
OT3LIB BEIJ:YmEH: OPr AHH3AU:HH 
AKUHOuepuoe o6mecTso «Kouuepu «CoJBeJ)J.He» 

Ha .i::i;i1ccepTau,110HHYJO pa6oTy J1epHepa l1no11 M.Hxal1nom11-rn 

«Mo,II,en11 11 MeTO,II,bI ITOBbIIIIeHIDI ITPOITYCKHOH cnoco6HOCTI1 pa,II,110Texm:rqe

CKHX Cl1CTeM ITepe,II,aq11 11HcpopMaU,1111 B qacTOTHO-ceneKTl1BHbIX KaHanax CB5I311 

c Me)l(Cl1MBOJibHbIMI1 l1CKa)l(eHl15IMI1», npe,II,CTaBneHHYJO Ha COI1CKaH11e yqeHOH 

cTeITeH11 ,II,OKTopa TexHwrecKHX HayK ITO cneu,HaJibHOCT5IM 2.2.13. Pa,II,110Tex

Hl1Ka, B TOM L£11cne c11cTeMhI 11 ycTpoi1cTBa TeneB11,II,eH115I, 2.2.15. C11cTeMbI, 

ceTl1 l1 ycTpOHCTBa TeJieKOMMYHHKaIJ,HH 

1. AKTyaJihHOCTh TeMhl HCCJie)J.osamu1 

Ilpo6neMa ITOBbIWeHI151 y ,II,eJibHOH ITPOITYCKHOH cnoco6HOCTl1 B ycJIOBl151X 

B03,II,eHCTBI15I ,II,eCTa6HJII13l1PYJOill,11X cpaKTOpOB B HaCT05IllJ,ee BpeM51 51BJ15IeTC51 

O)J,HOM 113 u,eHTpaJibHbIX ITpo6neM COBpe.MeHHbIX U,HcppOBbIX CHCTeM CB513l1. 

Oco6eHHO ocTpo 3TO ITp051BJI5IeTC5I B Knacce CHCTeM, pa6oTaJOill,l1X B 

cpe;:i:HeIIIHpOTHbIX l10HOCcpepHbIX qacTOTHO-CeJieKTHBHbIX KaHanax CB5l3l1 

(qCKC), B KOTOpbIX OCHOBHYJO ;:i:ecTa6HJII13HpyIOill,yJO pOJib 11rpaIOT Me)l(CJ1M

BOJibHbie l1CKa)l(eHJ151 (MCI1) 11 KBa3.H6eJibIH IIIyM. K ccpepe HX npttMeHeHJ·Ul OT

HOCI1TC51 pe3epBHa51 CB513b, KOTopa51 AOJI)l(Ha o6ecne1Il1Tb nepe,II,aqy HHcpopMa

IJ,l1l1 B ycnOBI15IX TeXHoreHHbIX KaTacTpocp, . B TOM qHCJie Ha 60JibIIIl1e paCCT051-

HH51; cny:>Ke6Ha51 CB5!3b pa3JIHqHoro HaJHaqeHH51 (MopcKa51 H Ha3eMHa51 pa,II,110-

CB513h, CB5!3b B ycJIOBI151:X 6oeBbIX ,II,ettCTBl1H l1 T.,II,). 

B 3TOM CB513l1 oco6oe BHHMaHH51 Tpe6yeT peIIIeH11e HayqHOH ITpo6neMbl 

nOBbIIIIeHirn 3cpcpeKT11BHOCTl1 pa60Tbl pa,II,HOTeXHlllfeCKHX CHCTeM c nocnenoBa

TeJJbHOH nepe,II,a1Iei1 11HcpopMaIJ,Hl1, B KOTOpbIX ITp11MeH51JOTC51 MHOrOIT0311IJ,110H

HbIMH cpa30MaHI·myn 11poBaHHbIMl1 l1 aMITJil1TY,II,HO-cpa30MaHm1yn11poBaHHble 

c11rHaJihI (,II,anee - cpa30Bbie PCill1 I1Ill1), KOTOpo1e o6na,II,aJOT 6onoIIIel1 cneK

TpanoHoil 3cpcpeKT11BHOCTbJO ITO cpaBHeHl1JO c Cl1CTeMaMH, 11CITOJlb3YJOlll,11e op

TOroHaJibHOe qacTOTHOe pa3,II,eJieHtte KaHaJIOB. ' y Ka3aHHbie o6cT051TeJibCTBa 

TI03BOJI5IJOT KOHCTaT11poBaTb aKTyaJihHOCTb BbI6paH.HOH TeMbI ,II,llCCepTaU,110H

HOH pa6oThI 11.M. JiepHepa 11 peIIIaeMoi1 B Hett Hay1IHOH npo6neMhI. 
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2. Hosu31-ia 11ccJleJJ.OBa1-1usi u noJJy--teHHhlX pe3yJ11>TaToB, BhlBOJJ.OB u 

pel~OMCHJJ.au.uii, c<I>opMy.TlupoBaHHhlX B JJ.UCCepTaU,UU 

Hoeu:JHa uccneiJoeaHU5l ,ll;IfccepTal(HOHHOH pa6oThI 3aKmoqaeTC51 B TOM, 

qTo COI1CKaTeJieM rrpe)J.Jio:>KeH HOBbIH TIO.LI.XO.LI. K perneHmo YKa3aHHOH Hay\rno.H. 

npo611eMbI .LJ.1151 KJiacca cpa30BbIX PCITI1 IIITI1, ocpopMJieHHhlH B BHJJ:e HOBOH 

HayqHOH TeopHI1 - Teopm-1 pa3pewaFOmero BpeMeHH (TPB), npHMeHIHeJibHO K 

yKaJaHHOMY KJiaccy pa.LI.11oc11cTeM. OT11Hq1neJib HbIMH oco6eHHOCT5IMH rrpe.LI.

JimKeHHoro aBTOpOM TIO)J.XO)J.a, B OTJIW-:Il1e OT cyrn:ecTBYlOW} fX MeTO)J.OB o6pa-

6oTKI1 CiffHaJIOB, 51.BJI5IeTC51 TO, qTo aBTOpOM pa3pa6oTaHbl HOBhie, a)J.eKBaTI-Ibie 

cp113HqecKHM ycnoBH5IM, MaTeMaT11qecK11e MO.LJ.eJIH .LJ.JI51 YKa3aHHoro Krracca cvr

cTeM, cpymni:vroHHpy10m11e B qcKC npH Ham1q11H MCI1, HOBhie MeTO.LJ.bl H 

a)J.arlTHBHbie anropI1TMbI BbI6opa OIITHMaJibHOH )J.JIHTeJibHOCTH CHMBOJia , KOTO

pbie, B TOM ql{CJie, 06ecne1-mBalOT Tpe6yeMbIH MHHHMaJibHblH ypoBeHb rrpl1Hl1-

MaeMoro ClffHaJia Ha OCHOBaHI1H aHam13a Kqx KaHaJia c y qeTOM )J.eHCT BIUI )J.e

CTa6mrn311py10mnx cpaKTOpOB, OlIIH60K H3MepeHHH, B T.lJ. o6ycJIOBJieHHblX 3.LI.

.LJ.HTHBHbIM qrnyKTyal(HOHHhIM KBa3H6enhIM lllYMOM 11 HMelOT HH3KYIO BbJql'.JCJIH

TeJihHYIO cno:>KHOCTh. Bee :no, B coB0KyrrHocT11, 06ecneq1rnaeT 3a)J.aHHYIO Be

po5ITHOCTb KoppeKTHOrO rrpHeMa K3)1<JJ:Of0 KaHaJibHOro CHM BOJia H l103BOJI5IeT 

H36e)l(aTb Tex rrpo6neM, KOTOp.bie CBOHCTBeHH.bI cymecTBYlOIIJ:HM MeTO.LI.aM o6-

pa60TKH CMTHaJIOB. B qacnIOCTH, KOr)J.a CKOpOCT h rrepe)J.aYH BbI6HpaeTC5I He 

a)J.aIITHBHO K CBOHCTBaM qcKC Ha6JIIO.LI.aeTC51 IIOTep5I pa3J1HqHMOCTH OT.LI.eJlb

HbJX COCTaBJI51lOIIJ:I1X Ha LJaCTOTax 3aHI1MaeMOH IIOJIOCbl ClffHana, rrpHBO.LI.51.IIJ:351 K 

HeB03Mo:>I<HOCTI1 BOCCTaHOBJieHH51 Ha rrp11eMHOH CTOpOHe orrpe)J.eJieHHbIX rrap 

KOM6Jrna1.(11H KaHaJihHhIX CHMBOJIOB 3To qacTHqHo KOMITeHCI1pyeTC51 ITOMex o

ycTOHqHBhIM KO.LI.HpOBaI-rneM, HO CHH)l(aeT rrporrycKHYIO crroco6HOCTb M ysemi

i.;nrnaeT Tpe6oBamrn K BbP·:il1CJilfTeJibHhlM pecypcaM CMCTeMhl B 1.(eJIOM. 

K Hau6oJZee 3Ha'-lUMblM Hay1mbzM pe3ynbmamaM, rro11yqeHHbIM B .LJ.HCcep

Tal(HOHHOM pa6oTe aBTOpOM, HMeIOW:HX Ba)l(HOe 3HaqeHI1e .LI.JI51 pa3BI1TH51 co

speMeHHOi1. Teopmi CB513I1 5IBJI51lOTC5I: 

l. Pa3BHTHe MeTOJJ:a MeJJ:neHHO MeH5l1-om11xc5I aMnJIHTY .LJ. (MMA) C .11. 

EBT51HOBa .LJ:J151 aHaJIH3a rrepexo.LI.ttoro rrpol(ecca B cpa30BhIX PCITI1 I1lllI, pa6o

TaIOll(HX B qcKC rrpM HaJIMqlflf MCI1. Enaro.LI.ap51 ::>ToMy 6brn BhrnsneH p51.LJ: HO

BhIX cpH311qecKHX CBOHCTB l1 51BJieHHH, KOTOpbie CTaJIH 6a30BhlMH )J.J151 C03)J.aH

HOH aBTopoM Teop1m pa3pewa1omero BpeMeHH .LJ:JI51 cpa30BhIX PCITI1 IIl1I1, no

cTpoeI-IHoi1 Ha 6a3e Teopw.11 pa3pewatoll(ero BpeMeHH .LJ.JI51 m-icpopMal(HOHHO l13-

Mep11TeJibHhIX CMCTeM, pa60T3IOIIJ:l1X B OCHOBHOM nonoce. K HHM OTHOC5ITC5I: 1) 

HaH60JibWee BpeM51 ycTaHOBJJeHH51 MrHoBeHHOH cpa3hl .LI.OCTMraeTC51 npH 3Haqe-
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Hl15IX cpa3oBoro cKaqKa, 6mBKHX K ±n/2, a cTerreHb 6mnocn1 orrpe)J,eJrneTC5I 3a

)J,aBaeMoJ:i OIIIH6Koi1 ycTaHOBJleHH5I; 2) )J,Jl51 ysemrqeHH51 CKOpOCUi rrepe)J,aqH B 

q cKC MO)KHO HCI10Jlb30BaTb MOMeHTbl BpeMeH11 )J,0CTinKeHH51 11mpopMaTJ1BHbI

Ml1 rrapaMeTpaMH CTaU,HOHapHbIX 3HaqeHHH )J,O OKOHqamrn rrpou,ecca ycTaHOB

neHH51, rrpH HaJII1l.{11J1 3aTyxaI-OIIJ,11X KOJie6aHHH. Enaro)J,ap51 3TOMY Bbl5IBJieH HO

BbIH pe)KHM pa6oThI cpa30BhIX PCIIl1 ITIIl1 - pe)l(HM «OKOH rrpo3paqHoCTH», 

II03BOJJHBIIIMH yBeJIHqlfTh y)J,em>Hy1-0 rrporrycKHYI-O crroco6HocTb PCIIl1 )J,Jrn p51-

)J,a CJIO)KHblX qcKC, B cpe)J,HeM B 1,2 ... 1,9 pa3a. 

2. Co3)J,aHHe Teop1u1 pa3pewat0lll,ero BpeMeHH )J,JI51 KJiacca cpa30BhIX 

PCIIl1 ITTII1. Ee cocTaBJI5II-OIIJ,11M11 5IBJI5UOTC51: HOBhie MaTeMaT11qecK11e MO)J,en11, 

a)J,eKBaTJ-Ibie cpe)J,HeWHpOTHhIM )J,eKaMeTpOBbIM COCTaBHbIM KaHarraM CB513H; HO

BbIH IIO)J,XO)J, K ou,eHKe rrponycKHOH crroco6HOCTl1, 11Cl10Jib3YIOlll,11H HOBblH CH

CTeMHbJM rrapaMeTp - «pa3pelllaI-OIIJ,ee BpeM5I»; HOBbIM HeCTaTMCTMqecKHM Me

TO)J, ou,eHKI1 3cpcpeKTHBHOH rraM5ITl1 Kattana; HOBbie MeTO)J,bl ou,eHKl1 rrponyCKHOH 

crroco6HOCTl1 TaKHX KaHaJIOB c Hl13KOH BbP-IHCJIHTeJibHOH CJIO)l(HOCTbI-0, KOTO

pbie He 3aBHC5IT OT KpaTHOCTH MO)J,ymru,1111 11Jil1 11MeI-OT IIOCT05lHHYI-O BblY.HCJIH

TeJ!bHYIO CJIO)J<HOCTb; peam13y1-01IJ,.11e HX anropHTMbI H HX nporpaMMHbie peaJIH-

3au,m1, 06ecrreq11Ba1-0IIJ,11e rronyqeHHe pe3ynnTaT11BHbIX ou,eHoK B peaJibHOM 

MaCIIITa6e speMeH11. Enaro)J,ap51 pa3pa6oTaHHoil TeopH.11 rrpe)J,JIO)l(eHo rrpwHu,11-

rrwarrbHO HOBoe TeXHH"t.JecKoe peIIIeHHe, peamny1-01IJ,ee a)J,aITTI1BHOe yrrpaBnem1e 

pe)J<11MaMI1 pa6oThI cpa3oBoJ:i PCITI1 IlIIB, c yqeToM HOBhIX MeTO)J,OB ou,eHK11 

IIOMexoycTOH'-IHBOCTH, KOTOpbie yq11TbIBaIOT OCHOBHbie )J,eCTa611n11311py101IJ,He 

cpaKTOpbl )J,JI51 T3KI1X CMCTeM 11 KaHaJJOB: .n.onnepoBCKOe pacIII11pe1-rne cneKTpa, 

paccTpoi1Ky no qacToTe, 1-ie11.1J,eanhHOCT11 aHanorosoro u.ttcppoBbIX rrpeo6pa3o

BaTendi 11 OIIII16KH H3MepeHHH, ToqHOCTb BOCCTaHOBJleHH51 HeCylll,eM. 

B paMKax co3)J,aHHOi1 Teop1111 Heo6xo)J,HMO OT)J,eJibHO OTMeTHTh p5I)J, Ba)K

HhIX HOBbIX pe3yJibTOB: a) rronyqeHO rrpaBHJIO BbI6opa 3HaqeI-II151 HaqaJihHOH cpa-

3bl CHrHaJihHOro C03Be3)J,H51 )l,JI5[ o6ecneqeHI15l Ha1160JiblIIeH IlOMexoycTOHl.JI1BO

CTJ1 np11eMa KaHaJihHbIX CHMBOJIOB 11 OTCYTCTBHe HeCOKpaTHMOH OIIII16K11 Ha 

CHMBOJI, BbI3BaHHoif MCI1; 6) rronyqeHa ou.ettKa rrporryCKI-IOH crroco6ttocT11 B 

33MKHYTOH cpopMe )l.JI51 1.JCKC c KlIX pe30HaHCHOI'O cpI1DhTpa npH HCIIODh30Ba

HHH <l>MH-O-Cl1THaJia; B) TIOKa3aHa B03MO)KHOCTb )J,OCTmKeHJ15l 3HaqeHHM 110-

TeHU,HaJihHOH y)J,eJibHOH nporrycKHOH cnoco6HOCTI1 B 96Jn/ ru.*c np11 l1CIIOJib-

30BaHHH <l>MH-4-cttn-rnna B qcKC c Kqx pe3ottaHcHoro cpttn1Tpa 

Ba)KHO OTMeTHTb, l-ffO B pa6oTe C03)J,3Hhl HOBbie HH)KeHepHbie MeTO)J,bI 

aHamna 3 cpcpeKTHBHOCTl1 cpa30BhIX PCITI1 ITTII1, 06ecrre'-IHBa1-01IJ,11e: a) aHaJIH3 

ocHOBH11x cBoi1cTB, CB5l3aHHhix c BJIH5II-rneM cpopMhI A qx Ha csoi1cTBa «oKoH 
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rrpo3paqHOCT.I1», ycJIOBHH HX IT05IBJiemur; 6) BJI.I15IHHe 011m60K .I13MepeH.I1ll Ha 

CTafornhHOCTh «OKOH rrpo3patrnocnrn VI H3MeHeH.I1.I1 11X CBOHCTB; B) OITpe)J.eJie

HHe )1.0CTH)KHMhIX 3Haqe1-111H: ITO y)J.eJihHOH ITPOITYCKHOH CITOC06HOCTl1 c 11CITOJih-

30BaHHeM «OKOH rrpo3paqHOCTH» H B03MO)KHOCTb HX ITPHMeHeHI15I )1.1151 ITOBbl

rneHH5I rrporryCKHOH cnoco6HOCTJ1 c yt:IeTOM KOHqmrypau,Hi1 CHrHaJibHbIX co-

3Be3)1.11H <l>MH-n- II A<l>MH-N-cMrttana. 

Pa3pa6oTaHhI: o6o6ru:eHHa5I cTpyKTyptta5I M cPYHKU.HOHaJibHa5I cxeMa 

c}_Ja3oso:if PCITH I1IlI1 c a.r:i;aITTHBHbIM yrrpasneHHeM pe)1rnMaM11 pa6oTbI, pea

rr113y10w:a5I rrp11ttu:11rrb1 TPB )1.JUI ITapu,HalibHoro 3KI'u: 110Hoctj_)epttoro .r:i;eKaMeT

posoro qcKC Ha 6a3e oTeqecTBeHHoli rrrraTtj_JopMbI Ha 6a3e I(IlY «311b6pyc» 

B paMKax ee rrp11MeHeHI15I )1.1151 cpe.ll,HeurnpOTHblX .ll,eKaMeTpOBbIX HOHOctj_Jep

HbIX KaHaJJOB c nep110)1.0M KBa3HCTa1u10HapHOCTl1 OT 300MC l1 6orree. 

C noMOW:bIO l.l11c11e1-rnoro 3KcnepHMeHTa .ll.OKa3aH BbrnrphIW no npo

rrycKHOM crroco6ttocTM 6011ee qeM Ha 25%, a rro noMexoycTonqHsocTH - He 

MeHee qeM Ha 5,93.r:i;.5 ITPl1 Bep05ITHOCTl1 orn116K11 Ha 6I1T, paBHOH 10-3 ITPHMe

HHTeJihHO K c}_Ja3oBoi1: PCITH IIllli, no OTHOIIIeHm-o K pe3yrroTaTaM, )1.0CTHrae

MbIMH B cTaH.ll,apTe STANAG 4539, ITPH HCIT011b30Batt1111 <l>MH-4-cH:rHarra npH 

Ha11xy.r:i;rn11x ycrromrnx, a MMeHHO )1.JI51 qcKC c 3a.ll,ep)KKOH B 185MKC Me:>.1<.r:i;y 

11yqaMl1 0)1.HHaKOBOH MOW:HOCTH 11 .ll,Orr11epOBCKJ1M pacrn11pett11eM 0,5ru.. I10-

nyi:1eHbl HOBhJe peweHH.51 ITO aHa11orosoro-u,11tj_)posoli o6pa6oTKe cHrHanon. 

3. 06ocuoBaHHOCTb " )J,OCTOBCpHOCTb uayqubIX UOJlOmeuuii " BbIBO)J.OB 

06ocHOBaHHOCTb 11 )1.0CTOBepHOCTb TeopeT11qecKHX rrorrmI<eHHH, BbIB0)1.0B 11 3a

KJIJOqeH.I15I He Bbl3bJBaeT COMHeHl1H l1 TI0)1.TBep)K)1.aeTC51, TeM, qTo OHM conpo

BO:>.K)1.aIOTC51 KOppeKTHbIM MaTeMaTHY.eCKHM o6ocHOBaHJ1eM, a TaK>Ke pe3yJihTa

TaMH BbJqJ1CJJ.I1TeJibHOfO 3KCrrepHMeHTa, KOTOpbie He npOTHBopeqaT BbIBO)J,aM 

oTeqecTBeHHbIX H 3apy6e)KHhIX y 1·:IeHhIX, orry6JmKoBaHHhIX B Be.ll.yru:11x HayqHo

TexH11 Yec1rnx )Kypi::IaJiax 11 MOHorpacpm1x, a TaK)l(e w11poK11M 06cy)l(.ZJ.eH11eM pe-

3y11.1>TaTOB )J,.I1CCepTaU,Hl1 Ha Me)l()1.yHapO.ZJ.HbIX 11 pocCHHCKl1X KOHtj_}epeHU,1151X. 

4. 3uaqHMOCTb )1.JlSI liaYKH " npaKTHKH pe3yJlhTaTOB, 

noJJyqeHHblX aBTOpOM .LJ.HCCCpTaQHH 

Teopen1qecKa5l 3Hattl1MOCTh pa6oTI>I 3aKmoqaeTc51: 1) B pa3BHT1111 MeTo.r:i;a 

MMA 11 Bhrns11eH1111 HOBbIX csoifcTB H HBJieH11i1, 11cnonh30Bam1e KOTOpo1x 

rro3BOJIHeT noBbICHTh nponycKHYIO cnoco6HocTh tj_}a30BbIX PCIIB IIlil1 B 

l-ICKC np11 MCH; 2) s co3.z:i;aH1111 )1.JJ51 PCIIl1 I1IIl1 HOBOH Teop1111 o6pa6oTKH 

CHrHaJIOB Ha 6a3e ou,eHOK nporrycKHOH cnoco6HOCTH qcKC .I1 a.ll,aTIT.I1BHOro 

yrrpasneHl15f pa6oToi1 PCilM IIllli - Teopm1 pa3perna10w:ero speMem1, B paM

Kax KOTOpOH pa3pa6oTaHhl HOBbie MaTeMan1ttecK11e MO)J,e1111 qcKC, MeT0)1.bl 11 



5 

a11rop11TMhI ou;eHoK rrporrycKI-IOH crroco61-1ocT11 11 rroMexoycTOHlil1BOCTl1 PCIIl1 

rrpI1 HaJil1lil1H ,.a:ecTa6mIH3I1py10w:11x cpaKTOpOB. 

ITpaKTwqecKaH u.eHHOCTb pa6oTbI 3aKJIJOY.aeTC51 B co3,z:i:attl1l1 HOBbIX BbICO

KocKopocTHbIX anropHTMOB peanbI-Ioro BpeMeHH ,.a:mr orrpe,.a:eneHH51 pa3perna-

10w:ero BpeMeHH, rrporryCKHOH crroco6HOCTI1 l1 3cpcpeKTHBHOH naM51TH (HeCTa

TI1CTI1qecKI1H arrropHTM); B pa3pa6oTKe cpyHKU:HOHaJlbHOH cxeMbI cpa30BOH 

PCIIl1 I1IIl1 .lI.J151 y3Korrorrocttoro ,.a:eKaMeTpoBoro HOJ-IOccj:>epttoro Kattana, a 

TaK)f(e aJif0pI1TMOB 11 BpeMeHHbIX ,.a:11arpaMM ee cj:>yHKU:HOHI1pOBaHI15I; peKO

MeH,.a:au:i.fi;{ ,.a:rr51 npaKTHY.ecKoli peantt3au:i111 rro,.a:cncTeM PCIIB; a TaK)f(e rraKeTa 

rrpHKJla.lI.HbIX nporpaMM ,.a:mr TIOJIHOlleHHOro Mo,.a:errnpoBaHirn OCHOBHbIX xa

paKTepHCTHK, HOBbIX crroco6os 11 ycTpoiicTB a1-1arroro-l!Hcpp0Boro npeo6pa3o

BaHH51 ,.a:rr51 YKa3aHttoro Krracca PCIIl1 ITITI1. 
ITepeY.11c11eHHb1e Bbillle cocTaBJI51JOW:He HBmnoTc" ocHoBoli .ll.J15l co3..a:att115l 

HOBoro KJiacca c11cTeM rrepe,.a:aY.11 11ttcpopMau.1111 B 1101-1occ:J:>epHbIX ,.a:eKaMeTpo

BbIX KaHanax CB513I1. 

ITorryY.eHHbie B ,.a:11ccepTaU:HOHHoi1 pa6oTe pe3y11bTaTbI Btte,.a:peHbI B AO 

«HfIO «Pa,.a:1103rreKTpott11Ka» HM. B.H. ll111MKO» rrp11 rrpoBe,.a:eHHH HHHL(Jrn

THBHbIX IIBP 11 HI13P, BbIIlOJIH51eMbIX rrpe,.a:rrp11HT11eM B u:errHx pa3pa60TK11 

HOBbIX MeTo,.a:oB H TeXHHY.eCKHX cpe,.a:cTB crreu.11anbHoro Ha3Haqemur; B AO 

«Ka3attcKoe rrp116opocTpo11TenbHOe KOHCTPYKTopcKoe 610po» nptt cpopMHpo

samm ttayqtto-TexH11Liec1<0ro 3a..a:ena ( B cpopMe 11HHU.HaTHBHbIX pa6oT 11 anpo-

6au.m1) .lI.1151 nocne,.a:y1ow:ero npoBe,.a:eHHH HHP H OKP, B qacTHOCTH rrpvt pa3-

pa6oTKe TerreMeTp11qeCKI1X CHCTeM HOBOro ITOKOJieHl15l l1 o6ecrrelleHl15l B03-

MO)KHOCTI1 11x c]?yttKU:HOHHpoBa1-urn B Y3KorrorrocttbIX qacTOTHo-cerreKTHBHbIX 

KaHanax B l1HTepecax aBHal{HOHHOH rrpOMbllllJieHHOCTH H 0Tpacrrei1: TOI1JIHBH0-

3Hepren1qecKoro KOMTIJieKca; B Ka3aHCKOM Hau.110HaJlbHOM HCCJie.D;OBaTeJib

CKOM TeXHHl.leCKOM ymrnepc11TeTe 11M. A.H. TyrroneBa - KAH rrp11 npoBe.n;e

HHH pa6oT rro ,.a:oroBopy 06-114-u:-f 2018 AH PToT 31.10.2018 c a1<a.n;eM11eH: 

tiayK Pecrry6n111<11 TaTapcTaH no TeMe «A..a:arrTHBHbIH anrop11TM o6pa6oTKI1 

CHrHaJIOB fl0.lI.Bl1)f(HOH CB5l3l1 B CJIQ)l<HbIX c:J:>nyKTywpy1ow:11x HerayccOBCKI1X 

rroMexax», B paMKax BhmontteHM51 rpaHTa P<D<DH 18-37 00440 no TeMe «Teo

peTwqecK11e acneKTbI TIOBbillleHH51 nponyCKHOH cnoco6HOCTl1 cpa30BbIX pa.n;110-

TeXH11qeCKI1X CMCTeM rrepe.n;aq11 HHcpopMau.1111, pa60Ta10w:11x rrpw C.HJibHblX 

Me)f(CMMBOJlbHblX l1CKa)f(eHI15IX B m-rnettHblX l136HpaTeJibHbIX CHCTeMax pa,.a:HO

TpaKTa, B paMKax BhmonHett115l roe. 3a.n;att115l N28.5635.2017/J3q «HccJie.LI.oBa-

1-me rrp11HU.I1IIOB B3al1MO.D;eHCTBI15l cnel{HaJibHblX nporpaMMHO-onpe,.a:eJIHeMblX 

KOMilJieKCOB, pa6oTaIOII(l1X B I1HcpopMal(l10HHOM none»; B o6pa30BaTeJibHbIH 
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rrpou;ecc rrp11 IlO,ll.f'OTOBKe 111-DI<eHepoB no HarrpaBJieHMIO no,nrOTOBKYI 25 .05 .03 

«TexmfqecKa51 3KcnnyaTaL(l151 Tpa1-1crropTHoro pa,n1103JieKTpo1-rnoro o6opy,no

Bamrn» B Ka:mHcKoM Hau;110HaJibHOM 11cc1ie,nosaTeJibCKOM TeXHWieCKOM yH11-

sepc11TeTe YIM. A.H. Tyrronesa - KAH. 

5. PeKoMeHAaQnn no ncnoJJh30BaHmo pe3yJJ1>TaToB 

" BhIBOAOB AUCCepTaQUU 

C"IJ1naeM tteo6xo,n11MbIM peKoMeH):i:osaTb 11crroJib30BaTb pa3pa60TaHHb1e B 

.n11ccepTau;1111 Teopmo pa3pewa10mero speMeH11 .nmr cpa30BbIX PCilli ITI1H, 

KOTOpa51 BKJIIO"IJaeT HOBbie MaTeMaTHLfeCKHe MO,I(eJIH I1 MeTO,I(bI ou;eHKl1 rrpo

rrycKHOH cnoco6HocT11, pa3pewaiomero speMeH11 11 rroMexoycToiiq11socT11 

PCilli IIlil1 11 p ean113y1om11e 11x anrop11TMh1 ,I(JI51 Y3KorronocHoro ,neKaMeTpo

Boro l10HOCcpepttoro qaCTOTHO-CeJieKTl1BHOrO KaHaJia, peKOMeH,I(al.1;1111 ITO ee 

pean113au;1111, a TaK)l(e op11T11HaJibHoe rrporpaMMHOe o6ecrreqem.:re, pean113y10-

r.u;11e B T.T.f. MH)l(eHepHbie MeTO,I(hl aHaJIM3a YKa3aHHoro KJiacca CMCTeM B Teo

p1111 H rrpaKTl1Ke C03,I(aHl151 COBpeMeHHhIX CHCTeM 11 ycTpOHCTB CJIY)Ke6Horo 

Ha3HaqeHH5l, pa60TaIOI.l.l;HX B 110HOCcpepHhIX KaHaJiax CB513H. 

Pe3yJibTaTbI 11 BbIBO.I(bT .n11ccepTau;1111 MoryT 6bITb 111crroJih30BaHbl B Hayq

Ho-11ccJie,I(oBaTeJihCKl1X opraHH3au;m1x 11 rrpe.nrrpl151Tl151X, ocyw:ecTBJI51IOiu;HX 

pa3pa6oTKY 11 C03,I(aH11e HOBbIX ycTpOHCTB o6pa6oTKl1 pa,n110ClffHaJIOB B ycno

Bl151X CHJibHbIX Me)l(CHMBOJibHbIX 11cKa)l(eH111H., B qacTHOCTH, B AO «Caparrynh

CKHH pa,n1103aBO,I(» (r. Caparryn), AO «KoHu;epH «Co3Be3,n11e» (r.BopoHe)K), 

AO «I-Il10 «Pa,n11o::>neKTpoH11Ka» HM. B.H. 1ll11MKO» (r.Ka3aHb), 000 
«Harrno rrpo113BO.I(CTBeHHoe rrpe,nrrp115IT11e «Ilp111Ma» (r.H.HoBropo,n), AO 

«Pa,n110TexH11"IJecK11i1 11HCTHTYT 11MeH11 aKa.I(eM11Ka A.JI. M11Hu;a» (r. MocKBa), 

AO «CaMapcKoe 11HHOBaQHOHHoe rrpe.nrrpM5IT11e pa.n11oc11cTeM» (r. CaMapa). 

6. 061.QaH OQCHI~a AHCcepTaQHOHHOH pa60Thl 

,[(11ccepTal.l;H5I COCTOHT M3 BBe,neHl151, Il5ITM rnaB, 3aKJIJOLieHH51, CIUICKa 

l1CI10Jlb30BaHHbIX JiICTQqHl1KOB, CI1l1CKa COKpameHYIH JiI ycnoBHbIX o603Haqe

HHH 111 llleCTH npMJIO)l<e1-mi1:. Pa6oTa l13JimKeHa Ha 665 cTpa1-mu;ax, co.zi:ep)KHT 

236 p11cyHKOB 11 24 Ta6m.:ru;. Crr11coK 11crroJTh30BaHHMX HCTOLJHHKOB BKmoqaeT 

424 rryHKTa. 

Co,nep)l(att11e 11 cTpyKTypa .n11ccepTau;1111 Haxo,n51TC5l B nonrqecKOM 

e,I(l1HCTBe H. COOTBeTCTBYIOT IIOCTaBJieHHOH u;en11 HCCJie,I(OBaHl15l, qTo IlO,I(

TBep)K,I(aeT HaJI11qtte nocne,noBaTen1Horo cTpyI<TypttposaHHoro rmaHa 11ccne

.zi:osamrn. 

,[(11ccepTau;m1 51BJI51eTC5l 3aBepllleHHbIM 1-rnyqHbIM llCCJie,I(OBaHHeM, 

HarrpaBJieHHbIM Ha pellle1-n1e TIOCTaBneHHOH Hay 1mo-meXHUtteCKOU npo6JZeMbl -
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TeopeniqecKoe 060CHOBam1e H p a3p a6oTKa HOBbIX MO)l.ene:H H MeTO)l.OB o6pa-

60TKH <l>MH-n- H A<I>MH-N- cHrHanoB Ha 6a3e a)l.anTHBHoro ynpaBneHH5l pe

)KHMaMH pa6oThI PCIIB ITIIB, cpyttKU:HOH11pyIOLUHX B qcKC rrp11 MCH, c lle

JihIO IlOBbI WeHH51 HX rrporrycKHOH cnoco6HOCTl1. 

Bhl)l.BHraeMhie COHCKaTeJieM OCHOBHbie TIOJIO)I<eHirn, BbIHOCHMbie Ha 

3a1QHTy, a TaK)l<e ctj:>opM11poBaHHbJe B )J,HCCepTalll111 BblBO)J,bI I1 peKOMeH.IJ.au:1m, 

KaK pe3yJibTaTbl 11CCJie)l.OBaHH5l, 51BJ151IOTC51 HOBbIMH H COMHeHHH He BbI3bIBa

IOT. 

OcHOBHhJe pe3ynnTaTbI .n11ccepTau:110HHhIX Hccne)l.0BaH11H ony6JIHKOBa

HhI B 67 neY:aTHbIX pa6oTax, H3 KOTOpbIX 25 pa6oT o n y6JJHKOBaHbl B pel(eH3J1-

pyeMbIX )Kyp ttanax H3 nepeqH51 BAK rrp11 MHHHCTepcTBe HayKn 11 Bbicwero 

o6pa3oBaHH51 Pocc11i1cKoi1 <'.Pe)l.epal(HH, peu:eI-I3ttpyeMbIX )KypI-Iarrax, i:-rn)l.eKCH

pyeMhIX B Me)K)J,yI-Iapo.IJ.HbIX 6a3ax l(HTHpOBaH115l Scopus H Web of Science no 

HCKOMbIM cnel(HaJibHOCT5IM, )l.eC5ITb o6'beKTOB HHTeJIJieKTyaJibHOM co6CTBeH

H OCTH (.IJ.Ba rraTeHTa Ha H306peTeHHe H BOCeMb CBH)l.eTeJibCTB 0 per11cTpau:1m 

n porpaMM )l.JI5l 3BM), l1 HeO)J,HOKpanIO o6cy)K)l.arIHCb Ha Me)I<)l.yHapO)l.HblX l1 

pocc11HCKHX Hayq HO-TeXHlfY:eCKHX KOHcpepeHI.l,H51X. 

,[(HccepTal(HOHHa5I pa6oTa COOTBeTCTByeT: 

no cnel(HaJihHOCTH 2 .2.13. «Pa.[l.HOTeXHMKa, B TOM l{.HCJie CHCTeMhl H 

ycTpOHCTBa TeJieBM)l.eHl151» CJie)J,yIOW,l1M rryHKTaM ee nacnopTa: 

n . l Hccne)J,oBamrn npol(eccos H 5IBJieHHH B pa)l.HOTeXHHKe, no3BOJI5II0-

1UHX TIOBhICHTh 3cpcpeKTHBHOCTb pa)l.HOTexm1Y:eCKHX ycTpOMCTB l1 CHCTeM. 

n. 15 Pa3pa6oTKa H Hccne.n:osaH11e cpH3HqecKHX, MareMaTHqecKHX 11 rH-

6pH.IJ.HbIX HMHTal(HOHHhIX MO)l.eJieH pa.n;110TeXHHt.{eCKHX ycTpOHCTB H CHCTeM, 

BKJIIOl.Ja5I CHCTeMbI H ycTpOHCTBa aHaJIOIOBOfO l1 l(Htj:>poBoro TeJieBH)l.eHH5I Iii 

OilTHK03JleKTpOHHblX ycTpOHCTB. 

no crreUMaJibHOCTM 2.2 .1 5. «CHCTeMbl, ceTH Iii ycTpOHCTBa TeJieKOMMy

HHKaU:HM» cne.IJ.yIOLUHM rryHKTaM ee rracrropTa: 

n. 1. Pa3pa6oTKa, H COBepw eHCTBOBaHHe MeTO)l.OB HCCJie)l.OBaHH5l, MO

)l.eJIHpOBaHH5I l1 rrpoeKTHpOBaHmI ceTei1, CHCTeM H ycTpOHCTB TeJieKOMMYHH

Kal(HH. 

n. 2. 1'1ccJie)l.OBaH11e HOBbIX TeXHJ.14.eCKHX, TeXHOJJ.on1qecKHX l1 rrpo

rpaMMHblX peweHHH, Il03BOJUUOW,l1X nOBhl Cl1Tb 3cpcpeKTHBHOCTb pa3Bl1Tl15l 

U:HcppOBbIX ceTeH, CHCTeM H ycTpOHCTB TeJieKOMMYHHKal(HH. 

ABTOpetj:>epaT )l.OCTaToqHo IlOJlHO OTpa)l(aeT OCHOBHOe CO)l.ep)l(aHlie )l.HC

cep TaU,HH . 

3aMeY:aHIUI no )J.HCCepTaU:HOHHOM pa6oTe: 
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• B pa3.u.ene 4.6. Ha cTp. 323 YKa3aHo, qTo KOHKpeTHOe 3HaYeH11e napa

MeTpa /J..G1 E O; 5 np11 ou.eHKe rrporrycKHOM crroco6HocTH q11c11eHHhIM MeTo

.JJ:OM, orrpe)J.em1eTC.Sl l13 attam13a JJ:HHaMHKH IIOBe,n:eHH.Sl 3aBI1Cl1MOCTH 

a( U(1,~,)). TipH 3TOM OCTaeTCH HeHCHhlM, KaKMM o6pa30M npOM3B0)1MTC» 

3TOT aHaJU13, 1ITO Tpe6yeT )J.OfIOJIHHTeJibHOro Il05ICHeHIUI, HOCKOJlhKY 3TOT 

cpaKT cylll,eCTBeHHbIM o6pa30M BJllUleT I-Ia ofrheM BbI"l!HCJieHHM. 

• B pa3JJ:enax 4.2 - 4.5 npe,n:cTasneHbI aHan11T11qecK11e 11 q11crre1-11-1b1e Me

TOJJ:hI ou.eHKI1 pa3pewm-0lll,ero BpeMe1m 11 nporrycKHOii crroco61-1ocT11 qacToT

Ho-cerreKTHBHoro KaHana CB513H, a B pa3JJ:ene 5.1 - speMeHHbie oL(eHKH npo

rpaMMHhIX peanl13a11,HM anropH.TMOB, KOTOpbie HX peaJIH3YI-OT. IlpH 3TOM OCTa

eTC5l He.SICHhIM KaKOH KOHKpeTHO q11cJieHHbIH MeTO.JJ: l1CITOJib30BaJIC.Sl .JJ:JI.Sl pe

WeHI1.Sl HeJlH.HeMHblX anre6pai.,p:reCKI1X ypaBHeHI1ll Jl:Jl51 OL(eHKJ1 HaH60JlbWero 

speMem1 ycTaHosnettH51 B 06011x cnyqaJix. 

• B pa3,n:enax 5. l rrpe.n:cTasneHhI HHTerpaJihHhie ou.eHKH 3aTpaqHsaeMoro 

speMeHH Ha OL(eHKY p a3pewa1-0lll,ero speMetm 11 rrporrycKHOM crroco61-1ocT.11 c 

IlOMOlll,bl-0 pa3pa6oTaHHbIX anropHTMOB. 0,n:HaKO Jl:Jl5I rrpaKTHqecKOM peam13a

U:HH anropI1TMOB Ha rrporpaMMI1pyeMbIX nor111-1eCKHX l1HTerpanhHblX MHKpo

cxeMax L(enecoo6pa3HO 6J>rno npe.LJ.CTaB11Tb speMeHHYIO ,IJ,HarpaMMY Bhmon1-1e

Hl1.Sl, Ka)K,ll,Oro 113 ::nanoB peanH3aL(J1H 3TI1X MeTOJJ:OB. 

• B TeKcTe ,n:BccepTau.1111 B orpaHJilqe1-11-10M o6neMe 11MeI-OTC.S1 orreqaTKH H 

CTJ1Jll1CTHqecK11e HeToqHOCTH. 

• B aBTope<l_>epaTe HMeeTCJI orrel.JaTKa B <l_>opMyne Ha cTp. 3 5 

Li0 = Li non/ Liw .JJ:OJI)KHO 6bITb Li0 = Li non/ Li.M w . 

YKa3aHHhie 3aMeqaHH.Sl He cHmKaI-OT 1-1ay1-11-1yIO 3HaYl1MOCTh 11 rrpaKTHYe

cKyI-O 11,eHI-IOCTb nonyYeHHbIX pe3yJlbTaTOB JJ:l1CCepTa11,HOHHOM pa60Tbl 11.M. 

J1epttepa 

7. 3aKJnoqeuue 

Ha OCHOBaHl1H Bbill1eH3JIQ)KeHHOI'O MO)KHO c.u.enaTb cne.u.yI-Olll,He BblBO-

1. ,U:11ccepTau.11.sr « Mo,n:en11 11 MeTOJl:hI IIOBhIWeHH51 rrporrycK1-10M. cnoco6-

rrocT11 pamrnTeXHHl-Je CKI1X Cl1CTeM rrepe,n:a q 11 m -1<l_>opMaL(l·1I1 B "IIaCTOTHO

ceJieKTlfBHblX KaHanax CB.Sl3H c Me)KCHMBOJibHbIMH HCKa)l(eHI1.SlMH» 5lBJI5IeTC5I 

3aKOHl-JeHHOM Hay1-1HO- KBan11<1.>11Ka11,l10HHOM pa60TOM, B KOTOpOM co,n:ep)f(HTCJI 

pew.eH11e HayqHOM rrpo6JJeMbl, l1MeIOllI,eM. Ba)f(HOe 3HaYeH11e Jl:Jl5I pa3Bl1TH.Sl 

TeXHHKO-Tex1-1onorlfqecKoro yKnaJJ:a CTpaHbI B oTpacnlf iimpposor o pa3BHTH.SI 
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H CB513H H IlOBbillleHlUl ee o6opOHOCilOC06HOCTH, 3aKmoqa}()UJ,eHC51 B TeOpeTH

qeCKOM o6ocHOBaHHH H pa3pa60TKe HOBbIX MO,n:erreH H MeTO,[J:OB o6pa60TKH 

<PMtt-n- 11 A<PMH-N- cHrHarros Ha 6a3e a,n:arrTHBHoro yrrpaBrreHH51 pe)KHMaMH 

pa60Tbl pa,n:HoTeXHHqecKHX CHCTeM c rrocrre,n:oBaTeJibHOH nepe,n:aqeH HHCpop

Mau:m1, cj:>yHKU:HOHHpy}()llJ,HX B Y.aCTOTHO-cerreKTHBHbIX KaHanax CB5l311. npvr 

HaITHl.JHH Me)KCHMBOJibHbIX HCKa>KeHHH c [leJibI-0 IIOBbillleHH51 HX rrporrycKHOH 

cnoco6HOCTH 11. IlOMexoycTOHl.JHBOCTH. 

2. 0TMel.feHHbJe B OT3bIBe 3aMeYaHH51 He CHH)KaIOT 06w:yt-0 IlOJlQ)l<H

TeJibHY}() ou;eHKY ,n:11ccepTau:110HHoi1 pa6oTbI JiepHepa l1rI1>11 M11xai1nosvrlfa. A 

caMa pa6oTa .COOTBCTCTByeT KpI1Tep115IM, npe,n:'b5lBJI51CMbIM B OTHOWeHHH KaH

,n:11,n:aTCKHX/ ,[J:OKTOpCKHX ,n:11ccepTau:11i1, KOTOpbie ycTaHOBJTCHbI rm. 9- 14 Ilo

JIQ)KCHI151 o rrpHcy)K,n:emu-r yY.eHbIX cTerreHei1 (YTB. ITocTaHOBJTCHHeM ITpaBH

TeJibCTBa P<P OT 24.09.2013 }fa 842), a ee aBTop JiepHep l1rih5l M11xai1noB11Y. 

3acJiy)lrnBaeT rrpHCY)K,[J:CHH51 yqeHOH CTerreHH ,[J:OKTOpa TeXHYl'-ICCKHX HayK no 

crreu:i-mJibHOCT51M 2.2.13. - Pa,n:HOTCXHI1Ka, B TOM Y.HCJie CHCTCMhl 11 ycTpoii

CTBa TeJieBH,n:eHH51, 2.2.15. - CHCTCMhl, CCTI1 11. ycTpOHCTBa TeJieKOMMYHHKa

U:HH. 

0T3hIB o6cy)K,n:eH Ha 3ace,n:aHHH HayY.HO-TeXHHY.ecKoro coBeTa AO 

«Ko1-1u:epH «C03Be3,n:He» 12 511-rnap51 2024 r. rrpoToKorr N2 7. 
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