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Beryn

Komro3umiiiHi Marepianu, ki OTpUMaHi 3a XeMo-
MEXaHO-aKTUBAIIHOI0  TexHomoriero  [1], mio
apMoBaHi HU3BKOMOAYJIbHUMH BYTJICLIEBUMU
KapOOHI30BaHUMU abo BHCOKOMOTYJIbHUMHU
rpa)iTOBAHUMH  BOJIOKHAMH 1 JAWCICPCHUMU
HAIlOBHIOBa4aMW  HaOyBarOTh  BCe  OLIBIIOro
BUKODHCTAaHHS JUIS CTBOPEHHs JeTajed 1 BY3IiB
MalllMH 1 amnapaTypy 3 BHUCOKUMH BHMOTaMH ILOJO
MeXaHiuyHOT MIIHOCTI, AHTUPPUKIIIHHUX
BiactuBocreii Ta iH. [2]. BoHm Moxyre Oytn
3aCTOCOBaHI y mTapi 3 THUTAaHOM, KpHIFIMH Ta iX
CTOMaMH Yy PYXOMHUX 1 HEPYXOMHX YIIUIbHEHHSX
plLAMHHEUX xpomarorpadis, YIIITHHIOBATEHUX
eJIeMEHTax peaxTopiB, HACOCIB XIMIYHHX
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BUPOOHHIITB, SIKi MIPaLIOI0Th y
BHCOKOKOHIIEHTPOBAHHX COJILOBUX pO3YMHAX abo
BOJIHUX PO3YMHAX CHJIBHUX KUCIIOT 1 JIyTiB ToIIo [3].
Mera pobotu monsirana B TOMY, IIOOW BHUSBUTH
BIUIUB BMICTy TBEpAOro Mactuwia (Iucyiabdimy
MoiibaeHy MoS,) Ta crhemiadbHOrO BYIJIEHEBOIO
BosiokHa (BB), wacy monepenuroro momapionenns KB
Ta yacy 3MiITyBaHHSA KOMITO3HLIT Ha
BHCOKOOOEPTHOMY arperaTi Ha TepTs Ta 3HOIIYBaHHS
KOMITO3HIIITHUX MaTtepiaiiB Ha OCHOBI
nomirerpadTopeTUIIeHy (IIT®E) METOIOM
MaTEMaTUYHOT'O IUIAHYBAHHS €KCIIEPUMEHTY.

I. ExcnepuMeHTa/lbHA YaCTHHA

ByrnerieBa TkanmHa Oyina BHTOTOBICHA 3
TiAPaTIENION03HOI, IUISXOM IOMEPEIHbOI 00pOOKH Y



20% BomHOMy po3umHi aHTHmipeHiB Na,B,O7
10H,O + (NH4),HPO, (1:1) i BigmamtoBaHHI B
CepeloBUINli NPUPOJHOTO Tra3y IIOCTIOBHO IpH

KiHieBux Ttemreparypax 723 £ 10K ta 1123 +20K
31 MIBUAKICTIO TPOTATYBAaHHS 4Yepe3 pPYpPKOBY Iy
onopy “Tammana” 10 M 3a TonuHy.

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 mimimMameaM BMicToM H i O enemMeHTHHI
cxian Bignosigae popmyni C3sHsO [5]). Ha moBepxHi
BOJIOKHA TKaHMHHU MiCTHBCSI TIpOBYIJIENb (BHACHIOK
YaCTKOBOI'O PO3KJIaJly MeTaHy), IIEKOBI Ta CMOJSHI
BigknazneHss [1]. Byrienesa tkannna YTM-8 mana:
po3puBHy MinHicTh 70-235 H/em mo ocHoBi Ta 20-
100 H/cM mo miaTKaHHIO, BOJOKHA TKAHMHH MAajd
nmiamerp 10-12 mxm, MinHicTs npu po3pusi 0,52-
0,60 I'TTa, momyns npyxHocTi 27-47 I'Tla [6].

CMyXKH TKaHWHU 3x3 cM  monepesHbo
noapiOHIOBasmM B apodapii HoxoBoro tuiry MPII-1
npu 7000 06/xB. (dactora obepraHHs Hoxa 117 ¢,
MaKCHMaJlbHa MBHUJIKICTH 78 M/C) Ha NPOTsI3i Big 4 10
28 xB., 3mimyBasu 3 nopomkamu [ITOE wmapku
“¢bropnon-4” Ta nmucynbdinmy MOJIOAEHY MapKu
MBU-1 (po3mip uwacTHHOK 5-14 MKM, OCHOBHa
¢pakuis 7 MKM) i, pa3oM 3 THM, M[OJpiOHIOBAIN
KOMITO3MIIII0O B I Jpobapii 3 TakUMH XK
napamerpamMu Ha npotssi Bixm 3,5 mo 31,5 xB. mo
00’eMHOr0  (MacoBOr0) pO3MOMUTY BOJIOKOH 3a
noBkuHamu | 3a iMoBipHUM 3akoHOM BetiOyia [7]:

1 1Y A%
ls) =0,
F(1+ A)
ne I'(x) — rama-¢yHkmis
T(x)= [exp(-t)-t"'dt
0

pi()=1,2102-510" mxm™ LITBHICT
HWMOBIPHOCTI PO3MOALTY BOJIOKOH 32 JOBKHHAMM; 1
rapameTpamMH po3MoJIiTy:

e [iciud TONEpPEenHbOro MOAPIOHEHHS BOJIOKOH
o = 80-1000 mxm; 6 = 0,25-3,8;

®  Mmicis 3MINIYBaHHS 1 MOAPIOHEHHS KOMITO3MIIIT
o = 50-700 mxM; & = 0,5-4,2.

[in6ip i nepeBipKy T ATIOPS IKyBaHHST
€MITIPHYHOTO PO3IOJILTY TEOPETHIHOMY 3.1 HCHIOBAIIN
3a mporenyporo [8] i kpurepiem % [9].

3pa3ku BUPOOIISUIM 3 KOMITO3MILIT MPECyBaHHIM
3a TEXHOJIOTi€l0 Mepepodku Groporutactis [10].

[IpoTu3HOCHI BJIACTMBOCTI JOCTIKYBaJd Ha
TpuboMmeTpi [1] 3a cxemoro “ctepa — miommMHA” B
pexuMi  3MIHHMX TNHTOMHX HABaHTAXEHb MPH
CTaJOMY HOPMaJbHOMY HaBaHTQ)XEHHI Ha OJHMH
3pazok N;=100 H. Tpu mnomimepni 3pa3ku Oynu
BHKOHaHI BHCOTOO 15+0,1 MM 1 m;iameTpoM
10£0,1 MM 3 KkiHIIEBOIO ceporo pamiycoMm 6,35 M.
3pa3ku  3aKkpilUTIOBATM Yy 3HIMHIA TONOBLI, MIO
JIO3BOJISUIO O€3 TOpYIIEHHS KOHTaKTy BHMIPIOBATH
JiaMeTp IUISIMU 3HOIIYBAaHHS Ha MIKpOCKOIi. 3pa3ku
KOHTaKTYBaJ C(HEpUYHOI0 YAaCTHHOK IO IUIOCKIH

ph=2
o
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noBepxHi KoHTpTiNa 3i kpui 30X13 (TBepmicts HB
4,3 MIla, BuxigHa IIOPCTKICTH TMOBEpXHI Ray=
0,08+0,02 mxMm) giamerpom 60+0,15 MM 1 BHCOTOIO
10£0,15 mm. KoHTpTino 3akpimumoBaiiocss y THI3I
MiJICTABKH, Yepe3 MOPOKHHHY SKOI MPOITyCKanach
Bola sl BijBeneHHs Terua TepTs. LBuakicTh
KOB3aHHSA JopiBHIOBayia 1,15 M/c, Temmeparypa
noBepxHi KoHTpTiNa 32312 K.

3a IMpUIHATOI CXEMOK (PPHUKIIHHOTO KOHTaKTy
MOXHa  BHJUIMTH  JIBI  XapakTepHi  JAiISHKA
BUIIPOOYBaHb (PEKUMH, €TaIU 3HOITYBAHHS ):

1) ninsHKa HeNMiHIHHOI 3aJIe)KHOCTI 3HOLTYBaHHS
Bin mupixy tepts S;=0..2 kM, B fKii THTOME
HaBaHTa)KEHHS 3MIiHIO€ThCs Bif p # HB = 40-55 MIla
TOJIIMEPHOT0 Matepiany A0 TPAaHUYHOTO P = Py, = 8-
12 MITa; 1mii JiasHIl BiANOBIAaI0TE TO3HAYEHHS:

* 00’€MHOI TUTOMOI iIHTEHCUBHOCTI 3HOLITYBaHHS:
— AV]

N,-S, ° (1

e AV, — 3HomIeHHH 00°eM 3a S| = 2 KM;

* xoedilieHTiB TepTs HA o4atKy (5-10 M) p;, Ta
B KiHI[l KOB3aHHS Wy (S;= 2 km);

2) ninsHKa TPHOIU3HO JIHIWHOI 3aJIeKHOCTI
3HOCY BiJ NUIIXY TepTs S, = 2...12 kM, y sKiif uToMe
HAaBaHTAXKEHHA 3MIHIOETBCA Bill P = Py~ 8-12 MIla

1

m0 p=6-9Mlla; 1wiii AUIAHII  BIANOBIAAIOTH
[MO3HAYEHHS:

e 00’eMHOL MTATOMOI 1IHTEHCUBHOCTI
3HOIIYBAHHS:

AV

[=——2_

P N;-AS, 2)

ne AV, — s3HomeHuii 00’em 3a AS,= S, -
S;=10 km;

e Koe(ili€eHTIB TepTs Ha MOYATKY L;~ Lk 1 B
KiHIII KOB3aHHS L, (S;= 12 kM).

3pa3ku  MiCIA 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 i BigHOCHI#I BONOroCTI
6512%. Ilpm 1mx ke TnapaMmerpax MPOBOIUIH
BUIIPOOYBaHHSI.

II. Pe3yabTaTH i 00roBOpeHH

OnTuMizariiro TIPOBOIUIIN 3a TaKUMH
rapameTpamu: IHTEHCHUBHOCTI 3HOIIYBaHHS
nomiMepuux 3paskiB (Ij, 1), xoedimienra Teprs (W,
Wik, Mox) TIPH BapilOBaHHI TakKWX (PaKTOPiB: BMICT
TBEPIOro MacTwia mucynbdimy wmomibaeHy MoS,

(Cmos2), BMICT HHM3BKOMOAYJIBHOTO BYIJIEIIEBOTO
BookHa (Cgp), Yac TONEPEIHLOTO IMOAPIOHEHHS
ByrieneBoro BomokHa B MPII-1  (tyoq,), dac

3MinryBanHs kommosunii B MPII-1 (t,,) (Tabm.).
BruuB TBepmoro mactuna (3 OJHOYACHOIO 3MIHOO

TEXHOJOTIYHUX MapameTpiB) Ha aHTUQPUKIIHHI
BJIACTMBOCTI KOMIO3HMIIIHUX MartepianiB Ha OCHOBI
[ITOE JIOCITi IPKEHO 3a 4OTUPU(PAKTOPHUM

pOTOTa0ENbHUM IUIAHOM Jpyroro mopsaky [11,12].



[lo3nauenHst  QaxropiB, IiHTEpBaJM Ta  piBHI
BapiroBaHHS Uil TAKOTO IUIaHy MpHUBEIeHI B Tadi. 1.

paHIOMI30BaHMK 3a TAaOJMIEI0 BUMAAKOBUX YHCET
[13].

[opsimox peadtizamii TOYOK IUTaHY OyB
Tabmumg 1
Ilo3nauyenns ¢axropis, iHTEepBaNN Ta piBHI BapiloBaHHA
: 2E |z o 5 £
HaiimenyBanms z 32 22 PiBHi BapiroBaHHs 2 s
(axropa g - S E g =
2 s 9 g g = 5
[aw T A
-2 -1 0 +1 +2
Bwmict TBepmoro
Mactuia aucyabdiny | mac.% C(MoS,) X 1 5 9 13 17 4
MonioneHy MoS,
Bwmict
HU3BKOMOJYJIBHOTO mac.% C(BB) X, 7,5 12,5 17,5 | 22,5 27,5 5
BYTJICIIEBOTO BOJIOKHA
Hac suilnyBasKs XB. toy X; | 35105 ] 175|245 | 315 | 7
KOMITO3HIIi1
Yac nornepeHboro
noApiOHEeHHs XB. tromp Xy 4 10 16 22 28 6

Martpunsl nnanyBaHHS 1 0OpoOKa pe3ynbTariB
eKCIIepuMeHTy 3a mpoueayporo [11,12] no3ponuaun
OTpUMATH MaTeMaTU4Hy MOJENb Y 3arajJbHOMY
BHIJISAI MTOJIIHOMA JAPYTOTO MOPSAKY:

k=4 k=4 k=4
y=b, +ijxj +Zbijxixj ﬁLZ:biixi2 . Q)
= i,j=1 =1

ae by, by, by (G, 1=0, 1, 2, 3, 4) — xoediLieHTH
piBHstHHS (3), 200 B KaHOHIYHIN (GopMi:

Y-Y,= B;1 X" +BpnXo B33 X5+ By Xy, “4)

Je Ys — KOOpAMHATH HOBOTO LEHTPY; Bj —
koediuieHTH piBHsAHHA (3) B KaHOHIUHIN dopmi (4);
X — HOBi 3MiHHI.

Jiss  0OpoOKM  eKCIIepUMEHTAJIbHUX JaHHUX 1

OTPUMaHHS MaTeMaTUYHHX  Monenedl  QyHKmin
BiAryKy BHKopucTanu ¢opmyru [11, 12], uwmcmo
MOBTOPHUX JIOCHINIB B KOXHIH TO4YIl IUIaHy

nopiBHioBano 3. OmHOPIAHICTE psAAy TUCTIEPCIi
ouiHroBamM 3a kpurepismu ®Pimepa i Koxpana, mis
BH3HAYCHHSA 3HAYUMOCTI  KOe(IIli€HTIB  MOJIEI
BUKOPHCTOBYBaJIH t-KpHTEpiit Crblo/ieHTa,
anekBaTHOCTI Momeni — F-kpurepiit ®imepa [8, 14,
15], a noOynoBY IBOBUMIpHHX TEpepi3iB MOBEPXOHb
GyHKIIH BiATYKY 3AilicCHIOBaIH 3a Tpoueayporo [12].
Bci rimore3sw mpuiiMany 4Yd BiAKHAAIH 3 pIBHEM
3Hauymocti kpurepiro 0,05.

Y pesymbraTi peanmizamii IJIaHy — OIepiKaHi
piBHSHHS TIOBepXHi BiATYKYy (5)-(9), siki agekBaTHO
OITUCYIOTh 3aJIEKHOCTI IHTEHCHBHOCTI 3HOLIYBaHHS
I (S$1=0..2%M) [MM/HM] i Ly (S;=2..12 km)
[MM*/HM], KoedillieHTIB TepTs Ha MOYATKY TEPTS Ly
(S;=5-10m), i B xiHmi mepmoro W, (S;=2 kM) i
IPYTOro Loy (S;= 12 KM) peXUMIB 3HOMIYBAaHHS Bix
JIOCIIJPKYyBaHUX (pakTOpiB.

I, = (64,3565 + 1,5979x, — 1,2657x,— 7,757x3 +

+ 1,1159x,+ 4,8525x,%> + 3,2505%,> + 11,0355%,> +
+2,5978x5%) ‘107 (5)

I,=(7,6742 — 0,5926x, - 0,3714x, — 1,4382x5+
+ O,4032X4 — 0,2406X1X2 + 0,3181)(1)(3 — 0,8594X1X4 —
— 0,4894)(2)(3 — 0,91 19X2X4 + 0,3069)(3)(4 +
+1,1031x39)107 (6)

B = 0,2273 + 0,0019x, + 0,0067x5 — 0,0131x4 +
+0,0066x,x,  +0,0084x,xs +  0,0049x,x; +
0,0151x3x4 + + 0,0055x%,% +0,0148x,> +0,0058x4> (7)

Bie= 0,2355 — 0,0221x, + 0,0166x, + 0,0169x; +
+0,0143x,x,-0,0043x,x3 + 0,0121x;x4 + 0,0188x3%,4 —
—0,006x,%+0,011x,> —0,0145x5> + 0,0068x 4> ®)

La= 0,2062 —0,0255x, +0,0161x, +0,0107x; —
—0,006x, +0,0114x;x, + 0,0152x,x4 + 0,007x,> +
+0,0067x, 9)

AwHamni3 opepXaHUX PIBHSHb 3a JIOIIOMOTOIO
IHBapiaHTIB O3HAYeHHS LEHTpY ¢irypu T1a BHIY
noBepxHi [12] moka3zaB, MmO JUIi IHTEHCHBHOCTI
3HOUTYBAaHHS Ha TEPIIOMY eTalll 3aJIeKHICTh QYHKIIT
BiAryKy Big Tpbox ¢akrtopiB (X, X;, X4) npu
(ikcoBaHOMY 3Ha4eHHI yeTBepToro ¢akropa (X, = 0)
Ma€ BUTJIAA elinTHIHOro mapaodonoina (J;# 0; Ky# 0;
K4 < 0), anst iHTEHCHBHOCTI 3HOLIYBaHHS Ha PYroMy
erami, Koeili€HTIB TepTs HAa MOYATKY IEPUIOro Ta
JIPYroro eramiB TepTs NpH (IKCOBAHOMY 3HAYEHHI
yerBepToro Qaxropa (X,=0) — IBONOPOKHHUHHOTO
rinepoonoina (J;# 0; I; < 0; K4 <0), a1 koedirienta
TepTsl B KiHII JPYroro eramy 3aJIeKHICTh (yHKIIT
BIAryKy Big Tpbhox ¢akrtopiB (X, X;, X4) npu
(ikcoBaHOMY 3Ha4eHHI yeTBepToro ¢akropa (X;=0)




Mae BUIAL eftincoina odepranus (J; = 0; Ji, I, J3>0;
K4 <0).

I[lpu  BuOOpi  ONTHMAaJBHUX  IApaMeTpiB
CKOPHCTAEMOCS TBOBUMIPHUMH IIepepizaMu (YHKININ
Biaryky (1) mnpu ¢ikcoBaHOMY 3HauYeHHI JBOX
(axTopiB, MO Ja€ 3MOry OAEPXKATU YSIBICHHS PO
3aKOHOMIPHOCTI 3MIHM KpHTepisi onThMizamii mpu
BapiroBaHHi (akTopiB. [ist boro, (iKCyr0Un KOXKEH 3
¢dakTopiB Ha mneBHoMy piBHI (-2; 0; +2 Tormo),
BH3HAYAEMO KOOpAMHATH HOBOro LeHTpy S (Xi; X3),
KyT TOBOpPOTy HOBUX oOced KoopAauHaT (o) i
MepEeTBOPIOEMO ~ OfiepKaHi  PIBHSHHS perpecii B
KaHOHIYHI Y BHTJISI:

Y - Y= BjX{+ BiX{

Opeprxaiii HACTYIHI Pe3yJIbTaTH:

JJIs1 iHTEHCUBHOCTI JIIHiHHOT0 3HOIIYBAHHSA HA
NepuioMy eTami:

mpu X, =01 x4 =-2: S (-0,25; 1,49); a = 0°;

KaHOHIYHE PiBHSHHS

(10)

V — 56,1378 = 3,2505X,> + 2,5978X+%; (11)
mpu X, =01x4=0:S (-0,25; 1,49); o= 0°;
KaHOHIYHE PiBHSHHS

V — 58,3696 = 3,2505X,> + 2,5978X+%; (12)
mpu X, =01x4=2:S(-0,25; 1,49); o= 0°;
KaHOHIYHE PiBHSHHS

YV - 60,6014 = 3,2505X,* + 2,5978X,7; (13)

JJIs1 iHTEHCUBHOCTI JIIHiHOT 0 3HOIIYBAHHS HA
ApPYroMy eTarmi:

mpu X, =01 x4=-2:S(31,00; -3,54); o = -8°;

KaHOHIYHE PiBHSHHS

V -27,9594 = -0,0225X,*+ 1,1256X3%;

mpu X, =01x,=0:S(-8,38; 1,86); o= -8°;

KaHOHIYHE PiBHSHHS

V — 18,8233 =-0,0225X,* + 1,1256X57;

mpu X, =01ix4=2:S(-47,83; 7,27); a = -8°;

KaHOHIYHE PiBHSHHS

V- 60,7325 =-0,0225X,* + 1,1256X5%;  (16)

7151 KoedinieHTa TepTd HA MOYATKY TepTs:

npu X, = 01 x3=-2: S (-6,36; 8,33); o = -44°;

KaHOHIYHE PiBHSHHS

YV -0,0331 =0,0014X,>+ 0,0099X,%

npu X, = 01x3=0: S (-1,9; 2,5); o0 = -44°;

KaHOHIYHE PiBHSHHS

YV -0,2108 = 0,0014X,>+ 0,0099X,%;

npu X, = 01x3=2: S (2,51; -3,29); o = -44°,

KaHOHIYHE PiBHSHHS

YV -0,2125 =0,0014X,>+ 0,0099X,% (19)

s Koe(inieHTa TepTs B KiHII MNepuIoro
eTamy:

npu X, = 01x3=-2:S(0,87; 1,98); o = -22°,

KaHOHIYHE PiBHSHHS

Y - 0,1005 = -0,0085X,>+ 0,0009X,*;

npu X, = 01x3=0: S (-0,97; 0,86); o = -22°;

KaHOHIYHE PiBHSHHS

Y - 0,2462 =-0,0085X,>+ 0,0009X,*;

npu X, = 01 x3=2: S (-2,82; -0,26); a0 = -22°;

KaHOHIYHE PiBHSHHS

Y - 0,2497 = -0,0085X,>+ 0,0009X,*; (22)

s koediuieHTa TepTA B KiHUi apyroro
eTamy:

(14)

(15)

(17)

(18)

(20)

1)
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npu X, = 01ix3=-2: S(-1,15; 0,45); o. = 0°;
KaHOHIYHE PiBHSHHS

V - 0,1743 = 0,007X,> + 0,0067X,7;

opu x;=01ix3=0:S(-1,15; 0,45); o= 07
KaHOHIYHE PiBHSHHS

YV -0,1957 = 0,007X,> + 0,0067X,7;

npu X, = 01ix3=2:S(-1,15; 0,45); o= 07
KaHOHIYHE PiBHSHHS

YV -0,2171 =0,007X,> + 0,0067X,”.

(23)

24)

(25)

Ha puc. 1 300paxkeHO IBOBUMIpHI THepepi3u
(YHKIIH BiIryKy IHTEHCHBHOCTI 3HOIIYBaHHS 3pa3KiB
komIio3uty Ha mnepmomy etami (I;) Big BMmicty
TBepaoro Mactmwina C(MoS;) (%) Ta yacy 3minryBaHHs
KOMITO3HLIT t,, (XB.) mpH (hiKCOBAaHOMY 3HAYEHHI
BMicTy BymieneBoro Bojokna C(BB) = 17,5 (X, = 0)
Ta (DiKCOBAaHOMY dYaci IONEPEAHHOr0 MOAPIOHEHHS
HAIMOBHIOBAYA th,,, = 4 (X4 = -2), 16 (X4=0), 28
(X4 = 2) xB. AHami3 OUX Mepepi3iB MoKazye, MO MpU
BMICTI ByrJIerieBoro BojiokHa 17,5% 1 MiHIMaabHOMY
yaci ToApiOHEeHHS HamoBHIOBaya (puc. la) Ha
nepuioMy erari BUIIPOOYBaHb MiHIMaJbHa
IHTEHCHBHICTh 3HOIIYBaHHA Oy/e CIIOCTEpIraTHCh B
IIMPOKOMY Jiana3oHi 3HAa4eHb BMICTY TBEpPAOro
MacTWiIa i BHCOKMX 3HAYEHHSX Yacy 3MillyBaHHS
komro3uuii. [lpu 3MeHIIEHHI dYacy 3MillyBaHHS
KOMIIO3HMIIIi  IHTEHCHUBHICTh  3HOMIYBaHHI  Oyze
3pocTaTH 1 He 3ajexatuMme Bij BMmicty MoS, y
kommosuilii. [Ipu 301IbIIEHHI Yacy MONEPEIHLOrO
MOJPiOHCHHST BYTJICIIEBOTO BOJOKHA 1 HE3MiIHHOMY
BMICTI HAIlIOBHIOBaua XapakTep 3aJICKHOCTI HE
3MIHIOETHCS, KOOpJIMHATH HOBOTO LEHTPY
3aJIMIIAI0THCS HE3MIHHUMUY, ajie MiHIMasIbHi 3HAUEHHS
¢GyHKIiT BIITYKY 3pOCTaIOTh (puc. 106, B).
MakcumaibHi 3Ha4Y€HHSI IHTEHCUBHOCTI 3HOIIYBaHHS
CIOCTEPIraroThCs JUTSt HU3BKO- abo
BHCOKOHATIOBHEHHX JCYIb(inoM MoJTiOneHy
KOMITO3HTIB.

Ha pwuc.2 300pakeHO JABOBHMIpHI THepepi3u
(YHKIIH BiIr'yKy IHTEHCHBHOCTI 3HOIIYBaHHS 3pa3KiB
koMmIio3uty Ha gapyromy erami (I;) Bim BMmicty
TBepaoro Mactmina C(MoS;) (%) Ta yacy 3minryBaHHs
KOMITO3HIIT t,, TpH (pikcOBaHOMY 3HAUEHHI BMICTY
kap6onoBoro BonokHa C(BB) = 17,5 (X; = 0) Ta
(ikcoBaHOMY 4Yaci TIOIEpeNHBOrO  IOAPiIOHEHHS
KapOOHOBOTO BOJOKHA tnoy, = 4 (X4 = -2), 16 (X4 =0),
28 (X4 = 2) xB. AHaimi3 1MX Tepepi3iB MOKa3ye, 110
npyu  BMICTI  ByIJleueBoro BojJokHa 17,5% i
MiHIMQTBHOMY 4Yaci IOApIOHEHHS HAIOBHIOBaYa
(puc. 2a) MiHIMaJbHI  3HAYeHHS  IHTEHCUBHOCTI
3HOLTYBaHHS CIOCTEPIraroThCs JUTst
HU3BKOHAITOBHEHHX MOS; KOMITO3UTIB MPU BUCOKOMY
yaci 3MinryBanHs. [Ipu 30inblIeHHI BMICTY TBEpAOro
MacTWia Ta  ONHOYACHOMY 3MEHIIEHHI  dYacy
3MIlTyBaHHS KOMITO3MIIT (YHKIIs BIATYKY 3pOCTaE.
Jlns  BHCOKOHANOBHEHMX  TBEPAUM  MAacTHJIOM
MaTepiajiB JiHII PIBHUX 3Ha4eHb (YHKLII BIATYKY
CIOCTEPIraroThCs ISl MIMPOKOTO [ialta3oHy 3HAa4YeHb
Yacy 3MIIIyBaHHSI KOMITO3HIIIH.
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Puc. 1. /[IBoBumipHi mnepepizu QyHKIT

BIJITyKy NMUTOMOI IHTEHCHBHOCTI 3HOIIYBaHHS Ha
MIepIIOMY eTalmi MPU BMICTI BYIJIEIIEBOI'O BOJIOKHA
C(BB) = 17,5% (X;=0) i yaci momepeaHLOro
HopiOHEHHs HAMOBHIOBAYA thoy, = 4 (X4 = -2) (a),
16 (X4 = 0) (0), 28 (X4 = 2) (B) xB. Ha kpuBuX
piBHHX 3HayeHb (YHKIII BIATYKY HaBeleHi
BEJTMYMHN iHTEHCHBHOCTI 3Houryamus 1 ('107)
[Mm*/H-Mm]
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Puc. 2. [IBoBuMipHi mepepi3u GYHKINT

BIITyKy NMUTOMOI IHTEHCHBHOCTI 3HOIIYBaHHS Ha
JPYroMy €Talli Ipu BMICTI BYIJIEIIEBOTO BOJIOKHA
CBB) = 17,5% (X,=0) i yaci monepeaHLOro
noApiOHEHHs HAMOBHIOBAYA tyo,, = 4 (X4 = -2) (a),
16 (X4 = 0) (6), 28 (X4 = 2) (B) xB. Ha kpuBuX
piBHHX 3HayeHb (YHKIII BIATYKY HaBeleHi
BETMYMHN iHTEHCHBHOCTI 3Houryamus 1 ('107)
[Mm*/H-Mm]



t noap, XB.

22 pd

Lo, "~
- \0,27\\\
22 I~

troap, XB. s

L7
i/

7
/

70

o
N
[N)
o
27
@
/]
o
)
o

22

/.
o

-
o o
R N
m

N
N~

10 g
\0,25 Lo 25/
\o 3 ~So.26 X
g ~
4 |
1 3 5 9 Gios,%
0)

Puc. 3. /IBoBumipHi nepepizu QyHKIIT BiITyKy
koe(illieHTa TEepTS HA MMOYATKY MEPIIOro eTany Npu
(ikCOBaHOMY 3HAuU€HHI BMICTY BYIJICIIEBOTO
BonokHa C(BB) = 17,5% (X; = 0) ta ¢dikcoBaHOMY
Yaci 3MilIyBaHHsS KOMHIO3uIii t,, = 3,5 (X5 = -2)
(a), 17,5 (X5=0) (6), 31,5 (X5 = 2) (B) xB. Ha
KpPHBHX PIBHUX 3Ha4eHb (YHKII BiAryKy HaBedeHI
BEJNYMHH KOC(II[IEHTIB TEPTSL.
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Puc. 4. JIBoBumipHi nepepizu (yHKIIT BiIryKy
koedillieHTa TepTst B KIHII NEPIIOrO eTamy Ipu
(ikCOBaHOMY 3HAuU€HHI BMICTY BYIJICIIEBOTO
BonokHa C(BB) = 17,5% (X; = 0) ta ¢dikcoBaHOMY
yaci 3MilIyBaHHS KOMHOO3uMii t,, = 3,5 (X5 = -2)
(@), 17,5 (X5=0) (6), 31,5 (X5=2) (B) xB. Ha
KPHBHX PIBHUX 3Ha4eHb (YHKII BIATYKY HaBeAeHI
BEJIUYMHH KOC(II[IEHTIB TEPTSL.



[lpn wMiHIMaJIbHUX 3HAYEHHSX t,, IHTEHCHUBHICTH
3HOUITYBAaHHS MaTepialiB € BUCOKOIO 1 HE 3aJISKUTh
Bim BMicty MoS,. Ilpu 30inbmeHHi 4Yacy
MOIEPEHBOr0 MOAPIOHEHHS KapOOHOBOIO BOJIOKHA 1
HEe3MIHHOMY BMICTi  HamoBHIOBaya (puc. 2 0, B)
XapakTep 3aJCKHOCTI 3MIHIOEThCS.  MiHIMaJIbHI
3Ha4YeHHs (YHKIII BIATYKY CIIOCTEpIra€Thest JUis
BHCOKOHANOBHEHUX MO0S, KOMITO3HMIIIH Ta t,, = 17,5 —
22 xB. [lpu 3MeHIIEHHI BMICTy TBEpJOro MacTuia
IHTCHCUBHICTh 3HOIIYBAaHHS MAaTepialliB  3pOCTAE.
MaxkcumansHi 3HAYECHHSA byHKIiT BITYKY
CIIOCTEpIraloThess mpu Xz—>min abo X;—max s
BCBOTO Jiama3oHy 3HadeHb BMicty MoS,. Ilpu
MaKCHMaJbHOMY 4aci IONEepeHbOro MOAPIOHEHHs
(puc. 2B)  HamoOBHIOBaYa  MiHIMaNbHI  3HAYEHHS
IHTEHCHBHOCTI 3HOUIYBaHHS 3MEHIIYIOThCs B 40-65
pa3iB 1 crHocrepiraioThCs IJIsi BHCOKOHAIIOBHEHHX
TBEPAUM MAaCTHIIOM KOMIIO3HILiH IpH t,, = 15 — 25 xB.

Ha puc. 3 300paxkeHO JBOBUMIpHI Iepepizu
¢GyHKIIH BiAryKy KoediieHTy tepTs (Lii,) BiJ BMIiCTy
tBepmoro  mactwia  C(MoS;) (%) Ta dacy
MONIepEeTHHOr0 MOAPIOHEHHS BIJIEIEBOI'O BOJIOKHA
thonp IPH (IKCOBAHOMY 3HAYEHHI BMICTY BYTJIELIEBOTO
BonokHa C(BB) = 17,5 (X; = 0) Ta dikcoBaHomy vaci
3MINTyBaHHS KOMIO3UIIT t,, = 3,5 (X3 =-2), 17,5 (X3
= 0), 31,5 (X5 = 2) xB. AHami3z nux mepepi3iB
mokaszye, mo npu C(BB) = 17,5% Ta t,, = 3,5xB.
(puc. 3a) MiHIMaJbHI 3HA4YEHHs KOE(DILIEHTY TepTs
CIOCTEpIrafoThCS IS TIOJMIMEPHUX KOMIIO3UTIB 3
BMicToM TBepporo wMmactwiaa 1-10% Tta wacom
nonepenHporo moxapiOHenHs BB 26-28 xB. 3i
3MEHIIEHHSIM 4Yacy IIONepeHbOro MOApIOHEHHs
KOe(]IIIEHT TEPTSI KOMITO3UTIB 3POCTAE 1 HE 3AJICKHUTH
BiJl BMICTY TBEpIOr0 MacTHIIa, a JiHil pIBHUX 3HA4YEHb
(GYHKIIH BIAT'YKY CIIOCTEpIraloThCs Uit BCHOTO
nmiana3ony 3HadeHb C(MoS,). 31 30UIbIICHHAM Yacy
3MilryBaHHs komno3umii (puc. 3 6, B) MiHIMaIbHI
3Ha4YeHHs (YHKIH BIATyKY 3pOCTalOTh, a iX IUISHKA
PO3LIUPIOETHCS. MakcumaneHi 3HAYEHHS
KoeQilieHTy TepTA XapaxkTepHi JUIS
HHM3bKOHANOBHEHUX MOS, KOMIOBHUILIN 3 trom = 48
XB., 800 BUCOKOHAMOBHEHHX MOS,; KOMNO3UILIH 3 tnoy,
= 24-28 xB. [lpn MakcuMaJIbHOMY Yaci 3MIIIyBaHHI
KOMIIO3HIIii 1 He3amiHHOMY BMicTi KB 17,5% xapakrep

3aJIeKHOCTI  3MIHIOETBCS. MiHIMaIbHI  3HAYEHHS
GbyHKIIH BIJITyKY CIIOCTEPIraroThCs JUISt
BHUCOKOHANOBHEHMX ~ MoS,  KoMmmo3uuiii  mnpu

MiHIMQJIBHOMY 4Yaci IIONEepeAHbOr0 MOAPIOHEHHs
KapOOHOBOIO BONOKHA. 3i 30iIBIIEHHAM tyoy Ta

3MEHILIEHHIM BMICTY MoS, Wi 3pocTae.
MakcumanbHi  3HaYeHHS  CIIOCTEpITraloThes IS
BHCOKOHANOBHEHMX ~ MoS,  Kommo3uuiii  mnpu

MaKCHMaJbHOMY 4aci noapioHenHs BB.

Ha puc. 4 300paxkeHO JBOBUMIpHI Iiepepizu
¢GyHKIIH BiAryKy KoedimieHTy TepTs (i) BiJ BMICTY
tBepmoro  mactwia  C(MoS;) (%) Ta dacy
MOTNIEpEeTHHOr0 MOJPIOHEHHST BYTJICLIEBOI'O BOJIOKHA
thonp TIPU (hiKCOBaHOMY 3HAaUYEHHI BMiCTy KapOOHOBOI'O
BonokHa C(BB) = 17,5 (X, = 0) Ta ¢ikcoBaHomy vaci
3MIITyBaHH KOMITO3UIIT t,y, = 3,5 (X5 = -2), 17,5 (X3
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=0), 31,5 (X; = 2) xB. AHaJi3 IIUX IIepepi3iB MOKa3ye,
10 MiHIMaJIbHI 3HaUCHHs KoedillieHTa Tepts (puc.4a)
CIIOCTEpIrafoThC JUII  HU3bKOHANOBHEHHX MoS,
KOMITO3HTIB pu thonp = 20-28 xB. Ta
BHCOKOHATIOBHEHHUX TBEPUM MACTHUIIOM KOMIIO3HUTIB 3
thonp = 4-8 xB. [N KOMIO3UTIiB 3 BMicToM MoS, 5-
15% cnoocrepiraloThCsi MaKCUMalbHI  3HAYCHHS
koedillieHTa TepTs, SAKi Maibke He 3aleXaTh Bill tnoqp
BB. 3i 30ii1bHIeHHAM Yacy 3MillyBaHHS KOMITO3HIIiT
KOOpJIMHATH HOBOT'O IIEHTPY 3MILIYIOTHCSI B CTOPOHY
HU3BKOHAITOBHEHHX MOS, KOMIO3UTIB, a Xapakrep
3ajexHocTi  He  3MiHroeThes  (puc.4 06, B).
MakcumaibHi 3HaueHHs! QYHKIIH BiATyKy 3pOCTalOTh
B 2,5 pasmu, a iX JUIIHKA PO3IIUPIOETHCS.

Ha puc. 5 300paxkeHO IBOBUMIpHI Hepepi3u
(GyHKIIH BIATYKY Koe(illieHTY TepTs (Loy) BiJ BMICTY
kapoonoBoro BojokHa C(BB) (%) Ta wacy Horo
HOTIEPENHBOTO MOAPIOHEHHS tyoq, MPH (DikcoBaHOMY
3Ha4eHHi BMicTy TBepaoro Mactiia Cyes: = 9% (X =
0) Ta hikcoBaHOMY Haci 3MilIyBaHHS KOMITO3UIT t,y =
3,5(X;=-2), 17,5 (X3=0), 31,5 (X5 =2) xB.

AHaJi3 IUX Mepepi3iB MOKa3ye, IO MiHIMaJbHI
3HauYeHHs  KoedilieHTa  TepTA Wy, (pHC. Sa)
CIOCTEpIrafoThCs IS  KOMIIO3UTIB 3  BMICTOM
HaroBHIOBa4a 7,5 — 15% Ta wacom ioro moxpiOHeHHs
15 — 24 xB. 3i 30inbIeHHsM BMicTy BB y kommnosuri
Ta  OJHOYACHOMY  3MEHIIEHHI  4acy  #oro
MOITEPEHHOr0 TOAPIOHEHH KOMIIO3HUIlT KOoedilieHT
TEpPTA B KIHII JPYroro eramy W, 3poctae. Jlus
BrucokoHanoBHeHHX BB kommosutiB (Cyp> 17,5%)
GYHKIIS BIATYKY |[lp Maibke He 3aJeKUTh Bif
¢dakropa Xy Ilpu 30inBIOICHHI Yacy 3MIIyBaHHS
MOJTIMEPHOI KOMIIO3UINT Ta He3MiHHOMY BMicTi MoS,
y HIill KOOpAWHATH HOBOrO IIGHTPY Ta XapakTep
3ajleHOCTI  (YHKIIH — BIATYKY — 3aJIMINAIOTHCS
HE3MIHHHUMU. Min"iManbHi 3HAYEHHS Mok
301IBLIYIOTHCS, @ TX IUISHKA 3BY)KYETbCs (pHC. 5 O, B).
MakcumainbpHi 3HaYeHHsI KoedilieHTa TepTs B KiHII
JIPYroro eramy CIIOCTEPIraroThCs Ut
BHCOKOHANOBHEHNX BB KoMmosumiiHuX MaTtepiaiiB
(Cxg=20 — 25%) 3 HHM3BKHM YacoM IIOIEPEIHHOI0
NoApiOHEHHs] HAMOBHIOBAaYa  (tno,,=4 — 8 XB.) abo,
HaBMaKd, NpU HOro TpUBAIOMY MOAPiOHEHHI
(tnomp>25 xB.). TIpH  tyon=6 — 10 XB. mmd  MIMPOKOL
IUISTHKK  3HaYeHb BMICTY BYIJIELIEBOIO BOJOKHA
W2=0,22 — 0,25 1 Maibke He 3aJCKUTh BiJl BMICTY
HanoBHIOBaYa (puc. 5 0, B).

BucHoBku

1. Bcranosieno, 1mo MiHIMaJAbHI  3HAYEHHS
IHTEHCUBHOCTI 00’€MHOT0 3HOIITYBAaHHS Ha IMEPIIOMY
erami TepTss OyIyTh CIIOCTEpIraTUCh B LIMPOKOMY
Jiama3oHi 3HAYE€Hb BMICTY TBEPIOTrO MacTWia 1
BHCOKMX 3HAUEHHSX 4Yacy 3MIlIyBaHHS KOMIIO3UIII.
[lpn 3meHmIeHHI 4Yacy 3MilIyBaHHS KOMITO3MIIIT
IHTCHCUBHICTh 3HOIIYBaHHSA Oyae 3pocTaTH 1 HE
3anexxatuMe Bifg Bmicty MoS, y kommosumii. Jlims
JPYroro eramy TepTs IHTEHCHBHICTh 3HOIIYBaHHS
OUTBIIIOID MIPOI0 3aJICKUTHh BiJ BMICTYy TBEPIOTO
MacTuIa.
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PR \ A 0.8 koedilieHTa TEpTS B KIHII APYroro eramy Ipu
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BcraHoBieHo, 10 31 3MCHIICHHSAM  4Yacy KIiHIII JPYroro eTamy y, NPH MIHIMaJIBHOMY daci

3MiIJ_IyB aHHA KOMIIO3UTY CHOCTepil"aIOTI)CH JUIA

MONIepeTHHOr0 TOAPIOHEHHsT Koe]ilieHT TepTs Ha
MOYAaTKy TEPTS 3pOCTA€ 1 HE 3aJCKHUTh BiJ] BMICTYy
TBEPJOr0 MacTWia, a JiHIl piBHUX 3HaYeHb (YHKILIH
BIITyKYy CIIOCTEPIraloThCs JJIsl BCHOTO Jiara3oHy
3nayeHb C(MoS;). 31 30LIbIIEHHSIM Yacy 3MilIyBaHHS
KOMITO3MILIiT MiHIManbHi 3HaueHHs (YHKIIH BiITyKy
3pOCTalOTh, a IX JISHKA PO3MINPIOETHCS.

KOMIIO3HIII 3 BMICTOM HamoBHIOBaya 7,5 — 15% Tta
yacoM Horo moxapiOHenHs 15 — 24xB. Ilpm
301IbLICHH] yacy 3MIITYBaHHS MOJTIMEPHOI
KOMITO3MIIIT Ta He3MiHHOMY BMicti MoS, y Hii
MiHIMaJbHI 3HAUEHHS [y 30UTBIIYIOThCS, a iX TUIIHKA
3BY)KYETHCSI.

MiniManbHi 3HaueHHs KoeQillieHTa TepTs B
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