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Beryn

Byrnenesi (kapbonoBi) BookHa (BB) 3acTocoByroTs
JUISL  HAllOBHEHHS aHTHU()PUKLIIHHMUX MOJiMepiB  Ta
METaIIB. 3a XIMIKO-MEXaHO-aKTHUBAIITHOK TEXHOJIOTICIO
[1,2] ix miggaloTh nHONEPeIHbOMY JPOOJICHHIO 1
3MINIYBaHHIO 3 TOPOIIKAMHK IOJIMEpIB y amaparax 3
BUCOKOOOEpTHUMH pobounmu opranamu (Bix 3000 mo
22500 06./xB.). Emmnipuynnii yucnoBuii abo 00’eMHMIA
(mMacoBuit)  po3moamia  BYIJIEEBHX  BOJIOKOH 32
JIOBXXMHAMU TIPH LbOMY YCEPEAHIOETHCS TEOPETHUYHUM
posmoxinom BelOymia abo ramma—posmoxpiioMm [3].
MoxHa  TPUIYCTHTH, IO  TOKAa3HUKH  (i3HKO-
MEXaHIYHUX BJIACTHBOCTEH IOJIMEPHUX KOMIIO3HTIB
OymyTh 3aexat BiJ mapaMeTpiB 06’ €MHOTO (MacoBOTO)
pO3MOJiNy BYIJICLEBUX BOJIOKOH 32 JOBXKHHAMH Ta

TeXHOIlOFiClO BBCICHHS BYTJICTICBUX BOJIOKOH a0
MOPOILKY HONIMEpY.
Mera paHoi poOoTH monsirajia B TOMY, LIOOU

MOPIBHATH 3aJISKHICTh MOKA3HUKIB (hi3MKO-MEXaHIYHUX
BJIACTMBOCTEH KOMIIO3UTHOIO Marepially Ha OCHOBI
noxirerpadTOpeTHIIeHy BiA IapaMeTpiB YMCIOBOIO Ta
00’eMHOTO  (MacoBOTO) TEOPETHYHOTO  PO3IOMALITY
BYTJICLIEBUX BOJIOKOH.

I. Po3noaijs Bo1IOKOH 32 10BKMHAMM

OCKITbKM  BJIACTHBOCTI  IOJIIMEPHOTO KOMIIO3UTY
BU3HAYAIOTECA  00’€éMHHM  (MacoBHM)  PO3MOILIOM
BOJIOKOH 32 JOBXHHAaMH, TO BK&)KEMO Ha 3B’SI30K MiX
YUCIIOBHM 1 00’ €MHUM (MacoBUM) po3moaisioM Beitbymia
1 TaMMa-pO3IOALIOM.

1. HlinbHiCTh WMOBIPHOCTEH YHCIOBOTO PO3MOJLITY

BeiiOynna 3a  JOBKHMHAaMH  BYIJICLIEBUX  BOJIOKOH
BHU3HayYaeThes 3a [4,5]:
5-1 5
/ /
nl)-2(4) exp[_[j ],zzo, m
a\a (24
3 MaTeMaTHYHHUM CIIOJ[iBAHHSIM
1
E(l)= af(l + —j , ()
o
Ta JUCIEPCIEr0
of 3)

oo {3 {12

o0
ne I'(x) ramma—dynkuis [4]: I'(x) = jexp(— t)~tx_ldt;
0
o, 6 — mapameTpu po3noziny Beitbymia.
2. I3 (1) BumMBaE MIIBHICTD WMOBIpHOCTEH
00’emHOr0  (MacoBoro) posmoaity BeiiOymia 3a
JIOBXKMHAMHM BOJIOKOH [3]:
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3. IinbHicTe HMOBIPHOCTEH YHCIIOBOTO TraMMa—

pO3HOﬂiJ’Iy 3a JOBXHMHaMH BOJIOKOH BH3HAYa€TbCAa 3a
[4.5]:

2 o
l)=——1 —Al), >0, 7
0al0) 751" el 2 )
3 MAaTCMaTU4YHUM CHOZ[iBaHHHM
0
Ey(1)=— ®)
Ta IUCTIEPCIEr0
0
é@=?u ©)

Ie A, 6 — mapameTpu raMma-po3noIiy.
4. I3 (7) BUIUIMBAaE MIIBHICTH 00’ €MHOTO (MacOBOTO)
raMMa-po3MOJiTy 3a JOBXKHHAMH BOJOKOH [3]:

0+1
P2(1)2m¢2(l):m19 exp(- A1), [=0.  (10)
3 MATEMATHYHUM CIIO/iBAHHSAM
M, (1) =E, (1) + = (11)
A A
Ta JIUCHEPCIE0
%@:@mp§:%§. (12)

Jns ycepeaHeHHS EMIIPUYHUX NaHUX PO3IOALIY
BOJIOKOH 32 JOBXMHAMH IPU TEXHOJOTIYHHX OMEpariisx
OyZeMO KOPHCTYBATHCS IIMMH 3aKOHAMH, MEPEBIPAIOYH
BIJITIOBIZIHICTh EMITIPHYHOTO PO3IOLTY TCOPSTUIHOMY 32
KpuTepisiMu Xi-kBajapar Ilipcona ta omera-kBazapar [6,7].
VY3aranpHEHUI aHaNi3 PO3MONUTY BYTJICIICBHX BOJIOKOH
3a IOBKMHAMHU MTPOBeJIeHU B [3].

II. O0’exkTH Ta MeTOaU AOCTITKEHD

1. O6’exTnn J0CTiIKEeHb. JocnimkyBanu
KapOOHI30BaHi ByIJIEIEBI BOJIOKHA, sIKi OyJIM OTpHMaHi 3
TipaTHeNioNo3HOi TKAaHWHK 13 3aCTOCYBaHHAM CyMiIli
antuniperis Na,B,0,x10H,0+(NH,4),HPO,. O6pobneny
agrumipenamMu  ['1l-TkaHwHY TepMOOOpOONIOBaIM B
mpupogHomy ra3i CH, 3a temmeparyporo 723 £20 K
[UIIXOM TIPOTATYBAaHHS depe3 pypKoBy mid ,,Tammana” 3i
wBHAKICTIO 10M/Toa. Y MiACYMKY OTPUMYBAIH YaCTHHHO
KapOOHi30BaHy TKaHUHY YT-4 3 TaKUMHU
xapakrepuctukamu [1,8]: po3puBHe HaBaHTakeHHS (ScM
cmyxku) TkanmHu 100-160 H/em (mo ochoBi) Ta 15-
30 H/em (mmo mimkanHi0), BMicT kapoony 60-70 %, Gopy
0,2 %, dochopy 0,5 %, 30mu 1,5 %; MiHICTE BOJOKHA
npu po3pusi 0,2-0,3 I'Tla, Moxynbp MpyXHOCTI BOJIOKHA
3-4 I'TIa, BiTHOCHE TIOJOBXCHHS TIpU po3puBi 4,5-6,5 %,
nIiamerp BOJIOKHA 11-14 MxM, KoeimieHT
tertonpoBigHocTi  0,08-0,09 BT/(M'K).  Iomampmmmm
BimnamoBaHHAM TKaHWHA YT-4 B armocdepi CHy 3a
temneparyporo 1123 + 50 K orpumyBaim kapOOHiI30BaHy
TkaHuHy YTM-8 3 Takmmm xapaktepuctukamu [1,7]:
pospuBHe HaBaHTaxeHHs Tkauuaun 70,0-240 H/cm (1o
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ocHoBi) Ta 20-100 H/cm (1o miakaHHIO), BMICT KapOOHY
60-70 %, crionyk 6opy 3,0-3,6 %, croayk docdopy 3,0-
3,6 %, 30mu 21-26 %; MIIHICTH BOJIOKHa HPU PO3PUBI
0,52-0,6 I'Tla, moxmyns mpyxHOCTI BojiokHa 27-47 I'Tla,
Jiamerp BOJIOKHA 10-12 MKM, KoeilieHT
tertonposinHocti 0,08-0,12 Br/(m°K).

B sikocTi moiMEpHOTo MOPOIIKY BUKOPHCTOBYBAIN
nonirerpadropermies ,,propinon-4” (IITOE) [9,10].
Komnosumist cxmaganacs 3 20% MOpOIIKY BYTJIECLEBOTO
BOJIOKHA Ta 80% MOPOIIKY MOJIiMepYy.

2. IpuroryBanHs  aucmepciii  BOJIOKOH Ta
koMmo3unid. Jlng  momepemHrOro  MonpiOHEHHS
BOJIOKHUCTUX BYIJICHIEBUX MarepialliB y BHUIJISAAI HUTOK,
BOJIOKOH, CTPIYOK, TKaHUH Ta IMMOBCTI 10 (hpaKilii BOJIOKOH
3,0-15,0 a6o 0,5-8,0 MM HaOIBII MPUAATHOIO BUSBIICHA
MomudikoBana  MOJOTKoBa  japobapka  KJ[Y-2,0
»YKpaiHka” 3 PpyXOMHMH MOJIOTKaMH, CeNapylduM
NPUCTPOEM Y BHIJISAI 3MIHHOI IpaTku 3 J1aMeTpoM
orBopiB 1,5-5,0 ta 0,8-1,5 MM 1 BEHTHJIATOPOM, SIKHIA
JKeHEe TOBITps 4epe3 Ipatku. Jliamerp poOoumx opraHiB
0,48 M, umcino oOeprie 2700 3a XBIWIMHY, 4YacToTa
obepranHs 45 c’l, MaKCHMaJibHa JIHIMHA IIBUIKICTH
67 m/c. [y OGUIBII TOHKOTO i HAATOHKOTO MONPiOHEHHS
IHTPEII€HTIB 1 3MINIyBaHHS KOMIIO3HIII 3aCTOCOBYBAIH
IpobapKy 3 MIBHIKOOOEPTOBHMH ITOJOBHMH POOOYUMH
opranamu (Hoxxamu) MPII-1 ipu 7000 00./XB.

3a MepIIor0 TEXHOJOTI€I0 3MINIyBaHHS MOPOMIKiB
NOJIiMepiB 1 BOJIOKOH 3aikicHioBanu B MPII-1 Ha npoTsi3i
3-30 xB., mpH [BOMY B KOMIIO3HUI[IF0 BBOAWIM JOBIi
(moBxkuHoO 0,6-6 MM) BOJIOKHA, 10 OyJiH TONEPEAHbO
noapioneni B xapodapui KJY -2,0 «Ykpainka». 3a
JPYTOI0 TEXHOJIOTiE€I0 BOJOKHA (HOoBXHHOIO 0,6-6 MM),
mo OynmM OTpHMaHi mmicias TonApiOHeHHS B apodapii
KIY-2,0 «Ykpaiaka» momatkoBo 3-30 xB. (monepenHso
mepes; 3MIITyBaHHSIM KOMIIO3HUINI) TOJpPiOHIOBATN B
MPII-1 no nosxwun 20-500 MKM, a MOTIM 3MilIyBalk 3
nopomkoM noiimepy B MPII-1 Ha mpoTs3i 5xB.

3. JliniiiHuii  anamiz gucnepcii  BosokoH. Jlms
BUpIIICHHS 3aBJaHHs JIHIAHOTO aHami3y BHUXITHHX 1
JIpoOJieHHX BOJIOKOH 0e3 abo pa3oM 3 MOJIMEPHUMH
YaCTHHKaMH BUKOPUCTOBYBAJIU aBTOMATHUYHUN
aHaji3aTrop BimoOpakeHb MiKpooO’ekTiB “MopdoxBant”
i3 004YHNCITIOBAIIBHOIO MAIlUHOO EC-5060.
“Mop¢okBaHT” OyB HaJaroKeHWI Ha MaKCHMaJbHY
KUTBKICTh KpoKiB 512, wmiHiManpHHi KpokK 0,2MKM,
Qiarma3oH KpOKIB mpW cKaHyBaHHI 512*512 1 KijbKiCT
pisHuX crymeHiB ToHiB 128. Ilpm 1pOoMy BiZHOCHA
noxuOka JiHIHHUX po3Mipis craHoBmIa 0,2 %. [Tporpama
3abe3nedyBana aHami3 250 4acTWHOK 3a OMHY HpoOy
(xTBKICTh TIPOO UL OXHOTO BHAY AOCHiKeHb — 20-25,
cymapHa KubKicTh wactuHOK 5000-6250) 1 mindip
HMOBIPHOTO 3aKOHY pO3MOALTY 3a KpHUTEPIIMH Xi-
KBajlpaT Ta oMera-kajpar. [yl MOpOIIKiB KOMITO3MIiH
BOJIOKOH 3 TMOJIiMEpaMH JOAATKOBO  JOCIIKYBaJl
PO3MipH YaCTHHOK Ha MIKPOCKOII 3 PyXOMHM MOHOKJIEM
3 moxinkamu 0,5 mxwm). [Ipu npoMy BemuurHA BiITHOCHOL
KBaJpaTUIHOI TIOMIJIKA TIPH OOYHCIICHHI YaCTHHOK, IO
00yMOBJIEHA BHIIQJIKOBUM PO3IOAIIOM iX B TPOCTOPI,
JTIOpiBHIOBAJIA:

5= 100% (13)

B
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Taoauns

KoedinienTn kopensiii BeTMuiH NOKa3HUKIB BJIacTHBOCTEH kKommno3uty Ha ocHoBi [IT®E + 20% Byrnenesoro
BOJIOKHA 3 ITapamMeTpamMu 00’ €MHOT0 (MacoBOT0) PO3NOALTY BYIJICLEBIX BOJIOKOH 33 JOBKUHAMH *

Posmnopin Beiidya I"amMma—po3momain
IToxa3zHuk
0l, MKM ) A, MKM | 0
Owx, MIla 0,90/0,97 0,62/0,34 -0,98/-0,98 -0,79/0,49
€, %0 —-0,96/-0,99 -0,47/-0,24 0,99/0,99 0,89/-0,30
Ay, 1<)Z[>1</M2 -0,83/-0,89 —-0,65/-0,54 0,93/0,91 0,70/-0,68

* YucesIbHUK — NIPY BEJCHHI Ha 3MILITYBaHHS JIOBI'MX BOJIOKOH; 3HAMEHHHK — NIPY BBEJICHHI Ha 3MillyBaHHS

HOMNEepeTHBO MOIPIOHEHUX BOJIOKOH.

ne N=5000-6250 — 3araybHa KiJIbKICTh MiJIPaxOBaHUX
YaCTHHOK.

Takum YMHOM, BiJHOCHA KBaJpaTH4HA IOXHOKa
o0YHCIeHHs YacTHHOK Oyma B mexax 6= 1,41-1,27 %
BIIITOBITHO.

4. VYcepenHeHHS  eMIIPHYHOIO
BOJIOKOH.  J[OCHi/DKEHHST ~ eMMIpUYHUX  YHCIOBHX
PO3MO/IiNIeHb 3a JIOBYKHHAMH BOJIOKHUCTHUX
HAMOBHIOBAYiB Yy TMOJliMepax I[oKa3ajo, IO MpHu
BUKOPHCTaHHI ~ ApoOapoKk  THUIIB  JucMeMOpaTop,
nesinterpatop, MPII-1, 11 po3moniiu ycepeaHIThCs
TEOpETHYHUMH 3aKoHamMK BeiiOyia i raMmma-po3noniny.

VYcepenHeHHs — JTaHMX ~ 3/AIHCHEHO  HMOBIpHUMH
3akoHaMu BeiOyimma 1 ramma-po3noainy, a TaKoX
OB ’s13aHi 3 YMCIIOBIMH PO3MOIiUIaMU 00’€MHI (MacoBi)
BiJIIIOBiHI PO3IIOALIH 32 JOBXKIUHAMHU.

5. TocninsxeHnns (izukxo-mexaHiyHuX
BJAacTHBOCTelH Kommo3uTiB Ha ocHoBi IIT®E.
MiuHicTh npu po3TAry (04) Ta BIJHOCHE MOJOBXKEHHS
npu po3puBi (&) AOCHIKYBAIM Ha 3pa3Kax y BUTJILAAL
Kijzeup (BTyJoK) aiamerpamu 5040 i Bucororo 10 MM Ha
MamuHi  ,,JHCTpOH” 13 IIBHIKICTIO pyXy TIOB3yHa
0,25 cm/xB. 3a TOCT 11262-80; muromy B’S3KiCTh NpU
ynapi (Ax) nocnimkysana Ha konpi Kacra Ha 3paskax y
BUTIISAI MATBIIB giameTpoM 10 MM i ToBkuHOWO 70 MM
3a TOCT 4647-80. Ilepen BumpoOyBaHHSIM 3pa3Ku
KoHaumionyBamu 24 rox. mpu 296+ 1K i BigHOCHIH
Bosiorocti  65+2% 3rinzmo T'OCT  10681-75.
Hocmimkennas npoBommmn npu 296 = 1K 1 BigHOCHIM
BOJIOTOCTi 65 + 2%

po3noainy

I11. Pe3yibTaT T2 00rOBOpPEHHSA

1. 3B’sa30K BJIACTHBOCTEH KOMIIO3MILii 3
napaMeTpaM TeOPeTHYHOr0 PO3MOAiNYy 3a MeTOA0M
Bpanpona.

PiBHsIHHSL 3B 513Ky NHUTOMOI yIapHOi B’SI3KOCTI (A,
kJpK/MY),  MimHOCTI  TIpH po3tary  (Cu, MIla) Ta
BIIHOCHOTO  TIOJIOBXXKEHHS 1pH  po3puBi (&, %)

komno3uty Ha ocHOBi IIT®E i 20% (mac.) BB YTM-§ 3
napaMeTpamMyd 4HCJIOBOTO Ta 00 €MHOrO pO3MOALLY
Beiibyuta Ta raMMa—po3noAailTy BOJOKOH 3HaieHi 3a
METOJIOM MHOXHHHOI perpecii bpannona [11]. PiBHsHHS
MHOXXHHHOI perpecii orpuMyBanu 3a MetogoM bpanmona
Y BHUTJIAI:

y=a-filx) f2lx2), (14)

ne f; (x J.) — Oy/b-sika (DYHKLIisl BEMUMHU X ; .
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Tak sk MopsIOK po3TanryBaHHS (DAKTOPIB X; 1 X, ¥
Bupasi (14) BmMBae Ha TOYHICTH OOPOOKHM pe3ysbTATIB
SKCIIEPHUMEHTY, TO BUXOAMIU 3 TOTO, LI0, YAM OLITbIIHI
BIUIUB IIapaMeTpy X; Ha y, TAM MEHIIUH OyB IOPAIKOBUH
Homep /. Cumiay BIUIMBY Xx; Ha ) BH3HAYald 3a
a0CONIOTHOI0 ~ BEIMYMHOIO  KoedilieHTa  KOpeIsmii
(tabmn.). BusBumnocs, mo po3MipHi mapaMeTpH PO3MOALTY
BeitGyama o [MkMm] i ramma-posmominy A [MkM ']
CHIIBHIIIE BIUTMBAIOTh HA ) (Ax[KJK/M?]; Oy [MITa];
& [%]), HDK 0e3pO3MipHI MapamMeTpu  PO3MOALTY
BeiiOynna & 1 ramma—posnoainy 0. Burmsn ¢ynkuii
filx;) 1 xoediuient a BusHavanM 32 TaKow

MPOIEIypOr0. 3a JaHUMH PE3YJIbTaTiB EKCICPUMCHTIB
OyayBanM eMIpUYHUHA PO3MONLI, YCEpPEeIHEHHS SKOTO
3IIMCHIOBANIM 32 TEOPETHYHHMM po3nojiioM BeiiOymna i
raMmMa—po3noiioM. PO3XOIDKEHHST MiXK €MITipHYHHM Ta
TEOPETHYHUM PO3IOMATIOM TEPEBIpsIN 332 KpUTepieMm
[Tipcona [6].

TakuM YMHOM, 3HAXOIWINM 3HAYECHHS MapaMeTpiB
YHCIOBOTO 1 00’€MHOTO  (MacoBOTO)  PO3MOALTY
Beiibymna o, 8 Ta ramMmma—po3nominy A, 0 AucKpeTHHX
BYIJICLIEBUX BOJIOKOH 3a HOBXXMHAMHU. Burisn ¢yHxumil
f; BUOHMpANTM 3a JONOMOrOK MOOYXOBH eMITPHYHIX

JiHIA perpecii y Takiii mocnmigoBHOCTI. 3a maHuMHU (A,
Opc 1 & Ta 0, 0 1 A, 0) OyayBanmu 3aJeKHICTh y Bia x; (a,
A). Emmipuuna niHis perpecii mokasama, IO y BCIiX
BUNAJKaX (YHKIIO fl(xl) BapTO WIyKaTW y BHUIIIAAIL
napa0oJy APYroro NOPSAKY:
2

)= fi () =bo +byxy +byyaf (15)
ne koediieHtn by, b;, b;; 3HAXOOWIN 32 METOIOM
HaliMeHIHX KBajapartis. Jlami 3a hopmysoro
vy

S1(x1)

po3paxoByBaaM BHOIpKY BENTWUMHH Y; 1 OyayBaid
KOpeJIsilliiiHe Iojie 1 eMIIpUYHy JIiHil0  perpecil
yvi=f (xz). Jns vei moOpuMm HaOMIDKEHHAM € JIiHiiHe

(16)

N

PIBHSHHS perpecii:

Hx2)=falxz)=ag +a1x;,
ne KoeQimieHTH ajp, a; 3HAXOMWIH
HANMEHIIIMX KBaJIPAaTiB.

Taka mpoueaypa Oyia MPOJOBXKEHA 10 OTPHUMAHHS
BUOIPKH BEJIMUMHH
__N Y
() fl)-flxz)
OTprMaHa BelMYMHA )y, He 3ajiexana Bix (akropi
X7, X 1 BU3Ha4aIa KOeilieHT ¢ BUXiTHOTO PiBHSHHS:

(17)

3a MCTOAOM

(18)

Y2
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Ly
Ya=a=—2 Vi, (19)
N5
ne N — obcsr BUOIpKH.
VY miacyMKy OTpUMYBAaJIH 3aJICKHICTh:
y=ab0 +b1x1 +b11x12)'(a0 +a1x2). (20)

PiBHAHHSA Maild TAKUHA BUTTISAL:
a) npu 3mimyBaHHi 1oBrux (/ = 3-15MM) B0JIOKOH
3 nopomikom IIT®E B MPII-1 na nporsn3i 3-30 xB.:
yucJoBui po3nogin Beii0yia
A= (229,35-1,708 0+3,503-107° o) x
x (1,343-0,258 5) (21
0= (~0,996+0,2073 0-3,806-10* a?)x
% (0,731+0,196 8); (22)
&= exp{exp[(3,0886—1,7067-10 % a+2,2392-10 a?)x

% (1,1643-0,1354 5)1}; (23)
00’emHuii (MacoBuii) po3moain BeiiGynia
A= 1,0011(199,74-0,864 0+1,045-10 0?)x
% (3,964-1,518 §); (24)

Gy = 0,9999(—0,312+0,129 0—1,504-10"* a?)x
x (—0,365 + 0,7 3); (25)
&= exp{exp[(3,309-1,273-10 2 a+1,224-10" a?)x

x (2,494-0,774 8)]}; (26)
00’eMHuii (MacoBHii) raMMa—po3Moaia
A= (79,573-1,061-10* 1+4,944-10° A%)x
x (1,249-6,245-1020); (27)
O = (25,093+6,773-10° \—4,74-10* A%)x
x (0,835+4,226:10720); (28)
€= exp {exp[(—0,658+68,307A+1,325-10°A%)x
x (—0,466+0,372 0)]}. (29)

0) mpu 3MiuryBaHHi SXB. koMno3uuii nonepeIHbLoO
noapionenux BB (3-30xB.) 3 mopomkom IIT®E B
MPII-1:

4uca0BHUi po3noaia Beiidysia
A= (224,36-1,769 0+3,882:10° a?)x

x (0,820-+0,134 3); (30)
o= (10,919+9,525:10 2 0—1,462-10 * a*)x
x (0,946+3,912:1028); 31)

&= exp {exp[(2,0583-0,3868:10 % 0-0,9684-10° 0?)x

% (0,9948+0,3968-1028)]}; (32)
00’emHuii (MacoBuii) po3moain BeiiGypia
A= (258,8-1,347 a+1,906:10 > a?)x
x (1,498-0,254 §); (33)
= (7,833+8,231-10 % 0-9,588-107° o*) x
x (0,729+0,142 3); (34)
g = exp{exp[(2,4869-5,7509-10° a+2,1824-10°°
0?)x(1,0455-2,3848:10723)]}; (35)
00’eMHUI (MacoBHiil) raMMa—po3noaia
A= (84,851-1,15-10*A+5,26-10° 1)
% (0,939+2,113:1020); (36)

O = (25,2442,273-10*1-2,33-10* 1) x
x (0,848+4,666-10720); (37)
&= exp {exp[(-0,221+88,818 A—0,3211-10° A?)x
x (0,9887+3,5211-10°0)]}. (38)
V piBasunsx (21) — (38): Ay [KJx/M*]; 65 [MITa];
& [%]; o [MxM]; A [MxM ']; 510 [6e3po3mipHi].

2. AHami3 OTpMMAaHUX Ppe3yJabTaTiB. AHam3
piBHsHB (21-38) mokasye, Mo AiiCHO 3 IBOX ITapaMeTpiB
pO3MOiNy po3MipHI mapamerpu TicHIIIE TOB’s3aHi 3
BHXIJHUMH BEJTHYHHAMH, HI)K 0€3p03MipHi.
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Puc. 1. 3anexHicth NMUTOMOI yHapHOi B’S3KOCTI
komno3uty Ha ocHoBi IIT®E i 20% BB Bix
napaMeTpiB  uucioBoro (a) Ta  00’€MHOrO
(macoBoro) (0) posmnoainy Beiibymna i 06’emHOrO
(mMacoBoro) ramMma-posnoainy (B) 3a JIOBXHHAMHU
BB micns 3MmimyBanHs mopomky [ITOE 3
BOJIOKHaMH JToBkuHOI0 0,6-6 MM B mpobapmi MPII-
1 ma mporsa3i 3-30 xB. (CyminpHI JiHi() Ta micms
5xB. 3mimyBanHs B MPII-1 komnosuiii, ska
MiCTHIa TOmepenHso moapioueni B MPII-1
BOJIOKHA Ha TipoT:3i 3-30 xB. (kpuckoBaHi JiHii). Ha
KPMBUX PpIBHMX 3HAa4YeHb IpUBE/IEHI
IUTOMOT yapHOi B A3K0CTi Y K JIok/M7.

BCIIMYUHU

Ha puc. 1 300pakeH0 3a/IeXKHICTE TUTOMOI YAApHOI
B’s3k0CcTi Kommo3uty Ha ocHOBI [IT®E i 20 % BB Bix
napameTpiB 4ucioBoro (a) Ta 06’eMHoro (MacoBoro) (0)
posnoainy Beiibymna i 06’emHOr0 (MacoBoro) ramma-
posnoainy (B) 3a momxuHamu BB micist 3MilryBaHHS
nopotiky [IT®E 3 BonokHamu nomxunoro 0,6-6MM B
npobapii MPII-1 npotsirom 3-30XB. (mepiia TeXHOJOT S,
CcyuumeHi JiHi{) 1 micmsa S5xB. 3mimryBanHs B MPII-1
KOMITO3MLIT 3 monepenHbo moapioHennmu B MPII-1
BOJIOKHAMH Ha mpoTszi 3-30xB. (apyra TexXHOJOTIH,
KpuckoBaHi JiHii). Ha KkpuBHMX piBHHX 3Ha4YCHb
MPHUBEICHI BEIUYMHH IHTOMOI YAapHOI B’S3KOCTI Yy
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K JDK/M.

AmHani3 nuux pe3ysbTaTiB NOKa3ye, [0 NMPH BBEICHHI
B [IT®E KOpOTKHX BOJIOKOH, B IPOIIECi 3MIITyBaHHS 3a
JPYTOI0 TEXHOJIOTIEI0 IUTOMA YAapHa B’SI3KICTh (puc.la)
3aJIOKHUTH JIMIIE BiJI OJHOTO PO3MIPHOTrO mHapaMmeTpy o
YHCIIOBOTO po3noniny BeiOymia (kpuckoBaHni JiHiT) 1
3menmyetsest Bix 140 1o 20k [k/M” i3 HOro 3pocTaHHsM
Bim 60 mo 120 mxm mpu 6=0,6-2,2. Ilpu BBencHHI
JOBI'MX BOJIOKOH Ha 3MIilIyBaHHSA 3a IMEpIIOI0
TEXHOJIOTIEI0 TUTOMA yJlapHa B S3KICTh OUIBIIOI0 MipoOIO
TEX 3aJKHUTH BiJ PO3MIPHOTO HapamMeTpy pO3MOALTY o
(cyminpHi miHiT), ame 3MiHa 0€3pO3MIpPHOTO TapameTpy
YHCJIOBOrO po3mnojiny BeiiOymia Tex BIuMBae Ha
MOKA3HMK A,: P 3MeHIIeHHI o Bix 220 10 60MKM Ta & —
Bizg 2,2 10 0,6 A, 3pocrae Big 20 10 140k [x/m.

3aJexHICTh MHUTOMOI  yJIapHOi  B’SI3KOCTI  Bil
napameTpiB 00’eMHOTo (MacoBOro) po3mnoaity Beiibysia
3a nomxuHamMu BB (puc. 10) mae iHmmi xapaxtep. Sk
BU/IHO 3 puc. 10, npu BBeneHHi B [ITOE koporkux BB, B
npoleci 3MIlIyBaHHS 3a JPYror TEXHOJIOTIEI NMUTOMA
ylapHa B’A3KICTh OUIBIIOID MIpOI0 3aJICKUTH  Bill
pO3MIpHOTO mapaMeTpy o 00’€MHOTO (MacoBOTO)
posmoxiny Befibymna (kpuckoBaHi JiHii) 1 3MEHITY€EThCA
Bix 110 mo 30 KI[)K/MZ i3 #ioro 3pocranusiM Bix 120 mo
300 mxm mpu 6 = 1,3-2,5. B mexax o = 300-440 Mxm 1
6=2,0-2,5 usg 3aJeKHICTb CTa€ ABONAPAMETPHUYHOIO.
Ipu BBenenni noerux BB Ha 3MilryBaHHS 33 HEPIIOO
TEXHOJIOTIEF0 ~ MUTOMa YyAapHa B S3KICTh  3HAYHO
3aJIeKHUTh B JBOX IapameTpiB 00’eMHOro (MacoBOTro)
posnoainy BeiOysia (CyuinbHi JiHiT): i3 3pOCTaHHAM O
Bix 1,3 mo 2,5 1 a Bixg 120 no 440 MxM A 3MCHITYETHCS
Bix 170 mo 20 xJhx/m>.

Ax BumHO 3 puc. 1B, mpu BBemeHHi B IITOE
KOPOTKHX BOJIOKOH, $Ki MAalOTh TramMMa-po3moAil 3a
IOBKMHAMH, B TIpomeci 3MIIIyBaHHSA 3a JAPYTOIO
TEXHOJIOTIEI0 MUTOMA yJIapHa B’S3KICTh 3aJIOKHUTh Maike
BiZl OJHOTO PpO3MIPHOrO mapamerpy A 00 €MHOro
(MacoBOro) ramMMa-posrnojily BOJIOKOH 3a JOBXHHAMH
(xpuckoBaui minii). Ipu 3pocrtamni A Bix 1,510 10
2,5'10’2MKM’1 A, Tex 3poctae Big 30 go 110 KI[)K/M2 npu
0=0,5-6,5. 3mina Oe3po3mipHoro mapamerpy 0
00’eMHOro (MacoBOro) ramMMa—po3IOALTy BIUIMBAaE Ha
nokasuuk A, mume npu A= (1,0-1,5)-10*mxm ' Ipu
BBeJIcHHI J0OBrux BosiokoH B IIT®E, B mpormeci
3MINTyBaHHS 3a TIIEPIIOI0 TEXHOJIOTIEI0 3HAYCHHA Ay
OUMBIIOI0  MIPOI0 TaKOXK 3alekaTh Bil  OIHOTO
PO3MIPHOTO MapaMeTpy A po3momaiay (CyUUTBHI IIiHIT):
IpH 3POCTaHHI A Bif 1,2:102% 10 2,5-102mxkm ' A, Tex
3pocrae Bix 30 o 110 x/[x/M>. 3miHa Ge3po3MipHOro
napameTpy 0 00’eMHOro (MacoBOro) raMMa—po3HoAiTy
TEX BILIMBAE Ha IIOKa3HUK Ay npu
A= (1,0-1,2)-10 *mxm . I3 3menmennsam 0 Bix 5,0 10 0,5
A 3pocrae Bix 22 mo 30 KI[)K/MZ.

Ha puc.2 300pakeHO 3aJIeXHICTH MIIHOCTI MpH
po3Tsary kommo3uty Ha ocHoBi IIT®E i 20% BB Big
rapaMeTpiB YUCIOBOrO (a) Ta 00’eMHOTO (MacoBoro) (0)
posmoxiny Beiibymna i 06’emHOTO (MacoBOro) ramMma-
posmoxiny (B) 3a momxuHamu BB michs 3MimryBaHHS
nopomky IIT®E 3 Bomoxknamu mgoexkuHoo 0,6-6 MM B
napodapii MPII-1 npotsrom 3-30xB. (mepiia TeXHOJIOTIs,
CYLIbHI JiHIT) 1 micast 5 xB. 3MimyBanus B MPII-1
KOMITO3MLIT 3 monepenHbo moapionenumMu B MPII-1
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Puc. 2. 3anexHicTh MIDHOCTI TPU  PO3TATY
komro3uty Ha ocHoBi [IT®E i 20% BB Bix
mapameTpiB  uyuciaoBoro (a) Ta  00’€MHOro
(macoBoro) (0) posnozimy BeitGymia i 06’emHOro0
(MacoBoro) ramma-posmnoniny (B) 3a JOBKHAHAMH
BB micnst  3mimyBaHHs mopomky [ITOE 3
BOJIOKHaMH JIoBxHHOM 0,6-6 MM B npobapii MPII-
1 mpotsirom 3-30 XB. (cyuisibHi JiHIT) 1 micns 5 XB.
sMimryBanHs B MPII-1 kommosuuii 3 momnepeaHso
noapionernmu B MPII-1 BonokHaMu Ha npoTsisi 3-
30 xB. (kpuckoBaHi ugiHil). Ha xkpumBHX piBHHEX
3HAYCHb TMPHUBENCHI BEIWYMHA MIIHOCTI IIpH
po3tary B Mlla.

BOJIOKHAaMH Ha mnporssi 3-30xB. (mpyra TEXHOJOTIs,
KpuckoBaHi JjiHil). Ha KpuBHX pIBHHX 3HAYCHb
MPUBEIEHI BEJIMUMHH MILHOCTI Iipu po3tsry y MIla.

Sk BumaHO 3 puc.2a, npu BBeaeHHi B [ITOE
KOPOTKHX BOJIOKOH, SKi MAalTh TaMMa-po3Moiii, B
MPOIIeCi 3MINIyBaHHS 3a APYTOI0 TEXHOJIOTIEI MIIHICTh
OpU  PO3TATY  3aIEKUTh BiJl OJHOIO PO3MIPHOTO
napaMeTpy 0 YHCIOBOro po3moainy Beiibymia 3a
nosxuHamu BB (kpuckoBani ninii) 1 3pocrae Big 16 no
26 MIla i3 #ioro 3pocranHsM Big 60 mo 280 MKM mpu
6=1,3-2,5. Ilpu BBeICHHI JOBIUX BOJIOKOH, 5IKi MArOTh
HOPMAJIbHUI PO3MOALT 3a TOBKHUHAMM, 1 Iepexomi iX 1o
ramMmma—po3noniny B mpoueci 3mimyBanus 3 [ITOE 3a
MEPIIOI0 TEXHOJOTIEI MIIHICTh MPU PO3TATY CIIOYATKY
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Puc. 3. 3anexHICTh BiJHOCHOTO IIOJIOBXEHHS IPH
po3puBi komno3uty Ha ocHOBI [ITDE 1 20% BB Big
mapameTpiB  umciuoBoro (a) Ta  00’eMHOrO
(macoBoro) (0) posmoxiny BeiiOymma i 06’eMHOTO
(MacoBoro) ramma-posmoniry (B) 3a IOBKHHAMH
BB micns 3mimyBamHs mopomky [ITOE 3
BOJIOKHaMH JTOBXHHOIO 0,6-6 MM B npobapitii MPII-
1 Ha mpors3i 3-30 xB. (cyuinbHi JiHIT) Ta micis
5xB. 3mimyBanHs B MPII-1 komno3wmiii, ska
MicTHja momepenHbo mnoapioHeni B MPII-1
BOJIOKHA Ha mpoTsi3i 3-30 xB. (kpuckoBaHi JiHii). Ha
KPUBHX PpIBHMX 3HAueHb IPHUBEAEHI BEJINYNHH
BIZITHOCHOT'O TTOJIOBXKEHHS ITPH pO3pHBi y %.

3aJICKUTh Bil OJHOTO PO3MIPHOTO TapameTrpy o
YHCIOBOTO po3moniry BelOymna (cyminbHI JiHIT): O
3poctae Big 14 mo 24 MIla i3 3poctanHsam o Big 60 mo
180 mMxm mpu & = 1,3-2,5. I3 3pocTaHHsIM 3HAYCHD Gy Bil
24 no 30 MIla 3amexHiCTh BiJl [BOX [apaMeTpiB
PO3MOJITY TAKOX 3POCTAE.

3ayexHiCTh MIIHOCTI NPU PO3TATY BiX HapaMmeTpiB
o0’emHOro  (MacoBoro) posmoxuty BeiiOymna 3a
noxuHamu BB (puc. 206) mae inmmi xapaktep. [Ipn
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BBefeHHI B IITOE KOpOTKHX BOJOKOH B IpoIeci
3MINIyBaHHS 3a APYTOI0 TEXHOJOTI€I0 Oy 3AIEKHUTH Bij
IBOX TapameTpiB 00’eMHOTO (MacoBOTO) PpO3MOAITY
Beiibynna (kpuckoBani JiHil) npu o = 220-460 MkM i
6=1,5-2,5: i3 3pocTaHHsAM 0 1 O MILHICTH IIPH PO3ATY
He3Ha4yHO 3pocTae Bin 24 no 26 MIla. IIpu 3pocranti o
Big 100 mo 300 MKkM Gy, Tex 3pocTae Bia 14 mo 22 MIla
npu 6=1,3-2,5, TOOTO 3aJICXKHICTD €
onHonapaMerpuyHa. [Ipu BBeieHHI TOBI'MX BOJIOKOH HA
3MILIyBaHHS 32 IIEPIIOI0 TEXHOJIOTIE MIIHICTh MpH
pPO3TATY 3aJeKUTh BiA [BOX MapaMeTpiB 00’€MHOTO
(MacoBoro) posmozmimy BeiiOymra (cymineHi iHii). I3
3poctadssM o Big 100 g0 460 Mxm 1 0 Bix 1,3 10 2,5 Gy
Tex 3poctae Bix 15 qo 30 Mlla.

Sk BumHo 3 puc.2B, npu BBeAeHHI B IITOE
KOPOTKMX BOJIOKOH, SIKI MalOTh TIaMMa-po3Ionil 3a
JOBXHMHaMH{, B TIpoLleci 3MIlIyBaHHS 3a JpPYrolo
TEXHOJIOTIEF0 MILHICTh HPU PO3TATY 3AJIEKUTH BiJl ABOX
napaMeTpiB  00’€éMHOro (MacoBOro) TraMMa-po3HoALTY
BOJIOKOH 3a JIOBXXMHAMHU (KPHUCKOBaHI JIHII). O
3MeHIIyeTbest Bl 28 mo 16 MIla i3 3pocraHHAM
po3mipsoro mapamerpy A Bix 0,5-107 1o 2,5-107% mMxm
Ta i3 3MeHIIeHHsIM Oe3po3mipHoro — 6 Big 6,5 mo 0,5.
IIpu BBemenHi nosrux BonokoH B I[IT®E, B mpormeci
3MILIyBaHHS 32 MEPIIOI0 TEXHOJOTIE€ 3HAYeHHS
MIITHOCTI TpU PO3TATY 3ajJekaThb TaKOX Bix 000X
mapameTpiB  00’e€MHOTO (MacoBOro) TIaMMa-po3MOAiTY
(cyuinbHi JiHiT). 31 3MEHIIEHHSIM 3HAYCHb Gy Bif 21 10
15MIla 3a1eKHICTh BiJl OHOTO PO3MIPHOTO apamMeTpy A
3pocTae.

Ha puc.3 300paxkeHO 3aJeKHICTH BiIHOCHOTO
MOJZIOBKEHHS TP PO3pHBI KOMIT03UTY Ha ocHOBI [ITDE
i 20 % BB Bix mapamerpiB umcioBoro (a), 06’eMHOrO
(macoBoro) (0) posmomimy BeliOymma i 00’emHOTO
(MacoBoro) ramma-posmoxiny (B) 3a momxmHamMu BB
micisg  3MmimyBanHA Tnopomky [ITOE 3 BomokHamwu
noxuHoo 0,6-6 MM B apobaprii MPII-1 Ha npoTs3i 3-
30 xB. (TIepIa TeXHOJIOTIs, CYIUIBHI JiHii) Ta mCasI 5 XB.
3minryBanHsi B MPII-1  komnosumii, sika MicTuia
nonepeaHbo noapioneHi B MPII-1 BonokHa Ha mpoTsA3i
3-30xB. (mpyra TexXHOJOrIsI, KpucKoBaHi JiHil). Ha
KPMBHUX  PIBHUX 3Haue€Hb [PHUBEACHI  BEIMYMHHU
BiZITHOCHOT'O TTOJIOBXKEHHS ITPH pO3pHBi y %.

AmHani3 1MX pe3yibTaTiB IOKa3ye, IPU BBEJICHHI B
[ITOE xopoTKHX BOJIOKOH, B IpOIECi 3MilTyBaHHS 3a

IPYTOI0 TEXHOJOTIEI0 BITHOCHE TIIOJOBXKEHHS IMIpH
po3puBi (puc.3a) 3aNeXHWTh JHMIIE BiX  OJHOTO
PO3MIpHOTO TapamMeTpy o YHCIOBOTO  PO3MOALTY

Beiibynna 3a mopkmHamu (KPHCKOBaHi JiHII), 1 pi3Kko
3meHmryeTbes Bin 302 1o 6% i3 #oro 3pocranaaM Bix 60
no 260mxm npu & =0,8-2,8. Ilpu BBemeHHI JOBrux
BOJIOKOH Ha 3MIIIyBaHHS 3a IMEPIIO TEXHOJOTIE
BIZITHOCHE MOJOBXEHHS IIPH PO3PHBI OLIBIIOI Miporo
TEX 3aJICKUTP JIUIIC BiJ] OJHOTO PO3MIPHOTO MapaMeTpy
0 4HCIIOBOTO po3noniny BeiOymina (cyuineHi miHil) i
TaKOX pi3Ko 3MeHmyeTscs Bim 206 mo 3,5 % i3 fioro
3poctanHsm Big 100 mo 240 mxm mpm 6 = 0,8-2,8.
MosHa 3poOWTH BHCHOBOK, II0 HamoBHeHHH 20% BB
IITOE 3a 1nOKasHMKOM &, HaOIMKAETbCI 10
HeHanoBHeHoro ITTOE.

Ax BugHO 3 puc. 30, mpu BBeAeHHI B [ITOE kopoTkmx
BOJIOKOH, B TIpOIleCi 3MIllyBaHHSA 3a JPYIrOIO
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TEXHOJIOTIEI0 BIJHOCHE TIOZAOBXKCHHS TIIPH PO3PHBI
(puc. 30) 3aJeXUTh TUTBKH BiJl OJHOTO PO3MIPHOTO
mapamerpy o 00’eMHOro (MacoBOrO)  PO3MOALTY
BeiiOynna (kpuckoBaHi JiHii), 1 pi3KO 3MEHIIYETHCS Bif
302 1o 6% i3 ioro 3poctanusMm Big 140 no 360 MkM npu

6=1,1-2,6. Tlpu BBeACHHI JOBrHMX BOJIOKOH Ha
3MILIyBaHHS 3a IIEPIIOID  TEXHOJIOTIEI  BiHOCHE
MOJIOBKEHHS TOPU  PO3PHBI  3aleXKUTh  BiJl JIBOX

napameTpiB 00’eMHOro (MacoBoro) posnoxiay BeiiOyina
(cyninbHi niHii). I1pu 3poctanHi o Bix 140 go 380MkM i1 &
—Big 1,1 mo 2,6 g, 3meHmyetbes Big 206 0o 3,5%.

Ax BumHO 3 puc. 3B, mpu BBemeHHI B I[ITOE
KOPOTKHX BOJIOKOH, $IKi MAalOTh TaMMa-po3MOJil 3a
JOBKMHAMH, B TIpomeci 3MIIIyBaHHSA 3a JAPYTOIo
TEXHOJIOTI€I0 BiHOCHE TMOJOBXKEHHS TMPH PO3PHBI
3aJ@KHUTh JIMIIE BiJ OJHOTO PO3MIPHOTO MapaMeTpy
00’eMHOro (MacoBOro) ramMMa-po3nojiny (KpHCKoBaHI
minii), 1 pi3ko 3pocrae Big 6 mo 302 % i3 Horo
3pOCTaHHIM BiJ 0,910 1o 2,510 *mxm mpu 0 =1,5-
5,0.

[Ipu BBenenni noBrux BonokoH B [IT®E, B npomeci
3MINIyBaHHS 3a TEPIIOI TEXHOJIOTIEI 3HAYCHHS &
3anexath Bi 000X mapamMeTpiB 00’€MHOTO (MacoBOTO)
raMMma-po3nofiry (cyuinbHi Jdinii). [Ipu 3poctanHi A Bix
1,0-10° 1o 2,7-10mxm ' i 0 Bix 1,5 110 5,0 &, 3nauno
3poctae Bix 3,5 10 206 %.

BucHoBku

1. TMocninoBHICTH BBEICHHS BOJIOKOH Yy IIOJIIMEp
CYTTEBO BIUIMBAE€ HA MapaMeTpPH PO3MOIITYy BOJOKOH i,
OTXKe, Ha 3aIeXKHICTh ()i3UKO-MEXaHIYHUX BIACTHBOCTEH
BiJl MMapaMeTpiB HYHCIOBOTO Ta 00’€MHOTO (MAacoBOTO)
po3moiTy.

2. TIpu BBeneHHi B IIT®E KOpOTKHX BOJIOKOH, SIKi
MalOTh TaMMa—pO3MOI, B TMpOIeci 3MIIIyBaHHA
MIIHICTh MPH PO3TATY 1 yAapHa B’S3KICTh OLIBLIOIO
MIpOIO 3ajIeXkaTh BiJl PO3MIPHOIO IapameTpy po3IMojiny,
a BIJIHOCHE IOJOBXKEHHS IPU PO3PUBI — TUIBKH BiJ
OJTHOTO PO3MIPHOTO Mapamerpy.

3. Tlpu BBenenHi B IIT®E noBrux BOJIOKOH, SKi
MaroTh HOPMaJILHUH PO3IIOJIUI 32 IOBXHHAMH, 1 Iepexoii
iX 10 TaMMa-po3MOaLTY B TIPOIIECi 3MIITyBaHHS 3HAYCHHS
Oz 1 € 3aJEXKaTh BiA JBOX MapaMeTpiB po3mominy; Ay
OUTBIIOI0 MIPOIO 3aJIEKUTHh B PO3MIPHOTO MapaMerpy
posmoxiny, ame 3MiHa Oe3po3MIpHOTO MapamMeTpy
PO3MOALTY TEX BIUIMBA€E Ha LI€H OKa3HUK.

Cipenko I.0. — NOKTOp TEXHIYHHMX HaykK, mpodecop,
3aBiqyBay Kadeapu TEOPETHYHOT 1 NPUKIAIHOT XiMil;
basiok JI.B. — marictp, acuCTEHT Ka(eapu TEOpEeTHIHOT
1 TIPUKJIAIHOT XIMil.
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The Dependence of the Physic-Mechanical Properties from Parameters
Distribution of the Fibers Lengths for Composite Material
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57, Shevchenko Str., Ivano-Frankivsk, 76025, Ukraine

The dependence of the indices of the physic-mechanical properties from parameters numerical and
volumetric (mass) distribution according to Weibull’s law and gamma law of carbon fibers for composite
on the base of the Polytetrafluoroetelene are compared. Tensile strength, breaking elongation and specific
impact viscosity for composite on the base of the polytetrafluoroetelene are shown to be depended on
parameters distribution for long of the carbon fibers and technology receiving of the composite.



