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Beryn

B ¢isuni  TBepmoro Tina Ta B (i3uuHOMY
MaTepialo3HaBCTBI 3HAHHS TIPO BHYTPILIHIO apXiTEKTYpy
MaTepialliB  CKIQJalTh MIATPYHTS AOCHIDKEHb  1X
CTPYKTYPH Ta BJIACTUBOCTEH. 3 IparMaTu4HOro HOTJIsLy,
i 3HaHHA ~ BiNOOpakaroTb  BHYTPIMIHIA  3MicT
UEHTPAIBHOI JJAHKH JIAHITFOTA “TEXHOJIOTIS - CTPYKTypa —
BrnactuBocti” [1]. Ile crocyeThcs Bcix MmarepianiB 0e3
BUWHATKY, TPOTE NOCTI[HKEHHS Ta aJeKBAaTHAN aHaJi3

BHYTPIIIHBOI  apxXiTeKTypu MarepialiB  HaOyBarOTh
HETepecigHOro  3HAa4YeHHS, KONM Il  Marepiaid
BIIHOCATBCA O  TAaK  3BAaHMX  ME30CKOIIYHOTO

HEBITOPSAIKOBAaHUX cepefoBHl] [2], SKAMH € 30KpemMa
OJTHOHATIPaBJIEHI BOJIOKHOBI KOMIIO3HTH.

Pozrnssnemo OJIHOHAIIPAaBJICHUM BOJIOKHOBUH
KOMIIO3MT, OKPEMi BOJIOKHA SIKOTO 3 METOI0 CIPOLICHHS
aHayizy OyZeMo pO3MIIAaTd TOTOXKHUMH IWJIIHAPAMHU Ta
MpOaHali3yeMO 0COOJIMBOCTI €BOJIIOLIT HOTO CTPYKTYpH B
npoueci yursHeHHs. [lonepeunnii mepepis Komrmosura
IUTOLIIMHOI0, HOPMAJIBHOIO 10 OCEH BOJIOKOH, SBIISE
c06010 xaoTHuHe makoBaHHs cdep B R, Lle cBimuuth mpo
MOUITBHICTE  MOJENBHOTO  aHali3y  BHYTPIIIHBOL
apxXiTeKTypH TaKMX MaTepialiB camMe B paMKax
3aCTOCYBaHHA ME30CKOIMIYHUX MOJENeH IX CTPYKTypH
[1]. Y noBimbHUI MOMEHT €BOJIOLI] CTPYKTYPH CHCTEMH
B HIii MOXYTb CIHOCTEpiraTMcs YaCTHHKM 31 3HaYCHHS
KoopauHaliiHoro uywciaa Big 1 mo 6. ToOto cnin
pO3rIIsiIaTH  ME30CKOMIYHY — iepapXiuHy —Iiathopmy-
CyOMe30CTpYyKTypy, 3a SKOIO JOCTIJDKyBaHa CHCTEMa €
CepeIOBHUIIEM YaCTHHOK (IBOBUMIPHUX cdep), 110 Moxe
po3miIsaaTHCs SIK MHOXKHHA, PO3/IiJIEHa Ha ITiAMHOXHHH.
XapaKTepHOIO0 O3HAKOI0 KOXKHOI IMiIMHOXXHUHH € IIIJTKOM
KOHKpeTHe KOoOpAauHamliiiHe ugucimo. OTke Tmporec
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VIIUIBHEHHS. CYMPOBOMKYETHCS OOMIHOM YacTHHKaMHU
MiX 3a3HaYCHWMHU IiJIMHOKMHAMH 1 aCOIUIOETBCS 3i
30UIBIICHHSAM CEepeHbOr0 KOOpAMHALIHHOrO uucia. 3
iHIIOro OOKY, YaCTHHKHU 3 IJBHIICHOI0 KOOpPIMHALIEI0
MOBHHHI TPYIYBAaTUCS B KJIACTEPH, pealizyloud THM
caMHM y MakKpOCHCTeMi 001acTi MigBUIIEHOI T'yCTHHH.
Ha mowarky yminpHEHHS IIi 06J1acTi MOXKHA PO3TIISIIATH
sk (uryKTyauii HIbHOCTI, MPOTe 3 yacoM I uryKTyamii
CTaOLTI3yIOTBCS 1 TOYHYTH JOMIHYBaTH Yy CHCTeMi SIK
3apOJIKA  PENPE3CHTATUBHUX CJIEMEHTIB  i€papxidHol
warhopmH, o BHUHUKJIIA i PO3BUBAETHCS
(Me30cTpyKTypH). 3a MaKpOCKOIIYHOI i€papXivyHOI0
wiaTGopMoI0, XaOTHYHE IIaKOBaHHS YaCTHHOK €
nBoxdaszHo0 cucTreMoro, 1Bi okpemi dasm  sKoi
CKJIaJal0Th YaCTMHKM Ta MOpPH. TakuM YHHOM,
3aCTOCYBaHHS ME30CKOIIYHOTO ONKCY 1O aHali3y
CTPYKTYpH  JOCHIDKYBaHOI ~ CHCTEMH  JIO3BOJISE
MOCTIIOBHO  BHUBYUTH  OCOONMBOCTI  BHYTPIIIHBOI
apXITeKTypH il 3 MOTJILY TPHOX i€PApXiYHUX PIBHIB -
CyOMe30CTpyKTypH, ME30CTPYKTYPH Ta
MAaKpOCTPYKTYpPH.

Mertoro naHoi poboTu Oyima po3pobka 0a30BOT
TEOPETHKO-MHOXHHHOT Mojei CTPYKTYpH
OJTHOHAITPABJIEHOTO BOJIOKHOBOTO KOMITO3HMTa,
OpiEHTOBAaHOI Ha TEOPETHMYHHMH aHalli3 O0COOJUBOCTEH
BHYTpIIIHBOI ~ apXiTeKTypd  HOro 3  MOIISAY
CyOMEe30CTpYKTYpHOI Ta ME30CTPYKTYpPHOI i€papXidHHX
wIaThopm.

I. CyO0mMe30cTpyKTYypHHI OIIUC CHCTEMH

Hexaii cucteMa XaOTHYHOTrO ITaKOBaHUX N YaCTHHOK,
KOXKHa 3 SIKHX Ma€ MOBEPXHIO «, 3aiiMae MOBEpXHIO A. 3
MaKPOCKOITI9HOT TOYKHU 30Dy, OCHOBHUMH



TeopeTuko-MHOKHMHHA MOJIETh CTPYKTYPH OJTHOHANIPABICHOTO BOJIOKHOBOTO KOMITO3UTA

MakpomnapamMeTpaMmu CTPYKTYpH CHCTEMH € CEpeiHs
BiJTHOCHA ITOBEPXHEBA IUIBHICTh < G > !

Na

<o>=— 2.1
A (2.1)

Ta CEpeAHE 3HAYCHHA KOOPAMHALINHOTO 4YHCiIa
<A>. Jlna naHOro BHUMNAIKYy EBOJIOLIIO CTPYKTYPH

CUCTEMH MOXXHAa OIKCaTH B  TEPMiHAX 3MiHH
MakKpomnapamerpa < o > :

0<oc> 0<oc> 0<o>
0<o> = 0A + + da (2.2)

ON Oa
Skmio x cucrema € 3akputoro (ON =0) 1 moBepxHs
KOXHOI 9aCTHHKH He 3MiHIOeThes (da =0 ), Bupas (2.2) 3
ypaxyBaHHEsM (2.1) HaOyBae BUIIIALY:

(A
0<o>=— ( )8A, (2.3)
ne €(A) - po3mipHHiA (HAKTOP CHCTEMH:
a
gE=—. (2.4)
A
3 cyOMe30CTPpYKTYPHOI TOYKH 30py KOKHA YaCTHHKA
OIHACY€ETHCS UIOYHCEITEHUM 3HAYEHHSIM
KOOPJMHAIIHHOTO Yucaa A; 3 A€IKOi MHOKHHH
}\’i € [}\’min’}\’max] (25)

i came 1 oOCTaBMHA JI03BOJISIE BBECTHU IIOHSTTS
TorosoriyHoi ¢asu cucremu. Ilix i-10 TOMONIOTiYHOIO
(azoro OyeMo PO3YMITH HEJIOKAIi30BaHy YaCTKy ITOBHOT
NOBepxHI cucreMu A; € A, ska wmictuth n; €N

YaCTHHOK, [0  XapaKTepU3yIOThCS  KOHKPETHHM
KOOpIMHAIIMHIM duCIOM A; . Jlami, OCKIIbKH KOXHA
YaCTUHKA CHUCTEMH IIOBHHHA HajeXarTd OO OXHiei 3
TOTIOJIOTIYHUX (ha3, TOPEUHO TMepeOPMYITFOBATH MOJIENb
B TepMiHax 00’ €qHAHHS 1X:

UAi=Aa; A =9.

CriBBigHomeHHs  (6)  BigoOpakaroTh
TEOPETHKO-MHOXHHHY MOJIEJIb CUCTEMH.

OueBUIHO, CTPYKTYPHUMH HIapaMeTpamMu OKpeMoi i-
TOMOJNOTIYHOI (asu € A;- KOOpAWHALIHE YHCIO 1

(2.6)

6a30By

YaCTWHOK, IO BXOAATH OO II CKIaAy, Ta BiTHOCHA
HOBEpPXHEBA IIUIBHICTD O :

n;a

= . 2.7
1 Al
BignmoBimHUMH ~ ME30CKOIIYHAMH  IapaMeTpaMu
CTPYKTYpH (i gKpecIoeMo: napameTpamu
cyOMe3ocTpykTypr)  Oyzne,  mo-mepmie,  MHOXHHa

IMOBIpHOCTEH peaizalii OKpeMHUX TONOJIOTIYHUX (a3
{Pi} > A€

i 2.8
i = (2.8)

[o-mpyre, ciig BBeCTH MHOXHHY IMOBIpHOCTEH

{pl} TOTO, INO OKpeMa YaCTHUHKA XapaKTCPU3YETLCA

KOHKPETHUM KOODJMHALIHHUM YUCIIOM A :
<. (2.9)

Ilpn mpomy A; Ta ©; - Le CIPYKTypHi (a3oBi
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mapaMeTpH, IO BHU3HAYAIOTH OCOOIMBOCTI CTPYKTYpH
MHOKHHH TOTIOJIOTTYHUX (a3 MOJEIbHOT CUCTEMH.

Omxe, mnpobiema CyOME30CTPYKTYPHOTO —aHalizy
CHCTEMU 3BOJIUTHCS JI0 TMOWYKY (yHKUIIOHAIBHHX
3aNIeKHOCTEH MK MakpomapaMmeTpaMu <o >, <A > Ta

cyOMe3omapameTpaMmu {pi}, {Pi} CHCTEMH TPH 33aHUX
i) Ao}
30BHIMHIX (akTopax A, N, a. Po3p’s3anns 1€l 3amadi

MOXKHa peajizyBaTu, MPUMIpOM, B paMKax 3aCTOCYBaHHS
METOJly MakcuMalibHOI eHTpomnii [3].

CTPYKTYpHHUX (a30BUX HapaMerpax Ta

II. Me30oCTPYKTYPHHUI OIIMC CUCTEMU

3BepHEMOCs Terep A0 IHIIOro TUIYy ME30CKOIIYHOTO
OIUCY CEpeIOBUIA XaOTHYHOrO MaKOBAaHUX YaCTHHOK —
omucy 3 IONISAY  ME3OCTPYKTYPHOI  iepapXigHol
wiatrgopmMu. Y 1pOMY BHIJKYy CHUCTEMY PEIpE3eHTYE
CTaTHCTHYHHUN aHCAaMOJIb ME30EIEMEHTTIB, KOKEH 3 SIKHX
CKJIQJIA€ThCsl 3 YIIUIBHEHOro (siapa) Ta PO3IMYIIEHOTO
(obomonKM) KoMItoHEHTIB. Lle o3Havae, MmO I OMUCY
ME30CTPYKTYpH 0a30Ba TEOPETHKO-MHOXKHHHA MOJIEIh
(2.6) TparchopmyeThCs:
A UA =A A A =D, (3.1)
Je A, Ta A - IOBEpXHI YIIIIBHEHOI'O Ta PO3IYIIEHOr0

KOMIIOHEHTIB cucTtemu BiamosimHo. Ili moBepxHi €
00’eTHAHUMU TSI BiIOBITHIX TOMOJIOTIYHUX (a3:

A =JAi A=A, (3.2)

i, i
ge i, Ta ig- IHOGKCHM TOMOJOriYHMX (a3, 1o
XapaKTepU3ylThCsl  BIANOBIAHO  MIABHMIICHHMM  Ta

3HIDKCHHM 3HAYCHHSAMH KOODIHHAIlI YaCTHHOK, SKi
BXOJATH 0 iX CKIIaLy.

Pouib penpe3eHTaTHBHOTO €IeMEHTa ME30CTPYKTYpHU
BiZirpac Taxk 3BaHUI ETAJOHHUI MeE30€IEeMEHT, UIO0
MPEJCTABIsIE B CEPEIHBOMY CTATHCTHYHUN aHCamOJb
Me30eneMeHiB cuctemMu. OTxe, CTATOHHUA ME30SIIEMEHT
XapaKTEPU3YETHCS CEPETHBOIO BiIHOCHOK MOBEPXHEBOKO
IIIJIBHICTIO, 10  JIOPIBHIOE  CEpelHid  BIJHOCHIHN
MOBEPXHEBIN WIILHOCTI <G> CHCTEMH, a CepeiHi
3HQUEHHs BIAHOCHOI INUIBHOCTI Horo sgpa o, Ta
OOOJIOHKH G, JOPIBHIOIOTH BiANOBIIHMM 3HAYCHHSM,

KOTpl XapaKTepu3ylOTh YUIUIFHEHHH Ta PO3IMYIICHHH
KOMITOHEHTH CUCTEMH:

N.a Nqa
6, =——, O, =——. (3.3)

AC AS
Tyr N, ta Ng - 4YHCIO 4YacCTHHOK, IO BXOHSThH
BIIIOBITHO JO  VIIUIBHEHOTO Ta  PO3IYIICHOTO

xomnoHeHTiB (N, + N =N). Oxpim TOro, sapo Ta

000JI0HKa €TaJOHHOrO Me30€eJIeMEHTa
XapaKTEepU3yHThCS cepeaHIMU 3HAYCHHAMU
KOOpJAWHALIHHOTO 4YMcia 9acTMHOK (A, Ta A

BIZIMOBITHO), LIO BXOIATH N0 iX ckiamy. Y IOBUIbHHUI
MOMEHT €BOJIIOLI CTPYKTYpH B MpPOILECI YIIUIbHEHHS

ME30CKOMiuHi MmapameTpu o.i o, Ta A, 1 A €

¢yHKIISIMA ~ cepeAHBOi  BIJHOCHOI  ITOBEPXHEBOI
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HIUIBHOCTI <O > 1 MOXYTh OyTH BH3HAYeHI 3a

MOTIepeIHIMH po3paxyHKamu cyOme3omapametpi (2.8)
Ta (2.9).

BucHoBku
Penpesenraiiss ~ CTPYKTYpH  OJHOHAIPABJICHOTO
BOJIOKHOBOTO KOMIIO3MTa B TEepMiHaX 00’ € THAHHSI

TOIOJIOTIYHUX (a3 [103BOJISIE OJIEPXKATH  BiJNOBIIHY
6a30By TEOPETUKO-MHOXKUHHY MOJIEb cUcTeMHU (2.6), 110
omucye T SK 3 CyOMe3OCTpYKTYypHOro, Tak 1 3
Me30CTPYKTypHOro mnorisny. OueBHOHO, MIATPYHTIM
MOJAJBLIOTO aHaNI3y 0COOIIMBOCTEH CTPYKTYpPH CHCTEMH
€ cniBBigHomeHHs (2.8) ta (2.9), mo noBuHHI OyTH
BU3HAYCHI B SIBHOMY BHIIIAII. B 3aranpHOMY BHITaaKOBi
I 3aJada pO3B’S3YEThCSI HA OCHOBI 3aCTOCYBaHHS
METOLY MaKCHMAaIJIbHOL EHTpOTIii [3].
ITepedopmymioBanHs 3aragpbHOTO pO3B’s3Ky [3] 1o
JOCTIKYBaHOI MPOOIEeMH XaOTHYHOTO MAaKOBaHHA cep

B R? [103BOIIsIE OflepKaTH IYKAHI Pe3y/IbTaTH:

exp(_BGi) Gj P. (41)

Pi :Zexp(—ﬁci)’ PP,
i

IpU I[IbOMY CIIBBIJIHOUICHHS, IO TIIOB’SI3YyIOTH MIX

cobor0 cyOMe3o- Ta MakporapaMeTph  CHUCTEMH,
HaOyBaIOTh BUTIILY:
<o>=)opi; <A>=) A, 4.2)
i i

ne B - HeBU3HAYEHMI MHOKHHUK Jlarpanska.

TaKuM 9HHOM, OCHOBOIO TIOJIAJIBIIOTO BHKOPHCTAHHS
pesynbTaTiB € TOMepeqHe BU3HAYEHHS MHOKHHH
CTPYKTypHHX (pa3soBHX napaMerpis {o; } , ska Moxe OyTH

SK JMCKPETHOIO, TaK i HEIEepepBHOIO B 3aJIEKHOCTI BiX
MIPUKIIaIHOTO 3aCTOCYBAaHHS MOJIETI.
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