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Annomayus. ViccnenoBanus MoKas3aid, YTO HET €IMHON YHUBEPCATBHOM TEXHOIOTUHN YOOPKH
BCEro OMOJIOTUYECKOTO ypoxkas cou. Pa3zpaboTka u uccienoBanue paboThl U3MEIBUUTENCH, COBEP-
[IEHCTBOBAHUE TEXHOJIOTUU YOOPKH COM CO COOPOM KOPMOBOI! IOJIOBBI, U3MEIBYEHUEM U pa30pachl-
BaHMEM COJIOMBI SIBIISIIOTCS BEChMa aKTYaIbHBIMH 331a9aMH B MEXaHHU3AI[MH YOOPOUYHBIX ITPOIIECCOB
OTEYECTBEHHOTO cOeBOACTBA. C IENbI0 OMpE/IeICHHs ONTUMAIBHBIX TAPAMETPOB U PEKHUMOB pa-
00TbI pabouero oprasa Juisi U3MeENIBUEHHs CTeONIel COM MPEJIOKEHA HOBask CXeMa JIBYXIIOTOUHOTO
M3MEIIBIUTENS] POTAIMOHHOTO TUTa. Pabounii opran oCyIecTBIsIET pa3AeiIeHUe COIOMBI, TOCTYIIa-
IOIIEHN OT coloMoTpsica koMOaiiHa, Ha JIB€ YacTH; MepeMeIleHre e€ IITHEKOM C JIEBOW U MpaBoil Ha-
BUBKOM criMpaiu K O0KOBHHAM KOMOaiiHa; U3MeIbYeHUE B U3MEIBYAIOIEM YCTPOMCTBE U pa3dpachl-
BaHME U3METIBYEHHON COJIOMBI 3a O0KOBUHBI KoMOaiiHa. Ha yOopke cou yCI0BHBIM 36pHOYOOPOUHBIM
KOMOAHOM (C MPOITYCKHOM CIIOCOOHOCTRIO HE MeHee 7 KI/c, 000pyIOBaHHBIM MTOJIOBOCOOPHUKOM ),
C JIByXIIOTOYHBIM W3MEITBIEHIEM COJIOMBI palliOHAIBHBIME MTapaMeTpaMy W3MelbIaromero 6apada-
Ha SIBIISTIOTCS yacToTa BpameHust 1 580 o6/muH; pabounii muamerp 6osee 450 MM U IIECTh H3METTh-
YAIOIIMX HOKEH C KaXJ0M CTOPOHBI. PacuéTHOE 3HaueHue yCwins Iepepe3aHusi OMHOTO PaCTeHHUs
cocraBuiio 60 H. CymmapHas MOLITHOCTh MIPUBOJIA B 3aBUCUMOCTH OT T'yCTOThI paCTeHUH K yOOpke
cocrapisier 13,2—-17,5 kBt (17,9-23,8 1. c.). KauectBeHHas paboTa MOJOTHIBHBIX M POTAIMOH-
HBIX U3MEJBYAIOIINX COJIOMY aImapaToB 00ECIIeUnBAETCS PH ONTHMAIBHONW CKOPOCTH KOoMOaiitHa
2,0-2,5 M/c, mmpuHEe 3aXBara KaTKH yCIOBHOTO 3€pHOYOOPOYHOTO KOMOaiitHa — 7 M M KOJIMYECTBE
pactenuii, mocrymaronux Ha ooMonor 875—1 330 mT./c (COOTBETCTBEHHO HA KaXKIIbI W3MEITHIU-
Tenb 437-665 mT./c). Pe3yabTarsl nccieoBaHU NCTIONB30BaHbI TIPU BHIITOJHEHHH HAYYHON TEMBI
10 CO3JAHMIO COE3EPHOBOT0 KOMOaiiHa /st yOOPKH 3€PHOBBIX U COM C BO3MOXKHOCTBIO MOTYYCHHS
KaueCTBEHHBIX CEMsIH, cOOpa IMOJIOBBI, U3METBUCHHS U pa30packiBaHMs COJIOMBI CJIEBa M CIIPaBa 3a
OOKOBMHAMH KOMOaiHa.

Knioueevle cnosa: cos, xomOaiiH, u3MelbueHue cTelseil, ABYXIOTOUHBIA U3MEIBYUTEb,
PCIKUMBI pa6OTBI HU3MCJIBYUTCIIA, YCUIIUC CPE3a, MOIIHOCTH HA U3MCJIBYCHUC
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Abstract. Studies show that there is no single universal technology for harvesting the entire
biological soybean crop. The development and research of choppers, the improvement of soybean
harvesting technology with the collection of fodder, straw chopping and spreading is a very ur-
gent task in the mechanization of harvesting processes of domestic soybean production. In order
to calculate the optimal parameters and operating modes of the working body for soybean stalk
chopping, a new scheme of a two-flow rotary chopper is proposed. The working body divides the
straw, coming from the combine straw walker into two parts, moves it with an auger with a left
and right spiral winding to the sidewalls of the combine, chops it in a chopping device and spreads
the chopped straw over the sidewalls of the combine. When harvesting soybean with a conven-
tional grain harvester (with a throughput of at least 7 kg/s, equipped with a floor collector), with
two-flow straw chopping, the rational parameters of the chopping drum are 1 580 rpm, a working
diameter of more than 450 mm and 6 chopping knives on each side. The calculated value of the
cutting force of one plant was 60 N. The total drive power, depending on the plant density for har-
vesting, is 13.2—-17.5 kW (17.9-23.8 hp). The high-quality operation of threshing and rotary straw
chopping devices is provided at the optimal combine speed of 2.0-2.5 m/s, the harvester width of
the conditional combine grain harvester of 7 m, and the number of plants supplied for threshing of
8751330 pcs./s (respectively, 437—665 pcs./s for each shredder). The results of the research were
used in the implementation of the scientific theme of a soybean harvester creating for harvesting
grain and soybeans with the possibility of obtaining high-quality seeds, harvesting, chopping and
spreading straw on the left and right behind the sidewalls of the combine.

Keywords: soybean, combine harvester, stem chopping, two-flow chopper, chopper operat-
ing modes, cutting force, chopping power
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Beeagenne. Cos — Benymasi KyabTypa
OTpaciau PacTeHHUEBOJCTBA AMYpCKOH 00-
mactu [9]. Jdnst dopMupoBaHHs BBICOKOTO
yposkasi oHa TpeOyeT MI0JOPOIHBIX, XOPOIIO
JPEHUPOBAHHBIX, YUCTHIX OT COPHSAKOB IIOYB.
[ToaTOMy, MOBBIIIEHNHE TUIOAOPOAUS MOYB U
IIPOJYKTUBHOCTH NAIIHA HAa OCHOBE OCBOE-
HUSl Hay4YHO OOOCHOBAHHBIX CHCTEM 3eMJe-
JIeNNs ABIIIETCS OCHOBHOM 3a7auell CelIbCKO-
X0351MCTBEHHOT'O MPOU3BOJICTBA [§].

[TouBeHHble OpraHU3Mbl (MOYBEHHAS
0uoTa), pazpyuaromnme 6MoIOTUIECKy0 Mac-
CY, HaXOJISIIIYIOCS B [TIOYBE M HAa MOBEPXHOCTH
MOJIsi, SIBISIOTCS MOCTaBUIMKAMH HEOO0XOaU-
MBIX JIJI Pa3BUTHS pacTeHU BeniecTs [1].

CoeBasi cojioMa BBICTYNAeT BayKHEM-
[IMM UCTOYHHUKOM IMOMOJHEHHS TOYBBI Opra-
HUYECKHUM BelecTBoM. KynbTypHas cost — o1-
HOJIETHEE PaCTEHHUE C XOPOILIO OOJIMCTBEHHBIM
Y MIPOYHBIM CTE0JIEM C OTBETBJICHHUSIMH, 00pa-
3yIolIee KyCT, COXPaHSIOUINI BepTUKaIbHOE
MoJIOKEeHHE K yOopke yposkas [7]. Xapakrep-

HOW OCOOCHHOCTBIO COU SIBIISICTCS HAUYKE
cTebJieid, y3/I0B, I/Ie PAacIoNaraloTCs JHUCThS,
BETBU M OpraHbl IJIOJIOHOLIEHUS, MPUYEM
BETBU 00Pa3ylOTCs y3JIaMU TOJIBKO B HIKHEH
yacTu crebns. B y3max jxe BepxHeil uactu
cTeOJIsl aMypCKUX U MIPUMOPCKHUX COPTOB COU
BeTBel HeT. BenencTBue Hanmuusi OOKOBBIX
1o0eroB, JIMCThS U 000BI pacnoiararoTcs Mo
y371aM cTe0IIst HepaBHOMEPHO, 110 90 % ux Ha-
XOJIUTCS B HIDKHEH U CpeTHe 4acTsIX cTe0Is.

[Tpu y6opke 1 0OMONIaYMBaHUU CTBOPKU
0000B, MENKO U3MEIbUEHHAS YaCTh CTEOIeH 1
COpPHOM TPUMECH OTACISAIOTCS Ha PEIICTHOM
CcTaHe KoMmOaiiHa U BBIOpPACHIBAIOTCS B MOYBY
[12]. [IpssmocTosunmii creGenb cou (Harpumep,
copta CeHTAOpHHKA) UMEET, B CPEIHEM, TOJI-
IIMHY y KOPHEBOM IIEUKHU 5,7 MM, B CpEIHEU
yacTu — 4,5 MM U B BepxHel yacTu — 3,05 mm.
BricoTa cTebnis con pa3IuyHBIX COPTOB paB-
Ha oT 62 10 90,8 cMm. CooTHOIIIEHHE BHIXOJA
cTeOneil B MPOIEHTHOM OTHOIIEHUH K 3€pHY
ckopocnenbix (Centsopunka, Jluaus), cpen-
Hecnienbix ([apmonus, Hera 1, Jlaypus) u
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no3aHecnenoro (bonyc) coproB con nzmens-
etcst ot 37 1o 89 %, ctBopok — ot 31 10 65 %
(tabm. 1).

VHTEeHCHBHOCTD pa3NoXeHHus cTedrei
(comombl) TIpH 3aJeNIKe €€ B TIOUBEHHOM CJI0€
Ha r1yOuny 12—14 cM 3aBUCHUT OT pa3MepoB
(IMMHBI U TOJIIUHBI) W3MEIBYEHHBIX CTe-
Oneil com, UX XUMHUYECKOTO COCTaBa, BIAX-
HOoCTH cTebseil u mouBbl. OCHOBHAsI 4acThb
COEBBIX cTeOJell mpeacTaBieHa KIeT4yaTKON
(34,49-35,94 %) (Tabu. 2). B cocraB cTebiiei
BXOJISIT TaKXKe 0€3a30TUCTHIC SKCTPAKTUBHBIC
BEIIECTBA, HA JOJIO0 KOTOPBIX HPUXOIUTCS
37,3-40,8 % [6].

OCHOBHBIM UCTOYHMKOM IUTAHHUS pac-
TEHUH ABJISIETCS TOYBAa, KOTOpas IOIOJIHS-
€TCs U3MEIbYEHHON COEBOM COJIOMOM IpH
3a/1e1Ke €€ TUCKOBAHMEM WJIM KyJIbTHUBALlU-
eil. MccnenoBanus, NpoBEAEHHBIE B TIEPUO
2020-2021 rr. B denepaJlbHOM Hay4yHOM
ueHtpe «Bcepoccuiickuii Hay4dHO-HCCIIE-
JIOBAaTEJIbCKUII MHCTUTYT COW», B IIOJEBOM
CeBOOOOPOTE IMOKa3ajaM, 4TO CTEOJM BBI-
3pEBLINX PACTEHUH COU XapaKTEPHU3YHOTCS
HEBBICOKHM cojiepaHueM npoTenHa (3,28—
3,75 %). Ilpu 3TOM copepx aHue MHUHEPaJIb-
HBIX JIEMEHTOB (KaJIbLIMsI, KaJlus, Mardus u

(docdopa) B obmieir cymme y crebdieir con
cpennecnenoro copra Hera 1 u ckopocrie-
soro copra CeHTSOpHHKA COCTABIISIOT COOT-
BeTcTBeHHO 3,09 1 2,98 % [12].

CoBepllIeHCTBOBAaHUE IIpoliecca W3-
MeNbYeHUS W pa3OpachiBaHUs COEBOHM Co-
JIOMBI JUISl pa3JIO’KEHUsI B IIOYBE U CO3JIaHUS
YCIJIOBUH TOCJIEIYIOIIETO POCTa U Pa3BUTHUSA
pactenuii pemaercs 3a c4€T pa3pabOTKH Ka-
YECTBEHHBIX U3MEIbYUTENCH [6].

Cy1mecTByromasi TEXHOJOTUS YOOpPKH
BCEro OMOJOTHYECKOTr0 ypokas Cou co cbo-
POM COEBOM MOJIOBBI, U3MEJILYEHUEM U pa3-
OpachIBaHHEM UJIH YKIIAJAKOU B BaJIOK COJIOMBI
¢ ucnoyib3oBaHueM wusMenbunrens [1YH-5
U OoJbiie00BEMHOTO (110 45 M®) TmpuIena B
yCIIOBUSIX AMypCKOU 001acTu, Koraa yoopka
3a4acTyl0 MPOXOJMUT NPHU MepeyBIAKHEHUN
MOYBBI, HE BCErJa MOXKET OCYIIECTBIATHCS,
B CBSI3M C HEJOCTATOYHOM MPOXOIUMOCTHIO,
CHUKEHUEM MPOU3BOJUTEIBHOCTH, a TaK-
K€ POCTOM JKCILTyaTallMOHHBIX 3aTpaT, W3-
3a CHIDKEHHUsl pabodeil CKOpOCTH M pacxoja
TOIJIMBA BBUY IOBBIIIEHHOTO OYKCOBaHUS
BILJIOTh /10 TIOJIHOM OCTAHOBKHU.

HOBTOMy, B JaHHBIX YCJIIOBHAX Ooee
IMCPCIICKTHBHA TCEXHOJIOTHUA C HOJ'IOBOC60p-

Tabamnna 1 — buonornyeckasi ypokaiiHOCTb 3epHA M HE3ePHOBOM YaCTH COH

Bobicora | KoimyecTBo Macca, r/m? CooTHollleHHE
Copt pacreHusi,| pacTeHUl (3epHo : cTed,H :
M Ha 1 m2 3epHa | credJieil |CTBOPOK cTBOpKH), Yo

CeHTs10puHKa 91 62 462 394 302 40:34:26
JIugus 52 76 145 129 92 40:35:25
I'apmoHus 65 52 128 104 74 42:34:24
Hera 1 66 50 710 360 346 50:25,5:24,5
Haypus 63 56 223 123 105 53:23:24
bonyc 62 60 169 52 62 60:18:22
Cpennee 3HaueHue 66,3 59,3 306 193 163 46:29:25
Tadmuma 2 — Xumudeckuid cocTtaB credjeil cou coproB Bceepoccmiickoro Hay4yHO-

HCCJICeI0BATEJIbCKOI0 HHCTUTYTA COA

B npoueHTax oT a0COJIOTHO CYX0r0 BellecTBa

Copep:kaHue NUTATEIbHBIX BellleCTB
Coprt cou 0e3a30THCTBIE CVXOe
NPOTEHH | KIETYATKA | SIKCTPAKTUBHbIE | yeCTBO Ca K Mg P
BellecTBa m
CenTts0prHKa 3,28 35,94 37,3 92,22 1,24 | 1,01 | 0,29 | 0,44
Hera 1 3,75 34,49 40,8 92,95 1,16 | 1,26 | 0,21 | 0,46
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HUKOM, SIBIISIIOIIMMCSI arperatoM Camoro
KoMOaiiHa, OCYIIECTBIISIONUM cOOp U TIOp-
[IUOHHYIO pasrpy3Ky Ha TIosie coOpaHHOM
MOJIOBBI B MSTKMX KOHTeWHepax. Ho takue
MOJIOBOCOOPHUKH, KakK MpPaBHUIIO, pacmoia-
rafoTCs IMO03aJU COJIOMOTPSCA, MPETATCTBYS
paboTe TPAAMIIMOHHOTO OJHOOApadaHHOTO
(OZTHOTIOTOYHOI0) M3MEIbUUTENS-pazOpachl-
BaTellsl MOJIOBEL. B CBsI3M ¢ 3TUM, OAHUM U3
HaTpPaBJICHUH COBEPIICHCTBOBAHMUS TEXHOJIO-
rui yOOpKH BCEro OMOJIOTHYECKOTO YpOiKas
cou co cOOpOM COEBOI TOJIOBBI, H3MeENbYe-
HUEM M pa30pachlBAHWEM COEBOI COJOMBI
SBIISICTCST CO3/JAaHUE JIBYXIIOTOYHBIX H3MEIb-
yuTenei-pazopacbiBaTenel COIOMBI, M03BO-
JSIOMIMX Pa3ZelisiTh COJIOMY Ha JiBa MOTOKa,
M3MeNbYaTh U pa3OpachiBaTh 3a OOKOBHWHBI
KoMmOaiiHa Ha mupuHy He MeHee 80 % mmpu-
HBI 3aXBaTa kKaTku [3, 4].

Takum 00pa3om, COBEPIICHCTBOBAHHE
JTAHHOW TEXHOJOTHH Ha OCHOBE pa3paboTKu
KOHCTPYKIIMM M OOOCHOBAHUS IMapamMeTpoB
JBYXIIOTOYHOT'O U3MEIbYHTENsI-pa3OpachiBa-
TeJIsl COEBOM COJIOMBI IIPU peain3aliu yCIio-
BUSI PACIIOJIOKEHHUS 3a HUM arperara B BUJIE
TOW MJIM UHOWM KOHCTPYKIIMU MOJIOBOCOOPHU-
Ka, SIBJIIETCS BECbMA aKTyaJbHOW 3aJa4yei B
MeXaHHU3aIH YOOPOUHBIX MPOIIECCOB COU HA
Hansnem BocTtoke.

Ilenvro uccnedosanusa saeunace paz-
padomKka KOHCMPYKUUU O8YXHOMOUHOZ20
usMenbuumena-pazopacsleamens Coa0Mbl
0713 08YXNOMOYHOI MEXHON02UYUECKOU CXe-
Mbl €20 padomol ¢ pazmeu,eHuem Ha ypoene
conomompaca Komobaiina, a makdice onpe-
oellenue ONMUMAIbLHBIX RAPAMEMPO8 U pe-
HCUMOB PAOOMBL UBMETLUAIOU|E20 POMOPA.

Marepuanbl U MeTOAbI HCCJIEI0Ba-
Husl. OOBEKTOM WCCIICIOBAHUS BBHICTYIAET
TEXHOJIOTMUECKUI MPOIecC pa3/ieeHHsl coe-
BOI1 COJIOMBI Ha JIB€ YaCTH JJI U3MEJIbYCHUS
Ha MeJnkue (ppakiuuu U pa3dopackiBaHMs cIeBa
U crpaBa 3a OOKOBHHBI KOMOaiiHa 1o Xxonay
nBrokeHus. Baxuenmmii paboumii opran —
M3MeNbUaoImnii 6apadaH, KOTOPOMY yes-
eTcsl IMOBBILICHHOE BHUMAaHME H3-3a IPOY-
HOCTHOI XapaKTepUCTUKU COEBBIX CTEOIIEH.

Jlna pacuéra onTHMalbHBIX Mapame-
TPOB M PEXHMOB pabOTHl M3MEJIHYAIOIIETO
pabouero opraHa HeoOXOJMMO 3HATh pa3-
MEPHO-MAacCOBbIE U IPOYHOCTHBIE Xapak-
TEPUCTHKHN COEBBIX cTebineil. B aTolt cBs3w,
U3Yy4aJIUCh BBIXOJ COJIOMBI K 3€pHY COM IPHU
yOopke ypokas, a TakKe aHaTOMHYECKOe
cTpoeHue ctebis cod, ero (U3MKO-Mexa-
HUYECKHE CBOMCTBAa Kak OOBEKTa pe3aHus
U CYLIHOCTh mpouecca pe3anHusi. CTpykry-
pa U pa3MEpHO-MacCOBBIE XapaKTEPUCTUKU
COU HCCle0BaNINCh B AMYypCKOW 00JacTH B
2015-2021 rr. Ha moceBax CKOPOCIENBIX CO-
proB CeHTsiOpuHKa, Jluaus; cpemHecnensx
I'apmonust, Hera 1, Jlaypus u no3anecmnesno-
ro bonyc. Uudopmanmonnyo 6a3y cocra-
BUJIM aHAJIUTUYECKHUE MaTepuabl, Hay4YHbIE
paboThl M MyOJUKAIMK TI0 HCCIIETOBAHHIO
paboumx opraHoB it yoopku cou B Poccun
v Ha [JlaneHem Bocroke.

3penblii IepBUYHBIN TOJIBIA  cTeOeNb
cou (puc. 1) cocTouT U3 CepaIEeBUAHON Ma-
penxumsl (1), He copepxkaiieil Xioporuia-
CTOB; 30HBI PACIIOJIOKEHHBIX 110 KPYTY COCY-
JTUCTBIX TY4YKOB (2); Kophl snuaepmuca (3);
KOPTUKAJIBHOTO CIIOSI MEXKIY COCYIAMCTBIMU
MyYKaMH U THIEPMUCOM.

1- CepALCBUIHAA [TAPCHXUMA, 2— COCYIUCTBIC ITYYKH;
3- KOpa sruacpmuca; 4 — APCBCCHHHAA CKIICPCHXUMA, 5 — kcuiiema

Pucynok 1 — Ilonepeunsbiii pa3pe3 m0J10ro credjas con
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Knerku cepaueBuaHoi napeHxumsl (1)
pacxoasTcst OT CEpALIEBUHBI, pa3Aeiss cocy-
JUCTbIE MY4YKU (2) M CIUBasACh C KIETKaMU
KOpeI 3nuaepMuca (3) u B 1eIoM 00pasys
JPEBECUHHYIO cKiepeHxumy (4). CTBo0BbIE
COCYAMCTBIE MYYKH SBIISIOTCS COIYTCTBYIO-
IIUMHU ¢ KcueMoit (5), mpocTuparomieics k
cepaueBuHe; (IIOdMOM, MPOCTHPAIOMICHCS
K KOpPE M IO0JIOCOW NMOTEHLHUAIbHBIX KIIETOK
kamOusi Mexay Humu. Ilo mepe pasBuTus
pacteHus cou, credenb MpoxoauT (asy BTO-
PUYHOIO POCTA U MOSABIISAIOTCS AOMOJHUTENb-
HbIE COCYAMCTbIE U ONOPHBIE TKAHU: K TKa-
HSIM KaMOWsi MEXIy Kcuiaemod u (rmosmoii
N00aBysieTCsl TKaHb BTOPUYHOM KCUJIEMBI U
(hI09MBI.

B peruonax BbIpalIMBaHUsS COU CO
3HAYUTEIBHBIM BTOPUYHBIM POCTOM CTEOJIS
HabmrogaeTcss oOpazoBaHKUE MOJBIX CTEOMEH.
JlpeBecHast CKJIEpeHXMMa — Haubosee TBEp-
nasi 4acTh ctelsi, obecrneunBaronmas mpoy-
HOCTH cTe0siecTos 10 YOOpKH ypoxasi U CO-
MIPOTHUBIICHHE U3THOY MPU PE3aHUU.

B MOMeHT pe3aHusi HOXKHM U3MENbUNTE-
751 OJJTHOKPATHO YAApsIOT O CTeOJIM COM MpH
BBICOKOW aMIuuTyje u udactore. OgHOBpe-
MEHHO BO3pAacTaeT yCWJIME Ha HOX U pacTs-
xeHue credns. Cuna, ¢ KOTOpoil HOX pexy-
IIero amrmapara BO3ACHUCTBYeT Ha cTeOenb,
BBI3BIBACT 3HAYUTEIBHOE YAEIBHOE 1aBJICHUE
MEXJy JIE3BUEM M MaTE€pHAJIOM; CHJIa UHEP-
UK CTeOJIsT IpU JOCTATOYHOM €ro OTrude
IpeKpaaeT HeoOX0AUMOE CONPOTHBIICHHE,
YTO U MPUBOJAMT K Pa3pyLICHUIO CBS3EH.

Pe3yabTarsl uccaenoBanmii. ccneno-
BaHUS OTCUECTBEHHBIX U 3apyO0eKHBIX YUEHBIX
MOKA3bIBAIOT, YTO €IWHOW YHHBEPCAIbHOM
TEXHOJIOTHH yOOPKH BCEro OMOJIOTHYECKOTO
ypoasi COM IoKa HeT. Y 00pKa COJIOMbI HOCUT
30HANBHBIN XapakTep. B HacTosmiee Bpems
JUTSL U3MENTBYCHHSI M pa30pachbIBaHUS TI0 TTOJTIO
coJiIoMbl Ha KombOaitHax Vector, Amyp-Ilanec-
ce, Husa, Enmceii-1200, Enuceii-1200-HM,
Enuceii-950, Hdon-1500 ycranaBiuBaroT Ha-
BECHBIC HW3MEIbUYUTEIN-Pa30pachiBaTeId CO-
aomel: MUCH-2, MCH-2-1M, HUCH-2-1M[,
NCH-3/1, UCH-3B/I.

Pabouwne opransl u3mMenbpunTeNICH Npe-
CTaBJISIIOT COOOM IMIAPHUPHO 3aKPEIIEHHBIC
IJIOCKKE HOXKH, pabOoTaroIIMe B TIape ¢ Mmpo-
TUBOPEXKYIIUMH DJIEMEHTaMHU, KECTKO 3aKpe-
IJICHHBIMH Ha TIOBOPOTHOM HOKEBOM Opyce.
KonnyecTBO HOXEM, cXeMa MX pa3MEIIeHHs
U PacCTOSTHUE MEXJy HHUMH MOTYT OBIThH
pPa3IMYHBIMU W OTNPENETSAIOTCS  3aJaHHOMN

MPOU3BOAUTEIILHOCTBIO KOMOaiiHa, YCJIOBH-
SIMH PaOOTBI U CHEIU(PUICCKIMHI KOHCTPYK-
TOPCKUMHU PEIICHUSIMH. Takue rpoMO3JIKHE
M0 KOHCTPYKIIMM HW3MEJIbUYUTENIN YCTaHAB-
JUBAIOTCS HAa MECTe KOMHUTENsS KoMOaifHa
Ha yOOpKE COM TPH W3MEIBYCHHH COCBBIX
cTebneit, st obecredeHrs] KaueCTBEHHOTO
M3MEJIbUYCHUS Ha 3a/IaHHYI0 JIJIMHY YaCTHIl
U pa30pachiBaHMsl U3MEIBUYEHHON COJIOMBI.
[Ipu >TOM OHM MOTPEOIAIOT 3HAYUTEIBHYIO
MOIITHOCTD JBUTaTeNs koMmOaitHa [10, 11].

B coBpeMeHHBIX YCIOBUSAX YOOpPKH
cou, MPH HEOOXOAUMOCTH KOMOMHHPOBAHUS
U3MeNTbYUTENA-pa30opackiBaTelisi C MOJIOBOC-
OOpPHHKOM I11€7IeCO00pPa3HO  OCYIIECTBISThH
pa3zeneHue Ha JBE YacTH COJIOMBI, MOCTY-
Maromeil oT coaoMoTpsica KomMOaiiHa, U 1e-
peMeleHrue €€ IMHEKOM C JIEBOM U INpaBOM
HABUBKOMH crivpanu kK O0KoBHHAM KomOaiiHa,
U3MeJIbUCHHE B M3MENbYAIOIIeM yCTPOHCTBE,
a TaKKe pa3dpacblBaHHE M3METbUYEHHOU CO-
JIOMBI 32 OOKOBHHBI KOMOaitHa [5]. [laHHOC
TEXHUYECKOE pEIIECHHUE SBIISCTCS pa3BUTHEM
uaeu, orpaxEéHHoil B mareHte Ne 2506737
«Cnoco6 cOopa OMOIOTHYECKOTo yposkas
COM C U3MeNbYCHHEM U pa3OpacblBaHHEM
COJIOMBI U YCTPOUCTBO IS €0 OCYIIECTBIIE-
Hus» [4].

JIBYXIOTOYHBIN ~ M3MENbYUTETb-pa3-
OpacbIBaTelb YCTaHABIMBAETCS 3a COJIO-
MOTPSICOM Ha 3epHOYOOPOYHOM KOMOaiiHe 1
pabotaeT cienyromum obpasoM. Cxonsias
C COJIOMOTpsICa COeBasi cojoMa MOCTyMaeT B
KOPBITOOOpa3HbIe KOKyXH (22) mHekoB (4) u
(11) ¢ mpaBoii u J1IeBOI HABUBKOW criupaei,
KOTOpbIE MIepeMEIat0T BIPABO U BIEBO COJIO-
MY K HOKaM ¢ KoHTpHOXamH (27) (puc. 2, 0).

[ToctynarenbHasi ckopocTh kKoMOaiiHa,
[IMpUHA 3aXBaTa JKaTKW U TYCTOTa CTOSHHS
cTebneil con Ha OJHOM KBaJpaTHOM METpe
o0ycliaBnuBaloT nojiavy ctedseil Ha u3Menb-
yenue. /[ kadecTBeHHOM pabOTHI MOJIO-
TWIbHBIX W POTALMOHHBIX H3MENbYAIOIINX
COJIOMY alIapaToB, ONTUMAaJIbHAs CKOPOCTb
KoMOaiiHa mpu yoopke cou coctasisieT 2,0—
2,5 m/c wiu 14-17,5 m?/c. lllupuna 3axBara
KATKU YCJIOBHOTO 3€pHOYOOPOYHOTO KOM-
OaitHa — 7 M. ['ycroTa crebneit K MOMEHTY
yoopku mocturaer 50-76 mr./m?. Kommue-
CTBO PAacTEHHUH, MOCTYyMAIOUIMX Ha OOMOJIOT
875—1 330 m./c (B cpearem 1 050 mT./c)
Ha KaXIbI u3Menpuurels — 437-665 mr./c
(B cpemrem 550 mT./c).

[Ipu wacTtoTe BpaleHUs H3METhYArO-
mero ycrpoiicrea 165 ¢!, Ha ogua 06opoT
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29

0)

1 — HEMOABMKHOE BOAMIIO; 2 — CATEIIUTHI; 3 — KOPOHHASI IIECTepHSsT; 4 — JIEBbIH IIHEK; 5 — 3BE3AHAS LIECTEPHS; 6 —
BHyTpeHHu# Bax; 7, 8, 9, 10 — nopmmnuuky; 11 —npaseiii muek; 12, 13, 14 — noammnuuky; 15 — neBwlii mkus; 16
— IpaBbIi WKKB; 17 — Bexymuii Bas; 18 — BeayIie mpaBblif U JIEBBIN IIKUBEI; 19 — MpaBbIil U JIEBBIA PEMHH;

20 — criupaJib IIHEKa C MPaBO HAaBUBKOM; 21 — ciupab IHEKa C JIEBOM HABUBKOM; 22 — KOXKYXH LITHEKOB;

23 — neBbI U3MENBYUTEINb COJIOMBI; 24 — paBblid U3MENBUNTEND COJIOMBL; 25 — MJIaBAIOLIUE HOXKH;

26 — NeBBIA U IPABBIA KOXKYX U3MENBUUTENS; 27 — KOHTPHOXKH; 28 — neIIeKTOpHI ¢ pEOpaMu-HATIPaBUTEIIMHU
M3MENbYEHHON COJIOMBI; 29 — AeNUTENb MOTOKA coJIoMbL; 30 — MPUBOIHOMN peMeHb; 31 — IKUB MPUBOJHOTO Bajia

PucyHok 2 — J/IByXnoTo4Hblii M3MeJIbYUTEIb COJTOMBI
¢ IVIAHETAPHBIM PeIYKTOPOM B pa3pese (a) M cXxeMa YCTAHOBKH
H3MeJIbYAIIINX HOXKell M KOHTPHOKell Ha OBOPOTHOM Opyce (0)

U3MENBUYUTENS nocTynaer 17-25 pacTeHui.
[Tpu cpennem nuametpe credneii cou 5,1 mm,
o01mas JyIMHA pe3aHus 3a OJJUH 000POT PEexKy-
LIET0 aInapara JIEBOro Wi IPaBoro U3Mellb-
yurened cocraBur 122-184 mm. C yuérom
IIECTH MU3MEbYAOLINX HOXEMH, 3a 0JJMH 000-
POT YHKCIIO pa3pe3aeMbIX cTeOIel Cou OJHUM
HOKOM COCTaBUT TPU — YETHIPE €IUHUILIBL.

Paspymienue crebneit cou kak ympy-
ro-BsA3KOIUIACTUYECKUX MaTEpUaIOB, UMEIO-
IIUX BOJOKHHUCTYIO CTPYKTYpY IIPH yJapHON
Harpy3ke, IPOUCXOAMUT IO CXEME XPYIKOTO
paspylueHus, 111 KOTOPOro XapakTEpHbI OT-
CYTCTBHE IUIACTHYECKUX JedopManuil U He-
OosblIast pa3HOCTh MEXAY MpeaesiaMu TeKy-
YECTHU U IPOYHOCTH.

CkopocTth ynapa paboudero opraHa o
M3MeNbYaeMOMYy MaTepHally HUXKe CKOPOCTH
pacnpocTpaHeHUs] MO CTeONI0 MPOJOIBHBIX
YIPYTUX BOJH HampsbkeHuil. CrenoBaTeib-
HO, B 1ehopmaniuu pacTspKeHUs OT THorepey-
HOTO yjaapa OyleT y4acTBOBaThb TOJBKO He-
3HAYUTeNIbHAsA YacThb CTeONs, paBHAs JJIMHE
nyTa aedopmanuu. [ credieit con CBOM-
CTBEHHA CBOsI OIpe/enEHHasi CKOPOCTh y/a-

pa, Ipy KOTOPOW BO3HUKAIOT Pa3pyIIAOLIIe
HaNpsDKEHUs, MPUBOAAIINE K Pa3pyILICHUIO
cre0en.

Jnst onucanust mpouecca J1epopMHUpo-
BaHUsA cTeOIs KaKk TMOKOM HUTH MpU TOMneped-
HOM yjape ucroib3yercs teopus X. A. Pax-
MaryiuHa [2]. YpaBHeHHe, yCTaHaBINBAIOIIEE
3aBUCUMOCTb MEX]Y JIMHAMUYECKUM YIJIOM
u3JI0Ma (,) U CKOPOCTBIO yjapa (V ,) OTHCHI-
BaeTcs BeIpaxenueM (1):

tg¥s = 1.25° |1, /Cq (1)

rae C, — CKOPOCTb PaclpOCTPAHEHUs YIIPY-
TUX (HpOI[OJII)HBIX) BOJIH.

Ha ocHoBanum 310 (OpPMYITBI MOXKHO
AO0MMYCTHUTb, YTO AJId JAHHOI'O MaTcpuajia nu
KPUTIYECKON CKOPOCTH v,) OyzeT coOTBeT-
CTBOBATh TAKKE «CBOW» KpI/ITI/I‘-ICCKI/II/I yroua
uznoma (y, ) CrnenoBaTenbHO, IKCIIEPUMEH-
TaJIbHO, OHPGIIGJII/IB Y g 11O dhopmyite (2) MOK-
HO HaWTH KPUTUYECKYIO CKOPOCTH yJapa:
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vP=0’5'C0't93'yxp )

BBogast koadunmenT yaapa (k ,)> PaB-
HEIH COOTHOLICHHIO CKOPOCTH paspyIIeHHs
(pmp) K KPUTUYECKOM CKOpPOCTH, HAXOIUM
CKOPOCTh Pa3pyLICHHsI MPOU3BEIECHHUEM KO-
spdunmenTa yaapa Ha KPUTUYECKYIO CKO-
pocthb (3):

Voasp = 05 Kyz - Co " tg® - Yp (3)

Jlnst cIoUCThIX MaTepuanoB Kod(du-
IHUEHT yJapa HaxoauTcs B mpegenax oT 1,3
1o 1,5 equamir.

Ecnu yronm wm3ioma HCIIOB30BaTh Kak
MIPOYHOCTHYIO XapPaKTEPUCTHKY ISl BOJIOK-
HUCTBIX MaTEPHAIIOB, MOKHO HAHUTH KOA(p -
[IUEHT JMHAMUYHOCTH 110 popmyiie (4):

e ]"A/ Yer (4)

rae y, — JMHAMUYECKUH yTOJ U3JIOMA;
7., — CTATHIECKHUHU yrOJI U3J]I0Ma.

3HadyeHre KOd(PPUIIMCHTA TUHAMHY-
HOCTU HaxoauTcs B npenenax ot 1,2 mo 1,5,
IIPY 3HAUYEHUU TUHAMUYECKOTO yTiia U3JI0Ma,
paBHOTrO 21° ¥ 3HaYEHUH CTATHYECKOTO yria
u3IoMa, paBHoro 15°.

C yuérom dopmyn (3), (4) u ananuza
CYHIECTBYIOIIUX pexKylux annapatos [4, 10,
11], BeIpaxkeHue s pa3pyuiaroieid CKopo-
CTH TIPH yaape omnpeaensercst popmynoi (5):

Vpasp = 05 kyn +Co - tgg (kn ' Yc‘r) (5)

Paspymarormas CKOpocTh CBsI3aHa C KH-
HEMATUYCCKUMHU TapaMeTpaMu U3MeNIbYaro-
IIETO POTOpa COOTHOIIEeHUEM (6):

D-w
vpaap = T (6)

rae D — quamerp u3MenbuuTens mo KOHIaM
IJIABAIOIINUX HOXEH, M;
@ — yIJI0Basi CKOPOCTh U3MEIBUUTEIIS, €.

Torna nomyuum Beipaskenue (7):

D-w= ky,u.'co 'tgg(kn'yn) (™

ITpu BEIOOpE nMameTpa MU3METbUUTENs
UCXOJIMIIA U3 KOHCTPYKTUBHBIX YCJIOBUH €ro
pa3MeIleHus] MEeXIY COJIOMOTPACOM M pe-
IIETHBIM CTAaHOM:

D=0,45m;R=0,225m; & = om 98 0o
233 ¢! (8 cpeonem 165 ¢)

Toraa ¢ yuérom BwlpakeHus (7), ya-
CTOTa BpalleHUs u3MenbuuTens (N) Oyaer
coctaByATh oT 940 n0 2 225 mun! (B cpen-
Hem 1 580 mun™).

OnpenensieM KpyTsimiuii MOMEHT (M )
Ha Bally N3MEJIBYAIONIAX YCTPOHCTB 1O (op-
Mmyiie (4):

Mx ='F;:

P "R ®)

P

Yeume (F ), HEOOXOMMOE JUTS U3-
MEJTbYCHHS CTEONCH COM JAHHBIM PeXKYIIHM
anmapaTtoM, HaXOIUM pacu€THeIM myTéM. C
y4éTOM HMMEIOIIUXCS JTAaHHBIX (KOJIMYeCTBa
pacTeHU MOCTYMAIOMUX Ha Cpe3 MpH LIUPHU-
HE 3aXBaTa JKaTKU; CKOPOCTU yOOPKH; TYCTOTHI
cTe0JeCTOs] COU TMPU LIMPHUHE MEXITyPSIIHiA;
cpemHero jaumameTpa creluns) ycuwime cpesa
OJTHOTO pacTeHus coctapisieT 60 HHIOTOHOB.
Torna kpyTsmyii MOMEHT Ha JIEBOM U IIPaBOM
U3METIBYUTEINSAX PEXYIIEeH CTOPOHBI OyIeT pa-
BEH:

60-(3...4)-:0,225 = 40...53 H-m.

HOTpe6J'ISIeMa${ MOINHOCTL JIA IIPUBO-
Ja u3MEJIbYaromux arraparoB, € y‘léTOM BCEX
OJHOBPEMCHHO Y4YaCTBYIOLIUX B CPC3€C HOXeH
OTACJIbHO JICBOI'O M IIPaBOr'o U3MeIbUnTeIeH
OIPCACIIACTCA:

2:(40...53)-165 = 13 200...17 500 Bm.

BeiBoabl. Ilo pesynbraTam npoBenéH-
HBIX MCCIIE0BAaHUI MOKHO BBIJCIIUTH CIIEAY-
IOLIME TIOJI0KEHHS, COCTABIIAIOIINE ITPAKTHYE-
CKYI0 3HaUUMOCTh pabOThI:

1. Ha ybopke cou YCIOBHBIM 3€pHOY-
OOpOYHBIM KOMOAHHOM C JABYXHOTOYHBIM H3-
MEJIbYCHHUEM COJIOMBI Pa0OYMMH MapaMeTpa-
MH U3METbYHUTENS SIBISIOTCS:

1) wacrora BpareHus 940-2 225 mun":

2) pabounii quametp 6osee 450 Mm;

3) mecTh U3MENbYAIOIIUX HOXKEH C Ka-
KIO0W CTOPOHBI.
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Pacuémnoe 3nauenue ycunusa cpesa oo-
HO20 pacmenus cocmasuno 60 HbIOMOHOS.
Cymmapuas MoOwHOCMb NPUBOOA 6 3ABUCU-
MOCmu om 2ycmomul pacmeHuti K yoopke co-
cmaensem om 13,2 0o 17,5 kunosamm (17,9—
23,8 nowaounwvix cun).

2. KadecTBeHHast paboTa MOJIOTHIIBHBIX

1) ommumanvuas cxopocme KomOauHa
2,0-2,5 m/c;
2) wupuna 3axeama Heamxu KOMOAUHA —
7 Mm;
3) Koiuuwecmeo pacmeHuli, NOCMYNaro-

wux na oomonrom 875—1330 wm./c (coom-
BEMCMBEHHO HA  KANCObILL UMENbYUMeNb

U POTAIMOHHBIX MU3MEIbYAIONIUX COJIOMY afl-
napaToB 00eCIeYnBACTCS PH CIIETYIONINX YC-
JIOBUSX:

437—665 wm./c).
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