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BBEAEHUE

JaHHbBIN KypcOBOH MPOEKT UMEET MPUHIUINAIBHOE OTINYNE OT
TeX 3aJaHU{ U MIPOEKTOB, KOTOPbIE CTYA€HTaM IMPUXOJUIOCH BBIIOJI-
HATH paHee. OOBEKTOM TPOEKTHUPOBAHUS SIBISETCA HE OTIEIbHBIN
puOOp MM YCTPOHCTBO, @ JOCTATOYHO KPYITHAS paJUOTEXHUIECKas!
cucreMa. OTO BHOCUT Psili 0COOEHHOCTEH KaK B caM MPOEKT, TaK U B
METO/TBI TPOEKTHPOBAHUSI.

Bo-niepBbIX, ncxons n3 OOKETa BPEMEHH, peallbHO yHaeTcs
MIPOBECTH JIMIIB YacTh 3CKU3HOTO NMPOEKTUPOBAHUS, TO €CTh OIpe/e-
JUTH COCTaB PyHKUMOHANBHBIX OnokoB CIIN, pemaembie umu 3a1a-
9M U CIOCO0 B3aMMOJIEHCTBHS B COOTBETCTBHUH C 33JJaHHBIMHU IPHH-
UIaMH PabOTHl CUCTEMBI B LIEJIOM M MIPEACTaBUTh 3TO B BUC PYHK-
nuoHanbHO# cxembl CITH.

Bo-BTOpBIX, Ui KaXAOTO W3 3JEMEHTOB (YHKIIMOHAIHHOW
CXEMBI yJIaeTcsl ONPEIeNTh YUCIEHHBIC 3HAUSHUS JIUIIH TeX IMapa-
METPOB, KOTOPbIE HY>KHBI JJISl TOrO, YTOOBI HayaTh JETaIbHOE IMPO-
EKTHPOBAaHUE ITOTO AIIEMEHTA Ha YPOBHE Pa3pa0OTKH MPUHIIATAATb-
HBIX CXEM.

B-TpeTbux, HE0OXOAUMO ONPEACTUTh YUCICHHBIC 3HAYCHHS Psi-
na rokasarenei, xapakrepusyromux CIIN B nemom, Takux Kak mpo-
W3BOJUTENLHOCTh, IOMEXOYCTOWYHBOCTE, TPEOYyEMbIE PECypCHI.

[TockonbKy ymydIlieHHEe OJTHUX XapaKTePUCTUK JIFOOOH CHCTEMBI
WM €€ DIIEMEHTOB, KaK MPaBHJIO, TPOUCXOJUT 33 CUET yXYJIICHUS
JIpYruX XapakTtepucTtuk, npoexktuposanue CIIN — sto uens kommnpo-
MUCCOB, KaXJblil U3 KOTOPBIX TpeOyeT (POpMYIHPOBKU €ro CYTH U
COOTBETCTBYIOIIETO 0OOCHOBAHUSI.

H3MeHeHue XapakTepUCTHK OJHOTO 3JIEMEHTa CUCTEMBI MPUBO-
TUT K HEOOXOIMMOCTH M3MEHHUTh XapaKTEPUCTHKH MHOTHX IPYTUX
CBSI3aHHBIX C HMM JJIEMEHTOB, JaJIeKO HE BCEr/a yJIaeTcs cpa3y OX-
BaTUTh BCE MHOYKECTBO CBSI3€H MEXIy OTACTbHBIMU (DYHKIIMOHATB-
HBIMU TpeoOpa3oBaHusIMH curHanoB. Kpome Toro, B mpouecce pac-
4yeTa OOBIYHO BO3HHUKAET PsiJi BOIIPOCOB, HA KOTOPbIE TPYAHO HAlTH
TOTOBBIN OTBeT. Hampumep, HEKOTOpbIE MapaMeTphl CUCTEMBI HY>KHO
pPacCcUMTBIBATh, a IS APYTUX apaMeTpOB MOXKHO 33JaTh TE ke 3Ha-
YEHMsI, KOTOpblE MPHHATHI B CyIIECTBYOIUX aHamoruuusix CIIN.
Tpyano ObiBaeT 00OCHOBAHHO OIPEACIMTh HEOOXOAUMBIH YPOBEHb
MOIPOOHOCTH OMUCAHUS MTPOIIECCOB, TOYHOCTH pacyera ! T.1.



IloaToMy BHOJIHE BEPOSTHO, YTO IEPBBIM BapUaHT IPOEKTa
OKa)KeTCsl HeyJJauHBIM, [TPUHSATHIE PELICHUS! HE ObUIH palloOHaIbHbI-
MH B TEXHHKO-KOHOMHYECKOM OTHOILCHHWH, HE YYTEHbI KaKHe-TO
CyllecTBeHHbIe (akTopbl. PacueTsl o TeMe mpoekTa He SBISIOTCA
CJIOKHBIMH, ¥ OCHOBHBIE 3aTpaThl BPEMEHHU MPHUIYTCS Ha OCMBICIE-
HHUE TOTO, B KAKOM HalpaBlICHUH HYXXHO IBUraThCs IO IIyTH YIyd-
LICHUS XapaKTEPUCTUK CUCTEMBI.

Ienbro KypcoBOro MPOEKTUPOBAHUS ABJISAETCS OBJIAJCHUE METO-
JUKOM MpeoiofeHHs yKa3aHHBIX TPYJIHOCTEH, MpeaycMaTpuBaloliee
pacipeHue M 3aKpeIuvieHHe TEOPETHYECKUX 3HAHMH, MOTYYCHHBIX
IIpHu U3yueHun Kypca “Teoprs 3MeKTpUUECKO CBA3U” M CMEXKHBIX C
HUM KYypcoB, 0oJjiee TiTyOOKoe M3y4YeHHE OJHOW W3 Pa3HOBUIHOCTEH
CIIN, oBnaseHye HABBIKAMU B IPOCKTUPOBAHUH PAJUOCHCTEM.

Pazpensr 1-3 nanucansr coBMecTHO ¢ B.I1. JleHHCOBBIM.



1 OPTAHU3AUUA BbINOJIHEHUA KYPCOBOIO
NMPOEKTA

1.1 TexHunyeckoe 3apaHue

KypcoBoii mpoekT BEITIONHAETCS B COOTBETCTBUU C TEXHHYE-
CKUM 3a7jaHieM. TexHUuecKoe 3a/laHue ONpeaeseT:

a) Ha3HadeHune mpoektupyemont CIIU;

0) OCHOBHBIC TAKTHKO-TEXHHYCCKHE TPEOOBAHUS, TPEIbSBIISIC-
Mble K mpoektupyemoi CIIU;

B) TEXHHWYECKHE OrpaHUYEHHUS, B paMKaX KOTOPBIX JOJKHA
npoexktupoBatbes CIIN.

1.2 OpraHusaums paboTbl Hag NPOEKTOM

CpoK BBITIOJTHEHHS KYPCOBOTO MPOEKTa yKa3aH B OJIaHKE TeX-
HU4eckoro 3amanus. OOmuid 00beM CaMOCTOSATEIIBHON PabOThI Ha
3amanueM paccuntad Ha 20-30 gacoB (u3 pacdera 1-2 gaca B Hefe-
JT10).

BeinosiHeHHE KypCOBOTO MPOCKTa PEKOMEHIYEeTCS HAuMHATh C
COCTaBJICHHS KAJICHIAPHOTO TIJIaHa U TT0100pa JIUTePaTyphbI.

OpueHTHPOBOYHAS TPYJAOEMKOCTh OTJCIbHBIX 3TAroB pabOThI
MpHUBEICHA B Ta0IHIIE.

Tabmuna
OTHOCHTENBHAS TPYIOEMKOCTh 3TANOB padOThI
HaJl KYPCOBBIM MPOESKTOM

Ne HaumeHoBaHnue 3tamnos O6neM (%)
1 | 3HaKOMCTBO C JINTEpaTypon 10
2 | Pacuer sNeKTpHUECKHX TAPAMETPOB

1 TAKTUKO-TEXHUYECKUX XapPaKTEPUCTHK 40
3 | CocraBnenue QyHKIIMOHATBHONH CXEMBbI 30
4 | BbInoJHEHUE YepTexkei u

MOSICHUTENBHON 3aMUCKU K HUM 20

B paboueii TeTpaau BBITOIHSIOTCS BCE BapHAHTHI PacyeToB, 3a-
HOCSITCSL CIIPABOYHBIE JTaHHBIE, CBEICHMS M3 JINTEPATYPHBIX UCTOY-
HUKOB. B TeTpagy BBIAENAIOTCS CTPAHULBI AJIs CIMCKA JIUTEPATYPHI.



Vcnionb30BaHHYyIO B pacyeTax CTAaThi0 WJIM KHHUTY HYXKHO Cpasy ke
BHOCHUTH B CIIMCOK JINTEPATyphl, HE OTKIAAbIBas A0 O(hOpMIIEHUS 1O-
SICHUTEJIbHOM 3alMCKH, KOTAa 3TOM KHUT'H MOYET He OKa3aThbCs MOA
pyKoil.

PacueTsl B yepHOBHKE AOKHBI BECTUCH aKKypaTHO. Kaxknblid,
nake HeOOIBIIION, pa3fen pacueToB CIeAyeT CHAOXaTh 3aTr0JIOBKOM,
¢dopmynupyromuM 1ens pacuera. llog 3aroJoBkoM HE00XOAUMO
IIPUBOIUTH UCXOMAHBIC JAaHHBIC [UIA pacdera, B KOHLE pasiena — oc-
HOBHBIE UTOTH.

[11aHOBBIM CPOKOM C/Ia4M MPOEKTa Ha MPOBEPKY PYKOBOIHUTEIIO
CUUTAETCS CPOK OKOHYAHUS 10 KAJICHAaPHOMY ILIaHy.

[IpemogaBartento s MPOBEPKH TOTOBOM paboTHI Tpedyercs 3-5
JHEH, T.K. 9Ta MPOBEpPKa, KaK MPaBUIIO, MPUXOJUTCS Ha MUK YU4eOHOM
Harpy3KH.

TpeboBarne ““/lopabortaTh”’ mpemycMaTpuBaeT craady paboThI
rmociie TopaboTKH Ha TIOBTOPHYIO MPoBepKy. [Ipu mopaboTke HEmb3s
y61/1paTI) JIMCTHI ¢ 3aMedaHusMu. Bcee HUCIIPaBJICHUA JOJIKHBI IIPOU3-
BOAUTHCS MO0 Ha OOOPOTHBIX CTOPOHAX JUCTOB IOSICHUTEIHHOM
3aIIUCKH, JTU00 Ha OTJEIBHBIX JINCTAX, MOJIIUTHIX B KOHIIE 3aIIUCKH.

1.3 Kputepumn oueHKM KypcoBbIX MPOEKTOB

IIpu onieHKe KauecTBa BBHITIOTHEHHS YUUTHIBAIOTCA:

a) HaJJM4ue TEXHUKO-DKOHOMHYECKHX 0OOCHOBAHMUN BBIOPAHHO-
IO PEleHHs B BHJE CPAaBHUTEIBHBIX XapakTEPUCTHUK C IPYTUMH
(MMEIOIIMMUCS WM BO3MOXKHBIMHU ) BapHAHTAMU;

0) coorBeTcTBUE NMapaMeTpoB paspadorannoit CIIN Tpeboanu-
SIM TEXHUYECKOTO 3aJaHuS;

B) Kau€CTBO BBIIIOJIHEHHS PACYETHON YacTH;

r) kauecTBo oopmiieHus (coorsercrere [[OCTam, ECK/I);

1) ucrionb30BaHue DBM npu BRIIOTHEHUH PacyeTOB.

2 COOEPXAHUE KYPCOBOI'O NMPOEKTA
2.1. O6wme TpeboBaHMUA

KypcoBoii mpoeKT 10JKeH CoepkKaTh:
a) YepTexH;



0) pacueTHO-TIOSICHUTENHHYIO 3aIHCKy K HUM.

Ilepeuens HEOOXOTUMBIX YEpTeKeH yKa3bIBa€TCS PYKOBOIWTE-
JIeM B TeXHUYECKOM 3aiaHuu. OH 0053aTeNIbHO TOJDKEH BKIIIOYATH B
ce0si DIEKTPUUECKYI0 (YHKIHMOHATBHYIO CXEeMy pa3paboTaHHOU
CIIN (92 mo TOCT 2.701-84). pyrue udepTexu (MPUHIUIHAIBHBIC
ANEKTPUIECKHIE CXEMbI OTAEIBHBIX YCTPOWCTB WM Y3JI0B) BKIIOYa-
10TCA B 33JJaHKE N0 YCMOTPEHHUIO PYKOBOIUTEIS.

Ueprex areKTpudeckoil (pyHKITMOHATHHONH CXEMBI JIOJDKEH Ja-
BaTh SICHOE TPECTABICHIE O pa3padaThIBAEMON CHCTEME B LIEJIOM, O
OpUHOHIE ee paboThl, Ha3HAYEHUH OJIOKOB M YCTPOMCTB U (DYHK-
LMOHAJBHBIX CBA3SIX MEXAY HUMH. DYHKIHMOHAIbHAS CXeMa JOJDKHA
OBITh HACTOJIBKO MOAPOOHOM, YTOOB! OBLIH SICHBI (PU3WYICCKIE TPUHIIUITEI 1
TEXHHUYCCKAd BO3MOKHOCTbL €€ OCYHICCTBJICHUA HAa COBPEMCHHOM YPOBHC
Pa3BUTHA PaAUOIICKTPOHUKH.

IosicuurensHas 3anucka (I13) nomkHa copepkarh B yKa3aHHOMN
HUKE MOCIIe0BaTEIbHOCTH:

1) TUTYABHBIHN NCT;

2) pedepar;

3) 3aganuie Ha MPOCKTUPOBAHUE;

4) coneprkaHue;

5) BBe/ICHHE;

6) aHAJIN3 TEXHUYESCKOTO 33J]aHKs U BEIOOP METO/Ia BBITOJIHCHUS
€ro TpeOOBaHMIA;

7) pacueT TeXHHYECKUX IapaMeTpoB npoektupyemont CIIN;

8) cocraBieHHE JJIEKTPUYECKON (QYHKIIMOHAIBLHOW CXEMBl W
pacdeTr TeXHUYECKHUX TpeOOBaHHI K €€ DIeMEHTaM;

9) pa3paboTka anmapaTHON WM MPOTPAMMHOMN pean3aluu Ko-
Jiepa u IeKozepa,

10) 3akmroueHue;

11) ciucok UCTIOIB30BaHHOM TIUTEPATYPHI.

2.2. CogepKaHue NOSICHUTENbHOWN 3annUCKuU

Pegepar - kpaTkasd xapaKTEpUCTHUKA POEKTA C TOUKU 3PEHUS
ero conepxanus 1 ocobeHHoctel. Peepar momeniaror Ha OTaEb-
HOH cTpaHHuIle. 3aroJIOBKOM CIyKUT ci1oBo «Pedepaty», pacmoio-
KEHHOE CUMMETPHYHO TEKCTY. 3aroJ0BOK BBINOIHAETCS MPONHUCHBI-
MU OyKBaMmu.



Pedepar Bemomasercs mo OC TACYP 6.1-97 u gomkeH co-
JIepKaTh:

- cBeJeHMUs O KosudecTBe JUCTOB I13, KonnyecTBe yepTexew,
WIUTIOCTpanri, TaONHL, HCIOJB30BaHHBIX HCTOYHHUKOB, MPHUIIOKE-
HUMH;

- IepedeHb KITFOUYEBhIX CIIOB;

- TeKCT pedepara.

Ilepedens KIFOYEBBIX CIIOB TOJDKEH COCTOSTEH M3 5-10 ciioB mm
cinoBocoueranni u3 [13, koTopsle B HaHOONBIIEH Mepe XapaKTepH-
3yIOT ee cozep:kaHue. KiroueBble cI0Ba MUIIYTCSI B UNMEHUTEIBHOM
najie’ke MPOMHUCHBIMU OYKBaMHU.

TekcT pedepara TOMKEH COAEPIKATE:

- LIeJb paboThI;

- [IOJTy4Y€HHBIE Pe3YybTaThl U UX HOBHU3HY;

- OCHOBHBIE OCOOCHHOCTH CIIPOEKTUPOBAHHON CHCTEMBI,

- 007acTh MIPUMEHEHUS TIPOEKTA;

- TIPOTHO3HBIE TPEAJIOKCHUSI O Pa3BUTUM OOBEKTa MCCIIEIOBa-
HUSL.

Uznoxxenne marepuana B pedepare HOIDKHO OBITH KPaTKUM U
yeTkuM. Damuiny, Ha3BaHUs YUPEKACHUH, OpraHu3aluil, GupM H
JIpyTHe MHOCTpaHHBbIE COOCTBEHHBIE MMEHAa B TEKCTE NPUBOJAT HA
sI3bIKE OpUTHHANA. J[omycKkaeTcsi MpUBOANTE COOCTBEHHBIE MMEHA B
PYCCKOW TPaHCKPHUIIIMK ¢ J00aBICHUEM B CKOOKaX OPUTHHAIBLHOTO
Ha3BaHHUsA (TIpY IEPBOM YIIOMUHAHUH).

3agaHue HA MPOEKTHPOBAHNE — COCTABIISETCS PYKOBOIUTEIIEM
Y YTBEPXKAETCsI 3aBeNYIOMINM Kadeapoii.

AHaJM3 TEXHUYECKOro0 3aaHNis M BHIOOP MeT0a BbINOJIHE-
HMA ero Tpe0OBaHUIA.

Ecnu npunuun nocrpoenus CIIN He crnenyer u3 3amaHusi, €ro
CIemyeT OmpeaenuTh, ucxoas u3 HazHauenus CIIM u npembsiBisie-
MBIX K HEH TaKTHKO-TEXHHUYECKUX TPEOOBAHMI, OTOBOPEHHBIX 3a]1a-
HueM. [Ipy HanmMYMM HECKOJIBKUX BAPHAHTOB BHIOMpPAETCS HAMITyd-
LI,

Ecnu MeTon mny mpUHIMIT ONpe/esieH 3aJaHieM, Heo0X0IuMO
yKa3aThb €70 MECTO CPENU APYTHX BO3MOKHBIX.

Jns nanpHelmel paboTsl Hajl 3a1aHUEM PEKOMEHIyeTCs coCTa-
BUTH YKPYMHEHHYIO JJIEKTPHUECKYIO CTPYKTYPHYIO CXeMY HpPOEKTH-
pyemoit CITN (31 no 'OCT 2.701-84), naromryro ee nuHGHOPMaIHOH-
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HYIO CTPYKTYPY C OTOOpaKeHHEeM OCHOBHBIX (YHKIIMOHAIBHBIX OJIO-
KOB (TMPHEMHHK, TIepeaTynK, WHAUKATOp M T.I.) U B3aMMOCBs3EH
Mexay HUMH. Vcronp3oBaHME 3TOM CXEMBI MO3BOJIUT OINPENEIUTH
coJiep>kaHue U 00bEeM MOocTeIyonei padoThI.

Pacuer Texunuyeckux napameTpoB npoextupyemoii CIIN.

Ha ocHoBanum TpeOOBaHWI TEXHUYECKOTO 3aJaHUS U B COOT-
BETCTBUM C 3aJaHHBIM (WM BBHIOPaHHBIM) MPHHIHIIOM ACHCTBHS
PaCcCUUTBIBAIOTCSI OCHOBHBIE TexHWYeckne Xapakrtepuctuku CIIN. K
HUM, B YaCTHOCTH, OTHOCSITCA: JUIUTEIBHOCTh KOJAOBOTO CIIOBA, Ka/l-
pa, IKUpPHUHA CIEKTpa IPYyNIIOBOrO CUTHAJA, TApaMETPhl MOIYJISINH B
[IEPBOM U MOCIENYIOUIUX CTYIEHSAX YIUIOTHEHUS, BEPOSITHOCTh IIpa-
BHJILHOTO JEKOIUPOBAHUS KOJOBOTO CIIOBA.

Hpyrue mapamerpst CIIM, moanexaiiue pacdery, oroBapuBa-
IOTCA B TCXHHUYCCKOM 3aJlaHVU WJIN OIPCACIIAIOTCA CTYACHTOM, HC-
XOJI51 M3 Ha3HAUSHUS W MIPUHIIUTIA IEHCTBUS CHCTEMBI.

Ecnn HecTaOMIIBEHOCTh PAaCcCUMTHIBAEMBIX MAPaMETPOB CYIIECT-
BEHHO BJIMET Ha KaueCTBEHHbIE MoKa3aTenu npoektupyemsix CIIN,
CJIeyeT OLIEHUTH €€ JOMyCTUMBbIC 3HAUCHHUS.

BriOpanHbie HA OCHOBAaHUM pacdeTa TEXHUYECKHE XapaKTepH-
ctuku CIIA momxHB 00eCTIeYMBaTh BBITIOJHCHUE TAKTHUECKUX TPe-
0OBaHUH, NPEyCMOTPEHHBIX 3aJaHUEM Ha MPOeKTUpoBaHue. Eciu B
pe3ylbTaTe pacuyeToB CTAHOBUTCS OYEBUIHBIM, YTO BBITIOJHEHHE CO-
BOKYIIHOCTH 3aJJaHHBIX TaKTUYCCKUX Tpe6OBaHI/II>'I HEBO3MOKHO Ha
COBPEMEHHOM YPOBHE Pa3BUTHS TEXHHUKH, 3TO JIOJIKHO ObITh yOe u-
TENPHO TOKa3aHO CTYIEHTOM B TIOSCHUTENHHOW 3amucke. B arom
clly4ae CTYICHT JOJDKECH MPEIJIOKUTh U COTIIACOBATh C PYKOBOUTE-
JIEM BapHaHT BBIMOJIHACMBIX TpG6OB3HPII71, HUCXOoasd K3 Ha3HAYCHUA
CUCTEMBI M TEXHHUYECKHUX BO3MOKHOCTEM.

CocraBiieHne JJ1eKTpHYecKOl (YHKIHMOHAIBHON CXEeMBI,
onucaHue ee padoThl, pacdyeT OCHOBHBIX TEXHHYECKUX TpeOoBa-
HMH K ee 2JIeMEHTaM.

B nanHOM paszerne 00OCHOBBIBaeTCS MpeaiaraeMblii HCIIOTHH-
TeNneM BapHaHT (QYHKIHMOHAIBHOM CXEMBI, IOKA3bIBAETCS €ro pado-
TOCIIOCOOHOCTE ¥ BO3MOKHOCTE TEXHUYECKOT'O BBIITOIHEHUS.

B pazgene mommkHO OBITH aHO ommcaHWe pabOTHI BCEH cUCTe-
MBI, TIPUBEJICHBI BpeMEHHBIE TpaUKH PabOThl OCHOBHBIX 3JIEMEHTOB,
JaHO pacTpezesieHHe UCTIONIb3yeMOU MOJIO0CH YaCcTOT MEXIY YacTOT-
HbBIMH KaHaJlaMH, IIpU HCOGXO}II/IMOCTI/I IMPUBEACHBI JIIIOPBI HaIps-
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JKEHHH B XapaKTEePHBIX TOUKaxX (PyHKIIMOHATHHON CXEMBI.

CrnemyeT paccuWTaTh OCHOBHBIE TEXHHUYECKHE TpPeOOBaHHUA,
MPEIbABISCMBIC K DJIEMEHTaM (PYHKIIMOHAILHOW CXEMBI, U TI0Ka3aTh
IyT€M CCBUJIOK Ha COOTBETCTBYIOIYIO JINTEPATYpPy BO3MOKHOCTh HX
TEXHUYECKOT0 BBITONHEHUS. JlomkHa OBITH cOCTaBlieHa CBOJTHAsS
TabNrIla TEXHHYECKUX TPeOOBaHUM K deMeHTaM (yHKIIMOHATBHOMN
CXEMBI.

Pa3paboTka anmapaTHoOW WJM NPOrpaMMHON peaju3aluu
KoJiepa u Jexojaepa (1o BEIOOpY CTyIEHTA).

[ns anmapaTHOM peanu3aluu Kojepa W JAEKoJepa 3alaHHOTO
KOPPEKTHPYIOIIET0 KojJa HeoOXoauma pa3paboTKa HMX JeTalbHBIX
(hyHKITMOHATBHBIX CXEM C YKa3aHHEM BCEX JIOTHYECKHM DIIEMEHTOB U
CBS3EH MEXy HUMU.

IIporpamMmel KOIMpPOBAHUSA U JEKOJUPOBAHUS ISl NIEPCOHAIIb-
HOTO KOMITBIOTEPA MOTYT OBITh COCTABIIEHBI C MCIOJIB30BAHUEM JIFO-
00ro U3 SA3BIKOB MpOrpaMMHUpoBaHUsI. HeoOXoamMo mpuBECTH JHC-
THHT IIPOTPaMMbl U YUCJICHHBIN IIPUMED, MOATBEPKIAIOIINN €€ pa-
00TOCTIOCOOHOCTE.

3aki0ueHue.

B atom paznene HCIONHUTENb MOABOAUT UTOTH MpPOETaHHON
paboThl, OTMEYaeT COOTBETCTBHE cripoekThpoBanHoi CIIN TexHuue-
CKOMY 3aJJaHUIO, TTOJIOKUTENBHBIE CTOPOHBI U HEIOCTATKH MTPHHSATHIX
TEXHUYECKUX PEIICHWH, HaMedaeT IIyTH YIYYIICHHs TaKTHUKO-
TEXHUYECKUX NapaMeTPOB CUCTEMBI.

B 3axnrouennn GpopmynupyroTcs oOIrie BEIBOJIBI, KacaloIIHecs
TIOJIE3HOCTH TIPOJIENIAHHONW PabOThI, B YaCTHOCTH, OTMEUaeTCs Iielie-
CO00pa3HOCTh WCIOJB30BaHMUS €€ PEe3yNbTaTOB B PEAIbHOM IPOEK-
THPOBaHUMU.

3 TPEBOBAHUA K O®OPMJIEHUIO KYPCOBOI'O
NMPOEKTA

Hacrosmue MeToandeckne yKka3aHHs COCTaBJICHBI B COOTBETCT-
Bun co cramaprom OC TACYP 6.1-97 «PabGoTsl crymeHueckue,
yueOHBIC M BBIITyCKHbIE KBaJdu(uKauuoHHble. O01Ie TpeOoBaHus 1
npaBuiIa 0QpoOpMIICHUS.
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3.1 TpeboBaHMA K 0POPMIIEHUIO YepTeXen

UepTexxu JTODKHBI OBITH BBITIONHEHBI B KapaH/alle Ha JINCTaX
BaTMaHa CTaHAAPTHOTO pa3Mepa WU Ha KOMIIBIOTEPE B COOTBETCT-
Bun ¢ ECK/I. [IpaBuna BBITTOIHEHUS JIEKTPUIECKUX CXEM yCTaHOB-
nensl 'OCT 2.702-75 u TOCT 2.701-84.

JomyckaeTcsi MOMEIIeHHE YepTex el B KOHIE MOSICHUTEIbHOU
3alUCKU C COOTBETCTBYIOLIEH YKIIAAKOH UX.

Kaxxnp1il yepTex 10JKEH UMETh PAMKY U OCHOBHYIO HAJIIIKCh B
cootrBeTcTBUH ¢ ['OCT 2.104-68 «Buasl 1 KOMIUIEKTHOCTL KOHCT-
PYKTOPCKOW JOKyMeHTarumny», popma 1. dopma 0OCHOBHOW HAIMUCH,
a TakKe MpUMEep 3aroTHEeHUs rpad) OCHOBHOW HAIIWCH NaHBI B MIPU-
JIOKCHUH 2.

[pyrue cBeieHUs, KOTOPbIE MOTYT OKa3aThCsd HEOOXOIUMBIMH
JUTS BRITIOJTHEHHSI Tpa(uecKoi YacTH MPOEKTOB, IPUBECHBI B CTaH-
nmapre OC TACYP 6.1-97.

3.2 TpeboBaHusA K 0hOPMIIEHUIO NOAACHUTENBLHOMN
3anuckKm

[MosicantenbHas 3amucka K npoekty (I13) momkHa OBITH BBIOJI-
HEHa Ha cTaHIapTHBIX Juctax gopmarta A4 (210x297) I'OCT 2.301-
68 OJTHUM M3 CIICAYIOIIMX CIIOCOOOB:

- C IpUMEHEHHEM TIeyaTaroIluX yCTpONCTB BbiBojga OBM, BbI-
cora OykB u udp He mernee 1,8 mm, depe3 1,5-2 MEKCTPOUHBIX MH-
TepBaa;

- PYKOIIMCHBIM — YETKUM, pa300pUYHBEIM ITOYEPKOM C BBICOTOM
OykB U mudp He MeHee 2,5 MM. TeKCT JOKEH OBITh HAMUCaH Yep-
HWJIAMH WIK TaCTOW CHHETO WM YEPHOTO LIBETA.

B cootBerctBun ¢ 'OCT 2.004-88 «O0mmme TpeboBaHus K BbI-
MIOJIHEHUIO KOHCTPYKTOPCKUX M TEXHOJOTHYECKHX TOKYMEHTOB Ha
MevaTaromMX U rpadMuecKuX yCTpOHCTBax BeIBoAa DBM», NOMKHEI
coOioaaThecs TpeboBaHMs cOOTBETCTBYIOMMX cTangapToB ECK/I.

I13 sBnsieTcss TEKCTOBBIM KOHCTPYKTOPCKHM JOKyMmMeHTOM. [lo-
3TOMY €€ IOCTpOeHHE W OQOpPMIICHHE [ODKHO COOTBETCTBOBATDH
I'OCT 2.105-95, pasznen 2 «TpeboBaHUS K TEKCTOBBIM JOKYMEHTaM,
coJiepKallliM B OCHOBHOM CILIONTHOM TeKcT». COrjlacHO 3THUM Tpe-
0OOBaHMAM KaXKIbI JUCT TEKCTOBOTO KOHCTPYKTOPCKOTO JOKYMEHTa



13

obpaMIIsieTCsl paMKOi M CHAa0kaeTCsl OCHOBHOM MOANHMCHIO TT0 hopMe
2u2al'OCT 2.104-68.

JonyckaeTcst BHIOMHATH 1O popMaM 2 U 2a TOIBKO 2-3 MepBhIX
nucta [13.

Paccrossare ot pamku ¢GopMmbl (MM OT TOTO MECTa, TIe OHa
JOJKHA OBITh) 10 TPAaHMI TEKCTA CIIEAYET OCTABIIATH B HaYalle CTPOK
— He MEHee 5 MM, B KOHIIE CTPOK — He MeHee 3 MM. PaccTtosiHue oT
BEpPXHEH WM HIDKHEH CTPOKM TEKCTa A0 paMKH (HOpMBI IOJDKHO
ObITh HE MeHee 10 MM.

Hywmepanus crpanun [13 momkHa OBITH CKBO3HOHM, BKIIIOYAs
JIUCTBI C PUCYHKAMHU, IIEPBOM CTPAHULIEH SABISETCS TUTYJIbHBIN JIUCT.
Homepa cTpanuil ZOJKHBI NPOCTABISTHCS B OCHOBHOM HAAIUCH B
rpage «Jluct». Ha TUTYNBHOM JIMCTE U B 3aJJaHUK HOMEP CTPaHHUIIBI
He mpocTaBisercs. Ha mucrax 6e3 paMKu HOMEp MpPOCTaBISETCS B
[IPaBOM BEpXHEM YITy. TUTYIBHBIA JHCT O(OPMISIETCS COIIACHO
I'OCT 2-105-95. ®opma TUTYIBHOTO JHICTA TIPUBEICHA B TIPHUIIOKE-
Huu 4.

TekcT nomKeH OBbITh HAllMCaH MPOCTHIM SI3BIKOM, YTOOBI €10 MOT'
MOHATH CIIELUAIUCT HE TOJIBKO B JAHHOM 00JIACTH, HO M B CMEXHOI.

He cnemyer mpuMeHSATh B TEKCTe HEKOHKPETHBIE BBIPAKEHUS
TUTIA «yIOBJIETBOPUTENHHOE COBIAJCHHUE», «XOPOIEe COOTBETCT-
BHE», «I0CTATOYHAS TOYHOCTHY M T.X., & TAKXKE YIOTPEOIATH CIOXK-
HbIE 000POTHI pEUH, KAPTOHHbIE BhIpaKEHUs, TPO(ecCHOHATH3MBI.

He nonyckaercs:

- IPUMEHSATH AJISl OHOTO U TOTO K€ MOHATHUS Pa3INyHbIE Hayd-
HO-TEXHUYECKHE TEPMHHBI, OJIU3KHE IO CMBICTY (CHHOHHMBI), a
TaK)k€ HHOCTPAHHBIE CJIOBA U TEPMUHBI PU HAIMYMH PAaBHO3HAYHBIX
CJIOB ¥l TEPMHHOB B PYCCKOM $SI3BIKE;

- IPUMEHATH IPOU3BOJIBHBIE CJIOBOOOPA30BaHUS;

- nmpuMeHATh uuAekcsl crangapros (I'OCT, OCT u T1.11.), Tex-
Huuecknx yciosuid (TY) u aApyrux JOKyMeHTOB 0e3 perucTpanuoH-
HOT'0 HOMeEpa.

CopnepxaHue MOSACHUTEIBHON 3alMCKU Pa3OMBAIOT HA Pa3JIelibl
W noapaznensl. [Ipu HeoOX0AMMOCTH pa3Jielbl U MOpa3ieiibl pa3ou-
BaIOT Ha ITyHKTHI, & IIYHKTHI Ha MOAMYHKTHI. Kaskaplil MyHKT 3anucChI-
BaloT ¢ ab3aua.

Mexmy 3arojOBKaMH pPa3/eloB W TOJPA3EiOB M IOCIETyTO-
IIMM TEKCTOM CJIETyEeT OCTaBJISATh OJHY CBOOOAHYIO CTPOKY, a MEX-
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Iy MOCJEAHEN CTPOKOM TEKCTa W MOCIECAYIOIIMM 3arojJOBKOM — JBE
CBOOOJTHBIE CTPOKH.

Paznensl mOMKHBI UMETh MOPSAKOBBIE HOMEpa, 0003HAUYCHHBIE
apabckoii udpoii. Homepa noapasaenoB cocTosT U3 HoMepa pasze-
Jla ¥ NOJpa3fena, pa3lejeHHbIX Toukoil. Homepa myHKTOB COCTOSIT
13 HOMEPOB paszfiena, MoApas3/elia U MMyHKTa, pa3felIeHHBIX TOYKaMH.

Copnepxaiuecs B MOAMYHKTaX OTAENbHBIC TpeOOBaHUS, yKa3a-
HUSl MW TIOJOXKCHHS, M3JIaraeMble B BHJIE IEPEUNCIICHUS, 3aIHChI-
BaoT ¢ aOzama. [loamyHKTHI 00O3HA4YAKOTCS B TIpeleNiaXx ITyHKTa
apabckuMu Udpamu co ckoOkoi. Kaxkaplii MOAMYHKT JOMKEH Ha-
YUHATHCS C HOBOW CTPOKHU CO CTPOYHOM OYyKBBHI. B KOHIIE ITOAIYHKTa,
€CJIM 32 HUM CJIEIyeT eIlle MOMITyHKT, CTaBsAT TOUKY C 3aISITOH.

Kaxxapiit paznen pekoMeHAayeTcsl HAaUMHATh C HOBOM CTpaHMIIBI.
HawnmenoBaHus pa3aenoB U NOAPa3AeioB JOKHBI OBITh KPATKUMH H
COOTBETCTBOBATh COJCPIKAHUIO. 3aroJIOBKH IOAPA3JICNIOB 3aIlHCHI-
BalOTCA CTPOYHBIMH OyKBamH (KpoMe TepBOi MpomucHoi). Touky B
KOHIIE 3ar0JIOBKa He CTaBAT. Eciu 3aroioBok COCTOUT U3 ABYX Mpe-
JIO)KEHUM, X pa3fessitoT ToUKoU. IlepeHochl CIOB B 3arojIoBKax He
JIOITYCKAIOTCSI.

IIpy aHanWTHYECKUX pacyeTax pPEKOMEHAYETCs CIeXyronui
MOPSIIOK  3alMCH: MpUBOIUTCA (popMyna, mocjie 3HaKa pPaBEHCTBA
TIOJICTABJISIFOTCST YMCIIEHHBIE 3HAYEHUSI B OCHOBHBIX €IMHHUIAX CHC-
teMbl CU 1 mutercst pe3ynbTar ¢ yKa3aHHEeM eIMHUI] U3MEPEHUS T10
I'OCT 8.417-81, manpumep: B, mB, MxB, A, MA, MxA, Om, kOm.
MOwm, @, mx®, I', k', MI'o, M, cMm, kM, ob, BT, ¢, Mc, MKc, HC.

UwncnoBple 3HAYCHHS BEIMYMH B TEKCTE JOJDKHBI YKa3bIBATHCS C
HE00X0IMMOM CTerneHblo TouHocTH. B Tekcre 13 uncna ¢ pasmepHo-
CTBIO CJIeJlyeT mucath udpamu, QpsI g0 recsaT 6e3 pa3MEepHOCTH
— CIIOBaMH, CBBIIIE JiecsATH — mudpamu, Hanpumep: JambHOCTD aeii-
CTBUS YBEIMYMIIACh B JIBa pasa.

3Ha4YeHUs] CHMBOJIOB M YUCIIOBBIX KO3 (DUIIMEHTOB, BXOISIINX B
(dbopmyiy, TOIDKHBI OBITH PUBEIEHBI HEMOCPEACTBEHHO TTOA PopMy-
JI0#1. 3HaYEHUE KaKJIOro CMMBOJIA JAIOT C HOBOM CTpOKHU B TOM mO-
ClIeZIOBATEIIbHOCTH, B Kakoi OHHM mpuBeleHbl B (opmyne. [epas
CTpoKa pacmupoBKM JOJDKHA HAaYMHATBCA CO cioBa “rae” 0e3
JIBOETOYHS MOCTIE HETO.

®opMynBl, Ha KOTOPbIE UMEIOTCS CCBUIKM B TEKCTE, TOJKHBI
HYMEpPOBAaThbCsl B Tpejaenax pasnena apadckumu Imdpamu. Homep
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(hopMyInbl JOIKEH COCTOSITh U3 HOMEpa paszena U HOPSIKOBOIO HO-
Mepa (opMyIel, pa3ieneHHbIX Toukod, Hampumep: (1.2). Homep
YKa3bIBAIOT C MPaBOil CTOPOHBI JIUCTa HA YPOBHE (POPMYIIBI B KPYT-
JBIX CKOOKaXx, HaIpUMeD:

A=0,5x—-8 (3.222)

Cchiiky B TeKkcTe Ha HoMep (OpMyJIbI Jal0T B CKOOKaX, Halpu-
Mmep: “... B popmye (3.1)”.

Iludposoit MaTepman, Kak MpaBmwiIo, oQOPMISIIOT B BUAEC Tab-
yuu. Tabnuna 10mKHA UMETh 3ar0jI0BOK, KOTOPBII CIEAyeT BBINOJ-
HATH CTPOYHBIMH OyKBamH, KpOME IIEPBOI MPOMUCHOH, 1 IOMEIIATh
Haja Talmuuei mocepeanHe. 3aroJOBOK JOJDKEH OBITh KPaTKUM H
MOJTHOCTBIO OTPaXKaTh COAep KaHue TaOIHLIBL.

3arojoBky Tpad TaOMUIBI HAYMHAIOT C MPOIMUCHBIX OYKB, a
MI0/I3ar0JIOBKM CO CTPOYHBIX, €CIIM OHHM COCTaBJISAIOT OJHO IpPEeIUIo-
XKEHHE C 3aroyioBKOM. [1013arosioBKH, MMEOLIME CaMOCTOSITEIbHOE
3Ha4YeHUe, MUIIYT C PONMCHON OYKBBL. B KOHIIE 3ar0i0BKOB U MO/I-
3aroJOBKOB TaOJNHUI 3HAKW NMpPENUHAHUS HE CTaBAT. 3arojlOBKH yKa-
3BIBAIOT B €IMHCTBEHHOM uwmcie. ['pady “Ne m/m” B Tabnwmy He
BKIII04atOT. [lpn HeoOXoquMOCTH HyMepauuu napaMeTpoB MOPSIIKO-
BbIE HOMEpA YKa3bIBaIOT B OOKOBHKE TaOJHIIBI TEpe]] X HAUMEHOBA-
HHUEM.

JuaronansHOe [eJleHHE TOJIOBKM TaONWIBl HE JOIYCKaeTcs.
BricoTa cTpok TaOIHIIbI IOJHKHA OBITH HE MEHEE 8 MM.

Bce tabnuiipl, ecnu ux B [13 Gosiee o/1HOM, HYMEPYIOT B Mpejie-
nax paszzaena apabckumu udpamu. Homep Tabnuiel cOCTOUT U3 HO-
Mepa pasjienia ¥ MOpsIKOBOI0 HOMepa TaOJIMIpI, pa3/iejeHHbIX TOY-
KOH.

Haxg neBbiM BepxHMM yriioM TaOJMIBI MOMEIIAIOT HAIIHCh
“Tabnuma” ¢ yka3aHmeM HoMepa TaOmuIl, Hampumep: “Tabmuia
2.1” (nepBas Tabnuia BTOoporo paszaeina). Hagnuce “Tabnuna” mu-
IIyT BBIIIE 3aT0JIOBKA.

Ecnu B I3 ogna Tabimna, To HOMEp €d HE NMPHCBAaUBAETCs H
cioBo “Tabnuma” He mumyT. Ha Bce TaGiuIIBl JOKHBI OBITH CCHII-
KM B TEKCTE, IIPH ATOM cjoBo “Tabmuia” B TEKCTE MHIMYT ITOJHO-
CTBIO, €CIIM TAabJIHMIa HE UMEET HOMEPA, M COKPALICHHO - €CIIM UMEET
HOMep, Harpumep: ... B Tabm. 1.1.”.

Jns noscHenus n3naraemMoro tekcra B I13 momemniaroT winocT-



16

pauuu. Vnmroctpannu JODKHBL pa3MEIaThesl cpa3y IOCHE CChUIKH
Ha HUX B TeKcTe. MumocTpanuu cienyer pasMelarb TaK, YTOObI UX
MO>KHO ObLTO paccMarpuBaTh 0e3 moBopoTa I13. Ecnu Takoe pacmo-
JIOKEHHE HEBO3MOXKHO, HJUTIOCTPALIMH PACIIONaraloT TakK, YTOObI s
UX paccMaTpuBaHUs HaAo OblI0 OBepHYTH 113 o yacoBoii cTpenke.

WnmocTpanuu NODKHBI OBITH BBIIOJIHEHBI B COOTBETCTBHM C
TpeboBanusmu ctanaapToB ECK/I.

Bcee mmmoctparum (hoTorpaduu, cXeMbl, YEPTEKH H TIP.) UMe-
HYIOTCSl pUCYHKaMu. PUCYHKH clieyeT BBIIONHAThH Ha TOil ke Oyma-
re, 4TO U TeKCT. PUCYHKM HyMepylOTCs MOCIeI0BaTeNbHO B IIpese-
nax pasgena apabckumu mudpamu. Homep prucyHka T0JKEH COCTO-
SATh U3 HOMEpa pa3ziena U MOpsSAKOBOr0 HOMepa PUCYHKa, pa3/ieieH-
HBIX TOYKOH, Hampumep: “PucyHok 1.2” (BTOpoil pUCYHOK MEPBOTO
paznena). [Ipu ccpUike Ha pUCYHOK CIIeAyeT YKa3bIBaTh €ro MOJHBIHN
HOMep, Hampumep: “(pucyHok 1.2)”. IloBTOpHBIE CCHUTKH Ha PHCY-
HOK CJIEIyeT JaBaTh C COKPAICHHBIM CIOBOM ‘“‘CMOTPH’’, HaIlpUMED:
“(cm.puc. 1.2)”.

WnnrocTpauny AOJKHBI UMETh HaUMEHOBaHHUE, U MPH HE00XO-
JUMOCTH — MOsICHAOIUE NaHHble. CIoBO “pUCYHOK”, €r0 HOMEpP U
HAaMEHOBAaHUE TOMEIIAIOT HIKE H300paKEHUS M TOSCHHUTEIBHBIX
JaHHBIX CUMMETPUYHO WnIocTpanuu. Hampumep, “Pucynok 1.2 —
I'padmyeckoe n3o0pakeHue anropurma’.

Wnnroctpanini, Ha KOTOPBIX HM300pakaroTcs TpaguKH, BBIMOJI-
HSAIOTCS PA3JIMYHO B 3aBUCHMOCTH OT TOTO, OTOOpaXaioT JHM OHH
JIUIIb KaYeCTBEHHBII XapaKTep WIN e KOJIMYECTBEHHOE COOTHOLIE-
HHUE MEXIy apryMEeHTOM U (pyHKIHEH.

[epBbiii Bua rpadukoB u300paXkacTcs Ha IUIOCKOCTH, OTPaHU-
YEHHOW OCAMM KOOpAMHAT, 3aKaHYMBAKOIIMMHUCA cTpenkamu. IIpu
3TOM CJIeBa OT CTPEJIKH OCH OPJAMHAT U IOJ CTPEJIKOM ocu abcuuce
npocrasisieTcsi OykBeHHOe 0003HaYeHHE COOTBETCTBEHHO (BYHKITUH
Y apryMeHTa, 03 yKa3aHUs UX eIUHUI] N3MEPEHHH.

Bnone ocell nmormyckaeTcsl ykas3bIBaTh YCJIOBHBIE KOOPAMHATHI
HEKOTOPBIX XapaKTEPHBIX TOUEK.

I'paduku, MO KOTOPHIM MOXKHO YCTaHOBHTH KOJHMYECTBEHHYIO
CBSI3b MEXIY HE3aBHCUMOW M 3aBHCHUMOH NEPEMEHHBIMH, JOJKHBI
CHa0XXaThCsl KOOPAMHATHOM CETKOM, JIOrapu(h)MUUECKONH WM PaBHO-
MepHOH. bykBeHHble 0003HAUE€HHS TEPEMEHHBIX IPOCTABISIOTCS
BBEpXY CIJIeBa OT JIEBOW I'PaHUIIBI KOOPIWHATHOTO TIOJIS M CIIpaBa Mo
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HIDKHEH TpaHuIleit ToJisl.

Ennannel nzmepenus (pasMepHOCTH) MPOCTABIAIOTCS B OAHOM
CTpOKE C OYKBEHHBIMH 0003HAYCHUSMH MEPEMEHHBIX U OTACISIOTCS
OT HHUX 3aIATOMN.

UucieHHble 3HA4YeHUS apryMeHTa W (YHKLIMH BIIUCHIBAIOTCS
IIPOTUB JIMHUH KOOPAMHATHOM CETKH COOTBETCTBEHHO B OIHY CTPOKY
¢ OyKBEeHHBIM 00O3HAUYEHUEM MO HWXKHEH I'paHHULEHd KOOPAUHATHO-
ro Mol U B OJUH cTONI0el ¢ OyKBEHHBIM OOO3HAuUCHHEM CIIeBa OT
JIeBOM IpaHuULIbl KOOPAMHATHOTO o1, Crenyer u3berats 4pe3sMepHo
MEJIKOH KOOPAWHATHOW CETKH, MPUUYEM JOMyCKaeTcs B LETSIX JIyd-
[IeT0 YTEHHs TpaduKa MPOMEKYTOUYHBIE YMCIOBBIC 3HAUYEHHS MpPO-
CTaBJISITH Yepe3 OAHY Wiu 1Be KieTku. [lone, oOpazoBaHHOE KOOp-
JMHATHOM CETKOM, CIeIyeT NCIOIb30BaTh PAMOHANBHO TaK, YTOOKI
HE OCTABaJIMCh ITYCThIE CTPOKH U CTOJIOLBI KJIETOK.

Ecnmn Ha omHOM Tpaduke HEOOXOIUMO pa3MECTUTh CEMENCTBO
KPHUBBIX, TO UX CleoyeT M300pakaTh JUOO pa3IMYHBIMU JUHUSIMH
(HampuMep, CIUIOIMIHOW, MYHKTHPHOHM, INTPUXITYHKTUPHOH), JHOO
MIPOCTABIIATH OKOJIO HUX HA CBOOOMHBIX MeCTaxX HU(PHI WK OYKBHI,
KOTOpbIE JOJKHBI OBITH PAa3bsCHEHBI B MOSICHAIOIINX JaHHBIX K PHU-
CYHKY WJIH B TeKCTe, 1100 JeaTh BO3Je HUX KPaTKHE MOSICHSIOIINE
MOJIIIHCH, HE 3aTPYIHSIONINE YTeHHEe TpaduKa.

Ecnn Ha opHOM rpaduke HEOOXOAMMO pa3MECTUTH JIBE Pa3HO-
ponHble (QYHKIMOHATIBHBIE 3aBUCUMOCTH, TO O0OO3HAu€HHE W pas-
MEPHOCTh OJIHOM M3 HHUX CJIelyeT MOMeNaTh BAOJb JIEBOH I'PaHHIIbI
KOOPAWHATHOTO II0JIsl, @ APYrOd BAOJb NPaBOil rpaHUIIbl KOOPAHHAT-
Horo nojst. Ilpu 3ToM Ha nose rpaduka Bo3ine KpUBbIX 10JDKHBI OBITH
MPUBEACHBI COOTBETCTBYIOIINE OyKBEHHBIE 0003HAYCHHUSI.

Ecnu rpadyky mInIrocTpHPYIOT SKCIIEPUMEHTANBHBIE 3aBUCHMO-
CTH, NIOJyYCHHBIE B PE3YJIbTATE OJAHOKPATHOTO MPOBEACHMS MPSIMbBIX
WK KOCBEHHBIX M3MEPEHMH, TO 00s3aTeNbHO MPOCTaBIEHUE KOOp-
JIMHAT JKCTIEPUMEHTAIBHBIX ToYeK. KoopauHATEI MOTYT OBITh yKa3a-
HBl pa3IWYHbBIMH CUMBOJaMH (3HaukaMu), Hanpumep, # u T.1. Pac-
mH(ppoBKa CUMBOJIOB IPUBOAUTCS B MOJPUCYHOUHON HAJIHUCH HIIH B
TEKCTe.

[Ipu ccplike B TEKCTE HA UCIOIB30BAHHYIO JINTEPATYPy CIEeayeT
MPUBOIUTH MOPSIKOBBIA HOMEP IO CIIUCKY JHMTEPATYPhl, 3aKIFOUCH-
HBIA B KBaJ[paTHbIE CKOOKU M, B HEOOXOJIUMBIX CITy4asiX, CTPaHHIIbI,
Hanpumep: [18, c. 75].
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Crrcoxk utepaTypsl 0OPMILIIOT CIETYIOINM 00pa3oM. 3aro-
T0BOK “CIIHCOK JINTEPaTyphl” PacIioNararoT CHMMETPUYIHO TEKCTY,
MPOITUCHBIMU OYKBaMU. B CriMCOK JUTepaTyphl BXOISAT BCE TE JIUTE-
paTypHbIE HICTOYHUKH, Ha KOTOPBIe UMErOTCS cchutkh B [13. Crincok
TUTEpaTypsl BHIMOMHSIOT B coorBeTcTBUU ¢ [[OCT 7.1-84 “Cucrema
nH(pOopMaImoHHO-0nbIHorpaduueckoil JoKymMeHTannu. bubmuorpa-
(myeckoe onucaHue Mpou3BecHUM neyatu’”. [lpumepom MoxkeT
CITY’KUTh CITICOK PEKOMEHTyEMOU JIUTEPATYPhI K TUTIOBBIM MPOCK-
TaM, MOMEIICHHBIN B HACTOSIIUX METOIUYECKUX YKa3aHUSIX.

4 COOEPXAHUE 3A0AHUA HA KYPCOBOW NMPOEKT
4.1 3apaBaemMble napamMeTpbl U XapaKTepUCTUKH

MmuorokanansHas nudpoast CIIM nmpennazHadena ais nepesa-
91 HUQPPOBBIX CUTHAJIOB OT M OAHOTHUITHBIX UCTOUYHUKOB HH(OpMa-
UM [0 OTHOMY WJIM HECKOJIbKUM apeHIyeMbIM CTaHIApTHBIM aHa-
JIOTOBBIM KaHaJIaM U XapaKTepU3yeTcsl CIelyIoIIMH apaMeTpaMu:

1) gncno xanamoB M;

2) IUIMHA JTBOMYHOW KOJOBOM KOMOWHAIMU (CJIOBA) Ha BXOJIE
kaHana K., our;

3) cpenHsisi CKOPOCTh Ha BXOJie KaHana V., CIOB/C;

4) T KOPPEKTUPYIOIIETO KO/,

5) THIT MAaHUTTYJISLIUHY;

6) crioco0 YIJIOTHEHWsI KaHAaJIOB;

7) ButoBast BEpOSITHOCTh OIIMOKH Ha BBIXOJC 0eMOOYIAMOPA B
npsiMoM KaHaie Pyg;

8) cnekTpajibHasi IJIOTHOCTh MOIIHOCTH aJTATHBHOIO OEJIOro
oymMa Ha BXOJaxX MNPHUEMHUKOB NPSMOrOo M OOpaTHOrO KaHAaJoB
No, BT/T'1;

9) 3aryxaHue B psIMOM K 00paTHOM KaHanmax G .

YucneHHble 3HAYEHUs TapaMeTPOB, THIT KOPPEKTUPYIOIIETO KO-
Jia, TAN MAaHUIYJSIUK U CTIOCO0 YTUIOTHEHHsI KaHaioB naHbl B [Ipu-
JokeHu! 1.

Howmep BapuanTa N cTyneHTs BRIOHpAoOT 110 hopmyIie

N=P, eciu P<50 u N=P-50, ecaiu P>50.
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rae P — 3HaueHHe NBYX MOCIEAHUX (P HOMEpa 3a4eTHOW KHIKKH
crynenra (00,...,99) wm 3agaercs mpenoiaBaTesieM.

4.2 Bonpochl, noanexawme paspaboTke:

1) pa3paboTka YKpPYITHEHHOH CTPYKTYPHOH CXEMBI CHCTEMBI B
LEJIOM JJIs TIepe/ladd B OTHOM HallpaBIlICHUU;

2) BBIOOP CIIOCOOOB BBEICHUS W UYMCICHHBIX 3HAUCHWH Iapa-
METPOB CHHXPOCHUTHAJIOB;

3) BBIOOD criocoba MyIbTHILIEKCUPOBAHHS - OUTBHI, OalTHI, CII0-
Ba (TIpH BPeMEHHOM YIUIOTHEHUU KaHAaJIOB)

4) pacyer 3HaYEHWH BCEX BPEMEHHBIX WHTEPBAJOB, OMpee-
JSIOMUX CTPYKTYPY HU(GPOBBIX KaHAJIBHBIX W (TMIPH BPEMEHHOM YII-
JIOTHEHWW KaHAJOB) TPYMIIOBOTO CHUTHAJIOB C yYETOM BIIHSIHHUS I10-
BTOPHOM Iepenadyn KOJOBBIX KOMOMHANWN Tpu 0OHAPYKEHUH OIIH-
00K;

5) BBIOOp YMCICHHBIX 3HAYCHHUU MapaMETPOB KOPPEKTHPYIOIIES-
TO KOJIa, 0OHapyxHcusaouiezo OmmoOKY, IPH KOTOPHIX 00ecrednBaeT-
CSl MUHUMAIbHAA Mpedyemas MOWHOCMb nepedamuuKa npu 3a-
OaHHOII OUMOBOIl 6ePOAMHOCIU OWUOKU HA 6bIX00€ 0eMO0YJIA-
mopa,

6) ompezneneHUe TUTIA U TTAPAMETPOB MOYJISIINHN, OUTOBOH Be-
POSATHOCTH OIIMOKKA M MOIHOCTH Tepe/laTuiKa B KaHaie Mepecrpo-
ca.

7) BbIYHCIIEHHE OMTOBOW BEPOSATHOCTH OMIMOKH Ha BBIXOJE JI€-
MOJIYJIATOPA, BRIYHCIICHHE BEPOSTHOCTH OMIMOKHU MPU MIpHEMe KOJIO0-
BOTO CJIOBa U OMTOBOI BEpOATHOCTH OIIMOKHU HA BBIXOJIE JICKO/IEpa B
pEeXUME UCHpasieHus OUIMOKU TPU BBIOPAHHOM MOIIHOCTH Tepe-
JATYNKA U MCIIOJIb3YEMBIX ITapaMeTpax KOPPEKTUPYIOIIETO KOJa;

8) pacueT OMTOBOW BEPOSTHOCTH OLIMOKHM Ha BBIXOJIE JACMOIY-
JSITOpa B CHCTEME, He UCHOJIb3YIouell TIOMEX0YCTOMINBOE KOJHPO-
BaHHE, IPY BEIOPAHHOW MOIIHOCTH MEpeJaTyKa;

9) pa3paboTka neTanbHOH (YHKIMOHAIBFHONH CXEMBl KOAepa H
JeKojiepa, OOHAPYKUBAIOIIETO OLIMOKH, JIJIsl BHIOPAHHOTO KOPPEK-
TUPYIOIIEro Koja, 1100 MoaenrpoBanue B cpeae Matlab (o Beibopy
CTY/ICHTA);

10) pacdeT moyockl 4acTOT, HEOOXOAMMOM JIJIsl TIepeiadu TPYTI-
MOBOT'O CUTHAJIA M CUTHAJIA TIePeCIipoca Ha BBIXOJIE CUCTEMBL;
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11) pa3zpaboTka QyHKINOHATFHOW CXEMBI MOAYJIATOpPA M IEMO-
DyJSTOpa B IEPBOU CTYIIEHH YIUIOTHEHUS,

12) BBIOOp YHUCIICHHBIX 3HAYCHUN MapaMETPOB MOJIYJISAIMH B
MEPBOH U, B cly4ae HEOOXOJUMOCTH, MOCIEAYIOMNUX CTYMEHSIX Y-
JIOTHEHUS;

13) pa3paboTrka QpyHKINOHATHFHONW CXEMBI yCTPOUCTBA TAKTOBON
CUHXPOHU3AIlUU, TPUEMHHUKOB KaJpPOBOTO W, MPU HEOOXOJUMOCTH,
[IUKIIOBOTO CHHXPOCHUTHAA;

14) BBEIYMCIICHHE BEPOSATHOCTEH OITHOOK JIOXKHOTO (pa3supOBaHUS
U c00s CHHXPOHHU3AIMU U ONpEACTICHUE EMKOCTEl HAKOMMTENeH Mo
BXOA4Y B CHHXPOHH3M U BBIXOAY U3 CUHXPOHHU3MA.

15) omeHka YacTOTHI MOSBICHUS OIMHMOOK W 3aKIIOYCHHE O €¢
COOTBCTCTBHUH HAa3HAYCHHUIO CUCTCMBbI,

16) pa3paboTka crocoba CONPSKCHHS CUCTEMbI C aHAJIOTOBOW
anmapaTypod 9acTOTHOTO YIUIOTHEHHS Telne(pOHHBIX KaHAIIOB IS
Tepelayd TPYMIIOBBIX CHTHAJIOB 110 OJJHOMY HJIM HECKOJIBKUM apeH-
AYCMBIM CTaHAAPTHBIM TpaKTaM,

17) pa3paboTka CTPYKTYPHO# CXEMbI CUCTEMBI B I[EJIOM IS TIe-
pemadu B OJHOM HAIPaBJICHUH.

5 PEKOMEHOYEMbIU NOPAOOK BbINONHEHUA
MPOEKTA

1) Buumamenvno npouumamso memoouuecKue yKazauus.

2) Ilpenmonoxuts, KakoBo HazHauenue CIIM, T.e. ompenenuts
¢u3nueckuii CMbICI NeperaBaeMbIX MapaMeTPOB, UCXOIS U3 3allaH-
HBIX 3HAYCHHUH JJIMHBI CJIOBA M CKOPOCTH NEpeAady Ha BBIXOAE KaHa-
na.

3) OnpenenuTb CKOPOCTh BBOJIa MH(OPMAIUOHHBIX CHMBOJIOB B
oIHOM KaHaie V.

4) Vcxoast 3 3ajaHHOTO crioco0a YMJIOTHEHUS! KaHAIIOB, THMA
KOPPEKTHUPYIOLIETO KoJia U TPeOOBaHWH K CHHXPOHHU3AIMHU OIpeie-
JIUTh yKpynueuuyto cmpykmypuyto cxemy CIIH. CtpykTypHas
CX€Ma yTOYHSETCs B IPOLIECCE MPOEKTUPOBAHMUS.

5) Beibpath Takue 3HaUCHUS JUITMHBI KOJAOBOW KOMOHMHAITIHN N U
quciia MHPOPMAIIMOHHBIX CHMBOJIOB K M3 4mClia JOMYCTHMBIX IS
3aJaHHOT0 KO0Jla, KOTOpble Hanbosee yAOOHBI Uil MepeJadd KOoao-
BBIX CJIOB, BbIZIaBaeMbIX MCTOYHHKaMU. [Ipu 3ToM K mH(bOpMaIHOH-
HBIX TIO3UIUA B KOJOBOH KOMOWHAIIMM MOYXHO 3aIOJHATH MPOH3-
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BOJIHBIM 00pa30oM (pa3Melnasi HECKOJIbKO CJIOB OT OJHOIO UCTOYHU-
Ka WIN OT pa3sHbIX UCTOYHMKOB, pa30uBas ClI0Ba HAa 4aCTH U pa3Mme-
mas X B pa3HBIX KOMOMHAIMAX | T. I.). [lpu BpeMeHHOM yIUIOTHe-
HUM KaHAJIOB HM3JI0)KEHHOE BBINIE ONpENeNseT alrOpUTM pPabOTHI
MYJIBTUILUIEKCOPA. YUECTbh, UTO CIENyeT IepeAaBarb U CleUalbHbIC
CUHXPOCUZHAIbL, TIOMOTAIONIVE B IIYHKTE IIPHEMa OIPEACIIATh Haud-
J10 K0OO06bIX €106 U WX JEKOIUPOBAaHUE, NPOU3BECTU COOPKY €108
UCMOYHUKOE U UX pacnpedenenue no kKananam. Bo3MOXHO HC-
[IOJIE30BaHUE YKOPOUYEHHOI'O KOJA 3a CYET YMEHBIIECHHs YHCIIa WH-
(OpMaIMOHHBIX CHMBOJIOB JI0 TpeOyeMoro 3HaueHus Kj.

6) OmpenenuTh, Kakue BUABI CHHXPOHHM3ALUH (TaKTOBas, Ka-
HaJIbHasl, KaJpoBasi, [IUKI0Bas (KOJOBOTO CJIOBA) U Jp.) HEOOXOIMMO
o0ecre4nTh, Kakie CHelualbHbIe CHHXPOCUTHAIBI HEOOXO0IUMO Tie-
penaBaTh B MyHKT NMpHEMa 10 JIMHUK CBs3U. BeiOpath crocod BBe-
JIEHUSI W YHCICHHBIE 3HAYEHHSI TapaMeTPOB 3TUX CHHXPOCUTHAJIOB.

7) Ha xaxmom srtame. oObeIWHEHHE KaHAJOB, KOJMPOBAHHE,
n00aBJIeHNE CHHXPOUMITYJILCOB, ONPEAEATh AIUTEILHOCTh CUMBOJIA
IPYIIIOBOTO CUTHANa, CKOPOCTh Iepenadyn CUMBOJIOB. O0s3aTebHO
MPUBOIUTH BPEMEHHBIE OUarpaMMbl (KoJa, Kaapa, MUKIa U T. A.) C
yKa3aHUEM JITUTEIHHOCTEHN BCeX 3JIEMEHTOB.

8) YuuthIBas AMUTENBHOCTh CHMBOJIA Ha BXOJ€ MOJYJSATOpA U
3aJaHHBIA CII0cO0 MOIYJISIMM, ONPENCNIUTh AJIUTEIbHOCTh Pagro-
HMMITyJIbca (CUTHAJIa) Ha BXO/I€ MPHUEMHUKA.

9) Ilpu BEIOpaHHBIX HTApaMETPax KOJia OIPECIUTh BEPOSTHOCTh
TOT0, YTO K0O06as KOMOUHauus 0yoem nepedana noemopuo. Oue-
HUTbH TpeOyeMoe omHuocumenvHoe yeeauienue ckopocmu nepeoaiu
B IIPSIMOM M OOpaTHOM KaHalax M U3MEHEHHE JIUTEeNIbHOCTH CUTHa-
na, 00ycIOBJIEHHOE 3TUM (aKTOPOM. YUUTHIBATh €ro MpH MPOBejIe-
HUY pacdeTOB MOLTHOCTH NEpeIaTYHKA.

10) VuurbiBas cTerneHb KOTEPEHTHOCTH CUCTEMBI, 110 MOJTyYeH-
HOM JUINTETHHOCTH CHUTHAJIa W 3aJaHHON OWTOBOW BEPOSTHOCTH
OmKOKY MpH JEMOAYJISLUHA MPUHAMAEMOT0 CHTHaja B IPSMOM Ka-
HaJIe ONPEAETUTh TpeOyeMyt0 MOLTHOCTD NepeIaTunKa.

11) TTo 6uMTOBO¥ BEPOSTHOCTH OMIMOKH Ha BBIXOIE JEMOIYIIS-
TOpa U KOJOBOMY pacCTOSHUIO O, ONpenenuTs OUTOBYIO BEpOST-
HOCTb OIIMOKH Ha BBIXOJE JCKOIEPA Py, 1IpH TOM UMETH B BUAY,
YTO JEKOZAEp NOJDKEH JIMIb OOHAPYKUBATh OIINOKH, a B KaHale ne-
Pecnpoca makice 603MONACHO NOAGAEHUE OWUOOK, OONYCIMUMYIO Ge-
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JIUYUHY KOMOPBIX clledyem Onpeoeiums.

12) OnpenenuTh IIUTEILHOCTh CUTHAIA M MOIIHOCTh I€PEaat-
YrKa B KaHaje Mepecnpoca, MMes B BUAY, YTO B OTBET Ha KaXKIYIO
KOJOBYI0 KOMOMHALIMIO, MEPEeAaHHYyI0 B MPSMOM KaHaje, B KaHaie
mepecrpoca TepenaeTcss oauH OWT (TOATBEpXKIIEHUE IMPaBIIIBHOTO
mpreMa ud0 TpeOoBaHKE Ha TIOBTOPHYIO Iepeiady 3TOi ke KOMOu-
HaIUH).

13) Beruucnenus mm. 5-12 moBTOpuTh 2-3 pasa ¢ Hebio 10100-
pa HAWIYYIINX XapaKTEPUCTHUK KOJa W IMapamMeTpoB CHHXPOCHTHA-
JIOB, 00ECTICUNBAIOIINX MUHUMATLHYI0 MOWHOCIb NEPeOamyuKa 1
oumosyw eepoamnocms OWLUOKU HA bIX00e 0eKodepa B TIPSIMOM
KaHaJe.

14) Ompenenutb M30BITOYHOCTH KOJA, IPYNIIOBOTO CHUTHANA, a
TaKxe cpeAaHee BpeMsl 0e30IIMO0YHON padoTBI B OJHOM KaHale
T=1/(Vox Pasx)> T2€ Viy — CPEIHSISI CKOPOCTH Ha BXOJI€ KaHasa, OuT/c.,
a Ppyx — OUTOBASI BEPOSITHOCTH OIMMOKK HA BBIXOJE ACKOJEpa C yde-
TOM KaHaJia rmepecnpoca.

15) Ilpu BHIOPaHHOM MOIIMHOCTH MEpPEIaTINKa U UCTIOIb3YEMbIX
mapaMeTpax KOPPEeKTHUPYIOMIETO KOJa BBIUYUCIUTH OUTOBYIO BEPOST-
HOCTB OIIMOKH Ha BBIXOJIE IEMOIYJISITOPA, BEPOSTHOCTD OIIMOKU TIPU
MpHUeMe KOJIOBOTO CJIOBa U OUTOBYIO BEPOSITHOCTH OITMOKU Ha BBIXO-
1€ IeKojiepa 6 pexcume ucnpaeienusa ommdku. [loBropeHus komo-
BBIX KOMOMHAIIMI U OpraHU3alliy KaHaia Mepecrpoca B 9TOM cliydae
He TpeOyercs.

16) (Yacmommnoe ynnommenue kamnanoeg). Haitu mupuny
CHEKTpa IJs KKIOTO M3 KaHAIBHBIX CHTHAIIOB ITOCIE MOIYJIATOpA
HepBOfI CTYIICHU, 3a4aTh BEJIMYUHBI 3allIUTHBIX YaCTOTHBIX MHTEPBA-
JIOB (METOZOM aHAJIOTHHU C CYIIECTBYIOIIEH, HallpIMep CTaHAapTHOM
anmapaTypoi), ONMpeaeNuTh YaCTOTHl TOJHECYIIUX U IIUPUHY CIIeK-
Tpa rpyIIOBOrO CUTHAIIA.

(Bpemennoe yniomnenue Kananog). YUuTeBas crpcod Momy-
JSIMHM, PACCYUTATh IIMPUHY CIIEKTpPa TPYIIIOBOTO CUTHAJIA.

(Kooosoe ynnomnenue rananog). Onpenenuts aHcamOIb
(GhyHKIMA Y011, UCTIONB3yEeMbIX 7Sl YIUIOTHEHUS KaHayoB. Ompe-
JEeNUTh JUINTENBHOCTh PACIIMPSIONINX MUMITYJIbCOB U IIUPUHY CIEK-
Tpa rpyIIOBOro CUTHAaA.

(Opmozonanvnoe wacmomnoe pazoenenue kananoe). Onpene-
JIUTh JJIUTCIIBHOCTL I'PYNIIOBOTO CUIHaIa, 4aCTOTHI NNOAHECYIIHNX U
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paccuuTaTh IMUPUHY CIEKTpa CHTHANA. YYeCTb, YTO CIIEKTPHI Ka-
HAJIbHBIX CUTHAJIOB ITEPEKPHIBAIOTCH.

17) 3apaTth cioco0 COMpsKEHUS] CUCTEMBI CO CTaHJApTHOH am-
napaTypoil 4acTOTHOTO YIUIOTHEHHUS KaHAJIOB TOHAJIBHOM YacTOTHI, a
MMEHHO: BBIOpAaTh TPYNIIOBOW TpPakT CTaHIAPTHOW ammaparypbl
(mpeArpymnmoBo, MepBUYHBINA, BTOPHYHBINA U T.I1.) U 33/1aTh YaCTOTHI
HECYIINX, HEOOXOJUMBIX JJIsl Tepeadd TPYyMIoBOro curuaia ¢ AM
ObII mo BeIOpanHOMY TpakTy. OmnpenenuTs rpaHuYHbIE YaCTOTHI U
MIMPUHY CTIEKTPa TPYIIIOBOTO CUTHATA U yOSTUTHCS B TOM, YTO 3TOT
CUTHaJl MOXET OBITh MepeAaH MO BBIOPaHHOMY TPakTy; y4ecTb, UTO
JUISL TIPSIMOTO KaHalla M KaHaja Tepecrpoca JOJDKHBI BBIICISATHCS
HETIePeKPhIBAIOIINECS MOJIOCH  4acTOT. Bo3MOXHaA Tarke apeHna
HECKOJIbKMX TPAaKTOB OJHOTO WJIM Pa3HBIX YPOBHEH Ui OJHOBpE-
MEHHOTO OOCIY)KHUBAaHHSI Pa3HBIX TPYNIN KaHAJIOB, 4TOOBI paIyo-
HaJIbHEE HCIIOJIb30BaTh BBIACIIEMbIE TIOJIOCHl YacTOT.

18) Ha ocHoBe aHaim3a MOJMHOMOB IS IHKIMYECKOT0 KOIa
COCTaBHTH JIeTaJIbHBIC (PYHKIIMOHAIBHBIE CXEMBI KOJIepa 1 AeKoaepa
KOPPEKTHPYIOIIETO KOJa WM MPOMOJEIHPOBATH paboTy Koaepa U
JieKoiepa B cpejie nporpammuposanust Matlab.

19) BriOpaTe U omucaTh CIOCOOBI CENEKIMH CUHXPOCHTHAJIOB
B NIPUEMHOI YacTH YCTaHOBKH, PUBECTH CTPYKTYPHYIO CXEMY yCT-
poO¥icTBa TAKTOBOM CHHXPOHH3ALIUH.

20) CocraBuTh NeTanbHble (DYHKIIMOHAIBHBIE CXEMBI MOJYJISI-
TOpa U AEMOJYJISITOpa B IEPBOI CTYNEHN YIUIOTHEHHUS.

21) CoctaBuTh nOApOOHBIE (YHKLIMOHAIBHBIE CXEMBI Iepe-
naromeit u npuemHont vactu CIIN.

6 METOOUYECKUE YKA3AHUA

Onpenensist npeanonaraemoe HazHaueHue CIIM, Hy)XKHO y4uTBHI-
BaTb CKOPOCTh NEpeaadr B OAHOM KaHAJIC W KOJIMYCCTBO ABOMYHBIX
paspagoB K B cioBe Ha BBIXOJE HCTOYHHMKA. BO3MOXXHO, CIOBO
MpeacTaBiIsieT OAWH OTCUET HENpephIBHOro mponecca. Hampumep,
CKOpPOCThH B 2 clioBa (0TCYeTa) B CEKyHAY MpHeMiieMa Ui nepeaadn
3HAYEHUI HalpaBJIEHUsI U CKOPOCTH BETPa MPH METEOPOJIOTHYECKHX
HaOJIOIEHUSIX, CKOPOCTH ABWKECHHUSI KOHBEHepa, KOJIMYECTBA CIEIOK
Ha 3JIEKTPOHHBIX Toprax u T.I. bonee Bbicokast ckopocTs B 100 cioB
B CCKYHAY CJIMIIKOM BBICOKa I TMEPCUYUCIICHHBIX IMPUMEPOB, HO
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BIIOJIHE MOAXOAUT AJIA CIIydasl paAuOJOKAaMOHHOIO U3MEPEHUS pac-
CTOSIHHISL JTO JICTAIICH pakeThl JTHOO M1 OMUCAHUSI X0oaa OBICTPOTIPO-
TEKAIIENH XUMUYECKOW PEAKIIUU.

Yurute, yTo muHa caoBa K, (He myTaTh ¢ KOJIMYECTBOM HH-
(opMaMOHHBIX CHMBOJIOB K) ompesienseT OTHOCHTENbHYIO BEH-
YUHY MOJYyJS MaKCHMAbHON OIMOKH npedcmasiiemviX OAHHBIX

L
UCmMoO4YHUKa um[mp.mmuu, a UMEHHO, UM—QS( . Haan/IMep,

npu K.=16 umeem U, =0,00076%, 4TO SIBHO W3IHIIHE IIPU MEPEIA-
4ye JAHHBIX O HANpaBJICHUH U CKOPOCTH BETpa, HO 0ojee MOJXOAUT
JUIs TIepe/lavd 3HauUCHUH KOOPJMHAT IBHKYIET0oCsS 00bEKTa.

Homyctumble 3HaueHus N, K u r iukarygeckoro koma BUX ompe-
JETISIOTCS B COOTBETCTBUU ¢ (OPMYJIaMu U TaOJIMI[aMH, TpPUBEICH-
ueiMu B [1, 2, 9]. He crnenyer 6e3 0oco0oii HEOOXOAMMOCTH HCIONb-
30BaTh yKOopoueHHbIH kof [1]. Tlpu HCHOIB30BaHUH YKOPOUCHHOTO
KOJa CJIeAyeT y4ecTb, YTO Ha KoJep cienyer moaaBaTh K nudopma-
IIMOHHBIX CHUMBOJIOB, 3amoiHss K-K; mosuimii, HanpumMep, HyJIsMU.
[Tocne xomupoBaHust JOOABICHHBIE CUMBOJIBI CIENYET yIAINTh. DTH
e MpoLeaypbl HEOOXOANMBI U IIPHU AEKOAUPOBAHUH.

3agaB 4YHCICHHBIC 3HAYCHUS MApaMETPOB KOAA, CeAyeT Npu-
CTYIHTh K COCTABIICHUIO JICTAILHBIX BPEMEHHBIX AMarpamm sl Ka-
HQJIBHBIX W TPYIIOBOr0 CUrHaNoB. Ha 3Tux auarpammax JIOJDKHBI
OBITh YKa3aHbl PAacIIOJIOKEHHE HAa BPEMEHHOH OCH W JUIMTEIBLHOCTH
BCEX AJIEMEHTOB CUT'HAJIOB ( KaJpOB, KAHAILHBIX HHTEPBAJIOB, KOJIO-
BbIX KOMOMHAaLUWH, NepeaBaeMbIX HMMITYJIbCOB, KOAOBBIX CIJIOB OT
HUCTOYHUKOB MH(POPMAIIMH H T.JI.) ¥ KOJIMYECTBO OUT B KaXKIAOM die-
MEHTe.

Baxxupim 3Tanom npu npoextupoBanuu CIIU sBasercs obecrme-
YEHHUE CHHXPOHHOCTH paboThl. B 0o01ieM ciryyae cucteMa CHHXPOHU-
3allu¥ JJOJDKHA OTIPENIENATh CIIeIyIOIUe CHHXPOapaMeTphbl CUTHAIIA!

e yacrory U (azy Hecymiero konedanus (dacrotaas YC
1 ¢azoBas OC cuHXpOHHU3AINA);

® BpEMEHHBIC IPAaHHILIbl TPUHUMAEMBIX UM IYJIbCOB (TaK-
TOBasi CHHXPOHU3ALIUS)

® MOMEHTHI, COOTBETCTBYIOIIME Hadaly KOJOBBIX CIIOB
(mmxmoBas cuaxponusamus L[C)

¢ MOMCHTBI, COOTBETCTBYIOIIME HAYaly W KOHIYy TpPyII-
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TOBBIX CHUTHAJIOB B MHOTOKaHanbHBIX CIIN (kagpoBas
cuaxponrmzanus KC).

YroObl 00ecIeYnTh KaAPOBYIO MM LUKIOBYIO CHHXPOHH3ALUU
B KOHILIE KaJIpa WM IIUKJIa JOOABJISIOT CHHXPOCHTHAM (OJIMH WU He-
CKOJIBKO JIBOMYHBIX CHMBOJIOB). OmauuumenvHou 0coOeHHOCbIO
CUHXPOCUSHANA ABNAEMCA O, YO 9MA 2PYANA 08OUUHBIX CUMBOI08
(cunxpoepynna) écez0a 0OHA U Ma Jice U NOBMOPAEMCs nepuooude-
cku. HyXHO cTpeMHThcs, 9TOOBI M30BITOYHOCTD, BEI3BaHHAs BBEJE-
HHEM CHHXPOCHTHAJOB, OblJTa MUHIMAaIHHOH.

Xopomo, ecniu B CIIM ¢ BPK B kaape pasmeriaercs 1enoe
YHCJIO BCEX OCTABHBIX TMEPEUMCICHHBIX 3JIEMEHTOB CHUTHANOB. To-
I/1a MOXKHO TIepeAaBaTh JUIIb KaJpPOBBI CHHXPOCUTHAT U TIPEIy-
CMOTPETh I HETO elle OAWH, AONOoNMHUTENbHbIN Kanan. B CIIU ¢
UPK, KPK n OYPK caMbIM KpyIHBIM 3JIEMEHTOM B KaX/I0M KaHae,
CKOpee BCEro, OKaXeTcsi KOMOWHAIMS Ha BBIXOJE KOJepa, ¥ TOYHO
TaK YK€ HY»KHO CTPEMHUTHCS K TOMY, YTOOBI B HEW MTOMEIIAIOCH IIETI0e
YHCIIO CJIOB C BbIXOJA MCTOYHKMKA MH(popmanuu. Eciu Ha K undop-
MaIlMOHHBIX TO3UIHSIX HE YJAeTCs Pa3MECTUTh IIeJI0€ KOJIHMYECTBO
CJIOB OT UCTOYHHKA, IPUETCS B KOHIE KOKIOTO CIIOBA Tepe] KOIH-
poBaHHMEM [00aBUTH APYroil CHHXPOCHTHaN (Kak MPaBUIIO, 3/€Ch
JIOCTaTOYHO OJTHOTO OUTA, KOTOPBIH BCETIa MPUHUMAET OJTHO H TO e
3HAYCHUE, HATIPUMED €MHHIIBI).

[Tpn BpeMeHHOM YIUIOTHEHHHM KaHAJIOB, €CJIH HE yJaeTcs JOo-
OUTHCS KPATHOCTH JTUTEIBHOCTEH Ka/ipa ¥ KOJOBOT'O CJIOBa (LIUKJIA),
BO3MOXXHO HCIIOJIb30BaHUE JIBYX CHHXPOCHUTHAJIOB — KaJPOBOTO U
nukioBoro. [Ipu pa3zpaboTke CTPYKTYpHO# CXEMBI CleIyeT yKa3aTb
ycTpoiicTBa ()OpMHUPOBaHUS M MIPHEMa COOTBETCTBYIOIIUX CHHXPO-
curHaios [1, 3, 4, 5, 14].

Ilocne Toro, Kak ompeseNneHbl MapaMeTphl BCEX CHHXPOCHUTHA-
JIOB, MO’KHO HAWTH 3HAYCHHE HEOOXOJUMBIX OMTOBOW CKOPOCTH IIe-
penauu (6ut/c) B omHOM KaHaie Vi U cyMMapHOit OMTOBO CKOPOCTH
nepeaaun V. Cnenyer ydecTs yBellMueHHEe OMTOBOI CKOPOCTH mepe-
Jla4d, BBI3BAHHOE IMOBTOPHBIMU IEpe/ladyaMy KOJIOBBIX KOMOWHAITHIA
npu oOHApYKEHHH OIMUOOK. BeposTHOCTH TOrO, YTO KOJOBAask KOM-
Ounanus OyneT mepenaHa MOBTOPHO, paBHA BEPOATHOCTH BO3HHKHO-
BEHUS B 3TOH KOJIOBOW KOMOMHAIIMY TAaKUX OIIUOOK, KOTOPHIE MOTYT
OBITH OOHAPY’KEHBI, TO ECTh
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o1

Poow = 2, P(), 3)
g=1

rJic BEJIMYMHA KaKJOrO CJIaraeMoro OIpeaeNseTcs Mo OMHOMHAIb-
HO# popmyite [1]. TpeOyemoe OTHOCHTENBHOE YBETHICHUE CKOPOCTH
mepenayn (OMHOBPEMEHHO U B IIPSIMOM, M B OOpaTHOM KaHallaX) W3-
3a JIByKPaTHOM, TPEXKPATHOM | T.JI. IOBTOPHBIX Hepeaad paBHO

\?‘9@:@ (4)

JUTATEeNbHOCTh WMITYJTECOB (CHUTHAJIOB TIOCJE MOXYIIATOpA) T,
nepeaaBaeMbix B ogHoM KaHaie B cucteMe ¢ YPK, OYPK u KPK

onpenensercs 1no Gopmysie 7, =M/V,. B rpynnosom curaaie B

cucreme ¢ BPK 7 = m/V , TJIe M — KpaTHOCTh MOAYJISLUY, T. €. KO-

JMYECTBO OWT, epeiaBaeMbIX B 0HOM umiyJbee [1, pasa. 2.8], [3].
Hanpumep, npu ucnonb3oBanun Moxyisiuun KAM- 16 nmomydaem
3HaYeHue M =4,

Kak ormeuanoch BbIIIE, pacyeThl AJUTEIBHOCTH CHTHalIa Ha
BBIXO/IE MOJYJIATOpPA HYKHO MPOHM3BECTH HECKOJBKO pa3, MpH pas-
HBIX mapameTpax (N,K) 3amaHHOrO JIMHEWHOro OJIOYHOTO KoJa M C
YUETOM HCIOJIB3YEeMBIX CHHXPOCHUTHAJIOB, TaK KaK KaK[bIH pa3 Tpe-
OyeTcs o0OecrieunBaTh HEOOXOJAMMBIC BHJIBI CUHXpOHH3AIMK. BriOu-
paercsi BapuaHT, KOTOPHIA Jae€T MaKCHUMAJIbHYIO JUTUTEIBHOCTD CHUT-
Hasa. [Ipu 3TOM mmMpuHa crekTpa curHana u Tpedyemasi MOIIHOCTb
nepeaaTynka OyayT MUHUMAIbHBIMU.

Ha cnenmyromem stame mo 3amaHHON OMTOBOW BEpOSITHOCTH
omKOKM Ha BBIXOJE MOIYJISITOPA ps; CJIELYET ONpelNesuTh Tpedye-
MyI0 MOIIHOCTh CHTHaJla Ha BXOJIe JEeMOAyJsATopa. BeposTHOCTH
OMMOKY MPU AEMOIYJISIIANA TPUHAMAEMOTO UMITYJIbCA Py 3ABUCHT OT
OTHOLICHUSI CUTHAJ/IIYM (, METO/1a MaHMIYJSIIUK M CTETIEHU Kore-
pentHocTr CIIW. OTHOIIEHHWE CUTHAJ/IIYyM IO SHEPTrUU Ha BXOJEC
npuemMHuka cucrembl ¢ BPK  onpenensercs  BelpaxkeHueM

q° = Pr/ N, . Jlns cucremsr ¢ YPK, OYPK n KPK Benmunny 0 BBI-

YHUCIIAIOT aHAJIOTUYHO, HO HYXXHO Y4eCTb, YTO MOITHOCTH P menmutcs
Mexay M ogHOBpeMEHHO MPUHUMAEMBIMU CUTHAIAMHU.

BeposTHOCT OMMOKY TpU AEMOIYIISINHA TBOMYHOTO UMITYJIbCa
B mpueMHuke korepertHoil CIIN pasHa
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p, =1-®(2), )
rae @(z)— uHTerpan BeposiTHOCTH,

Z=( B ciy4ae ucnonas3oBanusi ®PM u z =( / \/E st AM u UM ¢

OpPTOTrOHAJIBHBEIMK CHTHajamu [ 1, 3, 4].

3nauenus P(z) mwisa |z|<3 npuBenens! B [1, npunoxenue 3], a
TaKke B OOJBIIMHCTBE y4YCOHHUKOB MO TEOpHH BeposTHOCTH. OHHU
BBIYHCIIAIOTCS BO MHOTHX IPUKIATHBIX MaTeMAaTHUECKHX MaKeTax
mporpamm (Matlab. Mathcad, Excel u ap.).

[Ipu ucnons3zoBanum M-MO3UIMOHHBIX METOJOB MaHUITYJIALINH,

rie M =2" | BeposATHOCTb OMIMOKH OHpEeNseTcs MPUOIMKEHHBIMU
cootHomeHusamu [1, pasmen 5.2,], [2, 3] ¢ ucmoap30BaHUEM JTaHHBIX
tabmuipl [1 , nputoxenue 3].

Ecnu npu gemMomynsiuy MMITyJIbCa BO3HHKIIA OHIMOKA, TO €CTh
JEMOYJISITOP BMECTO MPAaBUJIBHOTO (AEHCTBHUTEILHO TEPEIaHHOTO)
3HAYCHUS] M-WIHOTO CHT'HAJA BBIIAJ KAKOe-TO JAPYroe U3 OCTAbHBIX
M-1 ero BO3MOXXHBIX 3HAYEHWH, TO MPH OOJBIIIOM OTHOIICHHU CHT-
Hai/tiym (Q>3...4) OYCHb BEJIMKA BEPOSTHOCTh, YTO ITHM JPYTUM
3HaYeHHEeM OKaxkeTcs Ommxaiimuii cocen [1]. IloaTomy KommdaecTBo
OIIMOOYHBIX OUT My, M3 MX OOIIEro 4yucjiaa M 3aBHUCHUT OT crocoda
HyMepauuu M BO3MOKHBIX 3HaueHuil ummyibca [1, pasa. 3.5]. Uc-
nonb3yst kox I'pest [1], 3Ty Hymepaiuio MOXKHO TPOBECTH TaK, YTO
HOMepa ONmkalImx cocefaeil OyayT OTiauuathbes He Ooyiee YeM B
OJTHOM JIBOMYHOM paspsifie, TO ecTb My,=1. Ecnu Hymepamus cnie-
JlaHa OOBIYHBIM JBOUYHBIM KOJIOM 110 BO3PACTaHUIO HOMEPOB MO0 B

[POU3BOJILHOM (CITy4allHOM TIOpsiKe), To M~ M/ 2. B urore 6u-

TOBasi BEPOSTHOCTb OLIMOKM Ha BBIXOAE JEMOAYyJSATOpa (Ha BXOJe
JieKojiepa) paBHa

P, ~ p,m_/m. )
[IpuBeneHHbIE BEIPAXKEHUS CBA3BIBAIOT AJTUTEILHOCTH CHUTHA-
J1a, MOIITHOCTH TIepeaTInKa ¥ OUTOBYIO BEPOSATHOCTE OITUOKH
Ha BBIXOJIE MOJYJIATOPA.

MeTomKa BBIYUCIEHUS BEPOSITHOCTH OIIMOOYHOTO JEKOIUPO-
Bauus (N,K)-KoMOUHAIMK P,y ¥ OUTOBOI BEPOSTHOCTH OIIMOKH Ha
BBIXOJIE JEKOJEPa Py IPU HATMYMM KaHaja Mepecrnpoca noapooHo
omnucaHbl B nocoouu [1, pasn. 3.6], [2] .
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Pacder mapameTpoB curHanma 1 OHUTOBOW BEPOSITHOCTH OITHOKH
TIPH IEMOAYIIALNNN MPUHUMAEMOTO PaJoONMITyJIbca B KaHaje Tepe-
Crpoca MPOU3BOIUTCA aHATOTUYHO. [Ipu 3TOM HEOOXOOUMO YUecTb
CIIEAyIOIIMEe OCOOCHHOCTH: HUKAaKWe CHHXPOCUTHAIIBI B KaHAJIaX Tie-
pecnpoca repenaBaTs He HY)XKHO; TPUMEHEHHE MHOTOMO3UIIMOHHBIX
METOJIOB MaHUITYJIAIAN HEXelaTelbHO,; BO3MOXHO HCIIOJIb30BaHHE
JOOBIX METOAOB YIJIOTHEHUS! KAHAJIOB U, B CIIydae HEOOXOJUMOCTH,
JMOOBIX METOJOB TIOMEXOYCTOWYMBOTO KOJIHUPOBAHUS TPYIIIOBOTO
CHUTHAJIa B 00paTHOM KaHaJe.

YroObl COCTaBUTH JeTaNbHBIC (PYHKIUOHAIBHBIE CXEMBI KOJEpa
U JIeKoJiepa KOPPEKTHPYIOLIETO KO/Ia, CIEAyeT cHavana BEIOpaTh Me-
TOJIBI KOIUPOBaHUS U AeKoaupoBaHus. KomupoBaTs U 1eKOIMPOBATH
UUKIMYECKHE KOJABI yJNOOHEee ¢ HCIONb30BAaHHEM IPOM3BOISILIETO
WM TIPOBEPOYHOTO TIOJIMHOMOB. M3 3THX BapHaHTOB cieqyeT BHIOU-
paTh MEeTOA, TPEOYIOIMNI MEHBIIINX aIlllapaTypHBIX 3aTPaT, IIPH 3TOM
MepBOHAYANIFHAS OIlEHKAa MOXKET OBITh CIellaHa IIyTeM CpaBHEHUS
CTETIEHEeH COOTBETCTBYIOIIUX MOIMHOMOB. JlorW4eckue 3IeMEeHTHI,
U3 KOTOPBIX COCTABIIIOTCS CXEMbI, M MX (YHKIMH omucaHbl B [1].
Cxemy aHanmm3aropa ocraTka (CHHIpOMa) B JEKOJepe MOXKHO He
MPUBOJIUTH — JOCTATOYHO OIUCATh €ro (DYHKIIWH.

Ecnu cxema oka3bIBaeTcsi TPOMO3JIKOH, TIOCKOJBKY COJIEPIKHUT
0O0JIBIIOE KONWYECTBO MPAKTUYECKH OJHOTHUITHBIX Y3JIOB, MOXHO
MPUBECTH JIMIIb YaCcTh U3 HUX (OOBIYHO MEPBBI U MOCIEIHHN), a JUIs
OCTJILHBIX B TIOSICHUTEJLHON 3alMCKe TPUBECTH alTOPUTM, OMHCHI-
BaOIIUH CIIOCO0 WX BKIIOYEHUSI.

st KomupoBaHUS U AEKOTUPOBAHMS KOJIa C MTPOBEPKOI HA YeT-
HOCTB JIOCTATOYHO UMETh OJIMH CUETHBIH TPUITEpP AJIS MOJCYeTa KO-
JUYECTBA eIMHUIL (MMITYJIbCOB) B KOJIOBOH KOMOHWHAIIHH.

He cnemyer 3a0pIBaTh, 9TO Ha cXeMaxX JIOJKHBI OBITh yKa3aHBI
LEeNH JUTA T0/Ia4H TAKTOBBIX UMITYJIbCOB Pa3HBIX YacCTOT, MOJI YIIpaB-
JICHHEM KOTOPBIX paboTaloT KoJep M JIEKOJEep, a TAKKE PErUCTPhI
namstu (OydepHble PerucTpbl), B KOTOPHIX MPOU3BOAUTCS 0OBEnu-
HEHMe, XpaHEeHUE M pacipeeseHne HU(pPOoBbIX NOTOKOB. TakToBbIe
4acTOThl OPMUPYIOTCS IyTEM JIeJICHHS YaCTOTHI TeHepaTopa ¢ Hau-
oonpireit B nanHow CIIM vacrortoil cienoBanus uMiTynbcoB. Yarie
BCEro MaKCHUMaJbHOM SIBJISIETCS CKOPOCTh Mepeaun Ha BXOE MOAY-
nstopa. Ha cxemax Hy»KHO yka3aTh Ko3(HUIHEHTHI HeleHus
MaKCUMAJIbHOW TAKTOBOW 4acTOTHI.
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B cucreme ¢ BPK HepalinoHaabHO UMETh CBOM KOJEP B KaXKJIOM
KaHaje, Mo3TOMYy OOBIYHO TpUMEHsSeTcs o0Iee KOAMpYIollee YCT-
POHCTBO, KOTOPOE BKIIOYAETCS MOCIEe MYJIbTHIUIEKCOpa KaHaJlOB U
OCYIIECTBIISIET MMOOYEPETHOE KOJMPOBAHNUE BCEX KaHANBHBIX CHTHA-
J0B. B mensix 3KOHOMHUHM TOT K€ IIPUEM MOKHO HCIIOJb30BaTh U B
cuctemMe ¢ YPK ¢ nmocnenyromuM AeMyIbTUIIIEKCUPOBAHUEM 3aKO-
JUPOBAaHHBIX KOJOBBIX KOMOMHALIWH.

ITomoca dactor, TpeOyemas s Tepenayd KaHAJIbHOTO (TIpH
UPK) wmm rpynmnosoro (npu BPK) mudpoBsix curHanoB ompezens-
eTCs IJIMTENIbHOCTBIO MepeiaBaeMbIX PaJHOUMITYJIbCOB U BHIOUpACT-
cst B cooTBeTcTBUH ¢ [1, pasn. 2.8]. B ciyuae HeoOxoaumocTu J0-
nyckaetcst Hebonbiroe (Ha 10-20%) yMeHbIIEHHE MOJIOCH YacTOT IO
CpPaBHEHMIO C NIPUBEJICHHOMN BbIllIe pekomeHaauueil. Ilonoca yactor
rpynmnoBoro curHana B cucreMe ¢ YPK ompenensercs xak cymma
[I0JIOC KAHANBHBIX CUTHAJIOB C YYE€TOM 3allUTHBIX MHTEPBAJIOB, He-
00XOIMMBIX JIJISl yMEHBIICHHS MEKKaHAIBHBIX HCKaKeHuH [1, 4].

[Tpu ompezneneHn MOIOCH YacTOT TPYMIIOBOTO CUTHANA B CHC-
teMe ¢ OYPK HyXHO y4ecTb, YTO CIEKTPbl KAHAJIBHBIX CHTHAJIOB
nepekpeiBatorcs [1, 7, 9,13] u opTOroHasIbHOCTH JOCTUTACTCS KpaT-
HOCTBIO MOJHECYIINX KaHAIBHBIX YaCTOT YacTOTE CJICIOBAaHUS CHI-
HAJIOB.

B cucremax ¢ KPK nonoca yactoT rpynmnoBoro cursana onpe-
JIeNIieTCsl JJIUTENIbHOCTBI0 UMITYJIbca OPTOrOHAIBHOM JABOMYHON TO-
CJIeZIOBATEILHOCTH, MCIIONB3yeMOM ISl OllpeelieHHss HoMepa KaHa-
Ja — B HameMm ciydvae 310 GpyHkuun Yomma [1, 4, 6, 7]. Ocymects-
JsieTcs NPSAMOE PACLIMPEHUE CIEKTPa, HIPU 3TOM KAHA1000pasyio-
wan noc1e008ameabHOCHb TIEPEMHOKACTCS C KaXIbIM UMITYJIHCOM
UH@OPMAUUOHHOU, 3aTE€M OCYLIECTBIIETCS IIEPEHOC CUTHala Ha
Hecymyto vactory. [lpu ompeneneHMH IIMPUHBI CHEKTpa CIEAYeT
YUUTHIBATh KPATHOCTh HCHOJNB3YEMON MOJTYJISIIIHH.

[Ipu pazpaboTke QYHKIMOHAIBHBIX CXEM MOJIYJSATOPA U JIEMO-
AyJIsATOpa CIeIyeT BOCIONB30BaThes ureparypoi [1, 3, 6, 9, 13].
Crnenyer yuectb, uto B cuctemax ¢ OUPK chopmuposats Gombiioe
KOJINYECTBO KOTEPEHTHBIX OPTOTOHAIBHBIX MOHECYIINX B MepeaaT-
YHKEe M NPUEMHHUKE TEXHUYECKH HEBO3MOXKHO. [loaTomy mpousBo-
auTcst TUQPOBOM CHHTE3 KBaJPaTYPHBIX COCTABIISIFOIIUX TPYIIIOBOTO
CUTHaJa C HCIIOJIb30BaHWEM OOpaTHOTO OBICTPOTrO MPeoOpa3OBaHUSA
®ypre (OBIID) B nepeaatyrnke u IpIMOTO OBICTPOrO MpeoOpa3oBa-
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uusi Oypre (BIID) B mpuemnnke. [lepeHoc HM3KOYACTOTHBIX KBa-
PaTypHBIX COCTABIIIIOIINX HAa HECYIIYIO YacTOTy OCYLIECTBIISIETCS B
KBajpaTypHOM MoayJsitope [3 ].

[Tpu pa3padotke crocoba conpsixenust CIIU ¢ ananorosoii ar-
napaTypoil 4acTOTHOTO YIUIOTHEHHMS Tele(OHHbIX KaHAJIOB AJIs Iie-
peAadu IpyNIoOBBIX CHTHAJIOB MO OZHOMY HJIM HECKOJIBKHUM apeH-
JIYEMBIM CTaHJAPTHBIM TPAKTaM CIEAYEeT UMETh B BHJY, UTO apeHI0-
BaTh MOKHO JIMIIb TPaKT LIETUKOM, HO HE ero yacte. Hampumep,
MOXHO apE€HJ0BaTh KAHAJ TOHAJIBHOW YacCTOTHI C MOJOCOH MpOILyc-
kaHudg 3100 I'u, mepBUYHBIN IpynmnoBoil TpakT ¢ mojocoil 48 kI’ u
1.1. (M. [Ipunoxenue 3). [Ipu 3TOoM Hecyine 9acTOThl KaHATBHBIX
curaaios B CIIN ¢ UPK nubo Hecymas 4actoTa rpynmnoBOro CUTHa-
na py ucnoib3oBanuu BPK 10mKHBL OBITH 3a/1aHBI TAKKM 00pa3oM,
YTOOBI CHEKTP TPYMIOBOTO CUTHAIA MOITHOCTHIO TIOMEIAIICS MEXKIY
TPaHUYHBIMHM 4aCTOTaMH apeHyeMOT0 TPaKTa, TaKKe MPUBEICHHBI-
mu B [Ipunoxenun 3.

HepanunonansHO apeHI0OBaTh TPAKT, MOJIOCA MPOITyCKaHUS KO-
TOPOr'0 HAMHOTO OOJIBILIE MOJIOCHI YAaCTOT, 3aHUMAEMON I'PYIIIOBBIM
curHanoM. B aTom cnydyae M xaHanoB mydiie pa3ouTh Ha HECKOIBKO
OJIMHAKOBBIX HE3aBHCHUMBIX TPYIIL, W JJIsI KQKIOW IPyMITel hakTHde-
CKH HCIIOJIh30BaTh COOCTBEeHHYI0 MHOTOKaHainsHy0 CIIU u apenmo-
BaTh IPYIIIOBOM TPAKT C MEHbLIEH OJOCOH.

[Tpu pabote nexonepa B pexxuMe HCHPaBJIeHHs OMIMOOK B I10-
BTOPEHUHU KOJIOBBIX KOMOMHAIUii HeT HeoOxomumoctu. C yueToM
9TOTO CIENYET ONPENESIIUTD JIINTEIBHOCTh CUTHANIA HA BXOZAE MPUEM-
HUKa, OTHOIICHHE CUT'HAJI/IIYM U OMTOBYIO BEPOSATHOCTH OIIMOKH Ha
BbIXOjie emoayisitopa [1, 3]. 3arem omnpenenuts OUTOBYIO BEPOSIT-
HOCTh OIIMOKH Ha BBIXOJ/IE€ JE€KOJepa U CPaBHUTH C COOTBETCTBYIO-
el BEpOATHOCTHIO IpU paboTe JeKoJepa B PeXUMe 0OHAPYKEHHS
OIHOOK.

OYHKINOHAIBHBIE CXEMbl NEPENAONIEd M NPUEMHON YacTei
pa3pabaTeiBaeMOll CHUCTEMBI Nepegadyd MHPOPMALH HY)XHO Npea-
CTaBJIATH B BUJIE OTJIENBHBIX YEPTEKEH.

B mnosicHUTeNbHOH 3amucKe 0053aTeJbHO AOJKHBI OBITH
CCBUIKH HA MCTOYHHUKHU HCIOJIb3YeMbIX BAMH €XeM M MaTeMaTH-
YeCKNX BbIPAKeHHUH.

e KypcoBble NpoeKTHI, He 0TBEYAIOI[UEe JAHHBIM TPeOOBaAHU-
sIM, Ha IPOBEPKY He MPHUHUMAIOTCS.
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e KypcoBble NpoeKTHI, cofep:Kalie HIeHTUIHbIE TEKCTOBbIE
U pacyeTHbIe (PparMeHThbl, PACCMATPUBAIOTCS KAK BbINOJI-
HEHHbIEe He CAMOCTOSITEJIbHO U OYAYT BO3BPALATHLCS CO CMe-
HOW 3a1aHHUA Ha KYPCOBOE MPOEKTHPOBAHME.
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NMPUNOXEHUA

3agaHue HA MPOEKTHPOBaHNeE

IIpunoxenue 1

Tun Meton MeTton Crer.

N M| K. | V; KOJa MOJTYIL VIUIOTH. P No Gos Korep
1 2 3 4 5 6 7 8 9 10

1 56 | 6 10 IMuki.- 5 AM Yacr. 1E-3 6,413E-11 55 Hexor.
2 12 | 16 25 IMuxko.- 5 KAM-4 Bpew. 1,3E-4 1,131E-11 60 Korep.
3 56 | 8 60 Huki.- 3 UM Yacr. S5E-4 1,708E-11 57 Hexor.
4 12 | 12 90 [uk.- 3 OM Bpewm. 3E-3 3,742E-15 53 Hexor.
5 122 | 8 890 Ilp. Yer. | KAM-64 | OYPK 3E-4 1,051E-11 63 Korep.
6 60 | 4 15 Iuxo.- 5 OM-4 OYPK 5E-5 5,918E-14 68 Korep.
7 9% | 16 | 160 Hukn.- 3 Y Bpem 3E-5 2,847E-15 59 Hexor.
8 7 6 25 IMuxor.- 3 OM Ko. 1,5E-3 2,475E-15 62 Korep.
9 36 | 4 | 410 Iukn.-5 | KAM-16 | OYPK. 4E-5 1,762E-11 61 Korep.
10 40 | 4 10 [uki.- 5 AM Bpewm. 2E-3 1,42E-13 58 Hexor.
11 9% | 10| 40 ITp. Yetn | KAM-64 | OYPK. 4E-4 1,927E-15 51 Korep.
12 56 | 10 10 IMukor.- 5 OM Kox. 1.7E-3 1,28E-13 54 Korep.
13 72 | 4 165 Iuk.- 5 KAM-4 OYPK. 6E-3 5,291E-12 65 Korep.
14 28 | 6 360 Iuko.- 3 JdM Bpew. 7E-4 1,773E-12 63 Korep.
16 112 | 8 10 Iuko.- 3 OM Kon. 1.4E-4 1,056E-14 70 Korep.
17 40 | 6 280 Hukm.- 5 UM Bpewm. 3.7E-4 4,452E-11 72 Korep.
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1 2 3 4 5 6 7 8 9
18 60 8 100 ux.- 3 KAM-64 Yacr. TE-4 1,113E-13 71 Korep.
19 72 |10 15 [uxi.- 5 OM Bpewm. 3.7T-4 1,027E-11 50 Korep.
20 44 | 8 415 IIp. Yetn AM Bpewm. 4.7E-4 6,003E-14 54 Hexkor.
19 4 8 | 1135 | Huxn.-3 | KAM-16 Yacr. 2.2E-3 9,517E-14 63 Korep.
20 64 | 4 50 [1p. Yetn KAM-4 OYPK. 2.4E-3 6,215E-13 72 Korep.
21 60 | 8 155 [1p. YetH oM Kon. 2.6E-3 1,041E-12 67 Korep.
22 24 | 4 105 [uki.- 3 JAPM Yacr. 6E-4 1,094E-13 64 Korep.
23 4 8 | 11380 | IMukiu.-3 KAM-4 Bpewm. 6.3E-4 1,789E-15 55 Korep.
24 12 | 8 705 I1p. Yetn OM Kon. 6.6E-4 1,1E-12 66 Korep
25 108 | 6 10 [1p. Yetn JADPM OYPK. 6.9E-4 1,184E-11 57 Korep.
26 62 | 8 110 [1p. YetH oM Kon. 7.1E-4 1,342E-13 58 Hexor.
27 72 | 8 30 Iyxor.- 3 KAM-4 Bpewm. 8E-4 7,3E-14 67 Korep.
28 56 | 10 10 Huki.- 5 UM Yacr. 8.3E-4 5,647E-11 56 Hexor.
29 16 | 8 340 IMp. Yetn | KAM-16 | OYPK. 8.6E-4 5,00E-12 68 Korep.
30 76 |10 | 50 [ukn.-3 | KAM-16 Yacr. 8.9E-4 3,337E-15 61 Korep.
31 4 8 12940 | Huxn.-3 | KAM-64 | Bpewm. 9.E-4 2,279E-14 69 Korep.
32 58 | 8 220 [uki.- 5 KAM-4 OYPK. 9.3E-4 1,077E-12 54 Korep.
33 12 | 6 960 [ukn.-5 | KAM-64 | Bpewm. 9.6E-4 3,025E-15 52 Korep
34 9% | 6 10 Hux.- 3 AM Yacr. 9.9E-4 1,147E-12 60 Hexor.
35 30 | 4 25 [Ip. Yetn oM Kon. 10.5E-4 1,707E-12 53 Korep.
36 100 | 10 10 Iyxi.- 3 JADdPM Yacr. 5.7E-4 1,876E-14 73 Korep.
37 52 | 4 30 IMp. Yetn | KAM-64 | OYPK. 1.7E-3 2,009E-14 65 Korep.
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1 2 3 4 5 6 7 8 9
38 40 | 4 820 Huki.- 3 JOM Yacr. 4.7E-4 9,98E-12 70 Korep.
39 24 | 8 140 IIp. Yetn JoM Bpewm. 3.7E-4 3,961E-14 67 Korep.
40 32 | 8 15 [uki.- 3 OM Kon. 7.7TE-4 1,448E-12 63 Korep.
41 92 | 6 10 IIp. Yetn AM Bpewm. 5.1E-4 2,838E-11 57 Hexkor.
42 92 | 6 395 Iukn.-3 | KAM-16 | OYPK. 3.7E-4 9,652E-12 60 Korep.
43 12 | 4 25 Iux.- 5 UM Bpewm. 5.3E-4 5,319E-14 53 Korep.
44 20 | 8 240 ITukn.-3 | KAM-16 Yacr. 4.3E-4 3,646E-14 64 Korep.
45 80 | 10 10 [uki.- 3 OM Kon. 6E-4 4,001E-11 55 Korep.
46 24 | 10 | 160 I1p. Yetn AM Yacr. 7T-4 7,26E-11 73 Korep.
47 4 6 | 2170 | Tlmkn.-5 | KAM-64 | Bpewm. 1.2E-3 2,909E-12 58 Korep.
48 12 | 4 350 Iuxn.-3 | KAM-16 | OYPK. 1.2E-4 1,935E-11 63 Korep.
49 32 |10 | 320 Inxn.-3 | KAM-16 | Bpewm. 3E-5 4,578E-11 69 Korep.
Oobo3nauenns:

1) Tun koppektupytorero koaa: Ip. YeTH — koJ| ¢ MPOBEPKO# HA YeTHOCTD; L{UKIL.- 3 — UKIMYECKuit

KOJI ¢ KOZOBBIM paccTtosiHieM 3 (1100 kox XommuHra); Llukir.- 5 — nuknryeckuii KoJ ¢ KOZOBEIM paccTosi-

HUEM 5.

2) Metoa monymsimuu: AM, UM, @M — amIumaTyaHast, 9aCTOTHASI ¢ OPTOTOHATIBHBIMHA CUTHAIAMH H
(azoBas coorBercTBeHHO; J®PM — nBykpatHas (dersipexnosuimonnas) ®M; KAM-M — M - no3unmon-

Hasl KBAaJApaTypHO-aMIUIMTYIHAsi MOIYJISLHUS.
3) Meron yutoTHeHUs kKaHanoB: Yact. — yactotHbi, UPK; Bpem. — Bpemennoii, BPK, Ko.- komoBsrif,

KPK; OYPK- 4acTOTHOE yIIOTHEHHE OpTOroHambHbIX Hecymmx (OFDMA). 4) 1,731E-7=1,731-10"".
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1

TaGnuua 3Ha4enunii uaterpana Bepositioctn @P(z) = —

2z

ol

2
X_j 5
2

[punoxenue 2

0

0,01

0,02

0,03

0,04

0,05

0,06

0,07

0,08

0,09

0,1
0,2
0,3
0,4
0,5
0,6
0,7
0,8
0,9

0,5000
0,5398
0,5793
0,6179
0,6554
0,6915
0,7257
0,7580
0,7881
0,8159

0,5040
0,5438
0,5832
0,6217
0,6591
0,6950
0,7291
0,7611
0,7910
0,8186

0,5080
0,5478
0,5871
0,6255
0,6628
0,6985
0,7324
0,7642
0,7939
0,8212

0,5120
0,5517
0,5910
0,6293
0,6664
0,7019
0,7357
0,7673
0,7967
0,8238

0,5160
0,5557
0,5948
0,6331
0,6700
0,7054
0,7389
0,7704
0,7995
0,8264

0,5199
0,5596
0,5987
0,6368
0,6736
0,7088
0,7422
0,7734
0,8023
0,8289

0,5239
0,5636
0,6026
0,6406
0,6772
0,7123
0,7454
0,7764
0,8051
0,8315

0,5279
0,5675
0,6064
0,6443
0,6808
0,7157
0,7486
0,7794
0,8078
0,8340

0,5319
0,5714
0,6103
0,6480
0,6844
0,7190
0,7517
0,7823
0,8106
0,8365

0,5359
0,5753
0,6141
0,6517
0,6879
0,7224
0,7549
0,7852
0,8133
0,8389

1,1
1,2
1,3
1,4
15

0,8413
0,8643
0,8849
0,9032
0,9192
0,9332

0,8438
0,8665
0,8869
0,9049
0,9207
0,9345

0,8461
0,8686
0,8888
0,9066
0,9222
0,9357

0,8485
0,8708
0,8907
0,9082
0,9236
0,9370

0,8508
0,8729
0,8925
0,9099
0,9251
0,9382

0,8531
0,8749
0,8944
0,9115
0,9265
0,9394

0,8554
0,8770
0,8962
0,9131
0,9279
0,9406

0,8577
0,8790
0,8980
0,9147
0,9292
0,9418

0,8599
0,8810
0,8997
0,9162
0,9306
0,9429

0,8621
0,8830
0,9015
0,9177
0,9319
0,9441
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1,6
1,7
1,8
19

0,9452
0,9554
0,9641
0,9713

0,9463
0,9564
0,9649
0,9719

0,9474
0,9573
0,9656
0,9726

0,9484
0,9582
0,9664
0,9732

0,9495
0,9591
0,9671
0,9738

0,9505
0,9599
0,9678
0,9744

0,9515
0,9608
0,9686
0,9750

0,9525
0,9616
0,9693
0,9756

0,9535
0,9625
0,9699
0,9761

0,9545
0,9633
0,9706
0,9767

2,1
2,2
2,3
2,4
2,5
2,6
2,7
2,8
2,9

0,9772
0,9821
0,9861
0,9893
0,9918
0,9938
0,9953
0,9965
0,9974
0,9981

0,9778
0,9826
0,9864
0,9896
0,9920
0,9940
0,9955
0,9966
0,9975
0,9982

0,9783
0,9830
0,9868
0,9898
0,9922
0,9941
0,9956
0,9967
0,9976
0,9982

0,9788
0,9834
0,9871
0,9901
0,9925
0,9943
0,9957
0,9968
0,9977
0,9983

0,9793
0,9838
0,9875
0,9904
0,9927
0,9945
0,9959
0,9969
0,9977
0,9984

0,9798
0,9842
0,9878
0,9906
0,9929
0,9946
0,9960
0,9970
0,9978
0,9984

0,9803
0,9846
0,9881
0,9909
0,9931
0,9948
0,9961
0,9971
0,9979
0,9985

0,9808
0,9850
0,9884
0,9911
0,9932
0,9949
0,9962
0,9972
0,9979
0,9985

0,9812
0,9854
0,9887
0,9913
0,9934
0,9951
0,9963
0,9973
0,9980
0,9986

0,9817
0,9857
0,9890
0,9916
0,9936
0,9952
0,9964
0,9974
0,9981
0,9986

1-®D(z) = D(-2) ~

1
Jerz

exp| — 2
P75

jnpnz

>3.




IIpunoxenne 3
XapaKkTepUCTUKU CTaHAAPTHOHN anmnapaTypbl 4aCTOTHOTO
ymnotHenus kananoB TU ¢ momocoit 300-3400 I' [1, 3, 4]

Howmep YacroTsl ITonockl curnanos, kl'1:
cTymne- MOAHECY- KaHAJIBHBIX rpyIIo-
HU mux, K1 BOT'O

[Ipen-
rpyI- 12;16; 20 12-16; 16-20; 20-24 12-24
1o-
BOM
64, 68; 60-64; 64-68;
1 72;...; 68-72;...; 60-108
104; 108 100-104; 104-108
420; 468; 312-360; 360-408;
2 516; 564; 408-456; 456-504; 312-552
612 504-552
1364, 1612; 812-1052; 1060-1300;
3 1860; 2108; 1308-1548; 1556-1796; 812-2044
2356 1804-2044
4152; 5448; 2108-3340; 3404-4636;
4 6744; 8040; 4700-5932; 5996-7228; 2108-8524
9336 7292-8524
Ipumeuanus:

1) BO BCeX CTYNEHAX MPUMEHIETCS aMIUIATYTHAS MOIYJISIIHAS C
HIDKHEH OOKOBOM IOJIOCOH;

2) MOJOCHI KaHAIBHBIX CUTHAJIOB MPEATPYMIIOBOTO CUTHANIA U B
nepBoi crynenu 1o 4 k' kaxkas BKIIFOYAIOT B ¢e0s1 3all[UTHBIC UH-
tepBainsl 1o 0,9 k[, Te ke 3alUTHBIE HHTEPBAJIBI OCTAIOTCA MEXIY
MIATHIO TPYTITAMH BO BTOPOM CTYIICHH;

3) MOMOMHUTENBHBIC 3AIMUTHBIC HWHTEPBAIBI BBOJSITCS MEXITY
KaHaJTbHBIMU CUTHAJIaMH B TpeTbel crymenu (mo 8 kI') u B uerBep-
Toi cTynenu (mo 64 kl'm).
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IIpunoxenue 4

MI/IHI/ICTEPCTBUO OBP§3OBAHI/I}I N HAYKHA
POCCUINCKOI ®EJIEPALINN
depepanbHOE TOCYAAPCTBEHHOE OFOKETHOE 00pa30BaTeIbHOE Y-

pEeXIIEHUE BBICIIECTO TPOECCHOHAIBHOTO 00pa30BaHus
TOMCKUU I'OCYJIAPCTBEHHbBIN YHUBEPCUTET
CHUCTEM YIIPABJIEHIS
1 PAJJMODJIEKTPOHUKHU (TYCYP)

Kadenpa pannorexuamaeckux cuctem (PTC)
YTBEPXIAIO

3aBenyrommii kadenpoit PTC
I'.C. llapsirun

« » 2012r.

Ormm

Oxa! 3aknanka He ompe/eNeHa.

HaMMEHOBAHHE TEMBI IPOeKTa (IMponHCcHBIMI OykBami) Ommdka! 3akuagka He onpeeaeHa.

[NosicHuTenbHAS 3aMUCKa K KypCOBOMY IIPOEKTY 110 KypCy
“Teopust 2MEKTPUIECKON CBA3U
CryneHt p.
(moamuch)  K.0.amMuIIHS
(mara)

PykoBoauteins npoekra
JOJDKHOCTh  HM.0.(paMuius
(mara)

2012.
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IIpunoxenue 5
Onpenenenust

CtpykrypHasi cxema (0Ji0K-cXeMa) OIpeAesieT OCHOBHEIC
(hyHKIIMOHANBbHBIE YacTH W3Zenus (YCTaHOBKH), WX Ha3HAYCHHE W
B3aMIMOCBSI3M; OHA pa3padaThIBAaeTCs MPH MPOSKTHPOBAHWUU (KOHCT-
PYMPOBaHMHN) U3AEHS, PAHbLIE CXEMbI Ap. THIOB, M HCIOIb3yeTCs
TIPH U3yYEHUH CTPYKTYpPHI M3AENUS W TPOTpaMMBI €ro paboThl, a
TaK)ke BO BPEMS €T0 IKCILTyaTallHH.

DyHKIHOHAJIBHASA CXeMa PACKPBIBAET IMPOLECCHI, MPOTEKAIO-
mure B U3ACIIUN U €TI0 OTACIIbHBIX YaCTAX; UCIIOJL3YCTCA IIPU U3YyUC-
HUU (PYHKIMOHATHHBIX BO3MOXKHOCTEHW W3IENHUH, a TakkKe MPU UX
HaJajKe, PEryJInpoBKe, KOHTPOJIE U PEMOHTE.

MpuHuunuaabHasi cxema ONpeneNseT MONHBIH COcTaB dJie-
MEHTOB W3JIeNUs W CBS3eH MEXIy HUMH W, KaK TpaBUJO, MAET Je-
TaNbHOE TPEACTABICHIE O MPUHIUIE PabOTHI U3IENHUS; CIYXKHUT OC-
HOBaHUEM sl pa3pabOTKU Jp. KOHCTPYKTOPCKUX JOKYMEHTOB, Ha-
MIpUMeEp DIEKTPOMOHTAKHBIX YePTEKEH, crienn(huKanmm.

Cxembl coequHeHHH (BHYTPEeHHHMX M BHENIHHX) OTOOpakaer
CBSI3M COCTaBHBIX YacTel n3acius, CHOCO6LI IMPOKJIAAKH, KPCIUICHUA
WM TIOJICOCUHECHUS TMPOBOJOB, KaOejieli wim TpyOONpOBOJOB, a
TaK)Ke MECTa X MPUCOETUHEHHS WM BBOJIA.

Ha cxeme moak/rouennii MOKa3bIBAOT BHEIIHUE TTOIKIFOYCHUS
U3aCiinA; 3THU CXEMbl HCIIOJB3YIOT IMPU MOHTAXXE M ISKCILIyaTallkun
KoMIuiekcoB. OQOmiasi cxema OIpeneNsieT COCTaBHBIE YacTH KOM-
ieKca (CI0KHOTO H3/eNHs) M COeIMHEHUS WX MEXAy coOoi Ha
MecTe JKCIUTyaTalluy; NpeJHa3HaueHa MPEeUMYIIECTBEHHO JUIst 00-
IIETO O3HAKOMJICHHSI C KOMILJIEKCAMHU.

Ha cxeme pacmoJioxkeHusI TIOKa3bIBa€TCS OTHOCHUTEILHOE pas-
MelleHHe (MECTONOJI0KEHNE) COCTaBHBIX YacTel YCTAaHOBKU HIIH
komruiekca. B CCCP nopsiiok ohopMileHHs cXeM YCTaHABIUBAETCS
I'OCTamu.
bonvuwasn co8emcKas SHYUKIONEOUSL. Pybpuron -
http://www.rubricon.com/
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®DegepabHOE ATEHTCTBO 110 00Pa30BAHMIO

ToMckuMii rocyiapcTBeHHbI YHMBEPCUTET CUCTEM YIIPABJICHHUS
W PaIMO03JIeKTPOHUKH

Kadeapa paguorexHnyeckux cucTemM

I0.11. Akyinnn4eB

MHOI'OKAHAJIBHAS CUCTEMA
HEPEJAYU UHOOPMALIUUN

PykoB0oCTBO K KYpCOBOMY NPOEKTHPOBAHUIO
no kypcey “Teopus 31ekTpHUYecKoil cBsA3N”

Tomck, 2010



