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I. Beryn

Kommosutifini maTepianu, ski OTpUMaHi 3a XeMO-
MEXaHO-aKTHBAIIfHOIO TexHoJoriero [1], mo apMoBaHi

HU3bKOMOAYJIbHUMH KapOOHOBUMH abo
BUCOKOMOJYJIbHUMHM  rpagiTOBaHUMH  BOJOKHaMHu 1
JUCHEPCHUMH  HallOBHIOBaYaMHM  HaOyBalOThb  Bce

OIIBIIOr0 BUKOPHUCTAHHS JJIsI CTBOPEHHS JeTaned i
BY3JIiB MalllMH 1 anaparypy 3 BUCOKUMH BUMOTaMH IIIOJI0
MEXaHIYHO1 MIITHOCTI, AHTUQPUKIIIHHUX BIACTHBOCTEH
Ta iH [2]. BoHn MOXyTh OyTH 3acTOcOBaHi y mapi 3
TUTAHOM, CTasIMH Ta iX CTOMaMH y pPYyXOMHX 1
HEPYXOMHUX VINUIbHEHHAX PITUHHUX XpoMaTtorpadis,

VIIITGHIOBATBHUX ~ €JIEMEHTaX  PEeakTopiB, HACOCIB
XIMIYHHX BUPOOHHMIITB, AKi MPALIOIOTh y
BHUCOKOKOHLICHTPOBAHUX  COJBOBHX  pO3YMHaX  abo

BOJHHX PO3YMHAX CHIIBHUX KHCJIOT 1 JIyTiB TOmo [3].
Merta poboTH mosnsirajia B TOMY, 00 BUSIBUTH BILIHB
BMiCTy TBepmoro wmactwia (mucyibdiny MomiOxeHy
MoS,) ta cneuianbHOro kap6onoBoro BoisokHa (KB),
gacy momepenHboro TmonpionenHs KB Tta  dgacy
3MINTyBaHHS KOMITO3HIIii HA BHCOKOOOEPTHOMY arperarti

HAa TepTSd Ta 3HONIYBaHHSA, a TaKOX MeXaHidHi
BIIACTMBOCTI KOMIIO3MIIIMHAX MaTepialiB Ha OCHOBI
noJtiteTpad TopeTUICHY (ITTDE) METOJIOM

MAaTEMAaTUYHOI'O IUIaHYBAHHA CKCIICPUMCHTY.
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II. ExcnepumeHT

Byrnenmesa  TkanmHa ~ Oynma  BHTOTOBJICHAa 3
TiIpaTUeNoNo3Hol, HIIIXOM MONeperHboi 00poOKH Y
20%  BomHOMYy  po3umHi  aHTHmipeHiB  Na,B,O7
10H,O + (NH,),HPO, (1:1) 1 BigmamooBaHHS B
CEpEeIOBUILI IPUPOHOTO T'a3y MOCHIJOBHO MPH KIHIIEBUX
temmeparypax 723 £ 10 K Tta 1123 + 20 K 3i mBuakictio
NpOTATYBaHHS 4Yepe3 pypkoBy miu omopy “Tammana”
10 M 3a roauHy.

BuroTtoBnena ByrieneBa TkannHa Y TM-8 wmictumia:
60-65% C, 1,1-4,5% H, 3,5-4,5% O, 3,0-3,6% cmomyx B
ta 3,0-3,6% cnomyx P, 21-26% 3oma [4] (3a
MiHiManpHEM BMicToM H 1 O enmemMeHTHHIA CKIlajg
BinnmoBigas popmym Cs;cHsO [5]). Ha moBepxHi BosoKHA
TKaHWHUA MICTHBCS MiPOBYIJICIh (BHACIIIOK YaCTKOBOTO
pO3KJIaay METaHy), ICKOBI Ta CMOJISHI BimknaneHHs [1].
Byrnenesa tkannHa YTM-8 mana: po3puBHY MiLHICTH
70-235 H/cm o ocuosi ta 20-100 H/cM mo miaTkaHHIO,
BOJIOKHAa TKaHWHH Mamu niamerp 10-12 MkM, MilHICTB
npu pospusi 0,52-0,60 I'Tla, momyns npyxHocTi 27-
47 I'Tla [6].

CMyXKH  TKaHWHHU 3x3cM  TOmEpemHbO
noapiOHIOBaM B Apobapiii Hoxosoro tuiry MPII-1 npu
7000 06/xB.  (dactota obGepramHs Hoxka 117 ¢,
MaKcHMajbHa MBHUAKICTH 78 M/C) Ha mpoTs3i Bix 4 10
28 xB., 3mimyBasu 3 Tnopomkamu I[ITO®E wmapku
“¢ropnon-4” Ta aucynsdiny monidoaeny mapku MBY-1
(po3mip yacTHHOK 5-14 MKM, OCHOBHA (ppakilisi 7 MKM) i,
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pasoM 3 THM, TOAPIOHIOBAIM KOMIIO3UIIK B il
JIpo0apiii 3 TAKMMH X IIapaMeTpaMu Ha MmpoTssi Bif 3,5
mo 31,5xB. nmo o06’emHOro (MacoBOro) pO3MOIITY
BOJIOKOH 3a JOBXHHaMH | 3a HWMOBIpHHM 3aKOHOM
Beiibymna [7]:

f 5
pl(l)zg r(1+1%.>) E&E =P E_(%‘) 5

ne I'(x) — rama-yHKIis
r(x)= J'exp(—t) @*'dt
0

pi()=1,210%-510° mxm™' — minsHicTs iiMOBipHOCTI
pO3MOJITy BOJIOKOH 3a JOBXKHHAMH; 1 IapameTpaMu
po3moIiy:

TICIISI TIOTIEPEHBOTO MOAPIOHEHHS BOJIOKOH O = 80-
1000 mxm; 0= 0,25-3,8;

micist  3MINTyBaHHS 1
o = 50-700 mxm; 0= 0,5-4,2.

Jnst  BupimeHHS 3aBIaHHS JIHIHHOTO — aHATi3y
JpOOJICHHX BOJIOKOH BHMKOPHCTOBYBAJIM aBTOMAaTHYHHN
aHai3aTop 300paXkeHb MIKpooO’€kTiB “MopdokBaHT” i3
obuncmoBaibHoro MammHoo EC-5060, sxuit  OyB
HaJIaro/PKCHN Ha MaKCHMaJbHY KUIBKICTH KpOKiB 512,
MiHiManbHuH kpok 0,2 MKM, [iama3oH KpOKiB IpH
CKaHyBaHHI 512%512 i KiTbKiCTh Pi3HUX CTYIEHIB TOHIB
128, BimHOCHA moxHMOKa JiHIHHMX PO3MIpiB CTaHOBMIIA
0,2%. IIporpama 3abe3neuyBana aHaii3z 250 yacTHHOK Ha
1 mpoby (kimekicteb mpo6 20-25). IlpoBemeno 5
PIBHOTOYHHX  KOHTPOJBHHX  BHMIpPIOBAaHb  JOBXKHH
BOJIOKOH Yy KOMIIO3HUIli MIKPOCKOIIIYHUM METOJIOM
(06’em BuOIpKHM KokHOTO BHUMIiproBaHHs 2000-3000
JIOBXKUH BOJIOKOH). [lOpiBHSHHA JBOX BHOIpOK
omrndHoi Ta MOp(pOKBAHTOBOI — 3a KpHTEpieM X
BUSBUIIO iX CTaTHCTHYHY OAHOpigHicTh. [ligdip i
HepeBipKy MIANOPSAAKYBAHHS EMIIPUYHOTO PO3MOILLY
TCOPETUYHOMY 3IIHCHIOBaM 3a mporeaypor [8] i
kpuTepismu X [9].

3pa3ky BUPOOISUIM 3 KOMIIO3MULII HpEecyBaHHIM 3a
TEXHOJIOTI€I0 TIepepoOku proporutactis [10].

AHTHQPUKIIHHI ~BIACTHBOCTI JOCIIKYBAIA Ha
TpubomeTpi [1] 3a cxemorw “chepa — turommHA” B
peXuMi 3MIHHMX HHUTOMHX HABaHTAXXEHb NPH CTAJIOMY
HOPMaTbHOMY  HaBaHTAXEHHI HAa  OOWH  3pa3oK
N;=100H. Tpu mnomimepHi 3pa3kd Oyau BHKOHAHI
BucoTor 15+0,1 MM i miamerpom 1020,1 MM 3 KiHIICBOIO
cheporo pamiycoM 6,35 MM. 3paskd 3aKpilUTIOBAINA Y
3HIMHIH TOJIOBIT,, MO JO3BOJSUIO 0€3 IMOpYIICHHS
KOHTaKTy BHMIpIOBATH JiaMeTp IUIAMU 3HOIITYBAaHHS Ha
MIKpocKomi.  3pa3Kd  KOHTakTyBaJH  C(EpHYHOIO
YaCTHHOIO 10 IUIOCKIM IMOBEpPXHI KOHTPTAAa 31 craui
30X13 (tBepmicte HB 4,3 MIla, BuxigHa IIOPCTKICTB
noBepxHi Rag = 0,08+0,02 mxMm) miamerpom 600,15 mm i
Bucototo 10+0,15 Mm. KoHTpTino 3akpimmoBanocs y
THI3JI MiJCTaBKH, Y€pe3 MOPOKHHUHY SIKOi MPOIycKalach
BOJIa JUIA BiIBeJeHHS Teruia TepTs. LIIBuaKicTs KoB3aHHS
nopiBHioBana 1,15 M/c,  Temmeparypa — HOBEpXHIi
KoHTpTina 323+2 K.

3a NPUHHATOI0 CXeMOIO (PUKILIHHOIO KOHTaKTY
MO)KHa BUIUTATH JBI XapakTepHI JUITHKA BHIPOOYBaHb
(pexumu, eTany 3HOITYBAHHS):

MoApiOHEHHST  KOMIIO3UITiT
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1) nidsHKAa HENIHIAHOT 3aJIeKHOCTI 3HOIIYBAaHHS
Bix mwpixy Tteprs S;=0..2kM, B sKiH nOHUTOME
HABaHTaXCHHs 3MiHIOEThC Bix p = HB = 40-55 MIla
HOJIMEPHOTO MaTepialdy [0 TIPaHUYHOIO P = Pyp= 8-
12 MIla; wiii giISHIN BiANIOBIAAIOTEL TO3HAYCHHS:

* 00’eMHOi TUTOMOI IHTEHCHBHOCTI 3HOIITYBAaHHS:

I O\

1 Ni IE] ’
ne AV, — 3nomennii 00’eM 3a S| = 2 KM;

* koedimieHTiB TepTa Ha novatky (5-10 M) My, Ta B
KiHIl KOB3aHHA [y (S1= 2 KkM);

2) ninsgHKa MPUOTU3HO JIHIAHOI 3aJIe)KHOCTI 3HOCY
Bil T1mIIXy TepTs S,=2..12 kM, B K mHTOME
HABAHTaKECHHS 3MIHIOETBCA Bill P = Py, = 8-12 MIla 1o
p = 6-9 MIla; it qinsgHIN BiANIOBIAA0TH TO3HAYCHHS:

*  00’e€MHO{ MUTOMOT IHTEHCHBHOCTI 3HOLIYBaHHSI:
"N @

ne AV, — 3HomeHuit 00°em 3a AS, =S, - ;=10 km;

*  xoedimieHtiB TepTd Ha mo4atky (5-10 m)
Mo = i Ta B KIHIII KOB3aHHSA [y, (S;= 12 kM).

MinHiCT, TIpH PO3pHBI Ta BiIHOCHE BHIOBXKCHHS
MpH  PO3TATYBaHHI BH3HAYAIM Ha KiJBIEBHX 3pa3Kax
nmiamerpamu d =50x40 MM 1 Bucotoro h=10 MM 3a
JIOTTOMOT 010 xkopcTkux Hamiauckie 3a [OCT 11262-80
npu  BUnpoOyBaHHAX Ha MamwuHi “THCTpoH” mpHM
MIBUAKOCTI pyxy moB3yHa 0,25 cM/XB.; MUTOMY yIapHy
B’S3KICTh — Ha CTepkHsAX JiamerpoM d=15mm i
noxkuHoro h=80mMm s3rimHo T'OCT 4647-80 mnpu
BUIIPOOYBaHHSAX Ha ymapHomy kompi KM-0,4. IToxubOka
IpyH BUIIPOOYBaHHAX KOJHMBajaca B Mexax 5-15%.
3pa3ku micis MpecyBaHHs 1 TEPMOOOPOOKH BUTPUMYBAITH
mpu 296-298 K ne menme 14 mgHiB, a motiMm ix 24 rom.
koHauuionyBaiu 3riqao 'OCT 10681-75 npu 2961 K i
BifiHOCHIH Bosorocti 65%2%. [lpu nmx >xe mapamerpax
TIPOBOIMITH BUITPOOYBAHHSI.

M

I,

II1. Pe3yabTaTH i 00roBopeHHs

OnTuMi3allito IpoBOJAWIN 32 TAKUMHU MapaMeTpaMu:
IHTEHCUBHOCTI 3HONIYBaHHs mojiMepHuX 3paskiB (I, I,),
koedimienTa Teptsa (Mg, Hix Hox), MIIHOCTI IPU PO3PHBI
(Op.x), BITHOCHOTO MOJIOBKEHHS MPU PO3TATYBaHHI (€,) Ta
MUTOMO1 yIapHOi B’SI3KOCTi (A,) MpHW BapitoBaHHI TaKUX
(akTopiB: BMICT TBEpIOTO MAacTHIa JTUCYIb(iay
momioaeny MoS; (Cuposz2), BMICT HHU3BKOMOIYJIEHOTO
kapOooHoBoro BoJiokHa (Cgg), Yac TIOMEPEIHHOTO
no/ipioHeHHs kap6oHOBOTro BoJOKHA B MPTII-1 (th,y,), yac
3MimryBanHs komnosuiii 8 MPII-1 (t,,) (Tabm.). Brms
TBEpAOr0  MacTWia (3 ~ OJHOYACHOIO  3MiHOIO
TEXHOJIOTIYHUX TapamMeTpiB) Ha aHTUQPHUKLIHHI 1
MEXaHIYHI BIACTHBOCTI KOMIIO3WIIHHUX MaTepiaiiB Ha
ocHoBi [IT®E nocmimkeHo 3a YOTUPUPAKTOPHUM
poTtoTabenpbHUM TUIAaHOM Jpyroro mopsnky [11,12].
ITopsimok pearmizamii TOUOK IIaHy OyB paHAOMi30BaHUN
3a TaOJMIEI0 BUTIAAKOBUX uncen [13].

Marpuns TuTaHyBaHHA 1 00poOka pe3ynbTaTiB
eKCIIepuMeHTy 3a Tnporeayporo [11,12] mo3Bommmu
OTPUMATH MAaTEMAaTUYHY MOJICNb Y 3arajlbHOMY BHTJISI
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[TOJTIHOMOM APYTOro nopsaaKy:
k=4 k=4
=b,+$Tbx +$ b.xx,
y =b, ZbeJ b, XX,
_]=1 1,]=

k=4
2
EDIL T E)
1=1
ae bj, by, b (j,1=0, 1, 2, 3, 4) — xoedinieHTH piBHAHHA
(3), abo B xaHoHi4Hil popmi:
— 2 2 2
Y-Y= X +BpXy B3 X5 tBauX,, 4)
ae Y, — KOOpAMHATH HOBOTO LEHTPY; Bj — koedimientu
piBHsAHHSA (3) B KaHOHIuHiH Popmi (4); X; — HOBI 3MiHHI.
Jnst  oOpoOKM  eKCIIepUMEHTaIbHUX  JaHuX 1
OTpUMaHHS MaTeMaTUYHHUX Mojeliell (yHKIiH BiAryky
Bukopuctamu Gopmymu [11,12], dYHCcIO0 TOBTOPHUX
JOCTIAIB B KOXHIA TOYI IJIaHy MOpPiBHIOBAIO 3.

OpnHopimgHiCTe  pAMy  AWCIEPCi  OIMIHIOBAIM  3a
kputepismu Dimepa i Koxpama, mis BH3HAYCHHS
3HAYUMOCTI KOe(illieHTIB MOJENi BHKOPHUCTOBYBAJIN
t-kpurepii  CThIOZICHTA, aJCKBAaTHOCTI  MOJENi —

F-xpurepiit ®imepa [8,14,15], a moOynoBy ABOMipHHX
nepepi3iB MOBEpPXOHb (YHKUIH BIATYKY 3/AiHCHIOBAIM 3a
nporenyporo [12]. Bci  rimoTesm mpuiiMamu  4m
BIJIKHJAJIM 3 PiBHEM 3HAUyIIOCTi kputepiro 0,05.

VYV pesynbTari peanizamii IIaHy ojepikaHi piBHSIHHS
moBepxHi BiATyKy (5)-(12), sAxi amekBaTHO OMHCYIOTh
3aJI€)KHOCTI IHTE€HCUBHOCTI 3HOITYBaHHS Ik
(S1=0...2 km) [MM/HM] i Lo (So=2...12 kM) [Mm*/HM],
KOe(DILIEHTIB TEPTs Ha MOYATKy TepTs My, (S;=5-10 m), i
B KiHII mepmoro My (S;=2kM) 1 Jpyroro
(S;=12 kM) pexuMiB 3HOIIYBaHHS, MIITHOCTI IPH
pospusi O,, [MIla], muromoi ynapHoi B’A3kOCTi A
[kJIk/M’] Ta BiIHOCHOTO BUIOBXKEHHS NP PO3TATYBAHHI
& (%) Big akTOpiB:

I;= (64,3565 + 1,5979x; — 1,2657x,— 7,757x3 +
+1,1159x,+ 4,8525x,x, + 3,2505x,° + 11,0355%,”+
+2,5978x5%) 107 (5)

L=(7,6742 — 0,5926x, - 0,3714x, — 1,4382x;+
+0,4032X4 — 0,24O6X1X2 + 0,3181X1X3 - 0,8594X1X4 —
— 0,4894x,%; — 0,9119x,%4 + 0,3069x3%4. + 1,1031x3%)10”

(6)

M= 0,2273 + 0,0019x, + 0,0067x; — 0,0131x4 +
+ 0,0066X1X2 +0,0084X1X4 + 0,0049X2X3 + 0,0151X3X4+
+0,0055x,> +0,0148x,> +0,0058x4> (7)

Hie= 0,2355 — 0,0221x; + 0,0166x, + 0,0169x; +
+ 0,0143X1X2 — 0,0043X1X3 + 0,0121X1X4 + 0,0188X3X4 —
—0,006x,> + 0,011x,° — 0,0145x;> + 0,0068x, (8)

M= 0,2062 —0,0255x;, +0,0161x, +0,0107x; —
—0,006x, +0,0114x;x, + 0,0152x;x; + 0,007x,° +
+0,0067x,” 9)

Op= 16,496 — 0913x, — 1,466x, + 0,469x;
+0,661x;x, —0,234x1x3 +0,269x;x4 + 0,254x,X3
—0,339%,%4 — 0,464x3%4 — 0,183x,% — 0,372x,> — 0,58x5” —
—0,697x, (10)

A= 28,774 — 7,885x, — 32,455%, + 5,392x; + 14,216x,
+ 6,469X1X2 — 3,306X2X3 -1 1,881X2X4 — 7,669X3X4 +
3,570x,% +9,173x,” — 2,83x5% + 4,743x4 (11)
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€.= 31,845 — 12,414x, — 58,951x, + 10,754x; +
+23,615x, + 11,944x:x, + 3,619x;x3 — 2,044x;x4 —
—11,069%,x3 22,581x5X4 13,831x3x4  +
+6,651x,+22,738x%,°+2,71x5° + 8,548x,” (12)

Ha iHTeHCHBHICTH 00’€MHOTO 3HOIIyBaHHS Ha [-my
eTami CyTT€BHH BIUIMB MalOTh BCi JIiHIHHI e(eKTH,
npuuoMy &(X4) = &(Xp)< &(X)) < &(X3), e € — niHiHHKUI
edekr. ToMy, HAW3HAYHINIAN BIUTUB Ma€ JIHIHHWA ePeKT
4yacy 3MillyBaHHS KOMIIO3HIIii, MPUIOMY TpH 301IbIIeHH]
gacy 3MINTyBaHHS IHTEHCHBHICTD 3HOITYBaHHS
3MeHIyeTbcsl. CyTTEBMH BIUIMB TakoXX Mae eQeKT
B3a€EMOJii BMICTY TBEpJOro MacTwia i KapOOHOBOTO
BOJIOKHa. Ha iHTeHCHBHICTH 00’€MHOT0 3HOIIYBaHHS Ha
II-my erani anst niHIHHEX edeKTIB CIocTepiraeTbes
AHAJIOTIYHE CIIBBIIHOIICHHS BIUIUBY, ajie 30UTbIICHHS
BMICTy AuCyIb(iny MoiOaeHy 3MEHINYe iHTEHCHBHICTh
3HOITYBaHHS, a TAaKOXX BIUIMB MalOTh BCi eQeKTH
B3a€EMOIi1 paKTOpiB.

Ha xoedimieHT TepTs HA MOYATKY TEPTS BILTUBAIOTH
miHiitHi  edektn  Bmicty KB, dwacy 3minryBaHHS
KOMITO3UIIIl Ta "acy momnepenHporo nmoapionenus KB, a
TakoX ePeKTH B3a€EMOIii BMiCTy TUCYIb(iay MOTiOaeHY
i KB, BmicTy TBepmoro Mactwia i yacy IONEpEeIHBOTO
noapionennss KB, Bmictry KB i wacy 3MimryBaHHA, a
TaKOK 000X YaCOBUX (haKTOPIB.

Ha w™innicTh Tpu po3puBI BIUIMBAIOTH JIiHIMHI
e(eKTH BMICTYy TBEpIOrO0 MacTwia, KapOOHOBOTO
BOJIOKHA 1 4ac 3MIlIyBaHHS KOMIIO3HUIlii, TPUIOMY
MIIHICTP TPU PO3PHUBI 30IIBIIYETHCS TPH 3MEHIIECHHI
BMiCTy AHCYIb(Dimy MOIiOneHy i KapOOHOBOTO BOJIOKHA,
ane &(X;) < &X,). 3HauHMi BIUIMB MalOTh BCi €EKTH
B3aeMoiii (daktopiB. Ha BimHOCHE TOMOBXKEHHS IPH
PO3TATYBaHHI, SK 1 HA MIIHICTh MIPH PO3PHUBI, BILTUBAIOTH
BCi e(eKTH B3aeMofiil (akTopiB, aje MIOAO JIHIHHHUX
e(ekriB, To £(X;) << &(X,), a TaK0X 3HAYHUI BIIUB Ma€E
nmiHiHWA edekT dacy 3mimryBaHHS Kommoswmmii. Ha
ylIapHy B’S3KICTh BIUIMBAIOTH JIHIHHI e(eKTH BCiX
(axTopiB, MpUIOMY, SIK 1 JUIS BITHOCHOTO TOJOBKCHHS
npu po3taryBaHHI &€(X;) << &(X;), Takoxk e(eKTH
B3a€EMOJIIH BMICTY TBEpAOro MacTwia 1 KapOOHOBOTO
BoJIOKHa, BMicTy KB i1 wacy 3milnyBaHHS KOMIO3MILT,
Bmicty KB 1 wacy momepeansoro monpionenns KB, a
TaKOK 000X YaCOBUX (haKTOPIB.

Ha mexaHiuHI BIACTHBOCTI CYTTEBHH BILTUB MAalOTh
BCi KBaapaTH4dHi eQeKTH. 30UTBIICHHS BMICTy TBEPIOTO
mactiia i KB npu3BOIUTE 10 3MEHIICHHS MEXaHITHHX
BIIACTMBOCTEH, a 30UIbIICHHS 4Yacy 3MilIyBaHHSI
KOMITO3UIIIi 1 dYacy TIONMEpPeIHbLOTO  MOAPiOHEHHS
CIIPHUSIOTH 30UTBIIICHHIO MEXaHIYHUX BIACTHBOCTEH.

OpTOoroHaNbHUMH iHBapiaHTaMH LUIOI panioHaIBHOT
¢ynkuii apyroro mopsiaky (1) Bim 3 aprymeHTiB €
GbyHKIIIi:

Ji=bj +by+bss (13)
J= + + (14)
b21/2 by, b31/2 bs; b32/2 bsz
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by bn/2 b3/2
J3: b21/2 b22 b23/2 (15)
b31/2 B32/2 b33
by, b2 b2 b2
K= b,1/2 ba by/2  by2 (16)
Yl b2 bp2 by b2
by/2 b,/2 by/2 by
a QyHKii:
by b2 by, b2 by;  by/2 (17)
K,= + +
bi/2 by b,/2 by bs/2 by
by b2 b2 b;y  bi3/2 b2 + | By | Baa/2|| by/2
Ks=|Dby/2 by b2 |+ |byy/2 by by/2| + bs3p/2 | bs; bE8)
bi/2 b2 by bi/2  by/2 by By/2 | b3/2 || by
€ iHBapiaHTaMH  OJHOPIAHOTO  OPTOTOHAILHOTO KaHOHIYHE PiBHIHHS

neperBopeHHs QyHKIii (1).

AHami3 oJepkaHUX PIBHSAHb 3a JOTIOMOTOIO ITHX
iHBapiaHTIB O3HAYEHHS MEHTPY (irypu Ta BUAY MOBEPXHIi
[12] moka3aB, mo A IHTEHCHBHOCTI 3HOIIYBaHHS Ha
MEepIIOMY eTari 3aJIeKHICTh (QyHKIIT BIATYKY Bl TPHOX
¢dakropiB (X;, X, X4) npu QikcoBaHOMY 3Ha4YCHHI
yerBepToro Qakropa (X;=0) mMae BUINISAA ENINTHYHOTO
napabonoima (J;# 0; Ky# 0; K4<0), mist iHTEHCUBHOCTI
3HOLIYBaHHS Ha APYroMy ertami, KoeQili€eHTiB TepTs B
KiHII [epmioro Ta Jpyroro €ramiB TepTd HpHU
(ikcoBaHoMy 3HaueHHi 4erBepToro ¢axropa (X;=0) —
JBOMOPOKHUHHOTO Tinepbonoina (J;# 0; [3<0; Ky4<0),
Uit KoeQillieHTa TepTd Ha TMOYaTKy TepTsS TpH
(ikcoBaHoMy 3HaueHHi derBepToro (akrtopa (X3=0) —
ysapaoro emincoiga (J3Z0; Ji, J,, J3>0; Ky4y>0), mis
MIIHOCTI TIpH pPO3puBI mpu (HIKCOBAHOMY 3HAYEHHI
geTBepToro (akropa (X3=0) — OIHOMOPOXKHUHHOTO
napabonoina (J3# 0; J;, J,<0; K4>0), mis BimHOCHOTO
BHJIOBXKEHHS TIPU PO3TATYBAHHI 1 yAapHOi B’SI3KOCTI MPH
(ikcoBaHoMy 3HaueHHi derBepToro (akrtopa (X3=0) —
enincoina odepranus (J; 7 0; J;, Jp, J3> 0; K4, <0).

IIpu BHOOPI OTNITUMAJIbHUX rapameTpiB
CKOPHCTA€EMOCSI JIBOBUMIPHHMH IiepepizamMu  (QyHKLiH
Biaryky (1) mpu ¢ikcoBaHoMy 3Ha4eHHI JBOX (DaKTOPIB,
10 J1a€ 3MOT'Y OJIEPXKAaTH YSBJIECHHS NPO 3aKOHOMIPHOCTI
3MIHM KpUTEpist onTuMisauii nmpyu BapitoBaHHI (aKTOPiB.
Jns uporo, ¢ikcyroun koxkeH 3 (akTopiB Ha IEBHOMY
piBHi (-1; 0; +1 TowI0), BU3HAYAEMO KOOPIMHATH HOBOTO
neHtpy S (X;; X5), KyT MOBOPOTY HOBUX OCEH KOOPIAMHAT
(0) 1 mepeTBOprOEMO ojiepXkaHi PpIBHSHHS perpecii B
KaHOHIYHI y BUTIISI:

Y - YS: Bijjz + BiiXiz

Oneprkany HACTYIHI pe3yJIbTaTH:

Ui iHTEHCHMBHOCTI JIiHIi{HOT0 3HOIIYBaHHSI Ha
nepuioMy erari:

npu x3=0 i x4= -1, 83: S (-0,4; 0,1); a=-16°

(19)

165

V- 61,9542 =2,5563X,%+ 11,7297X,%; (20)
npu X3=01x4=-1: S (-0,4; 0,1); a =-16°,
KaHOHIYHE PIBHIHHS

V - 62,8804 =2,5563X,%+ 11,7297X,%; 2n
npr X3=01x4= 0:S(-0,4;0,1); a =-16°,
KaHOHIYHE PIBHIHHS

V - 63,9963 =2,5563X,%+ 11,7297X,%; (22)
npu x3=01ix4= 1:S(-0,4;0,1); o =-16°,
KaHOHIYHE PiBHSIHHS

V- 65,1122 =2,5563X,%+ 11,7297X,%; (23)

Ui iHTeHCHMBHOCTI JIiHII{HOr0 3HOLIYBAHHSI Ha
JApyromMy erami:

npu x3=01x4=-1,83: S (5,4; 4,1); a =45

KaHOHIYHE PiBHSIHHS

V- 12,2213 =-0,1203X,>+ 0,1203X,%;

npu X3=01x4=-1: S (2,2; 1,1); a =45°,

KaHOHIYHE PiBHSIHHS

Y -7,8704 = -0,1203X,*+ 0,1203X,%;

npu X3=01x4= 0: S (-1,5; -2,5); a = 45°,

KaHOHIYHE PIBHIHHS

VY - 8,5890 = -0,1203X,*+ 0,1203X,%;

npu X3=01x4=1: S (-5,3; -6,0); o = 45%

KaHOHIYHE PIBHIHHS

V - 15,8220 =-0,1203X,%+ 0,1203X,%;

IJ1s1 KoedilieHTa TepTs HA MOYATKY TePTH:

npu x3=01ix,=-1,83:S(1,7;,-0,4); a =-18°

KaHOHIYHE PIBHIHHS

Y -0,2575 = 0,0044X,>+ 0,0159X,%;

npu x3=01x4=-1:S(0,9; -0,3); a0 = -18°;

KaHOHIYHE PiBHSIHHS

Y -0,2421 = 0,0044X,>+ 0,0159X,%;

npu x3=01ix4= 0:S(0;-0,1); a =-18°

KaHOHIYHE PiBHSIHHS

Y -0,2272 = 0,0044X,>+ 0,0159X,%;

npu x3=01ix4=1:S(-0,8;0,1); a =-18°%

KaHOHIYHE PiBHSIHHS

24)

(25)

(26)

27

(28)

(29)

(30)
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V -0,2166 = 0,0044X,*+ 0,0159X,7; (31)
1Js koedinieHTa TepTs B KiHIi Nepiioro eramy:
npu X3= 01 x4=-1,83: S (-2,6; 0,9); a = -32°;
KaHOHIYHE PiBHSIHHS

¥V -0,3231 =-0,0104X,*+ 0,0055X,7; (32)
npu X3=01x4=-1: S (-2,1; 0,6); a = -32°,
KaHOHIYHE PIBHIHHS

YV -0,2798 =-0,0104X,*+ 0,0055X,7; (33)
npu X3=01x4=0: S (-1,5; 0,2); a = -327%

KaHOHIYHE PIBHIHHS

Y -0,2540 =-0,0104X,>+ 0,0055X,7; (34)
npr X3=01x4=1: S (-1,0; -0,1); a = -32°;
KaHOHIYHE PIBHIHHS

V - 0,2460 =-0,0104X,>+ 0,0055X,7; (35)

JJs1 koedinienTa TepTs B KiHIi Apyroro eramy:
npu x3=01ix4= -1,83: S (-7,1; 4,7); a = -29°%
KaHOHIYHE PiBHSIHHS

V - 0,4680 = -0,0032X,*+ 0,0102X,%

npu x3=01ix4=-1: S (-1,5; 3,6); a0 = -29°,
KaHOHIYHE PiBHSIHHS

YV -0,3656 =-0,0032X,*+ 0,0102X,%;
npux3=01ix,=0:S(-1,4; 2,2); a =-29°
KaHOHIYHE PiBHSIHHS

Y -0,2772 = -0,0032X,* + 0,0102X,;

npr X3 =01x4=1:S(-1,4; 0,9); a =-29°
KaHOHIYHE PiBHSIHHS

Y -0,2272 = -0,0032X,° + 0,0102X,7;

JIJIS1 MiTHOCTi MpH po3pHBI:

npu X3 = 01x4=-1,83: S (9,8; 7,5); a =37°,
KaHOHIYHE PIBHIHHS

Y -4,1326 = 0,0662X,” - 0,6212X,7;

npu X3 =01x4=-1:S(9,9; 7,3); a =37,
KaHOHIYHE PIBHIHHS

Y -5,8809 = 0,0662X,” - 0,6212X,7;

npu x3 = 01x4=0:S(10,0; 6,9); a =37°,
KaHOHIYHE PIBHIHHS

V - 6,8487 = 0,0662X,” - 0,6212X,%;

npu x3=01ix,=1:S(10,1; 6,6); a = 37°,
KaHOHIYHE PiBHSIHHS

V - 6,5724 = 0,0662X,* - 0,6212X,% (43)
JIJIS1 BITHOCHOT0 BU/IOBKEHHS MPU PO3TATyBaHHI:
npu x3 = 01x4=-1,83: S(0,4; 0,3); a =-18°%
KaHOHIYHE PiBHSIHHS

(36)

G37)

(38)

(39)

(40)

(41)

(42)

V- 13,0352 =4,6764X,> + 24,7126X,"; (44)
npu X3 =01x4=-1: S (0,0; 0,8); a =-18°;

KaHOHIYHE PiBHSIHHS

V -22014 =4,6764X,>+ 24,7126X,%; (45)
npu X3 =01x4=0:S(-0,3; 1,4); a =-18°;

KaHOHIYHE PIBHIHHS

V +6,8277 = 4,6764X,> + 24,7126X,7; (46)
npu X3 =01x4=1:S(-0,7; 2,0); a =-18°;

KaHOHIYHE PIBHIHHS

YV + 11,4596 = 4,6764X,>+ 24,7126 X,%; 47

JUUIS1 YIApHOI B’SI3KOCTi:
npu X3 = 01x4=-1,83: S (0,8;0,3); a

-25%
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KaHOHIYHE PiBHSIHHS

V -7,7238 =2,0924X,* + 10,6506X,7; (48)
npu X3 =01x4=-1:S(0,1; 1,1); a =-25°

KaHOHIYHE PiBHSIHHS

V -7,7238 = 2,0924X,*+ 10,6506 X,%; (49)
npu X3 = 01x4=0:S (-0,7; 2,0); a = -25°

KaHOHIYHE PIBHIHHS

YV +1,2367 = 2,0924X,> + 10,6506X,7; (50)
npu X3=01x4=1: S (-1,6; 3,0); a = -25%

KaHOHIYHE PIBHIHHS

YV + 12,0174 =2,0924X,*+ 10,6506 X,%; (618

Ha puc. 1 306pakeH0 ABOBUMIpHI Mepepizu QPyHKITIH
BIJITYKY 1HTEHCHBHOCTI 3HOITYBaHHS 3pa3KiB KOMIIO3HIIi1
(I; i I) Bim BMicTy kapObonoBoro BosiokHa Cpp (%) Ta
mucynbdiny momioneny Cyosy (%) npu dixcoBaHomy
3HAYEHHI yacy 3MilIyBaHHS KOMIO3UIIIHHOTO Marepiary
tw=17,5 xB. (X3=0) ta  (ikcoBaHoMy  baci
MOMEPEIHBOTO  MOJPIOHCHHST KapOOHOBOrO  BOJIOKHA
thomp = S (X4=-1,83), 10 (X4=-1), 16 (X4=0) i 22 xs.
(X4=+1). Amnam3 nux TnepepiziB IMoOKaszye, MO Ha
MEPIIOMY eTarli BUIpoOyBaHb MiHIMaJIbHA IHTEHCUBHICTh
3HOITYBaHHs Oyjae crocrepiraThcs mpu BmicTi MoS, B
Mexax 3,4-14% Tta mpu BMicTi KapOOHOBOTO BOJIOKHA B
Mexax 15-22%. Ilpu mHm3pkomMy (Merme 9,4%) Ta mpu
BUcokoMy (Oinmbmie 25%) Bmicti KB cmnocrepiraerscs
pizke 30UTBIICHHS IHTEHCHBHOCTI 00’eMHOTO
3HOIIYBaHHS, K€ HE 3aJeXUTh Bif BMicTy MoS,. Ilpn
30UIbIICHHI 4Yacy mnomnepeansoro moxapionenns KB Ta
HE3MIHHOMY yaci 3MiLTyBaHHS KOMITO3HLIT
CIIOCTEpITa€ThCS  3MEHIICHHSA JUISHKA — MIHIMaJIBHOT
IHTEHCUBHOCTI 3HOIITYBAHHS.

Ha npyromy erami BumpoOyBaHb TpPH HH3BKOMY
3HaueHH1 4dacy moapioneHHs KB MiHiManmbHI 3HadeHHS
IHTEHCHBHOCTI ~ 3HOIIYBaHHS  CIIOCTEPITarOThCS IS
HU3BKOTO BMiCcTy TBepaoro mactuia i KB i moctymoBo
30UTBIIYIOTECS 31 30UIBIICHHSM BMICTY AUCYIBQITY
MoOiiOmeHy 1  KapOOHOBOI'O  BOJIOKHA,  INPHYOMY
30UIBIIICHHS BMICTY TBEPAOTO MACTHIA BeIe [0
3meHmenHs Bmicty KB i naBnaku. [Ipn Bucoxomy BmicTi

KB iHTeHCHBHICTb 3HONIyBaHHS OyJe BHCOKOIO HE
3ajJexHo Bix Bmicty MoS,. Ilpu mnocrynoBomy
30UTBIIEHHST ~ 4Yacy  TIOMEpPeIHbOTO TTOIPiOHEHHS
MiHIMaJbHA IHTEHCUBHICTb 3HOITYBaHHS

CIIOCTEPITAEThCSA JUII BHCOKOHAIIOBHEHUX KOMITO3HUITIH
MIPH BUCOKOMY BMICTi TBeporo mactmia (puc. 1B), mpu
gaci momepenuroro mnoapioHeHHss KB 22 xB. (puc Ir)
MiHIMaJgbHe  3HONIYBAaHHA  CIIOCTEPIra€Tbcs IS
HU3BKOHAITOBHEHUX KOMIIO3HII HPH BHCOKOMY BMICTi
MoS,. nst Bei€l nuissHKH (PAKTOPHOTO MPOCTOPY BMICTY
MoS, i anst ginsgHKH (aKTOPHOTO MPOCTOPY 3 BMICTOM
KB 3-22% iHTCHCHBHICTh 3HOIIYBAaHHS 3aJCKHUTh BiJ
B3aemozii BMicTy MoS, i KB i nocrynoBo 36ibinyeTsest
31 30UIBLIEHHAM BMicTy aucynbghimy Monibneny i
KapOOHOBOTO BOJIOKHA.
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Puc. 1. /IBoBuMipHi niepepizu QyHKIii BIATYKY MTATOMOI iHTEHCUBHOCTI 3HOITYBaHHS IpH t,, = 17,5 xB. (X5 =0)
3MillyBaHHA KOMOO3MUIT 1 thom, =5 (X4=-1,83) (a), 10 (X4=-1) (0), 16 (X4=0) (B) i 22 (X;= +1) (T) xB.
HOTIepeTHHOTO MOPiOHEHHS KapOOHOBOTO BOJIOKHA (KpUCKOBaHi JIiHiT — nepiuuii eran S; = 0...2 KM, CyniibHI —
Jpyruit eran BUIIpoOyBaHb S, = 2...12 km). Ha kpuBHX piBHUX 3Ha4eHb (DYHKII] BIATYKY HaBe/ICHI BEJIMUUHU
inrencusrocti 3uomysanms I'( 107 [mm’/Hm]).

Hdus 1, npm 30UIBIOIEHHI dYacy IONEpeIHbOTO
noJpiOHEeHHs 1  HE3MIHHOMY  d4aci  3MillyBaHHs
KOMITO3MLiT KOOPJMHATH HOBOTO LICHTPY He3MiHHi. J{is
Ix mpu 30UIbIIEHHI Yacy NONEPEIHbOro IOJAPiIOHEHHS
CIIOCTEpIraeTbesi pi3ke 3MILICHHS HOBOIO LEHTPY 3a
MeXaMH JIUISTHKH (akTopHOro mnpocropy. Lle cBiguuth
PO Te, 0 Ha MEePIIOMY eTalli iIHTeHCHBHICT 00’ €MHOTO
3HOIIYBaHHS Oyle 3amexaTd Bix dYacy 3MiIIyBaHHA
KOMIMO3HUIIil, TOAI K Ha APYroMy eTalli iHTCHCHBHICTb
3HOIIYBAaHHSA € [Iy)Xe YyTJIMBHUM IIapaMeTpoM dHacy
MOTIEPETHHOTO MOAPIOHEHHST KapOOHOBOTO BOJIOKHA.

Ha puc. 2 306paxeno ABoBuUMipHi nepepizu GpyHKmin
BIAryKy KoedilieHTa TepTd 3pa3KiB KOMIIO3MIII Ha
MMOYaTKy Ta B KiHII mepmoro eramy ( M1 M) BiI BMIiCTy
kapOonoBoro  BomokHa Cpp(%) Ta  aucynediny
monibneHy Cyosy (%) npH (ikcoBaHOMY 3HAuYCHHI 4acy
3MilIyBaHHS KOMITO3HUIIAHOTO Matepiany t,, = 17,5 xB.
(X3=0) Ta ¢ikcoBaHOMy dHaci  IONEPEAHHOIO
MOJPiOHEHHS KapOOHOBOTO BOJIOKHA thomp = 3
(X4=-1,83), 10 (X4=-1), 16 (X4=10) i 22 xB. (Xs=+1).
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MinimanbsHi 3HaueHHS Koe(illieHTa TepTsS Ha TOYATKy
BUIIPOOYBaHb CIOCTEPIraloThCs IS  KOMIO3UIIH 3
BMicToM KB 12-21%. 30inblneHHs 4acy MONEPEIHBOTO
mopiOHCHHS KapOOHOBOTO BOJIOKHA IPHU3BOJHUTEH IO
MMOMITHOTO 3MCHIIICHHS KOe(ilieHTa TepTs , a TAKOXK JI0
3MINEHHS 30HW MiHIMAJIFHUX HOTO 3HAYEHb B CTOPOHY
MEHIIIOTO BMICTY TBEPJIOTO MacTHIIA. s
HU3bKOHAITOBHEHUX KOMITO3UIiH (MeHme 12%) 3HauHe
3MEHIIEHHS BMicTy MoS, Beme 10 HE3HAYHOTO
30umpmenns BMicty KB 1 mHaBmakm, a A
BHCOKOHAITOBHEHNX KOMTIO3UINM Koe(]ilieHT TepTs He
3anexuTh Bim BMicty MoS,. Ilpm 30inpmenHi dwacy
norepeiHboro noxapionenns KB HoBuil neHTtp nenio
3MILIYETbCS B CTOPOHY BHMIIMX 3HauyeHb BMicTy KB i
3HAYHO 3MIIYETHCS B CTOPOHY HIXKYOTrO BMICTY MoS,,
0 CBIAYUTH MpO Te, IO TpUBAJEC MONEPEIHE
MOJPIOHEHHST BOJIOKOH TIPU3BOAWTH 110 3MEHIICHHS
KoedillieHTa TepTs MNpH HU3BKOMY BMICTI TBEPIOTO
MacTHJIA.
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Puc. 2. /IgoBuMipHi niepepi3u GyHKmii BIATYyKy — Koe(irieHTiB TepTs mpH t,,= 17,5 xB. (X3 = 0) 3mimryBaHHS
KOMIO3HIT 1 thon =5 (X4=-1,83) (a), 10 (X4="-1) (6), 16 (X4=0) (B) 1 22 (X4=+1) () XB. MONEpPETHLOTO
1o piOHEHHs! KapOOHOBOT'O BOJIOKHA (KPUCKOBaHI JIiHII — Ha Io4yaTKy nepmoro eramy S; = 0...2 KM, CyLUIbHI —
Ha [OYaTKy JIPyroro eraiy BUIpoOyBaHb S, = 2...12 km). Ha kpuBux piBHUX 3HaYeHb QYHKLIT BIATYKY
HaBEJCHI BEIMUMHU KOCSPIIIEHTIB TEPT iy, My

Jis xoedimienTa TEPTS B KIHII NEPIIOTO eTamy
MiHIMaJIbHI 3HAYEHHS CIIOCTEPIraroThCs IS
HU3bKOHAIIOBHEHUX KOMIIO3MII IPH BHCOKOMY BMICTi
MoS,, Ilpu 3meHmenHi BMmicty MoS, 1 He3MiHHOMY
Bmicti KB koediumient teptst 30inbmiyerbes. Ilpu
30UIBIICHHI Yacy NONEpeIHbOro MOAPIOHEHHS HOBHN
MOYaTOK KOOPJAMHAT 3MILIYETHCSI B CTOPOHY 3MEHIICHHS
BMicTy KB i 36inbmenns BMicty MoS,, a 1ie IpU3BOIUTH
JI0 30UTBIIEHHS MiHIMQJIBHUX 3HA4YeHb Koe(ilieHTa TepTs
1 70 3MCHIIGHHS MaKCHMAaJbHHX HOTro 3HA4YeHb IpU
HE3MIHHHMX BiJIOBITHMX 3HAa4eHHSAX BMIicTy MoS,; i KB.
[Ipu 36inbmenHi yacy nmonepeansoro noapioaeHHs KB i
HE3MIHHOMY dYaci 3MilTyBaHHA MOJIMEPHOI KOMITO3HUIIi{
BHCOKI 3HAuYeHHs Koe(il[ieHTa TepTs CHOCTEpiraeThes
JUIt HU3bKOHAIIOBHEHWX KOMIIO3MLIM NpHU HU3BKOMY
BMicTi MoS, 1 /IS BHCOKOHANOBHEHHX KOMIIO3UILM,
MpUYOMY Ul BHCOKOHAIIOBHEHHX  KOMIO3HUIIN
TIOCTYIIOBE 301TBIICHHS qacy TIOTIEPETHHOTO
noapionennss KB cnpuumHsie 3MeHIIeHHs KoedilieHTa
TEepTS.

Ha puc. 3 306paxeno aBoBuMipHi niepepizu GpyHKmin
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BIITYKY KoeilieHTa TepTs 3pa3KiB KOMITO3HIIi B KiHII
Jpyroro eraimy Ta BiJIHOCHOTO TIIOJOBXCHHS IpH
postaryBaHHi (b 1 &) BiI BMICTy KapOOHOBOTO
BojiokHa Cpp(%) Ta mucynbdiny mounioneny Chyosy (%)
npu  (GiKCOBaHOMY 3HAa4€HHI 4acy  3MillyBaHHs
KoMIIo3MLiitHOro Marepiany t,, = 17,5 xB. (X;=0) Ta
(ikcoBaHOMY  dYaci  TONEPENHBOrO  IOJPiIOHEHHS
KapOOHOBOTO BOJIOKHA thon = 5 (Xs=-1,83), 10 (Xy=-1),
16 (X4=0) i 22 xB. (X4=+1). Mi"iMaJIbHI 3HaYCHHS
KoeiIieHTa TepTs B KiHIl APYroro eTary Ipu HU3BKOMY
gaci MomepeaHbOro MOAPIOHEHHS CIIOCTEePIraroThCs Ha
MIMPOKIHA AiISHII (paKTOpHOTO MpocTopy BMicTy KB mpu
BHCOKOMY BMicTi MoS,, Ipu4oMy NpH HHU3BKOMY daci
nonepenaporo monpionenHs KB kxoedirieHT TepTs
MpakTHYHO He 3anexutb Bix BMmicty KB. Ilpnm
30UIbIIEHHI 4Yacy monepeaHsoro mnoxapionenus KB
IUITHKA MIHIMATbHHX 3HAa4YeHb KoeQillieHTa TepTs
po3mmproeTbes (puc. 3 B, T) 1 3MIIIYETHCS B CTOPOHY
Hwkdoro Bmicty KB i MoS,. Tak npu Ttpusaiomy
nonepenaboMy monpioHeHHi KB 3’sBnserhes minsHKa
MiHIMAJTFHUX  3HaYeHb  KoeQillieHTa  TepTsd s
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Puc. 3. /IBoBuMmipHi nepepizu GyHKILIT BIATYKY — KoedillieHTa TepTs i BiTHOCHOTO BUAOBKEHHS IIPH
PO3TATYBaHHI NpH t,= 17,5 xB. (X3 = 0) 3MilllyBaHH KOMIO3HULII 1 them = 5 (X4=-1,83) (a), 10 (X;=-1) (6),
16 (X4=0) (B) 1 22 (X4=+1) (T) XB. IONIEPETHBOTO MOAPIOHCHHS KapOOHOBOTO BOJOKHA (KPUCKOBaHI JIiHIT —

BiZIHOCHE BUJIOBXKCHHSI [IPU PO3TATYBaHHI, CyLIbHI — KOeiLliEHT TepTs B KiHIII APYroro eTaiy BUIPOOYBaHb).
Ha xpuBnx piBHHX 3Ha4eHb (YHKII] BIATYKY HaBelICHI BETHIHMHN Koe(illieHTa TepTs |y, 1 BITHOCHOTO
BHZOBXKXEHHS TIPH PO3TATYBaHHI &, (%).

HU3bKOHAIIOBHEHNX KOMIIO3UIII TPH BHUCOKOMY BMICTi
MoS,. [ns yacy momepemHboro MmoapiOHEHHs OuibIe
5 XB. IpH HE3MIHHOMY 4Yaci 3MinryBaHHs komnosunii KB
3MmeHmeHHs BMicty KB Bene 1o 30unblueHHS BMicTy
MoS, i1 HaBmaku. g 3aiexHICTP NOpYyLIyeEThCS IpH
BUCOKOMY 4aci momepeansoro mnozapioHenns KB s
BHUCOKOHAIIOBHEHHX  KOMITO3MIIH, KOJMM  HE3Ha4HE
3MmeHmeHHs BMicty KB cnpudnHsie 3HauHe 301IbIICHHS
BMmicty MoS,. Ilpm 30impmieHHi Hacy NONEPEIHBOTO
monpibnerHs KB 1 HesMmiHHOMY 4daci 3MimIyBaHHA
KOMIMO3HIIIT KOe(iIlieHT TepTs 3MeHIIyeThes (puc. 3 0, B,
r), LOI0 BKa3ye Ha Te, IO [y € OyKe UyTIUBHM
rmapaMeTpoM ~ 4Yacy  IOIEPeJHBOTO  MOAPiOHEHHS
KapOOHOBOTO BOJIOKHA.

Jns BIIHOCHOTO BHIOBXKEHHS INPH PO3TATYBaHHI
MiHIManbHI HOro 3HAYeHHs MpH HHU3BKOMY 4aci
norepeiHboro nojpionenHss KB crocrepiratorsest npu
HU3BKOMY 4aci mnomepeansoro mnojapioHenns KB s
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xomno3sutii 3 BMictom KB 19-25% npu BMicTi TBepaoro
mactwia 5-15%. B wmipy 3menmenns Bmicty KB
BiJIHOCHE BHUIOBKCHHS TP PO3TATYBaHHI 30UIBIIYETHCS 1
MaibKke He 3aJeXHuTh Bix BMicTy MoS,. 30ubieHHs yacy
MOTIEPEIHBOT0  TOAPIOHEHHS NpPU HE3MIHHOMY 4aci
3MIlIyBaHHI KOMITO3UINi TPHU3BOIUTE [0 3MIIICHHS
HOBOTO LICHTPY B CTOPOHY BHINMX 3HaudeHb BMicTy KB i
HIDKYMX 3Ha4eHb BMicTy MoS, Ta po3MHpeHHS 30HH
MiHIMAJFHUX 3HAa4eHb BiIHOCHOTO TIOJOBXKEHHS TIpH
posrsaryBaHHl. Tak TIpM TPUBAJIOMY IONEPEAHBOMY
o ipiOHEeHHI KB MiHIMaJIbHI 3HAYEHHS &
CIIOCTEPITAIOThCS TSI BHCOKOHATIOBHEHUX KOMITO3HITIH
Maibke Ay BCi€l OiNSHKH (GaKTOPHOTO MPOCTOPY BMICTY
MOSz.

Ha puc. 4 300paxeHo 1BOBUMIpHI nepepizu QyHKIINH
BIATYKY MILHOCTI TIpM pPO3pUBI Ta ynapHOi B’SI3KOCTI
3paskiB KOMIO3uIiil ( Oy, 1 Ay) Bil BMiCTy KapOOHOBOTO
BojiokHa Cpp(%) Ta mucynbdiny monioneny Chyosy (%)
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Puc. 4. /IBomipHi nepepizn GyHKIIT BIITyKY — MIIJHOCTI IIpH PO3PHBI i TUTOMO] yAapHOI B’SI3KOCTI IPH
ty= 17,5 xB. (X5 = 0) 3MilIyBaHHS KOMIO3HULIT 1 thon = 5 (X4=-1,83) (a), 10 (X4=-1) (6), 16 (X4=0) (B) 122
(X4=+1) (r) XB. mONEPEAHBOTO MOAPIOHEHHSI KAPOOHOBOTO BOJIOKHA (KPUCKOBaHI JIiHIT — yapHa B’SI3KIiCTb,
CYIINBHI — MIIHICTB IPH po3puBi). Ha kpuBHX piBHUX 3HaUeHb (PYHKIII BiATyKy HaBEICHI BEIMYNHHI MIITHOCTI IIPH
po3puBi O, [MIla] i nuTomoi ynapHoi B’ a3KkocTi A [k/Ix/ M.

mpu  (GIiKCOBaHOMY 3HA4€HHI 4acy  3MIllyBaHHs
KOMHO3HIIHHOTO Matepiany t,,= 17,5 xB. (X5=0) Ta
(ikcoBaHOMY  Haci  IOMEPEeNHBOTO  IOAPIOHEHHS

KapOOHOBOTIO BOJIOKHA thoq = 5 (X4 = -1,83), 10 (X4=-1),
16 (X4=0) i 22 xB. (X4=+1). MakcumaybHi 3HaYCHHS]
MIIHOCTI TIPH PO3PHBI IIPH HU3BKOMY Yaci HOMEPEIHBOTO
noapioHerHs KB croctepiraroTbCst Al KOMIIO3UITIH 3
Bmicrom KB 3-14% mnpu Hu3bkomy BMicTi MoS,, a
MiHIMAQJIbHI — JUI1 HU3BKOHATIOBHCHUX KOMIIO3HUILHM MpH
BHUCOKOMY BMicTi MoS,. ¥V Mipy 3MeHIIEHHs 3Ha4eHb
MIIJHOCTI TIpY PO3PUBI IUIHKA (DAKTOPHOTO IPOCTOPY
Bmicty KB 3HauHO po3mmproerbcs. 30UTbIICHHS 4Yacy
noriepetHboro noxapionenHs KB mpu HeaminHOMY 4Yaci
3MINTyBaHHS KOMIIO3UINI MPHU3BOAWTH 1O 30UIBIICHHS
3Ha4yeHb O, 0e3 MOPYIIEHHs 3araibHOi 3aKOHOMipHOCTI.
IIpu TpuBamomy mnomepeaabomy moxapionernni KB
3’ABIACTRCS 1€ ONHA MUISHKA MIHIMQJIBHAX 3HAYEHD
MIIIHOCTI TpW  PO3pHBi: JJII  BHUCOKOHAIIOBHEHHX
KOMMO3HIIi# Tpu HU3BKOMY BMicTi MoS,.
MinimMansHi  3HA4YeHHS yJapHOL

B’SI3KOCTI  TIpH
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HU3BKOMY 4aci momnepegHboro mnojpionenns KB
XapakTepHi Iy koMrosuilid 3 BmictoM KB 16-22% Ha
IIUPOKIA MUIAHII (aKTOPHOTO TpocTopy BMicTy MoS,.

3menmenHs BMmicty KB mpm3BoguTe 10 pi3KOro
30UIBIIIEHHS ynapHoi B’ SI3KOCTI. Tak TS
HU3bKOHAIIOBHEHNX KOMITO3HUIIA XapaKTepHi BHUCOKI

3HA4YCHHS YAapHOI B’S3KOCTI, sIKa Maibke HE 3aJIeKUTh
Bil BMicTy MoS,. 30imblIeHHS 4Yacy NONEPEIHBOTO
noapionennss KB npu He3MiHHOMY 4Yaci 3MillyBaHHS
KOMITO3MLIT IPU3BOJUTE O PI3KOro 3MILIEHHS HOBOT'O
MMOYaTKy KOOPIUHAT B CTOPOHY BHIMX 3HaucHb KB i
HIKYUX  3HaueHb  MoS,. Ile cympoBomxkyeThcs
PO3IIMPEHHSIM 30HH MIHIMAIbHUX 3HAYCHb YAapHOI
B’3KOCTI TIPH Yaci MOMEpeIHLOro MoApiOHEeHHs Oiibine
5 xB. Tak mpu TpuBaIOMy MOTEPEAHBOMY IMOAPiOHEHHI
KB MiHIMaJIbHY yaapHy B’SI3KiCTh MAaloTh
BHCOKOHAITOBHEHI  KOMIIO3HMINI Ha  BCIM  IUISMHIN
(bakTopHOTO TIpOoCcTOpPY BMicTy MoS,. 30iibmIeHHsT Yacy
TOTIEPETHHOTO TOIPiIOHEHHST KapOOHOBOTO BOJIOKHA TIPH
HE3MIHHOMY dYaci 3MillyBaHHS HOJIMEPHOI KOMITO3ULi



Bruti TBEpIOTO MacTHIIA 1 TEXHOJIOTIYHUX MTapaMeTpiB Ha aHTUDPUKITIHHI...

CIpUYMHSE pi3Ke 30UIBIICHHSA 3HA4YeHb  yJdapHOI
B’S3KOCTI, 0CO0JIUBO IS HHU3bKOHAITOBHEHUX
KOMIIO3HIIIH.
IV. BucHoBku

1. MinimManbai 3HAYECHHS IHTEHCUBHOCTI

00’€MHOr0 3HOIIYBAaHHS Ha MEpIIOMY €Tali TepTs
CIIOCTEPIraloThes U1l BACOKOHAIIOBHEHNX KOMITO3HMIIIH, a
Ha JOpyromy eTami — Uil HU3bKOHAIOBHEHHX
KOMITO3UIIiH. 31 30UIBIIEHHSM  4acy TONEpPeIHbOTO
MmoJpiOHEeHHsT KapOOHOBOTO BOJIOKHA TOCTAOIIOETHCS
3QJICKHICTh 1HTEHCUBHOCTI 3HOIIYBaHHS BiJl BMICTY
TBepAoro Mactwia. Ha npyroMmy erami iHTEHCHBHICTH
3HONIIYBAHHSI € Jy)Ke YYTIMBUM MapaMeTpoOM dYacy
MOTEepeTHHOTO NOAPIOHEHHS KapOOHOBOTO BOJIOKHA.

2. Jlns xoediui€eHTIB TEpTS Ha MOYATKY MEPLIOTO i
JIpyroro erTamiB TepTsd MiHIManbHI 1X 3HAYEHHS
CIIOCTEpIraloThesl IS HU3bKOHANOBHEHUX KOMITO3HIIIH
IpU BUCOKOMY BMICTI TBEpPIOTO MacTwia. 30UTbIICHHS
gacy MOIEePEeIHBOTO MOAPIOHEHHS KapOOHOBOTO BOJIOKHA
MPU3BOJNUTh 1O TIOMITHOTO 3MEHIIEHHS KoedilieHTa
TEpTsI Ha TIOYATKY MEPIIOTO eTaly, a TAKOXK /10 3MIIICHHS
30HA MiHIMQJIGHUX HOTO 3HAYCHb B CTOPOHY MEHIIIOTO
BMICTy TBEPJIOTO MAacTWiIa, a I KoedimieHTa TepTs Ha

MOYaTKy Jpyroro eTamy — 10 30UTbIICHHS HOro
MIiHIMaTBHHUX 1 3MCHIICHHS MAaKCUMAIbHUX 3HAYCHB IMPH
HE3MIHHUX BiIIMOBIAHUX 3HA4YCHHSAX BMicTy MoS, i KB.
ITpu 36inpmeHH] Yyacy nomepeanboro noapioneHds KB i
HE3MIHHOMY dYaci 3MIIIyBaHHS KOMITO3UIlT Koe(illieHT
TEPTsI B KiHIIl APYroro eramy 3MEHIIYEThCS, 10 BKa3ye
Ha Te, MO Hy, € OyXKE YYTIMBHM NapaMETPOM 4Yacy
MOTIEPEAHBOTO MOAPIOHEHHsT KapOOHOBOTO BOJIOKHA. Ha
BCi KOe(illieHTH TEepPTS Ma€ BIUTUB B3aEMOJIsl BMICTY
TBEPAOT0 MacTHIIa i KapOOHOBOTO BOJIOKHA.

3. MexaHi4yHi BIaCTHBOCTI KOMIIO3HMIIIM HA OCHOBI
NoMiTeTpa TOPETHIICHY CHIIBHO 3aJieKaTh B BMICTY
HANOBHIOBaYa i ci1abo BiJ BMICTy TBEPJOr0 MACTHIIA.
MaxkcumanbHi  3HAYCHHS MEXaHIYHHX BIACTUBOCTCH
CIIOCTEPITAIOTHCS ISl HU3BKOHAIIOBHCHUX KOMITO3HUITIH.

30imbIIeHHST  Yacy  TOMEPEeIHbOTO  MOAPiOHEHHS
KapOOHOBOTO  BOJIOKHa TIpM  HE3MIHHOMY  daci
3MINTyBaHHS ~ KOMITO3UIli ~ TPU3BOIUTH JO  Pi3KOTO

30UTBIIICHHST MEXaHIYHUX BJIACTUBOCTEH MaTepiaiy.

Cipenko I.O. — 1OKTOp TEXHIYHUX HaykK, mpodecop,
3aBigyBay KaeApHu TEOPETUIHOI 1 MPUKIAIHOT XiMiT;
Mioak JI.AI. — acnipant Kadenpu TEOpeTHYHOI 1
TIPHUKIIATHOT XiMil.
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The Influence of Solid Oil and Technological Factors on Antifriction and other
Mechanical Properties of Composite Material Based on Polytetrafluoretylene
and Carbon Fiber
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The influence of concentration of solid oil and technological factors (concentration of special carbon fiber and
time of its previous pounding) in invariable time of mixing of composition on antifriction and other mechanical
properties of composite materials based on polytetrafluoretylene and carbon fiber is researched using methods of
mathematics planning of experiment and search of optimal decisions.
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