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AHHOTAURn 

Paccuoxpeuo npHueueuHe anropHT:~ Pypbe ~na auanH3a 6onbmHX 

MaCCHBOB ~aHHHX. B xaqeCTBe HCXO~HO:ro MaCCHBa B3HTH cpe~ueuecaq

HHe H cpe~uecytoquue qHcna Bonb~. Pa3pa6oTaHu cxeuu onpe~eneHHS 

ypOBHH myuOB H3MepeHH~ B qacTOTHO! ~6naCTH, ITO BeXHqHHe KOTOporo 

~eBaDTCH O~eHKH 3HaqHMOCTH HH~pua~:dOHHHX KOMITOHeHT aHaBH3Hpye

MOrO HBB9HHH BBH npo~ecca. 

ITpHBe~euu 3atpaxu BpeueuH 3BM ~xs BHqHcneHHH pypbe - o6pa3a. 
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BBE,llEHHE 

CneKTpM:bHHe MeTO,lUl 8HaJIH3a ~illflpOBLIX llaCCHBOB ,D;aHHLIX C HCllOJI:b-

30BaHMeM 6HCTpHK aJirOpHTMOB cqeTa nOCTORHHO HaqMHaDT HCflOJI:b30B8T:bCR 

BO MHOrHX pa3,D;eJiax qJH3HRH H TeXHHR~. B 0630pe/I/ npHBe,D;eHa o6~aH 
reopHa anropmruos 6ucrporo npeo6pasoBaHHR pyp»e, paccuorpeHH THnmq

HHe nporpaMMH BHqHCJieHHI Ha ~H~pOBHX MamHHax ~pbe-o6pa3a BemecT

BeHHLIX H KOMnJieKCH0-3HaqHLIX ~YHKUH~. 

TaM Ee no,1.1;po6ao npoaHaAH3HpOBaHH cne~H~qecxme oco6eaaocTH 

npoBe,D;eHHH BHqHCJieHHI Ha 3BM C npHMeHeHHeM 6HCTpNX anropHTMOB npe

o6pa30B8HHH ~pbe. 

ITpmBe,D;eHHHe B pa6ore/21 H ,D;pyrHX pa6orax/J, 4, 5, 6/ npm:u:epu 

mcnOJib30BaHHH a.n:ropHTMa <I>ypbe .n;na aarunt.sa cnexrpoKetpHqecxott HH-

""" ~op:u:a~HH OTHOCTiCH K cpaBHHTeJibHO He60JibmHK MaCCHBaM ,D;aHHHX. MeE,D;Y 
V' 

TeM 6HCTpHe aJirOpHTMH <l>ypbe HUeDT OC06eHHO 60JibmHe npeH:u:ymeCTBa 

npH o6pa60TKe ,D;OCTaTOqHO 60JibWHX M8CCHB8X ,D;8HHHX. 

B aacroamett pa6ore ,1.1;aau npmuepH auanmsa 60JibmHX uaccHBOB ,D;aH

HHX C HCllOJib30B8HHeM SHCTpUX aJirOpHTMOB npeo6pa30BaHHH <l>ypbe. 

B xaqeCTBe HCXO,D;HHX ,D;8HHHX 6HHH B3HTH MaCCHBH qmceJI BOJib$a ~ ,D;JIS 

cpe.n;aeuecaqaux H cpe.n;aecyroqaux msuepeaHtt 171. 
Vlcxo,D;HHe ,D;aaaue sanHCNBa.DTCH B B~e (pyHKitHH t C-t:) , t =0, I, 2,.~~ _, 

N- I, r,D;e AI - noxaoe qmcno roqeK, npeBnmaDmee qHcno H3Mepeamtt 
Iii. -n... aa TaKyD BenHqmay, qrocht N = 2 , r.n;e rn. - ~enoe qmcno • 

.}!HCKpeTHHH (pypbe-o6pa3 (pyHKD;HH f (t) paBeH no onpe,D;eJieHHD 

I 2Jt /',t 
-l.- "-V 

f(w) == L f(-c) e N 

N-1 

i:=O 
w == 0, 1, 2) ... _, N-1 . 
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J{HCKpeTHH~ ~p:&e-o6pa3 f"(w) SlBJIS:eTCSi KOMIIJI6KCH03Ha'4HO~ 

cpyHKUHelt H ero MOJICHO xapaKTepH30Ban:, lBYMSi Bell{6CTB6HHID4H cpyHKUHSIMH. 

B nepBo:u BapHaHTe sxo Bell{eCTBeHHaa 
N-1 Q--

Re F(w) = ~ {Ct) ~ ~l cut 
, i=o 

N-1 2 Im F(w) = 2: fC-t) ScM Tr' wt 
N f.=o 

t~aCTH. BO BTOpOM BapHaRTe - 3TO a6COJIDTHOe 3Ha'49HHe ~p:&e-o6pa3a . . 

{-F(w)\= [Re r-cw;J\ [r ... rCwlY 
PI lfa30BWI yroJI 

cpCw) == 9M. 
f6 ~ F(w) 

b Re F·(w) 

ITpeHMyll{eCTBa, KOTOpHe laeT aJirOpHTM npeo6pa30BaHHSi Pyp:&e, 

3aKJIDt~aeTCS: B TOM, '4TO pacnOJIOJICSHHe qaCTOTHHX llHKOB npaKTH'48CKH He 

ueuaexca, ecJIH Ha6JID~aeuNlt npouecc CBSI3aH He c cauolt HCXOAHOlt 

cpyHKUHe,tt fc -t:) , a C ee npOH3BOlHOlt. J{e~CTBHTeJI:&HO, npH nepexo

le OT HCXOAHOit lPYHKUHH f(t) K ee npOH3BO~HOit J."' .f(t) 
dtl"n 

cpyp:De-oopa3 _F Cw) HCXOlHO~ lf>YHKUHH -f. ( -t) YJlHOJ:aerca Ha MHO-

G
. l'h 

JtPITeJI:& LW) , KOTOpHit H3MSHSiST JIHmb lf>opuy llHKOB, a '4HCJIO H 

pacnOJIOJICeHHe llHKOB npaRTH'46CKH He H3MSHaeT. AHaJIOrHt~HOe CBOitCTBO 

HMeeT MeCTO ~JIS: HSKOTOpHX lpyrHX JIHHe~RNX onepaTOpOB. TOJI:bKO He

JIHHeiHUe onepaUHH C03laDT HOBNe t~aCrOTHHe K0Mn0H6HTU, KOTOp:ElX He 

OHJIO B PICXOlHOM CHrHaJie, H KOTOpNe SiBJISlDTCSi KOMOPIHaUHHMH HCXOlHUX 

t~aCTOT. 
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AHrOEHTMH BH~leHHSl !lp~te-o6pa~a 

JlHcxpetHJ:dt q>yphe-o6pEL3 nocJie,losateJILHOCTH qm:ceJI BoJI~tcpa W 
BaqmcJisnca .lBYKa cnoco6aJUt. ITepBYI cnoco6 HcnOJih3yet BapBaHT 

Iii>HJtZa/8/ MropHTJI8 6sctporo npeo6pa3oBaHHa ~phe. qHc.no N •3072. 

3rOT BapHaHT 6HCTporo a.BrOpliTKa HCDO.Ih3YDT npH MaJIOI onepaTHBHO! 

nauaTJI 3BM. )VIa atoro HCXO,B;HYD DOCJI8JtDBateJibHOCTh pa3Ch1BallT Ha 

HecxoJihXO nocJie,li;OBate.n:&Hoc:xel ~HHOI N 1 
, cootBetcTBYDilleH B03-

' MOXHOCTSIM 3B:M, a N = 1\1 • rL • 3Jie:u:eHta:u: noJiuoro MaCCHBa npH-

CBaHBaDT ,B;Ba HSXeXC~: k: ~ .j , TaX tiTO KOMUOHeHta ~yphe-o6pa3a 
) 

I • 
B ( k,j c OOTBeTCTByet ( k. ~ N j ) -oM xo:u:noHeHT~ q,yp»e-o6pa3a noJIHoro 

KaCCHBa. Tor,B;a N- ~ ( k -t N ~-) rn 
B (k,j J =-L~ f(m) VJN 

Nl_1 k= 0,1,2.) ... ) 
. Oi2 m-i J=: I I.)''') 

p c 2Jl i ) b WN = e..xp N ·r 

3aueHa rYl • ( tn + ~) ,B;a1~T /8/: (r /,) Q 
n-1 N'-1 k e] tc.."t N J // 

B(k,j) =~ [ f;; f{f.n+ q,)~, WN 
BHpaxeHHe B ltBa,ItpaTfiHX CX06RaX HaxO,ltHTCSI no CtaH,ltapTHOI npor

pa.uue BH11HCJieoa Ell~ Ha ,B;I3.HHO! 3BM. AJiropHTM noBTOpHo npH:uee:aDT 

/L pa3 ,lt1UI KaX,ltOi! llO,ItnO~~Jie,B;OBaTeJI:&HOCTH HCXO)l;HOrO Jl8.CCHBa, 3aTeM 

BI:NHCJIHDT :uaccHB B ( k, ~~), H3 aJie:MeHTOB xoToporo q,opumpyDT Bee 

N xo:u:noHeHT q,yp:&e-o6p•:L3a. 

BlNHCJieHHSI npOB0,1lHJIH3:& Ha 3BM cnc 1604-A, nOJIHOe Bpe:u:a cqeta 

C yqeTOll BpeMeHH Ha TpaHC.IIJU~HI> H netlaT:& pe3yJihTaTOB COCTaBJISJIO 

OKOJIO 5 MHHYT ,li;JISI N • 3072. 
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Btopost cnoco6 BH'DICJiemUt ocuoB,~H ua ycoBepmenctBOBanno~ npor

paYMe EIT~9/, KOTOpaa Tpe6yeT MeH&mero Od~eKa onepaTMBHOI naMSITM H 

ueH&mnx 3aTpa:r BpeueHH ~Jia BsqHcnenma, qey B nepBOM cnocode. 

~a a:roro mcxo~HHA MaCCHB queen Bon&~ ~ononnanca HyJiauH ~o 

N •4096, T.e. ,ItO N. 2 m ' r,D;e m - ~eJioe qHCJIO. TaKoe ,ItOnOJI

nenHe, xax H3Bec:rno/I~ ue BJIHae:r ua pe3yJI»Ta:rs cqe:ra. 3,D;ech neT 

ueo6xo,ItHKOCTH HcnoJI!»30BaTh Bapuan:r 51-0 lA A~ a.. 

BHqHcnenma no BTopoMy cnoco6y npOH3BO.ItHJIHC!» na 3BM D3CM-6. 

CqeTHOe Bpe:u:a paBHaJIOCl» 2 MHH., a KOKMepqeCKOe - OKOJIO 8 KHHJT• 

Ha pHc.I npRBe,D;ens a6coJIDTHHe 3naqeuHa ~p1»e-o6pasa (IF(w)l) 

uaccmBa cpe,ItneMecaqHhiX YHCeJI BOJI!»~L ,1tJia IV •3072. Hn:repBaJI MeQy 

.ltBYMSI COCe~HHMH H3:MepeHHJWH paBeH O)tHOJ.cy' Mecaey • qaCTOTa CJ" npH-
N 

umuae:r suaqeume o:r W •0 ,tto W rYla~ = 2 . Y:u:eH»menHe 'ttHCJia qac-

TOTHHX KOMnOHeHT CBSI3aH C TeM, qTO HCXO~Haa ~YHK~HSl - Be~eCTBeHHa. 

BLI6pannouy HHTepBMY o:rcqe:ra cpe,D;HEl:Mec.a:qnhiX qHcen Bon:&qa W H 

pasM:epy KaccuBa Jtanuwc cooTBeTCTBywr CBa3:& C.U T =256 Me:a:~y qac:ro

:rol W H nepHO.ltOK T . 
Ha Puc.! BH,D;no, tJ:TO tJ:HCJia BOJihqa W m.~eDT oqenl» CJIOEHYI> 

nepmo.v;HqecxyD c:rpyx:rypy. B:u(doJiee Jtpxo BLipa.xennLie nHKH pacnonoxeus 

Ba qac:rotax W ,..._ 23, xotop~:~e cootne:rctBym:r nepHO.lY T ,._II JieT. 

KpoMe a:roro ua6JID,D;aetca e~e Mnoro ;tpyrmx nHKOB. q:rodu pemu:r:&, 

KaKHe H3 3TKX mutOB JIB1Uli>TC.S: HHlPOPlla.JlHOHHWH, a ItaKHe - CJiyqaJHJnm 

Bs6pocaux, :rpe6ye:rca oueuHT:& ypoBe:~ myMa u ero H3Menenxe no 

qaCTOTHOMJ ~HaDa30HY• 



/F(w.J/ 

I~ 

Pac. I. A6co.moTHBie sHaqe.HIDL gyp:oe-o6pasa \ F((.,)) \ Maccima 

cpe;uHeMeM'lllliX -mceJI BnJJ:ol%Ja ,n.IDI N = 3072. 
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Onpe~eReume yposua myua 

B ~auuou pa6ore yposeu» myKa ~w 6sn oueueu ~By.ya Meto~aMH. 

I. ECJIM npe~nOJIOXHTh, llTO Ka.J:,~Oe H3M8p8HH8 f( t) SIBJISISTCSI 

H83aBHCHKHK OT COCS~BHX, TO ~YBKUHS B3aHMHOI KOppSJISIUHH OWH60K H3Me

peHHSI pasHa ~eJI:&Ta~yHKUHH. 3TO B CBOD oqepe~h 03HaqaeT, llTO B 

qaCTOTHOI 06JiaCTH GWr OmH6KH H3MepeHHSI HJIB mYM H3MepeHHI paseH 

UOCTOSIHHOI BSJIH'lHHS npH BCSX 3Ba'leHHRX CLf • TaxHM o6pa30M ypo

B8Hh myua KOZHO onpe~eJIHTh B .o6JiaCTH.60JihWBX ~,a 3aTeM np03KCT

panOJIHpOBaTh B 06JiaCTh HH3KHX qaCTOT • 

Ha PHc.2 ~aHa ~yuxqma pacnpe~eneuHa a6coJintuoro 3uaqeHma 

4>yp»e-o6pa3a IF Cw) I B o6JiaCTH N •IIOO • I536 ~Jia cpe,ZJ;HeKecSJ'l

HNX qmceJI BOJih~. Ha pHC.3 ~aHO DOJIOZeHHS KOMDOHSHT B nJIOCKOCTH 

R(. -FCw) , lM f ( w) • H3 3THX ~syx pmcyHKOB BH.JlHO, qTo p~mycu -

BSKTOpH H ®a30BHe yrJIH pacnpe~eJieH~ 
..---''"-~_.._-...... 

HMeer cpe,ZJ;ueKB~paTHquoe 3HaqeuHe ' 

3TOT ypOBSHh mYMR 3KCTpallOJIHp0BaJICS Ha HH~pMa~HOHHyD 06JiaCTh HH3-

IT. CtpyKTypa myua H3Mepeuml 6ana npoaHaJIH3HpOBaua xaxze ,ZJ;Jia 

cepHH cpe,ZJ;uecyToqugx H3MepeHHl 'lHCSJI BOJih~, ,ZJ;JISI KOTOpol, B CHJiy 

CaMoro xapaKTepa H3MepeHHI MOrJia B03HHKHYTh H8KOTOpaSI KOppeJISIUHSI 

Mez~y COCS,Zl;HBMH H3MepeHHSIMH, np0~3BO,ZJ;HMHYH C npoMeXyTKOM B O,Il;HH 

CYTKH. 

Ha PHc.4 npmse~euu a6coJIDTHHe 3uaqeuma 4>yp:&e-o6pa3a I F(w) \ 

cpe,ZJ;uecyTO'lHHX qHceJI BoJI:&~. ITpm aFaJIH3e myMOB aec:& ,ZJ;mana30H qac
TOT 0S 6WI pa3dHT Ha 6 HHT8pBaJIOE: 

I. 0~ W ~ IOO 4. 600~ w ~ 900 

2. IOO~ w ~ 300 5. 900~ w~ I200 

3. 300~ w .$ 600 6. I200~W~I500 
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JJ)Ia KaJIC)tOrO HHtepBaJI8 c>wto fiO(:TpOeHO 3KCnepoeHTa.JI:bHO Ha6JII>

,D;aeuoe pacnpe)teJieHHe a6coJIDTHoro suat~eHHSI ~p:be-o6pasa ~ F Cw) I 
(PHc.5,6,7,8,9,I0). B~HO, tiTO ,li;JIH tpex nocJie,D;HMX HHTepBaJIOB 3TO 

pacnpe)teJieHHe SIBJUieTCSI CJiytJ:aitHHM CO cpeJtHeKBa,llpaTHtlHl:Dllf 3HatleHHmiH 

myw: 
• I, 25•I0

3 Fw C:20o ~ w s I500) 

fw • I,3 •I0
3 

( 900 ~ w ~ I200) 

Fw • I,35•IO 
3 

( 600 ~ w~ 900) 

B OCTa.JI:bHHX xpex JtManasoHax (PHc. a, 9, IO ) tteTKO npoaBJISII>Tca 

HH4>0plm.UHOHHHe KO:U:fiOHeHTH, 3HatJ:eHHH KOTOpHX CynteCTBeHHO npeBYJJiaJ)T 

ypOBeH:b myxa. Ha pMCYHKax HH4>0PM8.Ul10HHLie KOllfiOHeHTH fiOJlet~eBS 3amT

pHXOBaHHHMH KBa)tpaTaMH. Cpe,D;ne-KB8.,ltpaTH'iHHe myuu B 3Tltt HHTepBa.nax 

paBHLI 

• I,5•10
3 -Fw (300~ w ~ 600) 

Fw = 2•103 
(IOO ~ w ~ 300) 

-r tu • 2,5·10 
3 ( 0~ w ~ 100) 

Ha P.Kc.II 3HatieBme my~m ~ uaHecenu ,D;JISI Bcex mecTH HHtepBa

JIOB. B~BO, 'iTO He3aBHCHMHe OUeHRH ~UJ no HBTepBaJiaM H3MeHHI>TCS 

He3BatiHTeJI:bHO. 

Ha. PHc.I2 npmBe)teBN JtByxMepHHH )l;Harpawu cpyp:be-o6pa3a F(w) 

B KO Op)l;HHaTax R.e... f' ( W) , r 'rY\ f' ( :.V J )J;JISI Cpe)l;HeN:eC StiHHX tiHCeJI 
OT 

BoJI:b$a B JtMana30He qacta o ~ w ~ 21- , a Ha PHc.13 B ,D;Hana3oHe 

2.& ~ W ~ S"1 • I\pHBHe Ha nJIOCKO<:TPI npOBe.n;eHH OT pyKH H OHH 

COOTBeTCTByDT HeKOTOpOlly "pytiHOlfY <:nJiaitHY"• M'acmta6u OCH Op.D;HHaT 

Ba PHC • 12 H PHc • 13 He COBna,Itai>T • ~rKa3aBBLie ,D;JIS TOtleK W = 26 H 

W = 3I OmH6KH COOTBeTCTBYI>T npe,JtnOJIOJ:eHMI>, 'iTO mYJ4 .r UJ SIBJISleTCSI 

BeRTOpHO a,D;)J;HTHBHOit BeJIHtJ:HBOit. 
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PMCo 6. Pacrrpe.n;eJieHMe: a6coJIIOTEEIX sHa<reHL'lil (pyp:oe-o6pasa ~f ((A))\ 

cpe.n;eHcyro<rHRX tmceJI BoJI:ntiJa B o6Jiac'I a <rac'.llo'F IOO -' (J.) ~ 300 0 



dn 3 dn. 3 

dF Fw=1,5 10 d..F f."w = 1,35'·10 

t ~ -w(J 
60 \No 60 

N=600..;..goo 
N= 3aQ..:,..6DO 

40 40 

20 

P:ac. 7 :a 8. Pa:crrpe,neJI8HMe aocOJTIOTHbiX 3H8'!8HMK tlJyp:oe-o6pasa 

\ F(w) I cpe,nencYTOtiHEIX tmceJI BoJI:owa s o6JiaCTM qacToT: 

300 ~ W ~ 600 /cJieBa/ 

600 ~ W" ~ 900 /cnpaBa/ 



3 

dn 
~ Fw = 1,'3.10 

dn 
dF dF 3 

'v.J.a t Flil==1,2510 

~0 GJ- W?J 
N=-900~1200 

N=1200-:-15DO 

40 4,J 

20 

P:a.co 9 :a 10o Pacrrpe;n;e.n:eHMe: ct6COJIIOTHIDC 3H8'!8HVIH C.Pyp:oe.....odpasa 

ope;ILeHcyTo~'!HbiX '!Iftce.n: BoJui_Qc::: B oc5.n:ac:r:a 'B91CTOT: 

900 ~ W ~ 120C· /c.n:eBa/ 

1200 ~ VS ~ 150C 1 /crrpaBa/ 



3 
3·10 

a~~--~------~-----~----~------~--
0 100 300 600 900 1200 1500 ---Wn.. 

• 



Io F(w.) 

PMC:o I2o .llByxMepHHe:' ;ru1arpaMnTH! 3Ha"Y:eHMH cpyp:oe-o6pasa 

cpe.n;eHMeca"Y:HhlX "Y:MCeJI BoJI:o<ta B .n;uanasoHe' qacTOT' 0 ~ CJ ~ 27 0 

PMc. I3o .llByxMepHHe! .IJ;MarpaM~M 3HaqeH~ ~yp:oe-o6pasa 

cpeJJ;eHMecH:qHmc tmceJI BoJI~a B .n;Mc nasoHe qacTo'R 28 ~ w ~ 5r. 
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B Ta6n.I npmBe~eHH HaH6onee apKO BHPaEeHHHe HH~OpMaUHOHHNe 

xo:u:noueHTH ~yp»e-o6pasa cpe~neMecaqnux ~moen Don»~. B xa~ecTBe 

ecTeCTBeHHHX penepOB B3SITH qacTOTH ~ , COOTBeTCTByDmHe nepmo~y 

o6pamenma nnanex BORpyr Connua. 

B Tpetbei! rpa~e ~aHH OTHOIIleHHf.. BHCOTLt llHKa K cpe~neKB~paTHtl

HOuy WYMY. 

B tadn. IT npHBe~eHH 3HatleHHH HH~OpKaUHOHHHX KOMllOHeHt, pene
OTIJC paMH ~na xoxopax B3aTs cyuuapnse m paanocTHHe qacx-.s o6pameuma 

nnanex Boxpyr Connua. 

B Ta6JI. ID penepaJ.m SIBJISDTCa (1(1epTOHH qacTOTH GJ .ltJISI IIJiaHe

Tl:l DnHtep, a B Ta6n. IY - ~JISI KO:M(tHHaUHH Tpex H li8THpex qaCTOT. 

Auanormquse ~anuse npHBe~enH ~nSI cpe~necytollnHX ma:u:epenm~ 

qmceJI Bon»~ B xa6JI Y • XI. 

BHBO.Ull ____ .,..,_ ____ 

I. rroxaaano, ~To a.Jiropmx:v npeo6paaoBaHHH <.Pypbe JIBJiaexcst Becb-

Ma a~eKtHBHHN npH ananmse 60RbWHX MaCCHBOB ~aHHHX 

cnoznyD nepHo~m~ecxyD ctpyxxypy. 

2. AnropHTM i;Pypbe fl03BOJISleT o:~eHHTb a~eKTH myKOB H3Mepenmlt 

B YCHOBHSlX, KOr~a 0 ~McnepCHH H3Me:psteMbTX 3Haqenml neT HHKaKHX ~aH-

3. Bpe:MSI, saxpaqeauoe ua o6pl60TKY MaccHBa ~aBHbTX c 

AI •4096 cocTaBJiaex ua 3BM B3CM-6 OKOJio 2 :u:mnyT cqexnoro Bpe:u:a H 

OKOJIO 8 MHHYT KOMMepqecKOro BpeMeHi. 



T a6JTI1Ua I o 

HaH60JI88 I1HT8HGID3H1I6' KDMILOH8HTEI pyp:oe-o6pasa Cp8,IJ;H8M8CJFIHE!X 

11meeJI BoJI:owai. PerrepHHe} -qacToTH (,J ~ oopaTHa rrporrop:r;moHaJI:oHhl rrepYI

o.n;aM o6par.ueHYI.a rrJiaHeT BORpyr CoJIHIJ;a. 

~ HerrTyH YpaH CaTypH I0IIYIT8p Mapc 38MJIH: 

tV 0 1z a a 0 
wt\. I,55 3,05 8,7 2I,6 I36,I 256 

Ffr:U) 5,9 I7,8 4,.6 .IO,O 0,6 2,5 

T aoJIYir:r;a II. 

HaYiooJiee YIHT8HCMBHhreKOMTIOH8HT1I 1pyp:oe-oopasa cpe,n;HeMec.a'IHHX qM~ 

ceJI Bo:JI:or~a. PerrepHHe qacTOTH Wn. ;>aBHBI CYMMe YI pasHoCTlZl 11acToT 

o6p8I.U8HY!JI IIJI8H8T BORpyr COJIHIJ;a. 

~ JJ±tp li,-t\1' tzj-0 :41"'\.V 4±<b 4-z 12 
(....)}'\ + 4,6 I0,2 II,? 23,I 24,6 30,3 

- I,5 7 I 5,6 20,0 I8,5 I2 9 t ' 

F~ + 
4,6 2 7 S~I I7,2 5,4 7,8 

' I 

Fw- 5,6 I,O 6,3 5,U 4,2 2,7 

~ d"±tp c!±0 
., 

C~±tz d± 
c.Jn + I37,6 I39,2 :~44,8 I57,7 

-- I34,6 I33,I :=27 '4 II4,b 

FfF + 2,0 0,6 I,? 2,3 
w -- I,2 2,0 0,8 2,5 



Ta6Jrn:IJ;a III. 

3Ha1JeHHR F (f' w RoMnoHeHT ~yp:oe-o6pasa, cpe;nHeMeC.H1JHbiX qnce.JI 

Bo.mo(f;la ;n;JIH cepnM. qacToT CJl'\.. , .HJBJI.FIIOIUI1XCJil. o6epToHaMR qacToTH 

o6pameHnH IDrrnTepa BORpyr Co~Hna. 

~ 4 ~· ;~2_ 4)(3 4x~ 
CJ)\.. 21,6 43,2 64,8 86,3 

Ffrw 10,0 4 7· , 2,5 2,5 

Ta:6Jmna 1Y. 

3Ha:treHn.r.r: F ( f"' UJ ROMIIoHeHT !IJyp:oH-o6pa3a cpe;n;HeMec.s::qHELX qEcem 

Bo~:r4Ja ;n;Jrm perrepHDIX qacToT, o6paso.naHHbLX ROM6nHarweii Tpex n qe

THpex 1J8CTOT 00paiU8HI15l rr~aHeT BORpJT Co~HUa. 

~ ~-11-~ 4-fi+'P 
4 

4-12:"( 
GJrt. 9,84 14,4 I5,9 I7,0 20,1 27,2 

Ffr:w 3,0 2,0 1,5 4,0 5,3 8,0 

~ +~-1;. -~ -\I'_ 
4+fi-1p +.?f.+ 1i 

+~-'¥ 
wh.. 8,3 2S, 7 31,8 33,3 34,9 

+-(FIJ) 4,9 4,0 3,0 1,5 2,9 



Tac5.ill1u;a Y. 

3H8'18Hli1H F r r: w KOMTIOH8HT cl'YPL8-0.c5p6.138 cpe,n;HecyTo '1HHX tiUC8JI 

BoJI:Hplil. PerrepHHIVI1r HBJIHIOTc.a, qaci oTH oc5pameHMJI, rrJiaHeT BOKpyr CoJIHIJ;a, 

a TaiqKe CH.D;8pWI8CK8H: M CMHO,I(1FreCE8H 'IdCTOTH ac5p8IU8H.IDl COJIBJ.J;8 BO

Rpyr CBoe;:W; OCM kl CI1HO.D;iP:I8·CR8JI li1 CI1,D;8p11'18CKaa tiaCTOTH BP8IU8HMK JI;y;o

Hbi BOKpyr 38MJI11. 

~ <? 0 d" 4 
---- - . -----·----- --- - .... ·-··-

wr\. 84,9 I::<, 7 8,8 4,5 0,, 

F ( Fw 3,5 4,0 4,0 7,5 40,0 

.. ____ - -----·-- -- . -

~ 0CMAE:P 0C\I\HO~ cr. e. \II ,a, e: I' «. CIA liOA 
·---- ~-.·-· 

Wn.. 121 112,8 II2,6 104 

F-ff'w 1,5 7,4 7,4? 4,8 

T a6.JDiiiJ;8 YJ . 

3HatreHMH f ( Fw KOMTIOH8HT ciJyp:&e-oc5pasa cpe;n;HecyT0'1H1IX qnceJI 

BoJI:oQ)a. P·errephl - CMHO.IJ:I1'18cRaH qacToTa oc5pameHMH CoJIH:o;a BOKpyr 

CB08M OCJii I1 MX ICp8THbi8 3H8'I8H.V1H. 

---·--

0 0 0 <3 0 1 '3 s 
x2_ )(- 0x- G)x-") 

c lA ho ~ CUM CA-tk ~ c:::_ ~2 c-.2 

WY\.. II2,8 226 3.39 56,4 I7G 283 

FfFw 7,4 3,5 I~5 2,5 4,0 2,5 



Ta6JIID:(a YII. 

3Ha~eHma t(Fw Ko~moHeHT WYPLE-o6pasa cpe~HecyTo~HhlX ~1ce~ 

BoJII4Ja. PenepH - cm,nopu~ecm~e qacTc TBI o6pameHmR Co.mm;a Bo:w.pyr 

CB08'R OCR 11 lilX RpaTHH8 8HB'I8HVIJL 

~ 0CVtAEI" 
0 ><2 0 x3 (!) X _i_ 0 )(l 0 s-)I:. 

~\.I J) CVI,!J, Ct-~,q 2 CM..q 2 Ci.IA 2 
. ---~-~ ··-----

Wn.. I2I 242 365 61 182 303 

Ffr::w 1,5 2,0 2,0 2,0 2,2 2,3 ,_ -· - -· - - ---· 
.__,, _____ 

Ta'OJTIII:ua YIII. 

3Ha~emnr F ( ~ liJ RoMnoHeHT (Dypi.e-o6pasa cpe~Hecyrro~H:bJJC tmce.JI 

BoJII>(pa. PenepHHe· ~acToTH paBEnr c~re' :v1 pasHOCTH <racToT o6pamemm 

TIJiaHeT BORpyr CoJimJ;a. 

+ 48,6 
21,2 

r .~o 
2,6 

43,6 
26,2 

2,9 
2,6 

39,( 
30,( 

I,C 
I ,C 

Ta6Jm:o;a IX. 

22,4 
4,9 

18,2 
9,2 

3,2 
6,0 

3HaHeHM F ( F w ROMUOHeHT 0ypi.e-o6pasa cpe~HecyToqHHX trncem: 

BOJII>Q)a. p·e;nepHhi8: ~aCTOT:bi paBHR CYMI\;e ll pa3HOCTM CMH0~~8CROH ~ac

TOTBI o6pameHID:L COJIHIJ;a BORpyr CJROeti OCR H ~aCTOT o6pan~8HM.ff llJIBH8T 

BORpyr COJIRIJ;a. 

~~--~--~0.:...:.:..!~1A~.~..~--r:f'--+_0~c" :.l...l....~ _C)--+--0-=-=~ U.K..:..;._~ __;__~----+--0___.;· e: ~.~::.;..:....;.."!__,~--+ 
+ II7,8 

108,3 

2,0 
4,2 

I2I,6 126,5 147,7 
104,1 99,1 77,9 

2,0 3,5 3,2 
4,8 4,4 2,2 



--~-----------
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