
MnHncrepcrBo o6pasonanpr.f, Pecuy6nuwr Benapycr

Vvpex4enue o6pasoBaHlll
<<Benopyccrcufi rocyAapcrreHnrrfi yHrlBepcurer

z nQ oprvrar vrKn u p aAI{ o g JI e KTp o HLIKII )

pa6ore E|YIIP

nuqrrafi
r.

IIPOIPAMMA

BcTyrrrrTeJrbHofo sK3aMeHa B ac[I|paHTypy IIo c[eq[aJrbHocTrl
05.12.14 - PaAno.uoKaunq u paAlroHaBrraqrq

Mnncr 2023



llporpauvra cocraBJreHa Ha ocHoBaHlrrr rlrrroBblx yre6Hux TIJIaHoB nepnofi
cryrreHlr o6pa:oeaHr{rr rro clequzrJrbHocrrM 1-39 01 02PaluogneKTpoHHble crlcreurt, 1-

39 01 03 Paauozn$oprvrarurca, l-39 01 04 PaAuosneKTpoHH€rf, 3alrlura uHSopnaa\uLr Lr

An.fl HanpasneHlrfi crequanbHocrlr 1-39 01

nropofi cryrreHlr Bbrcruero o6pasonaHurl Iro
I'I P AAHOTCXHOJIOf I4I,I).

01-01 PaAuorexuzrca (uo HarrpaBnenuru) u
cnequ€urbHocrr4 1-39 80 01 <Pa.qzocrlcreMbl

COCTABIITEJIII:

Jlucroua.q H.VI. - AoKrop rexHr{qecKr4x HayK, upoQeccop, aane4yroqufi raQe4pofi
nnSoprvrarl?roHHbrx paAlrorexHonorufi VvpeN4enzr o6pa.:onaHnx <Eenopyccr<ufi
ro cyA ap cree HHrIfi yHkr Bepcurer znQ opMarllKu rr paAkr o gJreKTpoHLrKLI )>.

Kosron C.B. AoKrop rexHr4rrecKklx HayK, AorIeHr, upoQeccop raQe4pu
nn@oprraarlrroHHbrx paAnorexHororufi Vupex4enur o6paaonanu.r <<Feropyccrcuit

ro cyA ap c rn e nn rr fi yH r{ B ep c ur e r un Q op M arrr KLr vr p a4vro g.rr eKTp oH I{KLI )>.

Kapuyrurzn 3.M. KaHAVAaT rexHrqecKr4x HayK, AoIIeHr, AoIIeHr raQe4prr
znQopvrarlLroHHbrx paAlrorexnororyrfi Yupex,qeuzr o6pa:onanux <<Eeropyccxuit
rocyAapcreeHHrrfi yHuBepcLtrer nnQopMarrrKkr kr paALroo,IIeKTpoHkIKI,I)>.

PEKOMEIUIOBAHA K YTBEP}KAEHTIIO

PaccuorpeHaLr peKoMeHAoBaHa K yrBep)KAeHLTro Ha 3aceAanzn raSe4pu
zHQopvraquoHHbrx paAlrorexuororufi (upororcon Ns 11 or 13 Mapra 2023 r.)

3aee.qyrouufi xaQe4pofi H.IL. Jlzcroua.u

O4o6pena u peKoMeHAoBaHa K yrBepx(AeH ro MeroAzrrecrofi KoMlrcczefi Qarynrrera
paAkrorexHr{Kr4 14 oneKrpoHzKpr (upororor Ns 7 or 16 Mapra 2023 r.)

llpe4ce4areJrb O.B. CnaBuHcK€ilf,

2



1. Ile.nu u 3aAaqu rporpaMMbl

I-{enrro npolpaMMbl flBlrflercfl. ycraHoBneHl4e o6reua v ypoBrrt
npoQeccnoHzurbHbrx sHaHr,rfr [ocryrrarculero B acnlrpaHTyry Ha crreqLI€ulbHocrb

<P a4raoloKarlnr r4 paArloH aBtln: a\Lrfl>> .

3aaauu, o6ecue.{krBarcrrlr{Te AocrrrDKeHue grofi rIeJrLr, BKrroqalor 3Han;.Ur

cneAyroqux ocHoBHbrx pur3AeJroB, BKrIoqeHHbIX B rlpolpaMMy :

- TeopeTr4qecKv e ocHoBbr paALIoTexHr4Kvr;

- paALrorexHlTqecKue ycrpoficrBa;

- paAlronoKaqlroHHbre u paAI4oHaBLIraIII4oHHbIH cucTeMbl.

2. Tpe6onanns K 3HaHrrflM, yMeHrrqM rr HaBbIKaM oK3aMeHyeMoro

9r:auenyeurrfi Aonx(eH
3HAmb:

- ocHoBbr paAr{orexHprKr4, cBr3aHHbre c SynrqzonamHofi u crpyrrypnoft
opf aHLr 3 a\krev o cHo BHbIX ycTp oLIcTB KaHaIIa cBfl3u;

- MeroAbr npoeKTrlpoBaHpr-fl 14 paspa6orrn paAIlonpeMHbIX TpaKToB c

r4crro Jrb3 oBaHr4 eM cpeAcrB znS opl,r alluo HHrIX rexHolorufi ;

- xapaKTepHhre cnoficrna cr{rHiuroB, krcrroJrb3yeMbrx n quQponofi pa4IaocBs3kl;

- rrpr4Hrlunu pa6orbl reHeparopoB cl4rH€rnoB;

- ocHoBbr nofr.IqecKofo rIpoeKTI4poBaHI{t qllQponrrx ycrpofi crn;

- rrpuHrlr,rrbr QyurqzoHvrpoBantlr 6asosHx qzQponrrx ycrpoficrn
xoru6ugallLroHHoro rI nocneAoBareJrbHoro rrlna;

- rrpr{Hrlr4rrbru MeroAbr rtepeAaqu vrnpureMannQoprraallklLI B KaHaIIax c uouexoft;

- cyrqHocTb z rrpr4Hrlrrnbr rrocTpoeEvrfl. paALIoJIoKaqI4oHHbIX CpeACTB LI CIICTeM

paArroHaBI|If aIJLrv;

- o6utecprcreMHbre 3a1a-rrvr, cBr3aHHbIe c LI3BJIeqeHueM vr o6pa6omofi
znQopuarlr4r,r B paAr4onoKarlr{oHHbrx cpeAcrBax vr paAuoHaBnraII}IoHHbIX cLIcreMax.

yMemb:

- rrpzMeHrrb MeroAbr QyHr<quoH€LrrbHoro upeo6paroBannfl. paAI4orexHLIrIecKI{x

CI4|HILIIOB C I'ICTIOJIb3OBAHUCM COBPCMCHHO|O MATEMATLIIICCKOTO AIIIIAPATA, IPIIHIITINOB

nocrpoeHrrq 14 npoeKTr{poBaHr4lr nuuefiuux, nerzuefinrrx u ilapaMerpvqecKLIx
ycrpofrcm;

- nplrMeHrTb MeToAt4KH OTIeHKLT KaqeCTBa kr HaAeX(HOCTLI prupaOaTbIBaeMbIX

paALro[pI{eMHbIx TpaKToB ;

- npoeKTulpoBarb paALIo3JIeKTpoHHbIe ycrpofi c rBa v crlcreMbl;

- rrpoeKTlrpoBarb $yHrcqzoHilrrbHbre Lr crpyKTypHhle cxeMbl B p€BILITIHrIX Turrax

p aAvro cucreM ax nepeA aqLT unQ opua IJvrv;

- [polr3BoAr.rTb orIeHKy rroKa3aTenez Ka.recTBa paALIOJIoKaIILTOHHbIX CpeACTB Ll

paAHoHaBHraIILIoHHofi auuaparypbl;
enadema:

- HaBbrKaMr{ cxeMoTexH}rrrecKoro aHaJrvrga u cuHTe3a ocHoBHbrx ycrpoficre
aHulloroBbrx I{ quQponrrx KaHaIIoB cBfl3vr.



- H aBbrKaMr4 c ep BprcHoro o6 cnyxu BaHvrfl. paAlIonpeMHbIX Tp aKTo B ;

- HaBbrKaMr4 pa6oru c annaparypofi Anfl QopnrnpoBaHurr Lr reHepvpoBaHkrfl.

czrHarroB 4nx qnSposofi pap.vroaBflsvr;

- HaBbrKaMr4 Qrasu.recroro Lr KoMrlbrorepHoro MoAenupoBaHufl
ycrpoficrn.

quQponnx

- HaBbrKaMr'r MaTeMaTnqecKofo orrr4calIl1rfl5 cI{HTe3a vr alIurvr3a ycTpoI..IcTB

orrrlrMtlrrbHofi o6pa6orxu ranQoprvrallI4 oHHoro crlrH€ula;

- HaBbrKaMr{ [poeKTr{poBaHLrs. paALIonoKaIIuoHHbIX

paAr4oHaBLrrarlr4oHHofi auuaparypbr pa3nllrlHoro H€BHarI enLrs.

cpeAcrB vl

3. Coaepr(aHrre rporpaMMbl

Pa^gAer 1 . TeoperuqecKue ocHoBbI paAI4orexHLIKLI

Tervra 1.1. 3leueHru o6rqefi reopr{kr crIrH€rJIoB. Cuexrpamnrrft Lr

Koppefl-f,rlraonnrrfi aHzlrrr43 clrrHiuroB. Mo4ynrlpoBaHHble rone6anus. JluHefinrre
paAlrogneKTpoHHbre rleru,r c [ocrorHHbrMrr [apaMerpaMl{. flpoxox4eHI4e

AerepMr4HkrpoBaHHbrx clrrHulrroB trepe3 nznefrnrre qerrn c rocrotHHbrMkI rlapaMerpaMl{.

HenranefiHbre rlenr,T Lr MeroAbr Lrx aHalrvr:a. feHepupoBaHze rapMoHI{qecKLIX role6anzfi.
flapavrerpuqecKlre qenr4. OcHonnrre xapaKTepvrcruKvr cryraftnux ilpoqeccoB.
llpoxox4eHLre CJIVIIAI4HbIX [poqeccoB Ha HeJILIHeI{Hbre Oe3kIHepIILIOHHbre IIelU.
YsronorocHbre cryrafinrre npoqeccu. Bopr6a c rIoMexaMLT.

Tenra 1.2. Ocnonnrre ypaBHeHLrr oneKTpoAprHaMLrKvr. fpanu.rHrre ycnoBu.f,.

3neprzr gneKT-poMarHlrrHoro rroJrr. CraruqecKlre 14 craIILIoHapHbIe gneKTpoMarHurHble

lorq. Borno-srre ypaBHeHnfl, AnA BeKTopoB rroJrr. I4ztyrcuue gJIeKTpoMafHkITHbIX BoJIH.

Pacupocr-paHeHue 3neKrpoMarHlrrHbrx BoJrH n cso6oAHoM npocrpaHcrBe. Crpyrcrypa
uoJrr B rryHKTe rrpr4eMa. O6nacrr lpocrpaHcrBa, eQQerrunHo fracrByroqas B [epeAaqe

sHep-rlrr4 paAlroBonn. Crpoenue Lr ocHoBHbre [apaMerpbl cJIoeB arrvroc$epu. Pacupocr-
paHeHrae paAr4oBonn. Oco6eHHocrlr paclpocrpaHeHtrs, paALIoBonH pa3nLTrIHbIX Aua[a-
30HOB.

Teua 1.3. .,{zcrcperra3ar\vs, u KBaHToBaHr4e cLIIH€LIIoB. AzcrperHoe
npeo6pa^:oBaHue Oypre. Errcrpoe upeo6pasoBaHlle @ypre. ,{ncrpetrax cBeprKa u

Koppenrquf,. I-{zQponue $znrrprr. @unrrprr ouruuanrHofi o6pa6orrz qu$ponux
cr4rH€LrroB. llpurraeHeHrre quQponofi o6pa6orru currHaJroB B 3aAaqax paAlloJloKar\vrn Lr

HaBurarlr4u. I{uQpoBa-f, creKTpiurbHo-KoppenqqvoHHafl. o6pa6orra cJIoxHbIX cLIrHzLIIoB.

AAanrunHar qzQponar Qulbrpallu-l cLIrH€uIoB.

PasAen 2. P a4uorexHI4rlecKI,re ycrpofi crBa.

Tenaa 2.1. BolnoBoAbr z Qz4eprr. SnerrpoMarHI4THbIe pe3oHaropbl. Bgauunrre n

HeB3alrMHbre ycrpoficrna CBq. Tznrr HanpaBnqroqzx crlcreM. SleueHrapHble
r{3nyrrarelr4. ErruNnqs v AurbHflA 3oHbr. llpueIuHa.r 14 nepeAarcIqat aHTeHHbr, ux
napaMerpbr v xapaKTepucruKvr. Texnzqecra.s peurvlsarlns. aHTeHH p€BnLTqHbIX

A lr an a3 o H o B Ant q e n e fi p aA I4on o K arluv LI p aA LI o H aBvrr. a\vu.
Terua 2.2. Ycunnretru, ocHoBHbre [apaMerpbl. Pexuurr pa6oru aKTI{BHbIx

sJreMeHToB B ycr.rnurrenbHbrx KacKaAax. OcnoeH Teopul4 o6paruofi cBfl3u. Basonrre
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frpr.rMeHeHr4e B aHaJrofoBbrx 3neKTpoHHbrx ycTpoficrnax. PeryrupoBKuI B yckrnvTenflx.
Teua 2.3. feueparopu, ocHoBHbre rapaMerpbr. Ycrpoficrna QopvrzpoBaHufl

BbrcoKoqacror-Hbrx cr4rH€uroB. Ocuonrr reopkrlr aBToreHeparopoB. Ycrpoficrna
VcrpoficrnaQopvrzpoBa:e^nfl. MoAy-nhpoBaHHbrx u MaHr4rrynlrpoBaHHbrx cI{rHarIoB.

QopuzpoBaHnfl.pa4no-cvrrHzlrroB cBepxBbrcoKr4x qacror LT orrrlrrrecKoro Auarra3oHa BoJIH.

Pa4uonepeAarcrrlr4e ycrpoficrna paAlronoKarluoHHbrx 14 pa4vroHaBurarllroHHbrx czcreM.
flapaszrubre KoJre-6arrus, B paAkro[epeAarr{vrax. XapaKTepllcruKu n napaMerprr 3MC
paALronepeAarcrqux ycrpoficrB paAzonoKarlLroHHbrx r{ paALToHaBLrrarI}roHHbIX c}IcreM.

Teua 2.4. Paluonpr{eMHbre rpaKTbr, ocHoBHbre rapaMerpbl. O6que cBeAeHLlf, o
paAr4o-rplreMHbrx rpaKTax paAlronoKar\prkr u HaBLIraIIuu. flouexz paALlouplreMy n
MeroAbr 6opr6u c Hr.rMr,r. XaparrepprcruKu Lr rapaMerpbr 3MC paAuonpueMHblx
ycrpoficrn. 3arquurrre ycrpoficrna, ycrpoficrna corJracoBannfl. u rlpeABapl4remnofi
ceJreKrIZV B paAraoupueMHbrx rpaKTax paAr4onoKarluu u HaBLITaIII4H. Vczrzrervt

flpeo6pasoBareJrLr qacrorbl. ,,{elao4ynlropbl rlpzeMHbrx rpaKToB

v Ha-BufarJvrn. Ycrpoficrna yrpaBneHl{f, u perynupoBaHus. B

paAlrolpueMHbrx rpaKTax paALro-noKarIVV pr lr'aBurallr4vr. Ycrpoficrna npl4eMa vr

o 6p a6 orr<r4 cr{rH iur oB o rrrr4rr e cKoro Ar4arl a3 oHa BoJIH.

Terua 2.5. I{uQponue ycrpoficrna, Jr rlrrrecKlre ocHoBbr quQponofi TexHLIKI{,

sreMeHTHa.s 6asa, quQponrre prHTerp€ubHbre MLrKpocxeMbI. Snercrpounue KJIroqI{ vr

Jrorr4rrecKue oJreMeHTbr. @opvrr4poBarenr4 r4MrrynbcHblx cLIrH€LIIoB. feHeparopbl
r4MnynbcoB. Tprarreprr. @ynrquoHuLrrbHbre qnQpoerre ycTpolrcrBa.

Mur<ponpoqeccopHbre ycrpoftcrna B CLTCTeMaX paALTOnOKATIUU kr HaBLI|aIIUU.

llocre4oaareJrbHbre quQponue aBroMarbr. 3anoullHaroulne ycrpoficrna 3fFy.
I-{uQponrre cr,rrH€rrbHbre rpoqeccoprr (DSP) n czcreMax paAvoJIoKaIIuv v r'aBrzra\uur.
flparrz.recKax peaJrLrcarJtrranropr4TMon I-{OC B cl4creMax paAIzonoKaIILIr4 krHaBvrrar\ukr.

P a"gA er 3 . P aApronoKalll4.a I4 paAI4 o HaBIaraIII4

Teirra 3.1. CzrnaJrbr vr rroMexr4. llocranosKa 3aAaqr4 o6napyxeHnfl. vr MeroALIKa ee

perrreHr{r. KoppenrqlroHHbrfi. o6uapyx{r.rreJrb oAuHoqHbIX cLrrH€uIoB Ll3Becrnofi Qopl,ru.
3SQerrzBHocrb Kopperqrlzonnofi o6pa6orrra oALrHoqHbIX cLIrHzLIIoB. @znrrpoBafl
o6pa6orxa oAlrHoqHbrx clrrHurrroB. Orrzu€LrrbHble Qznrrprt ruIroBbIX oAl{HovHbrx

cr{rH€rrroB. Ko-repeHTHa.f, KoMreHcarlr4-s Melxarcull4x orpaxeHzfi. Korepenrnoe
HaKorrJreHr4e cLrfHarra. HexorepeHTHoe HaKorrJreHue ckrfnaJra. llpocrpancrBeHH€ul

crpyKTypa cprrH€uroB Lr rroMex. llpocrpaHcrBeHHaf, o6pa6oma cufHallon na QoHe rroMex.

llonxpnsarlLr oHHat
pacno3HaBaHvrs. v

o6pa6oma cr4rH€ura Ha Qone rroMex. flocranoexa 3a.[aq

pa3npr.eenr4fl. cLrrH€LIIoB v MeroAI{Ka vrx peureHrIl. OnrzuaJrbHafl
crpyKTypa ycrpoficrn pacrro3HaBaHvrfl. vr pa3nvueHprs. cI4rHErIIoB. XaparrepvrcrvrKtr
pacrro3HaBaHkrfl, v pa3nLll{eHnfl cI4rHa[oB.

cr{fHa[a vr MeToAHKa ee pelueHu.'I.

3aAaroulee r4 Bo3Myulaloqee nos4efrcrnue
3aAarcrrlr4x eosAeficrsufi u:uepurelefi.
napaMerpoB cLIrHaIIa.

ycr4nurenbHbre cxeMbr. Kacra4u rrpeABapureJrbHoro ycvrnuuus. Brrxo4nble KacKaAbI.

CuequalbHbre Br.rAbr ycr4nurenbHhrx KacKaAoB. OnepaqLIoHHbIe ycvrnkrrenv v nx

paAlrocr4fH€uloB.

paAr4onoKarJvlu

llocranonKa 3aAarIpI LI3MepeHruI rlapaMerpoB

,{zcrpuvrvHaropbr cJleAtlqux u:uepurelefi.
r{3M eplrrenefi . O zn brp ar\r4s, I{ gKcrpalofl.aqllfl

Ourr,r6rcz Qunrrpaqnu v eKcrparourJuu



Terraa 3.2.O6ryr4e cBeAeHuflkr rraccu$zKar\vs, PJIC. SSSerrzBH€uI noBepxHocrb
pacaeflrtkr-f, o6rerron ua6lro4eHws.. SueprerzqecKr{e xapaKTepucrurKkr orpaKeHHoro or
Qona curH€ura. ,{anruocrr paAr4onoKarlnoHHoro o6napyxelnufl,. Onpe4elenue

A€urbHocrra. Onpe-4eJreHr4e cKopocrr,r. Oupe4eJIeHVe yrnoBblx KoopAI{Har. PnC o6sopa.

PnC corpoBox(-AeHr4.f,. MnoroQyHKrlrroHurrrbHbre PnC. Arrznno-raccllBHble
MHororro3r4rluoHHbre PJIC c KparKoBpeuennofi npocrpaHcreeHHofi KorepeHTHocrblo.

llpocrpaucrBeHHo-KorepeHTHbre MHororro3lrrlLroHHble PnC B 3oHe @peHelx.
llonyarrzBHbre PnC c reJreBr43LIoHHbIM rloAcBeroM.

Tevra 3.3. O6rqze cBeAeHuq v Ktraccvr$uraqn-a paALIoHaBLIraI{LIoHHbrx cklcreM
(PHC). Me-roAsr perueHprrr paAlroHaBrrarILroHHbIX 3a1a't. Yuouepnrre PHC.

,{anrnovrepHbre r{ piB-HocrHo-AuurbHoMepHbre PHC. ,{ouneponcKlIe PHC. CrryrnzroBble
PHC. Curnalu B cnyrHr4KoBbrx PHC v vx o6pa6orra. Anuaparypa rlorpe6zrenefi
crryrHr4KoBbrx PHC. [uQQepeHrlr4€rrrbHbre rroAct4creMbl B crIyrHLIKoBbIx I{PC.
Kovrnr excLr po B aHpre PHC . flep c u eru4 BbI p a3B vrrufl, PHC .
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