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BOJJH, ,lJ.Jlff KOlOpblX cor JlaCHO ( 15.66) 

A 
cos 'Py = -1- 2b • 

Mb1 MO)l{eM T aK)l{e C4HTaTh, llTO m npHHHMaeT KaK noJIO)l(H· 

Tt!JlhHhle, TaK M orp11uareJ1hHhte 3Hal!eHMH, TaK l!TO m =-+ 1. 
YrJibl 'f' x M 'f'y 6hlJIM onpe.IJ.eJieHbl B pa3,lJ.eJie 8 r JiaBbl r 5, H Mhl 

HMeeM, eoo6me, 

/), 
cos 1'.x = 2a' 

m/.. 
cos 'Py= 2b 

M 6y neM paccMaTpMBaTh l H m KaK IlOJIOA\WfeJlhHhle MJIM OTpH .. 

uaTeJihHble ueJihie llHcna. 

CBeT, paccesu-rHhltt Yacrwuett ... M, MOA<er conep)l(aTh co6cr .. 

BeHHhie BOJIHhI co eceMH B03MOJKHhIMH 3HatieHH51MH l H m. Mbt 

MO)l(eM ycrpaHHTb 60llbllIYIO llaCTb COCTaBJlfflOlll.HX, np11MeH5l5l 

UMJIMHJlpMqecKyro JIMHSY JlJIHHOtt b s L. YcrpottcTBO MCKJIIDtiaeT 

Bee qJieHbl, KpOMe m = 0. TaKHM oopa3ol\f; MO)l(HO onHCaTh 

npouecc pacceHHM5l KaK nepexo.IJ. 

,lJ.Jl5l /: OT 0 JlO /, } 

,lJ.JIH m: OT 1 JlO 0. 
( 16.25) 

0.IJ.HaKO JlJl51 Toro llT06bl y4eCTb IlOJIO)l(HTeJibHbie M OTpMuaTeJib .. 

Hbie 3HaKH cos cp x H cos 'f'y, Mbl JlOJl)l(Hbl paccMaTpHBa'fb ne­

peXOJlbl 

JJ.Jt 51 /: OT 0 ,lJ.O -+- [, } 

,lJ.Jl H m: OT -1- 1 J(O 0. 
(16.25a) 

l13MeHeHMe o/ 3a epeM5l paccestHH5l cpOTOHa ,lJ.aeT qacr11ue M 
MMny JlbC op x: 

h ht 
'apx= -r a (cos <fx) = 2a· ( 16.26) 

3HaK + COJJ.ep)KH'fC5l Tenepb B l, M 3Ha4eHHe l MO)l(eT npo-

6eraTb HHTepBall OT - lM JlO - 1 HJIH OT + l 11.0 + lM. 3Ha .. 

lleHHe l = 0 HCKJIIOqeHo, TaK KaK l H m He MoryT o6a paB .. 

HSITbCff Hy JllO. y CJIOBHe ( 15.69) TpeoyeT HCilOJih30BaHH5l n llJleHOB 

e KaA\nott BOJIHe JlJI51 Toro, YT06h1 t 6htJIO onpe.IJ.eneHo c no .. 

rpernHoCTblO 't ==flt. TaK KaK HMny JibChl 'apx MoryT 6bITb KaK 
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rIOJ10)1{HTeJlhHblMH, TaK H OTpHuareJihHhJMH, Mhf COCTaBJI51eM cyM~y 

KBanpaTOB, 0603HalIHB ee (ap x)2
: 

(apx)2 = ! ! (~Px)2 = 
n l 

( h )2 l = n ,2.a 4 (1 + 4 + 9 + ... + lM), (lfl.27) 

HJlH 

(16.28) 

8To ecTh yTOtIHeHHOe cooTHOllleHHe HeonpeneneHHocr11, YtIHTht­

sa10mee onpeJI.eneH11e speMeHH 11 npeJI.eJJhI H3MeHeHHH nepeMeHHOtt x 
B 9KCnepHMeHTe c MHKpOCKOnOM. 

3HalleHHe 't MO)l{eT H3MeHSITbC5I B JlHana30He OT 2at JlO 6ec­

KOHetIHOCTH. 3HatieHHe 't =at He Jl0Jl)l{H0 npHMeHHThCSl, TaK 

KaK OHO He JI.aeT HHcpOpMaUHH. OapaMeTp a MO)l{eT H3MeH51ThC5I 

OT ax JlO 6ecKOHelIHOCTH. Ta6n11ua 16.1 naeT pe3y JlbTaThI 

BMllHCJleHH5I JI.Jiff HeCKOJlbKHX npOCTWX CJiyqaeB. 

T a 6 .11 H u a 16.1 

2 1 1 

2 2 1 1r--2 r 5 = 1,12 

2 3 ~ vr4 = 1,25 

3 1 ;-
~ 1,5 = 1,22 

a , 2 
1 -2 y7,5 = 1,37 

6onhll1He 3Ha~eHMR _____________ , ___________ _ 
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Ecnw TOQHOCTh oqeHh HH3Ka 11 ecnw onpe.ueneHHe npowcxo.uHT B 
OCHOBllOM aa cqer 9Kp3HOH 11 npen51TCTBl1t1 (a= ~x), TO HMeeT 
Mecro o6hillHaH Heonpe.u.eneHHOCTb. Hae Moryr, o.uHaKo, uure ... 
pecosarh cny4a11, Kor .ua onpe.ueneH11e speMeHH H H3MepeHHe 
pacCTOSIHH51 BblTIOnHmOTCSI nepBOHaqaJihHO npH DOMOllI.H ODTH .. 
1:1ecKott c11c.TeMbl, 4TO ee.ueT K ropa3.uo 60JibU1ett Heonpe.ueneu­
JJOCTH .. Bo3b!\feM, K npHMepy, 

't 

~,= 6000, 
a 
A=lOOO: 
.uX 

(l6.29) 

M1>1 npwxonHM, TaK11~1 o()paaoM, K 3aKnro4eHHIO, '-ITO Heonpene­
neHHOCTb MO)KeT craTL otteHb oonblllOtt npH HaMepeHHH nono· 
}l{eHHSl C80000HOlt 4aCTHUhl,- T. e. ll3CT11Ubl, MOrymett CB060.u110 
nepeMellJ,aTbCSI Ha 60JibillOe paCCTOSIHl1e Ha npOT51}1{eHHH ,lI.OJifOfO 
epeMeHH 6ea B03MY11I.eHHlt co CTOpOHbl MaTepwanbHblX 9KpaHOB, 
sareopoe HJIH .u.pyrnx MexaHHlleCKHX ycrpoltcTB. TaKwe MexaHH­
lfeCKHe ycrpottcrsa, 04ee11.u110, y}l{e He Moryr rrp~MeHHTbCH, 

t<Or .ua pe4h 11.uer o Manh1x paccTOHHHs:i:x, MeHhIIIe 1 A, n Ha111e 
paccyiKJI.eHwe HMeer 6onblllOe 3Ha4eHHe .II.JISI aroro .u.wanaaoHa. 

7. HaMepenne HMny Jib Ca 

B 3KCnepnMeHre c MHKpocKonoM Mhl npe.u.noJiaraJin, q10 HaM 
H3BeCTHa HallaJibHaH CKOpOCTb 4aCTHUbl, " Mbl IlblTaJIHCb H3Me­
pH1'b ee noJIO}l{eH11e. PeaynhrarhI ObIJJH He 04eHh 6naronpHHTHhJ. 
Hcnpo6yeM ooparHy10 npoue.uypy. Ha4HeM c H3MepeHHSI nono­
}l{eHH51 X B MOMeHT t C OOnblllOi:t 1'04HOCThlO. 3TO .uaeT 43CT11Ue 
oonblllOii Hen3seCTHblii nMrrynbC ( cM. (16.28)), ao 9TO ne HrpaeT 
ponw, noroMy 4TO MhI He aHaeM Ha4aJihHOtt cKopocrH. 3a· 
TeM Mhl MOiKeM 113MepHTh CKOpOCTb v X' a cne.uoBaTeJibHO, H 
P.-c npH DOMOllI.H acpcpeKTa nonrr.,1epa 1 

). 06bI4HOe paccy)K.ueHHe, 
.u.aioutee 

~x~p~h, ( 16.30) 

OCHOR3HO Ha npe.unono>KeHH11, '-ITO 0,UHOro cpOTOHa h'J' .u.ocra­
T04HO .ll.JISI xopowero H3MepeHHSI qaCTOTbl "' B aqxpeKTe llon­
nJiepa npH ycnOBHH, 4TO MOiKeT np11MeHHTbCSI .u.nHHHbitt BOJIHO-

1) CM., Hanp0Mep, D. B ohm, Quantum Theory, crp. 105, Prentice­
Hall, NY, 1951. 
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BOfi naKeT o6mett ,llJIHTenhHOCTblO fJ: 

(16.31) 

11ccJienye)1 Teneph nonpoc 6oJiee Tw.areJihHO, c 11c110Jib30· 
BaH11eM 3aMe4aHHfi, ocHoBaHHhtx Ha TeopHH HHcpopMau1u1. Mbt 
11a!\-1epeHbl noKa3aTb, 4TO onHoro cpoTOHa He,UOCTaTO'UIO, a TaI<:n<e 
o6cy nHM CBS13h q11cJia cpoTOBOB, Heo6xon11Moro nJISl 9KCnepH· 
Meirra, c ToqHhIMH cneuwcpHI<aUHHMH 9KCnep11Me1rraJihHOfi npo­
nenyphl. 3TO npHBeneT Hae K BHnOH3MeHeHHOMy COOTHOilieIHHO 
HeonpeneJ1e11HocT11 

~x apx~ nh, n ~ 1, {16.32) 

r ne n 3aBHCHT OT ycnoBHft Ha6JilOJ1,eH11H. 3ror npaKTHlleCKHtl 
npenen MO)KeT 6hITh CHH}l{eH no npe)l{Hero 3HaqeHHS1 ( 16.30), 
ecnH ycnoBHSl Bht6paHhI TaK, 4T06ht n np116JIH11<anoch 1< enH­
HHUe. 

06cyil<neHHe HHcpop:v.iauHH noKa3aJio, 4TO HYil<HO Beer ,rra 
onpenenSITh n11anasoH H3MeHeHHS1 H norpew1-1ocTh H3Mep5teMhIX 
eenwqHH. B naHHOfi sanaqe MhI 6epeM: 

BpeMH Ha6JI10neHHS1 t: norpernHOCTb at= B, n11a11a30II 't, (l 6. 33) 
CKOpOCTh qaCTHUhl v x: norpernHOCTh avvt"' nwana30H ll. 

B npe)KHHX npwMepax MhI onpenenSinH nwanaso11 i: eo epeMeHH, 
npennonaraSI, qTO BCilhilllI<H nnwTenhHOCTblO 9 nOBTOpSllOTCSl C 
HHTepBanoM 't. TaKwe cBeTOBhie CHrHaJihI Moryr 6hITh noJiyqe11h1 
nyreM uano)KeHHSl pa3n11qHhIX qacTor: 

't T 

n= 21t=20 · {16.34) 

3rw qacTOThI 3aH11Ma10T nonocy 8v = 1 /9. Mb1 onpeneJIHe:\t 
TaK)Ke B ( 16.33) nHana30H CKOpOCTeft, c KOTOpblMH XOTHM pa-
6oTaTb. Ey JI.eM I<OHCTpywpoBaTh cHcTeMy, cnoco6Hy10 H3MepHTh 
CKOpOCTH OT V0 no v 0 + U C norpeIIIHOCTblO av. 3ro 3HaqHT, 
qTO Heo6xonHMO npHMeHHTh m pesoHaTopos, HaCTpOeHHbIX Ha 
m pa3JIHqHb1X nonnJ1epOBhIX qaCTOT v', npH4eM Ka)Knhtft pe30Ha­
TOp cnoco6eH np11H11MaTb nonocy 'Iacror al, coorBercTsy10 .. 
my10 av; 

lt 

Jn= '1\v ' 
, .dv av =V - , c (16.35) 
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r Jle v - cpeJlHsu1 .ucxOJlHasi qac10Ta. H3MepeHtte B03MO)l(HO npw 

ycJIOBHH, q"fO HCXO.nHaR nOJlOCa 8'1 B ( 16.34) MeHhllle, qeM /J,:v', 
ese}leHHaH paeeHCTBOM ( 16.35). Bonpoc. 06 aKcnepHMeHTe, Tpe­

oy10meM m OJI.HOBpeMeHHhlX Ha6JIIOJleHHU, 06Cy)l(ll.aJICSI B r JiaBe 

14, H 6bIJIO noKa3aHo, llTO HY}l{HO Bhl6paTh JlJISI KaJK}loro peao· 

HaTopa 9HepreTHqecKttt1 npeJlen E1, paeHbdi 

(16.36) 

Ecntt e pe30HaTope Ha6JitoJlaeTCH 9HeprHR E < E1, TO peso .. 

HaTop C4HTaeTCSI HeBoa6yJK.neHHblM, Tor .na KaK E > E1 osHallaer, 

llTO pesoHaTop eo36yJK.neH. B cnyqae, Kor .na .U.JIH 9KcnepHMeHTa 

npttHRTa BblCOKaSI Ha.ne}l{HOCTb r, HMeeM (CM. r naey 14 ): 

Am~ln(rm) npH r>l H m>t. (16.37} 

8THM ycJJOBHHM MOiKHO y .U.OBJleTBOpHTh, HCil0Jlh3Y51 TOJlhKO 0.U.HH 

KBaHT h'Y', ecJIH 

8HeprHsi E1 6y .neT cooTBeTCTBOBaTb OJJ.HOMy KsanTy Ha KaiK.nott 

43CTOTe v', ecJIH B3SI Tb 

(16.38) 

H MbI HMeeM n pa3JIHlJHhIX qaCTOT 'I', IlOKpbIBalOillHX IlOJIOCY 8v 
(CM. ( 16.34) ), JlJISI Toro, qT06hl onpe11.eJIHTb MOMeHT H3MepeHHSI 

BpeMeHH. PacceHHHasi aHeprHsz paeHa nhl, a yseJJHlfeHHe 9HTpontttt 

nh'I' 
llS = T ~ n Amk ==kn ln (rm). ( 16.39) 

(16.40) 

H o6o6meHHOe BTOpoe Hal.faJIO y .U.OBJleTBOpSieTCH: 

~ (S-/} = k [(n - 1) ln m -+- n In r - In (ln 2)] > 0. (16.41) 

4ttCJieHHblt.1 MHO)l(HTeJlb n MO}l{eT 6h1Tb M3JI, HO seer Jl3 60Jibllle, 

lfeM 2. MhI npeJlnonoJKHJIH Bb1c0Ky10 Ha.ne}l{HOCTh H BhlCOKYIO 

TOlfHOCTh (r > 1, m > l ), H Il09TO:'wlY ~s MHoro OOJibllle, 

qeM fl./. 
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TaK KaK Mhl np11MeH5leM n KBaHTOB, TO noJiyqaeM orJlaqy B 

n paa 60Jibille, l!eM B o6bI4HOM CJiyqae, H COOTHOllleHne He­

oupe11eJieHHOCTH Bbipa)KaeTCSI cpOpMyJiott (16.32). 
BoabMeM, K npwMepy, 

r=e10
, m=e10

, Am=20, 

rJle sualleH11e Am Bh1q11cJ1sieTCSI no cflopMyJie (16.37). Ha ocHo­

sau1111 ( 16. 38) 9TH aHa4eHHH 11a10T: 

hv' ~ 20kT. 

Ecn11 9KCnep11MeHT npo11ason11Tcsi np11 KOMHan1ott TeMnepa­

Type, TO 9TO ycJ1os11e 11aeT qaCTOTbI BOJIHSH BHJI.HMoro 1111ana­

a0Ha. Teop11si HHcpopMau1111 11 KBaHTOBbie ycJIOBHH 1-1e BCTyna10T 

B npOTHBOpeqwe; HarrpOTHB, OHH JI.OTIOJIHHIOT npyr npyra. 

B npHJIO>KeHHHX K reop1111 noJisi Mbl 6y JleM nonb30BaTbCSI 

paBeHCTBOM ( 16.30), npeJlCTaBJISIIOlllHM HH)KHHtt npe,lleJI (16.32). 

8. HeonpeneneunocTb s H3Mepeauu nonH 

CoorHoweHwe ueonpeJleJieHHOCTH B reop1111 nOJIH 06cy:>K11a­

JIOCh EopoM H PoaeHcpeJibJI.OM 1) np11MeH11TeJibHO K 9JieKTpoMar­

H~THblM nOJISI:M. IlpHMeHSieTCH 30Hll, HMelOIUHtt 06'beM v H aapBJL a, 
B TetieHHe BpeMeHH -c. 11Mny JlhC p x H3MepsieTCH B MOMeHT t 
H np11u11Maer 11pyroe sHaqeuee p~ B MOMeHT t + i:. Cpe.llHee no 

V noJie Ex sa speMH i: paBHO 

' E _P.~-Px 
X - E't • 

(16.42) 

TioJ1o>KeH11e x 30H.lla 11aMepHeTCH c norpemHOCTblO &x, llTO 

naer norpewHoCTb llp x B onpeJJ.eJieHHH p~ 11 p x· Mh1 yTsep­

>K11aeM, l.ITO B 9TOM CJiyqae MO>KHO ITOJib30BaTbCSI COOTHOWeHHeM 

( 16.30). Mbl H3MepsieM CHal!aJia x, 3aTeM p x B MOMeHT t (CM. 

pa3)leJI 6). 3aTeM Mhl H3MepHeM p' x B MOMeHT t +'I: H, HaKoHeu, 

.x'. TIOCJleJJ,Hee H3MepeHHe C006maeT 'laCTHUe 60JibWOi:t HeH3-

BeCTHhIU HMny JihC, HO 9TO y)Ke He HMeeT aHatieHH51. 

1) N. Bohr, L. Rosen f e Id, Kg1. Danske Videnskal. Srlskab . 
.lV\edd. 12, paper 8 (1953): B. ran r JI c p, KBaHTOBaR TeopHa H3Jiytte­
fJ Hn, r JI. 2, HJJ, 1956, 
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norpernHOCTh B onpe.lleneHHH p x .llaeT norpernHOCTh B 113 .. 
Mepe111111 nonH: 

h h 

eir.ZdX' 
(16.43) 

r Jle e =le, e - 3apsi11 9neKTpoHa. I-Iaon10JleHHR no.ll MHKpo· 
CKonoM n03BOJlRIOT HaM H3MepHTb none no ero .lletiCTBHIO Ha 
CB060JI.ny10 qaCTHUY npH OTCYTCTBHH cpH3H1leCI<IiX 11peI15ITCTBHtl, 

B03MyIUaJOmwx none. B 9TOti qJOPMY ne Mhl MOiKeM B3»Tb sa dX 
.lJ.HaMerp qacTHUhI, a Zd.,,'-C eCTh xapaKTepucrwKa 4ac111u1>1, 11c ... 
Il0Jlh3yeMOit B Kaf.leCTBe 30H.lJ.a. 0Ha MOiKeT H3MeHHTbCH OT 1 o--l~J 
.ll.Jl 51 9JJeKTpOHa, .uo 10-10 JlJIH T51meJioro 51.upa ( Z = 96, L\x ~ 
~ 10-12). LlJIH Toro lfT06hI onpe.lleJlHTb npoMemyTOK BpeMeHH "C. 

HaM Hy)f(eH nyq CBeTa c qaCTOTaMH, npOCTHpa10mHMHC5I OT 0 
.ll.0 'i M: 

1 
VAt = 2't > (16.44) 

(16.45) 

31y cpopMyny nerKO HCTOJIKOBaTb, TaK Kai( eExd..x eCTh 
-

pa6ora, cosepmeHHaR noneM Ex Ha paCCTOHHHH dX. 3Ta pa6oTa 
He MomeT OnITh H3MepeHa c ooJihllIOti TOllHOCTblO, TaK KaK 
HMeeTCSI H3JIY4eHHe H nor nomeHHe KBaHTOB hv M CBeTOBOro nyqa, 

npHMeHHeMoro ,UJIH onpeJI.eneH115I npoMe>KyrKa BpeMeHH 't. 

B OOW.eM Harne paccyiKJleHHe He H3MeHHeT OCHOBHOii cpOp• 
MY JJhI ( 16.43) Eopa 11 Po3encpenh.ua, uo no.lJ.qepK11BaeT ueKoTo­

phle TPY JJ.HOCTR, CBH3aHHhie c cooTHorneHweM Heonpe.ueneHHOCTH. 
00hlllHOe COOTHOWeH11e HeOnpe.lleJleHHOCTH COOTBeTCTByeT aOCO· 

JllOTHOMY TeopeTH4eCKOMY npe.ueny' HO 9TO'f npe.uen He MomeT 
o~Th JlOCTHrHyT eo MHor11x 9KcnepHMeHTanbHMX ycTpottcTBax, o 

KOTOphlx, eooome roBopsi, nonyqaercH sHatIHTeJJbHO 6onh111aH 
Heonpe11eneHHOCTh. 3To cnpaee.unwso, B oco6eHHOCTH, Kor JI.a 
HBMepsieTCH nonoiKeHHe no4TH ceoooJlHOit qacrHr{hI. 



f.TJABA 17 

HEraHTPOilHAHWA IlPHHUHil HH$0PMAUHH 
B IlPHMEHEHHH K CBSl3H 

1. AHaJIHa CHrHaJioB c KoHelfHOH 111i.tpuaofl nOJIOCbl 

B r naee 8 Mhl oocy>KJlaJIH oomylO npooneMy aHanHaa CHr­

HaJIOB, H Mhl CMOf J111 flOKa3aTb (CM. pa3,ne11 6), l!TO CHCTeMa 

CHrHaJIOB, npe,ncTaBJIHIOlllHX coo6meHHe o6nlelt )lJlHTeJihHOC'fH 't 

H C KOHellHOil WHpHHOit IlOJIOCbl 

(17.1) 
. 

RMeeT JIHWb KOHe'IHOe 411CJIO creneHetl CBOOOJlbl 

(17.2) 

EcnH nonHast JJ.JIHTeJihHOCTb 1: een11Ka, TO MO>KHO aaMeHH'rh ( 17.2) 
npHOnn>KeHHWM B~pameHHeM 

N ~ 2VM't· (17.3) 

9TOT OlleHh eamHhiti pe3y JlbTaT 6bIJ1 nonyqeH .llBYMSI MeTOJI.aMH: 

npu IlOMOlllH pa3JIO>KeHHSI <l>ypbe nepHOJlHl!eCKH IlOBTOpsieMoro 

coo6meHH51 (CM. pa3,nen 6 r JiaBbl 8) 11 MeTOJlOM OTC4eTOB JlJl51 

o.n11HOttHoro coo6meH11H (CM.. pa3.nen 7). B MeToJle cf>yphe cTe· 

neHH ceo60llbl cooTseTCTBYIOT aMn111irry JlaM nepehlx N rapMOHHK 

pstJla <l>ypbe. B MeTOJle OTct.IeTOB cpyHKUHSI f (t), npeJJ.cTaBJIHIO­

maH coo6meHHe, H3Mepsiercst e N paBHOOTCTOH1u11x MOMeHTax c 

noCT051HHbl1\1 HHTepsanoM MemJly HHMH: 

(17.4) 

H ob1no noKaaaH0 1 KaK uoccTaHOBHTb HCXOAHYJO cpyHKIJJUo 
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no 9THM OTClJeTaM (c~. (8.70)): 

f m== f (mO), 

f t = ~ Ji sin n (2v Mt - m) • 
( ) ~ m n (2-v Mt - m) (17.5) 

m 

Mb1 06cy)j{.naJI11 TaKJKe ( cM. pas,ll,en 8) Jlpyroe npe.ncTas . .11e­

nue, OCHOB3HHOe Ha llHtjJOp.MaquoHHblX RtteiiTCaX f3U6opa: 

ilv flt= 1, ( 1 7 .6) 

Kam11.as:1 H3 KOTOpblX CO,llep)f{111' Jl,Be COCTallJISIEOlll,He - CH:\IMeT­

pttllHYIO u aHrttCHMMeTp11ttHy10. Bcero HMeeTC}t 

n=VM't ( 17. 7) 

pa3JIHllHbIX .cocTaBJISIIOIJlHX, KOTOphie HY>KHO sa.naTb, 4T06hl 

onpe11en11rb coo61ueHHe. 

2. CuruaJibl H TenJiosou myM: npe.n;cTaBJienue 
B MHOfOMepHOM npocTpaucTse 

AHanus rnaBhl 8 npttJIO}KHM K JitoOblM cooomenHSIM H c11rna­

naM. KaKHM oopa30M npHMeHHTb ero K TeITJIOBOMY IUYMY c KO· 

neqHOtt WttpHHOtt IlOJIOChl 'iM, Ha6JIIOJl,aeMOMY Ha rrpOTSI>KeHHH 

speMeHH re? B Ka>K11ott SI4ettKe Mbl MO>KeM onpe11enHTh cpe.nHIOIO 

HHTeHCHBHOCTb, HO cpasa cnyqattHa. 

TaKHM OOpa30M, Mbl HMeeM n COCT3BJISllOIUHX, K3)f{JlaH H3 

KOTOpbIX npe11.c·raBJ1S1eT co6ott r apMOHHlleCKHtt OCUHJIJISITOp co 

cpe.nHett 9Heprwett k T. Mb1 npe.nno;rnr aeM HH3Ktte 4aCTOTbI 11 

ttrHop11pyeM KBaHTOBhle ycnoBtts:i. Mb1 npHJieM K TaKoMy me sa­

KJlto4eHHIO, eCJIM pacCMOTpHM pa3JIO>KeHMe ct>ypbe JlJlSI scett CH .. 

cTeMbI c ero N cocTaBJISIIOIUHMH, u 6y JleM C4HTaTb cpeJJ.HIOIO 

KHHer114ecKyt0 9Heprttl0 pasHott k T/2 JlJISI Ka)f{.noro c11HycHoro 

qJieHa H ,llJlfl Kan<11.oro KOCHHyCHOro llJiena. MOLKHO TaK>Ke Ha­

qaTh c weHHOHOBhlX N orc4eTOB u npHCBOHTh KaJKJl.OMY H3 HHX 

cpeJlHIOIO KHHeTH4eCKYJO 9Hepriuo k T /2. B o6rn.eM, 9HeprttSI 

myMa B cpeJl.HeM paBHa 

-- NkT 
En= 2 = 'IM~kT, (17.8) 
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a MOWHOCTb myMa 

(17.8a) 

8To COOTBeTCTByeT CRrHallaM; pacnpOCT'pcKUUOlll.HMCH· BJtOJib JIHHHM 
B OJI.HOM HanpasneHHH: HanpHMep, CHrHaJI reHep11pyeTCSI Ha 
oxo.Ite cnesa 11 pacnpoctpaHHeTCSI Hanpaao.. PesynLTaT cosna· 
llaeT c paseHCTBOM ( 11. 7), nony11eHHblM npM oocy)l(JleHMH TOil 

me caMoft aa.Ita'IH no HaAKBHCTy. 
Tennosott myM onpe11.enseTCS1 CBOHMH cpe..a.Hett Mo1uuocTbJO 

11 tjlnyKtyauttSIMM (cM. rnaBbI 9, 10 11 11). Ecn0 Ohl MOIUHOCTb 
rnyMa OhlJia B TOqHOCTM noCTOSIHHa, OH a nerKo Morna Obi OhlTb 

ycTpaHeHa H CKOMneHCHpOBaHa, HO BOSMylUeHHSI B03HHK8IOT B 
llellcTBHTeJibHOCTH H3-88 HenpellCKasyeMblX <tJnyKTyauun, KOTO­
pble Beer l18 HMelOT TOT )Ke nopSlllOK BeJIHlfHHbl, 'ITO H cpellHSUI 

MOIUHOCTb. 
PacCMOTpHM CHrHaJI (HJIH cooomeHMe), 3allaHHbift B BHJJ.e 

HeKoTopoA npOH3BOJibHOll cpyHKUHH c M8KCHMaJlbHOtt '18CTOTOit 

VM u lI.JIHTeJibHOCTblO -t. <l>yHKUHH HMeet N cTeneHett csooo11.hl 

X 1, X,, •. ., Xm, ••. , XN, KaK onpe11.eneHo B npe.IthlllYIUeM pas .. 
llene. Oua MO)KeT OhlTb npellcTaBJieHa TO'IKoft c KOOpllMHaTaMH 

X,, X1, ••• , Xm, ... , XN o N-MepuoM npocTpaHCTee SN 1
). 

KaiKJI.aH COBOKynHOCTb SllleeK OylleT COOTBeTCTBOBaTb HeKOTO• 

pon KOOP.ll.MH8TH01t CHCTeMe B s N' H HSMeHeHHe l{OOPJlHHaT B 
MHOrOMepHOM npocTpaHCTBe 03H842eT MSMeHeHHe CHCTeMhl SllleeK. 

JlnSI npe.llCT8BJieHHSI 11.aHHOit cpyHKUHH Mbl Il0Jlb3yeMCSI opToro­
H3nbHblMM <IJyHKUHSIMH, H OOJIH8SI 3HepfHSI OylleT nponOpUHO· 
uaJibua cyMMe KBallpaTos KOOpllHHaT. Ilpe HalI.Jie)KaIUeM ohloope 
eJ].HHHU MO)KeM aan H ca Tb: 

m=N 
E= ! x:i=R~ (17.9) 

m=I 

()ea OTlleJlbHoro 11ucneuHoro MHO)KHTenst. Ecnu :>Heprust aa.llaHa. 

ToqKa llOJI>KHa ne>KaTb Ha runepccpepe pa.lluyca RN· Oo'heM Ta· 
Kott ccpephl, KaK 11ssecTHO~ np11 oonLrnHx N paseH 

N 

V N=CNRZ, r.11e CN~ (21;;)2. (17.10) 

1) 3tor Mero11 no11po6ao o6cyEJteH WeuaoHoM, CM. PIRE ~. 10 
(1949). 

'I, 11 JI, .6 PBJI.lllO&B 
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nocTOSIHHaSI c N 83BHCHT OT Qff CJia H3MepeHRtt N. HuTepeCHblM 
ceottcTBOM npocTpaucTea SN c OOJibUIRM q0cnoM 0sMepen0tt 
N siensieTCSI TO, llTO ooneM V N a ocHOBHOM cocpe.D.OTOllen 
BClJIM3M noeepXHOCTH. 9TO MO>KHO .D.OKa3aTh, noKasae, lfTO M3JIOe 
np0parn.eHMe pa.D.0yca fl.RN .n:aeT oqeHh OOJibUIOe npwpa1neHae 
ooneMa: 

AVN ARN 
V =N R · N N 

(17. lOa) 

Kor.D.a N npeeocXO.D.MT RN/(fl.RN), 9ro Bhtpa)l(eHRe MO)l(eT cTarb 
elOJihUie e.n;MHMUbl ! HraK, Mhl Cly.D.eM MMeTh e 00.n;y, qro npaK .. 
TRlleCKM BeCb OCloeM f Rnepccpepbl cocpe.n;oroqeH B TOHKOM CJIOe 
OKOJIO noeepXHOCT~ 

3. IlponycKHaH CDOCOOHOCTb Kanana c myMOM 

llaHHbltl HeB03MyW.eHHbltt CRrHaJI npeJJ.CTaBJIHeTCH HeKOTOpOA 
TOllKOtt M e MuoroMepHoM npocTpaHCTBe SN. DpM HaJIMlfRH 
WyAta TOlfK3 oy .D.eT CMelll.eHa Ha HeKOTOpOe paCCTOSIHHe B npe.D.e· 

-112 
nax c<t>ephl c ueuTpOM e M. Pa.rtayc 9rott ccpephl paeeu E,, , 
r .D.e E~ - cpe.D.HHSI 9HeprMH UiyMa. Bcne.D.CTBRe HeonpeJJ.eJieH· 
HOCTM rnyMa Mbl He 3HaeM, r .D.e OKameTCSI HOBaH TOl.fKa M. 
no9TOMY Mhl He JJ;OJI)l(Hbl npMMeHSITb JJ.pyrott CRrHaJI, npeJJ.CTaB• 
JIHeMhitt TOllKOtt, pacnoJio)f(eHHOti CJIMillKOM 6n11sKo K TOlfKe M. 
3a.n;aqa COCTORT B TOM, llTOClbl flOJJ.CllMTaTb TOlfHO, CKOJlbKO TO· 
qeK MO>KeT ClbITb Ha.D.e>KHO OT JIHlfeHO .rtpyr OT .rtpyra, RJIR, .D.PY· 
raMR cnoeaMH, cKoJibKO pasnaqu&1x cooc>w.eu0tt MO)l(eT OblT& 
pacn03HaHO npH HaJIMlfMM UiyMa. 

HallHeM c npocToro paccy>K.D.eHMH, KOTopoe n03.D.Hee Mbl 
paCCMOTpMM f5onee Tlll.aTeJihHO. IlOJIHaH 9HeprRSI eCTb CYMM3 

9HeprwM E CMrHana M cpeJJ.Hett 9HeprMM E,, wyMa. Cor nacHo 
(17.9) 9Ta cyMMa onpe.rtensieT ranepccpepy pa.D.0yca 

l 
- 2 

l?=(E+En) (17.11) 

.D.Jiff cMrHana eMeCTe c rnyMoM. C0rHan HBJ1He1cs uenTpoM Manatt 

ccpephl pa.rtMyca 

(17.12) 
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M Mbl .llOn)KHhl npMHHTb, GTO wyM, .llOOaBneHHblft K JlaHHOMY 
CRrHany, 38TeMHSieT ccpepy paJluyca r eoKpyr TOlfKR M, H300-
pa)Ka10u1en cooCTBeHHO cRrHan. CTaBHTCH aonpoc: CKOJihKO ra­
KRX M8nhlx ccpep pa11nyca r MO>KeT CO.llep>KaTbCH B OOnhUJO" 
ccpepe paJlMyca R'? PaayMeeTCSI, sepXHMM npe.llenoM snoro 4MCna 
nenHeTCH OTHOilleu11e oo"heMOB 

O=~:=(EtEnf =(1+~f, (17.13) 

f .lle p R p n - Cpe]lHMe MOlll.HOCTM CRrHaJI8 M IllyMa COOTBeT­
CTBeHHO 1). 

Mhl onpe11enneM e ( 4.3) nponycKHyio cnocooHoCrh KaK 
npe.llen 

C-K 1. lnG(ic) - tm , 
't-.00 't 

(17.14) 

r.ne Q (t} eCTb nOnHOe GMCnO pasnRlfRMhlX COOCSW.eHuft llJUITenb• 
HOCTblO 't, KOTOpbie MO}l{HO nepe]l3Tb no KaHany. 

CpaeHMBaSI ( 1 7.13) R ( 1 7 .4 ), nony11aeM: 

C = K !~1! ~ · In ( 1 + ~) . 
Ho N llaHo paseHCTBOM ( 17.3), orKy .ll3 

C=KvM1n(1+~). (17.15) 

1) Ha He,nocrarotIHOCTh 9roro paccym.neHHR, ueJIHKOM 3att:i.tcreosaH· 
Horo y illeHHOHa, yme yKa3blBanocb u naweft nureparype. PaccylKJle­
HMe co.nepJKMT Jl83 .necpeKra. Bo-ncpBblX, oepsi OTHOWeHMe OO'beMoB, Mbl 
npHHMMaeM K09cpcpHuMeHT 33ll0JIHCHM.R apocrpaHCTBa c<t>epaMH paBHblM 
eJlMHMUe. Mem.ny reM H3Becruo, 'ITO npu HaunJiorHeftweR yKJJaJlKe ctj>ep 
K09<l>cpMUMeHr 3aaOJIHeHMH HMM npocrpaHCTB8 yoblBaer c yBeJIMlJeHMeM 
110cna H3MepeHMA H crpeMHTC» K nynro npn N - oo. Bo-sropblx, .n.ru1 
B03MOJKHOCTM Ha)lelKHOfO pa3JIMtieHH.R CHrHaJIOB BOBCe He rpeoyerC.R, 'ITOObl 
ccpepbl Ma11oro pa.n0yca r He nepeceKan:Mch; Haaporttu, MOlKHo noKaaarb, 
GTO B npe.nene npM N - 00 B03MOJKHOCTb nonytieHHff CKOJib yro.n;Ho Manatt 
uepORTHOCTM OWHOKM coxpaHHeTCR BOJIOTb Jl.O llOJIHOro noKpblTHR npo­
crpaHCTBa ctj>epaMH ( r. e. Kor )la KaJK.I(a.R ccpepa BCeMH CBOHMM 'laCTHltH 
JJelKHT BHytpM JlpyrMX MJIM, MHbIMH CJIOBaMH, KOOi.a apocrpaHCTBO saaOJI• 
HeHo ctj>epaMH 6es nycTbIX npoMemyrKoB ). Ooa 3TM coo6pameHMsi, KO• 
He'IHO., cyw.ecTBeHHO MeHJUOT reoMerpuqeCKJIO <1>opMy11MpOBKY sa)l3l(H. 
0JlH3KO CBR3aHHble c HHMH aonpaBKM .lleAcruyror B apoTMBOnOJIOJKHble 
cropOHbl M B3aMMHO KOMneHCMp)'IOTCSI. PewHB KOppeKTHO aocraBJJeHHyIO 
reoMerpu'leCKJIO 3a)latty, Mbl npHJleM K tj>opMy .. 'le llieHHOHa, npaBHJJbHOCTb 
KOTOpoR COMHeHMIO He IlO)lBepraeTCR. (llpuM. nepe8.) 

1/111• 
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r JJ.e K - nocroHHHaH, saeRCHUiaH OT ebI6opa en.RHRU, -v M - eepx .. 
HHSJ rpaHRqHaSJ qacroTa noJJOCbI, p - cpeJJ.HSISI MOUJ.HOCTb CHf• 
Hana, Pn - cpeJJ.HHH MOlllHOCTb lllYMa. PaeeHCTBO (17.15) as­
eeC'rHo KaK 41opMyna XapTnR -Tannepa - llieHHOHa 1). 

4. Oocyw.1eune t'llopMJJlhl TaJ1J1epa - Weuuoua 

CTOJib sHat11-1renbHbIR peaynhraT Tpet5yeT t5onee non.pot5Horo 
ot5cy)l(JJ.eHRSI .ll.JISJ roro. QTOt5hl ot5oCHOBaTb CJJ.eJJaHHbie npRt5JJR ... 
>KeHHSI H .ll.OK838Ib, qTO npen.en ( 1 7 .13) n.eRCTBHTeJlbHO MO>KeT 
t5bITh JJ.OCTHrHyT. Ilpe>K,lle acero MbI .ll.OJiiKHbI t5bITb yeepeHhl B 
TOM, CITO yqn11 BJIRSJHMe cpnyKryauRR H HenpeJJ.CKasyeMbIX H3Me· 

HeHRD wyMa. Bee 9TO con.ep>KRTCB e oow.ea CTaTHCTH'lecKoit 
cpopMy ne (9.32): 

1 
p (E, T) = Be-~1!, ~ ==Kt , (17.16) 

r JJ.e p ( T, E) - eepoHTHOCTb MuKpococTOBHHH ( «KOMnneKCHH> RJJH 
KBaHToeoro cocTOHHHB) c 9HeprReft B npe TeMnepaType T, a 
B - K03cpcpRuHeHr, onpeJJ.eJJHeMbIR reM ycnoeReM, qTo cyMMa 
eepOSITHOCTeft JJ.OJI>KHa paBHSJTbCSI eJJ.RHRue. 9ro COOTHOUieHMe 
MO>KeT HenocpeJJ.CTBeHHO npRMeHHTbCSI K rnyMy. IlyCTh Xb 

x,, ... , Xm, ... , Xn - nepeMeHHbie, npeJJ.CT8BJISllOW.He TOJibKO 
UiyM. Tor .lla (17 .9) JJ.aer n.nH nonHoR 9Hepr1-111 wyMa 

E,,= ,!x~=r'. 
m 

(17.17) 

c 11pyroft CTOpOHbl, Me>KJJ.Y r R r + dr COJJ.ep>KHTCB OO'beM dV 
(CM. ( 17 .10)), I1 QRCJIO KB8HTOB8HHbIX MRKpOCOCTOSIHRR nponop­

UROHaJJhHO 9TOMY oooeMy. TaKRM ot5paaoM, eepOHTHOCT& roro, 

qyo TOqKa ne>KHT MeiKJly r e r + dr, paeHa 

p (r, T) dr = B' e-~r2 rN-1 dr, (17 .18) 

TaK KaK 

B' - HOBaSI HOpM11py10maH noCTOHHHaH. HosaH eepostTHOCT& 

p (r, T) HMeeT OQeHb OCTpblO M8KCHMYM DpH HeKOTOpOM sna· 

1) npeBOCXOJlHOe I13JIOlKeHRe BOD_poca Jl&HO B CT&Tbe M. Leifer, 
W. F. Schreiber, Advances in Electronics 3, 306 (1951) • 

• 
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LleH1111 r, Kor .na 

Ir (rN-i e-;·r':!.) == (N- 1 - 2~r'2) r·\-- 2e-;·r:! = 0, l 
2 _N-l_(N-l)kT J} 

Tmp- 2p - 2 • J 
( 1 7. l 9) 

J1erKo noKa38Th, llTO c ysen114eH11eM N a101 MaKCHMYM 

craHOBHTCSI nee 6onee ocTphI:M. PaseHCTBO ( 17 .19) 4aet Ha1160-

nee eepogTHoe sHalJeHMe r2, H, cne.noBa1eJJ&Ho, HaHoonee Bepo· 

SITHOe 3Ha•ieHHe 9HeprMH myMa paBHO 

3TO - TRrlHllHbf~ npuMep cosna!J,eHMH HaMBepOSITHeRmero 3HaqeHllJSI 

Emo M cpeJJ.Hero sHat1eHH5:I En, Kor JJ.a qwcno nepeMeHHhIX N 
cra.HOBHTCSI qpe3ehlqatlHo OOJihlllMM. Mhl Y*e MMeJIR npHMep 

3TOro SIBJieHHSI B r naee 4 (CM. pa34eJ1bl 7 M 8). 
B Haweti saJJ.aLJe cooomeHMe npeJJ.crasJ1eHo TOttKoR c Koop· 

JJ.HHaTaMH X m B npoCTpaHCTBe N M3MepeHMti, a CMrHaJI c my· 

MOM 4aer TOCJKY c KOOpllMll8TaMH 

r JJ.e Xm - cnyqaf!HO. npeJJ.hJJJ.Ylll.ee pacCy)KJI,eHMe noKa3hIBaeT, 
4TO 9T3 HOBaSJ TOl.fKa C KOOp.llMH3TaMM x;,, npaKTHtteCKM JJ.OJJlKHa 

neJKaTh Ha noeepxHOCTH c<Pephl paJJ.uyca r mo c uewrpoM e 11c­
XOJJ.HOR roqKe M. 8To e TOqHOCTM Te ycno811si, KOTOpb1e OhIJIM 

npMH51Tbl npH Bbleo.ne cpopMy Jihl TanJJepa - WeHHOHa (CM. ( 17 .12) 
H ( 17 .13)). 

3rM JCJIOBHSI npaMeHRMhl TOJlhKO npH HH3KMX qaCTOTax, 

Kor JJ.a hv MHoro MeHhWe k T M KBaHTOBhle COCTOHHMH Mor yr 

CllMTaTbCH OeCKOHel.fHO OJIM3Kl"1MM. np11 3TMX OOCTOHTeJihCTBaX 

rnyM Mo>Ker 6bITh onpeJ.teneH KaK rayccoe UiyM. PacnpeJJ.eJieHue 

no KaKoR-JIHOO nepeMeHHOI:! Xm He 3aBHCHT OT JJ.pyrHx nepe· 

MeHHhlX R CJieJJ.yeT 3aKOHY e- ~x;,, cor JiaCHO ( 1 7 .16) M ( 1 7 .1 7). 
rayccoa UIYM HenpRMeHMM 8 KBaHTOBaHHOR CHCTeMe, eCJIR TOllbKO 
KoaHThI h·J He MoryT Cl.fMTaThCR oecKoHeqHo MaJih1M11. Puc. I 7 .1 
JJ.aeT reoMerp114ecKoe npencranneHHe CHTyauHH c yqeToM coor· 

HOllleHMSI ( 17.10), cor nae no KOlOpOMY TOLJKR ccpepbI llOJl>KHW 

11 JI. 6pann10aa 
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npaKTH'1eCKH JieiKaTh Ha ee noeepxHOCTH. To11Ka M, npe11cTae­
JIH101uaH 11cxoJJ,11oe coo6111.eHMe c 3Hepruett E, Haxo.n:MTCSJ Ha 
ctpepe paiu1yca E 11 2. Coo6m.eH11e nn10c wyM npeJJ,crasneHo ro11-

Koi1 M' Ha ccpepe panuyca (E + 
+ E,i) 112; paccroHHHe MM' paeHo 

r=En' 12 (CM. (17.12)11(17.19)). 
M 1 npe.rr.cTaBJISJeT B03MO)l<Hoe no­
JioiKeHwe ro11KH Jlpyroro cooo­
nteHMH, KoropaH Mor Jia Ohl OhIT& 

cnyraHa c M, nOCKOJihKY 3Ta 
T011Ka H3XOJJ,HTCSI Ha TaKOM JKe 
paCCTOHHMR r or M'. TaKMM 
oopasoM, MM. eCTb HaHMeHhmee 
B03MO>KHOe paCCTOSJHMe Me:iK.D:Y 
pa3JIM'IMMh1MR T04KaMH coo6tue-

o HHti. Puc. 17.1 JI.aer nJIOCKoe 

FHc. 17.1. CeqcHMe N-McpHoA rn .. 
ncpccpcpb1 nnocKOCTbIO, noKa3bI­
BaIOUJ,ee .llBC «OJIHiKafiwMe> roqKH 

coo6uteHMH M BJIMSIHMe wyMa. 

ce'leHMe MHoroMepHoro npocrpaH· 
CTBa, onpeJJ,eJIHeMoe TpeMH TOll­
KaMH M, M' M M 1• PacCTOHHHe 
MM1 = 2H npMHRMaeT npe-
.n.eJihHOe 3Ha11eHMe, Kor JJ,a MM' 

nepneH.n.MKYJIHpHO K OM, a M' M 1 - nepneHJlMKYJIHpHO K OM1• 

9To aHaquT, 11ro nnom.a.llh A rpeyroJihHMKa OMM' paeHa 

A _ H(OAfi} _(MM')(OM) 
OMM'- 2 - 2 , (17.21) 

OTKy.n:a 

HR,= Rr u H= JI EEn_ < v-=-u r= En, 
, E+En 

(17.22) 

PacCTOHHMe 2H Me>K.n:y T011KaMM M M M1 .n.ettcreurenhHO MeHhWe, 
tteM paccroHHMe 2r, r JJ,e r - pa.lluyc rnyMoeott ccpephl, oKpy~ 
JKa10m.eA M. 

Mb! JlOJIJKH&I reneph BhIHCHMTh, KaK pacnonoiKMTh TOllKR 
cooomeHutt M e ccpepe R o6'heMa 

N 

V=CNRN =CNE2 , (17.23) 

C TeM, 11TOt5bl OOeCnelJMTb nepe.n:aqy CO CKOJib yrollHO AtaJioA 



4) OiiCY/K,llHHHB 4>0PMYJibl TAJTJIBPA-WBHHOHA 

aepOSITHOCTblO OllHi6KH. TiyCTb 

1l=e-ri. < 1 

327 

(17.24) 

eCTh JJ.onyCTMMaH seposirHOCTh ow116K11. Pacnpe11enHM roqK11 
coo6meHMR no 06beMy v c UOCTOSIHHOR cpeJJ.Hett IlJIOTHOCTblO. 
0.n.HH B03MO>KHbltt cnoco6 nonylfeHMSI IlOCTOSIHHOR nJIOTHOCTH 
COCTOMT B c .. 11yqaR:HOM pacnpeneneHMH no 06'beMy, KaK npeJJ.JIO­

>KeHO llieHHOHOM. IlyCTb 01 eCTb nOJIHOe lfHCJIO TOlfeK cootS­
lll,eHMil. Ka)KJJ.aSI TOlfKa coo6meHHH, nona.!laIOmaSI BHYTPh cQ:>ephI 
paJJ.Hyca H, oKpy)KaJOuleR TOlf KY M, MO)l{eT 6h1Tb cnyTaHa c M, 
lf TO M JJ.aeT OWM6Ky. 06'beM 91'0it ccpepbl paaeH 

(17 .25) 

Toq1<11 coo6meHRR, no11a.n.a10rn.ue a ocTaIDmRttcSI oobeM V - u, 
He MoryT JJ.aTh ornu6Ku. BepOSITHOCTh ow116Ku, OlfeBHJJ.HO, nponop­

u110HaJihHa 01 H u/V, M Mbl Tpe6yeM: 

(17.26) 

910 03Haqaer, lfTO Mbl MO)KeM 83HTb lfHCJIO TOlfeI\ 

( 17.27) 

cor nac1-10 ( 1 7 .12), ( 1 7 .13) u ( 1 7 .15). CooTnoweHue ( 1 7 .27) 
MO>KHO nepen..icarh a a11ne 

01 ~ 'fla, (17 .28) 

r 11e 0 - seJIMqMHa, onpeJJ.eJieHHaSI paneHCTBOM ( 1 7 .13). HaH60Jib­

rnee qHCJIO 01 COOTBeTCrByer 3HaKy paseHC rBa B ( 1 7 .28) J1 

JJ.aeT nponycKHYIO cnoco6HoCrh KaHana: 

C Kl. In 01 Kt• (ln a L In '»l) 
1 = 1m = 1m - -l - , 

"C-00 't "C-+CO 't 't 

MJIM cornacHo (17.24) 

C1=C-lim ~. 
1;_,..;.o 't 

(17.29) 
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flporryCKHaH cnocooHOCTh KaHana MO)f(eT OhITb CKOJlb yrOD,HO 
np116JIM>KeHa K Teope111qecK0My npeneny C, orrpeJJ.eneHHOMY 

paHee (CM. ( l 7 .15 )). Jlnst 3Toro HY*HO TOJihKO pacnpeJJ.eJIHTh 
1oqKM cooom.eHMD no c¢epe paD.11yca R c nocroHHHOU cpeD.HeH 
nJIOTHOCThlO. 

5. UpaKTHttecKali npaMep 

Ilpe.ll,hl.ll,Ylllee paccym.U.eHMe OCHOBhlBaJIOCh Ha paCCMOTpeHHH 
ueJiblX .llJIMHHbIX cootSmeHHH otSmen JJ.JIRTeJibHOCThlO 't. iloCMOT .. 

p11.M renepb, KaK TaKoe cooomeHMe Momer OhITb nocTpoeHo M3 
HeKOTOphlx c1aHJJ,apTHhlX ci-1rHanoe. HaqHeM c CHCTeMhI R4eeK 

pa3D.ena 1. f OD.MTCSI JllOOaH CRCTeMa SllleeK, HanpMMep Ta, KOTO .. 

paH COOTBeTCTByeT PHJJ.Y cl>ypbe, HJIM Ta, KOTOpaR COOTBeTClByeT 
MeToD.y OTcqeroe WeHHOHa. Mhl uMeeM (CM. ( 17. 7) M ( 17 .8)): 

n = 'iM't (17.30) 

Sl"leeK, Ka)f(Jl8SI M3 KOTOpblX COJJ.ep)f(HT 3Hepru10 rnyMa 

en=kT. 

nonHafl 3HeprMH myMa paBHa B CpeD.HeM 

En=nen=nkT. 

(17.31) 

BhroepeM ypoeeHh 3Hepru11 E .nns JJ.aHHoro cRrHana e HeKoTo­
poH SJqeRKe. Ha cMrHan HaKnaJJ,blBaeTCH wyM, qro JJ.OoaenRer K 

3HeprMH CMrHana E cpeD.HlOlO 3HeprMIO en c cpnyK'ryauMRMR Toro 
>Ke nopRJJ.Ka BeJIMqHHhl, TaK llTO npaKTM4eCKM noKpbIBaeTCH MH· 

repean 3Hepr11R 2en. B coo-reeTCTBHH c 3THM JJ.OBOJihHO rpy­
OhIM paccymJJ.eHMeM Mbl JJ.OJI>KHhI nonpotSoearh BhlopaTh a Ka:tK­

D.OU siqeHKe CHCTeMy 9HepreTHlleCKMX ypoBHeti, OTCTOSIUlMX .n.pyr 

OT JJ.pyra Ha 2e n' M MCITOJlb30BaTh 3TM ypoBHH B KalleCree 
3JieMeHTapHb1X CMrHanoe. CaMH curHaJihl o~naJJ.alOT 3.Y:eprRstMH 
BnJIOTb JJ.0 HeKOTOporo HaMOOJlhlllero 3HaqeHMR 

- -
es=O, 2en, 4en, .•. , 2(m- l)en, (17.32) 

a OOJIHhJe 3HeprMM CHTHana BMecre c IllYMOM COCT3BJISl10T1 

- - - ~ 

e1 = e3 +en= en, 3en, 5en, ... ,, (2m - l) en,• 
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Mb! BMeeM, TaKRM oopa30M, m pa3JJRqRMh1X CRrHaJIOB Ha KaJK· 
nyro SiqeftKy. Uenoe cootSmeuue llJIRTeJihHOCThlO -c noJiyqaeTCSI 
nyTeM sa.rr:aHMH 9HeprMH CMrHaJJa B n HlfeHKax. 

fIOJIHaSI 9HeprMH COOOlll.eHMSI 8 Cpe.a.neM paeHa 

E8 -_nes-_ n(m-_l)en,} 

Es+ En= nmen. 
(17.33) 

9Tu onpelleJJeHRSI cor nacy10TCS1 c npellhlJIYlilHMR. EcnR llJJHTeJih· 
HOCTh cooorn.eHMSI sen11Ka, TO Es Mano OT JJMlfaeTCH or ceoero 
cpe.rr:Hero 3Ha4eHMH M see cootSUieHMH tSy.u.yT MMeTh npaKTMqeCKR 
9HeprMIO, Bhlpa}l{eHHYIO COOTHOWeHMeM (17.33). 9TO CHOBa cny­
qatt coenaJI.eHMSI HaweepoHTHettwero 11 cpe.a.Hero 3Hal.feH11tt. 

llMCJIO nonyqaeMblX T3KMM nyreM pa3JIM4HMhlX cootSrueHRH 
paBHO 

O'=mn, 

R nponycKHaSI cnoco6HOCTh KaHana 

In G' 
C' = K Jim = K"'IM In m. 

'l:-.l-00 't 

Ho cor 11acuo ( 1 7 .33) 

(17.34) 

e E P m=l+ s=l+~=t+-~, (17.35) 
en En Pn 

PM 
rJI.e Ps = 2 , PM - ua11oonhwasi MOW.HOCTh c11rHana. 

HraK, nponycKHaH cnocooHoCTh C' paeHa npe.u.enhHOH npo­
nycKHOH cnocooHoCT11, eblpa}l{aeMott q>opMynott TaJIJiepa - llleu­
HOHa ( 17 .15). 9ra MOJI.eJih OJ JI.eT MCTIOJJh30BaHa JJ.JISI CpaBHeHRSI 
e nocneJI.yEOuleM paccy)l(JI.eHMM. 

9To paccyJKlleHRe onpaeJI.hleaeT eblt5op RHTepeaJia 2e n, eee­
lleHHoro 8 (17.32), nOCKOJihKY OH npMBO,ll.MT K cpopMyJJe llleHHOHa. 
Bonee TeCHoe pacnoJIO)l(eH11e· llano obi, Ol.feBMllHO, nepeI<phITHe 
9HepreTHl.JeCKHX RHTepeanoe, COOTBeTCTBYIOUIMX llBYM COCellHRM 
ypoBHSIM c11rnana. Eonee npocropnoe pacnono>KeH11e MOrno t5b1 
JI.aTb 06nhmy10 HaJI.elKHOCTb nepe.rr:alf 11, HO He JI.aJio Ohl nonHoro 
RCnOJlh30BaHMSI nponyCKHOH cnocot5HOCTH KaHaJJa. 

He.CKOJJhKO JI.OnOJJH11re.11hHbJX saMe4aHRH nonesHbJ .zvu1 Toro, 
llTOOhI no1\a3arh CBH3b c aHan11soM npe,nhIJI.yw.ero paslleJJa. Ilo­
KaJKeM CHa 11ana, l.JTO paBHOOTCTOHlltMe ypOBHH 9HeprMM (CM. ( 17 .32)) 
COOTBeTCTBYIOI paBHOMepuo" OJIOTHOCTH TOqeK CRrHaJJOU 8 npo· 
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cTpaHCTBe N = 2n M3MepeHMft PaccMorpttM HeKoTopyro, CKa>KeM 
i-IO, HLieAKy, MMeromy10 JJ.Be creneHM CB060JJ.bl, T. e. OJI.HY CM­
HyCHYIO COCTaBJis:llOIUYIO (if OJI.Hy KOCHHycnyro, KOTOpbie Mbl o6o-
3Ha4HM xi (if Yi. 3TM 2n KOOPJJ.MHaT xi, Y; 06pa3y10r N-MepHOe 
npocTpaHCTBO. ITpeJI.nOJIOJtCH~l, LITO T04KH CHrHanoe MMe10r e 
nJIOCKOCTH xi, Yi paBHOMepHyIO nJIOTHOCTb p (Xi, Yi)· B cpeJJ.HeM 
e Manon 06nacr11 dX; d Yi ttMCJIO TOlfeK 6y JI.eT: 

dO = p (Xi, Yi) dXi d Yi. 

BoshMeM renepb KOJihuesy10 o6nacrh Memny r; M ri + dri, on­
peJJ.enMe ~ ycnoetteM 

~ x2 + v2 E r; = i Ii= i' (17.36) 

r JJ.e E; - coorsercray10mas:1 9HeprMH. CpeJI.Hee LIMCJIO roLieK c11r­
Hanoe e 9T0'1 o6nacrM paaHo 

dO = p (Xi, Y;) 2 1t r; dr; = 1tp (Xi, Yi) dEi, 

R Mbl noJiyqaeM no IIJKa.r1e 9HeprM'1 paBHOMepHyIO nJIOTHOCTb 
JI,JIH i-ii ff4e'1KH 

(1 7.37) 

3TO COOTBeTCTByer rrpeJI.nOJIOJKeHHIO (17.32). 
B (17 .32) MhI npM:\IeHHJIM pasHOOTCTOHIII.He M pasHoeepoHTHhie 

aHepreTMLieCKHe ypoeHM anJIOTh JI.O HeKoroporo HaH60Jihwero. 
Mb! MO>KeM aaecr11 MHOe JJ.OrrymeHMe M paccl\1arpMsaTh 3Hepre­
TM4eCKMe ypoBHH c anpMopHott: eepOHTHOCTblO 

(17.38) 

JlJiff 9HeprttM Ei a i-it SlLiett:Ke. 9ro JJ.aer eepoHTHOCTh 

(17.39) 

a N-MepHOM npocrpaHcree. 3a}latra oqeHh CXOJJ.Ha c paHee pac~ 
CMOTpeHH0'1 (CM. ( 1 7 .16) (if ( 17 .20)). HoeaH nOCTOSIHHaH 1 npocro 
saMeHs:teT npe>KHIOIO ~' (if Mbl paCCMaTpMeaeM 9HeprMIO CMf HaJia 
eMecro 3HeprttM IIJyMa. Bee T04KM CMrHanoe npaKTMLiecKH ne­
>KRT Ha ccpepe 

-

2 N-1 -
R = 21 =E, 

11 E _eCTh cpeJI,HHff 9H.eprMH cMrHaJioe. 

( 17.40) 
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B npenhlny1u11x rnaeax MhI IlOJJ.4epKueanw TOT npHHllHll, 4TO 
nony4eHue 11ro60A HHcpOpMaUMH 0 <j>M3M'leCKOfi CMCTeMe OnJialJ(if­

BaeTCSl COOTBeTCTBYIOllUIM KOJIM4eCTBOM OTpHUaTeJibHOfi 9HTpo­

OMH, OTOHpaeMOfi y CMCTeMbl, 11 o6paTHO, 4TO BCHK3SI MHcpopMa­

llHH, sanaceHHaH HJIH rrepeJJ.aHHaSI QJH3HlleCKOtl CMCTeMOfi, COOT­

BeTCTByer yseJIM4eHl1EO Her9HTpOnHl1 CHCTeMhl. 

IlpMHUMn 1\fO:iKeT OblTb npoeepeH Ha oocy)l(JJ.aeMblX npnMepax. 

Mhl o6cy JJ.MM noceHmeHHYEO 9TOMy eonpocy paoory P9ttMOHJI.a 1
) 

0 noKa)KeM, KaK oua JJ.OJI>KHa OhlTh 0cnpasneHa e OTHOWeHMM 

OlllHOOQHOro 110cneHHoro MHO)f{MTenH 1/4. 
Kaoenh, no KotopoMy MbI nepe11aeM cooomeH11e, WMeer rrep­

aonaqaJibHO TeMneparypy T. Ilp11 HOpMaJihHhlx ycnoe11stx OH 0Mee1 

9Hrporrw10 S0 0 ypoaeHh IllyMa, cooreeTCTeyrou1wfi cpeJI.Hefi MOUl­

HOCTH p n B nOJIOCe lllHpMHOfi "M l1 JJ.JISl orrpe.rteJieHHOro HanpaB· 
neHMH pacnpocrpaHeHMH (cM. (11.17) 0 (17.Sa)): 

(17.41) 

3JleCh P9iiMOHJJ. BBOJJ.MT HenpaBHJihHhifi MHO>KMTeJTb 4 e ceoe pa­

eeHcrao ( 4 ), 11TO npMBOJJ.MT K MHO)l(HTeJJEO l / 4 B ero paBeH­

CTBe (5). 
npR nepeJJ.alfe COo6m.eHRSI Mbl HCilOJib3yeM Ha npOTSl'>KeHRH 

HeKOToporo epeMeHM 't cpe.U.HEOIO MOUJ.HOCTb P, HO He Tenno. 
3HTPOilHSl KaOeJISl BHa4aJie He MeHHeTCH, HO ecnM MbJ He npMHSlJIM 

COOOlll,EHMH H OCT8BHJJH ero B Ka6ene, TO OHO 6y JI.eT pacnpO· 

CTp3H51TbCH TY JI.a 0 ooparno " nocTeneHno aaryxaTh acneJI.CTBRe 
9cpcpeKTa LbKoynH e conpOTReneHMSix, noKa ecs 9HepruSI P 't He 

npeepaTMTCSI B Tenno. 3ro KOJ1eq1-1oe COCTOSIHRe COOTBeTCTByeT 

9HTponttH S 6onhwefi, 4eM HCXOJI.HaH 3HTponwH S0• Her9HTponuH 
AN, BBeJJ.eHHaH e11aqane e Kaoenb e npouecce nepeJJ.aqw c11r­

Hana1 npe .U,CT38JISieTCSI pa3HOCTblO 

AN=S-S0• (17.42) 

3ry BeJIW4PJHy Mhl (if JJ.OJI>KHhl Bbl4MCJIHTb. 

1) R. C. Raymond, Am. Scientist 38, 275 (1950): CM. raKme 
C. A. Deso er, Mass. Inst. Technol. Research Lab. Electronics, Quart. 
Progr. Rept. 46 (1951); J. H. Felker, PIRE 40, 728 (1952); 
D. A. B el l, An1. Scientist 40, 682 (1952); L. B r i 11 o u i n, J. Appl. 
Phys. 25, 595 (1954). 
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Tipe.nnoJIOIKMM CHa4aJia 04fHb CHJlbHYIO CJ3Sl3b MeJK.ny c11rHa· 
JtaMH H <flH3n4eCKOll CHCTeMOll (KatleJieM). 9TO eCTb npe.nnOJIO• 
>KeHHe PetiMOH.na, «llTO TennoeMKOCTb aaMKHyroti CHCTeMhl Ha­
CTOJibKO BeJinKa, qio 83MeHeHHeM TeMneparypbI np11 .netiCTBHH 
ycTpOltCTBa CBSl38 l\IO>KHO npeue6pe4b». 9TO Be.neT K OKOH4a· 
TeJibHOlt 3HTpon1111 

p 't 

S=So+y, 

OTKY .na c noMOW.blO ( 1 7 .41) 

(17.43) 

p't k""M Pt 
b. N = -T-- = Pn • (17.44) 

Her9Hrpon11H ~N npe.ncTaBJIHeT MHcpopMau11ro, TeKymy10 co CKO· 
pocThlO !:,. N/'t B ceKyH.ny, H, cne.noeaTenbHO, nponycKnasi cno· 
co6HOCTb (B ceKyH.ny) paBHa 

(17.45) 

Cpaauneasi aTOT peaynbTar c cpopMynon llieHHOHa (17.15): 

Csh=kvM In ( 1 + :J, (17.46) 

Mbl Blf.llHM, qTO o6e cpopMyJibl COrJiacyro1c.si TOJlbKO npn 04eHb 
MaJihIX OTHOllieHnsix P/ P n, Kor .na l\IO>KHO orpaHn4HTbCSI nepBbIM 
llJieHOM B pa3JIOJKeHHH JiorapHcpMa. 

<PopMyna WeHHOHa 6b1Jia nony4eHa B cneuMaJibHhix npe.nno· 
JIO>KeHMffX, He COOTBeTCTBYIOlllHX TOJibKO QTO paCCMOTpeHHOH 
MOJJ.eJin, WeHHOH nMeJI B BHJJ.Y Ka6eJtb 6e3 norepb, 6e3 OMM· 
qecKoro conpoTMBJieHnH. 3To oaHa4aer 0Tcyrcrs11e CBst3n MeJK.ny 
9JieKTpnqeCKHMM TOKaMn, TeKyW.HMH no Ka6eJIIO, H caMnM QJH· 
a111.1ecKnM Ka6eneM. IlpeJJ.noJiaraercsi, QTO 11cro1.1HHK lliyMa Haxo· 
.nnrcsi sue Ka6enst 11 JJ.ellcrnyer uesas11cnMo. 3.necb neT npstMoro 
MfX3HH3Ma, npneo.nsiw.ero B KOHU.e KOHU.OB K yeennqeHHIO 9H· 
TponnH, KOTopoe MbI 06HapyJK11Jin e HallieM npeJJ.hlJJ.ymeM np11Mepe. 
E cnn MbI np11MeM npe.ncranJieHne 06 0Tcyrcrsn11 CB513n MeJKJJ.Y 
CHfHaJiaMn " Ka6eJieM, TO Mbl .llOJIJKHbI npe.nnonOJKHTb KaKOll· 
111160 nHoti MexaHM3M paccesiuHsi. YaeJJnqeu11e 9HTpOnMn MO)KfT 
npoHCXO.llHTb BCJleJJ.CTBMe MCKaiKeHHSl cnrHaJia HJIH H3-3a Hepery­
JI51pHoro nsMeHeHnSI HHTepna11oa MeJKJJ.Y MMnynbCaMH TOKa M 
MHTeHCHBHOCTH HMny JJbCOB. 
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HaqaJibHOe COCTOSIHne eCTb opraHn30BaHHaSI CHCTeMa nMnynh· 
COB, Hecymnx JKenaeMyro HHcpOpMaUnIO, a KOHeqHoe COCTOSIHHe 
eCTh JI.esopraHnsoaaHHaSI 6ecnopHJJ.Olfttasi nocne.llOBareJihHOCTh 
nMny nhCOB, pacnono)KeHHhIX cny1.1atttto n He Hecym.nx pas6op­
qwBott ntt¢opMaunn. CncreMa nMeeT n Kone6arenbtthlx crenettett 
cBo6oJJ.hI (S11.1ettKa pasJJ.ena 1 ), n cnyqafittoe pacnpeJI.enettne anep­
rHH Er cooreercTeyeT reMneparype T (cM. (17.8)) 

Er=nkT. (17.4 7) 

Ecnn renepb npeJI.nono)KMTh, 1.1ro 9HeprHSI E, nocreneHHO Ha­
pac1aeT cTyneHSIMH dE,, TO yeenn1.1eHHe 9HTponnu ecTh 

E2 E2 

S S S dE, kl dEr kl Et - o= T-=n Er=n "E,· 
Et t 

(17.48) 

Ha1.1anhHOe COCTOHHHe E1 COOTBeTCTByeT TOJlbKO MOllJ,HOCTH p n 

rnyMa JJ.JrnrenbHOCTbIO 't. KoHeqHbitl ypoBeHb 9Heprnw E2 nony-
1.1aercsi nocne roro, KaK ecst JJ.06aso1.1ttasi 9Heprnsi P 't pacnpe .. 
JI.eJieHa cny1.1attHblM o6pa3oM Me)KJJ.Y n ocunnnHTOpaMH n JJ.06ae­
nena K atteprnn rnyMa 

E1=Pn't, E2=(Pn+P)'t. 

0TCIO,lla HMeeM ,llnSI Her9HTponnH 

p +P dN=S-S0 =nkln n • 
Pn 

(17.49) 

3To naeT nponycKHYIO cnoco6HocTb KaHana (Ha ennHnuy epe­
Mettw) 

C2 = /J.tN =k ~ In (I+ ;J =kvMln ( 1 + ;J, {17.50) 

qro coBnaJI.aeT c ¢opMynott llieHHOHa ( 17.46). Paann1.1we Me)KJJ.Y 
HalllHM npe.llhlllYlUHM pesyJihTaTOM (17.45) " HOBblM (17.50) 
o6ycnoenetto TeM, lfTO nepsoHa1.1anbHasi Mo.llenb nO.llJJ.ep>Kweanacb 
npH nOCTOSIHHOD reMneparype T, Tor )1.a KaK B HOBOfi MO)J.enn 
Ha6n10JI.ae-rcsi noehlrnenHe reMnepaTypb1, nponopuHoHanhHOe yee­
JIHqeHHro cnyllatlHOD 9Heprnn Er, npnqeM paeeHCTBO ( 17 .4 7) ece 
epeMsi co6nIO.llaercsi. 9To noBhIIIJenne TeMnepaTyphl yMeHhIIJaeT 
pa3HOCTb 9HTpOnMtt ( 1 7 .48) H npnBOJlHT K MeHhWeD nponycKHOR 
cnoco6HocTn KaHa~a. 
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JlorapncpM DOSIBJHieTCff 3D.eCb TaKHM JKe o6pa30M, KaK M3BeCT· 
Hhlil 1.1JieH In V B 9HTponnn nn.eaJibHoro ra3a (CM. ( 12.12)). CH­
Tyaunst a 9TOl:t aan.atte ot1eHb cxon.Ha c rott, KOTopy10 MhI paHee 
OOHapyJKnJIH B pasn.ene 7 r JI a Bbl 13 (CM. ( 13.55)), Korn.a HallIJIH, l.ITO 
HHcpopMaUnSI I pacTeT KaK norapMcpM HeKOTopoD aenn1.1nHbl F, 
ror n.a KaK nsMeHeHMe 9HTponr111 Dt. S ecrb JIHHetiHaSI cpyHKUHSI F. 
B npooneMe CBst3n Mhl nMeeM cxOD.Hh1e cpopMyJihl: MHcpOpMauMsi I 
(HJIH. nponycKHaH cnocooHOCTb KaHaJia C, cpopMynh1 (17.46) 11 
(17.50)) eCTb JIOrapHcpM BeJIHl.IHHhl. 

ror n.a KaK M3M€HeHHe 9HTponnH (CM. ( l 7. 44 )) nponOpUMOHaJibHO 

F - 1 a Mo.uenM P3fiMOH.Ua, npe.ucraBJIHIOlll.eD peanhuyio cpH3H-
1.1ecKy10 CMCTeMy c pacCeSIHHeM. 

B 3aKJIIOtteHMe HYJKHO no.uttepKHYTb cpMsnttecKoe aHatte1-u1e 
9TOro paccy>KD.eHHSI: cpopMyJia llieHHOHa .uetiCTBHTeJibHO n.aer 
npen.eJI, cooTaerc1'BY101UHit onTnMaJihHhIM ycnoBHHM c HaHOOJih­

llleti acpcpeKTHBHOCTblO npeo6pa3oBaHHSI Her9HTponnn B nHcpOpMa­
UHIO. 3To cnen.yeT M3 TOfO cpaKTa, llTO BhlllMCJieHHSI, OCHOBaHHble 

Ha nHcpOpMaUHH (pa3D.eJI 3) H Ha Her9HTpOUHff (CM. ( 17 .50)), 
l(aIOT coanan.arontMe pe3y.11bTaTbI np11 ycnoann, ttTO ace eennttnHht 
H3MepstIOTCSI B 0,llHOtl CHCTeMe e.uHHHU. 

Ecnn nHcpOpMa11nS1 nsMepHeTcn a l(BOn11Hhlx eJI.HHnnax, a aH­
TponHst - B repMO,llHHaMHlleCKHX e,llHHHuax, TO Ka>K.uasi D.BOHttHaSI 
eD.HHHUa COOTBeTCTByeT k ln 2 ~ 1 o-rn TepMOD.MHaMiitteCKMX eD.M­

HHU. 3To CHOBa .UOKa3wBaer (CM. rJiaay 14), ttTO OD.Ha D.BOI14HaSI 
e.u11Hnua MHcpOpMaUnH HHKOr n.a He MOJKeT OhlTb noJiylleHa 3a 

HeraHrponHfiHYIO ueHy MeHhlllYIO, tteM k ln 2. 

7. Bu,IlOH3MeHeHHaB 4>opMyJia rautlopa H pOJib tlnenne 

f9tt6op 1
) nocne oocyJKJleHnH cncreMhI S11.1eeK, on11caHHOt1 B 

r JiaBe 8, OOCTOSITeJihHO MCCJieD.OBaJI sonpoc 0 TOM, KaKHe ypoBHH 
9Heprun MOryT OhlTb ncnOJih30BaHhl a KaJK.uoD H1.1etiKe D.JIH npe.u­
cr aaneHHH pasJIHllHMhIX c11rHanos. Paccy>K.ueHne f9tioopa oCHo­
aaHo Ha KBaHTOBOtl Teopnn, HO BO acex npaKTMtteCKMX npnno­
>KeHMSIX KBaHTbl h v HaCTOJlhKO MaJibI, l.ITO MO>KeT npHMeHSITbCff 
Knaccn11ecKaS1 Teop11H. Cn.enaa 9TO, MOJKHO yoen.nTbCSI, 111'0 HOBble 

1) D. Gabor, Phil, Mag. l7l 41, l l61 (1950) .. 
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4JieHbl B cpopMy Jie r3H6opa COOTBeTCTBYIOT 6ffeHIHIM Me>K.llY 

CHrHaJIOM H lllYMOM. 9TH 6HeHHSI yseJiff 4HBaJOT cpnyKTY aUHH 9Hep· 

ruff. Ecnw HaJIO>KffTb Ha CffrHaJI c aMnJiffTY .llOH A1 wy.M c aMnJIH­

ry .llOtl A2 11 nepeMeHHoti cpasott 4, TO nOJIY4HM: 

I= A1 cos wt+ A2 cos(w t+ 'f), (17.51) 

/
2 ==At cos2 mt+ A~ cos9 (mt+'})+ 2A1A2 cos OJt cos (oot + 'f }. 

llonaraH, 4TO A2 ff 4 MeH5llOTCSI Me,llJieHHo, ycpe,llHMM 9To cooT· 

HorneHHe no HeCKOJlbKff M nepHO,llaM: 

(17.52) 

3a TaKOti cpaBHHTeJibHO MaJibllt npoMe>KyToK epeMeHH MOill.HOCTb 

paeHa 
I 

- -~ ---
p =P1 + P2 + 2 (P1P2) 

2 cosy. ( 17.53) 

Cpe.llHee no 6oJiblllOMY npoMe>KyTKY epeMeHff 6y.lleT CO,llep>KaTb 

TOJibKO nepeb1e .u.ea qJieHa, TaK KaK cos'} e cpe.llHeM paeeH Hynro: 

(17.54) 

nocne,llHHti qJieH B ( 1 7 .53) npe,llCTaBJJSleT f5HeHH51 Me>K.llY CHrHa .. 

JIOM H rnyMOM. 0HH OKa3bIBaIOT cymeCTBeHHOe BJIHSIHHe Ha cpnyK­

TY aUHH MOIUHOCTM a p: 

P=P+ap, (17.55) 

~p2 =P~+ 4 P1P2 COS2 'f =(P2)2+ 2 P1 P2, 

TaK KaK ,llJISI TenJIOBOrO lllYMa 

(i>~)2 = P~ " Cos2 
<ji = ~ . 

113 (17 .55) Bff,llHO, lJTO QJJIYKTyau1111 B03pacraror c yseJIH4eHffeM 

MOill.HOCTH CffrHaJia P 1• 

9TM peayJihTaTbl MO>KHO HCnOJib30BaTb ,llJIH Bbl4ffCJieHMSI 4HCJia 

pa3JIHlJHMbIX ypoeHeH 9HeprHH. JlJIH cor JiacoeaHHSI c cpopMy JIOD 
I 

llieHHOHa (CM. (17.32)) BbI6epeM cryneHH 2(~p2fff. 9TO BJlBOe 

60J1bwe c-rynetteH, nepeoHaqaJibHO npe.n;10JKeHHblX f9it6op0At. 
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DyCTb p M eCTb H3H00llbll13SI MOlll.HOCTb, npnMeHSI€MaSI npn nepe• 
Jla qe cnrHanoe. lJncno cTyneHeH (eKn104asi P = 0) eCTb 

PM P 

ma = 1 + = 1 + - ---::-==d=P======-J dP 1 5m 
2 V ~ P11 2 

0 JI P~ + 2P P2 

Jlnsi MaJJhlX OTHorneHnil PM / P2 ttHcno ma CBO.llnTCSI K ( 1 + 
l PM) + 2 P2 ' qTO coena,llaeT c ( 1 7.35). llnsi 60llbll1VIX OTHOllleHnH 

cnrHan/myM 3Ha4eHvie ma pacreT c yBenvitteHneM PM Me.llneHHee, 
1.1eM B (17.35), l.ITO COOTBeTCTeyeT cpopMyne illeHHOHa. 

B cooTeeTcTenH c 9KcnepHMeHTaJJbHhlMn ycnoenSJMn Ha6n10· 
.lleHnSI HY>KHO BbUICHHTb, 11Me10T nn 3Ha4eHne JJ.ononHviTenhHI>Ie 
cpnyKryauun, o6ycnosneHHble 6neHVIHMVI. 3To o6cym.lleHne noKa­
>KeT, nonbsoeaThC5I nvi cpopMy noH illeHHOHa vinn· cpopMy nofi f9H-
6opa. <l>OpMy na f9Doopa ( 1 7 .56) npnBO.llHT K CJle.llyIOIUeMy Bbl· 
pa>KeHHIO .llJlSI nponyCKHOH cnoco6HOCTH KaHana: 

1 +-. f '2PM 
V l+ F 

Ca=KvM1nma=KvMln 2 s , (17.57) 

r ,lle p M - Han60llblllaSI MOUJ,HOCTb CVIrHaJJOB. 9ro COOTHOllleHne 
nony1.1eHo 113 (17.34) c r9fi6opoehIM 3HalleHneM ma .. Ecnn epe-

MSI 't eenHKO, TO cpe.llHee cos .p o6paw.aeTcsi e HY Jlb vi 6vieHn51.'.\fH 
MOJKHO npeHe6pe4h, 1.1ro n onpaB.llbIBaer npnMeHeHne cpopMy llht 
llieHHOHa B KalleCTBe npeJI.ellbHOH. 
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IJMCbMO, IlEllATb M qTEHHE 1) 

1. Ilepe,llaqa nn«t>opMaUHH; )KHBaH HHc)>OpMaU"HSI 

B npe.llbI.llym.ett rnaee Mhl oe>cyJK.llBJJH npo6neMy CBSI3H, npn .. 
Me1u1si o6hI4Hbitl nO.llXO.ll, pa3pa6ora11Hhltl llieHHOHoM, BHHepoM 
H rpynnott H3 naoopaTOpHtl KOMDBHHH Benn. IlpooJie:vta CBe.lleHa 
K npocTeilrneMy CJIYllBIO CBSl3H Me)f(JlY nnnaMH nocpe,llCTBOM 
Tenerpacpa HnH Toro HnH HHoro renecpoHHOro ycTpotiCTBa. 3ro 
BllOJtHe onpe,lleJJeHHBSI H 04eHb BBIKHBSI 3a,lla4a, perneHHe KOTO­
pott MO)f(eT owr& pacnpocrpaueHo Ha oonbwoe 4Hcno cxoAHMX 
CHTY auHtt, HanpHMep, Kor AB O.llHO nHuo Henocpe.llCTBeHHo roso­
pHT C .llPYfHM. 

Teop11si, OAHaKo, MoJKeT He orpaH~llHBBTbC5I 9THM cneuHaJI&HhlM 
cny4aeM M MOJKeT OblTb pacnpocTpaHeHa Ha 3HBllHTeJlbHO oonee 
o6mHe npooneMhl npH ycnoBHH, 1.1ro cneuwaJihHoe BHHMaHHe 06-
pameHo Ha ycnoeH5I .llettcrsHSI. Mb1 HaMepeHhI B ABHHOfi r nase 
oe>cy .llHTb 9TH o6mHe npooneMhl " noKaaarb, 4TO Her9HTponHDHhlfi 
npHHUHn HHcpopMaUHH Il03BOnReT HBM HCCneAOBaTb BCe B03MOJK­
Hhle OOCTO.siTen&CTBa CBSI3H 11 CAenaTb HeKOTOpbre BBiKHble 33-
KJIIOlf eHHSI 06 OCHOBHbIX 3BKOHBX. 

CTepBaH HHTepecHa5I npooneMa - 9TO Beill.BHHe.. 3,lleCb Mhl 
HMeeM O,llHO JIHUO, coo6ma10meecS1 co MHOfHMH .. 

A. .llHKTop roaopHT nepe.ll MHKpocpoHOM, coe.llHHeHHbIM N 
Ka6enSIMH c IV pa3nMllHhlMH npHeMH11KaMH. 

B.. 0AHa TenerpaMMa noc&1naeTCS1 N pa3nHlfHbIM CTaHUHstM .. 
C. OpaTop B&IcTynaeT nepeA cnyrnaTenRMH B ay JlHTOPHH. 
D. BemaTenbHaSI nporpaMMa nepe.llaeTCSI no pa11Ho. 

1) 3rH npooJieMbl oocymJJ:aJIMCb aBtopoM Ha CeMHHape B XapBap.ne 
(oKTR6pb 1951), e JieKnmt e yHHBepcHrere EpayHa (tl>eepaJih 1952) " a 
.noKJiaJJ.e AMepHKaHCKoMy <PH3J1qeCKOMY 0611.\eCTBY (Mail 1952) .. CM. raKme 
L. B t i 11 o u in, J. Appl. Phys. 25, 595 ( 1954). 
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B cJiy4aSix A 11 B MhI, 01.1eBHJI.HO, MMeeM np11Meph1 npe>KHefl CBH3H 
Me)l{.llY .llBYMSI JinuaMM npM N napaJineJihHO pa60Ta10mnx Kana­
Jiax. I lepeJiaT1.111K .llOJiiKeH pass11BaTh MOlllHOCTh, Heo6xO.llHMYID 
JI.Jist ecex Kauanos. EcJin ece KaHaJibl OJI.nHaKOBbI, TO MhI JlOJDKHbl 
npocro 06ecnet.1HTh MOlltHOCTb B N pas 6oJihWyro, lleM .llJIH 
OJI.llOro KaHaJ1a. CJiyqan C 11 D Menee 6JiaronpnSITHhI ns-sa Toro, 
4TO 60Jibllla51 ,llOJISI MOIUHOCTH He HCfi0Jlb3YeTCSI: 3BJKOBhle BOJIHhl 
nor JlOlll,alOTCSI B CTeHax, Me6eJIM 11 .llP yrnx 3BYKOIJor JlOlll,aIOmHX 
MaTepuaJiax B cJiy1.1ae C; paJI.HOBOJIUhl paccensaro1cS1 " TepS1ro1cR 
B npocrpaHcTae e cJiyqae D. 3a HCKJIIOqeHHeM 9THX oqeHh 6oJib­
lllliX ,llOnOJIHMTeJibHhlX IIOTepb ,llBa IIOCJie,ZI.HHX cnylla.sr anaJIOfH4Hhl 
cJiyllaSIM A " B. B otlmeM Mbl MO>KeM csecr11 Bee aro K OJI.M­
HOllHhlM KaHaJiaM, pa6oTaromnM napanJieJihHO. 

3TH 11po6JieMw nMeIOr CJieJI.yiomMe 06m11e 4epThl: 
1. Mom.uocTb " Her9HTponnSI pacnpocTpaHSIIOTCSI eMecTe c 

11HcpopMauuett 
2. CTpneMHHK nor nom.aer 9Hepr1110 " Her9Hrpon11ro TeM >Ke 

,lleficrs11eM, KorophlM ocyw.ecreJIHeTcSI nptteM HHcpopMaunH. Mhl 
xapa1('repnsyeM ary c11ryau1110 Bblpa>KeHHeM :»CUBaR uH<f;opMaquR. 
HHcpopMaUHSI nepe,llaercH c 9Heprneit, ueo6xo.D.HMOii ,n:nSI ee 06-
Hapy>Ken11H. 

3. B npouecce nepe.llaqM ueKoTopaSI 9HeprHH .n:erpa.llnpyer, 
HeKoTopaH Her9HrponHff repHeTCSI, H HHcp0pM3UHH TepffeTCSI no .. 
cpe.llCTBOM Toro >Ke MexanM3Ma. 

4. Bo scex npnMepax npHJIO>KHM 06061ueHHblfi npnHUHn ff apHO, 
ycraHaBJIHBaromnfi, qTo nucpopMaunH JI.OJI>KHa 6bITb onJiaqeHa KO ... 
JIHqeCTBOM Her9HTpOnHM, 60JiblllliM liJili paBHhlM no11yqeHHOfi nHcpop .. 
Ma1111n. 

2. Ilpo6JieMa llTeHHH H DHCbMa 

MM acrpeqaeMCff c coeepllleHHo nHofi c11Tyaunetl, Kor .lla 06-
paw.aeMcR K .npyroMy BH.llY nepe,llallH liHQJOpMaUHH: K IlliCbMY 
" 4TeHHIO. 01.1eBHJI.HO, 4TO npouecc nHCbMa conpOBOJK,llBeTCff 
HeKOTOpott aaTparoft 9HeprnH, HO Mhl He HaXO,llliM HnKaKHX cne.noe 
erofi 9HeprHn Ho HCfiMCaHHOfi crpaHHUe. 3JI.eCb He OCTaJIOCb TaK>Ke 
en,llnMoD ueraHrponnn; Teneph nHcpopMaunst coeeprneHHO paso6-
meua c 9THMM JI.pyrnMH 9JieMeHTaMn. 9ro He or JI.eJihHhlfi npnMep, 
TaK KaK CXO,llHOe IlOJIO>KeHne Mbl HMeeM BO ecex CJiyqaSix sanncM 
HHcpOpMaUHH: ne•!aTHhle Ma·repHaJihl, rpaMMOcpOHHble OJ13CTliHKH, 
MarH111uaH ne1rra, nepcpoJ1eu1a H 11epcpo1<apTbl, 1.1epTeiKH a T. ,n:. 
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Bo ecex 9Twx npwMepax Mhl 11.MeeM aanaceHHyro HHcpopMaUHIO, 
He CBSl3aHHYIO HH c 3HeprHef:l, HH c Hef3HTponHett. EoJiee Toro, 
Mbl MO>KeM H3BJieKaTb HHcp0p.M3UMIO, He paapyrnaH ee. IlpeJJ.CTaB­
JI5leTCSI B03MO/KHblM HeorpaHHl.leHHOe pa3MHOiKeHHe HHcpopMau1111. 

B Ka4ecTee np11Mepa npe11.noJIO}l{HM, 1.1To aeTop n11111eT KH11ry, 
11 KHHra nytln11KyeTcH. Mhl He paccMarp11BaeM npouecca MhirnJie­
HHH H paooTy aBTOpa. 3To eCTb 1.1eJIOBe4eCKMfi 9JieMeHT' KOTOphlfi 
Mhl Tlll,aTeJibHO H36eraJIH BKJIIOllaTh B HaIIIH paccy>K)leHH5l (CM. 
r JiaBhl 1 H 20). lie cocraBJIHeT pa3HHilbI, 6y .lleM JIH Mhl paCCMaT­
p11BaTb KHHry, Han11caHHYIO aBTOpo~, HJIH npocTO co6paH11e 
4HCJIOBhlX ,llaHHbIX npo11.e 6Hp>KeBhlX ueH, Mereoponor111.1eCKHX 
Ha6n10.neHwH H T. n. Ecnu pyKon11ch HMeeT N 6yKo, TO ona 
co,llepm11T HeKOTopoe Konw11ecreo HHcpopMauuw. Harne onpe.lle­
neHHe ue H.lleT .llanee. flpe.llnOJIO>KHM renepb, 4TO Hane11aTaHo 
1000 9K3eMnJIHpOB KHHrH H IJTO Ka>K,llbIH 9K3eMnJistp npo11MTaJIH 
100 4eJIOBeK. 061uee KOJIH4eCTBO HHcpopMaUHM 803pOCJIO B 105 

pa3, Tor .na K8K COOTBeTCTBy1omee yaen11qeHHe 9HTpOI1HH npe.n­
CTaBJIHeTCSI HecpaBHHMhIM. KoHe4HO, yeenwqeH11e 11HcpopMaui-n1 
CHHJKaeTCSI TaKHMH np11q11HaMH, KaK one1.1arKH, OlllH6KH nepe)la4H, 
He.nocTaTOK noH11MaH11S1 11 r . .n. 0JlHaKo K03cpcpHuweHT JMHo>KeHHSI 
ece >Ke MO>KeT 6b1Tb npaKTHlleCKH 01.1eHb BeJIHK. JlJISI Toro l.IT06bl 
noKa3aTb, IJTO H B 9THX CJiyqaJix npHJIOiKHM Her9HTpon11fiHblfi 
npHHUHil, HeOtJXO,llHMO H3YllHTb sonpoc 6onee BHHMaTeJibHO. 

3. MepTeaH uuct»opMa11,u11 u KaK ee omnBHTb 

Mhl xapaKTepM3yeM 11pHee,lleH1:1y10 eh1rne c11ry au1110 KaK sana .. 
ceHHYIO .MepmBylO 11ntfiopMaqu10, He CBSl3aHHYIO c 9HeprweH HJIH 
Her3HTponHefi. JlJIH roro 4T00hl npot.ieCTb HHcpOpMaIUHO, l\thl 
JlOJI>KHbl CHOBa CHa6)lHTb ee 9Hepr11efi. JlonoJIHHTeJlbHhlfl HCToq­
HHK 9HeprHH coaeprneHHO Heo6XO)lHM JlJljJ 1.1reHHH, H 9TOT HCTQq ... 
HHK .nocraeJJster Hera1-rrpon1110, KoropaH npeepautaeTCH s Hosy IO 
HHcpopMaI~HIO. 

Jl.1151 roro 4TOtlbI 4HTaTb KHHry' HaM Hy~eH HCroqHHK CBera. 
fpaMMocpoH He pa6oraeT 6es Moropa, npama10mero nnaCTHHKY. 
Cnenott, 411Ta101u11ti KH11ry, HaneqaTaHHYIO penbecpHbIM mp11cproM, 
JlOJI>KeH ,llBHraTb ceofl naJiell IIO 6yMare H pa3BHBaTb JI.OCTa f04-
HOe .llaB11eHHe, 4T06bl OTJIHqHTb neqaTb OT .llpyrHx Hepoanocreit 
crpaHHUht; 9TO .llBH>KeHHe H .llBBJieHHe rpe6y10T pa6oThl. Hall HY­
iKeH ceeT H cporoaneMeHT, t1TOOhl npoqeCTb nepcpoJieHTY, nu6o 
MLI npHMeHsteM 6aTapeIO H meTKH, nponycKa10w.ue TOK qepes 
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OTeepcT1u1 rrepcpoKapTbI. Momno noKa3aTb, QTO eo ecex 9TBX rrpu­
Mepax KOJHitteCTBO ner3HTpon1111, B3SJTOtt OT BHeIUHcro l1CTQqH11Ka, 
6oJibme, tteM nonyqenttaSJ 11HcjJopMau11SJ. CJ1y4aft llTeHHSI nepcpo­
nettThI SIBJISJeTCSJ THI111llHhlM np11MepoM, )lJISI Koroporo Mbl MOiKeM 

HIHlJOfl_MOl( IJfl 

fJ f}fJ. eiJ. 0 1 O O 1 0 O 0 

PYIC. 18.1. Jl,HarpaMMa, noKaJhIBalOU{aR neHry c orsepcr11HMH, npo6Hrb1M11 
Ha Mecre Hy.JJeti B coo6ll..{eHHl1, 3aKO.U.11pOB3HHOM no D.BOl14H oii CHCTeMe. 

fiOJlCqffTaTb KaK 9HTponnIO, TaK H HHcf>opMaUBIO H npoeepnTb 
COOTHOllleH11e Me>KJJ.Y H11MH. 

CT0J1om11M, qro nHcpopMaUHH aanncaHa na Merann11qecKoti nep· 
cponenre B BH)le )lB011llHblX u11cpp. ffaK noKa3aHO Ha pHC. 18. l, 
Hyn11 npeJJ.crasneHhI 0Taepcnu1M11, a eJJ.11H11uhl - Henepcpop11po­

eaHHhIMH 0Tpe3Ka~H JieHrbl.ffa:>K· 
,ll.blil 0Tpe30K JieHTbl co.n:ep>KHT 

P, OJI.HY )lBOBttHYIO e.rt11Hnuy nncpop­
Mau1111, 11Jll1 

6.1=kln2 (18.1) 

Ha 0Tpe30K B repMOJ111HaMH4e· 
cKnx e.n:nnnuax, r .rte k - nocrosiH­
ttaSJ SonhuMaHa. 4nTa10mee yet· 
pOtiCTBO noKa3aHO Ha p11c. 18.2. 

Pnc. 18.2. 4Hra10w;ee ycrpoficrso Jlyq csera OT 11cTOttH11Ka nona-
.u:rn JieHrbl pHc. 18. l. .rtaeT Ha JJeHry. Ecn11 H'1eeTCSi 

¢>OTO!MeMeHT cnpasa P1 noJyqaeT cueT 
qepes npo6HTble OTeepcnui. TOr.:ta KaK 
4>oT09JJeM eHT c.rreaa P2 no.'JyqaeT cseT, 
OTpameHHLIH OT uenpOOHTblX 1103111\HH. 

oreepcr11e, nyq naJJ.aer Ha cporo· 
9neMeHT P 1. EcnH 0Teepcr11si HeT, 
nyq OTpa:n.<aeTCSI B cpOT09JieMeHT 
P2• Mb1 Mor JIH 6hI ycrpaHHTb 

sropoil cporoaneMeHT P2 11 Cll11TaTh, qro MhI nMeeM e)l11H11uy 
BCSIKl1fl pa3, Kor .rta P1 6es)leticTeyer. Hy>IcHo, O.rtHaKo, nanoM· 
HBTb, 'ITO Mbl seer .rta Tpe60BaJI11, q'fOObl OTp11uareJibHOMY OTOieTy 
He npnJJ.aBanoch 3HatieH11SI. VI raK, KaiKJJ.hlfl oTpesoK JieHThI noTpe· 
6yeT IIO MeHbmeil Mepe O)lHOrO KBaHTa h 'V, " 9Ta 3Heprng 6y .rteT 
nor nomena nn6o e P1, nn6o B P~. linH Toro l.IT06h1 6LITh pas­
nHttHMbIM Ha cjJoHe Tennoaoro 113nylleH11S1, KBaHT h" .rtOJI)f(eH DhlTb 
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(18.2) 

KaK OhIJJO noKasatto B paa.uene 3 rnaehl 14 (cM. (14.17)). Ilpu 
nor JIOmeHIUf KBaHra npoMCXOJI.HT IlOTepH Her9HTpon1111 (yeeJIH4e­
HMe ~ s 9HTpOnHH) 

hv 
~S=y ~kln 2, ( 18.3) 

H Mhl MMeeM COOTHOllleHHe 

ii (S-/)~ 0, (18.4) 

noKa3h1Ba10mee, llTO o6o6meHHhlfi np11Hu11n KapHo (r nasa 12) 
yJI.OBJieTBOpstercsi. B 3TOM npoCTOM cnyqae MhI n0Kasan11, llTO 
MHcpOpMaUHSI noJiyqaeTCSI 33 01eT ner9HTpOnMH CBeTOBoro Jiyqa' 
M Mhl MO>KeM reoper11qeCKH JI.OCTHllb npe,a.ena, COOTBeTCTBYIOiltero 
scpcpeKTHBHocr11, paBnott eD.11H11ue. Bonpoc ycKo.,1baan or BH11Matt11st 
BCJie.llCTBHe OlleHb Manon BfJIHllHH~ rpe6yeMOti ueraHTpOnHH 

k In 2 ~ 1 o-16 COS. ( 18.5) 

BhlmeonMcaHHhlU cnocoo npo6HBKM He OlleHb Ha.lle>KeH, TaK KaK 
e.llHHMUM ~aKTM4eCKH He aanMcbleaIDrcst. fnanK11A KycoK neHThl 
oea OTBepCTHfi 6y.lleT np04HTaH KaK nocneJI.OBaTeJlbHOCTb eJI.HHHU, 

HHtpOpMOUUR 0, 0 0' 1 1 0' 0 0' 

JleHmo 

PHc. 18.3. Eo.,11ee cosepIIIeHHhift Mero)l npo611aKH JieHTbl c npHMeHeHMeM 
oreepcrufi Ha JlByx ypoBHHX, 0)ll1H H3 KOTOph!X npeD.H33HaqeH llJiff 

Hy.riefi, a D.pyrofi - JI.Jiff eD.MHHU.. 

qro He eepHo. BoJJee Ha.lle>KeH · Mero.u, np11MeH5l10illHfl JI.Ba pasHhlX 
ypOBHSI .llJISI OTBepCTHf:t, KaK noKa3aHO Ha pMC. 18.3, H JI.Ba 
cpOT03JieMeHTa, npHHHMaIOIUHX cser, KOTOphltl MO)l(eT npoDTM 1.:1epes 
ro 11JI11 JI.pyroe OTBepcr11e. TaKoe ycrpoficTBO no-npe>KHeMy rpe­
oyeT nor JIOlllCHHSI OJlHOro KBaHTa Ha JJ.BOH4HYIO f.llHHHllY, TaK llTO 
COOTHOilleHMSI ( 18.1) - ( 18.4) coxpaHSllOT CMJiy. 

BMecro cBeTa MbI Mor JIM Ohl BocnoJih30Ba TbC5I CMCTeMOfi m.eToK 
M oarapeefi JlJISI nponycKaHH5I TOKa qepes 01eepcTMSI. ToK 
OTCllMTblBaeTCSI npH fiOMOIIJ.H aMnepMeTpa MJIH perncrp11pyeTCSl 
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nocpe.llCTBOM peJie. Cor nacHo paccy}f{JleHHJO pas,ZJ.ena 2 r JiaBhI 14 
npe.lleJl COCTaBJI51eT M B 9TOM cnyqae k In 2 Ha 0,ZJ.HH OTC4eT. 
B MexaHHlfecKOM ycTpo.ttcree 11111a rpaMMoct>oHHO.tl nnacTHHKH He .. 
60JiblllHe CTOJIOJKHTeJihHhie HJil1 OTPHUaTeJihHbte MMilYJibCbl MOryT 
6b1Th o6Hapy}f{eHbI JIHlllb npw ycnoe11H, lfTO MexaHHt.IecKaH cHcreMa 
.llaeT 9Hepr1110 6oJibllle, lfeM k T ln 2 Ha HMny JibC, 4TO cooreeT­
creyeT ynen11qeHHJO 3HTponH11 Ha k In 2. AHanorH4Hhie coo6pa­
}f{eHH51 OTHOC51TC51 K HMny JlbCaM, 3aI1HCaHHblM Ha MafHMTHO.tl JieHTe. 
Bo BCHKOM cnyqae Her9HTponHH, norepHHHaSI e npouecce lfTeH11SI, 
OOJihllle, HJIH B KpattHeM cJiyqae paeHa nonyqaeMo.tt HHct>opMau11H, 
H o6o6meHHbttt npHHUHn KapHo (CM. ( 18.4)) acer JI.a co6n10,U,aeTCSI. 

Cxo.llHhie coo6paJKeHHSI OTHOCHTCH K eonpocy 06 HHct>opMaUHH, 
sanHcaHHO.tl e qepreJKax. KaJI<.llhitt pa3, KOr JI.a HaM HYJKHa Htt¢op­
MaUH51, Mbt .llOJI)l{HhI lfHTaTb qepTeJK. ITpouecc lfTeHHH nor11omae1 
H€f9HTponHJO OT HCTOlfHHKa cneTa, H 4aCTh 3TOtt Her9HTpOn11H 
npeo6pa3yeTCSI e rpe6yeMy10 HHcpopMau1110, CKa)l{eM, .llJISI nocrpoe­
HHH H3,ll,eJ111H no qepTe)l{y. Mbt eme eepHeMcH K 9THM eonpocaM. 

4. IlHCLMO H ne11aTL 

PaccMoTpHM reneph .llpyrott sonpoc: CKOJihKO Her9HTponHH 
saTpa4HBaeTC51 B npouecce IlMCbMa? 3Ta Her3HTpOCTM51 TepHeTC51, 
HO MbI noJiyqaeM Hoey10 KOilHJO HHcpopMau1111, TaK qro neqaTa1oruH.tt 
MexaHH3M .llaeT eme O,ZJ.11H npHMep npeo6pa30BaHHSI Her9UTpOnHH 
B HHtjJOpMaUHIO. 

<t>oTorpacpnqecKaSI neqarh eCTh npocTettrn11n .llJIH o6cy'i:K,U,eHHSI 
npHMep: MbI KJian,eM nep¢0;1ettry Ha ¢oro6yMary H oceemaeM 
Ka'i:K.llOe oTeepcTHe. KaJI<,U,btti pa3 JlJISI 01neqaTaHHSI noJIO)l{eHHH 
OTBepCTH51 Hy)l{eH no MeHblllett Mepe 0.llMH CBeTOBOtt KBaHT lzv. 
C11TyauHSI cxo,U,Ha c 01111caHHOtt B pa3.nene 3 11 Be.lleT K atta.ao­
r114Hhnt 3aKJIJ04eHHSIM: 01ne4aran11e HOBOtt KOCTHH CTOHT pOBHO 
crOJihKO, CKOJihKO npo4reH11e. HonaH KOilHSI 11HcpopMau1111 on~~ 
4HBaeTC51 H€f9HTpon11ett. 

Bo ecex 9THX paccyJK.lleH11Hx Mbt 11rHopHpoea.n11 111n114Hb1e 
Heo6paTHMbie npouecchl: npoSieJieH11e ¢0106yMar11, yc11Jiett11e 
9JieKTp11qecK11x HMilYJihCOB 11 T. n. Bee 9TH 1exHH4ecK11e ycosep­
llleHc1sonatt11H CT051T HaM 60Jiblll0fO KOJIH4eCTBa Hef9HTPOilHH, 
11 o6masi uena npouecca 4TeHHSI HJIH neqaTH MHOro Bbtllle BhI· 
4HCJieHHOrO H3Ml1 npe.lleJia. 

CymecrseHHO, 4TO BCH 11HcpopMau11SI onna4HnaeTcH Her9HTpo­
nHett. Ko;111qec1Bo 1pe6yeMott Her9HTponHH KoHelfHO, HO Ha-
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CTOJlhKO Mano ( 10-16 Ha ,ll.B. e.n..), l:ITO .n.o CH:X nop TIOJIHOCTblO 
H:rHopMpoeanoch. CBst3h Memiiy 9HTpOIIMetl M H:Hcf>opMaUHetl norw-
1:1ecKH Heo6xo.nMMa. Mb1 6b1JIM 6h1 He e cocroSJHMM o6cym.n.arb 
npooneMhl 9TOf;1 r naBhI 6ea yqeTa 9TOF1 CBS13H. QqeHh Manoe 
SHaqeHH:e ( 10-16) Her9HTp011HH:, TpeoyeMOtl JlJISl nonyqeHHSI OJJ,HOFl 
,llHOMlIHOtl e.nMHMllbl H:Hcf>OpMaUMM, H:rpaeT O,llHaKO OlleHb Ba>KHYIO 
pOJib B COBpeMeHHOtl >KM3HH H .nenaeT B03MO>KllbIM coo6maTh 
MHcpOpMaUMIO 3a npeHeope>KMMO M any10 ueHy. 

0TMeTH:M Tenepb 38KOH pacna.na: JII06ast CHCTeMa, B KOTOpOtl 
33IlMCaHa H:H<j.>OpMaUMH, oy ,lle'f C Te4eHHeM BpeMeHH BblpO>K,llaTbCSI. 
KpoMe roro, H CaMa HHcpopMaUM5J MOA<eT IlOCTeneHHO TepSITb CBOIO 
UeHHOCTh. no o6eMM npH'4MH3M sanMCaHH8Sl MHcpOpMaUMSI cne.n.yeT 
o6meMy saKoHy pacna.n.a, cornacyiomeMycsi c o6oomeHHbIM npHH· 
UHOOM KapHo. 3TOT pacna.n., OJJ,HaKO, COBepruaeTCSI ropas.n.o Me.ll­
neHHee JlJISl MepTBOFl (sanHCaHHOtl) HHcf>OpMaUHH, He>KeJIH: JJ.JlSI 
iKHBOtl HHcf>OpMaUMH. 

5. Oocymneuee cneu11aJI&noro npHMepa 

IlMChMO H 4TeHMe HaCTOJlbKO lllMpOKO npH:MeH5IIOTCSI B noace· 
,llHeBHOtl >KM3HM, 4TO Mbl He 3aMe4aeM, KaK qaCTO Mbl K HHM npM· 
oeraeM. PaccMOTpMM, Hanp11Mep, npoue.n.ypy noch1JIKM TenerpaMMhI. 
IlpOH:3BO,ll5ITCH cne.a.yioiuue .n.ef;tCTBHH: 

A. OrnpaBMTenb nMweT TenerpaMMY B OT.n.eneHH:H: CBSl3H:. 
B. TenerpacpHcT llMTaeT renerpaMMY H: nepeBO.llHT ee B MM· 

ny JibChI roKa B nepe,U,aT4H:Ke. 
C. HMnynhCbl TOKa npMHHM8IOTCSJ npMeMHMKOM, 11 annapar 

net1aTaeT COOOIUeHH:e. 
D. Tenerpacp0cT q11raer a.n.pec 0 nocblnaer Kon010 TenerpaMMhl 

no 9TOMY a.n.pecy. 
E. A.npecaT 4MTaeT TenerpaMMy. 
Mhl onycTMJIH: eme JlBa .n.e~CTBHH, noToMy qTo B HHX y1:1a· 

CTByer MblCJib, a Ha.ma reopHSI He CilOCOOHa TpaKTOB3Tb TaKH:E' 
npoueccb1: 

A0• OrnpaBMTeJib cocraenHeT CBOIO TenerpaMMY raK, 4T06hI 
C006IUH:Tb HeKOTopy10 MHcf>OpMaUH:IO a.npecaTy. 

F. A.n.pecaT noHH:MaeT 3Haqen11e TenerpaMMhl. 
OrpaHMqHBasi npoue.n.ypy 9TanaMM A, B, C, D u E, Mhl 

saMe4aeM, qTo e 9TMX 9Tanax yqacrBy10T cneAy1om0e npoueccbl: 
A. IlMChMO. 
B. 4Teuue, KOJJ.BpooaHH:e, nepeAa qa. 
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C. neKOJI.HpOB3HHe, neqaT3HHe. 

D. E. Lf TeH11e. 

l{a)l{,ll,aff onepaUHSI nHChMa, qTeHHSJ HJIH neqaTH HMeeT CBOIO 

Hef9HTpOnHttHyIO ueHy B COOTBeTCTBHH c paccy)l{JI.eHHHMH pa3JI.e­

JlOB 3 H 4. OnepauHH KOJI.HpoaaHHSI 11 neKOJI.HposaHHH OOhI4HO 

rpe6y10T npHMeHeHHSI 38110.MHHalOUlHX ycTpORCTB, H3 KOTOpblX 

H3BJieKaIOTCSI K0,11,0Bbie 4HCJia. 3TOT npouecc TaK)l{e HMeeT HeKO .. 

Topy10 Her9Hrpon11i1Hy10 ueHy. Onepau11H nepeJI.a411 H 11p11eMa, 

oocy)l{JI.eHHaH llieHHOHOM, OhIJia 11ccneJI.0BaHa e rnase 17. Kon1111 

TenerpaMMhI nonaJI.yT a PYKH pa3JIH4HhIX 3a11HrepecosaHHhIX n10neti, 

H 9TH KOOHH COOTBeTCTBYIOT MepTBOFl uncpopMaUHH, KOTOpaH MO)l{eT 

OhlTh CHOBa 11 CHOBa npoqHraHa np11 ycnoBHH BJIO)l{eHHH cooTBeT­

crB yiomett 9Hepr11H. 

YnoMHHYTble Bblme aanOMHHaiomue ycTpotlcrsa oyn.yT pac­

CMOTpeHhI OOJIHee B rnase 19, nocssuueHHOR BblllHCJIHTeJibHbIM 

MamHnaM, s KOTOpb1x onepau1111 qTeHHH H nHCbMa MexaHH3HposaHbl 

H BCHKHtt pas HCnOJib3YIOT HeKoTopoe KOJIHqecTBO Her9HTpOnHH. 

6. HosaH eecfJopMauuH H H30htT011nocTb 

Mhl noKa3ann s pa3JI.ene 3, qro npouecc 11reHHSI Tpe6yeT 

yeen11qeHHH 9HTpon1111 AS, KOTopoe OOJihllle HJIH no KpattHeit 

Mepe paBHO Kon11qecTBY 11HcpopMau1111 A/, nonyqaeMOMY llHTaIO· 

IUHM. IlOCT38H"M Tenepb cneJI.ylOIUHFl BOnpoc: JI.0JI)l{H3 JIH 9T3 

HHcflOpMaUHH paCCMarpHB8ThCH KaK HOBaH HHcpOpMaUHH HJIH OHa 

SJBJIHeTCSJ JIHllib H30bITOlJHOCTbIO, He Hecymetl HOBOFl HHcflOpMBUHH, 

nocKOJibKY OHa acero JIHlllb OOBTOpHeT HH¢0pM3UHIO, con.ep)l{a· 

lllYIOCH B H8I1HC8HHOM JI.OKyMeHTe? 3TOT BOnpoc CTOHT Ha rpaHH 

¢Hnoco¢HH, HO Mhl IlOOblTaeMCH JJ.3Tb H3 nero npaKTH4eCKHFl OTBeT .. 

Kor na neKTO llHTaer KH11ry snepBh1e, OH, KOHetJHO, nonyqaeT 

encpopMaUHIO, H 9TO MOiKeT CllHT3TbCSI HOBOFl HHcpopMau11ett JI.JI)! 

q11TaTenH. ECJIH OH CHOBa q11TaeT KHHry BTOpoR H TpeTHtl pas, 

TO nonyqaeT TOJihKO H30bITOllHOCTh, a He Hosy10 11HcpopMau1110 1). 

1) C 9THM rpy.IJ.Bo cornacttThCff. EcnH Obi 9TO ObJJIO TaK, To Mbl He 
nepetIHTbIB3JIH Ohl KHlffH no HeCKOJibKY pa3, a MClKJlY TCM Mbl IlOCTORHHO 
9TO .IJ.eJiaeM. JJ.eJJO B TOM, llTO, BO-DepBhlX, Dp11 nepBOM tITeHHH, KaK npa­
BMJIO, 113BJieKaeTCH He BC.ff co.neplKm:,uaHCH B KHHre HH<f>opMaUHR. Bo .. BTOpblX, 
c reqeHHeM BpeMeHM npoHCXO)lHT pacna)l 3anaceHHOti B M03ry HH<f>opMaUHH 
( oua, nonpocry rosopH, 3a6hlBaeTcH), 11 sra y1eqKa rpeoyeT nononHeHHH. 
taxHM o6pa30M, H3obJTOl1HOA ecrecTsenuo ObJJIO 6hl ct:1111aTb raKyto HH­
<f>opMaU.MIO, KOTopaH fiOBTOpReT HmpopMa[J.MIO, y>Ke HMe10my10cH B 3ana­
CeBHOFl <f>opMe B HaWeM M03ry B A a H H bl t! M 0 M e H T. (/1pu.M. nepes.) 
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c a6COJIIOTHOtt TOI.IKB 3peHMSI Mbl MOJKeM 11peJJ.CT8BHTb ce6e 

H.lleaJibHoro y11eHoro, sHa10u1ero Bee, qyo 113secTHO qenose4eCTBy. 

nJIR 9TOfO MJI.eaJibHOrO cJ>MJIOCOcj)a K8)K.ll8R HOB8H KHMra COJI.ep)KMT 

HHcf.>OpMaUMIO. 0JJ.H8KO JI.pyrHe 4HTaTeJIM IlOJIY48IOT TOJihKO M36hl­

TOllHJIO HHrj>OpM3UMIO, TaK KaK O'Ha y)Ke H3BeCTHa MJI.eaJibHOMY 

yqeHOMy. 3TO BeChMa HepeaJIMCTMlleCKaH TOllKa apeHMH. 

llnst Toro 11T06bI CJI.eJiaTh pa3JIM4Me Me)K.n:y B03MOiKHhIMH 

T04K3MM speHMH Ha HHcpOpMaUHIO H M36hIT011HOCTb, CBR38HHble 

c llTeHHeM H neqaraHMeM KOnMft, Mbl BBe,lleM CJle.llylOIUHe onpe­

,lleJieHHSI 1
): 

A6co1t10mHaJl urufiop.Mau,uR~ JII06asi MHcpop.MaUHH, JI.OCTYIIHaff 

KaKOMY-JIHOO qenoeeKy Ha 3eMne, npe11eM 9Ta HHcpopMaUHH cqe­

TaeTCSI TOJlhKO OJI.HH paa, K3KOBO 6hl HM 6bIJIO 4HCJIO JIIOJI.ett, 

8Ha10m11x ee. TaK, CBepxceKpeTHbitt JI.OKyMeHT eMeeT CTOJibKO )Ke 

MHcf>OpMaUHM, CKOJlbKO HOMep raseThl, co.n:epmamet:l TO me KOJIH· 

qecTBO 6yKB. 

PacnpeiJeAeHHaR llHl;/Jop.MaquR: npoe3BeJI.eHHe Kon11qecT ea 

a6conIOTHOt:l HHcf>OpMauen Ha qecJio n10JI.et:l, pacnoJiar aromex aTot:l 

HHcf.>opMauee~. BTopoe onpeJI.eJieH11e npencraBJisteTCff ooJiee pea­

JIHCTM4HblM, 4eM, CKOpee QlMJIOCocpcKaH, a6co1t10mHaJl llHtjiop.MaU,llJl, 
H 9Ta TQqKa apeHHH npMHHTa B ,llaHHOft rnase. 

11MeIOTCSI, OJI.HaKO, npooJieMbl, B KOTOphlx MO)KHO npeJI.nO­

qeCTh onpeJI.eJieHHe a6COJIIOTHOtl HHcpOpMaUHM, 11 pa3JIH4He Me)K,l.(y 

00011M11 senaMe 11ucpopMauee CJieJI.yeT eMeTh B B11ny. 

1) L. Br i 11 o u i n, Am. Scientist 38, 594 ( 1950). 
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fiPOJiJIEMA BbiqHCJIEHH~ 

MbI paccMorp11M renepb BblllBCJIBTenhHhle MarnBHhI 11 BX JI.eti· 

CTBHe Ha HHcfJOpMaUBIO. l.f acro fOBOpHT, qro Bbl4BCJIHTeJihHaSI 

MarnBHa npoBaBOJJ.BT HOBYIO BHQJOpMau1110. 3ro B JI.ef.\cTBBTeJibHOCTH 

He raK. MarnnHhI Moryr 06pa6arb10arh 11HcpopMau1110: OHM 6epyT 

CbipOD MarepBaJI B Bbl,ll.3IOT saKOHqeHHblti npOJI.YKT, HO OOlllee 

KOJIHlleCrBo BHQJOpMau1111 He sospacraer, ITp11 HD.eaJihHhIX ot5cTOSI· 

T€JibCTBaX BHcfJOpMaUHH Momer OCTaBaTbCH IlOCTOSIHHOtl Ha npo· 

TstiKeHBB BbJqBCJieHttH, HO B 00hl4HbIX ycJIOBMHX BMef?TCSI HeKo­

TOphie norepB, B KOHellHast HHcf>OpMauBfl M€Hbllie HallaJihHOtl. 

PaccMorp11M BOnpoc 6onee BHBMareJihHO. ITpouecc pacrraJI.aercsi 

Ha .n.se CTa,D.BH: nporpaMMHpOBHHBe H COOCTBeHHO BblllBCJieHHe. 

TiporpaMMHposaHBe BhIIIOJIHHeTCSl yqeHbIMH, KOTOpbie HaMepeHbl 

ttCnOJib30 B3Tb M3IIJBHY. 0HB o6cyiKJI.aIOT 33JI,aqy, BblOBpaIOT Mare· 

MaTwlleCKBe aaKOHbl, Koroph1e ,n.OJIJKHbI OhITh npBMeHeHbI, npH­

ror a BJIBBaIDr nporpaMMY ap11cpMer11qecK11x onepauBtt, Korophie 

JJ.OJI>KHbI ObITb BblnOJIHeHbl B onpeJI.eJieHHott nocJie)loeareJibHOCTB. 

Bee 9TH onepauBB aan11cb1ea10rcsi a raKOM BB!le, tITOOhI MalliHIIa 

Morna BX npoqBr aT&: 1-1a nepcponeHre, Ha MarHwruott neHre B r. n. 

3ra qaCTb pa6orhl rpeoyer OT yqeHblX MbllliJieHBH B BHaHHSI. 

8ro Momer 6b1Th HasaaHo BHQJOpMauBett B o6meM CMbICJie, HO 

9TO S1 BJisteTCSI TBIIHQHbIM cnyqaeM, Kor .n.a HaWB onpeJI.eJieHMSI HH• 

cpopMaUHB HenpHJIOiKHMhl. Mb1 HeOJI.HOKpaTHO nOD.4epK11saJI11, qTo 

uarne CT arBCTBlleCKOe onpeJI.eJieHBe BHcfJOpMaUBB He BKJIJOqaeT 

KaKorO-JIHOO qeJIOBetieCKOro paccymJI.eHHSI B llTO Mbl He MOJKeM, 

no KpatiHeti Mepe B Hacrosimee apeMHt o6cymJI.aTh npo6JieMy 
M bIIIIJI eHBSI. 

Kor D.a rrporpaMMa paoorh1 np11roroBJieHa B BHJI.e nepcpoJieHThI, 

MLI MOiKeM COCLUiT8Tb 4.BCJIO JlBOB4.HblX eABHlill Ha Het:i Ii Haiil'li 
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KOJllllleCTBO HHcpOpMaUHM B 9TOH OKOHll3TeJibHOlt nporpaMMe. 

EJJ:Ha JIM 9TO 11MeJio 6bl OOJihrnoe sHalleHMe. 

CJieJJ.yrom11H mar cocro11T B paccMorpeHMM MaIUHHhl c ee cne­

u11anbHott nporpaMMOtt H B M3y4eHMM Toro, KaK OHa B JJ.efiCTBM­

re.llbHOCTH pa6oraer. Mhl aHOJJ.MM onpe.ueJieHHhle u11cf>pOBh1e .uaH­

Hble H3 BXOJJ... MalllMH3 oopaoaTbl naeT 9TM JJ.aHHhle, CJieJJ.ysr 

aa.uaHHOtt nporpaMMe, Bb14HCJHieT OKOH4aTeJihHble n.aHHhie M Bbl­

JJ.aeT MX Ha BhlXOJJ.. ECJIH MaUIMHa He JJ.eJiaeT OWH60K B BhlqMCJte­

HHHX, TO OH3 n.ettCT eyer B TOqHOCTM KaK KOJJ.MPYIOlll.3H M3IIIMHa. 

0Ha HCnOJib3yeT HHcpOpMaUMJO, COJJ.ep>KaruyrocSI BO BXOJJ.HhlX JJ.aH­

HblX, M nepeBOAMT ee B BblXO.llHhle JJ.aHHhle, KOTOpble B JiyqrneM 

CJiyqae Moryr COJJ.ep>KaTb BCIO BXOJJ.HYIO MHcf:>OpMaUMIO, HO He 6oJiee. 

Maw11Hy MO>KHO cpanHMTh c KaHaJIOM nepeJJ.a4M, BKJiroqan 

KOJJ.HpoBaHMe 11 JJ.eKoJJ.11poBaH11e. Ilp11 MJJ.eaJihHbIX ycJIOBMHX cooo­

meHMe nepe.uaeTCSI npa BHJibHO, H HHcpopMaUMOHHOe COJJ.ep)KaHHe 

ocraercsi nocrostHHhIM. Orn116Ku 11 np116JIH>KeHMH npH BhIQMCJteHMM 

eepyr K norepe 111-upopMau1111. P a6ory MaUIMHbl nyqwe Bcero 

cpaBHHTh c paooroH nepeBOJJ.qMKa: nepeBOII.4MKY JJ.al-Ihl CJIOBapb 

M npanuJia rpaMMaTHKM, llTO fi03BOJIHeT eMy nepeBeCTH Ha aHf JIMtt­

CKHH Sl3bIK CT8Tbl0, nep BOH3f.j8JibHO ttanMC3HHYIO nO-HilOHCKM. 

CJionapb 11 rpaMMar11Ka coornercrayror nporpaMMe pa6orhl. 

5InoHCKa51 CT3TbH - 3TO BXOAHhie n.aHHble, a aHr JIMfiCKMfi nepe­

BOJI. - BhlXO,l{Hble JJ.aHHbie. 06ma5J HHQJOpMaUHSI, MMeBrnaSICH Ha 

exoJJ.e, MO>KeT OhITh ( B JiyqrneM cJiyqae) ooHapy>KeHa Ha BhI:XOJJ:e. 

CxoJJ.HhIM oopaao.M Maw11He, eblq11cJIH10llleH, Hanp11Mep, Tao .. 

JIMUbI crpeJib6ht, JJ:aHa nporpaMMa, yq11TbIBat011.1.aS1 aaKOHhI JJ:BMn<e­

HMH cHapsi4a 11 arMoccpepHble ycJIOBMSI. BxoJJ.Hble JJ.aHHhle npeII.­

craeJieHhI HallaJihHhIMH noJIO>KeHneM M cKopocThlO. BhlXOJJ.Hhie 

.uaHHh1e - T04Ka nonaJJ.aHMH 11 KoHe4HaSI cKopoCTb. BxoJJ:Hhie 

Jl3HHhle JIOf MlleCKM COJJ.ep)KaT perneHMe, HO Mbl He B COCTOHHMH 

HenocpeJJ:CTBCHHO npoqeCTb ero. 8To eCTh KOII.HpOBaHHOe coo6-

me1-111e, rpe6y10mee JJ.eKo.u11poBaHM5J, 11 aro, B cymHOCTM, 03HatJaer 

TO >Ke, qro 11 nepeBoiJ. ECJIM JJ.eflcra11e MarnMHbl coeeprneHHO, 

TO OHa JJ.On>KHa 6hITh o6paTHMa: eCJIH JJ.aHO nonaJJ.aHHe, TO OH3 

MO>KeT BbltjMCJISiTb B OOpaTHOM nOpHJJ.Ke 11 HattTM HaqaJibHbie 

ycJIOBMSI. AHanorM4HO nepenOJJ.4MK MO>KeT CJJ.eJiaTh nepeBOJJ. 

o6paTHO Ha SIIlOHCKHit Sl3hlK H nOJIY4HTh OpHrHHalI, HJIH ero 

9KBHBaJieHT. YIJJ.eaJihHhle YCJIOBHH pa60Thl COOTBeTCTBYIOT oopa­

THMOCTM, a c.neJJ.OBaTeJibHO, coxpaHeHHIO HHcf:>OpMaUMH. 

06paTMMocrh B uenoM MO>KeT OhITh noJiyqeHa nyreM nocJie .. 

n.oaaieJibHbIX waroa, KOIOpble MOf YI BKJllOlj3Tb H HeoopaTHMble 
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onepauun, KaK .. TO~ sanHCb .naHHhIX B 3aaOMHH810illeM ycTpOFlCTBe 

c nocJie.ny IOillHM npoqTeHHeM ux. KaiK.naH 113 9THX onepauufil HMeeT 

onpe.neneHHYIO Her9HTpOI1HitHyIO ueHy (CM. pa3}leJibl 3 H 4 r JiaBhl 18). 
Pa6oTa MarnHHbI no onpeJJ.eJieHHOii nporpaMMe .nettcTBHTeJihHO 

OOOfi,lJ,eTCH B HeKOTOpoe KOJIH4eCTBO Her9HTpOI1HH (9HeprHH .ne­

rpa.nHpyer). 3TO HMeeT 3Ha4eHHe c reXHHl!eCKOti T04KH 3peHHH, 

HO He H3MeHffeT HaWHX 3aKJIJ04eHHit, H MO)KHO Ceoe npe,l1,CTaBHTh 1 

4TO 9Ta UeHa paOOThl oy .neT CHHJKeHa B oy .JJ.YlUHX JIYlllllHX 

Marn11Hax. 

npOUHTHpyeM 8,lJ,eCh OlleHh HHTepeCHOe paCCYiKJleHHe, HaTIH· 

CaHHOe OOJiee CT a neT Ha3a.JJ. 3.nr apOM no. 3TOT aaTOp paCCMa­

TpHBaeT pa3JiffqHhie 8BTOM3Tbl, H, B qaCTHOCTH, Bhl4HCJIHTeJibHYIO 

Marn11Hy E966e.niKa. H1n1<ecJie.ny10maS1 u11TaTa 04eHb T04HO Bblpa­

iKaeT Harny renepernHIOIO T04KY speHHH: 

«Ho ecnw aTH MalllHHbl ocTpoyMHbl, TO qTo iKe MhI .noniKHhl 

.nyMaTb 0 BbillHCJlHTeJibHOfi MaWHHe b900e.JJ.)K8? 4To Mhl ,lJ,OJI)KHbl 

.nyMaTb 0 MalllHHe 113 .nepesa H MeTanna, KOTOpaH MO)KeT He 

TOJibKO Bhl4HCJIHT~ acTpOHOMH4eCKHe H Hae11rau110HHhle ra6n11uw 

JIJOOOfi sa.naHHOFl npOTH)KeHHOCTH, HO H c.nenaTb T04HOCTb CBOHX 

.nettcra11tt MareMaTuqecKH .nocToaepHott 6Jiaro}lapH caoett crrocoo­

HOCTH HCnpaBJIHTb CBOH B03MO)KHbie OWHOKH? 4TO Mbl .UOJl)KHbJ 

.nyMaTb 0 MaWHHe, KOTOpaH MO)KeT He TOJihKO BhlOOJIHHTb ace 

91'0, HO H neqaTaTb CBOH CJIO)KHhie pe3YJibTaTbl, KOr}la OHM nony­

qeHhl, 6e3 MaJieFlwero BMernaTeJibCT oa HHTeJIJieKTa qeJio oeKa? 

By .neT, B03MO)KHO, cKa3aHo B OTBeT, 4TO Mau10Ha, KaKyro MhJ 

onucaJIH, Bceueno BbIIIIe, B cpaBHeHHH c urpOKOM B Ill8XM8Thl 

MeJibuenH. HHKOHM o6pa30M - oHa sceueJio HH)Ke ero, eCJIH Mhl 

.nonyCTHM {qero HHKOr .na He CJie.nyeT .nonycKaTb), 4TO HrpoK 

B waxMaTbl ecTb t/,llCman. .MGWllH,Q H BblflOJIHSieT CBOH .nettCTBHH 

6e3 aCHKoro nenocpe.ncraeHHoro ao3.nettcra11H qeJioaeKa. Ap11~­
MeTHllecK11e H anreopaHlleCKHe BblllHCJieHHH IIO CBOefi np11po.ne 

~HKCHpoaaHhl H onpe.neneHw. Ecnu HMeIOTCH onpe.neJieHawe 

iJaHHbte, ro onpe.neneHHbie pe3yJibTaTbI nocJie.flyIOT Heo6xo.n11Mo 

H HeH30e)KHO. 3TH pe3yJibTaTbl HH4e.M He onpe.neJIHJOTCSI H HHYeM 

He 06ycJIOBJIHBa10TCS1, KpOMe KaK 11cxo.nHbIMH .naHHhlMH. VI no.n­

J1e)Kam11tt peruen1110 sonpoc npo.no11raercsi K csoeMy OKOHllarenb­

HOMY onpeJlenennro nocJie.nosaTeJihHhIMH HenorpernHMhlMH war aMH, 

He no.nsepiKeHHbIMH HHKaKH.M H3MeHeHHHM. EcJIH TaK, Mhl MO>KeM 

oe3 TPY .na npe.ncTaBHTb ceoe 803.MO:JICHOCmb nocTpoeHHH TaKoro 

MeXaHH3Ma, KOTOpbifi OOCJie sanycKa ero B COOTBeTCTBHH 

c iJaNNbl.Mll 110.nneiKaw.ero perneHHIO eonpoca npo.nOJI)KaeT CBOH 
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JJ.BIUKeHIHI perynstpHO, nocneJI.OBaTeJibHO " HeyKJIOHHO 8 Hanpa­

BJieHMM Tpe6yeMoro peUieHH51, TaK KaK 9TH JlBHiKeHMH, XOT51 6hl 

M CJIO)l{Hhle, HHKOf .ua HeJib351 npe.uCT8BMTb ce6e MHalle, KaK 

KOHeqHblMM M onpe.ueJieHHbIMM» 1), 2
). 

2. 8blqHcJIHTeJibHaH MamHHa KaK MaTeMaTaqecKHi 

aneMeHT 

VIHTepecHo Mccnen.oaaTb ponh Bbl'~MCJIMTeJibHOtt MarnMHb1, 

l\Of .ua OHa paooraer c BXOJlHbIMM JI.aHHhI;>.1Ht nonyqeHHbl:\:111 M3 

9KCIIepMMel-ITa. 9TH Jl8HHbl~ 51 BJISHO fCH pe3yJibTaTOM HaOJIIO,ll,eHMti 

Ha,ll, HeKOTOpott 4>M3M4eCKOi-t CHCTeMoi-t, H cepHH HaOJitOJI.eHHU 

.n.aeT oobJqHo HenpepblBHYIO cl>YHKUHIO f (t).. TaK KaK BCHKast 

4>M3MlfeCKaSI CMCTeMa MMeeT KOHeqHyIO WHpMHY IlOJIOCbl, TO 9TO 

OTHOCHTCSI TaIOKe M I< f (t). 

1) E d g a r A. P o e, Maelzel's Chess Player, 1836. 
1) 06m1:1e no:iom:emu1 sroro pa3ne.11a Haao1v1r Ha c.11eJJ.y10w.1:1e pa3· 

MbifilJJCMl:ISI. i1TaK, M3filHHa He C03)laer HH<)>opMauuH; HHaqe fOBOpR, HMKa­
KaH nocJie,UOB3TC3bHOCTb MaTeMaruqccKHX 1:1 JlOrMqecKHX .D.ellcrBMll He 
npl:IBO)lHT K fiOHBJieHMIO HOBOH HmpopMaUMH (Mbl ocraa.ruieM B CTOpoHe 
MHrepecHeth1111i1 Bonpoc o TOM, KaKoBa m:e .neficrsureJibHaH npupo.na 
KaKoro-.11:160 ucmott1tu1Ca MH<j>opMau11:11). CJienoaareJibHo, pemeHue nocma .. 
B.1teuuoii saiJattu ue iJaem na.M fl080U uutjJop.Maquu. Hosag MHcpopMauuR 
He co.neplKMTCH T3KlKe HM B T30JIHU3X, HM B cnpaBOllHMK3X M T. n. 3ro 
ym:e Mom:er noKa3aTbCH crpaHHblM, XOTSI HeCOMHeHHblM o6pa3oM BbITeKaet 
113 npMHHrblx onpe.ne.11eH11A. Ho B TaKoM c11yqae Oll\Ymaerc11 HacroRTCJibRaR 
Heo6xo.nMMOCTb BBe,UeHMSI elll.e KaKofi-TO HOBOA KareropHH, - Mo>Ker 6b1Tb, 
He HmpopMaUHH, - KoropaSI Bb1paiKaJia 6bl scp<)>eKr, T. e. noJte3Hblti pe­
ayJJb rar paoorb1 Bb1quc.1MTeJibHOH MaIIIHHbt. Eo.1bIIIaS1 Bb1q11c.11MTeJ1bHaH 
M3IIIHHa CTOl:IT noporo M 3arpatmBaer 3H3qHTCJibHYIO MOlllHOCTb, npespa­
Ul3SI ee B renJio. (113BeCTHO, qro TOJibKO npo6JIC?\ta OXJI3lK)leHMH M3IIIl1Hbl 
npencraBJJHCr HeMaJible rexHuqecKHe rpy JlHOCTH.) 4 ro me Mb1 no.11yqaeM 
or ~a111uHb1? Mbl noJiyqaeM or Hee pe3y.11brar nepepa6om1Cu MH<J>OpMauun 
no 3a.D.aHHoA nporpaMMe. 3ror pe.3yJihTaT HMeer onpe.ue11enHy10 uenHoCTh, 
H Mbl Mor.'ll:I 6bl BBeCTH KO.'JHqecrBeHH}'IO Mepy eme He Ha3B3HHOA BeJIH­
'IHHbl, xapaKrepH3YIOllleA 110.1e3HblH act>cpeKr MalllHHbl. 3ra KOJIH'leCrBeHHafl 
Mepa, oqeBM)lHO, CBSl38Ha co CJIOlKHOCTbIO o6paoOTKH " MOfJia 6bl 6b1Tb 
Henocpe.ncTBeHHO BblpalKeHa qlJc.rIOM 9JieMeHTapHbIX apHct>Mer11qecKHX nett .. 
CTBHH B JJ.BOIPIHOH CHCTeMe cqHC.i'IeHHSI. (3aMeTHM, qro npaKmutteCICOU 
xapaKrepl:ICTHKOH M8IIIHHbl SIBJIHeTCH H~feHHO qMcJio 3JieMeHrapHbIX onepa­
UHH B ceKJHJlY· Mb1 o6cym:naeM, onHaKo, npHHUHIIHaJibHYIO cropoHy 
.n.c:rn.) 

Jlo BBe,lleHHH onpe.neneHHoA se .. 'lH'IHHhl, xapaKTep1:13y1011leA no.1e3HLIA 
pe3yJibT8T pa6oTbl BblqlJCJIHTeJibHOH M3IIIHHbl, HeB03MOiKHa HHKaKa$1 pa3-
YMH8R oueHKa s<P~cKTMBH:Jcr1:1 Mam11Hbl. (IlpuM. nepea.) 
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Umpponasi BhI11Hcn11TeJibHast Mam11Ha paooTacT c JI.HCKpeTHhIMH 

c11rHaJiaMi1. Onepaui-u1 OTC4nT&IBaHHst s T04HOCTH cooTBeTcTuyeT 

33Jl34e, oocy>KJI.eHHOfl B pa3JI.eJiaX 6 ff 7 r JiaBhl 8. ECJiff Mbl 

XOTHM HCil0Jlb30HaTb BCJO HHcpOpMauHJO, co.uep>KaIUYIOCSl B He­

rrpepbIBHOtl cf>YHKUffff, TO Mbl Jl,OJI>KHbl 83SITh OTC4eTbl c HHTep­

B8JIOM 

1 
0= 2 , fm=f(mO). 

"At 
( 19.1) 

HcxoJI.HaH cpyHKUHH f rrpaKTH4eCKH orrpe,LI,eJieHa TOJihKO Ha KOHell­

HOM npoMeiKyTKe BpeMeHH 't, HO JlJISl flOJiyqeHHSI T04HOit MaTeMa­

THlfeCKOtl aa.ua4H Mbl JlOJI>KHbl ycTaHOBHTb flOBe,ll.eHHe cf>YHKUHH 

OT - oo .n.o + oo, KaK Mbl CJleJiaJIM B paaJI.eJie 6 r JiaBhl 8. 
IlpeJI.rIOJIO>KHM CHOBa, 4TO MhI HMeeM nepHO.UH4eCKYJO cf>YHKUHIO 

c. nepMO.UOM 't' y Jl,OBJieTBOpSIIOWYIO ycJIOBHJO ( 8.52). Ha BXOJI. 

M3lllffHbl nocTy11a10T N OTC4eTOB f m' " eCJIH 't aeJIHKO, TO Mhl 

ffMeeM: 

N=2VM't (19.2) 

(CM. (8.51 )). no 9THM OTC'~eTaM Mbl MO>KeM H3t1TH K09QJQlffUHeHTbl 

<l>ypbe, ff Haooopot (cM. 8.63) ff (8.63a)): 

N 
A __ l ~ °' e-inmw09 
n- N j,., Jm ' 

m=l 

+nM 

J m = I Aneinmwo6. 

n -nM 

(19.3) 

{19.4) 

MallIHHa oopaoaTbfBaeT OTC4eTbl f m ff JI.aeT BblXO,ll,Hble 3Ha4eHffSI 

~P. = Fµ {/1 • • .f m ••.JN). {19.5) 

Boo6me rosopH, cf>yHKUffff F µ' 11peJI.CTaBJist10mue nporpaMMY 

BhI4HCJieH11S1, MoryT 6bIT& oqeHh CJIO>KHhIMH. EcJIH, OJI.HaKo, MhI 

orpaHff4ffM csoe paccyiKJI.eHffe AUHeuuou .Mame.MamuttecKou 
aaoatteu, ro onepau11S1 6y,LI,eT npeJI.cTasJieHa MaTpttuett {Mµm) 

Iv 

4P. = I Mp.mf m• ( 19.6) 
m-1 
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M 9Ta MatpMua Bbipa'IKaer nporpaMMY ehlqMcneunH. MbI uMeeM 

N pa3JIMqHhIX 3HalleHMt:t m Ha exoJI.e, HO MhI MO)KeM HMeTb 

HHoe q11cno N 1 3HalleHMt:1 p, Ha BhIXOJI.e. Bo3MO)KHO TaK)Ke, qTo 

HMeeTCSI HeKOTOpaH H30bITOllHOCTb KaK BO BXOJI.HblX, TaK H B 

BblXOJI.HblX Jl.3HHblX. ECJIH Mbl He XOTMM H3MeHHTb IIIHpMHY DOJIO· 

chl CMCTeMhl e ueJioM, TO Ha1110 N 1 shIX.o.nuhlx JI.aHHbtX noTpe­

oyroT HHOt:l D.JlHTeJibHOCTH 't1 D.JISI HenpepbIBHOf:t Q>yHKUMH Ha 

BblXOJI.e 

Ni 

qr (t) = ! ~pfi' (t - p.6), t 1 = N,9, (19. 7) 
11 ==I 

KOTOpaH BOCCTaHaBJIHBaeTCff no npaeHJI8M rnaBbl 8 (CM. (8.60)) 
H MO'IKet OblTh cuoBa paaJio>KeHa B psiJl <l>yp&e (KaK a (8.58)) 

+~M 

qr (t) = ~ 11.ilelioo 1t, 

~=--~M 

l 
Vi=--, 

't1 

21t 
0>1 = - . (19.8) 

't1 

CooTHorneuue Me'IKJI.y K09QJQJHUHeHTaMH <l>yp&e a.~ u oTclfeTaMu 

BblXOD.HOt:l cl>YHKUHH ~u. B TOqHOC'fH TaKoe '/Ke, KaK B (19.3) 

Ni 

11.~ = k ! <}p.e-lilp.m19, 

p.= I 

(19.9) 

Via (19.4)-(19.9) Mbl MoiKeM Henocpe.ncrseHHO nonylfHTb cooT­

HorneHHe Me*.nY sxo.nHhlM cneKTpoM An H BbIXO.D.HbtM cneKT­

poM tl~, npeiu1onaraH JIMHettHoe sblq11cneH11e, npeJI.cTaBnsieMoe 

MaTpMuet:t Mµ.m: 

M A el(nmwo- ~µ.w1)8 
11m n • (19.10) 

EcnM Mht nonoiI<MM, qTo lfHCno N 1 sbIXOJI.Hhix JI.3HHhIX paeHo 

4Hcny /\l sxOJI.HhIX .uaHHblx, TO cpopMyna ynpomaeTcH. MatpMua 

M ecTb KBaJI.parHaSI MaTp11ua M 

Ni= N, 't1 = 't, 0>1 = wo, nJw = ~M,. 
N N ni\t 

,, _ 1 ~ ~ ~ M A ei\tim-t11Jwo& 
""~ - N l,., 1.- 1.- 11m n • (19.11) 

µ.==I m-l n;;;;;;;c-JJM 
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r.ne - nM ~ ~ ~ nM. Ben11q11Ha (nm - ~p.) eCTh nonOiKHTeJJhHOe 

HnH OTPHUaTeJJhHOe uenoe 4HCnO, a K09cpcpuu11eHThl a.~ BbIXOJI.HO· 

ro cneKTpa SIBJISIIOTCSI pauuouaJibHbIMH cpyHKUHHMH apryMeHTa 

---
Z = e-iwo~= e "t"M • (19.12) 

9Tn cf>opMyJihl UOJIHOCTbIO no.nKpenJISIIOT T04KY speHHSI, pa3· 

BHTYEO B npeJJ.hIJJ.YllI.eM pa3)1.eJJe: MalliHHa oopa6aThIBaeT HH¢op­

MaUHEO, Ho He npoH3BOJJ.HT HHKaKott: Hoaott: HH¢opMaUHH. One· 

paUHSI M0)1{€T BWilOJJHSITbCSI B OOpaTHOM nOpHJJ.Ke, eCnH MaTpHUa 

H€CHHryns:1pna " MOiKeT OblTb oopameHa. 3TO 3Ha4HT, qTO 00· 

paTHaH Matpuua J MOiKeT OWTh HattJJ.eHa 

(M) (J) = (J) (M) = 1. (19.13) 

06osHa'IHM qepes lm'p.' 9JI€M€HTbl 9TOlt o6paTHOlt MaTpHUhl, 

npellCTaBJISllOlll€1t nporpaMMy oopaTHOrO ,nettCTBHSI MalllHHbl. 

y CJJOBMSI ( 19.13) 03Ha4aEOT: 

tJ. = p.', 

N 

! lm•v-Mv-m = amm' , 
p.-=I 

l 
I 

(19.14) 

H OOpaTHOe ,nettCTBH€ MaWHHhl 11peJJ.CTaBJJSI€TCS1 C00THOilleHH€M, 

CXO)J.HhlM C (19.11 ): 
N N n1H 

A 1 ~ V '\1 lm'µ' a..s' ei(~'p.'-n'm')woa. 
n' = N ..1'.i i,,,; ~ . (19.15) 

m' = l µ.1 == I W=-nM 

lloKa3aTeJibCTBO H€TPY.ll.HO H ucnOJih3yet ( 19.14) COB.M€CTHO c 

(8.63b ): 
N 

J_ ~ eipmwo0 - !' NL -opo 
m=l 

IlOJJ.CTaB.'ISISI ( 19.11) B (19.15), 

{ 

1, p=O, 

0, p =;t:: 0, uenoe. 

nonyqaeM (npH ~· = ~): 

(19.16) 

4 I - _l '1 I . 'M A et i..nm -n'm 1J Wo~ .oi~ 1 \p.' - p.Jwo~ ( 19.17) 
' n - NS .l,. · m p. 11m n "" • 

m'p.'p 'p.mn 



31 BMqucnHTBnhHA~ MAUIHHA KAK 9nBMBHT CXBMM 853 

CyMMHpoaan11e no W a nocne11HeM 3KCnoHeHuHaJibHOM MHO)l(M· 
rene H 11crronhaosaHHe (19.16) .uaer aµ.' -p.. o. orKy aa p.' =fl· 
3aTeM Mhl BhlQMCJISieM CyMMY 

!lm•p.Mp.m 
fJ. 

M nonyqaeM m' = m B COOTBeTCTBMH c (19.14). Ilocne,UHMft 
mar COCTOMT B cyMMHpOBaHMM ei (n - n') mwoO rro m, QTO .uaer 
n = n' cor nactto ( 19.16), raK qro OKOHqarenhHO Mhl nony1.1aeM: 

An=An, 

qro 11 rpeoosanoch aoKa3ath. 
Mb1 rronyqttJIM rronuoe npeacraaneHue MarnMHhl, paooraromen 

no JIHHefiHOtt OopaTHMOtt nporpaMMe, npH4eM HHcpOpMaUHSl He 
repHercsi, HO 11 He Co3.uaercSI aaHoso. Heoonhrnasi norepH MH· 
cpOpMaUMH oy 11er ooyCnOBJieHa OKpyr JieHHeM OI.IJMOOK BblqHCJie­
HMSI. BhlQMCJieH:ne no JIMHefittoO nporpaMMe, npe.ucrasnHeMOO 
npSIMOyrOJibHOfi Marpnuefi M, oy aer TepSITb HHQ>opMaUHIO, eCJIH 
N1 < N, nao.uMTb M30hlTOQHOCTb, ecn11 N1 > N. Hen11ttefitthle 
nporpaMMhI (CM. ( 19.5)) uccneaoearh rpy ,llHee. 

Mh1 oocy .UMM s cne.uy10meM pa3.uene HeCKOJibKO HHy10 aa.ua­
'ty, co0Tsercrsy10my10 B03MO)l(HOMY HCilOJib30BaHHIO BblQHCJIH• 
reJihHOfi MalllMHhl. 

8. Bbl11HCJIHTeJibHaH Mameua KaK e.11eMeHT cxeMb1; 

OTC11HTblBaHHe H BOCCTaROBJleRHe 

Bb1q11cn11reJihHaSI MarnMHa Mamer ohlTb sseaeHa a cocraa 
CMCTeMbl ynpaBJieHMSI, lJTO npHBO,UMT K MHOf MM Ba)l(HhIM: rrpH­
MeHeHMHM.. 3ra npooJieMa noapooHO HCCJie,lloBaHa JlMHBMJIJIOM l) 
11 3a.rihuepoM 2). 3.uecb n.aHHbie 11onyqa10rcsi 113 HaOJIID.lleHMft 
Ha.U HeKOTOphIM MeXaHH3MOM, a pe3y JlbTaThI BhIQMCJieHMit MCnOJib-
3yIOTCS1 11nSI ynpasneHMH paoorott 3Toro MexaHH3Ma. Bhl4HCnH· 
reJihHaH MalllMHa SIBJISieTCH lJaCTbIO CHCTeMhJ ynpasJieHMH H ,llQJI)l(­
Ha paccMarp11saTbCSI KaK 3JieMeHT cxeMbl. CHcreMa ynpaanenHH 
B ueJIOM pa6oraer c HenpephIBHhlMM CMrHaJiaMM c KOHeQHOO 

1) W. K. Lin vi l l, nncceprauHH MIT, 1950; PIRE 40, 230 (1952). 
2 ) J~ 1'1.. Salzer, llHCceprauirn MIT, 1951; PIRE 40, 231 (1952); 

41, 901 (1953); 42, 457 (1954); noK.1an e rp}'mle 3JieKrpoHHKH l~E, Ma.A 
1952; CM. raKiKe Hughes Aircraft Co. Memo N2 338, 1954. 
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mupnHoA TIOJIOCbl, a Bbl'lHCnHTeJibH351 M3lllHHa rrpHMeHSieT .l{H­

CKpeTHble aHaqeHHH. OT n11q11e oT npooneMw, oocy)K.rteHHott B 

npe.rtDJ.nymeM paa.rtene, cocToHT B TOM, llTO Mhl nonaranu panee, 

4TO pacnonaraeM 1l.JIH BW4HCJieHH51 nOJIHOH COBOKyTIHOCTbID .rtaH­

HhIX, COOTBeTCTBYIOIUHX 3aKOHl1eHHOMy 3KCnepHMeHTY 1l.JIHTelJb· 

HOCTblO 't, H llTO Mbl OOCYiKD.3eM peayJihT3Thl H3 D.OCyre, nOCJle 

Toro KaK 9KCnepnMeHT aaeepllleH. 

B cucTeMe ynpaBJieHHSI Mhl JlOJI)l{Hbl npouaBOJlMTb ablqucne­

HHSI HeMe.rtJieHHO, HCHOJih3Y51 ace .l{3HHhie, nonyqennble BTIJIOTb 

.l{O TeKymero MOMeHTa t, JJ_.1151 Toro, QTOObl ObITb B COCTOSIHHH 

ynpaBJISITb paooTott MexaHH3Ma KaK MOiKHO cKopee. B TaKott 

aa1l.a4e nonHaH .rtJIHTeJihHOCTb 3Kcnep11MeHTa 3apaHee ne onpe­

JleJieHa. MeToJJ. npe.a.hi.rtymero paanena nontKeH OhITb aaMeueH 

meHHOHOBbIM MeT01l.OM OTCQeTOB (CM. pa3.rteJI 7 rJiaBhl 8). 
,UJISI Toro QTOObl HCflOJib30BaTb BCID HHc}>OpM3UHID, Co.rtep)Ka­

my1ocSI a npoxo.rts:tmen nonoce, oe3 ese.rteHHH HeHyiKHOi1 uaobl­

TOQHOCTH, Mbl onSITb 6epeM OTCQeThI C HHTepB3JIOiM 0 (CM. ( 19. l )). 
HcxoJlH351 cpyHKUHSI MO)Ke·r OhlTh aoccTaHosneHa cor nacHo (8.69) 
c noMOlllblO MMny JlbCHbIX cpyHKUHfi: 

sin 21tv Mt 
gs (f) = 2 

1t'IM t 

f (t) = 'Y.J mgs (t- mB) = .­
m 

(19.18) 

VM 

S A (v) el2~•t dv. (19. l 9) 
v=-~M 

YIMnynhCHhre cpyHKUHH Cs npoCT11paIOTCSI Ha HeKoTopoe paccTost~ 
HHe KaK enepe.rt, TaK u Has a.rt. 9To 3Haqnr, qTo cpyHKUHSI f (t) 
B MoMeHT t He MO)KeT ObITb Hafi.rteHa, ecn11 MbI pacnonaraeM 

TOJibKO npolllJibIMM 3HaQeHHflMH (m < 0). 
JlHHBHJIJI npHMeHSieT 1l.pyryID HMflYJibCHyID cpyHKUHID gl (t), 

npeJI.CTaBJISJIDIUYID OQeHb OCTphifi HMny JlbC, noKa3aHHbifi Ha 

puc. 19.1. Mw MO)KeM onpe.neJIHTb T3K00 OCTphli1 HMny JlbC <f>op­

MY JIOH, CXO.l{HOfi c ( 19.18): 

( 19.20) 
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f ,a;e Vt> VM • nonyqeHHaH TaK11M 

tteHa /(t): 
o6pa30M <PYHKUHSI 0003Ha-

"1 

j(t)= ~fmgL(t-mO)= s A ('1') et2r."t dl. (19.21) 
m 

113 (19.18) H ( 19.19) HaXOJJ.HM: 

A ('1) = 2v~ !J me- i2"•mB, - 'IM~ 'I~ 'IM ' (19.22) 
m 

Tor 11a KaK ( 19.20) u ( 19.21) 11a101: 

A- ('l) = _l ~ F e-i2TCv'm8 --- , --
F 2v1 "-'.' m , - Vi = v = 'Yt• (19.23) 

m 

-CpanH11nasi (19.22) 11 (19.23), MhI 3aMeqaeM, qTo cneKTp A (v') 
coenaJJ.ae1 c A (v) e ooJiaCTH H113K11x 4aCTOT 11 socnpo11saoJJ.11T 

--------- t (t} 

I . 
I . 

1/ 
:1 ./t 

8 (J s 
P11c. I 9.1. V1MnynhCHble <PYHKUHH llleHHOHa (1) u Jh1H .. 

BHJIJia (2) llJIR BOCCTaHOBJieHHH <l>YHKUHH f (t). 

9TOT cneK1p nepMO,llHqecK11 s ooJiac111 ooJiee BhlCOKux qac101: 

- vM 
A (v') = -- A (v), 

\11 
(19.24) 

M ecnH Mbl B03bMeM, H.anpHMep, VM ~ v E:;;; 3vM " DOJIO)l\HM 

v' = v + 2v "tt , TO 

A (11') = i,1 ~/me i2,.•mb-i21'm = ~~ A ('1), (19.25) 
m 
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T aK KaK 2" A1 6 = 1. Booome, ecnu 

(2k- 1) VM ~ 'J~ (2k+ 1) VM, 

TO Mhl oepeM 

- VM 
A ('I')= -- A (v). 

V1 
(19.26) 

IlOJJ.bITO)i{HB3SI 9TH pe3yJihT3TM, Mhl HMeeM: 

(19.27) 

MeroJl. orc4eroa JlHHBHJIJia JJ.aer cpyHKUHJO ](t), KoTopasi ner .. 
KO MO)J:(eT OhITh BhlQHCJieHa no npornJihlM 3HaqeHH5JM, TaK KaK 

ee HMny JlbChl qerKO JIOKaJIH30BaHbl. 0Ha OTJIHqaercsi OT HCXOJI.­

HOM cpyHKUHH .llOOaBOQHblMH cneKrpaMH BblCIIIero nop51,n;Ka. Ilpo­

uecc BOCCTaHOBJJeHHH CBO,llMTCff K npoCTOtt cf>MJJbTpauuu, coxpa­

H5JIOlUeti roJibKO nonocy I '> I ~ v M • 3ra onepaUHS1 JJ.aet cHoea 

ucxo11Hy10 cpyHKUHJO f (t) c TOQHOCThlO 110 nocrOHHHoro MHO)J:(M· 

ren.a v M / v1• 

4. B&11utcJ1enee no 0Tc11eTaM e MOMeHT t 

BhIQHCJieHue se,n;ercH no ,n;aHHhIM, HsaecrHMM s MOMeHT t. 
BxoJJ.HhIMH Jl.aHHblMM SI BJI S110rcst: 

(19.28) 

BMXO.ll.Hble ll3HHhie, KOropwe MOiKHO nonyqHTb 8 9TOT MOMeHT) 

(19.29) 

EcnH BblQHCJieHue npoH3BOJJ.HTCSi no AllHeUHOU npo2pa;u;ue, TO 

Mbl MO)J:(eM sanucaTb COOTHOIIIeHue (3aJibUep): 

k1 h1 

i'm
1

-+ ,! b,, (mt) ~m, -k = ! a,. (mt) frn
1 

_,., ( 19.30) 

·-· h-0 
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r ,ae HCnOJibSYIOTCR k1 paHee BhltfMCneHHblX auaqeHHtt H hi + 1 
nocJie4uux sxo..a;HblX ..a;&HHhlX. Kosc1>c1>11uueuTY bk, ah MoryT sa· 
enceTb or epeMeuu (t1epea m,). Ba)KtthlM cnyqaeM J1BJ1J1eTCJ1 
AUHeil.HaR, He 3Q8UCR'14QR om 8 pe.MeHU nporpaMM8 BYqHCJieHHH 
c nOCTOSIHHhlMH K09qxpHuHeuraMH bk H a,,,. 3aMeHSISI BYXO,ll.Hhle 
SHatfeHHSI ~mt-• HX JIMHeftHbIMM BYpa)KeHMJIMH qepea BXOllHYe 
anaqeHHSI. MOlKHO aanHCSTb: 

"• 
'lim1= ! chf m1-h' 

h-0 

(19.31) 

t.tncJio qJieHOB cyMMN h9 eeJIHKO H MO>KeT Jl&>Ke CTaTb 6ecKo­
ue11HhlM, ot5paayH t5ecK0Het1Hhlfi pHJl. 3ra q>opMyJia noaso11S1eT 
cAe11arb cpasneuue c peayJibTaTaMH paa4eJia 2. 

803bMeM 

m1=p., m,-h=m, h=p.-m, 
p.-h51 

414 = ! C14-mf m• 
m=p. 

Cpasuusag c ( 19.6), nonyt1aeM M&Tpuuy npeot5pasoeanna 

0, m> fl, 
1.L - h9 :e:;;; m :e:;;; p., 
m<1.1.-h9. 

3ra Marpuua npe4cTasneua Tat5Jiuuen 4J1H h2 = 3: 

lo 1 2 3 4 5 6 1--p. __ ........._ ________________ _ 
0 I C0 Ci C2 Cs 0 0 0 0 

t lo ~ ~ ~ ~ o o o 
2 I 0 0 C0 Ci C9 Cs 0 0 

3 I 0 0 0 c0 c, C2 c3 0 

4 lo o o 0 

l ,,, 

(19.32) 

(19.33) 

(19.34) 

(19.35) 
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3neMeuTbl Marpnuw uu)Ke n.uarouann pasubl uyn10. Bee crpo­
KH HM€IOT 0l(HH3K0Bble nOCTOSIHHLle K09Qxl>HUH€HTbl, npocro CMe­
meuuble ua p. noauuun snpaBo. 3Ta cneunanbHaH MaTpnua 
Jlaer 6oJiee npocr&1e pe3y JI&Tathl, lleM (5onee o(5w.aH MaTp11ua 
p33Jl€.113 2. 

5. Kos4>4>HUHeHT nepeJJ;attH BblttHCJJHTeJibHoA Mamnnw 

HccJieJlyeM COOTROW€HHe M€iKJlY BXOJlHblM H BhlXOJlHhlM 
cneKTpaMH. npeD.CTaBHM <l>YHKUHH I H 'I> HHTerpaJiaMM <l>ypbe, 
K3K B ( 19.12), H IlOJIYllHM: 

"M 

Im= S A (v) el2'i•t dv, t = mfJ, 
_.,M 

'M 

'l>m = s a. ( v) ei2x•t dv, 
-vM 

(19.36) 

(19.37) 

floJlCTaBHM 3TH BblpaiKeHHH B (19.30) H nonyttHM HHTerpallhl c 
e2rcivt dv B 06e11x ll8CTSIX. JlesaSI Q3CTb HMeer MHOiKHTeJib 

k1 

a (v) + 2: bka. (v) e-i2"•k9, 

k==I 

ror lla KaK B npa eott qacTu nMeeM: 

hi 2: a hA ( v) e-12"•ho. 
h=O 

(19.38) 

(19.38a) 

TaK K3K o(5e <l>YHKUHH B ( 19.30) paBHblt TO pasuhl H HX npe· 
00p330BaHHSI <l>ypbe! 

Gt (v) + 1>k« (v) e-i2ulr8:::: !·a,.A (v) e-1211•llO, (19.39) 

" h 
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Ha 9TOro COOTHOllleHHH HaXOJJJIM K09cpqnu~Htnr nept:AdllH 

h1 

_! ah e- i2it-v h.9 

cl ('1) h==O 
W('J)= A('i)=--k-,---

1 + ! bke-i2ttvk6 

k=I 

= 0 0 + 01Z + 02Z
2 + ... + ah1 zhi 

1 + btZ + bsz2 + ... + bk
1 

zk1 ' 

(19.40) 

Jl310lllHR OTHOweuue BbIXOJJ.HOro cneKTpa K BXO)'.lHOMy lf.JIH pac­

CMaTpHnaeMolt BbIQHCJIHTeJihHott MamHHhI. Ko9cpcpuuueHT nepe,llal!H 

BMpa:>KaeTCH pauHOH3JihHO" <PYHKUHe" apryMeHTa 

z = e- i2tt'rl9 , (19.41). 

t')'.le a - HHTepaaJI OTClleTOB. BeCbM3 npHMellaTeJibHO, qTo T31{0· 

ro pO,lla Bhl4HCJieHHe, KaK npe.IlCT3BJieHHOe BbipalKeHHeM ( 19.30), MO· 

iKeT oblTL uccneJI.oBaHo 9THM MeTOJI.OM u )'.laeT Ha K31KJI.o" qacTo­

te BhlXOJI.HOil cneKTp (1 (v), 38BHCHW.Ht:t TOJlbKO OT BXOJJ.Horo 

cneKTpa A (v) Ha Tot:t :>Ke qacToTe. Ko9cpcp11u11eHT nepe.u:aqH 

(19.40) own noJiyqeH 3aJihUepoM H noasoJIHJI eMy paccMoTpeth 

uenbltt pH.Lt aaitaq, e KoTopwx BhillHCJIHTeJ1hHh1e M3llIHHhl u oohl4-

uhle cxeMhl <5hlJIH o<5·heJI.HHeHhl B CJIOiKHYIO CHCTeMy ynpasneHHff. 

Mw Mor JIH Ohl c paBHhlM ycnexoM HaqaTh c ( 19.31 ), r .Ile 

npe,llnoJiaranoch, QTO pemeHHe npe.lI.hl.Ilymet:t CHCTeMhI noJiylleHo 

l(nH Toro, llTOObl HCKJII04HTb ~m-k• 3TO COOTHOllleHHe )'.laeT, KaK 

H npe>Klle, 

hs 

W (v) = ~~~) = _! c,.e-;2 .. vhO (19.42) 
h=O 

- MHOroqneu unn <5ecKouet1Hhlt:t. pH.Il no z. 
Bee ~To paccyiK.lleHHe nonHoCThIO cor nacyeTCH c: TOQKOlt 

apeHHH Ha poJib BblQHCJIHTeJihHOlt M3llIHHhl, pas BHTOtt B npe.nhI­

llYlllHX p83,lleJiaX: Bhl4HCJIHTeJihH8ff M3WHH8 npeJI.CT3BJISieT COOOlt 

aBTOM8THt1eCKOe YCTpOltCTBO l(Jli oopa(50TKH HHct>OpM8UHH, Toquo 

TaK me KaK cTaHoK 0<5paoaTh1aaeT KYCKH MeTanna. HosaH HHcpop· 

M3UHH He C03,U.aeTCSl, H Ha BhlXO)'.le BhllJHCJIHTeJihHOlt M3llIHHbl 

nonyttaeTca B TOllHOCTH TO iKe KOJIHlleCTBO HHcpopM3UHH, KaKoe 
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HMeJIOCb Ha BXOJ(e (B u4eaJ1bNOM cnyqae (Sea noTepo), TOJibKO 
.n;pyrnM o(SpaaoM KOJJ.Hposattnoe. 

Mhl ocHosblea.110 Hawe paccymJJ.eHue Ha Mero,a;e <l>ypbe, ror­

• s•2i!J 

•S+lQ 

0 
•s-t!J 

Puc. 19.2. ropH30HT8JlbHble no­
JIOCKH Ha KOMOJleKCHOR nnOCKOCTH ... 
s, a Kotop1>1x 3Haqeuu.a A (s) no-

etopHIOTC.R. 

"" 

na KaK JlHHBHJIJI H 3aJibUep npu­
MeHSIJIH npeo(SpaaosaHHe Jla­
n.11aca. Ooa MeTo,a;a sKsHea.11eHrHhl, 
u c}>opMyJibI 3a.11buepa Moryr 
(SbJTb nonytteHLI npocTott aaMe-
1:1ott iw Ha s: 

S=iw,. w=-is, } (l 9.43) 
z = e-.1w9 = e-s9 • 

llJIH o(SlllHOCTH peKoMeHityeT­
Cff paCCMatpuearb s KaK KOM· 
nneKcHy10 senuquHy, HO 6 (nHrep· 
sa.11 orc11eToB)- seer JJ.a semecr­
seHHasi se.11uquna. Mhl Haw.110, qto 

.... 
.u.ncKpeTHhle itaHHhle f (t) HMelOr 

nepHOJJ.nqecK,ntt cneKTP A (v) (cM. paaJJ.eJI 3): 

A(w+n&?)=A(w) (n-uenoe) }t 

21t 
&? = 41t'VM = 0 - eeruecrseHHO. J 

H (19.44) 

3ro CBOhCTSO nerKO nepeseCTH Ha nepeMeHHYIO s, qro 03Ha4aer: 

,.., .... ( 21tin) ,., A (s - in Q) = A s - T = A (s). (19.45) 

-B nnocKocru KoMnneKcnot1 nepeMeHHOh s c}>yHKUHH A npH-
HnMaer onnHaKOBhle sHaqeHHSI s cne,a;y10w.ux ,a;pyr aa ,a;pyroM 
nonocax, KaK noKaaaHo Ha puc:. 19.2.. Ecnu cpyHKUHH uaseCTHa 
B npe.z:r:enax o,nHof1 us 9THX nonoc (HanpuMep, s samrpuxosaH­
Hoh DOJIOCe ), TO OHa usseCrHa Ha seen DJIOCKOCTH, TaK K8K 
oepHOJlHqecKH nosropsteTCSI Ha .llPYfHX nonocax. 

6. CxeMhl, co11ep•aDlHe Bhl'IHCJJHTeJJbHy10 Mameny; 
npooneMa ycToftqasocTH 

npe,a;hl,LJ;ylllee HCCJie.z:r;oBaf-lHe DOKa38JIO, llTO SblllHCJIHTeJibHaH 
MamnHa, paooraioruag no aaJJ.aHnott nporpaMMe, Momer paccMa~ 
Tpuea1bCSI KaK SJieMeHr cxeMhl c onpeJJ.eJieHHblM Koscpc}>uuueHTOM 
nepeitat~H W (v), aasucsiw.nM or 11ac1'orbl "· Kor ,a;a BbllfHCJiure.11b· 



\.X IDlhl, co.am >ii\ AIUIIE Bf ,f 'l 11 CJJ HTE!IbH y IO MAllJHf f y 

uaH Malll1111a BKJI10qe1:-1a nocJie.rr.oBaTeJJhHO c oohJIJHOfi cxeMott, TO 

OCTai1lbHa5l lJaCTh cxe:vthl xapaKrepwsyeTC51 JlpyrHM K09cpcpHUH€HTOM 

nepe.rr.a11H W1 ( "), H CHCTeMa a ueno:\'I H:\ieeT K09cp<f>uuueHT nepenaqu 

Wtotal ('1) = U? (·~) \\71 ('t). (19.46) 

9To 3aMeqaHHe no3BOJIHeT o6cym.rr.arb 3a.rr.aqy o cxeMe c aw 4 

llHCJurreJJbHOfi MalIJHHOH, c.11enyst xopolllO H3BeCTHblM l\t€TO)laM 

TeopHH uerrefi. Xapa1<Tepno, qTo K03cpcpuuueHT nepe.a:allu W (v) 
BblljHCJIHTeJibHOfi MaUH1Hhl eCTb pauwonaJibliaSI cpyHKUHSI nepeMeH .. 

notl z ( c:v1. 19.41 )), ror.u.a KaK OObI4HaH cxeMa HMeer 1'03cpcp11-

u11eHT nepeJI,a4H, pa1u1oua.'lbHblH OTHOCHTe.ilbHO w. 
OJI,HHM H3 ea>KnhIX nonpocoa nccne.a.osaHHH HBJisie1cS1 npoo-

11eMa ycnzouttll80CmU. 8hIQHCJIHTeJJbHa51 MallJMHa MOil<eT yMHO/KHTb 

·(llyHKUJiIO f (t) Ha MHO>KHTeJih C, · · 
.U.efiCTByH, TaKH:'vl Oopa30M, KaK !(t) f;(t) 
)'CHJIHTeJlb. nporpa:MMa OOUlefO 

BH.U.a, paCCMOTpeHHa51 3an&uepoM 

(pas.u.en 4, paaencrao ( 19.30)), 
. 

HCnOJJh3yeT HeKOTOpoe 'IHCJJO PHC. 19.3. y CHJUJTeJJh a: c o6par-
rrpeil(HHX BblXO)lHblX 311aqeHHfi HOti CB.ff3bl0 ~. 

)J.JISI BbJljlfCJJ€HHH BhlXO.ll!-IOfO 3lia-

4eHH51 B MOMeHT t. 3To 3Ha4HT, lJTO nporpaMMa Tpe6yeT CHCTeMbI 

OOpaTHO.ii CBHBH. ECJHf ~alllIIHa paooTaeT B Ka4eCTBe YCll/llUne/lf/ 

C oopamHOU C8f/3bl0, TO Mhl )lOJJ>KHhl, pasyMe€ICSl, OOCyJJ.HTb 

npoOJJeMy ycTofiqHBOCTH, T 8K KSK yCHJJHTeJ1h C OopaTHOfi CBSl3bl0 

Mo:n<eT no.u..u.epJKI'iaaTh nesaryxa1omwe Koneoa1-111H, ecJJR oopaTHaSJ 

CBSJBb .U.OCTaT04HO CHJJbHa. 

IlocKq.nhKY 3TOT Bonpoc HMeeT cpyH.a:aMeHTaJJbHOe SHaqeHHe, 

aaitMeMcsi Hlt nonpoouo u paccMoTpHM oohtlfHhllt ycuJIHTenh ci 

c oopaTHOfi CBS13bl0 ~' KSK noKa3aHO Ha pHC. 19.3. Hanpst>KeHHe E1 
!-18 BXO.U.e .U.8€T OTKJIHK Q (t) Ha BbIXO)J.e: 

( 19.47) 

r .a:e a. - KOMilJleKCHaSI BeJJHlf HHa. ,lloJISI ~ 3Toro OTKJIHKa no.rr.aeTCSl 

oopaTHO H .llOOaBJJHeTCSI K nepBoHaqaJJbHOMY BXO.U.HOMy 803.U.efi­

CTBHIO I (t), raK qTo 

OTKY ,na 

E2 = pO = l.~ E1, ~ KOMnneKcHaH, } 

E1 =I+ E2 =I ~~ E1, 

r.~ I 
Lt= 1 , ' -aj 

' 

I a a==--l ' . -- :,rj • 
f 2 Jl. Bpu .. 1.110:J11 

(19.48) 

( 19.49) 
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3TO .u.aeT K09cpcpHUHeHT nepe.u.aqu ycHJIHTeJISI c o6paTHOlt CBH3hl0 

a a 
Wa=-1 =I a. (19.50) - Clp 

3To BbipaJKeHHe OtteHb CXOJI.HO c K09cJlcf>HUHeHTOM nepeJJ.alJH (19.40), 
nony11eHHblM JI.Jiff BblllHCJIHTeJibHOtt MaIHHHhl, eCJIH fiOJIOIKHTb: 

et (v) = .}J ahzh, z = e-21tiv6, - et~= .}J bkzk. (19.51) 

<l>yHKUHH BHJJ.a ( 1 9.50) HMeer HeKOTopoe llHCJIO flOJIIQCOB npH 

c.t~ = 1 ( 19.52) 

- ycJIOBHe, KOTopoe Momer BblfiOJIH51ThCH npH orrpe.u.eneHHhlX 

ll3CTOT3X. IlpH 9THX ll3CTOT3X Mbl MomeM nonyttHTb KOHeQHbllt 

OTKJIHK Q npH HyneBOM BOSlleACTBHH /, TaK K3K W 6eCKOHettHO: 

CHCTeMa C3MOBOS6yiKJJ.3eTCH. IlOJIO>KeHHe fiOJllOCOB Ha KOMnJieKC­

HOR nnocKocrn s =a+ iro HMeeT nepeocreneHHoe SHatteHHe u 

6y .u.eT OOCYJKJJ.eHO B CJieJI.ylOllleM p83JI.eJie. 

B HTOre Mhl MOiKeM CKa3aTb 0 CHTyauHH cne.u.y10mee: 

A. Bh111HcnurenbHaH MallIHHa aHanorHllHa aKntllBHou qenu. 
B. Y croRttHBOCTb nporpaMMbI aht11HcneHHH MoiKeT 6htTb HCcne­

JI.OBaHa TeMu iKe MeTOJI.aMH, llTO H ycTOttllHBOCTb a1<THBHblX uenett. 

C. Mo11<Ho uccneJI.oaaTb aMnJIHTY JI.Hhte n cpasoehle xapaKrepH .. 

CTHKH JI.3HHOlt nporpaMMhl, a T3K)Ke rpaeKTOPHH, HMfiYJibCHYIO 

peaKUHIO, JI.HarpaMMy HattKBHCTa H r. n. 

D. lliHpHHa nonochl BhlttHCJIHTeJihHOtt MaWHHhl Henocpe.u.cT .. 

eeHHO onpe.u.enHeTCH HHTepeaJIOM OTCtteTOB 6 (CM. ( 19.1 )): 

H3HBb1Clll3H qaCTOTa: V .. ff = ~· (19.53) 

3anhuep noKa3aJI Ha MHOrOllHCJieHHbIX npHMepax 9cpcf>eKTHBHOCTb 

9roro Mero.u.a paccy11<JJ.eHHH. Ou nosiCHHJI raKJKe, KaK cor J1aco­

eaTb cxeMy c BbittHCJIHTeJI&Hott MallJHHOR, HJIH Hao6opor. Bcrpe-

11aeMh1e a.u.ecb npo6neMhI cor nacoaaHHH CXOJJ.Hbl c raKHMH 11<e 

npo6neMaMH TeopHH uenett. 

7. O<ScymD:eHHe ycToftttHBOCTH nporpaMMht 

BhlttHCJIHTeJibHaH MallIHHa, pa6ora10mast no sa.u.aHHOR npo· 

rpaMMe, xapaKTepusyeTcH Ko9$1JuuneHTOM nepe.u.attu W ( s), u 

OTKJIHK a (s) nponopuuoHaneH eos.u.eRcTeHIO A (s), yMHOiKeHHOMY 

Ha W (CM. 19.40)): 
a.(..,.)= A (s) w· (s). (19.54) 
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IloKa I WI ocTaeTcff KouequhlM, OTKneK Koueqeu H I WI Bhlpa­
:>KaeT nonyqaeMoe ycHneuue. EcnH I w I CT3HOBHTCSI oeCKOHequo 
OOJibllJHM, Mbl MOiKeM nony1HfTb OTKJIHK OeS BCSIKOro B03J1ett. .. 
CTBHSI. 3To COOTBeTCTByeT nOJIIOCaM cpyHKUHH w (s). TiyCTb 

s =a+ lm (19.55) 

oy JleT nOJIIOCOM. Ha BblXO.Ile HMeeM: 
CJ. (s) est=,., (s) eat+imt (19.56) 

Ecntt a nono>KHtenbHO HJIH HYJib, KoneoaHHR co epeMeHeM Hapa­
craror HJIH coxpausuor uett3MeHHyro aMnnwry .lly. Kor .Ila a oTpH­
nateJihHO, K011e6aHHff saryxaIOT. Oun MoryT eos6y JJ:HThCH B nepe .. 
XO.llHOM peiKHMe, HO B KOHue KOHUOB HcqesuyT. 

"' 
Pa• xp 

~r· ><p, 
fJ a 

• xp/ ~ I 

• ; '«P," 
S=d+l<iJ 

PHc. 19.4. Ha KOMnneKcHoit nJio­
cKocre s non10c P1 cnpaua or MHB­
MOA oce o3Haqaer Heycroitqe­
eocrb, ror.na KaK nonioc P,, cne­
Ba He .naer HeyctoitqHBOCTfl. Ilo­
Ka33HO noeropeHtte B nocne~oea­
reJihHhlX nonocax; ycro:fiqHBhle 
OOJIIOCbl o503HatJeHbl TQqKaMH, He-

ycrotittHBble - KpeCTHKaMH. 

!I 

•Pa 
w=Ln 2 

(J)-=0, n x 

PHc. 19.5. Kompo~MHOe npeo5pa~ 
30B3HHe z = e-s& KOMDJleKCHOf:l 
Il~OCKOCTH s Ha KOMOJleKCHJIO 

IlJlOCKOCTb Z. 

MunMaB oc• 0> n.nocKocTn s npeo6paao­
nana B eJtHBHllHYJO OKpy>KBOCTIJ DJJOC• 
KOCTH z. ilOJUOCbI, COOTBeTCTBy10mae P1 
(BeycToiiqaebie} p0c. 19.4, nonaJta10r 
eayTp& Kpyra; no.1110cbI, cooTBeTcTey10-

m0e P2 (yCTOJltrnewe), - uoeue. 

TaKHM o6paso~, Heycrott.qwaocTb cooraercteyer nonrocaM 
K09qxpHuHeura nepeJlaqtt c nono>KttteJibHOf:l eemecreeuuott. qacTbIO. 
3TH nonIOCbl HaXOJlSITCSI cnpaea OT MHHMOti OCH nepeMeHHOtt. s. 
Bcne.llcteee nepHOJ1HqHocrw .llaHHblA nonioc P1 ecrpeqaercst 
B Ka>K.lloti nonoce eblcorott. Q. nonioc P2 cneea OT MHHMOtt. ocu 
ue 11aeT ueycTotiqueoctH. Puc. 19.4 HnnrocrpttpyeT oomee nono­
:>Keuee: nonochl c orpeuaTenbHhlM a (ycroAqueble) OTMeqeuhl Toq .. 
KaMH, TOrJla KaK nonIOChl c ueoTpeuaTeJJhHbIM a (ueycro:ttqeehle) 
OTMeqeuhl KpecTHKaMu. PeKyppeHTHOCTb nonIOca P1 B nocne110 ... 
aaTeJibHblX nonocax BhI~orott. g noKasaHa, KaK P~, P~, ... 
12• 
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BMecro nJIOCKOCTH s MOi:KeM paccMaTpHBaTh KOMIT.'1€I<cHy10 

llJIOCKOCTh z, fl0K333HHYIO Ha pwc. 19.5. ct>op'.'.IYJia 

( 19.5 7) 

npe.IJ.CTaBJISleT KOHQJOpMHOe npeoopa30BaH11t! llJIOCKOCTH s Ha n.10-

CKOCTb z: HaqaJIO 0 B nJIOCKOCTH z 03J.laqaeT z = 0 ff COOTBel­

CtByeT s = + 00. 01cpyiKHOCTb pa.IJ.Hyca 1 B ll/JOCKOC.111 z COOT. 

BeTCTnyeT ~HHMOti OCH nnOCKOCTH s 

S =: lW, 

a euyTpeHHOCTb e.IJ.HIIH4HOro Kpyra z npe.n.craBJis:teT npaeyro no11y­

nJIOCKOCTb s. Ilon1oc P1 {tt ero H3o6pa)l{eHHSI P;., P;, ... ) B npa­

eott noJiynJIOCKOCTH s cooraeTcTnyeT noJnocy p 1 BHYTPH e1u1-

HffqHoro Kpyra Ha nJioCI<OCTH z. I10J11oc P9 n nenott no.nyn;10-

CKOCTH s npe.n.cTaBJISieTCSi TOqKott P2' JI€>Kamett BHe e.IJ.MHH•IHOro 

Kpyra Ha flJIOCKOCTH z. 
3a.IJ.aqa onpe.lI,eJieHHSI M€CTOHaXO)l{.lI,€HHSI IIOJIIOCOB K03¢qn·l­

UHeHra nepeJJ.aqH MOJKeT Tenepb OhITh nocTaane1-1a ooJiee T04HO. 

Ko::tqxpHuHenr nepeJJ.a1n1 W Ha (19.40) MoiKet 6&tTh aanHCaH cJie­
.llyIOlllHM OOpa30M: 

noc11e TOrO K3K 001Ul1€ KOpHH p H Q HCKJIIOqeHbI1 flOJIIOCbI 

coot"serctnyIOT OCT3I01UHMC51 KOpHSIM Q: 

Q = l + ~ bkz1
l == 0. (19.59) 

Mb1 MOiKeM Tenep& paccM01peTL JJ.pyroe KOHcpOpMHoe npe­

oopa30BaHHe, nepeit.lI,H OT KOMITJieI<CHOti IIJIOCKO{'.TH Z I{ KOMnneKC­

HOtt I!JIOCKOCTH Q, KaK IlOKa3aHO Ha pwc. 19.6. I-la4aJIO 0 flJIO­

CKOCTH Q COOTB€TCTnyer BC€M KOpHHM cf>YHKUHH Q (CM. ( 19.59)); ... 
CJ1€.ll.OB3T€JlbHO, 01-10 npe.lI.CTaB . .'15I€T BCe flOJllOCbl K09cpcpHUH€HTa 

uepe.uaqH o/. To4Ka Q = 1 na n.r1ocKoCTH Q oro6paiKaeT T04KY 

z = 0 - Haqa;10 rrJIOCKocrn z. E.rr.HHH4Has:i oKpyi:KBOCTh rwo­

CI<OCTH z npeoopasyercsi n 1<pHsy10 (TpaeKTop~no) L Ha nJio· 

CKOCTH Q, H nHyTpeHHOCTb e.DJtHH4Horo Kpyra npeoopasyeTcR 

no BHyTpeHHOCTb TpaeKTOpHH L. EcJIH noJ110c P1 pacnono>KeH 

BHYTPH e.IJ.HHH4Horo Kpyra nnocKocru z, 10 HaqaJio nJIOCKocrH Q 
ne>KHT B o6JiaCTH, orpa1-1HqeHHOtt rpaeKTOpHett L, KaK 110Ka3aHo 

11a p11c, 1 ~.61 b, .TaJ<oe .IIPJIOJKeWie. _nhlpa>Kae-r ueyc.Ioii1nrnocr1>, 
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Ha pHc. 19.6, a noKaaaHo Hattano, ne>Karuee eue tpaeKtopHH L, 
qyo COOTBeTcTeyer ycTOHQHBOCTH. 

3an&uep paccM0TpeJ1 pa3JJHttHbie npHMephl H noKaaan ooJI&llIYIO 

11pai<T011ecKyro ueHHOCTh MeTo.u.a. OtteH& 11acTo rpyoh1tt HaopocoK 

rpaeI<TOpHH L .u.ocTaro4eH, 4To6w onpe.u.enHrh ycTott11neocTb. 

CTo TOMy, H3CICOJibKO TpaeKTOpHH OOXOJJ.HT HallaJIO, MO)KHO cy JJ.HTb 

a) b) 

Pttc. 19.6. KoMn.'leKCHa11 Q-nnocKoCrh ecrh KompopMHoe 
npeo6pa3oBaHHe 

Q = ; + iYJ = 1 + ! bkzk. 

k 

a) IIpHMep, B KOTOpOM Ba'llaJJo KOOp,llmtaT DJIOCKOCTH Q .'leHCHT BBe TpaeKTOpHR L. 
8To - ycIOHT.IJfBbJH CJJyqafi; b) npaMep, B KOTOpOM Hatta.'10 Koop1nrnar DJIOCKOCTH Q 

JJelKHT JJHyTpH rpaeKrOpH0 L. aro - Beycroitt0BbJi CJJy11aA. 

ot5 OTHOCHTeJibHOH yctoiittUBOCTH. l.Jactota HaH60JibWero nput5Jiu .. 

aceHHSI K Hattany otteHb ttaCTO SIBJIHeTCSI pesouaHCHOD ttaCTOTOD 

nporpaMMhl BblllHCJieHHH. 

J{o3cpcp11u0eHT nepe.u.a4H nporpaMMhl Bht4HCJieHHH acer .u.a Bbtpa .. 

)KaeTCH cpyHKUHett Tttna ( 19.40) HJIH ( 19.58). Kor .u.a K03cpcpH­

u0eHT nepeJJ.attH JI.JISI onepaUHH H3BeCTeH, BhlflOJIHHMOCTh onepa­

UHH Bb14HCJIHTeJibH00 M3llIHHOti JJ.OI<a3aHa, ecJJH K03cpcpHUHenT 

nepeJJ.a4H MoLKeT OhITb aaIIHCaH B B 11.u.e .u.pooH ( 19.40) HJJH ( 19.58). 
::1TO SIBJIHeTCSI r • .'l3BHhlM H, pasyMeeTCR, otteHb Ba>KHbIM peayJih .. 

TaTOM paccy>KJJ.eHHtt 3anhuepa. 

8. HecKOJihKO npnMepoB 

IlpueeJJ.eM HeCKOJlhKO npHMepoe K03cpcpHUHeHTOB nepeJI.3'-IH, 

COOTBeTCTBYlOlllHX neKOTOpbIM THllH 11HhlM BblttHCJIHTeJibHhIM sa­

J].allaM. 
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A. B bl q H c 11 ff r e n h u a SI M a w H H a K a 1< H u T e r p a T o p 

B s10M cnyqae orKJIHK ~ n.oniKeu npeJJ.craenHrb onpen.eneH· 
Hbltt HHrerpan OT BXOJJ.Horo eos.a.ettcTBHH f (t), raK qTo MoiKeM 
aanHcarh: 

m~ m~ 

cJ>m = ~m-1 + S f (t) dt = ~m-n + S J (t) dt = 
(m-1)6 {m-n)8 

m9 

= s f(t) dt. (19.60) 
0 

TiocneJIHHe s:&1pa>1<eHHH nonyqa10rcH Hrepauffett paeeucrea 
Me)Kn.y nepebIMff n.eyMSI. Koscf>cpHuHeHT nepen.a11ff ehlpa>KaercH 
cpOpMy JIOti ( 19.40) HJJH ( 19.58) 

Ea zn 
W= 1 +Ebnz"' (19.61) 

ff aa}laqa COCTOffT B HaXO>KJJ.eHHff an ff bn.. llnH 9Toro BOCfiOJJh· 
ayeMCH npHOJIH>KeHHblM MeTO.llOM eblqHcJieHHH ffHTerpana B ( 19.60) 
COBMeCTHO C (19.30): 

(19.62) 

rn.e fk = f (k6). MbI JJ.aJJ.MM pesynhrarhl eblqffcneHffff HHTerpana 
npH noMoruH cryneHqarott cf>YHKUVIH, no npaeffJIY rpaneuHtt H no 
npaBttllJ 1/3 H npasu11,y 6/ 8 CHMncoHa. 

CmyneHttaman tjJyHKqun. MY uaxon.HM npffOJJff>Keuuoe sua­
tteuee HHTerpana e ( 19.60), saMeHHH f (l) cryneullaTofl tPYHK· 
uueA H BblqHCJJSUt 11110111a.a.u nonyqaeMblX npHMoyrOJJhHffKOB wupu­
HOtt 6 ff C BblCOTa~\fl'I ftt /9, .•. , / m: 

m9 

cJ>m-~m-1= S f(t)dt=fmB, 
(m -1)9 

CpaeHeHHe c (19.62) 11aer: 

b1=-1, a0 =6, b1=ak=0 npH j>t, k>O, 



Rf HHCKORhKO nPH~EPOR 

w, cne.noeateJihHO, Ha OCHOBaHHH ( 19.61) K09cpcpHIUfeHT nepe· 
.u.a'-lu paeeH 

fl 
Wo= -1 • -z 

(19.63) 

flpaBU./l,O mpanequtl. IlpH:vieneHHe 9toro npanHna npH n = 1 
4aer: 

m9 

'~m-Ym-1= s f(t)dt=-~ <fm+f"' .. 1)1 
jm- I) 6 

orKy .u.a c noMOlllhIO ( 19.62) 

bi=ak=O npH j> 1, k> 1. 

TaKHM oopaaoM, K09QJcpHUHeHT nepeJJ.a'-IH ecth 

6 I +z 
Wi=21-z· (19.64) 

flpaBU./l,O 1/8 CuMnco1ta. MbI JJ.OJI>KHhI BSSITh n = 2 e ( 19.60): 

mO 

. ~m - ~m-~= S f (t) dt =-!-<f m-11+4/ m-1 + f m), 
(m-2) 8 

OTKyJJ.a 

b2=- t, 

bi=ak=O 

6 40 
a0 = a9 = 3 , a1 = 3, 

npH j -:j.:. 2, k > 2, 

H K09cpcpHuHeHT nepe.na'-IH paneH 

W _ 6 I +4z+z:l 
9 -3 l-z9 • 

(19.65) 

flpaeu1to :; Is CuMnco1ta. AHaJIOfH4HO, oepff n = 3, llOJIY 
qaeM: 

\\7 _ 3H l + 3z + 3z 2 + z8 

a-8 l-z3 • 
(19.66) 
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B. B hi lf u c JI H T e JI b u a SI M a w H Ha 

K3K .LJ.H~¢epeHUHatop 

r r.it. 1 9 

Tenepb orKJIHK 4 .LJ.OJDKeH npencranJiflTh nponseoJJ.HYIO Bxo.u.­

Horo eo3.u.eticTBHH /. TaK KaK .u.nqJCpepeHunpoBanne ecrh onepa­

UHH, OOpaTH3SI HHTerpHpOBaHHIO, K09cpcf.UiUHeHT nepeJJ.34H H.LJ.€3Jib• 

Horo .lUi~cpepeuuHaropa JJ.OJIJKeH OhITh o6paTHhlM no otHoweHHIO 

z-n.nOCKOCmtJ 

z- nnOCKOCma 

-
,. .. ... I 
1p01JHOlJ llOAIOC ,.. 

't;*fz)=I +3z +3z2 + z3 

PHc. 19. 7. KpHBble, noKa3wBaJOm.ne Heycrotitt11socrb nporpaMMhJ 
JlH<l><I>epeHUHposaHHJI, coorsercrsyJOw,eit W; 1 H W i' KaK 

B llJIOCKOCTU Q*, raK " B nnoCKOCTH z. 
Q* OBHa1:1aeT SH8MeHaTC'nb c\lYHKIUIH nepe.n.a1:1H (1l.HC.11HTC.1b COOTBCTCTBylOm,ero W). 

OT11eTH•. 11To o6e TpaeKTOpHH oxeaTLJBalOT na11aJ10 KOOpAHHaT nnocKocTn Q* .. 

K Koa~~uuueury nepe.u.alfH HJJ,eaJihHoro HHrerparopa. 8ro 3H3lfHT, 

lfTO W; 1, W;- 1, w;- [ H W;- I MOryr fOJJ,HTbCSI B Ka4ecree npo­

rpaMM JJ.H~~epeHuHpoBaHHSl. 0Ka3b1Baercst, OJJ.HaKo, lfTO TOJlbKO 

W;- 1 H W;_- 1 ycrottlfHBbI, ror .u.a KaK W;- 1 H W9 1 HeycrotttJHBbI. 

flono>KeHHe noKaaaHo Ha pwc. 19. 7, B351TOM Ha paoothl 3aJI&uepa. 

H3oopameHhl noJ11ocbl Ha nJIOCKOCTH z H cpopMa rpaeKTOpHH Ha 

nJIOCKOCTH Q*. 

C. B o c c T a " o e n e H w e ( d e s a m p l i n g) 

Ilpouecc BOCCTaHOBJleHHSI MO>KeT OblTb BblIIOJIHeH nyreM 33-

MeHhl HMfiYJlbCOB JlHHBUJIJia CHOBa HMfiYJlbCaMH llieHHOHa HJIH 

Olfeflb TntaTeJlbHOf:t OT<fJHJibTpOBKOf.1 ecex lfaCTOT v > v M· IlepBblA 

CfiOCOO He BhIShIBaeT HM cpaBOBhIX C.ll.BHfOB1 HH H3MeHeHH'1 HHTeH-
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CMBHOCTH npH V < 'V M H, TaKHM 00p330M, JI.aeT K03cJ><t>nuueHT 

nepen:aqtt, paBHhtt\ 1. BTopott cnoco6 TpeoyeT HyneBott MHTeu­

CHBHOCTM np11 "> vAu H, cneJI.oBaTeJJbHO, JJ.aeT W = 0 JI.JISl 9roro 
JI.Hana3oHa qacTor. 3To eJJ.Ba JJM ocymecTBHMO. 

EoJiblllHHCTBO cp11.r1bTpoB ooecneq11BaeT o nonoce npo3paqHOCTM 

xoporny10 nepeJI.aqy no HHTeHCHBHOCTH, HO .naer cpa30Bhltl CJJ,Blif. 

dro He HMeeT aHaqeHHSl JJ,JJH rene~OHHott nepe.naqH, TaK KaK yxo 

MaJioqyecTBBTeJibHO K cpa3e. 0JJ,H3KO npH BOCCT3HOBJieHMH cpyHK­

UHH cpasa cymecreeHHa, 11 no3TOMY nocTpoeHHe cpHJibTpOB, npeJI.­

HaaHa4eHHhIX llJIH BOCCTaHOBJJeHHH, OTJIH4aeTCSI OT nocTpoeHMH 

o6wqH~X cpHJibTpO& 

D. B p e Me H H bl e 3 a JI. e p iK Ku 

EcnH M&I npHMeHsteM HMnynbChl BHJI.a (sin x)/x e npellnono­

iKeHMM, qTo cpyHKUHff nOCT05IHHa npH 60JiblIJHX x, Mhl ,llOJiiKHbl 

Bhl4HCJIMTb! 

'1 ..... 
no 00.llbIIIH M 
3HatleHHHM x 

sin x 
--~ 

x 

co 

s 
OOJibwoe x 

sin x d cos x 
X'~--x x . 

3To BhipaJKeHwe cxo,:r.11 reg oqeHh MeJJ,JieHHO. EcnH MhI >KenaeM 

HMeTb Oll1H6Ky, He npeBOCXO.lJ,HlllYIO 1 o-n B OKOH qaTeJibHOM pe-

3J JlbTaTe, TO H3M noTpeoyeTCff X' > 1 on= N '-IJieHO B. 3TO 60Jib­

woe '-IHCJIO qJieHO B Bbl3blBaeT aa.nepiKKY' TaK KaK <l>YHKUHSI 

B MOMeHT t oy.ner c TpeoyeMOR TO'-IHOCTblO H8R€CTHa JIBWb Ha N 
qneuoe II03JJ.Hee, 4TO 03HafJaeT 3aJJ.epmKy Ha NO. 
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HH<l>OPMAUHSI, 0Pf AHH3AUHSI H JlPYfHE IlPOliJIEMbl 

1. Hucf>opManHH H opraHHsauHH 

Mbl CMOr JIH HCCJie,llOBaTb HHcpOpMaUHOHHOe CO.JJ.epJKaHHe 3anH­
C8HHOfO npe.JJ.JIOJKeHHSI, COBOKJnHOCTH llHCeJI H MHOrHX .JJ.pyrHX 
cny11aee, K KOTOphlM Harne CT3THCTM11eCKOe onpe,lleJieHHe HHcpop­
MaUHH MOJKet HenocpellCTBeHHO npHMeHstrbCH. M&1 MOJKeM CXOll· 
HbtM oopa30M nOJI.CllHTaTb HHcp0pM3UHIO, CO.JJ.ep>KallJ.ylOCSI B 11epteJKe, 
npH ycnoBHH, 11ro qepre>K MoJKet ObtTb npe.JJ.craeJieH KOHe4HbIM 
11ucnoM CrIMBOJIOB. PaccMoTpMM, uanpHMep, cxeMy HeKoToporo 
9JieKtpH11ecKoro ycrpottcrBa. Mbt MOJKeM aaHyMepoeaT& Bee 
HMe10mHeCH Ha cxeMe 3aJK11Mbl or 0 JI.O N H onHcarb cxeMy, 
yKaaaB HOMepa coellHHfHH&tx Me>KJI.Y cot>ott 3amHMoB: CKOOKa 
( l 023-0216) oy .JJ.eT 03Ha11aTb, qro Mbl JlOJl:>KHhl coe,llMHHTb 
sa /KHM 1023 c aa>KHMOM 0216. llnH KOHellHOfO 'IHCJia 33/KHMOB 
'IHCJIO p B03MO/KHblX coeJI.HHeHHtl KOHe4HO; .JJ.aHHa51 cxeMa BblOH· 
paer H3 9toro 11ucna OJI.HY 11actHy10 cHcteMy. CxeMa co.JJ.epmHT, 
CJieJlOBaTfJibHO, MHcpOpM8UHIO 

l=KlnP (20.1) 

e cooTBetcTBHH c onpeJI.eneHHHMH r JiaB&I 1. Eme pas no.JJ.11epKHeM 
'f011Hbltt CMLICJI TaKoro onpeJteneHHH: OHO He J(enaer pa3JIM11HH 
Mem.JJ.y cxeMoA JteAcTeyt0mero ycrpoActea u llpyroit cxeMoA, 
KOtopast .JJ.aJia Obi HHKllfMHYIO crpyKtypy c KOpOTKHMH 3aMbl· 
KaHHstMH u .JJ.pyrHMH HeJI.ocrarKaMH. HHcpopMaUHR, Kotopyio Mhl 
nOJI.CllHTblBaeM, 9TO K8K pa3 ta HHcp0pM3UHSI, KOTOpast JlaerCff 
qenoBeKy, BblnonHHIOmeMy MOHtam cxeMbl, u OHa HH'lero ue 
fOBOpHT 0 TOM, 11TO ycrpoticreo ,llOJIJKHO J(eJIBTb. 

Bonpochl o TOM, noqeMy BblopaHa .JJ.aHHaH cxeMa u KaK oHa 
paooraer, He paccMatpHea10tcH. 8ro cocraensino 3a.JJ.a11y y11eHoro 

.HJIM HH:>KeHepa, KOtopbltt ~poeKTH,POBa.11 .YCipoACIBO. 8TO noT.pe· 
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6oeano MhlWJieHHSI H Hay11Horo 06cy>KJ.J.eH1u1 n, Mo>KeT 6httb, 

JJ.pyrHx qenoee1.1ecKHX npoueccoe, KOTOpbte ece HaXOJJ.SITCSI BHe 

paMOK HaWHX renepemHHX MeTO.ll.OB HCCJieJJ.OBaHHSI. 

PaccMotpHM npHMep: 9JieKTpHlleCKoe ycTpottcT no coJ.J.ep>KHT n 
SJieMeHTOB, K3iKJ.J.bltt H3 KOTOpblX HMeeT m aa>KHMOB, H q 38/KH­

MOB JlJifl BHewHHX coeJJ.HHeHHti. Bcero ·HMeeTcH 

N=nm+q (20.2) 

aa>KHMOB, KaiK.llbltt H3 KOTOpbIX MO>KeT OblTb coe}lHHeH c JIIOOhIM 

JJ.pyrHM, llto .naer: 

pa3JIHlfHblX BOSMO>KHOCTeR. l1H<IJOpM8UHSl, COJJ.ep>KaIUaSICfl B O.U.HOI! 

cxeMe, paeHa 

l=KlnP=KNlnN. (20.3) 

BepH K = log9 e ~ 1,4, nony4HM HHcpopMauHIO a .U.BOHl!HhIX 

eJJ.HHHuax 

I =N1og2 N. 

BoabMeM paayMHhle no nopflJJ.KY eeJIHllHHbI 

n=999, m=lO, q=lO, 

N = 10 000 ~ 213•3; I= 133 000 J.J.B. en,. 

3TO - 60JibWaSI UHcf>pa B JJ.BOH4HhIX eJJ.HHHuax, HO ecJIH nepe­

neCTH e eJJ.HHHUhI 9HTponHH, to Mbt .nonJKHbt YMHOJKHTh ee 

Ha 1 o-lG (9TOT MHO>KHTeJib npeJJ.CTaBJiffeT npHOJIH>KeHHO OTHOWe­

HHe eJJ.HHHU) H nonylf HM Her9HTpOI1HIO 

-S= t,33 · 10-11, 

T. e. npeHeope>KHMO MaJiylO BeJIHlf HHY. 

MawHHa, nocTpoeHHaSI no HaWHM cneuHcf>HKaUHHM, COJ.J.ep>KHT 

TaKyt0 crpyKTYPHYIO Her9HtponHIO, Kotopasi npeJ.J.cTannHeT HHcf>op­
Maunio HJIH opraHHaauHJO MalllHHhl. Otp1n1ateJibHhlM qJieHoM 

MO>KHO, OJ.J.HaKO, IlOJIHOCTblO npeHeopellb B cpaBHeHHH c OOJIHOA· 

9Htponneti MaWHHbl. 8TOT npHMep BblflBJISieT HeKOTOphle xapaK· 

TepHhle oco6eHuoctH ecetl reopHH. 



3 72 MH<l>OPMAIUHI, OPr AHH3AUMfl M JJ,PYrHE IlPOSJJEMhI [ r JI. 20 

Her9HTponuttHhlR npHHUHil HHcpOpMauuu Tpe6yeT, qTo6M BCH· 

Kaff HHcpOpMaUHH 6MJI3 CBfl33H3 c COOTBeTCTBYIOWHM 0TpHU3TeJIL• 

HblM qJieHOM B Bblp3)KeHHH L{JISl cpH3HqecKOM 9HTpODHH cucreMbl. 

3ra CB513b cymecrBeHHa .ll.Jlfl JI Or H4eC Kott nOJIHOTbl, 4TO 6hIJIO 

noKaaaHo paccyn<.lI.eHH51MH r nan 8 - 18. 
Ha npaKrnKe 9THMH orpuuarenhHhIMH q;ie1-1aMu MO)KHO B OOJih· 

WHHCT8e cnyqaeB npeHe6peqb BCJie.llCTBHe M3JIOCTH MHOil<HTeJifl 

} o-16, 880.llHMOfO IlpH nepexo.ae OT .llBOHqHblX e.llHHHU K TepMO· 

,U.HH3MHI.JecKHM e.auHHuaM 1). YacrHbie opraHuaauHH Moryr conep· 

iK8Th oqeuh 6oJiblliOe KOJIHqecrBo HHcpopMauuu s .llBOH4HhIX e,lI,H· 

Huuax. PaccMorpHMt HanpHMep, renecpoHHyio cerh Macrnra6a, 

cpaBHuMoro c aMepnKaHcKott CHCTeMoA. YucJio a6oHeHTOB nMeer 

lIOpSl.llOK .aec51TKOB MHJJJIHOHOB, HO 6y ,lI,eM me.aphl H nOJIO)l{HM, 

qTQ qucno a6oHeHTOB COCT3BJISleT CTO MHJIJIHOHOB: 

N= 108
• 

IlpSIMOe npnMeHeI·IHe COOTHOilleHHH T11na (20.3) noKa3bIBaeT, 4TO 

B HeKOTOpbitt .aaHHhlfi MOMeHT KOJIH1-teCTBO HHcpOpMauuu, conep·­

)l{3UJ.eeC51 BO Bcett CHCTeMe, no nop~JI.Ky BeJiuqJ1Hbl paBHO 

I= N log2 N ~ 40 · 108 == 4 · 109 .llB. e.a., 

qTO OCT aeTCSl BCe )Ke 04eHb MaJIOfi BeJIH4HHOfi ( 4 • 10-7), 6y LtyttH 

BMpa~eHO B e.anHHuax 9HTponuH. 

Tpy~HO npe.lI.CTaBHTh ce6e KaKoe-JIHOO rexHuqecKoe ycrpoM· 

CT80, CO,lI,epmamee MHOro OOJlhUJee KOJIHI.JeCTBO HHcpOpMauuu, 

qeM B npe.llhl.llyUI.eM npHMepe~ HO, o6pamaHCb K iKHBMM opra· 

HH3MaM, MM BCTpeqaeMCSl c 8enuqHH3MH coseprueHHO .apyroro 

nopHLtKa. Yue no KJieroK MO)l{eT OhITh nop51LtKa 1012
, u TPY LtHO 

oueHHTb 4HCJIO B3aHMOCB513aHHhIX XHMHI.JeCKHX MOJieKyJI B :iKH· 

BOM opraHH3Me. 11Hcp0pM3UHfl, CO!I,ep)KamaHCH B )KHBOM opra .. 

HH3Me, MO*er .llocruraTb aHaqureJihHhIX BenuquH no ruKane 

SHrponutt.. Ho 9TO - noKa Heuccne.ao8aHHaSI o6naCTh .. 

1
) 3ra apryMeHrarurn, HeO,UHOKp8THO IlOBTOp.ReMaR B KHHre, npe.rr­

CT88JI.RetcR MeTo,n:uqecKH Hey,n:at.JHott. Ta HJIH HHaR eeJIHlJHHa ,n:oJILKHa Ct:llI· 
T8TbCH 6oJiblllOil° HJIH M3JIOfi B 38BHCHMOCTH He or Toro, B K3KHX e,n:H .. 
HHU8X OH8 H3Mep.ReTC.R, a or Toro, c qeM OHa cpaBHHBaercR. (VIHatte ro· 
BOp.R, IlOH.RrHR (QOJlblllOfi» H «MaJibiil°» 06blttHO npHMeH.RIOTCH B lPH3HKe 
K Oe3pa3MepHblM OTHOJUCHURM.) n(\ CyIUeCTBY, pet.Jb H}leT BCe BpeMff 0 
TOM, q10 0 T H 0 c H T e JI h H 0 e H 3 M e H e H H e cpH3Ht.JeCKO:ft 9HTpOilHH 
( CB.R33HHOe c HHcpopM3UHeft) Ot.J('ffh MaJIO. 3ro uonolKeHHe ocraeTCH B CHJie 
BHe 3aBHCHMOCTH OT Bbl6opa C,UHHHU. (llpu.M. nepea.) 
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Mhl 11cnh1Tan11 Ha MHOrttx rrp11Mepax none3HOCTb Halllero cTa .. 

r11cT11tiecKoro orrpeJJ.eJieHHSl KOAltitecmaa uH.rjJop;uaquu. Te11eph 

Mhl rronhITaeMC5I pacnpocTpaH11Th 9TO orrpe.neneH11e Ha 6oJiee 

o6mtte rrpoone:Vlhl H rrpe.II,JIO}l{HTh HeKOTOpble B03MO>KHbie HOBhIC 

06JiaCT11 np11MeneHH5I. 

B r nan ax 14 - 16 MhI HCCJieJJ.oaantt tti-HpopMaUttIO, rroJiyqaeMy10 

npH qH13HlleCKOM 9I<cnep11MeHTe, H HalllJIH, llTO KOJIHqeCTBO HH­

cpopMaUHH ne Mo>KeT ObITh orrpeJJ.eJieno, rroKa noJIHOCThIO He 

ycTanonJieHbI npeJI,eJihI ua6JIIOJJ.eHHH (field of observation) H 

TOqHocTh 9KcrrepttMeHTa. Mhl acTper11MC5I co cxo.llHhIM nonoiKe­

HHeM 8 BOrrpoce 06 11Hcp0pMaUHH, co.nepiKau1eiiCSl B cp113HlleCKOM sa­

KOlle. llnH TOro qTOOhl JI,aTh TOllHhlii OTBeT Ha T3KOA Bonpoc, 

HJn<Ho npeiK.u.e Bcero roqHo nocraa11rh eonpoc H yKa3aTb 

fCJIOBHSl, B KOTOphlX aaKOH 6hIJI nonyqeH, H KaK OH 6y JJ,eT np11-

MeHHThCSl. 

PaccMorp11M, nanp1n1ep, ypanneunc MAeanhHoro ra~rn 

f(p, ·v, T)==Pf-=R=const. (20.4) 

MbI JJ.OJIIKHhI ycTaHOBHTb o6JiaCTh rrptt.MeHeHHH, yKa3aTh, K Ka­

KOMY raay ypaBHeHtte rrp11MeH5leTCH, KaKOB JI,ttarraaoH H3MeHeHHH 

rrepe!\leHHbIX p, v 11 T H KaKyIO TOllHOCTh l\lhI O>KHJJ.aeM rro­

nyt111Th. 

cI>11attqecK11t\ saKOII ecTh Bcero n11rnh HTor 9KcnepHMeHTaJib· 

HbJX pesy JlbT3TOB, 11 crrpaBeJJ.JIHBOCTh 3aKOHa He MO>KeT o6cy>K­

.naThCSl, ecnH He yKaaanhl yc.110B11H 9Kcrrep11MeHTa. HMeH B 011.ny 

BblUierrp11BeJI,eHHbIFi I1pHMep, Mhl MO/KeM OOCy JI,HTb npOOJieMy 

B OOW.eM BHJJ,e. IlOJIO}l{HM, llTO Mhl HaOJIIOJJ,aJIH HeKOTOpyro cp113H'lle­

Cl(YIO CHCTeMy H H3MepHJIH HeKOTOpbie rrepeMeHHhle X1, X2, ... ' Xn. 

Ll:n1 KaiKJJ.Oii rrepeMeHHOfi xi MhI yKa3hIBaeM .n11arraaoH H3MeHeHHH 

Xi H HaVJMeHbWHFi HHTepBaJI HaOJIIO.D,eHHSl !l;! 

nepeMeHHaH X;, JJ,Halla30H .1Yi, norpelllHOCTb H30JIIO.lleHl15I 

oxi = "i' 

rroJIHoe qHcno 9Kcrrep11MeHTaJibHhlX ToqeK Ha X, paaHo Xi/a1• 

Tiocne 06cy>KJI.eH11H pesynhTaTOB Mhl saKnroqaeM, llTO . HeKoTopoe 

e blpa>KeHue 

(20.6) 
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npaaHJI&Ho oto6pa)l(aet 9KcnepHMeHT3JibHble <J>aKrbl, c norpem­

HOCTbIO 3/, HHKOf ll,a He npeBOCXO,llSIIUett HeKOTOporo 'IHCJia f· 
Ho 9TO eme He nonHasi nocTaHOBKa 3alI,attH. Mbt ll.OJI)l(Hbl 

.u.ooaaHTb eme OJJ.HY seJ1111uu1y, a HMeHHO, no11Hhlfi JJ.HanasoH F 
H3MeHeHHH ~YHKUHH t 3TOT UOJIHblfi anp11opHhlM .nuana30H HS­

MeHeHHfJ 33BHCHT OT npe.LJ.bIJJ.ymux 3HaHHlt, KOTOpble Mbl HMeJIH 

.no Hattana Haw0x SKcnepuMeHroa. Ecnu Mhl HMllero He 3HaeM o 

CHCTeMe, TO F onpelI,enHercsi t1epea npeJJ.eJibl Hawux HSMepn· 

TeJJbHhlX ycrpottcrB. TaKHM o6pa30M, ~YHKUHSI f OKOHttarenbHO 

onpe.nenHeTCSI Ha nonHOM HHrepBane F co cryneHSIMH cp 11, cne .. 
.llOBarenbHO, c '4HCJIOM B03MOiKHblX 3HatteHutt F/r.p, Koropble ace 

paBHOBepOSITHbl ll,O Toro, KaK Mbl H3'13JIH H3WH H80JIIO,lleHHSJ.. 

11TaK, Mbl HMee.M: 

N=X1Xz ... Xn 
a1a2 ••• a.n 

(20.7) 

paaJJHl!HbIX TOtieK Ha6JIIO,l1.eHHH B MHOfOMepHOM npOCTp3HCTBe 

Xi, • •• 'Xm H JJ.JISI Ka)l(JJ.Olt TOttKH Mhl MO)l{eM OiKH,lI.aTb O.llHOfO HS 

F/cp 3HatteHHM /. 4HCJIO B03MOiKHOCTefi, TaKHM oopaaoM, COCTaB· 

JJHer: 

Po --(f)N T .no 9KcnepHMeHTa, 
(20.8) 

P1 = 1 N = 1 nocne 9KcnepuMeHra, 

H HHcpOpMaUHSl onpe,lleJISieTCSl no cpopMyJiaM (1.5) H (1.6) 

I= Kin Ppo = KN1n F =KN (In F- ln cp). (20.9) 
1 ~ 

06JJaCTb HSMeHeHHH nepeMeHHblX, KaK npelI,no11araeTCSI B 

(20.5), npeJJ.craaJJsier co6oft napa1111e11enunell,. 8ro orpaHHlleHue 

He SIBJIHeTCH HeOOXOlI,HMbIM. Mbl MO)l{eM HMeTb B MHOf OMepHOM 

npocrpaHCTBe x 1, ••• , Xn oo'heM U 11106oft cpopMbI, u Mbl ooo3Ha­

llHM 11epe3 a. MaJibtlt oo'heM, cooraercrBy10ru11ft norpewHOCTH o.n· 

Horo H30JIIO.lleHHSI. 8ro .naeT BMeCTO (20. 7) 

u 
N= ' a 

(20.10) 

H HH<JlopMaU.HSI, CO,llep)l{8lUaSICSI B cpnSHlleCKOM 38KOHe, paBHa 

KU I= (In F - ln cp ). a 
(20.11) 
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8ra cpopMyna y.noenereopHeT cneJlyIOIUHM 06u1HM rpe6oeaHHSIM! 
qeM roqHee .l13HHhle (T. e. qeM MeHhWe a H cp) unu qeM mHpe 
JlMana30H Ha6JJIO.Z1.eH11tt U, TeM 6onhme uHc)lopMaUHH. 

Ilp11MeHeHHe norapHQ>Ma, KaK yKaaaHO e r nase 1, Heo6xo· 
JlHMO }lJISI oe>ecnet.IeHHSI 3.ll.)1.HTHBHOCTH He33BHCUMblX H30JIIQ .. 
,ll.eHHit 

Mb1 MO>KeM Teneph o6cy JlHTh aHa1.1eHue senuquHbl F, cpas­
HHBaH uHcpopMaUHIO, nony1.1aeMyIO nocneD.oeatenbHhIMH waraMH 
c B03pacraromett TOllHOCTblO. IlpeJJ.nono>KuM, qTo nepsasi cepHH 
Ha6nlO)l.eHH" }laeT cpyHKUHIO /1 c norpelliHOCTbIO Cf>h ror )l.3 KaK 
BTOpaH OOnee TQqHaR CepHSI 9KCnepHMeHTOB Jl3eT Q>yHKUHIO /2 
c MeHbwett norpewHOCTblO cpi. TaKono, HanpuMep, nonoiKeHHe, 
KOr}la 3aKoH BottnR (20.4) 3aMeHHeTCH <j>opMynott BaH-.nep-Ba­
anhca. PaeeHcTno (20.11) JlaeT coOTBeTcrnyromee yseneqeHHe 

HHcf>OpMauuH: 

(20.12) 

3ra cpopMy na coena.u.aer c (20.11 ), 3a HCKnro1.1entteM roro, ttro 
F 11 cp aaMeHeHbl Ha g>1 H g>~. BeJIH4HHa F ucKnfOqeHa. 0Ha 
QJ3KTH4eCKH urpaer ponh a)l.)l.HTHBHO" nocTOSIHHO", CXOJlHO" 
c HeH3BeCTHOtt 8JlJl11THBHO" nocTOSIHHOit BO MHOf HX cpopMy nax 
}lnSI 9HTpOnM0. 

8TOT np0Mep noKa3bIBaeT, llTO Hawe CT3THCT0lleCKoe onpe­
}leJleHHe HHQ>opMaUHH MQiKeT npHMeHSITbCSI B eeCbMa pa3H006-
pa3HbIX npHMepax M npHBO.lJ.HT K HHTepeCHblM pe3y JlbTaTaM. 

MaK·K9t;t 1) o6cyiKJlan npooneMbl HayqHott HHcpopMaUHH B JlBYX 
He}laBHHX pa60T3X, 8 KOTOpblX OH nbITancSI .ll.OK333Tb, qTO pa3-
JI11l1Hhle onpe.lI,eneHuSl npHJIO>KHMhI B paan111.1Hb1X o6nacrsix. OH 
H33hlBaeT CeAeumu8HOU llHrjJop.Maqueu BeJIHllHHy, KOTopy10 Mhl 
onpe}leJIHJIH KaK lZHrjJop.Maqu10, H BBOJJ.HT TepMHHbl cmpyumyp­
HaR uHifJop.Maqzzn 0 .Mempu'tecuan llHcjJop.MaqllR. 3rH nocne}l­
HHe repMHHbl npHMeHSIIOTCSI B CBSI3H c npo6neMaMM TOllHOCTH 
sKcnepHMeHranbHhlX ycTpO"CTB. HaUIH 11ccne.u.oeaHHSI u paccy>K­
JleHHSI CTpeMs:tTCR IlOKa33Th, 4TO see 9TH npo6neMbl MOryT H 
}lQn>KHbl o6cyiKJl8TbCSl npH flOMOIUH OJlHHX H rex >Ke onpe}leJie­
HHH u ¢opMyn. Ecnu Ohl 9TO OhIJIO He raK, Mhl, 6e3 coMHeHHH, 
HaTOJIKHJJIHCb f)y Ha HecornacoBaHHOCTb, TaK KaK o6naCTH 

1) D. M. Mac Kay, Phil. Mag. [7] 41, 289 (1950): ~ymposium on 
Information Theory, London, Trans. IRE (PGIT), p. 60 (19tl3}. 
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npHMeHeu1.u1 pasJJH1IHbIX rpopMyn nepeKphIBaIOTCH, u MhI H!\ieJJH Ohl 
TpH pa3JIH4Hbie H ue CBSl3aHHbie MeiKJlY cooofi reopHH HJH,Pop­
MailHH BMecro 01lHOft Mhl onpeJI,e:1enno 01uyruaeM, lfTO 11eo6xo­
JJ.H~a TOJihKO O,ll.Ha reopHH H GTO OHa ;\fO~KeT noKpbITb aJl,eKBaTHblM 
oopa30M: see none 11ccne.n.0Ba 1111tt. 

3. Hnfl>opMaUHR, co11.epmamaHcB s qucnoeoi:i ra6nune 

Mbt ectpeqaeMCSI c HHTepecHhIM npuMepoM B Bonpoce oo 
HHcpOpMallHH, co.nep)J(aIUeitcH B 4HCJIOBOtt TaOJIHUe. 8TOT BOnpoc 
lf3CTO CT3BHJICSI, 11. npellnaraJIOCh cpaBH€HHe MeiKlly: 

A. Taon11uefi cnyqafiHhIX q11cen. 
BL Taon11uett, npeJJ.cTasnsi10mefi ll8HHJIO ¢YHKUH.IO. 
Oom11it orBeT npocr: Ha1ua Ta6nwua co.nepiKHT N no311u11tt, 

cooTBercrBy10u111x N 3Hat1eHHH~I nepeMeHHOfi x. llnH KaiK.noro 
3Ha'leHHR x TaOJIHua .naer anatieHHe .npyrott nepeMeHHOfi y (x), 
npellCTaBJieH11oe 4HCJIOM H3 n JI,eCHTHllHbIX u11¢p HlJH b llBOH.4~ 
HhIX uncjlp. 411cna n H b C8513allbI B cpe.n.HeM COOTHOU1€HHeM 

b ~ 3,3n. 

B oou~eM T aOJIHUfl COJI.epiKHT 

l=Nb 

(20.13) 

(20.14) 

llB0H1jHMX ennHHU HHrpOpMau1111, KaKOB ow HH 6MJI aaKOH, CBH-
3bIB310UI.Htt y H x. B c.Tiyqae A, JJ.JIH ra6JIHUbI cny1:.1atiHbIX 1.111-
cen, coBoKynuocTh q:Hcen y llOJIJKHa YllOBnerBOPHTb HeKoTOphnt 
cpe,ll.HHM cooTnorneHHHM, He ,lI.o.rnKHa 001-1apyiKHBaTb B cpe.n1-1eM 
KOppenHUHH, 11 T. .n.., HO KaK TOJihKO T30JIHU3 JI,aHa, B nefi HeT 
yiKe HHlfero cny1:.1afiHOrO. Oua npe,lI.CTaBJIHeT cooofi TaKyIO m:e 
'f aOJIHUY' KaK H BCHKafl ,lI.pyraH, H MOJKHO CKa33Th, 1.ITO ona 
npellCTaBnHeT onpelleJieHHYIO ¢YHKUHIO y (x), KOTOpaH, BOOOw.e 
f OBOpH, He HenpepbIBHa H 11e HMeeT npOH3BOllHOfi~ HO TeM He 
".\1€Hee S1BJISleTCSI cpyHKitHett .lUfCKpeTHOtt nepeMeHHOfi x. 

EcnH ra6nnua npe.ncranns:rer onpe.ne.1eHuy10 ¢yHKu1110 J' (x), 
Mbl MO}f(eM pa3nnqaTh cne.n.yroIUHe cnyqa11: 

B1• EcnH npHHHTb, qro MbI HHttero He 3HaeM o cpyHKUHH 
11anepe.a, TO lfHCJIOBaSI T30JIHUa no-npem:HeMy COJlepm:HT HHrpOp .. 
MauHIO Nb, KaK B (20.14). 

8 2. Mhl MO>KeM HMeTb HeKoroph1e npeJlBapHTenhHhie CBene­
llHH o cpynKUHH. MbI MoiKeM, nanpHMep, pacnonararb ;i:oKa3aTeJib~ 
Cl R3MH. 'IOrO, 1ITO ¢YHKUHSI HMeeT nepByJo, BTopy10, •.• n~10 npo-
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11380,llHbie, 3a 11Cl(JII04eHMeM HeKOTOphIX TOlJeI< na MHTepBaJie 

(neKOTOphIX 3Ha'le1nlit x). 3Ta npe.nsapHTeJibHa51 HHcpOpMaUMff /0 
.llOJDKHa OhITb BhitJTena 113 1111cpopMaun11, .naBaeMott cpopMy nofl 

(20.14), M HHcpop:vrnu1u1, co.n:ep)KamaHCH e TaOJIHue, pasHa 

I=== Nb - /0• (20.15) 

IlycTb, HanpHMep, Ax 03ttariaer pa3HOCTb Me:>K.ny .n:syMH coceJJ. .. 

H11Ml1 3Ha'1eHHHMl1 x B ra6.r1wue, H npe,llilOJIO)l(HM, lJTO HaM 113 .. 

Beer Ho, ttTO npHpanI.eHMe I A.y I, coor sercTsyromee npHpameHMl-0 

Ax, He MO)l(eT npeaocxo.n.Mtb b' ( B .UBOML1Hh1x e.uMHMuax ). Tor .n:a 

(20.16) 

,[[JIH nepBoro SHa•JeHMSI ¢yHKUHFI npH x = 0 MMeeM 2b B03MOJK .. 

HbIX analleHMtt y. llnR cne.uy1omero a11aLieHMH .u11ana30H coKpa-

1uaercS1 .uo 
2 . 20' = 2b'+1. 

061nee til1CJIO B03MOiKHOCTefl eCTb 

P = 2b (2b'+1r·w·-1, 

H HHcpOpMaUMff R JlBOMlJHhIX e;UiHMUaX pas11a 

I== log:.? P = b ·+ (N - 1 )(b' -7- l) (20.1 7) 

- seJIMLIMHa Me11bu1aH, lleM Nb, TaK KaK b' -1- I MeHhllle b. 
8 3• MbI MO)KeM, HaKoHeu, npe.n:nonoiJ<MTb, qTo HaM B TOLi· 

HOCTM 113BeCTHO Hanepe.ll, lJTO npe.llCT3BJIHeT COOOFl Taoy JI11p0· 

B8HHaH cpyHKUMH; B 3TOM CJiyr.Jae Ta6JIMU3 BOBce ue .uaeT HaM 

HOBOfl HI1cp0pMaIJ.H11. 

Oob1'1HO Mhl H:\tee~t cnyqati Bi?, Kor ,Ila Mbl pacnonaraeM JIMllib 

qacTM4HhlM 3H3HHeM Ta6ynHpOB3HHOti cpyHKUMM M uy)K.uaeMCff B 

Ta6n11ue .llJIH oonee IlO.llPOOHOFl UHcp0pM3UHH. HaUIH onpe.n:eneHMS1 

noKa3bIBaIOT, QTO H3M60JiblllYIO BHcpOpM3UM10 JJ.aeT ra6JIMUa CJIY­

qatiHhlX lfMCeJI, a KO'fOpbIX nanepe.u HMttero He I13BeCTHO. 

TeopHst HHcpOp}faUHM B03HMKJia M3 npo6JieM cBH3tt, M ooJib· 

mas:t: llaCTh ee cospeMeHHhlX npHJIO)KeHMti OTHOCMTCSI K 3TOF1 

0011acTM. Mhl CTapanttch noKa3aTh, 4TO reopHH MOlKeT 6bITb 

1'3K)Ke oqeHb IlOJie3Ha B qMCTOti HayKe, M B oco6eHHOCTM B cpH-

3M.Ke. AuanorMH ~e1K.ay 11ucpopMau11ett B 9HTponHefl OhIJia OTMelleHa 
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WeHHOHOM u BOCXOJJ.HT cpaKTHt1ecK11 K cTapofi pa6ore CnnapJla, 
BhlflOJIHeHHOft B TO BpeMH,KOfJla npaKTH4eCKaH ueHHOCTb Teopuu 
eme ne 6blJ1a ocoaHaHa. 

HncpopMaunst u ¢1-1suqecKast 9HTponnst HMelOT OJlBHaKoey10 
npupo.lI,y. 9HTponBH eCTb Mepa HeJJ.OCTaTKa }leTanbHOtt HHcjJOp· 
MaUHH o cpn31-1qecKott cncTeMe. 4eM oonhme HHcpopMau11st, TeM 
MeHhme enrponnst. HncpopMaUHH npeJlcraBJ1HeT co6ofi oTpHua .. 
TeRbHOe cnaraeMoe B 9HTpOnHB CHCTeMbl, H Mbl ycTaHOBHJIH He· 
f9HTpOnHttHLdt npnnuun H11cpopMaUHH. 

BcHKHf.1 pa3, KorJJ.a MbI }lenaeM naOJIIOJleHHe Ha.LI. cpnanqecKof.1 
CBCTeMott, Mhl }l0n)l(Hbl HMe'fb pa3HOrO pOJla HCTOllHBKB ner9HT• 
ponuu. MbI ucnonhayeM 9TY ner9HTponulO H yaenuquaaeM 9HT· 
pon1110 na6opaTop1-1n, coJJ.ep)l{am.ett Ha6n10JJ.aeMy10 c1-1creMy 1-1 
1-1sMep11TenhHhle npH60phl. B pesy nhTare MhI nonyt1aeM HeKoTopoe 
Konu1.1eCTBO nncpopMau011 o cncTeMe. Yeenu4eH11e 9HTponnu, 

O)l.H3KO, acer .lI,a 60Jlhllie noJ1yt1eHHOFi BHcpopMaUHH. 
8ToT peaynhTaT npe.lI,crasnsteT co6of.1 0606111.enHe rrpBHuHna 

KapHo, H Ml>I npoBepunn ero cnpaseJJ.JIBBOCTb na MHOrollncneH­
HhlX np11Mepax. MhI noKa3a.i1H, raKHM o6pa30M, llTO reopHSI HH· 
cpopMaUUB He M0)1(€T 6bITh nocrpoeHa KaK CaMOCTOfiTeJibHaSI 
cym.nocT&. CBH3b c repMOJlHHaMHKott nacTOJibKO Teena, llTO JlJISI 
ooecnelleHHSI IlOCne)lOBaTenhHOCTH B nonHOTbl neOOXO)l.HMa cf>H· 
31-1qecKast reop11si 11Hcf>opMauHH. lloKa3aTenbCTBO 9Toro nono)l{eHHH 
H SIBJISleTCst ueJiblO 9TOf.1 KHHfH. 

IlpaKTHlleCKH TeOpHSI )l.3CT }lJISl 60JibllIUHCTBa sa.naq qpe3Bl>I· 
t1afiHo Manb1e HSMeHeHHH 9HTpon111-1 ¢us11qecKott CHCTeMhI. YIH· 
cpopMaUHSI H3MepsteTCSI 06hl4HO B JlBOHQHbIX e}lHHBuax, a 9HTpo· 
JlHSI - B TepMOJJ.BHaMHqecKHX e.ll.HHHUax.. 0THOllleHHe 9THX eJlH· 
HBU paBHO npB6nB3HTeJihHO 10-16, a 9TO 3Ha4HT, llTO 04eHb 
6onbllIOe q11cno .lI,BOH4HblX e.n.HHHU ( cKameM, 106) COOTBeTCTByeT 
npene6pe)l(HMO ManoMy (10-10) HSMeHeHHIO 9HTponHH. 0}lHaKO 
yqeT CBSISB Mem.ny OOeHMB BeJIH4BHaMH He06XOJJ.HM ,ZJ.JISI JIOrH· 
1.1ecKof.1 nonHOTbI. MHorue us sa.lla11, o6cy}l(JleHHhlX e rnaBax 
16 H 1 7' 6blJIH KaMHSIMH npeTKHOBeHHSI. 0HH He MOf JIH 6bl 6b1Tb 
perneHbI 6e3 noMOlllH Harnett <jJzl3zt'iec~ou meopuri, 1-1 JJ.nH ux 
TOJIKOBaHHSI He06XO.lI,BMa 9Ta HOB3H cpOpMa reopB~. 

01.1en& Manoe snaqenue Her9HTpon11u, COOTBeTCTey10111.ee 01.1en& 
6onbUJBM KOJIHqeCTBaM HHcjJOpMauBH, SIBJISleTCSI OCHOBHOtt npH· 
llHHOFi Toro, llTO nepeJlaqa HHQJOpMaUBH 06billHO 06XOJlRTCH ne­
.lI,oporo. IlHCbMO, ne1.1aTb H 9neKTp1-1qecKast CBSl3b CTOSIT 04eHb He· 

MHoro e eJlHHnuax 9HTponun. CoorseTCTBeHHO nnaKa u ux .lI.e· 
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He>KHasi CTORMOCTh. CoepeMeHHasi >KM3Hh ocHoaaHa Ha STMX cpaK· 
tax, M OH.a 6blJia Obi COBeprneHHO HHOi:t B MHpe, B KOTOpOM 
Her9HTponHSI HHcpOpMaUHH HMeJla 6bl 60JibUIJIO eeJIUQHHY. 

To oocTosirenbCTBo, t1ro a HaUiwx paccym.lleHHSix Mhl HMeJIH 
iteno c TaKHMM HMllTOiKHhIMM KOJIHqecTBaMH, He JlOJJ)KHO Hae 
ooecKypa)l(HBaTh. BHaqane Ka3aJIOCh, 4TO reopusi OTHOCHTeJib· 
HOCTH JJ.aer JIHWb oqeHb MaJible nonpaBKH K KJlaCCHlleCKott Me· 
xaHnKe. Hoab1e np11J1o>Ke11usi K S111epHolt cpu3nKe noKaablBaIOT 
tenepb <l>YH.llaMeHT3JibHOe 3Ha4eHRe COOTHOllleHM5l .Me>KJJ.y Maccott 
H 9Hepruett. MO>KHO Ha11eHThCSI, qro H CBH3b Me>KllY SHTponuef.t 
H HHcjlopMauuett BblCtynHT paHO UJIH n031lHO Ha nepeblf:l nnaH H 
Mbl OTKpoeM, rJJ.e 9Ta CBSl3b nonyqaeT ceoe UOJIHOe FICUOJ1b30· 
BaHHe. CTpo6neMa H3MepeHHSI qpe3Bhlll3i:tHO MaJiblX paCCTOSIHHtt, 
paccMorpeHnasi B r Jiaae 16, .llaer HaM nepeblf:l npuMep; .npyrue 
Moryr ecKope nocneJJ.OBaT&. 

5. DpuMep&1 npooJieM, e&1xo;ru1mux sa paMKH ~aueoft teopuu 

CymecTeyIOmasi reopusi nonHOCTbIO urHopwpyer ueHHOCTb 
nepeJJ.8B8eMOit H oopaoaTblBaeMOlt HH<j>OpMaUHH. 8to 06CTOH• 
TeJJbCTBO HaCTOltllHBO nO.llllepKHBaJIOCb Ha npOTSI>KeHHH ecel 
KHuru. MHorue ,npyrne aaropbl ue11ooueHueanH, no-BH.lJ.HMOMy, 
Ba)l(HOCTb sroro orpaHutieHHSI, llTO JIOBe.110 KO MHOrRM He11opa­
ayMeHHSIM no noao11y B03MO)l(Hocref:l cywecrByIOwett reopuu. 
ToJibKO urHopupyH qeJ10BetieCKy10 ueHHOCTb HH<j>opMauuu Mhl 
CMOr JIH nocrpOMTh HayqHYIO Teopuro HHQJOpMauuu, OCHOB3HHYlO 
Ha craTHCTHKe, u ObIJia noKa3aHa none3HOCTb 9TOi:t reopuu. Cy­
w.ecrByer, O.llHaKo, MHoro npooneM, Korophle HeJih3SI pa3peUIHT& 
Mero11aMH 9Tott Teopun. UeJib 9Toro pas11ena coc1ou1 e TOM, 
llTOObI BKparue nocTaBHTb HeKOTOpble H3 9TflX BOrrpoCOB H no­
KasaTh, llTO BCe OHH CBOJlHTCSI K OllHOit H TOi:t >Ke Oomelt 
npooneMe: KaK BBeCTH B reopMIO SJieMeHT ueHHOCTH flHcjJOpMaUHH. 

Ha.no6HOCTb B 9TOM HOBOM SJleMeHTe B03HHKaeT BCSIKHtt pa3, 
Kor11a HHcpopMaUHff paCCMatpHBaeTCSI KaK OCHOBaHHe JlJISI npe11-
cKa3aHHSI u 11nsi npaKTM4ecKoro npwMeHeHHSI. CnepBa no11hITO· 
>KHM KpaTKO cymecTeyIOwee nonomeHwe: nonO)l(HM, uanp11Mep, 
tfTO UOCblnaeMaSI TeJierpaMMa aaKOllHPOBaHa llBOHllHblM KOJlOM 
(0 HnH 1) u co.nep>KHT n JJ.BOHllHbIX uucpp. Ecnu KO.llnpoBauue 
He HMeer fl30blTOqHOCTH, TO TeJierpaMMa co11ep)l(UT Bcero n 
JlBORQHblX eJJ.HHHU HHcpopMau11u. Bonpoc o TOM, 11Meer reJierpaMMa 
suaqeHue JlJJH nonyt1aTensi unu uer, He paccMarpnBaercst. 
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Ha Hay4HOfi KOHcpepeHUHH B lV\.11JiaHe B a11peJie 1954 r. Jl-p 

Kycp11HhSIJlb criapinK) nOCTaBHJI CJieJI.y10IJtttti BOripoc: IIOCJie Toro 

KaK TeJierpaMMa TIOCJiaHa, aBTOp .11.00aB.'JHeT OJI.HY .1I.BOH4HYIO 

Uttcppy co CJleJI.yIOlUI1~ 3HaqeHHeM: 

0: ace neaepno; He o6pautai1re Ha TeJierpa:vrMy BHHMan11s:1, 

1: TeJierpaMMa npaBM~1hHaH; MOIKeTe ero BOCTIOJih30BaTbCft. 

c TOllKH 3peHHSI HHcpOpMau11H 9TO 03HallaeT JI.06aBJieHHe OJI.HOM 

llBOH4HOM eJJ,HHI1Ubl, TaK 4TO BCero TIOJiy11aerc11 (n + l) eJJ,HHHUa 

BMeCTO n. IlpaKTfllieCKH )l{e TIOJIOm:eHHe HHOe: 

0 ( «HeT») - pa3pyrnaer aero aeHHOCTh coJI.ep*amettcsi 

B TeJierpaMMe HHcpopMaUHH, 

1 («JI.a») - nonpocTy J.L06aBJIHeT H36blToq1-:1ocTh. 

Mhl MO)l{eM, CJieJI.oBaTeJihHO, cKa3a rh, qTO «Her>> (0) Hecer orp11-

uareJihHYIO MHcpOpMaUHIO, paBHYIO no a6COJIIOTHOfi BeJIHqHHe 

TIOJIHOM HHcpOpMau1111 B TeJierpaMMe. c T04KH speHHSI cymeCTBYIO .. 

mefi TeOpHH HHcpOpMaunH ncer JI.a TIOJIO)l{HTeJihHa " HHKOr .n.a He 

flBJISieTCSl orpttuareJibH011'. 3J.LeCh SICHO 06Hapy)l{ttBaeTCH pa3JIH-

4He Me)l{JI.Y CTaTHCTH4eCKOM Mepofi HHcpOpMauHH " npaKTM4eCKOfi 

ueHHOCThlO 9TOM HHcpOpMauHH JlJISl TIOJIY4BTeJIH 1). 

1) 3rtt paccymneHHH Bbl3blearor pHJl 3aMe11am1it Bo-nepBblX, otpHua· 
TeJJhHaH HHcpopMaUHH Mamer nOHBHTbCH H B paMK3X cyw.ecrsyrow.eli 
TeOpHH. 00HCHHM 3T0 npttMepOM. nycTb noJiyqeHa TCJierpaMMa: «P33bI­
utHTe KBHTaHumo; OHa 33JJOiKeHa B OJI.HY H3 KHHr, H3XOJJ.HutHXCH B cro­
.'IOBOli», a ecnen 3a reM npyraa renerpaMMa: «A Momet OblTh, 11 B Ka611 .. 
Here». BropaH TeJierpaMMa yBem1qnBaer qttcJio anpnopn B03MOiKHhlX ncxo ... 
)lOB, r. e. yBeJJnqnBaer HeonpeneJieHHOCTb HCXOJl.HOH cttryauHH. B CHJJY 
ocHOBHoro onpeneneHHH (CM. ( 1.5)) 3TO 03Ha1.1aer, llTO BropaH renerpaMMa 
Hccer orpuuareJihHJIO HHcpopMau1110. Bo-srophlx, cnenyer, 6wrb Momer, 
noHCHHTb, qro o r pH u a H n e co o 6 me H n H naer, eoo6me roeopH, 
HHcpopMaUHID, He paeHyro Hynro, TaK KaK sro orp11uaHne yMeH1>maer qnc.110 
B03MOiKHbIX HCXOJ(OB. KycpHHhHJib HMeer B BMJ(y, KOHeqHo, npyroe; OH 
roBopnt He 06 orpHUaHHH coo6meHHH, a 06 orpnuaHHH roro, qro coo6mc .. 
HHe conepmano KaKy10-ntt60 nHcpopMaunro. TaKHM o6pa3oM, coo6w.enne 
BMCCte c JJ.OflOJIHHTeJibHblM OTpHuaHHeM B CMblCJie K ycpHHbH"'lH neliCTBH­
teJJbHO naer HHcpopMauHIO, paBHJIO HY mo, TaK KaK HCXOJJ.H3H Heonpene­
JJeHHOCTb CHtyaUHH IlOJIHOCTbIO BOCCTaHaBJIHBaeTCH. Mbl MOiKeM c IlOJIHblM 
OCHOBaHHeM fOBOpHTh, lJTO npOHCXOJJ.HT aHHHfHJIHUHH HHcpopMaUHH B CMbIC.11e 
B3aHMHOli KOMneHcauHH noJJOiKHTeJibHOli H orpnuareJihHOli HHcpOpMaum-r. 
Ho cnpamtteaerc», KaKoli HHcpopMaUHH cnenyer npnnHcarh orpHuarenhHhlH 
3HaK? HaM npencraBJJHetcH ecrecrBeHHbJM CllHTath orpm1arenbHOfi nepBo­
Haqanhnyro JI 0 iK H y IO HHcpOpMaUHIO H IlOJJOiKHTeJJbHOH ry HHcpopMaUHIO, 
KOtopaH conepiKHTCH B IlOCJJeJJ.y10meM OTpttuaHHH, aHHyJinpymw.eM nOiRH)'IO 
HHcpOpMauHIO H BOCCTaHaBJIHBa10meM HCXOJJ.HOe flO.'IOlliCHHe. 

HaKoHeu, MOiKHO owno 6b1 yKa3aTb Ha B03MO}KHOCTh HeKotoporo 
o6o6u~eHHH, KOTopoe Il03BOJIHer, B H3BeCTHOH CTClICHH, BBCCTH paccMaTpH~ 
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KoJlhl c caMonpoaepKoi'i H caM0HcnpaB11eu11eM, paccMotpeu­

Hhle B r Jl3Be 6, COOrBeTCTBJIOT npaKTHlleCKHM 3a)latiaM, Ot.IeHb 

cxOll.HuIM c paccMOTpeHHOi'i Bbirue. K renerpaMMe, COll.ep>K'.amei'i n 
ll.BOHqHbIX 3HaKoB, MbI .n.o6aBJI51eM 0 HJIH 1 TaK, GT06hl 4.HCJIO 

eJlHHHU OhlJIO ecer ll.a 4eTHO. flpHeMHHK nponepHeT o6mee qHcno 

eJlHHHU. EcnH OHO HeqeTHO, TO MO}l{er OhITh 1 , 3, 5, . . . OlllH­

ooK. EcnH OHO qeTHO, TO 111160 OlllHOOK Her, JII100 HMeeTCSI 

2, 4, 6, . . . OlllHOOK. flepBbli'i cnyqafi, oqeBHJlHO, COOrBerCTByet 

CHrttany «HeT» B 3all.a4e KycpHHb51Jl51. 

LlonoJIHHTeJlbHble CHrHaJibl ll.J151 rrpoeepKH H.nH HCnpaBJieHIHl 

He ll.003BJISIJOT HHKaKOi'i HHcpOpMBUI1H. flo CJ meCTBJIOlllei'i TeOpHH 

9TH CHrHaJihl npOCTO ll.OOaBJISllOT I130blTOllHOCTb. 3ll.eCh pellh Hll.eT' 

OJJ.HBKO, 0 npaKr11qecKoR u e H H 0 c TH HHcp0pM3UHH. 

BMeCTO toro llTOObI paaJleJISITb yreepiKJleHHSI Ha HCTHHHhle H 

nO>KHhle ( «Jla>> HJIH «ner», cM. Bb1u1e ), MhI MOJKeM ycnOBHThC st 
yKa3hIBarb nep051THOCTh p Toro, 4TO cooomeHHe SlBJI51eTCSI 

nCTHHHhlM. Bh16epe:\1 UJKany c 8 (= 2a) 3Ha4eHHHMH, H rryCTb 

llHCJIO m (0 m 8) COOTBeTc-rnyer p = 1n/8, GTO 03HattaeT, 

1JTO yrBepA<ll.eII11e B cpell.He!\I HCTHHHO B Ill cnyt1aSIX H3 8 I1 

JIOiKHO B (8 - m) cnyqaSIX H3 8. c HHcp0pM3UHOHHOR rOllKH 

3peHHSI 3TO osuaqaet Jlo6aBneHHe K renerpaMMe Tpex JlBOHqHhlX 

ell.HHHU HHcpopMaUHH, GTO .u.aeT B o6meM (n + 3) Jl.B. ell.. BMeCTO ll. 

fIOCKOJihKY paccMaTpHeaeTCSI ueHHOCTh HHcpOpMau1111 .U.Jl51 rrony­

qarenH, paayMHO C4HTaTb, l!TO ueHHOCTh Bhlpa}l{aercSI npOH3Be­

ll.eIIHeM pn. Bo MHOrHx cnyqasix, OJJ.HaKO, HHcpOpMaUHSl BOBCe 

He npeJlcraB11S1er HttTepeca JlJISI nonyqarenH, ecn11 BepOSITHOCTb 

OWHOKH npeBOCXOJlHT HeKOTOphli'i ycTaHOBJieHHbli'i MHHHMyM, 

HarrpHMep 50°/o; 8 9TOM c11yt1ae rrpaKTHqecKaH ueHHOCTb 6y ll.er 

paBH3 HJJIIO ll.JISl eepOHTHOCTeM 0, 1 /8, 2/8, 3/8 H npHHHMaTh 

HeKOTOpbie ao3pacra1omHe 3IIa4.eHH51, Kor Jla eep051THOCrH cocra­

BJI51IOT 4/8, 5/8, 6/8, 7 /8, l. 

naeMy10 c11ryau1no s paMKH cyll{ectey10meii rropHu. Peqb 11ner, n cyll{­
uocrn, 0 TOM, •ITO ornpasHre~'lb l\101Ker OlllHOa ThCfl H Il0Cb1Jl3Tb KaK Bep­
H ble, raK 11 HeBepHb1e cooomeHHH. Ho ec.rnt raK, ro MOlKHo 81<.1110ttumb 
omnpaBume .1u1 B cue me.My CBfl3U 11 paccMarpHBarh ero KaK seeHo 3roti 
CHCTeMbI, B :KOTOpOM C onpe,lleJieHHOti BepOHTHOCTblO npaBHJibHble COOOllJ.e­
HHfl Moryt 3aMeHHTbCH HenpaBHJJbHblMH. POJib HenorpeIIIHMOfO ornpaBM­
re.TJ.fl ocraercn np11 3TOM 3a rotl oo'beKTHBHoti .ueficrsH.renbHOCrh10, Haon10-
.naH Koropy10 .nettcrsyer Q;>aKr11.qecKB cocraewre.r1b coo6ll{eHHH, oyJJ.b to 
qeJioeeK HJIH MamHna. IlpH ra:Kott nocraHOBKe sonpoca Bee onpe;it~~1euHH 
H llOHffTHfl cym.ecrBy10m.etl TeopHH npHMCHHMbl H coxpaR»lOT ceoti nep­
BOHallaJlbHbltt CMhICJI. (flpUAt. nepe8.) 
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Bonpoc o ua.zr.eiKHOCTH qntaHllecKoro ua6Jno.zr.euHsr o6cy>K.zr.ancsr 
s r nane 14. BcstKoe <l>HaHqecKoe HaMepeHHe co.zr.epiKHT B03MOiK· 
HOCTb orn1160K. Ha.lle)l(HOCTb r 9KcnepHMeHT3JibHOro Meto.zr.a 
tlblna onpe.lleJieHa qepes eepoHTHOCTb 1 /r ornH6KH, 06ycJioe11eH· 

Hott TenlIOBblMB lfmyKryaUB!lMB, B eepO!lTHOCTb ( 1- ; ) npa­

BHllbHOro ua61110.zr.euHst.. 3ra sa.zr.aqa, OlleHb cxo.zr.HaH c npe.zr.bl· 
.zr.ymeft, tlblna .zr.ononHeua npe.zr.nonomeuHeM, llTO HaHMeu&wee 
paccMaTpHBaeMoe 3H3QeHHe eCTb r = 2, QTO .zr.aeT eepoHTHOCTb 
npaBHJlbHOfO Ha6JIIO.lleHHSI, paBHYIO 0,5. 

Bbl4HCJIHTeJihHble MalllHHhl paccMaTpHsa1111cb B r Jiaee 19, H 
6bIJIO noKa3aHO, QTO Bbl4HCJieHHe OlJeHb CXO,llHO c nepeBO.llOM, 
Ko.zr.HpoeauHeM H .zr.eKo.zr.HpoeauHeM. B nyqrneM cnyqae BbltJHcne­
uue coxpausteT BCIO HH<l>OpM3UHIO, COJJ.ep>K3lllYIOCSI BO BXO,llHhtX 
(HCXO,llHblX) JlaHHbIX, HO Otlhl4HO HeKOTopoe KOJIHQeCTBO HHcpop· 
MaUHH TepHeTCSI aa CQeT np116JIH)l(eHHii, BBO.llHMbIX BbIQHCJIH• 

TeJibHOit npoue.zr.ypoii. c HHcpOpMaUHOHHOii TOllKH apeHHSI BbJqHCJie­
HHe He .ll06ae11HeT HHKaKoii HOBOit HHcpopMaUHH, a llHillb nOBTO· 
psteT y)l(e HMeIOlllYIOCSI HHcpopMaUHIO Ha JlpyroM Sl3b1Ke H, 
eoaMomuo, c HeKoTopbIMH noTepstMH. Ho BhIIJncneuHe, KaK H 
.zr.eKO,llHpOBaHHe, H nepeeo.zr., KOHetJHO, yeeJIHQHB3IOT npaKTHQe• 
CKYIO ueHHOCTb HHcpopMau1111 H ee aHatieHHe JIJIH nonyqarensr. 
Bonpoc 06 HHcpopMaUHH, coJiep>KameficSI e nporpaMMe Bb14HCne­
HHSI, SIBJIHeTCSI .llpyrHM acneKTOM npo6JJeMhl, .zr.o CHX nop He 
HCCJieJlOBaHHblM, XOTSI OH H tlbIJI noCT3BJieH Ha MHJiaHCKOfi KOH· 
cpepeHUHH. 

Bec&Ma BaiKHbtM .zr.nst npaKTH'leCKoro npHMeHeHHH stBJIHeTCR 
eonpoc o u11pKy 11stu1111 HHcpopMaUHH B KaHanax c o6paTHOft 
CBSl3bl0, HJIH 6ea Hee. IlOJIO)l(HTeJibHaSI o6paTH3R CBR3b o6Jta.llaeT 
CBOiiCTBaMH, cymeCTBeHHO OTJIHQHhIMH OT OTpHU3TeJibHOlt Ilo 
HaweMy onpe.neneHHIO HHcpOpMaUHSI eCTb nOJIOiKHTeJibHaH BeJIH• 
QHHa, Koropast H11Kor.zr.a He MO>KeT CTaTb OTpHuaTellbHOii. Cne· 
,llOBaTeJILHO, B KaHanax c o6paTHOii CBSl3bl0 Mbl CHOBa HMeeM 

.zr.eno He c caMoit HHcpopMa"1Heit, a c ee ueHHOCTbto. Bonpoc 
o TOM, KaK onpe.ne1111Tb ueHHOCTb e TaKoro po.na aa.llallax, 
OCTaeTCSI OTKpbITbIM. Il0-811.llHMOMY' e.nHHCTBeHHOe 3aKJJIOIJeHHe, 
KOTopoe Mbl noKa QTO MO)l(eM C.lleJJaTb ( H KOTOpoe He HMeeT 
tlOJiblllOro npaKTHQeCKOfO 3HaQeHHH), COCTOHT B CJie.ny10meM: 
paCCMOTpHM pHC. 20.1, Ha KOTOpOM BXO,llHOft KaHaJI c. .zr.aeT 
B cpe.zr.HeM C1 .zr.e. e.zr.. B ceKyu.zr.y (nponycKHaB cnoco6uocTb C1). 

3ta HHcpopMauHst npoxo.zr.HT no C1h H ueKoTopaH .zr.onH a (0 <a< 1) 
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eoaepall.laeTcst o6patHO no uenu o6paTHOR cestaM. KaHan C2 
.lI.OJllKeH 6Ntb B COCTOHHHH nepenaTb 

C1 (1 +ex+ cx11 + ... ) = 1 ~
1" ns. e.n. s ceK., 

taK QTO ero nponycKttaH cnoco6Hoc1h ecT& 

C C1 
i = I ' __...a 

H BNXO.ll.HO~ Kattan HMeer nponyCKHYIO cnoco6HOCTb 

C3=C2 -a.C9 =C1• 

3To, 0,llHaKo, He aaTparHBaeT xopOUJO H3BeCTHNX npo6neM 
ueneA c o6paTuoA CBH3hl0. K aa,llaqe TaKoro po.n.a Mornu 6hl 
ONT& npnMeHeHbl MeTO.lI.hl JIHH-
BHJIJia H 3anhuepa, paCCMOTpeH· 
Hbie e r nase 19. 

BoJihwoe qucno sa.ll.a 4 no­
KasMsaeT B3iKHOCTb OOCYiK.lI.eHHSI 
npaKTH4eCKOit UeHHOCTH HHcpop-
MaUHH .ll.JJH nonyqaTeJIH. B TO 
epeMH KaK Mepa HHcpOpMaUHH, 
KaK oua onpeneneua e ttaCTOHIUee 
BpeMH, SIBJIHeTCH aOCOlllOmH..OU, 
ueHHOCTb HHcpOpMaUHH, KOHeqHo, 

.. 

PMc. 20.1. CxeMatH11ecKoe npe.n­
crasJiea11e nponycKHbIX cnoco6Ho­
creit s nen11 c o6parHoit CBH3hIO. 

omH..ocumellbH..a .llJIH neKOToporo no11yqaTenH. Ilpe.llnonaraeTcH, 
qTo 9TH sonpochl MOiKHO o6cy>K.ll3Tb c 9MnHpHQeCKOA TOqKn 
apeHHH, nNtaHC& e KaiK.llOM cnyqae HaATM paayMuoe onpe.llene· 
HHe ueHHOCTH, a aaTeM cpaBHHBaH pa3/IH4HNe aanaq11, c ueJibIO 
OOHapyiKHTb 061u11e CBOitCTBa pa3JIH4HhIX onpeneneHH~ H BNSICHHTb, 
MOiKeT JIM 6NTh pa3BHTa TeOpHH, npHMeHHMaH K pa3JIH4HbIM 
qacTHbIM CJJyqaHM. TaKoe oocyiK.ll.eHHe, eepOHTHo, C.ll.ellaJio 6h1 
TeopH10 HHcpopMauHn stta4nTeJJ&HO 6oJiee ueHHOit .llllH npaKrnqe­
CKHX npnMeHeHBit " MOr JJO Obi OTKpblTh HOBNe Ba>KHble Hanpa­
BJJeHHSI nccnenosattnR. 

Bo BCSIKOM c11yqae, 0.ll.HO ttenocpenCTBeHHO OQeBB.lI.HO: JII06oR 
KpBTepMA qeH..H..Ocmu BeII.eT K oueuKe no11yqaeMOR HHcpopMaUBM. 
3TO paBHOCBJibHO OT6opy HH$OpMaUHH, HMe1011J,eR onpe,lleneHHYIO 
Mepy KaqecTea. HeKoTopast qacT& BH$opMauuu Mo>KeT 6NT& 

npHanaua ea>KnoR H coxpaneHa co seen ee ueHHOCT&IO, Tor ,lla 
.KaK .llpyraH lJaCTb MO>Ke:r cquraThC8 ue .HMelOIUet:t ueHHOCTM H 
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6hITh 01opou1e11a. ~Ta sa11aqa olfeHh cxo11Ha c npoueccoM 

cpl1Jib TpaunH. c.J>nnb TP sinnHeTCS1 xopou10 H3BeCTHblM s oome" 

TeopHH 9Jiel\lt:IIT0!\1 n OOJJa.LI.aeT JlBYMH Ba}KllhIMH CBOtlCTBal\Ut: 

OH Heo6paTH),1 H OH yMellbillae'f oomee KOJJW-IeCTBO IHicpOpMauHH. 

MbI MOiKeM ycTaHOBHTb cne11y101.Uee noJJO)KeHHe: OTHOCHTeJJbH3S1 

UeHHOCTb HHcpopMaUHH JlJHI HeKoroporo .naHHOfO noJiy4aTeJIH 

MeHbme HllH paBHa a6COJIIOTHOJ;i HHcpopMaUHH. 310 yiKe SIBJISleTCH 

ornpaoHoJ;i ToqKoM, neJ;iCTBHTeJihHO" e o6UleM c11y4ae, n aanaqa 

COCTOHT B YCTaHOBJJeHHH oomero Oilpe.LI.eJteHHSl pa3JJH4HblX MeTO~ 
.ll.OB cpHJJb rpaUHH, npHMeHHeMbIX JlJISI 0 ueHKH . OTHOCHTeJJbHOJ;i 

ueHHOCTH HHcflOpMaUHH. 

Pa3BHT8H B 3TOfi KHHre TeOpHSl OCHOBaHa HCKJJI04HTeJJbHO 

Ha CTaTHCTHI.JeCKHX 11aHHhtx. Cor .. 11acHo HalllHM onpeneJJeHHSIM, npeD.· 

no>KeHnH, uc1pe11a10U1.HeCSl oYeHb pe11Ko, HecyT OOJJhllloe KOJIH· 

qec1so nHcpopMau1111. Ilpo6neMa ueHHOCTH, KpaTKO oocyiKJleHHaH 

e npe.ll.hlllYUleM paaneJie, He paccMaTp11eaeTCH e name" TeopHH. 

Mbt noJIHOCThID urHopHposaJJH TaKiKe H 11pyry10 npooJieMy: npo6-

neMy CMbIC.fJa. Bonpoc 0 TO~I, H~teeT JIH cooomeHne CMhICJI JlJIH 

OTnpaHHTeJIH 11.rJH nonyYaTeJISI, Mbl CIIHTaJJH COBeprneHHO He OTHO· 

CHI1lH.\:tCH K 11eny. HeKo roph1e 11ccJie.LI.o 13an11R ceMaHTHI.JeCKHX 

npo6.r1e:vr BhlilOJIHHJJH He.LI.aBHO B111111b 1
) so c.J>paHu1111 11 KapHan 

H Bap-Xnn11eJih 2) e CWA. 
PaooTa KapHana n Bap-XHJJJJeJJH oCHOBaHa Ha MeTonax u 

CHMBOJJHKe CHMBOJJH4eCKOJ;i JIOfHKH. Mhl .ll.3.ll.HM anecb Kp3TKHM 

oqepK HX HCCJie.ll.OBaHHH, KOTOpoe orpaHHlfeHO ( OTQaCTH pa.ll.H 

npOCTOTW, a OTlfaCTH BCJiell.CTBHe orpaHH4eHHOCTH MeTO.llOB 

HHllYKTHBHOJ;i JJOrHKH, Ha KOTOpoti OCHOBhIBaeTCH OOJJblllaSl 4aCTb 

paccy}KJleHnti) npe.ll.JJO}KeHHHMH na seChMa npOCTOM 5I3hIKe. 0HH 

HayqaIOT neCKOJJbKO B03MO>KHhlX onpeneJiennJ;i Mepbl HHcpopMaUMH, 

co.zr.ep>KaUleJ;iCH B naHHO~f npe.ll.JIO>KeHHH, H aHa .. 'IH3HPYIDT npe· 

HMymecrsa H HeJlOCTaTKH Ka1K11oro H3 HHX. Vix aHaJIH3 HCl{JIIO~ 
qaeT 113 pacc~orpeHHSI sorrpoChI oueHKH H HHTepnpeTaUHH: OHH 

1) J. Vi 11 e, 18-th Intern. Congr. of Philosophy of Sci., Paris 
(1949); ony6JI. s Actualites Sci. et lnd. 1145, l 01-114, Hermann, Paris 
(1951). 

2) R. Carn a p, Y. Bar .. H i 11e1, An Outline of a Theory of 
Semantic Information, J\i\IT Research Lab. Electronics, Tech. Rept. 
N2 247 (1952); Brit. J. Phil Sci. 4, 147-157 (1953). 
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HfHOpnpylOT, oy D.eT JUI COOOIUeHHe HCTOJJKOBaHO TIOJiyllaTelleM 

B COOTBeTCTBHM c HaMepeHHHMH OTnpaBHTeJJH. 

Ilo BCeM np11BeJJ.eHHhIM 011pe..ue11eHHH'.\if TaKOe npeJJ.JJO)l(eHHe, 

KaK 1 7 X 19 = 323, He 11MeeT 11HcpopMau1111. OcHoBaHHe JI.JI H 

9TOfO COCTOHT B npe..unOJIO}KeHHH, 4TO nonyqareJib coo5m.eHH5l 

pacnonaraeT BeCbMa B03MO)l(HblMH JJOrHLJeCKHMH BblBO.llaMH H3 

CTpyKryphl n.aHHOti H3bIKoBoti cttcTeMhI, TaK ttTO TaKoro poJJ.a 

npeJJ.JIO)l(eH11e RBJJRercR H36btTO'lHhIM. CLJHTaeTCR, t1To HHcpopMa­

ItHJO COJJ.ep)l(a'f TOJibKO TaKHe npe..uJJO}KeHHR, XOTSI Ohl ttaCTh 

KOTOpbIX He onpeJJ.eJJsieTC5l CTPYKTypoti 513bIKa. 

Kapnan H 6ap-X11n11enb 6epyr 3a ocHoey eeCb'.\la npoCTO~ 
Sl3bIK, COCTOHlUHtl HS KOHe(fHOfO 1-IHCJia n cyw.eCTBHTeJJbHbIX H 

T: npnnaraTeJibHblX ( Ha3blBae.MblX B HX paOOTe COOTBeTCTBeHHO 

u1tiJusuiJyaAa.Atll 11 npeauuama.Mu) u onHoro-en.11HCTBenuoro 

r narona u.Meem HJIH ecmb. TaK, ec1111 a eCTb cyw.ecTBHTeJibHoe, 

a P- np11;1araTeJ1bHOe, TO Pa tIHTaeTCH KaK «a HMeeT ceol1-

crso P» 111111, npow.e, «a eCTb P». 
B 513hIKe HMeKnCH c11eJJ.yJOru11e cssia11, KOTopble MoryT ObITb 

HCnOJJb30BaHbl ,llJISI IIOCTpOeHH51 OOJiee )l}IHHHblX npeJJ.JIO)KeHHti: 

~ ue: orp11uaH11e; (,......_,Pa) 03HaLJaer: «a He eCTb P»; 
'.I HJJH: D.H3'bJOHKUHSI; (Pa'-) Qb) 03Ha4aeT «a eCTb p HJIH b 

eCTb Q»; 
• H: KOH'bJOHKUHR; (Pa. Qb) 03Ha 1IaeT: «a eCTb p H b 

eCTb Q»; 
=> eCJJH ••• ro: UMnJJHKaUHH; 

= eCJJH " TOJibKO ecJJR: paBH03Ha QHOCTb 1 ). 

Bb16op 1t npHnaraTeJJbHhlX B H3b1Ke HeCKOJibKO orpaHH4eH. 

IlpunaraTellbHble HHKaK He D.OJJ)l(Hbl nepeKpbIBaTbCH no CMhlClly; 

KpoMe roro, O,llHO np1111araTeJ1bHOe He .ll0Jl)l(HO HH B K3KOfi Mepe 
""' ooycJJoBJIHBaTh np11MeHeH11e 111111 Henp11MeHe1-111e n.pyroro np11na-

raTeJibHOro. CJJoeapb R3btKa JJ.OnOJIHHeTCR eeen.eHHeM JJ.JISI Ka)Knoro 

H3 1t npHJJaraTeJJbHblX p npOTHBOnOJIO)KHOro eMy' HJJH ero 

orp11ua1-111si, KOTopoe MO}Ker OhITb oooaHaLJeHo f"'J P, 111111 HOBhIM 

CHMBOJIOM, HJIH sattaCTYJO H TeM H JJ.pyrHM. 

IlpeJJ.JlO)l(eHHSI B 9TOM H3hIKe pa3JJ.eJJRJO'fCR Ha JlOfHtteCKH 

JIO}l{Hbie (npoT11eopeq11eb1et KaK, Ha11p11Mep, Pa · 1'J Pa), cpaK­

Tya11bHb1e (11or11qecKH HeonpeJJ.eneHHbie, KaK, Hanp11Mep, Pa) H 

11ornqecKu RCTHHHh1e(Taero11ornqecKue, KaK, Hanp11Mep, Pa '-1~ Pa). 

1) B uan1efi n11rcparype scrpeqa101Cff H .npyrHe o6oaHalleHHR, KaK-TO: 
ue: .. ; u: I'.; unu: '.f; ecnu u ro.'lhKo ec,1u: """· (npuM. nepes~) 
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0JI.HH OlfeBHJI.Hbltt MeTOJI. onpe}.leJleHUR HHcpOpMaUnOHHOrO 

co.nep)l(aHMSl npeJI.JIO>KeHMH B 9TOM Sl3bIKe COCTOMT B CJJeJI.y10w.eM: 

UMeeTCff KOHelfHOe qucno npeJI.J10>KeH0fl, KOTOphle MO>KHO 

nocTp00Tb, M Me)l(JI.Y 9THMH npeJI.JIO)l(eHHHMM cyw.ecreyIOT onpe· 

JI.eJieHHble JJOrH4eCKHe COOTHOWeHMH. YiHcpOpMaUMH HeKOTOporo 

qac1uoro npeJI.JIO>KeHust i Mo>KeT OblTh onpe.lleneHa KaK noJI.XO.lJ.SIW.HM 

Ot5pa30M Bb10p3HHaH cpyHKUMH q11CJia npeD.JJO)l(eHMf:i, OOYCJIOBJJeH· 

HbIX i. Cyw.ecrey10r no MeHhmett Mepe ,ll,Ba nyT0 K nocTpoeHHIO 

9T0f0 onpeJI.eneHHH; Mbl OTCblJiaeM llHTaTeJISI aa noJI.pot5HOCTHMH 

K KHwre KapHana 1), TaK KaK 9TH onpeJI,eJJeHMH HaXOJlHTCR 

c uawefl roqKofl apeHHSI B BeChMa OT,ll8JleHHOR CBSl3H. 

Pat5oTa MIT 2) coJI.ep>KHT onpelleJieHMH, 6onee TeCHO ceHaaH· 

Hble c TeMM, KOTOpblMH Mbl nOJlh30B3JIMCb. 3TM onpe.neneHMH 

OCHOB3HDI Ha OCOOOM ew.ne cpaI<TyanhHOfO npeJI.JIO)l(eHMSI, a 

uMeHHO, Ha onucaHuu cocmonHUJl, oooaHa4aeMoM qepea Z. Onw­

caHue COCTORH0SI eCTb npeJI.nO>KeHue, COCTORw.ee 03 KOH'LIOHK­

UHM fen npoCThix (amo.MHbt.x) npeJI.nomeHHtt 11 coJI.ep)l(amee 

K3)1{JI.Oe M3 n cy1uec1BMTellbHblX B coeJI.MHeHMM c Ka)l(JJ,bIM 03 

npHnararenhHbIX unH c ero OTpuuaH0eM (Ho He c TeM H .llpyrHM 

OJI.HOepeMeHHo). HMeeTcsi fen eoaMO)l(HhIX coeJI.MHeHHfl cym.ecTBH­

renhHLIX c np0naraTeJ1LHblMH, u TaK KaK Ka>K,ll,Oe coe,lluHeHne 

MO)l(eT ocyw.ecTBJIHTbCSI JI,BOSIKMM oopaaoM (T. e. JIH6o c np1111a· 

raTeJJbHblM, JIHOO c ero OTpHU3HHeM), TO ecero MMeeTCSI 2:11 803-

MO>KHblX Oil0C3HHfl COCTOHHHSI. OnHCaHHe COCTOHHHH IlOJIHOCTblO 

onpeJI.eJIHeT B03MO)l(HOe COCTOHHHe paCCMaTpHeaeMo" CMCTeMhl, H 

B onpeJI.eJleHHH 0HcpopMaUHH .llOJl>KHbl BORTH anpuopuble eepostT­

HOCTH onHcaHHtt coCTOSIHMSI. B CTpyK1ype H3bJKa He coJI.ep>KMTCR 

anpwopH HMK8Koro OCHOB3HMSI Jl.llH npHCBoeHHH onpeJI.elleHHblX 

eepOHTHOCTefl onucaHHSIM COCTOSIHHH, XOTSI HeKOTOpble CBOiiCTBa 

npHeMJieMof:i COBOKynHOCTH eepoHTHOCTett JI.0 ueKOTOpott CTeneHH 

orpaHMllHBalOT BhlOop. B aaJI.atiax~ oocy>KD.aewuxcsi e aToR KHHre, 

CBOHCTBa cpHa0qecKofl CHCTeMhl, KOTopy10 Mbl >KenaeM OilHCaTb, 

yKaah1ea10T eL16op eepoHTHOCTett. TaK, HanpHMep, npH ot5cy)l(.ne· 

HHH TeMnepaTyp Mbl MO>KeM 0003H3QHTb re, KOTOpble Bhlwe 40° F, 
KaK «BbICOKHe», a Te, Korophle HM)l(e 40° F, - KaK «HHSKHe». 

1) Carn a pf Logical Foundations of Probability, U. of. Chicago 
Press, Chicago, IL, 1950. 

1 ) R. Carnap, Y. Bar-Hillel, An Outline of a Theory of 
Semantic Information, MIT Research Lab. Electronics, Tech. Rept. 
Ni 247 (1952); Brit. J. Phil. Sci. 4, 147-157 (1953). 
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QqeBHJlHO, 'ITO sepORTHOCTM «BbICOKMX» M «HM3KMX» TeMnepaTyp 
Ha CeeepHOM no1110ce H Ha 9KBaTope 6y 11YT paallMlfHbJ. 

D.11R npe.zi11o>Keu1u1 i (KOTopoe, eoot5me, He RBJIReTcst on11ca­
H11eM cocToRHHH) o6JiaCTh (range) i, ooosua1.1aeMaR R (t), ecr& 
COBOKYilHOCTb onHC3HHFi COCTOSIHMSI, B KOTOpbIX i coxpaHsteT 
c11J1y. Ha 9TOM 9rane MoryT OblTb eee11eHbJ onpe11e11eH11st 11Hcpop .. 
MaUHM, ocuoeauuble Ha reop1111 coeoKynHOCTH To11eK. Hae, 011HaKo, 
0011&rne 11Htepecy10r KOJJHt1ecreeHHhie onpe.zie11eHHS1, T. e. onpe· 
neJieHHSI, .zia10w.ue 'IHCllOBYIO Mepy HHcpopMaUHH. c 9TOtt ueJJblO 
Mbl BB011HM cpyHKUHIO Mepbl, ot5J1a11a10my10 CJieJtyIOIUMMH CBOii· 
CTB3MM: 

A. l111st Ka>K.zioro onucaHHSJ cocroRHMR Z cymecrsyer 
Mepa m(Z) TaKaR, 'ITO 

O~m(Z)~l. 

3Ta BeJIHllHHa MO>KeT TOllKOBaTbCSI KaK anpHOpHaSI eepOSITHOCTb 
on11CaHHSI COCTOSIHHSI z. 

B. CyMMa m (Z), easirast no eceM Z, paeHa e.zinuHue. 
c. IlJIR BCSIKOro llOiKHOfO npe11Jio>KeHHSI /, m (f) = 0. 

\ D. Il11n BCRKOrO HeJIO>KHOro npeJtJIO>KeHHR i Mbl onpe11e­
JJS1eM m (i) KaK cyMMY m (Z) no BCeM z, co.ziepiKaW.MMCSI B OOJia• 

~TH R (i). 
E. Bee cyuLeCTBHre11bHble rpaKry10TCR uapaeHe, T. e. m (i) 

MHB3pMaHTHO npH nepeCTaHOBKe cymecrBMTellbHbIX, BCTpet.talO­
UUIXCH B npe.zi11o>KeHMM i. 

F. Bee npunarare11&Hble rpaKTy10rcsi HapaBHe. T. e. m (i) 
uuaapnaHTHO npu nepecTaHOBKe npu11arareJibHbIX, ecrpe1.1a10-

W.HXCH B l. 
G. n106oe npHJiaraTeJibHOe MOiKeT 6b1Tb SaMeHeHO ero OTpH-

uaHHeM oea M3MeHeHHSI 3HatteHHSI m (i). ' 
H. EcJIH .n.ea npeJIJ10>KeH11S1 i H j He HMe101 ot5m11x npHJia­

r arellbHblX, TO OHM ClfMTalOTCSI MH11YKTMBHO·HeaaeHCHMblMH H 

m (i • j) = m (i) X m (j). 

I. llHCJIO cymecTBHTellbHblX, He BXO.llHIUHX B npe1111oiKeHHe i. 
He 110Jl>KHO BJIHSITb ua 3Hat.teHMe m (i). 

TaKaH cpyHKUMst Mepbl aaableaeTCff cotJcmsenHoil m-tjJynK-
1,Jueu, H Kapuan nonaraer, lfTO ee MO>KHO paccMarpueaTh KaK 
oepoHTHOCTh, K0Topy10 OH Haableaer: aoco/lIOmnaR AozuttecKan. 
sepon.mnocmb. Y CJIOBMH E, F e G BBOJIHT cest3H Me>KJlY oepOHT­

HOCTRMH pa3JIMllHhIX onHC8HHB COCTOSlHMR, HO He onpe.n;.enSIIO'I HX 
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e.llHHCTBeHHbIM oopa30M. Ceoficraa m (l) MOryr ObITb HCllOJJb30 .. 

B3Hbl JI.JJSI BhIBOJI.a MHOrHX reopeM H COOTHOilleHHtt, HeOOXO.ll.HMblX 

.lllIA .n.eTaJihHOlil pa3paooTKH reop1111. Vf 3 q11c11a 9THX coorHome .. 

HHtt Mbl BOCilOJJb3JeMCH cne.nyIOll.lHl\C 

1n (i) + m (I'..) i) = 1. 

TaK KaK R (i) 11 R (f'..I i) He coJI.ep}f{aT 06w.11x on11can11ii cocrosi· 

HHSI ( 01111canHe COCTOSIHHA He MOiKeT Ohl Th CBA3aHo KaK c i, Tai.:: 

H c ero OTp11ua1111eM) H Ka}KJI.Oe OilHCaHHe COCTOflHHA HaXOJI.HTCSI 

.. 11100 B R (i), JIHOO B R ( "-' i) (Kam.nae 01111caHBe cocTOAH1n1 

CBSl33HO .'IH60 c i, JJHOO c ero O'fpHU3HHeM), TO 

11i ( i) + 1n ( f'..I i) = ! m ( Z) = 1. 
no aceM Z 

Ilpocret-iwee onpeJI.eneHBe 11HQ:>OpMau011 qepea cpyHKUHIO Mephl 

Ha3BaHo KapHanoM B 6ap-X11JJJie11eM .Mepou coiJepJJCalillll (cont) 

B BhlpaJKaeTCSI KaK 

cont (i} = tn ( r'-1 l) = 1 - m (i). 

l\\epa co.n.ep}f{aHHA . OOJJ aJI.aer MHOf H~IH HllTepeCHblMH CB Ott· 

CTB3MH B HaXO.ll.HTCSI B KaqecreeHHOM cor J13CHH c onpeJI.eJleHHH~fH, 

RCnOJib30BaHHbIMU B 9TOtt KHHre, B CJie.ny10n~eM CMblCJJe. 

Ec1111 m ( i) Mano, ro cont ( i) 01Hoc11re11hHO ee1111Ko. Ho Manoe m ( l) 
03HalJaer, qro rtpHHHM3IOTCSI cpaBHHTeJlbHO Ma .. 1oeepOSITHhle on11ca­

HBH COCTo'SIHHA, ·raK llTO cont ( i) eCTb Mepa peJI.KOCTH. Ilpyroe 

orrpene11ett11e, .uepa uH.tjJop.Maauu, on11me K Haw11:vi onpeJI.eJieHHHM. 

0Ha BbipamaeTCSI ICaK 

inf (i) =-log~ m (i) = log2 ( 1 _ c~nt (if). 

TaK )Ke KaK H JI.JIH cont (i), u:v1eeTCH KattecreeHHoe cor11ac1r1e 

9TOf0 onpe.n.eJJeHHSI c H31liHMR. llaJiee, MO'IKHO noKa3aTb, qro 

yCJJOBHe I-I, KOTOpoMy y JI.OBJieTBOpHe r cpyHKUHfl 111, (i), npHBOJI.HT 

K 3JI.JI.MTHBHOCTH Mephl HHcpopMaUHH JI.JISI KOHbEOHKU.HH RH.U.Yl<lHBHO­

HeaaBHCHMhIX npeJI..i10}f{eHHlil. PaccMorpen11e H11n<ec11eJI.y10mero 

cneuHaJJbHOfO CJIYllafl CJI.eJiaer 6oJiee flCHOii reCHYlO CBH3b Me)l{.ny 

oooHMB oupe.zr.eneHHH.MH. Bb1oepeM cpyHKUHIO Mephl BH.lla 

m_(l)=:== ~ 
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JI..'Hl Bcex Z, r JI.e N - oomee qwcno onwcaHwH coc-roHHwH. Mbt 

npeil.nOJJar aeM, TaKHM o6pa30M, lJTO Bee onucaHHH COCTOflHHfl 

pae11osepostTHbI. 3To npennoJioJKeHHe cos:v1ecTnMo c ycJIOBHHMH, 

ua.rioA<eHHblMH Ha cpyHKUHIO Mepw. EcJui o6o3HattaTh qepea N, 
4HCJJO on11caH11tt cocTOHHHH a ooJiaCTH R (i), TO n3 onpeJI.eJieHHH 

11~1ee~1: 

inf (i) = - log2 ~ = log2 ~. 

::>To paBeHCTBO cosnaJI.aeT c Te:\l, KOTOp02 1IpH!\teHHJJOCb Ha 

11poTHiKeHHH KHHrH, ecnw Mbl OTOiK)leCTBHM onwcaHBSI COCTOSIHHH 

l: paBHOBepoHTHblMH HCXOJI.aMH B HeKOTOpOM .naHHOtt CHTyauww. 

BHa4a:1e wMeIOTCSI N B03MOiKHbIX wcxoJI.oB (N onwcaHwtt cocToH­

HHH ). 3HaHHe npeJI.JIO)KeHHSI i yMeHhwaeT B03MOiKHOe lJHCJIO 

JlO Nr, TaK lJTO nHcpopMauwst, naeaeMast npennomeHHeM i, cor nacHo 

11a11111~1 npeiKHHM onpeJI.eJieHHHM, paeua 

N 
I= log~ N, .ns. eJl. 

llnSl onwcaHHff coCTOHHHH Z R (Z) CoJI.epiKHT TOJibKO Z, u 

I= 1 og.2 N JI.B. eJI.. 

KapHan w Eap-XwnJie..r1b .na10r na.rlhHettwy10 neTaJJhHJIO pa3-

pa6oTKY 9THX Ce!\taHTH4eCKHX onpeJI.eJJeHHf:t H OOCYiKJlalOT npw­

noJKeHHSI K pa3JIH4HblM eonpocaM 3aKJH04eHHfl H )leJI.yKUHH. 

B 3TOM KparKOM oqep1<e MhI CTapaJIHCb JIHWb noKa3aTb CBH3b 

Me)KJI.Y 9THMH npo6JieMa!\1H H TeMH, KOTOpbIM IlOCBSimeHa 9Ta 

1<H11ra .. 

----
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