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Ce4eHHe pacce.RHH.R MeAJleHHoro He~TpoHa Ha .R,qpe B HeKoTopoM 

3HepreTH4eCKOM HHTepBaJle OOHCbiBaiOT HeCKOJlbKHMH pe30HaHCHbiMH 

4JleHaMH, pe3KO MeH.RIO~HMHC.R B aaBHCHMOCTH OT 3HeprHH> H 4Jle

HOM, OCTaiO~HMC.R OOCJle y4eTa 6J1H>KaHWHX pe30HaHCOB Me,qneHHO 113-

MeH.RIO~HMC.R C 3HeprHeH. nocne,qHHH 4JleH Ha3biBaiOT noTeHI..IHaJlbHbiM 

Ce4eHHeM (a). 3TOT 4JleH co,qep>KHT BKJla,qbl OT KOMnayH,q-COCTO.RHHH 

.R,qpa, pacnono>KeHHbiX sHe paccMaTpHeaeMoro. HHTepeana.nocKOJlbKY 

nono>KeHH.R 11 WHPHHbl KOMnayH,q-ypoeHeH MO>KHO C4HTaTb cny4aHHbiMH 

BeJ1H4HHaMH, noCTOJlbKY 11 a ,qOillKHO MeHRTbC.R cny4aHHbiM o6pa30M 

OT o,qHoro 3HepreTH4ecKo'ro HHTepeana K ,qpyroMy. Onpe,qeneHHbiH 

3HepreTH4eCKHH HtnepBaJl C ypOBH.RMH, ero OKpy>KaiO~HMH, 6y,qeM 

paCCMaTpHBaTb KaK 4JleH CTaTHCTH4eCKOrO aHCaM6Jl.R, peaJ1H30BaB

WHHC.fl a np11po,qe. Ce4eHHR noTeHLIHan~Horo pacce.RHH.R~ H3MepeH

Hble B ,(IOCTaT04HO ,qaneKO OTCTO.R~HX ,qpyr OT ,qpyra 3HepreTH4eCKHX 

HHTepeanax, MO>KHO paccMaTpHBaTb KaK CJ1y4aHHble BeJ1H411Hbl 3TOro 

aHcaM6Jl.R. 

· 1. 3<)><t>eKT ,qaneKHX peaoHaHcoe KOMnayH,q-.R,qpa Y411TbiBaeTc.R B 

R-MaTpi14HOH TeOPHH cne,qy10~11M o6paaoM
111

: rHnoTeaa o cny4aH

HOM pacnpe,qeneHHH AJl.R aMnJlHTYA WH~HH KOMnayH,q-ypOBHeH (yA) 
n03BOJ1.ReT C411TaTb, 4TO BKJla,q ,qaneKHX pe30HaHCOB He Mail TOJlbKO 

a KaHane ynpyroro pacce.RHH.R 11 ero MO>KHO y4eCTb ,qo6aeneHHeM K 

~ MaTPHLiaM, COOTBeTCTBYIO~HM OT,qeJlbHbiM ypOEiH.RM, ,qHaroHaJlbl'jOH MaT

PI1Libl R "". npH 3TOM R -MaTPHLia Bblri1.RA11J cTaK: 

R = R ( )+ R ( 2) + ••• + R N 2 + R N 1 .. + R"" ' - N-1 - N- - . · -

r,qe R-(N-
1
) , ••• ,R N-

1 
- MaTPHLibl 6nH>KaHWHX ypoeHei1 /HyMepyeMbiX 

HH>KHHM 3Ha4KOM/, a R"" y4HTbleaeT ,qaneKHe ypoBHH. 

/1/ 

yf 00 yf 
R"" = I, + I, /2/ 

.\~N E.\ -E ,\,;,N E ,\ -E 

3,qecb E,\ - peaoHaHCHble 3HeprHH, a y~ ce.RaaH.bl c HeHTPOHHbiMH 

WHpHHaMH s- H p -ypOBHei1 COOTBeTCTBeHHO CJle,qyiO~HM o6pa30M: 

(ka)3 
r = 2kay 2, r = 2 y 2, 

s s P . 1 + (ka) 2 P 

. r,qe k - BOJlHOBOe 4HCJ10, . a - pa,qHyC KaHana. 

CyMMHpoeaHHe a /2/ <)>aKTH4eCKH orpaHH4HBaeTc.R ypoBH.RMH, exo,q.R

~HMH B 6J1H>KaHWHe rHraHTCKHe. pe30HaHCbl. nepBbiH 4JleH B /2/ OTpH-

rJ bE/llt11iEHHbllil ~1HC ri'IT\J l 
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4aTeileH' BTOPOH nOilO>KHTeileH. no3TOMy' eCilH 6bl npH'ee.qeHHble 
WHpHHbl He MeHRilHCb C 3HeprHeH, TO R 00 paBHRilaCb 6bl HYiliO. 
Ho, TaK KaK AilR y 2/0 HMeiOT MeCTO rHraHTCKHe pe30HaHCbl, 
TO R 

00

, B0061!1e rOBOpR, He paBHReTCR HYiliO. Cneea OT 3s . OAH0-
4aCTH4HOro pe3oHaHca (A-10) · R00 

.. -0,5,cnpaea (A= 70) - Roo"' +0,5; 
Me>K.qy 3s- H 4s -:pe3oHaHcaMH (A=120) Roo .. 0. 3.qecb "'Y"2 
cpe.qHee 3Ha4eHHe y2 B'3HepreTH4eCKOM H~Tepeane, 3Hat.jHTeilbHO 
MeHbWeM WHPHHbl rHraHTCKOro pe3oHaHCa, ·a D - cpe.qHee pacCTORHHe 
Me>K.qy YPOBHRMH •. y2fD CBR3ilHO C 06bi4HO ynoTpe611ReMbiM 3Ha4e- . 
HHeM CHilOBOH ¢yHK4HH S CileAYIOIIIHM ri6pa30M: 

y
2 -=· 0 23i 

D '' a 
/3/ 

Be3.qe s npHBOAHTCR B e.qHHH4aX 1 o-4 ' a pa.qHyc .:KaHana a - B e.qH-
HH4aX 1 Q-13cM. . ' • 

Ce4eHHe noTeH4HailbHord pacceRHHR Me.qneHH~x HeHTPOHOB /E < 
< 1 0 K38/, Kor.qa Cyl!leC'TBeH BKila.q TOilbKO S -pacceRHHR, HMeeT 
BHA /2/: 

a·,. 4rr(R ') 2 
• ' 0 . 

R~,. a(1 ~R';i) • /4/ 

2. R 
00 

npH HeKOTOpOH 3HeprHH 6y.qeT OTKilOHRTbCR OT cpe.qHero 
3Ha4eHHR (Roo ) 113-3a cny4aHHoro :xapaKTepa eenH4HH yA H · E A 
AilR pe30HaHCOB, HaXOARIIIHXCR BHe Bbl6paHHOrO 3HepreTH4eCKOro HH
Tepeana. Cpe.qHee 3Ha4eHHe Roo qTilH4HO OT Hyn.A 3a 'c4eT': 4IleHoe 
B pR.qax /2/, OTCTORIIIHX OT E Ha Be11H4HHY nopR.qKa ~HHbl rHraHT-
CKOro pe30HaHca, OTKilOHeHHR >Ke R 00 OT cpeAHero R 00 onpeAe-
IlRIOTCR 611H>KaHWHMH K·E 4IleHaMH PRAOB B COOTHOWeHHH /2/. no3TOMY 
e 3HepreTH4eCKOM HHTepeane, ypoBHH KoToporo BHOCRT cyl!leCTBeH
HbiH BKila.q B ~R 

00 

/3AeCb H HH>Ke ~X 03Ha4aeT cpe.qHeKBaApaTH4HOe 
oTKrioHeHHe x /, 6y.qeM C4HTaTb eenH4HHY y X ' He MeHRIOI!IeHcR c · 
3HeprHeH. 

noJly4HM ~Roo AilR 4eHTpa (E;,Eo)· BbiOpa'l-jHOro 3HepreTH4eCKoro 
HHTepsana, B KOTOpOM (N1 -1) ypoel-ieH CileBa OT E 0 H (N 2-1) ypoe
HeH cnpaea Y4TeHbl RBHO. BHe paCCMaTpHBaeMoro HHTepeana ypOBHH 
6yAeM C4HTaTb 3KBHAHCTaHTHbiMH. Cor nacHo pa6oTe /3/ .qnR A> 10 

~(EA -E) 1 . . 
=---. 

AD v'10A 

no3TOMY, C4HTaR ypOBHH 3KBHAHCTaHTHbiMH, Mbl 3aHH>KaeM $1110KTya4HH 
Roo TeM cna6ee, 4eM 6onbwe N(A> N). Tor.qa, HMeR 8 BHAY TO, 
4TO AilR pacnpe.qeneHHR nopTepa-T;Maca. ~y 2 = ... /2Y'2. H TO' 
4TO AHCnepCHR cyMMbl He3aBHCHMbiX Cily4aHHbiX Be11H4HH pasHa CYMMe 
AHCnepcHH cnaraeMbiX, .nony4aeM: 

. -y 2 :...00 2 .. 00 2 _,, y 2 
~Roo=--[ _·}; -· + }; -] 71,., _ 

5 ~Nl A2 N2 A2 B 
2 o·;46 -=--

y'N y'N 

s 
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_r.qe N=N 1 = N 2 : 3a aepxHHH npe.qen cyMMbl B3RTa 6ecKOHe4HOClb, 
nOCKOilbKy .qaJlbHHe ypOBHH .qaiOT MailbiH BKila.q 80 $IliOKTya4HH j }; -

A2 
3aMeH~Ha ~a -~- (T04HOCTb_ ny4we · 5% AilR N > 7 I. B pe3yilbTaTe 

.qilR CTaH.qapTHbiX OTKilOHeHHH. ,Ce4eHHR nOTeH4HailbHOrO pacceRHHR 
H paAHyca noTeH4Hailb~oro pacceRHHR nony4aeM Bblpa>KeHHR 

AR~ · 0,46 ·s · "' ~a 0,92 s · ,. 161 u =--= , uo=- =--=- -. 
y'N a y'N R' 

~Roo oi.teHHBailHCb 8 pa6oTe / 4/, 1-io npH pac4eTe (R 
00

) 
2 6bl11' ynyl!leH 

o.qHH 41leH, 4TO npHseno I< yeenH4eHHIO '.qHcnepcHH Roo e 1 , 5 pa3a. 
BeriH4HHa · Ba MO>KeT 6b1Tb 3Ha4HTeilbHOH. HanpHMep, AilR MaKCHMy..; 
Ma 3s rH_raHTCKoro pe3oHaHca (S 0 = 6, R 0 =. •4) AilR cny4aR, ' 
Kor.qa 2(N -1) = 20 , Ba = o;4. Hanp6THB, npH TOM >Ke KOilH4ecTBe 
Y4TeHHbiX ypOBHeH' B o6na·CTH MHHHMyMa S0 (S 0 = 0,2) -Bet ;,; 0,01, 

• ' <~ '' • I 

3 •.. 6y.qeM: HHTepecoBaTbCR 3aBHCHMOCTbiO R 00 
OT E BHY:TPH, HHTep

aana (E H. E K ) npH E, .qocTaT~4HO .qaileKOH OT. ero Kpaee. C4H
TaeM, 4TO BHe 3TOro HHTepeana pe30HaHChl 11pa3Ma3aHbl11 H Y4HTbl-
eaiOTCR 4epe3 S0 , He 3aBHCR~IO. oT .E /npel:ie6perpeM. XOAOM, So 
c 3HeprHeH,. Bbi~BaHHbiM -rHraHTCKHM, p,e3oHaHCOM .qnR So I, Trir.qa: 

.., S 0 . EH.- E _ 
R (E) =0,23-lnl--1· .. 
· · · a EK-E 

"I •. ) " 

HaKilOH /3aBHCHMOCTb OT E I Roo Bbl3bleaeT H HaKJlOH e Ha6niOAcieMoM 
a. B 4eHTpe HHTepe~na 

.!. ~ii =- 0,92 ~:a. dE N R 0 , 
CpeAHeKea.qpaTH4HOe~o-T'KnoHeHHe 3TOH eenH4HHbl e y'N MeHbWe ca
MOH een~41-1Hbl. 3THM~HaKnOHOM Heri~3R npeHe6peraTb, oco6eHHO npH. 
60ilbWHX S~. Ha.npH'Mep,! AilR S 0 ,.; 6 'H 2(N -1) = 20 

1' da ·--·. '' · ·. · · '· 
;- dEf"·D·,.,0,06. '· .,. ·r 

To ·ecTb, .Ha · 3HepreTH4E;!ci<oM npoMe>KyTKe OKOilO E0, pas HoM. D1 Ha6niO
.qaeMoe a 6yAeT MeHRTbCR Ha 6% 3a C4eT .qaileKHX /Hey4TeHHbiX/ 
ypOBHeH •. Be11H4HHY HaKilOHa C ee CTaH.qapTHbiM OTKJlOHeHHeM HY>KHO 
cpaeHJ.oieaTb c 3i-tepreTH4ecKHM xoAoM'3KcnepHMeHTa1lt.-HO nony4eHHbiX 
3Ha4eHHH a i1 BbiRCHHTb, npOHCXOAHT 111-1 HaKilOH. OT OWH60K H3Mepe
HHR H HeT04HOrO 3HaHHR napaMeTpOB pe30HaHCOB HJlH >Ke OT 8Kila.qa 
Hey4TeHHbiX pe30HaHCOB. EcTeCTBeHHO, B nocne~HeM Cily4ae H3MeHe
HHe a'c'3HeprHeH He .qoniKHo BKI1104aTbCR.B 3KcnepHMeHTailbHYIO'owH6-
Ky. .. ''· 

., \ ' . . ' ~ 

4 r HHTepecHO cpaBHHTb ~ c ~So.• nony4eHHOH 11S napaMe.Tpo~ 
pe3oHaHc.oe. Ec111-1 no w11p11HaM BblweynoMRHYTbiX . 2(N- 1) ypoeHeH 
onpeAeilHTb. S0 , 

1
TO B CI1Y4a~. Y4~!a TOilbKO ¢niOKTya~l111, WHPI1~ (8S0 = 

= ~S0/S0 = (N -1)-~) 11MeeM: · 

3 



oSb R0' -·-·- .. --. ou· S 0 
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3TO OTHOWeHI1e MeHReTCR B Wl1pOKHX npeAenax: .·OT 1 B paHOHe MaK-
CI1MyMa .3s rl1raHTCKoro pesoHal-ica (S 0 ='6) AO 30 e paiioHe 
:A= 120 (So= 0,2) • TaKHM. o6pasoM, 11s-sa MeHbWeii cTciTI1CTI14ecKoi1 
HeOnpeAe11eHHOCTI1 a 004TH BcerAa MOmeT fiWTb H3BeCTHO T04Hee, 
4eM · S

0
• • 

5. COOTHOWeHI1e 161 HenocpeACTBeHHO OTHOCI1TCR K C11y_4al0, KOrAa 
eosMomeH .TOilbKO OAI1H cn11H KaHana s lcn11H RApa MI1WeHI1. · I= 0 I. 
Ecmt aMn1111TYAbl KaHallOB . C pa3HbiMH s HeKorepeHTHbl, TO AslR Kam
AOrO KaHana B OTAellbHOCTH cnpaBeA1111Bbl 151 H 161. TaKaR CI1Tya-. 
L111R ~YAeT. HMeTb .MeCTO B TOM. C11y4ae, KOrAa HeT cpasy 0011RpH3a-
LIH11'S BO BXOAHOM KaHane 11 aHaJ1113a ee B BWXOAHOM~ np11 3TOM 
l'la 6yAeT e V2 pas 6onbwe. 

HHTepeceH cny4ai1, KOrAa p'acceRHHe HeHTPOHOB eosMomHo TOilbKO 
c op611Ta11bHbiMH MOMeHTaMI1 e -=0;1. B 0011HOe ce4eH11e aMn1111TYAbl 
c e =0· wf-= 1 BXOART HeKorepeHTHO, 11 Allfl KamAoro ae cnpaBeA-
111180 151 H '!61. Hd 'e A11!l>!l>epeHL111al1bHOM ce4eHI111 pacceRHHR B011Hbl' 
C pa3HbiM11 f, .HO C OAHHM S 11HTep!IJep.:1pyJOT. 8 3TOM. CJly4ae B COOT
HOWeHI1R lfl H 121 HymHO BK1110411Tb COOTBeTCTByl0~11e LtlleHbl A11R 
f"=1. npeAnonaraR, 4TO 11111121 HMeiOT MeCTO'AnR KamAoro KaHa-
na c f = 0 . 11 f = 1 e OTAellbHOCTH, nony4aeM A11R ce4eHI1R no:reH-
L!HanbHoro pacceRHI1R ewpameHHe · 

00 ' co 21 3 ' 1 ,., 
a(O) =a 2 (1- & 0)[ 1 +co 

1 
cosO + -

6
-(2 cos 2 8.-:- 2)] 

2 oo -1 oo)( 'Roo)' oo · oo np11 ka« 1. rAe. co 1 .. 2(ka) (1-R 1) (1-R 1 1- 0 .a Ro .:1 R1-
411eHw:· R -MaTPI1Libl, Y411TbiBaJ0~11e AaneKHe pesoHaHCbl. coo:reeTCTBeHHO 
A11R f '= 0 · 11 f = 1. · 8 o6nacn1, 3!!epr11i1 ,EO 50 K38 co 1 <0~3. H3.:.aa . , 
cTantCTH4eCKoro ·xapaKTepa R o H R 1 . cot 6yAeT MeHRTbC~. np11 
nepexoAe oT OAHoro 3HepreTI14ecKoro 11HTepeana K APYroMy. H·anp~
Mep, np11 y4eTe A11R KamAOro f no 20 ypOBHeH (N-1=10) f'1cut/cu111Me-

r·· ·• 
eT B·3~~11CI1MOCT;I1 OT ~TOMHOro HOMepa·A np116ili1311Te11bHO TaK11e'3Ha-
4eHI1R: 

·: 
A 60 80 100 •'' '120 140 160 

< l'lcut 
100-..,--;-,---' 8 20-100 15 . 5 8 10 
' ' ' (<) 1 . . •' ' 
. 0TK110HeH11e u(O) OT cpeAHero sHa4~H11R, Mome:r 6b1Tb 1 eoo6~e 

roeopR, 11CT04HHKOM 11H!I>opMaLIH11 o6 R o 11 R i· ECJ111 a(O)' ·H3Mepe-:, 
H9 C AOCTaT04HOH T04HOCTbiO B pa3HWX 3HepreTI14eCKI1X 11HTepBanax, .. ' ~ . \" . ~ '- . . . . . .. 
TO MOmHO OL!eH11Tb 3KCnepi1MeHTal1bHOe 3Ha4eHI1e·paccMaTpi1BaeMoro 
l'lu:(O) . H rJy"ret:~ ,CpaBHeHI1R ero C pac4eTHbiM. onpeAelll-tTb • 

napaMeT,PW So/R 'o ' • ;...· •' s':i.IR 't I CM ~/6/ I~~ )<, ,. "·· 

. , 
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' 6. PacC411TaHHble , 1'1 a . HeMallbl, no3TOMY, 11C0011b3YR AaHHble 
O.a np11 paC4eTaX.I11111· np11 cpaBHeHI111 C TeOpl1eH, He06XOA11MO Y411-
Tb1BaTb CTaTHCTI14ecKyiO npi1POAY. a. B ow116Ky peKoMeHAYeMoro R 'Ia I 
AllR AaHHOrO RApa, nO-B11AI1MOMy, HaAO BK11104aTb CTaHAapTHOe OT
K110HeHI1e, AaeaeMoe BblpameHHeM !61. 

Ocooe.HHO a:ro OTHOCI1TCR K R 'Ia/, nony4eHHbiM 113 113MepeHI1H 
:rennoehlx · ce4eHI1H, rAe N Mano. . . , 

YpoBHI1 n~11 OTP11LiaTe11bHOH 3Heprl111 Henb3R y4eCTb no ce4eHI110 
saxsaTa, T. K. : BKnaA e ce4eHI1e :rennoeoro. aaxea:ra MoryT AaBaT.b 
:ronb Ko 6n11mai1w11e 113 tl11X. B caMOM Aene, 3neMeHTbl · R -MaTP11Libl ·, 
Y411Tb1BaiO~ei1 Aai1eK11e YPOBHI1, HMeiOT B11A 

oo y;\cy;\c' 
R ,= ::£ • 

cc ;\ Ex-E 

3AeCb 113 cyMMbl 11CK11104eHbl 61111mai1w11e YPOBHI1 I c 11 c' - 11HAeKcbi 
KaHanoe pacceRHI1R 11 saxeaTa/. Hs-sa cny4aHHbiX SHaKos YAc 
HeAI1aroHa11bHble 311eMeHTbl fiYAYT 611113K11 K HY1110 11 . R ~c' nepeXOA11T 
B /21. T. e. AaJJeK11e pesoHaHCbl npoRBilRIOTCR B ocHOBHOM TOilbKO 
e ynpyroM KaHane. 

TaK11M o6pasoM, 113MepeHI1R cpeAHero 3Ha4eHI1~ a HaAO npoB<?A11~b 
e cepeA11He AOCTaT04HO w11p0Koro 3HepreTI14ecKoro 11HTepsana, na
paMeTpbl ypoeHR BHYTPI1 11.HTepeana AOil>KHbl 6b1Tb 113BeCTHbl :reM T04-
Hei1, ,4eM OH Cl111bHeH H 4eM 6n.:·nKe K 4eHTPY 11HTepea.iJa. 
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