
Me>K,lJ,YHapOAHbl~ HaY4HO-TeXHl'\4eCKII1~ xypaan ISSN 0033-8486 BKIl1041!H ! rOCTa! 6a3bl Russia n Science Citati on l nde~ (RSCl) Ha nnU¢OpMI! Web of Scienc l! 
8b1XOA~T c ¢e8flanR 1937 roAe 

)( u OCX·'" 
BKJ1tO'leH B nepe<-JoHbBAK XXI BeK 

Radioengineering 

1'EJL.\KUJlOllIIMI KO.TTJ1EnIH : 

.'1.1 1. .\II :lp"allloa. lI.ljJ.- \ I.II., IIJlO ljJ . O.B. I;CIII.:Hii, il. I.II.. IIPOlf! . A.B. 1;01 oc.rnncxuti • •1.1.11 •• IIPOlf!. A."1. "pOll, ;1. 1. 11. , 

IIPOlJ!. C.,\ . 1;)'''3111''"11. iI. I. II., IIpo!\!. p.rr. 1;I>ICI110Il, 'I ~I.- "Opp . I'AII H.C. Dcpria. il; I.II., IIpO!\!. H.B. BlflHJCB, il. I.II.• 
IIpOep. .A. 3aCOIIII II• •1. 1. 11•• IIUlICIII A.B. 1111:111011, II;r.lI .. IIPOlJ!. 10 I. KOJllpllU"lIii, 1.41.-...11., upo!\!. ,\.r. K1110pe]01l 
(Bem, ,,olipinallllll), " .4J.-\I .U.. C.II.C. B.B. ":o.lecolI ( la\l. rnanuorn PCJIlU"OplI), I.!fl.-\I.II.. upolJ!. 11.11. Knvu raueu , 
!I;I.Il.. IIpIliP. r.c. h:oILlpaleu"oR, .I. I. U.. IIpiliP. A.B. KopeHuoii• .'I.lJ!.-\I.II.• upolJ!. Ii.].'. h:)I YJll . ,1.1.11 .• IIpOljJ. 11.11 . 
\ICp"y.IOII. ,1. 1.11 .. IIPOlJ!. 8.11. Melllllllllll . il. I.II.• IIPOtjJ. B.A. OOyXIIllell, n.r.u .. up mp. A.It . Ilcpun, ~1 . ljJ . -\ I . u . lU I. 
1I.1CCC"lIii (W lleiillapIIH). i!.tjJ.-\ I.II.. IIpOljJ. B.B. JlpO""OIi. axan, PAil 11.11. lIyCIOIIO"I. !I.I .II.. IIpmp. D.I '. I'U.I IJICII 
c"'lIi i • .I. I.U.. upoljJ. E.:\1. Cym pca , A. I. II., IIP0cjJ. E,lJJ. '1'0:11:"1011. 11.1'.11 ., IIpotjJ.IUI. YIIln"oll, n. r.u.. upoljJ. 
B.E. 'Ilapriep, a"a;l. PAil lUi . lJJ~.IOpOO , .1. 1.11.. IIpOIjJ. Ii.,\ . UHMfill.'I. II.I .U.. IIPOIjJ . IO.C. Hluuu xou , II.II.C. :1l1plI ...U 
Bepoua ilt ' 11111111 ), 11. / . 11. , IIpUtjJ . CU. ~II IlHI>IIU"OR, .1. 1.11 .. IIpOlf!. :'II.C HP:II,I"OU. 

EDITORIAL BOAIW:
 
L.I'. Andrianova, Acad emician IL\S I.B. Fednrnv, Academician IlAS V.1. Pustuvoit , Dr .Sc, (Eng .). Cor responding
 
Member HAS V.S. \' rha , Dr.Sc, (Ph)'S.-l\IlIth.), Prof. D.\'. Betskil , Dr.Sc, (Eng.), I'rof. A.V. Bogoslo\Skil,
 
Dr.Sc, (Eng.), I'rof. ,\ .L. 8ULII\'. Dr.Sc. (Eng.), Prnf, S.A. Bukashkln, Dr.Sc, (Eng. ), Prof, It.l'. Bystrov,
 
Vr _ c. (Eng.).l'rnf. V.Yc. F rbcr, Dr.Sc, (Ph)·s.-i\l ath.), I'rof. I.N. Kompanets, Dr.. c. (E ng.), Prof. G.S. Kondratenkuv,
 
Dr.Sc, (Enl:.). I'rof. ..\ .\'. Korcnnoi , Dr.Sc, (Eng.), Pro], Yu.L. Koziru! kii, Dr. Sc, (phy's.-Malh). I'rof. ,\ .G. Kozorezov
 
(Crear Dritain), Dr.Sc, (I'h ys.-:\hlh.). Prof, B.G. Kutuza, Dr.Sc, (Eng.), Prnf. V.1. i\l u kulo\', Ur. e. (Eng.), Prof.
 
V.I' . Meshchano\'. Dr .Sc. (Eng.), I'rof. \'.,\. Obukhovets, Dr.Sc. (Eng.). Prof. V.I' . I'ICJlsky (Switzer la nd]. Dr.Sc, (Eng.),
 
I'rof. A.I.I'ero\ , Dr .Sc, (I'h s.-Math.). Pr of. V.V. Proklov, Dr.Sc , (Eng .), I'rof. V. " Radzlevskll, Dr.Sc, [Eng.), "rof.
 
Yn.S. Shillako\', Dr.Sc. (Eng.), Prof. Ye.M. Sukha rev, Dr .Sc. jEng. ), Prof. Ye.F. Tolstov, Dr.Sc, (Eng. ), I'rof.
 
V.A. Tsimbal, Dr.Sc.IEng .). Prof. V.I\. Ushakov, Dr.Sc, (Eng.), Dr.Sc, (Eng.). Dr.Sc, (Eng.), Prnf, V,\'. Vityazev, 
Dr. 'c. (Eng.), Prof. S.V. Yllglliniko\' . Dr .Sc. (Eng.) , I'rof. 1\1.5 . Ynrtyknv, Dr.Sc, (Eng.), Pro f. L A. ZlIso\ 'in. 
Dr.Sc, (Eng.). Associ ale Prof. .\ .V. Ivnn ov, uvsnciatc res ea rcher Enrieo Verena (lIa ly), Ph.V. (l'h)s.-i\l nlh.), Senior 
Research Scicntlvt V.V. Kolesnv iUcput)' Ed ilor) . 

r.1,1Il 1l "Iii pcnaxrop 
:lIm ; ICMIl K PAri 
10. B. rY JlnclI 

Editor-in-ChicC 
Academician RAS. 

Yu.V. Gulyae -, 

CO/lCplKaUHC N!! 9 CClfTH6pb 2018 f. 

MMKPOBOJIHOBMI TEXIHIKA (PAIiOTbl Y4EHblX r. CAPATOBA) 
II'c;la "lopllI.IIlY'C"lI - 11 . 1.11 .. IIpOlf!. 11.11. ,\ l e IllOIlOIl) 

I< 'lI ITUTCJl llM 7 

MO,nCJ1I l pO BaHIlC Jl a l\lrt bl ficryn tcii nonuu cyfircparcpucsoro n n anasona 

co c . O,n ll L1.l IJ ~ I Cli JlCHTO' lH bIM ")JlCKTPOHllbIM ny-nco s: 

Bypuen A.A.. l l a HllJly w K lI 1I A.B.• Haapouxnii If.A., n.'lOC"IlX A.3 .• PblCKUH R1\1. 8 

Moncpnm auna KOHCTpyKUlI1I KJIII CTpoHIIOro YClImnCJIli X -,iJ.\rana"JoHa 

fU UI llOBblWCHllli u crtpcps m n oii BbI XO,nHOii MOL1.lHOCTlI .uO ypOBHH 25 KBT 

tlapes B.A.. Hecrepos )J,.A. 14 

TCOPCTlILI CCKll ii auamn nscaoxcpaxruvccxoro mrcxoso ro pC]OHaTOp a 

C p anllaJlbllblM B036YJi(lla10lllllM J!lCKr p H'lCCKlIM nOHCM 

Tenm.tx A.A. , JaiiueB 6.n.. CCMelloB A.n .. Bopoanua M.A. 19 

~HT 
b 

b ' l lln, 



Il apaercrpavccxaa rc ucpauus a ~KPC IH(;HHbI X norr xx B ycnoBIIHX MaJlbIX :-w r HIITHbIX noncii 
liaii6),pulf B.Ii., POJOI:I A.C., 4~pHhllUeB c.JI. 24 

Ananm II OUCHKa nOMcX OYC1'O~i'lIiBOCTI1 IIfllflOpMaulloHHoro Ka H' ra C KO CKOl\l 

HU 6a'jc xono aoro carnansaoro npmnaxa 
C

Jh.uu u A.A., CD~TifOB M . ., K.1eHoB )],.B., CDl'T.'lORa M.IC 27 
01 

BOJIHOBO,TU-IaH Y'lKOnOJIOCHllil (!HlJlbTpallllJf cnruanos B n uauaaoa c KBli 

HU OCHOBC ncpnomrsccxux LlanOTHO-CCJICl\-nIBHblX rtoacpxuocr cii II KOMlJ0 311THOro H<IHO:-IaTCpllaJTa 

i\IO,l'IaHOB C.IO., YIIJ:lIwn H.M ., KocllIiY,llc.-uii 11. .l~. 32 

llccncnoaannc wllpOKOnOJIOCHblX epllKcllpoB aHHhlx epa 'wBp:lllla1'CJ1cii 

H3 OCHOBC CBH13 HHbi X unaanstx mlHll fi ncpcna-ru co IllJ ldi<!IO:-1 

Anetcceea B.B., i\lt.'maHoB B.n. , Caanun K.A., Wt.'PCIIOh:OB ,1J,.H. 

KBa 'l llaH3n H1'lf 'lCC IW C 0I 1PC,UCJICHIIC KOJ(ll( !IIIUIICHT3 un ipoxortonocuocru 
xoaxc uansuo-ccsropuoro Bo nHOBO,U3 C HCO,1J,HOP0,UHhIM .IHlJn CKTp lll:f CCKIIM 1uno nHCHIICl\I 

C h:BOPUOB A.A. 43 

H CC!TC,UOBaHlfC KOa KCll aJTbHblX c o r. 3COB311HbiX narpysox na OCHOBC MYJlh1' llepl13I1l:fCCKIIX Mo ,Ucn clI 

B n na naronc 0, , ,50 rru 
[(au 1i.l\I.. Meurauon B.n .. Flonoea IUI>., Typxnu 51.B. 47 

KOUKCIHlJl bllblC HarpY3KlI C xurorocno iia u» :HllI o n HCHIle M 

KOMapoD B.B., / l bSl ' ICII.-O A.A. 55 A 

TCllJlO n pO BO,UHOCTh rpadica-a auorpydnux IIJICHO'IHbIX l\o Mll 0 3111'OB 

r .'lyxolIll o .s., WM hlrJlH .ll..c. 60 

M CTO,Ubl ;-' IO,UCJlI lp OBaH IIH ,UllarHOCTII KJI 1'BCp JJ.OTCJlhHblX rcpxioynpyrux CTPYKT}'p 

lia iHiypllI1 B.6.. 1\)"mCllOB B.A.. l{cpllJ,lUJeR c..rl. 65 

KOl\1611lll1POB3HHhli i xiuoronomocnsni KOppe JIHTOp II Ml."-O}l cro KaJllt 6pOBKII 

B CIICTCM<\X nporpaxnrno-xonrpu rypnpycx.oti pamlOcBH311 

.I1b80 0 A.A., MClIlaHoR B.n., CC!\ICif\CR H. 

3 Kc ncp ll Mc HTaJ lbHOC IICCJlC.nOBliIllIC B01:- IOIKHOCTl I smyanmanun «opor xonxmynscuc ro 
)nCKTpO Ma r Hi ITHOI'O 1n.'l Y' ICHIIH MllJlJII IMC1'p OBOro nnanasona }LJTIIH ROJIH rmopmpnmu.m ,uCTCKTOp OM 

llIoxop C.JI .. MOC IUfUJ )],.c.•..Ioruuoe A.n .• Knu 1>.1\'1 •• Konneuauxuii H.A., Menaenen M.A.. I\It.'lllllllllB B.n . 74 c 

B!lIlllHllC TOHIWii MCTa nJIIl4CCKOii llJICHKII. pacrtonosccnnoii D6JJII3H n bC10 ) J1 Cn p l1LICc Ko ro pcron ar opa 
C IlOIl CPC' lHblM J ICKTpIl'lCCKIlM nO J1C!\! aa OCHOBC xcpaxnncu I.lTC-) 9. na cro xupaxrcpucrnxu 
3aiiucn Ii.)],., Ce!\leHOH A.n., Ten.u.rx A.A., Iiupnnnua I1.A. RO 

M a CMa Tl l'lCCKUH MO,UCJlb BJ1 11 l1 Hll ll f1 ap11301l1l 0 CTlI H:I npodmrn, KOHUCH1'paU/1lI 1I0CIITC.'l CII 11 
nonynpoaom ruxoau x crpyxryp 11 
liaii6)'plIlI H.Ii" KYJIICUOB B.A., 4epHblllJCIl c.JI., WMllh:08 C.)]. , 7 

'3a KOHo MCP HOCTll IlOOC,UCHItH CTaTII'lCCIWU J JJCKTpO n p o Bo,UllO CTII n nCI/OK 

113 O.nHOCTCHHbI X yrJ1Cp0,U ll bIX 11 3110 Tpy60K npu p a CTH)/(CHIIIt 

Fnyxosa O.E., CaBoCThHIlOB r.B. 9 , 

P a 3!\ICpH bIC ')(!lepCKThl npu TyHHc uposanuu -rcpcs l1JICHIW II .rpyxrypu In yrncponnux H:IHOKJla CTCp OR 

J],UDII.'lIlDII'l 1\1.8., JlepapoR P.K. 9lJ 

H OBLlii cnocof Il OBLIW Clil lli TOIW OT,U<l ' llI cr apr cpnu x CBI1I1UOBO- KIICJ10THbIX a KKyM y JIHTOpJlblX. fiarapcii 
AHIlPlI:lIfOB B.r., r J1yxona O.E .. J(O.IllCOD .ll.A.. C .1cn~cH,,08 i\-I.i\-L I 12 



24 
Onpencncauc 1I3MCpHCMOro COnpOTlIBJlClHll1 nomOTIITCJl JI n o 3a,naHHoMy n OBc p XHOCTHOMy conpOTlIBJlCHlI1{) 

HJ1l.ltIfa E.M. 117 

27 CTATHCTH4ECKH AcH HTE3 P A~H OC H CT E M 
(iJ\ypllan Ii 1I\yplIllJlC. r .1Uh llhlii penaxrop - il.T.II., IIpCllp. A.If . Il epon ) 

32 

38 

43 

MCTO:lbl CIIIITC3 3 II anropursu« OnTlll\ISJIhHOii ofipafio'rscn curuanoa B cnyru uxoeo il lI aBllnUUIII 

CIIHTC] I\OMnJICI(CHOrO anroprrrxra IIJllJlbTpaUlIII p am o c r c ii ( ~ a] I:l IIHCPUllaJlLHO-cnyrHIII\OBOii 

yrnoucpuoii HaBlIraIJ,1I0HIIOii annaparypc 
nCpOB A.H. 

Orrruuansustc anropirrau npOCTpaHCTBCHHO -BpCMCHHOii 06pa601'I\II cnrnanoa 
nns BblCOKOT04HblX n p llnOiKCHIIH 

KapyTlIII c.n., Xupuco a B.H. , n aBJlOB B.C. 

HCC JlC)lOBaIllIC aJIrO p lI TMa oucnananns napasrcr pon cu ruana C npocrpancr acuno-npcxrcun oii 
ofipafior xoil HaomollCHllH c a HTc HHoif PC illCTKIl B zrciicrutrrcnsuux 'UlCJlaX 

n CpODA.H.• HnnoJIIlToRc.n . 

120 

IJ I 

139 

47 ClI H1'C] onnooramrcro anropurva o6pa601'KIl panuocnru anon B armaparypc cnynuucoaoii uasuruuuu 
Il epon A.M. 145 

55 AHa In an ropnr sroa oopaOOTKIl Cll rll8J10B II nauu rauuouuoii annaparype 

60 
npliMCHCHIlC OFDM-CllrHa.noB B HaBllra UIIOHH blX CIl l:1 CMa X 

Koporon uu H.B . 154 

65 
MOnCJlb UhIXO)l llblX curnanos arrrcunoir PCillC1'KII nn a CllHTC33 aaroparxroa 
npocrpaacrscunoro 1I0naBJICHIIH nOMCX 

p u fina n.c., W llllW OB A.lO. 163 

69 
J)C33anpOCH311 CBCPXUlltpoI\OnOJlOCH311 panuocucrcsta noxansuoii naaurauun asrcosoii 
KYJlIIKO B P.c., Ilaperoponuea )l.B., 4Y I~'HO B A.A. 

O'II10CTlI 

169 

74 CH HTE H AHA 1M3 PAJlHOT EXHH4 ECKHX CHCT E1VI J1 YCTPOH CT B 

80 

AJlroPIITM pafiorsr MIIKpOCXCMbI DC-DC n p c o 6 p a 30 B31'CJlJI Mer1253 B P CII\ IIMt: nOBblUlCHlISI Hanp>liKCHlIll 

b llTIOKOB B.K.. [l erpoa B.A.. Coruuxoaa A.A. I7R 

87 

93 

HH <I>OPM A UHOHHb lE TEXHOJlOrHH. PAJlHOTEXHH4ECKHE UE n H 
H") EMEHT HA5I EA'3A 

PaHiKl1pOBUHllC 0 6 "hCKTOB MCTO. OM rnaauux KOMIJOHCHT II BLJ!lCJlC HlIC naufoncc lIHQlO p M3TlIBll brx 

napUMCTpOB 061,CKTa 

TIoIH ' l l' pOD K.T •• Hxcanoua ttJ.A.• CC.'1I1D3 HOBli M.B. 185 

99 AJlrOPHTM bl <l> YHKUHOHHPOB AHIHI  I1 EP E~A4A , npl1 Ei\'t J1 0 PA60TKA CHrHA OB 

AJlroPIITM npuesia ClI nlaJIOB C xaanparypnoii asmmrrynnoi i MO.!.J.)' JlllUlICIi u xauanax CBSl311 C 33Mll paHlUIMll 

12 Bb160.UIIIf IO.K. , 3 11 ii ' ICIl KO K. B. 193 



AHTEHllhl, PACnpOCTPAIIEI-HIE PAll.HOBOJIH It TEXIHfKA CBl.1 

Moncni. nO:-'ICXII 01' MOpCKOii n BepXHoCTIl B xorepcntaoii Pf Ie
 
npu H\.:JJllHCii llOif oopafiorxc npHH5ITOrOcuruana
 
Kupeea c.u, 200
 

Ilcpcucm- xnnr. Bl>mY IllC HHblX H u a TCn l>CTBOM « Pa.a. IIOTCXHHKa» .
 

IWTOPblC MO)KHO npnofipccrn B H 3.a.aTCIIbCTBe no uenc Hsnarcnscr ea
 207 

Contents .IV!! 9 September 2018 

'1ICROWAVE EQ UIPMENT AND ENGI NEERIN G (WORKS OF SARATOV'S SCI EI 'T1STS) 
(Editor - Dr . Sc. (En!:.), Pru f. V.I'. Mcshchano\') 

Modeling of a sub-Tllz traveling wave tube with a converging. hcct cleetron beam
 
Burtsev A.A., Danilushkin A.V., Navr otsky LA., Ploskikh A. E" Ryskin . .M. 13
 

)rnprovcrncn t or the X-band klystron amplificr design to increase the continuous output power up to 25 kw
 
Tsarev V.A., Nesterov D.A. 18
 

Theoretical analysis of the radial electric field cxcided piczoceramic disk acoustic resonator
 
Teplykh A.A. , Zaitsev H.D.• Semenov A.P ., Borodina LA. 23
 

Parametr ic generation in crossed fields at small magnitude of magnetic fields
 
Baihurin V.B" Rozov A.S., Chernyshev S.L. 26
 

Noise immunity evaluation or an information channel with codec based on code signal feature M 
L' vov .A., Svetlov M.S., Klenov D.V., Svetlovu !\I.I\.. 31 

Waveguide narrow-band signal filtering in EHF range on the basis ol'pcriodic frequency-selective surfaces
 
and composite nanomatcrial
 
Molchanov S.YlI., Usha kov 1\.1\1., Kosobudsky I.D. 37
 

Research of broadband fixed phase shifters based on coupled smooth nonuniform transmission lines
 
with a loop
 
Alekseev V.V. , Meschanov .P ., Sa yapin I\..A., Sherstyukov D.:\". 42
 

Qua, i-analitical calculation of broadband ratio or coaxial- cctorial waveguide
 
with n n-homogcncous dielectric filling
 
Skvor tsov A.A. 4(i
 

In cstigation of coaxial matched loads. based on multiphysical modcls in 0...50 GHz range 
Kats 8..\1., Meschunov V.P., POpOVlI N.F. , Turkin Ya.V. A 

Coaxial loads with multilayered ti lling 
Komarov V.V., Dyachenko A.A. 59 

Thermal conductivity of graphcnc-nanorubc film composites
 
Glukhova O.E., . hm ygin D.. fi}
 

Modeling methods for the diagnostics or solid-state thermoelastic structures
 
Baihurin V.B" Kuznetsov V.A.• Chernyshev S.L. fiR
 




