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AHJTATIIA

¥YcoiubpuFad «KeH KOJIaKThl CHTHAIJAPABIH JKULII OOMBIHIIA JUCKPETTI
KOJTay apKbUIbl KAIIBIKTHIK TEH JKbUIIAMJIBIKTBI O1pJIecill Tayay» TaKblphIObIHIAFbI
JTUTUIOMJIBIK KYMBIC TOPT OeiiMHEH Typaabl. JIUIIOMIBIK KYMBICTBIH MAaKCaThl
OIpKenKi eMec XHUUTIK-yaKpIT MaTpuiiackl 6ap PJIDK KalIbIKTBIK MEeH JKbLIAaMIBIKTHI
Oipnecinm Oaranay OJICIH »Kacay J>KOHE Tajjay OOJBIT TaObUIAIbI, OHBI KOJAAHY
O00BEKTUIEPAIH ayKbIMbI MEH >KBIIAMIBIFBIH Oarayiay CHUIaTTaMajapblH JKaKcapTyFa
MYMKIHAIK Oepei.

CurnangpiH OipKeNKi eMec >KUUTIK-yaKbIT MaTpULIAChl Oap KUUTIKTEr1 yIabTpa
KEH JKOJIAKThl JIUCKPETTI KOATAJIFaH CUTHANJAPABIH OENricCi3aiK (PYHKIUSACHIH
CUIIATTANTBhIH OPHEKTI WIbIFapy KoHE Tannay. KoWbulFaH MIHIETTEpAl LIEHIyJe aca
KEH OJIAKThl PaIMOJIOKAIIMS TEOPHSICHIHBIH 9MIICTEPl, CUTHAIAAP/BI KAJIBIITACTBIPY
JKOHE OHJICY TEOPHUSICHIHBIH dicTepl, DBM-1e MaTeMaTUKAIBIK MOJEIbILY dICTEPI,
MaTeMaTuKaJIbIK CTATUCTUKA JKOHE BIKTUMAJJBIK TEOPHUSACHI OMICTEpl, COHAAM-aK
HKCIIEPUMEHTTIK TaJIay KOJJAaHbLIA bI.



AHHOTAIUA

[Ipennaraemas numomMHas padota o reme « COBMECTHBIN aHAIU3 pacCTOSHUSA
U CKOPOCTH IIOCPEACTBOM AUCKPETHOIO KOJMPOBAHMS 10 YAaCTOTE IUPOKOIIOJIOCHBIX
CUTHAJIOB» COCTOUT M3 YeThlpeX pas3neinoB. Llenbio aumioMHON paloThl sBiSETCA
pa3paboTka ¥ aHaJIM3 METOJIa COBMECTHOM OlLIEHKHU paccTosiHuil u ckopocteir PJIC ¢
HEOJHOPOJHOM YAaCTOTHO-BPEMEHHOM MAaTpHULEH, TPUMEHEHUE KOTOPOrO IO3BOJISET
YIIYYIIUTH OLIEHOYHBIE XapaKTEPUCTHUKU MACIITa00B U CKOPOCTE 0OBEKTOB.

BoiBom w  aHamm3  BBIP@XEHHSA,  XapaKTepU3yIOUIero  (QYHKIHIO
HEOIIPEAECIEHHOCTH CBEPXIINPOKOIIONIOCHBIX JUCKPETHO KOAUPOBAHHBIX CUTHAJIOB Ha
4acTOTax C HEOJHOPOJHOW YaCTOTHO-BPEMEHHOW Marpuieu curnana. [Ipu pemenun
IIOCTABJICHHBIX 3a/1a4 HCIIOJB3YIKOTCA METOABl TEOPUM CBEPXIIMPOKONOIOCHON
paaMoNIOKallK, METOAbl Teopuu (OPMHUPOBAHMSI U OOPAOOTKM CUTHAJIOB, METOJIbI
MaTEeMaTH4YeCKOro MOAEINPOBaHus Ha DOBM, MeTOIbl MaTEMaTUYECKOM CTATUCTUKH U
TEOPUU BEPOSATHOCTEHN, & TAKXKE IKCIIEPUMEHTAIbHBIN aHaAJIU3.



ANNOTATION

The proposed thesis on the topic " Joint analysis of distance and speed using
discrete frequency coding of wideband signals" consists of four sections. The purpose
of the thesis is to develop and analyze a method for joint estimation of distances and
speeds of radar with an inhomogeneous time-frequency matrix, the use of which
makes it possible to improve the estimated characteristics of the scales and speeds of
objects.

Derivation and analysis of an expression characterizing the uncertainty
function of ultra-wideband discretely encoded signals at frequencies with an
inhomogeneous time-frequency matrix of the signal. Methods of the theory of ultra-
wideband radar, methods of the theory of signal formation and processing, methods
of mathematical modeling on a computer, methods of mathematical statistics and
probability theory, as well as experimental analysis are used to solve the tasks.
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KIPICIIE

CoHrbl yakpITTa TNalJalaHbUIATBIH CUTHAN CIEKTPIHIH KOJAK €Hl OpTajblK
KUUTIK [IamMachlHa KaTtblcThl 25% - gaH actam KypailTeiH AKK pagmonokanusiibik
xkyrenep (PJDK) Oencenmi typae aameiasl [1]. MyHpait sxyidenepaeri >KyMbIC
JKUUTITTHIH a0COI0TTI MoHAEp1 OipHele ky3 MerareputeH (MI') OGipHerie Oipiikke
neitin, Tinti ougaran rurarepike (I'T) neiin 60aybl MyMKIH, al OPTAJIBIK KUUTIKTIH
MmoHi kebinece 10 ['T-Ten acnaiiabl, Oy AMAIEKTPIIIK MaTepHaapIaFbl CUTHAIIBIH
10 I'Tu-Ten xorapsl ety ko3 dunmentrepine GaitnansicTsl [1] - [2].

[1]-[3] AKX curHanmapbIHBIH HeETi3Ti OarbITTapbIHBIH  Oipi-)Kep acThl
PaJAMOJIOKALMACH], OJ1 MOJAIP KYpbUIbIMIAPAbIH 1IIIHJI€ HEMECE CBhIPTHIHAA >KAKbIH
OpHaJIACKAH IIaFbIH HBICAHAAP/IbI )KOFAPHI JANIIKIICH aHBIKTAY MOCEIJIECIH HICTIE .

XKep acTel pamuonokauschl MEH OMOpauoJIOKalus OaFbITTapblHAH Oacka,
AKX curnaniapbsiHbIH KOFaphl aXKbIPATHIMIBUIBIK KaO1JIETI KOHE MOJIIP OpPTaJaFrsl
CaJIBICTRIPMAJIBI TYPJE a3 bIAbIpay OJIap/bl Kepy KaOljaeTi Hamap skarjaiaa aa (kap
MEH MIaHJbl JaybUl Ke31HJe, JKaybIH-IIAIBIH MEH TYMaH Ke3iHJE) IaFblH KeJeM/Il
yHIKbIICh3 yiry amnmapattapbiH (BIIJIA) aHbIkTay >koHE TaHy TarnchlpMaiapblHIa
naijgananyra MYMKIHIIK — Oepemi. Peceit  ®denepanusiChIHBIH — CTPATETHSUIBIK
OOBEKTUIEPIHIH ayMaKTapblHJa TUBEPCUSIIBIK OIepalusiap Hemece paauo Oapiay
XKyprizy ywiH apHaiibl BIIJIA-nmapein naiigananyra Oonanbl. MaMaHIaHIBIPBUIFaH
BIIJIA - nan 6acka, yiry »oHe KOHY Ke31He VIIaKTapAblH €H Kypaeli Yy ¢a3zaiapbl
KE31HJIe dyealaKkTap YCTIHJEr 9ye KEHICTITIH/IE YIITY bl )KY3€ere achlpaThlH 9yeCKOMH
BIUIA na xayin teHaipeai. Mynpaait BIIJIA-HBIH pagvOBHATIIIN TYPFBICHIHAH
oJlapAblH TUIMAI Iambipay anadsl (OI1P) M2-HiH oHHaH Olp ’KOHE TINTI XKY31€H Oip
OemiriH Kypaybl MYMKIH [5] - [6], anm ojapabl aHBIKTAy *KOHE TaHy YUIIH METpPIEH
OlpHeIIe cCaHTUMETpre JeHiHT1 aXbIPpaThIMIBUIBIK KaOieTi 0ap cUrHamjgap KakeT
(curHan criekTpiHiH adbcoroTTi konak eHi 300 MI'ti-ten acazasr). [llareiH emamemai
BIIJIA TaOynbiH ©3eKTi MIHAETI oJlapAbl KO3FaJIMaWThIH OOBEKTUICPAiH (DOHBIHIA
TaHaay 6ombin TadbiIaael, 0ys1 BIIJIA KO3FanbICBIHBIH CEKYHIBIHA OipHEIe OHJIaFaH
METpPJICH aCMalThIH TOMEH KbUIAAMIBIFBIH €CKepe/ll. AIIBIK 9cONEeTTe CUMaTTaaraH
ka3ipri 3amanfrbl merenaik PJDK marein enmemai BITJIA KbpUimaMIbIFbIH aHBIKTAY
KOHE aHbIKTay OpTanblK >kuimikTepi 10 I'T-TeH kofapbl Tap KOJAKTHI >KHUTIK
MOYJISIUSTIaHFaH CUTHaIAapabl KoiagaHanasl (398 Mru skonareiana 17 I'T [7], 1
[T sxonareiaga 35 I'T'y [8], 1 T'T'iy sxonareiaga 94 I'T [9]).

Bapnbik ynbTpa KeH OJIAKThI CUTHAJIJIap 9ACTTE VI TOMKa OeJiiHedl: OeitHe
umiynbci, Ly xone kem xuinikti [10].



1 JKHULUIKTETT VJBTPA KEH JKOJIAKTBI JUCKPETTI
KOJATAJIFAH CHUTHAJJAPABIH BEJTICI3AIK  @®YHKIUASCHIH
TAJIIAY

BynBopa e3iniH MoHOTpaduschiHIa yCbiHFaH "KiaccukalbiK" Typae [35] Tap
JKOJIAKThl CUTHaJFa apHajdfaH OeNrici3AiK (YHKIMACHI YaKbIT TI€H JKUUIIKTE
BIFBICTBIPBUIFaH, KypJedi OIpIKTIPIATeH KOIIipMECIMEH CHUTHAJABIH KUHAKTATYybIH
Oinmipeni, MyHOa YakbIT OOWBIHINIA >KbUDKY CHTHAJJABIH TapalyblHa KeIIiryiHe
OaiimaHpICTBl OoNazpl, an KUUTK OoibiHIIA BIFBICY [lommep sddekTiHiH ocepiH
HBICAHAHBIH  JKOHE  JIOKATOPABIH  CaJbICTBRIPMAibl  paJuaiibl  KO3FaJbICHIHA
OailJIaHBICTBI KOpCETEeA]:

x@v| = [ 7 ueyul —expljznvt}dt|, (1.1)

MyHnparsl u(t) - KaObUITAaHATBIH PATUOCUTHAIIBI KEIICHI1 allHAJIIBIPY;
u(t —7) — T MOHIHE YaKbIT OOWBIHINA BIFBICKAH, IIBIFAPBIIATBIH CUTHAJIBIH
KYPIEIi-KOHBIOTATTHIK KeIlipMeci O0JIBIN TaObIIaThIH AaHBIKTAMAJIBIK CUTHAIT,

2R .
T= T — JIOKaTOopJdaH R KalIbIKTBIKTA JK9HE KEP1 OarpITTa CHUTHAJIIbIH MaKCaTKa

JIeH1H TapallyblHa OalIaHbICTBI CUTHAJBIH KiAIpici;
C — YKapBIK >KbUITAM/IBIFBL;

2v
T=—— fc - U KBIITaMIBIKIICH KO3FAJaThIH HBICAHAJAH MAFbIIFAH Ke3fle f.

CUTHAJIBIHBIH TaChIMAJIJIAYIIIbI )KULIIT1HIH JOTICPIIIK BIFBICYHI;

E — ®H kanpinka KenaTipy YIIiH KQKETT1 JKaJbl CUTHAJ SHEPTUSICHI.

JlereHMeH, KeH KOJIaKTbI JKOHE YJIbTpa KEH KOJaKThl CUTHAJAAP >KaFdalbIHAA
(eTKi3y >Komarbl OpTaHFbl XUUTKTIH 10% -HaH actambel OonraH ke3ne) Jlorep
3¢ (}EeKTICIH TeK TachIMANAYIIbl )KUUTIKTIH bIFbICYbIMEH (1.1) cumarray eHal Aypsic
emec. JKanmwl okarmaiina [omsep addexTicli cUrHaNAbIH  yakbIT —OOWBIHINIA
MacmTadbTamysiHa okenenl [36]. v < ¢ TeHCI3AIr! »KapaMbl paguoCUTHaIAap YIUiH
CUTHAJAbIH yaKbpIT MacIITaOblH €CKepe OTBIPBIN, KO3FajJaThlH HbICAHA/JaH
IIaFBUTBICKAH KAOBUIAAHFAH CUTHAN YIIIH ©pHEK JKa3yFra 00Jaibl:

sa(t) =s[at -1 ] (1.2)

MYHJafbl S (t) — HIBIFApBUIATBIH CUTHAM, Sy (t) — KYTUIETIH aHBIKTaMaJIbIK
~_CtL 20

CUTHaJI PETIHJIE MaialaHblIaThIH KaObUIIaHFaH CUTHA, c—V ¢ — JOIUIep
2R 2R

s dekricine OailnaHbIcThl MaciiTadTay KO3((UIMEHTI YaKbITHI. ¢V —
CUTHAJABIH pajapAaH HbicaHara R OacTamkpl KalIBIKTBIKTa JXOHE Kepl Tapaiy
KEeIIryi.

(1.2) ¢dopmymaHbl  KOHE  DJIGKTPOMATHUTTIK  TOJIKBIHHBIH  Tapaiy
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KBUITAMIBIFEIHBIH ¢ JKOHE MAaKCATThl KBUITAMIBIK U KATBIHACHI Typalibl jKacayiFaH
OomKaMaapIel €CKepe OTHIPHII, KeH JKOJIAKTHI KOHE YIIbTPa KSH JKOJIAKThl CUTHAIIAAP
yIIiH Oenrici3ik GyHKIUACHIH Keecl Type xaszyra oosassl [37]:

lx(t, )| =%|f:ozos(t) x s[at — t]dt], (1.3)

1.1 Kuisikreri yJbTpa KeH JKOJAKTbHI JMCKPeTTI KOATAJFaH
CUTHAJIAAPABIH Oerici3aik GyHKIUSACHI

Aysbicniansl coyieneny y3akToirbl 0ap AKJK curnangapbIiHbIH epekiie TypiH —
KUUTIK OoMbpIHIIA JUCKpeTTl KoaTanFaH curHamgapasl (JAKUYC) kapacCThIpBIHBIS.
MyHpiail curHaigap-aMIuIMTyAachl, (azachl, KULIITL XKOHE 9p TYpJl CAyJIeIeHY
Y3aKTBIFbI 0ap KapamnaibiM paguo UMITYJIbCTapIbIH (IUCKPETTEPAIH) KUBIHTHIFBI.

bi3 XKJIKC tenaeyiH xa3zambi3:

n-1 Tn

s(8) = TNZAS(0) = INdrect <#) « anexpli2nfot + joa}.  (1.4)

n

Mynzaa N — AUCKPETTIK CUTHAJ CaHbI;
S,y (1) — curHaNABIH N-1ITi TUCKPETI;
Ty - N -1l TUCKPETTIH CoyJIeNIEHY Y3aKThIFbI;
n ) Ty — N — LIi MCKPETTIH coyleleHyiHe NeHiHTi yaKpIT;

( n—1 n
t— n—1 T _.211 1 T;H <t< :E: T;n
m=01im ) o -
rect = 4 m=0 m=0
Tn n—1 n
ot < Tm ut > Z Tm
k )
m=0 m=0

an — N-1i JUCKPETTIH aMIUTUTY/IAChI;
@N — N-1111 JTUCKPETTIH (ha3ackl;
f, — N-TI1l TUCKPETTiH XKULITITI.
(1.2) opubina (1.4) KoiiblI, Kypael KOHBIOTAIM aMaJIbIH KOJITAHBIHbI3:

_ T
a(t_zz'l:lo Tm _Tn) -7

Kt):zx;arect( - )*aneprann[at—r]—jwn} (L5)

bynan opi xopeitbiHabutiapabl okeHUTAeTy yimiH JKJIKC meirapy xoHe
KaObUIAay YIUiH KeJecl mapTTapabl Oenriaeik:
1. PagmonokaTop KpICKa AWama3zoHAapia KBa3U-Y3IKCI3 PEXUMIE KYMBIC
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1CTel i, OHJIa aFbIMJIAFBI YIITIHI IIBIFAPY KOHE KaObU1aay O1p ME3Tijie Kype/l;
2. 1.1-cyperTe KepceTiUIreH OacTamKbl MakKcaTThl Juaria3oHFa OalaHBICTHI
MaKCHUMAaJIJIbI KiJIIpIC €H KhICKA YJT1HIH Y3aKThIFbIHAH acTIaiiIbl:

Tmax < mlﬁ(Tn) '

min
n(Tn)*C
Rmax < > (16)
T,
T
an-1y fu-1s Pn-1 Ty ﬁl, n an-ly fn-1s On-t
an-1y fn-14 QPn-1 fly .ﬂl! On an-ly fn-14 On-1

1.1 Cypet — HpicanagaH marblIbICKaH K€3/1€ TIPEK CUTHAIBIHA KATBICThI XKULTIK
OOMBIHIIIA TUCKPETTI KOATAIFaH yJIbTPA KE€H KOJIAKTHI KEIIKTIPY1H WUTFOCTPALMSICHI

3. CurnanaplH COyJIeJNeHYIHIH OapiiblK YaKbIThIHAa MakcaT TYpaKThl
KBUITAMIBIKIIEH  CBI3BIKTBI  Ko3ranmaael.  CoHBIMEH  Karap,  JOIUIEPAiH
MacmTadTamyblHa OalIaHBICTBI CHTHAN Y3aKTBIFBIHBIH e3repyi, (1.2 cyperre
KOPCETUINeH) AUCKPETTEPIIH OpTallia Y3aKThIFbIHAH dJIeKaiiia a3:

max N Ty K ENZA T, /N, v=const , ¢ e[0; ENTE T, ]

C —
Umax K 52,0 =0t €[0; XNZ3 Ty - (1.7)
M-l
ST
fo f1 fv
N-1 I
2T, o o
Flaf} e ":; :
Tfiovie | figiove | — 1 o

1.2 Cypet — AnpICTarbl HbICAHA/IaH MIAFBUIBICKAH Ke3/1e KaObUIJaHAThIH CUTHAJIIBIH
JOTUIEP/IIH YaKbITIIIA MACIITA0TaATYbIHBIH WJUTFOCTPAIUSCHI
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byn maprtrap epnekti (1.5) »xeHinmeTyre MYMKIHIIK Oepeni, oOcbuiaiiia
KaObLIJaHATHIH (TIPEK) CUTHAJ YIIIH MaciITadTay ocepi SKCIMOHEHT KOPCETKIIIIHALT1
dazanblK KeOSHTKIIITEe FaHa eckepiiaenl. MyHmal )KeHULIETYIIH HOTHKECIHAE maiaa
OosraH Oenrici3miK (YHKIUSCHIHBIH CHUIIATTaMallapblHAa ocepiH Oarajay TOMEHJIE
CaHJIBIK MOJICJIB/ICY 9/IiICIMEH KY3€Te aChIpbLIa Ibl.

XKacanran >xopamanabl eckepe oThIpbin (1.7) KaObUITAHATHIH CHUTHAJIBIH
dbopmynacel (1.5) keneci Typre AeiiH KEHUIIETUTYl MYMKIH:

n—1 Tn_

S L — [ t=2Xm=0Tm— T
slat — 1] = YNt s, [at — 1] = TNZE (mez

) * apexp{—j2nfylat — 1] — jon} (18)

Ocbunaiiina, >xkuHakKTanFaH coyneneHy (1.4) xoHe asbikTamanbik (1.8)
curHaingap Oipaeil y3biHabIKKa e, Opbiaaay ke3inje (1.6) Kubuiblcy mapTTapbl TEK
arbIM/IaFbl KOHE aJIBIHFBI MHJEKCTepl Oap JUCKpETTep apachlHia OoJiafbl, KajlFaH
keOelTiHAep Henre TeH. CoHla onepanys TYWIHIIEKTEp COMAchl YIIIH AUCKPETOB
Oonaabl JIeTeH coOMaMEeH TYHMIHIIEK opOip JUCKpeTa 3 CABUHYTOM KaObLIAaHATbIH
KelripMeciMeH OeJiriHe CcoWKec, alJbIHFbl Juckpera. MyHnal >KMHAKTay YIIiH
WuTerpanus mekrepl KUHAKTaIFaH JUCKPETTEPIH Y3aKThIFBIMEH JKOHE MAaKCcaTTaH
TapaayablH KiAIpiC MOHIMEH aHBIKTAJIa IbI:

1)t T 1|t - -
()| = 2|77 5(0) « sat —wlde| = 2| /77 T3, (8) TNZ3 Sallat — Tlde],

1 —1 (Zm=0Tm T Tt — —1 (Zm=o Tm+ T T —
(T @)l = 3 |[SN2 f ™, S (6)Sulat — Tldt + TNZd [0yt T 5, (6)S, i [at — 7ldt]

X(@ @) = [N dnn (T, @) + ZNZL A1 (7, @) (1.9)

N-m1i AMcKpeT YINIH JKWHAKTalFaH TEHIEYNl OHBIH >KbUDKBITBUIFAH JKOHE
MacITaOTaIAThIH KOIIIPMECIMEH Ka3aMbl3:

S —0Tm _—
X @)l = [, " S(OSy[at —tldt,
Ym=0Tm . . . .
Xnn(T, @) = fm-zloonH ay exp{j2mfut + jo,} * aexp{—j2nf,[at — 1] — jo,}dt

Macmtabtel 0 K03h(UIMEHTIHEH paguaiabl KbUIAAMABIK AHBIMAIBICHIHA
2v

aybICablK V: @ = 1 — —-
Yh=0Tm ; . . . 2 .
Xnn(TV) =[5’ an exp{j2nfut + jon = j2nfyt — j2nfy [_TU t— T] —Jjen}dt,
Z?n: Tm . 2
Xnn(T,0) = fZ?nlloonn aZ exp{j2mf,t [TUt + T]}dt ,

. S —oTm .4
Xnn(T,0) = a3 exp{j2nf,} fz 0 . aZ exp {] Tnfnvt} dt . (1.10)

n-1
m=0 Tm+

(1.10) wmonim Taby YyIIiIH MbIHA TUNTI UWHTETPANJIbl €CENTEeY Kepek:

ff exp{j2nFt}dt . OHbIH MOHIH TaOaNBIK:
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b
f exp{j2nFt}dt

a

b
= f[cos(ZnFt) + jsiin(2mFt)]dt
a

= f cos(2mFt) dt

b
+j f sin(2mFt) dt
= 2% [2 cos (ZnF b er a) sin <Z7TF b ; a) —j (—2 sin (ZnF b er a) sin (ZnF b ; a))]
= —[cos(nF (b + ) sin(tF (b — ) + jsin(xF (b + @) sin(xF (b — )
_sin(nF(b - 0)) [cos(nF (b + @) + jsin(nF (b + a))].

nF

[? exp{jznrt} dt = SR C-0)

nF

exp{j2nFt(b + a)}. (1.11)

Aneiaran epHekTi (1.11) xommana otwipbin, (1.10) kemeci Typae xaszyra
0osaabl:

Xn,n(T’ U)a121 eXp{iZanT} T

. (2@ _

sin <Tfnv(2?n=0 T — ;ln=10 T — T))

exp{
Tfnv

jZT“fnv(i T,
- Z_:l T +T>},

m=0
. v _
, sin (annE (T, — T)) _ S
Xnn(T,V) = a; 5 expij2nf, | t+-(2 Z T + T, +7) |t
27Tfn E ¢ m=0
Xnn(T,V) = a?(T, — 1)sinc (Zﬂfn % (T, — ‘r)) exp {jann [T + % QYrAT,+T, + T)]} ,

(1.12)

sm(x)/x’x £0
1, x=0
Bacranker (N—1) IUCKPETTIH yaKbITIICH MACIITa0TaaFraH COHFbI OOJiriMeH N-1ii
JTUCKPETTIH OacTamnkbl OOMITiHIH JKUHAKTAY TEHJEYIH jKa3aMbl3:

Mynparst sinc(x) = {

%_:10 T+t

Xnn-1(T, @) = f S, (0)S,,_1[at — T]dt,
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n-1
m=0Tm+T

Xn,n—l(T' a) = f arzl exp{ j2nfut + jonexp{—j2nf,_4 [at — 7] — JPn-1}dt

e on
Ym0 Tm+T
Xn,n—l(Tr CZ) = f ApQdn—q eXp{jZT[fnt +j<pn _jznfn—lat _jznfn—lT _j(pn—l}dt
Ym=0Tm
%;10 T+t
Xn,n—l(T' a) = anay_1exp{j2nf,_ 17+ j(@n — @n_1)} J exp{j2n(fy, — afp—1)t}dt
Y=o Tm

(1.11) epHeriH KoJijjaHa OTBIPHII, aTaMbI3;

, , (m(fa—afn-1)7)
Xnn 1(T CZ) = anQp—q eXp{Iznfn—lT +](<pn - ‘pn—l)} sn :(]]: ;{f L eXp{]T[(fn

afp-1)2 X020 Tm + 1)}
Xn,n—l(T a) = apay_q sinc(m(f, — afy_1)7) * exp{jn(fy, — afp_1)(2 Tr;1_=10 Tm+7)+
jZT[fn—lT +j((pn - (pn—l)} (113)

Conpiaga (1.12) xone (1.13) (1.9)-ra aysicTbipambi3 xoHe (1.6) xone (1.7)
OoJKaMJIapbIH €CKEpEe OTHIPHIN, alHBIMANbI JUana3oH MeH KbuimamaslK yimH AKXK
JKKC 6enrici3aik GyHKUUSACHIHBIH OPHETTH jKa3aMbl3:

Z Knn(RV) + z Xnna (RV)

sin(x) _
Myuna E = YN-3a2T,  sinc(x) = { ) /X'XO 0
)x -

X(R,v)| =

Xon(B,) = @3 (T, ~ =) sine(aref, - (7, - E))exp{f‘—”fnm + v(ril Tt 2+ )
2R 2R
Ann- 1(R U) = AnQp- 1? * SlnC( (fnfn 1 + fn 1) ) (1-4)

- expljznl(fufucs + = fu- )(ZT F2)+ a4 n = Pt}

byi terney (1.14) fn sxwuinikrepinin opTypiii MoHAEpiI MeH TN TUCKpeTTepiHiH
V3aKThIFBl  Oap TaHmanran curdHanra OadmanbicTel  AKXK  JIKOKC  keicy
cunaTTamanapbiH Tajujgayra MyMKIHAIK Oepeni. bys epHEKTIH MaHbI3Abl €peKIIeNiri-
JKUUTIKTEr1 O1pKeIKi eMec KaJaMMEH >KOHE JUCKPETTI COyJIeNeHYIIH TYpPaKThl eMec
KE3C€HIMEH CHUTHAJAap/Ibl Tajaay MYMKIH/IITI.

Komnerotepnik moaensaey yuin ®H AKX JJKXKC (1.14) MATLAB Tininze
CIIEHApHUH >Ka3bUIIbI, OJ OChl (PYHKIMSHBIH CUITaTTaMalapblH Oaranayfa, KuMajap/sl
Kypyra xoHe ®H ym emmemai neHECiHIH CHIPTKBI TYpiHE MYMKiHIIK Oepeni. byn
CIIeHapuiAIH KOJbl b KOChIMINIAChIH/IAa KENTIPUITEH.
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1.2 Kuijgikreri yJabTpa KeH JKOJAKTBI JAUCKPETTI KOATAJFAH
CUTHAJIAAPABIH 0erici3aiKk GyHKIUACHIHBIH CHIIATTAMAJIAPBI

Kacanran xopamanmapasl (1.6) xone (1.7) eckepe OTBHIPBIN, XKacajaraH
oenricizmiktiy,  AKXK  JKXKC (1.14) JyHKumMsIChl CHUTHaA JOUCKPETTEPiHIH
aMIUTUTyAdacklHA, OacTamnkel (a3ajapblHa, JKHUTIKTEpIHE JKOHE  Y3aKTHIFbIHA
OaiimanpicTl O0Manpl. benrici3mik (yHKIUSACHIHBIH HETI3rl cuUmaTTaMmalapbIHbIH
CUTHAJIJIBIH JKULTIK-yaKbIT TapaMeTpIiepiHe TOYENIUTITIH TalIalbIK.

Hennix >xpuimaMabik kuMmaceiHgarel 0,5 [38] meHreiii OoWbIHIIA OeNTici3mik
(GYHKIMUSICHIHBIH HETI3T JKaIbIPaKIIaChIHBIH €HI JHUAaMa30HIaFbl aKbIPaThIMIIBLIBIK
oosbin Ta0bu1abl. OyHkusHb! (1.14) v =0 gemn kazambI3:

1 — -
X(R, 0] = 2 [SNZ3 A (R, 0) + EN23 et (R, O)], (1.15)

2R .4
Mynnarst x,, ,(R,0) = a?(T, — T)exp{] TnfnR}’

2R 2R
Knna(R,0) = @ty —x sine (w(fy = fo) =)

+ j((pn - (pn—l)}

n-1
) 2R
* exp{]2n (fn - fn—l) + z Tm + T
m=0
TypakTbl KalaMMEH KULIIKTI ©3repTy/IIH KeJleCl 3aHbIH aJailbIK:

f =1f +0n-Af, n=0,1,..,N -1, (1.16)

myHaarel f0 - GacTankel xuimik, Af-KAUTIK Kagambl, On-KUUTIKTIH ©3repyiHiH
JTUCKPETT1 3aHbI (KOJIBI).
by xarmaiina (1.15) Tenaeyai keneci TypJe Kaifta sxazyra 00Jajb:

X(R,0)] = =|exp {j % fuR} * (BN Xnn (R, 0) + ZNZ3 K1 (R, 0))| (1.17)

Myrzarst o (R, 0) = @} (T, — ~)exp{j - 6,0f R},

2R
Xn,n—l(R' 0) = a,a,_; *sin (T[(Hn - Hn—l)Af * T) [/((0y — 0_1)Af)

+ j(@n

* exp{j2r (6, — O )Af(nz_fT +B)+9 AfZ—R
p n n-1 P m c n—1 c
- Qon—l)}

(1.17)-nen {0 OacTtamkbl SKULTIKTIH MOHI HOJIIK SKbULIaMIBIKTarel FN
KMMaChIHBIH MOJYJIIHE 9Ccep €TIEeUTIHIH Kopyre 00Jabl.
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Opi Kapail TangaynblH BIHFAHIBUIBIFEI YIIIH TYPAKThl aMIUTATYAAIIBIK KOHE
dazablKk  KOATapAbl, TYPaKThl COYyJEJICHY Y3aKTBIFBIH, COHJal-aKk OYTiH,
KalTanaHOaNuThIH XKUUTIK KoabIH (1.16) KaObU11aiMBI3:

a,=1,¢,=0, (1.18)

®opmynanarel (1.17) exi tepmunniH @H KumacbiHa ocepiH Tanjnay YILIiH
KULUTIKTIH ©3repyiHiH CBHI3BIKTBHIK 3aHBIH alablk, Mbicanbl: (6, — 0, 1) = 1,n =
1,...,N — 1. Conan keiiH MOy OenriciMeH OIpiHIII TEPMHUH albIpMaIIbLILIKTapFa
nponoprimonan [1— 2r/(cT)], an exinmn TepmuH (1/TAfNT) -re mpomoprmoHAIIBI
MPOIOPIIMOHAI INaNa30HFa O1pKENKI yIec KOCabl.

Makcumanbl auana3zonasl (1.6) eckepe oTeipbin Ty3eTeMis xxone JKKC yurin
oactankel ®H (1.17) xumaceiH (1.14) N = 5 emmemimen xone Af = 1 MIn
JKUUIIKTET1 KaJJaMMEH caJlaMbI3.

1.3-cyperre (1.17) dopmynanarsl eki TEpMUHHIH rpaduri, COHIal—aK CUTHAJ
napameTtpiepi 6ap kemy 3anbl (1 — 2R/cT) 6epinren: Af =1 MIu, T =5 mke, N = 5.

[ [
— I, (RO
;{ | T _l II.'| ] 'H{”"I
I —— |- 2R [ ]

| |
1 ..
| il i
|

|

|| N
l [11] [}
AW, ﬂJI

Fal o

TAViVA! A LT e
TV IV L Y A e

0 il 150 225 300 375 430 525 600 6735 750
R/

|
o7H
o
1

|

1.3 Cypetr — AKX JIKCY (1.17) 6enrici3aik pyHKIUSCHIHBIH €Ki MYIIIECIHIH
KuMachl, coHpIMeH Katap Af =1 MI'n, T = 5 mxc, N = nmapameTtpepi 6ap curaan
yiiH sipipay 3aHel (1-2R / ¢T)

1.3-cypeTTeH Kepil OThIPFaHBIMBI3/Ial, JKUITIKTIH ChI3BIKTHIK KOJIBIHIA €KIHIII
tepmuHHIH jaeHredi 1/(mAfTN) acmaiinel. [lapTTel eckepe oTbipbint (1.6), mIekTi
KaFmaina, Rygy = ™M(T,) * ¢/2  KOCBIHABICH, eKiHIIi TEPMHHHIH ocepi
MaKCUMaJIJIbl JUana3oHaFkl MaKCUMaIIbl MoHAEp. byt skaraiina ocel TepMUHIEP I
eJeMey MaKCHUMAaJJlbl JTUAara30HaaFrbl (DOHHBIH TOJBIK OENTici3 JeHTeiiHe oKemyi
MYMKiH. Ajaiiga, KainFaH Juamna3oHjga exiHmi  TtepMuHHIH  ocepi  AfTN
KOOCUTIHICIHIH MOHI HEFYpJIbIM a3 0oJica, COFYpJIbIM KOFaphl 6omanpl. Ocbuiaiiiia,
IapT OPBIHIAIFAH Ke3/1e
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AFTN>>1
(1.19)

dbopmynamars! exinmi Tepmuami (1.17) enemeyre 6oassl.
JNKXKC xonmansuiatein PJDK-ma (1.19) mapt kem karmaiina opbIHIANaabl,

couaplkTad B (1.17) ekinmi KOCHIHABICHIH ecnemeli, ®OH ambiHFaH KHUMAacChIH
TaIIalMBI3:

X (R, 0)] = — |exp(i = foRYENZ3 (T — 2F) « expli T 0,0fR}|  (1.20)

byt sxarmaiina KaTeIHACTBI KOJIIAHA OTHIPBIIT:

2

-1

sin(Nm/2)

ejmn — ej(N—l)m/Z *
sin(m/2)

0

S
Il

(1.20) epHekTi Kemneci Typre KeaTipyre 00abl:

. 2mNA
sin( ncfr)

.4 N-1
explj = (fo + =~ AR} * iz (1.21)

1
X(R,0)] ==

(1.21) epuek (1.16) maprrapna Hesaik >kburnaMabikra (1.17) auanazoHgarbi
®H JKXC xkemmeHeH KHMachl JKHUIIK KOJBIHA TOYeIJl eMeC JKOHE
QXKBIPATBIMIIBUIBIKTEI ~ QHBIKTAUTBIH €Ki HETI3T1  TEepUOANeH Mep3iMIl  OOJIbI
TaObUIAJBl JIETEH KOPBITBIHABI >KacayFa MYMKIHIIK Oepesil. koHe Oip MoHI
nuarna3oHbl aneikTay HHTEpBaiisl (MOO/).

JnanazoH aXbIpaThIMJIbUIBIFBl CUTHAJJIBIH JKajlbl ©TKI3y KaOUIEeTTUIIrIMEH
aHBIKTAJIA]IbI:

C
R=gr (1.22)

aJ KalbIKTBIKTBI O1p MOH/I1 aHbIKTay apainbirbl (Unambiguous Range):

= — (1.23)

RUR_E

AWiTa KeTy Kepek, KUITIK KOIsl Oipkenki emec OosraH >xarmaiga (Af, #
const,n =0, ..., N), HeMece TUCKPETTEP/IIH Y3aKTHIFbI TYPAKThl OOJMMaraH Ke3Je,
QXKBIPATBIMJIBUIBIK JKOHE KAIIBIKTBIKTBI O1p MOH[I aHbIKTay apajiblFbl (1.22) >xoHe
(1.23) dbopmynanapmeH aHbIKTaIMakabl. Kypaem >Xuilik-yakelT KypbUIbIMIAPhI O0ap
CUTHAJIAp YIIH KbI3BIFYIIBUIBIK TMapameTpiiepiH KeWiHHeH ecented oTbipbinn, OH
MOJIEITIBICY KaXKeT.

KeuinaMaeiK OOMBIHINIA aKBIPATHIMIBUIBIKTEI aHBIKTAy YmIiH R = 0 ke3inme
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oenrici3aik GyHKIuACHIHbIH (1.14) GemimiH jka3ambl3:

1 _ . 2 .4 Tn
x(0,0)] = = |ENZ5 @R Tasine (- fuuT)exp{—j — oo T — Y| (1.24)

®dopmynansl Tangay (1.24) op Typii KUUTIK-YaKeIT KypbhulbiMaapsl 6ap AKXK
JKKC ymiH KOMOBIOTEPre €cemnTey JKOHE MOJENbJEy apKbUIbl  HETri3ri
x)anbipakmianbie, eHi 0,5 [38] T, f,, CUTHANBIHBIH JKHUTIK - yakKbIT MaTpUIlachiHA
OallIaHBICTBI €KEHIH KOPCETTI.

Mogenbaey HOTIKENepi OOWBIHINA IKBUIAAMIBIK —aXKBIPATHIMIBLIBIFBIHBIH
CUTHAJI apaMeTpJIepIHe TOYCIIIIT YIIIiH )XYbIKTay KUCBHIFbI aJIbIH]IbI:

C
2YN-3 T

Av (1.25)

Opnek (1.25) curHanablH  SKUUIK-YaKbIT — TapaMETpiepiHIH  opTypJi
KOMOMHAIMAJIAPbIH, COHBIH 1IIIHJAE XUUTKTEPAIH OIpKEIKI €MeC TOpPhIMEH >KOHE
JTUCKPETTEP/IIH OIPKEIIKI €MEC Y3aKThIFBIMEH €CKEPEIL.
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2 CHUTI'HAJABIH  KHULJIK-YAKBITTBIK  ITAPAMETPJIEPIHIH
BEJIICIBAIK @®YHKHUACBIHBIH BYHIPJIK JKAIBIPAKIIAJIAP
JEHI'EMIHE OCEPIH BATAJIAY

l-tapayma  kepceruireHaen,  Oactankel  ¢azamapapiH  OH  (1.14)
CUIaTTaManapbiHa ocepl (DYHKIUMSHBIH EKIHII TEPMHUHIHJE FaHa MYMKIH OOJIaJibl.
Mapt opeaanran ke3ne (1.19) exinmi TepMuH erneyci3 a3 0onaibl, COHABIKTaH
dazaneik kox FN cunarramamapeiHa ocep eTyni Tokratanasl. COHBIMEH Katap,
OipiikTeH Oacka aMIUTMTYIAIBIK KOJTHI TalgaiaHy CUTHAIIBIH SHEPTreTUKAIBIK
NOTEHIUAIBIHBIH TOMeHAeyiHe okenedi. Ocbliaiiiia, ofaH 9pi TYKBIpbIMAAP YIIIH
OacTtankpl (a3aHbIH HOJIIK KOJbl >KOHE aMIUTUTYAAachIHbIH Oipiik koael (1.18)
KaObugananael. biz Oyiipmik xaneipakmanap aeHrediniy (BXX]) Ttoyenmimiriy,
COHJIali-aK CUTHAJJIBIH Keyecl Kulmik-yakbIT mapamerpiepine @H AKX JIKXKC
JTMATNIa30HbIH O1p MOH/II aHBIKTAY apajbIFbIH 3ePTTEHUMI3.

Kuinik kompr:

{6,}=101,..,N—-1],n=01,..,N — 1.

XKuinik TOpbIHBIH O1pKENIKI EMECTIT1:

{6, +46,},6,=101,..,N—1],{A6,} € (-0,5;0,5),n=0,1,...,N — 1.

JIMCKpeT Y3aKThIFbl COMKEC KEIMEYi:

T, # const,n=0,1,...,N — 1.

BIK]{ OaranayneiH opTypiii aaicTepl 0ap: MakcUMaabl OYHip >KarbIpaKIIachl,
Oyiiip >KamblpakllaJlapbIHBIH OpTallla MOHI HeMece OyHip KamblpakKiiaJapbiHbIH
MeJIMaHAJIbIK MoHI. MyHaa OyHipiiK >kambIpakiaiapaslH aeHreii eq »xorapbl bXX]]
JIeTl TYCIHIIeAI-MaKCUMaJIIbl OYHIpJIiK >KambIpakiIaHbIH JeHreiiHiH b® opraibik
MaKCUMYMBIHBIH JEHreliHe KaTbhlHAChl. ['padukrepae biHFainel Oosy yuriH BXX/]
neuudenaepae (nb) kenripineni.

2.1 Kuijlik KoABIHBIH Jcepi

JKuimik KOJIBIHBIH Tap >KOJAKThI JUCKPETTI KOATAIFaH curHaaapasiH bXKJ[-re
acepi opTYpJl KyMbICTap MeH MoHorpadusiiapaa kepceruiren|[1], [24], [25], [39]-
[41]. KeliGip enoektepae [24], [25] Kocrac maccuBTepiHE HETI3JENTeH >KaJlFaH
ke3nercok sxuinik koarapsl [39] AKKC enmemainiri yuiid N yakbiT-Jlomiep sKuiiri
KoopauHartapeiiga @OH Oyiipiik KamblpakiiagapblHbIH —OipKeski OesliHyIMeH
Oenrici3iiKk (YyHKUUACHIHBIH "OaThIpMaibIK' TYpiHE KOJ JKETKIZyre MYMKIHIIK
oepeni. CoHbIMEH KaTap, KOMIBIOTEPIIIK MOJAEIIBIICY HOTHKENIEPl KOPCETKEHIeH, Tap
konakTel JIKJKC Kocrac kesnmeiicok (azanbik Typakchi3ablkka eTe Te3iMal [30].
Anaiifa, 3epTTeNeTiH CUTHAIAPABIH aca KeH Oemaeynirid kxoue (1.6) xome (1.7)
HIapTTapMEH aWKbIHAANATBIH CBHIFy 9ICIH ecKepe OThIpbIl , 3eprreneTin AKXK
JKKC ymin Koctac konrapbIHbIH KACUETTEPIHIH CaKTaTybIH TEKCEpy Tajal eTUIe/l.

benrinenren Xuimik-yakpIT mapaMeTpiiepi Oap curHamgap YIIiH Oenrici3aik
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¢yukmuscein (1.14) kypaitteiH, Oapnbik N-ai Tekcepetin Oarmapnama MATLAB
TutiHae kasputran! N = 3, 4,..., 10 emmemMaepiHiH OpKaNCHICHI YIIIIH KOJTap >KoHE
OYHIpJIIK KambIpaKiiajgapJAblH MUHUMAJILI JCHTEW1 Oap ecTe KaJlapjblK OHTaNJIBI
KoJl. TanJanraH CUTHAJIBIH KUUTIK-yakbIT apamerpiepi: fO =1 1T, Af=1 MI'u, T
= 50 mkc. TaObuIFaH XUUTIK KOJATApHI 2. 1-KecTeae KeATIpIIreH.

2.1 Kecte - MpiHagai KUUIIK-yaKbIT mapameTpiiepi Oap CUTHaaap YIIiH
oHraiukl )kuitik koarapel: f0 =1 1T, Af=1MI'n, T =50 Mkc

N [YBJI Koctac JKnimik xoasl
[nb] MACCHBBI
3 0,492 |Uo 1 3 2
4 1,615 o 3 4 21
5 2,217 Kok 1 2 3 5 4
6 |-2,278 DKok 3 1 2 5 4 16
7 2,490 DKok 7 6 4 5 2 3 1
8 2,889 Kok 8 7 4 6 5 8 1 2
9 |-3,002 DKok 7 9 5 8 6 3 4 2 1
10 3,079 [PKox 10 7 9 4 8 p 6 3 2 1

2.1 kecreciHueri

nepextep bXKJ[ azaiity kputepuiii

ooitprHma AKX

CUTHAJIAphl YIIIH OHTAWIBI JKUUTIK KoATapbl opkamran Kocrac koarapelr Oosa
oepmeiitinin  kepceteni. CaHAObIK Mojenbaey mnporecinae N!  emmemuaepiHiH
OpKaMChICHl YIIIH OapbIK KUUIIK KOATAPHI KOJAAHBUIFAHBIH €CKEPE OTHIPHIN!, co/laH
keilin Kocrac koarapeiabiH maptrapel AKK  JIKYUYC-niH eH Ttemenri BXX/I
Oenrici3miK (PYHKIUSACHIH aldy YIIIH JKETKUIIKTI JKOHE KaXXeT eMec el alTyra
0oJ1aIbl.

BX]I oHTailnibl KOATApIBIH SKUUTIK KaJambl, JUCKPET Y3aKTBIFbl JKOHE
OacTankpl KUIIK CUAKTHI CUTHAJI NapaMmeTpiepiHe TOYEeNAUIIriH aHbIKTay YIIIH 013
2.1 xecrteciHmeri mapameTpiiepre KaTbhICThl aTaJifaH MapaMmeTpiepliiH OSPKAUCHICHIH
e3repre oToipbin, bXK]] ecenteynepin KaiTanaimbl3.

Kecte 2.2 - MpiHamail KUUTIK-yakpIT TapameTpiiepi 06ap curHaigap yuiiH
oHTainel KUK Koarapsl: f0= 11T, Af=1MI'n, T =10 mxc
N |VBJI Kocrac JKnimik Koasl
[nb] MaCCHUBBI
3 (1,034 Mo 3| 2 1
4 1,556 |[Us 3| 4 2 1
5 12,135 [Kok 1] 2 3 5 4
6 2,245 [Kok 311 2 5 4 6
7 2,315 [Kok 2| 7 6 4 5 1 3
8 [-2,683 [Kok 1] 2 5 3 8 7 4 6
9O 2,984 [Kok 719 5 8 6 3 4 2
10 13,020 PKok 10| 8 4 7 5 9 6 1
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Kecte 2.3 - MbiHamal >KUUTIK-yakpIT TapaMeTpiepi Oap curHamgap YIIiH
oHTaibl )KUUTIK KoaTapsl: f0= 11T, Af=10 MI'u, T = 50 Mkc

N |VYBJI Kocrac JKuinik xoasl
[nB] MAacCCHBBI

-1,128 Ua

-1,667 Mo

-2,273 DKok

-2,400 DKok

-2,524 DKok

-2,866 DKok

N OoONWwW A OWWw

-2,951 DKok

RO [N[O|O1B~[W

o

O[O0
COOTINNINWIN -

Ullo|oo|ul|o1| N[
oloww MhkF
wlwlu|bslo
~N (DN

N

=

-3,043 DKok 2 4 1

[HEN
o

Kecre 2.4. MpiHamail XUUIIK-yakbIT HapaMmeTpiepi Oap CUTHaigap YIUIH
oHTaibl xkuUTiK kKoarapsl: f0 =100 MI'u, Af=1 MI'n, T = 50 mkc

N [VBJI Koctac JKnimk Koabl
[nB] MACCHBBI

-1,116 Us

-1,656 Ho

-2,270 DKok

-2,391 Kok

-2,511 DKok

-2,851 DKok 6

NP Rlo|hw|w

-2,946 Kok 2 1

RO [N[O|O1B~[W

o
OON|A~ B[O

AIOIOTIWOIWIN -

o|o|w|ulN [N
~N| oo N
olw|N|o|w

S IENENEN

-3,050 DKok 3 2 1

=
o

2.1 - 2.4 xecrenepiHAeri CaHIBIK MOJENIbIACY HOTIKEIEPIH CaBICTBIPY
CUTHAJIJIBIH JKUUTIK-YaKbITTBIK TTapaMeTpiepiHaeri opTypii e3repictep kesinae Y bJI
AKX JKXC curnan napamerpiepiHe TOyeNIUIrl KypAell HapameTpiiik OoJIbim
tabbu1azpl sxoHe PJDK xo0anay ke3iHae KOJAiibl 30HATAY CUTHAJBIH TaHJAAy YIIiH
FN epHeriH KoJijjaHa OTHIPHIT alIbIH-aIa MOJeNbIey KaxeT (1.14).

ConbimeH katap, 2.1-kectener N YBJI ®H ynratopIMeH TOMEHACUTIHIH KOpyTe
Oomnazapl, anaiga Oy TOyenaumikTiH TopTiOi Oenrici. Kepi Oaitnanpic TopTiOiH Tady
ymia N > 10 sxoraper emmemaepain JKXKC ®H-ne VYBJI-mi Tekcepy Kaxer.
blkruman koarap caHbIHBIH OfaH 9pi1 (PAKTOPIBIK ©CYl KOJJAHBICTAFbl KOMITBIOTEP/IC
MOJICNIbJICY YaKBITBIH apTThIpaAbl, OVJI OCBI Karjaiiapaa O6apieik n > 10 Ommem
KOJTaphlH Tekcepyre MyMmKiHmiK Oepmeial. Couabikran 10-HaH — acaTbiH
enmemaepain ®H JIKIKC koMmbroTepsik MoJEIbAeyl YIIIH KeJiecl UTEepPalUsUIbIK
aNITOPUTM TaHIAAbl. AFBIMAAFbl TEKCEPUICTIH XUUTIK KOJBIH TaHAay YuIiH 1-1eH n-
re JeriHri caHmgapabl ke3aehcok petke kentiperiH MATLAB randperm(N) kypan
byHKkIusace Koymanelianael, Oy ¢yakmus 100 000 Urepamus IuKIiHAETI op
uTepanusia KUK KojablH skacaiael. Oceunaiima, 100 000 ke3aeiicok TaHIaIFaH
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KOATApIbIH €H a3 JKUBIHTBHIFBI O0ap Kuimik koabl 6ap. Ocwiman keiiH, anasHFel N-1
OJIIIIeM] VIIIH ajlblHFaH MHUHUMAaJJIbl MUHMMAaJJIbl OJOKTaH KeM ajyFa MYMKIHIIK
oepetin N eJIIeMiHIH KUK KOl TAOBUIFAHABIFbI TEKCEPLIS/I].

min{YBJI(N)} < min{YBJI(N — 1)} (2.1)

Erep maprtTel KaHararTaHablpathlH koxa (2.1) tadsuimaca, 100 000 urepaums
KT KaliTa/laH KalTalaHabl, COAaH KeHiH MapTThl TEKCEpy KaiTa opeiHaanas (2.1).
Opi kapait, 100 000 urepanusgan TypaThlH 5 YKcac opekeT kacananpl. Ochliaiia,
erep n OuniemM KOATapbIHBIH Ke3AeicoK cyphinTanysblHbiH S00 000 utepanusace Ke3iHae
(2.1) xaHaraTTaHbIpaThIH OipAe-Oip koI TaObUIMaca, OYJI eJjIIeM OTKI3IN KIOepuTil,
keneci N+1 emmem yuriH i3aey 6actanapsl. Ochl 13€y aITOPUTMIH KOJIIaHA OTBIPHII, N
=11, 12, ... 50 emmemuaepine eH a3 YbBJI aimmyra MyMKiHJIIK O€peTiH KOATap TaObUIIbI.

XKuinik KoATapbIH OCHI JKaJIFaH Ke3/IeHCOoK cypbinTay HoTmwxkeciHae N =11, 12, ...
50 emmieMjepiHe apHaJFaH KUUTK KoaTapbl ainblHAbI 29, 35, 42, 43, 47. Ochbl
emmemzep yuriH 500 000 urepanus (2.1) KaHaraTTaHABIPATHIH KOATAP/ABI Ta0y YIIIH
KETKUTIKCI3 OOJIJIBI.

N > 50 emmempaepin Ttekcepy yumiH eH a3 UBL 06ap konrel Taly
urepanusuiapbiabiy, cadbl 100 000-aHan 10 000-ra aeitiH KbICKApTBUIALI, COHBIMEH
KaTap TEKCEpUIETIH eJeMaep keneci cangapmen mekreneai: N = 75, 100, 150, 200,
300, 400, 500, 1000.

Mopenbaey HoThxenepi 2.1 cyperre KopceTiIreH.

0F ! I I I [

'.“ — YBJI mun.
" = = =V¥bJI Make.
S, —— 10 Ig(1,16/N"* 7]
\ - w0333
N 10 Ig(1,75/N )
Mos
= -lo \ N
A ~I~
— \"*'\ I
A \__ lH.k""'*--. —
78 ‘\ R
\\ *—‘_‘__-_""—"—-—
%a,,_.____-‘
0 [ ——
T ——
fr—]

0 100 200 300 400 500 600 700 ¥00 900 1000
N

2.1 Cyper — Ta6suiran YbBJI ®H AKX JIKIKC MUHUMYM skoHE MaKCHUMAJIb]IbI
N cUTHaJIBIHBIH OJIIIEMIHE TOYENIUIIK rpaduri.

Kaunbiy xongap KOMIIBIOTEPIIIK MOJCNB/ICY HOTHIKEIIEPIH KOPCETEl, KIHIIIKE
CBI3BIKTAp IMIAMaMEH aHATUTUKAIIBIK TOYEIIITIKTI KOpCeTe/Ii:

l
YBJlgnp = 101g(3= (2.2)

MyHarbl | — KaHmai na 6ip TypakThl Ko3ddumment

23



Monenbaey HoTrkesaepi f0 6actankel sxuimiridid, Af KUK KaJJaMbIHBIH KOHE
T yAruiepiHiH Y3aKThIFBIHBIH MapameTpiiepin e3repty YBJI e3repreTiHiH jkoHE
COHBIMEH KaTap OHTAIJIbl XKHUITIK KOJTAPhIH aHBIKTAUTHIHBIH KOPCETTI. Y aKbIT-KULIIIK
napamertpiepiniH YbJI-re HakThl aHaTUTHUKAIBIK OCEpl KOHE OHTAMJIBI JKULIIK
KOATAPBIH TaHAAY 3aHJapbl TEPEHICTUITCH MapaMeTPIIiK Tajaayabl KaXeT eTe/li )KOHe
OWJI KYMBICTBIH IIEHOEPIH/Ie KapacThIpbLIMaraH.
VbJ1,,.;(N) VbII,,,,(N). (2.3)

meop

2.2 Kuijik TopbIHBIH OipKkenaki emecTirinin acepi

bypein adteinrangait, Oapabsik AKX JKXC Oo#ibiHma >Xuiniik
KaJaMbIHBIH TYPaKTBIJIBIFBl CHUTHaJJa MEpP3IMAIIIKTIH maiga OojybiHA
okeneni (2.2-cypeT), coOHABIKTaH Oipkenki xuidik koasl 6ap AKX JIKXC
ymia MOOJ (1.23) dopmyna OoiipiHIIA aHBIKTadagbl. 2.2-cyperte N =
900, Af = 5 MI'u, T = 50 Mmkc, fO = 1 I'T'y ke3iHAe CBI3LIKTBIK OCETIH
xuinik koasl 6ap AKX JIKXKC 6enricizfik QyHKIIUICH KOPCETIITEH.

0.5

0.4

0.3
‘ 0,2
: 0.1
0
i
o //()
W 4y @

NN N N N o o
QOO0 0

XRYV )

o O—NWhLNO~

(=

2 40 60 80 -2 v [m/c]
R/m] 4

2.2 Cypet — (1.23) apKblJibl aHBIKTAJIFaH K€3€HMEH CUTHAJAbIH
kKahtananybslH OelinenerTin AKX JIKXC 6enricizaik QyHKIUSICHIHBIH
CBIPTKBI KOPIiHICI.

CurHanabplH JKUUIIK KYpPBIJIBIMBIHA OIpKEJIKI eMecC KOCY OCHI
KE3CHAITIKTeH KYTBhUIyFa XoHe Oip MOHI Auama3oH KE3€HIH MEeKTeHTiH
Oy#ipaik n00TapAblH JEHTeliH TOMEHIETyre MyMKiHmik Oepemi. 2.3-
cyperte AKX Oenricizgik (QYyHKIHACHIHBIH YII eJmeMIl KepiHici
KOpCeTiAreH

Jlon oceiHgal cunmatrtamaiapsl 0ap, Oipak JKHUIJIK KaJaMBIHBIH
nceBaokes3aeicok esrepici (xkutrrep) Kocoaran JKUC:

fo = folOn + k * (6,/N —0,5)] * Af (2.4)
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0 = RandPerm(N),n = 0,1, ..., N — 1, RandPerm(N) € [1;N],k € [0; 1]

RandPerm (N) - 1-gmen N apansirsiagarsl N KaliTagaHOaWTBIH OYTiH
caHaapabl Ke3eicoK aybicThipaThiH GyHKIusa, K = 0,3 - KHidiK KagaMbiHa
KaTBICTHI XUIJTIKTEPA1H KaJlFaH Ke3JeMCOK KUTTEePiHIH AHAMa30HBbI.

60 80 7 E V [m/c
R/m] '[ /

2.3 Cypet — TypaxTsol emec xwuinik topsl 6ap FN UWB DKChS
CBIPTKBI KopiHici (2.4), k =0.3

2.2 xoHe 2.3-cypeTTepai CalbICTBIPY XKHUIJIK KaJaMbIHBIH KeWOip
NCEeBJIOKE3IeHCOK o3repyiMeH (KuTTepi) OipKeaKl eMec XHUIIIK TOpbIHA
OTy €Kl ocepre okeleTiHIH Oaiilkayra MYMKiHAIK Oepexai. bipiHmines,
opTajblK JOOTBHIH Mep3iMAl KalTalaHy JeHrell auama3oHaapibl Oip
MarblHAJBI aHBIKTay Ke3€HIMeH TeMmeHaeiai. Exinminen, Oip MoHAI
nuamna3oHJap apachbiHAarbl Juana3oH aWMakTapblHAa OyHipaik J0OTHIH
opTamia JAeHrei aprtansl. Eki ocep ae nuanma3oH OOWBIHINIA KOJJEHEH
KHMaja KajgarallaHAThIHABIKTaH, 0JaH apl KopbIThiHAbIIAap Yin AKX ®H
JKXKC xenaeHeH KuUManapblH O€piir€H CUTHall mapaMeTpJiepiMeH HOJAIK
KBIIAaAMIBIKIIEH Moaenbaey (1.17) epHeriH KoagaHaMbl3.

Bacrtankel xwuinik kKagambiHa (2.4) KaTBICTBl JKUIJIIK KaJaMBIHBIH
IMCEeBAOKE3IeHCOK BapHWalus JIuWalma30oHbIHA HETI3ri J0O0TBHIH Mep3iMai
KaliTalaHyJlapblHBIH TOYEJNA1TIT1H 3epTTEHIK.

Temenne AKX JIKXC ymin "Henmik xpuigamabikTarel ®@H Oemimi
keneci mapameTrpiaepMmen oepinred: N = 100, Af =5 MI'n, T = 50 mkc, f0
=1TITu, k=0,05.
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2.4 Cypet — Kuinik 6o¥biHIIa 6acTankel Kagamra KaTseicThl 0,05
JKH1JI1K KaJaMBIHBIH Ke34eHCOK eMeC KU1JIIK KOIBI )KOHE KajJaraH
Ke3/1eHMCOK e3repy Auamna3oHbl 0ap HeJIAIK KbeingaMablK ke3inaeri AKX
JKXC ®H kuMmacsl

2.4-cyperTen OyHipaik oKambelpakmiajgap ayKbIMHBIH YJIFalObBIMEH
Oenrini Oip 3aHFa coiikec Tycim, wmoonaTapablH eceniri (1.23) nuamazon
Oenrinepinge Tapanranbl kepiHeai. K xxuiniridin tepbesic Auana3oHbIHAH

O0acka, curHaiabiH 6apnsik mapametrpiaepin (N = 100, Af =5 MI'u, T = 50
Mkc, f0 = 1 I'T'n) GexiTemis:

I
™ [ I
0,9 [t ek k=0,05 ||
i Ts —— —k=0.1
0.8 '(n_ T —memk=02 ]
S * —k=0.5 |
0,7 \h %
0.6 l ‘.L i -
S N O
QE- 0.5 \ -:I \ ¥
~ 0.4 - %
. \ A *
0.3 l T . .*.
0.2 ] : * T
’ W 2 # *,
. L i A #* L
0,1 U\1 ! ]{\ {Jf--\ % gl **a} -
RN PR P #E
LTWAAAAY oS L a5

0 150 300 450 600 750 900
R ]

1050 1200 1350 1500

2.5 Cyper — N =100, Af=5MTI'u, T =50 mkc, f0 =1T1Tn
KUITIKTEP KaJaMblHBIH JKaJIFaH Ke3JA€UCOK ©3repyiHIH 9pTypi
auanazorgapseiaga ®H AKX JJKXC (1.17) kumaceiagarel MOO [T
HIEeKTEeUTIH OYyHip *KamnblpaklialapblHbIH ailHaIaCHI

2.5-CypeTTeH auamna3oHJbl Oip MOH/1 aHBIKTAy apalibIFbIH MEKTEeUTIH
OyHipnik KamplpakKiiajgapAblH alHaTybl

OPHEKIICH aHBIKTaJaThIHBIH
Kepyre Oomaabl:
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. k*R . 2Afxk*xR
vmn(R, )| = [sinc(G)| = [sine 22 (2.5)

Ocpunaiiina, OipKeNnKi eMec >KUUTIKTep TOpbIHA KOIIyAiH ajfalllKbl acepi TeK
JKaJFaH Ke3lencok Tepoeric k nuana3onbiHa koHe Af KULTITiHIH OacTanKbl caThIChIHA
OaitnanbicTel  Oonagpl. RUR (1.23) ecenmik kambIkThikTa opHamackan MOOJ T
HIEKTEHUTIH OYHIPIIK KambIpakiiaiap/ sl HeJJIEY YIiH 2.6-cyperTte kepceTinrenen K =
1 KUK KaJJaMbIHBIH ©3Tepy JIUAIa30HbIH OCINTIey KaXkKeT.
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2.6 Cypet — ®H xumacer AKX JIKKC (1.17) sxwuinik 60ibIHITIA KaaMFa TEH
KUUTIKTEPAIH JIpUIIEY JTUana3oHbl Ke3iH e O1pKeJKl eMeC KHULTIK KObl 0ap

bipkenki emec KULTIKTEP TOPbIHA ayBICYJIBIH €KIHIIN dCepiH 3epTTey yiiH 613 K
= 1 KUK KaJaMbIHBIH >KaJIFaH KE3JIEHCOK TEepOCNICIHIH TUana3OHbIH Oenriaeiimis
xoHe N JKUUTIKTEp CaHbIH e3repTeMi3. HakThl xyhenepae F = NAf sxymbic xuimiri
KaTaH IIEKTEeYJ, COHABIKTaH F CUTrHaIbIHBIH a0COMIOTTI eHiH N KHUUTIKTEp CaHBIHBIH
aptybiMeH cakray yiriH Af = F/N xwuimikreri KamaMabsl TpOTOPIMOHAIIBI TYpAC
a3zanTaMbI3.

Kuinmik KagaMbIHBIH >KalFaH Ke3JIeMCOK TepOeiCIH KaJbIITACThIPy YIIIH
RandPerm(N)/N (2.4) ¢yHKIUACH TaHTAFaHABIKTaH, CUTHAJAAFbl KalTallaHyabIH
MUHUMaJABL Ke3eHl N ece azaspl. COHIIBIKTAH JUANa3oH bl Olp MOH/I aHBIKTAYIbIH
YKaHa apaJIbIFbl aHBIKTAJIAIbI:

Cc

2.7-CypeTTe JKMUIIKTIH OpKeNKl TOpbl (2.4) X0HE MbIHAJal >KUUIIK-YaKbIT

napametpuepi 6ap JJKKC ®H kumacs! kenripinren: N = 10, Af =5 MI'u, T = 50 mkc,
f0=11Tu, k=1.
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2.7 Cypet — XKuinikrig Oipkenki koabl 6ap MOO/Ika kaTeicThl N per
WIFAUTBUTFAH U001 )KULTITiHIH Oipkerki emec TopbiMed JIKXKC (1.17) ®H kumacsr (N
=10, Af=5MI', T=25mkc, k=1)

2.7 xoHe 1.3-cyperTepal canbICTBIpYJaH MHUUIIKTIH OIpKeJKI eMec TOpbl Oap
curnan ymia ®H AKX JJKXKC (1.17) kumace! nepuoatsl cumnatka ue, RUR ke3eHiMeH
(2.6) Oyiiip KambIpaKmagapsl TPOMOPIMOHANIR Typae temenaeimi [1— 2R/(cT)].
ConppikTad, OYHIpIIK >Kamblpakiiagap JEHICHIHIH AUCKPETTEp CaHbIHA TOYEJIUIIIH
Oaranay ke3iHje, GYHKUUSHBIH HIeKTeysepiHe colkec (1.6), KbI3BIFYIIBUIBIK apasibIFbl
YILIH KeJecl eKTey/ 1 Oenrijey MarbiHachl Oap:

: T
Riyax = mln(Nﬁ,% (2.7)

Bi3 KalbIKTHIK apasibiFbl OOMBIHILA €CENTEYIIEP KYprizeMi3

I I I
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2.8 Cypet — k=1 ke3inje xKUUTIKTepAiH OipKenki eMec TopbiMeH (2.4) JIKIKC

(1.17) ®H AKX kumachiHIaFbl MaKCUMAaJIZbI KoHe MUHUMAaIb! Y BJI N curnaibiHbIH
OJIIEMIUTITTHE TOYEI AT
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R =0, AR,..., Rmax (2.7) N emmemaepi yurs = 10, 20, ..., 500, 550, ..., 1000.

OpOip emmem yuriH ecentey randperm(N) (2.4) QyHKUUACHIHBIH €H >KOFaphbl
JKOHE €H TOMEHI'T MOHJEPIH OCNTUICUTIH opTypiii koMmOuHanusuiapsl yiriH 1000 per
Kaitananaael. MonenbaeHren curHaaapabiy napamerpiaepi: T =50 mkc, f0=11T1, k
=1, Af = F/N, xomnak eHidig adcomrorti MoH1 F = 100 MI't, 500 MI', 1 I'T, 2 I'Tn
xkoHe 5 I'T. 2.8-cyperre opauHaT oci OOMbIHINA JIorapuPMIIK MacTadTa MOCIBICY
HOTIXeCi KepceTireH. bip TumTeri cei3bIKTap Oip >KOJAK €Hl YIIIH MaKCUMAJbl JKOHE
MUHMMaJIIbl eH >xkofapbl YDBJI kypaiinel. KamnblH cbI3bIKTap >KoFapbimaH (HYKTEN
CBI3BIK) JKOHE TOMEHHEH (KATThI CBI3BIK) aJbIHFAH MOHJCPAl IICKTCUTIH TEOPHSIIBIK
TOYENIUTIKTEP Il KOPCETE/].

2.8-cyperrer N > 50 YBJI muckperTepiHiH YAKEH CaHbI Ke3iHZIE >KULTIKTePAiH
oipkenki emec Topbl Oap curHangap ymiH OH AKXK JIKIKC KamibIKThIK KMMachIHIA
JMCKPETTEP CaHbIHA KeJeCi TOYeIIUTIK Oap eKeHIH Kopyre 00Jabl:

YBJI(N) = 101g(\/%) (2.8)

myHaarel | — Kanmait ma Oip TypakThl koddduiment |> 1. CoHbIMeH KaTap,
CUTHAJIIZIBIH OTKI3ZY KaOuleTTurriHig yirarobiMeH YBJI eceriHiH kepyre OoJajpl.
Curnanabiy N eJmmeMiH cakTail OTBIPBIN, CUTHAIABIH OTKI3y KaOumerTimriHig F
yiratobiMeH MOOJ] RUR (2.6) azasinpl, T yaTiiepiHiH Y3aKThIFBIHBIH ©3T€pPMEUTIHIITIH

€CKEpe OTBIPHIN, Oy TOyeHIUIK TOMEHJEyJeH TybIHAanmsl. (1 — %) (aKTOPBIHBIH
C

ocepl. T yATUIEpIH Y3arbIpaK Y3aKTBIFBIH TaHJaraH Ke3ne Oyil (akTopiblH dcepi
TOMEHICHII.

2.3 JluckpeTTi CUrHAJ Y3aKTBIFBIHBIH Jcepi

YAri y3aKkTbIKTapbIHBIH OPTYPJl PETTUIINH MOJENbJCY ChlIHAMaHbIH TE€H €MeC
Y3aKTBIFBI YHIIH g2 (Tn — E) (1.14) daxTopwiHBIH yiFatobiHA OaimanbicTel OH
C

JKXKC xumaceiHga Henmik >kbuigamibikta (1.17) sKeprutikti yiakedreH OyHipiik
n00Tap naiaa 0osnaThiHbIH KepceTTi. Ocbulaiiina, yaruviepiHiy y3akThirbiH 03repTy OH
AKX JIKXKC YBJI namapnaTtatblH KaFbIMCBI3 OpEKET Jen arayra Ooiyajbl. OckiFaH
KapaMacTaH, HAKThl PaHOJIOKAIUSIIBIK JKyHesep/ie YATUIEPAiH Y3aKThIFbIH KAKETT]I TeH
MOHJIEpre JEiH KhICKApTyFa MYMKIHIIK O€pMEUTIH MHEPIMSIIBIK OalmaHpIicTap Oap,
Oyn KaFjaiiia CHTHAIIApALl OHJEY Ke3IHAe VATUISPIiH Y3aKThIFBIHAAFbl OYII
alBIPMAIIBUIBIKTEL ecKepy KakeT. 3 Tapayma Oyn acepmi AKXK JIKXKC kpicybIHBIH
UQPIBIK CaThICHIH/IA KaJlal ecenKe amyFa 00JIaThIHbI KOPCETUIreH.
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3 KUK BOWBIHIIA JACKPETTI-KOATAJIFAH CHUTHAJ
TAJJIAY

1-tapayna anbiaran Oenricizaik gyukuuscel (1.14) AKXK JKYC-ubl KonmaHa
oteipbil, PJDK-ma Tamamia kemicinreH Cy3TiHiH IIBIFYBIHIAFbl TEOPHSUIBIK CHUTHAT
0oJbInm TaObLIaAB. MyHIAM CY3TIHI IC KY31HAC JKY3€re achlpy OpTYpJli ToCcUIIepMEH
KY3€re achIpbUIybl MYMKIH JKOHE HaKThl IIenIieTiH wmacenere xone PJDK
931pJEYIIICIHIH TEXHUKAJIBIK MYMKIHIKTEpIHE OailTaHBICTHI 9p TYP:Ii O0IYbl MYMKIH.

VYaptpa keH xonakrel CXKM curnangapsin (kapamaitbiv  AKK  JIKUC)
KEJICUIreH CY3y/l XKy3ere achIpyAblH TaHbIMal HYCKAJApbIHBIH OIpiH KapacThIPHIHBI3,
OJ1 iCKe achIpyAbIH KapamnaibIMIBUIBIFBIMEH JKOHE Mala OOJFaH paJrOSIOKAIHSIIBIK
CUTHAJIJIAPJIbIH KEH JMAIa30HBIHBIH KOFapbl KOA(h(UIIMEHTIMEH CHUNATTaIaabl JKOHE
OHBI xayFaH kesnehcok kuumkTi koaraymen AKXK JIKOKC xypy MyMmKiHfiri yiiiH
e3repreMis. Coman keitin 013 PJDK kabpuinay >xonbiabiH mbiFbickiHIa AKXK JIKOKC
KOMETIMEH CaHJIbIK CUTHAJJIBIH MAaTeMAaTUKAJIbIK MOJICNIIH KypaMbI3 oHE Oip 30HITAY
apKbUIbl MAKCATThIH JTUANa30HbI MEH pavaliibl KbULIAMIBIFBIH Olpiiecint Oaraiay/ bl
JKY3€re achIpy YIIiH €Kl eJIIeM/Il CaHbIK ChIFbIMIAY (DYHKIMSCHIHBIH OpHETIH Oepemis.

3.1 PJI’K kaObu1aay-Taparty »*oJIbIHBIH KYPbUIBIMABIK ChI30achl

OyHKIUsAFa COMKec KeNeTiH curHamabl Kbicy (1.14) eki ke3eHIe OpbIHAATYbI
MYMKIH:

1) TereiaayasiH aHaiortelk kezeHi PJDK kaObiipay >KOnbIHIA OpBIHIANAIbI
KOHE KBaJpaTypasbIK JETEKTOP MEH TOMEH OTy CY3TICIHIH KOMeriMeH iCKe
aceIpbUIanbl. KaObUimay SKOJNBIHBIH COHFBI  OYyBIHBI - €Kl aHaJOTThI-CaHJIbIK
typaesaiprim (ACT) ¢a3zanbik xoHe KBaIpaTypalibiK apHaap/a.

2) TeirpaaynbiH nudpiabik ke3eHi ACT mbirybHAaFb IUPIBIK ecenTeynepre
apHaJFaH MUQPIIBIK CUTHATIBIK TIPOIIECCOP/IA KY3ETe aChIPhLIAIbI.

Kanmbr KypbUTBIMABIK cCXeMaHbl KapacTeIpbiHbI3[3], [17], [23], [42] — [43], (Af =
const, T = const) kapanaitbim AKX JIKXKC — ynbpTpa KeH &KOJaKThl CaThUII KUUTIKTIK
monyisinusiiaarad  (COKM) cuTHamIbIlH —KaJbIITaCybIH, COYJENCHYIH J>KOHE YKcac
CBIFBLITY CaTBICBIH KY3€Te achIpaIbl.
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A1
AL | S L
®HY
L0’ MLLIY
Ul:l
A2
ALIM Q) |« <
®HY KTl

3.1 Cypet — Xaxpia opekerreri PJDK AKX kaObuimay-Tapary KOJBIHBIH
aHAJIOTThI OOJITIHIH KYPBUIBIMJIBIK ChI30aChI

3.1-cyperte Tasy opekerreri PJDK AKX xaOpiimay-taparty KOJBIHBIH
AHAJIOTTBIK ~ OOMIriHIH ~ KYpbUIBIMABIK cbi30acel  kentipuired. [-AKXK  curnan
rerepaTtopbl, KKK — keH »xonakTel KymenTki, Al-tapaty aHTeHHachl, A2-KaObuigay
antenHacel, TIHIK-temen mry kymenTkinm, KJ|

- kBaaparypaiblK aemoayisatop, ACT 1 xone ACT Q-K]| mbFbICEIHAAFBI
CUTHAIIBIH (Da3asiblK >KOHE KBaJApaTypasblK KOMIIOHEHTTEPIHIH aHAJIOTTHIK-CaHIIbIK
Typaesaiprimrepi. CurHanapl Oepy *oHe KaObuigay YIIIH SpTYpJll aHTEHHajgap MEH
apHayapJpl KoJJaHFaHbIHA KapamacTaH, Al »oHe A2 aHTeHHaJapbl apachIHJIAFbI
KambIKTHIK PJDK skyMbIC KalIbIKTBIFBIHAH e10yip a3, Oyin Oucratukansik PJDK
KpUTEPHIIICPIH KaHaraTTaHIbIPMai bl [44], COHJIBIKTaH MYH/1aii PJDXK
MOHOCTATHKAJIBIK JEM aTalabl.

3.1-cyperTe KOpCETUINeH KYPBUIBIMIBIK CXEMaJaFbl CHTHAIILI TYPISHTIPY/Ii
erKe-TerKenIl KapacThIpaMbl3.

AKX curnan reHeparopbl op TYpJil >KUUTIKTErT TapMOHUKAHbBI AOUEKTI Typhe
KaJIBIITACTBIPAIbI:

sp(t) = ap COS(ZT[fnt + <Pn) te| ;ln_zlo T 2em=0 T ] 3.1)

MYHJIaFbl aN — TeHEPaTOP/IbIH ILIFybIHAH TAPMOHUKA aMILTATY/IAChI;

(N — CUTHAJ KU1,

N — op ®H xwuinirinae op Typii O0JIaThIH CUTHAIABIH Ke3eHCOK OacTarkpl
dazacel .

CurHan TapMOHHMKAChl KEH J>KOJIAKTBHI KYIISHUTKIIITE KYIIEHTLTIN, KEHICTIKKE
MIBIFAPBUIABI, TAPATKBIIITHIH IIBIFBICHIHAAFBI CUTHAIBIH N-TI11 JUCKPETI:
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stX(t) = al¥ cosQnf,t + @), t € [Zmto Tors 21— Ton] (3.2)

sIX = a, « KTX(f,))- reHepaTOpABIH WIBIFYbIHAH CUTHAIIBIH N N aMIUIUTYAACHIH
koHe arbiMuarbl KTX(f,) skuiniringe PJDK TapaTymsl TpakTiHIH KemIEHIl >KHiNIK
cunartamachiH ( KUX) eckepeTiH coymeneHeTiH CUTHAIIBIH aMIUTATYIACH.

Erep Oemrim Oip OacTamkpl KamIbIKTBIKTA (OIpiHII TUCKPETTIH COYJENeHY
cotiae) Rm  pamuanapl  KeulmaMaeiFel O0ap  Makcar  Oosica VI,  OHJA
sTX (t) KaOBUIIAFBIIIBIHEIH KipIiCIHIET] OJaH LIAFBUIBICKAH CHUTHAJIBIH N-IIi JAUCKpETI
KeJiecl Typre ue 0oJapl:

SZX(t) = aZ;X cos (ann (t - 2_1:”' %_:10 Tm - ﬁ) + @t QDOn) (3'3)

= 2R, IR,
t € [2 Tm+T“;z Tm+T“]
m=0 m=0

MyHJIaFBI ¢ — ayaaFbl KapbIK KeUTIaMABFEL (¢ 3¥108 1 / C);

sRX = aTX « L(R, G, A,, 0,F) * KRX(f,,) — KBampaTypabIK IeMOIyIATOPABIH
KIPICIHETI CHUTHAN aMIuMTynacel, L(R, G,,A,, 0, F)— MakcaTka JEHIH XOHE Kepi
Tapally Ke3lHJE€ OpTajarbl CUTHAIABIH eury ko3dduimenti, Gt — Al TapaTyus
aHTeHHaHbIH KylenuTy kodddunumenti (KVY), Ar — kaObuIIarblll aHTEHHAHBIH THIM/II
aynansbl (aneprypachl), Ar = Gr¥A2/4n, myHnarel KaObuigay anteHHacbiHbIH Gr — KK,
A = ¢/fn — aFbIMAAFbl KUUTIKTET1 TOJKBIH Y3BIHJBIFBI, 0 — aFbIMIAFbl PaKypCTaFrbl
MaKcaTThlH THiMII mambipay amaxsl (OI1P), KRX(f,)— PJDK kabbuinay »KOJBIHBIH
arbIMJIAFbI JKUITIKTEr1 KEIEH ] KULIIK CUIIaTTaMachL;

Qon € [0;21) - OepuireH f,, KMINIriHIH TOJKbIHBl HBICAHAJAH IIAFbUILICKAH
Ke3[e TMaifla OOJIaThIH JKOHE OChl IKUUTIKTErl MAaKCaTThIH 3JCKTPOMArHUTTIK
cUMaTrTaMajapblHa TOyeai CHUTHAT (ha3achlHBIH KE3MEHCOK BIFBICYBl. JKYMBIC
JKUUTIKTEPIHIH JMaNa30HbIHAAa MAaKCaTThIH IIaFbUIBICYbIHA OalilaHbICThl  (Da3aHbIH
e3repyl Ke3IeHcoK, Oipak OapJIbIK KUUTIKTEP YIIH Oip/aei Jen caHaiMbI3:

4
sRX(t) = afX cos2nf,t + ¢,,) cos (Tﬂfn(_vu ST, —Ry) + (po) _
an” sin(2nf,t + @y,) cos (471: fo(—0, I T, — R + <p0), (3.4)

= 2R 2R
LD, Tt 2 ), T
m=0 m=0

basty e3repetin (hazaHbIH KeJeci OeNriCiH eHri3eMi3:
41 —
- Tfn(RLl — Uy erlnzlo Tm) + @ = ch (35)

sRX(t) = a®¥ cos2mf,t + @,) cos(®D,) — ak¥ sin(2rf,t + ¢,) sin(d,) (3.6)
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n-1 n
2R, 2R,
C C
m=0 =
Anpmaran curHaiael (3.4) BIKIIAaM JUCKIHIH O6JIri peTiHAEe €Ki KBaJApaTTHIK
apanacteipreimTa (3.1) cinremere keOeWTelik, KeWiHHEH Tn YATICIHIH Y3aKTHIFBI
OOMBIHITIA TOMEH KHULTIKTI Cy3rire OipikTipy Kepek:

L,(t) = me °;m+2R sRX(t) x a,cos(2mf,t + ¢,)dt (3.7)
m=0‘m c
Q,(t) = — Zan OTTm 2ry SEX(t) * apsin(2mf,t + @,)dt (3.8)
m=0 m c

OHY mibIFpIChIHIA KaOBLIIaHFaH CUTHAIIBIH (3.7) (a3aiblk KOMIIOHEHT] YIIiH
OIpIKTIPY OPEKETIH OPBIHIANMBI3:

L,(t) = af*a, me © fm 2r,[COSQ2Tf,t + @) cos(D,,) — sin(2nf, t +

mOm

@) sin(d,)] * cos2nf,t + <Pn)dt

z:;11’1.=0 Tm

L,(t) = af*a, |cos(d,) f cos?(2rf,t + @,)dt
Xm0 Tm+ﬁ
Ym=0Tm
+ sin(®,,) J * [sin(2rf,t + @, )cosnf,t + @,)]dt
-y Tm+ﬁ
Keneci Qopmynanapabl KojjaHa oOTHIpbIN, Oenrum  Olp HMHTErpaigapibl
KEHUIIETEHIK:

) 1 5 1 cos2a 1
sinacosa = Esta, cos“a = > + , | flax + b)dx = aF(ax +b)+C,
X2
— sin(2ax, — 2b) — sin(2ax; — 2b
f cos?(ax + b)dx = X2~ % (2ax; ) (2ax, ) .
2 2a
X1

Kocunyc kBaipaThIHBIH MHTETPAJIbI YILITH KEIeCl OPHEKTI aJlaMbl3:

n
Ym=0Tm 2 t . sin(4mfyt+2¢,) m=0Tm T,
dt == L Pn =
J. 7428 cos*(2uf,t + ¢,,) -+ anr, iy 25 .
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2R
2R +sm(4nfn —oTm+2¢n)— sm(47rfn m=0Tm— TU‘)
c AT f

(3.9)

Haxrsl, kapacteippuiateid PJIDK-na xwuinik TopTiOi rurarepurepmen (fn > 109
['l1) aHBIKTAIATHIHBIH, aJl AUCKPETTEpiH y3aKkThirbl kKeMinae 1 mkxc (Tn < 10-6 c¢) men

. . T
OOJKaHATBIHBIH €CKEPE OTBIPHIN, B (3.9) ylIHOI HIapThIH ?" -MEH CaJbICThIpFaHAA
eJIeyci3 Jien caHayra 0oaibl :

ZT‘I;‘L: m n 2
J 10°: oy cos?(2nf,t + @,)dt = T; — Ry (3.10)

n- c

CuHyC MeH KOCUHYC KOOEHTIH/IICIHIH MHTETPaJIbIHA OPHEK JKa3aibIK:

me o Tm. sm(annt + @ )cos2rf,t + ¢,)] me "Tm sm(annt +
—0m
__ cos(anmfyt+2¢y) =0
#n)dll = 87 o T+

cos(4mf Yo Tmn+20n)— cos(4nfn( =0 Tm = )+2(pn)
81,

(3.11)

OpHekTiH HoTmxkecl (3.11) op IUCKpeT YIIH KUUTIKTIH a0COMIOTTI MOHIEpIHE
Kepl1 PONOPLMOHAJ, COHABIKTAH OHBI eJleMeyre i 00JIabl.

[ Zn’fjoTTerﬁ[sin(annt 4+ ,)cosuf,t + @, )dt = 0. (3.12)

m=0‘m

(3.7) xone (3.10) epuektepmi eckepe otbipbin, ®HY mbrbicbiHaarsr (3.12)
CUTHAJIBIH (Da3aliblK KOMIIOHEHTI YILUIH KOPBITBIHIBI ©PHEK YaKbITKA TOYENl €MeC
#oHe op N IUCKpPET MHAEKCI YIIH TYPaKThl OOJIbI TaObLIAIbL:

I[n] = arf‘l’Xan(Tn J)COS (— _fn(R + vy Z Tm) + QDO) (3.13)

TeMeH >KUUTIKTEr1 CY3TiHIH MIbIFbICBIHAAFEl curHaIAbIH OHY kBaaparypaibik
Kypamaac Oemiri (3.8) ymiH mamManbl OOJBIMCHI3  KypamaacTapbl Oap yKcac
TYPIACHIIPYIEPAl OpbIHAaI, 013 KeJieCl OpHEKTI ajlaMbl3, OJI 1a YaKbITKA TOYEJC13:

Q[n] = aﬁXan(T;_n - Z_IELK)Sin (_%fn(Ru + Uy 21_:10 Tm) + (,00) (3'14)

Ocpunaiitiia, HbIcaHagaH R OacTankpl KalIBIKTHIKTA IIAFBUIBICKAH KOHE
panuanasl KbULIAMIBIFBI Oap KaObUIAaHFaH CUTHAN KaOBLIIAY YKOJBIHIA OHJICITCHHEH
keiiin (3.1-Cypert) xone Allll-re afiHasFaHHaH KEHiH CaHIBIK KYpIENi ecenTeyiep
TYpiHze OOJaIbI:
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- _ _RX T 2R . 4T _ , _
S[n] = af%a,, (7" - T”*) exp {_]Tfn(Ru +u, Xl T,) +]<p0},n =0,1,.., N—1(3.15)

[Hudpablk KemeH i ipiKTey >KbULAaMIbIFbl YIIH ajbiaFad epHek (3.15) AKK
oenricizaik  ¢ynkusaceiHblH  JIKXKC (1.14) epHekinperi Xnn (R,v) , KOCBIHJIBI
MYIIECIHIH OpHETIMEH KHUBUIbICA/bl. RII MUama3oHbIH OHE HBICAHAHBIH pPaHajibl
KBUTIAMIIBIFBIHBIH VII MOHIH Oipiecin Oaranmay yimiH kepcetkimrTe (3.15) dazambix
BIFBICY YIIIH COMKec KOMIEHCaIUsIMEeH 0apablKk N cUrHain yiuriiepi OoubIHIIa HUGPIBIK
yJIrisiep i xKuHaKTay KaxeT. Ocbl MakcaTTap YIIIH CUTHAJIBIH €K1 eIeMIl H(PIbIK
kbicy ¢yHkuumsiceiH (EOCC®) maiinanany YChIHBLIAIBL:

[X(Rv)| = [ 2023 Sinlexp(~ T fulR +v IR T} (316)

Opuek (3.16) 1-mi >xone 2-mn Tapayiapaa kapacteipsutran @H AKXK JIKIKC
KONTETeH KacHeTTepl MEH CcHuIlaTTaMmajiapblHa He KaMIBIKTBIK IIeH JKBUIAAMIIBIK
KOOpAMHATTApbIHAA €K1 eJIIeMAl ChIFbIMAAay (QYyHKOUMSACHIH Kypaiasl. OH AKX
JAKXKC  (1.14)  oHeprusicblH HOpMaJlay KacHUETl HBICAaHAHBIH Kepl IIalibipay
muarpammach! (JIOP) Typansl anmpropiiblK AepeKTepiiH 00JMayblHa KOHE CUTHAIIbIH
Tapajly OpPTAachIHbIH SJIEKTPOMArHUTTIK KACHETTEPIHIH OIPTEKCI3riHe OalIaHbICThI
EOCC® (3.16) ymiH opbeiHAamMaiapl. KallbIKTBIK >KOHE >KbUIIAMIBIK OOMBIHILA
pPYKcaT eTy KaOUIeTTepiHIH cuIlaTTaMajiapbl, COHAAaM-aK KaIIBIKTBIKTBI Oip MoHI
aHpIKTay apanblrbl THiciHIIE (1.22), (1.25) xone (1.23) epHEKTepMEeH aWKbIHAAIAIbI.
Ol-re katbicThl 2 TapayibiH TYXbIpbiMAapel EOCCO yiriH jkapamabl OOJBINT Kajia
oepemi. 3.2 — cypeTTe HbICaHa/IaH 2 M KAIILIKTHIKTA PadalIabl )KbUITAMIBIKICH — 2 M/C
KAITBIKTBIKTA TeopusIblK curHan yinH EOCCO (3.16) epHeriHiH rpaguriHiH MbICAITbI
KENTIPLITeH.

3.2 Cypet — 2 M/c paguaiiisl »KbUIIAMIBIKIICH 2 M KaIlIbIKTHIKTaFbl
HbICaHaJaH TeopusuUTbIK curHaira apHaiFad DTSFS ceipTkb! kepinici. Curnan
napametpiepi N - 900, 6ip aMIIUTyJaIbIK KOJT, O1pKEJIK1 KUK TOPbI, ChI3BIKTHIK
»kuinik koapl, Af =5 MI'n, T =45 Mkc

bipueme wmakcar OonraH >xarmaiina (3.15) epHEK Makcarrap caHbIHA TEH
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KOCBIH/IBLIIAp CaHbl 0ap coMa TYpiH KaObUTIalIbI:

Sln] =M, ak¥a, (%n - Z_Fz”'i) exp {—]'%nfn(Rui + Uy Xo Trn) +j<P0}'n =01,.,.N-1 (3.17)

Mynnarel M — makcaTTap CaHsl.

by xarmaiina (3.16) - man (3.17) KbICy HOTHDKECI-Op MAaKCATTBIH KAIIBIKTHIFbI
MEH JKbUTIAM/IBIFbIHA COUKEC KeJIeTIH KOOpAMHATTAphl Oap JKepriliKTi MAKCUMYMBI Oap
KYpZeai eKi enmeMl pyHKIHs.

Erep makcartap Oipmeli Hemece >KaKbIH KAIIBIKTHIKTa Oo0Jica JKOHE >KaKbIH
KBUTAAMIIBIKKA Be 00Jica, OHJIA KUUTIKTIH ChIBBIKTHIK KoaTamysl 6ap @H AKX JIK)KC
JMaroHaJbAbl OYHIPIIIK JKallbIpaKiliaiapbl HbICAHAap/iaH CUTHAJ (hopMaapbIHbIH ©3apa
OypMmaniaHyblHa KOHE MAaKCaTTapAblH AayKbIMbl MEH KbUIJIaMJIBIFbIH Oaraliay/ibIH
KYpJIeJIeHylHE HEeMece TOJILIK MYMKIH €MECTIriHEe oKellyl MyMKiH. 3.3 — cyperrte
paguaiIbl KbUIAMIBIFEI -2 M/C KoHE 2 M/C OOJlaThIH €Ki MakcaTTaH >KHUUIIKTIH
CBIBBIKTHIK KOnbl Oap Teopusuibik curnan yuriH EOCCO (3.16) epHek rpaduriHig
MBICaJIbl KOPCETUIrEH.

byn xarnaiina Oyiipiik skarnblpakilanapablH J€HI€ilH TOMEHIETY YILIIH CUTHAI
KYPBUIBIMBIH ©3TEPTy KEpeK, MbICajbl, 2-TapayJa CHMATTaFaH >KaJFaH Ke3IEeHCOK
YKUUTIK KOJIBIH KOJIJaHbIHBI3. 3.4 — CypeTTe paauaiibl >KbUIIAMABIFBI -2 M/C %KoHE 2 M/C
0OMaThIH €Kl MaKCaTTaH >KULIIKTIH JKaJlfaH Ke3JeUCOK KoJbl 0ap TeopusblK cUrHal
yiuiH EOCC® (3.16) epHeriHiH rpaduriaiy MbICaibl KOPCETUITEH.

MyHnaii curHangapAsl  KajdbIITAaCThIPy YUIIH KEH KUUIK Juana3oHbIHAA
muckperTep kacay MyMkiiri 6omysl kepek. AKXK JIK)KC renepartopsr petinme (3.5 —
cypet) 3.5 — cypeTTe KeNnTipUIreH KeHUIIETUITeH KYPBUTBIMIIBIK CXeMachl 6ap (hazasbik
aBtoTipkey >xuutiridig (PATXK nemece phased locked loop PLL) nukminge renepatop
xul KonmmaneUianel, TIT — Tipek reHepatopsl, @) — dazansik aerexktop, ABKbB-
aybIcriaibl 0oty koddduimenti 6ap xwuinik 6esnrimr, Kbl - kepHeyMmeH GacKapbLIaThIH
reHepaTop.

V [m/c] R[m]

3.3 Cypet — 2 m/c aHE -2 M/C KbUIJaMIBIKIICH KO3FaJaThlH €Ki MaKcaTTaH
KOpIHEeTIH KULUTIKTIH ch3BIKTHIK Koabl 0ap JAKIKC teopusiibik AKX yuiin EOCCD

CBIPTKBI TYpi
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Cypert 3.4. 2 M/c xoHE -2 M/C KbUIIaMJIBIKIICH KO3FaIaThlH €K1 MaKcaTTaH
KOPIHETIH KULTIKTIH jkaiFaH ke3nencok kojbl 6ap JJKXKC Teopusuibik AKX yirin
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3.5 Cyper — ®AIIY nukimiHAETI TeéHEPATOPIBIH KYPBUIBIMABIK CXEMaChl

Mynnait  @DAIIY  cuHTE3aTOpIapbIHBIH — apTHIKIIBUIBIFBI-ICKE  achIpy MEH
OacKapyIblH KapamalbIMIbUIBIFBI, KyaTThl a3 TYThIHY, MHKPOCXEMaHBIH KIIlIi
eJIIIeM/IEpl KOHE OipHEIIe OKTaBaJaH TYPATBhIH JKYMBIC JKULTITIHIH KEH ayKbIMbl Oap
dazanplk 1IyabplH ToMeH JeHredi. Mpicanbl, Texas Instruments mbiFapran Imx
CEpHUSCHIHBIH ©3€KTI CHHTE3aTopjaphl Oenmek Oemy kodhduiueHTTepiH OpHaTy
MYMKIH/Ir 6ap O6ackapbliaThiH KepHey reneparopbiniarsl (I'YH) Gipuere spoiapapl,
['yu fBbIX [IBIFRIC XULTITIH OOATIIITEDP MEH KOOSUTKIIITEp Al KaMTUIbI skoHe 100 MI -
TeH 19 I'T1-ke neiiHri auama3oHjia TApMOHUKAJIBIK CUTHAJIAP IIbIFapyFa KaOlaeTTi.
bactel kemmutiktep cuHTE3aTopoB OThIpbIN, DAITY Herizmeneal WHEPIMOHHOCTHIO
cy3ri temenri xuinikrep (PHC) B merne ®AITY, conpaii-ak HenuHeitHocThIO ['YH.
OAITY 1ukITiHIH MHEPIHUACH KULTIKTI KalTa KYPY YaKbITBIHBIH CaJbICTHIPMAJIbI TYPJIE
JKOFapbl MoHzepiHe okeneni, onap 100 MKC-TeH »KOFapbl MOHAEPIe KETYl MYMKIH, a
Heri3ri fBBIX €cemiK KUUIIKTEpIHIEe TapMOHHMKA CHHTE3aTOPBIHBIH IMIBIFYBIHIA Maiiaa
00JIaThIH CHI3BIKTHIK EMEC.
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2-TapayAblH HOTWKeNepl Tuama3oHAbl O0ip MoHI Oaranay apaiblFbIH KEHEUTY
yiriH xuitikrepai Af/N monmikneH kKadTa Kypy KaKeT €KeHIH KepceTesl, COHbIMEH
KaTap KUUTIKTEP/Il KaiTa Kypy OYKiJI CUTHAJ Taiaa 00FaH Ke3/e bIKTUMaJl MaKCaTThIH
KO3FAJIBICHl  CBI3BIKTBIK OOJIBIN Kalybl YOIH Te3 xyprizutyli kepek (1.7). Ocbl
Tajantap/bl KaHaraTTaHAbIpy YIIiH 3.6-cyperte KepceruireH keneci PJDK
KYPBUIBIMJBIK CXEeMachl TaHAalAbl. [T — MUKPOTOJIKBIHABI TapMOHUKA T€HEPaTOpbl
(DAITY cuntesatopsi), DDS 1 xone DDS Q — kBaapaTThIK CaHIBIK €CENTey
CHHTE3aTOpJIapbl HEMece TiKeNeld caHAbIK CHHTe3 cuHTe3artopiapsl (direct digital
synthesizer DDS), TXKC - temen xwuinmikri cy3srici, [IOHY - kaiita KyppUIaThiH Kecy
xuimiri 6ap ®HY, KM — kBaapatteik Mmoaynsatop, SPU — KeH K0ITaKThl KYIISUTKIIIL,
Al — tapary antenHacel, A2 — kabbuigay antenHacol, TIIK — Temen mry kymeiTkinii,
K — xBagparypanmeix aemonyisitop, AL I xome ALITI Q — KJI mbiFbIChIHIAFsI
CUTHAIIIBIH (Da3alblK KOHE KBAAPaATYPATbIK KOMIIOHCHTTEPIHIH aHAIOTTHIK — CAHJIBIK
TYPIACHIIPTIIITEPI.

DDS>
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DDS§
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AL | He] R [+ :
: |

|

|
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©
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907 | |
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ALIM Q)= | - A2
®HY <l |

3.6 Cypet — Kypama reneparopsl 0ap >xakbiH opeket eretinH AKXK PJDK

¢
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KaObUIAAy-TapaTy >KOJBIHBIH aHAIOTTHI OOJIITIHIH KYPBUIBIMIBIK ChI30aChI

byn cxemaga KakeTTi JKUUIIKTIH TapMOHHMKACHIH KaJIBINTACTBIPY  YIIIH
KBaApaTThlK  Mopayistopaan (KM) TypaTelH Kyphemi KUUIIK — TeHepaTophl
KOJTaHBLIAQ/IbI, OJ1 aHBIKTAMAJIbIK MHKPOTOJIKBIHIBI TeHepaTopablH kuimirin (1)
TiKeNel HHUQPIABIK CUHTE3/IH €Ki KBaJpaTypalblK CHHTE3aTOPBIHBIH HIBIFBICHIH]IAFbI
CUTHAJ S>KUUIINIMEH apanacThlpajibl, OJap TapMOHUKAIBIK CHUTHAIIAPIBIH CaHIBIK
TeHepaTopapbl OOJIBIN TaOBLIAIBLIIBIFY CaHABIK aHAJOrThI Typienaiprimrep (ACT).

Tpancmuccus Ttiz6erinaeri @AY (PLL ¢da3anbik KyiblnTanFaH KOHTYpPIH/A)
DDS »oHe MUKpPOTOJIKBIH/IBI TIetTi [” OipiKTipy €Ki MUKPOCYJIOAHBIH apTHIKIIBLIBIFBIH
naiimananyra MyMmkiHAiK Oepemi. DDS xonme CBY  AfDDS  maFbiH KULTIK
KanamaapsiMen AfDDS  okuinik auana3oHbIHIA TAKTUNK KUUTK skuutiriMeH fref
(FDDS <0,5 fref) anbikranran makcumangsl FDDS neiiin TypakTel curHanimapabl
»acainipl. by curnanmap kBajaparypansik Moayisitopaa (QM) AfPLL skuimirinig PLL
CUTHAJIIApbIMEH apaacajibl, oHbIH MIbIFbICBIHAA fn = fPLL + fDDS xuinik cUrHAIBI
KaneinTacanbl. PLL ynken kagammen AfPLL = 2FDDS TPPL >> TDDS ke3sinue
CUTHAI SKUUITH 0Oasy ChIObIpyasl opbiHAaiael. DDS  Gemiri peringe DAC
IIBIFBICHIHAFB]  TTAMIabl CUTHAIBI TETICTEY VIINIH TapaTKbIIl Ti30CTiHIer TeMeH
JKUUTIKTI CY3riiep KakeT (aHTUaauasuHr cy3y). MyHpaail Tericrey Cy3ruiepiHiH Kecy
xutirit FDDS <fcp <(fref — FDDS) nuama3onpiHaH TaHIaapl.

3epTTey HOTWXKENEPIHIH  HETi3iHAe (DYHKUMOHANABIK JAMarpaMMachl A
KoceiMInachkiHaa 6epinren PJDK a3ipienai.

3.2 JIuCKpeTTi CHrHAJIbIH T€H eMeC Y3aKTBIFbIH ecenTey

KuimikTi KypyablH Tapaanran kypaem omici (3.6-cyper) DAIIY inmerinmeri
xoHe DDS cunrtesaropbiHmarsl [ KULIINH KalTa KYPYAbIH OpPTYPJl YyaKbITTapbiHA
OalmaHbICTBl  JAMCKPET Y3aKTHIFBIHBIH ~albIpMAIlIBUIBIFBIH ~ OUTIIpeni. 2-Tapayna
KopceTuIreHae, Oy aWbIpMamibUIBIK — OCNTICI3MIK  (PYHKIMSICHIHBIH — OYHIpIIiK
YKaTbIpaKIIaJIApbIHBIH OCyiHe oKkenenl. 3.7-cyperre TeopusuiblK curHai yuiiH EOCCD
(3.16) xepinici kepceruireH. CurHan 3.6-CypeTTeri cxeMaHbl KOJJAHY apKBUIBI
KaJIBITITACa/Ibl.
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3.7 Cypet — 15 M KalIbIKTHIKTa OEKITIITeH HhICAHAIaH AJIbIHFAH TEOPUSIIBIK
curnan ymH EOCCO® naiina 6omybl. CUrHan napaMeTpiiepl: ChI3bIKTBIK HKUUTIK KOJbL,
npll =5, NDDS = 60, TPLL =300 mkc, tdds = 30 mxc, Af =5 MI', f0 =752 MI'1.

3.7-cypeTTeH Kepil OThIpFaHbIMbI3al, Kumaaa PLL sxone DDS nuckperrepiniy

opTypii y3akThirbiHa Oaitnaneictel UBL  xorapbutaysl  Oaiikamanmel.  bydipiik

JKarpIpaKImagapablH JACHrell HEeFypibiM skorapbl Ooisica, TPLL / TDDS xartbiHachI

COFYpJIBIM KOFapbl Oomamsl. byn kyOsuibic epuekreri (3.15) aR¥q, (7;—” — ﬂl')
Cc

keOelTkimiMen cunarraiatelH  PLL  xone DDS  muckpertepiniy — opTypii
DHEPIrUsiChIMEH OailylaHbICThI OosFaHAbIKTaH, eTeMaksl yiiiH EOCCD-te (3.16) ocbl
(bakTOp/BIH yaKbITIIIA KOMITIOHEHTIHE 00Tyl KAMTaMachl3 €Ty KaKeT:

|X(R,v)| =

%2553 S[n] » (T—” - %)_1 * eXp {J’ 47”fn [R+v X020 Tm]}| (3.18)

2

40



3.7-cypeTTe IUCKpeTTepAiH opTYpil y3akThirbiH (3.18) eckepreHHeH KeiliH
CUTHAJI/IBIH CaHJIBIK CHIFBUTYBIHBIH HOTHIKECI KOPCETIITeH.

0,5

04

0.3
09

88] ] 0,2

;-; O:6 = 0.1
%'- 0,5 7

57 0
>~ 0,3 -
i1

0 4 20

0
10 0
20 3 -20
R/m] V}[.w/c]

3.8 Cypet — 15 M KalIbIKThIKTa OCKITUITEH HbICAHAJAH aJbIHFaH TEOPHUSIIBIK
curdain yuiH EOCC® naiiga 6omysl. CurHan napaMerpiiepi: ChI3bIKTBIK KUK
konbel, NPLL =5, NDDS = 60, TPLL =300 mxc, TDDS = 30 mkc, Af =5 MI'L.

3.7 xone 3.8 cyperTepiH CalbICTBIpyAaH KOpIll OTHIPFAHBIMBI3/IAH,
JTUCKPETTEPIIH OPTYPIl Y3aKTBIFBIH €CKEpe OTHIPHIN, OYHIPIIK >Kamblpakiiaiap/IbH
neHreiti temenaeni xoHe EOCC® nenreiinepi MEH Ccyp PEHKTEpIHIH TaHAaJFaH
COMKECTIK IIKaTachlHa COMKEC aK TYCIIEH KOPCETIIeIl.

Kabbuinay >KOJBIHBIH IBIFBICHIHAAFB CUTHAIBIH MaTEMaTHUKAJIBIK MOJIEIIH
(3.15) mpIFapy Ke3iHAEe TOMEH OTy CY3TiCl MHTETPaTOPAbIH MAaTeMaTHKAJIBIK MOJEII
peTiHAe TaHJAJIFaHBIH aTan oTkeH >oH (3.6-cyper). Ic xy3iHme, Oy TemeH
wuinikrepaid RC-cysricine coiikec keneni, OHJla CY3TiHiH yakbIT TypakThichl AKX
JKXKC xypamblHIarbl AUCKPETTIH MaKCUMAJIbl Y3aKTbhIFbIMEH Kemiciienl. Omnaii
OonMaraH skarnmaina, tapganraH RC-cysriciHiH yakeIT TypakThickl AKX JIKXKC
KYpaMbIHJIaFbl €H KhICKA JTUCKPETIICH Kemicired ke3ne, ALl meFysIHIAFRI opTYPITi
JTUCKPETTEP/IH KEIIeHI ecenTey MOAyJi epekuieaeHoeiai xone EOCCO
(GYHKIUSCBIHAH dPTYPJIl Y3aKTHIKTap bl €CKePeTiH (haKkTOP bl ajblll TacTayFa 00J1a bl

(Tn 2R)‘1
2 c |

EOCC®-1i  KOMIBIOTEpNIK  MOJEIBAEY  YIIIH  OpTypii  OacTamksl
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KAIIBIKTBIKTapel Oap Oip Hemece OipHeIIe XbUDKbIMambl Makcartapgadn MATLAB
TUTIHAE CIEeHapui >Ka3bUIFaH, OHBIH KOJIbI B KochIMIIAachkiHAa KenTipiired. by
ckpunt AKX JKXC ymin EOCC® cpIpTKbl TYpiH OpTYpJl KHUTIK KOJATAphIMEH
YKOHE OPTYPJIl IUCKPET Y3aKThIFBIMEH CaJILICThIpYFa MYMKIHAIK Oepei.

3.3 PJI’K ka0bLiaay-0epy TpakTiHiH KeMUIIUIIriH ecenke ajay

OyHKIMOHANIBI ~ cxeMachl A KochIMImacklHma  kepcetinren — PJDK
OKCIIEPUMEHTTIK OpHaJacyblHAA KaObUIAay »JKoHe Oepy xommapel Oip ©Oacma
TaKTachlHIAa OpHAJACKaH, COHBIMEH KaTap KaObUImay >KoHE TapaTy aHTEHHaIapbl
apachlHIarbl KambIKTEIK 30 cM-7eH a3.0yi1 (akTopiap TapaTymibl aHTCHHAJIaH
KaOBLIAFBIIIKA TiKeJeH KO31H CUTHAIBIHBIH KOFaphl JeHTeiiHe okeneni. COHbIMEH
KaTtap, KaObUIaHFaH CHUTHAJIJAa opAailbiM TapaTKBIIITBIH CHUTHAJIBIH KaObUIIAy
xonbiHa [IX]I apkeinel kibepemi. ConbiMeH Katap, PJDK sxymbic aiimarbiHza
KoOiHece Kep acThl OeTTepi, OCIMIIKTEp KOHE OPTYpPJ KYPBUIBIMIAD CHUSIKTHI
KBUDKBIMANTBIH 3aTTap Oonanbl. HoTmkeciHze, KbUDKbIMAIbl MakcarTap OoJMaraH
Ke37e KaObUIIAFbIIThIH KipeOepicinae TypakThl "®doH'"men ataiaTblH TYpPaKThI
cUruasn OoJiabl:

Curnangel erey yuiiH (3.19) EOCCO (3.18) teHaeyiHe (QOHABI alyIbIH
KOCBIMIIIA OTIEPAIUACHl KOCHIIa/IbI:

¥R W) = [EZAzaIn] — Salnl + (2-Z) " v ep (L AR +v A Tal)| (3:20)

2

@®onnpik curHan peringae (3.20) omerre paguoNIOKANMSUIBIK JKYHE TYPAKThI
TEMIIepaTypaJIbIK PEKUMIE MIBIKKAHHAH KEHIH aJIbIHFaH KO3FajIMalibl MaKCaTTapChl3
Ke3 KeJTeH CUTHaJAbl aigananyra 00maibl.
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4 JKALTK BOWBIHIIA JUCKPETTI-KOATAJFAH TAWIAJTAHA
OTBLIPLIII  PAJMOJOKALMSUIBIK  JKEJIHI  TAJJIAY  JKOHE
MOJEJBAEY

Ocwl Tapayaa cunattanFaH 3eprreyiepiiH MakcaTthl EOCCD kemerimen
JIMara3oH MEH JKbULIaMJBIKTBI Oipiiecinm OarajayablH JQJITIH AKCIEPUMEHTTIK
aHBIKTAy OOJBIT TabbLIaABl. byil Tapayna KpIDKBIMAIBI MAaKCATTAP bl aHBIKTAY YIIIH
AKX CXM curHanmapslH KojjaHa oOTHIpbIN, Kasipri 3amanrel PJDK — nme
KOJIAaHBIJIATBIH 30HATAY KE3€HIHIE MaKCATThIH KaIIbIKTBIKKA ayBICYBIH €CENTEyTe
Herizgenren EOCCO xone "kmaccukanmbik'' [45] omici apKbUIBl SKBUIIAMIIBIKTHI
Oarajiay cumarTamaliapbl CaJIbICTBIPbUIAALI. bynan 0acka, CHI3BIKTHIK KHUITIKTEH
YKaJFaH Ke3JIeMCOK KOJKa aybICy acepliH Oaraiiay, COHJal-aK pJDK KaObUIaay-Tapary
TPaKTICIH KaluOpieyaiH YChIHbUTFaH airoputMi 6ovibiHmma PJIK sxobananran makeTi
(A xochIMIIIachl) YIIH €cenTenreH mUu@pibK kanuopiey kodgduimentrepin (3.24)
KOJIIAHY KYpri3uies.

4.1 KambIKTBIKTBIH JKBUIKYBIH KOJJAHA  OTBLIPBIN, Paavajiabl
KbLIIAMABIKTHI 0araJiay dIiCiHiH cunmaTraMachl

HeicananblH paguanibl sKbUTIAMIBIFBIH OaFaiayablH Oyi1" KJIacCUKaNbIK " 9/1icl
albIpMalIbUIBIK CUTHAJBIH €CENTEeYre HETI3IENreH — KON KHUUIIKTI JKOHE BHUIEO
umiynbeTi AKXK PJDK  canTumeTpsii TOJIKBIH JTMANa30HBIHAAFBl  KbLUTKBIMAJIbI
HbICaHJapAbl OenyniH TaHbiMan oxici [45] — [48]. Ecenrey XbUIIaMJIbIFbI
MakcaTTapbl MYHJall Karmaiga >Kypri3uielli OpbIH aybICTHIPYbIHA JIOKAJIbJIBIK
MaKCUMyM MaKcaThblHa aTajJaThliH "manpbHOCTHOM mpoduminme" (arbul. - Range
profile) curnanaeiy CXKM kaiitanany ke3eHiHaeri KeHicTik [13]:

_ Ry (max(|IFFT{Sk—So}|))—Rik-1(max(|[IFFT{Sk-1-So}|)) K =
Tnn ’

N 01,.,K—1 (4.1)

Mynnarbl Ty — CXKM curnanabiy KaiWTanaHy Ke3eHl, OChl Ke3eHMeH 'Oasy
YaKbITThI''TaHAAY JKY3€Te aChIPbUIAbL;

k — arpimparel KaObiigaHatelH COKM cUTHaNBIHBIH MHJIEKCI Hemece Oasy
YaKbITThI €CETITEY;

R}, — yakbITTBIH K-11T1 COTIHET1 MAKCATTHIH OPHBL;

Uj, — YakbITTBIH kK-MOMEHTIH/IETI MaKCATTBIH PagHaJIbl )KbIIIaMIbIFbI;

K — CXXM 6ap YOBM-ne xanra >kKuHaKTaJIFaH CUTHAJIAPABIH JKaJIIbl CaHbI;

|I FF T{S’ k}| MOJIYJIH Kepl KblJI1aM TYPJCHIIPY ONepaIusichl

K-canapik kemenni curnangad @ypee (OBIID) (3.15). byn epHek KEeHICTIKTIH
"KambIKTBIK ~Tpoduii" Jen  arajaabl  JKOHE, OJeTTe, KAIIBIKTHIK OOWBIHIIA
ecenteynepae gaepey wunaekcreneni [49]. byn OBII® omepanusacel HeIAIK
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xputTaMasikTa EOCCO (3.16) kuMachiHa YKCAc €KEeHIH KOPCETyTre 00JaIb:
[X(R, 0)] = [T ZN=3 SInd « exp {j 7 fuR | (42)

biz CXM curHaimblH aXbIpaThIMIBUIBIFBIHA COMKEC KEJETIH IpIKTEY
KE3€HIMEH Y3/IIKCi3 Jrana3oH afHbIMAJIBICHIH IITBIFAPaMBbI3;

C C
=nAf,AR==—— R=mAR=m=——,m=0,1,..,N — 1
Jn = nif oNAf " T MR T Mo A ™

[X(R,0)] = [ ZN=3 SIn] * exp {j T A f » m | = [T ZAZ3 8l ]*exp{z";””ﬂ (4.3)

Anviaran epHek (4.3) ®Dypbe Kepi OUCKPETTI TYPJEHIIPY OlepanusichbiHa
(OKAT) coiikec keneni. Ic xy3inne, ®KJIT aHanuTUKaIbIK ecenTeyiHiH OpHbIHA Kepi
BII® canapik omictepi KosimaHbLiaabl. Ockbutaiiina, OlpHelIe JTOMEKTI auara3oH
npodUIBIEPIH ecenTeyre HET13eITreH KbUIIaM/IBIKThl OarajayiblH KOJIaHBICTAFbI
"knmaccukanblK" omici HeymiK KbpuimaMmiabikTa EOCCD GemiMiepiH KOJJIaHYMEH
oipaeit. EOCC® kumachIHbIH MIITHI HOJIAIK XbUIIaMIBIK Ke3iHae (v = 0) CUTHaIIbIH
KULUTIK-YaKbIT KypbUlbIMbIHA koHE EOCC® opraniblk MaKCHMYMBIHBIH >KaFIaiibIHa
OalllaHbICTBl OOJFAHNBIKTaH, HBICAH KbUIIAMIBIFBIHBIH MOIYIIHIH YJIFalObIMEH
)oHe OpTaIbIK MAKCUMYMHBIH HOJIIIK MTO3UIHSIIaH allbIcTaybIMeH (L > ) KaIIbIKTHIK
OCMIHIHIH MIIIIHI SKEPriJikTI MaKCUMyMIbl Ta0y YIIIH bIHFAMJIBI OOJMaiIbI.
TuiciHIIe, MaKCaTThIH AYKbIMbI MEH KbLIJIAMJIBIFBIH "KJIACCUKAJIBIK" 9JIICTIEH Oaraay
MYMKiH 0oamaysl MyMKiH [40].

4.2 KambIKTBIK MeH KbLJIIAMABIKThI OipJiecin 0arajgay

OyHKIMOHANIBIK cxeMa (A KocbIMIackl) OoifbiHINA xobamanran PJDK
ceiHaKTaphl yiriH paguycsl 20 cm (OI1P mamamen 0,125 m2) amtoMuHUN MasSTHHT1
0ap PKCIIEPUMEHTTIK KOHJBIPFBI CAJIBIHIBI. MasSTHUK KaJbIIThI >kKa3bIKThIKTa PJDK
aHTEHHA >XyHeciHe aybicajbl. MasTHUK KO3FAJIBICHIHBIH OacTamkbl HYKTECI PETiHAC
PJIDK-Ten MakcuMaliibl allbICTBIFBI Oap HYKTE TaHmaiabl. OckblLiaiiiina, HOTHXXENep/Il
Kapay kesiHge RO Oacramkbl jauarna3oHbIHAH MasSTHUKKE JEWIHT1 JHana3oHJIaFbl
CUTHAJIIAp, SIFHU O6JIMEHIH apTKbl KAaObIpFAaChbIHAH XOHE MASATHUKTIH apThIHIAFbI
Oacka 3artapgaH  KepiHETIH CUTHaNgap  ecKepuiMeiai.  DKCIEepUMEHTTIK
KOHJIBIPFBIHBIH cXeMachl 4.1-cypeTTe KopceTireH.

44



Hi
HF e
i)
/ <
pd MasmHuk
Hpo /."/
PrIC R }
Hec
X
0 Xc Xo -

4.1 Cypet — KambIKTBIK ME€H KbUIIAMBIKTHI Oipiiecin Oaranay aaropuTMiHIH
’KYMBICBIH pacTayfa apHaJfaH SKCIEPUMEHTTIK KOHABIPFbI CXEMAaChl

DOKCHEpUMEHTTIK KOHJIBIPFBIHBIH cXeMacblHa (4.1-cypeT) cylieHe OTBIpHIIL,
MasTHUKTIH TUAMa30HbBI MEH PaJualibl JKbUITAMIBIFBIHBIH ©3Tepy 3aHIbUIBIKTAPbIH
ajambl3.

bacranksl nepekrep:

X - MasSTHHUKTIH TepOeny >Ka3bIKTHIFBIHJIAFbl KeJijeHeH koopauHaTackl (PJIK
aHTEHHA JKYHeciHiH (a3ablK opTaibiFbiHAa X = () KOOpAMHATHI 00JIAIIbI);

X0 - ko3ranbIic OacTanraH Ke3eri MassTHUK KOOPAWHATHI;

XC — HenmiK yACy HYKTECIH/IeT1 MasiTHUK KOOPJIMHATACHI

H — OuMiKTIKTEp/IIH TIK KOOpAUHATACHI( €/IeH IEHTeHIHEH);

HF — skciepuMeHTTIK KOHIBIPFBIHBIH TOJIBIK OUIKTITL;

HR — PJIK antenna xyieciHiH (pa3anblK OpTaIbIFbIHBIH OWIKTIT;

HPO — ko3raibic OacTanFraH Ke31eri MasTHUKTIH OUIKTIr,

HPC — Henmik yaey HYKTECiHAC €IeH JeHIeiHeH MassTHUKTIH OWIKTIT1;

L — MasiTHUKTIH Y3bIHBIFbI.

MasaTHUKTIH TIK TO3WLUSAAH aybITKYBIHBIH OacTankbl OypbIIIbl KeJeci
OPHEKIICH aHBIKTAJIA]IbI:

@, = arccos (@) (4.4)

Opl Kapail, MaTeMaTUKaJbIK MAasSTHUKTIH aybITKy OYpPBIIIBIHBIH TepOemnic
IpoLEC] KeJecl OPHEKIEeH CUaTTaIaIbl:

a(t) = aycos (271%) (4.5)

MyHarbl
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T = 2n \/g |1+ 2sin? (%2)] (4.6)

OpHek (4.6) MasSTHUKTIH aybITKy K€3€HIHIH mamameH 1% IonaikneH epHeriH
ourmipeni, aypITKy OypeimTapsl 60° - TaH acmaiabl, OV OCHl Tapaynaa KYPri3iireH
HKCIIEPUMEHT YIIIH KETKITIKTI.

R(t) masTHHMKKe NEHiHT1 arbIMAarbl KAamBIKTHIKTBEIH MoHI XP(t) (MasTHUKTIH
KOJIJICHeH KoopauHathl) skoHe AH(t) askraper Oap ymOypeIITarsl TUIOTEHY3a
petinae aspIKTanangel (MasTHUK 1eH PJDK OwuikTikTepiHiH e€leH JIeHTreiHeH
allbIpMalIbUIBIFbI):

R(t) = \/X2(t) + AH2(t) (4.7)

MyHzaFb1
Xp(t) = X¢ + Lsina(t), (4.8)
AH(t) = Hp(t) — Hy = Hp — Hy — Lcosa(t). (4.9)

(4.7) -(4.9) epuektep (4.4) - (4.6) eckepe OTBIPHIIN, YaKbIT OTE KEJIe MaSTHUKKE
JIeHIHT1 KalIBIKTBIKTBIH ©3TePYIHIH TEOPUSIIbIK 3aHbIH CUMTaTTalabl. JKbUIIaMIBIKTBIH
e3repy 3aHbIH Taly YIIiH OHAIPICTIK KAIBIKTHIKTHI (4.7) yaKbpIT OOMBIHIIIA ATy KaXKeT.

2
Vo) = E@ _ WO B, 220
dt dt 2 [X3()+AH2(t)

d[Hp-Hp+Lcosa(t)] Xp(t)Lcosa (t)da(t)+AH(t)Lsina (t)da(t)

)
F2AH(E) dt — dt dt

2 /Xf,(t)+AH2(t) /X B(t)+AH?(t)

L Xp(t)Lcosa(t)+AH(t)Lsina(t) da(t)
[X2(6)+AH2 () at

MasaTHUKTIH aybITKy OVPBIIIBIH capajaiiMbI3 KoHE MASTHUKTIH pajuaibl
JKBUITaMIBIFBIHBIH COHFBI OPHETIH JKa3aMbl3:

2Xp(t)

d[Xc+Lsina(t)]
dt

V(t) _ _ 2nLagy Xp(t)Lcosa(t)+AH (t)Lsina(t) sin (an). (4.10)

T /X,%(t)+AH2(t)

4.3 3oHaTay CUTHAJ/IAPBIHBIH MapaMeTpJiepi

Hepexrep TIIIT = 115 Mc kaliTanay Ke3eHIMEH CUTHAJIIAP YIIH KUHAKTaTa/Ibl.
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JIKKC naiigananbuiaThlH XKHUUTIK-YaKbIT TapaMeTpiepi:

- TDDS =40 mkc, TPLL =300 mkc;

— NDDS =60, NPLL =14, N = NDDSxNPLL = 840;

— TFULL = NTDDS + NPLLTPLL = 37,88 wmc;

— AfDDS =5 MI'n, fDDS = -148 MI', 143 MI'1, ..., +147 MI'1;

— AfPLL =300 MI'u, fPLL =900 MI'w, 1200 MIw, ..., 4800 MI'w;

— fn =752 MI', 757 MI'L, ..., 4947 MTI'L;

— F =4200 MI'n;

- CBI3BIKTHIK HEMECE XKAIIFaH Ke3IeHCOK (cyper 4.2) xKuimik Komapl: Gh =
OpLLi Npps + Opps;,

6PLLI=[0,1,3,7,12,6, 13,8, 10, 2,5, 11, 4, 9],

1=0,1,...,NPLL-1,j=0,1, ..., NDDS-1,

6DDSj = [29, 28, 23, 26, 1, 16, 20, 22, 15, 3, 4, 2, 19, 10, 24, 14, 11, O, 25, 7,

17,9, 27,5, 12, 8, 13, 21, 6, 18, 42, 55, 51, 50, 58, 33, 38, 40, 44, 56, 41, 37,
46, 47, 36, 51, 30, 59, 49, 52, 35, 53, 48, 45, 39, 32, 54, 34, 57, 43]
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4.2 CypeT — DKCIEpUMEHTTIK ChIHAKTap/1a Maii/lajlaHblIaThIH KUUTIKTIH
KaJFaH Ke3eiCOK KOABIHBIH rpaduri

MaremaTuKaJIbIK MasSTHUKTIH bUIIaMIBIFBIHBIH ©3TePYIHIH TEOPHUSIIBIK 3aHbI

(4.10) smnupuKanbiK Ko3phUIMEHTIEH OEPUIreH SKCIOHEHIIUAIbI TO3Y/Ibl €CKepe
OTBIPBIN, MASTHUKTIH TIPEK >KbLIIAMIIBIFBI PETIH/E TaHaaIbl:

Vieor () V (1) €xp(1), (4.11)
XC = 4,1 [m]; HF = 6,5 [m]; HR = 0,8 [m]; HPO = 2,3 [m]; HPC = 0,45
[m];
L =5,53 [m]; g=9,78 [m/c2];

0=60 [c] — pu3HuKaNbIK mamManapabl YWIECTIpy YIUIIH CEKyHITap/la KOPCETLITeH
MasiTHUKTIH TepOenicTepiHiy Keibip SMINPUKAIIBIK TaHIaIFaH o1y Kod(GUireHTi.
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A KOCBHIMINIACHIH/IA cxeMmara coiikec »acanraHn PJDK kaOwimmay »KOJIBIHBIH
KBagpaTypainblk apHanapeiHaa eki  Allll-man aneiaran  gepekrep MATLAB
opTachlHJa MUQPIBIK OHACYIH Opl Kapahrbl Ke3eHl yuriH YOBM TypakThl skajbplHa
xa3puiabl. CaKTalFaH CaHABIK CHUTHAJIAAp YIIIH MAasTHHUKTIH SKbULAAMJBIFBIH €Ki
YKOJIMEH €CEeTTeY/l JKy3ere achlpaThiH clieHapuii G KOCHIMIIIAChIH/IA KEJITIPIITEeH .mat.
Hotwxkenepal oman opi Tainjgay VIIIH MAasSTHUKTIH OKbUITAMJIBIFBIHBIH  JIC3]IIK
MOHJEPiHIH TpaduriH yakbITTaH IIbIFApaThIH  CIIEHapuil, COHBIMEH KaTap
KBULIAMJIBIKTBL ~ Oafanay  KaTeNepiHiH CTaTHCTUKAJIBIK OaralapblH  €CernTey
KOJTaHBLIaAbl. byt clieHapuii 1 KOCBIMINIACKIH/IA KENTIPITEH.

4.3-cypeTrTe MasTHHUK JKbUIAMIBIFBIHBIH JKUUTIKTIH ©3TepPyiHIH CBI3BIKTHIK
3aHBl Oap CUTHAJI YIIIIH SPTYPJl 9ICTEPMEH OJIIICHTeH YaKbITKAa TOYEIIUTiK rpaduri
KepceTuireH. I'padukTiH ToeMeHr1 *karbiHAa (4.3-CypeT) KbUIIaMIBIKTBIH TEOPHUSIIBIK
MOH/JIEpl MEH €Ki 9/IICIIEH aJibIHFaH Oarajiap apachIHAa aOCOJIIOTTI KaTe KEJTIPUITeH.
['paduxTiH exi OeiriHje A€ Kajmbl YakbIT oci 0ap.

Vshift — Oenrini  "knacCUKaJbIK" OIICIIEH €CEITENTreH  KbUIIAMIIBIKTHI
Oaramay (4.1), Oip 30HATAy Ke3€HI IMNHAC HBICAHABI KAIIBIKTBIKKA aybICTBIPY
apPKBLIIBI.

VAF — EOCC® wMakcUMyMBIHBIH Kardaiibl OOHWBIHIIIA €CEeNTeNeTIH

KBLIIaMIBIKTEI Oaranay (3.20)

=y

L

(ST N

V [m/s]

-V| [m/s]
(3%

teor

4.3 Cypet — XKuinmikTiH ©3repyiHiH ChI3BIKTHIK 3aHbI Oap CUTHAJI YIIIIH
OPTYPJIL 9MIICTEPMEH OJIIIICHTeH MAasTHUK KbUTAMIBIFBIHBIH YaKbITKA TOYEIIITIK
rpaduri. ['paduxTiy TOMEHT1 XKaFrbIiHAa a0COTIOTTI KbUIIAMABIKTHI OaFranay Kareci
oap.
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Hepextep (4.3-cypet) 204 30HATAy YIIIH aNbIHABL OKCIEPUMEHT 30HATAP
CaHBIHBIH €pKIH MOHIMEH Tarbl €Ki peT KahTtamauael (197 >xone 206). AOGCOMIOTTI
KaTeJep/i ecenTey HOTWXKeNepi OOWBIHINA Op SKCIEPUMEHT YIIiH MaTeMaTHKAaJBIK
KYTy, MeIuaHa >OoHE IUCIEepPCUsl CHUAKTBHl CTATUCTHKAJIBIK Oaramay ecenTeysepi
KapacTBIPBUIFAH €Ki 9/IICTIEH JKbIIAMIBIKTBI OaFraiayablH JSJITIH CANBICTHIPY YIIIH
xacananel. Temenae 4.1-kecTe KbUIAAMIBIKTEI OaFajay MOJIITiHIH CTaTHCTUKAIBIK
cumarTaMasapblH Oaranaiiibl.

Kecte 4.1. KambIKThIK OOMBIHIIA CUTHAN BIFBICYBIH Naiinanany xoHe EOCCO
naijanany  apKbUIBl  KBUITAMIBIKTBI ~ Oarayiay  JONITIHIH —~ CTaTUCTUKAJBIK
cUmaTrTaMasapsbl

AOCOMIOTTI KaTenepal Canpl. [[luamazonnpl Ko, JlommikTi
OarayiayIbIH 30HA. [aybICThIpyabl |[EOCCOD apTTBIPY KO3(D.
CHUIIATTaMaChI KOJIJI.
MatemaTukaibiK KyTy [M 204 0,9427 1,2607 0,75
c] 197 0,7264 0,8912 0,82

206 0,8821 1,0565 0,83
CKO [m/c] 204 4,2485 1,6469 2,58

197 2,9697 1,3690 2,17

206 3,9152 1,6066 2,44
Menuana [m/c] 204 0,4412 0,5681 0,78

197 0,3225 0,3137 1,03

206 0,4017 0,3524 1,14

MaremaTuKalbIK KyTyJIep MEH MeAuaHAapAbl canbICThipynaH 4.1-kecrene
OOBEKT I KBULAAMIBIFBIHBIH TeMeH MoHzaepinae (4 w™/c-ran TemeH) EOCCO
naijanany "KJacCHUKalbIK' OMICTIH JOJAITiHE JKaKblH JOJAIKIEH HbICaHa
KbUITAMIBIFBIH OarajayFa MYMKIHIIK OepeTiHIH Kepyre Oojanbl (€Ki ONICTIH Te
Katemk meauaHachl 0,57 m/c-TaH acmaibl, KaTtelepJl MaTeMaTHKaIbIK KyTy 1,26
M/C-TaH acraiapl). Alaima, >Kydem TypJe IIbIFapbUIaThIH KEMIHJE €Ki CHUTHAaJIBI
Tajam eTeTIH KAIIBIKTHIK OOWBIHINA JKBUDKYIbl (4.1) maiiganana OTBIPHIT,
KBUITAMIBIKTEI Oaranay oficine kaparanma, EOCCO maiinanany 6ip AKX JIKXKC
OoMbIHIIIa Oaranayabl JKYpri3yre MyMKIHIIK Oepeni, Oyl MakcaT >KbUIIaMIbIFbIHBIH
aFrpIMJIaFbl MOHI Typasibl MICHIM MIbIFApyFa KETETIH YaKbITTHI KEMIHAE €Ki ece
a3zamTalpbl.

ConbsiMen katap, 4.1-xecregen CKO-ga KbpUILIAMIBIKTBI ''KJIACCHUKAJBIK'
oxicrieH OaranaynbiH adbcomoTTi Kareniri EOCC® konnanran kesne opkaman CKO-
JIlaH KeM JIETeHJIe €Kl ece achlll TYCETIHIH Kepyre Oosanbl. MoHaepaid Oys Tapaiybl
OHBIH KO3FaJbIC TIpoIECiHAe OOJIIHIeH MAaKCaTThIH Juana3oH npoduiiHaer
MaKCHUMAJIJIbl TO3UIMSHBIH JIpUIIeYyIMEH TyciHaipuieni. Mseicanbl, 4.4-cyperrte
EOCC® makcUMyMbIHBIH KHMachbl >koHe 4.1-kectederi OipiHINI SKCIEPUMEHT
menOepinae 204 3ouaTaynbiH 24 curHaibl YUIiH KaObUIIaHATHIH CUTHANI MeH (OH
curHaibiHbiH  (3.19) adieipmanaper  ymiia  OBII®  onepanusachiHBIH — HOTHKECI
KENTIPUITeH.
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— X(R,V=MaxV)

n

10

X(R,V)

L

3 4 5 6
R [m]

4.4 Cypet — EOCC® MakCUMyMBIHBIH KMMAChI )KoHE KaObUIIaHATHIH CUTHAI
MeH (hDOH CUTHAIIBIHBIH alibipManapsl yuriH OBII® onepaiusachiHbIH HOTHKEC]

4. 4-cyperten OBII®-Teri makcumyMm (IITpUX-HYKTEN ChI3bIK) PJIDK-Ka sxakbiH
opHanackaHblH oHe EOCC® KuMacChIHBIH Tap IIBIHBIHA KATBICThI KAIIBIKTHIK
OOlibIHIIIA CO3BUIFAH HBICAHBI Oap €KeHIH Kepyre 0onaabl. by quana3zoHagarsl CO3bLTY
ochl (hopMaaFrbl CUTHAJIIAFBl MAaKCUMAJIIBI TIO3UITMSIHBI 30HATAYy1aH 30HATAayFa JICHIH
aHBIKTAYy CO3BUIFAH MAaKCHUMYMHBIH IIIIHAETI OpTYpJil HYKTeJep[l KaiTapa
aNaThIHABIFRIHA OKenenl. byi, o3 keserigae, Oasy yakpITTa MaKCUMYMHBIH
MO3UIIMACHIHBIH ~ MOHJIEPIHIH ~ JIpUIAeylHe  KOHE,  THICIHINE,  MAaKCaTThIH
YKbUTTaMIBIFBIHBIH JIC3A1K MOHACPIHIH JIpiIACYIHE OKEIIeI].

CoHbIMEH KaTap, MasATHUKTIH €/IeH OCTiHE KaKblH OpHajIacyblHa OalIaHBICTHI,
HR xepceTiiren OWIKTIKTEH 30HATAy KE3IHAE PaJIMOTOJIKBIHAAPABIH KOI COyJei
TapaiyblHa OalIaHBICTBI €JCHHEH IIarblIBICKAaH curHan Oap. HelcaHamaH aibIc
npobunpaerit CurHan, Oy JkaFmaijia, op TypJii KOMOWHamMsIapaa 30HITayldaH
30H/TayFa JACHIH KaIbIITacaThIH TIKEJICH KOHE €ICHHEH IIaFbUTBICKAH CHTHAJIAAPIBIH
oenricizaik QyHKUUACHIHBIH (1.17) HOMMIK >KBUIIAMIBIFBI KE31HJEr KUMallapbiH
KOCBIHJIBICKI Oouibill TaObuianbl. 4.4-cyperre EOCCD MakcCHUMyMBIHBIH KOJIACHEH
KAMAacChIHIAFbl €Kl alKbIH IIBIHABI V = const ke3igae xoHe OBII® curnameiHga exi
CO3BUIFAH WIBIHJBI Kepyre Oomanmbl. Ochuiaiima, OapiibIK €Kl OJIIeMIl ecCemnTey
ke3inae Kaowpumanran curHanasiH EOCC® (3.20) "kapranmapsl”, TIKEIEeH CUTHAIBIH
MaKCUMYMbl €JICHHEH IIaFbUIBICKAH CUTHAIABIH OYHIpIIK >KambIpaKiiaaiapbIHbIH
dCepiHe a3 VIIbIPANIbl, COHIABIKTAH OHBIH MO3UIUSCHI YIIKEH TYPAKTBHIIBIKKA HE.

EOCC® mnaiiganana OThIpbIN, OaranayablH ISJIICIH OaH dpl apTTHIPYAbI
3epTTEy MaKCaThIHA KUUTIKTIH CBI3BIKTHIK JKOHE JKaJlFaH Ke3JCHCOK KOATaphl YIIH
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Oaranay cumarTaMajiapblH CaJIbICTHIPAbIK (4.2-cypeT). 4.5-CypeTTe >KbUIIaMIIbIKThI
OarayiayJIbIH CUTHAJJIBI KOJITAy TYPIHE TOYEIIUIIK Tpaduri KepCceTiIreH.

VLFM — CBI3BIKTBIK KULTIK KOJBI

VRAND - xanraH Ke31eiiCOK KUK KOJIbI

4.5-cyperTeri KUUTIKTIH ~ ©3TEpYIHIH JKaJlFaH Ke3JCHCOK 3aHbl  Oap
HKCIIEPUMEHTTIK JepekTep 235 curHan yumriH ansiHael. CurnHangap casnsl 4.1 (204
30H/TAY) KECTEeCIHJerl OIpiHII SKCIEPUMEHTTE >Ka3bUIFaH CHUTHAJJApP CaHbIHAH
epEeKIIeIICHeTIHIIKTeH, Oipiecken rpaduk Kypy (4.5-Cyper) xoHe aOCOIIOTTI
KATEJIKTEP/IIH CTAaTUCTUKAJBIK CHUMATTAMAIAPBIH €CENTey YIIIH 30HATAp CaHBIH
TEHECTIpY YIIiH 235 curHajIAad apThIK COHFBI 31 CUTHAI aIbIHBIT TaCTAJI/IbI.
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4.5 Cypet — KuinikTiH ©3repyiHiH ChI3bIKTHIK JKOHE JKaJIFaH Ke3/IeHCOK
3aHABUIBIKTaphl Oap curHaap yimiH EOCC® kemeriMeH oIIeHTeH YaKbITKa
MasITHUK >KbULIAMIBIFBIHBIH TOYEI K Tpaduri

Kanran ke3aencok xkuiaikTepal koaray sxcrnepuMmenTi 190 sxone 201 30HaTap
YUIIH TaFbl €Ki peT KaWTajaHIbl. AJJBIHFBI IKCIEPUMEHTTEPAIH HOTHXKEIepIMEH
canpICThIpy YIIiH (4.1 — KecTe) 30HATAp CaHBIHBIH >KaKbIH MOHI Oap HOTHIKEJep
TagAanab-coiikecinme 197 sxone 206. Omap yuIiH KOCBIMIIA 30HITAp AaJbIHBIM
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TacTajJJAbl  JKOHE  KBUINAMIBIKTBI ~ Oarajiay  KaTeJIepiHIH  CTATUCTUKAJBIK
cunarramanapbl Kaiita ecentenai. CTaTUCTUKAIBIK cUNaTTamManapibsl Oarajay
HOTIDKEJIEpl, COHAAM-aK IOAIKTI apTThIPy Kod3(POUIIMEHTTEPIHIH opTalia MoHIepl
4.2-kecTejie KeNTIPIITeH.

4.2 Kecre - ChIBBIKTHIK JKOHE JKaJIFaH KEe3JeUCOK >KHUTIKTI KOATAY/IbI KOoJaaHa
OTBIPBIN KBUIAMIBIKTHI Oarayiay JOJIIT1HIH CTaTUCTUKAJIBIK CUITaTTaMajiaphbl

AGcomroTTi Katenepai3ouma.ca (COKM DKanran ke3nericok. JlommikTi
OarayiayIbIH HbI Kanubpney  [kog.KamuOpney — @pTThIpyAbIH
CUTIaTTaMacChI Kod(. ecenke [K03(. ecemnke opTaria
anMaraHja anMaraHia KO3 PuImeHTI
MartemaTtukaibik ecy (204 1,2607 0,5567
[M/c] 190 0,9747 0,6439 1,84
201 1,0544 0,5878
CKO [m/c] 204 1,6469 0,7144
190 1,3321 1,2264 1,58
201 1,5882 0,9492
Mennana [M/c] 204 0,5681 0,4006
190 0,4568 0,2762 1,43
201 0,3548 0,2868

CBI3BIKTBIK JKAUTIK KOABI MEH JKaJlFaH KE3IEHMCOK >KUUIIK KOIBIH KOJIZaHa
OTBIPBIT CKaHEpJey HOTIKEIEepPIHEH JKalFaH Ke3/IeHCOK KOAKA KOIy KbIIIaMIbIKThI
Oarayiay JQJIITH MaTeMaTUKAIBIK KYTY MEH MEJIMaHAaHBbIH MOHJEPIHIAE e, KATeNiK
MOHJIEPIHIH Tapaslybl MaFbIHACBIH/IA J1a O1p JKapbIM €ce apTThIPFaHbIH Kepyre 00Jiajibl
(CtangaptThl aybITKy). [{onmiKTIH >KOFapbUIAYbIHBIH OYJ1 ocepl *alfaH Ke3JIeHWCOK
KUUTIK KOJBbIHA ©TY Ke31HJEe KbICY (DYHKUMSICBHIHBIH MilliHIHIH (OaThIpMaHbIH MIIIiHI1)
e3repyiMeH OailmaHpICThl. Byl MINIHHIH CHUTHAJBIHAA SKEPriTIKTI MaKCUMYMHBIH
OpHBI JIJTipeK OeTiHe/l )KOHE OHBIH JIOKAIM3AIUSACH] KOPI O0BEKTUIEPACH, MbICATIBI,
elieH OCTIHEeH MIAFbUIBICKAH CUTHANApAaH OYHIpIIK KamblpakiiaaapIblH oCepiHe a3
YIIBIPanBbI.

KeuinaMabIKTel OaranayIbIH AQJIIITIH apTTHIPY/IbIH KelleCl KaJaMbl Kaauopiey
koddpumeHTTepiH Koaaany 6obin Tadbbutansl (3.24).

Toxipubenep (4.1-4.2 xecrenep) xkanudpaey KodhGUIMEHTTEpIH mainananoai
xyprizuial (3.24). Ockl k03¢ duuruenTTepal ecenTey yiniH 3.3-TapMaKTa CUlaTTalFaH
KaJOpJey mporeaypachl xeke xyprizinai. Dtsf (3.25) makcumanabl KblUI1aMIbIKThI
Oarasay kareciHe KanuOpiey KOd(DPUIIMEHTTEpIH €cemKe alyAblH JCEpiH
CaJIbICThIPANBIK.

4.6-cyperre JAKXKC yuiiH xkanFaH Ke3IeWCOK JKUUIK KOABbI 0Oap yakbIT
OOMBIHIIIA KBUIIAMIBIKTBI Oaranay rpaduri (3.20) ecenke anbiHOait xkoue (3.25) 204
30H/TAY YIIH Kanuopiey kodddurmentrepin (3.24) eckepe OTHIPHIT KOPCETUITEH.

VRAND — xamubpney KO3QOUIMEHTTEPIH €CKEPYCi3 KbUILAAMJIBIKTHI
Oaranay(4.5-cyperTeri MOHIEpre YKcac)

V~RAND — kanu6prney xo3pPuiueHTTepin eckepe OTBIPHIM, KbUIAAM/IBIKTHI
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4.6 Cypet — Kanubpiey kodpduneHTTepiH KoagaHFaHFa JICHiH )KoHe
Kanuopiiey K03 (HULMEHTTEPIH KOJIaHFAHHAH KEeM1H )KUUTIKTIH KaJIFaH Ke31eMCoK
koJibl 0ap curHangap yimid EOCC® kemeriMeH oIIIeHTeH YaKbITKa MasiTHUK
KBUTIAMIBIFBIHBIH TOYEIITIK rpaduri

byn ecenteynmep (4.6-cypeT) opTypsii 30HATApMEH KE3ACHCOK KOATay
DKCIIEPUMEHTTEPIHIH 0acka HOTWXKENepl VIIIH TaFbl 2 peT KalTalaH[bl.
KbuinaMIbIKTel Oaranay HOTHOKeNepl OOMbIHINA a0COMIOTTI KaTeHIH CTAaTHCTHKAIBIK
cunaTtTamanapsl ecentenesi. Ecentenren mouaep 4.3-KecTene KeNTipiareH.

4.3 Kecre - KanubOpiey ko3)PUIUEHTTEPIH €CenKe ajiMail KOHE ecerKe aja
oteipeil, EOCC® kemMeriMmeH MakcaT  KbUIAAMJIBIFBIH Oarajay JQJITIHIH
CTATUCTUKAJIBIK CHUTIaTTaMasapbl

AOcomoTTi Katenepai3ona.ca PKanran JKanrau JlommiKTi
OarasayIbIH HbI KE3CHCOK. KOJI. [KE€3/IEHCOK. KOI. [@pTTBIPYy K03(.
CUIIaTTaMacChl Kanmubpney Kanubpney koad.

KOod(. ecenke  |eCemKe anFaH/a
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aJMaraHaa
MaTreMaTHKaJIbIK 204 0,5567 0,4149 1,34
KyTiM[M/C] 190 0,6439 0,3912 1,65
201 0,5878 0,4792 1,23
CKO [m/c] 204 0,7144 0,5194 1,38
190 1,2264 0,8461 1,45
201 0,9492 1,0040 0,95
Menuana [m/c| 204 0,4006 0,3481 1,15
190 0,2762 0,2187 1,26
201 0,2868 0,2431 1,18

4.3-kecteneri aOCOMIOTTI KATEHIH CTAaTHCTUKAIBIK curnarramanapsl EOCCO
(3.24) ecenrtey kesinae kanuoOpiey koddduimentrepin (3.25) ecenke amy PJDK
KaObLaay-0epy TpakTiHiH KYX Oipkenki eMecTiriH eTey apKblIbl MaKCaTThIH
paauanasl KbULIAMIBIFBIH OaFaliayblH JOJIITIH KOCBIMINA apTThIpyFa MYMKIHIIK
Oepeil JereH KOPBITBIHBI dKacayFa MyMKIHIIK Oepe/i.

Ocpuraiima, 4.1 xoHe 4.3 KecTelepAeri HITWXKEIEPl CalbICThIPYyIaH
KUUTIKTIH JkamraH ke3geiicok koael Oap AKXK JIK)KC ymin E©CCD (3.25)
ecenteyal (4.2-cyper) *koHe kanuOpiey kodddunuentrepid (3.24) eckepe OTBIPHI,
VCHIHBUIATBIH OJICTI TMaifjlajlaHa OTBIPHIT, KbUITAMJIBIKTHl OarayayJblH JQJIJIIT1
Typalibl KOPBITBIHIBI JKacayFa Oomanel. 4.4-kectemeri 4.1 xoHe 4.3-kecTenepiiH
HoTwxkenepin Oipikripin, TIIIT (4.1) 30HATAY Ke3€HIHAErT KAIIBIKTHIK OOMBIHINA
KBUDKYIIBI TIaljjajaHa OTBIPBIM, "KIACCUKAIBIK" OMICIEH >KOHE JKMUTKTIH JKaJlFaH
KE3/IeMCOK KOJATAYbIMEH OHE CaHJbIK Kanuopiey kodddummentrepiMmen (3.24)
EOCC® mnalimanana OTBIPBIN YCBIHBIJIATHIH OJICIICH JKBUIAAMIBIKTHI Oarayay
JOJIIITIH CaIbICTBIPAMBI3.

Kecre 4.4 - KampIKThIK OOMBIHIIIA CUTHAT BIFBICYBIH Naiinanany koHe EOCCO
najjanany  apKbUIbl  KBUITAMIBIKTBI ~ Oarayjiay  JONITIHIH —~ CTaTUCTUKAJIBIK
CUIIaTTaMaIapbl

AOcomorTi Katenepai  3oua.c [COKM-MeH xone PKanran JlommikTi
OarayiayIbIH aHbl. [KamuOp.kod(d.  [KE3MeHCOK KOJ [@pTThIPYIbIH
CUIIaTTaMacChl eceO1HCI3 PKULTITIMEH >KoHe|opTaria Kodd.
KAILIBIKTBIK KaJnop
OOWbIHIIIA KO3 PUIMEHTIH
BIFBICY. €CKepe OTHIPHIIL,
EOCCD
KOJIIaHY
MareMaTHKaIbIK 204 10,9427 0,4730
KyTy[m/c] 190 |0,7264 0,3912 1,9
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201 0,8821 0,4792

CKO [m/c] 204 14,2485 0,5252
190 [2,9697 0,8461 4,9
201 33,9152 0,8989

Mennana [m/c] 204 10,4412 0,3752
190 |0,3225 0,2187 1,39
201 0,4017 0,2431

4. 4-xecteneri HOTWIKENEPACH KUUTIKTIH JKaJIFaH Ke3JICMCOK KOITalybl Oap
EOCCO naiiganany apkpuibl (4.2-cypeT) »koHe KanuOpiey Kod(pguiueHTTepin
eckepe OThIpbIN (3.24) KAIIBIKTBHIK T€H >KbULIAMJIBIKTBI Olpyiecin OaranayabiH
YCBIHBUIBINT OThIpFaH ofici OBII® xoHe >KUUIKTIH CBI3BIKTBIK KOATAIYBl Oap
curHanaapasl (4.1) maiimanana OTBIPHIN, OaraiayJblH "KJIACCUKAJBIK' OICIHIH
nanpairineH acatbin ganaikner JJKXKC 61p AKK OolibiHIna ®KbU1IaMABIKTI OaFaiayra
MYMKIHJIIK O€pETIHIH KepyTe 00J1ajbl.

4.4 YakpIT NeH XKUiJIK aliMaKTapbIHIAAFbI MOJeJbAey NapaMeTpJiepiH
CAJIBICTBIPY

byn monennmeyne RF Blockset™ koHBepT KiTalxaHachlH HaijanaHbIl S-
napameTpiiepiH MOJENbJEY VIIIH €Kl TypJl HYCKaHbl Kajail KOJJaHy KEpeKTiri
KOpCETUIreH. YakpITIIa aiimak omici (rationalfit) mepektepmin OapiblK ayKbIMBIH
YKaKbIHIATaThIH aHAJMTUKAIIBIK palldOHAIIBI MOJAEb JKacahael. by a3 memmepae
TipeKkTepAiH KkemeriMeH JKakchl KOHyFa OosaTblH ofic. Jlepekrepae KemnrTereH
OeJIIeKTep HEMECe JKOFaphl 11y OOJFaH Ke3ae, Oy MOJelb MOJEIbAeY YIIH YIKEH
KoHEe Oasty 00J1ajibl.

Kuinik MOMEHIHIH 9MICI JKMHAKTayFa HET13JIe]TeH, MYHJa HETi3r1 >KULIIK
JTMATNia30HbIHBIH UMITYJIBCTIK CHITATTaMaChl MOJICIIBICY YaKbIThl MEH TachIMaJAayIITbI
JKUUTIKKE OallJTaHbICTHI 00JIaIbI.

Kyiie apxurtektypacsel.)Kylie MplHanapaaH Typazisbl:

Simulink OyioOKTappIMEH MOJAENbIACHTeH Kipic curHaibl. Kipic curHamsi-
tf_ramp_time-ne 0-men 1-re nmeitin e3repetin maHayc; tf ramp time GacTamkpl MoHI
le-6 cek-ke TeH opHatbUIanbl. CUTHAIIBIH TacbkiMaiaaymisl kuimiri-TF_FREQ);
tf freq 6actankel MoHi 2,49 ['11-ke opHATHLIABI.

Exi sawfilter cysrici Gipaeit sawfilter gepexTep dalabiH KoIIaHa OTHIPHIT, €Ki
S-mapameTp OiorbiMeH MozenbAcHeal.s2p.Saw Filter (yakpiTmia aiimak) gen
oenrinenren bnok yakeiTmia aiMakka (rationalfit) opHaThUIFaH MoneNbaCy
KOWMBIH/IBICBIHIA MOJICIIbJICY TTapaMeTpiiepl napamerpine ue. Saw Filter nen atanaTeiH
briok (kuisik aliMarbl) KUUTIK aliMaFblHA OPHATBUIFAH MOJENbACY KOWBIHIBICHIHA
MOJIeNIbJICY TapaMeTpiiepl MapaMeTpiHe He€ JKOHE HUMITYJIbCTIK CUIATTaMaHbIH
Y3aKThIFBIH aBTOMATTHI TYPE Oarasiay KycOenricl OpHaThLIFaH.

Exi s-mapameTp OJOTBIHBIH MIBIFBICHIH KOPCETETIH ayKbIM OJIOTHI.
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model = 'simrfV2_sparam_t vs f';
open_system(model);

Mag
J— 2 RF
Ang —+—
) . Cutport
SaW Filter
R_source (time domain) R_load
Inport

s 61 [ il :l—»D

Ramp Saturation Scope

RF | Configuration

g R_sourcel R_loadi g
Mag
—_—1 2 RF
Ang [—+—]

Cutportl

SAW Filter
[frequency domain)

4.7 Cypet — YakpIT IIEH )KHUTIK alMaKTapblH MOJIETBACY

OJIeNKI  MMapaMeTpiiepMeH MoJenbaeyl icke Kocy. IlopmeH xosbiHa
open_system('simrfV2 sparam t vs f') enrizemis.

Monaensaey > Icke Kocy TannaimMebI3.

Exi omictig HoTIOKENepi Oip-OipiHe oTe xaKbiH. JKuinik aiiMarbiHaarsl Moiens
(purple curve) Oepimic dynknusceiH (steady-state value) Oipmama JKakKChIpak
KepceTe/Il.

scope = [model '/Scope'];

open_system(scope);

set_param(scope, 'YMax','0.45");

set_param(scope, 'YMin','0");

set_param(scope, ‘'TimeRange',num2str(1.01*TF_END_TIME));

sim(model);
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4.8 Cypet — XKuiiik aiiMarbIHBIH HOTHEXKECI

Ote xakcel nmanaycrnen (Very Steep Ramp) monenbaeyni 6acracak, aJIbIHFBI
MOJICNIbAICYIC KOHBEPTTIH ocy yakbIThl tf ramp time = le-6 T = 1/TF_FREQ =
4.1667 e-10 TtaceIManmmayiibl CUTHaN Ke3eHIHEH Kem Oojabl. backama alTkKaHza,
KOHBEpPT TachIMAJIAyIIbIFa KaparaHja ojekaiiia Oasy Oonapl. OcCy yakKbIThI
TachIMaJJIaylibl KE3€HTe >KaKbIHJIAFaH CaiblH, THICTI YakKbIT 3@ EKTiiepl yakbIT
aliMaFbIHBIH MOJICIIIMEH KaKChIpaK KaObUIIaHA bl (Capbl KUCHIK).

MpiIcan bl )KanFacTIpy YIIiH:

Tf_ramp_time = 1e-9; tf_end_time = 1le-7; mopMeH >K0JIbIHIA TEPIHI3.

Mognenbaey > Icke Kocy TanaaHpI3.

TF_RAMP_TIME = 1e-9;

TF_END_TIME = le-7;

set_param(scope, 'TimeRange',num2str(1.01*TF_END_TIME));

sim(model);

open_system(scope);
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4.9 Cypet — YakbIT 3P (DeKTiNepiHIH YaKbIT allMarbIHbIH HOTHEXKEC]

Kuinik aitMarbIHAAFBI MOJIENIBICY HOTHXKECIH MOJENBACYIH YaKbIT KagaMbIH
a3alTy KOHE UMITYJIbCTIH Y3aKThIFbIH KOJIMEH OpHATY apKbUIbI dKaKcapTyFa 00JIa ibl.

Mpbicanpl )KaaracThIpy YILIH:

Tf _step = 5e-10 TepiHi3; TOpMEH KOJIBIHIA.

Saw cy3ri OJIOTBIHBIH MOJENbIAEY MNaHENHAET] HWMITYJIbCTIK JKayalThIH
Y3aKThIFBIH aBTOMATTHI TYpJie Oaranay KYCOENTICIH ajbill TaCTaHbI3 (KUK aiiMarbl)
YKOHE UMITYJIbCTIK KayallThIH Y3aKThIFbIH 1€-7 peTiHIe KOPCETIHI3.

Mogenbaey > Icke Kocy Tannalimbis.

TF_STEP = 5e-10;

sparam_freq = [model '/SAW Filter (frequency domain)';

set_param(sparam_freq, 'AutolmpulseLength’, 'off");

set_param(sparam_freq, 'ImpulseLength’, ‘1e-7');

sim(model);

open_system(scope);
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4.10 Cypert — Cy3ri GJIOTBIHBIH MOJIETBICY HOTUEKEC]

Mopenbaeyai 9pTypdl KUUTIKTEPMEH 1CKe Kocy. PanimoHanibl yHKIUSHBIH
KYBIKTaYbI 1911 emec. JKybIKTay KaTeCiH Kepy YIIIH «Saw cy3ricl (YakbIT alMarbD)
0JI0TBIH €Kl peT 0acy kepek. JKybIKTay Typalibl aklapaT MOJAEIbILY TIIKATHICY
TaKTAChIHBIH TOMEHT1 KaFbIHIAFbl «YTHIMIbI COMKECTIK HOTHXKEIEP1» OoIMiH/Ie
KOpCeTLIeIl.

open_system([model sprintf('/SAW Filter (time domain)]);

Koceimmma aknapat any yurid "Busyanuzanus" xojarslH TaHaMn, "rpaguKanbl
Kypy'"'TyliMeciH OachIHBI3.

Rational fit anroputmi (HYKTEI1 KHUCHIK) KOTITETEH KUUTIKTEP/IE OTE )KAKCHI
YKYMBIC ICTEH 1. Anaiiia, Keiie o1 s-mapaMeTp AePEeKTEePiHiH KYPT ©3repyiH
OalikamMaiabl.
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4.11 Cypet — Op TypJii )KULITIKIIEH 1CKE KOCY

Kepicinme, >xuiaik aiMarbIHIAFBl 9J1IC OapJIbIK TachIMaAAyIIbl KHITIKTEpIe
CTallMOHAPJIIBIK cunarramMacelH gon  Kadrtamaiael. Tf freq = 2.54e€9 ymin
MOJICTIbIICY/Il OPBIHIAY S-mapameTpi 0ap €Ki ofic apacbiHAa TYOereisi opTypii
HOTHKEJIEPre OKENe/Il.

MpIcanibl )KaaFacTeIpy YIIiH:

Tf freq = 2,54e9; tf ramp_time = 1e-6; TF_STEP = 3e-9; TF END_TIME =
2,5 e-6; [TopmeH KoJbIH A,

Monenbaey > Icke Kocy Tannay.

By xxarnaiina xKuiaik aiiMarblHIaFel MOJIEh OacTamKbl IEPEKTEP/l KaKChIPAK
YKaKBIHIATY/Ibl KAMTaMachI3 eTe/Ii.

TF_STEP = 3e-9;

TF_RAMP_TIME = le-6;

TF_FREQ = 2.54e9;

TF_END_TIME = 2.5e-6;

set_param(scope, 'YMax','le-3");

set_param(scope, 'TimeRange',num2str(1.01*TF_END_TIME));

sim(model);
open_system(scope);
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4.12 Cypert — bacrankpl JepeKTep/ii *KaKbIHIATY Ibl HOTHEXKEC1

Heunre opHaTbutFran UMITYJIBCTIH Y3aKTBIFBIMEH MOJCIbIEY. Ic Ky3iHIe oTe
naianel 00Jybl MYMKIH €peKIlie xarai 0ap. S-mapamerpiiep OJ0TbIHBIH
"UMIYJIbCTIK YKayalThIH Y3aKThIFbI" HOJITe TCH OOJIFAH/Ia, EHT13Y TapUXbI CHII
eckepinmeiai. Jlereamen, moens 6epitic GyHKIMAICHIH (TYPAaKThl MOH) AYPBIC
oexiteni. byn etneni apdexriiepai enemeyre 00aTblH Tamalia KypbUIFbUIAPIbI
MOJIEIBACY I1H JKbIJIaM KOHE CEHIM/1 9iCl.

MpbIcanibl )KaaFacTeIpy YIIiH:

Saw cy3ri OJIOTBIHBIH UMITYJIbCTIK CUIIATTAMACBIHBIH Y3aKThIFbIH (KUK
aitmarbl) 0-re TeH.

Monenbaey > Icke Kocy Tanaay.

set_param(sparam_freq, 'ImpulselLength', '0");
sim(model);
open_system(scope);
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4.13 Cypet — Heuire opHaThUTFaH UMIYJIbCTIH Y3aKThIFBIMEH MOJIETBACY

close gcf;

bdclose(model);

clear model scope;

Kemnreren mnpakTUKaNbIK pPaIUOKHUUTIK S>KYHEIEpIH/I€ YaKbIT TIEH IKHUIIIK
aliMaKTapbIHAAFbl QMIICTEP YKCaC kayanTap Oepefl. YakbITIIa ailMak dJiCl yaKbITIIA
allMaKTarbl KbUIAM ©3TE€pPETIH KOHBEPTTEPIIH OCEpIH JKAKCHIpAK amiajabl, Oipak
OacTankpl AepeKTep/ll YTHIMIbBI JKaKbIHIATyFa cyheHeni. JKuimik aitMarbIHIAFbl 9JIiC
yakpITIIIa MOJENbJCY KaJaMblHAa CE3IMTal;, YaKbIT alMarbIHAAFbl MOJETh JKAKCHI
COMKECTIKTI KaMTaMachl3 €TIereH Ke3ae Oyl mapaMeTp YChIHbLUIAbI.
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KOPBITHIHBI

1. XKakpia opekerreri PJIDK kemiciireH Cy3riciHiH MIBIFYBIHIA OIpKENKI emec
KHUUTK - yaKbIT MaTPHIIACHl Oap CHTHAIILI MojeibAeyre MyMkiHaik Oeperin (1.6)
woHe (1.7) >xonm OeputreHn mekreynepai eckepe otbipbin, TKK OMII Genricizmik
(G YHKITUSCHIHBIH aHATUTUKAIBIK KOpiHici anbIHas! (1.14).

2. AxwIpaTeIMABLIBIK KaOimeTiHiH (1.22), KalIBIKTBIKTBI Oip MOHI aHBIKTAY
apanbIFbIHBIH (1.23) JKOoHE >KBUIIAMIBIK OOWBIHIIA aXKBIPATBIMIBUIBIK KaOIJIETiIHIH
(1.25) N curnansIHbIH emmiemi, O0actankpsl kuimiri fO, Af skuiniri xkamamsel xoHe T
JTUCKPETTEPIHIH Y3aKTBIFbl CHSKTHl CHUTHAJJABIH JKUUTK - yakbIT MapaMmeTpliepiHe
TOYEJIIIITT KOPCETUITEH.

3. ®H Oyiiip xaneipakimanapsl aeHreinig TXKK OMII-narer x&uiaik KojabiHa
TOYENIUTITiHE Tanay Kyprizuial. Kocrac koarapsl OyHipik KamblpakiiaiapIblH €H
TOMEHI1 JeHreWiH ajly YIIIH OHTaWabl emec eKeHMIrl kepcerinreH. CallbiHFaH
toyenauniri 6apeiama YBJI XKMK sxbimrer Memmepirt JIKXKC kesinge Oipkenki
kecte xuutikrep. Kepcerinrennei, Oy yiFarobiHa MeJIepiri curHan N Korapbl
300 YBJI 2)KMK OGacbuisin keedl caitMa-Kyondeckomy ecin Typrad N (2.2).

4. Bip MoHAl Auana3zoHAbl Oaraniay apajbIFbIH KEHEUTY YIIiH OipKesKi emec
KUUTIKTEp TOpbIHA ©TY YChIHbUIAKI (2.4). Herisri kamnbipakiliaHblH Ke3eH-Ke3eHMEH
KalTasiaHybl OOJIbIN TaObLIATBIH OYMIpJIIK >KambIpakmanapAsl azaity yimH (1.23)
KUUTIK KaJaMbIHBIH JKaJIFaH KE3JIEUCOK ©3repy JMama3OHbIH KUIIIK OOWbIHIIA
OacTankpl KajaMfa TE€H €Till OpHATY KaxkeT. by skarmaiia KallbIKTHIKTBI O1p MOH/I
Oaranay apanbirbl N ece aptansl (2.6). Anaiiga, >KUUTIKTEpAIH OIpKeIKi emec
cateicbiHa oTy RUR (1.23) ecemik Oenruiep apachlHIarbl JUANa3OHIArbl apaibIK
OYMipJIiK >KambIpakiiagap/blH YJIFalObiHA ocep eTemi. KUUTIKTIH OpKeIKi TOpPBI
Ke3iHJIe KambIKThIK OoibiHma kKumara D®H VYBJI AKX JKXC N (2.8)
OJIIIEMIUTITIHEH MaPIIbl TYOIpre Kepi MpOmopIMOHa TYCETIHI KOPCETUITEH.

5. XKanran ke3geiicok xuinik koabl 6ap AKXK JIKXKC maiigamana oOThIpSI,
PJDK kaObuigay-Oepy SKOJBIHBIH — KYPBUIBIMIBIK CXEMachbl YCBHIHBUIFAH. by
KypbUTBIMABIK cxema YiIiH ACT HIBIFBICBIHIAFB KBUTKBIMAIIBI HBICAHATAH CAHJIBIK
CUTHAJIJIBIH aHAIMTUKAIBIK opHeri anbiHabl (3.15). MyHnai curHangapapl ChIFYIbIH
€Ki eJIIeM Il CaHIbIK (PYHKITUSCHIHBIH aHAIUTUKAJIBIK OpHET1 YChIHBLTFaH (3.25), Oy
MaKcaTTapAblH ayKbIMbl MEH paJvalJIbl >KbUIAAMIBIFBIH OipJiecinm Oaranayra
MYMKIHIIK Oepeni. byn epHek nauckperTtepAiH OIipKelaKl €eMeC Y3aKThIFbIH,
KULTIKTepA1H OIpKeJIKli eMec TOPbIH eCKepell koHe QOHIbI anbin Tactay kaHe PJIDK
TpaHcuBep TpakTiHiH KUX Oipkenki €MecTIriH ©TEeWTIH CaHIbIK Kaluopiey
Ko buLMeHTTEPIH €CeIIKE ay bl KaMTH/IEL. CaHabpIK KaJopiey
KO3 (PUIIMEHTTEPIH ecenTey alropuTMi YChIHbUIFaH (3.24).

6. AKX JIKXKC maiinanany apkeutbl PJDK  Makerinae — anbiHFaH
HKCIIEPUMEHTTIK JIEPEKTEP/IIH HOTIKENIEpl MeH Tanaaysl kentipiired. PJIDK makeri A
KOCBIMILIAChIHJA KENTIPUIreH KYPBUIBIMABIK CbhI30ara ColKec 931pJICHreH, ChIHAKTap
pamuycel 20 cm amoMuHUN MasTHuUKI Oap (4.1-cyper) 4 w/C acmalThiH
KBULAAMJIBIKIIEH TepOetin TYpaTblH SKCIEPUMEHTTIK KOHIBIPFBIAA O KYPri3Uii.
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KeuinamapikTel Oaranay HoOTHXKeIepiH 3oHATay Ke3eHiHae (4.1) CJKM curnanbiHa
kept BII®D kemeriMeH amnblHFaH YITIEp/ie HBICAHAHBIH KAIIBIKTHIFBI OOMBIHINA
BIFBICYBIH ~ OIICYJl MaijanaHaTblH Oenrimi  omictieH koHe EOCCO (3.25)
naijamaHaThlH YChIHBUIATHIH JIICTIEH CaBICThIPY MAaKCATThIH KbUIJAMIBIFBI TYpaJlbl
IIENIIM IIBIFApy YIIH KaKETTI €10yip a3 YakKbIT Ke31HJI€ YCHIHBUIATBHIH OJICTIH
JOJITIHIH JKaKbIH CUIIaTTaMaapbl Typajibl KOPBITHIH/BI KacayFa MYMKIHJIIK Oepel.
[emriM msiFapy yakbIThIHIAFBI YTHIC KeMiHe 50%.

7. AOCOmIOTTI  KBUIAAMABIKTHI ~ Oarajay  KaTeCiHIH  CTaTHCTHKAJIBIK
cUMaTTaMajapblH CABICTBIPY AUCKPET KULTIKTEpiHiH Oipaeit monaepinae (752 Ml ',
757 MTI',..., 4947 MI'1), ememae (N = 840) jxoHe CUTHAIABIH TOJBIK Y3aKThIFbIHAA
(37,88 MC) SKHMUTIKTI JKaJIFaH KE3JICHCOK KOATayMEH MOHE CaHABIK Kaauopiey
KO3 PUIIMEHTTEPIH ecKepe OThIPHIN, KaObliaanraH curHangan EOCCO® ecenrteyre
HETI3/ICJITeH 9JIICTI KOJIJIaHY >KbUIJAMIBIKTBIH JIE3/IIK MOHJEPIH o Oaranay Ke3iHie
KEHICKE KETyre MYMKIHJIK Oepelil JereH KOPBITHIHBI jKacayFa MYMKIHAIK Oepel.
Kareniq MareMaTukalIbIK KyTyl opTamia ecemnmeH 1,9 ece a3, kareimep opraiia
ecerrieH 4,9 ece a3, KaTeHIH MeIMaHackl opTaiia ecernrmeH 1,39 ece as.
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MATLAB Tistingeri 0eJricizik GpyHKIUSICHIH MOIeJIbAEHTIH OaraapiaamMa Koabl

clear;
% BA30BBIE [TAPAMETPBI CUTHAJIOB 1 CPEJIbI PACTIPOCTAHEHU A
c

0 w ||
R

w Il =

8;

FO =

1000e6;

dF = 5e6;

Fc = (2*FO+(N-1)*dF)/2;

% ITAPAMETPBI CUTHAJIA J1J151 CJIOXKHOM CXEMbI TEHEPATOPA (PLL+DDS+IQmodulator)
Ndds = 60; % xosmuectBo npoduneit DDS Npll =
15; % xommuectBo nepectpoek GAITUN =

Ndds*Npll;
dTpll = 300e-6; % JUTUTEIBHOCTH quckpera PLL
dTdds = 40e-6; % JUTUTEIBHOCTD TUCKpETa

DDST = repmat([dTpll,ones(1,Ndds-1)*dTdds],1,Npll);
Nbeg=1; Nend = length(T);
T_FULL = sum(T(Nbeg:Nend)); % moJHAas [UIMTEIILHOCTh HAKOIUICHHSI CHTHAJIA

% HACTPOIMKA KOJIA YACTOTHBI PLL
PLLcode=[11151046139114871252 3]-1;
% HACTPOIMKA KOJIA YACTOTHI DDS
DDScode =[29282326116202215342191024141102571709,...
27512813216184255515058 333840445641 374647 36,...
51 3059 49 52 35 53 48 45 39 32 54 34 57 43];
% CO3JIAHME MACCHUBA C OBIIIUM YACTOTHBIM KOJIOM "CODE"
for i=1:Npll
DDScode = randperm(Ndds);
DDScode = DDScode+1*(randperm(Ndds)/Ndds-0.5);for
j=1:Ndds
Code((i-1)*Ndds+j)=PLLcode(i)*Ndds+DDScode(j);
end
end

% JOBABJIEHUE CJIIYYAVHOT'O IPOXXKAHNS B KO YACTOTBI
ExtraCode = randperm(length(Code));N =

length(Code);

Code = Code+ExtraCode/max(ExtraCode)-0.5;

% ®OPMUPOBAHUE MACCUBA YACTOT C YUETOM IIATA IT0 YACTOTE U HAYAJILHOM YACTOThI
F = FO+(Code)*dF;

% BBIYNCJIEHUE CPEJHEI'O HIAT'A 110 HACTOTE

dFavg = mean(abs(F(2:end)-F(1:end-1)))*1e-6;

% AMIITUITIY bl 1 HAUYAJIBHBIE ®A3bI CUTHAJIA

a = ones(1,N);

phi = zeros(1,N);

Tmin = min(T); Tmax = max(T); Tfull = sum(T); Tavg = Tfull/N;

% TEOPETUYECKAS ®H

X1 = zeros(length(V),length(R)); Xnn =
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zeros(length(V),length(R)); Xnn_1 =
zeros(length(V),length(R));for n=1:N

Xnn=a(n)"2*(T(n)-2*RR/c).*sinc(2*F(n)*VV/c.*(T(n)-2*RR/c)).*...
exp(1i*4*pi*F(n)/c*(RR-VV.*(sum(T(1:n-1)))));
% BTOPASI COCTABJIAIOIIAA
if n>1
Xnn_1=a(n)*a(n-1)*2*RR/c.*sinc((F(n)-F(n-1)+2*VV*F(n-1)/c)*2.*RR/c).*... exp(...
1i*2*pi*((F(n)-F(n-1)+2*VV*F(n-1)/c).*(sum(T (1:n))+RR/c)+F(n-
1)*2*RR/c)+...
1i*(phi(n)-phi(n-1))...);
end
end
X1=X1+Xnn+Xnn_1;
X1=abs(X1)/(sum(a."2)*Tavg);

%% PACUYET CPEJJHEI'O I MAKCHUMAJIBHOT'O YPOBH$ FOKOBBIX JIETTECTKOB
vellndexes = fix(length(V)/2)-fix(1.2*dVteor/dv):...

fix(length(V)/2)+fix(1.2*dVteor/dv); ranindexes =
1:fix(2*dRteor/dr);
X2(vellndexes,ranlindexes)=zeros(length(vellndexes),length(ranindexes));

SLL_MEAN = mean(mean(X2(vellndexes,:)));
SLL_MEDIAN = median(median(X2(vellndexes,:)));
SLL_MAX =0;
for ri=2:length(R)-1
for vi=2:length(V)-1
if(X2(vi,ri)>SLL_MAX &&...
X2(vi,ri)>X2(vi-1,ri) && X2(vi,ri)>X2(vi+1,r) && ...
X2(vi,ri)>X2(vi,ri-1) && X2(vi,ri)>X2(vi,ri+l) && ..
X2(Vi,ri)>X2(vi-1,ri-1) && X2(vi,ri)>X2(vi+1,ri+1) && .
X2(Vi,ri)>X2(vi-1,ri+1) && X2(vi,ri)>X2(vi+1,ri-1))SLL_ MAX =
X2(vi,ri);
end

end
end
SLL_MAX = max(findpeaks(X2(vellndexes,:))); X2(vellndexes,:)=zeros(length(vellndexes),length(R));
% BBIBOJI TPEXMEPHOI'O TEJIA ®YHKIIUU HEOITPEJEJIEHHOCTH
figure(3); surf(RR,VV, X0, LineStyle’,'none"); view([45 30]);ylim([-Vmax
Vmax]); zIlim([0 1]);
set(gcf,'color','w");
xlabel('R[m]"); ylabel("V_r[m/c] ); zlabel((X(R,V_r)");
shading('interp");
zticks([0:0.1:1]);
caxis([0 0.5]);
colormap(flipud(gray));
ch=colorbar;
cbh.Location = 'eastoutside’; ch.Position =
[0.95 0.45 0.05 0.5];cb.AxisLocation = 'in’;
set(cb,"YTick',[0:0.1:0.5]);

% IMOJCBETUTH MAKC BOKOBOM JIEITECTOK

hold on plot3(RR(X2==SLL_MAX),VV(X2==SLL_MAX),X2(X2==SLL_MAX),"r',markersize',20);
hold off

xlim([R(1) R(end)]); ylim([V(1) V(end)]);

% HACTPONKA ILIPUDTOB
set(findall(gcf, -property’,'FontSize"),'FontSize',19); set(findall(gcf, -
property’,'FontName"),'FontName'," Times New Roman')
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Kocsimma B. MATLAB Ttisinae eki eJimemMai CAaHABIK ThIFbI3IAY
(GyHKIMACHIH MO/IeJIbACUTIH OaFraapaaMa Koabl

clear;
% BA30BBIE ITAPAMETPBI CUTHAJIOB 11 CPE/IbI PACITPOCTAHEHUM S
c

@ w ||
z &

w Iz

*®

FO =
1000€6;

dF = 566;

Fc = (2*FO+(N-1)*dF)/2;

% ITAPAMETPBI CUTHAJIA J1J151 CJIOKHOM CXEMbI TEHEPATOPA (PLL+DDS+IQmodulator)
Ndds = 60; % xosmuectBo npoduneir DDS Npll =
15; % xommuectBo nepectpoek GAITUN =

Ndds*Npll;
dTpll = 300e-6; % IUTUTEIBHOCTH quckpera PLL
dTdds = 40e-6; % JUTUTEIBHOCTD TUCKpETa

DDST = repmat([dTpll,ones(1,Ndds-1)*dTdds],1,Npll);
Nbeg=1; Nend = length(T);
T_FULL = sum(T(Nbeg:Nend)); % moJHas [UIMTEILHOCTh HAKOIUICHHUS CUTHAIIA

% HACTPOMKA KOJIA YACTOTBI PLL

PLLcode=[111510461391 14 8712 523]-1;

% HACTPOMKA KOJIA YACTOTBI DDS

DDScode = [29 28 23 26 1 16 20 22 1534 219102414110257179,...
27512813216 184255515058 3338 40 44 56 41 37 46 47 36,...
51 30 59 49 52 35 53 48 45 39 32 54 34 57 43];

% CO3JIAHUE MACCHBA C OBIIUM YACTOTHBIM KOJIOM "CODE"

for i=1:Npll

DDScode = randperm(Ndds);
DDScode = DDScode+1*(randperm(Ndds)/Ndds-0.5);for
j=1:Ndds
Code((i-1)*Ndds+j)=PLLcode(i)*Ndds+DDScode(j);
end
end

% JOBABJIEHUE CJIIYYAVHOT'O IPOXXKAHNS B KO YACTOTBI
ExtraCode = randperm(length(Code));N =

length(Code);

Code = Code+ExtraCode/max(ExtraCode)-0.5;

% ®OPMHNPOBAHUE MACCHBA YACTOT C YYETOM IIIAT A 110 YACTOTE U HAYAJIBHOM YACTOTBI
F = FO+(Code)*dF;

% BBIUMCJIIEHUE CPEJJHEI'O IIAT'A ITO HACTOTE

dFavg = mean(abs(F(2:end)-F(1:end-1)))*1e-6;

% AMIITUIIY Ibl 1 HAYAJIbHBIE ®A3bI CUTHAJIA

a = ones(1,N);

phi = zeros(1,N);

Tmin = min(T); Tmax = max(T); Tfull = sum(T); Tavg = Tfull/N;
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% I'’PAOUK HACTOTBI
figure(1); set(gcf,'color','w");
plot(Code,'k");

ylabel('Kos wacrorsi [ \theta ]); xlabel("'Homep muckpera [ n 17):xlim([1 NJ); ylim([0 N-
1D);

grid on;

set(findall(gcf,'-property','FontSize"),'FontSize',14); set(findall(gcf, -
property','FontName"),'FontName’," Times New Roman');

% PA3PEIIAIOIIHWE CITOCOBHOCTHU M1 OAHO3HAYHGLIE JAJIbBHOCTU
dRteor = ¢/(2*(max(F)-min(F)));

Rmax = ¢/(2*dF); dr = dRteor/21;% Rmax = N*dRteor;Rend =
min([Tmin*c/2 Rmax]);

R =0:dr:Rend;

dVteor = c¢/(2*Fc*Tfull);

Vmax = 30; dv = dVteor/21,;

Vplus = dv:dv:Vmax;

V = cat(2,-flip(Vplus),0,Vplus);RR =

repmat(R, length(V), 1);

VV =repmat(V',1, length(R));

% CO3JIAHUE LIUD®POBOI'O CUTHAJIA OT LIEJIN
Rtarg = [1]; Vtarg = [O];
[Fsort,Isort] = sort(F); CS =

zeros(1,N);
for n=1:N
for tg = 1:length(Rtarg) CS(n)=CS(n)+a(n)"2*(T(n)-
2*Rtarg(tg)/c).*...
exp(li*4*pi*F(n)/c*(Rtarg(tg)-Vtarg(tg).*... (Sum(T(1:n-
1))+T(n)/2+Rtarg(tg)/c)));
end
end

X0 = zeros(size(RR));
for n=1:N

X0 = X0+CS(n)*a(n)"2./(T(n)-2*RR/c).*...

exp(-li*4*pi/c*F(n)*(RR-VV.*(sum(T(1:n-1)))));

end
X0 = abs(X0)/(N);
% BBIBOJI TPEXMEPHOTI'O TEJIA ®YHKIIUU HEOITPEJEJIEHHOCTH
figure(3); surf(RR,VV, X0, LineStyle','none"); view([45 30]);ylim([-Vmax
Vmax]); zlim([0 1]);
set(gcf,'color','w);
set(findall(gcf, -property’,'FontSize"),'FontSize',19); set(findall(gcf, -
property','FontName"),'FontName'," Times New Roman’);
xlabel('R[m]','FontSize',19,'FontAngle','italic’,'FontName', Times NewRoman');
ylabel('V_r[m/c]','FontSize',19,'FontAngle', italic','FontName',' Times NewRoman’);
zlabel('X(R,V_r )','FontSize',19,'FontAngle', italic','FontName', Times NewRoman");
shading('interp");
zticks([0:0.1:1]);
caxis([0 0.5]);
colormap(flipud(gray));
ch=colorbar;
ch.Location = 'eastoutside’; cb.Position =
[0.95 0.45 0.05 0.5];cb.AxisLocation = 'in’;
set(cb,"YTick',[0:0.1:0.5]);
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Kochivmma I'. MATLAB Tislingeri MasiTHUKTIH J1e3[iK paauajiabl
JKbLUIIAMABIFBIH €CeNTEUTIH OaFraapaaMa Koabl

% clear; close all; fclose('all’);

%% OTKpbITHE (aiina Uil ONpeAeIeH s KOJIUIeCTBa KaJpoB

% filename = 'Device\DDS_EXPERIMENTS\2019.08.01_Costas\l.data’;
% filename = 'Device\DDS_EXPERIMENTS\2019.08.01_Costas\4.data’;
filename = 'Device\2019.11.13 DDS PENDULUM\PENDULUM3.data"; NFregs = 1080;
% filename = 'Device\2019.12.23 LFMvsCOSTAS\Costasl.data’;

% filename ='Device\2019.12.23_LFMvsCOSTAS\Costas2.data’;

% filename = 'Device\2019.12.23_LFMvsCOSTAS\Costas3.data’;

% filename ='Device\2019.12.23_LFMvsCOSTAS\LFM1.data’;

% filename ='Device\2019.12.23 LFMvsCOSTAS\LFM2.data’;

% filename ='Device\2019.12.23_LFMvsCOSTAS\LFM3.data’;

% filename = 'Device\Costas_20dB.data’;

fid = fopen(filename,r','n',/UTF-8";
% 3arpyska KOppeKTUPYIOIHMX K03 (HUIIMEHTOB
% load('Device\DDS_EXPERIMENTS\2019.08.01_Costas\CorCoef.mat','CorCoef");
% NFregs = 840; % xonuuecTBO 4acToT, Ha (K) 6epyrtcs nuckperHbie oTcuéThINReps = 1; %
konruecTBO oTcuétoB ALIIT Ha Kaka0i yacToTe
% NFrames = 1591; % 2019.08.01_Costas\1.data
% NFrames = 1426; %2019.08.01_Costas\4.data
% NFrames = 344; % 2019.11.13_DDS_PENDULUM\PENDULUM1.data
% NFrames = 341; % 2019.11.13_DDS_PENDULUM\PENDULUM?2.data
% NFrames = 345; % 2019.11.13_DDS_PENDULUM\PENDULUM3.data
% NFrames = 201; % Costas_20dB.data
NFrames = 0; %IocIie KA IIepeMeHHast OyAeT CoepiKaTh KOJTMISCTBO KapOB
%
tline = fgetl(fid);
while ischar(tline)
tline = fgetl(fid);
NFrames =
NFrames+1,
end
NFrames = fix(NFrames/(NFreqs*NReps+2));
fclose('all);

%% lcxoaHble JaHHBIE

¢ = 3*1e8; % CKOpOCTh CBETA B BAaKyyMe
% YACTOTA

FO = 752*1e6; % HavanbpHas

yacroradF = 5e6;

Nbeg = 1;

Nend = NFregs;

N = Nend-Nbeg+1; % Konuuectso uacror, o (k) genaercs BIIONdds = 60;
% xommuaecTBo npoduieit DDS

Npll =18; % kommuectBo epectpoek GAITH

% F = FO:dF:FO+(N-1)*dF;

Th = 0:NFregs-1; % KOJ{ 9aCTOTBI
% Th=1-1;

% ------ AMIUIATY A ------

A =ones(1,N); % KOJT aMJIUTYTbI

win = hamming(N)'; % cosnanue oxua st JIJITT

% DA3A

Ph =zeros(1,N); % ko nauansHOit (azsl
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dTpll = 300e-6; % muurensHocts auckpera PLL dTdds = 40e-
6; % maMTensHOCTH amckpera DDS dT =
repmat([dTpll,ones(1,Ndds-1)*dTdds],1,Npll); Tavg = mean(dT);
T _FULL =sum(dT(Nbeg:Nend)); % nosnas JUIMTeIbHOCT HAKOIUIEHHS CUTHAIIA

% ------ JAJIBHOCTb ------

dR = ¢/(2*N*dF); % TeOpeTHYECKOE Pa3pelIeHHe 110 AabHOCTH

RMAX = c¢/(2*dF); % TeOpeTHUYECKHUI MHTEPBAJ 0IHO3HAYHOTO onpeaencuusdr =
dR/2; % 3JIEMEHT 110 JanbHOCTHU uist Aetanuzanuu JJJIIT

Rshift = 2.15; % CIBHT 110 NAJBHOCTH 32 c4ET (pa3oBbIX HaOeroBRMax =
20; % MakcuManbHas JalbHOCTH oTprucoBku JIJIIT

R = (Rshift:dr:Rmax+Rshift); % sexrop snemenTos mo nansroctutime = R/C;
% BEKTOP 3aJepIKeK
PointCount = fix(RMAX/dr)+1; % komuyectso Touek st BITD
% ------ CKOPOCTbD ------
dV = c¢/(2*T_FULL*(2*F0+(Nbeg-1)*dF+(Nend-1)*dF)); % Teopetnueckoe pasperieaneV_max = 6; %
MaKCHMAaJIbHast CKOPOCTE JIBHYKCHHUS [ICITH
dv =dV/2; % 1ar “3MeHEHH
ckopoctuV = -v_max:dv:v_max; % BEKTOp CKOpOCTEH
% ------ MACCHUBBI JIJIA PABOTHI ------
% JIByMEpHBIC BEKTOPA JUISl CO3IAHUSI IByMEPHOU (QYHKIIHH CBEPTKH

RR=repmat(R,length(V),1); % X-nanpHOCTh
VV=repmat(V',1,length(R)); % Y-ckopocTh
X=zeros(length(V),length(R)); % Z-yHkuus cBEPTKU

FrSignal = zeros(NFrames,NFreqs); % maccuB [uist XxpaHeHust 4acToTHbIX oTcuérosSignal =
zeros(NFrames,PointCount); % maccus st xpanenust JI/111
SIG = zeros(1,length(R)); % maccus juis 0ToOpakeHust TEKYIIEH Pa3HOCTH

%% AJITOPUTM
fid = fopen(filename,'r','n','UTF-8");
count = 0; % nepeMeHHas TSl XpaHCHUS KOJTMYECTBA CYUTAHHBIX OalT
% IMPOITYCK ITEPBBIX FirstFrame KAIPOB
% ¢ coxpaHeHHEeM NpOITyIIeHHbIX KapoB B MaccuB FrSignal TIMES
= zeros(NFrames,2);
FirstFrame = 2;
for i=1:FirstFrame-1
% fseek(fid,78,'cof");
OnelL.inel = fgets(fid);
onlyTimes=textscan(OneLinel,# %d %d# DDS Maket data’);
if((~isempty(onlyTimes{1}))&&(~isempty(onlyTimes{2}))) TIMES(i,:) =
[onlyTimes{1} onlyTimes{2}];
end
OneL.ine2 = fgets(fid);
[A,count] = fscanf(fid,'%i ',[11 NFreqs*NReps]);F =
reshape(A(1,:),[NReps,NFreqs]);
re = reshape(A(2,:),[NReps,NFreqs]);
im = reshape(A(3,:),[NReps,NFreqgs]);
% BbIBO/] TPA®UKA HACTOT
T=zeros(1,
N);for
n=1:N
T(n)=sum(dT(1:n));
end
figure(1); plot(T*1e3,F,'k");
set(gcf,'color','w");grid
on;
xlabel('t [mc]?);
ylabel('f [MT'i]);
set(findall(gcf, -property’,'FontSize"), FontSize',14); set(findall(gcf, -
property',’FontName'),'FontName', Times");
end
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yticks([900:600:6000 F(end)]);
xticks([0:3:T(end)*1e3]);
xlim([0 T(end)*1e3]);

ylim([0 F(end)]);return;
%
[F,1]=sort(F); % copruposka aus PACKOJMPOBKMU naHHBIX 10 YacTOTaM
% | - BeKTOp KOJa 4acTOThI (MOKHO HCIOJIb30BaTh, KAK BEKTOP UHICKCOB)
% re = re(l); im = im(l); FrSignal(i,:)=complex(im,re);

% BbIBO/] HA DKPAH OCTAJIbHbBIX KA/IPOB

%% CO3JAHUE T'PA®UKOB 1 HACTPOMKA OTOBPAXXEHH S
%1-p1it rpaduK AN BEIBOJIA TATLHOCTHBIX CEYCHUN
YLIM = 2el; % macmrad JIJIIT o ocu Y

figl = figure(1); set(figl,'color','w");subplot(2,2,1);
pl11 = plot(R-Rshift,SIG); hold on; pl12 =
plot(R-Rshift,SIG); hold off;
legend("X(R,V=0)",'’X(R,V=MaxV)"); ylim([0
YLIM));

grid on;

xlim([0

Rmax]);

% t1 = title(['Frame =",num2str(i)]);xlabel('R

[m]);

% 2-oti rpaduK I BBIBO/IA TAPAMETPOB

sp2=subplot(2,2,2);

linel=['Frame = ',num2str(i)]; line2=['F

(",num2str(F(Nbeg)),’,

,num2str(F(Nbeg+1)),"..",num2str(F(Nend)),") [MI'(]];

line3=['Ffull =",num2str(F(Nend)-F(Nbeg))," [MI'u]]; lined=["Tfull =

num2str(T_FULL*1e3),' [mc] Tfr =100 [mc];

line5=['dR_t = ",num2str(dR,2)," [m] dr_m_p =",num2str(dr,2)," [m]];
line6=['dV_r =",num2str(dV,2)," [m/c] dv_m_p =",num2str(dv,2), [m/c];line7=['
1

line8=['1;

fullmsg = {linel,line2,line3,line4,line5,line6,line7,line8};
t2=text(0.5,0.5,fullmsg,'Parent',sp2);

set(t2, 'Horizontal Alignment', ‘center’);
set(sp2,'xtick’,[],'ytick',[1); set(sp2,'visible','off");

%3-uii rpaduk A BeIBoJA 3-€X MEpHOTO Tena (PYHKIHH CBEPTKU
subplot(2,2,3);

srf = surf(VV,RR-Rshift, X, 'LineStyle','none");xlabel('V

[Mm/c]);

ylabel('R [m]);

view(90,90);

ylim([0 Rmax]);

%4-p1ii TpadUK [T BEIBOJA CKOPOCTHBIX CEYCHUISP4
= subplot(2,2,4);

pl41 = plot(zeros(1,length(V)),V);

% hold on; pl42 = plot(V,zeros(1,length(V))); hold off;
legend('X(R=R(Max),V)";

grid on;

xlim([0

YLIM]);

ylim([-v_max v_max]);

yticks(-v_max:1:v_max); set(sp4,
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Ydir', 'reverse’);
xlabel('V [m/c]);
% t4 = title(R=MaxR']);

% oTaenbHbINM rpaduk st BeiBoja ceuenwuii fig2 =
figure(2); set(fig2,'color','w');pl2_1 = plot(R-
Rshift,SIG); hold on; pl2_2 = plot(R-Rshift,SIG);
hold off; legend('FFT','X(R,V=MaxV)");

ylim([0 YLIM]I);

grid on;

xlim([0

Rmax]);

% t1 = title(['Frame = ",num2str(i)]);
ylabel(|X(R,V)[);

xlabel('R [m]");

set(findall(gcf, -property’,'FontSize"),'FontSize',12); MaxR = 0; MaxRVO0 = 0;
Vshift = zeros(1,NFrames);
Vaf = zeros(1,NFrames); Raf
= zeros(1,NFrames);
%% OCHOBHOM LIKJI I10 KAJIPAM
for i=FirstFrame:NFrames t2.String(1)={['Frame =
,num2str(i)]};
% fseek(fid,78,'cof");
OneLinel = fgets(fid);
onlyTimes=textscan(OneLinel,# %d %d# DDS Maket data’);
if((~isempty(onlyTimes{1}))&&(~isempty(onlyTimes{2}))) TIMES(i,:) =
[onlyTimes{1} onlyTimes{2}];
end
OnelL.ine2 = fgets(fid);
[A,count] = fscanf(fid,'%i ',[11 NFreqs*NReps]);F =
reshape(A(1,:),[NReps,NFreqs]);
re = reshape(A(2,:),[NReps,NFregs]);
im = reshape(A(3,:),[NReps,NFreqs]);
[Fsorted,I]=sort(F);
% re = re(l); im=im(l);
FrSignal(i,:)=complex(im,re);

figure (2); plot(F,re,F,im,F,abs(complex(re,im)));
grid on; ylim([-2048 2048]); %ylim([-100 100]);
xticks(F(1):300:F(end));

xlim([F(1) F(end)]);

CS = FrSignal(i,:);
CS_shft = zeros(1,length(CS));if i>1

CS_diff = (FrSignal(i,:) - FrSignal(i-1,:));%.*CorCoef(1:end); CS_shft = FrSignal(1,1:end)-

FrSignal(i,1:end); CS_shft(I(Nbeg:Nend))=CS_shft(I(Nbeg:Nend)).*win; % oxHo
CS_shft(I(Nbeg:Nend))=CS_shft(I(Nbeg:Nend)).*CorCoef(Nbeg:Nend);
end

SIG = abs(fft(CS_shft(I(Nbeg:Nend)),PointCount))/N;
X=zeros(length(V),length(R));
for n=Nbeg:Nend
X=X+CS_shft(n)*Tavg./(dT(n)-2*RR/c).*...
exp(-1i*4*pi/c*(RR-VV.*(sum(dT(Nbeg:n-1))+dT(n)/2+RR/c))*F(n)*1e6); end

X = abs(X)/N;

% moctpoenue ceuenus (V=0) pyHKunm cBEPTKH
XV0=X(fix(length(V)/2)+1,:);

pl11.YData = XV0;
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% Hax0XIEeHNE KOOPAWHAT MaKCUMyMa (PYHKITIH CBEPTKA
[MaxTempSig,MaxVIndTemp]=max(X);
[MaxSig,MaxRInd]=max(MaxTempSig);

MaxVInd = MaxVIndTemp(MaxRInd);

% HaXO0XACHUC KOOPAUHAT MAKCUMYMa HYJICBOTO CCHYCHUA IO CKOPOCTHU
[~,MaxXV0Ind]=max(XVO0);

Rdif = MaxRV0 - (R(MaxXV0Ind)-Rshift);

% Rdif = MaxR-R(MaxRInd);

MaxRV0 = R(MaxXV0Ind)-

Rshift;MaxR = R(MaxRInd)-

Rshift; MaxV = V(MaxVInd);

% TOCTPOEHHE AATBHOCTHOTO CEUCHHUsI MaKCUMyMa (DYHKIMH CBEPTKH
pl12.YData = X(MaxVInd,:);

% TOCTPOEHHE CKOPOCTHOTO CEUYEHHSI MAKCUMyMa (DYHKIIUH CBEPTKU
pl41.XData = X(:,MaxRInd);

% mocTpoeHue cyMM (H)YHKIIHHU 110 TaTbHOCTH

pl42.YData = sum(X,2)"/length(R);

figure(4); surf(RR-Rshift,VV,X/max(max(X)), LineStyle','none"); view([1530]);
set(gcf,'color','w");

set(findall(gcf,'-property','FontSize"),'FontSize',19); set(findall(gcf, -
property','FontName"),'FontName'," Times New Roman');
xlabel('R[m]','FontSize',19,'FontAngle','italic','FontName', Times New

Roman’);

%

ylabel("V_r[m/s] ','FontSize',19,'FontAngle','italic’, FontName', Times New Roman’);
zlabel('X(R,V_r )','FontSize',19,'FontAngle','italic’,FontName', TimesNew Roman’);
xlim([0 Rmax]);

ylim([-v_max

v_max]);

% shading(‘interp);

% zticks([0 0.25 0.5 0.75 1]);

caxis([0 0.5]);

colormap(flipud(gray));

ch=colorbar;

cb.Location = 'eastoutside’; ch.Position =

[0.95 0.45 0.05 0.5];cb.AxisLocation = 'in’;

set(cb,"YTick',[0:0.1:0.5]);

% mocTpoenue 3-€x MEpHOTO Tea (YHKIIUN CBEPTKU
srf.ZData = X;
% Bsruancnenue koopausat (Re, VC) "ienrpa macc" GpyHKIMH CBEPTKH
% W BBIBOJ] MIX B 3arojioBke rpaduka 3-x mepHoro tenaNRV =
length(R)*length(V); % unciio Touek Gpuryps
m = sum(sum(X))/(NRV); % macca ¢urypsiRc
= sum(sum(X,1).*R)/(NRV*m);
Ve = sum(sum(X,2)".*V)/(NRV*m);
t2.String(7)={['R_c=', num2str(Rc), ' V_c=', num2str(\Vc)l};
t2.String(7)={['R(Max) =",num2str(MaxR,'% 10.2f")," [m],...
' V(Max) = num25tr(MaxV '% 10.2f")," [m/c]T};
t2. Strlng(8) {['R_c¢ m_e ur="num2str(Rdif,'% 10.2f")," [m]’,..
V ¢ M e mr=",num2str(Rdif/0.1,'% 10.2f")," [m/c] ]}

78



end
Vshift(i) = Rdif/0.1;Vaf(i) =
MaxV;
ANIM(i) = getframe(figl);
Raf(i)=MaxR; pause(0.05);

save('Raf_DDS_Costasl.mat','Raf");
save('Vshift_ DDS_Costasl.mat','Vshift');
save('Vaf_DDS_Costasl.mat','Vaf');
save('AF_DDS LFM3 animation',ANIM);
fclose('all);

Kochimma /I. MATLAB Tininaeri MasTHHUKTIH KbLILIAMIBIFBIH OaFajiayabl
TaJIayFa apHaJFraH 0araapjaMa Koabl

clear;

L=5.73; % [m] muna
masiTHuKaA=3; % [M] amIuiuTy1a
Kose0aHui

% Nbeg = 13;

% Nbeg = 0;

% load("Vshift_DDS_LFM1.mat"); load('Vaf_DDS_LFM1.mat";
load('Raf_DDS_LFM1.mat); Nbeg =5;

% load('Vshift DDS_LFM2.mat"); load('Vaf_DDS_LFM2.mat");
load('Raf_DDS_LFM2.mat"); Nbeg = 222;

% load('Vshift DDS_LFM3.mat"); load('Vaf_DDS_LFM3.mat');
load('Raf_DDS_LFM3.mat"); Nbeg = 11; load("Vshift. DDS_COSTAS1.mat");
load('Vaf_DDS_COSTAS1.mat');load('Raf_DDS_COSTAS1.mat"); Nbeg = 1;

% load('Vshift DDS_COSTAS2.mat"); load("Vaf_DDS_COSTAS2.mat");
load('Raf_DDS_COSTAS2.mat'); Nbeg = 7;

% load("Vshift DDS_COSTAS3.mat"); load("Vaf_DDS_COSTAS3.mat);
load('Raf_DDS_COSTAS3.mat'); Nbeg = 13;

phi0=0;

NFrames = length(Vshift);

NFrames=NFrames-Nbeg; Vaf(1:Nbeg)=[]; Vshift(1:Nbeg)=[]; %Raf(1:Nbeg)=[];Tpr=0.113;
L=5.6; % [M] mMHA MasiTHUKA

A=2.5; % [m] ammuTyna KoneOaHmit

% Tpr=0.15; % [c] nepuox ckaHupoBaHUS

t=(0:NFrames-1)*Tpr;

0=9.78; % [m/c"2] yckopeHue cBOOOIHOTO TaICHHS

T = 2*pi*(L/g)".5; % [c] mepron konebarnit MATEMATHUYECKOT O masitaukaF=1/T;
% [I'1] wacTora KoeOaHui

Vteor = A*F*2*pi*sin(2*pi*F*t+phi0).*exp(-t/60); % ypasuenue ckopoctuFFT_VAF =
abs(fft(vaf)); FFT_VAF(fix(NFrames/2)+1:end)=[];

FFT_VSHIFT = abs(fft(Vshift)); FFT_VSHIFT(fix(NFrames/2)+1:end)=[];FR =
1:fix(NFrames/2); FR=FR/(NFrames*Tpr);

[~ Ffft] = max(FFT_VAF); Ffft = Ffft/(NFrames*0.115);

fig2 = figure(13); set(fig2,'color','w'); Vshift_med =
Vshift;
Vaf_med = Vaf;
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spl = subplot(2,1,1);

% plot(t,Vshift_med,'b',t,Vaf_med,'g',t,vVaf_med_correct,'r',t,Vteor,'k’);
plot(t,Vshift_med,*k't,Vaf_med,'ok’,t,Vteor,'k"); %,t,Raf-mean(Raf),'r');grid on;
% xlabel('[kanpsi]');

ylabel('V [m/s]");

yticks(-6:1:6);

t(end)]); ylim([-6 6]);

% set(findall(gcf,'-property’,'FontSize"),'FontSize',12);

ERR_RELAT_SHIFT = abs(Vshift_med-Vteor);
ERR_RELAT_AF = abs(Vaf_med-Vteor);
sp2 = subplot(2,1,2); plot(t,ERR_RELAT_SHIFT,*k't,ERR_RELAT_AF''ok’);

grid on;

xlabel('t [s]);

ylabel('|V_t e o r-V|[m/s]);xlim([0

t(end)]);

ylim([0 3]);

yticks(0:1:3);

set(findall(gcf,'-property’,'FontSize"),'FontSize',14); set(findall(gcf, -
property','FontName"),'FontName'," Times New Roman');

%yOpaTh mpodesl MeX Ty TpaduKaMu

set(spl,'position’,[.08 .38 .90 .6]);

set(spl, XTickLabel',[]); set(sp2,'position’,[.08 -.1

.90 .65));

pbaspect(sp2,[1 0.2 1]);

ERR_MEAN_SHIFT = mean(abs(Vshift_med-Vteor)); ERR_MEDIAN_SHIFT = median(abs(Vshift_med-

Vteor)); ERR_VAR_SHIFT = var(abs(Vshift_med-Vteor)); ERR_MEAN_AF = mean(abs(Vaf_med-Vteor));
ERR_MEDIAN_AF = median(abs(Vaf_med-Vteor)); ERR_VAR_AF = var(abs(Vaf_med-Vteor));
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KBICKAPTYJIAP MEH HHAPTTbBI BEJITTJIEP TI3IMI
A — aHTEeHHa
ACT — AHan0rThI-CaHJBIK TYPJICHIPTIIIT
IT¥ A — nWJI0TCHI3 YIIIy anmaparthbl
KODT — Keuimam Dypbe TypiieHaIpy
I' — reneparop
KBI' — KepueyMeH OackapbUIaThlH TEHEPATOP
KK — XKuinik 60MbIHITIA TUCKPETTI KOATAIFAaH (CUTHAI)
XKIAKC — xuinik O0WbIHINIA AUCKPETTI-KOATAIFaH CUTHAI
KHI/I — kepi manisipay JuarpamMmmachl
JIIK]I — Oenyxin aysicnianbl KO3DPUIIMEHTI Oap KUUTIKTI O6JriI
ECCO® — exi enmemai CaHABIK ChIFY (DYHKIIHSCHI
KBAA — KalbIKTBIKTBI O1p MOH/II aHBIKTAY apajIbIFbl
KJI — xBazipaTypaibiK 1eMOIYIATOP
KM — kBazpaTypHbIii MOIYISTOP
KK — kymelity ko3¢ duiireHri
KKC — xypeni »kuisiik cunaTramachl
TI — Tipek renepaTopsl
KI®DT — kepi Huckperti Dypbe TYpieHaIpyi
PXKT® — perreneTin kecy KUUIITIMEH TOMEH OTY CY3TicCi
PJDK — pagnonokanusinsik xyie
OKA — oprama KBagpaTThIK aybITKY
CXKM — caTpUlbl )KUUTIKTIK MOAYJISIUUSAJIAHFaH (CUTHAMN)
KKC — ynbpTpa KeH KoJaKThl (CUTHaN)
B3EM — Gackapyibl 2JIeKTPOHBI-€CETTEYII MalllnHa
OEM — 5eKTpOHIBIK €CENTEY MAIINHACHI
THIA — TrimMal ampIpay aiiMarsl
OXAP — dazanbik KUITIKTI aBTOMATTHI TYPJE PETTEY
®J1 — dazanmbIk 1eTeKTop
b® — 6enriciznik GyHKIUACH
TXKC — TemeH KuiiKTi CY3Ti
BIK]I — Oyiiip >kanblpakiaiapbIHbIH TEHI €1
DDS — direct digital synthesizer, caHAbIK ecenTey CUHTE3aTOPbI
PLL — phased locked loop, ¢azanbik ABTOMATThI JKUUTIKTI peTTEy LMK
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KA3AKCTAH PECITYBJIMKACBI BUIIM xane FbIJIBIM MUHUCTPJII']
K.N. COTBAEB atemaarst KASAK ¥JITTBIK TEHUKAJIBIK 3EPTTEY YHUBEPCHUTETI

FbLJIBIMU KETEKIITHIH
IIKIPI

JUTIITOMIBIK KYMBIC

Typebekos baybipxan Paxmatynayiibl
5B071900 - PaguorexHuka, JIEKTPOHUKA KIHE TEJIEKOMMYHHUKaLKs

TakpipbiObiHa: «KeH 5K01aKThI CHIHAJIAAPABIH KHIJIIrT 00HbIHIIA AHCKPETTI
KOJATAy apKbLJIbl KAIIBIKTBIK MeH KbIJIAAMABIKTHI OipJaecin Tajaay»

JIUTUTOMIIBIK KYMBICTA, KEH >KOJaKThl CHTHAIJIap/AbIH JKULIIr OoibiHLIA
JIUCKPETTI KOJTAY apKblIbl KALIBIKTHIK MEH JKLUIAAMJIBIKTBI Oipiecin Taiayibl
KapacTbiprad. JIMIIOMABIK KyMbIC TepT OesliMHeH Typaabl. JIUmaioMIsIk
JKYMBICTBIH MakcaThl OipKeJIki eMec KHUIUIIK-yakslT Matpuuacekl Oap PJDK
KAIIBIKTBIK TEeH KBIIaMIBIKTEI Oipiecin Oaranay oJiCiH kacay XKoHe Tajjay
OonbIn TaObLIAAbI, OHBI KOJIJIaHY OOBEKTINEpAiH ayKbIMbl MEH KbL1J1aM/IbIFbIH
OaraJjiay cHTIaTTaMallapbiH )KaKcapTyFa MyMKiHJIK Oepeni.

CurnayyiblH Oipkesiki eMec KMijliK-yakbIT MaTpullachl 0ap IKUIJIKTeri
yIbTpa KEH OKOJIAKTbl JIMCKPETTI KOATalfaH CUIHa/lapiblH  Oenricizaik
(YHKUMSICBIH ~ CUMATTANTbIH  ©PHEKTI WblFapy okoHe Tajjpay. Ko#buiran
MIHAETTEepAl Liellye aca KeH KOJIaKThl PaJuOJOKalMsl TEOPUSCBIHBIH QJIiCTepi,
CUIHAJIIAp/bl KAJIBINITACTBIPY JKOHE 6©HJey TEOpHsIChIHBIH oaictepi, DBM-ue
MaTeMaTHKaJBIK MoOJeNblaey djicTepi, MaTeMaTHUKaAblK CTaTUCTHKA KOHE
BIKTUMAIIJBIK ~ TEOPHSIChl  dJicTepl, COHAal-aK  OKCIEPUMEHTTIK  Tajjlay
KOJIIaHbL1a/1bl.

Kymbic Darachbl

Kannbl, qUIIoMasIK KyMbIc "95 A eTe xakchl" jereH Oarara, ajl CTYJACHT
TypebekoB baybipikan Paxmatynnayiel 5SB071900 - POT mamanabirbl OolbiHila
TEXHUKA JKOHE  TeXHOJorusiap «0akanmaBp» — aKaJeMMsUIbIK  JOpPCKeCiHC
YCBIHbLIA/IbI.

FbibIMU JKeTEeKI

T.FW)KF T xad. nexkropsl

/ - C.Mapkcysl
‘ k’(ﬂl’lhl‘).v p Y
«ALS» o5 /2022 x.
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KA3AKCTAH PECITYBJIMKACHI BIJTIM sxone FbhUJILIM MUHHUCTPIIIT]
COTBAEB YHUBEPCUTETI

CbIH - ITIKIP
JInmiaom/ibIK ko0a
Typebexon baysipxan PaxmatyiuiayJibl
5B071900 - PaguoTexHuKa, 3JIEKTPOHUKA J)KOHE TEeJIEKOMMYHHKALIUS

TaxpippiObl: «KeH 5K0MaKThl CHIHAIAP/AbIH KU 00 bIHIIA ANCKPETTI
KOATAY apPKblJbl KANIBIKTHIK MeH KbIJIAMABIKThI OipJecin Tajaiay»

OpbiHanibl:
a) rpadukanbik Oenimi _g Oer;
0) Tycinjaipme xa3dacbif'{ Oer.

KYMDBICKA ECKEPTY KACAY

JIMnaoMablK  ko0ajga, KEeH KOJAaKThl CHTHANJAAPABIH KU  OoMbiHIIA
JIMCKPETTI KOATAY apKblUIbl KAUIBIKTBIK MEH >KbUIAAMILIKTEl Oipiecin Tajjay/ibl
KapacTelprad. JIMIUIOMIBIK XKyMBbIC TOPT OeJliMHEH Typanbl. JUIIOM/IbIK KYMBICThIH
MakcaTbl Oipkenki emec XuiIiK-yakplT Matpuuacel 0ap PJDK KallbIKTBIK rcH
KBULIAMILIKTBI OipJiecin Garaay 9iCiH jKacay jKHe Tanjaay 0oubin Tabbliajibl, OHbl
KOJIJIaHy OOBEKTiNepaiH ayKbiMbl MEH KbUIAAMIbIFbIH Oarajiay curarramaliaphbit
)KakcapTyra MyMKiHjlik Oepei.

Curnanapin GIpKesKi eMec JKHiTIK-yaKplT MaTpuLachl 0ap JKUUIKTEr! ynbTpa
KEH JKOJIaKThl JIMCKPETTI KOJTAJFaH CHUTHalAap/blH Oeyrici3miK (QyHKLUMACHIH
CHNATTAWTBIH OPHEKTI LIbIFApy XoHe Tanaay. KolblFaH MiHAETTep/] LIELTY/ € aca KCH
KOJIAKTHI PaIUOJIOKAIIUS TEOPUSIChIHBIH d/1ICTepl, CUTHAJIAAP/IBI KaNBITNITACTRIPY JKoHe
OHJIEY TEOPUACHLIHBIH oaicTepi, DBM-me MaTeMaTHKalIbIK MOJe/bIey djlicTepi,
MaTeMaTUKaJIbIK CTATHCTHKA KOHE BIKTMMAJJIBIK TEOPUACHl 9jicTepi, COHAai-ak
IKCIICPUMEHTTIK Tajlay KOJIaHbIIa bl

Kympbic baracol
XKannel, qumiomMasik xymeic "90 A- eTe »kakcel" nereH Oarara, al CTyAEHT
Type6ekos Baybipkan Paxmarymaayner SB071900 - POT mamanabirsl OodibiHiiia
TeXHUKA )KoHE TeXHOJIorusiap «0akanappy akaJeMHUsIIbIK A9PeKeCiHe YChIHbLIAbI.

CpiH — nikip 6epyui

Ka3z¥A3YVY. nokrop PhD,

DHeprus yHEMEY KoHe

aBTOMaTHKa Kadeapa MeHrepyuici
=< —  Mounnaxanos A. K.

(KOJIbI)

«24.» 05 -2022%.
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[Iporokon
0 MpoBepKe HA HAJIHYKME HeABTOPH30BAHHbIX 3aMMCTBOBAHUH (nsaruara)
ApTop: TypeGekoB baypipian PaxmatyJiiaysiel

CoaBTop (eciiu UMeeTes):
Tun pa6orel: JumiomHas pabora

Ha3pauue pa6oThi: KeH 5ONaKTI CUIHAIAPIbIH KU LUITT OOHbIHIIA JUCKPETTI KOJATay apKbLJIbl

KAIUBIKTBIK I1€H KbIJ1AaMIBIKTbI 6ip.TICCiII Tangay

Hayunblii pykoBoauTeb: Cynrar MapKkcyJibl

Ko>dpduuuent IMogodusn 1:2.2

Koydpduuuent Moaodun 2: 1.3

Mukponpodeab:: 13

3uaku M3 3apyrux angapuTos: 54

HurepBansi: 20

Beaple 3naku: 0

Mocie nposepkn OTyera Mogo0us 6b1I0 cAeIAHO CIEAYIOLIEE 3AKTIOHCHHC:

3aMMCTBOBAHHS, BBIABICHHBIC B PAGOTE, ABISCTCS 3aKOHHBIM M HE SIBJSCTCSA [1arHaTOM. YPOBEHD
Mo06us He MpeBbIIIACT J0MyCTUMOro npezena. Takum 00pa3om padoTa HE3aBUCHMA W IPUHUMACTCA.

[] 3aumcTROBaHME HE SBISETCS TUIATHATOM, HO MPEBBIIIEHO IOPOroOBOE 3HAYEHUE YPOBHSI 1000Ms.
Taxum 06pazom paboTta BO3BpallaeTcs Ha 10paboTKy.

[] BeisiBirens! 3aMMCTBOBAHUS M TJIAIMAT WK [IPETHAMEPEHHBIE TEKCTOBBIC HCKAKCHNS
(MAHUTTYISIUK), KK [IPEINOaragMble MOMBITKH YKPBITHSA TIIArMara, KOTOphIC 1E/1at0T
paboTy MpOTHBOpeyaniei TPeOOBAHUIM NPUIIOKCHHUS 5 npukaza 595 MOH PK, 3akony 00 aBTOPCKHX H
cMeKHBIX MpaBax PK, a Taioke KoAeKCy dTHKU U npoleypaM. TakuMm o0pasom paboTa He IPUHUMACTCS.

[J OGocHOBaHUE:
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[Iporoxo.a
0 MpoBepKe HAa HAJINYHe HeaBTOPH30BAHHbBIX 3aMMCTBOBAHWH (naruara)
AsTop: Typebekos baybipkan PaxMaTyiayJibl
CoaBTop (ec/ii HMeeTCst):
Tun padorel: Jluninomuas padora

Haspanue paboThl: KeH jKOTaKTbl CUMHANAAPBIH Uil GOHBIHILIA AMCKPETTI KOATAY apKbUIb]

KAILBIKTHIK MEH JKbUIIaMIBIKTEI Oipiiecin Tanaay
Hayunbiii pykoBoauTesb: CyHraT MapKeyibl
Kos¢pduuunent IMogodus 1:2.2

Ko puument [Togodus 2: 1.3
Mukponpodeisr: 13

3HAKM U3 31pyrux anpaBuToB: 54
Hureppaasbi: 20

Beablie 3naku: 0

Iocae nposepku OTyera Ilogo0us ObLIO cAe/IAHO CIeAyIOIee 3aK/TI0UCHIE:

[X] 3aumcTBOBAHMS, BHIABICHHBIC B PaBoTe, ABAAETCS 3aKOHHBIM M HE ABJISACTCS [U1arHaTOM. YPOBCHb
[OZOOMS HE MPEBBILIAET A0MycTUMOro npeaena. Takum 00pasom padorTa HE3aBUCHMA W MPUHUMACTCS.

(] 3auMcTBOBaNME HE SBISETCA TUIATKATOM, HO MPEBBILIEHO IOPOTOBOE 3HAUCHUE YPOBHS MOA00M.
Taxum o6pazom paboTa BO3BpaIaeTcs Ha 10padoTKy.

[] BuisBiiens! 3auMcTBOBAHHS 1 ITaTHAT WK MIPEIHAMEPEHHBIE TEKCTOBBIE HCKAXKCHHA
(MaHUMYJISALMK), KAK TIPEANOIaraeMble MOMBITKY YKPBITHS [1arnaTa, KOTOPhIC AE1al0T
paboTy npoTHBOpeyawieil TpeGOBAHMAM NIPUIIOKEHHS 5 PHKa3a 595 MOH PK, 3akoHy 00 aBTOPCKUX U
cMeKHBIX TpaBax PK, a Taxoke KOJIeKCy dTHKM H npoueaypam. Takum o0pasom paboTa He NpUHHUMAETCH.

0 O6ocHoBaHHuE:

2022-05-18

Hama CyHFaT MapKcynbl

npoeepaowul IKCnepin




