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Basicuetlwell cocmagHoil Uacmvplo COBPEMEHHbBIX 3eMHbIX CMAHYUL CNYMHUKOB01L C83U 619~
omes yug@posvle CuUHmMe3amopbt cueHar08. C ux nomMowbo GopMupyomcs pasAudHble CA0HC-
Hble CU2HaAbL, mpebyemble nokaszamenu kawecmea. HHmepec paspabomuukog K ucnoab»308a-
HUI0 8 c030a8aeMblx U NepcneKMuBHbIX 3eMHbIX CIMAHYUAX CNYMHUKOB0U 853U  YUPPOBHIX
CUHMEe3amopos8 CUHAN08 00YCA084eH PAOOM 00BEKIMUBHBIX NPUUUH
- yugdposvle CUHME3AMOPbL CUSHAN08 NO CPABHEHUID C AHA/N0208bIMU UMEHOM 8bICOKYH CMa-
O6uALHOCMb NApamempos GopMUPYeMbLX CUSHAN08 U HUBKUU YPOBeHb (PA308bIX WYMO8;
- couemaHue WuUpoKux PYHKYUOHAABLHBIX B03MONCHOCMELL C 8bICOKOLL CKOPOCMBIO NepexaoHe-
HUS U MAAbIM Wa20M nepecmpotiku no uacmome (doau 2epy) no3goasem ¢ UCNOAb308AHUEM
00HO020 U MO20 Hce ycmpoticmea Gopmuposams CUZHAAbL PA3AUHHOL YACMOMbL C 8bICOKOI
MOYHOCMbIO YCMAHOBKU U CKOPOCMBIO NePeKAOUEHUS;

- bvicmpodeiicmeue cospemeHHOll d1emeHmHOoU 6asvl N038o12em GopMuposams 2emepoouH-
Hble CUSHABL 8 WUPOKOM pabovem duanazoHe 4acmom, cocmagAsiouiem ComHu mezazepuy.
Hceaedosaruro memodos u ycmpoticmes uugdpogoz2o GopMuposaus pasaudHbLx U008 cusHa-
/108 NocesiweHo docmamovHoe KoAu4uecmso Hay4uHvlx pabom. Iudpossie e cunmesamopwl
CU2HAN08 ¢ Y21080uU mModyasyuell paccmampugaromes 8 HUx HedocmamoyuHo NOAHO, KaK npa-
8110, omdeabHO Opye om dpyaa, 6e3 8vlasaeHUs 00WUX 01 HUX 3AKOHOMEPHOCMell U 0cobeH-
Hocmell aHaausa. AHaaus npeobpasosaHuil Uugdposozo cuesHana c Yy2a080tl mooyaayuell 8 yugh-
POBbIX CUHME3amopax Cu2Ha08, NpedcmasAeHHo020 PYHKYUell HeCKOAbKUX NepeMeHHbIX, KakK
Npasu10, 0CHOBAH HA HUCACHHBIX Memodax. /[ns e2o npogedeHus HeOOX0OUMO NOAYHUMb MA-
memamuyueckoe onucaxue npeobpazosaHull Cu2HAA08 C Y2a0801ll modyasayuell 8 aHarumuve-
ckom gude. B cmamve npedcmagaenvt GyHKUUOHANbHBIE 3A8UCUMOCTMU, ONUCHIBAOWUe Npe-
00pa308aHUs CUSHAN08 C Y2/108011 MOJY.1auuell 8 N0CAe008aAMeNbHO COeOUHEHHbIX K8BAHMOB8A-
measx Pasvl U HaNPAXCeHUS ¢ UCNOAb308AHUEM MemMo0a 0MoOpadceHUs CuUHA108 U Memoda
KOHMYPHbIX uHmMezpanos. IloayueHHsle 3a8UCUMOCMU NO3B0AAIOM OYEHUMb UCKAXCeHUS (op-
MUPYEMO020 CUZHAAA C NOMOWDbH CNEKMPAAbHO20 U KOPPEAAYUOHHO20 AHAAU3A.

Knroueswle cnosa: cugHan ¢ ya2n080tl modyasyuetl, keaHmosamend dasvl U HANPAHCEHUSL, MeMOo0
omobpajceHus, Memo0 KOHMYPHbIX UHMe2Pa0s.

s hopMHUpOBaHMS CUTHAJIOB C YIJIOBOM MO-
nynsimerd (YM) ucnons3ytoT unpoBble CHHTE3aTo-
pst curnanos (LICC). B 3aBucumoctu ot tuma [[CC
¢ YM ucnonb3yercs Kak pa3zienbHoe, TaK U COBMECT-
Hoe kBaHTOBaHue (as3pl u Hanpspkenus [1-3]. Ilpu
KBaHTOBaHWU MOTYT HCIIOJIb30BaThCs JiBa crocoOa:
oKkpyriieHue u ycedenue [4—6]. Ha puc. 1, a—6 uzso-
OpakeHbI MepeaTOuHbIC XapaKTEPUCTHKH KBAaHTOBA-
HUSI, COOTBETCTBYIOLIME ONEpaliy OKPYIJICHHUS, a Ha
puc. 1, 6 — onepanyu yceueHus..

© Buxropos [I. C., IInactununa E. B., 2018

Paccmorpum  dyHKIMOHaNBHBIE TpeoOpazo-
BaHMsI cUrHajia ¢ YM B KBaHTOBaresie HalpPSKCHUS
C MepelaTovuHON XapaKTEePUCTHKOW, COOTBETCTBYIO-
el onepaunusM YCEYEHUSI M OKPYIJICHHsI IEpBOTO
1 BTOPOTO TUIIOB.

Crynenuarast ¢yHkuust H(x), omnucwiBaromas
HEJIMHEHHYIO MepeJaTOuHyI0 XapaKTepUCTUKY KBaH-
TOBAaTess, MMEET TOYKM paspbiBa l-ro poma. st
e anmpoKcHUMalM{ aHAIUTHYECKUMU (QyHKUUAMH
MOXHO HCIIOJIb30BaTh METOJ, B OCHOBE KOTOPOTO Jie-
KHUT NPEACTaBICHUE HEIMHEHHONW (QYHKIHMU B BHIE
KOHTYpPHOTO UHTerpana [7]
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Puc. 1

H(x) =21—EIF(js) e ds, (1)
¢

rue

- j H(x) e ™dx. 2)

Pemenue 3a1a4u MOXHO YIPOCTHUTB, CBOJIS MH-
TerpaibHblie mpeodpazoBanus (1) u (2) k psagy Oypse.
[Tpu >TOM TIEepeaToYHbIe XapaKTePUCTUKH KBAHTOBA-
TeNel TpeX paccMaTpHBAaeMbIX BAPHAHTOB, COOTBET-
CTBYIOIIMX ONEpalusIM OKPYIJICHUS MEPBOTO, BTOPO-
'O TUIIOB U OTIEPAIMU yCEUSHHUS, MOXKHO IIPEICTABUTD
COOTBETCTBEHHO B BUJIE:

rje A — 1mar KBaHTOBaHMUSL.

MaremaTnueckoe ONHMCAHWE CUTHAlA C KBaH-
TOBaHHOU (ha30¥l M HANPSHKEHUEM MOXHO IOIYyYUTh
C TIOMOIIBIO OIEPaTopoB KBaHTOBaTened Qasbl H,,
U HanpsbkeHus H,;:

Uy (t)=H, <Uocos{H(p [(p(t)]}> (6)

OnepaTtop KBaHTOBAaHMS HAIpPsHKEHUS, COOT-
BETCTBYIOIIHMI OTEepaluy OKPYIJICHUS] TIEPBOrO THIIA
(3), umeeT BUA

‘

> (-1

H,(U) =U+Zusin ol o
/=1 ¢ Au

rne A, = 2U, / (L-1) — mar KBaHTOBaHHS HaIpsIKe-

Hus; Uy — aMIUIMTyda UCXOOHOTO curHaina ¢ YM; L —
KOJIMYECTBO YPOBHEH KBAaHTOBAHUSI HATIPSKEHHUSL.

Tornma BeIpaxkeHue (6) MOXKHO TpeoOpa3oBaTh
K BUILY

Uq (1) =Upeos{H, [ (1) |+ ®
n(zLUol ;lT}/Sln@TC(L l)cos{Hq,[(p(t)]}>-

B cBot0 ouepenp, ¢ MOMOIIBIO Oreparopa KBaH-
TOBaHUs (ha3bl, COOTBETCTBYIOIIETO OTEpAIIH yceue-
HUS,

sint/ M
U‘P(f)=U°n/—M

» smn Mil)/M><
mM+1)/M

Mil [(p(t)—n/M]},

cos[(p(t)—n/M:|+

(€)

-1
xCos {(
13 BBIpXKeHHS (8) TOIyIHM

sintt/M

U, (t)=U, cos[ @(t)+m/M |+

Uy

m=1

sinmt(mM £1)/ M
X
n(mM=1)/ M

X cos{(mMil)[(p(t)—n/MJ}+

n(L-1) *
x i_T}ZSin <€n(L —1)cos {Hq, [(p(t)]}>

-1

IlepBoe cmaraemoe B (10) onmchiBaeT OCHOB-
HYIO COCTaBJISIIOLIYIO CUTHAJIA C KBAHTOBaHHOM (hazoit
U HalpshKEHHEM, BTOPOE CllaracMoe — JOMOJHUTEIb-
HBIE COCTaBJISIIOLIME, OOYyCIIOBICHHBIC KBAHTOBAHHUEM
curHaa ¢ YM mo ¢ase, a TpeTbe ciaraeMoe — co-
craBsifoiiue, oOycClOBICHHbIE KBAHTOBAaHHUEM I10 Ha-
MPsDKEHUIO CUTHAjIa ¢ KBAaHTOBaHHOM (azoil. OqHako
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MOJIyYHUTh 3aIMCh TpeThero ciaaraemoro B (10) B sBHOM
AQHAJMTHYECKOM BUJIE B JAHHOM CITy4ae 3aTpyAHUTEIb-
HO. Beipaxenus1, 6mmskue no crpykrype K (10), nmeror
MECTO U B ClIydae, Korja nepeaaToyHasi XapakTepHCTH-
Ka KBaHTOBaTels (ha3bl COOTBETCTBYET OMNEPALIU yCe-
YeHUs, a IepeaTouHas XapaKTepUCTHKA KBAaHTOBATES
HAIPSHKEHUS COOTBETCTBYET ONEPALMAM OKPYIJICHUS
BTOpOro Tuma M ycedenus [8, 9]. Jlna npeononenus
3TUX TPYAHOCTEH HAPSIMYIO BOCIIOIB3YyEMCS METOIOM
0TOOpayKeHUs CUTHAJIOB, CYLIHOCTh KOTOPOTO COCTOUT
B ciuenyromeM [10]. HepaBHOMEpHO HHUCKPETU3UPO-
BaHHBIM cUrHaji ¢ YM u3 obnactu onpeneneHus: oTo-
Opakaercst B 00acTh M300paKEHUH TaKUM 00pazoM,
YTO B HEH YK€ MMeNa MECTO paBHOMEPHas AUCKPETH-
3anus curaia ¢ YM. Ilocne atoro uccnenyor GyHk-
LOHAJIbHBIE TPeoOpa3oBaHms CUrHajia ¢ YM u KBaH-
TOBOH (ha30H, UCIONB3YsI LISl TOTO U3BECTHBIE PE3YJb-
TaThl, MIOJY4YCHHbIE JJIsl PABHOMEPHOMU AMCKPETU3ALMN
Y MHTEPHOJISILMY, a 3aT€M OCYLIECTBISIETCS] 0OpaTHOE
0TOOpakeHue.

Torna noxy4unm oToOpaskeHUE CUT'HAJIa C KBaH-
TOBaHHOU (pa30ii U HANIPSDKEHUEM (O

Uga (1) =2 Uq, (W) /0 ().

B cooTBeTcTBHHM C OTHOIICHHEM SKBHUBAJICHT-
HOCTH

Sle)]~ 1 (w)/ o (w)

o0pa3 curnana (6) uMeer BUJ

Ui (W) =Uy, ()/ 9 (W),

(11)

(12)
T7e

Uy, (w)=H,{cos[ H,(w)]}, (3

U TPEACTABIICT COO0H KOCHHYCOMIAIbHYIO (YHK-
IIMIO C KBAHTOBAaHHOW ()a30ii M HANPsHKEHUEM.

[Ipouecc kBaHTOBaHWS (Da3bl M HANPSHKECHHS
rapMOHMYECKOTO CHI'Hajla B OOJIACTH M300paskeHus
npencrasieH rpaduyeckn Ha puc. 2. Ilockombky
¢aza Takoro curraiga ¢ () U3MEHACTCS MO JUHEHU-
HOMY 3aKOHY, TO JUIMTEIBHOCTh BCEX CTYIEHEK KBaH-
TOBaHHOTO CHUTHaJla OJIMHAaKoBa. llosToMy cHrHaN
Uy (W) MOXHO paccMarpvBaTh KaK PE3yJIBTaT HOCTIE-
JIOBATEIILHO IPOBOANMBIX OTEPALMIA: TUCKPETH3ALUH
curnana U,cosy SKBUAMCTAHTHOU MOCIIEI0BATEIEHO-
CTBIO JeNbTa-QyHKIUH

y(v)= i 6(\u—rA(p),

KBAaHTOBAHUSl aMIUIMTYIbl AMCKPETHBIX OTCUETOB M
CTYIECHYATONH MHTEPIOJISALIUY.

JucKkpeTu3upoBaHHbIM U KBAHTOBAaHHBIM Tap-
MOHHYECKHUH CUT'HAJ MOYKHO OIHCATh BHIPAKEHHEM

U, (W)= i U(y-ra,), (14)

y=—oc0

Tom 2

IJe aMIUIATyAa OTCYeTOB U, B 3aBUCUMOCTHU OT CIIO-

co0a KBaHTOBAHUS HAMIPSHKCHUS ONPEICISICTCS:

— MpH KUCHOJNB30BAHUU OMEPALUH OKPYIJIICHHS Tep-
Boro tuna (puc. 1, a)

r:2U° ent L_lcos(rA(P)+0,5 ;
L-1 2

(15)
— I[pH UCHOJIb30BAHHUU OIICpaAllUH OKPYIJICHUA BTO-

poro Tumna (puc. 1, 6)

r:2U° ent L_lcos(rA(p) +0,5¢;
L-1 2

(16)

[IPY UCTIONIB30BaHUM ONIEpaLuy yceueHus (puc. 1, 6)

_ 20,
"L-1

(17)

ent LT_lcos(rAq,) +0,5 —%,

rae ent(x) — onepanus BbIACICHNS HEeION YacTH YHcIa.
Curnan U, (y) sBIeTCS NEPUOAUIECKHUM C Ie-
PUOIOM TTOBTOPEHHUS o = MA,,. B CBA3U € 9THM CIIEKTD
€ro TaKKe MPEACTaBIsIET COOOW AUCKPETHYIO MEpHO-
IUYECKYI0 (DYHKIMIO, MHTEPBAT MEXIY COCEIHHUMH
CHEKTPAIBHBIMU JIMHUAMH KoTOpor §; = 2wy, = 1,
a Tepuoz NoBTOpeHus 1o ocu  paseH C, = 2n/y, = M.
3naueHust K03QPUIUEHTOB TUCKPETHOTO Mpeodpaszo-
Banust ®ypee (JI1D) onpenenstorcs u3 BIpaKeHUS
1 M-l - 'z—nkr
— Z Ue M .

C, =
g 2n r=0

(18)

Crynenuaryro unrepnomsinuio curnana U (y)
MOXKHO HpelacTaBuTh B Buae cBepTku U, (y)®g(y),
rae go(y) it xkBaHToBaTessl (aszbl C MEpeAaTOuHON
XapaKTEPUCTHKOM, COOTBETCTBYIOLICH  omepaunuu
yCEUEeHHSI, IPEICTABISIET COOOH MPSIMOYTOJIbHBIN HM-
MyJIbC BUJIA

L, 0<y<A;

&lv)= 0, y<0,y=A,,

CIICKTpaJibHad INNIOTHOCTH KOTOPOI'0 OHNPECACIIACTCIA

BBIPpAXKCHUEM
_ sinCA,, /2

B stom ciyuae koadduuumentst C, curnana
U, () MOXHO ONIPENENUTH U3 IPOU3BEACHUS

—jCAQ/2
eJC(D .

sin(mk /M)
= ———t¢

P
= — M Ue M 1.(19)
g nk/ M MZ(; ’
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CHauaja pacCMOTPUM CHUTYalHIO, KOTrJa mnepe-
JaTOYHAasi XapaKTEPUCTHKAa KBAHTOBATEJsl HaNpsKe-
HUSI COOTBETCTBYET ONEPALUU OKPYIICHHUS [IEPBOTO
Y BTOPOTO TUNOB. B 3TOM cityuae, kak BuaHO u3 (15)
u (16), ammutyast 7-1o u ( + M/2)-T0 TUCKPETHBIX
orcuetoB U, OOMHAKOBBI, & WX IMOJSAPHOCTU pas-
Hele. [loaToMy 1O aHANOrMM CO CIEKTPOM CHUTHAJA
¢ YM, KBaHTOBAaHHOT'O 10 HANPSKEHUIO, CIIEKTP CHT-

HaJlla U({)u (\ll) COACPIKUT TOJIBKO HCUCTHBIC COCTAB-
JAromue
_sin[n(2k—1)/ M |

_ o JHkM
T n(2k-1)/M

(20)



42

No 1 (23) 2018

Torna curnan U, (/Pu (w) MOYKHO TIPEICTaBUTh
psinom Oypee:

Ul (y)= iUzk,lcos[(zk “y-nk-1)/M] 1)

e Uy, = 2‘C2k_1‘.

[Moncrasnss (21) B (12) u ocymectsisis oopar-
Hoe oToOpaxenue ®: U(y) — U(f) B COOTBETCTBHUH
C OTHOIIIeHHeM dKBUBajeHTHOCTH (11), momydnm

Uy, (t)=Uycos| @(t)—m/M |+

+3 Uy, cos[ (2k—1)o(£)-m(2k—-1)/M]. (22)

B Boipaxkenuu (22) mepBoe cinaraeMoe OIHCHI-
BaeT OCHOBHYIO COCTAaBJISIOILYIO CHTHAja ¢ KBaHTO-
BaHHOH (ha30i M HampsDKEHHEM, KOTOpasi UMeeT Ta-
KyI0 k€ ()a30BYyIO CTPYKTYPY, UTO ¥ HCXOJHBIH CUTHAI
¢ YM. Bropoe ciaraemMoe ONHMCHIBAET AONOIHUTEb-
HbIC HEUETHBIC COCTABIISIOIINE CUTHANA C KBAHTOBAH-
HOU (a3oi u HampspkeHueM. VX monubiid (azoBbIit
yroi B (2k — 1) pa3 Gosblie, 4eM MOMHBIN (a30BbIH
yroa ¢(t) ucxogHoro curtaia ¢ YM. [lockonbky npu
KBAaHTOBaHWHU (Das3bl UCIIONB3YETCs ONepalus ycede-
HUSI, TO CUTHAJI C KBAHTOBaHHOMW (pa30ii 1 HanpsKeHu-
€M UMEET MOCTOSHHBIN (ha30BbIi CIBUT, MTPOIOPLUO-
HaJILHBIA HOMEpY cocTasisitomeit w(2k — 1)/M.

PaccMoTpuM Temepb cUTyauuio, Korna nepezia-
TOYHBIE XapaKTEPUCTUKN KBAHTOBATEIISI HANIPSLKCHMS,
KaK ¥ KBaHTOBarTess (a3bl, COOTBETCTBYIOT OIEpaLui
ycedenusi. B atom ciyuae misa kosguuuenros 11D
curnana U, (;u (\y), yuutbiBast (17) u (18), momydnm
CIICAYIOLIEE BHIPAKECHHE:

. in(mk/M) _. Mol am
Ck — Sln( )e—chk/M Lzure jM _
k| M M=
(23)
sin(mk / M) e | ] B G - %kr
——— ¢ —Ze
kI M 2M 1=

[lepBoe cnmaraemoe B (23) aHAJIOTHMYHO BBI-
paxxenuto (19), a Bropoe cnaraemoe paBHO A,/2 npu
k = 0 1 paBHO HYJIO NIPHU OCTAJIBHBIX 3HAYCHUSX K.
Toraa, yuntsiBas (23) u npou3Bozs mpeoOpa3oBaHus,
AQHAJIOTHYHBIC MCIIOJIb3YEMbIM TIPH BBIBOJC BBIpaXKe-
Hust (22), A5 IOCTIETHETO paccMaTpUBaeMOro Cirydast
MOJTY4HM:

Up (t)= Ulcos[(p(t)—n/M}L
A, (24)

+;U2klcos[(2k—1)(p(t)—n(2k_1)/M]_T,

Tom 2

rne Uy = 2|C2k_1 , a xkoadduuuentsr IO Cy
onpenensrorcs u3 (20) u (16).

Ha puc. 3 B norapudmuueckom macirade nzo-
OpaskeHbl HOPMHUPOBAHHbIC 3HAYCHUSI aMIUIUTY[ He-
YETHBIX COCTABJSIIOUIMX CUTHAJIA C KBaHTOBAaHHOMN
(azoit u Hanpspkenuem U, /U, B 3aBUCUMOCTH OT
3HauUeHMA k, paCCUMTAaHHBIC B COOTBETCTBUU C BBIPA-
xerusmu (20) u (15), Ui pa3nuyHbIX Yucia paspsi-
OB KBaHTOBaHuUs (asbl R, U HANpsuKeHus R,,.

Ha puc. 4 npuBeeHb! aHAIOTHYHBIE 3aBUCHMO-
CTH, PACCUMTAHHBIC B COOTBETCTBUH C BBIPAKCHUAMHU
(20) u (16), Taxxke yka3zaHbl HOPMHUPOBAaHHBIE 3HAYEC-
HUSI aMIUTUTYAbl OCHOBHOM COCTaBIISIIOIICH CHUTHaIa
¢ YM c kBanTOBaHHOH (hazoii u Hanpspkenuem U, /U,

Comnocrapnss Beipaxenus (24) u (22), ¢ y4e-
toM (16), (19), (20) u (23) HETpyAHO YOSNUTHCS, YTO
[IPU UCTIOJIb30BAHUU ONEpPallMi yCEUCHUs sl KBaH-
TOBaHMS (ha3bl ¥ HAIIPSKEHUS aHAJIOTUYHBIC TPaduKu
OynyT OTIMuarbesi OT rpadukoB, M300paKEHHBIX Ha
puc. 3, TOJIBKO MOCTOSIHHOM COCTABIIAIOIICH, paBHOM
A,/2. Kak ciiegyet u3 (10) u (22), (24) u HansiqHO
BUIHO Ha pucC. 3 U 4, TOMOJIHUTEIBHBIE COCTABIISIO-
mue curHana ¢ YM ¢ kBaHTOBaHHOM (a30i U Hamps-
KCHHEM MOXKHO pa3lesuTh Ha apa Buza. [lepBbie u3
HUX, UMEIoIIHe uHiekc mM + 1, mpeacTaBisioT co-
001 1OTOTHUTENBHBIE COCTABIISIONINE, 00YCIOBICH-
HbIC KBaHTOBaHHEM (a3bl curHana ¢ Y M. VX monHbiit
(azoBblit yron B mM + 1 pa3 GoJblue, 4eM y UCXOI-
HOTO cuTrHajia ¢ YM, a aMIuIMTya NponopuroHaibHa
3HAUYCHHIO

sin[r(mM + 1)/M] / [r(mM + 1)/M].

Bropeie u3 Hux, umeromiue uHaekc 2k — 1, 00-
YCIIOBIIEHBI KBAaHTOBAaHMEM HAIPSDKEHUS CUTHala
¢ YM c KBaHTOBaHHO# (a30il. DT COCTABISIOIINE,
kak BuAHO u3 (20), B 3aBUCHMOCTH OT MX HOMeEpa
MMEIOT aMILTUTYHYI0 MOYJISIIAIO B BUJIE

sin[r(2k — 1)/M] / [n(2k — 1)/M].

MaxkcumaibHOE 3HaUEHHE ITUX COCTABIIIOIIUX HE IIpe-
BBIIIAET MOJIOBHUHBI 11ara KBAHTOBAHUS HAIIPSKEHMS.
Pe3tomupys Bce BbllIecKa3aHHOE, MOKHO Ce-

JIaTh CJIEIYIOIUE BBIBOJIBL:

— TOJy4YEHHBbIE AHATUTHUYECKHE BBIPAKEHUS OIH-
CBIBAIOT (PyHKIMOHAJbHBIC MPEOOpa3OBaHMs CUT-
HajioB ¢ YM B mHoCIEen0BaTeabHO COEIUHEHHBIX
KBAaHTOBATEJISIX HANpPsDKEHUS U (a3bl C UCIIOIb30-
BaHUEM METOJIOB KOHTYPHOTO MHTErpaia U OTo-
Opa’keHMsI CUTHAJIOB;

— TMOJy4YEHHbIE MAaTeMaTHYECKUe MoAein (yHKLHO-
HaJIbHBIX TpeoOpa30oBaHuii curHajioB ¢ YM B mo-
CIIEZIOBATEIILHO COCIMHEHHBIX KBAaHTOBATEISIX (has3bl
1 HalpsHKEHUs MO3BOJISIOT MCIOIb30BATh UX IS
aHaJIN3a CTPYKTYPHI CIIEKTPOB U Ul aHAIUTHYE-
CKUX PACUYCTOB MCKAKCHUH CIIEKTPOB M KOPPEIs-
LUOHHBIX (DYHKLIHUH STHUX CUTHAJIOB.
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THE MATHEMATICAL DESCRIPTION OF THE FUNCTIONAL
TRANSFORMATIONS OF A SIGNAL WITH ANGULAR
MODULATION IN SEQUENTIALLY THE CONNECTED

QUANTIZERS OF A PHASE AND TENSION

D. S. Viktorov, E. V. Plastinina

Military Aerospace Defense Academy, Tver, Russian Federation

The most important constituent of the modern terrestrial stations of satellite communication are digital
synthesizers of signals. With their help various composite signals indicators. The interest of developers in
use in the created and perspective terrestrial stations of satellite communication of digital synthesizers of
signals is caused by a number of the objective reasons:
— digital synthesizers of signals, in comparison with analog, have high stability of parameters of the
formed signals and low level of phase noise;

— the combination of broad functionality to high speed of switching and a small step of reorganization on
the frequency (a share of hertz) allows to form with use of the same device signals of various frequency
with a high precision of installation and speed of switching;

— the quick action of the modern element base allows to form heterodyne signals in the wide working range
of frequencies making hundreds of megacycles.

Enough scientific works is devoted to a research of methods and devices of digital formation of different
types of signals. Digital synthesizers of signals with angular modulation are considered in them insuffi-
ciently fully, as a rule, separately from each other, without identification of common for them regularities
and features of the analysis. The analysis of transformations of the digital signal with angular modulation
in digital synthesizers of signals presented by function of several variables, as a rule, is based on numerical
methods. For its carrying out it is necessary to receive the mathematical description of transformations
of signals with angular modulation in an analytical look. The functional dependences describing trans-
formations of signals with angular modulation in sequentially the connected quantizers of a phase and
tension with use of a method of display of signals and a method of planimetric integrals are presented in
article. The received dependences allow to estimate distortions of the formed signal by means of spectral
and correlation analysis.

Keywords: angle modulation signal, phase and voltage quantizer, signal display method, contour integra-
tion method.
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