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PaccmoTpen BapuaHT nepepaboTKu OBITOBBIX OTXOI0B MOJMATUIICHOBOM Taphl B
JPEBECHO-TIOIMMEPHBIE KOMITO3UIIMOHHBIE TUITUTHL. B KauecTBe MeTO/1a UCCIIeI0BAHUS
HCIIOJIb30BaH PErpecCUOHHbIN aHaiu3. [loaydeHsl perpecCuOHHbIE MAaTEMATHUYECKUE
MOJIEIN 3aBUCUMOCTEH MPOYHOCTU TUTUT MPU CTATUYECKOM H3rube, pazOyxaHus Io
TOJIIMHE 32 249 U 24 4 OT TeMIepaTyphl MPECCOBAHUSA, YACIbHON MPOJOJIKUTEIIBHO-
CTU TIpeccoBaHus, (PPaKIMOHHOTO pa3Mepa J00aBIISIEMBIX HU3MEIbYEHHBIX OTXO0B

MOJUATUICHOBOU Tapkbl.

[lepepaboTka OBITOBBIX OTXOAOB MOJUATUICHOBOM Taphl SBISETCA 4acThO 00-
el MpoOJIeMbl MCIIOJIb30BaHUsI OTPAOOTAaHHBIX MOJMMEPHBIX MaTepuaioB [2, 3].
Cy1iecTBYIOT pa3IM4HbIe CIIOCOOBI PEIICHUs TaHHOM MTPOOJIEMBI: C)KUTaHUE OTXOOB,
3aXOpOHEHHE, J00aBKa B HEOOJBIIMX KOJUYECTBAX K MEPBUYHOMY MOJIUMEPHOMY
CeIpb0. C)KUraHue MOJIMMEPHON Tapbl HETATUBHO BIIMSET HAa SKOJIOTHIO, B 3aXOPOHE-
HUSIX OTX0J1bl pasyaratorcst B Teuenue 50...100 ner, to6aBka 0TX0J0B K IEPBUUHOMY
CBIPBIO yXYyJLIAeT MoKa3aTeau noiauMmepa. B pabore npenaraercss OJlMH U3 BapUaH-
TOB peUIeHUs! MPOOJEMbI — MPOU3BOACTBO APEBECHO-TIOIMMEPHBIX KOMIIO3UTOB, CO-
CTOSIIIIUX M3 JPEBECHBIX YACTUIl U U3MEJIbYEHHBIX MOJUATUIECHOBBIX OTXOIOB C JI0-
0aBKoil monumepHOro casasymouiero. Kpome perieHust Bonpoca yTHIM3ALUU TOJIH-
ATUJIEHOBOM Taphkl, pad0oTa BHOCUT CBOW BKJIAJ B CHM)KEHHE pacxoia APEBECHOTO Chl-
pbsl Ha MTPOU3BOJICTBO IUIUT, UTO SIBJSIETCS BaXXKHOMU 3a/1adeil B 00JacTH MPOU3BOICTBA
TUTUTHBIX KOMITO3UIIMOHHBIX MaTePHUAIOB HA OCHOBE JipeBecuHsI [4, 5].

[enpro uccnegoBaHus SIBISETCA pa3padOTKa CTPYKTYpbl U TEXHOJOTUYECKUX
(bakTOpoB mporecca MPOU3BOJCTBA IIUTHBIX KOMITO3UIIMOHHBIX MAaTE€pPHAJIOB C JI0-

0aBKOI OBITOBBIX MOJHUITHUIECHOBBIX OTXOJI0B.



KoMmo3unuoHHbIe TUIMTEI MOTYT HCIOJIB30BAThCSl KaK B MEOSITHLHOM TIPOU3-
BOJICTBE, TAK U B CTPOUTENLCTBE. JlaHHBIC HANPABICHUS HMCIOJIb30BAHUS ILIUTHBIX
MaTepralioB MPEIbABISIIOT ONpe/IeeHHbIe TPeOOBaHM K IKCILTyaTallUOHHBIM XapaK-
TEPUCTUKAM TUIUT, B YACIIE KOTOPHIX — MPOYHOCTHBIE TTOKA3aTeNId U 00CCIICUCHIE He-
o0xoauMoii cTernenn BogocToikoctu [4]. U3 nByx 3amad — oOecrieueHuss HeOOXOIu-
MOM MPOYHOCTHU W MOBBIMIEHHUS BOJOCTOMKOCTU JPEBECHBIX KOMIO3UIIMOHHBIX IUJIUT,
OoJiee CIIOXKHOM SIBJISIETCS 3aJlada CHYDKCHHSI TUTPOCKOIMMYHOCTH MaTepuaia. [ urpo-
CKOIMMYHOCTh JIAHHOTO KOMITO3MTa OOyCJIaBIMBAaeTCsl APEBECHOM cocTaBisroliei. B
paboTe OblIa BRIABUHYTA TUIIOTE3a, YTO JJIs HOBOTO BHa KOMITO3UTAa BO3MOYKHO I10-
BBIIICHUE BOJOCTOMKOCTH IYTEM TEXHOJIOTUYECKHUX BO3JICUCTBUN Ha MOJUMEPHYIO
COCTAaBIISIFOILYIO TUTUTHI.

[TomuaTHEH UMEET HEBBICOKYIO TEMIIEPATYPY PA3IOKEHHUS U HEAOCTATOUHYIO
MeXaHH4YECKyI0 MmpouHocTh [1]. HeBricokas MexaHHYecKass IPOYHOCTh JAHHOIO IT0-
JUMEpa HE MOXET MOCITYXKUTh MPEISITCTBUEM K pPa3padOTKe JPEBECHO-TIOJUMEPHOIO
KOMIO3UIIMOHHOTO MaTepuaia, MOCKOJbKY MPOYHOCTh OyAeT oOecrneuuBaThCs Jipe-
BECHBIM HamoJiHuTeneM. OJHaKO 3TOT K€ APEBECHBIN HANOJIHUTEIb OJHOBPEMEHHO
SBJISICTCSI 1 HOCUTEJIEM THAPOPUIHHBIX CBOUCTB [4, 6]. [loaToMy 07HOM M3 OCHOBHBIX
mpobisieM B paboTe sABIsSETCS oOeCreueHne IKCIUTyaTallMOHHBIX TMOKa3aTelied pa3pa-
OaTpIBAEMOI'0 MaTepualia, OTBEYAIOIMNUX TPeOOBAHUSIM HOPMATUBHOM JOKYMEHTAIIHH,
MPEIBIBISIEMbIM K KOMIIO3ULIMOHHBIM IUIMTHBIM Marepuanam. BBUIy OTCYyTCTBUSA
aHaJIOTOB pa3pabaThiBAEMOIo MaTepHaia B Ka4eCTBE HOPMATHBHOMW JOKYMEHTAIIUH
HCIIOJIB30BAIMCH TPEOOBAHUS, IPEABSIBISIEMbIC K JPEBECHO-CTPYKEUHBIM IUIUTAM.

SIBIISISICH MHEPTHBIM HAMOJIHUTEIEM, MOJUATUIIEH HE CO3/IaCT MPOYHYIO CTPYK-
TYPY C BBICOKUMH (PHU3UKO-MEXaHHYECKUMH ToKazaTeasIiMu. CyIIecTBYIOMINE MEKTY
MOHOMEPHBIMU 3BEHbSIMU CBSI3M MOXKHO Pa3pylIUTh MEXaHUYECKU (JIPOOJICHHEM) WU
C HCIIOJIb30BaHUEM PACTBOPHUTEIICH MONMMMEPOB. MexaHHuecKoe APOOJICHHUE SBIISICTCS
HanboJIee IPOCTHIM.

MOXHO HCHOJNB30BaTh CIEAYIONIME BO3MOXKHOCTHM CO3/aHUS JIPEBECHO-
MOJIUMEPHBIX KOMITO3UTOB: C UCIOJIb30BaHUEM (PeHOI0(OPMATTbIETHIHOTO CBA3YIO-

mero (®PC), ¢ wucnonbp3oBaHueM KapOaMUA0(DOPMAaIbACTUIHOTO CBSI3YIOIIETO



(K®C), 6e3 mosuMepHOro CBS3YIOIIET0 MO TEXHOJOTHH JIPEBECHBIX IUIACTUKOB 0e3
cBs3yromiero. Kommno3ut ¢ 100aBKOM MOTUATIIICHOBBIX 0TX010B Ha DDC, moTpedy-
€T BBICOKOM TEMIIepaTyphl IMPECCOBaHUS, HO JNACT MPOYHYID IPOCTPAHCTBEHHYIO
cTpyktypy [2].

B uccnenoanuu, nposoaumoM Ha kadenpe MTJ KI'TY, npoBoautcs paspa-
00TKa JPEBECHO-TIOJIMMEPHBIX KOMIIO3UTOB ¢ Hcnoib3oBaHueM DDC ¢ go0aBkoif
M3MEIIBYEHHBIX OTXOJI0B NOJIUAITUIEHOBOU Taphl.

B kaudectBe MeTO/1a IKCIIEPUMEHTAIIBHOT'O UCCIEI0BAHMS ObLT UCIIOJIB30BAH pe-
IPECCHOHHBIN aHAIW3, B YaCTHOCTH, B-Iutan BTOpOro nopsijaka. BeixonHbie BenU4u-
HBbI: ¥Y; — IPOYHOCTh IUIMT IpH cTaTuyeckoMm u3rude, MlIla; ¥V, u V3 — pazOyxanue
IUTUT 10 TONIIMHE 32 2 4 U 24 4 npeObIBaHus B Boje, %. Jluamna3oHbl BapbUPOBAHUS

(aKkTOpOB NPECTABIICHbI B TAOJIHILIE.

Tabmuma
JlnanazoHbl BapbUpOBaHUs (PaKTOPOB
YpoBHHU Bapbu-
O603HaueHue pakropa HuTepBan
HaunmenoBanue daxk- pOBaHUs
BapbUPO-
TOpa Harypans- | KogupoBasn-
P 7P AP -1 0 +1 | BaHui, A,
HOC HOC
1. Temnepatypa npec- T X 210 | 230 25 20
coBaHHMS IHT, °C 0
2. - 4 2
Y nenbHas mpoaos - X, 0, 0,5 0.6 0,075
KUTEIbHOCTh MPECCO- 5 5
3. ®pakMOHHBIHN pas- p X, 1,1 1,72 23 0.575
Mep OTXO0JI0B, MM 5 5

B pesynbpTaTe 00paboTKH SKCIEPUMEHTAIBHBIX JTAHHBIX MOJTYYEHBI MOJETH (B
KOJMPOBAHHBIX 0003HAYCHUSX BaPbUPYEMBIX (PaKTOPOB):
Y, = 18,647 - 2,034X; + 1,466X, - 1,706X5- 2,491X,° + 0,669X,” + 1,629X5° +
+0,34X X, + 0,337X1 X3 - 0,05X,X3;
Y,=9,92 - 2,147X, - 1,384X, + 3,819X;- 0,967X,° - 0,462X,> + 1,843X5° +
+0,341X:X;- 0,514 X, X35- 0,226 X,X3;



Y3=15,136 - 3,696X; - 2,473X,+ 3,961X5- 0,571X,%- 0,496X,> + 2,364 X, +
+1,138X, X, + 0,875X ;X3 - 0,29X,Xa.

['paduku 3aBUCUIMOCTH MPOYHOCTH KOMIIO3UTA MPU CTATHUECKOM H3rHle U

pazOyxaHus 1Mo TONIIMHE 3a 24 4 IpeACTaBlIeHbl Ha puc. 1, 2.

1Y, (o, Mlla)

& X1=1, K2=1, = XK1=, X2=-1, = X1=1, X2=-1, = X1=-1, {2=1;

Puc. 1. I'paduk 3aBUCUMOCTH MPOYHOCTH HA CTATUYECKUN U3THUO OT (PPaKIIMOHHOTO

pasMepa U3MCJIbUYCHHBIX OTXO10B MOJIUATUIICHOBOM Tapbl



Yy, (P, %)

& K=1: ¥2=1: == ¥i=.1; ¥2=-1; % {1=1; H2=-1;

# K1=-1; X2=1:

Xy,
Puc. 2. I'paduk 3aBucuMOCTH pa3OyxaHus [T MO TOJIIUHE 3a 24 yaca OT (pakiu-

OHHOTI'O pasMcpa U3MCIIbYCHHBIX OTXOI0B MOJIUATUIICHOBOM Tapbl

AHanu3 rpaduyecKuX 3aBUCUMOCTEM, MOCTPOSHHBIX MO JaHHBIM PErpecCHUOH-
HBIM MOJIEJISIM, TTO3BOJIMJI CJIEJIaTh CIEAYIOIINE BBIBOIBI:

1. IIpoyHOCTH IPEBECHO-MIOTUMEPHBIX KOMITO3UTOB U3MEHSIETCS C YBEITUUCHU-
€M TEMIIEpaTypbl IPECCOBAHUSA: BHAYAJE OHA HE3HAUYMTENBHO PACTET, a 3aTeM
HaOrofaeTcs ee najgeHue. B Havane uHTEpBalia BappUPOBAHUS TeMIepaTypa JOCTHU-
raeT TaKuX 3HAYCHUH, KOTJa U3MEJbYEHHBIA MOJIUMEDP PACIUIABIISIETCS U 3alOJIHSET
MOPBI MEXKYy APEBECHBIMU YACTUI[AMHM, TEM CaMbIM MOBBIIIAS MPOYHOCThH IUIUTHI.
OnHako TeMrepaTypHble HHTEPBAJIbI MJIABJICHHS MOJUATUIIEHA U IECTPYKIIUU JIpEBeE-
CHUHBI HaxOJsITCS B OJHOM 00JIacTH, MOATOMY MPU JAJbHEHIIIEM YBEIUYCHUU TEMIIe-
paTypbl YBEIUYUBAETCA AECTPYKUUS IPEBECHON COCTABIISIONIEN KOMIIO3UTA, U MTPOY-

HOCTHBIC IT10Ka3aTCJIM HAYNHAOT CHUKATHCA.



2. Ilpu yBenuueHnnu (HpakimOHHOTO pa3Mepa U3MEIbUYEHHONW MOJUITUICHOBON
Tapbl nagaer. JleficTByeT (pakTop yMEHBIIECHUS pa3Mepa MaKpOMOJIEKYJbI MOJUITHU-
JIeHa [IPU MEXaHUYECKOM H3MennbueHUU. OOpBIBKM MAaKpOMOJIEKYJ UMEIOT OOJIBIIYIO
CTENEHb MOABUXHOCTH, 3TO B COUYETAHHH C JABJICHHEM IPECCOBAHMS CO3AAET YCJO-
BUS JUIsl COJMMXKEHUs BOJIOPO/A MOJMATUIEHA U THAPOKCUIIA LEJUTI0NI03bl, U (HopMu-
pPOBaHUs BOAOPOJHOM CBA3H.

3. Paz0yxaHue KOMITO3UTOB IO TOJIIIMHE KakK 3a 2 4aca, Tak u 3a 24 yaca 3Ha-
YUTEJIBHO CHUYKAETCS C YBEJIMUYEHHUEM TEMIIEPATYPhI IPECCOBAHUSA. ITO OOBSICHSIETCA
BIMSHUEM TEMIIEpaTypbl Ha MOJIMMEPHYIO COCTaBIIONIYI0 KoMmmo3uTa. [Ipu Gonee
BBICOKOI Temmeparype 0oJiblllasi 4acThb MU3MEIbUYECHHBIX MOJUMEPHBIX OTXOJIOB pac-
IUIABJISIETCA M 3aKPBIBAECT IOPBI KOMIIO3UTA M IIEPEPE3aHHBIE COCYIbl JIPEBECHBIX
CTPYX€EK, OJIOKHPYS JOCTYH BOJBI.

g obecrieyeHns: MOBBIIMIEHHON BOJAOCTOMKOCTH M MPOYHOCTH IMpPH CTaTHue-
CKOM M3ru0e peKOMEHIyeTCs:

- MHUHHUMAQJIbHBIA (PPAaKIIMOHHBIA pa3Mep U3MEIbYEHHBIX MOIUITHICHOBBIX OT-
X0JI0B, 00aBKa UX TOJIBKO B HAPYXHBIE CIIOU KOMIIO3UTOB;

- BUJ] CHHTETUUYECKOTO CBSI3yIOIIEro — peHonpopmanbaeruiHas cMoa (pac-
X071 CBS3YIOIIETO BO BHyTpeHHHUE ciiou — 9 %, B HapyxHbIe — 13,5 %);

- YIeJIbHOE AaBiieHue npeccoBanus —5 MllIa;

- Temneparypa npeccoanus — 240 °C;

- yieTbHAas NPOA0JIKUTENBHOCTE peccoBanust — 0,6 MUH/MM.

BbrunciieHHbIe IO MOJIENISIM  3HAYCHUS TIoKas3aTenei (mpu peKOMEeHIyeMOM CO-
yeTaHUM (PaKTOPOB): MPOYHOCTH KOMIIO3UTOB IPHU CTaTU4YEeCKOM m3rude — 22,5 Ml1a;
pazoyxanue mo TommuHe 3a 2 4 — 5,4 %; pa3Oyxanue 1o toimuHe 3a 24 4 — 8,1 %.
Pe3ynbTaThl HMCHOBITAHUN IUIMT, W3TOTOBJICHHBIX I0 PEKOMEHAYEMBIM pEXHUMaM:
npounocTh — 21,9 MIla; pa3byxanue no tommuue 3a 2 4 — 6,1 %; pazOyxanue 1o
tonuHe 3a 24 4 — 8,9 %.

HccnepgoBanue B3aumoiecTBrs (haKTOPOB IMpoliecca MPOU3BOJICTBA JIPEBECHO-
MOJIMMEPHOTO KOMIIO3UTa C J100aBKOM HM3MENbUEHHBIX IOJIMATUICHOBBIX OTXOOB

CO3[1a€T BO3MOXXHOCTH YIPABJICHHS IPOLIECCOM CTPYKTYpOOOpa3oBaHHS C IIEJIBIO



OpUIaHusl ITUIMTHOMY MaTepuaity TpeOyeMoro KOMIUIEKCa JKCILTyaTallMOHHbBIX
CBONCTB.
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