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[IpuBeneHsl pe3ynbTaThl HCCIEIOBaHUS BIWsSHHUSA (epMeHTHOro mnpemnapara Filtrase
BRX Ha 3aKkOHOMEPHOCTH IMOJIy4EeHHsI Pa3KHKEHHONH MAcChl U3 Pa3HbIX 3€PHOBBIX KYJIbTYD:
SUMEHs1, OBca U reHuisl. OrnpeneneHo BiausHue gpepmentHoro npernapara Filtrase BRX Ha
BSI3KOCTb PA3KMKEHHOIT Macchl, IIPUTOTOBJICHHOI U3 YKa3aHHBIX 3€PHOBBIX KYJIBTYp MPH CO-
oTHouIeHusIX 3epHo: Boga — 1: (3-10). Ilokasano, uto ucnons3oBanue Filtrase BRX coBmec-
THO ¢ (epMeHTHBIM TpenapatoM Amilex 4T, npexie Bcero, BAUSET Ha yMEHbIICHHE KMHEMa-
THUYECKOH BSI3KOCTH Pa3KMKEHHON MACChl M, B MEHbIIE CTENEeHN — Ha N3MEHEHHE COJlepKa-
HUS B Hell CyXHX BeLIEeCTB. Y CTAaHOBJIEHO, YTO NpUMeHeHne pepMeHTHoro npenapara Filtrase
BRX mo3BOJIS€T yMEHBIINTh PACXOJ IEKTPOSHEPTUH B OJHOM ammapare TepMoepMeHTa-
TUBHOI1 00pabOTKH MpU Pa3KIKEHUN 3aMeca u3 oBca Ha 29,8 %, a mpu pa3:KiKeHUN 3aMeca
u3 stamens — Ha 12,1 %.

Kniouesvie cnosa: GpepMeHTHbI npenapar, KcuiaHasa, aMuiasa, rioKaHasa, BI3KOCTb,
CyXHe BeIIeCTBa, SIMEHb, OBEC, MMIICHUIIA.

Melnyk S.R., Shevchuk L.I1., Melnyk Yu.R., Boychuk O.L. Obtaining Rare-

fied Mass of Various Crops Using Enzyme Preparation Filtrase BRX

The article contains some results of investigation of influence of enzyme preparation
Filtrase BRX on regularities of obtaining a rarefied mass of various crops such as barley, oats
and wheat. The effect of influence of enzyme preparation Filtrase BRX on the viscosity of ra-
refied mass obtained from these crops with the ratio grain to water — 1: (3-10) is studied. The
use of enzyme preparation Filtrase BRX compatible with the enzyme preparation Amilex 4T
primarily is proved to reduce the kinematic viscosity of rarefied mass and to a lesser extent
change the content of dry matter. It is found that the use of enzyme preparation Filtrase BRX
allows reducing power consumption in a single unit of the heat treatment during obtaining ra-
refied mass of oats on 29,8 %, while of barley on 12,1 %.

Keywords: enzyme preparation, xylanase, amylase, glucanase, viscosity, dry matter,
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XepconcKkaa 2ocyoapcmeeHHas MOpCKaa aKkaoemus

NMPUMEHEHUE MEJIKO3EPHUCTbBIX HAMIOJIHUTEJIEN PA3JIMYHOM
®U3BNYECKOM TPUPOABI /1 YAYYIIEHUA ®UBUKO-
MEXAHUYECKHUX CBOMCTB KOMITO3UTHbIX MATEPUAJIOB HA
OCHOBE IIJIACTU®PULIMPOBAHHOM 311I0KCUIHON MATPHULIbI

[IpoBeneHo mccreoBaHUE BIMSIHUS MEIKO3EPHUCTBIX OPHEYNOPHBIX HAroJIHUTENeH
pazu4HON (PpU3MIECKOi MPUPOIbl Ha (PU3MKO-MEXaHUYECKHE CBOMCTBA U CTPYKTYPY IJIACTH-
(UIIPOBAHHBIX TPUXJIOPITHIPOCHATOM MOKCHIHBIX KOMITIO3UTOB HAa OCHOBE STOKCH/IHO-/I1-
anoBoit cmosibl DJ[-20. B pesynbrare aHann3a Mojy4eHHbBIX JTAHHBIX BBIOPAH OMTUMAJIbHBII
HarOJIHUTEIb, 00ECIIEYNBAIOIINIT CHU)KEHIE TOPIOYECTH KOMITO3UTa, a TaKXKe 10100paHa or-
TUMaJIbHAsI KOHIIGHTPAIWS, TIPH KOTOPOl 00ECIIeUnBalOTCsl ONTHMAlIbHBIC 3HAYCHUS YIapHOM
BSI3KOCTH, Pa3pyHIAKOIINX HAMPSHKEHUI U MOJTYJIS YIIPYTOCTH TTPU M3rH0e, a TaKiKe CTPYKTYpa
KOMIIO3HTA.

Kntouegvie cnosa: SnOKCHIHBINA KOMITO3UT, IIACTU(HKATOP, MEIIKO3CPHUCTHIN HAIOJ-
HUTEIb, PU3MKO-MEXaHUYECKUE CBOMCTBA, CTPYKTYpA.

ITocranoBka 3agauyun. POpMUPOBAHME KOHCTPYKLMOHHBIX MaTepUaIOB C
YIIy4LICHHBIMHU CBOWCTBAMH SIBIISICTCS aKTyallbHOM MPoOJIeMOil COBPEMEHHOTO MaTe-
puanoBeneHus [1]. B naHHOM acrekTe NepcrneKTUBHBIMU M KOHKYPEHTOCIIOCOOHBIMU
ABJIAIOTCS TIOJMMEpPHbIe KOMMO3uTHbIe Marepuansl (KM) Ha ocHOBe 3MOKCHIHBIX
cBs3ytolux. [IpuMeHeHne TakuX MaTepraioB B pa3indHbIX chepax MPOMbIIILIEHHOC-
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TH 00YCJIOBJICHO IIMUPOKNAM CTIEKTPOM HX YJTyUIIEHHBIX CBOWCTB. [ToTpeGHOCTE B MO-
BBIIIEHNN WX JKCIUTyaTaUMOHHBIX XAPAKTEPUCTHK MOCTOSHHO MPEIbSBISET IMOBBI-
LIEHHbIE TPEOOBaHMS K MOJIMMEPHBIM MaTepHuaiaM M UX Mpou3BoACTBY. [IpumeHeHne
W3BECTHBIX M IIMPOKO PACIPOCTPAHEHHBIX MOJMMEPHBIX MATPHLL M3 SMOKCHKOMITO3H-
TOB B LIEJIOM He oOecrevdrBaeT B MOJHON Mepe HEOOXOAMMBIX CBOWCTB MaTepHAJIOB.
OnHUM U3 MyTeil peleHns] TaHHOHM 3aa4M SABJIAETCS CO3JaHUE HOBBIX ATMOKCHAHBIX
KOMITO3HUTOB TIPH LIEJIEHANPABIEHHOM PEryJIMPOBAaHUN MX IKCIUTyaTalMOHHBIX Xapak-
TEPUCTHK HayYHO OOOCHOBaHHBIM BBEICHHMEM MOJIUIUCIIEPCHBIX HAIOJHUTENEH pas-
JMYHOW aKTMBHOCTH B OTHOLIEHHH MOJIMMEPHOIl MaTPHLbI, YTO MO3BOJIUT YIy4IINTh
KaK WX aJre3uOHHbIC, TaK U KOre3nOHHbIe CBOKCTBA [2, 3].

AHaJu3 Noc/IeAHNX Hcc/IeloBaHMii U myGaukanmii. Ha cerogns mmpoko n
a¢dexktnBHO wncronb3yloT KM Ha OCHOBE STOKCHAHO-IMAaHOBOW cMonbl DJ1-20
(IF'OCT 10587-84) n otBepautens nonmstuneHnonnamuna [I9I1A (TVY 6-05-241-202-
78) [1-5]. IlpenBapuTenbHO YCTAHOBIEHO, YTO ONTUMAILHBIM COAEPKaHUEM OTBEPIU-
tenst [IOITA nns otBepkaeHust DJ1-20 sABaseTcs Cleayrolee COOTHOLIEHUE KOMIIO-
HeHToB: 10 Macc.u. otBepauTens Ha 100 Macc.4. INOKCUIHO-TUaHOBOM cMoubl [3-5].

[Tpn pa3zpaboTke 3MOKCUIHBIX MATPHUL] IS 3AIUTHBIX MOKPHITHIT (B TOM YHC-
Jie ¥ OTHEYTIOPHBIX) BAKHOE 3HAYEHHE, B MEPBYIO OUepeb, MMEET ONTUMM3ALMS UX
WHIPEIMEHTOB W HCCIIeIOBaHNE MEXaHWU3Ma MPOTEeKaHUsi (PU3MKO-XUMHYECKUX TPO-
LIECCOB CIIMBAHMSA MPY BBEJICHUN MOIN(HUKATOPOB 1 HATIOJIHUTENEH pa3InyHOil pu-
ponpl [6]. PerynupoBare BakHelIMe CBONCTBA MOJMMEPKOMIO3UTHBIX MOKPBITHIA
BO3MOKHO (pU3NMKO-XMMHUUECcKoil MoauduKkanmel nim KOMOMHIPOBAHNEM PA3IMIHBIX
MaTepuasoB Ul CO3/1aHUs KOHCTPYKUMI KOMIO3UTHBIX MaTepraioB, B KOTOPBIX OI-
TUMaJIbHO COYETAIOTCsl CBOMCTBA KOMIMOHEHTOB. J[ng obecnieyeHHs HEOOXOAMMBIX
9KCIUTYaTalMOHHBIX XapaKTePUCTHK KOMIO3UIMOHHBIX MAaTepUasioB HCTOJIb3YIOT
TUIacTU(HUKATOPBl W HanoHUTEN. [TnacTndukaTopsl yaydmaloT 31acCTUYHOCTD IO~
JIMMEPHBIX MaTepHaloB, CHIKAIOT TeMIiepatypy oopadoTku. Hamonnurenu no3sosns-
IOT TIOBBICHTh MeXaHWYecKre M (U3NKO-XUMUYECKHNEe XapaKTEPUCTUKN KOMITO3HUTOB.
BrnsiHne HamonHWTENs Ha CBOWCTBA MojMMepa omnpenesseTcs MHOTUMH (akTopamu:
XMMHUUYECKOM MPUPOI0ii oJIMMepa 1 HAMIOJIHUTEIS, XapaKTepoM MOBEPXHOCTH HAMOJI-
HUTEIs, pa3MepoM 1 (OpPMOii ero 4acTHII, COCOOHOCTBIO K 00pa30BaHHIO COOCTBEH-
HBIX CTPYKTYp, W3MEHEHHEM KOH(OPMALMOHHOTO Habopa MaKpOMOJEKYJ W camoii
CTPYKTypbl noiumMepa [6-7]. B cityuasx, korna BBeJI€HHE HAMOJHUTEINST NPUBOJIUT K
YIYYIIEHHIO MEXaHUUECKUX U (PU3NKO-XUMHUYECKNX cBOWCTB KM, MPUHATO roBOpHUTH
00 ycunuBaromem JeiicTBun HanonHuTens. B pabdorax [8-10] BBemeHO MoHATHE aK-
TUBHOCTH HAMOJHUTES OTHOCUTENBHO MOJUMEpPHON MaTpuupl. HanmonHuTtenu mpu
Pa3HOM KOJMUYECTBEHHOM COJEPKaHUU MOTYT IMO-pa3sHOMY BIIMSITh Ha CTPYKTYpY MO-
JumepoB [6, 7].

Ileap padoThbl — Uccaea0BaTh BIMAHUE MEIKO3EPHUCTBIX OTHEYMOPHBIX Ha-
TIOJTHUTEIEH pa3NnuvHOi (U3NUECKOl MPUPOIbl Ha (PU3NKO-MEXaHMYECKHe CBOMCTBA
U CTPYKTYPY MOKCHHBIX KOMITO3UTOB.

Marepuasbl a8 ucciiegoBanusi. B padore [11] mpoBeneHo uccnenoBanue
KM Ha ocHoBe 3mokcuHo-AraHoBoi cMosbl Mapku 31-20 (TOCT 10587-93). B ka-
YEeCTBE OTBEPAMTENS SMOKCUAHOIO OJUroMepa MPUMEHSUIM OTBEpAMTEb aMUHHOIO
Tuna — nonmdtuneHnonuamut ([13I1A) (TY 6-02-594-85), cioco6HbIi hopMupoBaTh
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TPEeXMEpHYIO CeT4aTylo CTpyKTypy B OTCYTCTBHMM HarpeBa. B kadecTBe mactuduka-
Topa npuMeHsuTH Tpuxiiopatuidochar (TXDD) (TY 6-05-1611-78).

B kadecTBe HamoJIHUTENEH UTS SKCIEPUMEHTAIBHBIX UCCIIEOBAHUI HCTIOJb-
30BaHbl MEJKO3EPHUCTBIE OrHEYNMOpHbIE MaTepHalibl: COBEJMTOBBIH TOPOLIOK
(TY 36-131-83), yrnekucnbiii kanbuuit (FOCT 5972-77), nuxnopu3oluraHypaTt HaT-
pust (TY 6-02-860-74) 3epuuctoctsio 5...10 mxm. CoBenuToBslit noporok (CIT) coc-
TOUT U3 cMecu coieit yraekucaoro maraua (MgCOs) u yrnekucnoro kansius (Ca-
CO3) ¢ ac6ectom (MgSiO;). CpeHss MIOTHOCTh TIOPOIIKA He TPeBbImaeT 350 Kr/m’.
Vrnekucnsiii kanbuuii (YK) B kauecTBe OCHOBHOTO MHIPEIUEHTA COIEPKUT KapOo-
HaT Kanbuus (CaCO;) — 99,7 %, ocranbHoe — caxapuH. HaTpueBas cosib AUXJI0pU30-
LUaHypoBOi KUCIOThl Wi auxjopuzouuanypatr Hatpus (JIXLK) - C;CIN;O;Na.
Cmmanmn KM Beenenunem nonmstunennonuamuHa (ITEITA) n tpuxmnopatundocdara
(TXDO®) B KOMMNO3ULMIO MPU CTEXMOMETPUYECKOM COOTHOIIEHHMH KOMIOHEHTOB,
macc.u.: DJ1-20 : TIETIA : TXD® — 100 : 10 : 10. ConepxkaHue HamnosHUTENEH U3Me-
Hsun B penenax g = 10...60 macc.u.

TexHosiorusi popmupoBanuss KM n Metoab! ucciienoBaHus. DMOKCUIHbII
KM ¢opmupoBany mo ciienyromeil TeXHOJIOTHN: TpeaBapuTeIbHOE 03MpPOBaHUE
3MOKCHIHO-1UaHOBOM cMotbl IJ1-20, MOA0TPeB CMOIBI 10 Temneparypbl 7= 3532 K
¥ ee BbIAEP/KKA TIPU JIaHHOM TeMmIepaType B TedeHne Bpemenn 7= 20" Mun; 103u-
pOBaHME HATOSHWUTENeH W TOocJenyrollee MX BBEACHHE B 3MOKCHAHBIN OlMromep;
THAPOANHAMHUYECKOE COBMEIEHNE TUTacTU(UKaTopa, HATIONHUTENeH W STOKCHIHOM
nuaHoBoi cmoubl D1-20 10 mojay4yeHus OQHOPOAHON CMECH M MOCJeNyIOLIEro MoJ-
HOTO PAaCTBOPEHHS 100ABKH B TeUeHNEe BpeMeHH 7 = 2" MUH Mpy KOMHATHOI TeMrTe-
patype T'= 298" K, ynpTpa3BykoBas 00paboTKa MpOAOIKHTENbHOCTBIO 7= 2" MuH,
BBejeHue otBepautens [1OI1A u nepeMeniMBaHre KOMMO3ULMU B TE€YEHHUE BPEMEHHU
7= 5" Mun, otBepxeHue komnosuyn. OTBepiaeHre KM MpoBommIu 1o JKcre-
PYMEHTaJIbHO YCTAaHOBJIEHHOMY peXnuMY: (opMHUpOBaHHE 00pa3LOB U UX BbIAEPIKKA
B Tteuenme 7=12,0"""u npu Temmeparype 7=298">K, Harpe co CKOPOCTBIO
v =3 K/MuH 10 BbIOpaHHON TemmepaTypbl cumBanms T'=413"* K [11], Bbigepkka
00pas1ioB MpH JaHHOI TemrepaType B Teuenne Bpemenn 7 =2,0""" u, mennennoe
oxnaxaeHue 10 Temrepatypbl 7'=298"? K. C nenbio CTaOMIM3ALMH CTPYKTYPHbIX
MPOLIECCOB B MaTpHLe 00pa3Lpbl BbIACPKUBAIN B TeUEHHE BpeMeHU 7= 24 4 Ha BO3-
nyxe mpu Temnepatype 7'=298"K ¢ MOCTeLyIOUMM MPOBEICHHEM IKCIIEPUMEH-
TaJILHBIX MCCJIEJOBaHUI.

Pazpymaroimme HanpsKeHust 1 MOIyJb YIIPYTOCTH MPU M3THOe onpenessiii B
cootBeTcTBUM ¢ 'OCT 4648-71 u T'OCT 9550-81 cooTBeTcTBeHHO. [lapameTpsl 06-
pastoB: wmHa 1= 120"% MM, mupusa b = 15" mm, Beicota A = 10" MM. ViapHas
BSI3KOCTb ompeneseHa no meroay lapnu B cootBerctBun ¢ ['OCT 4647-80 nHa mast-
HuKoBOM Konpe MK-30 npu temneparype 7= 298"% K i 0THOCHTENbHOI BIXKHOCTH
d = 50" %. Ucnomnb3oBamu o6pasiel pasmepoM (63,5%12,7x12,7)*% mm.

OTKJIOHEHNE 3HAUYeHHM TP MCCIeNOBaHMIX ToKasareneil (Gu3nmko-mMexaHu-
yeckux cBoiicTB KM cocransno 4...6 % or HoMuHanbHOro. CTpykTypa MaTepuaaoB
uccienoBaHa Ha MetamiorpaduyeckoM Mukpockone moxenu XJL-17AT, kotopslii
ob6opynoBaH kamepoii 130 UMD (1,3 Mega Pixels). JluanazoH maciutabupoBaHusi OT
%100 mo x1600 pa3. HemocpencteeHHO B paboTe 00pa3ipl HCCIICAOBAIN TP YBEIIH-
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geann x200 u %400 pa3. g 06padoTkn 1(POBBIX M300pakeHMI HCTIONE30BAHO
nporpaMmmHoe obecrniedenme Levenhuk ToupView v.3.7.6510.

PesyabTaThl HeesienoBanuii 1 ux odcyxaenusi. Ha nepsom srane npoBoau-
T 3KCTIepUMEHTaJIbHBbIE HccieoBaHus (pr3mko-MexaHnuecknx cpoiicte KM, a
MMEHHO: yiapHo# BsizkocTu (W, KIL)K/MZ), moayns ynpyroctu (E, I'Tla) u pa3pyua-
IOLIMX HAMpsHKeHuH (o,,., MI1a) npu n3rnde asst BEIOOpa ONTUMaIbHOTO U3 HCCIey-
€MbIX MEJIKO3EPHHUCTBIX HAMOJHWUTENeH, BBOAUMBIX B IuactTuduumpoBanHsiii KM,
o0ecrneynBaroIero HauIyJIne ero pu3nKo-MexaHu4ecKne rnokasarenu. Pe3yiabrarel
MIPOBEIEHHBIX MCCIIEA0BaHNI MPUBEIEHBI Ha puc. 1-3.

[IpenBapuTeNbHO YCTAHOBJIEHBI 3HAYEHUS (PU3NKO-MEXaHWYECKHX CBOICTB
UTACTH(GUIINPOBAHHON MATPHIIBI, KOTOPBIE COCTABIISIOT: 0y, = 60,23 MIla, E = 3,62
[Ma, W =441 xJlx/™m. lanee, npu BBeAaeHun B KM B kadyectBe Hanonuurens CII
(cm. puc. 1), HaOmomamy CHWKEHWE 3HAYeHUN o0,,. npu ¢ = 10wmaccd. —
G5 = 35,15 MIla, a mpu ¢ =20 macc.4. — o,;, = 31,75 MIla (cm. puc. 1, xkpuBas 2).
Janee, ¢ pocToM Comep)KaHWs HATIONHUTENS 3HAYCHUE 0, CHIKaeTca. Ilpu 3Tom
3HAUYEHUs] MOIYJS YMNPYTrOCTH TPH H3THOE COCTaBISIOT: Tpu ¢ = 10 Macc.d. —
E=3,56Tla, a npu g =20 macc.u. — £=3,60 I'TTa (cMm. puc. 1, nunus 1), a ganee ¢
YBEJIMUEHUEM COJAEp:KaHus HanojHutenss £ Bospactaer (npu ¢ = 60 macc.y. —
Enax = 4,64 T'Tla).

FE,TTla 7, Mlla W, KJTw/m
48 60 5,5
4.6 1 Uy 1 P 55 L 5.0
b A ] r’ T £ 5
4.4 ] L//( \.na -~ 3 < 45
X \ A\(/ \ 50 4,5
42 \ v 7 X . 45 F40
4.0 \\ 5 == 40 3,5
38 z = 35 3.0
364 i [S—d e AN 30 25
« R M R 1\ \ iy
3.4 > P25 - 2.0
32 h 20 1.5
3,0 s - 1,0

0 10 20 30 40 50 g, oty
Puc. 1. 3asucumocmo modyna ynpyzocmu npu uszuoe E (1), pazpymarouwux
HanpsasiceHuil npu uzzuoe 6,,, (2) u yoapuoii eazxkocmu W (3) KM om konuvecmea CIT

Crenyer OTMETHUTh, UTO 3HAYEHMSA G, M E 171t HanomHeHHbIx CIT KM xopo-
LI0 COMIACYIOTCS MeXIy co0O0il, MOATBEpKICHUEM Yero ABJSIOTCA pe3yibTaTbl HC-
cJenoBaHUid ynapHoi B3kocTu W (cM. puc. 1, nuHus 3). DKcnepuMeHTalbHO YCTa-
HOBJIEHO, uTO npu conepxanun CII ¢ =20 macc.y. HabM01aeTcs MaKCUMalbHOE 3Ha-
yeHue yjaapHoii Bsizkoctu W=5,12 kJk/M%. Takum 00pa3oM, ONTUMaJbHLIM COAEP-
*aHueM BBoanmoro B KM coBennToBoro nopoitka sisnsgerca ¢ = 20 Macc.4.

[Tpu BBeneHun B KM yriekuciaoro kaabuus (M. puc. 2) pe3yJbTaTbl Hcciie-
JIOBaHUI MOKAa3alH, YTO 0., HAMOJHEHHOro yacTuuamu YK KoMNo3uTa, pe3ko CHU-
JKaeTCs TI0 CPAaBHEHMIO ¢ MaTpuIlel (CM. puc. 2, KpuBas 2), B TO BpeMs Kak 3HaYCHUs
MOAYJSl YHOPYrOCTHM BO3pPacTalOT M MAaKCUMaJbHOE €ro 3HAauy€HUe COCTaBJISAET
E=527TTla npu conepxxannn YK ¢ =40 macc.u. (cMm. puc. 2, kpuBag 1), a npu
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q = 60 Macc.4. MOyJTh YTIPYTOCTH TIPU M3THOE CHOBA CHIKaetcs no £ =442 I'Tla. B
TO K€ BpEMsI MOJTyUeHHbIE 3HAUEHHs yTapPHON BA3KOCTH XOPOIIO COMIACYIOTCA ¢ JAaH-
HBIMH [Tt MOYJIsl ynpyrocTtu npu m3rude. Tak, mpu conepxannn YK B KonmmuecTse
g =40 Macc.4., 3HaUe€HUE YJNAPHON BA3KOCTM HMMEET MAKCUMAIbHOE 3HAUYEHUE
W =530 /M. Takum 00pazoM, ONTUMAITBHEIM COJIEPXKaHUEeM BBOAMMOTO B KM
YIJIEKUCIIOTO KallbLUA CIEAyeT CUnTath ¢ = 40 Macc.u.

[Tpu uccnenoBaHum GU3MKO-MEXAaHUUECKUX CBOMCTB KOMIIO3MTOB, HAMOIHEH-
HbIX yactuamu JIXLIK (cM. puc. 3) Habmonanm pe3koe CHIKEHHE pa3pyLlarolix
HanpssKeHui Npu u3rube o,,, W yOapHOW BA3KOCTH W MO CpaBHEHMIO ¢ MaTpHULEH.
OmHako 3HAUYEHWE MOMYJIS YIPYrocTH Tpu u3rude npu conepxkannu XK B komu-
yecTBe ¢ = 20 Macc.4. MUHUMalbHOE — Ey, = 3,27 I'Tla, a nmpu ¢ = 60 Macc.4. Makcu-
ManbHOe — E, = 3,98 I'Tla (cM. puc. 3, kpuBas 1).

£, TTla o,.. Mlla W, kv’
1 i

5,50 5 63 5,5

525 7~ /fzég\ 60 L 5.0
T S S, A%\X 3 57

5,00 1t g /‘\/ Y 4,5
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4,75 "\JX AN 4.0
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[{ AN \( -
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3,25 ; 36 - 1,0

0 10 20 30 40 50 g vaccH.
Puc. 2. 3asucumocmo mooyna ynpyzocmu npu uzzuée E (1), paspywarowux
Hanpadcenuil npu uzeuoe c,;, (2) u yoapuoi éazkocmu W (3) KM om konuuecmea YK

E,TTla o, MIla W, xJIx/m*
4,08 J 63 5,0
3,96 %\\\ 7 ] 56 - 4.5
3,84 \ o 49 40
3,72 N - 42 - 3.5
3,60 . \\ \ A ! 35 3,0
348 e \\ Ve 8 fas
336 4— ‘\I > i 3 21 20
> ~. = s
3,04 e \-{,;/-z_ ——p—t 14 L5
3,12 7 1,0
3,00 0 -0

0 10 20 30 40 50 ¢, Macc.4.
Puc. 3. 3asucumocmo moodyna ynpyzocmu npu uszuoe E (1), pazpywaiowux nanpaxceHui
npu uzzuoe 6,;, (2) u yoapnou éazxkocmu W (3) KM om konuuecmea JIXLK
DTO He corjacyeTcsl ¢ pe3KUM CHWKEHUEeM 3Ha4eHUil o, U W, 4To cBuie-
TEJNILCTBYET O HewesnecooOpasHocTH mpuMeHeHus JIXIIK B kauecTBe HamoJHUTENA

IUTsl TAHHOTO KOMIIO3MTA € LEJbI0 00ecnedeHns ONTHMANBHBIX (U3MKO-MeXaHndec-
KuX Mokazareneil. CBA3aHO 3TO, MO-BUAMMOMY, C BBICOKOM XMMHMYECKOH aKTUB-
HOCTBIO HAIOJHUTENSI, YTO CKa3bIBAETCS HA M3MEHEHWH CTPYKTYpbl Marepuaia |
CHI)KEHUH er0 KOTe3UOHHBIX CBOMCTB.

Ha nocnenyromiem 3Tarne METOIOM ONTHYECKOH MUKPOCKOIMH MCCIAEI0BaNIN
TOMOJIOTHIO U3/I0Ma MOAM(MHULMPOBAHHBIX MEJIKO3EPHUCTBIMM HAMOJHUTEIAMH pa3-
JTMYHOW (pU3NYECKO MPUPOIBI STIOKCHAHBIX KOMIO3UTOB (TIPH Pa3HOM COJep KaHUN
BBOAMMBIX HarosiHuTesei). Pe3ynbraTsel HccneqoBaHUi TOMONIOTMH U3JIOMa NpHBeie-
HBI Ha (ppakTorpaMmax usnoma (puc. 4-6) 1 MOATBEPKAAIOT THIOTE3Y O MeX(pa3HOM
B3aMMOJICTBUM TIOJIMMEPA C YaCTULAMH BBOAMMBIX MEJKO3EPHHUCTHIX HATOJHUTE-
neid. Ananus ¢paxrorpamm usinoma KM ¢ conep:xanuem yactul CII B konnuectse
q =10 1 20 macc.4. (cM. puc. 4; a, 6, 11, €) MO3BOJSAET yTBEPKAATh O (OPMHUPOBAHUM
KM ¢ HeoHOpOAHBIM pacnpeeneHueM HANOIHUTENs, a TAKXKe X HEMOJHOM CMayuu-
BaHUM CBA3YIOLIMM, YTO CIIOCOOCTBYET 00pa3oBaHMI0 Ae(EKTHOM CTPYKTYpbl Ucclie-
IDyeMOoro MaTtepuaia.

Puc. 4. @®pakmozpammol (a-2 — x250; 0-3 — x400) uznoma KM, nanonnennozo wacmuyamu
ClIl, q, macc.u.: a, 0 — 10; 6, e — 20; 8, orc — 40; 2, 3 — 60

[ToBepxHocTes m3noma KM ¢ comepxkanuem CII B konumvectBe g =40 u
60 macc.u. (cM. puc. 4; B, T, K, 3) UMEIOT MPAKTUUECKU OJHOPOIHOE pacrpeesieHue
KpaTepoB MPUOIM3UTENIFHO OJMHAKOBOTO pasmepa U (popmbl. [lomyueHHbIe pe3ynbTa-
ThI CBUICTENLCTBYIOT O PABHOMEPHOM paclpeieNieHNH HanpsukeHui mo oobemy KM,
YTO CBUJETEJBCTBYET O TEPMOANHAMMYECKOM PAaBHOBECUM B CHCTEME IOCE €€ CLIU-
BaHus. COOTBETCTBEHHO, NPU BBEAEHMM 4acThll B kojuuectBe g =40...60 macc.y.
¢dopmupyetcsi KM, KOTOpBIN OTIMYaeTCs yJIydIIeHHONH KOTe3MOHHOW MPOYHOCTBIO,
YTO MOATBEPKIAETCS MONyYeHHBIMH pe3yJibTaTaMy MCcclieoBaHHuil (Pu3nKo-MexaHu-
YeCKHUX CBOMCTB MaTepHajioB (cM. puc. 1).

Ananu3 ¢paxrorpamm mznoma KM, HanomHenHoro yactunamu YK ¢ conep-
s)kanueM g = 10...60 macc.u. (cM. puc. 5), nokazajn NpakTUYeCKU OAHOPOAHYIO CTPYK-
Typy u3jiioma (cM. puc. 5; a-3). Takas TOmonorus moBepxXHOCTH 0OPa3IOB XapaKkTepHa
JUIL KOMIIO3UTOB C PaBHOMEPHBIM paclpeesieHneM HaIpsKeHuil mo obdbemy, uTo
yKa3bIBaeT Ha (pOpMUpPOBaHNE KHHETUUECKU CTAOWIBHOM CTPYKTYyphl. Clienyer oTMe-
TUTh, YTO W3 BCEX MPUBEINECHHBIX Ha PHUC. 5 (pakTorpamMm, Haubojee OJHOPOMHOM
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CTpykTypoii otimmuaerci KM ¢ comepkaHWeM HAMOJNHUATENS B KOJHUYECTBE
q =40 macc.4. (cM. puc. 5; B, %), 4TO XOPOIIO COMIACYeTCs C AaHHbIMU, MOJTyUeHHbI-
MU TIpU UCCIIeOBaHNA (U3NKO-MeXaHmIecKuX cBoiicTB KM, HamoJIHEHHOTO 4acTu-
uamu YK (cm. puc. 2).

Puc. 5. Dpakmozpammot (a-2 — X250; 0-3 — x400) uznoma KM, nanonnernnozo wacmuuamu
YK, q, macc.u.: a, 0 —10; 6, e — 20; 6, s1c — 40; 2, 3 — 60

Anann3 ¢pakrorpamm m3noma KM, nanomHenHoro uyactuuamu JIXLIK (cm.
puc. 6), MIOATBEP)KAAET HELEIeCO0Opa3HOCTb MCMOIBb30BaHUS TaHHOTO HATIOJHUTENS
10 pe3yJbTaTaM HccieIoBaHus (PU3NKO-MeXaHWIECKNX CBOMCTB (CM. pHC. 3), Tak Kak
BCE TOJTyYEHHbIE (PPAKTOTPAMMEI (CM. pHC. 6; a-3) IMEIOT IePEKTHYIO CTPYKTYpPYy U3-
32 HATMYUS BOKPYT AMCTIEPCHBIX YacTUL (PU3NYECKUX M XMMUUYECKHUX CBA3€il, BO3HNU-
KaloIMX B Pe3yJIbTaTe BHICOKOI aKTMBHOCTH JTaHHON T0OABKH.

Puc. 6. @pakmozpammel (a-z — x250; 0-3 — x400) uznoma KM, nanonnennozo vacmuyamu
AXIK, q, macc.u.: a, 0 — 10; 6, e — 20; 6, 31c — 405 2, 3 — 60

Ha ocHoBe npoBeaeHHBIX UCCIEN0BAHNI STIOKCUIHBIX KOMIIO3UTOB C MEJIKO-
3epHUCTBIMH YaCTHLIAMH PA3TMYHON (PU3MUYECKOI MPUPOIbI MOKHO YTBEPKAATh, YTO
Matepuan c comepkanueM YK (g =40 macc.u.) xapakTepusyeTcs paBHOMEPHOI
CTPYKTYpOIi, COTJITACOBAaHHOW NMHAMUKON CBOWCTB M BHICOKUMH TOKA3aTeNsAMU (PU3U-
KO-MEXaHHUUYECKHUX XapaKTePUCTHK B KOMIUIEKCe (yaapHas BA3KOCTb, MOIYJb yIpY-
FOCTH M pa3pyluarollie HanpsKeHUs Npu U3ruoe).
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BeiBoabl. Ha 0cHOBE pe3ynbTaToB 3KCNEPUMEHTANIBHBIX UCCIEI0BAHUI MOX-
HO KOHCTaTHPOBATh CIIETYIOLIEE.

1. YcraHOBIEHB! 3HaYCHUS (DPU3UKO-MEXaHMISCKUX CBOUCTB TUTACTA(UIIMPO-
BaHHOI TpuXopaTUN(hOC(HAaTOM SMOKCUIHOW MAaTpULbl, KOTOpPbIE COCTABIAIOT:
G = 60,23 MITa, E = 3,62 TTla, W= 4,41 kJlx/M’.

2. YCTaHOBJIEHO, YTO HAWTYUIIUM U3 pacCMaTPUBAEMBIX HAMOJHUTENEH (mpu
coxepxkannn ¢ =40 mMacc.u.) A TIACTH(GUIMPOBAHHOTO TpUXJIOp3THIA(ochaTom
3MOKCHAHOTO KOMIIO3MTA, C TOUYKH 3pEHNUs (PU3NKO-MEXaHNIECKMX CBOWCTB, SIBJISETCS
yrIeKuciblid kambumit. [1o cpaBHeHMIO ¢ MIaCTU(ULIMPOBAHHON 3TTOKCHAHON MaTpH-
Lieil BBEJIEHNE YIIIEKUCIIOro KalbLMs C yKa3aHHOH KOHLEHTpaluueld B KOMIO3UTHBIN
MaTepuan oOecrneuMBaeT yBeJIMYeHUE ynapHoil Bs3koctu B 1,2 paza (W =527
kJ[k/M”) ¥ yBeMUeHe MOy YIPYroCcTH npu u3rube B 1,5 pasa (E = 5,27 I'Ta).

AHanms (¢pakTorpaMMm H3JI0Ma KOMIO3UTHOTO Marepuana C COAEpXkKaHHeM
(¢ =40 macc.4.) yriaekucnoro KaubLus MOKa3al OJHOPOMHOCTb CTPYKTYPbI M3JIOMa,
YTO CBUJIETENILCTBYET O PABHOMEPHOCTHU pacpe/ieNeHns] HanpshKeHHi 1o 00beMy Ma-
Tepuaja 1 yKa3blBaeT Ha (POPMUPOBAHNE KHHETUUECKH CTaOMIbHON €ro CTPYKTYPHI.

3. JIonmoNHUTEbHO YCTAHOBIICHO, YTO HMCMOJIb30BaHNE B KaueCTBA HAIOJIHU-
TeJIst COBEJINTOBOTO MOPOIIKA HE TMO3BOJIAET CYIIECTBEHHO YIyUIIUTh (PU3NKO-MeXa-
HUYECKHe CBONCTBA KOMITO3MTHOTO MarepHaia. AHaju3 MONyYEHHBIX Pe3yJIbTaToB
MoKasajl, 4YTo HauboJjee ONTUMAIbHBIM COEpKaHUEM BBOJMMOIO COBEJMTOBOIO MO-
powka sBasercs ¢ =20 macc.y., OAHAKO Mpu 3ToM Bo3pacter B 1,2 paza (5,12
KkJ[/M?) TOTbKO 3HAUEHWE YIAPHOI BS3KOCTH, 3HAYEHHE XKe Pa3pyIIAFONIAX Hamps-
*KeHul npu u3rude ymensinaercs B 1,9 paza (31,7 Mlla) mo cpaBHeHHIO ¢ MaTpULEH,
a 3HaYeHHe MOJYJIS YIPYTroCTH MPH 3TOM NPAKTUYECKH HE M3MEHSIeTCS.

AHanm3 QpakrtorpaMM H3JI0OMa KOMIIO3MUTHOTO MaTepHaia C colepiKaHueM
YaCTHLL COBEJIUTOBOro mopouika npu ¢ = 10 u 20 Macc.4. nokaszaa HEOOAHOPOIHOCTh
pacnpenesieHns] 4acTHULl HAMoOJHUTENs, a TaKKe HEMOJHOEe MX CMauuBaHHE CBA3Y-
IOIIUM, YTO CMOCOOCTBYET 00pa3oBaHUIO Ae(EKTHOI CTPYKTYphl HCCIIEAyeMOTo Ma-
tepuana. [lpu comepkaHuKM COBEIMTOBOro mnopouika B KouundectBe ¢ =40...60
Macc.4. HaboaaeTcs yaydleHne KOre3MOHHOW MPOYHOCTH ¥ paBHOMEpPHOE pacripe-
JieIeHNe HaNpsHKeHNH 1Mo 00beMy, UTO CBUAETEIbCTBYET O TEPMOAMHAMUYECKOM PaB-
HOBECUM CHUCTEMBI Mocie ee ciuuBaHus. OIHAKO MO CPaBHEHMIO ¢ MaTpHLeil umeet
MeCTO 3HauyuTenbHOe cHmkeHue B 2,04...3.37 paza (17,86...29,46 MIla) pa3pyma-
IOLIMX HaNpsbKeHW mpu mu3rule, a Takke CHWKeHWE yAapHoO# Bsi3kocTH B 2,1 pasa
(2,15 kJIK/M"), MOITOMY PEeKOMEHI0BATh HCIOJb30BAaHHE COBENNTOBOIO MOPOIIKA B
KauecTBE HAMOJIHUTENS HeLleJIecoo0pasHo.

4. AHamu3 (pakTorpamMM H3JioMa KOMITIO3UTHOTO MaTepHalia, HarmoJHEHHOTO
Y4acTULAMU HATPUEBOH COJIM ANXJIOPLMAHYPOBOW KHCIIOTHI, TTOATBEPXkIAET HELEIeco-
00pa3HOCTh MCHOJNB30BAaHKS JAHHOIO HAMOJIHUTENSA MO pe3yjbTaTaM HMCCIeNOBaHUA
(M3MKO-MeXaHNUEeCKUX CBOMCTB (G, yMeHblnaercst B 4,7 pa3a, W ymeHblIaeTcsi B
4,9 paza o cpaBHEHHUIO C MaTPULEH), TaK Kak BCE TMOy4YeHHbIE ()paKTOrpaMMbl UMe-
10T Ae(eKTHYIO CTPYKTYpY M3-3a HaJM4Ksl BOKPYT JUCIEPCHBIX YaCTHL HATIOITHUTEIS
(GM3MYEeCKNX U XUMUYECKHX CBSI3€ii, BOSHUKAIOIIMX B Pe3yJIbTaTe BHICOKOI aKTHBHOC-
TH JaHHOM J00aBKH.
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Akimoe A.B. 3acTtocyBaHHs1 ApiOHO3EePHHCTUX HAMNOBHIOBa4iB pi3HOT i-
3UYHOI MPUPOAHU ISl MOKpaleHHs (iZMKO-MeXaHiYHMX BJIACTHBOCTEH KOMIIO-

3UTHUX MaTepiajiB Ha OCHOBI MJIacTU(iIKOBAHOT eMOKCUIHOT MATPULLE

I[1poBesieHO TOCITIKEHHS BILUIMBY JpiOHO3EPHNCTHX BOTHETPUBKHX HAIlOBHIOBAYIB pi3-
HOl (i3nuHOl npupoar Ha (Pi3MKO-MEXaHIYHI BJIACTHUBOCTI 1 CTPYKTYpY IUIacTH(pikoBaHUX
TpixjoperiipochaToM EMmOKCHIHUX KOMITO3HUTIB Ha OCHOBI €MOKCHUHO-AiaHoBol cmonu EJI-
20. Buacrnifiok Takoro aHaiizy OTPUMaHHX JAHUX BUOPAHO ONTHUMAJbHHI HAMTOBHIOBAY, IO
3a0e3reyuye 3HIKSHHS! TOPIOYOCTI KOMITO3UTY, a TaKOXK Ii1i0paHo ONTUMAajIbHY KOHIIEHTpa-
11i10, 3a SKOI 3a0e3MeuyOThCSI ONTUMAITbHI 3HAYCHHS YAapHOI B'I3KOCTI, pyWHIBHUX Hampy-
JKEHb 1 MOJIYJISl TIPYKHOCTI [PU BUTHHI, @ TAKOXK CTPYKTYpa KOMIO3UTY.

Kntwouosi cnosa: enoxcnaamii KOMIIO3UT, IuacTudikaTop, ApiOHO3EPHUCTHIT HAITOBHIO-
Bad, (Pi3MKO-MEXaHiuHi BIIACTUBOCTI, CTPYKTYpa.

Akimov A.V. The Use of Fine Fillers of Different Physical Nature to
Improve the Physical and Mechanical Properties of Composite Materials Based
on Epoxy Plasticized Matrix

The research was carried concerning the impact of physical and mechanical properties

and structure of plasticized trichloroethyl phosphate epoxy composites based on epoxy-bisphe-
nol resin ED-20 with the introduction of fine-grained refractory fillers with different physical
nature. As the result of the analysis of the data we selected optimum filler, which provides low
flammability of the composite, as well as select the optimal concentration for optimum to-
ughness values, destructive stress and flexural modulus, and also composite structures.

Keywords: epoxy composite, plasticizer, fine-grained filler, the physical and mechanical

properties, structure.
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YK 684.4.04 Hou. JI.M. boiiko, Kano. mexH. Hayk; acnip. O.B. Anyugeposa —
HY oiopecypcie i npupoookopucmyesannsa Ykpainu, m. Kuie

BIIJIUB IIIJIBHOCTI HA MEXY MILHOCTI AEPEBHOBOJIOKHUCTUX
IUIMT CEPEJAHBOI IIIJIBHOCTI 3A 3MIHU TEMIIEPATYPH

HaBezeno pesynbraté Z0CHiIKeHb MEXKi MIIIHOCTI Ta MOJYJISI IPYXKHOCTI J€PEBUHHO-
BOJIOKHUCTHUX TUIUT cepeHboi miabpHocTi abo it MDF (Medium Density Fiberboard) Tos-
muHoo 10, 16 Ta 19 MM. 3pasku qociimkeHo 3a Takux temmeparyp: 20, 40, 60 Ta 80 °C. Bu-
SIBJIEHO, IO 3pasky, Bupizani 3 mmti MDF minsicTio 780-820 kr'M™ 3a MAKCHMATIBHOI TeM-
reparypu Malli Taki » MOKa3HUKHA MEXi MIiLHOCTI, sIK i 3pa3ku, BUNPOOYBaHi 3a TeMIiepaTypu
40 °C, ane Bupizani 3 it MDEF, winpHicTp sikoi cranoBuiaa 650-750 koM. Berasieno,
O 3 MiABHMINCHHAM TEMIEpaTypu BinOyBaeTbCs 3MEHINCHHS 3HAYCHHS MEXi MIIHOCTI —
3...5 Mlla Ha koxHi 10 °C.

Knrouoei cnosa: mexa mirnpocTi, ot MDF, niibHiCTh, JOBrOBIYHICTb.

Beryn. V cydyacHoMy Me0JeBOMY BUPOOHMLTBI Ul BUTOTOBJIEHHS KOpIycC-
HUX MeOJIiB BUKOPUCTOBYIOTh TaKi MaTepiaiu, sSIK JMIKOBaHI CTPYKKOBIi TUIUTH, TUTH-
™1 MDF, Me0neBi 1uTH, IJMTH i3 COTOBUM 3allOBHEHHAM Ta HAaTypajbHYy ASpPEBUHY.
PuHOK nmoTpedye pi3HUX 3a KOHCTPYKLi€I0, MPU3HAYEHHAM Ta Au3aiiHoM meOmis. [le-
pen KOHCTPYKTOPOM IIif Yac KOHCTPYIOBaHHS BHPOOIiB TOCTAa€ TOJIOBHE 3aBHAHHS —
3HAMTH ONTHMAJIbHE TIOEJHAHHS (YHKLIOHATBLHOTO MPU3HAYEHHS MpeaMeTa Ta Horo
BapTocTi. BTpatn nepeBHUX MIMT Y BUPOOHMITBI BUPOOiB, TX pyiiHYBaHHS Ta BTparta
HUMHU (DOPMHU 32 HETPUBAIOTO BUKOPUCTAHHS, MOTpeda IMiIBUIIEHHS KOHKYpPEHTOC-
TIPOMOYKHOCTI TIPOIYKIIT CIpHsi€ TOIIYKY pallioHAIBHUX CIOCOOIB KOHCTPYIOBaHHS
MeOITiB 31 3aJaHUM TTOKa3HUKOM JIOBTOBIYHOCTI.

BaxnmuBuM YMHHWKOM, KW BIUIMBAE HA MEXY MIIHOCTI, a OTXKE — i Ha JIOB-
TOBIUHICTh, € MTbHICTh TUTH MDF. Takox Ha IOBroBiuHiCTH BHPOOIB 3 TUIUTH
MDF BriMBae Temneparypa, 3a sIKoi eKCIUTyaTytoThcst BUpoOr. CIiBBiIHOMIEHHS MiXk
TEMIIepPaTypor0 i MEXaHIYHUMH BIIACTUBOCTSIMH Ty)K€ BaxJuBe, KO T MDF,
SKi CKTagaloTh KOHCTPYKIiFO BHUPOOy, B TpOIECi eKcIuryaraiii OyayTh 3a3HaBaTH
BIUIMBY KOJIMBaHb TeMIiepaTypu. [Hpopmarii mpo HaCiIKK BIUTMBY TeMIepaTypu Ha
MeXaHi4Hi BJIAaCTHBOCTI JIEPEBHOBOJIOKHHUCTUX IUIMT Yy JIiTepatypi oOMallb, TiTbKH
KiJbka aBTopiB [1-4] mopyuyroTh 1t0 nmpodieMy y CBOIX mociiukeHHs X. Lli 3HaHHA
MalOTh BaXKJIMBE MPAKTUYHE 3HAYEHHS.

Meta npocjifskeHHs1 — BU3HAUE€HHs BIUTMBY PI3HOMAHITHHX TeMIMepaTyp Ha
MeXy MIITHOCTi JepeBHOBOJIOKHUCTUX TUTUT Pi3HOI TyCTHHH.

O0'ekT a0C/iNAKeHHsI — MPOLECH PYHHYBaHHs IEPEBHOBOJOKHUCTUX IUIAT
cepeaHbOl MITbHOCTI TOBIIKMHOKO 10, 16 Ta 19 MMm.

Martepianu Ta MeTOIMKa AOCIIMKEeHHsI. 3pa3Ky T TOCTiUKEHb BiTiOpaHo
srizho 3 JICTY EN 310:2003 3a takumu po3mipamu: At TOBIIMHU 10 MM —
250%50 mm; g ToBIMHA 16 MM — 370%50 mm; st TOBIIMHK 19 MM — 430%50 MM.
Jns gocrnimkeHb BiniOpaHo 3pa3ku 0e3 MOKPHUTTS, JJaMiHOBaHi 0iJI00 TUTiIBKOO, HITIO-
HOBaHi CHHTETHYHHUM ILITIOHOM Ta OTOps/KeHi (apOoto, ska Majla MaToBe MOKPHUTTA
HaBeJIeHWX BUIIE TOBIIWH. 3pa3ku OOCTIMKyBanu 3a Temmeparyp 20, 40, 60, 80 °C i
BiIHOCHOT BOJIOrOCTi 65 % 3a TakuMX HMIBUAKOCTEH HaBaHTaKeHHs — 2, 7, 12 MM-XB .
JloBKMHA 3pa3KiB KOHTPOJIOBAJIACS PYJIETKOIO, a IIMPHHA i TOBIIMHA IITAHTCHLUPKY-
JIeM Y TPbOX MICIISIX, TAKOXK 3pa3Ku 3BayKyBaJU Iiepe]l BUMIPOOYBaHHSIM.

3. TexHoJI0Tisl TA yCTATKYBAHHS JTiCOBHPOOHHYOr0 KOMILIEKCY 221



