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AnHoTanus

IIpennoxken o0000mEeHHBIH MeTOH cuHTe3a (ha30KOAMPOBAHHBIX IIOC/IEI0BATE/THHOCTEH
(®KII) ¢ 3a7aHABIM 3HAYMEHWEM YPOBHA GOKOBBIX JIETIECTKOB OJHOYDPOBHEBON ITUKJIUTECKOI
aBrokoppenanuonnoii dynkmun (AK®). IIpusesensl pe3yapbTaThl CHHTE3a HOBBIX KOJIOBBIX
IIOCJIeIOBATEIbHOCTE.

KuroueBblie cioBa: mymonomno0Hbie CUTHAIB, (ha30KOIMPOBAHHBIE TOC/IEI0BATETHHOCTH,
O/THOYPOBHEBAS IUKINYIECKAS ABTOKOPPEISAINOHHAs (DYHKITNS, AaHATUTUIECKOE PENeHne 3a,Ta-
un cuaTe3a (Ha30KOAUPOBAHHBIX MOC/IEI0BATEIHLHOCTEN.

1. ITocTanoBka 3aJa4uu CHUHTe3a

ITpobiemoii cuHTE3a TTYMONOIOOHBIX CHIHAJIOB, HAYWHAas ¢ paboThl [1], 3aHnMaoT-
Csl MHOTOYHUCJIEHHBIE HayYHble KosuiekTuBbl [2-5]. [llymononobubie nociesoBaresbHOCTH
obnamaor onHoyposHepoii AK® co 3HadeHueM ypoBH# OOKOBBIX JIELIECTKOB, 3HAYM-
TEJLHO MEHBIUM 3HAYEHUS TJIABHOrO orcuera. OcoObIi WHTEpeC CPeIn TaKuX KOIOB
npencTaBisioT Gha3oKoANpOBaHHBIE MocaenoBarensbHocTh. B paGorax [6, 7] panee yxe
o6eyxaannck Bonpock! cnaTesa PKII, a B pabore [8] GbIM PACCMOTPEHBI BOMPOCHI
NPAKTHYECKOrO MPUMEHEHNs] CHHTE3MPOBAHHBIX KOJIOB.

Huckpernyo OKII T’ = {'Yn}o,N—l MOZKHO IIPEJICTABATD B BHJIE:

Yn =exp (i), n=0,...,N—1 (1)

Hukangeckyio AK® MOxHO ONMpemesinTh Ha OCHOBE BHIPAYKEHUS:

N—-1
7’7':27n+7(1110dN)"y':aT:Oa]-a"'aNf]-' (2)

n=0

Hyznesoit orcuer nukandeckoit AK® mosken ObITH paBeH pa3MepHOCTH KOIOBOI 1mMo-
caepoBaresbHocTu 19 = N, a Bce ocrasbHble 0TCYeTbl (GOKOBbIE) NOJZKHBI IPUHUMATD
OJIMHAKOBOE 3HAYECHWE (: 1] = Tg = ... = NN_1 = G. 3HAYEHUE YPOBHs OOKOBBIX Jie-
LECTKOB a MOKET ObITh JIIOObIM BEIECTBEHHBIM YUCJIOM U3 JIUANA30HA & € [Gmin, Gmax] ;
IJe BEepPXHAS TPAHUIA JUATA30HA MOYKET MPUHUMATH 3HAYCHUE (pmayx — [NV, & HUKHIS
IPAHNIA Uiy YAOBIETBOPSIET YCIOBHIO Amin > N/(1 — N). Ha ocHoBaHuUM BhIpasKeHwMi

(1), (2) 3amaua cunreza PKII ¢ onnoyposuesoit AKD upu ycnosuu @y = 0° cBogurcs
K PEIICHHIO CHCTEMbI ypaBHEeHU
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st verbix N, K =N/2—-1,n=1,2,...,K:

N—-n—1
cos (pn) +cos(Pn—n) + > €0S(Pm — Pmin) +

m=1
n—1

+ COS ((pm - SDm-i-N—n) = a,

1

M

N—-K-1
cos(pr)+ > cos(Pm — Pmik) = a/2, (3)
=t N—n—1
sin (o) —sin(on—n) = > sin(Ym — Pmin) +
m=1

n—1

+ sin (¢m — Pm+N-—n) = 0.

m=1

g wederabix N, K=N—-1/2, n=1,2,...,K:

N—n—1

cos (pn) + cos(pn—n) + Do €OS(Pm — Pm+n) +
n—1 m=t
+ 22 08 (Pm — PmiN—n) = @,
=t N—n—1 (4)
sin () — sin (pn—n) — Zl sin (@m — Pm+n) +
n—1
+ > sin(©m — @miN-—n) = 0.
m=1

[IpoussonbHoe pemienue cucreMbl ypasuenuii (3), (4) Oyaer umersb BUI:

W =[pg=0° @1 p2 ... pN—1], (5)

IJle HEU3BECTHBIMU ABJIAIOTCA yIJIbl IOBOPOTOB 3JIEMEHTOB KOIA (01, ©2,..., ON_1.

2. AmHajau3 kKopHeii cucTteMbl ypaBHeHHn /Jig cuHTe3a PKII

Jla mpon3BoBHON pazMepHocTn N MOXKET CYNMIeCTBOBATH K pEIIeHuil, Moy aeH-
HBIX B pe3y/JbTaTe JUHEHHBIX TPE0dPa30BAHNN HEKOTOPOTO MCXOIHOTO PEIIeHNUSI:

WT::[W@)W“J”.QﬂK*”}. (6)

Kaxnas crpoka marpuiibl npezicrasiger coboii HekoTopoe pemienue Bujga (5) cu-
crembl ypasuenuil (3), (4). Ha ocHoBanuu MCX0HOrO PellleHUs: CUCTEMbl yDABHEHUN B
obrmem ciydae MokHO copmupoBath K = N aBToMOpQHBIX pereHnii Buaa:

e = 0k mod (V) — Pk (7)

n K = N COUpsKEeHHBIX UM DENeHui BUIa,

%&HN) = ¥k — Pn+k mod (N)» (8)

n=01,....N—1, k=0,1,...,N—1.

Kpowme Toro, Ha 0CHOBAHUM €UHCTBEHHOTO PEIeHus (5) CUCTeMbl YPABHEHUT MOKHO
chopmuporars ere K = ¢ (N) n30MopdHBIX pereHnii Bujia:

%(lk) = ¥n-A, mod (N)» (9)
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A — uncao B3aumuoO-ipoctoe ¢ N, k=0,1,...,0(N)—1, ¢ (N) — dynxus Diinepa
or yncia N, n = 0,1,...,N — 1, a Takke OpUMEHUTH K H30MOPQHBIM PEreHusiM
npeobpasoBanust Buaa (8).

TaKI/IM 06pa30M, MaKCHUMaJIbHOE YHUCJIO BO3MOXKHBIX KOJOBBIX HOCJIQ,HOB&TQJIBHOCTeﬁ
(u30MOpdHBIX, aBTOMOP(DHBIX U COMPAZKEHHBIX PEIIEHUIH ), MOy YeHHBIX HA OCHOBE HEKO-
TOPOii KOJOBOI MOCIEIOBATEIHLHOCTH OOIIEro BUIA, OTPEIETNTCSA KaK:

K=2-0(N)-N. (10)

B ciyuae paBencrBa Hysio ypoBHsi DOKOBBIX jieriecTKOB a = (0 OT pereHuii 0HOTO
BHUJA MOYKHO TIEPEHTH K PereHnusaM JPYroro BUAA HA OCHOBAHWH CJIEAYIOIINX Ipeodpa-
30BaHUIL:

2
n=01,....N—1, k=0,1,...,N—1.

i perenus cucrembl ypasuenuii (3), (4) npuvennm cienyionmii moaxoz. Cucremy
TPUTOHOMETPUYECKNX ypasHenwuit (3), (4) MOKHO 3aMEHNTh CHCTEMOIT ajreGpandecKux
yPaBHEHUiT, UCMOIL3YsT MOACTAHOBKA BHIA

1-— th% 2tg %
cosp, = —5—, Sinp, = ———
14 tg2 22 1+ tg22n
2 2
1 BBO/S (popMaTIbHBIE TIEPEMEHHBIE BHIA tg% =x,,tmen=1,2,..., N—1. Boipaxas

MOCJIETOBATEILHO KOPHU OHOTO YPABHEHHUS CUCTEMbI Yepe3 KOPHU JIPYTUX ypaBHEHU
CUCTEMBI, Ha IOCAEIHEM IIare 101y YuM HEKOTOPOe ajiredpandecKoe ypaBHEHUEe CTEIeHN
k Buna:

fr(@a® + fii (@) 2"+ 4 fi(a)z+ fo(a) =0, (12)

rae f;(a) — pasaudnble MHOTOUIEHBI, Tae k < 2N .
Hasee Boimosanm hakTOPU3aIMIO TTApAMETPUYIECKOr0 MHOTOUWIeHa Buga f (r) =
= fr(a) 2%+ fr_1 (a) "1+ ...+ f1 (a) o+ fo (a) Hax MOMIEM BermecTBeHHBIX 3HAYCHUH a.
Barem i1 KaXKA0ro HempruBoauMoro muorodiena f; (x) B paznoxenun f (z) =[] fi (x)
K]

Haii 6 (i) — [ (1) .(3) (i)} 6
JIeM XOT ObI OJHO perienue Buga X'/ = Ty’ Ty ... Tn |, KOTOpOE DyZeT JaBaTh

oxHO ucxonHoe i-e¢ pemenne Trna (5). Ilpuvenss npeobpasoBanns (7)—(9) K KakI0-
MY TOJIyYeHHOMY DEIeHnio, chOpMUpyeM BCe BO3MOXKHBIE DEIIeH si, COOTBETCTBYOIINE
muorowreny f; ().

Ha puc. 1 npuseneno rpacduueckoe npeacrasmenne OKII B KoMIIEKCHOI MI0CKOCTH
B Bijie HEKOTOPOro N -MepHOro BekTopa (KoHTypa). Kask1oMy KOIOBOMY 3JIEMEHTY 7y,
CTABATCS B COOTBETCTBHE BEKTODP €IMHUYHOMN JITUHBI C YIJIOM IIOBOPOTA {p .

Yros moBopoTa OTKIAABIBAETCS MPOTHB YaCOBON CTPEJIKW OT OCH, MapPAJLIeNbHOM
JeiicTBUTENLHON ocn. Hauamo KarKI0ro mocseIyionero BeKTOpa COBIAIAET ¢ KOHIIOM
npenbiaymero. Hawano HyJeBoro BeKTopa 7y COBMAJAET € HAYAIOM CHCTEMbI KOODIH-
HAT.

3. TI'paduyeckoe mpeicraBiienne Tpaekropuii asuykennss OKII

IIponece dpopumposanusa tpaektopuii aeuxkennsa @KII mperncrasien na puc. 2 Ha
mpuMepe KOJOBOH MOCIeI0BaATETHHOCTH pa3MepHocTn N = 4.
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v7#

Lol [1] [ vl 1

Puc. 1. I'paduueckoe mpencrasiaenne PKII B KOMIIIIEKCHOI TIIIOCKOCTH

[Ipu u3meHeHWM ypoBHS OOKOBBIX JIETIECTKOB @ OT 3HAYEHUS (i, J0 3HAYEHUS
amax PKII «pa3BopaumBaoTcs» OT HEKOTOPOTO HAYATHLHOTO KOHTYPA, COOTBETCTBYIO-
IIEer0 3HAYEHUIO (pin, A0 KOHEYHOIO <«BBIIPSMJIEHHOIO» KOHTYPA, COOTBETCTBYIOIIE-

IO 3HAYEHHUIO Gmax = [N. Ilpm 3rom HauvanbHONl KOJOBOI IOC/IE0BATENBLHOCTH IIPU
amin = N/(1 — N) coorBercrByer 3aMKHYTbIi KOHTYD, & KOHEYHON KOIOBOil mOCJIe-
nosatenpuoctn 'Y = [1 11 ... 1] Bcera cOOTBETCTBYeT KOHTYD B BHUJIe TPAMOfi JH-

HUU, COCTOSINNI U3 BEKTOPOB eIMHUYHON JJTNHBI, HAMTPABJIEHHBIX BIpaBo. I paduaeckoe
u3obpaxenne OKII, mpeacraBienHoil HA TEPBOM pPUC. 2 COOTBETCTBYET MUHUMAJIBLHO
BO3MOXKHOMY YPOBHIO GOKOBBIX JIELIECTKOB @ = Umin = —4/3, upu 3rom obpasyercs 3a-
MKHYTBIH KOHTYpP. CrneKkTpasibHble ¥ KOPPEIANUOHHBIE OTCIYEThI MPEJICTABIEHBI CIIPABA
OT COOTBETCTBYIONNX KOHTYpPOB. C yBenueHneM 3HAUEHUS YPOBHS OOKOBBIX JIETECTKOB
a @OKII, npencraBmennad B BUJE KOHTypa Ha KOMILIEKCHON TJIOCKOCTH, MOCTENEHHO
«BBITIPIMJISIETCS », KaK MOKa3aHo Ha puc. 2. [Ipw 3TOM MeHSI0TCSA 3HAYEHUS YTJIOB TTOBO-
poTa KaxKJIor0 BEKTOPa B COCTaBe KOHTYpa IO onpejeneHHOMY 3akony. CooTBeTcTBeH-
HO, MEHSIOTCS CIeKTPaJbHbIe U KOPPeIdluoHHble xapakrepuctuku. Ha mociennem u3
puc. 2 npeacTaBIeH KOHEYHBII BBIMTPAMIEHHBI KOHTYD W €r0 KOPPEeJISAIUNOHHbBIE U CIIeK-
TpaJbHbIE XapaKTepucTuKu. KoHer mocjaenero BeKTopa B COCTaBe KOHTYpPa OMUCHIBAET
TPAEKTOPWH, OTOOPAYKEHHBIE HA PUC. 2 B BUJIE MYHKTHUPHBIX KPUBBIX.

Anasuruyeckoe penienue cucrembl ypapuenuil (3), (4) npuBOAUT K TPEM HCXOJ-
HbIM pemienuam npu N = 4, U3 KOTOPBIX € MOMOIIbIO peodbpazoBanuii (7)—(9) MoxKHO
[OJIy9UTHh BCE BO3MOXKHBIE OCTAIHHBIE DEIICHUSA.

1) Ina a € [—%, 0} " a = 4 TOJyYINM MEePBOE MCXOTHOE PEIIEHUS BUIA:

a—+a?—4a
4 )
Ha pwuc. 3 Takomy perernio OyaeT COOTBETCTBOBATH TPAEKTOPHUs JIBUYKEHUs, 00pa-

30BaHHas KpuBOi juuueil mexay toukamu 4 u 3. C momompio npeobpasosanuii (7)
MOZKHO IOJIyYUTb PelLIeHud BUIA:

wo =0, 1 = arccos Y2 = 1 + 3.

a++va? —4a a+ Va2 —4a a—+va? —4a
0o =0, (] =arccos————, (g = arccos ——————— —arccos ————————
4 4 4
(obpasyer HUKHIOIO Jyry Mexiay Toukamu 4 u 2);
a—+va? —4a
wo =0, ¢ =27 — arccos R
a++vVa?—4a a—+a?—4a a++va? —4a
(P2 = 2T —Aarccos ———————— —arccos ————————, (3 = 2T —arccos ————————

4 4
(obpasyer ayry mexkiy Toukamu 4 u 5);

4

a++va? —4a

wo =0, ¢ =27 — arccos 1 ,
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Puc. 2. Tlosicuenne x mporeccy popMupoBaHMst TpaeKTOpuil npuxkenns npu N = 4

a—+Va? —4a a++vVa? —4a a—+va?—4a

(pg = arccos ——————— — arccos —————— , (P3 = arccos
4 4 ’ 4

(obpasyer BepxXHIO IyTy MeXKIy Toukamu 4 u 2).
[TpeoGpasosanus Buga (8) NMPUBELYT K PEIICHUSIM, COBIAJIAIONINME C PACCMOTPEH-
ubivu. C momoribio npeodbpazosanuii (9) nosyuum uzomopdHbie peleHus Bua:

a+ Va2 —4a a—
4

va* —4a

wo =0, 1 = arccos ;3 = arccos y P2 =91+ @3
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Puc. 3. Toukn Gudypkanmm Ha TPAEKTOPUAX TBUKEHUS

(obpasyior ayry mex iy Toukamu 4 u 3);

a—+Va?—4a
wo =0, ¢ = arccos 1 ,
a+ Va2 —4a a—+va? —4a a+ Va2 —4a
(P2 = arccos —————————— — arccos ——————————,  (P3 = arccos ————————
4 4 4
(obpa3yeT HUKHIOI AyTy MEKIy TOUKamu 4 u 2);
a++va? —4a
wo =0, ¢ =27 — arccos — 1
a++Va?—4a a—+a? —4a a—+va? —4a
(P2 = 2T —Aarccos ———————— —arccos ————————, (3 = 2T —arccos —————————
4 4 4
(obpasyer ayry mexkmay Toukamu 4 u 5);
a—+Va?—4a
wo =0, 1 = arccos 1 ,
a—+va?—4a a++va?—4a a++va? —4a
(P9 = arccos ——————— — arccos ————————, (3 = 27 — arccos ————

4 4 4

(obpasyer BepxXHIO IyTy MeXKIy Toukamu 4 u 2).

[IpeoGpasoBanus Buja (8) upuBeLyT K PEIICHUSIM, COBIIAJAIONIUME C PACCMOTDEH-
HBIMH.

2) Huga a € [0,4] nonydum BTOpOe UCXOJHOE DEIIeHUe BUIA:

wo =0, 1=, =, =arccos (g — 1)

(obpasyer BepxHIOW ayry MexKay Todkamu 6 u 1).
C nowmorpio npeodbpazoBanuil (7) MOXKHO 110JIyYUTh PellleHus BUIA:

wo=0, ¢1=p3=0, ¢, =arccos (g — 1)

(obpasyer BepxHIOW Iyry MexKy Toukamu 2 u 1);
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wo=0, ¢1=¢,=0, ¢, =arccos (g - 1)

(obpasyer BepxHIOW Iyry MexKy Toukamu 2 u 1);

wo =0, @3 =p3=0, ¢ = arccos (g — 1)

(obpa3syer BepxHIOW Iyry MexKay Todkamu 2 u 1).
[Ipumenss Kk HuMm npeobpaszoBanus BuAA (8) IMOJIyYUM PElIEHUs BUA:

wo =0, <p1=<p2=<p3:2ﬂ'—arccos(g—1>

(obpasyer HUKHIOIO Jyry Mexkiay Toukamu 6 u 1);

o =0, ¢1=¢p3=0, 802:27T7arccos(gfl)

(obpasyer HUKHIOIO JyTy MeXKIy Toukamu 2 u 1);

wo=0, ¢1=¢,=0, <p3:27r—arccos(g—1)

(obpaszyer HUKHIOIO JyTy MeXKIy Toukamu 2 u 1).

o =0, @2 =p3=0, <,01=27T—arccos(g—1)

(obpasyer HUKHIOIO Jyry MexKiay Toukamu 2 u 1).
JI1st IpUBEIEHHOTO PeleHnst T30MOpP(HDBIE PeIleHns, 33 IaBaeMble TPeoOpa30BAHIEM
(9), coBmagyT ¢ aBTOMOP(HBIMU PEIICHUIAMHU, 3aJaBaeMbIMU peobpas3oBanusayu (7).
3) g a = 0 noyduM TpeThe MCXOAHOE PEIeHue BUIA

U=[0¢myp], rmeeecll?2n.

9710 penrenune 06pasyer OKPyKHOCTb pagnycom R = 2 ¢ neHTpoM B TOUKe 4 ¢ KOOp-
muaaravn (0;0), mpoxosmyio Yepe3 Touku 2, 3, 6 u 5.
[TpeoGpasosanus Buaa (8) NPUBEIYT K PEIICHUIO:

U=[0p0p +7|, tae ¢c]|0,27].

910 pemenne obpasyer DECKOHEUYHOE MHOYKECTBO PEeIIeHUil B OMHON TouKe 2.

Takum 06pa3oM, MPOBEIECHHDLINH aHaIN3 TPACKTOPHWI JIBUKEHNN Ha TTPUMeEpe pasMep-
HOCTH KOJIOBOI mocyemoBarebuoct N = 4 TO3BOJIAET ¢/Ie/IaTh CIEAYIONIHE BRIBOILI U
BBECTU HEKOTOPBIE OMPeIeTeHusI:

Omnpenenenne 1. Toukavu 6udypKamun HA30BeM TOUKHU [IEPECETCHNT TPACKTOPHit
JIBUZKEHWSI.

Hanpuwmep, touku 1-6 — rouku Gudypkammu Ha puc. 3. ITH TOYKH 331a10T IPAHUY-
HbIE 3HAYCHUS (pin U Amax A9 O0JIACTH JOMYCTUMbBIX 3HAYEHUH @ — yPOBHS ODOKOBBIX
JIEIECTKOB PA3JIMYHBIX YPABHEHU, IOy Y€HHBIX PU PEIIEHUN CUCTEMbI ypaBHeHuil (3),
(4). Ix MOKHO paccMaTpUBATL AHAJOTUYHO CHHEPrEeTHYECKUM TOYKaMm Oudypkranum,
SABJIAIONINXCS HAYATHHBIM N KOHEUHBIM 3HAYUEHWSAMN 1T KOHKPETHO! BETKW OJTHOTO 3
BO3MOZKHBIX DellleHnii cucreMbl ypasrenuit (3), (4).

Onpenenenne 2. To4uxoit CHHTYISIPHOCTH TPAEKTOPUU JIBUKEHUST ABJISIETCH TOYKA,
B KOTOPO# CyIeCTByeT 6€CKOHETHOE MHOXKECTBO PeIleHwHii.



CUHTES IIYMOIIOJOBHBIX KOJ0OB 45

g N = 4 takoit TOUKO#l ABIgeTCT TOYKA 2 HA PUC. 3.

Omnpenenenne 3. Kaxxgomy ydacTKy TPaeKTOpWM MEXKIYy ABYMs COCEIHUMH TOY-
KaMU COOTBETCTBYET OJIHO WJIU CPA3y HECKOJLKO Pellienuii cucreMbl ypasaenuii (3), (4).

Hanpuwmep, ais N = 4 (puc. 3):

— KayKkJasi TOYKa OKPYIKHOCTH ¢ pamuycom R = 3 u c mentpom B Touke (1;1),
MPOXO/ISAIIei Yepe3 TOYKU 1 u 6, COOTBETCTBYET TOJHKO OJHOMY PEIIeHHUIO;

— KaXkK/1asi TOYKA OKPYKHOCTH C paauycoM R = 2 u ¢ meHTpoM B TOUKe 4 ¢ KOOpu-
waramu (0;0), npoxongieil yepe3 Touku 2, 3, 6 u 5, (Kpome TOUKHU 2), COOTBETCTBYET
TAKKe TOJHKO OJHOMY PEIIeHUIO;

— KaxkJad TOYKa Jyr Mexkay toukamu 4 u 3, 4 u 2 (Bepxueil u nuxueit), 4 u 5
COOTBETCTBYET JBYM PEIIEeHUsIM.

— KaxkJag TOYKe Jyr Mexay Todkamu 2 u 1 (BepxHeil u HuKHEIl) COOTBETCTBYET
TPEM PEIeHUSIM.

Onpenenenune 4. Yucjo pemennii B 0IHOM TOYKE TPACKTOPUH JBUKEHUS HA3OBEM
suTponmeit u obozHadnM depes H .

B touke cunrymspuoctu sutrponus H = oo. B moukax oudypkamun qis N = 4
(puc. 3) surponus onpenesaurca kak: H = 1 B roukax 1, 3, 5 u 6; H = 4 B 10uKe 4,
H = oo B TOUKe 2, KOTOpas OMHOBPEMEHHO SIBJIAETCSA W TOYKON OMypKAIUN U TOIKOIT
cunryngpuoctu. Eciau B Kakoi-uuOy/ab TOYKE TPAEKTOPWUH IBUKEHHUS OyIeT Pa3phIB,
TO HTPONHUS ITOI TOYKW KpuBOil ompenenutca kKak H = 0. OrMmerum, 94T0 SHTPONHUS
Bcerya Oy/IeT yIAOBIETBOPATH YCIOBHIO

0< H < oo. (13)

Omnpegenenne 5. Yuciao BO3ZMOXKHBIX peIeHUN, COOTBETCTBYIOMMX 3aJAHHOMY
3HAYEHUIO YPOBHSA OOKOBBIX JIEIIECTKOB ¢, 0003HAYMM depe3 P m Ha30BEM MOITHOCTHIO
KOJIA.

Ecsim npoBecTu OKpy?KHOCTH C TIEHTPOM B HaYaje KOOPAUHAT U PATUYCOM

R=+/(a+1)N —a, (14)

TO TOYKHN MEPECEeICHNs TAHHON OKPYKHOCTH C KPUBBIMH TPACKTOPHUiT IBUKEHUS TTOCTE -
mero Bektopa KoHTypa PKII HA KOMIIEKCHON TMIOCKOCTH OyAyT 3a7aBaTh PEIIeHUs,
COOTBETCTBYOIINE BHIODAHHOMY 3HAYEHWIO YPOBHS OOKOBBIX JIEIECTKOB . TOrma MoIi-
HOCTH KOJA OMPEJIEIUTCA KaK CYMMa HTPOTNH BO BCEX TOUKAX MEPECETECHUST OKPYKHO-
cru ¢ paguycom (14) ¢ TpaeKTOpUIME JIBUKEHHUSL:

P=> Hn), (15)

e L — qucio Todek nepecedenusi OKPYKHOCTH ¢ KPUBBIMU TPACKTOPUIN JIBUKEHUS,
N — HOMEpP COOTBETCTBYIOMIEH TOYKH.

Hampuwmep, mpu @ = amin = N/(1 — N) u3 (14) caenyer, uro R = 0,  OKpy»KHOCTH
BBIPOXKTAETCS B TOYKY, COBHAMAIONIYIO C HAYaIOM KoopaumHAaT. IIpw a = amax = N
u3 (14) cnenyer, yro R = N, u OKpyKHOCTH OyzeT KacaTbCs KpaiiHeil nmpaBoil ToYKu
TPAEKTOPHH JBUKEHUH W COOTBeTcTBOBaTh pemennio I'l =[1 11 ... 1].

Ha puc. 4 npencrasieHo mojaHOe CeMENCTBO BO3MOXKHBIX PEIIeHUil mpu ypoBHE 6O-
KOBBIX JlenecTKOB ¢ = —1. B 3tom ciyuae R = 1 w B TOYKAX MepeceveHusi C Jiv-
HUSIMA, COOTBETCTBYIOIIMMU JINHUSIM TPAEKTOPHUI [TBUKEHWs, MOKA3aHBI BOCEMb BO3-
mozxkubix OKII. Bee 8 nocnenosarensuocreil numeroT oannakosbie nukandeckne AK® u
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O/IMHAKOBBIE YHEPTETUUYECKNE CIEKTPHI. /[BUKEHME MO OKPYZKHOCTAM C IEHTPOM B Ha-
4Jajie KOOPJAWHAT He MPUBO/IUT K W3MEHEHHUIO YPOBHS OOKOBBIX JIEIIECTKOB ITUKJINIECKOI
AK® u yposus orcueros sgeprerudeckoro cuexkrpa. Takue ®KII obpasyror 6eckoneu-
HOE MHOYKECTBO peItiennii 1151 GUKCHPOBAHHOTO yPOBHST OOKOBBIX JIETIECTKOB @, P = 00.
SamMernm, 9TO B TOYKAX CHHTYISAPHOCTH Takxke P = co.

Ha puc. 5 mpusemennst Bce Bo3MOKHBIE TpaekTopnun aeuzKenns OKII mpu namenennn
yPOBHsI GOKOBBIX JIEIIECTKOB B IPEZEIaxX JOMYCTUMbBIX 3HAYCHUN @ € [Gmin; Gmax] A1
pasmepuocteit N = 2 = 10.

Kak caemyer u3 puc. 5, ¢ pocrom pazmepuoctu N HADIIOZAETCH 3HAYUTETLHOE yBe-
JINYEeHUEe YUCJIa JUHUN HA KPUBBIX TPAEKTOPHUIl JIBUIKEHUS, 9TO COOTBETCTBYET POCTY
YnCsIa BO3MOXKHBIX pertennit P cucremsbl ypasuennit (3), (4).

4. Ananurnueckue pelrreHnud 3aJavuu CuHTe3a

[Ipumenus paszpaboTaHHbIi U ONKrCcaHHDBIN BbiIe moaxos K cuare3y OKII ¢ 3amamnubiv
yPOBHEM OOKOBBIX JIEIECTKOB, TOJIYYUM CJIEIYIONIHEe AHATUTHICCKUE PereH s

1) nag pasmepuocreit N =p=4k+1, a € [%,N} :

—1+N+(N-1)-
SOarccos( + N+(1 )a>’ n=12...,N—1, (16)

~ Je,  ecnm n - xBamparmumei Beraer mo Momymo N,
o= —(, B IPOTHBHOM CJy4dae;
2) noia pasmepuocreit N =p=4k+1, a € [%,N — 4} :
—1—-—/N+(N-1)-
@arccos( N+—(1 ) a), n=12,...,N—1, (17)
~ Je, ecnm n - xBagparmumei Beraer mo Momymo N,
o= —(, B IPOTHBHOM CJy4dae;
3) nns pasmepnocteit N = p = 22" 11, ac€ [%a]\f} :
VIN-ON-c-/N_-1t&
c=1-@+ )N —a, d= ( JN—c T 12 N-1,
N -1
N+ - D@ 424 /TN - DN (VN =T+dVN)
a = arccos NE(N D& , o (18)
B = arccos (d) ,
Q,  ecium n — KBaApaTUYHBIH BLIYeT 10 MOmymio N,
) —a, ecam n — gerBepuuHBIi BBIYeT 00 MOAymO N,
= B,  ecam n — KBaApaTHUHBIA HeBBIYET 110 MOMyd0 N,

—0, ecIu n — YeTBEPUIHBIH HEBBIUET MO MOIYII0 NV

4) nnga pasmeprocreit N = p = 92" +1,a€ [%,% N—2}:

—1+\/N(N—1)—\/N(a—f—l)—a—\/N(a—i-Z)—a—Q N(a+1)—a
N-1 ’
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/N (V- 1) 4 24N - DN (VN =1+dVN)
1

. = arccos 19
—N+ (N -1)d? ’ (19)
B = arccos (d) ,
a, €CJIu N — KBAIPATUIHBINA BBIYET TIO MOIYJIIO IV,
—Q, €CJIM N — YeTBEPUYHbLIA BbIYET 110 MOIY/I0 NN,
Pn =

0, ecni n — KBaJAPATUIHBIN HEBLIYET 10 MOmynio N,

—0, ecau n — YeTBEPUIHBIH HEBBIUET MO MOIYII0 NV

OTmeTuM, 9TO JpyrUe pelneHus CucreMbl ypasuenuii (3), (4) npejcrasiensl B pa-
Gorax [6, 8].

3akJiroueHue

Paccmarpusatorest ocHoBHBIE TTOTOXKeHnsA 00oOImenHoit Teopun cuareza OKII ¢ 3a-
JIAHHBIM yPOBHEM OOKOBBIX JIEMECTKOB. lIpUBEIEeHbI AHATUTUYCCKAE BbIPAYKEHUS IS
CHHTE3a HOBBIX KOJOBBIX MOCJemoBaTenbHocTed ais cuare3a nHoBbix @KII ¢ ypoBaem

OOKOBBIX JIETIECTKOB ¢ € [%, N} st pa3meprocreit N = p = 4k + 1 u BbIpakenus
JIJIsT CHHTE3a HOBBIX KOJOBBIX IMOCJIEI0BATEIHHOCTEN C yPOBHEM DOKOBBIX JIETECTKOB IHK-

muuaeckoit AK® a € [

Lo~ N - 2} ans pasmeprocteit N = p = 22" + 1 — mpocTsix

ancenr Pepma.

Pabora Bomonnena npu ¢gpurancoBoi moaaep:xkke mo remam HUP B pamkax rpanra
IIpesugenta PO MJI-63.2007.9 u rpanta PODU 07-07-00285.

Summary

A.N. Leukhin, N.V. Parsaev. Synthesis and Analysis of Phase-Coded Sequences.

Generalized method for synthesizing phase-coded sequences with the given level of side
lobes of one-level cyclic autocorrelation function is offered. The results of new coded sequences’
synthesis are shown.

Key words: like-noise signals, phase-coded sequences, one-level cyclic autocorrelation
function, analytical decision of phase-coded sequences synthesis problem.
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