
' r::{(lq o() 
.)-.-~ ,Jv-o 

A.Il Kp.HqKo, Kao ,t1aK XbeH 

COOtilllOHMR 
OtihOJlMHOHHOrO 

MHCTMTYTa 
RJlO pH bl X 

MCCnOJlOBaHMA 

JlYtiHa 

}. I -;><,I 

r./ i ;-<1 

13 80 489 

,t10( 'TOBEPHOCTb fiEPE/lA411 ,llAHHbiX 

B 4>111114~CK11X 1KC'fiEP11MEHTAX 

HA Jl11H1111 C )BM 

1980 



1 . CHCTEMbl nEPE,llA4H ,llAHHbiX. 
HX KA4ECTBO 

CornacHo onpeAeneH~~ Me~AYHapoAHoro KOHcynbTaT~BHoro KOM~
TeTa no Tenerpa<ll~~ ~ Tene<I!OH~~ /MKKTT/ "nepeAa4a AaHHbiX - 3To 
o6naCTb 3neKTpOCBR3~, ~enb~ KOTOpOH RBnReTCR nepeAa4a ~H<IlOPMa
~~~ AnR o6pa6oTK~ ee MaW~HOH ~n~ y~e o6pa6oTaHHOH e~11 / 1,2/ . 
B HenpepbiBHbiX /aHanorosblx/ c~cTeMax nepeAa4~ AaHHblx nepeAa
saeMble C~rHanbl RBnR~TCR HenpepbiBHbiM~ $YHK~~RM~ A~CKpeTHbiX co
o6~eH~H. B ~~<llPOBbiX c~cTeMax c~rHanbl RBnR~TCR A~CKpeTHbiM~ 
KaK no speMeH~, TaK ~ no aMnn~TYAe / 1,3,4/ . 

B Tenerpa<ll~~ ~ Tene<lloH~~ nepeAaBaeMble coo6~eH~R o6naAa~T 
6onbWOH BHyTpeHHeH ~36biT04HOCTb~. no3TOMY ecn~ OH~ nOABepra~TCR 
~CKa~eH~RM, TO B fiOnbW~HCTBe cny4aeB Mory T fibiTb BOCCTaHOBneHbl 
nony4aTeneM no cMblcny. B c~cTeMax nepeAa4~ AaHHbiX ~H<IlapMa~~R 

o6bi4HO He ~MeeT nor~4ecKoro CMblcna, ~ ecn~ oHa He 3aKoA~POBaHa 
~36biT04HbiM KOAOM, TO np~eMHOe ycTpOHCTBO ~ nony4aTenb He CMOryT 
OTn~4~Tb npaB~nbHbiH KOA OT ~CKa~eHHOrO. B TO ~e BpeMR Aa~e 
peAK~e ow~6K~, B03H~ Ka~~e np~ nepeAa4e, MoryT o6ec~eH~Tb pe-
3ynbTaTbl Bb14~cneH~H ~1n~ np~secT~ K ~cKa~eH~~ ynpaBnR~~x 
KOMaHA, HanpaBnReMbiX K ~CnOnH~TenbHbiM yCTpOOCTBaM / 1,5,6 / . no3-
TOMY AOCTOBepHOCTb nepeAa4~ R~nReTCR OAHOH ~3 Ba~HeHW~X xapaK
Tep~CT~K Ka4eCTBa TaK~X C~CTeM . 

Ka4eCTBO c~cTeM nepeAa4~ AaHHblx xapaKTep~3yeTCR TaK~e Ha
Ae~HOCTb~. np~4eM OTKa30M 3AeCb cneAyeT C4~TaTb He TOnbKO He
B03MO~HOCTb OCy~eCTBneH~R $yHK~~~ nepeAa4~ ~ np~eMa, HO TaK~e 
~ cny4aH/ KOrAa ~ H$OpMa~~R nepeAaeTCR C HeAOCTaT04HOH AOCTOBep
HOCTb~ 1 1 . Ko3$$~~~eHT OW~fiOK B C~CTeMax ne peAa4~ AaHHbiX Ha
XOA~TCR B npeAenax 10~- 10-12 / 1,2,6,7,8/ 

2. nOMEXH 

TepM~Hbl 11 nOMeX~ 11 ~ 11WYMbl 11 B AaHHOI1 pa6oTe RBnR~TCR CHHOH~
MaM~. noMexo.:i Ha3biBaeTCR CTOPOHHee B03My~eH~e, AeHCTBy~~ee 
B c~cTeMe nepeAa4~ ~ npenRTCTBy~ee npas~nbHOMy np~eMy c~rHa

nos 19~no MecTy o6pa3oeaH~R noMex~ MO~Ho pa3Aen~Tb Ha BHyTpeH
H~e, o6ycnosneHHble pa3nH4Horo POAa <!lnyKTya~~RM~, ~ BHewHHe: 
B3a~MHble BnHRH~R B MHOronapHbiX KafienRX, ~Mnynb CHble noMeXH 
pa3n~4HOrO npOHCXO~AeH~R / ::,8, 7,9·12,14/ . no xapaKTepy 
B03AeHCTB~R Ha nepeAaBaeMbll1 c~rHan pa3nH4a~T aAAHTHBHble ~ 
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H MYJlbTHn1111KaTHBHb!e llOMeXH 19•1 4/. noMeXI1 H CHrHaJlbl 06bi4HO C4H
Ta~T CTaTHCTVI4eCKH He3aBHCHMWMI1 VIJlH HeKoppenHpoeaHHWMH. ~Hor
,Qa llOMeX!-1 He TOJlbKO KoppenHpoBaHbl C CHrHanaMH, HO H nOJlHOCTbiO 
HMVI o6yCJ10BJ18Hbl. 8 3TOM CJ1y4ae roBOpRT o6 HCKa>KBHHRX. ~CKa>K~
H118 - BCRKOe ,Q8T8pMHHI1pOBaHH08 npeo6pa3oBaHHe CHrHana, 113B8CT
HOe no TeOp8TH48CKHM 11111-1 3KCnepHM8HTaJlbHWM ,QaHHWM.~CK8lK8HWR, 
B OTJ1M4Me OT 8,QAHT11BHbiX noMeX, HMS~T MBCTO TOJlbKO np11 HaJll-141-111 
Cl1rHana. HcKa>KeHHe cHrHana 11 Hano>KeHI1e cTaTI1CTH4eCKHX noMex -
,qea Kpai:iHHX cny4a.R. BosMo>KHbl a,Q.QVITI1BHble noMexH, KoppenHpoeaH
Hble c Cl-1 rl-ianaMw /9/ • 

napaMeTpaMH, xapaKTepi13YIOUII-1MI-1 CJly4ai1Hble WYMbl, RBJlRIOTC.A 
38KOH aepORTHOCTHOro pacnpe,QeJleHHR aMilJlHTY.Q H 4aCTOTH8R HJll-1 
speMeHHaR 38BHCI1MOCTH. 3a,qaHHe nOCJ18,QHHX 11C4epnb1Ba~I!1HM o6pa-
30M ·onpe,qenReT rayccos npo~ecc; so MHOrHx cny4aRx 3Toro ,Qo
CTaTo4HO H Afll'l llPOI.I8CCOB C pacnpe.QeJleHHeM, OTJlH4HbiM OT HOp-
Ma:llbHOro /2,3,9,121, Pacnpe,Q8J18HH8 sepORTHOCTH ,QaeT OTHOCHT8Jlb-
H08 Bp8MR npe6biBaHHR HanpR>KeHHR WyMa B onpep,eneHHOM HHTepBane 
ypoBHel:i 131 • 

lJaCTOTHaR 3aBHCHMOCTb ,Qa8TCR Cll8KTpaJlbHbiMH nnoTHOCTRMVI MOI!1-
HOCTH G(w) HJlH A(f): A(f) =2rrG(w). CneKTpanbHYIO nnoTHOCTb 
MOlJ.lHOCTH 4aCTO Ha3biBaiOT 3HepreTH4eCKHM Cll8KTPOM 19•lS,14/, KOTO-
Pbli1 MOlKeT 6b1Tb H3NepeH HJlH HaH,QeH aHC3JlHTH48CKH, eCJlH 113BeCTeH 
MexaHH3M o6paaosaHHR cny4aihtoro npo1..1ecca /3,11,14/. B pa6oTe 1 131 

OTM84a8TCR, 4TO onpegeJlSHHe cneKTpa 48P83 $YHK1..1HIO KOppellRLIHH 
6onee 3KOHOMHO C T04KH 3peHHR Tpe6yeMbiX VI3MepHT8JlbHbiX VI Bbi-
411CJlHTeJlbHbiX onepa1..111H, 4eM npRMOe H3MepeHHe cneKTpa. 

$yHKI.IHR aBTOKOppenRI..IHVI xapaKT8PH3yeT BpeMSHHYIO aaBHCHMOCTb 
wyMosoro CHrHana Me>KAY ero 3Ha4eHHRMH B nl06ble ,qea MOMeHTa epe
MeHM. ¢yHKI.IMR aBTOKOPP811R4HH M cneKTpanbHaR llJlOTHOCTb MOUIHOCTH 
CBR3aHbl Me>KAY co6oi1 npeo6pasosaHV1eM <l>ypbe /9,10,13,141. 

Onpep,eneHHe CTaTHCTH4ecKHX xapaKTepHCTHK a H a 2 .QllR Hop
ManbHoro pacnpe,QeJleHVIR BblnOJ1HR8TCR Ha OCHOB8 I-IX H3B8CTHbiX 3a
BHCI1MOCTei1 OT cneKTpaJlbHOH nJlOTHOCTH MOI!.\HOCTH 1-11111 ¢YHI<I.IHH 
aBTOKOppeJlHI.ji-IH 1 9 ,12·141. rayCCOBbiM pacnpe,QeJ18HH8M xapaJ<TepH-
3YIOTCR TennoeoH, .qpo6osoH H HH3K04acToTHbli1 WYMbl. O.qHat<o Hx 
cneKTpanbHbl8 H I<OppeJlR41>10HHbl8 ¢yHK1..111H pa3J1H4Hbl. 3TH C!lJlYKTya-
1.1~10HHble WYMbl o6yCJ10BJleHbl B KOH8llHOM C4eTe ,QIIICKp'eTHOH CTPYKTy
pol:i CTpoeHHR BCUICCTBa /3,11,14/, 

CneKTpanbHble nnoTHOCTH MOI!.\HOCTI-1 Tennoaoro 1-1 AP06oaoro wyMa 
npaKTH4ecKH He 3aBHCRT OT 4aCTOTW. WyM, HMero~HA paBHOMepHwA 
no 4aCTOTe cneKTp, Ha3b!Ba!OT 6enb1M. no3TOMY ,Qe~CTBYIOUiee 3Ha4e
HHe HanpR>KeHHR 6enoro wyMa npVI HOpManbHOM pacnpe,QeneHHH H cpe,Q
Hl'lR MOUIHOCTb He 3aBHCJH OT 4aCTOTbl. Bo BCe~ nonoce 4aCTOT npH 
nOCTORHHOM ypoBHe CHrHana 6yAeT COXpaHRTbCR flOCTORHHbiM H OT
HOWeHHe c~-1 rHan/wyM. HopMV!posaHHaR ¢YHK~HR aBToKoppenRI..IHI-1 b( r) 
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6enoro wyMa pasHa 1 npH r = 0 H 0 - npH scex ocTanbHwx HeHy
neBbiX 3Ha4eHHRX r. b8Jlb!H WYM B CHJlY HeorpaHH"ieHHOCTH CBOero 
cneKTpa MewaeT Ha Jll06biX 4aCToTaX Ill!. ,llpyr111e BH,Qbl WYMOB HMe!OT 
KOppenRI.I111D, He paBHyiO 0, H, CJle.QOBaTeJlbHO, orpaHH481iHbiH 
cneKTP /9,101. TaK, cneKTpanbHaR nnoTHOCTb MO~HoCTI-1 HM3Ko~acToT
Horo WyMa pacTeT C YM8HbWeHH8M 4aCTOTbl. np~1 3TOM pacTyT ,QCH
CTBYIOUICe 3Ha48HI1e ero HanpR>KeHHR H cpe,QHR.A MO~HOCTb. 3TOT 
WYM B03HHKaeT KaK 8 JlaMnOBbiX, TaK H B nonynpoBOAHHKOBbiX npH-
6opax 131. 

B pa60Tax /lO,l 5/ noKa3aHo, 4TO CHrHan 3a,QaHHOH cpe,QHeH MOUI
HOCTH nepeHOCHT HaH60JlbWee KOJ1H48CTBO CBe,qeH~iM, eCJlH ero $YHK-
1.1HR no.Q4H HeHa HOpMan bHOMY pacnpe.Q8JleHI110. oenbiH WyM, HMeR 
TaKoe pacnpe,qeneHHe, RBnReTCR CaMWM Bpe,QHWM. 3TO 05CTO.ATeJ1b
CTBO, a TaK>Ke pacnpocTpaHeHHOCTb 6enoro wyMa H npocToTa ero 
MaTeMaTH4eCJ<Oro onHCaHHR onpaB.QbiBaiOT ero U!Hpot<Oe Hcnonb3osa
HHe npH pac4eTaX. np111 3TOM paC4eT 6y,QeT npoBe,QeH ,[\Jlfl HaHXYP,Wero 
cny4aR 1101 

3. OTHOWEHHE CHrHAfl/WYH H BEPO~THOCTb OW~6KH 
B l.IH¢poBbiX CIIICTSMaX nepe,qa4H ,QaHHbiX KaK TellllOBble, TaK H 

Bbi3BaHHble B3aHMHbiM BJlHRHII!eM /60J1bWOe 4HC110 nap B Ka6ene C He3a
BHCHMO I-13MeHRIOI!.\HMHCR CHrHanaMH/ WYMbl HM810T HOpMaJlbHOS pacnpe
.QeJleHHS co CPBAHHM 3Ha4eHHeM, paeH~M HYJ110. AeillcTBYIOUiee HnH 
3$¢eKTHBHOe 3Ha4eHH€ Hanp.A>KeHHR TaKoro WyMa paBHO cpe,QHCKBa,q
paTH4HOMy OTKJlOHSHHIO a, a cpe,QHRR MOUIHOCTb - AHCnepCHH a2/3,9·14,17~ 

BHewHHe IIIMnynbCHble noMexH MoryT HMeTb WHPOKHA cneKTp. KonH-
4ecTBo B03KHKHOBeHHM WyMOBbiX HMny[lbCOB npaKTH.4eCKH paCXO,QHTCR 
C nyaCCOHOBCKHM pacnpe,QeneHHeM H OllHCbiBaeTCR JlOrapH¢MH4eCKH 
HOpMaJlbHbiM pacnpe,qeneHHeM 1321_ 4acTO 3TI1 noMeXH ,Qel:iCTBYIOT 0,[\HO
epeMeHHO C WyMaMH, Bb13BaHHbiMH nepeXO.QHbiMH BJ1HRHHRMH /2,S/. 

0wH6KH B llpHeMe npOHCXO.QRT, eCJlH B MOM8HT perHCTpa~MH 
MrHOBeHHOe 3Ha4eHHe Hanp.AlK8HHR WyMa npeBbiCI1T .QOilYCTHMYIO ee
J1114HHy. AnR ,qeyxyposHeeoro cvarHana ,qonycTHMa.R senH4HHa cocTae-
n.ReT nonoBHHY ero aMnnHTYAbl A/2. npH 3TOM eo3.QeHCTBHe 
Hallp.R>KSHHR WyMa CTpeMHTCR H3MeHHTb ypoBeHb CHrHana Ha npOTHBQ
IlOJlOlKHbll:i. BepoRTHOCTb 3Toro AJl.A noMex c HOpManbHbiM aaKoHoM 
pacnpe.qeneHHR aMnnHTYA onpeAenReTcR HHTerpanoM eepoRTHOCTel:i. 
Bepo.RTHOCTb .QBYCTOPOHHero npeBbiWeHHR 3Tol:i eenH4HHbl 111111 nopora 
pasHa /2,9/ 

2 "" J exp(-u 2/2U3<P<P) du. 
0,5A/U3¢¢• • 

/1/ p OUJ = y2Tr U ::1¢¢. 

0TCIO,Qa BH,[IHO, 4TO BepO.RTHOCTb OWH6KH 3aBHCHT OT OTHOWeHHR 
aMnnHTYAbl cHrHana A/2 K a¢4>eKTHBHOMy 3Ha4eHHIO HanpR>KeHIIIR 

r
t;;;::.w• .. ~ .. ~~:; f.!lC1;;;;-\ 
~ei')iil.!X tKf .lleL!om.mrr'i! 
__ §~~J!~KYfEKA . 
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WyMa, T.e. OT OTHOWeH~R c~rHan/wyM. CnpaBegn~BO ~ o6paTHOe 
yTBepm,qeH~e; OTHOWeH~e c~rHan/WyM RBnReTCR ~YHK~~e~ BepORTHO
CT~ B03H~KH08eH~R OW~6K~, 4~CneHHO paBHO~ K03$~~~~eHTY OW~60K. 
no 3a,qaHHOMY K03~¢~~~eHTy OW~60K MOmHO paCC4~TaTb Tpe6yeMoe 
OTHOWeH~e C~ IHan/WyM ,qnF! pa3HbiX BI-IAOB WyMOB ~ n~ He~ HbiX KOgOB. 
Pe3ynbTaTbl TaK~x pac4eTos MoryT ·6b1Tb npeAcTaeneHbl B B~Ae Ta6-
m1~ /2,15/ ~n~ rpa¢~KoB /3,1 2,16 ,171 • Ko3¢¢~~~eHT ow~6o1< oT 

COBMeCTHOIO Ae~CTBMR WYMOB B3a~MHOIO BnMRH~Ff H ~MnynbCHbiX no
MeX MomHo C411TaTb paBHbiM cy~tMe Ko3¢¢MllMeHTOB ow~6oK OT Kam
,qoro wyMa B oT,qenbHOCTI-1. TennoabJe wyMbl 8 CMMMeTpH4HbiX Ka6e
m'IX o6bi4HO He yl1HTbiBaiOTCR 121 • 

/.lnfl ,qBoi14Horo ABynonRpHoro cMrHana co cny4a~·HbiM noRsneHMeM 
HMnynbCOB pa3ni14HO~ nonRpHOCTI-1 BepOfiTHOCTb OWI160K 10_6 _1Q- 10 

o6ecnel111BaeTCR Beni14MHO~ OTHOWeHMR nMKOBOIO CI11Hana K cpe,qHe
KBa,qpaTI14HOMy 3Hal1eHI1~ rayccoea wyMa B 15-16 AD. npl-1 He6onbWOM 
ysenM4eHI111 3TOIO OTHOWeHMR /CBbJWe 15 ,qEi/ BepORTHOCTb OWI16KI1 
pe3KO yMeHbUJaeTCfl, 3TO RBneHMe 8• Ll~¢pOBbiX C~CTeMaX nepe,qa4~ 
Ha3biBaeTCR noporOBbiM 3¢¢eKTOM /3,16,17/, 

4. ~H/.lHKATOPHAR /.lHArPAMMA 

BenM4HHa C~rHana /aMnnMTy,qa/, BXOAR~aR 8 OTHOWeH~e C~IHan/ 
wyM, onpe,qenfleTCfl ~3 ~,qeanbHO~ rnas-,qHarpaMMbl /2,3,17/. f.lpyroe 
ee HassaH~e- ~HA~KaTopHaR AMarpaMMa 141 • 0Ha npe,qcTasnReT 
co6o~ KapT~HY HanomeH~R scex B03MOmHbJX ~MnynbCHbJX nocne,qosa
TenbHOCTe~ Ha npoMemyiKe epeMeHM M3 ,qsyx TaKTOBbiX ~HTepsanos 
s MecTe npJ.1eMa /3,211 ~ MomeT 6b1Tb nony4eHa np~ Ha6mogeH~~ Ha 
3KpaHe oc~Hnnor·pa¢a cny4a~Ho~ nocne,qoBaTen bHOCTM HMnynbcoe 
nMHe~HOIO KO,qa, gnR C~HXpOHM33~~H KOTOpo~ 11Cnonb3Y~TCR TaKTO-
Bble ~MnynbCbl c nepe,qa~~ero KOHLI a 117 • 1S/ 11n1-1 Bbl,qeneHHble 
H3 caMo~ cny4a~Ho~ nocne,qosaTenbHOCT~ /19,20/. 

nepe,qasaeMw~ c~rHan nocne npoxom,qeHMR 4epes c~cTeMy c orpa
HM4eHHO~ nonoco~ nponycKaHMR paCTRrMBaeTCR H3 HeCKOnbKO TaK-
TOBbiX ~HTepsanoe 121,22/. nocne KoppeKLl~H npMHRTbl~ ~Mnynbc 
OCTaeTCR paCTRHYTbiM 06bi4HO Ha 2-3 TaKTOBbiX HHTepeana /3,21,22/, 
TaKMM o6pasoM, OH 6y,qeT nepeKpweaTb coce,qH~e TaKTOBwe ~HTepsa-. 
nbl. CyMMapHble Memc~MsonbHble noMeXM s ,qaHHOM TaKTOBOM ~HTepsane 
CKnagbJ8a~TCFI 113 OCT3TKOB MMnynbCOB BCeX npegweCTBY~~~X VI no
cneAY~Il\VIX T3KT08biX. VIHTepsanoB /3/. 0,qHaKO MOmHO C411TaTb, 1.1TO 
KamgbJJ:1 npMHF!Tbl~ MMnynbC llPIIIH~I-111VIanbHO no,qsepmeH BnVIRH~~ 
TOTibKO VIMnynbCa 113 npe,qweCTBy~~ero VI nocne,qy~1J1ero TaKTOBbiX 
VIHTepsanos 1 211. 

npVI cny1.1a~Ho~ nocne,qoeaTenbHOCTVI VIMnynbcos VIMe~T MecTo see 
B03MOlKHble cny4al1 MemCVIMBOnbHO~ VIHTep¢epeHL.lVIVI.KapTI-1H3 Ha 3K

paHe OCL.l~Jlnorpa¢a VI VIHep~MOHHOCTb 3peHJ.1Ff ll03BOnR~T Ha6n~AaTb 
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O,qHOBpeMeHHO HeCKOJlbKO OrM6a~ll\VIX Lll1¢pOBOIO CMIHana 33 HeCKOnb
KO TaKTOBbiX 11HTepsanOB BpeMeHI-1. ~HAVIKaTopHa.R AVIarpaMMa T3K>Ke 
MO»<eT 6b1Tb sa¢MKCMPOBaHa Ha ¢oTonJJeHKe 14•17 •201 • Bcne,qCTBI1e 
aMnnMTYAHbiX VI BpeMeHHbiX VICKa>KeHI-1~ BepTVIK3TibHbl~ paCKpbiB /aM
nnMTy,qa CMrHana/ VI ropV130HT3TibHbl~ pacKpbiB VIH,[lMKaTOpHO~ gMarpaM
Mbl yMeHbWa~TCR no cpasHeHI-1~ c Vl,qeanbHO~ • .[lnR Taro 4T06bl ee
PORTHOCTb OWM6KVI npM HaTJM4MM WyMa He OTni14Bnacb OT ee 3Ha4eHI1R 
,qnR MgeanbHO~ CI-1CTeMbl, Heo6XOAI1MO yBeJlV1411Tb OTHOWeHMe CVIIHaJl/ 
WYM Ha BenM4VIHY OTHOWeHI-!R BepTMKanbHbJX paCKpbiBOB MAeanbHO~ 
1-1 peanbHO~ MHAVIKaTOPHbiX gVIarpaMM, BblpameHHyiO 8 ,qe~1116enax /3/, 

3,qeCb no,q WYMOM llOHVIt.taeTCR HanpRmeHMe llOMeX, OKa3biB3~1l\MX 
B 3aBHCI-1MOCTI1 OT KOHKpeTHOIO CTJy4aR onpe,qenRIOil\ee BnHRHMe, 
npi-1BOARU\ee K orpaHV14eHI1~ ,qnMHbl Jli1HHH 11n11 CKOPOCTVI nepe,qa411 npl-1 
coxpaHeHVII-1 ,qonyCTI-1Moro K03$¢VIllMeHTa ow1-16oK /2,3/. BsaMMHble 
BnVIRHVIR Mem,qy napaMI1 RBnR~TCR PCHOBHbiMI-1 11CT04HVIK3MI1 noMeX 
B CI1MMeTpV14HbiX Ka6enRX. npM OAHOI<af5eTJbHO~ CMCTeMe nepe,qa4M • 
AOM11HMPYIOU\VIM I-1CT04HI-1KOM noMeX flBnRIOTCR nepeXOAHble Bnl-1.fiHMR HB 
6nVImHeM KOH4e. Hcnonb3oBaHI1e 2- Ka6enbHoi1 CHCTeMbl nepe.qa1.1111 1-1r111 
HeCMelKHbiX ny4KOB Ka6em'l. ATIFI pa3JlM4HbJX HanpasneHI-1H n03BOnfleT 
MCKn~41-1Tb VlnM yMeHbWMTb 3TOT BillA noMex. Tor,qa Ha nepBbiH nnaH 
MOryT Bbi~TVI nOMeXM, B03HMKa~ll\He BCne,qCTBVIe nepeXOAHOrO Bni1RHHR 
Ha ,qanbHeM KOH~e 12 •31 • 

KoaKCManbHble napbl JlY4We 3all\Hil\eHbl OT BHeWHVIX noMeX, l!eM CMM
MeTpM4Hble. 3,qecb MOU\HOCTb wyMa Bcne.qCTBHe B3BMMHOIO Bni-!RHVIR 
He npeB~WaeT MOil\HOCTVI TennoB~X WYMOB, KOTOpWe MoryT CTaTb OC-
HOBHbiM 11CT04HVIKOM noMex 
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•3 • 181 • B pa6oTe 1 211 npHBOA11TCR 113-

MeHeHI1e pacKpbiBB 11HA11KaTopHO~ AHarpaMMbl B 3SBMCI1MOCTM OT nepe
XOAHOIO 3aTyXBHVIR Ha 6nMmHeM KOHf.\e, a B pa6oTaX /2,22,24/ 
pacnpe,qeneHVIe ee pacKpwea OT pasnH4Horo BM,qa noMex. 

J.1HA11KBTOPHble AMarpaMMbl 11Cnonb3Y~TCR llPI-1 onpe,qeneHI-1VI Ka4eCT
ea KaK aHanoroe~x 12°~TaK 11 LlM¢poewx KaHanos CBR311119~ Onepa
TMBHbl~ KOHTPOTib MomeT 6b1Tb npoBe.QeH no OAHOMy 1-13 napaMeTpOB 
1-1HAI-1KaTOpHoi1 AMarpaMMbl: RepTMKanbHOMY paCKPWBy, KpaeBWM HCKame
HMRM 11nM anepType, TaK KaK Kam,qbl~ 1-13 HVIX flBTIReTCR MHTerpaJlb
HbiM. 3TOT MeTOA ll03BOnReT 6biCTpO M npOCTO onpeAeni1Tb npMrOA
HOCTb KaHana CBR3M ATJR nepe.Qa414 11MilynbCHOi1 11HcfJOpMaQI-1M /19,20/. 
Ha OCHOBe Ha6n~,qeHMR 3a 11HAI1KaTOPHO~ ,qMarpaMMOi1 nony4aeM MOMeH
Tan bHYIO VIHC!JopMal!HIO 06 3¢¢eKTVI BHOCTI-1 BbJpa BHVIBBHI1R 4aCTOTHOH xa
paKTepMCTH Kl-1 KaHana ,qnR nepe,qa411 Lll1ctJpOBbiX CVI rHaJlOB I 121. Ko3¢
¢Hl.IVIeHT OWM60K TaKme cnymMT 060611\aiOil\11M nol<a3aTeneM Ka4eCTBa 
1.\McflpoBO~ ni-1HI111 CBF13H. no V13MeHeHH~ ero BenVI411HW MOmHO CYAHTb 
06 3¢¢eKTI-1BHOCTVI cpe,qCTB, npHMeHReMblX np11 I<OHCTPYI1POBaHI111 
npVIeMHo-nepe,qa~ll.\e~ annapaTypbl 123/ 
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5. K03¢¢MUHEHT OWH60K 

1Q-IO ..8 npi-1HI..ll-1nl-1aJlbHOi:1 Mepoi:1 
:::J 

10-9 g Ka4eCTBa nepe,Qa41-1 l..li-1¢POBb1X 

f -8 ~ Cl-irHaJlOB .RBJlAeTC.R ee ,Q0-

~1 ~ CTOBepHOCTb. 0Ha xapaKTe-

fQ 5 p1-1syeTC.R 4aCTOCTbiO 1-1111-1 

fO-G ~ BepO.RTHOCTbiO no.RBJleHI-i.R 

10-s ~ ow1-16oK 15 •81 • Kom14ecT-

1 2 3 4 5 6 7 8 910 BeHHble oqeHKI-1 MOryT 6b1Tb 

CKopoCTb nepe.oaYu: M6uT/c,Moai.LT/c nony4eHb1 MeTo.QoM Henocpe.Q-

P1-1c. 1. BpeM.R per1-1cTpaq1-11-1 All.R 

onpe,QeJleHI-1.R 4aCTOCTI-1 OWI-160K, 

CTBeHHOi:1 perl-iCTpaql-11-1 OWI-1-

6oK np1-1 nepe.Qa4e .QaHHbiX, 

KOTOpbli-1 SaKJ1104aeTCH B CJle

AYIOliJeM. 3TallOHHb1H KOA no-

,QaeTC.R Ha MCn~T~BaeMyiO CMC

TeMy. C ee B~XO,Qa I..IM¢pOBOH nOTOK nocTynaeT Ha BXOA ,QeTeK

TOpa OWM60K. 3,QeCb npOMCXO,QMT ero n03JleMeHTHOe cpaBHe-

HMe CO CB060,QHbiM OT OWI-16oK' 3TaJlOHHbiM KO,QOM, KaKoe-nM60 pas-

Jli-14Me perMCTpMpyeTc.R KaK owM6Ka. Koa¢¢~1..11-ieHT l4aCTOCTblowM6oK 

Pow onpe.QenHeTc.R KaK/
71 

Pow =n/N, r.Qe n - K0111-14eCTBO He-

npaBMllbHO npMH.RT~X SHaKOS Sa onpe~eJleHH~H npoMemyTOK BpeMeHM, 

N - o6l1Jee KOJlM 4eCT so sHaKos, nepe,qaHHbiX sa 3TO me epeM.R. 

B npe.Qene npM ysenM4eHI-'!M N K03<!>¢MI..IMeHT l4aCTOCTbl owM6oK nepe

XOAMT B Bepo.RTHOCTb OWM604HOrO npHeMa MJlM BepOHTHOCTb OWM6-

KM /1,24/, Pa3Jll-14aiOT OWM6KM B npHeMe OT,QeJlbHbiX noCblllOK HJlM pas

p.R,QOB M OWM6KM B npMeMe 6JlOKOB. no3TOMy II M N MOryT 6b1Tb Bbl

pameHbl 4MCJ10M 6MT MJlM 6JlOKOB MH¢opMai..IMM, 

~OCTOBepHOCTb nepe,Q84M MOmHO B~paSHTb 4epes OTHOWeHMe 4MCJla 

npaBMJlbHO npMH.RTbiX 6MTOB, 6JlOKOB K 06liJeMy 4MCJly nepe,qaHHbiX 

MJlH KaK Pow= 1- p 0 W
16

•91• 0,QH8KO KOJlM4eCTBeHHYIO Mepy ,QOCTOBep

HOCTM S npMHFITOro CMrHaJla y,qo6Hee onpe,QeJlMTb K8K S= lg lip om= 

,;, lg 11(1-p np ). TaK, ecnM Koa¢¢MI..IMeHT owM60K 10-6 - 1 0-12, TO 

:no COOTBeTCTBYeT BepHOCTM S = 6-12 IO,lO: 

6. 3KCnEPHMEHTAnbHOE OnPEAEnEH~E K03<!><l>MUHEHTA 

I4ACTOCTMI OWM60K 

To4HOCTb oqeHKM. OqeHKM c,qenaHbl s npe.QnonomeHMM, 4To sepo

.RTHOCTb no.RBJleHM.R owM6KM no.Q4MH.Re~c.R saKoHy nyaccoHa. EcnM 

B CeaHce HSMepeHMH SaperMCTpMpOBaHO II OWM60K, TO OTHOCMTeJlb-

H8.R norpeWHOCTb pasHa lly'll: no 38,QaHHOMy 3Ha4eHMIO OTHOCM-

TeJlbHOi:1 norpeWHOCTM MOmHO onpe,QeJ11.1Tb 4MCJl.Q OWM60K, KOTOpoe 

He06XO,QHMO SaperMCTpMpOBaTb HeSaBMCHMO OT BpeMeHM MSMepeHM.R/251 

AJ1.R CTaTMCTM4eCKOH norpeWHOCTH O,QHOrO MSMepeHMR B 10% HaXO,QHM, 

4TO 11 = 100, 

6 

n\ 
I 

~· 

J: 

BpeM.R perMcTpaqMM owM6oK. C4MTa.R, 4TO sepo.RTHOCTb no.RsneHM.R 

OWM6KM pOW noCTO.RHHa, OqeHMM BpeM.R, He06XO,QI-1MOe AJl.R perMCT-

paqHM n = 100 owH6oK. BpeMR perMCTPai..IMI-1 t 6y.QeT sas11cen,- KaK 

OT BeJli-141-'!Hbl BepORTHOCTH OWI-16KH, TaK 1-1 OT nepMO,Qa CJle,QOB8HI-1R 

Mlll-1 CKOPOCTI-1 nepe,Qa41-1 ,Q8HH~x: 

t = nT lp ow = nip ow F [c] , 121 

r,Qe T - nepi'IOA CJle,QOBaHH.R B CeKyH,QaX, F - CKOpOCTb nepe,Qa4H 

M61-1Tic All.R no6HTHoi:1 H M6ai:1Tic AllR no6ai:1THOi:1 nepe.Qa4H. Pesynb

TaTbl paC4eTOB npe,QCTaBJleHbl B BH,qe rpa¢MKa Ha pHC. 1. 
llpaKTH4eCKH K03(jl<lJH1..1HeHT OUJH60K onpe,QeJ1ReTcfl3a"onpe,QeJleH

HOe 4Hcno nepHOAOB cne.QOBaHHR N. EcnH npH 3TOM saperHcTpHpo

saHHoe 4HCJ10 OWH60K II > 100, TO pe3yJlbTBT C4HTBeTCH CTBTHCTH-

4eCKH sHa4HMbiM: Porn=niN. n ;::::_ 100. THnH4Hble SHa4eHHR N 

= 10 6 - 10 1° . 

7. 06PA60TKA PE3YnbTATOB.H3MEPEHH~ 

nony4aeMaR C nOMOliJbiO <lJOPMYJlbl Pom=niN BepO.RTHOCTb OWH6KI-1 

RBJlReTCR ycpe,QHeHHOH, sa onpe,QeneHHbiH OTpeSOK BpeMeHM, H He 

nossonHeT nonHoCTbiO oqeHMTb Ka4eCTBO npMeMa HH¢opMai..IHH, To4H8R 

Ol..leHKB 8031-IOmHa, eCJlH H3BeCTHO pacnpe,QeJleHHe CJlY4BHHOH BeJli-14HHbl 

BepORTHOCTM OUJMf5KM p OU! BO BpeMeHH, SHaHMe CTaTHCTH4eCKI-1X 

CBOHCTB nOTOKa OUJH60K Heo6XO,QHMO npH npHMeHeHH11 MeTO,QOB nOBbl

weHMR ,QOCTOBepHOCTM nepe,QB4M npH BBe,QeHHH H36~T04HOCTH B ne

pe,QasaeMoe C006liJeHI1e 
171

, 0,qHH04Hble OWMfiKM RBJlRIOTC.R He3aBMCHMbiMM, 

noHBJleHI-'!e TBKOH OWM6KM He COnpOBOm,QaeTC.R OWH6KO~ B COCCAHHX 

pa3pR,QBX, fpynnOBble HJlH cep~IHHble OUJH6K~I C4HTaiOT I<OppeJlHpOBa H

HbiMH, T. K. BeCb nat<eT OWH60K Bbi38BH OAHOH o6u1ei:f npM4MHOH, Ha

npMMep, scnnecKoM HMnynbCHbiX "noMex 111. OcHOBHble onpe.QeneHH.R 

paSnM4H~X THnOB OWH60K B COOTBeTCTBHH C MeTO,QHKOH CTaTHCTH-. 

4eCKHX HCn~TaHHi1, peKoMeH.QyeMoi1 MKKTT, npHBOARTCH a pa6oTe 111. 

8 06liJeM CJ1y4ae 6biB8eT He06XOAHMO paC4JleHHTb nOTOK OWM60K Ha 

na4KH, Hai1TH pacnpe.QeneHHe AJlHH na4eK, AJlHH 6esoum6o4HbiX HH

Tepeanos, nllOTHOCTb OWH60K B na4t<e H pas,QeJlHTb OUJH6KH no HX 

xapaKTepy /1,7/, no3TOMy np~-1 H3MepeHHM ,QOCTOBepHOCTM nepe,QB4H 

MoryT 6b1Tb nony4eHbl nonHble HJlH 4aCTM4Hble cBe.QeHH.R. nonHbre 

CBe,QeHH.R AOilmHbl CO,QepmaTb ABHHble 0 nopH,QKOBbiX HOMepax OWH604-

HO npH HRTblX paspR,qoa, xapaKTepe Kam.Qorli owH6KI-1 I 1 ... 0 MllH 0 -+ 1 I 
38 ceaHC. 4aCTH4Hble CBe,QeHI1ll - 3TO 48CTOCTb OWI160K 6e3 yKa-

3BHHR o pacnpe.QeneHHH HX eo epeMeHH sa ceaHc. npH 3TOM mena
TellbHO no,Qpas,qeJlHTb OWH6KH HB THnbl, 3HBTb KOJlH4eCTBO OWH6o4-

HbiX 6noKoB pasnH4Hoi1 AllHHbl H T. A/ 71• MaTepHan no MeTOAHKe Hc

cne.QoBaHH.R CTBTMCTHKH OWH60K npH nepeAa4e I..IH(jlpOBOi:i. HH(jlopMBI..IHI-1 
CO,QepmHTCR B KHMre/31/, 
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0THOCUTetlbHOS1 T04H0CTb U3MepeHu6 

P1-1c.2. Koa¢¢1-1~HeHT ow~~t6oK 
np1-1 nepe,qa4e ,qaHH~x s ¢~~taH-

4ecKHX 3KCnepHM8HTaX. 

VVN 

8. AOCTOBEPHOCTb 
nEPEtl,A4H 
B !!>H3114ECKHX 
3KCnEPl1MEHTAX 

EcnH pesynbTaT ¢HsH-

4eCKHx H3MepeHHM COCTaBJ1.A8T 
B Ha6ope N C06biTHM, TO 
CTaTHCTH48CKaR T04HOCTb 
o~eHKH a¢¢eKTa onpeAenHT
CR KaK t.N =v'N. a era 
OTHOCHTeJ1bHaB_T04HOCTb 
COCTaBHT 1/yN. 0AHO C06bt
THe MomeT COAepmaTb OT 
A8C.ATKOB AO COTeH 6aMTOB 
HJ1H OT COTeH AO TbiC.A4 
6HT HH(j>OpMa~HH. npH48M 
HCKameHHe XOTR 6bl O,(IHOrO 

6aiha 14111-1 611Ta MO>KeT o6ec1.1eHHTb Bee C06biTHe. npeAnOJ10ll<HM, 
4TO BepO.ATHOCTb HCKameHHfl HH(j>OpMa~HI-1 0 C06b1Tl-1H npH nepe,qa4e 
B 3BM COCTaBmteT P OIU • Tor,qa 4HCJiO 1-!CI<ameHHbiX C06bJTMI::i paBH.R
eTC.A N 1 =P owN8m, rAe m- 4Hcno 6al::iToB s co6btTHH. B nepsoM npl-1-
6.FIHmeHHI-1 MO)f{HO ,C4HTaTb, 4TO HCKa>«eHHble C06biH1.R YB8IlH4aT 06UJYIO 
0Wt.161<y t.13MepeHHM, I<OTOpaR Tenepb COCTaBHT 

t.N 1 = /N + N -[: /N ji + N (pow 8m) 2 . 

4T06bl ,(IOnOJ1Hl1TeJlbHble OWI16Kl-1, BHOCI1Mbl8 C~ICTeMol::i nepe,qa41-1 ,qaHHbiX, 
He yBeJ11.1411BaJ1H 3Ha4HTeJlbHO OWI16Ky t.13MepeHI11::i, He06XO,(IIIIMO Bbl-
nonHHTb ycnoe1-1e 

p 2 N (8m) 2 « 1 
OUJ 

HJll-1 Pow «1/8myN, 

r,qe 1/8m - BepO.ATHOCTb 1--ICKa>KeHH.A O,(IHOrO fiHTa HH<!JOpMa~HOHHOrO 
MaCCII!Ba C06biTH.A. Eiy,qeM C41HaTb, 4TO ,(IOCTaT04HbiM .RBJlReTC.A BbJ

nOJlH8HI1e YCI10BJ.1.A Pow <;;_0,l/8myN. Ha OCHOBaHHI-1 nocne,qHe_ro He
paBeHCTBa noCTPOHM rpa(j>HKH ,qonyCTHMOH Bepo.ATHOCTH OWJ.160K npJ.1 
nepeAa4e HH(j>OpMal.lHH 0 C06biTH.AX B 3aBHCHMOCTH OT OTHOCHT8JlbHOI::i 
T04HOCTH 113MepeHHI::i /pHc.2/. PaccMoTpeH~ cny4aH, Kor,qa co6~T~~te 
COCTOI-1T 1-13 20 H 200 6al::iTOB. Ha rpa(j>HKe 3aWTPI1XOBaHa o6naCTb 
HaH6onee 4aCTO BCTpe4aiO~l-1XC.A B npaKTHKe YC110BHI::i 3KcnepMMeHTOB. 
BHAHO, 4TO K03QJ¢H~I1eHT OWII!60K CHCTeMbl nepe,qa4H ,qaHHbiX ,(!Jl.A (j>H-
31-14eCKI-1X 3KCnepHMeHTOB Ha Jl1AHI111 C 3BM AOJl>KeH ne>KaTb B npe,qenax 
10-

6
-10-

9 
.Ko3¢¢Hl.IJ.18HT OWH60K Ail.A l.li1$POBbiX Jli1HHM CBfl31-1 pa3JlH4-

HbiX ¢lV131-14eCKHX l\8HTPOB ,(1Jll-1HOH 1-2 KM npl-1 CI<OpOCTRX Ha JlHHVI!It 
1-5 M6HT I c HaXO,(IHTC.A B npe,qenax 10-8- 1 o-10 123• 33• 341• TaKI1M 
o6pa30M, Tpe6oBaH~1FI K ,(IOCTOBepHOCTI-1 nepe,qa4H ,QaHHbiX ,(!Jlfl lj)J.13H
~8CKMX 3KCnepJ.1M8HTOB COBna,qaiOT C o6~11MH Tpe6oBaHI1.AMI-1 K TaKHM 
Cl-lCTeMaM. 

8 
... 

·I· 

I 
I> 

~ . 

It J 
' ,, 'I 

<j A 
•4!1 

:f 
~~ 
j ~ 

I 
; . ... 

• ... 

Ta6n1-1~a 

YcTaHoBKa 

napaMeTpbl "An bella" Eil1C-2 "Kp11- AHCK-2/29/ CliO /30/ 
c T ann" 128" /26/ /27/ 

lnpe,qnon.l 

Co6btTHi11~HK11 
ycKopeHI-'Ifl 50-100 50 60-250 200-1000 1000 

oa.i1TOBI C06biTMe= 
3JleMe~napH. 6noK 200 500 240 10 10 

K6ai1Toel LIM KJl 

yCKOP8HI1.A 18 20-30 15-60 2-10 10 

4acos1Ha neHTY 3 3-2 l+-1 30-6 6 

JleHTIB CyTKI1 8 8-12 6-24 0,8-4 4 

B Ta6nM~e npMBO.QHTC.A CTPYKTypa MHQJOpMa~MM ¢M3M4eCKHX 3Kcne
PMMeHroB Jla6opaTOPMM BbtcoKMX 3Hep rMi1 Ha ni-1H11~-'~ c 3BM. AaHHbte 
Ta6nl-1~bl nony4eHbl ,qnR ~MKna ycKopeHM.A, paBHoro 10 c; ,qnMHbl 
neHT~ - 750 M, nnOTHOCTM 3ani1CM - 32 6al::iTaiMM, CKOPOCTM npo-. 3 
TFI>«KM- 2 MIC. PaCCTO.AHMe M8>KAY MaCCI'!BaMM paBHO 2 Mlcx5,,5·10- C= 

= 11,5 MM. 
L.lM¢pOBbiM CI1CTeMaM nepeAa41-1 nOCBfl~eHa TaK>«e He,QaBHO 1BbiW8,QWafl 

KHHra /35/. 

B 3aKnto4eHMe aBTOPbl Bbtpa>«aiOT 6naro,qapHoCTb sa o6cy>KA8HMR 
11 KOHCYilbTa~Ml-1 c.r.EiaCI1Jla,qae, B.A.IienfiKOBy, A.H.ronoxBaCTOBy, 
Jl.B.KpaCHOBy, n.K.MaHbFIKOBy, B.A.HMKMTI1HY, H.M.nMcKyHoBy, 
M.~.no,qrope~KoMy, B.H.Ca,qoBHI1KOBY, C.A.Xopososy;aa no,qroToBKy 

B ne4aTb n.r.oynaeeoi1. 
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2. 
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TEMA'rn11ECKl1E KATErOPl1l1 OYBJU1KAIU1R 

OBnE~EHHOrO HHCTHTYTA ~PHWX 
l1CCJIE~OBAHl1R 

l1HneKc TeMaTHKa 

1. 3Kcnep~MeHTafibHaR $~3~Ka B~COK~X 3Hepr~H 

2. TeopeT~4ecKaR $~3~Ka s~coK~x 3Hepr~H 

3. 3Kcnep~MeHTafibHaR HeHTpOHHaR $~3~Ka 

4. TeopeT~4eCKaR $~3~Ka H~3K~x 3Hepr~H 

5. MaTeMaT~Ka 

6. RAepHaR cneKTpocKon~R ~ paA~OX~M~R 

]. ~3~Ka TR~en~X HOHOB 

8. Kp~oreHHKa 

9. YcKop~Ten~ 
10. AeTOMaTH3a~~R o6pa60TKH 3Kcnep~MeHTanbH~X 

AaHH~x 

11. B~4Hcn~TenbHaR MaTeMaT~Ka ~ TexH~Ka 

12. XHM~R 

13. TexHHKa $~3~4ecKoro 3Kcnep~MeHTa 

14. HccneAOBaH~R TBePA~X Ten ~ ~~AKOCTeH 
RAepH~M~ MeTOAaM~ 

15. 3KcnepHMeHTanbHaR $~3HKa RAePH~X peaK~~H 
npH HH3K~X 3Hepr~RX 

16. Ao3~MeTp~R H $~3HKa 3a~~T~ 

17. TeopHR KOHAeHCHPOBaHHOrO COCTORH~R 

18. Hcnonb30BaH~e pe3ynbTaTos H MeTOAOB 
$YHAaMeHTafibH~X $H3~4eCK~X HCCneAOBaH~H 
B CMe~H~X o6naCTRX HayK~ H TeXH~K~ 


