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IIpakTH4yeckoe 3ansitue Ne3

TEMA: «M3VUEHUE CBOI7IVCTB [ICEBJJOCJIYYAMHBIX
[IOCJIEJOBATEJIBHOCTEU. CUHTE3 T'EHEPATOPA M-
[TOCJIEJOBATEJIBHOCTW»

eab padoThI:

l. 3akpenuth TeOpeTHYECKHME 3HAHMS 1O  TeHepatopam M-
IIOCJIEJOBATEIILHOCTEM;

2. 3y4uTh METOJWKY W MOJYYUTh MPAKTUUECKUE HABBIKUA MO HCCIIEIOBA-
HHIO OCHOBHBIX CBONCTB M-110CJI€1I0BAaTEIbHOCTEM;

3. Hayuuthcs ¢dopmMupoBaTh CTPYKTYpHBIE CXEMBI TeHEepaTopoB M-
MOCJIEIOBATEIBLHOCTEM, TOCTPOCHHBIX HA OCHOBE PETHCTPOB CIBUTA.

4. I3y4nuTh TPUHLMUIIEI TOCTPOCHUS PAAUOTPUEMHBIX YCTPOUCTB ISl TIPHU-
ema IIIIC.

1. OcHOBHBIC IMOJIOKEHUS 10 TEXHUKE 0€30IMACHOCTH

B npubopax m ycTpoiicTBax, UCHOIB3YEMBIX B JIAOOPATOPHON YCTaHOBKE,
MMEIOTCSI BBICOKUE HAIPsDKEHUs, ONacHbIe NI Ku3HU. [103TOMY B mporiecce BBIMOJI-
HEHHS pabOThI CTYJEHTHI JODKHBI COOJIIO/IATh BBICOKYIO JUCHUIUIMHY HA 3aHITHH,
TOYHO, YE€TKO U CBOEBPEMECHHO BBITIONHATH BCe TPEOOBAHMUS MperoiaBareis u padboT-
HUKOB JIA0OpATOPHH.

Bo n3bexanue mopakeHus dJEKTPHUSCKUM TOKOM ITPH BBIMOJTHEHUH JIa00-
paToOpHOI PabOTHI 3aMpenaeTcs:

- CaMOCTOSTEIPHO BKJIIOYATh aIlaparypy;

- U3BJICKATh ¥ BCKPBIBATh OJIOKU JIAOOPATOPHBIX YCTAHOBOK M M3MEPHUTEIbHBIX
puOOPOB;

- 3aMCHATH NPEIOXPAHHUTEIM B OJIOKAX W HM3MEPHUTEIbHBIX MPHOOpax MpHU
BKJIFOUCHHOM anmnaparype;

- NMIPUKACATHCS PyKaMU WJIM KaKUMHU-JIMOO MpeaMeTraMu (OTBEPTKaMH, OTOJICH-
HBIMU KOHIIaMH MTPOBOJIOB | T.I1.) K 32KMMaM W THE37[aM JTa0OpaTOPHOM YCTaHOBKH U
U3MEPUTETHHBIX TPUOOPOB.

B ciydae mopakeHus 2JIEKTPUICCKUM TOKOM HeMeIJIEHHO:

- BBIKJIIOYHTH HAIPSDKEHUE CETH, OCBOOOIUTH MOCTPAIABIIETO OT TOKOHECY-
IIUX IIeTei, 00eCcTIeunB COOCTBEHHYIO O€30MaCHOCTH;
- JIOJIO’KUTH PYKOBOJUTEIIO 3aHATHI O CITyIHBIIICMCS;
- 0Ka3aTh MMOCTPAJAABIIEMY MEIUIIMHCKYIO TTOMOIIIb.

2. JKCITyaTallHOHHbIE BOIIPOCHI

1. Tlepen BkiItOYEHHEM NPUOOPOB HEOOXOJUMO MPOBECTH WX BHEIIHUN
OCMOTp M MOJArOTOBKY K paboTe, 00paThB BHUMAHUE HA HAIMYUE UX 3a3€MIICHHUS.
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2. Ilpu mpoBeneHUU HCCIEAOBAHUN HEOOXOAMMO COOMIOAATH MOCIEAO0Ba-
TEIbHOCTH BBIITOJIHEHUS ONEpalliii, YKa3aHHBIX B HACTOSILEM PYKOBOJCTBE.

3. KpaTkue cBeeHusi U3 TeOPUHU
3.1 Boibop cucnana 6 nomexo3auiuuieHHbIX PAOUOKAHANAX

[TocTosiHHBIN OOJIBIION MHTEPEC K MIMPOKOMOJOCHBIM METOJAaM U CHUCTe-
MaM Tiepenadud MHGOpPMalUu OOBICHAETCS B OCHOBHOM HX BBICOKOW MOMEXO-
YCTOMUYMBOCTBIO M CKPBITHOCTBIO (ITOMEXO3AIIUIIEHHOCTBIO). Peanuzanms mmpo-
KOIIOJIOCHBIX METOJOB M CHCTEM IPEAINOJIaracT NPUMEHEHHE IMHUPOKOITOIOCHBIX
CUTHAJIOB, II0JIOCA YAaCTOT KOTOPBIX CYLICCTBEHHO IIPEBBIIIAET II0J0CY YacTOT
IIEpPelaBaeMoOro cooO0IeHns. basza IHMPOKOIIOJIIOCHBIX CUTHANIOB B, yIOBIETBOPS-
€T CIEAYIOIIEMY YCIIOBUIO

Bc :Fc*Tc >>l (l)

rae F¢-mnomoca yactoT curhHana;
T¢ - ITUTENBHOCTh CUTHAJIA.

Bennunna B: XxapakTepuszyeT KOJUYECTBO MH(POPMAIMH, KOTOPOE MOXKET
HECTH CHUTHAJL

B TexHHMUYeCKOM JIMTEpaType 4YacTO MCIOIb3YETCS IOHATHE IIMPOKOIO-
JIOCHBIA METOJ WM IIMPOKONoJocHbIM KaHail. IllupokononocHeiM Oyaem Ha3bl-
BaThb TAaKOW METOJ MepeJayd COOOIICHHM, MpU KOTOPOM HCHOJB3YETCs MIUPOKO-
MOJOCHBIM curHaj. [lo meromy paclMpeHHs CHEKTpa pas3ivudaroT CUTHAIBI C
pacHIMpEHUEM IIOJIOCHl 4acTOT M € PACIIMPEHHEM II0JOCHI YacTOT HECYyIleu
CUTHaja (CJIOKHbBIE CHUTHAJIBI).

Curnan ¢ pacHIMpEeHHEM IOJIOCHl 00pa3yeTcsi MyTeM YTIOBOW MOIYJSAINH
c OOJBIIMM HWHACKCOM CHHYCOMJAIbHOW Hecymel. Takue curHaiabl MMErT 0a3y,
YIOBJICTBOPSIONIYIO ycinoBuio (1). CurHambel C pacHiMpeHHEeM CIEeKTpa HeCyIleH
MOTYT OBITH 00pa3oBaHbl JUOO MYTEM JOMOJHUTEILHON MOMYJSIIIUU HECyIen
JNETEPMUHUPOBAHHON (YHKIMEH, MO0 MyTeM WCIOIb30BaHUS IUPOKOTOIOCHON
Hecywen. [Ipu pacmmpeHnn cnekrpa CHHYCOMAAIBHOW HECYIIEM MOXHO MOAY-
JUpoBaTh pacwupsiomed (yHkuue ee ammumtyay, ¢asy uiam yactory. Toraa
aHaJMTUYECKasl 3alucCh HECYIIe ¢ pacHIMpeHHBIM CHEKTPOM OyJeT UMeTh
BUJI  (pacCMOTPUM TOJIbKO MOAYJISLNIO (ha3bl)

Uy (1) = Accos/ ant + M, g(t) + ¢/ (2)

rae A, - aMIUIMTyJla HECyIlel CUTHAJIA;
(0 - 4YaCTOTA HECYIIEH;

(o - HauanbHas (pasa;

M, - unzaexc ¢$a3oBOM MOIYISIINY;

g(t) - pacmmpsromas QyHKIHS.
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Kak mpaBwiio, pacmmpsronias (QyHKIUs sBAsSETCs MUGPOBON JTETEPMUHMU-
POBaHHON TEPUOAMYECKON (GYHKIMEH. DTO OOBSACHSAETCS TEM, YTO HMMEHHO Ta-
ke (YHKIMA HamOoJiee TEXHOJOTMYHBI MpH WX (POopMHUpOBaHMU U 0OpabOTKe.
Moxuo mo aHajmoruu ¢ (opmynoit (1) BBecTHM mOHATHE Oa3bl pacIIUPSIONIEH

byHKIIIH
By=F*Ts>>1 3)

rne Fy—monoca wacror dynakmum g(t),
Ty - nepuon ¢pynkuuu g(t).

Takum oOpa3oMm, TPOMOAYIHMPOBAHHAs CHUHYCOWJAlbHas Hecymas Oyaer
camMa CJIOXKHBIM CHUTHAJIOM, 0a3a KOTOPOTO OmpenessieTcss BhIpakeHueM (3).

B mudposeix cucremax cBsizu anutenbHocTh HIIIC u ckopocTs mepenadu
uHdopmanuu R cBsa3ansr cootHotenneM T=1/R. [Toatomy 6a3a ILITIC

B=F/R
xapaktepusyet paciupenue cnekrpa LITIC oTHocuTenbHO criekTpa cCoOOOIEeHHUS

B kauectBe pacmmpsionmx (yHKIUH, MOXXHO HCIONb30BaTh Pa3TUYHbIC
KOZIOBbIE (YMCJIOBBIE) TOCJIEIOBATEIBHOCTH, B COOTBETCTBHU C KOTOPBIMH MPO-
BOAWTCS MAHUITYISALKA TapamMeTpoB Hecymied. Eciam wucmonb3yercs aBOMYHAS
MOCIIE0BATEIHHOCTh, TO CHOPMUPOBAHHBIM HA €€ OCHOBE CHUTHAJI HOCUT Ha3Ba-
Hue OumHapHoro. B Hacrosimiee BpeMs IIMPOKOE MPUMEHEHHE B MOMEXO03alllu-
IMICHHBIX paJMOKaHaJIaX HaxONAT JIMHEWHbIE W HEJIMHEWHbIE KOJOBBIE MOCIEO-
BaTesNbHOCTH. Cpeny JMHEHHBIX MOCIEA0BATEIbHOCTENH Hambojee 4acTo HCIHOJIb-
3ytorcss koAbl bapkepa, ['onnma, mocnenoBarensHocTH Jlexannpa, M — nocienosa-
TEILHOCTH W JPYTHe, OTHOCAIIMECS K JIMHEWHBIM PEKYPPEHTHBIM IOCJEI0Ba-
TenbHOCTSIM. OCHOBHBIC TpeOoBaHHsS K BbIOOpY mocnenoBarenbHocTel Q(t) 3a-
KJIIIOYAeTCsS B aHAIM3€ MX KOPPEIAIMOHHBIX CBOMCTB M pa3Mmepa aHcaMmOus.

3.2. Ceéouicmea M — nocnedosamenrvHocmu

MakcumManbHOCTh Tiepuoaa M — MOCIEOBATENBHOCTH CIEAYET W3 TOrO,
yTO B mponecce ee (GOpMUPOBAHUSI T€HEPATOpP MPUHUMAET BCE BO3MOXKHBIC CO-
CTOSIHHS 3a HCKJIIOYEHHEM OJHOTO, KOIZJa BO BCEX paspsaax IeHeparopa 3amnu-
caHbl HynHM, MO0 CyMMa MO MOAYJIIO JBa JIHOOOr0 KOJMYECTBA HYyJIEH paBHA HY-
JII0 M TEHEPATOp M3 OTOr0 COCTOSHUS BBIMTM HE MOXkeT. Iloaromy mepuon M —
nocieaoBaTenbHocTd paseH L =2 - 1,

Jlnst  manmpHEWIEro paccMOTpPEHHUsT MaTrepuana CclaeayeT caenarh HeOOob-
II0€ OTCTYIUICHHE W OOCYIUTh BOIIPOCHI, CBSI3aHHBIE C KOPPEISAIMOHHBIMU
coictBamu [ICII. Jlnsg wx XapakTEpUCTUKU WCIOJB3YIOTCS TJIaBHBIM 00OpazoM
nepuoanveckne u anepuoanueckue AKD. Ilo ompeneneHuro 3proauydeckux
MPOILECCOB, K KOTOPBbIM MO YMOJYaHHUIO OTHOCAT jAeTtepMuHupoBanHbie [ICII,
KOppeJsiuoHHas (PyHKIUS ONpeaesercs Kak
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1
k(z) = f E[ S e (©) S ey (t—7)dIL. (4)

[Tockonbky IICII u3MeHSAIOT CBO€ 3HAYEHUE JIMIIb B JUCKPETHBIE MO-
MEHTBl BPEMEHH, MMEETCS BO3MOXKHOCTh PACCUMUTHIBATH 3HAYEHHUE KOPPEISIHUOH-
HOM (YHKUMM JIMIIb TOT/A, KOTJA 3a/iep’KKa T KpaTHA JIMTEIBHOCTH 3JIEMEHTa
[ICIT 1,. B mpomexyTkax Mexay HHUMH 3HAUCHHE KOPPEISLIUOHHOW (QyHKIHUU
u3Mmensercs juHenHo. Jlna pacueta [ICII nmomkHbl OBITH MpenCTaBICHBI B aj-
reOpandeckoii ¢opMe B COOTBETCTBHU C YXKE HM3BECTHBIMU IIPABUJIAMH IIEPEXO-
na.

N3BecTHO, YTO 3HAYCHHE KOPPEIAIUOHHOW (PYHKIIUA PACCUYUTBHIBAIOTCS TI0
CICAYIOIIEMY TpaBUy: JUISl KaXJIOrO0 JMCKPETHOIO BPEMEHHOIO CIBUTA MEXIY
onopHoit [ICIT u caBunytoit womwmeit (nmpyroit IICIT B ciydae BK®D) moacum-
ThIBAETCSl ajreOpanyeckas CyMMa IOMapHBIX MPOU3BEJCHUN AIIEMEHTOB OIOPHOU
IICII u cnBuHyTOMl KOmuHU. JIETKO 3aMETHUTh, YTO OHA paBHA PA3HOCTH MEXKIY
KOJIMYECTBOM COBHAJICHUN W HecoBnajeHuii 3Haka B omnopHou [ICIT u konwuwm.
Otcroyia cnefayer BBIBOJL O TOM YTO IMEPUOJAMYECKHE KOPPETSIUOHHBIE (YHKIUU
uMeroT mnepuo, paBHblii nepuoay IICII, a anepuoandeckue AEHCTBUTEIBHO
arepuoaNYHBI.

M — nocnenoBaTenbHOCTH  00Jaal0T PSAAOM IOJIE3HBIX CBOMCTB, OIpeje-
JUBIIMX WX I[IHUPOKOE MNPUMEHEHHUE ISl 1IeJIe paclIupeHus] CHEKTpa CUTHAJIOB.
K HuM oTHOCATCA ciemyronue:

I. IIMKIMYHOCTh. DTO CBOMCTBO 3aKJIO4yaeTcs B TOM, 4To B M-
nocieaoBaTeabHoCTU nepuoja N mo0bie N 3JIEeMEHTOB, B3SThIE MOAPSI, 00pa3ytoT
IIEPUO/I.

2. YpaBHOBEUIEHHOCTh. JTO CBOWCTBO 3aKIJIIOYAETCS B TOM, YTO YHCIIO
SAUHUIL 3a Mepuoa M-TocieIoBaTeIbHOCTH OTJIMYAETCS OT Yuciia HyJed He 0o-
JIee, YEM Ha CIMHULLY.

3. CBoiicTBO cepuil. Yucno cepuit 3a nepuoa M-nociae0BaTeIbHOCTH, CO-
CTOSIIIUX M3 OJTHOTO CHUMBOJIA, JBYX, TPEX, U T.lI., 0OpPa3ylOT reOMETPUUYECKYIO
nporpeccuto ¢ MmHokuTeseMm 0.5. Cepuell Ha3bIBaeTCs TPyIna OJJHOUMMEHHBIX Clie-
OYIOLIUX IPYT 33 IPYrOM CUMBOJIOB.

4. CratucTuyeckas HE3aBUCUMOCTb. Pa3inyHble NUKIMYECKHE IEepecTa-
HOBKM M-TIOCIIEJOBATEIBHOCTA CTATUCTUYECKH HE 3aBUCAT JPYr OT JIpyra, 4To
BbIpaXkaeTcsl (PyHKIUEH MX B3aUMHOM KOppesuuu. JTa (yHKUUS [pU JIFOOOM
IUKINYECKOM caBure paBHa — 1/N, mpu orcyTcTBuM casura 1.

5. IIpu cymmupoBaHu# 10 MOy 0 2 M-IIOCIEA0BATEIBHOCTH C €€ IUKIIU-
YECKUM CABUTOM obOpasyercs M-Tociie1oBaTeIbHOCTh TOW XKe CTPYKTYPBI C TIEpPH-
OZI0M, PaBHBIM IIEPUOAY MCXOJHOM IMOCIECIOBATEIBHOCTH, HO OTIIMYAKOIIASICA OT
HEE UKINYECKUM CIABUTOM.

6. B pe3yaprare CyMMHpPOBAaHMS 10 MOAYIO 2 JOBYX M-
MOCJICTIOBATEILHOCTEH Pa3IMYHBIX MEPUOIOB 00pa3yeTcss M-mocinea0BaTeIbHOCTh
C MEPUOJIOM, PABHBIM HAUMEHBIIEMY MEPUOAY CYMMHUPYEMBIX IOCIEA0BATEIBHO-
CTEH.
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7. B M-mocnenoBaTenbHOCTH COJAEPKATCS BCE N-3HAYHBIC KOMOWHAILIMH
CHUMBOJIOB, KPOME OJIHOM - 3aIIPEILEHHON, KaXK/1asi U3 KOTOPBIX BCTPEYAECTCS TOJIb-
KO OJIMH pa3 3a NEPUO.

- 00peM aHcamMOis M — mocnenoBarenpHOCTEN (KonmuuecTBO M — mo-
CJIEIOBATENILHOCTE pPa3HOM CTPYKTYphl M OJMHAKOBOTO MEPHUOAA) OINpPEAEIAETCS
dbopmyoit

N, =@ (2¥-1)/Kk, (5)
rae @ (2%- 1) - pynkuus Dilnepa, YHMCIEHHO paBHAs KOIMYECTBY LEIBIX YHCEI,
B3aMMHO MPOCTHIX (T.€. HE HMEIOIIUX OOIIMX JAeTuTeNel) C apryMeHTOM JTOU
(GYyHKITIH.

Ob6bem ancambnsi M — mocnemoBaTenbHOCTEW HambojIee YHOTPEOUMBIX
NEepUOOB TpeJACTaBieH B Tabmuie 1.

Tabnuua 1.
k 5|6 |7 |8 |9 10 | 11 12 13 14 15 16

N, |6/8 |18 |16 |48 |60 |1/6 |144 |630 |576 |1800 2048

s uenoro psiga npuMeHEeHMM oO0beM aHcamOisi M — mociienoBaTesnbHO-
CTE€W HENOCTaTO4YeH M OCTpo BcraeT 3amada cosnanus I[ICII, xoppensaiuoHHbIE
CBOMCTBa KOTOPBIX ObLIM Obl HE HAMHOIO XYK€ KOPPEISLUUOHHBIX CBOHMCTB M —
MOCJIeIOBATEIBHOCTEH, a 00BbeM aHcamOiiss ObUT Obl 3HAYMTEIBHO OOJIBIIE.

Opnum u3 Hauboyiee PACIPOCTPAHCHHBIX CIIOCOOOB TMOMYyUYEHUS] OOJBITUX
ancam6Oueit TICII sBnsiercs mpumenenue nocnenoBatenbHocTerd [omma (ITN). TIT
o0Opa3yloTcsi B pe3ysbTaTe CJIOXKEHMsI M0 MOJIYJI0 JBa JBYX M — mocienoBa-
TeIbHOCTEW oauHakoBoro mnepuojna. Koppensuuonnsie cpoiictBa IICII mpu sTOoM
YXYAIIAITCS HE3HAYuTeIbHO, a niepexon K III' maer yBenuuenuwe ancambisa 06o-
nee yeM B 6000 pa3. IlpumepHo BaBoe yBenumuuBaroTcs BBIOpockl AK® u BK®
Y HE3HAYUTEIBHO YXYAIIAIOTCS MEPUOJUYECKUE KOPPEISIIUOHHBIC (PYHKIIUHU.

3.3. CunHre3 reHeparopoB M-nocJie10BaTeIbHOCTEH

biaronaps BbIIEIEPEYUCIEHHBIM CBOWCTBAM M-MOCIENOBATEIBHOCTH IIH-
POKO MPUMEHSIOT B PaIUOTEXHUYECKUX cucTeMmax. JIJisl MOsSCHEHUsI 3TUX CBOWCTB
paccMOTPUM MPUMED.

JonycTuM, 4TO cABUTAIOMIUN peructp (puc. 1) COCTOUT U3 TpexX TPUTTEPHBIX
ssaeek 11, T2, T3, KOTOpbI€ BBIMOJHSIOT POJIb AUCKPETHBIX 3JIEMEHTOB 3aJIEPKEK, U
cymMmaropa no moayiwo 2. Ha Tpurrepsl NocTynarT CABUTAIONINE UMIYJbCHI, KOTO-
pbie Ha puc. 1 He nqoka3zanbl. OHU CIEAYIOT C TAKTOBOM YacTOTOM 1/ 7, . Kaxapiii Tax-
TOBBI MMITYJIbC BBI3BIBAET W3MEHEHHE COCTOSIHUSA (HANpPSDKEHUS Ha BBIXOJZIE) BCEX
TpurrepoB. [Ipu 3TOM HampspKeHHE Ha BBIXOJIE Ka)XJAOro TpuUrrepa (CUMBOJI) CTaHO-
BUTCSl PABHBIM HAIPSHKEHUIO (CMMBOJIY) HA €ro BXOJI€ JUIsl IPEABIIYIIEro TakKTa.
CuMBOJIBI MOTYT NMPUHUMATh JIBa 3HAUYEHUS, KOTOpblEe YCIOBHO o0Oo3HauuMm 0 u 1.
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[Tpu cymmupoBaHHHU JTFOOBIX KOMOMHAIIMA BXOAHBIX CHMBOJIOB Ha BBIXOJE CyMMAro-
pa moJy4arTcst Tojabko cuMBOIIbl 0 1 1. [IpaBUI0 CyMMHUpPOBaHHS CMMBOJIOB B JIBO-
HYHON CHCTEME CUMCIICHHs (C IBYMs BO3MOXKHBIMH 3HAYCHHSIMH CHMBOJIOB) IO MO-
ayiio 2 (mod2) onpenensiercs Tab. 2.

Tabnuua 2.
CymmupoBanue mo mod 2
Cymma 0 1
0 0 1
1 1 0
> T1 > 12 > 73 >

Puc.1

BrisicHUM, B KaKUX COCTOSTHUSIX MOKET HaXOJUThCSI CXeMa, MpeCTaBICHHAas
Ha puc. 1. Ilpennonoxum, 4To B UCXOJHOM COCTOSIHUM CHMBOJI Ha OJHOM U3 BBIXO-
JIOB TPUTTEPOB OTIMYACTCS OT HYJIs, HAIPUMEP CUMBOJI Ha BbIXojie Tpurrepa 7'/ nme-
eT 3HaueHue 1, a Ha BeIxojae 72 u T3 — 3uauenue 0. Torma MCXOTHOE COCTOSHHE
CABUTAIOUIETO PErHCTpa XapaKTEpHU3yeTcsl KOMOMHALMEW BBIXOAHBIX CUMBOJIOB 100.
Ha Bxone 71 cumBoi paBeH 0, Tak Kak COTJIACHO C Ta0J. 2 CUMBOJI Ha BBIXOJIE CyM-
matopa paBeH 0+0=0. C moctyrieHueM Ha BXOJl CXeMbl 04depeHoro CIBUTarOIIeTo
UMITYJIbCAa CUMBOJIBI CO BXOJIOB TPUITEPOB «IIEPEXOASAT» Ha UX BbIxoAbl. HoBoe ycTa-
HOBUBIIIEECS COCTOSIHUE PETUCTPA OMKUCHIBACTCS KOMOWHAIIUEH BBIXOJHBIX CHMBOJIOB
010. Ha Bxone 71 mosiBasgeTcst 1, Tak KaKk B COOTBETCTBUHU C TaOJI. 2 BBIXOIHOMN CHM-
BOJI cymMaropa paBeH 1+0=1. AHamOrM4HO ONpPENENAIOTCS BCE COCTOSHUS PETUCTPA,
IIpUBEICHHBIC B Ta0II. 3.

Tabauua 3
Homep Bxon Bruixoabl Homep Bxon Boixoabl
TaKTa T1 T1 T2 T3 TAKTA T1 T1 T2 T3
6 0 0 1 1
7 1 0 0 1
8 0 1 0 0
9 1 0 1 0

vlbd|lw(N|E|-
ol |rk|lk|lo
N =1
A= =)
=l ==1E

N3 paccmotpenus Taba. 3 BUJIHO, YTO COCTOSTHUSI PETUCTPa (CUMBOJIBI HA BbI-
xone T1, T2, T3) pa3nuuHbl I TAaKTOB 1—7, a /ISl MOCJIEAYIOMMX TaKTOB OHM TO-
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BTOPSIIOTCS. Tak Kak 4Mcio pa3psioB peructpa k=3, a OCHOBaHUE CHUCTEMBI CUUCIIe-
HUSl (YMCIIO0 UCHOJIb3YEMbIX CHUMBOJIOB) p=2, TO YKCJIO BO3MOXHBIX PA3JIMYHBIX CO-
cTostHuil peructpa pk = 23=8.

B Tab6n. 3 orcyrctByer HyneBas komOunanus 000, Tak kak €€ HalIW4ue CO-
IJIaCHO Ta0J. 2 MPUBOJIUT K OOpAILIEHUIO B HYJIb BCEX CUMBOJIOB BO BCEX OCTAJIbHBIX
koMOuHanusx. [loaTomy B Tabs. 3 mpuBEACHBI TOJHLKO BO3MOXKHbIE /I HOPMAJIbHOM
paboThl cxeMbl (puc. 1) cocTosiHUS perucTpa, uncio kotopsix 23—1=7. Ilocne cemu
TaKTOB COCTOSIHUSI PETUCTPA MOBTOPSIOTCS.

CHUMBOJIBI MOKHO CYHMTBIBaTh C BbIXOJa JIFOOOTO Tpurrepa. B stom ciyuae
MOJTy4Yat0TCs MOCIICIOBATeILHOCTH, CIBUHYTHIC BO BpeMeHH (Tadur. 3).

HeoOxomuMo OTMETHTH, 4YTO TpU 3amaHHBIX K w p mepuon moce-
JOBATEJIbHOCTEN ONPENIETAETCS CXEMOU BKIIOUEHHUS OTBOJOB CIBUTAIOIIETO PErucTpa
(BBIXOI0B TPUITEPOB) B LENb 00paTHOM CBSA3H. OH MOXKET OBITh MOJIYYEH W MEHbIIIE
MaKCHUMaJIbHO BO3MOXHOTO. BriOOp coearHeHMi OTBOJOB CIIBUTAIOIIETO PETUCTPA B
nenu oOpaTHOM CBSI3M I TIOJIYYEHHS MaKCHUMAJIbHOTO Tepuojia  Iocie-
JIOBATEJIbHOCTU TIPU 33JaHHOM YHKCJIE Pa3psiIoB PErHCTpa U OCHOBAHHS CUCTEMbI
CUMCJICHHS K HACTOSALIEMY MOMEHTY MOJHOCTBIO OIIPENEIIEH U PELIAETCS ¢ IIOMOIIBIO
TaOJIUI] HEIPUBOJUMBIX MHOTOUWICHOB.

[Ipu paccMoTpenun paboThl cxeMbl puc. 1 ObLJIO CAENaHO JOMYIIEHHUE, YTO
UCXOJTHOE COCTOSIHUE perucrpa xapaxkrtepusyercs komOuHanuen 100. U3 tabn. 3
BHUJIHO, YTO B KAaYECTBE MCXOJAHOTO MOXXHO B3SITh JIOOOE€ COCTOSIHHME PErucTpa. ITo
BBI3OBET JIMIIb CIABUT MTOCJIEI0BATEILHOCTH BO BPEMEHH.

Yuciio eAHUI] U HyJIeH B MEPUOJIE MOCIEA0BATEILHOCTH COOTBETCTBEHHO 4 U
3, mpuuem cymma ux paBHa N.

CymMa 1Byx M-mocienoBaTenbHOCTEN, CABUHYTHIX APYT OTHOCUTENIBHO JIPY-
ra, ABisgercss M-MocnenoBaTeabHOCThIO0. B 3TOM MOXHO yOenuTbes, CyMMUpPYs CO-
TJIACHO TIpaBuiIaM Tal. 2 Jr00bIe MOCIEeI0BATEILHOCTH 13 Tab.3.

OTO sBiseTCS CIAEACTBUEM TOTO, YTO CIBHUHYTbIE M-TIOCIEN0BATEIBLHOCTH
MOYKHO TOJIYYUTh C IIOMOILBIO OJTHOW U TOU KE CXEMBI.

X,

2]

X,. X, X,

pij A

Y
~
Y
—
S}
Y
—~
w
Y
.
o
o
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—~
=

Puc.2
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Hudghposoit asmomam ¢popmuposanus M-nocredosamensvnocmei. O01Ias
cxema u¢ppoBoro aBromara, popmupyroiiero M-nocienoBareabHOCTh, MPUBEICHA
Ha puc. 2. Ero ocHOBY coCTaBisieT CABUTAIONIUN peructp ¢ tpurrepamu 11, 12, ...,
Ty, KOTOpBIE OCYIIECTBISIOT 33J€P>KKY BXOJTHOTO CUMBOJIA HA OJIUH TAKT JUIUTEIbHO-

CTBIO 7. JlOIyCTHM, 4TO MCHONB3YIOTCA p pasiuuHblx cumBoios: 0, 1, 2, .., p—1,
KOTOpBIE 00pa3yloT KOHEYHOe MHOKeCTBO cuMBojioB S=S(0, 1, ..., p—1). CumBoIIBI
Ha BBIXOZAX TPUITEPOB MPH J-M TaKTe 0003HAYEHBI U€Pe3 Xy j, Xy jr-++y Xy j» IPUIEM

X € S. CuMBox Ha BXOJE TEpBOro TpHUITepa 00o3HadeH X, j - CHMBOJ Ha BBIXOZIC

I-20 Tpurrepa Ha (j+1)-m Takre X j,; =X ;, TaK KaK ¢ KaX/IbIM TAKTOM CHMBOJI €O

BXOJIa «TIEPEXOIUT» Ha BbIX0Jl. CUMBOJIBI C BBIXOJOB TPUITEPOB MOCTYNAIOT HA yM-
HOXXUTEJIH, C BBIXOJIOB KOTOPBIX CHHMMAlOT CHUMBOJIBI C,;X; i C, X, jreen C, X, i MHo-

xuremm C, € S.

YMHOKEHuEe J000ro 4Yucia Ha HyJdb O3HA4YaeT, YTO CHMBOJI Ha BBIXOJE
YMHOKHTEJS BCETJa PABEH HYIIO. DTO SKBUBAJIEHTHO Pa3pbIBy LU MEXAY BBIXO-
JI0M Tpurrepa u cymmaropoM. ClenoBaTebHO YMHOXHUTENIb MOXKET ObITh OIYIIEH.
Hanpumep npu p=2 (cumBodbl 0 ¥ 1) MHOXKUTENL C| MOKET MIPUHUMATDH 3HaUeHUA |
i 0, T.e. BBIXOJIbI TPUITEPOB WIH ITOJCOECINHEHBI K CyMMaTOpaM, WU HET.

Mo3KHO 3amucarth, YTO CUMBOJ Ha BxoJie 7/ B J-TOM TakTe paBeH:

Xo,j =Cii X j +C X +o FC X +.. +C Xy +C X, (5)

Bripaxkenue (5) siBisieTCa IMHEHHBIM PEKYPPEHTHBIM ypaBHEeHHEM. OHO 1M03-
BOJISIET IO M3BECTHBIM K CHMBOJIaM Ha BBIXOAAX TPUTTEPOB HAWTHU CUMBOI X, j» Ko-

TOPBIN B MOCIICAYIOUIEM TAKTE NEpErIeT Ha Bbixoa 11.

AHanu3  pabotel mudpoBoro aproMara (opmupoBanus ~ M-mocie-
JIOBATEJIbHOCTH Ha OCHOBE PEKYPPEHTHOTO ypaBHEHHUs (D) MOKa3bIBaeT, YyTo padoTa
ATOr0 aBTOMAaTa MOJHOCTHIO OMPEAEISIETCS XapaKTepUCTUYECKUM MHOTOUJIEHOM

f(x)=aoX + a;x¥! +... + ax1x+a, (6)
K03 GUIIMEHTHI KOTOPOTO CBSA3aHBI ¢ MHOXKHUTEISIMU C1, ..., Ck CICOYIOITUM
COOTHOILICHUEM :
k+1
c,=(-1) a, (7)

OtpuriareabHbie 3HaUYCHUS ¢, (7) MOKHO CBECTH C TMOMOIIBIO CPABHEHUS TI0
MOodp K MOJIOKUTEILHOMY YHCITy MHOYKECTBA S.

Jlns nBoMYHBIX M-IOCIIEIOBAaTEILHOCTEH, COCTOSIMUX U3 cuMBOJIOB O u 1
(p=2), MHOXUTEIH C, U KOOPDUIIUEHTHI @, coraacHo (/) paBHBL, T. €. ¢, = d,, IPUYEM
cn = ap=1.

Taxkum oOpazom, A ONpenesieHnus CTPYKTyphl Iu(poBOro aBToMara (HE0o-
XOAMMO 3HATh XapaKTEPUCTHUCCKUH MHOrouwieH ctemenn K. W3 Teopum M-
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MOCTIeIOBATEIbHOETEH N3BECTHO, YTO XapakTepuctudeckuii MHOrowieH f(X) cremenu
K, BO-TIEpBBIX, JOJKEH OBITH HETPHUBOAWMBIM, T. €. €r0 HENb3s MPEACTABUTH B BUJIC
MPOU3BEJICHNS MHOTOWICHOB MEHBIIUX CTEIEHEH, a BO-BTOPHIX, OH JOJDKCH OBITH
IepBOOOpPa3sHbIM (IIPUMUTUBHEIM) OTHOCHTENHHO aByuneHa X'—I1, T. e. xapakre-
puctryeckuii muorouwneH f(X) (6) nomxen nemurs X"—1 6e3 ocrarka. IlosTomy xa-

PaKTEpHCTUYECKHIT MHOTOUIEH SBJIAETCS IEPBOOOPA3HBIM KOPHEM ypaBHeHHs X' —1.
Ecnu xapakTepucTuueckuii MHOTOUIEH SIBJISIETCS TIEPBOOOPA3HBIM, TO OH SIBIISIETCS U
HEMPUBOIUMBIM.

Taxum o6pazoM, utoOs! npu 3agannbix N, K u p onpenemurs ctpykrypy pe-

ructpa st opmupoBanns M-mocnenoBarensroctd ¢ neprogoM N=p—1, Heo6-
XOJMMO B KaY€CTBE XapaKTEPUCTUUYECKOTO MHOTOYJICHA B3STh MEPBOOOPA3HBIM MHO-
rounen crenenu K.

[Tockonpky aBouuyHble M-IOCIEAOBATEIBHOCTH HUIPAIM M UIPAOT 0c000
BAXKHYIO pOJIb B PAJUOTEXHUYECKUX CHUCTEMAX, TO UX CBOMCTBA ObUIM M3y4YEHBI JO-
CTaTOYHO INIyOOKO, B TOM YHCJI€ U XAPAKTEPUCTUUYECKHE MHOTOWICHBI. V3BECTHBI
TaOJHIBI B KOTOPHIX MPHUBEICHBI HEMPUBOIMMBIE MHOTOWICHBI 10 crereHn kK=34. B
[Ipunoxenun 1 mnpuBeneHsl B JBOMYHOW (popme KOAIDHUIMEHTHl Xapak-
TEPUCTUICCKUX MHOTOWICHOB a, juid K=3...11, T. e. N=7... 2047, coBmnanarommue ¢
MHOKUTEJISIMU C, B cXeMe U poBOro aBromarta (puc. 2), T. €. a,=c,. XapakTepucTu-
gyeckomy MHOrowieHy f(X) (6) B I[Ipmi1. 1 cooTBETCTBYET MOCIIEIOBATEIIBHOCTD MPE/I-
cTaBJIcHHBIX B Buje 1 wim 0. B kaxaoM cTonOIie yka3aHa CTeleHbh MHOTOWICHA K u
ero ko3¢ duuuentsl. B [lpui. 1 npuBeaeHsl TOJBKO T€ XapaKTEPUCTUUECKUE MHOTO-
YJIeHbI, KOTOpBIE MOpoxAatoT M-nocnegoBarenbHOCTU. COOTBETCTBEHHO epuo M-
nocnenosareabHoctd N=2"—1. 3nanue k03p(HUINEHTOB @, MO3BOIIET OJHO3HAYHO
MOCTpouTh LU(PpPoBOIl aBTOMAT (opmupoBanuss M-nocnegoBarenbHocTed. Ecnu
a,=c,=1, TO BBIXOJ n-20 TpPUITEpa MOJKIIOYCH K cymmaropy mo mod 2, eciu
a,=c,=0, TO BBIXOJ] #-20 TPUTTEPA K CyMMATopy 1o MOd 2 He MOIKITI0YCH.

B IMpun. 1 npusenens! 3HaueHus K+1 koaddunuenta a,, N = O,_k Koaddu-
uneHt @, =1 Bcerma no onpexernenuro. s onpeneneHus CTpyKTyphl HUdpoBOro
aBTOMaTa, M300paKEHHOTO Ha pHUC. 2, HEOOXOJUMO YUYUTHIBATH KO3PPUIMEHTHI
a,,n=1k.

Tl P T2 | T3 | T4 = T5 (» T6 > T7 T8 | 7179 »| TIO

Puc. 3

Jlnst mpuMepa Ha puc. 3 u300pakeHa cxema MuQpoBoro aBroMara GopMHUpo-
BaHua M-nocnenoBarensHoct ¢ k=10 m N=21°—1=1023. B kadecTBe XapakTepH-
CTHYECKOr0 MHOTOYIEHA B3AT MHOrowieH ¢ kodddumuentamu 10000001001 (mep-
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BbIii B ctonone ¢ k=10 Ilpun. 1). B coorBercTBHYU ¢ KO3 PUIIMEHTAMA MHOTOYJICHA
Ha cymMMaTtop 1o Mod 2 mocTymarT CUMBOJIBI C BBIXOAO0B 7-10 U 10-TO TPUTTEPOB.

Jlnumenvrnocmo M-nocredosamenvuocmu

JINTCIBbHOCTD

OAMHOYHOI'O HMITYJIbCa

T =Nrz,, rne N=p*—1,
(cumBoIIa).

TO =

JIBOMYHBIX M-

Jlns

nocnenosareabHocteii N=2%—1. Ecim TakToBas 4acTOTa B CIABUTAIONIEM PETHCTPE

f.=1zr,, 10T = (Zk —l) / f. . B Tabxn. 4 npuBenensl LIMTENLHOCTH Nepuoaa M-

rocienoBarebHoCcTH I K=7... 89 ¢ TakroBoit yactoronn fr=1 MI1L.

Taonuua 4

Peructp nnvnbl

K

HJ’II/IHa IIOCJICA0BATCIIBHOCTHU

I[J'II/ITGJ'IBHOCTB neépuoaa rmocjacaoBa-
TCIBHOCTHU

7 127 1,27*%10% ¢
8 255 2,55%10 ¢
9 511 5,11*10% ¢
10 1023 1,023*10° ¢
11 2 047 2,047*1073 ¢
12 4095 4,095*10° ¢
13 8191 8,191*10% ¢
17 131071 1,31*101 ¢
19 524 287 5,24*107 ¢
23 8 388 607 8,388 ¢

27 134 217 727 13,421 ¢

31 2 147 483 647 35,8 MuH

43 879 609 302 207 101,7 mus
61 2 305 843 009 213 693 951 7,3%10% ner
89 618 970 019 642 690 137 449 562 111 1,95*%10% ner

4. 3AJAHUE HA BBITIOJTHEHUE ITPAKTUYECKOM PABOTHI

1. U3y4nTh CTPYKTYypHYIO CXeMy TeHepaTtopa M-1mociie1oBaTeIbHOCTH U YsiC-
HUTBH TIPUHIIAI €€ PaOOTHI.
2. UccnenoBatsk mpoiiecc popMupoBanusi M-1ocie10BaTeIbHOCTH PETUCTPOM

CABHUTIA.

3. CocTaBUTh PEKYPPEHTHYIO (POPMYITY UCCIIEAYEMOM TTOCIE0BATEIILHOCTH.
4. VccnenoBaTh CBOMCTBA MOIYYEHHOW MOCIEA0BATEIbHOCTH.

5. ITOPSJIOK BBITIOJIHEHUS ITPAKTUYECKOM PABOTHI

1. Hccneoosanue npouecca ¢gpopmupoeanus M-nocnedosamenvHocmu pe-
2ucmpom cosuza.

Jluist aTOoTO:!

* TIOJIYYHTh Y MIPENO/IaBaTelIsl CIIPABOYHBIN JIHCT;
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* HCTOJB3YS TEOPETHUECKUI MaTEepHal METOAMIECKOTO TTOCOOMS, TOCTPOUTh
cxeMy reseparopa M-mocienoBaTeslbHOCTH, COOTBETCTBYIOIIYIO UCXOIHBIM JaHHbBIM,
YKa3aHHBIM B CIIPABOYHOM JIMCTE;

*  u300pa3uTh B OTYETE MOJY4YeHHYIO M-mocienoBarenbHOCTh. JluTensb-

HOCTb T, IPUHATHL PaBHOM | KIleTKe;

* HMHUTHPYA IIoAAYy HAa BXOJ CXCMbl TAKTOBBIX HUMIITYJILCOB, I/1306paSI/ITB I10-
CJICO0BATCIbHOCTH, CHUMACMBIC C BBIXOAOB BCCX TPHUITCPOB I'CHCPATOPA.

2. Cocmaeumb peKyppeHmuyio (opmysy ucciedyemoii nociedosamebHo-
cmu.

3. Hccneooesanue ceoiicme noiyueHHoll nOC/1€006amelbHOCHU:

* WCCJIEN0BATh CBOWCTBO MTUKIMYHOCTH;

* HCCIIEJIOBATh CBOMCTBO YPaBHOBEIICHHOCTH;

* HCCIIEJIOBATh CBOMCTBO CTATUCTHUECKON HE3aBUCUMOCTH, JJISI YETO:

1. sviuucIUmMb B3AUMOKOPPENAYUOHHBIE PYHKYUU UCCAE0YeMOlU Nocaedo8a-
MeNbHOCMU C ee YUKAUUEeCKUMU CO8U2AMU (Nep8blil CO8US PABEH HYIIIO),

2. nocmpounio 3a86UCUMOCNTb d)yﬂm;uu B3AUMHOU KoppeaAayuu ont 6eludursl
UUKTITUYEeCKO2o cosuea.

1 N
* Pacuem npouseodums no gpopmyne R(u) = W Zanan_ u
n=1

ede @, a,_, - cumsorvl M-nocnedosamenvHocmeri COBUHYMbIX OMHOCU-

menvHo Opye opyea. Buipasicenue noo 3nakom cymmsl 6y0em pasHo Koauwecmey He-
COBNAOEHULl CUMBOTI08 MUHYC KOJUHECNBO COBNAOCHUI.

* HCCJICAOBATh CBOMCTBO 5 M-mociie10BaTe IbHOCTH.
6. COIEP2)KAHUE OTUETA
Omuem 0ondicen cooepicamo:

1. Cxemy reneparopa ucciueayeMon M-miociae10BaTebHOCTH;

2. IToctpoennbpie M-11oce10BaTEILHOCTH;

3. Pexyppentnyto dopmyny M-miociienoBaTeIbHOCTH;

4. I'padux GyHKIIMK B3aMMHOW KOppensiuu M-TIOCIeIOBaTEIbHOCTH C €€
UUKIMYECKUM CABUTOM OT BEJIMYHMHBI CJIBUTA;

5. Pucynok 6 npuemuoro ycrpoiictsa LIITIC.

5. BBIBOIBI O TOATBEPKICHUN CBONCTB M-T10CIIe10BaTEILHOCTH.
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7. KOHTPOJIbHBIE BOITPOCHI

1. Yto HazbiBaeTcs 0a3oil curnana? Kak cBszana 0asza curnana ¢ ero uHpop-
MaTUBHOCTBIO?

2. [Ipeumymectpa IIC nmo oTHOLIEHUIO K Y3KOTIOJIOCHBIM CUTHAJIaM

3. Uto Ha3bpIBaeTcs nepuoaoM M-ocienoBaTeabHOCTH?

4. CpoiicTBa M-110CII€10BAaTEIBHOCTEM.

5. lnuTtenbHOCTh M-IOCIe10BaTEIbHOCTH.

6. Uto Takoe peKyppeHTHBI HENPUBOAUMBINA TOJTHHOM?

7. Ipuatun hopmupoBanus TeHepaTopa M-Tiociie10BaTEILHOCTH.

8. B uem orimume cxemsl PIIpY mis y3KONOJIOCHBIX CHUTHAJIOB OT CXEMBI
PIIpV nns npuema LUTIC?

9. OT 4ero 3aBUCUT KOJUYECTBO FEHEPUPYEMBIX M-IOCIEI0BATEILHOCTEN?

10. Jlnst yero HeoOxoaumbl yctpoiictBa cunxponusanuu B PIIpV IITIC?
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Ilpunoxcenue 1

XapakTepucTHYECKHE MHOTOYJIEHBI, MOPo:KIaloIue M-1oc/e10BaTeJJbHOCTH.

k=3 101001101 1111001011 11101000111
101011111 1111001101 11101001101
1011 101100011 1111010101 11101010101
1101 101100101 1111100011 11101010110
101101001 1111101001 11101100011
P 101110001 1111111011 11101111101
=4 110000111 11110001101
110001101 E—10 11110010011
iggé} 110101001 11110110001
111000011 10000001001 11111011011
111001111 10000011011 11111110011
E=5 111100111 10000100111 11111111001
111110101 10000101101
100101 10001100101 k=11
101001 k=9 10001101111
101111 10010000001 100000000101
110111 1000010001 10010001011 100000010111
111011 1000011011 10011000101 100000101011
111101 1000100001 10011010111 100000101101
1000101101 10011100111 100001000111
k=6 1000110011 10011110011 100001100011
' 1001011001 10011111111 100001110001
1000011 1001011111 10100001101 100001111011
1010111 1001101001 10100011001 100010001101
1011011 1001101111 10100100011 100010010101
1100001 1001110111 10100110001 100010011111
1100111 1001111101 10100111101 100010101001
1101101 1010000111 10101000011 100010110001
1110011 1010010101 10101010111 100011001111
1010100011 10101101011 100011010001
1010100101 10110000101 100011100001
k=17 1010101111 10110001111 100011100111
1010110111 10110010111 100011101011
10000011 1010111101 10110100001 100011110101
10001001 1011001111 10111000111 100100001101
10001111 1011010001 10111100101 100100010011
10010001 1011011011 10111110111 100100100101
10011101 1011110101 10111111011 100100101001
10100111 1011111001 11000010011 100100111011
10101011 1100010011 11000010101 100100111101
10111001 1100010101 11000100101 100101000101
10111111 1100011111 11000110111 100101010001
11000001 1100100011 11001000011 100101011011
11001011 1100110001 11001001111 100101110011
11010011 1100111011 11001011011 100101110101
11010101 1101001111 11001111001 100101111111
- 11100101 1101011011 11001111111 100110000011
11101111 1101100091 11010001001 100110001111
11110001 1101101011 11010110101 100110101011
11110111 1101101101 11011000001 100110101101
11111101 1101110011 11011010011 100110111001
1101111111 11011011111 100111000111
b=8§ 1110000101 11011111101 100111011001
1110001111 11100010111 100111100101
100011101 1110110101 11100011101 100111110111
100101011 1110111001 11100100001 101000000001
100101101 1111000111 11100111001 101000000111
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[Iponomxenue npunoxenus 1

101101111101

k=11 110011110111 111001110001
101110000111 110100000011 111001111011
101000010011 101110001011 110100001111 111001111101
101000010101 101110010011 110100011101 111010000001
101000101001 101110010101 110100100111 111010010011
101001001001 101110101111 110100101101 111010011111
101001100001 101110110111 110101000001 111010100011
101001101101 101110111101 110101000111 111010111011
101001111001 101111001001 110101010101 111011001111
101001111111 101111011011 110101011001 111011011101
101010000101 101111011101 110101100011 111011110011
101010010001 101111100111 ‘110101101111 111011111001
101010011101 101111101101 110101110001 111100001011
101010100111 110000001011 110110010011 111100011001
101010101011 110000001101 110110011111 111100110001
101010110011 110000011001 110110101001 111100110111
101010110101 110000011111 110110111101 111101011101
101011010101 110001010111 110111001001 111101101011
- 101011011111 110001100001 110111010111 111101101101
101011101001 110001101011 110111011011 111101110101
101011101111 110001110011 110111100001 111110000011
101011110001 110010000101 110111100111 111110010001
101011111011 110010001001 110111110101 111110010111
101100000011 110010010111 111000000101 111110011011
101100001001 110010011011 111000011101 111110100111
101100010001 110010011101 111000100001 111110101101
101100110011 110010110011 111000100111 111110110101
101100111111 110010111111 111000101011 111111001101
101101000001 110011000111 111000110011 111111010011
101101001011 110011001101 111000111001 111111100101
101101011001 110011010011 111001000111 111111101001
101101011111 110011010101 111001001011
101101100101 110011100011 111001010101
101101101111 110011101001 111001011111
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