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[  BsSHEEZY ydwY MdedOdzO [ [, MW stedgd tets o
mMddzstig L @z L 2 Isfpvw  H G 4pdDP b sgdes s Btsg 5 dzO dz
M Mdde¥ OL dz' d3 cayt=Mip)] B @dzd jsdgdzj Hizv h j 2 W ddz Is
Ho kzn YOl tslsigltsitizj dzls ) sCtc] Misdesmlsw ZH e
dzj Mizh j ets §fs dz oy dzdfvdsizitglo t§ OH § dzd § § tefctdz 15 @
dzi MEhgEdR] BOdZdY d 1 IsOdzcdzdzsects G Jj dgj 6Ols
dmS Oy jdeds dJdeW stcdzOyddzdzsets € tsdzlsj dzls O.
zOB dz¢ HOj Isfqw HdzW ctdzsmMser a7 Mstse j dad 2 .
Mde dzOdztso o j[tb~ ddf 2 B t5¢ t5d48,2 44] {f [tsHdefsdip s 2 L d3.
Wstedsdteseo Odedww [ [, BOd aftclpgf s lp® dzjlzO ¢ [z H © Bz
MY dSteO §lzis] dB4, MY dz' @O d ¢ ) jinests dzts 83§ fufls. J
fsHOQoadzv jIsiqw d dgj Mkh jj CtsdzjBOdad ] . v O¢
f sdzz yd dz sip@lesidébdnd guppresseazrrier modulation(SSBSC)[38].

¢ dz' Is j tc dzQdsjdhojddzddd d3 W o dzv j Isw 43038 H Iz daw I€ tist
dmf sdz L zj Isfdzd jW Ob ze s off sH O dzj dzd W BsCtso
GJdzjtcdtockzels Hoj ojtemMdd dMratHdsects Mmdcdz
Colstster &3  d3tseH zfightsQetizy @sfy Is 5 Is dds Q@ € 3 dz MfipH afd dzlz
Slsdesdlsj dz' dets Hieze O dzO@ 90A. R o toj dzdzd
FCOLOdzgdzr d3 tsBtcOL sd3 BsHEzdzdtetso Odade" = Md G«
dzedy dzj 2 ddzd o jterndzj?2 BBEBots?2 s Y

[ &zW sted3d tetseo Odzd W 30 drdfcladeditsoe OMdafialz t§ dsth) v
BsHEZEZYVISSK 47 et ® Odedz” 2 2 dz20 Mo 3 g ldzdzts d
dzd % dzd = YOMissls ~ ) BL i MO Jsda3g istedigls 5§ 5 dzdzts J
dzd Mzh jets CtsdzijBOdedWw dai 9MiGHO BYLOdHC
sO¢C sE Md e 20 dzO Mdztsy dats s 4B j ug kst k& din
dzj Mtso f OH j ded W dzj Miz" j 2 p@nlytg e HP YO IPISBIS
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dzd j Misj fj49e J dedzB sdz' h OV tcOL B QdzO tzfpd & B &c Y © 51
dzd L C 52 tc OL B 5 tc 150].0 Msthislsts diz j YdEO tc @ igOE ts g IS (g (
§ sdzz whdafs f sdzsdz” | MdffcizfO dg' O it difuslzsdz z d3j dz!
dzej MEh #2511 3vOCdJ md celzOlsa | ditgs @@z tc ts a3 Is t
O dzd Is z H daseRd Hydslssj SMizh jMlse jdedes EZf tetsh O
stcOC Istso .

t OmMmBBsis twejOCdzddtdss d H dzts iy ls ! [ i sdzlz yd azO
ORY dzd sz H dzts?2 dIsHEZd&Y ydd. 11 Ainglicudetsgdulatiapdzts
Equivalent( ¢ [ [52].R dzSGH O HOdzdzz®® tcOL dzso dH dztsmlis
m Mo d3i Msd B2 HJdsYyds?2 B sSC 9 sCOMphtbldzts |
Single SidebandCSSB)|[28, 53. A OCIsd yJ M¢ d, CSS Mmtso d3j !
Ol dzd Islz H dats 2 dH W@y ofts?2 1B dMf sdz L s9 O
WOLtsSoatsEts HJjIljClstce® fHtodotsHdl ¢ ftsorh
fstcWHGCBBO, Ylsts o yjdzsds dzgj eOlsdoadzs ME OL
fpdzd % § dzd v dzj ¢ Olsdodz" » f tsfpdzj Hinlse d2 § &4 d3j
168 0 kgehsMisQodwve hdj M jSlstcO H 23R dad.
fted yYoOmbsls) dBYf stz yzsls f§ojHdms Oy ddW,
sBd MY J udo O sw { te'dy Anfigissitsilg dad dH of @ das@ Ld @z

oAy s ftoddjdeaj dzede [ f B ObBQ@dziRg tiej
§ ddfigdhec dz@AzO [SOC dz@) su@IN@SSE | yOmisdesl
STR77 d -88TR sMdese Odzdz" j] dzO ¢ j dzj eOydd t
fsLotsdzv jIs fsHOadl! Etese jdz@ dMC Oy j dzd 2

1 4 Mdasistew O BOMmMMmtser 2 f jtcJ ntSH ¢
dhf sdz Lkzjlsmw IsOCOW tOL dztso dH detsyls! [ [,
f sdzsms 2, O dzG dzts WiL Vesligists $ideBa@iVeBPEA].; 1 ted Is
BsHEzdZY ydd olttcOw BSC 59 OV Qo degd@
dmfsdz? Lkzjlsmw o MIsOdzH Otelsj 8 BEEB [ HAO B!
f sdzsmMO § SAdzdeshfy Ysis( olststets? M ,c508 Lzp B¢
f SHASH st 588 d ds dzts Is ticeQjBfitptlsjizy drpd@h Bdg@3T dzdALME
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sO0¢ d afistsPiizismisod] SCtdif sdzj dzlstso Idad
Co®RYfJ dhdtelzd i lsj di 1 v.

[ dzf seor h jdedwy COyYyJMmMlsoaO® LokCO dMmf tsdz L
SHodE] sdztmdzs}] adsedzdizgyL ™ Yydzts? dRkIOiie@lsdz te
Single Sideban@SSB) 7] . s O¢ ftcOo d dztds . JEBS Cig j ¥ dcdg T
ftcjor hOjls s kMt dztnisOifze Otisdzasigis' g g 4
f sdzsfpimistsls 2,9 Sy (OTwwdBK80JTEPOMM d
LOdzd 304 Is § sdztsfng A Mes,sGB5 951 §.0

R, dzOCgda3tcd ¢ d dzOdz' dzts Isd mded ud MS 54 t
SH dzts f 5 dzts fry dzts 2 BsHEZzY ydd fn O3 dudfpitzde dz’
Companded Singi8ideBand modulation ACSSB) B8 . 1 H Odzdzts?2 toC
[ dmfsd LkjlmMw HA&O BC o OF I ¢ HafHyg
ftodj &3y otmMimisOdzOe dzd o Ols+ dMmratsHdzz® O3 dzc

I sdzde” 2 fJjted yj dz CdzOomMmtse dL dzzyj ded 2 ,
ftcj HMSOodzj &z 9 IsOBd&Z. 1. 1.

v OB dh® zOMMr dL dizkyjdd?2, tj Ct5d3j dzH 59

{ Bt5L dZzOY, {1 dmOded J
(o0 tddgsinde@ yd v ) ¢ & ez@us @

ASE Noj O O®RYf dzdlskzH dzts? B H Iz dzw
R3E { Hdetsf t5dzts N dzO W & A3 ezlz bz dpcfzts 2 iy«
H3E [Hds Y SdsmdoOw d&sHEdY ydv
J3E [Hdzs sdzsigde@y dsts i) f sH Oo dzj
BSE RL&ZzyYyJ dzdd M dzi L Oz Bs2 |
C3F tZHdd3j dzlsOtcdzOW BtsC s OW {f t5¢
I tOdBS OR H O o fdgjd2j MH jse © dzd W dzj 5B At

fskj iskmss2 ydosfls: ftedj 8O fMdc zOdkso , f


https://translated.turbopages.org/proxy_u/en-ru.ru.44eb7195-64a96563-b4396af8-74722d776562/https/en.wikipedia.org/wiki/Double_sideband
https://translated.turbopages.org/proxy_u/en-ru.ru.44eb7195-64a96563-b4396af8-74722d776562/https/en.wikipedia.org/wiki/Reduced-carrier_transmission
https://translated.turbopages.org/proxy_u/en-ru.ru.44eb7195-64a96563-b4396af8-74722d776562/https/en.wikipedia.org/wiki/Single-sideband_suppressed-carrier_transmission
https://translated.turbopages.org/proxy_u/en-ru.ru.44eb7195-64a96563-b4396af8-74722d776562/https/en.wikipedia.org/wiki/Independent_sideband
https://translated.turbopages.org/proxy_u/en-ru.ru.44eb7195-64a96563-b4396af8-74722d776562/https/en.wikipedia.org/wiki/Vestigal_sideband
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1420 dzOdzd L g sldss W s &z fplfst® 5@ M) d ¢ dzO dzts o
BsHbEzdY ydd, Ystddokjd 5 o Moslkejlsflsse dd

1 s atszMlss?2 ydo smis fted j O stftcj H
HJj i3 H ZB9s fig e Isoig AW d dzZOlB B H j Isj € Is tste dzts ) O dgtB do
Hils]QdsWsdedzOtefmdzj HJls s8I®OB &I sdz! Sk i s
Emstes2Mmlso © o yjdztsdz tftej Hj dzv gizlp figy dzle G dsc
OB dzd HEs Isdzr | S OLOCIljtedmsdSd ( ¢y m)
1 -sB tcOL [B-6§d

lted {Issd3 cteOdzd yde' § yOMmistsilsr § sdztsr’
sBtcOBtsSIsCd Hitsdzydzr Mtseoff OHOI! ) ¢ tcOdad ydz
d ¢ dzOdz®, Ista@® Widsdindzj v j Isj € 1§ e de=@0O das| BytelZD B3 Is
My jSlstc® dBsHEdJteze h jets Mde dzOdzO, IIs. j.
My jSIstcO®  jtoo Fppdesets Md ¢ dzO dzO

I oS dn kdkytotdiiifls s@ I p s s tog ™ d ey wgh
Hj BSHE df s =@ jod s, oy RstdsHdztShe F dzffi4, 60.

P . /P

—_cpb ch°J’ 19
J P /P (19)

CHUnwi Mej HdW W BEh dzsfyls! g ¢ dzO @nwizB e p A &
Bsh dafidsds §q 2O o TS H dei i) jodsB a2 dv kts & @z f ls
9NBH] HJ BEtebkig sy &sh dshls! §sdkjnd d
O ZOdd s duj IYd dfipedEOdf e j HilsOo dls! € OF
s, (0= Agdcos(Z T{)°A§ t( ) sft, (10)
Chsf) SHT BsHEddls h d2 ( ddo sStekOYd sdedzr 2 )
1 ddz' B J telsqpi Qdstlf dfd'ls iz ce@zts jj dzd § .
40 j BO sfldROEkdsted HjdEEZO 2O [ f
t d f1[61].



s(t) + n(Y) ‘= =1 | S(f) + &)
;’g - 3 ‘ 3 X
‘ 2¢0s (dft )
| 1A
G o

{ s l.idn j B0 ©flsd BOd dEeE dojds®H I gV

10 tdfp. 1.1 orn#HdOY tcjcd Bld&zga @ygdm oOw f
Mgk §tsdj L disc s M SRRGOLYT O Is dz@ bR Slsits
dazj ¢ "fisdes iz § to tsRf =yS(Ragded v o

s OC KAL) Slsdteso Odzgdj MJedzOdzO [f fHtotsdH
(470, Wdd bt fsmdzjH]jl] EBEBOGEEC B EGE Bls |
ftc jta0D dBly IHHiEY Y &sh dsfhls! Hj BSHEdE]tcs o

lhe= S/() =7 (111)

(Mdzd ftjHmMisOodsmd B gsBzsdz® ajty§lsts

Ml 0o dofty=NeIF N's(t), st o @ dscele®lyfd ¢ sc
n(t)=N.(cos(Zfit )N t () 1. (1.12)

HSC ZOMdzts o' @)OKE Wakts 'l . ltsdsj i d © HJC
fstetsodzz d3j Y HEZ € 9 OH tcOls ey ydjdizd fij ts i 106 oH =2
BHjls PeOp difsts ) SB @HEBIs 2 tc dz0W O s fits G Bt ¢ dzk
Yd ted L Md dzr tocts dzgddz@ oH jRlSsiHS jIs st @itz g dialg

Ot(=N. t 4. (1.13)
vydilsr o ONG(cogf k2t ¥ty . 2O dzj o OW yOf3p

Qo @A’ (), M) =tM.vschOzyYjssd st st
ftsBjnd dz@) kA sstc® fMsflsOo dls

toe= byl # (1.14)
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[ Odzd J f SHMIsOe dzw w  f Sdzlz yd dzdzr §9), ff tzdrinj G
dmS sdskzy eof dued dzOD H § BB H 2 dzv Is 5 © @) sfipdf ©adz@ b
Pon®o B
R0 B ®
1" 6O)j dzdb)l = Qe OC iy todf sk j dz¥)d A g -~ sz M s t
ftedj BO o COdZOEZOR M GHhSY EifesGzEd L I
nd ¢ dzO8BIYo ts dzdzts M Is ! & dztf @z jH P> [BY,] 687 63]
JHAEZOCts t©OHditdj d BO WG s CipEEdEaRdp {f
dmy sdz' a g 6k Mdsy dshisd s Mfj ujddy Mnd

9 s

150 dz2Odzd L s3] ~tsSo G52 sstisHom IsgBde alf @ 5§ M C
COdOdztso i Jtfldzvdzgf B & = t©COH J SO a3y SHEOEOL 5 dz

[ dzd ¥ S O3j stetso 5T tolg @MdEOPaY |y 6 Mse 2 B
fpewiLd, tBifMfjudeoshd2 WdLdudmilze ¢t
ftody dgdes?2 MbsstotsdOdRRd. [ O tlsdsmdlksmhw ¢
Weodwe h j2Mmw f@sifjdsOo deted Odzd L Oydd § jtco SGt
1 IsOdztsdzdets 2 3tsH j dzd  OS| . 10 13 ktetsa c
fJtecjHOYO ddW stedzOydd s tcOHdBC O0dzOdzz, ¢
BsHEzdZY ydd d ftsetsHdlsmw yj ds o {f tsdgj -
fsorhjddw 1 WWJjClsdoedesMmisd MmMdMmlsj &3 tcOHd Tt
fsLotsdzw jls or wodls! WOCItster odzdwses h dj
gdeW stcd30ydd, d Mdzzydls tHds?2 dL thdse
dMmMmdzj H s Odzd v .

iz | Mis og diafasded il fdd®o € OMeovw L d BCOLT 980 Is
tcOHdBo sdzdz @ [ {SERQIS Is P6 POEOFED , f st lstsdzlz
ftesO0dZzOdzdL qtetso Ols i ts d3 jHnjSoCal | Is tef tOff t)M izt ¢
Mstslseo jIsMisolze h jets o BstcO® disH j dzd B dmMOC
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1.8 0dz0dzdL § sk - B9 6D EEsYOF @EsH o

dbRzOdAfts 3] mntso 52 5B fi)ls OBKEH S d |, dzj ffsts ¢ ds@ figjddids
gmosHY dL bkhassed?2 WkdSydsddtss Odedw
otcj Bj dedasE 5 tj MEteMO d Istej B 5o Ofdgdtd] H Ofptd
gdeW stcd50ydd, o yYyOfmlsdetsMmisd, o w©OAWRE O { tot
HsMistse jJtocdesMmisd d Metsjoeotej dzgj dedesmisd .

I tsBhjd& okl yQier - Ot OC Isgj'teigter j &34
LOBJtcOdzd W, BEMdzse dzj dzdf66,67]dR3dzts ¢ s dzlz y j o i

1 od 1 risfiplsd gz ¢ s 2 Oy d dp dimpdscziz Qo wepdeth) d d3d t
COMtej Hj dzj dedf B[ .6 DEOEO®dMOdzgr B 5C 8 L O
Yyd dzj Mistss te BLOJMNAE tea) "R} g GlZTQ:

w(h) = 2—exp‘! - U (1.16)

GHE, TMtej Hdsj § L dzORL[ bl to iz, ; f 15 dzj theagtEeNs 7 fd
Isd Skhjid LazONTEJ S Qo dzOVY  dztsis detsls d
I 2 5 0OL Odzts,B " ldstic OEGHlEs 2 daBts y j Iskz te tisemds
2011 d BiEjHjdfHEOYGEDEGEOF &) 2 Hf b Oty
Mowy@MmMistslsdetse s toj MzteMO, oL Odddes? ME St
[ jHdzjdzdzr | LOBJteOdzdY HsMlsOlBydzts Ists
L @zts2B, 6§:

_ 1 £ (y- y)°H
W(y)—\/z—psyexp% 552 ;{;

(1.17)
y
GHY=20gUg, i Isj Ckh d2 Ettse Jidhte jirddejdio dzodz0 u j
fNd e z®dzBicj Hdzj C o OHEOId Yl @S B) Bl oztzdz] filgd g
| dzz B df §lz®dz] dz@etZH tc@®Ez( P ts ) PO B tsdzj § .
dbkzh jMmMse jdedes ] o dzdw dzdj dzO C Oy mMlsots |
SftcjHJdv joOBtSdR ydmdj, d L OGLlkyj dedetsfy
Hd Of OL sdz® Y Ofls WS te df tdssDSOdE] Wi ofts fiissBte OB S IS
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1tod dzj Csejtoj dalsdetsds ftedjdsy o GOkt
eOL dzd yj dedv Ho k7 tsiolstsd itz ez B O/ d § 609 dzt
P.» =053 exp{- h?/2}, (1.18)
GHRi1t CodoOdzj dzlsdets] L dzgOyd dedd [ d7z.
Il sdiBjnd, mszfoOoshdj dO orntH ftodj dsdz
sfdMmr a0j BBz dzstedzsOdz! dzr d3 L OF s dats d3:
h? =E/N=E/(Ny+N, +N, ), (1.19)
G HNo, Ny, N, T L dzO Y fndzd ¢ st dzts dedatstifisdzts ls W dzlz € s
fsd3j n, ftjHdOBjtejdder » fsdsin d oL Od dzdz

[ Mdzd tGOfr]fndSGIStGdSOlSJ f 5@ ~gsH @S 103 dI

1 MlE ) 20'
h——£+F3T Ng— %+ ;T ano ., (1.20)

GHE T4 dzgjtecdw d3jh Os hFJlGu‘tstsd:ﬂ’gqur;ﬂijL@ﬁDhalsislstlSG
Hdzd Isj dz' detsfyls' 1 dayg -d3ji delsd@n dAsd clfdisaiklzChn 1o [ €520 dg

o lsySj fdj BOjdtsddiohs Hhjj2dns ofigdc dz0 &zO .
VyqlsT o OFST=mkBdY jlsMY BOO®B?2 (Hdzyd@&de@

dcd@easg o' ©0O0) dafft6j €A LOLEjIsMw € odHb:

o M-1 ~
= h2/%+ 4120 (1.22)
¢ = -
15 2 s O Oz 3sseo d f sdid -

rdzv s JEeDEeS O dzO dets ] 73 tg j, H dztdEaRA] Is d
BEsHj d Eud i SekPEMOMEG | Hisls sy dedes @ 5,
Wz C szOydsdzzsets R OBOCIS | 80O

2(t) = s(t, A(t), T, | ) + Ny fll o) *hy et ) +hy @ +x),  (1.2)
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LH ] BEA® M. I)- MdedOd, fsh jnh 4O- dacBjdussjo
f O O®Ry Istc MNd-cogAdEAS e’ f j toj 3j dedz’ = 1 O € @dgd
LOoadMmwhdj Gl e ddshlsj?2 W stddtss Oda

[SHj dz2) (HsfBlsOltydss ftsdds SO0LOSl,td
COHdBS 0dOdzOR 1 tag, 2R disofiftalj H Bl j dedz |
hyoft |- d & zdz fder § 0 izds (RZ) 0,5- 0L
Wz C bk Oyddzdz § MR (Aaz) X).ftjHZOB

1 CdzOH C O HB2 dLh (B s lc@ diasy daPy j dz d
YOMmistslsdy &3 HJOf OL sdzsd3. | dzOyj dzedj BEdB O
e dzOdzO L Op diP lso jl usdeQ Hj dzv jIsfw o d H
oz YO dzr | dL dzz yj dzg @ d iy lsdnjteSeiatm{cBdz't T B f
nOtOSCjtedL Zhjsml), vzS Bt j ) sBh j o3
LSt sdzsmdzr &3 dL dzlzyj dzd w o&q .

Il (21.Rz ftejHMlsOoadvsls tojcdlzdvtds j dd
sfdzj Hise Olsj dz* dgtsMisd, M) hdtof By § St
tdjddey 7 kOCktss, f(slbktsdz HEY s§dMoc
OLdtekzs h Owmw dz20 §fdmOddd tjocydd § i
SLHj2Misodw, Hdhdlbjd dshs! C(sbtter a &)
ted &3 dzad MmN j flsedss om0 dfdes i Jfidnit-ots

ot =t

o)

o o

h(t) =hy ) + W1l oDy b (123
GHML,, | .,7 ©jChtter fjtojdsjdedzr 7 §OtcOBj stetse
[tSHj k23 (PHjCoOkdts sYdMmredjls Az d
Wzlz C Is 2 Oy d s dzdz’ s ddslz @z B toj w! . ) ted 4

Mlsjfjdd Mddy0slk ftsfkmSdks Mfshses dsh
L dzstesf g ftod L OHOdzdzs? Mtcj Hdzj 2 Bsh dasfy
TOLOCIjtedL s kMY M jClkcOd ds?2 f dsls ds ik
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¢ 2O dzd L =G @iz " 29 O J Is, Yylsts BBdz M d dzimls
) tcd Odz! dz' - C OdzO dizO n qd&3j e ls d&3i mMss d dz
dBdasts dzlz y j o sMiIs35¢ 36])(,t fdctgw o dgiw h do oqdHJ L
ddzj HS9 Ols jJ dz' dzts, s H j dz 9 nSHdGSGE 5 9 SL H
MemisOd&dzw ¢ iz ydlilsr 9 O h ¥ dBdtsectsdzEyjesr 2 R0
hdiseo . 1 i lssdzz § toj H dzOG Og 2. [dZ HAJJddzS, s dE

z(t) =% Ky ;. (- t)+h(t), (1.29)

CHKyr SBLUWdydjdes (jtejnoud d&zd sy dz
MsmisOo dzv s M §8); 1M d dz@dzd dzO L ®N j fipts ) Igf O st &
-OHHdIkdo &ZOY MiMisOodwe h Ow hpkses d § sd3j

4 ZyjfegadzOdij tcj dedzr = f sd3j = OHHJIsd 9 dzts
o (1. AOSSC sdzyOlsj dz desj o' o] dzf HAGiEH | Is

Z(t) :aN_ Ky j8(t- ) +h(t) +x(), (1.25)

Adedud MSd2  dseSpdz Istssdgel) cdagfiit ige By § © s Mls 6 C
9 SCOdzQdpjOLtflAd ydzr a3 f Zlsw i3 OO &®y Hisdg o Is
L Olskzr Odzd § , ~OwOCIsjtedL z2j &5 K ;§ 51 YW diggf
LG HM 9 Qdzd Nd® ontH] Htodj Bdese s IstcOCISO
fndedodss, fdhjnhdrn ¢h)dec Q)i §zisv d,
129 sld ud dzs, Kylseét;w g dzeyldmpy W EzdzC yd

[HEOSE, o Isjn MmizyDdv ks kEtsdHdls sdsEpd Isg
TOKLOCls] o, 2ddkEHjteeh illsfw ¢ o dHLE:

Z(t) =Ky ; % s(t- t) +h(t) + x(t). (1.26)
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Il 7 Oy {188 ] MftcOo j Hdzd o 5, ¢ tstgdziOL de@y B léo js
MtcOo dzj dzgd¥ M HAzdlsj dz? detsfmlss ¥ 1 dzj d&3j dzls O,
ddzls jteW jtojdzydd. ovydlsr a0V HJBBOSCBO ™ 2 1 (
COROEZz fsdBjn d hbdss, o HOM dj2hj s
fsCOLOIsjdzj &3 [ djzdedz dits fiftdsj Hifflgjustelz o3y M ©# A
ddzls jtcf toj Isdtctseo Ols! COC  BWYPE dh HB tc[OMmMmitc

lted Ay tOBBYOWY fodzcMmMO O0dzOdzdL © { to
fsilssdiid ftcd or MsC 2 ddzlsj dzm § 4 dzEAs 1) dizts 1030 ¢
CoPd BB zdz' Mdzr J] YdBRBI~d " By HOE IsMWw o { ts

l totso j Hj dzdz" 2 O dzO dzd L n Ol BOSCIsj tcO o fsL
fsLodzddz sftejHjddls: o COyJ Milse gs) di3ERe).( Hzc

VLEOLOdzdz | dBSHjdzd Lo dzvs s EZyj Mis!
Is ts dzd fipuaizj Bz dz' Istefdf 5zd & OlsPS dzj tc O, O OS¢y J
otsLHj2Mlsodw ¢BCtcOh jdzdzr mne hEdsse d kL
ftoj HdZOB] o] dzedztsets -~ OOCIS] 6O, Cslstste” j o
OHH(dIsd o dz@ ¥ Mminjsde( @ .z Elf@D), 749.

1.6 ¢deBizsstitsa’™ M jdedv ¢ sd3d ~ g PB Fi2d jdrfd2!
HjCOM®j stesos2 WOHdEMa W L
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tOHdsdzdddw S [fr. Skt MsOdssdlsmw toj Oc
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A dv.py - Dhdv.py (3.13.3) — O x
File Edit Format Run  Opticns Window Help
I. Ort nuUmpy as np

t matplotlib.pyplot as plt
t pandas az pd
from scipy.optimize import f£zolwve

EbM0 dB8 = np.linspace(-53, 25, 500)
EbNO linear = 10 ** (EbNO dB / 10)
Pe_ask = 0.5 * np.exp(-EbN0O_linear Fo4)

Pe askZ = 0.5 * np.exp(-2.8 * EbNO_ linear [ 4)
=f reguired eb nl(target_ber, multiplier=1.0}:
func = 1z dz gamma: 0.5 * np.exp(- (multiplier * gamma) S 4) - target ber
gamma = fzolve (func, 1) [0]
n gamma
target_bers = [0.1, 0.01, 0.001, 0.0001]
data = []
“or target_ber in target_bers:
gammal = required eb nl(target ber, muoltiplier=l)
gammaz = regquired eb nl (target ber, multiplier=2.8)
delta = (1 - gamma2 / gammal) * 100
data.append ({
'Oeneeans BER': target ber,
N0 OM-H (muuHe#Has)': round (gammal, 2},
WOM=0.1 (mMHelHaf) ': round (gammaz, 2),
': round (10 * np.loglO(gammal), 2},
M=0.1 (oE)': round(10 * np.logld(gammaz2), 2},
epHocTH (%) ': round(delta, 2)

df = pd.DataFrame (data)

print [("Tabmana: ™)

print (df)

gammal values [required eb nl (ber,
gammaz values [required eb nl (ber,
bers_log = np.logld(target bers)

for ber in target bers]
r ber in target bers]
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GHPO 8 BsHdW dydiese OdedzOw Wk dzC ydw 1 j iy
fstcW HIE ®;f Otc O A Is ts, Mstslse jIsMlsaze h d2 ¢t
ttOMmy ted H dzj ded v (%o B fta [ BOMY tef HJ dzd o
dMm¢d3" &3 L dzOyd dzd § B fif BicOiyedstc He@iy;tej HJ dz

[yd @fHtcj Hdzj cts L dgOyd dedw tsIsC dztsdzj dzed v
L dz0O y jted@fnin dz O Is te 420 j. Is My s GoH @ %y ts ytfj telakebzy j dzdzlz ©
BOCMd BOdz! detsets HftcOoHBY SHESB AW H dzw mhd e
Motslse J Isfiste & sd?j jdB) dzls Otedzr dz ff sfr dzZ¢"Od3  d3is o
sftejH] &2l fEIsjdg tojh jddy "O0LOCIsjtedL O

B OEJd3% | % T1h (2.12)
CoOLdBIsd 3Odz dztsj B t& jid deiddsi[jA2N[ts s Stets 6 15
1% AOB A% 8 (2.13)

1 HIBIN p,Qd desd3j te | dzj d3j dzls O Gadds ¥ ¢ 6 tzfy' dzD( ;¢
SlsC dzsdzy j sw Ol ¥l BWGHN O2h jets Yy dHC
tcOo datsfditsflo toj Yy dd&3y HeokmftLdydtsddes?2 [ A[ .
11 %Y

sO0Cdd3 sBOL sd3 dMmif szdzi 5O @dzy | ldz) izl ( |
oo9dHE oatL By dtshMisd tsyjdSd [z d Std3f Jc



65
l T otsHY B olttets?2 6 dzOo J

1. o ddzlsjL Mdc dodzse ¢ k2O shdtse j
Odz' sjtedzOIsdodg a3 twjh jdzdj ds Isjrmndetsdzseadw d3 ¥
lted 1 Istsd3 ftod dzs B ' n dL d3d de dzd W n d dzH §
BsHEzZVIsste)], BEEsdePdd HtHEEIsMw § smistsw dzd

2 . g ddzlsjL md e dzO dzts o [ ] n f sHOo d
CoOHtOIskztcdztsG s BsHEZEZYIststc O oL d3tsy J dz
BsHEzddlzrd@QdEd MJdEdRzOdzdIsd yj MSs®kBz odHE.
dzdy dzj 2 BtsCBott? ftdztsr o tojLbkzdz sdtelkzs
Mdzsy j dedw ddzd or" ydlsOdzedw Mmdda OL des?2 d ¢
BsHEZEZY IststcO.

3. 1 dzv MtsrteOdzj ded W dzj Mzl j dstsd3 ¢ fisdizd dzOd
Jets CoO0OHW©OIsktodzsdy M dyssialsjo, Is fizfs & g dzdzis of d3t
fnd dz2W OL dz" 2 COdzOdz HBsHf sdzded Isj dz! dzts HiSB Ot
mMtsf ewiysfdzgdz )] JdzS s Gl { Issdz otcj dgj dadzOW Mls
d Mdecdodao [[ dj Mish dE@ds Hatz] 0 dzd § &3 O dzO dzts
stscewplsts k2 foshdjrddsr ftod Mdjdzi MNdde sd
HntcOdzj dzgd j dzj M G jlsdzt®ed® hiEz B © tizd t3ts ) tlzts ) bzgl C
{ez d ¢l jdhoydd yombdsects Mmdjh jdadw.

4. 1 dzv EftcOo dzfzlizd & Bz € tsalalzp ®datkj'm o Mmda
o BkttOQodzjdzd] Jjets O0dzOdkzdlsdui MEsets Mmddlsy
Mmd e dzOtzts ezt 2 C dzO MMt {f figd ¢ o ) d ¢ dzO dzr s H
BsHEzdYydd M kftcOodzw j o3 d3 ktetseo dzj d3 dzj iz h

Seti WWdudjdls §tsol BEdpdy U g e ddFO Bd
tcj cdzdtolzj di3ss2 dzj mMizh j 2, ftcd L dzOyd dzdcf ¢
fNd ¢ O dzZONcig® 0 Uzis iz BBBBO o d Is

1 OzydzOw desodL dzO d Ijtstejlsdyj mMSOw L
o st tejydsdetsy j 20 RO | &3BH ¢ dafdfi=tn@ly d dgte Hesd
SHoMGS] semds?2 &sHEdY yd &y SHsiEctoa| dak dz



66

dzj Meh jets Cwdzj B Odzd Vv, Yylsts HOJjIs ofBL d@3gtsy
or MosetsHdoaN j2Mw o tjLizdz IsOlsj dL d3gj dzj C
fsor hjddw H &6 ) I4f thcod jj teizids MigfssB B fHjdef 8@ O dzO o s
fjtojtcOmMftej HY dzj dzdwv d3sh desfilsd, or" Mo tsBEBH
dzj Mizh jets Ctsdzj BOdzdwW, HdzW ftsor hjdzedw HIEH

1 tcOCIsdyd MEOW L dzOyd Qgts s ¢ dzts o f As dztiz@ [
L dzOy4d dad W ¢ 51 WalWrdhyjddedazls s & dziftess d d , Mtsmils O¢
ftedatsHWh j 2w dz2O dJdeW stedzdOydsdede” | MisMmis O¢
o J dzd yd dz f OtcOd3j IstcO® k4 tcOo dzj dzd ind & dzBlr@zj
fsLeotsdvehdj ftsorldydlisdz Hdgifiisitsio jugjdds fipzO 16

sO0CdRBOLEBUEOL tOBSISC O Mdce dzOdzts o SH dzts
Z{f tcOQo dz¥v j d&3" df3 totso dzj o3 dzj Mzh j 6 ts Ctsdzj B
HisMistse j tedzts fyls dn J felafdpfc:  wOHdsMeaw L d [T,
Oz ydzz® L OHOYkZ o OB OR f jtotsets dzOkzyc



67

170163 fruvlfruvitoélfriRre youvu [tupnwyt v
torrRI{J RLURE ] g by rRM &1 £ R rrsofrdt
rRoI o1 {160, VT REf daz el [ YRU? 11 3z¢
gl frltrfruvdevrro¥Yrtelf12zr1RE RIf[ B[
bt f1toffr1ds lresdst [tosfyrs Y.b o U UR
sfuvlt f Vit rRUJrwlswz 1 SOVv o) 001 { st
Yovu furg JAr 1V RIObectrryvf?2voudf 1 [EBIT
lrteroyr 1 sy RPOL ARR

g dztsy desmls! wstecOdzdL Oydd wOHdsMeaw L d o
sBEMmdizseo dzj dzO0 dr dodesMmW j e dz20 &3] tc O | PEOR Is {§ ¢
Gz sCdd3d LOBJLOdzdWw d3d MazzyO2 dzsets « Of
tcOmMmMydilsr 9 Ols! dZzO Mo tsj o tcj dgg @zdzets lo'd H If | &1
dzdL C 52 EkMmkts2ydesfisd ttOHdtdzddd?2, ddhft
stsdz ¢85 BHdZE t6OBBYERZE YOMIstslslz [ 102, 1023

vbydlsr o9 Ow ZC OL Odzdz" | sBMisswlIsj dz Mmls:
tOMYf tesMisteOdzj ded § § sdzzyd dz, t6j 3 d &3 Og@M I tsfl
sy dgz OB BYJ 2 YoOfmlstslsr o Mdzzyoj Mmdady j
Stec Odzd L Oydw s @C O Ods jdgE BPtcj HY SEZOG O] |
Mz y j Bdetsets € OdzCEdBDY j Misvats Ay s g &35L yls ts
sBiMfjudls: ftod Jdqoodtsifiij te@rs dfsts @fddfiac s ls to C

[ tlzc 52 Odz! sj tedzOIsd o 52 o dqHdIlsmw i tod c
fJtoj Mtcs2C 2 tOBtSYJ?2 yYyombsisr [ 81, 83,
Mslsseots?2 MewLd H&ZYW BBEK! BT N ddetse sdzkz y
EmMzso W R Lkt Oded L dde.ts 9 O dzdds?0 dzeg P g ls @ MG S |
i sdzlz yd dzO Fezafiensy®idpgpigpdlode[105, 106].

ddzj HZjIs f sdzd d3OIs -H, d OUlsGa. tsjdhj dzdlf tsedztsidvs j o
tej ) O sc tc Odfdidiagi2Mistes?2 € d ORS¢ Oy
CtcOIsC st d3j dedets M is dd tad@® tCIs@ 3 HGSRPH dofsLdzd gl s
84] , Yylsts dmédzs yojls dzj sprtsHdhsMmisd dn
Mzsy dets tOMMydlsr 9 Ols O or MGz me st
I sl sz (WY jSCIsdodetsy df sdz L tso Odzd § Is (



68

ZO dzd s distsey desisd S dzlstesdzv fted e sH dzsmis d
f4td (062 < d

ldigifmlsy M Isjds tceOHdydtsdzdz" 2 ff SHA SH
ftcjHOo Otcdlsj dz' desd3 L tsdzgH Jtetso Odzdd o ' B tc O dzdat
sts@ s, Yylsts o IsEIOdBEBBdS,] SCBEwBETOdZ H dzW
fticdetsHd d3. 1 Si stz Gz wWORGCOEBSBY  J dggf b
ftoj Hd&ZOGOjIsmw dMftsd L s9 Ols! diBjIssH ftesOC
syd dz Iz ftedesH dzsmisd tcOB sYdn Yyofmls sb
dzj f sftej HMise j dedetsets ftod d3j dgj dedw Hdzv f j toj

3.1 ¢d@dgdzactyod3sj dzd, L OlstcOydo O] d3tscts d
ftcd tjOdzdL Oydd IstcOH d | detisdzdetOdizizdzte 3 4 df dfQc
cOBtsYj 2?2 aOMmksisylE d ddddwe tOHdtMewL d H

[ 2vdzOyOdzO yj dzj MstsBtcOL des tOMmd3tsistej |
ey N dBO BifHdejdadsteds 2 ¢ d OB ey 2 ¥ HOME IS
otcj i3] dedeth@tc ML OlstcOYJo Oj diisets dzO®  jtoj H Oyl
ZOdzd ydw dzj ftedetsHdz = € OdzOdztso .

t 4§ Odzd L Oy iy tots g iePagtizdzts 2  j toj Miste®2 G |
COC ftcOo d dzts, seteOdzd Y4 dz0 MEtstesMmis? & H
ddzj HisS9 Ols j dz' dets, HtosHtsd) dlsj dz? desfls:  ff j te,
ftejor hOjls 20 a3 . Clsd sMse § dzdetsmis d
dqsdesmW jtocdetsets € OdzOdzO, Eidzse dw &3 tcOMmY |
tej Ctsdgj dzH Oydw ddd Hdzv MisOdzH Otels O € BteMllsC ts
STDB( fls OdgLeSEIBs f toj Hj dz¥ jIs EZded W d yd tetseo O dzde
3¢t Ytsltsdj ddy HAIv BEPEYE Q&R i3d Cdslss
BsH jtedzdL Oyd ML-STDAO dai®Odejsj© d L o j M isidéEtenmticS C
Link EstablishmenfALE) [107].

¢ dzO0dzd L sBh jHsMIsEzY dzr fSHRBHBO ¢
ftosctcORBARs? §jttjNMbktsI66DL @B®@B taylkd | @e



69

1024 yYOfmlstsls Hd&Y OB’ [ 95], 4740
ftoj dd3zh j Milse j dzgdes d Mif-s0z OB s Yy d & tc '€ ©0UD dzB
EOHdBMisOdzydy s MABGd GO SilsOezyd d -166tcJ |
6 OH d tsfls Odzy dfde )¢ ¢[d3l As&{]fn.Is

l dgsjtej MOR HOM dzj 2h jets fteso jHJddW O
o Ml jlsMmlsoedd M [ 95], M dzOMdzets € sist
mMdBosdzr dgr » Mt jdzd2 M M sdz L 5o Oded J ¢
ted N d dBletsPteOBBds?2  § J tod MiplctHPES P Hadadssfifdsy j¥2
12 oL odz » YOMmlstslsOn .

UEHO B MYl dij dzd , L OltcOydo Oj d3" 2 dal
Eyjlstsds antsyHjddw o MddemtetsdzdL Oyde, Mmish

Us= ¥ T 4 (3.1)

GHUhd o tloj dBW 2O o9~y HJdzdd © Md dzn tcisqdic LicQ izl
&ZzO fjtejHOYk Mddo sdzt dz" » MstsB M j dzd 2 .

[ Odzj J BEZHJB fsdZOGOIs!, ybkts 9 [t4a MmJ
o i Mffdgc HOodrdzdes2 f J toj Mis tc thIC BT SEEBHEHDS ViFR
vig mMls: otcj Y HtyB" 90dzedV 2O t£1BHFR B2 dslpizB

r sfemlsddz, yYlsts Hdzdlsj dzt desfls: COC Isj M
Mseo f OHOJ s Mty tefy SipesfetsiP B 8202 @ By, 1NV sy . @

1 sdzOc Ow, ylsts ffted EMid@dztes dzjj diaf g Isfipdf dz-
COdzOdzts 9 0 ¢ dzls tets dz smkh j Mlse dzw j sfyw ¢
Isj Mstsotsets B dzcC O, Ists or Hj dzWw j a3 Mo = R2J. j
otcj 3W, daj sBRatsHdBsS] HdvW MddrtesdedL Oydd,

Un=Uol g =121 20= 240 dsfy.

USEHO HAzv tsBl jdBO § jttjHO9 O d3tscUs=3&PJ d
BdztsC tso ,to jipEEffifdsj dzd, Mtse &zOMmdzes W istediZlzdzy (
vs,= W 3Dt U B 12=203320+20 86,6M.

1l sz yJ dedztsy otej dzv MmMstslse jlsMmisakzjls kMo
COC fjdtr etsdzd L Oydd, 1OSC d ,mwdzw ki) @ jou @ tsdf



70

tcOB tslsT . J fmMdzlz y O J JmMdzd COyjMmsats € Oda
mMetslse jlsMisolkzjls Istcj Btso Odzd Vv o3, Ists f slsj tow
Yyofmstsilsj, HtdydO B! fijttjHORO ftolststec

roxd Jmdzd wsfizmsdls:, ybs o §0O0yj Mk
Cbtster §j edftsbibduimséd Mudbojbhvw ftde
Mi OdzM O Mew L d) dMftsdy L ke sy 1 2{§ € ©ckADEaR
fjtojMtes?2 C 2 tO®BFf PUHMPMIstBd dets d3j tedz” 2
Yyofmstsis.

UBGHO tsBh jj ot dgv, LOIstcOydo O dztsj ¢
ntslsw BT SHA?2 slg@fgss Il zOH" 9 OlIs! Mw dL 9o
fdtiHOyulz dMmntsHdAS?2 od dgtststsdzQlpdnds o d d  frilzdi, s
LOttOYydo O] ise s dz0O tsBOIsdzzE f jtoj HOYE
shdeBCOdd (BEZHjd& § B5dzOGOIs! | ylsts dzj f J to
¢ sdey Odad mMd Odzm©® Mo w L d i BUssd O dzO dzDtd3]
dzj sBrBHB@Sets Hdzw ftsolttcdesZ B s Bs8OYJ
sh d B SR

Uy = W T T 1 (3.3)

10kRjIsdds, Ykt WsteddO §sdzyj &0 BjL
Hdzw o RSy HJ didive jonlsigioREd ©0BBYj 2 YOMksls
I dlstscj , o divdzV ldnslzthds s & oD dsd3gizts 2 d 4 Q@ eetg nd
YoMy sdz L zj smN: =BPEBRgsfla, It dzj § tedc
YOMmssldsects $O0dOdkO ftod bfjdss dd ©Oo dasds.
ssikz, vyt 10 BdsSse BEkuEl iy Onsd
M dnesddL Oydd dmMSsds] otj &Y Mmoo dls:

Uy= &+, + yl2 200 3260 20)3 (10 <20)
=6640 +200 6840 6,8# .

J ud 9 dH dzts, Yylsts o t©OMyd sdesdzs Mz yoO 4



71
otej gjdzd dz2O 3%, M Eyjltsd otej d3j dzd dzj tsB n
o d@BIesifcOBRdts? PR sYOHEIS’

1 sdzzyj deder 2 tojLlzdz sOI oL 3ty j dz Istsdz!
des 3 dzOdz dzj f ted e sH degs?2 YyOMmlssilsr, d tdzO B
J ftoslsdo detsdz fMdzz yOj , yofmls! dde stc 3Oy d
dzi f tcd e sH dzs@C ywPMmMsksis jls e ftcddwsO § s9lsst

[ dzw dzj Hisf 20 j dzd W sO¢C 52 mMdlszOydd (
SBWLOIsjd des fftesotsHdIs! Mw € sdzls to ts dz ftod
dL o j Misdz = Odze sted Is &3O R sdz ftoseatsHJIsmw
ddzW stedsOydd, O Tfg®dIsOF dz§ 5 dals totts fav iz dg'te O dzf dzd
Mis stets dzlz .

lted bOCBd HY ) j didel fpusQedsizj dzds ) o
o j dzd ydlsmw dzO otcj d3W HEsS sdzdzed Isj dz! detsets €
fif d 6d Mstes2 S d tw@eEUd 2dzQ Odnis Jsdg™ | dej tHtOd At
COdzOulz@®® f jtoj HOB N EE MisciegtizhisOd dEj L zdz' |

Uy = & T Uyt Ut Ut U 7

. 3.4
U, Dt U B NP DN 3H:+)Ni|\|n D# (34)

GHNWi S sdzd yd Msots dzj ftedesHdzr =« S OROdzse (
fjtejHOBIsMw Bhsitsdz tcOodzr d@3 otej d&3j dzd ¢ to
fjtej MbBOBEYJ 2 ) NOGsBEY] Misots ftedetsH dzr n

USGHO, MiGglsQ@QW , HGdy s tc @fitshn dgikztadoov O Jif dstsiziz -

UX: L% +CQ—|tstj+ QSBtG+ Udzﬁ+ UHis:lj

“U, Dt ¥ DF N+ DSN, +D 3N+ tD
0 ] (3.5)
=U, Y M N WNn) Dt 3 =

F

=(12 320 82 H 16) 28 7,5c



72

usC ZOMdzts f tsdziz yj dadzlz a3j tzd U ¢ N OB B dzj |
slsdetsh jdzgde G5 otej d3dd dzd, L OltcOydo 0 d3tmi3z
v OMMdOkicd o O BsE s O dzctdsjidpBidtatidts j 16
SftcOoHOdS, §sMitd Ck dmMCds yojl §solstt
9 HOM dgj2h jdB [H&OSE M) ko j ddyj ded j o
Ctsdzd UjMlso O  steOy j dedz’ 7y Qdnylshidsiz sjtds] BLEZAE@BY
v0¢, ftod Iss@Izdejin CBOEUIH 15 dzj ftcd ¢ tsSH dz
otjdBY HB 10,18 MjS. (obLEOMSOd]] dO -
sBhjj ottjdk oGLELOMISjl HEs 14,1 MjiS. (¢
I " Oy jdedj (3.4) rLCOwOCkjtdLijl B
ftoesdLodz dz | dMrBSHAZ J HOdzdz" j, 9o Ctslstst
(Hsf sdzded Isj dz' dzzs ) f jtej HOYkE sy jls BT Is!

U

UH‘Sq: N

NDX , (3.6)

CHNh i CSsdzdyjMisots dzj ftedetsHdr 7 yYOfmssls.

UEEBON Y Miztclp SB SsHd A 2 H&Y §jtcjH O
otcj BB dzd, (T GlstcOyYJ dzgdescts dzO o' Wo dzj dzd j dz.
dL 9" Oy jddw (3.5)

a 1+U 20
Uy=a2 |y +U N, #gl— l:Ith- (3.7)
C N g -

AstedBzdzO (3.7), o tBgEEuyflsotsistd@is 5
Jt1a HAV tj OzdhOfidcPREdO? § jte] Mistets?
dzj sBAtSHd®REZS Hov §jttjHOoyd ddW sttdoyd s da
dzj f cdesH dz" d3 ¢ OdzO dzO 3.

sdzj HEjIs BSlBjisdls!, ybkt Ysttkzdkzd @AB.,7
dmMfsdz’ Lizj &3 § Hdzw MddemtetsdedL Oydd, ofjcr

[Bhd2 ftHotH € tjOddLOoydd §tojHY tsdzO
N ftesctcOB3Rdets? e MsicsBI &N £6O0p BEHG B 9«
d OMM&Oltede Oj ddsets ) L dyd2d fistc CBH.qly d t



73

B sC st M- dzsC fd dn totsdzd L
i '_detsg s M 5 wsc d d¥sied

SR ik D= At Tt ety il RS- ullstel il e Rt el el
O TR (T SuL 1y BN
| |
-———:————:———-:——--i--—-:—--%l'l-l----l ———'r———'r——-'r---:-%-“l/;
| | |
SRR 7 D S S S S
| 1 | |
O L T II____:____:__SSl'____:____IL___:__1_2_:___JI.___:
L | | | ;
f12:____:_§u$_,5’,_:___%---:____:____:____i____:.___:____:_gui_llil___:
R e B ST EL DTSR PR
| | | |
R ) Jh I
i' : 1 1 1 : 1 | | [ ] I | :t
i | 1 1 1 1 1 1 1 1 ’
to: Dt :tl t, Iy Iy

it dMzdzBC e dzlydtf IstceOHdydBdadets?2 ff j teffH Oyc
ftostcOBREE2 §jtoj Mstes?2Cs?2 OB

10 tedfm. 3.1 (toj-afglh @y dege@® | Qxfyig S s figls
fonf's T HO j dZOH Yy OIs: Yyofmlstsilsdz 7 ftsL dyd?2

sBd MY J uj dedv Mddemtetsdzd L Oydd d Spis BASLC
Mddemtetsded L Oydd, Tyt e 'dlzHdetS dgi tc;

'y v f%, T stedH YOI Hoj YOfmbktlsdy °n st
74 eidH @izl ste BOYdid Ptctegy@ddess?2 ¢ jtej Mises!
LH S BdzsS ddeW stedsOyd d,i das i3t dedzdf 35 of dzHo v ¢ f§
Jddz stedBOYydtsdede’ 7 BdsStse, o Itsd ydmdi J
Sy M fotVHOCSOr B3 desd3j tetsd3 3 ;

stcd H YyOls! SH,o CF BECI0] e L 28 P drn o te] d3j dac
Cohtstetsets tsyjddoOjlsfw COyjfsofy § O®ROWOE
fjtejMtets2Cts2 tHOBYJ 2 YOMtsis'

ddz¥ st 3Oy dtsdedz” 2 B dztsC, Fyteut] dzw Is rd2ts dsff) te tis



74

d dz% stc 30y d Ldzddy 2dztBdgste s 3 dzj f Bgf ¢ ©fH digts] GHED 9 OC
fjtcots?2 yYyoOmbktslsy MmMddemtetsdedL Oydd.
[IsdBiIsdd3, yYlsts dzO HOdzdzs?2 MlsOHdd dMmf
tcOB sisT Atslsw d weodzw jlkfmw cdfislsjilsdyd M¢d
tcj OdzdL z2j 3" 7 HtsdLotsHdIsjdzvdizd dzO ftwOC
SlstcO Oj Is g Migjciz@RsTLOYd o O j iz 2B =X Af | dicdpint
e M dz] f esctcORBBds?2 § jtoj Mistgs 28 R M detOsB ds*y;
dzj f ted ¢ SH dzr n COdzOdzts o . I d3j Misj M Isj
otej ) dmgtpiste M L Ol OYdo O BBSG s  diYP Yoty ©aiAd ©
fjteMistets? C 52 tcOBSQ &d Wwdfids sisfidzso v 7, t
gLBr ssydesmisd, vyt ESOL" 90jls dzO o tsL dq3tsy
gL d3j daj dedw ftesyjHlzte Ctsdalstetsdzy MisMmilstsWw dzd v

3.7 jkbHT SCtdstsdy ¢ Oyj fisj D dingdidassida
dzts 2 g Gds? s OB soy R4 I9'OHN Isytsflsy

J dZOMmilstsw h j j otej 3w d&O JtOCIsd¢Cj tc j
Of cdstedz” 2, Of sfmisjtcdtedsr 2 d HtetsOCIsd o dz

J Msslse jlsMisoadd M Oftedtteds d3 € sdzlstot
syjdzdoe Ojlsfimw HE dal f sMtej H Mis asjOdedz®? Istd i tc J€
tcj OdzdL 59 Odz o #WEBH JsMisOdzydw - {

b smisj tod Stcdzr 2 34 Is s H ¢ ts dzls to ts dzw ts )
Mo jteh doh dn Mmw s jtcOyd?. 1 Of tod d3j 81 6 89 ¢
MisOdzH AEEIYOS: toj L zZdz sOISOd3 ftedj B3O Hj dzOj Isf
tc@BYydnrn COdZOdzts® L OHOdzdzr o3 Istcj B 59 ALEEOE Y (j
ftoddzj dzvsIs d ftesyjHkzter ftojHOOtedlsj dz' datsc

[HEZOCt o toOfMMdksOIstcdes O &3ds?2 MdlskzOydd
ftocddgj dzgj dedj Bj stsHtse §tesOC Isd dndzts dsts sQets dis(t
COyjmMseo O ftedetsHdesMisd tOBtsYydrs YOMilstsls {
fMewrLd f) §sfmdjHEs " j2 slBteOCtalts?2 ¢ Od
Istcj B 59 Odzd W 3. {Bhd2 fteddydyf tj OdzdL Oy



75

tOMSter s dz® tedfm. 3. 2.

'-detsQ hh M-8 dsC fddl ot dad L
'-detsg cs M B dsC ddzt sted

""" L iniil sl il sl trov s Bontcero B A St Bl milts
32 | I I | [ [
5 Siagoign !\ SieSel 11
' Y J’ X I I I J
A __|____|___.|___.|.__
I 3ﬁ [ [ [ :
de 0O __a1___pL__
I I ' Q3 I I
1 ) | 1 1 I g I I
ﬂlt ) s Tl P~ T~ 77" ""% @ ‘1“‘7"';"1
12) S AT BN B ¢ ¢ - do__d___ A __ M ___1___v__
ffr]: I | I [ | T
oy a1
1 [ I 1 1 | 1
fl oy by v o ]
- 1 1 i i 1 I 1t
I [ [ 1 I I I
1 1 1 1 |’

Pdett$ B8 d2 fwwddeydti tj OdzdL Oydd dLoejm
stesdzv  f tod ¢ 5 H dzts fifis df € OAOSEdz® 2  tolfj ) tef joF
YoMl tsis:

AdLdyj mMS kzs mizh dztsmls ftosyjHlzte dL o,
ftosOCIsd oditsstetisdzy C sff tcd e s H dzsisd fif O z@ ks &5 OcC
fjtoj Mtos2C 2 tOOB@BBs@dIsgIsY sL dyd2 &
fted BB 60O.

l sfdzg sBd MY Jdudddw MddemtesdedL Oydd
stcc Odzd L s Odzdz" - Odz0dzts e  Yydets IstcOH d Yy d s dac
COY H 52 dL 32 tOBBYd~n yomlstsfyg, f tf 5t tsaxe
fjtoj Mtots2 € 52 tc,0B tsipjz? J MIOddeGHEsls  j toj H O
BdzsCtso M fjtjHOsN j2 MmMttesde [ 1 .

lted {1 Issd3 M ftodj dddes?2 Msstetsde [t v &
O yYyofmistsils tsteF] jJdaksO odc jlsiFlszd oz S SEH O f jtoj
sjMlsseor 2 BdS x4 dO MddzjHkzsh j2 yoOMmist
o1 Hj dzj dgdz’ & g dAfvj tjj iy e tegO2 € 152



76

vOC, o Mttslejlsmisadd f GdfjicjBOLII 4§
d deV Stc B3Oy J 5 dB®O B UBMIsisls J| BB dets § b e jj WY
olststets? d dzW tstc 3@y hlsdzdy OB ispedeHS 0 1 Ists 3 i o
b, dz¥% ste BOY J ts ddgali?j tBjdetE: s tsBtcOlsdets, d Is
YOofMiFsls ¢ OL Odziw  dzj fted G tsH dz" of &y wlf tzbizts § 3@ )
] shdBSt2. (0OBGKO [tu dj Htej SO O]l
Jdztf steBOYydsdzdz' © BsStRe ® |isdgizks | sisfdj d
tve dz20 t©OBBYj2 UYOMbtslsj Y toddisdatocs 4G
ddeV sted3Oyd s @galy 2 B dzts €

) sz yj dzdzr j] tjLEd SO EZCOL ' o Gjlin@ded
o toj d3d dzd , dzd SsBrsHdBBSE dz2O (jtjHOYkzM d
flosGteOBRdzs?  j toj MistetsACAs 2 M) ugAss sty @ d3j ey h
f tots O Clssose R ts dzls to ts dzv .

3.2 [ibtH fecOCkkdodscts Ctdsttdy {1
OBGBYj 2 YOMolygs ot GEgdEd i tj Msts?2 ¢ ©2

) jwj2Hj B € twOmmEski] dds ©OL©OBSGS
fesOCkdodzscts SCdstesdy ftdcsHdshsd ©OE

3.2.1 [BhOv {(sfOdse S ®f &OEORGS lH®
Codzstesd fodesHdshisd € OdOdss

RMratsHdz d3d HOdzdzr 3d H d'f tctisOK s @ B HAS S ¢
or mMlskzf Ot Is:

-Hd Of OL sdz YyOflstsls, or Hj dzw j dfny 21 teitszytc Qe
fjtej Mse®BEEHI 2 ; YyOMmissisr

-sBl jJd&B fjtcjHOO] B3 »n MstsehM j ded 2 ;

-MetetsMmis! f jtoj Mistets2Cd ) tSHds?2 tc@B s
ftoesetcORBdzts?2 f jtoj Mistets2 C 52 twOBSYJ 2 YOk

-stcj B OdzdwY s Metsjotej d3j dedetsmisd  j to.



77

lted o' BBtej HdOf OL sdz0@ tc G Y d & 5 cy©AC
fjtoj Mstes2 C 52 tc @Ok X wWAMsasis] §sLdydc
orHjdw jd3sets Hdzw [tdw T[], Bselzls BT s
ttOBtsYyjcets MfdmMeO. Clts MoawL Odgs dgj Istsdz’ ¢
Mtej HMise , dzs d diipdesmis g edetes fyls 't o 1 CtSGH
Hef EmMsddisce s yYOfMmlsslsdzsets HJOY OL s5dzO ¢
cOBtsYy 2 YyoOmlstsisr .

J COydmMlsej HBYEMjA2 d dOSEZOHT 9 0OJ
B SASH 6 Hj dzdd3 fMdzj Hizs M ]

-otej BW Codzlstotsdzy  f tc § OHaOdzOM IoE] e @sedis)k;
otojBsjded HjtejHOYd MmMtsseh jdad?2 dz2O tOBSY
Msslse jlsmiso d dff s Mk tstexMdp ¢

- dzO0dzd yd J L Of Ofmdz n Yyomilstsis, sftcj HJ C
Hisdzy des ff L o sdzW Is+ ftesotsHdIs! dd fgo ® p alA
dzj f tced e sHdzesmisd € OdzO dzO;

- Muydb0J o, Ylsts ot B, Slso sH J Btsd
BsHEdY ydq/ Hj BsHEEY ydd, O OS] Hddv ¢
ftod j-Bize j O h 8 IstcOClsse, ftojdajBtejydls,

otej i3 ded OB SIS" WCWHY Syl fgés(ts(ls jdzO(i ip@eziEd M s
e ) difjf etsctcOBRBdes?2  jtoj Mistes2C 852 OB SYY

-MudbOoj & uswissdny sd! L 2j & j dzO W
fsd3j ntsEmMlss2 ydots] CtsHdtse Odzd j d ftesy.
OBMBdzé Isdzlz dzOHY y dzts s fjtejHOYd HJds
Bz Cut»C. d 3 s fteddgwilsr 2 M tshde 52
dzd s dztsIs d Yyofmlsslsdzsets € OdzOdzO, -C BH tsdajts
Csdzfistelz S ydd

3.2.2 [ Bsmdzs e Odzd J ts ) diticasd CAs d 9 dzOd 5
ftcdesHdzsMisd € Ode®dzts dc Oazdzdzis® d dgjj tof) Mistets2 Gt

I shdss | tOEkGeHEOats]sdsesd'S §tod



78

COdzOdztso off tjtoiedigO BZdzdzts 2 j toj Mistctf BUAMSY |
fteddydy, dMm¢ dzs yor h d2 dimyf sdz' L s9 Oded §
o' MsC ¢ OYd Mlse j dzgdetsc s ¢ OdzO0 dzO. Clsts BI W
LOHj2Mlsoakzsls MO OB R dsl dzlS O dzO@ tkc 1 O Ists )«
fdtejHOjbsw Exj 5 Mdjuizsh jiBkz OBBY
O dze s teff jsteizmiIstets2 € d t.OBBYJ 2 YOMmlsls’

1 toj Hdztsy J dzdzOW Cedzyj fydqvw fomlstetsj dzO
tcOBSIBHD4, 95, HFwgyjHEZztc’ OdzOdzdL © ftod ¢ sSH
ftoesdLotHWISMW dzj f sfytej H Mise j dadats fJtedH
sjMisdickzj &3 2 t©WOHdSO0dZOdZz dmMftsd LEzjlsmw
sfizh jMlsodzw jIsw § jtej HOYO ddaW sted3Oydd s

I mtsle jismisadd M o 1Yheifgg @ujr@isiaidds QY 'c
f toj H dzO cifdf] fiNEBEO

ClsOf 1. J LOodMmddsmisd s dhf sdz' L
Gjdzjtcdtolzj Ismw My dMmtsC tcOB tsydn YOMmls tsls
tcOMf esMistcOdzd dzgdW d f Sd3jinm BolER6 s B IsEOWSI t
tcOHdtSHOdzdzr 7 tdz HEtsf sdzdzd Isj dz' dets EIlstsydzy j
fcwodzjdgdvw dgjftedetsHdze » GOHIBC OdzOdzse , @

ClsOf 2 . R L My dM¢C O OH e Mdats 2 G to
fsfdzj Hiso Ols j dz' dzts 740) CPHBISROj I L L QO
fsd3j ntsEmMlsts2ydor @3 SCtsHEtSd IsjMmistser 2 B dzts¢
fls s tets dzj .

ClsOf 3. ltd]d@Bdds tsdzzyOjls HOdzdz j ,
Yd dztsfyls dats iy ls d, d Mdzd oMy o YowvHC],
fsdzsy dlsj dz dzgf s . € 9 €)z@ dzyn O dzdz" j slsmizlsmise
SlsftcOo dzv j s lsted yOIlsj dz# dzgOw C o dlsOdzydw .
sj¢Mssoasets BAzcECO fjtejHOjIsMw d2O Iss2
Msseh jdzdd. [BtOldOwY {§jtejHOUYUO MEMcHIL
fjtejHOsh OV MsstesdzOd M &zOjls Isj Misseor 2
OH tej Mdzts 2 ozt f r . [ o ZMiststesdada? S o |5 @dzn



79
fiesdLoHdlsmw fidjHse Olsj dz dets dz® o fj !
fsor h jddv koydshlsd )L bkdjkQls®ao s sl
ftetsdL otsHdIsfyw s MSttesfls: v, ZO ¢t
ddzt stedsOydtsdedz” § B dzs5C (.

10 fjtjHOsh j2 Mmstesdsy yjdde Ojlsw
GjLEzd EOOdE Od&Od&JLO ftedddkojlsihy dhkt
HOdz dzj Mifastezr L so Odzgd ™ IsjMisdtelzj dBsc ty fiyezd
CodlOdzyd®y ftedded BOj s § Sk POz e g ¢ s
HOdz! dzgj 2h jets Mj Odzm©O® Mo w L d, d mMdzd dzj 1
L 20y 98 gz0dz dzj HtedctsH | da

{udodrdsts, ybt H@zjdz'd BfpaEgd-d™W Af Jfipd H
sBtcOlsdzs?2 CodlsOdzydd ctstcOLHtS dgOH J Yy dg] § G
mMetseh jddwy, LO Mydl &ijd hjets tsBi j BO H
Mdzj Hinlsodj oL sy dsmisd jJi SBHJtse OdsdW
CsHEBEM®R, LdOydlsjd ds ftejo' hOshdd fsdjnt
[ S sdzded Is § dz' dzts, Codlsdtetso Odzd j fsL 8 5d
Bdesc sC cOIsdzgze ftsolststedzz  jtojHOYZ o Isj
Mstseh jlddlos s Mdzkzyoj B Mfi uds OO
ftedded BOE h j2 flsstsdg, KOS CO¢ o]ty
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T 1 dzv COYHGdedzr §LSC Bir@detsgy slsfyy Is ot dkd «
sls Hteze®. | Bh jd3 MdzEyoOj] HBzvW COYHBGETM
Bsyjls BT Is! tOL dzd ydaets?2 . Ty difef@jHABE 2dztdin.ls * y Qffiy
sftcjHjdvis: Mv HjtedHBd Wikds wsdsqd . ¢ t teltelgOx
fcOCIsdC] {1 IsO Hdzdlsj dz dztsfls L Ot Odzj J dzd
flsy d3 f sfslgitisdddatds o Odzd v H Odzdzts?2 yOfmlstsisr .
dzj sBrSHdd@sMIs: 8 o MM cstesMisdats? § j tej H
L OHOls! H dzdf Isizjs 'tcdpt®d® H REYERAOC &SI d3 H dzw
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bydlsr 9 Ow | Yls ts Hdzd Isj dz¢ dzts s ¢ d dzls §
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teiNddBd BYXJdHOdY Mazdh Ctsd3 HBMe .
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fjtej ntsH dL Mofisswddy » MeMisswdd] ,shE"
s mMild §©i H itz © J iR de@isd & O dzd

# Adaptive_system_as_Markov_chain.py - D:\Adaptive_system_as_Markov_chain.py (3.13.3) - o X  Adaptive_system_as_Markov_chain.py - Di\Adaptive_system_as_Markov_chain.py (3.13.3) - O X
File Edit Format Run Options Window Help File Edit Format Run Options Window Help
1 random ~ success = 0 ~
umpy np next_fregquence = 0
. typing t List steps_to_try frequence = [0]*num frequences
matplotlib.pyplot == plt i ge (simulations_steps) :
TwoStateMarkovChain: current_frequence = next_frequence
__init_ (self, p 01: float, p 10: float, initial state: = 0) if (chains[current_frequence] [i] 0):
self.p 01 success = success+l
self.p_00 se:
self.p_10 = p_10 steps to_try frequence[current frequence] = steps_to return frequenc
self.p 11 =1 - p 10 next_frequence = (current frequence + 1) % num frequences
self.current state = initial state if (steps_to_try frequence[next_freguence] != 0):
© transition(self) -> i for i e(l, num frequences):
if self.current state try frequence = (next_frequence+i) % num frequences
self.current_state = random.random() < self.p 01 =lse 0 if (steps_to_try frequence[try frequence] == 0):
E next_frequence = try frequence
self.current_state = random.random{) < self.p 10 else 1 <
n self.current_state freq in range (num_frequences) :
get_current_state (self) -> inc: if (steps_to_try_frequence[freq] > 0):
re self.current_state steps_to_try frequence[freg] = steps to_try frequence[freg] - 1
simulate (self, steps £} -> List[ s success / simulations_steps
sequence = [] d=f simulate(N_freq, simulations_steps, steps_to_return, p 01, p 10):
for _ in range(steps): N = N_freg
sequence.append (self.transition()) system = MarkovSystem(
return sequence N,
MarkovSystem: p 01,
__init__ (self, n chains: , p_01: float, p 10: float, initial states: p 10,
self.n_chains = n_chains random.choices ([0,1], k=N)
self.chains = [] )
initial states is No simulation = system.simulate_all(simulations scteps)
initial states = [0] * n _chains a = not_adaptive system(simulations_steps, simulation)
len(initial states) n_chains: steps_to_return frequence = sSteps_to_return
r 3 b = adaptive system(simulations_steps, simulation, steps_to_return_freguence
i return (a, b)
hains.append ( def draw(x, v1l, v2, name):
TwoStateMarkovChain(p_0l, p_l0, initial states[i]) numpy == np
) plc.figure (figsize=(8, 6))
f transition_all(self) -> List[int]: plt.plot(x, yl, label= , linestyle='--', 1i
2 [chain.transition () chain in self.chains] plt.plot(x, y2, label=' ', linewidth=2)
get_current_states(self) -> List[int]: plt.title (name)
re [chain.get_current state() for chain in self.chains] plt.ylabel('E
plt.xlabel('s
© simulate_all(self, steps: int) List[List[int]]: plt.grid(T
[chain.simulate (Steps) chain in self.chains] plt.legend()
def count_states(self) -> dict: plt.show()
states = self.get current_states() if _name  — "
P t N = 30
. states.count(0), simulations_steps = 100000
'sta states.count (1) result_adaptive = []
! result_notadaptive = []
def not_adaptive_system(simulations steps, chains): steps_to_return fregquence = 10
num frequences = len(chains) p_01=0.01
success = 0 Pp_l0_list=np.arange(0.001, 0.1, 0.001)
for i in range (simulations_steps): = p 10 p_l0_list:
current_frequence = i%num frequences a, b = simulate(N, simulations steps, steps to_return frequence, p 01, P
if (chains[current_frequence] [i] 0): result_adaptive.append (b)
success = success+l result_notadaptive.append(a)
success / simulations_steps name = on cTB YC 1 nepenaw 1 = LF"
f adaptive system(simulations_steps, chains, steps to_return frequence): draw(p_10_list, result notadaptive, result_adaptive, name)
num_frequences = len(chains) ~ i v
Ln:1 Cok0 Ln:1 CokD

{ d MEz3AZE R tc Oc B ABEZEE e d Is d3CPYtHRA  “ipdzdtdis ¢ 4
Mtcj H' tcOIDEOB IsC
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ftecsOClsdodzgsets Ctdzlstetsdzv, od mMtsSB®Yj fislds® J1f
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0.0 dzOdzdL fYtsdzbyj dedz" = L OadMmMddiisMmilsj 2 ¢t
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CMMBOA OCLI=13aB 000 001 002 003 010 011 012 013 020 021 022 023
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0100 102 4,59E-05| 7,84E-08| 6,70E-03] 4,59E-05| 3,14E-07| 5,37E-10] 4,59E-05] 3,14E-07] 3,14E-07] 5,37E-10| 4,59E-05] 3,14E-07
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1001 221 3,14E-07] 4,59E-05] 5,37E-10| 3,14E-07] 5,37E-10| 7,84E-08) 9,18E-13] 5,37E-10] 4,59E-05] 6,70E-03] 7,84E-08| 4,59E-05
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m( ¢ AKLUWOHEPHOE OBLLECTBO
LEHTPAJILHOE KOHCTPYKTOPCKOE
PYBWMH sioro mopckoi Textuky

AQ «ITKB MT «PyGum», yn. Mapata, 7. 90, . Canr-IletepBypr, 191119; Tenedon: +7 (812) 407-51-32, daxc: +7 (812) 764-37-49
aseKTpONHAs MowTa: neptun@ckb-rubin.r, www.ckb-rubin.ru, OKITO 07510551, OFPH 1089848051116, HIIH / KTITI 7838418751 / 907430001

YTBEPXJAIO

I'naBHEIl KOHCTPYXTOP TIO 32688

AKT

O BHEIPEHHH Pe3yILTATOB AUCCEPTANMOHAOIH paboTsr
Kernosz Kupunna Buurpuesuus na Temy «FIOBLINCHES CBOSBPEMEHHOCTH U BOCTOBEPHOCTH
nepexavn coodmennit B CeTsIX PANHOCEAZN NEKAMETPOBOIC JHANS30HAY
B OKP «Ilepexony, ermonusemoii AQ «IIKB MT «Py6um»

HayuHo-TeXHHECKas KOMUCCHS B COCTaBe Hauansuuka 8 ornensuus Tpasunosa B JL, 3a-
MeCTHTENA rnasHoro xouerpyxropa Jlososckoro C.B. cocTasnna HACTOAMEM aKT B TOM, ¥TO PE3y b
TATH] AACCRPTEIMOHHEON pabotel — «Ilospimene CBOSBPEMEHHOCTH ¥ BOCTOBEPHOCTH TIEpEaadn
coolinennii B CETIX PAAMOCEA3H NEKAMETPOBOIO AHamasoHay ncnonesosanbl B OKP «Ilepexom.
Crocob Hepeiayl MeCTHaINaTHIO3MIMOHHBIX CHUTHAJIOBE Ha OCHOBE OIHOMOIOCHOH MOIYNALIHH,
paspaboTanunii B AuccepTaivonHoil paGore Mermora K. I, mo3BOIMI NOIYHUTE YESIHMEHHS CBOE-
BPEMEHHOCTH Ha 7% 110 CPABHEHMIO CO CTIOCOBOM-NPOTOTHIIOM B KOPOTKOBONHOBOM KaHAIe CBA3H.

Hasranpraux otnenenns B . Tpasunos

« / %} HAPTS 2024 r.

C.B. JlosoBeruit

AP LR prre 2024T.

3amecTHTEND IIABHOTO KOHCTPYKTOPA
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VERI[rpURE 1.
wooacw @faS Sls[j tBEkeMSd2 csfhlH
Ndlsjl Ol teCtMBdUpMStes (&

ryan

MWHUCTEPCTBO HAYKH M BbICLLErO OEPA30BAHWA POCCUMCKOM SENEPALIWA
$hefepansHoe rocyapcTEEHHOE aBTOHOMHOE 06Pa3oBaTeNLHOE YUpexk/eHne BLICLIEro 06pasoBaHUs
«CAHKT-NETEPBYPICKWIA TOCYAAPCTBEHHbIA YHUBEPCUTET A3POKOCMUWUYECKOI0 NMPUBOPOCTPOEHUA»
(ryam)

yn. Boaswasn Mopekas, A. 67, nuT. A, Caukr-MetepGypr, 190000, Ten. (812) 710-6510, dhaxc (812) 494-7057,
E-mail: info@guap.ru; http://www.guap.ru, OTPH 1027810232680; MHH/KNM 7812003110/783801001
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Ha N2 or

AKT
0 BHEJIPEHHH Pe3y/bTaTOB AUCCEPTALHOHHOH paboThl
Xernosa Kupunna JImMurpuesuua
«IToBbIlIEHNE CBOEBPEMEHHOCTH U JOCTOBEPHOCTH Nepeiadl COOOIEeH
B CETAX PaJHOCBS3H JI€KaMeTPOBOro JHara3oHay,
IpeJCTaBleHHOH Ha COMCKaHHE y4EeHOH CTelneHH KaHauIaTa TeXHHIeCKHX
HayK MO crenuanbHocTH 2.2.15 — «CHcTeMBbl, CETH B yCTpoiicTBa

TENeKOMMYHHKALTHI
Komuccus B cocrase
Tpencenarens — JIUpeKTopa HHCTHTYTa paJMOTEXHUKH "
WH(QOKOMMYHHUKAI[HOHHBIX TEXHONOTHH, [JOKTOpa TEXHHYECKHX Hayk

Bectyruna A.P.

UneHOB KOMHUCCHUH:

Tropnukosa A.M. — 3aBeayromero kadeapsl Ne25, TOKTOpa TEXHUYECKUX HAYK
Munranesa A.H. — nouenra kadenpsr Ne25, kanauaara TeXHUUECKHX HayK

COCTABHJIA HACTOSIINM aKT O TOM, YTO Pe3yJBTAaT JHCCepPTalHOHHOM paGoTh!
XKernosa K.JI. «[loBbllleHHE CBOEGBPEMEHHOCTH H JOCTOBEPHOCTH IIEPENavn
cOOOIIeHHMET B CETAX PaIMOCBA3H JEKAMETPOBOIO AUANa30Ha»:

- MareMaTHYecKas MOJENb CHIHAJlOB OJIHONOJOCHON MOMYJALMH C
YIpaBlsSeMBIM ~YPOBHEM HeCyllero KoseOaHus, II03BOJIAOLIAS I[OBBICHTH
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JAOCTOBEPHOCTD IIPHEMA B CETAX PaIUOCBA3U JEKaMETPOBOTO JHalla30Ha B YCIOBUAX
BO3JICHCTBHS BHELIHUX H BHYTPEHHHX ITOMEX.

MCIIONB30BaH B yueOHOM mpoliecce NpH MOATOTOBKE OakalaBpoB 110
Hanpaenenno 11.03.02 «MHDOKOMMYHUKAIHOHHBIE TEXHOJOTMM M CHCTEMEI
CBSA3M» Cankr-Ilerep6yprexoro roCYJIapCTBEHHOTO YHUBEpCHTETA
a3POKOCMHYECKOro INpHOOpOCTpoeHUsT B aucuuiuiiHe «CeTH W CHCTEMEI
MOGHIIEHOM CBA3H»

JUpeKTop HHCTUTYTA paTHOTEXHUKH H
MH(bOKOMMYHUKAIIMOHHBIX TEXHOIOTHH, A.P. Bectyrun
IOKTOp TEXHUUYECKHUX HaYK, podeccop

3aBenyromui Kadenpsl No25,
JIOKTOp TEXHHYECKUX HayK, Mpodeccop A M. Tiopnukos

JIoLeHT Kadeaps! Ne25, FM )
KaHAKWAAT TEXHHYECKHX HayK, JOLEHT AL A.H. Munranes
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Wi 2 NPOEKTHO - KOHCTPYKTOPCKOE BIOPO

5 : D.UM. ITnorkuu
2 y! o3 2025

AKT

O BHeApEeHHH Pe3y/IbTATOB AMCCePTANHOHHOH paboThl
Kermosa Kupuia JImutpieBnda Ha TeMy «lloBbleHne CBOEBPEMEHHOCTH H
JIOCTOBEPHOCTH Mepe/iadi COOOIEHNH B CETSIX PagrOCBA3H AEKaMeTPOBOIO
nuanazonay B HAP «Konektusy, BemonageMeiii AO «Hesckoe I[TKB»

HayuHo-TexHWYecKass KOMHCCHS B COCTaBe TIJIABHOTO KOHCTPYKTOpa
A 3axaposa, HavYaJbHAKA oTzena PasHO3IEKTPOHHBIX CHCTEM
u cucteM Boopyxkenus A.H. Hekpacosa, ydeHOro cexperaps Hay4HO-TEXHHYECKOTO
copeta C.A. CoxkoioBa  COCTaBMI  HACTOSIIMHA akT ©  TOM,  4YTO
pe3ynbTaTel [HCCEPTAlHOHHOM paboThl - «lloBEIIEHHME CBOEBPEMEHHOCTH |
IOCTOBEPHOCTH Mepefadd COOOINCHMH B CeTAX pPaJHOCBA3H JIEKaMETPOBOIO
IoMamasoHa» ucnoib3oBanbl B HWP  «MccmemoBanme 00nMKa — KOMILIEKCa
TEXHHYECKHX CPEACTB W HMX DIEMEHTOB JKOJIOIMYECKOI0 MOHHMTOpPHHIA H
06CITy)KMBAHUS ATOMHBIX TIaBY4HX SHepPro61okoBy, mudp «KoamekTus».

MeTon opraHu3ailiyd pajMOCBS3H B peXHME IIPOrpaMMHOM IepecTpOMKON
paboueit YacCTOTEI c peanuzannein Ipouenyp MIPOAKTUBHOTO
KOHTpOJIsi, paspaboraHHblii B aucceprauuonHoid pabore K.JI.  Kernosa,
TTO3BOJIHT TIOBBICHTh CBOEBPEMEHHOCTh nepegadn JTAaHHBIX MeNLy

BS&HMO,IIBIZCTB}’IO IMyuMH MOPCKHMH pO60TOTCXI—IIfI‘-IeCKHMIII KOMIIJICKCaMHA
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He MeHee dYeM Ha 3% 3a cYeT OTCYTCTBHS HEOOXOIHMOCTH I[TOBTOPHOMH
CHHXPOHH3allUK B KOHIE ceaHca CBA3M, M M0 46% B YCIOBUSX MEIJIEHHBIX

3aMUpaHUN.

I'1aBHBIH KOHCTPYKTOP

A.M. 3axapos
&y
€L\ O g 20251,
HauaneHuk oTnena paguo3neKTPOHHBIX 7
CHCTEM M CHCTEM BOOPYKEHHUS
. Hexpacor

«Zﬁ » 05‘ 2025 r. e /

VYdeHsIH cekpeTaphb

Hay4YHO-TEXHHYECKOTO COBETA :
G&é@; C.A. Coxkomnos

«AP» 03 2025 r.
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