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KHUPHUII (1oKTOPJINK THCCEPTANMICH AHHOTALUSICH)

JAucceprauus MaB3yCHHMHT 10/13ap0Juru Ba 3apypusati. byrynru kynaa
OyHE MHKECUAA KHUIUIOK XYKaJIUIM MAaxCyJOTIapuHM KauTa MIJaga
KYJUITAHWIAJAUTaH MallMHA Ba JXUXO3JAPHUHI WII YHYMJOPJWTHHU OUIWPHIIL,
sHeprus capGUHM KaMaTUpHIL, WILIA0 YUKApUIAIUraH MaxCyJOTIApHUHT
cudaThHM sSHAIA AXITUIAIT Ba XaBOCU3IUTUHN TAbMUHJIAIITA KapaTUJITaH.

PecnyOnukamusna J0H MaxcynoTiapura OViraHn HSXTHUEKHM TabMHHIIAII
Makcaauaa 1991 iunra aucbaran 6yrynru kyuaa 10 mapranan optuk (2015 fiunga
8 MJIH. TOHHaJaH OpPTUK) Faia, 5 MapTajJaH OpPTUK AYKKAKIU SKUHIAp (JIOBHS,
MOIII, KYK HYXaT, MaXa/UIMi HYXaT, COS....) €TUIITUPWINO JOH MYCTaKUJUTUTHTa
SPULIAIIIN.

Etnmtupunaérran 10H MaxcyJlOTIApUHUHT KUMEBUU, (PU3MK Ba MEXaHUK
XyCycUsTIapd XaMJa HaMJIMTUHU 3bTUOOpra oJraH XoJjiJa TYpJId OpraHuK,
MUHEpaJl Ba WHMPUK apaiamMaiapJaH To3ajlall, mMaccacura kypa ¢pakuusiapra
aXpaTull Y4YyH 3apyp OYJaraH rOKOpM YHYMIIM, METajyl Ba DHEPrUs TEXKamKop,
uxdyaMm, OUp Heua TEXHOJIOTHK >Kapa¢HIapHH OaxapyB4M SIHTU TypKyMJaaru
MalliHAJIAPHU SPATUIIT COXAaHUHT MYyXUM Basudanapuaad Oupuaup.

MamuHaHUHT  TEXHOJIOTMK  HMII  PEKMMHUHM  acocliiaml  >kapaCHuja:
KaMmepaiapja JIOH XapakaTh TEHIJIaMallapuHU  TY3WIl  Ba  XMcoOJamn
METOAMKAJIAPUHNA WNUTA0 YUKHII, ACOCUW WINYM OpPraHJapHUHI KUHEMaTUK Ba
KOHCTPYKTHUB MapaMeTpJIapUHHA aHUKJIAll; JOHHU a’pOAWHAMHUK Cenapanusiiant
KaMmepacuga nepdopanusiaHral Kusi TOKYajJap Ba MACTKH CHJIKUTYBYM TOKYa
Oyiinad eHrus Ba MUpUK apajamMaiapiaH To3ajlall YYyyH XapakaT TeHTJaMacuHU
APATUIL;, YHUHT KOHCTPYKTUB MAapaMeTpJapUHU AaHUKJIAII, JIOH apalalliIMACUHUHT
TOKYanap ro3acu Oyinad ¥3 okuMu OmiaH Oup KaTiam OYnubd XapakaTiaHUIIHIA
€numu0® KoJraH OpraHMK Ba MHUHEpal apajalMaiap, UIYHUHT/ACK, JOH
KOOMFUHUHT QKPAIMIIMHA TabMHUHIAII; TOKYAHWHT YHHWKIAp JMAMETPU Ba
acnupanvs KaHAJIWHUHT VIYaMJapuHU, XaBO OKUMUHUHI TE3JIMTMHU HHOOATra
oJITaH XO0Jla IOHHW JacTiad eHTW, CYHTpa WHUPHUK apanammMaiapiaH To3ainad
aNoXKU1a UANILIAPTa aXPaTUII; TOHHU (Ppakiusiiam KaMepacuaard TabMUHIOBUU
BAJMKHUHT OMp Mapomja IOKJIaHUIIM XaMJla JOH OWUp XWJ y4YHUII TE3JIMrura ira
Oynran xojja Mmaccacura Kypa (Qpakmusiapra aXpaTuIl — TEXHOJOTHK
KapaCHIapUHU aHUKJIAITHUHT STHTU HyHanmumuan ound Oepamu. Ly cababnu xam
MaxaJlTui JIOH HAaBIAPUHUHT (U3UK-MEXaHUK XOCCAJapUHHU XyIyAJap KeCUMuia
ypranub, Typaw apajammManapjaH To3ajall, Maccacura Kypa Qpaxmusiapra
aXpaTtuin yayH 3apyp oynran «KoMOMHAIIMOH cenapaTop» MalliHACUHUHT UIMUN
acoClapyHM SIPATUIN, WNUIA0 YUKAPHUII, CHHOBIAH YTKA3WII Ba KOPUU ITHUII
MYXHUM aXxamuaT KacO 3Tajau.

V36exncron Pecny6mukacu ITpesumentunmar 2009 imn 12 mapraarn
IIK-1072 connu «Mmmabd YWKapWIIHKM MOJICpHU3AIMS KHJIWII, TCXHHKAaBUH Ba
TEXHOJOTHK KalTa >KMX03jall Oyinya SHI MYXUM JIOWMXAJIApHU aMaJira OIITUPHII
qyopa-tanoupiapu gactypu tyrpucuga»tu Ba 2011 #mn 31 oxtsabpmaru [1K-1633
cornn «PecrmyOiika 03WK-OBKAT CAHOATUHU OONIKAPHIIHU TAIIKIII THIITHU STHAIA
TaKOMWUIALITUPUII Ba  PUBOXKIAHTUPUIN  4HOpa-TaAOUpJIapu  TYFPUCHAANTH
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Kapopiapu Xamjaa Maskyp ¢aonusitra TETHIUIM OOIIKa MEbEPUM-XyKyKUn
XyxoKaTiapaa Oelruwianrad BasugasapHu amaira OIMpUIIra ymoy guccepTanus
TaAKUKOT MyailsiH Japaxaaa Xu3MaT KUIaIu.

TagkuKoTHUHT pecny0juKka ¢gaH Ba TeXHOJIOTHSUIAPH PUBOKIAHMIIIN-
HHMHI YCTYBOp HYHAJIMILIApPUra OOFJIMKJIUIM. Ma3Kkyp TaAKUKOT peciyOJivka
¢an Ba TexHonorusiap puBoxJaHUMUHUHT VII. «KuMé TexHonmorus Ba HaHOTEX-
HOJIOTHSI» YCTYBOp HyHaIuIura MyBo(pux 0axapuira.

JAuccepranusa MaB3ycH OyiiM4a XOPW/KUM WIMHI-TaAAKUKOTJIAP IAPXH.
JIOH MaxcyJloTIapuHU Typid apajaimiMaiapJaH To3ajall Ba (paxkuusiapra
QXpaTHUIIl TEXHOJIOTHSJIAPU Ba MallMHAJIAPUHU SpaTUINTra WYHAITUPWITaH UIMUN
U3JIAHUIIAD JKAXOHHMHI €TaK4d WIMUH MapkKazjgapu Ba OJMM  TabJIuM
Mmyaccacanapi, xymianas, University of Illinois (AKII), University of Greenwich
(byrox Bbputanus), Italian Culinary Institute (Mranus), Institute of Agricultural
engineering (I'epmanus), Institute of Chemical technology (®panius), Canadian
Institute of food science and technology (Kanana), Swedish Institute of Food and
biotechnology (IlIBeuus), Poccus noH Ba yHM KaiiTa uOuiam MaxcyJloTJIapu
WIMUN-TAIKUKOT HMHCTUTYTH, POCCHS KHIJIOK XVKAJTUTHHU MeXaHU3allusall
WIMHI-TaIKUKOT HHCTUTYTH, OnToii, Jlon Ba Ky0aHnb gaBnat arpap yHUBEpCUTET-
napu, YenssOMHCK JaBliaT arpoOMyXaHIUCIHUK akagemusicd, KemMepoBo 03UK-OBKaT
MaxCyJOTiapy TEXHOJIOTHSCH HHCTUTYTH, MOCKBa JaBliaT O3MK-OBKAT HIILIA0
yuKapui yausepcuteiapuaa (Poccust) onnbd Gopunmoxa.

JlonHu Oolika apanamManapiaH To3ajall Ba (pakiusuiapra axpaTHIl
MallMHAJIapyu Ba TEXHOJIOTHSUIAPUHU SpaTHINra OWJl KaxoHAa oJubd Oopuira
TQAKUKOTIAp HaTWKacuja KaTtop WIMUNA HaTW’Kajgap OJHMHTaH, >KyMJIaJlaH,
KyHugaru WiMui HaTWKallap OJIMHTaH: JOHHH O0OCKMYMa-O00CKUY TYpJIM YII4aMiu
ANaKIapJaH YTKa3uil Mynu OuilaH To3aJoBUM MainuHanap sipatwirad (Institute of
Agricultural engineering, I'epmanus, Swedish Institute of Food and biotechnology,
[IBerus); miarapuiaHMa-KaidiTMa Ba ailaHMa xapakarra sra Oyiaran TeOpaHma
cemapatopiap uiniad uyukapuinga kKymiadwirad (University of Illinois, AKIII,
University of Greenwich, Byrookx Bpuranus); mHeBMocemapaTopiap SpaTHIraH
(Italian Culinary Institute, Mramus); rpaBuTaliioH, MapKa3aH KOUMa Ba HHEPIHOH
cemapatopiap sparwiran (Institute of Chemical technology, ®panrus, Canadian
Institute of food science and technology, Kanaga, Swedish Institute of Food and
biotechnology, IllBemus); AOHHM XaBO OKHMH-DJIAK Celapatopuia Mypakkad
XapakaTJaHUIIM HATHXKAcUJa TeOMETPUK yiyaMura Kypa To3adall TEXHOJOTHK
xkapaéuaa KymnaHwiran (Kunuioxk Xy KaqlurdH MeXaHu3alusuialml — UiIMUK-
TaAKUKOT wHCTUTYTH, Ontoi, Jlon Ba KyOaH maBmatr arpap yHHMBEpCHTETIApH,
KemepoBo 03MK-OBKAT MaxcyJloTiapu TEXHOJOTHUACU MHCTUTYTH, MOCKBa JaBiat
03UK-OBKaT HIJIA0 YMKapuIl yHUBEpcuTeTiapuaa, Poccus).

Jlynéna moH MaxcynoTIapuHH capaiaiml Ba (pakuusiiapra aXpaTuil TeXHO-
JIOTUSICH Ba MAIlIMHATIAPUHU SPATHI OYiiuda KaTop, KyMJiaaaH, KyWuaara yCTyBOp
HyHaIMnuiapaa TaaKUKOTIAp ONu0 OOpMIMOKIAa: KOMOWHAIIMOH TEXHOJOTHK
KapaCHlap Y4yH SHTY TYPKyMJIard Il YHYMJIOPJIUTH FOKOPH, SHEPTHUs caphu Kam,
MeTaJlJI TeKaMKop OYiran capanam Ba (pakuusuiapra axpaTHil MallMHaJTapUHU
SPATHUIL; TEXHOJOTUK XKapaCHHU TYIUK MEXaHU3alUslall Ba aBTOMATIAIITUPHILL
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caMapajJiopJIurd IOKOpH OYJraH yCKyHallap Ba WJIFOpP TE€XHOJOTHSJIAPHU KYILIAIl
OwiaH IOKOpYM HaBlapAard yH HMIUIA0 YMKApUIIHM KYNaWTUpHIL, yH-EpMa Ba
OMYyXTa-€M CaHOATHHHM TAKOMWJUIAIITHUPHIN; JIOH MaxCyJOTIaApUHUHT KUMEBUH,
bU3UK-MEXaHUK XOCCAJIapUHM XMCOOra OJiraH XOoJjjJa TEXHOJOTUK kapacHiapja
KYJUTaHWIaAUTaH YCKYHAIAPHUHT KYpCaTKUWIApH Ba UIIl PEKUMIIAPUHN aHUKJIAII.

MyaMMOHHMHI VpraHwjranjJuk Jgapamacu. JloH MaxcyJnoTiapuHU
capanaii, ¢pakiusyapra axparThil TEXHOJIOTHSCH Ba JKUXO3JIAPUHM SPATHUII
oyiinua H.E.ABnees, B.U.Anuckun, A.C.Apxunos, A.®.byrenko, H.®.Bacuib-
e, H.I'T'magkos, B.B.I'oprunckuii, B.IL.T'opsukun, A.I'.I'pomon, I1.M.3auka,
A.H.3ronun, A.B.3uns6epnarens, A.N.Knumok, N.E.Koxyxosckuii, H.®.Konuen-
ko, W.M.Kocunos, B.A.KyOsimes, A.A.Kyku6, ILH.Jlammun, W.I1.Jlanmus,
M.H.JIetomnes, A.A.Jlonan, B.H.Makapos, E.A.Henomusmux, I'.T.IlaBnoBckui,
N.®.ITuky3a, O0.B.Tepentnes, ['.[].TepckoB, B.WU.Tenerun, M.A.Tynbkubaes,
H.H.Vnspux, B.M.leunnosckuii, I'.d. Xanxacaes, A.B.®omunbix, H.H.Ynbpux,
B.M.Jlpunua, X.Pob6epr, UI.JA.Pognu, ILK.Pocc, O.Yundpua, I.Xemepu,
H.P.FOcynb6ekoB, X.X.Ycmanxomkaes, P.I'.Maxkamos, 3.C.Caiiumos, C.C.Herma-
ToB, A.A.ApTuKkoB, A.A.Puzaes, I'.A.baxagupos, X.Hypmyxamenos, III.M.I'yns-
moB, [L.M.Typcynxomxkaes, X.IL.Myxutaunos, K.O.[donaes, X.KypOboHoB Ba
OomIkanap WIMHNA U3JIaHUILIap 0u0 GOpHUIITaH.

JloH MaxcynoTiapuHu capasail, (pakiusiapra axpaTull MalluHajgapy Ba
TEXHOJIOTHSIJIAPUHU sApaTUIl OyWMYa TaJAKUKOTIAp HATWIKACHUJla WII YHYMH Ba
KyBBatu Typiuda Oynran 100 MUHTIaH OPTHK MalllMHA Ba YCKYyHajap sipaTHIIIU.
KapaCHHuHr MeXaHM3AIUSUTAIITHUPUWITAHIUTH MeXHaT yHymuaopiuruau §-10
Oapobapra omupu0, unUIOB Oepwuinra capdiaHaguradn xapaxariapHu 1,5-2
MapTara KaMaWTUpHIl XamJa cudaTh OKOopu OViIraH yH Ba YPYFJIHMK OJIMII
uMkoHHHHU Oepau. A.B.®omunsix, H.®.Bacunber, A.B.3uns6epnarens, H.H. Yib-
pUX Ba OOIIKAJIAPHUHT TAIKUKOTJIApU HATHXKaJlapura Kypa, J0H MaxCyJOTIapruHu
TO3aJ1alll MalllMHAJIAPU WYUAa dHEprus capPu KaMm OYIraH 37aKiv MalldHaIap dHT
KYI KyJUlaHWIaad. OJaKid MallgHaiap/a BUOpAIMOH y3aTMajJapHH KyJUlall
TeOpaHUIIUIAp aMIUTUTyAacuHu Oup Hewda Oapobap (5-10) xamaiiTupuin xamjia
TE3JIaHWIIIKM Ba 4YacTOTAaCHMHM Oup Heda Oapobap (5-10) omupuin MMKOHUSTHHU
oepau. I'.JI.TepckoB, B.B.AnenGepr, A.A.Prorep, N.®.Iluky3a, B.H.Makapos,
B.W.Tenerun, WN.A.Kyowmmes, W.B.Mopun, H.W.Tensmanos, A.K.Hukutuw,
H.C.®ponos, I'.®.XanuxacaeB, H.B.bakym, A.®.byrenko B.H.MakapoB Ba
OOIIKATAPHUHT TAJIKUKOTJIApU/a JICHTAIHU JOH TO3aJIOBYM MalluHAIapJa MabiyM
Oypyak ocTHa JICHTAa XapaKaTu Te3aurd 14 m/c rada OynraHaa, OTWITaH JTOHHUHT
XapakaT TpaeKTOpusAcH mMmapaboiiajaH MOOpaT SKAHIWTU TYFPUCHUIATH THIIOTE3a
WiIrapu CypwiraH Ba TacAuKJIaHraH. byHIa [OH Y3WHHUHT  a3pOJAMHAMUK
KYpcaTKUWiapy, yiIyamjiapud Ba COJUIITHUPMA OFUPJIUATUra OOFIMK XOJAa Typiu
Macodamapra Oopu0d TyWIMIIA Kail HSTWITaH Ba JIEHTAJIU JOH TO3aJ0BYHU
MarmHanap épaamMuaa JOH MaxCyJOTIApUHUHT To3aManui napaxacuau 4-20% ra
OLIMPUILl MYMKHHJIWTH TacAMUKJIaHTaH XaMmMJa YPYFJIUK JIOH OJIMIIra TaBCHS
stiirad. H.M.KocunoB Ba A.A.Kyknbun Ba 0oIIKa TagKHKOTYMIAPHUHT HIMUN
M3JIaHUIIUIApU HaTWXKaculla uuuiad YUKWIraH MHEBMO-WHEPLMOH MalllMHA JIOH



MaxCyJOTJapuHu JacTiaOKu To3anaml >kapaéHuaa (oHJanaHuIlra TaBCHUA
STHJITAH.

JloH MaxcyJOTIapyuHU TETUILIN KypcaTKuuiapu OViinya capanai Mypakkao
xapa€H Oynub Kyluaarn OOCKUWIAPHM ¥y3 HMYWra OJIAAM: JOH MaxCyJOTHHUHT
TUTPOBYM TOK4Ya OYilnad HUcOMN XapakaTw; Y3-Y3HuJaH capajlaHdIl - TUTPOBUHU
TOKYaJaH KeHWHTH MAcTKH TOKYara YTUIIN, MapKa3daH KouMa Ky4 TabCUPHIa JIOH
MaxCyJIOTHHHHT MabliyM Macodaiapia YpHATWITaH WIUIIIapra TYIIUIIN.
TexHnonoruk xapa€uiapga OKOpuAaru OOCKUWIAPHUHT Y3ap0o OOFIMKIUTHHU
XucoOra oirad Xojja JOH MaxCyJOTJIapHHM cenapalnMsiiall XamJla maccacura
Kypa  Qpakuusiapra — axpartdim  okapaéHM  Ba  MalllMHAJApHU  sSHajJa
TAaKOMIJUTAIITUPHII T013ap0, WIMUAK-aXaMUATIa ora.

Juccepranuss MaB3yCHHHMHT JHCCEPTAIUsl OaKapWIraH OJUH TabJIUM
MYacCACACMHUHT MJIMHMA-TAAKHKOT HILIapura Ooriaukauru. J[luccepramus
TaAKUKOTH TOIIKEHT KMME-TEXHOIOTUS UHCTUTYTH WIMHUN TaJAKUKOT PEKACUHUHT
NTHO-5-065. «kKuméE Ba 03MK-OBKAaT MaxCyJloTJapu YUyH peCypc CakjOBYH, IKOJO-
ruK xaBcuz TexHonorusap uniad yukapuimn» (2005-2012 i) Ba I'ynucton
nasinatr yauBepcuteTn A3-46. «/loHHM To3anamr Ba capaiaml KypuIMaJapHHUHT
camMapaJIoOpJIMTUHU XMCOOIalll Xamaa yJaapHH JIoHuxaiam ycnyOJapuHu TaKOMUI -
namrupuin (2015-2017 i) xammaa MOT-2014-2-31. «/lonHu apanammanapaan
TO3aJIalll Ba Maccacura Kypa (pakuusiapra aXpaTHII TEXHOJIOTHSJIAPUHN WILIA0
yrKapuiira xopui sturny (2013-2014 iii.) noiiuxazapu qoupacuaa OakapuiraH.

TaagKMKOTHUHI MaKcaau JOH MaxCyJIOTJIapUHHU Cenapalusiall Ba Macca-
cura kypa Qpakiusuiapra axpaTuil MalTUHACUHU SPATUII Ba YHUHT TEXHOJIOTHK,
KMHEMATHK XaMJla KOHCTPYKTHUB MapaMeTpJIapuHu acocialigaH noopar.

TaaKMKOTHUHI Ba3u(anapu:

cemapanusuiail - Ba  (pakiusuiapra  @XpaTdil  MalllMHAJapUHUHT  SIHTH
TYPKYMUHHM SIpaTHII Y4YyH MaxaJJud [OH HaBJIAPUHUHT (PU3UK-MEXaHHUK
XYCYCUSITIIApUHU XyIyAJIap KeCUMHUJIA YpraHulll,

JIOHHM TO3ajlalll Ba Maccacura Kypa ¢paxiusiapra axxparuil TeXHOJIOTHUK
KapaCHUHM YPTraHUI Ba TaXJIUI KA,

JOHHUHT Tiepdopalusyianral ToKJaiap f03acuaa XapakaTilaHHIIl TeHIJIama-
CUHU TY3UIII;

JIOHHH €HTHJI apajaiiManapJaH To3ajall Y4yH XaBO OKUMUHHUHT TE3JIUTHHU
AHUKJIAII Ba BEHTUJISITOP TaHJIAIIL;

JOHHM WUPHK apajalMaliapiaH TO3aJO0BUYM TMACTKH, TeOpaHMa XapakaTiu
TOKYa F03aCUJIaTH XapaKaTIaHUII TeHIJIaMaCcuHU TYy3UIII,

dpakiusanapra axpaTull KamMepacuJard TabMHHJIOBUM BAJIMK [03acH]Ia
JIOHHUHT XapaKaTJIaHUII TeHTJIaMaCUHU TYy3HII;

JIOH MaxCyJIOTJIapUHU OOIIIKa apajalManapaad To3alall Ba Maccacura Kypa
dpakiusmapra axpaTuil KOMOWHAIIMOH CEMapaTOPUHU SPATUII Xamja YHHHT
KHHEMATHK Ba TEXHOJOTHK MapaMeTPIapUHN aHUKJIAIIT;

JIOH MaxCyJIOTIapyuHU OOIIIKa apaianimMaiap/iad To3ajall Ba Maccacura Kypa
dpakusmapra axpaTyB4d SHTM KOMOWHAITMOH CEMapaTOpHU HIIIA0 YHKAPHII
CUHOBHJIAH YTKAa3WIl, aMIMETTa KOPHUM ATHUII Ba MKTHUCOIMN camMapaJopJIMTUHU
AHUKJIAII.



TaaKMKOTHUHI 00bEKTH TOH MaxCYJIOTIapUHHU cemapamnusuiam Ba (pak-
[UsIIapra aXpaTrIll TEXHOJIOTHK MAITMHACH.

TaaKMKOTHUHI TPeAMeTH OH MaxCYJOTIApUHU capajaml xamaa ¢pak-
[UsIapra aKpaTUIl TEXHOJOTUK MalTWHACH JKapaéHiapu KOHYHHUSTIApU Ba YHUHT
y3apo OOFJIMK KUHEMATHK Ba TEXHOJOTHK KYpPCAaTKUUIAPH.

TaakukoTHUHT ycyiapu. Jluccepranus WIIMHE Oakapumiga (U3HK-
KUMEBUH, (HU3UK-MEXaHWK, KHHEMAaTWK, JIWHAMHUK Ba OJKCIEPUMCHTIAPHU
peKATAMTUPHII XaMIa MaTeMaTHK CTAaTUCTUKA yCy/UTapuiaH Goii1aJaHuIIH.

TagKNKOTHUHT WIIMHUI SHTWINMTY Kyiugaruiapian ubopar:

MaxaJUIMi JIOH HaBJIAPUHWHT (PU3WK-MEXaHUK XYCYCHATIApU XyIyajap
KECHMU/Ia aHMKJIaHTaH;

JIOH MaxXCyJIOTJIApUHH CeMapanusian Ba Qpakiusiapra axXpaTHIil KapacH-
JIap¥ IMapaMeTPIIApUHUHT ¥3apo OOFIHMKIIMK XYCYCUSATIIapY aHUKJIAHTaH;

dpakusaapra axpaTUIl KaMepacujard TabMUHJIOBUM BAJIMK 03acujia JOH
XapaKaTHHWHT JOH KYHJAJIaHT KECUM I03acura XaBOHUHT KapIIWINTHHUA MHOOATIra
OJITaH XO0JIJIa XapaKaTJIaHUII TCHIJIaMacHy SIpaTuiraH;

KOMOMWHAIUSJIaHTaH CENapaTOPHUHT KMHEMATHK Ba TEXHOJIOTHK ITapaMeTp-
Jap¥ MaxXaJUTMd JIOH MaxXCYJIOTJIapUHHUHT (DU3UK-MEXaHUK XYCYCHSTIAPUHU HHO-
Oartra oarad xoJija aHUKJIaHTaH;

JIOH MaxCyJIOTJapyuHU OOIIIKa apajaniMagapaH To3ajall Ba Maccacura Kypa
(bpakusIapra axxpatuiia uil yHyMAopJaIura 7,5 1/c, radaput ymuamuapu 1=4500
mm, h=2000 mm, b=500 mm OYnATaH TEXHOJOTHUK MAIIMHA-KOMOWHAIUSIAHTaH
cernapaTop SpaTUiIraH.

TaaKNKOTHHUHI aMaJIMil HATHXKACH.

nepdopalusaaHral Tokdajaap 03acuja XaBo OKUMHUHN HHOOATra oJIraH X0JI-
Ja JIOH XapakaTHHUHT MaTeMaTHK MOJEIW Ba XHCOOJAIl aJrOPUTHMHU HIIIa0
YUKHWIIH,

cemapanysiiail Kamepacuja JOHHM HWHPHUK apajammMaiapiadH TO3aJI0BYU
MAaCTKM TeOpaHMa XapakaTiu IOJIKa 03acHaa XaBO OKUMHUHM Ky3/1a TyTraH XoJijaa
JIOH XapaKaTUHUHT MaTeMaTHK MOJICIIM Ba XUCOOJIAIl aJITOPUTMH UILTA0 YHKWIIN,

cernapanuysianl KaMmepacujaa JOHHU SHIWJl apajaliMaiapiad To3ajaml yayH
XaBO OKUMHHUHT TE3JIUTH aHUKJIAHIM Ba BEHTWISITOP TaHJIAH/IU;

UIUIa0 YMKApHIll MalJOHUHHU TYPT MapoTada KaM ArajijloBYd KOMOWHAIIHS-
JAHTaH CENapaTOPHWHI KOHCTPYKTOPJIMK Ba TEXHHK XYXJKaTiaapu HIILIa0
YUKAIIU.

TagKuKOT HATHKAJAPHUHI MIMOHWIWJIMIH aHUK MaTeMaTHK MOJesuiap
Ba XHCOOJIAINI aJITOPUTMIIAPH MaBXKYJIMTH, KOMOWHAIIMSUIAIITAH CermapaTop napa-
METPJIApUHUHT Ha3apuii Ba CHHOB HaTWXKajgapu Oup-OMpura Mociurud OwuiiaH
acocJIaHaJIu.

TagKNKOT HATIKAJAPUMHUHT WJIMHI Ba aMaJui axaMusATH. TaakKukoT
HATKAJAPUHUHT WIMHUKA axXaMHSITH JOH MaXxXCYJIOTJIApMHH Cemapamusian Ba
dbpaknusapra axpaTuil >kapaCHIApUHUHT SHTH TEXHOJOTHSACH Ba MAaIllMHACH
SPAaTHITAHJIUTH Ba JIOH MaxCyJOTHHHHI KHS TOKYalapja XamJa TabMUHJIOBYU
BaJIMK OWJIaH y3apo OOFJIMKJIMK/IA XapaKaTJIaHUIIUHU XUCOOall ycyimapy uiuiabd
YUKWITaHJINTY OMJIaH OeJIrujIaHaIu.



TagKUKOT HATWXKaJAPUHUHT aMajui axaMusiTU. JOHHU cemapaiusianl Ba
dpakuusiapra axpaTuil MAlIMHACUHUHT STHTU KOHCTPYKIUSACH UIIA0 YUKW,
yHAAa JIOHHU cemnapainusiiam Ba (pakiusiapra axxpaTull Kamepaiapu OUpJialiTy -
puwiarad 0ynu0, y MallMHAHUHT WII YHYMJOPJIUTH Ba JOH MaxCYJOTHHU TYypiu
apajammManap/ad To3ajam Ccu(aTUHU OIIUPHUII, IIYHUHTACK, JOHHH Maccacu
Oyiinua ¢pakiusiapra axparTull, YHUHT [IAKACTIAHUIIUHU MCTUCHO KHWJIUII,
Marepual TajJaOJMK Ba AJIEKTP KyBBaTH HUCTEHbMOJMHU KaMaWTHUpHIL, OyHAaH
TallKapu, HUcOAaTaH KUYMK WNUIA0 YUKAPUIL MaWJIOHWHU Srajulalll UMKOHUHU
oepanu.

TagKUKOT HATHIKAJTAPUHHMHT KOPUH KMJIMHHIIK. JIOH MaxCylnoTIapuHu
cemapanusuiail - Ba  (ppakuusuiapra  aXpartuil  KOMOMHAIMOH — CEMapaTopH
«V310HMAXCyIoT»  AKIMOHEPIHK  KOMIAHWACH  JOHHH  KafiTa  HIUIAI
KOPXOHANAPH/IA UILIA0 YMKAPHUIITa KOpHi KIIHHraH («Y310HMaxcynor» AKHUHT
2016 #un 22 maptaaru 11-2-8/4299-con mabaymoTHOMacH). MnMuii HaTHKaHUHT
KOPUM  KWIMHUIIKM — WNUIA0  YUKAPUITHUHT TEXHOJIOTUK  JIMHUSICUHU
UXYaMJIAIITUPUII, HHEPTUs caphUHU KaMaWTUPHIN, TETUPMOHJAPHUHT Xap Oup
bpakuus OViiMya TEXHOJOTHK HWIIN PEKUMUHM TaHJAIl, MaXaliuid OyFaoi
HaBlapujaH cudaTiivi YH Ba YH MaxXCyJOTJIAPUHH OJIUIIT UMKOHUHU Oepaiu.

TagkukoT HaTHKAJTAPUHUHT anpodanusicu. Taakukot HaTuxkanapu 30 ra
SKWH, kxymnanaH, «O3uk-oBKaT xaB(cusnurun» (Tomkent, 2005, 2006, 2010);
«CoBpeMenHbie npobiaemMbl Mexanuku» (Tamkent, 2009); «Maxannuii xoMm aié Ba
MaxcyJloTiapHu Kahta wunuiam TtexHosorusacu» (Tomkent, 2009); «Kon-
METaJUTyprusi COXaCHHUHI 3aMOHABUM TEXHUKA Ba TEXHOJIOTHUSIApU XaM/la yIIApHH
puBoxJianTupuil nymnapu» (HaBouit, 2010); «IIpuknannsie 3a1aun  MaTeMaTHKH
u Mmexanuku» (CeBactomonb, 2010); KuméBuii Texnonorus Oyitnmua Mapkasuii
Ocué xynynuit amxymanu (Mockpa, 2012); «MamuHocTpoeHHE B TeXHOc(hepa
XXI Beka» (Honerk, 2014, 2015); «Kunuiok xykanuruaa TaaKMKOT HATHKaJlapu-
HUHr Kyananumum» (I'ymucton, 2013); HI.M.AltanueB TtaBautyauHuHr 80
inurura Oarunuianran 11 Xankapo unmwuii-amanuii amxyman (Aamaru, 2015);
«HHoBanmM B TexHonorusx u oopazosanun» (bemoso, 2015); «Hayka, Texauka u
MHHOBAIlMOHHBIC TEXHOJIOI'MH B 3II0XY MOTyIecTBa U cyacthss» (Ashgabad, 2015);
«ABTomMatuzanus: npoosemsl, uneu, pemenus» (Cepactomonb, 2015); «HHHO-
BAalIMOHHBIE TEXHOJIOTUM M SKOHOMHMKa B MamuHocTpoeHum» (Tomck, 2015);
«Innovative manufacturing engineering international conference» (Romania,
2015); «TexHwka Ba TEXHOJOTHUSHUHT J0ji3apd MyamMMoJapH, YJIapHUHT
SHEProTeKaMKOp Ba MHHOBAaUMOH eunmiapu» (Paprona, 2016) maB3ynapuaaru
XaJIKapo Ba  peclnmyOiuKa WIMHUN-TEXHUKaBUM  aHXyMmaHjapaa Mabpysa
KYpUHHUIIHIA Oa€H dTHIIM XaM/ia anpoOanusian YTKa3HI .

HMuccepranus uimu TOMIKEHT KUME-TEXHOJOTHSI MHCTUTYTUHHHT «O3HK-
OBKaT MaxCyJIOTJIApU TEXHOJOTHSACH» (aKyIbTeTH Kadeapanapapo CeMHUHApHUA,
TomkeHT KUME-TeXHOJIOrus UHCTUTYTH Xy3ypuaaru 16.07.2013.T.08.01 pakamnu
daH AOKTOpW WIMHIA JapakacuHu OepyBuM miamuid keHram Kommmaaru 02.00.16 —
«Kumé€ TexHomorusacu Ba 03WK-OBKAT WIIJIA0 YMKAPUINI KapaCHIIapy Ba armapart-
Japu» MXTUCOCIUTH Oyiimdya Oup MapTaluK WIMHA CEeMUHAp WHUFUIUIINIA
myxokama KuirHu (2016).
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TaaKHMKOT HATHKAJAPUHHUHT IBJIOH KUJIMHUINU. Jluccepranusi MaB3ycu
6yitnua sxamu 44 Ta WIMHMI MIN 9ON 3THIraH, IIyJapaaH, Y36eKucToH Pecry6-
mukacu Ounuid aTTecTalusi KOMHUCCHUSICH JOKTOPJIMK JUCCEPTALMsUIapU acOCUi
WIMHI HaTWKaJapyuHU YOI OJTHIN TaBCHS JTraH WIMHE Hampiapga 17 Ta,
xKymianad, 11 Ta pecnyOnuka Ba 6 Ta XOpPWXKHUN KypHaJUIapJa MakoJjia Hamip
STUIITaH.

JuccepTauMsiHUHT TY3WIHIIHA Ba XaKMHU. J(rcceprarus TapKuOW KHUPHIIL,
Oemra 600, yMmymuii xynocanap, doinanaHuirad agaduétiap pyixaTu Ba uioBa-
napaaHn uoopart. JluccepranussHuHr Xakmu 200 O€THU TaITKUIT STaIH.
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JIMCCEPTAIIUSIHUHT ACOCUM MA3MYHH

Kupum kucmuga yTka3wiraH TaJIKUKOTHUHI J0J3apOJIMTHM Ba 3apypaTu
acocllaHTaH, TAJIKUKOTHUHI Makcaau Ba Ba3u(anapu, OOBEKT Ba NpeaMeTIapu
TaBcU(IIaHraH, peciyonnka (paH Ba TEXHOJOTHIIApU PUBOKIAHULIMHUHT YCTYBOD
WYHAIIMIIJIAPUTa MOCJIUIM KYypCaTWIraH, TaJAKUKOTHUHI WJIMHUW SHTUIWATHA Ba
amMaiuil HaTWKanapu 0a€H KWIMHIaH, OJMHTaH HaTH)KaJapHUHT WIMUN Ba aMaiui
axaMHITH Oo4uO Oepuira, TaJKUKOT HATH)KaJIapUHU aMaduETra >KOpUM KWJIUII,
Hallp OSTWITaH HWOUIap Ba JUCCEpTalus Ty3WwnumM Oyinuya MablymMOTIap
KEJITUPUJITAH.

JucceprauusaHuHT «JloH MaxcCyJI0TJIapHMHU cenapanus/jiam Ba (ppaKkums-
Japra aKpaTHll TeXHOJOIMK MAIIMHAJAPMHMHI 3aMOHABHHl XO0JIaTH Ba
PMBOXKJAHUII TeHACHUUsJIAPW» 1e0 HOMJAHTaH OupuHUYM Oo0uIa MaBXKY.l
TEXHOJIOTMK MallMHAJAPHUHI XOJATHU Ba PUBOMJIAHWII TEHACHUMSUIAPU, IIYHUHT -
JIeK, yJlapJaH JOHHM cemapauusuiail Ba ¢pakuusiapra axxkpaTuiijia oiiagaHul
apTiaapy TaxJIJ KUIMHTaH.

JloHHH cemapanusianm Ba ¢pakuusiapra aXpaTull TEXHOJOTHK MallluHa-
JAPUHUHT XYCYCUATIIApU YPraHWIITaH.

JIoH MaxcyloTIapuHM cemapauusiam Ba (pakiusuiapra axpaTuuiaa
MallMHAJAPHUHT TEXHOJIOTMK KypcaTKUWIapura TabCUp KypcaTaauraH acOCHid
oMHJIIap OeNruiIaHraH. Jniaml ycyyulapu Ba YJIapHHUHT TaBcudiapu (XapakTepuc-
TUKaJapu) TAJAKUK KWIMHTaH. TEeXHOJOrMK MallMHaJIap WIIYM OPTraHJapUHUHT
JOHHUHI MYyCTaxKaMJIMK XOccajlapura Ba MEXaHWK IIMKACTIIAHUIILIApUTra TabCUPHU
AQHUKJIaHTaH.

Nnmuit  MaHOanapHUHT TaHKUIWWA TaxJIMIIM, TEXHOJOTHUK >kKapaéH Ba
MAaIIMHAIAPHUHT 3aMOHABHUI XOJaTHUHU YpraHuIl acocuaa OYryHTH KyHJa JTOHHH
TO3aJ]all MallMHAJIAPUHU ApaTUIIa TOOOpa UCTUKOOIIM WYHAIMII JOH Maxcy-
JOTIAPUHY CeTapalnusian Ba (ppakiusuiapra aXpaTUIITHHHT YHUBEpCAll, COJIa Ba
Ky QYHKIMSAIY )KUX03JIapUHU 3Tl SKaHU aHUKJIaHTaH.

JuccepranusHuHr «/loH MaxcyJaoTJapuHu cenapauusiam Ba ¢gpakuus-
Japra aXpaTHll TeXHOJOrHK MANIMHAJIAPDUHMHI NapaMeTpjapH Ba
PEKUMJIAPUHE HA3APHIl TAAKMK KWK 10 HOMJIAaHTaH UKKWHYK 600u1a T0H
MaxCYJIOTIApUHU Cenapanusiiail Ba Qpakiusiapra aXXpaTuil TEXHOJIOTUK MAIIIH -
HAacu XamJa >Kapa€HMHM TaKOMWUIAIITUPUINTA OWUJl TAJKUKOTJIAD HATWXKaJlapu
KenTupwirad. JJoHHUHT GU3UK-KUMEBUHN, adpOAMHAMUK Ba MEXaHHUK XOCCAJIApUHU
XucoOra oJnraH XojjJa MaxaJUIiid HaBJIApHUA TYpJW apajalmMaliapiaH TYIUK
TO3aJall Ba Maccacura Kypa Gpakmusuiapra axpaTHII Makcaauaa JIOHHH
cenapanusuian Ba (pakiusuiapra aXpaTUITHUHT UKKA OOCKUYIM KOMOWHAIIMS-
JIAaHTAaH MAIIMHACH TaKJINU( KUIHH]IH.

bupunun Oockuyma a’poAMHAMHUK Ccemapanus KaMmepacuaa JacTIa0Ku
TO3aJall amaira OomupuiIanau, OyHJa maccacu JOH MaccacHIaH €Hrujia Oynrad
apanammManap 4ukapuo tanuiaHagu. Takiu@ KUIMHAETraH JIOHHU cenapanusianl
Ba (pakmmsuiapra axpaTHIl MallMHACUMHUHT KalOyn kamepacu 1, (l-pacm) €H
neBopiap 2 Ba 3; acnupanus XaBO TOPTKUYM (KaHaiu) 4 OuiaH YpHATUITaH
nepdopanusiianrad Kusi CWIKUTYBYM ToKyaiap S, 6; IOKIOBYM Kypuiama 7,
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nacTyIadKK acnupanus KaHalu 8 Ba TAbMUHJIOBUM BAJIUK 9 1aH nbopar.

[lepdopauusananrad Kusi CUIKUTYBYU
TOKYaJap 5 JOH yiauaMjiapuaaH KAYuK Oyiraxn
nepdopanus TUPKULUIApUTA 3ra, NACTKUA KU
nepopanusgaHral CHIKUTYBYM TOK4a 6 JIOH
yiuamiapuian KaTTa nepgopanus
TUpKUIILTIapura 3ra 0ynub, xkadyn kamepacu 1
naH uyukum  gapyacu 10 opkamu  OYpTHO
Typagural Tap3ga  ypHatwirad.  KaOyn
KaMepacMHUHr | macTku rokimam Tokdacu 11
ypUHMa  HYHanmumuaaru  4u3uK  OYitnad
TabMHUHJIOBUU BaJIMKKa 9 TOMOH
UYHAJITUPUIITAH. JloH cenapaTopu-HUHT
Ta@bMHUHJIOBUM  KypWJIMacu  HWUPUK  OFUP
apananManapHy TYIUlal y4yH uaum 12 ounax
TabMUHJIAHTaH.
1-pacm. JIoH cenmapanMsicHHH Jlon xust Tokya S5 Oyiinmab xapakart-
TABMHUHJIOBYH KypHJIMA JAHUIIMHUHT MaTeMaTHUK MOJEIN Ty3WJITraH.

JloHHM Typiu apanalmmMaiapiaH To3ajall y4yH
ToK4a 5 OViinab XxapakaTIaHUIIN HAa3apHil )KUXATAaH TAAKUK KHUJIMHTaH.

JIoH 3appacHMHHMHT XapakaTcu3 Kus mepdoparusianrad Tokda 5 Oyitinad
abCoMIOT KyuuIIM mapTu (2-pacMm), MIYHUHTJEK, YHUHT XapakaTiaHyBYH
nepdopalrusaaHrad Tokda 0yirad HUCOWM KYUHIIK MapTiapu YpraHuiraH.

Tokuya ropuzoHTra HHUcOaTaH o
Oypuak ocTujga VpHATWUITAaHUAA  JIOH
3appacura KyduJgara Kywiap — TabCHUP
St yrkazaan: G - JIOH 3appPacHHMHT OFMPIIMK
Kydd, N - TOKYa IO3aCUMHUHI HOPMAJ
peakuusicu, F,, — nmkananum kyuu Ba Fy, —
XaBO OKMMHUHUHI TOPTHUII Ky4yd. 3appaHUHT
XapaKaTJaHUIIA YYYH TOKYa KHSUIMTUHUHT
Oypuyarn o WIIKaJTaHUII Oypuyard vy JaH
KarTa, bHU o > y Oynumu yno3um. FOkopu
TOKYAHUHT Y3YHJIMK OUPIUTHUTa KeJlaJauraH
E(l)
TOPTUII KY4YUHH [ g¢m OpKadd, JOHHUHI
apanarnima OuiiaH OUpraJvKaard MacCacuHU
M, opkayu udoaananmMus.

2-pacm. Kusi ToOKYama Koii-
JalraH JA0H 3appacura TabCHP
KHJIYBYH Ky4Jap cxeMacu

JloH apanammMacugaH axpaTWIraH >JIeMEHTap OUPIUK OFUPJIUK MapKas3u
XapakaTy TeHrjaMacH Kyiujaru KypuHuiira sra Oynaau:

. . I
m,(s,)%, =my(s,)gsina — ) + fmy(s))g Cosax 1)
Oynma: f - mmkamaaum K03 GUIHCHTH.

—(1)
M, Maccaid JOH apajaliMacd XapakarTiaHuml doruga Fen Kyd xumcoOura
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Kamasi 0opaau Ba OMPHHYM SIKMHJAmUIga Oy macca Kydujaru GyHKIOUs OuiaH
aHUKJIaHAIH.
1

— )
a,t+ b
bynna aBa by gouMuil KOQ(QUIMEHTIAP OSKCHEPUMEHT Aacocuiaa

m,; (s;) =my(t) =

TOIMJIAIN.
Macanan, BakTHHHT Oomnutanrud MomeHTtuna (t=0) macca m,(0) =m,,,

YHUHI OUpPHMHYM TOKYaJaH Tywmum dYorupa t=t,q Oynranmpa oca 'y

M, (t41) = My, HU TALIKKIT KUIaIH.

. 1
By xonma a, Ba b, kuiimatiapuy — =m,,, ————— = My, TeHIIamanapaan
b, art,q +by
1 Mg —M
aHWKJIaHaaW. byHnaH kenmub ynkaauku, b = ——, a1 = —10 — Tk
Mo M1 oMy ti1

AlipuM y3rapTapunuiapAaH KeMWH y3rapyByaH MacCaHUHI m,(t) Xapakat-
JAHUII KOHYHUSTUTA 3Ta OynamMu3. Y KyWuJard KypuHHUIITa ara 0ynaau:

fF () gSina + fgCosa

_ Lt ey Fem | B _
) = 1t B By o | -SSR BOST

1 . a
qyHKH, L, = > (gSina + fgCosa)t?, — (El t3 + %tfl) FD) et .
Kefliuaru Tokyanapaaru xapakaTiaHUI KOHYHH aHAJIOTHK Tap3aa Oynanu.
JIOHHHMHT TOKYa/a OYIMII BaKTH KUSUIMK Oypyarura TecKapu mporopIroHa
Ba Y3YHJMKKa TYFpU NPONOPLUMOHAIUIUTY aHUKJIAHAM. 3-pacMa TOH apajiaiima-

CUHUHT TOKYaJa OYJuIl BakTH OoluIaHFuy y3yHJIMK L=50 MM OyiraHma KUsJIUK
OypyarmHuHT Kyhumaru B=0°,5,10°,15°, 20°, 23", 25°, 30°, 35°, 40°, 45° KuWMaTIIapu-
na y3rapuinu rpaduru keatupuirad. ['padukmaan KypuHaIUKU, TOKYAaHUHT KUSITAK
8 Oypyarm OpTUINIM OWJIIaH JIOH
" l“\ﬂ apajanmacu 3appalapUHUHT
0 TYIIUII TE€3JIUTU OpPTaaud, JOHHUHT
W " ~ TOKYaja OyIumr  BakTH  dca
y S T 3 ey KUCKapaIH.
JleMak, TOKYaHUHI KHSJIMK
o Oypuyarn 0OKOpH Oyiranuaa I0H
apajanIMacUHUHT TYIIUII TE3JIUTH
YHUHI Maccacura IponopiioHa
0 Tt T T Oynanu, OyHIa JIOH apajanMacu
TOKYa fo3acu Oyinald mymanaiiau
€ku cupnaHagd. by Xapakataa
JIOHra €nuImMO KOJIraH YaHr Ba
KOOMKJIap a)kxpaiaajy.

ITacTku TOKYaAHUHT 6
FOPU30HTAJl TEKUCIMKIArd allaHMa-wirapuwiaHMa XapaKaTUHUHT  KPUTHK

t Cer

3-pacm. Jlon apajamMacd TOKYajaa
Oyaum BAKTHHMHI TOKYa KHSJIHMK
Oypuarura OOFJIMKJIUTU rpaguKu
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TE3JAHUIIMN TaAKUK KWiMHAW. [lacTku Tok4ana 6 MOHHM MHMpUK apajamimanapiaH
TO3AJIAIHUHT TEXHOJIOTUK CaMapaJopIUuTrd aHUKIAH/IH.

[THeBMaTHK cemapauMsialll Ha3apUsICUIa acocaH, XaBO OKMMHUHMHI ypTada
TE3JIUI'M OPTHUILM OWJIaH JOHHUHI €HTWJI apajaliMalapiaH TO3ajaHUIl Japaka-
CUHUHT OPTUILY aHUKJIAH/H.

WNkxunun Oockuyaa (pakiusiiapra akpaTUIl Kamepacuaa JOH Yyiyamura
TEeHr OynraH OOIIKa apajamMaliapiaH TO3ajlaHa/lM Ba Maccacura OOFJIUK XoJjjaa
dpakuusnapra axparuiaagu (4-pacm).

Opaknusiiapra axxpaTuil kamepacu 1 kamepa sHH 0Yilnad Takcumiaruura 2
sra OYnuob, y3yHiuru 0yinda kyuupuiagurad Tycukiap 3 Ba Oynmanap 4, 5, 6, 7
Ba § OwiaH OynuMHraH, KojaBepca, Takcumiaruy 1 rozacuna uytkanap 10 xoitnamni-
TUPWITaH TabMUHJIOBYM BAJIMK 9 maknupa OakapwiiraH, YHUHT OCTHUJA KHSUIUK
OypuaruHu OOIIKapHIll UMKOHUHHU OepaauraH WyHanNTUpyBUM JIOTOK 11 YpHaTHiI-
raH, TYCUKJap 3 5ca oTuK y4u OuinaH OakapuiraH, OyHaa xap oup 6ynunma 4, 5, 6,
7 Ba 8 ukkura OYnMHraH, ppakiusIaHrad AOH UMFUII uaumu 12 yctura Kus 0yp-
yak octuja sakiuap 13 xamzaa notoknap 14 ypHatwiran. bouika apanammManapHu
wurum uanimm 15 sca j10Tok 14 6wnad y3apo Tabcup Japaxacua dKOMIamTHpu -
rad. @pakuusuiapra axxpatuil kamepacu 1 tycukyanu kuvpuml 17 Ba ymkum 18
acniupanus kaHamuiapura sra. Kus snaknap 13 ymuamiapu xap 6up 6ynunmanap 4,
5, 6, 7 Ba 8 na TymaguraH JIoH ya4aMiapuiaH KUYHK.

Jon 19
apajamimMacu

4-pacm. [loHHu ¢ppakuusiapra a;KpaTuil KaMmepacu

SHru MKk OOCKUWIM JIOHHU Cenapauusiiail Ba (pakiusiapra axpaTHill
MaIlllMHACUHUHT aCOCUM MEXaHU3MJIApUJaH OUpH TabMUHJIOBUM Baluk | Ba
nyHantupyBun JoTok 11 cananmagu. Ynap, y3 HaBOaTujga, MaAUIMHAHUHT WII
VHYMJIOpJIUTH Ba cudaTUHU, SHHA JIOHHU TO3ajall Ba MaccacWra Kypa
dpakuusiapra aKpaTUIIHUHT KEUMUHTYA TEXHOJOTHK XKapaéHUHU Oenrunadb oepaau.
TabMHUHIOBYM BadWKIaH yunO 4MKAETHUO, JOH apajammacu Oup Xuj OOIIJIaHFUY
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Te3nukka Vg odra O0ynamu, yHUHT BekTopu Ox) Texuciukaa €Taay Ba MablIyM
6ypuak g octuma OX Ykka #ymantmpamu (5-pacm). Mymamtupysun motok 11
KHAAJIAHUII OypuYaruHW fS=0° +45° JOoMpacuaa OOLIKapHIl MMKOHMHU OepaauraH
KuanG ypHaTHaraH. MyHANTHpYBYHM TOTOKHMHT 11 KHMSUIMK GypyarnHH GOIIKApyB-
Yl MaxCcyc MeXaHu3MH 16 yHH Tanad KWIMHTaH KaTTATHKKa YPHATUII UMKOHUHH
oepanu (4-pacm).

Yuum vormma 3appanap xapakarura ofupiauk kyun Mg, O6ymma m;-
3appaHuHT | Maccacw, - SpKWH TYIIWII TE3JUTH; IIYHUHTACK, TE3TUKHUHT

OMPUHYM JIapayKacura IPOIOPIMOHAIl XaBO Kapiuwinurk KX Tabcup Kumaum.
i —3appanunar OY VKKa MpoeKIusUIaHraH XapakaTy TEHIJIaMacH Kyiuaarnaa
KYPUHMUILIA 3ra:

m;y =—mg — &y — Fsin S 4)
Masbaym y3raptupunniapaan keiud, ¥ =0 Oynranma Yy =h, ypun tyramm,
spH M, (1=1,N) wMaccamu 3appa KyTapuwiaJuraH MaKCHUMal OallaHJIMKHH

aHMUKJIAaMHU3:
; m;g
m o, mig | VoSINAT T )
h_?vosmﬂ— 2 In mg
k

Wxtuépuit M; (i =1..., n) 3appanuar OX yKKa NPOCKIMsIAHTAH XapaKaTh
TEHTJIaMacy KyWHaaru KypuHuiiaa oymaau:

m; X = —kX, €xu X'z—h)'(. (6)
m

5-pacm. KoMOMHANMSIJIAHTAH CENAPATOPHUHT JMHAMHUK IOKJIAHTAHIUTH
cxemacu

VY3raptupunuiapad KeWMuH KoopAuHATanmap OOIMMIaH M, Maccaid 3appa
Makcuman N OalaHIIMKKa KyTapuilaaurad HyKrarada Oyiarad S macodaHu
aHuKTaiiMu3 (5-pacmra Kapasr):
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Vs -Sin2p
27k(vo -Sin,8+M)
m, k

+ R

: (7)

S =

Oynna, R- 6apaban paguycu.

M, Maccaau 3appa MakcuMan OanaHaiukka [ eTraHumaH KeHWH YHHHT
nacaiimmm  Gomrmanagm  Ba  KY BekTopm rokopura OY  YKKa mapamien
WyHantupuwiran 6ynaan. QOyHKUMOHAT OOFIUKIMKIAPHU COAAAIAIITUPUIL YUYyH

Bakt xucobunn sHa ¢ 1=0 pam Gowraiimus. 3appa xapakatuauar OY ykka
npoeKusuIanran AuddepeHuuan TeHrJiaMacuHu Kyhduaaruda €3amus (S-pacmra

KapaHr):

mi)“;:—mig+ky—|:siny. (8)
bynnan,
m. m? =
y(t)=h+T'gt+k'—2g(l—e ) )

Byugza Y =0 M, maccamu 3appanunr OX Vk 6yiinad xucobnaHaguraH

MaKCHumalJl 6aHaH21JII/IFI/IFa MOC KCJICa t = t* KI/IfIM&THI/I TOIIMUIII MyMKI/IH.
M; Maccanu 3appaHuHr OX YKKa NMPOSKUUsIIM XapaKaTh KOHYHU KyWHIaru
TCHI'JIaMaJlda aHUKJIaHa 1.
m;X = —kX (10)

V,m’ cos 3 - e_’:‘t)
2 H mig
k“(V,sin g+ T)

bynnman, t=1t, uu kyiu6 (9) acocmma m wmaccamu 3appanuHr OX ¥k

X(t) =—

Oyitad y4uIn y3yHJIUTHHUA TOIIAMMU3:
V,m?gsin T
0" g ﬁ (1_ e m; ) .
K2 (V, sin B + ;g)

YyumHauar ymMmymui y3yHiurd aBBan OX OViimda onuHTaH HaTMKalapHU
XHCcOoOTa oJrana KyWuJaruHu TallKu KUJIaIu:

S, =

mV, V m.g -

Lsin28+—>(1-e ™ )sin B |+Rz
k(V, sin ﬁ+mlig) 2 ¢ -4

by ¢opmyia (11) koMOMHANMSIIAHTAaH CEMTAPATOPHUHT PAIIHOHAT T€OMETPUK
napameTpiapyuHu OCNTHIIAIT yIyH XU3MaT KA.

XaBO KApIIWJIWTHA TE3JMK KBaJpaTura MOpONOpIUOHal, SbHH |- 3appa
—_— —»2
XapAKATUHUHT R =KV rtenrnamacu KyWuaaru KypuHuiiga oyiarasnia

L=S+S§, =
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m;y =-m,g —Kk; y* - FSiny, (12)
Oynma F - MakcuMman OalaHJyIMKKa h KyTapuiuinrada Oyiarad ydacTkaga )
Oypdak ocTHia TOPU30HTIa HUCOATaH KapaMa-Kaplid OKUMHUHT KapIIHINK KyYH.
bynna xap Oup 3appa (€ku TaxMuUHaH OMp XWMJ m; Maccajiu 3appajapaaH
nbopar Oynran amoxuaa ¢dpaknusiaap) ydyH ki ra TEHT IpONMOPIMOHATUIMK
kod(ppunmentu k kabyn kuimHran (5-pacm).
®Gopmynana (12) alipum y3rapTupHlLIapJad CYHT KyHuaaru OOFIUKIUKHU
TOTTAMM3:

202
kiw (1+ 'V sin Btg ,g ]
m; Gy \'m; \'m (13)

y=—|Inl+—2  )+In

2K; m;g kV sin
' ' 1+tg? k'g B( +1g? /k gtJ
mi m; g mi )

(13) mam m, Maccanu 3appa KYTapuwiHIId MYMKHH OYiraH Makcumal
Oamanuk h xuco6manaau. by xonmga y =0 Oynranuma
m, k,\V,Sin?
2k m.g
ra ara Oynamus.
Ouau  m, wmaccanmu  3appanuHr  0X  YKKa MPOEKUUSIM  XapakaTu

TEHTJIAMACUHH TY3aMH3:
. .2 Kj
MX=—-KX", wm x=——L %2, (15)
mi
Y =0 6ynranmpa t =1, na aiipum y3raprupumnapnan keiun M; maccanu
3appaHuHr 0X VK arpoduia yHMHr Y =h OamaHmiukka MakcuMana KyTapHIIv-
IIMrava y49uil Y3yHIUTHHHA OeNruiam yuyyH Kyhiuaara udojara sra 6yiaamus
m; kt.V,Cos
s = Mi (1 4 KitVoCOSS
k m;

) (16)

Koopaunartanap OomuHn X =S HyKTara Ba BakKT XHCOOW OOIIJIaHHUIIUHH
M; Maccajln 3appaHUHI IMacalull coxacura kKyuupamus. by xomna 0Y yxxka
MPOEKUHUSIa KapIIWJINK BEKTOPU Kapama-Kapllu WyHanumra y3rapaad (5-pacm).
F=0 na muddepennman tenrmama (12) Kylugara tapsaa E3umaam:

my=mg-+ky*, (17)
t=0, y=h waptaan ¢poiigananud, Kyiiugarura sra 0yinamus:
2. I:;—gt
m. g m, e b+l
—h+_ [—2t——LIn | 18
Y K K 2 (18)

by dopmynaman t; BakTHM TOmMII MYyMKHMH, yHAa M; Maccainu 3appa
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NacalMINMHUHT oxupuaa h=0 Oyaramuma y=0. t=t Jga 0X YK Oyiuya M;

Maccajy 3appaHuHT YUYW Y3YHJIUTYA AaHUKJIAHAH.

_Kig

S. =ﬂln(ﬁvo cosfB-e Mt +1)
ki m; . (19)
Hemak 3appanunr 0X VK Oyina0d ymMyMuid yYyullM Y3yHJUTH Kydugaruua
AHUKJIAHAIN!

JuccepTallusiHUHT  «JKCNEPUMEHTAT  TAAKMKOT METOAUKACH Ba
cenapamnus KaMepaACHHUHT MIIYH OPTaHJIapH KOHCTPYKTHUB NMapaMeTpJIapuHu
aHUKJAND 71e0 HOMJIAHTaH YYMHYM 000Maa UKKU OOCKUWIN KOMOWHAIIMSUIAHTaH
JIOHHU cemapanusuiail  Ba ¢pakiusapra axpaTuil MAaIlIMHACUHUHT UIINYU
OpraHjapy mapameTpIapuHHU SKCIIEPUMEHTAN TAJAKUK KUJIuIl Oyinda Baszudanap
noupacu OeirunaHraH. Maxauidii JIOH HaBIapUHUHT MEXaHUK XOcCCaJapuHU
aHUKJIAIra OWJ DJKCIEPUMEHTAI TaAKUKOTIAp METOJMKACH KEITHPHIITaH.
TagkukoTiap Wyn kKyhWunaguraH (AOH CTPyKTypacula MHUKpPO (KHYMK) EpHUKIap
naigo OynaguraH) KywIaHHIILIAp, MYCTaXKaMJIMK 4YeTapacMHU aHUKIAll Y4IyH
Zwick yHuBepcan maimuHacuia OMpIUK JOHJIApJA CUKUII jaedopMaiusira CTaTHuK
IOKJIaMa TabCUPHUAA CHHOBIAP TYPJIM JapakaJard HaMJIMKJa aMalira OIIUPUIIIH.
VTKasuaran GUPIMK TOHIAPHH CHKMII Je(OpMAIMACHTa OMJ TaKPHOa-CHHOBIAP
HaTIOKaJlapu OViinya CUKUII AepopMalusapy I1uarpaMMacu YU3UIIH.

Maxannuii J10H HaBJIApUHUHT (PU3MK-MEXaHUK XOCCaJapuHM HWHOOATra
OJITaH XOJIJla YHUHT OUp MapoM[a XapaKaTJaHUII Te3IMTMHU SIpaTUIl MakKcaauia
KW TOKYaHUHT KOHCTPYKTUB MapaMeTpiiapu dKCHepuMeHTan iyn ounan (3au 500
MM Ba y3yHiurd 400 MM); Tok4daiap KHsIuK Oypuard (o = 23°) aHUKJIAH/IH.

SHru WKk OOCKMWIM KOMOWHAIMSUIAHTAH JOHHM Celapanusiall  Ba
dpaknusnapra axpaTull MaIIMHACUHUHT E€H JIeBOpJIapura Iiaxmar TapTuOuia
Oemita Kusi TOK4a ypHaTWIraH. JloH apanammMacy yJIapHUHT JE€BOpJapura ypuirad
Xojgaa V3 OKMMH OWIaH XapakaTjaHaad. YPWIWII IMaThaa AOHAAH Enummo
KOJITAaH OpPraHWK Ba MHUHEpasl apajalmmaiap axpanu0 uukaau. Yanr Ba JOH
MaccacuJiaH eHTHJI OYynraH apajammManap XaBo OKHUMH Epaamuia jJadbopaTopus
IIAPOUTHIA AHWKJIAHTAaH o <7m/c TE3MUKAA CYpUO OJMHAAM XamJa acIupaius
KaHaJIM OpKajdu cu(daTiv YuKapuiIuiy TabMunaaHaau. Cemnapaius KaMepacuHIUHT
acmupanus KaHaJld y4yH XaBo capdu Q, aHMKJIaH/IN: acUpaIis KaHATMHUHT YHU
6 =50mm, y3yrnmurun L =500 mu Ba XaBO OKMMH TE3IUTH v =7m/c OYaranma
Q, =630 /u capdau BeHTWIATOP TaHmaHau (6-pacm).

[TacTku CHJIKUTYBYM TOKYA 3HU IOKOPU KHsI TOKYajap HUTA TEHTr OVYIMIIN
no3uM. IlacTky TOKYa y3yHJIMIH 3ca WMPUK apajialiMaiap YAKUIIUHU TabMUHIIALI
YUYH FOKOPH KM TOKYA Y3YHJIUTHIAH KaTTApOK KUINO Tal€piiaHraH.

JlonHn cemapanusanam Ba (pakmusutapra  aXpaTUIl WKKH  OOCKHYIN
KOMOHWHAITMSJIAHTaH MAallIMHACH]Ia TACTKU CHJIKUTYBYHM TOK4a « Oypuyak ocTuia
VpHaTWwiran. o Oypyak HIIKaJaHUII OypyarujaH KUYUKPOK, JOH 3ca, OAaTia,
0,8...1,0 MM KalIMHJIMKIArd pyXJIaHTaH MyJaTAaH sicallaJuraH ToK4a TeOpaHUILIH
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HATW)KacuJa XapakaTiaHaau. YHAAru yUuKIap JOHHU MUPUK apanamMaliaplaH
TO3aJlalll y4yH NyMaJlOK IIakira sra Oynu0, yHUHT JuaMeTpu JOH JUaMeTpuJlaH
KaTTa, ApHU d, = 7m JaH KUMYMK OynMaciuru mapt. ByHnma mymanok makiuiu

ViluKka sra OynraH MacTKM TOKYAHWHT CHJIKATYBYM ONTHMAaj Te3naHumu 9-12
Mm/c”, TeOpaHUI aMIUTUTYacH I' 5-6 My Ta TEHTJIUTH aHUKJIaHIH.
TabMuHIOBUM BaMK AMaMETpH TaxpuOa-cuHoB Wynu Omman d, =350 aum,

TAbMHUHJIOBYM BAJMKHUHT DHM 3Ca CeMapamus KaMepacHHUHT SHUTA TEHT XOJaa
6 = 500 ymum Genrunanau. MyHANTHPYBYM JTOTOKHMHT TabMMHIIOBYM BaJIUK OCTHIA
KOWJTAIITAHMHNA XUCOOTa OJITaH XOJJa WYHaNTHPYBYM JIOTOK SHU TabMHUHIOBYH
BaJIMK DHWTA TEHT OYIWIIM MApT, IIYHHHT y4YyH WYHANTUPYBYH JIOTOKHUHT SHU
xaMm 6 = 500 ymm TaBCcUS dTUIIAIN.

6-pacm. KoMOMHAIIMOH cemapaTOPHUHT CAHOAT KyPHJIMACH

TabMHUHIIOBYM BaJWUKHUHT aijmaHumn dactotacu (250-450 aitn/mun) Ba
HyHaITUPYBYH JOTOK Kustiuk Oypuyaruuuur (0 gan 45° raya) oprumu OuiaH JOH
apaJalliMaCHHUHT KYTapWIUII OalaHAgurd Ba y4uin Macodacu optub OGopaaw,
IIYHUHTACK, JOHHM Maccacura Kkypa (Qpakmusutapra axpatum — cudartu
SXIIAJIAHATH.

Wupuk nounap (ypyFIuk J0H Ba GOIIKA SXTUMOJHII apanaiiManap) KaTTa
Macodanu yuub YTuO, dpakuuamapra axparuil KaMEpaCHHUHT OHT Y30K
XKounamran Oynmmacura tymaan. Kumuumk Maccara sra OyiraHn ypyrFiauK JOHTa
HucOaTaH wMaiima JoHmap (O3WK-OBKAT JIOHJIApW Ba OOIMKA OXTHUMOJIUUN
apanammanap) Maccacura MyBopUK KHIMKPOK MacodaHu 6ocud yTaan Ba MabIyM
Oynmmara TyImIau.

JloH apanmamMacuHU TabMUHJIOBYM BAJIMKHUHT Xap XWJ aiJIaHUII
gactotacuza (250, 300, 350, 400 éa 450 avin/mun) Typiu apaiamManapiaH TYIUK
To3ajam Jkapa€HW Ba JOHHHW (pakmusuiapra aXpaTUIHA  WYHAITUPYBUU
JOTOKHHMHT Typiu4a KUSUIMK Oypdaruja coatura 7,5 moHHa W YHYMAOPJIATH
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IapOUTHIA AaHHUKJIAII OYirda TaxxpuOa-CHHOB UIIUTAPU aMajra OITHUPUIIIH.

JIOHHHM cemapanusyianl Ba mMaccacura kypa (pakmusuiapra akpaTuil sHTH
MalTHAHUHT PAIlMOHAN-KOHCTPYKTHUB Ba TEXHOJOTHK IapaMeTpiiapyd Hazapuit
KUXATIAH aHUKJIAHIU Ba TaXKpUOa-CHHOB/A TaCAUKITAH]IH.

Huccepranusauar «@paknusjapra akpaTHill KaMepacd MIIYU OpPraH-
JIAPMHUHI KOHCTPYKTHB NMapaMeTPJIapuHH aHUKJIAI OYiHn4ya TaKpuda-cHHOB
HATWKAJApW» 1e0 HOMJAHTaH TYPTHUHYM O0OMJa Maxauiuil JOH HaBIapUHU
To3ajaml Ba (QpakmusIapra axpaTtuil >KapaéHUHUHT CTPYKTYpaBHH-MEXaHHK
XapakTepUCTUKATapu Ba IMapaMeTplIapuHHU aHUKJIam Oyitmya onuld Oopwiran
TaJAKUKOT HATHXKaIapu 0a€H KUJIUHTaH.

Maxamauii  TOH HaBIIAPUHUHT CTPYKTYypaBHH-MEXaHUK  XOCCAJIApUHU
YpraHuIil Ha3apuid Ba aMalluid axaMHAT KacO 3THO, Maxa/IMil JIOH HaBJIapUHWHT
CTPYKTYpaBUH-MEXaHUK XOCCAJApWHU Ba Je(opMalusiaHUIl MEXaHU3MIIAPUHU
Owmmm MapXyJ OynraH JOHHM To3ajaml Ba Qpaknusiiapra axpaTHII
KUXO3JIAPUHU TAKOMWJUIAIITUPHII Ba SIHTHJIAPUHU SPATHIl WMKOHWHH Oepaju.
Omu6 OGopunran Ttankukoriaap «ZWICK-1445» cuHOB MammHacuja CTaTHK Ba
JUHAMUK CHUKWII JepopManuscuia aWpuM MaxaJUluid JIOH HaBJIAPWHHUHT
EMUPWINIIN YUYH 3apyp KyWIaHWIUIAPHU aHUKJAIra uMkoH oepau. 11% dowus
HaAMJIMKJArd JOHHHU «EHOOII-EHOOI» XO0JIaTHa CHKHUII JuarpaMMajiapy TaXjIul
KAJTUHIH.

Kywranumniap auarpaMMaciHUHT OUpUHYHM «0-A» KUCMHU KUSUTMK Oypdaru
Karra OyiamaraH TYFpU 4YH3HK KypuHHIIUAA OYynub, nedopmamus KydHUHT
OpTHUIINTa TYFPU MPONOPLUUOHAT Tap3ja keuaau. FOkmamHuHr 60y 60ocKu4naa JoH
Y3WHUHT 3JIACTUKIIMK XOCCAIApUHHU cak1ad Konaau (7-pacm).

JuarpammanuHr «A-B» yyacTkacu mapTiu KYHUMCHU3IUK, SbHU JTOUMHUU
IOKJIaMasia Je(pOpMallUSIHUHT OPTHUIINra TYFpU Kenaau. byHaa moH ro3acuia
CUKHIII Ky4HMHU o3a Oyinad Takcumiam pyi Oepaau, Oy NHYCTIOK KaBaTiapH
ypracuma CTpyKTypaaa OVnumkiaap tyagupwmmmura ogubd kemamu. Kyd
KAWMAaTUHU HOJTa TEHIVIAIITUPTaHIaH KEWWHTH Ba3UATAA JOHHUHT XOJaTHHU
BH3yaJl 0axoJiail KuHuH.

JIOHHMHT  [IHITAaCUMOHJIATH
acocan OysuinMmaran, ¢akat 15-20
MapTa KaTTaJAIITHPWITaHAa JOH
103acH/la XapakaTdaH INTOK OWJIaH
aJoKa JKOoWIapuaa TaxXMHAHAH
0,3x0,2MM yIyamJIM KUYUK D3UITUIIT
Ky3aTHIa IH.

Kyunun sHaga karranamru-
pulra TYFpU KellaJuraH KHSIJIHK
Oypuarm karra Oynaran «B-C»
ydacTKaja JOH OWMPUHYM YydacTKa-

FiH

' T T T T Jarura Kaparasja IIJIACTUK
ar a2 P o a5 s a7 a8 N
Mol nedopmanms XOCHII oymasu.
7-pacM. JIOHHM CHKHIII IMATPaAMMAacH Maskyp ydacTKaja rokjiamMa OeKop

KuimHrasga «Cy» HyKrara ssKHHpOK-
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Ja JOH CTPYKTypacuJa KYHIaJaHI WYKW EpUKIap Haiao OVIMIIMHKA BH3yal
anuknam MymkuH. Komnuknimm — nedopmanus karranurd 0,2 MM HH TallIKUII
KUJIaIH.

Huarpammanunr HaOatnarm «C-J[» ydacTkacm aHuUK uoAalaHraH
KYHUMCU3JIUKKA TYFpu Kenand. KydyHu Oekop KwirangaH KEHUMHTH KOJIJAHMK
nedopmanus karraaura 0,3 gan 0,59 MM rayaHu Tamrkuia KWIIH.

«I-E» yyacTkaga ymymaH JOHHUHI €eMUPHUIIMIIN OWIaH KeYaJuraH IUIacTUK
nedopMaMSTHUHT XOCHIT OYITUIIM IOKOPH Tapa’KaH! TaIIKUII 3Tau.

11 % wHamiukgard IOHHUHT MaXajUIM HaBU CTPYKTypacHaa KU
y3rapuiuiapra oau0 KeaManaurad uyn Kynuiagurad Ky4YHUHT KaTTajduru «EH0O1I-
énoom» xomaruna 128,5 H, «tux» xonatna - 75,2 H Hu Talkui Kujaau.

1-xanBanga MaxajuIMil 1IOH HaBIAPUHUHT HAMJIMTU YJIAPHUHT MYCTaxXKaM-
JUK XapaKTpUCTUKAJapura TabCUpH OYyiiMua TaAKUKOT HATHXKajJapu aKc
STTUPUIITAH.

Hamnuk optranga emMupyBuM Kyd KaMaiuiid, AedopManus MUKIOPUHUHT
OpTUIIM, OUPOK EMUPWIMIIHUHT V3U SHAJa KaTTa IOKJIaHUIUIapAa pyl Oepuliu
AHUKJIAHIH.

DOKCHepUMEHTaNl TaAKUKOTIAp Kapa€HUJa JOHHUHT MUKPOIIMKACTIAHUIIH
TAbMUHJIOBUM BAJIMKHUHI YyTKajdapu Ba TOKYAJap 03acura SpKUH TYIIWIIN Ba
Oomika Oup Heua omwuiapra O0ofnal ypranwiau. JIOHHUHT ro3a OwiaH Y3apo
TAbCUPUHU Ha3apuil TAJAKUK KWIHMII HATW)KAcHAa JOHHUHI MUKPOIIMKACT-
JAHWIIWTA YHUHT YYUII TE3JIUTU TAbCUP KYPCATUILN aHUKIAHIH.

1-xxanBan
Maxaumii 10H HABJAPUHHUHT TYPJIH HAMJIMKIA MYCTaXKaMJIMK Yerapacuaaru
KY4H4 Ba a0coJ10T 1edopManusicu

>, s . s 2. =
o |E & S| o |E S S| o | EE S
S 5 = H = o 5 = = [S) 5 = H =
T “ |2 8 2 5| w z 5 = S| o Z s = =
| fommmrwonn | E|ZEz 55| E|2Ex 58| £ | 2Ex|58
P. 2|E8 |C&| 2|88 |¢a] 2 |28 |¢e2
S o & < 3| =& |o & < o S o o < o
T | > S| B | >s S| = > © S
=B o = 5 5] = 5 5
1 | Ywutaku 9 | 142,7 12 | 1175 16 97,8
(AHIMKOH BUIL.) ~ [y N
2 | booyp (Cupmapé | 8 | 153,2 g" 11 | 1285 | < 15 107,8 =)
BHJL.) - o =
3 | Hora 8 | 136,4 © |11 | 1134 =) 15 95,2 o
(TomkeHT BHI)

Haszapuii Ba skcnepuMeHTaln TaAKUKOTIAp HATWXKACUAA AHUKJIAHWILINAYA,
nepdopanusyiaHTal Kusl TOKYa 03acu OYyiliad JOH apallaliMaCHHUHT Y3 OKHUMHU

OWNaH XapaKaTIaHWIIM Y4yH TOKYAHMHI KHUIMK Oypuarm 23° 1aH KHYHK,
nepdopanysiiap JuaMeTpu 3ca 3,5 My AaH KaTrTta OYIMACIUTH JIO3HM.
TabMUHIOBYN BaNMKJIAH y4UO YMKHUIN MANTHAA JOH apajamiMacu Oup Xuil

Ooutanruy Te3nukka Vg sra 6yaanu, yaunr sekropu OXY Tekuciamkna éraau Ba
OX ykka mabaym Oypuak S octuia ifyHaTTHpHIraH 6ymaim.

TabMUHIOBYM BAJIMKIAH Maccacura MyBO(HUK MabliyM TpaeKTopus Oyiinad
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y4uu0 YMKaJMraH JIOH apajammMacu Qppakuusiapra aKpaTHIl KaMEpacUHUHT OyTYH
y3yniuru Oyinad takcumuiiananu. Opakuusuiapra  axpaTtuiml  KaMEpacHHHHT
Y3yHJIMIM Ba OajaHJJUId TabMUHJIOBYM BaJMKHHUHT HII PEXUMHU XaMmJia
UYHAJITUPYBYM JIOTOKHUHI KHUSJIMK Oypuarura OofnuK Oynaau. TabMHUHIOBYM
BAJIMK alJIJaHWIIUHWHT panuoHan dactoracu N, =450 06/ mun Ba MyHaNITUPYBYH

JOTOKHUHT KUSUTUK Oypuaru o« =45 Oyiranjua, Hazapuil TaaKUKOTJIap acocuja
UCOOTIAHAMKHY, JOHHU cernapanusianl Ba Gpakuusiapra aKpaTuil MAalIMHACUHUHT
bpakuusiapra axpatuin kamepacu y3yHiauru L=5000 mm, suu B=500 im,
Oananymurn h=1500 mmem tamkwn staau. LIyHUHTIEK, KOHCTPYKTUB Tap3ja
UCOOTIIAaHAWKY, JIOHHU TYJIWK TO3ajalll Ba Maccacura kypa dpakiusiapra
aXpaTuil xamjaa MabiIyM OyiManapra Tymjiam yuyyH Oyamanap opacuaaru macoda
100 mm, Toxvanap y3yHiauru sca 200 mm, TOKYanap 5HU (pakuusiapra axpaTHIl
KaMepacu dHHUTra TeHr OVIIMIIU JIO3UM. Xap Oup OyJIMa TOKYaJapUHUHT KUSJIAHUII
Oypuarunn o =0-24° yerapanga (perynasuusiani) OOMIKApUII MYMKHH Oyiran
KaiiTa unuiaHaéTral JAOH apajialiMacura OOFJIMK XOJJa paluoHan KUHMaTIapHU
TONHII yHM OOIIKA apanamMajiapAaH TYJIWK To3ajall XamjJa Maccacura Kypa
dpakuusmapra axpaTuil UMKOHUSTAHU ApaTaau.

OKCHepUMEHTall TaJKUKOTIAp HaTWXajlapu Oyiinya KaOyn KUJIMHTaH
TeOMETPUK MapameTpiiap YYyH MaxaJUIMi JOH HAaBUHUHT JIOH MAaccacu Ba y4HII
TE3JUTHUra, IIYHUHTIEK, WYHAITUPYBYM JOTOKHUHT KHSUIMK Oypuarura OOFIHK
OYnraH y4yuill Y3yHJIUTH Ba KyTapwiuil Oanmanmiuru rpaduxnapu Kypuiau (8, 9-
pacm).

1,2
A0
h,m p =45
1
0,8 A A
A
A & ~ “ “
VS
0,6
- = i —_—— —_— —il
04 — . = = =
0,2
0,26 0,028 0,03 0,032 0,034 0,036 0,038 0,039 0,04
—*=v=3,93m/c ™ v=4,73m/c * v=5,49m/c ™™ v=6,28m/C m,rp

8-pacM. JIOHHMHI MaXa/UIMil HABU KYTapujauil 0ajJaHJJIMTMHUHT Maccara
OOFIMKJIMIM JHArPaAaMMMAaJIapu

AHVKIIaHIUKY, WYHANTUPYBUYM JOTOKHUHT KHSJIMK Oypuarn o =45°,
TAbMUHJIOBYM BAJIUKHUHT aljgaHWI dactotacu 250 aiin/mun, JTOHHHHT YYHII
y3ywmrn 1,8 m radva, xyrapwnum Oamangmuru dca 0,4 m raga; aimaHwin
yactotacu 450 atin/mun, NOHHUHT YYUII Y3YHIUTH 4 M rada, KyTapuiuIil
Oanmanmuru 3ca 1 v Hu Ttamkwil Kkuiand. lyHuHraek, rpa@ukian KYpuHaIUKH,
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JIOH apajlaliMacy 3appajlapuHUHT KYyTapwidil OalaH/UIMTM YHHUHI Maccacura
MPOIOPLIMOHAT Tap3/1a OPTA/IH.

Jlemak, 3Hr KaTTa maccara sra OyiaraH 3appajap 3HI KaTTa OasiaH]JIMKKa
KyTapuiaau Ba Makcumas Macodanu yuuO yraau. Taxxpuba-cMHOB HaTWXanapu
Hazapuil MabIyMOTIapAaru KuiMatiapaan 5% nan opTukka ¢hapk KuaMau.

KoMOuHanmon cenapaTopHMHI AacTia0Ku Ba JjabopaTopusi IIapoUTUAA
CHUHOB Xapa€HHJa anmapaTHUHI CAHOAT IIAPOUTHJIA WIUIAIIMHU TEKIIUPHUII
3apypatu 1o3ara kenau. CaHoaT TaAKUKOTIAPUHUHT aCOCUN MaKcaau anmnapaTHUHT
coxara OuJi CTaHJAAPTHUHI TEXHOJIOTMK Tala0JapuHU KaHOATIAHTUPAIUTaH WII
PEKUMUHM aHUKJIAIIAaH noopat OViau.

KoMOuHanmon cemnapatop HWIIMHUM TEXHOJOTUK OaxOJjallHUHT acOCHM
ME30HU KaiiTa niuiaml xapa€Huia JOHHUHT TYJIHMK TO3aJIaHMILM Ba Maccacura Kypa
bpakuusnaHumy - caHanagu. TaakukoTiap Kapa€Hula, UIYHUHI/IEK, CaHoaT
IAPOUTHIA IOHHU cernapanusiiall Ba (ppakiusiapra axpaTuil MaliiHacuaa KanTa
UIUIalAa JOHHUHT TYypid apajaliMajiapJaH TYJIMK TO3aJIaHUIIM Ba Maccacura
Kypa (pakuusiiapra axxparuiira TabCUp KWIaJWraH Ha3apuid KOHYHHUSTIAPHUHT
UIIOHWIMITUTUHU TEKIIUPHUII 3apypP.

JloHHHn cemapanusiam Ba (pakiusuiapra axpaTuil MallMHacuaa KanTa
UIUIaraHjal KeWWH YpYFJIMK JOH cudaTu, SbHU JOH TYpid apajaniManapiaH
TYJIWK TO3QJIAHTaHJIUTM Ba Maccacura Kypa ¢pakuusuiapra axpajiraHiuru
anuknanau. MOkopu wmaccanum JoHNAp YPYFIMK cudaTiapura sra SKaHIWTH
UCOOTIIaH/IN.

0
B =45
4.0 S
L. _.___...--"°"
3.5 e
__-.-0-'

3.0 — v o= - S .

«e="" ___‘___.—--t—'_"

- — k= "

2,5 ———

— " N — - - — -

ie—m-—----— -1 —=
2,0 - — - - — -
1.3 ~ e . —
1,0
0,5
0.0 - : . - - . - -
0,026 0,028 0,03 0,032 0,034 0,036 0,038 0,039 0,04
ifi) m.rp
‘ ® V=393 w0 — =4 73 e —A V=549 e - *- V=628 5000

O-pacm. J[loHHHMHTr Maxa/uiMii HaBM Y4YdIl Y3YHJIMTHHHHT Maccara
OOFJIMKJIUTH T1HarpaMMacu

OKcepuMeHTall ~ KOMOWHAIMOH  cemapaTtop Ba  Typkym  3M-60
MalllMHAJIapyJa KalTa WIUIaHTaH JOHHUHT YHUO YWKYBYAHJIMTMHU YpraHUII
HATWKacHJa SKCIEPUMEHTANl allapaTHUHT TabMUHJIOBUM Banmuru 450 ain/MuH
JlaH KaTTa OYyJMaraH 4acTOTAacH Ba HYHAITHPYBYM JOTOK KUSIMK Oypuarm & =45
Oynranja NOHHUHT YHMO 4YMKyBUaHJMTH 3M-60 mamumHacuja KaiTa HWIIJIaHTaH
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JOHHHUKHUAAH 6-7 MapTaraya IOKOpY SKaHW aHUKJIaHAW. J(OoH MaccacuHu Oaxojad
Me3oHu cudaruaa 1000 ta o maccacuaad GpoiiganaHUIIN.

JIoOHHU cemapamysuiail Ba (Qpaknusuiapra aXpaTHII MAIIMHACUHUHT TYPIH
peXUMIIapuaa  AKCIEPUMEHTad  TaAKUKOTIAp  HaTWXKalapu  2-XaaBaijaa
KEeNTHPHUJITaH.

OnuHran HaTWXauap AOH MAacCCACMHMUHT (hpakLMsIIapra akpaTHIl KamepacH
y3YHJIUTH Oyiinda y3rapuil xapakTepu Xakuaa GUkp 10puTHII MyMKUH. AQTuaaH,
TAbMHHJIOBUM BIMKHHUHT aliJIaHUII YaCTOTACH OPTHIIN OWJIaH SHT KaTTa MacCald
JOH (hpakUMsUIApUHUHT OeBOcUTa OMPUHYM ydacTKaJa aXpaluluu pyi Oepanu.
SlHa TaBKUANAII KEepaKKH, OMpUHYHM y4YacTKaga aXKpaTWiraH AOH (pakiusuiapu
TapkuOMuaa OOIIKa apajanmaiap MaBxy/1 dSMac.

JloHHU TO3anmam Ba (QpakIusUIapra axparuiiga arpoTeXHUK cu(aTHHU
0axoJIAlIHUHT acOCHM Me30HJapu/iaH OUpU UIMKACTIAHUII Japa)kacu CaHajaiu.
TaakukoTiap nadopaTopus MapouTiapuaa oaud OOpHIIraHIuTH cadaldau OJTUHTaH
Xap Oump ¢pakius ydyH MHUKPOIIMKACTIAHUII Japakacd MabllyM METOJHKa
Oyiirya aHUKJIaH/IH.

2-KaaBaj
o = 45° 6yaranaa kamepa y3ynsuru 6yiimaa 1000 Ta 10n Maccacu Y3rapuMIIMHHHT
TAaLMHUHJIOBYHM BAaJINK aHJIaHHII YacTOoTaCHra 60FJII/IKJII/[FI/I

TabMUHIOBY .
P s dpaknusiiapra axpaTaIl Kamepacu OyaManapu COHU Ba y3YHIUTH (METp)
p. | @nammm g T g 7 6 5 4 3 2 1
4acTOTACH,
aithan, 0,3-13/1,3-1,7| 1,7-21 | 2,1-25 | 2529 2,9-33 3337 | 374 | 4-45
1] 450 207 | 238 | 273 | 294 | 321 | 348 | 367 | 392 | 414
2| 400 225 | 26 | 291 | 316 | 348 | 372 | 387 | 403
3| 300 252 | 295 | 322 | 343 | 369 | 384 | 398
4| 250 27,4 | 308 | 333 | 362 | 37,7 | 394

Taxmun HaTwkamapu KypcaTAWKH, (pakiusuiapra axpaTull KaMepacu
y3yHIUTH OYyinabd mgoHHM Maccacura Kypa (pakuumsuiapra — aXpaTuiiaa
MaKpOITUKACTIAHUII Py O0epManu. TabMHHIOBUM BAJIMK F03acH]ia YyTKaJapHUHT
MaBXYIJUTH JIOH apajaliMacd TEKUC KaMpad OJMHUIIUHU TabMHUHIAWIu. JloH
apajanMacd TabMHUHJIOBYM BaJMKHUHT aijaHMa XapakaTUIaH TETUIUIA Te3TUK
onnb, MabIyM Tpaektopusiga 1 merpraya Oanmanmnukna, 4 Mmerprada macodanu
yanb yTb, mMaccacura MyBOGUK Tap3/a KaMEpaHUHT OyTyH Y3YHJIHTU OYiinad
dpaxiusmapra axpanaiu.

Cemaparusinam  Ba  (ppakmusuiapra  axpaTHII — MalldHAjJapu — TEXHUK
XapaKTepuCTUKAIapuaa JIOH apajaliMacd TOKYa [03acu OWiIaH y3apo ypuiraHia
Xap OWp JOH 3appacura TabCUpP KWJIAIUTaH MaKCMMald Kyd YHHHT XapakaT
TE3JIUTUra Ba maccara TYFpu npomnopuuoHan o0ynub, F =15H pgup. Maxamnuii

HaBllappAa JOHHUHT eMupwiniin yuyH 80 H jaH OKOpW IOKJIaMmayiap Oepuiil
Ky3atTwiad. Ham [OH apanammMacMHM KaWTa WIJIAll YOFWJa JOHHUHT 1032
KaTJiaMuaard Hamiauruau 3% radya KaMauTUpHIl UMKOHUATHHU Oepaiy.

Hazapuii Ba skcnepuMeHTaln TaAKUKOTIIap HaTHXalapUHU XuUcoOra ojiraf
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XOJiJla JIOH MaxCyJIOTJIapyHU cemapalusijall Ba maccacura kypa (paxuusiapra
QXpaTUIl MalIMHACUHUHT TEXHOJIOTMK cxemacu acocuna (10-pacm) caHoat
HaMYHAaCH SIpaTWJIIA Ba UILIA0 YUKAPUILITA KOPHUM KUITUHIH.

Huccepranusaudar «Anuiad 4YMKWITaH SIHTH JOH MaxcyJd0TJIapuHH
cemapamusjiam Ba (Qpaknusiapra akKpaTull MAIIMHACUHUHT TEeXHHUK-
UKTHCOAUI acocaaHUIIMW» 1e0 HOMJIaHTaH OemuHYM 600uaa Takaud KuauHaeT-
raH MAaIIMHAHUHT TEXHUK-UKTUCOAUN KYpcaTKUujapu HIIad dYuKapuiaaéTraH
amajnjard KypuiaMmanap OujiaH Ku€cjiaraH XoJija, IIYHUHTJEK, KOopxoHaaa cod
JTUCKOHTJIaHTaH (oiaa KYpUHUIIUIATH MHIUTMK caMapacu KeITUPUIITaH.

Xo3upaa KymiaHaétraH Ba Takiaud KAIMHAETraH MallMHAJTapHUHT
UKTUCOJIUNA camMapaJopiuruHy XUCOOJIall HaTKaJIapyu Ba KUECUN MabIIyMOTIapH
4-)xaniBaijia aKC dTTUPUIITAH.

4-kanBaj

JloH Maxcy/10TJIapHHH cenapanusiam Ba (pakuUAIapra asKpaTuil MalIMHACHIAH
(oiifaTaHUIIHMHT UKTHCOAUI caMapaAopJIuId HHFMA KYypcaTKHWIapu

. Bapwnantnap
. 4
T.p. Kypcarknunap 6HH;;:H Cenaparop
p BUC Ba OKCMEPUMEHT.
OOUIK.
1 2 3 4 5
butra wmammHanuHr Oanmanc Kuitmatu (Al
1. |BUC-12; P3BKT-100; A1B3K-18, Y1BMII Ba| cym. 136 000000 17000000
acrupanus KaHaJln)
2. |Mamunanap coHu cyMm. 4 2
3. | XaMMa MalmMHAJIApHUHT OajlaHC KHMaTH cyMm. 554000000 17000000
4. | butTa MammMHAHWUHT OUP COATIUK YHYMJIOPJIUTH T/C 12 15
5. | Munnuk nnura® yukapuin T 65000 81000
doitmananui, Kymiaaad, JIEKTP dHEPruscura| CcyMm./T 2213 523,45
6. 4
xapaxkatiap cyM./T 2422 51,7
7. | DoiiganaHUII XapaXkKaTIAPUHUHT TEKATHUIIN cyM./T - 1689
8 doliganaHul  XapakaTIAPUHUHT  KaMalWI % i 76.3
Japakacu
9. | ComumTupma MaTepuai XaKMI0PIUK KI./T 0,041 0,019
10. Marepuan XaXKMIOPIUKHUHT nacauumI % i 531
Japakacu
11 ﬂHEI/I MAaIlllMHAHKU JKOPUHA KWIUIIJAH KyIIMM4a o i 460320000
doiina
12. | Texxanmagurad HHITUK Xapakatiap CYM. - 136809000-
13 Kymumyua KaruTa XapaxaTJIapHUHT - i 13
KOTUTAHUII MYJIATH
14 | Orannaiinurad unuiad YMKApUII Ml JIOHH KB.METP 81 18
2 =
15 1 M° MuIad YMKApUIIT MAIOHH YIyH oM 8100000 1800000
AKCIUTyaTaIysl XapakaTiapH
HkTuconmii camapamopivk OuiaH OUp Kartopaa JOH apayaiiMacura MIIIoB
OCpUIIHUHT IOKOpU cudartura spuminiagn. YPyFIMK JOHHUHT  cudartu

AXIIWIaHWUIIN Ba MUKACTIAHUIIWMHUWHI OJOW OJWHHUIIHN XI/ICOGI/IFa YHHUHT YHI/I6
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YUKHII Japakacu opTaau.

10-pacm. KomOuHaUsIIaHTaH ceNapaTOPHUHT TEXHOJIOIMK CXeMAaCH.

XVYJIOCAJIAP

1. Pecnybnuka MuHTakKayiapu OVina0d MaxXajIui JIOH HAaBIAPWHUHT (HU3UK-
MEXaHUK XOCCaJapyHHU YpraHUIl SHTUIAaH SpaTUIAaE€TraH JOHHM Cerapalnusian Ba
dpakuusnapra axpaTtdil  MallMHAIAPUHUHT KOHCTPYKTHB Ba  TEXHOJOTHK
napaMeTpJIapuHU WIMHI acociall XaMmaa JIOH IHUKACTIAHUIIWHUHT OJITUHH OJHIII
MMKOHUHU OEp/IH.

2. JIoH MaxCyJIOTJIapMHU Cemnapallysuiail Ba Maccacura kypa (¢pakuusiiapra
QXpaTUIl MallMHACH KaMepajapuJard XapakaTUHUHI MaTeéMaTUK MOJIENIb Ba
XHCOoOIaml MeTOAMKAIapyu WIUIA0 YUKWJIAH, yJIap acoCHi WIIYM OpraHJIapHUHT
KMHEMATHK Ba TEOMETPUK MapaMeTpiiapuHU aHUKJIAIl IMKOHUHU Oepasu.

3. Jouuu nepdopanusiaHrad Kus TOKYajap Ba MACTKH CHJIKUTYBYHM TOKYA
Oyiinad eHrmsI Ba WUPHUK apajamiManapaH To3ajall y4yH XapakaT TEHTJIaMacH
TY3WIIH Ba YHUHT acocuaa mnepdopaiusiaHraH Kus TOKJalap Ba TAaCTKU
CWIKUTYBYM TOKYAHWHT KOHCTPYKTHUB IMapaMeTPIapUHHA aHUKJIAIIra UMKOH OEpIu.

4. 7,5 m/c yHyMIOpJWK IapouTuaa nepdopanusiaHrad Kus TOKJauap Ba
MacTKU CWIKUTYBYM TOKYAHUHI pAlMOHAI MapaMeTpiapy aHUKIaHIW: Kus
ToK4anap 3HH - 500 mm; Kusl TOKYa y3YHIUTH - 400 Mm; TOKYAHUHT KUSUTMK Oypya-

M o = 23°; TaCTKU KU TOKYAHUHT Y3YHJIHTH - 430 vm. By KaTTanukiap JoH apa-
JANIMAaCUHUHT TOKYajap fo3acu OVyimad y3 oxkumMu OwyaH Oup Katiam OYiauo
XapaKaTIaHUIUHY, €MUIMUO KOJTaH OPraHWK Ba MUHEpaJ apajammManap Xamja
JIOH KOOUFUHUHT KPATUIITUHU TAbMUHIANIH.

5. MaTreMaTuk MOJEIAIITUPUII Ba SKCIEPUMEHTAN TAAKUKOT METOMJIApU
épnamuna nepdopauusiiaHral Kusi TOKYaHUHT mepdopanus yiadamiapu aHUK-
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JaHAW. FOKOPH TOKYAIAPHUHT YUK TUaMeTpu — 4 MM, TACTKH CUJIKUTYBYU TOKYA
YUyH — 7 MM, aclipaiusi KaHAIMHUHT XaBO TOPTKUYIapH 3HU — 90 amm, Oananim-
i - 1500 mm, XaBO OKUMUHHMHT TE€3JUTH - [ M/c. Yap €Hruj apaiaiiMaiapHUHT
nepdopanus Ba acupanys KaHaJUTapu OpKajld CYPUITUIIN, HUPUK apajaliMaiapHia
aNOXHIa WIWINTa KPATWIHIIA Ba JOHHU TAbMHHJIOBUM BaJIMK Kamepacura Oup
MapoMm/ia FOKJIaHUIIIUHA TaAbMUHIIANIH.

6. TabMHUHIIOBYM BAIMKHUHT KOHCTPYKTUB TIapaMeTpiIapy UIUIA0 YHKWITaH
MaTeMaTHK MOJEIUIap acoCHAa TEXHOJOTHUK Tanabiap Ba MAalIMHAHUHT W
YHYMJOPJUTUra OOFJIMK X0J4a aHUKJIAHIU, YHUHT auameTpu — 350 mm, suu — 500
MM Ba adnaHum dactotracu 450 atin/mun OYIuO, TOHHU TEKUC KamMpad OJuUII Ba
oup xun Oonuranruy Te3nukaa (v =6,28%) Oup Mapommard YYHIIMHA
TabMHUHIIANIU.

7. JloH yYHIIMHMHT yMyMuii 6ananmmury h Ba y3ynmuru L mu anukiama
TAbMUHJIOBUM BAJIMKIAH YYUO YUKHII OONUIAHFUY TE3JIUTH U, HYHAITUPYBUH
JIOTOK KHUSUTMK OypYard « , XaBO KapIIwiurd koddpguienty K, moH maccacu m,
IIYHUHTJEK, MaXaJJIMK JIOH HaBJIApWHU TaBcUQapura OOFIMK XOJ/1a aHHWKJIAII
UMKOHUHU Oepanurad auddepeHiuan TeHriaManap Ty3uiau.

8. AHMKJITaHIWKHU, UYHAITUPYBYM JIOTOK KHSUIMK Oypyaru « =45 Oynranna
JIOH Maccacd M ra OOFJIMK XOJiJa YHUHT yuuIiu Oanangauru h 0,2 oan I m rauva,
nOHHUHT yuun y3yunurn L oca 1,5m oan 4 m rada opanukna xapakaTiaaHaau. by
napaMeTpiiap JOHHW Maccacura Kypa Oup Heda ¢pakiusara axparuil, YHHHT
Hamuruau 2 % nan 3 % raya kaMauTUpUI, MIYHUHTIEK, TYPJId apajaniManapiaH
TYJIWK TO3aJIalll UMKOHUHU OepaJiu.

9. Pecniybiinka MuHTakKanapu Oyiiiad MaxaJiiid JTOH HaBJIAPUHUHT (PU3HK-
MEXaHHMK XOCCAJIAPUHU YPraHUII SHTUAAH ApaTUIa€Tral IOHHU cenapaiuysiian Ba
bpakuusnapra axpaTtdil  MallMHAIAPUHUHT KOHCTPYKTHB Ba  TEXHOJOTHK
napaMeTpIapuHUA WIMHI acociaml XxaMmaa JTOH MUKACTIAHUIITMHUHT OJITUHU OJUII
UMKOHHMHH Oepai.

10. OnuHra" TaAKUKOT HATHXKAJIapW acoCHlia JOHHU Cemapamusuiaiml Ba
dpakiusmapra axpaTuil MATHHACHHUHT WJIMHN acoClIaHTaH MapameTpiiapra ira
OynraH STHTM KOHCTPYKIUSCH MIUTA0 YMKUIIIW, TAUEpIIaHId Ba UIIA0 YMKAPHUIITa
xKopui KuiauHAW. HaTuwxkaga KOPXOHAHMHT TEXHOJIOTHK JIMHUSCH HWXYaMJIall-
TUPWIIU, dHEpPrus cappu KaMaWTupwiau. by sca TETHPMOHJIApHUHT Xap Oup
dbpakmus O6yiinya TEXHOJIOTHK WII PSKUMHHHU TaHIAIITra XaMa MaxXaJlIuid OyFaoi
HaBIapuaH cuaTiv yH Ba yH MaxCyJOTIIAPUHU OJIUIITA acoc OViau.
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BBEJAEHMUE (anHoTamusi JOKTOPCKOi JUCCEPTAIIHN)

AKTYaJIbHOCTb U BOCTPEOOBAHHOCTH TeMbl AUCCepTalMU. B HacTosIee
BpeMsi B MHUPOBBIX MacmTabax oOpeTraeT OoJblIOe 3HAYEHHE OOecredyeHue
MOBBILLIEHUSI MPOU3BOJUTEIBHOCTH MAIIMH U 000PYJIOBaHUs, UCIOIb3YEMOrO IS
nepepadoTKU CeNbXO3IMCTBEHHOW MPOAYKIMH, CHUKEHHUS SHEPronoTpedsieHus,
yJy4IlIeHUs KauecTBa U o0ecriedeHusi 6€30MacCHOCTH MPOU3BOAUMOM MPOAYKITHH.

C momeHTa oOpeTeHus: pecnyOJuKoi HE3aBUCUMOCTH B LIEJSAX oOecreyeHus
MOTPEOHOCTH HAceNeHUsl B 3€pHE CEroAHs mo cpaBHeHUIO ¢ 1991 rogom BwIpamiu-
Baetcs B 10 pa3 6osbiie 3epHa (B 2015 rony Oosnee 8 MIIH. TOHH), B 5 pa3 OoJibliie
0000BbIX ((hacosb, Malll, 3eJICHBII TOPOIIEK, MECTHBII TOPOX, COSL U Ip.).

Coznanve MeTayio M 3HeprocOeperaroninxX, KOMMAKTHBIX, BBIMOTHSIIOMUX
HECKOJIbKO T€XHOJOTHYECKUX MPOLIECCOB MAIlIMH HOBOM CEpUM, HEOOXOAUMBIX JIs
OYUCTKH OT PAa3IUYHBIX OPraHMYECKHUX, MUHEPAIbHBIX M KPYMHBIX IpHUMeEcel, a
TakKe (PpaKIMOHUPOBAHUHU BBIPAIICHHBIX 3€PHOBBIX KYJbTYp IO Macce C y4eTOM
X 0COOCHHOCTEH SIBIISIETCS OAHUM MX BaXKHBIX MPOOJIEM OTPACIH.

Pa3zpaboTka MaTemMaTH4eCKON MOJEIN U METOAMK pacueTa JIBMXKCHHS 3epHa
B KaMmMepe MalllMHbl Ui CenapupoBaHusd H (GPaKIMOHUPOBAHUS IO Macce
MO3BOJISIET  OMPEAEIUTh KHUHEMAaTHYeCKMEe U KOHCTPYKTHUBHBIE TapameTpbl
OCHOBHBIX pabouux opraHoB. CocTaBjieHHWE YpaBHEHHUE JBIKEHHUS 3€pHA IO
HAKJIOHHBIM TIEPPOPUPOBAHHBIM TMOJIKAM M HUKHEH HAKIOHHOW BCTPSIXHBAIOIIECH
NOJIKE JIJI OYMCTKU OT JIETKUX W KPYIHBIX NPUMECEd U OINpEeNeTeHUE Ha 3TOT
OCHOBE KOHCTPYKTHUBHBIX MapaMeTPOB HAKJIOHHBIX NMEPPOPUPOBAHHBIX U HIDKHEH
BCTPSIXUBAIOIIEH TOJIOK SIBJISIETCS OCHOBOW (hOpManu3alvy JBMKEHUS 3€pHOBOM
CMECH IO MOBEPXHOCTU IMOJIOK CAMOTEKOM OJHHUM CJIOEM MpPU OJHOBPEMEHHOM
o0ecreyeHnn OYUCTKA OT TPWIUIHYBIIUX OPraHUYECKUX U MHUHEPATbHBIX
npuMeceil W 000JIOUKM 3epHa. MaremaThuueckoe MOJACIUPOBAHUE OTKPHIBAET
HOBBIE HAIIPABJICHUS JJIsI ONPEACIICHUSI JUaMETPa OTBEPCTHII BEPXHUX U HIDKHUX
BCTPSAXUBAIOUIUX MOJOK, TEOMETPUUYECKUX MapaMETPOB ACHUPALMOHHOTO KaHaja,
CKOPOCTH BO3AYIIHOIO MOTOKAa W BCACBIBAHMS JIETKUX MPUMECEH H3 COCTaBa
3€pHOBOM CMECH C MOBEPXHOCTHU MephHOpUPOBAHHBIX MOJIOK Yepe3 acIupaIluOHHbIC
KaHAJIbl, TEXHOJIOTUYECKUX TIPOLIECCOB BBIACICHUSA B OTHEIbHYIO €MKOCTb
KPYIIHBIX IPUMECEN U PABHOMEPHOM 3arpy3KH 3€pHA B MUTAIOIIUN BAIUK KAMEPBI.
VMIMeHHO 103TOMY OOJIBIIOE 3HAYEHUE UMEET CO3/IaHHE, UCIIBITAHUE U BHEIPEHUE
MamuHbel  «KOMOMHHMpOBaHHBI cemapaTop» Uil OYMCTKM OT pa3jIMyHbIX
npuMeced, pasieneHuss Ha (pakuuyd MO Macce Ha OCHOBE M3y4yeHHs (HU3HUKO-
MEXaHUYECKUX CBOWCTB MECTHBIX COPTOB 3€pHA B pa3pe3e peruoHOB.

JlaHHO€ THCCEPTAMOHHOE UCCIEA0BAHNE B ONPEIEIEHHON CTENIEHU CIITYKUT
BBIIIOJIHEHUIO  3aJ1ay, NPEeIyCMOTPEHHbIX B MocTraHoBiIeHUsAX IIpe3nnenta
PecnyOnuku VY36ekuctan Ne III1-1072 “O nporpamme Mep 1o peanuzanuu
BKHEHIINX MPOEKTOB MO MOJEPHU3ALMHU, TEXHUYECKOMY M TEXHOJOTHYECKOMY
nepeBoopy-xeHuto npouspoactsa Ha 2009-2014 roasr” ot 12 mapta 2009 rona u
Ne TITI-1633 “O mepax mo mambHEWIIEMY COBEPIICHCTBOBAHUIO OpraHU3aINH
VIOPABICHUS W PA3BUTHIO MUINEBON MpoMbInuieHHOCTH Pecryomuku B 2012-2015

31



rogax” ot 31 okta0ps 2011 roma, a Takke APYrHX HOPMATHUBHO-IIPABOBBIX
JIOKyMEHTaX, MPUHATHIX B JaHHOU cdepe.

CoorBercTBHE HCCIIe0BAHUS OCHOBHBIM NPUOPUTETHBIM
HANPABJICHUAM Pa3BUTHA HAYKHM M TeXHOJIOrui pecnyOguku. [lanHoe
HCCIIEIOBAHUE BBIMOJHEHO B COOTBETCTBHHM C MPUOPUTETHHIM HaIpaBlIeHUEM
pa3BuTHs Hayku U TexHoiorui pecnyonuku VII. «Xumuueckas TexHojorus u
HAHOTEXHOJIOTHUSI.

O030p MeXKIYHAPOAHBIX HAYYHBIX HCCIEI0BAHUI MO  TeMme
auccepraumu. HayuHble wucciaenoBaHus, HaNpaBlIEHHbIE Ha pa3paboOTKy U
COBEPIIICHCBOBAHUE TEXHOJIOTMU M MAIIUH ISl OYUCTKU OT PA3JIMYHBIX MpUMecen
U GpakIMOHUPOBAHUS 3€pHA, OCYIIECTBISIOTCS B BEAYIIMX HAYYHBIX IEHTPAxX U
BBICIIUX O00pa30BaTCIBHBIX YUPSIKICHUAX MHpa, B ToM umcie, University of
[llinois (CIA), University of Greenwich (Bemuko6putanus), Italian Culinary
Institute (Mrtamus), Institute of Agricultural engineering (I'epmanust), Institute of
Chemical technology (®panuus), Canadian Institute of food science and
technology (Kanana), Swedish Institute of Food and biotechnology (IlIBermus),
Bcepoccuniicknii Hay4yHO-UCCIEA0BATENBCKUI MUHCTUTYT 3€pHAa U MPOAYKTOB €ro
nepepadboTkH, Bceepoccutickuit HAay4YHO-UCCJIE0BATEIbCKUI UHCTUTYT
MEXaHHU3aI[uu CEeJIbCKOTO X03sicTBa, Anrtaiickuii, Jlonckoi, Kybanckuit u Omckuit
TrOCYJapCTBCHHBIC arpapHble YHHUBEPCUTETHI, UYensOuWHCKas TrocyaapCcTBeHHas
arpovH)KeHepHast akajgeMusi, KeMepoBCKHI HMHCTUTYT TEXHOJOTHH MHIIEBBIX
IPOJIYKTOB, MOCKOBCKHI TOCY/TapCTBEHHBIN YHUBEPCHUTET MUILEBBIX TPOU3BOJICTB
(Poccus).

B pesynbTaTe nmpoBeaeHHBIX B MUPE UCCIIEIOBAHUIA B 00JaCTH TEXHOJIOTHIM
U MalluH JUIsi OYUCTKA OT MpuUMeced U (PPaKIUOHHUPOBAHUSA TOJYYECHBI PsiJI
CYILIECTBEHHBIX HAyYHBIX PE3YyJbTATOB, B TOM YHCJE: CO3JaHbl MAaIlUHbI IS
OYHCTKU 3€pHA IYTEM IOATAIHOIO MPOCEHMBAHUS 3€pHA 4YEpe3 CHTAa Pa3IMYHBIX
pasmepos (Institute of Agricultural engineering, I'epmanus, Swedish Institute of
Food and biotechnology, IIBerus, Becepoccuiickuii HaydHO-HCCIIEI0BATCIBCKHIA
WHCTUTYT 3€pHa MW TMPOAYKTOB e€ro rmnepepaboTku, Anrtaiickuii, JIOHCKOH,
Ky6anckuii 1 OMckuil rocyjapcTBEHHbIE arpapHble YHUBEpCUTETHI, UenssOnHckas
rOCyJapCTBEHHasl arpoOMHXEHepHas akajemus, Poccusd); NOpUMEHEHbl B
MPOU3BOJICTBE  KOJIEOAIONIMECS CEMapaTopbl €  Ba3BPaTHO-NOCTYINATEIbHBIM
newkenneM  (University of Illinois, CIIIA, University of Greenwich,
BenukoOputanus); co3manbl mHeBMocemaparopsl (ltalian Culinary Institute,
Uramus, Institute of Agricultural engineering, I'epmanus); pa3paOoTaHbl
IpaBUTAIIMOHHBIC, IICHTPOOCKHBIE W  HWHEpIUOHHBIC cenaparopbl (Institute of
Chemical technology, ®panmus, Canadian Institute of food science and
technology, Kanana, Swedish Institute of Food and biotechnology, IlIBenus); B
TEXHOJIOTMYECKOM IPOLIECCE NPUMEHEHA OYMCTKA 3€pHA C MOMOLIbI0 BO3IYLIHOTO
MOTOKA IMYTEM JABYXpPa30BOT0O MPOIYCKa CHayajaa W MOCJE Yepe3 CUTO-CUCTEMHbIC
cemapatopsl  (Canadian Institute of food science and technology, Kanana,
Bceepocculicknii Hay4yHO-HCCIIEIOBATEILCKUM HHCTUTYT MEXAHU3AlMU CEIbCKOTO
xo3siicTBa, Amntaiickuit, [lonckoil, KyOaHnckuit u OMCKUN rocyaapCTBEHHbIE
arpapHbple YHUBEpPCUTEThI, KeMEpOBCKMN WHCTUTYT TEXHOJOTHM MHUIIEBBIX
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MPOAYKTOB, MOCKOBCKHI TOCYJapCTBEHHbBI YHUBEPCUTET MUILEBBIX MPOU3BOJICTB
Poccus).

B Mupe ocymecTBiseTcs psAa UCCIEAOBAHUN MO CO3JAaHUI0 TEXHOJIOTUU U
MaIllUH JJIsI CeapupoBaHus U PpaKIUOHUPOBAHUSI 3€PHA, M0 PSALY MPUOPUTETHBIX
HAIpPaBJICHUN NPOBOIATCA HCCIEIOBAHUs, B TOM YHUCIIE CO3[aHUE HOBOM CEpUU
BBICOKO-TIPOU3BOJIUTENIBHBIX, HHEPrO U MeTa/uIocOeperaromumx MaliuH IS
cepapupoBaHus U PPaKIUOHUPOBAHUS I KOMOMHUPOBAHHBIX TEXHOJIOTHUUECKUX
MPOLIECCOB; MOJIHASA MEXAHUXAMS U aBTOMATU3ALU TEXHOJIOTUAECKOTO MPOLIECCA;
YBEJIIMUYCHUE  TMPOU3BOACTBA MYKH  BBICIIUX COPTOB C  IPUMEHECHHUEM
BBICOKOITPOU3BOIUTEIILHBIX TPUOOPOB U TEPEJOBBIX TEXHOJOTUM, pPa3BUTHE
MYYHO-KPYISTHOM W KOMOWKOP-MOBOM  MPOMBIIIUICHHOCTH;  PEKOMEHIAIHS
noKazaTesieil 1 pexXMMOB pabOThl MPUOOPOB, MPUMEHSIEMBIX B TEXHOJIOTHUUYECKOM
mpolecce C YYETOM XUMHUUYECKUX, (PU3MKO-MEXaHUUECKUX CBOMCTB 3E€pPHOBBIX
KYJBTYP.

CreneHb U3y4YeHHOCTH MPOOJIeMBbI.

Hayunbie wuccnenoBaHus IO CO3JaHUI0 TEXHOJOTMU U 000pYyAOBaHUS
cemapanud W (QPaKIMOHUPOBAHUS  3EPHOBBIX  KYJIBTYP  OCYIIECTBIISIIUCH
H.E.ABneeBbiM, B.U. AnuckunbimM, A.C.ApxunosbiM, A.®.Byrenko, H.®.Bacuiib-
eBbiM, H.I'.I'mankoBbiM, B.B.I'optunckum, B.ILIopstukunbiM, A.I.I'pomMOBBIM,

[1.M.3aunkoi, A.H.3101uHbIM, A.B.3unb0epHarennem, A . N.Knumoxowm,
N.E.Koxyxockum, H.D.Konuenko, W.U.KocwnoBeiM, B.A.KyOsbiieBbiM,
A.A Kyku6owm, I1.H.JIanmuHbIM, N.I1.JIanmuHbeIM, M.H.JIeTourHeBbIM,
A.A.JlonaHoM, B.H.MakapoBbiM, E.A.HemomHsmuX, I'. T.ITaBnoBCKHNM,

N.®.I1uky3o0M, 10.B.TepenTheBBIM, I'.J1. TepckoBbIM, B.N.Tenerunsim,
M.A.Tynekubaeseiv, H.H.Ynepuxom, B.M.IlenunoBckum, I'.®. XanxacaeBbiM,
A.B.®omunsix, H.H.Yaspuxom, B.M./Ipunuoii, X.Po6eprom, III.JI.Poxuu, I1.K.
Poccom, O.Yundpunom, Jd.Xemepu, H.P.FOcyn6ekorsim, X.X.YcMaHX01KaCBbIM,
P.I'' MaxkamoBbiM,  3.C.CamumoBsiM, C.C.HermatoBbiM, A.A.ApPTHUKOBBIM,
A.A.PuzaeBrivM, ['.A.baxamupoBeiM, X.HypmyxamenoBbiM, [II.M.I'ynsiMoBbIM,
I1.M.TypcynxomxaeBbiM, JK.IT.MyxutnuaoBsiM, K.O.JlonaessiM, XK. Kyp6oHOBBIM
u Jp.

B pesynbreTa mccienoBaHuii B 00JaCTH CO3/IaHHMS MAIIMH M TEXHOJIOTHUU
JUTSL CeTIapupoOBaHus U (PPaKIIMOHUPOBAHUS 3€PHOBKX KYJIbTYp co3naHo 6onee 100
ThICS'Y MallMH W OOOpyIOBaHWS C PA3IMYHONM MPOU3BOJUTEIBHOCTHIO U
MOIIHOCTBhIO. MexaHu3alusa IMpolecca MO03BoJuiaa NOBbIcUTh B 8-10 pa3
MIPOU3BOJUTENLHOCTh TPYAA, COKpaTUTh B 1,5-2 pa3za pacxoasl Ha nepepadoTKy,
MOPYYUTh MYKY M CEMEHa BBICIIErO KaudecTBa. Pe3ynbTaTbhl HCCIIEIOBAHUI
A.B.®omunnix, H.®.BacunwseBa, A.B.3unnsbepnarens, H.H.Ynepuxa u ap.
CBUIETENBCTBYIOT O TOM, 4YTO CpEeIW MAIIMH IS OYHUCTKHA 3€pHA Hambosee
AKTHUBHO UCIIOJIB3YIOTCSI CUTOYHBIE MAIMHBI C MEHBIIMM PacXoJ0M SHEPIruHu.
Hcnonp3oBaHue B CUTOYHBIX MallMHAX BUOPAIMOHHBIX Tepenad IMO3BOIIIO B
HeCKoJIbKO (5-10) pa3 yMEHbIINTD aMIUIUTYAY, @ TAKXKE HECKOJIBKO pa3 yBEIUYUTh
yCKOpEeHHe W dYacToTy Kojebanumii. B wmccnemoBanmsax B.H.Makaposa,
B.N.Tenernna, N.®.1luky3a, I'.®d.XanxacaeBa, A.®.byreHKO U Ap. BBIABHUHYTA U
MOATBEPK/IEHA THUIIOTE3a O TOM, YTO MNPH CKOPOCTH ABHXKEHUSA JIEHTBHI O]
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OMpENIeNICHHBIM yTJoM 10 14 M/C B JICHTOYHBIX MalllMHAX OYUCTKU 3€pHa
TPACKTOPHUS JIETAIIEr0 3€pHAa COCTOMT W3 Mapadoibl. OTMEUYEHO, YTO MPU ITOM
36pHO B 3aBUCUMOCTH OT CBOHMX a3pOAMHAMMYECKMX IOKA3aTEJIEHd pa3sMepoB U
CPaBHUTEIBHOW MAaCChl YJIETAET HA PA3JIMYHBIE PACCTOSIHUA. TakKe NOATBEPKACHA
BO3MOKHOCTh YBEJIMYCHUS C IOMOIIIBIO ICHTOUYHBIX MAIIUH YPOBHSI OUMCTKH 3€pHA
Ha 4-20%. Pa3paboranHas B pesyibpTaTe HayuyHbiXx nouckoB H.M.Kocuiosna,
A.AKykuOuHa u Jp. wuccieaoBareineld  MHEBMO-MHEPIMOHHAs  MalllMHa
PEKOMEHI0BaHa I HUCIOJb30BaHUS B MPOLECCE MEPBUYHON OYHUCTKHU 3EPHOBBIX
KYJIBTYP.

Cenapartiusi 3€pHOBBIX KYJIBTYp IO HEOOXOJWMBIM IMPHU3HAKAM  SIBIISIETCS
CJIOKHBIM TPOLECCOM, KOTOPBIM 3aBUCHUT OT CJIEAYIOLIUX JTAlOB: OTHOCUTEIBHOE
NEPEMEILIEHUE 3€PHOBOM CMECH MO TOBEPXHOCTH BCTPSAXUBAIOUIEH IMOJKH;
CaMOCOPTHPOBAHUE-TIPOXOKIACHUE 3EPHA 110 TOBEPXHOCTU BCTPSAXUBAKOLIEN MOJIKU
K TIOBEPXHOCTH HUXHEW TIOJKM; OTOpachlBaHWE 3€pHA MPU  TTOMOIIH
LHEHTPOOECXKHBIX CHJI Ha OIpEACNICHHbIE CEKIMH TOBEPXHOCTU peuleTa.
VY coBepHIEHCTBOBAaHME MAIIMH U TEXHOJOTMYECKHUE TIPOLIECCHI AJIsSI CEapUPOBAHUS
U (DpaKIMOHUPOBAHUS OTHOCHUTEIIPHO MO MaccaM 3€PHOBBIX KYJIbTYpP, YUHUTHIBAs
B3aMMOCBS3b BBIIIE U3JI0KEHHBIX 3TANIOB, UMEET HAYYHO-TPAKTUYECKYIO IEHHOCTh
U BECbMa aKTyaJbHO.

CBsi3b TeMBbI JUCCEPTALIMH € HAYYHO-HCCJIEJ0BATEIbLCKHUMH PpadoTamMu
BbICHIET0  y4eOHOrO  YYpe:KIeHHMs, TIJAe  BBbINOJHACTCH  JAUCCEPTALMSA.
JluccepTallOHHOE UCCJIEAOBAaHUE BBHIIIOJHEHO B paMKax IUlaHA Hay4dHO-
UCCJIEIOBATEIbCKUX  pabOT MNPUKIAAHBIX W  HWHHOBAlIMOHHBIX  IPOEKTOB
TamkeHTCKOrO0 XUMHKO-TexHOMorndeckoro uHcetutyta MTJI-5-065. «Pa3pabotka
pecypcocOeperaronmx, KOJOrMYECKH O€30MacHbIX TEXHOJIOTHUH JJisl MPOU3BONICTBA
XAMHYCCKMX M MHIIEBbIX npoaykrtoB» (2005-2012 rr.) wu I'yiumcraHckoro
I'ocynapctBennoro ynuBepcuteta A3-46 «Pacuer s¢dexkTuB-HOCTH NPUOOPOB
OYUCTKM U  (PpaKIMOHMPOBAHMUS  3€pHA H  COBEPIICHCTBOBAaHUE  UX
npoektupoBanus» (2015-2017 rr.), a Ttawke HNOT-2014-2-31 «Buenpenue B
IPOU3BOJICTBO TEXHOJOTHM OYUCTKU OT MpUMecel U (PpaKIMOHUPOBAHUSA 3E€PHA 110
macce» (2013-2014 rr.)

eab0 uccaeq0BaHus SIBISIETCS CO3JIaHUE TEXHOJOTMYECKOM MAIIMHBI IS
cemapupoBaHuss ¥ (QPAKIUOHUPOBAHHWS 3EPHOBBIX KyJNbTYp IO Maccam H
o0ocHOBaHME €€ TEXHOJOTHYECKUX, KHHEMATHUYEeCKUX U KOHCTPYKTHUBHBIX
apaMeTpoB.

B cootBercTBMH € TOCTAaBIEHHOM LEIBIO PEIIAIUCH CAEAYIOLINE 3aaYH:

U3YYCHHE B pa3pe3e TEppUTOpuil (HU3MKO-MEXaHHYECKUX CBOMCTB MECTHBIX
COPTOB 3€pHa JUIsl CO3JaHUSl HOBOM CEpHM MAIllUH [JIsi CENapupoBaHUA U
b pakimoHNpOBaHHUS;

U3yYeHHEe M aHAJIU3 TEXHOJIOTMYECKOro TMpolecca CcenapupoBaHUsl U
b pakImoOHNPOBaHUS 3E€PHA IO MACCE;

COCTaBJICHUE ypaBHEHUs JABUKECHHS 3€pHA MO MOBEPXHOCTH NephopupoBaH-
HBIX MOJIOK;

OMpeJieJICHHEe CKOPOCTH BO3JYIIHOTO MOTOKAa M BBIOOP BEHTHIISITOpA st
OUYHCTKH 3€pHA OT JIETKUX IPUMECEH;
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COCTaBJICHUE YPAaBHEHUSA JIBUKEHHUS 3€pHAa MO TOBEPXHOCTU HUKHEHU
BCTPSXUBAIOLIEH MOJIKH JIJI1 OYUCTKU OT KPYITHBIX IPUMECEH;

COCTaBJICHUE YPaBHEHUsS JBWKCHHUS 3€pHA IO NMOBEPXHOCTH MUTAIOLIETO
BaJIKa Kamepbl (PpakIMOHUPOBAHMUS;

co3/laHhe KOMOWHHMPOBAHHOTO cemaparopa i OYUCTKU OT JAPYTux
npuMecel U GpakIMOHUPOBAHUS 3€pHA IO Macce, OMpeeIeHUEe ero KUHEeMaTH-
YECKUX U TEXHOJOTMYECKUX apaMeTpPOB;

POBEJCHUE TMPOMBIILICHHOTO UCIBITAaHUSA, BHEAPEHUE B TMPAKTUKY U
ompeNiesIieHne PKOHOMUYECKOU 3(P(PEKTUBHOCTH KOMOWHHUPOBAHHOTO ceraparopa
JUTSL OYUCTKHU OT APYTUX NMpUMecel u (paKkImOHUPOBAHUS 3e€pHA IO Macce.

O0bekTOM  HMCCJIEOBAHMSL  SIBIISIETCA ~ TEXHOJOTMYECKash  MalluHa
cenapupoBaHus U PPaKIMOHUPOBAHUS 3€PHOBBIX KYJIBTYP.

IIpeamer mccief0OBaHMs: 3aKOHOMEPHOCTH MPOIECCOB, MPOTEKAIOIIUX B
TEXHOJIOTMYECKOW MaIlluHEe JJIs CerMapupoBaHUs U (PPAKIIMOHUPOBAHUS 3E€PHOBBIX
KYJbTYpP, UX B3AaUMOCBA3aHHbBIE KHUHEMATUUECKUE U TEXHOJIOTUUECKHUE TTOKA3ATEIIH.

Metoabl wucciaenoBanuii. B guccepranuoHHoN paboTe MPUMEHEHBI
bu3uKO-XxuMHUYecKe, PU3NKO-MEeXaHUUECKHe, KHHEMAaTUYECKUE, TUHAMUYECKUE U
METOJIbl TUIAHUPOBAHUSA OKCIEPUMEHTOB, TAaKX€ METOJbl MaTeMaTUYeCKOU
CTaTUCTUKH.

HayuyHasi HOBU3HA HCCJIEIOBAHMS 3aKIIIOYAETCS CIEIYIOIIEM |

B pa3pese TEPpUTOPUN ompenesieHbl (U3UKO-MEXaHUUECKHE CBONCTBA
MECTHBIX COPTOB 3€PHa;

OTpeJIeIeHbl  B3aUMOCBSI3aHHbIE OCOOEHHOCTH TIapaMeTpPOB IPOIIECCOB
cenapupoBaHus U (GPaKIIMOHUPOBAHUS 3€PHOBBIX KYJIBTYP;

CO3[1aHO YPAaBHEHHE IBUKEHUS 3€pHA IO MOBEPXHOCTH MUTAIOMIETO BAJIMKA
(b pakiMOHHOM KaMephl C YYETOM COMPOTUBIICHHS BO3/lyXa Ha TOBPEX-HOCTh 3€pHA
110 IPOJOJIBHOMY pa3pesy;

OTIpeJICICHbl KNHEMAaTUYECKUE YW TEXHOJIOTHYECKUE MapaMeTpbl KOMOWHU-
POBAHHOTO cemapaTropa ¢ y4eToM (PU3NKO-MEXaHHUUYECKHX OCOOEHHOCTEH MecT-
HBIX COPTOB 3€pHA;

co3ZaHa TEXHOJIOTMYECKas MalllMHA-KOMOMHHPOBAHHBIN cemapaTop IS
OYUCTKH OT Pa3IMYHUX MpUMeced U (PpaKIHMOHUPOBAHUS 3EPHOBBIX KYJIBTYp IO
Macce C MPOU3BOIUTEIBHOCTRIO 7,5 T/4, ¢ TabaputHbiMH pa3zmepamu: - 1=4500
mm, h=2000 mm, b=500 mm.

IIpakTyeckue pe3yJabTaThl HCCIAEAOBAHUA:

pa3zpaboTaHa MaTeMaTU4yecKas MOJIEIb U COCTaBJICHO YpaBHEHHUE JBMKCHUS
3epHa IO MOBEPXHOCTHU MePHOPUPOBAHHBIX MOJOK C YIETOM BO3AYIITHOTO MOTOKA;

pa3zpaboTaHa MaTeMaTU4yecKas MOJIEIb U COCTaBICHO YpaBHEHUE JBMKCHUS
3epHa MO MOBEPXHOCTHM HWKHEW BCTPSAXUBAIOUIEH  TOJKUA JJIsi OYHMCTKH OT
KPYIIHBIX IPUMECEN B CEMapallMOHHOW KaMepe ¢ y4eTOM BO3AYIIHOTO MTOTOKA;

OTIpeJIeieHa CKOPOCTh BO3YIIHOTO IMOTOKAa M BBIOpAH BEHTWISTOP IS
OYMCTKH 3€pHA OT JIETKMX ITPUMECEN B CEMAPALMOHHON KaMepe;

pazpaboTaHa  KOHCTPYKTOpCKass W TEXHUYECKas  JOKyMEHTAITUs
KOMOMHUPOBAHHOTO CEMapaTtopa, 3aHUMAIOIIEr0 B YEThIpE pa3a MEHbILE MPOU3-
BOJICTBEHHOM IIIOIIAIH.
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JloCTOBEPHOCTh MOJIyYeHHBIX Pe3yJbTaTOB OOOCHOBBIBACTCS HAIMYHUEM
aJICKBaTHBIX MAaTEeMaTUYECKUX MOJEJEH M alfOPUTMOB pacyeTa, COOTBETCTBUEM
TEOPETUYECKUX TMapaMeTpOB U Pe3yJIbTAaTOB MCIHBITAHUS KOMOWHHUPOBAHHOIO
cenaparopa.

Teoperuveckassi W  npakTU4Yeckass  3HAYMMOCTbL  Pe3yJbTATOB
ucciaenoBanus. Hayunas 3Ha4YMMOCThH PE3yJIbTAaTOB HUCCICAOBAHUS OIpeaeNseTcs
CO3/IJaHUEM HOBOW TEXHOJOTUM W MAIlIMHBI CermapupoBaHus U (pakIMOHUPOBAHUS
3€pHOBBIX KYJIbTYp, pa3pabOTKON METOJ0OB pacueTa JBIKEHHUS 3epHa 1o
HAKJIOHHBIM TOJIKaM C MUTAIOIIUM BaJTUKOM.

[IpakTryeckasi 3Ha4UMOCTb PE3YyJIbTATOB UCCIIEAOBAHUS 3aKIIOYACTCSA B TOM,
yTOo ObLIa pa3paboTaHa HOBash KOHCTPYKIMS MAIIMHHU ISl CEMapupOBaHUS U
bppakiMOHUPOBAHUS 3€pPHA, B KOTOPOH OOBEECHEHBI KaMephbl CEeMapupOBaHUS U
bpakIIMOHUPOBAHUST 3€pHA, YTO TMO3BOJSET TOBBICUTH MPOUZBOJAUTEIHHOCTH
ammapaTta M Kad4eCTBO OYHCTKM 3€pHa OT pa3JIMYHBIX MPUMECEH, TaKxKe
obecrnieunBaeT (PpaKIMOHUPOBAHUE 3€pHA IO Macce, UCKIIYEHUU €ro
MOBPEXKICHUHN, YMEHBIIICHHE MAaTEPUATOEMKOCTH U MOTPEOICHUH IJIEKTPOIHEPT U H;
KpOMe TOTO MalllMHA 3aHUMAET MEHbIIE MPOU3BOICTBEHHON TUIOMIAIH.

BHenpenue pe3yabTaToB HccaenoBaHus. KoMOWMHMPOBaHHBIN  cemapaTop
OYMCTKA ¥ (PAKIMOHMUPOBAHMS 3€pHA TMPOIIET TPOM3BOJACTBEHHOE WCIBITAHUE W
BHEJIPEH Ha MPEINpUATHAX IO TepepaboTke 3epHa  AKIMOHEPHOM KOMIaHUU
«Y3moumaxcynor» (crpaBka ot 22 mapra 2016 r.Ne 11-2-8/4299 AK «¥Y3monmax-
cynoT»). B pesynapTate co3macTcs KOMIAKTHAs TEXHOJOTHYECKas JIMHUS Tpej-
OPUSITHSI, YMEHBIIAETCS SHEPronoTpeOIeHre, JOCTUTAeTCs: BEIOOP TEXHOJIOTHYec-
KAX PEKHUMOB MENBHUII JUIS Kaxaou (pakiuu; oOecreyuBaeTcs MpOU3BOICTBO
KayeCTBEHHON MYKHU U MYUYHBIX U3JI€NTUN U3 MECTHBIX COPTOB 3€pHA.

Amnpobauusa padoTbl. Pe3ynbTarhl HcclIeOBaHUS U3IOXKEHBI B BUIE
JIOKJIaJIOB U anpoOupoBaHbl Ha OKoo 30 MEXIyHApOAHBIX M PECIyOIMKaHCKUX
HAyYHO-TEXHUYECKUX KOH(PEPEHIUAX, B 4aCTHOCTH: «O3UK-OBKAT XaB()CHU3IUTU
(Tomkent, 2005, 2006, 2010); «CoBpemeHHbIe MPoOIEMbl MeXaHUKU» (T OIIKEHT,
2009); «Maxammmii XxoM amé Ba MaxCYJIOTIApHH KalTa HIILIAII TEXHOJOTHSICH)
(Tomkent, 2009); «KoH-mMeTamnyprusi COXAaCMHUHI 3aMOHAaBUM TEXHUKA Ba
TEXHOJIOTHUSJIAPH XaMmaa yJIapHH puBokiaanTupuin wymiapu» (Hasowmit, 2010);
«IIpukiaagaeie 3amauu MaTteMaTukun u MexaHukn» (Ceacromnoap, 2010);
“Kumésuit Texnonorust Oyiinua Mapkasuit Ocué xyaynuit amxymaan” (Mocksa,
2012); «Mamunoctpoenne u texHocepa XXI Beka» ([Jomemk, 2014, 2015);
«Kunuwiok  xykanuruja TaJAKUKOT HATWXKAIAPUHUHT KYyJutanumu» (I'yaucTos,
2013); II MexnyHnapoaHas Hay4YHO-TIpAaKTUYECKass KOH(EPEHIUs, MOCBSIIICHHAS
80-netuto co musa poxacHus II.M.AnitanueBa (Ammater, 2015); «MHHOBauu B
TexHoyorusix u oOpazoBanun» (bemoso, 2015); «Hayka, TexHuka wu
WHHOBAIIMOHHBIC TEXHOJIOTUU B AMIOXY MOTYIIECTBa M c4acThs» (Amrabdan, 2015);
«ABTOomMaTuzanusa: nOpoOiembl, wuaeu, pemeHus» (CeBactomonpb, 2015);
«/IHHOBaIIMOHHBIE TEXHOJIOTHHM U SKOHOMHKA B MamMHOCTpoeHun» (Tomck, 2015);
«Innovative manufacturing engineering international conference» (Romania,
2015); «TexHwka Ba TEXHOJOTHUSHUHT J0J3ap0d MyamMMoJapH, YJIapHUHT
SHEProTEIKAMKOpP Ba MHHOBAIMOH eunmiiapm» (Paprona, 2016).
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JHucceprannonHas pabota o0CyK/aeHa Ha 00BEUHEHHOM CEMUHape Kadeap
dakynbrera «TEeXHOJOTUS THUIIEBBIX MPOAYKTOBY» TaAIIKEHTCKOrO0 XUMHUKO-
TexHoJIoruyeckoro mHctutyta (2015). HaydyHom cemuHape mpu y4eHOM COBETE

TKTH 16.07.2013.7.08.01 (2016).

Ony0.1MKOBAHHOCTDH pe3yJbTaTOB HccaenaoBanHus. [lo Teme nuccepranuu
onmyOnukoBaHbel Bcero 44 HayuyHbsix pabot. U3 Hux 17 HayuyHBIX cTatei, B TOM
guciie 11 B pecnyOiankaHckuxu 6 B 3apyO€KHBIX JKypHaJlaX PEKOMEHJIOBAHHBIX
Bricuieil arrectanimonHoi komuccue PecriyOnuku Y30ekucTan Juisi myOnuKanuu
OCHOBHBIX Hay4YHBIX Pe3yJIbTaTOB JOKTOPCKHUX AUCCEPTALIUMA.

Crpykrypa n o0bem auccepramuu. CTpyKTypa JUCCEPTALMM COCTOUT M3
BBEJICHUSA, TMATH TJIaB, 3aKJIIOYEHMs, CIIMCKa HCIOJIb30BAHHON JUTEpaTyphl,
npunoxenuil. O6vem nuccepraunu cocrapiseT 200 ctpanum.
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OCHOBHOE COJIEP’KAHUE TUCCEPTALIUM

Bo BBegeHmM 0OOCHOBBIBAETCS aKTYaJlbHOCTh W BOCTPEOOBAHHOCTH
IIPOBEJCHHOIO MCCIIEN0BAaHUsA, LENb U 3aJa4d HUCCIEN0BaHUS, XapaKTEPHU3YHOTCS
O0OBEKT U TMpEeAMET, IO0KAa3aHO COOTBETCTBUE HCCIEAOBAHUSA TMPUOPUTETHBIM
HaIpaBJICHUSM Pa3BUTHUS HAYKU U TEXHOJOTUN PECIyOJIMKH, U3JIaraloTCs Hay4Has
HOBHU3HA U MPAKTHUYECKHE Pe3yibTaTbl MUCCIENOBAaHUS, PACKPHIBAIOTCS HAy4YHas W
MpaKkTUYeCKass 3HAYMMOCThH IOJYYEHHBIX pPE3yJbTaTOB, BHEAPEHUE B MPAKTUKY
PE3yJIbTATOB UCCIEA0OBaHMS, CBEEHUS 0 OMyOJMKOBAHHBIM paboTaM U CTPYKTYpe

U CCEpPTALUU.
B nepBoii rnaBe auccepranuu «CoBpeMeHHOE COCTOSIHHE M TEeHIEHIIMH
pa3BUTHUA TEXHOJIOTHYeCKHUX MAaIIUH 1A cenapupoBaHus "

(GpakuMOHUPOBAHUS 3€PHOBBIX KYJIbLTYP» NPOAHAIU3UPOBAHBI COCTOSHUE H
TEHJICHIIMA Pa3BUTHS CYIIECTBYIOUIMX TEXHOJOTUYECKUX MAIMH U YCIOBUM KX
AKCIUTyaTalluy MpU CenapupoBaHUU U (HPaKIIMOHUPOBAHUU 3EPHA.

N3ydenpl 0COOCHHOCTH TEXHOJOTMYECKUX MAIlMH Ha CeNmapupoBaHUS U
(b pakIIMOHUPOBAHUH 3€pPHA.

OnpeneneHbl  OCHOBHBIE (DAaKTOPBI, BIUSIONIME HAa TEXHOJOTHYECKUE
MOKa3aTeJIM MaIllMH TpPU CeNapupoBaHUM U (PAKIMOHUPOBAHUU 3EPHOBBIX
KyabTyp. MHccnemoBaHbl cmocoObl  MPOCEMBAHUS W HMX  XapaKTEPUCTHUKH.
OmpeneneHo BAUSHUE pabOYMX OPraHOB TEXHOJOTHYECKUX MAIlMH Ha
IIPOYHOCTHBIE CBOMCTBA M MEXaHUYECKHE TTOBPEXKICHUS 36PHOBBIX KYJIBTYD.

Ha ocHOBe KpUTHMYECKOrOo aHalIM3a JUTEPATYPHBIX MCTOYHUKOB, HU3YUEHUS
COBPEMEHHOI'O0 COCTOSIHHMSI TEXHOJOTMYECKOI'0 MPOLECCa W MAIIWH OINpPENEIIEHO,
4TO Haubosee MEPCIIEKTUBHBIM HaIlpaBJICHUEM npu CO3JaHUU
36pHOOYMCTUTEIBHBIX  MAallMH B  HACTOSINEE BpeMsl  SBISIETCA  ITOMCK
YHUBEPCAJIBHOTO, MPOCTOr0, MHOTO(QYHKIMOHATBLHOTO O00O0pYyIOBaHUA IS
cenapupoBaHus U (PaKIUOHUPOBAHUS 3€PHOBBIX KYIBTYP.

Bo Bropon rmaBe guccepranumu @« Teoperudyeckue HccCJeI0BAHMSA
NapaMeTpoOB W PEeKUMOB TEXHOJOTHYEeCKHX MAIIMH JJIsl CeNapUMpPOBAHHUS H
(ppakuuOHUpPOBaHMSA  3€PHOBBLIX  KYJbTYP»  I[PUBEACHBI  PE3YyJbTaThl
UCCJIEOBAaHUN 0 COBEPUICHCTBOBAHUIO TEXHOJOTMYECKON MAalllMHBI U IpoIecca
cenapupoBaHus U GpakuoOHUpoBaHus 3epHa. C 1ETbI0 MOTHOW OYUCTKA MECTHBIX
COpPTOB 3€pHa OT MPHUMECEH W paslelieHuss uX Ha (pakiIuu Mo Macce, C Y4eTOM
(UBUKO-XUMUYECKUX, a3POAMHAMUYECKUX U MEXaHHMYECKUX CBOWMCTB 3€pHA, HAMH
mpeasiaraeTcsl HOBas JABYXdTallHas KOMOWHUPOBAHHAs MAalllMHA JJIS Cemapaiuu u
b pakImoOHNPOBaHUS 3EPHA.

Ha nmepBom »3rane oOCylIECTBIAETCS IEpBOHAYalIbHAs OYHUCTKA B
a’pOAMHAMMYECKOW  KaMmMepe cenapamnuu, TrIe YIAATCs [NPUMECH He
npeBblarone Maccy 3epHa. Kamepa cemapauun 1 mnpenjmaraeMod MalluHBI
cenapanuu 1 GppakimoHnpoBaHus 3epHa (puc. 1) comepkuT OOKOBBIE CTCHKHU 2 | 3,
YCTAHOBJICHHBIE C BO3AYyXOBOJAaMH acnupanuu 4 HaKJIOHHbIE Nep(oprUpoBaHHbBIC
BCTPSIXMBAIOIIAE TOJKUA S5, 6, 3arpy304HO€ YCTPOWCTBO 7, KaHain & 1A
MpeIBapPUTEIBHON ACTIMPALNU Y MUTAKOIINN BAIHK 9.
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Puc.1. Ilurawimee ycTpoucT-
BO CenapaTopa 3epHa

Haknonnsle nepdopupoBaHHbIE BCTps-
XMBAIOLIUE TOJIKK 5, UMEIOT OTBEpCTHs nepdo-
pauuii MEHBIIE YeM pa3Mepbl 3€pHA, HUKHSAS
HAKJIOHHAs BCTPSAXMBAIOIIAs IOJIKA 6 HMeEET
OTBepCTUsl mepdopanuii  OONbIINE, HEKETU
pa3Mepsl 3€pHA, U YCTAHOBJIEHA BBICTYIAIOIIEN
U3 IPUEMHON Kamepsl | depe3 BBIXOJHOE OKHO
10. Huxusaa 3arpy3ounas nonka 11 mpueMHon
Kamepbl | HampaBieHa MO KacaTelbHOM K
nuTarmeMy Banuky 9. Iluraromee ycTpolcTBO
cernaparopa 3epHa CHa0XeHO eMKOCThI0 12 st
cOopa KPYMHBIX TSHKENbIX TpUMECeH.

CocraBiieHa MareMaTH4ecKass MOJETb
JNBUKEHUS 3€pHA IO HAKJIOHHOW TMOJKe 5.
BBINONHEHBI  TEOPETHYECKHUE  HCCIEIOBAHUS
JBUKEHUSI 3€pHa MO TMOJKE 5 JI OYUCTKH
3€pHA OT Pa3JINYHbIX PUMECEN.

PaccmoTpeHo  ycioBue — aOGCOJIIOTHOIO
NEPEMEIIEHNUS] ~ 3€PHOBOM  4YacTUUbBl IO
HAKJIOHHOW HEMOABMXHOW mepdopupoBaHHON
nosike 5 (puc. 2), a Takke NpoaHaIU3UPOBAHU

yCIIOBUSL OTHOCHUTENILHOTO TEpeMElIeHHs] €€ MO MOABMXXHOU mephopupOBaHHON

Puc. 2. Cxema cuj, aeicr-
BYOIIIUX HA 4YaCTHUILY, HAXO-
ASAIIYIOCS HA  HAKJIOHHOM
MoJIKe

nonke. [Ipu ycTaHOBKE IMOJIKH TOJ YTJIOM O K
TOPU30HTY Ha 3€PHOBYIO YaCTHUIy JCUCTBYIOT
cnenyromue cuibl: G-cuiia TSHKECTH 3epHOBOU
JaCTHUIIBI, N-HOpManbHas peaxius
TIOBEPXHOCTH TONKH, F., - cuitel TpeHust u Fy, -
CWia BTATUBaHUA. [l JBWKEHUS YaCTHIIBI
HEOOXOJMMBIN yroJl HaKJIOHA TIOJKH 0, JIOJDKEH
OBITH OOJIBITIE YeM yTOJl TPEHHUS Y, TO-E€CTh o>Y.
OO003HaYNM CHITY BTSATHBAHWUS, TPHXOSILYOCS
Ha CIWHWIY JUIMHBI BEPXHEH TIOJKH, Yepe3
E(l)

em, Maccy 3epHa BMECTE€ C HpPHMEChIO Ha
3TOM ydacTke-uepes i,

VYpaBHeHUE JBIDKEHUSA IIEHTpa Macc
BBIICICHHOTO  €MHWYHOTO  JJIEMEHTa W3
3€pHOBOI CMECH B HANPABJICHUH TOJIKH HMEET
BU]I

my ($,)8, =my(8,)gSina — fFY) + fmy(s;)gCoser (1)
rae f -koadduiment TpeHwus.

—= ()

[Ipu ABMXKEHHMH 3€pHOBOM CMecH Maccoil M, 3a cueT cuibl Fem Oyner

yObIBaTh; B IEPBOM MPUONMKEHUHU MOXXHO MPEANOJOXKUTh, YTO HSTa Macca
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onpenensercs GyHKIUeH

m; (s;) =m () = L

- .
a,t+b;
e IOCTOSHHBIE KOY()(DUIUEHTHI a U oy HAXOAATCA U3 HKCIEPUMEHTA.

(2)

Hanpumep, B HauanbHblii MoMeHT BpeMmenu (1=0) macca m,(0) =m,,, a mpu

cxozie €€ ¢ mepBoii mosiku 1pu t =t,q ona cocrasutr M, (t) =My, .

. 1
Torma 3mHauenus a,u D,  ompenensiorcs w3 ypaBHeHuit — =m,,
_ 1 1 Mg —M
=my,. OTKyna cnenyet, uto by =——, a1 = 2710 — Mk
art + 0 Mo My oMy byt

[Tocne  HEKOTOpPHIX MpeoOpa3oBaHWIl  MOTYYUM  3aKOH  JIBHUIKEHUS
IIEpEMEHHOM Macchl m, (t) B BUAE

t fFTa Sina + fgCosa
sl(t):tiﬂ(t,d—t) e At - +h, _9 29 Q)
x1
rie

3aKOH JIBH)KCHUS MTOCIICIYIOMINX TIOJIOK ONMPE/ISISIOTCS aHAJOTHYHO.

VYcTaHOBIEHO, YTO BpeMs HAXOXIEHUsS 3€pHa Ha TOJIKE MPsIMO
POMOPLHUOHATIBHO UIMHE U 00paTHO MPOMOPIMOHAIBHO YIiTy HakioHa. Ha puc. 3
NpUBEICH IpauK U3MEHEHHS] BPEMEHH HaXO0KJIEHUS 3€pHOBOM CMECH Ha IOJIKE B
3aBUCUMOCTH OT yTJla HaKJIOHA TMOJIKM NpHU HavaubHOW jmHe L=50 MM u yrie
HakJioHa £ =0°,5",10",15", 20°, 23", 25", 30°, 35", 40°, 45

] U3 rpaduka BUIHO,
> YTO C yBEJIMYEHUEM YTJia
04 A e — HAKIOHa MOIKH CKOPOCTb
0 : P _ex 533 TAJICHUS 4acTHILl 36pHOBOM
0 CMECH pacTeT, a Bpems
HAaXOXJCHUS 3€pHA Ha
MOJIKE YMEHBIIIAETCS.

s w o om on s w v e e COOTBETCTBEHHO, IPH
OOJBIIMX YTJIaX HAaKJIOHA
ITOJIKH, YaCTHILIbI 36PHOBOM
CMECH, HWMEKIINe Hau-
OoJplIME Macchl, HaOUpa-
0T HauOOJBIIYI0 CKOPOCTh MaJCHHUS, TOT/a 3€pHOBAs CMECh KATUTCA WIIH
CKOJIB3UT TIO TIOBEPXHOCTH TOJKH. [Ipr TakoMm NBWXEHWH 3€pHO OYHINNAETCS OT
MPUJICTIUBIICHCS TIBITH M OT 000JIOYKH.

Takxe ncciieoBaHO KPUTHUECKOE YCKOPEHHUE HUXKHEM MOJIKK 6 C KPYTOBBIM
MOCTYMATEIbHBIM JBUKEHUEM B TOPU3OHTAIBHON TmockocTH. OnpeneneHa
TexHoJorn4YecKast 3P (HEKTUBHOCTh OYMCTKH 3€pHA OT KPYMHBIX MIPUMECEH HIDKHEH

0.5 2

t cex

01

Puc. 3. TI'padpuxk 3aBUCHMOCTH BpeMeHH
HAXO0KACHHUS 36PHOBOM CMeCH HA IOJIKe OT yrJjia
HAKJIOHA MOJIKHU
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TTOJIKOM 6.

Ha ocHoBaHuMM TeopurM MHEBMOCENAPUPOBAHUS YCTAaHOBIEHO, YTO C
YBEJIMYEHUEM CpPEIHEH CKOPOCTH BO3AYIIHOTO IIOTOKa BO3pAacTaeT CTENEeHb
OUYHMCTKH 3€pHA OT JIETKUX MPUMECEH.

Ha BTopom »sTame B kamepe (GpakUMOHUPOBAHMS 3€PHA OUMILAIOTCS OT
JAPYTUX IpUMeced M pa3IessioTcs Ha (ppaKIuy B 3aBUCUMOCTH OT Macchl (puc. 4).
Kamepa ¢pakunonupoBanus 1 copepx uT pacnpeaenureisb 2 10 LIMPUHE KaMepBl,
Y pa3JiefieHa 1o JJIMHE MepeMeIaeMbIMU TIeperopoakaMu 3 u otcekamu 4, 5, 6, 7 u
8, mpuuem pacnpenenuTenb 1 BBINOJHEH B BUAE MNHTamOMIEro Baiuka 9, ¢
pacnoyio)KeHHbIMU ~ Ha  TmoBepxHocTd metkamu 10, mox  KOTOpeIMH €
BO3MOKHOCTBIO PETYJIUPOBAHMS yIila HAKJIIOHA YCTAHOBJICH HAIPaBJISIOLIUNA JIOTOK
11, a neperopoaku 3 BBINOJIHEHBI C U30THYTHIM BEPXOM, IIPU ATOM KaXKIbI OTCEK
4, 5, 6, 7 u 8, pazieneH Ha JiBa, © B OJHOM U3 OTCEKOB 12, yCTaHOBIICHBI
HakJoHHbIe cuTa 13, u notku 14, a npyroit 15, pacnosokeHbl ¢ BO3MOXXHOCTbIO
B3aumMojeicTBus ¢ JoTkoM 14. Kamepa paxkuuonupoBanusa 1 umeer Bxogusie 17,
18 m BbIxogHOW 19 KaHanbel acnupanuu ¢ 3aciioHKaMmu. Pa3Mepsl oTBepcTHi
HaKJIOHHBIX CUT 13, meperopoxeHHbIX OTcekoB 4, 5, 6, 7 U §, MEHbIIE, 4YeM
pa3Mephbl 3e€peH, MOonaJaroIuX B 3TH OTCEKH.

19

3epHoBas

,,,,,,
P

=== ~ ~
as=sT

Puc. 4. Kamepa ppaknuonupoBaHus 3epHa

OnHUM M3 OCHOBHBIX MEXAHM3MOB HOBOHM JBYXA3TalmHON KOMOWHHPOBAHHOM
MAIlIMHBI JJI Ccemapanud W (PpakiMOHUPOBAHMUS 3€pHA SBISIOTCA MUTAIOIIAM
BaIMK 1 u Hampasisitomien J0Tok 11, KoTopbie B CBOIO O4Yepe/lb MPEAONPEACISIIOT
JTATbHEUIITUNA TEXHOJOTMYECKUIN TMpoIlecc padboThl MaIlUMHBI, TO-€CThb OYHUCTKU H
dbpaknroHHpoBaHUs 3epHa 1O Macce. IIpum BbUIETE W3 MHTAIOMIETO BaJlMKa

3epHOBasi CMECh OyIEeT MMETh OJMHAKOBYIO HAYalbHYIO CKOPOCTh V(g , BEKTOP
KOTOpOIi nexut Ha miockoctd OXY W HanpaBlieH 10 HEKOTOPBIM YIJIoM 3 K OCH

Ox (puc. 5). Hampapnstomuii 10ToK 11 ycTaHOBIEH C BO3MOXHOCTBIO PETyJIu-
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poBaHHMs yria HakioHa B mpenenax: [ =0 +45". CoenuanbHbIi MEXaHW3M

peryaupoBaHus yria HakiaoHa 16 Hampasisromiero Jotka 11 mo3Boiser ero
YCTaHOBHTH Ha TpeOyeMyro Benuuuny (puc. 4).

[Ipu monere Ha ABM)KEHHE YaCTHII JEHCTBYIOT cuia Tspkectu M; g, roe M, -

macca | - wactunpr, - yckopenne cBoGogHoro magenus u KX - compoTusieHue

BO3/1yXa, MPONOPLUHOHAIBHOE IIEPBOM CTENIEHU CKOPOCTH.
VYpaBHEeHHE ABMKEHUS | — O 4aCTHUIIBI B TPOEKIMU Ha och OY uMeeT BU.

m,y =—mg — &y — Fsin (4)
[Tocne HekoTOpbIX mpeobpazoBanuii mpu Y =0 wmmeer mecro y=Nh, T.e.,

OHpeIICJII/IM MaKCI/IMaJIBHYIO BBICOTy, Ha KOTOpyIO INOAHUMECTCA 4YaCTHULA MaCCOﬁ
m (i =1 n)
)

. Vosinﬂ+rr:‘<g

m; : m;
h=—v,sin g — ,zg In _ (5)
Kk K m;g
k
YpaBHEHUE ABUXKEHUS NPOM3BOJIBHOW YaCTUIBI MacCOU m (i=1...,n) B
IMPOCKIHUHN HAa OCh Ox umeert BU
k
X=——7-X. 6
- ©)

i
ITocne HpGOGpaSOBaHI/Iﬁ OIpCaACiInM PACCTOAHUC OT HAYaJIa KOOpAHWHAT OO
TOYKH, KOT'Ia HaCTHUIla Maccou m; ITOJHUMETCA Ha MAaKCHUMAJIbHYIO BBICOTY h (pI/IC

5)
V7 -Sin2s

2k(\/0 .Sinﬂ+M)
m, k

S = + R,

(7)

rae R- paguyc 6apabaHa.
ITocne Toro, kak yactuna maccoit M mocturia MakCUMaIbHOM BBICOTHI h ,

HAa4HETCS e8 CHIKeHHe, H BekTop KY Gyner HampaBlieH BBEpX MapallIedbHO OCH
OY . lns ynporieHus: GyHKIIMOHATBHBIX 3aBUCUMOCTEH HAaYHEM OTCYET BPEMEHH
omsats ¢ t=0. Jlubdepenrmansroe ypaBHeHne ABIKCHUS YACTHIBI B IPOCKIIHH
na ocel OY 3ammmewm B Buze (puc. 5)

m y=-mg+ky—Fsiny. (8)
Otkyna

k
—t

m. m? -
yt)=h+ i‘(gt+ k'zg (1-e™ ), (9)

rae MokHO ompeaenuth 3Hauenne =1, korma y =0, coorBeTcTBYyIOIICH MaKCH-
MaJIbHO# JUIMHE MOJIeTa YaCTUIBl MACCOW M, OTCYMTBhIBaEMasi BJOJIb ocu OX .
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Puc. 5. CxemMa AMHAMHYECKON HArPYKEHHOCTH KOMOMHHMPOBAHHOIO
cermaparopa

3aKoH JIBMYKEHHs 4aCTUILI Maccoil M. B mpoekiuy Ha ock OX ompenensgercs
U3 YpaBHEHUS

m.X = —k)’(l (10)

Otkyna

k
V,m? cos 8 .

m;g e ™),
k*(V,sin 8+ II< )

[Ipu moncranoBke t=t, Ha ocHoBanuu (9) ompenensemM IMHY MOJeTa

X(t) =—

YacTUIIbl Maccod m, BIOJb ocu OX,

2qsi -,
5. = Vom,gsmﬁ (1—e ™).
K2(V,sin g + lig)

OO6mas 1yMHA MojieTa ¢ Y4ETOM paHee MOJYYSHHBIX Pe3yIbTaTOB BJIOJIb OCH
OX cocTaBUT

— 7tK

Y/ V, . - :
MY ?Osm 2ﬁ+%(1—e " Ysin B |+ Rz

: m. g
k(V,sin g+ I; )

®opmyna (11) cayxut npnga BbeIOOpa panUMOHAIBHBIX T€OMETPUUYECKUX
rnapaMeTpoB KOMOMHUPOBAHHOTO Cemaparopa.

Kornma conporuBnenne Bo3ayxa NpoONnoOpUAOHAIBHO KBaApaTy CKOPOCTH T.€.
— =2
R=Kv , ypaBHEHUE IBWKEHUS i -0i YaCTHIIBI UMEET BH]I

m,y =-m,g —k;y? — FSiny, (12)

L=S+S, = @)
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rae F - cuia COMpOTUBIEHHS BCTPEYHOIO NMOTOKA, HAKIOHEHHAS K TOPU30HTY 10/
yIJIOM ) Ha y4acTKe J0 MOoJbeMa Ha MaKCUMAIILHYIO BBICOTY .

3nech s KaXI0M YacTHLbl (MM OTAENBHBIX (Ppakuuid, COCTOSIIHUX W3
YacTHLl NPUMEPHO  OJAMHAKOBOM  Macchl M)  MNOPUHAT  KO3(PPUUUEHT
NPOMOPLUUOHATBHOCTH K paBHBIM K; (puc. 5).

[Tocne HekoTOpBIX TpeoOpa3oBanuil popmyiisl (12) HAXOAMM 3aBUCUMOCTh

2 i 2 _ —\2 |
kiVOS'nB 1+ k'VosinBtg k'—gt
mi G, | mig | m;

y = In(1+ )+1In

- 2k m; g o kVZsin? -
| | 1+1g° /k'gt+ a P 1+1g? k'—gt
I m mig Mi )]

N3 (13) ompenensieTcs MakcMMaibHas BbIicOTa N, Ha KOTOPYIO MOXKET
NOJIHATHCS YacTuia Mmaccoil m,. B atom ciydae npu y =0 umeem

(13)

m, k.V 2Sin?
h=—In|1+ 12—~ 'B (14)
2k mg )
Teneps cocTaBuM ypaBHEHHE IBHMKCHHS YACTHIIBI MACCOM M, B MPOCKIIMH
Ha ocb 0X
k.
K=—— %2 (15)
mj

Hcnons3ys Hekotopsie npeodpasopanns mpu L =1, xorma ¥ =0 nonyunm
H ]

BBIPAXXCHUC VI ONPCACICHUA IJIWHBI ITOJICTAa YaCTHIBI MACChI m| BIOJIb OCH 0X
J10 MAaKCMMAJIBHOTO MOJAbEMA €€ Ha BBICOTY Y = h

kit*VOCos,B)

M-
S=—"InA+ (16)
K; i
[lepenecem Hayaio KOOPAMHAT B TOUKY X =S W Hayajao OTCYETa BPEMEHU B

00J1acTh CHUKEHUS YacTHIIBI Maccoi M; . B 3Tom ciyuae BEKTOp CONPOTUBICHHUS B

npoekuun Ha och OY CcMEHHWTCS Ha NPOTUBONOIOXKHOE HAmpaBieHue (puc. 5).
Huddepennnanpaoe ypaBHeHue (12) npu F =0 3amumeTcst CIeayONM 00pa3oM:

.. .9
my=mg+ky", (17)
Ucnone3ys ycnosue t=0, y=h moaydum
2. K9y
y e '™ 41
= 18
2 (18)

N3 sroii popMysasl MOKHO HaWTH Bpems t,, pu KOTOpoM Yy =0 B KOHIIE
CHIDKEHUS 4aCTUIIBI Maccon M, mpwu h=0.Ipn t =tg mo ocu 0X ompeneisaercs

JUIMHA MOJIETa YacTULbI Maccorn M,
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S, = %In(ﬁv0 cosp-e Mt +1).

i M (19)

OOmas JIMHa O0JIeTa 3TOW YaCTULBI BIOJIb OCH 0X COCTAaBUT
L=S+3S,. (20)
B Tperbeit rnaBe nucceprauuun  «MeToamka 3IKCNEPUMEHTAJIbHBIX
HCCJIeIOBAHMIT W ompe/JeleHHe KOHCTPYKTHBHBIX IapaMeTpoB padodux
OPraHoB KaMmepbl cenapamum» OIpeAeNsieTcs] KpYyr 3ajlad 3KCIEepUMEHTAIbHBIX
UCCJIEeIOBAHUN IMapaMeTpoB pabOuMX OpPraHOB JBYXATAaHOM KOMOMHHPOBAHHOMU
MalIuHbl 11 cenapauuu U (pakiuoHupoBaHus 3epHa. llpuBeneHa MeToIUKHU
HKCIIEPUMEHTATb-HBIX UCCIIEIOBAHUN ONpeesIeHUsI MEXaHUYECKUX XapaKTePUCTUK
MECTHBIX COPTOB 3epHa. VccienoBaHusi NpoOBOAWINCH HA YHUBEPCATBHON MalInHe
ZWicK Ha eIMHUYHBIX 3€pHAX, MO JACHCTBUEM CTATHYCCKOW HATPY3KU Ha CIKATHE,
JJIsS. OTIPENCIICHUS JIOMyCKaeMbIX yCHiuil (MPH KOTOPBIX B CTPYKTYpE 3E€PHOBKHU
HAYUHAIOT TOSBIATHCS MHUKPOTPEUIUHBI), MPEIETIOB MPOYHOCTH. VcmbiTaHue
IPOBOJIMIM Ha 3€pHAX C Pa3IMYHOM BiIaXHOCThIO. Ilo pe3ynpTaTam NmpoBelIeHHBIX
DKCIIEPUMEHTOB HA CXKaTWE€ CIWHUYHBIX 3€pEH IMOCTPOCHBI  JUarpamMMbI

nedopMaIiu CKaTus.

C yyeToM (PU3MKO-MEXaHMYECKUX XAPAKTEPUCTUK MECTHBIX COPTOB 3€pHA
JUIS  CO3JlaHUSl PABHOMEPHOM CKOPOCTHM €ro TE4YeHHs DKCHEPUMEHTAIbHO
oIpeiesIeHbl KOHCTPYKTUBHBIE MapaMeTphbl HAKJIOHHOM nonku (mupuHa 500 MM u

amuHa 400 MM); yrost HakJIoHa TOJoK (o = 23°).

Ha GokoBbIe cTEeHKH HOBOW JBYX3TalHOW KOMOWHUPOBAHHOW MAITUHBI IS
cemapanuy U GpakIMOHUPOBAHKS 3€pHA B IIIAXMATHOM IMOPSIKE 3aKPETUICHBI TISTh
HAKJIOHHBIX IOJIOK. 3€PHOBAsi CMECh JIBIKETCS CAMOTEKOM B IIIAXMATHOM IOPSIIKE
OT TIOJIKH K CIIEIYIOIIEH TMOJIKe, yaapssich 00 Ux cTeHku. [Ipu ymapeHun ot 3epHa
OTIENSIOTCA TPWIMIMIINAE TPUMECH. 3amnbUICHHBIM BO3AYX M TPUMECH, HE
IPEBHIIIAIONINE MacCy 3epHa, BCACBIBAIOTCS BO3IYyXOM TIPU CKOpPOCTH v <7m/c,
KOTOpast OblIa ompeiesieHa B 1a00paTOpHBIX yeiaoBusX. [Ipu aTom obecrieunBaeTcs
Ka4eCTBEHHOE Y/IaJICHHE 3albUICHHOTO BO3JyXa M NpUMeceid, HE MPEBBIIIAIOIINX
Maccy 3epHa 4epe3 acHUpaIlMoHHbIN KaHai. Jig aciiupaliioHHOTO KaHaia KaMephl
cenmapamuy OmpenesieH pacxo Bo3ayxa Q, M BBIOpaH BEHTUJISATOP C PaCXOJ0M

Q, = 630.0° /v pu mmpuae B=0,05m, mnuse L=0,5u acnuparuoHHOro KaHata u

CKOPOCTH BO3JIYIIIHOTO MOTOKA v =7xm/c (pHUC.6).

upuHa HUXKHEH BCTPSAXUBAIONIECH IMOJKUA JTOJDKHA OBITH PAaBHOW IIMPUHE
BEPXHMX HAKJIOHHBIX MOJIOK. J[JIMHA HUKHEW MOJKKU BBIMOJHEHA OOJBIIEH HEXKEIH
JUTMHA BEpXHEH HAKJIOHHOU ITOJIKH-IJIS 00SCIIeUeHUS BBIX0Aa KPYITHBIX TIPAUMECEH.

B HoOBolM aByx»>TamHOW KOMOWHHMPOBAHHOW MaIlMHE IS Cemaparud 1
bpakIMOHMPOBAHUS 3€pHA HIDKHSS  BCTPSAXUBAIONIAs HAKIOHHAS  ITOJKA
YCTaHOBJIEHA TOJA YrioM «. YTroJl « MEHbIIe yria TPEeHUs, a 3€pHO
MepeMeIaeTcsl BCICACTBHE KOJICOAHMS TIIOJKH, KOTOPYHO HM3TOTABIMBAIOT, Kak
MPaBUIIO, U3 OLIMHKOBAaHHOM JIMCTOBOM cTaiu Tonmuuou 0,8...1,0 mm. OTBepcTHs B
Hel uMeroT Kpyriyio ¢opmy. UToOBl OYHMCTUTH 3€pHO OT KPYIHBIX MPUMECEH,
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JUaMETpP OTBEPCTUI CUTA IOJKEH OBbITh OOJIbIIE OT AUAMETPA 3€PHA, TO-€CTh / MM.
VY CTaHOBJIEHO, YTO ONTHUMAJIBHOE YCKOPEHUE HMKHEW BCTPSIXMBAIOUIEH MMOJIKU C
KPYIJIBIMA OTBEPCTUSIMM PEKOMEHAYETCS IpUHHMATh 9-12 m/c®. 3Hauenue I,
OTIpEISIISIIONIEE aMIUTHTYAy KOJIieOaHUs TIOJIKH, paBHO 5-6 MM.

JlnameTp MUTAIOIIEr0 BaJIUKa OINpPEAENICH SKCIEPUMEHTAIbHBIM IYyTEM, OH
paBeH J;=350 MM, HIMPHHA TUTAOIIETO BAJIMKA paBHA IIUPHUHE KaMEPhl Ceraparum
L=500 mM. YuuTbiBas pacmnojio)K€HUE HAMPABJISIIONIETO JIOTKA TMOJI MUTAOIUM
BaJIMKOM, IIMpPUHA HAIpaBJSIOLIEro JOTKa OyJeT paBHA IIMPUHE MNUTAIOLIETO
BaJIMKA.

Puc. 6. IIpomMbllIeHHAs YCTAHOBKA KOMOMHUPOBAHHOI0 CenapaTopa

C yBenuueHHEM 4YacTOTHI BpalleHus nutatomero Bamuka (ot 250 mo 450
00/MHH) W yIjla HaKJIOHa Hampasistiomiero yotka (mpeaenax ot 0 qo 45°) BeicoTa
MOJAbEMa M PACCTOSHUE TMpOJIeTa 3E€PHOBOM CMECH YBEJIMYMBAIOTCS, a TaKxKe
yIIy4IlIaeTcs KauecTBO (PpaKIMOHUPOBAHUS 3E€PHA 110 MaCCE.

Kpynnbie 3epHa, (T.e. ceMEHHBIC 3epHA WM JPYTrue BO3MOXKHBIE MPUMECH),
MpoJieTeB OONBIIOE PACCTOSHUE, MOMAAAlOT B CaMbIi JAJbHUN OTCEK KaMephbl
bpakuuonupoBanus.  Menkue — 3epHa,  HMEIONIME  MEHBIIYI0  Maccy
(MpOIOBOILCTBEHHBIE 3€pHA WJIM JPYTHE BO3MOXKHBIC TMPUMECH), YeM CEMEHHEIE,
MPOJIETAIOT B COOTBETCTBHHM C WX MAacCOW MEHBIIEE PACCTOSHUE M BXOISIT B
ONPEAEIECHHBIA OTCEK.

[TpoBenensl SKCTIEpUMEHTATBHBIE UCCIICIOBAHUS MPOIIECcca TOTHON OYHCTKH
3€pHOBOM CMECH OT PA3TMYHBIX PUMECEH U MO ONPEACICHUIO PPAKITMOHUPOBAHUS
3epHa MpHU pa3IMYHOM YacTOTe BpaleHus muTaromiero Banmuka (250, 300, 350, 400
1 450 06/MuH) u yrna HakitoHa Hampasistomero gotka (15° 30° u 45% mpu
MPOU3BOUTEIHLHOCTH 7,5 T/4.

TeopeTtnyeckn ompeneneHbl W AKCIEPUMEHTAIBHO  MOATBEPIKICHBI
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palMOHANIbHBIE KOHCTPYKTUBHBIE U TEXHOJOTMYECKHUE NapaMeTpbl HOBOW MalIMHBI
IUIsl cenapaluuy U (ppakLiMOHUPOBAHMS 3€pHA.

B derBeproil rnaBe aucceprauuu «Pe3yabTraThl 3KCNEPUMEHTAJbHBIX
HCCJICIOBAHMI 10 ONpeAeeHNI) KOHCTPYKTHBHBIX INapaMeTpoB padodux
OpPraHoB KaMmepbl (ppaKUMOHMPOBAHUS) MPUBEIACHBI PE3YIbTAThHl IKCIIEPUMEH -
TalbHBIX MCCIEJOBAaHUN IO OINPEJECICHUI0 CTPYKTYPHO-MEXaHUYECKUX Xapak-
TEPUCTUK W MAapaMETPOB Ipoliecca OYUCTKU M (PAKLMOHUPOBAHUS MECTHBIX
COpTOB 3€pHa.

HccnenoBanne CTpyKTYpHO-MEXAaHUYECKUX CBOKMCTB MECTHBIX COPTOB 3€pHA
MMEET TEOPETUYECKOE M MPAKTUYECKOE 3HAYCHHE. 3HAHHE CTPYKTYpHO-
MEXaHMYECKHEe CBOMCTBA MECTHBIX COPTOB 3€pHa W  MEXaHU3M HX
nehopMHUPOBaHUS MMO3BOJISIET COBEPILIEHCTBOBATH CYIIECTBYIOLIUE U CO3AaTh HOBOE
o0opyaoBaHMEe 1l WX OYUCTKH U  (pakuuoHupoBanus. IlpoBeneHHbie
UCCJIEIOBAHUS TO3BOJIMIN ONPENCIUTh YCUIIUS, HEOOXOAUMbIE IS pa3pylleHus
OTJEIbHBIX 3€PEH MECTHBIX COPTOB MPHU CTATUYECKOM M JTUHAMUYECKOM CHKATHUAX
Ha ucnbiTatenbHor MamnHe «ZWICK-1445y. TlocTpoeHbl U MPOaHATM3UPOBAHbI
JUarpaMMbl CKaTHsl 3epHa C BIAKHOCTHIO 11% B mos0keHUHN «00UEK-00UeK».

[TepBbIii yuacTok quarpaMMbl yeuiauid (0Tpe3ok «0-A») mpeacraBisieT cooi
OpsIMyI0 JIMHUIO C MajibiM YIJIOM HakJoHa, aeopMaius MPOUCXOIUT MPSIMO
NPOMOPLMOHATIBHO YBEJIIMYEHUIO Harpy3ku. Ha pgaHHOM »dTame Harpy>KeHus
3epHOBKA COXpaHSET CBOU yIpyrue cBoicTBa (puc. 7).

VYuactok «A-B» auar-
paMMBI  COOTBETCTBYET  yC-
JIOBHOWM  TEKydecTH, T. €.
! YBEJIIMYEHHIO JAepopMaluu Ipu
i MOCTOSIHHOM ~ Harpyske. [Ipu
| 3TOM HA IIOBEPXHOCTH 3E€pHOB-
i KA IIPOUCXOAMT pacmpenese-
| HHUE CXKHUMAIOIIEN CHWJIBI 1O
|
|
|
|
|
[
|
|
|
|

HH

IJIOIIAM,  YTO  BBI3BIBAECT
3aIMl0JIHEHUE IMYC-TOT B CTPYK-
Type MEXAYy CIOSIMH 000JI0-
yeKk. BusyanpHO  OUEHUTH

P ' ! ! ! ! [ COCTOSIHME 3€PHOBKH B 3TOT
ar 42 a3 a4 as as ar as
Al MOMEHT ocJe CHATHUS
Puc. 7. Ilmarpamma c:kaTus 3epHa HATrpy3KH 3aTPYAUTENbHA.

CTEeKIOBUAHOCTh  3€pHA B
[IeJIOM HEe HapylieHa, Uik npu 15-20-Ti KpaTHOM YBEIUYECHHH Ha MMOBEPXHOCTHU
3epHa B MECTE€ KOHTAaKTa C IMOJBI)KHBIM IITOKOM HMEETCS HEe3HauUuTelbHAas
BMSITHHA pa3Mepom npuMepHo 0,3x0,2mm.

Ha yuwactke «B-C», cOOTBETCTBYIOLIEM JAalbHEHIIEMY YBEIUYEHUIO
Harpy3ku, B BUJE NPSIMOM JMHUHU, C OOJIBIIMM YIJIOM HAaKJIOHAa, YeM Ha MEPBOM
ydacTKe 3epHOBKa, 00paszyercs mactuueckas neopmanuu. [Ipu casiTir Harpy3ku
Ha JITaHHOM Y4acTke Oyrke K Touke «C» B CTPYKType 3€pHOBKH BHU3yaJIbHO Ha
MIPOCBET MOXHO HAOIIOJATh MOSBJICHUE BHYTPEHHUX TPEUIUMH MONEPEK 3€PHOBKH.

47



Benunuuna ocrarounoit gedopmanuu cocrapiuser 0,2 MM.

Cnenyromuii ydactok «C-J[» nuarpaMMmbl yCWIMM COOTBETCTBYET SIPKO
BBIDAKEHHOM TeKydecTu. BennunHa ocTaToyHOM nedopmaiuu MOcie CHATUA
Harpy3ku cocrasuia ot 0,3 1o 0,59 mm.

Ha yuactke «JI-E» B 3HauuTenbHOM cTemneHW mnpeobiagaeT oOpasoBaHUE
IJIACTHYECKONW AedopMaIiii, COMPOBOXKAAIOUIEECS pa3pylIeHHEM O00O0JO0YEeK U B
LIEJIOM 3€pHa.

Benuunna gomyckaeMoW Harpy3kd, HE BBI3BIBAIOLIEH 3HAYMTEIBHBIX
M3MEHEHUN B CTPYKTYPE MECTHOI'O COpTa 3€pHA € BIaXHOCThIO 11%, B monoxxeHuu
«00u€k-00u€Kk» cocrtapiser 128,5 H, B monoxkenuu «crosi» - 75,2 H.

B Tabn.l npuBeneHbl pe3yiabTaThl MCCIENOBAHUNA 10 OIpPEAeSICHUIO
BJIQYKHOCTU MECTHBIX COPTOB 3€pHA Ha UX MPOYHOCTHBIE XaPAKTEPUCTUKH.

VY CTaHOBIIEHO, IPU YBEJIIMYEHHUH BIIAJKHOCTH YMEHBILIAKOTCA pa3pylLIarolne
yCUJIUA, a BeIUYKMHA JedopMali BO3paCTaEeT, HO CaMO pa3pylIeHUE MPOUCXOIUT
npu 0oJiee BHICOKMX HArpy3Kax.

Tab6amnua 1.

Paspymarmee ycuiane u a6CoI0THas Aeopmanus pa3jiMuHbIX 3¢peH MECTHOI0
COPTA NPHU PA3JIUYHONH BJIAKHOCTH

Sl 8. g 2 SH =T 2 SR 2
% 5 a» =5 |4 EE s | A4 EE =)
Ne Haumenoanue S| Eg| g5 | 8| E¢g| g5 |¢g| 8¢z
) 3epHa c 55| 52| g| 25| 5 g £5 8¢
S| 28| &€& | 5| 52| 88| &| g2 |&¢&
g | & <% |a| & <% |a| &7 <%
N S¢ S¢
1 | Ynnaku 9 | 1427 12 | 117,5 16 | 97,8
(Angmxanckas 00J1.) ~ ~ o
2 | boOyp 8 | 153,2 N 11 | 128,5 “ 15 | 107,8 ps
(CeipnapsuHCcKas O < :
0011.) = N o
o =) (e
3 | Hora 8 |136/4 11 | 1134 15 | 95,2
(TamxkenTckast 00:1.)

B mpomecce sKCrepuMEHTAIBHBIX HMCCICIOBAHUM H3y4daldd oOpa3oBaHHUE
MUKPOIIOBPEKIECHUM 3€pHA MIETKaMU MUTAIOIIETO BajJuKa U 32 CYET CBOOOJHOTO
MajicHusl Ha TOBEPXHOCTH TOJIOK B 3aBHCHUMOCTH OT HECKOJIbKHX (akTopoB. B
pe3yiabpTaTe TEOPETUYECKUX HCCIECIOBAHUN  B3aUMOJECHUCTBUS 3€PHOBKU C
MMOBEPXHOCTHIO BBISIBJIEHO, YTO HA MUKPONIOBPEKACHUE 3€pHA BIUSHUE OKa3bIBAECT
CKOPOCTb €ro IMoJeTa.

B pe3ynbTaTe TEOPETUUYECKUX M HKCIEPUMEHTAIBHBIX HCCIEA0OBAaHUN
YCTAaHOBJIEHO, YTO JUIsl ABUYKEHUSI 3€PHOBOM CMECH MO MOBEPXHOCTU HAKJIOHHOM
nepdOpUPOBAHHON TOJIKM CAMOTEKOM, YTOoJ HakJIOHa MephOpUpPOBAHHON IMOJIKU

noJkeH OBbITh He MeHee 23, a auametp nepdopanuii He Gonee 3,5 M.
IIpy BblIETEe M3 MUTAIONIEr0 BalMKa 3€PHOBAs CMECh OyleT HMETh

OJIMHAKOBYIO HAYaJIbHYIO CKOPOCTh V(g , BEKTOp KOTOPOH JIEKHT Ha TIOCKOCTH
0xy Y HAIIPABJICH O] HEKOTOPBIM YTJIOM [ K OCH Ox .

3epHOBaH CMCCbhb, BBLICTAas’d HW3 IIUTAOMICTO BaJIHMKa IIO onpez[eneHHoﬁ
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TPAeKTOPHUH, COOTBETCTBYIOIICH Macce, pa3iessieTcss MO BCeH UIMHE KaMephbl
¢pakunoHupoBanus. JaMHAa M BBICOTA KaMepbl (DPAKIIMOHHPOBAHUS 3aBHCST OT
pexrMa paboThl MUTAIOIIETO BAJMKA U yrila HAKIIOHA HAMPABJISIONIETO JIOTKa. [Ipu
palMOHATFHON 4YacTOTe BpalleHHWs muTaromiero Bamuka, (N, =450 06/mun), n

yrila HaKJIOHA HaMpaBIAOMIEro JOTKa (a =45"), Ha OCHOBaHHHM TEOPETUUYCCKHUX
MCCJEeI0BAaHUM JJOKA3aHO, YTO Yy MAUIMHBI JJIs cenapauuu U (pakiHOHUPOBAHUS
JUIMHA Kamepbl QpaknuoHupoBaHus AomkHa ObiTe L=5000 mMm, mmupuna B=500
MM, Beicota h=1200 mm. Taxke KOHCTPYKTHBHO JTOKa3aHO, YTO JJISI TMOJHOU
OUYMCTKHM W pa3liefieHusl 3epeH Ha (pakuuu U UX cOOpa B ONPEACICHHBIE OTCEKU
paccrosiHue MeXay oTcekamu nomkHO ObITh 100 MM, a gnmuHa mosok 200 mw,
MIMpUHA TIOJIOK paBHA IIMPUHE KaMephbl (PpaKIMOHMPOBAHUA. YTOJ  HaKJIOHA
TOJIOK KaKJ0TO OTCEKa C BO3MOKHOCTBIO peryiupoBanus B npenenax f=0...24°
NO3BOJISIET BBIOpATh pallMOHaIbHbIE 3HaUE€HUS B 3aBUCUMOCTH OT 00pabaThiBaeMoi
3epHOBOM cmecu. Takum oOpazoMm, oOecrieunBaeTcs pas/ieJIeHUe UCXOJHON cMecH
Ha ¢pakuuu MO Maccam.

[lo pe3ynbraTaM  OKCIEPUMEHTAJIbHBIX  JAHHBIX  JJS  MPUHATHIX
r€OMETPUYECKUX TapaMeTpOB MOCTPOCHBI TIpaduyecKue 3aBUCUMOCTH JUITMHBI
1oJjieTa M BBICOTHI MOJBbEMA MECTHOTO COpPTa 3€pHa B 3aBUCUMOCTH OT MAaccChl U
CKOPOCTH TOJIETa 3€pHa, a TAaKXK€ yIjla HAKJIOHA HAaIMpaBIISIONIEro JoTka (puc. 8,
puc 9).

1,2
T
h,m B =145
1
0,8 A A
&
A & ~

A ~ -
0,6 =

— — —— —a— —— — —
04 — ~ ~ =
0,2

0,26 0,028 0,03 0,032 0,034 0,036 0,038 0,039 0,04
—*=v=3,93m/c ™ v=4,73m/c “* v=5,49m/c =™ v=6,28m/C m,rp

Puc. 8. /luarpaMMbl 3aBUCHMOCTH BBICOTHI IOAbEMAa MECTHOI'0 COPTA 3epHA
0T MacCChl

OmnpeneneHo, 4ToO MpPH YIJI€ HAKJIOHA HAIpaBISIONIETO JIOTKAa o =45°,
4acTOTe BpallleHWs mnuTaromero Bammka 250 o0/MuH, IMHA TONeTa 3epHa
coctaBut g0 1,8 M, a Beicora mogpema a0 0,4 M, mpu YacToTe BpaLICHUS
45000/MYH JUIMHA TIOJIETa 3€pHA COCTAaBHUT 110 4 M, a BhIcOoTa moabema j0 1,0 m.
Taxke u3 rpaduka BUIHO, YTO BBICOTAa MMOJBEMA YACTHUIl 3E€PHOBON CMecH
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YBEIIMYUBAETCS MPONOPLUOHAIBHO YBEIUYEHUIO MACChl YAaCTULl 3€PHOBOM CMECH.
COOTBETCTBEHHO YAaCTHUIIbI, MMEIOLUIME HAMOOJBLIYI0 Maccy, NOJHHUMAIOTCS Ha
HanOOJIbUIYIO BBICOTY U MPOJIETAIOT HA MAKCUMAJIbHOE PACCTOSTHUE.

PesynbTaThl  OKCIEPUMEHTANBHBIX  JAHHBIX  HE  OTIMYAKOTCA  OT
TEOPETUYECKUX 3HaUeHUH Oosee uem Ha 5%.

B npouecce mnpenBapuTenbHBIX U JIAOOPATOPHBIX  MCCIEAOBAHMIMA
KOMOMHUPOBAHHOIO cemaparopa BO3HHMKJIA HEOOXOIMMOCTh MPOBEPKU pPabOTHI
amnmapara B IPOMBINUIEHHBIX YCJIOBUAX. OCHOBHOM ILIENBIO IPOMBIIIJIEHHBIX
UCCIIEJOBAHUNA  SIBJISIETCS  OINpEAENICHUE  PEKUMOB  pabOTBl  ammapara
YIIOBJIETBOPSIIOIINX TEXHOJOTMYECKUM TpeOOBaHUSAM OTPaCI€BOr0 CTAaHAAPTA.
OCHOBHBIM KpUTEPUEM TEXHOJOIMUECKON OLEHKH paboThl KOMOMHUPOBAHHOTO
cernapaTopa SIBJISIETCs MOJIHAasg OYMCTKA U (PpaKLMOHUPOBAHUE 3€pHA 110 MaccaMm B
nporecce oOpaboTku. B xozxe ucciaenoBaHuil HEOOXOIUMO Takke yOEIUThCS B
JOCTOBEPHOCTH TEOPETUYECKUX 3aKOHOMEPHOCTEM, BIMSIOIIUX HA IOJIHYIO
OUYUCTKY OT Pa3JIMYHbIX IpuMeced U (paKkIMOHMPOBAHUE MO Macce 3epHa IMpHu
oOpaboTke Ha  MamMHe [ cemapauud W (pakUMOHUPOBAHHS B
IPOU3BOJCTBEHHBIX YCIOBBSIX.

0
B =45
4.0 S
L,M i---’-.-_..—
3,5 e
___--o-'
3.0 — e —————= —_a
.="" ___‘___._-r-—"
o k= "
2.5 e
— Bl e— - - s— --1
e —m-—----—-1 —=

2.0 = - = -
1.5 ~ — » *———=2
1.0
0,5
0.0 - : . - : . - :

0,026 0,028 0,03 0,032 0,034 0,036 0,038 0,039 0,04

#fi) mrp
® V=393 e — y=a 73 e —A" V=549 e - *- V=528 e

Puc. 9. /luarpamma 3aBHCMMOCTH JAJIMHBI 10JIeTa MECTHOT'0 COPTa 3epHa OT
Macchl

Onpenensnu KadyecTBO CEMEHHBIX 3€peH Tociie 0O0pa0OTKM Ha MaIluHe
cenmapanu W (PpaKIMOHUPOBAHUSA, TO-E€CTh MOJHONW OYHUCTKH OT Pa3IUYHBIX
npuMeceit 1 ppaKIMOHNPOBAHUS 3€pHA MO Macce. 3epHa OOJBIION MACChl UMEIOT
BBICOKHE CEMEHHBIC Ka4eCTBa.

B  pesynmbrare ompeneneHmss BCXOXKECTH  3epHa, 00paOOTaHHOTO
AKCIIEPUMEHTATFHBIM KOMOMHUPOBAHHBIM CemapaTopoM U cepuitabiM  3M-60,
CTaJl0 W3BECTHO, YTo (IpW dYacTOTe BpalICHWs IUTAIONIETO  BaJMKa
SKCIIEpUMEHTATBLHOTO ammapata He Oosnee 450 o0/MuH, Tpu yriie HaKIOHA

HAIpPaBIIAIONIEro JIOTKa & =49") BcXokecTh 3epHa Bhllle Ha 6-7 %, 4eM 3epHa,
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oOpaboranHoro Ha 3M-60. B kauecTBe KpuUTepusi OLIEHKM MacChl 3€pHa
HCITOJIB30BaIM Noka3aTesb Macchl 1000 cemsm.

Pe3ynbTaThl SKCIEPUMEHTANIBHBIX UCCIAEAOBAHUN MPU PA3IUYHBIX PEKUMAX
paboThl MaIIMHBI JJIsl Cemapauud U (PPakIUOHUPOBAHUS 3€pHA NPHUBEICHBI B
Ta01.2.

[To momy4deHHBIM pe3yibTaTaM MOXHO CYIUTh O XapaKTepe H3MEHECHUs
Macchl CEMSIH 10 JUIMHE KaMephl (ppakimoHupoBaHus. BuaHo, 4To ¢ yBennyeHueM
YaCTOTHI BPAIICHUS MUTAIOIIETO BAJIMKA MPOUCXOIUT BhIICICHHE (paKIUil 3epHA C
HauOOJBIIEH Maccol HEMOCPENCTBEHHO Ha MepBoM yuacTke. Crenyer Takxke
OTMETHUTh, UYTO BBIJCICHHBbIC (DpaKIMU 3€pHA HA TIEPBOM Y4YaCTKE HE COAEpKAT
pUMecei U COPHSKOB.

OnHYM W3 OCHOBHBIX KPUTEPHUEB arpoTeXHUUYECKON OILIEHKH KadecTBa
dbpakuuii 3epHa NIpU pa3ICICHUN WIA OYHUCTKE SIBJISIETCS CTENEHb MOBPEKICHUS.
[TockonbKy HcclieIoBaHus MPOBOIUINCH B TAOOPATOPHBIX YCIOBUSX, I KaXKIOU
U3 TIOJyYEHHBIX (Ppakuuii Ompeaessuii CTEINeHb MHUKPOMOBPEKACHUS TIO0
U3BECTHON METOIUKE.

Ananus PEe3yIbTAaTOB IoKasall, YTO MaKpOIIOBPEKICHUS
(GpakIIMOHUPOBAHHOTO 3€pHA IO JUJIMHE Kamephl (PaKIMOHUPOBAHUS HE
npoucxoauT. Hanmuuue Ha MOBEPXHOCTH MUTAOIIETO BaJIMKA IIETOK 00ECIeUrnBacT
IJIABHBIN 3aXBaT 3€pHOBOM cMecH. 3epHOBasi CMeCh, HaOMpasi COOTBETCTBYIOIIYIO
CKOPOCTh, OT BpAIATeJILHOTO JBMKCHHS TUTAIOIIETO BaJMKa IMPOJIETACT II0
OTIpeIeJICHHON TPAeKTOPHUH Ha PacCTOSHHE 0 4 METPOB U BBICOTHI 1 MeTpa, naiee

COOTBCTCTBCHHO UX MACCC Pa3CIIAIOTCA 110 BCeH JJIMHC KaMCPhI Ha q)paKHI/II/I.
Tadauua 2
3aBucumoctb u3MeHeHus1 macchbl 1000 cemsiH Mo AjMHe Kamepbl (PPAKIUOHUPOBAHUS OT

4acTOTHI BpalleHUsl IUTAIONero Baauka npu o = 45°

Hacrora VY4acTku 1 JuInHa Kamepsl (PPaKLIMOHUPOBAHUS, B METpax
BpallleHUs
Ne| mraromero | 9 8 7 6 5 4 3 2 1
BaJIMKa,

o6/ 10,3-1,3]1,3-1,7] 1,7-2,1 | 2,1-25 | 25-2,9 | 2,9-33 | 3,3-3,7| 3,7-4 | 4-45

1 450 20,7 | 23,8 | 27,3 29,4 32,1 34,8 36,7 39,2 41,4
2 400 22,5 26 29,1 31,6 34,8 37,2 38,7 40,3

3 300 252 | 295 | 32,2 34,3 36,9 38,4 39,8

4 250 27,4 | 30,8 | 33,3 36,2 37,7 39,4

MakcumanbpHas cuia, JEUCTBYIOIIAS HAa KaXJO€ 3€pHO MPU COYAAPEHUH C
MMOBEPXHOCTBIO MOJIKH, B IPUHATHIX TEXHUYECKUX XaPAKTEPUCTUKAX MAIIWHBI IS
cemapanmu ¥ (PAKIHUOHUPOBAHUS, MPSIMO MPOMOPIUOHAIBHA €Tr0 CKOPOCTH
JNBH)KEHUs, Macce u paBHserca F =15 H. IloBpexeHue MECTHBIX COPTOB 3€pHa

MMeeT MeCTo mpu Harpy3kax 6osee 80 H.
Cy11iecTBeHHBIM MPEUMYIIIECTBOM UCIOIb30BaHUSI MAIIMHBI JIJIs1 CEMapaluu
1 PpaKIMOHUPOBAHUS SIBJISIETCSI TAKXKE TO, YTO MPU 00pabOTKE BIAXKHOU 3€pHOBOM
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CMECH CHM)KAETCA BJlara 3epHa, COJeprKallascs B TOBEPXHOCTHOM CJI0€ 00O0JIOYEK,
cHmkaercs 110 3%.

YuuTeiBasg =~ pe3yNbTaTbl  TEOPETHUYECKMX M DKCIEPUMEHTAIbHBIX
UCCJIEeI0BAaHNUM, CO3/laH MPOMBIIUICHHBIA 00pa3el] MalluHbl JUIsl Cenapalud U
dbpakiroHrpoBaHus 3epHa o macce (puc.10), BHeIpeHU B IPOU3BOICTBE.

B maroii rnmaBe aucceprannu «TeXHHMKO-IKOHOMHYECKOe 000CHOBaHHE
pa3padoTaHHO!l HOBOM MAaIIMHBLI A cemapauud M (PaKIUOHUPOBAHUSA
3epHa» MPUBEICHBI TEXHUKO-D)KOHOMHUYECKHUE MTOKA3aTeNN MpearacMoi MalllnHbI
[0 CPAaBHEHUIO C CEPUMHOM YCTAHOBKOW, a TAaKKE€ YyKa3aH II0JIy4aeMbIi Ha
MPEeANPUATAN TOJ0BOM 3P PEKT B BUIE YUCTOTO AUCKOHTUPOBAHHOIO JOXOAA.

Pe3ynpTaThl pacuera 3KOHOMUYECKON 3((PEKTUBHOCTH M CpPABHUTEIbHBIC
JaHHBIE IPUMEHSAEMbIX U MPEAJIaraeMoil MallliH MPUBEEHBI B Ta0. 3.

Ta0auna 3.
CBoaHbIe MOKa3aTeJ I IKOHOMHYECKOi 3(PPeKTUBHOCTH MCNOJIL30BAHUSI MAIIMHBI JIJIsI

cemapanuu M (ppaKIHOHUPOBAHUSA 3ePHA
e Ex Bapuanrsl
Tloka3atenn
n/n U3MEPEHUs | Cepaparop
JKCIEepPUMEHT.
buc u ap.
1 2 3 4 5
banancoBas croumocTtb o1HOM MamuHbI (Al
1. |Bue-12; P3BKT-100; A163K-18, Y1BEMII u CyM. 136 000000 17000000
aCTIMpaIMOHHBIA KaHa)
2. |KommyectBo MammH CyM. 4 1
3. |bamancoBasi CTOUMOCTB BCEX MAIlIMH CyM. 554000000 17000000
4. |YacoBasi IpOHU3BOAUTEILHOCTD OTHON MaITUHBI T/4 12 15
5. |T'omosas BeIpaboOTKa T 65000 81000
5 DKCIUTyaTallMOHHBIE 3aTpaThl, B T.4 HA CYM./T 2213 523,45
" | 2JIEKTPOIHEPTUIO CYM./T 2422 51,7
7. | DKOHOMHMS DKCIUTyaTallMOHHBIX 3aTpaT CYM./T - 1689
8 CreneHb CHUKEHUS DKCILTyaTallHOHHBIX % i 76.3
3aTpar
9. | YaenbHas MaTepuagoeMKOCTh KI./T 0,041 0,019
10. |CreneHb CHMKEHHUS MaTEPUATIOEMKOCTH % - 53,1
11 JIOTIOJTHUTEIBHBIN T0X0]T OT BHEAPEHUS HOBOM cyM. i 460320000
MaILUHEI
12. |T'ogoBast 5JKOHOMHS 3aTpaT CYM. - 136809000-
13 Cpox OKYNaeMOCTH JIOTIOJHUTEBHBIX et i 13
KaIUTaI0BIOKEHUH
14 | 3anumaeMas MpoM3BOJICTBEHHAS IUIOIIA/Ib KB.MET] 81 18
15 3£<cnnyarauH0HHHe elanaTH Ha coaepkanue 1 cym 8100000 1800000
M” TPOU3BOJICTBEHHOH TIIOIIA U

Hapsiny ¢ sxonommueckuM 3()QPEKTOM HOCTUTAETCS BBICOKOE KaydeCTBO
00pabOTKH 3€pHOBOM CMECH. 3a CYeT YIYYIICHHS KadecTBa WM HWCKIIOYCHUS
TPaBMHUPOBAHUSI CEMEHHOTO 3€pHA MOBBIIIAETCS €TI0 CX0XKECTh.
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Puc. 10 Texnosioruyeckasi cxema KOMOMHUPOBAHHOI0 cenaparopa

SAKIIFOYEHUE

1. Pa3paborana HOBas KOHCTPYKIIMS MAaIllMHBI JJI CEMapUpOBaHUSA U
(bpakIIMOHUPOBAHUS 3E€PHOBBIX KYJIBTYp, B KOTOPOM COBMEIICHBI KaMephI
cenmapupoBaHus W (GPaKIMOHUPOBAHUSA 3€pPHA, UTO TIO3BOJSET TOBBICUTH
MPOU3BOJAUTEILHOCT, MAIIIMHBI W KauyeCTBO OYHUCTKHM 3€PHOBOM CMECH OT
pasIUYHBIX TpuUMecel u obecmedynBaeT (GpakIMOHMPOBAHHE 3€pHA IO Macce,
HCKJIFOYasi €ro TpaBMHPOBAHWE, YMEHbINAsh MaTEPHAIOEMKOCTh W TOTpeOsIcHue
AJIEKTPOIHEPTUH, a TaKke, JAET BO3MOXXHOCTh 3aHMMATh OTHOCHUTEIBLHO Malylo
MPOU3BOACTBEHHYIO TIOMIA/b.

2. Pa3paboranpl MaTeMaTHYeCKHE MOJCIM W METOJMKHU pacdeTa JIBHKCHHS
3epPHOBOM CMECH B KaMepax MAIIMHBI JJI cernapanui U GpakIMOHUPOBAHUS 3epHA
[0 Macc€ 4TO TMO3BOJSET ONPEACHUTh BEIMYMHBI KUHEMAaTHUYECKUX W
T€OMETPUYECKUX MapaMeTPOB OCHOBHBIX pab0OYHX OPraHOB MAIITHHBI.

3. Ha ocHOBaHMHM COCTaBJICHHBIX ypaBHEHHWM JBIWKCHHS 3€pHa 11O
MMOBEPXHOCTSAM HAKJIIOHHBIX IMep(POpHUPOBAHHBIX MOJOK U HIKHEH BCTPSAXUBAIOIICH
MOJKU JIJII OYMCTKM 3€pHA OT JIETKMX M KPYHHBIX mnpumeceil. OrnpenesneHsl
KOHCTPYKTHBHBIE TIapaMeTPhl HAKIOHHBIX IMEepHOPUPOBAHHBIX ITOJIOK W HUKHEH
BCTPSAXUBAIOIICH MOJKU

4. YcTaHOBJICHBI palliOHAJIbHBIC IMapaMeTPhl HAKJIOHHBIX MepPOPHUPOBAHHBIX
¥ HIDKHEHW BCTPSXHWBAIOMIEH TOJKHA TPH MPOW3BOAUTEIBHOCTH 7,5 T/4: mUpuHA
HAKJIIOHHBIX TOJOK — 500 MM; qiMHa HaKJIOHHOM 1oaku — 400 MM; yroJ HakJIoHa

MOJNKKH ¢« = 23°; UIMHA HWKHEW HAKIOHHOUN MOJIKH — 430 MM, 4ro oOecreynBaer
BO3MOKHOCTh JIBUKEHHUS 3€PHOBOM CMECH IO MOBEPXHOCTSAM ITOJOK CAMOTEKOM C
OJHUM CJIOEM, TPH OTOM OOECIEUHMBACTCS OTACJICHHUE MPUICTTUBIINXCS
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OpraHUYeCKUX U MUHEPAIbHBIX IPUMECEH, a TaKKe 000JI0UEK 3epHa.

5. Ha ocHoBe MareMaTHyeckoro MOJEIUPOBAHUS M SKCIEPUMEHTAIbHBIX
UCCJEOBAHUM  YCTAaHOBJEHbl  pa3Mepbl  neppopauuid a8  HAKIOHHOU
nephopupoBaHHON MOJKH — 4 MM, JJIsl HUXKHEW BCTPSAXUBAIOUIEH MOJIKU [ MM,
IIUpUHA BO3JYXOBOJOB acmupanuoHHoro kaHaima 20 mwm, Bbeicota 1500 Mmw,
CKOPOCTh BO3JYIIHOTO MOTOKa 7 M/c. Bcé 3To obecneunBaeT BcaChIBAHUE JIETKUX
npumeceil yepe3 nepdopanuii U acnupanyMoOHHbIE KaHaJbl, OTAEJIIEHUE KPYIHBIX
NpUMecell B OTIEIbHYI0 €MKOCTh M PAaBHOMEPHYIO 3arpy3Ky 3€pHa B KaMepy
MUTAIOLIETrO BaJIUKA.

6. Ha ocHoBe pa3pabOTaHHBIX MaTEeMaTHYECKOIO0  MOJCIUPOBAHUS

OTIpe/IeICHbl KOHCTPYKTHBHBIC MTapaMeTpPhl MUATAIOMIET0 BaJUKa B 3aBUCUMOCTH OT
TEXHOJOTHYECKUX TPEOOBAaHUN W MPOU3BOAUTEILHOCTH MAIIMHBI. auametp - 350
MM, mupuHa - 500 MM u yactora BpameHus 450 00/MHH.; palMOHAIBLHOE
COUETaHUE ITUX MapaMETPOB OOECIIEYMBACT IUIABHBIN 3aXBaT 3¢pHA U PABHOMEPHO
OJIMHAKOBbIE HavaIbHbBIE CKOPOCTH €ro monera ( U = 6,28%().

7. CocraBnenbsl nuddepeHIraibHbIe YPaBHECHHS, MO3BOJISIIONINE OTIPEACIISITh
oburyro BeicoTy h m mmmmry L mnonera sepHa, B 3aBMCMMOCTH OT HayanbHOI
CKOPOCTH BBIJIETA 3€pHA U3 MUTAIOIIETO BaJUKa U, YIJIa HAKJIIOHA HAIIPABJISIOIIETO
J0TKa « , KoahdUIeHTa CONPOTUBIICHHS Bo3ayxa K, Maccel 3epHa M, a TakKe OT
XapaKTEPUCTUK MECTHBIX COPTOB 3€pHA. YCTaHOBJIEHO, YTO NP yrje HaKJIOHA
HAIPaBJISIONIETO JIOTKA « =45° B 3aBUCHMOCTH OT MAaccChl 3€pHa M, BBICOTAa €TO
nosnera h xome6nercs ot 0,2 1o 1 M, a jnuHAa nonera 3epHa L kome6nercs ot 1,5
70 4 M. DTH TIapaMeTphl MO3BOJISIIOT Pa3/IessTh 3epHA Ha HECKOJIBKO (Ppakiiuii mo
Macce, CHH3UTh €ro BIIaXKHOCTH OT 2% no 3,7%, a Takke JaroT BO3MOXKHOCTH
MOJIHOCTBIO OUYHMCTHUTH 3€PHA OT Pa3IMUHBIX IIPUMECEH.

8. NzyueHbl (PU3MKO-MEXaHUUECKHE CBOMCTBA MECTHBIX COPTOB 3€pHA IIO
peruoHaM CTpaHbl, YTO TIO3BOJIIET HAyYHO OOOCHOBATh IMApaMeTPhl BHOBB
CO3/laBacMbIX MAIllMH JJIA CemapupoBaHUs W  (PAKIMOHUPOBAHUSA 3E€pHA
UCKITFOYAIONTHUX TPaBMUPOBAHUE MECTHBIX COPTOB 3€pHAa.

9. Ha ocHOBe mMOMy4YeHHBIX PE3yIbTATOB HKCCIEIOBaHUN pa3paboTaHa,
U3rOTOBJICHA W BHEJApPEHA B IIPOM3BOJCTBO HOBas KOHCTPYKIIMS MAIIWHBI IS
cermapupoBaHus ¥  (PPaKIMOHUPOBAHHMS  3E€PHOBBIX KYJIBTYP C  HAy4HO
000CHOBaHHBIMM TlapaMeTpaMu. BHenpeHme pa3paboTka JuccepTalvii B
MPOU3BOJACTBO IO3BOJUJIO MOBBICUTH MPOU3BOJAUTEILHOCTh MAIMHBI, Ka4€CTBO
OUYUCTKH W (PPAKIMOHUPOBAHUS 3epHA C dKOHOMHUeckuM sddextom 136000000
CyM/TOJI Ha OJTHY MaIlIuHY.
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INTRODUCTION (annotation of doctoral dissertation)

At present time in world scales a great importance is paid to the providing
the increase of capacity of machines and equipments, which are being used for
processing the agricultural production, lowering of power consumption, the safety
of manufactured products.

Since achieving the Independence of the Republic with the purpose of
providing the necessity of population in grain today in comparison with 1991 are
grown 10 times more grain ( in 2015 more 8 min. tons), 5 times more bean (string
bean, mash, green peas, local peas, soya ...). Due to that storage, primary
processing, take off and processing separation on fractions, manufacture, increase
of stores, export of food production and reinforcement foreign currency reserves of
the country are actual.

Being used in processing of grain equipment, their work routine and
technologies do not fully suit to chemical, physical and mechanical properties,
humidity of being grown grain in our republic. Especially for that reason a great
importance has the study of physical-mechanical properties of local sorts of grain
in cutting regions, manufacture, testing and implementation of metal and power
saving, compact, completing several technological processes of machines of new
series, which are necessary for purification from different organic, mineral and
large impurities and fractionation of grain on mass taking into account its
essentials.

Working out on mathematical model and the calculation method of grain
movement on machine cell for separation and fractionation on mass allow
determining the kinematical and constructive parameters of main working organs.

The formation of equation on grain movement by inclined, perforated
shelves and lower inclined, shaken shelves for purification from light and large
impurities and determination on its base constructive parameters inclined,
perforated and lower shaken shelves are the basic of grain movement mixture on
the surface of shelves gravity flow by one layer, at that purification from cleaving
organic and mineral impurities and grain shells are provided. Mathematical
modeling creates new directions for determination of modeling diameters of higher
and lower shaken shelves, geometrical parameters of aspirational channels, the
speed of air flow and absorption of light impurities from the staff of grain mixture
from the surface of perforated shelves through aspirational channels, technological
processes of separation to individual cubic content of large impurities and equable
fetching of grain in feeding the roll of cell.

The given dissertation research in certain degree serves the completing
tasks, defined in degrees of the President of the Republic of Uzbekistan NePD-
1072 «On program measures of important projects realization on modernization,
technical and technological upgrading of production for 2009-2014 years» from
March 12, 2009y and NePD-1633 «On measures of further improvement of
management organization and development of food production of the Republic for
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2012-2015 years» from October 31, 2011 and also other normative-legal acts
concerning the given activity.

Compliance of the research to the main priority directions of the science
and technology are development of the Republic. The given research was
completed, accordingly to the priority directions of science and technologies
development VII. «Chemical and nanotechnology».

Review of international scientific research on the dissertation theme.
Scientific researches directed to the technologies of machine purification from
various impurities and fractionation of grain were carried out in many scientific
centers and higher educational institutions, including, University of Illinois (USA),
University of Greenwich (UK), Italian Culinary Institute (ltaly), Institute of
Agricultural engineering (Germany), Institute of Chemical technology (France),
Canadian Institute of food science and technology (Canada), Swedish Institute of
Food and biotechnology (Sweden). All-Russia scientific-research institute of grain
and its reprocessing products, all-Russia  scientific-research institute on
mechanization of agriculture, Altaic, Don, Cuban and Omsk state agrarian
universities, Chelyabinsk state agrarian-engineering academy, Kemerovo Institute
of food products, Moscow state university of food products (Russia).

As the result carried out in the world of investigations, in the field of
technologies and machines for purification from impurities and fractionation have
been achieved the raw of scientific results, partially, machines have been created
for cleaning grain by the way of step-by-step grain screening through sieve of
various sizes Institute of Agricultural engineering (Germany), Swedish Institute of
Food and biotechnology (Sweden), All-Russia scientific-research institute of grain
and its reprocessing products, Altaic, Don, Cuban and Omsk state agrarian
universities, Chelyabinsk state agrarian-engineering academy, (Russia), were used
in the production wavering separators with entering-back motion (University of
Illinois (USA), University of Greenwich (UK), were created pneumo-separators
(Italian Culinary Institute (Italy), Institute of Agricultural engineering (Germany),
were worked out gravitational, centrifugal and inertioal separators (Institute of
Chemical technology (France), Canadian Institute of food science and technology
(Canada), Swedish Institute of Food and biotechnology (Sweden), in the
technological process were used grain cleaning with the help of air flow by the
way of twice passing before and after through sieve-system separators )Canadian
Institute of food science and technology (Canada), All-Russia scientific-research
institute of mechanization of agriculture, Altaic, Don, Cuban and Omsk state
agrarian universities, Kemerovo Institute of food products, Moscow state
university of food production (Russia).

In the world are being implemented the raw of investigations on creation the
technologies and machines for separation and fractionation of grain, at the same
time ,on the next priority directions: the creation of new series of highly
manufactured, energy and metal saving machines for separation and fractionation
for combined technological processes; full mechanization and automation of
technological process; the increase of high sorts of flour production with the usage
of highly manufactured devices and advanced technologies, the development of
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floury-cereal and mixed feed industry; recommendation of indicators and routines
of work devices, applied in technological processes, taking into account, chemical,
physical-mechanical properties of grain culture.

Scientific study of the issue. Scientific investigations on creation
technologies and equipments for separation and fractionation of grain crops were
made by: N. E.Avdeev, V. |I. Aniskin, A. S. Arkhipov, A.F.Butenko,
N.F.Vasilyev, N. G.Gladkov, V. V. Gortinsky, V. P. Goryachkin, A. G. Gromov,
P. M., Zaika, A. N. Zulin, A.V.Zilbernagelm, A. I. Klimuk, E. I. Kozhukhovsky,
N. F.Konchenko, I. Kosilov, V. A. Kubyshev, A.A.Kukiv,P. N. Lapshin, I. P.
Lapshin, M. N. Letoshnev, A. A.Loan, V.N.Makarov, E. A. Nepomnyashikh, G. T.
Pavlovsky,l.F.Pikuza, Y. V. Terent'ev, G.D. Terskov, V.T.Telegen,M. A. Tulkibas,
N. N. Ulrich, V.M.Setsinovsky, G. F. Khankhasaev, A.V. Fominykh,W. M.
Trincha, H. Robert, D. W. Rodney, P. K. Ross, O.Wilfrid, Ya. Hemery
N.R.Yusupbekov, H.H.Usmanhodjayev, R.G.Mahkamov, Z.S.Salimov,
S.S.Negmatov, A.A.Artikov , A.A.Rizayev, G.A.Bahadirov, H.Nurmuhamedov,
Sh.  M.Gulyamov, P.M.Tursunhodjayev, J.P.Muhitdinov, K.O.Dodayev,
J.Kurbonov and other researches.

As the result of researches in the field of creation machines and technologies
for separation and fractionation of grain crops were created more than 100
thousand machines and equipments with different manufacture and capacity. The
mechanization process allows to increase to 8-10 times labour manufacture, to
reduce to 1,5 — 2 times cost for working out, intrusting flour and seeds of high
quality. The results of investigations by A.V.Fomine, N.F.Vasilyev,
A.V.Zilbernagel, N.N.Yulrikh and others prove that among machines of grain
purification are more actively used sievy machines with less consumption energy.

The usage in sievy machines of vibrating transmission allowed several (5-
10) times reducing amplitude and several (5-10) times increasing the speeding up
and frequency vibration. In researches by V.N.Makarov, V.I.Telegin, I.F.Pikuza,
G.F.Khankhasayev, A.F.Butenko and others were proposed and confirmed the
hypothesis about that at motion speed of strip under the certain angle till 14 m/s in
strip machines for grain purification trajectory of flying grain consists from
parabole. It was mentioned that ,in that case, grain in the dependence from own
aerodinamical indicator sizes and comparative mass, fly to different distances and
the possibility of increasing with the help of strip machines of grain purification
level to 4-20% was confirmed.

Working out the results of scientific searchings by N.l.Kosilov,
A.A.Kukubin and other researchers pneumo-inertial machine was recommended
for the usage in the process of primary grain-purification crops.

Separations of grain crops necessity signs a difficult process, which depends
on next stages: relatively rotation of grain mixture on the surface of shaken
shelves; self-sorting passing of grain on the surface of shaken shelves to the
surface of lower shelves; kicking-up grain with the help of centrifugal forces on
certain sections of separator surface. Implementing machines and technological
processes for separation and fractionation relatively on grain crops mass, taking
into account, the interaction of above mentioned stages, it has a scientific-practical

59



Importance and it is almost actual.

Relation of dissertation theme with research work at higher educational
institution, where the dissertation is being done.The dissertation work was done
in the frames of project plan on scientific-research works at Tashkent chemical-
technological Institute ITD-5-065 «Development of resource-storage, ecologically
safe technologies for the production of chemical products and food stuffs» (2005-
2012), and Gulistan State University AZ-46 «Calculation the efficiency of cleaning
devices and fractionation of grain and improvement from projecting» (2015-2017),
and also 10T-2014-2-31 «Implementation to the production of purification
technology and fractionation of grain on massy» (2013-2014).

The aim of the research is based on scientific evidence of kinematical and
constructive parameters of machines for separation and fractionation of grain
crops, working out the constructive and technical documentations on the creation
of machines.

In accordance with the set aim the following tasks were solved:

to investigate in cutting territories of physical-mechanical properties of local
sorts of grain for the creation of new series for separation and fractionation
machines;

to investigate and analysis of technological process for separation and
fractionation of grain on mass;

to complete the equations of motion of the grains on the surfaces of
perforated shelves;

to define the speed of airflow and choose ventilator for grain cleaning from
light impurities;

to complete the equations of grain motion on the surface of lower shaken
shelves for cleaning grain from large impurities;

to complete the equations of motion of grain on the surface of supplying
roller in the cell fractionation;

to create the combined separator for purification from other impurities and
fractionation of grain on mass, to define its kinematic and technological
parameters:

to conduct the industrial testing, implementation to the practice and to define
the economical efficiency of combined separator for purification from impurities
and fractionation of grain on mass.

The objects of the research is the technological machine of production
machines for separation and fractionation of grain crops.

The Subject of the research: regularities of processes technological
machines for separation and fractionation of grain crops, their interaction of
kinematical and technological indicators.

Research methods. In dissertation work physical-chemical, physical-
mechanical, kinematical, dynamic and methods of experiments planning, methods
of mathematical statistics were also applied.

Scientific novelty of the research includes the followings:

In cutting territories physical-mechanical properties of local sorts of grain
were studied;
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the interacted essentials parameters of processes for separation and
fractionation of grain crops were defined,;

the mathematical model and completed equation of grain motion on the
surface of perforated shelves taking into account airflow was developed;

the speed of airflow and was chosen ventilator for purification of grain from
light impurities in separational cell was defined;

the mathematical model and completed equation of grain motion on the
surface of lower shaken shelves for purification from large impurities in
separational cell taking into account airflow was developed;

the mathematical model and completed equation of grain motion on the
surface of feeding roll of fractional cell taking into account the ressisstance of air
to the surface of grain on lateral cutting was developed;

kinematical and technological parameters of combined separator taking into
account physical-mechanical essentials of local sorts of grain were defined; the
combined separator for purification from other impurities and fractionation of
grain crops on mass with manufacture 7,5 t/h, properly sizes: -1=4500mm,
h=2000mm, b=500mm was created.

Practical results of the research include the followings:

the technological machine—combined separator for separation and
fractionation of grain crops was created,;

the constructured and technical documentation of combined separator,
occupying four times less production squares was developed.

Reliability of obtained results was proved by the presence of exact
mathematical models and algorithms of calculation, relatively theoretical parameters
and experiment results of combined separator.

Theoretical and practical importance of the research results. The
theoretical importance of research results was defined by the creation of new
technology and machine for separation and fractionation of grain crops, by working
out the calculation of grain motion on inclined shelves with feeding roll.

Practical importance of research results includes that, it was worked out a
new consrtruction for separation and fractionation of grain, which allows increasing
the manufacture of machine and quality of grain purification from different
Impurities, and fractionation of grain on mass also, excepting its damage, reducing
cubic content of material and usage of electro energy, besides that the machine
occupies less manufacture place.

Implementation of the research results. Combined separator of cleaning
and fractionation of grains production was tested and implemented in the
enterprises for grain processing Joint Stock Company «Uzdonmahsuloty
(certificate on March 22, 2016 g.No 08.02.11 / 4299 Joint Stock Company
«Uzdonmahsuloty). The result is a compact technology enterprise line; the power
consumption is reduced and reached: the choice of technological modes mills for
each fraction; ensures production of high quality flour and flour products from
local varieties of grain.

Approbation of the work. The results of the research were discussed in the
form of reports and were approbated in more than 30 international and republican
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scientific-technical conferences, partially, «Food safety» (Tashkent, 2005, 2006,
2010); «Modern problems of Mechanics» (Tashkent, 2009); «Technology of
processing of local raw materials and products» (Tashkent, 2009);326 scientific
conferences, including 17 international: International scientific-technical
conference international scientific-technical conference Republican scientific-
technical conference international scientific-technical conference «Modern
equipment and technologies of the mining and metallurgical industry and ways of
their development» (Navoi, 2010); XVIII international scientific-technical
conference «Applied problems of mathematics and mechanics» (Moscow, 2010);
Materials of the Central Asian regional international conference on chemical
technology (Moscow, 2012); XVII international scientific and technical conference
«machine building and techno-sphere of the XXI century» (dons.NTU 2014);
Republican scientific-practical conference «development of Applications in
agriculture» (Gulistan, 2013); Il International scientific-practical conference
dedicated to the 80th anniversary Aytaliev sh. M. (Almata, 2015); VIII
international scientific conference «Innovation in technologies and educationy
(Belovo, 2015); International scientific conference «Science, technique and
innovation technologies in the epoch of power and happiness» (Ylym, 2015);
International scientific-technical conference «automation: problems, ideas,
solutions» (Moscow, 2015); the VI International scientific-practical conference
«Innovative technologies and Economics in engineering» (Tomsk, 2015);

XVIII international scientific-technical conference «machine building and
techno-sphere of the XXI century» (Sevastopol, 2015); International scientific
conference «Actual problems of development of engineering and technology»,
(Bishkek, 2015). Thesis discussed at the interdepartmental seminar of the faculty
«Food technology» of the Tashkent Institute of chemical technology (2015) and
the Academic Council 16.07.2013.T.08.01 at the Tashkent chemical technological
institute (2016).

Publication of the research results. 44 scientific works, including 17
scientific articles have been published in different international and national
journals on the topic of the dissertation.

The structure and scope of the dissertation. The dissertation consists of
introduction, five chapters, conclusion, list of references, attachments and contains
200 pages of text, includes 45 figures, 15 tables.
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MAIN CONTENT OF THE DISSERTATION

In the introduction it was substantiated the importance and relevance of the
topic of the dissertation, formulated the goals and objectives, as well as the object
and subject of research,that the research was under the priority directions science
and technology development of the Republic of Uzbekistan, scientific novelty and
practical results of the research substantiates the reliability of the obtained results
were described, the theoretical and practical significance of the obtained results,
the following list of implementations in the production of research results,
information on published works and the structure of the dissertation were revealed.

In the first chapter «Current status and tendencies of development of
technological machines for the separation and fractionation of grain crops» of
the dissertation the status and trends of development of existing production
machines and their operating conditions in the separation and fractionation of grain
has been analyzed.

Peculiarities of technological machines for the separation and fractionation
of grain have been investigated.

The major factors influencing the technological parameters of machines for
the separation and fractionation of crops have been determined.

Methods of screening and their characteristics have been investigated. The
influence of the working bodies of technological machines on the strength
properties and mechanical damage to grain crops has been determined.

On the basis of a critical analysis of the literature, one studying the modern
condition of technological process and the machinery is that the most promising
direction for creating grain-cleaning machines at present is the search for universal,
simple, feature-rich equipment separation and fractionation of crops.

In the second Chapter of the dissertation «Theoretical study of
parameters and modes of technological machines for the separation and
fractionation of grain crops» the results of studies on the improvement of
technological machines and the process of separation and fractionation of grain are
shown. With the aim of complete purification of local varieties of grain from
impurities and separating them into fractions by weight, taking into account
physical,chemical, mechanical and aerodynamic properties of grain, we propose a
new two-stage combined machine for grain separation and fractionation. The first
stage is the initial clearing in an air-separating chamber, where the impurities are
removed does not exceed the weight of grain.

The separating chamber 1 of this separation and fractionation of the grain
(Fig. 1) comprises side walls 2 and 3 installed with air ducts of aspiration 4
inclined perforated shelves, shaker 5, 6, the boot device 7, channel 8 for pre-
aspiration and feed roller 9.

Inclined ,perforated, shaken shelves 5, have openings of the perforations is
smaller than the grain size, the lower inclined shaken shelf has 6 holes of the
perforations are larger than the grain size and installed extending from the inlet
chamber 1, through the exit window 10. Lower boot shelf 11 of the reception
chamber 1 is directed tangentially to the feed roller 9. Feeding device of grain

63



separator was provided with a vessel
12 for the collecting of heavy impurities.

Mathematical model of motion of a
grain on an inclined shelf 5 has been
composed. Theoretical research of the
movement of grain on the shelf 5 for cleaning
grain from various impurities has been
performed.

The condition was considered an
absolute movement of the grain particles on
the sloping perforated fixed shelf 5 (Fig. 2),
as well as the conditions of relative
movement of its movable perforated shelf.

When you install a shelf under the
angle o to the horizon on the grain particle
has the following forces: G - gravity of the
grain particles, N - is the normal reaction of
_ _ ) _ the surface shelves, F,, - friction and F,, -
Fig. 1. Feeding device of grain e power of retracting.
separator For the motion of the particle it is

necessary the angle of inclination o of the
shelf must be greater than the friction angle y that is, a > y. We denote the
retraction force coming to unit length of the top shelf, through the mass of grain
along with a touch in this area
throughm, .

The equation of motion of the
center of mass highlighted a single
element of the grain mixture in the
direction of the flange is

my(s)8; = my(s,)gSine —
- F 4 fm (s,)gCosa (1)
where: f - coefficient of friction.

While moving the grain mixture
—=()
with the mass™ due to the force Fem

will decrease and in the first
approximation we can assume that this
Fig. 2. The scheme of forces acting mass is determined by the function:

on a particle located on a sloping m. (s.) — m. (t) — 1 2
shelf 1(51) 1 () alt+b1’()

where the constant coefficients a, and

b, are found from the experiment.
For example, in the initial time (t=0) the mass m,(0) =m,,, if gathering it
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from the first shelf if t =t,4 itwillbe m, (t,,) =m,,.

: : 1
Then the values aand b, are determined from equations a:mm,

1 _ 1 o
— my,.. Whence it follows that by = ——, g = —=9 1

apti1 +0y Mo MMy tia
After some transformations will get the law of motion of variable mass m, (t)
in the form

(" i
5,0 = t(t,d—t){fF L a-0h- 98'”“;9“3“}.(3)
x1l

where,

L = % (gSina + fgCosa)t?, — (%t,f1 + %t,fl) fF) et

The law of motion of subsequent shelves is defined similarly.

It was established that the residence time of the grain on the shelf is directly
proportional to length and inversely proportional to the angle of inclination. In Fig.
3 shows a curve of changes in time spent on the shelf of the grain mixture
depending on the angle of the shelf, with initial length L=50 mm and the angle of
inclination p=0°,5,10°,15", 20", 23", 25°, 30°, 35", 40°, 45",

The graph shows that with increasing angle of inclination of the shelves

falling speed of the

0’61\ particles of the grain

0,52 . .

0s mixture increases and the
DAT ™y, staying time of the grain

04 .

. D on the shelf is reduced.

Y ’ LSS VI e Accordingly, at

large angles of inclination
of the shelves, the
0 particles of grain mixture
| | | with the largest weight get
b 5 1 15 0 3 % ) 35 & &5 the maximum Speed
a falling, then the grain rolls

Fig. 3. Graph of dependence from the slope  Or a mixture to glide over

angle shelves of the staying time of grain mixture  the surface of the shelf. In
on the shelf this movement the grain is

cleaned from dust and

02

from the shell.

Besides that, it has been investigated the critical acceleration of the lower
shelf 6 with a circular translational motion in the horizontal plane. It has been
determined the technological efficiency of cleaning of grain from large impurities
by the lower flange 6.

On the basis of the theory of pneumo-separation it has been found, that with
the increase in the average air flow rate the degree of purification of grain from
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light impurities increases.

In the second phase, in the fractionation cell, the grains are cleaned from
other impurities and are separated into fractions, depending on the mass (Fig. 4).
Fractionation cell 1 comprises a dispenser 2 according to the width of the cell, and
divided by the length of the movable partitions 3 and the compartments 4, 5, 6, 7
and 8, with the dispenser 1, made in the form of a feeding roller 9, arranged on the
surface of the brushes 10, which with the possibility of adjusting the angle of
inclination guide tray 11 is set, and partitions 3, are formed with a curved top, with
each compartment 4, 5, 6, 7 and 8, is divided into two, and in one of the
compartments 12, installed the inclined sieve 13 and trays 14 and the other 15, is
interoperable with the tray 14. The fractionation cell 1, has an input 17, 18, 19, and
an output, channels of suction valves.

Grain 19
lmixture

Fig. 4. Grain Fractionation cell

One of the main mechanisms of the new two-staged combined machine for
the grain separation and fractionation of feeding roller 1 and the guide tray 11,
which in turn influence further technological process of machine work, that is
clean and graded the grain mass. When departing from the feed roller grain

mixture will have the same initial velocity Vg , the vector of which lies on plane
Oxy and is directed at some angle S to the axis OX (Fig. 5). The guide tray 11 is
installed with the possibility of adjusting the angle of inclination in the

range:  =0" +45°. A special mechanism for adjusting the angle of inclination 16,
the guide tray 11, allows it to set to the required value (Fig. 4).

When flying on the motion of the particle are gravity M; g , where m; - mass

| - particle, J - acceleration of gravity and kX - air resistance proportional to the
first degree of speed.
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The equation of motion of | — particle in projection on the axis OY is
m,y =-—mg —xy — Fsin 3 @)
After some transformations, if y=0 takes place y=h, i.e., we determine
the maximum height to which the particle with the mass m, (i =1, n) will rise,

m;g

V,sin g+

m.g : ()
K

The equation of motion of an arbitrary particle with the mass ™ (i =1..., n)
In projection onto the axis Ox is

m m’g
h:?vosmﬂ— % In

y K
miX:—kX,mm X=——
m

Fig. 5. The scheme of the dynamic load of the combined separator

After transformations we define the distance from the origin to the point
when the particle with the mass m, rises to a maximum height h (see Fig. 5)

VS - Sin2p
rzr:<(\/0-8in,8+m‘ 9

where, R- radius of the roll.
After the particle with the mass M, has reached a maximum height h its
reduction starts, and the vector KY is directed upwards parallel to the axis OY . To

simplify functional correspondences we shall start the countdown again t=0. The
differential equation of motion of the particles in projection on the axis we write in
the form (see Fig. 5)

S = + R

)
: (7)
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m}:—mg+W—Fsm% (8)

From this,

5 k

mg. mg m

)=h+—t+—(1-e"
) =h+=Stem (e -
Where it is possible to determine the value t=1t., if Y =0 corresponding

to the maximum length of flight of the particle with the mass counted along the
axis OX .
The law of motion of the particle with the mass m. in projection on the axis

OX' is determined from the equation

mX:—m. (10)
Vym? —%t
Fromthis, X(t)=- oM COS/3 g l1-e ™)
k?(V,sin g +—2)

After the substitution t=t, on the basis of (9) we determine the length of

flight of the particle with the mass m, along the axis OX,
k

2 H -,
Vom;gsin g e ™)
K2 (V, sin B + '9)

The total length of the flight taking |nto account the previously obtained
results along the axis OX will be

S, =

mv v, —LK
L=5+S, = Yo Yo 5in2p+ ;(g( "Ysin 8 |+ Rz

K(V, s mf‘)

This formula (11) is used for selecting a rational geometrical parameters of a
combined separator.

When the air resistance is proportional to the square of the speed, i.e
— -2
R=Kkv » the equation of motion i - particle is

m,y =-m;g —k;y* — FSiny (12)
where F - the resistance force of the oncoming flow, inclined to the horizon at the
angle 7 upstream of the lift to the maximum height h:

Here, for each particle (or separate fractions, composed of approximately
equal in mass particles m;) coefficient of proportionality k equal to k; is accepted.

(Fig.5).

. (11)
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After some changes of the formula (12) we find the correspondence:

k. Vo sin® (1+ -V, sin ,Btg / J
y="lnas &y
2Kk mg 11tg? ki , kV sin ﬂ 1+1g2 kg,

\m, m.g m

(13)

From (13) we determine the maximum height h, to which the particle with mass m;
canrise. Inthis case, ify=0

m. k.V.2Sin?
h=—In/1+ 22—~ ﬂ (14)
2k; mg )
Now we can write the equation of motion of particle with the mass m; in
projection on the axis 0X
g Ki .2
mX=—kX* or X=——X" (15)
m
Using some conversions if t =1, when ¥ =0 we can find out the length of

flight of a particle with the mass m; along the axis to a maximum lifting it to the
heighty =h

s = Mi (1 4 KitxVoCOSB, (16).
Ki m;

Let us transfer the beginning of coordination to the point X = S and the
beginning of the counting time to the area of reducing the particle with mass m;. In
this case, the vector of resistance in a projection on the 0Y axis will change to the
opposite direction (Fig. 5). The differential equation (12) if F=0 can be written as

follows

my=mg+ky*, 17)
If t=0, y=h we will get
2. [,
y=h MOy e 1
i i (18)

From this formula the timet, can be found, if y = 0 at the end of lowering
the particle with the mass m; if h = 0. If t =t the length of flight of the particle

mass m; by the axis 0X is determined,

Ki
——Ls

S, = 'In(—V cosfB-e M t, +1)
ko, (19)
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The total length of the flight of this particle along the axis 0X will be
L=S+ S*_ (20)

In the third Chapter — «Methods of experimental studies and
determination of design parameters of working bodies of the chambers
separationy» the scope of tasks of experimental research of parameters of working
bodies of a two stage combined machine for the separation and fractionation of
grain is defined. The techniques of experimental researches of determination of
mechanical characteristics of local varieties of grain were given in the research.
The research was carried out in a universal machine «Zwick» on single grains,
under the action of static loads in compression, to determine the allowable effort
(when micro-cracks begin to appear in grains), a tensile strength. Testing was
carried out on grains with different level of moisture. According to the results of
the experiments on the compression of single grains the diagrams of compressive
strain are compiled.

Taking into account the physical-mechanical characteristics of local varieties
of grain to create a uniform flow velocity, we experimentally determined the
design parameters of the inclined shelves (width 500 mm, length 400 mm); the
angle of inclination of the shelves («a = 23°).

On the side walls of the new two-stage combined machine for the separation
and fractionation of grain five fixed inclined shelves are fixed. Grain mixture
moves by gravity from one shelf to another shelf, hitting to the walls of the
shelves. In the process of hitting to the wall the grains begin to separate from each
other. The dusty air and impurities not exceeding the weight of the grain are
absorbed by air at a speed v <7m/c which was determined in the laboratory. This
provides a qualitative removal of dusty air and impurities, not exceeding the
weight of the grain, through the suction channel. For the suction channel of the
separation chamber airflow rate is determined as Q, and fan flow with

Q, =630°/u rate in width B=0,05 m, and length L=0,5 m of suction channel and

air velocity of v =7u/c is chosen (Fig.6).

The width of the lower shaking shelf should be equal to the width of the
upper inclined shelves. The length of the lower flange is made larger than the
length of the upper inclined shelves to ensure the release of the large impurities.

In a new two-stage combined machine for the separation and fractionation of
grain bottom shaking shelf is installed at an angle «. The angle « is less than
friction angle, and grain is moved due to the vibrations of the shelves, which are
made, usually, from galvanized sheet of steel with the thickness of 0,8...1,0 mm.
Holes in it are of a circular shape. To clean the grain from large impurities, the
diameters of the holes of the sieve must be greater than the diameter of the grain,
I.e. d.=7 mm. It is found that the optimal acceleration of the bottom shaking shelf
with round holes is recommended to be 9-12 m/s%. The value of r that determines
the amplitude of the shelf is equal to 5-6 mm.
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Fig. 6. Laboratory installation of the combined separator

The diameter of the supply roller is determined experimentally, it is equal to
dg=350 mm, the width of the supply roller is equal to the width of the separation
chamber and it is L=500 mm. Taking into consideration the location of the guide
tray under the supply roller, the width of the guide tray will be equal to the width
of the supply roller.

With the increase of the frequency of rotation of the supply roller (250-450
r/m) and the inclination angle of the guide tray (range from 0 to 45°) lifting height
and span distance increase the grain mixture and also improves the quality of
fractionation of the grain mass.

Large grains, (i.e. seed grains or other possible impurities), flying a long
distance, get in the farthest compartment of the fractionation chamber. Small grains
having a smaller mass (food grains or other possible impurities) than seed fly
according to their mass less distance and enter a specific compartment.

Experimental studies of the process of complete cleaning of the grain
mixture from impurities are done to determine the fractionation of grains with
different speeds of the supply roller (250, 300, 350, 400 and 450 r/m) and the
inclination angle of the guide tray (15°, 30°and 45°) with a capacity of 7.5 t/h.

Theoretically determined and experimentally confirmed by rational
constructive and technological parameters of the new machine for the separation
and fractionation of grain.

In the fourth chapter of the thesis-""The results of experimental researches
on determination of the design parameters of working bodies of the chamber
fractionation' the results of experimental studies to determine the structural and
mechanical characteristics and parameters of the process of purification and
fractionation of local varieties of grain are given.
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The study of the structural and mechanical properties of local varieties of
grain has theoretical and practical value. Knowledge of structural and mechanical
properties of local varieties of grain and the mechanism of their deformation
allows us to improve existing and create new equipment for their purification and
fractionation. The conducted researches allowed determining the effort required for
destruction of individual grains of local varieties under static and dynamic
compressions on the test machine «ZWICK-1445y. Built and analyzed the charts
of compression grain with a moisture content of 11% in the «side-side» state.

The first section charts the
efforts of the interval «0-A» part,
; represents a straight line with
i small slope angle, the
: deformation occurs in direct
i proportion to the load increase.
i At this stage of loading the

grains retain its elastic properties
(Fig. 7).

Section «A-B» of the

S S diagram is the conventional to

oo e M w® W Ml":" yield stress, I.e. the increase of

Fig. 7. Chart of compression grain deformation at ~constant IO?‘d'

Thus, on the surface of the grains

there is a distribution of compressive forces on the area, which causes the filling of

voids in the structure between the layers. A visual assessment of the condition of

the grains at this stage, after removal of the load, is difficult. Surface of the grain,

in general, is not broken, only in 15-20 fold increase of grain surface in contact
with a movable stem has a slight dent about the size of 0,3x0,2 mm.

In the area «B-C» corresponding to a further increase of the load, in a
straight line, with a large angle of inclination than the first section a plastic
deformation is formed. When the load is removed at this area closer to point «C»
in the structure of the grains, visually, we can observe the occurrence of internal
cracks across the grains. The residual deformation is 0,2 mm.

Next area — "S-D" — of the diagram corresponds to a strongly pronounced
yield point. The amount of residual deformation after removal of the load is from
0,3 to 0,59 mm.

In the section «D-E» the formation of plastic deformation, accompanied by
destruction of membranes and in whole grains is largely dominated.
The magnitude of the load, not causing significant changes in the structure of local
varieties of grain with a moisture content of 11%, in position «side-side» is 128,5
H, in the position «stand» is 75.2 H.

Table 1 shows the results of studies on determination of moisture content of
local varieties of grain on their strength characteristics.
It is found, with the increase of humidity the decrease of breaking stress and
deformation rate takes place, but destruction itself occurs at higher loads.
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Table 1.
Destructive force and the absolute deformation of different grains of local varieties
under different level of moisture

Je [ el e [ e[ ]e | ¢
e g |2 ¢€ |23 € | e
Nameof |Z&| £ =29 £ 2 298 | £ S =29
Ne n |2|E<| 8% | 2 | §= | 38| 2 |E=5| 8%
grain gl 8 o c = S o £ S S 2 E
S| S < 5 S = < = = = < =
L 3 = L B e | T B =
| S a o (@] S
1 | Chillaki 9 | 142,7 12 1175 16 97,8
(Andijan
Region) — o
2 | Bobur 8 | 1532 8 11 [ 1285 | <« [ 15 | 107,8 g}
(Syrdarya < < 3
Region) S o L
3 | Nota 8 | 136,4 11 [1134 = |15 [95.2
(Tashkent
Region)

In the process of experimental studies we have examined the formation of
micro-damage of the grain by feeding roller brushes and at the expense of free fall
on the surface of the shelves depending on several factors. As a result of theoretical
research of interaction of grains with the surface revealed that the damage to the
grain is influenced by the speed of his flight.

As a result of theoretical and experimental researches it is established that
for motion of the grain mixture on the surface of an inclined perforated shelves by
gravity, the angle of inclination of the perforated shelves should be not less than

23", and the diameter of the perforations is not more than 3,5 mm.
When departing from a feeding roller grain mixture will have the same

initial speed - Vg , the vector of which lies on the Oxy axis and is directed at some

angle # to the axis Ox.

Grain mixture departing from the supply roller in a certain direction,
corresponding to the weight, divided by the length of the fractionation chamber.
The length and height of the camera fractionation depends on the mode of
operation of the feeding roller and the inclination angle of the guide tray. When the
rational speed of the supply roller n, =450 06/ mun, and the inclination angle of

the guide tray is « =45 on the basis of theoretical studies proved that the machine

separation and fractionation should be the length of the fractionation chamber
L=5000 mm, width B=500 mm, height h=1200mm. In addition, it is constructively
proved that for the complete purification and separation of granules on fractions
and collecting them in certain compartments, the distance between the
compartments should be 100 mm, and the length of the shelves should be 200 mm,
the width of shelves should be equal to the width of the camera of fractionation.
The angle of inclination of the shelves of each compartment is adjustable in the
range B=0 to 24° allows to choose rational values, depending on the grain mixture.
Thus, the separation of the initial mixture into fractions by mass is taking place.
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According to the results of the experimental data for the adopted geometrical
parameters the graphics based on length of flight and height of local varieties of
grain, depending on the mass and speed of flight of the grains and the inclination
angle of the guide tray is compiled (Fig. 8, Fig. 9).

1,2
0
h,m B =45
1
08
) o~ a -
A ~ “ “ “ -
0,6 -
—— —— —— —O— —_—
0,4
0,2
0,26 0,028 0,03 0,032 0,034 0,036 0,038 0,039 0,04
—*~v=3,93m/c ™™ v=4,73m/c ~* v=5,49m/c T~ v=6,28m/C m,rp

Fig. 8. Diagram of interdependence between the height of local varieties of
wheat and the mass of grain

It was defined that when the angle of inclination is o =45°, the rotation
speed of the supply roller is 250 r/m, the length of the flight of grain will be 1,8 m,
and lifting height up to 0,4 m, when the rotation speed is 450 r/m, the length of
flight of grains is up to 4 m, and lifting height is up to 1 m.

Also, it is obvious from the graph that the lifting height of the particles of
the grain mixture increases in proportion to the increase of the mass of particles of
the grain mixture. Accordingly, the particles having the greatest mass, were raised
to the greatest height and fly to the maximum distance.

The experimental data do not differ from the theoretical values by more than
5%.

In the process of preliminary and laboratory studies of combined separator
the need to verify the operation of machine in industrial conditions appeared. The
main purpose of industrial research is to determine the modes of operation of the
apparatus satisfying the technological requirements of industry standard. The main
criterion for technological evaluation of the combined separator is the complete
purification and fractionation of the grain mass in the process. In the course of the
research, it is also necessary to verify theoretical laws affecting the full purification
from various impurities and fractionation in the mass of grain in the processing
machine for separation and fractionation in a production environment.
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Fig. 9. Diagram of interdependence between the length of flight of local
varieties of the grain and its mass

It was determined the quality of seed grains after processing on the machine
separation and fractionation, that is, the complete purification from various
impurities and fractionation of the grain mass. Grain large mass has a high seed
quality.

As a result of determining the germination of grains treated experimentally
in combined separator and serial ZM-60, it became known, (that at frequency of
rotation of the supply roller of the experimental device is not more than 450 r/m,

when the angle of inclination of the guide tray is « =45") germination of grain is
higher by 6-7 % than the grain processed by ZM-60. As a criterion for estimating
the mass of grains, the weight of 1000 grains is taken.

Experimental results for different machine operation modes for the
separation and fractionation of grain shown in Table 2.

According to the obtained results we can judge about the nature of the
change in mass of seeds, along the length of the fractionation chamber. It is seen
that with increasing frequency of rotation of the supply roller, there is an allocation
of fractions of the grains with the largest mass directly to the first site. It should
also be noted that selected fractions of the grain on the first site do not contain
impurities and weeds.

One of the main criteria agronomic evaluations of quality of the grain
fractions in the separation or purification is the extent of the damage. Since the
studies were conducted in laboratory conditions, for each of the obtained fractions
was determined by the degree of micro-damage by well-known methods.

Analysis of the results showed that macro-damage of fractionated grain
along the length of the fractionation chamber is not occurring. The presence on the
surface of the supply roller brushes is provide a smooth capture of the grain
mixture. Grain mix, dialing the appropriate speed from the rotational motion of the
supply roller passes along a certain trajectory at a distance of 4 meters and a height
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of 1 meter, then according to their mass divided by the entire length of the chamber

into fractions.
Table 2.
The dependence of the change in the mass of 1000 seeds along the length of the

fractionation chamber from the rotational speed of the supply roller when o = 45°

The . . .
frequency Parts and the length of the fractionation chamber, in meters
Ne | of rotation
9 8 7 6 5 4 3 2 1
of the feed

roller r/m 10,3-1,3(1,3-1,7|1,7-2,1| 2,1-2,5|2,5-2,9| 2,9-3,3|3,3-3,7| 3,7-4 | 4-4,5

450 20,7 | 23,8 27,3 | 294 | 32,1 | 348 | 36,7 39,2 | 414

400 22,5 26 29,1 | 316 | 348 | 372 | 38,7 | 40,3

300 252 | 295 | 322 | 343 | 369 | 384 | 3938

AIWIN|PF

250 274 | 308 | 333 | 36,2 | 37,7 | 394

The maximum force acting on each grain upon impact with the surface of
the shelves in the approved technical specification of the machine separation and
fractionation is proportional to its speed, mass and is equal to F=15H. The

damage of local varieties of grain occurs at loads more than 80 H.

A significant advantage of using machines for the separation and
fractionation is that when processing the wet mixture reduced grain moisture grain
up to 3% contained in the surface layer of membranes.

Given the theoretical and experimental studies created an industrial design
machine for the separation and fractionation of the grain mass (Fig. 10) and
introduced in production.

12, 1 anasarezzz s
7_&,,2 . -
- 1

| 4 5 G

14
A\

Fig. 10 technological scheme of combined separator
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In the fifth Chapter — «The technical and economical reasons of creation
of a new machine for the separation and fractionation of grain» the technical
and economic parameters of the proposed machine in comparison with a serial
machine are given, and received annual pure profit in a form of discount profit is
calculated.

The results of calculation of economic efficiency and comparative data used
and the proposed machines are shown in table 3.

Table 3.
Summary indicators of economic efficiency of the use of the machine for separation
and fractionation of grain

Ne Variants
} Indicators Measures
Separator Experiment
encore b
The value of one machine (Al bue-12;
1. P3BKT-100; A1B3K-18, Y1BMII and the Sum 136000000 17000000
suction channel)
2. Number of machines Sum 4 1
3. The value of all machines Sum 554000000 17000000
4. The hourly output of one machine t/h 12 15
5. Annual output t 65000 81000
. . . - Sum/t 2213 523,45
6. Operating costs, including electricity Sum/t 242.2 517
7. Operating cost savings Sum/t - 1689
8. The degree of reduction of operating costs % - 76,3
9. Specific consumption Kglt 0,041 0,019
10. The degree of reduction of the material % - 53,1
11 Additional income from the introduction of a sum i 460320000
new mashine
12. Annual cost savings Sum - 136809000
13. | The payback period of additional investment Years - 1,3
14, Production area m2 81 18
. - 2
15, Operating costs for the malntenance of 1 m* of sum 8100000 1800000
production area

Along with the economic effect, high processing quality of the grain mixture
Is gained. By improving the quality of the process and exclusion of defected
grains, the seeds number increases.

CONCLUSION

1. New design of machines for separation and fractionation of grain crops,
which combined cell separation and fractionation of grain, allowing to increase the
performance of the machine and the quality of cleaning of the grain mixture from
Impurities and fractionation grain for the masses to exclude his injury, reduce
material and energy consumption, as well as, to take a relatively small production
area was worked out.
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2. The mathematical model and method of calculation of the movement of
the grain mixture in the chambers of the machine for separation and fractionation
of the grain mass to determine the value of kinematic and geometric parameters of
the main working bodies were worked out.

3. The design parameters of the inclined perforated shelves and lower
shelves shaking on the basis of the equations of motion of the grain along the
surfaces of inclined perforated shaking shelves and bottom shelves for cleaning
grain from light impurities and large mixtures were revealed.

4. Rational parameters of inclined perforated and lower shaking shelves with
a capacity of 7,5 t/h: the width of inclined shelves is 500 mm; the length of the

inclined shelf is 400 mm; the angle of slope of the shelf is « =23°; length of the
lower sloping shelves — 430 mm, which allowed the movement of the grain
mixture along the surfaces of the shelves by gravity with one layer, that provided
separating of organic and mineral matter and shells of the grain.

5.1t was established that on the basis of developed methods of
mathematical modeling and experimental studies of dimensions, the perforations
of perforated shelf for slant — 4 mm, lower shelf for shaking 7 mm, the width of the
ducts of the aspiration channel 20 mm, height 1500 mm, air flow velocity of 7 m/s,
which provided the absorption of light impurities, through the perforations and the
suction channels, the separation of large impurities in a separate container and even
loading the corn into the chamber of the supply roller.

6. Design parameters of the feeding roller depending on the process
requirements and machine performance on the basis of mathematical modeling,
which was a diameter of 350 mm, a width of 500 mm and speed 450 r/m, ensuring
a smooth takeover of the grain and uniformly the same initial speed of its flight
(v =6,28%() were defined.

7. Differential equations, to determine the total height «h» and length of
flight of a grain «L», depending on the initial speed of flight of grain from the feed
roller , the angle of inclination of the guide tray , the drag coefficient of the air
from the grain mass , and the characteristics of local varieties of grain.

8. It was found ,that when the angle of inclination of the guide tray « = 45°
depending on weight of grain, the height of its flight ranges from 0,2 to 1 m, and
the length of flight of a grain «L» ranges from 1,5 to 4 m. These options allow you
to divide grain into several fractions according to the mass to reduce its moisture
content from 2% to 3%, and fully clean grain from various impurities.

9. Physical -mechanical properties of local varieties of grain in regions of
the country, which allow us scientifically substantiate the parameters of the new
machines, created the separation and fractionation of the grain excluding the injury
of local varieties of grain.

10. On the basis of the results of research, it was manufactured and
introduced into the production a new design of machine for the separation and
fractionation of crops with scientifically based options were developed. The
implementation of which in manufacture have improved the performance of the
machine.
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