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1. Bee.lleHMe 

B pa6oTe pe4b noK,.lleT o nOMCKe CKPbl'l'biX llepMO.li)'I\JHOC.Te£i camro o6m,.ero 

BH.lfa B 3KcnepHMeHT3..1bHO ~rMCTJ>HP)'BIIIbiX fb)'Hitl.UtiiX M pacnpe,lle.JieffifSIX-

MaTeMan1l!9CK3SI TeOPHSI M aJU"OPM'l'Wt.\.leCIOrif annapaT. BYSJBJJeHHSI CK,Phll'YX ne

pHOJIHl!HOCTeR l·iweXIT yze JlOBOJlbHO .ltJIMHH)'X) MCTOPHIO., HpaK't'MKa MX npMMeHeHKSI 

OXBaTblBaeT BeCbMa ·6oJibJDYI() 06JiaC'Ib npHKJfa,llHO£\· Ha)'K"d• HO see. Of1HC3HHLI:! B 

JIMTep3'!'YP€ OOJlXOJlbl M. ME!TO,ll;bl MMeKIT JI,eJf.O MCKJOOl!HTeJlbHO C nepMO.llJII\IHOC"l'$1MH 

rapMOHMl!ecr;:oro (CMHYCOM.lfa.Jf.bHOr~ xapaKTepa- O.llHaKo .llaHHNB M pacnpe,lle:rr.e

HMSJ, perMCTPMP:tBMLJe C OOMO~IO COBI)eMeHHO£i M3MePMTeJibH0£1 annapa'I')'pbl H 

Om1CbiBa.JOm,Me D.PO'-'SCCbl cauo£1. P33H006paaHoR npMpo,llltl1 MNeTOT 0\IE!Hb \la.CTO 

3HrapMOHMl!9CKMe 09PMO~l!8CKM9 KOMnOHBHTY· 3a.lfaqa C~CTBeHHO.OCJf.OZH~TCSI 
TeM, l!TO B o6~eM CJIYlj39 fllopMa 3n1X KOMilOHBHT HeH3BeCTI-13· 

HTaK, nyc'Ib aa.lfa.HO 3~cnepHMeHTa.JibHO K3MepeHHoe pacnpe.lleJIBHKe= .llJIICK

peniaSI i,ti)'HKll,HSI f( 1). OOpe,lleJf.9HH3.51 H3 MHO::EeCTBe l.l9Jf.Ol!MCJIBHHbiX MH;lleKCOB 

I: (1::0,1,2, ..• ,nO M SIBJISOOID,aSICSI rKcTOrpaMMHbiM npe.ztCTaBJieHMBY HeKOTOpo£1: 

tl!YHKUMM HenpepblBHoro apr)'MeH~ !'Ct.). 6Y.lleM Cl!MTa..Tb WYHKLJ,MIO !'Ct.) C)'WOR 

OOJU109PYIO.ltMl!9CKO£f1 anepMO.lM\leCK0£1 (h) M lfiYNOBOR. (e) KOMnOHBHT: 

n 
f(t..) "' L a g Ct.. T ) + h(t.) + e<:t.). 

1=1 1 1 1 

rJXe WYHKUMSJ g ct.. T ) )'.llOBJf.E!TBOPSJe:T coo'IHomeHHIO 
i i 

g Ct. + T ) 
i i 

B 06JiaC111 OOl)e,ll9JieHM51 f(t.). 

g(t.) 

i 

(1) 

(2) 

MeTO,llltl OOP9.ll9Jf.9HM51 nepMOllY!l!HOCTe£1:, T·B· Be:rr.Kl!MH n.a1 M' T1 • OnHC3HHble B 

JC.KTeP3TY.Pe [ 11 • MOfYT 6hi'I'b BbUIBJIBHbl B 2 KaTerOpMJ-1: 

1/ annpoKCMMaUKOHHble• KOTO.Pble annpoKCKMHPYDT B.C~Ae KaKo£i-Jf.H60 MBTPMKH 

B~:t~pa:a:eHKe <D WYHKIJYieM:. MO.zteJMp)'l)m.eM -»YHKL\MM g 1 M h H aaBMc~A OT 

napaweTpoB; 3H3l!BHH51 napaMeTJ)OB• no.JIYljaetme npM XO.POIDB£1· annpoKCMMall,HH_. 

M 6y..li)'T OLJ.8HK3MH a 1 lot T 1 ; 

V I»HJibTpaLJ,KOHHble, KOTO.PhiE! 003BOJf.SOOT ·BLIJleJISI'lb OT,ileJibHNB KOMJlOHeH'n.l. HJIM 

onpe)leJISI'lb KX xapaKTepHble npMaHaKM H onpe:JteJLSJ'Ib Ta.KMM o6paaow KHTepe

C)'XliJU<~e HaC. BeJIMl!MHbl a 1 H T i · 

I 



flepl!ble Ti>OOYDT JtOBOJibHO 6oJibmoro o6 ·e.., anpMopHOA MH~P..,liMM, HO JtaiOT 
6o.lle€! K3'*!C·TBeHHble peayJibTa"l'hh; B'I'O})ble JlanT WBHbDJYX) TOl..JHOCTb.o HO 33TO H9 

Ti>OOYJ>T NHOTO anPMOPHOA ~P""liMM· 
t.fhl OCTaHOBKMC$1 Ha BTOpLIX, M, B 4a.CntOCTM, Ha Jl)'\lllleW M3 HMX - Me'I'O,lle: .aHa

JDiaa JIIICJ<peTHOTO npeo6pa30BaHMI! 4>;ypbe <JUl4>> if/)'HI<liJIM L2l. 

HanONRMM OCHOBHbiB Onpe.zteJ(e:HMSI· Dyc"lb MMeeT MeCTO ClJ · ,ll.ISI ,llHCKpeniOA 

IYHKL\MM f"CkJ. k e I. ee .llf141 BIIIP2llla!I9TCSI 410PMV.noM 

1 m 
f'(v) .. l: f'Ck)expC-qWk:Wv). (3) 

m+1 k..O 

T,lle q .. -.'-1tEn/Cm+1), n • 3,14169 ... , a v e I M SIB.JISETCSI JJ,eJIO"'HCJleHHbiW· 

8 . .U.JibHeAmeW 6)',lleU q*kttv B 3KCnOHeHTe 06o3Ha\Ja.Th KaK qkv, a KOHCTa.HTa 

c, BCJIH He OTOBOpeHO Jll)YJ'OO• 6)".zteT 0603Ha43.Tb 1/(m+1). )lJm ,llHCKJ)eniOA 

IYHKUKM gCi) aanMcb gCvJ 6YJl9T o6oaHa'la'lb ee .l(fl4>-

~- Ana~a M noMcK rapuoHMNeCKMX nepMO.llH4HOCTeA· 

Dyc'l'b .llHCKpentaSI ~YHKl.\HSI SlBJlSieTCSI rMcrorpa.NWHbiW npeJI.CTa.BJieHHeW rapwo
HM4eCKOR nepMOllH~CKOA 41YHK~H f'Ct.J C OOPHOllON T • onpe,N:!JieHHOR Ha OTpea

Ke [ t.1 • t.2 l • npM\leN n. "" t.2 -t.1 • r JJ.e L - LJ,eJioe I.IHCJIO ~ 

t. - t.1 
f'(t.) "' a exp(12nC------)), 

T 

Bbl6epeu mar TMCTOrpaMMMposa.HMSI h M npeo6paayew OTJ)e30K ( t.1 • t.2 l K NHOzec

TBY UBJIOqvJCJieHHLZX MHJteKCOB I: CO,l, · · · .m:> • a OO.ll T 6y,lleW nOHHYa.Tb 43.CT
HOe T/h CLJ,eJIOe \IMCJIQ). 0\leBHJDiO, m+1 • L•T . 

.l{MCKJ)e'DiOe npeJlC'I'aBJieHHe (4) MMeeT BHJl: 

jWL 
:f(j) = a •expCi2nC---)). 

m+1 

fiPHNeHIIll TeOSJ)b I< C5) JUl4>. fiOJIY'IMN 

2 

(5) 



a m a m 
f'Cv) I: expCqkL)expC -qlcv) 

m+1 k=O 
I: exp(qkCL-v))_ 

m+1 k•O 

Jlert::O BH.lreTb. ljTQ f'C v) pasHa 

• 
{

a. 

f'Cv) 

o. 

ecJDot L = v. 

MHa\le-

,lla.11ee • fl)'CTb 3a,ztaHa flOJMrapMOHHlj9C~SI flBJ>MO,lJ;H\IeCKa.SI ,llHCKP9ntaSI ~)'HKLJ,MSI 
C nepMO.DaMM Tk M aMn.JIMT)'.D.aMH a 1 • flJ)Mlj9lf m+1 KpaTiia BCBN Tk: 

n jwUc: 
f'(j) = I: a * expCi2n<----)) 

k=1 k m+1 

m+1 "" T L 
k k 

k=1 •... ,n; (7) 

){n4» fCv) 6y.zreT OTJIM\!a'lbCSI OT HYASI TO.nbKO B TOl!KaX v = Lk. J',lle OHO 6)'.llBT 

paBHO ak • M 3'1'0 .ztaeT HaM npoc-r0M aJD"'OPH'lll nOMCKa M onpe-,lleJJeHMSI .:rapMOHM
lj9CKMX nepHQ.lJJ1lj}{QCTeR:: 

1/ nOCTj)OWib .l{fl<!> .lli<CKl>!lTI'IOM l!iYHK1.1)1l!; 

V HaifTY! T04KH vk • B KOTOJ>WC JUl$ OTJIMlj}{a OT H)'JISI
1 

H oueHHTb nepMO,llW M aw
nJ!IITY.IU>I no l!ioPMY.llall' 

(6) 

AB'IOMa'IWW:CKMA noHCK flMKOB B MOJl)'Jie .l(n$. J.t9JJeC006paa.HO BeCTYI C- flOMOID,bl> 
wero.aa, om~caHHoro s pa6oTe E3l. 

PaccMOTPeHHaSI CHTyalJ,MSI SIBJlSieTCSI CJIMIIIKOM H;lleaJIM3MJ>OBa.HHo£f. PeaJibHaSI CMTY

aUMSJ, KaK flp3BKJlO, OCJIOZHeHa JlBYW$1 C.lle.ll)'IOJaMMH 06cTOstteJibC"l'B3MH: 
1 / HaJ)ynJ9HHe )'CJIOBMSI C 7) ; 

2/ Ha.JIM4M9 HenepMOAH\IeCKOA M W)'MOBOA OPHWBceA B ~)'HXlJ,MM f'Cl). 

3TM JJBa 06C'IOSI'I'e.11bCTBa. flPMBO.ltSIT K TOM)'· \ITO KOHTYP JU]Ij) npeTepneaaeT 
60Jie9 MJIM MeHB9 CHJibHble .ll9~J>NalJ,MM flO Cp3BH9HHKI C .l)aCCMOTJ)eHHhiM BWJDe. 
TeM He MeHee. ecJIH BJIMSIHMe oc.IIOZHSOODJ;HX ~KTO.POB He SIB.JlSieTCSI qpea.wepHo 
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CKJibHbiM, -B TOI.IK3X vk IIO.lt)'Jib JU]~ 6)')leT HMeTb nHKH· B03BbllllaDIIJ,M6C51 Ha,ll 
ottpecntYWM aHat.IeHMSD61 1 r-c v) 1 . 

C )'46TOU CKa3aHHOTO MOZHO CJle.lt)'XliU,MN o6paaOM UO.llVJtHIJ,MpoBaTb Bb!DEOOMC3HHW1 
aJIJ'OPK'l\1 ,IJ,JrSI npH,llaHH51 eM)' 60JibJDe~ peaJIHCTW.ffiOCTM: 
1/ ebl6paTb m Tattoe. 4T06bl BlmO.n:H&Jrocb C7), M nocTpoHTb .ztn<I> .4YICKP6TifOi1 

~YHK~H f'Ci), 1=0 •... ,m; 

V Ha.A'rn TOI.IKM vk. SIBJlSIIOIIJ,M6C51 !leHTpaMYJ OHKOB B MO.ll)'Jle ,lln<J>. H OLJ,eHMTb 
nepHO.llbl H aMllJIM'I')'.llbl T3PMOHM4eC!OtX nepHO.liHllHOCTei1 no {fX>pyYJla.M: 

(8) 

TaKHM o6I>a30M 1 o6HapyzeHMe rapwoHHt.IeCKHX nepMO.llHllHOCTei1 .llaCT HaM Ha6op 
nap: [a1 ,T1 l - ~T.Y.ll M nepMO.llOB rapMOHM4eCKYIX nepHO.llVJllHOCTe~- norpem
HOCTM nepHO.llOB IIO:EHO OLJ,eHMTb, HanpHuep, C OOl.tOillbiO OOJIYJIIMPMH OMKQB: TOli
KH no o6e CTOpoHhl nMK3 1 B KOTOPbiX 3Mll.IIHTY.zta ffi'U~a cna11aeT JJ.O OOJIOBY!Hhl 
MaKCMNYMar nepeC\D'I'I'blBa.JOTCSi B nepHOJlhl no ~PMY..IIe C8) M TeM CaNE:Af JlaX>T ,llo
BePHTeJibHLIR HHTe.PBaJI .M51 COOTBE!TC'I'Byx>IU,eTO nepMO.lla-
Pacn03H3BaHHe raPMOHMt.IeCKHX nepMO.llH4Hoc-rei1 no MO.IY~ npeo6paaoaaHM51 
~ypbe ~TC51,6e3yCJIOBH~CaMhlM NO~LIM H 3~KTMBHLIM MeTO.llOM nOMCKa ne
PMO.llH\IHOCTeM M CYDJ,eCTBeHHO npeBOCXO.liHT Ta.KMe ni>OCThle NeTO.llbl~ KaK NeTO.ll 
ByA-I)aJIJ[o, nepHo.ztorpaMMHbJE! MeTO.llbl Wyc-repa H T- .ll· [ 11. 

3. AHaJIMa H noHcK aHrapwoHHlleCKHX nepHO.llHliHOCTe~ 

A -renepD paccMOTPMM sonpoc o ,lln<I> oT nepHO.liHliBCKHX aHrapMOHMt.IeCKMX 
THCTOT,Da.MM1 T· e- TMCTOTP3MM, He SIBJISOOIItMXC51 JIHHB£fHoi1 K:OM6MHai.tHeA ~YHKL\Yii1 
C expCikx:n C COM3Ne.PMWblMH nepHO,lla.MH, HO B TO :1:6 BpeMSJ Y.llOBJieTBOPSUOIIJ,MX 
YC~OBMJO nepHOAMllHOC'l'M· 

MTa.Kr OYCTb .llaHa THCTOTpaMMa. hCD, i=O,.-- .m M nycTb CYDI,eCTBY6T T TaKOe, 
~TO 

hCJ+D = hCj) 

.llJlSI J006oro HH.zte:Kca Ma o6JiacTM onpe.leJieHMSJ· Sy.zteM npeJUlO.llara'Ib· l.lTO m -+ 1 
KpanJo T: 

(Q) 

nycTb P- NHOZBCTBO MH,JleXCOB O,T,2T,3T •... M hCi) - ero xapa.KTepHCTM-
46CKa51 TMC'roi'_t>aWMa- PaCCIIOTPMM Jlll~ OT 3TOR ())'HKL\YIH· 



JIE MMA 1. h< v) smJmeTCSI ne.PMO.lll11.lecxoM rHcrorpaMMOA c nepKO.IOM. L H xapa~~:Te
PHCTH~ecKoM rHCTOrPaMMOM MHOZeCTBa HHAeKCOB O,L,GL,3L, .. · C 3MnAMTY~OM• 
paeHoA 1/T . 

.l(OK333TeJibCTBO C.1teJlY9T H3 TaKMX J)aBeHCIB: 

hCv) 

hCv) 

1 1 - exp( -qvTL) 
-------------- ~ 0 

m+1 1 - exp< -qvn 

1 m 
I: hCi) 

m+1 i=O 

m+1 

Cm+l)T 

npH vT,He KpaTHOW m+1o 

npH vT, KpaD-IOW m+1. 
T 

Ho vT Kpanm m+1 nPM v=O.L.aL •....• OTKY.lla CJie;zyeT YTBe.PZ,lleHHe JIEMMbl 1. 
JIEMMA 2. EcJDII s<D no.nyqeHa M3 hCD C.ltBVITOW Ha Jc SN9eK CJc < n. TO sCv) 
6y~eT nponopUHOH3JibH3 hCv) C HeKOTOPWM KOMnJI9KCHWM K03~~eHTOM, PBBHWM 
no MO.llYJOO 1 . 

.l(OK333TeJibCTBO· .l(oCTaTO\lliO paccMOTpeTb CJI)'4a.£1 k "" 1. Ha OCHOBaHMM (3) 
w MOZeM aanHcaTb 

s(v) 
1 m 

I: hCJc-1)exp(-qkv) 
m+1 k=1 

exp(-qkvJ m 
------- I: hCJc)eXp(-qkvJ. 

m+1 k=O 

T· e. s(v) OTJIMlla9TCSI OT hCv) H3 MHOZMTeJib exp( -qkvJ • pasHhl£1 no YO.l[yJIIO 1 • 
YTO M Tpe6oBaJIOCb ~OK333Tb· 

TEOPEMA 1 . .l(n<ll or nepHo.ztM\ieCKMX aHrapMOHM'lecKMX rMcTOrpaww c nepHo~oM T. 
Y~OBJ[eTBO,DSOOID,HM ycJIOBHJJ (9) • MOZeT OTJIM'-m.TbCSI OT HYJISI JIMIIIb H3 MHOZ9CTBe 
MH~KCOB O,L,2L, ... ,CT-1JL <o603H34MW ero QD. 

noKaaaTeJibCTBO· TaK K3K JID6aSI TaKaSI nepHO~YeCK3SI 3HT3PMOHH~CK3SI 
THCTOTpaMMa gCD MOZ9T 6b1Tb npe~CT3BJI9H3 K3K JDIIH9AH3SI KOM6HH31..1,HSI T C.llBH
TOB xapaKTe,DHC'Il'llleCKOA {(IYHKI..I,HM MHOZ€:CTBa P • TO Ha OCHOBaHHK npe.llLUlYJllHX 
JI9MM .l(n* TaK0.£1 THCTOrpa~ 6YAST ,DaBH~CSI 0 BHe MHOZECTBa HHAeKCOB Q, 
M JDIIH9.£1HOR KOM6HH3~ MHHMYX.3KCnOH9HT Ha Q: 

1 T-1 
gCv) L g(lc) exp(-gJcv) 

T Jc=O 
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nPMIIE4AHME- EcJIM COO'Ili0018HHe C9) He BhlllOJIHSieTCSl> IU14> OT nepHO.llH'IeCKHX 
aHTa.t»«>HMlleCKMX ntcrorpa.W 6yJJ.eT HMeTh B 06W,eN CJ!Y'!a.B BCB KOMrlOHBH'I'bl:· 
He ,DaBHWE! HYJOO· KapTMH3 6y.zteT TeM OTJIH4H9B OT paccNOT.\)eHHO£i. \ieM 60JibJDe 
OCTaTOK OT ~e~HM~ m+1 Ha T. TeM He MBH99• J<:aqecTBeHHOB CXOACTBO COXpa
~MTCSJ:: MOJIYJib Jlll~ OT xapaKTepM.cTM~CKOA WYHKI.l.HM P 6YJJ.eT Hlr.feTh rut~M s 
MH.zteKCaX < MJIM HX OKpeCn10Cn1~ MHO:EeCTBa Q. 

Ec.llM ntcrorpaMMa SIB.llSieTCSI cYNMQA ne_pMOJIH4BCKJo1X aHrapwoHW.JecKMX KOMilOHeHT 
C nepMO.ztal£1 T 1 • nj»>lleM Cm+D "' T1 _ *. L 1 • TO ,lUl~ 3T0£1 n-ICTOfpaMMbl M0%9T 

OTm1'-!a.ThCSI OT HYJrSI Ha 06'eJIHHBHMM MHOX9CTB MH.zteKCOB 

EcAH rMcrorpawwa h<!J KPOMB nepMOAM4BCKMX aHrapMOHM4eCKHX KOMnOHBHT co
.llBPZMT em,e anepH9.1.1J149CK,YXl H myMOBYIJ KOM110H9HTbZ. a TaJ<:X:e 9CJn1 He BbiJ10JlHSI-
9TCSI )'CJlOBMe KpaniOCTJII m+1 nepM0113.M· ee JU]4> He 6)'JJ.eT HMelb CTOJlb Y.e'I'KO 
Bh1Pa%8HH0£1 CTJ)YK'n'Pbl· Ho BCJIM BJMSIHM9 MCK3Z31>111;1X fbaKTOpoB OKazeTCSI He 
049Hb CMJibHDD.It TO Ha MHOzeCTBe JIIH,lleKCOB Q MOJlYJlb lJ.fl~ 6yJieT HMeTh 60Jiee 
MJH.1 MeHee '-leTKO BblpazeHHOO DMKM · 
3TO OOJICK33biBaBT a~opHTM 06HapYXBHM~ CKp~ aHrapMOHM4BCKHX nepHOAH4-
HOCTe£1-
1/ flpoBBCTH rapMOHH4BCKM£1 aHaJH.13 fMCTOTpa~, HaOpMMeP• B~MB OMKM 

a ee MOJJYJr£ .l{n4>; 
2/ 0T06paB OP8:.llCTaB.11500lll,l1B· MHTepeC OBPMOAH4HOCTVJ. sbl6paTb OOTHMaJibHOB m, 

OPM KOTOpoM BAM~He HeJ<:paTHOCTM m nepMOAaM MMHMMa~bH0-
3/ flOCTPQMTb nn~ TMCTOTPa~ M OOObiTaThC~ OOCTPOMTb MHOXBCTBO Q ~ ero 

MO.liYJI:SI• 

4/ flpoaHaJI:M3HPQBaTh CTPYKTYPY MHOXBCTBa Q ~-nposepMTb npaBJIOOOJI06HOCTb 
THOOTe3 0 B03MOXHMX aHrapMOHM4BCKHX nepMOAaX-

flpH 3TOM HBj)a3JUII4HMbl CJIY43M· KOT.lla fMCTOTPaMMa COJieP:EMT nepMOAH\!eCKYJO 
aHrapMOHH4BCKYJO KOMnOHBHTY C nepMO.liOM T, J.1 KOT.lla fHCTOfpaMMa CO~pX~T 
Ha6op nepMOAHYBCKHX rapMOHMYSCKHX KOMnOHBHT C nepMOAaMM/ ~ KOTOPNOC 
cnpase,Z(.J[lllsa CJI:BJlYIOlll,a~ 

TEOPEMA 2 co cooTBeTCTBMM aHrapMOHMtiBCKKx H rapMOHH4eCKMX nePHOJIOa). 
AHrapMOHW•-I.eCKH£1 nepHO.ll T 06SJ3aTe.JibHO COO.f)OBOX.l[aBTCSI Ha6opot.e rapMOHH\ffic
KHX OBPVIOJIOB T1 , CBSJ3aHHbiX MeXJlY co6o£1 COOTI-IOJDeHVIBM! 
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T T 
1 

T 
i 

T M 
i -1 

i - 1 
i=2, ... ,L+l 

i 

4- n PHMeHeHHe MeTOJJa 

0mtC3HH351 MeTO.llMKa 6wra npHMeHeHa K KOHKI>enfbD.C JJaHHblM: 

(10) 

1/ BPE!MeHHOM)' pacnpe.ne.zreHHIO CY'IOI.ffiWC perMCTJ)aLJ,H£i: KOHI..(9HT{)al.I,I.U1. pa,li;OHa B so.oo rJIY6HHHhlX CKBa:J:HH yqacTKa 30Hhl Depe.lloooro paa.noMa KoneT.zrara; 2/ B.DeMeHHOMY pacnpeJleJ19HHIO CYT04HbiX l)efHCTil2.1U1£1 anroc«tezmoro ;lla.BJIBHHSI e TOM ze pai1:oHe: 
3/ K CHMYJmj)OBaHHhlM TeCTOBblM JlaHHblM· 
,l{JD.1H3 paCOJ)eJ19.11€HM£1 OPH6JlM3HTeJlbHO J)aBHa 1500 .zme£1 H H€ SIBJISieTCSI cTeOBHbiO ltBy>:: · JlAA YCKOP8HH0f0 BhNWCJieHI1SJ .l{nt 6hl:.l3. COCTaBJf9H3 C09UMa,lbHa.SI . nporpaMMa CSFFT - Semi Fast. Fourier Tra.ns:for-m), KOTO.P351 Jm60 HCOOJib3)"9:T 33JlaHH08 paa6HeHHe 4MCAa m Ha COCTaBHNe WHOZMTe~ m1 H ~ C m = m1ma), JU16o caMa no.ll6HpaeT onnu.ta.JibHNe m1 H .m2 • H peaJDilayeT aJIT'o.PHn.f' ycKOpeHHoro npeoc5paaoBaHl:lll ~ypDe tiHCJIOM Tpe6yeMNX onepaJ.U1i1 nopruu<:a m<m1·+m2) r21. 

PeayJibTaTbl aHaJll.13a ewne)'KaaaHHblX pacnpe.zre.lleHHM 6blJllll CJie.llYJOIIJI.fMM· :t/ DOCKOJibKY 8 3BTOMaTW·!9CKOM peUMe He Ono3HaBa.Jtaeb GCTeCTBeHHaSJ .ztJ[5I TaKKX pacnpe.n::eJJeHH£1 ro.n:oaaSI nepHo.lU14HOCTb. 6wm n.POBe.zteHa onntMHaa~~ 4AHH~ pacnpeAe~HHSI· 0Ha 6~ BwcJpaHa-nponop~OHaAbHOH nepHOAY 300. T· e. 1460 -tmCe.ll• J1 MOJJY.IIb ,l{fl$ 6bLJI nepectMra.H· Ha ceM paa .aHaJrna Aa.ll Ta:KHe ou.eHKJ.1. 

Bee nepMo.lt OIIIH6Ka BoaMOZHoo aHraDMOHWffiCKHe "xooc'I'bl" 121 378 347 189 125 96 76 63 54 47 42 38 34 
32 29 27 25 24 22 21 20 19 18 

22 140 41 70 47 3!S 28 23 20 17 16 14 13 
30 125 33 63 42 31 25 21 18 16 14 13 11 
32 93 11 47 31 23 19 16 13 12 10 9 8 
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32 

20 

15 

10 

13 

7 

18 

10 

12 

11 

27 

10 

10 

B 

12 

20 

7 

6 

" 
14 

7 

8 

11 

8 

" 7 

9 

10 

eo 
66 

58 

54 

!50 

43 

40 

36 

34 

32 

30 

29 

27 

26 

24 

23 

19 

18 

17 

16 

14 

13 

12 

11 

10 

9 

8 

6 

13 

9 

7 

3 

5 

2 

2 

1 

2 

2 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

.to 2:1 ao te t3 12 10 

33 22 17 13 11 9 8 

zg 20 ts 12 to a 7 

27 18 14 11 9 8 7 

25 17 12 10 8 7 6 

21 14 11 g 7 6 5 

2:0 13 10 8 7 6 5 

18 12 

17 11 

16 11 

15 10 

14 10 

8 

8 

8 

8 

7 

14 

13 

12 

12 

9 7 

8 6 

8 6 

8 6 

10 6 

9 6 

8 6 

8 5 

7 5 

7 

" 6 

4 

4 

4 

5 

5 

4 

4 

4 

3 

3 

3 

s 
s 
4 

3 

3 2 

3 2 

3 2 

2 1 

7 

7 

6 

6 

6 

5 

5 

" 
5 

4 

4 

3 

3 

3 

2 

2 

2 

1 

1 

1 

6 

6 

" 
5 

5 

4 

4 

4 

4 

3 

3 

2 

2 

2 

1 

1 

1 

5 

5 

4 

4 

4 

3 

3 

3 

3 

2 

2 

1 

1 

1 

4 

4 

3 

3 

3 

2 

2 

2 

2 

1 

1 

3TY Ta6JI>Il.IY 110ZH0 IIH'J.'epnpel>!j)OBaTb CJfeli)'IOI!ll"' o6pa30t.l' 

9 8 

7 6 

6 5 

6 " 

5 4 

4 3 

4 3 

3 

3 

2 

2 

2 

1 

1 

1 

1 

2 

2 

1 

1 

a/ BM,llHa, XOTSI M. OlleHb ·Het~eTKO, fO.llOBaSI nepMO.li)'II.IHOC'Ib (378 ± 347) 

7 

5 

4 

4 

3 

2 

2 

M ,M5I BCBX ee aHrapMOHM\IBCKMX "XBOCTOB" BCTh COOTBeTC"IB)'I)JD).ie KaH

JlM.Da.Tbl B Ta6~ • \ITO .llOK33biBaBT pe3KO aHraJ)NOHH\Ie:CJG1i xapaKTep 

3TOJ1 nepMOllHllHOCTMi 

b/ M.a-aa 3H34M'I'e.JibHOfO nl)eBblliJ9HMSI· seca C ?:1) Hall COCB..ztSINH HeJIOfM\.lHO 

C\IMTa'I'b nepMOJIM\.lHOCTb C30 ± 1) "XBOCTOW"; 31'0 SIBHO C31otJCTOSJTeJib

H3SI nepMOJJ)'IllHOCTb_. K liJISI ee 3Hr3PMOHHlleCKIIIX "XBOC'IOB" TO~ BCTb 

COOTBe'l'C'IB)'X}III,MB Ka.HJOUUlTbl B' 'm6JlM~ • \ITO TOXB .ZIPKa3hlB3.8T ee 3H

f3j)MOHM49CKM£1 xapaKTeP-
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c/ Mo:.t::Ho npemoJIO:ntTb1 xoTSJ ill c MeHbmeR y6emrreJibHOCTbiO· liTO caMO
CTOsr:reJibHOH sm.Jt.s:JE!TCSI ill 09PiiiO,ll:W-IHOCTh C 83 ± 1) ~ 

d/ flepiiiO.llilllJ.HOCTM C16 ± D ill C6 ± D SIBJISIIOTCSI> no-Biii~MOMY~ ace %9 
"XBOCTat.fii" nepillo~lJ.HOCTef:.i 378 ill 30; BO BCSD<:OM CJI:)'t!ae BOOj)OC 0 HiiiX 
OC TaeTCSJ COO.PHbDd· 

8/ flo YKa3aHH~ B~ 0Pi114MHaM ~Ha pacnpe~e~HiiiSI 6~ OOAOZeHa P3BHOf1 
1460. Pe3JibTa.Thl aHamf3a MO.llYJISI .llfl¢1 TaKOBhl· 

81 

26 

24 

29 

16 

17 

18 

15 

17 

14 

18 

13 

12 

19 

21 

16 

g 

14 

17 

22 

16 

18 

18 

11 

17 

14 

13 

365 

175 

133 

98 

88 

77 

71 

64 

55 

48 

42 

37 

34 

32 

29 

27 

26 

23 

22 

20 

19 

18 

16 

15 

14 

13 

12 

104 

43 

37 

20 

16 

" 
10 

3 

" 6 

2 

1 

1 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

803MOXHbl9 aHrapMOH:W·IBCI'\H.e ''XBOCThl'' 
183 182 91 73 61 52 46 41 37 33 

30 28 26 84 83 81 20 19 18 17 
88 58 44 35 29 25 28 19 18 16 
67 44 33 27 Z2 19 17 16 13 12 
49 33 25 ao 1e 14 12 11 10 9 
44 29 22 18 15 13 11 10 9 8 
38 26 19 15 13 11 10 9 8 7 
36 24 18 14 12 10 9 9 7 6 
32 21 16 13 11 9 8 7 6 5 
as 1e 14 11 9 e 7 6 5 4 
24 16 12 10 8 7 6 5 4 3 
Z1 14 10 8 7 6 5 4 3 8 
19 12 

17 11 

16 11 

15 10 

13 

13 

12 

11 

10 

10 

g 

9 

8 

7 

7 

6 

g 

8 

8 

7 

7 

6 

6 

6 

5 

9 
Q 

8 

8 

7 

7 

6 .. 

5 4 

5 4 

" 

9 

9 

4 

4 

3 

3 

3 

7 

7 

6 

6 

5 

5 

5 

4 

4 

4 

6 

6 

5 

5 

4 

4 

4 

5 

5 

4 

4 

3 

3 

3 

3 2 

3 2 

3 2 

3 2 

3 2 

3 2 

1 

1 

1 

2 

2 

2 

1 

1 

1 

4 

• 
3 

3 

2 

2 

2 

1 

1 

1 

3 

3 

2 

2 

1 

1 

1 

2 

2 

1 



3/ 

11 11 1 6 4 3 2 1 

14 10 1 5 3 2 1 

15 9 1 5 3 2 1 

15 8 1 4 3 2 1 

12 7 1 3 2 1 

"' 6 1 3 2 1 

3 3 1 2 1 

31')' T36JIMIJ,)' MOZHO HHTepnpeTMJ)OBa'I'b C.Jlel[)'Kl~M o6pa30M: 

a/ Xopomo npoCMa.TPHBaeTCSI fO.llOB3.SI aHrapMOHM':IBCJ\:SSI nepYJO.ll)l\lliOCTh 

365 ± 104; 

b/ Becbwa npasJ[ono.llo6Ho npe~o~ozeHMe o Ha~YHH aHrapMOHM4BCKMX ne
PHO.lJYNHOCTeA. 98 ± 20, i29 ± Z; 3H8\.fi'ITeJibHO ME!Hee y6e..ltHTeJibHO Dpe.ll

nOAOZ9HH9 0 nepHO~ 20 ± 2; 06 OCTa.AbH~ nepHOJaX CKa33Tb HH4Bf0 

H9Jib3SI· 

CHMYJM,POBa.Jla.Cb C)'MM<l CJI:BJl.YI)DJ,MX ·KQMJlOHBHT= 

3/ aHrapNOHH4eCKHX nepHO..ltH4HOCTeA. CrC~)=AMmaxCsinCk~J.OJ 4J c nepH-

O.llaWH 365. 29. 7; 

6/ rapMOHH4BCKOM nepHO..ltH4HOC~ C nepHO.llOM 90; 

B' nHKoo6paaH~ WYHK~M. KOHCTa.H'Thl H c.nyqa.MHoro IIIYNa· 

PeayJibTa.Thl 6bl.JlK CJlBJIYKJIIJ,IIIe-

Bee nepa.10.ll C>a!H5J:::a BoaMOXH~ aHrapMOHH4BCKHe "XBOC'Ihl'' 

38 365 104 183 1"" 91 73 61 52 46 41 37 33 

30 28 26 24 23 21 20 19 18 17 

16 15 14 13 12 11 10 9 

23 193 "" 91 61 46 37 30 26 23 20 18 17 

15 14 13 12 11 10 9 8 7 6 

113 92 "" 46 31 23 18 15 13 12 10 Q 8 

20 78 12 39 26 20 16 13 11 10 9 8 7 

12 68 9 34 23 17 14 11 10 9 8 7 " 
36 29 1 14 10 7 6 5 4 3 2 1 

27 14 0 7 5 4 3 2 1 

3 13 0 6 4 3 2 1 

11 10 0 5 3 a 1 

23 7 0 4 2 1 

12 4 0 2 1 

10 2 0 1 
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