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PE3YJIBTATHI SKCHEPUMEHTAJIBHO-IIOUCKOBBIX UCCJIEJOBAHUUN
1O BJIMSAHUIO MUKPOHU3AIIMU HA YCUJIME PAZPYIIEHUA 3EPHOBKH
®. A. Kunpusinos, II. A. CaBunbIX

Pedepat. B ycnoBusx Bo3pocuieil NpoayKTHBHOCTH CEJIbCKOX0351 ICTBEHHBI X )KUBOTHBIX aKTY-
QIBHO TOBBINIEHUE 3HEProddexkTHBHOCTH KOPMOB. MHUKpoHM3alus (ypakKHOro 3epHa IO3BOJISIET
YAYYIINTh €T0 YCBOSIEMOCTh, 00€33apa3uTh M CHU3UTHh KOJIMYECTBO aHTHUIHTATENBHBIX BemlecTB. OnuH
W3 KPUTEPUEB JIOCTATOYHOCTH MHUKPOHHM3ALWK — YCUIIME pa3pylieHus 3epHOBKHU. MccrienoBanus c 1e-
JIBIO M3YYCHHUS! BIIMSHHS PEKMMOB MHUKPOHHM3ALMM HA YCHUJIME Pa3pYLICHUS 3€pPHOBKH KJIMHOBHIHBIM
HaKOHEYHHUKOM IIPOBEJICHbI Ha PUMEpPE 3epHa PXKH M sUMeHs. B cepurt oqHOPAKTOPHBIX HKCIIEPUMEH-
TOB OINpENEISUTH yCHIIUE pa3pyLIeHUs] 3epHOBKU NPU HACTYIUIEHHH Pa3JIMYHBIX COOBITHH: Hayane Mo-
TPECKMBaHUsI 36PHOBOK M Hayajie MOAropaHus. YCHIHMe pa3pyleHHs] IPH Havaje MOTPECKUBAHUS JUIs
3€pHa PXKU CHUXKAJIOCh B UHTEpBaje oT 9% mo 20%, nmns 3epHa staumenst — ot 10% no 44%, npu Haydane
MOJITOPaHUST — COOTBETCTBEHHO OT 16% 110 26% u ot 44% 1o 50%. 3Mepenue ycuius paspymieHUs
3EpPHOBOK, KOTOpble 00padaThIBaIM B TEUEHHUE CPEJHEr0 BPEMEHN MEXIY BPEMEHEM Hauasa MOTPECKHU-
BaHMS M BPEMEHEM Hayasa IOJropaHus, MoKa3auo, YTO yBeJIMUeHHEe BPEMEHH HarpeBa He MPUBOIHT K
CYIIECTBEHHOMY CHIKCHHUIO YCHIIUsI paspymieHus. [Ijis moaydeHns HAMMEHbBIIETO YCWIHS pa3pyLIeHUs
3€PHOBKH IIPH MUKPOHHM3ALUH HEOOXOAMMO 00ECIEUHTh BBICOTY UCTOUHHMKA M3ITy4EeHHs HaJ| TpaHCIOp-
TUPYIOIIEH MOBEPXHOCTHIO OT 10 MM /10 15 MM ¢ MPOIOIKHUTENBHOCTEIO 00padoTku ot 33 no 41 c, He
JO0ITyCKas moAropaHvs nu 06yFJ'II/IBaHI/I${ 3CPCH. HOJ’[y‘ICHHLIC MaTeMaTHUYCCKUE MOACIN aJ€KBATHO OIIU-
CBIBAIOT U3MEHEHHE YCWIIMS Pa3pyLIeHUs] B 3aBUCUMOCTH OT YCIIOBHH 00paboTku. OOpaboTka B ONTH-
MaJbHOM peXHUME MPUBOANUT K CHIKEHHUIO YCHIIMSA pa3pylIeHus 3epHOBKH pxu B 1,8 pa3a ¢ 66 o 37 H,
sumeHs — B 2,3 paza co 101 1o 44 H.

KirioueBble cjioBa: ycuiue paspylieHUsi 3¢pHOBKH, HHQpaKpacHOe U3IydeHUE, NMPOBEJICHHE
9KCIIEPUMEHTa, (PypaXKHOE 3EPHO, IKCIIEPHUMEHT, 36PHO.

BBenenne. Pa3paborka Texauueckux peuie-  COBEpIICHCTBOBAHHME M PACIIMPCHHE HOMEHKIIA-
HUll B chepe 0OpabOTKHM 3€pPHOBOrO MaTtepuayia ¢ Typbl U3MEPHUTEIBHBIX CPEICTB TO3BOJISET TPOBE-
LIEJIBIO MOBBILICHUS €r0 YCBOSIEMOCTH CEINBCKOXO-  CTH OJKCIICPHMEHTBI 110 ONPECICHUI0 yCHIIHUS

3SICTBEHHBIMU JKMBOTHBIMU BBICTYA€T OAHOW U3 pa3pylICHUs 36PHOBKM B CIUHUYHOM 3K3EMILIA-
BOXHEHIIMX 3aJad MHKCHEPHO-TEXHHYECKOr0  pe, YTO B MTOre AaeT Oonee IMOJHYI0 KapTHHY
pa3BUTUSL  arpoOIPOMBIIUICHHOTO  KOMIUIEKCa  BIMSHMS YCIOBMM MHUKPOHHU3AallMM Ha YCWINE

Poccun. Mukponuzanus (ypaKHOro 3epHa —  pa3pyLICHUS 36PHOBKH.
OZIMH U3 XOPOLIO U3BECTHBIX CIIOCOOOB ITOrOTOB- Ilenp uccnenoBaHUi — ONpENETICHUE YCHIMSA
KM KOPMOB K ckapMiuBaHuio [1, 2, 3]. IHTeHCHB-  pa3pyIIeHUs 3epHOBKU IPU PA3IUIHBIX YCIOBUIX

HBIf HarpeB  HMH(paKpacHbIM HM3IydeHHEM  MHKPOHHM3ALMU (Yypa’kHOIO 3epHA U BBISIBICHHE
B Tedenue 30...90 c¢, MOBBIIAET IOCTYMHOCTh  ONTHUMAIBHBIX PEKUMOB OOPa0OTKH.

SHEPTUM, COAEPXKAILEHCS B 3€pHEe, YIydlaeT YcnoBus, MaTepuaibl U MeToabl. O6pabdot-
€ro BKYCOBBIE CBOMCTBA, CHIDKAeT KOJIMYECTBO Ky 3€pHA OCYIIECTBILUIM B CTallIOHAPHOM IIOJIO-
QHTHUIIUTATENLHBIX BEIIECTB, YTO IIOJIOKUTENb-  JKCHHH, B KAayeCTBE MCTOYHHKA HH(PaKpacHOro
HBIM 00pa3oM CKa3blBaeTCs Ha NpUBECaX M M3JIYYEHUS HCHOJIb30BAIM  KOPOTKOBOJHOBBIH
Pa3BUTHH XHUBOTHEIX [4, 5, 6]. m3nydatens QHL ¢ motpebnsiemoit MOITHOCTHIO

OpHako, HECMOTPSA HAa OYEBUIHOCTH MPEUMY- 1500 Br. {nwiay BomHBI HHQPaKPAaCHOTO M3Iyde-
[IECTB HCIIONB30BAaHHWSA MHUKPOHH3UPOBAHHOTO  HUS M3MEHSUIH ITyTeM U3MEHEHHUs HalpsDKeHHs Ha
3epHa B pallMOHe, STOT IPUEM He IOTYYMI Macco-  KIeMMaX HCTOYHUKA. PerynmpoBKY HalpspKeHUS
BOI'O pacHpOCTPAaHEHHs] B TEXHOJNOIMYECKHX JIH-  OCYIIECTBILSUIM C MCIIONB30BaHHEM JIAOOPATOPHO-
HUSX KOPMOIPHUTOTOBIIEHHUS CENbCKOXO03siicTBeH- 1o TpanchopmaTtopa SUNTEK 1000BA muamazon
HBIX npeanpustuii. Pacumpenne ncnonp3oBanus — 0...300 Bomer SK2.1 LTR1000. 3epHO momermia-
MHUKpPOHHU3UPOBAaHHOTO 3€pHa NOTpeOyeT COBep-  JIM MO W3JIydaTeNeM CIOeM TONIIMHOW B OAHY

IIEHCTBOBAHUS KAaK TEXHOJOTWYECKHX JIMHAH B 3CPHOBKY, U YMEHBIICHHS HEPaBHOMEPHOCTH
LIEJIOM, TaK M pa3pabOTKH HOBBIX KOHCTPYKIMH  Harpesa €ro IIMPWHA  HE  MpEBBIMIANA

YCTaHOBOK [y ero mposeaeHus [7, 8. 15 MM, MUKpOHH3aIMU TIOIBEPTAIH 3EPHO PXKHU
Hapsiny ¢ coBepiieHCTBOBaHHEM KOHCTPYKLIMH copTa I'padunas u STUMEHS copta
YCTQHOBOK JUII MHKPOHHM3AIMH, CmocoOCcTByro-  JluHa. Ycunue paspymeHus 3€pPHOBKH
IMM  PacCIIMPEHUI0O WX  pacIpOCTPaHEHWs,  OMNPENENsUIN C HCIOJIB30BAHHEM AWHAMOMETpA
OCTaeTcsl OTKPBITBIM BOIPOC O KpuTepuu jnocta-  MereoH (1, puc. 16) ¢ KTMHOBUAHBIM HAKOHEYHH-
TOYHOCTH MHUKPOHHU3AIMH 3epHA. KoM (2, puc. 10). {7t mpoBeneHust SKCeprMeHTa
Io pe3ynmbpTaTaM nccienoBaHMi psiaa y9eHBIX, ¥ (UKCAMK TUHAMOMETpa ObLT M3TOTOBIICH CIIe-
KpUTEpHEM JIOCTaTOYHOCTH MHKPOHHM3ALMM MO-  [HaNbHBIA azanrep (puc. la), B KOTOPOM e€ro
KET CIIYKUTh YCHJIME pa3pyLIeHUs] 3€pHOBKH [9].  ycTaHaBIMBalM C HATATOM, TP 3TOM OBLIO
OnHako B NMPOBEJCHHBIX HCCIENIOBAHUSX OLEHH-  IMPEAYCMOTPEHO JAOTIONHHUTEIBFHOE KPEIICHNE JUTs
BajM ycunue paspymenus 30 3epHOBOK Npu MX  (uKcanmu quHamomerpa (3, puc. 10).
CIUTIONMBAHNH W HE YYUTHIBAJIH BO3MOXKHOE CO- CooTBeTCTBYIOIINE  KPEIUICHWM  ajanrepa
MIPOTUBJICHHE  yX€  CIUIIONIEHHOTO  3€pHA.  IIO3BOJISIOT yCTaHABJINBAThH JMHAMOMETP
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Ha TBepaomep Poksemna TK-2M (4, puc. la)  TK-2M (6, puc. 16). Mcmons3oBanue amanrtepa

b0 Ha BepTHKaJIBHO-CBepJIHJILHLII;'I TIO3BOJIMJIO TOBBICUTH TOYHOCTH ITOJTYYECHHBIX
ctaHok (5, puc. la). Onpenenenue ycunust pa3py-  pe3yJIbTaToB, B TO BpeMs Kak Ooiiee CBOOOIHOE
LIEHNs 36PHOBKHU B XOJI€ NCCIIEIOBAaHUI NPOBOAM-  TOJIoKeHue auHamomerpa [10] maBano 3Hauw-

Jn C YCTaHOBKOﬁ JAWMHAMOMETpa Ha TBEPAOMEP TCJIbHYIO NOTPCITHOCTD.

a )

Puc. 1. — YcraHoBKa A1 ONpeaeneHns YCUINs pa3pylieHus: a — ajantep A1 KperIeHus: JMHaMOMeT-
pa; 6 — ycTaHOBKa VIS ONIPEENICHUs] YCUIINSA pa3pyLleHUs

Jlis  ompeneneHUIO YCHIWS HCIONb30BalM  (DUKCAIMM 3€PHOBKH, IIOCIE 4YEro INOABEprajIx
He MeHee 50 3€pHOBOK B KaXIOM oOIbITe. X ~ BO3ZEHCTBHMIO  KIMHOBHIHOIO  HAKOHEYHHKA
BBIKJIAJbIBAIM HAa METAJUIMYECKYI0 IUIACTHHY,  JAMHAMOMeTpa.  PaspylieHue — OCyLIeCTBILSUIM
COJICPIKAILYI0 KJIEEBOM CJIOH, CIIOCOOCTBYIOLIMH  TIOMEPEK 3epPHOBKHU (pHC. 2).

§ e sy G

Puc. 2 — ®parMeHTHI pacloNoKeHHUs 36pHOBOK JI0 M TIOCIIE ONPEeIICHHs YCHITUS Pa3pyLIeHHs:
a— POXb; O — TYMEHb

OMBITEL, COTJACHO OCHOBAM IDIAHUPOBAHHS TIp¥ MUKPOHM3AIMK GypaskHoro 3epHa [11].
SKCIEPUMEHTA, BEHINIONHSAIA B JIBa  OTala, W3BecTHO, YTO MHUKPOHHU3AIMS CONPOBOXKIA-
Ha TIEPBOM OJTale NPOBOIIH OJHO(DAKTOPHBIE eTcs XapaKTepHBIM TMOTPECKUBAHUEM 3€pHA, BBI-
SKCHEPUMEHTHI U BBIIBICHHS OCOOCHHOCTEH 3BIBAEMBIM €T0 JCCTPYKIMEH B pe3yiapTaTre HH-
BO3JICHCTBUS uHppaxpacHoro H3ITyICHUS TEHCHUBHOTO MapooOpa3oBaHUsl HaxomsIeics B
Ha 3€PHO U OINPEAENIECHHs YPOBHEH BapbHpPOBaHMS 3epHe Biard. [loaToMy B XOme SKCIEpUMEHTa
BO3/ICHCTBYIOIUX  (PAKTOPOB, HA  BTOPOM M3MEpSUTA BpeMsI 710 Hadasa IMOTPECKUBAHUS 3€p-
JTane — TOMHO(PAKTOPHBIM OSKCHEPUMEHT JUIS ~ HOBKM B 3aBHCHMOCTH OT BBICOTHI HMCTOYHHUKA
OTIpeICICHUS ONTUMANTEHBIX PEKAMOB OoOJIydeHUs HaJ TIOBEPXHOCTHIO, Ha KOTOPOH
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pacmonoxeHsl 3epHa. OTHOBPEMEHHO H3MEPSUIH
BpeMs HarpeBa [0 TOSBJICHUS HEXEIATCIThHOTO
SIBIICHUS — TIOATOpaHus 3epeH. [locie HacTyroie-
HUS 3TUX COOBITHH Ha 3Tarle SKCIePUMEHTAIIEHO-
MTOUCKOBBIX OJHO(AKTOPHBIX OIBITOB OIICHHUBAIIN
yCuIIe pas3pylieHHs 3€pHOBKHU. JlONMOMHHUTENBEHO
OblTa IpPOBE/IeHa cepysl HKCIIEPUMEHTOB MO OIpe-
JICTICHUIO YCHIIAS Pa3pyIICHUS MIPH CPEIHEM 3Ha-
YCHWU BPEMCHH MEXIy BpEMEHEM Hayaja IIo-
TPECKUBAHUSI M BPEMCHEM Havalia MOrOpaHusL.
Jlyist mpoBeZICHUsT BTOPOT'O 3Tara KCIIePUMEH-
Ta ObUIa  CocTaBlieHa  MaTpula  IUIaHa
3x3 (cM. Tabi.), B KOTOPOW BO3JCHCTBYIOUIMHU
(dakTopamMu  BBICTYyNaM  BpeMs  00pabOTKH,

BBICOTA WCTOYHHMKAa HH(QPAKPACHOTO W3ITYUCHHS
HaJl TIOBEPXHOCTBIO PACIIOJIOKEHHSI 3E€PHOBOK M
HAIpsDKCHUE Ha KJIEeMMaxX MCTOYHHKA, BIHSIONICE
Ha JUIMHY BOJIHBI M Ha caM MpoLecC MUKPOHH3a-
mn. lpu 00paboTke HKCTIepUMEHTAIbHBIX JIaH-
HBIX ONpeNessuTi 3HaueHus (paKkTopoB, o0eceyn-
BalOIMe MUHUMAIbHOE YCUINE Pa3pyIlIeHus 3ep-
HOBOK c UCIIOTb30BaHNEM byHKIHH
«OnTumuzanus» nporpammel Statgraphics Centu-
rion 18. He3navamme coueranusi pakTopoB Npu
MIOCTPOCHUN MAaTeMaTHYeCKOH MOJEIH YNAJIsIIN
Ha ocHoBanuM Tpaduka [lapero. IToBepxHOCTBH
OTKJIMKa CTPOWIIM TpH (PHKCAIIMU OJHOTO M3 (hak-
TOPOB B ONTHMaJbHOM 3HAYCHUH.

Ta6m/1ua — CDaKTOpBI 1 YPOBHH BapbUPOBAHUA IIPU OINIPECACIICHUU YCUIINA pa3pyHICHHS 3€PHOBOK

YpoBHU

Konosoe | HatypanbHoe WnrepBan BapbUPOBAHUS

3Ha4yeHHe | oOO3Ha4YeHHe | BapbHPOBAHHUS
dPakrop -1 0 1
Bpews, ¢ X t 8 25 | 33 | 41
Hanpsixenue Ha kiieMMax, B

X, U 20 180 | 200 | 220

PaccrosiHue 10 TOBEPXHOCTH, MM X h 5 10 15 20

JIOCTOBEpHOCTh pa3ivuuil MEXIAY BEIMYMHA-
MU TIOJIYYEHHBIX YCHIHMH pa3pylleHHs 3epHOBOK,
IO CPAaBHEHMIO C KOHTPOJISIMH, OHPENENSIH IO
kputeputo CteioieHta. OOpaboTKy dKCIIepUMeH-
TaJbHBIX JAHHBIX OFHO(AKTOPHBIX SKCIECPHMEH-
toB BeinonHsu B MS Excel. [Tocrpoenne matpu-
1Bl TOTHO(AKTOPHOT'O HKCIIEPUMEHTA, 00pPaOOTKY
TIOTYYEHHBIX PE3yJIbTaTOB, IOCTPOCHUE MaTeMa-
TUYECKOW MOJZIENH U MIOBEPXHOCTEW OTKIIMKA OCY-
LIeCTBIsUTM B mporpamme Statgraphics Centurion
18. TIlpoBepky TMOMy4eHHOH MaTeMaTHYECKOM

EH
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MOJZIeNIM Ha afeKBaTHOCTh MPOBOAMIM MO KpHUTe-
puro @urrepa [12]

PesyabraTel U o6cy:xnenue. DPexT mo-
TPECKUBAHUS MIPOSABIIACTCS NIPU PaCLIUPEHUH 3ep-
HOBKH C XapaKTepHHIM B3PBIBONONOOHBIM Mapo-
obpa3oBanueM [5, 6]. 13 sToro crienyer, 4ro mpu
YBEJIMYEHUH PACCTOSHUS HHTEHCUBHOCTD HarpeBa
CHIDKAeTCs, HEKOTOPbhIE 3€PHOBKH PaCHIUPSAIOTCS
Oornee maBHO, 6€3 MOTPECKUBAHUS, H K MOMEHTY
Hayaja TOTPECKUBAHUS y HUX YK€ MPOUCXOAUT
pa3pylIeHie BHYTPEHHETO CTPOCHHSL.
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—8—POXb OIBIT

25 30 35 H, mu

SlaMeHp KOHTPOTE

SuMeHb OIBIT

Puc. 3 — 3aBuCHMOCTB CpeTHETO YCHITHS Pa3pyIICHNs 36PHOBKH IIPH Havyajle MOTPECKUBAHMS OT BBICOTHI
HCTOYHUKA U3IYYEHUS 10 IOBEPXHOCTHU PACIOIOKEHUS 3€PHOBOK

HarpeB J0 TOABJICHUS NMMOTPECCKUBAHUA TPUBO-
JUT K JTOCTOBEPHOMY CHMIKCHUIO YCHUJIUA DA3PYy-

meHus 3epHOBOK (puc. 3) pxkum or 9%
10 20%, stamens — ot 10% no 44%. OgHOBpEMeH-
HO  YBENHMYEHHWE  BBICOTHI  PACIOIOKEHHS

ncroyHrnka (puc. 4) MHPPAKPACHOTO H3ITYUCHHS
3aKOHOMEPHO CHM)KAaeT WHTEHCHBHOCTH Harpesa,

77

YTO NMPHUBOJUT K BO3PACTAHHIO BPEMEHH OOITyde-
HUs IO Hadajla OTpecKuBaHus. B cBoro ouepens
YBEIIMUEHUE MPOAOIDKUTENBHOCTH HarpeBa IMpH-
BeET K PpOCTYy DHEProeMKOCTH Mpolecca
MHUKpPOHH3AIlMK, YTO HEOOXOAMMO YYHTHIBATh
IPU TIPOCKTUPOBAHUH YCTAHOBOK JUISI MHKPOHH-
3anmu (hypa)kHOro 3epHa.
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+BpEMH Harpesa 10 Hauamta MOAropanmd, ¢
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BpeMH Harpesa 10 Ha4ajia MOTPECKUBAHHA, C

BpEMH HaTpeBa 10 Havana moropanid, ¢

0

Puc. 4 — 3aBucumocTb BPEMCHU HArpeBa A0 Ha4dajia MOTPECKUBAHUA U MOATOpaHrs OT BBICOTHI
HNCTOYHUKA U3JTYUYCHUA 10 MMOBECPXHOCTH PACIIOIOKCHUA 3EPHOBOK: a — POXKb, 0 — AUMEHD

[Toaropanue mnpu MHUKPOHU3AIMHU POUCXO-
JIMT, Kak TMpaBWIIO, NPU TMeperpeBe 3epHOBOK.
VYcunue paspyliieHus 3epHOBOK, 00pabOTaHHBIX B
TEYEHHE CPEJIHEr0 BPEeMEHH MEX/1y HayalloM To-
TPECKMBAaHUS W HayajoM Monaropanust (puc. 5)
0Ka3aJoCh MEHbIIE YCWJINS Pa3pyLIEHUs 3epHO-
BOK, OOJy4aeMbIX J0 Hadaja HOTPECKHBAHUS.
Hanpumep, npu BeICOTE pacloIoKeHHs! HCTOYHH-
Ka MH(PAKPaCHOTO M3YYEHHS HaJ MOBEPXHOCTHIO
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—#—HauaTo NoTpecKHBaHHT Cpeiree BpeMs Havano mogroparms

a

3epHOBOK siuMeHs1 10 MM €ro CHI>KEHHE COCTaBHU-
no Oonee 30 H. J[ns 3epHOBOK pXH CHIKEHHE
yCUIUA paspylleHUs INPU YBEIUYECHUU BPEMEHU
HarpeBa MpHu BBHICOTE UCTOYHHMKA 25 MM MPEBBICH-
o 10 H. OnHako cnenyeT OTMETHUTh, YTO Upe3-
MEPHOE YBEIIMYEHUE BPEMEHU MUKPOHM3ALIUHA HE
MPUBOIUT K CYIIECTBEHHOMY CHI)KCHHUIO YCHIIUS
pa3pyIleHs, 0 CPaBHEHHUIO CO CPEIHHM BpeMe-
HEM Harpesa I10 YCJIOBHSAM HKCIIEPHMEHTA.

EH
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80
70
60

N 10 15 20 25 30 35 H owm

—e—Havazo noTpeckipanms  —o—Cpe/tee BpeMd

0

Hagano moropansg

Puc. 5 — Ycunme pa3pymieHus 3epHOBKH IPH Pa3IHIHBIX PeXIMax 00paboTKu:
a — POXb; 0 — TUYMEHD

MaremaTnueckasi MOJENb BIWSHUS BPEMEHU
HarpeBa, HaNpsDKCHHWS Ha KIEMMaxX HCTOYHHKA H
paccTosHHUSA UCTOYHUKA MH(PaKpacHOro H3Iyde-
HUS JIO ITIOBEPXHOCTH Ha YCHIHME pa3pyIICHUS
3epPHOBKH P)KH, TIOCTPOCHHAS B pe3ysbTaTe 00pa-
OOTKHM SKCIEPUMEHTAIBHBIX JaHHBIX (pUC. 6a) U
yIaneHus He3Hayallux (pakTOpOB M MX coyeTa-
auii (BB u CC) numena cuemyrommii BUa:

y=61-3,4x; — 3,8x; + 2,5x3 — 2,3x,% — 2,9x,X,
+ 2,9X1X3 + 2,8X2X3, (1)

TZIe X; — BpeMsl MUKPOHHU3AIINH, C;

X, — HalpsDKEHNE Ha KJIeMMax MCTOYHHKA HH(]pa-
KpacHOro n3iaydeHus, B;
X3 — paccTosiHuE

HCTOYHHKA W3ITY4CHUA

78

JIO TIOBEPXHOCTH PACTIONIOKECHHS 36PHOBOK, MM.

IMomyuennas wmarematmdeckas wmopenb (1)
a/IeKBaTHO ONHCHIBACT M3MEHEHUE YCHIIHS pa3py-
LWICHUS. 3€PHA DKM, TaK KaK Fpey > Frg,
(30,89>2,54) [12].

B pesynpraTe 00pabOTKH 3KCIIEPUMEHTAIh-
HBIX JAaHHBIX C HCHOJB30BAHUEM (DYHKIHH
«Orrrummsas»y mporpamMmel Statgraphics Centu-
rion 18 ycTaHOBIEHO, YTO MHUHHMMAaJIbHOE 3HAue-
HHUE YyCWINSI pa3pyIIeHHs 3epHa pxu copta I 'pa-
¢uHA TocTHTraeTcs MPH CIETYIOMNX 3HAYCHUSIX
tdakropoB: x,=1, X,=1, x3=-1, 4T0 B PE3HUECKOM
BBIPa)KCHUH COOTBETCTBYET 00pabOTKE B TEUECHHE
41 c, HanpspkeHuIo Ha KtemMax 220 B u paccros-
HUIO MCTOYHHMKA W3JIy9€HHsS HAJ ITOBEPXHOCTBHIO
10 MM (cM. Tabi.).
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PacueTHasA NOBEPXHOCTE 0 TKIHKA
x0=-1.0

Puc. 6 — I'padmueckoe npepcTaBIeHue MaTEMAaTHIECKON MOJIENH BIHUSHUS (PaKTOPOB Ha YCUIIUE pPas3py-
LIEHHS 36PHOBKH TP MUKPOHU3AIMH PXku: a — rpaduk [Tapero; 6 — MOBEpXHOCTH OTKIMKA

3adukcupoBaB paccrosaue (Gpakrop X;) B €ro
ONTHMAJILHOM 3Ha4eHHH (X3=-1), MOXKHO MOCTPO-
UTh MOBEPXHOCTh OTKIIMKA, OTPAKAFOIIYIO BITHS-
HHE BpEMEHHM HarpeBa (X;) M HampshKEHHs Ha
KIeMMax (X;) Ha yCWIne pa3pyllieHHs 3epHOBKU
(puc. 66). OOpaboTka p>KM Ha ONTUMAJIBHBIX pe-
KHUMax JOCTOBEPHO CHIDKAeT YCHJIME paspylle-
HUS 3epHOBKH ¢ 66 10 37 H.

AHAJIOrMYHBIA pe3yNbTaT MOIYYeH NP MHK-
poHmzanuu sumens. Ilocne ynmaneHus He3Hada-
uwmx dakropoB (AA u CC) (puc. 7a) mocTpoeHo
ypaBHEHHE MaTEMAaTH4YECKOW MOAENH, aJeKBaTHO
OIMCHIBAIOLIEE M3MEHEHHE YCHIHMSA pa3pyLLCHUs
36pHOBKH SUMEHS (Fpacy > Frasn (17,19>2,54)):

Crampaprnimmpoearsad auarpamMa [lapeto ona v

Axl

AB
AC
BC
Cx3
BB
AA
cc

]
I
O]

0 2 4 6 8
Cramm apmieupoe asmeit abdext

y =927 - 7,6x; — 7,3%; + 3,2x3 — 5,9x;x, +
4,4X]X3 — 4,8X22 + 4,0X2X3, (2)

rIe X; — BpeMs MUKPOHU3ALMH, C;

X, — HaNpPsDKCHUE Ha KIIEMMax UCTOYHHMKA HMH(pPa-

KpacHOTo U3y4deHus, B;

X3 — PacCTOSIHME MCTOYHHUKA M3IY4CHHS IO IO-

BEPXHOCTH PACIOIOKEHUS 36PHOBOK, MM.
OnrtumanbHbIe YCIOBHS IJ1s1 00pabOTKH siuMe-

HsI CKJIQ/IBIBAIOTCS IIPU TaKHX K€ 3HAUCHUSX (ak-

TOPOB, KaK U AJs 3epHa pxku. [Ipu atom gocrura-

ercst HauOoJblee CHIDKEHHE YCWIHS paspylle-

HUS 3epHOBKH siumens co 101 mo 44 H.

PacueTHad NOBEPXHOCTE OTKIHKA
B=-10

x1

Puc. 7 — I'padraeckoe mpencrapieHre MaTEMaTHIECKOW MOJIETH BIUSHUS (DaKTOPOB Ha YCHITHE pa3py-
IIEHNS 36PHOBKY MPH MUKPOHHU3AINH SIMEH: a — rpaduk [TapeTo; 6 — mOBepXHOCTh OTKIIMKA

Hekotopble pa3inyus MeXay NOBEPXHOCTIMHU
OTKIIMKA YCHIIUS Pa3pyLICHHS UL 36PHOBOK PIKH
" saMeHs (cM. puc. 60, puc. 70) MOXKHO OOBsIC-
HHUTh OTJIMYMSAMH UX BHYTPEHHErO CTPOCHHS, TaK
STYMEHb M3HAYAJIBHO XapaKTepU3yeTcsl OONBIINM
YCHIMEM pa3pylIeHHs], YTO OTpaXKaeTcs W Ha Be-
JIMYMHA 3TOTO MTOKA3aTeNsl MPH MUKPOHHU3ALIUH.

B To0 ke Bpemsi, paccMOTpEeB ypaBHEHHUS MaTe-
MaTrdeckux mozenei (1) u (2), MOXKHO OTMETHUTH
HEKOTOpOE pasiM4Ksg B CTENEHW BO3JCHCTBHSA
(akTOpOB Ha YCWJIHME pa3pyIICHHS 3EpPHOBKH.
Tax, mpr MUKpOHHU3AINH P>XKH HANOOJIBIIIEE BITHS-
HHUE OKa3bIBACT HANpPSHKEHHE HAa KJIEMMaxX MCTOY-
HUKa ((axTop X,), a MPU MUKPOHU3ALNH SUMEHS
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Bpemsi oOpabotku (dakTop X;). IDTO, HApSIy C
MEHBIIMMHU pa3MepaMH 3E€PHOBOK PXKU, MOXKET
CBUJICTENILCTBOBATE 00 WX OONBIIEH MpoHHIAe-
MOCTH JUIsI KOPOTKOBOJHOBOTO HH(PAKpacHOTrO
mmy4denus, ucmyckaemoro QHL. McronszoBanue
KOPOTKOBOJTHOBOT'O MU3JTyJaTelis, B CBOIO O4Yepe.ib,
TTO3BOJINT, CHU3WB HATIPSHKCHUE HA KIIEMMaXx, OIl-
TUMU3UPOBATE TEMIICPATYPHBIA PEXHUM, JUIS
YMCEHBIIICHUST SHEPr03aTpaT M KOJIMYECTBA TOATO-
PEBIIHX 3epeH.

BoiBoabl. JIJiss JOCTHOKECHHS HaWMEHBIIETO
YCHIIHSI pa3pyIIeHHs] 3epPHOBKH TPH MHUKPOHU3A-
hanzost HEOOXOIUMO o0ecIeunTs BBICOTY
WCTOYHHKA W3JYYCHUS HaJl TPAHCHOPTHUPYIOIICH
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MOBEpXHOCTHIO OT 10 MM (onTuManbHO) 10 15 MM
(morrycTMO) € IPOIOIKUTEITFHOCTRIO 00pabOTKH
ot 33 no 41 c (e morryckasi MOATOpaHus M 00yT-
nuBaHus 3epeH). [locTpoeHHbIE MaTeMaTH4ecKue

YCUIIUST PA3PYIICHUS] B 3aBUCHMOCTH OT YCJIOBHIA
00paboTku. OOpaboTka B ONTUMATBHOM PEKUME
PKY TIPUBOAUT K CHIDKSHUIO YCUITHUSI pa3pyIeHust
3epHOBKU B 1,8 paza ¢ 66 no 37 H, stumens —

MOJEIU AaJEKBATHO OIHUCBIBAIOT HM3MEHCHUE B 2,3 pa3a co 101 no 44 H.
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THE RESULTS OF EXPERIMENTAL — EXPLORING RESEARCH OF THE MICRONIZATION INFLUENCE
ON THE FRACTURE STRAIN OF CARYOPSIS
F. A. Kipriyanov, P. A. Savinykh

Abstract. In conditions of increased productivity of farm animals, it is important to increase the energy efficien-
cy of feed. The micronization of feed grains improves its digestibility, disinfects it, and reduces the amount of antinutri-
ents. One of the criteria for the sufficiency of micronization is the fracture strain of caryopsis. Research to study the influ-
ence of micronization modes on the force of destruction of a grain with a wedge-shaped tip was carried out using the ex-
ample of rye and barley grain. In a series of one-factor experiments, the fracture strain of caryopsis was determined upon
the occurrence of various events: the beginning of cracking of the grain and the beginning of burning. The fracture strain at
the beginning of cracking for rye grain decreased in the range from 9% to 20%, for barley grain - from 10% to 44%, at the
beginning of burning - from 16% to 26% and from 44% to 50%, respectively. Measuring the breaking force of grains that
were processed during the average time between the time of cracking and the start of burning showed that increasing the
heating time did not lead to a significant decrease in the breaking force. To obtain the least force of grain destruction dur-
ing micronization, it is necessary to ensure the height of the radiation source above the transporting surface from 10 mm to
15 mm with a processing duration of 33 to 41 s, preventing burning and charring of the grains. The resulting mathematical
models adequately describe the change in the fracture force depending on the processing conditions. Processing in the
optimal mode leads to a reduction in the force of destruction of the rye grain by 1.8 times from 66 to 37 N, of barley - by
2.3 times from 101 to 44 N.

Key words: force of destruction of the grain, infrared radiation, conducting an experiment, feed grain,
experiment, grain.
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