BICHUK KHYT/ Ne3 2010 p. Mamepianoznascmeo, neeka ma
MeKCMUIbHA NPOMUCTIOBICMb

BaHK cozmepHUT KONMYECTBEHHBIE XapaKTEPUCTUKH MOKa3aTelei, He0OOXOJUMBIE sl IPOSKTUPOBAHUS
Je4eOHO-TTPOPHUIAKTUYECKOTO M3JIeNust (KWIeTa [l Maccaka): Ha3HaueHHe W 00JlacTh MPUMEHEHHUS M3/eNus;
Marepuaibl, COCTABJIAIONIME IMaKeT M3JeIUH M HMX CBOMCTBA; (opMa M pa3Mepbl MacCaKHBIX O3JIEMEHTOB;
pa3MepHbIe XapaKTepPUCTUKH (UTYpHl YEJIOBEKa; MapamMeTpbl HEOOXOIMMOTO W JOCTATOYHOIO IaBICHUS IS
MOJYYCHHUS TTOJ0KUTEIEHOTO TepaneBTHIeCcKoro 3 dekra.

Buegoown

@opmupoBaHue OaHKa MaHHBIX U1 HPOSKTHPOBAHMS JKWIETa U1 Maccaka a0 BO3MOXKHOCTB
COCTaBJICHUS aJITOPUTMA INIPOEKTUPOBAHUS JIeUCOHO-TIPOMIIAKTHIECKUX H3ACTHH C yIeTOM KOMIUIEKCAa BCEX
CBOMCTB M TpeOOBaHUI K 00BEKTY IPOSKTHPOBAHUSI.
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AHAJIITUYHA MOJIEJIb BOJIOBBUPAHHS JIBO- TA BATATOIIAPOBUMMUA

TEKCTUWJIBHUMHU CTPYKTYPAMU
B.I. BIACEHKO

KuiBchbkuil HalliOHANIBHUI YHIBEPCUTET TEXHOJIOTIH Ta qU3aiHy

Tlosioomnenns 4

Ananimuuno supiutena 3a0aua HeCcmayioHapHo2o 800080uUpanHs ma ouQysii y 06o- ma bazamowlaposi
mexkcmunbHi  cmpykmypu. Jlogedeno, wo Ons  GuU3HAYEHHS napamempie 80006Oupanms ma Ougysii @
MEKCTUNbHUX CMPYKMYPAX, CKIaOeHux 3 0y0b-aKoi KiibKocmi wapis, 00Cmamubo Mamu piuleHHs 3a0ayi
oughysii' 6 06owaposomy mamepiaii 6 momy e 6uoi, siK i 0151 OOHOWUAPOBO2O MAMEPIaLy

Ilocmanoeka 3a60anus

Po3pobuty aHamTHYHY MOJENb HECTAl[lOHAPHOTO BOWpPAHHS BOJM 10 TOBIIMHI JIBOLIAPOBOIO Ta
0araTonrapoBoro TeKCTUILHOTO MaTepiaiy.

06’ekmu ma memoou 00cnidHceHHA

OO0’€eKT OCHIPKEHHS — aHATITUYHE PIlIeHHS 3aa4i onucy BoJoBOMpaHHs Ta qudys3ii OaraTomapoBuMu
TEKCTWIBHUMH CTPYKTypaMu.

[Ipenmer nocmimpkeHHS — METOA pPO3B’s3aHHSA 3aJavi BOAOBOMpaHHA Ta Judy3ii B 1BO- Ta
GaraTonrapoBUX TEKCTWIBHUX MaTepiajax.

Jnst  MaTeMaTH4yHOrO  MOJICNIOBAHHS  MPOLECY  BOAOBOMpAHHS  BHUKOPHUCTOBYBAJIUCH  METOH
MaTeMaTUYHOTO aHaJi3y, 30KpeMa MeTOAHu Au(EpPEeHIIIHHOTO 1 IHTerpaTbHOTO YUCIEHHS, METOIU MaTeMaTUIHOL
(hi3UKH, TPUTOHOMETPHUYHI Ta CTYIEHEBi pSau. [T KOMIT IOTEPHOTO MOJETIOBAHHS — IIPOTPaMHE CEpeOBHUINe

MathCAD.
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Pesynomamu ma ix 002060penus
BuxigHuMu TaHUMU JUTS BUPILLIEHHS METH pOOOTH €, IO-TIepllie, HelliHiiHe PiBHSHHS HEeCTalliOHapHOTO
IpoLecy NEePEeHOCY BOJIOTH MEPIEHIUKYISIPHO TOBIIMHI MaTepiany (3arajbHuil po3B’si30k 1o ToBinuHi) (1) Ta

MIBUAKOCTI 3MIHM KOHIIEHTpauii B yaci (2), siki Oyim 3anponoHoBaHi B po6oTi [1]:

4.¢ ACGAY -sin{ei —Um
el 2

Ve =ity 7(2i—-1) )
d_U — < i R.aB1. -ACi-13° i l:Q| _1) -z
o LA B e sin| =——— @)

a, Mo-Apyre, — aHaJITHYHA 3QJICKHICTh MK €KCIEPHUMEHTAILHUMHU IIapaMeTpaMu BOJOBOMpPAHHS, sKa
BPaxOBY€E 3aJICKHICTh MPOIECY IMEPEHOCY BOJIOTH Bil BMICTY BOJIOTH B MaTepiali Ta JO3BOJISE BHU3HAUUTH
KOHCTaHTH BogoBOupanus A ta B [2].

TakuM 9UHOM, AJSI KOKHOTO OKPEMOTO IIapy MM MOXKEMO 3aIHcaTé PiBHSIHHS NMPOXOKEHHS BOJOTH.
Jns moOynoBuM MaTeMaTHYHOI MOJENi NPOXOKEHHS BOJIOTH 4Yepe3 [Ba LIApH MarepiayliB 3 pPI3HUMH
napameTpamu A;, By Ta Ay, B; BU3HaYMMO HACTYIHI YMOBH. MoOeNb MTPOXOKEHHS BOJIOTH KPi3h MEPIINH mIap
He 3MiHIoeThes. [yt Ipyroro mapy 3MIiHIOIOTBCS TpaHW4HI yMOBH. J[pyruii map, 30kpema, MoXe HPHHHATH
TUIBKW CTUIBKM BOJIOTH, CKUIBKM HOMY «3a0e3neunTb» mepiunii marepian. 11[o0 BH3HAUYMTH KOHIEHTpAILIiO
BOJIOTH, SIKa y OyAb-SIKHii 4ac CIIOCTEPIraeThCsl HA BEPXHIiH IUIOLHHI IIEPIIOTo mapy, BAKOPUCTOBYEMO PiBHSHHS

(1) 3a ymoBu z = 1 (cxema BOIOBOMpaHHs NpeCcTaBiIeHa Ha puc. 1).

© 4.0 ACI-1TFP
UKl(t)zl—E%. ©)
UK (t) — KOHIIEHTpaIlisl BOJIOTH Ha BEPXHIH IJIOIIMHI NEPIIOTo Mapy B 3aJI€KHOCTI BiJl dacy.
5 A
N-uit wap
R e R
i~ ]

Puc.1. Cxema BogoBOMpaHHS 6araTomiapoBUuM mMaTepiajiom

Jie N — KUTBKIiCTh MIapiB TeKCTHIBHUX MaTepiatiB; Z — KOOPJAMHATA, [0 TPOXOJUTH NEPIECHIUKYIISIPHO TUIOIINHI
MaTepiany (HampsiM epeHocy BoJIoTH); { — yac.

s po3B’s3Ky piBHSAHB OudYy3ii Kpi3e OaratomapoBuii MaTepian Tpeba BpaxoByBaTH I'paHUYHI YMOBH
SK Ha 30BHILIHIX TPaHUILAX MaTepiajliB, TaK i HAa TPAHUIIX NEPEXOay BiJ OHOTO MaTepiaiy Ao iHmoro. 3a Taki
yMOBH OyJ1eMO BBa)XKaTH TPaHUYHI YMOBH IEPLIOTro poay HpH audysii B ogHOpiqHKUN map Marepiany. s Hux
XapaKTepHUM € pPIBHOBa)KHa KOHILIGHTpALisl BOJIOTM Ha IIOBEpXHI MaTepiany, sika € IOCTIHHOI0 B Haci NpH
HE3MiHHHMX 30BHIIIHIX yMOBaX. Y BHIAAKy OaratomapoBoi KOHCTPYKIil (opMyna po3moaiay KOHIEHTpamii
BOJIOTH B O/THOIIIAPOBOMY MaTepiani Moke OyTH BUKOPHCTaHa 32 YMOBH, 1[0 HA TPAHUII MK MEPIINM Ta IPYTUM
mapoM (B 3aralbHOMY BHIIQJKY, MK KOXXHUM HOIEPEIHIM i HACTYHHHMM IIapoM) KOHIICHTPAIis BOIH €

HeTIepepBHOIO, BOHA TIOCTIHHO 301IBIIY€ETHCS Ta SBIAETHCA (QYHKIII€I0, SIKa 0OMEXYEThCS 9aCOM.
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[Mpunycrumo, mo juis OyAb-SKOTO 3HAYEHHS BXIJHOI KOHIEHTpauii §, 3a YMOBH Ii HOCTIHHOCTI,
KOHIIEHTPAILLisI IO TOBIIMHI KOKHOTO IIapy MaTepialy BU3HAYAE€ThCS PIBHIHHAM
f(z,t)=q-U(z,1), 4)
ne U(z,t) — ¢yHkuist koHteHTpaii, 3Haiinena 3a gpopmynoro (1) a1 gaHoro mapy marepiaiy,
BxigHa koHmeHTparis At Apyroro (i KOKHOTO HACTYIHOTO) IIapy MOPIBHIOE KiHIEBiH KOHIICHTpaii
Juts mieproro (i KOXHOTO TomepenHsoro mapy), Tooto UK=(q. Tomy dopmyny (4) anst apyroro (i KOXKHOTO

HaCTyl‘IHOFO) 1Iapy 3anvueMo y NpuponicHHAX:
df,(z,t) = U, (z,t)d UK, (t)

Bukopucrasum (1), (3), 3anuiemo

= 4.A- €138, 4B lg~A €i-1D

UK O) =% D dt
4o €T {‘2'—1”2? o |
df, =|1-3 i SIT] 2 ,§4‘A1-Ql—l/-By_thle*Al‘i-'*lDBl "
i=1 7(2-1-1) i=1 z(2-1-1)

[Ticnst poro (GyHKINSI 3MIHA KOHLIEHTpALIl B Yaci IpyruM IIapoM MaTepiaidy Moxe OyTH 3HaiiJieHa, sK

IHTeTpa:
t
f,(z,t) = jdf2 5)
0

AmnanitTiano iHTerpan (5) po3B’s3aTH HEMOXKIIHBO, aje cydacHi mporpamii 3acobu (MathCad) marots
3Mory 1e 3pooutu. To/i 3MiHa KOHIIEHTpAIIil TBOMA IIapaMH MaTepiary Moxe OyTH 3amucaHa (QpyHKITiEr

B U,(z,1),z<1
u(z. = {fz(z,t),l< 7<2°

s noBinbHO B3sTuX KoedimientiB Aj, Bj, A, B, nuHamika 3MiHH KOHICHTpaIii JABOMa MIapamH

Marepiaiy mokasaHa Ha puc.2.
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Puc.2. 3mMiHa KOHUIEHTpAaIii M0 TOBIIMHI JBOX MIAPiB MaTepiay 1Jisi pi3HHX MOMEHTIB Yacy

L<t<ts....<ty

BBenemo moHATTS cepenHbOi (iHTErpanbHOi) KOHIEHTpAlLii BOJOTM B Marepiaui P, TOOTO KUIbKICTh
BOJIOTH BiJIHOCHMO JI0 3arajibHoro o0’emy mapy (mapis). Lle 1o3Bosisie MpUBOIUTH OfepsKaHi TEOPETUYHI JlaHi
O THX, IO TPaJuLidiHO BHKOPUCTOBYIOThCS Ha IIPaKTHI, 30KpeMa JoJaBaTH Ta BiAHIMATH cepeHi

KOHLEHTpAIi] Pi3HUX YaCTHH 0araTomapoBoi CTPyKTypH.

203



BICHUK KHYT/ Ne3 2010 p. Mamepianoznascmeo, neeka ma
MeKCMUIbHA NPOMUCTIOBICMb

CepenHsl KOHIICHTpAIlisA 1O TOBINMHI MAKETy 3 JBOX MarepialiB Moke OyTH 3amucaHa aHaJOTivuHO
¢dopmynam (13) B pobori [1]
® 8e—AQi—lBa
is17? - @i —12

U(t):ljU ¢t)dz=1-
0

ta ¢popmyi (14) B pobori [1]

S 8ABtElg-AC-1Y
dt 3 72 €i-1

TOZLi, JUTA ABOLIApOBOI0 MaTepiany cepeaHa KOHHGHTpaHiH BOJIOTH CTAHOBUTD,

1 2
p(t) == [u€.t) dz, (6)
2 0
a CCpeZ[HH H.IBI/I,I[KiCTB BOZ[OB6I/IpaHH$I CTAaHOBUTH
dp _Ap
v(t) =P ~ 2P 7
t) i A (7

[opiBusnbHI Tpadiku 3MIHH cepenHiX KOHICHTpAmild i IMBUAKOCTEH IJIsI OJHOTO i JIBOIIAPOBOTO
MaTepialiB HaBeleHi Ha puc.3, Ta puc.4.
IMopiBHSAHHS KPUBUX MOTJIMHAHHS BOJM Ta IIBUIKOCTI BOJOBOMPAHHS HA pUC. 3 Ta puc. 4 IEMOHCTpPYE

e(eKT ralbMyBaHHS IEPLINM IIAPOM.
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Puc.3. CepenaHsi KOHIIEHTpAILlis BOIH Puc.4. llIBuakicTh BOAOBOMPAHHS

(1J1s1 0IHO- TA IBOLIAPOBOr0 MaTepiaJjiB) (1151 0IHO- TA IBOLIAPOBOr0 MaTepiaJiB)

Po3poOiieHa MeTonuKa 03BOJISIE BH3HAYATH XapaKTEPUCTHKM IAKeTiB 3 OyIb-SKOrO YHCiIa Inapis
MmarepianiB. Hanpukmaz, st makety 3 Tppox mapiB (Juist nakety 1, 2 ta 3) 3 pisHUME XapakTepucTukamu A, By,

A,, B, Ta Az, B3 BU3HaUa€eThCS KOHIIEHTpAITS Ha BUXOIi 3 IPYTOro IMapy (Ha TpaHUIli IPYroro Ta TPETHOTO Mapy)
UK, C= fo(LY) -

TunoBa QyHKIIs KOHIEHTPALT U1l TPETHOTO LIApY

U3(z,t):l—z R . (8)

i=1
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TO)li KOHIICHTpaI.li?I IJIA TPpEThOr'o mapy 3 BpaxXyBaHHSAM raJibMyYBaHHSA B IICPHIOMY i JApyromMmy mapax

3aIMMUCY€E€THCA HACTYITHUM YMHOM

dfa(2,t) =U3(2,t)d UK (1)

t t
fa(zt) = IU3(z,t)df2(l,t)= IU3(z,t)~U2(z,t)d U, 0 .
0 0

Posnucasmm aHaJ’IiTI/I‘IHO, OACPKUMO

en- 13—

0 i=1

©)

0 _ i-1%8 ) . ~ 1 - i-1th
§ 1_z4~e A, €i-1t72 .24-A1~Q|—1/-Bl~t81 1o=A @i-1t it

7(2-i-1) s 7(2-i-1)
3BHYAiHO, II€ PIlIEHHS MOXKE MPOBOJIUTHUCS TIJIBKH YUCEIbHO. Pe3ynabpTaT po3paxyHKy y CepemoBHILI
MathCAD s TphOXIIapOBOT0 MaTepiany HaBeJIEHUH Ha pHUc.5.

CepenHs 10 TOBIIMHI KOHIIEHTPALs 1 MIBUAKICT MOXKYTh OYTH pO3paxoBaHi 3a popMynamu:

3
p(t) =%Iu ¢1) Jz, (10)
0
_dp _Ap
VO = Y A (11)
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Puc.5. 3mina koHueHTpauii Mo TOBIMHI TPHOX IAPiB MaTepiany AJs Pi3HUX MOMEHTIB yacy
L<ty<ts...<t,

PesynbraTi po3paxyHKiB MoKa3aHi Ha puc.6 Ta Ha puc.”.
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Puc.6. CepenHsi KOHIIEHTPAIlis BOAU B OJHO-, Puc.7. llIBuaKicTH BOAOBOMPAHHS
JBO- Ta TPHOXIIAPOBOMY MaTepiajax OJIHO-, IBO- TA TPHOXIIAPOBUM MaTepiaiam
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Bucnoeku

1. OpepxaHe aHaNITHYHE pIIIEHHS 3aja4l BHU3HAUYEHHS IapaMeTpiB BOAOBOMpaHHS Ta Iudy3ii B
JIBOIIAPOBOMY MaTepiaji.

2. JloBeneHo, mio /Uil BU3HAYEHHS NapaMeTpiB BoOJOBOMpaHHS Ta audysii B OararomrapoBomy
TEeKCTIJIFHOMY MaTepiami 3 pi3HUMH IapaMeTpaMu Iudy3ii JOCTaTHRO MAaTH pilieHHsA 3amadi audysii B
JIBOIIIAPOBOMY Matepialli B TOMY K BUI 5K i B OJHOIIAPOBOMY MaTepiali.

3. AHamiTHYHO pO3B’A3aHA 3aJada HECTALlIOHAPHOTO BOAOBOWMpaHHA Ta Iudy3ii y Oaratomaposi
TEKCTUJIbHI CTPYKTYpH.

4. OgepxaHi pe3ynbTaTH JIO3BOJIAIOTH TEOPETUYHO NependavyaTH XapaKTEPUCTHKU BOJOBOMpPaHHS
MarepialiB 3 TOBIJIBHOIO KiJIbKICTIO IIIapiB HA OCHOBI AaHUX JUIsl OKPEMHUX MaTepiaiB.
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JIO IUTAHHSI 3ACTOCYBAHHSA CTAHJIAPTIB Y BAPOBHUYIN TA

HAYKOBIHA ITPAKTHIII
H.T. CABUYK

KuiBcpkuil HalliOHaTBPHUH YHIBEPCHTET TEXHOJIOTIH Ta AM3aiHy

Posenanymo ocobnusocmi popmyeans HOMeHKAIAMYPU NOKASHUKIE AKOCMI MA 3ACMOCY8AHHS
CManoapmis pizHo2o0 cmamycy
Marepiain, BuKIageHni y craTTi «be3yMOBHEe BUKOHAHHS JAEp>KaHUX CTAHAAPTIB — BAXIMBHH YMHHUK

BUITYCKY BHCOKOsiKicHOT npomykiii // Bicamk KHYT/. — 2009. — Ne5. — C. 193-200» (aBt. II. A. I'my6imr), He
BIZIIOBiZIae 32 (JOPMOIO Ta 3MICTOM HE TLIbKM BHMOTaM JI0 HayKOBHX IyOJiKalliid, a i 3aBJae CyTTEBY IIKOIY
HaBYAJILHOMY TIPOIIECY Ta MEPEIIKOKa€ BUKOHAHHIO HAYKOBO-JOCTIAHMX pOOIT Ha cyd4acHOMY piBHi. Jlo
JUCKYCIHHMX MarepiadiB BiH TakoXX HE Moke OyTH BiJHECEHHH, TOMYy IO CYHEpedYnTh OCHOBaM
MaTepiaJlo3HaBCTBA Ta CTaH/IapTaM, IOTPUMYBATH BUMOTH SIKUX 3aKJIMKAE aBTOP.

Hagite na3Ba crarti I1. A. I'my6ima «besymogne 6UKOHAMHS OepHCAHUX CMAHOAPMIE — BANCIUBULL
YUHHUK BUNYCKY BUCOKOAKICHOI NpoOyKyii» € TOMUJIKOBOIO. 3aMICThb «B8UKOHAHMS OEPICABHUX CIMAHOAPMIE)
MOTPIOHO «3aCTOCYBAHHS JIEPXKABHUX CTAaHAAPTIB» a00 «IOTPUMaHHS BUMOT JIePKaBHUX CTAaHIapTiB».

s mpodeciitHoro BUKOHAHHS HAayKOBO-AOCTIAHOT POOOTH MOTpiOHE WiTKE PO3yMiHHS TEPMIiHIB, IO
3aCTOCOBYIOTECS. AJKE «TEpMiH MMO3HAYA€E JIOTIYHE HAYKOBE MOHSATTS, SIKE B CYKYIMHOCTI 3 IHIIMMHU TOHITTAMH

NPEAMETHOI Taly3i € CKiIaHUK HaykoBoi Teopii» [JICTY 3966-2000].
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