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KHUPHUI (10KTOPJIMK AMCCEPTALMACH AHHOTALMSACH)

Jucceprauus MaB3yCMHMHI J0J13ap0/uru Ba 3apypusaTu. byryHru kynaa
OyHE MHUKECHZA KULUIOK XYXKaJurd MaxCyJIOmIapuHU  KalTa UIUIamjga
KYJUIAaHWIAIUTAaH MallMHAa Ba JKUXO3JIADHUHI MII YHYMIOPJWTHWHHU OILIMPHUIILI,
sHeprus cappuHM KaMaWTUpHIL, WOUTA0 YHKAPWIAJUTaH MaxCyJIOTIapHUHT
cudaTHM sTHa/1a AXIIUIANI Ba XaB()CU3JIUTUHU TabMHUHIIAIITA KapaTUIIraH.

Pecniybnukamusia JOH MaxcylnoTiapura OYiraH SXTHEKHA TabMHUHIIAII
Makcaauaa 1991 iwira auc6aran Oyrynru kyHaa 10 mapranan optuk (2015 itmnna
8 MJIH. TOHHAQJAaH OPTHK) Fajia, 5 mMapTaJlaH OPTUK AYKKAKIW SKUHIAp (JIOBUA,
MOII, KYK HYXaT, MaXaJUIMd HYXarT, COf....) €TUIITHPWINO JIOH MYCTaKWJLIATUTA
SPULLIWIIIH.

Etnmrupunaérran 1oH MaxCyJlOTJIapUHUHT KUMEBHM, (U3MK Ba MEXaHUK
XyCyCcUSITJIapd XamJa HAMIIMTMHU 3bTUOOpra OJraH XoJiJa TYypJiud OpTraHUK,
MUHEpaJl Ba WHPHUK apajaliMaliaplaH To3allalll, Maccacura Kypa (Qpakiusuiapra
@XpaTulll y4yyH 3apyp OYiran OKOpH yHYMJIM, METaUl Ba JHEPIHsl TEKaMKOD,
ux4yaMm, OHMp Heua TEXHOJOTUK KapaCHJapHU OaxapyBuuM SHIU TypKyMIaru
MalllMHAJIApHU SPaTHIIl COXaHUHT MyXUM Baszudanapuian Oupuiaup.

MamuHaHUHT ~ TEXHOJOTHK MII  PEKHMHMHM  acocjaml  kapacHuzaa:
KaMepanapAa JOH  Xapakaru TEHIIaMaJapuHA  Ty3ull  Ba  XucoOuall
METOAMKATAPUHN MIUIA0 YWKMIL, ACOCHM MINYM OpraHJapHUHI KUHEMaTWK Ba
KOHCTPYKTUB IapaMeTpJapuHU aHUKJIALL, JOHHU aj’pOAMHAMUK cemnaparusianl
KaMmepacuga nepdopanusiaHraH KU TOKYajap Ba TACTKA CHJIKUTYBYM TOKYA
OViiiad eHrwJ1 Ba WHUPHUK apajaiiMaiap/aH To3ajall Y4yH XapakaT TeHITIaMacHuHU



SApaTHIL, YHUHT KOHCTPYKTHB MapameTpjapuHM aHUKJIAII; JOH apajaliMacHHHHT
TOKYaJIap ro3acu Oyitniad ¥3 oxkuMu OwiaH Oup Kamiam Oynub XapakaTjJaHUIIWA
Enumub KOJITaH OPraHMK Ba MUHEpAJ apajiamiManap, IIyHUHTACK, TOH KOOMFUHUHT
QKpaTUIIMHA TAbMUHJIAII, TOKYAHWUHT YWHKJIAp JWaMETpPHU Ba aclHpaius
KaHAJUHUHT YI4aMJIapUHU, XaBO OKMMHHHHI TE3JIMTMHUA MHOOATra OJraH XoJijaa
JOHHM JlacTyiad eHrwl, CYHrpa HWUpHUK apajaliMaiapliaH To3ajnad ajoxuja
UAMIUTApTa  @XpaTHIl; JOHHM  (pakOusuiall — KaMmepacuaard TabMUHIOBYU
BaJJUKHUHT OWp Mapomja FOKJIAHUIIM XamJa JTOH OMp XWJI y4YWIl TE3JUTUra sra
Oynran xonJa Maccacura Kypa  (¢paxkuusiapra  axparudil  TEXHOJOTHK
xKapa€HJIapUHU aHUKJIAIIHUHT SHTY WyHanummHu ound Oepagu. Uy cababnu xam
MaxaJUIMid JOH HaBIAPUHUHT (PU3UK-MEXaHUK XOCCAJTApUHU XyAyAjJap KeCHMHIA
ypranub, Typium apanammManapiad To3ajall, Maccacura Kypa (pakmusiiapra
@Xparuil ydyH 3apyp Oynran «KoMOMHAIIMOH cemaparopy MalllMHACUHUHT WIMHUN
acoclapvHU SpaTHIl, UIIad YMKAPUII, CHHOB/IAH YTKA3HII Ba )KOPUI ITUII MYXUM
axaMMsIT KacO 3Taju.

V36exucron Pecny6mukacu Ilpesupenturmar 2009 iimn 12 mapraaru
[IK-1072 conmm «Mmmad YWKApUITHA MOJCPHHU3AIMS KWINIL, TEXHUKABUH Ba
TEXHOJIOTUK KaiTa JKMUX03Jall OYiHrYa 3HT MyXHM JIOWHXQJIapHHU aMajra OIIHPHII
yopa-taaoupnapu gactypu tyrpucuna»tu Ba 2011 iun 31 okraOpnparu 11K-1633
connn «PecmyOnuka 03WMK-OBKAT CAaHOATHMHU OOLIKAPHIIHU TAIIKHWI ATHUIIHHU sSHazIa
TaKOMWJUTAIIITUPHII Ba PUBOKIAHTHPHUII YOPA-TAOUPIApU TYFPUCUIANTH

KapopJiapu xamjia Ma3Kyp (haoiausitra TEruIIn OOoIIKa MEbEPUN-XYKYKUH
Xy KKaTiapaa Oenruianrad Ba3udaniapHu amalira olupuIira yiudy guccepranus
TaJKUKOT MyailsiH Aapa)kaJla Xu3Mar KHJIaJIu.

TaagkuKOTHUHT pecny0dauka ¢gaH Ba TEXHOJOTUSJIAPU PUBOKIAHUIIN
HHMHI YCTYBOP HyHAJMILIApPUra OOFIMKIAMIUA. Ma3Kyp TaIKUKOT pecryOauka
¢dan Ba TexHosorusuiap puBokJIaHUIIUHUHT VII. «KuME TexHomorus Ba HaHOTEX
HOJIOTHS» YCTYBOp WyHaIMIura MyBo(huK OakapuiraH.

Aucceprauus mMaB3ycu OyiM4Ya XOPWKUN WIMHH-TAAKUKOTJIAP LIAPXH.
JIOH MaxcylnoTiaapuHM Typid apajalmmManapiadH To3ajam Ba (pakuusiapra
QXpATUILl TEXHOJOTHUsUIApYU Ba MAIlMHAJIAPUHU SIPATUILITA WYHANTUPWITaH WIMHUN
U3JIAHUIIIAD JKAXOHHUHI €Takyd WJIMHM Mapkaszjiapy Ba OJUH  TabiuM
myaccacanapy, xkymianas, University of Illinois (AKII), University of Greenwich
(bytox bpuranus), Italian Culinary Institute (Mtamus), Institute of Agricultural
engineering (I'epmanus), Institute of Chemical technology (®panuwms), Canadian
Institute of food science and technology (Kananma), Swedish Institute of Food and
biotechnology (IlIBemus), Poccus noH Ba yHHM KailiTa HIUIA MaxCyJIOTIapH
WIMUN-TAIKUKOT HWHCTUTYTH, PoccHsi KHUIUIOK XY>KaJUTHHU MeEXaHU3aIlWsIaIl
WIMUN-TAIKUKOT uHCTUTYTH, Ontoil, Jlon Ba KyOanp naBnar arpap YHUBEPCHUTET
napu, YenssOMHCK [aBliaT arpoOMyXaHAMCIHMK akajaemusicu, KemepoBo 03MK-OBKar
MaxCyJnoTiapyu TEXHOJOTUSACH HMHCTUTYTH, MOCKBa JaBiaT O3MK-OBKAT HWILIA0
yuKapuiln yHuBepcureriapua (Poccus) onub 6opuiMokia.

JlonHn Oomika apajammManapiaH To3amam Ba ¢pakiusaapra axparuin
MalllMHaJlapd Ba TEXHOJOTUSJIADUHU SIpaTHINra OWJ >KaxoHAa oJub OopuiraH



TaJKUKOTIIAp HATHKACHIa KaTop WIMMI HaTHXKaJlap OJMHTaH, KyMJIaJaH, KyWuaaru
WIMHUHN HaTWXaiap OJIMHTaH: JIOHHU 00CKMYMAa-00CKUY TYypJid YI4aMIid dJIaKiap/aH
VTkazum iynu Ounan to3anoBun mamuHanap sparwiran (Institute of Agricultural
engineering, ['epmannsi, Swedish Institute of Food and biotechnology,
[IBerus); wiarapunaHMa-KaiiTMa Ba ailllaHma Xapakarra sra Oynran TeOpaHMa
cenapartopiap wunad ywukapumiga kymutanwiran (University of Illinois, AKIII,
University of Greenwich, Bbyrook bputanus); nHeBMocenapartopiap spaTuirad
(Italian Culinary Institute, Utanus); rpaBuTaninoH, MapKas/iaH KoumMa Ba HHEPLIUOH
cenaparopiap sipatwiran (Institute of Chemical technology, ®pannusa, Canadian
Institute of food science and technology, Kanana, Swedish Institute of Food and
biotechnology, IlIBenus); JOHHM XaBO OKUMHU-IJIAK CeMapaTopujia Mypakkad
XapakaTJaHUIIM HaTUXKacuja TeOMETPUK YiiuyaMHura Kypa To3ajlall TEXHOJIOTHK
xapaénaa Kymnanwirad (Kunuiok xy»aqauruHyu MeXaHu3alusiia WIMUN TaIKUKOT
unctutyTd, Onroit, Jlon Ba KyOan mamnar arpap ynuBepcuteriapu, KemepoBo
03UK-OBKaT MaxCyJlOoTIapyu TEXHOJIOTUSICU UHCTUTYTH, MOCKBa JaBjar O3UK-OBKAT
unuiad YuKapuill yHuBepcuretriapuaa, Poccus).
JlyHéna 10H MaxcynoTIapyuHU capaniail Ba (ppakuusiapra axpaTuil TEXHO JOTUsICH
Ba MalllMHAJIAPUHU spaTUIl OVinYa KaTop, )KyMiIaJilaH, KyHuaara yCTyBop
HyHanmuuuiapaa TaikuKoTiap oaud OOpHIMOKIA: KOMOMHAIIMOH TEXHOJIOTUK
xKapaCHyiap YUyH SIHTU TYPKYMJIary Uil YHYMJIOPJIUTH I0OKOPH, SHEPrus capdu Kam,
MeTaJul TeXaMKop OyJraH capanami Ba (ppakuusiiapra aXpaTuil MaluHaTapUHA
SAPATHIILL, TEXHOJIOTHK Kapa€HHU TYIIMK MEXaHU3alUsAJIaIl Ba aBTOMATIIAIITHPHIIL;
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caMapaJiopJurd OKOpU OYJraH yCKyHajgap Ba WIFOP TEXHOJIOTHSJIAPHU KYJUlalll
OWwIaH IOKOpU HaBjapJard yH HWILIA0 YUKAPUIIHU KynaWTupuil, yH-EpMma Ba
OMYXTa-€M CaHOaTMHW TaKOMUJUIAIITHPHUII; JOH MaxCYyJIOTJApUHUHT KHUMEBUM,
(bU3MK-MEXaHUK XOCCaJlapuHU XUCOOTa OJIraH XOoJiJa TEXHOJIOTHK KapaéHiapja
KYJUTAHWIAJIUTaH YCKYHAJApHUHT KYypCaTKU4JIapy Ba UII PEKUMIIAPUHN aHUKJIALLL.

MyaMMOHMHT YPraHWITaHJIMK Japaxkacu. /oH MaxcylnoTiapuHu
caparaiil, GpaknusIapra aKpaTuill TEXHOJIOTUICH Ba KUX03IapUHU SPATHUIII
oyitnua H.E.ABnees, B.M.Auuckun, A.C.Apxurmos, A.®.byrenko, H.d.Bacums eB,
H.I'I'mankos, B.B.I'oprtunckuii, B.I1.Iopsitukun, A.I'I'pomos, I1.M.3auka,
A.H.3romuH, A.B.3uns6epuarens, A.U.Knumok, U.E.Koxyxosckuii, H.®.Konuen
ko, I.1.Kocunog, B.A.KyOsimes, A.A.Kyku0, I1.H.Jlammmn, W.I1.JIanmus,
M.H.JIeroumneB, A.A.Jlonan, B.H.Makapos, E.A.Henomusiux, I'. T.IlaBnoBckuii,
N.®.ITukysa, FO.B.Tepentses, I.[I.Tepckos, B.1.Tenerun, M.A. Tynbku0aes,
H.H.Vnbpux, B.M.lleuunosckuii, I.®. Xauxacaes, A.B.®omunbix, H.H.Ynbpux,
B.M.Ipunua, X.Po6ept, I1./{.Ponuau, I1.K.Pocc, O.Yundpua, . Xemepu,
H.P.IOcymnb6ekos, X.X.Ycmanxomkae, P.I"Maxkamos, 3.C.Canmumos, C.C.Herma
TOB, A.A.ApTuKoB, A.A.Pu3zaes, I'.A.baxagupos, X.Hypmyxamenos, III.M.I'yns
MoB, II.M.Typcynxomxkaes, XK.II.Myxutnunos, K.O.[donaes, K. Kyp6oHos Ba
OollIKanap UMUK W3IAHUIILIAP OJMO OOpHUIITaH.

Jlon maxcynoTiapuHu capajaii, (pakiusiiapra akpaTull MallldHallapu Ba
TEXHOJIOTHSUTADUHM SpaTUIl OyinYa TaaKUKOTIAp HATWKACHAAa HWII YHYMH Ba
KyBBatu Typnuda Oynran 100 MuHTIAH OPTHK MalllMHA Ba YCKYHAJIap SPaTHIIJIU.



XKapaéHHUHT MeXaHMU3AIMUIAIITUPWITAHINTH  MeXHAT yHymuopiauruau 8-10
Oapobapra omupud, UUIoB Oepulra capdiiaHaural xapaxamiapau 1,5-2 maprara
KaMaWTUPUII Xama cudaru IKOpy OYITaH YH Ba YPYFJIMK OJUII WMKOHUHHU Oepu.
A.B.®omunbix, H.®.Bacunbses, A.B.3uwis0epnarens, H.H. Vb

puX Ba OOIMIKAJAPHUHT TAAKAKOTIAPU HATHXKalapura Kypa, IOH MaxCylIOTIapuHU
TO3ajall MalluHajJapy W4uaa dHeprus cappu kam OYiraH JIakiiv MallldHAajlap SHT
Ky KYJJIaHWJagu. OJakid MalldHalapAa BUOpalMoH Yy3aTMajapHU KyJUiarl
TeOpaHuIUIap aMIUIMTyJacMHU Oup Heuda OapoOap (5-10) kamailtupuin Xamjaa
TE3JIAaHWIIIK Ba YacTOTacHMHM Oup Heuda OapobOap (5-10) ommupuimn WMKOHHSATHHU
oepau. I JI.TepckoB, B.B.AnenGepr, A.A.Pworep, WN.d.Iluky3a, B.H.Makapos,
B.U.Tenerun, W.A.Kyosimes, W.B.Mopun, H.W.TenbmanoB, A.K.Huxutus,
H.C.®ponos, I.®.Xanxacae, H.B.bakym, A.®.byrenko B.H.MakapoB Ba
OOIIKaJApHUHT TAJKUKOTIApUIa JCHTAIW JOH TO3aJOBYM MAaIIMHAIApAA MablyM
Oypuak oCTHA JICHTa Xapakaru Te3nuru 14 m/c raua OyiraHja, OTWITaH JOHHUHT
XapakaT TpPaeKTOpHUsACH IMapaboyialaH uOopar JKaHIUTH TYFPUCHUIArUM THUIOTE3a
WIrapu CypwiIraH Ba TacAWKJIAaHTaH. byHAa JOH V3WHWHT a’dpOJUHAMUK
KYpcaTKu4japy, yadamiiapd Ba COJUIITHPMA OFHPJIUTUATa OOFJIMK XOJa TYpiu
macodanapra OOpuO TymIMIIA KaWa »dSTUITaH Ba JICHTAJIM JIOH TO3aJIOBYU
MallnHaiIap €pAaamMujia I0H MaxCyJIOTIapUHUHT TO3ajJaHull aapaxacunu 4-20% ra
OIIMPUII MyMKHUHJIUTH TaCTUKJIAHTaH XaMa YPYFJIUK JIOH OJIUINTA TaBCUS ITHITAH.
H.N.KocumoB Ba A.AKykuObun Ba OomKa TaAKUKOTYHWIAPHUHT  WIMHUH
W3JIAaHUIILIAPY HaTHXKACUIa UIILUTa0 YMKWJITaH MTHEBMO-HHEPIIMOH MallliHa JOH
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MaxCyJI0TIapUHU IACTIA0KU To3aliall xapaéHuaa Qpoiaanuilra TaBCUsl 3TUIITaH.

JloH MaxCyJlOTJIapUHU TETUIIIM KYpcaTKuujaapu Oyiinua capalail Mypakkao
xkapa€H Oynmubd KyWmparn OOCKUWIApHM Y3 WYHWTa OJIaJld: JOH MaxCyJIOTHHHHT
TUTPOBYM TOk4Ya OVilna® HHCOMI XapakaTu; V3-Y3uJaH capajaHull - TUTPOBYHU
TOKYaJaH KeWMHTY MAaCTKU TOKYara YTUIIW; MapKa3[aH KouMma Kyd TabCUpHua JOH
MaxCyJIOTHHHHT MabliyM Macodanapia VpHATWITaH WAWNUIApra  TYIIHIIH.
TexHonoruk >kapaénnapjaa OKoOpuaard OOCKHUYJIAPHUHT Y3apo OOFIHMKJIMTUHU
XycoOra oirad Xoji/a J0H MaxCyJlOTJIapuHU cenapanusiiall Xxamia Maccacura Kypa
dpakuusuiapra axparuil kapaéHd Ba MalllMHAJIAPHU sHaZa TAKOMUJUIAIITHPHUILL
non3ap0, NIMUN-aXaMHSTTa Jra.

Juccepranus MaB3yCMHMHI JUCCEPTAlUsl 0a:KapWIraH OJIMA TabJIUM
MyacCcaCaCHHUHT WJIMMH-TAAKUKOT MILIapura OoFJuKIuMrud. Jluccepramus
TaJKUKOTH TOIIKEHT KUME-TEXHOJIOTHS MHCTUTYTH WIMUM TaJIKUKOT PEKACUHUHT
HUTI-5-065. «Kumé Ba 03MK-0OBKAT MaxCyJIOTIapy YUYH PECYpPC CaKJIOBYH, FKOJIO
ruK xaBdcu3 TexHojorusuiap unurad yukapuin» (2005-2012 iit.) Ba ['ynucton
napiyat yaupepcutetu A3-46. «JloHHM TO3ajall Ba capaall KypuiMaJapuHUHT
camapaJIopJUruHu XucoOall Xxama yaapHu JoMuxasail yciayoJapuHu TaKOMUII
namrupuiny (2015-2017 #i.) xamaa MOT-2014-2-31. «/loHHu apanammanapaH
TO3aJIaIll Ba Maccacura Kypa ppaxnusiapra aXpaTHIll TEXHOJIOTHSUTAPUHN UILTA0
quKapuira >xopuid >t (2013-2014 #ii.) moitmxanapu moupacua 6akapuiras.
TaagKMKOTHHHT MAaKCAaJAU JIOH MaxCYJIOTJIADUHU CeTapalysiall Ba Macca cura



Kypa dpakuusiapra axparuil MallliHACHHY SIPATUII Ba YHUHT TEXHOJIOTHK,
KMHEMAaTHK Xamjla KOHCTPYKTUB MapaMeTpiiapuHu acocyaliaad nubopar.
TaaKUKOTHUHI Ba3udajiapu:

cemapanusiam Ba (Qpakiusiapra axpaTuil  MalluHAJapUHUHT  STHTH
TYPKYMHHHM SIpaTUIl ~ YYyH MaXaJUIMd JOH HaBJIApUHUHT  (PU3HK-MEXaHUK
XYCYCHUATIIADUHU XYAyJIap KECUMUIA YPTaHUILL,

JIOHHM TO3aJ1alll Ba Maccacura Kypa ¢ppakuusuiapra aXparuiin TEXHOJIOTUK
YKapa€HUHU YPTraHUIIl Ba TaXJIWJI KAJIHIII;

JTOHHUHT nepdopanusiiaHral ToKJaIap 103acujia XapakaTJaHUIll TeHIJIaMa
CHHM TY3HIII;

JIOHHU €HTWJI apajlaliMaiapAad TO3anall Y49yH XaBO OKUMUHUHT TE3JIMTMHU
AHUMKJIAIl BA BEHTUJIATOP TaHJIAIIL,

JIOHHU MUPUK apajialiMaiapJaH To3aJ0BUM MTACTKU, TeOpaHMa XapakaTin
TOKYA F03aCHJIaTy XapaKaTJIAHUII TEHITIAMACUHU TY3HIII;

dbpakiysiapra axpaTuill Kamepacuiard TabMUHJIOBYY BaJIMK F03acHa
JOHHUHT XapaKaTIaHUII TEHIJIAMACUHU Ty3ULI;

JIOH MaxXCYJIOTJIapuHU OOIIKa apajaniMajap/iaH To3alalll Ba Maccacura Kypa
dbpakiusiapra axpardil KOMOWHAIIMOH CEMapaTOPUHM SPATHUIN XaMJa YHHUHT
KMHEMAaTHK Ba TEXHOJIOTHK IMapaMeTpJIapuHH aHUKJIAIIL,

JIOH MaxCyJIOTJIapvHHU OOIIKa apajaniMalapiaH To3ajall Ba Maccacura Kypa
dpakuusuiapra axparyBuM SIHTU KOMOMHAIIMOH CeNaparopHU WIUIA0 YHUKApHII
CMHOBHUJAH YTKA3WIIl, aMaJIUETra XOPHUM ATUII Ba UKTUCOAUN CaMapaJOPIUTUHU
aHMKJIAIII.

TaaKUKOTHMHT 00BEKTH JI0H MaxCyJOTIapUHU cenapalusian Ba ¢ppak
[UsJIapra aKpaTUil TEXHOJIOTUK MAlIMHACH.

TaaKUKOTHHHT NMpeIMeTH JI0H MaxCyJ0TIapyuHu capaiai Xamja dppak
LUsJIapra aKpaTuil TEXHOJIOTUK MalllMHACH JKapa€Hllapyu KOHYHUSATIApU Ba YHUHT
¥3apo OOFIMK KHHEMATUK Ba TEXHOJIOTHUK KYpCATKUWJIAPH.

TaakuKOTHUHT ycyJuiapu. Jluccepraiys UIMHA Oa)kapuniaa GU3NK KUMEBUA,
(hUBUK-MEXaHUK, KHHEMAaTHK, IMHAMUK Ba SKCIIEPUMEHTIIAPHU PEKAITAIITUPHUIIT
Xamjia MaTeMaThK CTaTUCTUKA ycy/utapuaan goitnananuiau. TaiKUKOTHUHT
WIMHMH SHIHJIMTH KyHugarmapaad noopar:

MaxaJuUIHi IOH HaBIAPUHUHT (U3UK-MEXaHUK XYCYCUATIAPH XyLyiap

KECUMU/Ia AaHUKJIAHTaH;

JIOH MaxCyJIOTJIapUHH Cemapanusijan Ba (ppakiuusiiapra axparuil kapacH
Japy napameTpiIapuHUHT Y3apo OOFIIMKINK XyCyCUSTIIapu aHUKJIAHTaH;
dpakusIapra axXpaTHill KaMepacuaaru TAbMUHIIOBUY BaJIMK F03acHIa TOH
XApaKaTUHUHT JI0H KYHJAJAHT KECUM 103aCHra XaBOHMHT KapIIMJIMTUHU HHOOATTa
OJITAH X0JIJIa XapaKaTJIaHUIIl TEHITIaMacH spaTUIITraH;

KOMOMHAIMSIIAHTaH CENapaTOPHUHI KMHEMATUK Ba TEXHOJOTHK MapameTrp
Japu MaxaJUIMH JIOH MaxCyJIOTIapUHUHT (PU3HK-MEXaHUK XYCYCUSATIApPUHU HHO
Oarra oiraH X0J/1a aHUKJIaHTaH;

JIOH MaxCyJIOTJIapuHU OOIIKa apanammMaiap/aH To3ajlall Ba Maccacura Kypa
dbpakuusiapra axparviinga Ui yHymaopiauru 7,5 1/c, rabaput ynuamiapu [=4500



mm, h=2000 mm, b=500 mm OYyATaH TEXHOJOTUK MAalTWHA-KOMOWHAIUSIAHTaH
cernaparop sSipaTuiraH.

TanKUKOTHHHI aMaJINid HATHKACH:

nepdopanusaaHral Tokdajgap 03acujaa XaBo OKUMHUHN HHOOATTa OJITaH XOJ
71a JIOH XapaKaTHHUHT MaTeMaTHK MOJICIIA Ba XUCOOJIAI alTOPUTHMH HIILIa0
YUKHWIIIH,

cemaparnusiail  kKamepacuaa JTOHHM HHUPUK apaiaimMajiapiaH To3aJ0BUH
MacTku TeOpaHMa XapakaTid TMOJIKa 3achja XaBO OKMMHHM KY3[a TyTraH Xojjaa
JIOH XapaKaTHHUHT MaTeMaTHK MOJICJIM Ba XMCOOJIAIl aJITOPUTMHU U0 YMKHWIIJIN;

cemapalysijiail KaMmepacu/ia IOHHW €HIWIT apaialMaiapaad To3ajlall yayH
XaBO OKUMUHMHT TE3JIUTU aHUKJIAHAM Ba BEHTUJISTOP TAHJIAH]IN; UIILJIA0 YMKAPHUIIT
MalJIOHUHU TYPT MapoTaba KaM AraJTIOBYM KOMOWHAIIMS JIAHTaH CeMapaTOPHUHT
KOHCTPYKTOPJIMK Ba TEXHUK XY KaTJIapy UILIA0 YHKUIIIH.

TaaKMKOT HATHKAJTAPHUHT UIIOHYWIMJIMTY aHUK MaTeMaTUK MOJeIap Ba
XUCOOJIaIT AJITOPUTMIIAPH MaBXYUIHTHA, KOMOMHAIUSJIAIITAH ceraparop mapa
METPJIAPUHUHT Ha3apuil Ba CHHOB HaTHXajdapu OUp-Oupura MOCIuru Ouian
acocJIaHa/IH.

TagKUKOT HATHKAJTAPUHMHT MJIMHUIA Ba aMaJIUil axaMUATH. TaaKuKoT
HaTW KAJIADUHUHT WIMHUNA aXaMUSTH JIOH MaxXCyJIOTJIapyuHU cenapanusiiail Ba
dbpakuusuIapra aXxXparuil xKapaéHIApUHUHT SHTYM TEXHOJOTHUSICH Ba MallTMHACH
SIPATUJITAHIIUTY Ba JJOH MaxXCyJIOTUHUHT KUs TOKYaiap/a Xxamaa TabMUHIOBUU
BaJIMK OWJiaH ¥3apo OOFIMKIMKAA XapaKaTIaHUIIIMHU XUCOOIalll yCyJlapu uiuiad
YUKWITAHJIMTY OMIaH OelruiaaHaIu.
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TanKuKOT HaATWKAJIApUHUHT aMaluil axaMHsITH: JOHHHM Cernapaiusian Ba
dbpakuusuiapra axparuil MallMHACUHUHT STHTU KOHCTPYKIHUACH UNUIA0 YUKW,
yHIa JOHHHM cenapaiusiiail Ba (ppakuusiapra axparuil Kamepanapu OupJaiTH
pwiran OynuO, y MallMHAHWUHT WII YHYMJOPJWTHA Ba JOH MaxCYJIOTHHH TYpiu
apajamMaiiapfaH To3ajam Ccu(aTUHU OUIMPHI, IIYHWHIACK, JIOHHH MaccacH
Oyiinua dpakuusuiapra axpaTull, YHUHT IMKACTIAHUIIMHU MCTHUCHO KWJIMIIL,
Marepuan TajablIuK Ba »HJIEKTP KyBBaTH HUCTEbMOJIMHM KaMaWTUpuUll, OyHIaH
TalIKapy, HUCOATaH KUYMK WIUIA0 YHKAPHII MaWJOHWHH Srajuialll UMKOHHHH
oepaju.

TagKMKOT HATH/KAJAPUHHUHT KOPUHM KUWJIMHUIOMK. J[OH MaxCyJaoTIapuHU
cemapauusiiaimi  Ba  (Qpaknusiapra  axparuil  KOMOWMHAIMOH  cenaparopu
«Y310HMaxcylnoT»  AKIMOHEPIHK  KOMIAHMSCH  JOHHM  KaliTa  HMIUIaI
KOPXOHAJIAPH 1A MIILIA6 YMKAPUIITA KOPHUil KninHraH («Y310aMaxcynor» AKHUHT
2016 #wmn 22 maptaoaru 11-2-8/4299-con mabiymorHoMacH). Mnmuii HaTHKaHUHT
KOpUM  KWIMHUIIM — WOUiad  YUKApPUIIHUHT  TEXHOJIOTUK  JIMHUSCUHU
UXYaMJIAIITUPUILL, SHEPrus capPuHU KaMaWTUPUII, TETMPMOHJIAPHUHI Xap Oup
bpakumss OyHiMYa TEXHOJIOTHMK WIN PESKUMHHU TaHJaIl, Maxauimkd OyFmaon
HaBlapuaaH cudaTiv YH Ba yH MaXCYJIOTJIADUHU OJIMIII UMKOHUHH Oepajiu.

TaakuKOT HATHKAJAPUHUHT anpodaunusicu. Taakukor Hatwxkanapu 30 ra
AKWH, kymianaH, «O3uk-oBkar xaBdpcuznuru» (Tomkent, 2005, 2006, 2010);
«CoBpeMeHHble npobdnaeMbl MexaHukn» (Tamkent, 2009); «Maxannuii xoM ai€ Ba



MaxCyJOTJIapHM KaiTa unuiam texHosorusicn» (TouikeHt, 2009); «Kon
METAJLTyprus COXACMHUHT 3aMOHABHIl TEXHHMKA Ba TEXHOJIOTHSJIAPU Xamza ylIapHH
puBoxianTupu Wymnapu» (Hasouid, 2010); «IIpuknannele 3a1a4un MaTeMaTUKU U
Mexanukn» (Cesacronoiib, 2010); KuméBuit Texnonorust 6yiinua Mapkazuii Ocué
xynynuii amkymanu (Mocksa, 2012); «MammHocTpoernue u texHochepa XXI
Bekay ([onerk, 2014, 2015); «Kunuiok xy>kanurujaa TaIKUKOT HaTWKalapu

Huar Kymwtanumwy  (Dymucron, 2013); ILI.M.A#tanueB taBamwtyguHuar 80
Hunnurura Oarunuianrad I Xankapo uwnmuii-amanuii amwxyman (Anmaru, 2015);
«HHOBanuu B TexHoJorusax u oopaszoanumn» (benoso, 2015); «Hayka, Texnuka u
WHHOBAIIMOHHBIE TEXHOJIOTHU B 3MOXYy MOTyIIecTBa U c4yacThs» (Ashgabad, 2015);
«ABTOoMaruzaius: npoobaemsl, uaeu, pemenus» (Cepactonons, 2015); «MMHHO
BallMOHHBIE TEXHOJIOTMU W HJKOHOMHMKAa B MammHocTtpoeHun» (Tomck, 2015);
«Innovative manufacturing engineering international conference» (Romania, 2015);
«TexHrKa Ba TEXHOJOTUSHHUHT J0J3ap0 MyaMMOJIApH, YIAPHUHT JHEPrOTEKAMKOD
Ba WHHOBalMOH euumiapu» (Daprona, 2016) Map3ynapumard  xajakapo Ba
pecnyOnuka WIMHA-TEXHUKABUM aH)XyMaHjiapAa Mabpy3a KypUHMIIWAA OaéH
STUWJIAM XamJia arpoOanusiiad YTKa3uiau.

Huccepranus uiy TOMIKEHT KUME-TEXHOIOTUSI MHCTUTYTUHUHT «O3UK OBKAT
MaxCyJaoTiIapy TEXHONOTHAICH» (paKkynbTeTH Kadeapanapapo ceMuHapuaa, TOIIKEeHT
KUME-TEXHOJIOTUsl MHCTUTYTH Xy3ypunaru 16.07.2013.T.08.01 pakamnu dan
JIOKTOpY UIMUUN JapakacuHu 0epyBuM wiMmuil kenram kommuaard 02.00.16 — «Kumé
TEXHOJIOTHSICH Ba O3WK-OBKAT MIIIA0 YUKAPHUIII JKapaCHIIapy Ba ammapar JIapu»
UXTUCOCIIUTH OYirda OUp MapTIMK UMUK CEMUHAP WUFUIUIINIA MyXO0KaMa
kuiuHu (2016).
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TaaKMKOT HATHKAJTAPUHUHT IbJIOH KWIMHUIIM. [{hccepTaiys MaB3ycu
6yitnua xamu 44 Ta WIMHIL MII YOIl STHIITAH, ITyJIapiaH, Y30eKicToH Pecry6
nukacu OJHii arrecTanusi KOMUCCUSICH TOKTOPIUK IUCCEPTALMIIAPU aCOCHI
WIMHNM HaTWKaJapUHU YOIl ATHUIL TABCUA 3TraH WIMUHN Hampiapaa 17 Ta,
xymiiazad, 11 ta pecrybnuka Ba 6 Ta XOpH:XKUH )KypHaJIap/ia Makojia Halip
ATUJITAH.

JluccepTaMAHMHT Ty3WJIMIIN Ba XaxxMu. /[uccepranus TapkuOu KUpUI,
oemra 600, ymymuit Xynocanap, ¢poiigaanmirad anaduétiap pyixara Ba uioBa
napnaan ubopar. {ucceprauustHuar xaxkmu 200 O€THU TALIKIIT STaJIH.
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JIMCCEPTALIMUSITHUHT ACOCUH MA3ZMYHHU

Kupumn kucmuga yTkaswiraH TaJKMKOTHUHT J0J3apOjiMrd Ba 3apypaTtu
acoCJlaHraH, TaJKUKOTHUHI Makcaiu Ba Bazudayiapu, oOBEKT Ba MpeaMeTiapu
TaBcu(aHrad, pecrnyoiuka (aH Ba TEXHOJIOTHUSIIAPU PUBOKJIAHUIIUHUHT YCTYBOP
WYHAIMIUIApUra MOCIHWIM  KypCaTWIraH, TAaJAKUKOTHUHI WJIMUWA SIHTWJIMTH Ba
aManui HaTvxkajgapu 0a€H KWIMHTaH, OJIMHTaH HATWKAJIAPHUHT UMUK Ba aMaliuid
axamusiTd ounO® OepwiraH, TaAKUKOT HATIKAJIAPUHU aMallu€Tra »OpUU KWIIMIIL,
HalIp OTWIraH UOUIAp Ba JUCCEepTalus TYy3WIHIIM OYinuya MabiaymoTiap
KEJITUPUIITaH.



JuccepranusaHuHr «/loH MaxcyJI10TJIapMHH cenapanusjiam Ba ppakuus
JIapra apaTuil TeXHOJOTMK MAIIMHAJAPUHUHT 3aMOHABHUI X0JIaTH BA
PHMBOKJIAHMII TeHJIEHIUsIIAPW» 10 HOMJIAaHTaH OMpUHYM 000HIa MaBXKY]l
TEXHOJIOTMK MalllMHAJIAPHUHT X0JIaTH Ba PUBOXIIAHUI TEHACHIUSIAPH, ITYHUHT
JIeK, ylnapAaH TOHHH cermapanusiiamn Ba Gpakiusuiapra axxparumiaa GonjamaHui
mapTiapy TaxXJIuil KAJIUHTaH.

JloHHU cemnaparysuianl Ba (ppakuysiapra axXpaTuill TEXHOJIOTHK MalTnHa
JAPUHUHT XyCYCUSITIAPU YpraHuIraH.

JIOH MaxcyloTiIapyHM cernapanusiiall Ba Gppakuusiiapra axparuuiia
MAIIMHAJIAPHUHT TEXHOJIOTMK KypCaTKuWiapura TabCUp KypcaTaJural acoCui
oMuJUTap OeNruiIanrad. DIall yCey/ulapy Ba YIapHUHT TaBcuduiapu (XapakTepuc
TUKAJIapy) TAJKUK KWJIMHTaH. TeXHOJIOTUK MalllMHAJIAp UITYH OPraHJIapUHUHT
JOHHUHT MyCTaXKaMJIMK XOccajapura Ba MEXaHUK IIUKACTIAHUIIIApUTa TabCUPH
AHUKJIAHTaH.

Nnvuit MaHOaTapHUHT TAaHKUIUN TaXJIWIIW, TEXHOJIOTHK apaéH Ba
MallTMHAJaPHUHT 3aMOHABHI XOJATUHH YPraHUIl acocuaa OyryHTH KyHa JTOHHU
TO3aJalll MAalTMHAJIAPUHU sipaTuiiia ToOopa UCTUKOOIUIN WYHATUII JIOH Maxcy
JOTIAPVHY Cenapanusuia Ba Gppaxusiapra aXpaTHIIHAHT YHUBEpPCa, CO//Ia Ba
KYT QYHKIUSUTH KUXO03JIApPUHU U3Jalll SKaHU aHUKJIAHTaH.

JuccepranusaHuHr «/{oH MaxCyJI0TJIApMHHE cenapanusjiam Ba ppakuus
JIApra a)paTuil TeXHOJOTHK MAIIMHAJAPUMHUHT MapaMeTpJiapu Ba
PEeKUMJIAPMHY Ha3apUil TAAKUK KHJIMIDY €0 HOMJIAHTaH UKKUHYU 000u/1a JJOH
MaxCyJOTIapUHU Cerapalnusuianl Ba (pakiuusiiapra axXpaTuil TEXHOJIOTHK MaIlu
HAcH Xamja >kapa€HWHYU TaKOMUJUIAIITUPHUIITA OUJl TAAKUKOTIIAp HATHXKAIApH
KenTupuirad. JIoHHUHT GU3UK-KUMEBUM, a9pOJIMHAMUK Ba MEXaHUK XOCCaJapuHU
XxucoOra oJiraH XoJa MaXaJUIMid HaBJIapHU TYpJIu apayalimMaiapaaH TYIUK
TO3aJIaIll Ba Maccacura kypa dpaxkuusiapra aXpaTHil MakcaJan1a JOHHA
cernaparnysian Ba Gpakiusiapra aKpaTuIIHUHT UKKA 00CKUWIA KOMOMHAIUS
JIAHTaH MAalIUHACU TaKJIN{( KWIUH]IY.

bupunun Oockuyza a’dpoJUHAMHUK cemapanus KaMmepacuja JacTiaaOKu
TO3aJall amMaira omupuiaau, OyHIa Maccacd JOH MaccacuiaH eHTWI OyiraH
apanammanap 4yukapu6 TanuviaHagu. Taxnmud KunuHaETraH JOHHU Cenapariusuiail
Ba (paxkuusiapra axparuil MallMHACMHUHT KaOyn kamepacu 1, (l-pacm) €
neBopiap 2 Ba 3; acnupanus XaBO TOPTKUYM (kaHanu) 4 OujaH YpHaTWIraH
nepdopanusiiaHral Kusi CIIKUTYBUM TOKJaIap S5, 6; FOKJIOBUM KypuiaMa 7,
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nacTIabKu actiupalys KaHaii 8 Ba TAbMHHIIOBYM BaJuK 9 gaH nOopar.
[Tepdopanusnanran Kusi CUIKATYBYH
/T TOKYajap 5 IOH ymryamiiapuaad KHIUK Oyiaran

[ "‘x - r nepdopaius THPKUIILIaApHUTa 3ra, MacTKU KU
S I nepdopalusIaHral CUIKUTYBYH TOKYA 6 TOH

& b s YiuamiapuaH Karta nephopanms
z gt a TUPKHIILJIapura 3ra 0ynuo, kadyn kamepacu 1

5 | g = ' naH yukuil gapyacu 10 opkanu 6ypTud

£ ~——_ . Typaauran tapsna ypHaruirad. KaOyn




KaMEpacHHMHT | macTku rokiam Tokdacu 11
ypUHMa HYHaIUIIUAaru Yu3uk 0yitnad
TabMUHJIOBYM BAIMKKA 9 TOMOH
WyHaITUpWITad. [[oH cenaparopu-HUHT
TabMUHJIOBYM KypHUIMAacCu MUPHUK OFUD
apananiMaliapHu TYIiam yayH uaui 12 6unan
TabMHHJIAHTaH.
JAHUIIWHUHT MaT€MaTUK MOJIEIN
Ty3wirad. JloHHU Typiau
apaJialliMajlapiad TO3aJIalll yUyH

1-pacm. [{oH cenapauusiCHHU
TabMHUHJIOBYH KypHJIMAa

JloH Kus Tok4a 5 Oyirad xapakar

TOK4a 5 OYi1ad XxapakaTjJaHUIIN Ha3apyil )KuXaTaaH TaAKUK KuiauHrad. Jlox
3appacHHUHT XapakaTcu3 Kus nepdopanusianral Tokda 5 6yinad abcomror
KYuuly maptu (2-pacm), IIyHUHTACK, YHUHT XapakamiaHyBuu nepdopaiusiiaHrad
TOK4a OYinad HUCOUI KYUUIIM IapTJIapy YpraHuiraH.

N
Y .
! 3appacura KyMujara Kydiap TabCup
I‘E’ VyTkazaau: G - 10H 3appaCUHHUHT
em OFUPJIUK
Frp

Kyud, N - TOK4Ya I03aCUHUHT HOpMaJl
Tokya ropu3oHTIra HUCOATaH o

Oypuak ocTHaa YpHATWITaHU1a JOH
TOPTHUII Ky4YH. KarTa, S’IbHU O
3appaHuHT >y Oynuiu

P XapakaTiaaHui jJo3uM. FOkopu
a peakuusicy, F., g yuyn Tokua TOKuaHMHT
Ps P y — MIIKAIAHWIT KUsUTATUHUHT Y3y HIIUK
Oy Kyun Ba F,,— Oypuaru o Ouprurura
my XaBo WIIKAJIAHUIII ~ KeJIaguraH
OKMMHMHMHI  Qypuaru y JaH
)

2-pacm. Kust Tokuajaa skoii TAbCHP

JAIITaH J0H 3appacura £ mopKaitu, TOHHHHT

TOPTHUII KYYHHU

KHJIYBYH Ky4Iap cXeMacH MacCacUuHU m0pKaIu uoganainmms.
apanaiimMa OuiiaH Ouprajiukaaru
JloH apanamMacuad aKpaTuirad dJIeMeHTap OMPINK OFUPIIUK MapKa3u
XapakaTy TeHIIaMacu KyWuiaru KYpuHUIITa 3ra 0yau:
O
mysysymys g fE fim s g
I
88=—¢mt (1)
() () sina(;) cosa
OyHpa: f - UIKaJaHuI K03 HUIIMEHTH.
M, Maccay J0H apaaMacy XapaKkaTiaaum yoruaa )
F emxyd xucoOura
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Kamasi 6opaau Ba OMpUHYN SKUHJIAIIHUIIIA Oy Macca Kyiuaaru GyHKIus OuiaH
AHVKJIAHAH.

msmt
+

00,

::,(2)
111

11

bynna alBabl,[[OI/IMI/Iﬁ KO03(ppUIIMEHTIAp SKCTIEPUMEHT aCOCHIa TOMUIIAIM.

Macasnan, BaKTHUHT OontanFud MmoMentuaa (t=0) macca o m/(0) = m , yHUHT

OMpUHYY TOKYAJAH TYIIMII YOFUIA 4
t = tOynrannga scay

(KT MLy
() =Hu Tamkun KuTAIK.
1m a,Ba;bxuitmariapu | _
By xonia 10 m
b=«
| TeHIIamaapsan
1
atb
111
1
1 mm
K 1
k101
=
aHuKnaHaau. byaman b =, =.
KeJNUO0 YMKAIUKH,
1 10 11
mn mmt10

A¥ipyuM y3rapTUpHILIIapAaH KEHUH y3rapyBuyaH MaCCAHUHT () , m fXapaKaT JIAHHIII

KOHYHUSTHUIa 3ra OyinamMu3. Y KyWuaaru KypuHuIira sra 0ynaau: ()
I

Lt
4l

fF a gSina fgCosa



Sty

) Ors

=+-—+
rtet
! ! ttha
t 23
K 1 b
K 1
21
L =gSina + fgCosd t—++.,))
O (
TYHKH, |
2 62 K

1 1

. (3)

31 20)1

KKtKﬁ‘BmCt

Kelinnru Tokuanapaaru XapakaTjiaHUII KOHYHH aHAJIOTHK Tap3aa Oymanu.
JIoHHUHT TOK4Yaga OYIUII BAaKTU KUSTUK Oypyarura Teckapu mpornopiroHal Ba
Y3YHJIUKKA TYFPU MPONOPIUOHAIIIMTY aHUKJIAHIA. 3-pacM/ia IOH apajaliMa CUHUHT
ToK4aja Oyiuin BakTu OonutanFud y3yHiauk L=50 MM Oynranma KUK

OypyYaruHUHT KyHuaru

P S S 2 S ST SURp SR S S N

B=0,5,10,15,20,23,25,30, 35, 40, 45kuimMariapu
na y3rap1/11111/1 rpaduru keatupuiarad. [ papuknan KypuHaIuKu, TOKYAHUHT KUSITUK

(47

L0
L] % o

[
:
L
=
=

i

3-pacm. [lon apanammMacu Tokyaga
OyJIMII BAKTUHHMHI TOKYA KMSJIUK
Oypuarura O0OFJIMKJIUTH rpaguku

€éku cupnaHaav. by xapakaraa

Oypuarv OpTUIIN OWJIaH IOH
apananiMacH 3appajapuHUHT
TYIIWTI TE3JIUTHA OPTaI, TOHHUHT
TOKYa/1a OYJIMII BaKTH dca
KHCKapau.
Jlemak, TOKYaHUHT KUSUTHK
Oypuaru Kopu OViaraHuja 10H
apaJalliMaCUHUHT TYIIUII T€3IUTU
YHUHT Maccacura mporopIiroHa
O0ynamau, OyHzaa IOH apajialiMacu
TOK4Ya r03acu OViinad nymanaiau
noHra Enumub KOJTaH YaHT Ba
KOOUWKJIap axkpaJiaJiy.
ITacTku TOK4YaHUHT 6

TFOPHU30HTAl TCKUCIUKIATru aﬁHaHMa-HHFapHHaHMa XApaKaTUHUHT KPUTHK
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TE3JaHUIIMN TaAKUK KUuauHau. [lacTku Tokuaga 6 TOHHU HUPUK apajanimaiapiad
TO3aJJAITHUHT TEXHOJIOTUK camMapajopiiuri aHUuKIaHax.

[THeBMaTHK cemapanusiiaill Ha3apusicura acocaH, XaBo OKUMUHUHT ypTaya
TE3JIMTY OPTUILY OWJIaH JOHHUHT €HTUJI apajlaliMaliap/iad TO3aJaHUIIl Japaka
CUHUHT OPTHUIIIU aHUKJIAH]IU.

Nkxkunun Oockuuja Qpakuusuiapra axpaTuIl Kamepacuaa JOH yiyamura
TeHr OynraH OoOIIKa apajamMajapJaH TO3aJIaHaJM Ba Maccacura OOFJIMK XOJiaa
dbpakumsutapra axparuiaay (4-pacm).

Opaknusutapra axparuiin kamepacu 1 kamepa 2H# 0Yiina0 Takcumiarnura 2 sra
O0ynu0, y3yHinuru oyiinua Kyuyupuiaaurad Tycukiap 3 Ba 6ynmanap 4, 5, 6, 7 Ba 8
Ownan OYIMHraH, KojiaBepca, Takcumiiarud 1 ro3acuna uytkanap 10 sxoinam
TUPWITaH TABMHUHIIOBYY BaJUK 9 makiuaa 6akapuiirad, yHUHT OCTU/A KASITUK
OypuaruHu OOIIKApHIII UMKOHUHY Oepaurad HyHaITUpyBUH JJOTOK 11 YpHATHII raH,
TYycukiap 3 sca 3ruK yuu Owiad Oaxxkapuiras, OyHaa xap oup 6ynunma 4, 5, 6, 7 Ba
8 nkkura OynuHrad, ppakiusiIaHrad J0H WUFUII uANIIK 12 yctura Kust Oyp yak
octua sakiap 13 xamaa gorokiap 14 ypHarwirad. bomika apanammanapHu
murum uauimy 15 sca moTok 14 6wiian y3apo TabCup Aapakacujia KOWIamTHPUIT

rad. @paknusnapra axxparuin kamepacu | Tycukyanu kupui 17 Ba unkum 18

acniupanus kaHauiapura sra. Kus snaknap 13 ynuamiapu xap Oup 6ynunmanap 4,
5, 6,7 Ba 8§ na Tymaauras JI0H yiIdaMmiaapuaaH KH4uK. 19
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4-pacMm. JloHHHU ppakuusapra axkpaTuim KamMmepacu

Suru ukku OOCKMYJIM JIOHHM cemapanusiiam Ba ¢pakuusuiapra axparuiil
MallMHACUHUHT aCOCUW MEXaHW3MJIapujaH OuWpu TabMHUHIOBYM Baluk 1 Ba
nynantupyBun Jotok 11 cananmaau. VYnap, ¥3 HaBOartuga, MalIMHAHUHT HII
YHYMAOpJUTA Ba cudaTUHU, SIbHU JIOHHM ToO3ajlalll Ba Maccacura Kypa
dpakuusuiapra aXXpaTUIIHUHT KEMMHTU TEXHOJIOTHK >KapaéHUHU Oenruinad Oepau.
TabMUHIOBYN BaTWKIaH y4uO YMKa&TrO, JTOH apajanmacy Oup Xuia OONuTaHFUY
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TE3IMKKa V(ara 0ynaau, yHUHT BeKTopu OXyTeKUCIUKIA ETaan Ba MabIyM
Oypuak Nynrantupysun goTok 11
Boctuma Oxykka nyHantupaau (5-pacm).
KUsUTaHUII OypyaruHu ~ = B = 0 + 451oupacuaa O0Kapuil MIMKOHUHY Oepajauran
KUnG YpHatuirad. Uynantupysun notokausr 11 kusmuk Oypuarnay GOLIKapyB 4u
Maxcyc MexaHu3Mu 16 yHH Tanad KWIMHIaH KaTTaluKKa YPHATUII UMKOHUHU
oepaau (4-pacm).

Yuum yoruaa 3appajap XapakaTura OFUpJIMK Kyud Mg, OyHOa m,-

3appaHMHI IMaccacd, g - OPKHMH TYLIMII TE3JIMTH; INYHHHINEK, TE3JIUKHUHT
OUpPUHYM Japakacura IPONOPLHOHAJ XaBO KapIIUIUTY kx & Tabeup KUIazm.

i — 3appaHrHTrOYYKKa NpOEKIMIaHTaH XapaKaTh TeHIIaMacHu Kyhiuaruya
KYpHWHHUILITA 3ra:

m;8y8=-mg-K8y8-FsinB (4)
Masbnym y3raprupuiniapian keiud, y 8 = 00yaranga y = h, YpuH TyTaau,
apba m(i =1, mn)Maccanmu 3appa KyTapuiaguraH MakcuMall OallaHJIUKHU
aHUKJIaMU3:
|

il ™l

mgi
2
” B
sin In’ ii m gk
0- (5) h
2 k
"

i
NxTtuépuit m(i =1..., n)3appanuar OX YKKa MPOCKIHUIIAHTaH XapaKaTh
TEHIJIaMacu KyWujaaru KypuHHUIaa oynaau:

k
88 =-8 .0
mxkx 8 8=-8  éxux
[0)'¢ X m
y i
y
FX
ky



5-paCM. KOMﬁI/IHaHHHJIaHFaH CCMAPATOPHHUHI JTUHAMHUK IOKJIAHTIaHJIUTA
cxeMmacu

VY3raprupunuiapgal KeWuWH KOOpAMHATalap OOIIMIaH mMaccaliu 3appa

Makcuman h OanmaHANMKKa KyTapwiaauraH HyKrarada Oyiaran smacodanu
aHuKJ1aiMu3 (5-pacMra Kapasr):
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-+ k ,(7)

~.

OyHna, R- 6apaban paguycu.
mMaccanyd 3appa MakcHMMal OalaH[IMKKa /AeTraHu[aH KeHMMH YHHHT

nacavimm  OolllaHaad  Ba ky 8 BeKTOpH roKopura OYYyKkka mapaien
nynantupuiaran Oynanu. DyHKIMOHAN OOFIUKIUKIAPHU COAJANAINTUPUIT YUYH
BakT xucoOuuu sHa ¢ ¢ = (Omam Oomutaiimus. 3appa xapakaruauar OY3ykka
npoekuusuianral nauddepeHnuan TeHraMacuHu Kyhujaruda €3amu3 (S-pacmra
KapaHr):

"8 .

mymgky Fsiny =— + -
bynnaHn,

mg mg
2
t m

yt=h++-()(1)
k t 2
k e 9)
Bynna y = 0 m;maccanu 3appanudr OXYK 0yiinad xucoonanaaurad [ =
[KUAMaTHU TOTIMII MYMKHH.
MakKcuMall OamaHIUrura Moc Keycas

m;Maccalid 3appaHuHr OXYKKa IPOCKUUSIN XapaKkaTH KOHYHU KyHuJaaru



TEHIJIaMaJla aHUKJIaHAIU:

of

bynnan, =«
t tau xy1no (9) acocuna mmaccanu 3appanuar OX YK
Oyiinad yuuil y3yHJIUTMHU TONAMU3:

Vmg
sin B,
I
i e
S
2 mgi (1)
kV
B
(sin)
0 + k

YyumHuHT yMyMui y3yHiaura apeaia OX Oyiinda oJduHTaH HaTWKaJlapHU
XucoOra oyiraHja KyWuJIaruHy TallKuI KWIaan:
LSS=+= K]

mV
Vmg

[

+_m



| sin 2 (1 )sin ¢ Rz

: BB |
0. (11)
kV 2
| L |
mgi k J
(sin)
0 +
B k

By ¢popmyna (11) xkomOMHaIMsITAHTaH CEMAPAaTOPHUHT PalliOHAT TEOMETPUK
napaMeTpiIapyuHu OENTHIIAl YUYYH XU3MaT KUJIaIu.

XaBo KapIIMWJIWTHU TE3JIUK KBalpaTura NpornoplruoHal, SbHH i - 3appa 2
XapaKkaTUHUHT KYpuHUIIIA OYaraHga

R = kvrenrnamacu xyitnnaru
17

g8 8 ,(lz)mymgkyFSiny,:—i—,-—

2
X o o
OyHna p~ - Makcumasl 6anasaaukka h kyrapunuiiraya 6yirad ydactkaga Y

Oypuak ocTHIa rOpU30HTra HUCcOAaTaH Kapama-KapIii OKUMHUHT KapIIWIUK Ky4H.
Bynna xap 6up 3appa (€ku TaxMuHaH OUp XU M; Maccaiu 3appajiapjadn ubopar
oynran anoxuaa ¢ppakiusiap) yayH k; ra TeHr IponopluuoHaINK KodhUIIMEeHTH
k xaOyn kunuHrad (5-pacm).

®opmynana (12) aitpum y3raptupunuiapiad CyHT KyHugaru OOFIMKINKHA

TOTIAMH 22 Vtg ||J]
3
4 g kg 2 i
0 sin B i i
NN
MIFCINPL+e
k t
1 sin
m 1 .
) mgG1l mgi m
i 0
=+ i )In+ 22sin
In(1 &€ kg kVi B '8 kg (13)
i i
2 201 + + |{ 2
1 ¢ 'U* :
m 1 [
i mgi .. t

(13) man mMaccanu 3appa KYTapuiIMILKd MyMKUH OYJTraH MakcuMall



Oananamuk h xucobnananu. by xonga y & = 06ynranuga
|l kv g |
2“ Sin | J]
h i 0
=+
mg

m
"

2 (14)

ra ara 0yyiamus.
DHau mMaccany 3appaHuHT OXYKKa MPOSKIUSIIN XapakaTH TEHTTIaMacHHH
Ty3aMH3:

y 8 = 06yaranuna =-

! tna aipuM y3rapTUpHILIApAAH KEHUH 11;Maccalln
3appaHuHT 0XYK aTrpoduaa YHUHTY = hOalaHUIMKKAa MAaKCUMAaJl KYyTapuiIu IIUrada
YUUII Y3YHJIUTUHYU Oelruiaml yuyyH Kyiujgara udojara sra 0yiamus

" ktV Cos
B
S
z: 0
=+
k (16)

In(1)
1 1
m
Koopnunaranap Oommuam X = SHyKTara Ba BaKT XHCOOW OOILIaHUIIUHUA
mMaccaid 3appaHHHT Macaiuin coxacura kyuupamus3. by xomma 0Yykka
MPOEKIMsIIa KapIIWIMK BEKTOPU Kapama-Kapiiu WyHanuira ysrapanud (5-pacm).
F=0 na nuddepennman renmama (12) kyitugaru tap3aa €3unagu:



g 8=+8 ,(17)

mymgky
t =0,y = hmaptaaH ¢oigananud, Kyiuaarura sra Oyinamus: k
g
-t
24
m
l.i
mg m i e 1
yh qgy=+-
‘ t k In
k i 2

{BaKTHHU TOITUII MYMKHWH, YHJ1anm,;Maccaiu 3appa by

dbopmynanaH g
18

t = tna OXyK Oyinda m;
nacalMIIMHUHT OXUpHUAA 4 = 00ynranuaa y =0 .
MaccaJy 3appaHuHT yYHII Y3yHJIMTH aHUKJIaHaIu. k

S

m k'
Vetln(cosl) =, gt

k " .(19)
1 1
Jlemak 3appaHuHr 0XYK Oyiinad yMyMHUid yUMILIN y3yHJIUTH KyWH1aruya

aHMUKJIAaHAHU:
*

L=5+S5 .(20) duccepraiusaauur « IKCHEPHUMEHTAT TAAKHKOT METOAUKACH

Ba cemnapanus KaMepacUHUHT UIITYH OPraHJIapy KOHCTPYKTHB
napaMeTpJapuHu AHUKJAND 160 HOMJIAHTaH YYHHYHA 000112 HKKH 00 CKUWIH
KOMOMHAITUSIJIAaHTaH JIOHHU cemnapalysiiail Ba ppakiusiapra axxparuin
MalIMHACUHUHT UITYU OpraHjiapy napaMeTpiapyuHu SKCIEPUMEHTA TaJKUK KUJIHIII
Oyiinua Bazudanap mowpacu OenrwiiaHraH. Maxaumii JOH HaBITapWHUHT MEXaHUK
XOCCaJapUHM aHUKJIAIITa OUJ] SKCIIEPUMEHTAJ TaIKUKOTIap METOIMKACH
KenTupwirad. Taakukomiap Wyn Kyiunaauran (JOH CTPyKTypacuaa MUKPO (KUIHK)
EpuKap maigo OynaauraH) KywiaHUILIAP, MyCTaXKaMJIMK YerapacuHU aHUKJIaIl



yuyH Zwick yHuBepcan ManmHacu1a OupIivK JOHIapaa CUKUII aedopManusra
CTaTUK OKJaMa TabCUPHUA CHHOBJIAP TYypJv JapakaJaru HaMmJIMKa amanira
OLIMPHIAH. YTKA3HIraH OUPINK JOHIAPHH CHKUII 1e(OpMAIHICHTa OHI
Ta)XpuOa-CUHOBIIAP
HaTWKaJIapu Oyinda CUKHIN JehopMaldsiapy fMarpaMMacy Yu3uian. Maxammui
JIOH HABJIAPUHHUHT (PU3UK-MEXaHUK XOCCAIApUHA MHOOATTa OJITaH X0JIJla YHUHT OUp
MapoMm/ia XapakaTIaHUII Te3JTUTHHU SPATUILl MaKCaauaa Kysi TOKYAaHUHT
KOHCTPYKTHUB NapaMeTpiiapy dKcriepuMeHTanl iyn omiad (3uu 500 MM Ba y3yHIUTH
400 MM); ToKJaIap KUSUTUK Oypuaru (=
O = 23) aHHKJIaH]IH.

SAarm  uKkM OOCKMWIM KOMOMHAIMSIIAaHTaH JOHHM Celapanusuiail  Ba
dpakuusuiapra axparuil MallMHACMHUHT €H JeBOopilapura Iiaxmar TapTtuluja
OemTa Kus Tok4ya ypHaTwirad. JloH apanammacu yJTapHUHT J€BOpJIapUTa YpHITaH
X0Ji71a Y3 OKUMH OWJIaH XapakaTIaHaJau. YPWIHII NalThuaa JOHAaH Enuimubd KOoJTraH
OpraHUK Ba MHUHEpaJl apajaimmanap axpanud yukaau. Yanr Ba JOH MaccacuaaH
eHTwJ1 OYJIraH apajammaiap XaBo OKUMHU €paamuia jadboparopust
IapOUTH/]Ia AHUKJIAHTaH acTparus
U < 7m / cTE3NUKIA CYpUO ONMHAIN Xam/ia
KaHaJId OpKajiu cu(daTiv YuKapwininy TabMuHiIaHaau. Cenapanus KaMepacuHUHT
acmypanus KaHaiau yuyH XaBo capdu Q, aHUKIaHAN: acupalus KaHAIMHUHT SHU
6 = 50mm, y3yumurul = 500 mmBa xaBo QM4 630 /°
OKUMH Te3IUIH =capquy BeHTHIATop U = 7n/ cOynranna
TaHJIaHau (6-pacm).

[TacTk¥ CUITKATYBYM TOKYA IHH FOKOPH KU TOKYAIAp YHUTA TEHT OYIINAIIN
so3uM. [lacTky TOKYA y3yHJIUTH 3Ca UMPUK apajalmMaiap YUKUIIUHA TabMUAHIAII
YUYH FOKOPH KUS TOKYa Y3YHJIUTUAaH KaTTapoK Kuiub Tanépnanrad. JloHHU
cemnapanusiai Ba Gpakiusiaapra axparuil UKKH 00 CKUWIN
KOMOMHAIMSITIAaHTaH MalllMHACKa MaCTKU YPHATWIITaH.

CUJIKUTYBYH TOKYA 00ypuak UIIKaJaHUII OypUaruaan
a0ypuak ocTuaa KUYMKPOK, JI0H dca, 0faTaa,
0,8...1,0 MM KaJIMHJIUKAATU pyXJIAHTaH MYJIaTAaH sicajlaural ToK4a TeOpaHuIIu
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HATWKacuJa XapakamiaHaAu. YHIArd YWUKIap JOHHU WUPHUK apajamManapiaH
TO3ajlalll YYyH AYMAJIOK IIAKiIra 3ra OYynuO, YHUHT JUaMETpu JOH JUaMETpUJIaH
KarTa, SBHU d,= TmmpaH KW4uK OynMaciauru mapt. byHna mymanok Imakiiu
YiiMKKa ra OYJIraH MACTKHM TOKYAHUHT CUIKHTYBYHM ONITHMAN Te3NaHumu 9-12 w/c’,
TeOpaHUII AMIUTMTYJACH 7 5-6 MM Ta TEHIIMTY aHUKJIAHIH.

TabMUHIIOBYM BaJMK JTUAMETPU TaXpuOa-cMHOB Wynu Ownan d; = 350 mm,
TabMHUHJIOBYM BAIMKHUHT 3HH 3Ca Cenapaius KaMepacUHUHT YHUTA TEHT XOoJJa 8 =
500 mmbenrmnanau. MyHAITHpYBYM JOTOKHMHT TAbMHHJIOBYH BAlMK OCTHJA
KOWJAIITAaHUHU XHCcOoOra oJiraH XoJjja WYHaNTUPYBYM JIOTOK 3HU TabMHUHIIOBYU
BaJIMK DHHUTA TEHT OYJIUIIN AT, IIYHUHT YYyH WYHAITHPYBUM JJOTOKHUHT SHU XaM
6 = 500 mmTaBCcUs STUIAIN.



6-pacm. KoMOMHAIIMOH CeNAapaATOPHUHT CAHOAT KyPHJIMACH

TabMUHIOBYM BAJIMKHUHT aimanum dvactotacu (250-450 aiin/mMuH) Ba
HyHanTUPyBUU JIOTOK KUsUTMK OypuarnHuer (0 man 45° rava) opruiiu OWiIaH JOH
apajJJalIMaCUHUHI KYTapwivil OallaH/UIMIKM Ba yduil Macodacu opTud Oopanu,
IIYHUHTZIEK, JIOHHW Maccacura Kypa dpaknusiapra axparum — cudatu
SAXIIUIIaHATH.

upux noumap (YpyFIHMK JOH Ba GONIKA SXTUMONMII apaialMainap) Karra
Macopanu yuub YTHO, ¢pakuusIapra axpaTuil KaMEpPaCUHUHI BHI Y30K
Koimamran OynMacura tymanu. Kuumk wmaccara sra OynraH ypyflIuK JIOHTa
HucOaran wMaiima gonnap (O3WK-OBKAaT JOHJApHM Ba OOIIKa 3XTUMOIUN
apayammaliap) Maccacura MyBopuK KHUYUKPOK MacodaHu 60cubd yTaau Ba MabiyM
Oynmara Tymaziu.

JIoH apanammacuMHM TabMUHJIOBYM BaJMKHUHT Xap XWJ ailJlaHdIn
gactotacuaa (250, 300, 350, 400 ea 450 avin/mun) Typiau apaiammMaiapiaH TYITUK
TO3ajall >kapaéHu Ba JOHHU (ppakuusiapra axXpaTuiiHi HYHAITUPYBYA JIOTOKHUHT
Typin4a KUsUTMK Oypyaruja coatura 7,5 mouHa Wil YHyMIOPIUTH
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[IApOUTH/IA aHUKJIAI OVinYa TaKprUOa-CHHOB UILIAPH amalira Oomupuian. JJoHau
cenapalusiiall Ba Maccacura Kypa gpakiusiiapra aKparuiil SHI'M MallduHAHUHT



paIMOHANI-KOHCTPYKTHUB Ba TEXHOJIOTUK MapaMeTpiiapy Ha3apuil >KUXarjaaH
AQHUKJIaH/IU Ba TaXKpUOa-CUHOB/A TACIUKJIAHIH.

Huccepranusaunr «@pakuusijiapra axKpaTui KaMepacu U4 Oprax
JIADUHUHT KOHCTPYKTHUB MapaMeTPJapHHN AaHUKJIAII 0yiiu4a Taxpnda-cuHOB
HATHKAJApW» 1e0 HOMJIaHTaH TYPTUHYM 000K1a MaXauIuid TOH HaBJIapUHU
To3ajanl Ba ppakiusIapra axparuil KapaéHUHUHT CTPYKTYpaBUM-MEXaHUK
XapaKTepUCTUKAIapy Ba NapaMeTpiIapuHy aHuKJam Oyitnda onub 6opuiran
TAJIKUKOT HaTH>XKaapy 0a€H KUIJIMHTaH.

Maxamnuii  TOH HaBJIApUHUHI  CTPYKTYPaBUN-MEXaHUK  XOCCAJIIAPUHU
YpraHuill Ha3apuii Ba amMajaui axaMusT kKacO 3TuO, MaXaJUIMi JIOH HaBIAPUHUHT
CTPYKTYpaBUM-MEXaHUK XOCCAJIapUHHM Ba JedopMalusIaHUIl MEXaHU3MJIApUHU
OwHIl MaBxKyJl OYJIraH JOHHM TO3aJIalll Ba (ppakiusiapra axkpaTuiil
KUXO3JTAPUHN TAKOMWUIAIITUPUIL Ba SHTUJIAPUHHU SPATHII UMKOHUHU Oepajiu.
Omu6 OGopunran Tagkukoriaap «ZWICK-1445» cuHOB MamigHacujia CTaTHK Ba
JUHAMUK CHUKMII jAedopmaruscuia aWpuM MaxajUIMd JIOH HaBJIAPUHUHT
EMUPWIMIIN YUYyH 3apyp Ky4WwIaHUIUIApHU aHUKJIAmra uMkoH Oepau. 11% dous
HaMJIMKJAaru JOHHU «EHOOII-€HOOND» XOoJaTuAa CHUKUII AvarpaMMaliapyd TaxJIui
KUJTUHIH.

Kyunanumnap quarpammacuHuHT OupuHIH «0-A» KUCMU KUSUTUK Oypdaru
KaTTa OyiMaraH TYFpH YM3HK KypuHHIIKAa OYiu0, redopmanus KydYHUHT
OpTULIUTA TYFPU NPONOPIMOHAN Tap3aa keuaau. FOxnamHuHr Oy 00CcKU4Kaa 10H
V3UHUHT 3JIACTUKIIUK XOccalapuHu cakiad Komanu (7-pacm).

JunarpamMmmanuHar «A-B» ydacTkacu WWIAPTIM KYHUMCHU3JIHK, SbHU JOUMUN
IoKIamMazaa aeopMalusSHUHT OPTUIIKTA TYFPU Kelaau. byHaa IoH 103acuja CUKMII
Ky4uHU 103a OYiliad Takcumiaimn pyil Oepaau, Oy MYCTIOK KaBarTiapu Ypracuuaa
CTPYKTypaZa OyuuMKiIap Tynaupuidiidra onud kenaau. Kyd KuliMaTuHU HoJra
TEHIIAIMITUPTaHaH KeHUHTH Ba3usTAAa TOHHUHT XOJaTUHU BU3yas 0axoJjall KHHuH.

w "y JIOHHUHT MIWIIACUMOHIIUTH
ST == acocan Oysuimaras, pakar 15-20
MapTa KaTTaJallTUpUIraHia J0H
103acH/Ia XapaKaTdaH IITOK OWJIaH
aJI0Ka >Koiiapujia TaXMUHAH
0,3x0,2MM y1yaMiy KUYUK 33UITUIL
Ky3aTuaaau.
Kyunu ssHaga karranamru
pUIIra TYFpH KeJlaJuraH KUK
Oypuaru karTta 6ynran «B-Cy»
y4acTKkaja JOH OUPUHYH ydacTKa
Jlarura Kaparas/a rjiacTuK
el nedopmartus xocus 6ynagu.
7-pacm. JIOHHM CHKHII JHATPAMMACH KuimHranaa «C» HyKrara sKUHpOK
Maskyp yuyacTkaja rokjiama 6ekop

]
B
o -
]
B
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J1a IOH CTPYKTypacuia KyHIaJlaHT WIKU EPUKJIIap nai 0 OVIUIINHU BU3yall
anukiam MmymkuH. Konnukmm nedopmanus karramuru 0,2 MM HU TalllKWJI KUJIAIH.



HNuarpammanunr HaBOarmaru «C-JI» ydactkacu aHuK uUdopanaHran
KYHUMCHU3JIUKKA TYFpu Kenaad. KyuHu O€kop KWIraHJaH KEWHMHTH KOJIUK
nedopmanus karranuru 0,3 gan 0,59 MM rauaHu TamKWI KAJIIH.

«JI-E» yuacTkana ymymaH JOHHUHT €MUPUIIUIIN OWIIaH KeUauraH MiacTHK
nedopMaIUsSHIHT X0CHII OVIIUIIM IOKOPY JapakaHu Tarmkui dTagu. 11 %
HAMJIMKIArd JOHHUHT MaXaJUIMKd HaBH CTPYKTypacuIa KUJJAUN y3rapuuuiapra
0JIM0 KeIMaluraH Uy Kyiuiaaurad KyYHUHT KaTTalauru «€H0o1n EHOO0I
xomatuga 128,5 H, «tux» xonaraa - 75,2 H Hm Tamkuin Kuinaan. 1->xagBaiiga
MaxaJUIMK JIOH HABJIAPUHUHT HAMJIUTH YJIAPHUHT MYCTaXKaM JIMK
XapaKTpUCTUKAJIApUra TabCUpHU OYiinya TaAKUKOT HaTHKAIapy akC STTUPUIITaH.

Hamnuk oprranma eMupyBYM Kyd KaMaWui, nedopmarusi MUKIOPHHUHT
OpPTHUIIH, OMPOK EMHUPWIMILIHUHI Y3M sHaJa KarTa IOKJIaHULUIapAa pyid Oepuiiu
AHUKJIAH/U.

DKCIIEpUMEHTANT TAJKUKOTIAp >Kapa€HUJa AOHHUHT MUKPOIIMKACTIAHUIIN
TabMHUHJIOBYM BAJMKHUHI 4YyTKajJapu Ba TOKYAJIAP FO3acUra JpPKUH TYyUIMIIM Ba
Oomka Oup Heua omMuiulapra Oornald Vpranwigu. JloHHUHT 103a OujiaH ¥3apo
TAabCUPUHU HA3apUN TAAKUK KWIUII HATUKACUIA TOHHUHT MUKPOILIMKACT

JJAHUIIWTA YHUHT YYUII T€3JIUTU TAbCUP KYPCATUIIM aHUKJIAHINA. 1-kaaBan
Maxaniuii 710H HABJAPMHUHT TYPJIU HAMJIMKIA MYCTAXKAMJIMK Yerapacuiaru
Ky4H Ba abcouioT Aedopmanusicu

T. | Hdoununr vomu | % % %
p. gerap | med gerap s gerapa s
H H Ha
acuga | opMm acuga | M cUIaru MM
a a M q
i | anus i A0 ky H- A0
M q M q UK
ky H [ mwm Ky H | con MycCTa | COll
hi§ 1 .
myct | AO 10T XKaMJl | IOT
" " MYCT
axka | cou nedo UK nedo
K K axka
MIIMK | FOT pmarg pmart
MITH u u
K
1 Yninaku 9 142,7 12 | 117,5 16 97,8
(AHI[H)I(OH BHH.) O,l--- 0’2 0-3
2
2 | Bobyp 8 | 1532 1927 11 | 12850 | 15 | 1078 | -0
(Cupnapé 37 59
BHJL.)
3 | Hora 8 | 136,4 11 | 1134 15 95,2
(TomkeHnT BuII1)

Hazapuii Ba 3KCHEpHMEHTaNl TaJKWKOTIAp HATHXAcHJa aHWKJIAHWIINYA,
nepdopalusiaHral Kus TOKYa ro3acu OYiiad JOH apajlalliMACUHUHT Y3 OKHUMU



OnaH XapaKaTIaHUIIN YI9yH TOKYAaHHHT KUK Oypaard =

231aH KUYUK,
nepdopanusiap 1uaMeTpH dca 3,5 mm JaH KarTa OYIMAaCIuIH J03KM.
TabMHUHIOBYN BaJMKIAH yYUO YHKMII MARTH/IA TOH apajaimmacu Oup Xui

OOLUTAHFUY Te3IHKKA V(ra 0ymanu, yHUHT BekTopr OXYTeKucaukaa Eraay Ba

Oxyxka Mabiym Gypuak Oynanu.
B octuaa iiyHantupuiIrad
TabMUHIOBUM BaJIUKAaH Maccacura MyBO(MUK MabJIIyM TPaeKToOpus OYitnad
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y4uu0 4YMKaJWraH JIOH apajaliMacu (ppakiusuiapra axpaTuil KaMepacuHUHT OyTyH
y3yHIuru Oyinad TtakcumianHaau. Opakuusuiapra axpaTull  KaMEpacHUHUHT
y3yHJIUTH Ba OaJaHJJIUTH TAabMUHJIOBYM BAJIMKHUHT WII PEKAMU Xamja
HYHANTUPYBYM JIOTOKHUHT KUSUTMK Oypuarura O0rMK O0ynaau. TabMUHIOBYN BaJUK
alJIaHUIIMHUHT paluoHall dactotacu n; = 450 06/ mumnBa WUYHANTUPYBYU
JIOTOKHUHT KUSJIUK Oypyaru =

a = 450ynranja, Ha3apui TaJKUKOTIAp acocuaa
UCOOTIIAaHIMKH, TOHHYU Cenapanusian Ba (pakuusiiapra aKparril MalliHACUHUHT
dbpakuusutapra axpartuin kamepacu y3yHiuru L=5000 mm, 31 B=500 mm,
Oamanmmuru h=1500 mmum Tamkun staaud. lllyHUHTIEK, KOHCTPYKTHUB Tap3ia
UCOOTIIaHIMKY, TOHHU TYJIUK TO3aJalll Ba Maccacura Kypa (ppakuusiapra axpaTuiil
XamJa MabiIyM Oyiamaiapra TyIiam ydyH Oyimanap opacuaaru macoda 00 mm,
TOKYajap y3yHiauru aca 200 mm, ToK4anap 31 Qpakiusiapra aKparuii
KaMepacH SHHUTA TEHT OYJIUIIH JIo3UM. Xap Oup OyiIMa TOKYaIApUHUHT KUSITaHUIIT

Oypyarunu =

a = 0 - 24yerapana (peryaauusuiaii) OOIIKAPUII MYMKHH OYiraH
KaiiTa MIUTaHA€TraH JOH apajalmmacura OOfJMK X0J/Ja paluoHan KUWMaTiIapHU
TONMII yHU OOILIKa apajaliMajaplJaH TYJIMK To3ajall XamJa Maccacura Kypa
(pakumsapra axparuil UIMKOHUSATHHU SIpaTajH.

OKcriepuMeHTal TaAKUKOTIAp HaTwkalapu Oyiinya KaOydl KWIMHIaH
reOMETPUK NapaMmerpiap Y4yH MaXaulMid JOH HaBUHHHI JIOH MAaccacu Ba YYHII
TE3JIUTUTa, UIYHUHIJEK, HYHAJITUPYBUM JIOTOKHUHI KHUSUIMK Oypuarura OO¥FIIHMK
OyJraH y4dIn y3yHJIUTH Ba KYTapWIHII Oanan Ty rpadukinapu Kypuiau (8, 9-
pacm).

1,2
"B=145
h,m
1

0,8
0,6
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=5,49Mm/c m,rp
v=6,28Mm/c

8-pacMm. JIOHHUHT MaxXa/UIMil HABY KYTapWIHII OaJaHAJUTMHUHT Maccara
OOFJIMKJIMTH IMATPAMMMAJIApH

AHVKJIaHTUKA, HYHAITAPYBYH JIOTOKHUHT KASITUK Oypuart

a=45,

Ta@bMUHJIOBYM BaJUKHUHT aliaHum dyacrtoracu 250 atin/Mun, NOHHUHT YYUHII

y3yHiuru 1,8 m rada, KyTapuinin oanaHamry dca 0,4 m rada; aiJlaHuill 4acTOTacH

450 atin/mun, JOHHUHT YYMIIl Y3YHJIUTH 4 M rada, KyTapuiuin OanaHaiauru 3ca [ m
HU Tawkwi Kuiaau. Llyaunraex, rpagukian KypuHaaukuy,
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JIOH apaJialiiMacy 3appalapuHUHT KYTapUIIHIN OaJIaHJTMTA YHIUHT Maccacura
MIPOTIOPIIMOHAT Tap3/1a OPTaIH.

Jlemak, »HT KarTa Maccara sra OynraH 3appajiap 3HI KaTTa OaJlaH]TMKKa
KyTapuiaaau Ba MakcuMman macodanu yumb yramu. Taxpuba-CMHOB HaTHXalapH
Ha3apuil MabJyMOTIIapAard KuiMamiapaan 5% naaH opTUKKa (hapk KHUIMau.

KoMOvHanmoH cemapaTopHUHT JacTiaOkd Ba Jj1aboparopus IIapouTHAA
CHHOB JKapa¢HHJIa alllapaTHUHT CaHOAT INIAPOWTHIA WIUIANIUHU TEKITHUPHII
3apypatu 1o3ara kenau. CaHoaT TaJKUKOTIAPUHUHT aCOCHA MaKCaIy anmapaTHUHT
coxara OHUJl CTaHIAPTHUHT TEXHOJOTUK TanaOlapuHU KAaHOATIAHTUPAIUTaH HIII
PEKUMUHU aHUKJIANIAaH uoopar OViau.

KomOunHaimon cemnaparop UIUHU TEXHOJIOTUK OaXONAITHUHT aCOCUN ME30HH
KalTa WOUIall >kapa€HuJa JOHHUHI TYJIMK TO3aJaHUIIM Ba Maccacura Kypa
bpakuusaHummy  caHanagyd. TaaKUKOTiIap kapa€HHWIa, IIYHUHTACK, CaHOaT
IIAPOUTH/IA JJOHHH Cerapalusuianl Ba Gppakiysiapra axpaTyuil MalTiHacuIa KalTa
UIUIANAa JOHHUHT TYpJIH apajaniMalapAaH TYJIWK TO3QJIAHWIKA Ba Maccacura
Kypa (pakmmsuiapra akpaTHIra TabCUp KWIAIUTaH Ha3apuid KOHYHUSTIAPHUHT
UIIOHWINITUTHHA TEKIIUPHUII 3apyp.

JIoHHU cemaparusiiani Ba (pakuusiapra aXpaTuIill MalTiHACKIa KainTa
UIIaraH aH KeWWH yPYFIUK TOH cudary, ShHHU IOH TYpJd apajaniMaiapaan
TYJIMK TO3aJIAHTAHJIUTH Ba Maccacura Kypa (gppakiusuiapra akpairaliura
anuknanan. KOxopu Maccanu goHIap ypyFiauk cudariapura sra SKaHJIuTU
UCOOTIaHIH.
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9-paCM. ,):[OHHI/IHI' Maxa.lmuﬁ HaBM yYulll Y3YHIMT'MHUHI Maccara
6OFJII/IK.]II/II‘H auarpammacu

DKcnepuMeHTall KOMOMHAIIMOH cenaparop Ba TypkyM 3M-60 mamuHanapuaa Kaita
WIUTAHTaH JIOHHUHT YHUO YUKYBUAHJIWTUHU YPraHUIll HaTHXKacUa YKCIIEPUMEHTA
anmnapaTHUHT TabMUHJIOBYYM Banuru 450 ain/muH o = 45
JlaH KaTTa OyJIMaraH 4acTOTACH Ba MYHAITUPYBYH JIOTOK KUSJIMK Oypyaru =
OynraHaa TOHHUHT YHUO YuKyBYaHIUTH 3M-60 MammHacuaa KaiTa UIIaHraH
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JOHHUKHJIaH 6-7 MapTaradya FoKOpHM 3KaHU aHUKIaHaAu. JJoH MmaccacuHu Oaxoaiil
Me3oHH cudaruaa 1000 ta 1oH Maccacumaad GouTaIaHIIIIN.

JloHHH cemapanusuiam Ba (paknusiiapra axpaTull MalTdHACUHUHT TYpId
pexuMIapuaa  OKCIEpUMEHTal  TaAKUKOTIAp  HaTWXajgapu  2-xajBajja
KEJITUPUIITaH.

OnuHraH HaTHWXanap JOH MACCACHHHUHT (pakuusiiapra akpaTHIl KaMepacu
Y3YHJIUTH Oyiiuda y3rapuin XxapakTepu Xakujaa GUKp FOPHUTHII MYMKUH. AQTHIIAH,
TabMUHJIOBYM BAJIMKHWHI QiJIAaHWUIN YaCTOTACH OPTHUIINM OWJIaH DHI KaTrTa Maccalii
JOH (GpakuusJIapUHUHT OEBOCUTA OMPHUHYM y4acTKala aXpaaulliu pyi oepanu. SHa
TabKHUIJIANI KEepPaKKW, OWPHHYM YydyacTKajga aXpaTwirad JoH (pakmusuiapu
TapkuOu1a OOIIKa apaammarap MaBxys 3Mac.

JlonHn To3amam Ba (pakmusuiapra axpaTHIga arpoTeXHUK CUaTHHH
O0axoNallHUHT aCOCHUN ME30HJapHiaH OUpW IIUMKACTIAHUII Japa’kacu caHalaju.
TagkukoTIap jJaboparopus MmapouTiapuaa oaud OopuiaraHauru cadabdau OMMHTaH
xap Oup Qpakius yayH MUKPOIIUKACTIAHMII Tapakach MabIyM METOIuKa Oyinda

aHUKJIAHIU.
2-:kaaBaJl
A = 456yaranaa kamepa y3ynuauru 6yiin4a 1000 Ta 100 Maccacu Y3rapuIIMHHHT
TAbMHMHJIOBYH BAJIMK AMJAHMII YACTOTACUIa OOFJIMKJINIH

T | Tapmunio Opakuusiapra axpaTHil kKaMmepacu 0yJImManapu COHU Ba Y3YHJIUTH (METP)
BY U




p | BQJIUKHUHT 9 8 7 6 5 4 3 2 1
alJIaHUII
9aCTOTAC / 2,1-2,5(2,5-2,912,9-3,3]3,3-3,7( 3,7-4 | 44,5
I/Iﬂ
allul/MUH.
1 450 20,7 | 23,8 | 273 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 | 29,5 | 322 34,3 36,9 38,4 39,8
4 250 274 | 30,8 | 333 36,2 37,7 39,4

Taxnaun HaTwkanapu Kypcarnukd, (Qpaknusuiapra axparuil KaMmepacu
y3yHJIUTH  Oyinabd JOHHM Maccacura kypa dpaxkuusiapra —axpaTuiinjga
MaKpoOLIMKACTAAHUII pyil Oepmanu. TabMUHIOBYM BajMK 03acHa UyTKAIAPHUHT
MaBXy/UIMTH JIOH apajalliMacd TEKHC Kampad OJIMHMIIMHM TabMHUHIaau. Jlon
apajaliMacy TabMUHJIOBYM BaJIMKHUHI ailJlaHMa XapakaTUAaH TETULUIM TE3JIUK
om0, MabliyM Tpaektopusna | merprada OanmaHnnukna, 4 merprada mMacodaHu
yun® yTub, Maccacura MyBOGUK Tap3la KaMEpaHUHT OyTyH Y3yHJIUTH OYitnad
dpakuusuiapra axpaiau.

Cenapanusinami  Ba  (pakuusiiapra aXpaTdull — MalluHajdapyu  TEXHUK
XapaKTepUCTUKaIapuaa JOH apajaniMacd TOKYa [03acu OWlaH y3apo ypuirasnia
Xxap Oup [OOH 3appacura TabCHp KWIAJUIaH MakCUMald Kyd YHHHI Xapakar
TE3JIMTUra Ba Maccara TYFpU mOpornopiuoHan O0ynub, F =15 Hpoup. Maxammii
HaBjapp/ia JOHHUHI eMHupuiumu yuyH 80 H [aH IOKOpU IOKJIamaiap Oepuil
Ky3aruingu. Ham JoH apanamiMacMHM KailTa WIUIAIl YOFUJAa JOHHUHI 1034
KaTiaMHuiard HamiIuruiu 3% radya KaMaTUPUII UMKOHUSITUHU Oepasu.

Hazapuii Ba sxcriepuMeHTall TaIKUKOTJIap HATHXKaJTapUHU XUCOoOra oJIraH
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X0J/Ia JIOH MaxCyJOTIapUHU Cemapalnysiall Ba Maccacura kypa (pakmusuiapra
QXpaTUll MAaIIMHACUHUHT TEXHOJOTHK cxemacu acocuga (10-pacm) canoar
HaAMyHAaCH SPaTWIIA Ba UIILJIA0 YMKAPUIITA KOPUA KUITHUHIH.

Huccepranusauar « Amiad YMKHITAH SSHTH IOH MaxXCyJI0TJIapUHH
cenapanusijiam Ba GpakiusijIapra a;KpaTui MAIIMHACHHUHT TEXHUK
HKTUCOAMH acoCTaHUIIM» 1c0 HOMJIaHTaH OemrHYN 000m1a TaKkIu( KIIHHAET
raH MallMHAHUHT TEXHUK-UKTUCOIUN KYpcaTKuWiapu Uiiad yukapuiaérran
amasjaru KypuimManap Ouwian Kuéciaarad XoJjia, IyHUHTIEK, KOpXoHaaa cod
JTUCKOHTIIaHTaH (hoia KYPpUHUIITUIATH UHILTMK caMapacu KeITUPUIITaH.

Xo3upa KynnaHa€Trad Ba Takiu( KUIMHAETTaH MallTuHATIAPHUHT
UKTHUCOIMN caMapaJopiIuruHU XUCoOIall HaTKalapy Ba KUECUN MabIlyMOTIIapU
4-xafBaiijia akc dTTUPUIITAH.

4-kanBaJ
JloH MaxcyJIOTJIAPUHY cenapanusijian Ba (ppakuusjapra axKpaTuil MalmduHACHIaH



doligaJaHHIITHUHT MKTHCOTUHA caMAPAJOPJIMIT HUFMA KYPCATKH1JIapHu

T.p Kypcarknunap Vo Bapuantnap
OupIUTH
Cemapar | DKCHEPUMEHT.
op BUC
Ba
OOIIIK.
1 2 3 4 5
1. | burra mammHanuHr Oanmanc kuiimatu (Al cym. 136 000000 17000000
BUC-12; P3BKT-100; A1B3K-18, Y1EMII Ba
acmupalus KaHajH)
2. | Mamunanap conu cyMm. 4 2
3. | Xamma MamuHamapHUHT OanaHC KHAMaTH cym. 554000000 17000000
4. butta MammHaHWHAT OUP COATIMK T/C 12 15
YHYMAOPIIUTH
5. | ik a6 yukapu T 65000 81000
6. | Doiimamanur, )KymiIaaaH, JIEKTP cym./T 2213 523,45
SHEPrusCcHUra Xapaxariap cyMm./T 2422 51,7
7. | ®oiinanaHuIl XapaKaTJIAPUHUHT TEKaIUILIN CYM./T - 1689
8. | DoiiganaHuil XapakaTIapUHUHT KaMaiuIi % - 76,3
Japaxacu
9. | ConumrupMa Marepuan XaxxMIOPIIUK KL./T 0,041 0,019
10. | Marepuan Xa>KMIOPIUKHUHT TTACAUUII % - 53,1
Japaxacu
11. | SlHrum mMamuvHaHU )KOPUI KWIUIIIAH KYIIMMYa cyMm. - 460320000
doiina
Texananuran WHJUIMK Xapaxkariaap CYM. - 136809000-
13. | Kymmmua kanuTas xapaxaIapHUHT nun - 1,3
KOTUTAaHUII MYIIIaTH
14 | Dramnaiiauran nnuiad YUKApUI MaiJOHHA KB.METP 81 18
15 | 1 M*uwa6 YUKAPHUII MaNJOHH cyM 8100000 1800000
yUyH SKCIUTyaTalus Xapaxariapu
HkTuconuii camapagopiuk OuiiaH OMp Karopaa JOH apajaliMacura HIIIOB
OCpUILIHUHT  IOKOpH cudaTura dSpuliniIagv. YPyFJIUK JOHHMHT  cudaru

AXIIWJIaHWITHY Ba ITUKACTIIaHUINMWHHWHT OJIAW OJIHMHUIITHN XI/ICO6I/IFa YHUHT YHI/I6

26




YUKHIII Japakacu OpTajIu.
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10-pacm. KoMOMHAIMAJIAHTaH CEMAaPATOPHUHI TEXHOJIOTHK CXeMACH.

XVIOCAJIAP

1. Pecniybnuka MuHTaKanapu 0yitiad Maxauivii IOH HaBIApUHUHT HU3UK
MEXaHUK XOCCaJapuHU YpraHUIl sSTHTUAaH sIpaTuiaéTral JOHHU cenapalusiianl Ba
dpakuusuiapra aXXparuil MalluHAJAPUHUHT KOHCTPYKTUB Ba TEXHOJIOTUK
rnapaMeTpiIapyuHU WIMHI acociall XxaMJa AOH IUKACTIAHUIIMHUHT OJIIUHU OJIMIII
UMKOHUHU Oep/Iu.

2. JIoH MaxcyJqoTJapuHU Cenapalysuiall Ba Maccacura Kypa ¢paxkuusiapra
QXpaTUIll MallMHACK KaMepajapujaru XapakaTUHUHI MaTeMaTUK MoJelb Ba
XUCOOIaln MeToAuKadapyu WIuTad YUKW, ylap acOCH WIMYM OpTaHJIapHUHT
KMHEMAaTUK Ba TEOMETPHUK NapaMeTpiIapyuHy aHUKJIAIl UMKOHUHU Oepau.

3. JlonHu nepdopanusiiaHrad Kusi TOK4aJIap Ba MACTKU CHIJIKUTYBUM TOKYa
Oyiinad eHruwsi Ba MUpHUK apanaliMaliapfaH To3ajall Y4yyH XapakaT TeHIJIaMacH
Ty3WJIJM Ba YHHUHI acocuja mnepdopauusuiaHraH Kusl TOK4Yajgap Ba MACTKU
CWJIKUTYBYM TOKYAHWHT KOHCTPYKTHB NTapaMETPIIApUHU aHUKJIAIITa UMKOH Oep/Iu.

4. 7,5 m/c yHyMJIOpJIMK IIApOUTHIA IeppopalvsiIaHTaH KUsl TOKJYaJIap Ba
MAaCTKU CWJIKUTYBYM TOKYAHUHT pallMOHAII TTapaMeTpiiapyu aHUKJIaHIU: KUsl TOKYajap
3HU - 500 mm; KUs TOKYA Y3YHIUTH - 400 MMm; TOKUAHUHT KUK Oypya ra =

0 = 23; nacTKH KU TOKYaAaHUHT Y3YHIUTH - 430 mm. By Kartanukiap I0H apa
JANIMACUHUHT TOKYaap ro3acu 0yiinad ¥3 okuMmu OuiiaH Oup Katiam Oyiunb
XapaKaTIaHUIIMHY, EMUIIAO KOJITaH OPTaHUK Ba MUHEpAJl apajiaiiManap XaMmaa JI0H
KOOUFUHUHT &XKPAJTUITUHN TabMUHJIANIH.

5. MareMaTuk MOAEJUIAIITHPHUII Ba SKCIIEPUMEHTAIT TAIKUKOT METOIapH
épnamuia nepdopanusiianrad Kusi TOKYaHUHT niepdoparius yiryamiapu aHuK-
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JIAHJU: FOKOPH TOKYATApPHUHT YHUK TUaMeTpH — 4 MM, TACTKU CHIIKUTYBYM TOKYA
YUyH — 7 MM, acIUpalusl KaHAJUHUHT XaBO TOPTKUYJIAPH 3HU — 50 Mmm, GanaHamu
rd - 1500 mm, XaBO OKUMHUHUHT TE€3JIUTH - 7 M/c. YIap eHrui apajaimMaiapHuHT
nepdopaius Ba acnupanus KaHaJJIapyu OpKaIH CYPHIUIIN, WHPUK apaiaiiMalapHia
aJI0XHU/a UIUIITa AKPATWIMIIN Ba JIOHHU TAbMUHJIOBYM BaJIUK Kamepacura oup
MapoMm/ia FOKJIAHUIIIMHA TabMUHIANIN.

6. TabMUHIOBYM BIMKHUHT KOHCTPYKTHB TapaMeTpiiapy HILIA0 YHKUITaH
MaTeMaTUK MOJEIUIap AacoCH/a TEXHOJOTWK Tajabjiap Ba MAIIMHAHWUHT HII
YHYMJOPJIMTUTA OOFJIMK XOJJa aHWUKJIAHJIU, YHUHT quametrpu — 350 mm, suu — 500
MM Ba ainaHuil yacrtoracu 450 atin/mun 6¥aub, JOHHU TEKUC KaMpal ofull Ba Oup
XHWJT OoNUTaHFUY Te3nmukaa (U = 6,28") Oup Mapomgaru yIuIInHA TabMUHIANRIH.

o L
7. JIOH YYUIITUHUHT YMYMU OajlaHJIUTH /Ba Y3YHJIUTH HU aHUKJIAIIAa

TabMHUHJIOBYM BAJIMKJAH YUMO UMKHUII  JIOTOK KUSUIMK Oypuaru
OOlIaHFUY TE3JIUTU 0, XaBO KApUIWIIUTH KO3(DPUITMEHTH Kk,
U, NyHaJITUPYBYH JIOH Maccacu m ,

IIYHUHTAEK, MaxaUIMK JOH HABIAPUHU TaBcUdIapura OOFJIMK X012 aHUKJIall
UMKOHUHU Oepanuran quddepeHiuan TeHramManap Ty3uiau.
8. AHUKJITaHAWKHU, HYHAITUPYBYH JIOTOK KMSUITUK Oypyaru=~
a = 450ynranaa
JIOH Maccacu mra OOFJIMK XOJiJa YHUHT yuuiuu Oananmnuruh(,2 oan 1 m raua,

JOHHUHT Y4YMINl y3yHIUTd 3ca [,5m Oan 4 m rada opalukia XapakariaHaiau. by

napaMmeTpijap JOHHM Maccacura Kypa Oup Heda (pakuusra axxparTuil, YHHHT
HamuMruHu 2 % nad 3 % raya KaMauTupuil, MIYHUHTAEK, Typiy apajaliMaliapiaH
TYJIWK TO3aJalll UMKOHUHU Oepa.

9. Pecriybnuka MuHTakanapu 06yiinad Maxaauii 1OH HaBTapUHUHT (GU3UK
MEXaHUK XOCCAJIAPUHU YPraHMIll SHTUAAH SpaTHiIaéTrad IOHHU cenapanysiail Ba
dpakusIapra aXpaTUIIl MaTHHATAPUHUHT KOHCTPYKTHUB Ba TEXHOJIOTHK
napaMeTpIapuHA UIMUHN acoCall XaM/a JOH MIUKACTIAHUTITMHIHT OJITUHU OJTHIII
UMKOHUHU Oepain.

10. OnuHran TaAKWKOT HATIDKaJapW acoCHja JOHHM Cemapaiusiainl Ba
¢paxkuusiiapra akpaTHIl MAllMHACUHUHT WJIMMI acoClIaHraH napameTpiapra sra
OynraH SHTY KOHCTPYKITUSCU WIUIA0 YMKWIIW, TaWEpiIaHIu Ba WUILUIA0 YHKAPHINTA
xKopuil KunuHau. HaTtmkana KOpXOHaHUHT TEXHOJIOTHK JTUHHUSICH MX4aMIIal
TUPWIIU, dSHeprus capdu kamaiTupunau. By sca TerupMOHIApHUHT Xap OHp
¢paxuust 6YiiMya TEXHOJIOTHK MII PEKUMHUHM TAHJAIIra Xamjia Maxauiuid Oyrmoun
HaBJapuJaH cu(aTiv yH Ba YH MaxCyJOTIApUHU OJIMIIra acoc Oynaau.
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PA30OBBII HAYUHBIA COBET HA OCHOBE HAYYHOI'O COBETA
O NPUCYKJIEHUIO YYEHOM CTENIEHU
JOKTOPA HAYK 16.07.2013.T.08.01 ITPU TAIIKEHTCKOM
XUMHUKO-TEXHOJIOTHUYECKOM MHCTUTYTE

TAIIKEHTCKUHA XUMHUKO-TEXHOJOTMYECKHUA THCTUTYT

BAPAKAEB HY CPATUJIJIA PAXKABOBHUY

CO3JAHMUE TEXHOJIOTHYECKUX MAIINH AJIS1 CEIIAPUPOBAHUSA
N ®PAKIHIMOHUPOBAHUA 3EPHOBBIX KYJ/IBTYP

02.00.16 — «IIponeccsl 1 annmapaTbl XHMHYECKUX TEXHOJIOTHH
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BBEJ/IEHUE (anHOTALIMSA JOKTOPCKOM TUCCEPTALINM)

AKTYaJlbHOCTb M BOCTPEOOBAHHOCTH TeMbl AHMccepTauMu. B Hacrosmiee
BpeMsi B MHUPOBBIX MacmrTabax oOperaer Oosblloe 3HaYeHUE obOecreueHne
MOBBIILIEHUSI MPOU3BOJUTENBHOCTH MAlIMH UM 00OPYIOBaHUS, UCIOJIb3YEMOro s
nepepadOTKH CENIbX035IIICTBEHHOM MPOIYKIUH, CHUKEHUSI SHEPronoTpeOieH s,
yAy4YLIEHUS KauecTBa U oOecreyeHus: 6e30MacHOCTH TPOU3BoAUMOM npoaykuuu. C
MOMEHTa 0OpeTeHUsI peCIyOIMKONM He3aBUCUMOCTH B IIEJISIX 00eCTIeueHUs
NOTPEOHOCTH HACEJIEHUs B 3€pHE CEro/iHA M0 cpaBHEHUIO ¢ 1991 rogom BoIpaiu
Baercs B 10 pa3 Ooubiiie 3epHa (B 2015 rogy Oosniee 8 MiIH. TOHH), B 5 pa3 Oosbliie
6000BBIX ((acoib, Maill, 3eJIeHBIA TOPOIIEK, MECTHBIN TOPOX, cost U 1p.). Co3nanue
METAJJIO ¥ SHEProcOeperaronux, KOMIIAKTHBIX, BHITOJIHAIOMIMX HECKOJIBKO
TEXHOJIOTMYECKHUX MPOILIECCOB MAILIMH HOBOW CEpUU, HEOOXOAUMBIX Il OYUCTKHU OT
Pa3IUYHbIX OPraHUYECKUX, MUHEPAJIBHBIX U KPYIHBIX IPUMECE, a Takke
(paKIMOHUPOBAHUH BBIPALIEHHBIX 36PHOBBIX KYJIBTYp 10 MAacCe C YIETOM HX
0COOCHHOCTEH SIBJISETCS OHUM MX BaXKHBIX ITpoOiem orpaciu. Paspaborka
MaTEMaTU4YECKOM MOJEIN U METOAUK pacyeTa ABUKEHUS 3€pHA B KAMEpE MallIUHbI
JUISL cerapupoBaHus U (PpaKLMOHUPOBAHUS 10 MACCE IO3BOJISIET ONPENEIUTh
KMHEMATUYECKHE U KOHCTPYKTUBHBIE ITApAMETPbl OCHOBHBIX pa0OYMX OPraHOB.
Cocrapnenue ypaBHEHUE JBUKCHHS 3€pHA 110 HAKJIOHHBIM NIepPOPUPOBAHHBIM
MOJIKaM M HU)KHEHW HAKJIOHHOM BCTPSIXMBAIOIIEH MOJIKE JJI OUUCTKH OT JIETKUX U
KpPYIHBIX IPUMECEN U ONpeeIeHHE Ha 3TOT OCHOBE KOHCTPYKTHUBHBIX IAPAMETPOB
HAKJIOHHBIX Mep(OPHUPOBAHHBIX U HUKHEW BCTPSIXMBAIOLICH MOJIOK SIBIISAETCS
OCHOBOM (hopManu3aluy JBUKEHUS 36PHOBOM CMECH IO MOBEPXHOCTHU MOJIOK
CaMOTEKOM OJIHMM CJIOEM MPU OJHOBPEMEHHOM OOECIEYEHUH OUYUCTKH OT
HNPWINITHYBUIMX OPraHUYECKUX U MUHEPAJIbHBIX MpPUMECEH U 000JI0UYKHU 3epHa.
Maremarnyeckoe MOAEINPOBAHUE OTKPBIBAET HOBBIE HAIIPABIICHUS JUIS
ONpeeIeHUsl JMaMeTpa OTBEPCTUI BEPXHUX U HJKHUX BCTPSAXUBAIOLIUX IOJOK,
TreOMETPUUYECKUX MaPAMETPOB aCIUPALMOHHOTO KaHajla, CKOPOCTH BO3IYIIHOTO
IIOTOKA U BCAChIBAHUs JIETKUX IIPUMECEN U3 COCTaBa 3E€PHOBOM CMECH C
MOBEPXHOCTH NMepHOPUPOBAHHBIX MOJIOK Yepe3 aCIUPALMOHHbIE KaHaJbl,
TEXHOJIOTUUECKUX MPOLIECCOB BBIACIICHUS B OTIEIbHYIO EMKOCTh KPYITHBIX
IIPUMECEU U pAaBHOMEPHOM 3arpy3KHU 3€pHa B IUTAIOLIUN BAIIMK KaMepbl. MIMeHHO
M03TOMY OOJIBLIIOE 3HAYEHUE UMEET CO3JJaHUE, UCIIBITAHUE U BHEJAPEHUE MalllUHbI



«KoMOWHUpOBaHHBIN cerapaTop» IJis OUUCTKH OT Pa3IMYHBIX MPUMECEH,
paszzenenus Ha (ppakiuy [0 Macce Ha OCHOBE U3y4eHHUs (PU3UKO MEXaHUUECKUX
CBOMCTB MECTHBIX COPTOB 3€PHA B pa3pe3e peruoHoOB. J[aHHOE THCcCEePTallMOHHOE
HCCIIEIOBAHUE B ONPEIACICHHON CTENIEHU CIIYKUT BBIIIOJHECHUIO 3aa4,
IIPEIyCMOTPEHHBIX B mocTaHoBieHUsX [Ipesunenra Pecnybnuku Y30ekucran No
[IT1-1072 “O nporpaMmme Mep IO peannu3alri BaKHEHIINX MPOEKTOB 10
MOJIEpHU3ALMN, TEXHUYECKOMY U TEXHOJIOTHYECKOMY MEPEBOOPY-KEHUIO
npousBoacTBa Ha 2009-2014 roaer” ot 12 mapta 2009 roma u Ne I1I1-1633 “O
Mepax Mo JajdbHEHIIEMY COBEPILIEHCTBOBAHUIO OPraHU3ALMK YIIPABJICHUS U
Pa3BUTHIO MUIIEBON MpombIiuieHHoCcTH Pecryomuku B 2012-2015
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rogax” ot 31 okTsa6ps 2011 roma, a Takxke APyrux HOPMATUBHO-TIPABOBBIX
JIOKyMEHTaX, MPUHSITHIX B JaHHOU cdepe.

CooTBeTcTBHE HCCICAOBAHUS OCHOBHBIM IIPHOPUTETHBIM
HANPABJICHUSIM PA3BUTHSA HAYKHM U TeXHOJIOTUI pecnyOaukn. J[anHoe
UCCJIEIOBAHUE BBIMIOJHEHO B COOTBETCTBUHU C IPUOPUTETHBIM HAIPABICHUEM
Pa3BUTHUS HAyKW U TexHoJorui pecrnyonuku VII. « Xumudeckas TEXHOJIOTHS U
HaHOTEXHOJIOTUSI.

0030p MeKIYHAPOAHBIX HAYYHBIX HCCJIECI0BAHMM M0 TeMe JTUCCEePTALNM.
HayuHnble wuccrienoBaHus, HalpaBi€HHbIE HAa Pa3padOTKy U  COBEPIICHCBOBAHUE
TEXHOJOTMM M MallMH I OYMCTKA OT pa3IMuHbIX [pUMeEcei U
(dbpakMOHUPOBAHUS 3€pHA, OCYIICCTBISIOTCS B BEAYIIMX HAYUYHBIX IIEHTpax W
BBICHINX 00pa30BaTENIbHBIX YUPEKICHUIX MUpa, B ToM uucie, University of Illinois
(CIA), University of Greenwich (BemuxoOputanus), Italian Culinary Institute
(Uramus), Institute of Agricultural engineering (I'epmanus), Institute of Chemical
technology (®panmus), Canadian Institute of food science and technology
(Kanana), Swedish Institute of Food and biotechnology (IlIerust), Beepoccuiickuit
HAy4YHO-UCCJIEIOBAaTEIbCKUI HMHCTUTYT 3€pHA M MIPOAYKTOB €ro  mnepepadoTKw,
Bcepoccuiickuii HaydYHO-HCCIEN0BATEIILCKUA UHCTUTYT MEXAHU3AIUU CEJIBCKOIO
xo3giicTBa, Aunraiickuil, JloHckoil, KyOanckuii m OMCkuil  rocygapCTBEHHbIE
arpapHble  YHHUBEpCUTEThl, YensaOuWHCKasi TOCYyIapCTBEHHasi arpoUH)KEHEepHas
akanemus, KeMepoBCKMH MHCTUTYT TEXHOJOTHM MUIIEBBIX IIPOAYKTOB,
MOCKOBCKHI rOCYyIapCTBEHHBIN YHUBEPCUTET MUIIEBLIX MPOU3BOACTB (Poccus).

B pesynbrare nmpoBeeHHBIX B MUPE UCCIICOBAaHUN B 00J1aCTH TEXHOJIOTUH W
MallliH JJIsi OYUCTKH OT TmpuMecedl u (QpakIMOHUPOBAHUS TOJYUYEHBI PsiI
CYIIECTBEHHBIX HAYYHBIX pPE3yJIbTaTOB, B TOM YHCJE: CO3/1aHbl MAalIUHbI s
OYMCTKM 3€pHa IYTEM IMO3TAHOIO MPOCEHBAHUS 3€pHA 4Yepe3 CUTa Pa3IUYHBIX
pasmepoB (Institute of Agricultural engineering, ['epmanus, Swedish Institute of
Food and biotechnology, IllBemnusi, Bcepoccuiickuii HaydHO-UCCIEA0BATEILCKUN
MHCTUTYT 3€pHa U MPOAYKTOB ero nepepadbotku, Anrtaiickuit, Jlonckon, KybGaHckuit
n OMCKuUii TOCyJapCTBEHHBIE arpapHble YHUBEPCUTETHI, UensOnHckas
rOCylapCTBEHHAsl ~ arpouMH)XeHepHast  akajgemus, Poccus); TNpUMEHEHB B
POU3BOJICTBE  KOJIEOAIONIMECS  CemapaTopbl €  Ba3BPATHO-MOCTYIATEIbHBIM
newxkenueMm  (University of Illinois, CIIA, University of Greenwich,



BenmukoOputanus); co3gansl mHeBMocemnapatopel (Italian  Culinary Institute,
Uranus, Institute of Agricultural engineering, Iepmanus); pa3paboTaHbl
rpaBUTALIMOHHBIE, IEHTPOOEKHbIE W HHEpUUOHHBbIE cemnapatopbl (Institute of
Chemical technology, ®panmus, Canadian Institute of food science and technology,
Kanama, Swedish Institute of Food and biotechnology, IlIBenus); B
TEXHOJIOTHYECKOM MPOIEcCe MPUMEHEHAa OYUCTKA 3€pHa C MOMOUIbIO BO3AYLIHOTO
MOTOKA IyTEM JBYXPa30BOro MPOIYyCKa CHayajga U MOCIE Yepe3 CUTO-CHCTEMHbIE
cemapatopel  (Canadian Institute of food science and technology, Kanana,
Bceepoccuiickuii  HaydHO-MCCIIEIOBATEbCKAM HMHCTUTYT MEXaHU3allUH CEJIbCKOTO
xo3giicTBa, Aunraiickuii, Jlonckoit, KyOGanckuii u Owmckuii rocyaapcTBEeHHbIE
arpapHble YHUBEPCUTEThI, KeMepOBCKUI MHCTUTYT TEXHOJIOTHH IMHUIIEBHIX
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MPOAYKTOB, MOCKOBCKHMI TOCYJapCTBEHHBIN YHUBEPCUTET IUILEBBIX MPOU3BOACTB
Poccus).

B Mupe ocymecTBisieTcss psa MCCICA0BAHUM IO CO3JAHHUIO TEXHOJOTMHU H
MaIllMH JJIsl CemapupoBaHus U (paKkIMOHUPOBAHUS 3€pHA, IO PSTy MPUOPUTETHBIX
HAIPABJIICHUN MPOBOAITCA HCCIIEIOBAHUSA, B TOM YHMCJE CO3[JaHHE HOBOW CEPUU
BBICOKO-TIPOM3BOIUTEIBHBIX, HSHEPrO0 H METAIJIOCOepEeraronmx MaluH s
cepapupoBaHusl U (PPAKIUOHUPOBAHUS JJII KOMOMHMPOBAHHBIX TEXHOJOTHUECKUX
MPOLECCOB; MOJTHAA MEXAHUXAIMS U ABTOMATH3ALIUSI TEXHOJIIOTHUSECKOTO MPOLECCa;
YBEJIIMYCHUE  MPOM3BOACTBA MYKHM  BBICIIUX COPTOB C  IPUMEHEHHUEM
BBICOKOTIPOU3BOJIUTEIbHBIX MPUOOPOB U TMEPEAOBBIX TEXHOJOTUM, pa3BUTUE
MYYHO-KPYIISSHOH U KOMOMKOpP-MOBOW  TPOMBIIUJICHHOCTH;  PEKOMEHJIAIs
nokasarejied U pexuMOB pabOThl MPUOOPOB, MPUMEHSEMBIX B TEXHOJOTHUYECKOM
MPOIIECCE C YYETOM XHUMHUYECKHUX, (PU3UKO-MEXaHUYECKHX CBOMCTB 3E€pPHOBBIX
KYJBTYD.

CreneHb M3y4eHHOCTH MPOOJIEMBI.

HayuHble wuccrnenoBaHus 1O CO3JaHUI0 TEXHOJOTHHM U 000PYyHOBaHUS
cermapaud ¥ (QPaKIMOHUPOBAHUSI  3€PHOBBIX  KYJIBTYp  OCYIIECTBISUIUCH
H.E.ABneessim, B.M.Anuckunbim, A.C.ApxunoBbiM, A.dD.byrenko, H.D.Bacunb
eBbiM, H.I'ImankoBeiv, B.B.Ioptunckum, B.ILIopsukunbiM, A.I.I'pOMOBBIM,

I1.M.3aukom, A H.3101uHbIM, A.B.3unb0epHarenbem, A .N.KnuMokom,
N.E.KoxyxoBCKUM, H.®.Konuenko, N.N.KocuiaoBbiM, B.A.KyObiiieBbiMm,
A.A.Kyku6om, I1.H.JTanmuHbIM, N.I1.JIanmuHbIM, M.H.JIeTomHeBbIM,
A.A.Jlommanom, B.H.MakapoBsim, E.A.HenoMmusmux, I"'T.IlaB10OBCKHM,

N.®.I1uky301, 10.B.TepeHThEBbBIM, I.JI.TepckoBbIM, B.1.Tenerunsim,
M.A.TynbkubaeBsiM, H.H.Yappuxom, B.M.Ileunnockum, I.®d. XanxacaeBbiM,
A.B.®omunbix, H.H.Vnepuxom, B.M.[punuoii, X.Pooeptom, III.JI.Pomuu, I1.K.
Poccom, O.Yundpunom, A.Xemepu, H.P.}OcynGekoBeiM, X.X.YcMaHXOIKAaCBBIM,
P.I'MaxkaMOBbIM, 3.C.CanuMoBBIM, C.C.HermaroBsiM, A.A.ApTUKOBBIM,
A.A.PuzaeBeiM, ['A.baxamupoBeiv, X.Hypmyxamenoseiv, [LI.M.I'ynsamoBeim,
II.M.TypcynxomxkaebiM, JX.II.MyxutaunoBeiM, K.O.JlogaeBsiM, JK.KypOoHOBBIM
u Jp.

B pesynbreTa uccnenoBanuii B 00J1aCTH CO3/IaHMS MAIIMH W TEXHOJOTHH IS
cenapupoBaHusi ¥ (PaKIMOHUPOBAHMS 3EPHOBKX KyIbTyp co3maHo Oonee 100



TBICSIY MalIMH ¥ O0OpYAOBaHUA C PAJTMYHON MPOUBBOIUTEIBHOCTHIO U
MOIIIHOCTBIO. MexaHu3anus 1npolecca MNo3BoMWiIa NOBbICUTH B 8-10 pa3
MPOU3BOAUTENBHOCTh TPYyJa, COKpaTuTh B 1,5-2 paza pacxoibl Ha mnepepadoTKy,
NOPYYUTh MYKY UM CEMEHa BBICHIETO KadecTBa. Pe3ynprarbl HCCIeI0BaHUMN
A.B.®omunpix, H.D.BacunweBa, A.B.3wibbepuarens, H.H.Vmepuxa wu gap.
CBUETETBCTBYIOT O TOM, YTO CpPeId MAIUH JIJIsl OYMCTKHU 3epHa Hanboyiee aKTUBHO
UCIIOJIb3YIOTCA ~ CHTOYHBIE  MAaIUMHBI C  MEHBIIMM  PACXOAOM  3HEPIHH.
Hcrnonp30BaHHEe B CUTOYHBIX MAIIMHAX BUOPALIMOHHBIX IE€perady IO03BOJIWIO B
HecKombKo (5-10) pa3 yMEHBIIUTh aMIUIUTY/Y, a TaK)Ke€ HECKOJBKO Pa3 yBEIUUYUTh
yCKOpeHue ©  yactory KkoneOanuil. B wuccrnenoBanumsix  B.H.Makaposa,
B.N.Teneruna, 1.®.1luky3a, I ®.Xanxacaea, A.®.byTeHKO U Ap. BBIABUHYTA U
MIOJATBEP>K/I€HA TMIIOTE3A O TOM, YTO IPU CKOPOCTH JIBUKEHUS JIEHTBI IO

33
ONpeAeNieHHbIM yIioM a0 14 M/c B JEHTOYHBIX MAalllMHAX OYHCTKH 3€pHa
TPAeKTOpHUs JIETSAIIEr0 3epHa COCTOMT U3 mapabosibl. OTMEYEHO, YTO MpPU ITOM
36pHO B 3aBUCHUMOCTH OT CBOUX a3pOAMHAMHYECKUX IIOKa3zareiel pasMepoB M
CPAaBHUTEJILHOM MacChl yJIETAET Ha pa3Iu4Hble paccTOsIHUA. Takke NOATBEpKIeHa
BO3MOKHOCTb YBEJIMUEHUS C TIOMOIIbIO JICHTOUHBIX MAalIMH YPOBHS OYMCTKH 3€pHa
Ha 4-20%. Pa3paborannas B pe3ynbrare HayuHbix norckoB H.M.Kocuiosa,
A.A KykuOuHa u ap. uccienoBareneii THEBMO-UHEPIIMOHHAS MAIlIMHA
PEKOMEHI0BaHa JUIsl UICIIOJIb30BaHUS B IPOLIECCE IEPBUYHOM OUHUCTKH 3€PHOBBIX
KYJIBTYP.

Cenmapanusi 3€pHOBBIX KyJIbTyp IO HEOOXOAMMBIM IpPHU3HAKaM SIBISETCS
CJIIO)KHBIM TIPOIIECCOM, KOTOPBIA 3aBUCUT OT CIIEAYIOIIMX 3TAloOB: OTHOCHUTEIBHOE
MEPEMENIEHUE 3€PHOBOM CMECH MO TOBEPXHOCTH BCTPAXHUBAOIICH IOJKHU;
CaMOCOPTUPOBAHUE-ITPOXOKIECHUE 3EPHA IO MMOBEPXHOCTH BCTPSAXUBAIOLIEH IMOJIKH
K MTOBEPXHOCTHU HIDKHEH IMOJIKK; OTOpachIBaHUE 3€pHA MPU MTOMOIIN LIEHTPOOEHKHBIX
CWJI Ha OIpEAeNiEeHHbIE CEKIMM IOBEPXHOCTU peIIeTa. YCOBEPIIEHCTBOBAHUE
MalIMH ¥ TEXHOJOTMYECKHE MPOLECCHI ISl CENapupoBaHus U (PpaKIMOHUPOBAHUS
OTHOCUTENIBHO II0 MAaccaM 3€pHOBBIX KYJIBTYp, YUHMTBIBAas B3aUMOCBS3b BBIIIE
U3JIOKEHHBIX JTallOB, HMMEET HAyYHO-NPAKTUYECKYIO IEHHOCTb M BEChbMa
aKTyaJIbHO.

CBsI3b TeMBbI M CCEPTAIUM C HAYYHO-HCCJIeA0BATEILCKIMHU padoTaMu
BBICIIET0 Y4eOHOI0 yUpesKAeHHS, I/1e BHINOJIHSETCS JMCCepTalus.
JluccepTallMOHHOE UCCIIEI0BAHUE BBIMIOJHEHO B PaMKax IJIaHA HAYYHO
UCCJIEIOBATEIBCKUX PA0OT MPUKIAAHBIX U HMHHOBAIIMOHHBIX MPOEKTOB
TamkeHTckoro xumuko-rextHosorudeckoro uucturyra UTJ[-5-065. «Pa3zpaborka
pecypcocOeperaronmx, 3K0JI0rn4eck 0e30nacHbIX TEXHOJIOTUNA JUIsl IPOU3BOICTBA
XUMHUYECKUX M MUIIEBBIX MPoaykToB» (2005-2012 rr.) u I'ynucranckoro
TocynapcrBenHoro yuuBepcutera A3-46 «Pacuet apdextuB-noctn npubopon
OYUCTKHU U (GPaKIMOHUPOBAHUS 3€pHA U COBEPLICHCTBOBAHUE UX MPOEKTUPOBAHUS
(2015-2017 rr.), a Takxe MOT-2014-2-31 «Buenpenue B mpou3BOJCTBO
TEXHOJIOTHI OYMCTKH OT MpUMecei 1 PpaKIMOHUPOBAHUS 3€pHA 10 MacCe»
(2013-2014 1)

Ieabr0 uccaeI0BaAHUA SBISICTCS CO3JaHUE TEXHOJOTHYECKON MallluHBI JJIs



cenapupoBaHus ¥ (PpaKIIMOHUPOBAHUS 3€PHOBBIX KYJIBTYp IO MaccaM M
000CHOBaHHE €€ TEXHOJOTHICCKUX, KHHEMATHUYECKUX U KOHCTPYKTHBHBIX
napaMeTpoB.

B cooTBETCTBHH € IOCTaBICHHOM IIENIBI0 PEIIATHCH CISAYIOIINE 3a1a4M:
U3y4YeHHE B pa3pe3e TePPUTOPUI PU3NKO-MEXaHUIESCKUX CBOMCTB MECTHBIX COpPTOB
3epHa I CO37aHMs HOBOM CEPHH MAIUH JIJIS CENIapUpOBaHUs U
bpakiMOHUPOBAHUS,

U3yueHHNE U aHAJIN3 TEXHOJIIOTUYECKOTO MpoIiecca CenapupoBaHus U
b pakmOHNPOBAHUS 3€pHA TIO MACCE;

COCTaBJICHHE YPAaBHEHUS JBIKCHUS 3€pHA IO TIOBEPXHOCTH TTepPOpUPOBaH
HBIX TIOJIOK;

oTpesieNieHne CKOPOCTH BO3AYITHOTO TTOTOKA M BRIOOP BEHTUIISITOPA JIJIS
OYHMCTKH 3€pHA OT JICTKUX IIPUMECEH;
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COCTaBJICHUE YPABHECHUS JIBU)KECHUS 3€pHA 110 MTIOBEPXHOCTH HIKHEN
BCTPSAXUBAIOIIEH MOJIKU JIJISI OYUCTKHU OT KPYITHBIX IPUMECEM;

COCTaBJICHUE YPABHECHUS JIBM)KCHUS 3€pHA IO MTOBEPXHOCTH MUTAIOIIETO
BaJIMKa KaMephl PPaKIIMOHUPOBAHUS;

co3gaHue KOMOMHHPOBAHHOTO CermapaTopa JjIsi OYUCTKH OT APYTHX
npuMeceit u GpakIMOHUPOBAHUS 3€pHA 10 MacCe, ONMPECICHUE €r0 KHHEMaTH
YECKHUX U TEXHOJIOTHYECKHUX MapaMeTPOB;

MPOBEACHUE MPOMBIIUIEHHOTO HWCIBITAHUS, BHEIPEHUE B TMPAKTUKY U
onpeesieHue JKOHOMUYECKON 3(P(GEeKTUBHOCTH KOMOMHUPOBAHHOTO Ccemaparopa
JUIS OYUCTKH OT JPYTUX MpUMeEcer u (paKIMOHUPOBAHUS 3€pHA IO Macce.

O0BbeKTOM HCCIe0BAHMS SBISCTCS TEXHOJIOTMYSCKas MallliHa
cenapupoBaHus U (HPaKIIMOHUPOBAHUS 3€PHOBBIX KYIBTY].

IIpenMeT ucc/ie0BaHMs: 3aKOHOMEPHOCTH MIPOLIECCOB, TPOTEKAIOIINX B
TEXHOJIOTUUECKOW MAIIIUHE JIJIsl CeMapupoBaHus U (PpaKImOHUPOBAHUS 3€PHOBBIX
KYJIBTYP, X B3aUMOCBSI3aHHbIC KHHEMATHYECKHUE U TEXHOJOTNYECKUE TTOKA3aTENH.

Metoabl wuccaegoBanmil. B guccepranMoHHON paboTre NpUMEHEHbI
bu3uKo-xuMHUUYecKre, (PU3NKO-MEeXaHMYECKHEe, KUHEMAaTHUYeCKUe, TUHAMUYCCKUE U
METO/Abl IUJIAHUPOBAHUS OSKCIEPUMEHTOB, TAKKE METOIbl MaTreMaTu4eCKOn
CTaTUCTHUKHU.

Hay4yHnasi HOBU3HA HCCJIEOBAHMUSA 3aKITIOYACTCS CIEAYIOMIEM: B pa3pese
TEPPUTOPHUH OMpe/IeICHbI (PU3HKO-MEXaHUICCKUE CBOMCTBA MECTHBIX COPTOB
3€pHa;

ompe/ielIeHbl B3aMMOCBSI3aHHBIE 0COOEHHOCTH MTapaMeTPOB MPOIIECCOB
cenapupoBaHus U PpaKIMOHUPOBAHUS 3€PHOBBIX KYJIBTYD;

CO3/IaHO YPABHEHME JIBUKEHHUS 3€pHA IO MOBEPXHOCTH MUTAIOLIEIO BAJIMKA
(GbpakIIMOHHON KaMepbl ¢ YYETOM COIPOTHBIICHHUS BO3/yXa Ha MOBPEX-HOCTH 3epHa
I10 TIPOAOJIBHOMY pa3pesy;

ONpeaCICHbl KMHEMATUUYECKUE W TEXHOJIOTHUYECKHUE IMapamMeTpbl KOMOWHHU
POBAHHOTO cemnaparopa ¢ y4eToM (U3UKO-MEXaHUYECKUX 0COOCHHOCTEH MECT HBIX
COPTOB 3€pPHA,;

co3JaHa TEXHOJOTWYecKas MallluHa-KOMOMHUPOBAHHBIM cemaparop IS



OYUCTKM OT Pa3jIMYHUX TpUMeced M (PPaKIUOHUPOBAHUS 3E€PHOBBIX KYIBTYp IO
Macce ¢ MPOU3BOJUTEIBLHOCTBIO 7,5 T/4, ¢ TabapuTHBIMU pazMepaMu: - [=4500 mm,
h=2000 ymm, b=500 mm.

IIpakTuyeckue pe3yibTaTbl HCCIACTOBAHUSA:

pa3paboTaHa MaTeMaTu4yeckas MOJIe]b M COCTABICHO YpaBHEHHUE JABMKCHHUS
3€pHa 10 MMOBEPXHOCTH NePPOPUPOBAHHBIX MOJOK C YUETOM BO3IYIIHOTO MOTOKA;
pa3paboTaHa MaTeMaTHU4eCKasi MOJEJIb U COCTaBJICHO YPaBHEHHE JIBIDKCHUS 3€pHa
10 ITOBEPXHOCTH HUKHEW BCTPAXUBAIOIIECH MOJIKU JJI1 OYMCTKHU OT KPYITHBIX
IpUMECEN B cenapaloOHHON KaMepe ¢ y4eTOM BO3IYIIHOTO IMOTOKA; ONpeIeieHa
CKOPOCTbH BO3AYITHOTO MOTOKA U BHIOPAH BEHTUJISTOP SISl OYMCTKH 3€PHA OT JIETKUX
npuMecel B cenapaluoHHON KaMmepe; pa3paboTaHa KOHCTPYKTOPCKasl U
TEXHUYECKas JOKYMEHTAaIUsl KOMOMHHPOBAHHOIO CEMapaTopa, 3aHMMAIOIIETO B
YEThIpE pa3a MEHbIIIE NPOU3 BOJCTBEHHON IIOIIA/IH.
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JIOCTOBEPHOCTh MOJY4E€HHBIX Pe3yJabTATOB OOOCHOBBIBACTCS HAJTUYHEM
aJICKBaTHBIX MAaTEMAaTUYECKUX MOJCJIEH W aJIrOpuTMOB pacyeTa, COOTBETCTBHEM
TEOPETUYECKUX [apaMEeTPOB U pe3yJIbTaTOB HCHOBITAHUS KOMOWMHUPOBAHHOTO
cemnaparopa.

Teopernyeckassi M NpPaKTU4YecKass  3HAYMMOCTH  Pe3yJbTaTOB
ucciaenoBanus. HayuHas 3HauMMOCTh PE3yJabTaTOB KCCIEIOBAHUS OMPEISETCS
CO37JaHUEM HOBOM TEXHOJIOTMM M MalllMHbI CEMapUpPOBaHUA U (PPAKIMOHUPOBAHUS
36pHOBBIX KYJIbTYp, pPa3padOTKONM METOAOB pacueTra [JBHXKEHHS 3€pHa IO
HAKJIOHHBIM IOJIKaM C MUTAIOIIUM BaJIHKOM.

[IpakTrueckas 3HAYUMOCTb PE3YJIBTAaTOB MCCIEAOBAHUS 3aKIIOYAETCA B TOM,
yTOo ObLIa pa3paboTaHa HOBas KOHCTPYKLMSI MAIIMHU JJis CEMapupoOBaHUSA U
bppakMOHUPOBaHUSL 3€pHA, B KOTOPOH OOBEACHEHBI KaMephbl CENapUpOBAHUS U
(bpakIMOHUPOBAHUSI 3€pHA, YTO TMO3BOJSET TOBBICUTh MPOU3BOAUTEIHLHOCTh
anmapara ¥ KadeCTBO OUYMCTKM 3€pHAa OT pa3JIUYHbIX MpPUMEcCEed, TaKKe
oOecrnieunBaeT  (PpakMOHUPOBAHUE 3€pHA IO Macce, MCKIIOYEHUU  €ro
MOBPEXKACHUN, YMEHbBIIICHUE MAaTEPUAIIOEMKOCTH U MOTPEOJICHUU AJIEKTPOIHEPTHUU;
KpOME TOr0 MalllMHA 3aHUMAET MEHbIIIE MPOU3BOJICTBEHHOM IIOIIAAH.

Buenpenue pe3ynabraroB ucciieqopanusa. KoMOMHUPOBaHHEIN cenapaTop
OYUCTKH U (PpaKIIMOHUPOBAHUS 3€pHA MPOIIEI MPOU3BOICTBEHHOE UCTIBITAHUE U
BHEJIPEH Ha MPEANPUSITUIX 10 repepadboTke 3epHa AKIIMOHEPHON KOMITAHUHU
«Y3moumaxcynor» (crpaBka ot 22 mapta 2016 .Ne 11-2-8/4299 AK «¥Y3monmax
CynoT»). B pe3ynprare co3naercsi KOMIIAKTHAsL TEXHOJIOTHYECKas JIMHUS MPELT
PUSTHUS, YMEHBIIAETCS SHEPrONOTpedIeHNE, JOCTUTACTCS: BBIOOP TEXHOIOTHYEC
KUX PEKUMOB MEJIbHHUIL JIJIs1 KOKJI0M (hpakiuu; o0ecrieunBaeTcsi MPOU3BOACTBO
Ka4€CTBEHHOM MYKH Y MYUYHBIX U3IEIUI U3 MECTHBIX COPTOB 3€pHA.

AnpoOauusi padoTbl. Pe3ynpTaThl HMCCIECIOBAHUS W3JI0KEHBI B BHJIE
JOKJIaZ0B M ampoOupoBaHbl Ha OKOJIO 30 MEXIYHApPOIHBIX M PECIyOJIUKAHCKHUX
HAYyYHO-TEXHUYECKUX KOH(EepeHIUsIX, B 4aCTHOCTH: «O3UK-OBKAT XaB(CUZIUTH
(Towikent, 2005, 2006, 2010); «CoBpeMeHHble MpoOIeMbl MeXaHUKW» (TOIIKEHT,
2009); «Maxamauii xoM ai€é Ba MaxCyJOTJIapHM KalTa WAl TEXHOJIOTHICH
(Toumkent, 2009); «KoH-MeTamayprusi COXAaCMHMHI 3aMOHAaBUN TEXHHMKa Ba



TEXHOJOTHSUIApY XamJia YyJlIapHH pUBOXJIaHTUpuIn Wymutapu» (Hasouit, 2010);
«IIpuknagneie 3a1aun MareMaTtuku U Mexanuku» (Cesacromnoinb, 2010); “Kumépuit
TexHoioruss Oyimuya Mapkasuit Ocué xynyauil amwxymanun” (Mocksa, 2012);
«MammnocTtpoenue u texHochepa XXI Beka» ([Jonenk, 2014, 2015); «Kumnuiox
XyKanuruga TaAKUKOT HaTwxalapuHuHT Kysutanumm» (Iymucron, 2013); 11
MexnyHapoaHasi HayqHO-IIpaKkTH4ecKas KoHpepeHuus, nocssiueHHas 80-J1eTuio co
nusa poxaenus I.M.AuntanmueBa (Anmarsl, 2015); «IHHOBaIMK B TEXHOJOTHAX U
obpazoBanumn» (benoso, 2015); «Hayka, TexHrKa 1 MHHOBAaIlMOHHBIC TEXHOJIOTHH B
AMOXY MOTYIIECTBa M cyacThs» (Amraban, 2015); «ABromaruzamus: TpoOIeMBI,

uneu, pemenus» (Ceactonons, 2015); «/IHHOBallMOHHBIE TEXHOJIOTUU U
skoHOMMKA B MammHocTpoeHum» (Tomck, 2015); «Innovative manufacturing
engineering international conference» (Romania, 2015); «Texnuka Ba
TEXHOJIOTHUSIHUHT ~ A013ap0 MyaMMmoniapu, YJIapHUHT HHEProTeXKAMKOp Ba

WHHOBAILMOH eunmiiapuy» (Daprona, 2016).
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HuccepranmonHas padota o0Cyk/ieHa Ha 00beIMHEHHOM ceMHuHape kadeap
dakynpreTa « TeXHOIOTHS MUTIEBBIX TPOAYKTOBY» TalTKEHTCKOTO XUMHUKO
TexHosiornueckoro uHcturyta (2015). Hayynom cemuHape rmpu y4eHOM COBETE
TKTH 16.07.2013.T.08.01 (2016).

Ony0JMKOBAHHOCTH Pe3yabTaToB HcciaenoBanus. [lo Teme nucceprauuu
onyoauKoBaHbl Bcero 44 HayuHbix pa®oT. M3 Hux 17 Hay4yHbIX cTareld, B TOM 4YHCIIE
11 B pecnnyOnukanckuxu 6 B 3apyOeKHBIX JKypHajaX PEKOMEHJIOBaHHBIX Briciieit
aTTecTallMOHHON KoMuccuer PecnyOnuku Y30ekucTan ajisg myOIuKalu OCHOBHBIX
HAyYHBIX PE3YJIBTaTOB JOKTOPCKHUX JUCCEPTALIUN.

Crpykrypa u o0beM auccepramuu. CTpyKTypa IWCCEPTAUUHA COCTOUT W3
BBEICHUS, MSATH IVlaB, 3aKJIIOYEHHS, CIHCKAa UCIOJb30BAHHON JUTEpaTyphl,
npunoxeHuit. O0beM nucceprainuu coctapisgeT 200 cTpaHuil.
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OCHOBHOE COAEPKAHHUE JUCCEPTAIIUN

Bo BBegeHmum O0OOCHOBBIBACTCSI aAKTyaJdbHOCTh U BOCTPEOOBAHHOCTH
MIPOBEACHHOTO MCCJENOBAaHMS, LIeNb U 3aJaud HMCCJEIOBAaHMS, XapaKTEePU3YIOTCS
OOBEKT W TpEeIMEeT, I[IOKa3aHO COOTBETCTBHE WCCIEIOBAHUS TMPUOPHUTETHBIM
HaIPaBJICHUSIM Pa3BUTHSl HAYKU M TEXHOJOTHH peCcIyOJIMKH, W3JIararoTcs HaydHas
HOBU3HA U TPAKTUYECKUE PE3YJbTaThl HUCCIICIOBAHUS, PACKPBIBAIOTCS Hay4dHas U
MpaKTUYECKass 3HAYUMOCTb IIOJYYEHHBIX pEe3YyJlbTaTOB, BHEAPEHUE B IPAKTUKY
PE3yABTaTOB HMCCIEAOBAHUS, CBEJICHUS 0 OIyOJUKOBAHHBIM paboTaM U CTPYKType
JIUCCepTaIuu.

B mnepBoii maBe auccepraiuun «CoBpeMeHHOE COCTOSIHHE W TEeHACHIHMHU
pa3BUTHA TEXHOJIOTUYeCKNX MAaIlIuH s cernapupoBaHus U
(ppaknUOHUPOBAHNS 3E€PHOBBIX KYJbTYP» I[POAHAIU3UPOBAHBI COCTOSTHUE H
TEHJECHLUUU Pa3BUTHUS CYLIECTBYIOIIMX TEXHOJOTMUECKHX MAlIMH U YCIOBHM HMX



AKCIUTYaTallMy MPY CENapUpPOBAHUU U PPAKITMOHUPOBAHUH 3€PHA.

N3y4eHsl 0COOEHHOCTH TEXHOIOTUYECKUX MAIIMH HA CeTTapupPOBaHUS U
(paKuUMOHUPOBAHUU 3€pHA.

OrnpenesieHbl  OCHOBHBIE  (DAKTOPBI, BIMSIONINE HA TEXHOJIOTHYECKHUE
MOKA3aTEeJIM MAIIMH TIPU CETTapUPOBaHUU U HPAKIIMOHUPOBAHUHN 3€PHOBBIX KYIBTYP.
UccnenoBanbl criocoObl MPOCEUBAHUS U UX XapakTepucTuku. OnpenereHo BIusHue
paboyux OpraHoOB TEXHOJOTMUYECKHMX MAallMH Ha  MPOYHOCTHBIC CBOMCTBA H
MEXaHUYECKHUE MOBPEXKICHUS 3€PHOBBIX KYJIBTYD.

Ha ocHOBe KpUTHUECKOTO aHAJIM3a JIUTEPATYPHBIX HCTOYHHMKOB, MU3YUEHHUS
COBPEMEHHOI'0 COCTOSIHUS TEXHOJIOTMUYECKOrO MPOLIECCa U MAIlIMH ONPEAEIIEHO, YTO
HanOoJiee TMEpPCIICKTUBHBIM HaIlpaBJICHUEM IPU CO3JaHUM 3E€PHOOUYUCTUTEITHHBIX
MalllMH B HAaCTOSIIIEE BpEMsl SIBISETCS IMOWUCK  YHHBEPCAJIBHOIO, IPOCTOTO,
MHOTO()YHKIIMOHAJIBHOTO 000OpynoBaHUs JUISt cernapupoBaHus u
(b paKImOHUPOBAHUS 3€PHOBBIX KYJIBTYP.

Bo Bropoit mmaBe guccepranuu «TeoperHueckue HCCIAeI0BAHUSA
napaMeTpoB U PeKNMMOB TEXHOJOTMYECKMX MAIIHUH [JISl CeNapupoBaHuUs W
(ppakuuonupoBanus 3ePHOBBIX KYJbTYpP» MIPUBEICHbI PE3yJIbTaThI
UCCIIEAOBAaHUN IO COBEPILEHCTBOBAHUIO TEXHOJIOTMYECKON MaIlMHBI U Ipoliecca
cenapupoBaHusl U ppakuroHupoBanus 3epHa. C IENbI0 MOJHON OYUCTKU MECTHBIX
COpPTOB 3€pHa OT MpUMECEH W pasleNieHus uX Ha (Ppakiuh MO Macce, C y4eTOM
(U3BUKO-XUMUUYECKUX, adPOJUHAMUUYECKUX U MEXaHMYECKUX CBOWCTB 3€pHA, HAMU
mpenaraeTcs HOBas JBYXJTalHAas KOMOWHUpPOBAaHHAsS MalllMHA JUJIS Cemaparuv u
b pakMOHUPOBAHUS 3EpHA.

Ha nepBom »9rame oOCylIeCTBISETCA IEpBOHAYalbHAsi OUYHUCTKAa B
a’pPOJIMHAMUYECKOM  Kamepe cemapauuu, TI[e YAaISlTC NOpUMECH  HE
npeBblIatomue Maccy 3epHa. Kamepa cemapamum 1 mnpennmaraemMoil ManivMHbL
cemnapanuu U GppakImoHUpoBaHuUs 3epHa (puc. 1) coaepxutT OOKOBBIE CTCHKH 2 U 3,
YCTAHOBJICHHBIE C BO3yXOBOJAMU aclHpanvv 4 HaKJIOHHBIC Nep(OpupOBaHHBIC
BCTPSIXMBAIOLIME TOJIKKA S, 6, 3arpy304HOE€ YCTPOMCTBO 7, KaHan & A
MPEABAPUTEIIBHOMN aCIIUPALIMU U MATAIOMINI BaJlvK 9.
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Puc.1.
IuTarwiee ycTpoiicT BO cemaparopa
3epHa

Haknonnsie neppopupoBaHHbBIE BCTPS
XUBAIOIINE MOJKH S5, UMEIOT OTBEPCTUS
nep@o panuii MEHbIIIE YEM pa3MeEPbI
3€pHa, HWKHASI HaKJIOHHAs

BCTPSIXMBAIOIIAs Mojka 6 UMeeT
oTBepcTus nepdopanuii OonblIne,
HEXKEJIM Pa3MeEpPbI 3€pHA, U YCTAHOBIICHA
BBICTYITAIOLIEH U3 IPUEMHOMN KaMmepsl 1
yepes BbixogHoe okHO 10. HuxHss
3arpy3ouHas nojika 11 npueMHoit
KaMmepbl | HampaBJieHa 10 KacaTeJIbHOM K
nuraromemy Bainuky 9. [luraromee
YCTPOMCTBO cemaparopa 3epHa
CHaOXXEeHO eMKOCThIO 12 st coopa
KPYIHBIX TSKEIBIX TPUMECEH.
CocraBiieHa MaTeEMaTUYECKAsI MOJIEIIb
JIBUKEHUS 3€pHA MO0 HAKJIOHHOU IOJIKE S.
BrinosiHeHbI TEOpETUUECKHUE
WCCIICIOBaHUS JABUKECHUS 3€pHA 110
MOJIKE 5 ISl OYUCTKHU

3€pHa OT PA3JIUYHbIX IPUMECEN.
PaccmotpeHo yciioBre abCconoTHOTO
NepEMEICHUS 3€pPHOBOM YACTHUIIBI 110
HaKJIOHHOM HEMOABUKHOU
neppopupoBaHHO moNKe 5 (puc. 2), a
TaKXKe MPOaHAIU3UPOBAHU

YCIJIOBUSI OTHOCUTEIBHOTO MEepeMEIICHHs €€ 10 MOABUKHON nephoprupoBaHHON

Y

S
Fem
Fp

nosnke. [Ipu ycTaHOBKE MOJIKU 1O

YIJIOM O K

N

cieayrolme cuiibl: G-cuiia TSHKECTH
3€pPHOBOM

4acTUIlbl, N-HOpMaJIbHAs peaKIust
TIOBEPXHOCTH TOJIKH, F, - crbl
TpeHus u F -

CUJia BTATUBAHUA. [{J1 IBUKEHUS

TOPU30HTY Ha 3€PHOBYIO YACTHILY

JNEUCTBYIOT

OOJIBIIIE UEM
yTOJI TPCHHMSI Y, BEPXHEU

YaCTHUIIBI

JUTHHBI F em, maccy

3€pHa BMECTE C
IIOJIKH, 9€PE3  prmMechio Ha

a P TO-€CTh 0.

Ps HeoOxoauMbIii O003HAYMM
yroj HaKJIOHa CHITY

P, TTOJIKH O BTATUBAHUS,

O, JIOJKEH OBITh  MPUXOMALLYIOC

my

Puc. 2. Cxema cui1, 1eiCT BYIOLIUX HA
YaCTHUILYy, HAX0 AANIYIOCS HA
HAKJIOHHOM MOJIKe

m
3TOM y4acTKe-uepe3 .

sl Ha eguHuny (/)

YpaBHEHHE IBUKEHHUS LEHTPA MacC
BBIJICJIEHHOTO €AUHUYHOTO JIEMEHTA U3
3€PHOBOW CMECH B HAIIPABJIECHUU ITOJIKU
VMEET BUJL
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3aKOH JBMKEHHMSI MIOCIIEYIOIINX TOJIOK OIPEAEIIAIOTCSA aHAJIOTUYHO.
YCTaHOBIEHO, YTO BPEMS HAXOXKJICHMS 3€pHA Ha IOJIKE MPSAMO MPONOPLUHUOHAIBHO
JUIMHE 1 00paTHO NPONOPLHUOHAIBHO YTy HakjIoHa. Ha puc. 3 npuseneH rpaguk
M3MEHEHUS BPEMEHH HaX0XKJICHUS 3€PHOBOM CMECH HA MOJIKE B 3aBUCHUMOCTH OT
yIJla HAKJIOHA MOJKH NPY HadaJibHOU mnHe L=50 MM U yriie HakinoHa =~~~ ~=~=~~=~

B=0,5,10,15,20,23,25,30,35,40,45.
[
e U3 rpaduka BugHO,
A ‘\\N\ YTO C yBEJIUYCHUEM yTia
AT
. = HAKJIOHAa IIOJKH CKOPOCTh
o u Ly i T - o
tul L naJeHNs YaCTUI] 3€PHOBOM
CMECH PACTET, a BPEMsI
HAXOXKJICHUS 3epHa Ha
TMOJIKE YMEHbIIIAETCS.
w4 ® B B W B 4 o COOTBETCTBEHHO, ITPU
=]
OOJIBIINX yITIaX HAKJIOHA
Puc. 3. I'padux 3aBI/IC:/IMOCTI/I BPEMEHM 1y yacTHIBI 3ePHOBOH CMecH,
HAXOM/IEHHs 3ePHOBOH CMECH Ha MOJIKE ;\ioi e Hay GOINbIIIIE MACCH, HAGHPA
OT yIJIa HAKJIOHA MOJIKH




I0T HaOOJIBIIIYIO0 CKOPOCTh NaJACHMsI, TOIJIAa 3€PHOBAsE CMECh KaTUTCS WIIM CKOJIB3HT
0 TIOBEPXHOCTH MNOJAKH. IIpu TakoM [BMKEHMM 3€pPHO OYMIIAETCA OT
MPUWIETIMBIIEHCS NBUIA U OT 000JIOUKH.

Taxxe uccnenoBaHO KPUTHYECKOE YCKOPEHUE HMXKHEHN MOJIKKM 6 C KPyrOBBIM
MOCTYIIAaTEIbHBIM ~ JIBUKEHHUEM B TOPU30HTAJIbHOM IuIOocKoCcTH. OnpeneneHa
TeXHOJNIOru4eckasi 3HEeKTUBHOCTh OUMCTKH 3€pHA OT KPYIHBIX MPUMECEil HIKHEN

40
MOJIKOH 6.

Ha ocHoBaHuu T€OpHrM MHEBMOCENAPUPOBAHUS YCTAHOBJIEHO, YTO C
YBEIIMYEHUEM CPEAHEN CKOPOCTH BO3IYLIHOTO MOTOKA BO3PACTAET CTENIEHDb
OUYHCTKHU 3€PHA OT JIETKUX ITPUMECEN.

Ha BropoM »sTanme B kamepe (paklIMOHUPOBAHUS 3€pHA OUMILNAIOTCS OT
JIPYTUX TMPUMECEH W pa3AeisitoTca Ha (pakiuu B 3aBUCUMOCTH OT Macchl (puc. 4).
Kamepa dpakimonupoBanust 1 conep’uT pacnpenenuTess 2 Mo IUPUHE KaMephl, U
paszelieHa 1o JUIMHE NePEMEIIAeMbIMU Ieperopoakamu 3 u orcekamu 4, 5,6, 7u 8,
OpUYeM pachpenenuTenb 1 BbINOIHEH B BUJE MHTAIOLIETO0 Balvka 9, ¢
PacCIONIOKEHHBIMU HA MOBEPXHOCTHU 1IeTKamMu 10, 1101 KOTOPBIMU C BO3MOXKHOCTBIO
pEryavMpoBaHMsl yIJIa HAKJIOHA YCTAHOBJICH Hampasisioomui Jjortok 11, a
MEPETOPOAKH 3 BBINOJIHEHBI C H30THYTHIM BEPXOM, IPU 3TOM KAXKIBIA OTCEK
4,5,6,7 u 8, pa3elicH Ha B, U B OJHOM U3 OTCEKOB 12, yCTaHOBJIEHBI HAKJIOHHBIE
cuta 13, u gnotku 14, a gpyroi 15, pacnoyiokeHbl C BO3MOMKHOCTHIO
B3auMozeiicTBus ¢ JotkoMm 14. Kamepa ¢paxuumonupoBanusi 1 umeer Bxonnbie 17,
I8 u BeIxomHOW 19 kaHanel acnupauuu C 3acliOHKaMu. Pa3Mmepsl OTBEpCTUH
HAKJIOHHBIX CUT 13, meperopokeHHbIX OTCEKOB 4, 5, 6, 7 1 8, MEHbIIIE, YEM
pa3Mepsbl 3epeH, NONaAaroIUX B TH OTCEKH.

19
3epHoBas
2
;Mer 332120
10
9
11 17
16 13
21
45678
1818 18 18
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Puc. 4. Kamepa ¢ppakunoHupoBaHus 3epHa

OgHuM W3 OCHOBHBIX MEXAaHHW3MOB HOBOW JByX3TallHOM KOMOMHHPOBAHHOW
MAaIIUHBI JJIs cenapaiui U (GpakiMOHUPOBAHUS 3€pHA SBIISIOTCS MUTAONIUN BaJUK



1 wu wnampasnstome J0Tok 11, KOTOpble B CBOIO oOuepelb MPEAONPEACIIOT
JTadbHEUITUNA TEXHOJIOTHYECKUN Mporecc paboThl MAIIUHBI, TO-€CThb OUYHUCTKH U
dbpakuroHrpoBaHus 3epHa 1o macce. [Ipu BpuieTe U3 MUTAIOIIETO BaJINKa

3€pPHOBas CMECh OyJIET MIMETh OJMHAKOBYIO Ha4YaIbHYIO0 CKOPOCTBV(), BEKTOD

KOTOpO# JIeXHUT Ha Tiockoctr Oxyu Bx ocu
HaMpaBJIeH N0/l HEKOTOPHIM YIJIOM

Ox(puc. 5). Hanpasnsromuii 70Tok 11 ycTaHOBIIEH ¢ BO3MOXKHOCTBIO PETyITH
41
pOBaHMS yIvla HAKJIOHA B Iipenenax: =~ =
B =0+ 45 . CnenuansHblii MEXaHU3M

pErylnMpoOBaHMs yIla HaKJIoOHa 16 Hampasiaroniero Jotka 11 mo3sosser ero
YCTaHOBUTH Ha TpEOyeMYI0 BEIMUUHY (pHC. 4).

HpI/I IIOJICTC Ha ABHMKCHHC YaCTHI] I[GﬁCTBYI-OT Cula TsKECTH M;g, TAC M-

Macca [ - 4acTuIbl, g - yCKOPEHHe CBOOOIHOTO MajAeHus U kX & - COMpOTUBIIEHHE
BO3/yXa, IPONOPIHUOHAIBLHOE IEPBOM CTENEHU CKOPOCTH.
YpaBHEHUE IBUKEHUSA i — OM YACTHUIIBI B MPOEKIIMHA HA OCh O YUMEET BU/JI

m;8y8=-mg—-K8y8— Fsinf 4
[Tocie HekoTOphIX mpeobpazoBanuii mpuy 8 = Oumeer mecroy = h, Te.,
OIPEICIUM MaKCHUMAJIbHYIO BBICOTY, Ha KOTOPYIO TIOJIHUMETCS YaCTHIIA Maccoi m,(i

=1,n),

U mg |l
2 y  sin B i
m sin In’
h mg mgk
v B 2
0-(5)k
k k

i
. L om,,
VYpaBHeHMEe NBUKEHUSI TPOU3BOJILHOM YacTuilbl Maccor  (1=1...,n) B
MPOEKIMU Ha 0Cb Ox UMEET BUJ

k
g8 =-8 .0



[Tocne mpeoOpa3oBaHuil ompeneauM pPacCTOSHHE OT Haudajla KOOPJIUHAT 10
TOYKH, KOTJ]a YaCTHIIa MAaCCOMm IIOMHUMETCSI Ha MAKCUMAaJIbHYIO BBICOTY / (puC. 5)

B
20R

(]
+

m ™ k

rae R- paauyc 6apabana.

[Tocie TOro, Kak 4acTHIA MacCOMMIIOCTHINA MaKCUMAIILHOM BBICOTHI /1 ,

HAYHETCS €& CHIDKEHNUE, 1 BEKTOp K 3 Oy/leT HampaBjeH BBEPX MapalICIIbHO OCH
OY. Ons ympomeHus: (PyHKIIMOHATBHBIX 3aBUCHMOCTEH HAYHEM OTCYET BPEMCHH

orsats ¢ t = 0. JluddepenunanbHoe ypaBHEHNE ABUKEHNUS YACTUIBI B IPOEKIIUK HA
oceiOY3anmem B Buze (puc. 5)

NG
mymghkyFsny =—+-
Otkyna

mg t
mg "

yt=h++-= 9 ()(1)

k
[71€ MOXKHO OIIPENEIIUTH 3HAYECHUE ,x
t = txorga y = 0,COOTBETCTBYIOILIEA MAKCH
. o1
MaJIbHOM JUTMHE MOJIETa YaCTHIBI MACCOM /71 OTCUHTBIBAEMAs BIIOJIb OCH oX.
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I

FX

mg

Puc. 5. Cxema 1TMHAMUYeCKOH HATPYKEHHOCTH KOMOMHMPOBAHHOTO

cemaparopa

3aKoH ABMOKCHUA YaCTHILbI Maccou m;B IIPOCKIKMHU HA OCb

ypaBHEHUS

Otkyna

X
OoIIpCaACACTCA U3

mxke; 8 8=-18 (10

Xt
Ot
COS
()
Vm B m
ii(l )
2 —
kV mgi o
(sin)
HOI[CTaHOBB k
KE =« +

¢ tHa ocHOBaHuH (9) omnpesensieM JJIUHY MoJieTa

YaCTHIIBI Maccoil mBI0Ib ocu OX,

sin ’



mgi (1)
B

0 + k
OO6m1as AyiMHA MOJIeTa C YYeTOM paHee MOJTYyUYCHHBIX PE3yIbTaToB BIOJIb OCH
OX cocTaBUT

(sin)

k

LS§SS=+ =‘K||J]

mV

Vmg

(.

i+
0 .
sin2 (1)sin B B
) 0 mgi e Rz
kV .(11) 2 k
(sin)
0

+
B k
®opmyna (11) cnyxut A1 BIOOpa pallMOHATBHBIX T€OMETPUYECKUX
1apaMeTpoB KOMOMHUPOBAHHOI'O CENaparopa.
Kora conpoTHBIeHHE BO3AyXa MPOMOPIUOHANBHO KBAAPaTy CKOPOCTH T.€.

R = kvypaBHeHue TBUKEHUSI i -OM YaCTHUIIBI UMEET BHUJT

38 ¢ 2

mymgkyFSiny =— =~
2
43
X
IZIC i - CUJIa COIIPOTUBJICHUS BCTPEYHOI'O IMOTOKA, HAKJIOHCHHAs K TOPU30HTY MOJ
YIJIOM 31ech sl KaXA0M 4acTUIbI (MIIH
YHa y4acCTKe 10 II0IbCMa Ha OTAETBHBIX (PPaKIUA, COCTOAIIUX U3

MaKCHUMaJIbHYIO BBICOTY h.
YaCTHI] MPUMEPHO OJIMHAKOBOM MacChl m;) MPUHAT KOADGULIUEHT

MPONOPIIMOHATILHOCTHU k paBHBIM k; (puc. 5).
[Tocne nHekoTOphIX MpeodpazoBanuit opmyisl (12) HaX0AUM 3aBUCUMOCTD

[



14 k kg |J]
| 0 B i ||L(+B t
k sin i | :
1 sin
Y | mgi |
. g1 mi
mi Gl
1 mg 0
=+ In(1 ) In
[ ¥ 22 sin [
kg kVi B kg I]
i g tg |J (13)
2 201 2
i,
] ++ |
||l mi mgi mi Jl

1 t

N3 (13) onpenensieTcss MakcuMaibHask BbICOTA /1, HA KOTOPYIO MOXKET
HOAHATHCS YacTUIIA Maccoit m,. B atom ciyuae nipu y 8 = Oumeem

kV
3 leu AL
h i 0
=+
mg
In1
5 (14)
ko

i

Tenepb cocTaBUM ypaBHEHHE JIBH)KCHHS YaCTHIBI MACCOM m,B MIPOCKIIMK HA
och 0X

k

88 =-8 .15
o 0 momyunm
l M
m ttxormay 8 =
x 9

Hcnonb3yst HeKoTOophle MpeoOpa3oBaHus TPH=+

BBIPA)KEHUE IS ONIPEAEIIEHHs JIMHBI 110J1€Ta YaCTULBI MacChl 71,8101k ocu 0X 10
MaKCHUMAaJIbHOTO MOIbEMa €€ Ha BBICOTY y = /1



m ktV Cos

k ‘m (16)

[lepeneceM Hauyano KOOpAMHAT B TOYKY X = S HaAyajo OTCYETa BPEMEHH B
00acTh CHH)KEHUSI YaCTHUIbl Maccoll m;. B 3TOM ciyyae BEKTOp CONPOTUBICHHS B
npoekimn Ha ock (OYcMmeHUTCS Ha MPOTHBONONOXKHOE HampaBieHue (puc. 5).
Huddepennmanbaoe ypapaenue (12) npu F = 03anuiuercs ciaeIyoumm o0pa3oMm:

8 8=+8 ,(17)

mymgky

Hcnonw3ys ycnoBue ¢ = 0, y = AIIOTYYUM kg

mg m i e 1
yh qgy=+-
t In
k k 2

U3 710it hopMyITbl MOKHO HAWTH BPEMS
t, IpU KOTOPOMy = OB KOHIIE

CHWOKEHHUS YacTHIsl Maccoit mupu i = 0 . Ilpu ¢ = (1o ocu 0Xompesessercs

JUIMHA TI0JIETa YaCTUIBI MACCOWM;,
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mokog

«VetIn(cos 1). =y g+



A

OO011as UTHHA [TOJIETA DTOM YaCTHUIIBI BI0OJIb OCHOXCOCTABUT

L =§+ §..(20) B tperseii mase guccepramuu «MeTomnka
IKCIHEPUMEHTAJIBHBIX HCCJIEI0BAHNH U ONpeae/ieHne KOHCTPYKTUBHBIX
napamMeTpoB padounx OPraHoB KaMepbl cenapamum» onpeaeisieTrcs Kpyr 3a1ad
AKCIIEPUMEHTAIBHBIX HCCJEAOBAHUIN apaMeTpoB pabounX OPraHoOB JBYXATAIMHON
KOMOMHUPOBAHHOM MAIIMHBI JJIsI cenapaiuu 1 GpakiiMOHUPOBAHUS 3€pHA.
IIpuBeaeHa METOUKHN DKCIIEPUMEHTANIb-HBIX UCCJICIOBAHUMN ONPEACICHUS
MEXaHUYECKHX XapaKTEePUCTUK MECTHBIX COPTOB 3epHa. MccnenoBanus
MIPOBOJIMJIUCH HA YHUBEPCAIIbHON MailiiHe Zwick Ha eIMHUYHBIX 3epHAaX, MO/
JNEWCTBUEM CTaTUYECKOW HArPy3KH HA CHKaTUE, IS ONPEIEIICHUS JOIYyCKaeMBbIX
yCUJIUi (MpU KOTOPHIX B CTPYKTYPE 3€PHOBKU HAUYMHAIOT MOSIBISATHCS
MUKPOTPEIINHBI), IPEACIIOB MPOYHOCTU. VcTibITaHNEe MPOBOIUIIN HA 3€PHAX C
pa3nM4HOMN BIaxHOCTHIO. [10 pe3ynbpraTaM NMpoOBEIEHHBIX SKCIEPUMEHTOB Ha
CKaThe eIMHUYHBIX 3€PEH MOCTPOEHBI IUarpaMMbl  1e(pOpMaLIMU CHKATHUS.

C yderoM (PU3HKO-MEXaHUYECKUX XapaKTEPUCTUK MECTHBIX COPTOB 3€pHa
JUISL  CO3/IaHMsl PABHOMEPHOM CKOPOCTHM €ro TEYEHHUsI DKCIEPUMEHTAIBHO
onpe/iesieHbl KOHCTPYKTUBHbBIC TTapaMeTphl HAKJIOHHOW mMoyiku (mmpunHa 500 MM u
mHa 400 MM); yroJ1 HaKJIOHA MOJNOK (=
a=23).

Ha GokoBbie cTeHKM HOBOM ABYXA3TalTHON KOMOMHUPOBAHHON MAITUHBI JIJ151
cernapaiuy 1 GpakImOHUPOBAHUS 3¢pHA B MIAXMaTHOM ITOPSIKE 3aKPEIJICHBI ITSITh
HAKJIOHHBIX MOJIOK. 3€pHOBASI CMECh JBHXKETCSI CAMOTEKOM B IIIAXMATHOM TOPSIIKE

OT TOJIKHU K CIIEAYIOIIEeH MOoJIKe, yaapssch 00 ux creHku. [Ipu ynapenun ot 3epHa

OTZIEJIAIOTCS IPUIUIIIINE PUMECH. 3allbIJICHHBIA BO3AyX U IPUMECH, HE
MIPEBBIIIAIOIINE MACCy 3€PHA, us7m/c,
BCACBIBAIOTCS BO3AYXOM IIPU CKOPOCTHU
KoTOpas ObLIa onpeseseHa B JabopaTopHbIX yciaoBusx. [Ipu atom obecnieunBaercs
KaYECTBEHHOE YIAJICHUE 3allbUICHHOTO BO3/1yXa U MPUMECEU, HE TPEBBIIIAIOIIUX
MacCy 3€pHa 4epes3 aClMpalMoOHHbIN KaHal. /{11 acnupallMOHHOIO KaHAJIa KaMepbl
cernapaly onpeesieH pacxon Bo3ayxa O, M BBIOpaH BEHTHIIATOP ¢ pacxoaoM O m u
,630 /7
=npu mmpuHe B=0,05m, nnuae L=0,5m aCnUpalluOHHOTO KaHaJla U
CKOPOCTH BO3ymHOro U = 7x/c(puc.6).
MOTOKa
[IIuprHa HIKHEW BCTPSAXUBAIONICH TMOJIKU JOJDKHA OBITh PaBHOM IIUPUHE
BEPXHUX HAKJIOHHBIX MOJOK. JIiMHA HUXHEW TMOJIKU BBINOJHEHA OOJbIIEH HEeXeNr
JUTHA BEPXHEH HAKJIOHHOM MOJKH-JII 00€CIICUCHHS BbIX0/1a KPYITHBIX MPUMECEH.
B HOBOI 1ByX3TanHoOi KOMOMHUPOBAHHOM MAIlIMHE JIJIsl CeTapaluy 1

(bpakMOHUPOBAHUS 3€pHA HUKHSIS BCTPSIXUBAIOIIAsl HAKIIOHHAS TIOJTIKA
YCTAHOBJICHA TIO/1 YIJIOM  OMEHBbIIIE YIIIa TPEHUS, a
a . Yron 3€pHO
MepeMeIaeTcsi BCIEACTBUE KoOJIeOAHUSI TMOJKH, KOTOPYHO H3rOTaBIMBAIOT, Kak



MPaBUJIO, U3 OLIMHKOBAHHOM JIMCTOBOM cTanu Toiumuon 0,8...1,0 Mm. OTBepcTus B
Hel UMEIoT Kpyryto ¢popMy. UTOObI OUUCTUTH 3€PHO OT KPYIHBIX IPUMECE,

45
IUMaMETpP OTBEPCTUM CUTA JOJHKEH OBITh OOJIbIIE OT AMAMETPA 3€pHA, TO-ECTh 7 MM.
YcTaHOBIEHO, YTO ONTHUMAJIBHOE YCKOPEHHE HUYKHEN BCTPSIXUBAIOIIEH ITOJIKY C
KPYTIBIMH OTBEPCTHSIMU PEKOMEH/TyeTcsl TIPHHIMATh 9-12 M/c’. 3HadeHwMe T,
OIpeNeNIsIoIIee aMIUIUTYAy KosieOaHusl TOJIKH, PABHO 5-6 MM.

JlnameTp MUTAOIIEro BajuKa ONPEAENIEH AKCIEPUMEHTAIBHBIM IYyTEM, OH
paBeH dz=350 MM, mUpHHA TUTAIOILIETO BaJIMKAa paBHA MIMPUHE KaMephl cenapaiuu
L=500 MM. VYuutbiBasg pacnojio)K€HHWE HANPABISAIOMIETO JIOTKA IOJ MUTAIOUIUM
BaJIMKOM, IIMPHHA HAMNpaBISAIOIEIO JIOTKAa OyIeT paBHA WIMPHUHE MHUTAOLIETO
BaJIMKA.

€a_Ceca.

6. IIpombllIeHHAs] YCTAHOBKA KOMOMHMPOBAHHOIO cenaparopa

C yBenuueHHWEM 4YacTOThl BpauleHus nurarouiero Baiuka (ot 250 mo 450
00/MWH) W yIJIa HaKJIOHA HAIPaBIIONIETO JOTKa (mpenenax ot () mo 45°) BeicoTa
MoIbeMa W PACCTOSHUE TMPOJIETa 3€PHOBOM CMECH YBEIMYMBAIOTCS, a TaKKe
yAy4lIaeTcsl KauecTBO (hpaKkLIMOHUPOBAHUS 3€pHA MO Macce.



Kpynssle 3epHa, (T.€. CEMEHHbIE 3€pHA WM JIPYrHe€ BO3MOXKHbBIE MPUMECH),
nposieTeB OOJIBIIOE PACCTOSHME, IMONAJAl0T B CaMbIl JalbHUNA OTCEK Kamepbl
(bpakIuOHUPOBAHUSI. Menkue 3epHa, UMEIoLIne MEHBLIYI0  Maccy
(IpOIOBOJILCTBEHHBIE 3€pHA WJIM JPYrMe€ BO3MOXKHBIE NMPUMECH), YEM CEMEHHbIE,
IIPOJIETAIOT B COOTBETCTBUM C HX MaccOd MEHbILEE PACCTOSHUE U BXOAAT B
ONPEIECIICHHBINA OTCEK.

IIpoBeneHbl 3KCIIEpUMEHTAIbHBIE UCCIEN0BAaHUS MIPOLIECCA MOJHON OYMCTKU
3€pHOBOM CMECH OT Pa3jIM4YHbIX IPUMECEH U MO ONpeAesieHnI0 (paKLMOHUPOBAHUS
3epHa MpU Pa3TMYHON YaCTOTE BpalleHusi nurarouiero Banuka (250, 300, 350, 400
1 450 06/MHH) ¥ yIiIa HakToHa Hanpaemsomero stotka (15°, 30%u 45°) mpu
MPOU3BOJUTENBHOCTH 7,5 T/4.

TeopeTnuecku orpeneneHbl U SKCIEPUMEHTAIBHO OTBEPKICHBI
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paloHaIbHbIE KOHCTPYKTUBHBIC  TEXHOJIOTHYECKHE MapaMeTPbl HOBON MaITUHBI
JUTs cenapanuu U (ppakimOHUPOBAHUS 3€pHA.

B uetBeproii maBe auccepraiuu «Pe3yjbTaThl 3KCIEPUMEHTAJIbHBIX
HCCJIeIOBAHMI 10 ONpeae/ieHUI0 KOHCTPYKTUBHBIX IApaMeTPOB padoumnx
OPraHoB KaMepbl (PPAKIUOHUPOBAHMSA» IIPUBEACHBI PE3YJIBTAThl SKCIIEPUMEH
TaJIbHBIX MCCJICIOBAHUM 110 OMPENICTICHUIO CTPYKTYPHO-MEXaHUYECKUX Xapak
TEPUCTUK U MapaMeTPOB Mpoliecca OYUCTKHU U PPAKIIUOHUPOBAHUS MECTHBIX
COpPTOB 3€pHa.

UccnenoBanue CTPYKTYPHO-MEXAHUUYECKUX CBOMCTB MECTHBIX COPTOB 3€pHA HMEET
TEOPETHYECKOE U MPAKTUYECKOE 3HAYCHHUE. 3HAHUE CTPYKTYPHO MEXaHUYECKUE
CBOMCTBAa MECTHBIX COPTOB 3€pHA U MEXAHU3M UX J1e(POPMUPOBAHUS MTO3BOJISET

COBEPILIEHCTBOBATH CYIIECTBYIOIIHNE U CO3/1aTh HOBOE OOOPYIOBAaHUE JIJISl UX
OYHUCTKHU U PpakimoHupoBanus. [IpoBeeHHbIE UCCIETOBAaHUS TTO3BOIUIH
OMPEIETUTh YCUIIHSI, HEOOXOIUMBIE JUTsl pa3pyIIeHUsT OTIIEIbHBIX 3€PEH MECTHBIX
COPTOB TMPU CTATUYECKOM U IMHAMUYECKOM CIKATHUSX Ha UCIBITATEIbHON MalllHEe
«ZWICK-1445». ITocTpo€HBI ¥ ITpOaHATN3UPOBAHBI JUAarpaMMBbl CKATHS 3€pHA C
BIXKHOCTBIO 11% B MOn0KEeHUHN «00YEK-O0UEKY.

[lepBblii yyacToK Auarpammbl ycuinil (oTpe3ok «0-Ay) mpeacraBisieT co0oit
OpsAMYIO0 JIMHUIO C MaJlbIM YIJIOM HakJIOHA, AedopMaius MPOUCXOAUT MPSIMO
MPOMOPIUOHATLHO YBEIWYEHUIO Harpy3ku. Ha paHHOM »3Tame HarpyXeHus
3€pHOBKa COXpaHsET CBOM yIpyrue cBoicTsa (puc. 7).

VYuactok «A-B» nuar

paMMBbI COOTBETCTBYET yC
JIOBHOU TEKY4YECTH, T. €.
YBEIUYEHUIO JIeopMaliuu npu
MOCTOSIHHOW Harpy3ke. [Ipu
ATOM Ha IMOBEPXHOCTU 3€PHOB
KU TMPOUCXOJIUT pacrpeierie
A HHE COKUMAIOIIEN CHJIBI TIO
IUJIOIIA]IH, YTO BbI3BIBACT
3aroJIHEHNe MyC-TOT B CTPYK
Type MeXay cIosiMu 00010



4yeK. BusyanbHO OLlEHUTH
COCTOSIHME 3€PHOBKH B 3TOT
MOMEHT IOCJIE CHATHUS
Puc. 7. JInarpamma cikaTus 3epHa CTexI0BHIHOCTD 3€pHA B
Harpy3Ku 3aTpyquTelbHa.
LIEJIOM HE HapyuleHa, Juib npu 15-20-Tu KpaTHOM yBEJIWYEHHHU HA MOBEPXHOCTHU
3€pHA B MECTE KOHTAKTa C MOJABUKHBIM IITOKOM UMEETCSI HE3HAYUTENbHAs BMATHHA
pasmepom npuMepHo 0,3x0,2MM.

Ha yuactke «B-C», COOTBETCTBYIOIIEM JNAJBHEHUIIEMY YBEJIMYECHHIO
Harpy3ku, B BHUJE NpPSIMOM JMHUH, C OOJBIIMM YIJIOM HAKJIOHA, Y€M Ha MEPBOM
y4acTKe 3epHOBKa, oOpasyeTcs ruiactuueckas aedopmanuu. [Ipu cHITHM Harpy3ku
Ha JaHHOM Yy4acTke Onmmxe K Touke «C» B CTPYKType 3€pHOBKHM BU3yalbHO Ha
IIPOCBET MOKHO HAOJIOAATH MOSIBIICHHE BHYTPEHHUX TPEIIHH MONEPEK 3€PHOBKHU.
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Benmnuuna ocrarounoit nedopmaruu cocrapiset 0,2 Mm.

Cnenyrommii  yyactok «C-JI» aumarpaMMbl YCUJIMH COOTBETCTBYET SIPKO
BBIDAKEHHOM TekyuyecTu. BennumHa ocTtarouHod aedopManuud Mocie CHATHA
Harpy3ku cocrasuia ot 0,3 10 0,59 mm.

Ha yuactke «/I-E» B 3HauutenbHOM cTeneHu mpeolianaer oOpa3oBaHUE
TUTACTUYECKON JeopMaIiuy, COMPOBOXKAAIOIIEECS pa3pylieHHeM OO0O0JI0ueK U B
LIEJIOM 3€pHa.

BennunHa pomyckaeMoW Harpy3kKd, HE  BBI3BIBAIOLIEW  3HAYUTEIIBHBIX
W3MEHEHHUHN B CTPYKTYpE MECTHOIO COpTa 3€pHa C BIAXKHOCThIO 11%, B monoxxeHun
«004€k-00u€k» cocTtasiaeT 128.5 H, B monoxxenun «cros» - 75,2 H.

B 1abn.1 npuBeneHbl pe3yabTaThl UCCAEAOBAHUMN MO OMPEIACICHUIO
BJIQYKHOCTH MECTHBIX COPTOB 3€pHA HA UX MPOYHOCTHBIE XaAPAKTEPUCTHUKH.
YCTaHOBIIEHO, PH YBEJIMYEHUHN BIIAXKHOCTH YMEHBIIAIOTCS Pa3pylIaOlINe YCUIIHS,
a BenmurHa AedopMaIiiy BO3pacTaeT, HO caMo pa3pyllieHrue IPOUCXOIUT MpHu Oojee
BBICOKMX Harpyskax.

Taoauua 1.
Paspymaroiee ycuine u a6Co10THasA JedopMalus pa3jinYHbIX 3épeH MeCTHOI0
COpPTA NpPH Pa3JIn4HOM

BJIAKHOCTH
Ne HanmenoBanue

3epHa B Pa3 | nepo | Bn Paz | nepo | B Paz | med

b} pyur | pmamr | ax pyur | pmai 1 pyur [ opm

a aro ua | HO aro U, a aro aru

K niee MM | cTB iee MM K niee u,

H | ycun A6c |, 7% | yeun Abc | B | ycun MM

o He, OJIIO ue, omo | o He, A0
C H- THBI H: THBI | C H- coJl




b, b, HBI
% %
e
1 | Ywmmmaku 9 142,7 12 | 117,5 16 97,8
(AHIMKAHCKast 00IL.) 0,1...0, 0,2...0 0.3
2 7
2 | Bobyp 8 | 1532 | 2 1| 1285 | 3" |15] 1078 | -0
(CeipmapbuHCKas 59
0011.)
3 | Hora 8 136,4 11 113,4 15 ] 952

(TamkeHnTckas 00:1.)

B mpomecce SKcrepruMEHTaIbHBIX HCCICAOBAHUN W3ydaid 0Opa3OBaHHE
MHUKPOIIOBPEXJICHUN 3€pHA IETKAaMH THUTAIOIIEro BaJWKa M 3a CYeT CBOOOIHOTO
naJicHusT Ha TIOBEPXHOCTH IOJOK B 3aBUCHUMOCTH OT HECKOJBKHX (hakTopoB. B
pe3ylbpTare  TEOPETHUYCCKUX  HCCICIOBAHWN  B3aUMOJCHCTBHS  3€PHOBKH  C
MOBEPXHOCTHIO BBISIBIICHO, YTO HA MHKPOTIOBPEKIICHUE 3€pHA BIMSHUAE OKAa3bIBaeT
CKOPOCTB €T0 TOoJIeTa.

B pe3ynbrare TeopeTHUECKUX M SKCIIEPUMEHTATBHBIX UCCIICIOBAHUN
YCTaHOBJICHO, YTO JJIS JIBFOKEHUS 3€PHOBOM CMECH 110 TTIOBEPXHOCTH HAKIIOHHOM
niep(GopUpPOBAHHOM IMOJIKK CAMOTEKOM, YTOJI HaKJIOHA TIep(GOPHPOBAHHOM ITOJIKH
OJDKEH OBITH HE MEHEE =

23, a quametp nepdopaiuii He 6os1ee 3,5 Mm.

[Tpu BBUTETE W3 MUTAOIIETO BAJIMKA 36PHOBAsi CMECh Oy/ieT UMETh

OANHAKOBYIO HAYAJIbHYIO CKOpOCTBVO, BCKTOD KOTOpOI;'I JICKHUT Ha IINIOCKOCTH

Oxyw HaIpaBieH Hoj Bx ocu Ox .
HEKOTOPHIM yIJIOM

3epHOBa$I CMCCh, BBIJICTAA M3 MUTAIOICTO BaJIHNKaA I10 onpez[eneHHoﬁ
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TPAEGKTOPUHU, COOTBETCTBYIOLIEH Macce, paslesercs IO BCEW UIMHE KaMephl
dbpakuronupoBanus. JliMHa U BbICOTa Kamepbl (PPaKIMOHUPOBAHUSI 3aBUCAT OT
pexuMa padoThl MUTAIONIETO BaJlMKa M yIlia HAKJIOHA Hampamisoilero jotka. [Ipu
paIMOHAIEHON YaCTOTE BpAIEHUS MUTAIONIETO Baiwka, (n; = 450 06/ mun), m yrna
HAaKJIOHA HaIlpaBJISIONIETo JIOTKa (=

a = 45), Ha OCHOBAHUU TEOPETUUYECKUX
HcCce0BaHUM JOKa3aHOo, YTO y MAIIMHBI JIs cenapanuu U GpakimOHUPOBAHUS
JUTMHA KaMepbl ppakiuoHupoBaHus 1oibkHa ObITh L=5000 MM, mmpuna B=500 mwm,
BbIcOTa 1=1200 Mmm. Takke KOHCTPYKTUBHO JOKa3aHO, YTO JIJIs IOJTHONH OYUCTKU U
pasziesieHns 3epeH Ha Gpakiuy U uX cOopa B OMPEIEICHHBIE OTCEKH PACCTOSHUE
MEXKy OTceKaMu JOJKHO ObITh 100 MM, a qyirHa nosiok 200 MM, HIMpUHA TOJIOK
paBHA IIUPUHE KaMepbl (PPaKIIMOHUPOBAHUS. YTOJI HAKIOHA MOJIOK KaXJ0ro OTCeKa




C BO3MOJKHOCTBIO peryinpoBanus B npeaenax $=0...24° mo3BoseT BEIOpATh
palMoHaIbHbIE 3HAUEHHUS B 3aBUCUMOCTH OT 00pabaThiBaeMoil 3epHOBOM CMECH.
Taxum oOpazom, obecrieunBaeTcs pa3aeseHue UCXOJHOM cMecH Ha (pakUuu Mo
MaccaMm.

[lo pe3ynbraraMm  SKCHEPUMEHTAIBHBIX  JAHHBIX [ MPUHATHIX
TE€OMETPUUECKUX IMapaMeTPOB TMOCTPOCHBI Tpaduueckue 3aBUCUMOCTH JUIMHBI
1oJieTa U BBICOTHI TMOJBEMa MECTHOTO COpTa 3€pHa B 3aBUCUMOCTU OT MAacChl U
CKOPOCTH IOJIETA 3€PHA, a TAKXKE yIIa HAKJIOHA HAIIPaBJISIFOLIETo JIOTKa (puc. 8, puc
9).

1,2
"B =45

0,8
0,6
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 m,Irp
v=6,28Mm/c

Puc. 8. ﬂHanaMMLI 3aBUCUMOCTH BbICOTHI MOABEMA MECTHOI'O COpPTa 3€pHa
OT MacCcChbl

OmnpenesneHo, 4To MpH yIiie HaKJIOHA HAMPABJISIONIETO JIOTKA
a=45,
4acTOTe BpalleHusl muTaroiero Bainuka 250 06/MuH, JjIMHa T0JIeTa 3epHa COCTaBUT
1o 1,8 M, a Beicota mogbema 1o 0,4 M, npu dacrore Bpamenus 45000/MuH uHMHA
noJjieTa 3epHa cocTaBUT 10 4 M, a BeicoTa nogbema 10 1,0 M. Taxxke u3 rpaduxa
BHUJIHO, YTO BBICOTA MOJAbEMA YACTHUI] 3€PHOBOM CMECH
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YBEJIMUMBACTCA TMPOMOPIMOHAIBHO YBEJIUYEHUIO MACChl YaCTHUIl 3€PHOBOM CMECH.
COOTBETCTBEHHO YaCTHIIbI, UMEIIINE HauOOJBIIYI0 Maccy, IMOJHUMAIOTCS Ha
HanOOJIBIIYIO BHICOTY M MPOJIETAIOT HA MAKCUMAJIbHOE PACCTOSHHUE.
Pe3ynbrarhl SKCrIepUMEHTANIBHBIX JAHHBIX HE OTIWYAIOTCS OT
TEOPETUYECKUX 3HaYeHU Ooiiee ueM Ha 5%.
B mpomecce mnpenBapuTeabHbIX U Ja0OpPATOPHBIX  MCCIIEIOBaHUIMA
KOMOMHUPOBAHHOTO cemaparopa BO3HUKJIA HEOOXOAMMOCTh MPOBEPKU pabOThI
anmapara B MPOMBIIUIEHHBIX YCIOBHUSX. (OCHOBHOM 1ENbI0O MPOMBIIICHHBIX



WCCIIC/IOBAHUI  SIBIIIETCS ~ OMNpeNeleHHe  peKUMOB  paboThl  ammapara
YIAOBJIETBOPSIONIMX TEXHOJIOTHUYECKUM TpeOOBaHUSAM OTPACICBOTO CTAaHIAPTA.
OCHOBHBIM KPHUTEpUEM TEXHOJOTUYECKOW OIEHKA pPAOOThl KOMOWHUPOBAHHOTO
cemaparopa SIBJISETCS TMOJHas O4YKMCTKa U (paKIMOHUPOBAHME 3€pHA MO Maccam B
nporecce 00paboTku. B xome wmccienoBaHuii HEOOXOMUMO TaKke YOCTUTHCS B
JOCTOBEPHOCTH TEOPETUYECKUX 3aKOHOMEPHOCTEH, BIHMSAIONIUX Ha IMOJHYIO
OYUCTKY OT Pa3IMYHBIX TpUMeceil W (paKIMOHWPOBAHHE IO Macce 3epHA IMPHU
00paboTKe Ha MaIluHe IS Cemapanuy U GpakIMOHUPOBAHUS B TIPOU3BOIACTBEHHBIX
YCIIOBBSIX.

Puc. 9. /Inarpamma 3aBHCMMOCTH JIMHBI N0JI€TA MECTHOIO COPTA 3epHA OT
MAacchl

Onpenensuii KauecTBO CEMEHHBIX 3€peH Mmociie o0paboTKM Ha MallWHE
cemapan U (PpakIMOHUPOBAHMS, TO-€CTh TIOJHOM OYHUCTKH OT Pa3IUYHBIX
npuMecedl U (ppakIMOHUPOBAHMS 3€pHA IO Macce. 3epHa OOJIbIION Macchl UMEIOT
BBICOKHE CEMEHHBIE KaYeCTBa.

B  pesynbrare  ompeneneHuss  BCXOXKECTM  3€pHA,  00pabOTaHHOIO
AKCMIEPUMEHTAIBHBIM KOMOMHUPOBAHHBIM cemapaTopoM U cepuitHsiM 3M-60, ctajo
U3BECTHO, YTO (IIPU YACTOTE BpAIICHHS MUTAIOUIETO BaJMKa JKCHEPUMEHTAIBLHOTO

anmapara He 6onee 450 06/MuH, pHU yIJie HAKJIOHA HAMPABIISIONIETO JIOTKA =~

a =45 0
) BCXOKECTh 3€pHa BbIlIe Ha 6-7 %, 4eM 3epHa,
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oOpaboranHoro Ha 3M-60. B kauecTBe KpuUTEpHs OLIEHKH MACChI 3€pHa
HCIIONBb30Bany nokasarenb Macesl 1000 cemsH.

Pe3ynbTarsl SKCIIEpUMEHTANBHBIX MCCIIEOBAaHUN MPHU Pa3IUYHbIX PEKUMax
pa®oOThl MalIMHBI JUIsl cenapauuud U (paKIHMOHUPOBAHMUS 3€pHa IpPHUBEICHBI B
Tab.2.

[lo momy4eHHBIM pe3ylbraTaM MOXHO CYAUTb O XapakTepe HW3MEHEHHUS
MaccChl CEMSIH N0 JJMHE KaMephl (PpakMOHUpOBaHUs. BUIHO, YTO ¢ yBeIWYEHUEM



YaCTOTHI BpallleHUs MHUTAIOIIETO BaJIMKa MPOUCXOIUT BhICIeHHE (DpaKIuii 3epHa ¢
HauOOJIBIIIEH MacCO HEMOCPEICTBEHHO Ha MepBOM ydacTke. CreayeTr Takxke
OTMETHTh, UTO BBIICJICHHBIC (DpaKIIMU 3epHA HA IIEPBOM y4aCTKe HE CofepKar
MIPUMECEN U COPHSKOB.

OnHUM H3 OCHOBHBIX KPUTEPUEB AarpOTEXHUYECKOM OILIEHKH KayecTBa
bpakumii 3epHa TpH Pa3ACICHUU UM OYHCTKE SBISIETCS CTEIEHBb IMOBPEKICHUS.
[TockonbKy HccienoBaHus MPOBOAUINCH B JTAOOPATOPHBIX YCIOBUSX, JJISI KaXOM
U3 MOJYYEHHBIX (DpaKIUil ONpeAeIsid CTEIEHh MUKPOIIOBPEXKACHUS IO U3BECTHOM
METOIUKE.

Ananus pE3YyNbTaTOB MOoKas3al, 4TO MAaKpOTIOBPEXKICHHUS
(GpakIMOHUPOBAHHOTO 3€pHA IO JIIMHE KaMmepbl (PaKIMOHUPOBAHUS HE
npoucxoauT. Hanuume Ha MOBEPXHOCTU MUTAIOIIETO BajiMKa IIETOK 00ECIIeUMBAET
TJIAaBHBIM 3aXBaT 3€pHOBOM CMECH. 3e€pHOBas CMeCh, HaOHpas COOTBETCTBYIOIIYIO
CKOPOCTb, OT BpAIlaT€IbHOTO JBM)KCHHUS MHUTAIONIETO BajJuKa IIPOJIETAET MO
ONPENCIICHHON TPACKTOPUM Ha PACCTOSAHUE 10 4 METPOB M BHICOTHI 1 MeTpa, Jajnee
COOTBETCTBEHHO UX Macce pa3AeIsIFOTCA 10 BCEH ITMHE KaMepbl Ha (hpaKiluu.

Tabaunua 2
3aBucumocThs n3mMeHeHus macebl 1000 cemsiH o JJiMHe KaMepbl GPAKIIHOHUPOBAHUSA OT

YacCTOThI BpalllecHUs NUTAKILIEI0 BaJIMKa MIPH -

a =45
Ne|  Yacrora VYyacTku u JyiMHa KaMepbl (paKIMOHUPOBAHUS, B METPAX
BpALICHUS
fHTarote |9 8 7 6 5 4 3 2 1
ro
BaJIMKa, / 2,1-2,5 2,9-3,3 13,3-3,7| 3,7-4 | 44,5
00/MuH.
1 450 20,7 | 23,8 | 273 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 | 29,5 | 322 34,3 36,9 38,4 39,8
4 250 27,4 | 30,8 | 333 36,2 37,7 39,4

MakcumanbHasg cuia, JAEMCTBYIOIIAS HA KaXKJI0€ 3€pHO IPU COYNAPEHUU C
NOBEPXHOCTHIO MOJIKH, B MPUHATBIX TEXHUYECKUX XAPAKTEPUCTUKAX MAIIUHBI IS
cemapauMu W (QPaKIUOHUPOBAHUS, TMPSMO MPOMOPIUOHAIBHA €ro CKOPOCTH
IBWKECHUS, Macce W paBHAeTCaF =15 H.IloBpexneHne MECTHBIX COPTOB 3€pHa
UMeeT MeCTO mpu Harpyskax 6onee 80 H.

Cy1iecTBeHHBIM MMPEUMYILIECTBOM HCIIOIb30BaHMS MAIIMHBI JIJIS1 CEMapalun
1 (GpaKkUMOHUPOBAHUS SBISETCSA TAKXKE TO, YTO IPU 00pabOTKE BIAKHOW 36pHOBOM
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CMECH CHIDKACTCS Bjlara 3epHa, CoJeprKaIasics B TOBEPXHOCTHOM CJI0o€ 000JI0UCK,
cHmkaercs 1o 3%.
YuuTtbiBas pe3ysibTaThl TEOPETUUECKUX U SKCIIEPUMEHTANIbHBIX HCCIICIOBAHUMH,



CO3/1aH MTPOMBIIILIEHHBIN 00pa3el] MaIuHBI JIJ1s cenapanuu U GpakiruoOHUPOBAHNUS
3epHa 1o macce (puc.10), BHeApeHUI B TPOU3BOICTRE.
B mAroi mmaBe guccepraumn «TeXHHKO-IDKOHOMHMYECKOE O0OCHOBaHHE
pa3padOoTaHHOW HOBOW MAIUMHBI s cenapauud M (GpakuMOHUPOBAHUS
3e€pHa» NPUBEIACHBl TEXHUKO-DKOHOMUYECKHUE ITOKA3aTeNU IpeiaracMorm MalluHbl
[0 CPAaBHEHUID C CEPUMHOW YCTAaHOBKOM, a TaKXKe YKa3aH IIOJIy4YacMbld Ha
MpeaNpUATUU ToJ0BOH 3((EKT B BUAE YUCTOrO JUCKOHTUPOBAHHOIO J10XO/1A.
Pesynbrarsl pacueTa 3KOHOMUYECKON 3(PPEKTUBHOCTH U CPABHUTEIbHBIC
JAHHBIE IPUMEHSEMBIX U IpejlaraeMoil MalllH IpUBEACHBI B Ta0. 3.

Taoauna 3.

CBoaHblIe MoKa3aTe/ M IKOHOMHYECKOi 3(PPeKTHBHOCTH MCIIOJIb30BAHUS MAMHBI J1JI51
cenapauuu ¥ GpakuuoHUPOBAHUSA 3epHA

Ne IMoxa3zarean En. BapuanTsl
n/n H3MepeHH
" Cenapar | DKcnepuMeHT
op bucmu
ap.
1 2 3 4 5
1. | BamancoBasg cTOMMOCTH OJHOW MAaIlIWHBI CyM. 136 000000 17000000
(A1l bue-12; P3BKT-100; A1B3K-18,
VIBMII u acnupanioOHHBINA KaHaT)
2. | KonuuecTBo MalivH CyM. 4 1
3. | banaHcoBas CTOMMOCTb BCEX MalllMH CyM. 554000000 17000000
4. YacoBast mpOU3BOIUTEILHOCTH OJTHOM T/9 12 15
MaIIHHbI
5. | TonoBas BeIpaboOTKa T 65000 81000
6. | OxcmlyaralluOHHBIE 3aTpaThl, B T.U CyM./T 2213 523,45
Ha DIIEKTPOIHEPTHIO CYyM./T 2422 51,7
7. | DOxoHOMMS AKCIUTyaTallMOHHBIX 3aTpar CyM./T - 1689
8. | Crenenb cHMxXEHUA % - 76,3
AKCILTyaTallMOHHBIX 3aTpaT
9. | VYnenpHas marepuasoeMKOCTb KI./T 0,041 0,019
CreneHb CHUXKEHUSI MATEPUATIOEMKOCTH % - 53,1
11. | JlomoJHUTENBHBIN H0XO0 OT BHEAPEHUS CyM. - 460320000
HOBOW MaAaIIlMHEI
I'onoBast sxoHOMUS 3aTpar CYM. - 136809000-
13. | Cpok oxynaemocTtu JeT - 1,3
JOTIOJTHUTENBHBIX




KaIllMTaI0BIOKESHUN

14 | 3anumaemas npoM3BOACTBEHHAs IUIOLIA/Ib KB.METD 81 18

15 | OkcrutyaranroHHBIE 3aTpaThl HA COAEPIKAHUE CyM 8100000 1800000
1 M2HpOH3BOI[CTBeHHOﬁ IJIOIIAa N

Hapsiny ¢ skxoHOoMuyeckuM 3(PQPEKToM TOCTUTAETCS BBICOKOE KaueCTBO
00pabOTKM 3€pHOBOM CMeCH. 3a CYeT YIy4IIeHHs KadyecTBa M WCKIIOUEHUs
TPaBMUPOBAHUS CEMEHHOTO 3€pHA MOBHIIIAETCS €T0 CXOXKECTb.
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Puc. 10 TexHosornyeckasi cxeMa KOMOMHUPOBAHHOI'O CeNaparopa

3AKVIIOYEHUE

1. Pa3paGotana HOBas KOHCTPYKIMSI MAIIWHBI [JIsl CEMApUPOBAHUA U
(GpakIMOHUPOBAHUSL 3€PHOBBIX KYJABTYpP, B KOTOPOM COBMEIICHBI KaMepbl
cernapupoBaHusi W  (GPaKIMOHUPOBAHUS 3€pPHA, UTO TO3BOJISIET IOBBICUTH
MPOU3BOAUTENHHOCT, MAIIMHBI M KAaueCTBO OYUCTKA 3E€PHOBOM CMECH OT
pPa3IUYHBIX TpUMeced W obecrmeunBaeT (GPAKIMOHUPOBAHUE 3E€pPHA IO Macce,
UCKJIIOYasi €ro TPaBMHUPOBAaHUE, YMEHbIIAsg MAaTEPHATIOEMKOCTh U TOTpediieHue
AIIEKTPORHEPTUH, a TaKxke, AAET BO3MOXKHOCTh 3aHHMAaTh OTHOCUTEIBHO MAajylo
MIPOU3BOACTBEHHYIO ILIOIIA/Ib.

2. PazpaboTanbl MaTeMaTHYECKUE MOJIETTH U METOJIMKH pacueTa JBUKESHUS
3€pHOBOM CMECH B KaMepax MaIIMHbI JJIs Cerapaiu U QpakIMOHUPOBAHUS 3epHA
10 Macce 4TO MO3BOJISIET OMPEICTUTh BEIMYNHBI KHHEMAaTUUECKUX U




T€OMETPUUECKUX TTapaMETPOB OCHOBHBIX Pa0OUYUX OPraHOB MAITUHBI.

3. Ha ocCHOBaHMM COCTaBJICHHBIX ypaBHCHUW JBWXXEHHUS 3€pHA IO
MOBEPXHOCTSIM HAKJIOHHBIX MepHOPUPOBAHHBIX MOJOK U HIDKHEN BCTPAXUBAIOIICH
MOJKU JJIsi OYHUCTKM 3€pHA OT JIETKUX M KPYMNHBIX mpumeced. OnpeneneHsl
KOHCTPYKTHBHBIC TIapaMeTPhl HAKJIOHHBIX IMep(QOPHPOBAHHBIX IOJIOK W HIKHEH
BCTPSIXUBAIONIEH TTOTKH

4. YcTaHOBIICHBI pallMOHAIBHBIC TAPpAMETPhl HAKIIOHHBIX Mep(QOpHPOBaHHBIX U
HIDKHEW BCTPSIXMBAIOIIEH MOJIKK TTPU IPOU3BOAUTEILHOCTH 7,5 T/4: MIUPUHA
HaKJIOHHBIX MOJIOK — 500 MM; yTMHA HAKJIOHHOU MOJKU — 400 MM; yrojl HaKJIoHa
MOJIKU ~

a = 23; myMHA HIWKHEW HAKJIOHHOM moiku — 430 MM, 4TO 0OeCIeUnBacT
BO3MOKHOCThH JIBUKEHHSI 3€pPHOBOM CMECH IO MOBEPXHOCTSM IMOJOK CAMOTEKOM C
OJTHUM CIIO€M, IIPU 3TOM 00eCTIEUnBACTCS OT/IETICHUE MTPUIICTUBIINXCS
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OpraHWYEeCKUX U MUHEPAIbHBIX IIPUMECEH, a Takxke o0onodek 3epHa. 5. Ha ocHoBe
MaTeMaTUYE€CKOTO MOACIUPOBAHUS U SKCIIEPUMEHTAJIBHBIX HCCIEN0BAHUN
YCTAHOBJIEHBI pa3Mepsl niepdopalruil 1J1st HaKJIOHHOW nepdopupoBaHHOM NOIKK — 4
MM, JIJI1 HUKHEW BCTPSAXMBAIOIIEH MOJKU 7 MM, IIMPUHA BO3AYyXOBOJIOB
acrimpanmoHHoro kanana 20 mm, Beicora 1500 MM, CKOPOCTBH BO3IYILIHOIO IMOTOKA 7
Mm/c. Bcé 3To o0OecrieunBaeT BcachlBaHHE JIETKUX TMpUMecei yepes nepdopatuii u
ACMHUPAIIMOHHBIE KaHAJIbI, OTAEIECHNE KPYITHBIX MPUMECEH B OTACIBHYIO €EMKOCTh U
PAaBHOMEPHYIO 3arpy3Ky 3€pHa B KaMepy IHTAIOLIErO BaJIMKA.

6. Ha ocHoBe pa3pabOTaHHBIX MaTeMaTH4YECKOrO0  MOJEIMPOBAHUS
ONpPENEIICHbl KOHCTPYKTUBHBIE MapaMeTpPbl MUTAOMIETO BaJIUKA B 3aBUCUMOCTH OT
TEXHOJIOTMYECKUX TPeOOBAaHUM M MPOU3BOAUTEIHLHOCTH MAIMHBL aAuameTp - 350
MM, mwmpuHa - 500 MM u yactora BpameHus 450 o00/MHH.; palHUOHAIbHOE
COUYETaHME PTHX MMApaMEeTPOB OOECIEeUMBAET IUIaBHBIM 3aXBaT 3€pHAa U PAaBHOMEPHO

OIMHAKOBBIE HaYaIbHBIC CKOPOCTH ero mojera (U = 6,28").

7. CoctaBneHnsl nuddepeHuaibHble ypaBHEHUS, TO3BOJISIONINE ONPEALIISITh

L .
061Hy10 BBICOTY hn JINMHY 110JICTAa 3€PpHA, B 3aBUCUMOCTHU OT HA4YaJIbHOU

CKOPOCTH BBIJIETA 3€pHA M3 MUTAIOMIETO  JIOTKA
BaJIMKa a, ko3 duIeHTa COPOTHUBICHUS
U, yIJIa HaKJIOHa HAIPaBJISIONIETO BO3/IyXak , MAcChl 3epHam , a TAaK¥Ke OT
XapaKTePUCTUK MECTHBIX COPTOB 3€pHA. YCTAHOBIICHO, YTO MPH YIJIE HAKJIOHA
HAIPABIISOIIETO JOTKA~

a = 45B 3aBUCUMOCTH OT MAacChI 3€pHa m , BBICOTA €ro

noneta hxonednercs ot 0,2 1o 1 M, a AnMuHA TToIeTa 3epHa LKOJI66J'I6TC$I or 1,5 no4
M. OTH mapaMeTpsl MO3BOJISIOT Pa3AeiIATh 3€pHA Ha HECKOJIBKO (pakIlvii o Macce,
CHU3HTH €ro BIAKHOCTL OT 2% 10 3,7%, a Takke JaroT BO3MOKHOCTE ITOJTHOCTBIO
OYHUCTHUTH 3€PHA OT PA3INIHBIX TIPUMECECH.

8. M3y4eHbl (U3HKO-MEXaHUYCCKHUE CBOMCTBA MECTHBIX COPTOB 3€PHA 10
pErroHaM CTPaHbI, YTO IMO3BOJISET HAYyYHO 0OOCHOBATH MTapaMeTPhl BHOBh
co37aBa€MbIX MAaIIMH JIJIs CeMapupOBaHUs B (PPAKIIMOHUPOBAHUS 3epPHA



UCKJTIOYAIOIINX TPABMUPOBAHNE MECTHBIX COPTOB 3€pHA.

9. Ha ocHOBe mNONy4YeHHBIX pE3yabTaTOB HCCIEAOBaHUN pa3paboTraHa,
M3TOTOBJIIEHA W BHEApPEHAa B MPOM3BOACTBO HOBAas KOHCTPYKLMSI MAalllWHBI JAJis
cemapupoBaHUs W (PPAaKUMOHMPOBAHUSA  3€PHOBBIX  KYIBTYp C  HAay4dHO
00OCHOBaHHBIMM  TIapaMeTpamMu. BuHeapenue pa3paOoTka auccepTainuii B
IPOU3BOACTBO TO3BOJMIO MOBBICUTH MPOU3BOJUTEIBHOCTh MAIIMHBI, Kau€CTBO
OYUCTKH M (PpaKLIMOHUPOBAHUS 3€pHa ¢ FKOHOMHUYecKUM 3ddexkrom 136000000
CYyM/TOJl Ha OJIHY MallIUHY.
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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 mln. 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 (Italy), 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. . 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.Gulyamoyv,
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..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.I.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
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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 stufts» (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 I0T-2014-2-31 «Implementation to the production of purification
technology and fractionation of grain on mass» (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 «Uzdonmahsulot» (certificate
on March 22, 2016 g.Ne 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); II International scientific-practical conference
dedicated to the 80th anniversary Aytaliev sh. M. (Almata, 2015); VIII international
scientific conference «Innovation in technologies and education» (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
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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
A (Fig. 2), as well as the conditions of
relative movement of its movable
perforated shelf.
When you install a shelf under the angle
a 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
Fig. 1. i

Feeding device of grain separator
separator was provided with a vessel 12
for the collecting of heavy impurities.
shelf must be greater than the friction angle y that is, o > 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

F,, - the power of retracting.
For the motion of the particle it is
necessary the angle of inclination a of the



Y, N
center of mass highlighted a single

S element of the grain mixture in the
Fam direction of the flange is

Fomp m(sy) 8 s 8 1= m(s))gSina —
throughm,.

The equation of motion of the

my -+ 1), 0) moying.the
) grain mixture
I
a
P fF fm s 11 with the
) P where: f - 1
¢ Cosa
O, & coefficient of mass™ due to
friction. Whilethe force ¢
it mass is determined by the function: 1

Fig. 2. The scheme of forces acting UL t_,_ ( ) ( ) ath

on a particle located on a sloping
F em
will decrease and in the first
approximation we can assume that this

shelf
111

= =’ (2)

11
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For example, in the initial time (t=0) the mass ;,m,(0) = m, if gathering it
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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 =~ ===~=~===~=~

B=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
particles of the grain
mixture increases and the
staying time of the grain
on the shelf is reduced.

Accordingly, at
A large angles of inclination
of the shelves, the



particles of grain mixture
with the largest weight get
the maximum speed
falling, then the grain rolls
Fig. 3. Graph of dependence from the or a mixture to glide over the surface of
slope angle shelves of the staying time the shelf. In this movement the grain 1S
of grain mixture on the shelf cleaned from dust and

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 3°Prosa

. 19
Grain
of suction valves. 2
cmece 11 332120
mixture
1
10
9 17
16
21
1313 14 12 15
45678181818
18
12 15

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 velocityV), the vector of which lies on plane

Oxyand is directed at some angle 11 is

Bto the axis Ox(Fig. 5). The guide tray

installed with the possibility of adjusting the angle of inclination in the ~ .
B = +A special mechanism for adjusting the angle of inclination 16,
range:0 45 .

the guide tray 11, allows it to set to the required value (Fig. 4).
When flying on the motion of the particle are gravitym,g, where m;- mass I -

particle, g - 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 OYis
m;8y8=-mg-K8y8 - Fsinf (4)

After some transformations, if y 8 = Otakes place y = 4, i.e., we determine
the maximum height to which the particle with the mass m(i =1, n)will rise,
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The equation of motion of an arbitrary particle with the mass "(i=1..., n) in
projection onto the axis Ox is

88=_8.(6)
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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 mrises to a maximum height /4 (see Fig. 5)

2 :
s = o By
5 VSm2 mg p
B i
() V Sin

=]

where, R- radius of - +
m the roll. , (7)
k

~.

After the particle with the mass mhas reached a maximum height Aits

reduction starts, and the vector ky g is directed upwards parallel to the axis OY. To
simplify functional correspondences we shall start the countdown again ¢ = 0. The
differential equation of motion of the particles in projection on the axis we write in
the form (see Fig. 5)
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Where it is possible to determine the value «
to the maximum length of flight of the particle with the mass counted along the axis
0X.

The law of motion of the particle with the mass m;in projection on the axis

OXis determined from the equation
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The total length of the flight taking into account the previously obtained
results along the axis OX will be
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This formula (11) is used for selecting a rational geometrical parameters of a
combined separator.

. . . . . 2
When the air resistance is proportional to the square of the speed, i.e. ,

R = kvthe equation of motion i - particle is

28 8 .(12)
mymgky FSinsz -

where Fx— the resistance force of the oncoming flow, inclined to the horizon at the
angle height h:
Y Here, for each particle (or separate

upstream of the lift to the maximum ; i
fractions, composed of approximately



equal in mass particles m;) coefficient of proportionality k equal to k; is accepted.
(Fig.5).
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After some changes of the formula (12) we find the correspondence:
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From (13) we determine the maximum height h, to which the particle with mass m;
can rise. In this case, if y =0
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Now we can write the equation of motion of particle with the mass m; in
projection on the axis 0X

g8 =-18 . (15)
mxk ? X
X i I m
t twhen Y 8 = Owe can find out the length of

Using some conversions if =«

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

sP

m ktV Cos
= +* lm
I 0
k .
In(1) i ! (16).

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

8 8=+8 ,(17)

mymgky
If =0, y=h we will get

In



(18)
From this formula the timey
tcan be found, if y = 0 at the end of lowering

the particle with the mass m;if h = 0. If ¢ = 7kthe length of flight of the particle

mass m,;by the axis 0X is determined,
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*
The total length of the flight of this particle along the axis 0Xwillbe L = S+ § .
(20)

In the third Chapter — «Methods of experimental studies and
determination of design parameters of working bodies of the chambers
separation» 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 laboratory. This
U < 7u / cwhich was determined in the
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 m u ,630 /°
=rate in width B=0,05 m, and length L=0,5 m of suction channel and
air velocity of (Fig.6).
U = 7m/ cis chosen
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 a. The angle ais less than
is installed at an angle
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,
1.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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A A

6. Laboratory installation of the combined separator

Fig.

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-1445. 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

small slope angle, the

deformation occurs in direct

proportion to the load increase.

At this stage of loading the

grains retain its elastic properties
(Fig. 7).

Section «A-B» of the

diagram is the conventional to

yield stress, i.e. the increase of

Fig. 7. Chart of compression grain Thus, on the surface of the grains

deformation at constant load.
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, 1s 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

Ne Name of | % % %
grain Dest | defor Dest | defor Dest [ defor
H . . Hu . . Hu . .
ructi | mation ructi | matio ructi | mation
u mi mi
ve mm- ve n ve mm-
m dit dit
forc Abso forc mm- forc Abso




e y e y e
id lute Abs lute
it olut
y
e
1 | Chillaki 9 | 1427 12 117,5 16 97,8
(Andijan 0,1...0,2 0,2...0 0.3...0,5
Region) 2 37 9
2 | Bobur 8 | 153,2 11 128.5 15 107,8
(Syrdarya
Region)
3 | Nota 8 136,4 11 113,4 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 1nitial speed - V), the vector
of which lies on the Oxy axis and is directed at some

angle Grain mixture departing from the supply
Bto the axis Ox. 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 =

a=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 =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.

73
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
B =45

0,8
0,6
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=5,49Mm/c m,rp
v=6,28Mm/c

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 =
a = 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 1s 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 =

a = 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 =~

a=45
No The Parts and the length of the fractionation chamber, in meters

frequen
cy off g 8 7 6 5 4 3 2 |1
rotation
of the ( 3,7-4 | 4-4,
feed ] 5
roller b
r/m

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 25,2 29,5 32,2 34,3 36,9 38,4 39,8

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

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 =15 H.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.



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 Indicators Measures Variants

Separat Experiment
or

encore

1. The value of one machine (A1 bue-12; Sum 136000000 17000000

P3BKT-100; A1B3K-18, Y1BMII and
the 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




6. Operating costs, including electricity Sum/t 2213 523,45
Sum/t 2422 51,7

7. Operating cost savings Sum/t - 1689

8. The degree of reduction of operating costs % - 76,3

9. Specific consumption Kg/t 0,041 0,019

10. The degree of reduction of the material % - 53,1

11. Additional income from the introduction of Sum - 460320000

a new mashine

12. Annual cost savings Sum - 136809000

13. | The payback period of additional investment Years - 1,3

14. Production area m2 81 18

15. Operating costs for the maintenance of 1 Sum 8100000 1800000

m?of 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 =

a = 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 (.U =
6,28") were defined.

7. Differential equations, to determine the total height «A» 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~
a=45
depending on weight of grain, the height of its flight ranges from 0,2 to I m, and
the length of flight of a grain «L» ranges from 7,5 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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