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BUKOPUCTAHHA XAPAKTEPUCTUK
EHEPFETUYHOI TEOPII MOOENEN
CTOXACTUMYHUX CUTHANIB AnNA BUPILLEHHA
3AA0AUI CYMIWEHHA OAHOTUNMHUX 30BPAXEHD
Yy HABOPI

3syxxeHHsIM  Malixke ¢bakmop npocmopy WIIIXOM  8UPIWEHHsT 3adadi  rnowykKy
KopernsayiiHoeao MakcuMyMy po3e’s3aHa 3adadya CyMiueHHSI OOHOMUIMHUX 300paKeHsb.
Madiixe ¢pakmop npocmip ompumaHuli 8HacliOOK 38YXEHHS MOro02iYHo20 nNpocmopy
rnokpummsi 306paxeHHs1 noby0oeaHO20 Ha OCHO8i 88e0eHHS Harie Mempuk Oris
XapakmepucmuK eHepaemu4yHoOi meopii niHitHuUx modeneli cmoxacmu4YHUX CcuzHarslie.
lMpueodsimbcsi  pe3ynbmamu OpPIBHANbHO20 aHasidy weudkocmi pobomu  pi3HUX
anzopummie cymiuleHHs1 306paxeHb y Habopax.

Knro4voei cnoea: eHepeemu4yHa meopisi Moderieli, cmoxacmuyHi cugHasu, rnpocmop
rnoKpummsi 306paxxeHHs.

CyxxeHueM nodymu ghakmop rpocmpaHcmea no cpedcmeam peweHuUs: 3adaqu rnoucka
KOPPEesIIUUOHHO20 MaKkcuMyma peweHa 3adaya UeHmpuposaHusi OOHOMUIMHbLIX
uzobpaxeHud. [Moymu c¢hakmop npocmpaHcmM8o rofy4YeHo 8 criedcmeue Cy)XeHUst
moriosioeu4ecKko20 MpocmpaHcmea MOKPbIMUS MOCMPOEHHO20 Ha OCHoge e88edeHust
rnony mMempuk Ofi1 xapakmepucmuK 3Hep2emuyeckol meopuu JIUHeUHbIX modenel
cmoxacmuyeckuli cuaHanos. [lpusedeHbl pe3ynbmambl CpasHUMEIbHO20 aHasu3a
cKkopocmu pabombi pa3HbIX an2opummos UeHmpuposaHusi usobpaxkeHuli Habopos.

Knroyeenle cnoea: sHepeemuyeckas meopusi Modesel, cmoxacmu4eckue cueHarslbl,
1pOCMOop MOKPbLIMUSI U306paxxeHUsl.

Constriction of almost factor space by means of solving the problem of correlation
maximum searching is solved the task of one type image centering. Almost factor space
is resulted from constriction of topological space surface built upon introduction of semi
metrics for characteristics of energetic theory of stochastic signal linear models. We
exemplified results of comparative analysis of work rapidity of different algorithms of
image set centering.

Key words: power theory of models, stochastic signals, space of coverage of image.

BCTYN

[IpeameroM po3risiay € KiIacMuHa 3afada B oOpoOLi 300pakeHb — a came 3ajada MOLIYKy 3a
3pa3KoM B IHTeprpeTamii BUpINICHHS 3a/1adi BUPIBHIOBAHHSI B MeXKax IIKCeNa yCiX OXHOTHITHUX
300paxeHp JesIKOT0 Habopy.

OCHOBHHUMU KPHUTEPisIMHU BUPIIIICHHS ITi€T 3a/1a4i €:

e  JlocTaTHs MPOCTOTA MPAKTUYHOI peaizallii;

e  JlocTaTHs MIBUIKOMIS TIONTYKY 3MIITICHB IJIs1 KOKHOTO 300paskeHHs Habopy.

[NepuioMy 3 TBOX BKa3aHUX KPUTEPIiB HaWKpallle 3aJ0BOJIbHSE aJrOPUTM MMOOYAOBAaHUI HA OCHOBI
OJHOETAaNHOI 332Ul MOIIYKY KOPENAIiHHOr0 MakCHMyMy. MOro OCHOBHHM HENOJNIKOM € BENMKa
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o0urcoBaIbHA CKIIQJHICTh. BHACHIOK BOTO MIBUAKICTH CYMIlIeHb 300pakeHb y HaOOpi € myxe
HU3bKOI0. ToMy mpeaMeToM MOCHiDKeHHS € Taka Momudikaiis 3afadi MOUIYKY KOPENSmiiHOTO
MaKCUMyM y Ha0oOpi OTHOTHITHHX 300pakeHb, sfKa O maBajla 3MOTY MPHIIBUAIIATA TIPOIEC
CyMITIICHHS.

st BUpIIICHHS 3aBAaHHS NPUIIBUALICHHS MPOMOHYETHCS BUKOPUCTAHHS MOZEII IPEACTaBICHHS
300pakeHb XapaKTEPUCTUKAM €HEPTeTUIHOI Teopii JTIHIHHNX MOJENIeH CTOXaCTHIHUX CUTHAMTIB [3, 5].

1. NTOCTAHOBKA 3A4AHYI
Meroro naHoi poOOTH € MomUdiKamis MeTOxy TMOUIYKY KOPEISLUiHHOrO MaKCUMyMy st
MPUINBUALICHHS MPOLECY CYMIIICHHSI OJMHOTHITHUX 300pa)KeHb y MPHUKIATHUX HaOopax. 3a OCHOBY
Moudikamii TPOMOHYETHCS BUKOPUCTATH METOAN Ta 3aCO0M CHEPreTHYHOI Teopii JiHIHHUX MoJeneit
CTOXaCTHYHHUX CUTHAIIB.
OCHOBY 3aIIPOINIOHOBAHOTO METOJY CKJIAAalOTh:
e  TIepexiX A0 IBOCTAITHOI MO BUPIIICHHS 3aa9i CyMIIIEHHS;
e  3ampomNoHOBaHi B [§] TOMOJOriYHI MpeACTaBIEHHS Ta ONepaLii, 30KpeMa 3BYXKEHHS [IPOCTOpY
MTOKPHUTTS 300pa’keHHST;
®  XapaKkTEPUCTHUKH MOAENI MpeICTaBIeHHs 300paKeHb HA OCHOBI €HEPreTHYHOI Teopii MiHIMHNX
Mojelel CTOXaCTUYHHX CUTHAIIB [7].
Jls MoCATHEHHS TIOCTaBJICHOT METH TIPONIOHYETHCS HEOOXiTHO 3MIACHUTH TaKi Jii:
®  BH3HAYUTH «3Pa3oKk» i cPopMyBaTH TOIMOJIOTIT 300pakeHb;
e  3BY3UTH OTPUMAHUHN TOIOJOTIYHWM IMPOCTIp uepe3 (OPMYIIOBAaHHS 1 BHPIIMICHHS 3amadi
Maibke (akTopuzanii. OCHOBHIM iHCTpYMEHTapieM TYT BHUCTyMA€ MoOyI0BaHA HaIliBMETPHUKA
JUISL XapaKTEPUCTHK MOJIEITi TIPE/ICTaBICHHS 300paXKeHb;
e  3BY3UTH Maiike NPOCTip LUIIXOM BHPIMICHHS 3aadi MOIIYKY KOPEJSLIMHOTO MaKCHUMYyMY
yepe3 BBEICHHS KOPEJALINHHOT METPUKH;
® 33 OCTATOYHO 3BY>KEHMM HAa0OpOM (pparMeHTiB BUSHAYUTH BEIMYMHH 3MIILEHHS I KOXKHOTO
300paxxeHHs Ha0opy.

2. TonoJsiorii 4nsi 3A0A4YI CYMILEHHS 306PAXEHb HABOPY

Hexait 3agano HaOip P ogHOTHNHUX 300pakeHb 3 KOOPIUHATHOWO I, =3 Ta KOJIpHOIO

x2.+.d

toronorisimu 0 , [8]. Ilpn mpomy Tpeba mam’sitatu, mo [, iHAYKyeTbcs J,. B koxHild 3 mmx
TOTIOJNIOTI BWU3HAYMMO CKiHYEHHI TOKPUTTS: (peiimoBe (sz.m |NX)§3X2.+,A Ta 1HIyKOBaHE

¢parmentre 8, B O, [1,4, 8].

Cepen 300paxenp HaOopy BUOEpeMO JIOBUTEHE 300pakeHHs, CTOCOBHO SIKOTO Oy/ie 3/ilICHIOBAaTHCh
omeparlist cymimeHHs. Take 300paxkeHHs1 Oy1eMo Ha3UBaTH (ikcosanum. J{st 3pydHOCTI TOAATBIIOTO
BUKJIQJly HeXall Take 300pakeHHs Mae iHieKkc y HaOopi piBHuH 1. To6To B Habopi P dikcoBaHuM €
300paxeHHs Py = P1. Tozi uepe3 P' mozHayuMo Habip i3 pelITu 300paxkeHb

P'=P\{R}={P}_, . (M
Ha (Xxw |NX) BU3HAYMMO (peiiM

X 2+d _ X 2,4,d (A

frl,3an frl,3an

X 1,3an’Ay 1,3an’lfr1,3aa ’hfrl,zaa) > (2)
AKOMY Ha P) BifnoBifiae iHIyKoBaHUH ()parMeHT 300paxkeHns £, €9, .

[poGiema Bubopy mouarkoBoro dgpeiimy X, "¢ B maniit poOOTi JeTaIbHO HE PO3IIISAIATUMEThCS.

frl,3an

Ile muranHs aeTaibHO posrisaanock B [9]. Ipuiimaemo nuiie oque npunymeHns — X4 iHayKye

frl,3an
Takui (pparMeHT 300paxeHHs P, KU 13 JOCTATHBOIO TOYHICTIO ICHY€E Ha yCiX 300pakeHHSAX Habopy
P Al
~ 3 2,+,d
BBaxxatumemo, 1mo ¢peiiMoBe TOKPHTTS (xxw | NX) romeomopdue [2, 6] dpeiimy X 3a

frl,3an

posmipamu. Tyt romeopdism 3a po3MipaMu BU3HA4Ya€ TE, L0 YCi €IEMEHTH (sz-w' |NX) MaroTh
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POBMIPH /41, 50y 1 A1, a1, @ BIIPISHAIOTHCS JIUILE KOOPAWHATAMH ITOYATKY.
3 (sz«w |NX) npu 3aaaHiil I, chopmyemo ppeiimoBe TOKpUTTS Habopy P' 3a mpaBHIOM

Ap = {XZ}Z:ZUN , (Xz | NX) €3,, 3)
e
Vz,z €[2.N]: %, =% o X €X'p- )

®opmymu (3) i (4) o3HavarTh, WO (peliMOBe MOKPUTTS ¥, Habopy P' criamaerbes 3 N — 1

~

TOIIOJIOTIYHO E€KBIBAJICHTHHUX ITOKPUTTIB (Xz’*"’,\sxz_w ) , ©JIEMEHTH SIKUX 1Ie | piBHI 3a po3mipamu. [Ipu
1ILOMY B&KIIMBO BII3HAYMTH, 110 PO3MIPHICTH KOKHOTO ¥. piBHa N, . Toni Mae micue
dimy, =(N-DN,. ®))
1 10 po3risiay Tpeba MpUiitMaTH TOMOIOTIYHHN IPOCTIP (Xp' | (N - I)NX) .

Opetimoe mokputTs (3) 3acoboM HemepepBHOTO BimoOpakeHHs C [7] ingykye ¢parmeHTHE
HOKPUTTA 9, < I, , sIKe HajexuTh Tonojorii 0 ,, <O , Habopy P', 3a mpaBUIOM

Op=0,\{0,}={0.} 9, =9, \{9,}={8.} , s 8,cO,cl,. (6)

@DakTHYHO 7, 1 8, BUCTYNAIOTb 3BYXKEHHAMH ¥, 1 8, BIANOBIIHO.

z=2.N’

Ockinbkn 9, € iHAyKoBaHEe HemepepBHUM BimoOpaxkenHs C [7], To Bu3HaueHHH OISt (szﬁvd |Nx)

romeopdizm (3a posmipamu) 10 dpeiimy X, ¢ Mae micie a1 enemeHtis npoctopiB 9, i 9, 10

frl,3an
tdparmenTa P, [pu mpomy mns emementiB 9, i 8, HE ICHye TOIOJIOTIYHOI €KBiBaJIEHTHOCTI
nonioHoi g0 (3). lle o3nawae, mo HaGip P' MOXHAa MONATH Yy BUIIIANI CKIHYEHHOTO HaOOpy
(parmMeHTiB P, 3 po3MipaMu PO3MIPH /i1, san 1 A1, san
2,+.d . . 2.4.d
P': {F)Z} = {{Pz,m |Ijz‘m = C:,m (Xfrz,m )}m—] N } > vz’m : Xfrz,m € X«z . (7)
B Z:2,.N

3a3Ha4MMO, WO PO3MIPHICTE KOXKHOro 9. ckmagae N,, TOOTO ICHye mpocTip (92 |NX). Tomi
po3MipHicTs 9, 3a (5) cknagae
dim8, =(N-1)N,, (®)

1 10 po3risany Tpeba mpuiMaTH MpOCTip (SP, (N —l)Nx) .

3. CYMILYEHHSI 30BPAXEHb HABOPY HA OCHOBI EHEPTETUYHOI TEOPII CUIrHAJIIB

3.1. Maiixe ¢hakmopu3sayis npocmopie nokpumms 306pakeHb Habopy npedcmaesnieHo20
XapakmepucmuKkaMu eHep2emu4Hoi meopii cuzHanis

Hexaii 3anano HaGip P, dikcoane 300pakents Py = P, Gpeiim X, ¢

o 1 PParMeNT Py ,;, HAOIP
P' (1), Tonomoriii 3, =3 .., Ta 0, <0, i IOKpUTTS (er |(N—1)NX) (3) Ta (SP. |(N—1)NX) (6).
s koxxHoro ¢parmenrta P,,, 3a [3, 5] BU3HAUMMO XapaKTEPUCTHUKU: IUIA IMITyJIbCHUX CUTHAJIiB

(K7ac CHMTHANB €), TO CKiHYEHHy eHepriio (parmenta — E,  (posrmsmaerhes mpoctip L —

,m

iHTerpoBaHux 3a Jleberom 3 kBagparoM (GyHKIIH [6]))
P,—E,=Me,= [ MC,(x)d. m=LN_ X2 ey, ©)

frz,m
2+.d
Xtezom

AU 3aTyXal4uX CHTHANIB (KIIAC CHTHANIB Tt), TO CEPEHIO MOTYXHICTh — II_, (po3rismacThes

npoctip B? — rine6epriB mpocrip 3 Merpukoio Bopa-besukosuua [5]))
0

P, I, =Mn_, =1imij

: : " 05=20

C.n (x)|2 dx, m=1.N, . (10)

Tyt M — CHMBOJI MaTeMaTHYHOTO CIO/IiBaHHSI.
OkpiM TOro BH3HA4YE€MO 3HAYEHHS CKiHUEHOI eHeprii Ej.,, Ta cepeaHboi MOTYXKHOCTI I ., Ams
(hparmenTa P ;.
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3 (9) Ta (10) BumIMBae, MO MPOCTIP (x,,.|(N —I)NX) gepe3 (8,,,|(N —I)NX) IHAYKyE HaOIp
XapaKTePUCTUK

KJIAC CUTHANIB & : xP,—C>9P,—>{E,m}, z=2..N; (11)
FAGE
KJIac CHUTHANIB T:  Xp ?SP. _n){H”"}’ z=2.N. (12)
Jns 3amadi Maiixke pakropuzamii (Xp' (N —I)NX) BBEJIEMO METPUKH

knac curHanis €: VP, €8, : dE)fr(P P )=

z,m?> " 1,3an

E —FE

z,m 1,3am |

(13)

KiIac curHamiB mw: VP €9, dn’fr(P |H -II (14)

z,m z,m? lldﬂ 1,3am|*

TBepI:KeHHs

Bupasu (13) ta (14) € HamiBMeTpUKaMH IPOCTOPY (SP, (N —I)NX).

JloBeeHHs.

<

Ockinbku (13) gum (14) € eBKITIIOBOIO BICTAHHIO, TO 3BiJICH BUIUIMBAIOTH YMOBH METPHKH.
BigHOIIEHHST €KBiBAJICHTHOCTI SIK YMOBAa HAalliBMETPUKH, BHUILIMBAE 3 TOTO, MO IJISl CKiHYEHHOT

eHeprii (9) un cepeanboi NMOTyx)HOCTI (10) SIK IHTErpaTbHUX XapaKTEPUCTHK ()parMeHTa MOXKJIHMBI B
CUTYAIISX, KOJIU

Jze[2.N]lme[2.N,]: E., =E,, (15)
9
Fzel2.N]lme[2.N,]: TI_, =11, . (16)
Ile o3nauae, mo mns P, # B, Mae Micue
dpse (PP ) =0 (17)
abo
iy (P B ) =0+ (18)
o Bu3Havyae metpukd (13) ta (14) sk HaiBMETPUKH.
>
Toni 3amava Maibke akropusarii mosrae y modynoBi Maiixke GakTop MpocTopiB 9(9 (V- ) /I~

(kmac curHamiB €) Ta 9(3 (Y-, s /* (xmac cUTHaJdiB T) HajJ NPOCTOPOM (SP,|(N —I)NX) 3a

JIOTIOMOT'O0 HEPIBHOCTEH (BiTHOIICHD MaiKe EKBIBAJICHTHOCTI a00 &-TI0{IOHOCTI)
K1nac curHainiB &: VP, 69(9 (V-0 ) I, dE,f,(IJZ’,,i,EM)SS ; (19)

K1gac curHaniB m: VP, 69(9 - /e, dn,fr(sz,le) . (20)

Tyt e=¢(z) — mapamerp Maibke dakTopu3aril.

IIpocropu 9( ° (xmac cwrHamiB g) Ta 8( (xmac curnamiB ) Tpeda

Spl(N-1)N, ).dp Spl(N-1)N, )d;r/

po3risaaTy K Habip q)parMeHTlB Habopy P' e-momiOnux 10 pparmenra £, . OCKiIbKH

KJIac CHrHamiB g: V9, 69(3 (V1) e [ dim8, <N ; 21
Knac curHanis m: V9, € S(SP‘ N-0N, Jdna [ dim8, <N, (22)
TO MAIOTh MICIIE OLIIHKHA
dlmS(s (Y-, e /7 <dim 8, =(N-DN, ; (23)
dlm\‘)(s (Y-, /7 <dim8,, =(N-DN, . (24)
Ao npuiHATH, 10 9(3 (-, e /™ Ta 9(3.,\ N, ) /™% BIAMOBiArOTH Maike (pakTop mpocTopu

~g

x(%?‘\(Nfl)NX)’dE.fr / ! x(%?‘\(N*UNX)’dn.ﬁ /N ? TaKl o
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(X(XP'\(N’l)NX)’dE,ﬁ I | dim 9(9P'\(N’1)Nx)’d5.fr I ) s (XP' | (N a I)NX) > (25)

(X(XP,\(N—I)NX)dl I |dlm99 (N-DN, )y /~S)g (XP' |(N_1)Nx) > (26)

To (23) Ta (24) o3Havae, 10 uYepe3 BHpIIIEHHA 3a4adi Maike Qakropuszamii BAaIoCh 3BY3UTH

mpocTopH (9 [ (N =N, ) i (xp [(N=1)N, ) /st KOKHOTO KJIaCy CHIHAJIB.

SP“(N_I)NZ)"IE.H / ! X’(Xr'\(N‘])Nx)»dEJr 2 (K.]'IaC CHIHATIB

HactynmHuM KpOKOM € 3By KE€HHSI Map MpoCcTOpiB 9(

€) Ta 9( /I~ /~* (kJac curHajiB T) 0 OXHOTO (peiMy uepe3 BUPIIICHHS

1 X(va\(N‘])N,_ )'dﬂ.(r

9 (N=1)N, )ody ¢

3aj1a4i MOIIYKY KOPEJSIIIHOTO MaKCUMYyMY .

3.2. 3adaya nowykKy kopensyiiHo20 MaKcCumMyMy Ha Malxe ¢hakmop npocmopi nokpumms
306pakeHHs1
HactymHuM KpoKOM € 3BYXEHHS Iap IpPOCTOPiB 9( /7 /7% Ta

Sp|(N-1)N. )dE,fr X(ZP'\(N’l)NX)sdE.rr

9(9.\(N—1)N) P X (V-1 /~ no omHoro ¢peiimy. lle mpomonHyeTbcsi 3miliCHIOBATH uepes

BUPILICHHS 3a/1a4i NOIIYKY KOPEIALiHHOro MakcuMyMy. J{JIsi IbOTO BBEIEMO A0 PO3TISAY METPHUKY
VPz,m ESl" : d (P m’Plsau)_r(Pm’Plsan) (27)

rm

e r(P P. ) — kopemauii [10] M 3HaU€HHSAMHU KOJNbOPY (UM IHTEHCHBHOCTI) dparMeHry P, ,, i3

z,m? " 1,30
3amaHuM P ,,; Po3paxyHkoBa gopmyra Mae BUI
M(P P, ) MP, MP,,

1 1,
P (P P ) = e - “; m=1.N,; z=2.N, (28)
oh,,.oF.,,
e o, () — SHAYCHHS KOJBbOPY ¢parmenta Py, N,  — PO3MIPHICTb TOKPHUTTIB
~& ~g . _ .
L € X v, s /™ Ta 9, e 9(9 (V- g /™ ; G — CHMBOJI CEpPeAHOKBAAPATUYHOTO BiXMIICHHS.

B pesynbraTti (28) mis KOXHOTO 7y, X /" ta 9 €9 /7 orpumyeMo Habip

xP"(Nil)N)()’dDJr (sv (N~ 1) ) dp g

3HAa4YCHb KOpeHSII_[H/I v,

z,m

(P P, ) AKi € XapaKTepucTUkamMu pparMeHTis P, €9

1,3a1? z

S

z

XZ ~E , ~g
( j {Zm(le,Pz,,,)}”:l”Nl:, z=2..N; Xz € Kiypvoyy )>d,>,fr/ ;9. ES(S\NI) )dm/ . (29)

1,3a1°

Ha wnabopi { (P P, )} JUIT KOXKHOTO z BHUPINIYEMO 3amady TIOMIYKYy KOPETAIiHHOTO

MaKCHMYMY 13 3aJIaHAM P 55,
[ o = {max( Vom (E s Do )) # 0} (30)

z=2.N
VY BHIaAKy, SKIIO HEHYJIHOBOTO KOPEIALMIHHOTO MaKCHMyMy IIpH 3aJaHO z, HE ICHY€, TO I
300pakCHHS BHIAIIETHCS 3 HabOpy 1 B TOJANBIIOMY pO3B’SA3aHHI 3amadi CyMIIIEHHS He
po3risamaeThesl. Hamami BBakaTHMEMO, IO 711 OYIb-SKOTO z HEHYJIbOBa KOPEIIAIis iCHYE.

3a (29) 3naxomumo BiamoBimHWi P, €9, €9 /1 popMyeMo ocTaTouHUIl HaOIp

zm (SpI(N-1)N, Jdp e
(hparmeHTIiB
Spmsr =P [P = L |y 5 (€2))
1 BimmoBigHUH Habip dpeitmin
Lomr = { Xl | P = C(Xe 20 ) P € Qi |, - (32)
Ockinbku po3mipHicts 1, piBHa N — 2, TO

dimy,,.., =dim$ =N-2. (33)

P'max r
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OueBunHo, mo 9 cd /<8, <8 Ta 9 c9S " <9, 9,

P'max r P'max r

(sp'\(N*I)Nx)sdE.rr (S,,.\(N*l)NZ),dn_,,

HAJEKUATh  TOMOJNOTiAM [ ta [0,. AHaJIOriyHO Ui KOOpAMHATHOI oOJacTi Maemo

p'
XP'maxr = X(Xr'\(N’l)Nx)>dh',fr /Ng < XP' - XP Ta XP'maxr < X(Xr*\(N*I)Nx),du,n /NE - XP' - XP *

®parmenTHui Habip (9 |N—-2) € pe3ynbTaToOM JBOETAITHOTO 3BYXEHHAM 9, 10 N — 2

P'max r
(hparMeHTIB, KOXEH 3 IKHUH BiAMOBiIae okpemomy P, Habopy P'.

Moxi6Ho 10 (9 |N-2), dpeiiMoBuii HAGID (X pu, | N —2) € PE3yIbTATOM 3BYXKEHHA X, 1

P'max r

2,+,d

frz,m

MICTUTB JJI KOYKHOTO z TI0 ogHOMY (peiimy X
3a (peitMOBIM HAOOPOM (Y pim, | N —2) , SIK 3MilIEHHS Mixk QparMeHTaMu P, i Py, 3HAXOIHIMO

3MITIEHHS 110 OCSIX X — A TAmoy— A . KOXHOTO 300pakeHHs Habopy P' BimgHOCHO P,

x,(l,z)
A

A

A . —A

x,(1,z) = X,z,m x,1,3a1

X 2 ey 26
1‘2) — A},’Z’m _A XP max r ( )

frz,m
¥,1,3an

»(
3BepTaeMo yBary Ha Te, IO 3MIUICHHS A, A

z=2.N

v(.) €N MOXYTh HaOyBaTH SIK TOJATHHX, TaK i

BiJ’€MHHX 3HAYEHD.

4. PE3YIIbTATU MPAKTUYHUX EKCIMEPUMEHTIB CYMILWEHHA 30BPAXEHb HABOPY
NPEACTABJIEHNX CKIHYEHHORO EHEPIIEIO CUTHATTY

Ha ocHOBI BUKIAIeHUX BHINE TEOPETHYHHUX PE3YJNBTATIB PO3POOJICHO IMPOTPaAMHY peaTi3alliio
METONy CYMIIICHHs 300pakeHbh HA0Opy Ha OCHOBI XapaKTEPHCTHK MOJENTI EHEepPreTHYHOI Teopil
curHaniB. Jlns mpoBeneHHsI NMPaKTUYHAX EKCIEPUMEHTIB c(pOpMOBaHO HabOpH i3 300pakeHb B
rpajaimisix ciporo Kojbopy. 300pakeHHs I[MX HaOOpIiB € pe3yJbTaTaMU TOPU30HTAIBHUX Ta
BEPTUKAILHUX 3CYBIB JesKOro 0a3oBoro 3o0paxkeHHs. Hapami taki Habopu OyneMo Ha3WBaTH
HabopaMu MITy4HO-3reHepoBaHux 300paxkens (HILI33).

OCHOBHOIO XapaKTEPUCTHKOIO 300pakeHHs] BHOPAaHO CKiHUEHHY €Heprito £ (KJlac CUTHAIIB §).

VYmoBy (19) y Bunazky i3 CKiHUE€HOIO €HEpPTi€r0 ISl CIPOILEHHS MPaKTHYHO1 peatizalii 3aMiHIMO
Ha BIJIHOCHY TIOXHOKY

dE,fr (Pz,m > P(),3a,t( )
E

z,m

<g. 27)

Ha puc. 1 naBeneno pesyibraTi cymimieHHs 300paxkeHr HII33. Xapakrepuctuku HIL33 e

TaKUMH: PO3MIpHICTH Habopy — N = 88; 300pakeHHs B Tpajalisx Ciporo; po3MipHICTb KOKHOTO

2,+,d .
fr0,3an °

300paxenHs — [ = 34x h = 54 mikceniB; Py = Po. Ilapamerpm 3aganoro ¢peiimy X

A=A, =10; I, h

0,321 = fr0,3an

=10; € = 0.001. ImnekcyBanHs 300paxensr y P po3nounHaeTscs 3

x,0,3a1 ,0,3a1

Hyns1, 10010 P'={P,..., R} . 3ananuii ¢pparmMeHT Ha P) 4ePBOHUM KOIBOPOM.

s Habopy HaBegeHOro Ha puc. | Ta Ha puc. 2 HaBeJeHO pe3yJbTaTH MOOyNOBH Maiike (QakTop

IPOCTOPY 9( /™ nmns HAabopy P' mpum BupimenHi 3amgadi cymimenas HII33 3a E,,.

Sp|(N-1)N,, ),dE‘

Po3mipHicTh eneMeHTiB 9( /7 € BHU3HAYaJNBHOIO IJIsi MIBUAKOCTI POOOTH anroputMy B

Sp(N-1)N, ).dg g
NOpPIBHAHHI 3 BizomMuMu MeTomamu [10]. UncenbHi 3HAUYEHHS KiMBKOCTI «Mimo3piux QpeiiMiB» ams
KOXHOTO P, Habopy P' moxHa mobOauntu Ha puc. | B Tabnuii «3MIMIEHH» —> KOJIOHIN «3HAYCHHS
— B MITI «IiA03p».

-t

Ha puc. 3 npuBeneHo po3mnoaia po3mipHocTel y. ta 3., SIKi HaJEXKaTh MOKPUTTIM X (-1}, )t
= P - % ) 9E fr

Ta 9( /™ BIAMOBIOHO A0 pe3yibTaTiB HaBeAeHWX Ha puc. 2. IlepiogumuHicTh po3moairy

O (NN, ) g

BU3HAYAETHCS HEBIIOPSAKOBAHICTIO HA0OPY P' 1 IITyYHUM I'eHepyBaHHSIM 300pakeHb.
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obpaxens (gep. 1.7}, €, 2008p, A.Mesewxo
Il B Ocroere a Peparyeanun Q Mepernmg 2} ]HHWMEHYH B2 Bivwa 42 Uewrpyrannn

A% Aervena namca: Chwork\Visual Studio 2005\DR_workplace_1\dr_prg_4\dr_prg_4\Pictures\new

[ I.Iel-l'l'pyBaI-ll-lﬂ
\! | Meton: Breprin perioy [dmes opeim mpexe - 0 novarox - 1010 usperia/sucara - 10:10)

SrnuaHHA

Parn SriasennA
Couwork\Visual Studio 2005\DR _workplace_1\dr_prg_&\dr_prg_d\Pictures\new'\0__1bmp  -2-1 figesp. 7)
Cword\Misual Studio 2005\DR_workplaca_1\dr_prg_4'\dr_prg_4#'\Pichrea\new'\D__10b.. 6:-29 finoap. 4)
Cohwork\Visual Studio 2005\DR _workplace_1'dr_prg_4'dr_prg_4'\Pictures'new'\0__2bmp  4:0 iniaesp. 7)
Cwork'\Visual Studio 2005\DR_workplace_1'dr_prg_4\dr_prg_&\Fictures'new\D_3bmp  0:-2 ininosp. 8)
C-hwork \Visual Studio 2005\DR_workplace_1'dr_prg_4'dr_prg_4'\Pictures'new’\D__dbmp 020 finosp. 5)
Chwwori\Wisual Studio 2005\DR_workplace_1'dr_prg_4'dr_prg_4"Fictures'new \0__5bmp  -3:-12 jninosp. 5)

T | | Chwerde\Visual Studis 2005\DR werknlace 1'dr e d'\dr oo £\Pictures'new’') Ebmo 414 iissso. 4)
4 m

3579 1215 183 21 24 27 30 33 356 39 42 45 453 51 54 57 60 63 65 69 72 75 78 81 34 &7
IHpexe pucynka

=3
=4
=
r_'.,
(=5 =
‘_':"'
s.—-.._

Kinexicte: 88 BuGpamo: 0 Tpueanicre pofotw: 9c328mc  Pisene cTaujonaproctic 1

20.02.2009

o (=53 =
—
e
g
oD
— =
[=%]

3
§ ll
[£5 I lllll

Puc. 2. 3pi3 expany — pe3yabTaTn (popMyBaHHS Maiixke (paKTOp NMpocTopy 9 (v, )|

NpH cyMileHHi MeTogoM ckinuenoi eneprii HIII33 P’
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LE-.-“

KinbKicTs nigoapinux dpeimie, wr

AR R A i A S R S RN &

IHAEKEC PHCYHKA B Habopi

Puc. 3. Poznopin «mino3pisimmx» ¢gpparmentis (mpocropy 9 e (¥, s )

B HeBnopsaakosanomy HIII33 P' 3a MeTo0M CKiH4eHOI eHeprii

1,z

YucenbHl 3Ha4YEHHS, TOOTO Ax( ),Ay (1e) > VLA CyMIillleHHsI Ha OCHOBi E., HaBezmeHi Ha puc. 1 y

TabuI «3MIMEHHS» —> B KOJOHII «3HAYCHHS.

Ha puc. 4 naBeneno rpadik 3aj1exHOCTI 9acy poOOTH aNrOpUTMy CyMIIIEeHHS Bix po3mipHOCTI P'.
Xapaxrepuctuku HIII33 € Takumu: po3mipHICTs HAOOpY — 3MiHHA; 300paXeHHS y Tpajallisx ciporo;
PO3MIpHICTh KOKHOTO 300paskeHHst — [ = 34x h = 54 mikceniB; Py = Po. Ilapamerpn 3amaHoro
dbpeiimy X000 A =A =10; I, Pevon =105 €=10.01.

fr0,3an x,0,3a1 ,0,3an T0,337 = fr0,3an

10000,00 -
$9334,00
9000,00 -

8000,00 -

7000,00 -

6000,00

500000 -

Yac, mc

4000,00 -

3000,00 -

200000 -

1000,00

0,00 | ; ;
11 22 32 a4 88

Po3mipHicTb Habopy - KiNbKiCTb pUCYHKiB B Habopi, wT

Puc. 4. YacoBa 3aj1e:KkHicTh Bil po3MipHOCTi HaGopy P' po0OTH aJropuTMY CyMillleHHS
HII33 meTonom qucnepcii
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YucenbHi 3HAYEHHS EKCIIEPUMEHTIB, PE3yJbTAaTH SKUX HAaBEAECHO Ha pHUC. 4., MPUBOAATHCS B
tabn. 1. Ilpu 1poMy cepeqHbOKBAApPATUYHE BIIXWICHHS BUOpPAHMX PE3YJIbTAaTiB €KCIIEPUMEHTY HeE
nepeBuiryBaiio 20 Mc. 3a MMM JaHWUMH BU3HAYEHO CEpETHE 3HAYEHHS, SKE 1 BHCTYMall0 YacOBOIO
XapaKTEepPUCTUKOIO (HaBeIeHOO Ha pyrc. 4) poOOTH aNropuTMy IpH 33JaHid PO3MIPHOCTI.

Tabruys 1
3Benena Ta0JMIsA eKCIIEPHMEHTAJIBHAX TA XaPAKTEPHCTHYHNX JAHUX — Pe3yJIbTaTiB podoTH
(B McC) mpouecy cyMillleHHsI MeTOAOM aucinepcii npu pisHux po3mipnocrsx HII33

Yac po6oTH AATOPHTMY, MC Binxuienns, Cepenne
Homep excnepuMeHTy MC 3HaY1€HHS,
Po3mipHicTh =
Ha0opy

11 1107 1085 1092 1100 1107 9,63 1098,20
22 2277 2226 2262 2262 2262 18,93 2257,80
32 3291 3314 3307 3276 3291 14,96 3295,80
44 4695 4670 4679 4663 4679 12,01 4677,20
88 9342 9313 9354 9328 9333 15,35 9334,00

OCKUIBKH 13 3pOCTaHHSIM PO3MIPHOCTI HA0OpY 3pOCTa€ KUIBKICTh apU(PMETHYHHX Omepauid, To
3MEHINY€ETHCS IIBUAKICTH 1 3pOCTa€ 4ac CyMilIeHHS 300pakeHHS B HaOOpi 3a METOAOM CKiHUEHOT
e”eprii. [Ipu oMy BapTO 3BEpHYTH yBary Ha €KCIIOHEHTOLaJIbHHH XapakTep pOCTy dacy poOOTH
ITOPUTMY IPH 3pOCTaHHI PO3MipHOCTI HAbOPYy.

CepenHi 3Ha4YCHHS AaHUX II'SATH KPallMX NPAKTHUYHHUX EKCIIEPUMEHTIB 32 BU3HAUCHHSIM BIUIMBY
wionyi 3axaHoro ¢gpeiima X, >-¢ Ha mwBHAKICTE po6oTh anroputMmy cymimenns HIII3P ua ocHoBi

fr0,3an
CKiHYEHOi eHeprii HaBegeHO B Tabi. 2. EkcrepuMeHTH NpPOBOAMIIMCH MOMIOHO 1O EKCIEPUMEHTIB,
pe3ynbTaTH sSKuX BimoOpaxeHi Ha puc. 4 i B Tabn. 1. ToOTO XapaKkTepHCTUKOIO BUCTYNAJO CEPEIHE
3HAYEHHS PE3YNbTATIB II'STH KPAIMX €KCHEPUMEHTIB HPH Pi3HMX s, /s, . IIpu npomy moxubka

0
BiIXWJIEHHsS TakoX He mepeunlyBanu 20 mc. Xapakrepuctuku HIII33 e takumu, sk y BUOAIKy 3
pe3yabTaTaMy HaBeJeHUMH B Tao. 1.

Tabruys 2
IMopiBHANBHI JaHi — pe3yabTaTiB podoTH (B Mc) npouecy cymimenas HIII33
MeTOAOM JucHepcii mpu pi3HUX po3Mipax 3aaaHoro ¢gpeiima

Po3mip pucyHka (mikcenn)

v

37 54
Poamip dpetima [Tmoma dhpeiima/ Tiomna pucyHKa
(TmiKcenm)
XY
10 10 0,05 1098,00
15 15 0,11 1522,40
20 20 0,20 1838,20
25 25 0,31 1576,13
28 28 0,39 1242,00

Sk moka3yroTh pe3yibTaTH 3 Tabi. 2, HaiiOuiblle magiHHs yacy cyMmilmieHHs P' 3adikcoBaHO mpu
CHIBBIAHOUICHHS s, /S, =0.2, WO BIANOBiAAE poO3MipaM Iy, = /., =20 . Ilpu OGimbumx Ta

MEHIIMX pO3Mipax 3aaaHoro ¢peiimMa (B IAaHOMY BHIIQJAKYy KBaJpaTHOTO) MIBHAKICTH PpPOOOTH
aJITOPUTMY JIUILE 3POCTAE.
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BaxnuBuM pe3yabTaToOM EKCIIEPUMEHTY € iCHyBaHHS E€KCTpeMyMy MaOiHHA IIBHUAKOCTI poOOTH
anmroput™y. Lle miaTBepokye Tesy mpo Te, WO CHIBBIAHOWICHHS s, /s, =0.2 € HaWHripmuM Juis

NPOIIOHOBAHUX METOJIB CyMiLLICHHS.

Ha puc. 5 npuBeneHo NOpiBHSAJIBHY Aiarpamy MIBUAKOCTI poOOTH Pi3HUX alNTOPUTMIB MIM(PYBaHHS
(xopemnsuiiiHOI MpUB’A3KKMX Ta Ha OCHOBI Aesiawii, [10]) 3 mpomoHOBaHUM HpHM Pi3HUX PO3MIHHOCTAX
BXimHOro Habopy. Xapakrepuctuku HIII33 € Takumuy, sIK y BUNAIKy 3 pe3yJbTaTaMH HaBEACHUMH Ha
puc. 1.

10000,00
9000,00
8000,00
7000,00
o —
2 6000,00
<
: ]
O 5000,00
<]
9 U
9 4000,00
T -
3000,00
2000,00
1000,00
0,00
11 22 32 44 88
H Kopenaduis 1118,20 229020 3440,40 4939,80 9826,00
W Jesiauin 1110,40 228080 3331,60 4708,20 9457,80
[ CepeaHs eHepris 1098,20 2257.80 3295,80 4677,20 9334,00
Po3amipHicTb Habopy

Puc. 5. IlopiBasinns 4yacy po6oru anroputmy cymimenns HIII33 na ocHoBi MmeToniB
KOpeIsniifHol NPUB’A3KHM i Aucnepcii

Sx BUOHO 3 pHC. 5, CyMIIIeHHS Ha OCHOBI XapakTepUCTHK CKIHYEHO! €Heprii € IBHIIMNM Yy
MOPIBHSHHSA 3 KIACHYHHUMH MeToJaMu. [Ipu 1bOMy XapakTep MNPHINBHIIICHHS 3pOCTae i3
30UTBIIEHHSAM PO3MIPHOCTI HA0OPY B MOPIBHSHI 13 METOIaMHU KOPEIIAIIHHOT TPUB’ 3K Ta nMeBiamii [10]
30epiraeTbcsi. SMIHIOIOTHCS JIMIIE YHCEIbHI TOKA3HHUKH.

BUCHOBKU
Sk MoxHa moOayWTH 3 pE3yNbTATIB NMPUBEACHUX Ha PUC. 5, METOJ CyMilleHHs Oa30BaHWIl Ha
Maibke ¢akropuzanii mpoctopy 9, Ha OCHOBI XapaKTepHUCTHK EHEPreTHYHOi Teopii CHTHANIB €

CYTTEBO LIBHJIIMM BiJl METOy CyMIII€HHsS Ha OCHOBI KOPEJSUiHHOI MPUB’SI3KU. 3BaXKarOuu Ha JIyKe
Mai po3mipu 300pakens HIII33, mpupict mBUIKOCTI pOOOTH, HAPUKIAN, Tpu N = 88 yKe CTAHOBUTh
5,27 % 1 3poctae mpu 3pocTaHHi po3mipHocTi P'. Take NpHUIIBUAIIECHHS IMOSCHIOETHCS THUM, IO
00YHCITIOBATIBHO CKIIAJHA 33/a4a IMOIIYKY KOPENSLIMHOr0 MakCUMyMy BHPILIYETbCS Ha JOCTAaTHBO
MaJOMy 32 PO3MIpPHICTIO MPOCTOpi MOKPHUTTS 300paxkeHs (Maibke ¢akTop-mpoctopi). B pesynbrati
I[bOTO IOCATAETHCS MPUIIBUAILICHHS /151 BUPIIIEHHS 3a7a4i B LLIOMY.

3amponoHOBaHUM aJIrOpUTM MOXe OyTH 3aCTOCOBAaHMH Uil CyMIIIEHHS B TOPHU30HTAIFHOMY Ta
BEePTUKAIFHOMY HampsIMKax 300pakeHb OyAb-sIKOTO THMy. 3BaKal4d Ha IHTETPajbHICTh
XapaKTePUCTUK CHEPreTHYHOI Teopii CHrHajliB MOXHA CTBEPIXKYBaTH, IO 3alpOIIOHOBAHMH IiIXifJ
MOXe OyTH BUKOPUCTaHUM CTOCOBHO YChOTO HA0Opy aiHHUX NEPETBOPEHb.
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