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3a.oaqa Haxo:»<:.oeHH)I npe.ononaraeMbIX aaKoHoMepHocTei!: Ha ocHoee 

aHanH38 Ha6mo.oeHHi!: (HaMepeHHSI, SKcnepHMeHTanbH0 onpe.oeneHHbie cpyHK

UHH ll T • .o.) q:>H3H'leCKHX SIBneHHi!: - o.oHa ll3 Hau6onee '18CT0 BCTpeqaro~ 

IUHXCSI B Bbl'IHCnHTenbH0i!: npaKTHKe. B cnyqae, Kor.oa npe.ononaraIOTCSI 

6nH3KHe Me:»<:.oy co6oi!: aaKoHoMepH0CTH Hnll Kor.oa HX qucno SIBnSieTCSI 

HeHaeecTHbIM, K STOil: aa.oaqe .oo CHX nop He HMeeTCSI y.ooeneTB0pHTenb

H0I'O Bbl'IHCnHTenbH0I'0 no.oxo.oa. 

B HaCT0SIIUei!: pa6oTe .oenaeTCSI IlOilb!TKa .!l8Tb o6myro MSTeMaTH'le

CKYIO nocTaH0BKY 38,!l8'1H 0 CKpb!TbIX aaK0H0MepH0CTSIX H CBSI38Tb ee 

B03HHKH0B9HHe C H0BOI!: uccne.ooeaTenbCKOi!: CTpaTerHei!:. Ha OCH0Be pe

rynsipH30BaHHbIX HTepauuoHHbIX npoueccoe .onsi peweHHSI HenHHeil:HbIX aa-
/ 1 2/ 

.oaq ' npe.onaraeTCsi o6mul!: BbI'IHcnuTem,Hbii!: no.oxo.o K aHanHay cKpb1-

Tb1x aaK0H0MepH0CTeil:. 

B pa6oTe paccMaTpHBaIOTCSI HeK0T0pbie K0HKpeTHbie KnaccbI aa.oaq, 

a TSK:»<:e peanbHbie 'IHcneHHbie npHMepbI. 

§ 1. 3a.oaqa 06 aHanuae CKpb!TblX aaKoHoMepH0CTeil: 

1. O6oaHa'IHM qepea f ( t ) Ha6nro.oaeMyIO cpyHKUHIO, 0ilHCb!B8IOlllYIO 

HeK0T0poe CB0il:CTB0 .!l8HH0I'0 cpH3H'leCKOI'O SIBneHHSI. npe.orrono:»<:HM, 'ITO 

f ( t ) onpe.oeneHa Ha HHTepeane J = [ t 
1

, t 
2 

] , - oo < t 1 < t 2 < oo ( .onsi 

npoCT0Tbl apryMeHT . H c:pyHKUHIO f ( t) 6y.oeM paccMaTpHB8Tb CKa-

nSipHbIMH) • 
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nycTb sa,llaHa COBOKYilHOCTb f_ CKaJrnpHblX <pyHKUH8 g I (i = 1,2, •.• ,m ), 

saBHCSUUHX OT napaMeTpOB p II ( j = 1,2, .... n I ) H apryMeHTa l ,;; J 

f = { g (p , ... , p ; l) , ••• , 
l 11 ln

1 
g (p ..... p 

m ml mn 
m 

; l ) }. 

n pennoJIO:>KHM HeKOTOpyro rna,llKOCTb <pyHKUH8 g I OTHOCHT9JlbHO napa-

MeTpOB Pu , a HM9HHo: cymecTBOBaHHe HenpepbIBHblX BTOpblX npoHSBO.ll-

HbIX no napaMeTpaM. 

Ha OCHOBe npenaapHT9JibHO HSB9CTH08 HH!pOpMaUHH O Ha6JIIO,llaeMo8 

<pyHKUHH HJIH HS H9KOTOpblX .llPYI"HX coo6pa:>KeHH8 ( T~OpHSI, aHaJIOI"HSI, <peHo

M9HOJIOI"HSI H T.n.) Bbl.llBHraeTCSI cnenyroIUaSI OCHOBHa SI I"HilOTesa: 

Ha6JIIO,llaeMaSI <pyHKUHSI f( t) annpoKCHMHpyeTCSI JIHHe8H08 KOM6HHa

UH98 SJI9M9HTOB COBOKYilHOCTH f_ 

m 

f(t)= :£ al gl (pll , ... , P1,nl 
l=l 

rne a 1 .2: O. 

; l ) • ( 1 ) 

CornacHo STOil I"HilOTese, COBOKYilHOCTb f_ CBSISbIBa9TCSI C <pyHK-

uHe8 f(t) • B STOM cnyqae f 6yneM HaSbIBaTb COBOKYilHOCTbIO "'xa-

paKTepHbIX <pyHKUH8' H o6osHa'iaTb KaK ff 

Onpe.geneHHe 1 

Haxo:>K,ll9HHe MHO:>K9CTBa f_ f , napaMeTpoa p ll (i =1,2, ... , m 

j =1,2, .. ,nl) H aMilJIHTY.ll al (i =1,2, .. ,m) HaSbIBaeTCSI "'noJIH08 sanaqe8 

aHanusa CKpblTbIX saKoHoMepHOCTe8"' • 

2. nyCTb sa,llaH PSI.ll Ha6JIIO,ll9HH8 aHaJIHSHpyeM08 <pyHKUHH 

lf(tk)l k = 1,2 , •••, s 
H nycTb sanaHo MHO:>K8CTBO 

HbIM 'iHCJIOM npennonaraeMbIX S8KOHOM9pHOCT98 m 

Ha OCHOB9 COOTHOI1I9HHSI (}) H9HSB9CTHbI9 p II 

f, c onpeneneH-

H a I MOI"YT 6bITb 

Ha8neHbI, HCX0.llSI Hs cnenyromea HeJIHHe8Ho8 (a o6meM cnyqae nepeonpe

neneHHo8) CHCT9Mbl 
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r.ne 

m 

f { tk ) = I a I g 1 { P 1 1 
161 

k =1,2, ••. , s 

Bse.neM cne.ny10nme o6oaHa'lJ:eHHSI seKTopos: 

x={al , ••• ,am •Pu, •.• , Pin 

m 

( f {m ) = m + l~l n I ) , 

m 

I 

F k = { ,:/ 1 g 1 ( t k)) -f { t k ), k = 1,2, .. ;, s • 

{ 2) 

.[lnsi onpe.neneHH0CTH 9y.neM C'lJ:HTaTb, 'lJ:T0 np0CTpaHCTBa Re H 

R" -sBKJlH.ll0BbI. HenHHeAHyIO CHCTeMy (2) M0)KH0 aanHcaTb B B9KT0p

H08 <popMe 

F{x)= 0. (3) 

Ey.neM npe.nnonaraTb, 'lJ:T0 onepaTop F oTo6pa)KaeT orpaHH'lJ:eHHoe 

Bb!IlYKJ108 Il0.UMH0)K9CTB0 X <;_Re B R" • O6oaHa'lJ:HM qepea F, {x) M_8TpH.:. 

uy HKo6H onepaTopa F 0TH0CHT9JibHo x • nycTb onepaTop H (x) = 
/3/ 

= F '* {x) F'{x) - perynsipHbIA. PaccMOTpHM ero 'lJ:HCJio o6ycnosneHHocTH 

-1 
cond H(x) = II H {x) II II H(x) II =i:.!_ ~ l, 

µ2 

r.ne µ 1 H µ 2 - C00TB9TCTB9HH0 HaH60JlbWee H HaHM8HbWee CHHI'YJISipHb!8 

qncn/31 onepaTopa H{x) OnepaTop H(x) HeperynsipeH Tor.na H T0JlbK0 
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TOI' .ll6, KOI' .ll6 µ 2 = 0 • B STOM cnyqae, ecnH µ I I, 0 

6y,lleM C'IHT6Tb HeorpaHH'leHHO 6onbWHM. 

cond H (x) 

nycTb 36,ll6HO ,lleftcTBHTenbHOe 'IHCno r 1 1 < r < oo , 

Orrpe.geneHHe 21 

EcnH .llnSI acex X <;; X BbIIIOnHeHo HepaaeHCTBO 

cond H (x) :... r, ( 5) 

TO peweHHe ypaBHeHHSI ( 3) H63b!B6IOT ,, perynSipHoA 36,llaqeft C MO.llyneM 

r 

§ 2. K aHanHay CKpb!TblX aaKOHOMepHOCTeA ,llnSI aa,llaHHOI'O 

MHO:>KeCTB6 f f 

1. 8 cnyqae, KOI'.ll6 paanH'IHbie 36KOHOMepHOCTH He 36BHCSIT OT 

O,llHOI'O H TOI'O :>Ke rrapaMeTpa, M6TpHua HK06H orrepa-ropa F 36IIHCbJ

BaeTCSI B BH,lle 

F '(x)= 

a g ,(t ,) ag ,(t J agm(t ,) agm(t,) 
g (t I ) , ... , g (t ), a --- , ... , a 

1
-a--, ... , am ___ , ... ,am a 

I m I I a p 1 l p In a pm I p mn 

g, (t2 ), ... , 
g (t ) a ag,(tJ 

m 2 • I ap , ... , al 
11 

agm< t l 
ap,n, 

I m 

, ••• ,am 
agm(tJ 

apm 
I 

a~ (12 > 
, .. ,,anrapmn 

m 

ag (t ) ag m(t ,.) agm(t ,.) ag (t ) 
g (t ), ... ,g (t ),a 1 " , ... ,a 1---, ... ,am ---, ••• ,am~ 

I " m e I ap ap ap ap 
I I In 1 m I · mn m 
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( Ecm1 cyIUeCTBYIOT .nae IrnH 6onee 38KOHOMepMOCTII, 38BIICSIIUI1e OT o6mel"O 

rrapaMeTpa, TO I{3MeHeHI1S1 B M8TpHI1e F(x) HecymecTBeHHbI .nnSI .nanbHell

WIIX paccy.>K.neHHll) • 

HeTpy .llHO rrpoaepHTb, 'ITO peI"ynSipHOCTb 38.llB'III (3) 38BIICIIT OT 

6nil30CTII Me.>K.ny co6oa HnH ManocTH no Mo.nyn!O 38KOHOMepHOCTell, a 

TBK.>Ke OT ManocTH BMIInHTY.ll a I IlnH ManOCTII no Mo.nyn!O npOI13BO.llHbIX 

OT 38KOHOMepHOCTell. 

nycTb .nnH sa.na'IH ( 3), .nnH acex x ~ X µ (x) ,/,. 0. Toi' .na npH 

!pHKCiipOBBHHOM r BCeI".na cymecTByeT .llOCTBTO'IHO Manoe .nellCTBIITenb-

Hoe 'IHCno 8 > 0 TBKoe, 'ITO ecnH BbIIIOllHSieTCSI XOTSI 6bI O.llHO Il3 Hepa

aeHCTB 

1 
, i 2 = 1,2, ••. , m 

I g (t ) l.s:B k =1,2, ... ,s 
I k 

(6) 

< 8 , k =1,2, •.. , s , 

TO sa.naqa (3) CTBHOBIITCSI HepeI"ynSipHoll. 

Ha.no oco6o IIO.ll'10pKHYTb, 'ITO BOSMyIUeHHSI Ha6n10.naeMOll cpyHKUHII 

{ Ht k ) } k = 1,2 ••••• ., (a HanH'IIle BOSMyIUeHiill aecbMB xapaKTepHO 

.llllSI sa.uaql{ 0 CKpbITblX 38KOHOMepHOCTSIX) TO.>Ke MOI"YT HapyWIITb peI"y -

nSipHOCTb 38.llB'III ( 3) npH BbIIIOnHeHIIII XOTSI 6bI O.llHOI"O HS HepaaeHCTB ( 6) 

c /lOCTaTO'IHO ManbIM 8 
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KaK npasuno, cospeMeHHbie uccne.uosaHHH npHB0.llHT K Heperyngp

. HbIM aa.uati:aM 0 CKpbITbIX 38K0H0MepH0CTHX. 

2. 05uwe BbI'IHCnHTenbHbie anropHTMbI, 06ep1eti:HB8IOIUHe peweHHe 

38.ll8'1H ( 3) I B cnyti:ae ee HeperynSipH?CTH M0:lKH0 CTp0HTb Ha 0CH0Be 

peryngpH30B8HHbIX HTepauH0HHbIX npoueccoB .unSI peweHHSI HenHHefl:HbIX 

/1 2/ /2/ 
ypasHeHHfl: 

1 
• OpHMepoM T8K0I"0 npouecca HBnSieTCSI !Rf • 

n 

OycTb cyruecTBYIOT 'IHCno f O 2 0 H Hati:anbH0e npu5nH:lK9HHe 

XO~ X T8KHe, 'IT0 Bblll0nHeHbI ycn0BHSI 

0_:s(2MTp
0

+N
0
)yh

0
_:s l-((MT+P)p

0
+N

0
)f <l 

2 
((MT+ P) Po + N O ) y < 1 

3 
(2 M T p O + No ) Y < 1 , 

((MT+ P)po + No ) y2 + O-(2MT po+ N o)y ho )(y -ho) 

r.ue 

p 
n 

= II F"'I< (x )F(x )II; 
n n 

. -1 
h =II (F' *(x )F'(x )HE) II; 

n n n n 

( n = 0,1,2, ..• ) 

II F ' (x) II 'S_ T < oo , ! 11 F "(x ) 11.S M < oo 

.unH scex x ~ X N0 = a 1 (f ~ +T O f O ), T n = II F ' * (x
0

) F ' ( x n) II , 

al 2 p 
fn=2 (v'r

0
+4N0 p: -r 0 ); y >h 0 na 1 a 2 ~ (0, l]-

- 38.ll8HHbl9 .uefl:CTBHTenbHbie 'IHCna. 

8 

(7) 



/2/ 
Ha TeopeMbI 2 pa60TbI cne.nyeT, qTO npH BbIIlOnHeHHH ycnoaHA 

(7) npH6nH.>KeHHoe peweHHe ypaaHeHHSI 

F'*(x)F(x)= 8 (8) 

MO.>KHO IlOCTpOHTb cne.nyIOIUHM npoueccoM: 

x n (; X (n = 0,1,2, ... ). 

Kor.na nHHeAHbIA onepaTop F' "<xn}- MoHoMopq>HaM, ypaaHeHHe ( 8) 

9KBHBaneHTHO ypaaHeHHIO (3). B o6IUeM cny'Iae peweHHSI ypaaHeHHSI (3) 

acer.na SIBnSIIOTCSI peweHHSIMH ypaaHeHHSI. (8). Ha 9THX coo6pa.>KeHHA cne-

.nyeT, qTO npouecc 9lf MO.>KHo HcnonbaoaaTb .nnSI Haxo.>K.neHHSI npH-
n 

6nH.>KeHHoro peweHHSI ypaaHeHHSI ( I ) • 

§ 3. AHanHa CKpbITblX aaKoHOMepHOCTeA B o6meM cnyqae 

} • Kor.na HeaoaMO.>KHO onpe.neneHHO yKaaaTb BH.!l H qHcno aaKoHo

MepHOCTeA ( T.e. TO'IHO aa.naTb COBOKynHOCTb f ) 1 nonHbIA aHanHa 

CKpbITbIX ·aaKOHOMepHOCTeA cHnbHO aaTpy llHSieTcs:r. O.nHaKo H B 9TOM cny

qae Ha ocHoae peryns:rpHaoaaHHbIX HTepauHoHHbIX npoueccoa aoaMO.>KHO npH-

6nH.>KeHHoe peweHHe STOA aa.naqH. 

PacCMOTPHM TaKoe MHo.>KeCTBO I aceaoaMo.>KHbIX npe.nnonarae-

MbIX aaKOHOMepHOCTeA, no OTHOWeHHIO K KOTOpOMY HeHaaeCTHOe HaM MHo

.>KeCTBO fr SIBns:reTCSI co6CTBeHHbIM IlO.!lMHO.>KeCTBOM fr c f . 

C.oenaeM OCHOBHyIO I'HllOTeay a MHO.>KeCTBe I . nonyqaeM cne.nyro

IUHA aHanor ypaaHeHHSI (3) 

(9) 
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r.oe Hemrne8Hbr8 orrepaTop F 

IIO.OMHO:>KeCTBa X £ R f c;; ) 

.oetlCTByeT HS orpaHHqeHHOI"O BbIIIyKnoro 

B Re H I" .o e s ~ f (iii) > f (m ) , 

EcnH TeIIepb y .oacTCSI HatlTH peweHHe ypaaHeHHSI ( 9) I TO B HeM 

6y .!lyT HaXO.!lHTbCSI saKOHOMepHOCTH 0.0HHaKOBOI"O THIIa C paBHbIMH rrapa

MeTpaMH, HnH saKOHOMepHOCTH C HyneBbIMH aMIInHTY .oaMH, HnH HyneBbie 

saKOHOMepHOCTH. Haa.oeHHOe TaKHM o6pasoM MHO:>K0CTBO HeHyneBbIX H 

pasnHqaroWHXCSI Me:>K.oy co6oi!: saKOHOMepHOCTett c HeHyneBbIMH aMIInHTy

.oaMH H 6y.oeT HCKOMbIM MHO:>KeCTBOM l!. f 
2. 4HcneHHoe peweHHe ypaaHeHH.11 ( 9) SIBnSieTCSI 6onee qeM. cno:>K-

Hott sa.oaqett. l1s rrpe.orrono:>KeHHSI o MHO:>KecTae f cne.oyeT, qTo 

µ.1 ,I 0 I a µ
2 

o= 0 .onSI nro6oro x,;;; X H, cne.ooaaTenbHo, cond H Ix)-
HeorpaHHqeHHoe qHcno. l1s Toro, qTo He cywecTayeT KoHeqHoro qHcna 

r , .onSI KOTOporo BbIIIOnHSinOCb 6bI HepaaeHCTBO ( 5 ), H HS orrpe.oene -

HHSI 2 cne.oyeT YTBep:>K,!leHHe: peweHHe ypaaHeHHSI ( 9) acer .ga SIBnSieTCSI 

HeperynSipHott sa.gaqett. 

npH6nH:>KeHHOe peweHHe sa.oaqH ( 9) MO:>KHO IIOCTpOHTb Ha OCHOBe 

peryn.11pHsoaaHHbIX HTepauHoHHbIX rrpoueccoa. 

3. PaccMOTpHM O.OHH HS BOSMO:>KHbIX aapHCTHqeCKHX anropHTMOB 

Ha ocHoae rrpouecca ~£ 
n 

€: a) sa.oaeTCSI .oorrycTHMaSI TQqHQCTb /),. X HCKOMOI"O peweHHSij 

6) BbI.!lBHI"aeTCSI I"HIIOTeaa O TOM, qTQ cpyHlCUHOHan £ 
0 

MO:>KHO 

arrrrpOKCHMHpoaaTb 8KCIIOHeHT08 ( n = u e -vn ( u > 0' V ~ 0); 

B) BKnroqaeTcSI reHepaTop rrapbr ( u , v ) ; 

I") IIpH sa.oaHHbIX Xo H nape ( U 1 , vl ) npoaepSIIOTCSI HaqanbHbie 

ycnoaHSI ( 5); 

.!l) ecnH HaqanbHbie ycnoBHSI He BbIIIOnHSIIOTCSI, .oenaeTC.11 rrepexo.o 

K B). B IIpOTHBHOM cnyqae - rrepexo.o K e) i 

e) CTpOHTCSI KOHeqHaSI qacTb rrpouecca ~( 
n 

-v n 

C €n=u1e 1 

.00 HOMepa n * 1 II pH KOTOpOM p n rrepecTaeT MOHOTOHHO y6bIBaTbj 

10 



:>K) 6epeTCSI x n * npH p n* • no ct>opMyne oueHKH a TeopeMe 2
121 

nposepSieTCSI aanaHH6SI TOqHOCTbi 

a) ecnH aanaHHaSI TOqHoC,Tb ynosneTsopeHa, o6umA BbiqHCllHTenbHbIA 

npouecc npepb1saeTcSI. B npoTHBHOM cnyqae nenaeTCSI nepexon K a). EcnH 

nocne BToporo UHKna s)-a) OK63bIBaeTcSI, qTo (pn* ) 2 >(p
0 

*)1 , 0611IHA 

BbiqHC1lHTe1lbHbIA npouecc npepb1B6eTCSI. B npoTHBHOM cnyqae nenaeTCSI 

cHosa nepexon Ka). 

BapHaHT anropHTMa & 

KA TOK/ 4•51• 

peanH30B6H B CTaHnapTHOA nporpaMMe 

§ 4. lJ:HcneHHbie npHMepbl 6H61IH36 CKpblTblX 36KOHOMepHOCTeA 

/6/ 1. nycTb aanaHa cHcTeMa ypasHeHHA 

= 1.600 000 

x 
1
cos x

4 + x 2 cos x 
5 + x 2cosx 6 = 0.126 895 

x 1cos 2x4 + x 2 cos 2x
5 

+ x
3 

cos2x
6 = -Q.823 201 

x 1 cos3x
4 +x2 cos3x5 +x3 cos3x

6 =-0.558 708 

x 1cos4x4 +x cos 4x 
2 5 

+ x3 cos4x
6 

2'•-0.356 338 

x
1
cos 5x

4 
+x

2 
cos 5x

5 
+x

3
cos5x 

6 
= 0.351082 

3Ty ynpomeHHylO aanaqy THna cKpbITbIX nepnonnqHOCTeA pewaeM, cne
/6/ 

nySI c HaqanbHbIMH npH61lH:>KeHHSIMH: 

x 0 = U.9, 
I 

x: = 0.2, 

x 0 =3. 
6 
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TTpH 9THX HaqanbHbIX npH6nH)K9HHSIX Bbl'IHCnHTenbHbli!: npouecc Ha OCHOBe 

M9TO,aa HblOTOHa pacxo.aHTCSI. B Ta6nHue 1 .aaeTCSI Hal!:.aeHHOe nyTeM 

/7 8/ 
' pewe-nocTpoeHHSI cTauHoHapHoro ( £ n = const ) npouecca !R f 

n 

HHe • .LlnSI cpaaHeHHSI npHBO,OHTCSI H peweHHe, Hal!:,aeHHOe M9TO.OOM KB83H-

/6/ 
nHHeapHaauHH EennMaHa-Kana6bI • KaK BH,OHO H3 9TOi!: Ta6nHUbl1 pery-

nSipH30B8HHbli!: HTepauHOHHbil!: npouecc .aaeT eme Ha '19TB9pTOi!: HTepauHH 

peweHHe He Xy)Ke, qeM M9TO.O KB83HnHHeapHaauHH; a peweHHe Ha nSITOi!: 

HTepauHH TO'IHO (co BC9MH 3HaKaMH!) BOCCTaHaBnHaaeT aa,aaHHbi9 3Ha

qeHHSI npaaoi!: qacTH CHCT9Mbl ( 10). 

2. TToTOK ct> Hei!:TpOHOB, HcnycKaeMblX HCTO'IHHKOM .OHCKOBH,OHOi!: 

cpopMbI, aaBHCHT OT paccTOSIHHSI X 
/9/ 

M9)K,ay HCTO'IHHKOM H ,09T9KTOpOM : 

cl> ( X) s (e-Kx -K,Jx2+a2 
-e. ) • 

2K D 

.LlnSI onpe.aeneHHSI napaMeTpoB S H K no ,aaHHb!M H3MepeHHSI noToKa 

/9/ 
B pa6oTe npHM9HSinacb C ycnexoM ynoMSIHyTaSI B npHMepe 1 MO.OHcpH

perynSipH30B8HHOI'O npouecca !R f 
/7/ 

K8UHSI 
n 

3. TTpH perHCTpauHH y -nyqel!: CUHHTHnnSIUHOHHbIM .aeTeKTOpOM CJ)OTO-

. . /7 8/ 
nHK H30nHpOB8HHOi!: nHHHH HMeeT q>opMy, 6nH3KyJO K raycCOBCKOi!: • I HO 

C ywHpeHHeM B HH3K09HepreTH'l9CKOi!: qacTH. no qJH3H'l9CKHM coo6pa)Ke

HUSIM acnMM9TpHIO nnHHll MQ)KHO llCKa Tb B an.ae BTOporo rayccnaHa, 

conyTCTBYJOIUero OCHOBHOMy, Y'leT BToporo nHKa npH o6pa6oTKe cneKTpOB 

noaaonSieT TO'!Hee paCC'lllT8Tb HHTeHCUBHOCTH H 9Hepr1rn cneKTpanbHb!X 

nHHHi!:. TTonyqaeMasi aa,aaqa aHanHaa cKpbITbIX rayccHaH a aKcnepHMeH

TanbHO H3MepeHHblX KpHBblX ycnewHO pewanacb no yKaaaHHOi!: MO.OHcpH-

/7 8/ 
K8UHH npouecca !R £ ' 

n 

4. PaccMOTpHM nonHyJO aa,aaqy 06 aHanHae CKpb!TblX 9KcnoHeHT npH 

H9H3B9CTHOM HX qHcne .anSI aaBHCHMOCTH 

( ) 2 
-0, I x -0, 15 x 

y x = +e +e ( 11 ) 
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.D.m1 CeTKH no X 6epeM 11,2, •. , 8 I H conocTaBmteM ea MHO:>KeCTBO 

sHatieHHil y ( x) , nO,LlBep:>KeHHbIX a nbTepHaTHBHOMy pas6pocy eenHtIHHOil 

B 0,01: I 3. 7655, 3.555, 3.379, 3.218, 3.079, 2.955, 2.846, 2. 751.1 • 

npe.LinonaraeM, 'ITO tIHcno 9KcnoHeHT 6onbille .LIBYX ( .LinSI onpe.LieneHHo

CTH 6epeM TpH 9KcnoHeHThd. B KatiecTee HatianbHbIX np116n11:>KeH11a noKasa

Tenea np11H11MaeM h 1 = h 2 =h 3 = 0.125 . 

On11caHHasi sa.Liaqa pelllanacb no nporpaMMe SHE , pean11syIOIUea 

cneumpH'leCKHii perynsip11soeaHHb1il npouecc .LinSI aHan11sa :aKcnoHeHu11anb
/ ll / 

HhIX sae11c11MocTea Ha 3BM GIER • Ebma nonytieHa cne.LiyIOIUasi an -

npOKCHMaUHSI 

-0.0903x -0.149x 

y (x) .. 1.985 + 0.!Jl2 e + 0.596 e + 0.607 e 
-0.144x 

( 12) 

B 9TOM cnyqae ,, cpoH" a O Hatt.LieH C OTHOCHTenbHOil OllJH0KOil o, 75%, 

aMnnHTY.Llhl a 1 , a2 11 aa - COOTBeTCTBeHHO c OllJH6KaMH 18,8%, 19,2%, 

21,4%, a ,LleKpeMeHTbl h 1 ' h2 H h 3,.. COOTBeTCTBeHHO C OlllH6KaMH 

9, 7%, 0,67% ll 4,0%. 

vf3 cpOpMynhI ( 12) MO:>KHO saKnIO'lHTb1 'ITO q11cno saKOHOMepHOCTeil 
. /10/ 

paBHO .LlBYM• viMeSI B Bll.LlY HCKnIO'lHTenbHbie Tpy .LIHOCTH aHan11sa 

9KCllOHeHu11anbHbIX saBHCHMOCTea npH 6nll3KHX no eenH'lHHe ,LleKpeMeHTax 

H HanH'lHH B03MyIUeHHil y eemrtIHH y(x) ' annpoKCllMaunIO ( 12) cne.LiyeT 

oueHUBaTb KaK ycnellJHyIO. 

5. 3a.Liaqa HaXO:>K,LleHHSI CKpbITbIX 9KcnoHeHT B03HHKaeT H npH 9KCne

pHMeHTanbHOM 11ccne.L1oeaH1111 npoueccoe TepMannsau1111 HettTpoHoe a Kpn

cTann11qecKnx Mo,LlepaTopax. B 9TOM cnyqae noKasaTenb BTopoa 9Kcno

HeHThI HMeeT ea:>KHbiil q:>H3H'leCKHil CMbICn ,LlnSI ,LlaHHOil cpe,Llbl ( rpacpHT, 

6epnnnna 11 .LIP•) - oH onpe.LiensieT epeMsi TepMan11sau1111 a Hett. no npo-
. / 11 / 

rpaMMe SHE 6hrn pellleH PSI.LI peanbHhIX sa,Llaq TaKoro Tnna • 
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6. npn npe.onono:meHHH cHMMeTpH'lH08 rayccoaoa cpopMbI nnKa non

Horo nornorueHHH B Ge-Li y - .oeTeKTopax saaHCHMOCTh qncna HMnynh-

COB y q • sapel"'HCTpHpoBaHHbIX B KaHane C HoMepoM . q ' 
/5 7/ 

nsi:eTCSI B BH,lle • : 

y 
q 

k a q 

I __i_ J 
l=I a..;;;;- q-1 

q i;; [ q Ha'l q KOH ] • 

e 

X -11 2 
( --.) 

- a../2 dx + 
e i 
I b J q 

J=O 

npe.ocTaa-

(13) 

3a.oaqa onpe.oeneHHH napaMeTpoa cneKTpa npH sa.oaHHbIX { q I 
/4/ 

H { Y I pewanacb no nporpaMMe KA TOK , peannsyroruea qacTHbI8 
q 

cny'la8 anropHTMa If, • npHBO,llHM TpH xapaKTepHbIX cnyqasi: o6pa60TKH 

cneKTpoa no 9TOfi nporpaMMe. 

a) o6pa6oTKa saae.ooMO O.!lHHO'lH08 .nHHHH 137 Cs (HsMepeHHSI 9T08 

nHHHH .oaHbI a Ta6nnue 2a) c k =2 

.!lBYX HCKOMbIX rayccHaH 

npHB0.!lHT K cne.oyIOIUHM nosHUHSIM 

a = 2.267 KaH. 

p
1 

= 275.1384 KaH. 

p
2 

= 275.1399 KaH. 

TaK KaK HX .oncnepCHH O,llHHaK0BbI anpH0pH, TO 0TCIO,lla cne.oyeT, 

'ITO Ha paccMaTpHBaeM0M yqacTKe Haxo.OHTCSI T0nhKO O.OHH rayccoa-

CKH8 IlHK. HaqanbHbie ycnoBHSI H Ha8.oeHHOe peweHHe .oaroTCSI B Ta6n. 3; 

6) Ha pnc. 1 npe.ocTaaneH yqaCTOK cneKTpa, COCTOSIIIlH8 HS wecTH 

O,llHHO'lHbIX nHHH8. 3TOT HCKYCCTBeHHb18 npHMep COCTaaneH !pH3HKOM 
x) 

3. CTaxypo8 cneunanbHo .onsi npoaepKH MeTo.ooa aHanusa cno:mHbIX 

cneKTpoa cne.oyroruHM o6pasoM: cneKTp 137 Cs cHHMancsi: sa 6 pasHbIX 

HHTepaanoB apeMeHH ( 'ITO sa.oaeT HHTeHCHBHOCTH OT.oenbHbIX nHHH8 ), 

x) z. Stachura, lnstytut Fizyki Jadroweg, Krakow-23. 
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saTeM nony'leHHbi0 JIHHIUI pas.OBHI'aJIHCb BJ10BO HJIH BnpaBo Ha onpe.oeneH

HOe 'IHCJIO KaHaJIOB H npOH3BO.OHJ10Cb noKaHaJibHOe cyMMHpoBaHHe 'IHC0Jl 

HMnyJibCOB. TaKHM o6pasoM, Bee napaMeTpbI pesyJ1bTHpy10ruero cneKTpa 

HBJl.HIOTC.H H3B0CTHbIMH, a OTC'l0Tbl B KaHanax no.oBepN<0HbI cTaTHCTH'l0CKH 

HesaBHCHMOMy pas6pocy. nonyqeHHbIH TaKHM. o6pasoM "cneKTp" .oaH 

B Ta6nm1e 26. 

npHMep 06pa6aTbIBanc.11 no nporpaMMe KATOK c k =8 B uen.11x 

onpe.oeneHH.H 'IHCJla JlHHHH Ha yqaCTKe • .UHHaMHKa BbI'IHCJIHT0JlbHOI'O npo

uecca noKasaHa Ha pHc. 2, 3 H 4, a Ha'laJlbHbI0 npH6JIHN<0HH.H H Hali.oeH

Hoe pellleHHe .oaHbI B Ta6n. 4. PHc. 2 noKa3bIBaeT, 'ITO HCTHHHoe 'IHCJlO 

nHKOB k = 6. MHHHMYM H0B.H3KH .llOCTHI'HyT Ha 9-oa HTepauHH ( PHC. 5). 

noBTOpHa.H o6pa60TKa TOI'O )K0 yqaCTKa C k = 6 npHBena K 0'10Hb xopo

ll!eMy COBna.oeHHIO pac'leTHbIX napaMeTpOB C HCTHHHbIMH, 'ITO BH.OHO H3 

Ta6n. 5 •. noBTopHast o6pa6oTKa 6bma Heo6xo.oHMa ·ToJibKO .onii pacqeTa 

Oll!H60K napaMeTpOB. 

B) pHc. 6 npe.ocTaBn.HeT co6ott o6pa6oTaHHbIH no nporpaMMe KA TOK 

CJlO)KHbIH y'laCTOK peaJibHOI'O cneKTpa 132 La B o6nacTH "' 700 K9B 

( CM. Ta6n •. 2B). lfHCJlO k 6bIJIO sa.oaHo 6, npH'l0M nHK C MaKCHMy

MOM B KaHane 627,5 nony'IHJIC.H .OBa)K.ObI. Ha pHcyHKe noKasaHbI nony

'10HHbie npH o6pa6oTK0 nnorua.oH rayccHaH H HX no3HUHH. <PoH annpOKCH

MHpOBaJIC.H noJIHHOMOM 2-a CTeneHH. 
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'.J.'a6JIH!ta I 

I{! PemeHHa cucreKw (!OJ 
H8H3B. » urepa!UfH RBa.3HJIHHeapu3a!UfS } npouecc 

urepauHH 

I 0.943582 o.9436478 
2 0.486676 0.4867594 
J I o.!69742 I O.I69:>J96 
4 I.09000 I.090069 
5 I.92583 I.926Cb8 
6 2.4;65! 2.4;7768 

I I.002!8 I.007788 
2 o.476529 o.;9!4380 
J 2 O.I2I287 2 0.00002097 
4 I.IIII'.3 I.II24JJ 
5 2.0I'.352 2.076304 
6 2.62338 2.8823229 

I I.00002 I.00267! 
2 o.;OJI19 0.49881'.37 
J o.096864 o.09781200 
4 I.IIOOI I.III498 
5 2.0379 2.040979 
6 2.8080! 2.862!45 

I 0.999988 I.000024 
2 o.499537 0.499684! 
J 4 o.I00475 4 0.!002909 
4 I.IIOOU ! 0 !!0007 
5 2.0298! 2.029744 
6 2.859JI 2.86!724 

I HC?HHH08 I.000000 I.00000! 
2 pememte o.500000 o.5000026 
J DO pa6 {6/ 0.!00000 5 0.09999625 
4 I.IIOOU I. IIOOOU 
5 2.03000 2.030004 
6 J.42000 2.863208 



TaelnH~ 2 
A.HanHsHpyewe cneKTpH B npHMepe 6 §4 

3~a11a a) 

Italian HMnyn:i.cH 1taaan Hllllyn:i.cw KB.Han HMnyn1,cu ltaH&JI HMnynliCH 

267 21 272 J44 276 II7I 280 2Il 
268 l9 273 613 277 1014 281 87 
269 35 274 889 278 714 282 45 
270 68 275 II45 279 383 283 20 
271 184 

3~a11a Cl) 

--
K&H&Jl mmy.iI_:i.cH ltaH&JI HMnyn:i.cw 1taa&J1 HMnyn.cw . JtaH&JI HMnyn:i.cw 

756 56 767 798 778 2400 789 1239 
757 60 768 509 779 2409 790 Ill4 
758 75 769 323 780 2Il6 791 1014 
759 121 770 262 781 1583 792 945 
760 215 771 246 782 II0l 793 760 
761 382 772 206 783 827 794 653 
762 659 773 253 784 742 795 392 
763 938 774 448 785 840 796 217 
764 Il83 775 785 786 1021 797 Il6 
765 1226 776 1315 787 12::>4 789 52 
766 1080 777 1893 788 1316 799 21 

3&,11.a11a B) 

ItaH&Jl HMnyn:i.cw Ka.Han HMnyn:i.cw ItaH&Jl JMDYJIJ,CH lt&H&Jl HMnyJI:i.CH 

622 20064 628 20600 634 20256 640 19522 
623 199,8 b29 20II0 63, 20936 641 19416 
624 19973 630 19978 636 21723 642 18884 
625 20296 631 19648 637 21418 643 18724 
626 202::>9 632 19752 638 , 20814 644 18599 
b27 20396 633 20090 639 20013 
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TaOJU1na 3 All 

lia'll8JIJ;Hw:e npuOJIHllteHHx H pemeHHe x 311,lta'lle oo aHaJ1Hae cnex:rpa €s 

IIapaxe:rp a.f p, Ci:,. Pa. 0- G. ~ 
H8'1l8Jll>Ha 2480 Z78 4270 274 l.8 20 0 npHOJI. 

pemeHHe 4186.45 275.138 2492.87 Z75.D9 2.2671 16.187 -0.1585 
,±49.23 .z0.028 _z3l.92 .:t.0.028 .z0.0256 +2.535 - ' 

,t0.1492 

T&OJIHn& 4 
Ha'llaJil>BHe npxOJiuenKa H pemeHJ11e x npuMepy C:raxypw 

IIapaMe:rp a., a:,. P2. a:,, - P,; 0 P, ~& P.J - H&'lle 2169 763 9702 765 1280. 768 4845 778 l.859 co npHOJle 

pemeue 5491.88 764.235 835.00 770.48 D6I7.3 778.06 3041977 787.00 2.Z79 
_z74.58 _z0.034 ,±49.52 _za.24 _z:348.5 _z0.06 .z6 .oo .z0.12,±0.034 

Ilipaue:rp (fl& PG Q' Pc a, Pt a, Pl c. C. 
lla'llo 1708 787 2296 788 2930 789 3985 791 9 0 
n HO.II 
pemeue 1623.98 782.40 3601.53 787.35 4146.59 791.94 028.07 763.84 49.74 -l.174 

_z272.65 _z0.65 ,±83.00 _za.12 _zD6.37 ,t0.08 _zl7.82 _z0.034_z3.82 _z0.138 



llapa-
Ketp 

~-
a., 
p, 
QL 

PL 

a.s 
PJ 

Cl,; 

p,, 
as 

Ps 
a, 
fr, 

Ta6,n1~a 5 
PeayJI1,tau1 o6pa6otm "eneKtpa• Ctaxypw c K .. 6 

E,i;HHH!l& PaeqetHoe 0u6.u. HeTHHHOe 
aa11epeoa aHal!eHHe 3H&ll8Hlle 

Ka!IUH 2.270 0.03!:> 2.292 
ye.JI. e.1t. l.009 0.032 l 
JtaH&JIH 764.160 0.44 764.145 
ye.JI. e,1;. 0.123 o.ooa 0.l 
JtaHUH 770.454 0 • .:!44 770.145 
ye.JI. e.1t. i.0U8 0.011 2 
KaH&JIH 778.044 0.069 778.145 
ye.JI. e.1t. 0.249 0.041 0.2 
JtaHaJIH 782.2!:>4 0.6'.>4 782.145 
ye.JI. e,1t. 0.988 o.o'.36 l 
JtaH&JIH 787.172 0.122 787.145 
yex. e,1;. o.615 0.027 o.6 
Jt&H&JIH 791.923 0.089 792.145 

'IUCJIO UHtll'All>CH Nt1-1 

I I 
IJOO 

.HOOi 

I I \ -·~ .. ~ 

I (\ I \ .... 

•'----'---~--~~--~----' ..... -, .. 

Pnc. I. CnO)KHbII!: yqacTOK "cneKTpa" 3. CTaxypbio 

TO'IK8MH HaHeceHbl BXO.llHbie .ll8HHbI8, .nm1 

.llBYX H3 KOTOPbIX yKaaaHbI CT8THCTH'l8CKHe 

OWH6KH. CnnowHaH KpHB8H - nonyqeHH8H 

annpOKCHM8UHH. CTpenKaMH yKaaaHbI Il03HUHH 

OT.nenbHbIX rayccnaH, a PH.llOM C HX HoMepoM 

.ll8Hbl HHT8HCHBHOCTH B ycnoBHbIX 8.llliHHUax • 
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BOO 

---------- N14 -112 
18 

- ... ---------------- NU- 2 

11 N'2 - 41 

>· :::: ~ N!l•-1 
N!t6 -t 

18 

0 2 3 5 a 1 8 , ,a 
Nf H7EPAU,HH 

Pnc, 2, .[!HH8MMK8 M3M0H0HMSI rayccMaH IIO MTepauHSIM, 

I1TepauMSI C N20 COOTB0TCTBY0T B0KTopy Haqanb

HbIX IIpM6nM)K0HHtt, a C N2 9 - MMHMMyMy 

HeBSI3KM, .Unsi Harnsi.nHOCTM MacwTa6 npasott 

qacTM KpMBbIX 58 H 5 ysennqeH B 2,5 pa3a, 

(HaqnHasi c 6-tt MTepaunn), 
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I 
10' 

8 

6r 

,n-

2 

10 

8 

6 

N!!J-2 

r 

I \ N!!t 0
- t 

N!!6-0,6 
N!!S 0-t 

N!Sb-t 

\:: : :=::::--::•"-" 'l --Nnb-t 

-,,,,0- 0 C -oN!2-0,1 

0 1 2 3 4 5 6 7 8 9 10 N!! HTEPAU,HH 

P11e. 3 • .[lHH8MHKa HsMeHeHHSI rrnoma.oea rayccHaH 

rro HTepauHstM. BH.oHo, qTo npouecc o6Ha
pymHaaeT CXO.!lHMOCTb, HeCMOTpSI Ha nno
xHe HaqanbHbie IIpH6nH)K eHHSI, a oco6eH

HOCTH .onst rayccHaH c N2N2 18 
H 3. 

CyMMbI IInOlU8.0e8 rayCCH8H C HOMepaMH 

(1 8 H 15 ) H (5 8 
H 55 ) COOTBeTCTByroT 

HCTHHHbIM 3HaqeHHSIM nnowa.oea IIHKOB 

1 H 5, YK838HHhIM H8 pHC. 1. 
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tS {KAH} 

2,5 

2,0 

1,5 
a 2 3 5 6 7 a 9 ,a 

N! HTEPAU,HH 

Puc, 4, .lluHaMUKa H3M8HeHUSI aucnepcm,: rayccuaH 
no uTepauuHM, 

8 

6 

2 

.8 

2 3 ' 5 6 ? 8 9 10 
N! HTEPAU,HH 

Puc, 5, lluHaMUKa U3MeHeHUll H0B!13KU no UTepauUHM, HU}KH!lll KPUBal! 
npet:1CTaanS1eT co6oa 06bI'lHYIO H8B!13KY, a BepXHllll - AllUHHy10, 
T.e. cpeAH0B3BeweHHy!O no TpeM npeAhIJ:IYWUM ·uTepaUll!IM, 
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N 

22.103 

21.103 

20.103 

19.103 

18.103 

620 

2392!77' 

1162:519 

I 

'5:('2:0,19KOH. 

625 630 

8905!1512 

I 

635 6,o 6,5 N!#QHQAO 

Pnc. 6. PesynhTaTbI o6pa6oTKH peanbHoro 
yqacTKa CII0KTpa '132 La B o6nacTH 
700 K9B. CTpenKaMH o6osHaqeHbl rro-
3HUHH HaA.oeHHbIX rayccHaH, a Ha.o 
HHMH .oaHbl HX HHT0HCHBHOCTH • .Llm1 
BToporo IIHKa cneaa .oaHa cyMMa .oayx 
rrnoma.oea C O.ZlHH8KOBb!MH IIO3HUHSIMH. 
.LlncrrepCHSI cqHTanacb O.ZlHH8KOBOA B 
rrpe.oenax o6pa6aTbIBaeMoro yqacTKa. 
HH:>KHSISI crrnowHasi KpHB8SI rrpe.ocTaBnsieT 
co6oa arrrrpOKCHM8UHlO cpoHOBOA rro.ono:>KKH 

rrapa6onoa. 
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