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VJIK 631.22.014

3MIHU ®I3UKO-MEXAHIYHUX BJJACTUBOCTEN
3EPHOBUX MATEPIAJIB B IPOILIECI TEILVIOBOI OBPOBKH

[MTaneknii B.B., a1.1.1H.,
Hem'suenko J1.B., acniipaHT
Yanmnuuacekuit A Il., iHXeHEp

Taspiticbkuii 0epaicasHUll azpomexHoI02iYHULL YHIGepcumem
Ten. (0619) 42-05-70

Anomauyia — 'y CTaTTi PO3IJIAHYTO BIUIMB TEILUIOBOI 00pOOKM Ha
({izuKko-MexaHIYHi BJIACTHBOCTI 3¢PHOBUX KOPMIB, OTPUMAHI 3aJ1€5KHO-
CTi 3MiHU MacH, KOe(illieHTIB TepTs Ta BOJOIrOCTi Bil TeMIepaTypu Ta
yacy o0poOKm.

Knwuosi cnosa — Ppiznko-MexaHiuHi BJIaACTHUBOCTI, KoedilieHT Te-
PTH, BOJIOTICTH, KYT NMPUPOJIHOr0 YKOCY, 3¢€PHOBi KOPMH, TeljioBa 00-
poOka, iHppayepBoOHe BUIIPOMiHIOBAHHS, MiKPOHI3alLlisl.

Ilocmanoska npobaemu. SIKICTb KOMOIKOPMIB 3aJI€KUTh BIJ] SKOCTI
MITOTOBKY X J10 3r0J0ByBaHHs. [[epCreKTUBHUM HANMpsSMKOM B raitys3l KO-
PMONIPUTOTYBAHHS € TMpolec 1HPPAYEPBOHOIO OMPOMIHEHHS 3E€PHOBUX
KOMIIOHEHTIB, III0 BXOJAITH JIO CKJIaay KOMOIKOpMiB — MikpoHizamis [1]. B
MpoIieci TEII0BOi 00pOOKHU 3epHA 3MIHIOIOTHCS (H13MKO-MEXaHIYH1 BIIaCTH-
BOCTI Matepiaiy, sIkuii 00pOOII0€ThCS, 10 CYTTEBO BILJIMBAE HA MapaMeT-
pu oro B3aeMoii 3 poOOYMM OpPraHOM 1, B IUIOMY, — Ha OJHOIIIAPOBE J0-
30BaHE MEPEMILIEHHS MO IUIOMIMHI 0OpOOKH, 110 € BAXKIUBUM (HhaKTOPOM
SKOCTI TETUIOBOTO MpoIuecy. 3MiHU (PI3UKO-MEXaHIYHUX BJIACTUBOCTEH 3ep-
HOBUX MaTeplajiB B Mpolieci TemIoBOi 00poOKH NOTpeOyIOTh BIAMOBITHUX
3MIH mapameTpiB poOOYUX OPraHiB MEXaHi3My MOro OJHOIIAPOBOI J030Ba-
HO1 mojayi. [[ns BU3HAUEHHS 3aKOHOMIPHOCTEW 3MiH MapaMeTpiB oOnaj-
HaHHS HEOOXITHO 3HATH 3aJEKHOCTI (PI3UKO-MEXaHIYHUX BJIACTHBOCTEH
3epHOBHUX MaTepiaiiB BiJ TeMmepaTypu Ta yacy oOpoOku. be3 nux nanux
HEMOXJIMBO MOOYAYyBaTH MaTEMaTUYHY MOJIeNIb MPOIECy SIKICHOI Mojayi
3epHAa Ta BUBHAUYUTH ONTUMAaJIbHI IApaMeTPH TEIIOBOi 00OPOOKH.

Ananiz nonepeouix O0ocniodcenb TOKA3ye, 110 ICHYe OaraTo Jitepa-
TYpHUX JDKEpe, Je npuBeeHi (i3nKko-MeXaHIYHUX BJIACTHUBOCTI 3epHa [2],
aje pe3ysbTaTIiB JOCHIIKEHb, 0 BUSBUIMW OM 3aJIE)KHOCTI OJHOYACHOT
3MIHM MacH, KOe(ili€eHTIB TepTs 1 BOJOTOCTI BiJl TEMIEpaTypH Ta 4acy o0-
pOOKM, HaAMU HE BUSIBJICHO.

Memoto pobomu € OOTpyHTYBaHHSI ONTHUMAJbHUX MapaMeTpiB MPO-
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LIECY BOJIOTO-TEIIOBOiI OOPOOKH 3€pHOBUX KOPMIB LIISIXOM MaT€MaTHYHO-
r'0 MOJICTIOBAHHS OJJHOIIAPOBOI 1030BaHOI MOAaui 36pHOBOTO MaTepialy 1Mo
IUIOLIMHI OOpOOKH Ha OCHOBI OTPUMAaHHS 3aJeXKHOCTEN KOe(ili€HTIB Tep-
TS, MacH, BOJIOT'OCTI BiJ TEMIEPATypH Ta yacy oOpoOKH 36pHOBOTO MaTepi-
amy.

Memoo Oocniodxcenb Mae Ha METI CTBOPEHHS YMOB OJM3bKHX [0
YMOB TIpoliecy 0OpoOKH 3epHa iH(GPadYepPBOHUM BUIIPOMIHIOBAHHSIM (MiK-
poHi3arii).

MeToamka oTpuMaHHS 3aJIeKHOCTEH MacH Ta BOJIOTOCTI TPhOX BUIIB
3epHa (Cosl, TIYMIHB Ta )KHUTO) BiJl TEMIIEPATYPH Ta Yacy 0OpoOKH BKIIIOYAIa
3rijHo 3 [3] HacTymHI eTanu: 30UTBIICHHS BOJIOT'OCTI BCIX HABICOK 3€pHA JI0
20% Ta ii KoHTpOINB 3a mormomororo Bojoromipy BCII-100 (puc. 3), BigOip
nmpo0 Macorl0o 2 T 3 KOXHOI HAaBICKM IS TPOBEIACHHSIX JOCTIAIB B
I’ ITUKPATH1{ TOBTOPHOCTI.

Puc. 1. Jlabopatopuuii Bonoromip BCII-100 ta mynstumerp UNI-T
UMT133C 3 Tepmomnaporo

[TixirpiB 3epHa Ta cymika mpoo mpoBoauiacs Ha mpoTsa3i 180 cexynn
y ananizatopy Bojorocti «AXIS» (puc. 2) npu temneparypi 130°C 3 au-

Puc. 2. JTabopaTtopuwmii anamizaTop Bosorocti «AXIS»
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3anexxHocTi Koe(IlieHTy TepTA BijJ TeMIepaTypH Ta 4acy HarpiBaH-
Hs1 OyJM OTpHMaHi Ha J1abopaTopHii ycranoBii TM21-A (puc. 3), ne 3epHo
Ta MOBEPXHS TePTA MiAirpiBaiuch 10 3ananoi Temmneparypu 130°C ta moc-
TYHOBO BU3HAYAJIUCh KOE(DILIEHTH TEPTSA HAa KO)KHOMY €Tarl 3MIHU TeMIIe-
paTypH 3riHO METOJIUMIHUM BKa3iBKam [4].

Puc. 3. JlabopaTtopHa ycTaHOBKA /I BU3HAYEHHS KOe(DIiEHTY TepTs
T™™21-A

JUia BU3HaYeHHS KOe(illEHTY BHYTPIIIHBOTO TEPTS HEOOXITHO 3HA-
TU KyT NPUPOJHBOTO YKOCY JJIsI KOXKHOrO Marepiaiy, KUl O0yJio BU3Haye-

HO Ha jabopartopHiii yctaHoBmi tuny YBT-3M (puc. 4) 3rimHo 3 BKa3iBKa-
mu [5].

=

Puc. 4. JlabopaTropHa ycTaHOBKa JJIsl BUBHAYCHHSI KyTa MIPUPOJAHBOTO
ykocy tuiry Y BT-3M

Ocnosna yacmuna. OTpUMaHi 3aJ1€KHOCTI JEMOHCTPYIOTh XapaKTep
3MIHM MacH Ta BOJIOTOCT1 HABICOK PI3HUX 3€PHOBUX KYJBTYP B 3aJEKHOCTI
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B1Jl Yacy oOpoOKu.

Maca 4acTHHOK 3HIDKYEThCS 3 Pi3HOIO iHTeHCHBHICTIO (puc. 5). Tak
Maca HaBIIIEHHS 3€pHA CO1 y cepeAHid KUIbKOCTI 11 3epHUH 3MIHIOETHCA
npu o6pobui mpu Ttemneparypi 130°C 3rigHo HeNiHINHOT 3a7€XKHOCTI
M,=0,0003x*-0,014x+2,0137. Maca HaBaxok stamento (52 3epHuHH) Ta
xuta (63 3epHMHM), BimmosinHO, M,,=0,0007x°-0,0237x+2,0265 wu
M= 0,003x*-0,019x+2,0262.
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Puc. 5. 3anexHicTh MacH HaBICKHM 3€pHA BiJ] 4acy TEIJIOBOi 00pOOKU

Maca HaBa)KOK 3HMKY€ETHCSI PI3HOIO MIpOIO 4epe3 Te, 110 BIUIMB TEM-
neparypu B 130°C Ha 9acTHHKHM Pi3HOTO PO3MIPY 1 MIUTBHOCTI MPOSIBISETH-
csl HeoaHaKoBO. HeoOXiIHO eKCIEpUMEHTAIbHO BU3HAYUTHU ILJIONLY MOBEP-
XH1 3€pHUH KOKHOTO BUJly MaTepiany. JlJis bOro BUKOPUCTOBYBAJIACS Me-
TOJMKA BU3HAUYCHHS €KBIBAJICHTHOTO JlaMeTpa 3epHa. Bu3HauaBcs ekBiBa-
JICHTHUM AlaMeTp 3€pHAa HACTYNMHUM YMHOM: 3 MapTii 3epHa, KEPYIOUYHUCH
METOJUKO, BimOupamacs HaBicka Macoro 0,5 kr. 3 mpoOu BUILISINCS ABi
HaBa)XKH 3€pHa 110 5 r i1 Big K0KHOT 3 HUX Bigoupaock mo 100 3epen. 3Ba-
xKyBaymch BifiOpani 100 3epeH i BU3HaUamacs cepeHs Maca OJHOTO 3epHa.
B manoHenwuit racom mipHUH muniaAp nomimanucs 100 BigiOpanux 3epeH
1 32 PI3HULICIO BIAMITOK PiBHA Tacy JO 1 MICJs 3aHYPEHHS 3€peH 3HAXOAUB-
cst cepe il 06csr 3epHa V3, CM.

BuzHaueHnHs cepeHboro 00’eMy OJIHOTO 3epHa V3 MOBTOPHOBANIOCS
e pa3 Ha iamii maptii 3 100 3epeH i a1 momanbIuX po3paxyHKiB MPUNi-
MaJjocsi CepeIHE 3HAYCHHS 3 IBOX BUSHAUYCHb.

3 oTpUMaHOro 3Ha4YeHHsI 00’eMy 3epHa OyB 3HAWJICHUM €KBIBAJICHT-
HUUW J1aMeTp JUIsl KOXKHOTO BUAy 3epHa [ 3a popmyroro

A =L24 ®

ne V3 — cepeliHiil 00cAr HaBICKH 3epHa.
3 oTpuMaHOTO 3HAYeHHS [l BU3HAYAIOTh MUTOMY IUIONIY MOBEPXHI
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Sy, cM?/T BUXIZHOTO 3€pHOBOTO MaTepiany 3a (opMyJIor
6
S, = :
p-A, )
Je p — UIUIBHICTh 3€PHOBOTO MaTepiay, r/em’ (st coi — 0,75r/cm®; s
stamento — 0,61 r/em®; monst xuta — 0,67r/em’).

OckulbKH cepefHsi Maca OJIHIET 3€pHUHM KOXKHOT'O BHJY Marepiany
B1JIOMa, MO>XHAa BU3HAYUTHU IUIONTY MOBEPXHI OJUHUYHOI YaCTHUHKHU 3€pHA,
Ka B CEPEIHbOMY CTaHOBUTH 47,9MM2, 19mm? i 16,8 MM IUISA COl, SYMEHIO
Ta XUTa BIANOBIAHO. [IpunycTumo, 110 BIUIMB TeIuia 3A1MCHIOETHCS Ha TI0-
JIOBUHI IMX IUIOII. 3HAIOYM CEPEJIHIO KUIBKICTh 3€PEH Y KOKHOMY HaBilly-
BaHHI, sKa cTaHOBUTH 11 misa coi, 52 mwisa sumenro 1 63 i KuTa, MOKEMO
OTPUMATH CITIBBITHOIIEHHS IUIOIII TETUIOBOI 0OpOOKHU 1 BOJIOTH B 3€pHI, fK1
CTAaHOBJIATH, BiAIIOBIAHO, 1,32 MM2/MT s coi, 2,47 MM2/MT U1 TYMEHIO 1
2,65 MM2/MT IUISL JKUTA.

Po3paxoBaHi CHiBBIAHOIICHHS MiATBEP/KYIOTh OTPUMaHI B XO/JIi Jia-
OOpaTOpHUX JOCIIKEHD 3aJIeKHOCTI, a caMe Te, 10 HalOUIbII IHTEHCUBHE
BUIAPOBYBAHHS BOJIOTU MPOXOJUTHh B TOMY BHJI1 3€pHA, /i€ CHiBBIAHOIIICH-
HSI TUTOIII TETUIOBOT 0OPOOKH 1 BOJIOTH B 3€pHI HAaHOIbIIIE.
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Puc. 6. 3anexxHicTh BOJIOTOCTI 3€pHA BiJ] 4acy TEIIOBOi 00pOoOKH

3ae:KHOCT1 BOJIOTOCT1 JIJIsl PI3HMX BUJIIB 3€pPHOBOIO Martepiaily BiJl
4yacy TEIuIoBOi 0OpOOKM OMHUCYIOTHCS HACTYIHUMH PIBHSHHSMH: JUJISL CO1
y=-0,4499x+20,328; nmns sumento Y=-0,6821x+20,53; nmmsa xuta
y =-0,9975x+21,575. OTtpumaHi 3HAYECHHS TO3BOJIMIN PO3PaXyBaTH Macy
3aJIMIIKOBOT BOJIOTH B 3¢pHUH (pHC. 6).

3aexHOoCTi 3MIHA MacH 3aJIMIIIKOBOT BOJIOTH B 3€PHI Bij yacy o0po-
OKM JUIs pI3HUX BUAIB 3epHOBOro Mmatepiany (puc. 7) BUIIAIAIOTH
TakuM umHOM: s coi  y=0,0003x%-0,014x+0,4137; mwis suMeHO
y=-0,0158x+0,4107; nns xura y=-0,0226x +0,4335.
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Puc. 7. 3anexHicTh Macu 3aJUIIKOBOI BOJOTHU B 3€pHI BiJl 4acy 00-
pOOKH

[Ipu oOrpyHTYBaHHI ONTHUMAaJbHUX MApaMETPiB MPOIIECY BOJIOIO-
TEIJIOBOi OOpPOOKM 3€pHOBHX KOPMIB IIJISIXOM MATEMAaTHYHOTO MO/IEIIO-
BaHHS OJIHOLIAPOBOI JO30BAHOI MOJadyl 36pHOBOr0 MaTepiaily Mo IUJIONIUHI
00pOOKH BUKOPUCTOBYETHCS METOJ JUCKPETHOIO eleMeHTa. /s uboro He-
00X1THO OTPUMATH 3aJCKHOCTI HE TIIBKH JJIsI HaBaXXOK 3€pHA, a W I
OKpPEMHUX YAaCTHUHOK KOXHOTO 3 JOCHIIKYyBaHMX MarepiaiiB. OCKUIbKU Ki-
JBKICTh YACTUHOK B KOKHOMY HaBIIIyBaHHI1 BiJJOMa, OTPUMYEMO 3aJICHKHO-
CT1 Macu 1 BOJIOIOCTI1 B1Jl 4acy 0OpOOKHU /171 OJIHI€T YACTUHKH KOXHOT'O BH-
7y 3€pHa, a TaKOX 3aJIe)KHICTh MacH BOJIOTH B OJWHUYHIN YaCTHUHIII 3€pHA
B1/1 9acy oOpoOKH.

3a71eXHOCT1 3MIHHM MacH OJMHUYHOI YaCTHUHKH JJISI PI3HUX BUIIIB 3€-
pHOoBOoro Mmarepiany (puc. 8) BUIIIAZAIOTh TaKMM YHHOM. JUIS  COi
y=3e-05x’-0,0012x+0,1754; st ssumento y=2e-05x>-0,0005x+0,0386; wis
sxuta y=1e-06x>-0,0004x+0,032.

Pi3Ha IHTEHCHUBHICTL 3MIHHM BOJIOTHM MOSICHIOETHCS THUM, IO JOCKI-
JLKYBaHI BUJIM Matepiajly MaloTh pi3HE CHIBBIAHOIICHHS IUIOIII TEIMJIOBOi
o0poOKM 1 BOJIOTM B 3€pHI, fAKi CKIagaoTh 1,32 MM2/MT IUIA  COl,
2,47 MM2/MT U TYMEHIO 1 2,65 MM2/MT IUTSL KUTA BIAIOBIIHO.

Maca Bonoru B OJIMHUYHIN YacTHUHIIl 3€pHA 1 TeMmmepaTypa 3epHa 1
po00oYOT TOBEPXHI [T PI3HUX BUIIB 3epHOBOTO Matepiany (puc. 9) 3Haxo-
JSATHCSI B HEJNIHIAHIN 3aleKHOCTI 1 OMUCYIOThCS PIBHAHHSMH. MJISI COL
y=3e-05x%-0,0012x+ 0,0351; must stumento y=2e-05x°-0,0005x+0,0079; mwis
sxuta Y=1e-06x°-0,0004x+ 0,0066. HeniniiiHicTs 3MiHH BOJIOTH MOKHA I10-
SICHUTH THM, IO 31 3MEHIIEHHSAM KIJTbKOCT1 BOJIOTH B 3€pHI, IHTEHCUBHICTb
11 BUIIAPOBYBAHHS TaKOX 3MEHIIYETHCS.



[Mpaui TAATY Bumyck 15, Tom 4

53
0,2000
h&
< 01500 -Y=3E-05¢- S0 o
x R2=0,9998
=
™
S 0,1000 con
7 y=2E}05x- 0,0005x +0,0386 = 1E-06x? - 0,0004x + 0,032 ' '
é 0,0500 R2=0,9981 R2=(9986 == AumiHb

r+1 rf1 r1 l == *Kuto

0,0000

0 20 40 60 80 100 120 140 160

Yac 06pobku, ¢

Puc. 8. 3anexHicTh Macu OUHUYHOI YACTUHKH BiJ 4acy 00OpoOKH
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Puc. 9. 3anexxHicTh Macu BOJIOTH B OJUMHUYHIN YaCTIIl 3€pHA BiJ] 4acy
00poOKH

Takox Oynu oTpuMaH1 3aJeKHOCT1 Koe(]illeHTa 30BHIIIHBOTO TEPTS
B1Jl TEMIIEpATypH 1 yacy oOpoOKH ISl pI3HUX CTYIIEHIB HarpiBy. Pe3ymnbra-
TH BUMIpIOBaHb 300pakeHi rpadiuno Ha pucyHky 10.
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Puc. 10. 3anexHicTh Koe]illieHTa TepPTs 3epHA MO METaIy BiJ TeM-
nepaTrypu
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KoedimieHT TepTs 3epHa o MeTany AJisi pi3HUX BUJIIB 36pHOBOTO Ma-
Tepialy 3aJIeKUTh BiJl TEMIIEPATypH B3a€EMOAIIOYUX 00'€KTIB, 1 OMMCYIOTHCS
HEJHIMHUMU PIBHIHHIMU. JJIS COi y=0,0015X2—0,0191X+O,2219; U ST4-
menro y=0,0016x°-0,0206x+0,4627; s xura y=0,0017x*-0,0207x+0,453.

Takuif xapaktep 3MIHU KOEQIIIEHTIB TEPTS MOSICHIOETHCS TUM, IO
MIpU HarpiBaHHI 3MEHIIYIOTHCSI CUITM MOJIEKYJISIPHOT B3a€EMO/I1T peUOBHH, 1110
TATHE 32 CO00I0 3MiHY KO€(illi€EHTa TepPTs.
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Puc. 11. KyT npupoaHb0ro ykocy

3HauyeHHs KyTa MPUPOJHOTO YKOCY JJisl OCHIIKYBaHUX MaTepiaiiB
CTAHOBJIATE. UIA col — 24,96; mia sumenro — 28,42; nna xxura — 28,68. Bu-
3HAQUYEeHHS KyTa MPUPOJHOIO YKOCY JO03BOJMJIO po3paxyBaTu KoedilieHTH
BHYTPIIIHBOTO TE€PTS JJI KOKHOT'O BUAY 3€pHOBOr0 MaTepiany, siKi CTaHO-
BiATE. A col — 0,414; nns ssaumenro — 0,479; s xura — 0,484 Binnosin-
HO.

Bucnosxku.

1. Po3rnsiHyTOo XapakTep BIUIMBY TEIJIOBOI 0OpoOkM Ha (hi3uko-
MEXaHI14H1 BJIACTUBOCTI 36pPHOBUX KOPMIB, TAKHX SIK COSI, SUMIHbB 1 )KHUTO.

2. EkciepruMeHTaIbHO BCTAHOBJICHO CEPEIHIO IUIONIY MOBEPXHI
OJIMHUYHOI YaCTHUHKU JJI1 KOKHOTO BHIY Martepiany. Po3paxoBaHo cmiB-
BITHOIIICHHS TUIOII1 TETI0OBOI 0OPOOKHU 1 BOJIOTH B 3€pHI.

3. OTpuMaHO 3aJIeKHOCTI 3MIHM Macd, KoedillieHTa 30BHINTHBOTO
TEPTs 1 BOJIOTOCTI Bijl TEMIIEpaTypH 1 yacy oOpoOKH, SIK 1Ji1 HABAXKOK, TakK 1
JUTSl TIOOJIMHOKUX YAaCTHMHOK 3€pHOBUX MaTepiaiiB. Takoxk Oyiau BHU3Ha4yEeHI
3HAQUYEHHS KyTa MPUPOJHOTO YKOCY ISl JAOCIHIKYBAHUX THUIIIB 3€pHA, 110
JI03BOJIMJIO PO3PaxyBaTH KOE(PILIEHT BHYTPIIIHBOTO TEPTSI.

4. OTpuMaHi NUISIXOM JIa0OPATOPHUX JOCHIIIKEHb 3aJIeKHOCTI (Hi3u-
KO-MEXaHIYHMX BJIACTUBOCTEH 3E€pPHOBHX KOPMIB BiJl TeMIEpaTypu 1 4dacy
00pOOKHU JT03BOJISIIOTH MPOBECTU PO3PAXYHKH MATEMATUYHOI MOJE1 OJIHO-
IapOBOr0 MEPEMIIICHHSI 36pPHOBOTO MaTeplayly MO MOXUJIIA KPyrosiil BiO-
paliiiHiil moBepXHi 1 MOOyAyBaTH AOCTITHUM 3pa30K YCTAHOBKHU JJIsl Mepe-
BIPKH aJICKBaTHOCTI I11€1 MOJIEJII.
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W3MEHEHUE ®U3UKO-MEXAHUYECKHX CBOMCTB
3EPHOBBIX KOPMOB B [TIPOIIECCE TEILIOBO OBPABOTKHU

B. B. [ankwuit, /1. B. Jlembsinenko, A. I1. HanauHCcKui

AnnHomayua — B CTaTbe PacCMOTPEHO BJIMSIHHE TeMIIePATypPHOM
00padoTKN HA PU3UKO-MEeXaHHYeCKHe CBOMCTBA 3¢pPHOBBIX KOPMOB. B
npouecce Jad00paTOPHBIX ONBITOB ObLJIM MOJY4Y€HbI 3aBUCUMOCTH MAac-
cbl, KO3 (PULMEHTA TPEHHUA U BJIAKHOCTH OT TeMIIEPATYPbl U BpEMeEHH
00padoTKM.

CHANGES OF PHYSICAL AND MECHANICAL PROPERTIES
OFGRAIN FEED DURING HEAT TREATMENT

V. Shatsky, D. Demjanenko, A. Chaplinskiy

Summary
This article considers the impact of heat treatment on physical
and mechanical properties of grain feed. During laboratory tests
dependences of weight, friction and moisture on the temperature and
time of treatment were obtained.



