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MeTogaMu MaTeMaTH4HOrO IUIAaHYBAHHS €KCIIEPUMEHTY Ta IOIIYKY ONTHMAJIbHHUX PIllIeHb JOCIIUKEHO
BIUIMB BMICTYy TBEpIOro MacTwia Aucynbdiny MoNiOAeHy Ta TEXHONOIIYHMX IapaMeTpiB (BMICTy
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Beryn

Komrmo3umiiiai Marepianu, ki OTpUMaHi 3a XeMO-
MEXaHO-aKTUBAIIHOIO  TexHomoriero  [1],  mio
apMOBaHI HHU3BKOMOAYJBHUMH BYIJIELIEBUMH 200
BHUCOKOMOIYJIEHUMH T'padiTOBAHUMHU BOJIOKHAMH 1
JIUCIIEPCHUMH ~ HAIllOBHIOBaYaMu HaOyBaroTh  Bce
OLIBIIOr0 BUKOPHUCTAHHS JJIsi CTBOPEHHS AeTalleld i
BY3JIiB MAlllMH 1 anapatypd 3 BHCOKHMMH BUMOTaMH
IIOI0 MEXaHIYHOI MIIHOCTH, aHTU(PUKIIHHUX

BiactuBocreii Ta iH. [2]. BoHm Moxyre Oytn
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3aCTOCOBaHI y Mapi 3 THTAHOM, CTAJSIMH Ta iX
CTOIIAMH Y PYXOMHX 1 HEPYXOMHUX YIIIJIbHCHHIX

plLAMHHUX xpomarorpadis, YIIITBHIOBATEHUX
eJIeMEHTax peaxTopiB, HACOCIB XEMIUHHX
BUPOOHHIITB, SIKi MIPaLOI0Th y  BHUCOKO-

KOHIICHTPOBAHUX COJNBOBHX PO3YMHAX ab0 BOAHHX
pO3YHMHAX CHJIBHUX KUCJIOT i JIyriB Tomio [3].

Mera pobotu mojsiraia B TOMY, 100 BHSBUTH
BIUIMB BMICTy TBEpAOro Mactuia (Iucyiabdiny
MoiibaeHy MoS;) Ta creniajdbHOrO BYIIIEHEBOTO
BosiokHa (BB), wacy monepenuroro momapionenns BB



Ta yacy 3MiITyBaHHS KOMITO3HIIT Ha
BHCOKOOOEPTHOMY arperati Ha (i3uKo-MeXaHivHI
BJIACTHBOCTH KOMIIO3MLIHHUX MaTepisliB Ha OCHOBI
noJriTerpadTopeTHiIcHY (IIT®E) METOJIOM
MaTEMaTUYHOI'O IUTAHYBAHHS €KCIIEPUMEHTY.

I. ExcnepumeHTaIbHA YaCTHHA

ByrnenieBa TkaHmHa Oyna  BUTOTOBJEHA 3
TiAPaTIENION03HOI, IUIIXOM MONEePEIHBOI 00POOKU Y
20% BomHOMY po3umHi aHTHmipeHiB  Na,B,O7
10H,0 + (NH,),HPO, (1:1) i BigmamioBaHHI B
CEepeIOBHINII TMPHUPOTHOTO Ta3dy TMOCHIIOBHO MPH

KiHneBux Ttemreparypax 723 £ 10K ta 1123 +20K
31 MIBUAKICTIO TPOTATYBaHHS 4Yepe3 pPYPKOBY Tid
onopy «Tammana» 10 M 3a ronuny.

BuroroBnena ByriemeBa TkaHuHa Y TM-8
mictuna: 60-65% C, 1,1-4,5% H, 3,5-4,5% O, 3,0-
3,6% cnonyk B ta 3,0-3,6% cnonyk P, 21-26% 30ma
[4] (3a mimiMameaM BMicToM H i O enemeHTHHI
ckian BimnmosimaB dopmymi  Ci;gHsO [5]). Ha
MOBEPXHI BOJOKHA TKAaHMHH MICTHBCS IipOBYIJIELb
(BHACTIIOK YaCTKOBOI'O PO3KJIay METaHy), MIEKOBI Ta
cMmousiHI Biaknanenns [1]. Byrnenesa tkanuna YTM-
8 mama: po3puBHy MinHicTe 70-235 H/cM mo ocHOBI
ta 20-100 H/cM 1o miaTKaHHIO, BOJIOKHA TKAHHHH
Manmu giamerp 10-12 MKM, MIIHICTh TIpH pO3pHBI
0,52-0,60 I'Tla, moayns npyxxuoctu 27-47 I'Tla [6].

CMyXKH TKaHWHU 3x3 cM  monepesHbo
noapiOHIOBasM B apodapii HoxoBoro tuiry MPII-1
npu 7000 06/xB. (dactora obepraHHs Hoxa 117 ¢,
MaKCHMaJlbHa MBHUIKICTH 78 M/C) Ha MpOTs3i Bix 4 10
28 xB., 3mimyBasu 3 nopomkamu [ITOE wmapku
“¢dropnon-4” Ta nmucynbdinmy MOJIOAEHY MapKu
MBU-1 (po3mip uwacTMHOK 5-14 MKM, OCHOBHa
¢bpakuiss 7 MKM) i, pa3oM 3 THM, M[OJpiOHIOBANIN
KOMITO3MIIII0O B Il Jpobapii 3 TakUMH XK
napamerpamMu Ha nporssi Bim 3,5 mo 31,5 xB. mo
00’eMHOr0 (MacoBOr0) pO3IMOAUTY BOJIOKOH 3a
noBkuHamu | 3a iMoBipHUM 3akoHOM BetiOyia [7]:

weagla) ]

ne ['(x) — rama-¢yHkuis

ph=2
o

T(x)= [exp(-t)-t"'dt
0

pi()=1,2102-510" mxm™ LITBHICT
HWMOBIPHOCTH PO3MOALTY BOJIOKOH 3a JIOBXXKHHAMH; 1
rapameTpamMH po3MoJIiTy:

e  [iCI TONEPEIHbOro MOAPiOHEHHST BOJIIOKOH
o = 80-1000 mxm; 6 = 0,25-3,8;

e micnd  3MimyBaHHS 1 THOApiOHEHHS
xommo3uiii oo = 50-700 mxMm; & = 0,5-4,2.

[in6ip i nepeBipKy T ATIOPS IKyBaHHST
€MITIPHYHOTO PO3IOJILTY TEOPETHIHOMY 3. HCHIOBAIIN
3a poneayporo [8] i kpurepismu x* [9].

3pa3ku BUPOOIISUIM 3 KOMITO3MILIT MPECyBaHHIM
3a TEXHOJIOTi€r0 Tepepodku ¢roporiactis [10].
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3pa3ku  MiCHA MpecyBaHHA 1 TEPMOOOPOOKU
BuTpuMyBaiu npu 296-298 K ne menme 14 nHiB, a
motiM ix 24 ron. xoHmumionyBamu 3rimHo ['OCT
10681-75 mpu 296+1 K 1 BiIHOCHIH BOJOrOCTH
6512%. Ilpm 1mmx ke TnapaMmerpax MPOBOIUIH
BUIIPOOYBaHHSI.

MilHicTh Npu pPO3pUBI G, BU3HAYAIM 3TiJHO
IF'OCT 11262-80. BigHocHE BHIOBXKEHHS IIPH
pO3TSATYyBaHHI BH3HAYaJIM HA KUIBIEBHUX 3pa3Kax
nmiamerpamu d=50x40 MM 1 Bucororo h=10 MM 3a
JIOTTOMOT'OF0 JKOPCTKUX HamiBmuckiB 3a TOCT 11262-
80. MexaniyHi BUNIPOOYBaHHS MPOBOJIMIA HA MAIIHHI
«IHCTpOH» 13 MIBHAKICTIO pyXy moB3yHa 0,25 cM/XB.
[Muromy ynapHy B’SI3KiCTh BH3HA4ajdd Ha CTEPXKHSX
nmiamerpoM d=15 MM i goBxkuHOr0 h=80 MM mpu
BUNpoOyBaHHsAX 3a Merogom lllapmi Ha ymapHoMy
korpi  KM-0,4 3rimHo T'OCT 4647-80. Iloxubka
BUMIpDIOBaHHSI KoNuBaynacs B Mexax 5-15% ms
MinHocTH 1 10-20% 11t yaapHoi B’ AI3KOCTH.

II. Pe3yabTaT T2 00rOBOpPEHHA

OnTuMizariiro TIPOBOIUIIN 3a TaKUMH
mapaMeTpaMH: MIIHOCTH TIPU  PO3pHBI  (Cpu),
BiTHOCHOTO BHIOBXXEHHS TIPH PO3TATYBaHHI (g,) Ta
MMUTOMOI yaapHOi B’s3kocTH (A,) TPH BapilOBaHHI
Takux  (akTopiB: BMICTy TBEpAOr0  MacTHia
mucynbdiny wmomioneny MoS; (Cuosz), BMICTY
HU3BKOMOYJILHOTO ByrJerieBoro BosokHa (Cpp),
yacy 3mimyBanHsi kommosunii B MPII-1 (t,,), gacy
MONIepEeTHHOr0 MOPiOHEHHsI BYIJICLIEBOIO BOJOKHA B
MPII-1 (tponp) (Tabn.). Brmue TBepaoro mactuma (3
OJTHOYACHOIO 3MiHOIO0 TEXHOJOTIYHUX MapaMeTpiB) Ha
MeXaHiuHI BJIACTUBOCTH KOMIO3UIIHHUX MAaTepisuIiB
Ha ocHOBI [IT®E nociimkeHo 3a yoTupupaKkTOpHIM
pPOTOTa0ENbHUM IUIAHOM JApyroro mopsaxy [11, 12].
[opsimox peamizarii TOYOK IUIaHy OyB
paHIOMI30BaHMK 3a TAaOJMIEI0 BUMAIAKOBUX YHCET
[13].

Martpunl TaHyBaHHS 1 00OpoOka pe3ynbTariB
eKCIIepUMEeHTy 3a mpouenayporo [11, 12] mo3sonumau
OTpUMAaTH MaTeMaTHYHy MOJENb Y 3arajJbHOMY
BHIJISAI TTOJIIHOMOM JPYTOro HOPSIIKY:

k=4 k=4 k=4
2
y=b0+%:bjxjﬁLZ:bijxixjﬁtg“bﬁxi 1)

ij=l
ae by, by, bii G, 1 =0, 1, 2, 3, 4) — koedinieHTn
piBasiHHS (1), 200 B KaHOHIYHIN (GopMi:
Y-Y,= B;; X, 4B, X, +B33 X3 +B X2, Q)
ge Ys — KOOpIMHATH HOBOTO LEHTPY; Bj;
koedirientu piBHAHHA (1) B KaHOHIUHIN opmi (2); X;
— HOBI 3MiHHI.
Juiss  o0poOKHM eKCHepUMEHTAIPHUX —JIaHUX 1

OTPUMaHHS ~ MaTeMaTHYHUX  Mojelled  (yHKIiH
BiAryky Bukopucranu ¢Gopmymu [11, 12], ymcno
MOBTOPHUX JOCTINIB B KOXKHIA TOUIl IUIaHy

nopiBHioBano 3. OHOPITHICTE POy AUCHEpCiit
ouiHroBanyu 3a kputepisimu @imepa i Koxpana, s
BH3HAYCHHSA 3HAYMMOCTH  KOCQIIIEHTIB  MOJIEII



Tabmuusa

[To3HaueHHs pakTOpiB, IHTEPBAIU Ta PiBHI BapilOBaHHS

2 0 = =
& o o X
2 | EE| 53 Pisni Bapi i :
. iBHI BapitOBaHHSI
HaiimenyBanns ¢akropa = § = § 5 aptiona 52
5 | E5|S¢8 -
[aw T = = A
-2 -1 0 +1 +2
BwMict TBepmoro MacTuia Mac
TUCynbdimy MoTiOIeHY o, | Cwmos2 X 1 5 9 13 17 4
%
MOSZ
Bwmict Hu3pKOMOYIBHOTO | Mac.
Ay ) Cos | Xo | 75| 125 | 175|225 | 275 | 5
BYTJICIIEBOTO BOJIOKHA %
Yac 3minryBaHHs
yBar XB. [ X3 3,5 | 10,5 | 17,5 | 24,5 31,5 7
KOMITO3HIIi1
Yac nornepeiHbOro
noApiOHEeHHs XB. tronp Xy 4 10 16 22 28 6
BYTJICIIEBOTO BOJIOKHA
BHUKOPHUCTOBYBAJIU t-KpHTEpii CTbI0/IEeHTA, 3aKOHOMIPHOCTH 3MIiHH KpPUTEpiI0 ONTHMIi3alil npu

aZieKBaTHOCTH Mojeni — F-kputepiit ®imepa [8, 14,
15], a moOynoBY IBOBUMIpHHX TEpepi3iB MOBEPXOHb
GyHKIIH BiATYKY 3AilicHIOBaNIM 3a Tpoueayporo [12].
Bci rimore3w mpuiiMany 4Yd BiAKHAAIH 3 pIBHEM
3Hauymoctu kpurepiro 0,05.

Y pesymbraTi peanmizamii IJIaHYy — OIEpIKaHi
piBHsIHHS TIoBepxHi BiAryky (3)-(5), siki amekBaTHO
OMNHUCYIOTh 3aJI€KHOCTU MillHOCTU HPH PO3PHBI (Cp ),
BIIHOCHOT'O BHJIOBXKEHHS TIPU PO3TATYBaHHI (&) Ta
MTUTOMOI YAapHOI B’SI3KOCTH (Ay) BT TOCITIIKYBaHUX
(axTopis.

Gpi— 16,496 — 0,913x; — 1,466x, + 0,469x; +
+0,6061xx, — 0,234x;x3 + 0,269x;x4 + 0,254%,X3 —
~ 0,339xxs — 0,464x3x4 — 0,183x,> — 0,372x,” —
~0,58x5° —0,697x4> K))

e~ 31,845 — 12,414x, — 58,951x, + 10,754x; +
+23,615x, + 11,944x,x, + 3,619x,x;3 — 2,044x,x4 —
— 11,069%,%5 — 22,58 1xox4 — 13,831x3%4 + 6,651x,> +
+22,738x,%+ 2,71x5” +8,548x,” “4)

A= 28,774 — 7,885x, — 32,455x, + 5,392x; +
+14,216x4 + 6,469x,X> — 3,306%,x3 — 11,881x,x4 —
—7,669%3x,4+3,570x,°+9,173x,°2,83x5°+4,743x4> (5)

AwHamniz opepKaHUX pIBHSAHb 3a JOINOMOTOIO
IHBapiaHTIB O3HAYEHHS WEHTPY QIirypu Ta BHIY
noBepxHi [12] mokaszaB, IO Ui MIIHOCTH TpH
po3puBI Ta THUTOMOI yIapHOI B’SI3KOCTH IPH
(GikcOBaHOMY  3HAa4YeHHI  4eTBepTOro  (hakropa
(X;=0), a TakoXX IS BITHOCHOT'O BHIOBXKCHHS MPHU
posrsaryBanHi mpu  X; =0 3anexHICTh  (QYHKIIT
BITYKY Bil TphOX (aKTOPIB Mae BUIJIAL eJiIcoiga
obeprannst (J; = 0; Jy, Jo, J; > 0; K4 <0).

I[lpuy  BuOOpi  ONTHMaJBHUX  IApaMeETPiB
CKOPHCTAEMOCS TBOBUMIPHUMH IIepepizaMu (YHKININ
Biaryky (1) mnpu ¢ikcoBaHOMY 3HAauYeHHI JABOX
(dakTopiB, IO Ja€ 3MOTY OJACPXKATH YSBICHHS PO

BapiroBaHHi (pakTopiB. J[11st 1bOT0, (DIKCYIOUN KOXKEH 3
¢dakTopiB Ha meBHoMy piBHi (-2; 0; +2 TOmWIO),
BH3HAYAEMO KOOpAHMHATH HOBOro HeHTpy S (X;; X»),
KyT TIOBOPOTY HOBHX oOceil koopauHat (o) i
MIEpETBOPIOEMO ~ OJIEp’KaHiI  PIiBHSHHS perpecii B
KaHOHIYHI Y BHTJIS:

Y - Y,=B;X;’+ By X{ (6)

Opeprxaiii HACTYIHI PE3YJIbTATH:

JJ151 MILTHOCTH TP PO3PHBi:

npu X, =01 x3=-2: S (-0,7; 0,7); o = 147

KaHOHIYHE PiBHSHHS

YV —13,9=-0,1532X,% - 0,7268X,%; @)

npu X, =01 x3=0: S (-2,9; -0,56); o = 14°,

KaHOHIYHE PiBHSHHS

YV - 17,823 =-0,1532X,> — 0,7268X,’; t3)

npu X, =01 x3=2: S (-4,9; -1,6); o = 147

KaHOHIYHE PiBHSHHS

YV —19,297 =-0,1532X,* — 0,7268X4%; Q)
JIA BiIlHOCHOFO BUIO0BKCHHSHA npu
PO3TATyBaHHi:

npu X; =01 x3=-2: S (-1,98; -5,61); o = -29°;
KaHOHIYHE PiBHAHHS

V + 86,257 = 28,9777X,% + 2,3083X %

npu x; =01ix3=0:S (1,77; 0,96); a. = -29°%
KaHOHIYHE PiBHAHHS

V +9,084 = 28,9777X, + 2,3083X.%;

opu X, =01 x3=2: S (5,52; 7,53); a. = -29°%
KaHOHIYHE PiBHAHHS

V + 174,97 = 28,9777X,% + 2,3083X %
JJIS1 MATOMOI yIapHOI B’I3KOCTH:

npu X, =01ix3=-2:S(1,1;-3,1); a =0°%
KaHOHIYHE PiBHAHHS

YV 443,721 = 3,57X,* + 4,743X,%;

npu x; =01ix3=0:S (1,1; -1,5); o = 0%,
KaHOHIYHE PiBHAHHS

V — 13,768 = 3,57X,> + 4,743X,’;

(10)

an

(12)

13)

(14)
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npu X, =01ix3=2:S(1,1;0,1); aa=0%
KaHOHIYHE PiBHSHHS
YV —-23,819 =3,57X,* + 4,743X,’; 15)

Ha puc. 1 300paxkeHO JABOBHMIpHI mepepizu
GbyHKIIN BiATYKY MIIHOCTH IIPU PO3pUBI (Gpx) Bil
BMicTy TBepAoro wmacriina Cyes: (%) Ta wacy
MONIepEeTHHOr0 MOJIPIOHEHHST BYTJICLIEBOI'O BOJIOKHA
thonp IPH (PIKCOBAHOMY 3HAYEHHI BMICTY BYTJIELIEBOI'O
BonokHa Cpg =17,5 (X; = 0) Ta ¢ikcoBaHoMy yaci
3MINIyBaHHS KOMMO3HWINi t,, = 3,5 (X;=-2), 17,5
(X5=0), 31,5 (X;=2) xB.

AwHani3 1ux nepepisiB MOKasye, 10 MPU BMICTI
BYTJICIIEBOTO BOJIOKHA y KOMIIO3HILIITHOMY Marepiaii
17,5% Ta MiHIManbHOMY 4aci  3MilllyBaHHS
komIto3uuii (puc. 1 a) MiHIManIbHI 3HAYEHHS QYHKIIT
BIITyKYy CIOCTEPIraroThCsl IJIsi BHCOKOHATIOBHEHUX
TBEpJMM MAacCTUJIOM KOMIIO3MLIN NMpU MiHIMaJIbHOMY
yaci MOApiOHEHHs  BYIJIENEBOro BOJOKHA.  3i
30UIBIIEHHSAM 4Yacy TONEPEJHbOr0 MOAPIOHEHHs
BYIJICIICBOTO BOJIOKHA 3HAYEHHS MIIHOCTH TpH
PO3pHBI 30UTBLIYIOTHCS, @ BIUIMB BMICTY TBEpPAOrO
MacTwia Ha (QyHKOifo 1 3MeHmryetbes.  [lpum
301IBIIEHHI Yacy 3MillyBaHHs kommosutii (puc. 1 6-
B) KOOpOMHATH HOBOIO I[EHTPY Ta Xapakrep
3aJIeKHOCTH 3MiHIOIOThCS. CYTTEBUI BIUIMB 31HCHIOE
B3aemomis ¢akTtopiB X; i X4 NpU HU3BKOMY daci
MOIEPEHHOr0 MOAPIOHEHHS BYTJICIICBOTO BOJIOKHA 31
30inblieHHss BMicty MoS, y KOMIO3ULIHHOMY
MaTepisuli  3HaYeHHS MIIHOCTH TIpU  PO3PHBI
3MEHIIYIOTHCS; TIPU Yaci MONepeaHbOr0 NOAPIOHEHHs
10 — 20 xB. pyHKLIs BIATYKY Maike He 3aJIeKHUTh Bij
baktopa X4, a OPH thom >22 XB. Bim X,.
MaxkcumansHi 3HAYECHHSA byHKIiT BIITYKY
CIOCTEpIrafoThCs ISl HU3bKOHANOBHEeHHX MoS;
KoMITO3HLiHNX MatepistiB. [Ipu 30inblieHHi 4acy
3MIlTyBaHHs. KOMITO3MILIT 3HaYeHHs! (QYHKIIT BIATYKY
30inbLIytoThCs B 1,5 — 2 pasn.

Ha puc.2 300paxkeHO JABOBHMIpHI Iepepizu
(GYHKIIH BIATYKY BIJHOCHOTO BHIOBXEHHS IIPU
pO3TATYBaHHI (€;) BiJ BMICTy BYIJICIIEBOI'O BOJIOKHA
Cpp (%) Ta vacy Horo momepeaHbOro MoApPiOHCHHS
thonp TPU (PIKCOBAHOMY 3HAUEHHI BMICTYy TBEPIOTO
MacTiia Cyposz = 9% (X; = 0) Ta (ikcoBaHOMY Haci

3MillyBaHHs KoMmosuiii t,, = 3,5 (X; = -2), 17,5
(X3=0),31,5 (X3=2) xa.

AHanmiz 1ux mepepiziB  ToOKasye, MO IpH
Cmosz =9% Ta MiHIMaIBHOMY 4Yaci 3MilllyBaHHS

KOMITO3MILIiT MiHIMaJIbHI 3Ha4eHHs (QYHKIII BIATYKY
CIOCTEPIraroThCs ISl IIUPOKOI TUISTHKH (DaKTOPHOTO
MPOCTOPY BMICTY ByTrJleneBoro BoiokHa (7,5 — 25%)
Ta 4Yacy MHOro ImornepeaHboro moxpioHeHHs (4 —
15 xB.). MakcumanpHi 3HA4YCHHSA (QYHKINT  ITUTI
CIOCTEPIraroThCs Ut HU3bKOHAIIOBHEHHX
BYIJICIICBUM BOJOKHOM KOMIIO3UIIIMHUX MaTtepiaiiB
pU  MaKCHUMaJFHOMY 4aci Horo monpiOHEeHHS.
OpHowacHe  3MEHIIEHHS  4Yacy  IONEpPeAHbOro
MoApiOHEHHs BOJIOKHA Ta 301IbLICHHS HOTro BMICTY y
KOMITO3HUTI TPU3BOMUTH [0 3MEHIIEHHS (QyHKii
Biaryky. Ilpm 30idblieHHA dYacy 3MilllyBaHHS
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KOMITO3HIIi T KOOp/IMHATH HOBOT'O LEHTPY
3MIIIYIOTBCS, XapakTep 3aJeKHOCTH 3MIHIOETHCS
(puc. 2 6-B), [minsHKa MiHIMAQJIbHUX  3HAYEHb
3BYXYETHCS. [MocumoeTnest BILIUB BMICTY
BYIJICIICBOTO BOJIOKHA Ha BiJHOCHE BUJIOBXKEHHS TPH
pO3TSATYBaHHI: MaKCHMalbHI 3Ha4eHHS  (QYHKINI
BIITYKYy CIIOCTEPITalOThCsl ISl HU3bKOHAIIOBHEHHX
KOMIO3ULIH  TpU  thomp >16xB.  Ilpu  BMmicTi
HamoBHioBaua 10 — 17% y koMmo3uTi uyac

MOIIEPEHBOr0 MOAPIOHEHHS BYIJICIICBOIO BOJIOKHA HE
BIUIMBAE Ha (DYHKIIIIO BiATYKY.

Ha pwuc.3 300pakeHO JABOBHMIpHI THepepi3u
(GYHKIIH BIATYKY NMHUTOMOI ynapHOi B’si3KOCTH (Ay)
Bim BMicTy TBepaoro mactia Cy,sy (%) Ta yacy
MONIepEeTHHOr0 TOAPIOHEHHsSI BYTJIELIEBOIO BOJOKHA
thoxp IPH (DiKCOBAaHOMY 3HAUEHHI BMICTY BYIJIELIEBOTO
BosokHa Cpg=17,5 (X, = 0) Ta dikcoBaHOMY Yaci
3MilIyBaHHs KoMmmoswmii t,, = 3,5 (X3=-2), 17,5
(X5=0),31,5 (X5=2) xB.

AHanmiz 1mx Tepepi3iB Mokasye, M0 IpH
Cpp=17,5% Ta MiHIMaJIBHOMY 4Yaci 3MilTyBaHHS
KOMITO3HIIIT MaKCUMaJIbHI 3Ha4eHHsI (DYHKIIT BIATYKY
CIIOCTEPIrafoThCS Uil HU3bKOHATIOBHEHUX TBEPIUM
MacTHWJIOM  KOMIIO3UTIB  TIPH  BHCOKOMY  daci
OPiOHIOBAHHS HaIlOBHIOBAua. JHinsaka
MiHIMaJIBHUX 3HAa4€Hb MHUTOMOI yIapHOI B’SI3KOCTH €
Iy)ke MHMPOKoo (puc.3a) 1 BIANOBIIAE BCHOMY
(akTOpHOMY IIPOCTOPY BMICTY TBEPAOrO0 MAacCTHIA
IPU Yaci MOINEepeNHbOro IMOAPIOHEHHsI BYTJIEHEBOTO
BoJIOKHa 4 — 16 xB. 301IbLICHHS Yacy MONEPEIHbOro
MOAPIOHEHHST BYIJIEIIEBOTO BOJOKHA TPH3BOAUTH JIO
301IBIIEHHS] TUTOMOI YIapHOI B’I3KOCTH, HE 3aJIEHKHO
BiJl BMICTy TBEpJOro Mactuia. 3O0UIbIICHHS 4Yacy
3MilTyBaHHs Komro3umii (puc. 3 6-B) NMpHU3BOIUTH 10
3MEHILIECHHS JUISHKK MiHIMalbHUX 3Ha4eHb Ta il
3MIIIEHHS B CTOPOHY OLIBIIOTO BMICTY TBEPAOro
MacTUIa Ta thonp=14 — 20 xB. MiHIMabHI 3HaUYeHHS
GyHKIIT BIATYKY TpH  [bOMY 3pOCTAIOTh, a
MaKCUMaJIbHI ~ 3MeHmylooThesa. Ilpu  t,=31,5 xB.
(puc. 3B) aJ1s1 HU3LKOHATIOBHEHUX TBEPMM MaCTUIOM
KOMITO3HIIIl MUTOMA yaapHa B’SI3KICTh HE 3aJIEKHTh
BiJl Yacy IIONEPEIHbOro IMOAPIOHEHHS BYTJIEHEBOTO
BOJIOKHA.

BucHoBkn

BusBieHo, 1m0 Ha (i3MKO-MEXaHIUHI BIACTUBOCTI
JIOCITIJPKyBaHUX KOMITO3UIIIHTHUX MOMIMEPHHUX
MaTepisUliB  BH3HAYAIBHHH  BIUIMB  Ma€  BMICT
HAIOBHIOBaYa (BYIVIELIEBOrO BOJIOKHA) Ta 4yac HOro
MoTepeTHHOr0 MOAPIOHEHHSI.

Jlyist MIITHOCTH TIpY PO3PHBI MiHIMaJbHI 3HAUSHHS
¢GyHKIIT BIJITyKY CIOCTEPIraroThCs Ui
BHCOKOHATIOBHEHUX TBEPAMM MAaCTHJIOM KOMITO3HILIH
NIpYU MiHIMQJBHOMY 4Yaci MOIPiOHEHHS BYIJIELEBOrO
BOJIOKHAa. 31 30UIBIICHHSIM 4Yacy MONEPEeIHbOro
NMoApIOHEHHST  BYIJIEHIEBOTO  BOJIOKHA ~ 3HAYCHHS
MIITHOCTI TIPH PO3PUBI 30UIBLIYIOTHCS, & BILUIMB BMICTY
TBEPOr0 MacTUIIa Ha (DYHKIIIO 1T 3MEHIIYETHCS.

BusiBnieHo, 110 /151 BiJHOCHOTO BHUIOBXKEHHS MPH



PO3TATYBaHHI MaKCHMaJbHI 3HAYCHHS (QYHKIT ITiTi
CIIOCTEPITaroThCs JUTSt HU3bKOHATIOBHEHUX
BYIJICLIEBUM BOJIOKHOM KOMITO3HUINIIHAX MaTepisliB
pU  MaKCUMaJBHOMY 4aci Horo moxpiOHEeHHS.
OnHoyacHe  3MECHIICHHS  Yacy  IONEPEeIHBOrO
MoApiOHEHHs BOJIOKHA Ta 301IbLICHHS HOTro BMICTY y
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INokazaHo, 110 301TBLIEHHS Yacy MONEPEIHbOrOo
MOAPIOHEHHST BYIJIEIIEBOTO BOJIOKHA MPH3BOAUTH JIO
301IBIIICHHS TUTOMOI YAapHOI B SI3KOCTH, HE 3aJICKHO

BiJl BMICTY TBEpAOr0 MacTHIIA.
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Puc. 1. [IBoBumipHi mepepizu  QyHKIIi
BiJIryKY MIIIHOCTH IIPY PO3PHBI NPH (iKCOBAHOMY
3HAQYEeHHI ~ BMICTy  BYIJICLIEBOIO  BOJIOKHA
Cgp=17,5 (X, = 0) T1a dQdikcoBaHOMy wYaci

3MIITYBaHHS KOMIIO3UMIi t,, = 3,5 (X5=-2), 17,5
(X3 = 0), 31,5 (X5 = 2) xB. Ha kpuBHX piBHHX
3Ha4YeHb (YHKIII BIATYKY HaBeleHI BEIUYUHU
MIIHOCTH IIpH po3puBi G, [MIla].
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Puc. 2.  [IBoBumipHi mepepizu  QyHKii
BIJITYKY BiJTHOCHOTO BUIOB)KEHHS pu
pO3TATYBaHHI MpU (IKCOBAHOMY 3HAYEHHI BMICTY
tBeproro Mactmwia Cyesp= 9% (X; = 0) Ta
¢ikcoBaHOMY 4aci 3MIIIyBaHHS  KOMITO3HIIii

tw=3,5(X5=-2),17,5(X5=0), 31,5 (X5=2) xs.
Ha kpuBuxX piBHMUX 3HaueHb QYHKLIi BIATYKY
HaBeJIeHI BEJIMYWHH BiJIHOCHOTO BHJOBXKEHHSI TIPH
postsarysanHi € (%).



10.

troap,XB

\‘
\

100
-

AY
®
S

657

N
\

thoap,XB

<
©
a

y

a

\&‘
W\

22 |—~—L—p — 22 A — ==
/50//>/ // 1] s
16 /A’:S// 16 /155 // 7 ra ~
15/ L — 48 /35/30 25
T
10/;,4 10// //20
L/ Mg AN
0,01
4 iATIAR g
1 3 5 9 Cug, ! & 5 9 Cues,
a) 0)
A%y
troap,XB
-
GA/ / N Puc. 3. /IBoBuMipHi mepepizu GyHKINT BiAryKy
/ / / N MMUTOMOI yJIapHOi B’SI3KOCTH TpH (PIKCOBAHOMY
22 of — 3HaueHHi BMiCTy ByrieneBoro Bonokna Cgg = 17,5
(50/ / /27 T~ (X,=0) Ta QikcoBaHoMy dYaci 3MillyBaHHS
_/ / \ . KOMITO3HUIIi t,, = 3,5 (X3 =-2), 17,5 (X3 = 0), 31,5
U \ | \4 -/ X4 (X5 = 2) xB. Ha xpuBux piBHUX 3Ha4eHb (DYHKINT
) 8 4 3% \ N BIArYKY HaBEJICHI BEIWYMHHA IMTOMOI YyIapHOI
\ \ 30, — 9 2
10 \\ \ ay B’s13k0cTH AK [KJDK/M].
\60 \ \ \ -
Q")\ 45\
NN .
1 3 5 9 Cuus,
B)
Jliteparypa

Cipenxko I'.O. CtBopeHHs1 aHTH(PUKLIHHNX KOMIIO3UTHUX MaTepiaiiB Ha OCHOBI MOPOIIKIB TEPMOTPHUBKHX
MOJIIMEPIB Ta BYIJICICBHX BOJOKOH: Jluc. mokTopa TexH. Hayk: 05.16.06. - K.: IH-T Marepiamo3HaBcTBa
iM. LM. ®@pannesnua HAHY, 1997. - 431 c.

Cupenxko I'.A. AuTndpuximonssie kapooruactuku. - K.:Texnika, 1985. - 195 c.

Minak JI. AuTu(puKIIiiHI BJaCTUBOCTI THTaHy Ta #oro cromi // Bicuuk [Ipukapnar. yH-Ty. Cep. Ximis. —
2002. — Bum. (II). - C. 97-114.

AnTudpuknuonnas xomnosummsi  uyoon-15 / T.A. Cupenxo, H.U. Kperos, B.II. CBunepckuii,
B.O. Tamankun, C.C. Kononrok: A.c. 1244933, CO08J5/16, C08L27/18. - Ne 3697338; 3ass. 30.11.83.-
Broi. Ne 26. - 1986.

K Bompocy o0 u3ydyeHun mpoiiecca MpeBpalieHus YIrIIepoIUCThIX BOJIOKOH IIPH BHCOKHX TeMIlepaTypax /
H.M. Yepnenko, B.I'. Mopo3os, A.T. Kasepos, C.J]. ®enoceen// [IpuMeHeHNe CHHTETUUECKUX MaTEPHAIIOB.
—1975. - C. 52-56.

AnTHdpuknuonHsie TepMocToiikue nomumepsl / I.A. Cupenko, B.II. CBugepckuii, B.Jl. I'epacumos,
B.3. Huxonos. - K.: Texnika,1978. - 246 c.

Cipenxko I'.O., IInituyk O.B. Marematuunuii omuc Ipouecy IpOOJICHHs BYIJIEIEBUX BOJIOKOH JUIS
HaroBHeHHX noiMepiB // KomnosuuiiiHi noiximMepHi Marepianu. — 2003. — T. XXV, Nel. - C. 49-53.
3axuraes JI.C. Meroapl mIaHUpOBaHUS M OOpPaOOTKH pE3yNbTaTOB (PHU3MYECKOr0 OHKCIEpUMEHTa /
JI.C. Baxkurae, A.A. Kumbsu, HO.U. PomanukoB. — M.. Arommsaar, 1978. — 232 c.: wim., Tabm —
[punoxenue: c. 144-229 (16 tadn.). — budauorp.: ¢. 230-231.

CrennoB M.H. Craructuueckas 00paboTka pe3yIbTaToB MEXaHHYECKUX HCIbITaHui / Muxann HukuroBuy
CrenHoB. — M.: MammHoctpoenue, 1972. — 232 ¢. : wi., Tadn. — bubnuorp.: ¢. 229-230 (36 Ha3B.).
CnpaBoYHHEK 10 TUIacTuueckuM Maccam. B 2 T/ nox pea. B.M. Karaesa, B.A. ITonosa, b.11. Caxwuna. - M.:
Xumus, 1975.-T.1. - 448 c.—T.2. - 568 c.

44



11.

12.

13.

14.

15.

Hanumos B.B. Cratuctuueckre MeToIbl INTaHUPOBAHMUS SKCTpEMaIbHBIX dKcriepuMenToB / B.B. Hamumos,
H.A. Yepnopa. — M.: Hayka, 1965. — 340 c.: wi., Ta6a. — bubnuorp.: c. 328 — 338 (204 naum.). — [Ipeamer.
yka3.: ¢. 339 — 340. — Ilpunoxenus: c. 309 — 327 (I. DneMeHTsI MaTpUUHOH aareOpsl. CHUMILICKCHI.
I1. ITnanel APOOHBIX PETUIUK).

TuxomupoB B.b. [InanupoBanue u ananu3 skcriepumenta / Biagucnas bopucosumy TuxomupoB. — M.:
Jlerkas uanyctpus, 1974. — 264 c.: wi., tabn. — [Ipunoxenue: ¢. 255-257 (4 tabdn.). — bubnuorp.: c. 258-
261 (99 HaumeHOB.).

CnupunonoB A.A. [nanupoBaHue sxcriepumenTa: YueoHnoe nocooue / A.A. Crnupunonos, H.I'. Bacuibes.
— Ceepmiosck: M3n-Bo Ypan. momurexH. uH-1a, 1975. — 150 c.: wi., Tabn. — bubmuorp.: c. 147-148 (23
HAHUMCHOB. ).

Kuykreuko B.I. Teopist iiMoBipHOCTEW 1 MareMaTHyHa CTATUCTUKA: HABY.-METOZ. MOCIOHHMK [IJIs CTY.
€KOHOM. BHII. HaB4. 3akmaa.]: ¥ 2-x 4. — Y. II. Maremarnuna cratuctuka / B.I JKiykrenko,
C.I Hakoneunnii, C.C. CaBina; [MiH-Bo ocBiTH i Hayku Ykpainw; rpud: muct Ne 14 / 18.2-183 Big
27.02.2001 p.]. — K.: KuiB. nHau. exkoHom. yH-T, 2001. — 336 c.: in1., Tabn. — Teop. 3anuT. Ta 3aBAaHHS 110
TeMHU B KiHIl TeMu. — JIab. poO. micns tem 14, 15. — Honatku: c. 242 — 246, 292 — 331. — Biomiorp.: ¢. 246 (4
Ha3Bu).— ISBN 966-574-265 — 5.

Bennart Ixx.C. V3Mmepenne n ananu3 ciaydansix mporeccoB / JIx.C. bennmat, A.T'. I[Tupcor; nep. ¢ aHri.
I'.B. Marymesckoro, B.E. IIpusansckoro; nox pen. M.H. KoBanenko. — M.: Mup, 1971. — 408 c. — IlepeBox
3a u3a.: Measurement and analysis of random data / Julius S. Bendat, Allan G. Piersol. — John Wiley and
Sons, Inc. — New York-London-Sydney, 1967.: wi., Tabn. — [Ipeamer. ykazatens: c. 403-408. — buGnuorp.:
c. 400-402 (59 nHanMeHOB.).

Cipenko I'.O. — noktop TexHIUYHHX HayK, nmpodecop, 3aBigyBady KaTelpH TEOPETUYHOI Ta MPHUKIATHOI

xeMii [IprkaprnaTcbkoro HalioHaJILHOTO yHiBepcuTeTy iMeHi Bacuist Credanuxa.

Mioax JI.Al. — xaHAMAAT XIMIYHMX HayK, MAOLEHT KaTeJpH TEOPEeTHYHOI Ta MPUKIATHOI XeMil

[pukapnarceKoro HalioHaJbHOrO yHiBepcuteTy iMeHi Bacumns Credanuka.

Kpaseuyw I B. — actiipaHT KaTeJpu TEOPETHYHOI Ta MPHUKIAIHOI XeMii [IpukapnaTchKoro HaiioHaIbHOIO

yHiBepcurery iMeHi Bacuns Credanuka.

Penenzenr
Hluiiuyk O.B. — [0KTOp XIMIYHUX Hayk, mpodecop KaTeapu TEOPETHYHOI Ta MPUKIATHOI XeMil

[pukapnarceKoro HalioHaJbHOTO yHiBepcuTeTy iMeHi Bacuis Credanuka.

45



