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CrBOpeHO Mozenb abpa3suBHOIO KOMIIO3UTHOTO MaTepially Ha OCHOBI IONiMepiB, sIKui BKiItodae cdepuuni Ta
enincoinHi yactuHku. [lomaHo omuc crparterii cTBOpeHHS aOpa3MBHOIO KOMIIO3MLIHHOrO Marepialy Ha OCHOBI
MOPOLIKIB noniterpadTopeTuiieHy, ByIJIeLeBOro BOJIOKHA, THTaH KapOiny Ta amoMiHii okcuny. [l po3paxyHkiB
OyaM BUKOPHCTaHI €NINCOIAHI YACTHHKU MOJEII BYIJIELEBOro BOJOKHA i ChepHUHi YaCTHHKHM MOJEI TUTaH KapOiny
Ta alOMiHIH okcuny. BBeneHo HOBMIl kpurepiii onTuMi3alii napaMerpiB IUIACTMYHHUX 1 NMPYKHUX BIACTUBOCTEH
KOMIIO3HUTIB, 5IKi Oy/M po3paxoBaHi HA OCHOBI BJIACTMBOCTEH BUXiIHUX iHIpeaieHTiB. [TokazaHo, 10 MK KpUTEpieM
Y3TODKEHHSI Ta aOPa3uBOCTIHKICTIO iICHYE CTATUCTUYHO HaIiiHWMIA niHiiHMIA 3B’ 130k, Puc 10, Ta6n. 2, JIit.50.
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Beryn

1. InteHcuBHicTH a0pa3MBHOIO 3HONIIyBAaHHS
MONIMEPHUX  KOMIIO3HMTIB  CYTTEBO  3aJIeKHTh  Bij
MEXaHIYHUX BIIACTUBOCTEH, NPUPOIH, CTPYKTYypH 1

PO3MIpIiB YaCTHHOK IOJIIMEpPYy-MaTpHIli Ta HAIOBHIOBAYiB,
CTPYKTYpH Marepialy KOMIO3UTY, HOro TBEPIOCTI,
MIIIHOCTI, TPYKHOCTi, a TaKOX TeoMerpii 1 po3MipiB
a0Opa3MBHUX YAaCTUHOK, CITIBBIJHOIIEHHS TBEpPAOCTEH
abpa3uBy Ta KOMIIO3HUTY, PiBHS 30BHILIHBO CHJIOBOI Aii Ha
KOHTaKTi KoMIto3uT-abpasus [1-5].

2. Ha ckiagHicTh npoieciB 3MillHeHHs MoJIiMepiB
HAIOBHIOBA4aMU IpH a0pa3MBHOMY 3HOIIYBAaHHI BKa3ylOTh
Taxi JIaHi:

2.1 Hami nonepeaHi eKCIIepUMEHTAJIBHI
aocaikeHus [6,7] mokasand, IO BiJHOIICHHS 3HOCY
HEHAIIOBHEHOTO MojimMepy Ao HamoBHeHoro no 20-30%
KOPOTKUMH BHUCOKOMOJYJIbHUMHU rpagiToBaHUMHU
BosiokHamu BMH-4 tuny HM [6], 3HaxoasThes B Mexax
2—-4200 (mpu TepTi MO PiBHUX MOBEPXHSIX i OMHOMY CIiZY)
ta 0,4-0,6 ms TepmorutactiB i 1,3-4,2 11 peakToIiacTis
(ipu TepTi Mo abpa3uBHiii cTpivll i HOBoMY citiny). HaBith

JUIE  KOMITO3UTIB Ha OCHOBI MONITETpadTOPETUIICHY
(IITO®E), BHCOKOHAIOBHEHWX  MOPOIIKAMH  METaiB,
BiIHOCHa aOpa3UBOCTIMKICTh 3HAXOAWTHCA B MEXKax

0,9-1,2 mpu aOpa3uBHOMY 3HOIIYBaHHI IO OJXHOMY 1
HOBOMY CITiJIax.
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Takum  uyuHOM, edekT 3MIIHEHHS  MOJIIMepy
HAIOBHIOBaYaMH  Ipu  aOpa3WBHOMY  3HOIIYBaHHI
CIOCTEpIraeThCsl TUTBKK JUIA  AESKUX MOJIMEpiB 1

HaNoBHIOBaYiB. [IpyumMHa 1BOro SBHINA TIOB'sA3aHa i3
creuudiyHOI0 3MIHOI TIOKa3HHWKIB  (i3MKO-MEXaHIYHHUX
BJIACTHBOCTEH MOJIMEpIB INpH BBEJICHHI HAINOBHIOBAYIB,
YTBOPEHHI TNPOMIXKHOI IUTIBKM Ha KOHTPTUII 1 3MIiHOIO
Tororpadii rpyoux MoBepXOoHb IIPU TEPTI 110 OMHOMY CITIAY
1 BIZCYTHICTIO ITi€l MOXMJIMBOCTI MPH TEPTi MO HOBOMY
ciny.

2.2. Hami mocJiiakeHHsI MOKA3aju, M0 adpa3suBHE
3HOLIYBAaHHSI KapOOIUIacTHKa Ha OCHOBI apOMaTHYHOTO
nomaminy ¢eninon C-2 mpu TepTi MO OAHOMY CIimy
3aJIeKUTh B CKIaJy Marepialy 1 TIpy BBEJACHHI
HU3BKOMOJIYJIBHOIO rpadiToBaHOr0 BOJMOKHA (KiHIeBa
Temmeparypa TepMoobpobku T, = 2673 K) TT'H-2m tumy
LT [6] 3HOC Ha mOYaTKy TepTs y 2,5 pasu HIKYMH, HiX
NpU  BBEJCHHI HU3BKOMOJIYJIBHOTO  KapOOHI30BaHOTO
BosiokHa (T, = 1123 K) YTM-8 tumy LT [6]. Hamani ws
3aKOHOMIPHICTh 3MIHIOETHCSI Ha MIPOTUIIEKHY, a JOJATKOBE
BBEJICHHS TMOpOIIKY TBepaoro Mactuna (rpadit, WS,
WSe,, M0S,, M0Se,, BN Ta iH.) 36inbI1ye 3HOC y 4 pasi.

2.3. Hami mocJjiiqkeHHsI mMoKa3aju, M0 adpa3suBHE
3HOUIYBaHHS apoMaTHYHOro nomiaminy ¢eninon C-2 mo
OTHOMY 1 HOBOMY CITiiaX 3pOcCTa€ NpH 301IbIIEHHI BMICTY
mopomiky rpadity 'CM-1, B TOl ke 4Yac sK BBEICHHSI
nopomky TiC (miamerpom wactuHok d 7-9 MKM)
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MIPUBOANTL J0 EKCTPEMAaIbHOI 3aJIEKHOCTI 3HOIIYBAaHHS
ToMiaMify BiJl BMIiCTy HaIlOBHIOBaYa.

2.4. Poab 3MiHM MIOPCTKOI rpy6oi moBepxHi mpu
TepTi moyiMepy 1 KapOOIUIacCTUKYy Ha HOro OCHOBI IO
OHOMY CJIi/y BUSIBJIEHA B TaKUX HANIMX JOCIIHKEHHSX.
[pu tepti auTHX Kyapok (d = 16,75 MM) 3 HEHAITOBHEHOTO
apoOMaTHYHOTO IOJIiaMify i KapOoIIacTHKa Ha HOro OCHOBI
(xopotki rpaditoBani BomokHa TI'H-2v Tumy LM
MEePIeH/IMKYIIAPHI MOBEPXHi TepTs) Mo Tpydiil moBepxHi
ckna (cepenHe apudMeTHYHe BIAXWICHHSA OO0
noBepxHi Ray = 1,41+ 0,43 MKM) 3HOC TI0O HOBOMY CIiIy
MEHIINH, HIXK 10 OJHOMY CIIiZly, OCKUIBKA B OCTaHHBOMY
BUNAJIKy IIOPCTKICTH TOBEPXHI 3HOIIYBaHHS  CKJa
30impimiacs g0 Rag = 4,14+ 0,71 mxm. InrencusHe
3HOUIYBAaHHS TOJiaMify MOYMHAETHCS MPH HOPMAJIBHOMY
HaBantaxxerHi /0 H mpu tepti o ognomy ciigy i 135 H
110 HOBOMY CJIiZy, a JJIsl KapOoILUTacThKa Ha HOro OCHOBI 1Ii
nokazuuku nopiBHiooTh 105 i 170 H Bimnosigno. Ilpu
TEpTi MPECOBAHUX KYJIHOK 3 apOMATUYHOrO Mojiamimy i
KapOomiacTuka Ha Horo ocHOBi (KOpoTki TpadiToBaHi
BonokHa TT'H-2m tumy LM neprieHaukynsipHi moBepxHi
CKJIa) IMOPCTKICTh IMOBEPXHI CKia 3MiHmnmacs Bim 1,47+
0,17 mMxm g0 0,44+ 0,11 MKM mpu TepTi apoOMaTHYHOTO
nmoiaminy i Big 1,86+ 0,55 mxm mo 1,17+ 0,36 MkMm mipu
TepTi KapOomiacTMka Ha #oro ocHoBi. Jlma Beix
BUIIPOOYBaHb 3HOIIYBaHHS KapOOIUIACTHKA MeEHIe, HiX
TIOIMEPHOT MaTpHIL.

3. Hiiicaa CTPYKTYypa aHTU(pUKLiliHOTO
KOMITO3UTHOTO MaTepially € CKJIaJHOI, Ma€ BUIIAKOBHUI
xapaxrep. [IpsiMe 004HCIIEHHsT BIaCTHBOCTEH KOMIO3UTY €
CKJIaJIJHUIM MaTeMaTHYHUM 3aBJaHHSM, TOMY IO HEBiJoMa
reoMerpis 1 (i3WYHI BJIACTHBOCTI MOBEPXHI PO3ILTY
MAaTpHIli 3 YACTUHKAMHU HAllOBHIOBAYIB.

[Iponec BUI'OTOBJICHHS abpa3uBOCTIHKOTO
TIOJTIKOMITOHEHTHOTO MaTepially 3a0e3rneueHnii He3HaAYHOO
KEpPOBAHOIO iH(opMaIri€ero. Tinbku MTOKa3HUKIB

BJIACTUBOCTEH HAITOBHIOBAYIB 1 MaTPHINi, TX KOHIIEHTpAIIT i
reOMEeTpuyHOi (OPMH HEJOCTaTHHO MJIsI TOYHOTO Ta
HaJiHHOrO TepeadayeHHs] BIACTHBOCTEH IMPOEKTOBAHOTO
MOMIMEPHOr0 KOMNO3uTy. Taka Mana iH(QOPMAaTHUBHICTH
NPU TIPOEKTYBaHHI KOMIIO3UTY 3 Hamepex 3aJaHuMH
BJIACTHBOCTSIMH BHMAara€e HaJiiHUX METOJIB TEOPETHYHUX
Ta  EKCIEPUMEHTAIFHUX  JIOCTIDKEHb  KOMITO3MTHHX
MatepianiB. JIo TaKuX METOMIB BiJHOCHUTHCS BapiallifiHHH,
SKUH Beqe 10 TpaHullb eheKTHBHUX BiaacTuBocteii [8,9].

Y 3aragpbHOMY BHNainKy e(EeKTHBHI BIACTHUBOCTI
KOMITO3HUTY 3HaXOMSThCSl MIXK BapialliiHUMU TPaHUISIMH, a
y BHIAIKy KOMIIO3UTY 3 JKOPCTKUMH YaCTHHKAMH
HAMOBHIOBaua (BYIJICIeBi BOJOKHA, TBEpP/AI MAaCTUIA,
Kap0in TUTaHy, AaJIOMiHIH OKCHI TOMIO) 1 M’ KOO
MaTpPHIICIO (momiterpadroperuieH, MTOJTICTHIICH,
MOMIMPOIMIJIEH TOM[O) Ifi  BJIACTHBOCTI  3HAXOAATHCS
MOOJIM3Y HIDKHBOI MeEXi. JSIKIIO TOMIHATH MiCIAMU
MaTpUILIO 1 HAIOBHIOBAYi, TO €(EKTUBHI BIIACTUBOCTI
OynyTh  3HaXOOUTUCS  TOONHM3Y  BEPXHBOI  Mexi.
JlocsiTHEeHHST ~ mMX ~ MeX Ui KOMIIO3UTIB 3
JIBOKOMITOHEHTHHMH HAaIllOBHIOBA4aMH, 3MOJIEJIbOBAHHUMH
chepuuHUMHU 200 ENIMCOITHUMH YaCTHHKAMH, HEOOXiIHO
JoBecTH ekcrepuMmenTansHo [10,11].

4. 3aBaaHHs NPOEKTYBaHHA aGpa3MBOCTiiiKOro
KOMITO3HTY TIOJISITA€ B TOMY, 100 JOCSATTH:

TAKOr0 ONTUMAJILHOTO CTaHy, IPU SKOMY BiH
JI0OpE Y3TODKYETHCS 3 OYIOBOIO KOMIIO3HUTY;,
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YMOB, SIKi TIOBUHHI 3aJIOBOJIBHATH IIeH
KOMITO3HT.

AOpa3uBHE 3HOIIYBaHHS KOMIIO3UTY 3aJIeKHTh Bif

TOTO, HACKITBKH e(peKTHBHO MIKpOCTPYKTYpa

KOMITO3UTHOTO MaTepially MOXX€ YHHUTH OHIp Ppi3HUM
mpolecaM BiJUIIEHHsT Martepiany. [OJIOBHUI BHECOK Yy
BEIMYMHY 3HOCY BHOCSATH IOCHIJOBHICTh IUIACTHYHUX
nedopmariii i po3pHMB Yy TOHKOMY HIapi IOBEPXHI
MaTepiajiy, BHOPIOBaHHS Yy BEIIMKOMY 00’ €Mi marepiaiy i
HACTyITHE MIKpOpi3aHHs IUIACTUYHO Ae(OPMOBAHUX 30H.
Posmonin  moriMHaro4yoi aKTUBHUM  IIAPOM  €Heprii
3YMOBIIIOE ~ KIHETUKY HAKONHMYEHHS MOIIKO/KEHb 1
py#iHYBaHb Ta 3MiHY QPUKIIHHUX XapaKTepucTuk [12].

5. Monimepunii Marepian NMOBHHEH MATH BUCOKY
CTIHKICTh 10 B'S3KONPY)KHOI Ta IUIACTUYHOI Jedopmartii,
IO Ma€ MicIle, SIKIIO MaTepial Mae BUCOKY TBEpAICTh Ta
TPaHMII0 TEKy4ocTi i, B TOH ke dYac, nedopmyBarucs
IUIACTHYHO 3 BUCOKOIO POOOTOI0 Ha PO3PHUB.

Tomy, mnpu  mpoekTyBaHHI  aOpa3WBOCTIHKOroO
KOMITO3UTY, SIKUH  /1eOpMYeETbCS Ta  3HOLIYETHCS,
HEOOXiHO BpaxyBaTh HOro IUIACTUYHY 1 TIPYXHY
MOBENIHKY, 3MiHY (Di3UKO-MEXaHIYHUX XapaKTEePUCTHK

BJIACTHBOCTEH, BIUIMB KOHLEHTpalii, GopMH 1 BiIHOCHHX
PO3MIpiB YaCTHMHOK JBOKOMIIOHEHTHOTO HAaIllOBHIOBaYa Ha
TBEPIICTh, MOIY/Ib MPYKHOCTI 1 JeopMaIliro KOMIIO3UTY,
Ha CIHIiBBiJHOMECHHS B'S3KMX 1 NPYXHHUX BIACTUBOCTEH,
abpa3uBHY CTIMKICTB 1 TEIUIO(I3UYIHI BIACTUBOCTI.

TakuM 4YMHOM, BHHHMKAa€e 3aBJaHHI PO3PaXyHKIiB
MeXaHIYHIX XapaKTEePUCTUK TPUKOMITOHEHTHHX
MOMIMEPHUX KOMIIO3UTIB 3 OiHApHMM HANOBHIOBaYeM 3a
BJIACTUBOCTSIMH BHUXIIHUX 1HPEHi€HTIB.

6. ¥ Oararbox po6orax [13—16 ToIiio] oCHOBHHUMHU
KpUTEPIsIMH 3HOCOCTIMKOCTI pu abpa3rBHOMY
3HOUIYBaHHI TNPHUIMAIOTHCS MEXaHIYHI XapaKTEPUCTHKH
MaTtepiaiy, sSKi BA3Ha4al0ThCsl eKCIIEPHUMEHTAIBHO.

Anamiz 1mx poOiT cBiguuTh, 1m0 abpa3uBHA
3HOCOCTIMKICTh TONIIMEPHUX KOMIIO3UTIB OOYMOBIICHA
foro (i3UKO-MEXaHI YHUMH, peoJIOTiYHUMU Ta
nedopmarifHo-MilHICHUMHA XapaKTepUCTUKaMU
BiactuBocTeil. ToMy, po3poOka KpHUTEpir0 ONTHMI3amii
HAIIOBHEHOT'O IOJIMEPY 3a IIMMHU XapaKTePUCTUKAMH, SIKi
OV BH3HAYAJIHCS TEOPETUYHO 3a BJIACTUBOCTSMH BUXiTHUX
IHTPETI€HTIB Ha TEXHOJNOTIYHIA CTamii BUTOTOBJICHHS
KOMITO3HUTY, Ma€ MpaKTUYHE 3HAYECHHs, TaK 5K JO3BOJISIE
CKOPOTHTH BHCOKOBApTICHI €KCIEepUMEHTalIbHI pPOOOTH

[17]. 3akonomipHocTi  aOpa3sWBHOrO  3HOIIYBAHHS
MarepialiB mpuBeseHi B podotax [18—22].

3aBnaHHs OIITUMAJIEHOTO MPOCKTYBAHHS
TPUKOMITOHEHTHOT O abpa3uBOCTIHKOTO KOMIIO3UTY

IMOCTABUMO TAaKUM YHHOM. HEOOXITHO MiTiOpaTH CKJIaJ
KOMITO3UTY Ha OCHOBI IOJIMEPY Ta JBOKOMIIOHEHTHOTO
HAIOBHIOBAYa,  3MOJEIHOBAHOTO  CPEPUYHUMH  Ta
eJTTNICOITHIMHU YaCTUHKAaMU, SIKHUH 3a0e3leuye MaKkCHMYyM
abpa3uBOCTIHKOCTI pu 3a7]aHUX MEXaHIYHUX
BJIACTHBOCTSIX TOJIIMEPHOI MaTpHIIi i HAIIOBHIOBAYiB

1. Buoip moneui i MmeToiB po3paxyHKkiB

1. Hexaii cTpyKTypa KOMIO3ULiiiHOT0 MaTepiaay
yIBOpEHa  MOJIMEPHOI0  MATPHICI) 1  YaCTHHKAMU
HAIIOBHIOBAYa, B’ S3KO-TIPYXKHI, IUTACTHYHI Ta MIIHICHI
BJIACTUBOCTI  SIKUX BIiZOMi; KOMIIOHCHTH KOMIIO3UTY



Onrtumizaliist HOJIiMEPHOTr0 KOMITO3UTY, HATOBHEHOTO CHEPUIHUMH ...

OIHOPIIHI 1 MIITHO 3B’ sI3aHi 3 MaTPHUIICIO HA MEXI PO3ILTY
(a3, a MaTpuIpl, KpiM NPYKHUX BIACTHBOCTEH — MOIYIs
npyxHocTi Eg — Mae B SI3KICTb 1)g 1 MEXY IUIACTHYHOCTI To,
SKi IANOPAIKOBaHI yMOBaM Tekydocti Miszeca Ta
piBHsAHHIO B’ si3kompykHocTi Makcpena [10]. Iaaexcu y
CHUMBOJIaX BEJHMYHH BimMHOCATHCS 10 chepuuynux (S) Ta
emincoinuux (f) wactunok, MaTpuii (0) Ta HamoBHIOBaYa
(1) BiamosigHO

BiamoBinHO, TrpaHMYHO  HamNpyXKEHHH  CTaH
KOMITO3HTY, SIKMI BUHHUKA€E MpHU a0pa3MBHOMY 3HOIIYBaHHI,
miysirae  eHepreTH4Hid  yMmoBi ruiactuaHocTi  Miseca.
[punycrumo, o npyxHi nepopmarii Maii y mopiBHIHHI 3
mwiactTuyHuMi.  Tlonst mBuakocted nedopmariit g i
HaNpyXeHb  Gijj € CTaTHCTUYHO OTHOPIAHUMH 1
3aJI0BOJIBHSIIOTH YMOBaM €pProJJMYHOCTI.

2. HamoBHIOBaY YSIBJISIE CO00I0 BKJIIOYEHHS Yy
BUNIIAAI chepruHux (MOPOIIKOBUX) YACTHHOK, SKi 3ajaHi
po3Mipamu Bix R 10 I, Ta TUCKPETHUX YAaCTUHOK y BUIIISII
BUTSATHYTHX CJIMCOINIB OOepTaHHs 3 HAmiBOCAMH a i b, i
CMiBBiJIHOIICHHSIM ~ HamiBoceit a/b  abGo  BimHOUICHHS

CEepEeNHbOI TOBKUHU | 1o CEPENHBOro JiaMeTpy d:

z=|

qd (@)

MikpooO’'eM KoMIO3UTYy Vi CKIamaloTh 00 €M
4acTHHOK V1, a 00’ eM momiMepHOi Matpuili — V. Pozmoain
YaCTHHOK HAllOBHIOBa4Ya Yy IIOKa3HOMY MakpooO' emi
HOCHTb CTATUCTUYHHUIN OMHODPITHUAN XapaKTep.

3. 3a1aM0 reoMeTPHYHY XAOTHYHY CTPYKTYpy

KOMIIO3UTY  CTATUCTUYHO  ONHOPIAHOK  130TPOITHOMO
iHmuKaTopHOIO (yHKIieo & [23,24], ska mnpuiiMae
3HAYCHHSA  OJMHHUII  HA  BIANOBIAHMX  YaCTUHKAX

HAMOBHIOBAYA 1 Hy/sl y AUTsAHII noniMeproi Matpuii [0;1].
MaTeMaTUYHUH  ONUC  BJIACTUBOCTEH  IHAMKATOPHOI
¢GbyHKIIT @& Ta Ti cepeqHBOro 3HAYCHHs <&> NMPUBCACHI B
[25-30]. Cepenne 3HaueHHs iHAUKATOpPHOI (GYHKIIT <a>
JIOPiBHIOE MpUBe/IeHiH (BiTHOCHII) 00’ eMHIH KOHIIEHTpAITiT
YaCTHHOK HAmoBHIOBada V; B 00'emi kommo3utry Vi
[23,24]:

2

<ge>= i = Vn’

Vk
ne N =f, S— Tum yacTUHOK.

[3 ymMoBHM eprogu4HOCTi BHWTIKae, IO CepenHi
3HAa4YeHHs 3a 00'€MOM MIBUIKOCTEH Aedopmariit <gj> Ta
HanpyxkeHb <o;> MoxHa obumcmoBatn 3a [10],
BUKOPHCTOBYIOUH IHTEIpyBaHHS 32 V.

[Tnactuyni BJIACTHBOCTI KOMITO3H LI HHOTO
MaTepialy  BH3Ha4a€ TyCTHHAa  IIPY)XHOi  eHeprii
nepopMyBaHHA — aucHnaTMBHAa (QyHKHit D*(<g>) —
MiHIMaJbHE 3HAYEHHS UIBHJKOCTI JAWCHIAIN] eHeprii,
BIJIHECEHOI J0 OMMHUII 00’ €My JUIS AOBLTBHO (DiKCOBAHHMX
cepenHix 3HaueHb <g;j> [31, 32].

4. Bapianiiine 3aBJaHHA BH3HAYEHHSA
BJIACTHBOCTEH KOMIIO3UTY MOXHA C(HOPMYJIIOBATH SIK
YMOBH €KCTPEMalbHOCTI JucunatuBHOi (yHKii D* (g) Ha
MHOXHHI CTaTHCTHYHO onHOpiauux mois [10, 23, 31, 32]:

D*(<g; >= min— Pe)dv: 3)
Vi v,
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D (<e; >)
1< e; >

3 yMOB IUTAaCTHYHOCTI Mi3eca BUTIKAE:

nns matpuii D(e) =t o, /€€ ; ®)

JUISL YACTHHOK HanoBHoBava D(e) =t | leijeij , (6)

Jie To, T; — MeXa IUIACTUYHOCTI MiJ 9ac 3CyBY MaTpHIl Ta
HAIOBHIOBA4a BiIOBITHO.

5. ucunatuBHy ¢yHKHOil0 y Oyab-skid Toumi
00’ €My MOXKHA MTPEACTABUTH Y BUTIISII!

(<s;>)= (4)

(")

ne e =[10(1-®) + 1. ] &, (8)
BukopucroByioun Mmeroauky [10], MoxkHa 3HaiiTn

TOYHE MiHIMaJIbHE 3HAUYeHHs TUcUIaTUBHOI PpyHKHii D*:
2_t2
1%
tg
6. Ilpu TakomMy miaxodi, BUKOPHUCTOBYIOYH
Bapiamiitauit Meros [33], 3a [10, 31] 3HaxoAATH Pi3HHUINO
IUIACTUYHOCTI TPU 3CYBI KOMIO3HWIIIHOIO MaTepiaiy B
3aJIC)KHOCTI BiJ KOHIIEHTpAIlil HAIIOBHIOBaYa 3 aOCOIIOTHO
xopctkumu cepuunnmu [10] Ta miactuHuactumu [11]
YaCTHHKaMH. 3aCTOCOBYIOYH PO3pOOJIEHUH MaTeMaTHIHUIH
amapar [10, 11, 23, 24, 31-36], 3Haiizemo iHmi
XapaKTePUCTUKH KOMIIO3UTY 3 OiHApHUM HATIOBHIOBAYEM y
BUIUIAAI ChEpUYHUX 1 CIINCOIMHUX YACTHHOK, SKi
HEeOoOXiHI Uil po3paxyHKIB aOpa3MBOCTIMKOCTI i BUOOpY
CKJIaZly KOMIIO3HTY.

D*(<g; >=t [<g ><g; >+ V, <g; ><g; > ® min’ ©)

2. Po3paxyHKH XapaKTepuCTHK
BJIACTHUBOCTEH MOJIMEPHOI0 KOMIIO3UTY

1. Byaemo po3riasaaTH TPUKOMIOHEHTHUH
KOMITO3HMLIIHMI MaTepian sK CKIaJHy iepapXidyHy
cTpyKTYpY [8], siKa posaineHa Ha piBHi:

nepwiuil pieeny — MATPUIHUM KOHTJIOMEpAT, SIKUM

CKJIAZIA€ThCS 13 TOJNIMEPHOI MaTpHIll Ta CTATUCTUYHO
OMHOPIHO PO3MOMUICHHX y HIH  eIiNCcOimHuX
YaCTHHOK;

opyzuii  pieeHb CTPYKTypa KOMIIO3UTY, fKa

CKITQJIA€ThCS 3 MATPUYHOrO KOHIJIOMepary ([epuioro
piBHS), B IKOMY CTaTHCTUYHO OJHOPiTHO PO3IOiTIeHi
chepuvHi YaCTUHKY.

2. Jlas crnpomeHHsI aHANITUYHHX 3aJIeKHOCTel
npuiiMaemo, mo chepuuHi YaCTUHKHA aOCOIFOTHO JKOPCTKI
(e mpumymeHHs  (i3UYHO  KOPEKTHO, TOMY  IIO,
HANpHKIaL, s CPepUYHHUX YaCTUHOK ITOPOIIKY KapOimy
TUTaHy 1 TOJIMEpP-MaTpHii  MOJITeTpadTOpPETHIICHY
BigHomenus TtiBepaocteii Hg/Hy = 700). 3rimuo [37],
MO)KHA 3HEXTYBaTH BIUIMBOM KoedirieHta IlyaccoHa Ha
MaKpOBJIACTUBOCTI KOMIIO3UTY i3 chepuuHIMU
YaCTUHKAMH, IpUHABIIH foro 3HadeHHs 0,5.

3. Toai, BukopucroBywuu [11], orpumaemo s
JIPYroro piBHA CTPYKTYpH KOMIIO3HTY CIIiBBiIHOIICHHSI
nokasuukie  npyxkuux (Ey) 1 mmactmumux (T )
BJIACTHBOCTEH KOMITIO3UTY:
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& b
v
E, =E,Cl+

I-O:

ES:.

(10)

sz

P
3., 0
k:t1§+_vs+’
e 2 g

00’'eMHa 4vactka chepuunux (S) Ta

(11)

ne VgV
emncoiguux (f) yacTHHOK BiAMOBIAHO, CHiBBIAHOIIECHHS
MIX SKAMH 337a€ThCSI BUPA30M:

Vs +Vf +V0 = 1,
ae V — 00’ eMHa JacTKa NoliMepHOi MaTpyLLi.

4. BUKOPHCTOBYIOYM TPUHLHUI B’ SI3KOMPYKHOI
anasyorii  Bometepa [10, 34, 37], otpuMyemo
CHiBBiIHOIIEHHS T B’ I3KOCTi (1] ) KOMITO3HUTY IPYroro
PIBHS CTPYKTYpH:

VAR
ST

h, =h,Cl+ -2 - (12)
()

VY Bupazax (10) — (12) Ei, 11, N1 — MOAYIb MNPYKHOCTI,
MeXa IUIACTHYHOCTI TPH 3CYBiI 1 B'S3KiCTH MaTPUYHOTO
KOHTJIOMEpaTy MEPIIOro PiBHS BiAMOBITHO.

5. PosriasineMo [BOKOMIOHEHTHY CTPYKTYpY
niepiioro pieHs. Bukopucrosyroun [10], 3Haiimemo:

1+(Q,- Vi
E0

(13)

E, (14)

+6 Eo O
gQVf E;-Eop
6. Baaciigok B’ si3konpy:kHoi aHaJorii Bonsrepa
[10, 34, 37] Bupa3 mwis B'SI3KOCTI KOMIIO3UTY OTPUMYEMO
saminoro B (14) 3HaueHb MOAYJTIB  TPYKHOCTI
KoedilieHTaMu B A3KOCTi (3 ypaxyBaHHAM YMOBH 1); — 0,
TOOTO mMpuUiiMaeMo, IO YAaCTHHKM HAINOBHIOBaYa HeE
MOB3YTh):

F O (15)
1-V

f @
ne Eo, To, Mo — MOIynb MPYXHOCTi, MEXa IUIACTHYHOCTI
TIPY 3CYBI 1 B’ A3KICTh MOJIIMEPHOT MaTPUIIi BiAMOBITHO.

7. 3anexkHicTH TBEPAOCTI KOMIO3UTY Bix BMicTy i
pO3MIpiB  CPEPHUYHMX 1  CNINCOITHUX  YaCTUHOK
HAIIOBHIOBaYa OYyNIM 3HAWOCHI y MPUIYIICHHI, IO
YaCTHHKY HAINlOBHIOBAaYa y KOMIIO3UI[IHHOMY Matepiaji He
pyHHYyIOTBCS 1  IUIACTUYHO  HE  JeOpMYIOTHCS.
Bukopucrosyroun [10, 36], micns  BiAMOBiAHOTO
TIEPETBOPEHHS 1 CIPOIIEHHS, OTPUMYEMO (QOpMYIy st
TBEPJOCTi KOMIO3UTY Y BHTJIS:

h; =h,

H, =HO\/(1- V; - Vg +QV, +ng)’ (16)

ne Q — (QyHKIiSA TeOMETPUYHUX TapaMeTPiB ETINCOiTHIX
YaCTHUHOK.

8. V¥ Bupazax (13)—(16) ¢yukuii
BH3HAYAIOTHCS TAKUM YUHOM:

Qi i Q
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2(1-8R;- TR,) | 2(R, - R,)

o - " 5(- 4R,-5R,)  15R, 17)
! 2(2R, +R,)
& 0
o (18)
Q=261+ Oél N
¢ 6R,+ 0. E,-
§ E, 2
ne yHkiii Ry, Ry, R BU3Ha4atoThCs Tak:
1-a’é )1, 1+a .U (19)
R, = A3-a“)=In - 34
o4t e( ) 2 1-a H
Rzzé(l 4R, - R,)’ (20)
-1 (l ash +2. §(1 )EI _l+a (21)
2 2 2 1-
0L ISl eJTTICOIIHOT YaCTHHKH BOJIOKHA z[opiBH}oe:
= J- z2), (22)
e zZ=—.
[Ipu pospaxyHkax m; 3HaueHHs1 QyHKUii Q HaOyBae
BUIIIANY.

Q = 2? + Eg

6R, o

9. CuisBignomenns (13), (14), (15) minctaBumo B

(10), (12) , (12), Toni micranemo HOpPMYITY LIS BiTHOCHOTO

MOJYNISl TPYXKHOCTI TPUKOMIIOHEHTHOI'O KOMIIO3HUTY 3

HAIOBHIOBAYaMH Yy BUIVISAIl eNNCOIIHUX 1 CQEeprUYHHX
YaCTHHOK:

(23)

=] 0

+ (24

E :E gl"' Qvf +Q2VS - ( )
O v v Qo QVSE, <
g ! s (Ef - Eo) (Es' EO)B

10. 3 [10], BpaxoByrouu [34] Ta nponopuiiHicTh
E i o, BuTIKAE:

e 6
0,1 - (25)
Q=2x1+ E s
¢ 6R; +%-Ey=
e = 2
Q= 1 (26)
=
E, 2
Es-E, 5
ne Q — QyHKmis TeoMeTpUYHMX ~TapaMeTpiB i
XapaKTepPUCTUK TIPYNKHUX BJACTHBOCTEH  eJiICoiqHuX
YaCTHHOK;
Q. —  QyHKUmi®  XapaKTEepUCTHK  INPYKHUX
BJIACTHBOCTEH CPEPUIHNX YACTUHOK.
11. 3acrocoByroum MeTOA B’ A3KONPYKHOI

anasorii Bomerepa [10, 34, 37], Bupa3 mis B'sA3KOCTI
KOMIIO3UTY OTPHUMYEMO 3aMiHOO y (opMmyrni, sKka
XapaKkTepu3ye 3aJIeKHICTh HaNpyKeHHs Bix Jedopmariii,
3HAYEHHsT MOJIYJsl TPYXKHOCTI 3HA4YEHHSAMH KoedilieHTa
B’ SI3KOCT1, BPaXxOBYIOUH, IO B MPOIIECi pyHHAI] YaCTHHKH
HaroBHIOBava He moB3yTh (1/m—0), nictanemo:
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2 S5, 0
¢ QVi+_Vg+ 27)
h, =h 2__+
k =N+ ——=—"
§ 1-Vi-Vg+
2
Tyr ¢yskuis  posnominy Q  BU3Ha4aeThcs
CHiBBi/IHOIIECHHSIM
01 0
Q=28+ 222 (29)
6R , o

12. Mexa WIACTHYHOCTI mix dWac 3CyBy uis
TPUKOMIIOHEHTHOT'O KOMIIO3HUTY JIOPiBHIOE:

t, =t 0[1+(Q1 - l)Vf]><§.+gVS

13. 3navenns ¢pynkmiii Q, Q; m1a BCix mpakTHYHO
3Ha4YeHb Z, SIKi 3yCTPiUaloThCsl B MPAKTHIl, NPUBEACHI Ha
puc.l. 3BanmexHicte po3paxyHkoBux 3a (16) Ta
eKCIIEpUMEHTAJIbHUX  JAHUX  BIJHOCHOI  TBEpPAOCTI
KOMITO3UTY BiIl BMIiCTy Cc(EepHYHHX YaCTHHOK Ta
BIIHOCHOTO  MOAyJst — mpyxkHocti 3a  (24)  Bix
CHIBBI/IHOIIEHHST JIOBXXMHH JI0 J(iaMeTpy eJiICcoiHuX
YaCTHHOK (I  eKCIIepUMEHTATbHUX  JaHUX ISl
komnosuty. I[IT®E + mnopomok kapOixy TuTaHy abdo
BYIJICIIEBI BOJIOKHA i3 KapOoHi30BaHOI TkaHuHH Y TM-8)
TIpUBEJIEHI Ha pUcC.2.

14. TeopeTnuHi 3a1e;KkHOCTI BiTHOCHOTO MOTYJIsI
npyxHocTi EW/Eg TPUKOMIIOHEHTHOTO KOMITO3HTY Bij
00'emHol yactku emincoinaux (Vi) i cohepuunux (V)
YaCTHHOK, [0 po3paxoBaHa 3a (24), npuBeaeHi Ha puc.3a,
BiJIHOCHOI B'SI3KOCTI 1)«/1)o TPUKOMIIOHEHTHOTO KOMITO3HTY,
mo pospaxoBaHa 3a (27), mpuBerdeHa Ha puc.30, a
BigHOCHOI  TBepmocti  HW/Hp  TpukoMmoHeHTHOro
KOMIIO3UTY, 1[0 po3paxoBana 3a (16), npuBeneHa Ha puc.4.

0.

(29)

25 50 75 Z

QY Q
/
10* 4 16
y
10° ! 12
/ Q

10° 8

101/ Ve 4
0

10° 10! 10? 10° Z

Puc. 1. 3nauenns ¢ynkuiit Q; i Q s criiBBiIHOLIEHHS
JMOBXUHU 710 giametpy (Z) emimncoiHUX YaCTHHOK
KOMITO3HIIITHOTO MaTepiaiy.

3. CTBoOpeHHs KpUTepil0 onTUMi3auii

1. Jlas BuGopy kputepilo onTumizamii, sKuii
HaAiHHO MOXE JaTH  OIIHKY  aOpa3uBOCTIHKOCTI
HAIlOBHEHUX MOJIMEpIB, HEeoOXiTHO Opatu
XapaKTePUCTUKH KOMIIO3UTY, SKi HaJiiHO BU3HAYAIOTHCS
3a XapaKTePUCTHKAaMH BUXIJIHUX KOMITOHEHTiB. Kpurepii
TPaHUYHO JOMYCTUMOIO 3HOCY KOMIIO3UTY ITOBHHHI
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XapaKTepu3yBaTH MOYaTKOBI MIPOSIBU nporecy
KaTacTpohiyHOro abpa3sMBHOIO 3HOIIYBAaHHS (HATIPUKIAI,
TEKy4oCTi, TpaHW4HOI maedopmariii), sKi HEPEeayIOTh
MOBHOMY py#iHyBaHHIO Kommo3uty [13—15]. Takum
YMHOM, y 3B’S3Ky 3 TaKUM MIMPOKHM TIyMadeHHSM
KPHUTEPII0 TPAaHUYHOTO CTaHy 1 aOpa3uBHOTO 3HOIIYBAaHHS,

MPaKTUYHO HEMOXKIIMBO  OXapakTepusyBaThd HoOro 3
JIOCTaTHIM CTYIICHEM BHU3HAYCHHS.

2. TpaHMYHMM CTAHOM MOJiMepy 4YacTo
Ha3WBAIOTh TaKUWd HANPYKEHUH CTaH, TpU SKOMY

MoAaJbIIe IiJBUIICHHS HANPYXEHHS CYIPOBOKYETHCS
MpoLecoM BHUMYIIEeHOI aedopmarii. [Ipu cymicHUITBI B

OJHOMY  aHAJITHYHOMY  BHpa3i  yMOB  KpPHUXKOTrO
pyHHYBaHHS 1 BUMYIIEHOI BHCOKOEIACTUYHOI Aedopmarii
MOXXHa CTBOPDHTH Yy3arajJbHEHi KpUTepii T'paHU4HO

HaAIPY)KEHOro craHy. HeoOXigHicTh B pO3poOIi Takux
y3araJlbHEHUX KPUTEPiiB BUHHUKAE Y 3B’ SI3KY 3 THM, IO TIPH
3MiHI CTaHy HamnpyXeHHs MpPOXOIUTh 1 3MiHa YMOB
TPaHUYHHUX TepexoiB [15].

Ilpn HU3BKI WBHUAKOCTI 3CYBY HAIOBHEHHWH
TIOJTIMEp MOBOJUTH ce0e SK TBEPAE TiJIo, TOOTO HE BUSIBIISIE
Tedii 10 MOMEHTY JIOCATHEHHSI KPUTHUYHOI HAIpPYyXXEHOCTI
3CYyBYy — MEXi MIIHOCTI 3cyBy abo Mexi Texydocti [11].
Cepen  pO3OpIEHTOBaHMX  BOJIOKOH  MaKCHMaJbHE
HANpPY)XEHHS BHUHUKAE Y3JIOBXK BOJIOKOH, OPIEHTOBAHUX Yy
HAINpPSIMKY MaKCUMAaJIBHOTO HAIIPY>KEHHS PO3TATY.

E. 0 0,1 0,2 0,3 0,4 05 % Hy
Eo Ho
o
4 2,0
B R -
S WS S i 1,5
—— p—— 3 »
LI S —'/ L—
——"7 A et —— ] / 3
2 L ~ L —] — 11,0
i / L— 2
T |
11— 0,5
0
0 5 10 15 20 25 Z

Puc.2. 3anexHicTh BIAHOCHOI TBEPJOCTI MOIIMEHOIO
komnosury (Hy/Hp) Big 06’ eMHOr0 BMicTy chepraHnX
qacTiHOK (Vs) B HBOMY Ta BiJJHOCHOTO MOIYJIS
npyxHocti komrno3uty (Ew/Ep) Bin cmiBBimHOMmIEHHS
JIOBXKUHH JI0 JliaMeTpa eITMCOITHUX YaCTUHOK (Z) Ast
00’ eMHOTr0 BMicTy enincoinaux dactuaok (Vi): 1’ — 0;
2-005 33-0,1 4 - 015 55 — 0,3; 6 — 0,25
7—-0,3. ExcrnepuMeHTanpHI JaHi I MOIYJSL
TOPYKHOCTI (CYIUIbHI TOYKH) i TBepaOCTi (MOpOXKHI
TOYKH).

3. Mpuiivemo Bimome moJoxkenns [34], 3rinHo
SKOTO MEXI TEKydoCTi MaTpHili Gp 1 KOMIIO3HUTY Oy
mponopuiiiHi X TBepaocti Hog i Hy BimnmosigHo.

Mexi TEKy4OoCTi PO3IVISHEMO SIK MEXi MIIHOCTI,
BUXOJISIYU 3 TUX YMOB, IIIO TIPOIEC PYWHYBaHHS MOJIIMEpPY
mig 4ac aOpa3WBHOrO 3HOLIYBAHHS CYIPOBOKYETHCS
3HAYHUMH TUIACTHYHUMH JedopMamisMi, a KpPUXKHUH
XapaxkTep pyHHYBaHHS MPUBHOCITH BOJIOKHA 1 cepuyHi
YacTHHKU. JIOCATHEHHsT YacTHMHKAaMH  HaIllOBHIOBaua
HaNpyXeHb, TPH SKUX BiAOYBAlOThCS iX pyHHYBaHHS,
MOkHa BUpasutd ymoBamu [10], KOIH MillHICTh YaCTHHOK
HAIIOBHIOBaYa Gj JIOPIBHIOE BEJIWYWHI HANpPYKEHHS, sKa
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obuucieHa Uil HE3PYHHOBAaHMX IKOPCTKHX YaCTHHOK
HAIIOBHIOBAYa!
S, ° Slei ' (30
HK

4. YmoBHu xopcTko-miuactuunocti (16) mix wac
pyiHanii yactuHok HamoBHIoBa4Ya (30) He BHKOHYIOTHCS
TOMY, IO HEOOXiJTHO BpaxyBaTH NPOLEC pPYHHYBaHHS
yacTuHOK. [lif yac pyiliHauii 4aCTHHOK TBEPIICTH 1 Meka
TEKy4OCTi KOMIIO3UTY CYTTE€BO He 30LIBLIYIOTHCS 13
3pOCTaHHAM 00 €MHHMX KOHIIEHTpallii HaloBHIOBaYa Ta i3
301IBIIEHHSIM JIOBXKMHHU BOJIOKHA, TTOPIBHSHO 3 BUIIAJKOM,
KOJIM YaCTHHKU HE PyHHYIOTHCS.

5. Mincrapasiroun (16) y (30) 3Haxomumo
KPUTUYHI KOHIeHTpalii HamoBHIOBauiB V¢, Vs, mnpu
SKMX  YacCTUHKM  HAIlOBHIOBAYiB  KOMIIO3UTY  He
PYHHYIOTBCS, JIMIIAIOYNCh IUTUMH. TakoMy KpUTHYHOMY
CTaHy BiANOBia€ PiBHSHHS:

5

.3
EVS* ( )

L2
gas_Ong =1- V; *- Vg *+QV, * +
S1 @
Y ToMy BHMNaIKy, KOJNM YacTUHKH HAINOBHIOBaua
KOMITO3UTY PYHHYIOTbCS, TO TaKOMY CTaHy BiJIOBiJa€e
PIBHSHHS:

5
Evs*]'

.2
?—Ong <[1' Vf *'VS*+QVf *+
S a

(32)

Puc.3. 3anexHicTh BiIHOCHOIO MOIYJIS HPYXKHOCTI
EJEy (a) Ta BigHocHoi B's3kocTi M/Mo  (0)
TPUKOMITOHEHTHOT'O ~ KOMIIO3UTY Bim 00’ €MHOro
BMmicty chepuunux (Vs) T1a emimcoimaux  (Vy)
YAaCTHHOK HAMOBHIOBAYA.
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Y ToMmMy BHMNaJKy, KOJNM YacTUHKH HAIOBHIOBaua
KOMITO3UTY BUCMHUKYIOTBCSI 3 MATpUIl, 3aJIHIIAI0YUCH
LINMH, TO TAKOMY CTaHy Oyze BiJIlIOBiIaTH PiBHSIHHS:

5

B
\VASE
23]

L2
g—Ong >[1- V% - Vg™ +QVy * + 33
S1 g

6. Ileli BHCHOBOK Ja€ sIKiCHe IOSICHEHHS
eKCTpEMaNIbHIM 3aJeXHOCTI aOpa3suMBHOI 3HOCOCTIMKOCTI
KOMIIO3UTY BiJ BMicTy HamoBHioBa4iB [6, 13, 14].
Hocmimkennst [15, 38] mokasyroTe Ha OCOOJHMBI Mexi
IUTACTHYHOCTI KOMIIO3UTIB Y 3aJISKHOCTI BiJl KOHIICHTPAITiT
HAMOBHIOBAYIB. JiHIHHKEA XapakTtep 3ajexHocTi (s
BUIMAJKY IUTACTHYHOTO CTaHy YACTHHOK HAIMOBHIOBAYiB)
a00 3aKOHY KBaJ[paTHOTO KOpeHs (U1 BUMAIKY KOPCTKOTO
CTaHy YaCTHHOK). Y 3aranbHoMy BHUNanky [38] HeoOXimaHO
BU3HAYUTH YOTHPH JUISIHKA Ha KPUBHX Je(opMyBaHHS
KOMITO3HTY:

1) wMarpuIld i YaCTUHKM HAIIOBHIOBAYiB 1e(hOPMYIOTHCS
MIPYXKHO;

2) wMatpuns aeQOopMyeThCs TUIACTHYHO, YACTUHKH —
MIPYXKHO;

3) MaTpuI i YaCTHHKH Ae(POPMYIOTHCS IACTHYHO;

4) onWH 3 KOMIIOHEHTIB MOYHHAE PYHHYBATHUCS.

7. Bin xoHumeHtpanii HaNmOBHIOBAYiB 3aJIe’KUTh
MOCTYN pYHHAIT KOMIIO3UTY, SIKUH € HACIIJKOM pyHHAIii
OJIHOTO i3 KoMIOHEHTiB. lle MoxkHa Bu3HaumTH 3a (31),
(32), (33). Y 3aranbHOMY BHIAJKy TBEPAICTh KOMITO3HTY,

apMOBAHOTO SMITCOITHUMH YaCTHHKAMH, Oyne
Bu3HavaTHcs 3a (16).

Jnsa  BUmamky, KONHM  ENMNCOIAHI  YAaCTHHKH
pYHAHYIOTBCS, BHKOpHUcTaeMo Meron [12], sxkuit (3a

AHAJIOTIEI0 3 TEOPI€I0 MPYKHHUX KOMITIO3UTIB) MPUBOAUTH
JI0 BUpasy:

1 , (34)
H,=H, 1+ 5
1-Vq S
t— 2
VSQII S 1~ S 0
ne GyHKIisa Q) BU3HAYAETHCS 32 (HOPMYIIOFO:
1+ 5 24(R12_ _TZ)
Q, = 585(s1-Sg) -1+6R, (35)
"S-85 2R - Ry)
Hi
Ho
Puc.4. 3anexuicts BimHocHoi TBepmocti H,/Ho

TPUKOMITOHEHTHOTO KOMIIO3UTY Biji 00’ €MHOI 4acTKu
chepuunux (Vs) Ta emimcoigaux (V) yacTHHOK
HAITOBHIOBAYa.



Onrtumizaliist HOJIiMEPHOTr0 KOMITO3UTY, HATOBHEHOTO CHEPUIHUMH ...

TPUKOMITOHEHTHOTO KOMITO3HUTY Bifl 00' €MHOI YacCTKH
emimcoimaux  (Vy) 1 cohepuunux (Vs) yacTHHOK
HAIOBHIOBAYiB [T0Ka3aHa Ha puc.4.

8. Ilpmiimemo, mo jedopmamisi Ta B A3KICTH
MOMIMEPHOI MaTpHIli 1 KOMIIO3UTY B IIJIOMY IIOB’si3aHi
CIIiBBITHOIIIEHHIMH:

1
do = —
h
0
(36)
1
dk -—
hy
TeopernuHi  3aJ€KHOCTI  BIJHOCHOTO  MOZYJIS
MIPY>KHOCTI E i BimHOCHOI Aedopmarii d_k — h_o
0 do by

TPUKOMITOHEHTHOTO KOMIIO3UTY BiJ] 00’ €MHOTO BMICTY
enmincoiqaux V¢ i chepnunux Vs 4aCTHHOK HAIOBHIOBaYa
HaBe/IeHI Ha pHC.D.

9. AHani3z  pe3yJbTaTiB  TeOPeTHYHOrO
nocipkenns (puc.5) Bkasye Ha Te, HIO i3 3POCTaHHAM
00’ €eMHOTO BMICTY ENINCOIJHAX YaCTUHOK B TOJIMEpHii
MaTpHlli TPUKOMIIOHEHTHOI'O KOMIO3UTY aOpa3uBHa
3HOCOCTIMKICTh TOBHHHA CHOYATKy 30LIbIIYBAaTHCS, NPH
BOMY XapakTep 3HOIIYBaHHS BINNOBiZae pyHHamii
BOJIOKOH, SIKi IPUAMAIOTh Ha ce0e OCHOBHE HABAHTA)KEHHS,
«crpanpoByroum» eHeprito  pyinamii. [lorim, micius
JOCSITHEHHSI ~ KPUTHYHHUX  KOHIIEHTpaIlii, Tporec
abpa3uBHOTO 3HOIITYBaHHS oyne BIJIMIOBIIATH
BHCMHKYBAaHHIO HE3pYHHOBAaHHX BOJIOKOH 3 MAaTpHIIi, HIO
MOX€  TPUBOAUTH 1O  3MEHIICHHS  abpa3uBHOL
3HOCOCTIMKOCTI. AHanoriuHi edexTn OyayTh TOB si3aHi He
JIMIIE 3 KOHIECHTPAIlisIMA HAIIOBHIOBAYIB, a W 3 IPUPOJIO0
MOMIMEPHOI ~ MaTpHIili, MPUPOIOID Ta TEKCTHIHHOIO
(opMOI0 HATOBHIOBaYiB, HANPSMKIB MIApiB TKaHUHU a00
1IapiB BOJIOKOH, CAMUX BOJIOKOH LIUX TEKCTWJIBHHUX (hOpM
BiJTHOCHO TIOBEpXHI TEpTs, BEKTOpa IIBUIKOCTI KOB3aHHS

Ta HampsMKIB TIpeCyBaHHA 3pa3ka 1  HamNpsIMKY
HOPMaJBHOTO  HABaHTAXEHHS HA  3pa30K, CXEMH
(GpUKIIHHOIO  KOHTaKTy, (OpMH  3pa3KiB, yMOB
BUIPOOYBaHb — BEIWYMH MUTOMHX 1 HOPMaJbHHX
HaBaHTa)X€Hb, IIBUJAKOCTI  KOB3aHHS, TEMIEpaTypH

MOBEpXHI TepTs, Hulaxy (dacy) BHIPOOYBaHb TOIIO.
[NoBepxHi 3pa3KiB TePTs, METAJIEBUX CHPSHKEHNX ITOBEPXOHB 1
BYIVICIIEBUX BOJOKOH JOCTIDKYBaJd Ha PacTpPOBOMY
eJIeKTpOoHHOMY Mikpockoni POM-200 i3 3xaTHicTIO 11O
po3B’s3anHsa 00’ ekty 30-50 HM Ta 30UTHIICHHSAM Bing 20 10
26000. 3061IbIIeHHST 3MIHFIOBAIN CTYICHAMHU 3 KOMIICHCAITIEI0
Mg 4Yac 3MIHM NPHCKOPIOIOYOI Hampyrd 1 1udposiit
peectpartii. 3pa3ku 3HIMaIM y 3BHYAHOMY pexuMmi Ta 3
BUKOPHCTaHHAM  «y»MOJYJSIi. PiBeHb «y»-MOIyssiiii
MAOUpany  Bi3yalbHO MO 3HIMaIBHOMY 00'€kTy (mpH
HEO00XiJTHOCTI HABMUCHO 30UTHLTYBAIIN PIBEHD <«y»-MOYJISLIT
JUIs BUSIBIICHHS eheKTy 1 rpaHuii posminy ¢as). I[ToBepxHst
3pa3ka mepen 3HOMKOIO PETEbHO OuMIIAacs PO3YHHOM
XPOMITIKa 1 €THIOBUM CIUPTOM. 3pa3Ku, sIKi Mayi BETUKHUI
TIMTOMUI €IEeKTPUYHUI OMip, I JI€I0 ENEKTPOHHOTO MydYKa
3apsDKAIIACS, 10 TPUBOJAWIIO IO BUKPHBIICHHS 300pa)KeHHSI
00’€ekTy. 3 METOIO 3HATTSl €JIEKTPHYHOro 3apsiy MOBEPXHI
TaKMX 3pa3KiB TOKPHBAJIMCS IIApPOM 30J0Ta TOBIIHHOIO
10-12 M. TepmiyHe HanmJIeHHS 30710Ta IPOBOAWIM 32
JIOTIOMOT'OI0 BaKyyMHOT'O YHiBepcasbHoro rnocry BYTI—4. Ha
puc.6  mpuBeneHi  CBITJIMHM  TIOBEpXOHb  TEpTH
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KapOOKOMITO3HUTIB (IO CTaIeBUX MOBEPXHSIX) Ha OCHOBI:

a — (x1520) — apomaTHYHOro mojiaminy (eHiIoH
C-2 + 20% xapOonizoBanoro I'l[-Bomokna YTM-8 3
KIiHIICBOIO TEMIIEpaTyporo TepMooOpooku T 1123 K
(HampsIMOK IIApiB i caMHMX BOJIOKOH BiJHOCHO IOBEPXHi
TepTs Ta Bektopa mBuakocTi LLLRLR);

6 — (x600) — xapborekcromiTy (emokcuaHa cMoja +
60% kapOomizoBanoi I'll-tkammam YVYT-2 [cxema
KoHTakTy. mapanenemninen 9,4x9,0x15MM Ha miomMHI;
MMATOME HaBaHTa)KEHHSA P=2 MIla (nopmMasbHe
HaBaHTakeHHss Ha 1 3pasok N; = 170 H), mBuakicts
koB3anHs v = 0,54 m/c; Temneparypa koutakty T = 303 K;
nursx teptss S = 400 kM]; HAnpsIMOK MIApiB TKAHUHU Ta
BOJIOKOH OCHOBH Ta MiATKAHHS BiTHOCHO MOBEPXHi TEPTS
Ta BekTopy mBuakocti LLLL(LT).

B — (x920) — apomatuynuii moiamina ¢eninon C-2 +
20% rpaditoBanoro BucokomonynbHoro ITAH-Bomokna
BMH-4 (Tx = 2673K) [cxemMa KOHTakTy. cdepuuHa
(paxiyc chepu R = 6,35 mm) KiHIiBKa BTYJIKU (BHYTpIiLIHIit
nmiamerp 28,5MM, 30BHImHIA miamerp 41 MM, BucOTa
22 mm) Ha rommai; Nj = 300 H, v = 0,9 m/c; T = 600K;
S = 42 kM; HanPsAMOK M1apiB i caMmux BooKoH LLLRLR];

r — (x2750) nmoniterpadroperuneny + 20% YTM-8
[cxema koHTakTy: BTynka (B) Ha miommHi; P = 1,3 MIla
(N; = 300H), v = 09m/c; T = 600K; S = 42km;
HAMpPSAMOK HIapiB i caMux BoMOKOH LLLRLR];

r — (x850) — kapOOBOJOKHUT (STOKCHIHA CMOJa +
55% kapOOHI30BaHOTO BOJIOKHA T'palieH) [cXxeMa KOHTAKTY:
3pa3ok y BUIIIAAI 3pizaHoro koHycy (miamerpom 10 mm,
Bucotoro 15 mM, kyr posxmwiry 90°, niamerp KiHIIBKH
4,8 MM) Ha IUIONIMHI; CTyIEHEBE HaBaHTAXKEHHS Bim P
5,8 MIla (N; = 105 H) 10 Py = 86,3 MIla (N; = 1560 H)
kpokoM AN; = 15H; cymaphuii nusix Teprs é S

98 km 3 kpokom AS = 1xm; v = 0,54 m/c; T = 303K;
HAMpPSMOK MIapiB i caMmux BomokoH LLLTR];

1 — (x1200) — momiterpadropermieny + 20% YTM-
8 [cxeMa KOHTaKTy. IUIONIMHA HA IUIONIMHI (3pa3ok y
BUIIAAI IpuTiapa giamerpoM 10 MM, Bucotoro 15 MM, 3
KIHI[BKOIO fiamMeTpoM 3 MM 1 Bucororo 4wmm); P =
1,3MIla (N; = 100 H); v = 0,9wm/c; T = 600 K; S = 42 km;
HAMPSAMOK HIapiB i caMux BoOKoH LLLRLR].

Sk BuaHO 3 puc. 6. a — MW Yac BUCMHUKYBaHHS
BOJIOKHA 3HATUH KOXYX 1 OroJieHi (ilaMeHTH BOJIOKHA; 0 —
BHUCMHKHYTI ITIOBHICTIO HE3DYHHOBaHI BOJIOKHA; B — BiJ
BUCMHKHYTHX BOJIOKOH 3JIMIIUBCS JIO)KAMEHT B MaTpHIIi;
I' — BOJIOKHA YaCTKOBO ITOBEPXHEBO MOAPIOHEHI 0 CKAJIOK;
I' — BOJIOKHA IHTEHCHBHO DPYHHYIOTHCS 3 BiJPUBOM Bif

w

MaTpuli; J — BOJOKHa pYHHYIOTBCS  BHACIHIJOK
MOYATKOBUX TPILIVH, 3aJIUIIAI0YHCH Y MATPHII.
10. 3umkeHHs PpiBHA  3apoOUKyBaHHA  Ta

IHTEHCHBHOCTI PO3BHUTKY TPILIMHU MOXKHA JTOCATHYTH a0o0
3a paxyHOK 30LJbIICHHS HanpyxeHHs (OpMyBaHHS il
KPUTHYHOTO 3apojKy, abo 3a paxyHOK TalbMyBaHHS
PO3BUTKY 3aKpUTHYHOI TpimuHu, abo 000X THpoIeciB
onHouacHo. [lepmmii edekt mocsraeTbcs 3a paxyHOK
BBE/ICHHS BHCOKOJMCIIEPCHUX YACTHHOK (MOMEIb
cepuyHi YaCTUHKHU) TOPOIIKIB TBEPAUX PEUOBUH BY3bKOI
¢pakuii, a Apyruii — 3a paxyHOK BBEICHHS KOPOTKHX
BOJIOKOH (MOJeNb — ENIMCOIMHI YACTHHKH) 3 IMHPOKUM
00’ eMHIM (MacoBHM) pO3IOIIIOM 3a 3aKOHOM BeiiOyiia
ab0 TaMMa-po3MOALIOM 33 JOBXKHHAMH 1 3HAYHOIO
YaCTKOIO BOJIOKOH MaJIol JoBxuuu [39].
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11.  VY3romkeHHsi NOPYKHUX 1 IJIACTHYHHX
BJIACTUBOCTEH 1, BIJIIOBiAHO, MaKCHUMAaJILHOL
a0pa3MBOCTIMKOCTI KOMIIO3UTY AOCSTA€ThCS MPU TIEBHOMY
ONITUMAaJbHOMY BMICTY HalOBHIOBaya. 3TriiHO puc.5,
BiTHOCHUH MOJYJb MPYXXHOCTI 301IBIIYEThCS, @ BiJHOCHA
nedopmariist 3MeHmyersest pu 3pocransi Vi i Vs, Cepen
PO3PaxXyHKOBHX mapaMeTpiB abpa3uBOCTIHKOCTI
BUOUpPAEMO B S3KICTh MaTepiaay 1 1 MOIYNb IPYKHOCTI
mig vac po3rsary E, BHUKOPHCTOBYIOUM METOIM TeOpii

T= E ) (37)
E
o Mae (Hi3UYHUHA 3MICT Yacy penaxcarii HanpyXeHb.
Jlns  BHUKJIIOYEHHS PO3MIHHOCTEH 3  KpHTEpilo

Y3TOPKEHHA Ta 3HOCOCTIMKOCTI BUKOPUCTAEMO TIOHATTA
BiI[HOCHI/IX XapaKTCPUCTHK:

(oo Mo #5080 e
T g &vpeEop
k
j_Jk 1 1, (39)
Jo |ki '
IO

Jie T — BIJHOCHMH KpHUTEpid Y3TO/DKEHHS INPYXHUX Ta
IUTACTUYHUX BIACTUBOCTENH KOMIIO3UTY,

To, Tk — xpurepii y3ro/pkeHHsS TMpPYXHHX Ta
IUIACTUYHUX  BJIACTUBOCTEH TONIMEpHOI MarTpuii i
KOMIIO3UTY BiJTIOBIIHO;

J, Kk — abOpasuBHa 3HOCOCTIHKICTH IOJIIMEPHOL

MATpHII 1 KOMIIO3UTY BiJIIOBITHO;

lo, Ix — iHTeHcuBHicTh (00 MUTOMA IHTEHCHUBHICTB)
aOpa3MBHOTO  3HOIIYBaHHS  IOJIMEpHOI  MaTpumi i
KOMITO3HTY BI/TOBIZHO.

j — BigHOCHA abpa3vBHA 3HOCOCTIHKICTh KOMITO3HTY.
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Puc. 5. 3aiexHicTh BiTHOCHOT'O MOIYIIS
npyx#ocTi E/Eq (1-6) Ta BigHOCHOI nedopmarrii
Sk/do (1'—6") TPUKOMIIOHEHTHOI'O KOMIIO3UTY BiJ

00’ eMHOT YacTKH cepruyHuX Vs YaCTUHOK MPH
00’ eMHIH YacTIi eTinCcoiHNX YaCTHHOK Vi |
1,1'-0;2,2'- 0,05; 3,3 — 0,10; 4,4-0,15;
5,5-0,20; 6,6'-0,25.
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PO3MIHHOCTEH, B yMOBaX, KOJIM 3MiHIOEThCS TUTBKH M 1 E.
OCKiJIbKM ~ 30BHIIIHI ~ CHJIOBI HapaMeTpud  CTajli, TO
BUKITFOYEHHSI iX PO3MIHHOCTEH JOCSTaeThCs BiJHOUICHHSIM
WE, sxa wmae posmipuicte uacy ([ITa-c]/[ITa]=[c]).
BigHomenHs AMHaMiYHOT B’ I3KOCTI O MOJYJISl IIPY>KHOCTI
Ha3BEMO KPHUTEPIEM Y3TOPKEHHS IUTACTUYHUX Ta MPYKHUX
BJIACTUBOCTEH (KPUTEPIEM EKBIBAICHTHOCTI MPYKHOTO
CTaHy = KpUTEPit0 abpasMBHOI CTIHKOCTI):

4. ExcnepuMeHTaIbHA YaCTHHA

1. Tak six aGpa3MBHe 3HOUIYBAHHSI € CKJIQJHUM
Oararo)akTOpHUM IIPOLIECOM, TO TIPH IIPOEKTYBaHHI
abpa3UBOCTIHKOrO KapOoIIacTHKa (i qac
TEXHOJIOTIYHUX ~OIepaliil) B KOMIIO3UT BBOIWIH TPH
KOMITOHEHTH, SIKi MaJIi IO Kpao pi3Hi BJIaCTUBOCTI.

VY BiZHOCHO B'SI3Ky 1 M'SIKy TMOJIIMEpPHY MAaTpHIIO
nomrerpadTopeTHIeHy BBOJIMIIH HU3bKOMOMYIIBHI
CepelHbOI TBEPIOCTI BymIeleBi BonokHa YTM-8 Tta
BHCOKOTBEpZi BUCOKOMOAYJbHI KYJSICTI YaCTHMHKU THTaH
KapOi Ly abo amroMiHii OKCHITY.

2. JIucmepcii  ByrjemeBoro BOJIOKHA  Ta
KOMITO3MIIII0 ~ Marepialy  OTpUMYBaIM 32  TaKOO
TEXHOJIOTIE0: JUIsl TIONIEPEIHBOTO MOPiOHEHHSI BYTIICIIEBOT
TkauuHn YTM-8, oTpumanoi 3  TigpaTIEIOI03HOT
TKaHUHU MiJ Yac TepMooOpoOku y medi «Tammana» 3a
temnepatypu 1123 K B atmocdepi CH,, 3actocoByBanu
MomudikoBaHy  MojoTkoay  apobapky KAY 2,0
«YKkpaiHKa» 3 PpPYXOMHMH MOJIOTKaMH, CENapyloduM
MPUCTOPOEM Y BHIVIS/II 3MIHHOI TIPaTKH 3 J[iaMeTpOM
otBopiB 1,5-5,0 ta 0,8-1,5 MM i BEHTHIATOPOM, SIKHIi THAB
NoBiTpst uepe3 rparku. J[liamerp poOouMx oOpraHiB 3
MosotkamMu ctanoBuB 0,48 M, uwmcio ob6eptie 2700 3a
XBHJIMHY, W0 BH3HAYAIO 4acToTy obepramms 45¢ % Ta
MaKCHMAaJIbHY JiHIfHY MBUAKICTE 67 M/c. [Ipobapka KTV
2,0 3abe3neuyyBaja TOHHHY IIOMENY BOJIOKOH 3—15 MMm.
Jns  OlmbIl  TOHKOTO  MOAPIOHEHHS  BOJOKOH  Ta
aKTHBALlIMHOTO 3MIIyBaHHS IHIPEAIEHTIB KOMITO3MIIIT
BUKOpHCTaNK Jpodapky-mumHok MPII-1 3 momoBumu
Hokamu ripu 7000 oGepTaHHs HOXKIB 32 XBUJIMHY, JiaMeTpi
HoxiB 0,205, wacrori oOepramms 117 ¢t
MaKCUMaJbHIi  JiHiMHIA mBHAKOcTi 75 M/c. Tlicms
3MpiOHEHHHS BOJIOKHA MaJll UIMPOKMHA PO3MOALT 3a
nmoexkuHamu Bifg O mo 3500 MKM 3 OCHOBHOKO (hpaKIli€ro
50-200 mkm.

3. 3a [39, 40] y KOMIO3UT BBOIMJIM KOPOTKi
BYIJIEIIEBI BOJIOKHA, 110 OTpUMaHi 32 XMA-TEXHOJOTIE0
[6, 7], sxi mamu 00'emHmii (MacoBuit) posmominm 3a
JIOB)KMHAMH 33 WMOBIPDHUM TaMMa-3aKOHOM PpO3IOJLTY B
kommo3uiii [41]:

1% exp(- 11)

= '
r'(q +1)
ne | >0 — moBxHHA BOJIOKHA,;
0, A — mapamMeTpu raMmma-po3moiiny;
I'(x) — ramma-dynxis [42];
Py(l) — minbHicTh fiMOBipHOCTEH 00’ €MHOTO (MacoBoro)
ramMMa-posrofily  3a  JOBKMHAMH  BOJOKOH 3
MaTeMaTHYHUM CIIO/iBAHHSM:

(40)

R(1)
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Puc.6. EnexTpoHHI CBITJIIMHH MOBEPXOHb TEPTS KapOOIUIACTHKIB: a, O, B — BACMUKYBaHHS HE3pYHHOBaHUX a00 4aCTKOBO
3pYyHHOBaHUX BOJOKOH; T, T, ]l — pyHHALlis BOJOKOH
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(41)

Ta JIUCIIEPCI€IO;

(42)

lineHicTs HiMOBipHOCTEH 00’ €MHOrO (MacoBOro)
ramMMa-po3roily 3a JOBXKHHAMHU BOJIOKOH TIOB'si3aHa i3
IIUTBHICTIO WMOBIPHOCTEH YHCIIOBOTO T'aMMa-PO3IOILTY
3a TIOBKHHAMHU BOJIOKOH ¢(1) Tak:

B(l)= 20, (1): (43)
ne j o(1)=——~19"exp(- 1)
(44)
3 MAaTEMATUYHUM CIIOiBAHHIM:
/fz(u):lﬂ:Mz(u)-ll, (45)
Ta JUCIEPCI€ro:
s30)=3 =p3()- 5 (46)

4. Jlnsi BupiuleHHS] 3aBAaHHA JIiHil{HOrO
aHaJi3y BUXIJIHUX JIPOOJICHUX YAaCTUHOK — BOJIOKOH Ta
chepuvHHX, OTpUMaHKUX 32 XMA-TEXHOJIOTIE0, Ta MiCI
3MIlIyBaHHS iX 3 TIOPOLIKOM TIOJNIMEpy IIIIXOM
JpOOJIEHHHS, BHUKOPHCTOBYBAJIH aBTOMAaTUYHHH
aHaJti3aTop 300paXkeHb MikpooO' ekTiB “MopdokBaHT” i3
obuucmoBansHo0 MammuHoo EC—5060. Ananizatop OyB
HaJIarO/PKEHNI Ha MaKCHMAaJIbHY KiJBbKiCTh KpOKiB 512,
MiHIMaIbHUH Kpok 0,2 MKM, Jiama3oH KpOKIB MiJ 4Yac
ckaHyBaHHS 512*512 Ta KINBKICTH PI3HUX CTYIEHIB
ToHiB 128. [Ipu npoMy BiJHOCHA MOXMOKA BUMipIOBaHHS
JHIHHUX PO3MIpIB BOJIOKOH Ta YacTUHOK mopoikiB TiC
i Al,Oz; cranoBmina 0,2%. Ilporpama 3abesmedyBajia
aHaii3 250 yacTUHOK 3a ofHy Mpoby (KibKicTh pob 20-
25)  CraTuCTHYHY  BiJMOBIJHICTH  EMIIPHIHOTO
PO3IIOALTY TEOPETUYHOMY I'aMMa-pPO3MOALTY IePeBipsuIH
3a KpPHUTEpisIMH Xi-KBaJpaT Ta OMEra-KBaJpaTr 3 piBHEM
sHauymocti o = 0,05.

5. ¥V pe3yabTaTi TeXHOJOTiYHHX omepamiii B
KOMIIO3HITT OTPUMAad BOJIOKHA, MO Mald 00 €eMHUIA
(MacoBuit) po3MOILT 38 raMMa-3aKOHOM 3a JIOBXKUHAMH 3
napametpamu A = 0,005 — 0,045 MKM *, 6 = 1,0 — 2,55,
OTPUMaHMX 13 BUXIAHUX  BYIJICHEBUX  BOJIOKOH,
PO3IIOAINIEHNX 3a JOBKMHAMHU 3a THM JK€ 3aKOHOM 3
napamerpamu posmominy A = 0,002—0,04 mxm %, 0 =
0,5-2,5, mingpHICTE WMOBIPHOCTEH pPO3MOALTY B 000X
prmagkax P(l) = (0,2 — 6,0)-:10° mxM * npu Habopi
nosxud | = 0 — 3500 MxMm 3 ocHOBHOIO (pakirieto | = 20
— 200 MKM.

6. Buxinni mopomkum Maau Taki po3mipu
yactuHok: O — 1000 MkM TuTan kap0Oimxy, — 0—1200 mxm
ATFOMIHIH OKCHTY. 3a TEXHOJIOTIEI0 [39],
BUKOPHCTOBYIOUHM CUTOBHH KIacHU]iKaTop, OTpUMYBaIH
BUXIJHI TIOPOUIKH JJIsI MIKpOaHali3aTopa BY3bKUX
¢pakuiit 50-63 Ta 40-50 MkM. MikpomnopoIKy Oibin
BY3BKOI (ppakiii OTpUMYyBaJH i3 CHUTOBHX IOPOIIKIB 3a
TaKOI TEXHOJIOTIEI0: CIIOYAaTKy IOJaBajil O HOpPOLIKY
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KEJaTUHA 3 COJIOI0, 1 Hajami 3 BOAHOIO PO3YHHY,
LUIIXOM OCa/DKEHHSl TiJl 4ac IepeMillyBaHHS 2 XB.,
orpumyBaiu By3bki ¢paxuii 40-60 Mxm 3 mopomky 50-
63 MxM abo 28-40mxM — 3 40-50Mmxm. Ilotim,
3MIHIOIOYH KOHIIGHTpAIil0 JKemaTWHU (B s3KicTh i
TYCTHHY PO3YHMHY), TaKMM JK€ MUIIXOM TOCIiIOBHO
oTpuManu BY3bKi (pakuii 28-40, 20-28, 14-20, 10
14 mxm. MeronoM  ueHTpU(YryBaHHS, 3MIHIOIOYH
KOHLIEHTPALIIO JKEJIATUHH Ta YUCIO 00€pTiB LEHTPUPYTH
BiJ 465 mo 2500 06./XB., IOCHIJOBHO OTPUMYBAJIH OiNIbIII
MijKi dpakiii 7-10; 5-7; 3-5; 2-3; 1-2; 0-1 mxm [39,40].
7. JociimxkeHHsi aGpa3MBHOr0 3HOLIYBAHHSI

3pa3kiB KapOOIUIaCTUKIB MPOBOMWIM Ha MalIWHI TEpTs
XTI-87-A [7] mo ab6pasuBHiii crpiumi MC
1000x50BI1I60C16M1300  (I'OCT  6456-68) i
He3aMalleHii MOBEpXHi 32 CXEMOI0 «HaITiBBKJIAIKa-BaJ».
Ban Oy Bukonanmii miamerpom 90 Mm i3 crami 40X.
3paszok miamerpom d = 10 + 0,1 MM i Bucororo h = 15 +
0,1 MM, 3aTUCHYTHH y 3MOMHOMY IaTPOHI 3 AIIOMIiHiIO,
MIPUNPANbOBYBAJH 110 a0pa3MBHIN CTPIUL 0 YTBOPEHHS
~ 100% KoHTaKTHOi TMOBEpPXHI TePTd Yy BHUIJLII
HamiBBKIaAKU. Yac BunpoOyBanpb 1 XB. (UUTIX TepTs S =
5,1M) mo abpasuBHii cTpiulli Ta HOBOM cimiay. Yac
(uUIAX TepTs) BUOPOOYBaHb BUOHpATH TAKHM YHHOM,
00 pe3yabTaT BUMIipIOBaHb 3HOCY OyB He MeHmie 10-15
pasiB Ounbmmii 32 TOXUOKY

IBuakicts xoB3auus v = 0,17 m/c, uncio obeptis
Bama 36 3a xswiuHy, nomada 0,48 Mm/00., HOpMasbHE
HaBaHTaxeHHS Ha 3pasok N; = 20; 50; 105; 160 H.
BumMiproBanacsi Bara 3pa3ka 3 TaTPOHOM 3 TOYHICTIO
0,0002r Ha anamiTnunux Tepe3ax AJIB-200A, i yepes
T'YCTHHY, sika Oyna BU3HAYEHA TiJPOCTATHYHHM METOJIIOM,
po3paxoByBayjiacs 00 €MHa  TIMTOMa  IHTEHCHUBHICTh
spouryBannst [Mv/H-M] Matpumi I i xommosuty Iy i,
BIINOBIIHO, 00’ €MHA IMUTOMA 3HOCOCTIMKICTh Io/Ty

8. MiunicTh 6, Ta BiTHOCHE NOA0BKEHHSI O MiJ
yac po3tary BuzHavyaam 3rigao ['OCT 11262-80, mirnHicTh
i yac crucky o, — [OCT 4651-82, ryctuHy p BU3Ha4aIIH
sriguo 'OCT 15139-80. MirHicTh mmix 4ac po3TsATyBaHHS
OIIHFOBAJIM Ha 3pa3KaX y BHIVIAM Kinelpb miamerpom d,
=50 MM, dy, = 40Mmm i Bucororo h = 10 MM. Mexaniuni
BUMPOOYBaHHS TPOBOAMIM Ha MammHi «[HCTpOH» i3
nmBuakictio  pyxy — mossyna  0,25cm/xB.  Ilepen
BUMPOOYBaHHSIM 3pa3Kd KOHAMIIOHYBaM 24 TOH. 3a
temneparypu 2961 K i BigHocHi# Bomorocti 65+2%.
Jocmimkennst npoBomany 3a Temneparypu 296+1K Ta
BiTHOCHOI BosiorocTi 65+2%.

5. Pe3yabTaTtu Ta 00roBOpeHHA

1. ByB peanizoBanuii poroTadejnbHUii TJIaH
npyroro nopsaky [43]. JimsiHka (akTopHOro mpocropy Ta
iHTEepBAIN BapifoBaHHs cTaHoBUIH (Ta6.1).

MartemMaTnuHa MOJENb Maja BHUIJISAA IONiHOMA
JPYTroro MOPSIKY:

y = bg + bixg + X + broXaXo + baXa? +bxo%.
(47)

JHocninu Oynu paHI0oMi30BaHi B 4aci 3a TaOJIHUIICIO
BHUIAJKOBUX uncen [44, 45].

PeaizyBasu YOTHPH TUTAHA 3a
abpasuBocrifikictio j =Y = lo/lk (3MminHi ¥y, ..., Ya) As
HOpPMaJIbHUX HaBaHTakeHb Ha 3pa3ok N; = 20; 50; 105 i
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160 H BiamoBigHO Ta YOTHPH IUIAHM 32 MEXaHIYHUMHU
BIACTHBOCTSIMH.  MirHicTIO 0, (¥s), BiXHOCHHM
MomoBXKeHHAM O (Yg) 1 TPAaHUYHOI  EHEpriero
nehopmyBannas U (y7) mix 4ac po3Tary Ta rpaHHIHAM
HABaHTA)XEHHAM IiJ 4ac CTHCKY o, (yg) mpu 15%
nedopmariii. [Tnan cknagases 3 N =13 mocminis (sapa N,
= 4; sipxoBoi mpingHku Ng = 4; «mynboBoi» ninsHku N
=b); «sipkoBe mieue» ctaHoBwio B = = 1,414 [46].
JocmimkkyBaau KOMITO3UT Ha OCHOBI
nonitTerpadroperuieny (MaTpuiis), y Ky 6yi0 BBEICHO:
4-20 % 00. ByrneneBux BonokoH YTM-8 + 1-23 % 06.
TiC (360 A|203)

3a pe3ysibTaTaTMH €KCIIEPUMEHTY PO3paxoBYBaJIH
[46]: xoedimientn piBHsHHA (47); 3a t-kpuTepiem —
JOBipui iHTEpBanM JuIs KoedilieHTIB 3  piBHEM

sHauymocti o = 0,05; mucmepcito BiTHOBJICHHS Ss,

JUCIIEPCII0  aJIeKBATHOCTI Saza 3a OCTaHHIMH JBOMa

JUCIEPCIAMU PO3PaxoByBalM CTaTUCTUKY [ = —dd. i
p

y
MOpIiBHIOBANM i 3 TaOJMYHUM 3HAYEHHSM KpUTEpis
dinrepa Fr [45-47] (tabn.2).
2. OrpumaHi pe3yJbTaTH  ONHCYIOTHCSI
piBHsHHEAMH (TipH HasiBHOCTI B Komnoswuiil TiC):

N;=20 H; y; = 1,7560 —0,2231x,+0,1352x, — 0,0602x 1X,—
-0,1698x,° (S,2=3,1510% S7=351079 (48)

N;=50 H; y, = 1,5578-0,2323x,+ 0,1065x, — 0,8870x1x,—
-0,1195x,° (S,2=38510%S7=551079 (49)

N;=105 H; y; = 1,2957-0,2184x,;+0,0996x, —0,0911x X~
- 0,0704x,” (S,2=7,1510%S°=18107 (50)

Ni=160 H; Y, =1,4439-0,2642x,+0,0314x,~0,1138x X~
0,0444x,? (S,° = 805103 S? = 25107
(51)

ys= 18,663 — 0,76x, + 1,049, — 0,32x1x, — 0,594x,°
(S.” =0,2763; S, = 0,125) (52)

Y6 =111,367-53,072x;+60,299x ,—16,228x,x,+0,965x,>
(S, = 14,2898; S,? = 5,475) (53)

y7=20,79-10,684x,+11,677x,—3,614x1x,+1,467x >
(S,2 = 12,5378; S,* = 5,475) (54)

Y5=36,015-3,319x,+2,612x,—2,25x,x,+0,57%,°+0,68x >
(S.° = 28,125, S2 = 4,5), (55)

2 : .
e §,)° — mucrnepcis aaeKBaTHOCTI;
~2 . .

Taoauus 1

dakTopHUI NPOCTIp Ta iIHTEPBAJIM BapilOBAHHS BXIJIHUX 3MiHHUX

IuTepBait Ta piBeHb
BapilOBaHHS

Bwmicr Byrnenesoro
BosokHa Cs (X1), 06. %

Buicr TiC (a6o Al,Os)
Cs (Xg), 00. %

[HTepBaN BapitoBaHHS 5,658 7,779
PiBeHb BapitoBaHHs
-1,414 4,0 1,0
-1,0 6,342 4,221
0 12,0 12,0
+1,0 17,658 19,779
+1,414 20,0 23,0

Taoauus 2

O1iHKY CTYTIeHIB aiekBaTHOCTI (&;) Ta yacTku HeaaekBaTHOCTI (&y) MAaTEMaTHYHUX MoOJeneit

Y=f (X1,X2) (48) — (55):Fr {fun =4 Ty, = 4 a};Fr {f.. =3, f,=4; o} [45-47]
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Fr Fr &(F) &a(F)

Y Y=f(XuXs) | NH| F, | a=005|a=001

5471 0=0,05 | 0=0,01 | 0=0,05 | =0,01
vi j20=1(Cr, Co 20 | 009 | 639 | 1598 | 710 | 1776 | 001 | 0,006
vz jso=1(Cr, Co) 50 | 007 | 639 | 1598 | 913 | 2283 | 001 | 0,004
Y3 j105 = (Cr, Co) 105 | 397 | 639 | 1598 | 1,61 | 403 | 062 | 0725
Vs j160=f (Cr, Co) 160 | 322 | 639 | 1598 | 1,98 | 49 | 050 | 0,20
Y5 6, =1 (Cr, Co) — [ 221 | 639 | 1598 | 289 | 723 | 035 | 0,14
Yo 5=1(Cr, Co — | 261 | 639 | 1598 | 245 | 612 | 041 | 0,16
y7 U=1(C, Cy — [ 229 | 639 | 1598 | 279 | 698 | 036 | 014 | {3
Vs 6e=1(C, Co) — [ 625 | 659 | 1669 | 105 | 267 | 095 | 037
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S ; =s 3 [Moneni (48) — (55) amexBatHi]
1 1 oriHka (56)
2 2

Sda'i.¢ Sy

i mepeBipsun i 3a TeopeTnuHMM Kputepiem Dimrepa 3
piBHeM 3Hauymocti (HMOBIPHICTIO PH3UKY MPHAHSATH
HenpaBauBy rimoresy) o = 0,05 ta a = 0,01. Tyr

S 541 ,sg — TeHepajbHI JucHepcii aJeKBaTHOCTI Ta

BIJIHOBJIEHHS BiJIIOBIIHO.

Tax sk F, < Fr, To mozeni (48) — (55) axexsarHi 3
a = 0,05 ta o = 0,01 (rab6m.2). OImiHKY CTymeHs
anexBaTHocTi Mojeneii (48) — (55) BuzHauaiu 3a:

Fr(a =005 (57)

Fp

Fr@=001) (5g)

Fp

Opyd  [OHOMY YacTKa CTATUCTHYHOI OIHKH CTYIEHs
HeaJeKBaTHOCTI B ajekBaTHOCTI momenei (48) — (55)
CTAQHOBHJIA!

A e = 0,05 X1 (F)o0s

A .= 0,01 X1 (F)o01

Fp . (59)
F, (@ =0,05)"
_ P (e0)
F (a =001

VY tabn. 2 3emeni &(F) ta &(F) mns piBHiB
sHauymocti o = 0,05 ta a = 0,01.

s .= 0,05 X5 (F)oos =

a0 = 0,01 X5 (F)oo =

I'eomerpuyna IHTepIIpeTalis OTPUMAaHHX
pe3ynbTaTiB NpuBeeHa Ha puc. 7, 8.
4. Kopensiniiinuii anauis.

4.1. Po3paxoByBann BUOIpKOBI napHi
KoegimienTn  kopensimii 32 [48].  Benuunnn
koe(ilieHTIB Kopensnii MiX MIIHICTIO (Gp), BiTHOCHUM
TIOIOBKEHHSIM ) i TPaHUYHOIO €Hepriero
nepopmysanns (U) mig wac po3Tary, IpaHUYHHM

HAaBAaHTAKEHHSIM TIiJ] 4yac CTUCKY (o¢) 3a 15% nedopmarrii
Ta 00 €MHOI TIMTOMOIO a0pa3UBOCTIHKICTIO IpH
HOpPMaJIbHUX HaBaHTaXKeHHAX Ha 3pa3ok 20, 50, 105 i
160 H naBeneHi B Tabim. 3.
4.2. BucyBalo4u HyJbOBY rinmore3sy:
Hg p=0
ominka 1

rp¢01
[Ipo piBHICTH HYyTIO TeHepanbHOro KoedilieHTa
Kopemslii  (p), CTATHCTUYHOK OI[HKOK SKOTO €
BHOIPKOBUIM KOCQIIIEHT KOpPEIAIii (rp), TIepeBipsIH

(61)

H g 32 TPbOMa KPHTEPIAMU: KPUTUYHUM 3HAYCHHSIM
xoedinienTa kopenauii (r,, ), kpurepiem Crbrozenta (tr)
Ta 3a Z—meperBopennsm ®Dimepa (z, 55 ,) 3 piBHAMHE
sHauymocti o = 0,05 ta a = 0,01:

PospaxoByBamu cratuctuxy [,; 3a P.®imepa

[47]:
(62)

Mo = ty = ty ,
BN N

ne f = N - 2 — YHCIIO CTYIICHIB BiJIbHOCTEH;
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tr {g=1- %; f} =t, — Tabnuune (treoperuune)

3HaueHHs kputepis Cteronenta [45-47].
Kputnune 3Hauenns koedirienta kopemsiiiit 3a [47]:

o =0,05 ra=r,<p,{ q =1- i =0,975 ;f:N_2:13_2:11} =
2

= 0,5529;
o :0,0l ra:r,cp,{ q= 1- i = 0,995, f:N_2:13_2:11} =
2

= 0,6835.

4.3. opiBHIo04H | p| (Ta61.3) 3 I, GaUMMO, 11O
MK 3TalaHIMH  BEJIMYMHAMH 00’ €MHOI0 ITUTOMOIO
abpa3suBHOIO CTIMiKiCTIO lo/ly Ta mokasHUKaMu (i3uKo-
MEeXaHIYHHX BIAcTHBOCTEH Gp, 8, U, 6. HeMae TicHOro
TiHIHHOTO 3B’ s3KY: || < I'p. TIPU PIBHAX 3HAUYIIOCTI O =
0,05 ta o = 0,01 six mpu BMicTi B komnosuttii TiC, Tak i
Al;Os. Pa3oM 3 THM CHOCTEPIra€ThCs MEBHA TEHACHIIIS
HaOMIKeHHs |fp| 10 Iy, TpH 301IBIICHHI HOPMAJBHOIO
HaBa"TaxenHs Big 20 no 160 H.

4.4. He BHKJIWYEHO, M0 NpPH e OUILIIHAX
HaBaHTa:keHHAX N;, Koy abpa3uBHE 3HOIIYBAHHSA Oyie
VABJSITH COOOI0 BUKIIIOYHO MIKPOpPi3aHHS IUIACTUYHO
nedopmMoBaHMX 30H 1 00'€MHOro pi3aHHS Martepiaiy,
TOOTO Tpolecy IOBHOI pyHHAIl KOMIIO3MTY, TaKHM
HaNIMHUN JiHIAHAA 3B's30k  Oyne 3Hadimeno. lle
TBEpP/DKEHHSI IPYHTYETHCS HAa TOMY, LIO JUIS OKPEMHUX
Ipyn MeTamiB 1 MOJIMEpiB, a TaKoX Ui JAESKUX
MONIMEPHUX  KOMIIO3UTIB 3  OJHOKOMIIOHEHTHHM
HAIIOBHIOBAYEM, IPH IMiA0O0Pi MEBHUX YMOB BUIIPOOYBaHb
3HaWNeHni  JHIHHUH = 3B'S30K MK  aOpa3uBHOIO
3HOCOCTIMKICTIO 1 TBEPHICTIO, MOAYJEM IPYXHOCTI,
MIIHOCTSIMH TIpH  3CYyBi, 3pi3i, CTHCKYy 1 pO3TAry,
TpaHMIECI0  TEKy4yocTi, eHeprielo  gedopmamii i
BJIACTUBOCTSIMH Bif BTOoMHU [6, 16]. Ame aist Iijoro
KOMIUIEKCY SIBHII aOpa3MBHOIO 3HOLIYBaHHS Ta s
0araTOKOMITIOHEHTHOT' O ITOJIIMEPHOTO KOMITO3UTY TaKOro
3B’ 13Ky HE 3HaH/IEHO.

45. Pe3ynbTaTH TEOPETHYHOTO OCiXKEHHS
BiJTHOIIICHHS KPUTEPIiB Y3TOMKEHHS MMOJIIMEPHO MaTpHIIi
1 KOMIIO3UTY B 3QJIEKHOCTI BiJl BMICTYy BOJIOKHHCTOTO 1
cepryHOro HaroOBHIOBaya MoKa3aHi Ha puc. 7. I3 puc. 7
BuaHO, 1m0 i cmiBBigHomeHHs To/Ty icHYyIOTH
€KCTPEMYMH — KPUTHUYHI KOHIEHTpAIil HaroBHIOBaua,
MIEPEBUIIICHHS SIKUX TMOBUHHO BUKIIUKATH MOTipIICHHS
MIPOTU3HOCHUX XapaKTEPUCTUK KOMIIO3UTY i, BiAMOBIAHO,
3HIDKCHHS ~a0pa3uBHOi  cridikocti. [lng  BigHOCHOL
a0pa3MBOCTIMKOCTI ~ KOMIIO3UTY  TakOX  ICHYIOTh
eKCcTpeMalbHi KoHIeHTparlii (puc.7).

4.6. BBememMo y HaykoBHMii 00ir o03Ha4YeHHS
cryneHs JiniiiHocTi (£;) Ta cTynens HediHifiHocTi (&;)
KOpEJSIIIMHOTO 3B’SI3Ky 332 KPUTUYHUM 3HAYEHHSIM
Koe(illieHTa KOPEeJIAIii xz(r), xl(r), KpUTEpieM

CrbioztenTa  x,(t), x,(t) T@ Z-xpurepiem Pimepa

Xz(z)’ X,(2)-

4.7. Ctyninb JiHiiiHOCTi KopeasimiiHOro 3B’ A3KY
3a KPMTHYHHMM 3HAYeHHAM Koe(ilieHTa Kopesmii.

[pu BUKOHAHHI HEPiBHOCTI | rp |> I;5 , HymbOBY

rinmore3y Hp Bijkuaanm Ha piBHI 3Hauymocti o = 1 — p,
CTBEP/UKYIOUM 3 MMOBIpHICTIO P, IO MDK JBOMa
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3MIHHUMH ICHYE CTaTUCTHYHO HAMIAHWHA JIiHIAHWHA
3B’ 130K 31 CTyIIEHEM JIiHIHHOCTI:
i
Xz(r):—>l (63)
éd.
Ta 3aIMIIKOBUM CTYIIEHEM HEJTIHIHHOCTI y JiHIHHOMY
KOpeJIiHHOMY 3B’ SI3KY:

(64)

VY pasi BUKOHAHHS HEPIBHOCTI | rp | < réa_ , TO HYJIbOBY
rinoresy Hg npuiiMaiy Ha piBHI 3HavymmocTi o = 1 — p,
CTBEp/DKYIOUH, IO MK JBOMa 3MIHHUMH BiJCYTHIH

CTaTUCTHYHO HAMINHUN JIHIHHUN 3B’ 30K 31 CTyNeHEM
HEJIIHIHHOCTI KOPEJSIIHHOTO 3B’ SI3KY:

66.31

r,
X, (r) =2
i
Ta 3aIMIIKOBUM CTYIIEHEM JIIHIHHOCTI Yy HeNiHIHHOMY
KOpeJIiHHOMY 3B’ SI3KY:

(65)

Xz( _‘ p‘<1

(66)
rA
48. Cryninb J'[lHlI/IHOCTi KOpeJALiifHOro
3B’ 13Ky 3a KpuTepiem CThI0ieHTA.
PospaxoByemo cratuctuky t, 3a [48]:
r
t =— P J/N-2. (67)

p ﬂ

Tabnuune (TeopeTruHe) 3HaYeHHs Kputepiss CThIOAEHTa
tr =t,3a [47]:

- a=0,05 t“:tT{qzl- 320,975,f:11}:2,201,
2

. 0t=0,01ta=tT{q:1_ 3:0,995; f:ll}:3,106.
2

Ilpn BukoHaHHI HepiBHOCTI | t, | > tr, HymboOBY
rinoresy Hg BiJIKHJIAJIU 3 piBHEM 3HauymocTi o = 1 — p,

CTBEp/DKYIOUH, IO 3 WMOBIPHICTIO p, MDK JBOMa
3MIHHUMHU ICHYE CTAaTUCTUYHO HAQAIWHMNA JIHIHHUNA
3B’ 30K 31 CTyIEHEeM JiHIHHOCTI KOPENAIIHOrOo 3B’ I3KY:
p‘
>1

)=

Ta 3aIMIIKOBUM CTYIIEHEM HEJTIHIHHOCTI y JiHIHHOMY
KOpEJSIIIHHOMY 3B’ SI3KY:
I
£1..

X, (t) = ‘

V pa3i BUKOHAHHsS HepiBHOCTI |t | < tr HymboBY

(68)

(69)

rinore3y H 2 mpuiiMany Ha piBHi 3HauymocTi o = 1 — p,
0

CTBEp/DKYIOUH, IO MK JBOMa 3MIHHAMH BiJCYTHIH
CTATUCTUYHO HAMIHHUNA JIHIMHUA 3B’ 30K — HasBHUI

HENMHIMHMKA 3B'S30K — 31 CTYNEHeM HeNiHIHHOCTI
KOPEJSIIIHHOTO 3B’ SI3KY:
t
x(t)=—-31 (70)
1t
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Ta 3aIMIIKOBUM CTYIIEHEM JIIHIHHOCTI y HeNiHIHHOMY
KOpeJIiHHOMY 3B’ SI3KY:

t
p
x,(t) =2 <1.. (72)
T
49. Cryninp Ji”iliHOCTI  KoOpeasUiiiHOTO
3B’ 13Ky Z—mniepeTrBopeHHsAM Dimepa.
3a meperBopeHHsM Dimepa  po3paxoBYBaIH
CTATHCTUKY Zp [48]:
1, 1+r
Z,==In—=F. (72)
2 1-r,
Po3paxoByBamu  100yTOK (ZT S z)’ ae  Z:=

Z, { q=1- & }— KBaHTHJIb HOPMOBAHOT'O HOPMAIHHOTO

posmominy [48];
1 — cepemHe KBaApaTUYHE BiIXUIICHHS Y
VN-3

HOPMaJIbHOMY 3aKoHi posmoainy Z [48].

S, =

Pospaxynkosi 3HayenHs 1o0yTky \Z; >S , ):

- a=005 Zygrs=Z7{q=0,975} = 1,96 [48];
-~ 0=0,01Zgg95= Z7{ q = 0,995} = 2,58 [48];
1 _ 1
JN-3 +13-3

- 0=0,05 (Zyg75 - 067) = 0,6198;
- 0=0,01 (Zog95 - 07) = 0,8159.
VY pa3i BUKOHaHHSI HEPIBHOCTI |zp| > (Za ’S z)’

s, = =0,316228.

HYJBOBY TiNOTE3Y H0 BiJIKHJIAJIH, CTBEPDKYIOUH, IO

MIX JBOMa 3MIHHAMH ICHy€ CTaTUCTHYHO HaI[II/IHI/II/I

JHIAHAH 3B’ 30K 31 CTYIICHEM JIHIAHOCTI
KOpeJ'IHHII/IHOFO 3B H3Ky:
)
X,(z)=—2—>1 (73)
(226 7)

Ta 3aIMIIKOBUM CTYIIEHEM HEJTIHIHHOCTI y JiHIHHOMY
KOpEJLIiHHOMY 3B’ SI3KY:

x,(z) = Za>S2) gy

(74)
2,

[pu BUKOHAHHI HEPiBHOCTI | Zp | < (Za ’S 5 ),

HYIb0BY Tinore3y H © npuiiMaiu Ha piBHI 3HAYYIIOCTI O
0

= 1 — p, CTBEPIKYIOYM, IO MK JBOMa 3MIHHUMH
BIICYTHIH CTAaTUCTMYHO HAMIWHWUN JIHIAHUNA 3B’ SI30K —

HAsSBHUA  HETIHIMHUA 3B'A30K — 31  CTyICHEM
HEJHIHHOCTI KOPEJSIIIHHOTO 3B’ SI3KY:
(2, >s 7)
z
w@=cey

)
Ta 3aIMIIKOBUM CTYIIEHEM JIIHIHHOCTI Yy HeNiHIHHOMY
KOpEJIiHHOMY 3B’ SI3KY:

X2(2)=

)

_ %ol (76)
(za 8 2)

<1
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Puc.7. 3anexHicTh BifHOCHOI abpasuBHOi 3HOCOCTIHKOCTI Io/lk (1-8) mpu HOpManmbHOMY HaBaHTaxkeHHI N =
20H (a), 50H (6) 105H (8), 160 H (r) Ha 3pa30ok Ta BiJHOCHOI'O KPHTEPiIO0 Y3rOMKEHHS IUIACTUYHUX Ta
npyxuux BiactuBocteir To/Ty (3 — 5',7") TpukoMmoHeHTHOro kKoMmmo3uTy Ha ocHOBi IIT®E Bix 06’ emHOT
YaCTKU MOPOMIKY Kap6iny tTutany (Vs) mpu 00’ eMHi# dacTiii Byrieresoro Bonokaa YTM-8 (Vy ):
1-0;2-0,05; 3,3 - 0,10; 4,4—-0,15; 5,5-0,20; 6-0,25; 7,7-0,30; 8 — 0,35.
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o), MIla 8,%

EEN
il \\\§§ 160 \\\2 —
N
\\6 80 \\

||

320

18 ==

R

y

-
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2 8 \ \
o o1 02 0, Vs 0 1 0,2 Vs
8,1\{,[%* B O-CMHa r
N8
60
80 7\
\ s \\ %
\
L TN\
|4 — /
401 3 /
X 30 > //
4 \ \ 1//
6
\\L_‘\x \
0 0,1 0,2 0,3 Vs 0 071 0,2 093 VS

Puc.8. 3anexHicTb MIIIHOCTI IIPH PO3TATY Gp (a), BIIHOCHOTO MOJOBXEHHS & (0) Ta MUTOMOI eHepril
py#iHyBaHHsI € (B) i MII[HOCTI TIPU CTHCKY G¢ (T) komrio3uty Ha ocHOBi [IT®E Bix 06’ €MHOI YaCTKH TIOPOIIKY
kap6iny tutany (Vs) npu 06’ eMHiii yactiii Byriemesoro Bojgokaa Y TM-8 (Vy):
1-0,2-0,05 3-0,10;4-0,15,5-0,20; 6 - 0,25; 7— 0,30; 8- 0,35.
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Taomauns 3
3HaveHHs1 Koe(illieHTIB KOpEsIii MiX MOKa3HUKaMU (i3MKO-MeXaHIYHUX BJIACTHBOCTEH Ta 00’ eMHOIO ITUTOMOIO
a0pa3MBHOIO 3HOCOCTIHKICTIO TPUKOMIIOHEHTHOTO KOMITO3UTY MPH PI3HUX IMUTOMHUX HABAHTAKEHHSIX

YV=ly/l]
Hanosioad | X N; =20 H N; =50 H N;=105H | N, =160H
S 0,270 0,313 0,375 0,539
8 0,145 0,226 0,238 0,477
TiC U 0,165 0,241 0,252 0,491
o -0,238 -0,284 -0,298 ~0,495
=To/ Ty 0,867 0,821 0,786 0,684
Sp 0,283 0,326 0,387 0,541
S 0,150 0,235 0,247 0,498
Al,Os U 0,175 0,254 0,269 0,511
o ~0,249 -0,297 -0,315 -0,513
=To/Ty 0,925 0,879 0,843 0,740

Taoauus 4

Ouinky cTyTeHiB niHiiHOCTI (7)) Ta HenmiHiiHOCTI (§;) KOpensiiHuX 38’ s13KiB (Tab1.3) MK MOKa3HUKAMH (i3HKO-
MexaHiuHUX BractuBocteil X (o, 0, U, 6), KpUTepieM y3roDKeHHS B’ AI3KOIPYKHHUX BIAacTHBOCTEH! (T) Ta 06’ eMHOIO
MUTOMOIO abpa3uBHOO cTifikicTio (j) kommosury Ha ocHoBi [IT®E + BB + TiC npu pi3HUX MHTOMHUX HABAHTAKEHHSIX
(N;) 3a xpUTHYHIM 3Ha4YeHHAM KoedilieHTa Kopemii (I, ), kpurepiem Crblonenta (tr) Ta kKputepieM Zt nepeTBOpeHHs

dimepa
Y =1l
Kpurepiit X N;, H 20 50 105 160
FHHIHHOCT 2 % 1 005 | 001 | 005 | 001 | 005 | 001 | 005 | 001
j & () | 2048 | 2531 | 1,767 | 2184 | 1474 | 1823 | 1026 | 1,268
P & () | 0488 | 039 | 0566 | 0458 | 0678 | 0549 | 0975 | 0,789
5 & () | 3813 | 4714 | 2447 | 3024 | 2323 | 2872 | 1159 | 1,433
& () | 0262 | 0212 | 0409 | 0331 | 0431 | 0348 | 0863 | 0,698
i y & () | 3351 | 4142 | 2294 | 2836 | 2194 | 2712 | 1126 | 1,392
P g () | 0298 | 0241 | 0436 | 0353 | 0456 | 0369 | 0888 | 0,718
& () | 2323 | 2872 | 1947 | 2407 | 1855 | 2294 | 1117 | 1,381
O & () | 0431 | 0348 | 0514 | 0416 | 0539 | 0436 | 089 | 0,724
- & () | 0638 | 0788 | 0673 | 0833 | 0703 | 0870 | 0808 | 0,999
&, (1) | 1,568 | 1269 | 1485 | 1,201 | 1422 | 1150 | 1,237 | 1,001
;i & () | 2367 | 3340 | 2014 | 2842 | 1640 | 2315 | 1,037 | 1464
P & () | 0423 | 0299 | 0497 | 0352 | 0610 | 0432 | 0,964 | 0,683
5 & () | 4528 | 6390 | 2860 | 4,037 | 2708 | 3822 | 1,223 | 1,726
& () | 0221 | 0157 | 0350 | 0248 | 0369 | 0262 | 0818 | 0,580
t y & () | 3967 | 5598 | 2672 | 3,771 | 2548 | 359 | 1,177 | 1,662
T & () | 0252 | 0179 | 0374 | 0265 | 0392 | 0278 | 0849 | 0,602
;i & () | 2708 | 3822 | 2241 | 3162 | 2426 | 3000 | 1,165 | 1,644
‘ g () | 0369 | 0262 | 0446 | 0316 | 0470 | 0333 | 0,858 | 0,608
- & () | 0381 | 0538 | 0462 | 0651 | 0522 | 0,737 | 0,708 | 0,999
&, () | 2622 | 1,858 | 2166 | 1536 | 1916 | 1358 | 1,413 | 1,001
&(Z2) | 2238 | 2947 | 1914 | 2519 | 1572 | 2,070 | 1,028 | 1,354
° [7¢(Z) | 0447 | 0339 | 0523 | 0397 | 0636 | 0483 | 0972 | 0,739
5 £, (Z) | 4245 | 5588 | 2695 | 3547 | 2554 | 3362 | 1,194 | 1572
£(Z) | 0236 | 0179 | 0371 | 0282 | 0392 | 0298 | 0838 | 0,636
. y & (Z) | 3723 | 4900 | 2522 | 3319 | 2407 | 3169 | 1153 | 1518
T & (Z) | 0269 | 0204 | 0397 | 0301 | 0416 | 0316 | 0867 | 0,659
&.(Z) | 2554 | 3362 | 2123 | 2,794 | 2017 | 2,655 | 1142 | 1503
° [7g () | 0392 | 0298 | 0471 | 0358 | 049 | 0377 | 0876 | 0665
- £(Z) | 0469 | 0618 | 0534 | 0703 | 0584 | 0769 | 0741 | 0975
& (Z) | 2131 | 1619 | 1871 | 1422 | 1,712 | 1,300 | 1,350 | 1,025
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Taoauusa 5

Ouinky cTyTeHiB niHiiHOCTI (7)) Ta HenmiHiiHOCTI (§;) KOpensAiiHHuX 38’ s13KiB (Tab01.3) MK MOKa3HUKaAMH (i3HKO-
MexaHiuHUX BractuBocteii X (Gp, 9, U, 6), KpUTepieM y3rofkeHHs B’ I3KONPYKHUX BiacTUBOCTeH (T) Ta
00’ eMHOIO TUTOMOO abpa3uBocTiiikicTio (j) kommosuty Ha ocHOBi [ITOE + BB + Al,O; mpu pisHHX MTHTOMHX
HaBaHTaxxeHHsAX (N;) 32 KpUTUYHUM 3HaUeHHAM KoediuienTa kopemsnii (I, ), kpurepiem Crbronenta (tr) Ta
BKpHTepieM Zr nieperBopeHHs Dinrepa

Y =1k
Kpurepiit X N;, H 20 50 105 160

FHHIHHOCT 3 %1 005 | 001 | 005 | 001 | 005 | 001 | 005 | 001

o | &() 11954 | 2415 | 1696 | 2007 | 1429 | 1766 | 1022 | 1263

P [, (r) | 0512 | 0414 | 0590 | 0477 | 0,700 | 0566 | 0978 | 0,792

s | () | 3686 | 4557 | 2353 | 2000 | 2238 | 2767 | 1110 | 1373

g () | 0271 | 0220 | 0425 | 0344 | 0447 | 0361 | 0,901 | 0,729

i U | Ga() | 3159 | 3906 | 2177 | 2601 | 2055 | 2541 | 1,082 | 1338

P & (r) | 0317 | 0256 | 0459 | 0372 | 0487 | 0394 | 0924 | 0,748

& () | 2221 | 2745 | 1,862 | 2,301 | 1,755 | 2470 | 1,078 | 1,332

° [7&,(r) | 0450 | 0364 | 0537 | 0435 | 0570 | 0461 | 0928 | 0,751

. [ &() [ 05% | 0739 | 0629 | 0778 | 0,65 | 08LL | 0747 | 0,924

E,(r) | 1673 | 1,353 | 1590 | 1,286 | 1525 | 1,233 | 1,338 | 1,083

& () | 2249 | 3174 | 1,925 | 2,716 | 1,581 | 2,231 | 1,032 | 1,456

° "¢, (t) | 0445 | 0315 | 0520 | 0368 | 0632 | 0448 | 0,969 | 0,687

s | &) | 4374 | 6173 | 2745 | 3874 | 2604 | 3674 | 1156 | 1631

() | 0229 | 0162 | 0,364 | 0258 | 0,384 | 0272 | 0,865 | 0613

t U | &) | 3734 | 5269 | 2527 | 3566 | 2376 | 3353 | 1,116 | 1575

T g (t) | 0268 | 0,190 | 039 | 0280 | 0421 | 0298 | 0,89 | 0,635

& () | 2581 | 3643 | 2133 | 3011 | 2,000 | 2,822 | 1,110 | 1,567

° [7&(t) | 0387 | 0275 | 0469 | 0332 | 0500 | 0,354 | 0,901 | 0,638

. | &) [ 0273 [ 0385 | 0360 | 0508 [ 0424 | 0693 | 0,603 | 0,987

g, () | 3668 | 2600 | 2778 | 1969 | 2,362 | 1,443 | 1,658 | 1,013

&.(2) | 2131 | 2805 | 1,832 | 2412 | 1518 | 1,998 | 1,023 | 1,347

% [7&,(Z) | 0469 | 0357 | 0546 | 0415 | 0659 | 0500 | 0,977 | 0,742

s | G1(2) [ 4102 | 5400 | 2583 | 3407 | 2458 | 3235 | 1134 | 1493

£ (Z) | 0244 | 0185 | 0386 | 0294 | 0407 | 0,309 | 0882 | 0,670

. U | &(2) ] 3506 | 4615 | 2387 | 3142 | 2247 | 2958 | 1,000 | 1446

T & (Z) | 0285 | 0217 | 0419 | 0318 | 0445 | 0,338 | 0910 | 0,691

&.(Z) | 2437 | 3208 | 2,024 | 2,665 | 1,901 | 2,502 | 1,094 | 1,439

° "¢, (Z) | 0410 | 0312 | 0494 | 0375 | 0526 | 0400 | 0915 | 0,695

. | &(@ ] 0382 [ 0503 [ 0452 | 0595 | 0503 | 0663 | 0,652 | 0,858

&, (Z) | 2618 | 1,989 | 2213 | 1681 | 1,987 | 1509 | 1534 | 1,165

4.10. Ha puc. 9 i B T1abn. 4 ta 5 mokasawni
3aJIeKHOCTI JiHiitHOCTI (&) Ta HeminiftHOCTI (&;) MiHIHHUX
Ta HeNiHIHUX KOpeTAuiiiHuX 3B’ A3KiB MK MilHICTIO (Gp),
BIJIHOCHUM TOMOBXEHHAM (8) 1 TPaHHYHOI CHEpPTiero
nepopmysanns (U) mim wac po3TAry, TpaHUYHUM
HAaBaHTAXEHHSIM T Yac cTHCKY (0¢) 3a 15% nedopmarii,
BIJIHOCHUM KpHUTEpi€EM y3rOMKEHHS IUIACTUYHHX Ta
NPY)KHHUX BIACTUBOCTEH (T) Kommo3uty Ha ocHoBi [ITOE +
BB + TiC (puc.9a,6) ta Ha ocuosi I[IT®E + BB + Al,O3

(puc.98,r), BU3HAYeHHUX 3a I, , I, Z-KpUTEpisMU 3 piBHEM

3HAYYIIOCTI O 0,05 Ta a = 0,01, Binm HOpPMAJILHOTO
HaBaHTaXeHHs Ha 3pa3ok (N;) mig uac abGpa3suBHOro
3HOIIYBAHHS 110 HOBOMY CJIiay. SIk BumHO 3 puc. 9 ta Talbi.
4 i1 5, 3aJeKHOCTI CTYIEHIB JIIHIHHOCTI xz(r), Xz(t)’

X, (z) KOpeNsALifHuUX 3B’ S3KIB Gp, 0, U, o, T =1 [j (C;,Cg)]
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Ta CTYIEHIB HeiHifHOCTI xl(r ), Xl(t)’ xl(z) IUX Ke
KOpEJSIIHHUX 3B’ S3KIiB BiJl HOPMAJIBHOI'O HaBaHTAXKECHHS
Ha 3paszok (N;) Bix 20 mo 160 H mim yac abpa3uBHOrO
3HOUTYBaHHS nojiiMepHux kommo3utiB [ITOE + BB + TiC
ta [ITOE + BB + Al,O; anpokCHMYyeThCsl JiHIHHUME
dynkuismu. [Tpu oMy cTymeHi niniiHoCTi X, (r ), X,(t),
X, (z) > 1 xapakTepHi JIUIIe I KOPENAMiHHUX 3B’ SI3KIB T
=f (j), AKi 3MEHIIYIOTBCS T[T Yac 3pOCTAHHS HOPMAJILHOT'O
HaBaHTaxeHHs Ha 3pa3ok (N;) Bix 20 mo 160 H:

a) mia yac abpasvBHOTO 3HOIIYBAHHS MONTIMEPHOTO
kommnosuty IIT®E + BB + TiC:
X, (r) Bin 1,568 no 1,237 (w1 a = 0,05);

Big 1,269 mo 1,001 (ms o = 0,01);
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Puc. 9. Banexnicts cryneHis JiHiitHOCTI £5(Z) (a,B) Ta HeminiitHOCTI &1(Z) (6,r) MiHIHHUX KOPENAMIHHNX 3B’ SI3KiB
Mi> TIOKa3HHKaMH (i3HKO-MeXaHIYHUX BIacTHBOCTEH (Gp, 8, U, O), BITHOCHUM KpUTEpieM y3rOMKeHHS
TUIACTHYHUX Ta MPY)KHUX BIacTUBOCTEH (T) kKommo3utiB Ha ocHoBi [IT®E + BB + TiC (a,6) [IT®E + BB +
Al,O;3 (B,r) mpu pisHux nmuromux HaBautaxeHHsX (N;) 3a Z-kpurepiem Dimiepa 3a piBHeM 3Hauytocti o = 0,05

Vs

0,5—--——\
0,4 \
NN
AN
\

1
m~< 2 Sy—
0,1 o T
I 5 3 !
AN 1
\\\\ 4 \ :
N M
0 0,1 0,2 0,3 0,4 V¢

Puc. 10. I'panuyne criBBigHOIICHHS BMicTy chepuunux (Vs) i emincoinaux (V) 4acTHHOK Y
MOJIIMEPHOMY KOMITO3HUTI 3a KpuTepieM y3romkenns (1,1") Ta 3a BimHOCHOMO abpasuBocTiiikicTio (2—5)
MpU HOpPMaJIbHOMY HaBaHTaxeHHi Ha 3pa3ok (H): 2 — 20; 3 — 50; 4 — 105; 5— 160.
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Bif 2,622 no 1,413 (ms o = 0,05);

Big 1,858 mo 1,001 (mrs o = 0,01);
Bix 2,131 mo 1,350 (s a = 0,05);

Big 1,619 mo 1,025 (ms o = 0,01);
0) mix yac abpa3sUBHOTO 3HOUIYBAHHS MOIIMEPHOTO
komrosury [IT®E + BB + Al,Og:
X, (r) Bin 1,673 no 1,338 (w1 a = 0,05);

Big 1,353 mo 1,083 (mis o = 0,01);
Big 3,668 mo 1,658 (ms a = 0,05);

Big 2,600 mo 1,013 (mrs o = 0,01);
Bix 2,618 mo 1,534 (s a = 0,05);

Bix 1,989 no 1,165 (s o = 0,01).

Tomy, mik o/l 1 To/Ty icHye TicHHIA TiHIHHAN 3B’ A30K
(Tabn.3), mpuaoMy Koe(illieHT KOpeNAlil 3HWKYETHCS i3
3poctaHHsaM HaBaHTakeHHs Bifg N; = 20 H mo N; = 160 H.

5. HasiBHiCTb eKCTpeMyMy Y CHiBBiIHOIIEHHSIX
B’ SI3KOIIPY)KHHUX TTOKAa3HUKIB BIIACTHBOCTEW KOMIIO3UTY, B
3aJIeKHOCTI BiJl BMICTYy HAIIOBHIOBAYiB, JIO3BOJISIE OL[IHUTH
JIUITHKY TPaHWYHOI aOpa3vBHOI CTIMKOCTI KOMIIO3UTY
(puc.10): BCi ekcTpeManbHi 3HAYEHHS aOpa3HUBOCTIHKOCTI
3HAXOIATHCS HIDKYE 1 JIiBilE 3HAa4YeHb KPUTEPIO
Y3TOKEHHSI.

6. IIpononyeThes HACTYNHA CTPATETisi PO3POOKHU
KoMIto3uItiitnoro Marepiany [49,50], 3maTHOrO HpaIroBaTH
y CepemoBHIINI 3 abpa3sWBOM. 3 YMOB EKCIUTyaTaIliitHOI
Ha/liIHHOCTI CTBOPEHOI'0 MaTepially B KOHCTPYKIISIX BY3JIiB
TepTs] BUOUPAETHCS KOHIIGHTpAllisl HAIOBHIOBAaYa, SIKHH
3abe3rneuye HEOOXiZHE 3HA4YEeHHs ITOKAa3HUKIB (i3uKo-
MexaHiuHUX BiacTuBoctei 3riguo (16), (24), (27), (29). 3a
cmiBBifHOEHHSIM T/E BH3HAYarOTh: 3pOCTA€ YH CHAIAE
obyakuisn To/Ty ~ f(VyVs) B 3amexHOCTI Big BMICTy
HAIOBHIOBAYiB. 3HAa4YeHHsS KOHIIEHTpAIil HaIllOBHIOBAYIB,
0 HE J0cAryla KPUTHYHHX TOYOK, XapaKTepU3yIOTh
3pOCTaHHsA a0pa3MBHOI CTIMKOCTI HAIIOBHCHHX IIOJIMEpIiB
BHACJIiIOK BUKOHAHHs yMOB [15].

BukopucroByloun po3poOJieHHH MeTon i KpuTepii
To/Ty, omTuMi3oBaHa aOpa3MBOCTIMKA KOMITO3MISA Ha
ocHoBi [ITOE [39].

7. Ilpn po3podui adpa3mBocTiiikoro martepiauy,
SIKIIO 32 YMOBAaMH CKCIUTyaTallii BHMAraeTbCs OiTbIIUIA
BMICT HAIlOBHIOBauiB, sIKWi 3abe3reuye OUIBII BHCOKI
TOKA3HUKH (hi3UKO-MEXaHIYHUX BIIACTUBOCTEH, aye TATHE
3a CcOOOI0 3HIKEHHS aOpa3vBHOI CTIHKOCTI KOMIIO3UTY,
HEeoOXiHO abo 3MIHUTH TPUPOJY HANOBHIOBadiB, abo
BUKOPHCTOBYBAaTH MATPHIIO IHIIOI NPHPOIAH. 3 IWI€0
METOI0 Yy MaTepiajd TOoJNiMEepHOI MaTpulli  BBOIMIH
BOJIOKHUCTHH HAaloOBHIOBa4Y y (OpMi BOJIOKHA, HHTKH,
macMH HUTOK 1 TpyOo4dok (MOPOXKHIX BOJIOKOH) 3
YTOBIICHHSIMH, SIKI BUKOHaHI y (opMi BY3IiB, IeTeNb Ta
BycukiB [40].

BucnoBku
1. BUKOPUCTOBYIOUM BapialliiHWA METOM, 3aJaHHSA
TCOMETPUYHOI CTPYKTYpU KOMIIO3UTY 1HIUKATOPHOIO

¢yHKI€0 1 BU3HAYarOYM HOro BIACTHUBOCTI ITOLIYKOM
eKCTPEMyMY AMCHIIATHBHOI (YHKIIi — TYCTHHU TPY>KHOI
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eHeprii aeopMyBaHHs], OTPUMAaHI MaTeMaTH4HI BHPa3H
JUTS. PO3PAXyHKY MOJIYJIS MPY)KHOCTI, MEXI IJIACTUYIHOCTI
Ta B'SI3KOCTI KOMITO3HUTY 32 BiJIIOBITHUMHU BJIIACTHBOCTSIMU
HAIIOBHIOBAYiB, 3MOJICJIbOBAHUMH  EIIINCOIAHUMU  Ta
ceprUYHUMHU YaCTUHKAMH. .

2. Y mareMaTH4Hy MpOLEAYypYy ONTHUMI3amii CKiamy

KOMITO3UTY  BBEICHHMH HOBHMH  0a30BHH  KpHTepii
abpa3MBHOi  CTIHKOCTI —  Tapamerp  Y3TOIKEHHS
IUIACTUYHUX 1 TPYXHUX BIACTUBOCTEH — BIJHOLICHHS

JIMHAMIYHOI B’ SI3KOCTI 10 MOAYJISl TIPY>KHOCTI.

3. ¥ MareMaTH4Hy NPOLEAYPY OLIHOK KOPEISIiHHIX
3B'SI3KIB BBEJCHO IIOHATTS CTYIICHIB JIHIHHOCTI Ta
HEJTIHIHHOCTI JIHIMHUX Ta HETIHIMHUX 3aJIEKHOCTEMN.

4. 3anpornoHOBaHa MOJENb 1 CTpaTerisi MOUIYKY
ONTUMAJIBHOIO CKJIAy TPUKOMIIOHCHTHOI'O IOJIIMEPHOIO
KOMIIO3HUTY.

Cipenko TI'.O. — JOKTOp TEXHIYHUX HayK, Hpodecop,
3aBiqyBau Kadeapu HeopraHiuHoi Ta (Hi3UIHOI XiMii;
Bazwoxk JI.B. — Buknajgad kadenpu HEOpraHidyHol Ta
¢bi3u4HOI XiMii, MaricTp.

Byonux A.®@. — xaHgugar TEXHIYHHX HAyK, JOLEHT,
3aBifyBau Kadenpu IPHKIAJHOIO MaTepiajlo3HaBCTBA Ta
TEXHOJIOT1T KOHCTPYKI[IHHUX MaTepialis.

Llanosanoe C.JII. — xaHIUIAT TEXHIYHUX HAYK, TOIECHT
katenpu iHpopMaLIHUX TEXHOJIOTIH.
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Optimization of Polymer Composites Filled With Spherical and Ellipsoidal
Particles, by the Theoretical Criterion for Harmonization of the Elastic and
Plastic Properties

Vasyl Qefanyk’ Precarpathian National University, 57, Shevchenko Sr., Ivano-Frankivsk, 76000, Ukraine
2Sumsky National University 2, Rimsky-Korsikov Str., Sumi, 40007, Ukraine

The model of antiabrasive composite materia on the basis polymers fill with spherical and élipsoidal particles. The description of
the strategically creation of antiabrasive composite materids on the basis of powders of polytetrafluorethylene, carbon fibers and
titanium carbide and auminum oxide have been found. The dlipsoidal model particles of carbon fibers and the spherical model
particles of titanium carbide and aluminum oxide has been used for the cal culations. The new criterion of optimization parameter of
mething plagtic and elastic properties of a composite which were calculated on the basis of initia ingredients were introduced. Fig
10. Tabl. 5, Litr.50.
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