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MeTonamu MaTeMaTHYHOTO [UIAHYBAHHS €KCIICPUMEHTY Ta HOILIYKY ONTHMAJbHHUX PIlCHb DOCHIKCHO BIUIUB
KOHIIHTpamil BYIJENEeBOro BOJOKHA, TpadiTy 1 6a3aabTOBOrO BOJOKHA HA TEILUIONPOBIJHICTH Ta 3HOLIYBAHHS
KOMIIO3UIIIHHAX MarepiagiB Ha OCHOBI apoMarmyHoro mnomiamingy. IToOynoBano aBoBmMipHI mepepisu (yHKIIH
BIATYKY IHTCHCHBHOCTI 3HOIIYBaHHs Ta Koe(illieHTa TEIJIONPOBIAHOCTI Bi/l BMICTY BYIJICLIEBOTO BOJIOKHA Ta rpadity
npu (ikcoBaHOMY 3Ha4YEHHI BMICTY 0a3aJIbTOBOTO BOJIOKHA.
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Beryn

BcTanoBieno 3JIEXKHICTD TETIONPOBITHOCTI
KOMITIO3MIIIf Ha OCHOBI apoOMaTHYHOIO TOJiamigy Ta
KOMOIHOBAaHOTO HANOBHIOBaYa 3 BHUCOKHM 1 HH3BKHM
KOe(DI[IEHTOM TEIUIONPOBIHOCTI BiJl TeMIepaTypu HpU
PI3HMX KOHIEHTpAUisX CKIagoBux kKommosuty [1]. Jani
pe3ynbTaTH BUSIBWIIM JIiHIMHI 3ajexHOCTi KoedilieHTa
TEIUTOTIPOBITHOCTI  Bijg Temmeparypu. Lle mo3Boise
CIIPOTHO3YBaTH TEIUIOBY TIOBEIiHKY MaTepialiB IpH
PI3HHX TeMIlepaTypax, a TaKoX OOTpYHTOBAaHO BHOpATH
KOMITO3UIIIHHMIA ~ MaTepial s BY3JiB  TepTs, IO
MIPAIIOIOTH 0€3 MaIeHHs 1 TPH 00MEKEHOMY MAaIlleHHi.

Mera poboTu moisraia B TOMY, IIOOM BHSBHTH
BILJIIB KOHIIEHTpAITii 0araTOKOMITOHEHTHHUX
HATIOBHIOBAYiB HA IHTCHCHUBHICTh 3HOIIYBaHHS IIPH
00OMe)XeHOMY MaIlleHHI 1 0e3 MaleHHS Ta Koe(illieHT
TEIIONPOBIIHOCTI KOMIO3UIIIMHUX MaTepialliB Ha OCHOBI
aApOMATUYHOTO IMOJIaMily METOJOM MAaTeMAaTUYHOTO
TUTAaHYBaHHS CKCIICPUMCHTY.

I. ExcnepuMeHTa/JIbHA YaCTHHA

OO0’ektoM  JoCHi/KeHHS  OylM  KOMIO3HUIIHHI
Marepialu Ha OCHOBI apOMAaTHYHOTO IoJliaMigy (eHisioH
C-2 (mponmykt moiikoHAcHcalil MeradeHUICHIIaMiHa i
quxyopaHrinpuaie i3odramesoi (60 %) i TepedrameBoi
(40 %) KHCIIOT), HaIlIOBHEHUX BHUCOKOMIITHUM
rpadiTOBaHUM BYTJICIICBUM BOJIOKHOM i3 cTpiukn BMH-
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4; 6a3aJLTOBUM BOJIOKHOM i KoJoigauM rpadirom C-1.
BractuBocTi nmX MatepiamiB mpuBeAcHI B [2-7], nOe
KJacuQikamilo ByrieneBUX BOJOKOH BH3Ha4yeHO 3a [8]:
HM Bucokomonynsre; ITAH 3 TOJIaKpHIIO-
HITpHIBHOI ~ TKaHWHH,  CTpiYkH  ab0  BOJIOKHA;
p = 1940 kr/M’ — nuToMa TycTHHA BONOKHa; Y= 1,0 % —
BITHOCHE TOJOBXKCHHA IpH po3puBi; d, = 6,0 MKkM —
Cepe/HIl niaMeTp BOJIOKHA; O, = 2,0-2,5 'Tla — MinHicTh
BOJIOKHA TIpH po3TsaryBanHi; E, = 240-300 I'Tla — moxynn
MIPY’KHOCTI BOJIOKHA MpH po3TsaryBanHi; T, = 2673420 K
— KIHIIEBA TeMIleparypa TEepMOOOPOOKH BOJIOKHHCTHUX
Mmatepiamis [1-3].
BazanbsTOBI

BOJIOKHA OTpHMaHi 3  MiHepaliB
Bepecrosenbkoro poxaoBuiia i MaJu Taki
XapaKTePUCTHKH: p = 2700 Kkr/™m’; y=1-4 %;
d, =11 mMx™m; 0, = 1,8-2,2 T'Tla; E, = 93-114 I'lla [4-6].

Komoinuuit  rpagitr  C-1  OyB  oTpumaHuii
rpadirtuzauiero Tepmoantpauury npu 2773+100 K 3
HACTYIIHUM JPOOJICHHSIM B KOJIOiZHOMY MuMHKY. I'padit
C-1 wmaB Taki xapakTepucTHku: BmicT 30iu 1,5 %;
BoJioricte 0,5%; TOHKICTH MJIMBa: PO3Mip YacTHHOK 1-
80 MKM, pO3Mip YaCTHHOK OCHOBHOI (pakitii 1-8 MKkM
(75 %), 3anMImoK Ha CUTI 3 OTBOpaMHU 63 MKM — MEHIIIE
0,5 % [7].

Komrmo3uirii Ha OCHOBI  apOMaTHYHOTO IMOJiaMiLy i
JIUCTIEpCii BOJIOKOH, MOPOIIKIB TpadiTy abo BYTIEIEBUX
BOJIOKOH OTpuMyBaim 3a XMA-—texHomorieio [9].
[onpiOHeHHs BHUXITHMX  BYIVICHEBUX  BOJIOKHHUCTHX
MarepiajliB MPOBOJAMIOCH B MOJOTKOBiH apobapui KAY
“Ykpainka” npu 3000 06./xB. poOOUHX OpraHiB, a MOTIM
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B MIMHKY HOxoBoro tuny MPII-1 mpu 7000 06./xB.
(uactota obepramns Hoka 117c¢’, MakcumanbHa
mBUAKICTh 78 M/c) 10 XB. IUIsl BYIJIENIEBHX BOJIOKOH i
20 xB. ans  0a3aJdbTOBOTO BOJIOKHA IO OJEpIKaHHSI
BOJIOKHA 3 HACHIHOK0 TyCTHHOI0 P =30-50 kr/nm’.
ITopomky apoMaTHYHOTO TIOJiaMimy 1 HaIOBHIOBAYiB
s3mimryBaim B MauHKY MPIT-1 mpu 7000 06./xB. 3a 5 XB.
I[Ipy 1mpOMy mpomec 3MilIyBaHHS, pa3oM 3 THM,
CYTIPOBOKYBaBCS IOTaTKOBUM MoIpiOHEHHAM
MOPOIIIKIB TOMiMepy, TpadiTy i BoimokoH. BomokHa 10 i
micist 3MilTyBaHHS Manu 00’€MHHH (MacoBHi) ramma—
po3mnozin 3a goexuHaAMH B Mexax 20-1200 mxm [10].
3aroroBkM  OyJM ~ BHUTOTOBICHI 32  TEXHOJIOTIEIO
nepepoOKH apOMaTHYHUX TTOJIiaMifiB mpecyBaHHsM [11].
Bosokna Oymm po3ramoBaHi XaoTHYHO B Iapax, SKi
Oynu TEepNeHAWKYJSpHI JO 3yCHIUIA  TPECyBaHHS,
HamnpsMKYy Je(OpMYyBaHHSI Ta HANpsIMKy TeEIJIOBOTO
MOTOKY TpPH  JOCTIDKEHHI  TETUIOTPOBIAHOCTI  Bif
TEMITEPATYPH 1 TTapajesbHi TOBEPXHI TEPTS.

TermonpoBigHICTh  JOCTIHKYBaHUX  MaTepialiB
BUMIpIOBamM 3a gomomororo mpmiaxy WTA-400 B
MOHOTOHHOMY  PEXHMI  HarpiBaHHsS Ha  3pa3kax
mumiegpuaHoi - gopmu.  IInmocki  moBepxHi  3paskiB
TIPUTUPATHCS i yBaTbHUM TTOPOIIKOM Ha
KOHTPOJIBHIN TUIMTI O MIOPCTKOCTI moBepxHi Ry = 0,63.
BumiproBaHHs ~ NpOBOAWJIM  3TiAHO  CTaHAAPTHOI
MeTonuKH. [Ipy BBEJEHHI B eKCIUTyaTallilo BHMipoBaua
NUTA-400 pobunmm  rpamyroBaHHS.  BumiproBaHHS
npoBoIWIIK Tipu Temmepatypi 373 1 473 K.

AHTUOPUKITIHHI  BIACTHBOCTI  JOCTIKYBalX Ha
TpubomeTpi [12] 3a cxemoro ,.chepa-uiommnaa”. 3pa3ku
Oynu BuKOHaHi BUcoTOlO 15+0,1 MM 1 giameTpom
10+ 0,1 mm 3 kiHneBoio cdeporo pamiycom 6,35 mm.
3pa3ku 3aKpilUTIOBATH Y 3HIMHIH TOJIOBIIL, IO JTO3BOJISIIO
0e3 MOpYIICHHS KOHTAKTy BHMIPIOBATH JiaMeTp ILIIMHU
3HOCY Ha MIKPOCKOTI. 3pa3ki KOHTAKTyBall c(hepUIHOIO
YaCTHHOIO I10 IUIOCKIM TMOBEpPXHI KOHTPTiNAa 31 craii
30X13  (tBepmicte HB 43+0,2ITla, Buxigna
mopCTKicTh oBepxHi Ray = 0,08 £ 0,02 MxM) miameTpom
60+0,15mMm 1 Bucororo 10+£0,15mMm. KonTtpTiNio
3aKPITUTIOBATIOCS Y THI3/I MiICTaBKH, Yepe3 MOPOKHUHY
SKOI TIPOIyCKajacsi BOJa IS BiIBEICHHS TEIUIa TEPTS.
Yamika, B sIKili 3HaAXOIWIUCS KOHTPTUIO 1 3pa3kd, Maia
OokoBi 1 momoBi HarpiBadi. IIIBUAKICT KOB3aHHSI
nopieHoBama v = 1,15 m/c. Tlomanpme HOCHTiIKECHHS
Oyno mTOIUICHO Ha JABa €Tamu: ISl TEpLIoro eTamy
temniepatypy (T, =473+2 K) BusHavyanu Ha Bincrasi 1-
2 MM Bij TOBepxHi TepTs TepMonapoto XK i BTopuHHOTO
npwiany enekTtpoHHoro mnoteHumiomerpa KCII-4 Ha
BizcTani nowixy Teprs S;=0-10 kM 1 HaBaHTa)KeHHI
N;=200H mnpu obmexenomy wmamenHi 10 % Big
HOMIHAJILHOTO aBialliiHoro onuBor0o MC-20; Ha Apyromy
eTami  JOCTIDKEHHS  iHTCHCHBHOCTI  3HOIIYBaHHSI
TTPOBOIVITH pu Til camiit TeMITeparTypi
(T;=T,=473+£2K) i oOMexeHOMYy MaIlleHHI Ha
BijicTaHi nuixy tepts S; = 10-25 kM 1 HaBaHTa)KeHHI
sz =350 H.

HocnijpkenHs npu TepTi 0e3 MalleHHs IPOBEICHI
npu N;=100H, v=0,42 m/c, T;=373+2K mno cram
45 (HB 4,6+0,2 I'Tla; R,, = 0,3+0,05 mMxm).
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II. Pe3yabTaTtn T2 00roBOpeHHs!

I3 3acrocyBaHHSM IUIaHYBaHHS  EKCIIEPUMEHTY
BUKOHAHO JIOCJI/DKCHHS! 3aKOHOMIPHOCTEH 3HOIIYBaHHS
AHTU(QPUKIIHHOTO MaTepially Ha OCHOBI apOMaTH4HOTO
nomaminy  (ITA)  c¢eninon C-2, HanmoBHEHOTO
ByrjeneBuM BoslokHoM (BB), rpadiroBanoro npu
2400°C, o6a3zampToBUM BOJOKHOM (BB) 1 Komoimamm
rpaditom (I'p) C—1 i ix 3B'sI3Ky 3 Horo TermIodi3MIHIMHU
BJIACTHBOCTSIMU B 3aJIEXKHOCTI BiJ] HAIIOBHIOBAYA.

Y  mpoBemeHOMY  NOCHIIDKEHHI  MapameTpamMu
onTuMizalii Oyau: MUTOMA IHTEHCHBHICTH 3HOIIYBAaHHSI
(I, I, Is) 1 xoedimieHT TEmIOmpoBiAHOCTI (A373, A473, Z€
IHJIEKCH € TeMIIepaTypaMy BUIIPOOyBaHb) KOMITO3MLIT Ha
ocHOBI apomMaTtuyHoro mnomawminy (¢enimon C-2 ), a
HE3aJIOKHUMH 3MIHHUMH (DakTOpaMu — KOHLEHTpALis
rpadiToBaHOTO BYIJICIIEBOI'O BOJIOKHA, 0a3aJIbTOBOTO
BOJIOKHa 1  komoigHoro rpadiry C-1. 3miny
TeII0pi3NTHUX BIIACTUBOCTEH, 3aKOHOMIPHOCTI
3HOITYBaHHS BHOpaHWX MaTepialiB MPEACTaBISIIOCS
OTIMCATH IHTEPIOJALINHUMU MOJEISIMA B JTOBLIBHO
THPOKOMY iHTEepBaIi BapilOBaHHS (dakrtopis.
BpaxoByioun naHe 3aBIaHHS 1 BHUIAJKOBICTH TPOIECIB
3HOITYBaHHS Ta 3MiHH TeIIO(I3UYHUX BIIACTUBOCTEH,
IO 3HAaXOIATHCS i BIUIMBOM LIOTO KOMIUIEKCY
3MiHHHX  (akTopiB,  MHpeAcTaBisUIacs  HeJliHiHHa
3aJIeXKHICTh MK ITapaMeTpaMM ONTUMi3alii i BHOpaHUMHU
B EKCIICPUMEHTI (haKTOpaMH.

[opiBHSHO 3 IHIIMMH TIaHAMM OUTBII CHJIBHIIIMNA
KpPHUTEpiil ONTHMaJbHOCTI MalOTh pPOTOTAOENbHI IUIAHU
Jpyroro mopsaky bokca, oco0inBO KOpHCHI Ta Iyxke

eeKTUBHI TpU KITbKOCTI (akTopiB, piBHUX k=3
[13,14]. Tomy nmns  OOCHIIDKEHHS  JTi€31aTHOCTI
KOMIO3MIli B 3aJIEKHOCTI BI HAITOBHIOBaYa

BUKOPHCTOBYBAJIOCSI pOTOTA0ENbHE TIAHYBaHHS IPYroro
nopsaky mpu k=3. B mpoMy BHUIaAKy 3acTOCOBYBAH
MATPUIIO TUIAHYBaHHS, 3TIHO SKOi 3arajbHa KiJIbKICTH
mocuinie piBHa N =20, B TOMy 4YHCII TIO IICTh
MMOBTOPHUX JIOCHIJIB B IEHTPI («HYIBOBI» IINAHIN) Ta
«GIpKOBii» mingHIi 1wany (np=6, n,=6) i BiciM
JOCHIIIB B «siapi» mwiany (ng= 8) [13,15].

HaiimenyBanust ¢axropiB, iHTepBanmum 1 piBHI iX
BapiloBaHHs NpuBeeH] HIDKYe (Tabm. 1).

3a OTIOMOTOI0 MaTpHIli TUIAHYBAaHHS 1 TPUHHATHX
IHTEpBAJIiB Ta PiBHIB BapilOBaHHSA TOOYyTyBamu pobody
MaTpHIlO, SKy T3HINIE  BHKOPUCTOBYBAIW  IPH
MPOBEJICHHI eKcIepuMenTy (Tabur. 2). KinbKicTh qocmimiB
TUIaHy BU3HAYHIIN 32 (OpMYIIOr0:

N =n, +n, + ng, (1
Je ng =p k=2 k p =2 (X;y==£1) KiJIBKICTb PiBHIB;
n, =pk=2k;
ng=63a[13].
«3ipKOBe» MmIeue po3paxoByBan 3a (OPMYIIOIO:
a=p=2= 4/8 ~ 1682, ?)

TOMI KIUIBKICTh PIBHIB Yy «3IpKOBil» MUISHIN TUIAHY
nopiBHIOE 3 (x;, = +1,682; 0).

Ilnan  ekcnepumeHTy  (Tabi. 2)  3aJ0BOJHHSB
poToTabenpHIM YMOBaM ONTHMAIBHOCTI [16]:
N
in =NA,mei=1,2,3, ..k 3)
=
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ZXW ]M—N}\4 nei j=1,2,3,..,k i#j;, (4)

Zxﬁ, =3NAg,mei,j=
u=l
e Ay, Ay — JesKi JOBUTBHUM YHMHOM BHOpaHi CTaji, IO
3aJJ0BOJIGHSIOTH HEPIBHOCTI (YMOBaM HEBUPOJDKEHOCTI

1,2,3,...k )

Y - Ys =B, X;* + BpX, + By;Xy%, (12)
ne Ys — KOOpAMHATH HOBOro LEHTpY; Bj, Byy,Bi; —
koedimienTn piBHsHHA (11) B kaHoHiuHi dopmi (12);
X, X5, X3— HOBI 3MIHHI.

Koedimientn perpecii Bu3Hadamy 3a piBHIHHIMH (3
BpaxyBaHHsM [13,15]):

MAT . . k N D.
UL TUIAHYBAHHS): b, = _@\ )Z k +2 Zyu —e D\4DZ me v, (13)
O_ A_4 S k © o &
4 T : )
A5 k+2
. c Z XY
3a [16] mpakTH4YHO A4, MOXXHA pO3paxyBaTH TakK: b, = i ; (14)
4D = kN . (7 N 2w
(k * 2)(N _.nO) ij = u] 'xiu'x/‘uyu ; (15)
[loGynyBatn mnpaBuibHy ¢irypy (pororabenbHHui NI 4 0z ’
iaH) 3a yMoB (7) moxkiuBo yutre st k =2 1 4. Jlna k = 2
3 3 5 mpaBuIBHHEX QIryp y TPHBHMIPHOMY IPOCTOPI LI b = Ac® [(k + 2)/\4 - k] Dz X2y, + A (1 —)\4D)D
N = 20 To40K MOXJIMBO IMOOYAYBATH IJIaH HA JOJeKaeapi . N , (16)
[16]. Ane, He3BaXkatoUu HaA Te, IO BEPITUHU i€l Q1ryp1z1 oy mezyu _24c D’\4D2yu
(TutaH) 3a70BOJIBHAIOTH YMOBaM poToTadenmbHOCTI (3)- =] N =
(5), cIOCTepiracThCsi BHPOIKCHHS 3HAYCHHS Ay, SIKE N
nopisaroe 0,6 i* HEPIBHICTh (6) TNEPETBOPIOETHCI Yy ne €=~ ; 17)
piBHicTb (32 (7) A4 = 0,8571). Z 2
[Momyk 3HaueHb A, 1 A4 TPHBENO 1O TaKUX 4 "
Pe3yIbTAaTIB:
Ao = 0,6828, Ay = 0.4, - : (18)
3BigKkE Ay = 0,8579, mo 6:1m36K0 10 (7). 22, [(k +2)," - k]
IIpu mpoMy ymoBu portotabembHOCTI (3) — (5) N — 3arajnbHa KUIBKICTb JOCHIiB;
BHKOHYIOTHCS: U — TeKy4ui 1ociin (Touka IiaHy Tadi. 2).
N Hucrepciro BiJTHOBJICHHS BU3HAYAJH 3a
Z xli =13,6569; N, =13,6560 (8) pe3ynbTaTaMy MapaieibHHX JOCHIAIB B LEHTPi IUIaHy.
= 3Hauymiicte  KoedimieHTIB  perpecii B piBHAHHI
3HAXOMWJIM 3  BpaxyBaHHSAM  BIJIOMOTO  3HAYEHHs
z xlzuszu =8,0; N =80 ) aucriepcii  BigHOBNEHHA. J{ns  OLIHKM  3HAYYMIOCTI
u=1 3HalAeHnX  Koe(ilieHTiB  perpecii  3acTOCOBYBaJH
N A HacTymHi popmynu (3 ypaxyBanusm [13,15,16]):
X, 0; 3N =240 10 Ok + .
Z . (10) ) =%MSZ{)}’ (19)
B sxocTi MareMaTHYHOI MOJIEINi MPUAHATO ITOJIHOM 2 { y}
JPYTOTO TOPSIIKY, Y BUTIISIL Sz{b} = SV ; (20)
Yu = by +2b1X1 +b%X2 + b%X3 + biXixy + bisxixz + 2N
by3xyX3 by X;” + bygxy” basxs”, (1) 2 _C 2 -
Jie y, — 3HaueHHs A Ta I, a0o B KaHOHIUHIH popmi: S {bi/} B NS {y} ’ @
Tadauus 1
[To3HaueHHs akTOpiB, PiBHI Ta IHTEPBAIN BapilOBaHHSI
Buict Bwict 6azansToBOTO
HaiimenyBanus ¢axropa rpadiToBaHOro Bwict rpadiry, % o
o BOJIOKHA, %
BOJIOKHA, %
HarypanbHe mo3HaueHHs Cgp Crp Csn
KomoBaHne mo3HaueHHS X X5 X3
PiBHi BapiroBaHHS
-1,682 3,41 2,31 4,00
-1,0 9,81 6,50 13,12
0 19,20 12,65 26,50
+1,0 28,59 18,80 39,88
+1,682 34,99 22,99 49,01
InTepBan BapitoBaHHS, € 9,39 6,15 13,38
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Taoauus 2
Marpurst poToTabeabHOTO IIaHYBaHHS JPYroro MopsIKy 1 po6oda MaTpHUIld EKCIEPUMEHTY
Howmep Martpuus rmiaHyBaHHS Poboua marpuis
JOCITi Ty X, X, X3 C (BB), C (I'p), C (bB),
Mac. 9. Mac. d. Mac. d.
1 +1 +1 +1 28,59 18,8 39,88
2 +1 +1 -1 28,59 18,8 13,12
3 +1 -1 +1 28,59 6,5 39,88
4 +1 -1 -1 28,59 6,5 13,12
5 -1 +1 +1 9,81 18,8 39,88
6 -1 +1 -1 9,81 18,8 13,12
7 -1 -1 +1 9,81 6,5 39,88
8 -1 -1 -1 9,81 6,5 13,12
9 —-1,682 0 0 3,4 12,65 26,5
10 +1,682 0 0 35,0 12,65 26,5
11 0 —-1,682 0 19,2 2,3 26,5
12 0 +1,682 0 19,2 2,3 26,5
13 0 0 -1,682 19,2 12,65 4,2
14 0 0 +1,682 19,2 12,65 48,8
15 0 0 0 19,2 12,65 26,5
16 0 0 0 19,2 12,65 26,5
17 0 0 0 19,2 12,65 26,5
18 0 0 0 19,2 12,65 26,5
19 0 0 0 19,2 12,65 26,5
20 0 0 0 19,2 12,65 26,5
R R I () S S C B s "
N 0 PEMOT0 pPE3yIbTaTy B «HYJIBOBI»
S 2{ y} — JuCTIepCiss TOMMIKH 33 MapajeIbHUMHU ot

CIIOCTEPEKEHHSIMH B «HYJIbOBIM» JIUISHII, SKa OB’ sI3aHa
3 JWCIEPCIEI0 BIIHOBIEHHS, HPH N 1 moBTOpHHX
JIOCITITIB B «SIpi» Ta «31pKOBII» AUISHKAX IUIaHY.

) = SV {ya}

ne §*{y,} — mucnepcis BimmoBneHHs;

(23)

Ny — KUIBKICTB TIOBTOPIB Y «HYJIbOBIM JLISHIII.
JoBipunii iHTepBaN AJsl BIAMOBIAHUX KOSQIIIEHTIB
BH3HAYaJIH 32 [13]'

Ab = maf'z Es{b} > (24)
ne tue. — BUOpaHo 3 posmoxinmy Creromenta [17] mms
piBHs 3HauymocTi o = 0,05 i yncna cryneHiB BibHOCTI
=Nny— 1= 5,

sip} =+Js{d 25)

IopiBHsAHHS aOCONMIOTHUX BEIMYUH KOCQIIIEHTIB
perpecii 1 BiINOBIIHUX JOBIPYMX IHTEPBAIIB IOKa3alo,
mo 3 AoBipuoro BiporigmicTio 0,95 MoOXHa paxyBaTh
3HAYYIIUMU YacTUHY KOeQIlli€HTIB pIiBHAHHA, SKE 1
nepeBipsimt 3 3HAUYIIUMHU Koe(imieHTaMu  Ha
a,Z[eKBaTHiCTI) 3a cbopMyHO}o (3 BpaxyBanssMm [13]):

gy
yu)z (yuo yO)2

uo—

N=B~(m-1)
ae Y pe3yibTaTd  OKPEMUX  EKCIEPHMEHTIB,
BKJIIOYAIOYH 1 IOBTOPH B «HYJIBOBII» TOYIII;

~
Yu—

SZA,ZI 5 (26)

pe3yiIbTaT PO3paxOBaHWN 3a pPIBHAHHAMH, [0
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)_’o — cepenHe apudMeTHYHE BCIX pE3YJbTAaTiB B
«HYJTHOBIH» MIJISHII;
Ny — KUTBKICTh JOCIJIIB B «HYJBOBIM» AUISHIN (ny= 6).

BusiBuiocs, mo MOJAENb JPYroro MOPSAKY MOXHA
paxyBaTu  azjekBaTHOIO 3 95 %-Bol0  JIOBipuOIO
BiporiHicTIO 33 kpuTepieM Direpa Foyp < Fraen [17].

B pesymbrari peamizauii pobowoi Matpuui Oynn
OTpUMaHi a/IeKBaTHI PIBHSIHHS IHTEHCHBHOCTI
3HOITYBaHHSA 1 KoedimieHTa TEMIOMPOBIIHOCTI, IO
IAlOTh MOJIJIMBICTE BHSBUTH 3aJIEKHICTE ITATOMOIL
IHTEHCHBHOCTI 3HOITYBaHHS i koedimieHTa
TETUIONPOBITHOCTI MaTrepialy BiJ BMICTY B HBOMY
rpadiTy, ByrJIeneBoro i 6a3aJbTOBOTO BOJIOKHA.

IaTeHCHUBHICTS 3HONIYBaHHS st | eramy mig dac
MAIIlCHHS

I, =107(3,482 — 0,685x, — 0,443 x,x3 +

+0,412x,% — 0,584x,” — 0,718x57). (27)
Jas 11 eramy mig yac MarieHHs:
L,=107(2,122 + 0,685x; + 0,329x,x, — 0,488x,x; +
+0,226x%,% + 0,278x,” — 0,255%5%). (28)

ITpu poboTi 6e3 MameHHs:
I;=107(5,234-2,486x, +2,533x, +4,013x;+
+2,112x%5 +1,655x, + 2,733x,° +3,124x5%). (29)
AHami3 piBHSIHb IHTEHCHUBHOCTI 3HOIIYBaHHSI B
3JICKHOCTI B CKJIamy TOKa3ye, IO MEPIIUN Iepiof
teptst (0...10kM) B TpaHHYHOMY MalleHHI HaiOinbIIe
3HAUYEHHS Ma€ KOHIICHTpAIlil BYIVICLICBOIO BOJIOKHA
(3Hauymwii MiHIHHAE KOoe(ilieHT NpH X, ), TPUYOMY 3HaAK
"—" npu HIIMX 4YIEHaX PiBHAHHS FOBOPHUTH IIPO TE, IO 13
3pOCTaHHSIM  BMICTY  BYIJICIEBOTO  BOJIOKHa (X))
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3MEHILIYETHCS IHTEHCHUBHICTh 3HOLIYBAaHHS KOMIIO3MIIIT,
TOOTO  3pocTae 3HOCOCTIHKICTh ~ MaTepiaiy.
KoHnnenTpariiss 6a3ayibToBOr0 BOJIOKHA 1 Trpadity Ha
mpoMy erami He BIDMBae. JIiHiHHI KoedilieHTH X; 1 X3

HE3HAYYIIi.
Ilpu 3pocranni nwraxy  Ttepts  (10...25 kM)
3aKOHOMIPHOCTI ~ JEm0  3MIiHIOIOThCA.  3HAUYIIUN

JMHIAHWA KOSPIIIEHT MPU X3 TOBOPUTH MPO TE, M0 UM
OinpInMii BMICT 0a3aJbTOBOrO BOJOKHA B KOMIIO3MIIII,
TUM BHIIA IHTCHCHBHICTh 3HOIIYBAaHHS, TOOTO MaTepiai
BOJIOJIi€ OUTBIIMMU aOpa3MBHUMHU BIACTUBOCTSAMH.
Awnaii3 piBHSHHS IHTEHCHUBHOCTI 3HOLIYBAaHHS IpH

TepTi 0e3 MamieHHs TIOKasye, [0 3a JIHIHHUMHA
koedilieHTaMi  HaWOUIbmMKA ~ edekT  3MEHIIeHHS
IHTEHCWBHOCTI  JTa€ BMICT  BYIJICIIEBOTO  BOJIOKHA,
30UTBIyE  IHTEHCHUBHICTh  3HOIIyBaHHS  TpadiT i
0a3abTOBE BOJIOKHO, IPUUOMY OCTAHHE B OiBIIIH Mipi.
Jst  xoedimieHTiB  TEIUIONMPOBITHOCTI  OTpUMaHi
HACTYITHI PiBHSHHS:
}L473:0,584+0,041X1+0,096X2*0,025X1X2*
—0,035x,x3+0,05%,%+0,067x,°+0,054x5%; (30)

A373 = 0,543 + 0,03x; + 0,096x, —

—0,03x,x; + 0,056x,” + 0,07x,” + 0,06 1x57;

AHani3 0uX pIBHAHb TI0Ka3ye, L0 KoedilieHT
TEIIONPOBIHOCTI 3pocTae MpH 30UIBLIEHHI BMICTY
BYTJICTICBOT'O BOJIOKHA 1 rpadiTy, mpudoMy 301TbIICHHS
BMicTy TpadiTy BIDIMBaE Oinbine, HDK 30UTBIICHHS
BMICTy  BYIJICIEBOTO  BOJIOKHA TIpU  OYyIb-AKiit
TEeMIIEPATYPI.

Ha ocHOBI momHOMIHAIBEHOT MOIET] MOYKHA OIIHUTH
CTYIiHb BIUIMBY KOXHOTO 3 (DaKTOpiB, IO MICTHUTHCS B
MOJIeNi, Ha JOCHKYBaHMH TMpolec. 3HAYYIIICTh
JMHIMHUX 1  HemiHIHHMX  edekTiB  BHU3HAYa€THCA
BCJIMYMHOKD 1 3HAKOM BIAMOBIAHOTO KoedimieHTa B
piBHsHHI. YuM Oinbmmii KoedimieHT 3a aOCONIOTHOIO
BEJIMYMHOIO, TUM OIIBII CYTTEBHH BIUIMB (hakTopa IUIst
NPUAHATHX 1HTEepBaliB BapitoBaHHs. CIiJ BIAMITUTH, IO
OIIiIHKY BILTMBY TOTO YH iHINOTO (aKTopa 3a BEIMIWHOIO 1
3HAKOM KoedillieHTa MaTeMaTHYHOI MOJeNi MOXKHa
BHABUTH TUIBKM JUIL  JIHIAHOTO ITOJIHOMIHAJIBEHOTO
pIBHSIHHS, sKe HE MICTUTh e(dekTiB B3aemomii. Jlms
MOJIIHOMIHAILHUX ~ PiBHSAHB, IO  MICTATh  €QEKTH
B3a€EMOJIN 1 KBaapaTuuHi e(eKTH, BIUIMB OyIb-SKOTO
(akTOpa MOKHA OIIIHWUTH JIMIIE HAa OCHOBI BHOIpPKH i3
OararoakTopHOi MoOzeNi TUIBKM THX e(eKTiB, 10
MICTATh IHAEKCH, SIKI BITHOCATBHCS [0 OILIHIOIOYOTO
(axTopy.

OpTOroHabHMMHK  iHBapiaHTaMH  panioHAIBHOT
GyHKIIT apyroro TOPSAAKY BiJl TPhOX apryMEHTIB €
bynkmii Jy, J, J3, Ky [18]. Ananis ogepkaHux piBHIHb 3a
JIOTIOMOTOIO IMX iHBapiaHTIB O3HAYEHHS HEHTPY (irypu
Ta BUJY TIOBEPXHi IMOKa3aB, MO I MOBEPXOHb PIBHHUX
3HA4YeHb IHTEHCHBHOCTEH 3HOIIYBaHHS Ha MEPIIOMY
eTami mpu OOMEXEHOMY MaIleHHI 3aJIeKHICTh (DYHKITIT
BIATYKY BiZ TpboX (akTopiB (X, Xp, X3) Ma€ BHIJIAJ
oJHOTTOpOKHUHHOTO Timepbonoina (J; # 0; Ji, J, < 0; Ky
> (), MOBEpXOHb PIBHUX 3HAYCHb IHTCHCUBHOCTCH
3HONIYBAaHHSI Ha JPYroMy eTami mnpu 0OMEKEHOMY
MaIlleHHI — JBOIIOPOXXHUHHOTO Tinep6onoina (J; # 0; J,,
J; < 0; Ky < 0), moBepxoHb pIBHHX 3HAYCHb
IHTEHCHBHOCTI ~ 3HONIYBaHHsI  ©0e3  MalleHHA Ta
Koe(illi€HTIB TEIUIONMPOBITHOCTI MPH TeMmmeparypax 373

(€2))
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1 473K — ysaBHoro enincoina (J; # 0; Jy, J,, J3 > 0; Ky #0;
K4>0).

IIpu BHOOPI OTNITUMAJTbHUX rapameTpiB
CKOPHCTAEMOCSI JTBOBUMIPHUMHU TIepepizaMu  (QYHKITiH
Binryky (11) mpu ¢dikcoBaHoMy 3Ha4YeHHI OJJHOTO
(akTopa, MmO Ja€ 3MOTYy OTPUMATH YSABJICHHS TIIPO
3aKOHOMIPHOCTI 3MIiHM KpHTEpil0 ONTHMI3amii Tpu
BapitoBaHHI (aKTOpiB Ha IMEBHOMY piBHI. [y 1mboro,
¢ikcyroun KoxeH (akTop Ha MEeBHOMY piBHI (X3 = —1,5;
0; +1,5), BU3HaYaeEMO KOOPJIUHATH HOBOTO HEHTPY S (X,
X,), KyT IIOBOpOTY HOBHX oceldl koopaumHar (o) i
MEpETBOPIOEMO OTPUMaHi PiBHSHHS perpecii B KaHOHIUHI
y Burazi (12). Otpumany HacTyIHI pe3ysIbTaTH:

MJIs1 iHTEHCHUBHOCTI 3HOIIYBAHHS B O00MEKEHOMY
MallleHHi Ha MepuIoMy eTarni:
1) mpu X3=-1,5:

S (0,83;0,57); a=0";
Y-1,7708-107=0,4120-10 "X;*- 0,5840-10 " X,* (32)
2) pu X3=0:

S (0,83;0); a=0"Y-3,1973-10 "=

0,4120-10 "X~ 0,5840-10 ' X,’ (33)
3) mpu X3=+1,5:

S (0,83;-0,57); a=0"
Y-1,7708-107=0,4120-10'X,*—~ 0,5840- 10 X,*  (34)

MJIs1 iHTEHCHUBHOCTI 3HOIIYBAHHS B 00MEKEHOMY
MallleHHi Ha IpyroMy erami:
4) mpu X3=-1,5:

S (-2,84;1,68); a=-40"29"30";
Y+0,5205:107=0,0860-10 "X,*+0,2280-10 "X,*> (35)
5) mpu X53=0:

S (0;0); a =—40°29'30";
Y-2,1220-107=0,0860-10 "X, — 0,2280-10 " X,* (36)
6) mpu X3=+1,5:

S (2,84;-1,68); a = —40°29'30";
Y-1,5345-10"7=0,0860-10 "X, — 0,2280-10 " X,* (37)
JJIs1 IH-TEHCUBHOCTI 3HOLIYBAHHA 0€3 MallleHHs:

7) mpu X3=-1,5:

$(0,75;0,12); a=0";

Y —8,2731-10 7= 1,6550-10"X,? +2,7330:10 'X,* (38)
8) npu X;=0:

S (0,75;-0,46); a=0";

Y —3,7136:10 7= 1,6550-10"X,* +2,7330-10 'X,> (39)
9) mpu X3=+1,5:
S(0,75;:-1,04); 0=0";
Y-14,3760-10"7 = 1,6550-10 "X, + 2,7330-10 'X,* (40)
1J1s1 koedilnieHTa TeIIONPOBiAHOCTI NPH TemMnepaTypi
473 K:
10) npu X; =-1,5:

S (-1,17;-0,93); a = 27°52";

Y - 0,6060 = 0,0434-X,%+ 0,0736-X,> (41)
11) mpu X5 =0:

S (-0,62:-0,83); a = 27°52";
Y —0,5314 = 0,0434-X,2+ 0,0736-X,> (42)
12) npu X; = +1,5:

S (-0,07;-0,73); 0. = 27°52";
Y - 0,6709 = 0,0434-X,> + 0,0736-X,° (43)

1J1s1 koedilnieHTa TeIIONPOBiAHOCTI NPH TemMnepaTypi
373 K:
13) npu X; =-1,5:

S (-0,18; - 0,67); a = 32°28';
Y —0,6456 = 0,0465-X,>+ 0,0796-X,”
14) mpu X3 =0:

(44)
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S (-0,19; — 0,72); a. = 32"28";

Y - 0,5023 = 0,0465-X,*+ 0,0796-X,” (45)
15) mpu X5 =+1,5:

S (-0,18; — 0,67); a = 32°28’;
Y - 0,6456 = 0,0465-X,+ 0,0796-X,> (46)

Ha puc. 1 306paskeHo ABOBUMIpHI Tiepepizu QyHKITiH
BIITYKy 1HTEHCHBHOCTI 3HOINYBaHHS 3pa3KiB Ha
nepmoMy erami B oOMmexxkeHomy wMamenHi (I;) Ta
koedilieHTa TeronpoBigHocTi npu Temneparypi 473 K
(M473) Bim BMmicty ByraeneBoro BoiokHa Cpp (%) Ta
rpadity Cr, (%) npu ¢ikcoBaHOMy 3HAYEHHi BMICTy

0azampTOoBOr0  BONIOKHa Cpp=6,43%  (x3=-1,5)
(puc. la), Cps =26,50 % (x3=0) (puc. 1,0),
Cps = 46,57 % (x3 = +1,5) (puc. 1B).

SAx  BugHo 3 puc. 1, MiHIMaTbHI  3HAYCHHS
IHTEHCHBHOCTI 3HOIIYBaHHSI Ha TEPIIOMY €Tami IpH
HU3BKOMY BMicCTi 0a3aJIbTOBOTO BOJIOKHA
CIIOCTEPITAIOTHCS TSI MAKCUMAIILHOTO BMICTY Tpadity B
MUPOKIA  MiMSHI  (HAKTOPHOTO  TMPOCTOPY  BMICTY

BYIJICLIEBOTO BOJIOKHA, TPHYOMY y Mipy 3MEHILICHHS
3HaueHb [;, ALIIHKa (aKTOPHOro NPOCTOpY BMICTY
BYTJICIICBOTO BOJIOKHA 3HAYHO 3MCHIIIYEThCS.
MaxkcumanbHi 3HaYCHHS [ CrIoCTepiraroThCsl Ha MIMPOKIH
JinsHI  (akTOpHOTO IpocTopy BMicTy rpadiTy npu
HU3BKOMY BMICTi BYIJICIIGBOTO BOJIOKHA. Ilocrymose
3pOCTaHHS  KOHIIGHTparii  0a3aJbTOBOTO  BOJIOKHA
(puc. 1,6) npuBoauTh 10 30iIBIIEHHS 3HAYEHb (HYHKITIT
BiryKy. MiHIMalbHI 3HaUeHHS [ CHOCTEpiraroThes Mpu
MiHIMaJbHOMY 1 MaKCHMaJIbHOMY BMicTi Tpadity B
MUPOKIA  MiMSHI  (HAKTOPHOTO  TMPOCTOPY  BMICTY
BYTJICIIEBOTO BOJIOKHA. Hacrymae 301bIICHHS
KOHIIeHTpaIii 0a3anbToBOro BOJNOKHA Big 26,50 1o
46,57 % (puc. 1B) IPUBOAKUTH A0 3MCHIIICHHS 3HAYCHB [;.
Hns 1} npu 30UIbIIeHHI KOHLEHTpalii 0a3aJbTOBOrO
BOJIOKHa KOODIHMHATH HOBOI'O IEHTPY HPAKTHYHO
3aITUIIAIOTHCS HE3MIHHUMH.

Minimansui 3HaYECHHS KoedimieHTa
terutonpoBigHocTi mpu  Temreparypi 473 K (A473) i
MiHIMaJTbHOMY BMIiCTi 0a3aJIbTOBOTO BOJIOKHA
CIIOCTEPIraloThCsl /ISl HU3bKOHAMOBHEHUX BYIJICLIEBUM
BOJIOKHOM 1 rpadiToM KOMMO3uImid. MakcuManbHi
3HaYEHHS KOeQiIlieHTa TETUTOTPOBIAHOCTI XapaKTepHi

JUIT  BHCOKOHAIIOBHEHMX  KOMIO3MLiH, TOOTO i3
3pOCTaHHSIM BMICTy BYIJICLIEBOIO BOJIOKHA 1 rpadiry,
TEeIIONPOBIAHICTE  3pocTae. IlocTymoBe  3pocTaHHS

BMiCcTy 0a3aJIbTOBOTO BOJIOKHA INPUBOJHTH CIOYATKY 0
3MEHIICHHS 3HAa4eHb (YHKHII BIATYKY, a HOTIM 10 iX
30utbieHHs. lle Bkasye Ha Te, IO BENWKUH BIUIMB Ha
TETUIONPOBITHICTh Mae B3aEMOJIS IBOX
KOHIeHTpaniitanx (daktopiB. Ilpm 3pocTaHHi BMicTy
6azampTOBOrO BOJNIOKHA Binm 26,50 mo 46,57 % (puc. 1B)
CIIOCTEPIraeThCsl  30LIBIICHHS  TEIUIOMPOBITHOCTI 13
3pOCTaHHAM BMICTy Tpadity. i1 BHCOKOHAITOBHEHHX
rpadiToM KOMIO3WINH A473 HE 3aJEKUTH Bil BMICTY
BYIJICIEBOTO  BOJIOKHA. [Ipm  3pocTaHHi  BMiCTY
0a3aJpTOBOTO BOJIOKHA IUISHKA MiHIMAJIBHUX 3HAYCHB
TEIIONPOBIAHOCTI 3MilyeThcs y OiK BHIIMX 3HA4YCHb
BMICTY BYTJICIIEBOTO BOJIOKHA 1 Tpadiry.

Ha puc. 2 300pakeH0 TBOBUMIpHI repepizu QyHKIN
BIATYKY IHTEHCHBHOCTI 3HOIIyBaHHS 3pa3KiB HA JPyromy
erami 3 obmexennMm MameHHsM (I;) Ta koedimieHTa
TerutonpoBigHocTi pu Temmepatypi 473K (A473) Bix
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Puc. 1. JIBoBuMipHi mepepism  QYHKIIH  BiATYKY
IHTEHCHBHOCTI 3HOITYBaHHS Ta koedimieHTa
TETUTONPOBITHOCTI BiJl BMICTY BYTJICIEBOTO BOJIOKHA
Cgg (%) Ta rpadiry Cr, (%) npu dikcoBaHOMY 3HaYEHH]
BMIcCTy 0a3anbToBOr0o BoJokHa Crp = 6,43 % (x3=-1,5),
26,50 % (x3=0), 46,57 % (x3 =+1,5) (kpuckoBaHi miHii
— KoediLlieHT TerUIoNpOBiAHOCTI IpH Temnepatypi 473K,
CYILIJIbHI — IHTEHCHBHICTh 3HOLIYBAaHHS ITiJ] 9ac MEpIIOro
erairy S; =0 ... 10 kM npu oOMexxeHomy MmarueHHi). Ha
KpUBUX PIBHUX 3Ha4eHb (YHKIT BIATYKY NpUBEICHI
BEJIMINHU IHTEHCHBHOCTI 3HOIITYBaHHS
I, (107 [MM*/H'M]) Ta KkoediuieHTa TerwompoBigHOCTI
}\4473 (BT/MK)
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Puc. 2. JIBoBuMipHi mepepism  QYHKIIH  BIATYKY
IHTEHCHBHOCTI 3HOITYBaHHS Ta koedimieHTa

TEIUTOTIPOBITHOCTI Binm BMicTy ByrieueBoro Cpp (%) Ta
rpagity Cr, (%) npu ¢ikcoBaHOMY 3HAYE€HHi BMICTY
6azanpToBOTO BoJokHa Cgg = 6,43 % (X3 = -1,5), 26,50 %
(x3=0), 46,57 % (x3=+1,5) (xpuckoBani miHii
Koe(ilieHT TeruonpoBiaHoCTI npu Temneparypi 473K,
CYLUJIbHI — IHTEHCHBHICTh 3HOIIYBAaHHA I/ 4ac Jpyroro
eraiy S, =10 ... 25 kM ipu oOMexeHoMy MainenHi). Ha
KpPMBUX pIBHUX 3HaueHb QYHKLIi BIIryKy NpHBEAEH]

BEIMUMHM  iHTEHCHBHOCTI  3HomyBamHs I, (107
[Mm*/H-M]) Ta KoedirieHTa TETIONPOBIIHOCTI
}\4473 (BT/MK)
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BMiCTy ByriienieBoro BonokHa Cgg (%) Ta rpadiry Cr,
(%) mpu (ikcoBaHOMY 3HAYCHHI BMICTy 0a3aabTOBOTO
BOJIOKHA Cgg=6,43 % (x3=-1,5) (puc. 2a),
Cp=26,50% (x3=0) (pumc.20), Czp=46,57%
(x3 =+1,5) (puc. 2B).

Sk BUAHO 3 pHC.2, MiHIMaabHI  3HAYCHHS
IHTEHCHBHOCTI 3HOIIYBaHHS Ha JpPyroMy eTami 3
MamerasM (I;) croctepiraroTbCsl A KOMIIO3WINHA 3
HU3bKMM BMICTOM BYIJICLIEBOIO BOJIOKHa B IIHMPOKiH
JOinsgHi  akTopHOrOo  IpocTopy  BMICTy  rpadiry.
MaxkcumanbHi  3HaYeHHs I,  xapakTepHi  UId
BHUCOKOHAIIOBHEHHX BYIJIELIEBUM BOJIOKHOM KOMITO3HIIiH
3 HU3BKHAM 1 BUCOKMM BMicTOM rpadiry. I3 3pocTanHsM
BMicTy rpagity I, 3mMeHuryerscs. I3 3poctaHHsIM BMiCTY
BYTJICIIEBOT'O BOJIOKHA I, 3pocTae, He3aleKHO Bifl BMICTY
rpadity. ITocTymoBe 3pocTaHHS BMICTy 0a3ajibTOBOTO
BOJIOKHA Bix 6,43 mo 26,50 % (puc. 2,0) mpuBOANUTH 10
TOTO, IO pi3ke 3pocTaHHA [, crmocrepiraeTbes Tpu
HU3BKOMY 1 BHCOKOMY BMIcTi rpadiry. HactymHe
3pOCTaHHS KOHIIEHTpaIlii 0a3aJlbTOBOTO BOJOKHA BiJ
26,50 mo 46,57 % (puc. 2,B) NPUBOAUTH A0 TOTO, MIO i3
30UTBIICHHSAM  BMICTY  BYIJICLIEBOIO  BOJIOKHa I,
3MEHIIYETHCS, HE3aJEXKHO Big  BMIcTy  rpadiry.
3pocTaHHs BMicTy 0a3ajJbTOBOTO BOJIOKHA NMPUBOJIHUTE JI0
3HAYHOTO 30UTBIICHHS 3HAYCHb IHTEHCHBHOCTI 3HOIIY
BaHHA. [Ipu MiHIManbHOMY 1 MaKCHMaJIbHOMY BMICTi
0a3a7bTOBOTO BOJIOKHA HOBHUH IOYaTOK KOOPAWHAT

3HAXOMUTHCA 32 MEXKaMH  JUISTHKH — (aKTOPHOTO
IpOCTOPY.

Ha puc. 3 300paskeHo ABOBUMIpHI Tiepepizu QyHKITIH
BIITYKy 1HTEHCHBHOCTI  3HOINYBaHHS 3pa3KiB Ha

TpethoMy etami Oe3 MameHHs (I3) Ta KkoedimienTa
terionposigHocti npu Temmeparypi 373 K (A373) Bin
BMICTy Byrienesoro BonokHa Cgg (%) Ta rpadiry Cr,
(%) mpu (ikcoBaHOMY 3HAYCHHI BMICTy 0a3aabTOBOTO
BOJIOKHA Cgg=6,43 % (x;=-1,5) (puc. 3a),
Cs =26,50% (x3=0) (puc.3,0), Cpp=46,57%
(x3 =+1,5) (puc. 3,B).

AHami3 1muX pe3yiabTaTiB MOKa3ye, 10 MiHIMaJbHa
IHTEHCUBHICTh ~ 3HOIIYBaHHA ©0€3  MaIIeHHS IpH
MiHIMaJbHOMY BMicTi 0a3aJbTOBOIO BOJIOKHA Oyne
CIoCTepiraTucss MpH BMICTI BYTJICIEBOrO BOJOKHA B
meskax 20-31 % Ta npu BMicTi rpadity B Mexax 9-16 %.
MakcumanbHi 3HaueHHs I3 XapakTepHi Uil HHU3BKO- 1
BHUCOKOHAIIOBHEHHUX TI'padiTOM KOMIO3HWIIH B IIMPOKiH
JUISHII  (aKTOPHOTO MPOCTOPY BMICTY BYIJICIEBOTO
BoJIOKHa. [locTynoBe 3pocTaHHS BMICTY 0a3albTOBOTO
BOJIOKHA NPHUBOJIUTH CIIOYATKY 10 3MEHILICHHS 3Ha4YeHb I3
(puc. 3,6), a motiMm — g0 pi3koro 3poctaHHsA. [Ipu
MakCHMaJbHOMY  BMICTi ~ 0a3aJbTOBOTO  BOJIOKHA
(puc. 3,B) MiHIMaJbHI 3HA4YCHHS I3 CITOCTEPITAIOTHCS IS
HU3BKOHAMOBHEHUX  TpaditoM  KoMmMmosumin. Yum
OumpmMii  BMIiCT TpadiTy 1 YUM MEHIIUH BMICT
BYTJICIICBOTO BOJIOKHA, THUM OUIbIIa 1HTEHCHUBHICTH
3HOLIYBaHHA. [3 3pocTaHHSAM BMICTY 0a3aJIbTOBOTO
BOJIOKHA  XapakTep  3aJie)KHOCTI  MPAaKTHYHO  HE
3MIHIOETBCSI, KOOPAWHATH HOBOTO IIEHTPY 3MILIYIOTHCS B
CTOPOHY MEHIIOTO0 BMICTy rpadiTy, NpH HE3MiHHOMY
BMICTI BYTJICLIEBOTO BOJIOKHA.

Jus  temmomnpoBigHocTi mpu  Temmeparypi 373 K
(A373) MiHIMadbHI 11 3HaYEHHS TPW HU3BKOMY BMICTI
0a3aTbTOBOTO BOJIOKHA CIIOCTEPITatOThCS JIJIS
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JIBoBUMIpHI
IHTEHCHBHOCTI

nepepizn  QyHKUi  BiATYKy
3HOIITYBaHHS Ta koedimieHTa
TEIUTOTIPOBITHOCTI BiJl BMICTY ByTJlenieBoro BoiokHa Cpgp
(%) Ta rpagiry Cr, (%) mpu ¢ikcoBaHOMY 3Ha4Y€HHi
BMicTy Ga3ampToBOr0 BOJIOKHA Cpp = 6,43 % (x3 =-1,5),
26,50 % (x3=0), 46,57 % (x; =+1,5) (xpuckoBaHi JiHii
KOe(QiIlieHT TEeIUIOMPOBITHOCTI TPH  TeMIeparypi
373 K, cynijabHi — IHTEHCHBHICTh 3HOLIYBAaHHS IIPH TEPTI
0e3 Maienns). Ha kpuBuX piBHMX 3Ha4eHb (QYHKLIT
BIATYKY TIpUBE/ICHI BEIUYMHU IHTEHCHBHOCTI
spomyBamas I3 (107 [mMm’/H-M]) Ta koedimienta
TEIIONPOBIIHOCTI A373 (BT/M-K).
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KOMITO3MLIH, o MicTaTh 15-20 % ByIJeneBoro BOJIOKHA
i 7-10 % rpadity. I3 3pocTaHHSIM BMICTY BYIJIELEBOTO
BOJIOKHAa 1 TpadiTy TEIUIONPOBIAHICTh 30UTBIIYETHCS.
MakcuManpHi 3HaueHHS TEIUIONPOBITHOCTI XapaKTepHi
JUISI BHCOKOHANOBHEHUX TpadiToM KOMITO3UIIIH 3
HU3bKAM Ta BHUCOKHM BMICTOM BYTJICIIEBOTO BOJOKHA.
[Ipu 36inpIeHHi BMicTy 0a3anbTOBOTO BOJIOKHA Bif 6,43
1m0 26,50 % 3HayeHHSA A37; 3MCHIIYIOThCA 1 MiISTHKA
MiHIMQJIbHUX 3HAYCHb PO3LIMPIOETHCA. [Ipu HACTymHOMY
3pOCTaHHI KOHICHTpaLii 0a3aJbTOBOTO BOJOKHA Bij
26,50 no 46,57 % 3aeKHICTh TEIUIONPOBIIHOCTI Bij
KOHLCHTpAIlifHUX  (akTopiB  myxe  Omm3bka 10
3aJeKHOCTI TNpH MIHIMAJIBbHOMY BMICTI 0a3aJbTOBOTO
BOJIOKHa (mopiBHATH puc.3,a i 3,B). I3 3pocraHHsAM
BMICTy 0a3aJIbTOBOTO BOJIOKHA XapaKTep 3aJeKHOCTI HE
3MIHIOETBCSI, KOOPIUHATH HOBOTO LEHTPY 3aTUIIAIOTHCS
HE3MIHHUMU.

ITopiBHtotoun puc.3 3 puc.l i 2, BUAHO, IO
IHTEHCWBHICTh 3HONIYBaHHS TpPW TepTi 0€3 MaleHHs
HabaraTto BWINA, HDK IHTEHCUBHICTh 3HOIIYBAaHHS Ha
epmioMy 1 JpPYroMy eramax IijJ dYac MaIlCHHS.
TemnonpoBiaHICTh HE 3aJICKUTh BiX BMICTY
0a3aIbTOBOTO BOJIOKHA.

Po3paxyHOK TOYOK €KCTpeMyMmy il OJCpIKaHUX
(GyHKIIA BiATyKy IIOKa3aB, IO Maibke BCI ONTHMYMH
3HAXOmAThCA Yy  (akTopHOMY TpocTopi. BmHATOK
CTAaHOBHUTH TINMBKA IHTEHCHBHICTH 3HOIIYBAHHSI HAa
JIpyroMy eTami Tig 9ac OOMEXEHOTO MallleHHS TIpH
MiHIMAJIbHOMY 1 MaKCHMaJIbHOMY BMIicCTi 0a3ajibTOBOTO
BOJNIOKHA (X3 ==*1,5), mIsg SK0i ONTUMYMH 3HAXOIATHCS
Janexo 3a Mexamu (akropHOro mpoctopy. Kpim Toro,
CKCTpEeMallbHI TOYKU 30iraroThCs 3 TOYKAMU ONTHMYMY,
oJIep>KaHUMH TIPU NOOYI0BI IBOBUMIPHHX TI€pepi3iB npu
(bikCcOBaHMX 3HAYCHHSX Pi3HUX (PAKTOPIB.

Tak ansd  IHTGHCHBHOCTI  3HOINYBAaHHS  IIPU
00Me)KEHOMY MAICHHI 1 03 MallleHHs BU3HAYAIBHOIO €
CTPYKTypa KOMIIO3HIIIHHOTO Marepialy 1 Ba)KJIMBHH
BIUTUB Ma€ BMICT BCiX TPhOX HAIOBHIOBAUiB, TOMI 5K JJIS
KOe(iIli€HTIB TETIONPOBITHOCTI BaXKJIMBY POJIb BiIirpae
BMICT BYIJIEIEBOTO BOJIOKHa 1 rpadity, a poib
0a3aJpTOBOTO BOJIOKHA HE3HAYHA.

Ile mae MOXIUBICTE 3pOOUTH BHUCHOBKH IIPO
ONTUMAITFHUN CKJIAZ 1 TEXHOJIOTII0 KOMITO3HUIIIHHOTO
MaTtepiaiy:
i1 iHTEHCHUBHOCTI 3HOIIYBAHHS B O00MeEKEHOMY
MAalleHHi HA MePIIOMY eTari:

Cexu(BB) =27,00%; Cexe(I'p)=12,65%; Cexir (bB)=26,50%

BMmicT Marpu4yHOro mOJIIMEpHOTO Marepiany Ta
HanoBHIOBaviB y % (00.):

C(ITA) = 44,31%; C(BB) = 26,32%; C(I'p) = 21,14%;
C(bB) =8,23%

IJisl iHTEHCHBHOCTi 3HOUIYBAaHHS B O0OMe:KeHOMY
MalleHHi Ha IpyroMy eTami:

Cexte(BB) =27,70%); Cexe(I'p)=9,35%; Cexte (BB)=32,88%

BMicT Marpu4yHOro TOJIIMEpHOTO Marepiany Ta
HATNOBHIOBaviB y % (00.):

C{IA) = 41,36%; C(BB) = 28,36%; C(I'p) = 7,83%;
C(bB) =22,45%

JJIs1 IH-TEHCUBHOCTI 3HOLIYBAHHA 0€3 MallleHHs:
Cexe(BB) =26,25%; Cexo(T'p)=11,13%; Cexir (6B)=19,02%

Bwmict MaTtpumuHOro mOJIMEpPHOTO Martepiany Ta
HanoBHIOBaviB y % (00.):
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C{IA) = 54,95%; C(BB) = 24,62%; C(I'p) = 8,54%;
C(bB) =11,89%

J1s KoedinieHTa TenaonpoBiaHOCTi Npu TemnepaTypi
473 K:

Cexte(BB) =12,61%; Cexee(I'p)=7,44%; Cexee (BB)=23,46%

Bwmict MaTtpumuHOro TOJIMEpPHOTO Martepiany Ta
HaNOBHIOBaviB y % (00.):

C{IA) = 68,84%; C(BB)=11,45 %;
C(bB) = 14,19%

1411 koedilnieHTa TeIIONPOBiAHOCTI NpH TemMnepaTypi
373 K:

Cexu(BB) = 14,70 %; Cexo(I'p)=7,80%; Cexir (bB)=26,50%

BmicT Marpu4yHOro moJIiMEpHOTO Martepiany Ta
HaTNOBHIOBaviB y % (00.):

C{IA) = 63,13%; C(BB) = 14,11%; C(I'p) = 5,83%;
C(bB) =16,93%.

Po3paxyHOK  cepemHIX  eKCTpeMalbHHX  TOYOK,
OCEpeIHeHNX IS IHTCHCUBHOCTI 3HOIITYBAaHHS TPUBIB 10
TaKUX PE3yNIbTaTiB:

C xuBB=26,98%, C o] p=11,04%, C ,6B=26,17%.
M cepenHiM BiANOBIAAIOTH Taki 3HAYCHHS NTapaMeTpiB
orrrumisamii: I; = 3,1538:10 " mv*/(Hm); I, = 2,2172-10
“Tmm/(Hm); Iy = 3,7444-10 " v /(Hom).

Po3paxyHOK  cepemHIX eKCTpeMalbHHX  TOYOK,
OCepenHeHNX U Koe(ilieHTa TeII0mpOBiTHOCTI MIPHUBIB
JI0 TAKUX Pe3yIbTATiB:

C xuBB=13,66%, C o] p=7,62%, C x,bB=24,98%.
Hum cepenHiM BiINOBINArOTh TaKi 3HAYCHHS IMapaMeTpiB
omTuMI3aIii: A473 = 0,5945 Br/MK; X373 = 0,4994 Br/m-K.

Po3paxyHOK cepemHiX eKCTpeMalbHHX TOYOK 3a
BCciMa TmlapamMeTpaMH NPHUBIB /0 TaKWX pPE3yNbTaTiB:
C xuBB=23,45%, C I p=9,68%, C wbB =25,67% .

C(I'p) = 5,52 %;

M cepenHiM BiANOBIAAIOTH Taki 3HAYCHHS NapaMeTpiB
orrrumisaii: I; = 3,1038:10 ~ " mv’/(H'm); I, = 2,1317-10
“Tav/(Hm); Ts = 3,6888-10 7 mm™/(HM); Ag73 = 0,5889
Br/m'K; X373 = 0,5448 Bt/m-K.

BucnoBknu

1. Ha iHTeHCHBHICTb 3HOUIyBaHHA Ha NEpIIOMY i
JpyromMy eramax Hnpud OOMEXEHOMY MaIlleHHI CYTTEBHH
BIUIMB Ma€ KOHICHTpAIIisl 0a3aIbTOBOTO BOJIOKHA.

2. 3HadeHHS IHTEHCHBHOCTI 3HOUTYBAaHHS 0€3 MallleHHS
HabaraTo BHII, HIK P OOMEKEHOMY MAIleHHI.

3. TemnonposinHicts mpu Temmeparypax 473 i 373K
30UIBIIYETBCSA, 13 3pPOCTAaHHAM BMICTYy BYIJICIIEBOTO
BosokHa 1 Tpadity. IloctyrmoBe 3pocTaHHS BMICTY
0a3abTOBOTO  BOJIOKHA IPHUBOJWTH  CIIOYATKy JIO
3MEHILICHHS 3HaYeHb KoedilieHTa TeIUIONpOBIiIHOCTI, a
TIOTIM JI0 1X 301NBIICHHSI.

4. Tomy, 3acCTOCOBYIOUM JaHi pIBHSHHS, a TaKOX
eKCTIepUMEHTAJIbHI 3aJIeXKHOCTI, MOJKHa B
JOCTIDKYBAaHOMY 1HTEpBaJi TeMIepaTyp i KOHIIEHTpAIlii
HAIlOBHIOBAYiB MPOTHO3YBaTH IUTOMY IHTCHCHBHICTB
3HONIYBAHHS, 3HAIOYM KOCQIi€HT TETIONPOBIIHOCTI

po3po0biteHoro MaTepiany.
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The Contact of the Thermophysical and Antifriction Properties of Composite
Polymeric Materials from Concentration of Filler with Many Components
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The influence of concentration of carbon fiber, graphite and basalt fiber on thermal conductivity and wear of
composite material based on aromatic polyamide is researched using methods of mathematics planning of experiment
and search of optimal decisions.
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