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V, npumet okoHuatenbHbli Buf: V, =V, + AV, +K1-(V,-K2-V,). Mocnearee
ypaBHeHWe SIBRSIETCA MaTeMaTU4eckoli MOAenbio PACCMOTPEHHOTO Bhillie pery-
NRTOPa CKOPOCTYU U NO3BOMAET ONPEAENUTh HEM3BECTHBIA NapameTp K2:

V, -V, -4V, -K1-V,

V, =V, + AV, +K1-V,-K1.K2-V, & -K2= KT,

V, +AV, +K1-V, -V,
K1V,

K2=

OyeBUAHO, YTO B YCTAHOBUBLLEMCSI PeXuMe [JOMMKHO BbIMOMHATLCS paBeH-
crBo V, =V,. Mcxoas us 3100, ypaeHeHue Ansi onpesieneHns napameTpa K2
npumMeT BuA:

K1V, KLV, K1V, KI  KI| V

2=Vt AV tKIV-V,_ V., | AV, Lw;[ﬁﬂ_@
3 3

3 npuBeaeHHOro BhIpaXEHUA creayeT, YTo B cxemy perynsitopa Tpebyer-
Csl BBECTU [OMNONHUTENbHbIE 3BEHbS, KOTOpble Obl obecrneynsany asToMaTuye-
CKyl0 MepecTpoiiky koaddumeHTa obpaTHoi cBsasmn K2 B 3aBUCUMOCTY OT Te-
KYLUMX 3Ha4eHUIn 3aiaHHON W Ha4YanbHOW CKOPOCTEN, @ Taioke BO3MYLLAIOLEro
BO3AECTBUS, B COOTBETCTBMM C MNOnyyYeHHol opmynoit. Ha puc. 2.7 npea-
cTaBneHa COOTBETCTBYIOWAA CTPYKTypHasi cxeMa 6rnoka aBToMaThveckon Ha-
cTpolikn koadduuneHTa obpaTHol cesisn K2 (6noka K2), coaepxallero cne-
AytoLine 3BeHbs:

- ABa yMHOXWUTENs Y1 v Y2, peanusyiowye QYHKUMN YMHOXEHNS ABYX CUr-
Hanos,;

- 6nok YC, peanusytolnit (yHKLMIO BbIYATaHNA CUTHANOB,

- 6nok CM, peanusytowuii oyHKLMIO CYMMUPOBaHWs ABYX CUrHasos;

- pBa Bnoka y=1/x, peanuayowme dyHKLWM nonyHeHus obpaTtHon Benu-
YMHbI cUrHana (NpYmeHeHbl 13-3a OTCYTCTBUAA B KOMMLIOTEPHOW Nporpamme no
MoAenvpoBaHuio yctpocts CAY genuteneii 4ByX CIrHanos);

- Brok resepaTopa CTyneH4aTon dyHkmn F=1;

- Griok reHepaTopa CTyneHyaTon dyrkumumn F =K7.

vi
V,+AV, V. 4 v,
X

x|

y:

Bnok K2

&

Puc. 2.7. CTpykTypHas cxema 6noka aBTomMaTn4eckoit HacTpoliku koadduuneHTa
obparHoii ceasn K2

Kak BuHO 13 cxembl Ha puUC. 2.7, yMHOXUTENb Y1 peanuayeT onepauyio:

1 V, +AV, 1 |V, +AV,
V +AV)).—; 6nok YC: —“——2-1; yMHOXMUTEMb Y2: — .| HA—ue.1];
e o s

V,+4V,
V.

3

6110k CM: ——. 1l+1=K2.
K1

Takum 06pa3omM, COCTaB ¥ NapaMeTpbl 3BEHbEB CTPYKTYPHOMN CXeMbl peryss-
Topa CKOPOCTU HaMu onpegeneHbl NOMHOCTLIO, B TOM YUCNE BXOAHBIE U BbIXOA-
Hble CUrHanbl KaXaoro 3BeHa.

UccnedosaHue CUHME3UPOBaHHOZ0 Pe2ynsimopa ckopocmu

Ha ocHoBe CTPYKTYpHbIX CXem YCTPOWCTB W OrOKOB, NpUBEAEHHbIX Ha
puc. 2.2-2.7, COCTaBUTb, UCNOMb3ysi NTabopaToOPHYO KOMMbIOTEPHYIO NPOrpaMMy
no mMogenupoeanuio yctpoiicts CAY — SamSim, CTPYKTYPHYIO CXeMy CUCTEMbI
aBTOMAaTUYECKOrO PerynupoBaHns CKopocTu ABMXKYLIErocs obbekra. O3HaKkoM-
neHne ¢ NpuHLmMnamm nocTpoeHna CTPYKTypHuIX cxem CAP v 3agaHuem napa-
METPOB TUMOBbLIX 3BEHLEB C MOMOLLbIO KOMMbIOTEpPHOW nporpammbl SamSim
OCYLUECTBISETCA B NPOLIECCE BbINOMHEHUS NPaKTU4eckuX 1 nabopaTopHbIX pa-
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6oT. Kpatkoe onucaHve paboTbl ¢ gaHHoW nporpammolt SamSim npusejeHo
HiKe.

VameHss 3HaueHUs1 NOCTOSsIHHbLIX BpeMeHn T1 1 T2 B COOTBETCTBUY C 3aja-
HVieM, MOXHO MONYYUTL rpachnkv USMEHEHUS CKOPOCTM U BbIBECTU UX Ha neva-
Tawlee YCTPOMCTBO Tak e, Kak U CTPYKTYPHYIo cxemy paspabotaHHoi CAP
cKoOpoCTU. [ANUTEeNbHCCTL BPEMEHW MOAENMPOBaHUA AOMKHa 3aAaBaTbCsl pas-
HOVi He MeHee YeM TpeM nepuoaam Bo3MyLaioLLero Bo3aencTemns (3T,).

PeSyﬂbTaTbl nccneaoBaHuil ¢ HeoBXo0AUMBIMU MOSICHEHUAMM NMpUBOAATCA B
MOAAICHUTENbHO 3anuncke.

Kpamkoe onucaxue pabomsi ¢ kKomnblomepHol npozpammoli
modenuposaHnusi ycmpolicme CAY — SamSim

3anyck nporpammbl OCYLLECTBNSAETCS C NOMOLLbIO [ABOWHOrO Lienyka nesow
KHOMKY MbILUY Ha Sipnbike, NPeACTaBIeHHOM Ha puc. 2.8.

B pesynbTate AaHHOro AeVCTBUA Ha dkpaHe MoHUTOpa nosiBnsieTcs paboyee
OKHO nporpammbl SamSim, npeacTasneHHoe Ha puc. 2.9.

SamSim

Puc. 2.8. Bug apnbika

D S

Puc. 2.9. pabouee okHo nporpammel SamSim

Pabouee OkHO nporpammbl SamSim COCTOWT, rnaBHbiM OGpa3oM, U3 pe-
dakmopa — obnacTty, B KOTOPOA HEMOCPEACTBEHHO OCYLLECTBASETCS NOCTPOe-
Hue CTpykTypHolt cxembl CAY; paGoyeli obnactv 6ubsuomeku — obnacTtyi, B
KOTOPOW NPOU3BOAUTCS BbIGOP BUBNMOTEK PasnuyHOro poaa 3J1EMEHTOB CTPYK-
TypHbIX cxem CAY, a Taioke ropu3oHTarnbHOV 1 BepTUKaNbHOM NOMoC MpoKpy-
TOK, FMABHOTO KOMaHAHOrO MEHIO U MaHemnu UHCTPYMEHTOB.

QO6nactb pedakmop nporpaMmMbi NMOCTPOeHa NO MaTPUYHOMY crocoby ¢ ro-
PU3OHTaNLHOWM 1 BEPTUKANbHOK CUCTEMO HyMepaLmmn sueek. B kaxayro suenky
peaaktopa MOXeT ObiTh MOMELLEH TOMbKO OZAUH ANEMEHT CTPYKTYPHOU CXeMbl
CAY: anemeHT coefuHeHus (Npoctoe coeAuHeHne, CoeauHeHne C NoBopoTOM,
pasBeTBneHne, CyMMaTop, 3feMEHT BbIMUTaHUA, YMHOXUTENb); UCTOYHWK CUT-
Hana (cvHycoupanbHbIA CUrHamn, CTyneH4yatblih, MeaHap W T. MN.); NMUHEHbI
3NEeMeHT (NPonopUMoHanbHOe 3BeHO, UHTErpupyroLLiee 3BeHO, 3BEHO 3aAepXKu,
anepuyoanyeckoe 3BeHO U T. M.), HErIMHENHbIA 3NeMeHT (orpaHuynTenb, ane-
MEHT HeUyBCTBUTENbHOCTY 1 T. M.); ANEMEHT, peanusyioLuin npeobpasosaHue
curHana B COOTBETCTBUM C HEKOTOPOW (hyHKLMEN (Bo3BeeHne B KBagpaT, 06-
patHoe npecbpa3oBaHyie, B3STUE CUHYCA WU KOCUHYCa U T. M.).

MometleHne kakoro-nmbo anemeHTa cxembl B obnactb pedakmopa ocylie-
cTenseTcs cneaylowmm obpasom. U3 crmcka 6ubnuomeku Bbibupaetcs 6v6-
nuoTeka, cogepailas faHHblii anemeHT. Mpyu atom B obnactu bubnuomeku
nosiBNSIOTCS yCrnoBHble (rpacuyeckne) o6o3HaueHns INeMeHToB, BXOAsLMeE B
cocTaB AaHHoii 6ubnuoTteku anemeHToB. Ha puc. 2.10 npeacraeneHa 6ubnuo-
Teka NMHenHbIX anemeHToB CAY.
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Puc. 2.10. YcnoeHele (rpad ) 3NEeMEeHTOB, BXOAALLME B
cocraB BUbNUOTEKN 3fIEMEHTOB
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BbiGpaHHblii M3 nosiBuBLUIEICSi BUBNMOTEKM SNEeMeHT Npu HaxaTol SieBoW
KNaBuMLLIK MbILLIK repeHocuTes B Niobyio cBoboaHyio sveliky obnactv pedakmop.
Mpu aTOM B fIeBOM BEpPXHEM Yriy NepeHeceHHOro afieMeHTa NosIBNAeTCs 3Ha-
Yok {chmone'roaoro yseta (cM. puc. 2.10), ykasbiBarowmii Ha HeoBxoaUMOCTb
3aiaHuA NapaMeTpOB [JaHHOTO 3fieMeHTa.

3afaHne napamMeTpoB 3fieMeHTa OCYLECTBAETCA HaXaTheM Ha AaHHOM
3nemMeHTe NPaBoi KHOMKW MbILLK 1 BbIGOPOM B BCMMbIBaIOLLEM AVANOrOBOM OK-
He (cMm. puc. 2.10) komaHpbl [Tapamemps! anemesma. [inanorosoe okHo 3ada-
Hue napamempos aniemMeHma ANA PasnuuHbIX 3NeMEHTOB MOXEeT OTInYaThCs
4YMCNOM U HassaHuem napameTpos. locne 3ajaHus napameTpoB arieMeHTa u
Haxatns knasuwm [TpuHAmMb QWanoroBoe okHo 3adaHue napamempos 3fe-
MeHma 3akpblBaeTcs, a 3Ha4YokK {:} C U306paxeHns anemMeHTa ucyesaeT.

CrnepyeT OTMETWTb, YTO C MOMOLLbIO KOMaHZ, BCMIbIBAIOLLEro AUanorosBoro
okHa (cM. puc. 2.10), NOsBRAIOWErocs NpK HaXKaTUX NPaBON KHOMKWA MbIK Ha
BbIOPaHHOM 3nemeHTe CXeMbl, KpoMe 3afaHus napameTpoB dMemeHTa BO3-
MO>HO OCYLLECTBIEHNE CNEAYIOLWUX onepaLuii:

- yaaneHve (BbipesaHue) aHHOro afeMeHTa;

- KonupoBaHue (BCTaBKa) aneMeHTa C 3ajaHHbIMY napameTpamu;

- IOBOPOT 3rieMeHTa Mo YacoBOW WK MPOTUB YacOBOIA CTPENKX;

- YCTaHOBNEHVE KOHTPOMbHON TOUKM.

Mocne NOCTPoOeHUst CTPYKTYPHOI CXeMbl YCTPOICTBA NPOV3BOAUTCS €e Mpo-
Bepka Ha paboTocnoco6HoCTb. poBepka OCYLLECTBMSETCS C MOMOLLbIO Haxa-
TUA KHOMKA Vi

1

Ha NaHenu UHCTPYMEHTOB. B cnyyae oTcyTcTBUS OLUMGOK NPK MOCTPOEHUMN CXe-
Mbl, BblAaeTCs COOBLLEHVE — CXeMa KOpPeKmHa.
BbiBOg pesynbTatoB paGoThl CXEMbl OCYLLECTBSETCS C MOMOLLbIO HaXaTHs!

KHOMKK
3l

Ha naHenu WHCTpymeHTOoB. PesynbTaTbl paboTbl CXeMbl MOryT BbIBOAUTLCS B
Buae rpadukos v (Mnu) Tabnuubl.

CnepnyeT OTMETUTb, UYTO peaynbTaTbl paboTbl CXeMbl BLIBOAATCS OTHOCU-
TEeNbHO KOHTPOrbHbLIX ToueK. KOHTpOnbHas Touka ycTaHaBnMBaeTCs ABONHbLIM
Ha)kaTyeM JIEBOIN KHOMKA MbILUW Ha BbIOpaHHOM anemeHTe cxembl. [pu 3ToM Ha
hoHe un30BpadkeHusi BLIOPaHHOTO aNeMeHTa, B KayecTBe KOTOPOro MOryT Bbl-
CTynarth W pasnuyHble COeaMHEHUs, NOsIBASETCS UBeTHas uudpa, CoOTBETCT-
BYICLL2A HOMEPY KOHTPOMbHOW Touku. B cxeme MOXeT BbiTb YCTaHOBMEHO He-
CKOIbKO KOHTPOSbHbIX TOYek. Ha puc. 2.11 cxema coaepxuT 4Be KOHTPOMbHbIE
TouKH. TMpy 3aTOM BbIBOZ rpadukoB paboTsl CXxembl OTHOCUTENBHO KOHTPOITbHBLIX

18

TOYEK OCYLLECTBIISIETCA PasnnyHLIM LIBETOM, COOTBETCTBYIOLIMM UBETY Lucp
3TUX KOHTPONbHBIX TOYeK (puc. 2.11).

YpaneHue KOHTPONbHOM TOUKU OCYLLECTBNSETCA MOBTOPHbIM ABONHLIM Ha-
HaTvem NeBoV KHOMKU MbllUM Ha COOTBETCTBYIOLEM aniemMeHTe cxemsl. Mpun
3TOM U3MEHSIeTCSl HYMEpaLMs OCTaBLUKUXCA KOHTPOMbHbIX TOYEK.

Haxatuem kHonku i&i Ha rnaHenu UHCTPYMEHTOB OCYUIEeCTBIAETCA 3ajaHne
napameTpoB UHTErpupoBaHua Moaenu. anl 3TOM B NOABUBLLEMCSA AUanorosom
OKHe 3agaHue napameTpos BO3MOXHO 3aaHne HavyanbHoro 1 KOHe4HOro MoMeHTa
BPEMEHU VHTEerpupoBaHnA, LWwara NHTerpupoBaHng, Yncra Touek cueTa.
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Puc. 2.11. KoHTpoNnbHbIE TOUKM Ha Cxeme

BaxkHO Taioke NOMHWUTL 06 UMEIOLLMXCS HAacTpolKax nomnb3oBaTens, KoTopbie
0Ka3blBalOT CyLLECTBEHHOE BAUsHUE Ha paboTy nporpammbl U Ha yao6cTeO
aHanuaa pesynbTaTtoB pacyeta. Mpy BoiGope Bknaaku Hacmpodku — 1onb30-
eameisi IMaBHOrO KOMaHAHOro MEHI0 NOSIBMSIETCS ANanorosoe okHo Hacmpod-
KU nonb30eameris, NpeACcTaBNeHHoe Ha puc. 2.12.





image9.jpeg
ot Lot

e i NG |

, ot | g

e e

CEmmm o rmmre | R e |
Onees| [E=s] oevnf

Puc. 2.12

[laHHOE AMANOroBOE OKHO COABPXUT ABe BKnaaky. Bknaaka Bud u nosede-
HUE COAGPXMT HACTPOIIKK, ONPeAensIoLLME BbIBOA Pe3ynbTaTos paboThbi CXembl
W PacnonoxeHve MaBHbIX OKOH B Mporpamme. 1o OKOHYaHNM PacueTos pe-
3yMbTATH! MOAGAMPOBAHWS MOFYT BbiTh BLIBEAEHHI B BIAE rPAduKos, B BUAE
Tabnuubl WM B Buge rPacMKOB W Tabnuubl. Mpu STOM rpacuku NpuAaIoT
60nbLUYI0 HArNAAHOCTB NONYMEHHbIM pesynbTatam, a Tabnuua — Gonee TouHbIe
VX 3HaueHNs. [INs aHan3a i WICTIEHHOI OLieHKY PaBOTh! PErynsTopa CKOPOCTH
NPV PAANMYHEIX SHAYEHUSX MOCTORHHLIX BPEMeHH T1 U T2 peKoMeHayeTcst
ONb30BATLCS PEXUMOM [ DaghLK U mabuya.

Bknagka Memodb! COREPXUT HaCTPOKW, ONpeaensioLne MeToab Anudde-
PEHUVMPOBaHWS: 1 pelLeHs ANdepeHUMaNbHBIX YpaBHEHMii DIt MOJIenUpoBa-
HIAU PaBOTBI CXeMb.

B ocTanbHoM paBoTa nporpaMMbi SamSim aHanoruuHa padote Windows-
PUOXEHMiA.

3. SADAHME Ne 2. CHHTES W UCCNEJOBAHUE KOAEPA U
AEKOAEPA WHOOPMALIMKA

B npolecce BbinonHeHws 3aganits Ne 2 HeoGXoaumo:

- IOCTPOUTH 33aaHHbIit KOA AN NEPEABAEMOTO COOBLIGHNS,

- NPOUIBECT PaCHET KOPPEKTUPYIOLLIX CrIOCOGHOCTe! 31HHOTO KOAa;

- NPOMIBECTY CTPYKTYPHI CHHTE3 KOBVPYIOUETO YCTOViCTEa (KOAepa);

- NPOUMIBECTH CTPYKTYPHIl CHHTE3 ACKOAYPYIOLLIETO YCTPOViCTBE (AekoAepa);

- OCYWECTBHTL, UCTIONb3YS ABOPATOPHYIO KOMMBIOTEPHYIO MPOrpaMMy No
MOfIENMPOBAHMIO AVICKDETHBIX YCTPOACTB ABTOMATUKM, UCCTIEA0BAHME KOPPeK-
TUPYIOLLIMX CMIOCOBHOCTE/i CHHTEIUPOBAHHOTO ASKOASPA NP BBE/IGHUN 3aAaH-
HbIX HCKaXEHMIA KOAOBIX KOMBUHALIH;

20

VicxopHble fanHble:

1) Ans nepepaun 16-T BOSMOXHbIX COOBLIEHWI A NCMONb30BATL YETLIPE UH-
hOPMALMOHHBIX Pa3PAAa B KOAOBOV KOMBUHALIMM;

2) ABOMMHOE 4-X Pa3pPAHOe YICIIO, COOTBETCTBYIOWEE NEPeAaBaEMOMy Co-
0BLLEHMI0, KOTOPOE CReAyeT 3aKOAMPOBATb, NPEACTABNAET COBOV ABOWMHBIA
KO CyMMbI NEANOCHEAHE Ldpbl WDPa CTYACHTa 1 YMCNa WeCTb;

3) ANA KOAMPOBAHWS COOBLIEHWS MCTIONBIOBATH CREAyIOlE MIBHITOUHbIE
KAk, BEIGUPaEMsIe 110 CyMMe ABYX NOCHIEAHVX Lup Lndpa CTyaeHTa:
- MoaucNLMpOBaHHBIi kop Bayapa (cymma asyx wicp: 3, 5, 7, 11, 13, 17,
19);

© KO X3MMUHra (CyMMa ABYX LD — YETHOE YMCHO) — B BIAAE CEMUPaIpsf-
HOTO ABOWYHOIO YMCIa, €CTIM 0@ LPbI HEYETHbIE; U B BUAG BOCEMUPAIPSA-
HOrO, €CIin 06€ LMdpbl YeTHBIE YvCna;

- MHBEpCHBIVi KOA (CyMma AByX Lnchp: 1, 9, 15);

4) NPU UCCRE0BAHUV AEKOAEPa UCTIONLIOBATL CIIGAYIOLUNE MCKAXEHNS KO-
(AOBOI KOMBUHALWK:

- OAVHOUHER OLWINGKA B UHCOPMALIMOHHbIX PA3PAAAX;

- ORVHONHAS OLUMGKA B KOHTPOMNBHBIX PA3PAIAX;

- ABOVHAR OLIMGKA B UHBHOPMALIOHHbIX PA3PSAAX;

- ABOViHAR OWMEKA B KOHTPOMbHbIX PAIPAAAX;

- opMHOUHR OWWMGKA B UHBOPMALMOHHBIX Paspsifax MilC OAUHONHAs
OLIMGK B KOHTPOMSHBIX PaspRaaX;

- TPOViHaR OLLIMGKA B KOAOBOV KOMBMHALIMU.

Tpumeuan¥e. BbiGOp KOHKPETHLIX HCKAXAEMbIX PAIPAACE OCYLIECTBNIAETCH CTYACHTOM
o cRoemy ycmoTpeHHt.

Mo peaynsTaTam UCCNEAOBAHMS AEKOAVPYIOWIETO YCTPOVCTBA C UCTIONL30-
BaHmMeM NaGOPATOPHOV KOMNBIOTEPHO NPOrPaMMb! M0 MOAENMPOBAHUIO AVC-
KPETHBIX YCTPOVICTS ABTOMATKM CTYAGHT AOMKEH:

- aTh OLEHKY KOPPEKTUPYIOLLIVIM CrIOCOBHOCTSIM Pa3paBoTaHHOro AEKOAEPa;

- pesynbTaTHI UCCAIEAOBAHWIE NTPUBECTI B BUAE TABAMLILI,

- IPUBECTY KPATKME MORCHEHUS! N0 CMHTE3Y CTPYKTYPHBIX CXEM KOAGPa U Ae-
KoAepa, a Taloke pesynbTaThl PacHeTa KOPPEeKTUPYIOWIMX CIOCOBHOCTEN U CHH-
LIPOMOB 32/3aHHOFO KOA.
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MeTtoguueckue ykasaHus K 3agaHuio Ne 2
O6wue ceedeHusi

Mpouecc npeoBpasoBaHus cooblleHns, NnepesaBaemMoro rno KaHany cssiaun
CcpeAcTBamMu TerieMexaHukv, HasblBaetcsi koauposaHueM. [pouecc o6paTHoro
rnpeobpasoBaHus curHana Ha MpUemMHOl CTOpoHe B coobLleHue HasblBaeTcst
AexoauposaHueM. Kaxomy cooblyeHnio a0 npeobpasosaHust ero B COOTBETCT-
BYIOLLYIO KOZOBYIO KOMOGMHaLMIO B YCTPOWCTBE TeNeMexaHuKu COOTBETCTBYET
onpefeneHHoe [BOVMYHOE YACAO, COCTOsILLEe U3 N PaspsfoB (MCXOAHbIN ABO-
VYHBIA KOA), C MOMOLLBIO KOTOPOTO U UAEHTUMDULIMPYETCS TO UNu UHoe cooblue-
Hue. icxoaHblii n-pa3psaHbii ABOWYHDI KOZ NO3BONSIET XPaHUTL B NaMATH Te-
nemexaHu4yeckoro yctpoictea 2" pasnuuHbiX COOBLLEHWIA, TO ecTb ANs npea-
CTaBfIeHNsA COODLEHUI A MOXHO MCMOMNb3oBaTh BCE BO3MOXHble KOMOGMHaLMK
ABoMYHOro uucna. Ans npeacrasneHns N COoGLIEHWIA JOCTATOMHO UCMOMb30-
BaTb YUCIO [ABOUYHbLIX Pa3psA0B, paBHOE

n=Jlog,N [,

rae ]a[ — oGosHaueHme Grivkaiiiero Gonbluero Uenoro yucna.

Hanpuwmep, npu N=13: n=]|ogz13[ =3,7~4, TO €CTb [OCTATO4HO UMETb 4
paspsga. lpu 3TOM MakcuMmarnsHOe YMUCO BO3MOXHbLIX KOMOWHauui  4-
paspsiAHOro ABOWYHOrO YMcna CoCTaBnsieT 2% = 16. CnepoBatenbHo, 3 KOMGU-
HaLmu [BOMMHOrO YMCHa, PaBHble PasHOCTY MaKCUManbHOro YMCna BO3MOXHbIX
KOMBVHaLWMA 1 YMCna KCMONb3yeMbiX COOBLUEHUI, SBRSIOTCH NULLHAMU U He
UCTIONb3YIOTCH ANS NpeacTaBneHust coobieHnii. Kaxaor kombGuHauum sHave-
HWIA ABOWYHOTO YMCnia COOTBETCTBYET €ro AeCSATUYMbBIA OKBUBAMEHT, KOTOPbIi
onpefensieTcsl cneayoLmmM o6pasom.

[onycTM, Mbl UMEEM 1 - Pa3psAAHbIA UCXOAHBIE ABOUYHBIN KOA B BUAE KOM-
OVHaUMK Cneayrowmux NepemMmeHHbIX: X, i,..., Xy, X, FAe Kaxgas nepeMeHHas mo-
XKET MpUHUMaTL TORbKO ABa 3HauveHus: 0 unu 1. Kawapii paspsig 4BOUYHOTO
yucna uMeeT CBoi «Becy». Hynesomy 3HaueHuio noboii nepemeHHoR cooTeeT-
CTBYeT BEC, paBHbIii HYNio, @ eAUHUYHOMY 3HAYEHWUIO paspsja COOTBETCTBYeT
[EeCATUYHOe YMCNO, 3HaYEHVe KOTOPOro 3aBUCUT OT HOMEpa paspsaa W paBHO
2™, [lecATUUHbIN 3KBUBASIEHT ABOVMHOIO YMCMa PaBeH CyMMe BECOB BCEX pas-
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pspos. Tak, Hanpumep, 4-xX paspsaHoMy AsovyHomy yucny 1001 (cBepxy yka-
3aHbl HOMepa paspsiAoB ABOUYHOTO YUCNA) COOTBETCTBYET AECATUYHOE HWCHIO!
22+0+0+2°=8+1=9. Takum 06pa3oM, KKIOMY COOBLIEHIAO COOTBETCTBYET
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KOHKPETHOe [ecATUYHOe 4UCro, 3anucaHHoe B ABouvHoun copme. Crnenosa-
TenbHO, NPy nepeaaye rno KaHany cesian kakoro-nubo coobleHus, Tpebyetcs
6e3 uckaxeHUid nepeaaTb U NPaBUMbHO MPUHATL COOTBETCTBYIOWEE AAHHOMY
COOBLLEHNIO AECATUYHOE HKCHO, SBMAIOLLEECSA MO CBOEW CyTU MOPSAAKOBLIM HO-
MEPOM AaHHOTO COOBLLEHNS!, KOHKPETHOE CMbICIOBOE 3Ha4YeHWUe KOTOPOro Mog
3TUM HOMEPOM COAEPXUTCS B NepeyuHe COOBLLEHNIA.

KopuposaHue coobienus, koTopoe TpebyeTcs nepeaaTtb Mo kaHany CBA3w,
3aKnioYaeTca B TOM, YTO B KOAOBYIO KOMGUHaUWMIO, MOMVAMO N Pa3psgoB UCXOA4-
HOro kopja (Tak HasbiBaeMbiX WH(OPMALMOHHBIX Pa3psifoB), AOMOMHUTENLHO
onpeaeneHHbIM 06pa3oM BKIIOYAIOT 7 U3BLITOYHbIX (KOHTPONbHBIX) PaspsLos,
B pesynbTate 4ero nepejasaemMomy coobiueHunio 6yaeT COOTBETCTBOBaTb He
n-paspsgHasl kofoBasi KOMOUHALWA 3HAYEHWUIA UCXOLHOro ABOUMHOIO KOAa, a
(n+r)-paspagHoe ABOWYHOe uucrio. [lo6aBneHne KOHTPOMbHBIX PaspshoB B
MCXOAHYIO KOAOBYIO KOMOUHALMIO MO3BOMSET 3aLMTUTL MepejaBaemMoe coob-
LeHNe OT BO3MOXHbIX €ro WCKaXKeHWi B npoLecce nepeaauv u npuema aTom
KOJOBOI KOMOMHALMK, TaK KaK Mpu UCKaXeHun noGoro paspsifa UCXoaHoro Ko-
[la COOTBETCTBEHHO U3MEHSIETCS CyMMa BECOB €ro paspsifioB, a crieaoBartesb-
HO, 1 nopsiAKoBbIA Homep cooblenusi. KoguposaHue (fobasrneHne KOHTPOSb-
HbiX Pa3psoB) COOBLEHNS NO3BONSAET Ha MPUEMHOW CTOPOHE He TONbKO O6Ha-
PYXWTb UCKXKEHME NepefaBaemMoii komGuHaumm, HO Npy onpeaeneHHbIX YCno-
BUAX (B 32BUCMMOCTM OT MCMOSIb3YeMOro KoAa ¥ YMUCNa UCKaXKEHHBIX PaspsiAoB)
1 vcnpasuTb (BoccTaHoBUTL) ee. Mpolecc npeobpasoBaHnsi NPUHATON KOAOBOIA
KoMGUHaLMKU B UCXOAHYIO KOZOBYIO KOMBMHALMIO U eCTb CyTb AEKOAMPOBaHMS
(Bbigenenus coobwenns). [ins aTux uener COCTaBASIOTCSA onpeaeneHHbIM 06-
pasoM MPOBEPOYUHbIE COOTHOLIEHUA (TaK Ha3biBaeMble CUHAPOMbY) Mexay rne-
pPeMeHHbLIMU UHMDOPMALIMOHHBIX U KOHTPOSIbHBIX Pa3psaoB B BUAE aHanuTude-
cknx ¢popmyn Mo 4UCMY KOHTPOSbHbIX paspsigoB. [0 3HAYEHWIO CUHAPOMOB,
npeACTaBnsoLmUxX coboii ABOUYHOE UYMCIIO C YMACMOM PaspsgoB, PaBHbIX Yucny
NPOBEPOYHBIX COOTHOLUEHWI, NPY MOACTAHOBKE B KOTOPbIE 3HAYEHMUIA NPUHATBIX
paspsfoB KOAOBOW KOMGUHALMM MOXHO CyAuTb He TONbKO O XapakTepe ucka-
)KEHUS!, €CNIN OHO VIMEETCSi, HO U O HOMEpPEe KOHKPETHOro paspsifa, B KOTOPOM
NPOU3OLLNO WUCKaKEHWEe. PaccMOTpUM pasnuyHble Crocobbl KOAUPOBaHUS CO-
o6LeHnii (MHdopmaummn) 1 NPUHLMNB! UX AEKOAUPOBAHUA Ha KOHKPETHBIX Mpu-
Mepax.

Kogpl, nossonsiolue obHapyxuTh U UCNPaBUTh OWNGKN B KOAOBbLIX KOMOU-
Hauusix, Ha3bIBAIOTCA NOMEXO3AWMLLEHHLIMA UMW KOPPEKTUPYIOLMMU KOZaMu,
KOTOpbIE AENATCS Ha [Be rpynnbl: koAbl ¢ oGHapyXeHnem owmnboK v koasl ¢ 06-
HapyxXeHuem 1 ucnpasnervem owmnbok. Mpy Hanuuun k oWMBOK B NPUHSATOM
KOZIOBOW KOMGVHAUMK, NMOCNEAHNS OTNUYAETCA OT NepeaaHHon 3HaueHusMn k
repemMeHHbIX UMK, YTO OAHO U TO Xe, 3Ha4YeHVsMU kK pa3psaos. MuHumanbHoe

23





image11.jpeg
yncro d 3MeMeHTOB, B KOTOPbIX OAHA KOAOBas KOMOMHALMA ABOUMHOrO Koga
oTnMYaeTcs oT Apyrov (Mo BCem napam KOLOBbIX KOMBWHaLWIA) HasblBaeTcs Ko-
[OBbIM PacCTOSIHAEM [JAHHOro koAa. B rnomexosalumiyeHHbIX Kogax, no3Bo-
NAOWMX 0BHapYyXMTb haKT WCKKEHUS MPUHUMEEMbIX KOAOBbIX KOMBUHaLMiA
npu Hanuuum kK 1 meHee moBbIX OLIMOOK, KOL0BOE PaccTosHUE Mexay BCcemu
napamu VUCronb3yembiX (BXOASLUUX B YNCTO paspeLleHHblX) KOaoBbIX KOMOUHa-
UM AOMmKHO BbiTh Ha 1 Bornblue Yncna owmnbok, To ecTk: d 2k +1. OueBuaHo,
YTO B 3TOM Cyyae UCKaKeHHas kofosasi koMbuHauuma (Bxoaslas B cocTas 3a-
npeLyeHHbIX A4S 1Cronb3oBaHNa KoMBuHauwmid) Byaet oTnuuatbest OT nitoGon
paspeLueHHOi KoZoBOl KoMBUHaLmMmn xoTs Bbl B ogHOM paspsge, u 6naroaapsi
3TOMy OBGHapyXuBaTbCs. MMO3ITOMY MPUHLMI OBHapYXeHUs OLIMOOK npu AeKo-
AVPOBaHUM 3aKIIOYaEeTCsl B MPOBEPKE MUHVMAMNbHOMO KOAOBOMO PacCTOsHUA
d_,, NPUHSATON KOAOBOW KOMGMHAUMM MO OTHOLUEHWIO K PaspeleHHbIM, OHO
[OMKHO BbiTb HE MEHEEe KOZOBOTO PACCTOSHUA Pa3pelleHHbIX KOMBUHauwi:
d,., Nd. Koposoe paccTosHue mexay AByMs MioObiMy KoMEUHaLMsMMA nierko
onpepensieTcs nyTeM MoAcyeTa Yucna eavHuL, nonyyaembiX Mnpu CroXeHUu
3TVX KOMBUHALWIA MO Moaynio 2 (X, X X, + X, XX, = X, ® X,). Jonyctum, Heobxo-
AVIMO OrpefieniTb KOAOBOE PacCTOsHME ABYX KOMOVHALMA 3Ha4YeHW 4-X paspsa-
Horo koga, Hanpumep: 1001 n 0101. Mpouaseaem Ux nopaspsaHOE CroXeHne ro
moayrnio 2:

1001, , 1001, _ 0110 1001, _ 0100
o101 5701~ 0701~ * 7070~ 7000 "~ ' 100-

0100 1000 1100

1001©0101=

V13 nosy4eHHoro peaynbTaTa CroXeHUs cneayeT, YTo UCKOMOe YuCno eau-
HUL paBHO 2, To ecTb d =2. [lonycTM, YTO BCE KOMOMHaLMK C KOAOBbLIM YuC-
oM 2 # 6oriee OTHOCATCS K paspelleHHbiM KOMOUHALUMAM, HO B OAHOM U3 HUX
npv rnepeAade MpPoOU3OLLIIO WCKaXeHWe OAHOro paspsfa, Hanpumep, BMecTo
0101 Ha npuemHoii cTopoHe nonyyunu 0001. MpuMeHss K npedbiaywiemMy npu-
MEPY CNOXeHVe NO MOAYMIO 2, NOTyYnM:

=1000.

1001690001—1001 1001 _0110 1001 (13000

0001 " 0001 0001 1110
0000 1000 1000

CnepoBatenbHo, MpUHsATas Koaosas KOMBUHaLUsi MO OTHOLUEHWUIC K OfHO
13 paspelleHHbiX UMEEeT MUHWManbHOe KO4OBOE paccTosHue, paBHoe 1, »,
cneposarenbHO, OHa He MOXET OTHOCUTBCH K YKiCiy paspelleHHbiX KomOUHa-

24

Uwnit u siBnsieTcs owmnbouHo. OaHaKko ykasaTb HOMep paspsaa, rae npousoLna
owwnbka, 1 BOCCTAHOBUTL €ro NyTeM 3aMeHbl ero 3HauYeHUsi Ha NPOTUBOMOMOX-
HOE, NoMEex03alUTHbIe Kofbl He MOryT. [Inst 9TUX Lieneil cryXar KoppekTupyto-
L1e KOoApl, MO3BOMSIOLLME HE TONMbKO 0BHapyXUTb OLKOKY, HO U UCNpaBUTb (OT-
KoppexTpoBaTtb) ee. OCOBEHHOCTb KOLOBbLIX KOMGUHALMIA KOPPEKTUPYIOLEro
KoAa 3aKito4aeTcs B TOM, YTO B COCTaB paspelUeHHbIX KOMGUHALMUIA AOMKHbI
BXOAUTb JULWb Tak1e, KOTOpbie UMEIOT NO OTHOLUEHWIO APYr K APYry MUHUMAIb-
HO€E KOAOBOE paccTosHue He MeHee Yem (k+s+1), To ecTb:

3
d(k+s+1),
rAe S -4ucrno vcnpasnsemMblx oGOk,
Takum 0Bpazom, 4Tobbl OGHAPYXWUTL, @ 3aTeM UCTIPaBUTL EAUHWUYHYIO OLLNG-
Ky, HeoGxoaumo umeTk d. ., pasHoe 3. Hampumep, umeem [Be paspelueHHble

kopoBble komGuHaumu: 1001 1 0111. MNpounssesem nx CNoXeHWe Mo MOAYSIO 2:

1001 «41001 _0110, . 1001, _0110

X+ X

011 0111 0111 ~1000 1000

0110 1000 1110

+=1110,

OTKyA@ y3Haem, 4To oHu umetoT d, . =3. [lonycTum, rpu nepegave BTOPOIi
KoMOuHaumMK npousoluna owmbka B ee nepsoM paspsige. OCyLWecTsnss noove-
peaHoe CroxeHne no Moaynio 2 paspelleHHbIX KOMOUHaLUMIA ¢ NPUHATOA, Haxo-
AUM Ty, KOTOpas UMeeT ¢ rocneaHe MUHUManbHoe 3HaueHmne d :

1001, , 1001 _0110 . 1001, _0110

10 = Sbabiit & el

O1®010=4710" 5775~ 0710 ~ *Fo01" 7007~ 111
0110 1001 111

011100110= O x4 0111, 1000 0111, _0000, _ (00

0110 o110 0110 F 1007~ 0007
0000 0001 0001

7o ectb 011190110 = 0001. Hannune TONLKO OAHON €AUHULbI 8 MONYy4eHHOMN
CyMMe yKasblBaeT Ha TO, YTO MPUHATas KOAOBas KOMBUHALMS UcKaxeHa (pea-
nusyercs yHKLMA oBHapyxeHust omnbku), @ MECTOHaXOXAeH!e ee B NEPBOM
paspsfe ykasblBaeT, YTo B JaHHOM paspsifie NpousoLlna owmnbka u ero sHave-
HVe HeoOX0aMMO OTKOPPEKTUPOBATL MyTeM 3amMeHbl 3HaUYEHUst NEPBOTO paspsi-
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image12.jpeg
[ia NPUHSITON KOMBMHALMW Ha NPOTUBOMONOXHOE. B 3TOM Criydae cnoxeHue no
MOAYIHO 2 paspeLLeHHo KoMBuHaumn 0111 ¢ NpUHATO 1 OTKOPPEKTUPOBAHHOM
0111 gaeT uncno, COCTosLES U3 OAHUX HYNEBLIX Pa3paaos:

0111 011 = 1000 0111 _ 0000
0111 0111 0111 1000 ~ 0000
0000 0000 0000

0111®0111= +=0000.

M3 paccMOTPeHHbIX MPUMEPOB CeAYET, YTO NyTEeM CIOXKEHUA M0 MOAYNio 2
MPUHATON KOMBWHALMM C Pa3peLLeHHbIMUA MOXHO ONpeaenuTb ee UCTUHHOCTb
WK NOXHOCTb. [MepBas MMeeT MecTo, eCnv pesynbTaT COXEeHUs Hyrnesow, a
nocrneaHss, — ecnu xoTs 6bl B OAHOM 13 paspsaoB NONy4YeHHO! CyMMbl UMEeeT-
CSl eAVHUYHOE 3HaYeHve,

K uucny kofoB ¢ 0BHapy)KeHWEM OLUIMGOK OTHOCUTCS WHBEPCHbINA KOA (KOA
Bayapa), npeacTasnsioluit coboi pasHOBUAHOCTL KOfA C MOBTOPEHVEM, B KO-
TOPOM B KayecTBe KOHTPOMbHbIX Pa3psifioB MOBTOPSAIOTCA pa3psabl MCXOAHOM
Kopa, npu aToM oBLuee YMCNO PaspsiaoB MONYYEeHHO! KopoBoOWN KoMBUHAaLMK
ysenuuuBaetcsi Basoe. Koa bayapa otnuyaerca oT Koga ¢ NMoOBTOPEHUEM TeM,
YTO MY HEYETHON CyMMe EAVHWML B WCXOAHON KOMGMHauuu ee nposepoyHas
yacTb, coaepxaliasi KOHTPOsbHble paspsidbl, WHBEPTUPYETCS, a Mpu YeTHOW
CyMMe efIMHUL, — NPOBEpOYHas 4acTb KoAa C NMOBTOPEHNEM OCTaeTCs Hen3meH-
Hol. Hanpumep, vicxogHasa 3-x paspsigHas kopoeast komBuHauus 010 npu uc-
nonb3oBaHuA koga ¢ nosTopeHuem npeobpasyetcs K sugy 010 010, a npu uc-
nonb3oBaHuu kopa Bayapa vmeet Bug 010 101, Tak Kak ucxoaHas koposas
KOMBVHALWS COAEPXKUT HEYeTHOE YWUCMO efUHUL, W, CreaoBaTerbHO, Npose-
poyYHas 4acTb KoAa ¢ MOBTOPEHUEM (TPY MNAALWMUX KOHTPOSMbHbIX paspsaa) UH-
BepTupyetcs. Kog Bayspa nmeet cneayioLye xapakTepucTuku:

- U3BbLITOYHOCTb KoAa R, paBHas OTHOLUEHWIO YnCha I KOHTPOmbHBIX pa3psi-
[0B K obuwieit gnuHe (n+r) Koga, rae N -41cro paspsaos UCXOGHOro Koaa:

=r/(n+r)=3/6=0,5;

- MUHMManbHoe KoJoBoe paccTosHmne: dy, =2 npu n=2; dy;, =3 npu n=3;
don =4 Mipu n=4;

- uncno oBHapyxvBaeMbIx ownbok, k=d, ;. -1, cooTeeTcTBeHHo pasHo 1, 2
u 3. Mpn aTOM MOXET OBHapyXuBaThCsi Vi Gonbliee yucno ownbok. Tak, Ha-
npumep, npu N=2 MOXeT BbiTb 0GHapyXeHo A0 67 % ABOWHbLIX OWNGOK, & Npu
n=3 — o 80 % TPOHbLIX 1 YETBEPTHbIX OLUIMBOK 1 BCE MNATKA- U LIECTUKPATHbIE
oLneKu.
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PaccMoTpum NPUHLMN NOCTPOEHUSI MHBEPCHOrO KoAa. JonycTM, 4To uc-
XOAHbIV KOf coaepxuT N pa3paaos. MpoHymepyem paspsgel MHBEPCHOTO Koaa
cneayowmum o6pasom: K, K, 5,..., Ky, g, lrg,-.., Ty, TAE k 0BO3HAYEHE! pas-
PsAbl UCXOAHOTO Kofa (MHGOPMAaLMOHHOM l<|a|cm), a CUMBOSIOM [~ paspsifbl
KOHTPOMbHOM 4acTy MHBEPCHOro Kofa. Jlerko NpoBepuTs, YTO 3HauYeHue nGoro
J -T0 paspsiga KOHTPOMbHOA YacTu paBHO CyMMe MO MOAYNio 2 BCEX paspsaos
MH(OPMaUMOHHOM YacTu, 3a UCKINIOUEHNEM j -T0 ee paspsga:

r;=k, Ak, A Ak, Ak, +A. Ak, .
B cooTseTcTBUM C yKasaHHO! hopMynon Ans 8-Mu paspsiaHOro MHBEPCHOro
Kofa 3anuiliem BblpaXeHUs A OnpeaeneHvst 3HaYeHUin pPaspsioB €ro KOoH-
TPOMbHOI YacTu:

L=k, ®k @k, 1=k ®k,®k,, r,=k,®k &k, r,=k,®k Ok,. (3.1)

Mony4eHHble BbipaxeHus (3.1) ABnAOTCH yHKUMSMA anrebpbl Norvku
(®AN1), 3anucaHHble B aHanNUTUYeckoil (Popme, KOTOpbLIE SIBASIOTCS OCHOBOI
A7t CUHTe3a CXeMbl KOAMPYIOLLEero YCTPOMCTBa Ha COOTBETCTBYIOWMX fornye-
CKVX dNnemMeHTax.

[nsi cuHTE3a CXeMbl AeKOAUPYIOLLEro YCTPOWCTBA HEOBXOAMMO MOAYHYUTH
aHanoruyHble ®AJT Anst NPOBEPOYHbIX COOTHOLLIEHUIA (CUHAPOMA), C MOMOLLbIO
KOTOPbIX OCYWECTBASIeTCS OBHapyXeHue MNPUHATON C UCKaXeHUEM KOLOBOW
KOMOVHaLMW 1 BbigeneHne coobLieHUs B BULE KOAOBOW KOMGMHaLmu, nped-
CTaBrieHHOW B NCXOAHOM koge. Ecnun nesble 1 npasbie Y4acTyl KaXA0ro U3 YeTbi-
pex cooTHoweHuit (3.1), onpeaeneHHbIX ANs NPUHATOR KOAOBOW KOMGUHaLWK,
paBHbl, TO MOXHO YTBEpXAaTh, YTO MPUHATAs KoAoBas KOMGUHaUWS He UMeeT
UckaxeHuit. B pesynbTaTe ucxoaHas KOAOBas KOMOGWHAUWMS ronyvaeTcs npo-
CTbiM OTOpachbiBaHMEM KOHTPONbHOW YacTu kopa. OTcioAa BbiTEKAeT MpaBuio
cocrasneHus ®AJl Ana paspsAoB CUHAPOMa B BUAE CYMMbI MO MOAYMIO 2 re-
BOVI 1 NPaBOii YacTei cooTHoweHwi (3.1):

=1, @k, ®k,®k,, i,=r,®k,®k,®k,,
L=r,®k, Ok ®k, i,=r,®k, &k ®k,. B2)
OueBnaHo, YTO ANst NPUHATON Be3 NCKaKeHUs! KOJOBOW KOMBUHALMN 3Haue-
HYS BCEX YeTbipex paspsaos cuHapoma (3.2) AomkHbl ObiTe paBHbl 0, TO ecTb
Iy =i, =i,=i,=0, 4TO BbITEKAET W3 NpaBUNa COCTABMNEHUSI COOTHOLIEHUNA (3.1).
Ecnu xoTs 6bl 0AKH U3 pa3psfoB cuHapoma He paeeH 0, To kogoBasi KOMGKHa-
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image13.jpeg
LSt NpUHSITa ¢ oLmbKol. Hanuuue TONbKO OAHOrO HEeHYNeBoro paspsiga CuH-
ApoMa yKasbiBaeT Ha TO, YTO owwubka Npousolna B COOTBETCTBYIOLIEM KOH-
TPONbHOM paspsiAe KOAOBO komBuHaumu. Ecnu owmbka npovsowuna B k; pas-

psine UHOPMaLIMOHHOV YacTh KOJoBOI KOMBVHaLMK, TO BCE pa3psifibl CUHAPO-
Ma, cofepxalive AaHHbI MHAOPMaLMOHHLIN paspsa, kpome i, -ro, ByayT pas-
Hbl eauHuue. MposepoyHble cooTHolweHus (3.2) siensaloTcs QAT n cnyxar oc-
HOBOW ANsi CUHTE3a AeKOAMPYIOLLEro yCTporncTsa.

MoauduupmposaHHbiv koA Bayspa siBnsieTcst oAHON U3 Pa3HOBUMAHOCTEN KO-
a C rMoBTOPEHNEM U OTIHAETCS OT MOCNEAHEro TeM, YTO NPU HEYETHOM KO-
YecTBe €AVHUL, B CXOAHOM KOAE MHBEPTUPYIOTCS nep.ble (1 —1) paspsaabl KoH-
TPOMbHOM YaCcT UHBEPCHOTO KOAA, a NP YETHOM — TOMbKO NOCNeaHU paspsa
VHBEPCHOTO Koja. Tak, Hanpumep, Mpyu WCroNb3oBaHUWM BOCHMUPA3PSAHOrO
MoauduLMpoBaHHoro koga bayapa kofosas KoMBUHauusa Koaa ¢ MoBTOpPEeHeM
1011 1011 npeoBpasyetcs B koposylo kombGuHauuio 1011 0101, a koposas
kom6uHauus 1001 1001 — B kogoBylo kombBuHaumio 1001 1000. OcobeHHOCTb
3TOro Kofia 3aKknioyvaeTCs B TOM, YTO AaHHbIN KOA He umeeT KoMBuHauuii ¢ oa-
HUAMW HYNSIMU WMV e4UHALIAMU, YTO [AeT BO3MOXHOCTb NPOBepsATh KaHasn CBs-
3u. Kpome Toro, AaHHbIi KOA SBNAETCS CaMOCUHXPOHUSNPYIOLMMCS KOLOM, Mpu
KOTOPOM M0G0V LMKIUYECKUA CABUM €ro KOMBUHaLMN He NPUBOANT K NIOXHOMY
MOSIBMEHNIO paspeLleHHbIX koMmBuHauumii. MoauduumposaHHblii Kog Bayapa
VNIMEET T€ e XapaKTepUCTUKK, YTO Vi UHBEPCHBIN KOA:

- n3bbITOYHOCTL Koga: R=r/(n+r)=0,5;

- MUHManbHOe KOA0BOE paccTosiHue: d,, =4 npu n=4;

- yrcno oBHapywBaemblx ownbok: k=d;, -1,

- yncrio ucnpaensieMbix owmbok: s=1npu d,;, =3.

AHaNUTUYECKUE BLIPKEHUS [ANA ONPEAErneHUst 3HAYEHUA KOHTPOSbHbIX
pa3spsnoB KOAVPYIOLLMM YCTPOCTBOM MMEIOT BUA, aHamnormyHbii Ans WHBepc-
HOro KOAa 3a UCKMIoYeHeM Mnagulero paspaga. [ns 8-mv paspagHoro Moau-
duumposanHoro kopa bayapa (n=r =4) oHW NPUHAMAIOT CreAYIoWNA BUA;

r,=k,®k,®k,; r,=k;®k,®k, ,

3.3
=k, ®k ®ky, r;=k,®k ok, . @3

COOTBETCTBEHHO, aHAMUTUYECKUE BbIPAXEHUS ANsi ONPeAeneHuns SHaueHni
CUHAPOMa AEKOAVPYIOLVIM YCTPOMCTBOM UMEIOT BUZ
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ih=r, @k, @k, ®k,; iy=r,®k; @k, ®ky;
i,=r,@k, 0k ®ky; i,=r,®0k,0k ek,.

(3.4)

B crnyyae npaeunbHOro nprema kogoBOW KOMOMHALW, 3HAYEHUst PA3PAL0B
cuHApoma, cornacHo BbipaxeHusm (3.3) 1 (3.4), AOMKHBI UMETL creaytowme
sHaveHuns: iy =0; i, = iy=iy=0.

Hanuuve eaMHNYHBIX 3HAYEHWA CUHAPOMA, KaK Y1 B CNyYae NPUMEHEHNs NH-
BEPCHOro KoAa, CBUAETENLCTBYIOT O HanWuui OWUBOK: eAUHUYHOE 3HaueHue
TONbKO B OAHOM W3 PaspsfioB — OlwMbOKa B COOTBETCTBYIOLEM KOHTPOSbHOM
paspsge, KOTOpbIfi MPUCYTCTBYET B YpaBHEHUM paspsija C eAUHUNHLIM 3Haue-
HUEM; TPU €AUHUYHBIX 3HAUeHWst — oLumbka B COOTBETCTBYIOLWEM WHMDOPMALW-
OHHOM pa3psife, 3HaueHKe KOTOPOro He NPUCYTCTBYET B paspsiie CUHApOMa C
HyneBbIM 3HaYeHUeM; ABa UMK YeTbipe eAUHUYHBLIX 3HAYeHUN B CUHOpOMe —
owmbka B ABYX 1 Gonee paspsipax.

MoaunduuvposaHHbiii kog bayapa Hallen LWMpoKoe MPUMEHEHUE B YCTPON-
CTBaX ENe3HOAOPOXHOIM aBTOMAaTUKA 1 TenemexaHuki. Hanpumep, npu nepe-
fave nHgopmauun no kaHanam AJIC-EH B yctpoiicteax KMYB (komnnekcHoe
TIOKOMOTHBHOE YCTPOICTBO Ge3onacHocTy), a Takke B YHUULMPOBAHHOR MIK-
POMPOLLECCOPHOI crucTeMe aBToMaTyeckoii 6riokuposku AB-YE.

Hapsgy ¢ aTum, cpeau KOppeKTUPYIOWMX KOAOB HanGorbluee pacnpocTpa-
HeHMe Ha npakTvike uMeeT koa XaMmuHra. 3TOT Koj Mo3BONsSeT MUCnpasnsTh
BCe oAinHOuHbIe owmbku (Mpy 0, =3), a Taioke UCTIPaBIISATL BCE OAUHOUHbIE
OLWnGKN 1 0BHapyxmBaTb BCe fBOMHbLIE OWMBKU (Mpy d i =4), HO He vcnpas-
nATb UX. B kayecTse UcxoaHOro koaa GepyT ABOMUHBIN KOA Ha BCE COMETaHMWS C
YUCIIOM UH(OPMALUMOHHbBIX CUMBOMOB N, K KOTOPOMY A0GaBASHOT /' KOHTPOMb-
HbIX cuMBOSOB. CrieaoBatenbHo, oblas AnvHa 3aKoaupOBaHHON KOMGUHAaLMK
Oynet paBHa: M=n+r. PaccMOTPUM MOCMEAOBaTENbHOCTL KOAUPOBAHUA 1
[eKoavpoBaHNsa No XeMMUHTY.

Mpn nepegave KoAoBOW KOMGUHALMM NO KaHANy CBSI3N MOXET UCKA3UTLCS
noGoii U3 ee M CUMBOJIOB UMK He UCKasuTbes. CrieoBaTENbHO, 418 UCNPaB-
NEeHUst OAVNHOYHBIX OWMGOK AeKoAWpYIOLEee YCTPONCTBO C MOMOWbIO I KOH-
TPOMNbHbIX Pa3psaoB AOMXHO pacnosHaBaTb mM+1 cobbiTue, UYTO, OYEBUAHO,
MOXET BbiTb 06ecneyeHo Nnilb NpY BbIMOMHEHUN CIEAYIOLLEro HEPABEeHCTBA:

2'>2m+1=n+r+1. (3.5)

Mo dopmyne (3.5) MOXHO onpeaenuTs ANWHY Koaa Mpu 3afaHHOM uucne
MHDOPMALIMOHHbIX UM KOHTPOMbHLIX Pa3psAoB. [onycTyM, YTO Y1Cno uHdop-

29




image14.jpeg
MaLWOHHbIX pa3psfioB UCXOAHOTO koda pasHo 4. Ycnosue (3.5) BbinonHAETCs
npu r>3, Takkak 27 —r=23-3=5=n+1.

OCoBEHHOCTE NMOCTPOEHUA KoAa XAaMMUHIa 3aKNio4aeTcs B TOM, YTO KOMBU-
HaLwst 3HaYeHWi paspsaoB CUHAPOMa MpeacTasnseT coboi 4BOVYHbLIA Koa Ae-
CATUYHOrO YMCna, YKa3blBaiowero HoMep paspsaa KofoBol KOMOUHaLMK, B KO-
TOpOM MpousoLluna owwubka. [ns aToro YMcno paspsigoB cuHApPOMa AOMKHO
6biTh PaBHO YMCMY KOHTPOMbHbLIX Pas3pPsgoB, a Camu KOHTPOMbHbIE paspsabl
LOMKHbI PasMeLLaTbCA B KOJOBOW KOMBUHAUMU Ha MECTaX, KpaTHbIX CTeneHu 2,
TO €CTb Ha noauumsx 1, 2, 4 n 1. 4. ViHopMaumoHHbie paspsabl Npy 3ToM pac-
ronaralTcs Ha OCTaBLUMXCS Mo3vuusix. Hanpumep, npy ceMmpaspsiHoM Koae
XammuHra (n =4, r=3) kopoBas kombuHaums B obliem Buae 6yaeT BuIrMsAeTb
cnegyoum obpasom:

rn kg 1y K Ky Ky,

roe k,—craplmit (4€TBEpTbI) paspsa UCXOAHON KOJOBOM KOMOUHALMU ABONY-
HOro KoAa, NoAMexallero KoANPoBaHuio; K, —Mnajwui (nepsbii) paspaa.

3HaueHnsi KOHTPONbHbIX Pa3psfoB B KoAe XOMMUHra OnpeaensioTcs Koau-
PYyOLLMMM YCTPOICTBAMM NO CREAYIOLUM YPaBHEHNSM:

n=k,®kyek; r,=k,®k,ek; r,=k,®k,ek,. (3.6)

3HaveHus paspsiios CUHAPOMA KOAOBOM KOMGWHALMW AN ee AeKofupoBa-
HUST ONpeensiloTCcs No popMynam:

L=r®k,ek,ek; i,=r,®kokok; =r,®kek,ok,. 3.7)

Ecnu KomByHaLUus 3Ha4YeHWiA paspsaoB CUHAPOMA NPUHATON KOAOBOW KOM-
GuHauuu pasHa Hynio (i, =i, = iy =0), 3Ha4nT oHa npuHsTa 6es ownGoK, B NPo-

TUBHOM Crly4ae [EeCATUYHBIN SKBUBANEHT ABOWYHOTO KOAa CUHAPOMA iy i, iy pa-

BeH HOMepy paspsifa koga X3MMWHra, B KOTOPOM npousowina owwmbka. Ecnm
ownbka NMPOU3OAAET B KOHTPONbHOM paspsife, TO [ABOWYHBLIA KOf CUHApOMA
MpUMeT OAHO W3 cnegyioyx 3HaveHui: 100, 010 vnu 001, 4To COOTBETCTBYET
AECATUUHLIM ymcrnam 1, 2 1 4, TO eCTb HOMEpam KOHTPOMbHLIX paspsaos. [so-
VUHbIN KoZ X8MMUHTa C KOLL0BBIM paccTosiHuem d . =4 nonyvyaercs gobaesie-
HUEM K KOAY XIMMUHIa C KOAOBbIM PAcCTOsHUEM . =3 OAHOrO KOHTPOSIbHO-
ro paspsga fi, onpefenseMoro nyTeM CyMMUpOBaHUS Mo MOLymio 2 BCeX pas-
PSAOB UCXOAHOTO KoAa XaMMUHra:
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r,=n®nek,er,ek;ok,ek,. (3.8)

Mopacraerisis B BhipaxeHue (3.8) aHaueHus Ans Il Iy (BbipaxeHue 3.6),
nMeem:

r=k, @k, ®k &k, Ok, Ok Dk, ®k, Ok, Dk Dk, &k, Dk =k, ®k,©k,. (3.9)
CoO0TBETCTBEHHO, 3HauYeHne paspsaa iy CUHApoma byaeT paBHO:
i4=r4querz@k,‘@rseBkaekzekr (3.10)

Kop Xammuura (m=8,r =4) obHapyxwusaeT Bce 1, 2, 5 u 6-Tn KpaTHbie
owwibkun, 80 % 3-x 1 4-x KpaTHbIX oLWMBOK N Haubonee YacTo UCMOMb3yeTcs B
cucTemax nepegaun HhopMaLmm.

lMocmpoerue 3a0aHHo20 KoOa Onsi nepedasaemoz0 COOBUeHUSs

[HonyctiM, 4TO NOpAAKOBbLI HOMep cooblueHus, koTopoe TpebyeTca nepe-
AaTh Mo KaHany CBA3W, B COOTBETCTBUM C 3aAaHuem paseH 10, cneaoBaTenbsHo,
JABOUYHbBIVE KOA AAHHOrO Yicna JOMMKEH coAepxaTb A4Ba paspsaa c Becamn 8 u
2, TO ecTb 4-ii U 2-ii pa3psiAbl ABOMYHOIO KOAa ACMKHLI BbiTe paBHb! 1. B pe-
3ynbTare nony4aemM ABOUYHLIA NCXOAHBIN koA: 1010, KOTOPLIV NOANEXUT KOaU-
POBaHMIO 3aaHHbIM KOPPEKTUPYIOLLIMM KOAOM.

Mpu ncnonb3oBaHUM MHBEPCHOrO kofa (CyMMa ABYX NocnefHUX uudp wud-
pa ecTb, Hanpumep, HevyeTHoe uucno 15, pasnaraemoe Ha [Ba COMHOXUTENs 3
n 5) K ucxogHomy koay pobasnsiem 4-X paspsigHoe ABOWMHOE YUCII0, COCTOS-
LLiee 13 KOHTPOIbHbLIX Pa3psifoB U MOBTOPSIOLLEE UCXOAHYIO KOAOBYIO KOMOUHA-
LMo, TaK Kak B rocnefHeil coaepxurcst YeTHoe uucno eavuuy: 1010, Takum
oBpasom, 3akoanpoBaHHOe coobLLeHre NpUHUMaeT BUA 8-MU Pa3psaHOro ABo-
nuHoro yucna: 10101010, koTopoe HeobxoanMMO NepeaaTh Mo KaHany CBSA3W.

Mpu vcnonb3oBaHuy MopuduLMpoBaHHoro koga Bayspa (cymma asyx no-
cneaHux umdp wmndpa ectb, Hanpumep, HeveTHoe uucno 13, Hepasnaraemoe
Ha COMHOXMTENN) B MOSy4eHHOI! paHee KOA0BOA KOMBVHALN UHBEPCHOMO KOoAa
3HayeHve ee nocneaHero (MnagLero) paspsaa MeHsieM Ha NPOTUBOMNONOXHOE,
TaK Kak UCXOAHbIV KOA COAEPXMUT YeTHOoe uncno eauHul. B peaynsTarte nckomas
kofosast kombuHauusa npumet Bug: 10101011,

Mpun vcronb3osaHuy cemupaspsHoro koaa XaMmuHra (cymma aByx no-
crearnx uudp wudpa ectb, Hanpumep, YeTHoe Yucno 12 u obe undpbl — He-
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YeTHble Yncna 7 n 5) HeobXoAMMO ONpeaeniTb 3HAYEHUA KOHTPOMbHbLIX Paspsi-
[OB B COOTBETCTBUM C aHANUTAYECKUMU BblpaxeHusimu (3.6):

n=k,®k, ok =10000=1,
r,=k,®k,ok =191®0=0;
=k®kok=00100=1.

PykoBOACTBYSCh NPUHLMMaMK NOCTPOEHNA KOAA X3MMIUHTa, U3NOXKEHHLIMA B
npeabiayLiem pasgene, COCTaBUM UCKOMYIO koaoByio komBuHaumio: 1011010.

Ecnun o6e undpbl okasanics YETHbIMIU Yuciamu, Hanpumep, 8 1 4, To Haxo-
AUM YeTBEePTbIA KOHTPOMbHbI paspspa r, =k, @k, ek, =1®0®1=0 u, nobas-
NS ero K paHee NonyYeHHOMY CeMUpaspsAHOMY koay XOMMUHIa, Nony4um uc-
KOMY10 8-MU paspsigHylo kofoByto kombuHaumo: 10110100.

Pacyem koppekmupyiouwiux crnocobHocmell 3a0aHHo20 koda

Pacuet npousBoguTca Anst onpeaeneHust yiucna k obHapyxvBaembix non-
HOCTBIO U S WUCNpPaBrAeMbIX OWUBOK, KOTOPbIE MOryT BO3HVKHYTb B MpoLiecce
nepesayn KOAOBOW KOMOGMHAUUU MO KaHany CBs3n. PacyeT npoussoanTcs Ans
Kak[oro Bufa owmBoK pasfenbHO B COOTBETCTBUM C (hOpMynami, NpuBeseH-
HbIMW B pasgene 3.1 HaCTOSILMX METOANYECKUX YKa3aHNN:

k=d,—s-1, s=d_, —k-1.
CmpykmypHbili cuHmes Kodupyrouiezo ycmpoiicmea (kodepa)

[na chopMupoBaHKs UCXOAHOIO ABOVYHOTO YMCha B WHBEPCHOM Koae BOC-
none3yemcs copmynamu (3.1), npuseaeHHsIMK B pasgene 3.1 ana onpegene-
HUS 3HAYEHWI KOHTPOSbHbBIX PaspPsAoB.

Byaem cuutatb, 4TO McxoaHoe asouydHoe uncno (1010) xpaHutcs B perucr-
pe namsTy P, COCTOALEM U3 4-X CUHXPOHHBIX RS —TpUrrepos, NpeacTasnex-
HblX Ha puc. 3.1. Tpurrep T4 XpaHWT cCTaplwii paspsii UCXOAHOro Koaa, a
T1-mriagwuii.
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Puc. 3.1. CTpykTypHas cxema kogepa Ansi UHBEPCHOro Koga
Ans hopMnpoBaHUs KOHTPOMbHbLIX Pa3psfoB HEOOXOAMMO COCTaBUTL oMM~

YECKYIO CXeMY, PearuayIoLLylo TpU ofepaLyn CroXeHUsi o MOAYIio 2. ®yHKUWs
Y CIOXEHWS N0 MOAYIIo 2 Afisi ABYX NEPEMEHHbIX UMEET BUA;

V=X @ X, =X, & X, + X, &X,.

Wcnonbaysi npasuno ae Mopraxa, npeobpasyem aaHHyo ®AJl k Bugy, yaoo-
HOMY Ans peanusauuu ee Ha anemexTtax U-HE:

Y=X8&X, & X, &X,.

CTpyKTypHaa cxema, peanuaylolasi NOMMYECKylo (DYHKLMIO CIOXEHWs Mo
Moaynio 2, npeAcTasneHa Ha puc. 3.2 (a), a ee ycnoBHoe ofo3HaveHue — Ha
puc. 3.2 (6).

[insi NOCTPOEHMst CXeMbl KOAMPYIOLLEro YCTPOCTBA Ucrosbayem Grok R,
peanuaylowni pyHKUMIO Y, CMOXKEHUA No MOAYNI0 2 ANA TPeX NepeMeHHbIX:
Y =X+ X, +X;. [py HEOGX0QUMOCTU CFIOXEHWA NO MOAYMIo YeTbipex nepe-
MeHHbIX Oyaem wucnonb3osate Gnok R(/), KOTOpbIfi peanuayet hyHKLMIo
Vi=XF X, +X;+X,. CTpykTypHas cxema 6noka R(/) npeacrasneHa Ha
puc. 3.2 (B).
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Puc. 3.2. Cxembl hyHKUUM CRIOXEHNA NO MOAZYIIO 2:

a) CTPyKTYpHas cxema; 6) ycrnosHoe 06 ; B) Bnok no mMoaynio 2

[na nocTpoeHns KOAUPYIOLWEro ycTpoicTBa Heobxoaumo ucnonb3osath 4
6noka R 1o uMcny KOHTPONbHbIX pa3psaos. CTPYKTypHasi cxema kogepa Aans
MHBEPCHOro Koaa npeacTasneHa Ha puc. 3.2. Ha Bxof KoAMPYIOLLEro YCTPOWCT-
Ba nogaertcs ncxoAHbii kog 1010, a Ha BbIxoAe UMeeM KOAOBYIO KOMBVHaLMIO B
vHBepcHom koge 10101010. [ina obecneyeHns CUHXPOHU3aUMK BbiBoAa KoAa
curHanbt ¢ 6n1okoB R MOCTynatoT Ha BbIXOA KoAepa Yepes Norvyeckue anemMeH-
Tl U, Ha Opyroii BXOJ KOTOPbIX NOCTYMAET CUrHan, UHBEPCHbIV MO OTHOLWEHWIO
K CUHXpOCUrHany, To ecTb noruyeckasi 1 Ha BxoAbl CxeM ¥ nocTtynaet npu oT-
CYTCTBUW CUHXpocurHana Ha sxoae C TPUIrepoB, YTO UCKIIOYAeT BO3MOXHOCTL
M3MEHEHVS1 COCTOSIHMSI MOCNEAHNX BO BpeMsi nepejaymn Kkoaa.

CTpykTypHas cxema kogepa Ans moauduumpoBaHHoro koaa bBayaspa ctpo-
UTCS Ha OcHoBe Jlorndecknx dopmyn (3.3) v aHanorvyHa npeabiayllel cxeme.
OTnnuve 3aKmioYaeTes NuLlib B TOM, YTO CUrHan ¢ Bbixoga 6noka R ans dop-
MUPOBaHUS 3HAYEHUs1 KOHTPOSLHOIO pa3spsiAa r, AOMKEH NpeaBapuTenbHO MH-

BEpPTVMPOBAaTLCA [0 MOCTYMNEHWs Ha moruyeckuii anemeHT M. Cxema kopepa
npeacraenexHa Ha puc. 3.3. CTpykTypHas cxema kogepa Ans CeMUpaspsiAHoro
koAa X3aMMUHra CTpouTCs Ha ocHose normyecknx copmyn (3.6) 1 npeacrasne-
Ha Ha puc. 3.4. OTnuure ee OT npeabiayWwyix CXeM 3aknioyvaeTcs B TOM, YTO
YWCIO KOHTPOMbHbBIX Pa3paoB paBHO Tpem. AHanOrMyHbIM 0Bpa3omM CTPOUTCH
CTPYKTYPHasi cxema koaepa Ans BOCbMUPaspsaHoro kofa XaMMuHra ¢ UCronb-
3oBaHWem norndeckort dopmynbl (3.8) Ans onpeneneHus AOMONHUTENbHOro
HETBEPTOro KOHTPOMLHOro paspspa v dopmyn (3.6) ana onpeaeneHns nepsbiX
TPEX KOHTPOIMbHLIX paspsaos. CTPYKTYpHasi cxeMa WMCKOMOro kogepa rpeg-
crasneHa Ha puc. 3.5.

34

kq=0
TS l——-—-———-qk
c _ =0
= 1
r| @ Rl ¢ -
Ky=1 [ i ke
s|_Q 2 t —— k3=0
cT2_ f3=1
R| G kg=1
R| TH& — =0
s| . Q — n=1
c|T3| ky=0 fo
R| @
kg=1
<1 of
cyhE R
Rl @ f2

Puc. 3.4. CTpyKTypHasi Cxema Kojepa Asns CemnpaspagHoro koaa XammuHra
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Puc. 3.5. CTpyKTypHas cxema kogepa Ansi BOCbMUPAa3psAHOro koaa XaMMuHra

CmpykmypHbIli cuHme3s dekodupyrowezo ycmpolicmea (Oexodepa)

J[nsi NOCTPOEHWSI CTPYKTYPHOI CXeMbl Aekoaepa Heobxoaumo Menonb3osaTth
nonyyeHHble paHee norudeckme yHKUMKA CUHAPOMOB. [insi NPOBEpKM CXembl
fAekofepa crneayeT 3aAaTbCsl MOCNEAOBATENIbHO UCKaKEHUEM OAHOMO U3 WUH-
hopMaLIMOHHBIX PaspsAoB U OAHOTO U3 KOHTPOSNbHBLIX PaspsifoB ¥ MPOBEPUTbL
BO3MOXHOCTb OGHapyXeHUsi U UCnpasneHns owmboK Ha OCHOBE MOMYyYeHHbIX
3Ha4YeHuii CUHAPOMOB Ha BbiXOoAe Aekopepa.

PaccmoTpum CUHTE3 CTPYKTYPHOM CXeMbl Aekoaepa AN CemMupaspsiiHoro
Kofia XaMmuHra, ucronb3ys Ansa 3Toi Lenu cooTHoweHus (3.7). Jekoaep aon-
XEH UMEeTb Tpu BbIXoAa MO YUCNy pa3psaos CUHAPOMA U CeMb BXOAO0B MO YUCHY
paspsifoB KOAOBOW KoMGUHaUWK. Jloryeckas cxema fekofepa COLEpXUT pe-
rcTp namst Pf7, KOTOpbIi COCTOUT W3 CeMU CUHXPOHHbIX RS —Tpurrepos,
cemu BXOAHbIX UHBEPTOPOB Ha anemerTax U-HE ans dopmuposaHus curHanos
yNpaBnerns Tpurrepamu 1 Tpu foruyeckne cxembl /, peanuayouime yHKLUIO
CINOXEHYS MO MOAYIIO 2 YEThIPEX NepemMeHHbIX, 3Ha4eHne KOTopoii 0AHO3HaUYHO
onpegensier 3HayeHue COOTBETCTBYOLLEro paspsaa cuHgpoma. Ha puc. 3.6
npeacTaBneHa CTPyKTypHas CXeMa WCKOMOro Aekofepa Ansl CeMupaspsnHoro
koaa XaMmMuHra.

PaccmoTpum Anisi npumepa cnyvaii, koraa B pesynstare Bo3AeNCTBIs NoMex
VNCKa3UICA WeCToMN (MHDOPMALIMOHHBIN) pa3spss nepeaasaemoint KoAoBON KOM-
BuHauuuy, B pesynbTare Yero Ha BXOA AeKoAepa BMECTO 3aKo4upOoBaHHOro Cco-
36

obuweHus 1011010 noctynuno noxHoe coobiyeHne 1011000. B cooTBETCTBUAN C
noruyeckumi opmynamu (3.7) paspsgbl CUHAPOMa Ha BbiIxoge Aekogepa npu-
MYT Cneflylolive 3HaqyeHus:

i =1®10080=0; i,=0D1O0®0=1; i, =1DODODO =1,

Takum 06paaoM, Ha BbIXoae gexkoaepa Mol Nonyuunm Kogosyio Komouiarnio

012
CUHApPOMA B ABOUMHOM KOAE: i f, 1y~ 011, 4TO COOTBOTCTBYET AGCHATUMHOMY

uncny 0+2'+22=244=6, KOTOPOE YKasbiBAeT HOMEP UCKMDIKEHHOTO paapsiia
(NPY BBIMMCNIEHUM AECATUUHOTO UNCNA HEOOXOAMMO UMETL B BULY, UTO UHACKC
crapliero paspsga ABOUYHOMO kofa cuHapoma umeet 6onblumii Homep). B Ha-
LUeM Cryvae, aTo AeiiCTBUTENbHO LWeCTol paspas.
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Puc. 3.6. CTpykTypHas cxema

Ans

p pa3pAgHOro koaa XaMMuHKra
CriegfosarensHo, 4o6aBuB k aekozepy Norvuyeckyio cxemy rnpeobpasosaHus
OBCUYHOrO vucna B D,ECFITVNHHﬁ yHMTaprIVI Koa (CIM'Ha!'I nosasnsETCA TONbKO
Ha O4HOM U3 OeCATU BbIXOLOB CXEMbl, Ka)l(,nblﬁ 13 KOTOPBLIX CBA3AH C onpeae-
NeHHbIM 3Ha4YeHWeM O4HOPa3PsOHOro AeCATUYHOo qwcna), Mbl MOXeM ucnpa-
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BUTb UCKaXXEHHBIV pa3psj KOJOBOIN KOMBUHALMK B Criyyae, ecrii UMeeTcst XOTA
6bl OUH HEHyneBoW pa3psg B cuHapome. Ha puc. 3.6 Ha BbIXxoae Aekogepa uc-
XOAHbIV KO NpeacTaBneH B Buae KOMOGMHaUWUK ABOUYHbLIX NEPeMeHHbIX C Tpa-
AVUMOHHO (hOpMOIt HyMepauuy paspsiAaoB B BUAE COOTBETCTBYIOLUMX UHAEKCOB
npvi nepemenHbix 0, 1, ... . 3HaYeHuUst pa3psaos NPUHATON KOJOBON KoMBUHaLUWK
1 CUHAPOMa MpeACcTaBneHbl NPYMEHUTENbHO K PAaCCMOTPEHHOMY Bbillie Criyyato
VCKaeHusi curHana.

PaccMoTpyM Tenepb Crnyyaii UCKaXXeHUsi KOHTPONbHOrO paspsiga, Hanpumep,
4YeTBepToro CUMBONa (OTCYET CNeAyeT BECTU crieBa Hanpaso) KoAoBol koMGU-
Hauuu, B pesynibTaTte Yero Ha BXof AekoAepa nocTynuT foxHas komouHauus B
Buae AsonyHoro yucna 1010010. B cooTBeTCTBIM C norvdeckrmm hopmynamm
(3.7) paspsgbl cMHAPOMA Ha BbIXOAE AeKofepa MpUMYT, COOTBETCTBEHHO, 3Ha-
YeHus:

i, =18180©0=0; /,=0810190=0; i,=0©0®1®0=1.

CnepoBatenbHo, Ha BblXoae Aekoaepa byaeT meTb MECTO [IBOMHHOE YUCIO
iy iy Iy =8<1)% UTO COOTBETCTBYET [ECATUYHOMY uncny 0+0+22 =4, yKasbiato-
wemy, YTo B npouecce rnepefadn koaoBoii koMOUHaLMM No kaHany CBA3W Npo-
U30LLNO UCKaXXeHWe ee 4-ro cumBona. HefocTaTok pacCMOTPEHHOro cemupas-
psiAHOrO Koda X3MMMHTa 3akniovaeTcs B TOM, YTO MO 3HAYEHUI0 cuHApoma
Hernb3si onpeAenuTb, TO N NpousoLna ofHa owuvbka W ee criegyeT ucnpas-
NSATb, TO N UMEET MECTO HECKOmNbKo OWNBOK B KOAOBOW KOMBMHaLMK 1 ucnpa-
BUTb €€ HEeBO3MOXHO. DTO CBA3aAHO C TeM, YTO MakKcUMarbHoe 3HaveHue aecs-
TUYHOTO 3KBMBANEHTA ABOVYHOMO YMCIA, COOTBETCTBYIOLIErO KOMBMHaLMN 3Ha-
YeHU pa3spsiaoB CUHAPOMA, PaBHO ANMHE NPYHUMAEMOV KO[0BO KoMBYHaLMUK,
BCMEACTBUE YEro Npu HeCKOMbKUX UCKaXKEHUSIX MOMy4aeTcs AeCATUYHOe YNCTIO,
KOTOpOE He OTpaXaeT y)ke HOMEp UcKaxeHHOro paspsga. Moatomy, ecnu cTout
33/ja4a He NPOCTO OGHAPYKEHUS OWMBOK, a 1 UX UCTIPABNEHUS, TO AaHHbIA KO
yenecoobpasHo UCMoNb30BaTh B KaHarnax CBA3N C NPeuMyLecTBEeHHO OanHOY-
HbIMU oLnGKamu. BocbMMpaspsaHblid Kog X3aMMUHIa, UMEeLLMA CUHAPOM, Mo-
3BOMSAIOWMIA 3aKOAMPOBATL MaKCMManbHOE MO 3HAYEHWUID AECATUYHOE YUCIIO,
paBHoe 15 u npesbilialoLEe NoUTH B ABa pasa AnUHY KOAOBOW KoMBUHaumu,
Mo3BONSIET OTNMUYATL OAUHOYHYIO OLIMGKY OT HECKONMbKMX W MO3TOMY ABNAETCS
Gonee ahdeKTUBHLIM.

Vcenedoasanue koppekmupyroujux cnocobHocmed
cunme3suposaHHo2o Oekodepa

Wccnenosanmne KoppekTupyowx CrnocoBHOCTe CUHTE3MPOBaHHOMO AEeKo-
fepa crieflyet npoBoAuTb B NabopaToOpHOM KOMMbIOTEPHOM Knacce C UCMOMb-
3oBaHMeM CTaHAapTHOW NporpamMbl MO MOAENUPOBAHWUIO AUCKPETHLIX YCT-
poWCTB aBTOMATUKW, KOTOPas MPUMEHAETCS FIPU NPOBEAHUMU NaBopaTopHLIX ¥
NpaKTUIecknX 3aHATWA Mo AucUMniMHe «TeopeTUYecKre OCHOBbLI aBTOMATUKY,
TenemexaHuki U ceasu». CTYAEHT JOMKeH Ha KOMMbIOTepe, UCnons3ysi cpea-
CTBa, MPesoCTaBfAeMbie NoNb30BaTENo NPOrpamMMbl, MOCTPOUTL CTPYKTYPHYIO
cxeMmy paspaboTaHHOro gekofepa Ha TUMOBbLIX NOrMYECKUX anemeHTax. C no-
MOLLBIO reHepaTopa CTyneH4aToin (YHKLMM C NOTUYECKMM YPOBHEM CurHana,
paBHbIM 1, U COOTBETCTBYIOLINX NOTMMECKUX 3MEMEHTOB (MOBTOPUTENEN W UH-
BEPTOPOB) MO KONUYECTBY PaspsfoB B KOAOBOW KOMOBUHaLMK Heobxoavumo
cehopmmnposaTth Tpebyemble ee 3Ha4eHUst B COOTBETCTBUM C NYHKTOM 4 33aaHus 2.
Ins kaxnol KoMBMHaLMK CUTHANOB Ha BXOAE [AEKOAEepa ONpeaensieTcsl 3HaueHne
CUHAPOMA 1 AAETCS OLEHKa KOPPEKTUPYIOLUM BO3MOXHOCTAM CNPOEKTUPOBaH-
Horo gekoaepa. PesynbTaThl UCCNenoBaHuii XenaTenbHo NpeacTaBuTb B Buae
Tabn. 3.1, coaepxalileii B kayecTBe Npumepa peaynbTaTbl NPOBEAEHHOro Hamu
aHanUTUYECKOro UCCNeA0BaHNa cemmpaspsaaHoro koga XaMmMuHra, rnpyu 3ToMm B
MOACHUTENbLHOW 3anucke criefyeT AaTb pacnevartky NOCTPOEHHON Ha KOMMbIO-
Tepe CTPYKTYPHOI cxeMbl fekogepa. CTyAeHTYy paspellaeTcs Mofb3oBaThes
nto6oi AOCTYNHOI CTaHAAPTHON NPOrPamMMON Mo MOAEMVPOBAHI0 AVNCKPETHBIX
YCTPOWCTB aBTOMATUKN.

Tabnuya 3.1

Peayana'rbl AHanNUTUYECKOro UccreaoBaHns CeMUpaspagHoOro koga XaMmmuHra

HaumeHoBaHve koaa: Ko XaMMuHra
HoMep m 10 [ nexoaHbin koa: 1010

nepeaasaemas kogosas kombuHauua: 1011010
NpuHsATan KoAoBas 3HayeHue cuHApPOMa
KomMbuHauus it ip i3 JaKiiodeHme
011010 0 0 0 CoobueHue npuHaTo 6e3 owmbok
011000 0 1 1 Ownbka B 6-M cumBone
010010 0 0 1 Ownbka B 4-m cumsone
010000 0 1 0 Hepasnuuumas aBonHas ownbka

Tb TOJIEKO Of

Koa nossonsiet p o6HapyxuBaTh 1 oLmGku

Ha puc. 3.7 npeactaBneHa npuMepHas cxema NpoBEAEeHUs UCCNenoBaHwii
cemmpaspsaHoro aekogepa.
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[na nocTpoeHusi nornyecknx GNoKoB CrnoxeHus no mMoaymio 2 (R u /) uc-
nonb30BaTb MX CTPYKTYpHble cxembl (CM. puc. 3.2). Kak BMOHO U3 CXembl
(puc. 3.7), Ans HOPMUPOBAHNS UCKAXKEHHON KOAOBOW KOMBUHALMU UCMONb30-
BaHbl CeMb [BYXBXOZOBbIX JIOMMYECKUX 3/IEMEHTOB, W3 HUX 3 MOBTOPUTENS Ha
anemeHTax / anst OpMUpOBaHUS eAVHUYHOTO 3HAYEHVSi CUMBOMOB Koaa U 4
vHBepTopa Ha anemeHTax M -HE pans opMUMpOBaHUA HYNeBoro 3HadeHus
CUMBOIMOB. [Nl M3MEHEeHNs1 KOJOBOW KOMOGMHAUMM AOCTAaTOMHO YCTAHOBUTL Ha
COOTBETCTBYIOLLIMX MECTax COOTBETCTBYIOLLME FNOMMYECKUE SNEMEHTbI, Y4uTbl-
Bas, YTO Ha UX BXO/bl NMOAAETCH NOCTOAHHbINA e4UHUYHBIA YpOBEeHb cUrHana.

np . Mpu P CTPYKTYPHOW CXeMbl fieKkofiepa Ha KOMMNbIOTEPE peruct-
pPbl NaMATU Ha TpUrrepax B UenaxX ynpoLuy pa6o-ru nb3: Tb HE CrieayeT, Tak Xe,
Kak U UHBEPTOPLI Ha BbIXOAE Aekoaepa.

Puc. 3.7. CTpykTypHas cxema

0 kopa XaMmuHra
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BBEOEHUE

Llenb npenogasaHust AUCUANINHBI COCTOUT B U3NOXEHWM OCHOB Teopun aB-
TOMATUYECKOTO YNpaBleHust U TeneyrpasneHus, Teopun noCTpoeHUA KaHanos
CBSI3N U CUCTEM KOHTPONSs, NpUMEHseMbIX NpX asToMaTusauyun TexHonoruye-
CKVX MPOLIECCOB XKENe3HoA0POXHOro TPaHcrnopTa, a Taikke B Teopuu NOMEXo-
3aLUUTHOro KoaupoBaHus H(opmaumn.

Bo spemsi 06y4eHusi CTYAEHT [JOSDKEeH MonyyYnTb TeopeTuveckue 3HaHus v
MPaKTUYECKUE HaBbIKW MO TUMNOBbIM dNEMEeHTaM Xene3HOH0POXHO aBTOMaTV-
KW, TENEMEXaHUKA KU CBA3N, NPUHLMUNAM NOCTPOEHUA Ha UX OCHOBE BAXKHEULLIWX
Y3rioB TefleMexaHnyeckux yCTPOUCTB, COBPEMEHHbIM MeTOoAaM NOMEXOo3aluT-
HOMO KOAWPOBaHUA MHAOPMALIMA U METOAAM MOAENMpoBaHUs CUCTEM aBToMa-
TUYECKOro yNpaBneHusi C UCNOMb3oBaHWeM TUNOBbLIX 3BeHbEB TAY, Paccuntana
paboTa Ha WUCMoNb30BaHNE W3BECTHbIX KOMMbIOTEPHBLIX NPporpamMm no Moaeni-
POBAaHMIO CUCTEM ABTOMATUYECKOro yrpasreHns — SamSim 1 MOAenMpoBaHuio
aneKTpoHHbIX cxem — Electronic Workbench 5.12.

1. OBUUE YKA3AHUA

[na ycrnewHoro BbIMOMHEeHUA OAaHHOW KypcoBOW paboTbl CTYAEHT AOMKeH
UMeTb NpeAcTasneHne 0 COCTaBe, HasHaYeHUU ¥ NpUHUUNax OencTBUS OCHOB-
HbIX J/IEMEHTOB ¥ Y3IOB TenemexaHuyeckux cCUcTeM aBTOMAaTu3upOBaHHOro
yrnpaBneHns, MeTogax Ux NpoexKTUpoBaHUs ¥ aHanusa, yMeTb Npou3BoAuTb KO-
AVpOBaHne TeneMmexaHu4Yeckon uH@opMauun C UCNOSb30BaHUEM Pa3fUYHbIX
BMAOB KOZOB, @ TalKe 3HATb MPUHLWMLI NOCTPOEHUA KOLEPOB U LEKOAEPOB.
Mpexae Yem nNpucTynath K BbiMOMHEHUIO KypCOBOro NpoekTa, CTYAEHT AOMKEH
N3y4nTb COOTBETCTBYIOLLME pa3fenbl OCHOBHOW nuTtepatypbl [1 1 2].

Llene KypcoBoli paboTbl — 3akpenuTb 3HaHWs, NonyYeHHble CTYAEHTOM npu
CaMOCTOSITENbHOM U3YYeHUW AUCLUMNIIUHDI,

HeobxoauMble 4YepTexu BbINOMHAIOTCA B Pa3NUYHbIX KOMMLIOTEPHBIX MPOo-
rpammax (Microsoft Word, Microsoft Visio n ap.) u pacnevatbiBaiotcs Ha 6enow
Oymare crtaHaapTHbIX pasmepoB: 297x210 mm. [losicHuTenbHas 3anucka
ohopMnAeTCs Ha O4HOW CTOPOHE CTaHAapTHOro NUcTa aHanorndHoro opma-
Ta. Bce nucTbl 3anucku, B TOM 4ucrne dvepTtexu v Tabrmupbl, LOmMKHbI ObiTb
cOpoLutopoBaHbl U UMETL CMNOLLKYI HYMepaLuio, NoKasaHHyo B NPpaBoM BEpX-
HeM yrny Kaxgoro nucrta. [Ans samevyaHuii peLeH3eHTa crieBa OCTaBnsaloT nons
wmpuHon 3 cMm. UcnpasneHns no 3ameyaHusaM AenaloTcs Ha YUCTON CTOPOHE
npeabioyLwero nucTa HanpoTUB 3aMeYaHuin peLeH3eHTa.

MosicHnTenbHas 3armncka AoMkHa coaepXaTb OrnaereHue, 3agaHue U Kc-
XOAHbIE AAHHbIE MO BapuaHTy, a Talkke KpaTKue NOsSICHEHUA K MeTOAUKe pelue-
HUst Ka&DKAOro 3afjaHusi C NpUnoXeHueM HeobOXooumbix 4epTexen u Tabnuu.
YepTex BCTaBNSETCA B MOSCHUTENbHYIO 3anNUCKy MOCNe TOW CTpaHuLbl, Ha KO-
TOPOW UMEETCS rnepBas ccbiika Ha Hero. NosiCHEHUSt BbINOMHEHHOW CTYAEHTOM
paboTbl AOMKHbI ObiTb KpaTKUMK U pa3bopumsbiMU AN YTeHUs. B koHue nosic-
HUTENbHOW 3anucKn crnegyeT nNpuBecTy CNnCOoK UCNONb30BaHHOW NUTEpPaTYpbI.

2. SAAHUE Ne 1. CUHTES U UCCNEQOBAHUE PEMNYJIATOPA
CKOPOCTU ABWXYLLEIOCA OB BEKTA

B npouecce BbinonHeHusi kypcosor paboTbl (3apaHne Ne 1) HeoGxogumo
BbIMOMHUTL cneayowmin 06bemM paboTsbt:

- NOCTPOUTbL CTPYKTYPHYIO CXeMy perynstopa C WCMosfib3OBaHUEM TUMOBbIX
3eeHbeB CAY;

- BblﬁpaTb napameTpbl MaTeMaTUYSCKON MOLES TUMNOBLIX 3BEHLEB;
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- OCYLLECTBUTb, MCMONb3ysi nabopaTopHylo KOMMbIOTEPHYIO Nporpammy no
MogennposaHuio yctpoiicte CAY, CUHTE3 perynsitopa u UccrnefosaHue ero rno-
BEIeHUS NPU BO3AENCTBUM 3a4aHHbIX BO3MYLLAIOLLNX (DaKTOPOB.

VicxogHbIMK AaHHBIMU ANS BbINONHEHUs paboTbl ABNAOTCA:

- 3aKOH U3MEHEHUSs1 (DaKTUYECKON CKOPOCTYU ABWKEHNUS obbekTa —Vy (1), km/;

- CKOPOCTb ABWKEHWUs 0ObekTa Ha MOMEHT Havyana perynuposanus — V,,
KM/Y;

- 3Ha4YeHWe 3a4aHHOI CKOPOCTM ABWKEHUS obbekTa — V;, KM/,

- Ky — KO3(hPULIMEHT yCUNeHns nepsoro anepuoanuyeckoro 3seHa, xapakre-
PUSYIOLLMIA CBS3b MEXZY TEeKyLUUM 3HaYeHWEM OTKNOHEHUS! haKTUYeCKOW CKo-
POCTK OT 3aaHHOW 1 BENUUMHON USMEHEHWUS PerynmpyemMoii CKopocTu,

- T1 — NOCTOsIHHAs BPEMEHMN MepBOro WHEPLIMOHHOrO 3BEHa, XapakTepuayio-
Las UHEPUMOHHOCTb peanuaaLumn ynpaensioLwero BosaeincTsus, c;

- T, — NOCTOAAHHAs BPEMEHU BTOPOrO UHEPLIMOHHOrO 3BEHa, XapakTepu3yio-
LWas UHEPLMOHHOCTb Lienn o6paTtHOl CBA3N perynsitopa CKopocTH, C;

3aKkoH U3MeHeHUs (hakTUHECKO CKOPOCTW [BUXKEHUst oObekTa WMmeeT Buf
cnepytoLLei yHKUMM:

V)=V, +Av,,

rae AVp — neproauyecky U3MEHSIIoWEeecs BO3MyLLaloLlee Bo3eicTBre C am-
NAUTYA0N A, KM/Y:

A npu T,-(k-1)-£-T,-(k-0,5), k=1,2,3,..;
AV,

o maxc

-A npu T,-(k-0,5)-t-T,-k, k=1,2,3,...;

rae T, — Nepuoj UsMeHeHUs BO3MYLLAIOLLEro BO3AeiCTBus, C.

PaanuuHble BapuaHTbl 3Ha4YeHUiA nepemMeHHblx Vs, Vi, Ky, T1, To, T ¥ A Npu-
BeAieHbl B Tabn. 2.1, U3 KOTOPOW CTYAEHT AOMKEH BbibpaTb No nocneaHen umd-
pe CcBOero wudpa KOHKPETHbIA BapUaHT UCXOAHbLIX AAHHbLIX AN WUCMOSNHEHUs
3aganus Ne 1,

Mo pesynbTaTtam vccnefoBaHvs pa3paboTaHHON CTPYKTYPHOW Cxembl pery-
NISITOpa CKOPOCTU C WCNOMb30BaHMem nabopaTtopHO KOMMbIOTEpPHO nporpam-
Mbl NO MOAENUPOBaHUIO YCTPOCTB CAY CTYAEHT AOMKEH:

- BBIBECTW Ha revaTb CTPYKTYPHYIO CXEMY Perynsitopa;

- BbIBECTU Ha NevaTtb rpatvikii U3MeHeHUs akTUuIeckoi ckopocTi obbekTa
B MnpoLiecce ee perynmpoBaHus;

6

- MPOU3BECTU OLIEHKY KavecTBa peryniMpoBaHUs CKOPOCTU MpU U3MEHEHWUU
BPEeMEHHbIX NapamMeTpoB anepuognyecknx 3BeHbeB perynsitopa B crneayiowmx
npegenax: 71,,,=0,5.71; T,,.=2-T1;, 72,,=01T72;, 72,.=5-T2;

- NPUBECTU KpaTKoe MOsICHEHWE XOAa BbINONHEHUS paboTbl U pesynbTaThb
uceneaosaHuid.

Tabnuuya 2.1
VicxoaHble AaHHble 45151 BbINOSIHEHUs! paboTbi
Ne Ba-
puan-| Vo IV T | Tl | Thiare | T2 | T2000 | T2 | A | T | K1
Ta
0 0 | 40 1 0,5 2 2 1 4 1 2w | 0,001
5 | 45 [ 08 | 04 | 16 | 041 | 0,01 | 05 1,5 2,5 | 0,002
2 0 0 [ 06 [ 03 1,2 [ 0,15 [0,015| 0,75 2 [ 3w [0,004
5 5 | 05 | 025 1 0,2 | 0,02 1 2,5 |3,5m 0,006
4 40 0 | 04 | 02 8 | 0725 [0025]| 1,25 3 [ 4m [0,008
5 45 5 | 03 | 015 6 | 03 [ 003]| 15 1 |45m] 001
6 50 0 [ 02 | 01 4 1035 [0035| 1,75 | 156 | 5w 0,012
7 55 5 | 01 | 0,05 2 | 04 | 0,04 2 2 [55m[0,014
8 60 | 40 | 0,08 | 0,04 | 0,16 | 0,45 | 0,045 | 225 | 25 | 61 |0,016
9 65 | 45 | 0,06 | 0,03 | 0,12 | 0,56 | 0,06 | 25 3 6,51 (0,018

MeToauueckue ykazaHus no BbINONHEHUIO 3agaHus Ne 1
Obwue ceederusi

Cucrtemoli aBTomaTnyeckoro perynuposanust (CAP) HasblBaeTcsl Takasi cuc-
Tema, KoTopasi B Te4eHue [OCTaTOMHO ANUTENbHOro BpeMeHU aBTOMaTU4eckv
nopaepiuvsaeT Tpebyemoe HeM3MeHHOe 3Ha4YeHUe HeKOTOPOIi husnyeckon Be-
TU4MHBI (Hanpumep, CKOPOCTU NUHEWHOro WNK YrioBOro nepemMeLLleHns) B Ka-
kom-nnbo mpouecce Wnu W3MEHsieT 3TO 3HaYeHWe Mo 3afaHHoW Mporpamme.
CAP, pabotaoilime Ha nogaepXKaHue MOCTOSHHOrO 3HaAYEHWs Perynupyemon
BENMUYMHbI, HA3bIBAIOT Taioke cucTemMamu crabwunusauum (Hanpumep, ctabunu-
3aTopbl HanpsxeHus Wnu Toka). O6bLEeKT, napameTpbl KOTOPOro PerynupyloTcs
aBTOMaTUYecKkn, HasbiBaeTcs 06bEeKToM perynuposaHus. B Hallem cnydae, B
Ka4yecTBe ABMXYLLErocst oObekTa perynmpoBaHus MoxeT ObiTb Nnoess, oTaenb-
HbIl NOKOMOTMB UNW Niobas Apyras NoABWXHasA eauHuua. MapameTp, sHaueHvie
KoToporo TpebyeTcsi perynupoBaTh, Ha3bliBAETCS PEryrvpyemoi BerMuuHON.
YCTpoiicTBO, NpeaHasHa4eHHoe Ans aBTOMaTUYECKOro perynupoBaHus, Hasbi-
BalOT aBTOMATU4ECKAM PErynsaTtopoM Unu NpocTo perynsitopom. B Hawem cny-
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Yyae, Mbl UMeeM [eno C PerynsaTtopoM ckopocTu. PerynsaTop, Kak npaeuno, co-
AEPXUT creaytolve OCHOBHbIE y3nbl:

- U3MEepUTENbHOE YCTPOWCTBO B BUAE YYBCTBUTENLHOTO 3rieMeHTa, pearv-
pyloLLero Ha U3MeHeHWe 3Ha4YeHNsi Perynmupyemon BENUYNHbI;

- ycunuTenbHo-npeoBpasoBaTenibHoe YCTPOWCTBO, npeobpasyolee (kak
npaBuno, No NMHERHOMY 3aKOHY) OZAHY U3MepsemMyto BENUYUHY B APYryo dunau-
Yeckylo BenuumHy, Gonee yaobHylo Ans nocnepylowero UCnonb3oBaHus npu
OpPMUPOBaHUY YNPaBSIOLLEro BO3AENCTBUA Ha UCMOMNHUTENbHOE YCTPONCTBO;

- VCMOMHUTENbHOE YCTPOWCTBO, NpeAHasHaYeHHOe AN OoKasaHUs Herno-
CPEeACTBEHHOIO PErynnpyIoLLero Bo3aeiicTeus Ha 06beKT perynuposaHqms.

Takum obpasom, CAP ecTb COBOKYMHOCTb aBTOMaTM4YECKOro perynsropa u
perynupyemoro obbekTa, NpeAcTasnseT cobol 3amMmKHYTY0 CUCTEMY, B KOTOPON
nepefavya Bo3AeCTBUA OT OHOIO ee 3BeHa K Apyromy (BHyTpPeHHWe BO3JencT-
BUSl) OCYLIECTBASIETCH MO 3amkHyTOoMy KoHTypy. Ha CAP moryT noctynaTb
BHELLHWEe BO3JENCTBUSA, OCHOBHbIM U3 KOTOPbIX ABMAETCA 3ajalouiee Bo3aeiicT-
Bue (Hanpumep, 3ajaHHOe 3HaYeHue NUHEVHON CKOPOCTY nepemMelleHnst 06b-
eKTa), nocTynaroLiee OT BHELUHEro 3aAaioLero ycTpoiictea. CoBOKynHOCTb 3a-
patoulero ycrporictea u CAP obpasyeT cucteMy aBTOMaTU4YECKOro yrnpasneHus
CAY, koTopasi B o6LlemM B/AE MOXET UMETb HECKOMbKO pasnnyHbiX 06bekToB
perynupoBaxusi (Hanpumep, CMCTEMa aBTOMaTUYECKOro YNpaBneHns ABWKEeHU-
eM noesfoB Ha HekoTopoM yyacTke nytu CAY [M). K BHeWwHNM BO3aeNCTBUSM
Ha CAP OTHOCATCA Taioke BO3MyLLAIOWME BO3AEACTBUS HAa 06beKT perynmpo-
BaHUs (HanpuMep, 3MEHeHUe COMPOTUBNEHUS ABWKEHWIO ABWXYLLErocs rnoes-
i@ Ha y4acTkax nyTu ¢ pasfnuyHbiM npodunem).

CmpykmypHasi cxema pezynsimopa CKopocmu C UCo/1b308aHuem
munosbix 3eeHbes CAY

B kauectBe perynupyemoro obvekta OyaeM noapasymeBaTb KonecHoe
TPaHCNOPTHOE CPeACTBO, MMHENHOE NOCTynaTenbHoe ABMKEHNE KOTOPOro ocy-
LECTBIAETCS 3a CYEeT BpallaTenbHOro ABWXEHUS KonecHbix nap. Crneposa-
TENbHO, YyBCTBUTENLHBIM 3/IEMEHTOM U3MEHEHUS CKOPOCTH ABWKeHUst o6bekTa
MOXET CryxuTb Koneco 1 (puc. 2.1), a B ka4ecTse U3MEepUTENLHOrO yCTpoicTBa
MOXET CRyXuTb, Hanpumep, npeobpasoBaTenb CKOPOCTW BpalLeHus Koneca B
HanpskeH1e NOCTOSIHHOTO TOKa UM YacTOTy NepemMeHHoro Toka 2.

Beepem cnegyiouve o603HaveHus:

K, — koachduuueHT npeobpasoBaHuns, CBA3LIBAIOLUIA NUHEAHYI0 CKOPOCTh
roCTynaTesnbHOro ABMXKEHWUS TPaHCNOpTHOro cpeAcTtea V() ¢ yrnosol cKopo-
cTbio w(f) BpalleHus koneca: w(t)=K  -V(t);
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K, — koahduumeHT npeobpa3oBaHns YrioBoi CKOPOCTY BpaLLeHusl koneca
B HanpskeHve noctosiHHoro Toka: U(f) =K, -w(t)=K,-K,-V(t);

K, — koathuLmneHT npeobpal3oBaHna NIMHERHON CKOPOCTY B HanpsikeHue
nocrosiHoro Toka: U(t) =K, -V(t), rae K, =K, -K,.

Puc. 2.1. CTpykTypHas cxema perynsitopa CkopocTu 3neKTpoBosa

B kauecTtBe ycunurenbHo-npeobpasosaTenbHoro yctpoictea (YY) moxet
CIYXWTb 3/1EKTPOCUNOBAasi YCTaHOBKA, YCTAHOBMNEHHast Ha TPaHCMOPTHOM cpea-
CTBE U BO3JeCTBYIOWas Ha TAroBbiv Asuratens 3 (puc. 2.1), sBAsOWMACA Uc-
MOSTHUTESbHBLIM YCTPOWCTBOM, BbIMOMHAOLWMM (OYHKLMW YCKOPEHUS 1N 3amea-
NeHust (Npu aNeKTPUYECKOM PeocTaTHOM TOPMOXEHUM) BpalleHus koneca. Ko-
adhuumeHT npeobpasosaHus K, ycunuTenbHo-npeobpa3oBaTenbHoOro ycT-
policTBa yCTaHaBNMWBAET CBA3b MEXAY OTKMNOHeHWem AU 3agaloliero Boaaeit-
cteua  (U,=K,-V,) OT W3MEPEHHOro 3Ha4eHWUs aKTUYECKOH CKOPOCTU
(U, =K,-V,) v Tpebyemoii cunoi Tarm F. (Wnu cunoii Topmoxenus W), a
UMeHHO: £ =K - AU. Tsrosbiii ABuratenb B pexume Taru peanusyet Tpebye-
MO€E 3HaueHue cunbl F Unu B pexvme reHepatopa — Tpebyemoe 3HaveHune cu-
nbl W;, obecnevnsas COOTBETCTBYIOLEE U3MEHEHUE CKOPOCTY BpaLLEHUsl Ko-
neca B ejUHULYy BpeMeHu (yrnosoe yckopeHue) — dw/dt. C uenbio ynpoLieHns
CTPYKTYPHOIN CXEMbl perynsitopa CKopocTy NPUHUMAaEM LOMNyLeHne O paBeHCT-
Be abCOMOTHOrO 3HaYeHNA NpUpalLeHsi CKOPOCTU B eAuHULY BpemeHn dw/dt
KaK npy perynupyeMom yBenuyeHnn CKoOpocTn BpaLleHUs koneca, Tak 1 npu ee
CHUXEHUN B NPOLIECce TOPMOXEHUS TPAHCNOPTHOro cpeactea. OYeBUAHO, YTO
npupaLleHuio CKOpocTu BpallieHus koneca dw/dt COOTBETCTBYET npupalleHve
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image4.jpeg
NUHEHON CKOPOCTW MOCTYNATENbHOTO ABWMKEHUS TPaHCMOPTHOrO CpeAcTsa

dw/dt
dt =——.
dv/ X

n

Mesxay BENMMUMHONA OTKMOHeHUst AV 3HaueHui 3afaHHol ckopoctn V, oT
chakTudeckoit V, 1 BenuuuHON dw/dt cyuwiecTsyeT ouesiAHan 3aBUCKIMOCTb.
d—w(AV)=Kn --dl=K -(V,-V,), rae K — koadduLMeHT NponopunoHanbHoCTy.

dt dt )

CnepoBaTenbHo, ECnii U3BECTHa pasHoCcTb AV, TO MOXHO ONPeAennTL obwni
KkoachcnLmMeHT NpeobpasoBanus (ycurneHus) K1 TpakTa, COCTORLLEro ns yeunu-
TenbHO-NPeoBpasoBaTenbHOrO N UCMOHUTENBHOTO YCTPOUCTB, 13 cneaytolero
COOTHOLLIEHMA:

o) A K (YU Yol K _u,)=K1(U,-U,),
_(F_K_"‘(v,-v#,)—— [-— KK (U,-U,)=K1-(U,-U,

rae K1=K/K,-K,).
3HaueHns koadduumerTa K1 npusesensl B Tabn. 2.1, a Ha puc. 2.2 npuse-
[ieHa oblyas CTPYKTypHas CXema perysisiropa CKopocTy.

Uyt =K, 0
Puc. 2.2. O6as CTpyKTypHas Cxema perynaropa ckopoct

MMpexae Yem NpUCTYNUTL K aHanuay NpoLecca perynupoBaxis vnu ynpas-
NeHns U K BuIGOPY CTPYKTYpb! 1 napameTpos CAY, ee npessapuTenbHo pasbu-
BAlOT Ha MPOCTbIE TUMOBbIE 3BeHbA. [Npy STOM ONpefensioT cTaTuieckue n an-
HaMUYecKie XapaKTEepUCTUKW KaviAoro 3seHa. Kak BUAHO U3 puc. 2.2, kaxpoe
3BEHO MMEET CBOK BXOAHYIO ¥ BbIXOAHYIC BEmMuMHy. Tak kak Koacpq;wuwet-ir
npeobpasosaHust K, UBMEHSIET ToNbKo MacluTad nepemerHbiX, To B AanbHen-
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weM yfobHee onepuposaTh C BXOAHBIMM 1 BbIXOAHBIMY NEPEeMEHHBbIMU B Mac-
wrabe ckopocTu. Torga cTatuyeckas XapakTepucTika 06beKTa peryrpoBaHms
OP Gypnet BbipaxaTb COGOA 3aBUCUMOCTb MEXAY BLIXOAHON (PErynupyemoit)
BEMIMYMHON V,, W BXO4HOW BENUUMHON (perynvpytolnM Bosgeictsnem) AV u
nmeTb BUa: V, =V, + AV, rae V_ — ckopocTb obbekta Ha MOMEHT Hauana pery-
nuposanus, AV — Tpebyemoe npupalieHne CKopoCTU B YCTaHOBUBLUEMCS pe-
XUMe perynmpoBaHisi. Kpome Toro, Ha perynupyemblii 0GbeKT MOXKET MocTy-
naTh BHEWHEE MEPUOANYEcKU W3MEHSIoLeecs Bo3MyLaloliee Bo3gelicTBue
AV, , ofycrosneHHoe n3mMeHeHnem ConPOTUBIEHUS ABXEHUIO TPAHCMOPTHOTO
CpeAcTBa Ha yyacTkax nyTu ¢ pasnnyHbiM npodunem. CrefoBaTtensHo, cTaTu-
Heckas xapakrepuctika obbekTa perynupoBaHusi OKOHYaTenbHO MpuUMeT cne-
Ayowwi Bug: V,, =V, + AV +AV,. Ha puc. 2.3 npejcrasneHa CTpykTypHas cxe-
mMa obbekTa perynupoBaHusi, coctosiasi U3 Grioka reHepaTopa CTyMeHYaTom
yHKUMM F =V, n ABYX GOKOB, Peanu3ylownx yHKLMIO CYMMUPOBAHNA ABYX
CUrHanoB..

CTpyKTypHas cxema MUCTOYHMKa BO3MYLLAIOLINX BO3AECTBIIA BB npepcTas-
neHa Ha puc. 2.4 B Buae Groka, COCTOSILLEro U3 HECKOMNbKUX 3BEHbEB:

- reHepaTopa npsIMOYrofibHbIX UMMYSbCOB B BUAE MeaHapa C amniuTygaom
curHana, pasHoit +1, v 3agaoulero nepuos T, W3MEHEHUs BO3MYLLAIOLLETO
BO3AENCTBUS;

Puc. 2.3. CtpykTypHas cxema o6bekTa perynuposanus (OP)

- aneproAnYeckoro 3seHa nepeoro rnopagka, nepeaaTtodHas yHKUUSE KOTo-
poro umeet Bug: K/(Tp+1), a nepexoaHas xapakTepuctuka npeacTaBiseT co-

Y,
6ol nokazaTenbHyo YHKLIMIO Crieayowero suaa: AVy=A-(1- e/’" ). roe T, =T
— MOCTOAHHAs BPEMEHW JaHHOro 3BeHa, XapaKTepusyiowiasi CKOpOCTb U3MeHe-
HUS BO3MYLLAIOLLIErOo BO3AENCTBUS.

1





image5.jpeg
Puc. 2.4. CTpykTypHas cxema Gnoka BoamyLLaioLmx Bosaeictauii (BB)

3HaueHue KoapurLmMeHTa ycuneHms K anepuoanyeckoro 3seHa pasHo A u
BblGUpaeTca U3 Tabn. 2.1. 3Ha4eHne NocTosHHONW BpeMeHu T, He JOMKHO npe-
BblwaTh 7,/6 v BbIOUpaeTCs CTYAEHTOM MPOU3BOILHO.

[Ba nocnegoBaTtesfibHbIX 3BEHA: UYyBCTBUTENbHLIA aneMeHT Y3 n usmepu-
TenbHOe YCTPOWCTBO MY — MOXHO npeacTasuTh B BUAE ycUnutesbHoro Ges-
MHEPLMOHHOrO 3BeHa C KO3thULIMEHTOM ycuneHust K2, KOTopbliA, No cyTv, sie-
nseTcs koauLmeHToM yeunenns K,, uenu obpaTHol CBsI3N MeXay BbIXOA0M
M BXOAOM perynsitopa ckopoctu. Tak Kkak perynupyemblii obbekt obnagaet
MNHEPLUMOHHOCTBIO (AN perynupyemoro N3MeHeHUs CKopocTu Tpebyetcs onpe-
[EeneHHoe BpeMsl), TO ANns ee y4eTa B uenb obpaTHON CBA3W BBOAUM anepuo-
ONYecKoe (MHEepLVIOHHOE) 3BEHO C MOCTOSIHHOW BpemeHn T =T2 n koadduvuu-
eHToM ycunenusi K =1. CTpykTypHas cxema 6rnoka, sameLiaiouiero Lens o6-
paTHOIA CBSI3N NpefcTaBneHa Ha puc. 2.5.

K2

T2-p+1
HWe NoCTosHHOM BpemeHn T2 BbiupaeTtcs us tabn. 2.1, a aHadeHne koadu-
LMeHTa ycunenust K2 onpefenseTcs pacieToM U3 ypaBHEeHUs AUHaMUKN pery-
NATOpa, METOAMKA COCTaBNEHUs KOTOPOTO NPVBOLUTCA HIDKE.

oc
Vi, e K2V, v,
<—‘—| Tp+1 }<~——| K2 I«

Puic. 2.5. CtpykTypHas cxema Gnoka o6patroii casian (OC)

Ha Bbixoae 6noka umeem curdan obparHoi cesiaun V,, =V, . BHave-

[Ba nocneaosaTenbHbIX 3BeHa: ycunutenbHo-npeobpasosatensHoe Y u
uecnonHuTtensHoe VICY ycTpoiicTea NpeicTaBnsieM B BuAE UHEPLMOHHOTO 3BeHa
C NOCTOsIHHOM BpemeHn T =T1 n koadbduumeHTom yeunerus K =K1. UHepuum-
OHHOE 3BEHO MOAEenupyeT 3anasabiBaHue WUCMONMHUTENbHOro YCTPoicTBa. 3Ha-
YeHus riepemedHbix K1 v T1 BoiGupaiotesa us tabn. 2.1.

3aparolee yctpoicteo 3Y npeacrasnsieT coboil Griok reHepatopa cTyreH-
4aTon hyHKUMN F =V,, BbIXOAHOM CUTHAM KOTOPOTrO NOCTYMaeT Ha OAWH W3 BXO-
£oB Gnoka cpasHeHus YC, peanusyioLlero yHKLWIO BbiUUTaHUs (CpaBHEHUs)
ABYX curHanos. Ha apyroii Bxoa ycTpoiicTea cpaBHeHust YC noctynaet curHan
V,. C Bbixopa 6noka OC. Ha puc. 2.6 npeAcrasneHa CTPYKTypHas cxema cuc-
Tembl aBTOMaTUHECKOro PerynnpoBaHnsi CKOPOCTU ABWKYLLErocsi oGbekTa Ans
YCTaHOBMBLLEroCs PeMuma, Ha OCHOBe KOTOPOW COCTaBMsieM MaTemMaTUyeckyio
MoZenb PerynsaTopa CKopoCTu, YyToYHSEM CTPYKTYpHYlo cxemy CAP n onpege-
NSIEM HEeN3BEeCTHbIE NapameTpbl BHOBb BBOAVMbIX 3BEHbEB.

Bbl50p napamempog Mamemamuyeckol Modesiu murosbix 36eHLE8

CocraBum MaTeMaTuyeckylo MoAenb perynsropa CkopocTy ANs YCTaHOBUB-
LUErocsi pexvma, UCTonb3ys CTPYKTYPY Perynsitopa, npeacTaBleHHyio Ha puc. 6,
ANst Yero pasopsemM YCroBHO Liernb obpaTHoON CBA3W (Ha PUCYHKE OTMEYEHO Kpe-
cTuKom). Toraa Anst CKOPOCTU qu Ha Bbixoge perynatopa (6noka OP) cnpasea-

TBO MO OnpeAeneHuio criegyrollee ypasHenue: V, =V, + AV +AV,.

V, v, -V, 2
s sV [T AV
@ vC l—‘K1

v,

oc

oc
JK2'

Puc. 2.6. CTpykTypHas cxema CAP ckopoCTU ANsi YCTAHOBUBLUETOCs: pexuma

M3 cxembl Ha puc. 2.6 cniegyer, uto curdan AV Ha Bxope 6noka OP paseH:
AV =K1-(V,-V,.), rae V,, =K2.V,. MNoacTaenss sbipaxeHue ans V,. 8 dop-
myny ansg AV, nonyuum: AV =K1-(V, -K2-V, ). B pesynbTare BbipaxeHue Ansi
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