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BBEJEHUE

[ns pewweHns npobnemsl camoobecneveHus Pecny6nvku benapycs oc-
HOBHbIMW BUAAMU MPOAOBO/LCTBMS HEOOXOAMMO UMETb €XXErofHble Basio-
Bble c60pbI 3epHa B 06beme 8...9 M/IH. TOHH NPU HWU3KOM CebecToOMMOCTM
NPOLYKLMN.

YBenmueHne Npomn3BOACTBA 3epHa M KOPMOB U Ha 3TOI OCHOBE YCKO-
PEHHOe pas3BUTWE YXXUBOTHOBOACTBA SBMSIKOTCA B HACTOSLLEE BPEMS OCHOB-
HbIMM 3a[ja4amMu CeNbCKOr0 X03sicTBa Pecrny6nmku benapyce.

"ocynapCTBEHHON MpOorpaMMoii YCTOMYMBOro pasBuThs cena Ha 2016—
2020 rr. nnaHupyeTcs peann3oBaTb pecypcocbeperarolime TexHonormye-
CKMe npoLecchbl B 3eMeAennn, JOBECTU YPOXKaNHOCTb 3epHOBLIX KyNbTyp
[0 43 u/ra, a nponssoacTso 3epHa B 2020 r. Ao 12 MAH. TOHH [1].

BbInonHeHWe 3TOM 3a4a4M BO3MOXHO TOMbKO MPU 0CBOEHUM PeCypco- 1
3HeprocobeperaroLLUMx TEXHONMOMMIA, pa3paboTKe MNEPCMEKTUBHBLIX CPEACTB
TEXHONOMMYECKOr0 OCHALLEHUs, 0BeCneYnBatoLLMX MX peain3aumio u co-
BMELLiEHNE TEXHONOMMYECKMX onepauuii Npy Bo3AeNblBaHUN CeNbCKOX035 -
CTBEHHbIX Ky/MbTyp. [103TOMy B HacTOslLUee BPeMSi CENbCKOE XO3ACTBO
pecny6/MKn NePeXOANT Ha MHTEHCMBHBIE TEXHOMOMMW BbIPALLBAHWS CE/lb-
CKOX035MCTBEHHBIX KYNbTYP.

OfHVM 13 MyTeli yBeMYEHUS NMPOU3BOACTBA 3epHa SBSETCA NOBbILLIE-
HVie NPOV3BOAMTENLHOCTY U Ka4yecTBa paboThl CETbCKOX03SMCTBEHHOI Tex-
HWKW, 3aHATON Ha BO3/e/bIBaHUM 1 YOOPKe 3epHOBbIX KYNbTYp.

Mpy BO3AENbIBAHUW 38PHOBbIX BaXKHeliLLiee 3Ha4YeHNE MMEKT OCHOBHaS
N MpeanoceBHass 06paboTKa MOYBbI M MOCEB, OTNYUTENBHON OCOBEHHO-
CTbH) KOTOPOrO MPW MHTEHCWMBHON TEXHOMOMMW BO34E/NbIBaHNSA SBSETCS
06pasoBaHMe TEXHOMOrMYECKO Kosen. 3TO NO3BO/ISIET BO BPEMS BeretaLmu
MPOBECTVM MHOTOKpaTHble MOAKOPMKM PacTeHMA MUHepanbHbIMK yaobpe-
HWSIMW, BHECTU peTapfaHTbl, 06ecneynTb XMMUYECKYHD 3aLLUTy MOCEBOB OT
COPHAKOB, 60Me3Hel 1 BpeauTenei.

KauecTBO BbIMO/HEHNA 3TUX OMepaunini - onpefensieTcs BbIGOPOM
CpeAcTB TEXHOMOrMYECKOr0 OCHALLEHWS,, TEXHWYECKMM COCTOSIHUEM, Ha-
CTPOViKOIA, PEryNNPOBKOIA AaHHbIX CPeACTB W MPoBefeHMeM paboT B ONTU-
Ma/lbHble arpoTexXHWYeckne Cpoku. lMpu 3TOM arperatbl AOMKHbI ObiTh
B3aMMOCBA3aHbl MO LUMPWHE 3axBaTa, MPOW3BOAUTENBLHOCTM, LUMPUHE KO-
Newn, KayecTBy paboT, 4To 06ecneymBaeT CBOEBPEMEHHOCTb M KA4eCTBO Bbl-
MO/THEHHbIX PaboT 1 B KOHEYHOM CUETE peLLaeT CyabOy ypoXKas.

3



B 06LleM KOMNeKce TEXHOMOMMYECKMUX OMepaLmin 1 NpMeMoB Mpu BO3-
[eMbIBaHUM 3ePHOBBIX, KaK 6blfI0 0TMEYEHO Bbillie, O4EHb BaXKHOE 3HaYeHe
nMeeT noceB. Haykoli 1 NpaKTUKOI YCTaHOBMEHO, YTO YPOXKail CebCKOXO0-
3AACTBEHHBIX Ky/bTyp Ha 25...30 % 3aBMCWT OT KayecTBa MOCeBa.

OcCHOBHa# Lieflb MOCeBa 3aK/14aeTcs B 06ecneyeHn oNTUManbHbIX yC-
NOBWI NPOPacTaHNs CEMSAH U B JabHeMLLIeM pa3BUTUA pacTeHUiA, KOTopble
B OCHOBHOM 3aBUCSAT OT ONTUM&/IbHOIO COYeTaHMs Tpex (JakTopoB: BOLHO-
ro, BO3AYLHOrO U TennoBoro. M3secTHO, 4YTO Hambonee 6naronpusTHOE
coYeTaHVe faHHbIX (haKTOPOB OTMeYaeTcs, Koraa cemeHa paBHOMEPHO pac-
npegeneHbl NO NAOWaayM Nons Ha 3afaHHyto (ONTUMANbHYK) TAy6uHY.
MpK 3TOM OHW AO/MKHbI ObITb YIOXEHBI Ha MAOTHBIA CMOA MOYBLI U NPU-
KpbITbl PbIX/bIM CI0EM MOYBbI ME/IKOKOMKOBATOW CTPYKTYpbl. Hecobntoge-
Hne Mt060oro 13 aTNX TPeboBaHMI BEAET K CHVXXEHMIO YpoXKaitHocTu [2].

OfHMM ©3 YCNOBWIA NOSTYYEHNS BbIPABHEHHBIX U APYXKHbLIX BCXOAOB He-
06X04MMOiA TyCTOTbl ABASETCA COGMOAEHWE OMTUMaIbHOW TEXHOMOrMK
noceea. Bo-nepBbix, 3TO CO3AaHWe MIOTHOrO /10Xa, 06ecrneynBatoLLero
MOCTOSHHBIA KanuspHbIA MPUTOK Bfiark K BbICESHHbIM CeMeHaMm, a Cre-
[oBaTeNbHO, NX ObICTPOE HabyxaHue 1 Apy>XHOe npopacTaHue. Bo-BTopbiX,
ONTUMa/IbHOE pasMeLLeHre CeMAH Mo ray6uHe 1 paBHOMEPHOE pacrpege-
NleHVe Mo NJoLWaan, YTo 06ecneynBaeT UM afleKBaTHbIV BOAHbINA, TEMI0BOI
N NWLLEBOIA peXxumbl, Tpebytowmecs And npopacTaHus 1 (HOpMMPOBaHMA
MOLLIHOTO y3/1a KyLLEeHUsl, BTOPUYHBLIX KOpHel. VIMEHHO B 3TOT mepuogj 3a-
KNafblBalOTCS OCHOBbI OYayLLeii BbICOKO YPOXANHOCTK, YCTOMUMBOCTL K
noneraHuio. Mpouecc cesa, SABNAACL BXKHEWLIMM 3BEHOM B TEXHOJIOMMU
BO3/e/1bIBaHUA 3ePHOBbIX, 3aBUCUT NPEXAEe BCEro 0T KOHCTPYKLMM paboumx
OpraHoB, yKfafblBatoLmx cemeHa B nousy [3].

Ypoxkaii BO34€e/bIBaEMbIX KY/IbTYP HanpsiMyto 3aBUCUT OT paBHOMEPHO
rny6uHbl 3agenkn ceMsiH. Cama e rnyomHa 3afe/kv 3aBUCUT OT BKAa Bbl-
CeBaeMbIX Ky/bTyp, CPOKa MoCeBa, BNAXXHOCTW MOYBbI 1 €6 MeXaHU4YeCKOro
cocrasa [3].

HepaBHOMEPHOCTb TNY6UHBI 3a4€/KMN CEMSIH B/IEYET 3a COOO0W HepaBHO-
MEPHOCTb BCXOOB W HEeAPY>XHOE PasBuTME UX, YTO B JabHEMLLIEM NPWBO-
LUT K CHDKEHMIO YpoXKakHocTm [3].

MHOroNeTHUIA ONbIT 3eM/IEAENNA B Pa3fIMYHBIX CTpaHax Mupa MoKasbl-
BaeT, YTO MOTEPM PacTEHWI Ha eguHULE NIoLWaLM MOryT gocturate 60 %,
YTO CBf3aHO MpPEeX[e BCEro ¢ KayeCcTBOM MOArOTOBKM MOYBbl U ceBa. Ha-
YyaNbHbI MEpUoL pasBUTUSA PacTeHUIA ABSETCA CamMbiM KPUTWUYECKWM, OHU
eLLe He VMEIT Pa3BUTON KOPHEBOI CUCTEMbI, MO3TOMY Hanbonee YyBCTBM-
Te/bHbl K Pa3NMYHOro poja CTpeccam 1 NPeabsasstoT Ype3BblHaiHO BbICO-
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Kune TpeboBaHUA K KauecTBy 06paboTKM NoYBbl M JOPMUPOBAHNIO NOCEBHO-
ro cnos (CeMeHHOro N1oXa) onpeseneHHbIX NapameTpos [3].

B MoCeBHbIX MallMHaxX BaXXHEWLIMM paboymMm OpraHoM SIBASETCA COLU-
HVK, KOTOpbIA (hopMMpyeT 60pP03aKY, CO3A4aeT MAOTHOE NOXKE Ha rybuHe
3afleNlKn CeMsiH 41 NOATArMBaHWA K HWUM Bnarn. CemeHa AO/MKHbI ObITh
PaBHOMEPHO 3aKPbITbl ME/IKOKOMKOBATbLIM C/I0eM MOYBbI /11 MPOHUKHOBE-
HWA Tensa, KACNopoaa, Barv U YCKOPEHHOTO PacTBOPEHUA MUHEPAIbHbIX
yA00peHnii Ana NUTaHWs pacTeHWIA.

COLUHMK [JO/MKEH YAOBMETBOPATL CleAytowyM TpeboBaHMAM: OTKpbI-
BaTb 60PO3[KN OAMHAKOBO 3aaHHON FyOWHbI; He BbIHOCUTb HUXKHUE CIOU
MOYBbI Ha MOBEPXHOCTb BO M36eXaHWe MOTepu Baru; ynaoTHATL AHO 60-
PO3A0K A1 BOCCTAHOB/IEHMA KanUIAPHOCTY MOYBbI; He HapyLlaTb paBHO-
MEepPHOCTb NMOTOKa CeMSAH. Ha CyLLecTBYIOLLMX CeANKax U MOCEBHbIX arpera-
Tax B HacTosllLiee BPeMs MPUMEHSHOTCA Pas/INYHbIe COLUHMKKM, OT npa-
BWUMbHOTO Bbl6Opa M MPUMEHEHWS| KOTOPbIX BO MHOFOM 3aBWUCWUT cyabba
ypoxas [2].

B HacToALlee Bpems Mpy KOHCTPYMPOBAHWM MOCEBHbLIX MalUWH Mpe-
MMYLLECTBO OTAAETCS AMCKOBbIM COLLUHMKAaM, KOTOpble XOpOoLWo paboTaroT
Ha NObIX TNax No4YB. ATO CBA3AHO C TeM, YTO B MOCMELHME FOfbl Ha CO-
BPEMEHHBIX 3epHOYO0POUHBbIX KOMOaiHaX MMelTCs YCTPOCTBa Ans u3-
MeflbY4eHNs COIOMbI 11 pa3bpackbiBaHUS ee MO NOBEPXHOCTU Mons. B pesysb-
TaTe nocnegytoweii 06paboTKM MOYBbI KOMOWHMPOBAHHLIMU arperaramu
M3MesIbYeHHasA CONoMa NepeMELLIMBAETCS C MOYBOIA 1 CO34aeTCA My/bYmpo-
BaHHbIA CNOW, B TOM YMC/e U Ha ry6nHe 3aeNKn CEMSIH 3epHOBbLIX Ky/lb-
Typ. KnnesugHble COLWHMKM Npy paboTe Ha MyMbUYPOBaHHO MouYBe Crpy-
XKMBAKOT MOXKHMBHbIE W PacTUTe/NbHbIE OCTATKWU Nepes coboid, KOTopble 3a-
TEM COBMPAIOTCS MEXAY COLUHMKaMW WU HapyLlatoT TEXHOMOrMYeckuii npo-
Liecc 3afleNKn CeMSIH Ha 3afjaHHYHo [TyOuHYy.

Hanbonee MepcrnekTVBHLIMU B HacTOSLLEE BPEMS SABASHOTCS OAHO- W
[BYXAMCKOBbIE COLUHMKM, KOTOPbIE XOPOLUO PaboTalT Ha pas/iMuHbIX TU-
nax Moy, B TOM YMC/E 3aCOPEHHbIX PacTUTENbHBIMU W MOXHUBHBIMU OC-
TaTkamu, a TakxKe NPy MUHUMa/IbHO 1 HyNeBoi 06paboTkax nousbl [5].

OfHO- 1 OBYXAWCKOBbIE COLLHUKM XOPOLLO 3arfyb6narTcs Ha My/bYm-
POBaHHbIX MOYBax, MPOPE3aloT B Heil GOPO3AKM Ha 3afjaHHYHO FNy6UHY, He
HapyLuas TeEXHOOrMYeCcKOro npoLecca YKIagKu CEMsH.

HepocTaTkaMy Takux COLLHUKOB SIBASIKOTCA BbICOKas HEPaBHOMEPHOCTb
pacnpefieneHns cemsH no rny6uHe, 3axeaT CeMsiH BpaLaloLLMMUCs LucKa-
MU C BbIGPOCOM MX 3a Npefesibl 60PO3LKM U B BEPXHME CIOM MOYBbI, HEPaB-
HOMEpPHOEe OCbiMaHMe 60pP03J0K, B CBA3M C YeM CEMeHa 3afeNbiBatoTcsA Ha



pasHyto rny6uHy. Kpome Toro, y ABYXAMCKOBBIX COLUHWKOB BbICOKas Me-
Ta/INI0EMKOCTb, & UX AUCKU UMEKT Yron ataku oT 6° o 18° (cooTBeTCTBEH-
HO AN LWmnpoKopsigHoro nocesa — 0,15 M 1 y3kopsigHoro — 0,075 m), uto ¢
yBe/IMYEHMEM CKOPOCTU CBbliLLie 8 KM/Y BbI3blBaeT OTOPOC NOYBbI, 3a6pachl-
BaHWe COCefHUX PAAKOB, MOBbILIEHHOE TAFOBOE COMPOTUBAEHME, a Takxke
BbICOKYIO IPe6HUCTOCTb NOCe NPoXoja COLHUKOB [5].

OTOT HefoCTaToOK [BYXAMCKOBbIX COLUHWKOB MPWBOAUT K pPAcCTaHOBKE
X, KaK Npaswio, B fBa paja C LeNbio YMeHbLIEHNS BANAHNSA 3abpacbiBaHns
MOYBbI Ha COCeAHMe PAAKM U HapyLleHWs 3afaHHON rNy6uHbI 3afenku ce-
MsH. OfHaKo C yBenuyeHWem paboueil CKOPOCTU MALUMHHO-TPAKTOPHbIX
arperaToB, Hanpumep 6onee 10 KM/4, NPOUCXOAUT 3a6packbiBaHne COCefHNX
PAAKOB CEMSAH U NPU ABYXPSAAHOM PacrofoXeHUN ANCKOBbIX COLLUHWUKOB.

VIMEHHO MO3TOMY CYLLeCTBYeT OCTpas HeobxoAuMOCTb B pa3paboTke
HOBbIX pabouymx OpraHoB A1 MOCeBa 3ePHOBbLIX, KOTOpPbIe MO3BONAT [OC-
TWYb MOCTaBMEHHbIX 334ay 3a CYET CO3AaHWUsA OMTUMasbHbIX YCMOBWIA Ans
KayeCTBEHHOrO NpopacTaHus CemsH.

Takum 06pa3om, paspaboTka HOBbLIX ABYXAUCKOBbIX COLUHWKOB, Teope-
TUYECKOe N 3KCNepyMeHTa/lbHOoe 0O60CHOBaHME WX PaLMOHaIbHBIX Mapa-
MeTPOB A1 paboTbl Ha CKOPOCTHLIX MTA ¢ Lenbio paBHOMEPHOMO pacnpe-
[leneHns 1 3afleflKK CeMSAH, YKMaAKN UX Ha YMNIOTHeHHOe [HO 60po3aKw,
YMEHbLUEHUS METaII0OEMKOCTU W TAFOBOIO COMPOTUBIEHUA ABNAKOTCA ak-
TyanbHbIMW 33Jayami, pelleHne KOTOpbIX MO3BOAWUT MOBLICUTL YpOXKaid-
HOCTb 3ePHOBbIX KYNbTYp.

B faHHOM M3AaHUM PacCMOTPEHbI MEPCNEKTUBHbIE KOHCTPYKLMM COLL-
HMKOBBIX rpymnn, pas3paboTaHHbIe NPU HeNOCPeACTBEHHOM Y4acT1M aBTOPOB
W 3alLUMLLEHHbIE NaTEHTaMK Ha U306peTeHNS.

ABTOpPbI CUATAOT, YTO U3faHue OyfeT NOMe3HO AN HaYUHbIX U UHXe-
HEPHO-TEXHMYECKMX PabOTHMKOB, a TaKkXKe A/ PYKOBOAWUTENen 1 cneyna-
NINCTOB CENbCKOXO03AWCTBEHHOIO MPOM3BOACTBA BCEX YPOBHEW, KOHCTPYK-
TOPOB CE/TbCKOXO03AMCTBEHHOW TEXHWUKU U CTYAEHTOB CE/IbCKOX03SMCTBEH-
HbIX BY30B.



1. COBPEMEHHOE COCTOSAHHME U TPOBJIEMbI
COBEPIIEHCTBOBAHUSA ITIOCEBA 3EPHOBBIX KYJIBTYP

1.1. Crioco6bI noceBa 3epPHOBBIX KYJBTYP

MonyyeHne BbICOKUX YPOXaeB 3ePHOBbIX KynbTyp TpebyeT, MOMMMO
MPUMEHEHUS BbICOKOYPOXKalHbLIX COPTOB, MPOBEAEHNS MOCEBA C BbICOKUMMU
MoKasaTensmMm KayecTsa, KOTOpbIE OMPeaensoTca B NepBYHO ouepedb pas-
HOMEPHOCTbIO pacrpefeneHns CeMaH No MIOWaamn Mmocesa U rnybuHe 3a-
Lenku.

KayecTBo 3aienkn cemMsiH No rnybuHe — 3TO OAWH U3 OCHOBHbIX (haKTo-
POB, BAUSIOLLMX HA NPOPACTaHKMe CEMSIH, PasBUTVE U KYLLEHWNE PACTEHWIA K
B UTOre Ha ypoxail. B npakTuke BO34e/biBaHUSA 3epHOBbIX KyNbTyp B Pec-
ny6nuke Benapycb Havmbosee LUMPOKOE MPUMEHEHVe MOSy4un psAoBONA
MOCEB C LUMPUHON MeXAYpaania 15 cm.

Pa3HOBMAHOCTAMM 3TOF0 MOCeBa ABMAOTCSA Y3KOPAAHbIWA, NEHTOUHbIN, a
TaKKe pa3bpoCcHON, KOTOpble MPUMEHSAKOTCS C LieNblo YAYULLEHWUS paBHO-
MEpPHOCTW pacrpefefieHnss cemsH Mo nnowagn. B akcnepuMeHTanbHbIX
NCCNef0BaHUAX NPUMEHSNICS OAHO3epHOBOI moceB. lMofaya MOCEBHOTO
mMaTepvana u yknafka ceMsH B No4BYy Npu NpUMMeHsieMbIX crnocobax nocesa
HEeoVHaKoBbIe.

Ps0oBO/ NOCEB 3epHOBBLIX KYNbTYp — 3TO OCHOBHOM CMOCO6 noceBa BO
BCEX CTpaHax Mupa Ha NPOTSHXKEHNN YdKe boniee CTONETUS. YKagKa CeMsH B
MoYBY MpU AaHHOM crocobe NoceBa NPOU3BOANUTCA KUNEBUAHBIMM, MOM030-
BUAHLIMU U AUCKOBBLIMW COLLHMKAMU, a Ha SIerKUX NoYBax — B 60po3aKum,
thopMmupyeMble Ko/bLaMK KonbyaTbIX kaTkos (puc. 1.1). Mogaya NoceBHOro
maTepuana K COLLUHWUKY NPOBOAMTCA MyTeM 06bEMHOIO 403VIPOBaHUS.

JIeHTOYHbI NOCEB OCYLLECTBASIETCA NyTEM YKNaaKW CEMSIH B MOYBY
NeHTaMU LWMPWHOIA 3...4 cM B 60p0O3AKM, 0bpasyemble AUCKOBLIMU COLLHM-
Kamu, a 15 NEeHT LUMPUHOM 7...12 cM TpebytoTcs nanyatble Uan OTBaslbHble
COLWHMKHM (puc. 1.2). Y 0CHOBaHUS 3TUX COLLHWUKOB [JOMKHbI BbITh MPUKpe-
MAeHbl OTpaXKaTeNlbHble MAACTMHKKM, 0GecneuyuBaroLle pasbpoc cemsiH B
30HY NeHThbI. [Mogada ceMsiH K COLUHMKaM MPOU3BOAMTCA 06LEMHBIM [O3U-
pOBaHMEM.

Pa3bpocHoiA MOceB MOMy4vakoT NYTEM YMEHbLLUEHWSI PACCTOSHUA MEeXAY
COLUHMKaMM [0 LUMPUHBI PAAKa, a TakKe HeMocpeACcTBeHHbIM pa3bpachiBa-
HMEM CeMSiH MO MOBEPXHOCTY MOYBbI, NOArOTOBMAEHHO MO MOCEB, W MO-
CNefylolWmMM 3aKpbITUEM CEMSIH MOYBOOOpabaTLIBAIOWMMM arperatamu,
Hanpumep 60pOHOBaHMNEM.
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Puc. 1.1. Cnoco6bl noceBa v yKNafKu CeMsiH
3ePHOBbIX KY/IbTYP B FPYHT

O[IHO3epHOBOI MOCEB 3ePHOBLIX KOMOCOBbLIX KyNbTyp MPaKTUYECKOro
MPUMEHEHNS 10 CUX MOP He MOMYHNSI, HECMOTPS HA MHOTOUYUC/IEHHbIE Ofbl-
Tbl, MO CPABHEHMIO C TaKUMI Ky/bTypaMmu, Kak CBEKNa, KyKypysa, parnc, 13-
3a TpebyeMoro 60MbLIOrO0 KOMMYECTBa CeMSH Ha 1 M2 a TakKe B CBA3M
c 6onee BbICOKMMI TPEBOBaHMAMM K JO3MPOBAHMIO BbICEBAIOLLIMX CUCTEM W
K 33/1e/bIBAOLLM CeMeHa paboumM opraHam MoCeBHbIX MalvH. LUunpuHa
MEXAypsaauiA Npu ofHO3epPHOBOM MOCEBE NPY COBPEMEHHOI rycToTe moce-
Ba 3ePHOBbIX Ky/bTYP AO/MKHA GbITb HEGOMbLLON, NOpsiAKa 2...4 CM, M03TO-
My K TEXHO/IOT I NOCEeBa NPeAbsBIAIOTCA MOBbILWEHHbIE TPEGOBaHNS.



Puc. 1.2. Pa3bpocHOii 1 NeHTOYHbIA NoceB
C NMOMOLLbHO IVICKOBbIX W lanyaTbiX COLLIHUKOB

B ycnosusx Pecny6nukn benapycb Ans 3epHOBbLIX KyNbTyp TpebyeTtcs
CpeaHsa rny6uHa 3aAenkyn CeMsH — B AManas3oHe oT 2 A0 5 cMm. UeM BblLue
B/IXXHOCTb MOYBbI, TEM MeHbLUEe [0/MKHA OblTb YCTaHOB/IEHA HA BbICEBalO-
LeM arperate CpefHss raybuHa 3afenku cemsH. [ns nonyvyeHus BbICOKON
MO/IEBOM BCXOXKECTWU CEMSH [OMKHO OblTb MO BO3MOXHOCTU MEHbLUUM
CTaHAapTHOE OTK/IOHEHWE FTyOMHBI 33fe/KN CEMAH OTHOCUTENIbHO CPefHe-
ro 3HayeHus rny6uHsl Bbicesa (puc. 1.3).
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Puc. 1.3. MoneBast BCXOXECTb
1 pacceuBaHue rnybuHbl BbiCEBa

Mpn Manom paccevBaHWM ryOMHbI 3agenkn ceMsiH (nopsiaka 0,6 cm)
nosieBast BCXOXeCTb JOCTUraeT B cpefHem 80 %, ecnu e OTK/IOHEHUe Co-
CTaBnseT 1,8 cm, TO NosieBas BCXOXECTb CHWKaeTcs Ao 54 %. CtaHgapTHOe



OTK/IOHEHWE OT pPa3/INYHbIX CNocoboB BbICEBA CEMSH npmeeaeHo B

Tabn. 1.1.

Ta6nunya 1.1. TexHnka yKJIaAKH ceMsiH B II0YBY U paccenBaHue
rJIyOUHBI BBICEBA CEMSTH, MM

Cnocobbl
nocesa

TexHuka YKNafgkn CemMsaH B NnNo4vBy

PaccevBaHve nnu ctaHaapTHoe
OTK/IOHEHMEe I'J'Iy6VIHbI BbICEBA,

MM

MNouyBa
BCnaxaHa

MNouyBa
He BCraxaHa

PsgoBoit

KunesuaHbIMK, NON030BUAHBLIMU
N ANCKOBbIMW COLUHNKaMU

6...11

12...17

B 60p037bl, 0OCTaBnfeMble KOMbLiaMu
KO/bYaTbIX KaTKOB (TOMbKO AN nec-
YaHbIX N0YB)

6...11

J1eHTOYHBIIA
Npw LW1pUHe
NIeHTbI 3 CM

C 1crnonb3oBaHWEM CEeMSNPOBOAOB
B MOTOKE M0oYBbI N04BOOBPaGATHI-
BaLOLLMX OpyAuiA

12...17

18...23

O[fHOAVCKOBbLIMM COLLHMKaMW,
YCTaHOB/IEHHbIMW HAaK/NOHHO

JlanyaTtbIMy COLLHWKaMW, OTBa/IbHbI-
MU COLLIHMKaMW, ABYXAUCKOBbIMUA
COLLUHMKaMn

Pas6pocHoi

JlanyaTtbIMU COLLHUKaMW, OTBa/IbHbI-
MU COLLHMKamMKn

MyTem BbiceBa NOA NOMOCHI MOYBLI,
0THpackIBaeMbIE NIOCKOIA NOYBO-
thpesoit

12...17

3ameLLvBaH1EM B MOYBY NP NMOMOLL
no4YB006PabaThIBAOLLMX OPYANiA

15...20

OpHO3epHOBO

C NpUMeHeHVeM KWUNEBUAHOTO COLL-
HUKa C KOMMPHbLIMU KapTouKamu
L9 Npoxoja Ha 3afaHHoi rnybuHe
1 KOMKOyZanmTens

KonebaHue rny6buHbl 3afienkn ceMsH NS KUNeBUAHBIX, NOM030BUAHbIX,
[MCKOBbLIX W fanyatbiX COLUHWKOB Ha XOPOLUO BbIPOBHEHHbLIX MOYBax Co-
crasnsieT oT 0,6 fo 1,1 cM. OAHO3ePHOBOI NOCEB AAeT NyylUne pesy/bTarhl
no rnybuHe 3afefikn ceMsH ¢ oTKNoHeHueM 0,4...0,9 cMm, a pa3bpocHo —
camyto 60/bLIYH0 HEPaBHOMEPHOCTb MO FNy6uHe 3afefiki CO CpeaHeKBas-
paTUYecKUM OTK/IOHeHMeM 1,5...2,0 cm.

PacnpefeneHve ceMsH Mo nnaoLwaau nons UMeeT peLlaroLlee 3HaueHune
[N paBHOMEPHOro 06ecrneyeHns BCeX PacTeHWn poCTOCTUMYINPYIOLWUMA
thakTOpaMu: BOAOM, OCBELLLEHHOCTHIO U NUTATE/TbHbIMW BELLLECTBAMM.

MprmeHsieMble cNOcoObl YKNaaKM CEMsSH B MOYBY Pa3nnyaloTCs pac-

npeAeneHVeM ux no naowaam nons (puc. 1.4).
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Puc. 1.4. PaccTosHMe Mexzy ceMeHamu B pafKe Npu pagoBoM rnocese

ToNnbKO O4HO3epHOBON MOCEB [aeT TOUHYKO YKMIAAKY KaX4oro 3epHa
npu ycnoBun copackiBaHWs CEMAH Ha O4MHAKOBbIE PACCTOSHUA U Ha BbICOTE
B HECKO/IbKO CaHTMMETPOB Haf 6opo3gkoil. CrneaoBaTenibHO, ecnv MMeeT
MeCTO NOCeB C PaBHOMEPHbIM Pa3MeLLeHNEM CeMSH, YKNaAKy WX B FPyHT
MOXHO MPOBOAWTL B BePLUMHBLI NPSMOYrO/IbHUKOB, KBagpaToB WM Tpe-
YronbHUKoB (puc. 1.5). Yknagka cemsH B BepLUMHbI KBa4paToB Uan nNpsimo-
Yro/lbHMKOB TPEOYET OuYeHb Y3KUX MEXAYypsauid WUPUHOW 5...7 cMm npu
006bI4HbIX HOPMaXx BbICEBA.

Pagonei nocen N

T DRl
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Puc. 1.5. PacnpezeneHue ceMaH no nnoLLaam nons
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Mpy psALOBOM, NIEHTOYHOM U Pa3bpOCHOM noceBe 06bLEMHOE [403MPOBa-
HME CeMSIH N Hannyvie CeMAMPOBOLOB MPUBOAAT K TOMY, UTO NOMOXEHUE
OTAe/bHbIX 3epeH B PALKE WAW NeHTe HeonpeLeneHHO, HOCUT CiyYaiHbli
XapakTep pacrnpefefieHns, T.e. 9KCMOHEeHUMaIbHOTO —pacnpejeneHus
(puc. 1.5). Yem 6onbLLUMM Npu onpeaeneHHOM KOMIMYeCcTBe 3epeH Ha eguHu-
Uy noWanmn SBAsSeTCs CpefHee paccTosHWe 4O GAwkKaillero 3epHa, Tem
60/1ee paBHOMEPHO pacnpesenaTca ceMeHa Mo naoLwaau.

Ha rpadmke (puc. 1.6) nokasaHO cpefiHee paccTosiHMe A0 GnvKaillero
COCe/IHEro 3epHa 415 3epHOBbLIX Ky/NbTYp npu ryctote nocesa 400 cemaH Ha
1 M. B cooTBeTCTBMM C rpadkoM Ans psAo0BOro nocesa yny4ylmTb pacnpe-
[eneHve CemMsH Mo N0LWaau Nos MOXHO 32 CHET CY)XXEHUS MEXAYPALNIA.
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% \ 25 &t o/ 3ev0
¥
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g0
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S

Paccmosiue MeXay COWHUKAGMY, CM

Puc. 1.6. CpefiHee paccTosiHWe 10 6/KalALLEro cocesHero
3epHa NpY Pa3MUHbIX cnocobax nocesa
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J1eHTOYHbI NOCeB NO PaBHOMEPHOCTW pacrnpefesieHns CeMsH Mo no-
Wagn nond 3aHUMaeT CpefHee MOMOXKEHWE MeXAy PAA0BbIM MOCEBOM W
pasbpocHbIM. BnusHue pacnpegeneHus CeMsiH Mo MAOLWAAM Ha Ypoxait-
HOCTb 3epPHOBbLIX KyNbTYp A1 PAA0BOro, IEHTOYHOro M pa3bpocHoro noce-
BOB He MMeeT KaknX-mbo CyLLECTBEHHbIX pasnunymii. Mpu pagosom nocese
Ha KaXXAplii CAHTUMETP CYXXeHUs MeXaypaawii B npegenax ot 20 go 10 cm
YPOXKalHOCTb NOBbIWaeTcs Auwb Ha 0,7 % (puc. 1.7). JIeHTOUHbIA NoceB
MPU CYXXEHUW MEXAYPAANA 1N NPUMEHEHUN NanyaTbiX OTBa/IbHbIX COLLHW-
KOB [aeT NnosbilleHue ypoxkasa Ha 3,9 %.

PacnpegeneHvie ceMaH Mo N/OWAAM BAMAET U Ha Pa3BUTUE COPHAKOB.
Yem paBHOMepHee cemeHa pacnpefeneHbl no niowaan, TeM paBHOMepHee
MPOUCXOAWT 3aTEHEeHWME MOYBbI, YTO 3aJepXXVBaeT POCT U Pa3BUTUE COPHS-
KOB.

PAnoE 0 rmoces Jenrounnni  PasdpocHoii
¥PpomaiHOCTE IIPEH IIPITEHe TIOCER ToCeR
MeERIypAmTi 12,5 cv= 100 7 OMNBITOR 20 OrBITOB

Hcroumik: o Mrosune 18 ormbrros

x
<11
>
q*
] J8 %5 14 12 cay ¢ Paccrosanvie mex- Paccrosanue mexay
ILIHpImEa “‘IEM'PH.D.'I«HT; Ay coceaHMMUN COLIHMKaMU PaBHO

cowHuKamu 12,5 cm LIMpUHE noceBa CeMAH

Puc. 1.7. PacnpefeneHue ceMsH no nnowiaam
1 YPOXaiHOCTb 3ePHOBLIX KyNbTYp

B Tabn. 1.2 nokasaHa 3aCOPEHHOCTb MOCEBOB B 3aBUCUMOCTWU OT Cro-
coba nocesa. C ynyuLleHnemM pacnpefeneHns ceMaH No niowaay nocesa
CHU)AETCA UYMCNO COPHbIX PacTeHWi 1 cyxas macca ux Ha 1 m2 (C6op
OMbITHBIX AaHHbIX, NPUBEAEHHBIX B Tab. 1.2, IPOMCX0AWA Ha NoceBax, rae
He nposoamnack 6opsba ¢ COpHAKaMMU € NOMOLLbIO repbuumaos.) MNosbiLle-
HUE YPOXaHOCTWN 3ePHOBbLIX KyNbTYp MOXET ObiTb AOCTUIHYTO MyTeM
YAYULLEHWS NOCeBa U pacrnpeaeneHuns CeMsaH no NoCceBHON NOLLaaN.
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Ta6nuua 1.2. 3acopeHHOCTH B 3aBHCHMOCTH OT TEXHHKH I0CEBa /15l 0BCA
(no Koxy u XypJe, 1978 r., ¢ u3MeHeHHSIMH)

TexHuKa nocesa ¢ LNpy- KonnyecTBO COpHbIX Cyxas macca CopHbIX pacTe-
HO MEXAYpAaniA, Cm pacTeHuii Ha 1 m° HA Ha 1 w2 T
PsinoBoii noces:
20 553 51
15 389 37
10 334 32
5 344 29
Pas6pocHoii noces 321 28

Onpegenunach Takke HeO6XOAMMOCTb PaspaboTKM KOHCTPYKLMM COLL-
HUKOB /11 NIEHTOYHOr0 MOCEBa U KOMOMHMPOBAHHbLIX COLUHMKOB, FOTOBS-
LMX OfHOBPEMEHHO NOXe A5 CEMSH U YA0OPeHUiA. B unctom, TwatebHO
MoAroTOBNEHHOM CEMEHHOM J10XKe MOXET ObITb MPOBEAEH Pa3bpPOCHOW Unn
PSLOBOIA MOCEB C OAHOBPEMEHHbLIM BHECEHWEM MUHEPaSibHbIX YA0OpPEHWI
Nog NMOYBEHHYH YNIOTHEHHYIO MPOCNONKY.

1.2. CoBeplieHCTBOBaHME CIIOCOO0B MOCEBA 36PHOBBIX KYJIbTYP

CornacHo arpoTexH1yecknm TpeboBaHNAM CeMeHa Npu NOCeBe LOKHbI
yKnaablBatbCs (BAABNMBATLCA) B M/OTHBIA CMOA MOYBbI U NPUKPLIBATHCA
3emneil. HefoctaTkoM AMCKOBbIX COLIHWKOBBIX TPYMN SBASETCA Hepas-
HoMepHas rnybuHa 3agenku cemsH (0...10 cm), 3aBbllLeHWe HOPMbI BbiCEBa
3epHOBbLIX KynbTyp Ha 10...15 %, oTCyTCTBME YNIOTHEHHOIO /10XKa 415 Ce-
MsH. lMpenmMyLlecTBa 3aK/04aloTCs B CMOCOOHOCTM paboTaTb Ha MNJIOXO
OKY/IbTYPEHHbIX MOYBaX U B 60/bLUOM [yana3oHe ray6uHbl Xo4a v 3agenku
cemsH. KunesmgHble v NofI030BUAHbIE COLUHMKKM, 06ecrneymBas co3faHue
MJI0THOrO N10XKa NOYBbI NOJ CeMeHa 1 60nee paBHOMEPHYIO ryOuHy 3afen-
KW, TpebyIoT BbICOKOIO KayecTBa NpesroceBHOM MOAroToBky nouysbl. Ce-
PWIAHO BbIMyCcKaeMble cesinikn cemeiicTea C3-3,6A ¢ UCKOBLIMU COLUHMKA-
MW He 06ecrneymBaloT BbIMONHEHWS arpoTeXHUYECKMX TpeboBaHWil no 3a-
nenke 80 % BbICeBaeMbIX CEMSH Ha TPebyemyto rnyouHy.

Ha onbITHOI cTaHummn BCXA coBmecTHO ¢ Kuposorpaackum MKW 6bl-
Na paspaboTaHa OAHOAMCKOBAs COLUHMKOBas rpynmna Cc OnopHo-NpuKaTbisa-
IOLLMMU KaTOUYKaMM K CEpUIAHON 3epHOTYKOBOI cesnke C3-3,6A (puc. 1.8).

[JnckoBblit pabounii opraH packpbiBaeT 60p034KY, B KOTOPYH YKiafbl-
BAlOTCA CEMeHa, MOCTynaroLme no cemanposogy 7. 3atem cemeHa 10, He-
paBHOMEPHO pacnpejeneHHble B BEPTUKAIbHON NA0CKOCTM, BAABMMBAOTCS
B NMOYBY Ha OAAMHAKOBYIO Iy6UHY 06PE3VHEHHBIM KaTOUKOM, CO3LAHOLLMM
OAHOBPEMEHHO U NSIOTHOE I0XKe AN HUX. LIenHoi 3aropTtay cesnku 3akpbl-
BAaeT CEMeHa PbIX/bIM C/I0eM MOYBbI.
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23456 7 8 970

Puc. 1.8. TexHonorynyeckmii npouecc paboTbl 0AHOANCKOBOW
COLLHMKOBOWA rpynnbl: 1 — NOBOAOK; 2 — HAXKMMHAS LUTAHTa;
3 — KOpMyC COLLUHWKA; 4 — PerynaTop rnybuHbl X0Aa;
5 — ONOPHO-NPMKaTLIBAOLLMIA KaTOK; 6 — pabounii AVUCK COLLIHMKA;
7 — cemMAnpoBog; 8 — MPY)XXMHHbI NOBOJOK MPUKATbLIBAIOLLETO Y3/a;
9 — npuKaTbIBalOLLMIA KaTouek; 10 — cemeHa

KaToukm, nepekaTtbiBasCb N0 MOYBE, He MO3BOMAIOT AUCKOBOMY pabo-
yemy opraHy 3arny6nsatbcs 60/ee YeM Ha 3afjaHHYH0 FNyOuHY, YTO faeT
BO3MOXXHOCTb MCMO/b30BaTh CEANKY Ha BbICEBE CEMSIH, TPeOYHOLWMX Men-
Kyto (1...2 cM) u 6onee rny6okyto (5...7 cm) 3agenky. Perynvmposka Tpe-
Oyemoli rny6uHbl COLUHWKOB OCYLLECTBNsSeTCs B TeueHue 8...10 MUH
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(puc. 1.9). PaspaboTaHHas cesinka Npowia X03fACTBEHHYIO MPOBEPKY B
ycnosusx Pecny6nvku benapycos v Jlatsuu B 1987-1990 rr., a Takxe rocy-
[apCTBEHHbIE MPMEMOYHbIE UCMbITaHWMS Ha Benopycckoid, MpubanTtuitckoi
n LieHTpanbHoii MVIC 1 pekoMeHAOBaHa A1 MOCTAaHOBKM Ha MPOU3BOACT-
BO.

MpuMeHeHNe pa3paboTaHHON COLUHWMKOBOW TPYNMbl C MpUKaTbiBato-
MMM KaToukamu no3sonset B 1,5...1,8 pa3a yMeHbLUUTb pa3bpoc ceMsH Mo
rny6uHe, MOBbLICUTL UX MOJIEBYIO BCXOXECTb W B CBA3M C 3TUM COKPaTUTL Ha
10...15 % HopMYy BbICeBa CEMSAH 3ePHOBbLIX KYNbTYP.

PaBHOMepHOe pacnpefeneHve cemsH no rny6uHe U NAOWAaAN MUTaHWS
Mpy NOCeBE 3ePHOBbLIX KYNbTYP AWCKOBLIMU COLLUHUKAMW MOXET ObITb f0C-
TUFHYTO NpY 060PYZOBaHMMN NX OMOPHO-NPUKATLIBAOLLMMI KaTKaM.

Puc. 1.9. Perynatop rny6yHbl COLLHMKA:
1 — rofioBKa CTEPXKHS; 2 — KOPNYC COLLHUKa,;
3 — nas; 4 — WTNPT; 5 — CTePXKeHb

Mpn nosopoTe ronoBKkM 1 Ha OAWH Na3 3arnybneHue U3MeHSeTCs Ha
2 cm (puc. 1.9).

1.3. ArpoTrexHu4eckue U TEXHOJIOTHYECKHE TPEOOBAHMS K MOCEBY
3epPHOBBIX KYJbTYP NPH HHTEHCUBHOI TEXHOJIOTHU
BO3/1eJILIBAHUS

B 3aBNCMMOCTV OT WMMEIOLMXCA B XO3AWCTBE TEXHUYECKUX CPESCTB
MPUMEHSIOT PSA0BOIA MOCEB C MEXAYPAAbsMK 12,5 1 15 cm, a Takxke y3Ko-
psAHbIA (6,25 1 7,5 cM) ¢ 06pa3oBaHMEM TEXHOIOMMYECKOW KOMEW.
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Mpn ucnono3osaHun cesnok C-6, C-6T, C3-5,4 ogHOBpPeMeHHO C roce-
BOM B PSIAKM CriedyeT BHOCWUTb FpaHy/MpOBaHHbIi cynepdocdar uam am-
moghoc B gose fo 50 kr/ra. MNpu ncnonb3oaHun cesnok Tuna CryY nepes
NpesnoceBHON 06paboTKON NOYBbI HEOOXOAMMO BHECTW B MOYBY HeLOC-
TatoLme MUKPO3NEMEHTbI, @ TakKKe CTapToBYH [03Y (hoCthOpHbIX yaobpe-
HWi1. CeMeHa JO/MKHbI ObITb MPOTPAB/EHbI.

MoceB Ao/mkeH BblTb MPOBEAEH B ONTUMAsbHBIE arpOTEXHUYECKME CPO-
K. B KaXOOM XO03A/CTBE CPOKM CeBa KakK 03MMbIX, TaK U APOBbLIX KyNbTyp
[OMKHbI KOPPEKTUPOBAaTLCS B 3aBUCUMOCTW OT MOrOAHbLIX YCNOBUIA, BaX-
HOCTW, COCTaBa MOYBbI, BbICEBAEMOW KynbTypbl. CregyeTt y4ecTb, YTO Moy-
™ 20 % ypoxkas TepseTcA 13-3a HapyLUeHUS CPOKOB BbIMOSIHEHWNA MOCEeB-
HbIX paboT.

Mpu yCcTaHOBNEHWN HOPMbI BbiCEBa CeAyeT YYWTbIBaTb KayecTBO Cce-
MSIH, OLeHVMBaeMOe XO3AACTBEHHON OAHOCTbIO U MONEBON BCXOXECTbHO,
KOTOpble ONpesenatoTca B N1abopaTopHbIX YCNOBUAX.

Cesanky JOMKHbI 06ecrneymBaTh BbICOKYHO PaBHOMEPHOCTb BbliCEBa MO
LUMpYHE 3axBaTa, FNyOuHe 3a4e/Kn 1 X4y ABWKeHWsA. MakcManbHoe oT-
K/TIOHEHUE BbICEBA MEXY OTAeNbHbIMY BbICEBAIOLWMW annaparamu fomnyc-
KaeTcs B npegenax £4 %, Bcemu annapatamu — B npegenax +3 %. MNospex-
[leHMEe CeMSH BbICEBAOLLMMI annapaTtamy He SO/HKHO npeBbiwatb 1 % ans
3epPHOBBIX 1 2 % A5 3epHO6060BBIX.

"ny6uHa 3afiefikn CeMsH B NOArOTOBNEHHYIO MOJ, MOCEB NOYBY 3aBUCUT
OT B/TXKHOCTW, MEXaHUYECKOr0 COCTaBa MoYBbl, COOKOB MOCEBA W BbICEBae-
MOV KynbTypbl. Ha TSkenbiXx MO4YBaxX CEMeHa BbICEBAKT Ha TNyBuHY
2...3 CM, Ha CpefiHeCYT IMHUCTBIX, CynecyaHbIX U TOPPAHBLIX — Ha 3...4 CM.

Mpwv 3ana3gbiBaHNM C MOCEBOM U MEPECLIXaHWUMW MOYBbLI FyOUHY yBEu-
ymBatoT Ha 1...2 cM. OTKNOHEHUe Ty6UHbI 3aAeNKN CEMSH OT 3aIaHHOW He
[LO/MKHO npesbiwartb 15 %. Hannuve He3agenaHHbIX B NOYBY CEMSAH He [0-
nyckaetca. OTKOHEHME LUMPUHBLI CTbIKOBbIX MEXAYPSANIA CMEXHbIX MPo-
XO[,0B OT OCHOBHbIX He JO/HKHO NpeBbiwaThb 15 cm.

Hopma BbiceBa cemsH (4...6 MAH. WT/ra) 3aBUCMT OT COpTa, TUMa nou-
Bbl, K/IMMaTUYECKMNX YCNOBWiA, COCTOAHWS NOJSA, CTENEHN U XapaKTepa 3aco-
PEHHOCTM.

B ycnoBusx Hallein pecny6imkmu no 4uctomy v yaobpeHHoOMY Mosio B
Hayasie ONTUMa/IbHOr0 CPOKa CeBa 3ePHOBbLIX Ky/bTYp AOCTATOYHO BbiCe-
BaTb 4 M/H. Wwt/ra (200 Kr/ra) BCXOXMX CEMSH.

B ycnosusax [laHnn HOpMbI BbICEBA 3€PHOBLIX KY/bTYP KOPPEKTUPYIOT-
CA B 3aBMCMMOCTU OT CPOKOB CeBa, KauyecTBa MPeAnOCeBHON 06pPaboTKM
nousbl, Maccbl 1000 3epeH (Tabn. 1.3).
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Ta6nuya 1.3. Hopmbl BeiceBa ceMsiH 36PHOBBIX KYJbTYP B ycaoBusix Januu, Kr/ra

Cpoky MpoxnafHblii Knumat YMepeHHblii Knumat

ceBa Macca 1000 3epeH, r Macca 1000 3epeH, r
45 50 55 45 50 55
Ao 1 cen- 113 125 138 88 97 107

TA6ps

1...5 125 139 153 100 111 122
6...10 138 153 168 113 125 138
11...15 150 167 183 125 139 153
16...20 163 181 199 138 153 168
21...25 175 194 214 150 167 183

Mone nepepn NOCEBOM [O/MKHO ObITb 06paboTaHO Ha rayouHy 3afenku
CEMSIH, He MMEeTb CBas/lbHbIX FPebHeli 1 pa3BasbHbIX 60p03[, CKPbITbIX b6,
KPYMHbIX KOMKOB AnameTpoM 60siee 5,0 CM, MOXHMBHbIX O0CTaTKoB. O6b-
eMHas Macca MoYBbl Ha rNy6uHe 3af4enky CeMsiH JO/DKHA COCTaBnATb
1,1...1,25 rlem®,

BnaXHOCTb NOAroTOBNEHHON Mog noceB nousbl B cnoe 0...10 cMm He
[Lo/MmKHa npesblwaTts 22 %. MOBOPOTHLIE MOJSIOCHI 3aCEBAOT Cpasy nocne
noceBa OCHOBHOIO MONS.

Mpwv NoceBe JOMKHbI CTPOT0 COB/I0AATLCA MPSMOIMHENHOCTb PSAKOB 1
06pa30BaHMe TEXHOOrMYECKON KOMlen 4/ NOCNeAyoLLEero yxoga 3a noce-
BaMW.

B ycnosusx Morunesckoii u Butebekoit o6nactein ans nonyyveHus Bbi-
COKMX YPOXaeB U CHVKEeHMA CeBeCTOMMOCTU 3epHOBLIX U 3epHOB060BbLIX
Ky/NbTyp BeCbMa Ba)XXHO BblOpaTb ONTMMa/IbHYIO HOPMY BbICEBA CEMSH Ha
lra. B ycnoBusix Halleii pecrnybiAvKu HOpMa BbiCEBA CEMSIH 3epPHOBbIX
KYNbTYp yCTaHaB/mBaeTcs B npegenax 4...5 maH. wr/ra (200...220 kr/ra).

B ycnosusix Pecny6imku benapycb HOpMbI BbiCEBA 3€PHOBbLIX KYNbTYpP
noj, 03vMble KOPPEKTUMPYHOTCS HE TOMIbKO € yyeToM Macchbl 1000 3epeH u
KayecTBa npefnoceBHOV 00pabOTKM MOYBLI, HO U CPOKOB CEBa U M3MEHS-
t0TCA BeCbMa 3HauMTeNbHO. Co3faHne YNI0THEHHOTO CEMEHHOIO /l0XKa A/
CEMSIH 3ePHOBbLIX M APYIMX Ky/lbTyp CMOCO6GCTBYET paBHOMEPHOW 3adeske
MX MO BCel rny6uHe, NO3BONSET NOATATMBATL Bary A5 CKOPEMLIero Ha-
6yxaHus 1 npopacTaHus, 0cobeHHO npu ee geduunte (puc. 1.10).

Haunyuwime ycnosust na cCO3faHns pbiXa0ro BEPXHEro €108 MOYBbl W
KayeCTBEHHOIO /IOXa [J11 CEMSsH, a TakKe BbIPOBHEHHOCTU MOBEPXHOCTU
nonsi co3narnT KOMOUHMPOBaHHbIe arperatbl AKLL-3,6; AKLL-6; AKLL-7,2;
AKLL-9; AlNB-4,5; AINY-6,5; unsencHole KynbTnsatopsl KNM-4; Kyi-e;
KHY-4,2; KU-5,1 ¢ npukaTbiBatowmmmn npuctaskamu MK-5,1 nam NMKA4-5,1,
arperatupyemMble COOTBETCTBEHHO C TpakTopamu knaccos 1,4; 2; 3.
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Puc. 1.10. Cxema onTumanbHo
3a/1eNIKV CeMSsH

HopMmy BbiceBa CEMSAH A4Ns NOMYYEHUs ONTUMANbHOMO KOIMYecTBa pac-
TeHWii Ha 1 M* HeO6XOAMMO KOPPEKTUPOBATh B 3aBUCMMOCTM OT KauecTsa
MOCEBHOr0 Martepuasa, Cpoka nocesa, Temneparypbl Bo3gyxa, CopTa, Kade-
CTBa MOArOTOBKM NOYBbI 1 Ap.

Mpn HekayeCTBEHHOW NPeAMOCEBHOM MOArOTOBKE MOYBLI, 3anasfblBa-
HUX CO CpPOKaMW MoceBa HeoBXOAMMO An(hEPEHLMPOBAHHOE YBeNNYEHME
HOPM BbICEBA CEMSAH C LIeNIb0 HEJOMYLLEHNS U3PEXEHHOCTU U CHUKEHUA
YPOXXaiiHOCTU BbICEBAaEMON Ky bTypbl.

MoBepXHOCTb 3aCeAHHOro Mons Ao/MkHa ObiTb POBHOI, 6e3 cnefoB Ko-
NeC TPaKTopa, CLEMKMN 1 CEANOK.

ArpoTexHuyeckne TpeboBaHus NpeaycMaTpuBaloT YKIaAKy CeMSH 3ep-
HOBBIX Ky/IbTYp B 60p034KN C YNIOTHEHHBLIM JIOKEM U YKPLITUE UX PbIX/ION
MESIKOKOMKOBaTO noysoit (puc. 1.11).

YNNOTHEHHbIW CMOW (N10)Ke) [AepHOBO-NOA30/UCTLIX MoYB Benapycu
[OMKEH WMETb, COFMACHO arpoTeXHUYECKUM TpeboBaHWSM, MAOTHOCTb
1,1...1,3 r/cm®. B TaKoii Cnoit NpoH1KaloT KOpPHU PacTeHNIA, B HEM XOPOLLO
pasBUTLI Kanuasapbl, a pacTeHMs 06eCneYmBatoTCA Baroil He3aBnCUMO OT
CKNafpblBatoLLMXCA MOCc/e MoceBa MOrOAHbIX YCM0BWA. BepxHuit Mmynbun-
PYIOLLMIA CMOM 3aliMLLAeT NAOTHOE JIOXE OT MCNapeHus Bfaru u uccylle-
HWS, 4Yepe3 Hero MPOUCXOAWUT BO3AYXOO0OMEH W MOCTYMNEHWE Tensa.
Mpw BbINO/HEHWN AAHHOTO TpeboBaHWs 06ecneynBaeTCA KayeCTBEHHbIN
ceB. [VCKOBble COLUHWMKM CEANIOK He [O/MKHbI MPOBasMBaTthCs rN1y6oko B
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MoYBY, OHU [I0MKHbI NPOPE3aTh BEPXHUIA MYNbUMPYHOLLWIA CNOV 1 YKNafbl-
BaTb CEMEHA Ha YM/IOTHEHHbIN MO B OJHOM FOpPU30HTE.

Puc. 1.11. YknafKa CeMsiH Ha YNJOTHEHHOE JIOXKe:
1 — MeNKoKOMKOBaTbIl C/IOI NOYBbI;
2 — YNOTHEHHbI CNOi MOYBbI AN YKNAAKN CEMSH;
3 — Hanpas/eHne ABVMKEHNS Bnaryi; 4 — KOpHeBas cUCTeMa pacTeHni

Ha nerkux nouysax nyullue pe3y/bTaTbl JOCTUIAKOTCS, KOrAa CeMeHa He
MPOCTO YKNaJbIBAIOTCA Ha M/IOTHOE /IoXe, a BHEAPSIOTCA B HEro nocne-
AYIOLLMM MpUKaTbiBaHWEM. Mpy 3TOM Y/ydLLIAeTCsl KOHTAKT CEMSH C Mou-
BOIA, YCKOPSIETCS MPOLIECC X HaByXaHUs U NpopacTaHus.

20



1.4. Yc10BHS Ka4eCTBEHHOT'0 MOCEBA 3¢6PHOBBIX KYJIbTYP
NPU NHTEHCUBHOI TEXHOJIOTHH BO3/1eJIbIBAHMS

Haykoii ycTaHOBMEHO W MPaKTUKOW MOATBEPXKAEHO, YTO YpOXKail cefb-
CKOXO035IMCTBEHHbIX Ky/bTYp Ha 25 % 3aBMCUT OT Ka4eCTBEHHOI 1 CBOEBpe-
MeHHOI 06paboTKM NouBbl U Ha 25 % — 0T KauecTsa Nocesa.

MHOrokpaTHble NPOX0Abl OAHOOMEPALMOHHON TEXHUKM MPMBOAAT K
YNJIOTHEHUIO MAaXOTHbIX U MOAMAX0THBIX C/I0eB MoyBbl 4o 1,47...1,69 ricm’,
4TO 6/AM3KO K KpWTWU4deckol BennuuHe 1,6...1,7 riem’, Ana ycTpaHeHus
3TOr0 HefjocTaTKa HeobXOAMMO MPUMEHATbL Pas3yn/oTHEHWE MOYBbI WK
MCMNOo/b30BaTb KOMOUHMPOBaHHbIE MOYBOOOpabaThIBatoLLMe MalLUHBI 1 ar-
peraTbl.

Mpegnpuatuamm Pecny6nmkn benapycb Co3faHbl 1 BbIMYCKakTCA HO-
Bble KOHCTPYKL MM MOYBOOOPaOATHIBAKOLLMX MalLWMH U OpPYyAWiA U paboumx
OpraHoB K HUM Ha OCHOBE HOBEMLIMX AOCTWDKEHWUI HayKn U MPaKTUKW B
061aCcTU CenbX03MaLLMHOCTPOeHNs. [prMeHeHre MX B X03a/CTBaX N03BO-
N5IeT NOBbLILWATL KayeCcTBO PaboT Mpu 06paboTKe MOYUBbI, CHXATb Pacxoj,
TOMN/MBA W 3aTpaThl TPYAA, YBENNYMBaTL NPOU3BOAUTENILHOCTb, BLIMONHATD
paboTbl B ONTUMASIbHBIE arpOCPOKMU.

Mof, 031Mble 3epPHOBbLIE KYNbTYPbI (POXb, NLUEHULA, 03UMOE TPUTKKANE)
PEeKOMeHAyeTCA MpuBEAEeHHas HWKe MOoC1eA0BaTeIbHOCTb BbIMONHEHNSA
TEXHOIOrMYECKMX Onepawuid NpesnoceBHOM NOArOTOBKM NOYBbI:

1) nywieHve cTepHM 3a Y60PKOA NpefLLeCTBEHHIKOB:

a) AMCKOBbIMW NywmnbHukamn J14-5 Ha nerkux nousax, J14I-10 -
Ha CpefHUX U TAXENbIX;

6) avckoBbIMKU 60poHamMn BAT-7, J1-113 Wnn umsefbHbIMK Ky/bTuBa-
Topammn KY-5,1; KY-5,1M ¢ npuctaskamu MK-5, MKA-5,1; KM4Y-6; KMNM-4;
KrC-6M; KHY-4,2; A4Y-2,8;

2) Bcnaluka 4vepes 10...15 fHein nocne nyweHUs 1 BCeL 3a BHECEHWEM
MWUHEPaNbHbIX 1 OpraHNuyecknx yaobpeHuii Ha rnybuHy 20...22 cMm niyra-
MW C COOTBETCTBYHOLMMYK npucnocobneHmamu MBP-3,5 unu MBP-2,3;
Mn-2,8; MNr-2 gnga paspyLwexHns rnbl6, ynioTHEHWS U BbipaBHWBAHMSA NOY-
Bbl. 3a/le/IKy pa3BasibHbIX 60PO034 NPOM3BOLAAT CEKUMAMMW TAXENOW AWUCKO-
BOI 6OPOHbI;

3) npegnoceBHas 06paboTKa MOYBblI KOMOWHUPOBAHHLIMU arperatamu
AKLWI-3,6; AKLU-6; AKLU-7,2; AKLU-9; AlY-6,5; AlB-4,5; AKII-3;
AKT1-4; AKT1-6.

Ha 3acopeHHbIX MONAX ¥ NpW MOBbLILIEHHON BAWKHOCTU Ha FNUHUCTbIX
noyBax BMECTO KOMOMHMPOBaHHbIX arperatoB Tuna AKLL cnegyet npume-
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HATb arperatbl An8 MpeAnoceBHON noaroToBku nousbl KI1-3; KMH-8,4;
KHC-6,3; KCO-6; KI'LU-5,6; KMNC-6M; KCO-4; KHC-4; KMNH-4; KMNM-4
n ap. Ecam nocne KynbTuBaLMmM MoYBa OCTAETCA YPE3MEPHO BCMYLLEHHON
WK TNbIGUCTON, TO ee CleAyeT MpuKaTaTb KaTkamu, YCTaHOB/IEHHLIMW Ha
KOMOMHMPOBaHHbIX arperatax AKLL, Bbirny6uB M3 nouyBbl S-06pasHble
3y0bA.

BecHoll npegnoceBHas 06paboTka MOYBbI MO MOCEB APOBbIX KY/bTYp
(A4YmeHb, OBecC, MLUEHMLA) HAYMHAETCA C PaHHEro BeCeHHero 6opoHOBaHMS
AN KYNbTMBALMKU Ha ryouHY A0 8 CM C Lenblo 3aKpbiTUA BRaru, a ¢u-
HULWHaA 06paboTka OCYLLeCTBNAETCA KOMOUHMPOBAHHLIMK arperatamu
™mna AKLL. Mpu oTcyTCcTBUM MocnefHUX 06paboTKy MOXHO MPOBOAUTb
Kynbtusatopamu tmvna KriC; KrMH; KMNM u gp. Ha rnHUCTLIX 1 CUBHO
YNMIOTHEHHbIX MOYBax WCMOMb3YHOT Yu3esibHble KynbTuBatopbl K4Y-5,1;
KY-6; KHY-4,2; KINM-4 ¢ Habopom CMeHHbIX paboumx opraHoB Ans obpa-
60TKM No4Bbl Ha rnyouHy Ao 30 CM C UMbl paspyLUeHUs NIYXHOW no-
[fowsbl. TpeboBaHUAM NpeAnoCceBHOM 06paboTKM NOYBbI MO/ APOBbIE KY/b-
Typbl Hanbonee MOHO OTBEYAET CMeAyHoLasn CXeMa: PaHHEBECEHHSS Ky lb-
TUBaLMA + NpeanoceBHas KynbTuBaLus ¢ 60POHOBaHMEM U NPUKaTbIBAHU-
eM KOMOMHMpOBaHHbLIMK arperatamu Tuna AKLL ¢ y4eToM COCTOSAHMS NOY-
Bbl M MOrofpl.

MocnefHIO NpefnoceBHy0 06paboTKy MOYBbI HEOOXOAUMO MNPOBO-
OMTb Nepes NoceBoM 6e3 paspblBa BO BPEMEHUW, MHAYe NMPOPOCTKM COPHAKOB
6yayT 06rOHATL B Pa3BUTUM U POCTE Ky/NbTYPHbIE PACTEHUSA U YTHETATb WX.

B JaHun n apyrmx cTpaHax 3anafHoli EBponbl BCnallKa no4Bbl COBMe-
LL|AaeTCca C MpearioceBHOM 06PabOTKOMA 3a CUET WCMO/b30BaHWUSA [OMOMHM-
TeNbHbIX MPUCMOCOBNEHNA K 0B6OPOTHBIM MIyraM — KO/b4aTo-3y6uaTbiX
KaTKOB, POTOPHbIX GOPOHOK M KOMGWHMPOBaHHbLIX arperatoB Ha 6ase
BEPTUKa/IbHO-POTOPHO GOPOHbI.

1.5. O0pa3oBanue TeXHOJIOTHYECKOIl K0JIen P noceBe

O6pasoBaHNe TEXHONOMMYECKOW KONeW MNP MHTEHCUBHOMN TEXHOMOMMM
BO3[€e/NblBaHNA 3epHOBbLIX Ky/MbTyp NPOW3BOAAT A9 NOCMeAYHOLEero yxosa
3a nocesoMm. LLIMpnHy nonoc B MOCTOSHHOM TEXHOMOrMYECKON Kosee npu-
HWMaIOT PaBHOW YTPOEHHOW LUMpUHE MeXAypsawia: gna ceanok C3-5,4 —
45 cm, cesanok Tmna Cry-6 n C-6 — 37,5 cm.

Mpwu pabote cedanku CMY-6 (C-6) ana 06pasoBaHUA TEXHONOTMYECKON
KOflen Mpu OTCYTCTBMM Ha AaHHOW MalluvHe CneuuanbHoro YCTpolicTsa
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Hambonee LeNecoobpasHO B X03AMCTBAX YCTaHOBWUTbL B [eNUTE/IbHYHO rO-
NOBKY [Be MpobKu B OTBEPCTUS, COEAUHEHHbIE MHEBMOCEMSANPOBOAAMU C
7-M 1 8-M COLIHMKaMU C NpaBoii CTOPOHbI Cesanku. Mpu 3TOM LWMpUHa 06-
pasyemoii koneu 6ygeT paBHa 37,5 cm (WwWmpuHa Mexaypaguii 12,5 cm).
ArperaT Jo/MKeH ABUraTbCs YeTHOUHbIM CNOCO60M.

Mocne nosopoTa Mpu ABVXEHWUM NO MapKepHOMY cfiefy MpasbiM Kone-
COM TpaKTopa paccTOsiHME MeXay LeHTpaMu 0bpasyemoii TexHOMormue-
CKOIi KOMen 0T ABYX CMEXHbIX NPOXOA0B cocTaBuT 175 cM. Mocne ABYx
MPOXOA0B (TPETLEro U YeTBEPTOr0) 06pasyeTCs eLle 0fHa Takas e TeXHO-
nornyeckas Kones. PaccTosiHMe Mexay LeHTpamu coceHUX 06pa3oBaHHbIX
TEXHONOTMYECKMX Koeld cocTaBmT 12 m.

Mpu Takoit cxeme paboTbl HEO6XOAMMO UCMO/b30BaTb OMPbICKMBATENN
C LWMpyvHoii 3axBata 12 M (OTM-2-3) unn HacTpamBaTb ApYrve OnpbICK1Ba-
TEeNW Ha Takyto XKe pabouyto LMpUHY 3axBaTta. Mpn 3TOM paccTosHUE MeX-
[y LEeHTpaMu KONec TPaKTOPOB W OMPbICKMBATENS [O/MKHO COCTaBAThb
175 cm. LLnpuHa Konec TpakTopa Npu Nnocese Npu 3TOM BapuaHTe He pe-
rnameHTupyeTcs.

Mpu Hanmumm B X034iAcTBE Tpex cesanok CrY-6 (C-6) Hambonee NpocTo
N HafleXXHO 06pa3oBaTh TEXHOMIOMMYECKYO KOMEKD NYyTeM MOCTOAHHOIO ne-
PEKPbLITMS NOAAYM CEMSIH B YETbIPE COLLHMKA CPeAHei CeAnKu, NAYLIMX Mo
clefiam KoJiec TpakTopa.

Y nHeBmatunuyecknx ceanok Cr1Y-4, CrY-3 TexHONornyeckas Koses
06pasyeTcs C NOMOLLBIO CreLnanbHbIX HacafoK C YrpaB/isieMbIMU 3aC/I0H-
Kamu, KOTOpble 3aKpbIBalOT Nojady CeMsH B MAyLiMe MO crefam Konec
TpaKTopa COLUHWKW Yepes onpefenieHHOe KONMYeCTBO NPOXOA0B arperara.

Ha yuyacTkax HenpaBW/bHON KOH(Mrypauumn, WMEKLWMX 3anafuHbl,
6noaua, ceB ¢ 06pa3oBaHMEM TEXHOJIOTMYECKOW KOMEN CnefyeT HauMHaTh
B MeCTe, VMEILLEM HanbOMbLUYH MPSAMOMMHEAHYO A/MHY TOHA, a 3aTeM
3aceBaTb Y4acTOK Crpasa 1 criesa.

1.6. Opranusamnusi paéoThl MOCEBHBIX ATPEraToB

HanpasneHve 1 cnocob nocesa cnegyeT BblbMpaTh C YYETOM XapakTe-
pUCTUKM nonield (NNOLWaAW, A/IMHbI FOHa, KOH(Urypauum, penbeda) n Tpe-
60BaHWIn arpoTexHWKW. HanpaeneHue noceBa [AO/MKHO OblTb Monepek
BCMALLKW 1 NocneAHen NpeanoceBHON 06paboTKN UK NOA YIIOM K Held; Ha
CKJIOHax — Mog, yraoM K HanpasieHWI0 CKI0HA UIN NMOMEpPEK Hero.

Cnocobbl ABMKEHMSI MOCEBHbIX arperaToB: YefHOYHbIA — Npu paboTe
0QHOro, ABYX M TPEX arperaToB Ha Nonsx ¢ A7MHON roHa 6onee 200 M; ro-
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HOBbIi — NpK paboTe MHOrOCEANOYHbLIX arperaTtoB Ha NofsX NPAMOYrosb-
HOW thopmbl GOMBLUMX pPa3MepoB; MEPEKPLITVEM — Ha MOMSAX KBaApaTHOM
thopmbl Npu roHax go 150 M, rae MOXHO pa3BopayunBath arperart B npefe-
flax Mosifi, U Ha 0YeHb Y3KMX yyacTkax — fo 60...80 M. Ha atux nosnsix tak-
e MNPUMeHSeTCa AMaroHanbHO-NepeKpecTHbId cnocob. LUunprHy 3aroHa
npu ABUXXEHUW arperata roHOBbIM CNOCO60M BblbupatoT no Tabn. 1.4.

Tab6nuua 1.4. Pekomenayemasi IIMPHHA 32aTOHOB M MOBOPOTHBIX 110J10C
npH paboTe MOCEBHBIX ATPeraToB

Mapka LLIvipyHa 3aroHa npu f/iviHe roda, M LLIp1Ha NnoBopOTHOV NOOChI, M
CeANKN 500 700 Mnpy NeTNeBOM | Npu GecneT/IeBOM
NnoBOpQOTE NoBopOTE

Cry-6 72,0 84,0 18,0 12,0

C-6 72,0 84,0 24,0 18,0
C3-54 57,6 72,0 14,4 10,8
Cny-3 60,0 76,0 12,0 8,0
Cny-4 60,0 76,0 12,0 8,0

Mapkepbl W CriefoyKasaTeniM yCTaHaBNMBAlOT Ha MOCEBHbIX arperatax
ANs TOro, UTo6bl Ha ABYX CMEXHbIX MpoXogax He Gblfo OrpexoB 1 nepece-
BOB M0 OZJHOMY W TOMY XXe Cliefly.

MapKep OCTaB/ISIET Ha MOJIe SIMHWIO-0PUEHTMP, MO KOTOPO TPaKTopuCT
Hanpa./seT NpaBoe KOMeCO UM FyCeHULY TpakTopa npu 06paTHOM MPoXo-
ne. CrnefoykasaTesb — 370 6pYC C NOABELLIEHHbIMI MO KpasiM CTEPXKHEM UMK
LLeroyYKOi, Ha KOHLAX KOTOPbIX YKPEN/eH Fpy3uK, CBOGOAHO CKOMb3sILLMIA
Mo credgy Koneca oT MpeablAyLLero npoxoda WM rno MapKepHON NNHWK.
Mpu BOXAEHM MO Criedy NPaBbIM KOMECOM U TYCEHMLEl NpaBbIii Mapkep
Kopoue, a feBblii ANVHHEe Ha BEIMYMHY PAcCTOSHUS MeXay CepeavHamm
nepeiHNX KOMEC UM Kpasmun FyceHuL, TpakTopa. CocTaB NOCEBHbIX arpera-
TOB 1 BbIJIET MapPKePOB NMpuBe/eH B Tabn. 1.5.

Ta6nuuya 1.5 Cocras moCeBHBIX ArperaToB U yCTAHOBKA BbLIETAa MapKepa

TpakTop C;'ﬂI/JI'I?KOB Lnpykia KCI)-JI'IJeVII/Ip'?;:K DAl MopKePa. I Fepepasa
3axBara, i
arperare XBaTa, M T0pa. MM neBoro npasoro TpakTopa
1 3,0 1800 2,48 0,68 Vi
«benapyc-800 1 40 1800 2,98 118 Vi
«benapyc-820»| 1 6,0 1800 3,98 2,18 Vi

O6LLI,yIO OLEHKY COCTOAHMA NOCEBOB A0/DKHa AeNnaTb KOMUCCUA, KOTO-
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past y4MNTbIBAET HE TO/IbKO BbIMOIHEHWE KXKAOr0 TEXHONOTMYECKOTO Mnpue-
Ma, HO W 3HayeHWe ero Ans opmupoBaHMs ypoxkas (Tabn. 1.6). Ecnu
KaKoe-mbo TpeboBaHMe arpoTEXHUYECKUN BbIMOMHEHO HEKAYECTBEHHO, TO
COOTBETCTBEHHO CTaBUTCA MPOYEPK B rpagie OLEHOYHOro KO3PULMEHTa,
TaK Kak Moc/ie nocesa BO MHOTMX C/ly4asix HEBO3MOXHO MCMPaBUTb OLUNOKY
1 nepegenatb paboTy.

Ta6nunua 1.6. Ciocods! 1 OLeHKA KayecTBa MOceBa

KoHTposb KayecTsa OLeHKa KayecTsa
Mokasarer Cnocob Cnocob | Kon-Bo Ban-
KayecTBa %
onpeseneHus 3amepa  |3amepoB bl
OTkoHeHue rnybu- | MyTem BekpbiTvs | [Be nn- [0 10 3
Hbl 3a/1e/IKM CEMSH, A0Ka Ha 4/IHe Heliku, 3...4 -
A PAA mn Ot £10 go £15 2
MM 20...30 cm fionartoyka
OTK/OHeHne
OT 3302HHOIA DaB- Vi3MepeHve AnnHbI Jo £3 3
A P paboueit yacTu LLla6noH 2.3 OT £3 go 5 1
HOMEPHOCTM BbiCe-
o KaTyLlek, MM Bonee +5 0
Ba, %
OTK/OHeHWe CTbl-
KOBBIX MEXypAMIA V13mepeHue B [o +50 2
AYPAR KOHLe 1 cepe- JnHelika 3.4 OT 50 po +60 1
OT 33[}aHHOrO 3Ha-
[MHe yyacTKa bosnee +60 0
YeHUsi, MM
CobntoaeHve Mex- 3amep paccTos- o
oA M‘g,l Mo WpH- ng |€|e>|< JnHeiika, _ Cobntogaetcs 2
AYPAR Ay Tpagapet He cobnopaetcs 0
He arperata COLUHMKaMW

Huzkas 061as CyMMa OLEHOUYHBIX KOIP(ULMEHTOB CMYXXUT CUrHASIOM
ans Gonee TWATENLHOTO KOHTPO/S 33 XOZ0M MOCEBHbIX PaboT U NPUHSATHSA
Mep Mo YCTPaHEHMIO HapyLLIEHUIA TEXHOMOTMYECKOr0 NpoLecca.

1.7. O630p 1 aHAIN3 KOHCTPYKIMIi 36PHOTYKOBBIX CeslJIOK
¢ KOMOMHHPOBAHHBLIMH Pa004YMMH OPraHAMH

MHorumu opraHusaumsamm — YO BIFCXA [6], AsepbaigkaHckum HAN
3emnegenus [7], Caparosckum CXW u ap. [8-10] — Ha 0CHOBe pekoMeHfa-
LA MO TEXHO/OMMU NPUNOCEBHOMO NOKa/IbHOTO BHECEHWSI OCHOBHOW [03bl
MUHepanbHbIX YA00peHnin pa3pabaTbiBalOTCA U UCCNELYIOTCA TEXHUYECKME
cpefcTBa A9 COBEPLUEHCTBOBAHMA CMOCOH60B MOCEBA 3ePHOBbIX.

Kunposorpagckum MKW (YKpanHa) COBMECTHO C OMbITHON CTaHLMel
BIFCXA Ha 6a3e cesankm C3-3,6 paspaboTaHa KOMOWMHMPOBaHHas Cesifika
C3K-3,6, KoTOpas OcCHalleHa OLHOAMCKOBbLIMW COLUHMKaMW AN 3afefKu
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yao6peHnii Ha rayouHy 10...14 ¢M 1 CMEHHbIMW ABYXANCKOBLIMW U Ha-
pafibHUKOBLIMMW COLLHUKaMW A5 3afeNKu CeMAH Ha FyouHy o 8 cwm.

Kadespoli cenbckoxo3sicTBeHHbIX MawmH Montasckoro CXW npea-
JIOXeHa cnefyrowan MogepHusaums ceankm C3-3,6 4ns NpunoceBHOro BHe-
CEHMs1 OCHOBHOM [03bl YA06PEHWIA: Ha AOMOAHUTENbHOW pamMe CMOHTUPO-
BaHO LUECTb TYKOBbLICEBAOLLMX annapaToB W [fBeHafuaTb NOLKOPMOYHbIX
HOXEM, YKeCTKO 3aKper/ieHHbIX B [epXKaBKax Ha S-06pasHbIX MPYXMHHbIX
cToikax. MMpu 3Tom rnybuHa 3adenku TykoB cocTaBnseT 10...12 cwm,
mexaypsaes — 30 cM, paccTosiHMe OT MOCEBHbIX psAaKoB — 6...7,5 cm [11].

B Cn6HUNKMCX (Poccuiickas deaepauus) Ha 6ase cesnkm C3C-2,4 Obl-
Na W3roTOB/IEHA CeANKa-Ky/bTUBATOP C KOMBWHUPOBAHHLIMU COLLHMKaMWU,
Mpy WCMbITaHUM KOTOPOI B TeyeHWe ABYX NeT Habnwofganach npvbaBka
YpOXKas 3a CYeT fiokanusaumu yaobpeHuit, pasHas 2,0...4,6 w/ra.

3a py6exxoM KOMOWHMPOBaHHbIE 3epPHOTYKOBbIE CEANKW CTanu BHe-
LpsATbCA ele B cepeamHe 60-x rr. npowunoro ctonetus. B 1969 r. B duH-
NAHAUK 6b110 NPoAaHo 570 KOMBMHMPOBaHHLIX cesiiok 1 3000 06bIYHbIX,
aB 1971 r.—3000 1 1500 LWT. COOTBETCTBEHHO.

B HacTosiLLee BpeMsi KOMOVHUPOBaHHbIE CEANKN LLIMPOKO NPUMEHSOTCS
B CkaHAMHaBcKux cTpaHax, CLUA, AHrnmm, ABCTpanuu, ctpaHax Apuku.

Kom6VHVpOBaHHbIE CEANKM 33 OAWMH MPOXOA OCYLLECTBAAKT [OCEB,
BHECEHVE MWHEepPabHbIX YA0OPEHUIA N MpUKaTbiBaHWE 3aCeSHHbIX PSAKOB.
VIX KOHCTPYKLMEN NpeLyCMOTPEHO YeTbIPEXPALHOE pacnosioxeHne pabo-
YMX OpraHoB, 3afe/blBaloLLMX CEMeHa U yaobpeHns. Takas cxema paccra-
HOBKM paboumx opraHoB NpefycMaTpuBaeT pasMeLLeHne NeHTbl ya06peHnii
yepes ABa psaLKa CeMSIH 3epHOBbIX KynbTyp, TaK Kak TYKOBbIV COLUHUK YC-
TaHOBJIEH MEXY KaXX[0i Mapoii 3epPHOBbIX COLLHMKOB.

Ha puc. 1.12 npuBefgHa Knaccuyeckas cxema KOMOWHMPOBAHHOM Cesin-
K1, pa3paboTaHHOV Ha OCHOBE PAAO0BOI CesKK, KOTopas OT/IMYaeTCs Haln-
YmeM TYKOBbIX GYHKepOoB 60/bLUeli BMECTUMOCTM (A0 1500 Kr BbICEBAEMOro
maTepuana), OTAe/lbHbIMUN COLUHUKaMW AN 3afe/ku yao6peHunid, TyKoBbICe-
BalOLLMMM annapaTtamm BbICOKOW NMPOVU3BOANTENBHOCTY.

Kpome TOro, B CBA3M C HEOOXOAUMOCTbIO 3arpy3kn 60/bLIOT0 Komye-
CTBa YyA06peHWi 3anpaBoyHble GyHKepa pacronoXkeHbl He Bbiwe 110 cm
Hafi YPOBHEM 3eM/In 47151 06/1erYeHms Norpy3oyHbIx pabor.

KoM6uHMpoBaHHble cesanku 3apybexxHbix tmpM «WARTSILA», «JUNK-
KARI QOY», «<STEGSTED», «TUME», «YUKO» nmetoT pamy cBapHOV
KOHCTPYKLMM, ONMPAIOLLYHOCSH Ha ONOPHO-NPUBOAHBIE KONECa, CBEPXY pac-
MofoXKeH BYHKep Ans CemsH M yA0OPeHWNiA, COOTBETCTBEHHO 3adHee W ne-
pefHee OTAeNeHus.
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Puc. 1.12. Cxema KOMOGVMHMPOBAHHOIA CEANKN

CemMeHHOI 6yHKep CHabXeH BopowuuTenemM. TYKO- U CeMsiBbICeBatoLLMe
annapatbl KpensTcs K gHMWAM 6YHKEPOB M C MOMOLLbIO TYKOCEMSIMPOBO-
[l0B COEIMHAIOTCS C COLUHMKaMM, NOAbEM M OMyCKaHWe KOTOPbIX OCYLLECT-
B/SIKOTCA NPU oMoy rugpouunnunHgpa (puc. 1.13).

Puc. 1.13. Kom6uH1poBaHHas cesnka pupmbl « TUME»

[ns noceBHbIX MawmnH CKaHAMHABCKMX CTpaH XapakTepHO pacrosio-
)KEHUE TYKOBbIX HApPaIbHUKOBLIX COLUHWKOB Ha MAOCKMX MPYXMHHBIX
S-06pasHbIX CTOVKax B MepBbIX ABYX PAAax Mo X04y CEA/IKW, YTO y/ydLluaeT
€e MnpoxoaAnmocCTb, CI'IOCO6CTBy€T CHMXXEHNKO TAroBOro COMpPOTUBNEHWA.
Pa6ouasi NMOBEPXHOCTb TYKOBbIX COLUHMKOB Y/yulliaeT YCNoBuWs 3arny6ne-
HUS, UTO LieNecoobpasHo, yunThiBas 6onee rny6okKoe pasMeLlieHne yaoope-
HW OTHOCUTE/NBHO CEMSIH.

Cesnkun mpm «WARTSILA», <NORDSTEN», «STEGSTED», «YUKO»,
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«FARMHAND» B OCHOBHOM KOMIM/EKTYIOTCA KUIEBUAHBIMU U ABYXANCKO-
BbIMMW COLLUHMKaMW 14 pAL0BOro nocesa. Ho B 3aBMCUMOCTM OT MOYBEHHO-
KAMMaTUYeCKNX YCNoBWiA paboTbl Ha Ccesiyikax MOFyT MCM0/b30BaTbCs
COLUHMKM pas3/fIMyHbIX TUMOB. DTOr0 MO3BOMSET A0OUTLCA KOHCTPYKLUMA
MOABECKM.

Mo gaHHbIM upm «WARTSILA» n «SOKKERI», go 4,5 % npun6asku
ypoXKas 3epHOBbIX T03BOMISIET MONYUUTH WCMONb30BaHWE HA Cesnkax
«TUME» n «WARTSILA» KpblNb4aTOro COLLHWNKA, KOTOPbI paBHOMEPHO
pacnpefensieT CemMeHa B NIEHTY LUMPUHOI 7,5 cMm.

[ns NpMnoceBHOrO IOK&/IbHOrO BHECEHWS! OCHOBHOW [03bl MUHEPa/IbHbIX
yao6peHnin Ha cednkax «JUKO», «<HANKMO», «TUME», «NORDSTEN»
N ap. Hanbosee 4acTo YCTaHaBMBAIOTCS HapaSbHUKOBbLIE COLLHUKWU B BUAE
BOPOHKW, MPUKPENJEHHON K YYryHHOMY WM CT/IbHOMY Hapa/bHUKY
(puc. 1.14).

Puc. 1.14. HapanbHUKOBbIE COLLHWKW A5 NPUIMOCEBHOIO
BHECEHMS OCHOBHOI f103bl MHEPa/IbHBIX YA06peHUi

HapanbHIKOBbIE COLUHUKM MOTYT 6bITb KakK C OCTPbIM, TaK U C TYrbIM
YINIOM BXOXAEHUS B MouBy. [ COLUHMKOB C OCTPbIM YI/IOM BXOX/EHWS
B MOYBY MCMO/MbL3YETCs NPYXKIUHA UM HOXEBbIE CTOMKM.

UTo6bl MOBBLICUTL KAYeCTBO MOCEBA B Pas/IMUHLIX MOYBEHHO-KIMMATU-
UECKMX W MOTOAHBIX YCIOBUSX, HA KOMBMHMPOBAHHBIX CES/Kax UCMOMb3y-
tOTCA Pa3iNyYHble (ABYXANCKOBbIE, OAHOANCKOBbIE, ABYXAMCKOBbIE C pPe6op-
[laMK, aHKepHble, KUEBUAHBIE 1 fP.) COLUHWKW [J151 BbICEBA CEMSIH.
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JlokanbHoe BHeceHue YA00PeHNi i BO3MOXHO He TO/bKO C MCMO/b30Ba-
HVEM OTAENbHbIX, HO Y KOMOMHUPOBAHHbIX COLLHMKOB [12-14].

Kom6uHMpoBaHHbIA cowwHuk (puc. 1.15), paspaboTaHHbii XUM3ICX
(YKpavHa), npegHasHayeH Ana Y3KOpALHOro rnocesa C OLHOBPEMEHHbLIM
BHECEHVEM MUHEPa/IbHBIX YA0OPEHUI 1 COCTOUT K3 Kopnyca 1, AByX Auc-
KOB 2, pacTpyba 3 ans yaobpeHwii, pactpy6a 4 ansa cemsH 1 AByXKaHanbHO-
ro pacnpefenqTens CemsH 5, KOTOPbIA pacnonoXeH B MacCUMBHON 30He
CTpenbyaToi KynbT1BaTOPHOW Nanbl 6. BepTuKanbHas NaacTUHa 7 Kpenut-
CA K OCU pblyara 8 v ycTaHOBMeHa Haf pacnpefenutenem cemsH 5. Bepx-
HUA KOHeL, pblvara 8 coeguHeH ¢ 60KOBMHaMM 3alWMTHOMO Koxyxa 9 no-
cpeacTBoM NpyXunH 10 1 cHabxeH rpysom 11, dgmkcmpyembim 601TOM 12.
[aHHbIA COLIHWK 3aAenblBaeT YA0opeHns Ha 1,7...2 CM HUXKe psiKa CeMsiH
1 nocepeiHe CMEXHOro Mexaypsabsa Ha 6...7 cm [18].

Puc. 1.15. KOM6MHMPOBaHHbI COLLHUK ANS Y3KOPSAHOro nocesa
C OHOBPEMEHHbIM BHECEHMEM MUHEpPa/IbHbIX YA006PEHNA:
1 - kopnyc; 2 — gucku; 3 — pacTpy6 Ans yaobpeHuid; 4 — pacTpyb Ans CemsiH;
5 — pacnpefien1Tenb CeMsH; 6 — Ky/bTMBATOPHaA nana; 7 — NnacTuHa;
8 — 0Cb pblyara; 9 — 3almnTHbIA KoXyX; 10 — npyxuHa; 11 — rpys; 12 — 6ont

[Ba BuMaa COLIHWMKOB, MpPeACTaB/ieHHbIX Ha puc. 1.16, pa3paboTaHbl B
BICXA Ha kaesipe cenbCKoX03aMCcTBEHHbIX MalvH [13].

COLLUHMK C TYMbIM YI/I0M BXOX/EHWA B NMOYBY MpeACcTaBnseT coboi Ho-
XEBWAHBIV HapanbHUK B BUAe M0/03a ¢ pactpybamu ans yaobpeHuii u ce-
MsiH. COLUHMK C OCTPbIM YI/IOM BXOX/EHWA B NOYBY BbIMNO/IHEH B BUjE A0-
NOTO06Pa3HON KynbTUBATOPHON namnbl, paboTatoweid No MNpuHUMNY ABY-
rpPaHHOro KNuHa.
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Puc. 1.16. COWHMKN: @ — C TYMNbIM YT/IOM BXOXAEHWS B MOYBY;
6 — C OCTPbIM YIr/IOM BXOXEHUA B MOYBY:
1 — HapaNibHUKK; 2 — CTOliKa; 3 — TYKONPOBOA; 4 — KOpMyC;
5 — cemsanpoBozbl; 6 — 60p0o3aK006Pa30BATENb CEMSIH;
7 — 60p0o3aK006pa3oBaTeb TYKOB; 8 — KPbI/bILLKK

E. M. KOpouka Npeanoxun ycTaHOBUTb OTAE/NbHbIA TYKOHANpaBUTEb W
KaToYeK A/ PSAKOBOrO MPUKATbIBAHUA Ha CEPWiHbLIA Y3KOPAAHBIA ABYX-
[MCKOBbIN COWHMK. TyKOHaNpaBuUTeNb YCTaHaBNMBAETCA MEXAY ANCKaMM,
HECKOMbKO BbIBUHYTbIM U3 HUX B CBOEM HWXHeR yacTu (puc. 1.17). Pa6o-
TaloT MOAEPHM3NPOBaHHbIE COLIHWKW CReaytoLmMM 06pasom: Mpu ABUXKe-
HUW AMCKa 3 OTKPbIBAKOTCS HOPO3AKM, Ha AHO KOTOPbIX MO TYKOHamnpaBumTe-
N0 2 NofatoTcs yaobpeHns N YKNafbiBatloTCA Ha MaKCUMasbHYO [yOuHY.
CeMeHa, Mpoxoas no ceMsanpoBoAYy W pacnpefenvTento 5, pacnonaratorcs
Nno 06e CTOPOHbI OT NIeHTbl YA06peHMs B ABe CTPOYKM, 06pa3oBaBLUMECS
nocne Mpoxofa TyKOHanpaBuTens. 3afenka CeMsH MPOUCXOAUT 3a cueT
CaMOOCbINaHus MOYBbI N NPUKATbIBAHUS €€ KaTKOM 4.

Puc. 1.17. MoaepHU3MpOBaHHbI Y3KOPAAHbINA
[IBYXANCKOBBbIVi COLUHUK: 1, 3 — ANCKK; 2 — TYKOHanpaBmTeNb;
4 — NpuKaTbIBaKOLLMIA KaToK; 5 — pacnpefenuTens
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OJHOANCKOBblE KOMOWHMPOBAHHbIE COLLUHWKN aMepUKaHCKON (hupMbl
«ALLIS-CHALMERS» (cesnka mogenu 157) NMeoT ¢ Hapy>XHOW CTOPOHbI
[MCKa CeMsHaNpaBuTeNb C ABOMHbIM HAaKOHEYHUKOM, MO3BOASIOWMM CO3-

[aTb MPOC/IOAKY NOYBbI MO BEPTUKAN U FOPU3OHTA/IN MEXIY CeMeHamu
yao6peHusmu (puc. 1.18).

Puc. 1.18. Kom61HMpOBaHHbIe COLLUHUKM cesnku Mogenu 157 (CLUA)

3epHoTykoBast cesnka «Seedmatic 2000» HoBo3enaHACKON QUPMbI
«AITCHISON INDUSTRIES» cHabeHa KOMOMHMPOBAHHLIMU COLLHMKA-
MW OpUTMHANLHOW KOHCTPYKUMK (puc. 1.19). COLHMK COCTOMT M3 3ybyarto-
ro Aucka, AByX pbixauteneid, L-06pasHbiX HOXel U ABYX NMPUKATbIBAKOLLMX
KaTKOB, YCTaHOB/IEHHbIX MO YoM Apyr K apyry. CemeHa n yao6peHus
pacnonaratoTcs B MOYBE C NPOC/IONKOMA NO ropm3oHTanu B 10 cm.

SALIANANC 2000 COATER SYSTEM

Puc. 1.19. KOM6MHMPOBaHHbIVi COLLIHUK 3ePHOTYKOBOW CeAnkn
«Seedmatic 2000» (Hosas 3enaHaus)
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Ana cyxux nous B KaHage (pupma «VERSATILE») n CLUA (dwmpma
«TYE») BbINyCKalOTCA CEANKN C aHKEPHbIMI COLLHUKaMU, MO3BONSHOLLMMM
yKNaaplBaTh CeMeHa 1 yao6peHns ¢ pasHOCTbI0 FyOuHbI 4o 11 cwm.

Kanaackasa ¢gwmpma «SUTHERLAND STEEL FOUNDRY» ocHalaet
cesnkn cowHmkamn «Clark», koTopble pa3genbHO BHOCAT ceMeHa U yao6-
peHmns. COLHMK NpeacTaBnseT coboil KynbTMBATOPHYH Namny, Ha KOTOpOii
KPEensaTcsl TYKOBbIA HAKOHEYHWK, CNapeHHasi CeMeHHas f1onacTb U ABOWHOM
TpyOuaThI fepXkaTenb. Y 406peHns nofatoTcs K nepefHeMy HaKOHEYHNKY,
a CeMeHa — K 3afiHeii /10macTui, NpUMYeM OHW pasfeniatTcA Ha fABa NOTOKa
1 BHOCATCS CABOEHHBIMM pPAgaMmn ¢ MPOMEXYTKOM 15 cM Ha riay6rHy 0Koso
6 cM. Y 006peHns 3aaenbiBatoTCs Ha 3...5 CM HIKe, MeXAY psaaMn CEMSH.
O6LMif BEC COLLIHMKA COCTaBNSAET 9,2 Kr.

1.8. CoBpemMeHHBIe CeSIJIKH 151 TOCeBa 36PHOBBIX KYJIbTYP

B HacTosiLlee BpeMs X03A/CTBA MCMO/b3YHOT MHEBMATMYECKUE CEANKM
Cry-6, Criy-4, Crny-3, C-6, C-6T npoussoactsa Pecnyonuku benapyco,
BbiNycKaeMble Ha npegnpusatuax MO «JlngarponpoMmall» n «BpecTcKuii
3/IEKTPOMEXAHNYECKMIA 3aBOA». KpoMe TOro, HaxogsT MpUMEHEHUe 3epHO-
TYKOBble ceanku C3-5,4, BbinyckaeMble 3aBogamu «KpacHas 3sesga» (Yk-
paunHa), «benmHckeensmatl» (Poccus) u ap.

OnbIT Ucnonb3oBaHNs ceanok Tuna CrY nokasan, YTo Ha FMNHUCTBLIX U
TSXKeNbIX CYTIMHUCTBIX NOYBAX M 3aCOPEHHbIX MOJIAX OHW He BCerja B rnon-
HOIN Mepe 06ecrneymBatoT arpoTexHUYeckme TpeboBaHWA 3aAeku CeMsiH No
rnybuHe. B cBsi3n ¢ 3TMM cesnku Tvna CIY BbIMyCcKaroTCcA B HacTosLLee
Bpems ¢ KunesugHbimn (CIMY-6(4;3)) u guckosbimn (CMY-64(4;34)) cow-
HUKamW.

B Pecny6nuke Benapycb Ha npegnpusatun OAQO «bpecTcKuii anekTpo-
MEXaHUYECKNIA 3aBO» MPOM3BOAATCA KOMOGUMHMPOBaHHbIe arperatbl AMM-3,
AMnM-4,5, AMM-6 k TpakTtopam «benapyc-800/820», «benapyc-221»,
«benapyc-1522», KOTopble COBMELLAIOT MPeAnoceBHY0 06paboTKy NouBbI
C NOCEBOM M 06eCreyvnBatoT BbICOKWIA TEXHOIOMMYECKUIA 1 SKOHOMUYECKUIA
acpekT.

Cesanku Trna C3-5,4, yKOMMNNEKTOBaHHble JUCKOBLIMW COLLUHUKaMW, MO-
ryT Xopowo paboTaTb KaK Ha OTB&/IbHbIX, TaK ¥ Ha MY/bYMPOBAHHbLIX ar-
pohoHax, a Takke MpW MMHUMANBbHOM NOArOTOBKE MOYBbI K nocesy. Of-
HaKO OHW MUMEHT BOJbLUYI0 METANINIOEMKOCTb, O0Nee rpoMOo3fKue, Hepas-
HOMEpPHO 3afie/lbIBalOT CceMeHa Mo rnybuHe, 0CO6eHHO Mo crefjaMm Kosec
TpaKTopa, rae pasépoc no rnybuHe Haxoautes B npegenax 0...10 cMm, u He
06ecrneymBaloT YNIOTHEHHOE NoXe ANA CeMsaH. [py 1CNob30BaHUK Kune-
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BUAHbIX N KATKOBbIX COLUHMKOB Ha XOPOLLO BbIPOBHEHHbIX NO4YBax Koseba-
Hus coctaensaoT 0,6...1,1 CM, AaHHble COLUHUKW 06pasytoT YNAOTHEHHOe
NOXe AN CeMSAH.

3epHoTyKoBble cednku Tmna C3-5,4 KOMMMEKTYOTCA pasHbIMU COLLHU-
KOBbIMY rpynnaMu (aHKepHbIMU, KWIEBUAHBIMU, OAHO- U [ABYXAUCKOBbLIMY,
KaTKOBbIMW W Ap.) AN Pa3/IMYHbIX NOYBEHHO-KIMMATUYECKMX 30H. B 3aBu-
CYMOCTM OT TUMa MOYB NPUMEHSETCA Ta WIN ApYras COLUHWKOBAA rpynmna:
Ha Nerkmx OKy/bTYPeHHbIX, NeCYaHbIX U CynecyaHblX — KUIeBUaHbIe U aH-
KepHble; Ha CPeAHUX, TXKENbIX MMUHUCTLIX — AMCKOBble. Kpome 3Toro pas-
Hble TUMbl MOYB TPEOYIOT HEOAMHAKOBON NpeAnoceBHOM 06paboTKN. Hanu-
Yme NOXHMBHbIX, PaCTUTE/IbHBIX OCTATKOB, a TaKXKe KaMHen BAUSET Ha Ka-
YeCcTBO NMOAFOTOBKM NOYBbLI U HE NMO3BONSET MPUMEHSATL B /IHOOLIX YCI0BUSAX
OfHY KaKyt0-1mbo COLLHMKOBYIO rpynny (Taén. 1.7).

B YO BICXA pa3spaboTaHa OfHOAMCKOBAsA COLUHMKOBasf rpynna c
OMOPHO-MPMKATLIBAIOLLIMMMN KaTOUKaMu K CEpPUIAHOM 3epHOTYKOBOW cesinke
C3-5,4, npeactaBneHHas Ha puc. 1.20, B KOTOPOI yCTpaHEHbl HeAOoCTaTKM
CEPUIAHbIX COLUHUKOB.

N ~
~ A

Puc. 1.20. OgHoAMCKOBas COLLHMKOBaAs rpynmna
K cesnke C3-5,4: a, 6 — cxema paboTbl COLLHWKOB;

6 — PErynsTop rnyouHbl: 1 — MOBOAOK; 2 — NPYXXUHA;
3 — KOpnyc COLUHUKa; 4 — perynaTop; 5 — onopHo-
NpUKaTbIBaOLLMIA KaTouek; 6 — AUCK; 7 — HanpaBuTe/b
CeMsH; 8 — NPY>XXMHHbBIA NOBOAOK; 9 — NPUKATbIBAOLLMIA
Katouek; 10 — cemeHa; 11 — XBOCTOBUK; 12 — LUITUQT;
13 — npopesb; 14 — npyXuHa; 15 — ronoska-ykasaresnb
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Ta6nuuya 1.7. Texuuueckasi XapaKTepHCTHKA MAIINH /ISl I0CEBA 3ePHOBBIX, 3¢PHOGOGOBBIX M TPABSIHBIX KYJIBTYP

MNokasartenm

MalLMHBbI 15 MOCEBa 3ePHOBbIX, 38pPHOBOBGOBLIX, TPaB U APYrUX Ky/lbTyp

Criy-6

Criy-4

cnn-

Cry-

60) (40 cny-3 C-6 C3-54 36 6L CNYy-4/1 | CMNy-3/1 | «MegaSeed»

ArperaTupyetcs 1,4;2 1,4 0,6 1,4 1,4 14:2 | 142 14 14 3;5
C TpaKTOpamu Knacca
Paboyas ckopocTb, KM/Y [o 10 Jo 10 [o 10 Jo10 | Oo10 | 7,6-10 | o010 o 10 [o 10 [o 15
KonnyecTso psagKos, LWT. 48 32 24 48 36 24 96 64 48 24,32, 36,8
LLInpvHa 3axsata, M 6,0 4,0 3,0 6,0 54 3,6 6,0 4,0 300 3,4,56
Mpon3BoanTeNbHOCTL
3a 1y, ra/u:

3KCnJyaTaLMoHHOro 54...60(36...40(27..30|54...6,0(4,7..50(2,7...36|15...36 2,0...40|15...30| 3,0...80

OCHOBHOI 0 BpeMeHu 35...55(23...31(18...23|33...39(28...39(1,7...2,3 - 1,0...26 (08...2,0 -
Pacxop Tonnmea, Kr/ra 3,2..51(36...48|36...482,7..43|34...43|58...7,0|33...48| 3,7...50 | 3,8...5,2| 7,0...10,0
Hopma BbiceBa, Kr/ra 09...412]0,9...412|0,9...412|0,9...412 | 15...400 | 3...350 | 1...400 | 1...400 | 1...400 1...400
BmecTumocTb byHKepa, N 1000 500 500 1000 1000 1000 100 500 500 1500, 1165
Mexaypsfpe, cM 12,5 12,5 12,5 12,5 15 15 6,25 6,25 6,25 12,5




Hawm nccneposaHns nokasanm, YTo NPUMEHEHWEe npessiaraeMoi coLu-
HUKOBOW rpynnbl (B cpaBHeHuM c cesankamn C3-5,4-04) nossonseT: 3aje-
Natb Ha 15 % 6onblUe BbICEBAEMbIX CEMSH B CAHTUMETPOBOM MOYBEHHOM
Cfoe 3aflaHHOM Ty6UHbI; MOBbLICUTL MOJSIEBYI0 BCXOXECTb CEMSIH U B CBA3M
C 3TMM cokpatutb Ha 10...15 % HopMYy BbiCeBa 3epHOBLIX KY/bTYpP; YMeHb-
LWINTb Ha 6 % TArOBOE COMPOTMBIIEHNE CEAMNKMN.

Mpenmyuectsa ceanok CITY-6, Cry-4, ClY-3 — yHMBEPCa/bHOCTb,
MeHbLUIas MeTa/1IIOEMKOCTb, TArOBOE COMPOTMB/IEHWE U pPacXof TOomnvMBea Ha
1 ra nocesa, NPOCTOTa KOHCTPYKLMU, Ny4llasd MaHeBPEHHOCTb arperara.
OfHako oHK 60nee TpeboBaTe/bHbI K NOArOTOBKE MOYBLI MOA NOCEB, Tex-
HU4YecKoMy o6cnyxmBaHuto. Cesfika He MMeeT YCTpOoCcTBa 419 BHECEHMA
OAHOBPEMEHHO C MOCEBOM CTapTOBOW [03bl MWHEPaSIbHbIX YA06PEHWIA.
MouBa Ans nocesa A0/MKHa ObITb XOPOLLIO MOAr0TOB/EHHOI: BbIPOBHEHHOWA,
MArKOW, 06e3 KaMHei, OpeBeCHbIX OCTaTKOB, KYCKOB AEPHWHbI, OCTaTKOB
COJIOMbI W TPaB. YK/0H NOs He fO/KeH npesbiwaTs 15 %.

MHeBMaTuyeckre cesanku Tuna CMY vmeloT oAnH unn gea 6yHkepa 7
(puc. 1.21), posaTop 8, MHEBMATUYECKYHD CMUCTEMY, BK/IHOYAIOLLYH BEHTU-
natop 1, ropupoBaHHbIA CEMSIBO3AYXOMNPOBOA 4 C pacrnpedenuTe/bHOi
ro/I0BKOV 5, cemsanpoBoapl 6, NogatoLLve cemeHa K ColHMKam 11.

15 14 13 12

Puc. 1.21. TexHonornyeckas cxema cesnku Cry-6: 1 — BeHTUNATOP;
2 — pama; 3 — andhy3op; 4 — BEPTUKaIbHbIN CEMABO3AYXOMNPOBOA;

5 — pacnpefien1TenbHas ronoska; 6 — 0TAe/bHbIN CEMABO3AYXOMNPOBOL;
7 — ByHKep; 8 — KaTyLLIKa-03aTop; 9 — ceMeHa; 10 — cemsHanpasuTeb;
11 — cowHuK; 12 — knanaH; 13 — perynupoBoyHas NpyxmHa;

14 — pbIXNTeNb Konen Konec; 15 — onopHo-npruBogHOe KONeco
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BeHTUNATOP Mojaun BO3AYLIHOrO NOTOKA MPUBOAUTCS B [BUKEHUE OT
BOM Kn1HOBWAHLIM peMHeM. MprBOS JO3MPYIOLLErO YCTPOICTBA OCYyLLe-
CTB/IIETCA OT KOJleca Cesisikn. PekomeHayemas paboyas CKOPOCTb MOCEBHO-
ro arperara 2,2...3,0 m/c (8...11 Km/u).

[Lna co3gaHusa 6e3onacHoin paboThl TpakTopa «benapyc-820» ¢ cesnkol
CrYy-6 ncnosb3ytoTea crneuuanbHble rpysbl Ans 4Orpy3Ku nepegHero moc-
Ta TpakTopa: 180 Kr Ha oauHapHoil pamke, 360 1 440 Kr Ha YANVHEHHO
pamke (Tabn. 1.8).

Tab6nunuya 1.8. Koapduuuents yeroitunBoctu TpakTopa «bemapyc-820»
npu pabore ¢ cesuikoii CITY-6

Macca CMeHHbIX rpy30B Ha nepefHeM MocTy (6e3 y4eTa Maccbl pamkm), Kr
180 360 440
micgaﬁ(;:_ Harpyska | Koath. [HarpyskalHarpyskal Kcizﬁ'_ Harpys-| Harpyska | Koad.
Kepe, K Ha nepef- | YCTOiA- | Ha 3ad- | Ha ne- )[mso- Ka Ha | Ha nepea- | ycTOA-
' HWIA MOCT, |UMBOCTU|  HWUIA peaHunia P 3aHWIA | HWIA MOCT, [YMBOCTK
Kr Ky | MOCT, Kr | MOCT, KI K, |mocT, kr Kr Ky
Y
be3 cemaH 980 0,25 4265 1170 | 0,30 | 4145 1370 0,35
200 855 0,22 4560 1075 | 0,27 | 4510 1205 0,31
400 - - 4865 970 0,24 | 4850 1065 0,27
600 - - 5180 855 0,21 | 5180 935 0,21
800 - - - - - 5490 825 0,21

OnpepeneHve KoauUmMeHTa YCTOMUMBOCTY arperata «benapyc-820» +
CIMY-6 npoBoannock Npu pasfiM4yHoN CTENEHN 3arpy3ku CEMEHHOI0 ByHKe-
pa CessIKU. YCTaHOB/IEHO, YTO Mo KpuTepuio ycToiumsoctu (K,) TpakTop
«benapyc-820» c¢ cesnkoit CMY-6, NOAHATON B TPAHCMOPTHOE MOJIOXEHNE
npu macce npotmsoBeca 440 Kr, MOXeT arperatvpoBaTbCsi MpU Makcu-
MaslbHOVA 3arpyske 6yHkepa cemeHamu maccoii 800 kr (K, = 0,21 npu fo-
nyctumom 0,20).

Mpy ymeHbLIeHMN Macchbl npoTueoseca (360 u 180 Kr) HOPMaTMBHbIN
KO3(P(hULMEHT YCTOMYMBOCTM JOCTUraeTCA MpW MaKCMMa/IbHON Macce ce-
MsH B 6yHKepe cooTBeTcTBEHHO 600 1 200 Kr.

MakcumanbHasa A/vHa KaTywku y cedanok Ttuna CI1Y cocTtasnger
110 mMm. 3afBuKKa MepekpbiBaeT KaTyLluKy, OCTaB/sd ee pabouyt 4acTb.
LLIkana Ha 3afBVKKe yKasblBaeT A/IMHY pabouyeid YacTu KaTywwku. Mpu ma-
/oM BblCEBe KaTyLlKa paboTaeT ¢ paboueil AnvHOW B npegenax 25 mm.
[na nepeknoyeHnss HOPMaIbHOIO BbICEBA HA Masiblil HEOOXOAMMO BbINOJI-
HWUTb TPX ONepauyn: YMeHbLWNTL FNY6UHY XenobKoB KaTyLLKK, YacToTy ee
BPAaLLEeHMS 1 CKOPOCTb BO3AYLLIHOTO MOTOKA.
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[N yMeHbLUEHNS Fy6UHBI XKENOOKOB KaTYLLKN HE06X0AMMO rKcaTop
13 KpaiiHero sIeBOro NosioXKeHNs NOBepHyTb Ha 180°, BTYNKY MepeMecTuThb
[0 yrnopa BIeBO M 3aCTOMOPUTL ee (IMKCATOPOM B MPOpPe3u Basia KaTyLUKW.

Mpn HopMasIbHOM BbICeBE Manas LUECTEPHSA Ha MpVUBOAHOM Basly f03a-
TOpa CeMsSH HaxoAuTCs BHYTPW GONbLIOW. MpW TakoM MONOXEHWUW LuecTe-
PEH MOXHO BbICEBATb MOBbILIEHHbIE HOPMbl B PEXWME MAJIOr0 BbICEBA.
[ins BbiceBa MOHWKEHHBLIX HOPM Manyto LUECTEPHIO HEO6XO0AMMO nepemec-
TUTb B/IEBO U BBECTM €e B 3aLlerneHne co CBOOOAHON LuecTepHei Ha Baly
KaTYLLKW.

Ha BbIXo4e BeHTWUNATOpa VMMeeTca ApoccefibHas 3acnoHka. [pu Hop-
Ma/lbHOM BbICEBE OHa LO/MKHA BbITb MOMHOCTLIO OTKPbITA (MepeknYaTesbs
HaxoauTCs B MONOXKEHWUN A). B NpOTMBHOM Cnyyae cucTeMa 3abbeTcs ce-
mMeHamu. [na NpefoTBpPaLleHMs BblLyBaHWA JIEFKOBECHbIX CEMSH W3 60-
PO340K MPW MaNoM BbICEBE 3aC/IOHKY CNeayeT NPUKPbITh (MON0XKeHWe nepe-
KnovaTens Z).

MHeBMaTUYecKast yHMBepcabHasa cesnka C-6 (puc. 1.22) BkoYaeT pa-
My, CMuMLUy, OMOPHO-MPWBOAHOE M OMNOPHOe Koneco, ByHkep 5, f03aTopbl
BbICeBalOLLMX annapatoB 3 1 4, 3)KeKTop 7, BEHTUIATOP 8 C MexaHU3MoMm
npvBoAa, CeMABO34YXO0MNpoBoabl 6 1 10, pacnpefenntens NOToKa CemsH 9,
COLUHUMKM 11 u 3aropTtaumn 12, ceTky 13 v sopowwnnky 14. Ipu OBUKEHUM
arperata Mo no/to maTtepvan u3 6yHkepa BpalLarWUMUCS KaTyLlKaMu [o-
3aTopa BbICEBAKOLLMX annapaTos 3 1 4 NOLAETCA B KEKTOp 7, NoAxBaTbiBa-
€TCA NOTOKOM BO3[yXa, CO3aBaeMoro BEHTUNATOPOM 8, U TPaHCNOPTUPY-
€TCcA Mo CemMAnpoBOAaM B pacrpegenuresis cemsH 9, 3aTem B COLUHWKKM 11
W fanee Ha HO 60p0340K.

9 10 11 12

Puic. 1.22. TexHonornyeckas Cxema nNHeBMaTUYECKOW YHUBEPCAIbHON
ceankun C-6: 1 — onopHO-NPUBOAHOE KOJECO; 2 — LienHas nepegaya;
3, 4 — f03aTOpbI BbICEBAOLLMX annapaTos; 5 — 6yHKep;

6, 10 — ceMABO3AYyXONPOBO/bI; 7 — 3XKEKTOP; 8 — BEHTUNATOP;

9 — pacnpegenuTenb cemsiH; 11 — cowHMK; 12 — Npy>XMHHbINA
3aropray; 13 — ceTka; 14 — BopoLunnka
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MpviBOA, [03aTOPOB OCYLUECTB/AETCA OT MPUBOLAHOIO KO/eca Cessku
LlenHoM nepegayeid, a BeHTUAATOpa — oT BOM TpakTtopa. BoxzaeHune ceanku
OCYLLIECTB/IACTCA MO0 CefaM MapKepa, 3aKpen/ieHHoro Ha TpakTope.

Pabouas WwupuvHa 3axBata 6 M, NPOM3BOAMTENLHOCTL 6 ra/u nmpu pa-
604eli CKOPOCTU NOCEBHOrO arperata 12 KM/4, 06CNY>KMBAET CESANKY TpaK-
TopucT. KoM6rHMpoBaHHbIe cesinkn «MegaSeed» (puc. 1.23) MMetOT pas-
NYHYI0 pabouyto WUpKHY 3axeata — 3; 4; 4,5; 6 M.

Puc. 1.23. Kom6uHupoBaHHas cesnka «MegaSeed»

MeXpsaKoBoe paccTosHWe npu nocese cocTasngeT 12,5 cm. Cesanka
MOXET MCMO/b30BaTbCA B 3aBUCMMOCTM OT COCTaBa paboumx OpPraHoB Kak
4019 06bIYHOr0 NMOceBa NO BCMaxaHHOW NoYBe, Tak U ANA MY/bYMPOBAHHOIO
ceBa (6ecnnykHas 06paboTKa NoYBbl).

Mpn 3TOM Noces NPOW3BOAUTCA B CMECH W3 WU3MESIbYEHHBIX OCTATKOB
pacTeHWin n 3emnn (MOBEPXHOCTHAA My/ibya), KOTOpas MOAroTaBMBaEeTCA
6narofaps MpeaLIecTBYIOLLEA TexXHOMorMyeckoli 0bpaboTke. Ha oTHocu-
Te/bHO /IErKUX MOYBAaxX BO3MOXEH Mpouecc npamoro nocesa «Direktsaat»,
T. €. 6€3 NpeBapUTENLHON 06PabOTKMN NMOUBLI MOXET NMPOM3BOANTLCS NOCEB
C WCMO/b30BaHUEM TO/IbKO paboumx OpraHOB KOMOWHWMPOBaHHOW CESfKM
[/ MyNbYMPOBAHHOTO CeBa.

Ceanka «MegaSeed» B 3aBUCUMOCTW OT UMEIOLLLErOCA NOBEPXHOCTHOrO
CNoSA MOYBbI MOXET OCHALLATLCA MO BbIGOPY: ABYXPALHON ANCKO-HOXEBOMN
60pOoHOI1; KOMBMHAL e BOPOH ¢ S-06pa3HbIMU BUBPALMOHHBIMU 3y6bAMM,
pacnofioXXeHHbIMY B ABa PAAA; ABYXPAAHbIM 3yOuaTbiM KaTKOM UK [BYX-
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PAOHBIMW AUCKOBLIMU MYNbUMPYHOWMMK pabounmy opraHamMu ans obpa-
60TKM NOYBbI, KOTOPble KOMOUHMPYHOTCS COOTBETCTBEHHO C 3y64aTbIM KaT-
KOM ApameTpoM 660 MM, MyNbUMPYIOLLMM KaTKoM (640 MM) nim obpesu-
HEHHbIM KaTKoM (640 mMm).

Pabounii npouecc KOMOUHMPOBaHHONW cesankn «MegaSeed» npoTekaeTt
cnegyroLwum o06pasom.

B Hauane paboTbl rMApaBAMYECKUiA pbluar yrnpaeneHusi Cesnkoli ycTa-
HaB/MBalOT B paboyee nonoxeHue. MybuHa xoda paboumx opraHoBs B 3a-
BYCUMOCTM OT BbICEBAEMON KyNbTYpbl U TWMa MOYBbI YCTaHaBIMBaETCS pe-
rYAMPOBOYHBLIM MEXaHU3MOM OTHOCUTE/IbHO NPUKATbIBAIOLLMX KaTKOB.

MpuKaTbIBalOLLME KATKM OTCMIEXMBAKOT ONTUMasbHOE YMJOTHEHME U
PaBHOMEPHYHO 33fe/IKy CeMSH Ha 3afaHHyto rny6mHy nocagku. LLivpokue
rMoKMe 3nacTUYHbIe LUWHBI NPESOTBPALLAIOT UX YTONaHWEe Ha Nerknx nou-
Bax, a TaKXkKe HasmnaHue Kieawmxcsa noys. BbipesHble AUCKOBbIE COLLHUKM
Ha LapMKOMOALLUMMHMKAX Hape3atoT 60po3aKu Ans nocesa CeMsiH, BbICOKOE
[aBfieHne Ha colHuKK (go 800 H Ha cowHMK) 06ecneyvnBaeT YCTONYMBYHO
paboTy BbICEBAIOLMX OPraHOB Ha MOBbLILIEHHON M BbICOKON paboumx CKo-
POCTSAX W PaBHOMEPHYHO FNIyOMHY 3afIefIKN CEMSH Ha Pas/IMyHbIX No4Bax.
Mpy HeJoOCTAaTOYHOW HecyLLell CMOCOGHOCTY MOUBbI HArpy3Ky Ha COLLHWKU
BO BPEMS paboTbl MOXHO CHU3UTb. aywWwuid c3agm NPY>XMHHbIA 3aropTtay,
6narofjapsa M3MEHEHWIO Yrna ataku, No3Bo/seT paboTaTb HA yvacTkax C
BbICOKUM COAEpXXaHMeM OCTAaTKOB pacTeHWid, mpu 3TOM He 3abumBasicb. Ce-
ANKa C AWCKO-HOXEBLIMU BOPOHAMU U MY/bYMPYIOLLMMU ANCKAMW PEKO-
MeHAyeTcs A1 paboTbl C WHTEHCMBHLIM 33fe/bIBAHWEM PaCTUTENbHbIX
OCTaTKOB B MOYBY.

3NeKTPOHHO-MEXaHNYECKNIA NPUBOS, BbICEBAIOLLMX KaTyLIEK MO3BONSET
TOYHO YCTaHOBUTbL CEANKY Ha 3afjaHHYH HOpMY BbiCeBa mMaTepuana u 6na-
rogapst cneuuanbHOMy YCTPOWCTBY WMCKIHOYAET MPEXAEBPEMEHHBIA BbICEB
CeMsiH 40 Havana nocesa (Npw TPOraHWM ¢ MecTa).

B PYHUMN «MMCX HAH Benapycu» Ha 6a3e KOMOGWHUPOBAHHOIO
noysoobpabdatbiBatoLero arperata AKLL-3,6 paspabotaH no4Boobpadathl-
BatoLLie-noceBHoi arperat AlMMM-3,0 (puc. 1.24).

ArperaT npefHa3HayeH Ans NpeanoceBHoOli 06paboTKM NOYBbI U Mocesa
3ePHOBbIX, 3ePHOO0B0BLIX, KPECTOLBETHBIX Ky/bTyp U Tpas. KomnnekTyeT-
CA CMEHHbIMW PaboyMmMmM opraHamm Anst UCMOJ/b30BaHWUS KakK B OTBA/IbHbIX,
Tak 1 B 6e30TBa/IbHbIX TEXHOJIOMMSX; arperaTupyeTcsa ¢ TpakTopamu «bena-
pyc-820»; «benapyc-1005»; «benapyc-1025»; npon3BoAUTENBHOCTb 3a Yac
OCHOBHOro BpemeHu 2,31...2,7 ra/u; paboyas ckopocTb 3,0 KM/Y; rny6buHa
06paboTkn Ao 5,8 cm; Hopma BbiceBa ceMsiH 400 Kr/ra; rnybuHa 3agenku
cemaH 1...5 cm; macca 2200 Kr.
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Puc. 1.24. Kom61HMpOBaHHbI N04B006GpabaThIBatOLLE-NOCEBHON arperat
AINM-3,0 (AMM-4,5; ANn-6)

3a py6e>xoM LUMPOKO MCMOMb3YHOTCA KOMBMHMPOBaHHbIe arperartbl, Of-
HOBPEMEHHO BbIMO/HSAOLLME NpeABapuTeNbHY 06paboTKy NMOYBbLI U MOCEB
3ePHOBbIX Ky/IbTYP C UCMO/b30BaHNEM TPAKTOPOB Ha CrapeHHbIX Konecax,
MHEBMATWMYECKMX KATKOB, PasfIMYHbIX PbIXALLMX W BbIPaBHMBAOLWMX pa-
604YMX OpPraHoB aKTUBHOIO U MACCUBHOMO AEACTBMS.

HaxofsT Takke MPUMEHEHME W MaxOTHO-NMOCEBHbIE arperaTbl Ha 6ase
06bIYHbIX 1 060POTHBIX MYroB.

1.9. AHaju3 ucciIef0BaHUS COLIHMKOBBIX Py
KOMOMHHMPOBAHHBIX CESNIOK

Bce KOMOUHUPOBaHHbIE CEANIKM MOXHO YCMOBHO pasfenuTb Ha [Be
rpynnbl. K nepBoli OTHOCAT Te, Ha KOTOPbIX A/19 3a4e/K1 YA0OpeHwWii 1 ce-
MsIH YCTaHOB/IEHbI [Ba Pa3/IMYHbIX TUMA COLIHMKOB. KO BTOPOI OTHOCATCS
CesNIKN C KOMOUHMPOBAHHLIMY COLLHWKaMW, C NOMOLLbIO KOTOPbIX OAHO-
BPEMEHHO 3a/1eNbIBAOTCA U CeMeHa, 1 YA06peHus.

TeopeTnyeckme WM MPaKTUYECKME WCCNef0BaHUA KOMOUHMPOBaHHbLIX
COLUHMKOB TPe6yHT MHAMBUAYAbHOTO PacCMOTPEHUs, OAHAKO 3a OCHOBY
3TMX paboumx OpraHoB B3ATbl M3BECTHbIE MOAE/N, OMMCAHHbIE B HAy4HON
nmTeparype.

TeopeTUyecKUM BOMPOCaM M3ydeHWst pabouyero mpolecca COLUHUKOB
nocseaLLeHbl Tpyabl B. . TopayuknHa, M. H. JleTowHesa, A. H. KapneHko,
A. M. CemeHoBa, H. . Maxapsa v ap.

Hanbonee yHMBepcasbHbIMU ABAAIOTCA ABYXAUCKOBbIE COLUHUKW, KOTO-
pble Haxoaunu npumeHeHune ewe B KoHue XIX B. [51]. OCHOBHbIMK Mpe-
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MMYLLECTBAMM 3TMX COLUHMKOB SIBNAIOTCSA HEOO0/bLLIOE TATOBOE CONPOTUBIIE-
HWe, a TaKkKe 06ecreveHne HaIEXHOM MPOXOAMMOCTU Ha OTBasIbHbIX arpo-
thoHax.

MprMeHsieMble Ha OTEYECTBEHHbIX M 3apYOEXHbIX CEANIKaX aHKEPHbIe U
KUNEBUAHbIE COLIHMKN UMEOT 6o/iee NPOCTYH0 KOHCTPYKLMIO, MEHbLUYHO
Maccy, PEMOHT WX HECNOXEH MO CPaBHEHWIO C [BYXAWMCKOBLIMU, HO 3TU
COLLHMKM He NpucnocobeHbl 415 paboTbl Ha BaXHbIX M 3aCOPEHHBIX pac-
TUTENbHbIMY OCTaTKaMu NoYBax.

HekoTopble npenMyLLecTBa nepes 4BYXANCKOBbIMW COLUHMKAMN UMEHT
OJHOANWCKOBbIE. YNyULIaeTCs KPUTEPWIA PaBHOMEPHOCTW FNy6uHbI X044,
YMEHbLLAETCS TArOBOE COMPOTUB/IEHWE U HEOOX0AMMOe ycunme 3arnybne-
HUS.

BONbLIMHCTBO KOMOBUHMPOBAHHBLIX CEANOK 3apy6eXKHbIX CTpaH 06opy-
[lOBaHO [ABYMSI TUMaMMW COLLUHWKOB (4719 3afeNKn CEMSIH U YAo6peHwuit).
L[5 TYKOBbIX COLUHWKOB 06bIYHO MCMOMb3yeTcsl S-o6pasHas cTolika C Ha-
KOHEeYHMKOM (puc. 1.25).

Puc. 1.25. TykoBblIii COLIHUK (PUHCKOM cesinkn «KOKKOo»

OCTpbIit yron BXoXaeHus B NOYBY NpeAonpeaenseT H3KMe nokasaTenu
YCTOYMBOCTM X0Aa paGouyero opraHa no ray6uHe. ViMerowmiics Kocoi
Cpe3 Mo NMHUM AB cnocobCTBYET TOMY, UTO YAOGPEHWS OfHOBPEMEHHO
YKNafiblBatoTCs W 33/e/bIBaOTCS.
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370 NPMBOAMT K YaCTUHHOMY MepeMeLLVBaHWI0 TYKOB C MOYBOI B NieH-
Te, LWUMPMHA KOTOPOI paBHa LUMPKHE COLUHWMKA, Ha ry6uHe oT h, o h;.

dopma cpesa 4B, COCTOSIHME NOYBbI U YA0OPEHWIA, PEXMUM PaboTbl Ma-
LUWHBI BAUSIOT Ha CTeNeHb NepemMeLlnBaHuns. Yem MeHbLUe ya06peHns yaa-
PSHOTCSA O CTEHKM COLLHWMKA, TEM KY4YHEe OHM YKNaablBatoTCs B 60PO3AKM.

B pe3ynbTaTe cTeneHb NepeMeLlnBaHus yA0bpeHii ¢ NoYBOI NO ANMHE
psiAKa OKa3blBaeTCs HeOAMHAKOBOW. OTpuLaTelbHbIM MOMEHTOM MUCMO/b30-
BaHMWS COLLHWMKA C OCTPbIM YI/10M BXOX/AEHWSI B MOYBY SBASETCA TO, YTO OH
He YNMOTHSET AHO GOPO3AKK, U NMO3TOMY JIEeHTbI YA06PEHNIA yKNaabiBatoTCs
Ha MOYBY Pa3/IMYHOIN NIOTHOCTY.

Co3aaloTcsl HEOAMHAKOBbIE YCNOBUA [ANS UCNOMb30BaHMA YA00peHNi
PacTEHUAMU Ha PasfMYHbIX yyacTKax psgka, YTO BbI3bIBAeT MECTPOTY Npu
pasBUTIM MOCEBOB.

OfHOW 13 OCHOBHbIX 3a/a4 NPeAnoCeBHON 06pPabOTKM MOYBbI ABNSETCA
CO34aHne BbIPOBHEHHOIO YM/IOTHEHHOIO /lOXa Ha rybuHe MoceBa CEMSH,
YTO Crnoco6CTBYET MOATATMBAHWIO Bnaru, 06ecrnevymBaeT KOHTAKT CEMSH C
B/TXXHLIMW C/IOSIMM  MOYBbI, CO3[AeT XOPOLIMe YCMOBWS AN MONyYeHus
[PY>XHbIX 1 PaBHOMEPHbIX BCXOA0B.

HapyLieHust nNpy co3gaHUM YNAOTHEHHOTO /10XKa BEAYT K CHVDKEHWIO
YPOXKaHOCTW CeNbCKOXO03AMCTBEHHbIX Ky/MbTyp, TaK Kak CO34alTcs pas-
NYHbIE YCIOBUA AN YKNaAKW 1 NpopacTaHWs CeMSIH, pacTeHMA He BbIpas-
HEeHbl B pPAfKe, OTCTAlOT B pOCTe. DTO MOXET MPOMU3OATM NPU NIOKabHOM
BHYTPMMNOYBEHHOM BHECEHWUM OCHOBHOW A03bl YA0OPeHUIA. Mpu ABMXEHNM
TYKOBBIX COLLHWKOB B MOYBe 06pasyeTcs 30Ha AedopMaLm, KoTopas vac-
TUYHO paspyLUaeT NOArOTOBNEHHOE NNOTHOE NIOXE 415 ceMsH. Ha puc. 1.26
npuBeAeHa cxema [AedopMaLMn MoYBbl U YKNaaKu TYKOB MPW PasfnYHbIX
crnoco6ax NoKanbHOro BHECEHWS YA00PEHWIA.

AHanM3 Cxembl MOKa3blBaeT, YTO MpW AOMOCEBHOM /IOKa/lbHOM BHece-
HWUW y0OPEHWIA 3ePHOBbLIE COLLHUKM, YKNAAbIBAIOLLE CEMeHA B NepneHam-
KYNSIPHOM WX AMaroHa/ibHOM HanpaBfeHUM MO OTHOLLEHWIO K NeHTam
yA06peHniA, NPOXOAAT KaK Yepe3 30HbI C YNIOTHEHHbIM NOXKEM, Tak 1 Yepes
PaspbIX/EHHbIE YHACTKK, YTO NPUBOAUT K OTPULIATENbHBIM Pe3y/bTaTaM.

Mpn CcoBMELLEHNN BHECEHWSI YA0OPeHMA ¢ NpeanoceBHOWA T1y6GOKoW
KynbTUBaLMel Mmocneaytolime o6paboTKM YMIOTHAKOT NOXe Mo BCeid mno-
Waau, HO 3TO He peluaeT MPo6sieMbl TOYHOTO Pa3MELLEHNS PSAKOB CEMSH
OTHOCUTENbHO PSAKOB TYKOB.

Mpu BHeCeHNW yA0BPEHWNIA OJHOBPEMEHHO C MOCEBOM CEMeHa YKNafbl-
BAlOTCA Ha YN/IOTHEHHOE /1I0XE, a YA0OPEHUS — B KaXXA0e MeXAypsase Unmn
yepe3 O0fHO, €CnM Y4YuTbIBaeTCA YCNOBME, paccMOTpeHHoe b. A. Hede-
[oBbIM [16, 17].
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Puc. 1.26. Cxema AechopmaLm MouBbl 1 YKNAAKN TYKOB
Mpu pasnyHbIX cNocobax M0KabHOTO BHECEHNS YA06peHWIA:
a — O[JHOBPEMEHHO C NMOCEBOM; 6 — [JONOCEBHOE BHECEHNE;
6 — O[IHOBPEMEHHO C KyNbTUBaLWeN NoyBbl; 2 — fethopmauys
noyBbl NPV NPOXOAe TYKO3aeNblBarOLLX
paboumx opraHoB

3oHa gedopmaun NouBbl, 06pasyemasi Pas/IMUYHbIMK TYK03a/eNblBato-
WMMK paGouMMK OpraHamiu, ONpeaensieTcss TPeMs MAOCKOCTAMM, ofHa U3
KOTOPbIX PacrofioXeHa nog YrioM @ K neprneHAuKynspy, npoBefeHHOMY
uepe3 HOCOK paboyero opraHa, a fBe Apyrve — nog yrnom 0 /2 K sepTu-
Ka/lbHbIM N/I0CKOCTSM, OrPaHNYMBAROLLMM 3aXBaT paGoyero opraHa (puc. 1.27).

Torga
2htg [2]
b,=b+ ——~

) 1.1
cos ¢+a (@

rae bz — WrpnHa 30HbI gedhopmaniuu, C;
b — wupwrHa 3axBata pabouero opraHa, cm;
h — rny6rHa BHeCeHNs ya06peHWiA, cM;
8, @, 0 — yI/bl CKaJIblBaHWA MOYBbI, TPEHWUSA MOYBbI O METASIT U HAK/IOHA

rpyau nanel, rpag.

43



Mo gaHHbIM thuHCKol mpmbl «WARTSILA», U3 yCnoBWs pacnpocTpa-
HEHWS1 30HbI AedopMauyn MpW BO3LECTBMU Ha Hee TYKO3adesblBatoLLyX
paboumx OpraHoB PacCTOsiHWE a MEeXJYy OCAMU ABYX COCEAHWMX COLUHWKOB
[O/MKHO ObITb 60/bLUE MOMOBMHbI LUMPUHBI 30HbI AedopMauun: a > bs / 2.
Yron ckanbiBaHus MoyBbl B /2, 06pa3yeMblii Npu NPOXo4e TYKOBbIX COLL-
HMKOB, coCTaBnsieT 42...45° npu LWIMPWHE 3axBaTa pabouymx opraHoB, npe-
BbilaroLein 20 mm. Torga WmprHa Mexaycneans onpeaensieTca cneayto-
LM 06pasoM:

M=htg8/2.

AHaIM3 3HAYEeHMWIA TEXHOMOTMYECKMX arpOHOMMYECKMX MapameTpoB no-
ceBa 3epHOBbIX (rNy6uHa 3agenku 2.8 CM, LIMPUHA MeXAypAaabs
7,5...15¢cM) ¢ OAHOBPEMEHHLIM fI0Ka/lbHbIM BHECEHUEM MUHEPa/IbHbIX
yoobpeHuiA  (rnybuHa BHeceHuss 8...15CM, LWMpUHA MeXAypsagabs
15...30 cM) nokasblBaeT, YTO LUMPMHA 3axBaTa MalluH [LO/MKHA BapbMpo-
BaTbCA B LUMPOKUX Npefenax. Heo6xoguMocTb Bblbopa LUMPUHBI 3axBaTta
CEANKN C KOMOVHMPOBaHHbIMU COLUHUKAMU B 3aBUCMMOCTW OT arpOHOMMU-
YECKMX MapamMeTpoB NOCeBa C BHECEHWEM YAO0OPEHWS M TAFOBOrO YCWUMS
TpakTopa OOBLACHAETCA TeM, YTO KOMOMHMPOBaHHbIE paboyne opraHbl,
OCYLLECTB/IAFOLLME TEXHO/IOrMYECKMIA NPOLECC B COOTBETCTBUM C YKasaH-
HbIMW NapameTpamMu, 00YyCMOB/MBAKOT TAFOBOE COMPOTUB/EHWE MALLWH, Ha
KOTOpOE BAWSET rNy6rHa Xo4a 1 Yicno paboumx opraHos.

B obuem Buge TAroBoe COMPOTUBNEHUE CEANKU (Pyaw) C KOMOMHUPO-
BaHHbLIMW COLUHMKAMW CKNafblBaeTCA M3 COMNPOTMB/IEHWUA Ha Mepekartbl-
BaHMWe ee 1 nepemeLleHne B noyse paboumx opraHos [57]:

PmaLu = Q + mg f+ q; {%—Fl}, (12)

rae Q, m — rpy3onoAbLeMHOCTb M Macca MaLlmHbI, T;
f — KoahprUMEHT CONPOTUBNEHNSA MEPEKATLIBAHMIO,
Qi — TArOBOE CONPOTUB/IEHMNE KOMOUMHMPOBAHHOIO COLIHMKA, H;
B, — lUMPUWHa 3axBaTa MallWHbl, M;
K — wupuHa Mexaypsabs, CM;

B
—P 41 —4ncno paboumx opraHos, LUT.
K

TArosoe ycunme Tpaktopa P; Ha pabodyeil mepegade LOMKHO ObiTb Ha
10...15 % 6onbLue, Yem paccuMTaHHOE No (hopmysie CONPOTUBIIEHNE MALLIN-
Hbl, T. €. Prp = (0,85...0,9) Pyau.
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Ecmm npu pa3paboTke UCXOAHLIX TPEOOBaHWUIA Ha MaLUHY 3afaeTcs By
nnu Q, To 13 hopmysbl (1.2) nonyunm npm Q = const:

) _L 085..09 P~ O+mg [ _1j . (1.3)
q

AHanu3 hopMyn MOKasblBaeT, YTO TAFOBOE COMPOTMBIEHWE W LUMPUHA
3axBaTa Cesnkv OyaeT 3aBUCETb OT LUMPWHBLI MEXAYPSAAbS W, CefoBaTe/lb-
HO, OT YMCNa COLLHWKOB, ECNM OAMHAKOBLIMM BYAYyT Macca U rpy3onogbeM-
HOCTb.

ConpoTUB/EHWE CEANKN C ABYMS Pa3/IMYHbIMU TUMaMU COLLHWKOB (415
CEMSIH 1 yA006peHWit) onpeaenseTcs no gopmyne

P, = 0+mg f+ q{ﬂ +1]+q2(E +1], (1.4)
Kl K2
e q; U g, — TATOBbIE COMPOTUB/IEHNS CEMEHHOTO M TYKOBOIO COLLIHUKOB, H;

K; 1 K — LWMpUHa ceMeHHOr0 1 TYKOBOI0 MeXaypsibs, CM.

CpaBHuBas (hopMybl, MOXHO YTBEPXAaTb, UYTO MPWU NPUMEHEHUN W3-
BECTHbIX TUMOB 3a/e/bIBAOLLMX PabOUMX OPraHoOB TArOBOE COMPOTUBEHUNE
CeANKN C KOMOUHMPOBAHHLIMW COLUHWKaMK OyAeT MeHbLUe, YeM CEesnKu
C BYMSA BMAaMMW COLUHWKOB, MPWU YCNOBMM paBeHCTBa LUMPUHBLI 3axBaTa U
rpy30n04LEMHOCTN.

1.10. Pe3yabTaThl MCHIBITAHUI KOMOUHMPOBAHHBIX
3ePHOTYKOBBIX CeSIOK

B 1982 r. Ha ueHTpanbHoii MUC Poccuiickoid ®efepauuy NpoBOAUANCH
UCMbITAHWUS  3ePHOBbLIX KOMOWHMPOBaHHbIX cednok «TUME», «WART-
SILA», «]JUKO» n C3K-3,6.

AHaIM3 OMbITHBIX JaHHbLIX NO3BO/SET CAeNaTb BbIBOAbI, KOTOPbIE U3M0-
YKEHbI HUXKE.

1. lyyqwasa paBHOMEPHOCTb FNyOUHbI 3aA€/IKN CEMSIH OTMEYeHa y ces-
nokK «JUKO-400» n «\WARTSILA», KoTopasi cocTaBnseT 89 %. Y C3K-3,6
3TOT Nnokasatesib paseH 52 %. Mpy NOBbILLEHWN CKOPOCTW [ABUXKEHUA arpe-
ratoB y cesanku «TUME» OH NpakTUYeCKM He MEHSIeTCH, a Y OCTaSlbHbIX
CeANloK BbIpaBHMBAETCA W Haxoautcsa B npegenax 56...66 %. Kpome Toro,
MOBbILLIEHVE CKOPOCTU BfieYeT 3a CO60IM CaMOBbIry6/1eHMe COLLHMUKOB, 0CO-
6eHHO 3T0 3ameTHO Y cednkn «WARTSILA-400». 3TO MOXHO 0OBACHUTH
TeM, YTO faHHasd Cesifka VMMEeEeT WHAVMBUAYa/bHYH MOABECKY COLUHWKOB
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CO CPaBHWTE/bHO HEXECTKOM MPY>XWHOM, 4TO He JomnyckaeTcs arpotpe6o-
BaHUAMM.

2. HepaBHOMepHOCTb FNyOUHbI BHeCeHUs YA06peHWn konebnetca oOT
41,4 % y ceankn «WARTSILA» g0 10,4 % y ceanku «TUME». Bce nepe-
YUCNEHHbIE CEANKW pacrnpejensoT yaobpeHns nocepefvHe Kaxpgoro BTO-
pOro CEMEeHHOro Mexaypsaps, T. e. ana C3K-3,6 — uepes 30 cm, And QuH-
CKMX ceanok — yepes 25 cm. LLnpuHa neHT ygo6peHuin y C3K-3,6 cocTtas-
nset 20...25 MM, Y QUHCKUX — 0Kono 40 MM, LUMPUHA PSAKOB CeMsH —
20 MMy C3K-3,6, 25 MM y «JUKO» n «\WARTSILA», 75 MM y «TUME».

OCHOBHble JOCTOUHCTBA (MHCKUX CEANOK CNeaytoLuype:

1) oTCYTCTBME KOPPO3UW AeTaneli BbICEBAIOLLMX annapaTtoB (BbIMNOSHE-
Hbl 13 MacTMacchbl);

2) NerkocTb M TOYHOCTb YCTAHOBKM CEANOK Ha 3aflaHHY0 HOPMY BbiCeBa
(HanMume mexaHW3Ma ANs MPOKPYYMBaHWUS BbiCEBAIOLLMX annaparoB 6e3
NOAHATUSA CEANKWU, OTKMAbIBAKOLMECA NOTKU NOA BbICEBAOLLMMYM annapa-
Tamu);

3) 6bIcTpas 1 yaobHas oumcTka 6yHKepa OT CeMSIH NpuW nepexoje Ha no-
CEBE C OAHON KynbTypbl Ha APYryl0 (HasMume CbeMHbIX IOTKOB MOA Bbl-
ceBatoLLMMK annapaTamu);

4) BO3MOXXHOCTb MOCTOSIHHOIO KOHTPOAS YCTaHOB/IEHHOW HOPMbI BbiCe-
Ba, YueTa 3acesiHHOM nnowaamn (YCTaHOBKa CHETHNKA);

5) obnerueHne Tpyaa Mpy PYYHOR 3arpyske CemsiH 1 yaobpeHuin (He-
60/1bLUAsA BbICOTA CEANOK B paboyem NosoXxeHun);

6) NpeaBapuTeNbHas YCTaHOBKA 3afaHHOW FNy6uHbI 3adenkn CemsH
(HanMume WKanbl B MEXaHU3ME PEryNPOBKA);

7) 6OMbLLOE KOMMYECTBO MepefaToUHbIX YMCEN Ha NPUBOL Bana 3epHO-
BbIX annapatoB (YCTaHOBKA TPEXCTYNEHYATOro pesyKTopa);

8) MOoBbILEHHAs TOYHOCTb YCTAHOBKU 3aJaHHO HOpMbI BbiceBa (nepe-
MelLleHMe KaTyLUeK BbICEBAOLLMX annapaToB Mo BCeW AJIMHE NPOU3BOAMTCS
OJHUM pblYarom).

OCHOBHbIMU HefoCTaTKaMi KOMOWMHMPOBAHHbIX CEeANOK SBMSITCA Crie-
ayroupe:

1) B yCNOBWAX MOBbILUEHHOM BMI&XXHOCTU COLUHMKMN CceAnok «JUKO» u
«WARTSILA» CKNOHHbI K 3a61BaHNIO;

2) Ha NofisX ¢ 6OMbLIMM KOMMYECTBOM MOXKHMBHBIX OCTATKOB HEYy[0B-
NeTBOPUTENbHbIE pe3yNbTaThbl AaeT paboTa COLUHWKOBOM FpynMbl;

3) oTpuuaTtensHoe BMAHME Ha paboTy COLUHUKOB (CaMOBbIr1y6/eHNE)
OKa3bIBaeT YBE/IMYEHVe TBEPAOCTM MOYBLI UM CKOPOCTW ABUXKEHUS arperara;
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4) He[lOCTaTOYHOE KAYecTBO 3afie/IKM CeMAH 06ecrneymBaloT 3aroprayu
(DMHCKIMX Cesnok.

AHanm3 paccMaTpyuBaeMoil TEXHOIOrMN NOCeBa 3ePHOBLIX KYNbTYp No-
Ka3blBaeT, YTO Ha YPOXKalHOCTb OKa3bIBalOT BIMAAHME HOPMbI BbICEBA CEMSH
1 yaobpeHwuit, rny6brHa n paBHOMEPHOCTb MX BHECEHMSA B MOYBY, KOHCTPYK-
TUBHOE WCMOJIHEHWE CEA/IKW, T. €. ee MaTepualoeMKOCTb U KOHCTPYKLMS
X0[J0BOIA YacTu. B TO )e BpeMs yKa3aHHble MapaMeTpbl BMAKOT Ha TATOBOe
COMPOTKBAEHMWE Cessikn. Kpome TOro, TAroBOe COMPOTUBAEHUE 3aBUCUT OT
Pa3sMepoB TEXHOMOMMYECKNX EMKOCTER AN CeMsH U YA0OPeHWiA, KoTopble
06ycnoBneHbl HOPMOIA BbICEBA COOTBETCTBYIOLLETO MaTepuana. JKcnayara-
LIMOHHbIE MapaMeTpbl MOCeBHOro arperata (paboyas CKOPOCTb, LUMPWHA
3axBaTa, 4acoBOl pacxof TOMMBa) OrpaHN4MBAOTCA TATOBbIM COMPOTUB-
neHvem cesnku. pon3BOAMTENLHOCTL MOCEBHOrO arperara 3aBUCWUT OT
paboyeil CKOpOCTW ABWKEHWS, LUMPWHBI 3aXBaTa, A/WHbI FOHa, PasMepos,
3anpaBOYHbIX EMKOCTEN, MPOM3BOAUTENLHOCTM 3arpy34nKoB. B pesynbTate
3KOHOMMYECKas 3PEKTUBHOCTL OMpefensieTcs YPOXKainHOCTbI0 BO3AeSbl-
BaeMoi KynbTypbl, CMEHHOW NPOWM3BOAMTENBHOCTLIO arperara, pPacxogom
TOM/IMBA, MaTepPMasIoeMKOCTbIO CeAnky, 3aTpatamu Tpyaa.

[Lna onpegenenns npowssoguTensHoctn (W) UCMONb3yeTcs cresyto-
LWwas thopmyna:

Wey = 0,1BpV, TewTem, (1.5)
rae B, — paboyas LWMpMHa 3axsara, M;

Vv, — paboyas CKOpOCTb ABUXEHUS, KM/U;

Tew — BPEMS CMEHBI, Y;

Tew — KO3(PMUMEHT NCMO/Mb30BaHUS BPEMEHU CMEHbI.

B aToil chopmyne 0COObIi MHTEpeC AN NpeanaraemMoit TEXHONMOrnu
npeacTaBnAeT KO3PPULUMEHT MUCNOMb30BAHMA BPEMEHN CMeHbl (Tgy). B oT-
Anume OT TPagMLMOHHOIO cnocoba nocesa OH OYAET YMeHbLUIATLCSA, TaK Kak
YBE/IMUMBAETCS BPEMSA Ha 3arpy3Ky OYHKEpPOB CeMeHamu W YA00peHusMK.
CornacHo pekoMeHAaLMsM MOXHO 3anucarh:

I =i nn{ £y, ]; (L6)
Q!
E,y

T, =4+ m, [W] an

rae Ty v Ty — BPEMS 3arpy3Ki CesnKM cCeMeHamm 1 y06peHnsamm, Y;
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t; — MOAroTOBMUTENBHOE BPEMS 3arpy3ku (NO4be3s 3anpaBLLyvKa, MaHeBp
UT. 4.), 4
N — KOMIMYECTBO CEeANOK B arperate, LUT.;
MV n, — KOINPULNEHTbI UCMO/b30BAHUSA 06beMa OYHKEPOB;
E. v E, — BMECTUMOCTU BYHKEPOB 415 CEMSH 1 YA0OPEHWA, T;
1 2
Q, 1 Q; - NpoN3BOAMTENLHOCTL 3arpy3qnKa Mpu Morpyske CemMAH K

y06peHniA, T/u;
K — cooTHOLLEeHMe n/oLiafeid, 3aceBaeMblX CEMEHAMMU 1 YA06PEHNAMM
OAHOW 3anpaBKOW, Bblpaxaemoe (OpPMYy/ION K:M (He m
EcYcHy
H, — HOPMbI BHECEHUS CEMSIH 1 YA0OPEHUIA).

MoactaBuB B BbipakeHue (1.7) COOTHOLUEHWE MnoWagei, 3afenbiBae-

MbIX CEMeHaMW U yA06peHnaMY OHOI 3anpaBKoi, U NPUHAB K :i rno-
H il

C

NYyUnM:

KE v,
Tsy = tl + nn, [Tj (18)

3

B npakTnke HOpma BbICEBA CEMSIH 3€PHOBBLIX KY/IbTYp U3MEHSETCS He-
3HAYNTENBHO, a [03a JIOK&/IbHO BHOCMMbIX TYKOB MOXET KONe6aTbCst B LUK-
POKMX Npegenax, B 3aBUCUMOCTM OT arpOXMMUYECKOT0 COCTOSHNS MOYBbI.

B pe3synbTaTe aHanu3a 6anaHca BPeEMEHM CMeHbl 0OHAPY)KEHO yBennYe-
HWe 3aTpaT BPEMEHU Ha 3arpy3Ky CEANKU YA0OPEHNSIMM U OpraHn3aLOHHO-
TEXHUYECKOE 06CNY)XKMBaHWE MO CPaBHEHMIO C TPAMLMOHHBIMM Cnocobamm
nocesa.

Ons gpuHckmx cesanok «TUME», « WARTSILA», «JUKO» koagdum-
€HT MCNO/Ib30BaHNs1 BPEMEHU CMeHbl T, COCTaBW/I COOTBETCTBEHHO 0,57,
0,51, 0,53, a gna C3K-3,6 — 0,48.

1.11. YuioTHeHHe MOYBBI IIPH 3a/1eJ1Ke CEMSH 36PHOBBIX KYJIbTYP

B cooTBeTCTBUM C TPe6OBAHMAMU arpOTEXHWUKN CEBA 3ePHOBBIX KY/bTYp
CeMeHa [JO/KHbI BbICEBATLCA Ha NNoTHoe noxe (1,2...1,3 - 10% kr/m®), Baas-
NINBATLCA B JHO BOPO34KM 1 3aKPbIBATHCA PbIX/IbIM C/IOEM.

[nsa co3gaHvs 3a4aHHON NNOTHOCTY MOYBbI COLUHWMKOBBLIMU PYNMaMu
HamMmn MpPeSoXeHbl CXeMbl PACCTAHOBKWM OMOPHO-NPUKATBIBAIOLLMX KaTOu-
KOB TakuMm 06pa3om, 4To6bl NPUKATbIBAHME OCYLLECTBAANOCL MO pALKaM
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WM NeHTaM BbICEBAEMbIX CEMSH C OfHOBPEMEHHON (hMKCaUMeid ry6uHbI
X0[a paboyero opraHa.

TeopeTU4eckuiA aHann3 paboTbl KAaTKOB C TOYKM 3PEHUs W3Y4eHUs
BAVSIHWA X Ha NJIOTHOCTb MOYBbLI ABMSIETCS YPE3BbIYAKHO CNOXHbIM. Pas-
HbIMW aBTOpamMM Mpef/iaratoTCsi camble PasfiMyHble 3aBUCUMOCTU MeXay
HanpPsHXKeHUAMU 1 AehopMaLMsaMm Nnoys.

B ocHOBe Teopuu CMATUA MOYB PabovMMM opraHamy No4BooBGpabaTbl-
BalOLMX MalWH NEXWUT Auarpamma CMsSTMS MouBbl WTamnom. Hambonee
pacnpocTPaHeHHOW 3aBUCMMOCTbBIO MeXay fAaBfieHMeM P Ha wTamn 1 ocag-
KO h lWiTamna ABnseTcs NMHeliHas 3aBUCMMOCTb.

JInHeiiHas 3aBMCUMMOCTb BbIFOAHO OT/IMYAETCS OT APYrMX TEM, YTO Ma-
TeMaTM4YeCKne pacyeTbl, OCHOBaHHbIE Ha Held, CPaBHUTENbHO NPOCThI U A0-
BOAATCS [0 aHa/MTMYEeCKOro pelleHus. HegocTaTkom ee ABASETCA TO, YTO
OHa cnpaBeg/MBa 1LWb NpK Masiblx fedopMamsx.

B cBA3M C TeMm, 4TO OMOPHO-MPUKATbIBAIOLLME KATOUKM CPABHUTE/NLHO
NErKu, He NPOU3BOAAT CUILHOMO [JAaBNEHNS Ha NOYBY W HE NPUBOAAT K 06-
pa3oBaHuUO rNyboKnx 60po3foK, byaeM aanee Moib30BaTbCA MMEHHO M-
HENHOM CBS3bHO MEXAY [JaBNEHNEM W fedopMaLimeil.

PaccMOTpUM BepTMKa/bHbIA CTONOMK MOYBbI C NIOLLAA6H0 NONEPEYHOro
cevenns B 1 cm? (puc. 1.27).

==
7 | 4
zdg Wl N st
Z"JZ’S{Z"J/}
a g

Puc. 1.27. K pacyeTy na0THOCTM MOYBbI MOC/E NPOX0Aa OMOPHO-
NPYIKaTbLIBAOLLEr0 KaTOUKa: a — CTONMBMK NOYBbI [0 NPOX0Aa KaTOUKa;
6 — CTONGMK NOYBbI NOC/E NPOXO0AA KaTouka

Torja macca noyBbl MeXay ceyeHusmMu Z u Z + AZ no sepTukanu byget
paBHa: Am = peAt, rae po — 06bEMHas Macca NouyBbl 40 NPOX0Aa KaTouKa.

Mocne npoxoja KaTouka ceveHue Z nepemecTutca B Z + S(z), a ceyeHue
Z+NAZ-BZ+MNZ+S(Z+AZ).
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3pecb S(z) — BenmumnHa cMeLleHns (gedopmanymn), NponopUMoHansHas
HanpsHKeHUI0. M3 3aKoHa COXpaHeHust MacChl PAZ = pL(AZ + AS) ¢ yyeTom
MPONOPLMOHANbHOCTN BENNYNHBI S(Z) HANPAXEHWIO NONyYaeM:

Po (1.9
hlB, 2Z +B+1, ’
L+Z° B +Z°

Pz =
|

rae h, — rnybuHa Koneu, m;

lo — onvHa ayru conpsiXeHMs KaTka ¢ NoYyBoid, M;

By — WwWpnHa Katka, M.

dopmyna nosny4yeHa C UCMOMbL30BAaHWEM W3BECTHOW 3aBUCUMOCTMU Ha-
NPSKeHWs 0T FNy6UHbI X04a ONMOPHO-MPUKATLIBAIOLLErO KaTKa.

I"padhmyeckmn aTa 3aBMCUMOCTb M306paXkeHa Ha puc. 1.28.

P

Puc. 1.28. 3aBMCUMOCTb NIOTHOCTW NOYBbI OT FNY6WHbI
MoC/ie MPOXOXAEHNS NPYKATLIBAOLLEr0 KaTouKa
(D«=0,2 M; B,=0,1 M; po = 0,8 - 10° kr/m%)

Hanbonblunii nHTepec A1 arpoTexXHWKN NpefcTaBnseT NAOTHOCTb B
BepXHeM c/oe nousbl (Mo AHY 60po3aku), T. e. npu Z = 0:

PoloBy _ (1.10)

Po=1B _h I, 1B,

Mo copmyre (1.10) MOXHO OMpeaenuTb MAOTHOCTb MOYBLI MOC/E NPo-
X0[a KaTouka Yepe3 HayaslbHYH MAOTHOCTb Ppo, LUMPUHY KaTouKa By, rny-
6uHy konen h, n anuHy ayru ly. Kasanocs 6bl, 4TO B Hee 0653aHbl BXOANTb
Harpyska n xapakTtepuctuka AeopMUpyeMOCTM MOYBbLI. DTN BEUUUHDLI U
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BXOAAT B (hOPMY/1y, TOMbKO He AIBHO, a Yepe3 rny6uHy konew. VIMeHHO OHa
KOMI/JIEKCHO XapaKTepu3yeT Harpysky v CXMMaeMOCTb MoYBbl. BbipaxeHue
4518 Tny6uHbl Konew h, U3BECTHO M3 NNTEPATYPHbLIX UCTOUHWKOB.

B peanbHbIX YCNOBUSAX 3HAUEHWE Py BapbupyeTca. [N KaxAoro 3Have-
HUA Py HEBO3MOXHO M3MEHATb 3HAYEHWS! KOHCTPYKTUBHBIX NapameTpos [
N By. [103TOMY >XenatenbHO BbIOpaTb Takue 3HaveHus By 1 [, nNpu KoTo-
PbIX 3HaUeHWe Py BYAET 6IM3KO K 3ajaHHOMY MPU PasHbIX 3HAYEHUAX Ppo.

Torfa nonyymm:

(1.11)
Py = Po )

, 1 fseA[, 1 [sGA,
I\ 2KB, B\ 2KB,

dopmyna (1.11) HenocpeACTBEHHO BblpaXkaeT NAOTHOCTL (Mocne npo-
X0[a KaTouyka) Yepes KOHCTPYKTUBHblE napameTpsl O = 2R, By yepes3 Ha-
rpysky G n KoauumeHT 06beMHOro cmatms K.

3aMeTuM, YTO NPUGAMKEHHAas 3aMeHa Ayrv Ha Xophy MMeeT norpeLl-
HOCTb, KOTOpas pacTeT BMeCTe C hy.

Mpun h, = 0 chopmyna TouHas, npu h, = 0,5 owmnbka coctaBnset 5 %, u
TONbKO B NpeaenbHoM criydae npu h, = R owinbka 6yaet coctaBnsaTb 10 %.

ArpoTexHuyeckme TpeboBaHMS K KaTOUKY CBOAATCA K CO3AaHUi0 onpe-
[leNleHHO MI0THOCTU MOYBbI Ha FNyOUHE 3ae/Kn cemMsH. Takum 06pa3oMm,
Py 324aeTcA, a po M3BECTHO. Mcnonb3ys ypasBHeHue (1.11), MOXHO Bblpa-
3UTb AMaMeTp KaTouvka Yepes OCTaslbHble BE/IMYMHBI.

3afaBas OTHOLUEHWE Po  MOXHO paccuuTaTb AMAaMETP KaTouka Ajis

Po
Pa3/INUHBIX 3HAYEHUA €ro WNPUHBI B,, yeunust G, a TakKe OTHOLLEHMS
A=1-FPo
Po

Ha puc. 1.29 npusefeHbl rpativkn 3aBucumoctvt [, U B, OT 3afiaHHOM
Harpysku G 1 oTHoweHns 41 _ Po_
Po

V13 rpatMkoB BUAHO, UTO Hanbosee paLuoHabHbIMI MapamMeTpamiy Ka-
TOUKA, O0BGECMEeUMBAIOLMMU arpoTEXHUUYECKM HEOOXOAUMYH TMIOTHOCTb

MoYBbI MPY MMEOLLENCA Harpyske G 1 OTHOLUEHUN 4 —1 — P_o, ABNAKOT-
Po
cs cnegytowme: B, =0,10...0,12 m; A, = 0,15...0,20 m.
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Qo7 G@o8 Q9 Qv an  qr QB B.»

Puc. 1.29. Moa6op KOHCTPYKTUBHBIX NapameTpoB [y v By
NPUKaTLIBAOLLIEro KaTouKa npy U3MeHeHumn Harpysku G
1 OTHOLIEHNA 4

[na npoBepkM MOWCKOBbIX WCCeLOBaHUIA, TEOPETUYECKMX MPeAnoChIl-
NOK 6blN NPOBeAEH YETbIPEX(AKTOPHbIA 3KCMEPUMEHT MO HACLILLEHHOMY
nnaHy PexTwagHepa C Leblo U3YUYeHWUs BAUSHWUSA CKOpPOCTU V, ry6uHsbl
Xofa AMCKoB h,, AnameTpa pabouux AMCKOB [, U PacCTOsHWUA B TOUKe UX
CXOXAEHUSA a Ha LUMPUHY NEHTbI B, TNyOUHY 3afe/Ku ty, MOMeByt BCXO-
XecTb Mg C NpUKaTbiBaHMEM WM Ge3 NPUKaTLIBAHUA MO JIEHTE BbICEAHHbIX
CeMSH.

[na npoBefieHUst 3KCNEPUMEHTAIbHBIX WUCCNef0BaHUN Bblnn U3roTOB-
NeHbl ABYX/MCKOBbIE COLLHUKK Tpex TunopasMepos no auckam (0,30; 0,35;
0,40 ™), pacnpefennTenbHble MAACTUHbLI U3 pa3IMYHOro Matepuana (Ctasb,
M10THas pesnHa, KOMOMHUPOBAHHBIE) C KaTOYKamMu U 6e3 HUX.

[na aHann3a ahPeKTUBHOCTM BAMAHWA NPUKATLIBAHUSA MO JIEHTE BbICE-
AHHBIX CEMAH U CO34aHNSA arpOTEXHUYECKM PEKOMEHAYEeMOro YNIOTHEHHO-
ro C/104 MoYBbl Ha rNy6uHE X 33fefKN NMPY PasIUYHbIX 3HAYEHUAX KOHCT-
PYKTUBHbIX W TEXHOMOTMYECKUX MapaMeTpoB AMCKOB M KaTOYKOB Obln
NonyyeHbl (YHKUMU OTKAMKA 415 TNY6UHBI 3afeNKn CEMSIH C NPUKaTbIBa-
HUEM t(s)cn U 6€3 MPUKATLIBAHWA t(sc)6n, MONEBON BCXOXECTW CEMAH Mg)en U
Msn, WPUHBI NEHTBI Bey U By
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— —0,0188 + 1,55h, — 6,38h% — 0,0037V/, — 6,3n,a; (1.12)

t3C cn

t, s =—00051+1,135h — 6,47h?— 0,003V A, — 7,81h,a; (L13)

n,. =-368,6-3989,5h, +4787,94, —2171,0a -32V* + (1.14)
+ 1947,1h: - 6854,6Ll,§ +170393,8a% + 77vh, +40,3v4,;
Mn,,, =—3783-29,7vV —3280,6hA +4914,6[1, —2516,4a +
1.15
+ 13511,1hn2 — 7094,6,£|,ft +16194,0a* +111,0Vh;l +64,9va, + ( )
+188,9Va;
B, =-016 +1,074, — 0,0007V? + 3,04h: — 1,12Ll,f4 —18,56a% —
- 0,0027th —0,036Va — 1,012hﬁ£l,£l - 3,99hna + 2,750 ,a;

(1.16)

By, = 0,019 — 0,0064) + 0,278/, + 0,0015/ + 1,86h: — 27,86a° — (1.17)
-0,786h, [, — 1,5h,a+2,78] a.

AHanu3 ypaBHeHuiA perpeccun (1.14)—(1.16) n gaHHbIX M, tee, OTPA-

YKEHHbIX Ha rpajukax, npeacTtaeneHHbIX Ha puc. 1.30, nNokasbiBaeT, 4To

rny6uHa 3aie/IKN CEMSH tien 6/MKE K rnybuHe xofa h, paboumx AMCKOB
Y COLLIHMKA C OMOPHO-NPUKATbIBAOLLMM KaTKOM.

n

%
&1
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Puc. 1.30. Npadmku 3aBUCUMOCTU FYOUHbI 3afe/KU ty
1 M0/IEBOI BCXOXECTW CeMsaH [y C NpuKaTbiBaH eM
1 6e3 npuKaTbiBaHWA OT ry6uHbI Xofa h, paboumx AMckos
COLLIHMKa 1151 IEHTOYHOrO BbICEBA 3EPHOBLIX KY/bTYP
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Mpun rnybuHe xoaa paboumx aMckos, pasHoro 0,05...0,06 m, pasHuLa B
rny6uHe 3afenkn CemMsH ¢ NpUKaTbiBaHMEM U 6e3 NpMKaTbIBaHUA COCTaB/IA-
et 15...20 mm. TNoneBasi BCXOXECTb CeMSAH C MpUKaTblBaHMEM MO JleHTe
TaKkke MMeeT 60/bLIMe 3HAYEHMS MO CPABHEHMIO C arpOTEXHWUYECKM PEKO-
MeHayemoli B ycnoBusax Pecnyonunku benapyce (0,02...0,04 m).

Takum 06pa3om, No pe3ynbTaTtaM MOWCKOBBLIX, TEOPETUUYECKUX, IKCMe-
PUMEHTaNbHbIX UCCNEA0BAHWNI, a TaKXe UCXO0AS U3 KOMMOHOBOYHbIX peLlie-
HWI ABYXAMCKOBOIO COLUHMKA C pacnpenenvTe/lbHON NiacTUHOM ANs NeH-
TOYHOrO BbICeBa 3€PHOBbIX KY/IbTYP PEKOMEHAYIOTCA Crefytowmne ero tex-
HO/IOrMYECKNE U KOHCTPYKTMBHbIE MapaMeTpbl: CKOPOCTb ABMXEHUA V =
= 2,5...3,0 m/c; rnybuHa 3agenkun cemsH h, = 0,02...0,04 M; NNOTHOCTb MOY-
Bbl Py = 1,2...1,3 - 10° Kr/M*; WwupnHa neHTbl cemsiH B = 0,06...0,09 M; anm-
Ha BEpPXHei nnacTuHbl pacnpeaennTens Ly 5, = 0,17 M, AMHa HWKHEl nna-
CTUHbI pacnpegenutens L, », = 0,17...0,20 m; anameTp amckos O, = 0,35 m;
JvameTp onopHo-npukaTbiBatowlero katka A, = 0,20 M; wmprHa onopHo-
npukaTbiBaroLLero katka B, = 0,10 M; pacCTofiHMe Mexay LleHTpamm COLL-
HMKa 1 OMopHoO-NpuKaTbiBatoLwero katka Iy , = 0,30...0,35 m; paccTosHne
B TOUKe CXOXAeHWsa anckos a = 0,01 m.

B ycnosusix Pecnybnuku Benapycb Ansi 3epHOBbIX Ky/bTyp TpebyeTcs
CpedHss rnybuHa 3afeflku CEMSIH B AmMana3oHe OT 2 Ao 5 cMm. Yem Bbille
BIAXXHOCTb MOYBbI, TEM MeHbLUE A0/MKHA ObITb YCTAHOB/IEHA HA BbICEBAHO-
LLieM arperaTe cpefHas rnybvHa 3afenku ceMsiH. [ns nonyyYeHns BbICOKOW
MONIEBO BCXOXKECTU CEMSIH AO/MKHO ObITb MO BO3MOXHOCTA MEHbLUUM
CTaHJapTHOe OTKNOHEHMe TNyOWHbl 3adenblBaHWsi CeMsH OTHOCWTENbHO
CpefHero 3HayeHus rny6uHbl BbiceBa (puc. 1.31).

Puc. 1.31. INoneBas BCXOXeCTb U paccenBaHue riny6uHbl BoiceBa
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1.12. Avaau3 n HCCJIEI0BAHNE OCHOBHBIX THIIOB COBPEMEHHDbIX
COINIHUKOB VIl ITOCE€BA 3€PHOBLIX KYJIbBTYP

OcHoBHas Liefb NoceBa 3aKNH0YaeTcs B 06ecrneyeHn onTuMasbHbIX ye-
NOBWIA NPOPacTaHNs CEMSH U B Ja/lbHELLIEM Pa3BUTUSA pacTeHUIA, KOTOpble
B OCHOBHOM 3aBWCST OT ONTUMaIbHOIO COYeTaHUs Tpex ()akTopoB: BOLHO-
ro, BO3AYLUHOIO 1 TennoBoro. 3BecTHO, YTO nyullee coYeTaHWe [aHHbIX
(haKTOPOB OTMEYaeTCs, KOrAa CeMeHa paBHOMEPHO pacnpefesieHbl No no-
LWaamn NoNs Ha 3afaHHyto (ONTUMA/IbHYIO) Fy6UHY. Py 3TOM OHU AO/MKHBI
ObITb YNOXeHbl Ha MAOTHbIA CMOM MOYBbI U MPUKPbITbI PbIX/bIM ClI0EM
MoYBbl Me/IKOKOMKOBATON CTPYKTYpbl. HecobntogeHne n60ro m3 atmx
Tpe60BaHWii BeAET K CHDKEHNIO ypoxkaitHocTm [20].

COLUHMK [O/MKEH YAOBMETBOPATL CleAytowyM TpeboBaHMAM: OTKpbI-
BaTb 60PO34KV OAMHAKOBO 3a@HHO FNY6KHbI; He BbIHOCUTL HUXKHIE CI0M
MOYBbI HA MOBEPXHOCTb BO M3bexaHve NoTepu BRaru; yniaoTHATb AHO 60-
PO340K /1 BOCCTAHOB/IEHMA KanUANSPHOCTU MOYBbI; He HapyLlaTb paBHO-
MEpPHOCTb NMOTOKA CEMSAH. Ha CyLLECTBYIOLLMX CEANKaX W MOCEBHbIX arpera-
Tax B HacTosiLLee BPEMS NPUMEHSAIOTCS Pas3fnyHble COLUHWMKM, OT NpaBub-
HOro BbIGOPa M MPUMEHEHMS KOTOPbIX BO MHOFOM 3aBUCUT Cyabba ypo-
xas [20].

Ha cerofHsLWHWA AeHb NPOV3BOANTENN CEbCKOX03AWCTBEHHBIX MaLLWH
npesnaratoT Lenblid psij COLUHWKOB Pa3fIMYHOro TUMa, U3 KOTOPOro MOXHO
Bbl4€NTb LUECTb OCHOBHbIX BWUAOB: AONOTOBUAHbLIA, KUNEBUAHLINA, aHKep-
HbIA, 4BYXANCKOBbIWA, O4HOANCKOBbIA 1 aHKEPHO-AUCKOBBbIN.

[JonotoBuaHble cowHuKM (puc. 1.32) pbIXAT Aaxe CyXyto, TBEPAYH
MOYBY ¥ CNPaBAAOTCA C TOACTbIMU My/buMpytoLlwmMmu cnosmu. Kpome no-
CeBa VMW He MPOW3BOAUTCA HUKAKON Jpyrovi o6paboTku nousbl. COLUHUK
BbIMO/IHEH MOJ0OHO fane KynbTueaTopa U paboTaeT npu MOMOLLM CBOEro
HWKHEr0 3auenfieHns Ha yCTaHOBMIEHHON rny6uHe. TexHUKa no3BonseT uc-
M0/b30BaTh BbICOKME paboume CKOPOCTU U ABNSETCA XOPOLUEN anbTepHaTy-
BOI1 ANsl 6ONbLUNX MAOLALEA.

Ha nepBbIil B3rnag, Takune COLUHMKM UMEIOT NWLLb NOSIOXKUTENbHbIE CTO-
POHbI: OYeHb XOPOLUYK MPUrOAHOCTb A1 MOCEBA MO My/bYye, BbICOKYHO
MPOV3BOAUTENIbHOCTb, BO3MOXHOCTb MPAMOro nocesBa M MPOCTYH0 KOHCT-
PyKUMi0. HO y HUX CYLLECTBYET U psif, HeOCTATKOB: NPU NMOCeBe MO My/bye
Heobxo4uMa npefBapuTebHas 06paboTka KybTUBATOPOM, NPU UCMO/L30-
BaHWN MAlLLWH C PaMHOM KOHCTPYKLMeA MOBEPXHOCTb NOAS AO/MKHA ObITh
XOPOLUO BbIPOBHEHA.
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Puc. 1.32. [LoN0TOBUAHbIA COLUHUK

O6bIY4HO aHKepHble COWHMKM (puc. 1.33) npu BAAXHbIX YCNOBUAX
CrNaXUBAKOT OCHOBaHME MOCEBHON GOPO3AKMW, a MHOr4A W ee CTEHKW, YTO
HeraTMBHO BAWSIET Ha Pa3BUTUE KOPHEBOW CUCTEMbI MPOPOCTKA, 0CO6EHHO
MpY BbICbIXaHWUM MOYBbI 1 06pa30BaHNN KOPKKW. Pa3pbiBHOE AeiicTBue CoLU-
HVKa COMpPOBOXJAeTCs 06pa3oBaHMEM BAO/b MOCEBHON 6OPO3AKM MOOCOK
PbIX/I0 NOYBbLI, KOTOPYIO MCMOML3YIOT ANA 3afefKn CeMsH. XapakTep U
KOMIMYECTBO PbIX/0M MOYBbI 3aBUCAT OT BIAXKHOCTU U CKOPOCTY ABVKEHUS.
YacTo Ha TSKENbIX FAVHUCTBIX MOYBaxX HEBO3MOXHO MOMYYMTb PbIXYHO
Cyb6CTaHUMIO A1 3aKpbITUA NOCEBHON 60po3aku. VIHOrAa 3a HECKObKO
4acoB CyXOil NOroabl Kpas MOCEBHON 6OPO3AKM CTaHOBATCSH IOMKUMMW U
OCbINatoTCs BHM3 NOA AENCTBMEM 3aropTauyeil, 06ecneunBaroLLmMX 3af4eNKy
cemsiH. KauecTBO MOKPLITUS BbLICESIHHBIX CEMSIH PbIX/0A MO4YBOI MOC/e
MPOXOXAEHNS aHKEPHOTO COLUHMKA LE/IMKOM 3aBUCUT OT BPEMEHU, YTO
OYeHb Heya06HO.

Puc. 1.33. AHKepHbI COLLIHMK
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Mpobnemoii MpM MCNOMb30BaHUN aHKEPHbLIX COLUHWKOB SABASETCA WX
6bICTPas M3HalLMBaeMOCTb. B TeuyeHMe cpoka CyX6bl OHW MNOCTOAHHO
BUAOM3MEHSAIOTCSA, YTO 3aTPYAHAET aHann3 3aBUCUMOCTMN (HOPMbl MOCEBHO
60p03aKM OT (hOPMbI COLLIHMKA.

COLUHMKM faHHOro TvNa YA06HbI TEM, YTO KaYeCTBO UX PaboTbl MEHbLLE
3aBUCUT OT CKOPOCTU ABWMDKEHWS M OHW He 3aTArMBaloT B MOCEBHYK 60-
PO34KY pacTWUTeNbHble OCTaTKU. 3TO ABNSAETCA M/IOCOM A1 NPOXOXKAEHWA
CeANKMW, HO MUHYCOM C TOYKM 3PEHUA CO3[aHNSA MUKPOKIMMaTa.

"NaBHbIM HEJOCTaTKOM aHKEPHbIX COLUHWKOB SAB/SETCS BbICOKUI YpO-
BEHb M3HOCaA U cnabast CNOCOBHOCTL K YMpaB/eHNIO PacTUTeNbHbIMK OCTaT-
Kamu.

Mpy BbIGOPE MOCEBHbIX MAlUMH BO3HMKAET BOMPOC: KakOoW COLUHMK
npeanoyecTb?

TeHAeHUMM 1 NPeAnNOYTEHNA FTOBOPAT CErofHs caMm 3a cebs: aHKepHble
COLLHWKW BbIXOAAT U3 MOJbI, & [ONOTOBUAHbIE UCMO/b3YIOTCA TONLKO Npu
onpefeneHHbIX ycnoBusax. Bee 6onblue arpapues npeanountaoT nprobpe-
TaTb CEANKW C OAHO- UKW ABYXAMCKOBBIMU COLUHMKamMu. Ha cerogHaLwHwmi
[eHb okono 85 % Bcex MOCEBHLIX arperatoB MPOW3BOAWUTENU CeNbXO03-
MalUWH MOCTaB/MAKT C BblleyKa3aHHbIMM paboynmn opraHamu. CBs3aHO
3TO C TeM, YTO BaXKHbIM MYHKTOM 4115 NMPOW3BOAMTENEN ABASETCA Mpeaio-
YEHVE PbIHKY pa3Hoo6pasHoro o6opynosaHus. MNpu 3TOM He UMeeT 0co60-
ro 3HayeHMs, MPUMEHSIET NN XO035ACTBO 6e30TBa/IbHYH) 00pabOTKy MOuYB
WK XXe NpesnoyvnTaeT Berallky nayrom. MpounssBoguteny cefibXo3matluH
XOTAT 6bICTPO U 3(heKTUBHO pearnpoBaTtb Ha NPesnoyTeHNUs U cnpoc no-
TpebuTeneli Ha NOCEBHYH TEXHUKY.

Ha Tepputopun Pecnybnvkn benapycb MCNonb3yroTCs NHEBMATUYECKNE
YyHUBepcanbHble ceanku Tuna Cry-3, CNy-4, Cry-6 n nx moaugukaumum
C KWNEBUAHBLIMU W UCKOBLIMU COLUHUKaMW. OHW npefHa3HayeHb! Ans no-
ceBa MPaKTUYECKU BCeX 3epHOBbIX, 3epHOO060BbLIX, TPaBAHbLIX KYNbTYp
W NbHA.

Ha Tepputopun Poccuiickoii deaepaumm M YKpauHbl BbIMyCKarOTCS
pasNnyHble MexaHuyeckue 3epHoBble cednku: C3-3,6; C3T-3,6; CPH-3,6;
CNT-3,6; C3r1-3,6; C3-3,6A; C3-3,6A-01-07; C3-5,4,01-07, Ha KOTOPbIX
YCTaHaBNMBAOTCA O4HOCTPOYHbIE OLHOANCKOBbIE U OHO- W ABYXCTPOUHbIE
[BYXAMCKOBbIE COLLUHUKMN.

[BYXANCKOBBIN COWHMK (pyc. 1.34) npefHa3HayeH ANs MoceBa 3epHO-
BbIX Ky/MbTYp Ha YepHO3eMax, CYr/IMHUCTbIX U APYrUX nousax, 6/n3Knx K
HWM MO CBOMM (P13MKO-MEXaHWYECKMM CBOMCTBAM.
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KOHCTPpYKUMA COLIHMKA NO3BOJSET YIOXUTbL CEMeHa C TyKaMu Ha 3a-
[aHHY0 rnybuHy nocesa. Fny6uHa 3aaenku ceMsiH coctasnsieT 30...80 MM,

Bopowxa

Puc. 1.34. IByxAWCKOBbIA COLLHUK C YT/IOM aTaku 1CKOB 9°

HegocTtaTkoM 3TMX [BYXAMCKOBbLIX COLUHWKOB SIB/INETCA BbICOKAsA He-
PaBHOMEPHOCTb 3afle/IkN CeMsAH No rnybuHe. Ha 3TO MOryT BAMATL Che-
OyIOLLME NPUYMHDBI: 3aXBaT CEMAH BPALLAIOLMMUCA AMUCKaMK C BblGPOCOM
MX 3a NpeAenbl COLHUKA B BEPXHME C/IOM MOYBbLI; 3aXBaT CEMSH MOYBOA,
0T6pacbIBaeMoi COLLHMKaMK; OcbinaHue 60po3aKu, B pe3ynbTaTe Yero ce-
MeHa, OTPaXeHHbIe OT AHA 60p03Abl, NONaJaloT B 60ee BEPXHME CION Nou-
Bbl; COLUHMK He obecrneymBaeT [OCTATOYHOIO YM/OTHEHWA AHa 60po3apbl U
MMEEeT BbICOKYH METaNI0EMKOCTb; AUCKM COLLHMKOB MMEIOT Yrof ataku 9°,
YTO BbI3bIBAET C YBE/IMYEHMEM CKOPOCTM [BUXEHWUSA OTOPOC MOYBbI, MOBbI-
LLIEHHOe TAroBOe COMPOTMB/IEHME, @ TakXe BbICOKYH TpPebGHUCTOCTb MOo-
BEPXHOCTU MOYBI.

[ByxanckoBblii cowHMK (puc. 1.35) mpegHasHadeH A1 Y3KOPSAHOro
MoceBa 3epHOBbLIX (LUMpUHA Mexaypaguii 75 mm). nybuHa 3agenku ce-
msH 30...80 MM. ITOT COWHWK 6onee paBHOMEPHO pacnpedenseT ceMeHa
rno naowagmn nons.

BbINycKatoTCA TakKe LLIMPOKOMO/OCHbIE COLUHUKW, MPOU3BOAALLME 3a-
[enKy CeMsiH MoJiocoin 75 cM. STUMM COLLUHMKAMUN KOMMEKTYHOTCS CesKu
C3-3,6A-04; C3-5,4-04.

HefocTaTKOM Y3KOPALHBIX W LUMPOKOMOOCHBIX AWCKOBBLIX COLUHWKOB
ABMIAETCA Ha/IMYMe Yrna aTaky paBHOro 18°, 4To NpMBOAUT K MOBbILLEHHO-
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My 0T6pocy noysbl N YBEIMHEHNKO TATOBOro CONPOTUBNEHNA. Kp0|v|e TOrO,
Kopnyc, BbIMOMHEHHBIA 13 4yryHa, 3Ha4uUTe/IbHO YBE/IMYMBAET UX MacCy.

Kopnyc
\ Crynuua ancka
N\ Mwex

Puc. 1.35. [IByXAMCKOBbIN COLLHWK C YT/I0M aTaku Auckos 18°

B Pecny6nuke benapych pas3paboTaHbl 0JHOANCKOBbIE COLLHUKN HOBOTO
MOKOJIEHMA, 3aLLMLLEHHbIE NaTeHTaMy Ha N306peTeHMS.

Tak, B OAO «BbpecTCcKuii aneKTpoMexaHWYecKuid 3aBo1» CO3aH OpuUrn-
HaMbHbI cowHUK (MaTeHT BY 3512 U2007.04.30) ¢ BbIpe3HbIM AMCKOM,
KOTOpbIA cNOCOGEH MPW BbICEBE CEMSIH 3ePHOBLIX, 3epPHOB0B0BLIX KY/bTYP,
TpaB W APYryX CefbCKOX03ANCTBEHHbIX KY/bTYpP, aHaNOrMYHbIX UM MO pas-
mepam, HOpMme BbiceBa W TNyOUHe 3afenku, HEe3aBUCUMO OT (U3MKO-
MEXaHWYECKMX U (M) TEXHONOTMYECKMX CBOICTB MoYB 06ecneynBatb Mo
BCEN A/MHe 60p03abl OLMHAKOBYHO [Ny6UHY C PaBHOMEPHO YMNAOTHEHHbLIM
[HoMm (pwc. 1.36).

Mpy 3TOM COLWHMK 06ecneynBaeT PsSLOBON BbICEB CEMSIH B YMIOTHEH-
HOM f10)Ke U MMeeT 60/bLUYI0 J0NrOBeYHOCTb [29]. OfHaKo pesy/bTaToB
NCMbITaHWIA 3TOrO COWHMKa Ha benopycckoli MAC ¢ monoxutensHbIM pe-
LLUEHMEM He UMeeTCH.
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Puc. 1.36. OgHOAMCKOBBIN COLLHVMK C BbIPE3HbIM ANCKOM: 1 — CeMANPOBOA; 2 — Knanak;
3 — Kopnyc; 4 — LWapHUPHOE COeAnHeHMe; 5 — oTpaxkaTeslb; 6 — ANCK; 7 — HOX;
8 — nepefHAa KPOMKa HOXa TpanewenaanbHoi dopmbl; 10 — paboyas KpoMKa HOXa;
11 — 3aWwmMTHas NnacTyHa Ha paboueli KPOMKe HOXa; 12 — BbleMKM
pagmanbHoi qopmbl; 13 — Tpy6a-BO3AYX0BOA

B PYN «HayuHo-npakTuueckuii LeHTp HAH Benapycu no mexaHusa-
LMK CeNbCKOT0 X03AMCTBa» CO34aH OPUTMHaNbHBIA OJHOAMCKOBLIA COLLIHMK
(nateHT BY 74 U), koTopblii (hopMupyeT cTabunbHYyo No rny6uHe, ¢ naoT-
HbIM IHOM 60PO3LKY M 06ecreymBaeT KOMNAaKTHYIO YKIaAKy Ha LHO ee ro-
CEBHOr0 MaTepuasa Ha Nno4yBax C PasMYHbIMK (U3NKO-MEXAHUHECKMA W
TEXHONOrMYeCKMMU cBolicTBaMm (puc. 1.37).

Puc. 1.37. OaHOANCKOBbIN COLLUHMK TapenbyaTolt (hopmbl: 1 — KpenexHas
Tpyba; 2 — TapenbyaTblil AUCK; 3 — NI0CKas NOBEPXHOCTb AUCKA;
4 — onopHas NMOBEPXHOCTb AWCKa; 5 — 3aropTay; 6 — Kuib; 7 — Kana;
8 — BbIXOfHOE OTBEPCTWE CeMAHaNpaBuTeNs; 9 — HanpasnAoLLas NAacTMHa
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VcnbITaHus 3TUX COLLHMKOB Ha benopyckoii MUC, B cpaBHeHWUU C Kiune-
BUAHLIMY COLLHMKaMWU, MOKa3aan 60/ee BbICOKOE KaUecTBO 3afeNKu CeMSH
B MOYBY W, Kak pe3ynbTar, 60/ee BbICOKYIO MOMEBYIO BCXOXeCTb. Tak, Ha
MVHepanbHbIX NoyBax rosieBas BCXOXECTb NPV MOCEeBe OAHOAMCKOBbLIMU
COLLUHMKaMKn cocTaBuna 86 %, kuneeugHoiMu — 85,3 %; Ha TOPMSAHbIX NOY-
Bax — 85,2 1 84,7 % cooTBeTCTBEHHO [30].

B YO «benopycckuii rocyfapCTBEHHbIN arpapHblii TEXHUYECKNIA YHN-
BEPCUTET» CO3[aHO COLUHWMKOBO-3afenblBatolliee  YCTPOMCTBO  (NaTeHT
BY 890 U), no3sonsitoLlee KaueCTBEHHO 3amofHATb GOPO3AKY C YIOXEH-
HbIMW Ha ee AHO CeMeHaMW MOYBOI 1 OTBOAUTL 6e3 Crpy>KMBaHUA IULLHIOK
MoyBy B MeXrpebHeBoe NpocTpaHCTBO. OfHAKO pe3ynbTaTtoB flabopaTop-
HbIX, @ TaK)Xe NO/EBbLIX UCMbITaHNI 3TOrO COLIHUKA Ha benopycckoit MUC
He npuBefeHo. VI3BecTeH KOMOUHMPOBAHHLIV [BYXCTPOUHbINA COLUHMK
(pumc. 1.38), KOTOpbIIi paboTaeT cefytoLLM 06pas3oM.

Mpy gBMXEHWUM Cesnkn (He NoKa3aHo) MOCPeACTBOM MPUKPENIEHHON K
Heil TArm 6 1 KpoHLWTeHa 5 nepemeLlaeTcsl COWHMK. HapanbHUKn 3 nac-
CVMBHOIO [EiCTBWS, YCTAHOB/MIEHHbIE MapannefibHO HanpaBneHWUO LBUXKe-
HWS, (OPMUPYIOT YMJIOTHEHHYKD 60po3aKy. [Mpyu 3TOM pPacnONOXEHHbIl
MEXAY HUMU AeNnTeNb, BbINOMHEHHDIN B BUAE NIOCKOro AMcKa 4, ycTaHOB-
NIEHHOT0 NapasinenbHO HamnpaB/eHUIO ABVXKEHUS N HIDKHEA CBOE TOUKOI
HaXOJALLErocs HWOKe HapanbHUKOB 3, COBEPLUAeT BpaLLaTe/lbHO-NoCTy-
naTesibHoOe fBMXKeHWe. STO MO3BOJIAET NPU BCTPeYe ¢ KPYMNHbIMU KOMKaMK
MOYBbI M PaCcTUTENbHLIMU OCTATKaMU paspyLLaTh UX 3a CHeT paspes3aHus 6e3
cagura B CTOPOHY [31].

frf‘ -

Puc. 1.38. KOMGMHUPOBaHHBI JBYXCTPOUHbIA COLLIHWK:
1 - BOPOHKa; 2 — pacnpefienu1TeNbHble KaHasbl; 3 — Hapa/lbHKK;
4 — onCK; 5 — KPOHLUTEIMH; 6 — Tara

13BeCTeH ABYXAWCKOBbIA [BYXCTPOUHbIA COLUHMK, CXeMa YCTpOWCTBa
KOTOpOro npvsegeHa Ha puc. 1.39.
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Puc. 1.39. ByXANCKOBbIA BYXCTPOUHBbII COLUHUK:
1, 2 — gucku; 3 — fenuTens; 4, 5 — cemaHanpasuTenu;
6 — 3aropTay; 7 — KnanaH

COLLUHMK COCTOUT M3 YCTaHOB/EHHbIX NapasfeNlbHO Hanpas/eHWo ABU-
XeHus amMckos 1, 2, 60po3aKoo6pasytoLlas YacTb KOTOpbIX UMeeT napabo-
NNYEeCKNiA Npodunb, genutens 3, c6NOKMPOBaHHbIX TPy6UaTbIX ceMsHanpa-
BuUTENel 4, 5, nepeaHss YacTb KOTOPbIX UMEET KPUBU3HY MO OKPYXXHOCTW
auckoB 1 v 2, 3aroptava 6, knanaHa 7. COLHKUK paboTaeT crnefytowmm o6-
pasom. [pu ABWXKEHUW Cesnku aucku 1, 2 B pe3ynbTtate nocTynare/bHo-
BpaLLATENIbHOrO [BMXKEHWS BMPECCOBbIBAIOT CBOEW 60pP034KO0OpasyHoLLeit
4acTblO [iBe MOCEBHble 6OPO3AKM C YMNOTHEHHbIM AHOM. OAHOBPEMEHHO
cemeHa no cemsanposofy (He MOkKasaH) NofjalTcs B feNnTenb 3, rAe OHK
pasfensoTca Ha ABa NOTOKAa M HanpasstoTCA B COHMOKMPOBaHHbIE Tpybua-
Tble COLWHMKK 4, 5 1 panee B 60po3nku. 3abuBaHMe COLLIHMKOB NpefoTBpa-
LaeTca KnanaHoM 7, KOTOpPbI B 3TWX CAy4asX 3aKpblBaeT BbIXOAHbIE OT-
BEPCTUS COLUHMKOB [32]. HelocTaTKOM JaHHOMO COLLHMKA ABNSETCA TO, UTO
OH He MOJHOCTbIO YAOBNETBOPSeT TpeboBaHWAM arpoTeXHWUKM, 0CO6EHHO
B YCNOBMAX 6€30TBa/IbHOM 06paboTKM MOYBbI, Tak Kak 60po3aku, Gopmu-
pyemMble 3a CYET BblAaB/INBaHWSA MOYBbLI AUCKAMKW, Ha KOTOpble Npu paboTe
[leliCTBYET NOCTOSHHOE YCU/IMe BAABNMBAHWS MX B NOYBY, Ha MONsX, 3aco-
PEHHBIX KaMHSMWU U NOXHWBHLIMW PacTUTENbHBIMU OCTaTKamu, NoXo 3a-
rny6nsaTes, yxyalwas paBHOMEPHOCTb YKNaAKM CEMSH MO ry6uHe.

[JvckosbiMy cowHukamm cepun 00 cesanok «Great Plains» (puc. 1.40)
KOMMN/IEKTYIOTCA MEXaHWYECKMe U MHEBMATUYECKME CEANKM A8 nocesa no
06paboTaHHOI MoyBe.
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Puc. 1.40. AuckoBbiii coHuk cepum 00 cesnok «Great Plains»

JaBneHne COLIHNKOB Ha rpyHT perynupyetcs oT 410 go 820 H. MNpuka-
ThIBaOLLMIA KAaTOK pa3mepoM 75%330 MM C LeHTpa/ibHbIM pebpom npegHa-
3HayeH Ana cbopa Bnaru B pAfKe, 061eryeHns npopacTaHUa CeMsaH U peko-
MeHAYeTCs AN pPas3nyHbIX YCNoBUiA nocesa. JuUcKoBbIiA COWHMK cepun 10
«Great Plains» (puc. 1.41) npefHa3HayeH 419 MeXaHNYeCKUX U NHEBMAaTU-
YECKUX CTEPHEBLIX CeANoK. [laBneHne Ha rpyHT AMCKOBOro HOXa COCTaBA-
et 2050 H, auckosoro cowHrka — ot 450 fo 640 H. Takummn gUCKOBLIMU
HOXaMV KOMMNEKTYHOTCA TONbKO CTepHeBble Moenn ceanok. LLvpuHa
BOJIHbI COCTaB/feT 16 MM, anametp — 432 nan 457 mm. BonHbI LMCKOBOTO
HOXKa Bpe3aloTCs B MOYBY MepreHAMKYSPHO, PaspbIXnsoT obpabaTsiBae-
MbIA CNIOA 1 M3MENbYAKOT OCTaTKN PacTEHUIA. DTOT COLIHWMK MMEET CMOX-
HYI0 KOHCTPYKLMIO, MOBbILLEHHbIE METa/NIOEMKOCTb U TArOBOE COMPOTUB-
NeHue.

Puc. 1.41. incko.blii coHuK cepum 10 cesnok «Great Plains»
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COLUHMKM C NpuKaTbIBaKOLMM KaToukoM «Cug-J1ok» (puc. 1.42) ocHa-
LaloTCcA CeMANPOBOAOM, KOTOPbIV OTKPbIBAETCA HEMOCPeACTBEHHO Ha ce-
MEHHOE /10)Ke. 3a CYeT 3TOoro JocTUraeTcs TouHas rnyouHa 3afenku n rpe-
[OTBpaLLaeTcs NoBpexaeHue n pa3bpoc ceMsH.

D
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Puc. 1.42. PaboTa AWCKOBOIO COLLHMKA
C MPUKaTbIBaOLLMM KaTOUKOM «Cua-J10K»

Micnonb3oBaHWe COLUHWKOB C NPUKaTbIBAKOWMM KaTOYKOM «Cui-J1ok»
MOBbILIAET TOYHOCTb pPacrnpefeneHns n 3aflefIKN CEMSAH, YyULlaeT KOHTaKT
CEMSsIH C NOYBOIA.

3BecTHa TaKkxe cepusa cesnok «Salford MP». 3T0 yHMBepcanbHbIe Me-
XaHWYeCKue CTepHEBble AMCKOBble CEANKW. VX MOXHO YKOMMIEKTOBATb
[ONOMHUTENbHLIM 060pYA0BaHNEM, KOTOPOE MO3BOSISET pasfeflsHO BHO-
CUTb YA06pPEHNA 1 BbiCEBATb MENIKOCEMSAHHbIE U TEXHUYECKUNE KYNbTYpbI.

CpepfHsas npomsBogmTensHocTL 11-meTpoBoii cesnkmn «Salford MP-200»
coctaBnseT 230 ra/cyT. COLHMKM pa3MeLLatoTCs Ha pame B [Ba paja C La-
rom 17,5 cm. PaccTtaHoBKa paboymx OpraHoB W LLUMPUHA MEXAYPSLbA MOTYT
ObITb M3MEHeHbI NMPW 3aKase Ha 3aBOJAE WKW CaMUM MOJb30BaTE/leM NyTeM
MepecTaHOBKM WU/ UCK/TKOYEHUS COLLHMKA 13 paboThl.

KOHCTpYKUMS Cceanku obecrneumBaeT TOUHYIO [LO3MPOBKY, pacnpejene-
HWe 1 3afenKy cemsH. Ceanka KonmMpyeT HEPOBHOCTY NOJIA KaXabIM AWNCKO-
BbIM COLUHMKOM (XOZ COLHMKa 260 MM) U CEANOYHBIMU KOHCTPYKLMAMM,
KOTOpPbIe MOTYT OTKNOHATLCA OTHOCUTENBHO APYr ApYra BBEPX U BHU3.

K cesinkam «Salford MP» BbinyckaeTcs [Be MOAENN COLIHWKOB, KOTO-
pble OTINYAOTCS APYr OT Apyra KOHCTPYKLUMEN 1 HasHavyeHuem (puc. 1.43).
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Puc. 1.43. AnckoBblii coHUK cesnku «Salford MP»

[JvckoBsble cowHmku ceankun «Salford MP» B KOMOGUHALMK C JUCKOBbIM
HOXXOM MpefHa3HaueHbl 415 NoceBa Mo CTepHe C OAHOBPEMEHHbLIM BHece-
HVeM CTapTOBOW [03bl YA0OPEHWIT U 3a4eNKOin X Ha OAHOW rnybuHe ¢ ce-
mMeHamu. ny6rHa 3agenku perynnpyeTtcs MOMOXKEHWEM OOPe3MHEHHOrO
MPYKaTbIBAIOLLErO KaTKa.

Cesfika MOXET NMPOU3BOANTL NPAMOIA MOceB 6e3 NpeABapuUTeNbHO Noj-
rOTOBKU C OLHOBPEMEHHO BepTMKa/bHOM 06paboTkol MmouBbl. Pacnono-
YKEHHbIE nepef COLHUKOM AMCKOBbIE HOXM MPOPEe3atoT MOXHWBHbIE OCTaT-
K 1, 06pasys Lenb, KyNbTMBMPYIOT MOYBY, paspyLlaloT YNIOTHEHWUS B
30He pPa3BUTUS KOPHEBOIW CUCTEMbI, MPefOTBPALLAlOT MonagaHue Hews-
Me/IbY4EHHOI COMOMbI B LLe/Ib Ha CEMEHHOE /I0Xe, YCTPaHAT 60K0BbIe Y-
NOTHeHWs 60po3aKK. B pesynbTaTe KOpHeBas CUCTEMA Pa3BKBaETCS BEPTU-
Ka/lbHO BHU3 1 el AOCTYMHa Bara W nuTaTeNibHble BELLECTBA HMXKHUX CNO-
€B MOYBbI.

Cesankn «Terrasem» KOMMaHUN «[METTUHIepP» MMEHT KOPOTKYH KOH-
CTPYKLMIO, OT/IMYAIOTCA BbICOKOW MaHEBPEHHOCTLIO M OCHALLATCS MOYBO-
YMIOTHATENEM HA KOMIECHOM XOAY. YHMBEPCa/ibHbIE MalLWHbI MOFYT WUC-
MoNb30BaTbCA Kak A/1 ceBa Mo Myfbye, Tak U ANA TPaAULMOHHOIO CeBa.
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Cesanku «Terrasem» mogenein C6 (C8) npon3soaaT 06paboTKy nouBbI, Y-
JIOTHEHVE ee 1 MOCeB Ha LUMPUHE 3axBaTa COOTBETCTBEHHO 6 1 8 M. Hapsagy
C TOYHOI YKNaAKoi MOCEBHOrO maTepuana ¢ MOMOLLbIO MapasiienorpamMm-
HOV NOABECKM ABYXAMCKOBbIX COLUHUKOB C MOCAELYHOWUMMN TNYOUHHLIMU
HanpasASOWMMN POIMKAMU MallMHa XOPOLUO afanTupyeTcs K 0CO6eH-
HOCTSIM OYBbl, OTAMYAETCS LEHTPASIM30BaHHON HACTPOMKO [AaBneHWs
coLHnKoB B gmnanasoHe 500...1300 H Ha COLLHMK.

Ha pame cesifkn yCTaHaBNMBalOT ABYXAUCKOBble COLUHWKK (puc. 1.44).
Lna yknagkm ceMsiH Ha OAMHAKOBOW rnybuHe BCe COLLHUKW YNPaBnskoTCs
H2XXVMHBIM  PONMKOM. PerynmpoBaHue rny6uHbl OCYLLECTBASETCA LieH-
Tpanu3oBaHHO. HacTpoiika AaBneHust Ha COLIHWUKM B AnanasoHe oT 500 fgo
1300 H ocywecTBnseTcs rugpasnnyecku. PasmellieHne BbiCeBaloLWmnX Y3108
N MEXaHU3MOB Ha PEe3VHOBbLIX 3M1eMeHTaxX 06ecrneymBaeT ONTUMa/IbHYIO
MOABWMXXHOCTb W He TPebyeT TEXHUYECKOrO 06CNYXMBaHUSA. BbIrHyThle Ha-
PYXy 3ybuaTble AMCKOBbIE COLUHMKOBbIE 3/IEMEHTbI OCHALLEHb! UAYLLMMU 38
HUMUW NPUKaTLIBAKOLLMMM KaTKamMu C MPOPEe3NHEHHOR MOBEPXHOCTLI. Kax-
OBl 3MeMeHT VMMeeT MapanfienorpamMmmMHyt0 MOABECKY A8 KONMpoBaHWs
MOBEPXHOCTM NOYBbLI. PaCnoNOXEHHbIA MOZ YI/I0M AUCKOBbIA COLUHMK OTO-
[IBUraeT pacTuTeNbHble OCTaTKWU B CTOPOHY W He BLAB/IMBAET UX B 3eMIIIO.
370 06ecneymBaeT XOpOLLEE Ka4ecTBO MOceBa.

Kopnyc cowHwuka

KaTok

boposakoobpasosatenb

Puc. 1.44. IByXANCKOBBIIA COLUHUK C MPUKATbIBAIOLLM
KAaTKOM CeANIoK KomMnaHun «MeTTuHrep»

Ha cesnkax upmbl «SULKY» Takxe yCTaHaBNuBaloT [UCKOBbIE COLL-
HUKK (pumc. 1.45), Hanpumep «CultiDISC 11» ceanok «MAXIDRILL». Auc-
K1 anameTpom 415 MM MMELOT BbIpesbl Nog yriaom 4°. 310 obecneynBaeTt
KOMMPOMMUCC MeXAY MPOHUKAIOLLEA CNOCOOHOCTLI0 U BO3SMOXHOCTLIO YAa-

66



NATb CONOMY M3 6OPO3LKN U COXPAHATb BbICOKYHO NPOW3BOAWTE/IbHOCTL B
CNOXHbIX YCNoBusAX [34].

CemsHanpaButenb

MoBogok

3y6uaTbiin Anck

Boposakoobpasosatens

MpviKkaTbiBatOLLMIA KaTOK

Puc. 1.45. AnckoBbIi cowHUK «CultiDISC 11»
ceanok «sMAXIDRILL»

MHavengyansHoe paeneHne Ha guck fo 800 H rapaHTUMpyeT pOBHYHO
MOBEPXHOCTb A1 06ecneveHnss TOUHO FyOuHbI 3adenkn CeMsH (danee
npy HeobXxoaMMoCTN U 6e3 3afHUX YNIOTHAOLWWMX Konec). Bce BbiceBato-
Wpe 3N1eMEHTBI UMEIOT PaBHYH A/IMHY, 4TO 06ecneynBaeT OAMHAKOBYHO
rny6uHy 3afie/Ikn BO BpPeMsi paboTbl Ha BCEl LUMPUHE CESNIKU U YAepXXmBaeT
aHTUG/I0KMPOBOYHBIN KNMpeHe 680 MM MeXay psaamu.

Bopo3sgHble koneca «<FARMFLEX» (500 MM guameTp, 21 MM LUMPUHA) €
3ybuatbiMu guckamu (puc. 1.46) obecrneunBaroT paboTy Ha MOCTOSIHHOM rNy-
6VHe Ha HEOAHOPOAHbBIX NOYBaX AaXe Ha MOBbLILLEHHON paboyeii CKOpOCTy.

3ybuatbliii guck

MpuvkaTbiBarOLWMiA KaTok

Puc. 1.46. INCKOBbIE COLUHUKW B COYETaHMM C BOPO3AHLIMI KONecamm
«FARMFLEX» v npvKaTtbiBatoLLyM Konecom cesnok «kEASYDRILL»
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Mexgy 3y64aTbiMW LUCKaMK YCTAHOBNEH LEepHOCHUM. Vicnonb3oBaHue
[laHHbIX COLUHMKOB 06ecneynBaeT paBHOMEPHOE (POPMUPOBAHME MOCEBHO
60p034KK, Co34aeT NPeLnocbINKA AN CMOKOWHOro Xofa COLUHUKA U CO-
OTBETCTBEHHO AN TOUHOW FNybuHbl 3agenku. MoaTomy BO3MOXHa 6onee
BbICOKasi CKOPOCTb [BVXXEHWS CEANIKM HEe3aBMCKMMO OT TWUMa WU COCTOAHMA
MOYBbl, & TAKXKe OT CKOPOCTU [BVXKEHMS.

CowwHukn «RoTeC» (puc. 1.47) B cepuiiHOM UCMOMIHEHUN UMEIOT Orpa-
HU4YMBaloL e rNyouHY Xofa U YACTSALLME OUCKU, KOTOPbIE NMO3BOMAIOT NPO-
M3BOAUTL YCTAHOBKY TNyOUHbI 3afeNIKU CeMsiH 6e3 MPYMEHEHMS WHCTPY-
MEHTOB. [laBNieHne COLLIHUKOB Ha nouy gocturaet 350 H. OHK He 3abuBa-
0TCA AaxKe NPy 60/bLLOM KOMMYECTBE COMTOMbI 1 OCTaTKOB pacTeHuii [35].

Puc. 1.47. AucKoBbIi cOWHUK «RoTeCx»

AnacTWuHbIN NNACTUKOBbIA AVUCK NPeLOTBPALLAET Ha/lMNaHWe NoYsbl Ha
BbICEBAIOLLMIA AWCK, NPUAAET (hOPMY NOCEBHOI BOPO3AKe U TOUHO perynu-
pYyeT rny6uHy 3agenku cemsH. Mpu cAMWKoOM 60MbLIOIA rnyGuHe 3aaenku
CeMSAH AUCK ANA OrpaHWYeHns rnyOuHbl X04a CHUMAETCS 3a OAUH MpuemM
(puc. 1.48).

CowWwHMK «RoTeC» ¢ NpuUKaTbIBAIOLLMM POSIMKOM MMeeT 6osee CroKoi-
HbIA X0f, YeM COLLUHWK C MapasienorpammMHoli NogBECKON 1 XECTKO 3aKpe-
MAEHHBLIM 38HUM POJINKOM.

HoBbIli paspaboTaHHbIi NPUKATLIBAIOWMIA KaTOYeK [Ans  COLUHMKA
«RoTeC AMAZONE» paboTaeT LefeHarnpas/ieHHO B MOCEBHON GOPO3AKe
N NPUXMMaET ceMeHa Ko AHY 6opo3aku (1.49).

68



Tyl Y03
wnmmm: W TR

Puc. 1.48. AuckoBbiii colwHMK «RoTeC
AMAZONE»

Puc. 1.49. ANCKOBbIA COLLHUK «R0TeC»
B COYETaHU C NPUKATHIBAIOLLIM KAaTOYKOM

[wck, hopmmpyrowmii 60po3aKy, MMeeT yron ataku, YTo NPUBOAMT K
3abpacbiBaHMIO MOYBOW COCEAHMX PSAKOB NP paboTe Ha MOBbILLEHHbIX
CKOPOCTAX.

dupma «LEMKEN>» Ha 3epHOBbIX CeAfikax Takxe yCTaHaB/NBAET ABYX-
[MCKoBble colHMKM (puc. 1.50).

[BYyXCTPOUHbI ABYXAUCKOBBI/A COLUHWK C OFPaHUYMBAOLMM TyBUHY
NPUKaTLIBAIOLLUM KaTOUKOM, MMEIOLUM PEe3VHOBYIO LLWHY, faxe npu ns-
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MEHSIIOLLIEICA MOYBE M BbICOKMX CKOPOCTSAX ABWXKEHWS TOUYHO YKNIafblBaeT
MOCEBHOW MaTepuan Ha OAMHaKoBOW rnybuHe. BaasnuBaHue ceMsH Mpu-
XXMMHBIM KaTO4YKOM 0becneymBaeT YCNOBWS A1 ONTUManbHOrO MOABOAA
BOZbl, PaBHOMEPHOIr0 ()OPMMPOBAHNS KOPHEBOI CUCTEMbI W BEAET K ObICT-
pOMy pa3BUTUIO pacTeHuii. OAHOAMCKOBbIE COLLUHMKW JaHHOW (MpMbl 1Me-
0T BbICOKOKAYECTBEHHbIA BbINYKbIA MOMbIA AUCK AMameTpom 325 MM,
KOTOPbIA MOXeT BOCTIPUHMMATL faeneHue fo 200 H Ha colwHmK. bnarogaps
BbINYK/0M (hopme AUCK 06nadaeT shheKTOM CaMOQUUCTKK, YTO MO3BONSET
Ha SIErKMX NoYBax He YCTaHaBNVBaTb AONOMHUTENbHbIN CKPebokK [43, 46, 48].

Puc. 1.50. IByXCTPOUHbIA BYXAMCKOBbIA COLLHWK
thupmbl «KLEMKEN>» ¢ orpaHnumBaioLym rinybuHy KaToukom

Mo xofy ceBa ABYXAMCKOBbIE COLLHWKM OTYAacTW CMOCOBCTBYHOT CO3Aa-
HUI0 MUKPOCPELbl BOKPYT BbICEBAEMbIX CeMsH. [M0N0XMTeNbHOE BAUSHIE
TaKMX COLUHVKOB COCTOUT B TOM, YTO OHM NPOU3BOAAT MoceB 6e3 6/10KMpo-
BaHWS 3a CYET PaCTUTE/bHbIX OCTATKOB. KOHCTPYKUMS CPaBHUTENLHO MPO-
cTasi U nerkas B 06CNyXwvBaHUM. HanGonblume HesoCTaTKu: BbICOKOE Npo-
HMKalOLLee YCUEe; 3aBUCMMOCTb OT COCTOSIHIS MOYBbI, TEHAEHLMS 3aTArn-
BaHWSI PAaCTUTE/bHBIX OCTATKOB BHYTPb GOPO3[KM, YTO MELIaeT OCYLLEeCTB-
NEHWIO KOHTaKTa CEMSIH M MOYBbI Ha CYXMX FPYHTaX, @ BO BMaXHbIX NOYBax
MPVUBOAUT K 06Pa30BaHMIO XXUPHBIX KWUCMOT, OTPULIATENBHO BAMSIOWMX Ha
pasBuMTHE CEMSH.

Mo AaHHBIM MOMEBLIX arpOHOMWYECKMX OMbITOB, ABYXAMCKOBbIE COLU-
HIKM N0 CPaBHEHWIO C KUNEBUAHBIMM CHIKAOT YPOXaHOCTb Ha 2...3 u/ra.
Mpy UX NpUMeHeHUM TpeGyeTcs [OBCXOAOBOE M MOCMEBCXOAOBOE MPUKa-

70



TbIBaHWE MOYBbI, YTO MOBbILIAET PABHOMEPHOCTb 3a/e/KM CEMSAH U YNyyLua-
€T X KOHTaKT C no4soi. COLUHUKM Takoro Tuna Hambosiee NpUrogHel 4ns
rocesa Mo My/ibuye.

OJHOAMCKOBO-aHKepHbI cowHMK (puc. 1.51) coveTaeT AOCTOMHCTBA M
[MCKOBbBIX, U aHKepHbIX COLLUHWKOB, Tak KakK 6opo3faka obpasyeTtcs COBMe-
CTHbIM [Ie/iICTBMEM KWUNSA W AUCKA, YCTAHOB/EHHOIO MOJ YI/I0M aTaku K Ha-
NpaBfeHnto ABWKeHUs. bnarogaps TakoMy YCTPOWCTBY, KakK U Yy KUNeBua-
HOr0 COLLHMKa, Ka4eCTBEHHO 06pa3yeTcs 60po3aKa U paBHOMEPHO YK/afbl-
BalOTCA CeMeHa No rnybuHe, Npu 3TOM NPefOTBPALLAETCA CrpyXmBaHue
3abMBaHMe COLLHMKA no4yBoiA. Mpu paboTe OH co3gaeT U-06pasHblii Npo-
thmnb NOCEBHOI 6GOPO3AKN.

Mosonox Mk CensFanpesuTem

TIpeACNPEITITeTh | [‘hu:mx-umgtﬁm:ou‘g._o',onmﬂb

Puc. 1.51. OAHOANCKOBO-aHKEPHbINA COLLHMK

[ns 6onee HarnsgHOro npefacTtaBneHUss 06 3¢(eKTMBHOCTK paboThbl
aHanM3MpyeMbliX COLLUHWMKOB He06X04MMO NPOU3BECTH OLEHKY KayecTsa WX
paboTbl no 6oposakoobpazosaHuio [40]. OueHKa Benacb NoO pesy/brartam
HabMoaeHni 3a BUAMMbIM MepeMeLLeHNeM YacTuL, MOYBbl U N0 BEIMUMHE
[edopmaLiMm noyBskl Moce Npoxoja collHvka [41, 42].

AHanu3 NosyyYeHHbIX JaHHbIX, NPeACTaBAeHHbIX Ha puc. 1.52, nokasbl-
BaeT, YTO Y AONOTOBUAHOIO COLUHMKA Hambosbllee 3HaYeHVe CyMMapHbIX
BbICOT opAuHaT H [0 20 MM, 3TO CBUAETE/NLCTBYET O HepaLMoHaIbHOW KOH-
CTPYKUMW COLUHUKA. UTO KacaeTcs OCTa/lbHbIX CPaBHMBAEMbIX COLLHUKOB,
TO nMpotnnm 06pa3yembiX UMK MOCEBHbIX BOPO34 CXOAHbI, @ 3TO CBUfe-
TeNbCTBYET 06 X B3aMO3aMeHAEMOCTH.

CambIM 3(heKTUBHBIM COLLIHMKOM U3 YeTbIpeX TUMOB ABMIAETCA aHKEPHO-
[NCKOBBbII, KOTOPbIA NPaKTUYECKM He CO3AaeT FpebHeit, XOTS Ha pasMyHbIX
TUNaX 3KCNepUMeHTasbHbIE JaHHbIe 6y YT OTNNYATLECA OT NPeSCTaBNEHHbIX.
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————————— dayxduckoesl e mmnne e GHIEDHO- QUCK OB

Puc. 1.52. Mpogmnm noceBHbIX 60PO3A0K CPABHMBAEMbIX COLUHWNKOB

Mpyn MCMNbITAHUW 3KCMEPUMEHTANbHOM KaTKOBOW Cesnikui, paspaboTaH-
Hoil B BenHUNMCX (r. MUHCK), 6bI11 MONYYeHbI CedyoLue pesynbTaTbl
(Tabn. 1.9).

Ta6nuya 1.9. luHamMuKa BCXO/I0B U M0JIEBAsi BCXOKECTh siuMeHst copra daBoput
B 3aBHCHMOCTH OT THIIA COIIHHKOB

Tun Hopwma Bbicesa KonnuyecTBo B30OLLEALLNX CEMSIH MO AaTaM Mast
COWHMKos | BXOHMX ceZ— WToro
MSH, LWT/M 3 (14|5 6 7 8 9 10
[NCKOBbI 380 0 |0 O | 8 | 13| 26 |89 89 289
KaTkoBblii 380 15 |25 31| 31 | 31 - - - 315

Mpu ncnonb30BaHMN KaTKOBOI CesnkKu Habnoganicb 6onee paHHUe n
LPYXXHble BCXOZbl, YeM MPWU UCMOMIb30BaHWM AMCKOBOW, MpUYeM Mnosesast
BCXOXKECTb MPW NOCEBE KaTKOBOW CEA/IKOW OKasanach BbiLe MO CPABHEHWIO
C IUCKOBOIA.

MonyyeHbl TakXKe faHHbIe N0 PaBHOMEPHOCTW pacnpeseneHuns ceMsH no
BCEN rny6uHe Mpu MCMO/Mb30BaHUN COLUHWKOB Pas3MYHbIX KOHCTPYKLWIA
(Tabn. 1.10).

13 faHHbIX, NpuvBeAeHHbIX B Tabn. 1.10, BUAHO, YTO Hambonee paBHO-
MEPHYIO 3aflefiky CeMsH B NOYBY MO rNy6uHe oGecrnevmBaloT KaTKOBbIe
COLUHMKW. [1pUn UX NMPUMEHEHUM NOYTK BCe CEMEHa PasMeCTUINCh Ha OTHO-
CUTENbHO HebOosbLLIOM MHTepBane rny6buH (3...4 cwv). MNpu ncnonb3oBaHUN
MpY NOceBe AMCKOBLIX COLUHWKOB Habnoaancs pa3dbpoc OCHOBHOW Macchl
CEMSIH Ha OTHOCMTENbHO 60/bliOM MHTepBane (4...8 cm). HepaBHOMep-
HOCTb 3afle/IKU CEMSIH MPUBOANT K CHUDKEHMIO MOSIEBOIA BCXOXECTU U YPO-
XaliHoCTW.
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Tabnuuya 1.10. Pacnpenenenue ceMsiH sSipOBOro si4MeHsI 10 [Iy0HHe, MoJeBast
BCXO03KeCTh M YPOKAHOCTH B 3aBHCHUMOCTH 0T KOHCTPYKIIMM COLIHUKA
M TIOATOTOBKH MOJISI

OTHOCUTENIbHOE KONMYECTBO CEMSH, % OT B3OLLEALLINX
rny6uHa o [wnckoBblIli [LunckoBblIii
SAACTKN [VcKoBbIi AvcoBbii couu- COLLUHMK + MPU- | COLHMK + npu- | KaTKoBbIi
CeMsIH, HUK + NpuKaTbl-
oM COLLUHUK BaHMe 10 ceBa KaTblBaHMe | KaTblBaHWE 40 | COLUHUK
rocre ceea 1 noc/e cesa
1 0 0 0 0 0
2 0 0 0 0 8,3
3 1,2 3,6 0 2,4 46,7
4 3,6 16,7 2,4 14,3 41,7
5 4.8 26,2 16,7 27,4 3,6
6 32,1 33,3 23,8 32,1 0
7 38,1 19,0 36,9 23,8 0
8 20,1 1,2 20,2 0 0
9 0 0 0 0 0
MNonesas
BCXO- 55,0 69,0 74,9 75,7 77,1
XeCTb, %
Ypoxar- | 49 g 424 42,6 434 48,6
HOCTb, L/ra

MprYMeHeHWe COBMECTHO OMepauyuili MpMKaTbiBaHWA 40 W NOCMe Nocesa
HEe MPVBENO K 3HAYNTENbHOMY MOBBILUEHWNIO YPOXKAMHOCTMN MO CPAaBHEHWIO C
006bIYHbIM MOCEBOM [MCKOBbIM COLLUHWKOM. YPOXaliHOCTb MOBbICU/ACh C
41,9 po 43,4 u/ra. B To e BpeMsi NPUMEHEHME KaTKOBOro COLIHMKa obec-
neynno NpMpocT ypoxkaiiHocTh ¢ 41,9 o 48,6 u/ra. MNpu 3TOM 3aTpaTthl Ha
NpOBeAEHME OMepaLmii nocesa BbIIN MeHbLUE, TaK Kak OTCYTCTBOBa/IM [O-
NOJIHUTE/IbHbIE Onepauun NpUKaTbiBaHWS.

[JeTanbHbIin 0630p KOHCTPYKLMIA 1 BbINOMHEHHBI aHan3 paboTbl OAHO-
N [BYXCTPOUHbIX COLUHWKOB 3€PHOBbIX CEANIOK OTeYeCTBEHHbIX U 3apy6ex-
HbIX ()MPM MOKa3anu, YTo flydlliee peLleHne Mo KayecTBy MOCeBa 3epHOBbIX
ele He HaigeHo. CpefHee [aBneHMe Ha COLUHWMKMW 3ePHOBbIX CEANOK, Bbl-
nycKaeMbIX 3a pybexxom, konebnetcs B npeaenax 200...130 H.

1.13. ConrtHuKOBBIE TPYNIIbI C ONOPHO-NIPHKATHIBAIOIIUMYU KATKAMHU

Ons onpegeneHns atheKTUBHOCTU PaboTbl AWCKOBBLIX COLUHWKOB C
OMOPHO-MPUKaTLIBAIOLLMMU KaTKaMW B CPaBHEHWWU C CepUiHO BbiMycKae-
MbIMW NPOBeAEHbI MOMeEBbIe UCCnefoBaHns. [na MAeHTUYHBIX YCNoBKiA pa-
60Tbl BCE COLIHUKM MO O4epefy YCTaHaBIMB/IMCb Ha CEPUIHYHD 3epHO-
TykoByto cesiniky C3-5,3: [BYXAWNCKOBbLIA Y3KOPSALHbIA COLIHUK CEs/KM
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C3-5,4; oBYXANCKOBBIIA PSJ0BOIA COLLHMK, OAHOAWCKOBbIA COLLUHMK C OMOPHO-
MPYKaTbIBAIOLMM KaTKOM, PSILOBOM KAaTKOBbI/ COLUHWK, aHKepHbIi COLLU-
HWK, ABYXAWMCKOBbIA COLIHWK AJ11 JIEHTOYHOrO MOCEBa W [ABYXAMCKOBbIN
COLUHUK [N NIEHTOYHOro MoCeBa C NPMKaTbIBalOLWMM KaToukoM. lMosneBble
nccnefoBaHna NPOBOAUANCE Ha LepPHOBO-NOA30NCTbIX NErKOCYrMMHUCTbIX
no4ysax onbITHOro nona «Tywkoso» BI'CXA. OCHOBHOe BHUMaHWe B Mpo-
Llecce MCCnefoBaHWn yaensnoch OMpeAeneHWt0 BAWAHMA COLUHWMKOB Ha
PaBHOMEPHOCTb 3afieNKu CeMsaH Mo rny6uHe, pacnpegeneHne nx no nno-
LWaay Noss U Ha YpOXKaHOCTb 3ePHOBLIX KY/bTYP.

AHanu3 rucTorpaMMm 3a TpW rofa OMbITOB MOKa3blBaeT, UTO pacnpe-
[leneHne ceMsiH Mo rnybuHe 61M3K0 K HOPMaslbHOMY 3aKOHY /15 BCEX COLU-
HMKOBBIX FPynmn, a Havbosbluee YUCNO CEMSH, BbICESHHbIX COLUHWUKaMU
cedanok C3-5,4 1 akcnepyMeHTa/IlbHbIMY COLLHMKaMW ANs NIEHTOYHOrO ceBa
6e3 NpuKaTbIBaHWA, PacnonoXmnock B cnoe noyssl 10...40 MM.

Hanbonee KOMNakTHO No rAybuHe 3aAenblBaInCh CEMEHa, BbICESHHbIE
COLUHMKamu cesanku C3-5,4, HO rny6buHa X 3aeNKn 6bina MeHbLLE YCTaHO-
BOYHOI. BOMBLUMHCTBO CEMSH PacnonoXunocs B cnoe 1...20 MM, B 3TOM
CMoe TaKXe HaxXOAunocb BOMbLUMHCTBO CEMSH, BbICESHHbIX AHKEPHbLIMM
COLHMKamMK. Hanbosbluee KOMYECTBO CEMSH, BbICESHHbLIX COLUHWKOBOM
rpynnoii cesnkn C3-5,4, pacrnofioXnnocb HWKe YCTaHOBOUHOW TNyOuWHbI,
T. e. B cnoe 30...40 mm.

Y COLWHMKOBBIX rpynn cesanok C3-5,4 1 aKcnepuMeHTaNbHON Ans NeH-
TOYHOIO CeBa 3ePHOBBIX KYNbTYP pacnpeaeneHne cemsH no rnybuHe Haw-
MeHee COOTBETCTBOBa/I0 HOPMaslbHOMY 3aKOHY, MpuyeM OCHOBHas Macca
cemsiH (okono 50...60 %) 3afienbiBanacb Ha yCTaHOBOYHOW rNy6uHe B Coe
20...30 M.

MpoBepka COOTBETCTBUA pPacrpefesneHnst CEMSIH Mo rybuHe HOpMaslb-
HOMY 3aKOHY Mokasana, 4YTto OH 60/iee YeTKO BbIpaXeH Y COLUHUKOB 6e3
OMOPHO-NPUKATBIBAOLLIMX KATKOB.

Vcxopa M3 cTaTMCTUYECKON XapaKTepUCTUKM PaboTbl COLUHUKOB, Che-
[yeT chienatb BbIBOZ, YTO AN YC/IOBUIA noceBa Mo )OHY C NpeABapuTeSb-
HbIM BHYTPWMOYBEHHLIM BHECEHWEM OCHOBHOI [03bl MUHEPa/IbHLIX YA06-
peHuin obecneunTb CTabWUNbHYIO 3ae/IKy CEeMSH MO Fy6uHe MOXKHO Mpu
MCNO/Mb30BaHWMN COLLHWMKOB C OMOPHO-NPUKATLIBAKOLWMMUN KaTKaMu.

1.14. Pacnpeaesienue ceMsiH B NO4YBe AMCKOBbIMH COLIHUKAMM
¢ IPMKATHIBAIOLIMMH KAaTKAMM

MonyyeHne BbICOKO YPOXKAMHOCTW 3€PHOBBIX KY/bTYp TPEOYeT BbICO-
KO MONEBOI BCXOXECTW M PaBHOMEPHOTO PasBUTUS KaXAoro pacTeHus.
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MoaToMy OAHOI K3 3afay nocesa ABASETCA AOBO/ILHO TOYHOE pacnpegene-
HWEe CeMSH MO0 NAOLWAaAN NUTaHNS U FNyBUHE UX 33Je/KK.

MHOrOYMCNEHHBIMU UCCNELOBAHNAMMW YCTAHOB/IEHO, YTO YeM paBHO-
MepHee CeMeHa pacrpefiefieHbl No NAoLWaamn, TeM paBHOMepHee Mpoucxo-
OMT 3aTeHeHMe MOYBbI, YTO, B CBOK O4Yepefb, OKasblBaeT OTpuLaTe/bHOe
BAVSHWE Ha POCT W Pa3BUTUE COPHOM pacTUTeNbHOCTU. 10 AaHHBIM MHOTO-
YMCNEeHHbIX OMbITOB MccnefosaTeneli MepmaHum (B. Koxa, K. Xypne u gp.),
3aCOPEHHOCTb MOCEBOB MPY YMEHbLUEHUM LUMPUHBLI MeXaypaauii (1o pas-
6pocHoro cesa) CHXanacb A0 40 %. Mpu paccemBaHMK rNyOUHbI 3ae/KK
CeMsH 0 6 MM nosieBas BCXOXeCTb gocturaet 80 %, a npu 18 Mm cHuXa-
eTcs Ao 54 %, UTO NPMBOANT B UTOTE K CHXKEHMIO YPOXKAHOCTY 38PHOBbIX
KynbTyp.

Hamu 66111 NpoBeAeHbI NONCKOBLIE TPEX/ETHME ABYX(AKTOPHbIE MENKO-
[enaHouHble (S =1 M%) OnbITbl C LIECTUKPATHOI MOBTOPHOCTHIO C LiE/bI0
M3y4YeHns BIMSHWS CNOCOO0B ceBa 3epHOBLIX (60see paBHOMEPHOE pacrpe-
JeneHvie uX Mo nnowagu): pagosoro (B,= 0,01 M), neHTouHoro (B, =
=0,075 M) u pas3dpocHOro (Bps; = 0,15 M), a TakkKe HOPM BbICEBa CEMAH
(U= 2,4 n 6 MaH. WT/ra) Ha YypoXaliHOCTb 3epHOBbIX KynbTyp (03uMas
POXb, AYMEHD).

Mo pe3ynbTaTam OMbITOB C iUMEHEM MOslyyeHa (DYHKLMA OTKIMKa ypo-
XKaNHOCTW AYMEHS:

Yyu = =62,8 +0,76U + 492 ,6B,,, — 0,0005U7 — 3571,45%, + 1,29UB,,

rae Ya, — YpoXaHocTb fiumeHs, u/ra.

AHaM3 KBafpaTUYHON 3aBUCMMOCTY NMOKa3bIBaeT, YTO WMPVHA NEHTLI B
COBOKYMHOCTW C HOPMOIA BbICEBa CEMSIH 0Ka3blBaeT CYLLECTBEHHOE BNUSHWE
Ha ypoXkali ;luUMeHsl B 3a[jaHHbIX FpaHnLax uccneaoBaHnii. Tak, npy nto6om
MOCTOSHHOM 3Ha4YeHWN B YPOXXailHOCTb AYMEHS BO3PACTaeT C YBEIMYEHVEM
HOPMbI BbICEBA. Y CTAHOB/IEHO TAKXKE, YTO MaKCMMabHast ypoXKaliHOCTb ero
COOTBETCTBYET LUMPKHe neHTbl B = 0,07...0,08 M.

B TexHonorusx Bo3fenbiBaHWs 3epPHOBbLIX KY/bTyp, OCOO6EHHO npu fo-
MOCEBHOM JIOK&/IbHOM BHECEHWW OCHOBHOWM [03bl MWHEpasbHbIX yao6pe-
HWI, 3TW NokasaTenu JO/MKHbI UMETb He TONIbKO 60N1ee KOHKPETHbIe 3Haue-
HWS, HO W rapaHTMPOBaHHO co6/0AATLCA paboumMMy opraHamu.

Mpy ycnoBum MMHUMU3ALMM NOATOTOBKM MOYBbI K MOCEBY U COBMOfe-
HWUS BCEX arpoTexHMyeckmx Tpeb6oBaHWIi (paBHOMepHOE pacnpeseneHne
CEMSIH N0 N0LWaaM NMons, 3agenka no raybuHe, NpuKaTbiBaHNE PSAKOB MK
NIEHT CEMSH C Lie/Ibl0 CO3A4aHMs ONTMMaNbHOW MAOTHOCTM ANA HWUX W Ap.)
Hanbosee NOHO YA0BNETBOPSAIOT 3TMM TpeboBaHMAM OfLHO- MU ABYXAUC-
KOBble COLLHMKM C OMOPHO-NPUKATHIBAKOLLMMMN KaTKaMU.
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PaccmoTpum pacnpefeneHve cemMsH B NIEHTE Ha MpuMepe pacrpegenu-
TeNbHOr0 YCTPOICTBA, YCTAaHOBMEHHOTO B ABYX/AMCKOBOM COLLHMKE.

B 3epHoBbIx ceankax tuna C3-3,6A ceMeHa MocTynatoT B CeMAMNpPOBO-
[bl, a 3aTeM Ha pacrpefenuTesibHyro MIacTUHY [ABYXAMCKOBOIO COLUHMKA
(puc. 1.53), pacnonoXeHHy Nog yriom K ropusoHTY, 1 CKaTblBatoTcs Mo
Heil Ha JHO pacKpbiBaeMOii 60pO3aKM.

Puc. 1.53. Cxema [BYXAMCKOBOTO COLLHWKA C pacrpeaenunTenem
[N NEeHTOYHOTO BbiCeBa CeMAH: 1 — Anck pabounid;
2 — Kopnyc; 3 — N0BOAOK; 4 — pacnpeaenuTtenb cemsH; 5 — 60NTbl
KpenieHns; 6 — ropioBuHa; 7 — oTpaxkaTesib; 8 — pacnpefenunresibHas
NNacTuHa; 9 — BepXHaAS NNacTuHa; 10 — KaTOK NPUKaTbIBAKOLLIA

Ecnv NpuHATb BbIXO4 U3 CEMANPOBOAA B OfHOI TOUKE M YYeCTb TOMbKO
cuny TSHXKECTW, Nof, AeCTBMEM KOTOPOIA [BWMKETCSA CEMS, TO BCe CEMEHA B
NAeanbHOM cfiyyae 6yayT yKnaabiBaTbCsl BAOMb NPAMOA. OfHaKo Cesska,
CEMAMNPOBO/Abl U COLIHMKW B MPOLECCE [ABWXEHWS MO MO/ MOABEPXKEHBI
B1OpaLMM 13-3a MaKpo- U MMKPOHEPOBHOCTEN, pa3NnYHOl NAOTHOCTW NOY-
Bbl, MO3TOMY CEMeHa CfyyaliHbiM 06pa3oM paccemBaloTCA Mo HEKOTOPOW
nnowaan AHa 60po3aKKM, pacKpbiBaeMol AncKamMmn ColHUKa. C TOUKM 3pe-
HWS arpoTEXHUYECKNX TPeBOBaHWIA XenaTeNbHO pacrnpefencHne CemsH B
NEHTE C OAMHaKOBOW NoLaabto NUTaHNS.

Mpexze BCEro Mbl M3y4anu BOMPOC O XapaKTepe 3aKOHa pacnpegeneHus
CEMSIH MOMePEK /IEHTbI, BAUSIHUM Ha HErO TEXHOJ/IOTMYECKMX WM KOHCTPYK-
TVUBHbIX NapaMeTPOB COLLIHMKA.

OpW30HTaNbHbIE U BEPTUKaNbHbIE KONeGaHUS ABYXAWCKOBOTO COLLIHU-
Ka C pacnpefieniTenbHoli nnacTuHoi (B AanbHeiilleM paccMaTpuBaeM
TONbKO pacnpefenmnTeNlbHyr0 MIacTUHY) MOXHO paccmaTpuBaTh Kak Cy-
YaiiHbIA npouecc, COCToAWMIA U3 TONYKOB (MMMYNbCOB), MPOMUCXOAALLNX B
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C/lyyaiHble MOMEHTbI BPEMEHU U UMEIKOLLMX CYyYaliHyl0 BEIMUMHY W Ha-
npas/ieHue.

OTHOCKTeNbHO BMOpaUMU chenaem chegytouive AOMyLIeHWUS: npegcra-
BMM BMOPALMIO KaK CUCTEMY MMMY/bCOB Cy4YaiHOW BEIMYMHBI U Hanpas-
NEHUIA, NPOMCXOAALLMX Yepe3 paBHbIe NPOMEXYTKM BpeMeHM t.

[ycTb ocb Ox Hanpas/ieHa Mo LEHTPY NAacTuHbl, a Oy — NONepeK Hee.
LBvXeHVe ceMeHn OnmnCbIBaeTCA 00bIYHBIMW YPaBHEHUAMU ABVKEHNS TOY-
KW MO HaKMOHHOW MA0CKOCTU. C Lenbio U3yHeHWs pacrnpegeneHnus ceMsH
nornepeK NeHTbl paccMaTpuBanach TOMbKO COCTABAAKOLLLAA CyYaliHOWN CKO-
pocTn no ocu Oy. MycTb vy, — CyYaiiHas BeNMUMHa, pacnpefeneHHas pas-
HOMEPHO Ha OTPE3KE Vyc. make < Vye < Vyc, wun

M3yyas Ha OCHOBaHWW 3afaHHbIX JOMYLEHWI BEPOATHOCTHOE pacrpe-
[lefleHne KOOpAMHaATbI y, ABUXKYLLET0CA CEMEHU, MOXHO MPeAnooXnTb:

- €C/IN NacTUHa He UMeeT GOKOBbIX CTEHOK, TO MPU JOCTATOYHO 60/b-
LUOM Ymc/ie MMMY/bCOB BUBpaLMKM pacnpegencHne ceMsH Monepek NeHTb
CTPeMUTCH K HOpMasibHOMY 3akoHy. Ha puc. 1.54 npusefeHo pacnpegene-
Hue CeMsH B MOMEHTbI BpeMeHu t, 2t, 3t;

- C/IM N1aCTUHA MMEET 6OKOBbIE CTEHKW, TO pacnpesesieHne no WmpuHe
OT/IMYAETCA OT HOPMaIbHOrO 3aKOHa, MPUBAMXKAsACb K pPaBHOMEPHOMY.
Mpu ycnosuy ecnu BepTUKaNbHble CTEHKW MapanienbHbl U PaccTosiHue
MEXAY HUMW PaBHO 2V,.t, TO pacnpeeneHue B feHTe 6yaeT NpuoavxeH-

HO paBHOMEPHLIM.
ez | L] e

'QJZ _/-i_\— t:sz
|

B 6

Puc. 1.54. PacnpefeneHvie CemMsaH B NeHTe ABYXANCKOBbLIM
COLLHVKOM C pacnpesennTenem CeMsH: a — 6e3 60KOBbIX CTEHOK;
6 — ¢ BOKOBbIMY CTEHKaMW

B Pea/ibHbIX YCNOBUAX POJib 6GOKOBbIX CTEHOK BbIMOMHAOT Kpas 60-
po3aKu, OTKprBaeMOI\/’I ABYXANCKOBbIM COLUHWKOM. B nomnckoBbIX nccneno-

7



BaHWUsX YCTAHOB/EHO, YTO YeM 6oJbLUe AMaMeTp AUCKOB (NP MOCTOSAHHOM
yrne aTaku), Tem 60/blUe WMPUHA packpbiBaemMoli 60po3LKku, a COOTBETCT-
BEHHO LUMPWHA /IEHTbI BbICEBAEMbIX CEMSAH. [0 pe3y/bTaTam 3TUX XXe UC-
CNeAoBaHWiA MosyyeHa rucTorpamma pacrnpegenieHns CeMsiH Mo LMPUHe
NneHTbI (puc. 1.55).

J0
20
(/0

9

= = = Yo, cm
-4 J r 5 5- Cr
Puc. 1.55. 'vcTorpamma pacnpefeneHms ceMmaH npu NeHTOYHOM BbICEBE KX

PesynbTaTamMi MOMCKOBbIX UCCMEA0BaHUI YCTaHOB/EHO, YTO pacnpefe-
NeHVe CEMSAH MO LUMPUHE NIEHTbI (MPU BbICEBE MX IKCTEPUMEHTIbHBIM
OBYXAVCKOBbIM COLUHWKOM C pacnpeAennTe/ibHOW MiacTUHO) 6in3Ko K
HOPMa/IbHOMY 3aKOHY.

1.15. CoBpeMeHHBbIe TEHAEHIMH PA3BUTHSA KOHCTPYKIUH
U TEXHOJIOTHYeCKHX CXeM JMCKOBBIX COIHUKOB

3BECTHO, YTO YPOXKaNHOCTb CeNIbCKOXO3ANCTBEHHBIX KyNbTyp B nep-
BYIO OYepefib 3aBMCUT OT Ka4yecTsa Mocesa ¥ TO/bKO NMOTOM OT APYruX He-
Ma/lIOBaXHbIX (hakTopoB. TaK, BbICOKas YPOXaHOCTb HamnpsaMyl 3aBuMCUT
OT PaBHOMEPHOW Ny6MHbI 334€MKN CEMAH W JOCTUraeTcs npu NoMyYeHun
BbIPaBHEHHBIX U APY>XXKHbIX BCXOA0B HE06XO0AMMOIA rycToThl [11, 12].

YcnosuaMM NOMyYeHUsS POBHbLIX U APYXKHbIX BCXOAO0B HEOOXOAUMOIA ryc-
TOTbl  SIBNAETCA  COOMIOfLEHME  ONTUMa/IbHOW  TEXHONOTMM  MOCEBaA.
Bo-nepBbIX, 370 CO3aHNe YNJOTHEHHOTO /10Ka, 06eCneYnBatoLLEero nocTo-
SHHBIA KanuANApHbIA NPUTOK Bfarn K BbICEAHHbIM CEMEHaM, a CfiefoBa-
TeNbHO, UX BbICTPOE HabyxaHue U ApY>XXHOe npopactaHue. Bo-BTopbIX, On-
TUMa/IbHOE pa3MeLLieHne CeMAH Mo rnybuHe U paBHOMEPHOe pacripefene-
HWe Mo NAoLWaau, 4To 06ecneynBaeT UM afeKBaTHbI BOAHBIW, TEMNIOBON U
MULLEBOA pexxmmbl, Tpebylolmecs Ana MpopacTaHus M (hopMMPOBaHKS
MOLLIHOTO Y3/1a KyLLeHUs, BTOPUYHBIX KOpHel [13, 14]. VIMeHHO B 3TOT ne-
PUOS, 3aKNaAblBalOTC OCHOBbI 6yAYyLLei BbICOKOM YPOXainHOCTU, yCTOYN-

78



BOCTb K MOMeraHunio, CTPeccoBbiM akTopam. pouecc nocesa, ABNAACH
B&KHEMLLUMM 3BEHOM B TEXHO/IOMMW BO3AE/bIBAHUS 3ePHOBLIX U NbHa, 3aBU-
CUT nNpexze BCero OoT KOHCTPYKUMM paboumx OpraHoB, YKNajblBatloLmx
cemeHa B nousy [15, 16, 36].

[na ynydweHns kavectsa NoOYBbl U LOCTVDKEHWS ONTUMabHOW Ypo-
XaiHocTy 0coboe BHUMaHWE B MePBYO Ouepedb YAENAeTCA NMOCEBHbIM pa-
6ounm opraHam — colwHukam [17, 18, 31-33]. B Pecny6nvke Benapycb
pa3paboTKON M COBEPLUEHCTBOBAHMEM MOCEBHbIX PaboyMX OpPraHoB 3aHU-
matotcs H. . MlenewkuH, A. A. Tounuknin (PYT «Hay4Ho-npaKTnyeckuii
LeHTp HaumoHanbHOW akafemuy HaykK Benapycu Mo mexaHu3auuu cefb-
CKOro xossiictea») [5,19, 26]. Npon3BoACTBO MNO4YBOOGpabaTbIBatOLLE-
MOCEBHbIX arperaTos, CEANOK, paboumx opraHoB (COLLUHMKOB) TakXe oCylLe-
ctBnseT PYT «Hay4Ho-npaKTuMyeckuil LeHTp HaunoHanbHOM akagemuu
Hayk benapycnm mo mexaHu3aumm CefbCKOro X03icTBa». B yupexxaeHum
06pa3oBaHNs «benopycckas rocyfapcTBeHHas CelbCKOX03AMCTBEHHAA aka-
femus» ¢ 1976 r. pa3paboTKOi COLIHWKOB 3aHMManuch A. M. LLnpses,
I K. demunpgos, K. K. Kypunosuy, HO. T. BarnH. B HacTosLlee Bpems Ha
Kachepe MexaHU3aLUM 1 NpakTU4ecKoro obyyeHns benopycckoii rocygap-
CTBEHHOI CEMbCKOX03AACTBEHHON aKafeMun 3TU UCCneoBaHNs NMPOAOKa-
toT B. P. MeTposew, B. N. NnbuH, B. A. laiigykos, O. M. Jlabypaos.

MHOroNeTHUIA ONbIT Pa3NNYHbIX CTPaH MMpa MOKa3bIBaeT, YTO NoTepu
pacTeHWiA M KONMOCbEB Ha eMHWLE MOLWaAn MOryT gocturatb 60 %, uTo
CBSA3aHO MpexXe BCero ¢ Ka4yectBOM MOArOTOBKM MOYBbI M ceBa. Havasb-
HbIi NepuUoS, PasBMUTWS PACTEHWI SBMISETCA CaMbIM KPUTUYECKUM, OHU eLle
HEe MMEIOT PasBUTLIX OPraHoB NUTaHWs, MO3TOMY Hanbonee YyBCTBUTENbHBI
K CTpeccam v NpeabsiBASIOT Ype3BblvaiHO BbICOKME TPe60BaHNS K KayecTBy
06paboTKM MOYBLI U (POPMUPOBAHMIO MOCEBHOIO C€0s (CEMEHHOMO /10Ka)
onpefeneHHbIX NapameTpos [17, 18].

B cBA3M € 3TUM BaXXHbIM HarpaBfeHWeM PasBUTUS CeNlbCKOX03ANCTBEH-
HOro NPOMW3BOACTBA PaCTEHVEBOAYECKON NPOAYKLMUW ABNSETCSH Nepexof K
AnhdepeHUMPOBaHHbIM TEXHOIOMUAM TOYHOTO 3emegenus. (To4YHoe 3emre-
[lenvie — 370 ONTUMaNbHOE YNpaBneHne NPoLYKTUBHOCTLIO NMOCEBOB C Yyue-
TOM cpefpbl 06UTaHUA PacTEHUN A1 KXAOro KBafpaTHOro Metpa nons.)
Llenbio Takoro ynpaBnieHWs SBSETCSA MOyYeHNe MaKCUMabHO Npubbin
MpY YCMOBUM OMTUMM3ALMK CEIbCKOXO3AMCTBEHHOIO NMPOM3BOACTBA, 3KO-
HOMUW XO3AWCTBEHHbLIX W MPUPOAHBLIX PecypcoB. Mpu 3TOM OTKPbIBAHOTCS
peasibHble BO3MOXHOCTV MPOM3BOACTBA Ka4YeCTBEHHON MPOAYKLUM W CO-
XPaHeHUs OKpYXXaroLLeli cpedpl. Takoi NOAXo[, Kak MoKasbiBaeT MeXAyHa-
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POAHbIN OMbIT, 06ecneYnBaeT ropasgo 60bLUNIA IKOHOMUYECKMIA 3(DEKT 1,
camoe rn1aBHOe, MO3BOJISET MOBbLICUTL BOCMPOW3BOACTBO MOYBEHHOIO MI10-
[IOPOANSt N YPOBEHb 3KOMOMMYECKON YNCTOTbI CENIbCKOXO3ANCTBEHHON Npo-
JyKumn. B HacTosLLee BpeMs POCT LieH Ha CeMeHa, MUHepabHble YAo6pe-
HUA, CPeACTBA 3aLMTbl PACTEHWIA, TEXHUKY W ApYyrve CpeAcTBa NPoU3BOL-
CTBa B CEe/IbCKOM XO035ACTBE MPMBOAMT K HEOOXOAMMOCTM MOBbIWATL 3-
(heKTMBHOCTb MX MCMonb3oBaHus [24, 37, 38]. MoaToMy TOYHOe 3emrefe-
Ne paccmatpuBaetcs B Pecny6nvke Benapycb Kak HeoTbeMaemas 4acTb
pecypcocbeperatoLLero 3KoN0rM4YecKoro cenbCKoro X03aicTea U OTKpbIBaeT
nepes NPOM3BOAMTENSMW HOBbIE BO3MOXHOCTW, OCOGEHHO B MiaHe obecne-
YeHUsl YCMOBUIA 41 MOMYYEHWs 3anporpaMMMpPOBaHHONO 06bema MpogykK-
TOB pacTeHNEBOACTBA BbICOKOIO Ka4yecTsa.

[anee 6ynyT paccMOTpeHbl CXeMbl W KOHCTPYKLMW OLHOLMCKOBbIX
COLUHUKOB C [BYXCTOPOHHUMK pe6opaaMmn-60po3aKkoobpasoBaTensMm ¢
HyneBbIM (M 6AN3KAM K HYNIEBOMY) YI/IOM aTaku gucka i paboTbl Ha
BbICOKMX CKOPOCTSX C TOYHOMN YKNaAKOWM CEMSAH 3epHOBbIX KYNbTYP.

B HacToslee Bpems B Pecny6nvke benapycb CO3fatoTcs YCNoBUS A
BeAeHMa TOYHOro 3emnegenus. CyTb TOUHOTO 3eM/efenns 3aK/oyaeTcs B
TOM, 4TO6bI 06pPabOTKa NOME NPOM3BOANIACL B 3aBUCUMOCTM OT peasbHbIX
noTpe6HOCTel KynbTyp, BbIpaLLMBaeMblX B JaHHOM MecTe. 3TU NoTpe6Ho-
CTU OMpegensoTCs C NOMOLLbI0 MOHWTOPUHIA 3eMefbHbIX PECYPCOB Ha
OCHOBE COBPEMEHHBIX MH(OPMALMOHHBIX TEXHOMOMMIA, BKIOYAKOLWMX KOC-
MMWYeCKyH CbeMKy. [py 3TOM npegnonaraeTcs, YTo AN AOCTUXEHMS MakK-
CUManbHOro agdekTa Npy MUHUMAILHOM YLepbe OKpYXatoLlei cpede u
CHVDXEHUM 0OLLIEro pacxofa NpPUMEHSIEMbIX BELLECTB CpefAcTBa 06paboTKu
MOTYT pasnnyartbCs B Npejenax oTAebHbIX y4acTKoB nons. Moatomy Tex-
HO/IOTMYECKas N KOHCTPYKTOpPCKas 6a3a CpeAcTB M arperatoB Ans o6paboT-
K1 noys Pecny6nunkn benapycb fomKHa 6bITb pa3HO06pa3HO 1 MOAroTOB-
NIEHHOW K TakuM m3meHeHuaM. C yuyeTom 3Toro B benopycckoii rocygapct-
BEHHOI Ce/bCKOXO03ANCTBEHHOW akagemMmn paspaboTaHa, 3anaTeHTOBaHa U
MpoLusia NPaKTUYEeCKy anpobaumio Lenas cepust COLUHMKOBLIX Tpynn no-
CEBHbIX MalMH A1 PasHOO0Opa3HbIX CEbCKOXO3AMCTBEHHBIX KynbTyp [10].
PaccMOTPUM MX KOHCTPYKTUBHbIE OCOBEHHOCTM, NPUHLMMLI PaboTbl 1 Joc-
TOMHCTBA MO OTHOLLUEHMIO K MMEOLLMMCS aHaIoram.

1. AByxauckoBblii comnuk (pyc. 1.56) BkoyaeT Kopnyc 1, gsa no-
CKMX (neBblil 1 NpaBblii) Ancka 2 ¢ pebopgamu 3. ANCKM pacnofNoXeHsbl
BEpPTUKaNbHO, MapannenbHo OAWH LPYTrOMY K HanpasfeHWo [ABVDKEHUS
COLLHMKa.
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Puc. 1.56. TexHonornyeckas cxema ByxXA1CKOBOro COLLHMKA C BHELUHUMMU
CUMMETPUYHBIMW YCEYEHHO-KOHYCHbIMU pebopaamu 1 HyNeBbIM Yr1oM
aTaku Auckos: 1 — kopnyc; 2 — Aucku; 3 — peboppaa; 4 — ocb; 5 — NNacTuHbI;
6 — cemaHanpasuTeNb; 7 — CeMeHa; 8 — 6opo3aka

Ha kopnyce 3aKpensieHbl ABe 0CK 4, Ha KOTOPbIX YCTaHOB/IEHbI [Ba AMC-
Ka ¢ pebopgamu. OHM BpaWAIOTCA Ha MOALUMMHMKAX KaveHws. Pe6opabl
MMET (POPMY YCEUEHHbIX KOHYCOB W 3aKpensieHbl C HapyXHbIX CTOPOH
o6enx AMCKoB. Ha Kopnyce Takke 3aKpenieHbl ABe MAacTWHbl 5, K KOTO-
pbIM MPUKPENeHbI ceMsHanpasuTenu 6, pasMeLLeHHbIe 3a pebopaamu.

[JaHHbI COLHMK Npy BbICEBE CEMSH 3ePHOBbIX, 3epH0606, Tpas v apy-
rNX CeNIbCKOXO3ANCTBEHHBIX KYNbTYP MOXET 06ecrneuntb HavMeHbLuee T5-
roBOE COMPOTWB/IEHME MPK paboTe Ha BbICOKMX CKOPOCTAX. B CBA3M € aTUM
MO3BONUT 3HAUUTENbHO MOBBLICUTL NMPOWU3BOAUTENILHOCTb MOCEBHbIX MaLUNH
W arperaros.

2. KOMﬁl/lHl/l[)OBaHHLlﬁ OJIHOI[MCKOBI)II?'I COIIHUK AJIfl Y3KOPAAHOI'O
noceBa CEMSAH 3epPHOBLIX KyNbTyp U /ibHa (puc. 1.57), coCcToMT K3 Kopmny-
ca 5, KOTOpbI NPUCOEANHSIETCS K MOBOLKY CessIKU; 0cU 8, Ha KOTOPOIA Kpe-
nuTcA 6e3 yrna ataku K Hanpas/neHWIo ABVKEHWS NAOCKMIA auck 1 ¢ ycTa-
HOB/IEHHBIMW HA ero 06enx CTOPOHaX BHYTPEHHUMMW N HapY>XHbIMU pe6op-
faMn 2 1 4, uverowyMy opMy YCeYeHHOro KOoHyca, C 60po3fKo-
obpasoBatenamu 3; cemsHanpasuTeniei 6 ¢ knanaHamm 10, umerowmx dop-
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MY KOHLEHTpUYHYto thopMe pebopg, U YCTaHOBNEHHLIMU Y UX OCHOBAaHMA
cthepryeckumun guckamm 9 Ha ocsix 11; 3akpenneHHbIX Ha KOpnyce YucTu-
KOB 7, KOTOpblE KOMMPYIOT (POPMbI pabounx noBepxHocTel pebopg n 60-
pOo34K006pa3oBaTeneil; MpuKaTbiBaloWero katka 13, 3akpenfieHHOro Ha
ocKn 12, KOTOPbIi B NONEPEYHOM CeYeHUN MMeeT hopMy paBHOOGEAPEHHOrO
TPeyrosibH1Ka, CUMMETPUYHYHO (hopMe pebopg, C YCTaHOBJIEHHbIM Ha Mo-
BO/ZKe YNCTUKOM 14,

Puc. 1.57. KOMGUMHMPOBaHHbI O4HOANCKOBbIN COLLHMK
[NA y3KopsAHOro nocesa: 1 — nnockuin guck; 2, 4 — pebopgpl;
3 — 6oposakoobpasosaTenb; 5 — Kopnyc; 6 — cems-
HanpasuTens; 7, 14 — ynctuky; 8, 11, 12 — ocu; 9 — AUCK;
10 - knanaH; 13 — NpUKaTbIBaOLLMIA KaTOK

TexHonornyeckass cxema paboTbl KOMBUHMPOBAHHOIO OfHOAMCKOBOIO
COLUHMKA A/151 Y3KOPSAHOIO MoceBa NokasaHa Ha puc. 1.58.

MnockuiA anck 1, cBOGOAHO BpaLLAKOLMIACA Ha Ocu 8, YCTaHOBNEH 6e3
yrna ataku K HanpaBfeHUto ABWKeHUs. Mpu ABUXKEHUM B MOYBE OH paspe-
3aeT 3aTOYEHHOW KPOMKOIA MOXHMBHbIE 1 PACTUTENbHbIE OCTATKM, 06pasys
Y3KYH0 LLenb 17, a YCTaHOB/EHHbIE HA HEM C BHYTPEHHEN 1 Hapy)XXHOiA CTo-
POHbI pebopabl 2 1 4 co34atoT Mo 06e CTOPOHbI OT LN YNIOTHEHHbIE MOf
YINIOM K FOPU3OHTY foXka 15. B yNNOTHEHHbIX N0Xax YCTaHOB/EHHbIE Ha
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peboppax 6opo3fkoobpazoBaTesin 3 € 3aKpYrieHHbIMY KPOMKaMU BblAas-
NMBaOT 6OPO3AKKN C paccTosiHMeM b = 62,5 MM mexay Humun. MoToKK ce-
MSsIH HanpaBnArTCs B CeMsiHaNpaBnUTenn 6, N3 KOTOPbIX NOA CUMOW TAXKECTM
B 06pa3oBaHHble 60p03AK006pa3oBaTeNAMN BOPO3AKM YKNaabIBatOTCA Cce-
MeHa 16 MenKOCEMSIHHBIX KyNbTyp, a Chepuyeckme Anckn 9, ycTaHOB/EH-
Hble Ha ocsX 11 y OCHOBaHMs cemsiHamnpaBuTeneld, co34aroT 60po3akm 19 un
MpeAoTBpaLLaOT TEM CaMbIM OCbINaHWe CTEHOK O0pPO3AKM B paiioHe BbiCEBa
CEMSIH. YCTaHOB/EHHBI 3a COLUHWMKOM Ha Koprnyce 5 NpuKaTbiBatOLLWiA Ka-
TOK 13 3a CYeT MpuaaHHo eMy hopmbl 06pa3yeT Hajg 60po3aKaMm € yno-
YKEHHbIMUW B HWUX CEMEHamu MPOC/ONKY MoyBbl 18 HEOAWHaKOBOW MNOTHO-
CTW. 3a CYeT YCTaHOB/IEHHOrO Ha MOBOAKE YMCTUKa 14, KOMMpYHOLLEro
(hopMy KaTka, MoYBa He Ha/MMaeT Ha ero MoBepxHocTb. O6pa3oBaHHas
MIOCKAM OUCKOM TOHKas Le/b 3anofHAETCSA MOYBOM PbIX/OW CTPYKTYpbI,
co3faBas TeM CaMbIM HebGO/IbLLIONA 3anac BO34yXa, CMOCOBCTBYHOLLMIA nyuy-
LLIeli BCXOXKECTU CEMSIH.

7 »".‘.L\:IT 5

Puc. 1.58. TexHonornyeckas cxema paboTbl KOMOMHMPOBAHHOTO OAHOANCKOBOIO
COLUHWKA 15 Y3KOPAAHOro nocesa: 1 — nnockuii auck; 2, 4 — peboppapl; 3 — 6opo3gko-
obpasosatenb; 5 — Koprnyc; 6 — cemaHanpasuTens; 8, 11, 12 — ocu;

9 — awnck; 11, 12 — ocb; 13 — NpUKaTbiBarOLLMIA KaTOK; 14 — YUCTUK;

15 — noxa; 16 — cemeHa; 17 — Lwenb; 18 — npocnoiika nousbl; 19 — 60po3aka
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3. JIByXAMCKOBBIi YeThIpexXcTPouHblii comauk (puc. 1.59), BKoyaeT
Kopnyc 1, ABa NMOCKMX AMCKA 2, HA KOTOPbIX CMMMETPUYHO 3aKperneHbl
BHYTPEHHME W BHelwHWe pebopapl-60po3gkoobpasosateny 3. AUCKU C
pebopaaMmn-60p034K006pa3oBaTENSIMIN PAcOOXKEHbI BEPTUKaILHO, Napan-
NebHO OAMH APYTOMY U HanpaBieHNIo ABVKEHNS COLLHMKA.

Ha kopniyce 3akpensieHbl ABe ocu 4. Ha 0ocsX yCTaHOB/EHbI [Ba AUCKA
C BHYTPEHHMMW N BHELHMMK pebopaaMu-60po3aKkoobpasoBaTensMm. OHK
BpaLLaloTCs Ha NOALIMMHUKAX KauyeHus.

.

\ .

A

Puc. 1.59. TexHonornueckas cxema paboTbl ABYXAWCKOBOrO YeTbIPEXCTPOUHOIO COLLIHMKA
C YCeYeHHO-KOHYCHbIMU pebopAammn 1 HyNeBbIM YIIOM aTaku UCKOB: a — BUE, COOKY;
6 — Bup ceepxy; 1 — kopnyc; 2 — guck; 3 — pebopgaa; 4 — ocb; 5 — NnacTuHa;
6 — cemsiHanpasuTenu; 7 — ceMeHa

Pebop/bl-60p0o3aKo06pa3oBaTeny 3akpensieHbl Ha AMCKax CUMMeTpUY-
HO, MMeIT OJMHAKOBbIe AMaMeTpbl 1 00pasytoT K Nepudepun amcka pas-
HoGefpeHHbI TpeyronbHuK (puc. 1.59, 6).

Pabouve KPOMKM BHYTPEHHUX W BHeWHUX pebops-60po3nko-
obpasoBaTesnieil UMeKOT OCTpbIA yron. Ha Kopnyce Takke 3aKpenneHbl [ge
NNaCTUHbI 5, K KOTOPbIM MPUKPENeHbl ceMsHanpasuTenm 6. OHM pasme-
WeHbl 33  BHYTPEHHUMW U BHEWHUMU  peboppamm-60po3LKo-
o6pasoBaTensMm.

4. KoMOMHUPOBAHHBIN OTHOANUCKOBBIN COIIHUK C JBYXCTOPOHHUMH
pe6opaamu (pyc. 1.60) cocTouT 13 Koprnyca 4, KOTOpbIi NPUCOeANHSETCS K
MOBOAKY CESNIKN; OCU 5, HA KOTOPOIA KPENUTCA C HY/EBLIM YI/IOM aTakn K
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HarnpaBeHNIO ABUKEHUS NNOCKWIA ANCK 2 C YCTAHOBNEHHBLIMU Ha ero 06enx
CTOpOHax pebopaamun-60po3akoobpasosaTensMun 1 v 3, Merowmmmn gopmy
YCEUYEHHbIX KOHYCOB Pa3HbiX AMamMeTPOB, LUMPWHBLI U YI/I0B BXOXAEHNUS B
MouBy; CeMsiHanpaBuTeneli 6 M TyKoHanpaBuTenelh 7, UMeLWmMX Gopmy
KOHLEHTPUYHYIO (hOpMe COOTBETCTBYHLLMX UM pebopa; nnacTuH 11, Ha
KOTOPbIX OHW 3aKpensieHbl, U YCTAHOB/IEHHOIO 3a UCKOM, Ha ocK 9 nosoga-
Ka 8, mpuKaTbiBatoLero Katka 10 ¢ MOBEPXHOCTbK CTyneHYaTol hopmbl
1 PasNNYHbIMU YTriaMn NPUKATbIBAIOLLMX KPOMOK.
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Puc. 1.60. KOM6MHMPOBaHHbIA OAHOAMCKOBLIV COLLIHUK C ABYXCTOPOHHUMU
pe6opfammn-60po3aK006pa3oBaTeNsiMU C PasHbIMU AYaMeTPaMn 1 HyNeBbIM
YFNI0M aTakn AUCKOB: 1, 3 — ynnoTHWUTeNM; 2 — NNOCKWIA AWCK; 4 — KOpNyc;
5, 9 — ocn; 6 — cemaHanpasuTenNb; 7 — TYKOHanpasuTesb; 8 — NOBOAOK;
10 - npvKaTbIBatOLLWIA KaToK; 11 — MAacTuHBI

Cxema TEeXHOMOrMYEeCKoro npoLecca KOMBWHMPOBAHHOTO OfHOAWCKO-
BOFO COLLHWMKA C ABYXCTOPOHHMMU peGopaamm npeacTas/eHa Ha puc. 1.61.

Juck 2, cBOGOAHO BpaLLAIOLLMIACS Ha Ocu 5, Mpu [BVMXKEHUM B MOYBe
paspesaeT MOXHMBHbIE U PaCTUTE/bHbIE OCTATKM, 06pasys y3Kyto Wenb 15,
a YCTaHOBJIEHHbIE HA HEM C BHYTPEHHEN U HapYXXHOW CTOPOHBLI PeGopabl-
60po3aK006pa30BaTENM-YNIOTHATENM 1 M 3 3a CUET Pas/IMUHbIX AuameT-
POB, LUMPWHBI U YI/IOB BXOXAEHWUS B MOYBY CO34AKT MO 06€ CTOPOHbI
OT Wienn 6OpPO3aKM Pa3HOI LUMPUHBI HA PasHoOl ry6rHe ¢ YNIOTHEHHBIMY
Moz pasHbIMK yrnamu foxamu 14. B o6pa3oBaHHble 60pO3aKM Ha ynaoT-
HEHHOE /I0XKe M3 TYKOMPOBOAA MO TYKOHANpaBWUTENO 7 W COOTBETCTBEHHO
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13 CEMAMPOBOAA NO CeMAHanpaBuTeNto 6 MoA CUOA TSXKECTU yKnagblsa-
toTca yaobpeHus 13 v cemeHa 12 3epHOBbIX KyNbTyp.
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Puc. 1.61. TexHonornyeckuii NpoLecc KOMOUHMPOBAHHOTO
0[JHOZIMCKOBOIO COLLUHUKA C BYXCTOPOHHUMMW KOHYCHBIMMW
pebopaamu 415 Y3KOPSAHOro nocesa: 1, 3 — ynaoTHUTENN;

2 — nnockuii auck; 4 — kopnyc; 5, 9 — ocy; 6 — cemsHanpasnTeNb;
7 — TyKOHanpaBuTenNb; 8 — NoBOAOK; 10 — KaTOK NpUKaTbIBAOLLWIA;
11 — nnactuHa; 12 — cemeHa; 13 — yaobpeHus;

14 — ynnoTHeHHoe foxe; 15 — wenb; 16 — nousa

O6pasoBaHHasi MIOCKUM [AMCKOM TOHKasl LLefb YaCTMYHO 3arofHseTCs
MOYBOI. YCTaHOBNEHHBIN 3a COLUHMKOM MPW NMOMOLLM NOBOAKA 8 NpuKaThbl-
BaloOLLWi1 KaToK 10 3a cYeT NpWAaHHOI eMy CTyrneHYaTol (opMbl U pasiny-
HbIX Yr/10B NPUKaTbIBAOLLMX KPOMOK OJJHOBPEMEHHO BAAB/MBAET Y/0XKeH-
Hble NIEHTbI YA06PEHUIA N PAaKM CEMSIH B YMNOTHEHHbIE N0XKa 60PO340K K
06pasyeT Haf, HAMW 1 MeXay HUMM CIou NoYBbl 16 HEOAMHAKOBOI NIOTHO-
cTW, obecreynBas 3TUM ONTMMasbHOE pa3MeLLeHMe CeMsiH B noyBe. bnaro-
[aps YnioTHEHHOMY NOA PasHbIMK yriaMu oy 6OpPO3A0K U CMosSM He-
0AMHAKOBOW NAOTHOCTU YNY4LIAETCA KOHTAKT YA0OPEHWI 1 CEMSAH C Moy-
BOW, CHMXXAOTCA MOTepU YA0OPEHU A M MOBbILAETCS BCXOXECTb CEMSH,
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a TaKXe K 3a7enaHHbIM YA06peHMAM 1 ceMeHaM paBHOMEPHO MOATArMBaeT-
cA Bnara.

Ha puc. 1.62 npefcTaB/ieH KOMOMHMPOBAHHBII OTHOTUCKOBBIN COIII-
HHUK C IBYXCTOPOHHMMH pefopaaMu U cepHYecKUMH AHUCKOBBLIMH 3a-
ropragyaMu COCTOSALLMIA U3 Kopryca 5, KOTOPbIA MPUCOEAMHAETCSA K MOBOA-
Ky CEANKW; ocu 8, Ha KOTOPOI Kpenutca 6e3 yrna ataky K Hanpas/ieHuo
LBVDKEHWS MNOCKWIA ANCK 1 C YCTaHOBMEHHLIMU Ha ero 06emx CTOpOHax
BHYTPEHHEN 1 Hapy)XHOW pebopaamu 2 1 4, UMEOLLMMN (POPMY YCEUEHHO-
ro KoHyca, ¢ 60po3aKkoo6pasoBaTensMmn 3; ceMsiHanpaBuTenein 6 ¢ Knana-
Hamu 10, nverLwmx GopmMy KOHLEHTPUYHYO opme pebopa; YCTaHOBMEH-
HbIX Y OCHOBaHUs pebopa chepnyeckmx AMCKoB 9 Ha ocax 11; 3akpenseH-
HbIX Ha KOpPMyce YMCTUKOB 7, KOTOpble KOMMPYOT (hopMbl pabounx mno-
BEpPXHOCTeli pebopA 1 60po3aKoo6paszoBaTeseil.
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Puc. 1.62. KOMGMHUPOBaHHbIA 04HOANCKOBbIN COLLHMK
C BYXCTOPOHHMMM pebopaamu 1 chepryecKmMm SNCKOBLIMM
3aropTayamu f19 y3KOpsAAHOro noceBa: a — BUZ COOKY; 6 — BUL CBEPXY;
1 - nnockwuin guck; 2, 4 — pebopabl; 3 — 60po3nKoo6pazoBaTeny;
5 — Kopnyc; 6 — ceMsHanpasuTeNn; 7 — YACTUKM; 8 — OCb;
9 — cihepuueckue gucku; 10 — knanaH; 11 — ocu
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KOMBUHMPOBaHHbIA OAHOAUCKOBLIV COLUHWK C ABYXCTOPOHHWMMW pe-
6opfamMun 1 cthepuyecKUMM UCKOBLIMK 3aroptadamu (puc. 1.63) paboTaert
TaK >Ke, KaK 1 COLUHUK Ha puc. 1.60, HO 6e3 NpUKaTbIBAIOLLErO KaTouKa.

MpumMeHeHWe aHHOW KOHCTPYKLMW O4HOAWCKOBOIO COLLIHMKA MO3BO/S-
eT: [0OUTbCA PaBHOMEPHOCTMN 3afe/IKM CeMSIH B MOYBY 3a CYeT MosyyYeHus
60p0340K 0AMHAKOBOW (JOPMbl 1 FYyOWHbI U Hape3aHHbIX LUenei; ycTpa-
HUTb CrPYXMBaHWe 1 0T6POC NOYBbI; UCK/OYUTL OCbINaHWe CTEHOK 60p03y,
B paiioHe BbICeBa CEMSAH W MPefOTBPaTUTL MOBPEXAEHWE CeMsHanpasuTe-
Nei 3a CYET UCMONB30BAHUSA C(HEPUYECKUX [MCKOB; MOBBICUTH BCXOXECTb
CeMSIH 33 CYET WCMONb30BaHWUA pebopf, KOTOpble CO3JAt0T YMNIOTHEHHbIE
NoXa, NpuBMeKas TeM caMbIM Bnary; CHU3WUTb TATOBOE COMPOTUB/IEHME 3a
CYeT YCTaHOBKM COLUHUKOB 6e3 yrna ataku; cfenatb pauuoHaIbHbIM UC-
MoNb30BaHNE KOHCTPYKUMU MpU  Y3KOPSAHOM BbICEBE MEIKOCEMAHHBIX
KynbTyp 3a CYET UCM0/b30BaHMA 60po3aKoobpasoBaTeneil.

Puc. 1.63. TexHonornueckas cxema paboTbl KOMOUHMPOBAHHOTO
0/IHOANCKOBOIO COLUHMKA C JBYXCTOPOHHUMU pebopaamm 1 AUCKOBbIMU
3aropTavamu 4ns y3KOpsAHOro nocesa: 1 — NAOCKWIA AUCK; 2 — BHYTPEHHSIA
peboppa; 3 — 6opo3aKoobpasoBaTenb; 4 — HapyXHas pebopaa; 5 — Koprnyc;
6 — cemsaHanpasutenu; 8, 11 — ocu; 9 — cthepuyeckue UCKU;

12 — noxe; 13 — cemeHa; 14 — wenb; 15 — 60po3gku

YCcTaHOBKa AUCKOB C HYNEBbIM YI/1IOM aTakKi N KpeHa Ha ABYXAMCKOBbIX
M OAHOAMCKOBbLIX COLUHMKaxX MO3BOJIAET MPOM3BOANTL MOCEB Ha BbICOKUX
CKOpPOCTAX, NMpn 3TOM YMEHbLUNTb A0 MUHUMYMa pa36poc no4sbl B CTOPO-
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HYy, COKpaTUTb pacCTOSHME MeXay psfaMu COLWHMKOB (NpU ABYXPSAHOM
pacrofioKeHU Ha TMOCEBHbIX MalUMHaxX W arperarax), 3Ha4uMTeNbHO
YMEHbLUNTbL TArOBOE COMPOTUB/IEHNME, CO3AaTb YNJIOTHEHME NTOXA HE TO/bKO
[lHa, HO 1 CTEHOK 60p03A0K.

1.16. IlaTeHTHBIE HCCJIEA0BAHUA KOHCTPYKIMIA
AMCKOBBIX COIIHMKOB

[BYXANCKOBbIA COWHWK C BHELWHUMU KOHYCHbIMK  pebopaamm
(puc. 1.64) BkAoYaeT kopnyc 1 ¢ oTBEpCTUAMM 2 1 6onTamm 3, ABa Mo-
CKux (neBblli 1 NpaBblil) Aucka 4 ¢ pebopaamu-60po3aKoobpasoBaTensiMm-
ynAOTHUTENAMM 5. [IMCKM pacnonoXeHbl BEPTUKASIbHO, NapaiienbHO OfMH
[pYyromy 1 Hanpas/ieHWIO ABVKEHNS COLLHMKA.

Puc. 1.64. IByXAVNCKOBbIN COLIHMK C BHELUHAMU KOHYCHbIMW pebopaamMu U HyNeBbIM
YI7IOM aTakn IMCKOB: a — BUf COOKY; 6 — BUJ, CBEPXY; 6 — BUJ C3aau; 1 — KOpMyC;
2 — oTBepcTue; 3 — 60nT; 4 — ancku; 5 — peboppbl-60p03AK006Pa30BATENN-YNNOTHUTENN;
6 — ocb; 7 — NnacTuHa; 8 — cemaHanpasuTenb; 9 — 6opo3aka; 10 — cemeHa
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Ha kopnyce 3akpenseHbl ABe ocu 6. Ha ocsix ycTaHOB/eHbI ABa AWCKa C
pebopaamn-60po3aKkoobpa3oBaTei iMmn-ynnoTHutTensmn. OHM  BpallaroTcs
Ha MOALIMMHMKAX KayeHus. Pebop/bl-60p034K006pa30BaTe/in-ynioTHUTENN
MMET (HOPMY YCEYEHHbIX KPYFOBbIX KOHYCOB U 3aKPenieHbl C HapyXXHbIX
CTOPOH 06enX MCKOB.

Ha kopnyce Takxe 3akpen/eHbl ABe NAacTVHbI 7, K KOTOPbIM MpuKpen-
NeHbl ceMsiHanpaeuTenn 8. OHKM pa3mMelleHbl 3a pebopaamun-60po3gKo-
006pa30BaTeNAMU-YNIOTHUTENAMN.

3agaveli M306peTeHNs ABNSETCS CO3AaHNE COLLHWKA, KOTOPbIA NpU Bbl-
CeBe CEMSIH 3epHOBbIX, 3epHO6000BbIX, TPaB U APYINX CENbCKOXO3ANCTBEH-
HbIX Ky/bTyp MOXET 06ecneynTb HauMMeHblUee TArOBOE COMPOTUB/EHME
npv paboTe Ha BbICOKMX CKOPOCTSAX M B CBA3U C 3TUM 3HQUWNTE/IbHO MOBbI-
CWTb NPOU3BOANTENLHOCTb NOCEBHbLIX MALLWH U arperartos.

[BYXANCKOBBIV YeTbIPEXCTPOUHBIV COWHMK (puc. 1.65) BKOYaeT Kop-
nyc 1 ¢ oTBepcTMaAMM 2 1 60nTamu 3, ABa MIOCKUX (NEBbI U NpaBbIit) anc-
Ka 4. Ha guckax 3akpenneHbl CUMMETPUYHO BHYTPEHHMe 5 1 BHeLLHWe 6
pe6opabl-60p0o34Kko06pa3oBaTeNM-ynnoTHATENN. [Uckn ¢ pebopgamu-
60p03aAK006pa3oBaTENAMU-YNNOTHUTENIIMA  PacMo/oXeHbl  BEPTUKASBHO,
napainesibHO OAVH APYroMy 1 HanpaB/IEHNIO ABVXKEHMWS COLLHMKA.

Ha kopniyce 3akpenneHbl ABe ocu 7. Ha ocsX YCTaHOB/EHbI [Ba AUCKA
C BHYTPEHHUMM U BHELWHUMU  pebopaamm-60po3aKo06pasoBaTensaMm-
ynaoTHUTENAMU. OHU BpaLLakoTCs Ha MOALWMNMHMKAX KaYeHNs.

Pebop/bl-60p03aK006pa3oBaTenu-ynaoTHUTENN 3aKpensieHbl Ha AUCKax
CYMMETPUYHO, UMEIOT OfMHAKOBbIE AMAMETPbI 1 06pasytoT K nepudepum
[INCKa paBHOGEAPEHHBI TPeyronbHUK (puc. 1.65, 6).

Paboune KpoMKu 13 BHYTPEHHMX W BHELIHUX pebopa-60po3aKo-
obpasoBaTeneli-ynioTHATENE MMEKT OCTPbIA yron. Ha Kopnyce Takxke
3aKpeneHbl ABE NAaCTVHbI 8, K KOTOPbIM NPUKPENJIEHbI CEMAHaNPaBNUTENN
9 n 10. OHM pa3mMelLieHbl COOTBETCTBEHHO 3@ BHYTPEHHVMMU U BHELUHMMU
pe6opaamun-60po3gKkoo6pasoBaTeNImMu.
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Puc. 1.65. [IByXAMCKOBbII YETbIPEXCTPOUHBINA COLLIHMK C KOHYCHbIMW pe6opaamu
1 HYNEBbIM YI/IOM aTaku [IMCKOB: a — BUf COOKY; 6 — BUf, CBEPXY; ¢ — BUJ, C3aaW;
1 - kopnyc; 2 — otBepcTHe; 3 — 60NT; 4 — anckm; 5, 6 — pebopAbl-60po3aKo0bpPazoBaTeNu-
YNAOTHUTENN; 7 — oCb; 8 — NnactuHa; 9, 10 — cemsaHanpasutenu; 11 — ceMeHa;
12 — 6opo3aka; 13 — paboyas Kpomka

KomOVHMpOBaHHbI ABYXAUCKOBbIA COLIHWK C PasHOBENMKMMU pebop-
famun (puc. 1.66) coctouT 13 kopnyca 1 ¢ oTBepcTuAMM 2 1 Gontamu 3,
[BYX MNOCKMX (IEBOTO M NPaBOro) AWCKOB 4 C BHYTPEHHUMMW 5 1 BHELUHW-
Mun 6 pebopaamun-60po3aKo-06pa3oBaTensIMn-ynaioTHATENSMU. JUCKK pac-

MONOXEHbI BEPTWKabHO, NapainesbHO OAWMH APYrOMY W HampaBfieHMIO
[BVKEHMS COLLHMKa [22].
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B 3afHeii 4YacTu Kopmyca 3akpemnneHbl oc 7. Ha 0CsiX yCTaHOB/MEHbI
JVCKN C BHYTPEHHUMM 1 BHELLIHUMUW peGopaamMi-6opo3aKoo6pa3oBaTesiMm-
YNAOTHUTENSMW. BHYTpEHHME U BHelLHWe peGopfbl MMEKT PasHylo Ton-
WMHY U pa3Hble aMameTpbl. Ha Koprnyce Takke 3akpernsieHbl NaacTuHbI 8,
Ha KOTOPbIX YCTaHOB/EHbI MO [Ba cemsaHanpasuTens 9 v 10.

Puc. 1.66. KOMGMHMPOBaHHDIV COLLIHWK C pa3HOBENMKUMI pebopaamMu v Hy/eBbIM
YIIOM aTaku IMCKOB: a — BUf COOKY; 6 — BIJ, CBEPXY; 6 — BUJ, C3aaK; 1 — KOpMyC;
2 — otBepcTys; 3 — 60NT; 4 — Auckw; 5, 6 — peboppl-60po3fKoobpasoBaTenm-
YMNOTHUTENN; 7 — OCb; 8 — NNacTuHa; 9, 10 — cemaHanpasuTenu;

11 - 60p03aKK; 13 — rpaHy”nbl MUHepaNbHbIX YA06peHnid; 14 — cemeHa
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KoMOVHMPOBaHHbI ABYXANCKOBbIA COLIHUK C KOHYCHbIMK pebophamm
(puic. 1.67) cocTomT U3 kopryca 3, KOTOpPbIAi MPUCOEAMHSAETCA K MOBOAKY
CEANKMN; Ocx 4, Ha KOTOPOW KPensaTcs BEPTUKabHO M Napas/ienbHO Hamnpas-
NEHUIO OBVKEHWS [Ba MOCKMX Ancka 1 ¢ YyCTaHOBEHHBLIMU Ha UX HapyXX-
HbIX CTOpOHaX pebopaaMmn-60p03aK006pasoBaTeNsIMK 2, MMEKOLLMMU (op-
MY YCEeYEHHbIX KOHYCOB; CeMsiHanpaBuTenein 5, MMetowmx hopmMy KOHLEH-
TPUYHYt0 thopme pebopg; NNacTUH 6 ¢ 3aKpenneHHbIMK Ha HUX CeMsHanpa-
BUTENAMU 5 N KO3blpbKamu 7.

o
L
pRiirmonlis
——

Puc. 1.67. KOMGMHMPOBaHHbI ABYXAMCKOBBINA COLUHMK C KOHYCHbIMU pe6opaamu
1 HYNEeBbIM YT/IOM aTaku UCKOB: a — BU[, CBEPXY; 6 — BUZ COOKY; 6 — BUA C3aau;
1 — nnockvie aycku; 2 — pe6opAbl-60po3akoobpasoBaTeny; 3 — Kopnyc; 4 — oCb;

5 — cemaHanpasuTeny; 6 — NNaCTUHbI; 7 — KO3bIPbKW

KOM6VHMPOBaHHbIA ABYXAMCKOBbIA COLLUHWK, CXemMa KOTOpOro mnpea-
CTaBfieHa Ha puc. 1.67, OT/IMYaeTCs TEM, YTO Ha MAOCKMX AMCKAX, YCTaHOB-
NEHHbIX BEPTMKA/IbHO M MapanfenibHO HaMpaBieHNIo0 JBVKEHNS, 3aKpene-
Hbl pe6opabl, VMetoL e POPMY YCEYEHHOTO KOHYCa, a CeMsiHanpaBuTeNu
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C 3aKpEeMNeHHbIMW Ha WX MNAaCTMHAaX 3alMTHbIMK KO3bIpbKamn WMEHT
(hopMy KOHLEHTpUYHYIO thopme pedopg, [60].

KOoMOVHMPOBaHHbIA  OfHOAMCKOBbIA COWHUK C  ABYXCTOPOHHUMM
pebopaamun-60po3akoobpasosatensmm (puc. 1.68) coctout n3 kopnyca 4,
KOTOpbIA NPUCOEANHSETCS K MOBOAKY CESMKN.

8

Puc. 1.68. KOM6MHMPOBaHHbI OAHOAMCKOBbIV COLLIHUK C ABYXCTOPOHHUMY
pebopgamu-60po3aK006pa3oBaTeNAMU 1 HyNEBbIM Yr/IOM aTaku AVICKOB:
a — BUA CBEpXY; 6 — BUA COOKY; 6 — BUA C3aau; 1, 3 — yNNOTHUTENN; 2 — MAOCKUIA
awnck; 4 — kopnyc; 5, 9 — ocu; 6 — cemaHanpaBuTeNb; 7 — TyKOHanpaBuTeNb;
8 — NoBoAoK; 10 — NpuKaTbIBAKOLLMIA KaToK; 11 — nnacTuHa; 12 — cemeHa;
13 — ypobpenus; 14 — ynnoTHuTeNnbHOe noxe; 15 — wenb; 16 — noysa
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Ha ocu 5 6e3 yrna atakv K HanpaBfeHWIO OBVXEHWS YCTaHOB/EH Bep-
TUKaNbHO ¥ NapasenibHO Hamnpas/ieHUo ABWKEHUA MNOCKUIA AWCK 2 ¢ 3a-
KpenneHHbIMW Ha €ero BHYTPEHHEeA W BHELIHE CTOpOHax pebopaamu-
60p034K006pa3oBaTENAMU-YNAOTHUTENAMW 1 1 3, UMetoLMMK PopMy yce-
YEHHbIX KOHYCOB; K MiacTMHam 11 MpUKpenneHbl CemMsHanpaBuTenb 6 1
TYKOHanpasuTesb 7, a 3a AUCKOM 2 Ha ocu 9 ycTaHOB/IEH NOBOAOK 8 v npu-
KaTbIBatoLLMiA kaToK 10.

KomOVHMpOBaHHbIi OfHOAMCKOBBIA COLHMK, CXeMa KOTOpPOro npea-
CTaB/ieHa Ha puc. 1.68, oTanyaeTcacs Tem, YTO Ha MI0OCKOM AMCKe YCTaHOB-
NeHbl pebopabl PasYHbIX AUaMETPOB, TOMWMHBLI U YIIOB BXOXAEHNS B
MOYBY C CEMS- U TYKOHaNpaBUTENSIMMW, KOTOPbIE MMEKT POPMY KOHLEH-
TPUYHYO (OpMe COOTBETCTBYHOLLMX UM PebOpA, a OnopHas MOBEPXHOCTb
MPYKaTbIBAIOLLEr0 KaTKa MMEET CTyMeH4aTyto (JopMy W pasiinyHble Yribl
MPUKaTbIBAIOLLMX KPOMOK.

KOMOUHMPOBaHHbI 0AHOAMCKOBbLIA COLUHUK ANs1 Y3KOPSAHOro rnocesa
C ABYXCTOPOHHMMY pebopaamu (puc. 1.69) cocTout us Kkopnyca 4, KoTopbilii
NpUCoeaUHSAETCA K MOBOAKY Ces/IKW; 0CU 8, Ha KOTOPOIA KpenuTcs 6e3 yrnia
aTakn K HampaBMeHWIO ABWXXEHWUS MNOCKWIA ANCK 1 ¢ yCTaHOBNEHHBLIMU Ha
€ro BHYTPEHHEN 1 BHELLIHel/ CTOpOHax pebopgamu 2 ¢ 60po3gkoobpa3oBa-
Tensamun 3; BOPOHKM 5 1 cemsiHanpaBuTenieid 6 ¢ KnanaHaMmu 9; 3aKpenneH-
HbIX Ha KOPMyCe YMCTUKOB 7, KOTOpble KOMMPYOT (hopMbl pabounx no-
BepXHOCTeli pebopa 1 60po3akoobpasoBaTeneid; noeoaka 10 ¢ 3akpenseH-
HbIM Ha ocu 11 NpuMKaTbIBalOLMM KaTKOM 12; YCTaHOB/IEHHOIO Ha MOBO/KE
yncTuka 13.

Kom6VHMpOBaHHbI OfHOLMCKOBBIA COLIHMK, CXemMa KOTOpOro mnpea-
CTaB/ieHa Ha puc. 1.69, oTanyaeTcs Tem, 4YTO Ha NJIOCKOM AUCKe C NPOTUBO-
MOMOXHbIX CTOPOH YCTaHOBNEHbI CUMMETPUYHbLIE peGopdbl, WMetoLLme
(hopMy KOMOVHMPOBAHHOTO YCEYEHHOIO KOHYCA, C 3aKPerneHHbIMU Ha HIX
60p03aK006pa3oBaTeNsiMA; CeMsHanpaBuUTeNN, YCTAaHOBNEHHbIE BCref 3a
HUMU, UMEOT (DOPMY KOHLIEHTPUYHYIO dhopMe pebopa, a onopHas MoBepx-
HOCTb MPUKaTbIBAIOLLErO KaTka B MOMEPEYHOM CeyeHun — qopmy
paBHOGEPEHHOIO TPEYrobHMKa.
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6

Puc. 1.69. KOMGUHMPOBaHHbI OAHOANCKOBbINA COLLHMK s Y3KOPSAHOTO MoceBa
C ABYXCTOPOHHMMM pebopfamii M HyNeBbIM YI/IOM aTaku AWUCKOB: a — BUZ COOKY; 6 — BUf,
CBEPXY; 6 — BUL C3aau; 1 — N0CKWiA anck; 2 — pebopabl; 3 — 60po3aKoobpasoBaTeny;
4 — Kopnyc; 5 — genuTenbHas ronoska; 6 — cemaHanpasuTesb; 7, 13 — YnCTUKuY;
8, 11 — ocu; 9 — knanaH; 10 — NoBOAOK; 12 — MpUKaThIBAIOLLMIA KaTOK

OfHoaMCKoBbINM COWHMK (puc. 1.70) cocTouT K3 Kopnyca 3, KOTOpbIii
NPUCOEUHAETCA K NOBOAKY CEA/IKW; OCU 7, HA KOTOPOI KPensTcs ¢ MoMo-
Wb NOALUMMHUKOB 9 NMOCKUiA AucK 1 6e3 yrna atakum K HarpasfieHuio
[BVKEHWS, @ C MPOTUBOMOJIOXHbIX ero CTOPOH — pebopap! 2; AennUTeNbHOM
BOPOHKM 4 1 ceMaHanpasuTenein 5 ¢ knanaHamun 8; 3aKpensieHHbIX Ha Kop-
Myce YMCTMKOB 6, KOTOpble KOMMPYIOT (hOpMbl paboumnx NMoBepxXHOCTER pe-

6opa.
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//7 Puc. 1.70. OaHOAWCKOBbIA COLLUHUK

2\\ ’3 C ABYXCTOPOHHVMM pebopaamu-

-+ ] 60p03K006pa30BaTENAMM

\F [AN151 Y3KOPSIAHOTO MOCeBa:

o e 7 1 - nnockuin guck; 2 — pebopaa;
N 5~ P "/ 3 — Kopnyc; 4 — fenutensHas
T A BOPOHKa; 5 — ceMsiHanpaBnTenu;
=TI 6 — UNCTUKN; 7 — OCb;
8 — KnanaHsbl; 9 — NOALLUMHUKM

O[HOAMCKOBbI/A COLLHMK, CXemMa KOTOpOro mnpeactaBneHa Ha puc 1.70,
OTAMYaETCA TEM, YTO M/IOCKUIA AUCK U 3aKPeneHHbIe C MPOTUBOMOJOXKHbIX
CTOPOH ero CUMMeTPUYHble pebopabl, UMetoLLMe OPMY YCEYEHHOIO KOHY-
ca, YCTaHOB/eHbI MOABVXHO OTHOCWUTE/NbHO APpYr fpyra, a ceMsaHanpasuTe-
MW, YCTAHOBJ/IEHHbIE BCMES 3@ HUMM, UMEIOT (POPMY KOHLIEHTPUYHYIO (hopme
pebopa.

Ha puc. 1.71 npeacTtaBneH KOMOGUHMPOBaHHLIA OAHOAWCKOBLIA COLLHMK
C [BYXCTOPOHHUMM pebopAamu 1 OUCKOBbIMU 3aroptadyaMun. OH COCTOUT U3
Kopnyca 5, KOTOpbIi MPUCOeANHAETCA K MOBOAKY CEANKU; OcK 8, Ha KOTO-
poii KpenuTcs 6e3 yrna atakv U KpeHa K HanpasfieHUIo [BVKEHWSA MAOCKWiA
AMcK 1 ¢ yCTaHOB/IEHHbIMU Ha ero 06emx CTOPOHaxX BHYTPEHHUMU U Ha-
pyXHbIMK pebopgamu 2 1 4 ¢ 6opo3gKoobpasoBaTensMm 3; cemaHanpasu-
Tenel 6 ¢ knanaHamu 10 ¥ YCTAHOBNEHHBIX Y WX OCHOBaHUS CPEPUUECKIMX
OMcKoB 9 Ha ocsx 11; 3akpenneHHbIX Ha KOpryce YMCTUKOB 7, KOTOpble
KONUPYHOT hopMbl pabounx NOBEPXHOCTER pebopa n 60po3fkoobpasoBaTe-
nen [2].

97



f ‘. s ___J‘it-kf e
Ny

v/ Y

6

Puc. 1.71. KOMGUMHMPOBaHHbI O4HOANCKOBBIN COLLIHWK C ABYXCTOPOHHMM pebopaamu
1 INCKOBbIMW 3aropTadamu ¢ Hy/1eBbIM YI/IOM aTaku AWUCKOB A/ Y3KOPALHOro nocesa:
a — BUf, COOKY; 6 — BUL, CBEPXY; 6 — BUA C3aAM: 1 — NNOCKUI AUCK; 2 — BHYTPEHHSS
pe6opga; 3 — 6oposaKoobpasosaTeny; 4 — HapyxHas pebopga; 5 — kopnyc; 6 — cems-
HanpasuTenu; 7 — unucTuky; 8, 11 — ocu; 9 — chepuueckuin guck; 10 — knanaH

KOM6VHIMPOBaHHbIA OHOAMCKOBbIA COLUHMK, CXema KOTOpOro npef-
CTaB/ieHa Ha puc 1.71, OT/IMYAETCS TeM, YTO Ha HEM YCTAaHOB/EHbI C 06enX
CTOPOH pe6op/p! B hOpMe YCeUeHHOro KOHyca ¢ 60p03/Ko06pasoBaTeisiMm,
CO37Al0LLME YMIOTHEHHbIE N0XKA C BbIAABNEHHBIMW B HUX GOPO3AKAMM;
cemsHanpasuTeNsM npuaaeTcs opma KOHLEHTPUYHAS (opme peGopa, a Ha
HUX Y CaMOro OCHOBAHUSi YCTaHOB/EHbI CHHEPUYECKME AMCKM-3aropTaym,
3alMLiatoLe CeMAHAMPABUTENN OT MOBPEXAEHNS N YCTPaHSIOWME OCbl-
naHue CTeHOK 60p03[, B PaiiOHe BbICEBA CEMSIH.
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KOM6VHMPOBaHHbIA OHOAMCKOBbIA COLUHUK A Y3KOPSAAHOIO nocesa

(puc. 1.72) cocTouT M3 Koprnyca 5, KOTOpbIi NPUCOEAMHAETCS K NMOBOAKY
CEANKM.

. .

6

6

Puc. 1.72. KOMBUHMPOBaHHbI COLUHWK /151 Y3KOPSAHOTO NoceBa:
a — BUg C6OKY; 6 — BUL CBEPXY; 6 — BUA €3aaM; 1 — nnockuil guck; 2, 4 — pebopapl;
3 — 6opo3gkoobpasoBaTeny; 5 — kopnyc; 6 — ceMsiHanpaBUTeNu;
7, 14 — unctuky; 8, 11, 12 — ocu; 9 — chepuueckue aucku; 10 — KnanaHbl;
13 - npuKaTbIBatOLLWiA KaTok; 15 — noxa; 16 — cemeHa

Ha ocu 8 kpenuTcs Ge3 yrnia aTakv K HanpaB/ieH o BMXKEHNS NNOCKWIA
anckK 1 ¢ YCTaHOBMEHHLIMW Ha €ro 06eux CTOpPOHaX BHYTPEHHUMMW U Ha-
PYXHbIMK pe6opaamu 2 1 4 ¢ 60po3aKoo6pasoBaTeNsiMK 3; K NIacTMHaM,
3aKpenneHHbIM Ha Koprnyce, NpUKpenseHsbl cemaHanpasuTenu 6 ¢ KnanaHa-
My 10, Y OCHOBaHWS KOTOpPbIX YCTaHOBNEHbl cdepuyeckne aucku 9 Ha
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ocax 11; Ha Kopnyce 3aKpenieHbl YACTUKKN 7, KOTOPbIE KOMMPYHOT (hOpMbl
paboumx NoBepxHOCTe pebopa n 6opo3akoobpasosaTeneid, a Ha ocn 12 —
NPUKaTbIBAIOLLMIA KaTOK 13 C yCTaHOBNEHHbIM Ha NMOBOAKE YACTUKOM 14,

KomOVHMpOBaHHbIi OfHOAMCKOBbIA COLIHMK, CXeMa KOTOpPOro mnpea-
CTaB/fieHa Ha puc 1.72, 0T/iM4aeTca TeM, YTO Ha NJIOCKOM UCKe YCTaHOoB/e-
Hbl pebopfapl, MMeroLMe POPMY YCEYEHHOTO KOHYCa C 3aKPEemnieHHbIMU Ha
HMX 60p034K006pa3oBaTENIIMMW; CEMAHAMPaBUTENN C YCTAHOBNEHHBIMU Y UX
OCHOBaHWi1 ChepnUUeCKNMM AUCKaMN UMEOT hopMYy KOHLIEHTPUYHYIO dhop-
me pebopf, a OMopHas MOBEPXHOCTb MPMKATLIBAOLLErO KaTka B rorepeuy-
HOM Ce4eHnM — hopMy paBHOOEAPEHHOTO TPEYrObHMKA.

KOMOUHMPOBaHHbI 0AHOAMCKOBbLIA COLUHUK AN Y3KOPSAHOIO MoceBa
(puc. 1.73) cocTouT M3 Kopryca 5, KOTOpbI NPUCOEAMHSAETCS K MOBOAKY
CEANKM.

Puc. 1.73. KOMGMHMPOBaHHbI OfHOANCKOBBIN COLLHWK ANs Y3KOPSAHOr0 NoceBa:
a — Bunf, cOoKy; 6 — BUA CBEPXY; 6 — BUA C3aaW; 1 — nnockuin auck; 2, 4 — pebopapbl;
3 — 6opo3gKoobpasosaTenu; 5 — Kopnyc; 6 — ceMsaHanpasuTeny;

7 — 4ACTUKK; 8 — oCb; 9 — KnanaH; 10 — wenn
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Ha ocu 8 kpenmTcsa 6e3 yria aTaku K HanpasieHUo ABUKEHWS MAOCKWiA
OMCK 1 ¢ ycTaHOB/IEHHbIMW Ha ero 06enx CTOpoHax pe6opgamun 2 un 4 ¢
6opo3akoobpasoBaTensmMm 3; K NnacTMHaM, 3aKpenseHHbIM Ha Koprnyce,
MpUKpeneHbl ceMsaHanpasnTenn 6 ¢ knanaHamy 9; Ha Kopnyce 3akpense-
Hbl YUCTWKM 7, KOTOPble KONUPYIOT hopMbl paboumx NoBepxHOCTel pebops
1 60p03aK006pa3oBaTeneil.

OJHOAMCKOBbLIA COLUHMK, CXeMa KOTOPOro rpeAacTasneHa Ha puc 1.73,
OTAMYaETCA TEM, YTO HA MIOCKOM AWCKE, YCTaHOB/IEHHOM BEPTUKANIbHO U
napannefibHo HanpaBNeHUIO [BWKEHWUS, 3aKPereHbl Ha BHYTPEHHER U
BHELLIHE CTOpOHax pebopapl, MMetoLme thopmy nonycgepbl, ¢ 60po3aKo-
obpasoBaTensmu, a CemsHanpaBUTeNN MMEKT (OPMY KOHLEHTPUYHYHO
thopme 60p0o3aK00OPa3oBaTeNeid.

1.17. TexHosioruyeckuii npouecc paéoThbl JUCKOBBIX COIIHNKOB
PA3JIMYHOH KOHCTPYKIHHU

[BYXanCKOBbIi COLIHMK paboTaeT crefyrowmm obpasom (puc. 1.74).
[unckn 4, purasch B NouBe, pa3pesatoT ee, a TakKe NOXKHMBHbIE U pacTu-
Te/bHble OCTaTKW, a 3aTeM pebop/bl-60p03aK006pa3oBaTeNU-yNAOTHUTENN 5
06pa3syroT 60po3aKM 9 ¢ NpaBoil CTOPOHbLI NPaBOro AMCKa U C EBOI CTOPO-
Hbl IEBOTO AncKa. B obpasoBaBLUmecs 60p03aKM yKnaabiBatoTcs cemeHa 10,
Harnpumep, 3epHOBLIX KyNbTyp, MOCTyNaroLWme Nog AeACTBMEM CUMbI TSHKeE-
CTU 1 BO3AYLUHOrO MOTOKa NO cemsaHanpasuTento 8. CemeHa, HaxoasLimecs
B 60p03/Ke, MpUCbINatoTcsa Noysoit [4].

Pebopbl-60p03aK006pa3oBaTenu-ynioTHUTENN C NPaBOIA 1 NEBOW CTO-
poH paboTalT cnegyrowmm obpasom. lnockasd yacTb guUcka paspesaeT
MOYBEHHbIE 1 pacTUTENbHbIE OCTATKM, NMoyBy, 06pasys wWwenb 11. Mog Lie-
NIAMK 33 CYeT YNJOTHEeHMst MOYBbI pebopaaMmn-60po3aKo06pasoBaTensMu-
YNNOTHUTENAMM K CeMeHaM MNOATArvBaeTcs Bnara. Peboppaa-60po3ako-
06pasoBaTe/lb-ynaA0THUTENb NOALEPXKMBAET PaBHOMEPHYIO FNybuHY 3afen-
KV CEMSIH, a TaKkKe Mpu 06pa3oBaHNM BOPO3aKM YNIOTHSET ee AHO. Kpome
TOro, OHa CO3/aeT 3a CO60I paspeXKeHHOe MPOCTPAHCTBO, B KOTOPOM pas-
MeLLaeTCs CeMsHanpaBuUTeb.

YcTaHoBKa paboumx AMCKOB 6e3 yrioB aTaku WU KpeHa Ha ABYXAWCKO-
BOM COLUHMKE C pebophamu-60po3aKo06pa3oBaTeiIMU-YNA0THUTENSAMN
MO3BO/IAET YMEHBLINTL [0 MUHMMYMa OTOPOC MOYBbI B CTOPOHbLI OT AMCKa
N CHM3NTb TArOBOE COMPOTUB/EHNE COLUHMKA NPY PaboTe Ha BbICOKMX CKO-
POCTSX.
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Puc. 1.74. TexHonornveckuii npoLecc paboTbl ABYXANCKOBOIO
COLUHMKA C BHELUHUMW pebopaamun-60po3fKoo6pa3osaTeniamm-
ynnoTHUTENAMK: 1 — Kopnyc; 2 — 0TBepCTye; 3 — 60NT; 4 — ANCK;
5 — pe6oppa-60p03AKk006pa3oBaTesb-yna0THATENb; 6 — OCb;

7 — NnacTuHa; 8 — cemaHanpasnTenb; 9 — 60pPO3AKa;

10 — cemeHa; 11 — wenb

Takas yCcTaHOBKa paccMaTpyBaemoro AByXAWCKOBOIO COLLIHWKA He CO3-
[laeT GOKOBbIX CWA, 4YTO MO3BOMAET paboTaTb Ha CKOPOCTAX [ABVKEHMS
10-15 km/4 1 60nee, NpW 3TOM OAHOBPEMEHHO YMEHbLUNTL [0 MUHUMYMA
pa3bpoc NouyBbl B CTOPOHbI. ITO AaeT BO3MOXHOCTb PacCcTaBNATh COLLUHUKA
B OAVH Psif C PacCTOSHMEM MeXAY psakaMm ceMsH 12,5 cM 1 MeHee [62].

Takvm 06pa3om, UCMO/b30BaHMEe [BYXAMCKOBBLIX COLLUHMKOB C pebopgamu-
60p034K006pa30BaTENAMU-YNIOTHUTENIAIMW C HY/IEBBIM YI/IOM ataku Mo-
3BONISIET YMEHbLUWUTL TAFOBOE COMPOTWB/EHME COLUHMKOB Mpy pabote Ha
BbICOKMX CKOPOCTSIX.

[BYXANCKOBBIA YeTbIPEXCTPOUHBIA COLUHWMK PaboTaeT CrneayoLmm 06-
pasom (puc. 1.75). Kopnyc 1 cowHuKa NpucoeanHNIOT K AOBOAKY CEeANKU C
MOMOLLbHO 0TBEPCTUIA 2 1 6onToB 3. [Ba AnCKa 4, ABMrasch B Noyse, paspe-
3al0T ee, a TakXKe MOXKHUBHbIE W PacTUTe/NbHbIE OCTATKK, a 3aTEM BHYTPeH-
Hve 5 1 BHelHWe 6 pebopabl-60p0o3aK006pa3oBaTeIM-ynnoTHUTENN 06pa-
3yI0T M0 /Be 6OPO3LKM C MPaBoi W /IEBOW CTOPOH MPaBoro v NeBoro Auc-
KoB 4. B 06pa3oBaBLUMecs YeTbipe 60po3akM 13 yknaablBaloTcs cemeHa 11
n 12, Hanpumep, 3epHOBBIX Ky/bTyp, MOCTYNaloLWue Nog AeACTBUEM CUbI
TSXKECTM W BO3LYLUHO-3epHOBOr0 MoToKa Mo cemaHanpasutensm 9 un 10.
CemeHa, Haxogslmecs B GOpO3gkax, MpMCbIMalOTCAa MoYBOA. Pebopabl-
60p034K006pa30BaTENN-YNNOTHATENN, YCTaHOBMIEHHbIE C MPaBOl W NEBOM
CTOPOH [AMCKOB, paboTaloT crefytowum obpasom. iockas yacTb AucKa
paspesaeT NOYBEHHbIE U PACTUTE/bHBIE OCTATKMW, 06pa3ys LLenu.
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Puc. 1.75. TexHonornyeckuii npoLecc paboTbl ABYXAVCKOBOrO
YeTbIPEXCTPOYHOrO COLLIHMKA: 1 — Kopnyc; 2 — oTBepcTHe; 3 — 60NT;
4 — puckm; 5, 6 — pe6opAbl-60p0O3AKO06Pa30BATENN-YNNOTHUTENN; 7 — OCb;
9, 10 - cemsHanpasuTeny; 11 — cemeHa; 12 — ynobpeHus; 13 — 6opo3aka

Mo wenam 3a cuyeT YM/IOTHEHWMA MouBbl pebopaamu-60po3aKo-
o6pas3oBaTenaMu-ynaoTHUTeNIMmn 5 n 6 K ceMeHaMm MOATArMBaeTCs Brara.
Pebopabl-60p03aK006pa3oBaTenu-yrnaoTHUTENN  MOAAEPXKMBAKOT — PaBHO-
MEpPHYI0 TNyOuHY 3afe/IKn CEMSIH, a TakKe Mpy 06pa3oBaHMM YeTblpex 60-
po3aoK 13 ynnoTHAKT MX O0KOBble CTEHKM. Kpome TOro, OHM CO34aloT 3a
co60Ii paspeXKeHHOe MPOCTPAHCTBO, B KOTOPOM pa3MeLLatoTCs cemsHanpa-
Butenm 9 n 10. Paboumne KpomKuM 6Op03aKo06pa3oBaTeneii-ynnoTHUTENEN
06pa3syroT paBHOGEAPEHHbI TPEYrofbHWUK C OCTPbIMK YriaMu MpU BepLUy-
He. DTO [aeT BO3MOXHOCTb AMCKaM 4 ¢ pebopgamu 5 1 6 nerko 3arny6-
NATLCA B MOYBY W MMaBHO M3MEHATb FYO6MHY X0fa AMCKOB C pebopaamu,
a COOTBETCTBEHHO, U FYyOMHY 3afe/IKN CEMSH.

[BYXANCKOBbI/ YeTbIPEXCTPOUHBIA COLWHUK C pebopaamu-60po3aKo-
06pa3oBaTeNAMU-ynJIoTHUTENAMI MO3BOSIET 60/ee PaBHOMEPHO pacrpe-
[endTb CeMeHa, Harpumep, 3epHOBLIX Ky/bTyp MO M/OWaaW NUTaHua ©
YMEHbLUNTL A0 MUHMMYMa OTGpPOC MOYBLI B CTOPOHLI Npy 60p0o3aKoo6pa-
30BaHMK, a TaKKe CHU3WUTb TATOBOE COMPOTUB/IEHWE COLUHMKA NPU MOCEBe
Ha BbICOKMX CKOPOCTSIX.

Takim 06pas3om, MpeanaraeMblii - ABYXAWCKOBbIV YeTbIPEXCTPOUHBIA
COLUHWK NpW ABWXKEHWM B NOYBE pacnpenensieT CeMeHa B YeTbipe 60p03aKM
OAHOBPEMEHHO, YTO MO3BO/AET 60/Mee PaBHOMEPHO pacnpefenTb CeMeHa
no naowaan nons. 3a cyet 60/see PaBHOMEPHOrO pacrpefeneHns CemsH
obecneynBaeTcA ONTVMaNbHOE MUTaHME PacTeHWIA, MOBbILLAETCS YpoXKali-
HOCTb 3€PHOBbLIX U APYIUX KYNbTYP U CHUXAETCA TArOBOE COMPOTUBEHME
COLLHVKOB.
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KomMOVHMpOBaHHbIi ABYXAMCKOBbIA COLUHUK C BHELUHWMUW W BHYTPEH-
HUMK pe6opgamun (puc. 1.76) paboTaeT cnefytowmm obpasoM. Kopnyc 1
COLUHMKA NPUCOEAMHANT K MOBOAKY CESSIKU C MOMOLLBH0 OTBEPCTU 2 1
6onToB 3. Paboune ANCKN 4 C BHYTPEHHUMMK 5 1 BHELWHUMK 6 pebopaamu-
60p034K006Pa30BaTENAMN-YMIOTHUTENSAMMN YCTAHOB/EHbI Ha OcAX 7 6e3
YINOB aTaku W KpeHa. BHYTpeHHMe 1 BHelHWe pe6ophbl UMEKT pasHble
OMameTp W TOMWMHY. JUCKW, ABUrascb B MOYBE, paspesatoT ee, a Takke
MOXHWBHbIE Y PACTUTENbHbIE OCTATKM, & BHYTPEHHWE 1 BHELLHWE pebopabl-
60p034K006pa3oBaTENN-YNIOTHUTENN BbiAABAMBAKOT MO ABe 6GOPO3A4KM C
npaBoii U NeBOI CTOPOHbI NPaBOro AMCKA W C /IEBOW M MpPaBOil CTOPOHbI
NEeBOF0 [AMCKa. 3a CYET pasHOro AuvameTpa W TOAWMHbI BHYTPEHHUX W
BHELLHMX pebops 06pasytoTcs YeTbipe 60po3akM 11 1 12, KoTopble MeKT
pasHble rNy6uHY W WKPUHY. B 06pa3oBaHHble GOPO3AKM YKafblBatoTCH,
HarnpuMep, rpaHynbl 13 MUHepasibHbIX YA06peHUi A 1 ceMeHa 14 3epHOBbIX
Ky/nbTyp, NOCTynarowme nog AeCTBMEM CUMbI TAXXECTU WU BO3LYLLUHOIO
noToka no cemsHanpasmTensam 9 n 10. 'paHyNbl MUHEPanbHbIX YA0OPeHWiA
N CeMeHa 3epHOBbLIX KyNbTyp, HaxogAwuecs B 60po3gKax, NpuckinaroTcs
MOYBOIA.

Puic. 1.76. TexHonornyeckuii npoecc paboTbl KOMBUHMPOBAHHOIO ABYXANCKOBOIO
COLUHMKA C BHELLUHMMM U BHYTPEHHUMU pebopaamm ans YeTbIPEXCTPOYHONO MOCeBa:
1 - kopnyc; 2 — oTBepcTue; 3 — 60nT; 4 — auck; 5, 6 — pebopapl; 7 — ocb;

8 — nnactuHa; 9, 10 — cemanpoBogbl; 11, 12 — 60po3aku; 13 — rpaHy”bl
MUHepabHbIX YA06peHuid; 14 — cemeHa; 15 — wenu
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Pebop/bl-60p0o3aKo06pasoBaTenu-ynaioTHUTeNM 5 n 6 pabotatoT cre-
JytoLimmM obpasom. Mnockas yacTb gucka 4 paspesaeT NouBy, MOXHWBHbIE
1 pacTuTebHble OcTaTKu, 06pasya Wwenb 15. Mo wenu 3a cyYeT ynnoTHeHUs
MoYBbl BHYTPEHHMUMI 5 pebopaamumn-60po3LK006pa3oBaTeIiMN-ynaoTHUTE-
NAMU K cemeHaMm 14 3epHOBbLIX KY/bTYp, & BHeLWHMMM 6 K rpaHynam 13 mu-
Hepa/lbHbIX  YA0OpeHWiA nofTarueaeTca Bnara. Pe6opabl-60po3ako-
06pa3oBaTenu-ynaoTHUTENN OrpaHNUMBAOT TNYOUHY 3afeNIK1M CEMSH 3ep-
HOBbIX KYNbTYp M MWUHEpPanbHbIX YA0OPEHWA, a Takxe npu obpasoBaHUu
60p0340K 11 1 12 ynnoTHAT UX AHO. B CBA3W C Tem, YTO BHYTPEHHUE U
BHELLHVE pebophbl MMEKT pasHble AMaMeTp U TOMLWMHY, OHWM 06pasyroT
60PO3AKM PasHO LUMPUHBI U TNYy6UHBL. [103TOMY rpaHy/bl MUHEPabHbIX
yA00PeHNiA 3aa€ebIBaKOTCS Ha 60MbLYyO rAyouHy (5 cM), a cemMeHa 3epHo-
BbIX KY/IbTYp — Ha MeHbLUYO (2...4 cMm).

YcTaHOBKa paboumx AWUCKOB 6e3 YrfioB aTakum U KpeHa Ha KOMBUHMPO-
BaHHOM COLUHMKE C BHELUHVWMW W BHYTPEHHWMW pebophaMu Mo3BOMSET
YMEHbLUINTL [0 MUHMMYMa OTOPOC MOYBbLI B CTOPOHbI OT AMCKA W CHU3WTb
TATOBOE CONPOTUB/IEHNE COLLHUKA.

YNnoTHeHNe MouYBblI pebopaamm-60po3aKoo6pas3oBaTensiMM MO3BONSET
NOATArMBaThL BAary K rpaHyfniam MyuHepaibHbIX YA0BPeHWn 1 cemeHam 3ep-
HOBbIX Ky/nbTyp M 06ecneynBaTb NyyLlyH) YCBOSEMOCTb TYKOB, NpopacTa-
HWe CeMSH 1 NosIBIEHME BCXOAOB.

YCTaHOBKa Ha MpaBblX W NIEBbIX AWUCKAX CUMMETPUYHO 3aKpenseHHbIX
BHYTPEHHUX W BHELIHUX pebopf pasHOro AvaMeTpa W TONLMHbLI BbipaBHU-
BaeT GOKOBble CWJibl, YTO MO3BOASET PaboTaTb Ha CKOPOCTAX ABMXKEHUS
10...15 Km/u 1 60nee, NpY 3TOM YMEHbLLAETCS 0 MUHMMYMa pa3bpoc noy-
Bbl B CTOPOHbI. 3TO AaeT BO3MOXHOCTb PacCTaB/isiTb COLUHUKN B OAMH Psf
Ha MOCEBHbIX MaLLMHaX.

YCcTaHOBKa UCKOB 6e3 yr/i0B aTaky Ha ABYXAMCKOBbLIX COLUHMKAX C pe-
6opfamMun pasHOro AuameTpa v TO/LWMHBI NMO3BONSET OGHOBPEMEHHO BbICe-
BaTb [1Ba MaTepuana npu paboTe Ha NoBbILLEHHbIX CKOPOCTAX — 15...20 km/u
n 6onee.

KOMBUHMPOBaHHBI ABYXAMCKOBbINA COLLUHWK C Pa3sHOBEMKUMU pebop-
famu (puc. 1.77) paboTaeT cnegytowum obpasom. Koprnyc 1 coluHvka npu-
COEMHSAIOT K MOBOAKY CES/IKM C NOMOLLbIO 0TBepCTUiA 2 1 6ontos 3. Pabo-
yme OUCKM 4 C BHEWHWMW 5 W BHYTPeHHWMK 6 pebopaamu-60po3aKo-
06pasoBaTeNsMU-ynaI0THUTENSAMI YCTAHOB/IEHbI HA OCAX 7 6e3 Yr/oB aTaku
M KpeHa. BHewwHWe 1 BHYTpPeHHVEe pebopabl UMEKOT pasHblil guameTp. Auc-
KW, [BUrasch B MOYBE, Pa3pe3atoT ee, a TakXKe NMOXKHMBHbIE W PacTUTENbHbIE
OCTaTKW, a BHEWHWE W BHYTPeHHUe pebopAbl-60po3aKo06pazoBaTenu-
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YMIOTHATENN BbI4ABNMBAIOT MO ABE 60PO3AKN C NpaBoii 1 NIEBOW CTOPOHBI
MpaBoro AUCKa 1 C NeBOli 1 NPpaBoil CTOPOHbI JIEBOTO AWCKa. 3a CHET pasHo-
ro uameTpa BHELLUHUX W BHYTPeHHUX pebopf 06pasytoTcs YeTblpe 60po3sa-
kn 11 n 12. B o6pa3oBaHHble 60PO3AKN YKNaablBatOTCs, HanpuMep, ceMeHa
3epHOBBIX 13 1 TpaBsHbIX 14 KynbTyp, NOCTynNaroLive nog AeNCTBUEM CUNbI
TSXKECTM U BO3LYLLUHOMO NMOTOKA COOTBETCTBEHHO MO CeMsAHanpasuTenam 9 u
10. CemeHa, Hamnpumep, 3epHOBbLIX M TPaBAHbIX KYNMbTyp, HaxoAdlnecs B
60po3aKax, MPUCLINATCA NOYBOIA.

Puc. 1.77. TexHuyeckuii npoLiecc paboTbl KOMGMHMPOBAHHOTO
[IBYX/INCKOBOTO COLLHMKA C Pa3HOBENNKUMU pebopaamu: 1 — Kopnyc;
2 — oTBepcTye; 3 — 60nT; 4 — anck; 5, 6 — pebopabl-60po3aK006pa3oBaTeNy-
YNNOTHUTENU; 7 — OCb; 8 — NnacTuHa; 9, 10 — cemaHanpasuTenu,
11, 12 — 60po3aku; 13, 14 — cemeHa Tpas ¥ 3epHOBbLIX; 15 — Lwenu

Pebop/bl-60p03aKo06pa3oBaTenu-ynaioTHUTeNM 5 n 6 pabotaloT cre-
foyrowmm o6pasom. Mnockas vacTb AMcKa 4 paspesaeT Nnousy, NOXHUBHbIE
N pacTuTeNbHble OCTaTKK, 06pasys LWenb 15. Mo wenu 3a cyHeT YnioTHeHWs
MoYBbl BHEWHUMU 5 pebopgamu-60po3aKk006pa3oBaTENIMUN-YNIOTHUTE-
NIAMK K cemeHam 14 TpaB, a BHYTPEHHUMM 6 K cemeHam 13 3epHOBbIX Ky/lb-
Typ NoATArveaeTcs Bnara. Pebopabl-60po3aK006pa3oBaTenn-ynaoTHATENN
OrpaHVumMBatoT FNyBUHY 3a84eNKN CEMSAH 3ePHOBbLIX KyNbTYP 1 TPaB, a Takke
npu obpasoBaHMM 60po3aoK 11 1 12 ynnoTHAT UX AHO. B cBA3M C Tem,
YTO BHYTPEHHWE U BHELLHWE pebopabl MMEKOT pasHbIi AuaMeTp, OHU 06pa-
3yl0T O0PO3AKM Ha pasHol rny6uHe. MO3ITOMY CeMeHa 3epHOBbIX Ky/bTyp
BbICEBAOTCS Ha 60MbLUYIO FNYOUHY (2...4 cM), a cemeHa 14 TpaBsHbIX Ky/lb-
Typ — Ha MeHbLuyto (1...2) cm.

YcTaHOBKa pabounx ANCKOB 4 6e3 Yr/1oB aTaku U KpeHa Ha KOMBUHMPO-
BaHHOM [IBYXJWCKOBOM COLUHWKE MO3BOAAET YMEHbLUWUTb [0 MUHUMYMa
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0TOPOC MOYBLI B CTOPOHbI OT AMCKA W CHW3UTb TArOBOE COMPOTUB/EHME
COLLHMKa.

YcTaHOBKa Ha MpaBblX W NEBbIX AMCKAX CUMMETPUYHO BHYTPEHHUX U
BHELUHMX pebopd pasHOro AvameTpa BblpaBHMBaeT OOKOBble CWJbl, YTO
No3BonsieT paboTaTb Ha CKOPOCTAX ABWKeHus 10..15 km/u n 6onee, npu
3TOM YMeHbLUAeTea A0 MWHMMyMa pa3bpoc MoYBbl B CTOPOHbI. JTO AaeT
BO3MOXHOCTb PacCTaBNATb COLLUHWKMW B OAVH PAj Ha NOCEBHbIX MallMHaXx.

YcTaHoBKa AUCKOB 6e3 Yr/oB aTakn Ha ABYXAWCKOBbLIX COLLUHMKAX C pe-
6opLaMm pasHOro gnameTpa No3BONSET OAHOBPEMEHHO BbICEBATbL ABE Ky/lb-
Typbl UK ABa MaTepuaia Ha pasHyto ry6uHy, yMeHbLIWUTb TATOBOE COMPO-
TUB/MEHNE KOMOWHMPOBaHHbIX COLLUHMKOB M paboTaTb Ha BbICOKMX CKOPO-
cTax — 10...15 km/4 1 6onee.

COLWWHUK, NpeacTaBNeHHbI Ha puc. 1.78, paboTaeT cnegytolmm obpa-
30M. [uckn 1, cBO6OAHO BpallatoLLMecs Ha ocK 4, MpU ABMKEHUN B MOYBE
paspesatoT NOXHUBHbIE W PacTUTENbHbIE OCTaTKK, 06pasys y3kue Lienm 8
Ha paccTtosHuM b < 12,5 cm gpyr oT gpyra, a yCTaHOB/IEHHbIe Ha HUX C Ha-
PY>KHOI CTOPOHbI pebopabi-60po3akoo6pasoBaTeny 2 CO34at0T C OfHOM
CTOPOHbI OT LWeny 60PO34KM C YNIOTHEHHBIMU fIoXKaMu 9. B 06pasoBaHHbIe
60p034KM Ha YNIOTHEHHbIE /TOXKA M3 CEMAMPOBOAA NO CEMSHAMNPaBUTESO 5
YK/aabiBaoTcA cemeHa 10 3epHOBbIX Ky/bTyp. 3aKpensieHHble Ha MniacTu-
Hax 6 KO3bIpbKW 3alMLLAl0T CeMsHanpaBUTeNy OT NOBPEXAeHUIA 1 NpeaoT-
BpallaloT MpexaeBpeMeHHOe OcbiMaHWe CTeHKW O0pPO3AKM B 30He BbiCEBA
CeMsiH, obecrneymBasi TeM CamMbiM PaBHOMEPHOCTb YKMafAKW CEMSH MO Fy-
61He. O6pa3oBaHHbIE MAOCKMMU AMCKaMK TOHKME LLEMM Y4aCTUYHO 3amnos-
HAIOTCS nouyBoid. Bnarofaps ynioOTHEHWHO foXKa 6GOPO3A4OK Yny4llaeTcs
KOHTaKT CEMSIH C MOYBOM, MOBbILIAETCA BCXOXECTb CEMSH, a TakKXe K 3aje-
NaHHbIM CEMeHaM MOATArMBaeTCA Brara.

Puc. 1.78. TexHonornyeckuit
MpoLiecc ColHmKa: 1 — nno-
CKvie [UCKy; 2 — pebopfpl-
60p03aK006pasoBaTeny;

3 —kopnyc; 4 — ocb; 5 — cems-
HanpasuTenu; 6 — NacTuHa;
7 — KO3bIpbKY; 8 — Wwenu;

9 — YNNOTHEHHOE J10XKE;

10 - cemeHa
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COLUHMK NO3BONAET: YCTPaHUTb Crpy>KMBaHue 1 0TOPOC MOYUBbI, & Takxke
cfenatb pauvoHanbHbIM ero UCMnosib3oBaHue Npu O4HOBPEMEHHOM BbICEBE
CeMsiH B [iBe OOPO3AKM 3a CUET YCTAHOBKM [AMCKOB BEPTUKa/IbHO W Napas-
Ne/bHO HampasieHWIo ABMKEHUSA; UCK/OYNTL OCbIMaHWe CTEHKN 60pO3aKu
B palioHe BbiCeBa CEMSH W NpefoTBPaTUThL MOBPEXAEHWE CeMsHanpaBuTe-
Neli 3a CYeT WCMO/Mb30BaHUA KO3bIPbKOB; MOBLICUTb BCXOXECTb CEMSAH 3a
CYeT MCMnonb3oBaHMA pebopa-6opo3akoobpasoBaTteneidl, KOTOpble CO3AaloT
YMIOTHEHHbIE 10XK&; CHU3UTbL TArOBOE COMPOTMBIEHME 38 CHET YCTAHOBKM
[MCKOB COLLUHMKA BEPTMKA/IbHO U NapasiyielbHO HanpaBieHWI0 ABVKEHMS.

Cxema TeXHOIOrMYeCcKoro npouecca OA4HOAMCKOBOro COLUHWKA C ABYX-
CTOPOHHMMM pebopiamu npefcTaseHa Ha puc. 1.79.

Puc. 1.79. TexHonornyeckmii NpoLecc 04HOAMCKOBOrO COLLHMKA
C ABYXCTOPOHHUMW KOHYCHbIMM pebopfamu 19 Y3KOPAAHOro nocesa:
1, — 60p034K006Pa30BATENb-YNNOTHUTEND; 2 — NAIOCKWIA AUCK;
3 — ynnoTHUTENb; 5 — 0Cb; 6 — cemaHanpasuTesb; 7 — TYKOHanpasuTe/b;
8 — noBooK; 10 — NpuKaTbiBaroLLMiA KaTokK; 12 — cemeHa;
13 - ynobpeHus; 14 — ynnoTHeHHoe noxe; 15 — wwenb; 16 — noysa

[wnck 2, cB06OLHO BpaLaloLLMiAca Ha ocy 5, Npu ABMKEHUN B MOYBE
paspesaeT NOXHWUBHbIE U PaCTUTe/IbHbIE OCTATKKN, 06pasys Y3Kylo Lienb 15,
a YCTaHOB/IEHHbIE HAa HEM C BHYTPEHHEN N HapY)XHO CTOPOHbLI pebopabl-
60po3sko0bpasoBaTeiM-ynnoTHUTeNn 1 M 3 3a CUeT pas/IMuHbIX AuameT-
pOB, LUMPWHbBI W YII0B BXOX/EHWS B MOYBY CO34at0T MO 06e CTOPOHbI OT
Lweny 6opo34KM Pa3HO LUMPUHBI Ha pasHol Fy6KHe C YMI0THEHHBIMUY NOA
pasHbIMK yrnamun noxkamm 14. B o6pa3oBaHHbIE 60PO34KM Ha YNNOTHEHHOE
NOXe 13 TYKONpPOoBOZa N0 TYKOHANPaBWUTESNO 7 U COOTBETCTBEHHO U3 CEMS-
npoBoja MO CemsHanpaBuTeNto 6 NOA CWUMOM TSHKECTU YKNaAblBAKTCS
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yoo6peHuns 13 v cemeHa 12 3epHOBbIX Ky/nbTyp. O6pasoBaHHas MIOCKUM
[MCKOM TOHKas LWenb 15 4aCTMYHO 3anofiHAeTCA MOYBOIA. Y CTaHOBMEHHbII
3a COLUHMKOM Npy MOMOLUM NOBOAKa 8 NpuKaTbiBatoLMii kKaTok 10 3a cueT
NpUAaHHOK eMy CTYNeH4YaTon (hopMbl M PasfIMYHbLIX YI/0B NPUKaTbIBak-
LMX KPOMOK BAaB/IMBaeT OAHOBPEMEHHO YNOXEHHbIE PAAKW YA0BPEHUIA 1
PALKN ceMsiH. B ynnoTHeHHoe noXKe GOPO3JOK U 06pasyeMblX Hag HUMM
CfoeB NouBbl 16 HEOAMHaKOBOW MNOTHOCTM KaToK ObecreyvBaeT ONTU-
MasibHOe pa3MeLleHne yaobpeHnii n cemaH B noyse. bnarogaps ynaoTHeH-
HbIM M0Z, Pa3HbIMK Yrnamu foXkam 60po3foK M C0sAM MOYBLI HEOAMHAKO-
BOV M/IOTHOCTM YNYULLUAEeTCA KOHTAaKT YA00peHuUiA 1 CeMsSH C NOYBOWA, CHY-
XaloTcA noTepu yaobpeHUiA M MOBLILLAETCA BCXOXECTb CEMSAH, a TakXke
K 3afienaHHbIM YA06PeHVsaM 1 ceMeHaM MOATATMBAETCS BAara.

MpumMeHeHWe AaHHOM KOHCTPYKLMM COLIHMKA MO3BONSET 06ecrnevuntsb
pecypcocbepeXkeHmne 3a CYET ONTUMa/IbHOW MPOCOVKM NOYBbI MeXAY NeH-
Tamu YA0OPEHUA 1 psaKaMU CEMSIH NPW MOyYeHUN GOPO3AO0K Pas/INYHOA
rNy6uHbI W LWIMPWHBI U Hape3aHHOW MeXAy HUMK Lienn. 3TO MO3BONSET:
YMeHbLUWTL NOTEPU YA0OPEHWIA 3a CHET CO34aHUSA HaJ HUMU CTYMeHYaTbIM
MPYKaTbIBAIOLLMM KaTKOM C/I0EB MOYBbI HEOLUHAKOBOM MIOTHOCTW, YTO
NpefoXpaHseT yaobpeHus OT yneTyumBaHUsa ra3006pasHOi coCTaBAOLLel
N BbIMbIBaHWSI MPY MPOMbIBHOM PEXMME; MOBbLICUTb BCXOXECTb CEMSIH U
WNHTEHCUBHOCTb PacTBOPEHMS yA0OPEeHUiA 3a CYET MCMOMb30BaHNS pebopa-
60p031K006pa3oBaTENEN-YNNOTHUTENEN, YINIOTHSIOLLMX /TOXEe OOPO3A0K, 1
MPMKaTLIBAIOLLErO KaTka, BAABNMBAIOLLEr0 YA0OPEHMs 1 cemeHa B ymJoT-
HEHHbIe MOJ, PasHbIMK YriaMu floxka 60p0340K ANA MOATArMBAHUA K HUM
BNarv; yCTpaHWTb CTPY>KMBaHME U OTOPOC MOYBbI B CTOPOHY, @ TakXKe CHU-
3UTb TAFOBOE COMPOTVB/IEHNE 32 CHET YCTAHOBKM COLLUHMKOB 6€3 yria aTaku.

KOM6WHMPOBaHHbIA OAHOANCKOBBIV COLIHUK (prc. 1.80) paboTaeT cre-
Ayrowmm o6pasom. Mnockuidi AMCK, CBOGOAHO BpaLatoWuiAics Ha ocwu 8,
YCTaHOB/IEH 6€3 yrna ataku K HanpaeneHuno ABWKeHUs. Mpu gBYXKEHUM B
MoYBe OH pa3pe3aeT 3aTOYEHHON KPOMKOM MOXHWBHbIE PacTUTE/bHbIE OC-
TaTku, 06pasys y3Kyto LWenb 15, a yCTaHOBNEHHbIE HA HEM C BHYTPEHHEN ©
Hapy>HOI CTOPOHbLI pebopAabl 2 c034at0T No 06e CTOPOHbI OT LUEN YMoT-
HEHHbIe MOJ, YI/IOM K FOPU30HTY noXKa 14. B yNAOTHEHHbIX /OXaxX YyCTa-
HOBJ/IEHHbIE Ha pebopaax 60p03LKo06pa3oBaTenn C 3aKpyrieHHbIMU KPOM-
Kamu BblJaBNMBAOT 60p03LKM 17 € pacCTosiHMEM b = 62,5 MM Mexay Hu-
Mun. [ennTenbHas BOPOHKa 5 pasfenser NOTOK CeMsH Ha ABe 4YaCTu U Ha-
MpaBnseT Nx B CeMsHanpaBuTenu 6, N3 KOTOPbIX MOJ, CUIOW TSHXKeCTH B 06-
pasoBaHHble GOPO34KM MOCTYNalT cemeHa 16 MenKoCeMSHHbLIX Ky/bTyp.
YCTaHOBMEHHBIA 32 COLIHUKOM MpW MOMOLLY MOBOAKA MPUKATbIBAKLLNIA
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KaTOK 3a CYeT NpuAaHHON emy (opMbl 06pa3yeT Hag 6oposgkamu ¢ yno-
YKEHHbIMU B HUX CEMeHaMW MPOC/OliKy MouBbl 18 HEOAMHAKOBOW MMOTHO-
CTW. 3a CYeT YCTaHOB/IEHHOFO Ha MOBOAKE YMCTMKa 13, KOMMpYHOLLEro
(hopMy KaTka, Mo4yBa He HanuWnaeT Ha ero MoBepxHOCTb. O6pasoBaHHas
MIOCKAM OUCKOM TOHKasi Le/b 3anofHAETCS MOYBOM PbIX/oW CTPYKTYpbI,
co3faBasi TeM caMbiM HebO/bLUION 3amac BO3A4yXa, CNOCOOCTBYHOLMIA Nyy-
LLeli BCXOXKeCTW ceMsiH. Bnarofaps ynaoOTHEHHbIM /OXKam 1 BEpPXHER npo-
CNolike NoYBbl HEOAVHAKOBOM MNOTHOCTM K Y/IOXKEHHbIM B 60p0O34KM CeMe-
Ham NOATArMBAeTCA B/ara, YTo MOBbILLAET MX BCXOXECTb.

Puc. 1.80. TexHonornyeckas cxema pabotbl KOMOMHMPOBAHHOTO
0AHOAMCKOBOrO COLLHMKA C ABYXCTOPOHHUMM pebopaamm
1 HYNEeBbIM YI/IOM aTaku AUCKOB: 1 — AncK; 2 — pebopabl;
5 — fenvTtensHas rofioBka; 6 — cemaHanpasuTenu; 7, 13 — YACTukuy;
8, 11 — ocK; 9 — KnanaHbl; 12 — NPUKaTbIBAOLLMIA KATOK;
14 - noxa; 15 — wenu; 16 — cemeHa; 17 — 6opo3aka; 18 — nousa

MprMeHeHNe JaHHOW KOHCTPYKLMW COLLHMKA NO3BONSET [OBUTLCS PaB-
HOMEPHOCTU 3afle/IK CEMSsIH B MOYBY 3a CUET No/yyeHus 60po3foK OAMHa-
KOBOI1 (DOPMbI M TNY6UHBI U Hape3aHHbIX Lieneld, YCTPaHUTL CrpyXnBaHme
1 OTOPOC MOYBbI, MOBLICUTL BCXOXECTb CEMSIH 3a CUET MUCMO/b30BaHNS pe-
6opa, KOTOpble CO3AAt0T YM/IOTHEHHbIE /10XKA, U MPUKATHIBAIOLLErO KaTka,
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CO3[atoLLero MpoC/OiKY NOYBbI HEOAVHAKOBOM MAIOTHOCTM U NpUB/EKato-
LLero Tem cambIM Bfary; CHU3WTbL TATOBOE COMPOTUB/EHME arperara u [o-
6UTbCA NPAMONNHEHOCTM BOPO340K 32 CUET NPUMEHEHWSA M/I0CKOrO AWCKa
B KayecTBe COLUHMKa W YCTaHOBKM ero 6e3 yrnia aTtaku; caenaTtb paumo-
Ha/lbHbIM MCNOb30BaHVe KOHCTPYKLMMW MpX Y3KOPAAHOM NOceBe Menkoce-
MSIHHbIX KYNbTYp 3a CYET MCMO/b30BaHNs 60P034K006pa3oBaTeNeil.
OJHOAMCKOBbIN COLIHUK paboTaeT crefytoLimm obpasom (puc. 1.81).

Puc. 1.81. TexHonornuyeckas
' cxema paboTbl O4HOAMCKOBOIO
' COWHWMKa: 1 — Auck; 2 — pebopabl;
| 4 — pennTenbHas BOPOHKA;
| r { 5 — cemsHanpasuTenu;
' i 6 — YUCTUKM; 7 — OCb;
d
l

8 — knanaHbl; 10 — wenb;
11 - noxa; 12 — cemeHa

Mnockuii anck 1, cBo60AHO BpaLLAIOLLMIACA Ha OcK 7, YCTaHOBNEH 6e3
yrna aTaku K HanpaeneHuo ABuxkeHus. Mpu ABMXEHUM B NOUBE OH paspe-
33eT 3aTOYEHHON KPOMKOI MOXHUBHbIE U PACTUTENbHbIE OCTATKM, 06pasys
y3KyH0 Wenb 10, a yCTaHOB/EHHbIE C 06e1X CTOPOH ero pebop/sl 2 Co3fatoT
Mo 06e CTOPOHbI OT LLENN YNNOTHEHHbIE MO/, YIOM K FOPU30HTY foxa 11.
YCTaHOB/MEHHbIE HAa KOPMyCe YMCTUKU 6 OUMILAIOT OT HAa/WMLLEA MOYBbI
pabouyro NoBEPXHOCTL peGopa. JennTenbHasi BOPOHKA 4 pasaensieT noToK
CEMSIH Ha fIBe YaCTW U HanpaBnseT UX B CeMsHaNpPaBuUTeNn 5, U3 KOTOPbIX
Mof, CU/OI TSHXKECTU Ha YNIOTHEHHbIE /I0XKa YKNa/iblBatoTCs ceMeHa 12 3ep-
HOBbIX KY/bTYP U MPUCLINAIOTCS MOYBOIA.
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KomO6VHMpoBaHHbIi OfHOAWCKOBBIV COLIHWK C ABYXCTOPOHHWMU pe-
6opgamMn M AMCKOBbIMKM 3aropTadamu (puc. 1.82) paboTaeT cregyoLimm
06pasom.

Puc. 1.82. TexHonornueckas cxema paboTbl KOMOUHMPOBAHHOTO
O/iHOANCKOBOIO COLLUHMKA C iBYXCTOPOHHVUMU pebopaamm v AUCKOBbIMU
3aroptadamu: 1 — NNOCKWiA AWCK; 2 — BHYTPeHHSA pebopaa; 3 — 60po3aKo-
obpa3oBaTenb; 4 — Hapy>Has pebopaa; 5 — Kopnyc; 6 — ceMsAHanpasuTeny;
8, 11 — ocu; 9 — cihepuyeckue aucku; 12 — noxa;

13 — cemeHa; 14 — wenb; 15 — 60po3axu

MnockuiA anck 1, cBOGOAHO BpaLLAKOLLMIACA Ha OCK 8, YCTaHOBNEH 6e3
yrna ataku K Hanpas/ieHWIo ABMKeHUs. [pu ABMXKEHUN B MOYBe OH paspe-
38eT 3aTOYEHHON KPOMKOW MOXHUBHbIE U PacTUTESNIbHbIE OCTAaTKW, 06pasys
Y3KyH0 LLenb 14, a yCTaHOBNEHHbIE HA HEM C BHYTPEHHEN 1 HapyXXHOIA CTO-
pOHbI pe6opabl 2 1 4 co3gatoT No 06e CTOPOHbI OT LWenu 14 ynnoTHEHHble
nof, YrioM K ropusoHTY foXKa 12. YcTaHOB/EHHbIE Ha pebopaax 60po3aKo-
obpasoBateny 3 € 3aKpyrneHHbLIMU KPOMKaMMW BblaBNvBatOT 60pO3aKU C
pacctosHueM b = 62,5 MM mexay HUMW. TT0TOKM CeMSIH HanpaBnATCsA B
cemsHanpasuTenu 6, U3 KOTOPbIX MOA CUOW TSXKECTUM B 0OpasoBaHHble
6opo3akoobpasoBaTensiMm 60PO3AKM YKNaAblBalOTCA ceMeHa 13 Mesiko
CEeMSAHHBIX KY/bTYp, & Cepuyeckme GUCKN 9, YCTaHOB/IEHHbIE Ha OCAX 11y
OCHOBaHWsA CeMsHanpaBWTeNeld, co3aarnT 60po3nku 15 1 npefoTBpaLaoT
TeM CaMbIM OCbIMaHWe CTEHOK 60p03fbl B MecTe BbiceBa ceMsH. O6pa3so-
BaHHas M/I0CKMM [AWCKOM TOHKas Lienb 14 3anofiHseTcs noyBoli PbIX/oi
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CTPYKTYpbI, CO34aBas TeM CambiM He6OMbLION 3amac BO3g4yxa, cnocobet-
BYIOLLMIA NyYlleil BCXOXECTU ceMsH. bnarogaps YNaoTHEHHbIM N0XKaM K
YNOXEHHbIM B 60p034Kax CeMeHaM MOATArMBaeTCs Bfara, YTo MoBblLaeT
NX BCXOXECTb.

MpUMeHeHVe JaHHOW KOHCTPYKLMW COLLHMKA MO3BONSET LOOUTLCS paBHO-
MEPHOCTM 3aie/IKN CEMSH B MOYBY 3a CUET MOMyYeHMs 60PO3J0K OAMHAKO-
BOIN (DOPMbI 1 FNYOWHBbI U Hape3aHHbIX Leneit; YCTpaHUTb Crpy>KnBaHue u
0T6pPOC NOYBbLI; UCKIOYUTL OCbiMaHWe CTeHOK 60po3d B paiioHe BbiceBa
CEMSIH 1 MPeAOTBPaTUTb NOBPEXAEHME CEMAHANPaBUTeNel 3a CHET UCMONb-
30BaHMsA CHEPUUECKMX AWCKOB; MOBBLICUTb BCXOXECTb CEMSIH 3a CYET uc-
Nonb30BaHUs pebopsa, KOTopble CO34at0T YMIOTHEHHbIE N0XKa, NOATAr1Bas
TEM CaMblM Bfary; CHU3WTb TArOBOE COMPOTMB/IEHME 3a CYET YCTaHOBKM
COLUHMKOB 6€3 yrna aTaku; caenatb paunoHabHbIM UCNOIb30BaHNE KOHCT-
PYKUMM MPY Y3KOPSIZHOM BbICEBE MENKOCEMSIHHBIX Ky/bTyp 3a CYET uC-
NoNb30BaHUS 60PO3AKO06Pa30BaTENENA.

KomO6VHMpoBaHHbIi OfHOAWCKOBBIA COLIHWK C ABYXCTOPOHHWMU pe-
6opaaMu 1 npukatbiBaloLMM KaTkoM (puc. 1.83) paboTaeT crefytolmm
o6pasom. Mnockuit gnck 1, cBo60AHO BpalLatoLLmiics Ha 0CK 8, yCTaHOBNEH
6e3 yrna atakM K HampaBfeHWH0 OBVDKEHWS. py ABVKEHWM B MOYBE OH
pa3pe3aeT 3aTOYEHHON KPOMKOW MOXHWBHbIE W PacTUTe/bHble OCTaTKW,
06pa3ysa y3Kyto wenb 17, a yCTaHOB/EHHbIE Ha HEM C BHYTPEHHEl W Ha-
PY>KHOV CTOPOHbI pebopAabl 2 1 4 co3gatoT Mo 06e CTOPOHbI OT Lienun yn-
JIOTHEHHbIE MOA YI/IOM K FOpPM30HTY /IoXka 15. B YNMIOTHEHHbIX /I0Xax yC-
TaHOBNEHHble Ha peboppax 60po3gKoobpasoBaTenM 3 € 3aKpyr/ieHHbIMU
KPOMKaMW Bbl[aB/IMBaOT GOPO3AKM C PaccTosiHMeM b = 62,5 MM Mexay
HUMUK. TIOTOKM CeMSIH HanpaBnSKOTCA B CeMAHaNpaBUTENN 6, U3 KOTOPbIX
Mo CUMOI TSHXKECTM B 06pa3oBaHHble 6OPO3AKO0Opa30BaTENAMM BOPO3AKU
YKNafblBatoTCA ceMeHa 16 MenKoCceMAHHbIX KyNbTyp, a chepuyeckme guc-
K1 9, yCTaHOBMEHHbIE Ha OcAX 11 y OCHOBaHMSA ceMsHanpaBuTeneid, co3aa-
t0T 60p03akM 19 1 NpefoTBpaLLaOT TEM CaMbIM OCbIMaHWe CTEHOK 60po3s-
KW B paiioHe BbICEBa CEMSIH. YCTaHOB/EHHbI/ 3a COLUHMKOM Ha Kopnyce 5
MPUKaTLIBAIOLLMIA KaToK 13 3a cueT mpugaHHo emy opmbl 06pasyeT Hag
60p03aKamMu C YNOXKEHHBIMW B HUX CEMEHaMU MPOC/OMKY MOYBbI HEOAWHA-
KOBOW MMIOTHOCTK, & 3a CYET YCTaHOBMNEHHOIO Ha NOBOAKe YMCTMKa 14, KO-
nupyoLero opMy KaTka, MoYBa He HA/IMMAET Ha ero NoBepxHocTb. Obpa-
30BaHHas N/IOCKMM AMCKOM TOHKas LWiefb 17 3ano/HAETCA MOYBONA PhIX/oii
CTPYKTYpbI, CO3/aBasd TeM CaMbiM HebO/bLLIONM 3anac BO3fdyxa, cnocobeT-
BYIOLLMIA NyYLleil BCXOXECTU CeMsH. brarogaps ynmnoTHEHHbIM floXaM K
YNOXEHHbIM B 60PO34KM CeMeHaM MOATATMBAETCA Bfara, YTo NoBbILLAET KX
BCXOXECTb.
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Puc. 1.83. TexHonornyeckas cxema pabotbl KOMGMHUPOBAHHOIO
OJHOZMCKOBOIO COLLHVKA C IBYXCTOPOHHMUMY pebopaamu
1 NpUKaTbIBaOLLMM KaTKOM: 1 — NA0CKWIA AncK; 2, 4 — pebopabl;
3 — 6bopo3akoobpaszoBatesb; 5 — KOpNyc;
6 — cemsHanpasmTens; 8, 11, 12 — ocu; 9 — chepuyeckuin auck;
13 — npvKaTbIBalOLWA KaToK; 14 — uncTuk; 15 — noxa;
16 — cemeHa; 17 — wenb; 19 — 60po3aka

MprMeHeHWe AaHHOM KOHCTPYKLIMK COLLHMKA MO3BONSET J0OWUTLCA paB-
HOMEPHOCTU 3aJ€e/IKM CEMSIH B MOYBY 3a CUET MOJy4eHNs 60pO3a0K oanHa-
KOBOW (JOPMbl U FNYy6MHbI M Hape3aHHbIX LUENeli; yCTpaHUTb Crpy)XunBaHmue
1 0TOPOC NOYBbI; UCKIKOYMTL OCbINaHWe CTEHOK 60po3a. B palioHe BbiceBa
CEMSIH MPejoTBpaLLaeTCcs MOBPEXAEHME CeMsHanpaBWTeNe 3a CYeT UC-
N0/b30BaHUs CPEPUYHECKMX LUCKOB; MOBBILLAETCS BCXOXECTb CEMSH 3a CHET
MCMO/b30BaHMA pebops, KOTOpble CO3AAOT YM/IOTHEHHbIE JIOXKA, & TaKXKe
MpMKaTbIBaIOLLEr0 KaTka. OH CO34aeT MPOCMONKY HEOAMHAKOBOW MNOTHO-
CTW, MOATArMBas TeM CaMbIM Bfary; CHWXaeT TroBOe COMPOTUB/EHME 3a
CYET YCTaHOBKM COLUHWKOB 6e3 yrnia ataku. [lenaeT pauuoHaibHbIM UC-
M0/b30BaHNE KOHCTPYKLMU MpU  Y3KOPSAHOM BbICEBE MENKOCEMSHHbIX
Ky/NbTYp 3a CHET UCMONb30BaHWs 60P034006pa3oBaTenei.

OJHOAMCKOBbIA COLLHMK, CXeMa KOTOPOro npeAcTaBfieHa Ha puc. 1.84,
paboTaeT cresyoLmmM 06pasom.

Mnockwnin ek 1, cBOGOAHO BPALLAIOLLMIACS HA OCK, YCTAHOB/EH 6e3 yr-
Na aTaku K HanpasieHWio ABKeHNA. Mpn ABWKEHUM B MOYBE OH paspesaeT
3aTOYEHHON KPOMKOI MOXXHMBHbIE U PacTUTe/bHbIE OCTaTKW, 06pasys y3-
Kyt wenb 10. YCTaHOB/IEHHbIE HA AWCKE C BHYTPEHHEN 1 Hapy)XXHOIi CTO-
POHbI pebopabl 2 1 4 cO34ar0T Mo 06e CTOPOHbI OT LEM YNIOTHEHHbIE MOA
YIIOM K TOPU30HTY fioxka 11. B yNIOTHEHHbIX /10XaX YCTaHOB/IEHHbIE Ha
pebopaax 6opo3akoobpasoBaTenn 3 C 3aKpPYrfeHHbIMW KPOMKamy BblaB-
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NnBalOT 6OpPO3aKN C paccTosiHMeM b = 62,5 MM mexay Humu. U3 cems-
HarnpasuTenein 6 nog CUOI TSXKeCTW B 06pa3oBaHHbIE 6H0P034K006Pa3oBa-
TenaMu GOpPO3AKM YKaf4blBatOTCA CeMeHa 12 MenKoCEMSIHHbIX KynbTyp.
O6pa3oBaHHas MAOCKUM [AMCKOM TOHKas wWenb 10 3anonHseTcs pbIXioi
MoYyBoOlA, cO3aaBast TEM CaMbIM 3anac BO3AyXa, CMOCOOCTBYHOLWMIA fydLlei
BCXOXeCTV ceMsiH. bnarofapa ynnoTHEHHbIM N10XKaM K YNOXeHHbIM B 60-
PO3LKU CEMeHaM NOATArMBAETCA Bflara, YTo NOBbLILLAET NX BCXOXKECTb.

. - -
| |
| |
= 4 -
>

Puc. 1.84. TexHonornyeckas cxema pabotbl
0/IHOAMCKOBOI0 COLUHMKa: 1 — nnockuii guck;
2, 4 — pebopabl; 3 — 60p03aK006Pa3oBaTENb;
5 — kopnyc; 6 — cemaHanpaBuTeNb; 7 — YACTVK;
9 — knanaH; 10 — wenb; 11 — noxa; 12 — cemeHa

MprYMeHeHne [aHHOM KOHCTPYKLUMMW COLUHMKA MO3BONSET: YCTPaHUTb
CrPY>X1BaHMEe 1 0TOPOC NOYUBbI 33 CUET YCTAHOBKM COLLUHMKOB 6e3 yrna ata-
Kvi; chenaTb pauuoHaIbHbIM UX UCMO/b30BaHWE NPU Y3KOPSLHOM BbiCEBE
MENIKOCEMSAHHbBIX Ky/bTyp 3a CYeT UCMOnb30BaHMs 60po3akoobpaszoBaTte-
nei; [obutbcA PaBHOMEPHOCTU 3afe/lKM CEMSH 3a CYeT MCMO/b30BaHMA
pe6opa B hopme nonycgepbl ¢ 60p03AKO06PA30BATENAMM, & TAKXKE UCKITHO-
YUTb BO3MOXHOCTb MOBPEXAEHUS CEMAHANPaBUTeeN 3a CUET NPUAAHNUS UM
(hopMbl KOHLEHTPUYHOW hopme Bopo3akoobpasoBaTenei.

1.18. O630p BapHaHTOB ONTHMAJBLHOTO MOCEBA

COLUHVKY, UCMOMb3YEMblE B TPAAVLMOHHOW TEXHOMOTUW, CO3JA0T pas-
JIMYHble PO MOCEBHOW 60po3akU. OBGLIMHO UCMO/b3YHOTCS COLUHMKM
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C ABYyMSA BapuaHTamm npotunsa noceBHoli 6opo3aku: V- n U-o6pasHas Lenb
(puc. 1.85).

K

Puc. 1.85. Mpodmnn nocesHbIX 60034 Ha CYTMMHUCTBIX MOYBaX
(4 — V-06pasHble; b — U-06pasHble) MpU BAXHOCTYN MOYBbI:
1-15%;2-20%;3-27%

B HacTosLee BpeMs 60/bLLUMHCTBO MMMNOPTHBIX NOYBOOOPabdaTbIBatoLLE-
MOCEBHbIX arperatoB 060pyf0BaHO PaboyMMmn opraHamu A8 OrnMCcaHHOro
crocoba cea. Mpu 3TOM B 3aBUCMMOCTY OT Ha3HaYeHWs NO YCNOBUAM NpU-
MeHeHWs (TUM NOYBbI, arpotioH, cucTeMa 06paboTKM NOYBLI, pensed 1 ap.)
MOXXHO BbIAENNTb YeTbIpe Pa3NYHbIX BapuaHTa nocesa.

IepBblii BapuaHT NOCEBA OCYLLECTB/IAETCH KOMOUHUPOBAHHBIMU COLLI-
Hukamn (puc. 1.86, a) dupmbl «Horsch» (FepmaHus), «Sulky» (®paHuus),
«Péttinger» (AscTpus), «Kverneland» (Hopserus). TeXHONOrMUYeCKunii npo-
ecc paboTbl (puc. 1.86, 6) BKIOYAET CneaytoLe onepaLuu: yKnagka ce-
MsH B 60pPO34KW, pacKpbITble COLUHMKaMW; NpuKaTbiBaHWe BOPO3LOK C Cce-
MeHamu, 06pe3VHEHHbIMU KaToukamMu, LUMpMHA 06043 KOTOPbIX HECKOMbKO
60/blle WMpKHBbI AHa 60po3aKkK, 6narogaps YeMy CeMeHa MOJHOCTLIO 3a-
KpbIBAKOTCSA 06)KaToli NOYBOIA; 3aKpbITUE MPUKaTaHHbIX GOPO3A0K PbIX/IOW
MOYBON NPY>XMHHbIMW BOPOHKamK (3aropTadamm) 3a COLLHUKaMW.

JlocToMHCTBa BapuaHTa: XOpoLUMe KOHTaKT CeMsH C NoYBOiA 1 obecne-
YEHHOCTb Bflaroii; MosiocoBOe NpMKaTbiBaHWE MOCEBHOMO C/0s, KOTOPOe
Mo CPaBHEHWIO CO CM/IOWHBIM MPUKaTbiBaHWEM 06ecneynBaeT NyyLlnii
BO34yX006MeH MOYBbI; 3aMed/fieHne mpoLecca UCNapeHnus Bnaru u3 yn-
NOTHEHHOTO €05 MOYBbI C CEMeHaMy B Pe3ynbTaTe 3anosiHeHUst PbIX/oi
noyBoi 6opPO3aA0K.

116



a 6

Puc. 1.86. KOM6UMHMPOBaHHbIV COLLHWK [/151 NepBOro BapuaHTa nocesa:
a — cocTaB paboumx OpraHoB; 6 — TEXHOMOTNYECKMIA NPOLIECC;
1 — ABYXAMCKOBBIN COLLUHWK; 2 — NPUKATbIBAOLLMWIA 06PE3VHEHHBII KaTOK;
3 —3aropTay

OCHOBHOI HefoCcTaToK BapuaHTa: MOCEB MPOW3BOAMTCA HA HEynnoT-
HEHHOE JIOXE W NPU YBENIMYEHUN CKOPOCTU ABWXEHUS arperara npomcxo-
OUT 0T6POC MOYBbLI B CTOPOHY, /19 HOPMa/IbHON paboTbl HE06X0AMMO MC-
M0/1Ib30BaHWNE AOMO/THUTE/bHBIX ONepaLnii Mo MOATOTOBKE /10Xa.

Bropoii BapuaHT NOCEBA OCYLUECTBSETCA KOMOUHMPOBAHHBIMU COLLI-
Hukamm (puc. 1.87, a), dupm «Rabe» (CepmaHus), «Pottinger» (ABCTpus),
«Tume» (Hopserus), «Kongskilde» (JaHus), «Vaderstad» (LUBeuus). Tex-
Honorunyeckuii npouecc (puc. 1.87, 6) gaHHOro BapuaHTa 6/IM30K NepBoOMY,
OT/NYAETCA OT HEro /MlWb TeM, YTO CeMeHa, Y/IOXEHHble B PacKpbITble
COLUHMKaMK GOPO3[KM, MPUKATBLIBAIOTCA IEHTOYHO, OAHVM LUMPOKUM KaT-
KOM W/IN KOMECOM Ha fiBe 60PO3aKY.

a 6

Puc. 1.87. KOMOUHMPOBaHHBII COLLHKK [/11 BTOPOro BapuaHTa nocesa:
a — cocTaB paboumx OpraHoB; 6 — TEXHOMOMMYECKMiA NpoLiecc; 1 — 0AHOAUCKOBbIE
Ccthepnyeckme COLLHMKM; 2 — LUMPOKMIA NPUKATbIBAIOLLWIA KaToK; 3 — 3aropTau
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JocTonHCcTBa BapuaHTa: Te Xe, YTO U NepBoro.

HepgocTaTku BapuaHTa: Masiblii 06beM HenpuKaTaHHON MOYBbI MOXET
6bITb HEAOCTATOYHLIM A/1 HOPMa/IbHBIX BO3LYX00OMEHa W XXM3HeaeATe b-
HOCTV Mpou3pacTaloLMX pacTeHWUidi BO BMaXKHbIA MEpUOL 1 OCOBGEHHO Ha
CPeaHUX U TAXKENbIX CYrMMHUCTBIX U TAAMHUCTBIX NOYBax.

Tperuii BapuaHT NOArOTOBKM CEMEHHOI0 /10)Ka OCYLLIECTB/IAETCA KOM-
OGVMHMPOBAHHLIM COLLUHWKOM HEMELKOR thupmbl «Amazone» (puc. 1.88, a).
TexHonornyeckuidi npouecc pabotbl (puc. 1.88, 6) BKNOYAET: BbINPECCOBbI-
BaHME KMHYaTbIX 60PO3A0K, YKIAAKY CEMSIH B 6OPO34KN COLLUHMKaMK, 3a-
KpbITMe 60PO3A0K C CEMEHaMM PbIXI0i MOYBOM C MOMOLLbI 3aropTayeii

ThNa «1aCToO4KNH XBOCT».

a o

Puc. 1.88. KOMBMHMPOBaHHbII COLUHMK 4715 TPETLErO BapuaHTa Nnocesa:
@ — COCTaB paBoymMxX OPraHoB; 6 — TEXHOMOTMYECKMiA NpoLecc; 1 — BbIMPECCOBbIBAOLLE
KaTKW; 2 — 0AHOAVCKOBbIE ChepUUeckme COLLHMKM; 3 — 3aropTaun TUNa «1acTOUKUH XBOCT»

JocTonHCTBa BapuaHTa: NpefBapuTeNbHO BbINPECCOBaHHbIE GOPO3AKM
MOBBILLIAKT YCTOWYMBOCTb XO4a COLUHMKOB M PaBHOMEPHOCTb YKIaAKu ce-
MsH MO TNybuHe; 3ano/IHEHHbIE PbIX/I0A MOYBOM GOPO3AKM 3amMeansoT
MPOLIECC UCMApeHWst BNarn 13 ynioTHEHHOIO CI0s MOYBbI.

HepocTaTok BapuaHTa: HempukaTaHHble CeMeHa B 60pO34Kax WMMEKT
HEBBLICOKMIA KOHTAKT C MOYBOM, YTO MOXET CHMXKaTb WHTEHCMBHOCTb KX
npou3pacTaHnsi B CyXyto Norofy, 0CO6eHHO Ha SIErKMX No4Bax.

YerpepThlii BapuaHT MOCEBA OCYLUECTBSETCS KOMOUHMPOBAHHLIMM
cowHmkammn (puc. 1.89, 6) dupmbl «Lemken» (FepmaHns) 1 BXOAAWMUX B
coctas ATM-6A, AIMM-6I1, ocBoeHHbIX Ha npoussogcTee B OAO «Jlngar-
ponpommatl». TexHOMornyeckunin npouecc pabotsbl (puc. 1.89, 6) nogobeH
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TpeTbeMy BapuaHTy, BKIIOYAET BbINPECCOBbIBAHWE KAMHYATbIX 60PO3MOK,
YKNafKy ceMsiH B 60pO34KV COLLHMKaMW, NPUKaTbIBaHME BOPO3AO0K C ceMe-
HaMy 06PE3NHEHHBIMU KaTOUYKamK, 3aKpbITie Npy He0OXOAMMOCTH MpKKa-
TaHHbIX 60PO3A0K PbIX/I0 NOYBOWA (C NOMOLLbIO 3aropTaveid).

a 6

Puc. 1.89. KOMBUHMPOBaHHBIV COLLHKK NS YeTBEPTOro BapuaHTa nocesa:
a — cOCTaB paboynX OPraHoB; 6 — TEXHONOMMYECKNIA NPOLiECC;
1 — BbINPECCOBbIBAIOLLIA XeNe3HbIN KaToK; 2 — ABYXANCKOBbIN
COLUHWK; 3 — MPVKATLIBAKOLLMIA KATOK

JocToMHCTBa BapuaHTa: MMeET BCe AOCTOMHCTBA TPETLEr0 BapuaHTa W
YCTpaHSeT ero HefloCTaToK — MpuKaTbiBaHWe 60PO3A0K C CEMEHaMM MOBbI-
LLaeT paBHOMEPHOCTb 3afIeNIKN WX MO Ty6uHe, CO34aeT XOPOLUWIA KOHTaKT
CEMSIH C MOYBOI, YTO 0bGecneunBaeT Gonee APY>KHbIE BCXOAbl B NOGYHO
MOCNENOCEBHYIO MOrogy.

1.19. ArporexHnyeckne acneKThbl GyHKIMOHUPOBAHUS
COIIHMKOBBIX TPy

B mpouecce >XU3HEHHOro umkaa (0T BCXOZOB A0 CO3PEBaHWSA CEMSIH)
pacTeHMs NPOXOAAT HECKO/bKO (ha3 pocTa U pa3suTus. [ns HOPManbHOro
NPOXOXAEHUS 3TUX (ha3 BCe Ky bTypbl NPeabsBastoT onpefenieHHbIe Tpe-
60BaHMA K (hakTopam cpeabl.

HauvanbHoli hasoii ABAseTCA npopacTtaHue cemsH. a4 3Toro B Nnoces-
HOM Cnoe Mo4yBbl 00si3aTe/IbHO Ha/MuMe Tpex (PaKTOPOB: BOAbI, Tenna U
Kncnopoga. Kpome (ur3nMuecknx pexrmoB CYLLECTBEHHbI U XUMWUYECKME
thakTopbl. Tak, NpopacTaHWO CEMEHW MpPeALlecTBYET ero HabyxaHue. No-
NIOWEHVE MPW 3TOM Bfarn — CA0XKHbIA BUOXMMUYECKMIA Mpouecc, B pe-
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3y/nbTaTe KOTOPOrO B 3epHe YCUIMBAETCS AeATeNIbHOCTb (hepMEeHTOB, KOTO-
pble, B CBOIO OuYepedb, MEPEBOAAT C/IOXKHbIE OpraHW4eckue COoefuHEHUS
(Kkpaxman, HekoTopble GefKu, XXUpbl U OpYyrve BelecTsa) B (DOpMbl, A0C-
TYMHbIE 4719 NUTaHWA HaYMHAIOLLEro POCT 3apogblLLa.

B pganbHeillem pacTeHune CBOel KOPHEBOI CUCTEMOI NOrnowiaeT nuTa-
Te/bHble BELeCTBa 13 TeX C/NOEB NOYBbI, KOTOPbIE ABNAKTCA LOCTYMHLIMM
4ns Hee. MoO3TOMY CTaHOBUTCA MOHATHLIM, YTO Ka4eCTBEHHO BbICEATb Ce-
MeHa B Tensble, BNaXHble MU KWCMOPOACOLEPXKaLlMe CoM NouBbl — 3TO0
TOMbKO MOMOBMHA 3afjayun, obecrneumBarolas OyayLleMy pacTeHUO ONTuU-
Ma/ibHbIA (PU3NYECKMIA pexxum. BTopasi, He MeHee BakHasl 3ajaya, CoCToMT
B TOM, 4TOObl 06ecneynTb pacTeHWe MuTaTeNbHbIMUW BellecTBaMu. A 3TO
[0CTUraeTcsl TOMIbKO COBOKYMHbIM ONTUMabHLIM PasMeLLeHeM CEMSH W
YL0BpeHWIA.

TakMMm 00pa3oM, KayecTBEHHas 3afefika CeMSH U yAobpeHuid npu no-
CeBe SIBMISIETCA BaXKHeliLLEe 3aaayeli, YCnewwHoe peLleHne KOTopoli obecre-
YMBaET ONTUMaNbHbIE YCM0BUS B HaYa/lbHbIX (hasax BereTauumn pacTeHnli u
TeM CaMbIM 3aKnadblBaeT OCHOBY 6yayLLEro ypoXkas BO3Le/bIBaeMO Ky/ib-
Typbl. Tenno, CBeT, BO34yX, BOAA, MUKPOOPraHM3Mbl, Apyrue QPr3nyeckume u
XMMUYECKME (haKTOPbl K&XKbIA B CBOEM [Mana3oHe cO34al0T MHOTOMEPHOE
MPOCTPaHCTBO YCNOBWIA POCTa U PasBUTUS pacTeHWiA. YnceHHbIe 3HaYeHUs
3TUX YCMOBUIA B ONTUMA/IbHBIX AMana3oHax 415 KaXaol KOHKPETHOM Kynb-
Typbl ONpejeneHbl arpOHOMUYECKOI HaYKOIA.

OnbIT BeAEHWA MeXaHW3MPOBaHHOMO CETbCKOr0 X03AMCTBa NoKasan, uTo
KOHTPOIMPOBaTb WM PErynMpoBaTb TEXHOMOrMYEeCKUe MPOLECChl MalLWH
M0 HEeMmocpeACTBEHHbIM MOKasaTensm (CBeT, BOAa, BO3LYX W T.A4.), perna-
MEHTVUPOBaHHbIM arpOHOMUYECKOW HayKOW, He MpefcTaB/seTcs BO3MOX-
HbiM. B 3TOI1 CBA3M 06LLIENPVHATOM BO BCEM MUpe SIBASIETCS pa3paboTka
arpoTeXHUYECKNX TPeboBaHWiA, KOTopble, ByAy4n KOCBEHHbIMM MOKasaTe-
NAMU KayecTBa TEXHOJIOMMYECKMX OMepaumii MalliWH, SBAAKOTCS, MO CYTH,
VHXEHEPHbIM U 9KOHOMMWKO-MaTEMAaTUYECKUM  OTPXKEHWEM  YCNOBWUIA
BHELLHEN cpefpbl 47151 Pa3BUTUS PacTeHWA.

OfHa 13 BaXKHeMWMX 3afa4 npu paspaboTke arpoTeXHUYEcKMXx Tpebo-
BaHW COCTOMT B OMpefeNeHNN ONTUMa/IbHbIX M AOMYCTUMbIX COYETaHWIA
npeAenoB YCNoBWA PocTa, Pa3BUTUA PACTEHWI U PYHKLMOHMPOBaHWSA pabo-
YMX OpraHoB MaliuH. Kak MmokasblBaeT NpaKTWKa, AMana3oH MokasaTeseit
paboTbl MalUVMH He BCerga fOCTaTOMHO TOYHO «HaKMafblBaeTcs» Ha ONTu-
Ma/lbHble MPeAenbl YCNOBWIA ANt pacTeHWA.

OTcrofia cneflyeT BaXHbIi BbIBOJ,: B CUCTEME «pacTEHME — MalLHa» Mo
KabK[0l1 TEXHOMOMMYECKO onepaLyn He06X0AMMO CTPEMUTLCA K Hambosee

120



MpPMEMIEMOMY COYETaHMIO AONYCTUMbIX YCN0BWA. Takoil nogxos noayyun
B NPaKTWKe Ha3BaHKWe KOMMPOMUCCHOIO ONTUMYMa.

YCnoBmsAIMW BHELLIHEN cpedbl AN PacTeHWI B HayalbHbIE Nepuobl pas-
BUTUSA SIBSIOTCA MPEXAE BCEr0 MOYBEHHbIE ycnoBus. KocBeHHbIE MoKasa-
TeNn 3TUX YCNOBMWIA onpeseneHbl PU3NKO-MeXaHUYECKUMU N TeXHOOornye-
CKVMW CBOMCTBAMM MOYBbI, K KOTOPbIM, B YaCTHOCTW, OTHOCATCS CTEMNeHb
KpOLLEHWs, yaenbHOe COonpoTvBAeHne nNpu 06paboTke. Mo OTHOLIEHUIO K
paboumm opraHam MalLWH BaKHOE 3HAYEHNE MMEKOT BENIMYMHBI KO3(hduLm-
€HTa TpeHMs napbl MOBEPXHOCTb — MOYBA, YNPYroCTb, NIACTUYHOCTb, NNM-
KOCTb MOYBbIl. TEXHOMOrMYeckKne TPYAHOCTU 34eCb COCTOAT B TOM, 4TO
YMOMSIHYTbIE CBONCTBA MOYBbI MPETEPMEBAOT M3MEHEHUS B 3aBMCHUMOCTU
OT €e COCTOSHWSA, U B YACTHOCTU OT BNI&XKHOCTM.

YBenmueHne abCcoMOTHOM BAAXKHOCTU MoYBbl A0 25...27 % noBbiWaeT
CMOCOBHOCTb CeMSH K MpopacTaHuto 1 obecneuymBaeT 6GONMbLUYHO AOCTYI-
HOCTb MMTaTe/bHbIX BelecTB. C ApYroi CTOPOHbI, MPW YBENNYEHUN BflaXK-
HOCTMW NOYBbI MOBbILLIAIOTCA 3HAYEHWS NOKasaTenein TPEHNs U IMMKOCTU, KO-
TOpble C TEXHO/I0MMYECKOIi TOUKM 3pEHUS UTPat0T OTPULATENbHYO posb [21].

MatemaTnyeckas 06paboTka pe3ynbTaToB 3KCMEPUMEHTASIbHBIX MCCe-
[0BaHWi Mo onpeseneHnio TEXHONOTMYECKMX CBOMCTB MOYB, NPOBEAEHHbIX
aBTOpaMu faHHOI paboTbl COBMECTHO CO cneyunanictamm KupoBorpagcko-
ro HIMO «[lMoyBonocesmatl», NnokKasana, Yto B peasbHOM pasMaxe BnaXHo-
CTM NOYBbl €6 (PPUKLMOHHbIE CBOWCTBA [JOCTATOMHO TOYHO MOFYT ObITb
onucaHbl KBagpaTHbIM TPEXY/IEHOM:

f=aw?+bw+c, (1.18)

rae f — KOahUUNEHT TPEHMS NOYBbI O PabOYYHO NMOBEPXHOCTb;

w — abCOMHOTHAA BNAXHOCTb NOYBbI, %.

Mpu 3TOM KO3(MLMEHT NpU KBaAPATUYHOM YfieHe, Tak XKe Kak U CBO-
6OAHbIN YneH, 41 BCEX MOYB ABNSETCS BENMYMHOW OTpMLaTeIbHON. Tak,
LN CYT/IMHACTOW WM MecyaHol MOYB CpeAHeli CTEMHOW 4YacTh YKpauHbl
YPaBHEHVS COOTBETCTBEHHO MMEIOT CNefyoLLmnii BUA;

f, =-0,0012w? + 0,0675w — 0,2749; (1.19, a)
f, =-0,0011w’ + 0,0671w — 0,4308, (1.19, 6)

a anda cynecanoﬁ NMoYBbl BOCTOYHOW 30HbI Eenapycm
f, = —0,0011w? + 0,673w — 0,3415. (1.19, 6)

MoacTaHOBKa B npasble YacTy ypaBHeHwit (1.19, a; 1.19, 6; 1.19, ) 3Ha-
YeHuii abConTHONM BNaXKHOCTM B AmanasoHe 20...40 % no3Bonnna ycraHo-
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BWUTb, YTO MO Mepe YBE/MYEHWUS BNDKHOCTW [0 OMNpeAeneHHOro mpefena
KO3(hpMLMEHT TPEHNS BO3pacTaeT, a Aanee yobiBaeT. ITO 0ObACHAETCS TeM,
YTO MPW AaTbHENLLEM YBENIMYEHNN B NMOYBE COAEPKAHWS BNarn nocnegHss
UrpaeT pPosib CMa3sKu.

CnefyeT OTMETUTb, YTO COFNacHO MPUBEAEHHbIM YPaBHEHWAM MaKCu-
MafibHOe 3HaueHWe KoaduLveHTa TPeHUs necyaHoi nousbl wy = 30,5 %,
cynecyaHoi — w, = 29,3 %, CyrnMMHUCTON — ws = 28,1 %.

TakuM 06pa3oM, arpOHOMUYECKME TPeboBaHMS PaCTEHUIA N TEXHONOIU-
YecKmne BO3MOXKHOCTM NOYBOOOpabaThIBaOLLMX paboumx OpraHoB BXOAAT B
NPOTMBOPEYME COOTBETCTBEHHO MO YCMOBMAM BHELLHEW cpefbl U (hYHKLMO-
HMpOoBaHMs. MO3TOMY NPU COBEPLUEHCTBOBAHUM TEXHOMOTWIA N pa3paboTke
HOBbIX PaboyMx OpraHoB Ans 3aAenKn CeMsH 1 ya00bpeHnii cnegyeT yunTbl-
BaTb, YTO BCE TEXHOMOrMYECKME OMepaLuy COLIHMKOB MOTYT BbIMO/HATLCA
B Y3KOM [1ana3oHe TEXHOMOrMYECKUX YCNOBMIA: MeXAY HVDKHER rpaHuLeld
arpoHOMMWYECKMX BO3MOXHOCTE pPacTeHWn U BepxHeli rpaHuLEein TexHoMo-
rMYeCKMX BO3MOXHOCTEN NOBEPXHOCTeli paboynx OpraHoB.

AHanuz 61oNornYeckMx MOTPe6HOCTEN pacTeHWid C y4yeTOM OfMbITa
MPaKTUYecKoi arpoHOMMUM NOKa3bIBaeT, YTO MOJIHOLEHHOE CeMsi CMOCOBHO
ObICTPO MpOpacTi 1 06ecneynTb OCHOBY MOLLHOFO PacTeHus, eciv B Mpo-
Liecce noceBa M B HayasbHbIE MEPUOAbI BeretaumMu OHo (a BMOCeACTBUM
€ro KOpHeBas CMCTEMA) JIOKa/IbHO MO/y4UT BCe HEOOXOAMMbIE (IU3UYECKME
N XMMu4eckre akTopbl passuTuna. MHOroobpasve aTux JakTopoB MOXET
6bITb ChOPMYNMpPOBaHO B (hOpMe MHTErpasibHbIX TpeboBaHWiA, onpeaensito-
WMX KPUTEPUM KauyecTBa TEXHOMOMMYECKUX Onepauuii  nouyBoobpaba-
ThIBalOLWMX paboumx OpPraHoB, U B YaCTHOCTM COLUHMKOB A5 3afeNKu ce-
MSH 1 YA06PeHuiA.

KoMnM/eKcHbI noaxos K MpoLeccy BO3AeNbiBaHUA CeNbCKOXO3ANCT-
BEHHbIX Ky/bTyp B MOACWUCTEME «MOYBa — pacTeHue» MO3BOMWA pa3pabo-
TaTb CXeMbl TEXHO/IOTMYECKMX OMnepauuii 3a4eMblBatoLLyx paboumnx opraHoB
No GMOMOTNYECKUM W arpOTEXHUYECKUM KPUTEPUAM C pPa3bMBKOI NO Tpem
nepwogam: [0 Nnocesa, B NpoLecce nocesa 1 nocse nocesa (taén. 1.11).

OTAenbHO cneayeT OCTaHOBUTLCS HA 06ECMEYEHNN pacTeHUIA NUTaTe b-
HbIMU BELLEeCTBaMMW, MOCKO/IbKY OT 3TOr0 B KOHEYHOM CYeTe 3aBUCUT Mpo-
LOYKTVBHOCTb M YPOXKAMHOCTb Ky/bTYpbl.

KauecTBeHHas yKnagka 1 3afesika CeMsH ABNAKTCS HEOOXO0AUMbIM, HO
HE[OCTaTOYHbIM YC/IOBUEM 06ECreYeHnsi pacTeHWn NTAaTeNbHbIMA BeLLe-
cTBamu. MNocnefHee MOXeT ObITb LOCTUIHYTO NPY YCNOBMN KaYeCTBEHHOIO
1 CBOEBPEMEHHOI0 pa3MeLLEHNA B NMOYBE YA00PEHNIA.
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Ta6nuuya 1.11. CxemMa TeXHOJIOTHYECKUX ONEPALHii TOATOTOBKH IOYBbI

Bronornyeckune ArpoTexHuyeckme
Mepuog, Onepauus
notpe6HocTH TpeboBaHUs
1 2 3 4
MpeanocesHas
noAroToBKa rnouy-
BbI:
[o nocesa pbIXneHve Aaspaumna CocTaB NOYBEHHbIX arpera-
TOB M0 pasmepam, %
YMIOTHEHWE dopmuposaHue Bnaro- | MAOTHOCTb MOYBbI
(npwkatbiBaHWe) |cogepyxallero cnos (oTAenbHbIX CNOEB)
[Noaroroska noy-
Bbl B 30HE COLLHU-
Ka 15 yKNnagKku
ceMsH 1 yfobpe-
HWiA:
YNnoTHeHne BnaxHoe gHo 60po3- | TBEpLOCTb CEMEHHOIO /10Xa
[bl NS CEMEHM
CnocobcTBoBaHue KpoLueHne noyBbl Ha KOMKM
pbIX/ieHVe
NPOHNKHOBEHWIO TeMn/a | Mo pasmepam
IpOHNKHOBEHNE
6 NX KOpHeii ObecneyeHne CTPYKTYpHO-
0TBOZA KOMKOB YAYW P PYKTYP
B MOYBEHHbIE CTPYK- | CTW NOYBbI
Typbl
Bo Bpems Bnara, Tenno, Bo3-
O6pasoBaHue
nocesa [LlyX, HEBbICbIXat0- YknafiKa cemsH 1 yfobpe-

60p034bl, YKagka
CeMsH 1 yfobpe-
HWA

LA cNoii NOYBbI,
nuTaTenbHble Belle-
cTBa

HWIA Ha NNOTHOE BIXXHOE
[HO 60p0o3ab!

3afenka ceMsH
1 yfobpeHuit

AnutensHoe
(20...30 pHeit)
NOKa/IbHOE COXpaHe-
Hue cthopMm1poBaH-
HbIX (PU3NYECKNX 1
XUMUYECKNX PEXM-
MOB

Yrnybnexue (BaaBnuBaHue)
CeMSsIH B iHO 6OPO3Abl: YK-
pbiBKa CEMSIH 1 YA0BpeHuiA
B/I@XKHOW NOYBOIA, 3aCbInKa
60p03Abl PbIX/0i NOYBOIA;
YNOTHEHME NoYBbI, CO3/a-
HVie MY/IbUYMPYHOLLLETO C/OS;
3acblnka 60po3abl ¢ 0bpa-
30BaHMEM Fpe6Hs; YacTuy-
HOE YN/IOTHeHe
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OKOHYaHue Tabn. 1.11

1 2 3 4
BbIpaBHuBaHme no-
TeHLWalbHbIX BO3-

MOXHOCTelA B Y/10B-

MocnenocesHoe NETBODEHUMN MOTPEG- | [0 oo o
BbIPaBHMBaHME HOCTel KaKA0ro max 0 Mcnocoﬁnengy
MoYBbI pacTeHus B (h1snye- P
CKWX M XUMWNYECKNX
Mocne (hakTOpax Xu3Heges-
nocesa TeNbHOCTY
MNoararneaxve
I MNoCeBH <
OCNENOCEBH0E MOYBEHHOI BRary MpUMeHeHe NPUKaThI-

YNIoTHeHWe (Npu-

K NoCeBHOMY C/10H0 BaloLLMX KaTKOB
KaTbIBaHVIe) noyBbI Y .

noyBbI

Pa6ouve opraHbl Ans
CM/OLLHOrO PbIXNEHNs
noyBbl (MOBEPXHOCTHOE)

Cr/oLLIHOE PbiX- Mocneaytolwee Baro-
JIEHME MOYBbI yaepxaHue

ViccnefoBaHNs, NpOBeAeHHble B MOCMEAHUE FOfbl, CBUAETENbCTBYIOT
0 TOM, 4YTO BecbMa 3(PEKTUBHLIM ABMSETCA SIEHTOYHOE AOMOCEBHOE WM
MPUMOCEBHOE BHECEHME OCHOBHON [03bl MUHEPaIbHbIX  YA06PEHWIA.
Mpy 3TOM OCHOBHbIE KPUTEPUM KauyecTBa 3ade/kn YA0BPEeHMA cOCToAT B
clnegytoLem:

—3afleNlka BO B/I&XKHYIO MOYBY Ans 06ecrieveHUst pacTBOPEHUS B BOfE
MUTaTeNlbHbIX BELLECTB;

— OMTYMa/IbHOE PasMeLLeHe OTHOCUTENIbHO KOPHEBOW CUCTEMbI Byay-
LMX pacTeHWIA, YTO JOCTUrAeTCs MOYBEHHO MPOCMONKOWA MeXay CeMeHa-
MW 1 Y0O6PEHNSIMI B BEPTUKA/IbHOM 11 FTOPU3OHTA/IbHOI MNOCKOCTAX;

— CO3JaHue ONTMMa/IbHOM MI0THOCTM MOYBLI B 30HE 3a4€e/KM TYKOB A/
06€eCcrneyeHns UHPUILTPALMOHHOTO NPOMNWTLIBAHWS TEX C0EB, TAE pasme-
LLieHa KOPHEBas CUCTEME;

— (hopMMpOBaHME ONTUMabHON LIMPUHBI NEHTLI YAobpeHwWiA ans obec-
nevyeHns 61oNOrMYeckn 060CHOBAHHON MOLAAN MUTAHNUS PaCTEHW;

— paBHOMEpPHOe pacrpefenieHne C periaMeHTUPOBaHHbLIMW YMACIOBLIMU
XapaKTepUCTUKaMW 3aKOHOB pacnpefeneHnss TYKOB MO LUVPUHE JIEHTbI
YLA06peHWiA 1 rnybuHe ee 3aneraHns;

— CO3faHNe YM/I0THEHHOTO C0A MOYBbI HAfA NEHTOW MUHEpPaIbHbIX
YL0OPEHWIA;

— CO3fjaHue Haf, YNJOTHEHHbIM C/I0EM MOYBbI PhIXIOF0 MyNbUYMPYHOLLETO
cnosi.

MepeyncneHHble KpUTEPUM KAYECTBa YKAAKN U 38[e/TKN MUHEPabHbIX
YA0OPeHUiA ABAAKOTCA, C OAHON CTOPOHLI, (DparMeHTOM KapTbl TEXHONOT Y-
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YECKMX OMnepaumii, BbINOHSEMbIX TYKOBbIMI COLUHMKaMK No4Boobpabathl-
BAlOLLMX W MOCEBHbLIX MaLUWH, a C APYroi — OnNpefenstoT TeEXHUYeCKme na-
pameTpbl 60p03AK006PasyHOLLMX U GOKOBbLIX MOBEPXHOCTEN COLLUHWUKOB, a
TaKkXKe OMOPHbIX 3/IEMEHTOB, K KOTOPbIM OTHOCATCA NATKU U YNAOTHUTENMN.
[aHHble KpUTepUK SBNAKOTCA UCXOAHBIMU JaHHbIMW 151 pa3paboTKu fAo-
MOSTHWTENbHBIX 3/1EMEHTOB U YCTPOICTB, TaKUX KaK OTpaXaTenu, pbixaute-
NN, BbIPaBHMBATENN.

TakMm 06pa3oM, TEXHWYECKME MapamMeTpbl 3epHOBbIX M TYKOBbLIX COLL-
HMKOB, a TaKXXe UX OT/e/bHbIX 3/1EMEHTOB OMNpPEeAE/eHbl arpoTEXHUYECKMM
TpeboBaHMAMM, KOTOpbIE, B CBOKO O4Yepefb, ABNAITCS MHXXEHEPHLIM U 3KO-
HOMWKO-MaTeMaTMYeCKNM MpeacTaBneHNEM GMONOrMYECKMX MOTPEOHOCTEN
pacTeHWiA.

MHoroobpasne 3TUX NOTPeBHOCTEA W pas3nnuna B MOYBEHHO-
KIMMaTWUYeCKMX YCMOBMSIX 30H BO3AE/bIBAHWS KY/bTypbl NPUBOAAT K HEOO-
XOAMMOCTM Pa3paboTKM HOBbIX ¥ COBEPLUEHCTBOBAHMUS CYLLECTBYHOLLMX
TEXHONOMNIA BHECEHWS YA0OPEHNIA 1 NOCEBa, a TAKXKE CO3A4aHNs HOBbIX pa-
604MX OPraHoOB MMM NX 3/IEMEHTOB AA peannsaLmn 3TUX TEXHONOTUIA.

1.20. TexHoI0THYECKOE 00pa3oBaHUEe GOPO3I0K U pacmpeneaeHue
CeMsIH IBYX/IMCKOBBIMY COITHHKAMM € Pa3JIHYHBIMHU
yIJIaMM aTaKH AUCKOB

Ha puc. 1.90 npmBegeHbl cxeMbl 60p034006pa30BaHMA LWECTU ABYXAMC-
KOBbIX COLUHWKOB C Pas/IMyHbIMK YriaMu aTakv AMCKOB. TeHAeHUmMs co3fa-
HWA MOCEBHbIX MaLUWH Hanpas/ieHa Ha MOBbILIEHWE MX NPOU3BOAUTE/LHO-
CTU W COKPALLEHWS CPOKOB MOCEBa 3ePHOBbIX W APYIUX CEMbCKOXO3ANCT-
BEHHBIX KYNbTyp.

Mpon3BoANTENBHOCTL MOCEBHOMO arperara 3aBUCUT OT LUMPUHBI 3aXBaTa
M CKOPOCTW ABWXKEHWS. YBE/MYEHWE LUMPWHBI 3aXBaTa MOCEBHbIX MaLLUH
L1 XO3AMCTB HaLleli pecrny6/1nKM NpakTUYeckn ncyepnaHo 6...8 meTpamu.
B ceBepo-BOCTOYHOM YacTu pecny6amku, Morunesckoii n Bute6ckoin 06-
nacTsx, Hambonee ONTUMa/bHbI LUIECTUMETPOBbLIE OCEBHbIE arperarbl.
B HacTosiLLee BpeMsi COrnacHO arpoTeXHWYeckuM TpeboBaHWAM A/1s MoCeB-
HbIX MaLLWH PeKOMeHAYeMast CKOPOCTb UX [BWKEHUA COCTaBnseT 2,5...3 m/c
(80 10 km/u). Takas CKOPOCTb PEKOMEHAYETCS M3-3a KOHCTPYKUMIA AUCKO-
BbIX COLUHMKOB, KOTOPbIE XOPOLLO paboTatoT Ha No6bIX TUNax noys, B TOM
yucne Mynb4MpoBaHHbIX. B TO XKe Bpems CyLLECTBYHOLLME ABYXAUCKOBbIE
COLHUKN WMEIOT ONpefenieHHbId Yron atakM fAMCKOB [NA HauyyLlero
thopmypoBaHus 6OPO3AO0K U pacnpedenieHns B HAX CEMSH, Hanpumep, 3ep-
HOBbIX Ky/bTYp.

125



B B 9%

N 4 4

bl

|
5.20 | [ 75 5.20

FAIRAL S T
75 20..30

&

XN
N
L

“»"i‘.;‘i‘=
| ]
==

[ ]

T

Puc. 1.90. Cxembl 06pa3oBaHus 60PO3A0K W pacnpeaeneHns CeMsaH ABYXANCKOBbIMUA COLLHM-
KamMu: @ — ABYXANCKOBbIV Y3KOPSAHBIA COLIHMK C MEXAYpsAaseM 75 MM 1 yriom ataku 18°;
6 — ABYXANCKOBbI Y3KOPSAAHDBIVA COLIHNK C KOHUYECKMMU AVCKaMW C MEXAYPAALEM 75 MM

1 Yrnom atakv 18°; ¢ — ABYXANCKOBbIN Y3KOPSAHBIA COLUHUK C KOHUYECKMMU AUCKaMK C
mexaypsabeM 150 MM 1 yriom ataku 9°; 2 — ABYXANCKOBbINA COLLUHWK OBOLLHOW CesnKu
CO-4,2 ¢ orpaHMunTeNbHBIMU pebopaamu ¢ Mexxaypsasem 70 MM 1 yriom ataku 10°;

0 — [IBYXANCKOBbIV LUMPOKOMO/OCHBIN COLUHWK C MeXaypsabem 150 MM, LUMPUHOI nonocsl
pacceBa cemsH 60...80 MM 1 yriom ataku 18°; e — ABYXAVNCKOBbINA COLIHMK (MaKeTHbI 06pa-
3ell) ¢ MexaypsagbeM 125 MM 1 yriom ataku auckos 0°; 1 — ceMsiHanpaBuTesb; 2 — NI0CKue

AVNCKN ABYXAMCKOBBIX COLUHMKOB; 3 — Ae/NTENb CeMsiH; 3™ — 06pe3uHeHHbIV pacnipedenuTenb
CEMSIH; 4 — NOYBa, OT6PaChIBAEMAs [BYXAVNCKOBbIMM COLLHMUKAMU; 4™ — rpebeHb NoYBbl, 06pa-
30BaHHbI MakeTHbIM 06pa3LIOM [BYX/ANCKOBOrO COLLUHMKA C HYNEBbIM YT/IOM aTakun AVCKOB
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YIbl aTaky AMUCKOB HAXOLATCA B npefenax 9...18° o ocyLLecTBieHNs
LUMPOKOPSAAHBIX U Y3KOPAAHLIX MOCEBOB, KakK npaswio, 15 wuau 7,5 cwm.
B HacToALee BpeMs B pecrny6/nKe UCMOMb3YHTCA UMMOPTHbIE N OTEYECT-
BEHHbIEe MOCEBHbIE MAlUVHbI C ABYXAMCKOBbIMW COLUHMKaMW AN1s nocesa
3epPHOBBIX KYNbTYP C MeXaypaaseM 12,5 cM 1 yMeHbLUEHHbIM YT/IOM aTaku
[MCKOB C LeNb0 YMeHbLUEHWs 0TOpoca NoYBbl B CTOPOHY OT AMCKOB COLL-
HWUKOB 1 3a6pacbiBaHWA et COCefHUX PALKOB CeMAH. OTPOMHBLIM Pe3epBoM
YBE/IMYEHNSI NPOM3BOANTENBHOCTU MOCEBHbIX MALUWH W COKPaLLeHMs Ccpo-
KOB roceBa ABNAeTCA CKOpPOCTb. OfHaKO C NOBbILLEHWEM CKOPOCTU YBeNu-
YMBaeTCA OTOPOC MOUBbI C 3abpacbiBaHUEM €0 COCELHUX PASKOB, YTO NpU-
BOAMT K HapyLUeHWO rNyOuHbI 3ae/IKM CeMAH 3epHOBBIX KY/bTyp. [BYyX-
[MCKOBbIE COLLHWKM UMEIOT W JpYriie CYLLeCTBEHHbIe HeJOCTaTKM.

V13BeCTHble [ABYXAMCKOBbIE COLUHUKM C MAOCKMMW AMCKaMWU C Yriamu
araku 9° 1 18° ana y3KopsAHOro 1 LWMPOKOPAAHOro rnocesa CemMsaH MMEKOT
chefytoLme HefoCTaTKu:

— pa3pyLUatoT YMNIOTHEHHbIA CMOA NOYBbI ANS CEMSIH, 06pPa30BaHHbIN
pa3/IMYHbIMU KOHCTPYKLMSMU KaTKOB B COCTaBe KOMOUHMPOBAHHbLIX MOYBO-
06pabaTbIBalOLLMX 1 MOYBO0OPabAThIBAOLLE-MOCEBHbIX arperaTos;

— UMEIOT YBEIMYEHHYIO [/IMHY, TaK KaK pacCTaHOBKA Ha CeANKax W1 Nnoyso-
06pabaTbiBatoLLEe-NOCEBHLIX arperatax OCYLLEeCTB/ISETCS, Kak MpaBuno, B
AiBa pAafa,

— YXyALIaT paBHOMEPHOCTb 3ae/KN CeMSH MO r1y6uHe 3a CHeT Haln-
YA Yri0B aTaku AMCKOB 1 3abpacbiBaHWs NMOYBO COCEAHUX PSAKOB;

— He 06pasyoT YNJIOTHEHHOIO NIOXa A/151 CEMSIH;

— YBE/IMYMBAIOT TATOBOE COMPOTMB/IEHUE NMOCEBHbLIX arperaTos 3a CYeT
nepemeLLeHns N 0TOpackiBaHUA B CTOPOHY 3HAYMTENIbHOW MacChl MOUYBbI;

— UMEIOT MOBbILLEHHYHO METaINI0EMKOCTb;

— TPebytoT YCTaHOBKU HA [ABYXAUCKOBbIE COLUHWKW [LOMOMHUTENbHBIX
MPUCMOCOG/IEHUIA C ONMOPHO-MPUKATLIBAIOWMI KaTKamMu 19 06pa3oBaHus
YNNIOTHEHHOTO /10XKA A/191 CEMSIH;

— He OCYLLECTB/AIOT KayeCTBEHHO TEXHOMOMMYECKMiA MpoLecc nocesa
CeMSsIH Ha BbICOKUX CKOpPOCTAX — 6osee 3 m/c.

Ha pwuc.1.90,a npuBefeHa TeXHONOrTMYeckas Ccxema 60pO3aKO-
06pa30oBaHNs [BYXANCKOBLIM COLUHWKOM ANS Y3KOPALHOIO MoceBa CeMsiH
3EPHOBbLIX KYNbTYP C MeXAypsgbem 75 MM W YoM aTaku Auckos 18°.
Ha puc. 1.90, 6 [50] npeacTasneH ABYXAWCKOBBIA COLLHUK A. A. TounLKo-
ro C KOHNYECKUMUN AMcKamu. C NOMOLLIO KOHUYECKUX AUCKOB YNIOTHAET-
cs AHO 6OPO3AKM, Ha KOTOPYH yKNaabieatoTcsa cemeHa. Ha puc. 1.90, ¢ no-
KasaH ABYXAMCKOBLIA Y3KOPSAHbLIA COLLHWMK, OCYLLECTBASAOLIMIA 06pa3oBa-
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H1e MeXaypaaba WwuprnHoii 150 mM. Ha puc. 1.90, 2 npeacTasneH gByxauc-
KOBbIIi COLLIHMK 0BOLLHOM ceankm CO-4,2 ¢ pasgsurarommmcs pebopaamum.
C nomoLbto pebops OCyLLecTBNAETCA NOCTOAHHAA ry6uHa Xoha AUCKOB,
pacKpbIBatOLLMX BOPO3AKN ANA CEMSAH, UTO rapaHTUPYeT 3afaHHyto rny6u-
Hy ux noceea. Ha pwuc.1.90,0 [4] yKasaH ABYXAWUCKOBbIA COLUHMK
B. A. laiigykoBa, y KOTOPOro CeMsiHanpaBMTE/lb 3aKaHUMBAETCS MPOpe3u-
HEHHbIM pacnpegenvTenem cemsH. C MOMOLLLIO 3TOTO pacnpefenutens
MeXAy AMCKaMU BblpaBHMBAETCA AHO OO0PO34KW, CEMeHa pa3MeLLaroTcs
NEHTOM WKnpKUHOW 60...80 MM 1 NPUKaTLIBAKOTCS 0OPE3NHEHHBIM KaTOUYKOM,
NPUCOESNHEHHBIM K KOPMYCY COLUHMKA WM PAcnooXeHHbIM Mexay AucKa-
MuK. Katouek obecrneyvBaeT nNpuKaTbiBaHNE CEMAH W NOAAEPXKMBAET 3afaH-
Hyto rny6mHy nocesa ux. Ha puc. 1.90, e npeAcTaBneH MakeTHbIV 06pasel]
[BYXAMNCKOBOr0 COLUHWKA C HYNeBbIM YrNOM aTaku AUCKOB C CUMMETPUY-
HbIMW YCEUYeHHO-KOHYCHBbIMU pebopAamu, 3a KOTOPbIMU pasMeLLeHbl cems-
HanpasuTenn. Pebopabl (hopMUPYIOT fBe GOPO3AKM C YNAOTHEHHbIM AHOM
1 OrpaHNYMBAaIOT ONpeaeneHHyo rny6uHy pasMeLLeHNs CeEMSH.

1.21. ArpoTexHHYeCKHe U TEXHOJIOTHIECKHE TPEDOBAHNUS K MOCEBY
3epHOBBIX KyJbTYp. OnpeneieHue (paKToOpoB y3KOPSIAHOIO NOCEBA
CeJIbCKOXO035H{CTBEHHBIX KYJILTYP OAHOAMCKOBBIMH COLITHUKAMU

B 3aBUCUMOCTU OT UMEIOLLNXCS TEXHNYECKMX CPEACTB NPUMEHAIOT ps-
[0BoVi noces ¢ Mexaypagbem 12,5...15,0 cm, a Takxe y3KopsaHbli (6,25 1
7,5 cm).

MoceB 3epHOBbLIX KYNbTYp AO/MKeH BblTb MPOBEAEH B ONTUMASIbHbIE ar-
POTEXHWNYECKME CPOKU. B CeNbCKOXO3AWCTBEHHbIX MPEANpUATUAX CEB Kak
03MMbIX, TaK U FPOBbIX Ky/IbTYP LO/KEH KOPPEKTUPOBATLCA B 3aBUCUMOCTM
OT NOrOAHbIX YCMOBUIA, BNXHOCTM, COCTaBa NOYBbI, BbICEBAEMON KY/bTY-
pbl. CrieflyeT yyecTb, 4To noyTy 20 % ypoxkas TepseTcs M3-3a HapyLleHus
CPOKOB BbIMO/IHEHWS NOCEBHbIX PaboT.

Kom6VHVpoBaHHbIE CeAanky 1 noysoobpabaTbiBatoLLye MoceBHbIe arpe-
ratbl 4O/MKHbI 06ecrneynBaTb BbICOKYHO PABHOMEPHOCTL BbICEBA MO LLUMPUHE
3axBata, rnyoviHe 3afenku U Xody ABWXeHusa. [nybuHa 3afeNiku CeMsH B
MOAroTOB/IEHHYIO MOJ MOCEB MOYBY 3aBUCUT OT BMIAXHOCTMW, MeXaHNYECKO-
ro coctaBa MoyBbl, CPOKOB MOCEBA U BbICEBAEMON Ky/bTypbl. Ha cyrnimHu-
CTbIX MOYBaxX CEMEHa BbICEBAOT Ha rNy6uHY 2—4 cM, Ha CpefHeCcyrnnHU-
CTbIX, CynecyaHblX ¥ TOPAHbIX — Ha 3-5 cM. Mpwn 3anasfbiBaHUM € noce-
BOM W MePecbIXaHnW MoyBbl ry6VHY yBenuuusatoT Ha 1-2 cM. OTKNOHe-
HWe rny6uHbI 3afeNKu CEMSH OT 3afjaHHOl He JO/MKHO mpesbiwaTb 15 %.
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Hanunume He3zafenaHHbIX B MOYBY CEMSAH He fonyckaeTcs. OTK/IOHeHWe LWn-
PUHbI CTbIKOBBIX MEXAYPAAUIA CMEXHBIX MPOXOA0B OT OCHOBHbIX HE AO0/XK-
HO npeBbIWwaTth 15 cm. KpaiiHe BaXXHO co3AaHue YNI0THEHHOr0 CEMEHHOro
NoXa ANs CeMsiH 3epHOBbIX 1 Apyrux KynbTyp (1,2...1,25 ricm? [56]. OHo
CMoco6CTBYeT paBHOMEPHOW 3aAe/iKe X Mo rnyouHe, NO3BOMSET NOATAMU-
BaTb Bary A1 CKopeiiliero HabyxaHusi 1 NpopacTaHusi CeMsiH, 0COBEHHO
npu ee gecmumte (puc. 1.91).

Puc. 1.91. Cxema onTUManbHOM 3afieNKu CEMSH:
———— — MI0THOCTb NOYBbI 1,2...1,25 r/cm®

ANpPVOPHO YCTAHOB/IEHO, YTO NPU TPaAULMOHHBIX Crnocobax nocesa Ha
paBHOMEPHOCTb pacnpefeneHns ceMsH Mo raybuHe v NoceBHON naowaan
OKa3blBAOT BAUAHWE MHOXECTBO KOHCTPYKTUBHbBIX W 3KCMyaTalMOHHbIX
napameTpoB COLLUHMKA, 3aBUCALLMX OT ero Tmna u KoHpurypaumm padoumx
3/1eMEeHTOB.

[aHHbIli napameTp M3MEHAeTCA B 3aBUCMMOCTU OT TEXHOOMUYECKUX
napameTpoB paboThbl NMOCEBHbIX arperaTos, a TakXke BMAA U CBOCTB NOYB 1
MOCEBHbLIX KY/bTYP.

YCTaHOBMEHO, YTO 3M(EKTUBHLIN Y3KOPALHBIA noces 6,25...7,5 cm me-
Xay 60po3fKamu) BbICEBAEMbIX CENbCKOXO3ANCTBEHHbLIX KYNbTYp B Ha-
CTOfILLiee BpPeMs UMetoLmmMucs B Pecnybnvke benapycb MoceBHbIMU arpe-
ratamv 06ecrneynTb Hemb3s. CBA3aHO 3TO C TEM, YTO MX KOHCTPYKUMWN He
MO3BONAOT MPOU3BECTU CTabuibHOe 6GOPO34KO06Pa30BaHWE C LLUMPUHOWA
mexzay 6oposakamm 12,5...15,0 cm 13-3a 0TOpachbiBaHNA MOYBLI COCEAHUMM
COLUHMKAMMW MPW  YBENUYEHUN CKOPOCTU [BWDKEHWA MOCEBHbLIX MAaLLUH.
[JaHHyto onepaLmio BO3MOXHO OCYLLECTBUTL OAHOAMCKOBLIMU COLLHUKaMU
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C YrNOM aTakum 6/M3KMM K HY/NEeBOMY U C CUMMETPUYHbIMKU pebopaamu-
60p034K006pa3oBaTENAMU.

B cBA3K C 3TUM NPU U3YyHeHUN Y3KOPALHOTO NOceBa LieiecoobpasHo ak-
LIEHTMPOBaTb BHUMaHWe Ha CNedyloLwwmx napameTpax: CKOPOCTU ABMKEHUA
colHuKa (M/c), wnpnHe pedopasl (M), rnybrHe xoda pebopapl (M), cTaTu-
YECKOM YCUNW HAXKMMHOR MPY>XMHbI Ha CowHMK (H).

CornacHo MocTaBfeHHbIM LefIAM 1 3aJa4aM B KauyecTBe OCHOBHbIX pe-
3yNbTUPYIOLWMX PaKTOPOB, MO KOTOPbIM GyAeT OLeHUBATLCS pe3ynbTaTvB-
HOCTb 3KCMEPVUMEHTA/IbHbIX [JaHHbIX, BblOEpeEM KauyecTBEHHbIE MOKa3aTe/un
M3y4aemMoro npouecca: cpefHee KafpaTuyeckoe OTKNOHEHWE 3afe/Kn ce-
MSIH OT PeKOMeHAYEeMOW FNy6uHbl G,; (— mMin) Ans MCNONb3yeMO MoceBs-
HOW Ky/IbTYpbl; LMPUHA 60PO3AKN beop (0 < Dgop < Dmin) — 1 KONMYECTBEH-
HbI MOKa3aTeNb — TAFOBOE COMPOTMBEHWE WCCMEAYEMON KOHCTPYKUMK E
(— min).

1.22. KJIaCCH(l)I/[KaIIl/Iﬂ JUCKOBBIX COIIIHUKOB IO TEXHOJIOIrHN4Y€CKUM
U KOHCTPYKTUBHBIM IMapaMeTpamM

OCHOBHbIM HanpasNeHVEM pPa3BUTUA 3ePHOBOTO MOLKOMMNEKca Pec-
ny6nuku bBenapycb aenseTcs gocTvkeHve K 2020 r. npom3BOACTBa 3epHa
B 06bemMe He MeHee 10 MJIH. TOHH 3a CYET COBEpLLEHCTBOBAHWA CTPYKTYpbI
MOCEBHbIX MN/0LLaZel, CTPOroro co6MI0AeHNS TEXHONOTMYECKUX periameH-
TOB BO3e/bIBaHUA 3€pPHOBbLIX W 3epHOB000BLIX KYNbTyp, Mpeaycmarpu-
BalOLLMX CBOEBPEMEHHOE W KaYeCTBEHHOE MPOBefeHNe BCEX 3TArOB TEXHO-
NOTMYECKOro npovecca (CeBa, yxo4a 3a noceBaMun U YOOPKM CeNbCKOX03Ai-
CTBEHHbIX KYNbTyp), CBOEBPEMEHHOW W MOSIHOLEHHON 3aluTbl OT COPHS-
KOB, 60M1e3He 1 BpeauTenei [1].

B o6Luem komnnekce TeXHONOTMYECKMX OMnepaumnidi 1 NpueMoB Npw BO3-
[enblBaHNN CeNbCKOXO3ANCTBEHHbLIX KY/bTyp 60/bLIOe 3HAYeHWe WMeeT
noces [26]. Haykoili yCTaHOBIEHO M NPaKTUKON MOATBEPXKAEHO, UYTO YpO-
Xail CcenbCKOX03AMCTBEHHbIX Ky/nbTyp Ha 25-30 % 3aBMCUT OT KayecTsa
BbINOMHEHWA 3TOI OMepauum, Tak Kak MMEHHO B HauasibHbIA Neprog, passu-
TUA CEMEHU 3aKNafiblBAtOTCA OCHOBbI GyayLlell BbICOKOW YPOXalHOCTH,
YCTOMUMBOCTb K NOMEraHnio, CTPeccoBbIM thakTopam. MoaToMy npu nocese
CeMbCKOXO03ANCTBEHHbIX KYNbTYP B MepPBYH0 0Yepesp TpebyeTcs obecneunTsb
Hau/yydLLne YCnoBUS NPOPacTaHWs CEMAH U AafibHelLLero passmTus pacre-
HWIA, YTO, B CBOKO OYepefb, NMO3BOANT MOYUYUTb HAUBLICLLYIO MPOLYKTWB-
HOCTb WX B X0f€ Y60pKW. ST YCNOBNSA B OCHOBHOM 3aBUCAT OT ONTUMAaSTb-
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HOr0 COYeTaHWsi BOAHOMO, BO3AYLUHOTO W TENA0BOr0 (HaKTOPOB Pa3BUTHUS
cemMeHu 1 pacTeHus [10]. BnaronpusTHOE coyveTaHue 3TUX JaKTOPOB OTMe-
yaeTcs, KOrfa ceMeHa paBHOMEPHO pacnpefeneHbl Nno nAowaamy nuTaHns m
Ha 0JVHaKOBYHO FNy6UHY, YNOXEHbI HA MAOTHOE /10)Ke 60PO3A0K, BAABMEHbI
B HEro M MPUWKPbLITbI CBEPXY PbIX/IbIM CI0eM MouyBbl. Cob0aeHNe paymo-
HaNbHbIX arpoTEXHUYECKNX YCNOBUIA NOCeBa ABNSETCA 3a710rOM NOMYyYeHUs
BbIpPaBHEHHbIX M PYXKHbIX BCXOA0B HE0OX0AMMOR rycToThbl. Tak, Hanpw-
Mep, obecreyeHre HeobX0AUMOoN NoTHOCTM nousbl ((1,2..1,3) - 10° kr/m®)
B /IOKe ANA CeMAH MO3BOMSET LOOMTLCA NOCTOSHHOIO KanuAIspHOro npu-
TOKa B/larn K BbICESIHHBIM CEMeHaM, a CnefoBaTesbHO, X BbICTPOro Haby-
XaHus 1 APY)XXHOro npopactaHus. OnTuMaNibHOe pa3MeLLeHue CeMsH Mo
rny6uHe 1 paBHOMEPHOe pacnpeaeneHne nx no mnaowaan nuTaHWs nosso-
AT 06ecneymTb CeMeHaM HeoOXOAMMBIA BOAHbIN, TENI0BOW M MULLEBON
PEXMMbI, KOTOpble TPEOYIOTCA UM A1 NpopacTaHms, a Takke (hopMupoBa-
HWS1 MOLLLHOTO Y3/1a KYLLEHMA 1 BTOPWYHbIX KOpHeit [9-12].

Mpouecc ceBa 3aBUCUT MPEXJe BCEr0 OT KOHCTPYKLMM paboumx opra-
HOB 415 ero ocCyLLecTBieHMs. B nocnefHee Bpems 3apy6exHble 1 0TevecT-
BEHHbIE MOCEBHbIE MalUVHbI 060PYLAYHOTCA, Kak MpaBuno, KOM6GUHMPOBaH-
HbIMU COLLIHWKaMK, OTANYAOLLMMUCS pa3Hoo6pasMeM MpKU3HaKoB. JTu ar-
peratbl MNO3BONAT KOMOMHMPOBATL OMepauMn MOArOTOBKU MOYBbI, BHYT-
PUNOYBEHHOTO BHECEHUS CTApTOBOI [03bl (HOCHOPHBIX YA0OPEHNA 1 noce-
Ba CE/IbCKOXO03AMCTBEHHbIX KynbTyp. OHM XOpOLO paboTalT Ha pasiny-
HbIX TNax No4yB MPWM MUHUMASIbHON NX 00PabOTKE, B TOM YWC/e 3aCOPeH-
HbIX PACTUTEbHLIMU 1 MOXHUBHLIMW OCTaTKaMm.

CyLlecTBYHOLWYME KNacCU(PMKALMOHHbIE CXEMbI COLLUHMKOB MOCEBHbIX ar-
peraToB, Kak npasw/io, NPeACcTaBstoT co60i nepapxmyeckyto 6/10K-CxXemy,
NpUMep OAHOW 13 KOTOPbIX NpMBeAeH Ha puc. 1.92.

HefocTaTkom Takux Knaccuimkaumii ABASETCS TO, YTO NPeACTaB/ieHHas
B HUX MH(OpMaLys O COLUHMKAaX He MO3BOJISIET OAHO3HA4YHO OnucaTb BCe-
BO3MOMXHble KOHCTPYKTMBHbIE 0COGEHHOCTY KX, aNrOPUTMM3NPOBaTh KOAW-
POBKY ¥ AELUM(POBKY OTANUUTE/NbHBIX MPU3HAKOB W MPesycMOTPeTb BO3-
MOXHOCTb MX pacLLUMPeHUs.

Mo3Tomy OAHOI M3 3adady faHHON paboThl ABMSNOCH CO3AaHNE YHUBEP-
CanbHOV KnaccutmKaLMoHHOM Tabnuupbl, CTPYKTYpa U opMa npeacTtase-
HWSI KOTOPOI NO3BONSAMA Obl NEFKO LOMOMHATL NPU3HAKK, XapakTepu3yto-
LLMe M3yYaeMblil paboumnii opraH, He U3MeHsst anropuTMa ee 06pa3oBaHus.
[JaHHasa Knaccumkauma Takxke Jo/mKHa MNO3BOSATL OCYLLECTBAATL LpOBOe
KOZLMPOBaHVE OT/INYUTENBHBIX NMPU3HAKOB CYLLECTBYIOLLMX U HOBbIX COLLH-
KOB A/11 XpaHeHNs MHHOpMaLyn 1 0GHO3HAYHO ee MAEHTU(MKaLUN.
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Puc. 1.92. Knaccudmkaums COLLIHMKOB 3epHOBbIX cesnok (Poccuiickas deaepaLius)

Knaccmmkaumio KOM6UHMPOBaHHBIX AWCKOBbLIX COLLIHWMKOB, NPUMeEHSse-
MbIX [11 OCEBa CENMbCKOXO3ANCTBEHHBIX KYMbTYP, MOXHO OCYLLECTBATh
Ha OCHOBaHMM pa3paboTaHHOI Tabsn. 1.12, KoTOopas npefcTaBnseT cob6oi
OBYMEPHYHO Tabnuuy, BK/IOYAOLLY COBOKYMHOCTb KOHCTPYKTUBHbBIX W
TEXHO/MOMMYECKNX KNaCCUMKALMOHHBIX MPU3HAKOB, U 3aHYMEpPOBaHHbIX
CMbIcnoBbIX aenuteneid (3CA), CyLiecTBYHOLWMX AMCKOBLIX COLUHMKOB, Ha
OCHOBaHUM KOTOPbIX MOXHO OCYLLECTBUTb BbIOOP paLMOHaNbHON KOHCT-
PYKLMM paboyero opraHa a1s KOHKPETHON NOCEBHOI KyNbTypbl, NCNOMb3YA
NOTNYeCcKOe COOTBETCTBYE, LIeMOYKY: B N0oceBa => NpeAHa3HayeHve CoLu-
HUKa.

BTopas cTpoka KnaccumKaloHHOM Tabnuubl onpeaenseT nokasartenm
MEepPBOro CMbIC/I0BOIO AEUTENS — «MOCEBHOMN KyNbTypbl» N UMEET 3aHyMe-
POBaHHbIA MHAEKC 1. BTOPOI CMbICIOBOIA AenuTenb — «rnpegHasHauyeHue
COLLHMKa» UMEET MHAEKC 2 W YCTaHaBNMBaeT COOTBETCTBME C BULOM Moce-
Ba, KOTOPbIA B Hallel Knaccu(uKaummn SEeNNTCA Ha PALOBOM, NEHTOUHbIN,
LUMPOKOMOJIOCHbIN, PSALOBOI OAHOCTPOYHBIA, MOAMOYBEHHBI Pa3bpPOCHON,
NYHKTVPHbINA, Y3KOPAAHbIA, PAA0BOWA 4-CTPOYHbLINA U PSALOBOI 2-CTPOYHBINA.
Ha ocHOBaHMM MepBbIX [BYX CMbIC/OBbIX AeNUTeNeli BblpabaTbiBaeTCs
cTpaTerus nog6opa XapakTepuCTHK AUCKOBBIX COLLIHMKOB.
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OcTasibHble NPU3HAKK, XapaKTepusyoLLmMe KOHCTPYKTUBHbIE U TEXHOMO-
rmyeckme 0CoO6eHHOCTUN LUCKOBbIX COLUHMKOB, pacnosaratoTes B cTonbew, u
3aHyMepoBaHbl MHAeKcaMu 0T 3 A0 20. K HUM 6blnn OTHECEHbI: KOHCTPYK-
LMS COLLHMKA, Yron ero BXOXAEHNS B NOYBY, XapakTep ero paboTsl, mare-
puan Kopnyca, cevyeHve ceMsHanpaBuTeNs U ero ycTaHOBKa, KOHCTPYKLUSA
pebopgbl, hopma YNIOTHUTENLHOTO 3NEMEHTA, NOABECKA COLUHMKA, KOHCT-
PYKUMS 3aropTadyeit, popma YMCTUKOB, MPOLIECC BbICEBA, TEXHOIOMMYECKME
onepauuu, BbIMOJHSIEMblE COLUHMKOM, YrOn aTaku, CKOPOCTHOW PEeXuM,
[aBneHne Ha COLUHUK, (hopma GOPO3AKM U LUMPUHA MEXAYpsabs. Takum
o6pasom, B Tabn. 2.12 npuBeAeHa CTPYKTYpPHO-MOpGonormyeckass Knaccu-
(hmKaums COLIHMKOB MO ABeHaALaTV KOHCTPYKTUBHbIM (3...14) n wwecTu
(15...20) TEeXHONOrMYECKMM MNPU3HaKaMm.

Tab6nnya 1.12. YcoBepueHcTBOBAHHAS KJIACCH(PHUKANHUS TUCKOBBIX CONIHUKOB
U151 I0CEBA 3ePHOBBIX, TPABSIHBIX, JbHA U KOJIOCOBBIX KYJbTYP

3aHymepoBaHHble Bwug nocesa
CMbIC/I0BbIE
1 2 3 4 5 6 7 8 9
nfenutenu (3CA)
1 2 3 4 5 6 7 8 9 10
Menko- KpynHo-
MoceBHas Tpass- | 3epHo- Kpyns- Py 3epHo-
1 | cemaH- NeH CeMAH-
KynbTypa Has Bas Has 60608Bas
Has Has
PsnoBoii | Moanoy- . o
LLinpo- A Ano PsgoBoii [PsgoBoid
MpegHasHave- Papo- | JleHTou- OfHO- | BEHHbIN | MyHK- | Y3Ko-
2 | o Kono- o + | 2-CcTpOu- |4-CTPOY-|
HVe COLLHMKa BOWA HbI . | CTpOY- |pasbpoc- | TUPHLINA | pAAHbIN o o
NOCHbIN o o HbIl HbIl
HbIi Hol
BYX- BYX-
Hay Hay Asyx | [Byx- OgHo-
aucko- | AByx- | AMCcKo- AByx-
KoHCTpyk- o o [IVICKO- |VICKOBO-| OgHo- | Aucko-
BblA C |ANCKOBO-| BbIi C | KaTko- o IVICKOBO-| o
ums 3 o BbIi C | KOMOU- [VCKO- | BbIl C
N7I0CKN-| aHKep- [pasHoBe-| Bbli cthepu- o
COLUHMKA ° pebop- | Hupo- .| Bbll | pebop-
MW AUC-|  HbIA | AMKUMK - | yeckwii
[laMn | BaHHbIi famu
s Kamu anckammn
o
I Yron
® MwuHu- o
S BXOX- o o < | Hyne- . |CpefHwia
<3 4 |OcTpblin| Mpavoin | Tynoi o [ManbHbI o
S | Aenns BOWA (1-59) (5-9°)
3 | _Bnousy
= Potop-
g Potop- | PoTop- op
1 Maccue- o o HbIA C
> HbIli C | HbIi C
2 | XapakTep HO- Bu6pa- rnapas-
o Maccus- PoTauy- MexaHW- |3neKTpu-
T | pa6otbl | 5 . | Bubpa- . | umoH- nnye-
S HbI OHHBbIVA L | YeCKUM | YecKuM
X | COLWHMKa LIMOH- HbI CKUM
o npvBo- | NpuBo-
HbI npvBeo-
Jilel] Jilel]
[0M
MnacT- | Monn- | Kom6u- | MeTan-
Marepuan YyryH- | Cranb-
6 o o Macco- |ypeTaHo-| HWpo- | nmye-
Koprnyca HbI HoM o o o o
BblVi Bblli | BaHHbBIA | CKWiA
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MpopgonxeHune Ta6n. 1.12

1 2 3 4 5 6 7 8 9 10
CeueHve
cems- dnamn- | [TpAMO- | e | egan. | KOMOU-| oot | Tpaneuve-
7 |cosua- | yrons- Py an HUpo- pey paney
Hanpa- noe | patHoe Hoe BUAHOE
Hoe Hoe BaHHOe
BUTENSA
KoH-
YcTaHoB-
Ka cems- Mpamo-| TloA | uew- 3a | PABOM | 5. hcka- | Me
8 | cTos- | Hakno- | TpUyHO | pebop- | ¢ auc- A kay
Hanpa- o o MU avckamn
yui HOM | pe6op- | [poi KOM
BUTENA
ae
YceyeH-
KoHcT- Lnann-| Mna- YceueHHo-
Ho- | KaTko- | B Buge | KombuHu-
pykuus | 9 | apu- | Bato- Tpaneuue-
KOHyC- | Bas NbDKW | poBaHHas
pe6opab! yeckasd | LWas Hast BUAHAsA
dopma
Tpe- | Mpsamo- Tpane- | dnann- YceyeHHan
< |ynnotHu- P P Kpyr- P KoHnuec-
s 10 | yronb- | yronb- uve- | coBua- KOHMYec-
& | TenbHOro nas Kas
I Has Has BWAHAA | HadA Kas
& |anemeHTa
g Ynpyras|yYnpyras|Ynpyras
2 | [Mopsec- c nnoc- | ¢ BUH- | ¢ ABOIA- | Kombu-
2 A XKect- o - | Aso Peccop- | MHeBmaTy-
Z | kacow- |11 KO | TOBOW | HOW | Hupo-
g Kas Has yeckas
E| Huka NpYXW- | IPYXW- [ NpyXu- | BaHHas
= HOMA HOMA HoA
5 KoHcT:
5 n
n- Mpy- MCKOBO- | «JlacTou-
S | pykumsa PY | Karko- < | Ancko- A
N4 12 | obpas- | XuH- < |LlenHon < | chepunye- KVH
3aropta- o o BblIiA BblIiA o
o HbIiA HbIli CKuii XBOCT»
yeit
Yceueh-
Popma Tpe- Ho- B suge VINH-
p p Mnoc- | duryp- A€ | KombuHu- L
unctu- | 13| yrons- | anun- Kna- apuyec-
Kas Has poBaHHas
KOB Has | coBupg- naHa Kas
Has
MHeB-
MHe.-
maTuye-
maTuye- .~ | Fngpo-
Mpouecc Ceobog- L | ckuiic
BbICEBa MoA | e [ KM CH oy 1eo. | TPAHC:
14 | pasne- Manoi ~ | nopTu-
mare- nage- Kol
ana Huem Hite KoH- | | posa-
P LieHTpa- H1e
. |ueHTpa-
ume o
Lmeit
BHece-
s | Onepa-
2 Hue |Kom6u-
£ | uun,
E CTapTo- | HUpO-
2 | BbINon- M
S 15| Moces | BoOM BaH-
C | HAemble o
® [03bl HbllA
< | cowHu-
2 ypobpe-| noces
8| Kamm o
2 HUin
=
=
2| Yron
2| araku Hyne-
X 16 o 1 3 5 9 12 15 18
2 | muckos, BOIA
rpag
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OKOH4YaHMue Tab6n. 1.12

1 2 3 4 5 6 7 8 9 10
CkopocT-
< MM da7) 20 | 30 | 40 | 50 | 60 7.0 8,0
S | pexum,
EAERY
”|
S | Daene-
=
o | HMeHa 19g] 100 | 200 | 400 | 600 | 800 1000 1200 | 1400 | 1500
S | CoWHKK,
3 H
s Popva V- Tpe- |Mpsmo- | dnamn- | Tpane- — U-
% p 19 | 06pas- | yronb- | yronsb- | cosug- | ume- | KoHycHas 06pas-
2 |6opo3akm BUAHAsA
z Has | Has Has Has | BugHas Has
2 [ Wupuna
mexay- (20| 6,25 75 12,5 15,0 18,0 45,0 70,0 75,0 90,0
psgbs, C™M

Mpy3HaKn 1 CBOIMCTBA COLUHWMKOB B Tab/mue pacnonioXeHbl COOTBETCT-
BEHHO MO BEPTUKAa/N N FTOPU3OHTANIN 1 PACCMATPMBAOTCA BO B3aMMOLENCT-
BWW, T. €. COLUHMKMA OfHOrO Kjlacca MHOTMMMW NpK3HaKkamMu 1 CBOMCTBaMM
CBA3aHbI C COLLHUKaMM ApYroro Kacca.

Heobxo4MmMo OTMETWTb, YTO AaHHast Knaccuukaums LUCKOBbIX COLU-
HUKOB He MPeTeHAYET Ha 3aKOHYEHHbIV BUA, MOXET JIerKo ObITb AOMNOSHEHA
MyTeM pacLUMpEeHMs KOMMYECTBa CMbIC/OBbLIX [ennTeneid kak Mo CTpoKam,
Tak 1 no cTonéuam.

[ns Toro utobbl M0G0 MONb30BaTeNb MOF MPOAO/MKMTL NOrMYECKOe
COOTBETCTBME U OCYLLECTBUTL BbIGOP HYXXHOMO €My COLUHMKA B MpeAcTaB-
NEHHOI Tabnnue OH AO/MKEH:

1) onpenennTbCa € BUAOM MOCEBHOM KynbTypbl BO BTOPOI CTPOKe Tab-
mubl (Hanpumep, KpynsaHas KynbTypa — 5);

2) B TPETbLEW CTPOKE YCTAHOBUTL COOTBETCTBUE MEXY BWAOM MOCeBa U
npeAHasHavyeHneM COWHMKa (Harmpumep, BUA noceBa «PAgoBoi» => npea-
HasHayeHuve ColWHMKa «Ps1oBoit noces» — 1);

3) ABurascb Mo CMbICNOBLIM [e/IMTENIAM CBEPXY BHW3, ONPeLennTbCs
C BbIOOPOM MoKaszatesield 1 3arKCUpoBaTb UX MHAEKCHI.

4) n3 3aMKCPOBaHHbIX MHAEKCOB MoKasaTtenei opmmpyeTcs Lmgpo-
BO KOZ, BbIGPaHHOI0 AMCKOBOFO COLUHMKA, KOTOPbIA KOMMIEKCHO XapakTe-
pU3YeT ero ¢ y4eToM npeacTaBneHHol Tabn. 1.12,

Lindposas 3anncb XapakTepUCTUK SMCKOBOTO COLLHMKA BK/IHOYAET B Ce-
65 20 undp, pasgeneHHbIX TOUKOW. MopAAoK 3TUX LM B 3anncu oTBeYaeT
nHgekcam 3C[, 3anucaHHbIM B CTpokax Tabs. 1.12, a COOTBETCTBYHOLUIA
umMdpoBoin Nokasatenb Koga — uHaekcy 3CJ, yKasblBalolemy Ha ee CTof-
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6ew. MycTble KNeTKU TabnuLpbl COCTaBMAIOT Pe3eps AN PacLUMpeHuns Knac-
cUMKaLmMn 1 NpefHa3HavatoTea 41 HOBbIX CBOMCTB €e.

PaccMOTpUM MprMeHeHWe NpuBefeHHoN B Tabn. 1.12 knaccugpukaumm
[N HEKOTOPbIX AMCKOBbLIX COLLUHWKOB, paspaboTaHHbIX B YO BICXA, n
MMNOPTHbIX pa3paboTok.

1. iHhopmaums 06 0fHOAMCKOBOM COLLUHMKE C OMOPHO-MPUKATLIBAIOLLIM
KatoukoM (puc. 1.93) ana psafoBoro noceBa 3epHOBLIX Ky/bTyp Cneayto-
wasa: 3.1.8.5.1.2.3.6.4.2.3.2.3.2.1.5.3.2.2.3.

Puc. 1.93. OaHoaucKoBbIf colwHuk 3.1.8.5.1.2.3.6.4.2.3.2.3.2.1.5.3.2.2.3

3TO 03Ha4aeT, YTO pacCMaTPUBAETCSH COLIHUK A1 MOCeBa 3epPHOBbLIX
KynbTyp (3), psigoBoro nocesa (1), 04HOANCKOBbIA (8), C MUHUMAbHBIM
yrnom (1-5°) BxoxaeHus B nousy (5), MacCuBHbIN (1), CO CTa/lbHbIM KOp-
nycom (2), cemsHanpaBuTenb Kpyrnoi opmsbl (3), KOTOPbIA YCTaHOB/EH 3a
anckom (6), pebopaa KaTkoBoro Tvna (4). dopma ynnoTHUTENBHOIO 3fe-
MEeHTa COLLHMKAa ANS CO34aHWUs B MOYBE JlOXa ONpefeneHHOW MI0THOCTM
npaMoyronbHas (2), MoABecka COWHMKa yNpyras C BWMHTOBON MNPYXW-
HOIA (3), 3aropTayu, KOTOpble MPENMYLLECTBEHHO YCTaHaB/MBAKOTCS, MPY-
XXUHHble (2), hopma umcTuka nnockas (3). BbiceB ocyLLecTBnseTCA CBOOOS-
HbIM MafieHneM (2), COLUHMK MOXET OCYLLECTBNATL TOMbKO noces (1). YcTa-
HOBKa AWCKa Mpowv3BefeHa ¢ yraoM ataku 9° (5), CKOPOCTHON PeXuM co-
ctaBnseT 4 m/c (3), AaBneHne NpyXumHbl Ha cowHmk 200 H (2), dhopma 6o-
pO34KM TpeyronbHas (2), paccumtaH Ha mexaypsgse 12,5 cm (3).
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2. IHchopmaumst 06 0gHOANCKOBOM COLLUHWKE C ABYXCTOPOHHUMM Yce-
YEHHO-KOHYCHbIMK pebopaammn-6opo3akoobpasoBatensmu (puc. 1.94) ans
Y3KOPSAHOI0 nocesa 3epHOBbIX KynbTyp CleaytoLLas:
3.79.4.1.2.3.4.353.2.1.2.1.1535.1.

Puc. 1.94. IByxanCKOBbIiA cOWHUK 3.7.9.4.1.2.3.4.3.5.3.2.1.2.1.1.5.35.1

34ecb paccMaTpyBaeTCs COLHWMK [/ MOCeBa 3epHOBbIX KynbTyp (3),
y3KopagHoro nocesa (7), O4HOAMCKOBLINA ¢ pebopgamu (9), C HyNeBbIM Yr-
NIOM BXOXAeHWs B nouBy (4), naccuBHbIin (1), CO CTanbHbIM Koprycom (2),
CeMsiHanpaBuMTENb KPYyrioin gopmbl (3), KOTOpbLIA yCcTaHOBMEH 3a pebop-
[loli (4), pebopaa yceueHHo-KOHycHoro tuna (3). dopma ynaoTHUTENbHOMO
3/1eMeHTa COLUHMKA ANA CO3LaHUS B MOUBE /10XKa ONpeje/ieHHOM NN0THOCTK
annuncosmgHas (5), MOABECKA COLUHMKA YNpyras C BWHTOBOWN MpyXwu-
HoI (3), 3aropTayn, KOTOpble MPEVMYLLECTBEHHO YCTaHaBNMBAKOTCH, Npy-
YXWHHbIE (2), YUCTUKM TPeyronbHoin hopmbl (1).

BbiceB ocylLecTBnAeTCA CBOOOAHLIM NageHWeM (2), COLLIHMK OCYLLEeCTB-
NAeT ToNbKO noces (1). YcTaHoBKa AWUCKOB NPOM3BeeHa C HY/IEBLIM YT/IOM
ataku (1), CKOPOCTHOW pexxnm cocTasnsieT fo 6 m/c (5), AaBneHne Npyxu-
Hbl Ha COWHKK Ao 400 H (3), hopma 60po3akn TpaneuvesugHas (5), pac-
cumTaH Ha Mexaypsase 6,25 cm (1).

3. NHdopmaums 0 BYXAMCKOBOM COLUHMKE C BHELUHWMMW YCEYEHHO-
KOHYCHbIMU pebopaamun-60po3akoobpasosatenamu  (puc. 1.95), npegHa-
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3HaYeHHOM AN PSALOBOr0 NOCeBa 3ePHOBLIX KyMbTyp, Cledylowas:
3.854.1.2343.7.3.21.2.1.1.4.35.3.

B paHHOM cnydae paccmaTpuBaeTCsi COLUHMK A8 MOCeBa 3ePHOBbIX
KynbTyp (3), psSaoBOro ABYXCTPOYHOrO mnoceBa (8), ABYXAMCKOBLIA C pe-
6opaamu (5), ¢ HyNeBbIM YIIOM BXOXXAeHWs B NouBy (4), naccusHblii (1), co
CTa/lbHbIM KOPMycoMm (2), ceMsHanpaBuTenb Kpyrioi opmbl (3), KOTOpPLIi
yCTaHOB/EH 3a pebopgoit (4), pebopga YCeYeHHO-KOHycHoro Tuna (3).
dopma YyNIoTHUTENLHOTO 3/IEMEHTa COLUHMKA A5 CO3L4aHMA B MOYBE /IOXKa
onpeAeneHHol NAOTHOCTM ycedeHHas KoHuyeckas (7), NOABECKa COLUHUKA
yrpyras ¢ BUHTOBOW MPY>XWHOA (3), 3aropTayun, KOTOpble NMPeUMYyLLEeCTBEH-
HO YCTaHaB/IMBAKOTCA, MPY>KUHHbIE (2), YACTUKM TPEYronbHOW hopmel (1).

Puc. 1.95. OaHOANCKOBbIN colwHuk 9.4.1.2.3.4.3.5.3.2.1.2.1.1.5.35.1

BbiceB ocylLecTBseTCa CBOOOAHLIM MafeHneM (2), COLLIHUK OCYLLECTB-
NAeT TOoNbKO noces (1). YcTaHOBKa AMCKOB MPOU3BeLeHa C HYNEBbIM YII0M
ataku (1), CKOPOCTHOI pexxnm cocTaBnseT o 5 m/c (4), gaBneHvie Npy>xu-
Hbl Ha COWHMK Ao 400 H (3), hopma 60po3akn TpaneumesugHas (5), pac-
cumTaH Ha mexaypsgse 12,5 cm (3).

4. ViHdhopmaumsa 0 [OBYXAWCKOBOM COLUHUKE C MUHUMASIbHBIM YT/IOM
aTakv AWCKOB, C NPUKaTbIBAKOLWMM KaTKoM (puc. 1.96) and nocesa 3epHo-
BbIX KyNbTyp cregytowas: 3.1.1.2.1.2.3.7.4.2.3.3.3.2.1.4.2.2.2.3.
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Puc. 1.96. [IByXAVCKOBbIE COLLHWKY C MUHUMa/IbHBIM YT/I0M aTaKu 1CKOB,
C NpuKaTbIBatOLLMM KaTkoM (npoussoactso EC) 3.1.1.2.1.2.3.7.4.2.3.3.3.2.1.4.2.2.2.3

30ecb paccMaTpuBaeTCsl COLUHWMK AN MOoceBa 3epHOBLIX KynbTyp (3),
psgoBoro nocesa (1), ABYXAUCKOBLIA ¢ NAOCKAMK Anckamm (1), ¢ Npsimbiv
YINIOM BXOX[eHWS B MO4YBY (2), naccuBHblil (1), CO CTalbHbIM KOpMy-
coM (2), cemsHanpaBuTenb Kpyrnoi gopmbl (3), KOTOPbIA YCTaHOBEH Me-
Xay avckamu (7), pebopaa kaTkoBoro tvna (4). ®opma ynioTHUTENbHOMO
3/1EMeHTa COLUHMKA ANS CO34aHuUsA B MOYBE JIOXKa OMpefeneHHON NI0THOCTK
npsmMoyrofibHas (2), MOABECKA COLUHWMKA Ynpyras C BWHTOBOW MpYXW-
Holi (3), 3aropTauu B BuAe Katka (3), YACTMKU NNOCKOR hopmbl (3).

BblceB ocylLecTBseTCA CBOOOAHLIM MafeHneM (2), COLLIHUK OCYLLECTB-
NAeT ToMbko noces (1). YcTaHOBKa AMCKOB NPOM3BefeHa ¢ MUHUMASbHBIM
yrnom ataku 5° (4), CKOpOCTHOI pexXumm cocTaBnseT go 3 m/c (2), AaBneHue
MPY>XUHbI Ha COWHMK g0 200 H (2), dopma 60po3gku TpeyronbHas (2),
paccuuTaH Ha Mexxaypsgbe 12,5 cum (3).

5. Hbopmaums 0 ABYXAVMCKOBOM COLUHUKE C MWHUMASIbHBLIM YT/IOM
aTaku LUCKOB, C MPY>XMHHbIMM 3aropTadamu (puc. 1.97) 41s nocesa 3epHoO-
BbIX Ky/bTyp cnegywowias: 3.1.1.2.1.2.3.7.2.1.3.2.3.2.1.2.2.2.2.2.

3[ecb paccMaTpuBaeTCsl COLUHWMK AN MOceBa 3epHOBLIX KynbTyp (3),
psgoBoro nocesa (1), ABYXAMCKOBLIA € NAOCKMMU guckamu (1), ¢ npsmMbim
YINIOM BXOX[eHWst B No4uBy (2), naccuBHbiin (1), CO CTalbHbIM KOpmy-
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COM (2), cemaHanpaBuTeNb KpPYrioi opmbl (3), KOTOPbIA YCTaHOB/EH Me-
Xay guckamu (7), pebopa nnasaroLas (2). dPopma YniIoTHATENBHOTO 3ne-
MEeHTa COLLHMKA AN1S CO34aHus B NOYBE 10XKa OnpefeneHHOR NNoTHOCTU
TpeyronbHas (1), nogBecka COLUHWKA ynpyrasi C BUHTOBON NPYXWHoM (3),
3aropTayuun Npy>XnHHbIe (2), YACTUKM NNOCKoi hopmsl (3).

BebiceB ocylLecTBseTCa CBOOOAHLIM MafeHneM (2), COLLIHMK OCYLLECTB-
NAeT ToNbko noces (1). YcTaHOBKa AWCKOB MPOU3BefeHa ¢ MUHUM&a/IbHLIM
yrnom ataku 3° (4), CKOPOCTHOI pPeXnm cocTaBnseT ao 4 m/c (3), AaBneHue
NPYXWHbI Ha COWHKMK o 200 H (2), dopma 6oposaku TpeyronbHasa (2),
paccumTaH Ha mexaypsagbe 7,5 cm (2).

Puc. 1.97. ByXANCKOBbIE COLLUHWMKWN C MAHUM&/IbHBIM YT/IOM aTaku [JMCKOB,
C NPY>XWMHHbIMK 3aropTadyamu (npomssoacTeo EC) 3.1.1.2.1.2.3.7.2.1.3.2.3.2.1.2.2.2.2.2

MpuBeAgHHAA KnaccugmKauus SBISETC pPe3ynbTaToM  [y6OKoro
aHann3a CyLLECTBYHOLLMX KOHCTPYKLMIA MOCEBHbIX MalLWH, a Takxe 0606-
LEHNS M PACLUMPEHNS KNacCU(MKALMIA ApYrnX aBTOPOB. MpenMMyLLecTo
[AHHOW KNacCUUKaLMOHHOK TabnuLbl MO CPaBHEHWMIO C MMEOLLMMICS
aHanoramy 3aK/iYaeTcss B TOM, YTO ee CTPYKTypa M hopma Mo3BoNsioT
NErko [0Mo/HATL NPU3HAKKM, XapaKTepusytoLie M3ydaemblii pabounii op-
raH, He W3MeHss anropuTM 06pa3oBaHMs LM(POBOrO KoAa, UTO, B CBOKO
ouepeb, NO3BO/MT BbIMONHUTL LU(POBOE KOAMPOBAHME OTAUYMTENbHBIX
MPU3HAKOB CYLLECTBYIOLLMX 1 HOBbIX COLUHWMKOB [/ XpaHeHUs UH(opma-
MM 1 OAHO3HAYHOI ee UABHTUDMKALIMK,
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1.23. CtpykTypHO-Mop(oornyeckas Kjiaccupukanusi CONTHUKOB
U UX TeXHOJOTHYEeCKHX MapaMeTpoB

COLLHMK MOXHO paccMaTpmBaTh Kak CUCTEMY, COCTOSLLYHO M3 COBOKYI-
HOCTV OTAEMNbHbIX KOHCTPYKTUBHbLIX U TEXHOMOMMYECKNX MPU3HAKOB, TECHO
CBSI3aHHbIX MeXAy COB0l, Hanpumep: opmMa paboyero opraHa, yros BXox-
[leHns B NOYBY, KOHCTPYKLMS CEMANPOBOAA U €ro ceveHus, opma ynioT-
HWUTENbHOMO 3/1EMEHTA, KOHCTPYKLMA pebopabl, NpoLece BbiceBa, TEXHO/O-
rMyeckme onepauym, BbIMOMHSEMbIE COLUHWKOM, Yros aTaku, CKOPOCTHOM
PeXWM, AaBeHne Ha COLIHMK, (hopMa 60po3aKu 1 ap.

B T1abn.1.13 npuBedeHa MaTpuua o06Leli CTPYKTYpHO-MOpono-
rMYyeckoil Knaccumkaumy COLUHWKOB MO ABeHaguaTW KOHCTPYKTUBHbLIM
(1...12) n wectn (13...18) TEXHONOrMYECKNM MNpPK3HAaKaM, BCEro No BOCEM-
HaLaTX CMbICMOBLIM AenunTenam. Mpr3Haky 1 CBOMCTBA COLLHMKOB B MaT-
puLe pacrnonoXeHbl COOTBETCTBEHHO NO BEPTUKa/IM U FOPU3OHTaM W pac-
CMaTPVBatOTCA BO B3aMMOLEWCTBMU, T. €. COLLHMKM OLHOro Knacca MHOTU-
MW MpU3HaKaMn M CBOWCTBaMM CBSi3aHbl C COLIHMKaMW [PYroro Knacca.
Bo Bpemsi aHaM3a Mo npegnaraemoii Knaccumkaumm nsyqaetca ABYXanc-
KOBbI COLUHMK, KOTOPbIA 3aKaH4MBaeTCs LMPOBLIM KOLMPOBaHMEM. BHa-
yane BbIGUPAETCA COLIHMK, OTHOCALMIACA K OGHOMY M3 K/TacCOB MO MEepPBO-
My CMbICNIOBOMY AenuTento. Mocne 3Toro paccmaTpuBaeTcs (popMa COLUHN-
Ka (ABYXAUCKOBbIN, ANCKOBO-aHKEPHbIW 1 T. A.). Knaccudukaums mcnosnb-
3yeTcAd And  Bblbopa palMOHanbHOM  KOHCTPYKUMKM pabouvero opraa.
B T1abn. 1.13 npuBeieHO HECKO/bKO (DOPM KOHCTPYKLMIA COLLHMKOB, OAHAKO
NX MOXET ObITb 1 3HAUMTENLHO GOMbLLE.

[JanbHeiwmnii aHanm3 LBYXANCKOBLIX COLLUHWKOB MPOBOAMTCA NOCNeno-
BaTe/IbHbIM PACCMOTPEHUEM OTAEMbHBIX CBOMCTB MO BCEM CMbIC/IOBbIM Ae-
NNTENSAM CBEPXY BHM3. VICXO4HBIM MYHKTOM peLUeHuUs 3afaq CUHTe3a coLu-
HWKOB, Ha Hall B3rNs4, MOryT 6biTb OMepauun, BbINOSHAEMbIE UMK, 3aTEM
paccMaTpuBaloTCst TEXHOMOMMYECKME, KOHCTPYKTMBHBIE MPU3HaKM B 06paT-
HOIi MOCNef0BaTEIbHOCTH.

Mpegnaraemas KnaccuukaLys No3BoaseT NPUMEHsTb LnpoBoe Koau-
poBaHWe BCEro MHOroo6pasmsi NPU3HaKoB W CBOMCTB [BYXAWNCKOBbLIX COLL-
HWUKOB, NPUMeHATb MIBM ans noucka, XxpaHeHMs U NepepaboTKK MHADOP-
MaLym Mo HUM.
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Tab6nuuya 1.13. Knaccudukanusi AByXIHCKOBBIX COIIHMKOB ISl I0CEBA (3€PHOBBIX) TPABSIHBIX, JIbHA H APYTUX KYJIBTYP

Moud LAHanms CMbICﬂO- CBOIICTBa COLUHNKOB W COCTaB/SAOLLINX UX 3/1EMEHTOB
aHa-| Cumres? | B0V A
Telb 1 2 3 4 5 6 7 8 9
Ku
0 Peseps
1 2 3 4 5 6 7 8 9 10 11 12 13
PsapoBsoit | PagoBoii | Mognouy- PAfO-
o o LLnpoko- M B 4-
1 Knacc PagfoBoi |J/1IeHTOYHbIN nonocHbii | OAHOCTPON-|  ABYX- BEHHbIN | TyHKTMp- CTPOY-
COLUHWKOB | MOCeB noces 0CER HbIA  [CTPOYHbIA| pasbpoc- | Hblii noces Wbt
roces roceB | HOW noces noces
[Byx- OpHo-
KoHcT- p'ByX'qlAC OByx- | AWCKOBbIV Tpex- HByx o Asyx Agyx OfHo-| aucko-
KOBbII C o [VICKOBbIV | AWMCKOBO- | AMCKOBO- o
2 pyKums [MCKOBO- | C pasHO- | KaTKoBbIi | AWCKO- 6 6 [INCKO-| BB C
o cowwHuka | 1ockAMy aHKEpHBIiA | BEMMKUMU BblIiA € PEbop- | KOMOMHI- ccbepm: Bblii | pebop-
I [ycKamm famm POBaHHbIA | Yeckuit
z [ucKamm famm
E Yron
= BXOX-
= €HNnA B MuHu-
L A o o o . « | CpegHuii
3 3 nousy OcTpblit | Mpsmoi Tyno# Hynesoii MabHbIN (5-9°)
X (yron (1-5°)
aTakvt
1 KpeHa)
POTOPHbIN | POTOPHLIV |POTOPHBINA
4 Xa;);g(Tij Maccms- 23060231? PotaumoH- | Bubpaum- C MexaHW- | C 37IeKTpK- | C rnapas-
P HbIiA pauy HbllA OHHBlA YECKUM YECKUM  |IMYecKumM
COLLUHMKA OHHBbIV
Mp1BOAOM | MPUBOAOM |MPUBOAOM
o . | MnacTmac- KombuHu-| Metannu-
Kopn YyryHHblin | CTanbHOM o o o
5 opnyc. | Hyry! Cranbho COBbII POBaHHbIA |  Yeckuii
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OkoHuYaHue Tabn. 1.13

1 2 3 4 5 6 7 8 9 10 11 12 13
Onepauyw, MNoces Moces Moces BHeceHne | Kombu-
BbIMO/HA- Moces MNoces o
MeJIKO- Moces Kpyns- 3epHO- | CTapTOBOM |HMPOBaH-
14 emble TpaBAHbIX | 38PHOBbIX o
CEMSIHHbIX NbHa HbIX 6060BbIX |[03bl YA06-| HbIN
COLLHU- KynbTyp KynbTyp L
Kamit KynbTyp KYNbTyp | Ky/bTyp peHwnit rnoces
Yron
@ aTaku o
g 15 [MCKOB, Hyneso# 1 3 5 9 12 15 18
g rpag
=
5 CkopocT-
3 16 Holt pe- 2,0 3,0 4,0 50 6,0 7,0 8,0 8,0
= KUM, M/C
= [asnexve
17 Ha coLw- 100 200 400 600 800 1000 1200 1400
HUK, H
Tpane-
dopma | V-06pa3- | Tpeyronb- | [Mpamo- | 3nnunco- Annunco- | U-o6pas-
18 6 uve- | KoHycHas
0PO3LKU Hasi Hast yronbHas BUAHas BIHaA BUAHas Has




Ecnn 0603Ha4YMTb FOPU30OHTANIbHBLIE CTPOYKW Pj, a BEPTUK&/IbHbIE KO-
JIOHKM m;, NpU4eM HOMEpP CTPOUKM i MOXET MPUHUMATL 3HaYeHna oT 1 jo n
(roe n — KONMYeCTBO CTPOUEK B MaTpuLe), a j usMeHsieTcs ot 1 go k (rae k —
KONMYECTBO BePTUKaNbHBIX KOMIOHOK B MaTpuue). Torga matpuuy MOXHO
3anucaTb cneayoLwmM obpasom:

P.(my, my, ... my, 120
P,(my, my, ... my, ¢’ (1.20)
Py(my, my, ... my,

rae ky, ...k, — 0603HayeHve nocnegHein KONOHKM MO KaXXAOMY M3 CMbIC/O-
BbIX AennTenei.
CopepxaHve npeffiaraeMoin Knaccuiukalmy npeacTaBnsieTcs cucTe-
MOVi onpegennTeneil.

‘lej ‘szj ‘

P |- (1.22)

OHw 3anucaHbl B MOPSLKE PacnofioKeHUs CMbICIOBbIX gennTeneid. Ho-
Mep CMbIC/TIOBOTO [ie/INTENS COOTBETCTBYET MECTY OMNpefenuTens, nosTomMy
3aMmMCcbiBalOT TOMIbKO YMC/1a, COOTBETCTBYIOLLME HOMEPY BEPTUKASIbHOM KO-
NOHKW. TlycTble KMNETKW MAaTpWLbl COCTABMAIOT Pe3epB A1 paclUMpeHust
Knaccuukauuu. Hyrnesble ropu3OHTa/IbHad W BEPTUKaNIbHAsA KOMIOHKM
npefHa3HaueHbl 41 HOBbIX CBOMCTB, KOTOPbIX HET B AaHHO MaTtpuue. On-
pefenvTenb B TaKOM ciyyae 6yfeT uMeTb Bug /P,mol.

Bce cogepxaHune MHpOpMaLMK No KakoMy-1n60o COLLUHMKY 3anucblBaeT-
CA M3 N LUMgp AECATUYHONM CUCTEMbI, A€ N — YNCAO BblAENEHHbIX CMbIC/IO-
BbIX JenuTeneii B MaTpuue. B cocTaBneHHo Hamy Tabnuvue npescTaB/ieHo
BOCEMHaALATb CMbICMOBbIX fenuTeneid. LLndp B gaHHOM cnydae 6yget
COCTOATb M3 BOCEMHAALATY LmMdp. LiMdpbl, oTHOCALWMECS K CBOWCTBAM 0f-
HOrO CMbIC/I0BOIO feNuUTens, LOMKHbI OTAENATLCA TOUKOW. Hanpumep, nH-
(hopMauma O COLHWKe [ PALOBOro ABYXCTPOYHOrO MOCEBA 3ePHOBbLIX
KynbTyp cnegyrowas: 1.5.3.3.2.3.3.4.7.3.1.1.1.2.1.4.1.6. 310 03Ha4aeT, 4TO
paccmaTpuBaeTca [BYXAWUCKOBbLIA COLHWK ANA ABYXCTPOYHOrO PALOBOroO
nocesa (1), ¢ pebopgoii (5), ¢ TynmbIM Yrii0oM BXOXAEHMS B Mo4YBY (3), poTa-
LIMOHHBIN (3), C MET/IIMYECKM KOPMYCOM (2), ceMAHanpaBuTeb Kpyroi
thopmbl (3), KOTOpbI yCTaHOBMEH KOHLEHTPMYHO pebopde (3), pebopaa
KaTKoBoro tuna (4). dopma ynjoTHUTENIbHOrO 3/1EMEHTa COLUHMKA AN
CO3faHNsA B MOYBE KOMOWHWMPOBAHHOIO N0Xa OMnpefeNneHHOW MAOTHOCTK
yCeyeHHas koHuueckas (7), nofABecka COLUHWMKA ynpyras ¢ BUHTOBOW Mmpy-
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XWHOIA (3), 3aropTayun NpyXXunHHble (1), YNCTUK NPY>XKMHHBIA naockuia (1).
BbICeB 3epHOBbLIX Ky/bTyp OCYLLECTB/SIETCA CBOOOAHbIM NageHuem (1),
COLUHMK MOXET BblCEBaTb OAHOBPEMEHHO [Ba MaTepuana, Harmpumep 3ep-
HOBbIX KyNbTYp M CTApTOBYIO 403y (POCHOPHLIX YA00peHwit (2). YCcTaHOBKa
[MCKOB Npoun3BedeHa nog HyneBbIM Yriom (1), CKOPOCTHOI PeXMM CoCTaB-
nset 4 m/c (4), faBneHve NpyXxuHsl Ha cowHUK 200 H (1), hopma 60po3aKu
nonyannuncosugHas (6). [daHHas Knaccudumkaums COLUHWKOB SBSIETCA
6onee o6LLeRn, YemM Knaccudukaumus apyrux aBTopos. Mpegnaraemas Knac-
cnmkauma cnocobecTByeT 60/ee rNyo60KOMY pelleHuo 3afady CUHTE3a,
aHanms3a COLUHWKOB, W3Yy4YeHWs, NMPOrHO3MPOBaHMWS, MOUCKA, XpaHeHus W
nepepaboTKy UH(OPMaLUK C NPUMEHEHNEM COBPEMEHHBIX KOMMbIOTEPOB.

1.24. Iludposas kaaccupukanusi THCKOBBIX COITHNKOB

Mpy BO3AeNbIBAHWUN CENbCKOXO3ACTBEHHBIX KYNbTYP BaXKHeLIee 3Ha-
YeHue 1MeeT noceB. KayeCcTBO 3TOI omnepaumun onpeaenseTcs TEXHUYECKNM
COCTOSIHMEM MOCEBHbIX MALLWH, UX HAaCTPOMKOA 1 perynnpoBKOWA, cob/to-
[IeHVeM arpoTexXHUYecKnx TpeboBaHuiA. CoBpeMeHHbIe 3apy6eXKHble 1 OTe-
YECTBEHHbIE MOCEBHbIE MaLLMHbI B HACTOsLLIEE BpeMsi 060pYyAyHOTCS AMCKO-
BbIMW COLUHMKaMW. [loceBHble arperaTtbl NO3BONAT KOMOUHUPOBATL OMe-
paumy 06paboTKM MOYBbI, BHYTPUMOYBEHHOIO BHECEHMS CTApTOBOW LO3bl
(hoChOpHbIX YA0OPEHWIA 1 MOCEBA CENbCKOXO3AWCTBEHHLIX  KYNbTYp.
B gaHHOM nogpasgene npvBedeHa UMgpoBas Knaccuukaums COLUHUKOB
Mo 2 oCHoBOMoOMaratoWmM, 13 KOHCTPYKTUBHBIM U 7 TEXHOIOMMYECKUM
npusHakam. KnaccudukaunoHHas Tabnuua (Tabn. 1.14) npefgHasHaveHa
[ OMMCaHWs XapaKTepUCTUK MOCEBHbIX Paboumx OpraHoB, a Takxke gop-
MWPOBaHMS ANS HUX LM(POBOIA MHAMKALMOHHOK 3anucu. Ha npumepax
HOBBIX JUCKOBbIX COLUHUKOB PacCMOTPEHa BO3MOXXHOCTb BOCMPOW3BEAEHMA
LM(POBOI MH(OPMALMM O COLLUHMKAX B BUAE MHOrO06pasms Nx xapakTepu-
CTMK. MperMyLLecTBO npeg/ilaraeMoil KnacCUnKauMoHHOW Tabnuusl Mo
CPaBHEHMIO C CYLLECTBYHOLMMMN 3aK/IKOYaeTCA B TOM, YTO €e CTPYKTypa M
thopMa MO3BONAKT MOCTOSAHHO AOMOMHATL MPU3HAKW, XapaKTepusyroLme
M3yyaemblii pabounii opraH, He U3MEHsIst anropuTM 06pasoBaHUs LUDPOBO-
ro koga. Mpeanaraemas uMgpoBas KnaccuuKaums AUCKOBLIX COLLHWKOB
OyneT cnocobecTBoBaTh 60/ee ry60KOMY peLleHnio 3afad C1HTe3a U aHa-
nn3a 3TMX Paboymx OpraHoB, MO3BOMWT MPUMEHSTb LMKDPOBOE KOAMPOBa-
HWe 4NA MHOroo6pasms NX NPU3HaKoB.

Mpy3HaKK, XapakTepu3ytloLMe KOHCTPYKTUBHbIE W TEXHOMOrMYecKune
0COBGEHHOCTY AMCKOBBIX COLLUHUKOB, 3aHYMepOBaHbl MHAEKCaMu OT 3 o 22.
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K HUM 6blnM OTHECEHbI: KOHCTPYKUMS COWIHWKA, AMAMETP [AMCKa, Yron
BXOXX[EHMs COLLUHMKA B MOYBY, XapakKTep ero paboTbl, MaTepuan Kopnyca,
CEUeHVe CEMAHANPABUTENS U ero YCTaHOBKA, KOHCTPYKLUMA pe6opgsl, dop-
Ma YNIOTHUTENILHOrO 3/1EMEHTa, NMO/JBECKA COLUHUKA, KOHCTPYKLIMS 3arop-
Tauei, opma UMCTVKOB, hopMa MPesOXPaHNTENLHOTO KarnaHa, MpoLecc
BbICEBA, TEXHOMOTMUECKME OMEPaLn, BbIMOJHSAEMble COLLUHMKOM, Yro/ aTa-
KW, CKOPOCTHOW PeXXuM, aBneH1e Ha COLLHWK, (hopMa GOpOo3aKM 1 LMpKHa
MEeXAYPSabs.

Ta6nnya 1.14. Hudpposas kiaccupuKamus JNCKOBHIX COITHAKOB

3aHymepoBaHHbIe Bug nocesa
CMbIC/I0BbIE
fenuTenn 1 2 3 4 5 6 7 8 9
1 2 3 4 5 6 7 8 9 10
Mersko- i . _| Kpyn- | 3epHo-| [ge
MocesHas 1 | cemsH- Tpags- | 3epHo JeH Kpyns Hoce- | 6060- | KynbTy-
KynbTypa Has Bas Has
Has MAHHasA| Bas pbl
Pago- | Mog-
Jlen- | Wupo-| BoOit |nouBeH-| MyHK- | Y3ko- Pﬂp‘? Pﬂ'qf)
MpegHasHaye- Pago- o BOW BOM
2 | TOY- | KOMO- | OAHO- | Hbli ™p- pag-
HYE COLLIHMNKA BOM o o o L | 2-CcTpou- [4-CTpod
HbI [ NOCHBIVi| CTPOY- |pasbpoc-| Hbli HbIl o o
. - HbliA HbliA
HblIin Hol
. AByx- [Byx- : .
K Hgyx AByx- | ancko- Asyx- | auc- Hayx Onro
OHCT- [VCKo- o awc- [NCKO-
o auc- | Bolii C [INCKO- | KOBO- OgHo- o
pyKums BblIli C KaTtko- o KOBO- BblIli
coll- 3 nnoc. | KOBO- | pasHo- | "o bt | Bl € KOM6M- cobe- pucko- |
aHKep- | Bem- pe6op- | Hupo- BbIA P
HUKa KMu o puue- 6opga-
HbIA | KUMKW Jamn | BaH- o
amcKamu o CKWiA Mu
1CKamu HblIl
S| AMaveTD | 1 50 | 200 | 250 | 300 | 350 | 400 | 450 | 500
& | AMCKa, MM
g Yron MuHK- Cpen '\:Inaa';i”'
S| Gown |5 | punt | won | ™R | oo | i | | e
| A P o | 6-99) | (10
2 | B noysy (1-5° o
E 18°)
= Potop-
o - -
5 Mac- Pm? P Pm? P~ Heiid ¢
I HbI C | Hblli C
S| Xapak- Mac- | cmBHO- Bubpa- rugpas-
X Potaup- MeXaHW-PNeKTpu-
Tep pabotbl| 6 | cuB- | BMGpa- w | LWOH- Nnue-
. OHHbl < | 4eckuMm | yeckum
COLLHVKA HbIA | LWOH- HbIi CKMUM
o npvBo- | NpMBO-
HbIi o 710M npuBo-
A 4om
Mnact- | Mo | KO0 \reran.
Matepunan YyryH- | CTanb- HUpo- Kepamu-
7 o .~ | Macco- | ypeTa- nnye- o
Kopryca HbIin Hol . ~ | BaH- < | yeckwii
BbIA | HOBBIA | o | CKMiA
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MpogonxeHune Tabn. 1.14

1 2 3 4 5 6 7 8 9 10
CeueHve
annvn- | MNpsamo- Kombun-| Tpe- | Tpane-
cems- Kpyr- | Ksaa-
8 | coBug- | yrons- HUPO- | Yronb- |LUMeBns-
Hanpasu- noe | paTHoe
Hoe Hoe BaHHOe | Hoe Hoe
Tens
Ycra- KoH-
HOBKa Mpawmo-| Tog, LeH- 3a Pagom 3a | Mexay
cems- | 9 | CTOA- | HAaKMO- | TPUYHO | pebop- | C Anc- | AUCKa- | AucKa-
Hanpa- yuii HOM | pe6op- | Aoi KOM M1 Mn
BUTENA fe
YceueH-
Yceyen- Kombu-
KoHCTpykK- Lnnmn-| Mna- Ho- Bes
Ho- | KaTko- | B Buge | Hu-
umsa pe- |10 |gpuyec-| Bato- Tpane- | pe6op-
KOHyC- | Baf | NbDKW | poBaH-
6opap! Kas was unesna-|  Abl
Has Has
Has
®opwa Tpe- |Mpamo- Tpane- | Snamn-
YNAI0THY- Kpyr- KoHuye-| Cthepu- | Katko-
11| yrons- | yrons- LeBns-| coBua-
Te/bHOro nas cKaa | deckad | Bad
Hast Has Has Has
3NemMeHTa
Ynpyrasy npyras|ynpyras
< o
€ nnoc- | ¢ BUH- | C fBOIA- | Kombu- MHes-
& | Noasecka »KecT- o ol R Peccop-
5 | cownnka 12 Kast KOW | TOBOW | HOIN HMpo- has martu-
3 MPYXW- | NPYX-| NPY>Xu- | BaHHas yeckas
S HOWi | HOWi | HOi
) ne-
L | KoHcT- A «Jlac-
= KUV - MpY- | Karko- Len- | Oucko-| X8O | 1ou-
g| Pyku 13| 06pa3- | KuH- o M - | cthepu-
2| 3arop- o o BbIl Hoil BbIl KWH
a o HbIiA HbIA yec-
5| Tauei L | XBOCT»
z Kuin
X Yce-
Tpe- | YeHHo- B suge | Kom6u- | Linnnn-
dopma P duryp- A .
UNCTUKOB 14 | yronb- | anaun- |I1ockas ham | Knana- | Hupo- | Apude-
Has | coBug- Ha |BaHHas | ckas
Has
be3
M n -
dopma KomGu-| MPeAo
npezgoxpa- Mpamo- | dnamn- OBartb- Kpuso- Kovr- Tpe- Hino- | XPaHu-
HuTenb- | 15| yrons- | coBug- NNHe- Py yronb P Tenb-
Has nas BaH-
Horo Has Has Has Has has Horo
KnanaHa Kna-
naHa
MHes-
MHes- e
matu-
Cso- | matu- < | Fnapo-
Mpouecc o | veckwuin Kom6u-
Moa 604- | veckwii TpaHc- | pasu-
BblCEBA .| CBbl- HWpo-
16 | paBne- | Hoe |C masoi » | mopTu- |TaumoH-
mate- COKOWA o BaH-
HWeM | nage- | KOH- poBa- | Hblii o
puana KOH- HbIN
HVe |LeHTpa- Hue
o |LeHTpa-
Lnei "
Luein
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OKOH4YaHue Tab6bn. 1.14

1 2 3 4 5 6 7 8 9 10
Brece- BbiceB
< |Onepauun, Hue |Kombu- c C C K-
& | Bbinon- cTapTo-| Hupo- | - | MOACE- | MHKDY- ’quaH_
§ Hsemble |17| MoceB | BOWA BaH- A BOM cra- | P
3 o BOM < | HblMK
S| cowHu- [03bl | Hblli ropo- | uwei
o|  Kamu 06- | noces | P28 xa cemsn |CEMEHA"
2 YA My
z peHuit
E Yron atak
2| Auckos, |18 Hynesoi{l 1 3 5 9 12 15 18
'g rpag
S CkopocT-
Hol pe- |19 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0
KUM, M/C
[lasnexve
% Ha cow- (20| 100 200 400 600 800 1000 | 1200 1400 | 1500
| Huk H
g an- Kow-
o | ®opma V- Tpe- | Mpsmo- | Tpane- | on- . |6uHn-
2| 6opo3g- |21| o6pas- | yrosb- | yronib- ”:Sc? Lye- K(:gc nnco- L;3azﬂ po-
§ Ky Has Hast Hast A BUAHas BUAHas P BaH-
= Has Has
g LnpuHa
X | MOKRY" 90| 625 | 75 | 125 | 150 | 180 | 450 | 700 | 750 | 900
2| pages,
cM

Takum obpasom, B Tabs. 1.14 npmsefeHa ycoBepLUEHCTBOBAHHasA Lnd-
poBas Knaccuukaums COLIHWKOB MO TPWUHAALATM KOHCTPYKTUBHbLIM
(3...15) 1 cemu (16..22) TEXHONOrMYECKMM NpM3HakaM. B Hee no6aBneHbl
HOBble NMPY3HaKMN 1 CBOWCTBA COLLUHWKOB.

Lindposas 3anncb xapakTepUCTUK SUCKOBOTO COLLHMKA BK/THOYAET B Ce-
65 22 undpsl, pasgeneHHble TOUYKOW. MopAaaoK aTUX LMdpP B 3anucy oTBe-
yaeT uHgekcam 3C/, 3anucaHHbIM B CTpokax T1abn. 1.14, a COOTBETCTBYIO-
WA uMdpoBOIA MokasaTesb koja — uHaekcy 3CJl, ykasbiBaloleMy Ha ee
ctonbel,. MycTble KNeTKU Tabnuubl COCTaBNAIOT pPe3epB A/ pacluMpeHus
Knaccumkalum v npegHasHavatoTcs 418 HOBbIX CBOWCTB ee.

Mpymepbl NPUMEHeHNA NpuBeSeHHON B Tabn. 1.14 knaccudukaummn ons
HEKOTOPbIX AWUCKOBBLIX COLUHUKOB, paspaboTaHHbIX B YO BICXA, u uw-
MOPTHbIX Pa3paboToK NPUBELEHbI HUXeE.

1. UnchpoBoiA KOS ~ OAHOAMCKOBOrO  COLIHMKA C  BHELUHUMM
yCeYeHHO-KOHYCHbIMU  pebopramu-6oposakoobpasosatensmu  (puc. 1.98)
ans psiaoBoro rocesa 3€pPHOBbIX Ky/nbTyp CNeayoLLuii:
3.79.6.43.21.4383.21.4.21.153.1.1.
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Puc. 1.98. OfHOANCKOBBIN COLUHWK C HYNIEBBIM YI/IOM aTaku
M KpeHa 3.7.9.6.4.3.2.1.4.3.83.2.14.21.153.1.1
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3T0 03Ha4aeT, YTO paccMaTpyBaeTCs COLUHUK AN MoceBa 3epHOBbLIX
KynbTyp (3), y3kopagHoro nocesa (7), OLHOAWCKOBbI c¢ pebopgamu (9),
C AvaveTpom gucka 400 MM (6), C Hy/IEBLIM YT/IOM BXOXAEHWS B NOYBY (4),
POTaUMOHHBIA (3), CO CTa/lbHbIM KOpMnycoMm (2), CeMsiHanpaBUTENb 3NM-
coBugHoii thopmbl (1), KOTOpbIA ycTaHOBNEH 3a pe6opgoii (4), pebopaa
yCeUYeHHO-KOHYCHas (3). dopma ynaoTHUTENBHOIO 3/1eMeHTa COLLHMKA AN
CO3JaHuns B NOYBE /10XKa OnpeAeneHHoR NI0THOCTU KaTKoBas (8), nofBecka
COLUHMKa ynpyrasi ¢ BUHTOBOM MpY>KUHOW (3), 3aropTayn, KOTopble npe-
NMYLLEECTBEHHO YCTaHaB/MBAKOTCSA, MPYXWHHbIE (2), hopma YncTMKa Tpe-
yronbHas (1), hopma npeaoxpaHUTENbHOMO KnanaHa KpUBOAUHeHas (4).

BbiceB OCyLLecTBNsieTCA CBOOOAHbIM NageHnemM (2), COLUHWK MOXET
OCYLLECTBMIATL TONMbKO noceB (1). YcTaHOBKa AucKa Mpou3BefeHa C Hyne-
BbIM YrnioM ataku (1), CKOPOCTHO pexxum cocTaenseT 6 m/c (5), aaBneHue
NPY>XXWHbI Ha colwHKUK 400 H (3), hopma 6oposaku V-obpasHas (1), paccuu-
TaH Ha Mexaypsaaee 6,25 cm (1).

2. Lngposoit Ko OBYXAMCKOBOrO  COLWIHMKA C  OMOPHO-
MPUKaTbIBAIOLLUM KaTo4yKoM (puic. 1.99) CNeayoLLuii:
7.215.7.3.1.3.7.8.8.3.3.4.8.24.8.2.3.1.4.

3TO 03Ha4aeT, YTO paccMaTpuBaeTCs COLUHWMK A5 noceBa 3epHO6060-
BbIX KynbTyp (7), NEHTOMHOro nocesa (2), ABYXAMCKOBLINA (1), C AnameTpom
amcka 350 mm (5), € yrnom BXoxaeHus guckos B nousy 10-18° (7), xapak-
Tep paboTbl pOTaLMOHHBIN (3), MaTepuan Koprnyca COLLUHWUKA YyryHHbIN (1),
CeyeHve cemsHanpasuTens Kpyrnoe (3), ycTaHOBKa CeMsHanpaBuTens Mme-
XAy ANCKOB (7), KOHCTPYKUMA 6e3 pebopabl (8), hopma ynaoTHUTELHOIO
3fneMeHTa KaTkosas (8), nofBecka COLUHMKA ynpyras ¢ BUHTOBOI MpYyXwu-
Hol (3), KOHCTPYKUUs 3aropTayeil kaTkoBas (3), hopma uncTuka uryp-
Hasi (4), 6e3 NpefoxpaHMTENIbLHOrO KnanaHa (8), npouecc BbiceBa — CBOOOA-
Hoe nageHue (2), ¢ nogceBom Tpas (4), ¢ YrioM aTaku anckos 18° (8), cko-
POCTHO pexxkum 3 M/c (2), faBneHue Ha cowHnk 400 H (3), popma 6opo3sa-
Kun V-06pasHas (1), wmpuHa mexxaypsagnin 15 cm (4).
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4

Puc. 1.99. ByXAMCKOBbI COLLHMK [/151 IEHTOYHOrO NOCEeBa C OMOpPHO-
NpUKaTbIBaOLLMM KaToukom 7.2.1.5.7.3.1.3.7.8.8.3.3.4.8.2.4.8.2.3.1.4
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3. LindpoBoii KO KOMOWMHMPOBAHHOTO  [BYXAMCKOBOMO  COLU-
HMKa C pasHOBENMKMMW  AWCKamW AN OfHOBPEMEHHOro  BblCEBa
IBYyX pa3nnYHbIX KYnbTyp (pvic. 1.100) CneayoLuii:
8.8.3.(5.3).(7.5).3.1.3.1.8.8.3.1.4. 8.6.3.(5.4).2.4.9.2.

Puc. 1.100. KOMGMHMPOBaHHbIA [BYXANCKOBbIA COLLHUK C Pa3HOBENMKMMMI
[VCKamu i1 OfiHOBPEMEHHOTO BbICEBA [BYX Pa3/IMUHbIX KY/bTYp
8.8.3.(5.3).(7.5).3.1.3.1.8.8.3.1.4.8.6.3.(5.4).2.4.9.2
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B faHHOM criyyae paccmaTpmBaeTcs COLUHWK A4S O4HOBPEMEHHOMO BHe-
CeHns yaobpeHuit ¢ noceBom 3epHa (8), pAKOBOro ABYXCTPOYHOrO Moce-
Ba (8), ABYXAUCKOBbIN C pa3sHOBENMKMMMK guckamu (3), ¢ AMaMeTpamu guc-
koB 350 1 250 mm (5 1 3), yron BXOXAeHUs B NOYBY MaKCUMaJIbHbI + MU-
HUManbHbIA (7 1 5), xapakTep paboTbl COLUHWKOB B MO4YBE POTALOH-
HbIR (3), maTepuan kopnyca YyryHHblii (1), ceyeHue cemsHanpasuTeneld
Kpyrnoe (3), cemsHanpasutenu npsaMmocTosuve (1), 6e3 pebopapl (8), popma
YMAOTHUTENBHOTO 3/eMeHTa KaTkoBas (8), NOABECKa COLUHMKA Yrpyras
C BUHTOBOI npyxuHoi (3), 3aroptaun [N-06pasHble (1), opma umcTmKa
turypHas (4), 6e3 npeaoXpaHUTENbHOrO KnamaHa (8), rpaBUTALMOHHBIN
BbICEB ABYX MaTepuanoB (6), KOMOMHMPOBAHHLIA BbICEB ABYX MaTtepua-
NOB — y06peHus 1 3epHa (3), ¢ yrnom ataku 6onblioro aucka 9° (5) n ma-
noro 5° (4), ckopocTb paboTbl colHUKa 3 M/c (2), AaBneHne Ha COLUHUK
600 H (4), hopma 60po3aKn KOMOGMHMPOBaHHaA (9), LUMPUHA MEXAYPAanii
7,5¢cMm (2).

4. LnhpoBoii Kog, chepmyeckoro 04HOAMCKOBOro collHmka (puc. 1.101)
cnegyrowmii: 5.1.8.5.5.3.2.3.2.8.7.1.7.6.8.2.7.4.3.2.1.3.

Puc. 1.101. CchepruecKunii ofHOANCKOBBIN COLWHKK 5.1.8.5.5.3.2.3.2.8.7.1.7.6.8.2.7.4.3.2.1.3
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3[ecb paccMaTpyBaeTCsl COLUHUK ANs NoceBa KPynsiHON KynbTypbl (5),
psgosoro cesa (1), 0OgHOAMCKOBSIV (8), anameTp gucka 350 mm (5), yron
BXOX/AEHNS B MOYBY MWHUManbHbI (5), XapakTep paboTbl pOTaLMOH-
HbIR (3), KOpnyc CTanbHOR (2), CeyeHWe cemsHanpaBuTens Kpyrnoe (3),
CeMsiHanpaBMTeNn YCTaHOBMEHbI N0 HakMoHOM (2), 6e3 pebopabl (8), top-
Ma YNIOTHUTENbHOTO 3/1eMeHTa YceueHHO-KoHuYeckas (7), nogsecka coLu-
HukKa ecTkas (1), KOHCTPYKUMA 3aroptadveid — «1acTOYKMH XBOCT» (7),
(hopma UNCTUKOB KOMBUHMPOBaHHas (6), 6e3 NpesoxXpaHUTEIbHOro Kana-
Ha (8), BbICEB MaTepuana — cBo60gHOe nageHue (2), BbICEB ApaKUPOBaH-
HbIMK ceMeHamu (7), yron ataku 5° (4), ckopocTb paboThbl CoLHMKa 4 M/c (3),
[aBneHne Ha colHKK 200 H (2), hopma 60opo3akn V-o06pasHas (1), LumpuHa
mexaypsaguii 12,5 cm (3).

Mpegnaraemas umgpoBas Knaccuukaums KOMOMHUPOBAHHLIX AWUCKO-
BbIX COLUHMKOB, MO HallemMy MHEHW0, CrocobCTBYeT 6onee rny6okomy pe-
LEHUIO 3aJay aHaiM3a CYLEeCTBYIOLMX KOHCTPYKLWIA U CUMHTE3a HOBbIX
COLLHMKOB, AaeT BO3MOXHOCTb NPUMEHEHWS LIMPPOBOro KOAMPOBaHWS A1
ONMcCaHMs BCEr0 MHOroo6pasvsi UX MPU3HAKOB, a TakXke ANA U3y4eHus,
MPOrHO3MPOBaHUs, NOMCKA WU OMepaTUBHON 06pPaboTKM MHA(OPMALIMM O HUX
C NPUMEHEHNEM COBPEMEHHBIX KOMMbIOTEPHBIX CPEACTB 1 TEXHOMOTUIA.

1.25. K Bonpocy co3aaHusi HHHOBAIIMOHHBIX KOHCTPYKIUA
U TEXHOJIOTHYECKHX CXeM COLIHMKOB /ISl MOCEBHBIX arperaTon

HayKoii yCTaHOBEHO ¥ MPaKTWKOA NOATBEPXKAEHO, UTO MPY BO3AENbI-
BaHMW 3ePHOBbIX KYNbTYp YPOXaiHOCTb 1X BO MHOFOM 3aBMCUT OT KayecT-
Ba MpeanoceBHON 06paboTKM MouBbI M MoceBa. KauecTBO BbIMO/IHEHUS 3TUX
onepauwii onpegenseTcs BbIGOPOM CPeCTB TEXHOMOMMUYECKOrO OCHALLEHNS,
MX TEXHUYECKNM COCTOSIHMEM, HACTPOMKOW M PerynvMpoBKOi, a Takxe CO-
61104eHNEM BCEX arpOTEXHNYECKNX TpeboBaHuiA [27].

B nocnepgHee Bpems C yUeTOM Mepexoa Ha TOUeUHOe 3eMnefenve 3apy-
6eXKHble N 0TEYECTBEHHbIE MNOCEBHbIE MaLLIWHbI 060PYAYIOTCS, Kak NpaBuno,
O4HO- WAN ABYXAWCKOBbIMUA KOMOGWMHUPOBAHHBLIMW COLLUHWMKaMW, KOTOpble
MOryT paboTaTb Ha pas/MuHbIX TMNax no4s. OHWM XOpOLWO 3arny6nsatoTCs
Ha MyNbUYPOBAHHOV NOYBE, MPOPE3atoT B Hell 6OPO3AKM Ha 3a4aHHYH0 FNy-
OMHY, He HapyLLasa TEXHONOMMYHOCTY NpoLiecca YKNaLKu 1 3afe/Kn CEMSH.

3TW arperatbl NO3BOMAIOT KOMBUHMPOBATL Onepauun NOAroTOBKM MoY-
Bbl, BHYTPWUMOYBEHHOIO BHECEHMSA CTAPTOBOM A03bl (HOCHOPHBIX YA06peHUI
1 MOCeBA Ce/IbCKOX03ANCTBEHHDBIX KY/bTYP.

OfHaKo CyLLEeCTBYHOLLME COLUHMKA UMEIKOT P4 HeLOCTaTKOB, MO3ITOMY
COBEpPLUEHCTBOBAHWE CYLLECTBYIOLMX KOHCTPYKLMIA 1 pa3paboTka NpuH-
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LMNWaNbHO HOBbLIX [UCKOBbLIX COLUHWKOB SB/SIETCA BECbMa aKTyaslbHOWA
3aaaueit.

TpebyeTcs TeOpeTUUeckoe M IKCNepuMeHTalbHOe 060CHOBaHWE WX Ma-
paMeTPOB C LiefIblo paBHOMEPHOI YKNaaKu 1 60/ee paBHOMEPHOro pacrnpe-
[eNeHns CeMaH Mo naoLaay nuTaHus ¢ NocneaytoLweit 3afenkol ux u og-
HOBPEMEHHbIM BHECEHMEM B MOYBY CTapTOBOW A03bl (hOCHOpHLIX yaobpe-
HUIA, YMEHbLLEHWA UX METa/INIOEMKOCTM U TATOBOTO CONPOTUBEHNS.

CoBpeMeHHOE CenbCKoe XO3ACTBO paboTaeT Mo TeM e MpUHLMNaM,
YTO M NGO GU3HEC — MOCTOSAHHOE CTPEMIIEHNE CHMXKATb CE6ECTOMMOCTb
e4VHWLBI MPOAYKLMM 1 NOBbILLATL NPOU3BOAUTENLHOCTL B pacyeTe Ha efu-
HULLY 3aTpayYeHHbIX PeCypCoB.

Ha npoTsxkeHnn Bcero XX Beka AoCTWUraTb 3TUX Lieneil No3BoNsA Knac-
CUYECKWIA MHCTPYMEHTapUiA — MCMOMb30BaHME BCe 60/ee 3KOHOMUYHbBIX
CeMbX03MalLlVH, NPOAYKTVBHbLIX COPTOB pacTeHWid, aPeKT1BHbIX yaobpe-
HWIA, pauyOHa/IbHbIX arpoTeXHONOMMYECKMX NpueMoB. CerofHs 3T MHCT-
PYMEHTbI NO-NPEXHeMY aKTyaslbHbl, HO UX MOTEHLMa1 NPaKTUYecKn JOCTMT
npesena, BO3MOXHOI0 NPy COBPEMEHHOM YPOBHE TEXHO/OT WA

B HacToslLlee Bpemsl MOSIBUANCH HOBble WHCTPYMEHTbI, HEAOCTYMHbIE
npexge, B YaCTHOCTW CMYTHWKOBbIE U KOMMbIOTEPHbIE TEXHONMOIUW, CTaB-
e obweaocTynHbIMU. OAHON 13 CaMbIX aKTyaslbHbIX TEXHO/IOMWIA CoBpe-
MEHHOCTY ABNAETCS TOUYHOE 3eMiefenme.

TouHoe 3eMnesenve — 3T0 cMCTeMa ynpas/ieHWs MPOAYKTUBHOCTLIO NO-
CEBOB, OCHOBaHHas Ha WCMO/b30BaHNM KOMMIEKCA CMYTHUKOBLIX U KOMIMb-
IOTEPHbIX TEXHOOrUiA. BMeCTO TOro, YTo6bl NaxaTb, CeATb, BHOCUTL YA006-
PEHWS Ha rNa3, Kak 310 A4enanocb Ha NPOTSXKEeHWM BCell npefblayLueli UcTo-
PUMN CEMbCKOTO XO3AMCTBA, CEroAHA MOXHO TOYHO paccumMTaTh KOIMYECTBO
CeMsH, YA0OPeHWiA 1 ApYrnx pecypcoB AN KaXAOro y4acTka nons ¢ Touy-
HOCTbH A0 MeTpa.

Mocne TOro Kak Ha OCHOBE CMYTHWMKOBbLIX W TA60PATOPHbIX JaHHbIX CO-
CTaB/seTCcA TOYHAA KapTa MoMs C yKasaHWeM XapakTepUCTMK KaXaoro ero
YyUacTKa, MMeeTcs BO3MOXHOCTb 60/ee paLmoHaibHO pacnpegenstb pecyp-
Cbl MeXAY HUMK. Takum 06pa3om, yaaeTcs usbexarb nepepacxofa pecyp-
COB TaM, rfe OHW Mpexje WCMonb30Ba/IMCb B U36bITKE, U MOBLICUTL MPO-
[OYKTMBHOCTb TeX Y4acCTKOB MOAs, KOTOPble paHee Heaononyyanu B yaobpe-
HUAX, BCNallke uau nonvee. Mpu focTaTouHO GOMLLLIOM MacluTabe Takoii
NoAxo[, MO3BOMSET CHWU3UTL Pacxofbl Ha MPOW3BOACTBO €AVHWLbI MPOAYK-
LMK 1 NOBbICUTb OTAAYY C K&XAOro KBagpaTHOro Metpa 3emnan. Kpome To-
ro, 3Ta TEXHO/IOrMA OTKPbIBAET LOMOHUTE/bHbIE BO3MOXHOCTW AN NOBbI-
LUEHWA KayecTsa NPOAYKLUMM 1 B rN0Ba/IbHOM MacLUTabe CHUDKAeT Harpysky
Ha OKpYXKaroLLyto cpesy.
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Cuctema TOMHOMO 3eM/eAennst — 3TO He CTPOro onpefenieHHbIi Habop
METOAMK W TEXHUYECKMX CPeACTB, &, CKopee, 00Las KOHLENLUMs, OCHOBaH-
Has Ha WCMONb30BaHUM TEXHONOTUIA CMNYTHUKOBOrO MO3ULMOHUPOBAHUA
(GPS), reonHgopmMaumoHHbIx cuctem (GIS), TouHoro KapTorpafupoBaHus
nonein.

OfHOM M3 camMbiX LOCTYMHBIX M B TO XXe BPeMS CaMbIX MOMYASPHbLIX
TEXHONOMNIA TOYHOMO 3eMefenns ABNSETCA CUCTEMA NapanienbHOro BOX-
feHus. OHa TpebyeT ropasfo MeHblUe 3aTpaT Ha BHeApeHWe, Yem apyrue, a
apekT 3ameTeH cpasy. [aHHas cucTema MO3BO/ISET NPOBOAWTL MOJEBbIE
paboTbl (BCMallKa, KynbTUBauus, ces, BHECEHWe yaobpeHuii, ybopka ypo-
Xast) ¢ MaKCUMasibHOM TOYHOCTBIO Y1 MUHUMYMOM HEHYXKHbIX OBVXEHWIA.

Takke BaXXHbIM €e NPeMMyLLECTBOM ABNSETCS BO3MOXHOCTb 06paboTKM
MO HOYbKO C TO XXe 3(W(PEKTUBHOCTLIO N TOYHOCTLIO, YTO U AHEM. 3Haue-
HMe Takol BO3MOXXHOCTU TPYAHO MEepeoLeHUTb, Korja us-3a Hebnaronpu-
ATHbIX NOroAHbLIX YCNOBWIA 4NS NPOBEAEHMA MOMeBbIX paboT ecTb He6OosMb-
LUOW MPOMEXYTOK BpeMeHW B 2—3 [HS, U3 KOTOPbIX HeMb3s TepsATb Byk-
Ba/IbHO HM OJHOrO Yaca. CucTema napannenbHOro BOXAEHWS OCHOBaHa Ha
1CMO/b30BaHUM CUrHaNa CNYTHUKOBOI HaBUraLyw.

Mepen cenbCKUM X03ACTBOM Pecny6nvkn Benapycb CTOMT psjg Bax-
He/LLMX 3afa4y Mo MOBbILLEHNIO 06bEMOB MPOM3BOACTBA 3epHa. Tak, B Ha-
Luei cTpaHe K 2020 r. npeayCMOTPEHO NPOM3BECTU He MeHee 10 M/H. TOHH
3epHa [1].

L0o6uTbca HEOOXOAMMbIX PE3yNbTaTOB MOXHO TO/IbKO MPW COBEPLLEH-
CTBOBaHMWN CTPYKTYPbl MOCEBHbIX M/OLAAEA, COOMIOAEHUN TEXHOMOTWiA
BO3L€e/1bIBaHNSA, BHEAPEHUM MHHOBALMOHHLIX TEXHONOTWIA B MPOW3BOACTBO,
MCMNO/b30BaHMM BbICOKOMPOAYKTUBHbBIX COPTOB 3€PHOBbLIX KY/IbTYP, & TaKke
NpY MCMO/b30BaHMM HOBbLIX Pabouymx OpraHoB A/ TOUHOIO pasMeLLEeHus
CeMSsH B psifKe, ONTUMAIbHOM NOLWAaAN MX NUTaHWS, YBEMYEHNS CKOPOCTK
paboTbl ¥ MPOWU3BOAMTENLHOCTU MOCEBHON MalUWHbI, & COOTBETCTBEHHO
CHWXEHWS CPOKa NOCeBa CeNbCKOX03ANCTBEHHBIX KY/bTYP.

V3BECTHO, YTO YPOXANHOCTb CEMbCKOXO3AMCTBEHHBIX KYNbTYp 3aBUCUT
HEeMocpeaCTBEHHO OT KayecTBa MoceBa 1 TO/IbKO MOTOM OT ApPYruxX HeMaso-
Ba)KHbIX (PAKTOPOB. TaK, BbICOKas YPOXaWHOCTb HampsMyH 3aBUCUT OT
PaBHOMEPHOW TNy6UHbI 3af€NKU CEMAH WM LOCTWUraeTcsa Npu MNOAyYeHWUM
POBHbIX 1 APY>KHbIX BCXOA0B HEOBXOAMMOI IyCTOThI.

YCNoBMAMU MOMYYEHNUST POBHBbIX U APYXXHbIX BCXOA0B HE0OXOAMMOV
rycToTbl ABMSIETCA COG/IOAEHME ONTUMAaTbHON TexHomorum nocesa. po-
LIeCC CeBa 3aBMCUT Mpex/je BCEro 0T KOHCTPYKUMM pabounx OpraHoB Ass
€ro OcyLlecTBNeHNs. Bo-BTOPbIX, HEO6XOAMMO OMTUMa/IbHOE pasMeLLeHme
CEMSIH NO ry6rHe 1 paBHOMEPHOE pacnpefesieHne no NaoLaamn, YTo obec-
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neyvBaeT UM afeKBaTHbI BOAHbLIMA, TENIOBOM U NULLEBOIA PEXUMbI, Tpe-
OyloLmecs ans mpopacTaHus U (HOPMMUPOBAHWNS MOLLHOTO Y3/a KYLLEHWS,
BTOPUYHBIX KOPHEN.

VIMEHHO B 3TOT Mepuof, 3aknagblBatoTCs OCHOBbI GyAyLleil BbICOKON
YPOXKaiHOCTW, YCTOMUYMBOCTb K NOJIeraHuto, CTpeccoBbiM thakTopam. Mpo-
LlecC MoceBa, ABMSAACH BKHEMLIMM 3BEHOM B TEXHONOMMW BO3AENbIBAHMA
3ePHOBbLIX W NlbHA, 3aBUCUT MPeXe BCEro 0T KOHCTPYKLUMM paboumnx opra-
HOB, YKNafjbIBatOLLMX CEMEHa B MOYBY.

[N JOCTVXXEHUA BbICOKON YPOXKaMHOCTM HEOO6X0AMMO YAENsTb BHUMA-
HWe B MepByto 0Yepeb MOCEBHbLIM PaboynM opraHam — COLLHMKaM.

Havbonee onTuManbHOE COYeTaHWe BOLHOrO, BO3AYLUHOMO W TeMnaoBoro
(haKTOpPOB OTMEYaeTCs MMEHHO TOrfa, Korga ceMeHa paBHOMEPHO pacnpefe-
NeHbl MO M/10Waan MONs Ha 3afaHHoM rny6uHe. Mpyu 3TOM OHW OMKHbI
ObITb Y/IOXXeEHbI Ha YNNOTHEHHOE N10XKe HOPO3A0K U 3aKPbIThbl PhIX/bIM C/I0EM
MOYBbI, UMEIOLLEl MENIKOKOMKOBATYHO CTPYKTYPY.

HecobntogeHue gaxe 0AHOTO U3 TPebGOBaHWIA MPUBOAUT K CHWXKEHWIO
YPOXKanHOCTU. MHOrONETHMIA OMbIT Pa3fIMYHbIX CTPaH MUpa NoKasbIBaeT, YTO
MoTepu pacTeHWUIA 1 KONOCLEB Ha eAMHMLE MoWwaan MoryT gocturats 60 %,
YTO CBSA3aHO NpEXAe BCero C Ka4ecTBOM MOArOTOBKM MOuBbl U ceBa. Ha-
YaNbHbI NEPUOL Pa3BUTUA PaCTEHWIA SABNSETCA CaMbIM KPUTUYECKMM, OHU
elle He VMMEHT pasBUTbIX OPraHoB MWTaHWs, MO3TOMY Havubonee 4yBCTBU-
Te/bHbl K CTPEccam 1 MNpefbsBsal0T YPe3BblHaiHO BbICOKME TPebOBaHMSA K
KayecTBY 06pabOoTKM MOYBbI U (HOPMUPOBAHWIO MOCEBHOMO €105 (CEMEHHO-
ro NloXxa) onpefeneHHbIX MNapaMeTpoB. B CBA3M C 3TUM BaXkHbIM Hanpasse-
HUEM B PasBUTUM CENbCKOXO3ANCTBEHHOIO NPOW3BOACTBA PaCTEHWUEBOAYE-
CKOI NpoAyKUMM ABASETCS Nepexos K AndiepeHLMPOBaHHbIM TEXHOIOMMAM
TOYHOrO 3eM/iedenus.

Mpun 3TOM OTKPLIBAOTCA peasbHble BO3MOXHOCTW NPOM3BOACTBA KauecT-
BEHHOI NPOLYKLMM 1 COXPaHEHNS OKPYXKatoLLEel cpegpl.

MoaTomMy TO4HOE 3emnefdenve paccMatpvBaeTcs B Pecny6nuke Bena-
PYyCb, KaK HeOoTbeM/EMasi YaCTb PECYPCOCOEPErarLLero 3KO/0rMyYeckoro
CE/bCKOr0 X034iCTBa M OTKPbIBAET Meper MPOV3BOAWUTENSAMMU HOBble BO3-
MOXXHOCTW, OCOBEHHO B M/iaHe 06ecrneyeHns YCMOBWIA A1 NMOMyYeHNs 3a-
MpPOrpamMMMpPOBaHHOrO0 06beMa MPOLYKTOB pacTEHMEBOACTBA BLICOKOIO
KayecTBa.

B nogpasgenax 1.15-1.17 6b11 npuBeaeH 0630p NepcrnekTUBHbLIX KOHCT-
PYKUMIA 1 TEXHONOTMYECKMX CXEM [AUCKOBbLIX COLUHMKOB, pa3paboTaHHbIX
aBTOpaMm CTaTby: ABYXAMCKOBOrO COLUHMKA [28], ABYXAMNCKOBOTO YeTbIpex-
CTPOYHOrO COWHUKa [39], a TaKke KOMOWHMPOBAHHOIO OAHOAUCKOBOIO
COLUHMKA N5 Y3KOPSAHOro MnoceBa, KOMOWMHWPOBaHHOIO OAHOAMCKOBOIO

158



COLLHMKA C BYXCTOPOHHUMM pebopaMu, KOMBUHMPOBaHHOIO O4HOAUCKO-
BOr0 COLLUHMKA C ABYXCTOPOHHUMM pebopiamu 1 AUCKOBLIMU 3aroptadyamu
[NS Y3KOPSAAHOr0 NoceBa; pacCMOTPEHbI UX KOHCTPYKTUBHBbIE 0COBEHHOCTY,
NPUHLMMBI PaboTbl Y AOCTOMHCTBA MO OTHOLUEHUIO K UMEIOLLMMCS aHano-
ram. MpuBeaeHHbIe KOHCTPYKLMUN COLLUHUKOB OTPaXXatT COBPEMEHHbIE TeH-
[leHL N B pa3BUTMK 3TOr0 paboyero opraHa.

B HacTosiee Bpems B Pecnybnvke Benapycb co3AaloTcs YCnoBua ons
BeJeHNA TOYHOrO 3emsiefieNInsg, KOTOpoe MO3BOAWUT ONTUMM3MPOBaThL (MU-
HWMW3MPOBATb) 3aTpaTbl Cbipbs M MaTepuasioB (TONAMBa, CEMsH, yaobpe-
HW, BOAbl U T. 4.); NOBbICUTb YPOXKANHOCTb UCMONMb3YEMbIX NOMEN; ynyuy-
LUNTb KA4eCcTBO MOy4aeMO NPOAYKLUMK; NMOBLICUTL KaYeCTBEHHbIE Xapak-
TEPUCTMKN WUCMONb3YEMOI 3eMIN; CHU3NTb HEraTMBHOE BAWSHWE HA OKpY-
XaloLwLyto cpegy.

Mpu aToM npegnonaraeTcs, YTo AN LOCTUXEHMA MaKCUMaIbHOTO 3¢-
thekTa NMpy MUHMMaNbLHOM YLepbe OKpYXKatoLLeld CPeae U CHDKEHMM 06LLe-
ro pacxofa NpYMeHseMbIX BeLLeCTB CpeAcTBa 06paboTKM MOryT pasnu-
yaTbCs B Mpeaenax oTAeNbHbIX Y4acTKOB Nons. Mo3aToMy TexXHonormyeckas
M KOHCTPYKTOPCKas 6a3a CpefCcTB W arperatoB Ana o6paboTku nous Pec-
nyénukn Benapycb AomkHa ObITb Pa3HOOOPa3HO M MOATOTOB/IEHHON K
3TUM U3MEHEHVAM.

C yuetom 3toro B BI'CXA pa3spaboTaHa, 3anaTeHTOBaHa WM npowuna
MPaKTUYECKyH0 anpobauunio Lenas cepusi COLUHMKOBLIX FPYMM MOCEBHbIX
MalUWH A5 pasHo06pasHbIX CeNbCKOXO3ANCTBEHHBIX KynbTyp. HoBble pa-
604me opraHb! (COLLUHWKW) MAeasbHO BMWCLIBAKOTCS B MPOrpeccuBHbIE TeX-
HOMIOr MK TOYHOT 0 3eMNeAeNns NPn BO3AeNbIBaHUMN 3ePHOBbLIX KYNbTYp. OHK
Nno3Bo/AtOT: 60Nee paBHOMEPHO pacrpefeniaTb CeMeHa Mo naowanm nura-
HUS; MPOU3BOAWTL NOCEB 3ePHOBBIX KY/bTYP Ha BbICOKMX CKOPOCTSAX TArO-
BbIX MeXaHM3MOB (A0 25 KM/4, NpU KOHCTPYKUMU COLUHWKOB C HYNEBbIM
(MM 6NM3KUM K HY/KO) YIAOM aTaku); YBeNUYUTb NPOM3BOAMTENBHOCTb
MOCEBHbIX MallMH 60nee YeM Ha 50 %; COKpPaTUTb CPOKM CeBa 3ePHOBbIX
Ky/nbTyp NpW ABYXPSILHOA pacCTaHOBKE COLUHMKOB Ha MOCEBHbIX MallMHax
M arperatax; co3gaTb YC0BWS 417 PaBHOMEPHOIO M YCKOPEHHOIO MOATS-
rMBaHWs Bnarn K cemeHam. B COBOKYMHOCTM BbILLEN3/TIOXKEHHOE MO3BONT
[06MTbCA 60Mee YCKOPEHHBIX M PaBHOMEPHbIX BCXOLOB BO34E/bIBAEMbIX
Ky/nbTYp, X PaBHOMEPHOIO CO3PEBaHUs, a 3Ha4YWT, COKPaTUTL B X04e y6op-
KW MOTEepPU 1 NOBbLICUTb YPOXKaMHOCTb 3epHa.

159



2. TEOPETHYECKHE NCCJIEJOBAHUSI 1 OBOCHOBAHUE
OCHOBHBIX ITAPAMETPOB /IBYX/IUCKOBBIX COIIIHUKOB
PA3JMYHBIX KOHCTPYKIIAN. COCTOSIHUE BOITPOCA
TEOPUHU JUCKOBBIX COITHUKOB. AHAJINTUYECKHUE
HCCJIETOBAHUSA KOHCTPYKIIUI U TEXHOJIOTMYECKHUX
CXEM JUCKOBbBIX COIIHUKOB

2.1. TeopeTuueckoe 000CHOBaHHEe OCHOBHBIX APaMeTPOB
JABYXIHCKOBOI'0 COITHUKA € O/ITHOCTOPOHHNUMM pedopaamMu-
00po31K000pa3oBaTeISIMU

2.1.1. BzanmopaeiicrBue 00po31K000pa3yOlIUX 3JIeMEHTOB
M ONIOPHBIX MOBEPXHOCTEI COIIHUKOB € MOYBOIi

Mpu B3aMMOAECTBMM PabouMX MOBEPXHOCTEA COLUHWKOB C MOYBOW
MPOUCXOANT KaK paspbiX/eHne, Tak U YNIOTHEHWE OTAE/bHbLIX C/OEB ee.
Bo BTOpOM cnyyae B MpoLecce ABVKEHWS paboyero opraHa BO3HUKaeT 30Ha
MOBbILLEHHOMO AaBfieHNs, UMetoLLas opmMy hakena.

PaccMOTpUM XapaKTep M3MEHeHWs YMAOTHEHHOCTM MO4YBbI B 30HE
(hYHKLMOHMPOBaHUS COoWHMKa. Ecnm cunTathb, Y4TO UcCnedyeTcs Cnoii noy-
Bbl, PACMO/IOKEHHbIA Ha pPaccTosHMM R OT paboueii NOBEPXHOCTU, TO BCe
MOYBEHHbIE YaCTMLbI, YaNeHHble OT MOBEPXHOCTM Ha 3TO pPaccTosiHWe, 06-
pasyloT ChepuyecKyto MOBEPXHOCTb, NMOWaAb KOTOPOW, Kak W3BECTHO,
onpeaensieTcs hopmynol

S, = 4TR?. (2.1)

B peabHbIX YCNOBMAX (hYHKLMOHMPOBaHWS (haken BO3LECTBMS Orpa-
HMYMBAETCS TOMbKO MOBEPXHOCTLIO LLIAPOBOr0 CErMeHTa, a pagnyc ciepbl
He COBMajJaeT C paccTosHMEM OT NOBEPXHOCTU (puc. 2.1).

Kak BnaHO 13 puc. 2.1, a, IMHNN X1 — X1, Xp — X7, X3 — X3 IKBUOUCTAHTHO
OTCTOAT ApYr OT Apyra, ABASOTCA FOPU3OHTabHBIMU CEYEHMSMI LLAPOBbLIX
CErmMeHTOB, a YCpPeAHEHHOe 3HaYeHne YCUNIA Ha NMOBEPXHOCTAX 3TUX cer-
MEHTOB OMPeJEeNeH0 NX PacCTOSIHMEM OT paboyeil MOBEPXHOCTM.

B cooTBeTCTBUM CO CxeMoli (puc. 2.1, 6) nnowlagb S, LWapoBOro cermeH-
Ta ONpeAenseTcs ClefyroLmM BblpaXKeHNEM:

S¢ = 2MRH, 2.2)
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rae H — paccTosiH1e, 0TCEKaeMOe CeKyLLe MI0CKOCTbI0, 06pasytoLLeit cer-
MEHT.

Puc. 2.1. OnpeaeneHve NnapamMeTpOB NJIOTHOCTY MOYBbI

B 30HE MOBbILLEHHOrO aBNEHNS: a — TOPU3OHTA/IbHOE CeveHne

(hakena; 6 — Ccxema K pacyeTy nokasatesieli: 1 — NoBepXHOCTb
COLLHWKA; 2 — TYKOMNPOBOZ, (CEMANPOBOL)

13 AOFC' (puc. 2.1, 6) cnepyeT, 4To

OF = OCcos (a/ 2), (2.3)

F/ie O — TeNecHbI Yron, onpeaensioLMiA rpaHuLbl LLAPOBOrO CerMeHTa.
Mockonbky H = EF, a OE = OC' =R, T0

H=R-Rcos (a/2)=R(1-cos (a/2)). (2.4)
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YunTbiBas, 4To Paguyc B AaHHOM Cflydae, KpoMe PaccTosiHus [0 pabo-
ueil NOBEPXHOCTY, ONPEeAEneH eLlle NapamMeTpoM d, MOXHO 3anucaThb:

H=(@+1)(1-cos (a/?2)). (2.5)

MoacTaHOBKa BblpaXKeHUs (2.5) B paBeHCTBO (2.2) C y4eTOM TOro, 4To
R = o + |, no3Bonget 3anucatb:

S, = 2n(a + 1)’(1 - cos (a / 2)). (2.6)

OTclofla MOXHO HaiiTu ycpefHeHHOe [aBfieHue P, OKa3blBaeMOe Ha
CNOVA MOYBbI, PACMOMOXEHHbI Ha paccTosHUM | 0T paboyeit MOBEPXHOCTM:

Pgp = F/2n(a + 1)*(1 - cos (a/ 2)), (2.7)

rae F — cymmapHas peakums BCero gakena.

Ha puc. 2.2 noka3aHa TeopeTuyecKas 3aBUCUMOCTb YCPeAHEHHOIO faB-
NeHUst B NOYBEHHOM C/loe OT yrfa hakesa rnoBbILEeHHOIO AaB/eHns, a Ha
puvc. 2.3 — OT PaccTosiHMA [0 B3aMMOJEWCTBYHOLLE MOBEPXHOCTU (3AECh
L =a + |, a ycpegHeHHOe faBneHve U3MePSIeTCA B JONSX CYMMapPHON peak-
Lmun Bcero thakena).

Kak BUAHO 13 PUCYHKOB, 1 C YBENIMYEHMEM TE/IECHOIO Yria (hakena, u ¢
MOBBILLEHVEM PAaCCTOSHNSA OT B3aUMOZENCTBYHIOLE/ NOBEPXHOCTU MOKa3a-
TeNW YNIOTHEHHOCTM MOYBEHHBIX CNOEB PE3KO NajatoT. ATO CBA3AHO C TEM,
YTO B 060MX PacCMOTPEHHBLIX Cyyasx YBenuyMBaeTcs o6was nnowans
nepesfavn ycunus npm HeM3MeHHOM CaMoM yCuuu (peaxumm).

Kak n3BecTHo, s o6ecrneyeHuUs 3afaHHOro YPOBHS YMIOTHEHHOCTU
MouYBbl W, CNeLoBaTE/IbHO, YBE/IMYEHWS KOMIMYECTBA KannuisapoB Ha efuHu-
Ly o6bema Heob6X04MMO BblOpaTh Takoe ONTUMasibHOE PacCTOsIHWME MEeXay
COLUHMKaMK Ha Cesifike, MNPV KOTOPOM O6GecneynBaeTcs MepekpbIThe 30H
3alaHHOI MNOTHOCTM, CO3A4aHHBIX COCefHVMMW COLHMKamu (puc. 2.4). Kak
BUAHO M3 puc. 2.4, MepeKpbITe 30H 3aaHHON YMIOTHEHHOCTU PaBHO H.
OfHako yMeHblUeHWe 3TON rNy6uHbl f0 H; 06ecrneumBaeT BO3MOXHOCTb
YMEHbLUEHWS TE/IECHOO Yria (hakena.

[JeictutensHo, s AOKC; cnegyeT, uto OC; = OK / sin (a / 2). Kpome
Toro, OC; =R, a OK = B | 2 (B — paccTosiH1e Mexxay COLLUHMKamu). MoaTto-
MY MOXHO 3anucatb:

R=B/2sin (a/2). (2.8)

162



MoacTaHOBKa ypaBHeHUs (2.8) B NpaByto YacTb paBeHCTBa (2.3) no3Bo-
NSET NONYUNTb:

H; =Bl -cos(a/2))/2sin(a/2). (2.9)
R0
570 \ \
490 “‘\
40 \ AN
\\ I~
330 <] ~
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o % 88 &2 &6 K ipag

Puc. 2.2. 3aBUCUMOCTb YCPeAHEHHOTO faBneHns
B MOYBEHHOM C/0€ OT yrna thakena:
1-1=5cm;2-1=6cm;3-1=7cm

!

o\
ol
530 \\

VT

\‘f\
2
Ja0 i
\ \
iy
0 R
4 5 '] 7 Low

Puc. 2.3. 3aBMCMMOCTb YCPeAHEHHOTO faB/eHuns
B NMOYBEHHOM C/10€ OT Y/a/IleHHOCTH
pabouyein MoBEPXHOCTY:
1-a=54%2-a=62%3-0a=70°
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OueBMAHO, NMOWAAb KPYroBOro CermMeHTa B 3TOM C/yyae BblpasuTcs
cnefyowmM obpasom:

S, = mB%(1 —cos (a/ 2) / 2sin? (a/ 2)). (2.10)
Tor,qa yCpeaHEHHOE OaBfieHME Ha rpaHuLe 30Hbl MEPEKPLITUA MOYBEH-

HbIX q)aKenos COoCegHNX COLUHMKOB MOXXET 6bITb onpeneneHo No BblpaXxe-
HUIO

Py 2 2Fsin® (a/ 2) / iB(1 - cos (a / 2)). (2.11)
R
® G *
F
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Puc. 2.4. Cxema K onpefieneHvo
ONTUMa/IbHOTO PacCTOAHUA MEXZY COLLHVKaMu

W3 HepaBeHcTBa (2.9) cnefyeTt, 4TO ONTMMaILHOE PACCTOSIHWE MEXAY
COLLUHMKamKn B psfy, obecneymBaiollee 3aaHHOE arpoTpe6oBaHUAMM [aB-
nexve (Pcp), ONPeAENAeTcs U3 BbIpaXKeHUA

By, < 8in (o /2),2F /m[P,1(1 - cos (/2)). (212)

Kak nokasblBatoT pacyeTbl No opmyse (2.12) n rpatmku 3aBUCMMOCTH
Bonr OT L, ONTUMabHOE PacCcTosHWE MEX Y COLLUHMKaMW B pagy Mo Kpute-
PUIO YMIOTHEHWA NOYBbI MPU YBENMYEHWUMN TeNeCHOro yrna (akena ¢ 50° fo
70° ymeHbLUaeTcs Bcero Ha 2,3 % (puc. 2.5). 3aech
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K =2/ 7P,], (2.13)

a Bonr COOTBETCTBEHHO U3MEPSIETCS B A0NSX BEMMUUHBI K.

B e
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Puc. 2.5. BnnsiHne TenecHoro yrna akena
Ha ONTUMa/IbHOe PACCTOAHME MEXAY COLLHUKaMU:
1-F=150kr;2-F=125kr; 3-F=10,0 kr

B TO >Xe BpeMA Npu W3MeHeHWW 3afaHHOro fasneHus ot 0,6 Ao
1,6 Kr/cM? ONTUMaNbHOE 3HaueHMe PacCTOSHUA MeX/y COLIHUKAMMU yMeHb-
LIaeTCs NPW NPOUMX PaBHbIX ycnoBumax Ha 39 % (puc. 2.6). 3aech

Z =sin(a/2)\/2F/n(1 — cos(a/ 2)), (2.14)

& Bonr COOTBETCTBEHHO U3MEPSAETCA B JONAX BENMNYUHBI Z.

[nsa rpaHnyHoro cnyyas HepaseHcTBa (2.14) nposefem npeobpasosa-
Hue:

B} =7[P,1(1—cos(a/2)) = 2Fsin®*(a/2). (2.15)
Beefem 0603HaveHue:
o =B, [P, ]. (2.16)
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Puc. 2.6. BanaHne 3a4aHHOr0 AaBneHNs B MOYBEHHOM Cloe
Ha ONTUMa/IbHOE PACCTOSHVE MEX/Y COLLHMKaMU
npu L =54%1-F=150«kr;2-F=125kr; 3—F=10,0 kr

C y4eToM 3TOro MNocne HeKOTOPbIX anre6pamyeckmx MpeobpasoBaHmii
nosnyyaem:

Cos o /2 = (a £/a’ — 8F(f — 2F)) /4F. (2.17)

Kak BMAHO, Nof pafvKanom B MNpaBoi YacTu ypaBHeHus (2.17) ctouT
MONHbIV KBaApaT pasHOCTU BennMYuH a u 4F. MoaTomy ypaBHeHue (2.16)
TOXAECTBEHHO [BYM PaBEHCTBaM:

cos (0;/2)=1; (2.18, a)
cos (0, /2) = (a—2F) / 2F. (2.18, 6)

OueBnaHO, UTO PaBeHCTBO (2.18, a) (hM3NYECKOro CMbICNa He MMEET, Tak
Kak ycnosue L; = 0 He MOXeT 6bITb BbINOMHEHO. [103TOMY napameTpbl No-
BEPXHOCTY COLLIHWMKa cefyeT nogompaTb Mcxoasa 3 ypaBHeHus (2.18, 6).
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BepHemcst K (hM3M4eCKOMY OCMBICNIEHWIO MpoLecca B3avMOAENCTBUS
paboueii NOBEPXHOCTU COLUHMKA C MOYBONA. B N060M ciyyae JO/MKHO Bbl-
nosHATLCS yenosue 0 < a , < 180°. 3TO 3HAUMT, UTO BeNMumHa cos (L, / 2)
OXBaTbIBaeT BCH 06/1aCTb ONpeaeneHns aToi GyHKuun. OTCrog4a C yYeToM
MpaBoii YacTy paBeHCTBa (2.18, 6) MPUXOAMM K CNefyHOLMM HePaBEHCTBAM:

(a—2F)/2F >0; (2.19, @)
(a-2F)/2F < 1. (2.19, 0)

NockonbKy BennumHa F Bcerga nonoXxuTesibHa, To 13 BbipaxkeHus (2.19, a)
creflyeT, yto

a>2F, (2.20)
a 13 BblpaxeHus (2.19, 6), uTo
a <A4F. (2.21)

Mocne HeKOTOPbIX MPeobpa3oBaHUiA C YYETOM MPaBOM YacTW PaBEHCT-
Ba (2.16) nonyunm:

By, > 2F/ P, ]; (2.22)
By, <2,[FInP,]. (2.23)

BBegem 0603HaYeHme:

p :JF/n[PCp]‘ (2.24)

Kak BMOMM, 3Ta BENMUYMHA ABMSETCS XapaKTepPUCTUKONA Kak MouBbl, Tak
1 paboueil NOBEPXHOCTH, TakK Kak MOKa3blBaeT COOTHOLLEHWE MEXIY CYM-
MapHOI peakuyeii NOBEPXHOCTM F 1 ycpeAHeHHbIM AasneHnem [Pcp]. OT-
ctofa cnefyeT, uto

J2p < Bonr < 2p. (2.25)
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Takum 06pa3om, ONTYMaNbHOE PAcCTOSHME MEXAY COLIHMKAMKU B psgy
MOXET 6bITb BbI6GPAHO 13 ONpeseneHHOro 0BOLHO Y3KOro NHTepBasna.

MoacTaHOBKa peasibHbIX YMCMEHHbIX 3HAYeHW B Mpasble YacTu ypas-
HeHuiA (2.17) n (2.18) moKasblBaeT, YTO A/ 06ecrneyeHUs ONTUMabHOM
YMNOTHEHHOCTY MOYBEHHBIX CI0EB PACcCTOSHME MeXAY COLUHMKaMU LOMK-
HO 6bITb MeHbLLIE, YeM 3TO BO3MOXHO MO YC/I0BUAM MPOXOAMMOCTY CEANKN.
CnepoBaTefibHO, Kak 3epHOBbIe, Tak M TYKOBble COLLUHMKY He06X0aMMO pac-
CTaB/IATb B HECKO/IbKO PSAOB.

CunoBble W 3HEpPreTUYecKMe Mokazatenn 60po3aKo06pasyroWmux u
OMOPHbIX MOBEPXHOCTEN COLUHMKOB OMPeAeNstoTCAa Kak KaueCcTBOM CO6CT-
BEHHO MOBEPXHOCTEN, TakK 1 hopMOii, onpeaensemoli yrnamu. Kpome Toro,
MHOTOYUC/IEHHBIMM OMbITaMW YCTAHOBMEHO, YTO B Mpouecce (yHKLMOHN-
POBaHWS COLLUHMKOB WU APYTUX NOYBOOOPabaThIBAIOLLMX Paboyrx opraHoB
nepes MOBEPXHOCTbIO 06Pa30BbLIBAETCA Te0 MOBbLILIEHHOTO AaBeHWs, a
paspyLUeHne MOYBEHHOrO MiacTa MPOMCXOANUT MO NMOBEPXHOCTAM CKOMbXe-
HUsl, 06pasytoLLMM TeNo CKoMbXeHus [47]. dopma Tena CKOMbXXeHUS 3aBUCHT
OT CBOVICTB NOYBbI, @ TakKe OT (hOpMbl MOBEPXHOCTH COLLHMKA (puc. 2.7).

Puc. 2.7. CoBUr NOYBEHHOIO NacTa COLLHUKOM:
a — BUA COOKY; 6 — BIA CBEPXY; 1 — HApa/lbHUK;
2 — TyKonpoBog; 3 — YM/I0THEHHbINA C/OM;

4 — TeNo CKONMbXXeHWs
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BbIfenatoT 4Ba YPOBHA KayecTBa, pas/imyaroLmecs B npouecce o6paso-
BaHMA 6opo3abl: ¢ 06pa3oBaHMEM Tena MOBbILEHHOr0 AaBneHus (ynaoT-
HEHHOro cnos nouysbl) M 6e3 06pa3oBaHMA TakoBoro. B nepBom cnydae
CKOMb)XXEHWE MPOVCXOAWT MO TFPaHuLE «no4yBa — MOYBa», BO BTOPOM —
«MoyBa — paboyas MOBEPXHOCTb». B MepBOM clyyae Cymma BCeX MpuIo-
YKEHHbIX CW/T KO BCEM MOBEPXHOCTAM Tefla CKOJIbKEHUS B KaXXAblA KOH-
KPETHbIA MOMEHT BPEMEHM paBHA CYMME PEaKTUBHbLIX CWJ1, BO3HMKAIOLLMX
Ha NOBEPXHOCTW Tefia MOBbILLEHHOMO AaBieHNs. 3TO MOXKHO 3anucaTb cre-
[yoLimMm 06pa3om:;

Zml:H Fnds, = Z;H[x (n, X)+ ycos (n, y)+zcos (n, 2)]ds,, (2:26)

rAe M — KO/IMYeCTBO NOBEPXHOCTEN Te/a NOBbLILLEHHOTO AaBEHMS;
F — BekTOp 3nemeHTapHoOi (B TOUKE) peakLn MOBEPXHOCTM Tefla Mo-
BbILLEHHOTIO [aB/EHMS;
N — eIMHNYHbIA BEKTOP HOPMa/n B JaHHOI TOUKE;
d — KONMYeCTBO NMOBEPXHOCTEN CKOMbXKEHWS B TE/NE CKOMbXEHNS;
3, — NOBEPXHOCTY TeNna NoBbILLIEHHOTO AaB/IeHNS;

X, Y, Z — HENpepbIBHbIE (YYHKLMM KOOPAMHAT, SBAIOLMECS NPOeKLUs-
MU BEKTOpA 3/1EMEHTapHOI peakLum;
3, — MOBEPXHOCTY Te/a CKONbXKEHMA.

AHaNIOrMYHOE ypaBHEHVe MMEeT MeCTO M BO BTOPOM Cllyyae, TOMIbKO
30€eCb MHTErpupyeTcs 31eMeHTapHas peakuus no OTAeNlbHbIM MOBEPXHO-
CTAIM pabouyeli NOBEPXHOCTU.

AHann3 BblpakeHWs (2.26) NOKasblBaeT, YTO AJ1 aHAIMTUYECKOro On-
pefeneHuns YCunui, AeicTBYOLMX Ha COLUHMK CO CTOPOHbI NMOYBbLI, UK Ans
OLieHKW BO3[ENCTBUS pabounx MOBEPXHOCTEN Ha NoYBY HEOBXOAMMO 3HATb
BEKTOP 3/leMEHTapHOM peakuun B KON TOYKe MoBepxHoCTW. Mocnep-
HWIA, KakK cnefyeT W3 NPaBoil YacTW ypaBHeHUs (2.26), onpefenserca Kak
(hU3NKO-MEXAHNYECKUMI 1N TEXHONIOrMYECKMI CBOMCTBaMM MOYBLI (BeU-
YMHBI X, y U Z), TaK U reOMETPUYECKMMU NapameTpamn B3aMMOAENCTBYIO-

LLeli MOBEPXHOCTM (BENNYMHBI COS (n? X), €OS (nf y), cos (n? 2)).

PaccmMoTpuM npoLecc B3aMMOAENCTBUS B KOHKPETHOM TOUKE NOBEPXHO-
ctn (puc. 2.8). Kak cnegyeT u3 puc. 2.8, 6, HOpManbHasi COCTaB/sOLLas
onpeLenseTcs U3 BblpaXeHus

N =E,+E, (2.27)
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rae Eq = Ey (Z) — CTaTUCTMYECKAs COCTaB/AKOLLIAS peaKLuy MouyBbl, 3aBUCS-
LLas OT BepTUKa/IbHON KOOpAWHaTbI (Fy6uHbI) Z;
E, = E (vn) — AMHaMn4eckast COCTaB/IAOLLAA PeakLiMn NoYBbl, 3aBUCSH-
as oT nocTynaTenbHOW CKOPOCTM V paboueil noBepx-
HOCTWU W HarnpasneHus (yron n) BeKTopa MocTynaTesb-
HOIA CKOPOCTM MO OTHOLLEHMWIO K HOPMasIW.

Stxy.2) £

Puc. 2.8. B3aumogeiicTeme paboyeit NOBEPXHOCTY C MOYBONA:
@ — YaCTHbIVi cnyyaii (BEKTOp HOPMann BePTUKaneH);
6 — ceyeHue paboueli NOBEPXHOCTU; ¢ — OOLLMIA Cyyaii

B yacTHOM Cny4dae nMeeT MeCTO COOTHOLLEHNE

n=cos (n, x). (2.28)

MocnefHee cnpaBefvMBO AN HApa/IbHUKOBLIX paboynx OpraHoB, Korga
Vv = vy (abCOMOTHasA CKOPOCTb NPOELMPYETCS Ha OCb B HAaTypaslbHYHO Bein-
YUHY).

B obuwem cnyyae, Hanpumep, 418 AWMCKOBbLIX COLLHUKOB CMpaBesMBo
cooTHoweHue (puc. 2.80), a CKOPOCTb B 3TOM C/ly4ae OMpeaensieTcs Kak
v=v(XY,2).
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n= cos (nf p). (2.29)
M3BecTHO, uTo [53]
E, = pcos n = pv°cos n, (2.30)
rae E, — BeNMUMHa JUHaMUYECKOT0 Hanopa;
p — NNOTHOCTb (YAeNbHbI BEC) MOYBbI.
YuunTbiBasi, YTO cuna TpeHua T onpeaensieTcs BblpakeHeM

T=Ntg o, (2.31)

rfe @ — yron TpeHus,
MOXHO 3anucath:

T = (E, + pv°cos n)tg o. (2.32)

HanpasneHvie BekTopa F aneMeHTapHOW peakuuu cocTasnseT yron o
C KacaTeNbHOW t-t K MOBEPXHOCTW, BAOMb KOTOPOW ABWDKETCS MOYBa, U
Yron A ¢ HopMasblo B 3TOW Xe Touke (puc. 2.9).

{ 2
Y
[/

)

Puc. 2.9. OnpegeneHmne XapakTepuCTUYECKKX Y08
pabouyeil NOBEPXHOCTY COLLHUKA

MM03TOMy MOXHO 3anmcaTh:
F = (Eo + pv?cos n)tg @ / cos 6. (2.33)
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C apyroii CTOpPOHBI,
F = (E, + pv’cos n) / cos A. (2.34)

ConocTaBneHune NieBbIX 1 NpPaBbIX YacTei paBeHCTB (2.33) u (2.34) npu-
BOAMT K COOTHOLLIEHMIO

8 = arccos (cos Atg ¢). (2.35)

AHann3 ypaBHeHus (2.35) MO3BONSET CAeNnaTb BbIBOA O TOM, YTO Ha-
npaBfieHNe CKOMbXEHWS MOYBbLI MO paboyeli MOBEPXHOCTM COLUHMKA Orpe-
fenseTtcs yrioM 8 v 3aBMCMT OT BYX YI/I0B: YI/1a MeX/Ay CKOPOCTb0 Habe-
raHms Mo4Bbl Ha NMOBEPXHOCTb 1 HOPMa/lblO K MOBEPXHOCTU U Yr/ia TPEHUS.
3HaHWe [BYX 3TUX YIM0B, a TakkKe AMHAMWUYECKOro Haropa MOYBEHHOM
Maccbl MO3BOMSET B K&KAON TOUKE MOBEPXHOCTW WAEHTUPULMPOBATL BEK-
TOP 3NEMeHTapHOW peakLmu.

MapameTpbl TEXHO/IOrMYECKMX Onepauuii COLLHMKA, a TakXKe ero sHep-
reTMyeckue rokasaTenn OMPefensitoTCa WHTErpanbHbIM YCUaveMm, AeicT-
BYIOLLIM CO CTOPOHbI MOYBBI.

Haiigem npoekuumn BeKTOpa 31eMEHTapHOW peakLn Ha JeKapToBbl OCK
KoopauHart (puc. 2.8, 6):

X =Ncos (n: X) + T cos (tf X); (2.36)
Y = Ncos (nf y) + Tcos (tT y); (2.37)
Z = Ncos (n? Z) + Tcos (tf 2). (2.38)

C yuetom BblpaxeHui (2.30) 1 (2.32) ypaBHeHus (2.36)—(2.38) umetot
crnegyrownin Bug;

X = (Eo + pvicos n) (cos (n, X) +tg @ cos (t, X)), (2.39)
Y = (Eo + pv’cos n) (cos (n, y) +1tg @cos (t, y)) (2.40)
Z = (E, + pv®cos n) (cos (nf Z) +1tg @cos (tf 2)). (2.41)
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Lns onpeaeneHnst peakuuili KOHKPETHbIX paboumx opraHoB, Hampumep
TYKOBbIX Hapa/bHUKOB COLLUHWKOB, YCTaHOBNEHHbIX Ha S-06pasHbIX CTOWi-
KaxX, HeoGX0AUMO WAEHTU(MLIMPOBATL BEMNUMHY 1. WMI3BECTHO, YTO 3TOT
YFON [ NOBEPXHOCTEN COLLHUKOB MOXKET 6bITh BblUMCAEH MO hopMy/e

n = arctg (tg acos B), (2.42)

rge o v B — yrnbl, XapakTepusytoLme paboyyro NoBEPXHOCTb B TOUKE COOT-
BETCTBEHHO B NPOAO/bHO- U NOMepPeYHO-BePTMKaIbHOM MI0CKO-
cTax (puc. 2.9).

MocKonbKy pabovast MOBEPXHOCTb S(X, Y, Z) NPeACTaBNSET COO0M PyHK-
LIMIO HECKOMbKUX MEPEMEHHbIX, TO YI/ibl O 1 (3 3TOM NOBEPXHOCTK, 06paso-
BaHHble KacaTelbHbIMW K MOBEPXHOCTY W MPOAOSLHON 1 NOMepeyHoi ce-
KYLLM MIOCKOCTAM, MOXHO OMNpPeAennTb No CresytowumM Gopmynam:

o = arctg %, (2.43)

Bxy.z) (2.44)

= arctg

Puc. 2.9. OnpegeneHne XapakTepucTUHECKKX YroB
pabouyeil NOBEPXHOCTY COLLHUKA

YuuntbiBas, 4TO
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1 (2.45)

J1+ (eS(.y.2)°)
o

MOXHO 3anucaTh BbIpaXXeHve Ans N B BUAE CneaytoLei hopmyrbl:

cos B =

oS(x,Y,2) 1 (2.46)

X \/1+ (8S(x,y, Zy2 '
oy

M = arctg

MofcTaHoBKa MPaBoii YacTu BbipaXkeHus (2.46) B ypaBHeHUs (2.39)—(2.41)
1 fanbHelillee MHTErPUPOBaHWE COCTaBASIOLLMX MO aHaN0MMM C BbIPaXKEHW-
em (2.26) No3BONAKT MONHOCTBIO UAEHTU(ULMPOBATL CUMOBbIE XapaKTepu-
CTUKW UCCNIelyeMOro COLLHMKA.

B yacTHOCTW, TArOBOE COMPOTUBNEHNE Fr MOXHO OMNpeaennTb UHTErpu-
POBaHWEM Be/NIMYMHBI X M0 NPOEKLMM NOBEPXHOCTU Ha NNOCKOCTb Oy:

F,= jj (Eopvicos n) (cos (nf X) +1tg @ (cos (t: X)) dydz +
Dy,

+ Po(sl, M) tg (p, (247)

rae Py (S, M) — ycunue Ha OnopHyH NOBEPXHOCTb COLUHMKA, 3aBUCSLLEE OT
paboyein NOBEPXHOCTU S 1 MexaHU3Ma HaBecku M, a 1 on-
pegensieTcs no BbipaxXeHuio (2.46).

BokoBas cocTaBnsitoLlas peakuym Fg UMeEET cpefHee 3HaYeHue, OTanY-
HOe OT HyNfA, AN HECUMMETPUYHBIX (Harmpumep, O4HOAMCKOBbLIX) COLUHM-
KOB WU ANS OBYXAWCKOBBLIX COLUHWKOB C pasHbIMU AuMameTpamu AWCKOB.
B nocnegHem criyyae oHa onpeseniseTcs no CrefyolweMy BbIPaXKeHNIO:

Fs = H (E, + pvZcos 1)(cos (n: y)+ tg ¢(cos (t: y))dxdy —

Dy,

—H (E, + pvZcos n)(cos (n: z)+tg ¢o(cos (t: 2))dxdy, (2.48)

D,

ped

roe ” 7 ” — 06/1aCTU MHTErPUPOBaHKS COOTBETCTBEHHO MO JIEBOMY U

D, D

Xy Xz

npaBoOMy AMCKaM.
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[MoNoXUTENbHOE 3HAYEHWNE BENWUYVHBI, BbIYUCIEHHOE Ha OCHOBE Bblpa-
XeHusa (2.48), cBMAeTeNbCTBYET O HampaBfeHHOCTW GOKOBOW COCTaBnsto-
LLei cnesa Hanpaso (NeBblli AWUCK BOMbLUETO AWameTpa), a oTpuLaTenbHoe
3HaYyeHue — cnpasa HaneBso.

UTto KacaeTcs BepTWKaIbHOM COCTaBMAIOWIEA peakuuu, TO MOMHOe ee
3HaueHvie B CPefiHEM PaBHO HY/H0. 3TO 00YCNOBMEHO KOMMEHCALMENR anHa-
MWUYECKOr0 Hamopa rnoysbl Ha paboyyto NMoBEPXHOCTb YNPYTUM 3/1EMEHTOM
MexaHu3Mma HaBeCKuM U YCUIMeM Ha OMOPHYIO NMOBEPXHOCTb.

Cama cocTasnsiowas Fy 0T A1HaMUYECKOro Harnopa MOXeT ObITb onpe-
[leNneHa 13 BbIpaXKeHWs

F = ” (E, +pvicos n)(cos (N, 2)+tg o(cos (t, z))dxdz.  (249)
DXZ

AHaNIN3 MONYYEHHbIX 3aBUCMMOCTEN NO3BONSET cAenatb psg npeano-
NOXeHWIA (runoTes):

1) paboyas NOBEPXHOCTb COLUHMKA [O/MKHA 06ecneynBaTb MUHUMM3A-
LMIO MNKN NOJSTHOE UCK/HOYEHME Tena MOBbILEHHOTO AaBfieHNs B MPOLEecce
06pa3oBaHNs 60p03abl. ATO CBA3AHO C TEM, YTO (hopMma Tesia NOBbILLEHHOIO
[iaBNeHns BO MHOTOM SIBNSIETCA HEOMpPeeNneHHON, YTo He MO3BOMSAET KOH-
TpoNupoBaTh, a TeM 60/1ee NPOrHO3MPOBaTh YI/lbl, XapaKTepu3yHoLLe Mpo-
Liecc B3aumMogeiicTeus. B pesynbTaTe ynpaBasTb MpoLeccoM 60po3aKo006-
pa3oBaHWsa He NpefCcTaB/seTcs BO3MOXHbIM. Kpome Toro, npu 06pasoBaHum
Tena MoBbILIEHHOTO AaBNEHNS UMEET MECTO CKOJIbXXEHME MOYBbI MO MOYBE,
4TO NPUBOAMT K BO3PACTaHMIO CWUA TPEHMS U 3HEpro3aTpaT Ha mepemelLie-
HU1e COLLIHMKa.

2) 3HaHWe reOMEeTPUYECKMX XapaKTEPUCTMK NMOBEPXHOCTY COLLIHMKA MO-
3BO/ISIET OLEHWTb pacnpefeneHne aneMeHTapHbIX peakLyii NoYBbl Mo ceve-
HUIO 06Pa30BbIBAEMON COLLIHMKOM 60p034bl 1 TEM CaMbIM HaiTU KOMYeCT-
BEHHble OLEHKN MPOW3BOAHbIX MOKAa3aTeneil TeXHOMOMMUYECKMX OnepaLinii:
HEpPaBHOMEPHOCTb FNYGUHbI 3aieNIKI CEMSIH U YA06PEHWIA; pacnpeaeneHune
MUHepanbHbIX YA006PeHWNIA B NIeHTe; YNNOTHEHME Haf, NNEHTON MUHEPabHbIX
yao6peHnid (Npy HaMuMK NPUKaTbIBAKOLLNX KaTKOB); 3HEpPreTUYeckue no-
KasaTenu.

2.1.2. OGocHOBaHUE YIJIa MEKAY HOPMAJILIO K pedope
U HANIPaBJIEHHEM CKOPOCTH

Mpy B3aNMOAENCTBUM AncKa ¢ peGOPAOH U NOYBO BaXKHOE 3HaYeHUe
MMEET yron Y Mexay abcosloTHOW CKOPOCTLI0 M HOPMaibio K KOHWUYECKOM
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noBepXxHOCTU pebopabl [57]. CunTaeTcs, YTO €C/IM 3TOT YroN MeHbLUe yrnia
TPeHMs MoYBbI 0 CTab PebopAbl, TO MOYBA CMWHAETCSA MO HarpaB/EHUIO
CKOPOCTU, ecnu 60/bLLE, TO NOYBA CKO/Mb3WT.

[ns nonyyeHns BeKTopa HOpMasn K pebopae nonyyvMm ee napameTpu-
yeckue ypaBHeHus. C 3TOl Lenbio NpoBefeM ceveHne pebophbl MI0CKO-
CTbHO y = const. B ceyeHnn nonyyMm OKPY>XHOCTb C LIEHTPOM B Touke O
paguyca r = R — yctg (). Ha 3Toil OKpy>XHOCTU BblGEPEM MPOW3BO/IbHYHO
TOUKy M. Ecnu 0603HauunThL Yepes 6 yron AOM, 1o oyeBugHo (pwc. 2.10),
yTo

x=rsin (8), y=(R-ntg (1), z=R -rcos (0). (2.50)

370 1 eCTb NapamMeTpUUECKMe YpaBHEHNS PeGOP/bI C NapameTpamm r v 8.

“|

S

Puc. 2.10. Cxema yceueHHO-KOHYCHO pebopppl
L1117 pacyeTa BEKTOpa HOPMasin [BYXANCKOBOrO COLLHMKA

BEKTOp HOpPMa/I1 K MOBEPXHOCTK OMNPEeAENAETCA KaK BEKTOPHOE MPOons-

ja) A A
BefieHme BekTopos X Y 0L X Oy

or'orlor o0 0 a0

Haxognm:
oxX . oy oz
—=sin(0), —=-t , — =— 0), ...
p C) o - e, ——=-cos ()
[23 =rcos (0), &N =0, a = rsin (0).
0 o0 f6s]

BEKTOpHOG nponseeaeHne NoACHNTbIBAETCA Yepes OnpenenTenb:
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i i k
N, =| sin () — tg () — cos(6)|.
rcos() 0 rsin (0)

PackpbliBas Mo Nepeoii CTPOKe, NONYUUM:

p

N = —rsin 0)tg(w) i + —rsin®(@)—rcos’(®) j + —2cos (O)tg (1) k.

HTOGbI HailTV eAMHNYHBIN BEKTOP HOPMAnK K peGopae fi, BbIYUCIUM

[/VHY BEKTOpa |N_p| :

|l\_lp| = \/rzsin2 (0)tg® (u)+r* + rcos® (O)tg® (1) =

Torga eAVHNYHBIA BEKTOP HOpMan 6yAeT paBeH:

cos ()

p

Yron 8, cornacHo pwuc. 2.10, paBeH:
B=2n-wt; wt=21-9,

rae wt — yron nosopota pebopapl.
MNoatomy

X =w(R -rcos (8)); y=0; z=-rwsin (6).

Mogy”nb BeKTOpa CKOPOCTU PaBeH:

|\7| = @y[R? + rZcos?(8) — 2rReos (0) +rsin?(0) =

= @Ry/1+ 22 = 2)cos (0),

n = —sin (0)sin (w); —cos (w); —cos (B)sin () .

(2.51)

(2.52)

(2.53)

(2.54)

(2.55)

rae A — KMHeMaTU4eCcKnin napameTp, PaBHbIA OTHOLLEHWIO OKPY>XHOI CKO-

pocTu K noctynaTensHoi A = wr/ wR =r/R.
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C y4yeToM BBefEHHbIX 0603HAUYEHUIA eAMHNYHDI BEKTOP, YKAa3bIBaOLLMIA
Hampas/eHve BEKTOpa CKOpoCTU, ByaeT MMeTb KOOPAWHATbI:
P 1-Acos(0) . 0 —Asin (0)

- - 0 , (2.56)
JLHA2=20cos () \J1+27 —2hcos (0)

KocvHyc yrnia mMexgay eivHWYHbIMW BEeKTOpaMu paBeH MX CKansipHOMY
Npoun3BeLeHUIO:
1-cos (0) sin(0)sin () +Asin (0)cos (0)sin (W)

cos (y) = JL+2% — 2)cos (6)

UK nocrne ynpoLLeHnii

sin (0)sin (1) (2.57)

cos (y) = JL+22 — 2)cos (6)

[ns ocHoBaHMA pebopabl r =R A =1. Toraa

JL+A2 =2 cos (0) = /2 1-cos (0) =, [4sin’ (%j = 2sin (%}

CnepoBaTefibHO, f11 OCHOBaHWs peGopabl

cos (y) = cos [%j sin (p).

Ecnm p = 90° (npsmas pebopgaa), To cos (y) = cos (%j 4TO coBnajaeTt

C pacyeToM B kHure B. B. NycbkoBa [52].

MonyyeHHble hopmMysbl 6YAYT UCMO/L30BaHbI MPYU pacyeTe CWl CONpo-
TWUB/IEHUS MOYBbI CXATUIO.

2.1.3. Cuubl, AeiicTBYIOIINE CO CTOPOHBI MOYBBI
HA JMCKOBBII COLIHUK ¢ pedopaaMu

3ajaua UccneoBaHns ABMXKEHUS COLUHMKA CBOAMTCS K MOSYUYEHWO W
aHa/IM3y 3aBUCUMOCTEW MEXAy BXOAHbIMW [aHHbIMMW: paguyc Aucka Ry u
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pebopgp! R;, yron ckoca pe6opabl W, WrpuHa peéopabl by, CKopocTb fBK-
YKEHWS COLUHMKA V, AaBIEHWE Ha COLUHMK F — 1 BbIXOAHLIMU MapaMeTpamu:
rny6uHa h n wupunHa bg 60po3aku, TAroBoe ycunme P, NNOTHOCTb AHa 60-
pO34KN. DTV 3aBMCMMOCTM MOXXHO MOMYYWUTb MyTEM pacyeTa CWf, AencT-
BYIOLLMX CO CTOPOHbI MOYBbI Ha COLIHWK, W COCTaBleHMs 6GanaHca cui u
MOMEHTOB CWI.

MocKONbKY ABWKEHWE PeOOPAbl B MOYBE aHANIOTMYHO ABVKEHMIO XKECT-
KOro Koneca B gethopmupyemMoii cpege (Teopust Konew), Npexxae BCero Bo3-
HWKaeT HeOBXOAUMOCTb pacyeTa YCUNIA Ha CXaTue MoyBbl. 15 3aBUCKMO-
CTeli Mexay HOPMa/lbHbIM HaMPSHKEHWEM CXaTus 0 U aethopmaumeit v uc-
MOMb3YHOT OfHY U3 CeAyoLMX hopMyn:

0 = ko; (2.58)
6_(ﬁ+K ju, v<l; (2.59)
b ¢
k
c= Goth[—u} (2.60)
Oy

rae k — Koa(uLMeHT 06BEMHOTO CMATUSA NouBbI, H/iM®;

K¢ — KOI(PULMEHT CLEenIeHns NoYyBbl;

b — HaumeHbLLIWiA pasmep WTamna, m;

Ky — KO3(MULMEHT TPEHUSA NOYBbI;

0o — NpefienbHas HecylLas CnocoBHOCTb MouBbl, H/M?,

®opmyna (2.59) npeanoxeHa M. I'. bekkepom [54]. Ee HepocTaTkom
AB/IAETCA TO, YTO NPU MaIbIX v HOPMaSIbHOE HanpsXXeHWe O pe3Ko BO3pac-
TaeT (puc. 2.11).

!>

Puc. 2.11. 3aBUCUMOCTb HaNPSXXeHWs CXaTuA 0 OT ry6uHbl xoaa h
[VICKOBOTIO COLLHVKa C YCe4eHHO-KOHYCHOI pebopaoit
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dopmyna (2.60) npeanoxeHa npodeccopom B.B. KagblWwHbIM.
Mpu ManbIx v OHa AaeT 3HAYeHWNA O (haKTUYeCKU COBMafatoLLme co 3Haue-
HUAMW NNHEeRHON dopmynbl (2.58). OpHako ecan no dopmyne (2.58) ¢ He-
OrpaHMyeHHbIM POCTOM » W O HEOrpaHWYeHHO pacTeT, TO Mo opmy-
ne (2.60) ¢ poCcTOM v G CTPEMUTCH K 3HAYEHWIO O, T. €. NPU 3HAYEHUAX O
61M3KNX K 0 fehopMauys yBenmumnBaeTcs NouTy 6e3 pocta HanpsXKeHus.
3TO COOTBETCTBYET M PU3NYECKMM MPESCTaBNeHUAM, U OMNbITHLIM JaHHbIM.
OpfHako topmyna (2.60) npy nogcyeTe CyMMapHbIX YCUNWUIA CXaTust Npu-
BOAMT K TPOMO3AKMM BbIYUC/IEHUAM W 4aCcTO K TaKUM MHTErpasiam, KoTopble
He BbIpaXaloTCA Yepes afieMeHTapHble (OYHKUMKW. 3TO 3acTaBiseT MCnosb-
30BaTb NPUBAMKEHHbIE METOAbI, HANPUMEP Pa3/IOXKEeHWe NPaBoli ee YacTu B
psg. Ecnv npw aTOM OrpaHnYnTLCS MEPBLIM YEHOM, TO 3TO PaBHOCW/IbHO
MCNO/Mb30BaHMIO hopmysbl (2.58).

Mo3ToMy HEOOXOAMMO BbIACHWTb, [0 KaKMX 3HAYEeHWI v [OMYCTUMO UC-
M0/b30BaTh /IMHERHYI0 hopmyny (2.58) BMecTo hopmynbl (2.60) 1 OLeHUTD
BO3HMKAIOLLYIO MOrPEeLLHOCTb.

O603HauMM X = vk / Gy U cpaBHUM (hopMysbl: Yy = X 1y = th(X).

®dyHKuMa th(x) pasnaraetca B psg MaknopeHa B OKPECTHOCTU TOUKM
x =08uga

th(x):x—%+—x5—... (2.61)

3BECTHO, YTO MpW OTGpachbiBaHWM YNEHOB NEOHMLIEBCKOrO psaga mo-
FPELUHOCTb He MPEBOCXOAWT BE/IMYMHBI NEPBOr0 OTOPOLLEHHOO YneHa. Ta-
KUM 06pa3om, ecnm ans BbluMcneHus th(x) ucnonb3yeTcst TOMbKO MNepPBbIi
4neH paga, TO MOFPeLIHOCTb He MpeBocxoauT x°/ 3. MpAMbIM pacyeToMm
MPOBEPMM, A0 KaKMX 3HAYeHW x AONYyCTMMO BMeCTO th(X) NCnonb3oBaTh x.

BbISICHMM, KaKue 3Ha4YeHNs MOXKET MPUHUMATb x B Pea/IbHbIX YCI0BUSX
Mpy CMSITMU MOYBbI BEJOMbIM JKECTKUM KOecoM. M0 AaHHbIM WMCTOYHM-

Ka [52],
X = 4kr (cos (gj — C0S (%D, (2.62)
2 2

rfe Oy — Yron oxearta OnopHOIA MOBEPXHOCTU NOuYBbI, rpag, 0 < o < 0;

r — paguyc peéopasbl, M;

k — KoaththMLMEHT 06EMHOIO CMSATUSA MOYBbI.

CornacHo gaHHbIM Tab6n. 1.2 [52], oTHoweHue K / gy NpakTuyecku ans
BCEX BWAOB MOYB He MPEBOCXOAMT 1 M NULb B TPEX CAy4asx NpUHUMaeT
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3HaueHus He 6onee 1,6. BbipaXeHUe B CKOOKax AOCTUraeT MaKCUMa/lbHOro
3HaveHus npu o = 0. Takum 06pa3oMm, 3HaYeHUe x He NMPEBOCXOAUT BeNNUK-
Hy 4r(1 - cos (ag / 2)).

W3 puc. 2.12 BUAHO, 4TO COS Oy = (r —h) / r, rae h — rny6rHa 60po3aku, M.

Puc. 2.12. CxeMma 15 ONpefeneHis yrna oxBaTa NoBEpXHOCTH
MOYBbI AMCKOBLIM COLUHUKOM C KOHUYECKOi pe6opaoii

Mpeanonoxum (BecbMa ManOBEPOATHOE MPEANoNoXeHne Ans  Aucka
COLWIHMKA), YTo h=r / 2. 3TO 3Ha4nT, 4TO Oy = 600, T.e. cos (0y / 2) =
= ¢os (30°) = 0,86.

Torpga 4r(1 - cos (ag / 2)) < 0,56r.

[ns coWwHMKOB 06bI4HO < 0,15 M. CneaoBaTtenbHO, Aaxe Ans yKasaH-
HbIX yCnoBuiA (ag = 60° h =r / 2) 3HaueHMe x He NPEBOCXOAMUT BEINUNHbI
0,56 - 0,15 = 0,084 m. 3ameHa th(x) Ha x AaeT norpewHocTbL He 6onee 0,5 %.

370 060CHOBLIBAET BO3MOXHOCTb MCMOMb30BAHUA NIMHENHON (OopMY-
nbl (2.58) ans pacyeTa BO3AENCTBUIA NMOYBbI HA COLLHMK MPY CMATUN NMOYBbI.

2.1.4. UcciienoBanne riryGuHBLI 60pPO3IKH, 00pa3yeMoi
IKCMEPUMEHTATBHBIM JABYXIMCKOBBIM COLIHUKOM
€ yCeYeHHO-KOHYCHbIMHU pefopaamMu-00po3aKkoodpa3oBaTeasiMu

Iny6uHa 60po3akn hg NpesiaraeMoro ABYXAVMCKOBOFO COLLHMKA Orpe-
JenseTcs M3 YC/OBUS YPaBHOBELUMBAHUS BEPTUKabHOW COCTaBAsHOLLEl
COMPOTMB/EHUS MOYBbI 1 BEPTUKA/ILHOM Harpysku Ha COLIHUK G, CKnaabl-
BalOLLEiiCcs 13 Beca COLUHMKA W [aBMEHWS MPYXWUHbI. TakuM 06pasom, ans
onpeaeneHuns hg HEO6X0AMMO PELIUTL OTHOCUTENbHO h ypaBHeHMe

R,+R,+T,+T,+D,+D, =G, (2.63)

181



rae R, — cocrasfisiowas no ocu z COMPOTMBMIEHUS MpUXaTVUAa pebopab
K nouse, H;
Rz, — cOCTaBNAOLLAA MO OCY Z COMPOTUBEHNA NPUXATWA AKCKa K Noy-
Be, H;

T, — TPEHWe pebopfbl 0 nousy, H;

T,, — TPEHWE AWCKa 0 nousy, H;

D,, — cocTasratoLwan AMHaAMUYECKOro COnpoTuBeHns peéopabl, H;

D,, — cocTaB/stoLIas AMHAMUYECKOro CONpoTUBNEHNS ancka, H.

Ecnv noactaBuTb B ypaBHeHUe (2.63) BbIpaXXeHWe ANs COCTaBASHOLLMX
CWN COMPOTUBAEHMSA, TO CTAHET ACHO, YTO aHa/IMTUYECKN PeLUnTb 3TO ypas-
HeHWe He MpeACTaBNsfeTcs BO3MOXHbIM. [103TOMY pelleHMe YypaBHe-
HYS (2.63) NpU PasIMYHbIX 3HAYEHMAX UCXOAHbIX MapameTpoB Oygem on-
pegensTb Mo MeTOAy, KOTOpbI/i NIErKo peannsyeTcs Ha KOMMbloTepe ¢ no-
MoLLbHO nporpammbl Excel (Tabn. 2.1).

Tab6nuuya 2.1. Pemenne ypaBuenust Ry + Ry + Typ+ Ty + Dy + Dy = Gy
NPH Pa3IHYHbIX 3HAYEHHSIX HCXOJHBIX MapaMeTpoB ¢ nomouibio Excel

A [ B [ c [ bl ET[T FT e [ HT 1 [ 3Tk [ L [ ™
1 PacyeT rny6uHbl
2 PacueTHble JaHHble VIcXopHbIe AaHHble O6upe
3 Lep= 0,9 Led=  1,14835 p-pad= 0,7854 Pe6opaa JAwnck f= 0,55
4 ng‘”z 01 bf,zth 001832 a-pad= 084907 R = 015  Ru= | 0175 K= 1000000
5 LD;f” 166667 Rep= 017225 b,u= 003 | bu= 0004  p= 1800

I a- _

6 KoagmuveHTsl 2pad= 45 2pad= 20 \% 4
7 257,74 90,2138 | 36,6564 27,0615 24,9866 25,786 G= 300
8 Pe6opaa Awnck dh= 0,001 Pe6opaa [Avck
9 Cxartve TpeHune AMTMM Cxarve TpeHune AManMM S=’\CAZM h S-G Ho Bo Hod Bod
10 0,0527 | -6,7085
11 0,0528 | -5,7054
12 0,0529 @ -4,702
13 0,053 | -3,6969
14 0,0531 | -2,6907
15 0,0532  -1,6833
16 0,0533 | -0,6747
17 0,0534 0,33512
18 0,0535 = 1,3461
19 0,0536 | 2,35827
20 0,0537 | 3,37162

MeTog nuccnefoBaHWin COCTOMT B CNIEAYIOLLEM: ECNN Xq ABNSETCH KOPHEM
ypaBHeHua f(x) = 0, To Npu Nepexoje yepes TOUKY X, PyHKUMSA f(X) MeHseT
3HaK C + Ha — WM € — Ha +. VICK/TI0UeHMe COoCTaB/SEeT TOT Cydaid, Korga B
TOUKe Xo rpadmk f(x) kacaeTcs ocu Ox, T. €. B TOUKE Xg MMEETCS SKCTPEMYM.
MocKoMbKy SiCHO, 4TO h 3aBMCUT OT NapaMeTpoB MOHOTOHHO (C pocTom G,
pacTeT rnybuHa 60po3akM 1 T. 4.), TO TaKol C/lyyald y Hac He peanmsyeTcs.
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WTaK, ANs OTbICKaHWSI KOPHS COCTaB/seM Tabnuuy 3HauyeHuid QyHKUMK Ha
HEKOTOPOM WHTEpBase, rae npeanosioXnTelbHO HaXOAUTCA KOPEeHb C Lua-
rom Ax. MycTb Mbl ONpeSenunn, 4To 3HaK MeHSeTCA MeXay TOUKaMu X; U
Xp, TOFfA CTaBUM X; Ha MepBoe MecTO B Tabnuue U yYMeHbLUIaeM Luar, Ha-
npumep, B 10 pa3. 3aTeM Haxo4uM MHTepBas NepemeHbl 3Haka. Ho Tenepb
Mbl 3HaeM KOpeHb C 60/1ee BbICOKOI TOYHOCTbHO. MMOBTOPSS 3Ty NPOLEAYPY,
Mbl MOXEM HaliTW KOPeHb C 06Ol ToyHocThblo. B mporpamme Excel
B KNETKY CO 3HAYeHMAMMW (PYHKLMMW 3aHOCATCA He yucna, a opmynsl. Mo-
3TOMY 3Ha4YeHUs (YHKUMN HaXOoAsTcs aBToMaTuuyeckn. OnepaTopy Hy>XHO
TO/bKO BBECTW HaYa/lbHOEe 3HAYeHMe x U Lwar Ax.

JTa MeTO4MKa peanv3oBaHa B Tabnumue. BepxHas yacTb Tabauubl co-
[EPXUT UCXOHbIE laHHbIE O COWHMKe: R, Ry, b, by, W, o — 1 06Lime gaH-
Hble: f — KO3((ULIMEHT TPEHMUS; p — MIOTHOCTb NOYBbI, KI/M®; V — CKOPOCTb,
m/c; G, — BepTUKanbHas Harpyska, H; K — koagpuumeHT 06beMHOro cMs-
8, H/M®. B fueiiky ¢ 3TUMW AaHHBIMW 3aHOCATCA YWC/IOBbIE 3HAYEHNS.
B fueliky «PacyeTHble faHHbIe» 3aHOCATCA (hOpMYAbl ANS pacyeTa:

R
Ry = R = 5bCtg (1), hy =2 1T (2.64)

Uucnosble faHHbIE 3aHOCUTb He HYXXHO. OHY NOSBATCA aBTOMATUYECKH,
KaK TONbKO OyAyT BBEAEHbI UCXOAHbIE faHHbIE.

[Janee B Tabnuue cneyeT WecTb KOMOHOK (A, B, C, D, E, F) ana 3Haue-
HUI opmyn pacHeTa Ry, Ryp, Tz, Tony Dapy Dypy MPUUEM BCe C KO3(MULIN-
€HTOM 2, TaK KaK COLUHWMK COCTOMT U3 ABYyX pebopg 1 ABYX AWCKOB. dop-
My/ibl KOMMPYHOTCSA Ha HeCckonbko (10 nnn 6onee) CTPOK NO KOUYECTBY
3HayeHwid h.

OHWM 3aHOCATCA B KONOHKY H Mo dropmyne

h=h, + Ah, (2.65)

rae h; — HayanbHoe 3HaueHwe h.

B rpagy G BBogutcs popmyna CYMM(AL0:F10), uto faet cymmy BCex
COMPOTMBIIEHWIA, T. €. NIEBYIO YacTb ypaBHeHUs (2.64). B KonoHke | 3anuca-
Ha pasHocTb S — G. Mo 3HaKam yucen B 3TON rpade 1 onpeaenseTca NHTep-
Basl, Ffe pacrofoXeH KOpeHb, T. €. CKOMOe 3HadeHue h. B rpagax K, L, M
3anucaHbl POPMY/ibl 41 PaCHETHbBIX AaHHbIX, CBA3AHHbLIX CO 3HaYeHUAMU h.
OHM ucnonb3yroTcsa Npu Beoge gopmyn B rpatbl A...E. BHavane B rpagy H
38HOCATCA 3HAYeHNs h ¢ WMpPOKUM Anana3oHoMm, Hanpumep oT h = 0,03 o
h = 0,12 m. Mpn 3Tom Ah = 0,01. Mpegnonoxum, no rpage | Mbl 3aMeTUIN,
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YTo 3HaK MeHsieTcs npu nepexoge h or h = 005 go h =
= 0,06 m. Torga 3HayeHue 0,05 3aHocuTcs B Aueliky H10, a B aueliky H8 —
3HayeHne Ah = 0,001. B rpace | nmoiiget Tabnuua ¢ warom 0,001, u Mbl
MOXEM HaiTu 6osee TOUHOe 3HaueHue, Hanpumep 0,057. MoBTopUM BCe
370 ¢ warom Ah = 0,0001, nony4nm eLle 601ee TOUHOE 3HAYEHME.

OnucaHHble pacyeTbl MPOU3BOAATCA ObICTPO. OHM YTOMUTESbHBI TONIbKO
13-3a 60/M1LIOIO YMCNa UCXOAHbLIX JAHHbIX, KOTOPbIE HEOOXO0AUMO MEHATD.
Hanpumep, cnefyeT 3HaTb, Kak MeHSeTcA h B 3aBUCMMOCTM OT CKOPOCTH,
T. €. HEOO6X04MMO MPOCUUTATL 3HaYeHUe h MpW pasHbIX CKOPOCTAX, Hampu-
mep, 1, 2, 3, 4, 5 m/c.

Pe3synbTaTtbl pacyeToB h npy pasHbIX 3HAYEHUSX NapaMeTpoB npusese-
Hbl B Tabn. 2.2.

Tabnuuya 2.2. Pe3yabTarhl pacueToB h npu pasHbIX 3HaYEHHSIX
NapaMeTpoB CKOPOCTH V

b h v=1wml/c v=2wmlc v=3wmlc v=4wmlc v=5wmlc
*]l ™" [ FT]G F G F G F G F G
1 2 3 4 5 6 7 8 9 10 11 12

0,005/ 0,005 | 1,66 |13,01] 1,85 | 14,16 | 2,16 |16,09 | 2,61 | 18,79 | 3,18 | 22,26
0,010{ 0,010 | 3,19 |19,10 | 3,44 | 20,64 | 3,85 | 23,21 | 4,43 | 26,80 | 517 | 31,43
0,015/ 0,015 | 5,75 |28,05| 6,11 | 30,08 | 6,73 |[33,46 | 7,59 |38,20 | 8,70 |44,29
0,020/ 0,020 | 9,66 |40,32 110,24 | 42,96 | 11,21 | 47,37 | 15,56 | 53,52 | 14,31 | 61,43
0,025| 0,025 |15,26 | 56,27 | 16,16 | 59,65 | 17,67 | 65,29 | 19,78 | 73,17 | 22,49 | 83,32
0,030/ 0,030 | 22,89 | 76,18 | 24,24 | 80,44 | 26,50 | 87,56 | 29,66 | 97,51 | 33,72 |110,31
0,030{ 0,035 |32,45 [104,77| 34,23 |110,13 | 37,19 |119,08 | 41,35 [131,59 | 46,69 |147,68
0,030{ 0,040 43,88 [137,18)| 46,15 |143,75 | 49,93 |154,69 | 55,23 [170,01 | 62,04 |189,71
0,030/ 0,045 |57,25 |173,13]| 60,08 |181,00 | 64,79 |194,11 | 71,39 |212,45]| 79,87 |236,05
0,030{ 0,050 | 72,63 [212,46| 76,08 |221,71 | 81,83 |237,13 | 89,87 |258,71 |100,22 |286,47
0,030/ 0,055 |90,10 |255,04| 94,23 |265,76 |101,12 | 283,62 | 110,77 |308,54 | 123,18 | 340,80
0,030/ 0,060 [109,72|300,79]114,61|313,05 |122,75 |333,50 | 134,16 |362,12 | 148,82 | 398,93
0,030{ 0,065 [131,59[349,65|137,29|363,54 | 146,80 |386,69 [160,12 (419,10 |177,23 |460,76
0,030/ 0,070 [155,79}401,60|162,38|417,18 |173,36 |443,15 [188,74 |479,51 | 208,50 |526,25
0,030{ 0,075 [182,42]456,63|189,96|473,97 [202,52 |502,87 [220,11 |543,33 | 242,72 |595,36
0,030{ 0,080 [211,58(514,72|220,13|533,89 | 234,38 |565,83 | 254,34 |610,55 | 279,99 |668,04

[JaHHble Tabn. 2.2 No3BoMAIOT MOCTPOUTL Fpadiuku 3aBMcUMOCTM h oT
MCXOLHbIX NapaMeTpoB. I"padvku npuBeaeHsbl Ha puc. 2.13-2.18.

AHanm3 Tabnuupbl U rpatvKoB MO3BONMAET CAenaTb NPUBEAEHHBIE HUXKE
BbIBOZb.

1. 3aBMCMMOCTb FTy6MHbI 60p03aKK h oT gaBneHus G, 6/M3Ka K MHENR-
HO. 3TO 3Ha4mMT, 4TO 3aBMCMMOCTb h OT G, MMeeT XapakTep CTeneHHOW
thyHKuMN G, ¢ Nnokazatesem m < 1.
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2. C poCTOM CKOPOCTM Fy6MHa GOPO3AKN YMEHbLUIAETCS U UMEET Bbl-
NyKNbIA XapakTep. ECnn NpoanuTh KpuBbie, TO Fy6GMHA CTPEMUTCS CTaTh
paBHOI Hy/O NpW AOCTaTOYHO 6OMbLIOK CKopocTU. OAHAKO, MO Halemy
MHEHWI0, XapaKTep 3aBUCUMOCTU h OT CKOPOCTM CKopee UMeeT Buj

-_° (2.66)
a’+bv?
Mpahvk Takoi (yHKLMM NpeacTaBieH Ha puc. 2.13, T. e. Haln pacyeTbl
nonasatoT B 30HY, rae (hyHKUMA YObIBaET 1 BbINYK/IA.

h, m

0,09
0,08 +
0,07 +
0,06
0,05 +
0,04 +
0,03 +
0,02 +
0,01 +

0 —t—t—t—————F—+——F—F+—+—+— Vv, mlc

1 2 3 45 6 7 8 9 1011 12 13 14 15 16

Puc. 2.13. 3aBMCMMOCTb FTy6UHbI GOPO3AKM COLLHMKA OT CKOPOCTM €ro ABVKEHUS

b, m
0,030

0,025

0,020

0,015

0,010

0,005

0,000 Gw H
0,0 200 40,0 60,0 80,0 100,0

e V=] MC e V=2 e V=3 wic Vad ML e VS e

Puc. 2.14. 3aBUCUMOCTb NEPBOHAYa/IbHON ry6KHbI 60p0o3aKK hy 3KCNepUMEHTaIbHOTO
[IBYX/INCKOBOTO COLLUHWKa OT BEPTUKa/IbHOTO AaBfieHns G, Npy pasHbIX CKOPOCTAX V
1 3HaYeHWUM WMPUHBI pebopgbl b, = 0,01 m
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Bym
0.080

aQgio

o060

0,050

0.040

— =] M/ w— =2 M/C V=3 wc

0015 V=4 s/c —\/5 M

0000 Gu H
a0 1000 2000 3000 4000 §00.0 6000 7000

Puc. 2.15. 3aB1CMMOCTb NepBOHaYaNbHO ry6uHbI 60po3aKkK h; aKCNePUMEHTaIbHOTO
[BYX/IMCKOBOIO COLUHMKA OT BEPTUKaIbHOIO faBnieHns Gy
MpW pa3HbIX CKOPOCTAX V U 3HaYEeHN LINPUHBI pebopabl by, = 0,03 m

3. O6palLaeT Ha cebs BHUMaHUE Pe3Koe yMeHbLLUeHVe h; B 3aBUCMMOCTU
OT TOMWWHBI pedopppl by, B 30He 0 < by, < 0,02. Mocne b, = 0,02 ckopocTb
ybbIBaHMA h; pe3Ko cokpaLlaeTcs.

0,0850 M1 _
0,0800 |
0,0750 |
0,0700 |
0,0650
0,0600
0,0550
0,0500
0,0450 | - ‘bp, M

0,01 0,02 0,03 0,04
—_—V1 N2 —V3 V4 — V5 wic

Puc. 2.16. 3aBMCMOCTb NepBOHaYa/IbHON ry6uHbI 60po3aku hy
3KCMNEPUMEHTaIbHOTO AABYXAMCKOBOTO COLUHMKA OT LUMPUHBI
pe6opgap! by Npy pasHbIx ckopocTax v npu G =300 H
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0.13

n"
3 — G100 H
0.09 - —G=200H
G=300H
0.07 G=400 4
—G=500 H
0.05 h w80 H

\
0,03
0.01 by, M

0,04 0.02 003 0,04

Puc. 2.17. 3aBMCUMMOCTb NepBOHAYa/IbHON FNY6UHBI GOPO3AKM hy 3KCMEPUMEHTaNIbHOrO
[IBYXVCKOBOIO COLLHMKA OT LUNPUHBLI pebopAbl b, Npy pasHbIX 3HAUEHNSX
BepTVKa/IbHOrO faBneHuns G npu v = 3 m/c

4. Pa3nnyHble KynbTypbl TPeGylT pasHoi raybuHbl MoceBa CEMSH.
ny6uHa 3agenku ceMsiH h, 3aBUCUT OT KOHCTPYKTUBHbIX W TEXHOMOrM4e-
CKUX napameTpoB G ¥ v, KOTOpble A4Na pasHbIX TUMOB MOYB fIErko Nofo6-
patb no rpaukam, npeacTaBfeHHbIM Ha puc. 2.25 n 2.28. 3agaBas 3Hade-
HWe h. Ans JaHHON KyNbTypbl, NEFKO HATU HY>KHbIe 3HaYeHNst G 1 V.

o 1oMeM
00 L
008 p '\.\.
097
—
0.08
0,05
004 | " - —
0,03
0,02
oM
.00 —m78Mm V, Wi
1 2 3 4 5
—GITOON G200 N G=200 i GuiOMN e GRB00 1 e G 00

Puc. 2.18. 3aBUCUMOCTb Fy6uHbI 60p03aKM hg 3KCNEPUMEHTAILHOTO
[IBYX/[JICKOBOTO COLLIHMKA OT CKOPOCTM Npu pa3HbIX fasneHusx G npu b, = 0,03

5. 'ny6yHa 60po3aKu hg, paccunTaHHas No NpuBefeHHbIM BbiLle opmy-
nam, onpegenseTcs no caMomy 60/bLIOMY pagunycy pebopabl, T. €. Ha 0CTpue
KoHyca pebopgpl. JMHaMmuueckoe CONpOTYBEHVE MPUBOAMT K PaspyLUEHWO
rpaHuL, 6opo3aKu W, CrefoBaTesbHO, K ee YaCTUYHOMY 3aCbINaHuio.
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MoaTomy Mpu onpefeneHUn rnybuHbl Nocesa cnepyet 6paTh BEMUUUHY
HECKONbKO MeHbLUYHO, YeM h;. Ecnu peanbHas rinybuHa nocesa he, To cne-
ayet 6patb hy = he + b, / 2, T. €. ecnim pekomeHgyemas riybuHa 3afesnku
ceMsiH cocTaBnseT h, = 4 cm, TO UCXOAA W3 rpadmka, NPUBEAEHHOTO Ha
puc. 2.18, cnepyeT nopbupatb TexHOMOrMYeckre napameTpbl G U v npu
hy=3+3/2=45cwm.

2.2. TeopeTnuyecKue UcCIeTOBAHUS OJHOIUCKOBOI0 COIIHUKA
¢ IBYXCTOPOHHUMH pedopaamMu-00po3aKko00pa3oBaTeasiMi

2.2.1. MaremaTn4eckasi MOjeJb MAXOTHOI'O CJI0OSI MOYBBI
KAaK CILUIOIIHOM chINMy4ell cpelbl, CXKHMAaeMoii M crioco0HOoI
K CAMOOPraHu3alMu npu ee oopadoTke

Pa3Hble pacTeHVsi NPeAbABNAIOT pasnuyHble TpeboBaHWUSA K NAOTHOCTU
noysbl, a, CNefoBaTeslbHO, U K TEM YC/MOBUAM, KOTOpPble CBA3aHbl C Helo.
HeopanHakoBbl TpeboBaHMA PacTeHWIA K MAOTHOCTU MOYBbI U B pPa3/inyHble
hasbl pocTa ¥ CTaguy pasBuTUA MX. Peakuus pacTeHWin Ha pasnnyHoe co-
CTOSHWME NIOTHOCTY 3aBUCUT OT OMOMOTMYECKUX OCOBEHHOCTEN KyMbTyp, U
B NMepBYI0 04epesb OT Pa3BUTUA KOPHEBOW CUCTEMBI.

MNOTHOCTb MOYBbI MMEET SPKO BbIPaXKEHHYH AMHaMUKY. [MaXOTHbIN
C/OIA, MMEIOLWNIA PbIXIOE CMIOXKEHME Cpa3y >Xe Moc/e NpoBeAeHns 06pabo-
TOK, NMOCTEMEeHHO YM/IOTHAETCS M Yepe3 HEKOTOPOe BPEMS AOCTUrAeT TaKol
MI0THOCTK, KOTOpas B Aa/lbHElLeM MPaKTUYECKU Masio M3MEHSeTCH BO
BpeMeHW. TaKyH MAOTHOCTb Ha3blBalOT PaBHOBECHON. MMaxXOTHbIA Cnoii
MOYBbI CUYMTAETCS PbIX/bIM, €CIM €ro 06beMHasi macca He npeBbiaeT
1,15 r/ecm®, nAoTHbIM — oT 1,15 fo 1,35 r/cM® 1 O4YeHb MAOTHBIM — BbILLE
1,35 r/em’.

Hepenko AN aHanmsa U MPUHATUS peLleHns No AanbHenLweld akenaya-
TalUMmn NoYBbl HEOCTATOYHO 3HaTb, €CTb M NPo6/ieMa ee YNIOTHEHUA N Ha
KakoW rnybuHe oHO obpasyeTcsd. B Takux crnyvasx TpebyeTtcs MMeTb BO3-
MOXHOCTb 60/1ee fieTaNlbHOM KONMYECTBEHHON OLEHKN 06beKTa MUccnefoBa-
HUA. [ng Mo4Bbl TakMMK XapakTepUCTUKaMU SBNAIOTCA: WU3MEHEHue ee
NAOTHOCTM 1 MOPUCTOCTA B 3aBUCMMOCTM OT FNYy6UHBI.

Hamu npepnsioxkeHa MeToAMKa MOMyYeHUA U MaTemaTuMyecKoro onuca-
HUS XapaKTepUCTUK MaxOTHOFO CNOs MOYBbl KaK CM/OLLHONM Chifyyeli cpe-
Obl, OKUMaeMO M CMNOCOBHOM K camoopraHusauuMm npu ee 0b6paboTke.
JaHHad meToamka fo/IKHa YNPOCTUTL arpOHOMam MOHUTOPUHT COCTOAHUSA
MaxoTHOV NOBEPXHOCTU 06pabaThbiBaeMbIX MOYB, & TAKXKE MO3BOMUTL UHXKE-
Hepam 6onee AeTa/lbHO M3yyaTb BAMAHME MEXaHWYECKMX arperatos Ha Y-
NIOTHAEMOCTb MOYBbI B X0/ie ee 06paboTKu.
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BO3HMKHOBEHME YMNIOTHEHMIA MOYBEHHOIO Cnosi (MY>XHOI NOAOLUBbI)
XapakTepHO Ansa N6oro Tmna noys. CBA3aHO 3TO B NePBYHO O4vepesb C Te-
MW BHELUHVMMW BO3AEWCTBUSMM, KOTOPbIE BOCMPUHMMAET ee MOBEPXHOCTb.
Tak, Npu perynsapHoil 06paboTke MOUBbI BEC THXKENON CeNbCKOX03ANCTBEH-
HOIA TEXHWKN U NPUMEHSEMbIX NPU 3TOM MEXaHU3MOB BO3AECTBYET Ha ee
MOBEPXHOCTb. OT NOCTOSHHOIO AABMEHMS YacTULbl NOYBLI MIOTHEE Npue-
ratoT Apyr K Apyry ¥ 3anosHAT BO3AYLUHbIE NPOMEXYTKM, 06pasys B Mec-
Tax ABVDKEHMSI TEXHWUKU MOLLHOE YN/IOTHEHME NOYBbI — MAY>KHYHO NOAOLLBY.
CBoii BK/ag B 3TOT MPOLECC BHOCAT M aTMOCHEPHbIE SIBNIEHMS, Takue Kak
BNara, 3acyxa u 3amMopOo3KMu.

B TO ke Bpemsl B pe3ynbTaTe 00pabOTKM MO4YBbI B BEPXHEM C/lOe ee
NPOVCXOANT MepeMeLLMBaHMe W BCMy4MBaHNE 06pabaTbiBaemMoro cnos, T. €.
Haf, M1y>XHOI NOAOLIBOIA MAIOTHOCTb MOCTOSIHHO MeHsieTcs. B MOMEHT 06-
paboTKM NIOTHOCTb MOYBEHHONO CNOS Ha ry6uHe MPOHUKHOBEHWS Mexa-
HW3MOB YMeHbLLIAeTCs, a 3aTeM Moj AeiCTBMEM aTMOCHEPHbIX SBMEHWIA
HE3Ha4YWTEe/bHO YBE/IMUMBAETCS 40 PABHOBECHOIO 3HAYEHMSA U NMPAKTUYECKM
He MeHSIeTCA A0 CNeAytoLLero BO3AeNCTBUSA Ha Hero.

Tak KakK 3TW BO3AENCTBMS Ha MOBEPXHOCTW MOYBbI MPOMCXOAAT pery-
NIIPHO, TO ee MOYBEHHbIN CMOA MOXET OblTb MPEACTaBNEH B BUIE CXEMbI,
NpuUBEAEHHOI Ha puc. 2.19.

B cBsisM ¢ 3TUM nosiBAseTcs psg Npob6/iem, KOTopble HeO6XOAMMO pe-
LIaTb arpapusm:;

1) yNnoTHeHWs NPensaTCTBYHOT MOCTYMEHUIO Barv M HOpMasbHOMY
Pa3BUTMIO KOPHEBOI CUCTEMBI KY/bTYP;

2) 06paboTKa YMI0THEHHOW NOYBLI TPebyeT 6ONbLLUNX YCUINIA, BPEMEH-
HbIX W AEHEXHbIX 3aTpaT;

3) NAy)XHas nofoLuBa NPensTcTBYeT MPOHWKHOBEHUIO Bflaru B ry6oKue
C/ION NOYBbI, YTO B MEPUOAbI 0OMMbHOTO UX YBNAaXHeHUs (Kak npaBusio,
BECHOW 1 OCEHbIO) MPUBOAWT K 3aCTO BNary B HUX U TeM CaMbIM 3aTpyA-
HseT 06paboTKy nonei;

4) oTCYTCTBME BfarM 3aMef/ifieT PoCT PacTEHWIn U CHMXKAET ypoxkaii-
HOCTb, 0COGEHHO B 3aCyLU/VBbIE NEPUOADI;

5) o6pazoBaHMe YMNMOTHEHWUS MOYBbI MPUBOAUT K HEMPeACKasyembIM
3(hheKTaM C TOUKM 3PEHNS HAKaNMBaHWS B HUX MUHEPA/IbHBIX YA06PEHUIA,
T.€. K UX ObICTPOMY BbIMbIBAHWUIO WK, HA0GOPOT, K MX HaKamnaMBaHWIo.
BcnefcTere 6bICTPOro BbIMbIBAHMS PacTeHUs He YCMEBALOT BNUTbIBaTb MU-
HepaNbHble YA06peHusi. BbicoKas e KOHUEHTpauus ux B YNIOTHEHHO
MoyBe BbI3blBaeT OTPaB/IeHNE pacTeHuid. B 060Mx cayyasx ypoxaiiHOCTb
3aMEeTHO CHUKaeTCA.
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MoanouBeHHbIA| 540 cm HopmanbHas

Ehier] NAOTHOCTb

Puc. 2.19. YcnoBHas cxema No4YBeHHOI NOBEPXHOCTU

BbiBalOT cnyvaw, Korfga s aHaaus3a W NPUHATUA PeLLeHnst no fanb-
HeliLLeld aKcnTyaTaluum NoYBbl HEAOCTAaTOYHO 3HaTb, €CTb M Npob/eMa ee
YMIOTHEHUA, N eCM Takas NpobiemMa CyLLeCTBYET, TO Ha KakoW riybuHe
HaxoAWTCs MAYXKHas NOAOLUBA A/ AAHHON KOHKPETHO BblOPaHHOM NOYBbI.
B Takux cnyyasx TpebyeTcs MMeTb BOSMOXHOCTb 60/ee feTanbHOW Konu-
UECTBEHHOM OLieHKM 06BbeKTa uccnefoBaHus. [1s NoyBbl TaKUMK XapakTe-
PUCTUKaMU SIBASKOTCS: U3MEHEHWe MIOTHOCTU U MOPUCTOCTM ee B 3aBUCU-
MOCTU OT FAy6uHbl. HuKe npuBefeHa MeTOAMKa MOMyYeHns U MaTemaTu-
4ECKOro ONMcaHns XapakTepMCTMK NaxoTHOTO CNOS MOYBbI KaK CrAOLLIHON
Cbinyyeld cpefpbl, CXKMMaeMO U CMOCOGHOM K CaMOOpraHvsaumn npu ee
06paboTKe.

PacCcMOTPMM NaxoTHbIA MOYBEHHbINA COMA Kak CMAOLIHYIO OAHOPOAHYIO
cbinyyyto cpesy. BbiaBrHeM A1s1 3Tol cpebl psg LOMYLLEHNIA:

1) aTa cpega okmMMaema 1 cnocobHa K caMoopraHun3aumm;

2) NNOTHOCTb MAY>KHOIM NOAOLLBbLI P, MOCTOSHHA;

3) ee nopuctocTb O, =0, (c) ABNAeTCA (YHKLMEN, 3aBUCALLEA OT Ha-
MPSHXKEHWA, U 3HaYeHVeM, NpuHagnexalyum nxtepsany (0; 1);
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4) Ha4yanbHas NOPUCTOCTb MOYBEHHOI CpeAbl, T. €. ee MOPUCTOCTb B He-
HarnpsXKEHHOM  COCTOSIHUW, SIBMISIETCA  PaBHOMEPHO  pacrpefAeneHHoiA:

—no.
0n(0)= 0, ;
5) MN3MEHEHME NOPUCTOCTU Cpedbl NoYBbl MNP MFHOBEHHOM U3MEHEHUU

BHELLHEro HanpsHXXeHWs Ha Hee MpAMO MPOMOPLMOHa/IbHO MOPUCTOCTU C
K03(hHMLINEHTOM MPONOPLIMOHANLHOCTY, PaBHbIM ee CxxmMmaemocTy k (Ma™):

LU (2.67)
do
B pesynbTaTe pasgeneHns nepeMeHHbIX B UgdepeHLmMansHOM ypaBHe-
HUK (2.67) nonyymm:

LU (2.68)

n

MpouHTErprpyem 06e YacTh 3TOro YpaBHEHNS:

Ide” :—kjdc, In|0,|=-ko+C.
eI'I
C yyetom ycnosus 0, (0) = 92 nosiyyum:

In (65)=C, In0,|=—ko +1In [0, In

0,

nnn

0, = 0% . (2.69)

n

Csssb MeXay nopucTtoCTbto N NJIOTHOCTLHO MOYBbI MOXKET ObITb onpe-
feneHa 3aBUCMMOCTbHO

0,=1-+, (2.70)
Pec

0TKyZa
p=p.(1-0,). (2.71)

Torpga ¢ yueTom BbipaxkeHus (2.69) opmyna (2.71) npumeT Bug
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p=p.(1-0%"). (2.72)

PaccMOTpMM MOYBY KaK CbiMyyee BELLECTBO, HAXOAALLEECs B O4HOPOA-
HOM MoJfie TArOTEHMS B COCTOSHWWM PaBHOBECUS, T. €. B COCTOSIHUM BCECTO-
POHHEr0 CXKaTus Nog faBneHWeM p. Takoe COCTOsIHME MOYBbI OMUCHIBAETCA
3agaveli Kowwm:

® oy, p0)=0, 273)
dz
r4e g — YCKOPEHWE CUfibl TSHKECTM.
C y4yeToM BbIpaxeHus (2.72) guddepeHumansHoe ypasHeHve (4Y) u3
3agaum (2.73) npumeT BUA

% =p:9(1 - 6oe ). (2.74)

OvddepeHumanbHoe ypaBHeHMe (2.74) npefcTaBnseT coboit Y ¢ pas-

JENSOWMUMN MepeMeHHbLIMMW, NMO3TOMY A5 OTbICKaHWS ero 06LIEero peLue-
HUS BbINO/HWAM CMEeAyHoLLMe AeNCTBUS:

d e —0° e
—ppcg[ } oo oo OP = P90z

dz et
kp

fﬁdp = pcgfdz; %Iekp ieg de® - op) = pcgfdz;

%In le® — 09| =p.0z + C. (2.75)

Onpegenum noctosHHyto C 13 ycnosus p (0) = 0, T. e. YTO Ha NOBepPX-
HOCTM MOYBbLI JaBfeHVe NpeHebpexmnmo mano. Torga

L e — 0}
k

=p.00 +C;

(2.76)

>

C=2inf-6
K

a YyacTHOe pelLieHVe 1Y B HESBHOM BU/E 3anMLLETCA CMeAYHOWMM 06pasoMm:
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1 kp o| 1 0
iln |e — Bn =p.9Z + Ell’l |1 - en . (277)

Bblpasum 13 ypaBHeHus (2.77) napameTp p, T. e. 3anuLiem ero B ABHOM
BuAe. [115 3TOro cAenaem B HeM psg 3NeMeHTapHbIX Npeobpa3oBaHuii:

1 kp 0 l o _ .
n e — 0 _Flnh_e” = p.0Z;

e —0°
1-0°
kp 0
e’ -0 ‘
—— 1 =kp.0z; L=,
1-6; Pl 1-6

e7-00 = 1-0° %%, P ="+ 1-0° e,

I e - 69
k

~In[1-0]

1
=p.02; Eln =p.92;

k 0
e -

In

0%+ 1-0° e, (2.78)

p(z) = %In

C y4eToM BblpaxkeHns (2.78) 3aBMcMMOCTM nopucTocTn (2.70) 1 nnoT-
HOCTW (2.72) MOYBEHHON cpeabl OT FNyOMHbI ee cnos ByayT NpeacTaBnATh
C000i COOTBETCTBEHHO CrieAytoLLme QPYHKLNK:

1 1 90
On(2) = - 0 =0 ’ g (2.79)
1+ (]E) _ ]Jekpcgz 14 (]'_Oenjekpcgz 0.+ 1-0, e
0, 0°
pC pc pc(l _eg)ekpcgz
p(2)= = - _ (280
14 g ke 1 6 02 + (1-0°)e"* (2.80)
" 1-0; e

Takum obpas3omM, matemaTtuyeckme mogenn (2.78)—(2.80) MOXHO BOC-
MPVHMMaTL Kak MoKasaTe/iM MCXOAHOr0 COCTOSIHMSA MOYBEHHON cpedbl 6e3
06paboTKM B 3aBUCUMOCTU OT €€ rNyOuHbI U XapakKTepUCTUK k 1 pe.

[ns Toro 4tobbl peann3oBaTb MaTemaTuyeckue mogenun (2.78)—(2.80)
[N11 KOHKPETHO MCCefyeMOi MoYBbl HEOOXOAMMO BbIMOMHUTL CriegytoLme
[eicTBNS:
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1) ¢ NOMOLLbIO CTaHAAPTHBIX METOAMK ONPesennTb 3KCNepUMeHTaIbHO
rny6uUHY 3aneraHns NayXXHol NOAOLLBLI Z; (M), MIOTHOCTL p (KF/M?) mny-
HOI NOAOLLBbI M NAOTHOCTb NOYBbI Py (KF/M>) Ha ee MOBEPXHOCTH:

2) BbIYMCIUTb MOPUCTOCTb MOYBLI B HEHAMPSHKEHHOM COCTOSHWUW MO

thopmyne

00=1-Fo, (2.81)

B

Pc

3) onpeaenuTb koathhmLmeHT cxumaemocTh k (Ma™) no opmyne

In (0,0101[610 - 1}}
K =— n , (2.82)

pc gzl

[na npoBepkn afeKBaTHOCTU MOJSTyYEHHbIX 3aBUCMMOCTE HamMu Ans
paccMaTpYBaEMOro MPSMOYTO/IbHOTO y4acTKa nowagbio 10 M? oMbITHOro
nonst YO BIFCXA 6b110 NpOBeAEHO psf 3aMePOB N0 OnpefeneHnto rnyou-
Hbl 3aeraHis MNYXHOM NoAOLWBbI Z; (M), MNOTHOCTU pe (Kr/M®) maysKHol
MOAOLLIBbI 1 NNOTHOCTM MOYUBbI Po (KF/M®) Ha ee MOBEPXHOCTU. 3aMepbl Mpo-
M3BOAMINCH B [EBATM TOYKAX y4yacTKa C TPEXKpaTHOl MOBTOPHOCThLIO. Pe-
3yNbTaTbl 3aMEPOB B PaCCMaTPUBaEMbIX TOUKAX YCPeAHSMNCH.

B pesynbTaTe 661710 YCTAHOBEHO, YTO A1 UCCELYEMOrO yyacTKa noy-
Bbl FNy6UHA 3aneraHns NAy>KHOM noaoLwBbl z; = 0,35 M, NIOTHOCTb MAYX-
HOVA NoAoLWBkI p. = 2,58 - 10° Kr/M®, MNOTHOCTL NOYBKI Ha ee MOBEPXHOCTM
po= 1-10%kr/M®. PesynbTaTbl 3KCMEpPUMEHTaNbHBIX AaHHbIX WM3MEHeHUs
MI0THOCTMW B 3aBUCUMOCTM OT Ny6UHbLI NPUBELEHbI B Tabn. 2.3.

Ta6nuuya 2.3. U3MeHeHHe IUIOTHOCTH MOYBBI B 3aBUCHMOCTH OT [JIyOMHbI

"ny6uHa, M 0 0,1 0,2 0,3 0,4
MNOTHOCTb NOYBbI, KI/M® 1000 1945 2342 2520 2580

Peanusauns mogenein (2.78)-(2.80) npomssogunacs B MathCad
(puc. 2.20). A5 3TOro Ha OCHOBAHWUWM UCXOLHbIX JaHHbIX PaccUUTbiBanach
MOPMCTOCTb UCCNEAYeMOl MOYBbI B HEHAMPSHKEHHOM COCTOSHUM U KO3(-
(DULMEHT CKUMAEMOCTM MOoYBbl. B Halem cnyyae aTv nokasarenu Obinm

COOTBETCTBEHHO paBHbl: 0° = 0,612k =571-10"Ma™.
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Puc. 2.20. BIOK UCXOAHBIX W PACHETHbIX faHHbIX
peanusaumm mogeneli (2.78)—(2.80)

ConocTasneHune 3Ha4eHuin mogenn (2.80) ¢ HabnMLAEMbIMW 3HAYEHMS-
MW MAOTHOCTU (Tabn. 2.3) NoKa3ano KayeCTBEHHYHO COrfiacOBaHHOCTb 3TUX

pesynbTatoB (puc. 2.21). ABCOMOTHAsA MOrpeLHOCTb COMOCTaB/EHNS pe-
3yNbTaToB He npeBbiwana 1 %.

poaln

"~

Puc. 2.21. Pe3ynbTaTbl TEOPETUUECKMX U 3KCMEPUMEHTANIbHBIX JaHHbIX
M3MeHEHNS NI0THOCTM MOYBbI C Fy6UHOI
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3T0 NO3BOMIMIIO CAeNaTh BbIBOA 06 afeKBaTHOCTM W mopenen (2.78) u
(2.79) gna nccnepyemoin nouBsbl. PesynbTaTbl 3TUX MOAENe NpuBeLeHbl Ha
puc. 2.22, 2.23.

Gn!

Puc. 2.22. Pe3ynbTaTbl TEOPETUHECKUX AaHHBIX
M3MEHeHNs NOPUCTOCTY NOYBbI C FNy6UHON

Puc. 2.23. Pe3ynbTaTbl TEOPETUYECKUX AaHHbIX
V3MEHEHNS aBNeHUs Ha NOYBY C rNy6UHON

MpeanoxeHHas MeTOAMKA AO/MKHA YNPOCTUTL arpoOHOMaM MOHWUTOPWHT
COCTOSIHMSI MaxOTHOM MOBEPXHOCTU 06pabaTbiBaeMbIX MOYB, a TaKXKe Mo-
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3BONINTb UHXXEHepam 6onee AeTa/lbHOe U3YyYeHME BAUSHUSA MEXaHWUYEeCKMX
arperaToB Ha YM/0THSEMOCTb MOYBbI B XOA€ ee 06paboTKM.

2.2.2. TeopeTuyeckue NpeANOCHIIKH UISI HCCJIET0BAHMUSA
OTHOTUCKOBBIX CONTHUKOB ¢ MUHHMAJIBHBIM YIJIOM aTaKH

Hamu 6bian onpegeneHbl OCHOBHbIE KOHCTPYKTUBHbIE MapaMeTpbl AWC-
KOBbIX COLUHWMKOB. Ha OCHOBaHUW anpyopHON MHGopMaLum 1 TeopeTuye-
CKMX MPeAnoCbIIOK MPOoaHaIM3MPYeM WX BO3MOXHbIE OMOPHbIE FPaHULb
BapbMpPOBaHMS.

13BeCTHO, YTO paboumii NpoLecC COLLHMKA CKafblBaeTca M3 crefyto-
WX ¢a3: 0bpasoBaHMe GOPO3AKWU, PasMELLEHNE B Heli CeMSIH, YaCTUYHON
UMW MOHOM 3a4€e/KN CEMSIH.

Mpu 3TOM hopMbl 1 pa3mepbl 60PO3aKKN, 06pa3yeMoli COLLIHUKOM, 3aBU-
CAT rnaBHbIM 06pa3oM OT AMameTpa AWcKa, YrnoB ero yCTaHOBKM, OT B3a-
NMHOI0 PacnooXeHnst AUCKOB (Y ABYXAMCKOBbIX COLLUHMKOB) N OT KOH(W-
rypaumm gvcka u pebopg v ero anemeHToB (415 04HOAUCKOBBIX COLUHM-
KOB), YCUNNIA, NPUXOAALLMXCA HA B3aMMOAECTBYIOLLME C MOYBOI 3/1EMEH-
Thl, @ TAKXKXE CBOWCTB CaMoli MoYBbl M 3(h(HEKTUBHOIO BbIGOpPa CKOPOCTU
noceBa CebCKOXO3ANCTBEHHBIX KY/bTYp W3 YCN0BUS PaBHOBECUS LBUXKY-
Lelica CUCTEMbI U CTabWNbHOCTU ee paboThl, 06ecneyeHnss He06X0ANMOro
paccTosHNA mexay 6opo3sakamu [52].

Paccmotpum Bompoc o
BO3MOXHbIX yriax KpeHa
COLUHMKA MO OTHOLLEHWHO K
NOYBEHHOMY FOPU30HTY.

MpesnosioXKmm, 4To coLu-
HWK BXOAMT B MO4YBY MOf
OCTpbIM yr/iomM c. [pu aTom
Ha MaTepuasnbHyl0 MOYBEH-
HYI 4acTuly Maccbl m Oy-
OyT [eiicTBOBaTb Chefyto-
WMe CuMbl: Cuna peakuum

ornopbl N v cuna TpeHus o

NOBEPXHOCTb COLLHMKA I—f
Puc. 2.24. Cxema [eiiCTBUS CUN MIPU BXOXAEHUM PaccmoTpum Ha puc. 2.24
COLUHMKa B N0oYBY NnofA OCTPbIM YI/IOM o CXEMy AeVlCTBMH cun |'|p|/|
BXOXXAEHNN COLUHMKa B
MOYBY MOJ, OCTPLIM YI/IOM o. B TakoM Cyyae [JBMXKEHWE MOYBEHHON Yac-
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TWUbI BYET OCYLLECTBNATLCS BBEPX MO NOBEPXHOCTY COLLIHMKA TO/bKO NpK
YCNIOBUM, YTO MOBEPXHOCTHAS COCTABMAIOLIAs peakLmu onopbl N 6ygeT

npesbillaTtb CUNYy TPeHUA e€ee 0 MNOBEepXHOCTb COLUHWKa ‘ET

, T.e.

M| > [F.

PaccMOTpUM NPAMOYrofbHbIA TPeyronbHUK ABC, KOTOpbIA Ha cxeme
(puic. 2.24) obpa3syeTcs peakuuein onopsbl N uee MOBEPXHOCTHOI COCTaB-
nstoweit No. Tak Kak npsivas CB napafienbHa YPOBHIO MOYBEHHOI Mo-

BEPXHOCTU, TO LBCA = Lo, &, 3HauuT, LZCBA = T _
2
AHanornyHbIM 06pasoM pacCMOTPUM TPeyronbHUK ABD, KOTopblii 06-

pasyeTcsi peakuyeii onopbl N 1 pesynbTUpytoLeii cunoii R, AeiicTByto-
el Ha NoYBeHHYHO YacTmuy. O603HauMm yepes /¢ = ~/DAB paccmatpu-
BAEMOro TPEYro/ibHMKa W Ha30BEM €ro yrfiiom TpeHus. MosicHum ¢usnye-

CKMWiA CMbICN 3TOro MapameTtpa. Ecnm paccmaTtpuBaTb [BVDKEHWE Tena no
UaeasbHO FNAAKoM NOBEPXHOCTM, TO B TOUKE X COMPUKOCHOBEHWS feiicT-

BYeT peakUusi R, HanpaBfieHHas No HOpManu K MoBEPXHOCTY. Ha Liepoxo-
BaTO MOBEPXHOCTY BO3HUKAIOT CU/IbI TPEHWS CKOMbXXEHUS. M03TOMY peak-
LVIO LLIEPOXOBATOM NOBEPXHOCTM R, B HallieM Cyyae NouBbl, NpeacTaBim

o.

B BM/e ABYX COCTaBSOLMX; HOPMa/bHOM peakumn N, paBHO Mo MOAYNHO
CW/e HOPMa/bHOTO [aBNeHUsl, U NEPNEHANKYNSPHON eli cunbl TpeHust Fop,
T.e. R=N+F_ . lNMonHas peakyus obpasyeT ¢ HOPMa/biO K MOBEPXHOCTY

HEKOToprﬁ YroJi, TaHreHC KOTOPOro paBeH OTHOLUEHWUHK CUNbI TPEHUA WU
HOpMaﬂbHOVI peakumnn. B Cny4yae, Korga Tesno JIEXXUT Ha FOpVI3OHT8J'IbHOl7I
mepoxosaToﬁ NOBEPXHOCTN U Ha HEro He ,D'EVICTByPOT HUKaKne BHELUHWNE
CUNbl, KPOME CUJIbl TAXKECTU, NOJHaA peakumna nepneHankKynsapHa OI'IOpHOI‘/i
MOBEPXHOCTN. npl/ll'IO)KI/IB K Teny cuny, Mbl CTPEMUMCA Bbi3BaTb €ro ABU-
XEHne, HO OHO HE NMPOUCXOAWNT, TaK KaK BO3HUKAET ChNa TPEHUA, MPUYEM
cuna TPEeHUA MeHblLle HEKOTOPOro MakCMMa/lbHOro CBOEro 3HayeHus, npu

KOTOPOM HabntofgaeTcsi paBHoBecue cuUcTeMbl. C yBEIMYEHMEM CUSTbI ‘FT

Oy/eT Bo3pacTaTb M cUna ‘l_fm

. HakoHeL, HacTynuT npefenbHOE COCTOSHNE

PaBHOBECKS, MPX KOTOPOM MOJHAs pPeakums R OTKAOHUTCS OT BEPTUKaIN
Ha MpefenbHbIA Yron ¢, HasbiBaEMblii YINIOM TPEHWS, U 3aTeM HauYHeTCs
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[BWKeHWe Tefla. TaHreHC 3TOro  yrfia HaxoAutcs no  hopmyne

max
tg(¢)=-2—=f V" PpaseH KOI(MULMEHTY TPEHWS, a  3HAuWT,

< = arctg( ).
Torga ¢ y4eToM NPUHATLIX 0603HAYEHWA MOXEM 3anucaTtb, YTO YC/o-
BMEM [ABWXKEHUS MOYBEHHOI 4acTuLbl BBEPX MO MOBEPXHOCTW COLUHUKA

—_— T —
6ypet ‘N‘tg (E—a)>‘N‘tg (¢). Mocne ynpoLleHWs 3TO HepaBeHCTBO

MOXHO Npeobpas3oBaTh K BUAY

o< g o (2.83)

[pn TakoM BXOXAEHWUM COLUHMKA B MOYBY ee YacTuubl MAYT BBEPX MO
MOBEPXHOCTU COLUIHMKA. [Mpu 3TOM MOBEPXHOCTb MOYBbI MOABEPraeTcs
PbIX/IEHNIO, & COLIHMK aKTUBHO 3arfybnsetcs B nousy. OgHako Habnwoga-
OTCA W HeXenaTeNlbHble SIB/IEHUS, Takne Kak HepaBHOMEPHOCTL 3arnybie-
HUS COLUHWKA, YTO, B CBOKO 0Yepedb, NPUBOAMT K 06pa3oBaHuMi0 60po3aKu
C HEPOBHbIM W BO/IHUCTBIM penbeoM, a TakxKe 3TOT NPOLECC CONpoBOX/a-
€TCS HenpeLCcKasyeMbIM ¥ HEKOHTPOMPYEMbIM 0T6pocom mnouskl. CuTya-
LMS CTaBUNN3MPYETCS, eCNIN PeasbHbIA Yron BXOXAEHWUS COLLHUKA B MOYBY
6yneT 3HaUMTENLHO 60/IbLLIE PACHETHOTO.

PaccmoTpum Ha puc. 2.25 cxemy AENCTBMSI CUM NMPU BXOXXAEHUM COLL-
HMKa B NOYBY NOA TYMbIM YI/I0M o.

Puc. 2.25. Cxema AeiicTrs Cv NPY BXOXAEHUM
COLUHWKA B NMOYBY MOZA TYMbIM YI/IOM ot
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[elicTBys N0 aHaNorMM ¢ NepBbIM Cy4YaeM, MPOaHAIM3NPYEM [BUKe-
HME MOYBEHHOI YACTHLIbI MO COLUHWUKY BHU3.
YCnoBuem [1s1 TaKOro ABUXEHUs 6yaeT HepaBeHCTBO

‘Nn >‘I_fT ,nm ‘N‘tg (a—g)>‘mtg (0).
OTKyfa nonyuaem , _ T o wwm
2 b
it g (2.84)

AHaIM3 [aHHON CXeMbl CBUAETENbCTBYET O TOM, YTO MPW BbIMOAHEHWUN
ycnosus (2.84) yacTuubl NOYBbI ByAYT NOAMUHATLCSA COLUHWMKOM W BbITasl-
Ku1BaTb €ro M3 MoyBbl. ATO TOT CMyyail, Korga paboTa COLLHMKa 6yAeT Ha-
PyLLIATLCA U He3P(PEKTUBHA.

Ha OCHOBaHMM MPOBEAEHHOrO aHain3a MOXHO CAefaTb BblBO4 O TOM,
YTO 3HAYEHVE Yr/ia BXOXKAEHWS COLLUHMKA B MOYBY AO/MKHO OrPaHNYMBaThLCS
CnegyoWwuMy npesenamu:

E—(p<(1<g+(|), (2-85)

2

Ha ocHoBaHUM cnpaBoyHbIX MaTepuanoB [53] 13BeCTHO, UTO KO3(h(u-
LMeHT TpeHus f cTanm no Nno4BeHHOMY rpyHTY n3meHsietcs ot 0,325 1o 0,8,
a 3HauUT, Yron TpeHus ans 60NbLIMHCTBA MOYB NEXWUT B Npegenax or 18°
[0 39°. B Hawlem cny4yae 3KCNepyMeHTalbHO YCTaHOBMNEHO, YTO 3HaYeHUs
yrna ¢ Ans noys FopeuKoro painoHa naMeHsTes oT 29° ao 31° (c yyeTom
NX NPeanoceBHON 06paboTKM).

[nsa onpegeneHHocTy Bo3bMeM yron ¢ = 30° (n / 6 pag). Torga npege-
Nbl U3MEHEHVS YI/ia BXOXAEHWNSA COLUHMKA B NOYBY [O/MKHbI U3MEHATLCS OT
60° no 120°.

Ha ocHOBaHWMM 3TOr0 (hakTa MOXHO BbIABUHYTb TUMOTE3Y, UTO AN KOH-
TPONMPYEMOrO U PaBHOMEPHOrO Mo rnybuHe obpa3oBaHUs BOPO3A0K -
(DEKTUBHO NPUMEHATb COLUHWMKM C YI/IOM o BXOXAEHWSA B MOYBYy (Yr/iom
KpeHa) 6nmM3KuM unu paBHbIM 90°. [laHHas runoTtesa Haluna noAreepxie-
HVie B MHOT0NeTHUX uccnefosaHuax B. Y. UnbuHa [25].

PaboTa AMNCKOBbIX OPYAWiA 3aBUCUT OT AMameTpa AMCKOB M PacCTOsHWS
MeXay HUMMU.
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[unameTp ANCKOB BbIOMPAIOT M3 YCNOBMUIA 0becneyeHnst Tpebyemoi ray-
6VHbI 06PabOTKN M IKOHOMUM MeTaNna.

PaccTosHVe b mexay AuMckaMu JOMKHO ObiTh TakKUM, YTOObLI OpYaus He
3abmBanunchb, obecneymBaivi HEOOXOAMMYHO BbICOTY h rpe6Held 1 He 3acbina-
nn cocefjHe 60po3aku. Mpu rnybuHe 06paboTkM A 3TO paccTosHue b me-
Xay AMCKaMu MpUHMMaeTcs 6onblue 1,5A.

ANemMeHTbI COLUHMKA MPY KOHTaKTax ero C MoYBOi OKasbiBatOT Ha Hee
CWUM0BOE BO3AeliCTBME. TeopeTnyeckoe WCCMefoBaHNE PeakTUBHBIX CWA,
[eCTBYIOLMX Ha BpaLaloLLMecs 3/IEMEHTbI COLUHMKA, NPeanonaraet, YTo
3TN 3NIEeMeHTbI ABWXKYTCA 6e3 CKONbXeHWs. B COOTBETCTBMM C BbiBOZAMY
B. A. XXenunroBckoro ckosbXeHne 0TCYTCTBYET A0 ONpeAeneHHON r1y6uHbI
Koneu (B Hallem cfydae MOYBEHHON LWenn A) 1 3aBUCUT OT paguyca Bpa-
L AOLLErocs anemMeHTa paboyero opraHa R 1 yrna TpeHns ¢ npu ABYKEHNM
ero B noyse. CBsA3b MeXAY 3TUMW NapameTpaMu Npu ycnosum obecneyeHns
LBVKEHVS 6e3 CKOMbXEHWS YCTaHaBNMBAETCA (hOPMY/ION

A < 2Rsin? (). (2.86)

PaccMoTpumM cxemy fns 060CHOBaHWS rpaHuUL, BapbMpPOBaHUA PauycoB
[mcka n peboppbl UccnesyemMoro cowHuka (puc. 2.26).

V3BECTHO, YTO /19 MESIKOCEMAHHbIX 1 60NbLUMHCTBA 38PHOBLIX KYNbTYP
[OCTaTO4HO 3ajenblBaTb CeMeHa Ha rnybuHy ot 0,02 go 0,06 m. 310 Ta
rny6uHa, Npy KOTOPOWA 3/1IEMEHTbI COLLHMKA 6yAYT ABUraTbCa B MOUBE 3aBe-
[IOMO 6€3 CKOMbXXKeHus, T. e. 6yayT yAOBNETBOPSTb YCnoBuio (2.86).

[nsa npegnaraemoro Hamm COLLHMKA FybMHa 3afe/ky CemsH CBs3aHa
C 3arny6neHveM fucka nocpescTBOM POpMy bl

Ay = As+ Ry =Ry, (2.87)

rae A, — BeNMUMHa 3arnybneHns aucka, Mm;

Ag — BEIMUMHA 3arnybeHns 60po3gkoobpasoBartens, M;

R, — pagnyc gucka, M;

Rys — HanbonbLLnii paguyc 6opo3akoobpasosaTens, M.

Torfa cornacHo BblpaXeHuto (2.86), C y4ETOM YC0BUS, YTO 3/1EMEHTBI
COLUHMKA [BUratoTcs B MoyBe 6e3 CKONbXEHWSs, ero KOHCTPYKTMBHbIE U
TEXHONOTMYECKME NMapaMeTpbl 6yayT CBSi3aHbl C YI/IOM TPEHUS ¢ CleLyto-
LM OrpaHNYeHreM:

Ag + Ry = Rys < 2R,sin® (). (2.88)
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BbIpasum 13 Hero paguyc aucka:

R, — 2R,sin” (¢) <R, — A, R (1-2sin* (9)) SR, — A,

nnn
R,C0s (20) <R s~ A,

OTKyfda CneayeT, uTo

<Rs=4s (2.89)

" cos (29)

A

Puc. 2.26. Cxema Anst 060CHOBaHWs FpaHuL, BapbMPOBaHUS PaguycoB AUCKA U PeGopAbl Hc-
Crieflyemoro COLLHUKA: a — BIAZ 3NEMEHTOB COLLIHWKA C33AW; 6 — BS AMCKa 1 peGopabl CBOKY

B pa6oTe [56] 6bina npuBegeHa pacyeTHas cxema WMCCIeAyeMoro CoLl-
HWKa 1 ObI1I0 NOKa3aHo, YTo

b b b
Re=Ts+8;+2 =R, - (bp +36jctg W43+, @0
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e rg — MHUMbI paguyc pebopbl B LeHTpe 60po3aKoobpasosatens, M;

8 — BEMIMUMHA CMELLEHUS LEHTpa AYrn OKPYXXHOCTM, XapakTepusyto-
LLei 3aKpyrneHnme 60po3AKo06pasoBaTens, OT MPOAC/MKEHNA pe-
6opabl, M;

bs — WnprHa 6opo3aKkoobpasoBaTens, M;

Ry — HaMbonbLUKWii pagnyc KOHUYECKOI YacTn pebopabl, M;

b, — WpmnHa pebopfpbl, M;

L — KOHYCHOCTb pebop/bl, pag,.

Torpga ¢ yyeTom paBeHcTBa (2.90) thopmyna (2.89) nepenuiieTca B BUAe

b, b
R, —(bp +26jctg (W) +3, +56 - A

cos (2¢)

R < (2.91)
<

dopmyna (2.91) ycTaHaBMBaeT OrpaHUyeHre Ha BblGMpaeMblli paguyc
[MCKa COLUHMKA NPW YCNOBUM CTAbWIbHOTO YCTaHOBMBLUETOCS LABUKEHUS
ero 6e3 CKONbXXEHNS B NOYBE.

Ele OfHMM BaXKHbIM 371EMEHTOM WCCMELYEMOr0 COLUHMKA SABASETCS
peboppaa-60po3akoo6pasoBaTenb. PopMa MMEHHO 3TOFO 3MeMeHTa Mpu
[BV)KEHVMM COLUHWMKA MOJ Harpy3koW KonupyeTca Mo4Boi, obpasys npu
3TOM MOYBEHHYIO Lienb. Mo3aToMy paguyc pebopabl HanpsAMyr CBs3aH C
3(hheKTUBHOCTLIO NPOTEKaHUS 13Y4aeMOro TeEXHOI0MMUYECKOro NpoLiecca.

Vcxogs 13 Teopum pacyeTa KaTKOB, MOXHO BblABUHYTb MPeArnonoxe-
HWe, YTo A5 3PEKTMBHOW PaboThbl pebopabl-60p03aKo06pa3oBaTeNs Hau-
60/bLUNIA pagnyC ee KOHUYECKOW YacTu JO/KEH ObiTb TakuM, Y4TO6bI Npu
BCTpeYe C KOMKaMM MOYBbl 3TOT 3/IEMEHT JIErKO NepeKaTbIBaca Yepes HUX
W [aB/IEHNE COLLHMKA KOHLEHTPUPOBA/IOCh Ha HUX. [Py 3TOM KOMKM MOYBbI
6o paspyLuannch, Mbo BAABIMBAMCL B MOYBY. B Hawem cnydae 3To
yC0BYe NpegnoniaraeT, YTo 3Ha4YeHMe HanmbOosbLLEro paguyca KOHUYEeCKOW
yacTu pebopabl MOAYUHSETCA HEPABEHCTBY

R, > 2o ((p + %j’ (2.92)
2 2

rae A, — 3arny6neHue HanbonbLLIEro pajuyca KOHUYECKOI HacTui pebopabl, M;
(®; — Yron TPeHWsl BpaLLAOLLErocsi CTa/IbHOr0 3/leMeHTa B MO4YBE C
60/bLUNM NPUCYTCTBUEM KOMKOB (MpUHUMaeTcs 18°).
CornacHo UCTOYHUKY [52], 3arny6neHvne HambonbLUero pagunyca KoHU-
YecKoli YacTun pebopapl paBHO:
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Ap:As"'Rp—RU'ﬁ:

b b
= A, +Rp—Rp+(bp +Eﬁjctg () - 8 —?6:

= A, +£bp+b—6jctg (p)—ﬁﬁ—g. (2.93)
2 2
C yuyeTom paBeHcTBa (2.93) ycnosue (2.92) npumeT Bug,

b b
A6+(b +6jctg (L) —8; -2
. Pt : 2 i (w +2 wlj_ (2.94)

Ycnosue (2.94) no3BonseT onpeaennTb MUHUMaIbHO BO3MOXHOE 3Ha-
ueHve napameTpa R, C y4eTOM YCMOBUS PaspyLUEHWs WAN BfaB/MBaHUA
KOMKOB MOYBbI 3/1EMEHTaMW UCCIeSYeMOr0 COLLHUKA.

Takum 06pasom, ycnosuamm (2.91) u (2.94) MOXHO PYKOBOLCTBOBATLCA
npy BbIGOpe pafuycoB AUcKa M pebopapbl AN Y3KOPAAHOro nocesa Ceflb-
CKOXO03AACTBEHHbIX KyNbTYyp Ha 3aBefjOMO 3afjaHHYH0 [ybuHy, rapaHTmpo-
BaHHO 06ecneyvB Mpy 3TOM HEMPOCKa/b3bIBAHWE 3/1IEMEHTOB COLUHMKA W
yCTpaHeHVe NOYBEHHbIX KOMKOB MPU UX ABVXEHWUN.

ELLe 0AHMM YC/IOBUEM, CBA3LIBAIOLLMM 3TW MapameTpbl JO/HKHO AB/AET-
CA YCNoBve NPAMONIMHEAHOCTY ABVXKEHWSA NpeanaraeMoil KOHCTPYKUMK Ans
06ecreyeHns HafleXXHOCTN TEXHOMOMMYECKoro npotecca. [ns ogHOAUCKO-
BOr0 COLUHMKA 3TO YCNoBWe BYAeT CBOAWUTLCA K YPABHOBELUMBAHWIO HOKO-
BOr0 YCWUNUs, LeliCTBYIOLLErO Ha OAHOAMCKOBbIV COHUK. OnpeaenvBLInCh
C 3TUMW nNapameTpamu, Bbl6OpP HWDKHWMX 3HAYeHWA TOMLWMHBI pebopAbl
MOXHO CBA3aTb C TO/ILLMHOW (JUamMeTpoM) cemsiHanpasuTenei.

Ha rnybuHy o06paboTKy MOUBbI AWCKOBLIMU COLUHWKAMMW OKa3sblBaeT
B/INSIHWE Yron ¥ NOBOPOTA UX MOBEPXHOCTM MO OTHOLLUEHWIO K HArpas/ieHno
[BVKEHWS TArOBOIO MeXaHuW3Ma, T. €. Yron ataku gucka (puc. 2.27). O6b-
ACHSAETCA 3TO TEM, YTO peakums Nnousbl BCErga HopMasibHa K pabouyeld no-
BEPXHOCTW [Aucka. [10BOPOT MNOBEPXHOCTU AMCKa MPOTMB Hanpas/ieHus
[BVIXXEHWS ero yBenMymBaeT noLaab N060BOr0 CONPOTUBIIEHWS COLLHMKA,
a 3Ha4uT, W 3aXBaTbIBAEMYIO MOYBEHHYIO MOBEPXHOCTb, CNOCOGCTBYET 3a-
rny6eHunio avcka.

OfHaKo aHa/n3 KOHCTPYKLMIA AUCKOBbIX COLIHUKOB [39, 43] nokasbia-
€T, YTO Ha MPaKTUKE NPYMEHSAIOTCA COLLIHWKW C YI/I0M aTaku He 6onee 20°.
B nepsyto ouepefb 3TO CBA3AHO C TEM, YTO MPW YBEIMYEHUW YA aTaku
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KpaTHO YBENMUYMBAETCA COMPOTMBMIEHME COLLHWMKA, a 3Ha4YWT, AN npeogo-
NEHUs1 3TOr0 COMPOTMB/IEHMS HEOOXOAMMO 3aTpayMBaTh AOMOMHUTENbHbIE
3HEpPropecypcbl U AeHexXHble cpeacTsa. He Bcerga aTv 3aTpathl ABAAKTCS
060CHOBaHHbLIMMU.

Opu30oHTaNbHAsA MOBEPX-

Puc. 2.27. Cxema K OMNpefeNieHnto yrnia ataku
[MCKOBOTO COLLHMKa

C [Opyroii CTOpPOHbI, Yron aTaku COLUHWKA U ero CKOPOCTb Hanpsmyto
CBA3aHbl C 06LEMOM W Ja/lbHOCTLHO 0T6POCA BbIHOCMMOI 13 6OPO34KM MOu-
Bbl. [MpuueM TeHAeHUUs BAUAHWS LanbHOCTM OTGpPOCA NOYBbI TaKoBa, UTO
MPU YMEHbLUEHUN CKOPOCTW PaboTbl COLUHMKA MOXHO YBENW4MBaTb ero
Yron aTaku, 1 Hao60poT. ST NapameTpbl B3aMOCBS3aHbl U JO/MKHbI ObITh
nofobpaHbl Ans NPOeKTUPYEMOro COLUHMKA TakMMm 06pa3oM, 4Tobbl obec-
neuynTb CTabuibHOEe M paBHOMEpPHOe 06pa3oBaHMe GOPO3AO0K M UCKMHOUUTb
CNyYam 3acbiMaHUs MOYBOM COCEAHUX PabouMx MexaHW3MOoB U CPOPMUPO-
BaHHbIX 60PO3/0K.

Mpwn y3KOpPAAHOM MOCEBE MENKOCEMSAHHBIX KYNbTYP W AN YBENNUYEHNS
CKOpPOCTW paboTbl COLUHMKA LienecoobpasHO MPUMEHSTb OAHOAMCKOBbIE
COLUHMKW C HY/EBLIM YFIOM aTaku Uan 6AM3KUM K HyneBomy. B aTom
cnyyae Gyfem roBOpuUTb O HakaTbiBaHUK 60PO3A0K, MNPV KOTOPOM 3a MX
thopmoobpasoBaHue U rNyouHY OTBeYatoT Takue (haKTopbl, KaK ycunue,
OKa3blBaeMOE Ha COLUHMK, KOH(MIypaums COWHUKA U CKOPOCTb €ro ABu-
XeHus. OfHaKo npu Takom cnocobe 06pa3oBaHMs GOPO3LOK C Lenbio 3a-
[enKn ceMsH Ha raybuHy NpesbILAlWy0 4 CM, KaK NpaBuio, HYXXHO
MPOBOAUTL [ONOJHUTENBHYIO MOArOTOBKY MOYBbLI, YTO, B CBOIO Ouepefp,
CBA3aHO C JONOMHNUTE/bHBIMM 3aTpaTamm.
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HeKoTopble KOHCTPYKTOPbI MOCEBHLIX MalUWH MPY UX KOMMOHOBKE OT-
[al0T MpeAnoYTeHMe ABYXAMCKOBLIM COLUHMKaM CO CMbIKAOLWERca Mo
YII0M \ NepefHeli 4acTbio AUCKOB (puc. 2.28).

by

Puc. 2.28. Cxema K onpegefieHnto napamMeTpoB COLLHMKA CO CThIKYHOLLMMUCA JUCKaMu

B 3TOM Cnyyae CMbIKAIOLLAACA YacTb AUCKOB BbINOMHSAET (DYHKLUMWN Ha-
paibHWKa, a AWUCKW COLLIHWMKA — PO/ib 0TBasA. B X0fe MCNo/b30BaHMA Taknux
YCTPOWACTB pasmepbl 1 hopma 60pO3LKM 3aBUCAT He TOMBKO OT Yria BXoAa 1
aTakv AWCKOB MO OTHOLUEHWIO K MOYBEHHON MOBEPXHOCTW, HO U OT yrna
pacTeopa [MCKOB COLUHMKA \/, & TaKXKe BbICOTbI PACMOIOXKEHWS TOUKN CTbl-
Ka KPOMOK [INCKOB.

JKCNepMMeHTa/IbHO YCTaHOB/EHO, YTO 06/M1acTb ONTUMANbHBIX 3HAYe-
HWI yrna y HaxoguTcs B npegenax 5...9°. [ina onpeaeneHns BbICOTbI pac-
MOSIOXXEHUS TOYKWM CTbIKa KPOMOK [OUCKOB PacCMOTPUM CXeMy, Mpefcras-
JIeHHYI0 Ha puc. 2.28. TycTb ToUYKa M CTbiKa AMCKOB HaXOAUTCA Ha BbICOTe,
onpefenaemoit yrnom o, HakoHa paguyca OM = R, K BepTuKanu. Paspesas
[MCKN MO UX TOPU3OHTaNbHOMY paguycy, pa3sepHem MonoBUHbLI AVCKOB Ha
yron m/ 2, COBMECTUB WX C FOPU3OHTANbHOM MAOCKOCTbIO. TOraa paccTos-
Hue BC 6yfeT LUMPUHON BCKPbIBAEMON COLLUHMKOM 60p0o3aKu b, M3 npamo-
YrofbHOro TpeyrofibHuka BCM cnefytoT BolpakeHns (2.95, 2.96):

BC=MBty {%) (2.95)
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MB = MO — BO = MO — MOcos (a1) = Ry(1 - cos (ay)).  (2.96)

MoacTaBmB BblpaxeHue (2.93) B (2.92), nonyunm:
b=2R (1 - c0s (&)t [%j (297)

AHanunz copmynbl (2.97) nokasblBaeT, YTO NpPW SKCnayaTaumn CTbl-
KYHOLMXCA AUCKOB NMPUMEHEHME YINOB oy > T / 2 HelenecoobpasHo, Tak
Kak B 9TOM C/lyyae Touka M CTblKa ByaeT NOAHATA CIULLKOM BbICOKO, T. €.
KaXKabliA AUCK OyaeT paboTaTb OTAENbHO, NPOBOAS CaMOCTOATENbHYH 60-
PO34KY, UTO arpoTEXHWYECKM HEAOMYCTMO MPY 06bIYHOM MOCEBE N MOXET
ObITb MCMO/Mb30BAHO TOMLKO B ABYXAWCKOBOM COLUHMKE AJ11 OpraHu3aLmm
Y3KOPSAHbIX MOCEBOB.

MOoXHO onpefenuTb yron pacTeopa AUCKOB . ockKonbKy BbicoTa h
TOYKM CTblKa UCKOB Haj, OMOPHOI NIOCKOCTbLIO BYAET paBHa 3arny6ieHnto
TaKoro cowHunka: h = A = Ry(1 - cos (o)), T0

b _b

_b (2.98)

\II = =
© (Ej_ 2R(I -cos(a) 2h 2A°

Torga yron pacTBopa AMCKOB v CBSI3aH C LUMPWUHOI BCKPbIBAEMOW UMUK
60po3aku by 1 ee ry6UHOIR A criefytoLWmM BbipaXKEHNEM:

ot (2.99)
7 2tg(2Aj.

AHanu3 nuTepaTypHbIX UCTOYHMKOB [53, 54] NoKasbIBaeT, UTO ryouHY
M CTabWNbHOCTb XOfa COLUHUKOB B MOYBe (M CBA3aHHYHO C Heli paBHOMep-
HOCTb 06pa3oBaHWsA rNy6uHbl GOPO3AKM) MPAKTUYECKW ONS BCEX TUMOB
COLLUHMKOB MOXHO PerynvMposaTb MyTeM WU3MEHEHWs Harpy3ku Ha COLLHWK
(3a cuet npepfnoceBHbIX YCTAHOBOYHBIX PErY/IMPOBOK U YCUNUS NMPYXKUHBI),
BblOOpa HanpasfieHna CUMbl TArW (MEPEHOCOM TOYKM NMPUCOEAUHEHMS NO-
BOZKOB MO rOPM30OHTaIN 1 BEPTUKAIN) 1 Nogbopa paunoHaibHOV CKOPOCTH
LBVKEHNS.

B cBA3M € 3TUM UccnefoBaHMA PaboTbl COLLUHWKOB A8 Y3KOPSAHOIo no-
CceBa LieNecoobpasHo MPOBOAUTL MPY CKOPOCTAX ABMXXEHWUS COLUIHMKOB OT
1,78 m/c (6,4 km/u) po 10,0 m/c (36,0 Km/u). HxkHee 3HaueHWe onpegenset
YC/IOBME MUHUMAIbHOWM CKOPOCTU [BVDKEHUS arperarta npu nocese 3epHo-
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BbIX, @ BEPXHEE — MaKCMMa/lbHble CKOPOCTM NOCEBA A/ CYLLECTBYHOLLMX
MPOrPECCMBHbLIX UMMOPTHBIX 06Pa3L0B MOCEBHbIX MaLLVH.

M3 ycnoBust yHMBEPCAIbHOCTY MPUMEHEHUSA MPOEKTUPYEMOTO COLLHMKA
MOXXHO CfenaTb BblBOJ, YTO perynmpyemas rnybuHa xoja AMCKa COLUHUKA
[JO/KHa n3MeHATbes B npegenax ot 0,01 go 0,06 M. HKHee 3HayeHKe 3TO-
ro napameTpa COOTBETCTBYET MOCEBY CEMSH TpaB W APYruX MeKOCEMSH-
HbIX KY/bTyp, @ BEPXHee — MOCeBY CEMSAH ropoxa, KYKYpysbl W ApYrux
KPYNHOCEMSHHBIX KYNbTYP.

Ha ocHOBaHWM NpYBeLEHHbIX BbiLLe NCCNeA0BaHNI MOXHO CAenaTb Bbl-
BOA, YTO pauMoHabHbIE FPaHuLbl BapbUPOBaHMS KOHCTPYKTMBHBIX W 3KC-
M/yaTauMoHHbIX NapaMeTPOB AMCKOBbIX COLUHMKOB MPKU Y3KOPSAHOM noce-
Be JO/DKHbI HAXOAUTLCA B CeAyHoLLMX npejenax:

—Yron KpeHa COLUHMKA NO OTHOLUEHWKO K MOYBEHHOMY FOPM30HTY —
6113KUIA UK paBHbIli 90° (T1/ 2 pap);

— yron atakv — 6am3kuii nam pasHbiii 0° (0 pag);

— pacCTosHME MeXAy AMCKaMu — npeBbillaroLlee 1,5A, rae A — rnybuHa
60p03aKK;

— Yron pacTBopa [AUCKOB — CBSA3aHHbIA C LUMPWUHON BCKPbIBAEMON UMK
60po3aku by 1 ee rnybuHO A BbipakeHWeM (2.99) npw ycnoBmu, 4TO pedb
NAET O KOHCTPYKLMU CMbIKAHOLLMXCS UCKOB.

Mpy Taknx ycnoBusx paboTbl AUCKOBbLIX COLUHUKOB OAHUM U3 BaXKHEN-
LUMX MapameTpoB, BAMSAIOLLMX Ha CTabUAbHOCTL U YCTOMUYMBOCTL MpoLecca
60p03aK006pa3oBaHMs, OYAET CTaTUYECKOE YCWUME HAXKMMHOIN MPYXKWHbI,
KOTOpOEe [O/MKHO CriaXMBaTb BEPTUKaSbHbIE W TOPU30HTa/IbHbIE KO/eba-
HWSA COLLIHMKOBOro paboyero opraHa B noyse. OYeBMAHO, YTO JaHHOE yCU-
e [0/MKHO ObiTb ropasgo 6onblie, Yem B TPagWULMOHHO MPUMEHSEMbIX
COLLHMKOBbIX ycTpoiicTBax (140-160 H). MoaTomy ans npeanaraeMoli KOH-
CTPYKLMW COLLHMKA LieNecoobpasHo pacCMOTPETL 3TO 3HadeHue o 450 H.

2.2.3. MaremaTn4eckasi MoJe1b KOMOHMHMPOBAHHOTO OIHOAMCKOBOI0
COLIHUKA JJIl Y3KOPSI/IHOTO I0CeBa ¢ CHMMETPHYHO PACIIOJI0KEHHBIMH
ABYXCTOPOHHMMH pedopaaMu-60p0o31K000pa3oBaTeIsiMi
U HYJIeBBIM YIJIOM aTaKH

Mpu BO3ae/bIBaHWN CENbCKOXO3ANCTBEHHBIX KY/bTYp BaXKHelillee 3Ha-
UeHVe MMEeLOT NPeAnoceBHas 06paboTKa NMouyBbl 1 MOCEB.

LN y3KopsgHOro noceBa CeflbCKOXO3AMCTBEHHBIX Ky/MbTyp Mepcrek-
TVBHOW SIBNISIETCA MPUMEHEHWNE KOHCTPYKLMM KOMGUHMPOBAHHOTO OfHO-
JVCKOBOTO COLUHMKA C CMMMETPUYHO PacrofioKeHHbIMU peGopaamu-
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60po34Kk006pa3oBaTensimMm, paboTaroLleil Npyu HyneBoM yrne ataku. [aH-
HbI COLIHMK 06ecrneynBaeT 601ee paBHOMEPHbI NOCEB CEMSH U Ha OMTW-
Ma/IbHYIO TNTy6UHY, a TakxKe No3BosiseT 6osee ahheKTUBHO pacnpeseninTb
MX N0 NAoLWwaamn nutaHus. Mpeanaraemblil COLLHMK NPOCT B U3rOTOB/IEHUM 1
HacTpoiike.

[anee 6ygeT npuBefeHa MaTeMaTuyeckas MeTOAMKAa pacyeTa Takoro
cowHuka. Ee peamsauus B MaTeMaTM4eCKMX MakeTax MPUKNagHbIX Npo-
rpaMM WM WMHXXEHEPHbIX aBTOMATKU3MPOBaHHLIX CUCTEMAaxX YMpaBfieHUs
MO3BO/IUT: YCTAHOBMTb CBSI3b MeXay KOHCTPYKTVMBHbIMM MapameTpamm
npesnaraemMoro CoLHMKA 1 TEXHONOTMYECKMMM NapamMeTpamm M3y4aemoro
npouecca; anropuTM3MPOBaTb pacyeTbl MO OLEHKe (OPMbl, PasMepoB U
3arny6/1eHnIo 3/1EMEHTOB COLLIHMKA M 06pa30BaHHOM MM MOYBEHHOM LLENN.

MpeanoxeHHas MeTOAMKA SBASETCSA COCTaBHOW 4acTbio MaTeMatude-
CKOro OnucaHusi npoLecca Y3KOpsAHOro MoceBa CelbCKOXO3AWCTBEHHbIX
Ky/NbTyp COLHMKOBLIMW FPYyMnamy, OCHaWEeHHbIMU KOMOWHMPOBaHHLIMU
OAHOLMCKOBLIMM COLUHMKaMW Mpes/iaraeMoro Tuna.

B HacTosllee BpeMsi MpW KOHCTPYMPOBaHWM MOCEBHbIX MaLUWH Mpe-
MIMYLLLECTBO OTAAETCH AMCKOBbIM KOMOWHMPOBAHHbLIM COLLHMKaM, KOTOpbIe
XOPOLUO paboTaroT Ha NIH6bLIX TUMax MoYB. ATO CBSA3AHO C BHEAPEHMEM Ha
COBPEMEHHbIX 3epHOY60POUHBIX KOM6aiiHax B NOC/efHWe rogbl YCTPOACTB
N1 M3MeNbYeHNs COMOMbI U pa3bpackiBaHWs ee MO MOBEPXHOCTM MONS.
B pesynbTate nocnefytouleid 06paboTKM MOYBbI KOMOMHUPOBAHHbLIMM arpe-
rataMmu M3MesibYeHHas COMoOMa MepemelLMBaeTCA C MOYBOM UM co3aaeTcs
MY/IbYMPOBaHHLINA C/0MA, B TOM YmMC/e U Ha ry6uHe 3aenku CeMsiH Tpassi-
HbIX 11 38PHOBBIX KY/bTYP.

KuneeugHble COWHWKM Npy paboTe Ha My/bYMPOBaHHON MOYBE Crpy-
YKMBAKOT MOXXHWBHbIE W PacTUTE/bHbIE OCTATKW Mepeq coboii, KoTopble 3a-
TEM COBMPAKOTCA MEXAY COLUHMKaMW. DTO HapyluaeT TeXHOMOrUMYecKuit
NpOLeCC 3a/e/IKN CEMSIH Ha 3afjaHHYLO FNy6OUHY.

OfHO- 1 [BYXAMCKOBblE COLUHWKM XOPOLLIO 3arny6nstoTcs Ha Mynbyu-
POBaHHOI MouBe, NPOPEe3atoT B HEeil BOPO3LKU Ha 3afaHHYHO TNYOUHY, He
HapyLLas TEXHO/IOrMYeCKOro npoLecca yknagky cemsH. HegoctaTtkom faH-
HbIX COLUHWKOB SIBNSIETCA TO, YTO AMCKU Ha KOpMyce ycTaHaB/MBalOTCA C
onpegeneHHbIM yrioM ataku. [enaetcs aTo ans 06pa3oBaHWs 60po3aok, B
KOTOpblE YK/TafblBalOTCA CEMEHa W 3aTeM 3aKpbIBatOTCA C/IOEM MOYBbI.
B npouecce ABWXKEHWS TaKoe PacnosioXeHne AMCKOB MPUBOAUT K nepeme-
LLEHWNIO MOYBbLI B CTOPOHbI OT COWIHWMKA. C yBeNMYeHUEM Yrna aTaku Auc-
KOB, CKOPOCTW ABWXKEHWSI COLLHMKA W TNy6UHbI GOPO3aKM BO3PacTaeT 00b-
€M BbIHOCKMOVA 13 Hee MOYBbI, @ TAKXKE PacCTOSIHME, Ha KOTOPOe OHa 0TGpa-
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cbiBaeTcs. C Le/blo YMeHbLUEHNS BNAHUA 3abpacbkiBaHNs NMOYBbl HA cocef-
HWe PAgKWU COLUHWMKW MPUXOAUTCA PaccTaBisTb B HECKONbKO PSLOB, MpW
3TOM CYLUECTBEHHO OrpaHunyMBasl CKOPOCTb MaLLMHHO-TPaKTOPHbIX arpera-
TOB. HO 1 3TO He Bcerga nomoraeTt U3baBUTLCA OT 3abpacbiBaHWS COCEAHUX
PSLKOB CEMSH MOYBOMA 1 MPUBOAMT K HEPABHOMEPHOCTM 3afe/IKN CEMSAH Ha
3aflaHHY0 TNy6uHY, YTO HEraTMBHO B/IUSET Ha APY>KHOCTb BCXOAOB, pas-
HOMEPHOCTb X PasBUTMS 1 CO3PEBAHMSA, a 3HAYMT, HEraTNBHO CKa3blBaeTCA
1 Ha Ka4ecTBe nocesa.

C y4yeTOM BbILIEN3NOXKEHHOTO Ha 6aze YO BICXA 6bin paspaboTtaH
KOMOVHMPOBaHHbIA OAHOAMCKOBLIA COLUHWK AN5 Y3KOPSAHOrO Mocesa C
CYMMETPUYHO PacroiOXXeHHbIMI ABYXCTOPOHHUMU pebopaamm-60po3aKo-
obpasoBaTensamu, paboTatoLwnii Npu HyNeBOM yrie aTaku. JaHHbliA COLLHMK
OCYLLLeCTB/ISIET 60/Iee PaBHOMEPHbIA MOCEB CEMSIH 1 HA OMTUMa/IbHYH FNTy-
6VHY, a TaKxe Nno3BonseT 6onee IPPEKTUBHO pacnpeneMTb UX No nno-
Wwagn nutaHus. OH NpoCT B M3rOTOBAEHMM N HACTPOIKe. Ero o6Lmii BuA,
TEXHOMOTNYecKast CXema, MPUHUMM paboTbl ¥ NPerMYLLECTBA MEPES CY-
LEeCTBYHOLMMI ANCKOBLIMM COLLUHMKaMW pacCMOTPEHbI B nogpasg. 1.15.

UTo6bl MOAYYMTb BO3MOXHOCTb MOAENMPOBaTb W YMpaBAsTb U3ydae-
MbIM TEXHOIOFMYECKMM MPOLLECCOM, TPebyeTCs ero MaTeMaTtuyeckoe onw-
caHue. COCTaBHOI 4acTbi0 [AHHOIrO OMMCaHWA [O/MKHA ABNATLCS MaTemMa-
Tnyeckas Mogenb paboyero opraHa, B HaleMm Ciyvyae KOMOWHMPOBaHHOIO
OJHOAMCKOBOIrO COLUHUKA AN Y3KOPSLHOro noce-
Ba C CUMMETPUYHO paCMOOXEHHbIMU [ABYXCTO-
POHHUMM pebopaamn-60p0o3aK006pa3oBaTeNSIMU.

Mpeanaraemblii K UCMOMb30BaHNIO COLLUHUK CO-
CTOMT 13 aucka 1, mo 06eMM CTOpOHaM KOTOPOro
CUMMETPUYHO pacnofiaratoTcs KOHWYECKMe pe-
60opabl 2 ¢ 3aKpyrieHHbIMU 60p034Ko06pasoBaTe-
NAMU-YNIOTHUTENSIMI MOYBbI 3 1 CEMANPOBOAA-
My 4. CxemaTUUYHO BUA, COLLIHMKA NpeACTaB/eH Ha
puvc. 2.29.

[na  nonyyeHns maTemMaTM4YecKol  MOAenm
COLLHMKa BBEZEM Cliegyrowne 0603HaveHns napa-
METPOB, XapakTepusytowux ero dopmy: R, Ry,

e 220 Comva g0 RO e (W) by by b Tonum
npezaraeMoro ' Pa Mpr M6 w

COLLHMKA COOTBETCTBEHHO [MCKa, pebopabl, 60p0o3aK006pa-
3oBatensi (M); 1L — KOHYCHOCTb pebopabl (paa).

TpexmepHble MaTeMaTUYeCKNe MOLENN 3/IEMEHTOB COLLUHMKA Byaem mc-
KaTb B BEKTOPHO-MapamMeTpuyeckom Bue:
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T =1(p; 0) = X(0; p)i + Y(0; p) ] + 2(6; p)k, (2.100)

rae x, y, Z — feKapToBbl KOOPAMHATLI TOUEK, 00pasyoL X 3MeMeHTbI COLL-
HUKa, M;
p — Paguyc-BeKTOpP OKPYXHOCTEM, XapakTepusytolmX B MNAOCKOCTM
xQOy 3NeMeHT COLLHVKa, M,

6 — MONAPHBIA Yron U3MEHeHNst pagnyc-BeKTOpa p OKPY>KHOCTENR, pag.

Tak Kak guck, pebopabl 1 60po3aKoo6pasoBaTesM COLIHUKA MMEKT
€[MHYI0 OCb BPALLEHWS U XKECTKO CBSi3aHbl MEXAY COOOM, TO M3MEHeHMe
yrna 6 BnocnefcTamnm 6yaeT CBA3aHO C Yr/I0BO CKOPOCTHO BPaLLEHWs aunc-
Ka, a 3MeHeHVe NapameTpa p XapakTepu3oBaTb M3MEHeHVe pafuycoB OK-
PY)XHOCTEN B MAockocTu xOy ANs paccMaTpuBaeMbIX 37EMEHTOB. Beugy
CYMMETPUYHOCTM PacrnofioXKeHUs 3/1EMEHTOB COLUHMKA MO OTHOLUEHWIO K
[MCKY [OCTaTOYHO PacCMOTPETb /INLLb €r0 MOMOBUHY.

Cprenaem NpmBa3Ky paboyero opraHa K AeKkapToBOi C1UCTEME KOOpAMHaT
C YHeTOM BBeeHHbIX 0603HaYeHUI 1 ero 3arnybieHna Ha BeMUNHY A, (M).
Mpy 3TOM PacrnonoXmM LiEHTP 4EeKAapTOBO CUMCTEMbl KOOpAMHAT MO OTHO-
LUEHUIO K AWUCKOBOMY COLUHMKY TaK, Y4T0Obl MNOCKOCTb xOy onpegensna
YPOBEHb MOBEPXHOCTY TPYHTA, KOTOPbI NPOHN3LIBAETCA COLLUHWMKOM, a OCb
Oz 6bina HanpaeneHa BePTUKA/IbHO BBEPX HA CEpefMHE TO/LWMHbI AncKa
(puc. 2.30).

MockonbKy pebopaa npefanaraémMoro COWHWMKA MpeAcTaBnsieT coboi
YCEeYEHHbIVi rOPU30OHTa/IbHO OPUEHTUPOBAHHBIA KOHYC C OCbH0 CUMMETPUN,
COBMAZaoLLEN C OCbIO AMCKA, TO €8 MOXHO ONWCaTb OKPYXXHOCTAMM, LieH-
TPbl KOTOPbIX IEXaT Ha OCU [AMCKa W KacaroTcst obpasytolleii AB. 3Tu ok-
PY>XHOCTM B NAOCKOCTU xOZ OMUCLIBAIOTCA CUCTEMOIA YpaBHEHNI

{x(P§ 0) = psin (0),
2(p; 0)=R, —pcos (0) - A,, (2.101)

rae p=R,..n, 0=0..2x.
O6pasytoulas 4B onpefenseTcs ypaBHeHWeM NPsiMOiA B NAOCKOCTU yOz

b
2(y)=(y - f)ctg (W) = A, (2.102)

rae A, — BeNMUMHa 3arnybneHus pebopfbl, M, onpefenseMas no opmyne
A=A = (Ry—p).
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he/ 2

1

b, by bs

Puc. 2.30. FeomeTpryeckas Modenb NpejnaraeMoro CoLHUKA ¢ NPUBS3KON
K KOOpAWHATHOI NI0CKOCTH
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OueBMIHO, YTO /15 TOrO, YTOObI OKPY)XXHOCTM, XapaKTepusyoLime pe-
6opay, Kacanuch npsmoii 4B, npasble YacTu ypasHeHuin (2.101) n (2.102)
[OMKHbI coBnagaTh. MprpasHsem ux. B pesynbTate noayumm:

b
2(p; ©) = z(y), wm R, —pcos (0) — A, = (Y — ?“)ctg (W - A,.(2.103)

Paspewmnm ypasHeHve (2.103) OTHOCUTENLHO NEPEMEHHONW y U NoAcTa-
BMM B M0/ly4YeHHOe ypaBHeHWe A,. Mpy 3ToM 6yeM UMETb

b
y p;0 = ?“ +p(1 = cos (0)tg (W) (2.104)
C apyroii CTOpPOHBI, U3 TpeyronbHuka ABC cneayeT, uTo
b
yp;o = ?” + (R, —p)tg (). (2.105)

CpaBHuB BblpaxeHus (2.104) n (2.105), MOXHO 3aMeTWUTb PaBeHCTBO,
KOTOpOE MO3BONSET YCTAHOBUTb CBA3b MEXAY MapameTpamu 6 u p Ans To-
YeK KacaHus OKpY>XHOCTeli pebopabl C ee 0bpasytoLLein 4B,

R
0 = arccos (2 — —2). (2.106)
Y

Torfa BeKTOpPHO-MapamMeTpryeckKoe ypasHeHne pebopdbl MOXHO 3anu-
caTb CnefytoLLMM 06pasoMm:

ro(p; 0) = psin (0)i + [b; + (R, —p)tg (u)j_j + (R, - peos (0) - A)k, (2.107)

rie p=R,...00, M.
LLvpuHy mexxaypaaba 6yAeT onpeaenats 3aBUCUMOCTb

b b
hyp = 2[3” +b, + ESJ (2.108)
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MoBepXHOCTL 60PO34KO06Pa3oBaTens MpPeACTaBUM Kak MPOAC/KEHNME
pebopabl B BMAE COBOKYMHOCTM OKPY>KHOCTEN, NeXalmx B MA0CKOCTAX
napannenbHbix xOz € LeHTPaMmn Ha 0CU AMCKA COLIHUKA. 3akpyrneHue 60-
p034K006pa3oBaTens B MIOCKOCTY yOz pacCMOTPUM B BUAE MOMYOKPYXKHO-
CTW AnameTpoM bg C LIEHTPOM, CMELLEHHBIM OT MPOAO/DKEHNS PebopAbl Ha
BE/IMUNHY dg. TakMM 06pa3oM, MOBEPXHOCTb GOP0O34K006pa3oBaTeNst MOX-
HO onmcaTb OKPY)XHOCTAMM, LiEHTPbI KOTOPbIX NIEXaT Ha OCx AMCKa 1 Kaca-

U
l0TCS  MoNnyokpyxHocT DE  [MosTomy npaBas 4acTb BEKTOPHO-
napameTpUYeckoro ypasHeHWs 60po3/Ko06pasosatens re(p; 0) GyaeT

CXOAHOM ¢ ypaBHeHWeM (2.107) ¢ TeM Wb OT/IMYMEM, YTO KOHEYHas TOY-
Ka pafuyc-BeKTOpa 3TVX OKPYXHOCTEl p B Npejenax N3MeHeHUs 0T Iy [io I,

6yneT apuratbea no gyre DE | MNockonbKy 60po3akoobpasoBaTens ABSET-

s NPoLIeHNEM KOHUYECKO pebopabl, TO BaKHbIMW MapaMeTpaMu Npu ero
MaTeMaTMYecKOM OMMCaHUM SBMSAKOTCS MHUMble pagnycbl pebophbl Hemno-
CpPeACTBEHHO Meped 60po3aKo0bpas3oBaTeneM Iy, B €ro LIEHTPe I 1 3a 6o-
PO3AKO06PA30BaTENEM Iy, KOTOPbIE OMPeAenstoTcs GopMynamm:

=R, -bctg (n); (2.109)
=R, - (bp + b?jctg (w; (2.110)
r,=R,— b,+b, ctg (), (2.111)

rae bg — WwWrprHa 60po3aKku, M.
BblpaXkeHusl, NpuBEAEHHbIE HUXKe, ByAyT UCNOMb30BaTLCA NPU onpege-
NeHVN pafuycoB CTEHOK 60p034K0006pa3oBaTes U ero LieHTpasibHOl YacTu:

Res=Rs =1+ 9; (2.112)
bs 2.113
R =T+ 8 + - (2.113)

JleBas n npasasA CTEHKU 60p03,qK006pa303aTenﬂ COOTBETCTBEHHO oOnpe-
LeNATCA BEKTOPHO-NapaMeTPUYECKNMWN YPaBHEHNAMNL
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ri(p; 0) =R, sin (0)i + R | + (R, ~ Ry c0s (0) - A)k; (2.114)
r2(p; 0) =Ry, sin (0)i + R ] + (R, ~Rgcos (0)-A)k.  (2.115)

[lns reOMeTpUYECKOro npeacTaBieHns 60po3gKo06pasoBaTens B Moc-
KOCTV yOz ONpefennM KOOPAWHATbI LIEHTPa 3aKpyreHns — TOUKN M(Yye; Zus):

2
Yoo = m; (2.116)

b
2=~ A+, (2.117)

rae Ag — BenMuMHa 3arnybneHuns pebopabl nepe 60po3akoobpasoBarteniem,
M, onpegensiemas o opmyne Ag = Ay — Ry + 1.
AHa/IOrMYHbLIM 06pa30M ONPeAENAOTCS BE/IMUMHBI 3arny6/1eHNs CTEHOK
1 LeHTpa 6opo3aKkoobpasoBaTens:

Aws = A = Ay~ Ry + Rys = Ay — Ry + R (2.118)
A=Ay Ry + Ry, (2.119)

o
CocTaBuM ypaBHeHMe 06pasytolleii 6opo3akoobpasosatenss DE. 3Ta
[yra npegcTaBnseT cob60i HMKHIOW MOMOBMHY OKPY)XXHOCTW C LIEHTPOM B
TOUKe M W pagnycom b_6 YpaBHeHUe BCel OKPYXXHOCTW B NIOCKOCTW yOz
2

6yneT UMeTb BUS

(Y= Y) +(2-2,4) = (%ﬁj _ (2.120)

Bbipasnm 13 ypaBHeHNA OKPY>KHOCTU MEPEMEHHYIO0 Z U Bbl6epEM TOJIbKO
Ty €€ COCTaB/IAOLWYH, KOTOPaA BblpaXKaeT HMXKHIOKO YaCTb €e Ayru, rnony-
YNM:

) s = 2Y,6 + 2y by + 2y,6 — 2y

=1, > (2.121)

MpepncrasneHHas MeToauka pacueta (opmynbl (2.100)—(2.121)) kom-
OMHMPOBAHHOIO O/HOAMCKOBOrO COLUHUKA [J1 Y3KOPAZHOro rnocesa ¢
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CYMMETPUYHO PacrosioXXeHHbIMI ABYXCTOPOHHUMU pebopaamm-60po3aKo-
o6pasoBaTensmMu Mo3BOISIET YCTAHOBUTL CBA3b MEXAY KOHCTPYKTUBHbIMU
napameTpaMu MpejaraeMoro COWHMKa U TEXHOMOMMYECKMU NMapaMeTpa-
MW 13y4aeMoro npouecca, anropuTMU3MPOBATL pacyeThl MO OLEeHKe (op-
Mbl, Pa3MepoB 1 3ariybneHno0 3MeMEHTOB COLLHMKA M 06Pa30BaHHON UM
MOYBEHHOW LLENN.

2.2.4. MaTemaTu4ecKasi MojieJIb YIUIOTHEHHS NOYBbI B 00pO3/1KaX,
00pa30BaHHBIX OIHOJMCKOBBLIM COLIHUKOM C HYJIEBbIM
YIJIOM aTAKU U CHMMETPUYHO PACHO0JI0KeHHBIMH PeGopIaMu-
00po31K000pa3oBaTeIAIMM 1JIs1 Y3KOPSIAHOIO NOCEeBa
MEJIKOCEMSHHBIX KYJIbTYP

Mpouecc ceBa, ABNAETCSA BOXKHEWLLUM 3BEHOM B TEXHOOMMW BO3AESbI-
BaHUs CENbCKOXO3ANCTBEHHbLIX KY/bTyp. YUeHble MHOMMX CTpaH Mupa Ha-
CTOMYMBO MLLYT ONTUMaTbHbIE CMOCOOLI MOCEBa CelbCKOXO03ANCTBEHHBIX
KynbTyp, & Takxxe pabounve opraHbl 415 UX OCYLLECTB/IEHMS.

B Benopycckoii rocygapCTBEHHOW CeNbCKOXO3AWCTBEHHONM aKagemum
6bln paspaboTaH KOMOWMHMPOBAHHbIA OAHOAMCKOBLIVA COLUHWK AN Y3KO-
PAOHOTO MoceBa C CYMMETPUYHO PaCMONOXEHHLIMUA ABYXCTOPOHHUMM
pebopaaMun-60po3aKko06bpasoBaTeNiaMK, paboTatroluiA Npu HYNeBOM Yrie
aTaku.

OCHOBHOV 3afaveli arpapueB B NPoOLECCe MOCeBa CeNbCKOXO3ANCTBEH-
HbIX Ky/bTyp SIBASETCS 06ecneyeHre ONTUMa/bHbIX YCM0BWIA NpopacTaHus
CEMSIH U Ja/lbHELLEero NX pasBuTus. ATW YC0BMS B OCHOBHOM 3aBUCST OT
ONTUMa/ILHOIO COYeTaHUs TPeX (haKTOPOB: BOLHOIO, BO3AYLUHOIO W TENJIO0-
BOro. /13BeCTHO, YTO NyuLlee coueTaHMe 3TUX PaKTOPOB OTMEeYaeTcs, Koraa
ceMeHa paBHOMEPHO pacnpeseneHbl No MIoWagmn NMTaHna 1 Ha 3afiaHHyo
rnyouHy. Mpy 3TOM CemeHa [AO/MKHbI ObITb Y/0XEHbI Ha NMIOTHLIA COiA
MOYBbI Y MPUKPLITbI PbIX/IbIM C/IOEM MOYBbI ME/TKOKOMKOBATOW CTPYKTYpbI.
Hecob6ntogeHne n06GOro M3 MepeuncneHHbIX TpeboBaHWl BeAEeT K CHIKe-
HUIO YPOXKaHOCTY.

OfHVM M3 YCIOBMIA NMOMYYEHUS POBHBIX U APYXXHbIX BCXOAOB HEOOXO-
OMMOI TyCTOTbI ABNSETCA COBMOAEHNE ONTUMAIBHON TEXHOIOMMK NOCEBa.
Bo-nepBbIX, 3T0 CO3faHWe MJIOTHOFO JIOXKa, 06ecneynBaroLLEero MoCTOSH-
HbIi KaNWANAPHBIA NPUTOK Barv K BbICESHHbIM CEMEHaM, a CfiefjoBaTe/lb-
HO, X BbICTPOe HabyxaHwe W JpY>KHOe npopacTaHue. Bo-BTOpbIX, ONTU-
Ma/lbHOE pa3MeLLEeHVe CEMSH MO FNy6rHe W paBHOMEPHOE pacnpeeneHmne
no naowaan, 4to o6ecneynBaeT UM BOAHbIW, TENNOBON W NULLEBOW PeXN-
Mbl, TpebytoLmecs Ans npopactaHns 1 GopM1poBaHNA MOLLHOIO Yy3na Ky-
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LLeHUs, BTOPUYHBIX KOPHER. IMEHHO B 3TOT Nepuof 3aKNafbiBatoTcs OCHO-
Bbl GyAyLLUei BbICOKO YpOXKaliHOCTW, YCTOMYMBOCTb K MONeraHmio, cTpec-
COBbIM (haKTOpam.

OTK/IOHEHMS HOPM BbICEBA, FNYOUHbI 334€/KN CEMSH, LUMPUHLI MEXAY-
pAaMiA Npu nocese U OLHOBPEMEHHOM BHECEHWW YA0OpeHuid pernameHTun-
pYHOTCS arpoTeXHUYECK MY TPeboBaHUAMMN.

Mpouecc ceBa, ABASACL BXKHENLIMM 3BEHOM B TEXHOMOIMI BO3/ENbIBa-
HWA CeNbCKOXO3AMCTBEHHBIX KY/bTYp, 3aBUCUT MpPEeXJe BCEro OT KOHCT-
PYKLMM paboumx OpraHoB, yKnafblBatoLLMX CEMeHa B MOYBY.

B YO BICXA 6bin pa3paboTaH KOMOWHMPOBaHHbIA OJHOAMNCKOBbIN
COLIHMK ANS Y3KOPSAHOrO MNoceBa C CUMMMETPWUYHO PAacMONOXKEHHbLIMM
[BYXCTOPOHHMMK  pebopaamMun-60po3aKoo6pasoBaTensMu,  paboTatoLuii
MpuW HY/IEBOM YT /e aTaku.

B COOTBETCTBUM C arpoTEXHUYECKMMY TPeBOBaHUAMM CeBa CeflbCKOXO-
3ACTBEHHBbIX KyNbTyp CeMeHa AO/MKHbl BbICEBATLCA Ha MIOTHOE OXe
(1,2...1,3:10% kr/M%), BaBNMBaTLCA B HO GOPO3AKN M 3aKPbIBATLCA PbiX-
NbIM CMI0EM MOYBbl. ITO NO3BOMAET NOATArMBaTb BMary M3 BEPXHWUX COEB
MOYBbI W YEPXMBATb €€ B MeCTax YKNagKu CEMSH.

MocTaBuM 3afadvy OMNpefeneHnss MaTeMaTUYeCKUX YCMOBUA W 3aKOHO-
MEepHOCTEe, NP KOTOPbIX, ABUrasCh, NCMbITYEMbIA OAHOANCKOBBIA COLLHMK
C CUMMETPUYHBbIMK pebopaammn-60po3aKo06pa3oBaTensiMn Npu B MOYBE
obpasyeT Lesb, MOBTOPAIOLLYI0 KOHPUIypauuto 3arny61semMblX 3/1EMEHTOB
CoWwHMKa (puc. 2.31). JonycTuM, 4TO Takoe 3arnybieHve BO3MOXHO, a
MOYBEHHbIV CNoVi B mpeaenax rayouHbl 0,1 M MMeeT NMPUMEPHO OMHAKO-
BYIO MJIOTHOCTb po. TPebyeTCs OCYLLUECTBUTL YKMaAKy CEMSIH B 06pa30oBaH-
Hble 60PO3AKM LUMPUHOIA bg Ha FNYBUHY Ag C NIOTHOCTBIO MOYBbI B 60P0O3-
Kax pe.

[lns 3TOro paccMoTpUM BEPTMKa/bHbIA CTONGMK NOYBbI NPSAMOYTO/IbHO-
ro ceueHust obbemom V. =10 m® B MecTe 06pa3oBaHNs 6OPO3AKM MO
[elicTBMeM aneMeHTa 60po3aKo06pas3oBaTens LUMPUHONA bs (M) U 4NUHOR
1/bg-10™ (M), HaxogaLLerocs nog Harpyskoid. TakuM 06pa3oM, MOYBEH-
Hbld  cTON6GMK  OygeT WUMeTb NOWadb  MOMEPEYHOro  CeyeHus
S, =b, 1042 102 =1 cm? 1 BbicoTy h, = 0,1 m.

b6

Pacnonoxum cuctemy koopauHaT xOyz cornacHo puc. 2.32. Jedopma-
LMI0 MOYBEHHOro cfos 6ydeM paccmaTpuBaTb B Mpefenax rayouHsbl
z=-0,1 M, T. e. yPOBHA MakCUMaSIbHOrO BO3LEVCTBMA NOCEBHbIX arperaTos.
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Puc. 2.31. KoHmrypauys nouBeHHOI LLienM OT COLLHMKA Npea/iaraemMoro Tuna:
1 — BEpPXHWi1 ypoBEHb NOYBbI; 2 — 3/IEMEHT LLieNM OT 6OPO3AKO06pasoBaTens;
3 — 3NeMeHT Lenmn oT pebopabl; 4 — 3NEMEHT Lenu OT Aucka

Jonyctm, 4to nog AencTBMEM Harpysku 3MeMeHTa COLLUHMKA MOYBEH-
HbIli CNOV NAOTHOCTW py B paMKax paccMaTpyvBaeMOro CTofbuka NoHo-
CTbO CXXMMaETCA € Az 10 BennUMHbI Az — Ag 63 BbIHOCA MOYBbLI U3 06pa30-
BaHHOW wenu. Torga Maccbl MOYBbI UCCMEAYEMOr0 CTO/IBMKA A0 CXaTUA U
MOC/e Hero fO/MKHbI ObITb 0AMHAKOBLIMU. Hailgem nx:

— [0 cxaTus

AM = poVe = poScAZ = pg - 107 (2.122)

— rocrie oxatms

Am = pgVs = pe(Ve = Ve 6= %Vu) =

»m-107

bﬁ

=pg- 107401 -Ag+ (1 - ), (2.123)
2

= ps(107° = 107%(As - 6) (6) )=
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rae Ve s — 06beM napannenenvneanbHoli YacT 6oposaku, M;
V,, — 06beM LUIMHAPUYECKOI 4acTh 60PO3AKM, M.
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Puc. 2.32. Cxema K pacyeTy yni0THEHWS NOYBbI
B MecTe 60p034K006pa3oBaHNs

MpvipaBHsAeM NpaBble YacTW BblpaxkeHnit (2.122) n (2.123):
Po - 107° = pg - 1074(0,1 — Ag + (1 - g))

1 BblpasnM 13 NO1y4EHHOI 0 paBeHCTBA NapamMeTpbl pg N bs:
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b = Po (2.124)
6 - >
1108, + 5b,(1 )

1-Po 104,
b= Ps (2.125)
6 P 1) '
5(= —
(2

3aBMCMMOCTb (2.124) NO3BONSET OLEHWUTb NIOTHOCTb MOYBLI B 60P0O3aKe
MpU Ha4yasbHOW MIOTHOCTM MOYBbLI Py, 33[aHHON LUMPUHE GOPO3AKM bg 1
N3BECTHOM 3arnybneHnm 6opo3gkoobpasoBatensi Ag. BbipakeHue (2.125)
yCTaHaB/MBAeT CBA3b MeXAy LUMPWHON 60po3aKu M ry6UHOIN 3aKnagku
CEMSIH C Y4eTOM HeOBX0AUMbIX arpoTEXHUYECKUX TpeboBaHMA MO MAOTHO-
CTM NouYBbI B 6opo3sake (puc. 2.33).

bﬁ, M A

0,14
0,12

0,1
0,08
0,06
0,04

0,02

—— 1200 KF/M3
- s . 1250 KF/M3

\\ . - 1300 kr/m®
\

A Y N \ .
<\
\\ S ~
T T T rd
0,01 0,02 0,03 Agi M

Puc. 2.33. 3aBrcrMOCTb LUMPUHBI 60pP03AK006pa3oBaTens OT ero 3arny6neHns

npy MKCUPOBAHHbIX HaYaNbHOW NIOTHOCTM MOYBLI
1 KOHEYHOI NI0THOCTK NIoXKa 60po3aKu
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MokakeM MpPaKTMYecKoe npumeHeHue topmynbl (2.125) ana Bblbopa
paLMoOHa/IbHON LWMpUHBLI 60po3akoo6bpasosaTens. MycTb M3BECTHO, YTO
HayasibHas MA0THOCTb MoYBbl pg = 800 Kr/M®. CeMeHa cenbCKOX03AMCTBEH-
HOW KyNnbTypbl TPebyeTCs BbICEATb Ha FYOUHY 3 CM M YNIOXMUTb Ha NOXe
NAOTHOCTbIO pg = 1250 Kr/m®.

[ns Hac 3TO 03HayaeT, YTO TPebyeTcs co3faTb Takue YCMoBMS, YTOObI
3arnyouTb 6oposakoobpasosatens Ha rnyouHy 0,03 M, Npu 3TOM YNIOTHUB
nousy B 60po3ake A0 1250 kr/m®. Hy>KHoe Ham 3arny6/eHue COoLLHMKa A0C-
TUraeTCs NPUMIOXKEHNEM K HEMY BHELLHEro ycunus (Harpysku). Hy>xHoe xe
YM/0THEHME TO4YBbI B 6OPO34KE [OCTMraeTcs BbIGOPOM  LUMPWHBI
6opo3akoobpasoBaTensi. B Halem cnydyae 3Ta BeMYMHa He [JO/KHA Mpe-
Bblwatb 0,0168 m (puc. 2.33).

MpeanoXxeHHast METOAMKA pacyeTa YNIOTHEHWS MOYBbI B 60p03aKax SB-
NSIETCA COCTaBHOI YacTbio MaTEMATUYECKOr0 OMnMcaHns npouecca y3Kopsa-
HOFO MoceBa CebCKOXO3AWCTBEHHLIX KY/bTYP COLUHWKOBBIMU Fpymnamm,
OCHaLLEHHbIMW KOMOWHMPOBaHHLIMI OHOAUCKOBLIMUA COLUHUKaMKU Mpej-
naraemoro Tuna. OHa, MO3BO/ISIET YCTAaHOBUTbL CBA3b MEXAY KOHCTPYKTMWB-
HbIMX NapamMeTpamu MpeAnaraemMoro COLIHMKa (LUMpWHOA 6opo3aKoobpa-
30BaTessd) U TEXHOIOTMYECKMMI MapaMeTpami n3y4aemoro npouecca (rny-
OVHOI 3aeNKN CEMSH W YMNOTHEHVWEM MOYBbI B /IOXKE 06pa30BaHHOI 60-
po3gkv). [aHHasa MeToauka OyfeT yyTeHa mpu aHanmse u 060CHOBaHWU
paLMOHa/IbHbIX FPaHUL, BapbUpOBaHMS GOPO3AKO0OPa3yHOLLEro 3/IEMEHTA W
ONTMMKM3aLLMK ero NapameTpoB.

2.2.5. YpaBHeHUsI TPAEKTOPHii IBUKEHHSI TOYEK IJIeMEHTOB
OTHOIHCKOBOI0 COITHUKA ¢ CHMMETPHYHO PACIOJIOKEHHBIMHA
JABYXCTOPOHHUMU PedopaaMu-00po31K000pa3oBaTeIsIMu
U HYJIEBBIM YIJIOM aTaKH

Byaywmin ypoxaii BO MHOTOM OMpeAensieTcs ONTUMabHON ray6uHoN
3aflenkn cemsH. ny6uHa 3afienkv 3aBUCUT OT BUa BbICEBAEMbIX CEMSH,
CpOKa MoCeBa, BMXKHOCTW M MEXaHW4YecKoro cocrasa nousbl. Hampumep,
CeMeHa 3epHOBbIX KO/I0COBLIX Ha TSXKE/bIX AePHOBO-MNOA30MMCTLIX NOoYBax
PEKOMeHAYeTCs 3afe/biBaTb Ha FNy6UHY 2...3 CM, Ha CPegHMX CYTIMHKax v
TOP(AHbIX NoyBax 3...4, Ha Nerkmx cynecyaHblx noysax 4...5 cm [58].

YMeHbLUeHMe [yOMHbI MOCEBA MOXET MPUBECTY K BbIMEP3aHUIO BCXO-
[l0B O3UMbIX W W3PEXEHHOCTU BCXOA0B APOBbLIX. MpW M3NULLHE TNyBOKOi
3a/le/IKe BCXOAAT 0cnabreHHble pacTeHns, a YaCTb POCTKOB MMOHET, TaK Kak
He MOXXeT MpobuTbeA K CBeTY. KpoMe 3TOro HepaBHOMEPHOE pa3MeLLeHue
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CEMSIH NO rNy6uHe BEAET K HEeAPY>KHOMY PasBUTUIO pacTeHMin U co3peBa-
HUIO 3epHa.

O6 oTpUUATENBHOM BUSHUW OTKIOHEHWS TNYOUHbLI 3a4e/KN CEMSIH OT
ONTUMa/IbHOW Ha MOMEBYH BCXOXECTb U YPOXKaliHOCTb FOBOPAT W [JaHHbIE,
MOMyYeHHble PALOM MHCTUTYTOB M OMbITHLIX CTaHUMiA. OHM MOKa3blBatoT,
YTO OTK/IOHEHWE OT OMTUMa/IbHOM FTyOMHbI ceBa Ha 10 MM, Hanpumep, 3ep-
HOBBIX Ky/lbTYp BEAET K CHVKEHUIO NMOMIEBOI BCXOXKECTW B 3aBUCUMOCTM OT
BbICEBAEMOIN KynbTypbl Ha 5...10 %. [pn 3TOM CHMXEHWE YPOXKANHOCTK
npomcxoanT 6onee NHTEHCMBHO — Ha 12...30 %.

BmecTe ¢ Tem, KaK NMoKa3bIBaeT aHa/in3 pesybTaToB UCTbITaHWIA 3epHO-
BbIX CESIOK, NMPUMeHsieMbIX B Pecnybnnke benapych, 60AbLUNMHCTBO M3 HUX
He obecneynBalOT PaBHOMEPHYHO YKMaLKy CEMSH Ha 3afaHHyo rny6uHy.
3TOMy TpebOBaHMIO, K TOMY e TO/IbKO Ha MoYBax OnpeAesieHHOro (m3nKo-
MEXaHMYECKOro COCTaBa W He3aCOPEHHbIX PacTUTENbHbLIMKA OCTaTKaMmy,
Hanbonee MOMHO OTBEYANOT CesAKM, 060pYAOBaHHbIE KNNEBUAHLIMW COLL-
Hukamm [59].

PaccMOTpUM OAHOAMCKOBBIA COLUHWK C CUMMETPUYHO PacnofioXeHHbI-
MW [OBYXCTOPOHHUMM pebopaamMu-60po3aKo06pa3oBaTensiMm 1 Hy/eBbIM
YI/IOM aTaku, KOHCTPYKLMS U MPUHLUMN paboTbl KOTOPOro 6bIIM NoApPO6HO
paccMOTpeHbI B cTaTbe [23].

Mpumem 3a ero UCXofHble faHHble (puc. 2.34) paguychl: Aucka R,, pe-
oopab! Ry, 6opo3akoobpasosatena Re, pe6opabl B Hauane 60po3aKko06paso-
BaTens ry, B €ro CepefuHe rg. 3a4agyM TO/LLMHY 3/1EMEHTOB COLUHMKA: AUC-
Ka b,, pebopgbl by, 6oposakoobpasosatens bs, a Takke KOHYCHOCTL pebop-
Obl L 1 napameTp dg, XapakTepu3yoLLMiA NONOXKEHNE LEeHTpa 3aKpyr/ieHus
60p03K006pa3oBaTens.

Cprenaem NpmBsA3Ky paboyero opraHa K AekapToBO crcTeMe KOopAuHaT
COrNacHo puc. 2.34 ¢ y4eTOM BBeAEHHbIX 0003HaYeHNI 1 3arny6neHns ero
3/1eMEHTOB.

MycTb COLIHWK ABWMXETCS 0e3 CKOMbXXEHWUs Nof AECTBMEM TATOBOrO
YCUAnS TpakTopa € NOCTOSIHHOW CKOpPOCTbO V; (KM/Y) 1 3arnybneHmem ero
3/IEMEHTOB COOTBETCTBEHHO: AMCKA — Ha BENNUMHY A,, BO/bLLErO paguyca
pebopgbl — A,, 60po3aK006Pa30BATENA — Ag.

Tak KkaK guck, pebopabl M 60po3LK006pA30BATENN COLUHMKA WUMEHT
€[IMHYI0 OCb BpALLEHMS, XXECTKO CBA3aHbl Mexay coboli 1 BpawatoTcs 6e3
MpOCKa/b3biBaHMA 1M OYKCOBaHWS, TO M3MeHeHWe yrna © noBopoTa TOuYeK
COLLHMKa BO BPeMeHM t (C) CBSXKEM C YTI0BOI CKOPOCTLIO ero BpaleHms o

(pag/c):
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0(t) = wt. (2.126)

Puc. 2.34. Cxema K pacueTy TPaeKTopuiA BMKEHMS
TOYeK MCCeLyeMoro CowHuKa

B CBOW 0uepefdb, YrnoBasi CKOPOCTb COLUHMKA  OMpeaenseTcs cre-
LyHoLLM 06pa3oM:

o= Y _ 5V (2.127)
18R

Torpga ¢ y4eTom paBeHCTBa (2.127) dopmyny U3MeHeHUs yrnia © noso-
poTa TouYeK CoLHUKa (2.126) MOXHO nepenucatb B BUE

o) = = Vet (2.128)
18 R,

PaccmMOTpUM JBWXKEHME TOUKW A, Nexalleil Ha KpOMKe AMCKa COLLIHMKA
(puc. 2.35). MOXHO 3aMeTUTb, YTO 33 BPeMSA t LEHTP COLLUHMKA MPOABUHET-

CA BAOMb OCY Ox Ha PacCTosiHWE s, — v t (m), npu atom Touka A4(0; -A,)
18
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nepenaeT B TOUKY A1(X41; Y41), CMECTUBLUMCH NO Ayre AvcKa Ha yron 6. He-
TPYAHO 3aMeTUTb, YTO MO ocK Ox ToYKa A MPOMAET MyTb, PaBHbI CMeLLe-
HUIO LIEHTPa COLLIHMKA, YMEHbLLUEHHbIA Ha BEIMUUHY S, = Rysin (0), T. e.

X41=Sx1 =S =S =

5\gt —Rysin (0). (2.129)

Puc. 2.35. CxeMa K pacyeTy TPaeKTOpWW BIKEHNS TOUEK, NEXALLMX Ha KPOMKe AUCKa

Mo ocn Oy opAnHaTa TOUKN A CMECTUTCS BBEPX HA BENMUUHY Sy = R, —
—Ryc0s (0), T. €.

Va1 = Ry —R4C08 (0) — A, (2.129)
Torga TOUKW, Nexalne Ha KpoMKe AMCKa, 6yayT ABWraTbCs Mo LMK-

nomge, Kotopas ¢ yvyetom opmynsl (2.130) onpefensietcs napameTpuye-
CKOW CCTEMOI ypaBHEHWUI

X,(t) =R, [i V—t—5| [5 V— J]
18 R, 18 R,

Vv,
z,(t)=R, [1 — COoS [— R_ ]]
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[aHHas umknonga cornacHo [61] GyaeT xapakTepu3oBaTbCs Cneayto-
LWMMK napameTpamu: nepuogom T = 2R, aMnamTyaoii a = 2R,, pagumycom

KPUBU3HbI p = 4R, sin Vit = 4R sin Vit .
2-18R A 36R

a

Haligem nNpoeKLumn Ha ocK KoopauHaT aGCoMOTHOW CKOPOCTY TOUKU A:

d[R, [15;;: —sin [fg&t D]
VA = A A - % _ %COS _5VTt : (2.132)
dt 18 18 18R,

d[R, [1— cos [15&:/: JJ -A,]
V. i Vg M| (2133)
18R,

Torza CKOpOCTb TOUEK, NIEXALLUMX HA KPOMKe AUCKa, ByAeT onpeaensiTh-
CSl BEKTOPOM

\7A=5VT 1-cos| 2 | i 4 sin | 2L |k , (2.134)
18 18R, 18R,

a ee BeNMUMHA OyaeT paBHa:

2
‘\7.0.‘ _ Ve g cos| b || sinz | 4t
18 18R, 18R,

(2.135)

Lnuvny ayru, a 3HauuT, ¥ GIHY TPAeKTOpUU ABVKEHWUA TOUKW A, ne-
Xallein Ha KpOMKe AMCKa COLUHUKA, 33 BPeMS ABWKEHWS t MOXKHO onpege-
N1Tb No hopmyrne
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(2.136)

|=IN¢n=gwj

rfe t— TeKyllee BpeMs N3MepeHus, C.

Mo aHanormm ¢ TouKamu, fieXxalmmy Ha KPOMKe AWCKa, onpeaensroTcs
TPAeKTOPUN OBUXEHWS ToueK pebopg (Hanpumep, Toukn C (cMm. puc. 2.34))
1 6oposakoobpasosaTeneii (Hanpumep, ToUkn B (puc. 2.34)), a TaKxe Mx
KMHeMaTUyecKune napameTpbl.

TpaeKTOpUM ABWXKEHMS 3TUX TOueK ByayT npeAcTaBnsTb COOOM LMK-
NOVAbl, KOTOPble OMPeLenstTCs COOTBETCTBEHHO CUCTEMaMy MapameTpu-
YECKNX YPaBHEHMWIA:

— Ans pebopab!

o (vt
Sin
: [18R

5, 5V,
x(t)_ t—RS| [SR J

(2.137)
5V
z,(t) =R, —R,cos [E R—TIJ -A,;
a
— Ans 6opo3akoobpasoBatens
w® -2t _Rysin [i V_J
18 18 R (2.138)

5V
z,(t) =R, —R,cos | — Lt |-A,.
6() n 6 [18 RA J 4
CornacHo opmynam (2.137) u (2.138) onpefenstoTcs CKOPOCTU 3TUX
TOYEK U [IMHbI TPAEKTOPUIA NX ABVKEHMS:
— CKOpOCTM TOYeK pebopabl 1 60p03aKo06pa3oBaTensi COOTBETCTBEHHO
PaBHbl:

Ve| = i R4 R2-2RR cos| ot | (2.139)
18R, 18R,
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Ve| = Vo IR+ R?- 2R,R cos| St | (2.140)
18R, 18R

A

— [/IMHa TPaeKTopuu, NPOAEHHON TOYKOW pebophbl U 60po3aKo06pa-

30Barens,
. d 2 d 2
-0sor] - (Grsor)a-

ij\/R +R? - ZRPRAcos[f;/—RTtJdt; (2.141)

18R ;
— A/IMHa TPaeKTopyK, NPOAEHHOI TOUKOIA,

J J[— X (0 j [% 20 jzdtz

e Ry + R, — 2R;R, cos Vot i (2.142)
18R 18R

A

b

rfe t — TeKyluee Bpems, C.

MpuBegem npumep rpauyecknx 3aBUCUMOCTEN [BVKEHUS TOYEK AMc-
Ka, pebopbl 1 60po3aKoo6pazoBaTens NCCNefyeMoro COLIHMKA B NI0CKO-
cTn xOz (puc. 2.36) ¢ peannsauyein pacyeToB B MaTEMaTUYECKOM MakeTe
MathCad (puc. 2.37).

3amkempyeM 3HaueHUs CnefyoLLmMX NapaMeTpoB: CKOPOCTY ABMKEHNS
TpakTopa V; = 10 m/c; paguyca gucka R, = 0,182M u ero TO/LMHbI
b, = 0,005 m; paguyca pebopfapl Ry = 0,152 M, ee TonwmHbl by, = 0,025 m #
KOHYCHOCTM 1 = 60°; TonwmHbl 60po3akoobpasosatens bg = 0,01 m 1 na-
paMeTpa, XapakKTepu3ytoLLEero noaokeHne LeHTpa 3akpyrfieHns 60po3aKo-
obpasosatensa 5= 0,007 m, 3arny6neHuns gucka A, = 0,06 m (puc. 2.37,
610K UCXOAHbIX AaHHBIX).

Ha ocHOBaHMK 3TVX 3HAYeHWUIi paccuMTaeM YrioByt CKOPOCTb ABWXKe-
Hus o = 15,236 pag/c, paguyc 6oposakoobpasosatens Rg = 0,147 M, nepw-
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oa T = 1,144 m v amnanTyay a = 0,364 M LMKNOWAbI, XapaKTepusyoLLei
TPaeKTOPUIO ABVXKEHUS AUCKA COLLHMKA.

a

2 A Im
0,3 32, S 3 4
VAR [y A 4 / s
0,2 ot
2 v
4
0,1 ’ !
g 1
0 T 2 | xwm
-01
05 1 t,cC
6
V, mich
<) ¥
/’\ /\ — TOYKa AnCKa A;
4
/ --------- — Touka pe6opab! B;
) = = = —T04Ka C 60p03AKo-
o6pasoBsarensa
0 >
05 1 te

Puc. 2.36. Npadmueckuie 3aBUCMOCTN M3MEHEHNS TPAEKTOPWIA ABVKEHMS (a),
UX AVH (6) 1 CKOpOCTel (6) UCCnefyeMbIX TOUEK

AHanm3 rpauyeckmx 3aBMCMMOCTEN MOKasbiBaeT, YTO B pamkax 1c
BPEMEHW [ABVDKEHWSI COLUHMKA TOYKU €ro 3/1IEMEHTOB OyayT ABWratbecs Mo
umknongam. MNpu cvmeweHnn CoWHMKa Ha 2,8 M TOYKW ero gucka npongyT
pacctosHue B 3,5 M, pebopabl — 3,24 M, 60po3snkoobpasoBatens — 3,2 M.
Mpy CKOpPOCTK COLLHMKA 2,8 M/C CKOPOCTM TOYEK AWCKa BYayT U3MEHATLCA
ot 0 go 5,56 m/c, pebopabl — ot 0,46 go 5,1 m/c, 6opo3gkoobpasoBaTens —
0T 0,54 go 5 m/c.
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Puc. 2.37. emoHcTpauus pacyetos B MathCad

Takum 06pa3oM, pacCMOTPeHHas Bbille METOAMKA pacyeTa W aHanusa
MO3BO/SET CBA3ATb KOHCTPYKTUBHbIE NapaMeTpbl UCCESYEMOTO COLLHUKA C
KMHEMATUYeCKMMW napameTpamu [BVDKEHWS! €r0 OCHOBHbIX 3/1EMEHTOB:
ancka, pebopgbl u 60po3gkoobpasoBaTens. Pe3ynbTarbl JAHHON METOANKU
MOTYT ObITb MCMOMb30BaHbI NPW NAAHUPOBAHUM IKCMEPUMEHTANbHBIX UC-
CNefloBaHWiA Y3KOPSIZHOTO NOCeBa CENbCKOXO3AMCTBEHHBIX KYNbTYp OAHO-
[VCKOBbIMU COLLHWKaMW C CUMMETPUYHO PacrnofoXeHHbIMW pebopaamu-
60po3aKo06pasoBaTensiMm 1 HyNneBbIM Yr10M aTakv U Npu pacyeTe COLUHM-

KOBbIX Fpynn Npeaiaraemoii KOHCTPYKLUN.
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3. OGOCHOBAHHUE OFBEKTA UCCJEJIOBAHUM

3.1. O6ocHOBaHME KOHCTPYKIMHU ABYXIMCKOBOI0 COLIHUKA
€ yCeUYeHHO-KOHYCHBIMU pefopaamMu-00po3aKkoodpa3oBaTeasiMu

B HacTosLlee BpeMs Ha Cefnkax ycTaHaB/MBAOT ABYXAMCKOBbIE COLL-
HUKM C MJIOCKAMU OUCKaMU /19 BbICeBa 3ePHOBLIX, 3€pPHO6060BLIX U ApYy-
rUX KyNnbTyp € ABYMS CXOAALLMMUCA NOA ONpefeneHHbIM YTI0M AUCKaMu: C
YINIOM CXOXAEHUS 8° — LUMPOKOPAAHBIA, a C yrnom 18° — y3KOpsSAHbIiA.
COLUIHMKM N15 BbICEBA 3ePHOBLIX M TPaBAHbLIX Ky/MbTyp W3roTOBAAKOTCS CO-
OTBETCTBEHHO C MeXaypagbem 15 m 7,5 cM. Ha y3KOpsagHOM COLLHMKe
MeXay LUCKaMW 3aKpensieH fenunTens. ATOT AennTeNb pacnpefenser 3ep-
HOBOW MOTOK Ha [Be 4acTu C MeXaypsabem 7,5 cM. HegocTtaTkoM Takmx
[BYXAMCKOBbIX COLUHUKOB ABNAKOTCA YI/bl aTakn 8° u 18°, ocobeHHo npwu
paboTe Ha MOBbILLEHHbIX CKOPOCTAX. UeM Bbille CKOPOCTb ABWMXKEHUS Cest-
KN (COLHMKOB), TeM 6OfblUe OTOPOC MOYBbI W TArOBOE COMPOTUB/EHUE
COLWHMKa. Kpome Toro, Takoro Tuna COLIHUKK M3-3a Masioli OMOPHOI Mo-
BEPXHOCTV HE MOTYT 06eCMeYnTb JOCTATOYHYHO MIOTHOCTb AHa GOPO3AKM,
YTO He CMoCcoBCTBYET MPMB/IEYEHUIO BMarn, Tak He06X0AMMON Ans npopac-
TaHMA ceMsiH. HeManoBaKHbIMU MPUYMHAMM HEPaBHOMEPHOCTM 3afeflKu
CEMSIH B MOYBY ABYXAMCKOBbIMU COLUHUKaMW SBASKOTCS: 3axBaTl CEMSsH
BpaLLalLWLMMMC AMCKaMK C BbIOPOCOM UX 3a Npefenbl COLLHUKA B BEPXHME
C/ION MOYBbI; 3aXBaT CEMSH MOYBOI, OTOPACbIBAEMOIi COLUHMKAMU; OCbiMna-
Hve 60pPO3aKM, B pe3ynbTaTe Yero CEMeHa, OTOPOLLEHHbIe OT AHA 60p03/bl,
nonagaroT B BEPXHMe cnom noussbl [3].

B coBpemMeHHbIX Cesfikax, KOMOWHMPOBaHHbIX MallMHax W arperatax
HabntogaeTcs TEHAEHUMS K YMEHbLUEHUIO Yria aTakM AWCKOB COLUHMKOB
L1 CHVDKEHMS 0TOpOCa NOYBbI M TATOBOrO COMPOTMBAEHMS. Takue Komou-
HMPOBaHHble MalUWHbI U CEANKU MOTYT paboTaTb Ha MOBbILLEHHbLIX CKOPO-
cTax (10...15 km/u). Ho 3Tu peLeHnst He NO3BONSIOT B NOAHOW Mepe 0bec-
MeYnTb CO3L4aHWe BCEX HEOOXOAMMBIX YC/IOBWIA ANS KAa4eCTBEHHOrO Mpo-
pacTaHus CEMSIH.

O[HOAUCKOBbIE CEpPWiiHbIE COLUHUKM TaK e, Kak W [BYXAWCKOBbIE,
MMEIOT YI/Ibl aTaKy M Yo/l KPeHa K MOBEPXHOCTU MOYBbI, YTO YBEMYMBAET
NX TAFOBOE CONPOTUB/IEHME.

B Benopycckoil rocyfapCTBEHHOW CeNbCKOX03ANCTBEHHOW akafemun
paspaboTaH OAHOAMCKOBbIM COLUHWK C OMOPHO-MPUKAaTbIBAKOWMM KaTou-
KOM. Y 3TOro COLIHWUKA AWUCK YCTAHOBNEH C MUHMMA/bHBIM YI/IOM aTaku 8°
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N yrnom KpeHa (Yrnom Hak/ioHa K MoBepXHOCTM NnouBbl) 14°, HEOOXOANMbI-
MW 47151 PaCKpbITUS BOPO34KM, B KOTOPYHO HanpaB/stTCA CEMeHa 3ePHOBbIX
N gpyrux KynbTyp. HegocTaTkamy Takoro Tuna COLHMKOB SIBASILOTCA He-
PaBHOMEPHOCTb 3a4e/IKN CEMSAH MO ry6uHe 1 yKNaaKa CeMsSH Ha pbIX/iblii
cnoii nousbl. OJHOAWCKOBbIE COLLHMKMA YKNaAblBatOT CEMEHA Ha HECKO/bKO
CaHTUMETPOB MeflbYye, YeM FNybuHa MX X04a, a TaKXKEe BbIBOPAUMBAIOT HUX-
H1e BNaXXHbIe C/I0M NOYBbI Ha MOBEPXHOCTb.

B HacTosiLee Bpemsi CYLLECTBYHOLME arpOTeXHUYECKME TPeBOBaHUS He
MO3BONAOT MPOBOAMTL CEB 3EPHOBbIX U APYrUX CebCKOX03AMCTBEHHbIX
KyNbTYp CO CKOPOCTbI0 60nee 10 KM/4, Tak Kak 3TO MPUBOAWT K Hapylue-
HUIO TEXHOJIOrMYeCKOro npoLecca paboTbl COLLUHMKOB U YXYALLEHWIO paB-
HOMEPHOCTU 3a€e/IKN CEMSIH MO FNyOuHe.

Mpun pa3paboTke ABYXAMCKOBOrO COLUHMKA C OfHOCTOPOHHUMUK pebop-
[amn-60po3aKoo6pasoBaTensiMm 6blin yYTeHbl CNeaytolmne SBAeHUs, Ko-
TOpble MMET MECTO B MOACOLUHMKOBOW MOMOCTW: 34eCb OAHOBPEMEHHO
MPOUCXOAWT OCbINaHWe MOYBEHHOM Macchbl 1 BbiMafeHNe CEMSH, KOTopble
pacronaratoTcsl Ha Toi NOBEPXHOCTU, Kakasi 06pa3yeTcs B NOYBE NOJ COLL-
HUKOM.

UT0o6bl yACHUTbL cebe BO3MOXHOCTU OfUHAKOBOrO Pa3MeLLeHMst CeMsH
no rny6uHe, HEOOXOAMMO OTMETUTbL HEKOTOpble 0OLLMe ABMIEHWS, NPUCY-
LLyie Cbinyyemy Teny.

1. Besikoe Cbimyyee Teslo pacnosiaraeTcs Ha ropyu3oHTaNbHOM NAOCKOCTM
Moj Yr/ioM eCTeCTBEHHOr0 OTKOCA, Pa3/IMuHbIM A5 pasHbIX Ten U COCTOS-
HWIA.

Ecnu, Hanpymep, MefKuiA Cyxoli NecoK BbICbINaTb Yepe3 BOPOHKY TOH-
KOV CTpyeii, TO OH PacnofioXXMTCA Ha FOPU3OHTaSIbHOM MAOCKOCTU B (hopme
NpaBWbHOrO KOHyca C HaKNOHOM 06pasytolymx Mo Yriny ecTecTBEHHOro
oTKoca.

Kaxayro yacTuLy, HaxoAsLlytocs B NOKOe, MOXHO paccMaTpuBaTh pac-
MOMOXEHHO B BepLUMHE TaKOro KoHyca. Hanpumep, yactvua b (puc. 3.1),
pacronoXeHHas Ha 06pasytoLLei, 6yaeT Haxo4MTbCs B paBHOBECUM, TaK
KaK OHa CNyXXWT BeplUMHOl KoHyca cbd’, pacrnonaratowierocs BHYTpW
BCell Macchl.

Yactuua b, oueBMgHO, HE MOXET OCTaTbCsl B MOKOE, €CAN CHATb YacTb
Cbinyyeld Macchl MO CEYEHUO MM, TaK Kak B 3TOM Cy4ae KOHycC ced’ BbIXO-
ONT 13 06LLIEM Macchl CbiMy4yero Matepuana.
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Puc. 3.1. PaBHOBecwe cbinyyero Tena

2. ECnn y slLMKa, HarnosIHEHHOTO NecKOM, NPUMOAHSTL OAHY CTEHKY, TO
uepe3 06pPa3OBaBLLYIOCS LEb MECOK BbITEUET W PachofioXUTCA nopg yr-
JIOM @ eCTECTBEHHOI0 0TKOCa (puc. 3.2). TeueHMe NPeKPaTUTCS, KaK TOMbKO
OTKOC PacrofioXWTCs Mog YrioMm . BepxHuUii ypoBeHb mecka B cocyfe
TaKXKe M3MEHMUTCS, OMYCTUBLLIUCH MO HAK/IOHY ab 0KOJO CTEHKM CO LLEMbIO.

Puc. 3.2. Ocblinb Yepes ropn3oHTasIbHYHO LLeNb

3. Ecnv BepTMKa/bHYHO CTEHKY SILMKA C NECKOM pa3pe3aTb Monosiam u
OCTOPOXXHO YAanuTb OAHY MONOBWHY, TO NECOK PacrosioXWUTCS MO 3aKOHY
KoHyca (pwc. 3.3). YacTuua, pacnonoxeHHas B Touke O, 6yaeT BEpLUMHON
KOHYyCa, KOTOpbIli 3aiiMeT YacTb NpocTpaHcTBa Oab 3a ocTaBLUEACcA Mono-
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BWHKOI CTEHKM Q, a B CBOGOAHOM OT CTEHKM MeCTe MOBEPXHOCTbIO CbiMy-
ueil Macchl GYeT HaKMOHHAsA MOA YI/IOM @ MIOCKOCTb.

Puc. 3.3. Ocbinb 0K0N0 0fHOI NOAMOPHON CTEHKM

Takum 06pa3om, Mecok, ornbas OMNopHyto CTeHKY Q, 6yfeT nepetekarb
3a Hee W pacnonaratbCs N0 KOHNYECKOI MOBEPXHOCTM.

LLieKkn COLLUHWMKa ABNAKOTCA CTEHKaMM, MOANMPatOLLMMU ChIMyYyHo Noy-
BEHHYIDO MacCy W OrpaHu4MBaloLLMMK OCbiNMaHue Mnoysbl B 6GOPO34Yy
(puc. 3.3).

Paznunume GygeT 3a CUET TOro, YTO BMECTO OAHON CTeHKU ByAyT aBe —
Q 1 Q', pacnonoxeHHble 0OfHa NPOTMB APYroM, N60 Kaxaas U3 LWeK nog-
MMpaeT M OrpaHUYMBaEeT OT OCbIMaHWSA COOTBETCTBYIOLLYH CTOPOHY 60-
PO3AKW.

CxemaTWYecKy XapakTep OcbinaHus BOMM3W ABYX MapaiienbHbIX CTe-
HOK MOXHO MpeAcTaBUThL CrefytowmM 06pa3oM: Cbifyyas Macca, ormbas
CTEHKM, ByJeT 3aX04WTb BO BHYTPEHHEE MPOCTPAHCTBO MEXAY CTEHKamu U
pacnonaraTbCa Mo MOBEPXHOCTM, COCTAB/IEHHON U3 ABYX KOHYCOB ABe U
A;B;e. MNepeKpbITe KOHYCOB OMPEeAeNTCA KPUBOW ee’, Y KOTOPOI BEPXHSA
Touka € pacrmonoXWTCA Ha HWKHeM pebpe ocbinaslleiics 60pO3LKM
(puc. 3.4).
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Puc. 3.4. OcbInu 0Koso fByX NOAMNOPHLIX CTEHOK

Mop COLIHMKOM BO BPeMS ero xofa B noyse 06pasyeTcs Hak/OHHaA no-
BEPXHOCTb M3 OCbINaBLUENCH MOYBbI, NPUYEM HAK/IOH 3TOW MOBEPXHOCTM
Hanpas/ieH B CTOPOHY HOCKA UMW NepeaHeli YacTu HapasibHUKa.

TakuMm 06pa3om, NOACOLLIHMKOBAA NOMOCTb MMEET HaKNOHHOe AHO, No-
HUKaloLLeecs K HOCKY COLUHWMKA W JOXOAALee 40 NpefenbHol riyouHbl
B6/M3M camoro Hocka. CeMeHa, BbiNafjatolLime U3 cemsaHanpasuTens CcoLl-
HUMKa, pacnofnarascb Ha HakKNOHHOW NOBEPXHOCTW MOACOLUHMKOBOW MOOCTM
60p0o3aKY, OKa3bIBAlOTCA Ha pasHON raybuHe. MoaTtomy, 4T06bI pacnono-
XUTb CEMeHa Ha OfiHOW ry6uHe, HE06X0AMMO 3epHOBYHO CTPYIO HampaBuTb
6/vKe K MepefHein YacTy COLLHMKA, Kyaa OCbimnb ¢ 6OKOB 60p03aKu He AoC-
TUraeT U rae AHO NocnefHeld NoYTU FOPU3OHTANbHO.

K coxaneHwto, OCyLLeCTBUTb TakOe Hanpas/eHWe 3epHOBOI CTpyu
OYeHb TPYAHO, TaK KakK CeMeHa, BblOpPOLUEHHbIE anmnapatom, ABUXKYTCA
BHYTPW CEMSANPOBOAA W COLUIHMKOBOIO CEMAHanpaBUTeNs Mo OYeHb COX-
HbIM 1 Pa3HO0Bpa3sHbIM TPAEKTOPUAM, 06YCNOB/IEHHbIM NOCNeA0BaTE NbHbI-
MW yfapamum O CTEHKWM U OTpakeHuaMW. [pu CNOXHOW (hopme Kaxzoro
OTAENbHOTO CEMEHW 3TO 0BCTOATENLCTBO MOPOXKAAET BECbMa PasfnyHble
(hOpMbI 1 PacnonoXeHnst TPAEKTOPUIA U MPUBOAWT K OAHOMY MPaKTNYecKo-
MY BbIBOJY, YTO 06/1aCTb 3€PHOBbIX TPAEKTOPUIA NPOXOAUT Yepes BCe ropno
COLUHMKA W B CEYEHUW C MOACOLLUHMKOBOW NOBEPXHOCTLIO AeT HEKOTOPYHO
3aMKHYTYL0 ¢urypy S (S') onpegeneHHoli BennumHbl (puc. 3.5). Cnegosa-
Te/bHO, BbINafleHNe 3epeH NoJ, COLHWMK MPOUCXOAMT Ha M/OLLAaAu, OrpaHu-
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YEHHOW 3TMM KOHTYPOM W pacnofararoleincs Kak pas Ha TOM CK/OHe, Ka-
KO MONyYaeTcs Nof COLLHUKOM OT OCbIMaHns CTeHOK 60po3aku [12].

MOXHO yBUAETb PasHULY B YKNALKE CEMSH COLUHWMKOM, 06YC0BMeH-
HYI0 pa3MYneM B CTPOEHUM LLIEKU; Y LLEKU COLHMKa (puc. 3.5, 6) ocbina-
HVe MOoYBblI MPOUCXOAUT C MeHee BbIFOAHbIM Pe3y/bTaToM, TaK Kak nof-
COLLIHMKOBAA NMOBEPXHOCTb 6OPO3AKM AOXOANUT [0 HOCKA COLUHMKA, YTO pas-
[BUraeT npefenbl YKNaaKun 3epeH no rnyouHe.

Puc. 3.5. BausHue LLeKkv HanpasuTens Ha OCbIMb B NOACOLUHUKOBYIO MOMOCTb:
a — pasBuTOIA; 6 — cnabo passuToi

CnepoBaTefibHO, B CMCTEME CamMOro COLLUHMKA M TOro MpoLecca, Kakoi
MMeeT MeCTO BO BpeMs ero paboThbl, 3aK/IH0YaeTCs MPENMYLLECTBEHHAs BO3-
MOXXHOCTb PacrofiOXXeHUs1 CEMSIH Ha PasHoii rny6uHe, UTO U UMeeT MeCTO
B [1e/iICTBUTE/IbHOM PaboTe COLLIHMKOB.

VIMEHHO MO3TOMY npeAnaraeTcs WCMob30BaTb PebopAbl-60po3aKo-
06pa3oBaTeny U yCTaHOBUTb CEMsHaNPaBWTe b B ONTUMa/bHON ANs YKNaja-
KV CEMSsIH 30He KOHTaKTa pebopLbl-60p034Ko06pa3oBaTtens ¢ YnA0THAEMbIM
[HOM 00pa3oBaHHOl 60P034KM, UTOGbLI BO BPEMS YKNMagKuM CEMSIH AWCK C
OHO CTOPOHBI N peboppaa-60po3ako0bpasoBatTenb C APYroi NpensTCcTBO-
Ba/IM OCbIMAHMIO CTEHOK 6OPO3AKM, YTO MO3BOUT M36EXKaTb HepaBHOMEp-
HOCTM YKNafiblBaEMbIX CEMSIH MO ry6uHe.

[N CHMKEHWs TArOBOTrO COMPOTMBIEHUS U 0BeCNeYeHns NPSAMONUHEN-
HOCTU X0fa COLLUHMKA Mpej/iaraeTca 3a 0CHOBY MCMO/b30BaTh MIOCKMWIA AUCK,
yCTaHaB/MBaeMbIi 6e3 yrna ataku. Mpo6nemy ynnoTHeHWs AHa 60opo3aKu
npeanaraeTcs pewwuTb NyTeM YCTAaHOBKM Ha M/IOCKOM [AWCKe pebopabl-
60p034K006pa3oBaTeNs, MMetoLLEel JOpMy YCEUYEHHOTO KOHYCA.

Mpegnaraemblii HamMmy ABYXAMCKOBbIV COLIHWMK (puc. 3.6) cocTouT U3
Kopnyca 1 ¢ oTBepcTMsMM 2 1 6onTaMm 3, ABYX MNOCKKX (1€BOF0 U NpaBoro)
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[AnCKoB 4 ¢ pebopaamm-60po3akoo6pasoBaTensMm 5. [JMCKN pacnosfioXeHbl
BEPTUKa/IbHO W MapanfiefilHO OAUH APYrOMY W HarnpaBfeHWKO ABVKEHMA
cowHuka (puc. 3.6, 3.7).

Puc. 3.6. JByXANCKOBbI COLLUHMK C O4HOCTOPOHHUMY pebopaamu-60po3aK006pa3oBaTesiMu:
a — BUL, COOKY; 6 — TPEXMEPHBbIN BUA,; 1 — KOpnyc COLUHWKa; 2 — 0TBepCTWS; 3 — 6ONThI;
4 — pucku; 5 — pebopLbl-60po3akoobpa3oBaTeny; 6 — ocu; 7 — NNacTUHa,;
8 — cemsHanpasuTenb; 9 — 6opo3aka; 10 — cemeHa; 11 — wenb

B 3agHeil yacTu Kopryca 3akpennieHbl ocu 6. Ha ocsix yCTaHOBAEHbI
ONCKM ¢ pebopaammn-60po3gkoobpasoBaTensmn. Ha Kopnyce 3akpenneHa
NNacTUHa 7, Ha KOTOPOIA YCTaHOB/IEH CEMSIHANPaBUTENb 8.

[BYyXAMCKOBbI COWHMK paboTaeT cneaytowym o6pasom. Kopnyc 1
COLUHUKA MPUCOEAUHAIOT K MOBOAKY CEA/IKM C MOMOLLBI0 OTBEPCTUI 2 1
6onToB 3. Paboune ancku 4 ¢ pebopgamu-60po3akoobpasoBaTensvMm 5 yc-
TaHOB/IEHbl HA OCAX 6 C yrnamu atakm u KpeHa 0°. Oucku, [Burascb
B MOYBE, pa3pe3aloT ee, a TaKke MOXHUBHBLIE U PACTUTENIbHbIE OCTaTKW,
a 3aTeM pebopabl-60p03AK006pa3oBaTeNIN BblAABAMBAKOT 60PO3AKM C Mpa-
BO CTOPOHbI MPaBOro AMCKa W C JIeBOW CTOPOHbI J/IEBOr0 AMCKa.
B BblgaBneHHble 60p03aKM 9 YKnaablBaroTca cemMeHa 10, nocTynaroLme nog
[efiCTBMEM BO3LYLLUHOrO MoTOKa Mo cemsiHanpasuTento 8 (puc. 3.6). Ceme-
Ha, HaxogsAwueca B 6opo3ake, 3a4ebIBalOTCsA 3aropTadamu.

Pebopga-60po3akoobpasoBatenib 5 paboTaeT credytowyM 06pasom.
Mnockas yacTb AWcKa 4 pa3pe3aeT MOYBEHHbIE U PaCTUTE/NbHbIE OCTaTKM,
nouBy, 06pasys wenb 11 (puc. 3.6, 6). Mo 3TOI Wenn K cemeHaMm NOLTAru-
BaeTcs Bnara. Peboppa-60po3akoobpasoBaten 5 orpaHWUMBaeT rnyouHy
3a/leIKN CEMSIH, & TaKXKe MpW Bbi4aBNMBaHUM GOPO3AKM YMNOTHAET ee AHO.
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Puc. 3.7. ABYXANCKOBBIN COLUHWK C OfHOCTOPOHHMMM
pebopaamu-60po3aKoobpasoBatensmu (Bug cnepean): 1 — kopnyc
COLLHMKa; 2 — pebopabl-60po3aKoobpasosaTeny; 3 — ceMaHanpaBnTeNb

YcTaHoBKa pabounx AMCKOB C YI/IOM aTaku 1 kpeHa 0° Ha ABYXAWCKO-
BOM COLLHWKe MO3BONSET YMEHbLUNTL L0 MUHMMYMa OTOPOC NOYBbI B CTO-
pOHbI OT Agucka. B mpouecce pabotbl AUCKOB C pebopaamMu-60po3aKo-
ob6pasoBaTensmy NPOUCXOAMT OAHOBPEMEHHO BblAaBnBaHUe 60PO3L0K, UX
YMMOTHEHWE, @ TaKkXKe orpaHuueHue ray6uHbl 3afenku ceMsH npu pabote
[BYXAMCKOBOO COLLHMKA.

YCcTaHOBKa AWCKOB C Yr/ioM ataku 0° no3sonseT paboTaTb Ha CKOPOCTAX
nBwxeHus cesanok 10...15 KM/4 1 Npy 3TOM YMEHbLUINTL 0 MUHUMYMa pas-
6poc NoYBbI B CTOPOHbI. 3TO MO3BO/SET MPOM3BECTU PACCTAHOBKY COLUHU-
KOB B OAVH PAL C PacCTOSHWEM MeXay pafkamu cemsH 12,5 cMm n meHee.
LLlenb, o6pa3oBaHHas AMCKOM B MOYBE, NO3BO/SET NOATAHYTH BAary K yn-
NOTHEHHOMY pebopaoii-60po3akoo6pasoBaTeneM AHY 60pPO3AKM, a COOT-
BETCTBEHHO M 006ecneunTb HeOOXOAMMYIO MAOTHOCTb MOYBbI HA FNybuHe
3afleNIKN CEMSH, KOTOpas COr/laCHO arpoTexHWYeCKUM TpeboBaHUAM [O/MKHa
cocTaenaTh 1,2...1,25 r/cm’.

YCTaHOBKaA [JUCKOB C HY/NEBLIM YIr/IOM aTaku Ha fABYXAWCKOBOM COLUHU-
Ke No3BO/ISET YMEHbLUWTL TATOBOE COMPOTUB/IEHNE COLLHWKOB U YNYULLNUTb
PaBHOMEPHOCTb TNlyOUHbI 33fleNKv CeMAH MpU paboTe Ha MOBbILUEHHbIX
CKOPOCTSX.

Hamu 6b1n10 pa3paboTaHO HECKOSIbKO BapuaHTOB [BYXAWCKOBLIX COLL-
HWKOB C Pa3fIMYHbIMW KOHCTPYKTVBHbIMY napameTpaMu. K aTum COLLHMKaM
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ObIfIN M3rOTOB/EHBI Pa3NMYHbIE BapuaHTbl KOPMYCOB W AWMCKOB C pasHbIMU
napameTpamu pebops (puc. 3.8, 3.9).

Puc. 3.8. BapnaHTb! IBYXANCKOBbIX COLLUHUKOB C Pa3iNyHbIMU
KOHCTPYKTMBHBIMU NapaMeTpamMy AUCKOB 1 pe6opA

Puc. 3.9. PasnnyHble BapuaHTbl AUCKOB C pebopaamm-
60po3aK006pa3oBaTeNsMm, KOPMYCOB 1 CeMaHanpasuTenei
K 3KCMepUMEHTa/IbHBIM [iBYXVNCKOBbIM COLLHUKaM
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3.2. Pa3pa6oTka TeXHMYeCKOH JOKYMEHTAMH HA U3TOTOBJIEHHE
ABYXJIHCKOBOTO CONTHUKA C yCeYeHHO-KOHYCHBIMH pedopIamMu-
00po3aK000pa3oBaTeIsIMu

[na n3rotoBneHns ABYXAMCKOBOIO COLUHMKA C YCEeYeHHbIMWU KOHWMYe-
cKvMK peboppaamu-6opo3akoobpasosatensaMn B OO0 «PeMKoM» 6blfia pas-
paboTaHa TeXHWYeckas [OKYMeHTauus B Bufe c60pOUHbIX 1 paboumnx uep-
Texxei (puc. 3.10-3.16).

B OO0 «PeMKOM» 151 M3roTOBMEHMS pebopa Oblna TakxkKe N3roToB/eHa
onpaeka npecc-gopmsbl (puc. 3.17).

Puc. 3.10. TpexmepHast MOAe/Nb ABYX/ANCKOBOrO COLLHUKA
C YCEYEHHBbIMUN KOHUYECKMMM pebopaamu-60p03aKoobpasoBaTensmm
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Puc. 3.14. C60poyHbIii YepTeXx NoBoaKa
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Puc. 3.16. C60pOYHbIiA YEPTEX YMCTUKOB
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Puc. 3.17. Onpaska npecc-(popmbl
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B OO0 «PeMKOM» N0 TEXHWYECKOI AOKYMEHTaLWW, NpUBELEHHON Bbl-
LWe, 6blMa M3roToBMEHA OMbITHAA NapTUS COLUHMKOB A1 ABYXCTPOYHOIO
nocesa (puc. 3.18).

Puc. 3.18. OnbITHas NapTus COLLHUKOB [/151 IBYXCTPOYHOIO NOCeBa
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3.3. PazpafoTka TeXHMYECKOi JOKYMEHTALNN HA H3TOTOBJIEHHE
OTHOJHMCKOBOT0 COITHUKA C ABYXCTOPOHHUMH (CHMMETPHYHBIMH)
pedopaaMu-60po31K006pa3oBaTeIIMU

3.3.1. HoBblii MaKeTHBIIi 00pa3el] OTHOIUCKOBOTO COIIHMKA
¢ IBYXCTOPOHHMMH CHMMETPHYHBIMHU pedopAaMu-
0opo3akoodpazoBaTesiMu

HoBbIli MakeTHbIi 06paseL, OAHOAMCKOBOIO COLUHMKA C CUMMETPUYHbI-
Mn pebopgammn 60po3gKoo6pa3oBaTensMmn M3roToBeH Ha 6ase NAOCKOro
ancka grametpom 400 MM, gruameTp pebopabl 286 MM, yron KoHyca pe6op-
ol 30° (pume. 3.19, 3.20).

Puc. 3.19. HoBbIi1 MakeTHbIIi 06paseL, 04HOAMCKOBOrO COLLHMKA
C CUMMeTpUYHbIMK pebopamu (Bug CO0Ky)

248



Puc. 3.20. HoBbI MaKeTHbI 06pa3eL, 04HOAMCKOBOrO COLLHMKA
C CUMMETPUYHBIMMW ABYXCTOPOHHUMM pebopaamu-
60po3akoobpasoBaTensmm (Bug c3aam)

Lt

Puc. 3.21. inck c pe6opzoii Ans OfLHOAMCKOBOTO COLUHMKA (BapuaHT 1)
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e e o oo i o Puc. 3.23. Auck c pebopaoii ans ogHo-
[MCKOBOrO COLLHMKA (BapuaHT 2) [ICKOBOTO COLLHMKa (BapuaHT 3)

3.3.2. HoBble 00pa3ubl BLICOKOCKOPOCTHBIX THCKOBBIX COTHUKOB

MakeTHble 06pasLpl OAHOAWCKOBbLIX COLUHWKOB C CUMMETPUYHBLIMU
pebopaaMmn-60po3akoobpasoBatTensmmn (puc. 3.24-3.26) U3roToBNEHbl Ha
6ase MAOCKMX [UCKOB TOMWMHOA 3 MM, AuameTpom 400 mm. [JuameTp
BHELLHE CTOpoHbI pebopabl 200 MM, yron KoHyca pebopabl 30°.
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Puc. 3.24. HoBbIii MakeTHbI 06pa3seL; 04HOANCKOBOIO COLLHWKA C BHELLUHUMM
CUMMETPUYHBIMY pebopfamn-60po3aKoobpasosaTensiMu (BapuaHT 1):
1 — Kopnyc COLWHWKa; 2 — Anck; 3 — pebopaa-60po3aKo0bpasoBatesb;
4 — cemAHanpasuTeNb; 5 — KnanaH cemMsaHanpasuTens

MakeTHblii 06pasel, NepBoro BapMaHTa W3roTOB/IEHUS UMEET Creayto-
LLIME KOHCTPYKTVBHbIE PasMepbl:

— ToNWwmHa peGopapl — 40 MM;

— PacCTosHVE OT KPOMKM AnCKa 0 pe6opabl — 30 MM.
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Puc. 3.25. HoBbIi MakeTHbI 06pa3eL, 04HOANCKOBOrO COLLHMKA C BHELLHUMM
CYMMETPUYHBLIMM pebopaamn-60po3aK006pasoBaTensaM (BapuaHT 2):
1 — Kopnyc COLWHWKa; 2 — AnCK; 3 — pebopaa-60p0o3aKo0bpasoBatesb;
4 — cemaHanpasuTeNb; 5 — KnanaH ceMsaHanpasuTens

MakeTHbIii 06pasel, BTOPOro BapuaHTa M3roTOB/IEHUS! UMEET Crefyto-
LM KOHCTPYKTMBHbIE PasMepbl:

— TonWmHa pebopabl — 50 mm;
— paccTosHMe OT KPOMKWM gucka fo pebopgbl — 40 M.
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Puc. 3.26. HoBbIi MakeTHbI 06pa3eL, 04HOANCKOBOIO COLLHMKA C BHELLHUMM
CYMMETPUYHBLIMK pebopaamn-60po3aKoobpasoBaTenamM (BapuaHT 3):
1 — Kopnyc COLWHWKa; 2 — AncK; 3 — pebopaa-60p0o3aKo0bpasoBatesb;
4 — cemAHanpasuTeNb; 5 — KnanaH cemMsaHanpasuTens

MakeTHbIl 06pa3eL, TPeTbero BapuaHTa U3roTOBNEHWA UMEET Cheayto-
LLe KOHCTPYKTVBHbIE Pa3Mepbl:

— ToNWMHa pedopabl — 30 MMm;

— paccTosHMe OT KPOMKWM gucka fo pebopgbl — 50 M.

OfHOAMCKOBbIE COLLUHMKN U3rOTOB/IEHbI B TPEX BapuaHTax fnd npose-
[eHNs OTCeMBaIOLMX 3KCMEPUMEHTOB W N1abopaTopHbIX WCCnefoBaHNi
MONHOMAKTOPHOTO 3KCNepyMeHTa A4/ YCTAHOBNEHWUS ONTUMa/IbHBIX KOHCT-
PYKTUBHbIX 1 TEXHOMIOTMYECKNX NapaMeTpoB.
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3.3.3. Anpobanusi 0THOAHCKOBOI0 COITHUKA ¢ CHMMETPHYHBIMHU
JNBYXCTOPOHHUMU pedopaaMu-00po3a1Kko00pazoBaTeasiMu
JJISl Y3KOPSITHOTO TMOCEBa 3¢€PHOBBIX KYJIbTYP

Anpobauus 04HOANCKOBOrO COLUHWMKA MPOBefeHa B MOYBEHHOM KaHasne
YO BI'CXA Ha ckopocTtax 8,6 n 10,3 km/u. MNoyBa CyrivMHUCTas, Bnax-
HOCTb MouyBbl 14-16 %. YcTaHOBOYHaa rny6rHa xofa colHuKa (pebopabl-
60p034k006pa3oBaTensi) 3 Cm.

Hamu 3amepsinach WwuprHa 60po3aku, OCTaBAseMOol Mocne npoxoja
0[JHOAMCKOBOrO COLLHKKa (3.27, 3.28).

Puc. 3.27. Bug Ha 60po3zKy nocne NpoxXofa OAHOAMCKOBOTO COLLHMKA
Ha ckopocTy 8,6 KM/
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Puc. 3.28. Bug Ha 60po3aKy nocne Npoxofia MakeTHOro obpasua
O/IHOAMCKOBOrO COLUHMKA Ha ckopocTy 10,3 KM/
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4. TIPOTPAMMA 1 METOJUKA ITPOBEJIEHHU S
3KCIEPUMEHTAJIbHBIX UCCJIEJOBAHUI

MpoBeseHHbIE paHee HaMW U3yYeHWe NUTepaTypPHbIX MCTOYHMKOB W aHa-
NN3 TEOPETUYECKMX W IKCMEepPUMEHTa/IbHbIX WUCCef0BaHUIA NoKasanu, YTo
38 CYeT Y/yULEHNS KOHCTPYKLUM COLLUHMKOB 1 COLLHUKOBBIX MY CEANOK
M MOCEBHbIX arperatoB MOXXHO YBENMYUTbL CKOPOCTb [BUXKEHUS arperatos
npv nocese 40 15 KM/4, 4TO MO3BONSET 3HAYUTENBHO NOBLICUTL NPOU3BO-
OMTENBHOCTL MOCEBHBIX arperatos, CHU3UTL pacxof TOMvBa Ha rnposefe-
HWe LAaHHOW TeXHONOrMYecKol onepauumn, YMeHbLIMTb CMELLEHME U nepe-
MeLLVBaHKe NoYBbl U CEMSIH B npouecce nocesa [43, 44]. MNoaTomy nepsoii
3afjayeil nabopaTopHO-MoNeBLIX UCCNeA0BaHMIA ObIf0 YCTaHOBNEHWE CTene-
HW MNOBbILLEHNA KayecTBa CeBa W MPOU3BOAUTENBHOCTM CEANIOK Ha Nocese
3epHOBBIX KY/bTYp 3a CYET MUCMO/b30BaHWSA NpefnaraeMblX ABYXANCKOBbLIX
COLLIHVKOB.

BTopas 3agaya sKCNepuMEHTOB COCTOANA B TOM, YTOObI CPaBHUTbL MO-
KasaTenn KadecTBa PaboTbl CENEKLMOHHON CesnKM C MaKeTHbIMK 06pa3-
LaMU ABYXAUCKOBbLIX COLLHMKOB Ha MOCEBE CeNbCKOXO3ANCTBEHHBIX Ky/lb-
Typ.

TpeTbs 3afaya NabopaTOpPHO-NOMEBbLIX MCCMEf0BaHWIA 3ak/ovanach B
TOM, 4YTOBbI YCTAHOBWUTb BAWSHWE CKOPOCTU ABVDKEHWSI MOCEBHbIX arpera-
TOB, 0060PYA0BaHHbLIX 3KCMEPUMEHTa/IbHLIMU COLUHWMKOBBLIMUW TpynnaMu, Ha
arpoTexXHW4ecKme Nokasatesim nx paboTbl.

B pesynbTate nccnegoBaHus npegnoniaranocb BolbpaTb Hambonee co-
BepLLUEHHbIE COLUHWMKOBbLIE TPYMMbl 415 NOCeBa 3ePHOBbIX Ky/bTyp B YC/O-
BUAX MOrnneBcKoin 061acTu 1 ONpeaennTb CKOPOCTb ABVDKEHNS arperaTos,
npy KOTOpbIX pa3paboTaHHble COLUHMKOBbIE TPYMMbI Aal0T Hauy4luve pe-
3ynbTaThl.

JlabopatopHble McCnefoBaHWA MPOBOAUINCL Ha Y4YeOHOM KOMIJeKce
Kaeapbl MeXaHU3aLMKn U NpPaKTUYeckoro obyyeHns YO BITCXA.

B ocHOBY onpejeneHus yCnoBuii paboTbl COLLIHNKOB, PasbyBKM OMbIT-
HbIX YYaCTKOB Ha [eNsaHKU W OnpefefieHus KayeCTBEHHbIX MokasaTenei
rocesa 6blna npuHaTa Metoamka YT «benopycckag MUC».

OG6BEKTOM MCCEf0BAHNI ABNAMACH IKCNEPUMEHTANTbHAS MEXaHUYecKast
CeNeKUMOHHas cesanka ¢ npefnaraembiMy ABYXAWCKOBbIMU COLLUHUKaMU C
anckamun grameTpom 300; 325 1 350 Mm 1 TonwmHoi 1,0; 1,5 1 2,5 mm ¢
pe6oppamn-6oposakoobpaszosarenamu (puc. 4.1). Peboppa npeacrtasnser
CO0OOI YCEUEHHBI KOHYC, MPUAEratoLLnii K ANCKY COLLHMKA C AnamMeTpamu:
a) 255 mm; 6) 260 MM; B) 265 MM; Ha BepLuMHe pebopabl — 220 MM; BbicOTa
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KoHyca 15...25 MM. [IBYXAWMCKOBbIA COLHWK C pebopaaMu-60po3aKo-
06pa3oBaTensiMu ycTaHoB/eH 6e3 yria ataku. COLUHWKN NpUAaBNnBatoTCa K
noyBe C MOMOLLIbKO MPYXXMH, YCTAHOBMEHHBIX Ha wWTaHrax (puc. 4.2). PaboTta
MaKeTHOro o6pasLa AByXAMCKOBOro COLLHMKA NoKasaHa Ha puc. 4.1-4.5.

Puc. 4.1. MakeTHbI 06pa3seL, ABYXANCKOBOrO COLLHMKA
¢ pebopgoii-60po3aKoobpa3oBaTenieM B MoYBe

Puc. 4.2. MakeTHbIi 06paseL, BYXANCKOBOrO COLUHMKA
6e3 yrna ataku AVICKOB NpU faBneHnu npyxmHbl 160 H (16 kr)
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Puc. 4.3. CeneKkLMOHHas cesasika Npu BbICEBE CEMAH ABYXANCKOBbLIMU
COLLHMKamy ¢ pebopaammn-60po3akoobpasoBaTensimm

Puc. 4.4. 3KcnepyMeHTaNbHas Cesanka ¢ ABYXANCKOBbIMU
COLLHMKamM (BWZ, C3a4M) Ha OMNbITHON fensiHKe

Puc. 4.5. Bug Ha OnbITHYIO fensaHKy nocne npoxoga
CeNEKLMOHHON CeANKN C ABYXAVNCKOBBLIMM COLLHUKaMM
1 KOHMYeCK1MM 60p03aK006pa3oBaTensiMu-ynioTHATENAMA
npy CKOPOCTY ABMXKEHMA 14 Km/y
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Bo Bpemst npoBefeHUs 1abopaTopHO-MNOJEBbLIX OMbITOB UCCNeLOBA/INCH
3KcnepyMeHTa/IbHble 06pasLbl ABYXAWCKOBLIX COLWHMKOB Ha Pas/iMyHbIX
CKOPOCTAX, MPW Pa3/INYHbIX SaBNEHUAX Ha FNyOuHe 3age/ku ceMsH 1...3 cm.

CTeneHb NpUXaTus NPYXWUH ONpegensny ¢ NOMOLLb0 AMHAMOMETpa Co
LKano mamepenms 4o 200 H. Hamu onpegensnack rnybvHa 3agenku ce-
MAH [ABYXAMCKOBbIM COLUHWKOM B TPeX MOSIOXEHUAX LUTAHTN: HUDKHEM,
cpefHeM U BepxHeM. MexXpsAKoBble pacCTOAHUA Y [ABYXAMCKOBbIX COLL-
HWMKOB cocTasnanu 12,5 cm.

[na un3meHeHWA rnybuHbl Xo4a [OUCKOB WCMOJb30BAINCH MPYXKUHbI,
aHanoruyHble ycTaHoBNeHHbIM Ha ceankax C3-3,6, C3-5,4. Bce napameTpsl
YCTaHOBKM MaKeTHbIX 06pa3sLioB AMCKOBbLIX COLUHMKOB OblAW OCTaB/fiEHbI
TaKUMK Xe, KaK 1 'y cepuiiHbix cesnok C3-3,6, C3-5,4.

CTaHaapTHON METOAMKW UCCNeoBaHNs NpeanaraemMbiX JUCKOBbIX COLU-
HWKOB C 6OPO3AKO0OPA30BaATENAMU-YNIOTHUTENIAMMW MOKA HE MPeLI0XEHO.
B ocHoBy onpefeneHns ycnoBuii paboTbl ABYXAMCKOBbIX COLUHWKOB, pas-
OVBKM OMbITHBLIX YY4aCTKOB Ha AeNsSHKW 1 OnpeaeneHns KaueCTBEHHbIX Mo-
KasaTeneil nocesa bbl1a NpuHaTa meToguka 'Y «benopycckas MAC».

VccnesoBaHus NPOBOAWMNCH HA YYACTKE OMbITHOrO Mo NOAUroHa, Ko-
TOpbIA OblN Pa3buT Ha AENSHKX A1 BbINOMHEHWS TPeX MPOXOA0B Brepes
1 Hasag. JmHa yyacTka 6bina npuHATa paBHoi 100 M, yueTHO AeNsiHKU —
50 m.

MpoBefeHVe OMbITOB CO BCEMW BapuvaHTamu UCCNeAOBaHMWIA OCYLLECTB-
NANOCb Ha TPeX CKOpOoCTAX ABMKeHUs (6, 10 1 14 KM/4) 1 npu Tpex pasnny-
HbIX JaB/eHUSAX ABYXAMCKOBbIX COLLHMKOB Ha rnouysy (120, 160 1 200 H).

KonnuecTBo [ensiHOK, Ha KOTOPbIX NPOBOAW/IUCH UCCNEA0BaHWSA, paB-
HAnoch 9.

Mpy MpUMEHeHUN METOLMKW NlabopaTOpPHO-NONEBLIX WCCNeA0BaHNI
3KCMEPUMEHTA/IbHON CENEKLMOHHON CeAnkn € MaKeTHbIMM 06pasuamm
[BYXAMCKOBbLIX COLLHMKOB 3afjaya peluanacb no CyLLeCTBYIOWMM oTpace-
BbIM CTaHZapTam.

CTpyKTypa NpoBefeHns uccnefoBaHnin npescTasneHa B Tabn. 4.1,

OnpefeneHve ycunuin fasneHns NPYXWH Ha COWHUKW Y MHEBMATU-
YeCKMX YHuBepCaNbHbIX cesfiok CrY-6, C-6 u CenekUMOHHON Ceanku
CH-10 ¢ makeTHbIMW 06pasLamy ABYXAUCKOBbLIX COLUHWKOB MPOBOAUAN B
CTaLMOHapHbIX W NoneBbIX ycnosusax. Ha ceanke C-6 6blin yCTaHOBNEHDI
O[HOJMCKOBbIE COLUHWKMK, a Ha cesdnke CI1Y-6 — KunesufHble. Ycuniuve
MPYXWH 3aMepann AMHAMOMETPOM B TPeX NonoxeHusx. MNposeseHve 3ame-
POB YCU/IMIA NPY>XUH NPUBEAEHO Ha puc. 4.6-4.9.
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Ta6nuuya 4.1. JIabopaTopHo-N0JIEBbIE HCCAEA0BAHMS ABYXIMCKOBBIX COMIHUKOB
¢ KOHHYECKHMH pedopIaMu-00po31Ko06pazoBaTesiMu

N [laB/ieHvie COLLHWMKOB Ha NOYBY 6€3 YCUNS NPYXXUHbI W C YCUIIMEM NPYXXWHBbI, H
0
0I'It->l- Cesnka CINy-6 Cesnka C-6 CenekumoHHas cesnka ¢ AByX-
Ta C KUNEBUAHBIMM C Of{HOANCKOBbLIMY [VICKOBBIMM COLLIHMKamu ¢ pebop-
COLLHMKamu COLLHMKamu [namun-60po3akoobpasoBaTensmm
1 | be3 ycunng npyXuHbl | Bes ycunus npyxuHbl be3 ycunma npy>xuHbl
2 60 120 120
3 80 140 160
4 100 160 200

Puc. 4.6. OnpefeneHne ycunusa fasfieHns Puc. 4.7. OnpefeneHne ycunusa fasfieHns
NPY>KWHbI Ha ABYXANCKOBbIA COLLIHNK NPY>KVHbI Ha ABYXAVNCKOBbIA COLLHMK
¢ pebopaamMun-60po3Ko06pazoBaTensaMm ¢ pebopaamun-60p03LK006pa3oBaTeNIMU
(Ha HUXXHEM OTBEPCTUW LUTAHT 1) (Ha BepXHEM OTBEPCTUM LLUTAHTU)

Puc. 4.8. OnpegeneHuve ycunms faBneHns Puc. 4.9. Onpegnenenne ycunus faeneHus
NPY>XVHbI HA OAHOAMCKOBbIN COLLUHMK MHEB- NPY>XXWUHbI Ha KWNEBUAHBIA COLUHMK
MmaTuyeckoii ceanku C-6 NHeBMaTn4eckoi cesnkn Cry-6
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JlabopaTopHO-MNoneBble ONbITbl MNPOBOAUIMCH HA OMNLITHOM MoNe y4eb-
HOrO MONNTOHa.

O6BLEKT MCCNeaoBaHuWiA: MaLlMHHO-TPAKTOPHbIA arperaT (MTA): Tpak-
Top T-25A + CcenekumMoHHas MeXaHW4YecKas Cesnka C [BYXAWCKOBbLIMU
COLUHMKaMK ¢ pebopaaMu-60po3aKoobpasoBaTensMu. ousa nerkocyrim-
HMUCTas LepHOoBO-MnoA30nncTas. BnaxHocts noyssl 19...21 %.

ny6uHy 3aaenku ceMsH ONpeAensnyn no 3TMOMMPOBAHHOM YacTu pac-
TeHWin B 9 BapmaHTax N1abopaToOpHO-MONEBLIX OMNbITOB. Hamu Gbiny Bbibpa-
Hbl TPW CKOPOCTM ABWKeHUs: 1,67; 2,78 u 3,89 m/c. MalLUMHHO-TPaKTOPHBIA
arperat — TpakTop T-25A + 3KcnepyMeHTa/lbHas Cesnka, Ha KOTOPOiA Bbinn
YCTAHOB/IEHbI TPY ABYXAMUCKOBbIX COLLUHMKA C MeXaypasbem 12,5 cm. Kpo-
Me 3TOr0 U3MEHSIOCh YCUNE HXKATUS 4BYXAVNCKOBbLIX COLLUHWMKOB Ha MOYBY
(120, 160, 200 H). Bcero 6bin0 nposefeHo 9 onbIiTos (3 - 3 = 9). Mpwu npo-
X0fe ABYXAMCKOBOIO COLUHMKA 3amepsnacb rnybuHa 3afenkum cemsH 3a
[ByMs gmckamu. O6LLas NOBTOPHOCTL OMbITOB 6-KpaTHas.

YCTaHOB/IEHHaa ry6uHa 3afe/Ku CeMsaH COLLUHUKaMM — 2 CM.

BapuaHTbI UccnefoBaHNiA:

— [laB/fieHMe COLIHMKOB Ha nousy: P, = 120H (12«kr); P, = 160 H
(16 kr); P3 =200 H (20 kr);

— CKOpOCTb ABWxeHUs MTA: npu v, = 1,67 M/c (6 KM/4) — MOHWKEHHaS;
npu v, = 2,78 m/c (10 Km/4) — paboyast; npu v; = 3,89 m/c (14 km/4) — no-
BbILLIEHHaS.

Hamy 6b110 NpoBeAeHO [eBATb BapuaHTOB J/labopaTopHO-NOMEBbLIX
OMbITOB B TPEXKPATHOI MOBTOPHOCTM. [NnHa yYeTHOW AensHKu 50 m.

KauecTBo paboThbl ABYXAMCKOBbIX COLLIHUKOB C pebopaammn-60po3aKo-
o6pa3oBaTensMmn OLEeHNBAIOCh MO CNeAYOLLMM NOKasaTeNnam:

— PaBHOMEPHOCTb 3aJ€e/KV CEMSH MO rNy6uHe;

— PaBHOMEPHOCTb pacnpefeneHns CEMSIH M0 X04Y ABWXKEHWS arperara.

HenocpeAcTBEHHO Nepej MOCeBOM ONpefensany (rn3nKo-mexaHUu4eckKue
CBOIACTBA MOYBbI (BNAXKHOCTb, MNOTHOCTb, 06BLEMHYHO Maccy). MOBTOPHOCTb
B3ATMA 06pa3uoB (puc. 4.10) 6bina yeTbipexkpaTHoi. ocne onpeaeneHus
B/TXKHOCTY KaXX0M Npo6bl NOACUNTBLIBAIN CPELHIOK BTAXKHOCTb.

261



Puc. 4.10. B3aTtvie 06pa3uoB Ans onpesfeneHns BNaXKHOCTU MOYBbI:
1 — nopLLUeHb; 2 — HaNPaBASIOLLMIA LNUHAP; 3 — ONOPHbIVA ANCK; 4 — TMNb3a;
5 — BbITaNIKnBaTeNb; 6 — 61okca

4.1. OnpenesieHue TBEPAOCTH MOYBBI B 60PO3AKaX

[Lns n3vepeHns TBepgocTM NouBbl B 6oposakax (puc. 4.11, a) nenosnb-
30Ba/ICA TBEPLOMEP KOHCTPYKUMU PeBskWHa. TBepLOCTb Onpegenssiach B
cnoe nousbl 0...5 CM ¢ TpexKpaTHO MOBTOPHOCTbIO. OMbITbl NPOBOANANCH
Ha cpefHeli CyrnMHUCTO NoyBe Npu ee BlaxHOCTK 13,6 % B cnoe 0...5 ¢,
17,1 % B cnoe 5...10 cm 1 TBepgocTM o nocesa 0,13...0,16 Mla.

Mpy M3MepeHWM TBEPAOCTU MOYBbI B OOPO3AKE TBEPLOMEPOM KOH-
CTPYKUMKN PeBAKMHA OblIM MOMYyYeHbl AuarpaMmbl, NpPefcTaBfeHHble Ha
puc. 4.11, 6.

CpepHiol0 TBEpLOCTb MOYBbI B Mpefenax ydyactka h,, COOTBETCTBY-
IOLLYHO MOCTOSHHON TBEPAOCTW, NO AaHHLIM MOMYYEHHON Anarpammbl Bbi-
yuensanm no opmyne

p=RI/F, (4.1)
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rae R — cpefiHee conpoTUB/EHVE NOYBLI BAABNMBaHMIO WTamna, H;
F — nnoLwazs NonepeyHoro ceyeHns wramna, cm (F = 48 - 106 cm?).

a 6

Puc. 4.11. Vi3amepeHne TBepAOCTM NOYBLI B 60pO3aKax:
a — TBepAOMEp KOHCTPYKLMKN PeBAKMHa; 6 — Auarpammbl TBEPAOCTH

ConpoTuBEeHK e NOYBbI U3MEPSANOCH MO CKATUIO NPYXUHbI:
R =4y, (4.2)

rae & -— MacwTtab (KeCTKOCTb) MPYXMWHblI  TBepaomepa, H/mm
(6 = 784,8 H/mm);

y — CPeHAA opAvHaTa guarpamMmmbl (CKaTue npy>KUHbI), MM,

TaK Kak npy BO34ENCTBNM HAKOHEYHMKA Ha NOYBY CMWUHaemas niowiaib
0CTaeTCs HEM3MEHHO, a BO3pacTaeT NMWb FNy6unHa BAABMBaHUA U BMECTE
C Hell ycunve BAABAMBaHWSA, TO MOXHO NPUHATL, YTO Ry cuna conpoTuBe-
HMS NOYBbI CMATUIO (A0 Havana TeYeHus) NPOMopLMOHabHa 06bEMY Bbl-
TECHEHHOV NPy CMATMK NOYBbI, T. €.

Ry =qv, (4.3)

rge Ry — 3HaueHue ycunus B KoHUe cMatus, H;
q — KO3th(hMLMEHT NPOMNOPLMOHAILHOCTM U KOIPPULMEHT 06 BEMHO-
ro CMATMA NouBbl, Hicm®,
Cwvna onpegensetcs u3 gvarpamMmmbl. O6bemM BbITECHEHHOW MpU CMATUN
MOoYBbI OMNpesenseTcs naowaasto F wramna v rayduHoii hy ero norpyxeHus:
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v =Fh,. (4.4)

Torga
q=Ri/v. 4.5)

Mpy M3MepeHUM TBEPAOCTU TMO4YBbI B 6GOPO3AKE TBEPAOMEPOM KOH-
CTPYKLMW PeBsikMHa Gblna NonyyveHa 3aBUCUMOCTb TBEPLOCTW MOYBbLI P OT
CKOPOCTW ABVKEHUS arperara v, 4to NoKasaHo Ha guarpamme (puc. 4.12).

p, MNa
0,935 4
—— CepuiiHbIin COLLHMK
0.885 —&— OKCMepUMEHTarbHbI COLLHMK
0,835 \5
\u\‘
0,785 I~
~
0,735
0,685 \
0,635 3
0,585 U, KM/Y
8 9 10 1 12 13 14 15 16

Puc. 4.12. 3aBMCMMOCTb TBEPAOCTM MOYBbI P OT CKOPOCTY ABUXKEHWSA arperara v

Kak BMAHO 13 puc. 4.12, y sKCNepuMeHTa/IbHOIO ABYXAMCKOBOIO COLL-
HVKa TBEPAOCTb MOYBLI B 6OPO3AKe HAMHOIO 60/bLUE, YEM Y CEPUIHOTO, 1
CHWKAETCH N1aBHO MO CPaBHEHUIO C CEPUIHBIM, & OT TBEPAOCTU NMOYBbI, KaK
1 OT NJIOTHOCTU, 3aBUCUT BCXOXKECTb CEMSH.

4.2. MeToanka u3MepeHHi TATOBOI0 CONPOTHBICHUS
IKCIMEPUMEHTATBHOI0 COIIHUKA

Kak W3BECTHO, C YBE/IMYEHMEM CKOPOCTW pacTeT WM TAroBOE COMpo-
TuBneHwe. Mo3aToMy OblM NPOBEAEHbI TATOBbIE WUCMbITAHUA 3KCMEPUMEH-
Ta/bHbIX ABYXANCKOBbIX COLUHWMKOB B CPAaBHEHMW C CEPUIMHBIMM.

[na vcnbiTaHuiA MCNOb30Ba/IU YCUNUTENb-NPeobpa3oBaTenb «Spider 8»
(puc. 4.13, a), NPUHUMAIOLLMIA CUrHAT OT TEH3OMETPUYECKUX AATYMKOB
(puc. 4.13, 6).
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a 6

Puc. 4.13. Mpubopbl 4N TArOBbIX UCMbITaHWIA: @ — NpeobpasoBaTenb
«Spider 8»; 6 — MeCTO YCTaHOBKM TEH30METPUYECKMX AaTUNKOB
(cxema pasmeLLieHMs — NOMHbI MOCT C KOMIMeHcaLyell TeMnepaTypHbIX
[nethopMauin U N3rMBHBIX HAaNPSKEHWIA)

Mo pe3ynbTatam ucnbiTaHUii 6blna NonyyeHa rpaduyeckas 3aBUCUMOCTb
TArOBOr0O CONPOTMBEHNS COLLHMKA OT paboyein ckopocTu (puc. 4.14).

Fx, H
55
- -
—_— CepMMHbIVI COLUHMK L -
o -
<
—e - SKCI'IepMMeHTaI'IbeIﬁ COLUHMK /
50 7
’
- C
- < L~ -
—x .

45 == ~

- — —¢ 7

X 4
.-
K
-
40 =
. -—
- - "’

-—-—
35 U, KM/Y

8 9 10 1 12 13 14 15 16

Puc. 4.14. 3aBUCHMOCTb TAFOBOIO CONPOTUBAEHUS Fy
COLLHMKA OT pabouyeil ckopocTu v

M3 rpagvka 3aBMCUMOCTM TArOBOr0 COMPOTMBNEHUS COLLIHMKA OT pa6o-
ueil CKOPOCTW BMHO, YTO C YBE/IMUYEHMEM CKOPOCTU pacTeT 3HaueHue Co-
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MPOTUBNEHUSA, HO Y 3KCMEPUMEHTAIbHOIO COLUHMKA OHO Ha NOPAJ0K HUXe
B CPaBHEHWU C CEPUIAHBIM.

Mpv NpoBefeHUN NCCNeA0BaHNIA B MOMEBLIX YCMIOBMAX MCMO/b30BaIach
nepessukHaa nabopaTopHas YcTaHOBKa, 060pyfoOBaHHas TeH30METpU-
YecKoii anmapatypoii (puc. 4.15) ¢ nporpaMmHbIM ob6ecriedeHnem Carman
(puc. 4.16).

Puc. 4.15. TeH3omeTpuyeckas annapartypa: 1 — MK; 2 — ycunurtens
curHanoB «Spider 8»; 3 — Npeobpa3oBaTesib HaNPSHKEHNS

Puc. 4.16. OnpefeneHne TArOBOro CONMPOTUB/IEHNSA COLLIHMKA C YCEYEHHO-KOHYCHbLIMU
pebopaamu-60po3aKo06pa3oBaTeNsMu MPK NOMOLLIM MPOrPamMMHOro obecneyeHuns
Carman: 1 — Tabnumua faHHbIX; 2 — NaHenb 3afay; 3 — NaHe/b HaCTPOeK;

4 — rpathvK peanbHOro BpemMeHm
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Onpefieniann TAroBoe COMPOTUB/IEHWE WCCNEAYEMbIX COLLIHWKOB, WC-
nofib3ys TEH30METPUYECKMe [aTYMKU, HaKMNeeHHble Ha MOBOAOK COLLHMKA
Mo cXeme MOfHbIA MocT (puc. 4.17, 4.18) nNpy NOMOLUM YCUNWUTENS CUMHA-
nos «Spider 8».

Puc. 4.17. YCTaHOBKY TEH30METPUYECKMX AaTYMKOB Ha MOBOLOK
COLUHMKa (MO cxeMe NOMHbIA MOCT) NS ONpefieNeHns TAroBOro
COMPOTUBIEHNS: 1 — TEH3OMETPUYECKNIA AATHMK, 2 — MOBOAOK COLLHMKA
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Puc. 4.18. MecTo ycTaHOBKV TEH30METPUYECKUX aTYNKOB
(no cxeme NOMHbIA MOCT):
1 - Kopnyc COLUHUKA; 2 — NOBOAOK; 3 — TEH30METPUYECKUiA
[aTuuK; 4 — NPOBOJ MHOTOXMbHBI; 5 — CTOIKa C MPY>KWNHOA

Mepef, NpoBefeHVEM MOMEBBLIX WCCNEA0BaHUI NO ONpefeneHnto TAro-
BOFO COMPOTMB/EHNS COLUHWKOB OCYLLECTBASIACh HACTPOMKa TeH30MET-
PWYECKOl annapaTypbl C KOHTPOJIbHOM NPOBEPKOI TOYHOCTU N3MEPEHUS.

4.3. MeToanka JadopaTOPHBIX UCCJIETOBAHUI OTHOIMCKOBBIX
COLIHHUKOB B IOYBEHHOM KaHaJje

B HacTofilLee Bpems Haxo4UT MPUMEHEHWME METOZ NJaHMPOBaHWUA 3KC-
MEPUMEHTA, KOTOPbIV MO3BO/AET YMEHLLUNTL YMC/IO OMbITOB B HECKOJbKO
pas, [aeT KONMYECTBEHHYH OLEHKY BAUSHUA W3MEHSEMbIX MNapamMeTpos,
M03BO/IAET ONMCaTb NPOLIECC MaTeMaTUYeCKOn MOAENbIO, peLlas KoTopyo
MOXHO OMpejenuTb ONTUMA/bHblE YCMIOBUSA MPOTEKAHWS npoliecca ucchne-
[l0BaHMA COLUHWMKOB. MeTofmKa NiaHUpOBaHWUA 3KCMepUMeHTa Mo3BONAET
MOBbLICUTL MPOU3BOAUTENLHOCTL TPyAa WCCNefoBaTens Mpu NpPOBefeHUU
OMbITOB N OCTOBEPHOCTL MOTYUYEHHbIX pe3ynbTaToB [31, 47-49].
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Kak oTMeyanoch Bbille, OCHOBHOW Liefibto paboThbl ABMSETCA ONTUMM3a-
LMS NapameTpoB OAHOAMCKOBOIO COLLUHMKA C CUMMETPUYHBLIMI pebopaamm-
60p034K006pa3oBaTENSIMM, AN JOCTMXKEHUS KOTOPOA HEOBXOAMMO HailTm
MpeXae BCEro KOMMYECTBEHHbIE COOTHOLUEHNS Mexay addekTamn napa-
METPOB, ONTUMMU3MPOBaTb NapameTpbl COLLUHMKA W TO/IbKO MOCAe 3TOro no-
Ny4yaTb MaTEMATUYECKYHO MOZENb.

4.4, MeToauKa HCCJIeI0BAHUA 3HAYMMOCTH H3MEHAEeMbIX
TEXHOJIOTHYECKNX U KOHCTPYKTHBHBIX IApaMeTPOB
OTHOTHCKOBOTO CONTHUKA, BJIMSIONIUX HA PABHOMEPHOCTH
pacrnpe/ejieHus1 CeMsIH 10 rJIyOouHe

VccneoBaHUA 3HaYMMOCTM NapaMeTPOB COLUHMKA, BAUSAIOLMX Ha paB-
HOMEPHOCTb pacnpefefieHnss CemsH No raybuHe npu noceBe OfHO-
[VCKOBbIMW COLLUHMKaMW C CUMMETPUYHbIMK pPebopaaMmn-60po3aKooopa-
30BaTeNIIMU C U3MEHSIEMbIMU MapameTpammn: CKOPOCTb ABUKEHUS COLLHUKA,
TOMWMHA Pebopabl, PacCTOsSHME OT KPOMKM AWCKA 4O HWKHE TOUKU pe-
6opabl, rnybmHa xoga pebopAabl, [AaBNEHWE MPY>XWHbI Ha COLLUHWUK —
npefBapuTeibHO NPOBOAUAUCH B MOYBEHHOM KaHase Kadeapbl CenbCKOXO-
3AMCTBEHHbIX MawmH YO BICXA. Bbinu usy4yeHbl U onpefeneHbl napa-
METpbl OfHOAMCKOBOIO COLLHWMKA, BAMSAIOLLME Ha BbIXOLHON MmapaMmeTp on-
TUMMW3aLMKW, B KA4YECTBE KOTOPOro ObIfo NPUHATO CpeaHee KBaapaTuyeckoe
OTK/IOHEHWE TNYyOMHbI YKaAKW CEMSH, a TakKe COCTaB/ieHa maTtpuua oT-
CenBatoLLero sKcrnepmmeHTa (tabn. 4.2).

Tabnuuya 4.2. ®akTopbl H MX YPOBHH 0JHOXHCKOBOI0 COIIHUKA
€ CHMMETPHYHBIMH 60P031K000pa30BaTEISIMH

HanmeHoBaHue thakTopa 1 ero 3HaueHve Yposerb
P HWKHUIA (1) | BepxHUiA (+1)
1. CKOpOCTb ABMXEHUS COLUHUKA V, M/C 3,0 10,0
2. TonuwmHa pebopabl-60po3aKoobpasoBaTens, MM 10,0 50,0
3. PaccTosiHWe OT KpOMKW Avcka Ao pebopabl |, Mm 10,0 40,0
'A\lﬂ.MFnyﬁvma xofa pebopabl OfHOAWNCKOBBLIX COLUHUKOB h, 0,01 0,08
5. Ycunume npyxuHbl, feCTBYOLLEl Ha COLWHMK, Fn, H 100 200

I'Iepe,q NpoBEAEHNEM OlbITa NOYBY PbIXTUN, YBMAXXHANN U NepemMelin-
BaNN. BNaXXHOCTb MOYBLI onpeaensanu secoBbiM METOA0M.

Mo MNO/TyYEeHHbIM pe3ynbTaTaM onpenendann cpegHee 3Ha4dyeHue 06beM-
HOM Macchl NOYBbI U BRaKHOCTW. IMoceB 3EPHOBbLIX KY/IbTYP NMPOBOAMNIN Ha
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[BYX MOYBax C PasMYHON BNOXHOCTbLIO. 3aTeM OMpesensnnm KOoNnM4yecTBo
B30LUEALLIMX PaCTEHWIA C y4eTOM rAyOuHbI UX 3a4e/1K1 N0 3TUOMPOBAHHOM
yacTu.

Haxogunu cpefHee apumMeTnyeckoe 3HayeHue rny6uHbl 3agenku ce-
MsH W CpefHee KBafpaTWYeckKoe OTK/MOHeHMe. Mo pesynbTatam 3Kcnepu-
MEHTa/IbHOr0 OTCeMBaHUS (PakTOpPOoB Oblna MOCTPOeHa Auarpamma addek-
TOB (PaKTOPOB.

4.5. Metoanka JIaGopaTOPHBIX NOMCKOBBIX HCCIeJOBAHUIM

[ns pa3paboTKy KOHCTPYKLWA 1 ONpeaeneHns oNnTMMasibHbIX napameT-
POB OAHOAMCKOBBIX COLLUHWKOB, NPeAHa3Ha4YeHHbIX 151 3afeNKN CEMSIH Bbl-
CEBAEMbIX KyNbTYp Ha HY)XXHYH T1y6uHYy, HEOOXOAMMO MOC/eoBaTelbHO
MPOBECTW PS4 MOUCKOBbIX U N1abopaTopHbIX WCCNef0BaHWiA, pe3ynbTaTbl
KOTOpbIX OYAYT ABNATLCA AaHHBIMU A1 OAHOKAKTOPHOrO U MHOroakTop-
HOro aHanw3a.

Peanusaunst MHOTO(haKTOPHOrO 3KcmepuMeHTa (C 6OMBLUMM  YMC/IOM
(haKTOpPOB) NpeAcTaBnseT co60ii CAOXKHYHO 3adady, TPe6YHOLLYH0 MHOTO CUn
1 BpemMeHu. M03TOMy B MPOLLECCe ero peasmsalmmn NocTaBuM nepep coboii
CneaytoLme 3afaum:

1. AHaIMTMYECKN OTCESTb He3HauyMMble (haKTopbl U MOMYYUTL TEM Ca-
MbIM MaTeMaTU4ecKne MOZenu U3yyvaembixX NpoLieccoB 60see MpPOCTOro
BMAA.

2. Ha ocHOBaHWMM AaHHbIX MOAeNeli HaliTW ONTUMasibHble 3HAYEHUS pe-
3yNbTUPYIOWMX (haKTOPOB B Npefenax BapbMpOBaHWs HE3aBUCUMBbIX (hak-
TOPOB.

3. V13 pelueHns KOMMPOMMCCHOI 3adaun OnpeaennTb Hambosnee paumo-
Ha/bHbIE TPaHWLbl BapbMPOBaHMS M3yyaeMblX (DaKTOPOB W OLEHUTHL BO3-
MOXHbI€ 3HAYEHWS KPUTEPMEB ONTUMM3ALIAN.

B cBsisn ¢ 3TUM paspabaTbiBaeMas MeTOAMKa /1abopaTopHbIX M 3KCne-
PUMEHTa/bHbIX UCCNEeA0BaHUIA JO/MKHA NO3BONSATH:

— BapbUPOBaHNE KOHCTPYKTMBHbIX W TEXHOMOMMYECKNX MapaMeTpoB B
HY>XHbIX Npegenax;

— OnpefeneHne 3HaYMMOCTUN BAMSIHMSA aHHbIX NapameTpoB Ha ONTUMU-
3vpyemble (pe3ynbTUPYHOLLME) NapaMeTpbl;

— YCTaHOB/EHME (PYHKLMOHANbHBIX CBA3E KOHCTPYKTMBHbLIX M TEXHO-
NOTNYECKMX MapamMeTPoB ¢ ONTUMMU3MPYHOLLMMI NapaMeTpamu;

— CTATUCTUYECKYHO MPOBEPKY [OCTOBEPHOCTM WM 3HAYMMOCTM 3TUX CBSl-
3eif;
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— YCTaHOB/IEHME MpefBapuTe/bHbIX MapaMeTpoB MCCAesyeMoro Tuna
COLLHMKa.

3710, B CBOK 04epefb, AO/MKHO MO3BOMNTL OCYLLECTBUTL 060CHOBaHNe
OKOHYaTe/NbHOM  KOHCTPYKTMBHOW CXeMbl BbICOKOCKOPOCTHOIO  OfHO-
[MCKOBOr0 COLIHMKA C CUMMETPUYHBIMKU pebopaamu-60po3aKoo6paso-
BaTeNAMU ANa Y3KOPSALHOro NMoceBa U BbipaboTaTb METOAUKY €ro pacyeTa.

MeToaMKa MOUCKOBLIX 3KCMEPUMEHTabHBIX WCCeJoBaHWn peannso-
BblBa/laCb B TPU 3Tana:

1. OcmbicneHWe (HaKTOPOB, BOLWIEAWMX B 3KCMEPUMEHTA/IbHbIE MC-
cnepoBaHus. Llenbto faHHOro aTana SBSETCS YMeHbLUeHWEe yncnia hakTo-
POB, BAMSIOLWMX Ha ONpegeneHne XoTa 6bl 04HON U3 FPaHuL, BapbpOBaHUs
(yCnoBwmin nnm cBsA3ein) Ans Kaxaoro M3 He3aBUCUMbIX (aKTOpOB, ANs Lene-
HarnpaB/eHHOr0 M KOHTPOMMPYEMOr0 NPOBeAEeHMS 3KCMEPUMEHTOB Ha OcC-
HOBaHMW anpuopHOW MHAopMaLmn 0 hakTopax U TEOPETUYECKOrO MX aHa-
nn3a.

2. NabopaTopHble UCCMEeOBaHUSA, KOTOPblE AO/MKHbI BKKOYaTb: MOWC-
KOBble OAHO(AKTOPHbIE 3KCMEPUMEHTbI; MHOTO(aKTOPHbIE 3KCMEPUMEHTI
N UX CTATUCTUYECKYHO OLEHKY. Llenblo faHHOro aTana siBNseTcs onpegene-
HWe 3(MEKTUBHON KOHCTPYKTMBHOW CXeMbl CKOPOCTHOFO COLUHMKA ANS
Y3KOPSIAHOTO NoceBa M ero napameTpoB paboTbl Ha OCHOBaHWW MOMYyYeH-
HbIX MaTEMaTUYECKNX MOZENEA.

3. Mpoun3BoacTBEHHbIE UCMbITaHWS. WMIX Lenb — npoBepka 3qeKTyB-
HOCTV paboTbl NPeA/IOXKEHHOTO COLLHMKA B YCM0BUSIX Y3KOPSAHOIO NOCEBa,
a TakXke MOATBEPXKAEHME afleKBaTHOCTY pe3ynbTaToB MCCMef0BaHWi U no-
Ny4YeHHbIX MOJenei.

JlocTOBEPHOCTb MOMyYaeMbIX 3KCMEPUMEHTA/IbHBIX UCCNEA0BaHNI bbina
o6ecneyeHa MOBTOPHOCTLH) X MPOBEAEHNS.

4.6. YcranoBka, npudopsl 4 060pyAoBaHue B J1a00pPaTOPHBIX
UCCJIEIOBAHUSIX OJHOAMCKOBBIX CONTHUKOB
¢ MHUHIMAJIBHBIM YIJIOM aTaKi

19 BbINOMHEHNS NaBopPaTOPHbLIX UCCMEA0BaHWIA MO HaMeYeHHOI MeTo-
AVKe 6bIN U3roTOBMEHbI MAKETHbIE OJJHOAVCKOBbIE COLLHWKM, YCTaHOBKaA M
Apyroe 060pyaoBaHue:

— O[]HOACKOBbIE COLLUHWKWA C CUMMETPUYHLIMU pe6opaaMi C n3Me-
HAOLLMMICS NapameTpamu;

— MEeXaHWYecKas YCTaHOBKA A/1s1 1a6OPaTOPHbIX WCCNe0BaHNA OfHO-
ANCKOBbIX COLLIHUKOB;
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— NabopaToOpHO-NOJIEBas YCTaHOBKa A1s 1abopaTopHO-MONEBLIX Mccne-
[0BaHWi OAHOAMCKOBbLIX COLLUHMKOB.

Kpome TOro, 1Crnonb30BainCh Cneaytoline U3mMepuTebHble Npubopsl,
MHCTPYMEHTbI M 000pyfoOBaHMe: [AMHAMOMETP, WHAMKATOp, LUTaHreH-
LUMPKY/b, CEKYHAOMEp, MepHas fleHTa, SMHelika, pamka, NpoguioMmeTp,
LUMAMHAP ANS B3ATMA MPO6 MOYBbLI, OHOKCHI, BECbI, CYLUW/bHbIA LWKag, Au-
HamMOMeTpUYecKas aBTocLenka Ans HaBelUMBaHUs TabopaToOpHO yCTaHOB-
KV 1 MPUCOEAMHEHUS €€ K TArOBOI TeNeXKKe B MOYBEHHOM KaHane.

Bbina nogrotoBneHa novBa K /1a6OpaTOPHbIM  UCCNEA0BAHMAM
(puc. 4.19).

Puc. 4.19. MoaroToBKa nouBbl (NOYBA CYTNIMHUCTasT) K NMOUCKOBbLIM UCCIES0BAHNSIM
C BbIpaBHMBATENEM, YCTAHOB/NEHHBIM HA TATOBYHO TENEXKY

Mepeo6opyfoBaHHasA cenekumoHHas cesnka CH-10 6bina npucoeau-
HeHa K TATOBOVi TeNexke. B 3afHeii yacTy TArOBOW TENEXKN HaBelLeHa pa-
Ma, Ha KOTOpYO YCTaHaBMMBaNMCh UCCeyeMble YCTaHOBKW. Pama MOXeT
perynmpoBaThcs Mo BbicoTe. Mepes NpoBegeHMEM NabopaTopHbIX UCCNea0-
BaHWii AMCKOBbIX COLUHWMKOB Ha pamy Gbl MPUCOEAVHEH BbIPAaBHUBATESb.
3aTtemM GbI/I0 NPOBEEHO BbIPaBHMBAHME MOYBbI [/ TOTO, YTOGbI COLUHWKM
NPV UCCNEN0BaHNI HAXOANIUCh B OJVHAKOBbIX YCIOBUSAX.

4.7. JlaGopaTopHasi yCTAHOBKA JJIsl HCCJIETOBAHUS OTHOANCKOBBIX
CONIHAKOB ¢ MUHUMAJIBbHBIM YIJIOM aTaKH JNCKA

[ns 3amepa OCHOBHbIX BbIXOAHbIX MOKa3aTesieil paBHOMEPHOCTU 3a-
[eNKNn CeMsH Mo rnybuHe HaMu M3roToBfeHa nabopaTopHas YCTaHOBKa,
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NO3BO/IAOLLAS BbICEBATL CEMEHA 3ePHOBLIX Ky/bTyp (puc. 4.20). YcTaHoBKa
npeAcTaBnseT coboii nepeobopygoBaHHyo cesanky CH-10 wuprHoii 1,5 m.

OHa cOCTOWT M3 pambl, CEMEHHOTO fLLMKa, ONMOPHO-MPUBOAHBIX KOJEC,
BbICEBAOLLMX anmnapaToB, MOBOAKOB C NMPY)XXMHaMK, K KOTOPbIM MpUCOean-
HEHbl TPU OAHOAMCKOBBLIX COLUHMKA. COLUHMKM MPUCOeAMHEHbI CeBa Ha-
MpaBO COOTBETCTBEHHO C pebopaoii wuprHoii 40, 30 1 50 Mm.

Puc. 4.20. MoaroToBka 04HOANCKOBbIX COLLHMKOB
C U3MEHSIEMOIA LIMPUHOI pe6opAbl
K NabopaTopHbIM MOUCKOBbLIM UCCNEA0BAHUAM

[nsa n3amepeHns BANSHWA YCUINS HXKVUMHON NPYXUHbI Ha OfHOAMUCKO-
Bble COLWHMKM npu gasneHumn 250, 350 n 450 H mncnonb3oBasica gnHamo-
meTp (puc. 4.21).
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Puc. 4.21. Tofrotoska K NOUCKOBbLIM UCCNEA0BAHNAM
OJHOAMCKOBBIX COLLUHWKOB C M3MEHSEMbIM [iaB/IEHNEM
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5. PE3YJIbTATHI SKCIIEPUMEHTAJIBHBIX HCCJIEJTOBAHUIA

5.1. Pe3yJIl)TaTI)l IKCHIEPUMEHTAJIbHBIX ncc.nezmnanm‘i
ABYXJAUCKOBOI'0 COITHUKA

5.1.1. UcciienoBanne 3aBUCHMOCTH IIMPHHBI 00PO3AKH
OT CKOPOCTH IBH:KCHHS IOCEBHOTO arperara (JMCKOB)

B pesynbTaTte uccnefoBaHWin YCTaHOB/EHO, YTO C MOBbILLEHWEM CKOPO-
CTMN ABWKEHUA ABYXAMCKOBOrO COLIHMKA (puc. 5.1) wuprHa 60po3akn yBe-
NNYMBAETCS NOYTM MPAMO MPONOPLUMOHANIBHO CKOPOCTU [0 ee 3HaYeHwus,
paBHoro 3,4 m/c. 3aTem yBenMyeHne LIMPUHLI BOPO3AKN 3amMefnseTcs npu
ckopoctuh oT 3,4 1o 4 m/c. ITO 06BACHAETCS TeM, UTO pebopabl-60po3aKo-
obpasoBaTeny UMEIT ONpefefleHHY0 LWMPUHY, a Moc/ie TOro Kak yceuyeH-
HO-KOHWMYecKass 4acTb pebopAbl MOMHOCTLIO 3arny6nsercs, yBenmuyeHue
LUMPUHBLI 6OPO3AKM NpekpallaeTcs. B npoBefeHHbIX HaMK flabopaTopHO-
NofieBbIX MCCNeA0BaHUAX LWIMPWUHA BOPO3AKM 3a NpaBbiMK W NIEBbIMU ANUC-
Kamu 6blna He 6onee 0,05 M. 3TO AaeT BO3MOXHOCTbL NpeAnonaratb, 4To
paccTaHOBKa [MCKOB Ha KOpnyce COLUHMKa C npejfiaraembiMu pebopaamu-
60p03K006Pa30BaTENSAMIN MOXKET OCYLLECTBATLCA C MEXAYPSAbeM, 6M3-
KM K 0,1 M, BMECTO CYLLeCTBYIOLLEr0 B HACTOSLLEE BPEMS PACCTOAHUSA Me-
xay cocegHumn pagkamm 0,125 m y BCcex NOCEBHbIX MaLLUNH.

B
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Puc. 5.1. 3aBUCUMOCTb LUMPUHBI BOPO3AKM OT CKOPOCTU [ABUXEHMSA
¥ laBNEHNS Ha ABYXANCKOBbIV COLLIHUK C HY/IEBbIM YI/IOM
aTaku AVUCKOB W BHELUHUMM YCEeUYeHHO-KOHUYECKUMU
pebopgamu-60po3aKoo6pasoBaTensaMu
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3T0 NpesnonoxeHwe MNOLTBEPXKAAETCA BWAOM Ha OMbITHYIO AENsHKY
(puic. 5.2). Ha pucyHKe BMAHO, Y4TO MEXAY NpaBbIM 1 NEBbIM UCKaMK ABYX
COCefJHMX COLUHMKOB MMeEeTCs 3anac HeobpaboTaHHOM MOYBLI MOC/Ee MpPo-
X0[a MOAEPHMN3NPOBAHHO CesnKmM Ha ckopocTh 4 m/c. Mpn AaHHOM CKopo-
cTn asmxeHna MTA (Tpaktop T-25A + MOZepHU3MPOBaHHasA CeNeKLoH-
Has cesfka C [ABYXAMCKOBbIMW COLUHWMKaMW C BHELUHUMW YCEYeHHO-
KOHUYeCKMKN pebopaamn-60po3aKko006pa3oBaTeniiMi 1M HyNeBbIM  YI/IoM
aTaku [MCKOB) 3abpoC MOYBbl Ha cocefHMe 60po3aku OTCyTCTBYeT. lMone
nocne NpPoXoAa MalUMHHO-TPAaKTOPHOrO arperata OCTaeTcs POBHbIM. Bce
3KCMepyMeHTa/IbHblE  ABYXAWCKOBbLIE COLUHWKW 3af€eNblBaloT CEMeHa Ha
OJNHAKOBYIO [NyOUHY.

ol o
AR

Puc. 5.2. Bug, Ha onbITHYHO JensHKY nocse npoxoga Tpakropa T-25
C MOJEPHM3NPOBaHHOM CENEKLIMOHHON CesnKoii
C 3KCMEePVMEHTaIbHLIMU [JBYX/NCKOBLIMU COLLHUKaMU,
paccTaB/ileHHbIMW B OAVH PAA, C PACCTOSAHVEM MEXIY
cocefHuMK psigkamu 0,125 M 1 cKopocTbio ABUXEHUS 4 m/c

YcTaHOBKa paboumx AMCKOB C Yr/iOM aTakum U KpeHa 0° Ha ABYXAUCKO-
BOM COLLHMKE MO3BONSET YMEHbLUNTL JO MUHUMYMa OTOPOC NOYBbLI B CTO-
pOHbI OT Aucka ¢ pebopaamu. B npouecce paboTsbl NpeaiaraeMoro COLHuU-
Ka ¢ guckamy ¢ pebopgammn-60po3aKkoobpasoBaTeNiaiMm NPOUCXoaUT O4HO-
BPEMEHHO BbllaB/IMBaHVe 60P03J0K, YNNOTHEHNE UX, & TAKXKe OrpaHuyeHune
rnyouHbl 3afleNIKN CeMsH. Y CTaHOBKa AMCKOB C YriioM ataku 0° nos3sosnser
paboTaTtb MpY CKOPOCTU ABWXKEHUS Cesnok 3...4 M/c 1 6onee 1M Npu 3TOM
YMeHbLIaTb A0 MUHMMYMa OTOPOC MOYBbI B CTOPOHbI. JTO AaeT BO3MOX-
HOCTb NPOW3BECTU PACCTaHOBKY COLLUHUKOB B OAWH PsAf C PaCCTOSHUEM Me-
XAy psgkamu cemsH 125 m n meHee. LLenb, o6pa3oBaHHas AUCKOM B NOY-
Be, NO3BO/ISIET MOATAHYTb BRary K YnnoTHEHHOMY pebopaoii-60po3ako-
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obpasoBaTeneM MONY3NMINCOBUAHOMY YNAOTHEHMIO. Pebop/bl-60po3aKo-
obpasoBaTeny [O/MKHbI CO34aBaTb MAOTHOCTL Nousbl 1,2...1,25 riem® Ha
rnyomHe 3afenku CemsiH COrflaCHO arpoTexHWYecKum TpeboBaHusMm [28].
YCcTaHOBKa AMCKOB C HYNEBbIM YIIOM aTakn Ha [BYXAWCKOBOM COLLHMKE
MO3BO/IIET YMEHbLUUTL TAFOBOE COMPOTMB/IEHWE COLIHMKOB W YAYULINTb
PaBHOMEPHOCTb T/yOUHbI 3adeflkM CeMsH Npu paboTe Ha CKOpOCTAX
3...4 m/c. PaccTaHOBKa npefdnaraéMbiX HaMW ABYXAWCKOBbLIX COLUHWKOB
MO3BO/IUT 3HAYUTENIbHO YMEHbLUNTL ANVHY MOCEBHON MallWHbI, & Y HaBec-
HbIX CEANIOK YMEHbLUUTL Harpy3Ky Ha HaBECHYHO cucTeMy TpakTopa [39].

B pesynbTaTe NpoBefeHHbIX N1abopaTopHO-MOMEBbIX UCCNe0BaHUIA YC-
TaHOBJIEHO, YTO C YBE/IMYEHNEM CKOPOCTM 0 4 M/C 1 AaBneHneM BUHTOBbIX
MPY>XXVMH Ha ABYXAMCKOBBIA COLHUK Ao 200 H wmprHa packpbiBaemoin 60-
po34bl N3MEHSIETCA BHaYale NPAMONNHERHO, nocne v = 3,4 M/C ee pocT 3a-
MefnseTcs, a npy v =4 M/c WwrpuHa 6yaeT MMeTb NOCTOSAHHYHO BENIMUMHY.

JKcnepuMeHTa/bHble ABYXANCKOBbIE COLLUHMKN C Mexaypsaasem 0,125 m
OblNM YCTaHOBMEHbI HAa MOAEPHU3VNPOBAHHYH CENEKLMOHHYHO Cesiky B
OAVH PsA, U NpU arperaTMpoBaHUK e CO CKOPOCTbI0 4 M/C Ha OMbITHOM
nosie y4e6HOro NOMMUroHa He BbINO 06HAPYXXEHO 3abpacbiBaHMA MOYBLI Ha
cocefHue psSAKW, a LiMpUHa GOPO3A0K, OTKPbIBAEMbIX MPaBbiM U NEBbIM
[AMCKaMK C yCeYeHHO-KOHUYeCKMU pebopaamn-60po3nkoobpasosatensimu,
He npesbiwana 0,05 m.

5.1.2. BiusiHue CKOPOCTH IBHKEHHS MIOCEBHOTO arperara u JaBJIeHHsA
HA IBYXIHCKOBBI COITHHK € yCeUeHHO-KOHYCHBIMHU PedopaamMu-
0opo3aK000pa3zoBaTe/IsIMH HA pacnipee/ieHle ceMsiH 110 IJ1y0nHe

Mo pe3ynbTaTam labopaToOpHO-NONEBLIX UCCEJ0BaHWIA NOAYYeHbI r1C-
TOrpaMmbl pacrpefiefieHns CeMsiH no rnyouHe Mpu M3MEHEeHUK CKOpPOCTM
[BVKEHWS MOCEBHOro arperata ot 4,67 go 3,89 M/c 1 faBneHus Ha akcne-
PUMeHTa/IbHble COLWHMKM OT 120 go 200 H v 6onee (puc. 5.3-5.5). C Bo3-
pacTaHveM AasneHus 1o 200 H Ha aKcnepyMeHTa IbHbIA JBYXAWUCKOBbIW COLL-
HUK npu ckopocTn 1,67 m/c (6 KM/4) KonmuecTBO cemsiH B cnioe 20...30 MM
YBENMYMBAETCA NPUMEPHO Ha 6 %.

B KpaliHnx cnosix noysbl (B BepXHEM 5...10-MUAIMMETPOBOM 1 HVDKHEM
35...40-MUNNMMETPOBOM) KO/IMYECTBO CEMSAH CHUXaeTcs Ha 4...5 %. Mol
cyuTaem, 4to npu gasneHun 200 H akcnepuMeHTasbHbBIA ABYX/AUCKOBbI
COLUHWK MepemeLLaeTcs B BEPTUKANbHOM NI0CKOCTU 6onee CTabunbHO, YTO
NOATBEPXKAAETCA AaHHbIMW OMbITa, NPMBEAEHHbIMU Ha puc. 5.3-5.5.
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Puc. 5.3. T'cTorpammbl pacrnpegeneHuns ceMsH no rayéuHe ABYXANCKOBbIM COLLUHUKOM
¢ pebopaamu-60po3aK006pa3oBaTENSIMI C Pa3IMUHbLIMK AaBNEHVSIMU NPYXWUHbI HA NMOYBY
npw CKOpPOCTM ABWkKeHUs 1,67 m/c (6 KM/4): a — faBneHne NpyXmHbl Ha noyusy 120 H;

6 — [laBNeHve NPY>X1HbI Ha noysy 160 H; 6 — AaBneHue Npy>XuHbl Ha nousy 200 H
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Puc. 5.4. T'cTorpammbl pacrnpegeneHuns ceMsH no rayéuHe ABYXANCKOBbIM COLLUHUKOM
¢ pebopaamn-60po3aKo06pa3oBaTeNiMm C pas3nMUHbIMW AaBNEHWAMMN NPYXXWHbI HA NOYBY
npy CKOPOCTY ABWXKeHMA 2,78 m/c (10 KM/Y): a — AaBnieHne NPY>XXUHbI Ha nousy 120 H;
6 — [laBNeHve NPY>X1HbI Ha noysy 160 H; 6 — AaBneHne Npy>XuHbl Ha nousy 200 H
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Puc. 5.5. M'cTorpammbl pacrnpegeneHuns ceMsH no rayéuHe AByXANCKOBbIM COLLUHUKOM
¢ pebopaamn-60po3aKo06pa3oBaTeNiMu C Pas3MUHbIMA AABNEHWAMMN NPYXXWHbI HA NOYBY
npw CKOpocTK ABukeHus 3,89 m/c (14 KM/Y): a — aaBneHne NpyxuvHbl Ha noysy 120 H;
6 — [aBNneHve NPY>Xu1HbI Ha noysy 160 H; ¢ — faBneHue Npy>xuHbl Ha noyusy 200 H

Mpu ckopocTn 2,78 M/c ¢ yBenuueHrem fasneHus ¢ 120 go 200 H npo-
MCXOLMT NepepacnpefiefieHie cemMaH Mo rnybuHe ux 3agenku. Hanpumep,
MPOUCXOAWT MepepacnpefiefieHne CeMAH U3 HUKenexalymx Cfioes B BepX-
HWe ciov noyBsbl. Tak, B cnoe 25...30 MM MPOM30LLIO YMeHbLUEHWE KO-
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yecTBa ceMsAH Ha 5 %, a B cnoe 20...25 MM — yBennyeHue Ha 2...3 %. Takad
e 3aKOHOMEepHOCTb HabnoaaeTcs Npu pacnpesenieHu CeMaH No rnyouHe
N B pYrux CNosix noysbl.

Mpu ckopocTn 3,89 M/C C M3MEHEHMEM [aBMIEHWA Ha IKCMepUMEHTab-
Hblli ABYXAMCKOBbIA COLIHMK TaKke HabnogaeTcs HebobLIOe nepepacnpe-
[leneHVe CeMsiH B BbllUefeXallme cfiov noysbl. Tak, Hanpumep, B cfoe
20...25 MM KO/MMYeCTBO CeMfAH MoBbicuioCb Ha 5...6 %, a B cnoe
30...35 MM yMeHbLLMNOCh Ha 2...5 %.

ArpoTexHuyecknMmn TpeboBaHUAMN MO FNyOMHE 3a4e/KN CEMSH 3epHO-
BbIX KY/bTYp ycTaHoB/MeHO, 4To 80 % cemMAaH LO/MKHO 3a4e/biBaTbCs B ABa
CMEXHbIX cnosi. B Hawem cnydae B ABa CMeXHbIX cnos (15...25 Mm 1
25...35 mMM) 3agenbiBaetcs 6onee 90 % cemsiH.

Mo pacyeTHbIM faHHbIM Noy4YeHa hopmya no onpeaeneHunto ray6uHbl
3aenKn ceMsH he:

hc _ G ) (5.1)
10,75 + 0,00687v?

B Ta6n. 5.1 npuBefeHbl 3HauYeHWs he, MOMYYeHHbIE OMbITHBIM MyTeM,
OTHOCUTE/bHBIE UX Pa3NNuMs B MPOLEHTAX, & TAKXKE CPeAHKe 3HaYeHus
rNy6uHbI he YKNaaKu ceMsiH Ha AHe GOpO3aKM, CTaHAAPTHbIE OTK/IOHEHWS,
KOID(MLMEHTBI BapuaLK, HUXKHSAS U BEPXHSS TPaHWLbl AOBEPUTENbHBIX
MHTEPBAOB B MPOLEHTAX.

Tab6nuuya 5.1. Pe3ynbTaThl 1a60paTOPHO-MOJIEBBIX ONBITOB
1o rIIy0HHe YKJIAKU ceMsiH B 00PO3AKH

CKOpOCTb arperara v, KM/u 8 [ 1216 8 [12] 16 [ 8 [12] 16
[asneHuve npyxuHsl G, H 120 160 200

CpepHee 3HayeHue h, no nabo-
DATOPHO-MIONIEBOMY OMbITY, CM 3,49 | 3,01 | 3,17 | 3,97 | 3,53 | 3,59 | 4,12 | 4,05 | 4,10

CTaHJapTHOe OTKNOHeHne, cm | 0,43 | 0,54 | 0,49 0,38 { 0,48 | 0,43 | 0,42 | 0,44 | 0,55
KoatpdmumeHT Bapuaumu, % |12,39|17,9815,53] 9,63 |13,65| 11,90 10,74|10,89| 13,32
HwxXHSs rpaHmLa A0BepUTENb-

HOTO MHTEDBANA, CM 3,14 | 2,58 | 2,77 | 3,66 | 3,14 | 3,24 | 3,55 | 3,69 | 3,65
BepxHsis rpaHuLa fJoBepu-
TeNbHOr0 MHTEPBana, CM

3,84 | 3,44 |1358|4,28(392| 394|423 |441| 455

PacyeTHas rnybuHa, cm 3,29 | 3,21 13,09]380(370| 357 |425|414| 399
OTHOLLIEHWE pa3HOCTH FNy6u-

Hbl hg 1 ONbITHBIX AAHHBIX -6,04| 6,19 [-2,49|-4,46| 4,72 | -0,51| 3,03 | 3,23 |-2,68
K rnyéuHe he, %

PasHocTb hg — he, cM 0,32 | 0,26 | 0,18 0,37 | 0,30 | 0,21 | 0,41 | 0,34 | 0,24
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AHanu3 AaHHbIX Tabn. 5.1 nNokasbiBaeT, YTO CTaHAAPTHOE OTK/IOHEeHWe
no rny6vHe yknafku cemaH Haxoautcs B npegenax 0,38...0,55 cm, a Ko-
admumeHT Bapuauum — B npegenax 10,74...17,98 %.

MakcrmanbHOe pasnnyme gaHHbIX COCTaBNAeT 0koo 6 %. B nocnegHeii
CTPOKe Tabnuupl NpuBefeHbl 3HaYeHNUs pasHoCTH hg — he. OTMETUM, UTO 3Ta
pa3sHOCTb YObIBAeT C POCTOM CKOPOCTM U3-3a MoAbeMa W 6onee mno3gHero
OCbIMNaHWs MoyBbl B GOPO3AKY M PacTeT C YBeNMUYEHNEM AaB/IeHNUS MPYXVHbI
ColHuKa G.

Ha puc. 5.6 npueeaeH rpadmk 3aBUCUMOCTU FNYyOMHbI pasMeLLIEHNs ce-
MAH Ha [JHe 60pO3LKWM, PacKpblBaeMON [ABYXAMCKOBbIM COLUHUKOM C
YCEYEHHO-KOHYCHbIMK pebopaamun-60po3aKoobpasosaTensiMm, npu KU3Me-
HEHUW CKOPOCTY [BVXEHWA V U [ABNEHWA NPY>XWUHbI COWHMKA G. W3 rpa-
(hUKa BUAHO, UTO C YBE/IMYEHMEM CKOPOCTW [BVXXEHWS [ABYXAUCKOBOrO
COLUHMKA rny6uHa 60po3aoK hg U rnybuHa yKnafkm ceMsaH h, yMeHbLIa0T-
cA. B T0 e Bpems C NOBbILLEHWEM [aB/IEHWA Ha COLLUHUK rNy6u1Ha 60p03L0K
he 1 rnyBuHa yKnagku ceMsH he ysennumsatoTcs.

hc, cm
4,30 1— :
= —.—
4,10 = = -
g — ——
F~—_ N S —e G=200 H
3,90 G=200 H
e
T —.—
3,70 K\, —
— —.—
— = G=160 H
3,50 G=160 H
3,30 f=
N»—--.—o.__.._‘_ﬁ___“__
3,10 G=120 H
——e
2,90
G=120 H
2,70
8 9 10 11 12 13 14 15 16 Yr KM

—e&— TeopeTuyeckasn —_— 3KcnepwmeHTaana;|

Puc. 5.6. Npahvk 3aBUCMMOCTY FNY6UHbBI YKNaAKu CeMsH he
OT CKOPOCTM fABVMXKEHUS V 1 [aBNeHUs NPYXuHbl G

3HauYeHns pasHOCTU Mexay ry6uHOW packpbiBaemoli 60po3aku 1 ry-
OMHON YyKNafKn CeMAH 3epHOBBIX KY/bTYp, ONpedeseHHbIe Mo TeopeTuye-
CKMM U 3KCMEPUMEHTA/IbHO-TEOPETUYECKUM 3aBMCUMOCTAM, HaxofAaTCsa B
npegenax 0,18...0,41 cm. Tpu 3TOM OHW YMEHBLLUAKOTCA C MOBbILLEHNEM
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CKOPOCTY arperara v YBefIM4MBaroTCA C BO3pacTaHVeM AaB/ieHNs npuKaTms
[IBYX[JMCKOBOIO COLLIHMKa K MOYBe.

Pe3ynbTaTbl CPaBHUTE/bHBIX XO3AACTBEHHbIX UCMbITAHUA KOMOWUHMPO-
BaHHOro noysoo6pabaTtbiBaloLLe-NOCeBHOIO arperara C O4HOAMCKOBBLIMU
COLUHMKaMN U cenekumoHHol ceanku CH-10M ¢ akcrnepuMeHTanbHbIMU
COLUHMKaMK NMpuBedeHb! B Tabn. 5.2.

Tabnuuya 5.2. YpoxkaiiHOCTb iUMeHsl IPH CPABHUTEIBHBIX HCIHBITAHUSIX
MOJAEPHU3HPOBAHHOM CeJIeKIHOHHOI CeslIKH ¢ IKCIIePUMEeHTATLHBIMH
JABYXIMCKOBBIMH COIIHHKAMH H KOMOMHHPOBAHHOTO OYB00GpadaThIBalOLIe-
MOCEBHOTO arperara ¢ OAHOAMCKOBBIMH COLTHUKAMH

IlepBblii BApHAHT

1 45,7 u/ra 46,5 u/ra 2
3 46,1 u/ra 45,4 u/ra 4
5 45,3 u/ra 45,9 u/ra 6
7 45,6 u/ra 45,7 u/ra 8
Bropoii BapuaHT
9 45,1 u/ra 44,9 u/ra 10
11 46,2 u/ra 45,7 u/ra 12
13 46,1 u/ra 45,9 u/ra 14
15 45,8 u/ra 46,4 u/ra 16
Tpernii Bapuant
17 45,4 u/ra 45,7 u/ra 18
19 44,8 u/ra 46,1 u/ra 20
21 45,3 y/ra 45,5 u/ra 22
23 46,3 u/ra 45,9 u/ra 24

Ha npon3BoacTBeHHOM y4yacTke PYT1 «Yuxo3 BI'CXA» npoBeAeHbl 1c-
MbITaHWA N0 METOLUKE, U3NOXKEHHON B 3-M pasgene, Mo BAUSHWIO Ha ypo-
XKaliHOCTb SYMEHs MoceBa CeMSH MOJEPHU3MPOBAHHON CENeKLMOHHONR ce-
Ankoii CH-10M 1 KOMOBUHMPOBaHHLIM MOYBOO6PaGATHIBAIOLLE-MOCEBHBIM
arperatom AlM-3A. Vccnegosanu B paboTe Tpu arperata.

B nepsomM BapvaHTe NpW MPOBeAEHVMM MOYBOOOPAGOTKM WM MOCEBE CO
CKOPOCTbIO 3 M/C CpefHss YpOoXKaiHOCTb AYMEHs Moc/ie Npoxoja TpakTopa
«benapyc-2022» ¢ KOM6UHWMPOBaHHLIM arperatom AIM-3A cocTasuna
45,5 u/ra, a nocne npoxoga TpakTopa «benapyc-2022» ¢ no4uBoobpabaTbl-
BalOLLell 4acTbio + MOCEB MOAEPHWU3MPOBAHHOMW CeNeKLMOHHON CEeANnKoi
CH-10M - 46,0 u/ra.

Bo BTOpOM BapuaHTe Npu No4Boo6PaboTKe M nocese KOMOUHUPOBAH-
HbIM arperaTtom Ha CKOpPOCTM 3 M/C CpefHss YpOXalHOCTb COCTaBuia
45,8 u/ra, a Npy NO4YBOOOPAOOTKE Ha CKOPOCTM 3 M/C M MOCEBE CEANKON
CH-10M npwu ckopocTu 4 m/c — 45,7 u/ra.
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B TpeTbeM BapuaHTe Mpu paboTe KOMOUHMPOBAHHOIO NOYBOOGPabaThI-
BaloLLie-NOCEBHOr0 arperata Ha ckopocty 3 1 4 M/c 1 noceBa CeANKoW ¢
3KCMEPUMEHTaNbHbIMM  COLLHMKAaMKM  YPOXailHOCTb cocTaBuna 45,6 1
45,5 1/ra cOOTBETCTBEHHO.

Mocne 3aknagkyM XO3AMCTBEHHbLIX WCMbITAHWA U NOSIBMEHWA BCXOA0B
Hamy 6blfI0 06HAPYXXEHO, YTO 38 3KCMEPUMEHTASIbHLIMU ABYXANCKOBbLIMU
COLLHMKaMM C YCeYeHHO-KOHYCHbIMK pebopaamum-60po3aKko06pasoBaTensiMm
MOJHbIE BCXOAbl AUMEHS MOABUINCL Ha ABa-TPW AHSA paHbLUe, YeM 3a O4HO-
[VCKOBbIMWA COLUHMKaMW CEPUIAHOr0 MO4YBO06pabaTbiBatoLLE-NOCEBHOMO
arperata. OfHako rnybuHa 3aflefiku CeMAH fUMeHs, onpegensemas no
3TUONMPOBAHHON YacTW pPacTeHWid, Oblna HEOAMHAKOBONM. Tak, ecnn y ce-
PUIHBIX OAHOAMCKOBbLIX COLLUHWUKOB ry6mHa 3aaenku konebanacs ot 0,8 4o
4,3 CM, TO Y 3KCMEPUMEHTANbHBIX ABYXAMCKOBbIX ABYXCTPOYHbIX COLUHU-
KOB — COOTBETCTBEHHO OT 1,9 0 3,6 cM. CpeaHsa rnybuHa 3a8e/Ku cemsaH
Yy OLHOAMCKOBbIX COLUHMKOB, YCTaHOB/IEHHbIX B fABa psAga, CocTaBuna
3,48 cm, a 'y aKcrepyMeHTabHbIX — 2,85 cM, UTO Ha 12,2 % MeHbLLe.

Mpuy cKopoCTK vV = 4 M/C Y 3KCMEPUMEHTA/IbHBIX ABYXAUCKOBbIX COLLIHU-
KOB Hab/t0Aanochb YMeHbLUEHNE cpefHell rNyOuHbl 3adenku CemsH [o
2,63 cM, uTO Ha 10,8 %, MeHbLLUe, YeM Npu ckopocTu v = 3 m/c. Mpu paboTe
CEPUIHbLIX OAHOAMCKOBBIX COLUHMKOB, YCTAHOB/IEHHBIX B [Ba pAga Ha KOM-
6VHMpOBaHHOM MoYBOO6PabaThIBatoLLe-noceBHoM arperate AlMM-3A, npo-
MCXOAWNO0 YBEeNNYeHUe ry6uHbl 3afieNIK1 CeMsAH nepeaHero psaga. 31o 6bl-
N0 BbI3BAHO 3abpacbiBaHMEM 60p034bl AUCKOM, OTKPbIBalOLLMM 60PO3LKY
L1 CEMAIH BTOPOTO psija COLUHWKOB, O YeM CBUAETENbCTBYIOT CPABHUTESTb-
Hble WCCNefoBaHUs MNaBHOCTUM XOfa COLIHWKOB, MpPeACTaB/eHHbIE Ha
puc. 5.7.

B pesynbTaTe NpoOBefEHHbLIX OMbITOB YCTaHOB/EHO, YTO 3KCMEPUMEH-
Ta/lbHbIA ABYXAMCKOBbLIA COLUHMK C pebophaMu-60po3aKo06pasoBaTesivMm
npu ckopoctn 1,67 m/c (6 Km/4) 1 ycunum npyxuH 120 H 3agencisaet B
cnoe noysbl 1,0...2,0 cm 60...70 % cemsH. C yBeNIMYEHNEM YCUNA NPUKa-
TUSA COLUHMKOB K noyse A0 160 H (16 Kr) KonnyecTso cemsH, pacnpesenms-
wmxcs B cnoe 1,0...2,0 cm, coctasnano 65...73 %; npyu ycunum npukaTtus
COLHKKOB K noyse 200 H pacnpeaeneHve cemsaH B cnoe 1,0...2,0 cm cocTta-
Buio 70...75 %.

ViccnepoBancs Takke XapakTep ABMXKEHUS COLLUHMKA NP NpeosoneHnm
npenaTcTBus. [1s 3TOro Noc/e pbIXAeHNs B NMOYBY 3aKiafblBaics Ha onpe-
[eneHHyo ryouHy [epeBsHHbI 6pyc MPSMOYrofibHOrO CeYeHusi, 3aTeM
MoyBa TLIATE/IbHO BblpaBHMBaNAcb. [locnie NpPeofoneHns MpensTcTBuMA
COLUHMK COBepLUa] KPaTKOBPEMEHHbIE 3aTyxawolye KonebaHus OTHOCU-
TeNbHO MOJIOXKEHWS paBHOBECKS. BbicoTa NMOANPLIrMBaHNS C YBEMYEHMEM
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CKOPOCTM pe3ko Bo3pocna. Ecnm npu ckopocT apmkeHus 6,0 KM/4 OHa
noyT He ynaesnueanacb W Haxogunack B npegenax 0,5 cm, To nNpu ckopo-
ctn 10,0 Km/4 oHa cocTasnsina yxe 1,0...2,0 cM. C yBenMUYeHNEM XECTKOCTM
LUTAHrOBOM NPYXXMHbI BbICOTA MOAMNPbLIFMBaHNS COLLHUKA Haf NPensTcTBu-
€M yMeHblUanach. B pesynbTate npoBefeHHbIX 3ae340B MO rpebHAM BbICO-
TOn 2,7 cm ¢ uHTepeasiom 0,4 M Npu ckopocTu 6,0 KM/4 yCTaHOB/IEHO, YTO
COLUHUK B [JAHHOM C/lyyae MpakTUYeCKn He pearvpyet Ha BCTpevaroLimecs
HepoBHOCTU. OTK/IOHEHNA COLLHMKA B 3TOM C/ly4yae He3HauuTe bHbI.

QHoOUCKOBbE COULHUKU, SKcrepuveHmarbHLE 08yXOUCKOBbE
paccrmeerieHHbe 6 dea psida COUHUKU, YCITBHOBITEHHBE 8 OOUH Psi)
0 0
0 N 0
20 20
30 30
40 40
50 50
60 0
1 2
0 0
10 l\ 10
20 20
0 == 30
40 40
50 I/ 50
60 0
9 10
0 0
10 10
20 20
0 30
40 40
50 50
60 0
i 8

Puc. 5.7. CpaBHWTe/bHbIE UCCNEf0BAHUA MNaBHOCTU X0ofa
3KCMEePUMEHTaSbHBIX ABYXANCKOBBIX 1 CEPUIiHBIX OfHOANCKOBBIX
COLLHWKOB CENEeKLMOHHOIA cesnkn CH-10M
1 noysoobpabaTbiBatoLLLe-noceBHoOro arperara Arr-3A
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Takum 06pa3omM, BCe BapuaHTbl OMbITOB Ha MOceBe ABYXAUCKOBLIMU
COLUHMKaMK obecneynBatoT 6onee paBHOMEPHOE pacrpefeneHvie 3afesku
CeMsH Kak Mo rnybuHe nocesa, Tak 1 MO XO4Y [BVXKEHUA arperara, Yyem ce-
pUiiHble COLUHMKM COBPEMEHHbIX 3epHOBbIX cesnok CMY-6, C-6 n C3-5,4.
370 06BACHAETCA pas/MuMeM B KOHCTPYKLMM COLIHWMKOB. lNpepniaraemas
HamMn COLUHMKOBas rpynna VMMeeT HyMeBOW Yron aTaku U KpeHa AMCKOB.
370 MO3BONSET el ABUraTbCsA € 6OMbLUOW CKOPOCThbIO (40 14 Km/u) 6e3
YXYALIEHWS KayecTBa nocesa.

5.1.3. OnpenesieHue TATOBOro CONPOTHBJIECHUS
IKCMEPUMEHTAIBLHOT0 ABYX/IHCKOBOT0 COIIHMKA

TArosoe cONpOTMBEHWE ABYXAVCKOBOIO COLUHMKA OMNpejenseTcs Kak
CyMMa FOpM30HTaSIbHbIX COCTaB/SIOLMX BCEX BWAOB COMPOTUBAEHUS
(puc. 5.8) 1 3anucbiBaeTca ypaBHeHueM (5.1).

Puc. 5.8. Cxema 3KCnepuMeHTa/IbHOro iBYXAUCKOBOrO COLLHMKA
[NA onpefeneHns CyMMapHOro TAr0BOro CONPOTUBEHNS
C NPU/IOXEHNEM FOPU30HTA/IbHbIX COCTaB/IAOLLMX:
1 - noBOAOK; 2 — NOCKMIA AWCK; 3 — yceueHHO-KOHYCHas peboppa-
60p0o3a006pasoBaTens; 4 — 6opo3aKa, OTKpbIBaeMas pebopaoi;
5 — cemaHanpasuTens

F=Rp+Ry+Top+Ty+ Oyt Ly, (5.1)
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rae F — cymMMapHoe ConpoTuBeHWe ABYXAMCKOBOIO COLUHWKA C HYNEBbIM
YI7IOM aTaku AWUCKOB C BHELUHUMW OLHOCTOPOHHUMMK pebopramu,
H;
Ry — rOPU3OHTaNbHAA COCTABMAOLLAA TATOBOrO COMPOTWB/IEHWA pe-
6opabl, H;
R,y — ropu3oHTasIbHas COCTaB/IAOLLAA TATOBOTO COMPOTUB/IEHNA M/10C-
Koro gmcka, H;
T, — TOPU3OHTA/IbHAA COCTaBNAIOLLAA TArOBOrO COMPOTUB/IEHWA OT
TpeHus pebopabl, H;
T, — TOPU3OHT/IbHAA COCTAB/AIOLAA TATOBOrO COMPOTMB/EHUA OT
TpeHunsa gucka, H;
[, — TOPU3OHTa/IbHAA COCTABNAIOLLAA TATOBOrO COMPOTUB/EHUSA ANHA-
MWYHBIX Harpys3ok peéopgsl, H;
[, — TOPU30HTa/IbHAA COCTaBNAIOLLAA TATOBOrO COMPOTUB/IEHUS ANHA-
MUYHbIX Harpy3oK aucka, H.

MocKonbKy (hopMy/ibl AN BCEX COCTABNANOLLMX NOYUYEHbI PaHee, MOXHO
BbIJEINTL TAFOBOE COMPOTUBMEHWE [BYXAMCKOBOrO COLUHMKA C BHELLUHUMM
OAHOCTOPOHHUMM YCEYEHHO-KOHYCHBbIMK pebopgamu [23]. Onpegenum Taro-
BOe COMPOTUB/IEHVE [BYXAMCKOBOrO COLUHMKA C BHELUHUMW OLHOCTOPOHHU-
MW YCEYEHHO-KOHYCHbIMM pebopiaMu Mpy ero CneaytoLwmx M3MeHsSeMbIX
KOHCTPYKTUBHbIX W TEXHOMOMMYECKUX NapameTpax: AuameTp MocKoro amc-
Ka [, =0,3...0,35 m; gnameTp pedopgbl A, = 0,25...0,30 m; wnpuHa pe6op-
abl by, = 0,01...0,04 M; CKOPOCTb [BVKEHNS 3KCMEPUMEHTANIbHOTO COLLIHM-
kav= 1...5 m/c (3,6...18 Kwm/u); BepTUKa/bHas Harpyska Ha 3KCMepuMeH-
Ta/lbHbIl cowHMK G = 100...600 H.

3TN KOHCTPYKTMBHbIE U TEXHONOIMYECKUE NapaMeTpbl OblAn HaMu on-
pefeneHbl B pe3ynbTaTe NpeaBapuTe/ibHbIX UCCef0BaHUI, a TakxKe CXOAS
13 paboToCMOCOOHOCTN MaKeTHbIX 06pasLoB ABYXAMCKOBbIX COLLUHWKOB C
NNOCKUMW AWNCKaMMW, YCTaHOBNEHHbIMU C HYNMEBbIM Yr/IOM aTaku, 1 BHELL-
HAMW OAHOCTOPOHHUMMW, CUMMETPUYHO YCTaHOBMEHHLIMW pPebopaaMu-
60po3Kk006pa3oBaTeNAMU.

[JaHHble rccnefoBaHnii SKCNEPUMEHTATBHOTO ABYXAMCKOBOIO COLLHMKA
npueeeHsl B Tabn. 5.3.
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Tab6nuua 5.3. 3aBHCHMOCTD TATOBOTO CONPOTHBJIEHHS OT KOHCTPYKTHBHBIX
M TeXHOJIOTHYECKHX MapaMeTPOB IBYXAHCKOBOI0 COUIHUKA C HYJIEBBIM YIJIOM aTaKH
JHCKOB H BHEIIHHMH yce4eHHO-KOHYCHBIMH peGopaaMu-6opo3akoodpo3osarensivu (H)

R=0,15m,R=0,175m, b, = 0,04 m, 1 = 45°, o = 20°
V, KM/ G,H [MoBTOPHOCTH
| I I v
1 2 3 4 5 6

100 20,350 22,506 25,850 -
200 59,796 59,917 64,801 -
300 104,280 109,538 A 118,030 A

. 400 | 166573 154,990 158,433 168,311
500 | 231,440 210,760 211,618 221,606
600 | 303512 270,919 268,642 278,267
100 20,064 22,220 26,037 -
200 58,762 59,169 63,790 -
300 103 444 108,570 A 118,173 4

48 400 | 165,044 153,241 158,114 168,663
500 | 227579 208,593 210,298 221,419
600 | 298,408 267,718 266,706 278,135
100 19,437 21,846 25,619 -
200 57,156 58,410 64,614 -
+300 102,003 108,251 A 118,459 A

o0 400 | 159,764 151,195 156,409 168,399
500 | 222,024 204,383 208,483 220,990
600 | 290,147 263,670 264,000 276,606
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OKOH4YaHNe Ta6n.5.3

1 2 3 4 5 6
100 18,656 21,516 25,707 -
200 55,176 57,167 63,734 -
300 | e[101214| e100276 106,920 & 118,602 A
"2 400 | 154,462 148,280 154,913 167,673
500 | 214,478 200,618 206,690 219,681
600 | 270,336 257,587 261,041 275,308
100 17,633 20,999 25,806 -
200 52,646 56,045 63,756 -
300 | o[ 97.339] 97,790 106,018 A 0118,822 4
o 400 | 148,764 144,683 153,076 167,222
500 | 206,338 195,503 203,489 218,966
600 | 268,840 251,152 256,729 273,251
MpumeyaHue.
D - 3HaneHV|e TAroBOro CoOnpoTUBIEHUA NMPU NOCTOAHHOM AaB/1IeHUN G npu noeTop-
HOCTH |

— 3HauyeHue TAroBOro COMPOTWB/IEHWA MPU M3MEHEHUW CKOPOCTU V [BMKEHUA

. cowHuKa oT 6,0 o 8,4 Km/y;

A — 3HayeHue TAroBoro conpotusfieHus npu 1=V NOBTOPHOCTAX M M3MEHeHUU
CKOPOCTM V BVKEHUSA COLIHMKA OT 3,6 10 8,4 KM/u.

M3 T1abn. 5.3 BUAHO, YTO MPU LLUMPUHE YCEUYEHHO-KOHYCHOW pebopabl-
6opospakoobpasosatens b, = 0,03 m v b, = 0,04 M C yBesMUeHUEM CKOPO-
CTW V ABWXEHWS! COlLHMKa oT 1,0 m/c g0 5,0 M/c TAroBoe COMPOTUBNEHNE
[BYXAMCKOBOIO COLUHMKA YMEHbLLUAETCA. ITO CBA3aHO C TEM, UTO C YBENU-
YEHMEM CKOPOCTW [ABWKEHUS MalUWHHO-TPAKTOPHOrO arperara COLUHWKK
MMELOT TEHAEHLMIO K BbIFTyGNEHNIO.

Ha puc. 5.9 npvBeAeHbl 3aBUCUMOCTU TSFOBOIO COMPOTMBIEHNS 3KCTe-
PUMEHTASIbHOTO [BYXAWNCKOBOrO COLUHMKA C MAOCKUMW AUCKAMU, Ha KOTO-
PbIX C BHELIHEl CTOPOHbI CUMMETPUYHO YCTaHOB/IEHb! YCEUEHHO-KOHYCHbIE
pebopabl-60p034K006pa3oBaTeNN.
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Puc. 5.9. 3aBMCMMOCTL TATOBOrO COMPOTUB/IEHUSA ABYX-
[MCKOBOTrO COLLHMKa F OT BepTUKanbHOM Harpyskm G
npu pasHbix ckopocTax (v = 1,0; 3,0; 5,0 m/c)

1 wupmnHe pedopasl (b, = 0,01 M)

C M3MeHeHMeM BepTMKabHOM Harpysku G ot 100 go 600 H Ha akcne-
PUMEHTA/IbHBIA [BYXAMNCKOBbLIA COLIHMK YBENNYMBAETCA €ro TAroBOe CO-
npoTtueneHme ot 20 H npyu G = 100 H go 230 H npu G = 600 H. 3 rpadu-
Ka, NpeACTaBNeHHOro Ha puc. 5.9, BUAHO, YTO TArOBOE COMPOTUBAEHME
COLUHUKA YBE/IMYMBAETCA B HECKONbKO pa3. MccnefoBaHWs MOKasbiBakoT,
YTO BepTUKa/bHaa Harpyska G npu pas/fIMuHbIX CKOPOCTAX ABMXKEHUS OKa-
3bIBAET CYLUECTBEHHOE B/IMSIHME Ha ABYXAUCKOBbIN COLLHUK.

B TO e Bpems CKOPOCTb ABUXEHUS 3KCMEPUMEHTaNbHOMO ABYXAUCKO-
BOrO COLUHMKA He OKa3blBaeT CYLLUEeCTBEHHOr0 BIUSHUSA Ha ero TAroBoe Co-
NpOTUBNEHMe. 3aMeTHO faxe Hebosblloe YOblBaHWe TAr0BOro COMpOTMB-
NEHWs C YBEIMYEHVEM CKOPOCTU ABMXXEHUA COLLHMKA. MPUMEPHO Takas e
3aBMCUMOCTb TAFOBOTO COMPOTUBEHMSI SKCMEPUMEHTA/IbHOMO ABYXANCKO-
BOrO COLUHMKA OT CKOPOCTY ABWMXXEHUS W BEPTUKA/bHOM Harpysku Habnto-
[aeTca M MNpu  LIMPUHE  YCEUYEHHO-KOHYCHOW pebopgbl b, =0,03 M
(puc. 5.10). Tak, Hanpumep, BUAHO, YTO NPM CKOPOCTAX ABMKEHMSA v =1,0 1
5,0 M/c OBYXAMCKOBOIO COLUHMKA MPY PasfINYHbIX 3HAYEHWUAX BEPTUKaIb-
HOW HarpysKu TAroBoe CONpPOTUB/IEHNE YBEIMYMBAETCA HE3HAYUTESBHO.
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Puc. 5.10. 3aBMCMMOCTb TATOBOrO COMPO-
TUBNEHNA F 3KCNepUMEHTaIbHOro
[IBYXJMCKOBOTO COLLHMKa OT AaBneHus G
npwy ckopocTy aBmkeHusa v = 1,0; 5,0 m/c
¥ W1puHe pedopabl b, = 0,03 M

Ha puc. 5.11 npuBefeHbl 3aBMCUMOCTM TATOBOrO COMPOTMB/IEHNA 3KC-
MEPUMEHTANIbHOTO  [BYXAWCKOBOrO COLUHWKA MPU WU3MEHEHUW CKOPOCTU
asmxeHmst ot 1,0 go 5,0 m/c (3,6...18 KM/4) Npn pasnyHbIX 3HAYEHUAX
BepTMKabHOM Harpyskn G = 100...500 H. Tak, npy He6OMbLIMX 3HAYEHNSX
BepTMKabHOM Harpysku (100...300 H) HabnogaroTcs HeGOMbLUIME CHUKE-
HWA TArosoro conpotusneHns (ot 54 H go 47 H npu G = 200 H). Mpw
60/bLUNX 3HAYEHMAX BepTUKanbHOM Harpysku (400...500 H) cHuxeHue
TATOBOr0 COMPOTMB/IEHNA YMeHbLUaeTC 60/1ee MHTEHCMBHO — OT 210 H o
187 H, Hanpvmep npn G = 500 H. ¥YMeHbLLEHWe TATOBOr0 COMPOTUBIIEHNA
BbI3BaHO TEM, YTO C POCTOM CKOPOCTU COLUHMKA HAOM0AaEeTCs YMEHbLLEHWE
rny6uHbl 60PO3AKM, KOTOPas CYLLECTBEHHO B/IUSIET Ha COCTaBSAIOLLYIO CUN
COMPOTMBIIEHMS.

Ha puc. 5.12 npvBegeHbl 3aBUCUMOCTM TATOBOrO COMPOTWMBAEHUA F
3KCMepUMEHTa/IbHOIO [BYXAMCKOBOIO COLUHMKA OT LUMPUHBLI Pebopabl npu
pasfNYHbIX 3HAYEHUAX BEPTUKANIbHON HArpy3Kn 1 TPex CKOPOCTAX [BiKe-
HUs paboyero opraHa. Npu cKOpoCcTK ABMXeHUA coluHUKa 1 m/c (3,6 Km/u)
M 3HaYeHUAX BEPTUKabHOWN Harpy3ku G = 100...200 H T4roBoe conpoTus-
NeHue YBEeIMUYMBAETCA HE3HAUMTENbHO U 3Ta 3aBUCUMOCTb 6/1M3Ka K NPAMO-
NIVHENHOI.
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Puc. 5.11. 3aBMCUMOCTb TAFOBOroO
conpoTmeeHns F akcnepMMeHTaIbHOro
[IBYXAMCKOBOIO COLLIHWKA OT CKOPOCTU V
Npu pasHblX BEPTUKaNbHbIX Harpyskax G

1 WwWupmnHe pebopael b, = 0,01

C yBenn4eHMeM BEPTUKASIbHON Harpy3kuM Ha COLUHUK MPU U3MEHEeHUM
LWnpuHbl pedopabl oT 0,01 go 0,04 M TAroBoe CONPOTUB/IEHWE CHayana
yObIBaeT, a 3aTeM BO3pacTaeT. Tak, Hanpumep, Npu 3HayeHnsax G, paBHbIX
300, 400 n 500 H n n3MeHeHWM WKpUHLI pebopael oT 0,01 go 0,02 m
YMeHbLLUEHWe TATOBOro CONPOTUBI/IEHNS PaBHO COOTBETCTBEHHO 5, 10 1 19
H, uto cocTaBnseT 5; 6,6 1 9 %. ITO 06BLACHAETCA TEM, UTO rybuHa 60-
PO3AKM MPU YBEIMYEHN LIMPUHBI YCeYeHHO-KOHYCHOM pebopabl b, oT 0,01
[0 0,02 M BHavane HauyMHaeT He3HAYNTE/IbHO YMEHbLUATLCS, YTO MPUBOAUT
K CHVDKEHWIO TATOBOrO COMNPOTUBEHNS.
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Puc. 5.12. 3aBMCUMOCTb TArOBOro
CONPOTUBIIEHNS F 3KCNepUMeHTaIbHOro
[IBYXMCKOBOIO COLLIHNKa NPY U3MEHEHUU
LUIMpWHBI by pebopabl-6opo3akoobpasosatens,
BEPTUKa/IbHbIX Harpyskax G v CKopocTu
v=1,0wlc

B fanibHeiillem Npu yBenueHUU WNpKUHLI peéopgsl b, go 0,04 m npo-
NCXOAWT HEe3HauMTeNlbHOe YMeHbLUEHWe [TyOWHbI, HO 3a CYET YBelMYeHus
LUMPUHBI pebopabl 1 COOTBETCTBEHHO 60nee LUMPOKOV 60PO3LKU MPOMUCXO-
AWT YBE/IMYEHNE TATOBOTO COMPOTUB/IEHUA. TaK, NMpu WwupuHe pebopabl by,
40 0,04 m B cpaBHeHum ¢ b, = 0,02 M yBeNMYEHVe TATOBOIO COMPOTUBNEHNSA
Npy 3HaYeHUAX BEPTUKaNbHOW Harpysku G, pasHbix 300, 400 1 500 H co-
CTaB/ISIET COOTBETCTBEHHO 12,6; 8,6 1 6,3 %. /13 npeAcTaBeHHbIX UCCNeao-
BaHWUIA BUAHO, YTO C TOYKM 3pEHUs aHeprocoeperkeHns Hanbosee npremne-
MOV AIBNAETCA LWMPUHA YCeYeHHO-KOHYCHOI pebopgbl b, = 0,02...0,03 M.

I"pacmkm (puc. 5.13, 5.14) 3aBUCUMOCTU TATOBOrO COMPOTUBNEHUS F OT
WMPKHBLI pebopabl b, MOATBEPXAAOTCA TAKXKE WCCMeA0BaHUAMM, MPOBeE-
[leHHbIMU Ha ckopocTsax v = 3,0 m/c (10,8 km/u) 1 5,0 m/c (18 Km/4) aBuxe-
HWA 3KCMNEePUMEHTaIbHOIO ABYXAMCKOBOIO COLUHMKA B MOYBE.
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Puc. 5.13. 3aB1CUMOCTb TAFOBOTO COMPOTUBIIEHUS
F aKcnepyMeHTa/IbHOr0 [|BYXAWCKOBOrO COLLHMUKA
OT WMPWHbI pebopfp! by, BEPTVKaNbHbIX Harpy3ok G
1 CKOpOCTM fABXeHNs v = 3,0 m/c

Tak, conpoTusfeHne F OBYXAWUCKOBOrO COLUHWMKA C YBENIMYEHWEM CKO-
poctn v go 3,0 n 5,0 m/c B cpaBHeHUn ¢ v = 1,0 M/C NpK BCEX 3HAYEHUAX
LUMPUHLI pebopapl b, N BEPTUKANbLHON Harpy3ku G He3HauMTeNbHO CHU-
YaeTcs, YTO BbI3BaHO HeBGOMbLUMM YMeHbLUEHVEM [Ty6UHbI 60po3aKN. Xa-
pakTep M3MeHEeHUs 3aBUCMMOCTEN TArOBOro CONPOTUB/EHNS F npu cKopo-
ctax v =1,0; 3,0 n 5,0 m/c ocTaeTcq UAEHTUYHbIM.

MpencrasneHHble Ha puc. 5.13, 5.14 rpadukn 3aBUCUMOCTU TATOBOrO
CONPOTMBEHNA F npyu M3MEHEHWW WnpuHbL by pebopabl-60po3zaKo-
obpasoBaTens n ckopocTax AswdxkeHus v = 1,0 n 5,0 m/c, a Takxe pasnuy-
HbIX 3HAYEHWSAX BEPTUKAIbHOW Harpy3K/ Ha ABYXAMCKOBbIV COLUHMK MOKa-
3bIBAIOT UAEHTUYHbIE U3MEHEHWS TArOBOIO COMPOTUB/IEHUS.

/13 rpachmkoB BUAHO, YTO C yBeNnYeHnem ckopocti ot 3,0 4o 5,0 m/c npu
3HaveHnn G = 300 H CHMKeHWe TAroBOro CONPOTMB/IEHNSA COCTaBNAET OKOJIO
4%, a npu 3HayeHun G = 600 H wn wmpnHe pebopabl b, = 0,02 m—
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COOTBETCTBEHHO = 4,5 %. C yBenMyeHneM LUMPYHbLI pebopabl TArOBOE COnpo-
TVBMIEHWE NOBbILWAETCA Npu ckopocTax v = 3,0 u 5,0 m/c 1 BepTUKa/IbHOM
Harpy3ke G = 300 H cooTtsetcTBeHHO Ha 11,4 1 10,8 %.

FH

Puc. 5.14. 3aBMCUMOCTL TATOBOrO
COMpPOTYB/IEHNA F 3KCNeprMeHTa/IbHOro
[IBYX/IMCKOBOTIO COLLHUKA OT LLUMPUHBI
pe6opab! by, BEpTUKabHBIX Harpy3ok G
1 CKOPOCTM ABMXKeHUs v = 5,0 m/c

TakuM 06pa3oM, NPOBEAEHHbIE NCCNEA0BaHNS TAFOBOr0 COMPOTUBIEHUS
F OBYX[AMCKOBOIO COLUHMKA C HYNIEBLIM YI/IOM aTakyl AMCKOB, Ha KOTOPbIX C
BHELLHE CTOPOHbI CUMMETPUYHO 3aKpen/ieHbl YCeYeHHO-KOHYCHble pebop-
[bl, NOKAa3ann XOpoLUYH0 paboTOCNOCOOHOCTb UX MPY Pa3/IMYHbIX 3HAYEHU-
AX KOHCTPYKTUBHBIX U TEXHOMOMMYECKMX MapaMeTpoB, MPU HEBLICOKOM
TAroBOM conpotusieHun F = 250 H, npu makCUMaibHbIX 3HAYEHUsX LIK-
PUHbI pe6opAbl by, BEPTUKaNLHOTO AaBneHns G 1 CKOPOCTM [JBUXKEHUA V.

Ha oCHOBaHWMM MPOBefEHHbIX UCCMELOBaHNIA YCTaHOB/IEHO, YTO C yBe-
NIMYEHMEM CKOPOCTU ABWMXKEHMS v Ao 5,0 M/C 3KCMepUMEHTaNbHOMO ABYX-
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[MCKOBOTO COLUHMKA C YCEYEHHO-KOHYCHbIMU pebopaamMu-60po3aKo-
obpas3oBaTensMn MUMeeT MECTO YMEHbLUEHWEe TATOBOrO COMPOTUBNEHUS,
BbI3BAHHOE HE3HAYMTE/bHbIM BbIry61eHneM paboumnx opraHos.

Mpy yBenMYeHWM LWMpUHLI pebopa-60opo3akoobpasoBaTenein  (Mpw
b, = 0,02 M) NPOMCXOANT YMEHbLUEHWE TArOBOTO COMPOTUBIIEHUA, a 3aTeM
npu b, = 0,04 M ¢ yBennyeHnem ckopoctu ot 3,0 4o 5,0 mM/c Bo3pacTaHue ero.

Taknm 06pa3oM, yCTaHOBKa paboumx ANCKOB 6e3 YrioB aTakM U KpeHa
Ha [BYX[AMCKOBOM COLUHMKE C pebopaammn-60po3aKkoo6pasoBaTensMm-
YNAOTHUTENAMU MO3BONSET YMEHbLUUTL A0 MUHMMYyMa OTOPOC NOYBbI B
CTOPOHbI OT AMCKA WU CHU3UTb TArOBOE COMPOTUB/IEHME COLLHMKA MpY pabo-
Te Ha MOBbILEHHBLIX CKOPOCTAX. Takasd yCTaHOBKa MpeasiaraeMoro AByX-
[MCKOBOIO COLLHUKA He cO3AaeT 6OKOBbIX CWUA, YTO MO3BONSET paboTaTh Ha
ckopocTsax AsuxeHus 10...15 km/4 1 Gonee, NpuM 3TOM OAHOBPEMEHHO
YMEHbLUUTL A0 MUHMMYMa pa3bpoc NouYBbl B CTOPOHbI. ITO AaeT BO3MOX-
HOCTb PaccTaBNATb COLUHWKM B OAWH PAL C PACCTOSHUEM MEXAY pALKaMu
cemsaH 12,5 cm 1 meHee.

Pa3paboTaHHbIi HaMK COLUHWK MO3BONSIET JOOUTLCA PaBHOMEPHOCTYU
3a/lefIKN CEMSIH B MOYBY 3a CYET MONy4eHMsi 6GOPO3A0K OAMHAKOBON (HOPMbI
N TNyOuHbI N Hape3aHHbIX LUENel; MOBbICUTL BCXOXECTb CEMSH 3a CYeT
1CMonb30BaHUs pebopa-6opo3akoobpasoBaTenieil, KOTOpble CO34al0T Y-
NOTHEHHBbIE NI0XXa U 06ecneYnBaroT NPSAMOIMHEAHOCTbL ABVDKEHWA OBYXANC-
KOBbIX COLLUHWKOB; YCTPaHWTb CrPY>KuUBaHWe 1 0T6POC NOUBbI, a TaKkxe che-
NaTb payMoHa/IbHbIM UCMO/b30BaHNE AaHHbIX COLIHUKOB NPy 04HOBPEMEH-
HOM BbICEBE CEMSH B [1Be 60PO3/KM 3a CUET YCTAHOBKW [MCKOB BEPTUKA/b-
HO 1 Napa/1NeNlbHO HanpaB/eHNIO ABVXXKEHNS.

3amnaHne 1 3abuBaHMe pabouMx OpraHoB He Habn4aNoCh Aaxe npu
MOBBILLEHHO BIAXKHOCTY NOYBbI. [MOBpeXxaeHne 1 ApobrieHne CeMsIH ABYX-
[MCKOBbIMW COLLIHWMKAaMMW TaKXKe He BbISIB/IEHbI.

JKCMnepuMeHTanbHas [ABYXAMCKOBas COLUHMKOBas rpynna no pas-
HOMEPHOCTU U FNyOuHe 3afeNIKN CEMSIH YA0BNETBOPSIET arpoOTEXHNYECKUM
TpeboBaHMAM. B 3afaHHbIA arpoTeXHUYECKUMK TpeboBaHUAMU AOMYCK 3a-
fenbiBaetcs 4o 95 % cemsiH (Mo ATT A0/MKHO ObITb He MeHee 80 %).

B pesynbTaTe MPOBEAEHHbLIX WCCNEA0BaHNI YCTaHOBIEHO, YTO BCE Ba-
pWaHTbl OMbITOB Ha MOCEBE [ABYXAWCKOBbIMW COLUHMKOBBIMK TpymnnaMm
o6ecrneumBatoT 6osee paBHOMEPHOE pacnpejeneHve 3a4eNKn CeMsH Kak Mo
rny6brHe MoceBsa, Tak U MO XOAY ABVDKEHWS arperara Mo CPaBHEHMIO C Ce-
PUAHBIMW COLUHWKAMMN COBPEMEHHbIX 3epHOBbIX cesiok CrY-6, C-6 u
C3-5,4. 310 06bACHAETCA Pa3NMUMEM B KOHCTPYKLIMU COLLIHUKOB.
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5.1.4. Peanu3anus pe3yabTaTOB UcCCIeI0BAHMIA

Vcxopa 3 Bcex NpUBEAEHHbIX BbIle WUCCNEL0BaHWUIA MOXHO chenatb
BbIBOA, O TOM, 4YTO 3()(heKTMBHEE BCEr0 MCMO/b30BaTh A0Pab0TaHHbIN 3KC-
nepvMeHTasbHBbIV COLLHMK C pebopaamun-60p0o3aKoo6pas3oBaTensMm co cre-
LYHOLMMWN KOHCTPYKTUBHBIMY NapaMeTpamMm:

— AVaMeTp NNOCKUX ANCKOB — 334 MM;

— TONLMHA MNOCKUX JUCKOB — 3 MM;

— 60/bLLOI 1 Manblii fuameTpbl pebopabl — 286 1 230 MM;

— TOMWMHa (BblcOTa) pebopapl — 27 MM;

— AvamveTp ceMaHanpasuTens — 42 Mu;

— paguyc KpMBU3HbI CeMsiHaNPaBuTens — 242 M.

CornacHo 3TUM KOHCTPYKTUBHbLIM NapameTpam Obliiii 0pOpMAeHbI Yep-
TEXW A8 U3rOTOB/EHUS OMbITHOM NapTWM ABYXAWCKOBbIX COLUHWKOB C
BHELLUHUMMW YCEYEHHbIMM KOHUYeCKMMKU pebopaammn-60po3aKoobpasoBaTe-
namu B mpme OO0 «Pemkom» (r. Fopku MornneBckoi o6nactu).

OKCNepyMeHTasbHble COLLUHWKW, YCTaHOB/IEHHbIE HA MOAEPHU3NPOBaH-
HYIO CEMEKLVOHHYIO CESSIKY, YCMELIHO NPOLLN XO3ANCTBEHHbIE UCMbITAHMA
B PYT «Yux03 BI'CXA». 3TN ABYXAUCKOBbIE COLUHWKW LEMOHCTPUPOBA-
NIUCb Ha MeXAyHapoHO BbicTaBke «benarpo» B 2010 1 2011 rr., a Takke
Ha pecnyb/MKaHCKUX BbICTaBKax. MoAepHU3MPOBaHHAA CefleKLMOHHAA
CeAnka C 3KCMEPUMEHTANbHLIMW COLIHMKaMU NpOLUia NpeaBapuTeNbHbIe
ncnbiTaHna Ha YT1 «benopycckas MUNC». McnbITaHUs NoKasanu, YTo COoL-
HWUKW ya0BNeTBOPAIOT TpebosaHuaM TKI 078-2007 4ns NoceBHbIX MalIvH
B Pecny6simke benapycb. AHaNMTUYECKKe, TEOpETUUECKME 1 TabopaTopHO-
nofieBble  WUCCNeLOBaHWA  UCNO/Mb30BaHbl B OTYeTax MO  HayyHo-
nccnefoBaTeNbCkoil paboTe B pamKax PervoHanbHOM U rocyaapCTBEHHONA
nporpaMM HayuHbIx uccnegoBaHuin (I'MH) «/IHHOBAUMOHHbIE TEXHOMO-
rum B AlNK» cootseTcTBeHHO Ha 2006-2010 rr. n 2016-2018 rr. 3koHo-
MUYeckas 3th(heKTUBHOCTb OLEHMBAIACh B CPABHEHUM C NMOCEBHLIMU MalLIU-
Hamu, Ha KOTOpble YCTaHaB/IMB/IMCb CEPUIAHO BbIMyCKaeMble [BYXAWCKO-
Bble W 3KCNepUMEeHTa/IbHble ABYXAMCKOBbIE COLLUHWKMN C BHELLUHUMU YCEeYeH-
HbIMU  KOHMYEeCKUMU peboppamm-60po3akoo6pasoBarensMmn, MNO3BOASAIO-
LMW Ka4eCTBEHHO PaboTaTb Ha BbICOKMX CKOPOCTSX.
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5.2. Pe3yJbTaThl 3KCIIEPUMEHTAJBHBIX HCCIEA0BAHMI
OTHO/AMICKOBBIX COLIHUKOB

5.2.1. MHorogaKkTOpHBbIii IKCIIEPHMEHT MO MOCTPOEHMIO JIMHEHHOH
MHOro¢aKTOpHOM perpeccuu

B CcBOMX 3KCMEPUMEHTAX MPW ABWKEHUM K OMTUMYMY Pe3yNbTUPYHOLLMUX
haKTOpOB MCMOMb30Ba/M LLAroBbIA MeTof [1, 2, 3]. 13 BeKTOPHOro aHanunsa
M3BECTHO, YTO HarnpaB/ieHMe CamMoro 6bICTPOrO M3MEHeHUs PYHKLMUW onpe-
[lensieT ee BEKTOP-rpagneHT:

rad () = —1 + — | + —K + —p, :
grad (0) = 2 o T,

7.5, K, p — OPTbI KOOPAMHATHBIX OCEVi COOTBETCTBYIOLLMX (HaKTOPOB.

YcTaHoBNeHO [4, 5], UTO KoopaWHaTbl BEKTOP-rpaAneHTa B TOUKE paBHbI
COOTBETCTBYIOLLMM KO3(DULMEHTAM perpeccun NnonnHoMa nepeoii cTene-
HW, KOTOPbI/A annpoKCMMUMPYET MOBEPXHOCTb OTKAMKA B OKPECTHOCTMW pac-
cMaTpyBaeMoin TOYKW. MO3TOMYy Ha MepBOM Luare MCCAefOBaHW MCKam
KoauumeHTsl by, by, by,..., by NMHeRHOI mMoaenn, annNpPoKCMMUPYIOLLEiA
3KCNepUMeHTabHble AaHHbIE:

y = by, + b x, +b,x, + bx, +b,X,. (5.4)

[na oTbicKaHWs NMHENHON Mofenn (akTopbl BapbMpOBaIM Ha ABYX
YPOBHSAX, KOTOPble YCMIOBHO MPUHUMAINCH «HUDKHUM» U «BEPXHKM» COOT-
BETCTBEHHO. B kayecTBe 3TVX YpOBHEW Bblnn B3ATbI rpaHuLbl (haKTOPHOTO
npocTpaHcTBa M3 Tabn. 5.4, NOMeYeHHble 3HaKamu «—1» — HVWXHWUIA ypo-
BeHb, «1» — BepxHUii ypoBeHb. [py 3TOM Bbl1 peann3oBaH MOHO(aKTOpP-
HbIll akcnepumenT (M®3) Tuna 2* ¢ maTpuueit nnaHnposaHua X, nMetoLueit
16 coueTaHWii ypoBHeli akTopos (uncno onbiTos N = 2* = 16). Ha gaHHoMm
Luare mcnosb3osanu Matpuuy Nd 3 B, bokca — beHKUHA C [BYMS YPOBHS-
MV BapbMpOBaHUS HE3aBUCKMbIX (hakTopoB (Tabn. 5.4).
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Ta6nuya 5.4. Matpuua [1®D s nocTpoeHust JMHETHONH MoaeH

gr?m'?g Xo X1 X2 X3 Xq Yi Y2
1 1 1 1 1 1 0,0155 0,2005
2 1 1 1 1 -1 0,0185 0,1770
3 1 1 1 -1 1 0,0030 0,1020
4 1 1 1 -1 -1 0,0045 0,0815
5 1 1 -1 1 1 0,0095 0,2155
6 1 1 -1 1 -1 0,0130 0,1945
7 1 1 -1 -1 1 0,0025 0,1225
8 1 1 -1 -1 -1 0,0005 0,1050
9 1 -1 1 1 1 0,0014 0,1025
10 1 -1 1 1 -1 0,0030 0,0955
11 1 -1 1 -1 1 0,0005 0,0980
12 1 -1 1 -1 -1 0,0006 0,0970
13 1 -1 -1 1 1 0,0005 0,0985
14 1 -1 -1 1 -1 0,0020 0,0960
15 1 -1 -1 -1 1 0,0010 0,1055
16 1 -1 -1 -1 -1 0,0010 0,1095

Mocne NnoATBEPXKAEHMA HA OCHOBaHWUM KpuTepus KoxpeHa runoTesbl 06
OAHOPOAHOCTY psifila CKOPPEKTMPOBAHHBLIX AWCMepcuid Bblin onpeseneHbl
amMnupuyeckme KoaphuumeHTsl perpeccumn (Tabn. 5.5), koTopble B MaTpuy-
HOM BW/e NOACHATLIBAIUCH NO hopmyne

B=(X"X)"'XTY;, (5.5)

rae B — BeKTOp-CTON6EL, SMNUPUYECKMX KOIPDULIMEHTOB perpeccuu;
X — marpuua No3;
X T — TpaHCNoHMpoBaHHas K X MaTpuLia;
(X TX)™ — onepauus HaxoXaeHNs 06paTHON MaTPULbI K 3aJaHHOIA;
Yj — BEKTOP-CTONGELL, COCTAB/IEHHbIN 13 PE3YNbTaTOB 3KCMNEPUMEHTOB Mo
KaX40MY M3 NapameTpoB.

Ta6nuya 5.5. Koappuuuen sl JuHeiHOI MOIeM H3yUaeMbIX IPOLECCOB

Koeq)(pmymeym B KOAMPOBAHHOM Bl B packogmnpoBsaH-
NVHeHO HOM Buae
MOZenn Y, Y, \f1 Y,
bo 0,004813 0,125063 —0,00875 0,048516
b; 0,003563 0,02475 0,000867 0,00602
b, 0,001063 —0,00581 0,10625 -0,58125
bs 0,003113 0,022438 0,155625 1,121875
b, —0,00058 0,005563 57107 556107
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[N OUeHKM KayecTBa MOMYYEHHbIX MOAeneli U NOMHOTLI Habopa 06b-
ACHUTENbHbIX (HaKTOPOB, BXOAALLMX B HWX, B CBOWMX WMCCNEAOBAHMAX Mbl
MCMOMb30BaNN TakKune CTaTUCTUYECKME XapaKTepuCTUKKM, KaK KogduumeH-
Tbl AeTepMUHaLMM R? 11 MHOXECTBEHHOI KoppenaLmm R, a Takoke Kputepun
duwepa (F-kputepuit) n CTblogeHTa (t-KpuTtepuid). Mpu 3aToM Mcnonb3oBsa-
NN CTaHAapTHble METOAMKM WX OMNpedeneHusi, pacCMOTPeHHble B paboTax
[3, 5]. CtaTMCTMYeCKyIO OLEHKY MOMyYeHHbIX MOAeneli Npou3BOAMAN B
npuknagHoi nporpamme Microsoft Excel npu ypoBHe 3HaUMMOCTU paBHOM
0,05 (Tabn. 5.6).

Ta6nnya 5.6. CraTHcTHYeCKHE OLEHKH JIMHEHHBIX MO/IeIei
MHOT0(aKTOPHOI0 IKCNEPUMEHTA

Y, =-0,00875 + 0,000867x; + Y, = 0,048516 + 0,00602x; —
CTaT(')”L‘:;S;jCK“e +0,10625x;, + 0,155625x; — —0,58125x, + 1,121875x; +
-57 10", +5,56-107x,
72 % vn3MeHeHW (yHK- 65 9% nsmerenui
R? 072 LN OTKNNKA 06BACHSA- 0.65 (byHKLM OTKNMKA
' 10TCA BKHOUEHHBIMM ' OGLACHAIOTCA BKIIHO-
B MOfIen chaKTopamy YeHHbIMM B MOZENb
thakTOpamm
R 0,85 CBsizb 0,80 CBsizb
3HauMTeNbHas 3HauMTeNbHas
Fo 7,30 R? HesHauMM™ 5,00 R? HesHauMm*
tho 5,33 3Haunm 1,06 HesHaunum*
thy 3,95 3Haunm” 3,22 3HauNM**
the 1,18 HesHaunm™ -0,76 HesHaunm**
tha 3,45 3Haunm” 2,95 3HauNM**
tha -0,64 HesHaunum™~ 0,72 HesHaunm**

*Mpu Fyp = 2,59; **npu tp, = 2,02.

AHIM3 NIMHEVHBIX MOZEeNeld MoKasas, YTO BK/OUEHHbIE B MOZeNM ak-
TOpbl HE BCE SBMAOTCS 3HAYMMBIMU, HO OHW XOPOLUO OBBACHSAIOT N3MeHe-
HUS Pe3YNbTUPYIOLMX (haKTOPOB M MEX[y HVWMU CYLLLECTBYET 3HAUMTESb-
Has cBA3b. OJ]HAKO CpPaBHWTENbHAS OLEHKA PacyeTHbIX 1 TaG/IMYHOIO Kpu-
Tepmes duiepa Nnokasana, YTo rmnoTesy 06 onNMcaHun pesynbTaToB KCre-
PUMEHTOB NIMHENHBIMM MOAENSMM CMefyeT OTBEpPrHyTb, NOITOMY B faib-
HeMWMX NCCNeoBaHMAX C LeMbI0 U3YyUYeHUs U OnucaHus 06/1aCTW ONTUMY-
Ma 1CrMo/b30Ba/IMCh MOZENM GOJiee BbICOKOTO NMOPSAKA.
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5.2.2. MHOroaKkTOPHBI IKCIEPUMEHT MO0 ABHKEHH IO
10 TPAIMEHTY K ONTHMYMY

HecmoTpst Ha TO, YTO NIMHENHbIE MOAENN A1 pacCMaTpPUBaEMbIX 3aBU-
CMMOCTElA OKa3a/IMCb HeafeKBaTHbIMM, HAMU Ha OCHOBaHMM MOSYYEHHbIX KO-
3(hhMLMEHTOB NIMHEMHBIX PErPeccuini B KOAMPOBaHHOM Buge (cM. Tabn. 5.5.)
6bI/10 NMPOBEAEHO ABWKEHME MO rpagueHTy. MNpu 3TOM Hamu npecnegoBa-
Nacb Uenb ycTaHoBWUTb 6onee 6naronpuATHbIE YCMOBUA A1 NPOBEAEHUs
CnefyoLWnX CTaauii SKCNepuMeHTa/IbHbIX UCCNEeA0BaHNIA.

Takoe ABWKEHME OCYLLECTBAAAM MyTeM MPOMOPLMOHAIbHOI0 U3MeHe-
HMA (PaKTOPOB B 3aBMCUMOCTU OT COOTBETCTBYHOLLMX KOIW(ULMEHTOB NK-
HEMHOM MOJenu, KOTopble SABMAMMCL OLEHKaMU KOOpPAMHaT BekTop-
rpagmeHTa. [BWMKeHWe HauyMHaIM W3 LEHTpa MiaHa (C Hy/neBOro YpOBHS)
nyTeM f06aBfieHNs K HEMY NOC/ef0BaTeNbHO Liara, YABOEHHOrO Lara, yT-
POEHHOrO Wara 1 T. 4., TeM CamMbIM MO/Ty4ain YC0BUS MbIC/IEHHBIX OMbl-
TOB. Mpy 3TOM LUar ABMXKEHMS MO KaXXAOMY (haKTOpy B HaTypaibHbIX efu-
HULax onpegensnun no gopmyne

AXi = iabili, (56)

rae a — Koa(hmumeHT NPonopLUmMoHaNbHOCTH;

l; — pacCTosiHME OT LieHTpa NaHa Mo u3ydaemomy (akTopy Ao ntoboii 13

rpaHuy, (B HaTypasibHbIX eAnMHNLAX).

3Hak + B (hopmMyfie COOTBETCTBYET [ABWKEHUIO K MakCUMyMy (DYHKLUN
OTKNMKaA, @ 3HaK — K MUHUMYMY. KoshuLmeHT MponopumoHansHOCTY a
BblGMpany Mocne onpefeneHVs Bcex NpousBefeHuin bl HaumeHbluee no
abCoNtOTHOM BENMYMHE NMPOM3BEAEHME /11 3HAUYMMBIX B COOTBETCTBYHOLLET
mofenv (pakTopoB NpUHUManu 3a 6asy, T. e. min|bil;| = bgls. Torga a onpe-
Lensanock cnegytoLmm 06pasom:

a=1/bs 5.7)

Mocne yCTaHOBMEHMS LLAroB AX; Mo KaXaoMy 13 GakTopoB UX KOPPeK-
TUPOBaN 10 YAOBHBLIX ANs MPOBEAEHUA 3KCMepUMeHTa BenmunH AX|.
[JBVDKeHWEe Mo rpaaneHTy NPoAo/Kaan [0 NoyYeHNs Hamyyllero sHave-
HUS (YHKLAW OTKAMKA UM AOCTUXKEHWS TPaHML, MO KaXKAOMY 13 (haKTopoB.
Mpy OBMXKEHUM MO TPagVEHTY (hakTop, AOCTUTLIWIA OfHOW U3 rpaHuL, 06-
NacTv onpejeneHns, GUKCMPOBA/ICA Ha 3TOW rpaHuULE, a ABVXKEHVE MO Apy-
rm hakTopam NpoAoKanoch.
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HesHaummble (hakTopbl NPU ABMKEHUW MO TPASUEHTY (UKCUPOBANNCH
Ha HY/1eBOM YpOBHe. Pe3ynbTaTtbl ABUXEHUSA MO TPagueHTy no pesynbTu-
pytoLLMM (hakTopamM nokasaHbl B Tabn. 5.7, 5.8.

Ta6nuya 5.7. Pe3yabraTsl {BHKEHHS 110 TPATHEHTY
1S pe3yJbTHpYIowero (gakropa Y;

* o * T3

PakTophb! X1 X2 X3 X4 Y, Mpvmeyanue
0-ypoBeHb 5,89 0,04 0,04 350
li 4,11 0,01 0,02 100 Mo pesynbTUpyto-
b 0,003563 | 0,001063 | 0,003113 [-0,00058 “*e“"rxif]b?ﬂfl":’y "
bili 0014 |[1,063-10°] 6,23-10° | 0,058 - 00000623, T. &
PacyeTHbIN T 692
-47 | -0,003 | -0,02 18,7 bsls = 0,0000623,
war AX; bs=0,003113,
CKOppeKTupo- a =1/0,003113 =
BaHHbIN Lar -1,94 -0,003 -0,01 20 =321,2
DX

JIBHIKeHHE 110 TPaHeHTy (IIPH KPYTOM CIyCKe)

1 5,89 0,04 0,04 350 0,0050
Osuxe- | 2 3,95 0,037 0,03 370 0,0021
HVe K 3 2,01 0,034 0,02 390 0,0007 T
ontv- | 4 | 1,78 | 0031 | 002 | 410 | 0,0005 o
MyMy 5 1,78 0,030 0,02 430 0,0005 gnTmM va
6 1,78 0,030 0,02 450 0,0004 Y
*3HaunmMble B MOAENM (haKTopbl; **He3HaunMble B MOAENM (haKTopbI.
Tabnuuya 5.8. Pe3yabTaThl ABHKEHUS 110 TPATUEHTY
JUIs1 pe3yJibTupylonero gpaxkropa Y,
dakTopbl X1 X2 X3 x5 Y, MpumeyaHue
0-ypoBeHb 5,89 0,04 0,04 350 o pesynsTi-
I 411 0,01 0,02 100 pyioLLEMy BaKTo-
bi 0,02475 {-0,00581| 0,022438 | 0,005563 py Y1
bil; 0,10172 [-5,8-10°] 0,00045 | 0,5563 min |bili| =
PacueTHbliA Lwar 0,00045, 1. €.
AX, -450 | 0,0026 | -0,02 -25 bels = 0,00045,
CKoppeKTu- bs = 0,022438,
POBaHHbIM -1,94 | 00025 | -0,01 -25 a =1/0,022438 =
war AX; = 44,57
JIBHIKeHHE 110 TPaHeHTY (IIPH KPYTOM CIyCKe)
1 5,89 0,040 0,04 350 0,1255
[OBxe- 2 3,95 0,0425 0,03 325 0,1055
ol 3 | 201 | 0045 | 002 300 | 0,995 | Toukn B oKpecT-
mymy | 4 1,78 00475 | 0,02 275 [ 0,0975 HocTv
5 178 0,05 0,02 250 | 0,0985 onTMyMma
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3TW nccnefoBaHnA MO3BOAWUN YCTaHOBUTL 30HbI OMTUMaILHOIO Bapby-
POBaHMA He3aBUCUMbIX (DaKTOPOB:

—no pesyromupyiowemy napamempy Yi: X1€[1,78; 5,89], X,€[0,03;
0,04], x3€[0,02; 0,04], x4« [350; 450];

— ons napamempa Yr: x1€[1,78; 5,89], x,[0,04; 0,05], x3[0,02; 0,04],
X4€ [250; 350].

ViccnegosaHnsa NokKasany, YTo Mo pesynbTUPYIOLWMM napaMeTpam Yi U1
Y, 30Hbl ONTUM&/ILHOrO BapbUPOBAHWA HE3aBUCUMbIX (PAKTOPOB X; W X3
COBMAJAMOT, a [/19 HE3aBUCUMBIX (DAKTOPOB X, U X4 OT/IMYAOTCA.

TakK Kak Hamu npegnonaraeTca UCMonbL30BaHMe UCTbITYEMbIX COLLHWUKOB
[/19 noceBa pasfIMyHbIX Ky/nbTyp, AN NPOBEAEHMS Aa/lbHEMLIMX 3KCMmepu-
MeHTa/IbHbIX MCCMeJ0BaHWIA LieniecoobpasHo He3aBMCUMble (haKTOPbl X, U X4
3adMKCMpoBaTh Ha YPOBHAX X, = 0,04, X, = 350, a ANg He3aBUCUMBIX (hak-
TOPOB X; W X3 PACCMOTPETH COOTBETCTBYIOLLME UHTEPBA/bI BapbUPOBaHNSA:
X1€[1,78; 5,89], x3€[0,02; 0,06].

YCTaHOB/IEHO, YTO A/19 60Mee TOUHOro OMnpefdesieHns onTUMyma Heo6-
XOAUMO [eTa/ilbHOe M3y4YeHUWe MOBEPXHOCTM OTK/IMKA B €r0 OKPeCTHOCTM, B
KOTOPOW, KaK Npasunsio, KpUBK3Ha MOBEPXHOCTW OTK/IMKA CUbHO U3MEHSET-
cs, NMO3TOMY /IMHEVHYIO MOAENb WUCMOMb30BaTh YXKe Henb3d. Heobxoammo
MCKaTb HENIMHENHbIe MOLENW, CofepXallue Lienble CTeneHn akTopos.

5.2.3. MHorogakTopHbIii IKCIIEPHMEHT MO ONIMCAHUIO 00J1aCTH
ONTHMYyMa MOJHHOMOM BTOPOIi CTeNeHN

Yalle Bcero A9 onmcaHus 061acti onTMyMa UCnosb3yoT NOIMHOMbI
BTOpOI cTeneHW. MnaHbl, KOTOpble MO3BOMAKT HaliTW Takue MNOMNHOMBI,
Ha3bIBAKOTCA MiaHaMM BTOPOro nopsigka. B Takmx nnaHax hakTopbl Bapbu-
PYIOT MO KpaviHeli Mepe Ha TPex YPOBHSIX.

[nsa onucaHus o6nactm onNTMMyMa HamMW WCMO/b30BAINCH MaTpuLbl
nnaHnpoBaHns B,, obecrneunBaroLne MakcmaibHO BO3MOXHYH TOYHOCTb
npeAckasaHuii npu uucne (akTopos Mg < 3. Marpuua nnaHMpoBaHMs
M®3 B, B KOAMPOBaHHOM BUE MPU OCTaBLUMXCA ABYX HE3aBMUCUMbIX hak-
TOpax X; U X3 COAepXana 8 coyeTaHWin 1 hopMupoBanach No NpUHLMNY,
yKa3aHHOMY B Tabn. 5.9.

Mpwv aTom ans hakTopa X; nof «1» NoHMManock 3HaueHve 5,89 m/c, nog
«1» — 1,78 m/c, nog «0» — 3,84 m/c. COOTBETCTBEHHO A/15 hakTopa X3 Nof
«1» noHMmanoch 3HaveHve 0,06 m, nog «—1» — 0,02 m, nog «0» — 0,04 m.
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Tab6nuua 5.9. Marpuua II®D B, nist mocTpoeHust KBagpaTH4HO#
AByX(pakTopHoii MoaesH

No
onbita | 0 M *3 Y1 Y2

1 1 1 1 0,0065 0,1395
2 1 -1 1 0,001525 0,0995
3 1 1 -1 0,002 0,1010
4 1 -1 -1 0,0005 0,1100
5 1 1 0 0,004 0,1060
6 1 -1 0 0,001 0,1005
7 1 0 1 0,0045 0,1025
8 1 0 -1 0,0015 0,0886

Mo nonyYeHHbIM OMbITHBIM AaHHLIM MPOW3BOAWUAN pacyeT KodpULK-
eHTOB perpeccun. B KauecTBe MaTpuubl X WCMOMb30OBA/IM PaCLUMPEHHYIO
MaTpuLy Buaa

2, 2
1 X Xy Xiq Xaq X" Xy

2, 2
1 Xy Xap Xip Xap X1, Xy
1 ...

2, 2
1 Xig Xog Xig Xag Xg” Xag

X = (5.8)

B pesynbTaTe MocnefoBaTeNlbHONO WUCKKOYEHUA U3 MOZE/En He3Hauu-
MbIX (haKTOPOB ObINM MOMNY4YeHbl KOIPPULMEHTLI NOMHOMOB BTOPOIA CTe-
MEHN MO KaXJ0MY U3 pPe3ybTUPYIOLLMX (JaKTOPOB C YYETOM UX 3HAYMMO-
CTW.

Bug 3Tux 3aBMCMMOCTElN B HaTypa/bHbIX eAuHULAX U UX CTaTUCTUYe-
CKUe OLEeHKM nokaszaHbl B Tab. 5.10.

TaK KaK CTaTUCTUYECKOMN OLEHKOWM MaTeMaTUUYeCKMX 3aBUCUMOCTEN Bbl-
Nla NOATBEPXKAEHA MX afeKBAaTHOCTb NMpu ypoBHe 3HaummocTy 0,05, TO Mbl
CMOrN YTBEPXAATb, YTO MOrPELLUHOCTb BbIYUCNEHWI NP peann3alnm no-
NYYeHHbIX Mofeneli He NpeBbIicUT 5 % B BbIOpaHHOM AuMana3oHe Bapbupo-
BaHWA (DAKTOPOB, & 3HAYUT, X MOXHO UCMOMb30BaTb AN MOAENMPOBAHUSA
13yyaeMbIX MPOLLECCOB MO BbIOGPaHHLIM HAMW KPUTEPUAM ONTUMU3ALMA Y1, Y,.

[Janee ¢ yueToM NofyyeHHbIX MOfesell BTOPOro NOpsiAka Npon3BOAWIN
aHasM3 NOBEpPXHOCTe OTK/INKA C Lebi0 OThICKaHUA ONTUMYMa MO KaXXAo0-
MYy 13 MapameTpoB ONTUMU3ALMN U N3YYEHWUS NOBEAEHUS 3TUX MOBEPXHO-
CTei B OKPECTHOCTY ONTUMYMa.
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Ta6nuya 5.10. CraTucTHYeCKHE XaPAKTEPHCTHKN KBaAPAaTHYHbIX MoO/eIeii
JKCIHEePHMEHTa

Cratuctu-

weckve | Y, = -0,00143 + 0,000799x, + Cratuctuyec- Y, =0,202733 - 0,03975x; —

_ 2 KU1e OLEeHKMN —2,64387x3 + 0,298054x1x3 +
ouerkm | +0,1887Tx.xs - 0,000Tx; Mogenm +0,004014x,2 + 23,125x,2
mozenv

5 —
99,7 % U3MeHeHUi 97,9 % n3MeHeHWiA PyHKLMN
(hYHKLMW OTKINKA
2 OTK/IMKa 06 BACHAOTCS
R 0,997 06bACHATCA 0,979 BK/IOUEHHBIMA B MOZE/h
BK/OYEHHbIMW B A
thakTOpamm
MOZE/b (hakTopamm
R 0,998 CBA3b CW/bHas 0,989 CBA3b Cu/ibHas
F, 5,78 R? 3HauMM* 3,45 R? 3HAUMM**
tho —-3,88 | 3HauuM (ty = 2,77) tho 10,40 | 3Haumm (t, = 4,3)
11 3,42 3Haumm (te = 2,77) th1 -5,87 3HaunM (to = 4,3)
toi 24,97 | 3HaumM (tp = 2,77) ths —4,59 | 3Haunm (tp = 4,3)
thy” -3,42 | 3HauuM (ty = 2,77) toas 6,00 | 3HauuM (tg = 4,3)
s 11,5 3HauuM(ty, = 4,3)
the’ 4,31 3HaunM(tg = 4,3)

*Mpu Fy = 7,35; **npu F,, = 6,02.

M3yueHrie MOBEPXHOCTM OTKMKA NPOBOAUN METOAOM ABYMEPHbIX Ce-
UeHWil. HaxoxaeHne onTUMasbHbIX NapamMeTpoB Mo KpUTepusim Yy, Yy, CBO-
JVNN K PEeLLIEHNIO 33124 ONTUMU3ALINK:

.

Y, = -0,00143 + 0,000799v + 0,18871vA,, , x5 — 0,0001v2 — min (5.9)

npu v € [1,78; 5,89] n HacTpavBaemoii rny6uHe 3agenku cemsaH ot 0,02 go
0,06 m.
.

Y, = 0,202733 — 0,03975v — 2,64387A,, ; + 0,298054vA,, , +
+0,004014v* + 23,125  — min (5.10)

npu v € [1,78; 5,89] 1 HacTpauBaemoii rnybuHe 3agenku cemsH ot 0,02 ao
0,06 m.

B pesynbTate peanusaumm asTnux mogeneit B Microsoft Excel 6b1nm onpe-
[ileNneHbl ONTUMabHbIE CKOPOCTY ABMXKEHUA UCCNEAYEeMOro COLLHMKa C TOY-
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KV 3peHUs 3ade/lKn CeMSIH Ha HEOBXOAMMYHD Ty6UHY MO MCCNeayemMbIM
napameTpamM onTummnsaumn. Mo KpUTepuio G, Npu v = 1,78 m/c (6,4 KM/u).

Ha faHHOM 3Tane Hamu Gblfa NMOCTaBMAEHa M peLleHa 3agadva 0TbICKaHMA
ONTUMa/IbHbIX CKOPOCTeld UCCeLyeMOoro COLIHUKA A1 NOoceBa Ha pasnind-
HYI (PMKCMPOBaHHYIO FTyOMHY Ce/IbCKOX03SIMCTBEHHBIX KYNbTYP C OTKMO-
HEHVEM OT YCTaHOBOYHOI ry6uHbl He 6onee 0,005 M 1 ¢ 06pasoBaHNEM
MWHVMa/IbHO LUMPUHBI 6OPO3aKM.

MonyuyeHbl afeKBaTHblE KBaApaTWUHblE MOAENN WM3MEHEHUS Pe3ynbTu-
pyHOLMX NapamMeTpoB OT He3aBMCMMbIX (DaKTOPOB, KOTOPblE MO3BOASIOT B
Ja/bHeliLeM MoAenMpoBaThb 13yyaeMble NMPOLLECChI.

5.2.4. O6ocHOBaHNE PALIHOHAJIBHBIX IAPAMETPOB BHICOKOCKOPOCTHBIX
AMCKOBBIX COLIHHKOB IMOCEBHBIX MAIIHH

CxeMa MOMCKOBbLIX UCCNeA0BaHMIA NofLpasymeBasa NosTanHoe Bapbupo-
BaHWe OfHOr0 U3 (PaKTOPOB MPU (PUKCUPOBAHHBLIX NapaMeTpax OCTasbHbIX
(haKTOPOB Ha YPOBHSX ONOPHbIX TOYEK.

Ha OoCHOBaHMM paHXMpOBaHMA (DAKTOPOB CHayana M3yyanun BAUSHUE
CKOpPOCTY MpefnaraeMoit KOHCTPYKLIMK COLLHMKA U HacTpamBaemoii rnyou-
Hbl 33[le/IKN CEMSIH Ha G,; MPY 3aMKCUPOBAHHBIX Ha CPefHUX YPOBHSAX OC-
TaNbHbIX NapameTpax: b = 0,04 m n F,= 350 H. JaHHasa rpaduyeckas 3aBu-
CMMOCTb MpefcTas/neHa Ha puc. 5.15.

s LSET
e e e e e I tyComa
00130

00120

00100 N3 8 OMB D4
0.0080 .
003
O 0060 005

O

00030

00020

00000 - g r )

Puc. 5.15. 3aBUCMMOCTb CPefiHEro KBafpaTuyecKoro OTK/IOHEHNS 3ae/IKN CeMsIH
OT (IMKCMPOBaHHOI YCTaHOBOYHOM FyBUHBI NPY U3MEHEHNN
CKOPOCTY [BVKEHMUS UCMBITYEMOTO COLLHMKA
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OHa MOKa3sbIBaeT, UYTO CcpefHee KBafpaTvyeckoe OTK/IOHEHWE 3afe/lKu
CeMsH 0T (DMKCMPOBAHHOM YCTaHOBOYHOM rNy6WHbI (fanee OTK/IOHEHWE)
YBEMNYMBAETCA NPU YBENYEHUN CKOPOCTU ABWXKEHWS COLLUHMKA M (DUKCK-
POBaHHOM YCTaHOBOYHOM FNyOUHbI 3ae/1K1 CeMsH. Ha 0CHOBaHWMM CyLLecT-
BYIOLLMX arpoTeEXHUYECKUX TPebOBaHWI AaHHbIe OTK/IOHEHWS He AO/MKHBbI
npesbiwatb +0,005 M. [aHHbIli (hakT NO3BONMA Ha NPeACTaB/eHHON rpadu-
YECKOM 3aBUCUMOCTU BbIAENNTL 30HY, FAe HapyLlalTCca arpoTEXHUYECKMe
Tpe60oBaHWA MO PaBHOMEPHOCTM BbiCeBa CeMsH (BbleNeHa Ha PUCYHKe
NYHKTVPHOI PamMKOW) ¥ CKOPOCTHbIE FPaHuLbl UCMLITYEMOrO COLLHUKA Npu
Tpebyemoli rnybuHe 3a4eNKn CEMSIH.

YCTaHOB/IEHO, YTO MPU CYLLECTBYHOLMX arpoTpeboBaHusx (15 %) oT-
KNOHEHWE TNy6uHbI OT 3afaHHoi cocTanseT 0,005 M. MNpu 3ToM Ha rnyou-
He [0 2 CM A0NYCTMMO MCNO/b30BaHMe CKOPOCTM A0 36 KM/, Ha rny6uHe 3
cm — 10 30 Km/4, Ha rny6uHe 4 cMm — 0o 23 KM/4, Ha rybuHe 5 cvm — Ao
20 KM/u, Ha rny6uHe 6 cM — 0 16 Km/u.

ANMNPOKCMMALMA OMbITHbIX AaHHbIX AOMYCTUMbIX CKOpPOCTE moce-
Ba Vyon (M/C) B 3aBUCUMOCTU OT ry6WHbI 3afenKu cemsaH A, . (M) ans mc-
MbITYEMOr0 COLUHMKA NOKasaHa Ha puc. 5.16 1 onucbiBaeTcA MaTeMaTuye-
CKW:

Vyon =166667A° —18571A° +469,05A +6,8. (5.11)

Vom

| v v v v J

00l N [INIRY 0,04 008 0,06 007A M

Puc. 5.16. NpathmK 3aBUCMMOCTY LOMYCTUMbIX CKOPOCTEl
rocesa OT rNy6uHbI 3afieKu1 CeMsAH
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AHanM3 BAMAHWA CKOPOCTW NpeLlaraeMoi KOHCTPYKLMW COLUHUKA W
HacTpanBaemolii FTyOMHbI 3afe/IKN CEMSIH MpY 3aiMKCMPOBaHHbIX Ha cpea-
HUX YPOBHSX ocTaslbHbIX napameTpax (b = 0,04 m n F, = 350 H) Ha wupwu-
Hy obpasytoLLeiics 60po3aKM bgy, NOKa3an ee NPONOPLMOHaNLHOE YBeu-
YeHKe ¢ POCTOM CKOPOCTU W rYyOUHBI 3afe/1KN CeMsH. [pu 3TOM AuHaMMKa
OMbITHBIX AaHHbIX MOKa3bIBaEeT, YTO MPW FNyBuHE 3afenKn CeMsiH 4o 4 cM
CKOPOCTb [ABVDKEHWSI UCMBITYEMBIX COLUHWKOB HE3HA4YWUTENIbHO BAMSET Ha
M3MEHEHMe LUMPUHBbI 60PO3AKK, a NpW 3adenke CeMsH Ha rnyouHy 6Gonee
4 cM LWnprHa 60PO34KM YBENNUMBAETCA C YBEIMUYEHNEM CKOPOCTY.
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