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PEYEBbLIE KOAEKMN ANNA ABOHEHTCKOIo TEPMUHANA
CTAHAAPTA GSM
C.O. AkceHoOB
HayuHbin pykoBogutenbs — AAMutpues B.T., A-p TEXH. HAayK, AOUEHT

B paboTe paccMaTpmBaloTCa KOAEKN abOHEHTCKOro TepMuHana craHgapta GSM.
MpnMBOAATCA OCHOBHble OCOHEHHOCTM NOCTPOEHUA AAHHbIX CUCTEM, BUAbI
peanun3aumn KoOLEeKkoB. MccneposaHbl TpuU  CTaHAapTa KOAMPOBAHUA  peun:
KOoAMpOBaHUe pednm C noaHom ckopocTtbio (GSM FR), koaupoBaHue peunm cC
NONOBUHHOW cKopocTblo (GSM HR), ynydweHHoe KoaupoBaHuWe peydu C NOJIHOMU
ckopocTblo (GSM EFR).

Anroputm GSM Full Rate (FR) cTtan nepBbIM CTaHAaApTOM umndposoro
KoauMpoBaHua peun ana GSM B Havane 1990-x ropos. B pesynbTate npMMeHeEHUsa
anropuTMa KoaupoBaHWa C NpepckasaTesieM U peryasapHon nocnefoBaTesibHOCTbIO
nMnynbcoB 20-MUANUCEKYHAHbIA CerMeHT peuu nepepaetrca 260 6utamu
nHdopmaumun. Mo 3ToM nNpuyMHe OH He obecneumBaeT CTOJ/Ib BbICOKOr0 KaudecTsa
peyu, rno3TOMY ero nocTeneHHo 3aMeHsalT Kogekn EFR un AMR, NOCKONIbKY OHMU
obecneunBaloT 6osee BbLICOKOE KayecTBO peun npu 6onee HU3KONM CKOPOCTU
nepeaayn faHHbIX.

Cnepytowmm crtaHpgaptom ctan GSM Half Rate (HR). BcneacreBne npuMeHeEHUA
3(PEeKTUBHOINrO0 KaHaNbHOMo KOAMPOBaHUA 4ncno 6uT B 20- MUANNCEKYHAHbIN
CerMeHTe CHUXEHO A0 228, 3TO paBHO3HAYHO CKOPOCTM NOTOKA AaHHbIX 11,4
KOUT/C Ha BbIXOAE KaHanbHOro Kopepa. BBuay TakoW CKOpPOCTM nepepaydun
MHPOPMALLMM U NCNONB30BAHUSA YCOBEPLIEHCTBOBAHHOIO KOANMPOBAHUSA AOCTUraeTCa
6onee BbICOKOE KauyecCcTBO nepenaBaeMon peyu.

Mpn yny4vyweHHOM KOAMPOBAaHWU peyvyeBon MHEOpMaLUMKM C MOAHOW CKOPOCTbIO
NCNONb3YyeTCA MOAEeNb JWHEWHOro npeackasaHuMa C  KOAOBbIM BO36yXAeHMEM
(CELP). Takon koaep reHepupyeT NOTOK AaHHbIX CO CKOPOCTbK 13 K6UT/C, uTO
No3BOJISET ero MCNnojib30oBaTb B 60/bLINX pa3BopavynMBaeMblX CETAX, rae Tpebyercsa
OTHOCUTENIbHO BbICOKAs CKOPOCTb nepejayn peyeBon MHMOPMAUMKN C COXpAHEHUEM
KauyecTBa nocaeaHen.

BOKOAEPbI C MHOIONMNOJIOCHbIM BO3BYXXAEHUEM
.. TpyuwuH
HayuHbin pykoBogutenos — iMutpues B.T., o-p TeXH. HayK, npodeccop

B paboTte paccMaTpuBaeTcs BoOKoaep C JIMHEWHbIM Npeacka3aHueM U
CMEeLWaHHbIM BO3OYyXXAEHNEM (MELP), a Takxe ero Moaundukaums,
noaaepxupawwaa 3 Tuna ckopocten - STANAG-4591 (MELPe). TllpuBopatca
OCHOBHble BN0OK-CXeMbl Koaepa/aekoaepa ronocosbix kognposwmnkos MELP/MELPe,
N3N0XEHbl METOAbl: MO 3awuTe 6uToB OT OWMOBOK;, OOHaApyXeHW nepexoaHOoro
Kagpa OT O03BYYEHHOr0 CerMeHTa K HEeO03BYYEHHOMY W HaobopoT. WM3A0XeHbl
npoueaypbl, OMUCbIBAOWME BbIMNCAEHNA BbICOTbI TOHA, MMKOBOW 4acToOThl,
ycunenunsa, KoadpduuumeHToB npeackasaHua C nocaeayrwmMm WX KBAHTOBAHUEM.
MpoaHanu3npoBaHbl pe3ysibTaTbl TECTUPOBAHUA, KOTOpble TMOKAa3bIBAKT, UTO
Moandunkauma sokopgepa MELP yMeHbwaeT WMCKaXeHWs, Bbl3BaHHble HETOYHbIMU
napaMeTpaMun nepexofHblX KaapoB, a TaKXe ynydlaeT KayecTBO CUHTE3MPyMeoun
peyn Npu HeboNbLUNX AOMNONHUTENBHBIX BbIUNCIEHNAX.
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B xope paboTbl 6blM u3yyeHbl wWwarM npeobpaszoBaHUd BXOLHOW peyn C
nocneaywwen nepegavyend CUHTE3MPOBAHHOW peun. PaccMaTpuBaeMbli  Twun
BOKOAEPOB MO3BOASAET pelwaTb NpobaeMbl, CBA3aHHblIe C Neperpy3konl MakeTHOro
TpadMka B KaHane nepegaynm M C nocnepywowen notepen nakeToB, KOTOpble
BO3HWKAKT W3-3a reHepauun oaHoro OMTOBOro noTtoka C @UKCUMPOBAHHOMU
cKopocTbl. Mcnonb3oBaHue MacwTabupyeMmoro notoka 6utoB C 6a30BbIMM M
yay4ywawwmMn ypoBHAMU NO3BOASET NOBbICUTb KAYECTBO CUHTE3UPOBAHHOW peyn.

Bokogep MELP no3ponsaer wun3baBuUTbCA OT HEECTEeCTBEHHOCTM B
CUHTE3UPOBAHHOW peyn, 3a CYeT WUCNONb30BAHMA TreHepauum CMeLaHHOro
BO3OYXAEHUA, NyTEM pa3fesieHnsa nepexonHoro Kagpa Ha ABa nofgKaapa u TOYHOro
onpegeneHnsa Tuna kagpa [1].

Bokoaep MELPe umeet 6onee nydwmne nokasaTennm CUHTE3MPOBAHHOM pedn 3a
CYeT MCNOAb30BaHWA MHOMOMOJOCHOINO0 MWKLUMPOBAHMA, YMEHbLlAWLWee WyM, TakK
KakK CuUrHan BO36YyXAEHUS reHepupyeTca nyTeM CMeWwWBaHWA Nepuofnyvyeckux u
LUYMOBbIX BO36YyXAEeHUW B 4acToTHOM obnactu (B COOTBETCTBUM C 4YaCTOTHO-
3aBUCUMON CUMNON 03By4YuBaHuAa). [llpuMeHeHue anepuoanvyecknx UMNynbCoB
NOMOralT AeKoAepy BOCMPOU3BOAUTbL HEYCTOMUYMBBLIE TOAOCOBbIE UMMNYAbCbl 6€3
BBEAEHWUA  TOHANbHbIX  3BYKOB. Ncnonb3oBaHue  apanTUBHOro  unbTpa
CNEeKTPasbHOro YyCUAEHUA ynydwaeT (OPMaHTHYH CTPYKTYPY CUHTE3UMPOBAHHOW
peyn U NpuaaeT ecTeCTBEHHOCTb. lMoBbilWeHMe NPOU3BOAUTENBHOCTN NpU ownbKax
B KaHane AO0CTUraeTca NnpuMeHeHneM KogoB C NPAMbIM UCnpaBsieHMeM oWwnboK ang
HENCNonb3yeMblX NapaMeTpoB KOAEPA U HEO3BYUYEHHOr0 CerMeHTa.

MpuMmeHaeTca MGUKCUPOBAHHBLIN DUALTP AUCNEPCUU UMMYAbCOB, OCHOBAHHbLIN Ha
Cr@XeHHOM MO CMeKTpy TpeyrosbHOM uMnynbce. [JaHHbll puAbTp pacnpenenser
9Hepruio BO36yXAEHUSA, YMeHbLaa yxXyAlleHNne KayecTBa CUHTE3UPOBAHHOW peuu.
BoluncneHne nepsbiX Aecatn koadduumeHToB dDypbe onpenensaer OCTaTOUHbIN
CUrHan NporHO3MpoBaHnUs, KOTOPbIN HAaXoAUTCA NO NuKam npeobpaszoBaHna dypobe.
NHdopmaumsa, copepxawaaca B I3TUX  KoadduuMeHTax, MoBbIWAET TOYHOCTb
MOAENN BOCMpOU3BEAEHUA peuyn Ha 605ee HU3KUX 4acToTax, BaXHbIX ANA
BOCNPUATUA NOBbIWAET KAYeCTBO CUMHTETUYECKON peun, 0COBEeHHO ANsa roBopsaLLmMx
MY>XX4YUH U NpU HanMumn GoHOBOro Wwyma [2].
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CNMOXHbIE BUAbl MOAYNALMUMN B CUCTEMAX CBA3UN HA OCHOBE
TEXHOJ1IOI'MUA FSO
E. N. laHnneHkoBa
Hay4yHbin pykoBoautenb — ApoHoB J1. B., KaHA. TeXH. HayK, AOLEHT

B noknage paccMaTpuBalOTCA C/IOXHbIE BUAbI MOAYNAUUUM B CUCTEMAX CBA3U Ha
ocHoBe TexHonorun FSO. Free Space Optics — 3TO COBpEMEHHbIN MEeTo nepepaym
AAHHbLIX C MOMOLWbI CBETOBbIX BOJIH B OTKPbITOM MNPOCTPAHCTBE. DTOT METOoA
no3BoJIseT Co34aBaTb BbICOKOCKOPOCTHble 6ecnpoBOfHble KaHajbl CBA3M Ha
pacCTOSHUU [0 HECKOJIbKUX KuaoMeTpoB 6e3 HeobxXxoauMoCTM npoKnaaku
ONTOBOJIOKHA. OAHAKO TakKne CUCTEMbI CBA3U NMOABEPXEHbI CEPbE3HLIM UCKAXEHUAM
CUrHana m3-3a atmocpepHon TypbyneHTHOCT!.

Buabl moaynauumn

1. AMnantygHaa mogynauma (OOK - On-Off Keying)

OauH K3 nNpocTeMwnx BUAOB MoAynauun, rae wuHdopmauunsa Koaumpyetcs
BKAKOUEHMEM (nlornyeckasa «1») u BbikAYeHneM (nornyecknnn «0») CBETOBOrO
curHana. [llpenmywecrtea: 3Heproadp@ekTuBHOCTb (NepepaTtyuK aKTUBEH TOJIbKO
npu nepepaye «1») U BbICOKAA CKOPOCTb nepeaayn ([0 HEeCKONbKNX Meut/c).

HepocTaTok: npob6aemsbl C CUHXpOHM3aunen npu OJIMHHbBIX
nocnenoBaTenibHOCTAX HYNen nnn eaquHul,.

PazHoBugHoctn OOK: M-OOK: m™aHuecTtepckoe koauposaHue; RZ-OOK:
UMMYZbCbl BO3BpAWAKOTCA K HYJAKO B cepeauMHe wuHTepsana; M-RZ-OO0OK:
KOMbMHaLNAa MaH4YeCTepCcKoro KognposaHusa n RZ.

2. IMNynbCHO-No3numMoHHaa mogynaunsa (PPM)

Pulse Position Modulation koaupyeTr AaHHble no3vuunen MMNynbca B 3aAaHHOM
BpeMeHHOM uHTepBane. Hanpumep, B 4-PPM cumBon u3 2 6uT npeacrasneH o4HOMU
3 4 BO3MOXHbIX NO3ULMNIK NMMNYJbCa.

Mpenmywecrea: YCTOMYMBOCTb K 3aTyXaHWK W aMNAUTYAHbIM MNOMExXaM M
Xopowas paboTta B ycnoBuax TypbyneHTHOCTH.

Hepoctatkun: npeabasnfatoTca TpeboBaHUSa K TOYHOW CUMHXPOHM3aumu (Tak Kak
nwobaa owunbka BO BpEMEHW NpPUBOAUT K HENpaBWIbHOMY AEKOAWMPOBAHWUIOD) U
HEeOH6XOANMMOMY CHMXKEHUIO MPOMNYCKHOW CNOCOBHOCTM NpU YyBEAWYEHUU uYucna
NO3ULUNA.

OnddepeHymnansHaa dasosaa mogynaumsa (DPSK)

Differential Phase Shift Keying (DPSK) koaupyeT nHdopMauunio pasHoCcTbio a3
MeXay nocneposaTeNibHbIMU CMMBOJAaMu. Hanpumep, «0» — ¢dasa He MeHseTcs,
«1» — ¢a3za usmeHaeTcsa Ha 180°.

MpenmywectsaMm CTaan MNOBbILWEHHAA MNOMEXOYCTOMUYMBOCTb, YCTOWUYMUBOCTb K
3aTyXaHuio.

HepoctaTkamMm Takon Moaynaumum  GBAAKOTCA  CAOXHAA  peanusauusa U
YYBCTBUTE/IbHOCTb K AUCNEPCUN B AJIMHHbIX KaHanax.

CpaBHeHne MeToA0B Moaynauuu: Ha rpaduke 3asucumoctn BER (Bit Error
Rate) ot SNR (Signal-to-Noise Ratio).



AHAJIN3 COBMECTHOIO ®YHKL/OHNUPOBAHNA PAANOCUCTEM
B OAHOW NOJIOCE YACTOT
N.A. Kosynuua
HayuHbin pykoBogutenb — JIMCHUUYK A.A., A-p TEXH. HAYK, AOLUEHT

B poknape wnccneaywTca napaMeTpbl paguoOCUCTEMbl ANAA WX NOCAEAYyLLero
NPUMEHEHUSA B CO34AaHUKN MOAENN KOFHUTUBHOIMO paguno: YpPOBEHb LWWYMOB, Haauuune
NOMEXOYCTOMYMBOr0  KOAMPOBAHMUA, MO3ULUMOHHOCTbL MOAYNAAUMU U APYrux
¢dakTopoB, KONNMYECTBO OTCYETOB WMMY/ILCHOW XapaKTepuCTUKU uabTpa KOpPHSA
NPUNOAHATOr0O KOCUMHyca MW Tak pganee. OCHOBHOM MeTO4 OLEHKW — aHanus
Ko dpuumeHTa 6utoBbix ownbok (KBO) B 3aBUCMMOCTM OT oTHOWweHuns Eb/NO [pb].

KnroueBble pe3ynbTaTthbl

1.16-QAM OEMOHCTpUpyeTt ONTUMabHbIN 6anaHc CKOpPOCTH n
NOMEXOYCTONUYNMBOCTU B CpaBHeHun ¢ 64-QAM u 256-QAM Ha paccmaTpuBaeMbiX
3HaveHuax Eb/NO 2.5 b [1].

2.MoMexoyCcTonuYMBOE KOAMpPOBaHUE: CBEPTOYHOE KoampoBaHue (CKOpoCcTb 2/3)
cHmxaeT KBO Ha 2-3 nopsapka B paccmatpuBaemMoM aunanasoHe Eb/NO po 5 pb [2].

3. duabTpauma: pavHa gpunbTpa KOpHA NpunogHAaToro kocnHyca (PKIK) npamo
NpoONOpUNOHaNbHA YMEHbLUEHUID MEXCUMBOJIbHbLIX WCKaXXeHWW B KaHane, OAHAKo
ee YyBeAn4yeHue CBepx KOAMYecTBa BXOAHbIX OWUT HepauuoHasibHO MOBbIWAET
ANNTENbHOCTb peakunn dunbTpa.

4. KoapdpuumeHT crnaxumeaHma dunbtpa: B = 0.1 npuBoguT K Aydwemy
3HaveHuw KBO = 0.000244 npum E6/NO = 5 ab npu [0OCTAaTOYHOW 3KOHOMUM
3aHMMaeMon nonocbl He 6onee 40 % B cucrteMe C ABYMA OAHOBPEMEHHO
paboTawWwMMM nepeaaTyMKaMu, OAHAKO 3aMEeTHO nosbiwaeT TpeboBaHMA K
CUHXpPOHM3auMM n yctonumnsoctn Kk MCHU.

5.3awmnTHoIn MHTepBan: MNepekpbiTue KaHanoB cBbiwe 25 % LWWpUHBbI KaHana
HeponycTumo, Tak kak KBO Ha 5 ab ctaHoBuTCcA paBHbiM 0.25 n npogonxxaeTt cBoun
poOCT. MeHbWwnii NPOUEHT MEPEKPbITUA HexXenaTeneH, HO Npu YCTAaHOBJIEHHOM
AONyCTMMOM 3HayeHun KBO, Hanpumep paBHbiM 10712 [3], n nyywux Eb/NO, yem
paccMmaTpuBaemble — 6onblie 5 b, ponyctuM B cucteme C AByMS KaHanamu.

bnbmorpaunyecknii Crimcok

1.YuebHo-MeTOgMNUeckoe nocobue no kypcy «Cetm M CUCTEMbl KOCMUYECKOWN
CBA3U>» ANS CTYAEHTOB pagMoTEXHUYECKUX cneuynanbHocTen / MewepskoB A. A. -
ToMmcK: TOMCK. roC. YH-T CUCTEM YINp. U pagnoanekTpoHunkun, 2024, 55 c.

2.[F. N. HukntuH H62 CBepTouHble Koabl: Yueb. nocobue/ CrI6IYAI. CI6.,
2001. 80 c.: un]

3.B.B. WcakoBa: u3sMepeHue kodadpdpuumneHta ownbok B LUEPPOBLIX KaHanax
CBA3MW.

4. BbepHappg Cknap. Undposasa cBA3b. TeopeTuyeCcKne OCHOBbl U MpakKTuyeckoe
NPpUMMEHEHNE, BTOPOE n3gaHue, ncnpasjieHHoeE.



3EPKAJIbHbIE AHTEHHbI B POPME NAPABOJIONAA
Kyparnnaes [.M.
Hay4yHbin pykoBoautenb — ApoHoB J1. B., KaHA. TeXH. HAayK, AOLEHT

B Aoknage paccMaTpuBalTCA 3epKajibHble aHTeHHbl B ¢opMme napabonouaa.
3epKanbHasa aHTEHHA - aHTEeHHa, Y KOTOPOW 3/1eKTPOMarHMTHOE nojie B pacKkpbiBe
obpa3zyeTrca 3a CYET OTpaAXEHUS 3SAEKTPOMArHUTHOW BOJIHbI OT METaNJIMYECKOn
NOBEPXHOCTU CrneunmanbHoro 3epkana (pednekrtopa). B kauecTtBe NCTOYHUKA BOJIHbI
06bI4HO BbICTYNaeT HeboNbLWOW n3nyyaTenb, pacnonaraeMmbln B oKyce 3epkana. B
€ro ponu Moxet 6bITb Nbag gpyras aHTeHHa C (Ga30BbIM LEHTPOM, M3nydarowas
cepunueckyto BOAHY. OCHOBHAa UeNb 3€epKajibHbIX aHTEeHH CBOAMTCA K
npeobpa3oBaHuio Cchepnyeckoro Man UUANHAPUYECKOro poHTa BOJIHbI B MJIOCKUN
bpoHT.

CyliecTByeT HECKO/IbKO OCHOBHbIX BUA0B 3€pKaJibHbIX @HTEHH.

1. TMapabonnyeckMin UUAWHAP — UMAMHAPUYECKAsA MNOBEPXHOCTb BTOPOro
nopsaaka, ANa KOTOPOWM HanpaBngwlen cnyxuT napabona. EE& nonyvawT npu
nepemeweHnn obpasywuwen npasmon no Hanpasnsawwen napabone. Toraa cneaom
OT nepeMeweHnsa npaMon no napabone 6ynet napabonnyeckun LMANHAP.

2. AHTeHHbl B (popMe napabonounpa BpaweHusa. OHU XOpPOLIO BOCMPUHUMAIOT
cnabble curHanol 6bnarogaps BbICOKOW KOHUEHTpauun pagno sHeprnm B (QOKYCHOWM
TOYKE AHTEHHDbI.

3. AHTeHHbI B (popMe yceueHHOro napabonounaa spaweHua. bnarogapsa csoemn
reoMeTpum, TaKue aHTeHHbl MOryT JAOCTUraTb 3HAYUTENbHOr0  YCUAEHUSA
paauoOCUrHanoB, 4Tto aenaet ux 3pdeKTMBHbIMU NS nepeaayn n npueMa CMrHanos
Ha 60/bLWNX PacCTOAHUAX.

4. AHTeHHbl B ¢dopMe napabononaa, OrpaHUYEHHOro 3NAUNcoobpasHbIM
KOHTYpPOM. B aCTpOHOMUKN U APYIrNX HAY4HbIX obnactax napabonnyeckme aHTEHHbI
NCNONb3YIOTCA AN UHTepdepoMeTpunm u HabnwaeHusa HebeCHbIX Ten, no3Bonasd
noJly4yaTb BbICOKOKAUYECTBEHHbIE AaHHbIe 0 AUCTAHLUNOHHbIX 06beKTax.

PaccuuTaHHaa 3aBUCUMMOCTb pacnpegaeneHns amnauTyabl noas B pacKpbiBe
3epKasibHON aHTEHHblI NpUBeAEHa Ha PUCYHKe.
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PacnpepeneHne aMnanTyabl Noas B packpbiBe



KOAWUPOBAHME PEYM C NMNOJIHOWN CKOPOCTbIO GSM FULL RATE
O.A. JleroctnHos
Hay4yHbin pykosogutenb — AMmutpues B.T., o-p TEXH. HAYK, AOLEHT

NMpobnemMa 3KOHOMHOIO KOAMPOBAHWUA peYEBbLIX CUMHANOB ABASAETCA OAHOW U3
BaXXHEWLWNX B TEOPUM CBA3U. 3a NocneaHne AecaTtku net 6b1n1o pa3paboTaHoO MHOIMO
Pa3fINYHbLIX ANrOpUTMOB MNPeACTaB/IEHUA pedyeBbiX CUrHanoB B UMEPPOBOM BUAE.
Bblnn  co3gaHbl M NPUMEHSAKTCA pas3fiMdHble aJropuTMbl, peasiM30BaHHblIe Ha
AHANoroBon TexHuke. BHeapeHWe B NPaKTUKY BbICOKOCKOPOCTHbLIX MpPOLEccopoB
Aano BO3MOXHOCTb peanusauuu AN nepefadm peynm 3KOHOMHbIX LUPpoBbIX
anropuTtMoB NOHO6ON CNOXKHOCTMU.

OoHMMW K3 TaKUMX anropuTMOB SABAAKTCA CTaHAAPTbl KOAMPOBAHUA peun,
KOTOpble onpeneneHbl B CTaHaapTte uundpoBon MobunbHOW coToBOM CBA3M GSM.
OHM OCHOBaAHbl Ha MeToAe JIMHEWHOro npeackasaHus, npuv  UCNOJIb30BAHUM
KOTOPOro nepeparwTca He caMu napameTpbl obpabaTbiBaeMoro pe4yeBoro curHana, a
napaMeTpbl BO36yXAeHUS HEKOTOporo unbTpa, KOTOPbIA ABAAETCA 3KBUBAJEHTOM
rono0coBOro Tpakrta. PaccMoTpum peanusauuio faHHOro Metofa Ha OCHOBE KoAeka
peuun c nonHon ckopocTtbio (GSM Full Rate).

B cTaHpapTe KOAMPOBAHWA peuyn C TMOJAHOWM CKOPOCTbK  WMCMOAb3YyeTcs
mMoanduunpoBaHHbin Metoa RPE-LTP. BXogHOW CurHan penutca Ha CerMeHTbl Nno
160 BbIGOpOK. B COOTBETCTBMU C METOAOM IMHEWHOIO NpeAcKa3aHua onpeaensaTca
HeobxoguMble  KOI(dMUUMEHTbl  KpaTKOBPEMEHHOro  npeackasaHua. [lepea
nocnepytowen ob6paboTkon Kaxaoro nonydyeHHoro nogcermeHta (no 40 BbI6OPOK)
onpegenaTca KodIPIUUMEHTbI AOATOCPOYHOro npeackasaHusa. RPE-aHanusaTop
pasgenser obpabaTbiBaeMbli  nNOACErMEeHT Ha TpWU  NOCAeAOoBaTeNbHOCTU
BO3OyXxAeHuna. [laHHble nocneaoBaTeNIbHOCTU KOAMPYIOTCA BMeCTe CO 3HauyeHueMm
CABWUIra CETKU U nepefarnTcsa Ha NPUEMHYIO CTOPOHY, @ TakKxXe NnoCTynakwT Ha 650K
AeKoanpoBaHuMA W BOCCTaHoBneHus cetkn RPE. lMocne npubaBneHuss OTCYETOB
3TOr0 CerMeHtTa K nNpubam>KeHHbIM 3HadyeHuaMm STP-ocTtaTka noay4arTcs
PEKOHCTPYUpPOBaAHHbIE OoTcYeTbl STP-ocCTaTKa, KOTOpble WM HanpaBASKTCA Ha BXOA
dbunbTpa [ONTOBPEMEHHOIO aHanun3a.

B pesynbtate MNpuUMEHEHUa anroputMa KopauposaHua 20-MUAAUCEKYHOHbIN
CermMeHT peun nepepaetca 260 6utammn nHdopmauun.

2710 6bln nepsBbin  CTaHgapT uudpoBoro koauvposaHua peun pna  GSM,
pa3spaboTaHHbIn B Hayane 1990-x rogos. 10 3TON npuyuMHe OH He obecneunsaet
CTO/Ib BbICOKOI0 KayecTBa peyn, no3ToMy ero noCTteneHHo 3aMeHAT Kogekn EFR u
AMR, nockonbky OHM obecneuyuBaloT 60onee BbICOKOE KayecTBO peun npu b6onee
HU3KOW CKOPOCTU nepefayvun AaHHbIX.

AHTEHHbI HA OCHOBE OANSJIEKTPUYECKOIO PESOHATOPA
B COBPEMEHHbIX CUCTEMAX CBA3U
O.B. LlykaHoB
HayuyHbin pykoBogutenb — JibBoBa WN.A., KaHA,. TEXH. HAYK, AOLEHT

OcHoBHble npenmMywecTtsa [PA:
— KOMMaKTHble pa3Mepbl U Manbln BeC;
— HU3KKWE NOTEPU U BbICOKAA AOOPOTHOCTbL;
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— OTAWNYHbIE YACTOTHbIE XapaKTEPUCTUKMU;
— MHOrodyHKULMOHANbHOCTb Bnarogapa TpexXMepHOW CTPYKType.
dusnyeckne xapakTepucTukn:
— pa3Mep aHTEHHbl onpeaensaeTcs COOTHOWEHUEM Ao/Er,
— & Bapbupyetca ot 4 ao 100;
— NpaAMoOyronbHbli [IPA XapakTepusyeTca napamMeTpaMu:
AV3NeKTpuyeckasa NpoHNLAEMOCTb & ;
— BblCOTa H;
— wupuHa W;
AnnHa L.
Cnocobbl Bo36YyxaeHua [PA:
1. MMKpONONOCKOBbIN METOA:
— npaMmas unun beckoHTakTHasa cBA3b ¢ MIJT;
— MPOCTOTa NPOU3BOACTBA U COrnacoBaHus;
— perynmpoBKa CBA3U yepe3 paccTtoaHue mexay MM v AP.
2. KoakcuanbHbIl MeTOA:
— Mcnonb3oBaHue 30HAa (LEeHTpanbHON Xunbl Kabengq);
— BO3MOXHOCTb MAOCKOIro 30HAA AN4 YAyUYLWEHUa COrnacoBaHus;
— AJIMHA 30HAa MeHblle BbicoTbl [P.
3. AnepTypHbIi MeTOA:
— MUTaHue yepes OTBEepCTUE B NJIOCKOCTU 3a3eMNIEHNs;
— TWUMbl OTBEPCTUN:
— MNPAMOYroJibHblE;
— KoJbueBble (Ana umnuHapundecknx APA);
— KpecToobpasHble n C-obpasHble (419 KpYroBon nonsapusaummn);
— 3aluTa OT Napa3uTHOro U3Jly4eHus
4. MnKponosnocKoBbIM puaep:
— ABYXCNOWHAsA NOANIOXKaA;
— JINHUA NUTAHUSA MeXAY CNOAMMU.
MpenmMylwectsa:
— OTCYTCTBME NPAMOro KOHTaKTa C usny4vartenem;
— OTCYTCTBME OTBEPCTUN;
— CHWXEeHWe HexXenaTesibHbIX U3YYEHUN;
— a(pdekTMBHOE NOAABNEHUE BbICLLINX MOA;
— YNyJdlleHHasa nosoca NponyckaHus;
— BbICOKME YACTOTHbIE XapaKTEPUCTUKMU.
MHoroyHKLNOHanbHOCTb [PA:
— BO3MOXHOCTb BO36YyXAEHUA pa3NnYHbIX MOJ KonebaHui;
— peanusauusa MHOXeCTBa BXOL0B M BbIXOAOB;
— MPUMEHEHNE B CJIOXHbIX CUCTEMAX KOMMYHUKaLNK.

YCTPOUCTBO OBPABOTKN CUFHAJIOB UM-YPOBHEMEPA
C.B. Opnos
Hay4yHbin pykoBogutenb — KaraneHko M.b., KaH4. TEXH. HAYK, OOUEHT

B HacToswee BpeMs 4aCTOTHO-MOAY/IMPOBAHHble YPOBHEMEpPbI  LUNPOKO
NMPUMEHSIIOTCA B MPOMBIWJIEHHOM MPOM3BOACTBE. ITO O06YC/NIOBNIEHO pPSAOM
NPEMMYLLECTB YACTOTHOW [AaNbHOMETPUM MO CPABHEHUW C APYyrMMU crnocobamwm
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naMmepeHusa ganbHoctu. Cpean HUX CNoXxHas nomexosas o6cTaHOBKa B pabouen
30HEe, He MNOo3BONAKLWAA NPUMEHATb ONTUYECKUE CUCTEMbI, a TaKXe BbICOKas
TOYHOCTb M OTCYTCTBME CN€NON 30Hbl, HE AOCTUXMUMbIE MPUMEHEHMUEM UMMYNbCHOIO
MeToAa.
CornacHo BbIpaXX€HUIO 419 U3MEPEHHOI0 PacCTOAHUSA
cT

_ Slwoa
AAf "
ONA U3MepeHnsa fanbHOCTN HEOBXOAMMO U3MEPUTb YacTOTyY PA3HOCTHOro curHana Fp
N, COOTBETCTBEHHO, TOYHOCTb W3MEpPEHUA [AaNbHOCTU 3aBUCUT OT TOUYHOCTHM
N3MepeHnsa pa3HOCTHOM 4YacCTOThl.

OaoHaKo, TOYHOCTb OLEHKW 4YacToTbl KaKk BO BpeMeHHOW obnactu, nyTém
noAcCYé€Ta NepuoaoB pPa3HOCTHOINO CUMrHana, Tak U B YaCTOTHOMW, NYTEM AUCKPETHOro
npeobpaszoBaHna dypbe, CUAbLHO OFpaHMYeHa M3-3a Haanuma  owunbok
anckpetusaumun. Owmnbka CUETHOro MeToda onpepensaeTca MHoxuTenem nepep Fp,
owmnbka AMNd - KONNYECTBOM OTCYETOB.

N3 aToro cnepyet nepBoCTENeHHAs 3agada npu pa3paboTke YCTpOWCTBa
06paboTKM — NOMCK METOAOB, CHUXAKLWMUX LAHHYIO OLWNOKY.

N3BeCTHble MeToAbl AN BpeMeHHON o06paboTkm [1]:

- ajanTUBHOE ynpaBjieHWe nNepnoaomMm Moaynauun («cwumsaHme» dasbl);

- BECOBOE yCpeaHeHne Hynen pa3HOCTHOro CurHana.

Ona yactoTtHon o6paboTku:

- pobasneHune HyfeBbIX OTCYETOB CUITHanNa;

- AMCKPETHO-BpeMeHHoe npeobpazoBaHune dypbe;

- NCNONBb30BaHNE NONPaBOYHbIX KOIPEDULNEHTOB.

1. AtasHy bB.A., Esepckuin B.B., TMNapwwnH B.C. W3MepeHne paccTtoaHusa B
cucrtemax bnnxHen 4acToTHOW paguonokaunu: Yueb. nocobue / b. A. AtasHuy, B. B.
Ezepckuin, B.C. MapwunH. — Mocksa : KYPC. — 1 dawnn.pdf: 256 c. — DnekTpoHHaqa
KOMUA ne4yaTHON BepCuun.

NCCNEAOBAHWE DODOEKTUBHOCTUN AJITOPUTMOB NOUCKA CUTHAJIOB
CNYTHUNKOBbIX PAANOHABUTALIMOHHbIX CUCTEM
HA ®OHE LWUYMOBbIX NMOMEX
A.E. OcokunH
HayuHbin pykosogutens — LWUTpyHoBa E.C., KaHA. TEXH. HAyK, AOUEHT

B HacToswee BpeMA MeaHApoBble wWyMononobHbie curHanbl BOC (binary offset
carrier) 3aHUMaKT ocoboe MecCTo B rnobanbHbIX CNYTHUKOBbIX
paguoHaBuUraynoHHbix cucrtemax Galileo n GPS. Kpome Toro, curHansl ¢ BOC-
MOAYNALMEN NPUMEHATCA B KayecTtBe nuiaoT-curHana B cucrteme [JIOHACC c
KOA4OBbIM pasaeneHuveMm. Ha adpdekTnBHOoCTb noncka BOC curHana, HeCMOTpsa Ha
HU3KY MOrpewHOCTb U3MEPEHUSA BPEMEHU 3a0EPXKKU, BJAUSAET HaJMune BbICOKOrO
YPOBHA OOKOBbIX JIeNeCTKOB aBTOKOppenaunoHHon dyHkumen (AKD), uvawe
CUMTAOWMMNCA NOXHBIMK NUKamn [1].

B nutepaTtype paccMaTpuBaloT pa3Hble noaxoabl noucka rnasHoro nuka AK® BOC
CUrHana, yuuTtbiBalwme faHHoe o6cToaTenbcTtBo. OAHUM M3 HUX ABAgeTca «bump-
jumping» anroput™. OH OCHOBaH Ha U3MEepPeHUN U CPABHEHUUN NOAYYEHHOW MOLLHOCTH
COCeAHNX NMUKOB OTHOCUTEJIbHO OTCNEXWBAEMOro B AaHHbI MOMEHT NUKa MU Nepexoe
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Ha OAMH MUK BAEBO WM BNpaBO B 3aBMCUMOCTM OT pe3ysibTaTa CPaBHEHUS, MOKa He
6yner HangeH MakcuMmyMm. [Ipyn 3TOM Ha KOJMMYECTBO KOPPEenaTopoB B CXeEMe
obHapyxuTena BAMAIOT uHaekcol mogynauun BOC (n, m) [2].

Anroputm BPSK-like npeanonaraet npeacrasneHne BOC-curHana B BuAE CyMMbl
ABYX curHanoB ¢ 6buHapHon (a3oBOW MaHUNynsaunen, CMEWEHHbIX OTHOCUTENbHO
Hecyllen 4acToTbl Ha 4YacTtoTy MeaHapa [3]. Ero npeuMmywectBoM aBAAeTCA
yCTpaHeHne MHOMONMKOBOW HEOAHO3HAYHOCTU, MPU 3TOM KOIMYECTBO HEOOX0ANMbIX
KOppenaTopos AN peanunsaumm noncka He 3aBUCUT OT MHOEKCOB MOAYIALMUMN.

B otnnune ot BPSK-like anroputma SCPC (Single Channel per Carrier) anroputm
npeanonaraeTr paspenbHoe obHapyXeHue fafbHOMEpPHOro Koaa v nogHecyuwen. B
KoppenaTtope BXOAHOW CUrHan YMHOXaeTCca Ha OMNOpPHbIA fafbHOMEPHbIN KO4 U Ha
ABE KOMUW MNOAHECYWMUX, CABUHYTbIE OTHOCUTENbHO Apyr Apyra Ha 90 rpaaycos.
Peanunzauma SCPC B cpaBHeHun c BPSK-like pgeMoHCTpupyeT He3HauuTenbHoe
NpeMMyLLECTBO B annapaTHbIX 3aTpaTax, Tpebya B ABa pa3a MeHbLle reHepaTopos
CUHyca/kocuHyca [3].

TakuM o6pa3oMm, cpean pacCMOTPEHHbIX anropuTMOB MNOUCKA NO BpPEMEHU
3apepxkn  SCPC  anropyutm  uMMeeT nNpeuMmyLllectso no  3dpEdeKTUBHOMY
MCMNONb30BAHUIO annapaTHbIX PecypCcoB NMpuU COXpPaHEHUU CNOCOBHOCTU YCTPAHEHUSA
MHOMOMNMKOBOW HEOAHO3HAUHOCTMN.

bnbmorpaunyecknii Crimcok

1. Mepos A.U., Xapucos B.H. TJIOHACC. T[puHUMnbl MNOCTPOEHUSA U
dyHKunoHnposanusa. M.: PagunotexHuka, 2010. 480 c.

2. Beiuenb A.B. HoBbIil knacc MeaHApPOBbLIX LWYMOMNOAOOHbLIX pagMoOCUrHanoB
OANA  paAUMOHaBUrauMOHHbIX cucteM // BecTHMK MOCKOBCKOro aBWMALMOHHOIO
nHCcTUTYTa. 2009. N? 7, 7. 16. C. 19-23.

3. WTtpo T.B., KpacHos T.B., lNapudynuH B.®. O630p anroputMoB noucka
nepcnektTnsHbiXx curdanos [JIOHACC ¢ koaoBbiM pasgeneHuem [/ Ycnexu
COBpPEMEHHON paanoanekTpoHunkn. 2016. N? 11. C. 157-160.

PEMYAPU3ALNA PELLEHNA OBPALLEHWNSA
KOPPEMAUMNOHHbBIX MATPULU PAANOTEXHUYECKNX CUTHANTOB
ONSA YCTPOWUCTB X OBEJIEHUSA
[.B. CKpunknH
HayuHbin pykoBogutenb — AHApeeB B.l., A-p Te€XH. HAayK, [OLEHT

B noknapge paccmatpuBaeTca npobnema, BO3HMKawwaa npum  obpaboTke
paaMoOTEXHUYECKMX  CUrHanoB, CBA3aHHasas C  nNAoxon  06yCNnOBAEHHOCTbIO
ABTOKOPPENALMOHHBIX MaTpul, Bbi3BaHHAa BbICOKOW Koppensauuen Mexay
OTCYETAMKN curHana, 60nbLWON pa3MepHOCTbIO MATPULLbl, OrPAHUYEHHON TOYHOCTbIO
BbIMMCAEHUA W T.N. DTN aKTopbl NPUBOAAT K CHUXEHUK 3PEPEeKTUBHOCTHU
noAaBfeHNa NOMEeX U YXYLLWEHUIO KayecTBa 0beneHna CUrHanos, 4TO O0COBEHHO
KPUTUYHO ANS COBPEMEHHbIX CUCTEM CBA3M U pagnooKauun.

Ona peweHna 3tor npobneMmbl B paboTe paccMaTpuBaeTcsa WCNOJb30BaHUE
MEeToA0B perynapusauun. Perynapusaumna TuUXOHOBa NO3BONAET CTabunnsnposaTb
peweHne 3a CYeT BBeAEeHUA [OoNoNHUTenbHoro napameTrpa [1]. OnTuMmanbHoe
3HAYeHWe 3TOro napaMeTpa MOXHO onpeaennTb C NOMOoWbK L-KpMBOWM MM MeTona
0606weHHON  nepekpectHon  npoBepkn  (GCV).  Perynapuszauumsa  METOAOM
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cuHrynapHoro pasnoxeHus (SVD) obecneumBaeTr yCTOMUMBOCTb pELIEHMA 3@ CYUeT
oTbpacbiBaHNA ManblX CUHIYASAPHbIX 4Yucen C BbIGBOPOM nopora METOAOM KpOCC-
Banupauuun [2].

Pe3ynbTaTbl pacyé€toB B nporpamMe MatLab geMOHCTpupylOT NpenMywecTso no
Ko puumMeHTy nopasneHUa U XxXapakTepucTukam obHapyxeHua pna SVD nepep
perynspusauyunernn TuxoHoBa ¢ ucnonb3oBaHnem GCV. Metop L-KpuBOW nokasan
Xyawmne pesynbTaTbl N0 KpUTeputo 3hPeKTUBHOCTU NOAABNEHNA KOPPENUPOBaAHHbIX
nomex.

B pesynbtate paboTbl caenaHbl BbIBOAbI, 4YTO perynapu3aunmss TUXOHOBA
ABNAETCA YHUBEpPCANbHbIM METOAOM ans 3agau C yMEpPEHHOM
MYAbTUKONNNHEAPHOCTbIO M ManbiMKM pa3MepaMm MaTpuu, TakK Kak obnapaert
NpOCTOTOM peanu3aunn, HU3KUMU BblMUCAUTENbHbLIMU 3aTpaTaMu U YCTOUUYNBOCTbIO
K wyMaMm. PekoMeHAyeTCca OCyLWecTBAATb noabop AOMNOJHUTENbHOrO napaMmeTpa B
3a0aHHOM AnanasoHe Ha oCHOBe aHanunsa COBCTBEHHbIX yncen
aBTOKOppEensAUuMOHHON MaTpuubl. B cBolo ouepenb, metoa SVD 6onee adpdekTneeH
ANSA 33a4a4 C BbICOKOW MYNIbTUKONNMHEAPHOCTbIO U 60nblWIMMN MaTpULaMN, Tak Kak
obecneymBaeT KOHTPOAb YCTOWUYUBOCTU U CHUXEHUE pa3MepHoCTU, HO SVD-meTtoa
TpebyeT npaBuabHOro BblbOpa nopora oTOpacbiBaHUSA CUHIYAAPHbLIX 4YuUCen u
obnapaetr  BbICOKOM BblYNCINTENBHOMN CNOXHOCTbIO, yTo penaer  ero
npeanoyYTUTENbHbIM ANa NpOOBNEMHbIX ChydYaeB MNpu  WUCMNONb30BaHUU KPOCC-
BanMpauun wn pasgeneHnn aaHHolX. Ana  obeneHua nomex npepyiaraerca
KoOMbuHnposaTb 06a MeToaa, aganTupys napaMmeTpbl perynsapu3aunmu nop ypoBeHb
noMex u uX asTokoppenauuto. [lpn nocTtpoeHun GUALTPOB PEKOMEHAYETCH
npumeHaTb SVD-MeTon ang obecneyeHns YCTOMYMBOCTM pELUEHUSA U CHUXEHUSA
pa3sMepHOCTU, a perynapusaumto TMXoHoBa — AN OrpaHUYEHUS HOPMbl peLleHns.

bnbmorpaunyecknii Crimcok

1. TuxoHoe A.H., ApceHuH B.{. MeToabl pelweHns HEeKOpPPEeKTHbIX 3adad. M.:
Hayka, 1979. 288 c.
2. Ty6 ., BaH JloyH Y. MaTpuuHble BbluncneHua. M.: Mup, 1999. 548 c.

MCCNEAOBAHWE AITOPUTMOB ONPEAENEHNSA YINIOBOM
OPUEHTALMMN NOABMXXHOIO OB BbEKTA
C.B. ®epocos
HayuHbin pykoBogutens — benokypos B.A., A-p TexH. HAYyK, npodeccop

B aoknape paccMmaTtpuBalroTCca npobnemMbl MUKpOMEXaHW4YeCKUX WHepunanbHbIX
AaT4YMKOB Ha npuMmepe 3-oceBoro rupockona L3GD20 v cCOBMELEHHbIX B OAHOM
Kopnyce 3-0CEeBOro akcesnepomerpa W 3-oceBoro wMarHutometrp LSM303DLHC,
Haxogsawmecs Ha oTnagodHon nnate stm32f303 Discovery. lpu paspabotke
CUCTEMbI YIr1I0BON OpUEHTauMM HeobxoamMmo BbibpaTb KMHEMATUYECKUE napaMeTpbl
M CXeMy KOMMNNEKCUPOBAHUA UYYBCTBUTENIbHbLIX 3/EeMeHTOB. [Ana 3Toro 6biau
pacCMOTPEHbl WHBAPWAHTHbIE CXEMbl KOMMAEKCUPOBAHUA C UCNONb30BaHUEM
CaMOJIETHLIX YII0B U C UCNOJIb30BAHNEM HAMNpPaBASOLWMX KOCUHYCOB.

MHBapMaHTHasa cxeMa KOMMJIEKCUPOBAHUA C UCMOJIb30BAHUEM CAMOJIETHLIX Yr0B
npeactaenser cobor aBa 6n0Ka [ATYMKOB: TUMPOCKON UM akcenepomeTrp C
MarHutomeTtpoM. C rupockona CHUMAKTCA YrAOBble CKOPOCTU, W3 KOTOPbIX
BblUMTAKOTCA OWKNOKKN, B cnepgytowmin 600K NoaarTCa HavalbHble 3HAYEHUS KpeHa,

12



TaHra)xa, Kypca M MOJIly4YeHHble YrinoBble CKOPOCTU ANA onpeaeneHusa yrinosou
opueHTauun obvekta. C Apyrux AATYMKOB TakKXe CHMMAKTCA MNOKa3aHWa U 3aTeM
npeobpasyTcsa B yrnosble KoopauHaTbl. M3 yrnoB, MOAYYEHHbIX OT FMpPOCKONa,
BbIYUTAIOTCA YI/ibl, MOJIYYEHHbIE C MAarHUToMeTpa M akcenepoMmeTpa. llonydaercs
owmnbka usmepeHusa rmpockona, Kotopasa nopaetca B 610k punbTpa KanmaHa, Ha
BbIXOAE KOTOPOro nosiydaeM OLWKMOKY YrnoBbiX CKOPOCTEN U OWKWOKY 3HAYEeHWUn
YIrNOBbIX KOOpAMHAT. 3aBepllaeTca CXeMa BblYMTAHUMEM W3 YIr/I0BbIX KOOPAMWHAT,
NOJIYYEHHbIX OT rMpockona, ownbok, NosyyeHHbIX C Bbixoga dunbTpa KanmaHa.
[JaHHaa cxema uMmeeT ocobbii yron, npu yrne TaHraxa 90 rpagycos B 6noke
npeobpa3oBaHMA Yr0BbIX CKOPOCTEN B yrnabl QYyHKUUKW, peanusyluive 3T0
npeobpasoBaHuMe, WMEWT B 3HaMeHaTene Co0S, 4YTO nMpuMBOAUMT K oOwwubke
Bbluncnenunsa. Cneaywuwasa cxema He UMEET AAaHHOro HepocTaTKa.

MHBapnaHTHasa CxeMa KOMMJEKCMPOBAHUA C WMCMOAb30BAHMEM HanpaBASAOLNX
KOCUMHYCOB. [laHHasa cxeMa TakxXe uMmeeT aBa 6noka AaTtymMkoB. PasHOCTb YyrnoBbIX
cKopocTen M wnx ownbok nopatTca Ha 6A0K BbIYUCAEHUS HaNpaBAALWMX
KOCUMHYCOB, Ha KOTOpbIN TakKXe MOoAAeTCA HaudajibHble 3HA4YeHWs HanpaBAAKLWKNX
KOCUHYcoB. C BbIxofa 6/10Ka BEIMUYNHBI MEPEMHOXKAKTCA C BE/IMYMHAMU HA BbIXOAE
Apyroro 6j70ka HanpasASAWMX KOCUHYCOB A9 APYrUX A[AaTUYUKOB, MNOAYYEHHbIE
3HaueHusa nogatTca Ha ¢unbTp KanmaHa. C Bbixoga duabTpa noayvyaeMm OLnBKM
YrNOBbIX  CKOpOCTEM WU OWMOKY 3HAYeHWW  HANpasBAAKWMX  KOCUHYCOB.
MepeMHOXEHHaa BeJIMYMHA  HanpaBAAWWMX  KOCUHYCOB, MNOJAYYEHHbLIX OT
rmpockona, n ownbkn nopgaeTca Ha 610K BblYMCAEHNS YrnoB. BoO BTOpOM CXeMe HeT
HepocTaTka B Buage ocoboro yrna (TaHrax paseH 90 rpaaycoB), MO3TOMY ANA
CUCTEMbI YIr/IOBOW OpUeHTauun uenecoobpasHer NCNoab30BaTb eé.

NpoBepeHa cepusa SKCNEPUMEHTOB, B X0oAe KOTOpbIX 6blM  MNOCTPOEHHDI
3aBUCUMOCTU KpeHa, TaHraxa Wu Kypca. Yribl MEHAAMCb MOBOPOTOM OTNAaAO04YHOM
nnatbl BOKPYr cBoen ocum Ha 360 rpaaycoB C BO3BpalWeHWEM B WUCX0OQHOEe
nonoxeHue. MNMonyyeHHble 3aBUCUMOCTU SAPKO OTpa)atkT 3aBUCMMOCTb 3HAYEHUN C
AATUYMKOB OT MONOXEHUS U ABUXEHUA OTNAaAO0YHOM NaaTbl B NPOCTpAHCTBE. Takxke
MOXHO 3aMeTUTb BUOGpaLMK N HenaeasbHOE BpalleHne nnaaTtbl BOKPYr OCH.

Cxema KOMMJIEKCMPOBAHUA nossonseTr CKOMMNEHCUpoBaTb passinyHbIe
NOrpeLHoOCT C AaTYMKOB U onpenennTb YrjoBble KOOPAWHATbl, @ UCNOJIb30BaHUeE
HanpaBAALWNX KOCUHYCOB YyCTpaHsaeT ocobbiil yron (TaHrax paseH 90 rpaaycos).
B panbHehwen [AeAaTenbHOCTU MNAHUPYETCaS OTKannbpoBaTb akKcenepoMeTp u
MArHMUTOMETP, a TAaKXe peasniM3oBaTb MHBAPMAHTHYK CXEMY KOMMJIEKCUPOBAHUA C
NCNONb30BAHUEM HaNpaBAAOLWNX KOCUHYCOB.

MOAETNPOBAHUE YCWINTENA MOLWWHOCTMH
BY-PAAVONEPEAATUYNKA C BbICOKOOMHOMN HAMPY3KOM
M.A. banakupesa
HayuyHbin pykoBogutenb — BacunoeB E.B., KaHA. TeXH. HAYK, AOLEHT

B Laoknape paccMaTpuMBalOTCA HEKOTOpble XapaKTepUCTUKM Kackaja Ha
KaCKagHOW nape TpaH3UCTOPOB B ABYXTAKTHOW CXeMe C BbICOKOOMHOW Harpy3koun B
pasHbIX pexunmax paboTbl, @ UMEHHO:

— BXOAHOE HanpsxXeHue;

— BbIXOA4HAA N BXOAHASA MOWMHOCTb;

— TOKW NOAEBbIX N BUNONAPHbIX TPAH3UCTOPOB, TOK HArpy3Ku.
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JaHHble XapaKTepuUCTUKu B HefOoHaNpPSAXEeHHOM, KPUTUYECKOM,
nepeHanps>XXeHHOM pexumax Oblan  MoAydYeHbl 3SKCNEPUMEHTaNbHbIM  MNYyTEM.
MonyyeHHble XapaKTePUCTUKN NMOKa3aHbl Ha PUCYHKE.

Kak BMOHO U3 puUCYHKa 1, MMHMMaJsIbHaA BbIXOAHAs MOLWLHOCTb coCTaBuna 79 BT,
MakcuMmanobHasa - 116,5 BT, npu pabote C BbICOKOOMHOW Harpy3skoun B 4 kKOM. U3
HUXXHEN 4acTu pUCyHKa 1 BUAHO, YTO AOCTUIHYT KBA3WAMHENHbIN pexuMm: TOKU
paboTaloT B npoTMBodase, He HAKNaAbIBAKOTCA APYr Ha Apyra, He CKNaAblBalTCa B
Harpyske.

MonyyeHHble XapaKTEpPUCTUKW MNO3BONAAKT MNOHATb, UYTO BbICOKOBOJIbTHOE
nutaHue, B 250 B, MOXHO [AOCTAaTOYHO JIerk0 cornacoBaTb C BbICOKOOMHOM
Harpy3kKon. 3TO HYXXHO A/ MpPaBWUAbHOIO pacnpeneneHns Hanps>XXeHus u 3amTbl
oT npobos.

XapaKTepUCTUKUN ABYXTAKTHON CXEMbl

MATEMATUYECKME MOAEJIN N CXEMbIl SBAMELLLEHUA
TPAH3UCTOPOB N-P-N TUMNA
O.1N. Topbaues
HayuHbin pykoBogutenbs — Kyapawos B.W., CT. npenogasaTtenb

B Aoknage paccMaTpuBatloTCAa ABe MoAenn 6UNonsapHOro TpaH3ucropa:

- Moaenb Dbepca-Monna;

— Mmogenb 'ymmensa-llyHa.

XoTa mopenb D6epca-Monna ABNSETCS HArnsA4HOM U NPOCTON penpeseHTauuen
CBOMCTB B3auMOLEWUCTBMA p-N MNepexonoB B COCTaBe TpaH3UCTOpa, OHa He
yuuTbiBaeT pan ad@dekToB, UYTO HEraTMBHO OTpaXaeTCaA Ha TOYHOCTU
MoaenuposaHua. B mogenu 3D6epca-Monna wMCNoONb3yeTCA MHOMo0 AONYLULEHUN:
MasioCTb MOMEpeYHbIX pa3MepoB MO CPaBHEHUIO C NPOAOJSIbHbIMW, OQHOPOAHOCTb
nernposaHua obnacten 6asbl W 3IMUTTEPA, HU3KUMN YPOBEHb WHXEKUUW,
npeHebpexeHne TOKaMuU reHepauun-pekoMbuHaumn HocuTenenm 3apspga B p-n
nepexogax wn ANPPY3MOHHLIN MEXaHM3M TOKOB HEOCHOBHbLIX HOCUTENEMN.
JONONAHUTENbHBIMW [ONYLWEHUAMN ABASIOTCA:

— 3KBUNOTEHUMANbHOCTb 6a3bl B NJIOCKOCTAX p-N NEpexonos;

— MOCTOSAHCTBO HOPMAaJIbHOrO U MHBEPCHOIro K03 dununeHToB nepegavum Toka [1].

Mopenb TlymMmensa-llyHa obnagaetr cnepywwummMuM  npeuvmyliectsamMu  no
CpaBHeHUI0 C Moaenbto Dbepca-Monna:

— yuyeT nocneacrteuii adpdekTa dpau;

— Yy4yeT nocneacTsMn U3MEHEHUS YPOBHA UHXeKUuUn B H6ase;
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— YYeT HEAMHENHOCTU CONPOTUBAEHUS aKTUBHOM 6a3bl [1].

TeM He MeHee Takasa MoAenb BCE paBHO He HABASETCA MaTeMaTU4yecKu
6e3ynpeyHon, HO AONYLEHWUA, NPUHATbIE B HEW, BeAyT K ropasfo0 MEeHbLUUMM
NOTEPAM B TOYHOCTMU, @ CJIOXKHOCTb AAHHOW MOAENN OrpaHuMuuMBaeT €€ npuMeHeHune
TONBKO A0 KOMNbIOTEPHOr0o MoaenupoBaHnsa. CxeMa 3aMelleHns Ha OCHOBE MOAENMm

'ymmensa-flyHa npeacraBieHa Ha pUCYHKe.
o = e (Vie, Vi) =l (Vi Vi)
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DKBUBANEHTHAs CXeMa TpaH3UCTopa Ha OCHoBe moaenu N'ymmens-lyHa

1. Ctapocenbckum B.WU. dusunka NONyrnpoOBOAHNKOBBIX npub6opos
MUKPOINEKTPOHUKN: y4yeb. nocobue - M.: Bbicwee obpaszosaHue; KOpant-U3par.,
2009, 463 c.

MATEMATUYECKME MOAEJIN N CXEMbI SBAMELLLEHMNA o0TOANOA0B
A.A. 'YHbKUH
HayuHbin pykoBogutenbs — Kyapawos B.WU., CT. npenogasaTesb

B Aoknage paccMaTpuBaeTcs psan npobnemMHbIX BONPOCOB MO MAaTeMaTU4YeCKOMY
MOAENNpPoOBaHN0 GoToaNOA0B, B HACTHOCTHU:
— BblI6Op ONTUMANbHOIO BapuaHTa CXeMbl 3aMelleHunsa poToamona;
— WN3Y4YEeHWe U MOAENIMPOBAHUE INEKTPUUECKUX U CMEKTPasbHbIX XapaKTepucTuk
doToanonos;
— WN3Y4YeHue BAMSAHUA TEMMEpATYP Ha XapakKTepucTtuku dotoanona;
— MaTeMaTuyeckoe onuMcaHue XxapakTepuctmk (B BuAe MaTeMaTUYECKUX
BblpaXxeHnin) potoanoaa.
Hanbonee BaXHbIMW XapaKTepuUCTUMKamMun @OTOAMOL0B HABAAKTCA CEMENCTBO
BONIbT-aMMNEpPHbIX XapaKTepucTtuk (pUCYHOK 1) MW CnekTpanbHas TOKoBasd
YYBCTBUTENIbHOCTb (PUCYHOK 2).
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PucyHok 1 - CemeictBo BAX doToamona [1].
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PucyHok 2 — CnekTpanbHasa TOKOBAs YyBCTBUTENbLHOCTb [2].

bunbimorpan4yecknii Crimcok

1. AnenHuk A.C., Boctpukos E.B., Bonkosckun C.A., [HenHeka W.I'.,
Crtpuranes B.E., MewkoBcknit U.K. OCHOBbI CXEMOTEXHUKU MNPUEMoONepe-aAarLmnx
9NEKTPOHHbIX YCTPOUCTB: y4yeb. nocobue - M.: YHusepcutetr MTMO, 2021, 149 c.

2.Tnaea 5. OnToanekTpoHHble npubopbl u  npubopbl  0TOGpaxeHus
nHdopMaumun: [DnekTpoHHbIn pecypc] // URL: https://cyberpedia.su/13xc2b8.html

NCCNEAOBAHWE XAPAKTEPUCTUK KOHTPOJIJIEPA BECLWLETOYHOIO
SNNIEKTPOABUTIATENA
P.B. Kum
HayuHbin pykoBogutenb — KpokoB A.H., KaHA. TEXH. HayK, AOUEHT

B poknage paccMaTpuMBaltTCA HEKOTOpble XapaKTepUCTUKWM  KOHTposaepa
b6ecweTo4yHOro anekTpoaBuraTensa NOCTosHHoro Toka ESC 40 A, a UMEHHO:

— 3aBUCUMOCTb KonnyecTsa 060pOTOB B MUHYTY OT BXOAHOIO HaNpAXeHus;

— 3aBUCUMOCTb aMNANTYAbl BbIXOAHbIX UMMYAbCOB OT BXOAHOIMO Hanps>XXeHus.

[laHHble XapaKTepuCTUKU OblIn MOJYyYeHbl 3KCMEpUMEHTaNbHbIM nyTeMm. [ns
KaXxA0W 3aBUCMMOCTM CHATO NO JABa paAfa 3HA4YeHWW Npu pasHbIX 3HAYEHUAX
KoaddpuumeHTa 3anonHeHuna LWMM-curnana (50 % u 99 %). BxoaHoe HanpsxeHune
M3MEHANOCbL NpW 3TOM B Auana3oHe oT 7,4 B po 14,4 B. lNonyyeHHble rpadukn
npeacrassieHbl Ha pucyHke. OpaHXeBOW AWMHUMEW nNoOKasaH rpadpuk anga
MaKCMManbHOro KoadduumneHTa 3anonHeHmsa LWLNM.
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