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Pei6anko WN.I1., I'mageimyk C.B. Metoguveckne ykazaHusl 1O BBITIOTHEHUIO JabopaTop-
HBIX paboT no aucuuruinHe: «CrucTeMbl JOKYMEHTAIbHOM ANEeKTpocBsi3n» — PocTtoB-Ha-
Hony: CK® MTYCH, 2019. -69 c.

B MeTonnueckux yka3zaHUSAX JIaHbl PEKOMEHJAIMU 10 BBITOJHEHUIO 1IeCTH Jlabopa-
TOPHBIX pabOT C MCTOJIB30BaHUEM mporpamMm it IBM. J{ns kaxmoit 1abopatopHoit pa-
OOTHI MPUBEICHBI KPaTKUE TEOPETUUYECKHUE CBEACHMUS, ONMMCaHne MHTepderca mporpaMmbl
WIM OKOHEYHOT'O YCTPOMCTBA, MOPSIIOK BBIOOpPA U BBIMOJHEHUS UHAMBUAYAIBHOTO 3a/1a-
HUS, OTIpe/IeTICHBI TpeOOBaHMsI 1711 O(pOPMIICHUS 0TUETA IO paboTe U e€ 3ammuTe.

MeTtonuueckue ykasaHusi TMpeJHA3HAUEHBI JUIsl CTYJIEHTOB, OOYYaloluXcs IO
HanpasiaeHuto nmoarotoBku 11.03.02 «MH)OKOMMYHUKAIIMOHHBIE TEXHOJOTHU W CHU-

CTEMBbI CBSI3W» OUYHOW W 3a04HON (opM OOydEeHUS.

Peniensent: 3aBenyromuii kadenpoit UTCC, k.1.H. FOxHoB B.1.

CocraBurens: Peibanko W.I1., nou. kad. «UTCCy», I'mappimyk C.B.
Paccmotpenst u ono6pens! Ha 3acenanuu kKadenpst « UTCCy». ITpoTokonm Ne 1

oT «26» aBrycra 2019 1.
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Jlabopatopnas padota Ne 1
OddexTuBHOE KOIUpPOBaHUE HA pumepe kojaa Xadhdmana

[{ens paboTs

N3ydyenne npuHIUNOB 3(PPEKTUBHOTO KOAUPOBAHMS UCTOYHUKOB JAUCKPETHBIX CO00-
LIECHUU.

JloMaliHee 3a1aHue
1. M3yunTth npuHIMNI 3pPEKTUBHOTO KOAUPOBAHUS aji(aBUuTa UICTOYHUKA JUCKPETHBIX CO-
obmenuit (MJIC) no merony Xadbdmana.
2. ChopMupoBaTh KOJOBbIE KOMOMHAIMM JJIsl MI€PENAYN 3aJaHHOW IMOCIIEI0BATEIbHOCTU
3HaKoB ayaButa (Tabaumna 1):
- ipu kogupoBanuu andasura NJIC paBHOMEPHBIM KOJIOM;
- npu koaupoBanuu andasura MJC xonom Xaddpmana.
CryaeHTsl 3a04HOro (haKyjapTeTa BbIOMpAIOT BAapUaAHT JOMAIIHETO 3aJaHUsl B COOTBET-
CTBUU € TIoclieqHed upoil HoMepa CTyJeHYECKOTo OuIeTa.
3. Onpenenuts 3HaueHns Hmax , Hpean u nepeq A1 aHaIM3MpyeMOro BapuaHra.
4. Ouennts 3HaueHne Kos u Kexk.

Ta6nuna 1 - TaGnauia BepossTHOCTEM 3HAKOB andaBuTa

Bapwuasnr || 2 3 4 5 6 7 8 9 0
3HaK
andabuTa
Z; 0,10 0,13 |0,04 (0,25 |0.37 |0,12 |0,01 |0,18 |0,06 |0,3
Z 0,05 |0.17 0,17 (0,34 (0,23 |0,14 |0,16 |0,14 |0,12 (0,06
Z3 0,17 |0,12 |0,24 (0,26 (0,27 |0,01 |0,13 |0,03 |0,2 0,18
Z4 0,24 0,36 |0,26 (0,05 |0.07 |0,23 |0,37 |0,24 |0,09 (0,07
Zs 0,28 0,15 |0,10 (0,13 |0,20 |0,27 |0,20 |0,05 |0,28 (0,16
Zg 0,02 0,07 (0,21 (0,07 (0,07 |0,23 |0,10 |0,36 |0,06 (0,23
Z7 0,14 |- 0,18 |- 0,09 |- 0,03 |- 0,19 |-




Kparkas reopus

Ucrounuk nuckpetHsix coobmenuit (MAC) dbopmupyeT Ha BbIXOJIE CYETHOE YHUCIIO
COOOIIEHUI O COCTOSIHMM 00bekTa. Takoe COOOIIEeHHE B JIMTEpAType 4acTO HA3bIBAIOT
"3HaKOM'", a BCIO COBOKYITHOCTb I€PEIaBacMbIX 3HAKOB - ajihaBUTOM MCTOUHHUKA [1].

Hampumep, eciu B Ka4ecTBE UCTOYHMKA COOOILIEHUS paccMaTpUBaTh TEKCT Ha pyc-
CKOM $I3bIKE, TO B KQUe€CTBE 3HAKOB OyAyT BBICTYINATh OYKBbI, @ UX COBOKYITHOCTH SIBJISIETCS
andasurom. C yduetoM mpobena andaBUT PyCCKOTO S3bIKA COACPKUT 33 3HaKA. AHIIIHIA-
CKUM andaBUT COACPKUT 27 3HAKOB.

Jlna mepenaun KaKAoro 3Haka ajgaBuTa M0 KaHaly CBSI3M HEOOXOIUMO MOCTaBUTh
€My B COOTBETCTBHE HEKOTOPBIN onpeaeiaeHHbld curHai. C 3Toil HeNblo KaKI0MY 3HaKY
andaBuTa TPUCBAMBAIOT OMPEJCICHHYI0 KOMOWHAIIMIO JTBOMYHBIX CHMBOJIOB, TO €CTb
OCYIIECTBISIOT KOJMPOBAaHNE UCTOUHUKA. [[pucBOeHHbIE KOMOMHAIIMY HA3BIBAIOTCS KOO~
BBIMU KOMOWHAIIMSMHU WIIH, [0 TEPMUHOJIOTUU TEOPUH KOJAUPOBAHUS, KOJJOBBIMHU CIIOBAMH.
Ecnu komoBasi koMOMHAIMS COCTOMT M3 N JBOMYHBIX CHUMBOJIOB, TO €CTh SIBIIs€TCA N-
pa3psIHOM, TO N HAa3BIBAIOT JJIMHON KOJAOBOW KOMOWHAIIUU.

B nanno#i naboparopHoit pabote Bbl uzydaere KoaupoBaHHE UCTOYHHUKA, 3aja4eid
KOTOPOTO SIBJISIETCS MIPe0Opa3oBaHueE 11eeCO00pa3HbIM CIIOCOOOM 3ajaHHOrO Habopa 3Ha-
KOB andaBUTa B JIBOUYHBIE CUMBOJIBL. llenmecooOpa3HOCTh TPU 3TOM MOXKET O3HAuyaTh
yYMEHbBIIIEHUE U30BITOYHOCTH UCTOYHUKA W/WIIW MIPEICTABICHUE COOOIEHUN HUCTOYHHUKA B
dbopme puroIHoM Jisi 00OpabOTKU U Mepelayu.

B TexHuKe CBS3U HIMPOKOE pacpOCTpaHEHUE MOIYYHI METO/I lTepeaadyl paBHOMEp-
HBIM KOJIOM, KOTJIa KOJIMYECTBO Pa3ps 0B B KOJOBOM KOMOMHAIIMK MOCTOSIHHO U HE 3aBU-

N >2"

CUT OT KOHKPETHOTO IepeaBacMoro 3Haka. BeiOop HeoOXOIUMOM JIJIMHBI KOJIOBOW KOM-
OMHAIMKU TTPOU3BOAMUTCS B COOTBETCTBHH C 00beMoM anipaBuTa ncrounuka. O6o3naunm N
— o0beM andaBurta. Toraa HETPYIHO 3aMETUTh, YTO PABHOMEPHBINA KOJI 00JIaJaeT Clely-
IOLIUMH OCOOEHHOCTSMHU:
- N - pa3psgHas komoBasi KOMOWHAIMS MOXKET nepeaaBaTh nHpopmaruio o 2" 3HaKax wuc-
XOJTHOTO ayipaBUTa, HO MO YCIOBUSM paOOThl UCTOUYHHUKA OOBIYHO HEOOXOAMMO Mepena-
BaTh MEHbIIEE YHUCIIO 3HAKOB, a, TO3TOMY, YAaCTh KOJAOBBIX KOMOMHAIIMI OKa3bIBAETCS BO-
00111e He3aAeHCTBOBAaHHOM;
- B 3aBUCUMOCTU OT KOHKPETHOW MPUPObl UICTOUHUKA BEPOSTHOCTH MOSBJICHUSI KAXKIOTO
13 3HAKOB ajipaBUTA paszfiMyHa, HO MPU KOAUPOBAHUU UCTOYHHKA PABHOMEPHBIM KOJIOM
CTaTUCTUYECKUE XapaKTEPUCTUKN UCTOYHUKA HE YUUTHIBAIOTCA.

Jlnst ydera CTaTUCTHMYECKUX XapaKTEPUCTUK HCTOYHWKA BBIACISIOT OTAEIbHBIN
Kiacc 3¢ (EKTUBHBIX METOI0B KOAMPOBaHUA[2].

Ecmu na Beixone MJIC, ob6namaromiero andaButoM A, 3HAKH &; MOSBIISIOTCS HE3aBU-
CHUMO C BEPOSITHOCTSAMM Pi, IPU 3TOM:

i=1K
raie K-oobem andasuta MJIC, TO KonmvecTBO HMH(pOpMAINMKM, TPUXOJAIIEECs Ha
OJIVH 3HaK @, PaBHO:



I(a;) =—log; p; (6um)
CpenHee KONMUECTBO MHGBOPMAIMH B OUTAX, MPHXOAANICECS HA OJUH 3HAK HA BbI-
XOJI¢ NCTOYHMKA, HA3bIBACTCS SHTPOIMEH MCTOUHUKA M OIPEIEIACTCS CICIYIOMHIM 00pa-
30M:

K
H(A) == pilog, p; (6um)
i=1

M3BecTHO, YTO MaKCHUMaJIbHOE 3HAYCHUE SHTPOMHH Hpmax COOTBETCTBYET CIydaro
paBHOﬁ BepO}ITHOCTI/I ITOABJICHHA BCECX 3HAKOB, HO B peaJ'IBHBIX YCJIOBI/IHX Hn3-3a HepaBHO-
BEPOATHOCTH IOSIBJICHHS 3HAKOB BCET/IA BBIINOIHAECTCA COOTHOMEHUE H max > H pean.

B TeOpI/II/I I/IHCI)OpMaHI/II/I BBOAUTCS KOJINMYCCTBCHHAA Mepa I/I36BITO‘-IHOCTI/I HNCTOYHU-
Ka, KOTOpas MOKa3bIBaCT, HACKOIBKO 3(h(PEKTUBHO MCIIONB3YIOTCS 3HAKH andaBuTa JaHHO-
ro uctounuka. Ecinu m30bITOYHOCTh MCTOYHMKA D paBHa HYJIO, TO 3TO O3HAYAeT, UTO:

Hax — H
5 max pear 1 H pean

H max H max
dopMupyemMbie UM COOOIICHHS ONTHUMAJIbHBI C TOYKU 3PEHHUSI KOJMYECTBA MEPEHOCUMOMN
UMU uHGbOpMaITUH.

HeoOxoaumoe uncio 3HakoB ajdaBuTa i MepeAaydd 3alaHHOTO KOJIMYECTBA WH-
¢opmaruu | npu OTCYTCTBUM TOMEX MOKHO OIPEIEIUTh U3 COOTHOILICHUS.

Tax kak st peasibHbIX UCTOYHUKOB Hpear< Hmax , TO TpeOyemoe umciio 3HaKoB aj-
¢aButa K; > Kj, a mo3ToMy n30BITOYHOCTh COOOLIEHUS XapaKTepU3yeTCs TOHM ke Mepoil
u30bITOYHOCTH D, 94TO U HCTOYHUK.

Hanpumep, u3BeCTHO, 4TO JUIsl TEKCTA Ha PYCCKOM SI3BIKE MPHU YCIOBUU PAaBHOBEPO-
ATHOTO MOSIBJIEHUs 3HaKOB (OykB) aHTponus coctaBUT H=5 OutT/OykBy.

Kl =
H
max

HccnenoBanus MOKa3alid, YTO y4ET BCEX BO3MOKHBIX CTaTUCTUYECKUX CBA3EH (pas-
JIMYHAs BEPOSITHOCTh MOSIBICHUS KAXKIOW M3 OyKB, pa3iMyHas BEPOATHOCTH IOSBICHUS
coueTaHuid OyKB MO ABE, O TPU U T.A., BIUIOTh A0 CBSI3U MEXKIY OTIAEIbHBIMH CIIOBAMU)
CHIDKAIOT peaJIbHOE 3HAUEHHUE SHTPONUU 10 BeNMUUHBI Hpear=1,5 OMT/3HaK. B 3TOM Cciyuae

N30BITOYHOCTh COCTABIISIET:

L5

H
D=1- pea,7=1_

max

B psne cinyuaeB coobuieHue ¢hopMupyercs 1o 3apaHee U3BECTHBIM MpaBuiaMm. Tak,
TEKCT, BBITIOJIHCHHBIM Ha PYCCKOM SI3bIKE, MOJUYMHSICTCS IIpaBUjiaM PyCCKOM IpaMMAaTHUKH,
a Ha aHTJIMACKOM — aHIVIMMCKOW. 3HaHWE ATUX MpaBUJ MO3BOJSET OOHAPYKUBATH U HC-
MPaBJIATh OMIMOKM B TAKUX COOOIIEHUAX, KaK "Hajgudyee UCOBITAYHO3/IM 3[10COOCABAUT T1a-
BUIIIEHUIO TIOMEKOYCTOWUEBa3TH caabimieHuid. B aTom dpace mamymmHo MHOXO OCHIIOK".

CaMOCTOSTEIPHO MPOAHATN3UPOBAB TEKCT, BBl MOXeTe 0OHApYXUTh U UCIIPABHUTH
JIOTYIIIEHHBIE TpaMMaTH4YecKue omuoku. OOHAPYKUTh OMUOKK TpU niepeaade mudp, uc-
MOJIb3YS T€ K€ MPaBUIIA, HE YIAETCA.

=0,7 OuT/3HAK



B TexHuke CBs3U BecbMa aKTyallbHOM SIBJISIETCS 3a]]a4a COIIACOBaHUS CKOPOCTH Tie-
penaun MHPOpPMALUU OT UCTOYHHUKA COOOIIEHUI C MPOIMYCKHOM CIIOCOOHOCTBIO KaHaia
cBs3u. CxopocTh nepegaun nHbopmaruu onpeaeisercs sutponueit andasura UJIC u xo-
JUYECTBOM CHUMBOJIOB, BbIpa0aThIBAEMbIX HCTOYHUKOM 32 €AUHUILY BpEMEHH M:

ucm

C,., =mH :ﬂ,(6um/c)
T

I7IE T - BpeMs Iepeladyd OJTHOTO ABOMYHOIO CHMBOJIA.
[IpomyckHass CHOCOOHOCTH KaHaja XapaKTepU3yeTCs MaKCHMaJbHON 3HTpONuUei
(IpH OTCYTCTBHM MOMEX):

KaH

Cegn = H i ,(bum/ c)
T

B tom cnyuae, korga Cuer > Cyan, YCTpaHeHUE U30BITOYHOCTH MOXKET OOCCIEUHTH
BO3MOXHOCTh Tepe/iladyi HHGOpMaIMi M0 JAHHOMY KaHaly 0e3 YBEJIWYEHHUs €ro MOJOChI
IPOITYCKaHMUSI.

B cootBercTBUU ¢ Teopemoii lllenHoHa m1s kaHana 0e3 MOMeX MOXKHO YBEIUYHTh
CKOpOCTh Tepe/ladyu MH(OpMaIMK MOCPEACTBOM MpeoOpa3oBaHUs COOOIIECHU B CTATH-
CTUYECKH HE3aBUCHUMBbIE U PAaBHOBEPOSITHBIE CUMBOJIBL. Takoe mpeodpa3oBaHUE OCYIIECTB-
JSETCS KOJAEPOM HMCTOYHHKA 33 CYST YMEHBIIEHUS YUCJIa CHUMBOJIOB, KOTOPBIE TPEOYIOTCS
I TIepeiadyl OAHOTO 3HaKa andaBuTa.

s sToro HEOOXOAMMO Hambojee BEpOSTHBIE COOOIICHHWs IepenaBaTb HaWMEHb-
IITUM 9HCJIOM KOJIOBBIX CHMBOJIOB M YBEJIMYWBATH JUIMHY KOJOBOW KOMOWHAIINA COOTBET-
CTBEHHO C YMCHBIIICHUEM BEPOSTHOCTH TIOSIBIICHHS KOJAUPYEMOTO 3HAKA.

Htak, 00s3aTebHBIM yCclIoBUEeM 3(PGEKTHBHOTO KOAUPOBAHUS SBJSETCS HMCIIOIB30-
BaHHUE HEPAaBHOMEPHBIX KOJOB.

Jl1st HepaBHOMEPHBIX KOJOBBIX IMOCJIEIOBATEILHOCTEH BBOJST IMOHSATHE CPETHETO
YKCJia TBOMYHBIX CUMBOJIOB Ha OIMH 3HaK andaButa oobemom K:

K
Nepeo = Z PiN;
=1
TZIe Pi - BEPOSITHOCTD MOSIBIICHUSI I-T0 3HaKa andaBuTa, nj- JIJIHMHA KOJAOBOW KOMOH-
HAIMH, COOTBETCTBYIOIIAS Iepeave 1-ro 3HaKa.
MakcumanbHOU 3(PPEKTUBHOCTHIO 00JIaAAI0T T€ HEPABHOMEPHBIE KOJbI, NI KOTO-
PBIX BBITIOJIHAETCS] PABEHCTBO CPEAHEN IITMHBI KOJIOBOM KOMOMHAIIMU U SHTPONHH, T.€.:
ncped =H

O (HEeKTUBHOCT, HEPABHOMEPHBIX KOJIOB OLICHMBAETCS KOA(D(PUIIMEHTOM OTHOCH-
TeIbHON 2(P(HEKTUBHOCTH KOTOPBIN MOKA3bIBAET CTETIEHb UCIOJIb30BAHMS CTATUCTUYECKOM
U30BITOYHOCTH. JIJ1s1 onTUManbHbBIX KoJ10B Ky,=1:

H

K,y =
09 n

cped
OTtHomeHue CpE€aAHCIO0 4YHCjia ABOMYHBIX CHUMBOJIOB, IIPUXOAAIINXCA HAa OAWH 3HAK
qu)aBI/ITa, IIpru KOAUPOBAHHUHN 3aJaHHOI'O UCTOYHHKA HEPABHOMCPHBIM KOAOM K JJIMHE KO-



JIOBOM KOMOMHAITH B ClTydae KOJAUPOBAHUS NCTOYHHWKA PABHOMEPHBIM KOJIOM HA3bIBACTCS
kod(ppunmenTom cxatus K

n cped

n

JIJ1st TOCTPOCHUS ONTUMATBHOTO KOJIa HEOOXOIUMO HE TOJIBKO YYHTHIBATH HEPABHO
BEPOSITHOCTH TTOSIBJICHUS 3HAKOB, HO M CTATUCTUYCCKUE CBS3M MEXKy 3HaKaMU MEPBUYHO-
ro andasuta 0ojiee BBICOKUX MOPSAKOB.

Hanpumep, miis pycckoro andasura (C ydeToMm mpoodeia) HepaBHO BEPOSTHOCTD T0-
SBJICHUS OYKB CHIKAeT YHTponuio A0 3HadeHus Hi=4,35 OuT/3HaK; JOMOJHHUTEIbHBIN
y4eT CTaTUCTUKHU JBYXOYKBEHHBIX COUETAHHMM JOBOJIUT 3HaueHHUE SHTpornuu 1o Hy=3,52
OuT/3HaK, a TpexOykBeHHBIX - 10 H3=3,01 Out/3HaK.

PaccmoTtpum mipuHIMN moctpoeHus: 3(pGeKTUBHOrO Koja, MpeaaoKeHHbIN Xadd-
MaHoM. [lycTh, HampuMep, U3BECTHO, UTO MepeaBacMbIil adaBUT COJACPKUT MATh 3HAKOB
C BEPOSITHOCTSMH TOSIBJICHUS :

P(a)=0,22; P(6)=0,20; P(8)=0,26; P(r)=0,15; P(x)=0,17.

[Toctpoenue xona Xadpmana HauMHAETCS C YNOPSAOUYMBAHMS YKa3aHHBIX 3HAKOB
1o yObIBaHUI0 3HaueHu Pj, Tabnuia 2.

K =

core

Tab6muma 2 — [Moctpoenue kona Xadhdmana
Homep BcnoMoraTeJbHOR oIlepaumu

SHaWk | 1 2 3 4 5
BepoATHOCTH 1,0
,08
0,42 0,42]'—

~ 0,32 0,32
B 0,26 0,26 0,26
A 0,22 0,22
b 0,20 0,20
I 0,17]_
T 0,15

OrnpenensitoTcs Ba HAaMMEHEE BEPOSTHBIX 3HAKa andaBuTa, KOTOPbIC MEPEXOIAT B
HOBBIN CKaTbIi aipaBUT, KaK OJUH 3HAK C BEPOSTHOCTHIO TOSIBJICHUS PaBHOW CyMMeE Be-
POSITHOCTEM TMOSABJIEHUS ITUX ABYX 3HAKOB.

P(LI)=P(1)+P(I)=0,15+0,17=0,32

BHOBBH IPOBOIUM CHCTEMATH3AIMIO 3HAKOB ai(aBUTa MO MPU3HAKY yObIBAHUS Be-
posiTHOCTEN. B TaHHOM ciiydae nepBbIid BCIIOMOTaTeIbHBIN 3HAK NOIAIaeT B HAYal0 CIUC-
ka. [ToBTOpsiem mponienypy oObeAMHEHUS HAUMEHEE BEPOSITHBIX 3HAKOB MO HOBOMY C)Ka-
Tomy andasuty. Tenepp oO0benuHeHuo mojjexar 3Haku A u b. OnpenensieM BeposiT-
HOCTh BTOPOT'O BCIIOMOTaTEJIbHOTO 3HaKa.

P(A,B)=P(A)+P(b)= 0,22 + 0,20 = 0,42



BHOBb MpoM3BOUM YIIOPSIIOUMBAHUE HOBOTO ckaToro andasurta. CHOBa BbIOUpaem
7IBA 3HAKA C HAMMEHBITUMHU BEPOSTHOCTSAMHU, OOBEIUHSAEM UX U OMpPEACIsieM CyMMapHYIO
BEPOSTHOCTb.

P(B,A,I)=0,26 + 0.32 = 0,58

W onaTh MOBTOPSIEM MPOIIETYPY YIOPSIOUNBAHHUS TIOTyUYEHHOTO CKATOTO ajdaBuTa,
OTpe/ieNieHUs] HAaMEHEe BEPOSITHBIX JBYX 3HAKOB, X 00beauHeHHs u T.j4. [Iporecc mpo-
J0JDKAETCS IO TeX IMOp, MOKa MBI HE JOWIEM J0 €IUHCTBEHHOTO BCTIOMOTATEIHHOTO 3HAKA
¢ BepostHOocThIO Pi= 1,0.

J1J1s MOCTpOeHHMSI KOJIOBOM TaOIUIIBI HEOOXOAUMO MPOCIEIUTh MyTh NEPEXo0/ia 3HaKa
0 CTPOKaM | CToJIOam Tabiuiel. Hanbosee ynoOHbIM criocod - 3TO TOCTPOSHUE JEPEBO
KOJIOBBIX CJIOB (pHUCYHOK 1).

Pucynox 1 - JlepeBo KOJJOBBIX CJIOB

N3 Ttouku Pi=1,0 HampaBisiem ABe BETBU, U TOW, Y KOTOPOM B COOTBETCTBHH C KO-
JoHKOM 5 Tabmuel 1 BepostHOocTh Oonbiie (Pi =0,58), mpucBauBaem cumBoi 1, apyrou -
0.

PaccmatpuBaem BeTBb ¢ cuMBoJioM 0. B cOOTBETCTBMY € KOJOHKOM 2 M3 3TOrO y3i1a
TaK kK€ MOTYT OBITh HalpaBJieHbI ABE BeTBU. OJTHON M3 HUX CHOBA IIPUCBAMBAEM CUMBOI 1,
a apyroi - 0. B 370l 4acTH CTBOJIa BETBICHUE 3AKOHYEHO.

Bo3sBpaiaemcs k nepBoit BeTBU ¢ cumBojioMm 1 (mist Pi=0,58) u ctpoum u3 3Toro y3-
na BeTBieHue co 3HaueHuem Pi=0,32 ("1") u Pi=0,26 ("0"), u Tak nanee. B pe3ynbrare no-
Jy4eHO KOJOBOE JEPEBO, JIBUTasICh MO BETBAM KOTOPOTrO JIETKO MOYKHO 3allUCaTh KOJOBYIO
KOMOWHAIIHIO JIJIST K&KJIOTO 3HAKA.

CocTaBnsATh KOJIOBYIO KOMOMHAIIMIO HAYMHAIOT OT UCX0aHOU ToukH (Pi=1) k koHITy
Ka)J0M BeTBU. /{11 paccMaTpuBaeMoro cirydasi moJyqmuM:

b-00, A-01, B-10,T"-110, [1-111.

[Ipy TakoM MOCTPOEHUHU BBIMOJTHSAETCS 00s3aTEIbHOE TPeOOBAHWE OHO3HAYHOCTH
JEKOMPOBAHUSI, KOTOPOE COCTOUT B TOM, YTOOBI HA OJTHA KOMOWHAIIMS TAHHOTO KOJa HE
COBIIaJIajla ¢ HA4yajoM ApYrou, 6oJsiee MIMHHOW KoMOuHaruu. Kojapl, yI0BIETBOPSIONINE
ATOMY YCJIOBHUIO, Ha3bIBAIOTCS MpePuKCHbIMU Kojgamu. [Ipu nekoaupoBaHUU MOCe0Ba-
TEJILHOCTH KOMOUHAIMN NMpeUKCHOTO KOja OIpe/eieHrne Koja KaXXK/I0ro 3HaKa IPOU3BO-



IUTCST OJTHO3HAYHO. B mpoTHBHOM ciiyuae, T.e. Al KOMOWHAIM He MpedUKCHOro Koja
XapaKTepHa HEOJJHO3HAYHOCTh JIEKOJAUPOBAHUS.

[IycTh, HampuMep, HEKOTOPBIA KOJ YJIOBJIETBOPAET TPEOOBAHUIO MPEPUKCHOCTH,
T.€. 3HaKaM ajipaBuTa COOTBETCTBYIOT KOJIOBbIE KOMOMHAIIMY BUA:

A-00 b-01 B-101 1"-100.

CocTtaBUM NPOU3BOJILHO KOMOMHAIIMIO TIEpe/laBaeMbIX 3HAKOB alipaBUTa U COOTBET-
CTBYIOIIYIO €l KOJIOBYIO IOCIIEIOBATEIIBHOCTD:

b Ab B I' B I' TAAB
01 0001 101 100 101 01 100 00 00 01 (*)

OTa 1ocne0BaTeNbHOCTh IEKOAUPYETCS OAHO3HAUHO:
010001 101 100101 01 10000 00 01
b ABb B I' B I'I' AABb

PaccmoTpum apyroii ciydaid, Korga KOAMPOBaHHWE aHCAMOJisl 3HAKOB IMPOBEACHO IO
KOJOBOM TaOJIMIIE BUIA:
A-00; b-01; B-001; I'-010.

Torna nocyienoBaTeIbHOCTh KOJIOBBIX KOMOMHAIIUN TOTO K€ COOOIEHUs OyIeT UMETh
BU.

01000100101000101010000001.

B sTOM ciyyae BO3MOXHBI pa3iMyHble BAPUAHTHI I€KOJUPOBAHUS:
01 00 01 001 01 00 01 01 010 00 00 01

b ABB B ABB T AA©B

WIIN

010 001 001 010 001 01 010 OO 00 01

r B B I' B b T A A6©Bb

17031

01 00 01 001 010 001 01 010 00 00 01

b ABBT Bb T A ABb

Bo3moskHbI U qpyrue BapuaHThl. [lonpoOyiiTe caMOCTOSTENBHO IEKOIMPOBATH MPUBE-
JNCHHYIO I10CJIE10BATEIbHOCTD.
PaccmoTpum Bo3nielicTBHE OAMHOYHOM, OITMOKYA B MPUHATON KOAOBOM MOCIeI0Ba-
TEJIbHOCTH CUMBOJIOB, OTMEUYEHHOMU (*), YIOBIETBOPAIONICH YCIOBUIO MPEHUKCHOCTH, T.€.
IIyCTh MPUHATAS IIOCIEI0BATEIBHOCTh UMEET BUI:

0100011010001010110000001

B sTOM citydyae npu AeKOAUPOBAHUH MTOJTYYHM:

010001 1010001 01 01 100 00 00 01
b AbBB ABBBTI AAB
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HTtak, oqHa ommbka B KOAOBO KOMOMHAIMK, COOTBETCTBYIONIEH 3HaKy I, mpuBena K
HeTpaBWILHOMY JE€KOJMPOBAHUIO HECKOJIBKUX 3HAKOB. Takoil xapakTep ommOOK Ha3bIBa-
IOT TPEKOM OIIHOOK.

XapaKkTepHOH OCOOCHHOCTBIO CUCTEM, MCIIONIB3YIOMIMX METO/bI 3((HEKTUBHOTO KO-
poBaHus, SABIsSETCS 00s3aTeNbHOE HATUMYME KaK B IEpefarolieM, TaKk U B IMPHEMHOM
ycTpoicTBe Oy(hepHbIX 3alIOMUHAIOMINX YCTPOUCTB. DTH YCTPOMCTBA 00ECIIeYnBaIOT BO3-
MO>KHOCTbH Mepejauld CHMBOJIOB C MOCTOSSHHOM CKOPOCTBIO B KaHAJ CBSI3U MPH YCIOBUU UX
HEPABHOMEPHOTO MOCTYIJICHHUSI HA BBIXOJI KOJIEpa.

Onucanue 1a00paTOPpHOM YCTaHOBKH
YcnoBHas QyHKIIMOHATBHAS cXeMa J1a00paTOPHON YCTAaHOBKH NMPUBEICHA HA PUCYHKE 2

JATUYUK
OIINBOK
—»| B/IOK ®OPMWPOBA- KAHAT > [EKOAEP >
HUA PABHOMEPHO- NONIYYA-
TENb
UCTOYHUK || OATHUK COOBILLIE-
COOBLLEHMA OLUMBOK HUS
KOZEP KOOA XAD®- o KAHAT . .
> » EKOJZEP >
— MAHA AFROA

Pucynox 2 -YcnoBHast GyHKIIMOHAIBHAS CXeMa JIA00pATOPHON YCTAaHOBKU

Uctounuk coodmmenus: (MJC) dhopmupyet Ha BbIXOJI€ TTOCIEA0BATEIHLHOCTh 3HAKOB
13 3aJIaHHOTO aJipaBUTA.

biok gopmupoBaHusi paBHOMEPHOTO KOJia MO3BOJISIET MPUCBOUTH KaXKJIOMY 3HAKY
angasura NJIC koMOMHALIWIO paBHOMEPHOTO IEPBUYHOIO KOJIA.

Konep Xaddmana ocyiectrisier popMupoBaHre KOJOBBIX KOMOUHAIIMN METOIOM
3 PEKTUBHOTO KOJUPOBAHMUS.

Jlekoziepbl OCYIIECTBIISIIOT COOTBETCTBYIOIIEE JAEKOAUPOBAHUE MPUHATHIX KOJOBBIX
KOMOUWHAITUH.

JlaTunk ommOOK OCYIIECTBISAECT BBOJ OIIMOKM B TMOCIEAOBATEIBHOCTh KOJOBBIX
KoMOuHanui npu 3GEHEKTUBHOM KOAUPOBAHWH MO MeToay XaddmaHna u paBHOMEPHOM
KOJINPOBAaHUH.

[Tocne 3amycka nmporpammsl (daiin LR 36.eXe) BBequTe Ha MEpBOW CTpaHUIIE CBOU
@®.1.0. u HoMep rpynnkl. 3atem nepeiaure Ha cTpaduily 3. CTaTUCTUKA U KOJUPOBAHUE -
JIEKOAUPOBAHNUE.

BuenmHuit BUa 5TOM cTpaHUIIBI TOKa3aH HA PUCYHKE 3.
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Hauano] Enok-cwera 3] CTETHCTMKE W KOQMPOBSHME - AekoaMPoBaHKe | 4] NekogMpoBaHie ] Sa.uaHMe] J'Iwrepa'rgpa] cpopmgnbl] KoHeu.l Kogosoe aepee

e Tosme Cratuctyrka nns " Maproe_Mrope"
?‘Egg"r ? ggﬁggg ? %gﬁggggggon Me | 3HEK [KON-BO |ESNOATH. | DEEH KOO | XadMEeHE
™ KOWEKL " MOJOKOM " MONOKOOTCOCOM 1|0 2 0167 opoa I}
MaproE WMropkb ~ L2l 2 0.167 | 0001 0o

3 1 0.083 oo1a 111

AnNHHE cooBWeHKa L= 12 kOnM-E0 SHakoE M= 10 4| 1 1 0.083 a0t 1110
5 b 1 0.083 0100 1101

CREOHEE YHMCND GUT HA OAMH SHAK AN KoOa Bl a 1 0.083 mm 1100
XadgreHa = 3333 pEEHOMERHOrD = 4 /18 1 0.083 110 1011
Kec =1.200 Bl r 1 0.083 0111 1010

ko3dh. CTAT. ©kaTHA Koo=1. 3l k ] 0083 1000 Tom

AHTponuaH =3252 Hmax=3322 W36 TOYHOCTE D = 0.021 10 & 1 0.063 1001 1000
Kosad. 0THOCHT 3dpekTHEHOCTH Koz = 0.975
Kopupopanue - fexoqupoBaiie paBHOMEPHEIM Koo M Tpebyerca 48 but
npa M a sl K o & H = =] B b

010001010001100000000110001000110111000000011001

] |=

Ben | 010001010001100000000110001000110111000000011001
pM M a p K o B H ] o] p =t

Kopuporanue - gexogupoBaHue HepaBHoMepHEM Eogom.  Tpebyerca 40 but

it M a ol o B _ H = o p b
1101110000100101101111111110101001001000

L™

Brm | 1101110000100101101111111110101001001000

T M ap K o ] _ H 2 op =]
MNMEYATDH /P ME 36 16.04.01 15:17.43 Mapkoe MWrope AnercaHopoewy 028109

PI/ICYHOK 3 - CtaTHCTHKA H KOOIUPOBAHUC - ICKOIUPOBAHUC

BBoj coobmienust mpousBoautcst B cTpoke. [locne BBoga cooOuieHus cnpasa B Ta0-
JUIE BBIBOJUTCS CTAaTHCTHKA JIAHHOTO COOOIICHMS] W KOJOBbIE KOMOMHAIIMM IS PaBHO-
MepHOTO KoJjia 1 koja Xaddmana. Dta Tabania UMeeT CASAYIOIIYIO CTPYKTYPY:

1 cronber — MOPSAIKOBBIN HOMEP 3HAKA an(aBUTa;

2 ctosibel — 3HaK andaBuTa;

3 cronben — KOJIMYECTBO AaHHBIX 3HAKOB B CPOPMHPOBAHHOM COOOIICHHH;

4 ctosibelr — BEpOSITHOCTD MOSBJICHUS JJAHHOTO 3HAKa B COOOIICHUH;

5 ctonben — KogOBasgs KOMOWHALIMSA JJIs TaHHOTO 3HAKa MPU PAaBHOMEPHOM KOIHPO-
BaHWUU;

6 ctonbern — KOJOBass KOMOWHAIMS AJsl TAaHHOTO 3HaKa MPH KOJUPOBAHUHU KOJIOM
Xaddmana.

B oxne 3 maHHOTO SKpaHa Moka3aH pe3yabTaT KOJAUPOBAHUS - JEKOJUPOBAHUS PaB-
HOMEPHBIM KOJJOM. OKHO UMEET CJIEeAYIOIIYIO0 CTPYKTYPY:

1 cTpoka — nepenaBaeMoe cooOIIeHUE (BXOJI KOJIepa);

2 cTpoOKa — MOCIEA0BATEILHOCTh JBOMYHBIX CUMBOJIOB Ha BBIXOE KOJIEPa;

3 cTpoKa — MO3HUIUs HCKakaeMoro outa (0003HavaeTcst *);

4 cTpoKa — MOCIeA0BATEILHOCTh JBOMYHBIX CUMBOJIOB Ha BBIXOIE KaHala (BXO. Jie-
KoJiepa);

5 cTpoKa — MPUHATOE COOOIIEHUE (BBIXOJ JIEKOACPA).

B okHe 4 maHHOTO 5KpaHa MOKa3aH pe3yibTaT KOJUPOBAHUS - ACKOIWPOBAHUS KO-
noMm Xadppmana. OKHO UMEET CTPYKTYPY aHAJIIOTMYHYIO OKHY 3.
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Cnesa oT OKOH 3 ¥ 4 pacmoI0KEeHBI OpraHbl YIPABICHHS TaTYNKAMH OITHOOK:

Bxn/OTki1 — KHOIIKA BKIIOYCHHMS/OTKIIFOUCHHUS TaTYNKA OIIHOKH.

< —> - I3MCHECHMUE TO0JI0KEHNE HCKAXKEHHOr0 OUTAa.

Ecnau nmatuuk ommOKM BKIIIOYEH, TO MO3ULIMS, HA KOTOPOU HAXOIUTCA MCKaKEHHBIN
OuT, MOMeYaeTCs 3BE3J0UYKOI0 *, a €CJIM JATYHMK OIMHOKU OTKJIIOUEH, TO BMECTO 3BE3IOUKU
MOSIBIISICTCST TOYKA.

3amanue

1. Chopmupyiite nepempaBaemoe coodOieHue. CooOlleHne J0KHO OTBEYaTh CIENyIo-

UM TpeOOBaHUSIM:

- BKJIOYaTh Bairy Gamunmio;

- comepskath He Ooiee 12 pa3InyHbIX CUMBOJIOB (00beM andaButa N<=12);

- UMETh JUIMHY OT 8 110 15 CUMBOJIOB;

- Kod(puiueHT cxxatusi chOpMUPOBAHHOTO COOOIIECHUS TTPU KOJUPOBAHUH TTOJTYYEHHO-

ro anipaButa kogoM Xaddmana J0JKEH MOTYUYUTHCS HE MeHee 1,2.

BriBeguTe Ha neyath CoIEpKUMOE dKpaHa (3akiaaka 3) CoO CTATUCTUKOM COOOIIEHUS U
MpoIeccaM KOAUPOBAHUS PAaBHOMEPHBIM KOJOM U KojoM XaddmaHa U TEKOAUPOBAHUS
Ha TIpUEeMe B CITydae OTCYTCTBHUS OMMMOOK, BEI3BAaHHBIX TTIOMEXaMH B KaHaJE.

BriBeguTe Ha meuaTh COIEPKUMOE dKpaHa (3akiiajika 4), WUTIOCTPUPYIOIIEro MPOoIiece
JEKOANUPOBAHUSI TIPU HAJTMIMH OIMTNOOK, BBOJUMBIX B Pa3JIMYHBIC CHMBOJIBI, TIEpEIaBacMON
JBOMYHOM TIOCIIEIOBATEIbHOCTU TIPHU UCIIONIB30BAHUM PABHOMEPHOIO Kojia U koja Xadd-
MaHa.

[TocTpoiiTe AepeBO KOMOBBIX CJIOB JIJIsi 000UX CIydyaeB KOJAUPOBaHUs ajidaBuTa.

KonTposibHbIE BOIIPOCHI

1. Tpunmun GopMUPOBAHUS KOJOBBIX KOMOHMHAIIMN TPU KOJAUPOBAHUU METOJOM
Xapdmana.

2. Meroa omnpeneneHus CpeIHel JIMHBI KOJAOBOM KOMOMHAIIMY Ha 3HAK ajipaBUTa U €€

ONTUMAJILHOE 3HAUYCHUE.

3. CymHocTh TpeboBaHus MpeUKCHOCTH 3P PEKTUBHBIX KOIOB.

4. TlpuHIUI COTJIacCOBaHUSI UCTOYHUKA COOOIIEHUS C MPOMYCKHON CITOCOOHOCTHIO Ka-

HaJla CBSI3HU.

5. KonnuectBenHas oneHka 3¢ (HEeKTUBHOCTH HEPABHOMEPHOTO KOJAUPOBAHMUS.

6. MexaHnn3M BO3HUKHOBEHHS TPEKa OMIMOOK MPU JCKOJAUPOBAHUH TTOCIIETOBATEIHHO-

CTH KOJOBBIX KOMOWHAITUH.

7. IlpuHIIMT AEKOAMPOBAHUS MTOCIIEI0BATEILHOCTH MPE(YUKCHOTO KOA.

8. OcoOEHHOCTH AEKOAMPOBAHUS MTOCIENOBATEILHOCTH JIJIs1 HEMPEUKCHOTO KOJIa.

ConepxaHue oTyera
1. Pe3ynbTaThl BRIMOJHEHUS JOMAIITHETO 33 aHusI.

2. Pacniedyatku pe3yJabTaToOB BHIIIOJHEHUS PAOOTHI.
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3. Pacuetnbie (hOpMYITBI C 3aMTMCHIO MCXOAHBIX 3HAYCHUN NJIs1 ompeieieHUs] BeMUIUH Hmax,
Hpean Nepen, Koo B Ko 17151 cO0O1IEHUS, CPOPMUPOBAHHOIO B PE3YJIBTATE IKCIIEPUMEHTA.

4. JlepeBO KOJIOBBIX CJIOB JIJISI paBHOMEPHOTO Koja 1 koja Xaddmana, moydeHHBIX B pe-
3yJIbTaTE SKCIIEPUMEHTA.

5. BBIBOJBL.

Jlabopatopnas pabota No2
HccnenoBanne CBOMCTB IIUKINYECKOTO KOJIA

Ienb paboThI

1. U3y4nTh OCHOBHBIE PUHIIUITBI TOMEXOYCTOWYHUBOTO KOJJUPOBAHMUSI.

2. I3yuuTh mpaBmia MOCTPOEHUS MUKINYECKUX KOJOB.

3. HccrnemoBath 00OHAPYKUBAIOIINE W HCIPABIISIONINE CBOMCTBA IMUKIMYECKUX KO-
TOB.

4. T10o3HAKOMUTBCSI C MPUHIIUIIOM MOCTPOCHUS KOAUPYIOMIMX M JEKOIUPYIOITUX
YCTPOMCTB IUKINYECKUX KOJIOB.

KpaTKI/Ie CBCACHUA U3 TCOPHUU JIMHEHHBIX OUKINYCCKHUX KOAOB

JIunelHbIe KOABI ABIAIOTCS KOJAMU OJOYHBIMH, PEryJSIpHBIMH. [ perynspHbIX
KOJIOB 33JIaF0TCs TpaBmiIa MpeoOpa3oBaHus HHGOPMAIIMOHHOTO CJIOBA JUTMHBI K B KOJOBYIO
MoCJIe0BaTeIbHOCT AMUHBI N (N > K), a Taxke npaBwia aekoaupoBanus. Haubosbiiee
pacupoCTpaHEeHUE MOTYYUIIN JJMHENHBIE pa3ieIuMble KOAbl. Pa3nenuMbpIiM KOJIOM Ha3bIBa-
€TCsl KOJI, B KOJIOBBIX CJIOBaX KOTOPOTO MOXKHO yKa3aThb MecTa MH(OPMAIMOHHBIX U TPO-
BEPOYHBIX CUMBOJIOB [3, 4].

JIuHEeHHBIM KOJIOM Ha3bIBatOT OJI0uHBIA (N, K) KO/, CHMBOJBI KOJOBBIX CIIOB KOTO-
pOro SBJISIOTCS JTMHEHHBIMU KOMOMHAIUSAMU MH(DOPMAITMOHHBIX CUMBOJIOB.

Eciin M=(my.1,Mk2, ....Mo) 0003HaYaET MOCIIECIOBATSIBHOCTh K TBOMYHBIX MH(OpMa-
LIMOHHBIX CUMBOJIOB, TO MPaBUJIO 0OPa30BaHUs KOJOBOTO CiioBa V pa3aenruMoro JMHEHHO-
ro KoJia ¢ JUIMHOW Oyioka N > K w3 mocnenoBarenbHOCTH M MOKHO 3amucaTh CUCTEMO
JIMHEWHBIX YPABHECHUM:

v, =m, 0<i<k-1 (1)

k-1
V,=) m*d; k <
0

<n-1

rIe 2. - 3HaK CyMMMPOBAHHS [0 MOAYJIIO 2, KOd(GPUUMeHTs d; ABISIOTCS CHMBO-
JaMU JBOMYHOTO ayipaBUTa, OHU MOTYT OBITh BBIOpAHBI POU3BOJIBHO, HO JIOJKHBI OBITH
(bUKCHPOBAHHBIMH JIJISI JAHHOTO KOJIA.

[IpuBenem psii CBOMCTB JTMHEUHBIX KOJOB.

1. Cymma mo mMonynto 2 ABYX KOJOBBIX CIIOB TAaK¥K€ SIBISIETCA KOJOBBIM CJIOBOM
(CBOMCTBO 3aMKHYTOCTH MO OTHOIIEHUIO K ONIEPAIIUU CII0KEHUS).
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2. KonoBoe paccrosiaue d , onpenenseMoe Kak HAMMEHbIIIee PaCCTOSTHUE XEMMUHTa
MEXAY BCEMU BO3MOXKHBIMU MapaMH KOJOBBIX CJIOB, B JIMHEHHOM KOJ€ PaBHO MUHHUMAJIb-
HOMY BECy HEHYJIEBOT'O KOJIOBOTO clioBa. (BecoM Kom0BOro cioBa Ha3bIBA€TCS YKCIO CO-
JIEpKAIUXCS B HEM €UHMUIT).

Paccrosinne XeMMHHra MeXIy JBYMsSI KOJOBBIMH CIIOBAMHU PABHO YMCIYy €IMHMUII B
CyMMe€ 3THX CJIOB IO MOJYJIIO 2 , T.€. KOJIMYECTBY Pa3psoB, B KOTOPHIX Pa3IN4arOTCs 3TU
JIBa KOJOBBIX ciioBa. Hampumep:

nepBoe koaoBoe cioBo: 1000110,
BTOpOoe Komosoe ciaoo: 0100010,
cymma no moayito asa: 1100100 -> paccrosiHue XeMMHHTra paBHO 3.

KonoBoe paccrosinue d, cBS3aHO C KPAaTHOCTHIO t TapAaHTUPOBAHHO HUCTIPABIISIEMBIX
KOJOM OIIMOOK cooTHomeHueM, d =2t +1 u ¢ KpaTHOCTBIO O rapaHTUPOBAHHO OOHApPY-
YKUBAEMBIX KOJOM OILIKOOK COOTHOIIEHHEM d > o +1.

[{ukmdyeckre KOJbl OTHOCSTCS K KJIacCy JIMHEHHBIX KOJOB U OOJAJal0T BCEMH UX
cBOMCTBaMU. [[OMOJIHUTENBHBIM YCIIOBHEM IO OTHOIICHUIO K IUKJIMYECKOMY JIMHEHHOMY
KOJy SIBJISIETCSI YCIIOBUE 3aMKHYTOCTH IO OTHOIIEHUIO K ONEpalii MUKINYECKOrO CABUTA
KOJIOBBIX CJIOB.

[{UKIMYEeCKUM KOJIOM Ha3bIBACTCSl TaKOW JIMHEHHBIN KOJ, Y KOTOPOTro MpH JIFOOOM
[UKIIMYECKOM CABUTE KAKOTO-TMOO KOJOBOTO CJIOBA MOJIYyHYaeTCs IPYroe KOJA0BOE CIOBO.

[[MKTMYECKUM CIBUTOM Ha3bIBaCcTCs OIepalius, npeBparaorias Bekrop Vi = (V1, Vz,
V3,...Vn)B BeKTOp V2 = (Vn, V1, V2, ...Vn-1) — CABHT B IIpaBo, Wik B BeKTop V3 = (V2,V3,...Vn, V1)
— CJIBUT BIIEBO.

Hanpumep, nan Bekrop 0001011. ITpu nukinyeckomM cCABUrE BIPABO IMOJTYUYUTCS
BekTtop 1000101.

JIist onvcaHus MIUKIMYECKUX KOJOB HUCIONB3YIOT MaTeMaTUUECKHI amnmapar, OCHO-
BaHHBIM Ha COMOCTABJICHUU MHOXECTBA KOJOBBIX CJIOB C MHOKECTBOM CTETICHHBIX IMOJIH-
HOMOB. DTOT anmapar MO3BOJISET BBISIBUTH ISl IUKJIMYECKOTO Koja 0ojiee MpoCThie OIe-
paruy KOAUPOBAHMS U IEKOIUPOBAHMUS.

YcranoBuM GopmaibHOE COOTBETCTBUE MEXAY KOJOBBIMU CJIOBAMHU M CTETICHHBIMU
nonrmHomaMu. KomoBomy cioBy:

V= (Vn-1, Vn-2, Vn-3, ... V1, Vo)

e Vo1, Vo2 , Vn3,...V1, Vo JIBOWYHBIC YHCJIA, MOKHO TTOCTaBUTh B COOTBETCTBHE
nomaoM (N-1)" crenenu:

V(X) = Voo XM+ v XM+ v X+ V.

Takast 3amMCh COOTBETCTBYET 3allMCH YKCIa B BHAC MHOTOUYJICHA B JBOWYHOU CH-
CTEME CUMCIICHHUS], TJI€ X - OCHOBAHUE CUCTEMbI CUHCIICHHSI.

Hanpumep, kogosomy ciaoBy 0001011 coorsercTByeT momuHoM X3 + X + 1, kogo-
BoMy citoBy 0100110 — momuuoM X° + X2 +X.

Ornepanuio CJIOXKEHUS KOJOBBIX CJIOB MOXKHO 3aMEHHUTH CJIOKEHHUEM COOTBETCTBY-
IOIIUX MOJIMHOMOB. Harnpumep, CJI0KHUB 1O MOJYJIO 2 TIOJIMHOMBI U3 BBIIIEITPUBEICHHOTO
npuMepa, MoJTyduM:

(x3 +x+1)@(x5 +x? +x) = (x5 +x° +x? +1).
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Otomy nonuHOMYy cooTBetrcTByeT ciioBo 0101101, T.e. pe3ynbrar mopaspsiiHOTO
cioxxenust o moayito 2 cioB 0001011 u 0100110.

YMmHOkeHue omHoMa V(X) Ha X 1o Moay:Iio (X" @©1) coOTBETCTBYET ITUKINIECKO-
MY CIIBUTY KOJAOBOTO CJIOBA BJIEBO HAa OJUH PA3PsA.

Yucnom A mo monaymo B Ha3piBaeTcst octaTok OT Aenenus A Ha B u o6o3Hauaetcs
A mod B.

B Bamem ciydae Bce MOJUHOMBI CTETEHU BhIiie (N-1) 3aMEHSIIOTCSI OCTAaTKOM OT MX
neneHus Ha nojauHoM X" @1,

Cpeau Bcex MOJIMHOMOB, COOTBETCTBYIOIIMX KOJOBBIM CIIOBaM LIUKJIMYECKOTO KOAa,
MUMEETCsl HEHYJIeBOM MOJMHOM ((X) HauMeHbIIEH CTEMEeHHU. DTOT IMOJIMHOM ITOJHOCTBIO
ONpeaENsieT COOTBETCTBYIOIIUI KO M IO3TOMY Ha3bIBA€TCSI O0Opa3yroUInM.

Crenenn obpa3yromero mosmHoma ¢(X) paBHa N-K, cBOOOTHBIN WICH BCera paBeH
€JIMHUIIC.

OOpa3yromuil MOAMHOM SIBJIAETCS JEIUTENIEM BCEX MOJMHOMOB, COOTBETCTBYIOIIUX
KOJOBBIM CJIOBaM LIMKJIMYECKOrO KOJIa.

HyneBass komOuHaIus 00513aT€IbHO MPUHAJICKUT JIFOOOMY JTMHEHHOMY ITUKJIAYE-
CKOMY KOy W MOKET ObITh 3amucana kak (X" @1) mod (X" ®1) = 0 . CiaenoBaresbHo, 00-
pasyroruii moJimHoM ((X) J0JDKeH OBITh JaeauTesieM oOnHoma X" @D1.

OT0 N1aé€T KOHCTPYKTUBHYIO BO3MOKHOCTH MOCTPOCHMS IIUKIMYECKOTO KOAa 3aJaH-
HOMW JJTMHBI N: JTI000H IMOJIMHOM, SBIISIOIIUICS nenuTeraeM omaoma X" @1, MOKHO HUCITOJIb-
30BaTh B KaYECTBE 00Pa3yIoLIETO.

[Ipy mocTpoeHUU HUKIMYECKUX KOJIOB, MOJB3YIOTCS TAaOMUIIAMHU pPa3oXeHUs Ou-
HOoMOB X" @1 Ha HENMPUBOJIWUMBIC IMOJMHOMBI, T.€. MIOJIMHOMBI, KOTOPBIC HEJb3s MpEICTa-
BUTH B BUJI€ IPOU3BEAECHUA IBYX APYTUX NOJUHOMOB.

JIx000# HEMPUBOIUMBIH TIOJTMHOM, BXOIAIINH B pa3iokenne ounoma X" @1, a Takxke
M000€ MPOU3BEICHUE HEMPUBOAUMBIX MMOJIMHOMOB MOXET OBITh BHIOPAHO B KauecTBe 00-
Pa3yolIero MOJNHOMA, YTO TAET COOTBETCTBYIOIINN LIMKINYECKHUM KO/,

JI71st nocTpoeHus pa3aeauMoro UKINYECKOTO KOJIa UCIIONb3YeTCs CeaAyIollee mpa-
BUJIO TIOCTPOEHHUSI KOJIOBBIX CIIOB:

V(X) = m(X)*x"* @ r(x),

rze r(X) - ocrarok ot genenus M(X)*X"* ma g(x).

Crenenb I(X), oueBuaHO, MeHbine (N-K), a moTomy B ko10BOM ciioBe TiepBbie K,
CHMBOJIOB OYJyT COBMAJaTh ¢ WHPOPMAIIMOHHBIMH, a TociaenHue N - K cMMBOJIOB OyayT
IPOBEPOYHBIMHU.

[TonyunTs Bce pa3peméHHble KOMOMHAIMU LIMKIMYECKOTO KOJIa MOKHO IO OJHOM
W3BECTHOM KOJIOBOM KOoMOWHaIuu (He HyseBoi). J[Jig 3Toro cHaudanga Hajao IUKIAYECKH
CIBHHYTH U3BECTHYIO0 KoMOuHaimio K-1 pa3. B pesynprare moaydyurcs N KOMOWHAIIMM.
3ateM CII0KHUTh MOMAPHO MO MOAYIIO 2 MOMYYHUBIINECS KOMOMHALIMU B Pa3IMYHBIX COYe-
TaHuAX (1O JBE, MO TpU W T.7A.). HymeByto komOuHanui (BCe HYJIM) MOKHO TOJNYYHUTb,
CJI0KUB MO MOAYJIIO 2 JIF00YI0 KOMOMHALMIO caMy ¢ co0oil. Bcero momyuntcs 2K komo-
BBIX CIIOB.

B ocHOBY mpoueaypsl 1€KOAUPOBAHUS HUKINYECKHX KOJOB MOYKET OBITH MOJIOKEHO
CBOWCTBO MX JCIMMOCTH 0€3 ocTaTKa Ha 00pa3yroliuii moauHoM g(Xx).
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B pexume oOHapyXeHHS OIMMOOK, €CIM MPUHATAS MOCIEAOBATEILHOCTD JCIUTCS
0e3 ocrarka Ha ((X), menaercs BBIBOJ, YTO OIIMOKM HET WM OHA He OOHapykuBaeTcs. B
IPOTHUBHOM Cllyyae KOMOUHaIUs OpaKyeTcs.

CrnoBa mo00ro JUHEHHOro Kojla 00JaJar0T CBOMCTBOM 3aMKHYTOCTH IO OTHOIIIE-
HUIO K OIEpaluu CI0XKEHHS, T.€. CyMMa JIBYX U 00Jiee KOJOBBIX CIIOB TOXE SIBJISIETCS KO-
JIOBBIM CJIOBOM.

N3 3TOr0 CBOICTBA, BUJIHO, YTO BEKTOPHI OMHMOOK, COBMA/IAIONINE C KOJOBBIMH CJIO-
BAMM, HE MOT'YT OBITh OOHAPY>KEHBI JEKOJAEPOM HUKINYECKOTIO KOJIA.

BekTopoMm ommMOOK Ha3bIBA€TCS ABOMYHAS MOCIIEI0BATEILHOCTh JJIMHBI N , B KOTO-
PO MHMIIBI CTOST HA MO3HIIMAX OMTMOOYHBIX CUMBOJIOB. OTCIO/1a BEPOATHOCTH HE O0OHa-
pyXKeHUsl OIMMOKU 3aJaHHBIM KOJOM paBHA BEPOSTHOCTH MOSBICHUS B 3aJaHHOM JIHC-
KPETHOM KaHaJie BEKTOPOB OIIMOOK, COBMA/IAIOIIMX C KOAOBBIMH CJIOBAMHU.

OTHOCHUTENBHO MPOCTO 3TH BEPOSTHOCTU MOTYT OBITh PACCUMTAHBI JJII JIBOUYHOTO
cumMeTtpuuHoro kaHaina (JICK) 6e3 mamsTu.

B Takom kaHasie KaxXIbIi JJBOMYHBIA CUMBOJI C HEKOTOPOU (DMKCUPOBAHHON BEPOSIT-
HOCTBIO (1 - Po) MpUHHUMAETCS MPABUIIBHO U C BEPOSITHOCTHIO Po U3MEHSETCS MOMEXOW Ha
oOpatnsiif. [lepenava - mpuéM Kaka0oro CMMBOJIA MOJAraeTcsi COOBITUEM HE3aBUCUMbBIM
(xanan 6e3 mamsiTH).

Eciau mo TakoMmy KaHaidy MepenaeTcss KOJOBOE CIOBO JUIMHBI N , TO BEPOSTHOCTH
Pn(0) TOro, 4To He MPOU30MIET HU OTHOM OMOKH, paBHa (1- Po)".

Bepostaocts Pp(1) TOro, uro OyaeT oaHa ommOKa B 3aJJaHHOM CHMBOJIE, paBHa
Po*(1- po)™*.

BeposTHOCTB TOr0, 4TO CJIOBO Ha BBIXOJE KaHAJIa OyAET OTINYAThCs OT MEPEIaHHO-
IO CIIOBa B 33JaHHBIX t paspsamax, T.e. BEKTOP, OIIMOOK COAEPXKUT t enunum, paBHa P =pq!
(1-po) ™.

BeposiTHOCTB TOr0, 4TO CJIOBO Ha BBIXOJE KaHalIa Oy/AET OTIUYAThC OT MEPEIaHHO-
ro CJI0Ba B JIFOOBIX 1 pa3psinax, paBHa:

Pn(t) = Cnpo'(1-po) " t, 2

rae Cp — uncimo coueranuit u3 N no t.

Yuciio eAuHUI] B BEKTOPE ONTHOOK YaCcTO HA3bIBAIOT €TO0 BECOM.

[Too)uM HEKOTOpHIN JIMHEWHBINH KOJ (5,3) CONEPXKHUT OJHO HYJIEBOE CIOBO (Kak
BCAKUU JIMHEHHBIN KOJ), IBa CJIOBA Beca 2, YEThIpe CJI0Ba Beca 3, 0JIHO CJI0BO Beca 4 (Bce-
ro 2F =23 =gcnoB).

BepostHOCTh He OOHApPYKUBAEMOU OIIMOKUA ITUM KOJOM paBHA BEPOSTHOCTHU TOSIB-
nenus B JICK BeKTOpOB 000K, COBMAIAIONINX C KOJOBBIMU CJIOBAMHU, T.€.:

PH.o = 2P5(2) +4P5(3) + P5(4) = 2p02(1_ po)3 + 4p03(1_ po)2 + p04(1_ po)-

B pexume ucnpaBiieHUss OMIMOOK JEKOACP BBIYUCISAET OCTAaTOK S(X) OT JeeHus
NpUHATON mocienoBareabHOCTH P(X) Ha g(X). DTOT ocTaTOK Ha3bIBalOT cUHApPOMOM. [Ipu-
HATBIM moHOM P(X) mpejcrtaBisieT cobol CyMMy IO MOJYIIIO JIBa TEPEJaHHOTO CIIOBA
V(X) u BekTopa omubok E(X):
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P(x) = V(X) ®E(X)

Torma cuampom S(X)= P(X) mod g(X), Tak kak 1o ONpPEISICHUIO [IUKIHYECKOTO KO-
aa  V(X) mod g(x) =0.

OmnpeneneHHOMY CHHIpOMY S(X) MOKeT OBITh TIOCTaBJICH B COOTBETCTBHUE OTIpe-
neneHHbIil BekTop ommOok E(X). Torma mepemanHoe cioBo V(X) HaXxomsT, CKIIaabIBas
P(X)DE(X).

OiHAaKO OJMH U TOT K€ CHHJPOM MOKET COOTBETCTBOBATh 2X pasIMUHBIM BEKTOpaM
omu6ok. ITonoxum, cuaapoM S(X) cooTBeTCTBYeT BekTopy ommbok E;(X). Ho u Bce Bek-
TOpBI OmKMOO0K, paBHBIe cymme Ei(X) ®V(X), rae V(X) moboe Ko0BOE CIOBO, OYAYT Ja-
BaTh TOT ¢ CHHApOM. [lo3TOMy, ITOCTaBMB B COOTBETCTBHE CHHApoMy S1(X) BeKTOp
om0k E;(X), MBI OymeM OCYHIECTBIATH MPAaBHIBLHOE JCKOAMPOBAHUE B Ciydae, KOTja
NeHCTBUTENBEHO BEKTOP OIMO0K paBeH Ej(X), Bo Beex ocTanbHbIX 2X-1 cydasx aexomupo-
BaHUE OyJIeT OMHUOOYHBIM.

JI71s1 yMEHBIIIEHUS BEPOSITHOCTH OIIMOOYHOTO JIEKOJUPOBAHUS M3 BCEX BO3MOXKHBIX
BEKTOPOB OIIMOOK, JAIONIUX OJWH U TOT K€ CUHJPOM, CJIEIyeT BHIOMpaTh B KAU€CTBE HC-
paBisieMoro Hanbosee BEpOSTHBIN B 3aJaHHOM KaHaJe.

Hampumep, B JICK, B KOTOPOM BEpOSTHOCTH Po OMIMOOYHOTO MpHUEMa JIBOUYHOTO
CHUMBOJIa MHOT'O MeHbIIIe BepoITHOCTH (1 - Po) MPaBMIIBHOTO MpHEMa, BEPOSITHOCTD IOSB-
JICHUS] BEKTOPOB OIMIMOOK YMEHBINAETCS C YBEIMUEHUEM UX Beca t . B aToM ciyuae cnenmy-
€T UCTIPABJISTH B TIEPBYIO OYEPEIb BEKTOP OMMOOK MEHBIIIETO Beca.

Ecnmu xogoM MOTYT OBITH UCTIPABIICHBI TOJIBKO BCE BEKTOPHI OIMMOOK Beca t U MEHbB-
e, To Jito0oil BeKkTop ommnOku Beca ot t + 1 10 N, OyneT NpUBOIUTH K OITMOOYHOMY Jie-
KOAMPOBAHUIO.

BeposATHOCTh OMIMOOYHOTO JIEKOAUPOBaHUS OyAeT paBHa BeposTHOCTH Pn(>t) mo-
SIBJICHUS BEKTOpOB omnOoK Beca t + 1 u Gonbie B 3amanHom kanane. s JICK aTa Be-
POSITHOCTH Oy/IET paBHA

P1=YCop (- p). )

i=t+l
OO1ee YnCI0 Pa3InIHBIX BEKTOPOB OMIMOOK, KOTOPHIE MOXET MCIPABIATH ITUKIIH-
4eCKMI KO, PaBHO YHCIIy HEHYJIEBBIX CUHAPOMOB — 2MK -1,

NuauBrnayanbHOE 3a1aHUE

B mabGoparopHoii paboTe M3y4aroTcs CBOWCTBA NMUKJIMYECKHX KOJOB Ha MpUMEpPE
Pa3eNIMMOro JUHEHHOro NUKIndeckoro koga (7,4) ¢ obpasyromum moaraomoM ¢(X)=X3
+ X + 1. KogoBoe paccrostHue storo koga d = 3.

Kon MoxeT ObITh MCTIONB30BaH B PEKUME UCIPABICHUS OIIMOOK WM B PEXKHME
0oOHapy>KEeHUsI OIITHOOK.

1. Haiiiute Bce KOJOBBIE CJIOBA 33JaHHOTO KOJA.

2. Onpenenure XapakKTepUCTUKU 3aJaHHOTO KOJIa B PeKUME UCIIPABJICHHUS OIITHOOK.

3. Onpenenure KpaTHOCTH t TApAaHTUPOBAHHO UCIIPABIIIEMBIX KOJIOM OIIMOOK.

4. HalimuTe 9ucio pa3IMuHbIX BEKTOPOB OIIHOOK, KOTOPBIE KO/ MOXKET UCTIPABUTH.

5. IIpu ycioBuu, 4TO KOJOM B MEPBYIO OYEPE/Ib UCIPABISIOTCS OMMOKH HAUMEHbB-
el KpaTHOCTH, MPUBEAUTE BEKTOpPA OIIMOOK, KOTOPhIE MOTYT OBITh UCIIPaBJIEHBI 3ajaH-
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HBIM KOJIOM.

6. Jlns ogHOrO M3 BEKTOPOB OMIMOOK, MCHPABISEMBIX KOJOM, HAaWIUTE COOTBET-
CTBYIOIIUI 3TOMY BEKTOPY CUHJIpoM. HaiiinTe HECKOIBKO U3 BO3MOXKHBIX BEKTOPOB OIIIH-
OOK, IpU IE€KOJIMPOBAHUHU KOTOPBIX MOJYyYaeTCs TOT K€ CUHIPOM, U, CIEAOBATEIIbHO, IIPO-
UCXOJUT OIIMOOYHOE I€KOIUPOBAHUE.

7. Ilpu ycnoBum, 4TO KOJAOM B MEPBYIO OYepeb UCIPABISIOTCS OMUOKH HAUMEHb-
el KpaTHOCTH, paccuuTaiiTe aisa 3agaHHoro kojaa BeposatHocTs POIIl ommbouHoro ne-
KOJMPOBAHMS, €CIM KaHAJ SIBJISETCS TUCKPETHBIM CUMMETPUYHBIM KaHAJIOM 0€3 maMsTu
(JICK) ¢ BepOSITHOCTBIO OIITMOKY B TBOMYHOM CHUMBOJIE [o.

YuciieHHOE 3Ha4eHHE Po BO3BMUTE U3 IPOrPAMMBI JIA0OPATOPHOU padOTHI B pas/e-
ne «HauBHayanbHOE 3aaHKE.

Onpenenure BO3MOXKHOCTH 33JaHHOTO KOJIa B PEKUME OOHAPYKEHUS OIIHOOK:

1. Onpenenure KpaTHOCTh G FapaHTHPOBAHHO OOHAPY>KUBAEMBIX KOJOM OIIMOOK.

2. Haiigute BekTopa OmMOOK, KOTOpPbIE HE MOTYT ObITh OOHApYXEHBI 3aJlaHHBIM
KOJIOM.

3. Paccuuraiite BeposITHOCTh PH.0. HE OOHapyXeHHsI OIIMOOK 3aJaHHBIM KOJIOM B
JICK ¢ BepOSATHOCTHIO OIIMOKK B CUMBOJIE Po.

Onuncanne nporpammebl

[Iporpamma coiepKUT HECKOJIBKO CTPAHULL
- «Hauano» — coaepKuT oOIue CBeACHU: Ha3BaHHe pPa0dOThI U T.II.

CoiepXUT KHOMKH:

- «O mporpamme» - MOKHO IIOCMOTPETH HOMEP BEPCUU MPOrpaMMmsbl, aapec caiita MTY-
CH u xadenpsr;

- «Ilepenucatb» - aKTUBHU3UPYET AMAIOrOBOE OKHO, MCIOJB3yEMOE JUIsl NEepe3anucu
mporpaMmbl, 00pasiia oT4éTa 1 T.1. Ha THOKUM JTUCK;

- «Brixog» - ucnonb3yercs s BbIXOAA U3 IPOTPaMMBbl;

- «YCTaHOBKW» - COJEPUT pa3InyHble YCTAHOBKU U MaHENIb (POPMHUPOBAHUS UHIUBUTY-
aJbHOTO 3aJaHUSl.

*¥111*  Ha pacrneuarkax, moMemaeMblx B OTYET NOKHBI ObITh Damuiusa 1.0, u
HOMED TPYIIIbI UCMIOJHUTENSA. JJI1 3TOro HE0OXOAMMO B Hayaje BhINOJHEHUS padOThI BBE-
CTH UX B TpeOyeMble CTpOKH Ha nmaHenn «DopmupoBaHre HHIUBUAYATBHOTO 3aJaHUS».

“Yuraidte” - COACPNKUT pasfenbl: Ledb paboThl, 3aJaHUe, COAEPKAaHUE OTYETA U
KOHTPOJIbHBIE BOMPOCHL. Pa3nen «3amaHue» COIEpKUT JabOpaTopHOE 3aJaHHUE U METO-
JIMKY BBITIOJTHEHHSI Ka)KJIOTO ITyHKTAa.

«Cxemay - COIEpKUT CXEMY, WLIIOCTPUPYIOLLYIO MPOLIECC KOAUPOBAHUSA U JEKO-
nupoBanus. Ha »Tol cTpaHMile uMeeTcs BO3MOXXHOCTh BBOJUTH Pa3JIMUHbIE KOJOBBIE
KOMOWHAIIUY, BEKTOpa OMMOOK M HAOIIOJATh MPOIECC KOAUPOBAHUSA M JEKOIUPOBAHMSL.
Taxke sTa cTpaHUIla COACPKHUT TAOJMIy COOTBETCTBHUS BEKTOPOB OIIMOOK U COOTBET-
CTBYIOLIMM UM CUHIPOMOB.

«Tabaunmay — coaepKUT TabIUIy pa3pelI€HHBIX KOJOBBIX KOMOMHAIIMI UCIIONb3Y-
€MOTr0 KOja, Ta0JIUIly PAcCTOSSHUM XEeMMUHTa JIJIsl BCEX TMap KOJOBBIX KOMOMHAIIUMA U Ta0-
JIUIY BECOB KOJIOBBIX KOMOMHAIIMH.

HNmeercs BO3MOXKHOCTh U3MEHATH 00pa3yrONINil OJIMHOM, UCIOJIb3YyEeMbIH ISl KO-
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aupoBanus. OOpaTuTe BHUMaHKe, YTO ToJIbKO moauHoMbI 1011 u 1101 obecneunBaior Ko-
ay (7,4) TpeOyemble TOMEX0yCTOHYMBBIE CBOMCTBA (AMUH=3).

Boimonusats paboty pekomenayetcst npu nonuaoMe 1011 (ycranoBieH nmo ymosya-
HUI0). DTO CBSI3aHO C TEM, YTO T€CTOBBIE BOMPOCHI JJIs 3aIIUTHI ATOU J1abopaTopHOU pado-
THI COCTaBJICHBI JUIA rToauHoMma 1011.

«DOopMyIBD» — COJAEPKUT HEKOTOPhIE (hOPMYJIbI, HCIIOJb3yeMble B JabopaTopuil pa-
oore.

«CTatucTuka» — JEMOHCTPUPYET HUCIOJIB30BAHUE PAa3IMUHBIX CIIOCOOOB MOMEXO-
YCTOWYMBOTO KOJUPOBAHUS AJIs1 OOHAPYKEHHS U UCIIPABIICHUS OLTUOOK.

Jlnst pacriedatku TpeOyeMoil CTpaHWIBI HEOOXOIMMO Hakarh KiaBumry «lle-
YaTh» PACIOJIOKEHHYIO B JIEBOM HUXHEM YTIIy.

Ecnu pacnedatka He mpou3ouaéT (3amMedeH Takod nedeKT Ha HEKOTOPBIX THUIaX
MPUHTEPOB), TO MOKHO pacredarath Qaitn  PRINT_13_XX.BMP, kotopslii co3naércs
IpU KaKIOM HaXkaTUX Ha KHONKY «lledatby.

Pacneuatky sToro (aiima MOXHO IMPOU3BECTH, HAIPUMEP, NPU MOMOLIM peaakK-
Ttopa Word.

Onucanve (yHKIMOHATBLHOM CXEMBI

HudopmarmonHoe coBo TMHON deThipe paspsaa (k=4) 3amaercs HaxxaTHeM KHO-
nok Ha nanenu «Vcrounuk». Ha pucynke 1 npencraBieHa (QpyHKIMOHANbHAs cxeMma Jja-
0OpaTOpPHOI YCTAHOBKH.

Konep dbopmupyeT Ko0Byr0 KOMOMHAIIMIO pa3AeIMMOTo IUKINYecKoro kona (7,4)
nyTéM 100aBiI€HUSI K YETBIpEM HH(POPMALMOHHBIM pa3psaiaM TpEX MPOBEPOUHBIX pa3-
panoB. [IpoBepodHbIe pa3psaabl 00Pa3yrOTCA B PE3ylbTaTe YMHOXKEHHS Ha X3, M JeNCHHs
nonyuuBLIeiicss KoMOUHANMK Ha obpasyromuii momHoM 1011 (g(X)=X3+X+1).

OcTtatok OT AeneHus OyAeT NMPEeACTaBIATh IPOBEPOUHBIE pa3psbl, KOTOPbIE MPUIH-
CBIBAIOTCSI CIIpaBa OT HH(POPMAITMOHHBIX.

Konep BbiaeT komoBoe ciioBo V' JIMHOW n = 7, COOTBETCTBYIOIIEE MH(OpMaIu-
oHHOMY clioBy M muHoit K =4, momaHHOMY Ha BXOJI KOJepa.

CemupaspsinHasi komoBas komOuHanus (BekTop V) C BhIXOJa Kojiepa momaércs Ha
BXOJl KaHaja. B kaHasie mepenaBaemasi KojoBasi KOMOMHAIMS CKJIAJbIBaeTCsl € CeMUpas-
psAAHBIM BekTOpoM owmuOku E. CroxeHue mnpou3BOAUTCS MOPA3PSIHO MO MOAYIHO 2
(00=0, 01=1, 10=1, 11=0).

Hampumep, ecniu komOuHaius Ha Bxojie kanana pasaa 1011000
a Bektop omuOku pasen 0010001
TO KOMOHMHAITMS Ha BeIXO/€ KaHanma Oyner pasHa 1001001

Takum 00pa3om, €IUHHUIIA B I-TOM pas3psiic B BEKTOPE ONIMOKH MPUBOAMT K OIIHO-
Ke (MHBepcUM) I-TOTO pa3psiyia B KOJAOBOW KOMOMHAIMH HA BBIXOJIC KaHAJIA.

Bektop ommbku 3amaércs Ha naHenu «Vctounuk ommOok». Tam ke uMeroTcs
KHOIIKH JIJISl UKIIMYECKOTO CIBUTa BEKTOPA OLIMOKHU U JJIs1 €T0 UHBEPCHUHU.

C BbIXO/1a KaHAJIa IPUHSATAsA KOJIOBasi KOMOMHALIMA TTOIAI0TCS HA BXOJIbI IEKO/IEPOB.
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Jlexonep 1 paGoTaeT B pexxume ucCIpaBieHUs omuOoK. Ecim ommOoK HET Ui BEK-
TOp OLIMOOK MPHUHAJIEKUT K BEKTOpPAM OIIMOOK, MCIPaBIISIEMbIX KOJOM, TO CUTHAJ Ha
BBIXOJ/I€ JAeKojepa 1, cOBIasaeT C CUTHAJIOM Ha BXOJ€ Kojepa (BbIX0/1€ UCTOYHUKA).

Ecnu curnan Ha BbIXOZE JekoAepa | He cOBMAJaeT ¢ BXOJHBIM CUTHAJIOM, IOCTY-
HaOUIMM Ha BXOJ KOJIepa, 3HAUUT, POU30IILIO0 OIIMO0YHOE AEKOIMPOBAHNE.

OTO COOTBETCTBYET MOSBICHUIO BEKTOPA OIIMOOK, KOTOPBIN KOJI, UCIOJIb3yEMBIN B
cucrteme, ucnpasuth He MoxkeT. Kox (7,4) ucnpasisieT Bce OJUHOYHBIE OLIMOKU.

HcnpaBneHue ofMHOYHON OMMUOKH MPON3BOIUTCS CICIYIONUM 00pa3oM:

- IPUHSATAsA 7-MH pa3psiiHasg KOMOUHALMS IETUTCS Ha 00pa3yromuil OJIMHOM;

- €CJIM OCTaTOK OT JieJIeHUs (CUHIPOM OMIMOKM) HE PaBeH HYJIO, TO MO Ta0JIHIle COOTBET-
CTBUSI «BEKTOP OLIUOKU — CHHIPOMY OTPEAEISAETCS BEKTOP OLIMOKH, KOTOPOMY COOTBET-
CTBYET JAHHBIN CHHIIPOM;

- TpUHATasE 7-MU pa3psaHas KOMOWHAIMS CKJIQAbIBAETCS MO MOMAYNIO 2 C HalIeHHBIM
BEKTOPOM OILLIMOKHU.

Jlexonep 2 paboTaeT B pekxuMe 0OHAPYKEHHS OLTHUOOK.

Ecnu nekogepom 2 oOHapyxkeHa ommOKa, TO Aekojep GopMUpyeT CUrHail «oOHa-
py’keHa omMOKa» KOoJ0Bas KOMOMHAIMS IpU 3TOM He BblIaéTes (BhicBeuuBaercs). Ecinu
BEKTOp OLIMOOK MPHUHAJJICKUT K HE OOHApyKUBAa€MbIM 33JJaHHBIM KOJIOM BEKTOpaM OILIU-
OOK, CUTHAJl Ha BBIXOJIE JeKojepa 2 OyAeT OTIMYHBIM OT CUTHala, OJAHHOTO Ha BXOJ
Kozepa.

Jlexonep 2 He MOXKET OOHApPYKHUTh BEKTOpa OIIHMOOK, KOTOPbIE COBIAJAIOT C pas-
pPELIEHHBIMH KOJIOBBIMM KOMOWHALMAMH. DTO CIEAYeT W3 CBOMCTBA JHMHEHMHOro KOJA:
«CymMMa JByX KOJOBBIX CJIOB SIBIISIETCSI TOXKE€ KOJOBBIM CIIOBOM).

JlaGopatopHoe 3aaHue

1. IIpoBepbTe padoTy KOAEPA.

2. IIpoBepbTe MPAaBMIIBHOCTD JEKOAUPOBAHMS P OTCYTCTBHH OITHOOK.

3. Uccnenyiite crnocoOHOCTh KOJA HWCIPABIISATh OIIMOKH.

4. TlpoBeppTe (akT OMMOOYHOTO JEKOJUPOBAHHUS B PEKUME HCIPaABICHUS
OIIHOOK.

5. UccaenyiiTe criocoOHOCTh KoOJla OOHApY>KMBATh OIIMOKH.

6. [IpoBeppTe (hakT HE OOHAPYKEHUS OMUOOK KOJOM.

7. Pacnieuaraiite Tabnuily € pa3peiieHHbBIMU KOAOBBIMU KOMOUHAIIUSIMU M TaOJIUILY
C PacCTOSTHUSAMH XEMMUHTA ISl pa3peleHHbIX KOMOWHAITHH.

[IpoBepka paboThI KO/IEpA:
- 32/TANTE B KMCTOYHHKE» Pa3INYHbIC HHPOPMAITMOHHBIC ITOCIICI0BATCIILHOCTH;
- MPOHA0JTI0IAlTEe TTOCIICIOBATEILHOCTH, TOJIYICHHBIC HA BBIXOJIE KOACPA;
- CpPaBHHUTE TMOJIYYCHHBIC KOJIOBBIC CJIOBA C PE3YIbTATOM MHIWBUIYATHLHOTO 33 aHUS;
- MPOBEPKA MPABUIBHOCTH JEKOAUPOBAHUSI P OTCYTCTBUH OIITHOOK;
CTAaHOBUTE B «JIaTYMKE OMIMOOK» BCE Pa3psabl B HOMb, T.C. HET OIMTHOOK;
- 33/1aT€ B UICTOYHUKE Pa3IUvHbIC HH()OPMAITMOHHBIE TTOCIICIOBATEIPHOCTH;
- IpOHAOI0AANTE TOCIIeIOBATEHLHOCTH, MOJTYyUYEHHbIE Ha BhIX0 1€ aekonepoB (Jexomep 1,
Hexonep 2);
- yOeIuTeCh, 4TO MIPU OTCYTCTBUU OMIMOOK, MOCIEI0BATEILHOCTH Ha BBIXOJaX JIEKOJIECPOB
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COBIIAAAIOT € IMMOCJICAOBATCIIbBHOCTBIO HA BXOJIC KOALCpA.

O6pasyioLLMi NomHoM: 1011 r WcTounmk owmGok Hexonep |
o 100000 ]|Pl1100
MCTOUHMK Konep — Bxoq kaHan \ 4 - _'uimf";epg o
9 - - - -
|7 1100 |70 1 ;‘% 1100010 |uﬁHapy)K|3Ha ounibka
1100000 B ¥ 1000010
1 000,010 -
1011 1011
1 1 1 0 Ta6AHLa COOTBETCTEHA 1 1 0 1
101 1 BEKTOP OWMEKH - CHHAPOM 10 1 1
1010 1000000 101 1100
0100000 111
1011 0010000 110 1011
ocraTox 0 1 O 0001000 011 cuHgpoM 1 1 1
0000100 100
0000010 010
0000001 001
Pucynok 1 - @yHKuroHanbHas cxema JJa0OpaTOPHON YCTaHOBKHU

[Ipu BBIMOJHEHUH ITOTO MyHKTa OOpAaTUTE BHUMAHUE, YTO MPHU OTCYTCTBUU OLINOOK
CUHAPOM PaBEH HYJIIO.
[To pe3ynbpTaTaM 3TOro MyHKTa caenaiite pacnedarky (Pacmeuatka Nel).

MeTonuka uccienoBaHus CiocCOOHOCTH KOJa UCIIPABIISATH OMIMOKH:
- 3aJlaiiTe B KMCTOYHUKE OIIMOOK» OJHOKpaTHYIO omuoKy (Hampumep 1000000);
- yoenuTech, uTo Ha BeixoAe «Jlekonepa 1» Oymer Ta e Mmociaea0BaTebHOCTh, YTO U B
«cTtounnkey;
- CMECTHUTE IIUKINYECKH 6 pa3 BEKTOpP OMIMOKU M yOeauTech, 4TO MPH JIFOOOW OJHOKpAT-
HOM ommbke «/lekomep 1» mpaBUiIbHO €€ UCTIPABUT;

[Ipu BBIIOTHEHUU ITOTO MYHKTAa 00paTUTe BHUMAHUE, YTO CUHAPOM OIIMOKU 3aBU-
CUT OT BEKTOpa OIIMOKU U HE 3aBUCHUT OT Iepe/ilaBaeMOil KOMOMHAITUH.

[To pe3ynbpTaTaM 3TOro MyHKTa caenaiite pacnedarky (Pacmeuarka Ne2).

Metoauka mpoBEpKU OMIMOOYHOTO JEKOJUPOBAHUSI B PEKUME HCIPABJICHUS OIIU-
OO0K:
- 3agaiiTe B «VIcTouHnKe OMMOO0K» HECKOJIBKO BEKTOPOB OIMIMOOK C KPaTHOCTHIO OT 2 710 7.
Yb6enutech, 9TO MPU TAaKUX OMIMOKAX MOCIIEI0BATEIHLHOCTh Ha BbIXoJe «/lekomepa 1» He
OyZeT coBmaaaTh ¢ IMOCJIEI0BATEILHOCTHIO, KOTOPYIO Bhl 3amamu B« cTouHmKeY.

[To pe3ynbTaTaM 3TOro MyHKTa caenaite pacnedatky (Pacmeuarka Ne3).

22



MeTtoauka uccieqoBaHus ClIOCOOHOCTH KOo/1a OOHAPYKUBATh OIMIMOKH !
- 3a/1aiiTe B «VIcTOUHMKE OMMOOK» Pa3IMYHbIC OIMTMOKH KPAaTHOCTBIO OT 1 10 7.
YOenurech, 4TO MOJIABJISIIONIEE OOJIBIIMHCTBO BEKTOPOB OIIMOOK OyaeT oOHapy»xe-
HO (Ha maHenn «Jlekozep 2» Oymaer ropeTh nHaUKaTOp «OOHAPYKEHA OIIHOKAY).
[To pe3ynbpTaTaM 3TOrO MyHKTa caenaite pacrnedarky (Pacreuarka Ned).

MeTtonuka npoBepku (pakta HE OOHAPYKEHUS OITMOKU KOJAOM
- 3amaiite B «lcTouHMKe OMMOOK» pa3IudHbIC OMIMOKN KPaTHOCTHIO OT 3 110 7.
Ybenurtech, YTO UMEIOTCSI BEKTOpa OIMMUOOK, KOTOPHIE KOJOM HE OOHAPY>KUBAIOTCS
(mpu HamMuuu omMOKY Ha maHenu «Jlekomep 2» He Oyznet ropets uHAMKaTOp «OOHApY-
*keHa omOkay). [1o pe3ynbpraTram 3Toro myHkTa caenaiire pacnedatky (Pacmedarka Ne5).

Pacrnieuatka Ta6JII/II_IBI C pa3pClIICHHBIMHU KOJOBbIMHA KOM6I/IHaLII/I$IMI/I.
Hepeﬁz[HTe Ha 3aKJIagKy «Ta6JII/II_[I)I)) U HAKMUTC KJIIABUITY «IleuaTb»

ConepxaHue oTyera

OT4€T TOJDKEH CoepKaTh:
- crpanuna 1. TuTynbHBIN JIUCT;
- ctpanuua 2. Ilens paboThl U GYHKIIMOHANIBHYIO CXEMY J1a00paTOPHOTO MAKETa,

'l OyHKIIMOHATBHYIO CXEMY HApUCYMTE HMCIIOJIB3YI0 KapaH/All U JUHEUKY.

- ctpanuna 3. MHauBuayalibHOE 3a1aHNUE;
- ctpanuna 4. Pacneuatky Nel, mokaspiBaromiyro paboTy Kojepa M MPaBUIBHOCTH Jie-
KOJMPOBAHUS MPU OTCYTCTBHM OIMOOK. Pacneuatky No2, mokaspIBarollyr0 CHOCOOHOCTH
KOJIa UCIIPABJISITH OJJHOKPATHYIO OLLIUOKY;
- crpanuna 5. Pacneuarky Ne3, mokassiBarouryro (akT omuOOYHOro AEKOAMPOBAHUS B
pexxuMe wucrpanieHus ommnOok. Pacmeuatky Ne4, mokasbpIBarollyt0 CIOCOOHOCTH KoJia
0oOHapy>KUBaTh OLIUOKU;
- ctpanuia 6. Pacmeyatky No5, mokasbiBaroniyro (Gakt He 0OHApYKEHUSI OMTUOKU KOJOM.
Pacnieuarky Ne6, moka3bIBaIOILIyI0 pa3pellieHHble KOJOBble KOMOMHALIMM M PACCTOSHUS
XEeMMUHTa;
- crpanuna 7. KpaTkuif OTBET Ha 5 KOHTPOJIBHBIX BOMPOCOB (HOMEpPa BOIPOCOB BHIOEPUTE
CaMOCTOSTENIHO) U BBIBOJIBI IO padoTe.

KoHTponbpHBIE BOIIPOCHI

1. ITosicanTe MOHATHSA: OJOYHBIE, HEMTPEPBIBHEIC, Pa3cIMMbIe, Hepa3IeIuMbIc, UTe-
paTUBHBIC, IMHECHWHBIE, [IMKIUICCKUE KOJIBI?

2. Yto Takoe paccTosiHne XeMMHUHTa U KOJIOBOE PacCTOsIHUE?

3. OnpeneneHre 1 OCHOBHBIE CBOMCTBA IIMKIMYECKOTO KOJIa.

4. Kakoe mpaBuiio KOJAUPOBAHUS IMHUKJIMYECKUM KOJOM IPUHATO B JaOOpaTOpPHOU
pabote?

5. Kakoe mpaBuiio eKOIUPOBaHUS MPUHATO B JACKOAEPE B PEKUME HCIIPABICHUS
omuOoK?

6. Kakoe mpaBmiio eKOIWPOBaHUS MPUHATO B JEKOJEPE B PEeKMMa OOHAPYKECHUS
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OIIHOOK?

7. Kak cBsi3aHbl KPaTHOCTH TapaHTUPOBAHHO UCIPABIISIEMBIX KOJIOM OIIMOOK t U ra-
PAaHTUPOBAHHO OOHAPYKMBAEMBIX KOJIOM OITHOOK G ¢ KOJOBBIM paccTtosiuueM d?

8. Kakue BEeKTOpHI OMMOOK HE MOTYT OBITh OOHAPYKEHBI IMHEWHBIM ITUKINICCKAM
KOJIOM?

9. CKOJIBKO Pa3IMYHBIX BEKTOPOB OIMIMOOK MOXKET OBITH MCIIPABJICHO, HE UCITPABIIC-
HO, 00HApyXeHO, He 00HApYkeHO KoqoM (7,4)?

10. Kak paccuutaTth BEpOSITHOCTh HE OOHAPY>KEHUS OIIMOKHU MPU 3aJaHHOM KaHaje?

11. Kak paccuutaTh BEpOSITHOCTh OMIMOOYHOTO JIEKOJUPOBAHUS MPU 3aJaHHOM Ka-
Haje?

12. Kak mo oJHOW HM3BECTHOM pa3peméHHOM KOMOMHAIIMU IUKJIWYECKOro Koja
OTPEJIEIUTh BCE OCTATbHBIE KOJIOBbIE KOMOUHAIIMU 3TOrO KoJia?

13. U3BecTHa koMOMHAIIMS Ha BXOJE Kojepa V1 u Bbixoje aexoaepa 2 V2.

Kak onpenenuts Bektop omubku E? (v1<>v2)

14. Jlana qyiiHA KOJOBOM KOMOMHAIIMK N, BEPOSITHOCTH omMUOKHU B kaHasie POIIL.

Kak onpeaenuTs BEpOSTHOCTD MOSBJICHUS B KOJIOBOW KOMOMHAIIMU OITUOKU

KpaTHOCTHIO t?

15. Kak mpou3sBoauTCa KOAUPOBAHUE - TEKOAUPOBAHUE MIPU UCIIOJIB30BAHUH KOJA C
MPOBEPKOM HAa YETHOCTh (HA HEYETHOCTH)?

JlabopatopHas pabora Ne3
HccnenoBanre METOJIOB PETHCTPAIIMN JBOWYHBIX CUTHAJIOB

ens paboTh

1. U3ydyeHne METONOB PETUCTPALIMHU ABOMYHBIX CHUTHAJIOB.

2. N3yueHue npuHUUIIOB paOOThl YCTPOUCTB PETUCTPALUU.

3. DKCIepUMEHTAIbHOE OMNPEACIICHUE 3aBUCUMOCTH BEPOSITHOCTH OUIMOKH OT Xa-
PAKTEPUCTUK YCTPOUCTB PErHCTPALMU TPH JEUCTBUM KPAEBBIX UCKAKEHUN U JPOOIICHUM.

I/IHI[I/IBI/II[yaJ'IBHOe 3aJaHuc

N3yuurte Teopuio Borpoca, mporpammy J1abopaTopHO padOThI, METOJUKY MpOBeE-
JICHHS SKCIIEPUMEHTA.

[TocTpoiiTe peanv3alnuio CHUTHANA, COCTOSIIIYK) W3 7 E€IUHUYHBIX JJIEMEHTOB
CUTHajJa Ha BXOJI€ IMCKPETHOTO KaHaja Ha €ro BBIXOAE M B KOHTPOJBHBIX TOYKAX IMPHU-
€MHUKOB.

Bapuant 3ananust popmupyercs Ha ocHoBe Bammx ®.M.O, HoMepa rpymmbl Ha
CTPAHULIE «Y CTAHOBKW.

Hpo6nenue B 6 ED (EaguHnunoM DieMeHTe) pacioyiokKUTE TakK, YTOObI OHO BbI3Ba-

JI0 OIIUOKY y CTPOOUPYIOIIETO MPUEMHHUKA.
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KpaTKI/Ie CBCACHUA 110 MCTOJaM pErucTpaiumn

[Tepenaua TUCKPETHBIX COOOIICHUH OT MepeaTuYuKa K MPUEMHUKY OCYIIIECTBIIACTCS
o AuckpeTHpIM KaHasaMm (JIK), koTopbsle HOpMUPYIOTCST TMOO0 HOMHHAIBHON CKOPOCTBIO
nepenaun Byoy = 1/To ¥ MCKaXCHHSIMH JBOMYHBIX CUTHAJIOB JHOO CKOPOCTh Iepeaayu
Buow M BEPOSITHOCTBIO OmUOKK 110 6uTaM Py (To —IMTEIBHOCTh SAMHUYHOTO DJIEMEH-
ta)[5].

Kanaiel mepBoro Trma Ha3bIBAIOT TUCKPETHBIMU KaHAJIAMH HETIPEPHIBHOTO BPEMECHH
(AKHB), BTOpOrO — muMCKpeTHbIMU KaHanaMu aAuckpetrHoro Bpemenu (AKIB) mwu mud-
poBeIMH KaHaamMu. CTPYKTypHas cxema mepeadu - mpuéMa rmokasaHa Ha pucyHke 1.

[Tomexu
Hekaskenns Oummbrn
Y
Hetounng VTIC " YIIC VeTpoiicTBO :
. - . . : . Hci[pe[}hlﬂﬁh]li oM : d_pl‘ : »
JMCKPETHOI :’ nep » KaHan ' P, 7| perncrpaunn |
uHpopmaunmk | :

o JluckperHeit Kanan Henpeprignoro ]ipEEﬁl-\ll-l
: { 7

i Jlnckperneii Kanan Jinckpernoro Bpemenn (undporoii kanan)

W

.‘

PucyHnok 1 — cTpykTypHas cxema nepeiayu - npueMa

JIMCKpEeTHBIN CUTHAJI IOCTYNAaeT Ha BXOJ JUCKPETHOrO KaHajia. MOMEHTHI BpeMme-
HU, B KOTOPBIX MTPOUCXOJUT CMEHA CUTHaJA (IIepeXo]] OT HyJs K €IUHUIIE WIH Ha000pOT)
Ha3BIBAIOTCS 3HAYAIIMMH MOMeHTaMu (3M).

[Tox nmeiicTBuemM momex W APYyrux (HakTOPOB HA BHIXOJIE KaHAJIa UMEETCS AUCKPET-
HbIH curHan S(t) HeMPepbIBHOIO BPEMEHHU, KOTOPBI MOXKET UMETh KPaeBbIe HCKAKCHUS U
TPOOJICHUS.

KpaeBbIM nckaxeHrueM Ha3bIBaeTCs cMenieHne 3M OT ero ueaibHOTO MOJIOKEHUS.
JIpoOnieHreM Ha3bIBAeTCSI UCKAXKEHUE, COCTOSIIEE B MOSIBJICHUU 3JIEMEHTOB OOpaTHOM MO-
JAPHOCTH BO BpEMA IEpelaud OJHOTO WM HECKOJBKUX MOAPSA WUIYLIIUX €IUHUYHBIX
3JIEMEHTOB OJHOIO 3HAKA.

Cwmemenne 3M OTHOCUTENBHO WICAIBHOTO 3HAYEHHS BIPABO MPUHATO CYUTATH MO-
JIOKUTEIIBHBIM, & B JIEBO — OTPUIATEIbHBIM.

Curnan S(f) mocrymaer Ha BXOJ YCTPOMCTBa pervcTpaiud, KOTOPOE Ha OCHOBE
MIPUHATOIO UCKAXXEHHOTO CUTHAJA PUHUMAET PELICHUE O 3HAKE NEPEIaBaeMOr0 CUrHaja
(0 nnum 1).

Jlns permieHnss MOCTAaBICHHOM 33a/1a4M UCTIIOJIB3YIOTCS Pa3JIMYHbIE METO/Ibl PETUCTpa-
U1 JBOMYHBIX CUTHAJIIOB, OCHOBHBIMU MOKA3aTEJISIMU KOTOPBIX SIBJIAIOTCA UCIPABIIAIONIAs
CIIOCOOHOCTH MO KPAEeBBIM MCKAKEHUSIM U IPOOTICHUSIM.
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Hcnpasnsromas cnocoOHOCTh XapaKTepU3yeT CBOMCTBO yCTPOWCTBA MPABUIIBLHO pe-
TUCTPUPOBATh €IMHMYHBIE 3JIEMEHTHI IBOUYHBIX CUTHAJIOB IIPU HAJIMYNN NCKAKECHUM.

YucneHHO HCTIpaBsIoNiasi CIOCOOHOCTh paBHA MaKCUMaIbHOM BEJIMYMHE MCKaXKe-
HUI1, HE CIOCOOHBIX MPUBECTH K OIIMOOYHOM perucTpaiuy 3Haka €IMHUIHOIO AJIEMEHTA.

Pa3znuyaroT uCHpaBIsIONIyI0 CIOCOOHOCTD IO KPAaeBbIM UCKAXKEHUSAM U JpOOJICHU-
M.

VYCTpONCTBO perucTpaluy CUTHAJIOB, 00ECNEYMBAIOIIEe MUHHMAIBHYIO BEPOSIT-
HOCTb HETIPABUJILHOTO ITPUEMA HA3BIBAIOT ONTUMAJIbHBIM.

Peanmnsanuss ONTHMaNbHOTO YCTPOWCTBA PETUCTPALMM BBI3BIBAET OIPEICIEHHBIC
TPYAHOCTH, ¥ ITIOATOMY Ha IPAKTUKE IIPUMEHSIOT YIIPOLIEHHBIE METOIbI PErUCTPALUH, KO-
TOPBIE XOTSI U IPOUTPHIBAIOT B IOMEXOYCTOMYMBOCTH ONTHMAIBHOMY METONY, OJHAKO
npoiie B peanm3zanuu. K uncny nHaubosee pacnpocTpaHEHHBIX METO/IOB PETUCTPAIIUU OT-
HOCSITCSL METOJT CTPOOMPOBAHUS U METOJT UHTETPUPOBAHUSL.

Meron ctpoOupoBaHus

Meron perucrpauuy €JUHUYHOIO 3JIEMEHTAa [0 3HAYEHUIO €r0 CPeIHEH 4YacTH
HaEN MUPOKOE MPUMEHEHHE OJarojapsi IpOCTOTe peau3aliu, a Takxke OO0JIbIIon -
(EeKTUBHOCTH MPHU ACUCTBUU KPACBBIX MCKAKECHHM.

CrpykTypHas cxeMa CTpOOUPYIOIIET0 YCTPOMCTBA, MOKa3aHa Ha PUCYHKE 2.

YerpoiictBo coctout u3z D-tpurrepa, Ha D BXon (MHpOpMaIIMOHHBIN BXOM) KOTO-
pOTO MOCTYyMaeT NpUHUMaEMbIid curHai, a Ha C BXoJ (TaKTOBBIM BXOJ) pETUCTPUPYIOLIUE
MMITYJIbCBI (CTPOOBI) OT YCTPOMCTBA CHHXPOHHU3ALMHU, KOTOPbIE CBOUM NEPEIHUM (PPOHTOM
(nepexon ot 0->1) ycTaHaBIMBAIOT TPUITEP B COCTOSHHE, ACUCTBYIOIIEE K ’TOMY MOMEH-
Ty Ha Bxoze D.

Ha Beixozae tpurrepa Q ¢hopMuUPYIOTCS €IMHUYHBIC SJIEMEHTHI, ITUTEIHOCTh KOTO-
PBIX OTPENIEISAETCS YaCTOTOM CIIEIOBAHUSI PETUCTPUPYIOIIUX UMITYJILCOB U COCTaBIIsIET T0.

Jpyrumu cioBamu, Ha BBIXOJIE PETUCTPUPYIOIIETO YCTPocTBa (GOPMHUPYETCS BOC-
CTAaHOBJICHHBIC MO JJIMTEIBHOCTH €IMHUYHBIC AJIEMEHTHl (0€3 KpaeBbIX HMCKAXKCHUU U
npobaeHuii). CTpoOupyroIuii MPUEMHHK OITMOAETCS, KOTa UCKA3UTCS CepeIMHA TTOCHIT

Bxon xamana

@DQ@ 0 | |0|_|0 L[ Ome

| v 02To
@_'I, C @ E;?ﬂi +4:0/0 |_| 30% +10%I I_ —I_,O—| R
CrpobE A v . .

@1 ié|§g| L
BBIXO,ILI | :

OmuoKa

Pucynok 2 - CTpykTypHasi cxemMa CTpOOUpYIOIIEro
NPUEMHUKA U JUArpPaMMBbl €10 paboThI

26



ku. VMcnpasmsitorass  cmocoOHOCTh CTPOOHMPYIOMIETO METOJa MO KPAaeBbIM HCKAXKCHUSIM
paBHa 50% , a mo apoOneHusiM HyrO (Jake OYeHb KOPOTKOE ApOoOJieHHEe MOMaBlliee Ha
CepeIMHY €AMHUYHOIO JIEMEHTa BBI3BIBACT OIITUOKY).

Meroa UHTETPUPOBAHUS

CxeMa perucTpanuu JABOMYHBIX CUTHAJIOB MHTETPajIbHBIM METOJIOM IpHUBEJIEHA Ha
pucyHke 3. YCTpPOHCTBO COCTOWT M3 JABYX MHTEIPATOPOB, MHBEPTOPA, CXEMbI CPAaBHEHUS U
D-tpurrepa.

PaboTraeT MHTErpanbHbINA MPUEMHHK CICAYIOIIAM 00pa3oM.

[TprHMMaeMBbIii CUTHAJ TIOCTYTAeT Ha BXOBI IBYX HHTETPATOPOB, MPUUEM Ha UHTE-
rpatop 1 HemocpencTBeHHO, a Ha uHTerpaTop 0 Yepes HHBEPTOP.

Ha BBIX0/1€ MHTErpaTOPOB HAMNPSHKEHUE JIMHEWHO BO3pacTaeT KOrjaa Ha BXOJe UHTe-
rparopa Jnormdeckas 1. Eciam Ha BXone MHTerpaTopa JIOTHYECKUN HOJIb, TO HANpPSDKCHHE
Ha BBIXOJIC MHTETpaTOpa HE U3MCHSICTCSI.

C BbIXOMA
KaHaIa E BbIXOO HHTCTP AlIbHOTO
1 bR TMpHEMHIKA
I
T E DT p=——b»
L]
o .
! _.' S C
i
1 ° <
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Pucynox 3 - UnTerpansHbIii NpUEMHHK U IUArpaMMBI, OSICHSAIOIINE €T0 padoTy.

HanpsikeHust ¢ BBIXOJ0B HHTETPaTOPOB MOCTYMAIOT HA CXEMY CPABHEHMUSI.

Curnan ¢ Bbixoga cxembl cpaBHeHus (0 wiu 1) mocrynaer Ha MHPOPMALMOHHBIM
Bxox D-tpurrepa.

TakToBas MOCIEeI0BATEILHOCTh BhIpadaThiBacéMasi YCTPOMCTBOM CHHXPOHHU3AIUHU U
COOTBETCTBYIOIIAsl TPAHULIAM €IMHUYHBIX 3JIEMEHTOB MCXOJHOIO CHTHaja MOAAeTCs Ha
TaKTOBbIN BxoJ D-Tpurrepa.



B MOMEHT neiCTBHS TaKTOBOTO MMITyJbCa B TPUITEP 3aIMMCHIBACTCS PE3yJIbTAT
CpaBHEHUSI HANPSDKEHUI Ha BBIXOJI€ MHTETPATOPOB.

Ecnu 3a Bpemss TO  curHan Ha BbIXOJE KaHaJl MPUHUMAJ 3HaueHHe | OOJbIIYIO
4acTh BpeMeHU 4eM 3HadueHue (, TO HampspKeHuWe Ha BbIXoe HHTerpatopa 1 Oyner
OoJIbIIIE YeM HaIpsKEHUE Ha Bbixoje unrerpatopa 0 u B Tpurrep Oyzaer 3anucana 1.

A ecny 3a 3TO BpeMs CUTHAJl Ha BBIXOJE KaHaJl MPUHUMAI 3HauY€HHE | MEHBIIYIO
4acTh BpeMeHU 4eM 3HadueHue (, TO HampspKeHUWEe Ha BbIXOoe HHTerpatopa 1 Oyner
MEHBIIIE YeM HamlpsbKEeHUE Ha Bbixoje uHTerparopa 0 u B Tpurrep Oyaer 3anucan 0.

Taxoke 1Mo BO3JEHCTBHEM TaKTOBOTO MMITYJIbCA MPOUCXOIUT OOHYJICHHE MHTETpa-
TOPOB (MHTErPATOPHI MOJITOTABIUBAIOTCS K HOBOMY ITUKITYy HHTETPUPOBAHUSA).

Pe3ynbTaT peructpanuu OyAeT BEPHBIM, €CJIM CyMMa KPAaeBbIX UCKaXEHUU U JPOo0-
neHuid He npeBrICUT 50% OT JIUTENBHOCTH €AMHUYHOTO AJIeMeHTa 0.

Taxkum oOpazoM, HCHPaBIAIONMIAS CIOCOOHOCTh MHTETPAIHLHOTO METOAA IO OJIHO-
CTOPOHHUM KpaeBbIM HCKaxkeHUsM paBHa 50%, 1o aByxctopoHHHM 25%, a mo apooiie-
Husim 0.5To.

[TockonbKy MeTOJ CTpOOMpPOBaHUS UMEET OOJBIIYI0O MOMEXOYCTOMYHMBOCTH MPH
KpPaeBbIX MCKAKEHUSX, a MHTETPAIbHBIM METOJ YCTOWYMBEE K JEHCTBUIO JAPOOJICHUM, TO
WHOTJIa IPUMEHSIOT KOMOMHUPOBAHHBIE CIIOCOOBI PETUCTPAIIMU JIBOUYHBIX CUTHAJIOB, CO-
yeTasi IPeUMYyIIEeCTBa 000UX METOJIOB.

KoMOuHupoBaHHBI MeTOA

CrpykTypHas cxeMa yCTpOMCTBa PErucTpaluy NoKa3aHa Ha pUCYHKE 4.

CymHoCcTh KOMOMHHUPOBAHHOTO CIIOCO0a PErMCTPAallMd COCTOUT B TOM, YTO MPUXO-
IS 3JIEMEHT JUCKPETHOTO CUTHaNa CTpoOupyeTcsl (aHAIM3UPYETCs) B HECKOJIbKHX
TOYKax, HAIIPUMEP B TPEX.

VY CTpOoHCTBO perucTpaluy BKIIOYAET B ce0s CXeMy COBIAJEHUs (JOTMYECKUN dJie-
MeHT W), Ha 0JiuH BXOJ KOTOPOH MOCTYINAET MPUHUMAEMbI CUTHAJ (C KpaeBbIMU HCKaXe-
HUSIMU U JPOOJICHHSIM), a Ha BTOPOM — TaKTOBbIEe UMITyJibehbl TU1 ¢ ycTpolicTBa CHHXPOHH-
3alliM, COOTBETCTBYIOLIUE TOUKAM CTPOOHMPOBAHUS.

C BBIXOZ1a CXEMBI COBMAJCHMS TaKTOBBIE MMITYJIECHI, COOTBETCTBYIOIINE 3JIEMEHTaM

CHUTHAJIA TIOJI0KUTEIBHOW MOISPHOCTH, MOCTYNAIOT HA TAKTOBBIA BXOJ cueTurka. C BBIXO-
na Q1 curnan mocrynaeT Ha HH(GOPMAIMOHHBIN BX0 D-Tpurrepa.

Paboraetr cxema cnenyronum criocooom. [locne mpuxona TpeTbero cTpooupyrolie-
ro umnynbca TU1 TtaktoBelii T2 ycTaHOBUT TpUITEp B COCTOSHHE CTapIIEro paspsaa
JIIBOMYHOI KOMOWHAIIMK HA BLIXOJE CUETUHUKA.

Crapmmii pa3ps c4€TUurKa €CTh HE UTO MHOE, KaK HanboJiee BeposiTHAs MOJSIPHOCTh
OPUHATOTO CUTHAJa, ONPEACIIIEMOr0 MaXKOPUTAPHBIM CIIOCOOOM, T.€. 110 OOJBIIUHCTRY.

Ecnu B nByX mnm Tpéx TOUYKax peructpanuu 3aduKCHUpoBaHa |, TO MpUHUMAETCS
pelIeHre 4yTo nepeaananace 1.

Ecnmu B nByx mmm Tpé€x Toukax peructpanuu 3adukcupoBaH 0, TO mpUHUMAETCS
pemieHue yto nepenasaics 0.
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Pucynok 4 - KoMOMHUpOBaHHBIM MPUEMHUK U JUArpaMMBbl, TOSICHAOIIKE PaboTy
Onuncanue nporpaMmsbl

[Iporpamma coep UT HECKOJIBKO CTPAHULI.

Crpanuna “Hadano” - comepuT Ha3zBaHue JabopaTopHOl padoTsl. Ha aToi
CTPAHMIIE UIMEIOTCS KHOIIKH:

- «O MPOTPaMMeE» - MOYKHO MIOCMOTPETh HOMEP BEPCUU NIPOIPaMMBI, apeC CcanTa
MTYCHU u xadenpsr;

- «IIepenucaTh» - aKTUBU3UPYET AUAIOIOBOE OKHO, HCIIOJIB3YEMOE JIJIS ITEpe3aIin-
CH IIpOTpaMMBbI, 00pa3iia oT4ETa 1. T.I1. Ha THOKUN JTUCK;

- «BBIXOA» - MCIOJB3YETCA ISl BBIXOAA U3 MIPOTPAMMBI.

Crpanuna “YCTaHOBKHM™ - COJAEPKUT Pa3IMYHbIe YCTAHOBKHU U NTaHEb (POPMHUPOBA-
HUS UHIUBUYAJIBHOTO 3a/1aHHUS.

Ha pacneudarkax, momeniaemMbix B OTUET JOJKHBI ObITh Damuiiug N.O. u Homep
rpynmbl UCnoaHUTENS. {7151 3Toro He06X0AMMO B Hayase BHIMOJIHEHUS PaOOTHI BBECTH UX
B TpeOyeMble CTPOKU Ha naHenn «PopMHUpOBaHKE WHIUBUYAIBHOTO 3a/IaHUS.

«OtpucoBka rpaukm» — MOo3BOJISIET BKIIOUUTH/OTKIIOUYUTH OTPUCOBKY IpaUKU.

Crpannma “UuraiiTe” - COACPKHUT pa3ieibl: IIeJIb padOThI, 3aJaHUE U.T.11.

Pasznen «3amanue» comepX uT J1abopaTopHOE 3aJjaHie U METOJUKY BBITOJIHEHUS
Ka)XJI0TO MYHKTA.

Crpanuna “Jluarpammsbl’ - COAEPKUT JHArpaMMBbI, TOKa3bIBAIOINE PabOTy
YCTPOWCTB PETUCTPALIUH.

Crpannna “CxeMa” - COIEPKUT CXEMY YCTPOICTB PErUCTPaLUU.

Crpanuna “@opmynbr” COAEPKHAT pa3TudHbIe POPMYIIHIL.
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Onucanue crtpanuubl “J{marpammer‘

Ha sT0li cTpanuiie MOKHO HAOIIOaTh CJEAYIOLIME CUTHAJBI: BXOJ KaHalla, BBIXO/
KaHalia, CTpoObl CTPOOUPYIONIETO MPUEMHHIKA, CTPOOBI HHTETPAIBHOTO MPUEMHHUKA, BHIXO/]T
CTpOOUPYIOIIETr0 MPUEMHHKA, HAMIPSKEHUE HA BBIXOJIE UHTETPATOPOB HYJS U €IUHUIIBI,
BBIXOJl UHTErPAIBHOTO MPUEMHHUKA. B J€BOM YacTh CTpaHULBI UMEIOTCS CUETYUK Iepe-
JAHHBIX €IUHUYHBIX DJIEMEHTOB M CUETYMKHU KOJIMYECTBA OMIMOOK CTPOOHMPYIOUIETO U
UHTErpaJbHOTO NMPUEMHUKOB. [Ipr BOBHMKHOBEHWHU OIIMOKUA ()OH TaHENIH CYETYHMKA CTa-
HOBUTCS KPACHBIM.

Takske cTpaHHIa COAEPKUT CIEAYIOIINE MTaHETU C IEPEKITI0YaTEeIIIMH.

«Py4HON BBOJ HCKAXKEHUI» — BKJIIOYAET IMAHEIb MPU MOMOIIA KOTOPOW MOXKHO
BBOJIUT UCKA)XEHHS B LIECTYIO MOCBUIKY. [lo quarpaMmamu pacrnojioKeH JBHXKOK, IpH
ITOMOILY KOTOPOTO MOKHO NEPEMEIIATH MOJ0KEHHE 1po0eHus B pexxume «PyuHoil BBOJ
HCKAXKCHUI.

[Tanens “KpaeBble MCKaxeHUA COIAEPKUT KHOIKHU:

«BKip» - BKIIIOUHUTH KpaeBble HCKAKECHHUS;

«OTKJI» - OTKJIKOYHUTH KPAEBbIEC UCKAKEHUS;

Takke Ha 3TOW MAaHEIM MUMEETCA MEePEKIYaTeNb MPU MOMOIIN KOTOPOrO0 MOKHO
U3MEHSATh BEJIMUYUHY TUCIEPCUHN KPAEBBIX UCKAKEHUN.

[Tanens “/po0iieHUs” COASPIKUT KHOIKH:

«Bxm» - BKIIIOYUTH APOOJICHHUS,

«OTKID» - OTKIIIOYUTH JPOOJICHUS.

Takke Ha 3TOM MaHETU MMEETCA MEPEKII0YATeNd, MNPU MOMOIIM KOTOPBIX MOYKHO
MU3MEHSATh JJIUTEIBHOCTh U YaCTOTY APOOJICHHM.

[lanenp “pa3BEpTKa’ CONEPKUT KHOIKHU:

HenpepbiBHAsI - BKITIOUAETCSI HEMIPEPBIBHBIN PEKUM MOJICTIUPOBAHUS;

OpnHokpaTHast - MPOU3BOJIMTCS OTPUCOBKA NMpUEMA 8 MOCHUIOK;

OTKI - OTKJIIOYEHHE MPOLECCA MOIEIUPOBAHUS.

[Tanens “JlmuTensHOCTH ceaHca” COACPKUT KHOMKY «COpocy — oOHyNeHue Cuét-
YyuKa BPEMEHHU U3MEPEHUS, CUETUMKA NIEPEAAaHHbIX €AMHUYHBIX 3JIEMEHTOB U CUETUMKOB
OLIMOOK CTPOOUPYIOIIEro U UHTErpaIbHOro NPpUEMHUKOB. Taxke Ha 3TOM NaHelu uMeeT-
Csl UHAMKATOP BPEMEHU U3MEPEHUS U TEPEKI0YaTeNb A 3aJaHusl JJIUTEIbHOCTH CEaH-
ca.

st pacrieyatku TpeOyeMoil CTpaHHUIIBI HEOOXOIMMO Haxkarh kiasuiry «lle-
4yaTh) pPaCIOJIOKEHHYIO B JIEBOM HIDKHEM yriy. Ecnu pacnedarka He mpou3ouaeT (3a-
MEYeH Takol Ne(eKT Ha HEKOTOPBbIX TUIAX MPUHTEPOB), TO MOXKHO pacreyaTaTh (aiia
PRINT_07_XxX.BMP, kotopslii co3maércst mpu KakKJI0M HaKaTUM Ha KHOMKY «lleuaTby.
Pacneuatky »sToro (aiia MOXXHO MPOM3BECTH HANpUMEpP MpPH TOMOLIM pPeaaKTopa
Word.

JlaGopaTopHoe 3amaHue
1. ITonb3ysich METOAUYECKUM OINMUCAHUEM, PEKOMEHYEMOM JIMTEpAaTypoll U Mpo-
rpaMmoii 1a60paTOpHOI pabOThl MU3YYHTE METOJbI PETHCTPALIUN TBOUYHBIX CUTHAJIOB.

2. Omnpenennure UCHPABISIONYI0 CIIOCOOHOCTh MPUEMHUKOB MO KPAeBBIM HMCKaXKe-
HUSIM.
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3. Caenaiite pacrneuyaTKy, MOKa3bIBAIOUIYI0 paOOTy MPUEMHUKOB MPU JACHCTBUU
KpaeBbIX HCKaKEHUH.

4. OnpenenuTe UCIPABIISIONIYIO0 CHOCOOHOCTh IPUEMHHUKOB IO APOOJIECHUSIM.

5. Cpaenaiite pacrneuyaTKy, NOKa3bIBaIOLIyl0 padoTy NPUEMHUKOB IPU JAEHCTBUU
JpOOJICHUM.

6. M3MeppTe 3aBUCUMOCTH KOJHMUYECTBA OIIMOOK HA BBIXOJE MPUEMHUKOB OT IJIHU-
TEJILHOCTU JPOOJICHUH.

MeTOI[I/I‘-IGCKI/IC YKa3aHUWA 110 BBIIIOJIHCHHUIO pa6OTBI

1. MeTonuka ompeneneHus HCIPAaBISIOMIEH CHOCOOHOCTH MNPUEMHHUKOB IO Kpae-
BbIM HCKaKCHUSIM:

- 3aIyCTUTE MporpamMmy JabopaTopHOi paboThI, HA CTPaHMIIE «Y CTAHOBKU) BBEAUTE CBOU
@®.1.0 u HoMmep rpynisbl. [lepelinure Ha cTpanuily «Jluarpammey;

- OTKJIFOYUTE JATYUK KpaeBbIX UCKakeHUU. i1 3Toro Ha naHenu «KpaeBble UCKaKEHUSD
HAQXXMUTE KHONIKY «OTKJI»;

- OTKJIFOUUTE JATYUK JpoOieHuil. Jis sToro Ha nmanenu «JpoOaeHus» HaXMUTE KHOIKY
«OTKI»;

- OKJIIOYMTE PEKUM PYYHOIO BBOAA UCKAKEHUHU. [[1 3TOro BKIIIOUUTE NEPEKIIIOYATEIND
«Py4HOU BBOJI HCKAKEHUINY;

- IepeMenas IBMKOK «OJHOCTOPOHHEE MCKAXEHUE» BIIPABO OT CPEIHETO IOJOKECHMUS,
ONpEeNEeNUTe MPU KAKOW BEJIMYMHE KPAeBOr0 MCKaKEHUS HAUHYT BO3HMKATh OIIMOKH Ha
BBIXO/IE CTPOOUPYIOLIEro MPUEMHUKA U MHTETPAIbHOrO NMpUEMHUKA. MaKkcuMaabHOE 3Ha-
YEHUE MCKAKEHHSI, IPU KOTOPOM HET OIMOOK, U OyAeT HUCHPABIISIIONIEH CITIOCOOHOCTHIO
MIPUEMHHKOB 110 OJHOCTOPOHHUM KPAEBBIM UCKAKEHUSIM;

Jlnst onpeneneHus: UCHpaBISIOIEd CIOCOOHOCTH MO JIBYCTOPOHHUM KPaeBbIM HC-
KOKEHUSIM HCMOJIb3yNTE aHAIIOTUYHYIO METOAMKY, TOJIbKO BHOCUTE KPAaEBble HMCKaKEHHS
IpU MOMOILU JABUKKA «IBYCTOPOHHHE KPAeBble UCKAXKEHUsD». [[BMXKOK cMmeniaiTe BIEBO
OT CPEIHETO IIOJIOKEHHUS.

Pe3ynbTaThl m3MepeHus UCTIPABISIONICH CIIOCOOHOCTH 3aHecuTe B Tabim. 1. (cMoT-
puTe o0pasell 0T4eTa).

2. Jlns mosmydeHus pacledarKk, MOKa3bIBaIOIIeH padoTy MPUEMHUKOB TIPH  JCH-
CTBUM KpPaeBbIX UCKAKECHUH CHEIANTE CIEAYIOIIEE:

- BBIKJIFOUMTE MEPEKIIIoYaTesb «PydHOUM BBOJI HCKAXKEHUIY;

- BKJIFOYUTE KpaeBble HCKaxkeHM. [ aToro Ha nanenn «KpaeBple MCKaXEHU» HAXKMHU-
T€ KHOIIKY «BKi»;

- YCTAaHOBUTE TNEPEKII0YaTeNIeM «Iucnep» (Aucnepcus) BeIMYMHY KpAeBbIX HCKAKEHUM,
IPU KOTOPOM HaYHYT MOSBIATHCS OLIMOKU y 000MX MPUEMHUKOB;

- Haskumast kHonky «OJJHOKPATHAS» na nanenu «PA3BEPTKA» 1 noiyunuTe pean-
3all110, HA KOTOPOW OLIMOKHM MPOU30MUIYT cpa3y B ABYX MPUEMHHKAX.

Jlnst nonyyenus pacnedaTky Haxmute KHONKy «I[IEHATDy.

3. Meroauka omnpeneseHus: NCIPaBISIONIEH CTOCOOHOCTH MNPUEMHHUKOB 0 JAPOO-
JICHUSIM.

1. BkirounTe HENpephIBHYIO Pa3BEPTKY.

2. BBIKTIOUUTE JATYUK KPAEBbIX MCKAKECHMUIA.
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3. Bxitounte pexxuM «PydHON BBOJ MCKAKEHUID.

4. YcranoBute IBIXKKOM «llonoxenue Mapkepa u ApoOJieHUs» MapKep TOYHO B
cepearHy BTOPOro €IMHUYHOTO 3JIEMEHTA.

5. U3meHsia BeNMYUHY TUTENBHOCTU IPOOJICHUS, ONpEeIUTe 3HaUeHHe, IpU KO-
TOPOM HAYHYT OIMUOATHCSA MPUEMHUKH.

MakcumanbHOe 3HaueHue JpoOJIeHUs, MPU KOTOPOM elI€ HEeT OuOOK, U OyAeT uc-
PaBJISIONIEH CIOCOOHOCTHIO TPUEMHHUKOB IO IPOOJICHUSIM.

Pe3ynbrarhl u3MEpeHUs NCIPABIIAIONIEH CIOCOOHOCTH 3aHeCUTe B TabI. 2.

4. Jlns mony4yeHus pacnedyaTKk, MOKas3blBarouleil paboTy NpUEMHHMKOB MpU  JEH-
CTBUU JAPOOJICHUN CHENaiTe Caeayrolee:

1. OTkit0YnTE PyYHOU BBOJ UCKAKECHMUIA;

2. BxurounTe gaT4uK ApoOJIEHUN;

3. oxOepurte NIUTETHLHOCTD APOOJICHUHN, IPU KOTOPOH HAYHYTCS OIIUOKU B 000MX
NIPUEMHUKAX;

4. Haxumas kaonky «OJHOKPATHAS» na nanenu «PASBEPTKA» nomyuure
pealin3alnio, Ha KOTOPO OIIMOKU MPOU30MAYT cpa3y B IBYX MPUEMHHUKAX.
Jns nonyyeHus pacniedatku HaxMUTe KHONIKY «[IEUATD.

5. Meronuka wu3MepeHUs: KOJUYECTBA OIIMOOK Ha BBIXOJE MPUEMHUKOB MpU JCH-
CTBUU APOOJICHU.

1. CnenaiiTe yCTAaHOBKH KaK B ITyHKTE 4.

2. YCTaHOBUTE NIATENBHOCTH ceaHca paBHyro 100 cexk.

3. YcTaHOBUTE JUIMTEIBHOCTH APOOJICHUS PAaBHYIO HYJIIO.

4. YcTaHOBUTE YaCTOTY JPOOJICHUI B COOTBETCTBUHU C BamuMm WHAMBHIYyaTbHBIM
3aJaHieM (CMOTPHUTE Ha CTPAHUIIE «Y CTAaHOBKHY).

5. Haxxmute xkHOnKy «HenpeppiBHash» Ha nmanenu pa3BEpPTKU. lIpu 3TOM HauHETCH
ceaHc wu3MepeHus. Ilocie oxkoH4yaHuMsi ceaHca HM3MepeHUs KHomnka «HempepbiBHAs»
OTOXMETCH.

6. V3MmeHss niuTenbHOCTh ApoOneHus B auamnazone ot 0 mo 1.2To ¢ marom 10%
OTIpEe/IeNIUTE YMCIIO OIIMOOK Ha BbIXOJAE MPUEMHUKOB. Pe3ynbTarhl 3aHECHTE B TaOJUILy
Ne3 (cmotpute obOpaser otuéra B daitne JIP 07 Oobpaser_otuéra.doc).

4% mpumeuanue [[ns yckopeHHs mpoliecca U3MEpPEHHs BBIKIIIOUUTE MEePEKIIIova-
tenb «OtpucoBka rpaduxu». Ilpu 3TOM mporecc MOAESIUPOBAHUS 3HAYUTENIBHO YCKO-
puUTCSL.

Conepxxanue oTyera

OTU€T TOMMKEH COMIEPKATh:
- cTpanuna 1. TUTYJIBHBIN JIUCT;
- CTpaHMIia 2. 1esib paboThl U CXeMy JJabOpaTOPHOTO MAaKETa,;
- CTpaHuIla 3. Pe3yJIbTaThl U3MEPEHHS UCTIPABIISIONIEH CITOCOOHOCTH TPUEMHHUKOB 10 Kpa-
€BBIM UCKAKECHUSM:

a. pacmeyvarky, MOKa3bIBAIOIIYI0 pab0Ty MPUEMHUKOB MPU JEHCTBUU KPACBBIX HC-
Ka)KCHUM;

0. pe3ynbTaThl U3MEPEHUS UCTIPABIIAIONICH CIIOCOOHOCTH TIO IPOOTICHUSIM;

B. pacreyvaTKy, MOKa3bIBAIOIIYI0 pa0oTy MPUEMHHUKOB, IPHU JTEUCTBUHU JIPOOJICHUI;
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- cTpanuIia 4. pe3yabTaThl U3MEPEHUS U TpauK 3aBUCUMOCTH BEPOSTHOCTH OITUOKUA OT
JUTUTEILHOCTH APOOJICHUM;

- CTpaHulla 5. UHAUBHUAYAIBHOE 33/1aHUE;

- cTpaHMIla 6. KpaTKWi OTBET Ha MATh KOHTPOJIBHBIX BOIPOCAa U BBIBOJIBI IO paboTe.

Jlabopatopuast pabota Ned
HcciaenoBanne ITMHENHBIX HUCKAKEHUU

[{ens paboTs

N3yueHne METOA0B U3MEPEHUS U OIIEHKH XapaKTEPUCTUK JIMHEHHBIX UCKaKCHUI B
KaHaJIax Mepeiavyu CETe TOKYMEHTAIbHOW 3JIEKTPOCBSI3H.

I[OM&IHHGG 3aJaHuC

s maTerpupytomeii RC menu moctpoiiTe nepexonHyro xapakrepuctuky h(t) u
pEaKIuIo Ha IPAMOYToNbHBIH uMITyabe G(t). JAmuTenbHOCTh HMMITYJbca BO3BMHUTE paB-
Hoii T (1T =RC - mocrossunas Bpemenu RC- memm).

R B kOM BO3bMHUTE paBHBIM KOJIMYECTBY OYKB B Bamiem nmenu,
C B HaHO ¢apanax - paBHbIM KoJM4YecTBY OykB B Bamieil ¢pamunnm.

KpaTtkue cBeneHus u3 Teopum JTMHEUHBIX HCKAXKEHUN

Knaccudukanms mnomMex U HCKaKCHHM.

[Tpu nepenaye cUrHaJioB 10 KaHajaM CBS3M OHHU MOABEPTaOTCs JEHCTBUIO MOMEX U
MCKQKCHUH, YTO MPETSATCTBYET MPaBUILHOMY IpUEMY cUTHANOB [6,7].

[Ton momexamu, Kak MPaBUIIO, TOHUMAIOT JE€CTAOMIM3UPYIOIMNE (aKTOPhI, UMEIO-
[IFie BHEUTHIOI MPHUPOY MO OTHOIICHUIO K KaHaly, a 0 UCKaXeHHEeM (DakTopbl UMEro-
e BHYTPEHHIOIO mpupoay. Hambomnee TUmUyYHBIC MOMEXU U MCKAKEHUS MOXKHO TPE-
CTaBUTH B BUJI€ PUCYHKa |.

PaccmoTpum pasnuyHbie BUABI IOMEX Ha MpUMEpPEe MPOCTyIuBaHus WHGOpMAITUU
3anMCaHHOW Ha MarHUTO(POHHYIO KacceTy B Buie rpynn uudp (kogorpamm). B kauectse
MCTOYHHMKA OyAET BBICTYIATh 3alUCh HA KacCceTe, a B Ka4eCcTBe KaHalla MArHUTOQOH U aKy-
CTHUUYECKHUI KaHaJl OT AMHAMUKa MarHUTo(oHa /10 yxa ciayuaresns (IpuéMHUKA).

Ecnu momexa CKIaabIBAcTCs ¢ CUTHAJIOM, TO €€ HasbIBaIOT agauTuBHON (addition -
cnoxenue). Hampumep, Bo Bpemsi MpoCHylIMBaHus 3alIUCH KTO-TO Ha4ajl CTy4aTh MOJIOT-
KOM 0 CTEHE — 3TO UMITYJIbCHAs IOMEXa, €CJIU BO IBOPE MOHOTOHHO (C OJHOM 4acTOTOM)
3aBblIa CUpEHa — ATO TApMOHMYECKas [OMeXa, a €CJIM BKIIOYWIN MbUIECOC WM HaJ JO-
MOM TIPOJIETE] PEAKTUBHBIA CaMOJIET - TO 3TO TUMMYHAS (IIYKTyallMOHHas (IIyMOBasi) MO-
Mexa.

Ecnu momexa mepeMHOKaeTCsl ¢ CUTHAJIOM, TO €€ Ha3bIBAIOT MYJIbTUILTUKATHBHOM
(multiplication - nepemuoxenwue). Hanpumep, B MarHutooHe IJI0XO pabOTaeT peryJis-

33



TOP TPOMKOCTH, YTO MPHUBOAUT K CIyYaWHBIM U3MEHEHUSIM TPOMKOCTH curHana. Eciau
IPOMKOCTb CUTHaJIa U3MEHSETCS B HEOOJIBIIMX Mpeaenax, 3TO Ha3bIBAIOT KOJIeOaHUSIMU
YPOBHSI.

IIOMEXHU HNCKAXCHUA
AIIATUBHEIE:
- IMITyJIbCHAS e I HEJIMHEITHbIE ]
- TApMOHHUYECKast >
- bnykryammonnas ®—>( CiBUT YACTOTEHI ]

(a3oBbIe IpOXKaAHUS
®—»| - KUTTEp
- BaHzep

MyJ'ILTI/IHJ'II/IKaTI/IBHI)Ie:
- KoJieOaHus ypoBHS \
- IEPEPHIBBI 4

JIMHEVHbIE UCKAXKCHUS
®—>» (MexXCHUMBOIbHAS HHTEP(HEPCHIHS)

\_

Pucynok 1 — Tunuuneie moMexu

Ecnum curnan ucde3aer MoJHOCTBIO, 3TO NEPEPHIB CBA3H.

Ecnu B AMHAaMUKE BMECTO €CTECTBEHHOI'O T'0JI0Ca CIBIIICH XPUIIAIIUN (Ipede3xa-
II11) rOJIOC — 3HAYUT UMEIOT MECTO CHUJIbHBIE HETMHEHHbIE HCKAKEHUSI.

Ecau cKOpOCTh NPOTSKKYU JIEHTHI OTJIMYAETCS OT CKOPOCTH IIPH 3aIIUMCH, TAKUE UC-
KaXXEHUS SIBJISIFOTCSL CIBUIOM 4acToThl. [Ipu ciiBUre 4acToThl BBEPX KEHCKUHM To10C OyAeT
BOCIPUHUMATHCS KaK rojioc peOEHKa, a Ipy CABUTE BHU3 - KAK MY>KCKOH.

Ecnn ckopocTh MPOTSKKU JICHTHI OTKJIOHSAETCS OT HOMHUHAJIBHOTO 3HAUE€HUS B 00€
CTOPOHBI, OCTaBasICh B CPEIHEM PaBHOM HOMHHAJIBHOMY 3HAY€HUIO, TO UMEIOT MecTO (a-
30BBIE IPOKAHUS.

Ecnu da3oBbie 1pokaHus MPOUCXOIAT ObICTPO, TO UX HA3bIBAIOT (ha30BBIM JIKUTTE-
powm (jitter- aposkanue) , a eClii MEJICHHO - BaHaepoM (Wander- 0myxaaTh, OPOIUTH).

[Ipu mxuTTEpe TOJ0C YenoBeka OyaeT MoXoX Ha rojoc byparuHo, a mpu BaHzaepe
KEHCKHUI roJIOC MePUOANYECKU OYIET MepexXoauTh, TO B rojioc peOEHKA, TO B MYKCKOU
roJIocC.

[Ipy momoum pydek peryiaupoBKd TemMOpa MOxHO u3MeHuTh AUYX (Ammiu-
TynHO YacToTHyr0 XapaKTepUCTUKY - COOTHOUIEHHE YPOBHEH pa3IUYHBIX YacTOT), TO
€CTh BHOCUTbH JINHEWHbBIE NCKAKEHUSI MJIM YMEHBIIATh (KOMIIEHCUPOBATH) UX.

JInHeliHbIe UCKAKEHUS, KOTOPBIE BBI3BIBAECT IPOLECC 3alMCU U BOCIPOU3BENCHUSA
Ha MarHUTO(OHE CIUIIKOM MaJbl, YTOOBI BBI3BATh OMIMOKHU MpH MpuéMe (MPOCIyIINBa-
HUH) KOJIOTPAMM.

PasmecTM MarHuTO()OH Ha JIECTHUYHOM KJIETKE MHOTO3TaXHOTO JI0Ma, a CIylIaTh
OyZeM HECKOJbKMMM JTakamMu Bblle (HWke). I[lpyu TakoMm pa3melieHnd HUCTOUYHHKA
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(marauTo(oHa) ¥ MpUEMHHKA (CITyIIATeNs) 32 CYET CHIIBHBIX TEPEOTPAKCHUM 3BYKa OT
CTEH U PA3IMYHBIX NOJOCTEN (OETOHHBIX CTEH U JIECTHUYHBIX KJIETOK) BO3HUKHET OYEHb
cuJbHOE ucKaxenue AYX.

«Ha cinyx» 3TO mpOSIBUTCSI B TOM, UTO CJIOTHM PEYM HAYHYT «HAIOJ3aTh» IPYT Ha
Ipyra, 4To 3aTPyAHUT O0e30IIMO0YHOE BOCTIPUATHE KOJOTPAMM.

Ecau cKOpOCTh UTEHHSI KOAOTPAaMM MOBBICUTH UM YBEJIUYUTh KOJWYECTBO ITaXKEN
MEXAY UCTOYHUKOM M TPUEMHUKOM, TO BEPOSITHOCTh OIIMOKHU TPHU NMPUEME YBEIMUUTCA,
a HA4MHAsi C HEKOTOPOTO 3HAYECHUS IIPABWIBHBINA TPUEM CTAHET HEBO3MOKHBIM.

BMmecto oTnenpHbIX IUGp CiyliaTenab OyaeT CAblIaTh CIUIOMHOE OyOHEHHE, U3 KO-
TOPOTO HEBO3MOKHO BBIJCIIUTE OTJCIbHBIE LIU(PHI.

SIBnenue, mpu KOTOPOM COCEIHHUE CIIOTH, IU(PbI, CUTHAIBI U.T.II. HAKJIAJbIBAIOTCS,
ApYyT Ha JApyra MOJY4YMIIO Ha3BaHUE MEKCUMBOJIbHOUN nHTEephepenunn (MCH).

MexcumBoIbHAsT HHTEp(EPEHIINN, KaK MPaBUJIO, 3aTPYIHSACT MPABWIBHBIA TPHUEM
CUTHAaJA.

JIuHeliHbIe UCKAXKEHUSI B HETIPEPBHIBHBIX KaHAJIaX CBA3U.

[Tox nMHENHBIMHU UCKXKEHUSIMU B HenpepblBHBIX kaHanax cBsizu (HKC) monumarot
UCKaKEHHE (OPMBI CUTHAIA, BBI3BAHHOE M3MEHEHHWEM COOTHOIICHUS aMIUTUTYI U (a3
CIIEKTPAJIbHBIX COCTABIIAIOIIMX TMPHU MEpe/ladye CUTHAJA Yepe3 KaHal CBS3H.

S(jo) = X(o) K(jo) (1)
Cas3p curHaia Ha BbIxoze kanana S(t) ¢ curHaigom Ha ero Bxoje X(t) MoxxeT OBITH
IpeACTaBIICHA ONlepalueld CBEPTKU:

o]

s(t) =x(t)*g(t) = IX(t—T)g(t)dT (2)

—00

rae g(t) — umnysbCHas XapaKTepUCTHKA KaHada— OTKIIMK KaHasla Ha

nenbTa-GyHkimio o(t):

o npu t=0; <
o) = oMdt=1 (3
®) 0 npu t=#0; _'[O ®) @

CrniekTp cCUTHaJa Ha BbIXOJe KaHaia S(JW) MOKeT ObITh MOJYYCH YMHOXKEHUEM CIIEK-
Tpa BXoaHoro curHana X(jw) Ha kodddunment nepegaun kanama K(w):

S(jw) = X(jo) K(jw) (4)

Koadbdument nepemaun kanaiga K(Jw) oIHO3HAYHO CBsI3aH ¢ MMITYJIBCHOW Xapak-
tepuctukoi ((t) mpeobpazoBannem Dypne:
€CITU TPEICTaBUTh KOMIUIEKCHYIO pyHKkinio K(jo) B mokazarenabHO# Gopme:

K(io) = [ge dt ()

K(jo) = K(w)e*® ,
to K(®) OyaeT aMIinTy 1HO-4acTOTHOM xapaktepuctukoi (AUX) kanana,
a ¢ (0) — dazouacToTHO XapakTepucTukoi (PUX) kanana.
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Takum oOpazom, nuHeitHble nckakenuss B HKC MoryT ObITh MOTHOCTHIO OMHUCAHBI U
3aganbl ero AUX n ®UX nim uMyabCHON XapaKTEPUCTUKOM.

Ha npaxrtuke nuneitnbie uckaxenuss B HKC wyaie Bcero HopMupyrotcsi TpeboBa-
HUSIMU K UX YAaCTOTHBIM XapaKTEPUCTHUKAM, YTO OOYCIIOBIIEHO CPABHUTEIILHON MPOCTOTOMN
UX ONKCAHUS U U3MEPEHUS.

OpnHako B 3aBUCUMOCTH OT KOHKPETHOM pelIaeMoil 3alayd MOTYT CYLIECTBOBAaTh U
IPYTU€ METO/IbI IPEACTABICHUS U OLIEHKN JTUHEHHBIX UCKAKCHUM.

Hampumep, npu nepegaye no KaHajaM CUTHAJIOB B BUJIE IPSIMOYIOJIbHBIX UMITYJIb-
COB TIOJIC3HBIM OKAa3bIBACTCS TMOHSATHE MEPEXOHON XapakTepucTuku kaHama h(t), kotopas
SIBJISICTCS OTKJIMKOM KaHajia Ha cTyneH4yaTyro ¢pyHkiuto o(t) (curma-QyHkiwms):

[MpsimoyronpHbIi uMITysibe  P(I) UIMTENBHOCTBIO TH MOHO TPEICTAaBUTH B BUJIC

1 npu t>0;
o(t) = ) (6)
0 npu t<£0;

Pa3HOCTH JABYX CTYIICHYATBIX (I)YHKHHﬁ, OTCTOSAIIMEC HA BPEMS TH.

p(t) = o(t) - o(t-tm) (7)

B cooTBeTrcTBUM C MPaBWIOM CYNEPHO3UIMHU I JIMHEMHBIX LEMEN OTKIUK KaHala
Ha TaKo¥ UMITYJIbC OYJIeT paBEH Pa3HOCTH MEPEXOIHBIX XapPAKTEPUCTHUK:

G(t) = h(t) - h(t-tn) (8)
Ha pucynke 2 wtroctpupyercs cBsizb Mexay h(t) u G(t)

1 | —
4 T N/\
N ,/I\ ht) )

p(t) N

tn

A
v

TN
) h(t- )
—

~—

\

Pucynok 2 - Cea3p mexay h(t) u G(t).

W3 pucyHka MOXKHO clieiaTh TpU BBIBOJA:

- 3a BpeMs JICHCTBUS MMITYJIbCA HA BXOJIE KaHajla IEPEXOJHOM MpOoLecC HE YCIIEBAET
JIOCTHYb MAKCUMAJIBHOTO 3HAYEHUS;

- 4YeM MEHbBIIE IJUTENbHOCTh UMITYJIbCa Ha BXOJE KaHaja, TEM 0 MEHbBIIEro 3Haue-
HUS YCIIEBAET JOPACTH HANPSHKEHHE HA BBIXOJIE KaHAJIA;

- TEOPETUYECKH MEPEXOIHOM MpolLecc UIMTCS OECKOHEYHO JOJr0, CIEA0BATENBHO,
OyZzeT BiIUATh HAa GOpMYy OTKIIMKA KaHajla Ha MOCIEAYIOINE HUMITYJIbCHI.
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JIns KOMMYEeCTBEHHOM OLECHKH JIMHEWHBIX UCKAXEHHU CUTHAJIOB B CUCTEMAX JOKY-
MEHTAJIbHOM 3JIEKTPOCBSI3H BBOIUTCS MOHATHE ‘“‘MexcuMBOIbHas momexa” (MCII).

Eciau InuTenbHOCTh OTKJIMKA MPEBBIIIAET MEPHOJI CIEIOBAHUS HUMITYJIBCOB, TO CO-
CeHUE OTKJIMKHU HAKJIAJIBIBAIOTCS JPYT Ha Jpyra — BOSHUKAET MEKCUMBOJIbHAA UHTEpde-
pennus (MCH).

[ToanieMeHTHBIN MPUEMHHK IO pe3yjIbTaTaM HAOJIOJIEHUS peau3alii CUTHala Ha
BBIXOJIE KaHaja HAa KaXXIOM EJUHUYHOM HWHTEPBAJIE BBIHOCUT PEIICHHE O MEPEIAHHOM
equanyHoM 35ieMenTe curdana (EDQC). OueBuano, uto B ycnoBusix MCHU peanuzanus ot-
KJIMKa, IO KOTOPOMY IPUHUMAETCA PelIeHne, OyAeT CyMMOM MEepEXOIHbIX IPOLIECCOB He-
CKOJIBKMX MHTEePPEPHUPYIOINUX CUTHAJIOB. [Ipy MpUHATHHN pemeHus 00 1-M 3JIEMEHTE CHT-
Haja nepexojaHble mpoiecchl oT Bcex apyrux EDC OyayT BbICTynaTh Kak IoMexa, UCKa-
JKarolas OTKIUK. Takas nmoMexa Ha3bIBaeTcs MeKCUMBOJIbHOU rmoMexoi (MCII).

MCII - 310 cimy4aifHbIi Tporiecc, JeUCTBYIONINI Ha I-M HHTEpBaie 0OpabOTKU CHT-
Haja B MpUEMHUKE U 00pa30BaHHBIA CYMMO mepexoaHbIX MmpoiieccoB oT Tex EDC, pere-
HUE 110 KOTOPBIM MPUHUMAETCS B APYTUE UHTEPBAIIBI BPEMEHH.

Ycnosue HarikBucra

[Ipn wucnonb30BaHUM IS MEpeIadyd B KaHAIaX ¢ MEKCUMBOJIBHON MHTEPPEPEHITH-
€l CUTHAJIOB C ONPEACIEHHBIMU CBOMCTBAMHU MOXHO PEAIIM30BATh MPOCTOM METOJ MOAJIE-
MEHTHOTO MPUEMA C OJTHOKPATHBIM OTCYETOM.

dopMa OTKIIMKA TAKWX CUTHAJIOB JIOJKHA OTBEYaTh ycioBuiO HalikBucra BO Bpe-
MEHHOM 00J1aCTH:

So mpu k=0;
S(kto)= 0 npu k=0; 9)

S K[ jw-Z" =7 @)

Ty

VYcnoBue tpedyer, 4ToOBI Bce OTKIMKH 00paIagnuch B HOJb BO BCEX TOUKaX, OTCTO-
SIIUX OT MOMEHTA B3STUsI OTCUETA HA UHTEPBAJIbl BDEMEHHU KpaTHbIC SIUHUYHOMY HUHTEP-
Bally T10. Bo3moxkHast ¢opma OTKIMKa, OTBeHaromas ycioBuio HaiikBucra rmokaszaHa Ha
pucyHke 3.

Crnenyetr UMeTh B BHUJY, UTO yCIOBHE OTCYTCTBHS MEXKCUMBOJIHHOU HMHTEp(EpEeHIIUU B
YaCTOTHOM 00JaCTH KECTKO CBSI3aHO CO CKOPOCTBHIO MOAYJSUA B M mupuHON MONOCH
pomycKaHusi Hu3kouacToTHoro kaHana AFux = Fep. 3peck Fep — rpannunas ydactora
MOJIOCHI TIPOITYCKaHUSI KaHalla (4acToTa cpe3a). ITa CBsI3b OMPEIEISICTCS COOTHOIICHUEM:

B< 2A4Fnx. (11)

Hpyrumu cioBamu paBeHCTBO (10) MoxeT ObITh YIOBJIETBOPEHO, €CIM CKOPOCTh
MOAYISMU B 4uCieHHO He mpeBbIaeT YABOCHHOW TPaHUYHOM YacTOThl MPOMYCKaHUs
HU3KOYaCTOTHOI'O KaHaJja.
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Pucynok 3 - OTknuk KaHaza, yJI0BIETBOpAONIMHN ycinoBuio HaiikBucra
['maskoBas nmarpamma

['ma3koByro quarpamMmy HaOJIOJAIOT MPU MEpeIade no KaHally CaydaiHOW mocieno-
BaTEJIbHOCTH UMITYJIbCOB. ECM cOBMECTUTh M300pakeHUE BCEX BO3MOKHBIX peaau3alui
(TpaekTopuil) OTKIMKOB Ha OJTHOM U TOM K€ TpaduKe, TO MOIYYUM IIa3KOBYIO Juarpam-
my (IJD).

N3o6paxenue I'J] MOKHO MOIYYUTH C TIOMOIIBIO OcUIuIorpada, €ciii yCTaHOBUTH
Pa3BEPTKY JUIMTENBbHOCTHIO MPUMEPHO PABHOM JABYM €IUHUYHBIM 3JIEMEHTaM U HaOIIto-
JaTh CUTHAJ Ha BbIXoJe KaHana. Pa3BépTky ocumsmiorpada Hago 3aCHHXPOHU3UPOBATH OT
TAaKTOBOM YacTOTHI Nepenaun. B 3ToM citydae Ha s3kpaHe OyAeT BHICBEUMBATHCS Cpa3y He-
CKOJIBKO TPAeKTOPHUIl CUTHaja, KOTOpble 00pa3yloT ria3koByto auarpammy. [1o rimaskoBoi
JIyarpaMmMe MOXKHO CYJIUTh 00 UCKaXXEHUSIX CUTHaJIa u3-3a Bo3aeiicteus MCIIL.

Jnst ouenkn Benmmumabl MCII 1o 11a3koBo#l nuarpamme ompenessitor dmax u
dmin u Beruucastor D-kputepuit (dmax — MakcuMabHBIN pacKphIB Ta3a, dmin — mMu-
HUMAaJIbHBII pacKpbIB IJ1a3a, CMOTPUTE PUCYHOK 4)

_ dmax+d min

d max—d min

MuHMMaIBHBIN PACKPBIB «TJ1a3a OMpEACsICT IPaHuIly», BHYTPH KOTOPOH HE MOXKET
CYIIIECTBOBATh TPACKTOPHUI CUTHAJIA TIPH JIF0O00N BXOJTHOM MOCIIEIOBATEILHOCTH.

Ecmu  dmin>0, To TpaekTopuu, KOTOpPbIE COOTBETCTBYIOT IMepeaadye CIHMHMIbI, B
MOMEHT BpeMeHH 10 ( MOMEHT MPUHATHSA pemIeHUs ) OyAyT MPOXOIUTH BHIIIE TPACKTO-
puii, KOTOpbIE COOTBETCTBYIOT Mepeade Hyss U Ha MPUEME MOKHO MMPOU3BOIUTEH OE301IIH-
OOYHBIN TPUEM.

Ecmu dmin =0 (rma3 OynaeT 3akphiT), TO MPUEM HEKOTOPHIX 3JIEMEHTOB CHUTHaja
(EDC) Oyner npoucxoauThb ¢ OMMOKaMHU.

['ma3koBasi auarpaMMa MOJy4YWiIa CBO€ Ha3BaHUE H3-3a TOrO, YTO IPHU U3MEHE-

(12)
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HUM CKOPOCTH TIepeIadyyl MM apaMeTpoB KaHasa OMin HauWHAeT M3MEHSTH CBOE 3HAYe-
HUE U 3TO HAIIOMUHAET OTKPbIBAHUE-3aKPbIBAHUE IJ1a34.
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Pucynok 4 - Bo3moxxkHasi peanu3anusi TJIa3KOBOW JHArpaMMbl

[Tpu n300pakeHUKM TJIa3KOBOHM JUArpaMMbl TOKA3bIBAIOT JIUIIIb BHEIIHWE M BHYT-
peHHUe TpackTopuH. JKemareapHo IT0Ka3aTh JBa ria3a, YToObl MOKHO OBLIO OIICHUTH 3a-
nac curHajiga mo (ase.

[To rna3koBoii guarpamMme H3MeEpsIOT 3HadueHne dmaX, dmin u BBEIYHCIAIOT BEIIH-

yuny D-kxputepus. Ha rma3koBoii quarpamMme Haa0 yKazaTh CKOPOCTh MOJYIISIIMU, HA KO-
TOPOM OHa ObLTa 3apUCOBaHA.
[IpoBenss aHanOTWMYHBIE U3MEPEHUS HA JPYTUX CKOPOCTAX MOAYJALMHA MOXKHO TO-
CTPOUTH Tpauk 3aBUCUMOCTH D-Kputepus OT CKOPOCTU MOAYJISIINN
D=f(B). B=10kboxa
Paznuune Mexny JTUHEWHBIMH W HEJIIMHEWHBIMHU HUCKaXEHHsIMU. Ha pucynke S5 mpen-
CTaBJICH MPUMEP U300paKCHUS TJIA3KOBOM THarpaMMBl.

100

30 dmax=100 dmin=40 —
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60 <// \\> <// \\>

40 N 7 N 7
~N— N~

20

0 v

PucyHnok 5 - [Ipumep nzo0OpakeHus TJ1a3KOBOM JuarpaMMbl
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JluHeNHbIE MCKa)XXEHUS BO3HHUKAIOT B JIMHEWHBIX UEMIX. JIMHEHHBIMU HA3bIBAIOT
TaKue 1ENU, Y KOTOPBIX PEAKLHs MPONOPLUOHANIbHA BO3AeHCTBUIO. K 4unciy nMHENHBIX
ANEKTPUYECKUX LENEd OTHOCATCS LIEMU COCTABICHHBIE U3 PE3UCTOPOB, KOHAEHCATOPOB U
KATyLIEK UHIYKTUBHOCTEM.

JI71st TMHEWHBIX 1IeTIel CTIpaBeIJINB MPUHITUI HAJIOKEHUS (CYTEepIO3UIInN).

OH popmynupyeTcs Tak: «peakius JMHEWHOHN LIeTH Ha CyMMY BO3JIEUCTBHI paBHA
CyMME pEaKkIMi Ha KaXKJI0€ BO3JICHCTBUE B OTJAEIBHOCTI.

B HenuHEHHBIX MEensX NPUHLUUIT HAIOXKEHUS He JedcTByeT. OTIMYUTH JTUHEH-
HYIO IIeMb (CXeMy) OT HEIMHEWHONW MOXXHO CieayromuM oopa3oMm. Hamo momate Ha BXOJ
LIETIH CUHYCOUAAJIbHOE HampskeHue. Eciu 1ens JInHeitHas, To Ha BbIXoJie OyAeT JeHCTBO-
BaTh TOXKE CHHYCOWJATBHOE HANPsHKEHUE, HO ¢ APyrou ¢azoi u amrmnTyaoi. Ecim menb
HeJMHEHHas (B HEW BO3HHMKAIOT HETWHEHHBIC UCKaXEHUS), TO (popMa CHUTHAJIa Ha BBIXOJIE
OyIeT OTIMYHA OT CHHYCOMJAIBHOHN (B CIIEKTPE CHUTHAJIA MOSBITCS TapMOHHUKU C YacCTO-
TaMU KPAaTHBIMHU UCXOJHOM YacTOTeE).

HCHOJ’IBBY@MI)IG COKpalICHU:A

HKC - HenpepbIBHBIN KaHAI CBSI3Y;

MCH - mexcuMBOJIbHAS HHTEPDEPCHIHS;
MCII - mMexcHMMBOJIbHAS TIOMEXA;

g(t) - uMmmyIbCHas XapaKTEPUCTHKA,

o(t) - menbra-QyHKIHS;

h(t) - mepexomHast XapaKTEPHCTHKA;

p(t) - mpPAMOYroJbHBINA UMITYJIBC;

G(t) - peakius ey Ha IPSIMOYTOJIBHBIN UMITYJIBC,
K(jw) - xomrmuiekcHbIli K03 (UIMCHT NIepeayuu KaHaa,
K(w) - ammntynHo-dyacToTHas Xapakrepuctuka (AUX);
¢ () - (daszouacrorHas xapakrepuctuka (PUX) kanana,
B - CKOPOCTb MOJYJISIITUU;

D - D-xpurepuii;

EDC - eguHUYHBIN 3JIEMEHT CUTHAJIA;
'’ - rmaskoBas quarpamma;

dmin - MUHMMAaJBHBII PACKPHIB I1a3a;
dmax - MakCHUMaJIbHBIH PacKpPHIB TJ1a3a.

Onurcanne nporpamMmmabl

HuTepdeiic mporpaMMbl CONEPKUT HECKOJIBKO CTPaHUIL:
“Havasio” — comepXuT OOIIre CBEACHUS: Ha3BaHUE pPabOThl H.T.II.
CoepXUT KHOTIKH:
«O TpOorpaMMe» - MOKHO OCMOTPETh HOMEP BEpCHH IporpaMmsbl, aapec caiita MTYCU
u xadenpsi,
«MEPenucaTh» - aKTUBU3UPYET IHAIOTOBOE OKHO, UCIOJIb3YEeMOE ISl IEPE3arucH Mmpo-
rpaMmbl, oOpasia oT4€éTa U.T.I1. Ha TUOKHIA JTUCK;
«BBIXOJI» - HCIOJB3YETCs JJISI BBIXOJA U3 MPOTPAMMBI;
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“YcTaHOBKH™ - COAEPKHUT Pa3IMYHbIC YCTAHOBKU U MaHENb (POPMHUPOBAHUS WHIUBUIY-
aJIbHOTO 33JJaHUS;
“UuraiiTe” - COIEPXKUT pasfelbl: Leib paboThl, 3aaHue, colep)KaHhe OTuéTa U KOH-
TPOJIbHBIE BOTIPOCHI.

Paznen «3amanme» comepkut nabopaTopHOE 3aJaHHE M METOAMKY BBIIIOJHEHHUS
Ka)JIOTO ITyHKTA.

Bxojnoit curnain =

Jluneiinas cxema
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> * T T
-

BXOJ,
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Henuneiinaga cxema ~ ~
I 1
| I
9
BXOO /\ /\

Puc. 6. [Ipumep peakitny THHEHHOH M HeIMHEHHOH IeH Ha BO3AelicTBHe
CHHYCOUAAIBHOIO HAIIPAsKEeHHA

“h(t) u G(t)” - comepkuT cxemy IS HAOIIOACHUS IIEPEXOIHON XapaKTEPUCTHKH |
pEaKINM [EeTH Ha IPSMOYTOJIbHBI UMITYJIC PUCYHOK 7.

~ MNepexopHaa pyHELMA hif) 1 peakya Ha |y nec Gif) CrerTp minuneca 1 A4 ranana
T e fee — Kanan 1] - : .
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' [ - A | - et j o
El v H 100 MEc ‘ ‘40 || 7000 T'n
1.20 T T
— lHAkaLME ! ! ! ! :
== [ [Hnynec 10y oo . T Tt oo
= H) 1ot i i i i i
=F G 2o S S o [ o
o&ol [ [ R [E oo -
h(t) : : : : :
0701 R Feees feeees IRREEEE AR
ogod 4 R R e oo DR
050} ] R (E [ L e
0404 e L To----- A------- R
030 | e e ERREEREEEEEEE RS
. RN VNG SHNUND MO S
:L e
0.00; Z Z : Z Z :
104 - R [ F R N
pazESETRE -020§ - T e T T T
“ 1 10 1UU—|‘ o 01 0z 03 04 0s 0s 07 0s ng

Pucynok 7 - Bun crpanwuist “h(t) u G(t)”
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B kauectBe kanana 1 u 2 ucnons3ytorcs uarerpupytomue RC memnu.

B xauectBe kaHana 3 ucnonb3zyercs GuiabTp HIKHUX yacToT (PHY).

VY kananoB 1 u 2 MoxHO MeHATh nocTossHHYI0 RC niernn, a y ®HY gactoty cpesa.
[lepexoanas xapaktepucTuka ajig uHTerpupyromeit RC nenu paccyuThiBaeTcs 1o

dbopmyie:

h(t)=1-¢"; 7=RC (1)

“I'mazkoBasi [uarpamMma’” — COJCPKHT CXeMy Il HaONIOACHUS TJIa3KOBOW Jua-
rpamMMBI.

JlaGopatopHoe 3anaHue

1. TlponaOmromaiiTe u 3apUCyTe EPEXOIHYIO XapakTepucTuky h(t) u peakuuio Ha
umiysbe G(t) A 1ByX KaHAJOB.

2. Uccnenyiite n3aMeHeHHE JJIUTEILHOCTH UMITyJIbca U MocTosiHHOM RC mnenu Ha
nepexoaHyto xapakrepuctuky h(t) u peakuuto Ha ummnynbe G(t).

3. IlponabmtonaiiTe 3BMEHEHHE TJIa3KOBOW JUArpaMMbl B 3aBUCUMOCTU OT CKOPO-
CTH TIEpe/layyl ¥ MapaMeTpoB KaHaja.

4. OuieHUTE MEKCUMBOJIBHYIO HHTEP(HEPEHIIUIO 10 TJIA3KOBOM TUarpamme.

Meroanueckue yka3zaHus 10 BBIIOJHEHUIO paOOThI
[TogpoOHYI0 METOOMKY MO BBITOJHEHHIO KaXJI0r0 MyHKTA CMOTPHUTE B MPOrpaM-

Me Ha cTpanule. «Yurtaite» ->«3amanus» ->«Metoauka BhIMoJHEHUs». B Tabnune 1
MPEJICTABICHO COJCPHKAHUE OTUETA.

Ta6nuna 1 - Coxeprkanue oTuera

Crpanulisl Conepxanue

1 TUTYJIBHBINA JIUCT.

2 [ens paboOTHI U PYHKITMOHAIBHYIO CXEMY JIa0OPAaTOPHOTO MaKe-
Ta.

3 JloMaiiiHee 3agaHue.

4 [lepexoaHyr0 XapakTepUCTUKY, PEAKIMIO IEH Ha UMITYJIbC U
TJIa3KOBBIC IMarpaMMBbl JJIsl TIEPBOTO KaHaJIa

5 [lepexonHyr0 XapaKTEPUCTHUKY, PEAKIMIO IIEMH Ha UMITYJIbC U

TJIa3KOBBIE JUArpaMMbl JIJI1  COCTaBHOTO KaHalla (BKIIFOUEHBI
NEPBBIM U BTOPOM KaHaJbI).

6 3aBucuMOCTh D-KpuTEepHs OT CKOPOCTH Mepeaavn I IBYX Ka-
HaJi0B. BIBOIBI 11O paboTe.
7 Kpatkuii oTBET Ha 5 KOHTPOJIBHBIX BOIIPOCOB (HOMEPa BOIIPOCOB

BBIOEPUTE CAMOCTOSITENIHHO).
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KonTponpHbIle BOIIPOCHI

1. Kakue Bubl MOMEX U UCKKEHUM IEUCTBYIOT B KaHaIaX CBSI3U?

2. YTo MOHUMAIOT MOJ1 TUHEHHBIMU UCKAKEHUSIMU?

3. Uto takoe ®HY, ®BY, mosiocoBoli U PEKEKTOPHBIN (PUILTPHI?

4, Kak misa npocreiimux RC neneit moctpouts AUX (kauecTBEHHO)?

5. UTo 03HaYarOT NOHATHUSI MOCTOSHHOM 1enu 1 4acToThl cpe3a At RC- nemnu.

6. Kak mo u3BeCTHOMY OTKJIMKY KaHaja Ha OJWHOYHBIM HMMIYJIbC OMPEICIUTDH
MOIIIHOCTh MEKCUMBOJIbHON ITOMEXH?

7. Yto nonumarot nox yciosuem HaiikBrcta BO BpeMEeHHOM 001acTu?

8. UTo MOHMMAIOT MO UMITYJIbCHOM U MEPEXOAHON XapaKTepUCTUKaMU KaHama?

9. Kak 1o u3BecTHON MEPEeXOHON XapaKTePUCTHUKE MOTYYUTh PEAKIUIO Ha MPSIMO-
YTOJbHBIA UMITYJIbC?

10 .Kak moy4aeTcs ryia3koBas quarpamMmma?

11. Yto Takoe D-kputepuii?

12. 13-3a yero BO3HMKAIOT JIMHEIHbIE MCKaKEHUsSI (MEKCUMBOJIbHASL UHTEP(EpEH-
st )?

13. Kak no u3BectHoil cxeMe RC 1nenu noctpouth €€ nepexoHyr0 XapaKTepUCTH-
Ky?

14. TlosicuuTe pazHUIly MEXAY TUHEHHBIMU U HETMHEHHBIMU UCKAKCHUSIMU?

15. TlosicHuTe CMBICH YCIOBUS OTCYTCTBUSI MEKCUMBOJBLHOM MHTEP(DEPEHIINH B Ya-
CTOTHOM 00JIaCTH.

16. Kakoii sKkciepuMeHT HaJ0 MPOBECTH YTOOBI OTIMYUTH JIMHEHHYIO CXeMY OT He-
JUHEHHOM?

17. K xakoMmy 3Ha4yeHUI0 cTpeMuThcsi D—kputepuii mpu B-> o0?

18. YUto Takoe rogorpad?

19. Packpotite nonstusi: HCHB, HCJIB, ICHB, ICJIB?

20. ITpuBeauTe MpUMEPHI CXEM B KOTOPHIX OTCYTCTBYIOT JINHEWUHBIC UCKAKECHUS?

Jlabopatopnas pabota Ne5

HccnenoBanne pabOThl YCTpPOWCTBA CHHXPOHHM3ALMU C JIUCKPETHBIM YIPaBICHUEM

enb paboThI

I.1. O3HaKOMHUTBHCS C TPUHIUIIOM JEUCTBHUS CUCTEMbl CHUHXPOHHU3ALUM C JIUC-
KPETHBIM YITPaBJICHUEM.

1.2. HayunThcs MPOU3BOIUTH PACUET OCHOBHBIX MAPAMETPOB YCTPOMCTB CHUHXPO-
HU3AII1H.

1.3. [TonyunuTh NMpaKTUYECKUE HABBIKU 110 MOJEIUPOBAHUIO CUCTEMBI CUHXPOHH3a-
UUU C AUCKPETHBIM YIIPABICHUEM.
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Kparkue TeopeTnyeckue CBeIeHHs

Jl1st mpaBUIIbHOM pabOThl OKOHEUHBIX YCTPOMCTB B CUHXPOHHBIX CHUCTEMAaX HE0OXO-
JUMO, 4TOOBI paclpeieIUTeNn MepeJarolero U NpuéMHOro yCTpONUCTB paboTalld CHH-
XpOHHO U cuH(pa3Ho. JIBe mOcne0BaTeIbHOCTH COOBITUN HA3bIBAIOTCS CHHXPOHHBIMH, €C-
JIM COOTBETCTBYIOIIME COOBITHS B HUX MPOUCXOIAT OJHOBPEMEHHO. B cructemax cBsizu 0ji-
Ha TOCJIEA0BATEIIbHOCTh COOBITUI MPOUCXOOUT B MEpEAaTUyHuKe, a Apyras B MPUEMHUKE.
XOTs 3TH MOCIEAOBATEIIBHOCTH U CABUHYTHI OTHOCHUTENIBHO JPYTr JIpyra Ha HEKOTOpOE
BpeMst (BpeMsi IPOXOKICHHS CUTHANA), UX MIPUHSITO CYUTATh CHHXPOHHBIMHU [8,9].

Jlia cuctem mepenavyn JaHHBIX MpobOiieMa CUHXPOHU3AIUU COCTOUT B 00pa30BaHUH
BO BCEX JJIEMEHTAaX CETH €AMHOW IIKajdbl BPEMEHU C PABHBIMU WHTEPBAIaMH U JIETKO
OnpeaesieMbIMU TPAHULIAMHA MEXIY HUMH. Y CIOBHE CUHXPOHH3MA SIBISETCS HEOOXOIM-
MBIM IIPH B3aUMOJCHCTBUU JBYX OKOHEYHBIX YCTAHOBOK U€PE3 CETh CBSI3U UISl MPABHIIb-
HOTO MpUeMa, KaK OTJEJbHBIX OUT MPUHUMAEMOI0 CUTHAJIa, TaK U KOMOMHAIIUU ATUX OUT,
0TOOpaXkaroIve CUMBOJIbI NE€PEIABAEMbIX JIaHHBIX. THUIOBas CUCTEMa Mepeaadyr JTaHHBIX
[IPEICTABIICHA HA PUCYHKE 1.

[Momexu
l Hekasennn OQunbdrn
Hetounnk . YIC HETTPEPbIBH b VI Yerpoiictso
JIHCKPETHOH ' » nep » Kanan ’ [IpM. ' perucrpaumnn
HHpOPMALHHK | ; :

Jnckpernwii Kanan Henpeprisroro Bpemern

Jluckperuuiit Kanan Juckpernoro Bpemenn (undporoii kanan)
Pucynok 1- TunoBas cucrtema nepeadyu JaHHbIX

[Ipu B3aUMOACHCTBUU Pa3TUYHBIX ITU(GPOBBIX CTAHIIMKM COXpAaHSIETCS 3a7ada CUH-
XpOHU3AIMK 0 OuTaM, Ha3biBaeMas OOBIYHO TAKTOBOM cHUHXpoHu3arueil. Heobxomu-
MOCTb TOYHOW HWJCHTU(PUKAIIMU TPAHUI] MEXKAY TpynmnamMu OWUT BBIABUTAET 3aJlauy TaK
Ha3bIBAEMOW LUKIJIOBOM CHUHXPOHU3ALUU 3JEMEHTOB ceTH. Cpeau BO3MOXKHBIX CIIOCOOOB
CHHXPOHM3AIIMM Han0oJiee MUPOKO PACIPOCTPAHEH CIOCOO MOJICTPONKU CKOPOCTH pado-
Thl IPUEMHUKA T0J] CKOPOCTh pabOThI nepeaTdyuka. [[si 3JeKTPOHHBIX YCTPOWCTB 3TO
O3HAYyaeT MOJCTPOMKa YaCTOThl KOJeOaHUl reHepaTopa NpUEMHON OKOHEYHOMU ammapary-
PBI [IOJ] YaCTOTY MOCTYMAIOMIMX U3 KaHajla CBSI3M CUTHAJIOB

B naGopaTopHoii paboTe ucciaeayeTcsi yCTPOMCTBO CHHXPOHM3AMKM 0€3 Hermocpe/-
CTBEHHOTO BO3/JICHCTBHUS Ha reHepaTop (PUCYHOK 2).

MecTHbIi reHepaTop BeIpabaThIBaET CUTHAJBI ¢ 4acToToil F3r B K pa3 Gombieit
TpebyeMoit TakToBOM YacToThl FT. Jlenurens yacTotsl Aenut yactoTy F3r B Ka pas. Ha
BBIXOJIC JACJHTENS ACHUCTBYET CUTHAI C 4YacToTod FT. DTOT curHan HampaBisercs B
YCTPOWCTBO PErUCTpalK MTPUEMHUKA ¥ OJTHOBPEMEHHO Ha OJIMH U3 BXOJ0B (ha30BOTO JIe-
tekropa. Ha npyroit Bxon ¢azoBoro nerekropa nocrynaer curiain Uppy W3 KaHaa CBSI3U
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(ot mepenatymka). 3agaveit (Ha3oBOro AETEKTOpa SBISAETCS cpaBHEHHE (a3bl MOCTyMalO-
mero curana Uy (MOMEHTOB CMEHBI 3HaKa MOCBUIKM) C Ga3oil TaKTOBOro curHaina Fr.

[Tpu pacxoxaeHnn (a3 ITHX CUTHAIOB (a30BBIN JETEKTOP BbIpadaThIBa€T CHUTHAI,
COOTBETCTBYIOIIMN BEIMYMHE W 3HAKy PacXOoXJeHUA (a3 aHAIM3HPYEMBIX CHUTHAJIOB.
Curnazn ¢ Beixo/1a (pa3oBOTo JAETEKTOpa BO3JIEUCTBYET Ha yIpaBiistoliee ycTpoicTBo (YVY).
Ha Beixoge YV mnosBisieTcs cUrHali, KOTOPbIA U3MEHsIET KOADPUITMEHT NeeHus eauTe-
JIsl, peTYJIUPYsS TeM camMbIM (pa3zy yacTtoThl FT Tak, 4ToObI (haza yacToThl FT coBmana (¢ He-
KOTOPOM MOTPEIIHOCTHIO) ¢ (ha30i MPUHUMAEMOT0 CUTHAJIA.

YhoparnsArole KOMaH bl

TIpunumaemsiii PasHocts a3 1OBABUTL/BBIYCCTD
CHUrHaln
dasosbIi YCTpOHCTBO + | Ynpasnaemelii | F3r  3agarommii
— o HAETEKTOP > YIpaBJICHHA | - JACITUATE b -« reueparop
@/ b8 % » yacrorer YUY Ir
A

Taxrtosas uactora npuema Ft  Ha pemnaromee
-

- v
IMpyuHuMaeMslil cUrHan YCTPOHCTEO
» TpHEMHIKE

Pucynok 2 — CTpyKTypHasi cxema CUCTEMBI C JUCKPETHOU
($ha30BOI aBTOMOICTPONKOI YaCTOTHI

Moxao KO3(h(DHUIHMEHT IeIeHUs ACIUTENS CASNaTh MMOCTOSHHBIM, & U3MEHATh KO-
JUYECTBO MMITYJIHCOB IMOCTYMHAIONIUX HA BXOJ JCIHUTEINS OT MECTHOTO TeHeparopa. [Ipun-
M PETyJUPOBAHUS YACTOTHI HA BBIXOJAE JCIHUTENS YacTOThl IyTEM Jo0aBJe-
HUS/BBIYUTAHUS TAKTOBOT'O UMITYJIbCa Ha BXOJIE JACIUTENSA TIOKA3aH Ha PUCYHKE 3.

Ecnu curnan Ft Oyaet orcraBaTh mo ¢ase, TO B OCIEI0BATEIBHOCTh UMITYJIHCOB
MOCTYTAIOIIUX HA BXOJ CUETUMKA OYIyT N00ABISTHCS TOMOJHUTEIbHBIE UMITYJILCHL. B pe-
3yJbTaTe 3TOT0 YacTOTA Ha BBIXOJIE CUETUYMKA HECKOJIBKO MOBBICUTCA M ¢aza curHana Ft
HAYHET «JOTOHATH» a3y MPUHUMAEMOIO CUTHAA.

At = 1/Far
A) Fsr| | 1 I‘ AN I I T N T N N U O N O A O :
Mmnynse nekmodén -+ AMIYNBC nobagnen
b) [ N : L r [ T I
B) Fr |1 | | | | — .

To+ At . To - To . ITO - At\

< . < : r—
YBENMYEHHBIH Mepuol  HOPMANbHBINA MEPHOA  YMEHBLUEHHbIN NEpHOT
(YMEHBLICHHUE YaCTOTHI) (YBEJIHYCHHE YACTOTHI)

Pucynok 3 — [IpuHIMn perynupoBaHusi 4aCTOTBI
Ecnu curnan Ft Oyner omepexaTs 1o (asze mnpUHMMAaeMblid CUTHAN, TO U3
MOCTIEIOBATEIPHOCTH HMMITYJICOB TOCTYMAIOIIUX Ha BXOJ CYETYMKA OyIyT YIOAISIThCS

(McKIIOYaThCS) UMIYILCHI. B pe3ynbTaTe 3TOro 4actoTa Ha BBIXOJIE CUHETYMKA HECKOJIBKO
MOHU3UTHCS U Pa3HOCTH pa3 Mexay Ft v mprUHHMAaeMbIM CUTHAJIOM YMEHBIIUTCS.
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U TIepeIayvH.

JIOCTOMHCTBOM YCTPONCTB CHHXPOHM3ALUU 0€3 HEMOCPEICTBEHHOTO BO3ACHCTBHS
Ha TeHeparop SBJseTcs TO, 4yTo 4actora Ft, ocTaércs HeM3MeHHOH, YTO MO3BOJISET HUC-
MOJIK30BaTh B KAa4eCTBE MECTHOI'O T'€HEpaTopa BBHICOKOCTAOMIIbHBIE T€HEepaTOpbl, HAIpH-
Mep, TeHEepaTopbl CTAaOWIM3MPOBAHHBIE KBApIEM M JefaTh 3TOT T'eHepaTtop OOUMM JUis
BCEil anmapaTypsl (JUIsl BceX MIPUHUMAEMBIX TIOTOKOB).

da3zupoBaHue MO d3JeMEHTaM (CHHXPOHH3AIMs) MepelaTuhka U NpUEMHUKA He
MOJKET IMOCTOSHHO TOJICPKUBATHCS TOJIBKO 32 CUET CTAOMILHOCTH T€HEpaTOpPOB Ipuéma
crabmibHOCTH TeHepaTopa K= Af/fH, rae:

fa — HoMuHaBbHAs YacToTa TeHepatopa, Af — oTKIIOHEHME peanbHOI YacTOTHI OT
HOMUHAJIBHOTO 3Ha4YeHus. KoneOaHus Takoro reHepaTropa CMECTSTCS Ha OJHH TEPHOJ 10
OTHOIIICHHUIO K KOJICOAaHHUSM ¢ HOMHHAJIbHOW yacToTow 3a BpeMms t1= 1/Af =1/ (k*fn).

BpeMs 3a kKOTOpoe MNOTOK Ha BBIXOJE NEPEIaTYUK CMECTUTHCA Ha | MOChUIKY (110

CpaBHEHHIO C HOMUHAJIBHOW CKOPOCTBIO paboThI) OyAeT paBHO:

t1 = 1/ (k*B), 1

rne B — HomMuHanbHasg CKOPOCTh PabOTHI.

B camoM HeGnaronpusiTHOM cllydyae 4YaCTOThl T€HEPATOPOB MepeaaTunka U IpuéMm-
HUKA MOTYT OTKJIOHUTBHCS OT HOMHMHAJIa B IIPOTHUBOIOJIOKEHHBIE Pa3HbIE CTOPOHBI, TOTA
BpEMs 32 KOTOPOE PACIPEAECIUTENM EPEAAYM U TPUEMA Pa3oUIyTCs Ha | MOCBUIKY paBHO
t2 =1/ ( |2*k|*B).

Pacxoxnenue ¢a3zbl (Ha CKOJIBKO (DPOHT NMOCHUIKUA HA BBIXOAE PEATILHOIO F€HEpaTo-
pa cMecTUTCs OT (PpOHTA MOCBUIKH Ha BBIXOJE UACAIBHOIO T€HEPATOpa) 3a JJIUTEIbHOCTh
OJTHOM TIOCBLIKHU OyneT paBHO K.

Bpems 3a xotopoe yxox mo ¢ase nepeardyuka MPEeBBICUT JONMYCTUMOE 3HA4YE€HUE
€10 PABHO:

tenon = eom / (k*B) 2

Hecrabunbsrocts 00bHbIX RC mmu LC renepatopos mpesbimaer 1073,

[IpocTele KBapLEBbIE TE€HEPATOPhl JA0T HecTabuiabHOCTh nopsaka 10, Ecou wmc-
M0JIb30BaTh CIECIMAIIHBIE CXEMHBIE PEIICHUSI ¥ TIOMECTUTh KBapIIEBhIN PE30HATOP U CXe-
My TE€HEpaTopa B TEPMOCTAT, TO MOKHO IOIy4UTh HecTabumbHOCTh 107, KBapuesbiM re-
HepaTopaM CBOWCTBEHHO CaMOIIPOM3BOJILHOE U3MEHEHHE YacTOThHI KOJICOAHUN ¢ TCUCHHEM
BPEMEHU U3-32 «CTAPCHUS KBapIiay.

CtpeMieHue 00CCIICUNTh B3aMMOJICHCTBHE CHUHXPOHHOM CETH C IPYTHMH CETSIMH,
JTUKTYeT HEOOXOJMMOCTh PYKOBOACTBOBaThCS pekoMeHmanusmu |ITU-T, kacarommmucs
BOIIPOCOB CUHXpoHU3aluu. B wactHocTH, pekomenaanus G.811 riaacut, 4To OTHOCUTEIIb-
Has HECTAaOWJIBHOCTH 3aJIafOIIMX TCHEPAaTOPOB B y3JIaX CBSA3M MU(PPOBBIX CETCH TOJDKHA
obITe He xyxke 1*¥10 3a cyrkm. CoBpeMeHHBIE reHepaToOpsl 00ECIEUMBAIOT CYTOUHYIO
OTHOCHMTEIHHYIO HeCTaOMIBLHOCTE YacToThl 1*107M, manpumep y pybumuesoro aToMHOro
cranaaprta Y1-50.
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JlomaiiHee 3aaHue

1. ITonp3ysiCh HACTOSIIUM OMHMCAHWEM, PEKOMEHyeMOH JUTEepaTypor U MPHIIOKE-
HUEM H3YYHTE METOABl U YCTPOWCTBA CHHXPOHH3AIIMU B CHCTEMax Mepeladyd JUCKpPEeT-
HbIX coobuienuit (I1IJ1C).

2. Jlnsa 3ajaHHOM CKOpOCTH Tepenayn u kodddunuenta aenenus (Kux) ynpasiasemo-
ro penutens dactotel (YY) onpenennte HOMUHATBHYIO YacTOTY 3aJarOIIETO TeHepaTo-
pa npuéma.

3. Paccuuraiite pacxoxaeHue ¢as3pl 3a JIUTEIBHOCTh | MOCBUIKH TPH 3aJaHHOM
HECTAOMJIBHOCTH CKOPOCTH Tepeaaun (P OTKIIFOYCHHOW CUCTEME CUHXPOHU3AITUH ).

4. PaccunTaiiTe BpeMs MoIepkanus CUH(Pa3HOCTH (I €,0,=0.5).

Bapuant 3amanus BO3bMHUTE W3 TaOIMIIBI 1.

HomunanbsHas ckopocTh mepenauu 3anaercs mnepBod Oyksoi, Kn YUY Bropoi
OYyKBOI1, a OTKJIOHEHHE PeaTbHOM CKOPOCTH Tepeaadynd OT HOMUHAIBHOM CKOPOCTH Tepea-
yu TpeTber OykBoi Bamel dhamunumu.

Hampumep, mis pamuwinun  MAPKOB 3amanune Oyner TakuMm:

- HOMUHaJIbHAsA CKOpocTh mepemaun ( 6ykBa M ): 1600 bog;

-Ka Y4 (OykBa A ): §;

- OTKJIOHEHHE cKopocTH nepenauu (Oyksa P ): + 30 bon;

Tabnuna 1- BapuanTsl 3a1anuii

1,2,3 OykBbl Bamuei OTKJIOHEHHE

dbamMuun CKOPOCTH

nepeaayn
1000 | A XK H o bl +60
1100 b 3 O X b +50
1200 B " IT L1 D +40
1300 r | M| P 1749|107 +30
1400 | K C 1| | -40
1500 E JI T 1| -50
1600 E M YV | b -60

Kn ) 8 9 10 12 14

Onucanue 1a0OpaToOpHON YCTAHOBKHU

[Tocne 3amycka mporpaMmbl Ha SKpaHe (CMOTPUTE PUCYHKE 2) TOSIBUTCS CTPYK-
TypHasi cXeMa KOMIBIOTEPHON MOJIenH JabopaTopHOl ycTaHOBKH. OHA MPENCTaBIISET CO-
Ooli cucTeMy mepenadu AUCKPETHBIX cooOmenuid. [t momyueHus Ha npuémMe TaKTOBOMU
YaCTOThI KCTIOJIB3YETCSl CUCTEMAa CUHXPOHHU3ALUY C IUCKPETHBIM YIPABICHUEM.

Hasnauenne cucteMbl CHHXpPOHHM3AIMHU— CPOPMUPOBATH HA MPUEME TAKTOBYIO TO-
CJIEIOBATEIHLHOCTh, KOTOpasi Oy/neT OTMeuYaTh TPAHUIBI MPUHUMAEMBIX TOCBIJIOK. JTO
HE00X0AMMO, YTOOBI MPUEMHHUK MOT OIPEICIHUTh, TJ€ HAXOATCS TPAHUIIBI TTOCHIIOK IS
MIPUHATHS PEIICHUS O 3HAKE TPUHUMAEMOU MOCBHUIKY (HOJIb UM €IMHULIA).

47



B 6moke 1 (3amaromuii TeHepaTop nepenadu) GopmMupyercs TaKTOBas IMOCIIEI0Ba-
TEIBHOCTh, KOTOPAsl ONPEALIISIET CKOPOCTh MepeadH.

B 6y0ke 2 (maTyuk) Ha OCHOBE TAaKTOBOM YacCTOTHI M JaT4MKa (QopMuUpyeTcs mnepe-
JlaBaeMbIi CUTHAJL.

B 6r0ke 3 (kaHasl) MO’KHO BHECTH Pa3jM4HbIC UCKAKEHUS B IepeJaBaeMblii CUTHAIL.

B 6noke 4 (ha30Bbiii AETEKTOpP) MPOUCXOIUT CPABHEHHE BPEMEHHOI'O MOJIOKECHHUS
(GpOHTOB CHUTHala HAa BBIXOJE KaHaida (MOMEHTOB CMEHBI MOJISIPHOCTH) C COCTOSTHUEM
ynpasisieMoro aenutens 4actotsl (Y Y).

B 670ke 5 (yCTpOHCTBO ympaBieHUs) TPOUCXOAUT (POPMUPOBAHUE YIIPABIISIONIETO
cur”aia Juisi koppeknuu ¢aszbl YU npuéma.

B Onoxe 6 (ympaBiseMblil AeNUTENb YaCTOThl) MIPOUCXOAUT JICJICHHE YaCTOTHI 3a-
JAroIIero reHeparopa npuéMa u GopMUPOBAHNE YACTOTHI MpUEMA.

B 6moke 7 (3amaromuii TeHepaTop MPUEMHHMKA) MPOUCXOAUT (HOPMHUPOBAHUE 3aja-
IOLIEeH YaCTOThI MPUEMHHKA.

Omnuirem 3t 0JI0KU MOIpoOHEeE.

B Onoke 3anatoiero reneparopa nepenauu (6ygox 1) 3aga€rcsi HOMUHaAIbHAs CKO-
pOCTh Mepefaur U OTKJIOHEHHE PeaibHOM CKOPOCTH OT HOMHHAJIBbHOU ckopocTH. IIpu mo-
MOIIM KJIABUIIl «+» U «-» MOXHO 33/JaTh 3HaK OTKJIOHEHUsA. Eciii 00e KIaBUIIU OTKAaThl,
TQ,PS@/IpHAsA CKOPOCTh IgPENavu PABHA HOMHHAILHOW ¢KOPOCTH nepeat. Ecnu o6e
KJIABUILIA OTXAaThl, TO peajbHasi CKOPOCTh Mepeayl paBHa HOMUHAJILHON CKOPOCTH Tiepe-
Ja4u.

[Tox sTuM GIOKOM pacMoNOkKEeHa MaHelb, HA KOTOPOW MMEIOTCS KHONKU YIIpaBlie-
HUS IDOLIECCOM MOJAEIMPOBAHUS:

Cron - OCTaHOBUTH MPOIIECC MOACITUPOBAHUS;

B — - MPOJIOJKUTH MPOLIECC MOJICTIMPOBAHMUS;

2o - YMEHBIIUTh/YBEIUUUTh CKOPOCTh MOJICIMPOBAHMS;

MakKc - cJIenaTh CKOPOCTh MOJICIUPOBAHUSI MAKCUMATIBLHOU (ITPH 9TOM OTKIIIOYA-

€TCsl 0TOOpakeHUE rPpaUKOB HA IKPAHE).
B natuuke curnana (6510k 2) uMeeTcs BO3MOKHOCTh YCTAaHOBUTH BUJI IEepeaBaeMo-
ro CUrHaja:
0 — mocTosiHHO TIepeiaéTcs HyJIeBOE 3HAUCHHE,
1 — mocrosiHHO MepenaéTcss eAMHUYHOE 3HAYCHUE;
1:1 — nmepena€rcs curnan «TOUKW», mocTossHHO uepenoBaHue HYNSl M €IMHHIIBI
(0101010101 ...);
1:3 — TnepuoauYecKuii CHUTHAJ COCTOSIIUN W3 OJHOW CAMHHIBI U TPEX HyJeH
(10001000100...);
1:7 — mepuoAMYECKUN CHUTHAJ COCTOSIIIMN W3 OJHOM EIWHHUIIBI U CEMHU HYJIeH
(10000000100...);
511 — nceBnoCIy4aiiHbINA CUTHAN C IEPUOIOM TTOBTOpeHus 511 6ur.
HmeeTcst BO3MOKHOCTH 3371aTh COOCTBEHHYIO CTPYKTYpPY CUTHAIA.
Takxe nMeeTcs BO3MOKHOCTh IOJYYEHUSI CIy4alHOrO CUTHala M 3aJaThb BEPOST-
HOCTb MOSIBJICHUSI CMEHBI 3HaKa ITOCBUIKA B ’TOM CHUTHAJIE.
B HmxHEN yacTh JaTyuKa PacIiOjOKEHbl MHAMKATOPHI KOJIMYECTBA NEPEIaHHBIX
MOCBUJIOK M BPEMEHM ceaHca. Eciu MENKHYTh IO HUM MBIIIBI0, TO OHU IPUMYT UCXOJHBIE
(HyJIeBBIC) 3HAYEHUS.
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B kanane (610 3) MOXXKHO BHOCUTH KpaeBble HCKa)KEHUS (OTKJIOHEHUS PEaTbHBIX
MOMEHTOB CMEHbI NOJSIPHOCTU OT HOMHUHAJIBHBIX) U JApOOJeHMs (TOSBIECHUE AOIOJIHU-
TEJNBbHBIX (DPOHTOB B MpEJENax OAHON MOCBUIKM) B nepenaBaeMblil curain. C BpIXoJa Ka-
HaJla CUTHAJI [TOCTYyNaeT Ha BXoA (a3oBoro nerekropa. MuTepdeiic nmporpamMmsl nIpeacTas-
JIEeH Ha pUCYyHKe 4.

610K No 1 2 3 4 5 6 7
- CkepocTe npa.—) —ﬂ,aT“l UK — K.anam— [~ Pasoseit Lerexrop—) Yerp-eo YnpaeneHus — umy  Far npuerHmka—
HOMHHANEHSA o1 11 1 12] 3] 4] 5] 5] D] 12 l 3] HOMMHANEHEA
1000 13 31 17 71 0148 +0057 10 10000
OTKNOHEHKHE o|lotototoLit —> OTKAOHEHKE
o offerossiony] 1 — e

+ - El I: + -

peantHas Farr | s ; 05 — - pEaneHan
1050 T N :izl_) —| ——-1 0077 10000 Iy,

-1

Nnoc = 7

e Y
eron > M3 o= 0.0075 ™ TaKkTOBaA YacToTa NPMéma

MaEC l

TCKYIIEC 3HAUYCHUC

nazHocTy haz

Far ] | 1 1 | ] |
Bixon kaHana

DROHTEI EXOAHEIE | | | | | |

cpoHTE 904 ! I I ] ] ]

PazHOCTE a3 R ——— R ——

Tewrowmn 904 LLLLLIIVINE DD I) VDI I IO TIITIIE i il T II I IiIig
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Ckauku ¢dasbl Ha Bbixoge YAY Bbi3BaHHble A06aBfeHMEM/BblUMTAHMEM MMMNY/bCA
Pucynox 4 — Untepdetic mporpamMmmbl

B dazoBom gerektope (6510k 4) MPpOUCXOAUT BBICICHUE CUTHAIA PACCOTIIACOBAHMUS,
YKa3bIBAIOIIETO BEJIWYMHY U 3HAK (PA30BOr0 CIABHUra MEXIAy CUTHAJIaMU CUHXPOHHU3AIINH,
MOCTYNAIIMUMU U3 KaHalla (PpOHTHI BXOJHOTO CUTHAJA), U CUTHAJIa Ha BBIXOJE yIpaBJsi-
€MOT0 JISTTUTENSI YACTOTHI.

Hmeercs BO3MOXKHOCTh BBIOMpaTh THUN (PA30BOTO JETEKTOpa U €ro mapamerpnl. B
BEpXHEH yacTu (a30BOr0 JETEKTOPa UMEIOTCS WHIUKATOPHI MTUKOBBIX 3HAYCHHUI PaCXOXkK-
nenust ¢aspl. VIX 3HaYEHUS MOKHO COPOCHUTH KHOIKOMW, PaCIONIOKEHHON MEXy WHIUKA-
TopamMu. B HUKHEM IpaBOM yIUIy pacrojioKeH WHIWKATOpP TEKYIIEro 3HAYEHUSI PacXOikK-
nenus paspl. CurHan ¢ Beixoza (a3oBoro JAETEKTOpa MOCTYMAaeT Ha YCTPOMCTBO yIpaBiie-
HUSL.

B ycrpoiictee ynpasienus (YY) (070K 5) mpou3BOAUTCS aHATIN3 CHUTHAJNIA PACXOXK-
nenust pa3bl 1 GOPMUPYIOTCS YIIPABIISIIONINE CUTHAJIBI, KOTOPBIE MOCTYNAIOT HA yIIPaBJIsi-
€MBIN JIeUTENh YaCTOThl U KOPPEKTUPYIOT €ro (asy.

HmMeeTcst BOSMOXKHOCTh MEHSTHh AJITOPUTM pabOThI YCTPONUCTBA YIIPABJICHUS.
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[TepBoe YV dhopmupyeT uMIitysibc cOpoca yrmpaBisieMOro ASTUTENS YaCTOThI, €CJIN B
IPUHUMAEMOM CUTHAJIE NPOU30MAET CMEHA MOJISPHOCTH.

Bropoe YV B 3aBUCMMOCTH OT cUrHajia Ha BbIXojie (ha30BoOro jierekropa GopMHUpyeT
JOTIOJIHUTENIbHBIM MMITYJIbC Ha BXOJI€ CUETUYHMKA WM 3alpEIIacT MPOXOKICHHE OTHOTO
TaKTOBOTO MMITYJIbCA HA BXOJI CYETYMKA OT 33/IAI0LIEr0 reHepaTropa npuéma.

Ecnu B MOMeHT cpaBHeHUs ¢a3 (B MOMEHT MOsABJICHUS (PpOHTA HA BBIXOJIE KaHaja)
okaxetcs, uro ¢aza YU orctaér ot (a3pl curHana Ha BbIXOJle KaHala (MPUEMHUK «OT-
cTaéT»), TO Ha BXOJl CUETUMKA MTOCTYIUT JOTOJHUTEIBHBIN UMITyJIbC. B pe3ynbraTe TakTo-
BbIA CUTHAJI Ha BBIXOJIE JCJIUTENS CABUHETCS Ha BeauuuHy At (At - mepuona ciemoBanus
MMIYJbCOB 33JIa0IIETr0 TeHepaTopa Npuéma).

Ecmm ¢aza cuérumka omepexaeT ¢azy curHajga Ha BBIXOJe KaHaia (MPUEMHUK
«cmemuty), To YY chopmMupyer CHUTHaaI Ha 3ampeT MPOXOXKICHUSI OJJHOTO WMITYJIbCA OT
3aJAI0IIEr0 TEHEpATOpa NMPUEMHHUKA, B PE3YJIbTATE YErO TAKTOBAs 4aCTOTAa HA BBIXOJIE JE-
JIUTENSI YaCTOThI CABUHETCA B CTOPOHY OTCTaBaHUs Ha At.

Tperse YV paboTaeT aHaJOTMYHO BTOPOMY, TOJBKO COJICPKUT YCPETHSIOIICE
YCTPONCTBO (MHTETPATOP).

Ecnu B MmomeHT cpaBHeHus (a3 daza Y/IU orcraer oT pa3bl mpuHUMAEMOTO CUTHA-
Jla, TO CUETYMK MHTErpaTopa YBEJIMYUBACT CBOE 3HAUEHUE HA eIuHULY. Ecii B MOMEHT
cpaBHeHUs (a3 ¢aza aenuTess onepexaer ¢pazy NPUHUMAEMOIr0 CUTHAJA, TO CYETYUK HH-
Terparopa yMEHbIIAET CBOE 3HAYCHUE HA CIUHULLY.

TeM cambiM Koppekmusi (a3pl ymopaBiasieMoOro JeiIuTeNs 4YacTOThl (J100aBiie-
HUE/BBIYUTAHUE UMITYJIbCA) MPOUCXOAUT HE TMOCJE Ka)XXJO0TO0 MOMEHTa cpaBHEHHs (a3, a
MOCJIe TOTrO KakK MHTErpaTtop JOCTUTHET HEKOTOPOTO MOPOTrOBOr0 3HA4YEHUs (€ro MOXKHO
m3MeHaTh). [locne koppekiuu dasel YU cuetunk uHTEerpaTopa cOpachiBaeTcsi B HOJb.

HNHuTterpaTop mo3BOJSET UCKIIOUMTh MTHOBEHHBIE paccoriiacoBaHusi (pa3bl, BHI3BaH-
HBIC JICICTBUEM MTOMEX.

B ympaBnsiemom nenutene yactoTsl (YY) mpoucxoauT neneHrne 4acTOThl 3a/1ar0-
miero reHeparopa npuéma Ha kodddurment Ka. B pesynbrate sToro Ha Beixone YU mo-
SIBJIIETCSL CUTHAJI C YaCTOTOM, YACJIEHHO «IIOYTH» PABHOM HOMHWHAIBHOM CKOPOCTHU IEepe-
a4y (ecv He MPOU3BOIUTH KOPPEKIUIO YacToThl Y H).

DTa pa3HOCTh YACTOT MEpPEe/lavr U MPUEMA OMPEAEISAETCS BBIPAKEHUEM:

Af= Far.niep — F3r.npm/K, 3

rae F3r.mep — peanbHas yacToTa 3aJal0IIero renepaTopa nepeaTymka,
Far.mpMm — peasibHast 4acTOTa 3a/1al0IIET0 TeHepaTopa MpUEMHUKA,
Kn — xosddunuenT neneHus ynpapisieMoro JeauTess 4aCTOTHI.

[Ton Bo3aEHCTBUEM YNIPABISIONIUX CUTHAIOB (00aBUTH/BBIUECTh UMITYJIBC U 00-
HyauTh Y /[H) moctynarommx U3 yCTporcTBa yIpaBICHUS MOXHO HE TOJbKO cBecTH Af K
HYJII0, HO 1 MUHUMHU3HPOBATh Pa3HOCTh (a3 MEXy TAKTOBOM yacToTOM mpuéma hopmu-
pyeMoii Ha BbixoAe Y/ u TakTOBOM 4acTOTOM MEpenayuu.

B 6moke Y/IU umeercst BO3SMOKHOCTh MEHITH Ko ureHT aenenus. Takxe nme-
€TCsl UHIMKATOP TEKYIIEeTro 3HaueHus cuerunka Y Y.

B 65oke 3amaromiero renepatopa npuéma (610K 7) 3a1aéTcsi HOMUHAIbHAS 9acTOTa
TaKTOBOTO T'€HEepaToOpa MPUEMHUKA U OTKIIOHEHHUE PEAIbHOW YacTOThl MPUEMHHKA OT HO-
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MUHAJILHOM YaCTOTHI. HpI/I IMOMOIIY KJIABUII «+» U «-» MOXHO 33J1aTh 3HAK OTKJIOHCHWA.
Ecimm 06e knaBumm OTXKaThl, TO pCajlbHasd 4aCTOTa HpI/IéMHI/IKa paBHa HOMMHAJIbHOM 4a-
CTOTC.

JlabopaTopHoe 3amaHue

1. 3amycTuTe mporpamMmy J1abopaTopHO paOOThl HA BHITIOJIHEHUE.

2. VYcranoBute TpeOyembie (Kak B JOMaIIHEM 3aJJaHUH ) 3HAaYE€HUSI HOMUHAJLHOU
CKOPOCTH TIepe/lau, HeCTAaOMIBbHOCTh CKOPOCTH mepenadu, kodddumuent nenenns (Km)
yrpasisiemoro genautesns 4actoTsl (Y /[Y), HOMUHAIBHYIO 4YacTOTY 3aJ1al0IIEeTr0 reHepaTopa

npuéma.

3. IIpoBeppTe NMPaBUIBLHOCTH CACIAHHBIX Bamu pacyeTos.

4. JI1s1 yCTAHOBJICHHBIX MAPAMETPOB OMPEACIIUTE TMOJIOCY YIACPKAHUS CUCTEMbI
CHHXPOHM3AIIMH IS pa3IMYHbIX BUAOB curHanoB 1:1, 1:3,1:7, 511, 3:1,7:1.

5. Omnpenenute mojocy ynepxkanus, ecau Ko YU Oyner B 2 paza Oonbline yeM
B IIPEJBITYIIEM ITYHKTE (JIOMAIIIHEM 3aJIaHHH ).

6. OrnpenenuTe NOrpelIHOCTh CUHXPOHU3AIMA B 3aBUCUMOCTH OT OTKJIOHEHMS

peanbHOM CKOpPOCTH NEpeAadyd OT HOMUHAJIBHOW JUIsl IBYX BHAOB curHaioB 1:1 um 1:3.
Homunansayto ckopocts nepenauu u Kn Y /U Bo3bMUTE U3 TOMAIIIHETO 3a/JaHHUS.

7. B npouecce BeimosHeHuss nyHKTOB 4,5,6 chenaiite 4 pacrnedarku
MoKa3bIBarome padboTy cucteMsl ¢ quckpetHot GAITY.

Conepxxanue oTuéra

1. Crpanuua (tutynbHas): Cokpall€éHHOE Ha3BaHWSA YHUBEpPCUTETA, Ha3BaHUE Ka-
dbenpel, HoMep W HazBaHue JiabopaTopHoil pabdoTel, ®.JM1.O BeIMOJHSIONIETO PaldOTYy,
®.1.0 npernogaBatens, 1aTy BHIMOIHEHUS J1a00paTOPHOI pabOTHI.

2. Crpanuna: Llenb pa®oTbl, CTPYKTYpHYIO CXEMY YCTPOWCTBAa CHHXPOHM3AIMH C
JTUCKPETHBIM yTpaBiieHHeM (pUCYHOK 2). BrimonaHeHHOE AoMaiiiHee 3aaHue (CMOTPHUTE
nyHkt 2.1-2.3).

3. Ctpanuna pe3ysbTarhl paboThI 10 MyHKTam 5.4, 5.5 u 5.6.

4. 4,5,6 nuctel. BpiBoabl o paboTe M NHCbMEHHBIE OTBETHI HA KOHTPOJIbHBIE BO-
npocbl. MUHUMaNIbHO HAJI0 OTBETUTh HA 5 BOMPOCOB, peKOMeHayerca — 8. s oTiinuHu-
KOB — 10. OTBeThl CHAOUTE COOTBETCTBYIOIIMMU PHUCYHKaMHU.

Takoke BKJeWTe B OTUET PE3yNbTAThl MOJTYYEHHBIE B IyHKTE 7 J1aDOpaTOpPHOro 3a-
JaHUS.

KonTponpHble BOIpOCHI

1. [Tosicaute OPUHIMI ~ pabOThl  YCTPOMCTBA  CHUHXPOHM3AIUU  C
HETIOCPEACTBEHHBIM BO3/ICCTBUEM Ha 3aJIal0IIUN TeHepaTop?
2. Tlosicaute OPUHITUI  pabOThHI YCTpOWCTBA CHHXpOHM3AIMU  0e3

HEMOCPEJICTBEHHOTO BO3/IEMCTBUS Ha 3aJal0luii reHepatop?
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3. PackpoiiTe cnemyromue TOHSTHS: a0CONIOTHAS W OTHOCUTENIbHAS HECTAOWIIb-
HOCTb YaCTOTBI, IIOTPEIIHOCTh CUHXPOHU3ALMH, BpEMsI CUHXPOHM3ALMU, BPEMS HOIIEP-
JKaHUS CUHXPOHU3Ma, BEPOSTHOCTh CPbIBA CHHXPOHU3Ma, IIar KOPPEKIIHH.

4. IloueMy c yBenuueHueM Iara koppekuuu (ymensienuu Kn Y /I4) BpeMst BXox-
JICHUS B CHHXPOHHU3M YMEHbIIAeTCA?

5. Kak BinusieT TOYHOCTh CHHXPOHU3ALIMU HA BEPHOCTH IEpelauu COOOLICHUI?

6. 3a cyTKM 4achl yXoAsT Biepén Ha 5 cekyHa. Yemy paBHa aOCOJIIOTHAs U OTHOCH-
TeJIbHAasl HECTAOMJIBHOCTh FeHepaTopa B yacax? 3a Kakoe BpeMs 4achl yWAyT BHEpEN Ha
OJIMH Yac? (3a7arolasi 4acToTa KBapleBoro reueparopa B yacax F3r = 32768 kl'n)

7. llouemy Ha curHasie 1:1 BpeMsi BXOXAECHHS B CUHXPOHU3M OyJI€T MEHbIIE, YeM
Ha curHane 1:7?

8. IlosicHuTe ciieqyromnye NOHATHS : [10J0Ca 3aXBaTa, M0JI0Ca yIepKaHus ?

9. Tlouemy Ha curHanie 1:1 mosoca yaepxanusa cuctembl @AY Oyner mmpe, yem
Ha curnaie 1:7?

10. Ha xakyto BeauuuHy (B A0JSX OT JJIUTEIBHOCTH MOCBIIKH) CMECTUTCS CTPOOU-
PYIOIIMII UMITYJIBC 3a BpEMs IlepepbiBa B KaHase t=1 MuH, eciii B3aMMHasi OTHOCUTENbHAs
HECTaOUIIBHOCTL TEHEPATOPOB Tepeaadn U npuéma pasna 107°?

11. Kakoit anroputm noactpoiku ¢aszsl Bel ncnonb3yere npu KOPpEeKIMU BpEMEHH
Ha CBOMX 4acax

12. Bbl peminian Ha CBOMX yacax MorpoOoBaTh aJIrTOPUTM MOJACTPOKH YacTOTHI (Bpe-
MEHHU) C HEMOCPECTBEHHBIM BO3/IeHiCTBUEM Ha reHeparop. Kak 3To OyaeT BhIMISAETH?

JlaGopatopHas pabota Ne6.
N3ydenue nocienoBareibHOTO aCHHXPOHHOTO uHTEpdeiica.

[ens paboTh

1.1. W3yunuTp Ha3HaueHWE, NOCTPOCHHE W IPOTPAMMHUPOBAHUE ACHHXPOHHOTO
noclienoBaTenbHoro uHrepderica xommnetorepa (IBM PC coBmectumoro).

1.2. TlomyuuTh mpaKkTUYECKUE HABBIKM 10 MPOrPaMMHUPOBAHHIO HHTepeiica,
HaOJII0ICHUIO U M3MEPEHUIO CUTHAJIOB Ha BXO0J1¢/BBIX0JIe HHTEep(detica.

1.3. Tlo3HAaKOMUTBCS ¢ TIOCTPOCHUEM TAOIUIBI ATbTEPHATUBHON KOJTUPOBKH.

1.4. HayuuTbcs MPOM3BOAUTH CHHXPOHU3ANMIO ocimuuiorpada st HaOII0ICHUS
[IEPUOIMYECKUX CUTHAJIOB CO CJIO0KHOM CTPYKTYPOM.

JlomalHee 3agaHue

1. TTocTpoiiTe peann3annio CUTHAJIa Ha BBIXO/JIE MOCJIEI0BATEIbHOTO aCHHXPOHHOTO
uHTepdeiica npu nepegade mo Hemy Barmelt gpamunuu (MoKeTe OTpaHUUUTHCS IEPBHIMU
IIECTHIO OYKBaMM).

[Tokaxxute cTapToBbIe, HHGOPMAIIMOHHBIE, TPOBEPOUHBIE U CTOMOBBIE TOCHLIKH.
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Paccuuraiite QIMTENBLHOCTh AIEMEHTAPHOM ITOCBUIKM, BpPEMS MEpPEeNadyv OJHOU
OyKBBI (3HaKa) ¥ Bcel haMmiinu (COOOIICHUS).

2. Ompenenure, Kakhe KoMaHIbl Haao 3anucaTh B peructpbl UART, 4ToOmI
HACTPOUTH €ro Ha TpeOyeMbIil pesKuM paboThI.

Bapuantel 3aganuii npeacrapieHsl B Tadmauie 1.

CkopocTh niepeiaun 3ajiaeTcs mepBoi OyKBOM, BUJ TPOBEPKHU - BTOPOU OYKBOH, a
KOJIMYECTBO CTOMOBBIX OUT TpeTher OykBoil Bameit ¢pamumnuu.

Hanpumep, mns damumun MAPKOB 3amanue Oynmer Takum:
- ckopocTh Tmepenaun  (OykBa M ) - 9600 6ox;
- BUJl TIPOBEPKHU (OykBa A ) - mpoBEpKa Ha YETHOCTH;
- KOJIMYECTBO CTONOBBIX OMT ( OykBa P ) - 2 Owura;
- KOJIMYECTBO HMH(POPMAITMOHHBIX OMT BO3BMUTE PABHBIM 8.

Ta6nuna 1- Bapuantel 3amanuit

CKOPOCTD Kon-Bo cTOH-vSIfIT:l
1200 | A 1 c |1
2400 B K T 1
4800 B JI N 1
o0 | T | TM o |1

19200 | I H x,u0] 2
38400 | E,E o u,m| 2
H7600 s I i

115200 | 2/ P 10,42

npoBepra:yYET  HEYUET HET

Onucanue 1ab0OpaTOpHOM yCTaHOBKHU

JlaGopaTopHass ycTaHOBKAa COCTOMT W3 KOMIIBIOTE€pPA, OCHAIIEHHOTO MOCEeA0Ba-
TEIBHBIM aCHHXPOHHBIM anantepoM (B nanpHeimem COM mopTom), HHAUKATOpa COCTOS-
uusa ymanii COM mopra, Moaema, ocnmuniorpada U MpOrpaMMHOTO OOecIiedeHus, HeoO-
XOJIUMOTO JIJIsI BBITIOJIHEHUS paOOTHI.

Ornucanue TporpaMMHOTro 00ecreueHus.

[Iporpammuoe oOecrieueHue jJaboOpaTOpHO PabOTBI COCTOMT M3 MPOTPAMMBI C
umerneM lr71l.exe. Bua skpaHa mpu e€ 3amycke IMOKa3aH Ha pUCYHKe .
[Ipu nomo1u 3ToM MPOrpaMMbl MOKHO:
- MPOYUTaTh perucTpnl mnocienoBarenbHoro nopra (COM1 umum COM2) u moau-
bunpoBaTh UX 3HAYCHHUS,
- IOCTOSTHHO BBIJIABaTh B PETHCTP JAHHBIX TPEOYEeMbIii CUMBOJI, YTO TIO3BOJISIET
Ha0II0AaTh €T0 pealu3alfio Ha YKpaHe ociuiuiorpada;
- Ha0JIIOAaTh COCTOSTHUE BBIXOAHBIX U BXOAHBIX 1ierneit COM mopra.
[Ipu paGote mporpaMMbl HCIIOIL3YIOTCS CACAYIOIINE KITABUIIIN:
F2 - BwIOOp TpebOyemoro mopra ( COMI nau COM2 ),
FS - ycraHoBka pexuma 3aJaHusi CKOPOCTH;
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F6 - ycraHoBka pexumma mepesaddl OJWHOYHOTO 3HAKA;

F7 -ycraHoBka pexuMa HETPEPHIBHOH Iepeaayu;

F8 - ycraHoBka pexuma HENPEPHIBHOW Tepeqavyd C JIMHHBIM CTOTIOM;
F10 - BeIXOJT M3 MPOTrpamMMBbl;

AN V- BrIGOpa TpebyeMOro perucrpa;

< - - BwIOOpa TpeOyeMoro pas3psija;

PageUp/PageDown - yctaHoBKa TpeOyeMOro 3HA4YCHHS PErucTpa.

HOMep HopTa.

TlepexmouaeTca K12z, F2. 3HaueHHe IeTHTeN | — CKOPOCTh
— ) T |gacToTH ‘I / paboTrl
LuMZ HasHaUeHMe K KASN= 115> p= Luul./ 50X ELL. —BHXOI
LEH, nepenaymn 1UUU VULl | 83 | It —0Or»— L 3 Oepenava
ZED npreMa UuUuuU Uuuu | U —0<- K < OpMeM
|Anpeca PErHCTPOB BRIODAHHEIH U158
/ MonHbHKamHE RG
LKy HASR. RS DR CEIVVEREIVVIVES VI
[ W HIHKATOPBI COCTOSHHA
ZEA WISTHT.. IReRER | YUUU buuy | vy | BEIXOJHEIX H BXOJHBIX IIeTeH
ZEB YIIP,, JVHUEN UL UL | U v
. 2 OLLE 4 LOQWOBH OBM K pduOwe
LEC YIIP.. MOTIE MOM YUUU AL oY 4[&> RTS 7 =ampoc Ha Tepenayy
PA LOCT. JIMHMM UUUU QUL | uu — LUCU 1 Hecvymad ODHapyXReHAa
Zib vocT. Mogema | LUULU O v - P78 § 18% Moded
Ly
H —@<— Kl Y MHIOMKATOpR BHSZ0BA
1 - sBagaHMe CKOpPOCTH 00 - 5 Bur
1 - ycTaH. NepepHBa ! 01 - 6 BUT  KOJIMYeCTBO ——  CHPABKATO BEIOpaH-
0 - QuKC. IapWUTeTa 10 - 7 6uT  MHOQOPMAUMOHHEX | HOMY DETHCTPY
01 - KOHTp HeUeT. :,7 11 - 8 our OMT B MOCEUIKE
11 - KOHTp YETHOCTE |- mmmMHa cTona O -»> 1 6uT, 1 -> 2 OuUTa
L T VOT QEQR Fe — ORI L SHaKa  E/ - BEHR BRAE O EY — REeOR UFL C IMH CTORACM
.

HMHIHKaHT

YCTaHOBIEHHOTO
pesxHMa padoThl

Pucynok 1 - BEemHnuil Bug 0KHa ’3KpaHa mnpu padote HpOFpaMMbI|

B BepxHell cTpoke 0ToOpa)kaeTcsi BBIOpaHHBIM MOPT, YCTAHOBIEHHBIN KO3 duLn-
€HT JICJICHUS U CKOPOCTh PaOOTHI.

B HiKHEl cTpOKe BBIBOJUTCS, YCTAHOBJICHHBIN B JJAHHBIM MOMEHT PEXXKHUM PaOOTHI.

PexxuM 3aaHusi CKOPOCTH — MCIIONB3YETCs JUIs 3a/laHus KOd(pGUIIMEeHTA JIeTIeHUs
nenutens ckopoctd. B ator peskxum COM mopT BXOAUT, €Clid B PETUCTPE yMpPaBICHUS
nunuen paspsa D7 ycranoButs B 1.

Pexxum mepegaun OJMHOYHOIO CHUMBOJA UCIIOIB3YETCS ISl JIEMOHCTpPAIUU
CTApTCTOMHOTO MPUHIMIIA TIPU MEpe/layd OJMHOYHBIX CHUMBOJIOB. B 3TOM pexume Ko,
BBEJICHHBIN C KJIaBUATYypPhI, 3aMMUCHIBAIOTCS B PETUCTP MEPEIaun U BbIJIACTCS B KaHAa.

Pexxum  HenmpephIBHOM Mepelauyrd MCMHOJIb3yeTCs JJIsl IEMOHCTPALMK TPUMEHEHHUS
CTapTCTOMHOTO KOZa MNP HOMUHAIBHOU JIYIMHE CTOMOBOM MOCHUIKU

PexxuM HenpephIBHOW Mepeavyu C JJIMHHBIM CTOMIOM — MCHOJIb3YyeTcs AJis HaOIko-
JIEHUsl pean3aluii CTapTCTOMHOrO CUTHANIa Ha KpaHe ocuuiorpada. I[lpu ucnons3osa-
HUU JPYTUX PEKUMOB TPYyAHO (MOPOM HEBO3MOXKHO) MOJYYUTh CTAOMIBHOE (HE AposKa-
1mee) n300pakeHrne Ha dKpaHe OOBIYHOTO ocIuuIorpada.
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JlaGopaTopHoe 3amaHue

1. O3HakoMBbTECH C JTA0OPATOPHOU YCTAHOBKOM, pYKOBOACTBYSICh OINHUCAHUEM.

2. Bxmtounrte kommbproTep u ocumniorpad. [onb3ysachk cucTeMHBIM MEHIO (Ha)KMU-
Te KiaBuiy F2), 3amyctute nporpammy (Beioepute JIP 71 u nHaxxmute Enter).

3. BBenute B ympaBisomue perucTpsl TpedyeMble 3HaUeHUs (JOJKHBI OBITH OTpe-
JICIICHBI B TOMAIITHEM 3aIaHHH).

4. TlpoBepbTe SKCIEPUMEHTAIBHO MPAaBUIBLHOCTH BBINOJHEHUs Bamu cBoero mo-
MAIITHETO 3a/1aHuUA.

5. TlponaGmromaiite A OMHOM OYKBBI HU3MEHEHHE pealu3allii CUTHAJA, €CIH:
- YBEJIMYHUTH / YMEHBIIUTH CKOPOCTh CUTHANA B 2 pa3a;
- U3MEHHUTH KOJIMYECTBO HH(OPMAIIMOHHBIX OWT;
- U3MEHHUTH BHUJ KOHTPOJIA.

3anuimuTe, KAKUe U3MEHEHUS JIJIs1 3TOTO HaJl0 BHECTH B YIPABJISIOLIUE PETUCTPHIL.

6. IlponaGmronaiiTe ynpaBjieHUE MOJEMOM C ITOMOILBIO PETUCTPA YIIPABICHUS MO-
JIEMOM.

7. IlponabitoaiiTe BO3MOXXHOCTh KOHTPOJISL COCTOSIHUSA MOJieMa IpU MOMOIIHU pe-
THCTpa COCTOSIHUS MOZIEMA.

8. Usmepbre BbIXOAHBIE ypoBHU curHaioB COM moprta Ha X0J0CTOM XOAY U IPH
Harpy3ke R=1kOwm. Paccunraiite BEIXOHbBIE CONPOTUBICHUS NEpeaaTuuKa nopra.

9. Onpenennute MOPOTH TMEPEKIIOYCHUS BXOTHBIX KOMITAPATOPOB.

10. (o) UccaenyiiTe MpOXOKAECHUE CHUTHAJA TPHU BKIIOYEHHOM MUICH(eE.

MeTOI[I/IIIeCKI/IC YKa3aHuWA 110 BBIIIOJIHCHHUIO pa6OTBI

1. Jlns BBoga TpeOyemMoro 3Ha4eHus! B PErUCTpbl, HEOOXOAMMO KJIaBUILIAMH

PageUp/PageDown yctaHOBHTB TpeOyeMoe 3HaUYCHHE.

Uto6s1 COM mopt Hauan paboTath C HyKHOM CKOPOCTBIO U B TpebyeMoM dopmate
HaJ0 IPOU3BECTHU CIEAYIOLIEE:

- BEIOpaTh TpeOyeMbIi OPT KiaBuinei F2 (k MakeTy noakimoueH mopt COM2);

- outr D7, peructpa ymnpaBieHHs JIMHUEH, yCTAaHOBUTH B | (T.e BOWTH B PEKUM
3alaHUsl CKOPOCTH);

- 3aIMCcaTh MJIQIIINNA U CTapIIUi OANT NETUTENsT CKOPOCTH Tepeaadw;

- B PETUCTp YNpaBJICHUS JIMHUEH 3aMucaTh HY>KHOE 3HAYeHHE (KOTOpOe ompeess-
eT Tpedyemblid (popmaT nepenayn);

- yoeauTcs, uTto BbIKIIOYEH nwiehd (6ut D4 perucrtpa ynpaBieHHs MOJEMOM
ycTaHoBJIeH B 0);

- yctaHoBuTh B 0 Out D7 peructpa ymnpapiieHUs JTUHUEH (T.€ BBIUTU U3 PEXKUM
3a/laHusl CKOPOCTH);

- 3aMKcaTh B PETUCTP MEpeJayl CUMBOJI, KOTOPBIN TpeOyeTcs nepeiaBaTh;

- BKJIFOUUTh PEIKUM HETPEPBIBHOM TIepeiauu C JUIMHHBIM CTONoM (Haxkathb F8).

[Tocne storo COM mnopT HayHET HENpEepHIBHO NEepeaaBaTh 3aJaHHBIA CUMBOJ, U
ecnu Bel monkirounte BXxon ocimiiorpada K KOHTaKTy nepeaadn (3 HOXKa pazbema), TO
CMOKETE YBUJETh PEATU3ALUIO 3TOT0 CUTHAJIA.
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2. BbIXOHBIE YPOBHHM M IOPOrM MEPEKIIOUEHHS BXOJIHBIX KOMIIApAaTOPOB OIpe-
JeJITe MpU MOMOILM ocuusuiorpada.

Jlisa onpezeneHus mopora NepeKIIoUeHMs MojaiTe Ha BXOJ (HallpuMep HecyIast
oOHapyXeHa - 1 HOKKa pazbema) HalpsKEHUE OT PEryjIupyeMoro MCTOYHUKA Hampske-
HUS (MMEEeTCs Ha MaKeTe) U Bpalllasl peryysiTop HANPSKEHUsI ONPEIEIUTE MO COCTOSTHUIO
COOTBETCTBYIOILIEIO OUTa B PETUCTPE COCTOSHUS MOJEMa OPOT NepeKIoueHus. Bxonnble
[IOPOTM MOTYT UMETh THcTepe3uc (T.e. nepexoa u3 cocrosinus 0 B coctossHue 1 mpoucxo-
autT npu Hanpspkenuu UO->1, a mepexon u3 coctostaus 1 B coctosHue 0 MpOUCXOAUT TMPHU
Hanpspkenuu U1->0.

3. Jlna onpeneneHusl BBIXOJAHBIX COMPOTHUBIIEHUA HEOOXOAUMMO U3MEPUTh HaIpshKe-
HUE€ Ha BBIXOJAaX CHayajla Ha XOJOCTOM XOJ€ (BBIXOJ HE HarpyXeH), a 3aT€M Ha Harpy-
KEHHOM BbIXoze. sl Harpy3ku BbIXOJla Ha MakeTe umeercss pe3uctop Ruarp=1 kom
(py4Ky UCTOYHHKA HANPSKEHUS MPU 3TOM U3MEPEHUH MOBEPHUTE JI0 yIOpa MPOTHUB Yaco-
BOM cTpenku). Hanpspkenust usmepbTe pu oMoy ocipuiorpada. Pacuetnyro gpopmyiy
BBIBEJIUTE CAMOCTOATENBHO. CXEMY IIPOBEICHUS U3MEPEHUI CMOTPUTE B NPHUIIOKECHHUH 2.

4. J151g nostydeHus: CTabUIIbHOTO U300payKeHUs Ha dKpaHe ocuusuiorpada npu
HaOJII0JJIEHUH CTapTCTOITHOIO CUTHAJIA HAJlO:

- BBIOpATh B KQ4ECTBE UCTOUYHUKA CHHXPOHHM3AUK | myd (Ha)xaTh KHOIY Y2)

- BBIOpAaTh CHHXPOHM3AIUIO 10 YPOBHIO (HAXKATh RS );

- BKJIFOYHUTDH PEXKHM Tepellauu C JIIUHHBIM cTorioM ( Haxats F8 );

- BBIOpATh XKAYIIUUA pEXUM PabOThl pa3BepTKH ( HAXKaTh KHONKY KAYIL );

- Bpamas pyuky «YPOBEHDb» noOuthkcs 3amycka pa3BepTKU MO MOJIO0KUTEIBHO-
My (pOHTY ( OT Ha4ajla CTAPTOBOM MOCBUIKH);

Peanuzanus cTapTCTOMHOTO CUTHAja C JJIMHHBIM CTOIIOM M MPOLECC CUHXPOHU3A-
LM TIOKa3aHbl Ha PUCYHKE 2.

¢c00101100 ¢c00101100
‘ |f Y IUIHHeHHAS cTONIOBAA IIOCBIIKA \| u_l—,—L
J o\ J { /

IIpAMOIf X0 Tyda oOpaTHEI X0oa Iyda OpAMOH XOJ IIyda

Hauamno ctapToBoH MOCBUIKH Hauano HOBOH cTapTOBOH

nepexogor -' K '+ Iloatomy MOCEITKH. [10 3TOMY

($hpoHTY Tyd HadgHHAET IBHTATh thpoHTY 1y4 ocrnaorpada

10 3KpaHy ocUHLIorpada CHOBA HAUHHACT JBIKEHHE

IO IKPaHy .
/ [pumeuanue: )

Ecnn He Henmonbp3oBaTh JIHHHBINA CTOII H
KOYIIHH Pe:KHM padoTHI pasBepIKIL TO
3aIlyCK pa3BepTKH (Iociie 00paTHOTO Xoaa
my4a) OyaeT NpOHCXOOHT IO IEPBOMY
Hepexoay BXOJHOTO CHTHANA OT MIHHyCa K
ILTFOCY (3TO MOJKET OBITE HE CTapTOBad
MOCBHUTKA) ¥ HA JKPAHE HE TIOYHHTCS
\cra&mbﬁoe H300pakKeHue. /

H300paKeHHe Ha 3KpaHe ocuuiiorpada
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H IIpoHecce CHHXPOHH3allHH



Conepxanue oTdeTa

1. KpaTtkyto popMyaupoBKy L€ paboThl.

2 .BbInoJHEHHOE JOMAIITHEE 3a/1aHue.

3. Pe3ynbTarhl U3MEPEHUs BBIXOJAHBIX YPOBHEH U IOPOrOB NEPEKIIIOUEHUS BXO-
HBIX KOMIIApaTOPOB.

4. Pe3ynbTaThl U3MEPEHMSI U pacueTa BbIXOIHBIX U BXOAHBIX COIPOTUBICHUN.

5. (otn) Ananu3 paboThl B PEKUME HIIEH(PHBIX UCIIBITAHUH 7.

6. BeiBoAbI 110 pabdore.

7. OTBeTHl Ha KOHTPOJIBHBIEC BOIPOCHI C PUCYHKAMU M KPAaTKUMH TOSICHEHUSMHU.
(mns ymadHo ycmeBaromux - 5, g xopoiio - 10, 1 oTIMYHUKOB -15, m1st ocobo oxa-
PEHHBIX - Ha BCE).

KOHTpOJIBHI)IC BOIIPOCHI

1. Kakoe HazHauenue nocienoBatenabHoro nopta 8 1BM PC?

2. CpaBHUTE MOCIEAOBATENIbHBIN U MapauIeNIbHbIN CIIOCO0 nepenayun?

3. Kak npoucxonut HacTpoiika Ha TpeOyeMyIo CKOPOCTh paboThI?

4. Kakue BBIXOJHBIE YPOBHM W TIOPOTH TEPEKIIOUEHHUS JOJIKEH HMETh (MMEET)
COM nmopt?

5. Kak 3agaercsa Tpedyemblii ¢opmat nepenauu (npuema)?

6. [losscHUTE METONMKY OINPENEIECHUs] BBIXOAHBIX COINPOTUBJIECHUN?

7. 17151 4ero U Kak MCIOJIb3yETCsl MPOBEPOYHBIN OUT?

8. Kak Ha/i0 HACTpOUTH MOPT, YTOOBI HA €r0 BBIXOJIE MOSBUICS MEAHP C YACTOTOM
500 ro?

9. IlosicHUTE METOAMKY MOJy4YEeHHs] CTAOMIIBHOTO M300paKeHUsI Ha SKpaHe OCLUJI-
norpada npu HaOJIIOACHUN CTAPTCTOITHOTO CUTHaja?

10. Kak 3Hast ckopocTh U opMat nepefadd pacCUUTaTh JUIMTEILHOCTh dJIEMEHTap-
HOM MOCBHIIKH, KOJOBOM KOMOWHAIIMHM M BCErO COOOIEHMS ?

11. [Touemy «cropator» COM noptb1?

12. Kakue ckopocTu 0OMeHa MPUHSTHI JJIs TTOCIe0BaTEIbHON Tiepeaaun?

13. Kakyto cTpyKTypy UMeeT Ta0yuIla aTbTePHATUBHON KOJUPOBKU?

14. Kak pacuudpoBath cokpamenue RS-232C ?

15. Orpannuenus (Heqoctatku) uHTEpdeiica RS-232C?

16. Cranmaptel RS-422, RS-422, RS-423 nu RS-449?

17. Yto Takoe CUMMETPUYHOE U HECUMMETPUYHOE BKIIFOUECHUE?

18. Kakne nmerorcss npeuMyIiecTBa U HENOCTATKYU IIPU UCIIOIb30BaHUU JBYXIIO-
JIIOCHBIX MOCBUIOK 10 CPABHEHUIO C OJIHOIOIIOCHBIMU?

19. Tlo kakuM mapameTpam UCIOJIb3yEeMbIi B 1a0OpaTOpHOH paboTe MOPT HE COBMa-
naeT ¢ TpedoBanueM crangapra RS-232C7?

20. [TosicHUTE CMBICIT CIEAYIONMUX TOHITHI (CHaOMB OTBET COOTB. PUCYHKAMM):

cTapT OWT, OUTHI JTAHHBIX, OUT MAPHUTETa, CTOI OWUT, JCIHUTEIb OMOPHOM YaCTOTHI,
cepenrHa OMTOBBIX MHTEPBAJIOB, BHYTPEHHHE CTPOOBI, (Pa30Bbie UCKAXKEHUS, JIOKHOE (a-
supoBanue, RS232C, RS422A, RS423A, RS485, dusuyeckuii ypoBeHb Mepenayd,
HECUMMETPUYHBIC JIMHUW, CHMMETPUYHBIC JINHUM, CHH(Aa3Has TToMexa, apodazHas mome-
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xa, K03 puirent nogasiaeHus cuHpazHoil momexu, quddepeHInanbHbId BRIX0 1, Tudde-
pEeHIMaIbHBIM BXOJ, BUTas Mapa, TOKOBAs METIsl, ACHHXPOHHBIA pEKUM OOMEHa, CHH-
XPOHHBIA pEXUM OOMEHa, MECTHBIM myIeid, ymaJeHHBIM muieid, TecToBas 3ariylika,
rajbBaHMYECKas pa3Bs3Ka, JIOrH4Yeckas eauHuIa, Jjornueckuit Hoiab, SPACE, MARK, ON,
OFF rucrepes3uc mpuemMHUKa, CUTHaJbHas 3eMJIs, 3aluTHOe 3azemsicHue, DB9, DB25,
UART, wuyns MomeMHbIi kabenb (Zero-modem wim Z-modem), 6a3oBeiii ampec, IRQ,
ASCII, xonupoBka IBM, 3Hakoreneparop, anbTepHaTUBHAS KOJMPOBKA, MceBorpaduka,
tabnuna 866.

[TosicHeHHSI MO BBINIOJTHEHUIO JAOMAIIHECTO 3aJdaHusd

1. IToctpouM peanmu3alnio CUTHAJA Ha BBIXOJE ACHHXPOHHOTO MOCIEA0BATEIHLHOTO

uHTep(deiica npu nepenave mo nemy ciosa  MAPKOB.
st 3Toro:

- 110 TabyMLIe aNbTEPHATUBHONW KOAUPOBKU OIPEAEITUM KOJBI U1l Kax10i OyKBbI (pamu-
JIMM B LIECTHAILATEPUYHOM BU/IE;
- IepeBeIeM IIECTHAAIATEPUYHbIE YKCTa B TBOUYHBIE;
- OTIPEJICNIUM TPOBEpOYHbIE pa3psAabl. Eciu uaer npoBepka Ha UETHOCTb, TO CyMMAapHOE
KOJIMYECTBO €MHUI] B KOJIOBOW KOMOMHALNHU (8 MH(OPMALMOHHBIX U | IPOBEPOUHBIil
pa3psi) JOHKHO ObITh yeTHBIM. [Ipy mpoBepke Ha HEUETHOCTh CyMMapHOE KOJIMYECTBO
€IMHUILL JIOJKHO OBITh HEYETHBIM.
- pe3yJbTaThl BEIYUCICHUH 3aIHUIIeM B TaOIUILy 2.

Tabnuna 2 — Pe3ynbTaThl BEIUUCICHUI

BYKBA HMECTHAALUATEPUYHOE JIBOMYHOE | ITIPOBEPOYHLIN
M 8C 1000 1100 1
A 80 1000 0000 1
P 90 1001 0000 0
K 8A 1000 1010 1
O 8E 1000 1110 0
B 82 1000 0010 0

[Tpu mocTpoeHME peaanu3aliuy CUTHAIA, PUCYHOK 3, HAJ0 YYE€CTh CICAYIOIIee:

- HYJIFO COOTBETCTBYET ITOJIOKHUTEIbHAS, a CIMHULIC OTPUIIATEIIbHAS ITOCHLIKH;

- KaK/1ast K0JI0Basi KOMOMHAIIHSI HAUUHAETCS CTAPTOBOM MOCHUIKOM, KOTOPAst UMEET
YPOBEHb JIOTHUECKOTO HYJIS;

- TIOCJI€ CTAPTOBOM MOCHUIKH CJIEAYIOT 8 MHPOPMAIIMOHHBIX MOCHIIOK, TPUYEM
HauuHast ¢ DO u xonuas D7,

- €CJTM YCTAHOBJICH PEKUM KOHTPOJIS (ITPOBEPKA HA YETHOCTh WIIHM MPOBEPKA HA HE-
YETHOCTH), TO 3a MOCIeAHUM UHpopMaroHHbIM OuToM (D7) cneayet mpoBEepOUYHBIA OUT,
Janee cieayeT CTOMoBas MOChIIKA;
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JUTMTEIPHOCTh OJTHOM 3JIeMeHTapHOM mockliku 10=1/B , roe B - ckopocth mepe-
na4u (KOJUYECTBO MepeaBaeMbIX MOCHUIOK B OAHY CEKYHIY).

Ecmu B=960060x, To To = 1/9600= 0.0001041cex = 0.1041 mc.

JImuTenpbHOCTh TIepeauu oJlHOM KoMmOuHaIuu (OyKBbI) paBHa:

Trkom0 =To * K, rme K - KoJIM4eCTBO ITOCHUIOK B OJTHOM KOJIOBOM KOMOMHAITUH.

Jlnst paccmatpuBaemoro npumepa: K=1(Crapt)+8(undopm)+1(mpoB)+2(ctom)=12.

TkoM6 = To * K=10.1042*12=1.25 mc.

Bpewms HeoOxoaumMoe Jist mepeaadyu BCero COOOIIEHUS PaBHO:

Tcoobm= Tkom6 * N, rne N - konruecTBO OyKB B COOOIIEHUHU.

s paccmarpuBaemoro npumepa N=6 ( MAPKOB ).

Tcoobur=1.25 * 6 =7.5 mc.

]CTapT|Qg Dl D2 D3 D4 D5 D6 D7 il}ggg| |

L' 0 0 0 1 1 0 0 0 | 1 i1 1 1[0
ii 0 0 0 0 0 0 0 0 |;| 1 1 1
ii] 0 0 0 0 o [ 1 |0 0 |;| 0 1 1
Li 0 0 0 1 1 0 0 0] 1 1 1 1 [
Li 0 0 1 1 1 0 0 0] 1 0 1 1 [
ii 0 o] 1 [0 0 0 0 0 |;| 0 1 1
€T Troc

Pucynok 3 — Peanm3anus curHaios

2. Omnpenenum, Kakue YIpaBJsoIIne KOMaH bl Hasl0 3anucath B peructpsl UART,
9TOOBI HACTPOUTH MOPT Ha TpeOyeMbidt pexuM padoTsl (B=9600 601, 8§ undopmainnon-
HBIX, IPOBEPKA HA YETHOCTh, 2 CTOMOBBIX OUTA).

PaccuntaeM kodQdUIIMEHT IeaeHUs JeTUTeNs1, HEOOXOIUMBIN I TIOJIYYSHHS Tpe-
OyeMoi CKOPOCTH pabOTHI.

Ckopoctb paboTel mopta onpeaensercs no Gopmyne B=115200/Knen,

Knen - koapduiiueHt neneHus 1eIuTens.
Knen= 115200/ B = 115200./ 9600 = 120 = 7*16+8 = 0078h.

3HaveHMsI pETUCTpa YIPABJICHUS JIMHUCH MPECTaBICHBI HA PUCYHKE 4.

Takum o6pazom uToObl HacTpouTh UART Ha TpeGyemblii pexkuM paboThl HAO:

- YCTAaHOBUTH PEKUM 3aJaHHS CKOPOCTH. J[JIs1 TOTO B perucTp yrpaBicHUS JIMHUCH (CMe-
menue +3) Hajo 3anmucathb uncio 80h (D7 paBen 1,0octanbHbie pa3psiasl paBHbI 0);

- 3amMCcaTh 10 aJipecy perucTpa JaHHbIX (cMmemenue +0) muanmmuii 6aT kodddurmenta
nenenus (aucio 78h);

- 3aMMCaTh MO AJIPECy PErucTpa ynpaBieHUd. MpepbiBaHUusIMU (cMmenieHue +1) crapumii
OaiT ko3 durmenta aencuus (dncio 00h);
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- 3aIMcaTh B PETUCTP yIpaBieHus TuHuel uncio 1Fh.
- 3aMKcaTh B PETUCTP ynpaBiacHus MogeMoM duciio 00h (4ToObl BBIKIIL. 1IICH}).

D7 D6 D5 D4 D3 D2 D1 DO

o o o0 1 1 1 1 1 ---> wuumcyno 1Fh
|_ | I UH(POpMALIMOHHBIX OUT

2 cron Outa

MPOBEPKA HA YETHOCTh
(pMKC HE TIPOU3BO/
MepepbiB HE BbIABATh
YCTAHOBUTL padouuid

PucyHOK 4 - 3HaueHus perucTpa yrnpaBjieHUs TUHUEH
ACHHXpOHHBIN ajantep

1. TenekOMMyHUKALIMOHHBIE YCTPOKWCTBA UMEIOT MOCJIEI0BATEIbHBIN MOPT (MHTEP-
detic). OH MoxeT ObITh COOpaH Ha OTACIBHON IJIaTe WM PacIoyiararbCsi HEMOCPEICTBEH-
HO Ha CUCTeMHOM mate. Haumbomnee mupokoe pacnpoCTpaHEHUE Oyl ACHHXPOHHBIN
untepdeiic (mopt) RS-232C.

OrtoTr uHTepdeic Ha coequHeHne 00opyioBaHusa ObLT pazpaboran B 1969 r. ps-
JIOM KPYITHBIX MPOU3BOJUTENEH 37eKTpoHHOTO 060opynoBanus (Recommended Standard
Homep 232 ). MKKTT ucnonb3yer aHajgoruyHbie pekoMmenganuu V.24, V.28.

Crannapt RS-232 onuceiBaet 4 untepdeiicabie pyHKINM:

- OTIpe/IeNICHNEe YTMPAaBISIONIMX CUTHAIOB Yepe3 HHTepQeric;

- onpeniesieHne opmaTa TaHHBIX TEpeaaBaeMbIX depe3 WHTepdeiic;

- Iepeiady TaKTOBBIX CHTHAJIOB;

- DJICKTPUYCCKHE XapaKTePUCTUKH HHTepdeiica.

[TocneaHss peaakius 3Toro cTanaapTa uMmeeT Ha konie uaaeke C (RS232C).

AcunxpoHHbIH nHTEepdeiic yacto HazpBaroT COM moprom (ot cmoBa COMmunica-
tion — KOMMYHUKAIIMOHHBIH, T.€. HCIIOIB3yEMBbIH JIJIs1 OPTaHU3aIUN CBSI3H).

Uepes COM mopt, mOAKIIOYAIOT BHEIIHWE YCTPOMCTBA: MOJAEM, MAHUITYJIATOP
MBIIIIb, IPUHTEP, CKAHEDP, TIIOTTEP, U3MEPUTEIbHBIC TPUOOPHI, APYTON KOMITBIOTED U.T. .

MojgeM, NOIKIIOUEHHBIM K KOMITBIOTEPY YE€pPE3 IMOCIEI0BATEIbHBIN MOPT, MO3BO-
JsieT 0OMEHUBATHCS JAHHBIMH C JIPYTUM KOMIBIOTEPOM IO OOBIYHOM TeaehOHHOM JIMHHH.
Ecnu xoMmbroTepsl pactoiosKeHbl OJU3KO IPYT OT APyra, TO UX MOXKHO CBSI3aTh C TTOMO-
B0 CIEIUATBLHOTO Kabels, Ha3bIBAEMOTO HYJIb - MOJEMOM. DTOT Kabellb TOIKITF09aeTCsI
k COM nopram 000uX KOMITBIOTEPOB ¥ TO3BOJISET MPOU3BOAUT OOMEH JTAaHHBIMU CO CKO-
pocthto 10 115200 6ut/c.

brok cxemMa acMHXpOHHOTO ajganTepa MoKa3aHa Ha PHUCYHKE O.
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PucyHok 5 - biok cxemMa aCHHXpOHHOTO ajanrepa

Kaxxngomy COM mnopTy COOTBETCTBYET HECKOJIBKO PETUCTPOB, Y€pe3 KOTOPhIE MPO-
rpaMMa Mojy4aeT K HeMy JOCTym U omnpeneneHHas auaus IRQ (3ampoc Ha mpepbiBaHuE),
KOTOpasi UCIOJIb3YyETCS AJI1 MH(POPMUPOBAHUM IMpolieccopa 00 U3MEHEHHS] B COCTOSHUU
nopra.

[TocnenoBarenbHas nepeaayda JaHHBIX MOKET OCYIIECTBISATHCS B ACHHXPOHHOM WJIU
CUHXPOHHOM pexkuMax. [Ipu acMHXpOHHOM pexuMe KaxxaomMy HHDOpMalr-oHHOMY OJIOKY
MPEALIECTBYET CTApOBasi MOCHUIKA, CUTHAIM3HUPYIOLIAs MPUEMHUKY O Haudaje Iepeaadu
OYepeTHOM KOJOBOM KOMOMHAIIMHU. 3a HEW CIeAyroT HMH(OPMAIMOHHBIE TMOCHUIKK (Kak
npaBwio 5,7 uiu 8), MpoBepoyHas MOChbUIKa (eciu TpeOyeTcs) U cTomoBasi (OHa Bceraa
00paTHOM MOJISPHOCTHU MO OTHOIICHUH K CTAPTOBOM).

Bce mochuiku, KpomMe CTOMOBOM, UMEIOT OAMHAKOBYIO JIIMTEILHOCTH 10. CTomoBas
MOCHIJIKa MOKET UMETh JIFOOYIO JUTUTEIbHOCTh, HO HE MeHee 0.

Tak kak Hadano mepeaayu O4epeTHON KOJOBOM KOMOMHAIIMIA KECTKO HE CBSI3aHO C
nepenayell MpenIecTBYIONIEH, TO TaKOW cOCO0 HA3BIBAIOT ACHHXPOHHBIM (HE CBSI3aHHBIM
B0 Bpemenn). O6brynbiii COM mopT moaepKuBaeT TOIbKO aCHHXPOHHBIA PEXUM pado-
THI.

AnmnapartHas pealn3anus

OcnoBoit COM mnopTa CIIy’)kUT MUKpPOCXeMa YHHBEPCATbHOTO aCHHXPOHHOTO TpHe-
momnepenarunka, B ganbHermem UART (UART - Universal Asynchronous Receiver
Transmitter). Ecte HeckosbKO pasHOBUAHOCTEH 3ToM Mukpocxembl Intel 8250, 1655,
1655A. Taxxe GyHKIIMH 3TOW MUKPOCXEMBI MOTYT OBITh peaM30BaHbl HAa OJTHOM CIelra-
nuzupoBanHoit CBUMC BMecTe ¢ IpyrumMu KOHTpOJuiepaMu (MrpOBOM NMOPT, NapajuieIbHbIN
MOPT, KOHTPOJUIEP TUOKUX | kKecTKux aucko). [ns xaxmoro COM moprta mukpocxema
UART conepxut OydepHbIe PEerucTphbl MepeaaTinka M MPUEMHHKA JaHHBIX, a TaKkKe
YOPABJISIIONTUE PETUCTPBI. Bce 3TH perucTphl JOCTYITHBI Yepe3 KOMaH Ikl BBOJIa/BBIBOIA.

[Tpu nepenaue Oaiita oH 3anuchiBaeTca B Oy(depHbI peructp nepeaaTdyuka, OTKyaa
MIEPETIMCHIBACTCS B CIBUTOBBINA PETUCTP. 3aT€M 3TOT OAWT BBIIBUTAETCS M3 CABUTOBOTO pe-
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rUcTpa 1o Ouram (MaammuM OUTOM BIEpen). AHAIOTMYHO pPabOTarOT CIBHUTOBBIN U Oy-
(epHBIil perucTphl MPUEMHHUKA.

[TporpamMmMa mmeeT JOCTyN TOJIbKO K OydepHbM peructpam. KonnpoBanue uHdpop-
MaIli B CIABUTOBBIN PETUCTp Iepenayu, U3 CABUTOBOTO PETUCTpa MpHeMa M CABHUT JaH-
HBIX B 3THUX PETUCTpax BbIMONHAIOTCA MUKpocxemorr UART aBTromatnyecku. Takxke aB-
TOMAaTUYECKU MPOUCXOIUT J00aBIeHHUE (M3BATHE) CTAPTOBOTO, CTOTIOBOTO, TPOBEPOYHOTO
outa. BaemHe kaxapii COM mopT mpeacTaBieH pa3beMoM. (KOTOPBIN, KaK IMPaBHIIO,
pacrojaraioTcs Ha 3aJHeil cTeHKe cUcTeMHOro 6moka ). Hanbonee yacto ncnonb3yrorcs
2 tumna pazbemoB: DB9 u DB25 (9 u 25 koHTakTOB cOOTBETCTBEHHO). HecmoTpst Ha pa3-
HO€ KOJIMYECTBO KOHTAKTOB, OHM IEpelaloT OJWHAKOBbIE cUrHaibl. [Ipu HEOOXoAMMOCTH
MO>KHO HCIIOJIb30BaTh MEPEXOAHUK MexAy pazbemMamu DB9 u DB25. B tabnuue 3 npen-
CTaBJICHA pa3BojKa pa3beMoB co cTopoHsl COM-mopTa.

HASHAYEHUME KOHTAKTA BHX. | BXOJl | DBY DBZ25

Herermd P OpHH.C JIMHKMK - CMIHalla
Data Carrier Detect
puHUMaeMiIe HaHHLE RD I 2 3
Received Data
llepenaBaemie OaHHNE ™0 4 3 2
Transmitted Data

['oToBHC “‘l‘ila BEIXOIHBIX HaHHBIX DTR } 4 20
Data Terminal Ready
CHrHanbHOe 3aseMmileHue sG } 5 7
Signal Ground
OCTE  HaHHEIX
Sob Rbad

DCo + 1 8

ans nepeinauu crs |
Clear to Send

BEIZOBA
ator

Ring Inc
SaunTHOEe 3aseMieHne FG
Frame Ground

He UCNONb3YTCH HeT

Tabnuna 3 - PazBoaka paszsemoB co ctoporst COM-mopta

OnekTpuyeckue TpeOOBaHUS

Hcnonb3yembie B uHTEpdEiice ypOBHH CUTHAJIOB OTJIMYAIOTCS OT YPOBHEN CHUTHA-
JIOB, ACUCTBYIOIIMX B KOMITbtOTEpe. JIJisi corjacoBaHMs UCIIOJIB3YIOTCS CIIEIIUANIbHbBIC
MUKpPOCXEMBI IpeoOpa3zoBareieil ypoOBHEN.

JIns mepegaTuMKa MPUHSTHI CIEAYIOIINE YPOBHU:

YpoBeHb HanpsiKeHU B npeneiax ot +5B 1o +15B cuuTtaercst BBICOKUM U MPEI-
CTaBJISIET JIOTHUECKUI «0».

YpoBeHb HanpsiKEHU B nipenesiax ot -5B 1o -15B cuurtaercs HU3KUM U TIpea-
CTaBJIAET JIOTHYECKOU «1y.

[TpuemHuK BocnprHUMAET (JOJIKEH BOCIIPUHUMATh) ypoBHU OT +3B 10 +25B kak
noruyeckuit «0», a ypoBHU 0T -3B 10 -25B, kak jor. «1». [luanazon -3 g0+3B 30Ha He-
YYBCTBUTEJILHOCTH (TUCTEPE3UC TPUEMHHUKA).

[TonknroueHue u oTKIOUCHUE MHTEPHEUCHBIX Kabeel TOKHO MPOU3BOAUTCS TIPU
OTKJIFOUEHHOM MUTAHUU KOMIBIOTEpa. Bce ypoBHM CUTHAJIOB U3MEPSIOTCS OTHOCUTEIBLHO
LMY CUTHAJIBHOTO 3a3eMJICHUsl. Y POBHM cUTHaANOB uHTepdeiica RS-232 npeacraBieHsl
Ha pUCYHKE 0.
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+25B
+158
naHabpie=0 Jauusie=0
+358

+3B

OB

3B
-58
naHHbIe=1 Hauusie=1
-158

-258
rnepenaTymg pPUEeMHUK

Pucynok 6 - YpoBau curnaigoB mHTep(eiica RS-232
Peructper  UART
UART uMeeT HECKOJIBKO MPOrPaMMHO JIOCTYITHBIX PETUCTPOB, KOTOPHIE MPEICTAB-
JieHBl B Tabnuile 4. DTU PEerucTphbl UCTIONB3YIOTCS Npu ynpasienuu padotoir UART u mist

IMpucMa U 1epcaadn 1aHHbIX. B Ta6JII/IHG JaHO OIIMCAaHHUC JTHUX PETUCTPOB.

Tabnuna 4 - [Iporpammuo gocrynasie peructpel UART

Peructp Anpec nns |CmernieHne JononHurensHas
COM1 COM2 q)YHKHI/ISI
Paspenienusi npepbiBaHUSIMU 3F9 | 2F9 | +1 cTapunii 0alT nenutens
W nentudukanum npepblBaHus 3FA | 2FA | +2
Yrpanenus nuHuen 3FB | 2FB | +3
YpasieHus MOIEMOM 3FC | 2FC | +4
CocTosiHuS TUHUT 3FD | 2FD | +5
CocrosiHug MoziemMa 3FE | 2FE | +6

Hanee (Ha mpumepe MukpocxeMbl Intel 8250) wmer ommcanwe 3THX PErHCTPOB.
Cnpasa ot peructpa ykazan ajapec peructpa (COM1/COM2), cMmemienre peructpa OTHO-
CUTENHHO 06a30BOT0 ajpeca (perucTpa JaHHBIX) U ONEPaIi KOTOPhIE MMPOU3BOISTCS C pe-
THCTPOM: WI - yTeHue; I'd - 3armuck; Id - Ipy YTEHUH CYUTHIBAETCS TO, YTO OBLIO 3aIKMCaHO.

Peructp manneix (3F8/2F8 +0 wr/rd)
DTOT PETUCTP pacmloiiokeH Mo 0azoBoMmy (HadanbHOMY) aapecy COM mopta. OH
UCTIONB3yeTcsl Jis OOMEeHa JaHHBIMHU M IS 3aJaHus CKOpocTH oOmeHa. [Ipu mepemaue

JAHHBIX B 3TOT PETUCTP HAAO 3amucaTh HepenaBaemMblidi 0alT gaHHbIX. [Ipu npueme naH-
HBIX OT BHEIIIHETO YCTPOUCTBA MPUHATHIA OAUT MOMXKHO MIPOUYUTATH 10 STOMY K€ aJIpecy.
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Ecnu ycranoBiieH pexuM 3aaHusi CKOPOCTH (B PETUCTPE YIIPABICHUS JTUHUEH pa3-
psan D7 ycranoBieH B 1 ), TO B 3TOT perucTp 3amuchiBaeTCs Maamini 0antT kosdduiiuen-
Ta JICJCHUS JCIUTENS CKOPOCTH.

Peructp paspemienns npepbiBanuii  ( 3F9/2F9 +1 wr/rd)

OTOT PErucTp UCIOJIL3YETCS Ul YIPABIEHUS NPEPbIBAHUAMHU, WIN 7S BBOJA
3HAYEHHs cTapliero OalTa JENUTENs YacTOTHI.

B pexxume pazpenieHusi npepbIBaHUN perUCTp UMEET popmart:
DO - pa3pemieHue npepuIBaHUs Py IPUEME OUEPEIHOTO CIIOBA;
D1 - pa3spemenue npepbiBaHus TP TOTOBHOCTH MEPEAATUHKA;
D2 - pa3p. npepsiB. ipu o0Hapyxenuu coctosiuusi BREAK wnm npu ommoOke;
D3 - pasp. npepsIB. o u3meHeHuto coct. Bxoausx quaMi: CTS, DSR, DCD, RI.;
D4-D7 He ucrnoab3yroTCs.

Peructp naentudukanuu npepoisanuit ( 3FA2FA +21d)

[Tocne Toro kak mpousonuio npepbiBanue oT COM nopta, nmporpamMmma MOXKeT Mpo-
YUTaTh 3HAYEHUE ITOTO PETUCTPA, YTOOBI OMPENETUTH MPUUNHY €r0 BOZHUKHOBEHHUS.

DO - Ecnum aToT OUT paBeH 1, 3HaYUT €CTh NMpephIBaHUE.
D1-D2 - DOtum nBa Outa onpenesstoT HCTOYHHUK IPEPhIBAHUA.
0 0 - mpou3onuIo MBMEHEHHUE COCTOSTHUS BXOTHBIX JTUHUIN
0 1 -Oydep nepemaTymka mycT.
1 0 -BOydepe npueMHUKA UMEIOTCS JaHHBIE.

11 - omubka no npuemy: nNepenoJHeHne NPUEMHUKA, OITMOKA YETHOCTH, OIIHOKa
dbopmarta (HeT cToma).
D3-D7 - cuuThIBalOTCS HYISIMHU.

Peructp ympasnenus naunaued ( 3FB/2FB +3 wr/rd)

OTOT PEruCTp AOCTYINEH JUIsl 3alMUCH U YTEHUS (CUMTHIBAETCS TO, YTO OBLIO 3aIlu-
CaHO) M UCTIONIBb3YETCS AJIs 3aJaHUsl Pa3IMYHbIX TapaMETPOB, PUCYHOK 7.
DO - D1 - 3agaroT Koau4ecTBO MHPOPMAIIMOHHBIX OUT B CTAPTCTOITHOM MOCHUIKE.
00 - 5 owur, 01 - 6 6ut, 10 - 7 6ut, 11 - 8 OHT.
D2 - OTpeJeNseT KOJMMIECTBO CTOTIOBBIX OUT.
0-10wur, 1 -2 06ura (eciu ucnosbzyercs 5 und. 6ut, To 1,5 Oura).
D3 - D4 - ynpaBisitoT NpoBEPKOM HA YETHOCTh (HEUETHOCTH).
00, 01 - xOHTpOJIb HE BBHIMOJHSTH.
10 - JienaTh NPOBEPKY Ha HEUETHOCTD.
11 - JIeJaTh MPOBEPKY HA YETHOCT.
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D7 D6 D5 D4| D3 D2 D1 DO

| —L—  kon-Bo MH(OPMALHOHHBIX OUT
KOJI-BO CTOTMOBBIX OUT

MPOBEPKA HA YETHOCTh

(uKcauus 4YETHOCTH

YCTaHOBKA MepephiBa

3a7laHUE CKOPOCTH

PucyHok 7 - Peructp ynpasneHust JuHUEH

D5 - (ukcauusa vetHoctH. [Ipu ycraHoBKke 3TOro 6mTa, OUT YETHOCTH BCETAA MpPHU-
HuMaet 3HauyeHue 0,eciau outel D3,D4 paBubil 1, wim 1, ecinu 6utel D3,D4 paBub 01.

D6 - YcraHoOBKa mepephiBa. YCTaHOBKA B 1 3TOro OWTa BBI3BIBACT MOCTOSHHBIN
BBIBOJI CTAPTOBOM TOCBLIKH.

D7 - DTOT OUT UCTOJIB3YETCS JUIS JOCTYIIa K PETUCTPY YCTAaHOBKH CKOPOCTH. Ecim
ATOT OUT paBeH 1, TO PErucTp JaHHBIX M PETUCTP YIPABJICHUS MPEPHIBAHUSIMH HCIIOIb3Y-
€TCs JIJIs 3aTPY3KH JICIUTEN 4acToThl. ECiii ATOT OUT paBeH HYJIIO, TO PETUCTP JIAHHBIX U
PETHCTP yIPABICHUS MPEPHIBAHUSIMHI HUCIIOJIB3YIOTCS 10 MPSIMOMY Ha3HAYCHUIO.

Peructp ympasnenust momemom (3FC/2FC +4 wr /rd)

DTOT pETUCTp YMOPABISIET COCTOSTHUEM BBIXOAHBIX JuHUN DTR, RTS ,OUT1 ,
OUT2 wu BrimoueHueMm mnuieida.

DO - ynpasnenme nuaueir DTR.

D1 - ynpasnenue nunueit RTS.

D2 - ynpasnenne nunueir OUTL.

D3 - ynpasnenue nunueit OUT2 (ecnu ycranosieH, To UART MoxeT BripaOaThIBaTh

TPEPhIBAHUS ).
D4 - ynpasnenwue nuieiiom (eciiv yCTaHOBIICH B 1, TO BBIXOJI MepelaTYMKa MOJKITI0YaeT-
Csl K BXOJy TPUEMHUKA.

Peructp cocrosiust muamu (3FD/2FD +5 wr/rd)

DTOT PErUCTp MO3BOJISIET MIPOTrPaMMe ONPEAEIUTh COCTOSIHUE OJIOKOB MpHeE-
Ma/miepefaun, a TakKe HaJIMYue OLIMOOK, KOTOPBIE MOTYT IPOU30OUTH NMpU OOMEHE JaH-
HBIMH.

DO - Jlannbie nosydensl. Korna n3 kaHana cBsi3U MOCHUIKA MOJHOCTHIO OCTYIIUT Ha
BXO/Jl IPUEMHHUKA 3TOT OUT ycTaHaBiuBaercs B 1. [Ipy uTeHUH TaHHBIX 3TOT OUT cOpachl-
BAETCH.

D1 - Ommbxka nepenonnenus. Ecnu mpuHAT HOBBIM OalT JAaHHBIX, & MPEABIYIIAN
erie He ObLJI CYMTAH MPOrPaMMOM, TO ATOT OUT ycTaHaBIMBaeTCs B 1. DTOT OUT cOpachiBa-
€TCS KOT'/1a MMPOLIECCOP CUUTAET COACPKUMOE PETUCTPA COCTOSTHUS JIMHUM.

D2 - Ommbka yetHocTH. ECiu 3TOT OUT yCTaHOBIIEH, TO MPUHSATAs MOCHLIKA CO-
JEP’KUT HEBEPHBIN OUT MPOBEPKHU HA YETHOCTH (HEUETHOCTD ).
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D3 - Ommbka ¢popmara. Y craHaBiuBaeTcs Mpu OTCYTCTBUU CTOMOBOTO OuTa (T.€.
€CJIM Ha MO3UIIMK CTOI OMTa OOHapyKeHa MOChUIKA C HYJIEBBIM JIOTHYECKUM YPOBHEM).

D4 - OOnapy:xeHa JUIMHHAs CTapTOBasi MOCBHLIKA. DTOT OUT YyCTaHABIMBAETCS, KO-
r7la Ha BXOJl MPUEMHHKA MOCTYIMAET JIOTUUYECKUN HOJIb JOJIbIIe, YeM BpeMs Iepeaaydu
IIOJTHOTO CUMBOJIA (TIOJIHOE BPEMsI = CTapTOBasi MOChUIKA + OUTHI JAHHBIX + OUT YETHOCTH
+ cTOI OUTHI ).

D5 - Peructp xpanenus nepegaTduka nyct. Eciu 3ToT Out yctaHoBieH B 1, To
MO>KHO 3alMChIBaTh OYEPETHON OAWT JUIsl MepeaadH.

D6 - Peructp casura nepenatynka mycT. Eciau 3ToT OUT ycTaHOBIEeH B 1, TO 3HAYUT
UART nepenan B kaHan TOCTEAHNM, 3aITMCAHHBIA B HETO, OANT JaHHBIX.

D7 - He ucnons3yercs.

Peructp cocrostaus monema (3FE/2FE +6 rd)

OTOT perucTp Mo3BOJISIET MPOrPaAMME ONPEETUTh COCTOSIHUE YIPABJISIONIUX CUTHA-
J0B TIepenaBaemMbix MojieMoM k COM mopry.

DO - Ecnu pasen 1, To nuuua CTS u3MeHusna coctosiHue.

D1 - Ecnu pasen 1, To nunusa DSR u3zmenuia coctosiHue.

D2 - Ecnu paseH 1, To nunusa Rl u3MmeHusa coctosiHue.

D3 - Ecnu pasen 1, To nmuaua DSD u3menuna coctosiHue.

D4 - Texymee coctosinue nuaun CTS.

D5 - Tekymee coctosiane nuanun DSR.

D6 - Texymee coctossaue muann Rl .

D7 - Texymee cocrosiaue nuaun DCD.

buter DO - D3 cOpachiBaroTCs IMOCIE UTEHUST PETUCTPa COCTOSHUS MOJEMa.

[Ipumeuanue.

B pexume nueiida (ycranopnen B 1 6ut D4  peructpa ympaBieHHS MOJIEMOM)
BHyTpu UART opranuzyercsi BHyTpeHHHM 1I1ei( (BBIXOABI COSTUHSIIOTCS CO BXOJaMH):

- BBIXO/]I TIepeIaTurKa MEePEeBOUTCS B COCTOSIHUE JIOTUYECKOH 1;

- BXOJl MPUEMHHUKA OTKJIIOYAETCS OT IEMU MIYIIeH OT mpeoOpa3oBaTesisi yPOBHS U
MOJIKJTFOYAETCsI K BBIXOJy CIBUTAIOIIIETO PETHCTpa MepeIaTunKa;

- Bxoael DSR,CTS,RlI u DCD oTkimto4aroTcs OT BXOAHBIX JIMHHM W BHYTPEHHE
ynpasisitoTes outamu DTR,RTS,0OUT1 u OUTZ;

- BBIXO/IbI YIIPABJICHUSI MOJAEMOM MEPEBOATCS B BBIKII. cocTosiHuE ( Jior 0).

[lepenannbpie JaHHBIE B TOCIEAOBATEIbHOM BHUAE Cpa3y IMOCTYMAIOT Ha BXOJA
npreMHUKA. Tako peKUM TO3BOJIIET POBEPUTH pabOTy MUKPOCXEMBI M1 00pabOTKY mpe-
PBIBAHUMU.

Hannure COM nopToB MX KOJUYECTBO U aJpeca, o KOTOPbIM OHU PACIOJIOKEHbI,
MOKHO YBHUJCTh B TaOJUIlE, KOTOpas BEIBOAUTCS Ha SKpPaH KOMIIBIOTEpa B CAaMOM Hadajie
3arpy3Kd CHUCTEMBI.

B mocnenneit paspadorke mukpocxembl UART (Intel 16550A) HazHaueHue yrnpaBIisiOInX

out aHajgornyHo mukpocxeme Intel8250, HO ¢ HEKOTOPHIMH JOMOJHEHHUSIMHU, KOTOPBIC B
JaHHOW paboTe He paccMarTpuBarOTCs. CXeMbl U3MEPEHHUS BBIXOIHBIX COMPOTHBICHHM
MIPEICTABIICHBI HA PUCYHKE 8.
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JKBHBAJICHTHAS CXCMa BBIXOIHOI DKBHMBAJICHTHASI CXEMa BBINOIHOII
LHCTIH Ha X0J10CTOM X0ay uenu nmpu padoTe HA HATPY3KY

Pucynok — 8 CxeMbl u3MepeHusi BBIXOHBIX COPOTUBIICHUN
Tabnuna anbTepHATUBHOW KOJIUPOBKHU

B Tabnuie npuBOAMTCS aNbTEPHATUBHBIA BapHaHTa KOJMPOBKH, MOJYyYHUBIIHMA
HauOosbinee pacnpoctpanenne B Poccum [10]. Ilox xoawpoBKo#t 31ech HOHUMAETCS
OJIHO3HauHOE cooTBeTCTBUs umucen (0-255) u rpaguyeckux, ynpaBiSiONIMX CUMBOJIOB.
OTa KOAUPOBKA SIBISAETCS OJHOPErUCTPOBOM. KakIoMy CHMBOJIy COOTBETCTBYET BOCH-
MUpa3psIHOe JBOMYHOE yucio. KogoByro TaOnMIly MOXKHO MPEACTABUTH COCTOSALIEH U3

nByX moJyioBuH. [lepBas momoBuHa ¢ komamu ot 0-127 perimamMeHTHpOBaHA CTaHIAPTOM
Ha xoxbl ASCII.
B HyneBOM M MepBOM CTOJIOIAX PACTIONOKEHBI YIIPABIISIIONIME CUMBOJIBI (TIEPEBO/T

CTPOKH, BO3BpAT KapEeTKH, 3ByKOBOW CHUTHAT H.T.A. ), @ B 2-7 CTOJOIAX PaCHOJIOKECHBI
uudpsr ot 0-9, OykBbI JaTUHCKOTrO andaBUTa U CHEUHATbHBIC 3HAKU (TOUKH, 3aIAThIC
u.1.1). Ha mo3unmu 20h (BTopoii cToiber, HyjaeBas CTPOKa) PAacCIONONKEH CHMBOJI BBI3bI-
BaIOLIUNA MPOOe.

Bropas nosioBuHa CUMBOJIOB ¢ KogaMu OT 128 1o 255 ucnonb3yercs miis pa3Mmele-
HUSI CHMBOJIOB IICEBAOTPAPUKU U HAIIMOHAIBHOTO alihaBUTA.

OTOT BapHaHT COXPAHSET PACIOJIOKEHHUE CHMBOJIOB TICEBIOTPA(PUKKA HA TOM XKe
mecte (crosousl B,C,D), uro u 3nakorenepatop ¢upmsl IBM , onHako cHMBOJIBI KUPUII-
JuIel (pycckue OYKBBI) He 00pa3yroT HENPEPHIBHBIA MAaCCHUB.

ToT ¢akT, 4TO CUMBOJIBI TIceBAOTPAQUKU MPU ATBTEPHATUBHOM KOJIUPOBKE KO-
PYIOTCSl TaK K€, Kak U B CTaHAapTHOM 3HakoreHeparope ¢upmsl IBM nmeer Oosnbiioe
3HauYeHHEe. DTO NMO3BONISIET 0€3 UCKaXKeHU HaOmoaaTh Ha dkpane PC (1M npu pacrneyarke
Ha Oymare) TEKCTHI (IPOTPpaMMbl) B KOTOPBIX UCIIOJIB3YIOTCSI CHMBOJIBI TICEBAOTPAPUKY HE
3aBUCHMO OT TOTO HCIOJb3yeTcs Ju crannaptHas |IBM wnm anbTepHaTvBHAs KOAMPOBKA
( Ipu 3TOM HE JTOJDKHBI UCTIOJIB30BATHCSI CUMBOJIBI pacnonoxkenubie 8,9,A E,F cronbiax).
B mameit ctpane paHbllie UCTIOIB30BAIMCH PA3IMYHbIC BAPUAHTHI KOAUPOBKH CTOJIOIIOB
8-F (rocToBckwii, MUHCKHIA H. T. II.).
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Bo Bcex 3TuX KOIMPOBKAX CTOJOIBI ¢ TIceBAOTadUKOM pacroiaraiuch HHa4Ye YeM B
koaupoBke |IBM. Takoe HecooTBeTCTBHE MPAKTUYECKU 3aTPYAHSAET OHKCIUTyaTallUIO pas-
HOOOpA3HOTO IMPOrpaMHOro oOecreyeHusl (U YTEHUE TEKCTOB) 3apyOe€KHOIO IMPOU3BO/I-
CTBa, HcHoJb3ytoulero ncesaorpaguxky. B 1989 rony anprepHaTuBHas Tabiuua Oblia
npunsta ¢pupmoii IBM B xadectBe crangapra ans Coerckoro Coro3a ( a Tenepb U s
Poccun).

YtoObl 10 Tabiuie ObUIO JIETKO OMPEACIUTh KOJI CUMBOJA, CBEPXY M Cle€Ba K
TabJIMIle TOJAPUCOBAHBI CTOJOMKH C HIECTHAAATepUIHBIMU yrciamu oT 0 1o F , koTopsie
OTIPEEIISAI0T HOMEpP CTOJI0LA U HOMEP CTPOKH.

Tax nHanpumep OykBa @ pacnonoxena B 9 crosnbue u 4 cTpoke (CUET UIET C
Hys1). 3Haunt e€ kox Oyzaer 94h. Byksa h ykaspiBaer, 4To YMCllO 3amKcaHO B IIECTHA-
nmarepuyHoi cucreme. Kog OykBel N Oymer 4Eh. Kox ympasmsiromiero cumBoma mpu
npueme kotoporo PC n3macT KOpoTkuit 3BykoBoit curaan pasen 07h.

Tabnuma cOOTBETCTBUSL JACCSITUYHBIX, IIECTHAAIATCPUYHBIX W JBOWYHBIX UHCEIN
npejcTaBiieHa B Tabnuile 4.

JlecsiT. 1eCTH. JIBOHUHOE ~

0 0 0000 Jlna nepeBosia JABYXpaspsaaHOro MECTHAIATEPHTHOIO

1 1 0001 qHclia B JIBOMTHOE. HAJI0 KKl pasps] NpecTaBuTh B

5 5 0010 BH/1€ JIBOMUHOI'O YHCIIA.

3 3 0011 Hanpumep uncno E3h = 11100011b

4 4 0100 e Bt

5 5 0101 E 3

6 6 0110 queno C5h = 11000101b

7 7 0111 H—)\—Y—)

8 8 1000 c 5

9 9 1001
10 A 1010 Evkea h B koHIe uHcna yKa3elBaeT, UTO THCIO
11 B 1011 mectHaaTepuuHoehexadecimal). a Gyksa b, uto uncio
12 c 1100 aponvuHoe (binary). Eciam B KOHIE UHeIa HE CTOHT HHKAKOI
13 D 1101 OVKBBI. TO 3TO JIecATHYHOE YHCI0. ECIn XOTAT NouepKHYTh
14 E 1110 UTO YHEIO AecATHuHoe. To cTapaT OyvkBy d (decimal).
15 F 1111 Henonesyiotest B apyrie crnocoObl VKaszaHus THIA 1HCTIa

Tabnuna 4 - Tabauiia COOTBETCTBUSL JACCATUYHBIX, IECTHAAIIATEPUYHBIX U
IBOUYHBIX YHCEII

68



CIIMCOK UCTIOJIB3YEMbIX UCTOYHHMKOB

1. Mapuenko, M. B. Cuctembl JOKYMEHTAJILHOM 3JIEKTPOCBSA3U: Y4eOHOE MocoOue 1o
mucuuinmmae. — YibsaHoBek: Yl TV, 2007. — 90 c¢. ISBN 978-5-9795-0085-0.

3. AsneeB B.A. [lepudepuiinbie ycTpoicTBa: HHTEPHENUCH, CXeMOTEXHUKA, MTPOTPaMMHU-
poBanue. — M.: [IMK Ilpecc, 2009. — 848 c.: ui.

4. lysanos B.II. Ilepenaua nuckpeTHbix coobmienuit M Paano u cBsa3p 1990.

5. EmennsnoB I'.A. IlIBapuman B.O. Ilepemnaua mauckpernoit nadopmanuu M Panuo u
cBsi3b 1990.

6. [lpuxnagnas reopust unpopmanuu. Jmurpues B. U. - M.: Boicias mkona, 1984.

7. OcHOBBI Tepenaydl AUCKPETHBIX coolmieHuit: YueOnuk st By3os/ FO.I1.Kynukos,
B.M.ITymkun, I'.1.CkBop1ioB u ap.: [lox penakuueit B.M.ITymkuna.-M.: Paguo u cBsi3b,
1992.

8. Ilepenaua muckpernbix coobmienuii. [lon penakuueit B.I1.IlyBanosa. [c. 49 - 54; c.
245 - 297] -M..:Paguo u cBs3b,-1990-464 C.:ui1.-

9. Teopust mepemgaun JUCKpeTHOW uWHGoOpManyK: YueOHUK i By30B cBs3u. [lIBapiiman
B.O., EmenpsaoB I A. - M.:CBs13b, 1979.-424 c., ui. ¢ 150 - 172.

10. Cunxponnsie cetu nepefaun ganHbix./ B.O. IlIBapuman, H.H.Etpyxus,
M.A.Kapnuuckuii u np.: [lox pen B.O. [lIBapumana.-M.:Paguo u cBs3b, 1988.-256¢.: uin.
ISBN 5-256-00109-4.

69



