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O BlUAfl XAPAKTEPMCTMKA PABOTbl

AKTyanbHOCTb TeMbi

B COBpeMeHHbIX paflMOKOMMyHMKaLtMOHHbIX M TejieKOMMyHMKai^MOHHblX CMCTeMaX 

KanecTBO nepeflann cuma/iOB b 3HaHme b̂HOM creneHM onpefle/iaeTca jimneMHOCibK) 

npweMHoro m nepeaaiomero TpaKTOB. Mcn0Jib30BaHne BbicoKOHyBcrBme/ibHbix 

npkieMHMKOB, LDMpOKOnOJlOCHblX CMTHa/lOB, pa3BMTkie CMCTeM CBA3M 6eCnH^OTHblX 

jieTaie/ibHbix annapaTOB (BnJlA ), a Tan>ne LunpoKoe BHeflpeHkie TexHO/iorMM nporpaMMHO- 

KOHc|DMrypMpyeMoro paflno (Software Defined Radio, SDR) npuBOflflT k cmyau,MflM, Kor.ua 

flawe He3HaHme^bHbie npoflBJiem/ifl HejiMHeMHOCTM cnoco6Hbi Bbi3biBaTb 

MHTepMOflynaLtMOHHbie cocTaBJiflK>mne, no6oHHbie cneKTpa/ibHbie K0Mn0Hembi m 

MCKa>KeHMfl no/ie3Horo curHa/ia.

CkirHajlbl TMna C S -D SB  flBJlflKJTCfl 3C(3C|DeKTMBHblM CpeflCTBOM MCC^eflOBaHMfl 

noflo6Hbix AB/ieHMM, nocKOJibKy mx cneKTpa^bHafl cipyKTypa n03B0/ifleT aHa/iM3MpoBaTb 

B3anM0fleiicTBMe Hecymeii m 60K0Bbix no/ioc, oi^eHMBaTb BJiMflHkie He/iMHeMHOCTeii 

BToporo m TpeTbero nopflflKOB, a TaK>Ke onpefle/iaTb napaMeipbi, xapaKTepn3yK)LU,ne 

flMHaMMHecKMM flMana30H npweMHHKa. TaKOM no,nxo,n npno6peiaeT oco6yK) aKTyajibHOCTb 

ripn aHa/iM3e pa6oibi npMeMHbix ycrpoMdB b ycnoBMax iijiothom 3JieKTp0MarHMTH0M 

06CTaH0BKM.

AKTya^bHOCTb pa6oTbi TaK>Ke o6ycjnoBjneHa coBMecmbiM Mcno;ib30BaHMeM 

n porpaMMHOM cpeflbi LabVIEW  m n^aicjDopM SDR/USRP. flaHHbie cpefldBa 

o6ecneHMBaK)T B03M0>KH0CTb co3flaHMa kohtpojimpyeMOm 3KcnepnMeHTa/ibH0M cpeflbi, 

n porpaMMHOM reHepaijMM curHa/iOB, Bbino/iHeHna cneKTpa/ibHoro anemma m 

3KcnepMMeHTajnbHoro MCC/ieAOBaHMa peajibHoro paflMOHacTOTHoro TpaKTa 6e3 

He0 6 x0 flMM0 CTM pa3pa6oTKM c/io>KHbix m floporocToamux annapaTHbix KOMn/ieKCOB.

OcHOBHan ue/ib uccnejOBaHMH m pemeHHbie 3ajaMM

Ue^bK) AMCcepTau.MOHHOM pa6oibi aBjiaeica pa3pa6o™a m MccjneAOBaHMe MeTOAMKM 

oi^eHKM He/iMHeMHOCTM sjieKTpom-ibix ueneii Ha 0CH0Be C S -D SB  ci/inna/ioB c 

Mcn0Jib30BaHMeM MeTOflOB cneKTpa^bHoro aHa/iM3a Bbicmux nopflflKOB, MOfle^npoBaHna 

b cpefle LabVIEW m 3KcnepMMeHTajibH0M n/iaTc|3opMbi SDR.

fl/ia flOCTMweHMfl nocTaB/ieHHOM 4e/in 6bmn peiueHbi c/ie,nyK>mMe 3aflaHM:

1. MCC^eflOBaHbi 0C06eHH0CTM MOAy/iflu,MM m fleMOflynfmnn cnmajnoB D SB  m CS-DSB,

mx cneKTpa^bHaa CTpyKTypa m Tpe6oBaHna k nojnoce nponycKaHMa;
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2. np0aHajiM3Mp0BaHbi He/iMHeMHbie m o a c /im  3/ieKTpOHHbix L^enew m MexaHM3Mbi 

B03HMKH0BeHMfl MHTepMOfty/lflUMOHHblX MCKaweHMM;

3. pa3pa6o iaHa MeTOAHKa KOJinnecTBeHHOM cmeHKM He/in h gm ho ctm  3/ieKTpoHHbix LjeneM 

c ncn0Jib30Bahmeivi AByxTOHOBbix m CS-DSB-CMrHa/ioB.

4. pea;iM30BaHbi nporpaMMHbie MOfle/in reHepaunn curHa/ioB, KBaApaTMHHbix m 

Ky6nHecKnx npeo6pa30BaHMii, a TaKwe cneKTpa/ibHoro aHa;iM3a Ha 0CH0Be 6bicTporo 

npeo6pa30BaHna Oypbe (FFT) b cpefle LabVIEW;

5.co3AaH 3KcnepMMeHTa/ibHbiM cieHfl Ha 6a3e rmaTc|x>pMbi SD R /U SR P  m ucc/ieAOBaHO 

BJiMflHne curHa/ioB Ha npneMonepeflaK)LMMM TpaKT cucieMbi cba3m 6ecnmioTHoro 

jieTaTe/ibHoro annapaia (Bn/IA);

6 . Bbino/iHeHa oueHKa b/imahv\h BHeniHero M0Ay-nnp0BaHH0rc> cm"Ha/ia, a TaKwe 

C O C Ta B Jlfl KDLI^MX B T O p O rO  M T p e T b e r O  n O p flf lK O B  Ha H y B C TB M T e / lb H O C T b , 

M3 6 n p a ie j ib H O C T b  m flM H aM M H ecK M M  A n a n a 3 0 H n p n e M H M K a .

Q6~beKT. npe jM eT m MeTOiibi ucc/iejiOBaHMfl

06"beKTOM MCC/ieAOBaHMfl flBJlfleTCfl npMeMHbm TpaKT SJlGKTpOHHblX M 

paAMOHacTOTHbix ueneti, b nacTHOCTM ynacTKM npneMonepeAaromeii cucieMbi cba3m 

6ecnmioTHoro JieTaTe/ibHoro annapaia (Bn/IA), b Kdopbix MoryT npoflBJiflTbCfl 

He/iMHeiiHbie npeo6pa3c>BaHMfl.

npeflMeTOM McaieAOBaHMfl aB/iaK)TCfl npoueccbi B03HMKH0BeHna, oueHKM m 

3KcnepnMeHTa;ibHoro noflTBep>KfleHMfl He/iMHeMHOCTU m HHTepMOflyjiauMOHHbix 

MCKa>KeHMM C MCn0Jlb30BaHMeM CS-DSB-CMTHaJlOB.

B pa6oTe Mcn0Jib30BaHbi MeTOflbi cneKTpa/ibHoro aHa/iM3a Bbicmux nopflAKOB, 

npeo6pa30BaHMA Oypbe, AByxTcmoBoro TecTMpOBaHMA, moasjimpOBaHma He/in Hew hoctm 

Ha OGHOBe p^ao b  TeiiJiopa, nporpaMMHoro MOAe/inpoBaHMfl b cpeAe LabVIEW, reHepauMM 

curHajioB c ncn0Jib30BaHneM n;iaTc(3opMbi SD R, a TaK>Ke SKcnepmvieHTajibHbix 

cneKTpa/ibHbix M3MepeHMM.

HaynHafl HOBM3Ha pa6oTbi

• l1peA/io>KeHa MeTOAHKa cmeHKM He/iMHeMHOCTM 3/ieKTpoHHbix Ljeneii Ha 0CH0Be 

CS-DSB-curHajioB, o6beAHHflK)mafl TeopeTnnecKoe MOAe/iMpoBaHne, nporpaMMHyK) 

pea;iM3auMK) m SKcnepMMeHTa/ibHbie McoieAOBaHUfl c Mcn0Jib30BaHMeM rmaTc|3opivibi

SDR.
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• ri0Ka3aH0, h to  KBaflpaTMHHbie m KyGnnecKne npeo6pa30BaHM fl C S-D SB -cm "H a/ iO B  

M oryT acjDcjjeKTMBHO Mcn0 Jib3 0 BaTbCfl / y ia  BbiaBJieHMa b rw rh w h  He/iMHeMHOCTeM 

BToporo m TpeTbero nopaflKOB cooTBeTCTBeHHO.

• Pa3pa6oTaHa crpyKTypa  reHepaijMM cm"Ha/iOB m m x  cneKTpa/ibHOM oijeHKM b  cpe^e 

LabVIEW, o6ecneHMBaK3inaa MOflejnMpoBaHMe He/iMHeMHbix pewwvioB pa6oTbi 

npneMHMKa m oi^eHKy MHTepMOflynjmMOHHbix cocTaBJiatoiuMX.

• 3KcnepnMeHTa^bHO noATBepwfleHO, hto B03fleMCTBne BHeniHero curHa/ia, 

CC(30pMMp0BaHH0r0 C MCn0Jlb30BaHMeiVl n̂ aTC|DOpMbl USRP, npMBOflMT K M3MeHeHMK) 

cneKTpa^bHoro OTK/iMKa npneMHMKa, Bbi3biBaa jiOKa/ibHyio neperpy3Ky, noBbiLueHne 

ypoBHft LuyMOBoro cjjOHa m orpaHMneHMe flMHaMMnecKoro flMana30Ha.

flpaKTMHeCKan 3HaHHMOCTb pa6oTbl

llo n y H e H H b ie  pe3y/ibTaTbi M o ry T  6 b iTb  M cn0/ib30BaHbi n p n  npoeKTnpoBaH M M  

Tê eKOMMyHMKaUMOHHblX M paflMOS êKTpOHHblX CMCTeM, OUeHKe JIMHeMHOCTM npkieMHblX 

ydpoMCTB, noBbiLueHMM n0Mex0ycT0Mhmboctm KaHa/iOB cba3m 6ecnmiOTHbix jieTaTe/ibHbix 

a n n a p a TO B  (B n J lA ) ,  a Ta ione n p n  opraHM sauM M  jia 6 o p a n > p H b ix  MCC/ieflOBaHMM Ha 0CH 0Be 

TexHOJioruM  S D R .  P a 3 p a 6 o ia H H b m  n o flx o fl n0 3B 0 Jia eT Ha paHHMX 3 Ta n a x ou,eHMBaTb 

B03M0>KHyK) n e p e rp y 3 K y  npMeMHMKa, cHMweHMe e r o  M 36npaTe;ibHOCTM  m BepoflTH O CTb 

B03H M K H O B e H M H T e p M O fly jlfm M O H H b lX  nOMeX.

OcHQBHbie nono>KeHMH. BbiHOcmwbie Ha 3am nTy

1. ripnMeHeHne CS-DSB-CMTHa/ioB n03B0/iaeT BbiaB/iaTb He/iMHeMHbie npec>6pa30BaHMfl 

B 3JieKTpOHHbIX LjenflX B KOHTpO^kipyeMblX yCJIOBMflX.

2. MoflejiMpoBaHHe HejiMHeMHOCTeM BToporo m TpeTbero nopflflKOB c Mcno;ib30BaHMeM 
KBaflpaTMHHbix m Ky6MHecKMX H/ieHOB o6ecneHMBaeT HarnflflHyto n fl0CT0BepHyK) 
oueHKy MHTepMOfly^fmMOHHbix cociaB/iflkjlljmx.

3 .C oB M ecT H oe  Mcn0Jib30BaHMe cpeflbi LabVIEW m njianjjopM SDR/USRP 

npeflCTaB^aeT c o 6 o m  3c|Dcf3eKTMBHyho 3Kcnepw\/ieHTa/ibHyK> cp e^y  a j ia  MCC/ieflOBaHMa 

/iMHeMHOCTM npweMHHKOB m m x  ycTOMHMb o c t m  k  noMexaM.

4. J\nn npweMHHKOB 6ecnM/i0THbix zieTaTe/ibHbix annapaTOB (BIIJIA) BHeniHMe 

MOfly^MpOBaHHbie CMTHa/lbl MoryT Bbl3blBaTb M3MeHeHMe CneKTpa^bHOM CTpyKTypbl, 

nOBblLUeHMe ypOBHfl LUyMOBOrO c|DOHa M CHMWeHMe npaKTMHeCKOM HyBCTBMTe/lbHOCTM 

npweMHHKa.

Anpo6amm pa6oTbi

OcHOBHbie pe3y^bTaTbi flMccepTauMOHHOM pa6oTbi 6bmM npeflCTaB^eHbi Ha HayHHbix 

ceMMHapax, MewflyHapoflHbix HayHHbix KOHc|3epeHl^max no Te/ieKOMMyHMKai^MAM m
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paflnocjDM3MKe, a Tan>ne OTpa>KeHbi b npocjjmibHbix HaynHbix M3AaHnax no TeiwaTMKe 

MCCJieflOBaHMfl.

OcHOBHbie pe3y^bTaTbi fluccepTaLiMM 6bmn npeflCTaB/ieHbi Ha cneflytoinMX 

Me>KflyHapoflHbix HayHHbix KOHc|Depei-mMflx:

• International Conference on Microwave & THz Technologies, Wireless 

Communications and Optoelectronics (IRPhE 2024), Yerevan, Armenia, 2024,

• 2025 International Conference on Electrical Engineering and Photonics 

(EExPolytech-2025), Saint Petersburg, Russia, 2025.

HocTOBepHOCTb HayHHbix pe3ynbTaTOB

fl0CT0BepH0CTb HayHHbix pe3y/ibTan>B noflTBepwflaeTca n pefldaBJieHH biMM b 

AMCCepTaU.MM TeOpeTMHeCKMMM M MaTeMaTMHeCKMMM 0 6 0 CH0 BaHMflMM, pe3yjnbTaTaMM 

M0flennp0BaHMfl b nporpaMMHoR cpefle LabVIEW, SKcnepmvieHTa/ibHbiiviM 

MCC^eflOBaHMflMM, BbinOJIHeHHbIMM C MCn0Jlb30BaHMeM n^aTC|DOpMbl SDR/USRP, M MX 

noflTBep>KfleHMeM b xofle ncnbuaHMM Ha peajibHOM npneMO-nepeflaioineivi TpaKTe 

cucTeMbi CBA3M 6ecnmioTHoro jieiaTejibHoro annapaTa.

BHenpeHiie

• Pa3pa6oTaHHafl MeTOflOJiorMa MccjieflOBaHMa He/in HeMHOCTM ajieKTpoHHbix 

Lteneii c Mcn0Jib30BaHMeM CS-DSB-CMTHajioB BHeapeHa b 3aKpbiTOM 

aKi^MOHepHOM o6mecTBe «Advanced Technologies G ro u p »  (ATG), rfle 

npMMeHaeTCfl npw npoBefleHMM HayHHO-Mcc/ieflOBaie/ibCKux pa6oT, CBA3aHHbix c 

MCĈ eflOBaHkieM m 3KcnepMMeHTa/ibHOM ouchkom He/iMHetiHbix xapaKiepncTMK 

aneKTpoHHbix MOfly^ew m ycrpoMCTB, a  TaK>Ke c aHa/iM30M rapM O H nnecKnx m 

MHTepMOflynfl4MOHHblX COCTaBJlflK>mMX.

• Pe3y^bTaTbi AHccepTau,MOHHOM pa6oibi BHeflpeHbi b o6mecTBe c orpaHMHeHHoR 

OTBeTCTBeHHOCTbK) «lntegra Technologies International)), rfle ncno^b3yK)Tca 

npw BbinojiHeHMM HayHHO-MccjieflOBaTejibCKHX pa6oT no MccjieflOBaHMK) 

He^MHeiiHbix xapaKTepucTMK 3JieKTpoHHbix ycTpoiicTB. Ha 0CH0Be nojiyneHHbix 

pe3yjibTaTOB njiaHnpyeica nocjneflyK) Lu.ee naieHTOBaHne pa3pa6oiaHHoro 

TexHunecKoro peuieHMfl b CLLIA.

f1y6nnKauMM

OcHOBHbie no/ioweHMfl fluccepTauMM npeflCTaB/ieHbi b fleBATM (9) HayHHbix pa6o iax , 

cnncoK  KQTopbix npMBefleH b KOHU,e aBTopec(3epaTa.
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C r p y K T y p a  m o 6 i>eM f ln c c e p T a u .n n

f lM C cep iauM fl c o c to m t m  B B e fleH n a , Tp e x  m a B , 0 CH0 BHb ix bm bo ao b , c n n c K a  

jimepaTypbi, BK/uonaiomero 1 2 0  HawweHOBaHMM, m neTbipex npmio>K6 HMM. 0 6 lumm 0 6 'beM 

AMCcepTau.MM c o d a B J ia e T  142 CTpaHm j,b i. P a 6 o ia  c o f le p w rn  4 6  pwcyHKOB, 7 6  cj^opMyn m 

oflHy Ta6/imiy. flMccepTauMfl HanncaHa Ha apMflHCKOM A3biKe.
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O C H O B H O E  COflEPM AHM E PABOTbl

B o  BBefleHMM 06 0CH0 BaHa aKTya/ibHOCTb pa6oTbi, a|)opiviyjiMpoBaHbi u,enb m 3aflann 

Mcc^eflOBaHMfl, onpefle^eH bi o6'beKT m npeflivieT MccneAOBaHMa, npeflCTaBJieHbi 

ncno^b3yeM b ie  MeTOflbi, HayHHaa HOBM3Ha, npaKTMHecKafl 3HaHMMOCTb pa6oTbi m 

0CH0BHbie nono>KeHMfl, BbiHOcmvibie Ha 3amnTy.

ri0Ka3aH0, h to  KJironeBOM M fleeK AMCcepTau.MOHHOM pa6 oTbi aB J ia e T ca  MCcneAOBaHMe 

He/iMHeMHbix AB/ieHMM c  Mcn0 nb3 0 BaHMeM C S -D S B - c u rH a n o B  —  o t  TeopeTM necKo ro  

anemma p,o SKcnepnMeHTa/ibHbix uccneflOBaHMM. 

l~;iaBa 1. CnenTpa/ibHbm aHa/iH3 BbiciiiHX nopflnnoB

riepBaa rnaBa nocBameHa TeopeTnnecKMM 0CH0BaM MOfly/iMpoBaHHbix cuma/iOB, 

He/lMHeMHblX 3JieKTpOHHblX LjeneM M MHTepMOAyJlfmMOHHblX MCKa>KeHMM. 

PaccMaipMBaeTCfl MOAy/iflu,Mfl c  AByM a 60K0 BbiMM nojiocaMM (D S B ),  npw KOTopow 

nepeflaBaeM biii CMrHa/i yM HO w aeica Ha Hecym ee Ko;ie6aHMe, a co flepw am aaca  b HeM 

MHc|DopMaLiMfl n e p e H o cm ca  b flBe 6 0 K0 Bbie no/iocbi, pacnojio>KeHHbie CMMMeipuHHO 

OTHOcm e^bHO nacTOTbi Hecym eR (puc. 1).

Puc. 1. BpeMeHHaa cpopMa DSB-ModynupoeaHHoeo Hecymeeo cuiHana.

B  c/iynae C S - D S B  Hecym aa cocTaBjnahOLu.aa noflaBJiaeica, a  SH ep rna  nepeflaBaeM oro  

ckirHa/ia KOHLteHTpupyeTca b 6 0K0 Bbix nojiocax (pnc.2). TaKoR  noflxofl noBb im aeT 

3HepreTMHecKyK> 3c|3c(3eKTMBHOCTb cucTeMbi m 0flH0BpeM eHH0 o6ecneHMBaeT bonee 

Ham flflHoe MccneflOBaHMe noBefleHi/ia 6 0K0 Bbix no/ioc. B  rnaBe npeflCTaB/ieHbi ocHOBHbie 

cooTHOLueHna, onncb iBaK>m ne npoueccb i MOfly^flLtMM m fleMOflynaLtMM, a TaKwe 

np0aHa^M3Mp0BaH0 BJiMflHMe cf3a30B0r0 paccomacoBaHna Ha pe3y/ibTaT .neMOfly/iaijMM.



f fc" fc+ x
m ¥m

Puc. 2. 06uiuu eud cn eK m p a/ ib H o u  c m p y K m y p b i CS-DSB-cuzHana.

aHa/iM3a He/iMHewHbix 3/ieKTpOHHbix L;eneM npMMeHaeTca annpOKCMMauna c 

Mcn0Jib30BaHMeM pflfla Tew/iopa. ripw B03fleMCTBMM oahotohhoi"o bxoahoi"o CMTHajia 

B03HMKaK)T rapMOHMHecKMe cocTaBJiflK)inne, Torfla KaK npu flByx to ho bom B03AeMCTBMM 
cjDopiviM pyjoTCfl MHTepMOAy/iflUMOHHbie cocTaBJiflK)LMne. 0co6oe BHMMaHMe yflejifleicfl 
cocTaBJifl10114 i/im TpeTbero nopflflKa, nocKozibKy ohm, KaK npaBM.no, pacno/iaraKDTCfl b6jim3m 
pa6oneM no/iocbi no/ie3Horo cmxafla m c TpyAOM noAaB/iaKDTca Tpa.n.mj.noHHbiMM 

MeTOAaMM cfDMJlbTpaUMM.

* t
P i

I
t

P|M3 

+

Tone

Pu c. 3 . CnenmpafibHcm KapmuHa deyxmonanbHOZO IM D-m ecma. 

f l/ lfl KO/lMHeCTBeHHOM 046HKM MHTepMOAy/lflUMOHHbIX MCKa>K6HMM paCCMaTpMBaJOTCfl

noKa3aiejin IM D , IP3  m AHHaMi/inecKoro Anana30Ha. ripw npoBeAGHi/in AByxT0 H0 B0 m  

McnbuaHMfl Ha bxoa Mcc/ieAyGMOM uerm noAaioTCfl ABa curHa/ia c 6jim3kmmm nacTOTaMM,
9



a Ha Bbixofle M3MepaK>Tca ypoBHM ochobhmx tohob m MHTepMOAy/ifmMOHHbix npoAyKTOB 

(pwc. 3). llonyHeHHbie cooTHOLueHna n03B0/iaK>T oueHMTb npeae/ibi jimhgmhoctm 

MCĈ eflyeMOM uenn.

B rn a B e  TaK>Ke paccM aTpM BatoTca MHTepMOAynau,MOHHbie AB/iem /ia, B0 3 HMKaK>LU,Me 

BHyTpii aHa/iM3aTopoB cneKTpa. l~l0Ka3aH0, h t o  p e 3yjibTaTbi M3MepeHMM M oryT  

orpaHM HM BaTbca He TOJibKO xapaKTepucTM KaM M  u cc/ie fly e iv io ro  ycrpoM C T B a, h o  m 

c o 6 d B e H H b iM  LuyMOM M3M ep M Tejib H oro n p n 6 o p a , jiMHeMHOCTbK) B x o flH o ro  C M e c m e ^ a , a 

TaKwe 0 C 0 6 e H H 0 d flM M  TpaKTa npoMewyTOHHOM nacTOTbi (IF) m nojnocbi pa3peujeHMfl 
(RBW).

PiaBa 2. OopMnppBaHne m npmvteHemie CS-DSB-curHa/iOB

Bo BTopoR rnaBe npeflcraBJieHa MeTO/jo/iorHa c|x>pMMpoBaHMfl CS-DSB-CMma/iOB m 

mx npmvieHeHMfi fl/ ia  MCcneflOBaHna He/iMHetiHbix 3/ieKTpoHHb ix i^enew. l~l0Ka3aH0, h to  

ynpaBjnaeMaa cneKTpa/ibHaa CTpyKTypa MOAyjiMpoBaHHoro cuma/ia n03B0/iaeT no/iynaTb 

onopHbie pe3y^bTaTbi M3MepeHMM, a 3aTeM noc/ieflOBaTejibHO BBOflmb He/iMHeiiHbie 

cocTaB^flK)Lune m aHajiM3MpoBaTb mx BJiMflHi/ie Ha (JjyHKLtMOHMpoBaHMe Bceii cucTeMbi 

(puc. 4).

Hecymaa

Hhwhhh 
6oKQBaa nonoca

4\

BepXHHH 
6oKQBaa nojioca

--------- >

f c - fm  f c  / c + / m  q acxoTa

Puc. 4. Cmpynmypa 6onoBbix nonoc npu nodasneHHOu Hecymeu.

B rnaBe paccMaTpMBaKucfl K0ivi6MHaLtMM flByx TOHOBbix m MOAyjiMpoBaHHbix 

curHa/iOB, KOTOpbie MoryT Mcn0 /ib3 0 BaTbca /yia oueHKM HyBCTBMTe/ibHOCTM, 

M36npaTenbHOCTM M yCTOMHMBOCTM npneMHMKa K MHTepMOflŷ flUMOHHblM MCKa>KeHMflM. 

l/lcn0Jib30BaHne CS-DSB-CMma/ia n03B0/iaeT cjjopMnpoBaib cneKTpa/ibHbie
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cocTaBJifltomne, pacno/iowem-ibie b6jim3m Hecymefi nacTOTbi, m ou,eHHBaTb, nona,naK>T /in 

ohm b p a6 oHyK> no/iocy npo n ycK aH n a  npMeMHMKa mjim b co ce f lH n e  nacTOTHb ie no/iocbi.

O co 6 o e  BHMMaHue y^e/iei-io KBaflpaTMHHOMy m Ky6MHecKOMy npeo6pa30BaHM flM  

ci/inna/ia. K B a f lp a T M H H b ie  H JieH b i M O f le j iM p y to T  H e jiM H eM H O C TM  B T o p o r o  n o p a f lK a ,  

n p H B O f l f l in n e  k  B 0 3 H M K H 0 B e H M K >  n o c T O flH H O M  c o c r a B J ia io m e M ,  ra p M O H M K  y f lB o e H H o R  

nacTOTbi m K0M6nHaun0HHbix na cT O T . KyGnnecKne HJieHbi oriMCbiBaK>T He/in hgmhoctm 

T p e T b e r o  n o p a f lK a ,  n p e f lC T a B J ia io m M e  H a n 6 o jib LL iy K >  n p a K T M n e c K y K )  o n a c H O d b ,  

n o c K O / ib K y  B 0 3 H M K a K ) in n e  M H T e p M O A yjn a u .M O H H b ie  co c T a B J iah o u j.M e  M o r y T  p a c n o / i a r a ib c a  b  

H e n ocp e fldB e H H o ii 6 jim 3 0 c tm  o t  no/ie3Horo CMma/ia.

flaa nporpaMMHoK pea/iM3aunM ncno/ib3yeTCfl cpe^a LabVIEW (puc. 5). TeHepauMa 

curHa/iOB ocym ecTBaaeTca c n o M o m b io  cmHycon,na/ibHbix m c t o h h m k o b  m MaTeMaTMHecKMx 

6 /io k o b  yMHOweHna, a cneKTpa/ibHbm aHa/iM3 Bbino/iHaeTca c Mcn0/ib30BaHMeM 

MHCTpyMemoB 6b icT po ro  npeo6pa30BaHMfl Oypbe (FFT). TaKafl cTpyKTypa no3Bo^fleT b  

paMKax eflMHoii npo rpaM M H o ii cpeflbi c|30pM m poBaTb b x o a h o m  CMrHa/i, Moae/iMpoBaTb 

He^MHeiiHbie cocTaBJiflK>mne m aHajiM3MpoBaTb BbixoflHoii cneKTp.

flaH H aa m aB a  c|3opMMpyeT TeopeTMHecKyK) m nporpaM M H yK) 0CH0By !\nn 

nocneflyKJLUMX 3KcnepMMeHTa/ibHbix MccneflOBaHMii. Pa3pa6oTaHHbie MOfle/iM 

ncno^b3yK)TCfl b TpeTbew rnaBe npn  npoBefleHMM S K c n e p n M e m o B  c peajibHbiMM
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curHa/iaMM SDR/USRP, a TaK>ne npn MccneAOBaHMM npweMonepeflaiomeM cncieMbi 

6ecnMJi0TH0r0 jieTaie/ibHoro annapaia (Bll/IA).

PiaBa 3. 3ncnepnMeHTa;ibHafl cpena h aHajim pe3VJibTaTOB

B TpeTbeii r/iaBe npeAcraBJieHa SKcnepmvieHTa/ibHafl CMCTeMa, nocipoeH H afl Ha 

0CH0 Be nporpaMMHoii cpeflbi LabVIEW, ncTOHHMKa CMTHa/ioB SDR/USRP m 

npneMonepeflaioLueM ci/icTeMbi 6ecnm ioT H oro  jie iaTejibHoro a n n a p a ia  (BnJlA) (puc. 6). 

Ue/ib 3KcnepMMeHTâ bHbix MccneAOBaHMM 3aKjihOHaeTca b cfDopMnpoBaHnu CS-DSB- 

CMrHa/iOB b KOHTpo^npyeMbix yc/iOBnax m M3yHeHMM mx brwrhwr Ha cnem pa/ibHbm  otk/imk 

npneMHMKa.

PXIe-1082 with 
PXIe-8880

USRP-2954

y— V
i

•1 " 1 !  1:1:1 H . f t o o o k

Tx antenna Rx antenna
Puc. 6. DucnepuMeHmanbHOH ycmoHoena ho 6a3e PXIe-1082 u USRP-2954.

B SKcnepwvieHTanbHOM cpefle CMCTeMa McaieflyeTCfl b HecKO/ibKnx pe>KHMax: 6e3 

BHeuiHero B03AeiicTBMfl SDR, npii B03AeiicTBMM cMrHana, cc^opMMpoBaHHoro c 

noMombK) USRP, b yaiOBMflx M30JiMp0BaHH0r0 KaHajia cba3m, a Taione npu KBaflpaTMHHOM 

h Ky6MHecKOM He/iHHeiiHbix npeo6pa30BaHMftx (puc. 7). TaKOM noaianHbm noflxofl, 

n03B0/iaeT pa3,ne/iMTb co6cTBeHHbie uiyMOBbie m HejimneMHbie npoaB/ieHna CMCTeMbi m 

acJjcjjeKTbi, 0 6 yc/i0 BJieHHbie b o 3/̂ 6 m ctb ii6 m B H e u iH e ro  CM rHana.

12



Puc. 7. 06m uu aud na6opamopHoeo 3HcnepuMeHmanbHoio cmeHda.

5 a 3 0 B b i e  M 3 M e p e H M f l, B b in o / iH e m - ib i e  6e3 B 0 3 f le M C T B n a  USRP, O T p a w a iO T  

ecTecTBeHHbm  cneKTpa/ibHbiW otkjimk cucieMbi (pMC. 8 ). n pH 3tom coxpaHfleTca 

nepnoflM HecKafl CTpyKTypa cneKTpa, a Ha6/iK>,naeMbie He3H aH m ejibH b ie  KOJie6aHMfl 

o6yc/ioB/ieHbi co6cTBeHHbiMM LuyMaMM npneMHMKa, 0C06eHH0CTflMM ycmime/ibHoro 

TpaKTa M OrpaHMHeHHbIMM npOflBJieHMflMM BHyTpeHHMX He/lMHeMHOCTeM.

HacioTa, ITn

Puc. 8 .  F lp u A / ie p  c n e n m p a / ib H o e o  omKnuna cucmeMbi n p u  omcymcmeuu B H e u tH e e o

B03deucmauft.
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npM B03A 6 MCTBMM CMrHa/ia, CCfDOpMMpOBaHHOrO C n O M O IH b K ) USRP, B  Tex M e  

n acTO TH b ix  KaH a/ iax H a6/iK>AaK)TCfl y B e ^ n n e H n e  aM n/ iM T yAH b ix  OTK/iOHeHMM, noaB/ ieH M e  

noK a/ib H b ix  Bbipa>neHHbix nu K O B  m ycwjieHMe acMMMeTpMM cneKTpa (p u c . 9). 3 t o  

CBHfleTe/ibCTByeT o  B3anM O AeM CTBM n B H e u jH e ro  M 0 Ay/iM p0 BaH H 0 r 0  C M m a /ia  c  

He/iM HeiiHbiM M  y 3/iaMM npi/ieMHMKa. TaKoe B 03AeMCTBi/ie MO>KeT n p u B O f lm b  k  C H M w e H m o  

M36npaTejibH O CTM  n p M e M H M K a  i/i o rp a H M H e H M io  e r o  A M H a M M H e c K o ro  A M a n a 30 Ha.

1.480 f lu ,

-170

-180

-w o  — ----------- ■-----------■---------- »-----------■---------- ----------- ■---------- ----------- ----------- »---------- ■---------- f---------- *---------- ------------*------ -—
1.1 1.125 1.151 1.176 1.201 1.227 1.252 1.277 1.3 1.328 1.353 1.379 1.404 1.429 1.455 1.480 1.5

Hacrora, IT  14

Puc. 9. YcuneHue LieHmpa/ibHOu nacmu cnenmpa nod eo3deucmeueM cuzHana USRP.

MccjieflOBaHMfl M30JiMpoBaHHoro KaHa/ia cba3m noKa3biBaK)T, hto Aa>Ke npw OTcyTcrBMM 

coceAHMX KaHa/ioB bhcluhmm CMTHaji SDR cnoco6eH M3MeHflTb cneKTpa/ibHyio CTpyKTypy 

npMeMHMKa. 11 pM OTCyTCTBMM BHeiUHerO B03AeMCTBMfl CneKTp OCTaeTCfl OTHOCMTe/lbHO 

maftKMM m cocpeAOTOHeHHbiM b onpeAe/ieHHOM nacTOTHOM Anana30He, TorAa KaK npn 

B03AeMCTBMM CMnnajia USRP ueHTpa/ibHbm iimk craHOBMTca 6o/iee y3KMM, BbipaweHHbiM 

m xapaKTepM3yeTCfl noBbiLuem-ibiM ypOBHeM LuyMOBbix HeoAHOpOAHOcreM.

npn KBaApaTMHHOM npeo6pa30BaHnn b cneKTpe <£>opMMpyK)TCfl cocraB/ifl longue 

B T o p o r o  n o p f lA K a :  n o cT o a H H a fl co cT aB / ifliom a fl,  rapM om /iKM  yA B o e m n o M  nacTO Tb i m 

KO M 6 M H auM O H H b ie  jimhmm. 3 tm K O M n oH eH T b i M o ry T  n o n a A a T b  b  c o c e A H M e  n o / io cb i nacTOT, 

yBe/iMHMBafl LuyMOBOM cJdoh n p M eM H M K a . 3 K cn e p M M e H T a / ib H b ie  p e 3y/ibTaTbi n o K a 3biBaK>T, 

h t o  K Ba A p aT M H H O  n p e o 6 p a 30B a H H b m  CS-DSB-CMmaji n p M BO A M T  k  yBe/ii/ineHMK) 

KOHIJ.eHTpaiJ.MM 3H eprM M  B6 J1M3M l^eHTpa/lbHOM  HaCTOTbl M CHM W eHM K) 3C|xf3eKTMBHOM 

M3 6 npaTe/lbH O CTM  npM eM HM Ka (pMC. 1 0 ).
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HacroTa, IT  14

Puc. 10. CneKtnpanbHan cm pyKm ypa, c(popMupoeaHHafi n o d  &03deucm euejA  

KBadpamuHHOu HenuHeuHOcmu.

lip m Ky6kiHecK0M npec>6pa30BaHMM npoflBJiflKrrcfl i/iHTepM0Ayjifl4i/i0HHbie 

c o c r a B / i f l  t o n g u e  T p e i b e r o  n o p a A K a ,  p a c n o / io > K e H H b ie  H a n 6 o j i e e  6 j i m 3 k o  k  p a 6 o H M M  

nacTOTaM . Ohm c  TpyAOM  noAaB/iaK)TCfl CTaHAapTHbiMM c|3mibTpaMM npweMHMKa m M oryT 

BOCnpMHMMaTbCfl KaK MCKa>K6HHbl6 KOMnOHeHTbl nOJie3HOrO CMTHa/ia /lkl6o KaK 

AOnO/lHMTe/lbHbie M6LLiaK)U4M6 CMma/lbl. no 3TOM npMHMHe He/lMHeMHOCTM TpeTberO 

nopflflKa paCCMaTpMBaK)TCfl KaK O flM H  M 3  OCHOBHbIX c|3aKTOpOB, OrpaHMHMBaK)LMMX 

HyBCTBme/lbHOCTb M n OMeXOyCT O M H M BOCT b npi/ieMHI/IKOB 6ecnMJ10THblX JieTaTe/lbHblX 

a n n a p a T O B  (BflJlA).

1.455 1.480 1.5

HacioTa,

Puc. 11. P oem  U H m e p M o d y jifiL iu o H H b ix  cocmae/ififOLLiux n p u  KydunecKou  HenuHeuHOcmu.
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P e 3y/ibTaTb i, npeACTaBJieHHbie b TpeTbew m aB e , no flTBepw fla iO T , h to  cone iaHM e 

TexHO/iorMM LabVIEW m SDR/USRP n03B0JifieT np0 B0 flmb KOHTpo/iMpyeMbie 

3Kcnepw\/ieHTajibHbie MCC.ne,noBaHMfl He/iMHeMHbix AB/ieHMM, no jiyn aTb  cneKTpa/ibHb ie 

x a p a K T e p u c T M K M , c o o T B e T C T B y K n u 1n e  T eo p e T M n e c K O M  M O A e .™ , m o u ,e H H B a T b  M 3M eH eH M e 

pe>KMMa pa6 oTbi npweMHHKa b yc/ioBMflx B03fleMCTBMfl BHeniHero Mo^yjiMpoBaHHoro 

ci/inna/ia (p u c . 11).
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OCHOBHblE BblBOflbl n o  flMCCEPTAUMOHHOM PABOTE

1. npOBeAeH TeopeTMnecKMM aHa/iM3 DSB m CS-DSB-cnmajiOB m n0Ka3aH0, hto 

CTpyKTypa MX 60K0BblX nO/lOC flBJlfleTCfl 3Cfx|}eKTM BH bIM MHCTpyMeHTOM A™

MCC^eflOBaHMfl He/iMHeMHOCTM 3/ieKTpoHHbix L^enefi [1, 3 , 8].

2. ri0Ka3aH0, hto He/iMHeMHaa MO ê/ib, ocHOBaHHaa Ha pa3/io>KeHMM b p^A Tew/iopa,

n03B0JlfleT o6'bflCHMTb B03HMKH0BeHMe rapMOHMHeCKMX M MHTepMOAy f̂lUMOHHblX 

cocTaB/iflK)inMX, a TaK>Ke BbiAe/iMTb scfx^eKTbi He/iMHeMHOCTeM BToporo m TpeTbero 

nopflflKOB [1, 4 , 8].

3. YcTaHOB^eHO, hto flByxTOHOBbie m CS-DSB-ncnbiTaHMfl MoryT npnMeHATbca fl/ia 

OUeHKM JIMHeMHOCTM npMCMHMKOB, ypOBHfl MHTepM0Ay f̂lL;M0HHblX MCKaweHMM (IMD), 

tohkm nepeceneHna TpeTbero nopaflKa (IP3) m AMHaMnnecKoro Anana30Ha [1, 4, 8].

4 . Pa3pa6oTaHHbie b cpe^e LabVIEW  MOfle^M o6ecneHMBaK)T reinepauMK) Heo6xoAMMbix 

curHanoB, MOAe^MpOBaHMe KBaflpaTMHHbix m KySnnecKnx He/imHeMHOCTeM, a TaK>Ke 

Bbino/iHehme cneKTpajibHoro ananma  Ha 0CH0Be 6bicTporo npeo6pa30Bai-mfl O yp be  

(FFT) [3, 5, 7].

5 . Ha 6a3e rmaTc|3opMbi SDR/USRP co3flaH 3KcnepMivieHTajibHbm CTeHA, n03B0JiflK)mnii 

b KOHTpo^npyeMbix yc/ioBMflx Mcc/ieAOBaTb otkjimk npneMonepeAaHDLueM cucTeMbi 

6 e c r m / i 0 T H 0 r 0  / i e T a T e / ib H o r o  a n n a p a T a  (BnflA) n p n  b o s a g m c t b m m  B H e u j H e r o  

M 0Aynnp0BaH H0r0 CMrHa/ia [5, 7, 9].

6. SKcnepmvieHTajibHbie pe3y/ibTaTbi noKa3biBaK)T, hto CMrHa/i, ccfDOpMMpOBaHHbm c 

nOMOLUbK) USRP , MO>KeT Bbl3blBaTb yCM/ieHMe L̂ eHTpa/lbHOM HaCTM CneKTpa, 

yBe/iMHei-me JioKa/ibi-ibix nuKOB, noBbiiuehme ypoBi-m LuyMOBoro c|30Ha m omwei-me 

3c(3c|3eKTMBHOM M36npaTejibi-iocTM npneMHMKa [4 , 7 , 9].

7. ycTaHOBJieHO, hto KBaApaTMHHoe npeo6pa30BaHne CS-DSB-CMrHa/ia 

npenMymecTBeHHO xapaKTepn3yeT B/iMfli-me He/inHeMHOCTeii BToporo nopflAKa, TorAa 

K a K  K y S n n e c K o e  n p e o 6 p a 3 0 B a i - m e  n p M B O A H T  k  b o 3 h m k h o b 6 h m k )  

MHTepMOAyJlflUHOHHblX COCTaBJlfl KDLL̂ MX TpeTbero nOpflAKa, n peACTaBJlfl KDLL̂ MX 

HaM6o^biuyK) onacHOCTb BC/ieACTBMe mx pacnojio>KeHMfl b6jim3m pa6oneM no/iocbi 

nacTOT [1, 2, 6, 8, 9].

8. llojiyHeHHbie pe3y/ibTaTbi MoryT 6biTb Mcn0/ib30Bai-ibi npn npoeKTMpoBaHMM 

Te/ieKOMMyHMKauMOHHbix npneMHMKOB, npeABapnTe^bHbix McnbiTahmax 

paAHOHaCTOTHblX TpaKTOB, nOBblLIieHMM n OMeXOy CTOM H M BOCT M KaHaJlOB CBA3M 

6ecnmioTHbix JieTaTe/ibHbix annapaTOB, a TaK>Ke npn opraHM3aunn yne6Hbix m 

HayHHO-Mcc/ieAOBaTe/ibCKMx /ia6opaTopHbix pa6oT [1-9].
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uutpfitpuqhr

Umbtiw|ununL|djnLti[| tii|]ipi|Lud t t|bl|inpntiwj|iti L  nLur|JinhLu6Lufuwl|wtiLuj|iti 

2npiutibp|i qduij|iti hwinl|nL|djni.titibp|i riLuruJtiLuutnpriLfajujtiQ' 6ti2ilw& L|pnq̂ nL[ 

bpl|l|nr|J hw6w|uwl|wtiwj[iti 2tJPLnnLL (CS-DSB) uiqr|.wti2Lutitibp|i L||npujniJLUiJp: 

<binwqninriL[3jwti lu p r|_|n Lul|LutinLf3jnLtiQ u|wjJwbiuL|npi|wd t <±lu JujtiujL|UjL||ng 

hbnwhiur|npiT.Lul|gwl|wtj hLudwl|Lupqbp|i Qtiq.nLtinq-hiurinpr|.nr\ inpiul|Lntibp|i 

q.SujjljnLfajLulj til|LULnJwJp Lufinq uiiuhiutjgtibpnil, 6pujq.pLuj|nti uiuhdiutji|nrL niur|.|inj|i 

(SDR) mbfubninqjiiutibpli [Lujti l||ipwi7dLuJp, fiti^Lqbu tiLuU wtjoiT.LU£m [an^nr\ uiuppbpfi 

(llfcHJ) 1|luu||i hiuJiul|wpq.bp|i qqiujnLtmLpjLuti, Qbinpnr|wl|wtjnL[ajwtj Ll 

|xiLutiq.ujpLur|.fnJujgL|nLtinLfajujti LuujLuhni[ilLuti wtihpLutfb2inriL|3jwJp:

ll2tuwinwtip|i tiLL|uiinuil|ti t  iJ2UJL|t‘L ^  i|inp6wpwpLul|Luti br[Lutiwl|ni| nLuriLJliLuu[ipb[ 

t|bl|inpntiLuj|iti 2rUdUJtibp|i q.&ujjti n Lfaj Luti qtiuihwinJuiti Jb|3nr|.wpwtinL|djnLtr 

h|iiItii|LU& C S -D SB  wqr|xuti2wtitibp|i, paipSp l|wpqh uu)bl|inpLU[ L[bpLnL&nLfajujti, 

LabVIEW  Spiuqpuijfiti J|i2 Lui|wjpnLJ fipLul|iutjwgLlw& Jnn.b[Lui[npJLulj Ll SDR/U SRP  

lu ll| lu p lu in luj |itj hiuppLul||i L| |n p lu n Jujti i[piu:

U^tuwiniubgnLiJ |ipLul|LuljLugL[bL t D SB  Ll C S -D SB  Luqr|.Luti2Lutjtibp|n mbuLul|Luli 

L[bp[nL6nLfajnLb, nLunLJbuju|ipL[bL bti n.piubg <5Liui|npJwti, r>bdnr|.nLjLug|iLuj|i Ll 

ULLjbl|inpLU[ l|Lunrugi|wdp|i LunwtiSbwhwml|nL|djnLtitibpQ: t[bl|uipntiLuj|nti 2rUaLÛJt‘Ph ni 
q&iuj|iti huJinl|nLi3jnLlilibpQ lil|LupLuqpi[b[ bli i|in|iiLutigiIwti ptiru[dLuqp|i fc)-bj|np|i 

2Luppni[ iIniniupl|ilLuti d^ngm ]; Srujg t uipL[b[, np Jnr).b[[i pwniul|nLuwj|iti U 

|xinpLutiLupr|.LUj|nlj iubr|.wJtibpQ htiLupLui|npnL[ajnLtj bb muj[|iu hLudLULL|LuinwufuwtjwpLup 

nLunLJbuju|ipb[ bpl|pnpr>. L  bppnpr|. l|Lupqfi q.&LujtinLpjnLtitibpq, fiti^u|bu tiLuli 

hLupdnb|il| Ll J|i2iJnr|.nLjLug|inli wr]iuL|iur|nLJlibpQ: 9-&iujbnL[ajwtj gLutiLul|Lul|Luti 

qliLuhLumJujlj liLL|LULnLul|nL[ r>|iLnLupL|L[b[ bb bpl|inntiLuj|itj Lfinp<5Lupl|Jwti dbfann.Q, 

d[i2 iJnri.nL[]Lug[inli wqwi|wr|nLJtibp[i (IMD) dwl|Lupr|.wl|[|, bpl|pnpr). li bppnprj. l|uipqbpfi 

hwimlwti L|binbpQ (IP2 li IP3), fiti£ii|bu IiluLl Qtir|.nLti|n̂ |n r|.fitiLuiI|il|wl|wti in(ipnLj[3Q: 

LabVIEW  &puiqpwjfiti iIfi2 Lui|LujpnLiI i ^ w lu M  kti C S -D SB  Luqr(.Luli2 Lulilibp[i 

qbtibpiugiluiti, n.puitig pLunuil|nLuwj|iti U |xinpLutiLupr|.LUjfnti ifin|iiLul|bpii|ilLuti, |iti£ii|bu 

liLuli LupLuq a>nLpjb|n 6Liui|in[iidLuti (FFT) h|iJwti l[plu uu|bl|inpiuj|iti L[bp|nL&nL|3jLuti 

SpiuqpLujfiti dnr>b|tjbp: Umbri&LlbL t PXIe-1082, PX Ie -8880  U U SRP -2954  

ULuppLUL[npnLJbbp|i hfiJiub i[pui l|wnmgi|LU& L|nnp5LupLupLuL|Luti uinbtir|., npp 

tiLufuwinbuL[w& t iupiniup|iti dnr|.nL[LugL[LuS LuqiTiut^Lutifi wqr|.bgru|3jLuti 

iLjuijilLutitibpruJ Ura-U L|lull|[i huiJwl|iupq|i Qtir|.nLtinrL-hwr|npr|.nrL inpwl|in|i 

hbinLuqnimluiti huiJiup:
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ct'npSwpwpwliwti hbinwqninnL|djrutitibp|i LupryrntipriLj huiuinuiim|bL t ,  np USRP 
haippail|[i i5(i2ngni[ 6Lwi|npi|wd uiqr|.uili2wli|i iuqr|.bgnLpjnLliQ hwliqbgliruJ t 

aii5u|LhLnnL|>Lujĥ  2t3rLni|ft|bpfi ilb&iugiluili, uu|bl|inpnLj inbriwj|ili wnuii|b|wqnLjlilibp|i 
wnw2wgJiuti, uiriiInLl|wjfili ^nli|i puipSpuigiluili U Qlir|.nLli| |̂i uipr|.jnLliuii|bin 

iTjitiiud|il|wl|wli in|ipmj|a|i uwhJiutiiui|iiul|diutj: Srujg t uipi|bb nn CS-DSB 

iuqr|.wtj2iuti|i piuiuul|ruuwj|itj L|nn|-ULuL|bpLL|Jujti iupiT.jni.tigmJ 6Liuilnpi|nLJ bti bpl|pnpr(. 

l|Lupq|i pair\Lur|.p|î libp, tibpwnjiUL hiuuiniuinruti piuriiuiT.p|^Q, L|pL)tiLul||n Ll 

l|ndp|itjwg|intj hiu6iu[uiul|wtjnL[ajnLtjtjbpp: hjnpLutiLupr|.LUj|nti i|infiiiul|bpii|Jwtj 

r).bu)pnLiJ ainai2UjlinLj bti bppnprj. l|uipqfi J|i2Llnr|.nLijLug|nnti piur|wr|.pf l̂ibp, npnlip 

inbqail|UJjiiLu6 bti iu2fuwiniulipuij|ili hui6iu|uuil|uiliuij|ili infipriLjptiti Jnin li aimuiib[ 

tixil|Luti iuqr|.bgnL[3jnLti bti nLtibtiriLj Qlir).nLli[i  ̂qqujjnLtinLfajLuti li Qbmpnriuil|wlinL|3jwli 

ilpuj:
U^fuwinwljgli q.fiiniul|wtj tinprujpp L|lujLutinllS t tibl|inpntjwj|itj 2rLPLÛJt*Ph 

q.&Lujti n Lfaj Luti hbinwqninJiutj hLuJuj[|ip Jb[aniT.iupiutinL[ajiuti ^2- nnD

dfiiuilnpruJ t inbuiul|iutj JniT.b|wilnpmJQ, &piuqpiuj|itj fipiul|iutjwgmJQ U. SDR 

hiuppiul||i i[piu fipiul|iutiwgi|iu& i|inp6wpiupiul|iuti ^wifirudtjbpp' CS-DSB 

oiqr).Luli2Ujlilibp[i l||ipwniIwJp: Uiniugijui& LupryriLtiptibptn qnpdliiul|uili 

li2wliiul|nL|3jnLliQ u^wjduiliuii|npi|wd t r|.pujtig l||ipwniluili hliuipiui|npnL|djuiiIp 

hbnwhwqnpr|.uil|gwl|wli Qlir|.nLlif l̂ibp|i liwfuiuqdiluili U i|inpSwpl|iIuili, 

nwr|finhw6w|iiuil|uiliuij|ili inpiul|inlibp|i qdaijlinLpjaili qliwhwinJiuli, UfcMJ l|uiuj|i 

hiudiul|iupqbp|i |xiLutiq.LupLur|.[n JLugl|nLtiriLfajLuti piupSpiugdiuti, |it îi|bu IiiuIl 

nlunlJtilul|Luti II q|iinwhbiniuqninwl|wtj |wpnpiuinnp hiudiu[fiptibp|i l|iuqiJiul|bpii|Jiuti 

q.np&pti|aiugtibprud:
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NAIRA YURIK GASPARYAN 

INVESTIGATION OF ELECTRONIC CIRCUIT NON-LINEARITY USING CS- 
DSB SIGNALS 

SUMMARY

The dissertation is devoted to the investigation of nonlinear properties of electronic 

and radio-frequency circuits using carrier-suppressed double-sideband signals, referred 

to as CS-DSB signals. The relevance of the research is determined by the increasingly 

stringent linearity requirements imposed on the transmitter and receiver paths of 

modern telecommunication systems, the widespread adoption of software-defined radio 

technologies, and the need to ensure the sensitivity, selectivity, and interference 

immunity of unmanned aerial vehicle communication links.

The aim of the dissertation is to develop and experimentally investigate a methodology 

for evaluating electronic-circuit nonlinearities using CS-DSB signals, higher-order 

spectral analysis, LabVIEW-based simulation, and an SDR/USRP experimental platform.

A theoretical analysis of DSB and CS-DSB signals has been carried out, including 

their generation, demodulation, spectral structure, and bandwidth characteristics. The 

nonlinear behavior of electronic circuits is described by approximating their transfer 

characteristics using a Taylor-series expansion. It is demonstrated that the quadratic and 

cubic terms of the model can be used to investigate second- and third-order 

nonlinearities, harmonic components, and intermodulation products. Two-tone testing, 

intermodulation distortion levels, second- and third-order intercept points, IP2 and IP3, 

and receiver dynamic-range parameters are considered for the quantitative 

characterization of circuit linearity.

LabVIEW-based software models have been developed for CS-DSB signal generation, 

quadratic and cubic nonlinear transformation, and FFT-based spectral analysis. An 

experimental test bench incorporating PXIe-1082, PXIe-8880, and USRP-2954 

equipment has been implemented to investigate the effect of an externally generated 

modulated signal on the transceiver path of a UAV communication system.

The experimental results demonstrate that a USRP-generated signal can increase 

amplitude deviations, produce local spectral peaks, raise the noise-floor level, and restrict 

the effective dynamic range of the receiver. The quadratic transformation of a CS-DSB 

signal generates second-order components, including a DC component, doubled- 

frequency components, and combination-frequency products. The cubic transformation
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produces third-order intermodulation components located close to the operating 

frequency band. These components are difficult to suppress using conventional receiver 

filters and have the most significant effect on receiver sensitivity and selectivity.

The scientific novelty of the dissertation lies in the development of an integrated 

methodology for investigating electronic-circuit nonlinearities that combines theoretical 

modeling, software implementation, and experimental SDR measurements using CS-DSB 

signals. The practical significance of the results is related to their application in the design 

and testing of telecommunication receivers, preliminary evaluation of radio-frequency 

path linearity, improvement of UAV communication-link interference immunity, and 

development of educational and research laboratory systems.
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