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Annomayus. JlaHo onucaHue MCCIENIOBaHHUM JIGHTOYHOTO BHECEHHUS Op-
TaHOMUHEPAIBHBIX YIOOpPEHUH MpU MEXIypsAaHoW o0paboTke mo4Bbl. B
9THX WENAX ObUIO pa3paboTaHO YCTPONCTBO il JICHTOYHOIO BHECCHUS
ynoOpeHuil B MOYBY B mpoiiecce GOPMHUPOBAHUS Y3KOMPODUIBLHBIX TIPSl B
cocTaBe arperara Juisi MexXIypsiHO# 00paboTku moussl AY-M1.

B pe3ynbTare mpoBeIeHHBIX UCCICIOBAHUM OBLITH 000CHOBAHBI paboyme
OpraHbl JJIsl TO3UPOBAHUSA W JICHTOYHOTO BHECCHHS YJOOPCHUI B MOYBY BO
BpeMsl Hape3aHus TpeOHEl U MpH yXOHe 3a PACTCHHUSIMHU B PEIKUME SKOJIO-
THYECKOTO 3eMJICICITHSI.

Kniouesvie crosa: KynpTHBaTOp, arperar, MoJepHHU3aLus, pabouune op-
raHsl, kKaprodesnb, TpeOHH, yIOOpeHNs, JICHTOYHOE BHECEHHE, HOpMa BHe-
CEeHMUsI, IKOJIOTHYECKOE 3eMIIEIETIHE.
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HNCCJIEJOBAHUE N3IrNBAIOIIEI'O BO3I[EI71CTB£/IH
POTOPHOI'O BUWJIBHO-BBIYECBIBAIOIIEI'O YCTPOUCTBA
HA JIEHTY JIbHA

M. B. HAMI], cr. TIpernojaBaTeb
10. 1. IOMUYEB, crynesr
YO «benopycckas rocy1apcTBeHHast CEIbCKOX035HCTBEHHAs aKaIeMUsD»,
Topku, Pecriybnuka benapychb

BBenenme. B ycrnoBHAX HWHTCHCU(DUKAIIMUA CEIbCKOXO3SIHCTBCHHOTO
MIPOU3BOJICTBA OCOOYIO 3HAYMMOCTH MPHOOpETaeT OoOecreueHHe XO3SIHCTB
CEMEHAaMU BBICOKOW BCXOXKECTH PAOHHPOBAHHBIX COPTOB, KOTOPBIC HAHMOO-
Jiee TOJIHO COOTBETCTBYIOT MOYBEHHO-KJIMMATHYECKUM YCIIOBHSM peciy0-
quku [1]. Toay4eHre BbICOKOKOHAMIMOHHOTO JIBHSHOTO IOCEBHOTO MarTe-
puasia HanboJee 1enecoodpazHo KOMOAHHOBBIM cIIOcOO0OM B da3e paHHEH
JKEJTOM | XKeNToH crienoctH [2].
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[Tpn KOHCTPYMPOBAaHMHU anmnaparoB ISl BBIICJICHHS CEMSH JIbHA Y/AEIs-
eTcs 0OoJbIIOE BHUMAHHE TOMY, YTOOBI MPOMCXOIWIO TIOJIHOE BBIJICICHHE
CeMsH, HO TPH 3TOM JOCTHUTAICA BBICOKHI ypPOBEHb HX BCXOXECTH.
ITpu BbIIENIEHNN CEMSH almaparbl CBOMMH pa0OYMMH OpraHaMH IOBpe-
KIAIOT KaK CaMU CEeMeHa, TaK M cTeOnu. {7 yMEHBIIeHHS MPOIEHTa MX
MOBPEXXJCHUN HEOOXOIMMO YCOBEPIICHCTBOBATH KOHCTPYKIIHIO CYIIECTBY-
formux ammnapatoB. COBEPIIEHCTBOBAHNE MAIIMH U 000PYIOBaHMSA, a TAKKE
pa3paboTka HOBBIX allapaToB VIS BBIACICHHS CEMSH M3 JIEHTHI JIbHA HE
TEpSIIOT cBOeH akTyanbHOcTH. OTaeneHue ceMsH OT cTeOusieil JbHa, Kak
OJIMH N3 HanOoJee BIUATEIBHBIX MIPOIECCOB IPH MPOM3BOACTBE KaK CEMEH-
HOTO MaTrepHaja, Tak M JILHSHOTO BOJOKHA, BO MHOTOM HpeaoIpeneiseT
TIOCIJIEAYIOIIE OTIEpPALlMK M TEXHOJOTHYECKHi mporecc. B 3aBucuMocty ot
XapakTepa B3aUMOJCHCTBHS pabOUYMX OPraHOB Pa3IMYHBIX YCTPOMCTB C
oOpabaThIBaeMBIM MaTE€pHajIoM M MEeXaHH3Ma OTAEICHUS CEMEHHBIX KOpO-
00YeK MK BBIZICJICHUA U3 HUX CCMSH, 4 TAKXKC, HA KaKHUX JTaIlax y60pKI/I u
nepepaboTKU JIBHAHONW MPOTYKIMH OCYLIECTBISAETCA MIPOIECC OTAEICHUS
CEMSIH OT JICHTHI JIbHA UJIU JIbHIHOM TPECThI, CYIMICCTBECHHO U3MECHACTCA BbI-
XO/JI ITUHHOTO JILHSIHOTO BOJIOKHA [3].

OcHoBHast yacTb. [Ipu oOMosoTe crebiieil JibHA POTOPHBIM YCTPOW-
cTBOM [4, 5] 3HaUNTENHHOE BIMAHIE HA KAYECTBEHHBIC TIOKA3aTENIN TIPOIEC-
ca 00MoJI0Ta OKa3bIBaeT M3rHO cTediei pHa, 00pa3yeMbIil OJHOBPEMEHHO
B JBYX IIOCKOCTSIX: B BEPTHKAJIbHOM M B TOPH30HTAIBHON IUIOCKOCTSIX.
Cxema 00MOJAaYMBAIOIIETO YCTPOMCTBA B TpOIECcCEe B3aMMOJCHCTBHS CO
ctebieM JIbHA TIpe/ICTaBlIeHa Ha puc. 1.
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Puc. 1. Cxema K ONpeeeHUI0 N3rHOAIOIIEero BO3ACHCTBUS
POTOPHOTrO 0OMOJIAUMBAIOLIETO YCTPOUCTBA HA CTEOJIH JIbHA!
1 — 3axuMHOIT TpaHCHopTep; 2 — poTop; 3 — paboyast MOBEpXHOCTh OnYa; 4 — crebenp JibHa
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3axuMHOH TpaHcnopTep 1 ¥ poTop 2 B3aUMHO NEPNeHAMKYISAPHBL APYT
JIPYTY, @ OCh BpallleHHs pOTOpa 2 PacIIoJIOKEHa BBIIIE IIOCKOCTH 3a)KaThIX
B 3@KMMHOM TpaHCIopTepe cTedieil nbHa Ha BennuuHy . B mponecce pa-
00TbI cTeOnM NTbHA 4 TIOABOJATCS 3AKMMHBIM TpaHCHopTepoM 1 k poTopy 2
MOCPEACTBOM cTONa (Ha cXeMe He Moka3aHo). [Ipu BpalieHun B Harpasie-
HUH ®, pOTOp 2 yBieKaeT 6uuoM 3 Mopiuio cTtebieit BHU3 B MPOCTPAHCTBO
MEXIy POTOpOM 2 W JeKod (Ha cxeMe He moka3aHo). OcyllecTBICHHE
JTaTbHEHIIETO TIporiecca 0OMoIIoTa cTedIel JbHA COMPOBOXKIACTCS HX H3-
ruoom B miockoctd XOY, mockonbky TpaHcmoptep 1 ymepkuBas B 3axa-
TOM COCTOSIHUM KOMIJIEBYIO YacTh CTeOJel epeMelaeT B HalpaBaeHuu V,,
n3 TOUkd A B A', a BepXylieuHast (CeMeHHas) 9acTh CTe0JIel JTbHA yITHpaeT-
csi B OOKOBYIO HOBEPXHOCTH portopa 2, B miockoct ZOY crediu u3ruda-
I0TCS TIPU BO3JIEUCTBMU HA HHUX Omyel 3 poTtopa B Touke C M 0CBOOOXIA-
10TCS OT Bo3jeiicTBus Omder B Touke C'. Takum oOpa3om, HauOONBIINI
n3rub (OTKIOHEHHE OT COOCTBEHHOW OcHh) crebieill JbpHa OyneT B MOMEHT
0cBOOOXKIeHHs cTebIel OT Bo3AeHCTBuUS poTopa ¢ Ouuamu. B takom ciydae
ctebenb A'B' 0TOrHeTCs OT CBOEH OCH Ha YToJl .

YT0J Y MOXXKHO MPEJCTaBUTh M0 TEOPEME TAHT€HCOB U3 MPSMOYTOJIbHO-
ro Tpeyroipanka A'DB' kak

!

g @

gy

HUcxons u3 cxemsr (puc. 1), orpe3ok DB’ paen orpe3ky AE mpuname-

xanmx creoo apHa 4. KoTopslii MOXKHO pa30outh Ha JBa otpe3ka AE u EB,
CIlIeJOBATENLHO!

DB’ = AE = AB-EB. )

B nokazanHoMm Ha cxeme (puc. 1) TIOJOKEHUH yCTPOMCTBA, OTPEe30K AB,
COOTBETCTBYIOIINN AJMHE CTEOJs NbHA 4, HAXOAAIIEroCsl B MOJOTUIEHOM
HPOCTPAHCTBE, COCTOUT U3 JBYX BEJMYMH: BEJIWYHHBI MEPTBOM 30HHI |y, U
JutnHbI Onva 3 potopa 2 Lg:

AB=1_+L,, 3)
rae ly, — BelMuMHA «MEPTBOW 30HBI», PACCTOSHUE OT MEPEAHEH IPaHHULIBI
py4bs 3aKHMHOTO TpaHcTopTepa (Touka A) 0 mepeceueHus
OKPY>XHOCTH POTOpPA IUIOCKOCTHIO, 3a)KaTOH TPaHCIIOPTEPOM JICH-
Thl JIbHA (TOuKa (), M;
L — mmHa paboueil moBepXHOCTH OMYa, M.
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ITockoJbKyY 3aKMMHOM TpPaHCIIOPTEP OTAEJIEH OT POTOPA 3AIIUTHOM IIa-
CTUHOM, TO POTOP HE MOXKET Mepeceyb MIIOCKOCTh 3aKUMHOI0 TPAaHCIIOPTe-
pa. 3HaYCHUE BEIIMYHUHBI MEPTBOW 30HBI IOJHDKHO OBITH OOJIBIIIE:

_ 1 2 2
Im_Rp+8—§1/4-Rp—4-r , @

rae R, — paguyc portopa, M;
I — BeTMYHMHA CMENICHUS (BBUIET) OUva, M;
4 — 3a30p MeXIy 3aJJHEeH CTCHKOI TpaHCIOpTEepa U POTOPOM, M.

Inz,Mm Inez,m

07 0,1
0,6 // 0,08 *
05
0,4 ~ 0,06 pad
4 / "
=D e S s —— 0.04 -
L g -
‘ 02—y - -
01 —— 0,02 L S . :
5 03 0,35 0,4 02 0,05 01 0,15 0,2
.M
Rp.m
a o

Puc. 2. I'pacdhyiku 3aBUCUMOCTH BETMYUHBI «MEPTBOU 30HBD) OT:
a — paguyca poropa R,; 6 — 3Hauenus BelieTa 6M4a poTopa I

W3 npsimoyronsHoro TpeyrosibHuka CBO; Halinem munHy Ouua Lg:
Lﬁz,lsz—rz, (5)
rae Lg— amrHa Ouya, M;

[Moncrasisist Beipaskenue (5) B (4), NOITyduM:

AB =1, +|R?~r2. (6)

Otpe3ok EB paBeH otpe3ky FO;. PaccMorpeB mpsiMOyroibHbI Tpe-
yroneauk B'FO,, Haiinem FO; xak

EB=FO,=R,-(9,,+Ag,). @

Takum o6pa3om, Beipaxkerue (3) ¢ yaerom (6) u (7) IpUMET BUJ:

DB’ =1,,+4R:=1* =R, -C0s(9,, + A@). (8)
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IMockonbky A'D sBisieTcs: THIOTEHY30# HPSIMOYTOIBHOTO TPEYTONbHHU-
ka A"AD, to A’D onpenenum 1o teopeme [udaropa kax

AD =+VAA + AD%. 9)

3nech otpe3ok A"4 cooTBETCTBYeT IyTH AS,, IPOHICHHOMY TpaHCIOp-
TEpPOM 32 BpeMs 00MOJIOTa OHUM OUYOM CTeOJIs JIbHA 3a Bpems At

AA=AS, . (10)
Otpe3ok AD pasen otpe3ky EB’ KOTOPBII MOXKHO ONPENETUTh KaK
AD=EB'=FB'—r (112)

PaccMarpuBasi mpsMoyronbHblil Tpeyronsiauk FB'O; FB’ naiinem mo
TEOopeMe CHHYCOB KaK
, .
FB'=R,-sin(p,, + A, ) (12)
1
TJIE @0 — YTOJl CMEIEeHHs O14a, Ipaj;
(p — Yroll I0OBOPOTa POTOPA C MOMEHTA KOHTAaKTa CTEOJIA JIbHA ¢ OUYOM
1 10 MOMEHTA €ro BEICBOOOXK/ICHHS OT BO3ACHCTBUS OM4a, Tpa.
IMoncrasus Beipaxenust (12) B (11), momyunm:

AD=EB'=R -sin(g,,+Ag,)-T. . (13)

Bripakenue (9) ¢ yuerom (10) u (13) npumer Bux:

AD =[S, +(R, sin(0,, +Ag, ) 1)’ (14)

[Moncrasinss Beipaskenns (8) u (12) B (2) momyunm:

\/Asmz +(R, -sin(,,+A0, )~ r)z

tgy= : (15)
I, +/RE=r* =R, -cos(g,, +A0)
C yuerom (15) Beipaxkenue (1) mocie mpeodpazoBaHuii MpUMET BU:
2
\/AS 2 +(R, -sin Q+AP, |—T
y= arctg P ( p ( p P) ) (16)

IM3+\/R§—r2 —Rp-cos((ppo +A(p) .
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Uto06s! npu M3THOE HE MPOUCXOAUI U3JIOM CTeOJIST HEOOXOUMO BBITION-
HEHHE CJICAYIOIIETO yCIOBHUS:

v <[], (17)

rae [y] - ZomyCTHMBIH yroi otruda cTelsl, Ipyu KOTOPOM HE MPOUCXOIUT
€ro U3JIoMa ¢ MOBPEXKICHUEM BOJIOKOH, [y] =0,44...0,61 pan, uro
COOTBETCTBYeET 25,22...34,96° [6].
C yuetom BeIpaxeHus (16) HepaBeHcTBO (17) mpumeT BUA!

\/ASTPZ +(Rp .sin((ppO +A(pp)—r)2

. 18
IM3+~/R;—r2—Rp.cos((pp0+A(p) <lvl (1)

3akiiouenue. [lorydeHa aHaruTHYECKasi 3aBHCUMOCTH UIS OIpeselie-
HUS yTila OTKJIOHEHHs CTEOJIS JIbHA OT CBOEH OCH Y IPH KOTOPOM HE TIpO-
M30MIeT MOBPEXICHHUS CTEONSA, KOTOPHIA OMpenenseTcs MO TeoMeTpHude-
CKMM TapaMeTpaM poTOpa U €ro CXeMbl YCTaHOBKH, BEJIMUYUHBI «MEPTBOM
30HBI», & TaK)Ke KUHEMAaTUYECKON CKOPOCThIO 3aKHUMHOI0 TPAHCIIOpTEpa U
BpallleHHsl pOTopa.
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Annomayus. Viccnenyetcs B3aUMOJICHCTBIE POTOpa 0OMOJIAYMBAIOIIIETO
YCTPOMCTBA CO CTEONSIMU JIbHA. AHAIU3UPYETCS BIHSHUE TEOMETPHUYCCKIX
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IapaMeTpoB POTOpa HA BEIWYHMHY OTKIOHEHHS CTEOJeH IbHA OT CBOEH OCH.
[IpuBenena cxema B3auMOJIEHCTBHS poTopa co ctebneM. [TomydeHsr ypas-
HEHWUS JIJISL OTIPENICIICHUS yIila OTKJIOHCHHS CTEOJIs IbHA OT CBOCH OCH, IpH
KOTOPOM He OY/IeT IMPOUCXOUTH €TO MOBPEIKIICHUS.

Knrouesvie crnosa. obMoaduBaioniee yCTPOWCTBO, POTOP, 3aKUMHON
TpaHCTIOPTEp, CTEOJIH JIbHA.
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OINNPEJEJIEHUE OCHOBHBIX KOHCTPYKTHUBHBIX
HAPAMETPOB POTOPHOI'O YCTPOMCTBA
JJIS1 OBMOJIOTA JIBHA

10. . IOMUYEB, ctynesr
M. B. LIAI7IL[, CT. TIperoiaBaTeb
YO «benopycckas rocy1apcTBEHHast CEIbCKOX035HCTBEHHAS aKaIeMUs»,
T'opxu, Pecniy6iiika Benapychb

BBenenne. KauecTBo mosyyaeMoit NpoAyKIIMU U SKOHOMUYECKHE MOKa-
3aTeny MPOM3BOJCTBA JIbHA BO MHOTOM 3aBUCAT OT yOopku. Ilpm stom
yOopka siBiseTcs HanOoyiee TPYJOEMKHM IIPOIECCOM B IPOHU3BOJCTBE H
cocraBizeT 40-50 % ot Bcex Tpynosarpar (II0 HEKOTOPHIM HCTOYHHKAM
1070 %) [1]. CiaenyeT npuHUMAThL BO BHUMAHHE M TO, YTO (PU3HUOIOTHYC-
CKasl CIIeJIOCTh BOJIOKHA M CEMSIH HACTYIaeT B pa3Hoe BpeMs U yOOpKy Hpo-
W3BOJIT B pa3HbIX (a3ax CHeJIOCTH.

OCHOBOIIOJIATAIOIINM TEXHOJIOTMYECKUM IPOLIECCOM TOYyUCHUS! CEMSH
SIBJISIETCSI TIPOLIECC OTJENICHNsT KOpoOOUeK JIbHA OT cTedieid. OT ypoBHS €ro
COBEpIICHCTBA, 3aBHCHUT BEIMYMHA YpOXas, pa3Mep IOTEPb, KadecTBO
JBHONIPOAYKINHU, TPYILOEMKOCTh H SHEPIrOEMKOCTh 00pabOTKH JIEHOBOPOXA
U CyIKH ceMsH [2, 3]. s moBbIIIeHUs KauecTBa Ipoiecca 00MoIoTa npu
yoopke mpHa-gonryHia B YO BI'CXA pa3zpabotana KOHCTPYKITHS POTOPHO-
T'0 YCTpOICTBA IS OTIENCHUSI CEMEHHBIX KopoOouek ot crebueit [4, 5].

OcHoBHast yacTh. {7151 OTAETICHUS CEMEHHOM 4acTH JIbHA-AOJITYHIA OT
crebneii 3axxuMHoOi TpaHcropTep 1 (puc. 1) HanpaisieT pacTeHUs JbHA MO
Bo3meiicTBHe Owmueii 3, a 3aTeM T1OJ BO3AEHCTBHE BBIYECHIBAIOIIC-
TpaHCHOPTHPYIONIeH 1eTku 4 potopa 2. OOMOJIOUCHHBIC CTCOMM 3a)KUM-
HBIM TPAaHCIIOPTEPOM BBIBOJSITCS U3 KaMepbl 00MoIioTa, 00pa3oBaHHOIl Jie-
KOI (Ha pHCYHKE He TI0Ka3aHO), KOKyXOM 5, 3a/Heil CTeHKO! (Ha pUCYHKe
HE MOKa3aHO0) M IeKOH (Ha pHCYHKe He I0Ka3aHO), YCTAaHOBICHHOH CO CTO-
POHBI OW4ell B 30HE MX B3aHMMOJCHCTBHS C PACTEHUSIMU JIbHA-IOJTYHIA, A
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