[ToTpiOHO 3a3HAYMUTH, 1O YCHINIHICTE OyIb-sIKOT cucTeMa (HOpMyBaHHS yMiHb
Ta KOMIETEHTHOCTEH 3aJIEKUTh BIJ JIFOJICBKOTO YMHHUKA: OPM 1 BUAY CHUIKYBaHHS
BHUKJIaJ[a4ya Ta CTyJI€HTa, CTABJICHHS 1X J0 3MICTY 1 3ac00iB HaBuaHHs. Tomy cuctema
(dhopMyBaHHS MaTEMaTUYHOI KOMIIETEHTHOCTI Ma€ BPaxOBYBaTH OCOOUCTICHI MOTHUBU
CTYJ€HTa, MOro CHpsMOBaHICTb, NpO(deciiiHl pucu Xapakrepy, cHOpMOBaHICTh
IIKUIbHUX MAaTeMaTUYHUX YMIHb Ta HABUYOK; MICTUTH BUOKPECICHI €Tamu
dbopMyBaHHS MAaTEMAaTUIHOI KOMIIETEHTHOCTI [3].

Cucrema dopmyBaHHS MaTeMaTHYHOI KOMIETEHTHOCTI 1HXKEHEpIB MOBHHHA
BKJIIOUATHU B ceOe peanbHy OIlIHKY MaiOyTHbOI mpodeciiiHoi AisIbHOCTI (axiBIiB i
BpaxOBYBaTH JWHAMIKY PO3BUTKY HOBITHIX TeXHOJIOTiH. [ 1poro mnotpiOHa
po3poOKa Ta BIPOBAHKEHHS TUHAMIYHOI CHCTEMH HAaBYaHHS, sika OyJia O cripsMoBaHa
HE Ha 3700yTTS KOHKPETHUX 3HAHb, a 3aKjajana y IHXEHepiB 3JaTHICTh J0
CaMOBJOCKOHAJIEHHS 1 cCaMOpPO3BUTKY. [IpMUMHOI0 BOTO € CTPIMKUIA TEXHOJOTTYHUHN
Mporpec 1 MBHUJIKA 3MIHA TTOTPEO CYCIUIBCTBA Ta PUHKY TTparli.

JIist  yCHIIIHOTO JOCSATHEHHS TIOCTaBJIE€HOI METH 1 3aBlaHb CHCTEMH
dhopMyBaHHS MaTeMaTU4HOT KOMITIETEHTHOCTI CTYyJICHTIB 1H)KEHEePHUX
CIELIAIPHOCTEH JIOIIJIbHO TPOBECTH IPYHTOBHUM aHalll3 HaBYaJIbHUX IUIAHIB 1
mporpaM MaTeMaTUYHUX Ta MPOQECIHHUX AUCIUIUIH, a TAKOX BHUJLIUTH OCHOBHI
CKJIQJIOB1 CUCTEMH Ta OMUCATH X HATIOBHIOBAHICTb.
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HIBUJAKICTD PYXY 3EPHOBOI'O IOTOKY IO CHHIPAJIBHOMY
MNPUCTPOIO I3 3SMIHHUM KYTOM CITIYCKY
Apenaapenko B.M., kaHAuIaT TeXHIYHUX HAYK, TOUEHT
AHTOHeUb A.B., KaHIUAAT NEAArOriYHUX HAYK, TOUEHT
(Ilonmascvka Oeporcasna azpapua akaoemis)
3aBaHTaXKEHHS 3€pPHOM BHCOKMX CWJIOCIB Ha JaHUN dYac BiOyBa€eThCcs 3a
paxyHOK MOTEHIiaTbHOI eHeprii 3epHoBoro matepiany. [lamaroun 13 3Ha4HOI BUCOTH
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3epHO OaraTopa3oBO BIAAPSETHCS 00 OCTOHHY OCHOBY CHOPYAM Ta WOTO BHYTPIIIHI
00KO0BI TOBepXxHi. Take 3aBaHTaXXCHHSI MPU3BOJUTH O MEXAHIYHOTO IMOIIKOKEHHS
3€pHa, PI3KOTO 30UIBIICHHS IHTEHCUBHOCTI MOr0 JUXaHHS, OUIBIIOrO YUIIJILHEHHS
3epHOBOI'O HACHUITy Ta YTBOpPEHHIO cerperamii. TpaBMOBaHE 3epHO BHILISE BEIHUKY
KUIBKICTh TEIJia, SIKE MOE MIPHU3BECTH 1O CaMO3IrpiBaHHS 3€pPHOBOI Macu, IO
MPUBOAUTH JI0 MOpUl 3epHa abo Horo 3aruOeni. L1 sBUIA HEraTUBHO BIUIMBAIOTh HA
BUITYCKHY 3JaTHICTh CHJIOCA 1 B KIHIICBOMY PaxyHKYy MPUBOJIATH IO 3MCHIICHHS
€KOHOMIYHOI €()eKTUBHOCTI TEXHOJIOTIYHOTO MPOIIECY 3aBaHTAXEHHS Ta 30epiraHHs
3€pHOBO1 MacCH.

KinpkicTe MeXaHIYHUX TMOIIKO/KEHb 3€pHa, 3aJeXKUTh BiJl IIBUJIKOCTI HOTO
MaJiHHA, a caMa IIBHAKICTh 3aJICKHTHh BIJ BHCOTH NaaiHHA. [[1g 3MEHIICHHS
TpaBMyBaHHS 3€pHa Ha Kadeapi TEXHOJOT1H Ta 00JjaHaHHS TepepPOOHHX 1 XapUOBHUX
BUpoOHUIITB [lonTaBchkoi JepkaBHOI arpapHoi akajaemii OyB po3poOJieHuit
3aBaHTAKYBAJIBHUM TPHUCTPIA 13 3MIHHUM KyToM cmycky [1, 2]. ChoipaibHuii
3aBaHTAXYBAJIbHUM TMPUCTPIN KPINMUTHCS HA BHYTPINIHIA YacCTHUHI CHUJIOCY 1 Mae
MO>KJIMBICTh PETYJIIOBATH KyTH CITyCKy 3epHa. [Ipuctpiit siBnsie coboro nepudepiinuii
Binkputuii TBUHTOBUN KaHan ([IBI'K). Tino rBuHTOBOro KaHamdy  yTBOPEHOIO
npoBepTanHsM U-moi0HOr0 mpo@uIto 3a TBUHTOBOIO JIIHIEIO 31 3MIHHUM KyTOM,
SIKAW 3MEHIIIYETHCS TIOCIIIOBHO BiJl HAMOUIBIIOTO 3HAYCHHS 0., (BUOUPAETHCS JICIIIO
OTBIIMM BIJ JTUHAMIYHOTO KyTa TEPTS 3€PHOBOI KYJIbTYPH, sKa 30epiracThCs B
cuiioci), 1 mpuitmaeTbest B Mexkax 30...40 rpaayciB. B mmwxkniit vactuni [IBI'K kyT o
3MEHIITY€EThCS 1 IpuiMaeThest Ha 10...20% MEHIINUM BT Oy

Ha mouatky cBOro pyxy mo I'BHHTOBIN MOBEPXHI 3€PHOBUM IMOTIK MAa€ MEBHY
NOTEHLIaJbHY €HEPTriio, KOTpa MiJ i€l TPaBiTAlllifHOT CHUJIM TEPETBOPIOETHCSA B
KIHETUYHY €HEeprilo, a HeBeJHMKa ii YacTWHAa B HACHIAOK TEPTS BUTPAYAETHCS HA
HarpiB poO0O4Y0i MOBEpXHI TBUHTOBOTO KaHalTy. B mopaiblioMy TeIjoBa €HEPTis,
PO3CIIOETBCSI B CEpelIMHI CUJIOCY. bijblia 4yacThUHA KIHETUYHOI €HEprii pyXxoMOro
3€pHOBOT0 MTOTOKY 1/1€ HA 3aBaHTAXCHHSI CUJIOCY 3€PHOM.

JIns HOpManbHOTO PYXy 3€pPHOBOIO MOTOKY MO K0JI00Y TBUHTOBOI MOBEPXHI
KyT a y BepxHiid yactuHl [IBI'K moBuHeH OyTu OUIbIIMM BiJ KyTa HPHUPOJHOIO
Biikocy ¢ [1]. IlpoimoBmm mnepury AUISTHKY T'BUHTOBOIO KaHaly 3 KpPOKOM /i,
IIBUJIKICTh 3€PHOBOTO MOTOKY 3MEHIIYETHCA 32 PaxyHOK 3MEHIIEHHS KyTa o. [lpu
[[bOMY MIBUJKICTh CXOJly 3€pHA 3 KaHajdy 3MEHIIEHA, 32 PaXyHOK 3MEHIICHHS KyTa
CIYCKY BIJl Qygx IO Oy [17TaBHE 3MEHIIIEHHS KyTa CITYCKY 3aro0ira€ BUHUKHEHHIO
KPUTUYHUX 3HAYEHb yIAPHUX CUJ 3epHA 00 CTIHKHU Ta IHUIIE €eMHOCTI. Tomy memoro
poOOTH € JOCHIKEHHS ONTHUMajbHOI MMBHAKOCTI pyxy 3epHa mo [IBI'K s
3a0€3MeUeHHSI CTAJIOTO TTOTOKY Ta 3MEHINIEHHS MEXaHIYHOTO TPaBMYBaHHS 3€pHa.

Buznaunmo nipodisib TBUHTOBOTO KaHATY 31 3MIHHUM KYTOM CITYCKY, TIO SIKOMY
3epHOBa Maca Oyje criyckatucs Big TO4kd A g0 Touku B. Ha mowaTtky mporecy
3aBaHTaXCHHS (Touka A) 3€pHOBUM Marepial 3HAXOJUTHCA HAJ EMHICTIO, B
pe3yNbTaTi 3aBAaHTAXEHHS BIH ONUHSETHCS B €MHOCTI B TOMY YH IHIIOMY
TOPU30HTAJILHOMY IIapi, PO3MIIIEHOMY HUXY€E TTOYATKOBOTO MOJIOKEHHS (puc.1).
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Pucynox 1 - Cxema cui, 110 AiF0Th Ha 3€PHO MiJ1 Yac pyXy MO TBUHTOBIM
MOBEPXHI

Hexaii 3epnoBuii matepian pyxarounch 1o IIBI'K noxoauts no Touku C. ¥ miit
TOYIIl Ha 36pHOBY Macy JAIIOTh TPU CHJIM: Bara BHJIUICHOTO €JIEMEHTY 3€pHOBOI Macu
Q, HOpManpHa peakilis rBUHTOBOrO Kanaiy N 1 cuna tepts Fr[1].

3aKOH pyXy eJeMeHTa 3€pHOBOI MACH B HAIPSIMKY JOTUYHOI, sIKa TO3HAYEHa Ha
puc.1, sx Bich t-t Ma€ BUI:

mZ:f:Q-sina(l)—Q-fT-cosa(l), (1)
abo
d’l
dr*
[IpuiinsaBmy, MO «(/) 3MIHIOETbCS 3a 3aKOHOM a()=-a-l+a,, , A€ a —

=g-sina(l)—g- f; -cosa(l)

MOCTIMHUYN KOSQIII€EHT, o, — HAHOUIBIINN KYT CITyCKY.

max

d’l .
F:g-sm(—a-l+amax)—g-fT -cos(—a-l+a,,, )
t
Posnecemo nudepeHiiany mo pi3Hi CTOPOHU PIBHSHHSI Ta MPOIHTETPYEMO:

2
. ‘” - ar @)
g-sin(—a-l+a,)-g fr-cos(—a-l+a,,)

; dx=—a-dl, TOIl

max ?

Brenemo 3aminy: x=—a-/+a

(—1 d)‘sz:(HC)dt. (3)

ag’ sinx— f, cosx
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[IpoinTerpyemMo Bupa3 BHUKOPUCTAIIM YHIBEPCAIbHY TPUTOHOMETPUUYHY
I1JICTAHOBKY:

dl ag | f7+1 (t+C) )
dt thg[—al;amj 141
In
5

CnpoctuBInyg BUpa3 (4) OTpUMAEMO KiHIEBE 3HAYEHHS MHUTTEBOI LIBUIKOCTI
PyXy 3epHa B JaHHil MOMEHT 4acy [3] 110 BiJIkpUTOMY FBUHTOBOMY KaHAIy:
dl ag-|f7 +1 (t+C)
==

2.)f7+1

frtg025+1—A/fj +1

ne C — 1oBUIbHA CTana BEJIMYMHA, SIKa BA3HAYAETHCS 13 YMOB: t=0;V =V, .

Inl1+

3 OTpUMAHOTO BUpA3y CIiye, o 31 3MeHIIeHHsIM kyTa a B [IBI'K mBuakicts
PYXy 3€pHOBOTO MOTOKY TaKOX 3MEHIIYEThCS 1 cTaOUTI3yeThess. B HUXKHIN dacTuHi
NPHUCTPOIO PYX 3EPHOBOTO Martepiany BiAOYBAa€ThCSl MPAKTUYHO 3 TOCTIHHOIO
JTIHIAHOO MIBHUIKICTIO, B HACIIIOK YOTO 3€PHO MEHIIIE TPAaBMYETHCS T1aIal09d Ha THO
CHIIOCY.

[Tomanpin mocmigxeHHs OyAyTh HaIlpaBlieHI Ha OOTPYHTYBaHHS HEOOX1THOTO
TEMITy PO3TOHY 36pHOBOI MacH y BEpXHIH 4aCTHHI TBUHTOBOTO KaHATy Ta 3MEHIIICHHS
MIBUAKOCTI PyXy 3€pHa y HWXKHIM 4YacTMHI JAaHOTO MpHUCTporo. Taka 3agaua
BUPIIIYBaTUMETHCS NUIIXOM ONTHUMI3allii 332 YMOBH KOMIIPOMICY MIX IIBUAKICTIO
3aBaHTAXEHHS 1 TEIUIOTOI0, M0 BUAUIAETHCA. J[OMITBHO TakKoX po3poOuTu
7a00paTOpHy YCTaHOBKY MO BHM3HAYEHHIO CTYIEHS MOUIKOKEHHS 3€pHa, 110 Majae
Ha JIHO CHUJIOCY.
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