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RPDOI | 160h+Node | Ox60FF:01 | INT32 | TargetSpeed meran | e oo | mmn | e
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sBtcOh j dzd W ¢ yjdzvdz ftod Bsctsdkzkzyl ot M4 oo ts
WEdS ydesdzdqtoclzjls fdzj Hkzs h dd3 tsBteOL t5d3:

-dz0 o ntsH fMMkfOjls ddWsttdkdOydy  ¢ddyd Mise
H Qddzts s ¢ HiS ded - . [ Odzj j WottdddtekzjIlsiw M dmss d
sBi jHddzj dgdz" » o tHddz ydSdz HdzWw wHdso toj dzj dedesec s W

-dmatsHYw dL ftdkzyjddzr = HOdzdzr = d ftod Efmdzsed
dzj sBrsHdBSEs dz20 tBtcOh et j H jodzv § B s O fsgztk, Mmj
9" Hjdzv jBsets dzO COYHEYE vyjd ;

“HdzZw efMjn CtdBddOYyd2 dzyj?2 GftejHjdvjlshy €5
MdClsstcOr t0OdzjJ ©WOMMyUdlsOodzdzse s tWOL B 6O, yJ dzlste ¢
5OCy ] fte]mddzyjfisiets CdzjL OHj2Msese Odzdz' 7 (L dzz yO
Msodzy M jdzdw MjCbsteso ;

- ftesdLoBHdIsMW o' BiBtG Csd3Bd &zOyd 2 dzz yd 2, t
f OtcOdzdzj dz' desets thdslste® yj dzj 2, Ctsdzd yj Msots dL dzkz
d3d dzd @30 dz' dzts, JOdB Qigtsy jC¢ tsgeddedidf)lso 5 dzj L OH j 2 s o B9 Odzd
SOADTL

-sfted Hy dzw jIsfpw  d3d ded B3O dz! dzr 2 6 tsdz, BZO Ctltster

Md Ctstc® o BHdsE ydeédzj, ylsser BrM dzd EkflstcOdzj dz
HOdzdz" 2 kZetsdz 1 dzjCdgtcftyp e B sz W © Sadztsdzy 8 s  ls  dzste
dL Hdtsects ydqedzo. v OCy] oL dsydts Wistedsdtotso Odzd j
ydsédg M dmftsd LseOddjd3 ©OMYftejHjdjddY, ©oOommyd
tcOMMmMdissIlstej dzts o [ 9] .

10 ©§fMm { tsPwfdz dzts MtcOo dzj dzd J tcjLEzd IsOlsse tc
tcOMMdzOlsted o O BBsCE s ) H O dzdzts 2 MlsOls! § Odze sted Is d3ts
sBtoOh jdadw ¢ yjdzwds fted dBdesetsdzzyjotsds Msftetso sy HJ

RLO®JjMmlsdgr 2 0Odze & ltcj Hd&ZOGOj 3" 2 OdzG &
1yd ¢ az 2yd ¢ dz 1yd ¢ dz 1yd ¢ dz

d dzd

t dMzdds€MmMéEj Hise Olsj dz' detsis! BKOMN jddw ¢ yJjdvd s
dqLojMmlsder &8 d ftoj HdZOGOj 3" &3 Odz@ sted Is BO

ltoj HAZOGCOj d3" 2 Odzetstedlsds fsLotsdzV jls L O BSHJddz ot
C Uibrtejd ddzsjtej mzehdd yj dzvd3, O OF mazy ¢ ¢ sk jj ¢
dzj Cltcdyj Mi et foottelsO dzkzyj?2, bsSEHO CO0¢ dLoj
Ho O otejdgjdedzr » yYydsedz0@, fted 1 Istsds dzgj dMmftsdz LEzj s
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Clts fsLotdY jlk bkdjd! "dlk! His yYkktO dofzi§ dai t8p tHE
yd dzj ? .

[ Y &zC 0 tjydhise MftesotyHjddwy yjdj?2 IIstejBlzj
ftostcOBSISE (), ColststcOVY BRHJjls o' fsdzdzj 2O © HOdz' dz
LWWjClkdodesmisd OdzetstedlsdzO s MEstetsMmisd sREsEEO |
dmf sdz' L s Ols! § OtcOd3j Iste i3 dzd B3O dz! detscts o tcj d3j dzd tsB
dzO0d B sdzj | Bdzd L € 52 mMd Milsj d@3ts 2 Lodz] 9l tist®didie Oz dzis 2 ts i
(1onodt). OB dzdlkzrndts] wWOMItLjHjdjdd 1o6r¢t dO
O WW®oisdgd dzj 2 dz" 5. 1 tej HY sdzOG O] sw , -MMleEz0dz® s fndg's fr
COoOCdfgts otsL sy dz j 1 WWiClr s fjtejdgihjdedw yJj dzd
SBLBKO flosmbeOdhnss® SftjHjdvjkhny dL % stedzd H

IAO Ym.
—6k " @)
G HJO i d3d dzad B3O dzr dzOW 1 dzgj e W ftedded BOj Bt fMd e dz

ojleVWisdetsisw 3 tsB dzOtelzy j dzewi Mg € lsiatsty datisB L tste@Roits dnds;j to
Mstslse jIsMiso zs h OW  H O idEdylst dzvty s da@ed bogts) idlsd W offts hdezy j dz
LWWiSlkdoedzes?2 s j ton dzis Mistdh WQjdglslsj ddedezO WdzQ < otgj digj Rdgizts fifils
yJd dzgd .

ABSEHRO o jwhidshisd foLotdvjls ©OL &) Misdl: o ¢
8 ©OLO) € tddug nbaddyddizdzOlj &P OtcdlsOf (¢ 0B O
d O dz' 9 soAndt) fted dmMYftd LtseOddd HAY of
dBdL Oydd SsddyjfMlse® dL&zyOlkjdj2 §td slkfiklsf
jd2C 0 wmlsdesh j dedv B dzd GO dz' telaBdzfipls 00C j 9 B L ot BHL ] iEED
oS sotsets CoddyjmseO dL dzyOls jiddR%)( c¢do soHsdds0 ¢
BOtedlsdy 7 tcetwOddujdd?2 soéadt d I oAdf HAY Ist
AOL-HPBOTOLEdO., wjCO ©OL &) j Y & daodrlk y O lshjj & jsis s
Ok c 60 Pz Go 5] (GSOAJEHEISEE g dj fillsO.

[lsdztsh j dzgdw twOmMMudlsOdadzr & L dzOyj dzd 2 3q dzd BOdz' dzts
2 Bdzjj dkyj?2 &0 §jjHOUlk fjHmlsOodzjdor o Is

. vOBdZdyo 1
{Isdetsh j dad W d3ddzcrd3OdZ*Ldew®S lodton) ¢ d deff sts¢ea ¢ t

Y - FY - lkda  jH.
inqddeEEB$OBBJJ¢ [HJdOCEBe" j c¢OBOtedIsds j

1ondt |2 oAbt 1ondt BSYdMmO- 1 0Adt aﬁqmoc

& I axe

1,1 1,3 2,38 1,98 8 6,54

vsOCdd3 sBKOL 5d3, § tod d3d daifdsdQiy diistegdatsdztisy Oz Is@3
fsLosdwjls Mmbkh jMmise j dzdes EMEBtedlsy tBLtStK fftosMisteOd
COBOtdIsdzr 7 ti@BL dgjGetye d(did, 9BH  dzZOC s 3 € BHzd3 j BB BYX
O bOSYJ Ht ykls!' &jddd UFasymHejlded j e dzip B¢ wftasq Isf
dLo jfmisde &8 Odze sted s i3ts .

1 OC dz8 yd ded §

Il twOBtls] BGfdMOd Odkectstedlsdd Wstedzdtotso Odedw s
AT, GHJ ftosdLotsHdIsMwY tsftcj Hjdzj ded j tcOL d3j tots¢
tRtetse Oded W dzzyd 4 J azd dzOfte @& dzjdzsd gz 2P dzd §j o Yd & ¢
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B O jddw € dzj MC sdz! € dd3 Y40 tedd dztfzie ' deAfS el dzgzelzts &
Mtsf tetso sy H j dad d . gtso d3d M J dzd § Md Cltstetso ) yde¢ dz
ftesdL otsHdIsmw dfmatsHW gL CtedIsd tdizizay O IsiZid dizad 23d 1© O YtH(

fdtedfmjudddy MmjSbstese ftod dBdddBdL Ooydd ¢sddud:
Of jtelskzts] soAdf. (OLBjtr MjChsess o' BJEOs kv d
ptoj d3j dzd, dzjtSBABHIM®ESES 020 CdsOCl fH $PHHER dw,
LWWjClsdodets ©WOMYjHdWIS! or Hjdvwjds] d&O Meftss
Bdded BL qielzjls dzgj sBRBSHGAB j 2 HAW f OOddj & dscs
L dzj ClstedujMSdds WOLEBe " o5 BjssHsd 5 OLddzkEz §td
o j dzd Ydees@z S dzzs MY smse desimis: ([ &, MSCOh Ow dgj
fts McOodzj dzd® M dLo jMisdy i3 OdcttedlsBOR] HdY s 4
bsydsils! SftejHjdjddY SssteHdddls yjdd s MicOs daj

[ dlsjcOkiO

1. Rearning the ANZACS / Robert MacklirRPublished in Australia by the Australian Strategic
Policy Institute, 20174 . T 32
2. https://www. cea.com. au/ . [WdydoOodz dz@ 2 mMO2Als
3. https://www.defence.gov.au/defenaetivities/projects/shomangegroundbasedair-
defencd [WdydOdz dz@ 2 MO2Is [ JddedMmlsj temise O tsB tstctsdz
4. ¢ dzlsj dzdzr d bEkmMktes2mMlsa ©® wly. 1wsjClsdqtcsd Baed j W
teJH. [ .R. IBMmStjmjdnNitsets. [.: tOHdBt d MmMeawlL
5. ROzH j dzB 503 .1 ., [ On dzd dz t. ] . { OHd szt Oy
sy Md d3ddzj Is tc d y dzts 2 OCIsdodsts? WOL dtetse Odzdzats 2 O dzls
&zOf tc ©9 dzj dzd j cOLoadlsdwY ([ 8 Ctkzaetsodse tsc fisdzdz@its C

dbdzlsj2ée. - 332.2017. w. 24
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OQIsqadzOW WOLJdese OdzdzOwY Odzls § dzdzOv 6 " jIsC O dzO

t.J . LOvadljd d { Qs tissdQiBle jsdz'c | Y e
dmmdzi Hs9 Olsj dz2 MSCd2 ddzMISd IsZz01 8dABHARHEID]; » dad @V e dz.
st zB dz. 03.02.2020. 18 dz. -4
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vrs 621.3.049. 774
SO hdzd S s ddzj CSMOdzH to | dzC
1of ctOndswdLd
t simmdw, [ M

E-mail: kamyshnikoffal@yandexru

ltoj v dL & ted s j dtints@wdigitaldgdisyj Ot er f o' MSCdd o
COL] " | sl @B ol j i3 & dscdyj MSdr ddzsj @

O zdzsls O d"Miyls Ols! | ©OMMdBslste dzO timetp-Gigital cdugder L fi |
(TDC) dz® B OL | { Bt cus@ddyd WE B’ d dlS if R@O dz’ Hodzwh  off) Fijtg s
dLdBBjtej dzdw otsj B dadz’ = das § f o Galiszs ) {ZOL dzte s 0 iz Is At
sBlmdzse dzj 20 IktojBtse Odzdw ds Mo toj dBj dzdzts?2 1 S MY j tod
bjdzj SEBBzddSOYyd2 § o' oStk ot) dj dedes sk ©OL o
Ondls TOAsdz@® )} [ Re. [T dMORO ¢&d.tedH dzRilinx. ) qiidsd) edgOn j o
MlstekSskzte® Mmdmsjdr . [fdhMOodk Okdéstdlsd OBk .
dMftsd Lo Odzdj 3 ¢ dzj 8OO ddisf zdz MO.

sdzt yjor J timdais-dighal converter (TDC), f esctcOdzdzd telz j d&3" J dzts
g[(_lc_izlsj CGteOdz! dzr §J JfhLjdd tej (dRd[JR o) tg Jtaty) Qiddf &Rt JHdOW Otcn d s
ilinx.

Il Moty d3j dedets?2 L C Mt jtedd3d dzlsOdz! dzs?2 WdLd&4, VWH
dlsdui mMéd 90y dzO Issydetsmils! dL d3j toj dedd ede©jdzisiindpde’ zb
] . d dirfigdqjddgtal conver t er (qpePs Isstf I 3B tcOL 59 Oded |
ls;tsa@dzlss ) ygwtetse s2 CBH m dz! steOQo " MsC d 3
setcOBBItelzj dzgr - s dyd MS dna ddzls j ctcOdz! dz" ~ fmn
BfesBdMMO BiyHE bydshmls! ¢, edBStMmis! & d Mists(d

1Ry (U totscdpddzdsifetasizdiyd S OW  d dzls j-drigl®Rmgde@abldn » j d3(
Gate Array) - f sdzzf tctso sH dzd C s 15 EmMlstets?2 Mise ts, CdaW dc Iz
dLeEBIsse dzj dzd v . ) slsdzdydy Bl &dJStesftesyj Mhsteseo,
totso dzaj UdtedL Y totsceiPUIB to b fotBC ff dzts cdgfjwy Mtsj H d dzj dad "
f Otc Odzdzj dz! dzlz © tsB, OB s Jst dzd dad Bdzde Otlzdzts j d o tolj digy y das NG9
o] CdaW JektcOydd ftsH CodStej sdzgzs L OHOYlk.

TDC (time-to-digital converter)- zmilstets2 Miso s, gL g ewe h jj otej d3d
Ho lzdsw sl " (SO e B zOdzOd3d) d ftej sBtOL ¥ N jj
sdz¢e yjorjy fOtcOd3j Ister :

- OLtejh jdadj (BJded 3ZOdz! dz" 2 dL B tew j g3 2 ddalsj teo

- HJOf OLtsdz L d3 toj dzd 2 ;

- dzj dzd dzj 2 detsfls+

- MitstesMmisy o] s5BtcOL s Oded W .

bterdlsj Clskzter TAC dzO 1 [ R ®

¢ te
[ 1
d dz
i to
¢t

1. [ JilstsH ddzisj tof Wetryliynfef TODB) oy S Mfdztto Odz dzO f tofs
Yyjtejr yjtisyck 1 dzj &3j dzelstse q’ 9dMsdzt?2 L OHJ ey § 52
ygwWwtesos?2 o' ntSH.

ltej sz j Mise O:

O) ©OLtjhibdfmuts 10

B) HwtsmMlsOw tj OdzdL Oydw dz0 tj MztemMOr 1 [ Rbu.

1 JHESMIsOIC d:

0) 66 teOdd\@ifddz sz dL d3j e ded 2 ;

B ) utshbadbj&l@&ﬁb C Isj B3 jtcOIlskztedzr d3 dL d3 dzj

2. [ JIstsH mMyysydeco m orf MsC 52 SOCIstso 52 Y Of

stso" 2 MdcedzOdz (2O tcddBj s, 1 L1 y) HdA&Y fHMYY Is
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1tgj d dBkzh j Mise O:

O) Btsdz " 52 HRFOL s5dz dL o3 te

B) dedL COW dzj dzd dzj 2 desfls .

1iHEMs0OlCd:

0O) ©OLKj"h jddj BEtOddyjds OS2 YOMmsslss?

B) o' MBCdj ktjBtsoOdd® € kOCktSotdkk ¢, dzj Ot

3.0dBtedHdz j Oterndlsj Clskzter . stsdisB ddzd tclz® Is doc
or MsCsyoMmistsisdz” 2 Mt JsAdFyY IseueEs S(jH ddOLfdD L sdzp; Istsy
dzd dzdw L OHjtYCd (d2Odtsj CkdHdts twOLjM jdedj) . H
ftcj HMIsOo dzjldzO Ndz@zC twidfip dzO dz! dzOW Mn j BO cdBtedH des?2 Ofe
2.

Digital Digital-to-Time Time-Mode Time-to-Digital Digital
Converier Signal Converter
(DTC) Processing (TDC)

tdimzdasBtclt C sz tc dz@v8 telf HjdalsQ@ Oter dIlsj Clskzter HEvW OdzO
sBtcOBBISC

tp
START ] 2 3 TN = gl B

JH>T>T>T | |>T>T>T>T>W
D Q D Q D Q D QYD Q D Q D Q D Q D Q D Q

> CLK

STOP ’—>CLK r>CLK r>CLK >CLK |—>CLK ’—>CLK r>CLK r)CLK r>CLK

t Mz dzsl dz2Q yd s dzO@dz' dzOW M j BO G dBtcdH dzts?2 Ofte

Wteso 52 ff toj TR EDCoseotsHsdjlsiz' Md ¢ dzOdz tsls H I ME tod d3d
Ck 1 dzj 3] deS9ezOf) L OH jBY T HgRs ¢ § eff kol dzj d3j dzls G
dls ot i3] dzdzts § tcOMMmissw dzd J BiYHE LOYfEME 5
dzj 2, 2O Ctltster j] fHOjlsMw fMdc dOdz i € Istecd
digitalline( B W jt&r ), O Mty dMY sdozdvz jnfd Higzw{ b d3e sites
bydlsr o OwW ftetsMmistslskz tcOL o jtols 9 Odzgdw, 11O MlstclzCIskzte
[fstedz 2 sOCktor 2 MdcdzOd, Sttt 2 o Bidj
sOCIktsor &3 Mde dzOdzsds, L OH jtey do Oj Isfg dzg dHet$ dz' ) dzd dz@ gz
f OtcOdzdzj dz! dzts tslsB O sfw wlsMmMtesyjdedz" J o jtefmdd Mmda
Mfsdz LsoOdz" Istedeacy ter .
ltesyi MM HdMCtilsdL Oydd L OBsSteOydoOjls fMtsMmissW dz
sflskf Ojls MdcdOd thmsodseCHlssttmi JAsOfdz LOHEEY S
Of zMm¢ O, HOBIs dzedL S5y LdzOyjdedy. 1 tsdzsyjdzdd ¢4 te
sz CtH] EZCOLM9O0jls, dOMStd ¢t HOMKjSt &y jls
dzls j tto OdzO o tcj d3j dzd , sh o OB odO | Hipls BdzsipdE dfdzO dasdz] HLEC
JtojratbH WwWodzw jlsfw d3jtets?2 Hdzv oNcg igj rlzdzts dzfs d3 i dids 5 4c 0 ©
r fEC 2 o ABHMS? &sh dshk! s LTodmdls sk dddsjtce O
ltoj d3j dedets? ddalsjtco Odz digsy jIs BrIs! orf ydfipdzj dz d L
vdedzOdz LOfEMSO §jttjnHOjlmwy 5 BEW,jtds?2 yj
LOHjtYCd MlsOtls. stcdceacjter f sHG dzs yg deg ¢ 9r A tsH
Memlsswddj dwdddd LOH,jEYSd 5 &OOMSOsh j B Wikt
LOfEMS O] Bdupmlseots ktedccjttss, filstshkz ISt
slsC dzsdzj dzgdj © 1 Istsd3 Hjtejoj dzOftow BzsTDEddY jils dzO dz

OO -~ O
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tdOdzdL Oydw TDC dzO 1 [ ry [ 3] :
1. ¢ffOtcOIsdzgOY ff dzOlsW stedBO. [ dzv HJj BsdzMistcOyd d

SlsdzOHByzesdi3f dzj €Is dzO B Ot/ 1 [ rRe Xilinx Artix
O) IsOSIstso OW YoOMlstsls©O MdMmlsj BBdzsets 6§ dzj OIS BLO:
B) HBMkfdr j tjMmkztemr: 33 000 dtsedyudmcédma vy
9) ofmlstetsjdzdzr § WOLBOT" ] OobtsftsHMmMbtes2¢d HzV L
2. ¢terndlsi CskztcO PMEJHBcdH IOV tcORDEIS® § OOd] Iste
O) twlOLwjhjdzdj: 50 ¢ M,
B) HJO{1GL tgg:fm O

[ Mmdzseo dz' § B AZSE J:

lon SHdzs?2 - EEE wOMso Oded ) Ettsodzj?2 d §tsHOo dzj dzd J

2)dd dzd v L OHyjjt sty © dL 32 4L dzj 3j dzlstse I-DELAYES3

Yy sytf6 B dlssa QdzHd Myy syds @O twjedmlstej FDRE

4)Bizs S BBteO@BEHSIEISOYdqY CSSHO ddddd LOHjtySd o

5) Cs dzls tc sdzidd petdpheralinterface(SPI)7§ J 6j H OYO HOdzdz" = 9 C B -

3. ¢dzestedlsds tcOB SIST

- s Ol c dzOdz L O EMCOJIs dzddeds LOHJjwYSCd d Mmyy s

- fesfidc dzOdz WHEMd g d L OH J o) ¢ L de@usjuddasm sfy y y~I4
(ks otcj d3v)

- Blzs¢ tsBteOBBIsSCd or ygmdzw jIs dlstsesoatsj otcj d3v:

4 . A -3

GHNT CtsH Myupsdbygao(tfjtcdsH IsOC st isGtisH Mdpd dapPdzO) OH j§
4 VT8

4 . tdLkdz sOIsT Isj Misdtcso Odad v . RL d3J toj ded W
slsjyujmiso j dedztse s & j dzj t6DIBAs2 O td @Y tz j fndzdhpj dF® 1§ fy) .

1 OOz st MmdMmlsj B3 :

O) MtejHdz C9aOHBOI YydzOwWw 2z MOydw: 15 ¢ fM;

B) daj dzd dzj 2 desfyls! @ < 0, 5 %;
9) &GOS Md BOdz dz@JdecﬂIDfnlslsls,[Ol q.L d3j
1 sdzyjdedz" | HOdzder | ftejHMIsOodzjdgr o IsOBdzdyj 1

v OB dZdyo 1
[ Odgdz" J, tdzzyjddz J 9 wGJjLEd sOIsj Isj mlis

RMisddzdetsy ot RL d3j toj dedatsj ¢ ] scgtej h dztsfls
100.00 100.02 +20
500.00 499.95 -50
1000.00 1000.08 +80

5. [fididL @Gddrode. {§ wdyfh j ded W Istsydetsfylsd §tej Hdz
Csdikf j dzgmMOydw dzddedd LOHjteyCd; COdzdBtesoCO s 110

tdOdzdL Oydw TDC dz2O0 1 [ R HJj BsdMistedtolzjls o L d3t
tcOLtejh jdzdw Hted kd3d toj dedzts? fyls@ dhgdssupdsisl© J 1§ B tisdf ' H "da©OX
or mMsCtsy tOLtj M jdad J, O cdBSCBsMmlis: 1 R Lot
LOHOUd. 1 jtmyfjSisde detizj aOPyeoo dzfydzdind mils § BOB] 6]
ftod dsj dzj dedj o RAeSESCOdROd d' 8 HjkjSlkstEOn .

[ disjtcOlskztcO
1. SMEyq Odzd jtoOH B d3ME d 2 1. 1., zklsjjo g. ¢ ., s tsC s
RLBJteddd] dqdzlsjtcoOdzO otcjdzd dzd M §dGCtsmy ¢ zdzH dzr
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10detsdzj J s ls

L 2Oy dzd v
eCBeshls: O [Mdzso dzsj Ldd ROwLOCI]tedMls

“WEAT O/ f TOLOCIkjtdMmisd OO stO,

f OOy stc© B ded &3 L Oy d
BOMMEE OB Ots ¢
T OOCIk] ttd

1, 33°A10
1,33A10
1, 33A10
10% 1 @
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l sOBdZdyj 2, H&Y COYHBGEHL L dOyjddy Metstetshmisd
sfdtso dztsj L dgOyj dzedj ~ OtdsXEGCs, | te@drds i lif|tE @E tp o tdsd@e)da)aiy
ZodeBdzj § BYflsddOdz dzf § L dzOyj dedv R OwOCIsjtedmisdud M

4. 10 thdtseo Odzdd HOdzdzr = 8 Ctsdzduyjmlsej -JtejHY
fjtejHO N jets dBsHEdY, BftejHjddls' SCsdduyjmsets yds

5. It Bt H]dy Rdssiegly j flsdfz ydS dzse EMmlsOdatso €
OOSIsjtedMmisdud MS i3z § OtcOdi3j Istelz, f ts5,dAOQ jsdfdzts ddkO yg ¢
OOClsjtedmMisduyj MSséts fOORjIstce® M IsOSddi3d 3 J L dzO

J fpdzz yOw 7, i mdzd o Is @Bdesfcysi 393 S dzdzy J fidsfotd)) H
EmlsOdztso S d/ dzgv Isd-¥ j EBcHOE ] § sdltgBzZdZY, Mtej Hd L dzOy
f OtcO3j stetso dzjls dzd tSHdesets dL LOWdSEMdtese Odede = L
3, 9" BtcOls! L dzOud dzd § A O te © L0 jdt& difigfldcofswp jOMEREScE s dfgfO to
dOd &j dz' " j§ LdOujded diL L dzOyd dzd D WO i Wlisp BOdiAffds ¢ y
ftejHEzmMBsstejls! &jter Yt tBiMfjulfgethin@f Bpdastsifsed i

v OB d&Zdyo 3
JftejHjdzijdedy L 2Oy dzdvw ~OtcOO@OIsf tsdiisdlsy Hf S6
o] BBsdzlssf tcd 6 tsH dztsmis

1111

t j 3sdelstsf tod G
szrglsgotsd%sqaug;qm/lsfr?ds I'sL sy dz' § MmfsMmiser & jote) is@u
§ tod ¥t j H O s H bz az
BsSH 2 dzw )
Isdzij 5 Yydg< ds 1%, 3,4
[ 1 Wt 5 ydg 1%,3,4,5
[ 1 nwts 4 ydg 1%,2,3,4,5

6. dwtejJHd dO2Hjdzdz" = © IOBdZJYyy 3 LOSdms Y4 L
Yylsts B,9 of BteOls! dzOd dzj dz' h j j .

7. I1ts lsOBdzdyy 4 d L dzOyj ded ¥ nOteOCIsjtedMmlisd .
BftejHjddls! Mfsmtse -fjEehky OEEPHEY. § tedy &3t

vOBd&ZdYyoO 4
stsslse jIsmisoedj L dzOyd dzgd?2 r~rOtOCIsjtedmisdyd MEdr  O1
ftody-ffgiste j HOB M j et S HEdzv

1 20y dzdd R OOSCIsj tedfm s sffsB G jtedijIsdL O
1 sdzj ja OV G jtedijlIsd
2 1 02¢0
3 ltesC dZOHC O dL to
4 RdzH d j & O Cfote ts € dzG
5 49 0Ot O
I T 9BHT
) nfSHJ H O dzdzts 2 tcOB BBIsT ftcso jHY dz € Oyd Milse j d
GjtedBjIsdL Oydd dBdCtetst dzj Clstetsdedas?2 Of f OOl kzte" |, )
Mo jHjddwY B B dZOMIsd My tsdz L so OdzgdwW ¢ O Hdpls® Ot t
d dzjHBMIsOLSd COyHBEBS MIMsBO cjted3jilsdL Oydd.
) tcjLizdz sOIsj ftotso J HY dgdzsG 5 9 H O dzdats 2 tcOB 5 ls
tcOL dzd ydz' 7 M ssetses cjtedB3jlsdL Oydd dO BOMMse OB O
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ftodyfdittlc j HOB M j e ts5 iBsSH &z dzw, i s &Pt Ddels | € dsfigds/ s dnls o i dz
Fydlsr 9 Ols o dzd v dzd § 9" Bistc® CtsdeCtojlsdetsets M sMisE
nOOCIsjtedmisdSd tcOL QBRI GO jjdgtess i3 ttfHidzd Wiz ts

ltej HdzsY j d2O BjIssHdSC O or Btste® MiftsmMsBO 6 jted3jls
BStlstsor N Jtejfs @sh dn dBsHEdj 2, (sLotsdvshOow it
RS H Iz dzv Yy smts GjtedsisdL Oydd, sBiMmfjyde O N
~nOOCIsjtedmMisdS¢d ftod or fsdzdzgj dedd IstcjBBO Oded2 5 T

[ dlsjtcOlslztcO

1. fetesd3Byd o . k. J. pestedaeskmtse [ . ¢ . ssdzmistclzd te ts
L dzj Clstetsdzdzr = Mtej HMlse: Bkyjsdesy YosMmtseBdy. t BMis
2. etsdzj o dyscd?2 ¢. 4. wftsmMtse’ Ccjted3ilsdL Oydd SCtokzf d
d. . wtsdzjodysSd2, 1. . r zCisted W/ /2 :6C dij £ deladftstatinCrs
ftedBtster . 2019 .-72° 4(255). . 65

.1 dotsCh jdetse o . 1. CCMmY J tod d3 dzls Odz! dzts § d i fmdzd
ftody d3sf jtoj HO¥ N dn dBsHEZA] 2 §OW] tsfy | PHA3E B:8¢  d
"10. -6 51

.t oLl Yy didz § Msd Hddz ded W sh s | led dzisdedizw ¢ Mg 7 f Sdis ts
[ ¢ dzJ € Is tdety dpda B ] hitps://prevacuum.ru/sposobgoedineniiavakkumnykh
sistem/razemnysoedineniia/soedinenigpomoshchiwuplotniaiushchikiprokladok.html
(HOIO BBtON jddw: 17.06.25).

5. 10r0Scddz 1. 71. ¢ da®fgar tso o daf jdatf M Isd Py d d dzO
~nOOCIsjtedMmMisdSd BBtlsso ™ 7 tOH s s § 0@ tdizz &ts i
/'l tOHdBI]rnded € O. 2 62 DOI: hitps://dB.a7g/10.18127/j00338486 52
20251000.

D

https://radiofizika.ru/ 51




xxuﬁ‘m‘ homm’ m Y a ot ooe ";e(”‘m'Y_"’e'Yx_;oeeo‘( h . © C’C"O((ET”’ci‘_ot’jo__e"'.@* 0"
o-om__ Zhn}ﬂ HI'IHp 'CDU

vrs 621.396. 1
stsfr dzseo ¢dzHtEy 2 R G
dJfcf1RR CcocGOIsé
t siipdv, [ sMisesMCOWw B d
E-mail: kopylov a98@list.ru

JtedesteWdz 1 Oded § dz & §
¢f c¢f1RR ¢co¢cOl
{ sihfpdv, [ sMEss M OW 5B o2
 sClstste Isj rndzdyj M¢E
E-mail: Grigoryan.DS@siagat.loc

td OdzdL Oydv f ted daufdftOy ded2ed faf tiy® 2Oy d sdedz” = Mt
fiydWtetsor 3 Wstcdzdtotso Odzd j &3 d tSBtcOB BISE B

O dzdzs s Oy O dedets 2 MOl | tOMMd&Ostedo Ofj kv t©OL to
MqMmlsj &' tOmdps dzsC Oydsdede 7 bkMses2Mmlse, t©j OddL k¥ h
SBOBGISd fdcedOdBodde Of fHOMH s 0jlkfMv Off OwOlsdOw
SEEOddL OydY o MECEMCBEEMsdse s SEIPIMEBO O OddSEd
Okesiedlsds yYqW cBaes §eGhhadsg s§lsddkod ds2 % dd

sdz® yjorj Hizdsd @Odz' dzOW W ddz seOydv, ftodd d3 |
Md e dzOdzts o
t OBBISO o' {f tsdzdgV dzO My fn ydJ dz' s f sdzz ydls: ydw

fsLotsdzweE hizs

1) Wtttdddtetso Ols! € tscedprtcyj defs df tg s fif O S dfn diedetsQdzts 0 ,
2O o] yklssydkze yoOmtslskz d bttOdhddtess Ols! o
2) fteddzd &30ls dL fHtedj dddets?2 MmdMmlsj d3r Cts6j toj dalsd
ftesMmisr 7 MdcdeOdztsa, o' ff tsdzdgV Is*-W JfiE Istetfsi Wz GO s tzlz &
JtiHOOOI! dn o yYjdteOdzr dz"@ 2 Mde dzOdz! dz' 2 ftesyd fi
[ v kM2 ydots? §jttjHOyd HOMd 7 ftd of S 2
stets2 fyls & O-y  WOEEDedsisEs tis ftcj sBtcOL 59 Ols j dd'dzO dzE ss d 5
sBtcOLASPIO)NS,] dffsHH jteyx dJoOs hdj ddzlsjtew j2ff JESD2O -
Rdzls jteW j2f JESD204B M jydodz dets tcOL tcOBtslsOdz H
AY/ A1 5 Mddemtetsdzde d3 Mjted2der d3 ddzlsj oW j 2 mOd3.
OB s 1 Itsls MMlsOdzH Otels f toj H & st lsf jozf' dzls tgj BHSZO dz
~tetsdzdL Oydd d otcj dzd dedets?2 HjIsj tedzd dzd tetso Odzdzts fls d
CsdzeS tojIsdets?2 toj OdzdL Oydd SO3HT 2 6AY d A1 M
| CtOd des? Mojks2 (V[ Re) Yilsrte! &8 HAWY ] dz
Ov dL € tlstfigls 'n  fdjdig jj HSO Yk sHe@sdzdz" = & 2. 4 Gbps,
tcOL toW H dzts s+ & 16 Bdls dzj ftejter aodets § jtoj HO?®

53

o T SR SO
%&e .

§>\+’7
Seo0g =o%
%wa

~ . T3

Steshis! §jtjrnoyud HOdd 5 f) SOYHB2 &dStsht |
O] Istctslp) ,L NERHE] s d izd dat] B dzts MS s dzsi ¢ s s 45 C ISH Is
imgMd® M) B dzse dzO Wiwj2d5. wowiL! fusdmisHdls

;onﬁ

© o
-
)

Qo= &

HJjOT yomlstslsO® HJdMS to]j Is diLt@ALdtefv Hirpftifrids) d3" i tO joAsias tHAe 1 tisem@iz j
Mz yOj dmfsd L o OddMFS= 42s1day, d ¢ Hdeidipls O o dzj dzdzts 2
BdCtesmMnal d3d ¢ A1, Aol d yomlstslsts?2 HdMEtilsdL Oydd 2
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2 * 1*%—062210160_

Gh P 4+ 1°0

N=14 14- blt Samples N’=14 CS=0

___________________
ADC "I
Core 0 l,l l

i -
Core 0 [13:6] ! Lane0

5|
>
LMFS | 3 § |m L=
4211 o I I I g i Core 1 [13:6] E Lane 2
Core 1 o ' H
C SN e .
u [
M=2 $=1 Octet 0 F=1

Note: Actual ADS42JB49 implementation defines N'=16 and inserts 0's into LSBs instead of defining tail bits
{ dMzdasS j GO ¢ tsda¥ d ¢ EESROR{(PMFSzd dzd 2
jtein®2 COkOdk WkdSydbddtekzjls MajHksh dd Bt

)

sBdiR] 2O o f OdiWIs! fnd dzn tots daf "L DsHs@® O ( kzinis)e s 2 iy Is oBOizts &
ftoesyj Mitstc O Mdc dz0Odz' dets @ s (AY &) L Octclzy O Isfmw
ftoj HiMlsOo dzv s h d j M2t B 8C gtz (HdME o Is daC
BGdBO“hOW) SBcOL o Odgdz" = L OStsdetsdz ORY dzd Is z H dats 2
fnd ¢ dzOdz 4 dZOyodztsdz deso sets ddzlsj tco OdzO tsB 3y dzO ff
vll, d34 IstsH tsd3 Yls § ded v dL -f tefcGsdgvCasgdsdztofsj O ff df COuaOsG
otsMftesdL o sHdIs! Mmw Ho J CoOHOIEtcdz J MeMmMisOo dzw & h
Gjdej eOydd fHtdowL Odes € g zdzz Mz LOfEMSCO ]t
fjtedHOjIsMw dL §Od3vIsd SChfapderr tas dafts elsds tc®©) W | § tots g H |
MddB j i dzOdzO ftsolststew jlsfipw. | dzv Wistedddtotse Odzdw fyc
LOCdzg yos hd2mw o fesdkzyjddd ttio0tydd Wosttddtokzs h j
WEdzCyde [2]. RLo jMmlsdets, ybts tej OCydw dzddzj 2 detsc s
A OtcOS IsQudy Mz@® o - tsHdes?2 Md c dz® ds ff (togl L Hiz)v 2 fisldney difife j tols ¢
Hickzegdgle j ctcOdzsds 1 68 Odsj dzv o9 dH O

D

yU= xUthytdt,

-D
GHJ dBfkzd MdOY ~OBOCIjdMsdCO MdMmisj 3" JMis!  JJd

b

hy U= G0thytdt
-D

%O H WAL s YW Zdafist0S @) OdzOdzscso 52 s j R dzd S § H dzw
fsHBdEOsls WYetddwlkzshd2 Wdd st h 060 »diddydey 2 f
SBwOlds? Cfdj2 It s shddsigst .M deigaRdzOr Om i &Olstcd o C
C s &3 dzj SOfpddeCFdzsp , st sy des L Of MOl jj sO¢

b b
yU= xOthyt dthy U= GG thyt dt

CHIT LGOS Codfd Chdscs hofewyjddy. | HdhS o] lsd
dmf sdz' L 2jIsfw jH didepydel & wf i3y Qaidzns " dogy e S tdzjHIgdE da
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osLBEZYHjddY (RUJ) yYydWtctseotsets Wddz stcO Wstcdidtetso O

yd fydzts, tc Oo dzts § d Hdded yd Mted Hd f sMmdzj Hise Ols j dz' dz
HdMCto] SEEEOYdHL1 8 foolBsh! s sftsted n i zdz My IsO!
s OB dzd yr mMddemr esdzd L Oydd, ftcj Ho Oted Isj dz! dzts L O¢

fesctOBBItelz] Bs2 dsedé¢d o dOyoOdi IsOCIO0 B d3j dzC
EHOtodzts?2 f tsfydzj Hise Olsj dz detsfis d, Mtej Hd CtslNsted » tJ
tcQodzr de@dzf HJBEYO fYtojHMIsOadzw jIs MtsBts?2 HIME o] Isdz
Hdzd Is § dz! Tgtsfgl6, dgfy d § J ted S5H & Nindh) s 5 Ooled Nelafss fry 1S e d
fsHOUYJ difkdz MO EHOttdsEes otLBEYHJjddWw dOo Wddl
Jjet dflsCBdzH jIs ftej HMisOo dzw Is! MsBts?2 d B zdz2 fiNglgs = O
yomsslss?2 wdmStejlsdL Oydd 15 [ 1 y.

S9OHtWOEztedz | MeMisOo dzw s h d j mMde zOdzO o ydqwts

Yoflstslsts?2 HdMCtejlsdL Oydd 15 [ 1y (Hd]lEzdgOdsshls
dqdzls j of sdzv Istster , MW stcdddtetso Odzdz" § dL COMECOHAZr = Cto
|l ntegr at of sd@®'mbe) .ddalsj tcf sdzw ststetso thbkh j Mise dzv j Isfy
Yyoflsslgry y1sz0 yofilstylsk 1125411@124 Yi et Co90OHtOIsEZztcdz J
fsmiskzf Ot s dz20O C o9 OHtOIktcdz 2 ftoj BBLOL 59 Olsj dz2 YO
l 1 dzj 3j dzlsj DUC CoOHtObkztodzr | MsMisQoadzwe hdi € iy
ZO CoOHEOIEd j CtdzjBOddw, C(tlktstrj otmMftesdL ot
Numer i cal Control Oscill ator (NCO) . S 9 OHEOIsE
Mrd B2 fovdBsets yYyditeseosets MddzlsjL O dz20 ftetsdzd y kls
240f |1 Y. l twjLkdz O] SCodRfdj SMmdsects kdhidsy jddw ¢

Md ¢ dzQalgQlztffiyd Isipw ) dzlzdzj o 52 dzO ftetsdzj y lstsydazs Y OMmk
1 sz bjBbkjd 7 ftesyjHkzte KOMhsOBdtese Oded v
sMmiskzf O ls dzO A¢1 , Cslstster 2 ftoej sBtcOLzZjIs Mmdc da
mMCtejlsdL Oydd 240 1y d fMdzj Hiz8 Is HOdz tdgjt@ jh Hj @bt
J BBteOL s Odgdw yOfMmlstslsr 99 jtoern dzO dzgj Mzh ¥ .
AdWtetsor | MdcdeOdzr ftsfdzy A1 sk Osls dzO tsB
Mlstslsr odedL ddzd Di gi ttaj Odbjorwsne OCzs vje rdez@ r 8 LDjD C
1 i) iddzsy O s Sdov@Bde ONsQzQe ddf) di3if § € @aixizs Odis 2
QU A dzOdz § jtoj desdIlsmw M s ykzlssydts?2 YOMst
CtsMmisd 1 [ RH tcj Odzd L s OdzO o tsL di3tsy dztsfls or {
HgtsdzsS Oyd sdedes?2 ddaW stedzgOydd yjdzdStsdz dzO 1 [ R o .

VitcOQodzj dgd j JtdPOBDEISOs29 MEOY HisSd  j dzj dze Oy d s dzdzts 3
Al ag, Clter 2 LOGLEZYOjIs © dadrmr L dzOYyJjdedw yYyOfmltsilsr

1 OL dzgOyjdedj cGtojBjdeyOlsr i Wddz stetse ddzlsj ctcOlstste
sBl jJd&3 fjtjHOOj d3" » HOdzdz' n tssdBdstizfoOBI$!j ¢ 5" Ans/HE dRES
or MsC 2 dqLBdteOlsj dz detsfylsd d kL Cts2 iffdsdzts if dz! Is tg @apd
LS sdzsfdese s HBH dzj esoMEsets Mde dzOdzO du 9 n BHC
My jSlsts.

I sfmMdzy o sBGOLsSo OdzdwY Md e dzOdzO [ dg@ HNO Lot orlAFH OlS
CoOHEObEd | MisMisOo dzv ¢ x| ja GBI @s s ddod &dgod
dL A1 sfilsd 3Odz dz' 2 Wddz' Iste o dgzlstcd f j tod SH dats 2
Coisf dzj S ez Mo jtelsClk M d&fbdr Mdes?2 5 OwO&tsg d
Wdd kO (J[A), ] NOsO&EBNGEkOom @bk, [HENC G
sz yj dzd" CoOHEOlkte | [A CodfdjCndor Mo jtklstO
o jhjMmlse jdeder 7 Mo jtelsse d Hoeokr Mkzddddtetseo Oded 2 . {
Uk  ttjn COdOdss ) Ysttdkdtseo Oddj & mMsslse jlshlsokzs h d

sdedzOdz I " AasHO sRrRm Wddz stcO® o dzzlsted f j toed SH dat
2O CBRBZzIsOLEte, ) foksh! & C(Stecets é[,gsgdzjs@smuu;igw

jet t©jOSydd Hdv At pssm] BFdd  Codo Odzj dzls dzts

F-Foc I
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d®if zdz Mtse f tod -Wodw tdyj twiyoysRPs delptic OB SIsCj o OdzZOdzsc s’
tf . 1 Odzjj HOdzdzr | t6J OCydd BEHEIS d&OLT™ 9 Ol Mw Mmls

dlstetsE'R ) §toj HMIsOo dzj dz"@ d BY &z dz ﬁi(gétgdmquGsz@szm
i ot d3d dzd . v@RO B BBAPOL RBHEZdzv MistetsB Jtetso Odzed v
Mo jtlsCd BKOLEJjISMWY ot d3j dzdzts?2 W H M MsMmissw dzd W d3
H dedts 2 tc O9 dazts 2 Cdzd yd mhso iz LOHOo Oj &3 gN jiddsftgtsB tFo
tcOL HJj dzj dzdzts s ¢ s otjddd dzad tOMmMMydlsr 9 O Ismw o A
Mddzmr ctsdzd L OlsstcO.
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{ fMkzdgs©n 20Is MistesBOdd t©jLbd OO odkzlstedyjteds:

I sdzEydoeh d2mw ftsmdzi MstesBdtetso Oded fMdce deOdz f ts
Bdes e 5C OdzOdz! dzr 7 H j-gd dfitgRez Asdedso C1 @ Hj GCOYHM 2 € Oc
sSHdsBEzZ Msteselz HOM dsfilsd . 1 HJ My fmd ¢ dzO dzr f totsto
f sdzsmy OdzOdzdL O, O OS] LO Mmydl A1y IkdfO FIF
cO dzO 2 @&.d dz¢

[ dzv Edgi dzt h jdedwy BSECBO' n dzjfjMmMisCtse Wddz stetse
ftosr sy HjMfuz Bt@® ¢ MdcedzOdzkz {§ tcddijfifEyjjdvmw G diisy d,
Cshtstesets L OwOdzj §j LOfdMOdzer o OV IsH .

Vtetsyd M o tej d3j dzdzats?2 M falz! BSePd)dda Juppsefgdmn- sH
COYHBEs dL MistesB O HOd dsMmisd $O3HBEt L fsMmist

[ &z HOdgdesets ftetsj CIsO BTN dzs toj OdzdL ts9 Odets dzj MC s
® HdMCtildz:2 M JjSClste [ 3]

-MitedOdzdL Oydw MdedzOdzso o Yjls' teywn B Ists@ tiz® B twlix]S
fsgsh 8 11 pa d2O Al w

1A, tjOdzdLtoOdzdz 2 O 1 [ Ru, M fthdjHEsj
HOdzdz" = M j Slstc® dzO A1 &

SON'H2 Bj stsH  (te)j g dskz MnjpdfplEas@ s s & d

11 A O Al uw Mddz des EMCtstw jIs ttOL tcOB BIsCHd, s ©
MsOsydsL @sddgdtsdL MS seslsd MesteCd BBd hses
fMdzy COYHBGEB dJLdj dgj dzedw o CBBHJ .

ritan, tjoOodzdLtseoOdzdzr 2 dzO 1 [ R, fwLotsdzwjls tOL G
s fstejBdYjlks HMlsOtydks K(OE@B CEHEfricnta i) GE
tcj HO9 Ol! M Aluyw yYjtjL dBsHEzd MddrttsddL OltstcO
tcsBtsO® HOdMz desfylsd Hdzw Ctstotej Clsdets?2 tcOB SIS BsHEZ
rdzv fjtejHOYd dz2O Al d §sfmdzy 19 Q@S¢ digoO o dfjrdrdztsdsts
jClstw® Sdfej iz §jtejHOYd 5 SOyHBEBE L € OdOdtse
tcj HOYd s yjlsr,figg P dEs®oP2 dfidagf dd 1 [ rRu.
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1 J oo sdzOyOdz! dzts § ftetsy SIsdtetso Odzd § d W izdz€ ydtsdz
dmarBHdd&s o MmMtejH] Matdjadk XSiilmunxi nky sfif edrm fgedn e
f4J MBLHO OdzOM! sBh OW MAaj BO yYydWttseots?2 BKGOB!
ster j] © HOdMZ dgj2h jd&3 BEHEIS dMftsdz L s Odgr HdzW o
[ Odz! dzj 2h Ov tOLtOBBISCO tMkh j Mise dzv dxdffisH Jakztsts,
HOdzed ] ftetsjCIsO, OHOfIsdtotso Odzdzsets f sH CtsdzCtej ls
[ sdzOH € O ljtzisJleO fesdmMrtsHddZO o dzgj MEBdz S5 L Is
J dz' dz" j d Mise § dzud, Colstster § ftotso J tow dzqd dn

fpd d3slz dzv yd d fn dﬁlﬁmammd\didywdms@s@dsﬁdagﬁ](? BESHJ

1 sdzj oMistcOd o Odzed W BsHEZdzj 2 ) sBh d2 ftots
dzj f siMtcj HMilse j dzdzts dz2O0 § &zOIsj M dMftsd Lso Odzdj d&3 i n
fsLosdzves h jets o atsHdIs! o' B tcOdadz gede' Y ¢ UzOdzj 2 fy jf teiziC
ftosctcOBZBOIStste Csd3f + ¥ Isj to.

Posti mpl ementation Timing Simulation eofMmjets
Btsdz' hj ougdd3jdsfdzOHC O yjtejr | LA dzO 1 [ Ru.

10 COYHBER 1 sO0f] yYydWtesews?2 tBtOBBISCd § tsdzzyj dz
odLEZOdz dets? Htwetseo Jtebd dzO tslsmikzlsMmlsedy o' BtesMmMse
skkmyy sses L O dMr e OdkzOM* o fOBRBWIS! Htesyj Mstc® d H

10 1s M ohish! s Mat hcad 14.0 fttsdfMmntsHddzO
odL zOdzdal Bud©™ (

{ ik dzs® dzBUdzO" 5B 80OB 5ls (Mathdgdl 40O deso o Mts,

ltetsj Sl ddsjjls o MsClzs BSHEZA dshls! tej Odzd L C
ISBOSdZJdZdJ COdOdzts o , dL d3 dad dzd J CeL WW¥Wdydj dzls s ¢
Hilsj dz mMiseaze Is 5L B 1Od Y dzte Qleafizs@ Mg dgls 4 di3F o 2y 4
t;schIzdlesOlsc; tcOBtSlsr B dz fsdzkyj dz tsf " Is tcOL tcOB sl
r s sMC stesmisdes? § jtej HOUJ HOdzdz R .

[ dlsjcOkiEO

1. Analog Devices, Inc. JESD204B Survival Guide: technical article/ AnalogcBgvinc.i
Norwood, MA: Analog Devices, Inc., 20148

2. [ sf Otcjo . 1. I Mdetso * YygWwtctseots?2 tBteOBBISSCd Mmc
sBtOBBISSd dzOo e Oydtsdadets? o deV Sted3sOydd. v yd B dats
.1omMmddzr jo [.¢., JddsctOHBe 1 . B.5ISOSAHQO0O

Hdzw B dzOtky jded™ 13 [ ¢ // 10hdk0 ddiesiedoydd

https://radiofizika.ru/ 56




XXII€ m . h omm X mm_" Y a oJ’:oo’e“’;e(”’m'Y_”'e'Y x_;oeeo h e (3’5"0((ET"‘(:*< _ot ’jo__e".(;* 4"
6:-om___ ""¥Fhp'¥ ApQHpPp , @O

urs 621. 314
_ _  zdth dsdz ¢ .
oL caA1 P A ¢ dXd ¢ tsigtiHnighl ids o da®lg widztin € d 2 d dzfis d Is
t smfmdwy, 1dydd?2 1

E-mail: kshirshimr@gmail.com

J B dzj d .
bfd cAr1 1 A c1 dyd ¢ sigtiHigh] s o daBig wizzth ¢ 2 d dzfisd Is
t sifmdw, 1 dydd2 1
E-mail: igbo@yandexru

4 J o] B ted.Cls.o
1dXdestesHMCd?2 ¢ tsfizH Ols fiidsdad] odgdie fipd ldsidls- dgdagLd fif ¢
t smfmdwy, 1dydd?2 1

E-mail: artemserebryak@@yandexru

ANtotsdztpg O
1Y jetesHMEd?2 cetsmikzH Otefmise j dedz” 2 Isjndadyj M¢
t sfpdw, 1dxdd2 1

E-mail: d.frolova@yandexru

dtcOQodedIsj dz' dz" 2 OdzOdzdL Hoekzrktesoedzjor s d Istcj -l
1 dzj Sstesf tcdotsHise EMmMlstets2 Mmise o tcOh j dzad

b dzdztsls Oy d ¥ s Ols! j fteso jHY dz MtcOo dzdlsj dz dzr 2
sty n @S andz ddzo j tclststets o 9 Md Misj RO~R 1L dzj Clstetstf to
COH B Oydtsdzdz" = MisOdzyd 2. t OMmidisistej der sftse j d
Ci WWduydjdds fsdzjLdgsets Hj2Msadw, ke jdy Ot
stsCtse, O LOGCYJ Mt &Isliplsdzds fds/Is.dzk¥ ¢ OL Odets, Yt
ddzo j olsisEPO v sLotsdzv jIs fmor idls! slr d&O 1 %, fn
dmMC Oy jded?2 or AntsHdzsEts IssHEB RO 0,5 % Isd S o g ts HzdRg s
Bedigj dzZsO d 1 dzj CltotsB3Oc &bt H&d3j ® @y dztls Hdzw s sy
tcOB IS [ o.

sdzs yjorgj: mam&z@kztcss dzj o 2 ddzo j tolstste, -lSlEftdj - ztc
L dzj Slstetsfted o tsH, COHd s Oyd sdzdzOW MlsOdzyd v, sl
GOtdtsdd U MCdj dms Oy dzd ‘s dizMIIS t6 5 g@ez)OZEY MFsat

I dzOflstswh jj otejdw ¢ MmdMmisjRj dzOo jHjdedW tOHC

ftsdz Lzs sfMw o Ol sdzOadecOydd, Bjlsj sdzOB dz¥ H j dad
1) d otjdks?2 bkjnddSd, ftjHi vodws s s stegs
d dOHjydetsfylsd [ 1] . Cdzj CSlstcsftcd o sH o t
d4 Odzlsj dzdzr d dzd O dz' dg" di3d § dz' MOydw
v RBscbkls ftede jfisd € dMCOyjdzds tOHJ tsdzts
r R UsBRsEEBOSdn 1 d&j ChhtesftcdotsHse Weo dzw j |
ftedyddzj o' BBt OtendlsjSlskter ddzo jtelststc® dzOf
o yYjsdz. 10dBtdjj hdestt] tOmftshlstOr

oW RO dzts 2 i) ldpEsldsjd, Bsttsd] dls fds ssdzd 5B ZOH O Is

9 MECd? koo jdy cOwdsddujmSds dmS oy dd?2
fd MOydqwd  dzj SstetsBOG dzgdlsdztscts dstsdsj dzgls© Ho de Olsj d

https://radiofizika.ru/ 57



mailto:kshirshin@gmail.com
mailto:igbo@yandex.ru
mailto:artemserebryakov@yandex.ru
mailto:d.fro1ova@yandex.ru

xxuﬁ‘m‘ homm’ m Y a ot ooe ";e(”‘m'Y_"e'Yx_;oeeo‘( h ; e C’C"O((ET”’ci‘_ot’jo__e".@* 0"
o-om__ Zhn}ﬂ HI'IHp 'CDU

-CsdBBBBZIsOYdW o MsCsets dzOf tewW y J ded W , Ylsts?2 ftedo
fsd3jnd Btsdzjj or MsCtsets kZtetsodaw, Ylsts By jls oadzdwis
vsO0Cdd3 BBtOL 5, OCIskzOdz detsfyls HOdzdzts @ s d fipfydzj
9" Btstc® OtendlsjSClsizter dgdzo jtelststc® M Ekyjlbtsd Isjn dad
WOCIsstetso .

L

) Wt

Uabc = 380 B

Ar—fwk”—l

C = 3000 mkP - e Z-190m . Z=190m

t Mz das@d B @ddzOW d3tsH § dz¢ Md dztse 52 YO MmisMatlab o &

g4ddzse OW yOfis: Hokrntcso dzj o sets1 d dzo fnislistsE Istf td.
Zzz s mistser 7§ dzj . SOYHB] fdzj ysc MsHjte)y dls HO O
sdf OtcOdzdzj dz' dzg' d@ff HH § S HAEORR(j.dzls] o j d3j dz2d © fSH des
dzs yjdz btsdzr €5 tSHddz ¢ dzs y, 9 tjLizd sOIsj dz0 ¢
d dzd &30Ils+ Issdz? €585 H9 O ktetse dzv .

10 LXMmMftej HMIsOo dzj O Mmd dzseo OW Y Ofrlsydf Bicj R e s st

S WO T =0 O

sHjteydls Yd &7 o§ dzt ydodzsg + Odzlsd §f Ote © dzdzj dz! dz" = HJBH
M sdz L ¥ IsMw  Hdzv ftsHCdz yj dedw MmtejHdzj 2 IsyYyscd ¢t
sdzj J Heoka GCdzs yj22 o fdziud, Yylsts mdedy O0JIs dzOf oW
dzj ud .

F)_
1?:.%@:;- k J -

W)

= € =3000 mMk®

o

t Mz das@Gd B Oy d sHzflz@w figfdztso 52 yOMisd Istc Matlabts ts o

dydJ dzls § sdzj-iusdrtsalss duj 2o qlror 7 §f OtcOdJ Is
Ztr ftcdotsH O, smtse j dedets ftod Hdzdls] dz' dzts ¢
O HJOCLOBKO Cti WY¥dydsldas)® H askif) bz teasas dsj
dzj o se s ddzo jtolsstc®, o L OadMmddsmisd sls Ekc

https://radiofizika.ru/ 58




Xxuﬂ‘m‘homm, m Y ao_I’joo'e”’;e(”‘m'Y‘e'Yx_;oeeo‘( h<e C,C'O((ET~CI<._OtTO_e~'@. Y

orom___ " hag'¥ ApoHp . DU

KM/ aeyx- U Tpex- YPOBHEBOIO MHBEPTOPA NPW aKTUBHO-
WHAYKTUBHOM XapaKTepe Harpy3ku U NOCTOAHHOK
MOLHOCTEIO 3 KBT.

a5

94.5 [
94 ta el
935 e T,
--'ﬂl--—.—...._.-

KE ~
2 25 e
= h'h
92 -
915
a1
90.5
1] 5 10 15 20

Yron aKTHBHO-MHAYRTHBHOM HarpyskM, ®

e T V& XY O BHE BbIR = (BYRYROBHE BBIA

{ Mz dgsE 3Ho kR tesodzgj otsets d IStojRAbkztetse o
Bsh desiisd 3 Slls

sOC odHdzts sl ndBEEOHBIBS dzj o sEts d dzo j tolstsjic ©, €
1 d Mdeslstew dzO@ iBjdet hjj StdzdyjMmMlsets ftsdzzff tctso sH dzd € ¢
H dzw f SHHJ Y Oded W ftoed ] dddzj Bse s kZtctso dgv CTID)W W d yd
dzi sBrBHd B CtsBBzlsdtese Ols! Mw dz2O0 Btsdzj J o' MsC 2

THD eblXogHoro ToKa ABYXYPOBHEBOID HHEEPTOPA W

TRexXypOoBHEEBOIQO.
&0
b
50 ~
"\“

'ﬂﬂ g S S S .___..‘---'
o 30

N \

10

o
0

0.75 15 3 5 10 15 20
¥ron aKTHEHO-MHOYKTHEHOR Harpysuu, °

= JIBYNYPOBHE BRIA TpexypoBHE BRI

tdmMzdzZEHDo 4 - SH dzSEe 5 19EE|D SEasz Az dskc | ~ Z oS 9

https://radiofizika.ru/ 59




xxuﬁ‘m‘ homm’ m Y a ot ooe ";e(”‘m'Y_"e'Yx_;oeeo‘( h . © C,C.'O((ETmci._Ot o e - ¢, 0"
o-om__ Zhn}ﬂ HI'IHp 'CDU

THD exoaHoro ToOKa ABYXYPOBHEROTO UHBEPTOPA U
TpexypoBHeBOrO.

0.75 1.5 3 5 10 15 20
¥ron aKTHEHO-MHOYKTHBHOM HarpyskM, °

= o e JIEYHYD OB HE B bl TpexypoBHE Bolid

t (M dZE Do S sHdzsc s SCO Hobknbkieso dzj o BC B

sOC odHME 4dutst BYHYd) dals dej dzddej 2 der 7 dMS O J
stcj nztcso dzj o 5Ets dodzo jtelststc O dzO f igWajts So dedovyjjls [dBd | |
LOHOddY kSO d Mmddyjddd odeBtOyYd?2 ftod HodYJd
CdBzlsdeizjls 9 2 tOLO dgjdz' hjj @OU&WXJ@dJ, LO fr
fr]tSSdstr]lSdOBtsfr]lS’“ d dijd hdd CsL v dyd] dstsdsddad de.

vsO0¢dd3 tsBteOLtsd3, Hteddsjdej dzedy btejrbtcsodsj o BEB (
L dzj SstesftcdotsHise (o4 o MjHdj diz dzO 1 %, O OS¢y J
fted Rjde "joB {dzj ShtotsBOC dzd sdesd3 o 5L H JTRDipsD 5 HfzsEO
ssC O HBs 20 %, OHEE Ichdsets IssC O
[ dlsjtcOlslztcO
1. wlstej dzCts9 1 . A ., bdzHtcs = d [ . 1. sdMmlsj BO Lk tcO:¢

Odzls j dzdzr 15 dzczfi £ Is iz @z dzOW 1 dzj Suls to =1BBjOS dzd S ©. 201
2. AqdkzOtso -4 . sEpEBEtso dzj o0 O | G BEAlzste IOW s tf daz S Is to s dzg S

T 449, -43.8

. uszsOmse 1 ., vinsd yjo ¢., ljtelsjcecjd ., [ d
O tew y j dedWw o { tojtayfdoL HSjdzddts/d3 dnd) det® as@ W Ludz] -C4AIS2te tS o
49.

4, ssdzf Or Yy wdzg 1. 1., sty B34 E0Oo tlzj Bzdd] IshtegL-HzOR Cotin)
ddzo j elststetse dzOf oW ) j dedW 1 dzj CstesosL 59 § sMistsw d
LOO jHjdd?2. CdzjClbtesdzi=860@ddcO®. 2008. -~ 5. 4.

5 Oz dzgj 9 ¢. R., 10ORtsoyjo® R. ., 1ddztso! jo | . d.

o jlbics! dzgj e jlsduiME S JlpE@duipd 2 ¢ j st j B hse . 20

https://radiofizika.ru/ 60




—

xxuﬁ‘m‘ homm’ m Y a ot ooe ";e(”‘m'Y_"’e'Yx_;oeeo‘( h . © C’C"O((ET”’ci‘_ot '0__e"'.(;* 0"
o-om__ Zhn}ﬂ HI'IHp 'CDU

urs 004.94:621.316.79

1 OtcOdzso © [ S OIsj ted dzO ¢ dzj
ALt Ju JgmMEsemMCd?2 OodOy(d tdzdz
(2O y d ts dzQfdi frpdz j2H s Ols j dz' ME d2 [z«
t sifdv, [ M
1o ctOHdsW¥dL d
t sifdw, [ M

E-mail: ca08122002@andexru

AjHBlsBe ¢dzj CMj2 ulsOd
1o ctOHdsW¥dLd
t sipmdw, [ s

E-mail: rbordovski@mail.ru

l tescteORBAzr 2 € B dzj € ipd i3IS H g3'dzd fig s ® O dlzdyof o P ls) diztf 2 3 C
mMkHtsots?2 OB dzd. sots?2 Mow L qoE®SIE® dzse j H

o dzdzs s Oyd¥ MOl j fdnOdO ©OLEOBskEO0 i
BsH,j Zdtetse OdedW MmdMmisj ds¥ flsOe d dzd L O wedsh SitOH 5 iy &) &3
BOIs § BOIsdud ME OV dBsHpw -~ CHIPBOSE&go dMEPB ] & . 1 6
pqclszOdr dzr & Hyipgr lsOdzd 2 dzO

szt ydor j: Migb®® d dzd L On g tztc EBIHflde tzdztc O c3d3dz” 2, C W
OobtMsf ety BPHREFECO I [ .

gtso tcj d3j dazdz" J BOdzsc OB Oted Isdz" | Odzls § dzdz" § de@ Is dz
f sHo dy dz" n Mtcj HMMlse OFR , stcj BIz® Is dm¢ dzt ydlsj dz' dzts
Emlss?2ydesets Mdc dzOdzO.

ltesBdz BOISdSC O HOddZsets otsftesMO ftod B MY j YU dz
mMsmistsdls dL Helkmr yYyoOfmlsj2, Cobtster j Wtttddtokzsls fftots

1 Jtoo OW YyOfisls Emdzse d w Bestem 52 coyscd. l totso
ftsHIse jto)y HOE Is, ylsts hmstemMétsy otdzdzj dzdy MBLHOJIS |
MEzH dzts . tdu! dHjls dzgj fHtesMmiss s § dzOe dz' B¢ d&tsalrj gD o
e sesmiswdd Hts 35A/ fA/dn]EiClgte] ddw@Bdd s dads 0  fd f
oMjeHO MfQoadzwes sy M CoRYf j dMOydp BdsOSd s Odgf dzf s
dque 0 ftedmizhdr dd3 Cddzj B3Odyd NS dr BB BIO@ U J dzd 2Q dz
BsteMSdr Isjdzj Ctsdisdslzdzd C]lOydsdeder = MdMmlsjdz [ 2, 3

l ststcOW- Iy lsflstesedj IstcjBBso Odedw € Odzlsj dedzj . o
MowrLd Hdv B M jyjddy EmMss2ydetcets MdedzOdzO Ist
[ sf z2misd di3ts § tsls ¢ dzts dzj dbtfoj, 2 tefipdsGolafyQ.ls [osfrpjtwjts f toj o r F
9 JHS Y tslsjtej] HtosfzMC des?2 M ssB desmisd d dzj Mis OB d dz!

s O0Cdd3 tsB tc@LifEdL d o) dgis dzj Msslse jIsMise fijj:Misfd JsH
stcj Btso Odzgdw™w € Itsydesmisd dzOq Mg tddddO d@dals'| jdzds dzj MndzdH it
Clste’ § dad oMjcHO djchids e hsf d3dz frirtscteliflsdgd dg® d3fny Iz 1

dClszOdzr dztsfls! ZzOMmilstswh j 2 tcOB SiIsT sBEkzMmdztse dzj ¢
COyd Mlse j dadzts?2 M kzlsdzd S sots?2 Moawird HAzvW dBstemMSdr B
fMzh jMlseozs h A ted " J ded 2. t 56 dzO fn dzts dimMmdzj His9 O
Is § dzj ¢ 5 33z dach € Agidsdeds, L dzOydlsg dz! dzOv YOl d fflsgidy [ |
Isj oW jlsin® dgj Mtse jteh jdmisa O MdMmisjd3 MisOBdddL Oydd
ftej HMsOoadzw jIs SCtdi3f j dzlMOydw dzdL $ syOmlssilsdz = ¢ sdzj
t OLtcOBSISCO dso " f zff sORFH sazOC sMiEz®B |  Otc Odzdzj dz' dz
ftioj HMsOQodzv jIs MsBRzE 90y dztsfls! 9 C(tdzlsj SMmilsjy tOL
fMewird d ddi3ftstlstsL ORj " jddw.

Alll \

i

https://radiofizika.ru/ 61

(9
PARA®


mailto:cat08122002@yandex.ru
mailto:rbordovski@mail.ru

XXII€ m . h omm X mm_" Y a oJ’:oo’e“’;e(”’m'Y_”'e'Y x_;oeeo h e (3’5"0((ET"‘(:*< _ot ’jo__e".(;* 4"
6:-om___ ""¥Fhp'¥ ApQHpPp , @O

[ OdzdzO% t©OBKBISO dZOf tcOo dzj dzO dz® ftoj sHEsdzj dedj 1 Is
ftod deyd ff dogsiey hztsf tH " SHO. [ dzw tejh jdedw 1 Ists?2 f tetsB dzj
Okestedlsds’ bE§ 0o dzj dad ™ H dzs ShgdShpld). 37 Odza@® YOMFES o jis SH
COLGOBBIKESO &Okj BOIdYiMSs2 d Sddzj BOdU) MS B2
fMtsL HOdad | JlamtsHcdetsgitolzls © H dzv o JtelszOdz' dz" 7 d MY " s Oded 2

I SOvyjMmloj tjhjddy o' MkfOjls dMisd Lo Odedj
Hj els®sls0, S(slsLOv .ficjHMlsOs dzj dz20 &0 tod )

L2 — HinkHIe TIeun

f— cTopoHa ocHoBaHIA
Al — jKecTKas 3a[eNKa;
Bi — cdepuueckuii mapHup;

Ci — mIUIMHAPIYe CKUIT IapHup.

t dmMzdzasRdztto dzOVY Mna § B3O dedzs jstsfiPdzse 5 H j dz' ISC

sdz¢ yjo'" 4 tmMeBj dzdesmisd { ssSEes §f SHASHO:

-ddzo § emdzOwY C ddzj BOISJLCO (fted HT dz20 thdzetse Odzd ¢

-Ctojtfdzidedy §dzijy ® MmjtejHddO Msstesdz Istcj ¢ tsdz

- iMsCtsy dedydejj Hodzduyus (L2), OCIsdodetsy o] ton dz

SOC odHs &0 MRjdki, EsHdWdydess Odsdzr 2 BBl
LOCt] § dzj dedz § dzedydedj §dzj ud d OSIsdoedz 4§ lsfigipasn dzd J
Csitf j dzemMOydd dzOSC dztsdz®. Clsts dL djdzv jIs S ddgj B3OS k2

[ dzv Cttetej Clsdegse s WhkdzS ydosdzdtoctso Oded Vv -teldg BSBIS @ H d «
CstcOB dzvo. s f siilps O h d2 Bsdgj dels L OC dzg yoOjlsmw o Istsds
LOCtjtfdzj des dz@ Ctstflzmj MeEudOd d Heodxjlkfmw , 8ad3j M
ftcdo jHJ dedeB2 dzO ted

Z PbickaHue

X Y BepTukanbHas
0 Kauka. :

MpoaonbHas
Kadka

MonepeyHas
Kauka

’ Gr:m,ﬁ
KpeH, a

t M dgs§eR®o OV MdMmlsj 50 CseH ddzOls
5 ¥ Jjf ®He fidzOY  f dzOls i =AY ISk s diyeds®  fYfSine o S ¢

oyd slsdetsmdlsj dz' des 1 Ists?2 yj dBdteseats?2 Mmdfls
dzdw tOMmMyjltse Br dZO 9" BtcOdzO dztsC Odz! dzOW fd
B2, §58.0L OdedzO" O tsd

https://radiofizika.ru/ 62




XXII€ m . h omm X mm_" Y a oJ’:oo’e”’;e(”’m'Y_"'e'Y x_;oeeo h e (3’5"0((ET"‘(:*< _ot ’:\0_ e"'.(;* 4"
6:-om___ ""¥Fhp'¥ ApQHpPp , @O

t dmMzdas§MB F BB tcH d dzOIls EZMisOdztse € d

[ OdzdzOW CodWdeoktcOydwy ttsBBIsO d&Bsy jls Sl j dhd:
Mz H dzO. )| H O dzdzts 2 tcOB tsls j tcls ¢ ©dzd | tc iz jp da@v dzyj Is 7
yj dzj MstsB tcOL dats dmf sdz' L s9 Ols! H B s dzdzdsidnivsiis ddzr Cits ¢
L dijodd v kZcedzse Stojde® U d lsOdzc Oy 0O b.

gowL! ®BIiYHE BECOL Odede” d&3d Ml Méfj BP Bds ML § s § dz®
BOIstcdykz fsottetsls O, ColsstcOY ftoj sBteOLEZjIs CtststeHd
o] Odz! desé s dzOC dzsdzO@ Mk H dzO@. Clsts {sa deftsizia¥ pliz o @Ay fm@d
Hdzw St j dzehOydd SOysd d MmMtsrteOdzj dedv tted j delsOyd d

[ Olsj &30Isdyj M¢ Ow shdtso O 1 Ists?2 MewLd MmMbtsdlsfy
o Cdzs yojls o Mmjew eofj Ited ted mkzidaiod ffsBas@ jdsO yg jdssizsjjls 1
f OtcOd3j Ister EkMmistesRindsdz’O; ¢ tojddgd dafs € Is @ dzds@>OQ ;" o O fig Iz digg G
mMdMmlsj 3z C ststcH d dzOIls ttsB tsls O.

1. 1 jtoatsy, d MOdts] o 0Oy detsy, ZtcOo ded dedd (1)
cit®Rdbtedud MSdd §O0LO®R] Ister MdMmisg B 1 iy 54510 oY dtsfipiefdsy |
sftcj Hdzgj 65 EZcdzO (0 d f OtcOd3j Istetse S sdeMmistelzC ydd.

a 0zOEf 0 zATO -, (1)
GHjLLlo- Hdzddzr o jtendaj 6ts d dzdy dzj c-tz Gtfstdg Uz fiy siPtso o jdls f
fdzjouy;———-MejdRkdz zetsdz BiyHE §dzj yodqd.

2 . [ Otedy0O footstslsO, ftcd HiNIsOo dzj dzdzOW W ts tc i3l
CsstcHd dzOls ftod dzOC dztsdzj tsfydese Odzd v . Il sLotsdzw jIs
Eyjltsds toj Odzt dets?2 tsted j dzsOydd MmkH dzO.

Ai1O OEIOET Al @EIT
Y Tt AllO OFT |, (2)
OET OBIATTOAT I AITrO
GHY-EZetsdz § tcj dz@ cfiplrin ds@;dzcOY O Mk H dzO.

3. LG dzf BdYHE §fdzJ yodsd eor" ydmdzw s Ismpw ¢ s W sted3l
9jShsteiss ¢ dzOMMdyd MS d 20dfdsjHERtEs'H, oty K jisfifpticjdaisdReo O h d 2 ¢
tcOMmMyjlstse. [ftojHjdzvjls bttjBlzjdkr 2 EZetsdz G HdY f GH

- AOAAIO—, ©)
GHlzx-9J Clststc dad ) dzji-G 5 { tizg 9 O H @ dzW

- sddej 3O U MEdd tBeteOdzdyd dedv, CBbstr §
sftcjHjdzvE IS teOB syd?2 Hd Of OL sdadzj Md Mis s dsr 52 HG @B tc O izl
CsdemistczC Isd o dzr jidzib 3y B 16 @2 ) I$cf] dzd B3O dz! dzO W d BOSC d d3
f dzOIs W 6l Znx(Mstsilse jdsEd)lsolj @ dMwls sls ftejHjdz dz" = EG
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fOLOd) ster (S)esdj k¢ dss

a 0 zOEN 0 zAl © -
4)

@  bziQE b zdE -
G H [limn (] TH] Of OL 5z ZGdzse BN HE § dzj UOdB], 20 S Bltt
5. ved o M¥jeduimidi "OtddtOR, sfdf e 0]
ZOME sdz C 65 IsC dzts dzj ez tods §f-Leideid] Jts B jdif fuidy dolsO s s dzj t5B 7 1
MotsBtsH , ftLotdwvw MmMdMmisjdd] Hoeadc Ol Mw 8 BBAZ] |
— AOAAIS—, (5)
£ EE E'

cH&E=[0,0,1fijHddedyds 2 ojtlsdCOd dr 2 ojChktts.

6. 1JjGdjkoaiglsmnfoOyd dwshls! , CsksteoOw or ydfd
TOEOCkjtedLizjls (WY iChkypdgstz® §si | dZBOUd dzzy" j
fdz0 ¢ dzts dzO d3q .

~

Q —, (6)

G H Roase Z—M_'l'tGG)Hc{szr] ts fididcotOtddizhg o ©Od dzd 3 ded =  f dzd .

7. LIcOoO dzj dedwv BOSC Md B3O dz! dzts 2 Cd3f J dzlmoydd f s
MdMmilsj 3" ftod L OHOdedz » SBdemlstezSIsdodzr = tEteOded Y4 d
ftodotsH' tOLdzj Mjdz dz0 120A, Ctojde Mddz dgj eoHgde'ts
sfd Stoj dzO (1) 54 YW doy drj edfls d200 LH® Of) ca@erzjcjd 7 k) (.S U Gk Apy
tc O9 dats A3 to dzts, dzts IsOC ki fpdz€si B YW de@d jodagtsdisted] fted o
dzd dzj 2 dzr J Motslsdzsh j dedw o Gikzdgjdztsa t glzy dzryls 86 tc joohg j» Olise d
HJOf OliinmddR, § sz yOj 8 MdMmis sz bkwOo dzj dzd2 (7), ¢Cts
Hsf EMisd d3" § 26 dzUnaxtO 6 rthade©O ) Ot j dzO

; . ‘TQO . FK~Q0 ° Fch,Qo ° F]
| a QSTQ. . on . }‘CQO . (7)
|‘|’T o & 08 he « he s h’
l\f c L4 F]O o ﬁo °
G H (o, G20 (ool GZOU O Gz | bedr BjyHE fdj LOB].
[ 1 d MO dzdzOw GOk | OIS w] ME OV GEH 4 Br O )t

toj Odzd L 59 OdzO 9 o dH ftosctcOBBdses Csdif dzj MO
oLOdhsMowL Odedz” = diHEZdzj 2 :

1. Jrydfmzdlsj dz' detsjy wWHtets (delta_robot _7.py)

- dfisdz LEjIs numpy Hdzvw 9o jClststedzr » Y jteOYyd?2 d

- Math-Hdzv Istedetsdesdzj Istcdyd MSdrmr ftoj SBtcOL 59 Odzd 2

)

te

]

-t jOdzdL izl ftow Bz / sBtcOlsdzzy GO Sz ddzo J
- OQalssdzOIsdyui MEd2 Ctdstetsdz? &iBjrOddyj MSdr BCEtO
2. wdgUnlsajdL 2OdzdL Oydd: (del ta_robot 7. py)

- Ifesmstets ] dz0 dzO-Isatizpd] @zt Imiph _fHodd ki t s. mpl ot 3d;
- McOo dzdIsj dz' desj SlssBtcOy jdzdi MsmMisswdzd?2 HEts (
- Yyo jlstsotsy SCBSHJqLtseo Oded + dzj o3 delstse S tsdemistelzC yd

- ddzls j 6 OC s o éz' | M3 dfjdgddacti@itdftd3] Is tc O B .

3. 1 Bdz LsaOIsjdzz MECd?2 (dalstyismadl j7py) (demonstrati
- Bdeseskztetsodzj o5y B dz¥ M BBEOBGSISSEtS?2 ftoj tof 9 O
-teiddyr twkzydtsets kftwOodzj dzdv d OoalstsBBOdy ME ts
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| ZHES j B3O Odcstedls B0 ©wOB G MP.CSHO ftoj HilsOo dzj dzC

OmmagaHue
BXOAHbIX
AaHHbIX

Hauano pabotbl Bsop napametpos WHunumnanmnsauma PacyeT Ha4ancHoro
cucTembl cucTembl nAencTa-pobota nofomeHnA naathopmbl

BoiBog, lMpeeblweHtl

npeaynpexaeHna
Mpoeepka
BBOJ, YI10B HaKNAOHa

npefenos () (8)
KpeHal(a), TaHraxa
PacyeT KoMNeHCHpYHWKMX o HaKkNOHAa p ‘

MNpoeepka
AOMYCTUMOCTH
yrnoe yrnos ¢

a
PacyeT HoBOTO Pacyet yrnos B Buayanusauma MNpoaonxute M3meHuTb

Bre MNOAOHKEHWA NAaTGOPMBI chepuyeckX WapHUpax pe3yneLTatos paboty? napamMmeTpbi?
AnanasoHa

Bbisog,
npeaynpexaeH s Konew, paboTbl

{dMzdsRodlsjSlsktcO fesccOBBhdses ¢ ki dj

10 fjtcosd {sOfj fosd LsoOlsjd dsyjls ¢dBSt d
csBslSO d LOHOL' dOYOd d j kedr, Skt j Mesk
My zlsded & ¢ Misj BO ftdstoojjlstdiyisjols] j d = d deP c3@is d uj M d o3
ZOMstes2Cd dzgj o©rnatsHddzd LO BjLtsf OMdes | f B DO @&day p
o0ddHdz &7 HOddz & J Sl dOs iz §O" OF dz®o BH @ =

1 Olsjd3 99tsHWISMY Ek6gzdz dOL@HdzOY HizH RS E GO B0
Fedzr B@BIyHE §dzj yodddq ttsetslsO Hdzw Sl j dzlhMOydd 1 Ist
d oreotHdIls tejLEzd IsOIls, 9Cdzt yow odL zOdzdL Oydz¢ .

) tcjL Edz IsOIs§ BsH ] dzdtetse Oded W sftejHjdzvwe sfyw
tslstsB tc Oy O ¢ ldsofnjvis fy s js dzdzts dZzOyodz' dz' § f OtcOd3J ster , dz
CGteOWdJuiMEtsy GtjHmMsOodzj dzdy StdWdeobkzteOydd totsBtslis
fiocsctcOBBdEce s Csif df.C MO f sC 0L Odz dzO tod M

[ Odzdz" 2 fwskbsksdi Mifsmsejd Mg O sdoisE O €eifO s N 1 :
L &zOyj ded ¥ Hsflsd e OF Isfw 3w O B Uislf Odydass BdzH dgP'f Ol dsdizs 9
B rOddyi MEdy ot d L OSdzdddoe Odzdw .

H: KpeH £25.(

{ Mk das@ls bel j 2 ftod CsteiejCldr & § OwOd:
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BeeguTe reoMeTpuyecKue

apaMmeTpbl
InuHa cTopoHsl ocHoBaHwa f (MM) [1600]: 1¢

InuHa cTopoHsl nnatdopmsel € (MMm) [1300]: 13
OnuHa BepxHux nneuy L1 (mm) [10608]: 1
nney L2 (mM) [700]: 7
HOBKW HW

nneuy (°) [35]:

BeeguTe orpaHvMuyeHus Yrnoe @:
MuHUManbHei yron ) [80]: 1
MakcumanbHe yron ¢ (°) [168]: 11
BBepuTe HadyanbHbie Yrnibl @ ONs HACTPOWKW aHTEHHbI:
ron g1 (°) [120]: 1
°) [128]: 12
HauanbHei yron ¢3 (°) [128]: 1

ron ¢2

w o . . -
tdmMzdasdzls ftew j2 M ftod daj SBtetej Slsder » f OO
~
NMnatdopma NopensHas [NA ABTONOQCTPOAKM CNYTHUKOBOM CBR3IM: COEPUWMECKHE WAPHWPH (8)
FEOMETPUA: Puuar  Wcxon: Puuar  Yron
OcHoanme: 800.0 MM s=o
Nnatdopma: 650.8 MM 120.8° 120.8° +0.8°
L1 (eepx): 500.8 mM 118.8° 110.8° +0.8"
L2 (HM3): 350.0 MM 20.8° 20.8° +0.0°
BuicoTa: 697 mM
Nuanason g: 10.8°-180.8° CTATYC CMCTEMBI:
HAKNOH CY[HA: (pekoMeHOaTENbHbIH) HOPMA - B pabouem nuanasoHe
Kpew: +13.0°
TaHram: -2.5° PEKOMEH[IALWA :
[Ovanason: *25%/x12° KoppekTHpoBKka yrnos ¢
Bes KoMneHcauuu C KoMNeHcauunen
KpeH: 13.0°, TaHrax: -2.5° Nnatdopma ctabunuauposaHa
m— OcHOBaHWE m— OcHOBaHME
Mnatgopma Mnatpopma
— Humree nnevo L2 m— HuxHee nnevo L2
m— BepxHee nneuo L1 m BepxHee nneuo L1
Wl KecToe kpennenve L2 [l KecToe kpennenne L2
@ UMNMHAPAYECKIRA WapHUp @ UnavHApMYecKiit wapHup
A Cthepuueckui waphup 1000 A Coepwieckuit waphup 1000
800 3 800 3
=z =
600 ~N 600 N
400 400
200 200
0 0
400
X 200 -
"MM) 400 400

{ Mz dasCo BB ¢ 6@ dzds’

t OLtcOBtSIsOdzdzr 2 Ctsd3f dzj € tsB ZOH O Is

-dz fsLotsdw jls ftesotsHdIs!
dzO s zto dzr ~ ;

-1 st cBlssar 2
s j te B dzO dzts @ ;

CWHES®R ftid
oqieskOd d j dmyir Is

q dzfls t b df jiedsly € I8 diAe s o dhE jsd) totsp O dz!

S slsCter st 2 StsH d  AdesjSdy boEs iy ls f s LOotds dzv v s
BsH jtedzedL Oyde d dzOwOh do Odzgdj o tsL dBsy detsflsj 2
sl dzj Cf csltse ¢ dMysd Lo Odds H v
lftshdjHizsh j2 ©0OBl] §dOddtkzjlshy EyjMmls: HJdzO®
BsHj &PsydS tso e dztser R f OtcOd3j stetso . s totsd3j Is ts G t
dMf sdz L so Ok’ v ¢ OS¢ t©Mdss O HA ®&sH,/jtEetss6dsd"
dmfr IsOIsjdz' dgr 7 Milsjdegitse d dBjrOdedL dBdse MlsOB d dzd L Oy

dzj
BsH j dz
Z ¢ dzlz B dz]
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[ dlsj ©OlktO

l.L¢;,cke 0. Ant e n meaentA gnd | Hointing, Agucpition and Tracking
forBroadband Mobile Satellite Terminals [/ C
Communications Satellite Systems Conference and ExAil&i\, 2003. AIAA 2003-2402.

2. DeBruin J. Control Systems for Mobilgatcom Antennas / J. DeBruin // IEEE Control
Systems Magazin008. Vol. 28, No. 1. P. 8601. DOI: 10.1109/MCS.2007.910205.

3. Hellberg R. Advanced Stabilization Systems for VSAT Applications on Moving Platforms /

R. Hellberg, P. Sundkvist // IEEE Trangaos on Aerospace and Electronic Syste@20.

4. trBStS9  O0. 1., 1l EtedzOSCddz 1. 1. ¢ dzOdzd L f toctsB dzj «
sBl JCIOR [/ 1 ifMm@8d¢ MewrLd. 2021. wa. 1

5. s ddzj (30O Is  HOB BHEG IO IS[OC dzj € Istetsdzdz” 2 toj fkz i PRLY/ htt
https://habc om/ ru/ articl es/ 390281/ (HOLO ®BtOh j dz

6. ydde | . s ts dstte'dyj Isiglste[datis o O dzdzts | ftocsj CIsdteso Oded §
Imel jsjteBbkztce, 2010. 320 Mm.

7.1 Od3d IsS¢ d -ssBHGlg .Is Oy OMis! 2. 1 BHoadydsMmls: . 1 OHO
tcj Mktem] a/brhtctopns ://// hmOB tc, 2021, URL: https:
sBteOh jdzgdw: 24.10.2025) .

8B.tOBddzsoady ¢. 8. 1 ddZ2OBISO MdzjHwh drn fJtifotsHBoe.
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vrs 621.396.67
Isfjdz [ COljteddzO
Vol ctOHdBW L]
t simimdw, [ M
E-mail: katypepeB8@gmail.com

stcdotsh jjo dted?2 1 wyjf
Vod ctOHdBWdL(
t simimdw, [ M
ALOJuv JEMEsomMCEdB] Rddf§BECd?2 dda
(2O y d ts dzQfdi frpdz j2H s Ols j dz' ME d2 [z«
t sigimdw, [ SdzG 1 t
11 Juv JgmMEsoamMCd?2 0o dOy(d tsdzdz
dzO0y d sdapfddizj Rtse Ols j dz2 MSC d2 [k
t siimdw, [ M

S OdzH d H @la|J f A dats gigOdzI€ |

E-mail: krivosheevyury@yandex.ru

A
(

Ik I dlsOdd? o]
1of ctOHdsWwdLd
tefgw, [ smCoe

E-mail: vitaly.brusov@gmail.com

RfMMdzj Hise Odzed § L OodMmddssisd " dtedde” -ff Blsztgi" 3
Odzls j dzgdz sIs Istsdzh ddz@ Hd! dzj Slstedyj MS 2  SH dzts

O dzdzs s Oy OB slsj 4§ telRPISH G QY ZOLPE s’ KBFS e t
fOOds j dzdz © LOoadmddsmisd ls ksdh dd' §sHdks)ySd O
hdtedder ftsdzsmr s Issdzh ddzr oHdzsy¢d HdYW Heoka L
fsHdzsy € (. vsO0CyJ ftdzzyj dz0 BUs@ee difj ety i lsO dzlsej stz dztste
f sHdzsy S d.

sdzs yjorj fpkEEOf sdzsht s dtcPdeB | dafidy tizsi@sls |
Hd1 dzj SIstedyd M OWw f sHdzsy € O.

] OlOlzls j dzdz’ B &ZOHOs s Cif OCIkdr & tOL d&3j 6 Odsq
hdtetsCtsy ftoddjda dedd o Sdgi s bk yagls jodzjROyQgd
Odzls j dedz @ MmdMmlsj BOR wWOHdsEZESCOYdd, fMmowrd d dzOeadc

s O¢ dL o j s dzts, © datf getdztptizl, () tcff B dgOH O Is L Cts2
ftesf M Odzdw, dzj BBdjj dnSsd Cd2 fsyj dste
fsdstsh @ & G tslistiylzn difsy des € OMh dedls! . [HdddB dL
CdelstelzC yde Odzlsj dzdz Hstf sdzdzd Is j dz' desects ff Offyd o dats
tcOMmMMmMlsswdzedd tsls OSCIsdo datsa 5. s iSgzls jOldas@algzfipatth dzOL ' ¢
td¥), B). Gl dssltst v LABEERY S HHS
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0) B )
t dizdes Y € et sdzsMS 5o r j dzO zls Py dzda®) -fis@ s uigis y C Is
Lit CtoOidf;sH2izsy C O OCIda@Etste o fizOR Y POIs&rtsy 4O
f OfMmdoe dzetse S GMPfisdueddz” 5 § Olsy. )

RL O jMlsdats, ulsts fMbkh jmsoakjls fovdkow f(osf st

H! dzj Clteduj MS 52 §oHdsyCd, dO Sthtts? oMY sdoca

HOdzdzs e s L ek yOlsj v . | dzdlsjteOlsktcj oMmistj yor Isfyw

HOdzdzts 2 L Oal d fipyf@ifidmisfils d , o [1] fdttdejH]jdO Mmdzj HES

CELWWdydjdso Mmisswyj2 otdddo dptscilbzOn dobr dg:j dzd & ( s ¢ |
6 oxx——- oL _ ftd swely=2, (1)

@i 6ihdeddz® § sdshr , %;

WwihdteddO® § OlsyO, dd3;

OTHdzd 20 § Olsy0O, dd3;

O ltsdh dz0@ Hd! dzj Slstedyj MS 82 Y HdsYyCd, B

- IitslsdatsdlIlsj dz' dzgOW H 1 dzj Slstedyd MS OV ftotsded yo,j dsts

_THd&ZddzO otdzdzr o© MmMotBGHMR fttshMistcOdzmise j, di3ds.

[ OdzdzOW W BB dHz@O HizZW ddey j dg ede" = ByYd detsc )
fsHSBWOIS! fOteOdi3j Ister L dz2yOlsj dzv fted CtsdzMmistckzdtets

[ dzv  Odzls j dzdz -f OO HIOCC Isf tcOo d dzts, toj Csd3j dzH z¥ Is
Stsdzh ddzs?2 ©[] R1é®B]04 1 tcd st L @o Odilskjsdgdz” OO E
fsHizsyYSCd o dzdlsjtcOlskztc dzd ftcdotsHdIsmw. s O0CdyJ
ftetsjClsdtetse Odzdd Odglsj dzdzr . 1 54 tsds dMMmdzj Hise Odzd j
LOHOYJ 2. ) HOdzdzts2 tcOB SISy dmmdzy H s Odz" ! dztO® S M d
o ntSH GG s st tos 4 delsdrjOdzd Ms Is ) ldsttsCdis d dz" f sHdztsy Cd
it OMMdBOstede O Isfpw MazEy02 M LOfdkCts? §sdsms e 2

[ dzv  dMmfMmdzj Hse Oded™w L OadMmddtsMmisd BF ZO § sMistetsj
tc d. B)
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t iz dzets G Gy j Is tzOivdtdorisfHvj df ofildsQedaxiiafipV tstc @IS tste;0 dB 2 f Ols
AifsHdzsEY C O OCIsd o dz€ & ©idff AtsdOs; dz’'52  Ols y)

[ BHj dz o Cdzg Yo, ls 9 fnd BW fsdzsmMC tso lzs dzd dzd ®
stcOdzmW Stc OIS tstcw, 2 OCddadoddigs 2?2 § Olsy 3, 6 ©fig o dzts s dz
f sHdztsy € J 4 ; 1 CteOdz 5 d fOfmMMmMdoeder 2 Oy 6. o ¢
C o OHteOlsigls B s@ifisslse jIsMise j dzdets. v tsdzh d dzO 1 hdt dzj €
tcOfMMmisswdzdd 3J oH Ef Ofs @Iy @) H j dzj dz oBLHEAGdR]. 1
gz jIs Msftetslsdoadzjdedjy 50 Jd&B. 10 Muyvyls yjlse jtels' ot
stcOdzmY stcdddtelzj Isfqw o 1 W WZjfz@do dzsy j M6zl fsdedgd dzj dzd |

1 ted WdeMmdtctse Odzdsts 2 Is s dzh d dzj d Hd1 dzj Slsted UJ
Cjd3j stedud MEdj § O@Od Isng’ hy) O dalOjtedzdf te ts © O dzd fny! H dzV
BOC M B3O dz! dzts?2 h dteddzr §sdzsfr 5 Hidsondas. CisO iy dgtyk
ftosotsHddztsm! Hb&Y HJL dzj S Isted yjhs R0 =t tc ssiz y DY diztsdls df
slpPddy ftod tOL dzdyds » Istsdzh d dzOn. 3§ wfH das.y € § s dzltc s
LOoadMmMddisMisd "N dtodder §odztsmr  orntHdtet M ttsilsd:
ZzO0 tbdfmd 6. 1 QoadMmdismisd hdtedde sdzsmr sls Istsdzh
sOB dzd yj 1. IL=GbfdddiEmis: h dteddze fsdzshr &y ds O
W st dslz dzts 2 :

6 QnQ (2)

HY 60Thdqieddz0 f sdztstlzf v f e S O

et WWdydjdels fosf steyd sdzOdz? dzsmisd, L Oeadmwh g3
ftosded yoOj Rtsfils d;

Qlstsdzh Jdz®@ Ht dzj Stedyj MEs2 fsHdsYSd, dds.

[ Odzdz" J Off s mMd dizOydd s @Q¢5.J Ifdedatyg,H j dgls s dz@ d
tcOMMdssilste j dagdzr = Mz yoOjo tded GeE[jMfj ydeo O ls "ttesh j

1 O34 Isd 3, Ylsts © HOdzdes?2 BsHjdzd dz0 " dtoddzz ff t
StcOdzMW StcdBOIstste. [ HABOCE, C0O0¢ sC0OLOdd HBH tsdddls,
LdOydlsj dz' dzséts 9C ZOHO o ftsdzzyjdd j L OsdMmd Bsilsd

RL ftsdzzyj dzdz' & ctOW d¢ tsds sdsdfio dig ,dzd i s © dais ] Hazelztizts B ©
ftod Istsdzh ddzj sHAESY USBEHYMD j 6. GSDOC s Istsizibddilz
Zdsd dzt " § ded d Istsdzh d flete s d & isee 3¢ o Mdzad  § dad J hdted de'
LOadMmd diztsmis wodzw jIsiqw HBMIsOIlstsydets digizh deglztizdztssls . 0y Q
Hts 0300 %tcddzO fsdzsfmr Edgjdz' hOjlsmw i 19% Hts 13 %.
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S-Parameters [Magntude in dB]

;\

T \ o
Uuu/\\
|

dB
\ﬁl\\x
|

08 0.84 0.88 0.92 0.96 1 1.04 1.08 112 1.16 12

o

t dfMkzdgs©@o Md dBisiils! CL WV dydjdlsO Bty jddv tls y
§ 5H dzepEd ck

S-Parameters [Magnitude in dB]

N T | = a0

| \ i o
\\
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A

25

dB
=]

-30
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fifo

t Az das@o g id Bsfyls: St WW JydjddsO BlsteOy jddw Bl Y
i st to-d ol

201

| /ﬂj}ﬁf
/ A
i‘u L M

W2

[ —&— mogenuposanve (e=3.5)
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8r MOZenupoBaHWe (e=2.2) | 7
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