOCTOBOMWN CXEMbI
DC-DC NPEOBPA3OBATENA
P.C. KysHeuos, H.I1. ManaxoBa
Hay4yHbin pykoBoauTenb — MamaeB KO.H. , KaHA. TeXH. HayK, AOUEHT

N3naraeMbin MaTepuan npeactaBnsieT cobon pesynbTaTtel  pa3paboTku  wm
nccneaoBaHMs MMUTAUMOHHOW MoAenn MOMAHOMOCToBOro mmnysbcHoro DC-DC npeo6-
pa3oBaTens HanpshkeHusi, BbiNoSHeHHoOM B cpede MicroCap. HasHayeHue Mogenn -
OoTpaboTka CXeMOTEXHWKM peaslbHOro YCTpoucTBa npeobpasoBaTtena  6o0sbLion
MOLLHOCTMU.

DC-DC npeobpasoBaTesin - 3TO YCTPOUCTBA BTOPUYHOIO 3NEKTPONUTaHUS, NpeiHa-
3Ha4yeHHble Ana nNpeobpas3oBaHUs MOCTOSAHHOrO HAMpsXXeHUsT OAHOW BeSIYMHbI B
NOCTOsIHHOE HanpsixxeHne. Hanbonee pacnpocTpaHeHHbIM criocoboM peanusaumm DC-DC
npeobpasoBaTtens ABNSKOTCA UMIMyJSbCHble NpeobpaszoBatenu ¢ LLUNM-perynnposaHueM.
OHun obnagatot 60sbLIMM ANANa3oHoM NpeobpasoBaHna M B cuy Toro, 4to pabortator
B KJt04eBOM pexxuMe obecneunsatoT KN 6amskum K 100%.

Ha pucyHke 1 npuBegeHa  paspaboTaHHas  MMUTAUMOHHOW  Mopfesib,
npeobpasyolwan HanpskeHne 540 B B HanpsikeHue 45 B. Ha pucyHke 2 BpeMeHHbIe
AuarpamMMbl, WANKOCTpUpyowme paboty Moaenun npeobpasosatens. AHanus3 auvarpamm
no3BosisieT yTeepXaaTh 06 afeKkBaTHOCTU MOAESIN peasibHOMY YCTPOUCTBY.
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PucyHok 1 - UMuTaumMoHHaa Mogenbs npeobpasoBaTtens

E200000 BA000u 90000y B0y S0O000u
L) ()

SO0

000 E & &

Tigeos)

PUCYHOK 2 - BpeMeHHble AnarpaMMbl B XapakTepHbiX ToUKax Mofenn npeobpasoBaTtens

UCCNEAOBAHUE NOMEXO3ALLULEHHOCTU CUCTEM CO CJIOXXHbIMU
CUrHAJIAMU
K.M. WyKwunH
Hay4yHbin pykoBoauTenb — CadoHoBa A.B., KaHA. TeXH. HAyK, AOUEHT

B paboTe paccMoTpeHa BO3MOXHOCTb 3awuTtbl PJIC OoT MmpuueSibHOM MOMexXu C
MOMOLUBID  CJIOXHBIX CUFHANOB U MNpPoOBeAeHO KOMIMbIoTepHoe MoaesInpoBaHune
nccnegyeMon cuctembl. OueHeHa BepoSITHOCTb  MpaBUIbHOIMO  OBHapyXXeHus B
noMexoBon o6CcTaHoBKe.

Lenbto pabotel 6b10 uccnegosaHne noMexosawmueHHoctn PJIC ¢ nomoublo
CNOXHbIX CUrHanoB: M-nocneposBaTesnibHOCTH, Kopa [longa, koga Kacamn. [ng
AOCTUXXEHUS MOCTaBSIEHHOW Lienin Bbln pelleHbl cnegytolme 3agayun:

1. CmopgenupoBatb B cpefge Labview reHepatopbl koga longa, M-nocneposa-
TeSIbHOCTU, Koga KacaMu, reHepaTtop nNpuuenbHON No YacToTe NoMexm.

2. [1oCTpOoUTb BEPOATHOCTHBIE XapaKTEPUCTUKN B NOMexoBon obCcTaHoBKe M caenatb
BbIBOZbI MO MOJSIyYeHHbIM BEPOSATHOCTHBIM XapaKTePUCTUKAM.






