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BBE~HHE 

ApaXHC - Ba)J(HeHIIIruI lIPO,lJ;OBOJIhCTBeHHruI H BhIcoKoQeHHruI MaCJIWIHruI 

KyJIhTypa, B03,lJ;eJIhIBaeMruI B HHrepHH. B lIOCJIe,lJ;HHe rO,lJ;hI lIJIOm;a,lJ;h lIO,lJ; 

apaXHcoM ,lJ;OCTHrJIa 2,8 MJIH.ra. ,[(aJIhHeHIIIeMY YBeJIHqemno lIPOH3BO,lJ;CTBa 

apaXHca y,lJ;elliIeTCH 60JIhIIIOe BHHMaHHe BO BceM MHpe, H BaJIOBhle C60PhI apamca 

pacryT KaK B HHrepHH, TaK H B ,lJ;pyrHX pa3BHBaIOm;HXCH cTPaHax. 

O,lJ;HHM H3 Ba)J(HeHrnHX lIpoQeccoB B03,lJ;eJIhIBaHHH apaXHca HBAAeTCH 

IIIeJIYIIIeHHe lIJIO,lJ;OB, T.e. ero lIepepa6oTKa. 

KaqeCTBeHHoe IIIeJIYIIIeHHe BO MHOrOM 3aBHCHT OT MeXaHH3aQHH 

lIPOH3BO,lJ;CTBeHHhIX lIpoQeccoB. B HHrepHH H B pMe ,lJ;pyrHX pa3BHBaIOIIUlXcH 

cTPaHax OKOJIO 80% apaXHca H,lJ;eT Ha lIPOH3BO,lJ;CTBO MaCJIa, C BhICOKOH 3aTPaToH 

3HeprHH H BpeMeHH H3-3a cJIa60 pa3pa60TaHHhIX MeTO,lJ;OB ero lIPOH3BO,lJ;CTBa H 

He,lJ;OCTaTKa cOBpeMeHHoH TeXHHKH lIO KOJIJlqecTBY H KaqeCTBY. llpHMeHHeMhIe 

Cpe,lJ;CTBa npOH3BO,lJ;CTBa apaXHcoBoro MaCJIa HMelOT HH3KYID 

lIPOH3BO,lJ;HTeJIhHOCTh, a KaqeCTBO He COOTBeTcTByeT Me)J(,l1;yHapO,lJ;HhIM 

CTaH,lJ;apTOM. l103TOMY, Heo6xo,lJ;HMO lIpOBeCTH HCCJIe,lJ;OBaHHH lIO 

COBepIIIeHCTBOBaHHIO 3Toro lIpOQecca. HaH60JIee Ba)J(HhIMH H3 HHX HBAAeTCH 

IIIeJIYIIIeHHe lIJIO,lJ;OB (opeXOB) apaxHca. 

TaK KaK opeXH apaXHca HClIOJIh3yIDTCH lIO Pa3JIWIHhIM HalIpaBJIeHHHM (QeJIhle 

opeXH ,lJ;AA JIaKOMCTBa, H3MeJIhqeHHhIe H pa3,lJ;eJIeHHhIe Ha CeMH,lJ;OJIH - ,lJ;AA 

lIo~eHHH MaCJIa H KOH,lJ;HTepCKHe QeJIH), TO,lJ;AA peIIIeHHH 3THX 3a,lJ;aq TPe6yIDTCH 

ClIeQHaJIhHhle YCTPOHCTBa ,lJ;AA IIIeJIYIIIeHHH opeXOB, pa3JIJlqalOm;HeCH lIO 

TeXHOJIOrJlqeCKOMY lIpOQeccy. B CBH3H C 3THM O.n;HHM H3 BOlIPOCOB HaCTOHIIUIX 

HCCJIe,lJ;OBaHHH HBAAeTCH pa3pa60TKa KOHCTPYKQHH IIIeJIYIIIHJIhHhIX YCTaHOBOK ,lJ;AA 

Pa3JIJlqRbIX BH,lJ;OB HClIOJIh30BaHHH opeXOB. 

QeJIh HaCTOHm;eH pa60ThI paCCMaTPHBaeTCH CJIe.n;ymm;HM 06Pa30M: 

1 - HCCJIe,lJ;OBaTh <pH3HKo-MeXaHJlqeCKHe CBoHcTBa apaXHca H HX BJIHHHHe Ha 

KaqeCTBO IIIeJIYIIIeHHH; 

2 - BhIHBHTh <pH3HKo-MeXaHJlqeCKHX CBOHCTB apaXHca H HX BJIHHHHe Ha 

KOHCTPYKQHH YCTPOHCTB ,lJ;AA IIIeJIYIIIeHHH lIJIO,lJ;OB apaXHca; 



5 

3 - pa3pa60TaTb KOHCTpy~if me.rrynrn:Teneif nno,n;OB apaXHca ,n;IDI 

pa3nlPIHbIX u;eneif npHMeHHMbIX ,n;IDI ycnoBHH HHrepHH: 

• me.rrynrn:Tenb,n;IDI nonyqeHIDI pa3,n;eneHHbIX opeXOB Ha ceWI,n;onH ,n;IDI 

KOH,n;HTepcKHX u;eneif; 

• menyillHTenb,n;IDI nonyqeHIDI u;enbIX opeXOB ,n;IDI naKOMCTBa; 

• menymHTenb,n;IDI nonyqeHIDI H3Menb"lfeHHbIX opeXOB ,n;IDI Macna. 

4 - npoBecTH 3KCnepHMeHTallbHble Hccne,n;OBaHIDI YCTaHoBoK ,n;IDI 

menymeHIDI nno,n;OB H 06ocHoBaTb HX napaMeTpbI. 

I1ccJIe,n;oBaHIDI BblKillO"lfaroT; 

- H3yqeHHe Bonpoca no MHpOBblM nHTeparypHbIM HCTO"lfHHKaM, 

- npoBe,n;eHHe TeOpeTlPIeCKHX Hccne,n;oBaHHif no menymeHHlO opexoB 

apaXHca, 

- pa3pa60TKa H H3rOTOBneHHe YCTaHoBoK, H HX HCnbITaHHe. 

BblnonHeHHe 3THX 3a,n;a"lf n03BOnHT 3aMeHHTb pyqHoif TPy,n; Ha MaillHHHbIH 

npH menymeHHH apaXHca H peillHTb npo6neMbI npoH3Bo,n;cTBa apaXHcoBoro Macna 

B Pecny6nHKe HHrepIDI BblCOKoro Ka"lfeCTBa, C HH3KHMH 3arpaTaMH 3HeprnH H 

BpeMeHH, ynyqmHTb ypoBeHb ')I(H3HH HHrepHifcKHX KpecTMIH, oco6eHHo 

KpecTMIHcKHX o6nacTeif. 
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r JIABA I. COCTO.snmE BOIIPOCA H 3MA qu HCCJIE,lJ;OBAIIIIB 

1.1. XapaKTepHCTHKa YCJIOBHH B03~eJIbIBaHHH apaxHca 

Cpe.n;H BhICOKo:u;eHHhIX MaCJllflIHhIX KYJIhTYP B TPo:rnrqecKHX CTPaHax 

HaH60JIhmee 3HaqeHHe H paCIIpOCTPaHeHHe HMeeT apaXHC. ApaXHc (Arachis 

hypogaea) - o.n;HOJIeTIUUI, ceMeHCTBa 6060BhIX, BJiaromo6HBruI, cBeTomo6HBruI H 

TeIIJIomo6HBruI KYJIhTYPa, B03.n;eJlhIBaeMruI pa.n;H C'he.n;06HhIX IIJIO.n;OB, 

HaIIOMHHaIOI:QHX H.n;pO opexa. PacTeHHe :no pe3Ko OTJIIflIaeTCH OT .n;pyrHX BH.n;OB 

ceMeHCTBa 6060BhIX (COH, <paCOJIH HJIH ropoxa) YCTPOHCTBOM :U;BeTKa H 

oc06eHHocThIO 06pa30BaHIDI opexa. 

OpeXH OqeHh IIHTaTeJIhHhI, co.n;ep:>KaT 43-50% MaCJIa, 5-12% yrJIeBo.n;oB H 

25-30% 6eJIKa. E06 apaXHca, <pOPMOH CBoeH HaIIOMHHaIOI:QHH KOKOH, BhI3peBaeT 

IIO.n; 3eMJIeH . (IIo.n;06HO KJIy6HHM KapTo<peJIH). BHYTPH KOKOHa (606a) 3aKJIlOqeHhI 

ceMeHa ( opeillKH) pa3JI~OH <pOPMhI H oKpacKH ( CBeTJIO-p030Bhle, TeMHO

KpacHhle H qepHo-<pHOJIeTOBhle). Ha pHc.1.1 IIOKa3aH apaXHc IIo.n;3eMHhIH C 

:U;BeTKaMH MOJIO.n;hIMH H 3peJlhIMH opexaMH H 606hI (B pa3pe3e) co 3peJIhIMH 

ceMeHaMH (IIJIo.n;aMH). 

PHc.I.I. 3eMJIHHhIH apaXHC 

EJiaro.n;apH HCKJIIO~TeJIhHOMY COqeTaHHIO :u;eHHhIX KaqeCTB B opexax 

apaXHca :na KYJIhTypa HMeeT caMoe pa3Ho06pa3HOe IIpHMeHeHHe [40, 85,90, 120, 

126]. 
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noraTCTBO OpeXOB apaXHCa BbICOKOu;eHHbIM MaCJIOM (OT 42 ,l(0 60 %) H 

JIerKO YCBaHBaeMbIM 6eJIKOM (OT 28 ,l(0 34,6 %) OTKpbIBaIOT 60JIbrrm:e 

B03MO)l(HOCTH HCrrOJIb30BaHIDI KaK caMHX opeXOB, TaK H )l(MbIXa H3 HHX, e:rn;e 

60JIee 60raTbIX 6eJIKOM (,l(0 44,5 %). KOJIWIeCTBO 30JIbI, BO,l(bI H KJIeTqaTKH B 

opexax apaXHca He3HaqHTeJIbHO, QTO erne 60JIee YBeJIWIHBaIOT u;eHHOCTb ero KaK 

rrH:rn;eBoro rrpo.l(yKTa. Illi:rn;eBaJ[ u;eHHOCTb opexoB apaXHcoB B cpaBHeHHH C 

,l(pyrnMH rrH:rn;eBbIMH KYJIbTypaMH rrOKa3aHa (Ta6. 1.1) [126]. 

Ta6JIHu;a 1.1 

Illi:rn;eBaJ[ u;eHHOCTb apaXHca 

ITpoTeHHble EeJIOK, % YrJIeBO,l(, % :>KHp, % KaJIOPHHHOCTb, 

KaJIO HH 

3,3 4,8 3,6 65 
13,3 13,3 173 
18,5 13,3 194 
22,6 2,6 114 
22,3 57,2 1,7 333 

25,33 10,2 40,5 500-600 

Y CTaHOBJIeHO, QTO O,l(HH KHJIorpaMM ceWIH apaXHca ,l(aeT 5 960 KaJIOPHH; TOr,l(a 

KaK O,l(HH KHJIorpaMM KypHHbIX HHU; JIHrnb 1 192 KaJIOpHH, T. e. KaJIOPHHHOCTb 

apaXHca rrOQTH B 5 pa3 60JIbrne KaJIOPHHHOCTH KypHHbIX HHU; [40]. 

1.1.1. ,lI;HHaMHKa npOH3BO,lJ;CTBa 3CMJlHHOrO apaxHca 

ITo rrpOH3BO,l(CTBY apaxHca HHrepHH (7%) 3aHHMaeT 1peTbe MeCTO B MHpe 

rrOCJIe KHTaJ[ (60JIee 42% 06:rn;eMHpoBoro ypO)l(aH apaXHca), l1H,l(HH (31 %), 

CIIIA - (5 %). B A<jlpHKe HHrepHH 3aHHMaeT rrepBoe MeCTO (60JIee 33 % 06:rn;ero 

ypO)l(aJ[ apaXHca). BTopoe MeCTO 3aHHMaeT CY,l(aH (15%). B rrepByro QeTBepKY 

BXO,lJ;HT TaK)l(e CeHeraJI (11 %) H raHa (6 %). B COBOKYIIHOCTH Bce QeTbIpe C1paHbI 

06eCrreQHBalOT 65 % ypO)l(aH B A<jlpHKe. CJIe,l(YJO:rn;He 3a HHMH qa,l( - 5,5 % H 

KOHro ,n;P. - 4 %. XOTH ErHrreT HMeeT caMyro HH3Kyro rroceBHyro rrJIo:rn;a,lJ;b, OH 

HMeeT caMyro BbICOKyro ypO)l(aHHOCTb - 3,2 T/ra H 3a HHM IOAP H HHrepHH 1,7 

T/ra H 1,0 T/ra COOTBeTCTBeHHO [90]. 
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MHPOBruI IIJIOIIJ;a,lJ;I> rrOCeB apaXHCa B HaCTmIIIJ;ee BpeMH COCTaBJUIeT 18,4 MJIH. ra, a 

BaJIOBOH c60p CBbIIIIe 29,2 MJIH. T, TOr,lJ;a KaK Y HHrepHH rrJIOIIJ;a,lJ;b rroceB 

COCTaBJUIeT 2,8 MJIH. ra. BaJIOBOH c60p 2,7 MnH. T. (Ta6n. 1.2.). 

Ta6nHI~a 1.2 

IIpOH3Bo,lJ;CTBa apaxHca B HHrepHH C 1961 - 2004r. 

Bc e,lJ;HeM 3a 10 neT 
IIoKa3aTenb 1961 - 1970 1971 - 1980 1981 - 1990 1991 - 2000 2001-2004 

IInOIIJ;a,lJ;b, 1937 1236 656 1908 2767 
TbIC. ra 
YpO)l(aHHOCTb, 918 707 1148 1057 974 
Kri ra 
BaJIOBOH c6op, 1778 874 753 2016 2694 
TbIC. T 

):(HHaMHKa rrpOH3BO,lJ;CTBa 3eMJUIHOrO apaxHca (rroceBHruI rrnOIIJ;a,lJ;b, c60p 

ypO)l(ruI H ypO)l(aiiHOcTb) B HHrepHH rrpe,lJ;CTaBneH Ha pHc.1.2. 

3000 
2500 
2000 
1500 
1000 
500 

o 
1961-
1970 

1971-
1980 

1981-
1990 

rOA 
o nnoU43Ab, Tblc.ra 
• YpO>KaMHOCTb, Kr/ra 

1991- 2001-
2000 2004 

• BanOBOM c6op, TbIC.T 

PHc.1.2. ):(HHaMHKa rrpOH3BO,lJ;CTBa 3eMmrnoro apaxHca B HHrepHH 

1.1.2. Oco6eHHocTH "POH3Bo.r.cTBa 3eMJlHHOrO apaxHca B HHrepHH 

HHrepIDI (pHc.1.3.) HaXO,lJ;HTCH Ha IO)I(HOM 6epery 3arra,lJ;HOH A<pPHKH, 

rrpoTHHYBIIIHcb C 2° ,lJ;O 15° 3arra,lJ;HOH ,lJ;OnrOTbI H 5° ,lJ;O 15° ceBepHoH IIIHpOTbI. 

CTpaHa rpaHWIHT C Pecrry6nHKoH EeHe Ha 3arra,lJ;e, HHrepoM Ha ceBepe, qa,lJ;OM H 

KaMepYHOM Ha BOCTOKe. IO)I(HruI qaCTb rpaH~HT C 3aJIHBOM rBHHeH - o6nacTH 

rrepeXO,lJ;a 6onoT H TPorr~ecKHX neCOB rr06epe)l(MI B OTKpbITYJO 
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JIeCHCT)'lO MeCTHOCTb H CaBaHH)' Ha HH3KOM IIJIaTO, KOTOpOe paCrrrnpHeTCH B 

lJ,eHTPaJIbHOH qaCTH CTPaHbI H IIepeXO,lJ;HT B IIOnyrrycTbIHHbIe paBHHHbI Ha CeBepe 

[118]. 

C ...... H. CpeAl'. MOI\OPOAM" 
I1KIlCmlIoI8C1HOCTb 

• TponINeCIOIii nee 
6oJ1OTO 

• "ManQlOl/8' 

PHc.13 .• KapTa Pecny6JIHKH HHrepHH C perHOHaMH B03,lJ;eJIbIBaHHH apaXHCa 

CeJIbCKOe X03HHCTBO HHrepHH ,lJ;aeT 45~ BaJIOBOH HalJ,HOHaJIbHOH 

IIpO,n;yr<.n;HH. ApaXHC HBJIHeTCH O,lJ;HHM H3 rJlaBHbIX IIPO,lJ;OBOJIbCTBeHHbIX IIOCeBOB. 

06llJ,aH IIJIOllJ,a,lJ;b 3eMeJIb B HHrepHH COCTaBJIHeT 92,4 MJIH. ra (923,8 km2), 

CeJIbXo3yrO,lJ;HH 91,0 MJIH. ra, IIaIIIIDI 33,0 MJIH. ra, B TOM qHCJIe: IIO,lJ; IIHllJ,eBbIe 

KyJIbTYPbI - 17,7 MJIH. ra H IIO,lJ; TeXHJfqeCKHe KYJIbTypbI - 4,9 MJIH. ra. 

YpO)KaHHOCTb CeMHH apaxHca B HHrepHH IIOKa He 60JIbme 1,0 Tira [120]. 

ilPOH3BO,lJ;CTBO 3eMJIHHOrO apaxHca B HHrepHH IIO 60JIbmeH qaCTH 

CKOHlJ,eHTPHpoBaHo B ceBepHbIX mTaTax, r,lJ;e IIOqBa H arpOKJIHMaTJfqeCKHe 

YCJIOBHH HaH60JIee 6JIarOIIpHHTHbre. )l;O)K,lJ;JIHBbrH ce30H IIpO,lJ;OJI)KaeTCH OT 70 ,lJ;O 

200 ,lJ;HeH C KOJIJfqeCTBOM OCa,lJ;KOB, KOJIe6JIIOllI,HMCH OT 650 ,lJ;O 3800 MM. 

CeBepHbIe mTaTbI IIPOH3BOMT CBbIme 99~ 3eMJIHHOrO apaXHca, TOr,lJ;a KaK 

IO)KHbIe mTaTbI MeHee qeM 1 ~ [120]. IIlTaT KaHo HBJIHeTCH KpynHbIM 

IIPOH3BO,lJ;HTeJIeM apaXHca (cBbIme 33~) r,lJ;e OH B03,lJ;eJIbIBaeTCH B OCHOBHOM B 

MeJIKHX KpecTbHHcKHX X03HHCTBax B O,lJ;HOBH,lJ;OBbIX IIoceBax HJIH COBMeCTHO C 

copro, KYKYPY30H HJIH MaHHOKoH. ApaXHC celOT B Cpe,lJ;eHHe MaH Ha PbIXJIOH 
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1.1.3. liHOJIOrHQeCKHe oco6eHHocTH apaxHca 

ApaXHc, HnH 3eMIDIHOH opex, OTHOCHTC~ K ceMeHcTBY 606oBbIX. IIo 

xapaKTepy pa3BHT~ KYCTa apaxHc pa3.n;e~eTc~ Ha KYcToBbIe H CTemOIIUlec~ 

CPOPMbI. KopeHb apaxHca - CTep)l(HeBOH, rny6oKo npoHHKaIOrruill B HH)I(HHe cnOH 

nOqBbI. BbIcoTa rnaBHoro cTe6~ y KYCTOBbIX CPOPM, B 3aBHCHMOCTH OT copTa H 

YCJIOBHH pOCTa, OT 15 .n;o 50 CM, .n;HaMe'Ip KYcTa 25 - 40 CM. 

Y cTemoIIUlXc~ CPOPM BbICOTa rnaBHoro cTe6~ He3HaqHTenhHa, np~eM 

.n;HaMe'Ip KYCTa 6bIBaeT .n;o 1,5 M. CTe6enb apaXHca CHnbHO BeTBHTC~. lfficno 

60KOBbIX BeTBeH Ha KYCTe 8 - 10 H 6onee. PacnOnO)l(eHHe JIHCTbeB Oqepe.n;Hoe. 

QBeTKH MOTbInbKOBOro mna. OKpacKa .QBeTKOB )l(enT~ HnH OpaH)I(eB~, 

Pa3JIWIHbIX OTTeHKOB. ApaxHC caMOOnbIJUllOIIJ;eeC~ pacTeHHe. IIocne 

onno.n;oTBopeH~ 3aB~3b Ha~HaeT CHnbHO pa3paCTaTbc~ H 06pa3yeT YTOnIIJ;eHHbrn 

Ha KOH.Qe .n;nHHHbrn BbIPOCT, KOTOPbIH Ha3bIBaeTC~ rHHOCPOPOH. rHHOcpopa 

H3rH6aeTc~ BHH3 H HanpaB~eTc~ K nOqBe. ,[(OCTHrnyB nOqBbI, KOHe.Q mHocpopbI 

norpy)I(aeTC~ Brny6b, H 3.n;eCb, no.n; 3eMneH, H3 YTOnIIJ;eHHOrO KOH.Qa 06pa3yeTc~ 

nJIo.n;. EcnH rHHOcpopa He .n;OCTHrHeT 3eMnH, TO OHa 3aCbIXaeT H nno.n;a He 

06pa3yeTC~. Heo6xo.lJ:HMbIM ycnoBHeM .n;~ pa3BHT~ 606oB ~B~eTC~ 

.n;ocTaTOqHbIH npHToK TennOTbI H Bnam [40, 99, 114]. 

1.1.4. llOQBa 

ApaXHC nyqme Bcero pacTeT Ha PbIXnOH nOqBe H qHCTOH OT COPIDIKOB C 

rny6HHoH BcnaillKH He MeHee 25 - 30CM. IIOqBbI HHrepHH nerKHe no c'IpYKType, B 

OCHOBHOM neCqaHbIe. Co.n;ep)l(aHHe rnHHbI HaxO.n;HTC~ B npe.n;ene 7 .. .43%. 

Kon~ecTBo OCa.n;KOB Kone6neTc~ OT 650MM (Ha ceBepe c'IpaHbI) .n;o 3 800MM (Ha 

lOre). lliO.n;opo.n;He nOqBbI O.QeHHBaeTC~ no co.n;ep)I(aHHlO opra~ecKoro 

yrnepo.n;a (OY), qTO B CBOIO Oqepe.n;b onpe.n;e~eT co.n;ep)l(aHHe a30Ta B nOqBe 

(Ta6n. 1.3) [85, 120]. 

pH 
OnTHMaJIbHOe 3HaqeHHe nOqBbI 6,0 - 6,5. ApaxHC OTn~aeTCj{ 

.n;nHTenbHbIM BereTa.QHOHHbIM nepHo.n;oM. Y cKopocnenbIX CPOPM OT BCXO.n;OB .n;o 
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C03peBaHIDI rrpOXO)J;IiT OT 130,ll;0 150 ,ll;HeH, Y Cpe,ll;HeCrreJII,IX - OT 150,ll;0 170 ,ll;HeH 

H Y rr03,ll;HeCrreJIhIX OT 170 ,ll;0 200 ,ll;HeH. 

B HaCTOjlm;ee BpeWI B HHrepHH BI,lPam;HBaeTCjI 60JIee 16 Pa3HOBH,ll;HOCTeH H 

COPTOB 3eMAAHoro apaXHca [85, 114,120] (rrpHJIO)l(eHHe 1). 

Ta6JIH:u;a 1.3 

Y OBeHI, MHHe aJIOB HH3KHH BhICOKHH 

A30T <0,5% (0 ) 0,5 ... 75% (oy >75% (oy) 

<Doc 0 <20Kr/ra 20 .. .40 Kr/ra >40 Kr/ra 

<115Kr/ra 115 ... 275Kr/ra >275 Kr/ra 

1.1.5. B03,LJ;eJlbIBaHHe apaxHca 

B TPorurqecKHX cTpaiIax OrrTHMaJII,H~ TeMrrepaTypa ,ll;AA pocTa H pa3BHTIDI 

3eMAAHoro opexa 25 ... .30°C. nyqll~ OTHOCHTeJII,H~ BJIa)l(HOCTI, B03.n;yxa ,ll;AA 

apaxHca HaXO,ll;HTCjI B rrpe,ll;eJIax 72 .... 82 %, KOTOpajl xapaKTepHa,ll;AA paHoHoB ero 

B03,ll;eJIbIBaHIDI [65, 85, 90, 120]. B HHrepHH apaxHc celOT B Cpe,ll;HHe MeCjJ:Qa 

arrpeAA ,ll;0 KOH:u;a MeCjI:u;a M~ Ha PbIXJIOH rrOqBe. Ha MeJIKHX yqacTKax apaXHc 

celOT BpyqHYlO B 60p03,ll;KH C Me)l(.n;y - Pjl,ll;IDIMH 1 M H paCCTOjlHIDIMH Me)l(.n;y 

ceMeHaMH 30CM, a Ha 60JII,llHX yqacTKax HCrrOJIb3yIOT ceMKH [40, 53, 65]. TIPH 

rroceBe rJIy6HHa 3a,ll;eJIKH ceWIH apaXHca YCTaHaBJIHBaeTCjI B 3aBHCHMOCTH OT 

BJIa)l(HOCTH rrOqBhI H ee MeXaHHqeCKOrO COCTaBa. Ha cyrJIHHHCTbIX rrOqBaX 

3a,ll;eJIbIBaIOTCjI Ha rJIY6HHY B 5 - 7 CM, B 3aBHCHMOCTH OT 3aJIeraHIDI BJIa)l(HOrO 

ropH30HTa. Ha JIerKHX cyneCqaHhIX rrOqBaX rJIY6HHa 3a,ll;eJIKH - ,ll;0 10cM. TIpH 

6JIarOrrpIDITHhIX YCJIOBIDIX BCXO,ll;hI apaxHca rrOjlBJIj{lQTCjI B TeqeHHe He,ll;eJIH. KaK 

TOJIbKO 0603HaqaTCjI Pj{)l;KH BCXO,ll;OB apaXHca, rrpOBO)l;j{T OqlfCTKY OT COPHj{KOB 

BpyqHYlO (MoThIraMH Ha MaJII,IX yqacTKax) H KYJIbTHBaTOpaMH Ha 60JII,llHX 

rrJIOm;a)l;j{X. 3HaqlfTeJIbHO rrOBbIllaeT YPo)l(aH rrO,ll;KOpMKa BCXO,ll;OB apaXHca 

MHHepaJII,HbIMH y,ll;06peHIDIMH (30JIhI, cyrrep<pocqlaT, KaJIHHH~ COJII" CYJII,<PaT 

aMMoHIDI) H MeCTHI,IMH y,ll;06peHHjJMH (rrTIfqHH rrOMeT H ,ll;p.). ApaXHc c03peBaeT 

qepe33 - 4 MeCjI:u;a. 
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1.2. Cnoco6b1 y60pKH H nOCJIey6opO-IHOH o6pa6oTKH apaxHca 

Y60pKa apaXHca - O,n;HH H3 Ba)I(HhIX H OTBeTCTBeHHbIX rrpOn;eccoB B 

TeXHOJIOrHH ero rrpoH3Bo,n;cTBa. OHa 3aBHCHT OT YCJIOBHH B03,n;eJIblBaHIDI H 06beMa 

npOH3Bo,n;CTBa. 

OrrTHMaJIbHOe BpeMJI ,n;JUI y60pKH - Kor,n;a 60JIbIrnlHCTBO 606oB HMelOT 

KopWIHeBYIO rrOBepXHOCTb, OKpameHhI, H 75% 606oB cTaHYT TeMHblMH Ha 

BHYTPeHHeH rroBepXHocTH 060JIOqKH. BJIaXHOCTb 606oB H opexoB apaXHca B 

rrepHo,n; y60pKH KOJIe6JIeTCH B rrpe,n;eJIax 35 - 50% (MOKphIH crroco6), 18 - 25% 

(rronycyxoH crroco6) H 8 - 10% (CYXOH crroco6) [86, 116]. 

Y60pKY apaXHca 06bNHO BbII10JIHj{lQT BpyqHYlO. B pa3BHBalOIIJ;HXCH 

cTPaHax A3HH H A<pPHKH y60pKY apaXHca rrpoBoMT C HCrrOJIb30BaHHeM rrpocTbIX 

Opy,n;HH H MaIrnlH [85, 86, 87]. B HHrepHH apaXHc y6HpaeTcH C Cepe,[(HHhI aBrycTa 

rro cpe,n;HHY ceHTH6pH, Kor,n;a 606bI apaXHca C03peJIH, H HaCTYIIaeT KOHen; 

,n;ox,n;JIHBOrO ce30Ha. TIpH 3TOM crroco6e 3epHa OCTaIOTCH rrpaKTWIeCKH 

HerroBpex,n;eHHhIMH, a rrOTepH - MHHHMaJIbHhIMH. O,[(HaKO pyqnOH crroco6 OQeHh 

TPy,n;oeMOK H MaJIOnpOH3Bo,n;HTeJIeH. 

1.2.1. Pa3.z:.eJlbHb1H cnoco6 

B pa3BHTbIX cTPaHax apaXHc y6HpaIOT MaIrnlHaMH. KOM6aHHoBhIe crroco6bI 

o6pa6oTKH apaXHca OTJIWIalOTCH TeXHOJIOrHeH, pa60QHM rrpOn;eccoM H 

KOHCTP)'KIUfeH MaIrnlH. TIPH pa3,n;eJIbHOM crroco6e (pHc.1.4.) [86, 102, 103], 

HCrrOJIb3YIOT apaXHcoKOrraTeJIH, apaXHcorro,n;beMHHKH, rrepeo6opy,n;oBaHHhIe 

KYJIbTHBaTopbI H ,n;p. Kor,n;a apaXHcbI rro,n;KarrblBaIOTCH, H3BJIeKaIOTCH H3 rrOQBbI, 

oTPHXHBalOTcH OT 3eMJIH H YKJIa,[(blBaIOTCH B BaJIOK. 

TIoCJIe rro,n;cynnrnaHIDI pacTeHHH B TeQeHHe 7 - 9 ,n;HeH BaJIOK rro,n;6HpalOT H 

06MOJIaQHBaIOT KOM6aHHoM - KMC- 4. TIpH OTCYTCTBHH YKa3aHHbIX MaillHH 

BhIKarrblBaTb apaXHc MOXHO rrnyraMH co CHHTblMH OTBaJIaMH, a TaKXe MO)I(HO 

HCrrOJIb30BaTb KapTo<peJIeKOrraTeJIH [92, 117]. 
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PHc.1.4. Y60pKa apaXHca pa3,lJ;enbH1>IM crroco60M 

O,lJ;HaKO pa3,lJ;enbHbIH crroco6 y60pKH apaXHca HMeeT pH,lJ; He,lJ;OCTaTKOB. 

IIpepbIBaeTcH rrOTOqHOCTb rrpo:u;ecca y60pKH, BKJIIOqaroI:u;ero MHoro 

TeXHonor~ecKHX orrepa:U;HH (rrO,lJ;KaIIl>IBaHHe, H3BneqeHHe, OTPHXHBaHHe, 

YKna,lJ;bIBaHHe B BanKH, rrO,lJ;60pKa H o6MonOT). 

HarrpHMep, 40 rrpo:u;eHToB 06I:u;HX 3aTPaT TPY,lJ;a, ,lJ;nH BbIpaI:QHBaHHH :noH 

KynbTypbI H,D;yT Ha y6opo~ble rrpo:u;eccbI [85]. 

1.2.2. llPHMOii KOM6aiiHoBblii cnoco6 

B ApreHTHHe KOM6aHHbI C06HparoT H 06MOnaQHBaIOT apaXHc 3a O,lJ;HH 

rrpoxo,lJ; H rronyqaIOT 06MOnOQeHH1>Ie opeXH, BMeCTO 606oB [120]. 

<l>HpMa KMC (CIIIA) C03,lJ;ana HOBbIH 4 - PH,lJ;HbIH KOM6aHH (pHc.1.5) ,lJ;nH 

y60pKH apaxHca, KOTOPbIH 3aMeHHT paHee rrpHMeHHBIIIHHCH 2 - PH,lJ;HbIH. HOBbrn 

KOM6aHH rrOKa3an xopoillHe pe3ynbTaTbI rrpH BbIKorrKe HaH60nee TPY,lJ;HO

y6HpaeMbIx COPTOB BHprnHcKoro THrra [117]. 

IIoTepH rrpH y60pKe 6bIBaIOT 3HaQHTenbHbIMH (oKono 10 %) H o6ycnoBneH1>I 

HeCKOnbKHMH rrp~HHaMH: OTPbIBOM 606oB rrpH 3aTHrHBaHHH CPOKOB y60pKH, 

H3nHillHe CYXHMH H TH:>KenbIMH rrOQBaMH, HerrpaBHnbH1>IM perynHpOBKaMH 

KOM6aHHa, OTPbIBOM opexoB B rrOQBe H npH BCTPHXHBaHHH KYCTa 

HerrOCpe,lJ;CTBeHHo rrpH BbIKonKe . 
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PHc.l.5. KOM6a:H:H KMC ,n;IDI rrpmfOrO crroc06a y60pKH 

,Z::LruI CIllDKeHIDI 3TlIX rrOTepb ,n;o 5 % He06xo,n;HMO IIpHMeIDITb OCTPbIe 

o,n;HHaKOBO 3arny6JIeHHble BblKarrbIBaIOIQHe opy,n;IDI H rro,n;HHMaTb pacTeHIDI 

BepTHKaJIbHO rrpH CKOPOCTH MaIIIHHbI He 60JIee 6,4 KM!q [117]. 

1.2.3. IIoCJIey6opoQHaH o6pa6oTl~a 

1.2.3.1. 06pbIBKa 

06pbIBKa - OT,n;eJIeHHe 6060B apaxHca OT pacTeHHH [40]. OHa rrpOH3Bo,n;HTCH 

rro,n; HaBeCaMH, Ha CrreU;HaJIbHbIX 06pbIBO~bIX MaIIIHHax HJIH BpyqH)'lO. 

06pbIBKa BKJllOqaeT OT,n;eJIeHIDI 6060B OT JI03b1, BbI,n;eJIeHHe HX OT JIHCTbeB H 

OTceHBaHHe MHKH:HbI. 

IIpH pyqHOH 06pbIBKe rrpHMeIDllOT PYKH H TaK Ha3bIBaeMble ap <pbI. Ap<pa 

rrpe,n;CTaBIDIeT C060H ,n;epeBHHHblH HIQHK pa3MepOM 60 x 60 CM C BblCOTOH 80 CM, C 

)l(eJIe3HbIMH rrpyTbHMH HJIH ,n;epeBHHHbIMH rrJIaHKaMH, KOTopble napaJIJIeJIbHO 

YKPerrJIeHbI B BepXHeH qaCTH mu;HKa, C IIpOCBeTOM B 3 CM. ,l(H0 HIQHKa ce~aToe 

[40]. Ha pHc.1.6 rrOKa3aHa 06pbIBKa apaXHca pYKaMH B Pa3BHBaIOIu;HXCH cTPaHax 

A<pPHKH. l1Hor,n;a y,n;aJIeHHe 6060B BbITIOJIIDleTCH o,n;HoBpeMeHHo C y60pKOH, 

Kor,n;a rrJIOIu;a,n;b rroceBa He60JIbmaH, a pa60QHe ,n;OCTyrrHbI. B 3TOM cnyqae, 606bI 

nOCJIe 06pbIBKH Cpa3Y cymaTcH. Ha xpaHeHHe 3aKJIa)J;bIBaIOT 606bI C BJIa)l(HOCTblO 

He Bblme 8 .... 10 %. 
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PHc.l.6. 06pbIBKa apaXHCa PYKaMH 

B pa3BHBaIOrn:HXC.SI C1'paHax A3HH TaIOKe npHMeH.SlIOTC.SI YCTaHOBKH ,n;IDI 06pbIBKH 

606oB apaXHCa. IIpoH3Bo,n;HTenbHocTb H qJfCTOTa menymeHH.Sl HeKOTopbIX THTIOB 

TaKHX YCTaHOBOK npHBe,n;eHbI B Ta6n. 1.4 [92]. 

Ta6nHI(a 1.4 

THn MaIDHH,n;IDI 06pbIBKH 606oB apaXHca 

THn Y CTaHOBKH 

Pa360 

IIpoH3Bo,n;HTenbHocTb, 
Kr/q 

66,6 

OM 30,4 
60 - 80 

18 - 24 

1.2.3.2.CymKa 

lfiICTOTa 

me eHH.SI, % 

98 

95 

CymKa - npoI(ecc CHH)KeHH.Sl Bna)KHOCTH 606oB OT Hcxo,lJ;Hoii ,n;o 

KOH,n;HI(HOHHOii (14 .... 17 %) [105, 106], 6naro,n;ap.Sl qeMY opeXH MOryT ,n;nHTenbHO 

xpaHHTbC.SI. Hap.Sl.n;y C npe,n;oTBparn:eHHeM nopqJf 606oB cymKa o6nerqacr 

BbI,n;eneHHe npHMeceii npH OqHCTKe, BbIpaBHHBaeT MeXaHlfqeCKHe cBoiicTBa 

3epHoBoii MaCCbI, o6nerqaeT 1'paHcnopTHpoBaHHe 606oB no CaMOTe~IM 1'py6aM. 

Eo6bI ,n;on)KHbI xpaHHTbC.SI CyxHMH, 3aID:Hrn:eHHbIMH OT HaceKOMhIX H 

rpbI3YHOB, 6e3 H3MeHeHH.SI I(BeTa, BKYca H npe,n;oTBparn:eHH.SI nporOpKnOCTH. 

Bna)KHbIe 606bI H opeXH cymaT ,n;o Bna)KHOCTH 8-10% [104], o6ecneqlfBaIOrn:eii 

,n;nHTenbHYIO coxpaHHocTb MaTepHana 6e3 H3MeHeHH.Sl ero KaqeCTBa. B 

Pa3BHBaIOID:HXC.SI c1'paHax 606bI H opeXH cymaT rro,n; eCTeCTBeHHhIM COnHI(eM 

(pHc.I.7) Ha OTKpbITOii rrnorn:a.n;Ke. ECTecTBeHHYIO CymKy npHMeH.SlIOT, eCnH 
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BJIa)l(HOCTb 3epHoBoH CMeCH MeHbme 20 % [104, 105, 106]. MCK)'CCTBeHHaH cyIIIKa 

MOKporo HJIH IIoJIYcyxoro apaxHca ,n;OJI)I(HO HaqaTbCH HeMe,n;JIeHHO IIOCJIe y60pKH 

KOM6aHHaMH, qTo6bI IIpe,n;oxpaHHTb POCT IIJIeCeHH H 06pa30BaHHe "aflatoxin". 

PHc.I.7. BH,lJ;bI OTKpbITOH CymKH (ECTeCTBeHHaH cymKa) 

ITPHCYTCTBHe "aflatoxin" HMeeT 60JIbmyIO yrp03y B perHoHax 

IIPOH3Bo,n;cTBa apaxHca C TeliJIbIM KJIHMaTaM. F AO [90], YCTaHOBHJI IIpe,n;eJIbH)'lO 

BeJI~HHY co,n;ep)l(aHHH "aflatoxin" B 30 MKr/Kr, KaK HelipHro,n;HbIH ,n;JIH 

IIoTPe6JIeHHH qeJIOBeKOM. TeM He MeHee, apaxHCbI Hero IIpO,n;yKTbI, ,n;OCTYIIHbIe B 

AcppHKe, MOryT co,n;ep)l(aTb CBbIme 1000 MKr / Kr. B HHrepHH, 6bIJIH o6HapY)l(eHbI 

apaXHcbI, co,n;ep)l(aIQHe 120 - 510 MKr / Kr "aflatoxin B1, B2, G1 H G2" 

IIpo,n;aHHbIe Ha pbIHKe [107]. CTPOrHe HOPMbI KaqeCTBa, YCTaHOBJIeHHbIe 

pa3BHBaIOIQHMCH cTPaHaM, IIpHBeJIH K cepbe3HoMY cIIa,n;y B Me)l(,n;yHapo,n;HoH 

TOprOBJIe apaXHcoM. 3TO IIOBJIeKJIO K IIa,n;eHHIO 3KcliopTa apaxHca H3 

pa3BHBaIOIQHXCH CTPaH, C cooTBeTcTByrom:HMH cepbe3HbIMH IIOCJIe,n;CTBHHMH ,n;JIH 

HX 3KOHOM~eCKoro pa3BHTHH. CTPorHe 3KCliopTHbIe HOPMbI 60JIbmOe BHHMaHHe 

y,n;aJIHIOT 3apa)l(eHHIO "aflatoxin" H ,n;pyrHM IIOKa3aTeJIHM KaqeCTBa 3KCliopTHoro 

apaxHca, HO OqeHb MaJIO y,n;eJIeHO BHHMaHHH Ha ynOTPe6JIHeMbIe apaxHCbI B 

HHrepHH [107, 120, 123]. ATMoccpepHbIH B03,n;yx MO)l(eT 6bITb HCIIOJIb30BaH ,n;JIH 

cymKH, Kor,n;a OTHOCHTeJIbHaH BJIa)l(HOCTb B03,n;yxa HH)I(e 65%. KpoMe y,n;aJIeHHH 

BO,n;bI, cYIIIKa BbI3bIBaeT cpH3~ecKHe H 6HoXHMWIecKHe H3MeHeHHH B opexax 

KOTopbIe MOryT 6bITb KaK Bpe,n;HbIMH, TaK H IIOJIe3HblMH, 6JIarOIIpHHTHbIMH,n;JIH 

BKyca H KaqeCTBa. ApaXHcoBoe ceMH He ,n;OJI)l(HO 6bITb HarpeTO BbIme 35°C, 

qTo6bI H36e)l(aTb yxy,n;meHHH BK)'COB, a CKOPOCTb CymKH He ,n;OJI)I(Ha IIpeBbIllIaTb 

0,5% 3a qac. Ee30IIacHoe xpaHeHHe apaXHca Tpe6yeT aTMoccpepy C HH3KOH 
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OTHOCHTeJIbHOR BJIa:>KHOCTblO (60 ...... 70%). Robinson [104, 116, 122, 123] 

coo6IIJ;aJI, qTO apaxHc XPaHHTCH 6e3 yxy~meHHH CBORCTB IIpH BJIa:>KHOCTH OKOJIO 

7% B OTHOCHTeJIbHOR BJIa)I(HOCTH B03~a 65 - 70%. 

CyIIJ;eCTByeT HeCKOJIbKO ~pyrHX crroco6oB HarpeBa H cymKH 3epHa - TaKHe 

KaK KOHBeKTHBHbrn, KO~THBHbrn, pa~a[(HOHHbIR, 3JIeKTP~ecKHR H 

COp6[(HOHHbIR crrOC06bI. COp6[(HOHHbIR crroco6 rrpHMeHHlOT ~ cymKH cewrn C 

HH3KOR TepMOCTORKOCTblO (ropox, 606b1 apaXHca H ~p.). B pa3BHTbIX cTPaHax 

(CIIIA, KHTaR H ,lIJ'.) BJIa:>KHbIe 3epHa apaXHca cymaT KOHBeKTHBHO-KOHTaKTHbIM 

crroco6oM B 3epHocymHJIKaX rrepHo~ecKoro HJIH HerrpepbmHoro ~eRcTBHH B 

HerrO~BH)l(HOM, rrO~BH:>KHOM H rrCeB~OO)l(H)l(eHHOM CJIoe 3epHoBoR MaCCbI. 

CymHJIKH ~JIH apaXHca 6bmalOT cTalUIOHapHbIe H rrepe~BH)I(Hble, oTKpbITOrO 

HCrrOJIHeHHH H C YCTaHoBKoR B 3~aHHH. 

IIocJIe cymKH apaXHcbI MOryT rro~BepraTbcH ~aJIbHeRmeR o6pa6oTKe HJIH 

xpaHHTcH B BH~e HeOqHIIJ;eHHbIX 606oB. 

PaBHOBeCHaH BJIa)I(HOCTb apaXHca IIpH pa3JI~OR OTHOCHTeJIbHOR BJIa)I(HOCTH 

rrOKa3aHO (Ta6.1.5) [104]. 

Ta6JIH[(a 1.5 

PaBHOBeCHaH BJIa)l(HOCTb B apaXHce 

KOMrrOHeHT 

apaXHca 44 92 

e~HHH BJIa)I(HOCTb, % 

HeOqHIn;eHHblR 6,2 6,9 8,2 8,2 9,0 12,8 19,3 
a aXHC 

3e HO 5,2 5,8 6,7 7,1 11,3 17,2 

C KH 606a 9,6 11,5 12,4 14,5 16,5 20,1 

a 13,9 14,3 15,1 17,9 19,9 52,8 

1.3. WH3HKo-MeXaHHQeCKHe H TeXHOJlOrHQeCKHe CBoHcTBa apaxHca 

IIo~ <PH3HKo-TeXHOJIOr~eCKHMH CBORCTBaMH CJIe~eT rrOHHMaTb Te 

CBoRcTBa, KOTopble OKa3bIBaIOT cyIIJ;ecTBeHHoe BJIIDlHHe Ha IIpoTeKaHHe pa60QHX 

rrpOI~eccoB rrocJIey6opo~oR o6pa6oTKH, CymKH, xpaHeHHH H rrepepa6oTKH. K 

TaKHM CBOHCTBaM OTHOCHTCH: reoMeTP~ecKHe pa3Mepbl, Macca 1000 CeMHH, 

<popMa, a3pO~HaMHqeCKHe CBOHCTBa {Ko3<P<PHIUleHT rrapycHocTH, CKOPOCTb 
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BHTaHIDl), Ha'rypa, chIrryqecTh, CKBIDKHOCTh, IIJIeWlaTOCTh, BhlpaBHeHHOCTh, 

rrpOqHOCTh ~pa H o60noq}(Jf, yrrpyrocTh. TIoKa3aTenH 3TlIX CBoiicTB, B 

3aBHCHMOCTH OT COpTa, rrpHporoIO-KnHMaTJiqeCKlIX ycnoBHH rrpOH3paCTaHIDI H 

arpOTeXHWIeCKlIX ycnoBHH B03,n;enhIBaHIDI HaXOMTCH B ,n;OBOnhHO nmpOKllX 

rrpe,n;enax, H MOryr KaqeCTBeHHO MeHHThCH rro,n; B03,n;eiicTBHeM orrpe,n;eneHHhIX 

BHeIIIHlIX H BHYTPeHHlIX Q>aKTOpOB. 

Pa3MephI apaXHCa B 3aBHCHMOCTH OT BhIIIIeYKa3aHHhIX ycnoBHii HaXOMTCH 

B cne,n;yIOlI(lIX rrpe,n;enax: 

* ,n;nHHa 20 - 70 MM, nmpHHa 9 - 25 MM, TOJIlI(HHa 9 - 23 MM (6060B), 

* ,n;nHHa 9 - 18 MM; nrnpHHa 5 - 13 MM; TOnlI(HHa 5 - 11 MM (opexoB). 

Macca OT,n;enhHhIX opexoB H3MeHHeTCH B nrnpoKllX rrpe,n;enax. Macca 1000 ceMHH 

rr03BOAAeT 60nee 06'heKTHBHo Cy,n;HTh, 0 cpe,n;Heii Macce OT,n;enhHhIX 3epeH. 

ApaXHc o,n;Ha H3 H3BeCTHhIX MaCnJiqHhIX KynhTyp, opex KOTOpoii HMeeT 

cBoe06pa3HYIO Q>0PMY. :006 apaXHca HarrOMHHaeT IIIenKOBJiqHhIii KOKOH C OroIHM 

HnH HeCKonhKHMH rrepeXBaTaMH rrOcpe,[(HHe. TIoBepXHocTh 606a CerqaTaH, 

phIXnoro CTPoeHIDI. OKpacKH 606a CBeTno-p030BhIe, )l(enTO - H TeMHO-KpaCHhIe, 

qepHo-Q>HoneToBhIe, HHor,n;a rreCTPhIe. TIo pa3MepaM 606hI pa3,n;eIDllOTcH Ha 

MenKHe - OT 20 ,n;o 25 MM ,n;nHHhI, cpe,n;HHe - OT 25 ,n;o 35 MM H KpyrrHhIe - OT 35 

,n;o 70 MM ,n;nHHhI. B 3aBHCHMOCTH OT COOTHOIIIeHIDI MaCChI 060nOqeK H MaCChI 

CeMHH pa3nJiqalOT 606h1 C HH3KHM co,n;ep)l(aHHeM 060nOqeK (19 - 25%), co 

cpe,n;HHM co,n;ep)l(aHHeM (25 - 30%) H BhICOKHM co,n;ep)l(aHHeM 060nOqeK (cBhIIIIe 

30%). B 3aBHCHMOCTH OT copTa QHCnO CeMHH B 606e Kone6neTcH OT 1 ,n;o 3 H 

pe,n;Ko ,n;o 4 HnH 5 [40, 114, 115]. Ope COCTOHT H3 ,n;Byx ceMH,n;oneii, Me)l(,[(y 

KOTOPhIMH rro ,[(nHHe pacrrOnO)l(eH 3apo,n;hIIII. OKpaCKa ceMH,n;oneii 

cBeTnoKpeMOBaH. 

,l(mI rrpoQeccoB rrocney60poqJIoii 06pa60TKH, rro,n;rOTOBKH K rrepepa60TKe H 

CopTHpoBaHIDI rrpo,D;YKToB rrepepa60TKH 606h1 apaXHca rrpe,n;cTaBAAeT HHTepec 

CKBa)I(HCTOCTh. I1o.n; CKBa)l(HCTOCThlO cne,n;yeT rrOHHMaTh rrpoQeHTHoe 

co,n;ep)l(aHHe rryCTOT 06'heMa 3aHHToro 3epHoBoii Maccoii apaXHca. CKBa)I(HCTOCTh 

xapaKTepH3yeT B03,n;yxorrpoHHQaeMocTh 3epHOBoii MaCChi H rrpO,D;YKTOB 
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rrepepa6oTKH, KOTOPaH orrpe~eITReT ycnoB~ rrocney6opOqHOH o6pa6oTKH, 

xpaHeH~ H COpTHpoBaH~ rrpO~TOB rrepepa6oTKH. 

Ba)I(H.bIMH CBoHcTBaMH 3epHoBoH MaCCbI B rrpou;ecce rrepepa60TKH HBITReTCH Cbill

yqecTb H crroco6HoCTb K CaMOCopTHpoBaHIIlO. C.bIrryqecTb xapaKTepH3yeTcH yr

nOM eCTeCTBeHHoro OTKoca, T.e. yrnoM KOHYca ceMHH y OCHOBaH~, 

06pa30BaHHOro rrpH HX CBo6o~HOH 3aCbIIIKe Ha ropH30HTanbH)'IO rrnOCKOCTb. 

1.4. 0630P YCTaHoBoK (MamHH) ~JIH 06MOJIOTa 6060B apaxHca 

OpeXH 3eMITRHOrO apaxHca HaxOMTCH B 606ax, rro3ToMY ~ITR HX 

Hcrronb30Ba~ KaK rrpo~Ta rrHTaH~ HnH KaK ceMeHHoro MaTepHana 

Heo6xo~HMO y~anHTb o6ono~ 3THX 606oB. O~HaKo BepoHTHoCTb rronyqeH~ 

"QHCTOrO" opexa H3 606a OQeHb 3aTPy~HHTenbHa. 06MonoT - y~aneHHe o6ono~ 

606a apaXHca H HBITReTCH O~HHM H3 OCHOBHbIX H TPy~oeMKHX rrpou;eccoB B 

TeXHonorHH rrpoH3Bo~cTBa apaXHca H 3aBHCHT OT ycnoBHH B03~enbIBa~ [101]. 

TeXHOnOrJfqeCKHH rrpou;ecc rro~a6oTKH apaXHca MO)I(HO rrpe~cTaBHTb 

cne~m;eH cxeMoH: OQHCTKa OT rrpHMeCeH - CopTHpoBaHHe apaXHca B 606ax rro 

KpyrrHOCTH o6MonoT (BbI~eneHHe H~pa H3 606a) coprnpoBaHHe 

06MOnOQeHHOrO 3epHa - menymeHHe (oT~eneHHe Mpa OT opexoBbIX o60nOQeK) -

CopTHpoBaHHe rronyqeHHoH rrpo.nyKI.J;HH. OCHOBHbIM 3BeHOM B 3TOH cxeMe 

HBITReTCH o6MonoT 606oB H menymeHHe opexoB. TaK)'lO cxeMY Hcrronb3yroT Ha 

MaCnJfqH.bIX rrepepa6aTbIBaIOID;HX 3aBo~ax, B MaCn}fq}{J)IX u;exax rrpH 

Macnorrepepa6aT.bIBaIOID;HX rrpe~rrp~TlfjIX, ~orrOnHj{j{ rrpH Heo6xo~HMocrn 

~pyrHMH TeXHOnOrJfqeCKHMH orrepaU;lfjJMH. Ha rrpe~rrp~TlfjIX ManoH MOID;HOCTH, 

H B ycnoBlfjIX cenbcKoxo3HHcTBeHHbIX rrpe~rrp~THH paccMoTPeHHyro cxeMY 

rrpHMeIDllOT B yrrpOm;eHHoM BapHaHTe. 

Cbe~o6Hbrn apaXHc (opex) ~OIDKeH y~oBneTBopHTb OQeHb cTPOrHM 

cTa~apTaM. HeKoTop.ble H3 HHX crreu;H<pJfqeCKHe, H Be~T K o6m;eMY ynyqmeHIIlO 

KaQeCTBa apaXHca. 3TO - oco6eHHo Ba)I(HO C TOqKH 3pe~ 3~paBooxpaHeH~, 

OTHOCHm;erOCH K KOHTPOmo 3a cO~ep)l<:aHHeM "aflatoxin"" (T.e. rrneceHb, 

BbI3.b1BalOm;aH paKoBbIe 3a6oneBa~) [119] H rronyqe~ CeMHH ~ITR rrOceBa. 
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C'be,n;o6HbIH apaXHc - co6mo,n;eHHe CTaH,ll;apTOB H co6mo,n;eHHe TPe60BaHHH Ha 

rrpo,n;yKQHIO rro cJIe,n;y:IOIQHM rrOKa3aTeJUlM: rrpoQeHT 06MOJIOTa, B03MO)I(JIOCTb 

rrpopacTaHIDI, rrpe,n;oTBpam;eHHe 3apa)l(eHIDI "aflatoxin", pa3MepaMH H <popMaMH 

606oB, B03MO)I(JIOCTb CIDITIDI KO»<YPbl H paCKaJIbIBaHHe Ha CeMH,lJ;OJIH, H3MeHeHHe 

KaqeCTB opexa rrOCJIe rrpO)l(apHBaHIDI. 

HCXOM H3 aHaJIH3a JIHTeparypHbIX HCTO~HKOB, CJIe,n;yeT oTMeTHTb, qTO 

KOHcTPYHpoBaHHe H HCrrOJIb30BaHHe MaIllHH ,n;JUI rnenymeHIDI ceMIDI MaCJI~HbIX 

K)'JIbTYP ,n;eJIaeTCjI rro cJIe,n;y:IOIQHM HarrpaBJIeHIDIM [6, 61, 71, 72, 73]: 

- cOBeprneHcTBoBaHHe KOHCTPyKQHH cepHifHbIX YCTaHoBoK, OCHOBaHHbIX Ha 

MexaH~eCKOM crroco6e B03,n;eHcTBIDI; 

- C03,n;aHHe MaIllHH y,n;apHo-HHepQHoHHoro THIIa; 

- pa3pa60TKa YCTaHoBoK, OCHOBaHHbIX Ha rrpHHQHrre B03,n;eHcTBIDI B03,n;yrnHoro 

rrOTOKa BblCOKOH CKOPOCTH; 

- pa3pa60TKa KOM6HHHpoBaHHbIX YCTaHOBOK, OCHOBaHHbIX Ha KOMrrJIeKCHOM 

B03,n;eHcTBHH rrepcrreKTHBHbIX crroco6oB 06MOJIOTa. 

TIepBoe HarrpaBJIeHHe OCHOBaHO Ha cOBeprneHcTBoBaHHH pa60QHX OpraHOB 

cepHHHbIX MaIllHH, pacrrOJIO)l(eHIDI HX OTHOCHTeJIbHO rro,n;aQH MaTepHaJIa, a TaK)l(e 

THrra rroBepxHocTH pa60QHX opraHoB. 3TO HarrpaBJIeHHe jlBJUleTCjI HaH60JIee 

pa3BHTbIM. 

B pa3BHBalOm;HXCjI cTPaHax A<pPHKH, A3HH H JIaTHHcKoH AMepHKH 

06MOJIOT 606oB apaXHca BblrrOJIIDIlOT BpyqHYlO H C HCrrOJIb30BaHHeM rrpocTbIX 

opy,n;Hif H MaIllHH (pHc.1.8 H 1.9). 3TH rrpocTble Opy,n;IDI H MaIllHHbI pa60TalOT rro,n; 

,n;eHCTBHeM YCHJIHj{ C)I(aTIDI, c,n;BHra H TPeHIDI [68]. TIpH 3THX crroco6ax 3epHO 

(opex) OCTaeTCjI rrpaKT~eCKH HerrOBpe)l(,ll;eHHbIM, a rrOTepH - MHHHMaJIbHbIMH. 

O,n;HaKO 3TH crroco6b1 OQeHb TPy,n;oeMKH H MaJIOrrpOH3BO,ll;HTeJIbHbI. 

B MaJIH pa3pa60TaHa KOHCTPYRQIDI YCTaHOBKH [98] ,n;JUI 06MOJIOTa 606oB 

apaxHca. 3TO YCTaHoBKa OqeHb rrpocTa H TPe6yeT MeHee $50 Ha MaTepHaJIbI H 

H3rOTOBJIeHHe rrpH cpOKe ro,n;HOCTH ,n;o 25JIeT. Y CTaHOBKa crroco6Ha 06MOJIOTHTb 

50 Kr CbIpbIX, B03,n;yrnHo-cyrneHbIX 606oB apaXHca 3a qac. 3epHa H <pparMeHThI 
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606a BXO,lVlT B KOP3HH)', H rrO)J,BepralOTCH B03.lJ.YII1HOM)' pa3)J,eneHHIO. He)J,OCTaTOK 

YCTaHOBKH - HH3KaH rrpOH3BO)J,HTenbHOCTb. 

B HHrepHH H3-3a OC06eHHOCTeH apmrnca, rrOlJBeHO-IIpHpO)J,HblX 

ycnoBHH H 6e)J,HOCTH rrpOH3BO)J,HTeneH apaXHca, 

apmrncoy6opOQHble KOM6aHHbI He rronyqHllH IIIHpOKoro rrpHMeHeHHH H apaXHC 

06MOJIaqlfBaeTCH PYKaMH. 

PHc.1.8. ManHifcCKHH BepCHH YCTaHOBKH )J,AA o6pynrnBaHHH (o6MonOTa) 606oB 

apaXHca 

.n:OCTOHHCTBO pyqHoro crroco6a 06MonOTa 606oB apaXHca - HH3KHH 

CTerreHb rrOBpe)l()J,eHHe opeXOB (1,1 % ) H BbICOKoe CTerreHb o6MonoTa opexoB 

(99%), HO ero IIpOH3BO)J,HTenbHOcTb - O,75Kr/Q cOBepmeHHo He)J,ocTaTOQHOH [93, 

94]. 

B A3HaTcKHx CTPaHax (TaHnaH)J,HH, KHTaH, MH)J,HH H )J,p.) pa3pa60TaHbI 

KOHCTP)'KIJ;HH YCTaHoBoK (norracTHoro THrra, )l(epHOBOro THIIa, IIDIHHoro THIIa, 

pe3HHHoro THIIa, TPl, VISCA, UPLB,VVSU,CLSU,KKU, DA-II H )J,pyrHe) [95 , 

96, 97, 98] )J,AA o6MonoTa 606oB apmrnca. 
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PHc.I.9. 06MOJIOT 6060B apaXHCa PYKaMH H Ha rrpOCTOH Marrrn:He: 1 - paMa; 2 -

KOprryC; 3 - PYKo~TKa;4 - IIpOBOJIOqH~ ceTKa 

)1,OCTOHHCTBO TaKHX YCTaHoBoK: qHCTOTa 06MOJIOTa COCTaB~eT 82 ... 92%, 

IIpOCThI B KOHCTP)'KI(HH H .n;OCryIIHhI IIO u;eHe MHOrHM <l>epMepaM, a He.n;OCTaTOK -

HH3K~ rrpOH3Bo.n;HTeJIbHOCTb 36 •.. 160 Kr/q. Ha pHc.I.l 0 H 1.11 IIOKa3aHbI cxeMhI 

YCTaHOBKH JIOIIaCTHoro H rrrn:HHoro THIIa. 

\ , , , 

2 

' ..... , .... ~ _----' 1 

PHc.l.l0. Y CTaHOBKa JIOIIaCTHoro THIIa: 1 - KOHTeHHep; 2 - IIpOBOJIOqH~ ceTKa; 

3 - JIOIIaCTHOH 6HTep; 4 - 6YHKep 

IhITepec IIpe.n;CTaB~eT YCTaHoBKa 5IrrOHcKOH <pHPMbI «CaTaKH)} [124] .n;~ 

06MOJIOTa 6060B apaXHca. Y CTaHOBKa rrpe.n;CTaB~eT C60H cBapHoH KapKac, B 

BepXHeH qaCTH KOToporo pa3Me~eH Y3eJI MeXaH1fqeCKOH 06pa60TKH 3epHa, 

BhIIIOJIHeHHOH B BH.n;e paCIIOJIO)KeHHbIX ropH30HTa.JIbHO IIIJIH<pOBaJIbHhIX KpyrOB. 

BHYTPH KapKaca pa3Me~eH COpTHpOBaJIbHhIH CTOJI. 
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2 

PHc.I.II. Y CTaHOBKa IIIHHHOrO THrra: 1 - paMa; 2 - KOHTeHHep; 3 - ceTKa; 4 -

Barr; 5 - IIIHHa; 6 - 6)'HKep 

<l>HpMa «CaTaIGI» rrpOH3BO,WfT YCTaHOBKH .n;lliI 06MOJIOTa 606oB apaXHca B 

.n;Byx BapHaHTax rro rrpoH3Bo.n;HTeJIbHOCTH H HCrrOJIb30BaHIDO: HU - 8s H HU - 3s. 

~ OXJIa~eHHH BarrHKOB B YCTaHoBKe YCTaHOBJIeH BeHTHlliITop. YCTaHoBKa 

BbIIIYCKaIOTCH C acrrHpaTopoM H 6e3 Hero. 3Ta )I(e cpHpMa BbIrrycKaeT 

YCTaHOBOqHbIH rrOCTaB S-IOO [124]. 3.n;ecb rrpe.n;ycMoTPeHa B03MO)I(HOCTb 

.n;eBHTHrr03HIJ;HOHHOro peryJIHpOBaHHH HHTeHCHBHOCTH H BpeMeHH o6pa6oTKll 

3epHa. <l>HpMa «EIOJIep» (<I>pr) BbmycKaeT qeTbIpeXBarrb:u;oBbrn CTaHOK MDDK. B 

:noH YCTaHoBKe C :u;eJIblO rrOBbIIIIeHHH rrpOH3BO,WfTeJIbHOCTH YCTaHOBJIeHbI .n;Be 

rrapbI Bpar:u;alOr:u;HXcH HaBcTPeqy .n;pyr .n;pyry, BarrHKOB [125]. TIOJIO)I(HTeJIbHbIM Y 

.n;aHHor o HarrpaBJIeHHH pa3BHTHH MarrrnH .n;IDI 06MOJIOTa 606oB apaxHca HBlliIeTCH -

Ha.n;e)I(HOCTb H B03MO)I(HOCTb 6bICTPOrO BHe.n;peHIDI B cyr:u;ecTByIOII.J;He Tex

HOJIOrH:qeCKHe JIHHHH apaXHco3aBo.n;oB. O.n;HaKo rrpH HCrrOJIb30BaHHH TaKHX 

YCTaHoBoK B YCJIOBIDIX MarrbIX X03HHCTB H3-3a HeB03MO)KHOCTH BbIIIOJIHeHHH Bcex 

Heo6xo.n;HMbIX rro.n;rOTOBHTeJIbHbIX orrepa:u;HiI HaMHoro CHH)KaeTCH 

rrpoH3Bo.n;HTeJIbHOCTb, CTerreHb 06MOJIOTa 606oB apaXHca H CTerreHb H3BJIeqeHHH 

H.n;pa. Bce 3TO rrpHBo.n;HT K rrOBbIIIIeHIDO ce6eCTOHMOCTH rrpO.LJYlCll;HH. KpoMe Toro, 

3JIeMeHTbI H3Hoca pa60qHX opraHoB 3TOH rpyrrrrbI MaIIIHH 3acopHlOT apaXHc. B 

KHTae TaIOKe rrpHMeHHlOTCH MaIIIHHbI .n;IDI 06pYIIIHBaHHH (06MOJIOTa) apaxHca 

Mo.n;eJIb LY-D (PHC. 1. 12). TIpoH3Bo.n;HTeJIbHOCTb 500 Kr/q, CTerreHb 
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o6pynnmaHIDI (o6MonoTa) 99%, CTeneHb nOBpe)l(.n;eHIDI MeHbrne 5% H BbIXO.n; 

MaTepHana 60nbrne 97% [91]. 

B pa3BHTbIX CTPaHax oco6eHHo B AMepHKe, ApreHTHHe H .n;pyrHX, 

3eMlliIHbIe apaxHCbI 06MOnalJHBaIOT KOM6aHHaMH. KOM6aHHoBbIe cnoco6bI 

o6pa6oTKH apaxHca OTnWIaIOTCH TeXHonorHeH, pa60qHM rrpO:QeCCOM H 

KOHCTPYK:QHeH MaIIIHH. 

PHc.1.12. MaIIIHHa.D;lliI o6pyrnHBaHIDI (o6MonoTa) apaXHca Model LY-D 

IIpH npHMOM KOM6aHHHpoBaHHH, o6pbIBKa, 606oB OT pacTeHHH apaxHca, 

OQHCTKa 606oB OT nocTopoHHHX MaTepHanoB, o6MonoT 606oB, H OQHCTKa opexoB 

apaXHca cOBeprnaIOTcH B O.n;HOM arperaTe, T.e. 3a O.D;HH npoxo.n; KOM6aHHa [117]. 

3TOT cnoco6 npHMeHHeTCH B cnyqae HeHaCTHOH noro.n;bI C 3aTH)I(HbIMll .n;O)l()l;HMH, 

a TaK)l(e nnoxonpocbIXaIOm;eH nOQBOH H ynpom;aeT y60pKY H o6MonoT 606oB, 

6bICTPO OCBo6o)l(.n;aIOTCH nOlliI .n;lliI .n;pyrHX KYnbTYp. O.n;HaKo, B 3TOM cnyqae, 

apaxHc HMeeT BbICOKYIO Bna)l(HOCTb. 

IIocne rrpHMoro KOM6aHHHpoBaHIDI opex TPe6yeT .n;onOnHHTenbHOH cymKH. 

B CBH3H C 3THM, ero npHMeHeHHe orpaHWIeHo He.n;ocTaTOQHOH OCHam;eHHOCTblO 

X03HHCTB arperaTaMH no nepepa60TKe H CyrnKH 3epHa. 3cpcpeKTHBHoCTb 3Toro 

cnoco6a y60pKH H o6MonoTa 606oB nOBbIlIIaeTCH npH HCnOnb30BaHHH npenapaToB 

.n;lliI BbIcyrnHBaHIDI 606oB. C .n;pyroH CTOPOHbI, npH npHMbIM KOM6aHHHpoBaHHH, 

3aTPaTbI TPy.n;a Ha reKTap CHJI)I(aIOTCH B 2 .... 3 pa3a, no cpaBHeHHIO C pa3.n;enbHoH 

y60pKOH H o6MonoToM [92]. 06MOnOQeHHbIH apaxHc no.n;BepraeTcH COPTHpoBKe, H 

no.n;BepraTbCH .n;anbHeHrneH o6pa6oTKe, T.e. rnenyrneHHIO. 
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B HaCTmUI~HX HCCJIe,lJ;OBaHIDIX 06MOJIOT 6060B apaXHca rrpOBO,lJ;RJICH Ha 

YCTaHoBKe ,lJ;HCKOBOro THrra C ,lJ;HCKaMH H3 pe3HHbI. HH)I(e orrHcaHbI HCCJIe,lJ;OBaHHH 

,lJ;HCKOBOH YCTaHoBKH TOJIbKO ,lJ;JIH menymeHHH rrJIO,lJ;OB apaXHca. 

1.5. HanpaBJleHHH HCnOJlblOBaHHH apaxHca H oco6eHHoCTH HX o6pa6oTKH 

ApaXHc OTHOCHTCH K qHCny QeHHbIX MaCJIl{qHbIX KyJIbTYP, rrOCKOJIbKY 

opeXH cO,lJ;ep)l(aT ,lJ;0 60% )l(Hpa H 60JIee 30% 6eJIKa. ApaxHc HMeeT caMoe 

pa3Ho06pa3HOe rrpHMeHeHHe[40, 85, 90, 115, 119, 126]. 

HH)I(e rrepeqHCJIeHbI OCHOBHble HarrpaBJIeHHH HCrrOJIb30BaHHH 6060B apaXHca: 

1) OCHOBHaH Macca ypO)l(aH rrepepa6aTbIBaeTcH Ha MaCJIO. IIpH XOJIO,lJ;HOM 

rrpeccoBaHHH rronyqaIOT BblcmHe copTa rrOqTH 6ecQBeTHOrO MaCJIa -

rrpeBOCXO,lJ;HOrO rrIDQeBOrO rrpo.n;yKTa 6e3 3arraxa, CBOHM rrpHHTHblM BKyCOM rrOqTH 

He yCTyrralO~ero OJIHBKOBOMY Macny. OHO H,lJ;eT B rrHIQY, HO rJIaBHbIM 06pa30M 

,lJ;JIH rrpHrOTOBJIeHHH nyqmHX COPTOB pbl6HbIX KOHcepBoB, MaprapHHa, 

KOH,lJ;HTepCKHX (mOKOJIa,lJ;a) H XJ1e606YJIOqHbIX H3,lJ;eJIHH. I1crrOJIb3yeTcH OHO TaK)I(e 

B <papMaKOJIOrHH. 

2) BceM, ,lJ;OJI)I(HO 6b1Tb, xopomo H3BeCTHO, qTO rrO,lJ;)I(apeHHble opeillKH BKyCHbI 

caMH rro ce6e, rr03ToMY HX OXOTHO eMT QeJIHKOM, Hepe.n;KO rrOCOJIHB HJIH rrOCbIIIaB 

caxapoM. B Pa3,lJ;p06JIeHHOM BH,lJ;e OHH rrO,lJ;MeillHBaIOTCH KO MHorHM 

KOH,lJ;HTepCKHM H3,lJ;eJIHHM. 113 HHX rOTOBHT Ko<pe, pa3JIl{qHble KpeMbI H rraCTbI, 

HarrHTKH, BceB03MO)I(Hble KOH,lJ;HTepCKHe H3,lJ;eJIHH, B TOM qHCJIe XaJIBY. OpeXH 3TH 

OqeHb KaJIOPHHHbI [40]. B A<pPHKe H3 3eMJIHHbIX opexoB rOTOBHT cyrr RJIH eMT HX 

B CMeCH C rrmeHOM HJIH pHCOM. B KHTae apaXHc Cny)l(HT cbIpbeM ,lJ;JIH 

rrpHrOTOBJIeHHH 60JIee qeM 300 BH,lJ;OB rrpO.n;yKQHH. B CeBepHoH H IO)I(HOH 

AMepHKe OqeHb rrorryJIHpHO JIaKOMCTBO - MaCJIO H3 3eMJIHHOrO opexa, COCTOH~ee 

H3 Pa3MOJIOTbIX opexoB, Me,lJ;a, coeBOH MYKH, COJIO,lJ;a H apaXHcoBoro MaCJIa, 

paCTepTbIX,lJ;O O,lJ;HOPO,lJ;HOH rraCTbI. TaK)l(e B AMepHKe CBblme 300 HCrrOJIb30BaHHH 

apaXHca, BKJIIOqaH KpaCKH,lJ;J1H TKaHeH H ,lJ;p. [108, 109]. 
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3). HH3mlle copTa MaCJIa II,ZO'T Ha MbIJIOBapeHlle, rrpll 3TOM rro.rryqaIOT 

BblCOKOKaqeCTBeHHoe, TaK Ha3bIBaeMOe MapCeJIbCKOe MbIJIO. )l{MbIX II mpoT 

rrpe,n;CTaBmnoT C060H rrpeKpacHblH KOHIJ;eHTPllpOBaHHblH 6eJIKOBblH KOPM, 

H,n;yIIUfH ,n;IDI OTKopMa rrTIDJ;bI II poraToro CKOTa, oc06eHHo MOJIO,n;IDIKa. 

4). 113 6eJIKa apaXlfca 113roToBmnoT rrJIaCTMaCCbI, KJIeH II MHoro ,n;pyrllX 

rrpO,n;yKTOB. B TO )I(e BpeW!, 6y,n;yqH 6060BbIM paCTeHlleM, apaXHC HBIDIeTCH 

XOpOilllfM MeJIIIOpaTOpOM rrOqBbI H TaK )I(e, KaK II moIJ;epHa, 060ram;aeT ee a30TOM. 

5). bOTBa, KaK II ceHO 113 Hee, OXOTHO rroe,n;aeTCH CKOTOM H rro IIlfTaTeJIbHOCTII 

rrOqTH He YCTyrraeT moIJ;epHOBOMY ceRY. CTBOPKlf 6060B HCrrOJIb3)'1OT B KaqeCTBe 

MYJIbqllp)'lOm;ero MaTepllana ,n;IDI YJIyqmeHHH COCTaBa rrOqB, rro,n;CTIIJIKlf B 

rrTIDJ;eBo,n;CTBe II B CTPOIITeJIbCTBe (,n;IDI C03,n;aHHH ,n;peBeCHO-CTPY)I(eqHbIX rrJIIIT 

HJIII 1130IDIIJ;IIOHHOro MaTepllana), ,n;IDI rrpOIl3Bo,n;CTBa yrraKOBKlf. 

6). TIo ,n;aHHblM F AO [90], HHrepHH He 3KcrropTHpyeT 3eMIDIHOH apaXlfC, Bce lI,n;eT 

Ha BRYTPeHHee yrrOTPe6JIeHlle KaK KopMOBoe, rrpo,n;OBOJIbCTBeHHoe II 

TeXHWIeCKoe. TOpT 3eMIDIHoro apaXHca qaCTO IICrrOJIb3yeTcH B KaqeCTBe MeCTHOH 

3aKYCKII, Ha3bIBaeMOH «KYJIII-KYJIII», a apaXlfCOBaH M)'Ka Haxo,n;IIT rrpllMeHeHlle B 

rrpHrOTOBJIeHlflf cyrra, coyca, CJIa,n;OCTeH II ,n;pyrllX KOH,n;HTepCKlIX H3,n;eJIIIH. 

IlIenyxa apaxllca - rrOTeHIJ;lIanbHblH IICTOqHHK TOrrJIIIBa II KopMa ,n;IDI ,n;OMamHero 

CKOTa II rrplfMeIDllOT ee ,n;IDI MYJIbqllpOBaHHH II KOH,n;IDJ;IIOHlfpOBaHHH rrOqBbI. 

1.6. 0630P KOHCTpYK",HH YCTaHoBoK .r.JlH meJlymeHHH opexoB apaxHca 

TeXHOJIOrHH rrpOMblmJIeHHOrO menymeHHH apaXlfca BKJIlOqaeT ,n;Ba 

OCHOBHbIX :narra: rro,n;roToBIITeJIbHbIH H me.rryurnJIbHblH. Ha rrepBoM :narre apaXlfc 

rro,n;BepraeTcH OqllCTKe OT rrpllMeceH, rll,n;poTepMJfqeCKOH 06pa60TKe H 

rrpe,n;BapHTeJIbHO pa3,n;eIDIeTcH rro KpyrrHOCTII. Ha BTOPOM :narre rrpOIl3BO,n;HTCH 

menymeHlle, T.e. rrpoIJ;ecc y,n;aneHHH KO)I(YPbl OT H,n;pa opexa. O,n;HoBpeMeHHo 

rrpOBo,n;IITCH COpTllpoBKa rrpO,n;yKTOB meJIymeHHH, H,n;py rrpH,n;aIOTCH TPe6yeMble 

lPOpMa II pa3Mep [6, 11,46,47]. 
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O,n;HHM H3 <paKTOPOB orrpe,n;eIDIlOIIUIX crroc06 rnenymeHIDI, HBlDIeTCH 

rrpOqHOCTb H,n;pa H 060nOQKH, a TaIOKe xapaKTep HX CBH3H. 

IIpO.n;yKTbI rnenyrneHIDI rrpe,n;CTaBIDIIOT C060H CMeCb rnenymeHHblx H 

HernenyrneHbIX opeXOB, ,n;p06neHoro H,n;pa, nY3rH H ~KH. <l>H3HKo-Mexa~eCKHe 

H TeXHonor~eCKHe CBOHCTBa ~KH, H ny3rH c~eCTBeHHO OTn~aIOTCH OT 

<PH3HKO-MexaH~ecKHX H TeXHonor~ecKHX CBOHCTB u;enbHbIX H,n;ep, .n;p06neHKH H 

HernenyrneHoro apaXHca, rr03TOMY rrpH COpTHpOBKe HX BbI,n;eneHHe He 

rrpe,n;CTaBlDIeT OC06bIX 3aTPy,n;HeHHH. ,l(mI 3Toro 06bNHO rrpHMeHHlOT B03.n;yIIIHble 

cerrapaTOpbI. O,n;HaKO pa3,n;eneHHe H.n;pHU;bI, ,n;p06neHKH H HernenymeHoro apaXHca 

CBH3aHO C HeKOTopbIMH TPy,n;HOCTHMH H3-3a He3Ha~TenbHoro pa3n~IDI HX 

reOMeTPHQeCKHX rrapaMeTPOB. II03TOMY )J;lliI HX pa3,n;eneHIDI rrpHMeHHlOT MarnHHbI, 

pa60TaIOIIJ,He rro rrpHHU;Hny COpTHpOBaHIDI rrpO.n;yKTa rro rrnOTHOCTH H COCTOHHHIO 

rroBepXHocTH [4, 14,20,54]. 

3<p<peKTHBHoCTb <PYHKu;HOHHpoBaHIDI paccMoTPeHHbIX TeXHonor~ecKHX 

cxeM 3aBHCHT oT MHorHX <paKTopOB. HaH60nee Ba:>KHbIM 3BeHOM, orrpe,n;eIDIlOI.qHM 

TeXHonor~eCKYIO 3<p<peKTHBHoCTb rrpou;ecca Bblpa60TKH Macna, HBlDIeTCH 

rnenyrneHHe. IIpou;ecc rnenymeHIDI oCYIIJ;eCTBlDIeTcH rnenyrnHnbHbIMH MallIHHaMH, 

OCHOBaHHbIMH Ha Hcrronb30BaHHH pa3Ho06pa3HbIX crroc060B B03,n;eHcTBIDI HX 

pa60QHX opraHoB Ha 06'beKT rrepepa60TKH. 

TeXHonOr~eCKaH 3<p<peKTHBHoCTb rrpou;ecca rnenymeHIDI, KaQeCTBO 6060B 

H TeXHHKO-3KOHOM~eCKHe rrOKa3aTenH rnenyIDHnbHbIX MarnHH B OCHOBHOM 

orrpe,n;eIDIlOT ,n;Be rpyrrIIbI <paKToPOB: <paKToPbI, 06ycnoBneHHble aHaTOM~eCKHM 

CTPoeHHeM, <PH3HKo-MexaH~ecKHMH, TeXHonOr~eCKHMH CBOHCTBaMH opexa, H 

<paKToPbI, 3aBHCHIIJ;He OT KOHCTPYKTHBHO-TeXHonor~ecKoH cxeMbI rnenyIDHTeneH 

H HX pa60QHX opraHOB, a TaIOKe pe:>KHMOB HX <PYHKu;HOHHpoBaHIDI (pHc.I.I3). 

K rrepBoH rpyrrrre <paKToPOB OTHOCHTCH: BbIpaBHeHHOCTb, rrne~aTOCTb, <popMa 

opexa; rrpOQHOCTHble xapaKTepHcTHKH opexoBoH 060no~ H H.n;pa; <popMa CBH3H 

060nOQKH C H,n;POM; Bna:>KHOCTb, H rnaBHbIM 06pa30M rrOKa3aTenb Pa3HOCTH 

Bna:>KHOCTH H.n;pa H 060nOqKH. 
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PMc.!.13. CxeMa CTPYK'rypHoii CBjl3M <paKTOPOB, BJIIDIIOm;MX Ha 

TeXHOJIOrWIeCK)'lO 3<p<peKTMBHOCTb rrpo:u;ecca me.rryrneHMj{ 

OrrTMMaJIbHbIe rrapaMeTPbI cocTaBmnom;MX BTOpoii rpyrrrrbI <paKTOPOB 

orrpe,n;emnoTCjI TeXHOJIOrWIeCKMMM M TeXHMqeCKMMM rrapaMeTPaMM. 

TeXHOJIOrWIeCK)'lO 3<p<peKTMBHOCTb rrpo:u;ecca rrepepa60TKM opexa apaXMca 

B MaCJIO orrpe,n;emnoT, qMCTOTOii menymeHMj{ (Kw), KOTOp~ xapaKTepM3yeT 

KOJIWIeCTBeHH)'lO CTOPOHY rrpo:u;ecca M :u;eJIOCTHOCTblO jI,n;pa (KIDI), xapaKTepM3yeT 

KaqeCTBeHH)'lO CTOPOHY rrpo:u;ecca [2, 59, 71]. 

lfifCTOTa me.rryrneHMj{ rr03BOAAeT orrpe,n;eJIMTb rrpo:u;eHT 606oB, 

OTme.rryrneHHbIX opexoB Ha ,n;aHHoii MaIIIMHe, rro OTHomeHMlO K KOJIWIeCTBY 

rrocryrrMBmero Ha Hee HemenymeHoro apaXMca. ,[(aHHbrn rrOKa3aTeJIb orrpe,n;eAAeT 

rrpo,n;OJDKMTeJIbHOCTb menymeHMj{. 
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QeJIOCTHOCTb 5.l.zwa XapaKTepll3yeTC5.l OTHomeHHeM .QeJIbHbIX 5.l,lJ;ep K o6II(eMY 

KOJIlflIeCTBY menymeHHoro rrpO.n;yKTa rrOCJIe O,lJ;HOKpaTHoro rrporrycKa qepe3 

menymHJIbH)'IO MaillHHY. 

I1CXOM H3 H3JIO)l(eHHOrO, CJIe.n;yeT, QTO pa3pa60TKa H C03,lJ;aHHe 

YHHBepCaJIbHOH me.rryrrrn.rrbHoH MamHHbI, KOTOPaH MOrJIa 6bI 06eCrreQHTb BbICOKHe 

rrOKa3aTeJIH TeXHOJIOrlflIeCKOH 3Q:>Q:>eKTHBHOCTH 5.lBJI5.leTC5.l Ba)l(HOH 3a,lJ;aQeH. 

0606II(eHHaH KJIaCCHQ:>HKa.QH5.l crroco6oB menymeHH5.l (Ta6.1.6) 6bIJIH 

HCCJIe,lJ;OBaHbI TaKHMH yqeHbIMH KaK M. E. rHH36ypr, r. A. EropOB, E. M. 

MeJIbHHKOB, A. E. ,[(eMCKHH, M. A. EOPHCKHH, H ,lJ;p. [11, 18,45,61, 72, 73]. 

Ta6JIH.Qa 1.6 
KnaccmpHKa.QH5.l crroco6oB menymeHH5.l 

CIIoc06 menymeHlUI XapaIcrepHcTHKa <I>opMa CB5.l3H 060JIOqKH C H.n:POM 

H.n:pa 

llIeJIymeHlUI 5I.n:po xpYIIKoe, 060JIOqKa OXBaTbIBaer H.n:pO, HO C HHM He 

apaXHca C)I(aTHeM H Mano xpyIIKoe cpaCTaerCH HJIH cpaCTaerCH B O.n;HOH TOQKe 

c.n:BHrOM 

O)l;HOKpaTHbIH HJIH 5I)l;p0 3JIaCTlfqHOe 060JIOQKa OXBaTbIBaer H)l;PO H He cpaCTaerCH 

MHorOKpaTHbIH y)l;ap C HHM (O)l;HOKpaTHbIH y )l;ap), cpaCTaerCH C 

HHM (MHOrOKpaTHbIH y.n:ap) 

llIeJIymeHHe 5I)l;p0 IIpo~oe 060JIOQKa IIJIOTHO coe.n:HHeHa C H)l;POM IIO 

rpeHHeM 06 BceH IIOBepXHOCTH 

a6pa3JfBH)'lO 

IIoBepXHocTb 

A3pO)l;HHaMlfqeCKOe 5I.n;po HexpYIIKoe, 060JIOQKa OXBaTbIBaer H.n:pO, HO C HHM He 

menymeHHe Mano xpynKoe cpaCTaerCH HJIH cpaCTaerCH B O)l;Hoii TOQKe 

I1HeBMoMeXaHlfqeCK 5I)l;PO xpynKoe, 060JIOQKa OXBaTbIBaer H.n:pO, HO C HHM He 

oe meJIymeHHe Mano xpynKoe, cpaCTaerCH HJIH cpaCTaerCH B o.n:Hoii TOQKe 

3JIaCTlfqHOe 

I1HeBMOrH)l;pO)l;HHaM 5I)l;PO xpynKoe, 060JIOQKa OXBaThlBaer 5.l)l;PO, HO C HHM He 

lfqeCKOe menymeHHe Mano xpynKoe, cpaCTaerC5.l HJIH cpaCTaerC5.l B O.n;Hoii TOqKe 

3JIaCTlfqHOe, 

TBep.n:oe 

B HaCT05.lII(ee BpeM5.l npHMeIDllOTC5.l lUIH HaXOMTC5.l Ha CTa,lJ;H5.lX pa3pa60TKH 

CJIe.n;yroII(He crroco6bI menymeHH5.l [58, 71, 72, 73]: 

- menymeHHe 3epHa C)I(anleM H C,lJ;BHrOM; 
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- me.rrymeHHe MHorOKpaTHbIM HJIH O)J;HOKpaTHhIM y,n;apOM; 

- me.rrymeHHe TpeHHeM 06 a6pa3HBH)'lO rrOBepXHOCTb; 

- a3po,n;HHaMWleCKOe meJIymeHHe; 

- rrHeBMOMexaHWleCKoe me.rrymeHHe; 

- rrHeBMorH,n;po,n;HHaMWleCKoe meJIymeHHe. 

Crroc06 meJIymeHIDI 3epHa C)I(aTHeM H c,n;BHrOM OCHOBaH Ha B03,n;eHcTBHH 

Ha 3epHO ,n;Byx pa60qHX rroBepXHocTeH, paCCTOHHHe Me)l()l;y KOTOPbIMH MeHbme 

pa3Mepa 3epHa. TIPH ,n;aHHOM crroc06e 06H3aTeJIbHO YCJIOBHe ,n;BH)I(eHIDI O,n;HOH 

pa60QeH rroBepXHocTH OTHOCHTeJIbHO .n;pyrOH. 3TO ,n;OCTHraeTCH, Kor,n;a o,n;Ha 

rrOBepXHOCTb ,n;BH)I(eTCH, a ,n;pyraH Herro,n;BH)I(Ha, HJIH O)J;Ha rrOBepXHOCTb ,n;BH)I(eTCH 

6b1c'rpee OTHOCHTeJIbHO ,n;pyrOH. )1;aHHhIH crroc06 IIpHMeHHeTCH, B c~ae eCJIH 

060JIOQKa 3epHa He cpOCJIaCb C H,n;POM. 

BTOPOH crroc06 me.rrymeHIDI OCHOBaH Ha IIpHHQHrre o,n;HOKpaTHoro HJIH 

MHorOKpaTHoro y,n;apa 3epHa 0 pa60qyro rrOBepXHOCTb meJIymHTeAA. )1;aHHhIH 

crroc06 rrpHeMJIeM KaK ,n;AA 3epHa, r,n;e H,n;pO H rrJIeHKa He CPOCJIHCb, TaK H ,n;AA 

3epHa, y KOToporo H.n;pO H rrJIeHa CPOCJIHCb Me)l(.LJ;y C060H. TIPH 3TOM ,n;AA rrepBoro 

C~aH rrpHMeIDIIOT o,n;HoKpaTHbIH y,n;ap, a ,n;AA BToporo C~aH - MHoroKpaTHblH. 

TIpHMeHeHHe ,n;aHHoro crroc06a rrpHBo,n;HT K 06Pa30BmllflO 60JIbmOrO BbIXo,n;a 

,n;p06JIeHOrO 3epHa, H rr03TOMY He rrpHMeHHeTCH ,n;AA KYJIbTYP C xpyrrKHM H.n;pOM. B 

TO )l(e BpeMH 3TOT crroc06 He3aMeHHM, Kor,n;a MPO HexpyrrKoe HJIH He06xo,n;HMO 

rrO~HTb .n;p06JIeH)'lO KPyrry. 

Crroc06 me.rrymeHIDI TPeHHeM 06 a6pa3HBH)'lO rrOBepXHOCTb rrpHMeHHeTCH 

JIHmb B c~ae, Kor,n;a 060JIOQKa 3epHa H H.n;pO rrpOQHO CPOCJIHCb Me)l()l;y C060H. 

Haxo,n;Hcb B pa60QeH 30He me.rrymHJIbHOrO arrrrapaTa 3epHO, rrOCTOHHHO rro,n;

BepraeTCH HCTHpalO:m;eMY B03,n;eHcTBHIO a6pa3HBHOH rroBepXHocTH, KOTOPaH 

rrOCTerreHHO HCTHpaeT 060JIOQKY co Bcex CTOPOH 3epHa. 

A3po,n;HHaMWIecKHH crroc06 me.rrymeHIDI OCHOBaH Ha B03,n;eHcTBHH Ha 

3epHO cTPYH C)I(aTOrO B03.n;yxa ,n;BIDK)'III:eHCH C BblCOKOH CKOpOCTblO. TIpH 3TOM 

CTPYH B03.n;yxa YBJIeKaeT HerrpepbIBHO rrocTyrralO:m;ee H3 6YHKepa 3epHO H 

rrepeHOCHT ero B TPy6y me.rrymeHIDI. 3,n;ecb 3epHO HcrrbITblBaeT PM 
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p33pyrnaIOIIJ;HX <paIITOPOB, TaKHe KaK TPeHHe, rreperra,n; ,n;aBJIeHIDI H ,n;p., B 

pe3YJIbTaTe qero p33pyrnaeTCjI CBjl3b Me)l(,lJ;y 060JIOqKOH H 3epHoM H rrpOHCXO,lJ;HT 

menymeHHe. 

Crroc06 IIHeBMOMexaH~eCKoro menyrneHIDI OCHOBaH Ha p33roHe 3epHa 

BeHTHJIj{TOpOM, Ha JIorraCTH KOToporo rro,n;aeTCjI rrpO,n;yKT, H ,n;aJIbHeHmeM 

nepeMeIIJ;eHHH ero B03,lJ;ynIHbIM HarropoM B menyrnHJIbHYIO KaMepy. TaM, no,n; 

,n;eHCTBHeM P33JIHqHbIX p33pyrnaIOIIJ;HX CHJI (CHJIa y,n;apa, TPeHIDI, B03,n;ymHoro 

Hanopa H T.,n;.), npOHcxo,n;HT menyrneHHe. 

IlHeBMorH,n;po,n;HHaM~ecKHH crroc06 OCHOBaH Ha p33roHe rrOTOKa B03,n;yxa 

,n;o BbICOKOH CKOPOCTH H 3aTjlrHBaHHeM 3THM rrOTOKOM 3epHa rrepepa6aTbIBaeMOH 

KYJIbTypbI B p33roHHYIO Tpy6y. TIpOXOM Qepe3 p33roHHYIO Tpy6y 3epHO, 

HcrrbITbIBaeT p33JI~Hble HarpY3KH, TaKHe KaK y,n;ap 3epHa CTPyeH B03,n;yxa, TPeHHe 

cTPYH B03,n;yxa 06 060JIOQKY 3epHa, TPeHHe CTeHOK p33roHHoH TPy6bI 0 3epHO, H T. 

,n;. BbIXOM H3 p33roHHoH TPy6bI 3epHO Ha 60JIbmOH CKOPOCTH y,n;apjleTCjI 0 

)KH,n;KYIO nOBepXHOCTb, r,n;e TaK)Ke HcrrbITbIBaeT y,n;apHYIO HarpY3KY. 

,L(mI p33pa60TKH H C03,n;aHIDI rrepcrreKTHBHbIX MamHH, rrpHMeRjleMbIX ,n;AA 

menyrneHIDI Kp~HbIX KYJIbTYP, He06xo,n;HMO CHCTeMaTH3HpOBaTb HX pa60~e 

opraHbI rro rrpHHIJ.Hny B03,n;eHcTBIDI Ha rrepepa6aTbIBaeMbIH rrpO,n;yKT, 3TO 

rr03BOAAeT ,n;aTb 06beKTHBHYIO o~eHKY rrpo~eccy menyrneHIDI C TOQKH 3peHIDI 

TeXHHQeCKOH H TeXHOJIOr~eCKOH ~eJIeC006p33HOCTH rrpHMeHeHIDI crroc06a 

menyrneHIDI. TaK~ CHCTeMaTH3a~IDI MaillHH ,n;AA menyrneHIDI 3epHa Kp~HbIX 

KyJIbTYP rro HaH60JIee cym;ecTBeHHbIM rrpH3HaKaM ,n;OJI)KHa JIO)KHTbCjI B OCHOBY HX 

KJIaCcH<pHKa~HH. 

Hcxo,n;jI H3 aHaJIH30B JIHTepaTYPHbIX HCTOQHHKOB [11, 18, 19, 47, 59, 71], 

CJIe,n;yeT OTMeTHTb, QTO p33pa60TKa, KOHCTPYHpoBaHHe H HCrrOJIb30BaHHe MamHH 

,n;AA menyrneHIDI CeMjlH MaCJI~bIX KYJIbTYP ocym;ecTBAAeTCjI no 

BbImeYK33aHHbIM HarrpaBJIeHIDIM [59] H OHH xapaKTepH3YIOTCjI 60JIbmHM 

P33Ho06p33HeM, 3HaQHTeJIbHO OTJIHQaIOIIJ;HMCjI KaK rro crroc06y menyrneHIDI, TaK H 

no KOHCTPYKTHBHOMY 0c:p0pMJIeHHIO. 
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llie.rrymeHHe g,lJ;ep apmrnca MeTO,lJ;OM HarpeBa C rrocJIe,lJ;)'IO~ 

HCTHpaHHeM rro a6pa3HBHOH rroBepxHocTH. 

3TOT rrpo~ecc ,lJ;aeT B03MO)KHOCTb He TOJIbKO Y,lJ;aJIjJTb KO)K~, a HHOr,lJ;a H 

3apO,lJ;bIIII, HO H rrOBbICHTb KaqeCTBO OqHCTKH 3epHa. 

llie.rrymeHHe - rrpo~ecc, KOTOPbIH rrpHMeIDllOT ,lJ;AA Y,lJ;aJIeHHjJ KO)KypbI OT 

g,lJ;pa rrpH HCrrOJIb30BaHHH ~eJIbIX opeXOB, KaK KOHe~bIX rrpO.n;yKTOB. HeCKOJIbKO 

rrOKa3aTeJIeH BJIIDIIOT Ha menymHJIbHbIe KaqeCTBa apmrnca. TBep,lJ;OCTb 3epHa, 

06'beM 3epHa Hero IIJIOTHOCTb BJIIDIIOT Ha KaqeCTBO me.rrymeHHjJ. Y CTaHOBJIeHO, 

qTO apaXHC, HarpeTbIH ,lJ;O 200°C 3a 8 MHHYT HaH60JIee rrpHrO,lJ;eH ,lJ;AA 

me.rrymeHHjJ [11]. 

Cyrn;ecTB)'lOT TaKHe MeTO,lJ;bI me.rrymeHHjJ KaK CYXOH, BOMHOH, 

BH6pa~HoHHbIH H B03.n;ymHoH crroco6bI meJIymeHHjJ [116, 122]. 

- Cyxoe me.rrymeHHe HCrrOJIb3yeTCg B rrpOH3BO,lJ;CTBe apaXHcoBoro MaCJIa, 

rrOCKOJIbKY OHO Y,lJ;aJIjJeT 3apO,lJ;blm H3 3epHa (g,lJ;pa) KOTOPbIH BJIHjJeT Ha BKYC 

apaXHCOBoro MaCJIa.,[(.rnI cyxoro menymeHHjJ apaXHC HarpeBalOT ,lJ;O 125 . . .. 138 

°C 3a 25 MHHYT. HarpeTbIe apaXHcbI 3aTeM OXJIa:>K,lJ;aIOT H rrpOrryCKaIOT qepe3 

m;eTKH HJIH pe6pHcTo-pe3HHHbIH peMeHb, qTo6bI HCTHpaTb KO)KH~. 

- BOMHoe me.rrymeHHe - apaXHc rrocryrraeT B KOHTeHHepbI qepe3 

HerrO,lJ;BH:>KHble JIOrraCTH, KOTopbIe pa3pbIBalOT KO:>KyPY apaXHca. KO:>Kypa 

OCJIa6AAeTCg rOpSPIHMH BO,lJ;HbIMH CTPY.sIMH H CHHMaeTC.sI rrpH rrpOXO)K,lJ;eHHH 

apmrncoB rro,lJ; rraHeJI.sIMH XOJICTa Ha peMIDIX KOHBeHepa. BOMHoe me.rrymeHHe 

TPe6yeT rroCJIe,lJ;)'IOm;eH cymKH apmrnca ,lJ;O BJIa)KHOCTH 6 ... 12 %. 

- ITpH BH6pa~HoHHoM me.rrymeHHH HCrrOJIb3)'lOT rrap, qTo6bI OCJIa6AATb 

CBg3b g,lJ;pa C KO)KeH apmrncoB. ITo,lJ;aqa rrapa cOrrpOBO)K,lJ;aeT ,lJ;BH)KeHHe 606oB Ha 

Bpam;aIO~Cg mrrHH,lJ;eJI.sIX, TaK KaK apaxHcbI rrepeMem;alOTCg BHH3 KOHBeHepa. 

BH6pa~HjJ rrOMoraeT pa3BepTbIBaHHIO KO)KH~bI apaXHCOB. 

ITPH B03.n;ynrnOM me.rrymeHHH HCrrOJIb3)'lOT ropH30HTaJIbHbIH 

Bpam;alOIII;HHCg 6apa6aH (~JIHH.n;p) B KOTOPbIH rrocryrraIOT apmrnCbI. BHYTPeHH.sIjJ 

rroBepXHocTb 6apa6aHa HMeeT a6pa3HBH)'lO rrOBepXHOCTb, KOTOpag rrOMoraeT 

pa3pymeHHIO H CRjlTHIO KO)KH C opexa rrpH Bpam;eHHH 6apa6aHa. B03.n;ynrnbIe 
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CTPYH rrpo~BaIOT apaXHcbI rrpoTHB Bparn;eHIDI 6apa6aHa, C03,l1;aIOT B03.n;ymHble 

CTOJIKHOBeHIDI, H OCJIa6mnoT CBH3H H,lI;pa C KO)KeH. TIPH B03,l1;eHCTBHH B03~IIIHoro 

rrOTOKa H a6pa3HBHOH rroBepXHocTH 6apa6aHa rrpOHCXO,ll;HT Y,lI;aJIeHHe KO)KHD;bI C 

TeJIa opexa. 

XOTH B POCCHH apaXHC He B03,l1;eJIbIBaeTC.sI, HO TaM rrpHMeH.sIIOT HeKOTopbIe 

YCTaHOBKH ,lI;AA me.rryrneHIDI ceMeHHOH 060JIOQKH apaXHca. 

Y CTaHOBKa ,lI;AA me.rryrneHIDI apaXHca AIIIY 313 (pHc.1.14) [91 ] 

OTHOCHTCH K o60PY,lI;OBaHHIO ,lI;AA me.rryrneHIDI apaXHca. Ee OTJIIfqHTeJIbHble 

QepTbI - 3TO KOMrraKTHaH KOHCTPYKD;IDI, cTa6HJIbHaH pa60Ta H MaJIOmyMHOCTb. 113 

3arpY30QHOrO 6)'HKepa apaXHc rrOrra,ll;aeT B meJIYmHJIbHbIH OTceK, COCTO.sIIIJ;HH H3 

,lI;Byx TPyrn;HXC.sI BaJIOB H oCBo6o)K,ll;aeTCH OT apaXHcoBoH KO~bI. 

TIpoH3BO,ll;HTeJIbHOCTb YCTaHoBKH - 200 Kr/Q. 

PHc.1.14. llie.rrynrn.JIbHaH YCTaHoBKa ,lI;AA me.rryrneHIDI apaXHca AIIIY 

Ha pHc.1.1S rrOKa3aHa MamHHa ,lI;AA OXJIa)K,lI;eHIDI 606oB C O,ll;HOBpeMeHHbIM, 

Y,lI;aJIeHHeM meJIYXH C )KapeHOro apaXHca [110]. YCTpOHCTBO COCTOHT H3 paMbI, Ha 

KOTOPOH KperrHTC.sI rrOMOH ,lI;AA OCbIrraeMOH meJIYXH, ,lI;JIHHa 6apa6aHa - 800MM, 

,lI;HaMeTP - 0 600MM H ceTKa C OTBepCTIDIMH 0 6 MM. TIpO~KT 3aCbIrraeTCH B 

D;HJIHH,lI;P C TopD;a, KOTOPbIH rrpHBO,ll;HTCH BO Bparn;aTeJIbHOe ,lI;BH)KeHHe OT 

:meKTPO,ll;BHraTeAA B ropH30HTaJIbHOM rrOJIO)KeHHH. TIoCJIe me.rryrneHIDI D;H1IHH,lI;p 

OCTaHaBJIHBaeTC.sI H 06meJIYIIIeHHbIH apaXHC BbICbIrraeTCH. Y CTaHOBKa ,lI;AA 



34 

menymeHIDI apaXllca rrpe~Ha3HaqeHa ~IDI OT~eJIeHIDI meJI)'XH OT opexa )I(apeHOro 

apaXllca. ECJIM opex KaqeCTBeHHO rrpO)I(apeH M OXJI~eH, TO menyxa y~aIDIeTC.SI 

Ha 98%. OqM:m;eHHe opexa OT meJIYXll rrpoMcxo~MT 3a CqeT Bpa:m;eHIDI JIOrraCTeH B 

B~e :m;eTOK. MaillHHa MO)I(eT pa60TaTb KaK B aBTOMaTlfqeCKHX, TaK M B 

rronyaBTOMaTlfqeCKHX JIMHH.SIX. CKOPOCTb Bpa:m;eHIDI JIOrraCTeH HMeeT rrJIaBH)'IO 

peryJIMpOBKY, qTO rr03BOIDIeT peryJIMpOBaTb MHTeHCMBHOCTb menymeHIDI. 

IIpoM3Bo~MTeJIbHocTb - 200 Kf/q. 

PMc.l.lS. MaillHHa ~IDI OXJIa~eHIDI M y~aJIeHIDI meJIYXll C )I(apeHOro 

apaXHca 

YCTaHoBKa IlIMIll;-180A (pMc.1.16) [111] rrpe~Ha3HaqeHa ~IDI 

MeXaHlfqeCKOH OqlfCTKH 06)I(apeHHbIX opexoB OT M.SIrKOH 060JIOqKH MJIM rrpo:m;e 

~IDI menymeHIDI apaXllca. IIpoM3Bo~MTeJIbHocTb - 200 Kf/q. Pe)I(HM pa60Tbl 

HerrpepbIBHhIH. 

PHc.l.16. IlleJIymMJIbHa.SI MaurnHa ~IDI apaxMca, aBTOMaT (:m;eTo~oro THIIa) 

IlIMIll;-180A 
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I1pHHU;Hrr pa60TbI MarrrnHbI (pHc.I.I7) [112] Cne~IIJ;HH. I10)KapeHHbIH H 

OCTbIBmHH apaXHc rrO,l1;aeTCH B 6YHKep MamHHbI, oTT)',l1;a POBHbIM cnoeM Ha 

BpaIIJ;alOIIJ;HeCH Banb!. I1PH BpaIIJ;eHHH BanOB rrpOHCXO,l1;HT 06,l1;HpKa (y,l1;aneHHe) 

MHrKOH o6ono"tJKH opexa. O"t{HIIJ;aeMbIH apaXHc rpaHcrroprnpyeTcH BanaMH K 

BbIXO,l1;HbIM oTBepcTHHM, a CHHTaH o6ono"tJKa rrpocbIIIaeTcH B 3a30p Me)K,l1;y BanaMH 

H y,l1;anHeTCH H3 MamHHb!. B rrpou;ecce ,l1;anbHeHmeH rpaHcrropTHpoBKH apaXHc 

o"tJHIIJ;aeTCH OT MY"tJKH ,l1;p06neHbIX 3epeH. Ka"tJecTBo O"tJHCTKH 3aBHCHT OT CTerreHH H 

paBHoMepHocTH 06)KapKH opexa. CTerreHb O"tJHCTKH ,l1;OCTHraeT 99%. MalliHHa 

rrpocTa B o6cny)KHBaHHH H He rpe6yeT BbICOKOH KBanHcpHKaIJ;HH rrepCOHana. 

PHc.I.I7. MarrrnHa MH CHHTHH MHrKOH o6ono"tJKH apaXHca 

3epHOIDnHcpoBanbHaH MarrrnHa M3 - 140 (PHC. l. 18) [113] ,l1;nH menymeHHH H,l1;pa 

apaxHca OT U;BeTKOBbIX o6ono"tJeK C rroCne~IIJ;eH a3pO,l1;HHaMWlecKoH O"tJHCTKOH. 

MamHHa pa60TaeT B KOMrrneKTe C acrrHpaTopoM - Y3noM ,l1;nH a3PO,l1;HHaMWleCKOH 

O"t{HCTKH 3epHa HnH rOTOBoro rrpo,l1;yKTa (rrpO,l1;OBOnbCTBeHHoH KpyrrbI) OT 

rrpHMecH. I1poH3BO,l1;HTenbHocTb OKono 100 Kr/"tJ, CTerreHb menymeHHH 85 - 95%. 

PRe.I.18. 3epHomnHcpoBanbHaH MamHHa M3 - 140 ,l1;nH menymeHHH apaXHca 
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ApaXHc nepe,n; menymeHHeM ,n;on)I(eH 6bITb npO)I(apeH (npocymeH), oCTY)I(eH H, 

no B03MO)I(HOCTH, oTKanH6poBaH. IIlenymeHHe apaXHca npOXO,n;HT Me)I()1;y ,n;B)'WI 

MHrKHMH (MaTepqaTbIMH) )I(epHOBaMH, 3a30p Me)I()1;y KOTOPbIMH perynHpyeTc~ npH 

nOMOIIUI perynHpOBOqHbIX mnHneK. ~po apaxHca BMeCTe C oT,n;eneHHoH OT Hero 

me.rryxoH rrona,n;aeT B acnHpa:U;HOHHbIH KaHan, r,n;e npOHCXO,n;HT 

a3po,n;HHaMl{qeCK~ OTqHCTKa rOTOBoro ~,n;pa. Or,n;eneHH~ OT rOTOBoro rrpO.n;yKTa 

me.rryxa oce,n;aeT B :QHKnOHe H BbIBO,n;HTC~ HapY)I(y npH nOMOIIUI KnanaHa. 

IIpoH3Bo,n;HTenbHocTb - 100 Kr/q. 

HH)I(e rrepeqHCneHbI HeKoTopble 3apy6e)I(Hble menymIDIbHbIe YCTaHOBKH 

[99, 100]. PHc.1.19 BH6pa:U;HoHH~ menymHnbH~ YCTaHoBKa. 

IIpoH3Bo,n;HTenbHocTb - 5 TOWq. 

PHc.l.19. BH6pa:U;HoHH~ menymHnbH~ YCTaHoBKa 

B CIIlA, <l>HpMa "Universal Blanchers LLC" H <pHpMa "PCA KIGAROY" 

pa3pa60TanH H BbInycTHnH TaKHe menymHnbHbIe YCTaHOBKH: "Blakely GA, 

Sylvester GA, Dublin TX, Edenton NC, PCA Kigaroy H menymHnbHble 

YCTaHOBKH Mo,n;eneH 341-B H V-5000 no nepepa60TKe apaXHca. He,n;ocTaToK 3THX 

MamHH - OqeHb ,n;oporHe H 3HeproeMKHe. 

IIlenymHnbH~ YCTaHOBKa "PCA Kigaroy" (pHc.l.20) COCTOHT H3 

ropH30HTanbHoro Bparu;aJOru;eroc~ 6apa6aHa (:U;HnHH.n;p), B KOTopbrn rrOCTYIIaJOT 

apaXHCbI. 
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PHc.l.20. IIIenyunrnbHWI YCTaHOBKa Mo,n;eJIH "peA KIGAROY " 

BHYTPeHIDUI rroBepXHocTb 6apa6aHa HMeeT a6pa3HBHYJO rroBepXHocTb, 

KOTOPWI rrOMoraeT pa3pyrneHHlO H CIDITHlO KO)l(lllJ;hI rrpH BpaIIJ;emm: 6apa6aHa. B 

6apa6aH rro,n;alOTCH B03.n;yrnHhIe cTPYH, KOTophIe 06.n;yBaIOT apaxHchI rrpoTHB HX 

,n;BH)I(eHHH H BbIHOCHT CIDITYIO o6oJIoqKY. IIpoH3Bo,n;HTeJIbHocTb - 10 T/q. 

PHc.l.2l. IIIeJIyrrIMJIbHWI YCTaHoBKa Mo,n;eJIH 341-B 

Pa3,n;eJIbHhle rneJIyrrIHJIbHhIe YCTaHoBKH Mo,n;eJIeii 34l-B H V -5000 (pHc.lo2l 

H 1.22). Oco6eHHocTH 34l-B - peryJIHPyeMbrn 6YHKep H ,n;BOHHWI CHCTeMa 

rro,n;aqJi B03.n;yxa, rr03BOJIHeT o6pa6aTbIBaTb He TOJIbKO apaxHcoBhIe, HO H )];p. 

rrpO.n;yKTbI. IIpoH3Bo,n;HTeJIbHocTb - 9,6 T/q. 

Mo,n;eJIb V - 5 000 He TOJIbKO 60JIee BhICOKOii rrpoH3Bo,n;HTeJIbHOCTH 2,7 T/q 

B cpaBHeHHH C ,n;pyrHMH, HO H 60JIee 3KOHOMJiqRa. 

B 3aKJIIOQeHHe, MO)l(HO OTMeTHTb, QTO rrOBbIIIIeHHe 3cpcpeKTHBHOCTH 

rrpoH3Bo,n;cTBa H rrepepa60TKH apaXHca B YCJIOBIDIX HHrepHH B03MO)I(HO 3a CQeT 

C03,n;aHHH MaIIIHH, pa60TaIOIIJ;HX Ha rrepcrreKTHBHhIX rrpHHlUfIIax KOMIIJIeKCHOro 

B03,n;eiicTBHH pa60QHX opraHoB Ha rrepepa6aThIBaeMbrn MaTepHaJI. 
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PMc.l.22. Pa3~enhHaJI rnenyrnMnhHaJI YCTaHOBKa Mo~enh V - 5 000 

II03TOMY 60nee rny60Koe M3yqeHMe 3TMX pa60qMX opraHOB M C03~aHMe 

COOTBeTCTB)'lOID;MX Marrrn:H npe~CTaBIDIeT MHTepec, KaK C npaKTlfqeCKOH, TaK M C 

TeOpeTlfqeCKOH TOqJ(Jf 3peHIDI. 

1. 7. 06ocHoBaHue Bbl60pa TUDOB meJlymuJlhHhIX YCTaHoBoK 

OCHOBHOH 3a~aqeH HaCTOHID;ero Mccne~OBaHIDI HBIDIeTCH 060CHOBaHMe 

rnenyrnMJIhHhIX YCTaHoBoK apaxMca ~IDI MCnOnh30BaHIDI ero no pa3nlfqHhlM 

HanpaBneHIDIM - )KapeHhIH B 060nOQKe M 6e3 Hee, ~IDI npoM3Bo~cTBa apaxMcoBoro 

Macna, a TaK)Ke ~IDI KOH~MTepcKMX M3~enMH (B rnOKon~e M xne606ynOQHhIX 

M3~enIDIX) M KaK npo~oBonhcTBeHHhIH, T.e. pa3pa60TKa YCTaHoBoK ~IDI 

rnenyrneHIDI M nonyqeHIDI: 

1 - :u;enhIX; 

2 - pa3~eneHHhIX Ha ceMH~OnM; 

3 - M3MenhQeHHhIX nnO~OB apaXHca. 

IIo ~aHHhIM nMTeparypHhIX MCTOQHMKOB, rnenyrrrn:nhHhIe YCTaHOBKM ~IDI 

~OCTM)KeHIDI HaIIIMX 3a~aQ no rnenyrneHHIO apaXHca M npMeMneMhIe ~IDI ycnoBMH 

HMrepMM OTCYTCTB)'lOT. 

113 - 3a OTCYTCTBIDI TaKMX YCTaHOBOK HaMM 6hInM pa3pa60TaHhI 'I'pM TMIIa 

YCTaHOBOK ~IDI nonyqeHIDI pa3~eneHHhIX opeXOB Ha ce~OnM (~MCKOBoro TMna), 

:u;enhIX opeXOB (:QMnMH~lfqeCKOrO TMna) M QaCTIfqHO M3MenhQeHHhIX opeXOB 
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apaXHca (JIOnaCTHOrO THna). Ha pHC)'HKe 1.23 nOKa3aHa YCTaHoBKa )1,HCKOBOro 

THna. 

PHc.1.23. Y CTaHOBKa )1,HCKOBOro THna )1,IDI 06MOJIOTa apaXHca 

1.8. KpHTepHH ou.eHKH 3cJ»cJ»eKTHBHOCTH pa60ThI meJlymHJlbHbIX YCTaHoBoK 

llie.rryrn:eHHe 3epHa B MaCJIWIHOM npOH3BO)1,CTBe - caMhIH TPY)1,OeMKHH H Ba)l(lfbrn 

npo:u;ecc. Or 3<p<peKTHBHoCTH me.rryrn:eHIDI opexa 3aBHCHT KaqeCTBO H BbIXO)1, 

nonyqaeMoH MaCJIa. ,l(IDI: o:u;eHKH 3<p<peKTHBHoCTH menymeHIDI cyrn;ecTByeT 

HeCKOJIbKO nOKa3aTeJIeH: CTeneHb me.rryrn:eHIDI H :u;eJIOCTHOCTb H)1,pa. 

K 
CTeneHb menymeHIDI Ul Onpe)1,eIDIeTCH no <popMYJIe [71 , 73]: 

(1.1) 

r)1,e n) - KOJIWIeCTBO Heme.rryrn:eHbIX 3epeH B CMeCH )1,0 me.rryrn:eHIDI, 

n 2 - KOJIWIeCTBO Heme.rryrn:eHbIX 3epeH B CMeCH nOCJIe me.rryrn:eHIDI, 

K 
IJ;eJIOCTHOCTb H)1.pa 1,J.Jl HaXOMT no CJIe)1.)'lOru;eH <popMYJIe [15, 60]: 

K 
lI. Jl 

B 
---.100% 
B+D (1.2) 

r)1,e B - KOJIWIeCTBO :u;eJIbIX H)1,ep nOCJIe meJIymeHIDI, 

D - KOJIWIeCTBO )1.p06JIeHbIX Mep nOCJIe me.rryrn:eHIDI, 
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CTeneHh me~eH~ yqHThIBaeT KOJIWIeCTBeHH)'lO CTOPOH)' 

me~eH~ H nOKa3hIBaeT, KaKoe OTHOCHTeJIhHOe KOJIWIeCTBO 3epeH ome~eHO, 

K 
a :u;eJIOCTHOCTh lI·

Jl 
- KaqeCTBeHH)'lO CTOPOH)' H nOKa3hIBaeT OTHOCHTeJIhHhrH 

BhIXO~ nOJIyqaeMoro npo.zo'KTa [11, 60, 71]. 

BhImenepeqHCJIeHHhle nOKa3aTeJIH rJIaBHhIM 06pa30M 3aBHCHT OT BhI60pa 

cnoco6a me~eH~ H MaIllHHhI, pa6oTalOm;eH no 3TOM)' cnoco6y. 

Onpe~eJIHlOIIJ;lIM ~JIH BhI60pa cnoco6a me~eH~ HBJIHeTCH aHaTOMWIeCKoe 

cTPoeHHe 3epHa Hero CPH3HKO-TeXHOJIOrWIeCKHe CBOHCTBa (BJIa)I(JIOCTh, Pa3HOCTh 

BO BJIa)I(JIOCTH H~pa H o6oJIOqKH, nJIe~aTOCTh, npOqHOCTh H~a Hero CBH3H C 

060JIOqKOH, cpopMa 3epHa H ~p.). 

1.9. BhIBO.z.b1, ueJlH H 3a.z.a'lH HCCJIe.z.oBaHHH 

AHaJIH3 COBpeMeHHoro COCTOHHHH TeXHOJIorHii me~eHHH apaxHca B 

YCJIOBIDIX HHrepHH H ~. Pa3BHBaIOm;HXCH CTPaH n03BOJIHeT C~eJIaTh CJIe~m;He 

BhIBO~hI: 

1. MOpcpOJIOrWIeCKHe qaCTH CeMHH apaxHca onpe~eJIHlOT cnoco6 y~aJIeHHH 

ceMeHHOH 060JIOqKH, cnOC06CTByIOm;HH nOBhIilleHHlO KaqeCTBa 

nOJIyqaeMhIX npo.zo'KToB. 

2. HaH60JIee pa:U;HOHaJIhHhIM cnoco6oM o6pa6oTKa opexoB apaXHca HBJIHeTCH 

cnoco6 C HCnOJIh30BaHHeM TPeHHH. 

3. Cym;ecTByIOIIJ;lIe TeXHOJIOrHH B pa3BHBalOm;HXcH cTPaHax ~JIH me~eHHH 

apaXHca npaKTWIecKH OTCYTCTByIOT, a ~JIH 06MOJIOTa apaXHca 

He~OCTaTOqHO 3cpcpeKTHBHhI H He n03BOJIHlOT nOJIyqaTh KaqeCTBeHHhle 

npO~KThI. 

4. I1cxoM H3 BhImeCKa3aHHOrO, :u;eJIhlO HaCTOHIIJ;lIX HCCJIe~OBaHHH HBJIHeTCH 

3aMeHa pyqHoro TPy~a TeXHWIeCKHMH cpe~CTBaMH npH me~eHHH 

apaxHca B HHrepHH B :u;eJIHX nOBhImeHHH npOH3BO~HTeJIhHOCTH TPy~a H 

CHIDKeHHH 3aTPaT TPy~a B YCJIOBIDIX HHrepHH. 
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~ ,lJ;OCTIDKeHIDI 3THX u;eJIeH 6bIJIH nOCTaBJIeHbI CJIe.n;yrom;He 3a,lJ;aQH: 

1. 113yqHTb OCHOBHbIe <pH3HKo-MeXaHlfqeCKHe CBoHcTBa nJIO,lJ;OB apaxHca, 

BJIlUIIOm;HX Ha npou;ecc Y,lJ;aneHIDI KO)J(HU;bI. 

2. I1cCJIe,lJ;OBaTb npou;ecc me.rryrn:eHIDI nJIO,lJ;OB apaXHca Ha YCTaHoBKax 

U;HJIHH,lJ;pHQeCKOrO, ,n;HCKOBOro H JIOnaCTHoro THIIa. 

3. Pa3pa60TaTb YCrpoHcTBa ,lJ;IDI menymeHIDI nJIO,lJ;OB apaxHca ,lJ;IDI pa3JIH~bIX 

u;eJIeH: 

• menymHTeJIb,lJ;IDI nonyqeHIDI pa3,lJ;eJIeHHbIX opexoB Ha CeMR,n;OJIH ,lJ;IDI 

KOH,n;HTepCKHX u;eJIeH; 

• menyIDHTeJIb,lJ;IDI nOJIyqeHIDI u;eJIbIX opexoB ,lJ;IDI JIaKOMCTBa; 

• me.rryrn:HTeJIb,lJ;IDI nonyqeHIDI H3MeJIbQeHHbIX opexoB ,lJ;IDI MaCJIa. 

4. 06ocHoBaTb KOHCrpYKTHBHbIe napaMerpbI H pe)J(HMbI pa60TbI YCTaHoBoK. 

5. IIpoBecTH HCllbITaHIDI pa3pa60TaHHbIX YCTaHoBoK. 

6. Onpe,lJ;eJIHTb 3KOHOMl{qeCKHH 3<p<peKT TeXHOJIOrHH menymeHIDI nJIO,lJ;OB 

apaXHca. 
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r JIABA 2. TEOPETJIlIECKOE HCCJIE,lJ;OBAHHE llPO~CCA IDEJIY -

IDEHIDI AP AXHCA 

2.1. IIo~roToBKa apaxHca ~JlH o6pa6oTKH 

Krum:6poBaHHe CeMHH CeJlbCKOX03HHCTBeHHhIX KYJlbryp nepe,n; HX 

o6pynnmaHHeM rrpOBO,n;HTCH, B OCHOBHOM Ha OqHCTHTeJIbHhIX cenapaTopax, 

npHMeRjleMhIX,n;IDI o6pa6oTKH 3epHoBhIX KYJIbryp [68]. 

TeopHH cenapa:U;HH ceMeHHhIX CMeceH 6hIJIa 3aJIO)l(eHa B. II. rOpj{qKHHhIM 

[12], M.H. JIeTollIHeBhIM [36], r.,ll;. TepCKOBhIM [75]. B ,n;aJIhHeHmeM OHa 6bIJIa 

pa3BHTa B.A. Ky6blmeBbIM [29, 30], r.E. J1HcTona,n;oM [70], IO.B. TepeHTbeBbIM 

[75, 76], B.I1. AHHCKHHhIM [2,3, 67], H. 11. KOCHJIOBbIM [26,27]. 

TeOpeTHqeCKHe HCCJIe,n;OBaHHH n03BOJIHJIH pa3pa60TaTh MaillHHhI ,n;IDI 

pa3,n;eJIeHHH ceMeHHhIX cMeceH, Pa3JIHqaIOI:QHeCH no Ha3HaqeHmo: npe,n;BapH

TeJIhHaH, nepBHqHaH, BTOp~aH H cne:U;HaJIhHaH O~CTKa, CopTHpoBaHHe H 

<ppaK:QHOHHpoBaHHe no pa3MepaM; no cnoco6y pa3,n;eJIeHHH H HCnOJIh3yeMOMY 

npH3HaKY ,n;eJIHMOCTH: pa3MepaM (,n;JIHHa, llHpHHa, TOJII:QHHa H ,n;HaMeTP), 

a3po,n;HHaMHqeCKHM CBOHCTBaM ( CKOPOCTh BHTaHHH, napycHocTh H 

conpOTHBJIeHHe B03.n;ymHOMY nOTOKY), nJIOTHOCTH, :QBery, <popMe H cocTommo 

nOBepXHocTH H ,n;p. 

en HCnOJIh3yeMoro npH3HaKa ,n;eJIHMOCTH 3aBHCHT KaQeCTBO pa3,n;eJIeHHH 

CeMHH no pa3MepaM, KOTopoe BJIHHeT Ha 3<p<peKTHBHoCTh pa60ThI nocJIe.l()'lOI:QHX 

MaillHH. HanpHMep, n03BOIDIeT Toqsee YCTaHoBHTb 3a30p B pa6o~ opraHax 

YCTPOHCTB ,n;IDI y,n;aJIeHHH ceMeHHoH 060JIOQKH C H,n;ep apaxHca, nOJIHee pa3,n;eJIHTb 

o6pymeHHhle H :u;eJIhIe ceMeHa [25]. 

IIpH pa3pa60TKe YCTaHoBKH ,n;IDI y,n;aJIeHHH 060JIOQKH C H,n;pa apaxHca 

Heo6xo,n;HMO H3yqHTh <pH3HKo-MeXaHHQeCKHe CBOHCTBa H.n;pa H 060JIOQKH, 

reOMe1pHqeCKHe pa3MephI, Maccy 1000 CeMHH, <poPMY CeMHH, a3pO,n;HHaMHqeCKHe 

CBoHcTBa (Ko3<P<PH:QHeHT napycHocTH, CKOPOCTb BHTaHHH), Harypy, chIrryqecTb, 

CKBa)l(HOCTh, nJIesqaTOCTh, BhIpaBHeHHocTh, npOQHOCTh H,n;pa H o6oJIoqKH, 

yrrpyrOCTh[ 64]. 
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HaMH HCCJIe)1;OBaHIDI rrpOBO)1;HJIHCb Ha peaJIbHblX COpTaX apaxHCa, 

B03)1;eJI"bIBaeMOrO B HHrepHH. B HCCJIe)1;OBaHIDIX HCrrOJIb30BaJIOCb CTaH)1;apTHOe 

060PY)1;OBaHHe H CTaH)1;apTHble MeTO)1;HKH. 

OCHOBHblMH Q>aKTOpaMH, 06eCrreqHBaJOm;HMH me.rrymeHHe 

opeXOB apaXHca .sIBmnoTC.sI: Q>PHKQHOHHble CBOHCTBa opexa, 

060JIoqm 

Q>H3HKO-

MeXaHlfqeCKHe CBOHCTBa CeM.sIH, .sI)1;pa, 060JIOQKH, THrr pa60qIfX rrOBepXHOCTeH 

MamHH H pe)l(HM HX pa60TbI, K03Q>Q>HIweHTbI TPeHIDl, a TaK)l(e rrpe)1;BapHTeJIbHOe 

Harp~eHHe opexa [57, 63, 64, 77, 78]. 

IIpH HCCJIe)1;OBaHIDIX HCrrOJIb30BaHbI OCHOBHble rrOJIO)l(eHIDI KJIaCClfqeCKOH 

MexaHHKH [33, 55, 56]. 

TaK KaK apaXHc HCrrOJIb3YlQT B Pa3JIlfqHbIX HarrpaBJIeHH.sIX - )l(apeHbIH B 

060JIOQKe H 6e3 Hee B rrpOH3BO)1;CTBe apaxHcoBoro MaCJIa, a TaK)l(e B 

KOH)1;HTepCKHX H3)1;eJIIDIX (moKOJIa)1;e H XJIe606YJIO~bIX H3)1;eJI"IDlX), KaK 

rrpO)1;OBOJIbCTBeHHhIH H T.rr., TO 6bIJIH pa3pa60TaHhI TPH THrra YCTaHOBOK )1;JI.sI 

HCrrOJIb30BaHIDI apaXHca rro Ka)l()1;OMY BH)1;y ero HCrrOJIh30BaHIDI. 

2.2. HCCJIe.z:.oBaHHH .z:.BH~eHHH nJlo.z:.a apaxHca B meJlymHJlbHbIX YCTaHoBKax 

2.2.1. ,lI;BH~eHHe opexa B YCTaHoBKe .z:.HCKOBOI'O THna 

IIpe)1;JIaraeMa.sI HaMH YCTaHoBKa )1;JI.sI menymeHIDI opexa (3eMJI".sIHOrO apaXHca) 

COCTOHT H3 )1;Byx )1;HCKOB, pacrrOJIO)l(eHHbIX ropH30HTaJIbHO Ha HeKoTopoM 

paCCTO.sIHHH O)1;HH OT )1;Pyroro. HH)I(HHH )1;HCK Bpam;aeTC.sI. OpeXH Qepe3 oTBepcTHe 

B u;eHTPe BepXHero HerrO)1;BH)I(HOrO )1;HCKa rrocT)'IIalOT B)1;OJIb BepTHKaJIbHOH OCH 

Ha HH)I(HHH )1;HCK, Bpam;aJOIll;HHC.sI C rrOCTO.sIHHOH yrJIOBOH CKOpOCTblO. OpeXH, 

rrorraBIIIHe Ha HH)I(HHH )1;HCK, )1;BH~TC.sI OT u;eHTPa )1;0 MOMeHTa HX 3am;eMJIeHIDI 

)1;HCKaMH 3a CQeT CHJI HHepU;HH H TPeHIDI. B )1;aJIbHeiimeM menymeHHe opexoB 

rrpOHCXO)1;HT 3a CQeT CHJI TPeHIDI rrpH )1;BH)I(eHHH HX Me)l()1;y )1;HCKaMH. CxeMa 

)1;eHCTBYlQm;HX CHJI rrpe)1;CTaBJIeHa Ha pHc.2.1, (a - rrJIOCKOCTb ZOX; 6 - rrJIOCKOCTb 

ZOX); r)1;e <p - yrOJI rrOBopOTa )1;HCKa. 

,nru. aHaJIH3a rrpHHHMaeM, QTO KaQeHHe opexa rro )1;HCKY rrpOXO)1;HT B rrJIOCKOCTH 

ZOY )1;eKapTOBoH CHCTeMbI KOOp)1;HHaT 6e3 CKOJIh)l(eHIDl, IIJIOCKOCTb XOY H ZOY 
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npOxO,lVIT qepe3 :u;eHTP opexa, T.e. Qepe3 TOQKY C (:u;eHTP MaCChI opexa), ,lJ;HaMeTP 

opexa da > 0 - 3a30pa Me)l():(y ,lJ;HCKaMH. IIpHHHMaeM, QTO opex B 3a30pe Me)K,lJ;y 

,lJ;HCKaMH CKOJIb3HT no nOBepXHOCTH 060HX ,lJ;HCKOB C O,lJ;HOBpeMeHHbIM KaQeHHeM. 

Ha opex ,lJ;eiiCTB)'lOT cJIe,lJ;)'lOII.J;He CHJIbI: 

CHJIa pea~HH N (NB = N A) - CHJIa pea~HH B BepXHeii H HIDKHeii TO~Kax 

KOHTaKTa opexa C ,l1;HCKaMH); CHJIa TIDKeCTH G = mg; CHJIbI TpeHHH Fl = fBNB; 

F2 = fANA, npHJIO)KeHa B TO~Kax B H A KOHTaKTa opexa C ,l1;HCKaMH; CHJIa 

HHep:U;HH FH paBHa reOMeTP~eCKoii cYMMe ,lJ;Byx CHJI F 11 = Fa + F K , 

3,lJ;eCb Fa = molr - :u;eHTP06e)KHruI CHJIa HHep:U;HH; 

FK = 2mOJv c = 2mOJ x - KOPHOJIHCOBa CHJIa HHep:U;HH; 

m - Macca opexa; 

OJ - ynIOBruI CKOPOCTb opexa; 

r - paCCTOHHHe OT :u;eHTPa Bpam;eHHH ,lJ;0 :u;eHTPa opexa; 

v c - OTHOCHTeJIbHruI CKOPOCTb opexa, HanpaBJIeHHruI no OCH X; 

fB' fA - K03cpcpH:U;HeHTbI TPeHHH opexa 0 BepXHHii H HH)KHHii ,lJ;HCKH; 

g - YCKopeHHe cB060,lJ;HOrO na,lJ;eHHH. 

BePXHMM 

HenOABM)I(HblM 

AMCK 

H / 
M)I(HMM 

(Bpa~alO~MMCR) 
AMCK 

w 

Zt 
I 

I 

r 

a) 

y 

NB 
do 

X 

A 
G=mg 

NA 0 

6) 

PHc.2.1. CXeMa CHJI, ,lJ;eiiCTB)'lOm;HX Ha opex B YCTaHOBKe ,lJ;HCKOBOro THIIa 

,l(HcpcpepeH:U;HaJIbHOe ypaBHeHHe ,lJ;BH)KeHHH TOQKH (opexa) 3arrmneTCH [34]: 

x 
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(2.1) 

n 

r,[(e F L F k - paBHO,[(eiicTB)'lOI.IJ;aH BCeX CIUI, rrpIUIO)KeHHhIX K opexy. 
k = I 

TaK KaK ,[(BH)KeHlfe npOHCXO,[(HT B nnOCKOCTH YOX, ypa13HeHHe ,[(BH)KeHIDI 

3anHmeTCH: 

HaOCHX: 

n 

m 
(2.2) L 

k = I 

F . 
k x , m x 

Ha OCH Y: 

n 

m m y L F ky (2.3) 
k = I 

r,[(e F;. = N B • fc~; F; = ( N A + G) . fc~ - CHnhI rpeHIDI CKOnh)KeHIDI opexa n o 

BepXHeii H HH)KHeii nOBepXHOCTHM ,[(HCKOB COOTBeTCTBeHHO; 

.{'B • .{' A 
H HH)KHeii nOBepXHOCTHM ,[(HCKOB COOTBeTCTBeHHO, J KlJ ,J KlJ - K03<P<PHIWeHThI 

rpeHIDI KaqeHIDI opexa no HH)KHeMY H BepXHeMY ,[(HCKaM. 

Y cnOBHeM B03MO)KHOCTH ,[(BH)KeHIDI opexa Me)K,[(y ,[(HCKaMH no 

HarrpaBneHHlO OCH X HBllHeTCH rrpeBhIilleHHe CHn HHepU;HH Ha,[( CHnaMH rpeHIDI, 

T.e. Kor,[(a 

2 
mOJ X >N .Iek (2.4) 

eHnhI rpeHIDI Me)K,[(y ,[(HCKaMH 3aBHCHT OT CBoiicTB MaTepHana ,[(HCKOB H opexOB, a 

TaK)Ke OT CHnhI npH)KaTIDI ,[(HCKOB K opexy. O,[(HOBpeMeHHO rpeHHe CKOnh)KeHIDI H 

rpeHHe KaqeHIDI 6y,[(eT ,[(eiiCTBOBaTh npH paBeHCTBe HX K03<p<pHI.J;HeHTOB, T.e. 

Kor,[(a f ck = fktl [42].,l(.rnI Toro qTo6hI opex nepeKaThIBanCH no ,[(HCKaM K 
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HeM)' He06xo,n:HMO, B TOqKe KOHTaKTa C ,n:HCKOM, npHJIO)l(HTb KaCaTeJIbH)'IO CHJIY, 

T.e. qT06bI B03HHKaJI MOMeHT M paBHbrn [34]: 

r,n:e, do - ,n:HaMerp opexa; 

F - CHJIa rpeHIDI opexa 0 ,n:HCKH; 

N - CHJIa pea~HH. 

(2.5) 

B 3aBHCHMOCTH OT BeJI~HHbI MOMeHTa (2.5) CHJI conpOTHBJIeHIDI B03MO)I(H0 

KaqeHHe no ,n:HCK)' HJIH ero CKOJIb)l(eHHe. ECJIH f ck > f h npoHcxo,n:HT 

nepeKaTbIBaHHe no ,n:HCK)', a eCJIH fck < f k 'I , TO opex CKOJIb3HT no ,n:HCK)' 

IIpH ,n:BH)I(eHHH opexa Me)l(.n:y BepXHHM H HH)l(HHM ,n:HCKaMH, B03HHKaIOT CHJIbI 

rpeHIDI, KOTopble crpeMHTCH opex BbIBeCTH K nepHcpepHH, T .e. Hapy)I(y. Ha p HC. 

2.1 a, nOKa3aHO nOJIO)l(eHHe opexa, B KaKOH-TO HaqaJIbHbrn MOMeHT H n pH 

nOBopoTe ,n:HCKa Ha yrOJI rp . IIpH 3TOM KOHTaKTbI opexa C ,n:HCKOM npOTeKalOT He 

B TOqKe, a no IIJIOCKOCTH, T.e. HMeeTCH IIHTHO KOHTaKTa C pa,n:HyCOM r IlK ( YCJIOBHO 

npHHHTO, qTO IIHTHO KOHTaKTa Ha KpyrJIOM opexe jlBMeTCH KpyrOM). CKOPOCTb 

nepeMeI.IJ:eHIDI TOqKH «C» (u:eHrpa Macc opexa) B nJIOCKOCTH XOY OTJI~Ha OT 

CKOPOCTH ,n:BH)I(eHIDI ,n:HCKa, T.e. OT TOqm KOHTaKTa opexa C ,n:HCKOM. I1cxOM H3 

,n:aHHbIX (pHc.2.la) JIHHeHHaH CKOPOCTb opexa orrpe,n:eJIHTCH H3 YCJIOBIDI: 

V A = OJ 0 • r HJIH V A = OJ 0 .2 ro (2.6) 

V c = OJ 0 .ro (2.7) 

r,n:e, VA ; ~ - JIHHeHHaH CKOPOCTb TOqm <®> H JIHHeHHaH CKOPOCTb ,n:BH)I(eHHH 

opexa; 

(Oi) ; {Oo - yrJIOBble CKOPOCTH ,n:HCKa H COOTBeTCTBeHHO opexa; 

r; ro - pacnOJIO:>KeHIDI opexa Ha ,n:HCKe H pa,n:Hyc opexa; 

TaK KaK npHHHTO ,n:BH:>KeHHe opexa 6e3 CKOJIb)l(eHHH, TO JIHHeHHaH CKOPOCTb 

,n:BH:>KeHIDI opexa OTHOCHTeJIbHO ,n:HCKOB onpe,n:eMTCH H3 YCJIOBHH: 
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(j) 0 .r 
(j) = -"---

o 2ro 
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TIo.n;CTaBJOOI (2.9) B (2.7) IIonyqaeM mrneHHyIo CKOPOCTb opexa: 

(j) 0 .r 

2 

(2.8) 

(2.9) 

(2.10) 

TIPM .n;BM)KeHHH opexa IIO IIOBepXHocnlM BepXHero M HH)KHerO .n;MCKOB 

JIMHeHHble CKOPOCTM .n;BH)KeHIDI TOqeK IliITHa KOHTaKTa M M K (pMc.2.2) He 

o.n;MHaKOBbI. CKOPOCTb HapY)KHOH TOqKH M C 60JIbllMM pa.n;HYcoM, 60JIblle 

CKOPOCTM BHYTPeHHeH TOqKH K. TIPM IIoBopoTe Ha yrOJI rp HapY)KHaJI To~a M 

IliITHa KOHTaKTa IIpOXO.n;MT 60JIbmHH nyTb, qeM TOqKa K. B pe3YJIbTaTe :noro 

B03HHKaeT Bpa~aro~ MOMeHT, KOTOPOH cTPeMHTCH IIoBepHYTb opex BOKpyr ero 

BepTHKaJIbHOH OCM, IIpoxOM~eH qepe3 u;eHTP MaCChI M IIapaJIJIeJIbHOH OCM Z. 

TIpoTMBo.n;eHCTB)'lOT IIOBOPOry opexa CMJIbI TPeHIDl, peaKI.J;HH KOTOPbIX CTPeMMTCX 

BhITOJIKHYTb ero HapY)KJ. B pe3YJIbTaTe 3Toro TPaeKTopHH .n;BH)KeHIDI TOqeK M M K 

IIpOXO.n;MT He IIO OKpY)KHOCTM C pa)J;HYcoM OM M OK, a IIO .n;pyrOH TPaeKTOpHH 

MMJ Ii KK), HMelO~eH Q>opMY CIIMPaJIM. 3KcIIepMMeHThI IIOKa3aJIM, qTO 

IIapaMeTPhI TaKoH TPaeKTopMM .n;BH)KeHIDI opexa MOryT 6hITb CaMhIe pa3JIHqHble M 

HaXOMTCH B IIPHMOH 3aBMCHMOCTM OT IliITHa KOHTaKTa RnK , KOTopoe B CBOIO 

Oqepe.n;b 3aBMCMT OT CBOHCTB MaTepMaJIa .n;MCKOB M TBep.n;ocTM opexa. 

a) 6) 
PMc.2.2a. JIa6opaTopHaJI YCTaHoBKa .n;JIH MCCJIe.n;OBaHIDI TPaeKTopMM .n;BH)KeHIDI 

opexa Me)K)J;y .n;MCKaMH; 2.26 - TpaeKTopHH .n;BM)KeHIDI opexa IIO CIIHpaJIH 

r.n;e do - .n;MaMeTP opexa, V C - CKOPOCTb opexa 
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BbIBO~bI: 

1) ECJUI CHJIbI TPeHIDI ,lJ;HCKOB Ha opexe MeHbme CHJI HHep:QHH, TO OpeXH 

Me)l(.lO' ,lJ;HCKaMH ,lJ;BH)I(YTCH 3a CqeT CHll HHep:QHH. 

2) TIPH ,lJ;BH)I(eHHH opexa Me~ ,lJ;HCKaMH C MallbIM IDITHOM KOHTaKTa 

,lJ;BH)I(eHHe rrpOHCXO,lJ;HT rro CrrHpallH. 

2.2.2. ,n:BH~eHHe opexa B YCTaHoBKe "HJlHH~pH'IeCKOrO THna 

~ MrnTKOrO menymeHIDI rrJIO,lJ;OB apaXHca H rronyqeHIDI :QeJIbHOrO opexa 

rrpe,lJ;JIaraeTCH YCTaHoBKa HerrpepbIBHoro ,lJ;eHCTBIDI, COCTOHI.QaH H3 :QHJIHH,lJ;pa, 

H3rOTOBJIeHHOrO H3 rrp03paqHOrO CTeKJIOrrJIaCTHKa (,lJ;AA BH3YallbHOrO 

Ha6mo,lJ;eHIDI) C rJIa,lJ;KOH BHYTPeHHeH rroBepXHocTblO, YCTaHOBJIeHHOrO Ha 

KpHBOmHrre, C pa,lJ;HYcoM h H cOBepmalOI:QerO BpaI:QaTeJIbHOe ,lJ;BH)I(eHHe BOKpyr 

OCH 0 1. TIoBepXHoCTb :QHJIHH,lJ;pa COBepmaeT ,lJ;Ba B03BpaTHo-rrOCTYIIaTeJIbHbIX 

,lJ;BH)I(eHIDI BO B3aHMHO rreprreH,lJ;HKYAApHbIX rrJIOCKOCTHX (ropH30HTallbHOH H 

BepTHKallbHOH) (pHc.2.3). BHYTPH :QHJIHH,lJ;pa HaxoMTcH rrJIo,lJ;bI apaXHca H 

cOBepmaIOT ,lJ;BH)I(eHIDI rro BHYTPeHHeH rroBepXHOCTH :QHJIHH.n;pa. 3a CqeT TPeHIDI 

H,lJ;ep Me~ C060H H CTeHKaMH :QHJIHH.l1:pa rrpOHCXO,lJ;HT pa3pymeHHe H Y,lJ;alleHHe 

o60JIOqeK Mep. TIO,lJ;aqa o6pa6aTbIBaeMoro MaTepHalla rrpOBO,lJ;HTCH C O,lJ;HOrO 

KOH:Qa :QHJIHH.l1:pa, a BbIXO,lJ; - C ,lJ;pyroro. 

If3BecTHo, qTO rrpH CJIO)l(eHHH ,lJ;Byx B03BpaTHo-rrocTYIIaTeJIbHbIX 

,lJ;BH)I(eHHH, B ,lJ;Byx B3aHMHo-rreprreH,lJ;HKYAApHbIX rrJIOCKOCTHX (B ropH30HTallbHOH 

H BepTHKallbHOH) :QHllHH,lJ;P (KaK CHCTeMa) COBepmaeT ,lJ;BH)I(eHHe rro OKpY)I(HOCTH C 

rrapaMeTPaMH R = rlf + h , 3,lJ;eCb R - pa,lJ;HYc, oIIHcbIBaeMbIH OKpY)I(HOCTH 

:QHJIHH,lJ;pa, M; r 1.\ - pa,lJ;HYc :QHllHH.lJ:pa, M; h - paccToHHHe OT OCH BpaI:QeHIDI 

CHCTeMbI ,lJ;O :QeHTPa :QHJIHH,lJ;pa, M. 

TIpH 3TOM opex HaXOMI:QHHCH (pHc.2.4), Ha BHYTPeHHeH rrOBepXHOCTH 

COBepmaeT 3a O,lJ;HH 060pOT KpHBOmHrra rryTb paBHbIH ,lJ;JIHHe OKpY)I(HOCTH 
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:U;HnlfH,n;pa r u H Ha opex ,n;eHCTB)'IOT: CHna n.DKeCTH G = mg, HanpaBneHHaH no 

BepTHKanH BHH3; CHna peaKII.HH N nOBepXHOCTH, HanpaBneHHaH no HOPManH AOl 

OT A K :u;eHTpY; CHna TpeHHH F = iN HarrpaBneHHaH no KaCaTeJIhHOH K 

nOBepXHOCTH B CTOPOHY ,n;BH)KeHHH :U;Hmffi,n;pa H :u;eHTpo6e)KHaH CHna HHep:U;HH 

m OJ 2 R HanpaBneHHaH B CTOPOHY 06paTH)'IO ,n;eHcTBHH H3MeIDIlOIII;aHCH B 

3aBHCHMOCTH OT MeCTe nOnO)KeHHH opexa, T .e. OT yrna nOBopoTa CHCTeMhI. 

r,n;e W - yrnoBaH CKOPOCTb cHcTeMbI, pa.n;lc; 

m - Macca opexa, r; 

g - YCKopeHHe cBo6o,n;Horo na,n;eHHH, Mlc2
• 

OIIHcaHHe XapaKTepa ,n;BH)KeHHH opexa, HaxoMIII;erocH BHYTpH :U;Hmrn,n;pa 

y,n;06HO Hccne,n;oBaTb C nOMoIII;blO TeopHH MaTeMaTWIeCKoro KpyroBoro MaHTHHKa 

[4, 12,34,52]. 

"MaTeMaTHqeCKHM KpyrOBbIM MaHTHHKOM Ha3bIBaeTCH MaTepHanbHaH 

TOqKa, npHHY)K,n;eHHaH ,n;BHraTbCH no OKpY)KHOCTH, pacnOnO)KeHHOH B 

BepTHKanbHoH rrnocKocTH". 

PHc.2.3. CxeMa CHCTeMbI 
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PHc.2.4. CxeMa CHJI, .n;eilCTByroru;HX Ha opex B QHJIHH.n;pe 

L(H<l><l>epeHQHaJIbHOe ypaBHeHHe .n;BIDKeHIDI [4, 12, 34, 52] opexa no 

0KpY>KHOCTH QHJIHH.n;pa HMeeT BH.n;: 

dB 2g 4g 2 B 
- =-(cosB+l)=-cos-( J

2 

dt R R 2 

r,n:e g - YCKopeHHe cBo6o,n:Horo na.,n;eHHJl, M/c2; R - paCCTOJlHHe OT QeHTpa 

OKPY)KHOCTH ,n:o QeHTpa opexa, M; B - yrOJI nOBopOTa CHCTeMbI. 

TIoCJIe rrpeo6pa30BaHIDI BbIpa)KeHIDI 6y.n;eM HMeTb: 

(2.11) 

OrclO.n;a 6y.n;eM HMeTb: 

d(B) d(B) 
__ d_B __ = ___ --=2 ___ = __ 1 ____ --=-2 __ = 2 Jg_g dt 

. (7r B) . 7r B 7r B 7r B 2 7r B ~R' 
SIll - - - sm(- - - )cos(- - - ) tg(- - - ) COS ( - - - ) 

22 44 44 44 44 

HJIH 
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J[ e 
d(- - - ) Jf 

1 4 4 = _ ~dt 
J[ e 2 J[ e R 

tg(- - - ) COS ( - - - ) 
4 4 4 4 

T.e. 

7r e ,-[it 
tg(---) == C e ~R 
44' 

r.n;e C' - rrOCT0.SIHHruI HHTerpHpOBaHIDI. 

EcnH rrpH t = 0 6y.n;eT e = 0, TO MbI rronyqHM C' = 1 H MbI 6y.n;eM HMeTb: 

J[ {} - fg t 
tg(-- -) = e \jR" 

4 4 

QTo6bI qaCTH:Qa BocrrpOH3Bena paCCMaTPHBaeMoe .n;BIDKeHHe, rronyqHM: 

dB = 2~g 
dt R 

,l.(mI orrpe.n;eneHIDI peaK:QIDI N rronarruI, qTO 8 = 1t, rronyqHM: 

2 
N =3G(oosB+-) 

3 

r.n;e G = mg - CHna UDKeCTH, H. 

MbI BH.n;HM, qTO rrpH e = 0 6y.n;eT N = 5G, T.e. CHna peaK:QIDI B HU)KHeM 

rrOnO)KeHHH B lliITb pa3 rrpeBbICHT Bec opexa. 

2 
IIpH cos e = -"3 ' T.e. rrpH 

(2.12) 

(2.13) 

(2.14) 

(2.15) 

(2.16) 

PaCCMOTPHM CHnbI, .n;eifcTByroIIJ;He Ha opex rrpH pa3nlfqHbIX yrnax rrOBopOTa 

CHCTeMbI. 

1. Kor.n;a opex Haxo.n;HTCH B rrepBoM KBa.n;paHTe: 
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HCnOJlb3yeM <poPMYJIY (2.16), npH e = 450, N 6y.n;eT: 

221 
N = 3 G ( cos e + -) = 3 G ( cos 4 5 + -) = 4 - G 

333 

2. Kor.n;a opex Haxo.n;HTCH B KpaHHeM JleBOM nOJlO)l(eHHH: 

COrJlaCHO (2.16), npH e = 900 , N 6y.n;eT: 

2 22 · 
N = 3 G ( co s B + -) = 3 G ( co s 90 + -) = 3 G (0 + -) = 2 G 

3 3 3 

(2.17) 

(2.18) 

3. Kor.n;a opex Haxo.n;HTCH B BepXHeM nOJlO)l(eHHH T.e. npH e = 1800, N 6y.n;eT: 

N = mm 2 r - G = G - G = 0 (2.19) 

4. Kor.n;a opex Haxo.n;HTCH B KpaiiHeM npaBoM nOJlO)l(eHHH T.e. npH e = 2700, N 

6y.n;eT: 

222 
N = 3G(cos B + -) = 3G(cos 90 + -) = 3G(0 + -) = 2G (2.20) 

3 3 3 

5. Kor.n;a opex Haxo.n;HTCH B HH)l(HeM nOJlO)l(eHHH T.e. 

npH e = 3600, N 6y.n;eT: N = 5G . (2.21) 

EcnH CHCTeMa (MaHTHHK) onHCbIBaeT BCIO OKPY)I(HOCTb H HMeeT B caMOH 

BepXHeH qaCTH 3TOH OKPY)I(HOCTH yrnoB)'IO CKOPOCTb w, TO H3 HHTerpana 

)l(HBbIX CHn nonyqHM [52]: 

N' == U + h' , N' + V == h' , 

r.n;e N' - )l(HBaH CHJla; 

U - nOTeHQHaJIbHaH 3HeprHH; 

V - KHHeT~eCKaH 3HeprHH; 

hI - npOH3BOJlbHaH nOCTOHHHaH BeJlHqHHa; 

U == mgR + const == mgR cos e + const 

Tor.n;a 

(2.22) 

(2.23) 

(2.24) 
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mR2 de 2 ' 

-2 -(-d-e) = mgR cos e + h 

mR 2 2 ' 
--OJ = -mgR + h 

2 

T.e. 

de 2 2 2g 2 4g 2 e (-) = OJ + - (1 + cos e) = OJ + - cos -
dt R R 2 

OTCIO.n;a Haxo.n;HM: 

T.e. 

de 
dt 

TIOJIarrur: 

2 4g 1 4g . 2 e 
(1) +- - SIn -. 

R 4g + R(1)2 2 

__ 4_g __ = k 2 

4g + R(j)2 ' 

. e 
SIn-=u, 

2 

r.n;e k -YCJIOBHOe 0603HaqeHHe; 

U - rrepeMeHHoe YCJIOBHOe 0603HaQeHHe. 

du 1 (1)2 + 4g dt. 
2 R 

(2.25) 

(2.26) 

(2.27) 

(2.29) 

(2.30) 

0603Ha~B Qepe3 r BpeMH o6xo.n;a TOQKOR BceR OKPY>KHOCTH, 6y.n;eM HMeT1>: 



1 d 

f .j(1- U 2 )(~ - eU 2) 

T.e. 

IIo:noM)': 

IIpHMeIDUI cpopM)'JIY CHnbI pea~HH: 

2 

N == mv - F 
R n' 

r,lJ;e Fn -BHeIlllUill CHna. 
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= ~~m 2 + 4g 7: 
4 R' (2.31 ) 

(2.32) 

(2.34) 

dB 
N =mR( dt)2 +mgcos{)=3mgcos{)+2mg+mRm

2
• (2.35 ) 

Orrpe,lJ;enHM, KaK)'lO yrnoByro CKOPOCTh cne,D;yeT HMeTh, QTo6bI Bcer,lJ;a 6hInO N > 

0: 

OqeBH,lJ;HO, ,lJ;IDI :noro ,lJ;OmKHO 6hITh: 

-3mg + 2mg + mOJ 2 R > 0 , (2.36) 

T.e. 

(2.37) 
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HJIH 

OJ > fg 
\fR-

IIyrb So npOXO)l(,n:eHIDI OpeXOM ,n:O ero menymeHIDI 6y,n:eT: 

So = 27r ro' M. (2.38) 

r,n:e fo - pa.n:HYC opexa, M . 

. llilHeH:HaJI CKOPOCTb ,n:BH)I(eHIDI opexa no BHyrpeHHeH OKpY)l(HOCTH U;HJIHH,n:pa 

6y,n:eT: 

v 0 = OJ ro , M/c. (2.39) 

r,n:e W - yrJIOBaJI CKOPOCTb CHCTeMbI, pa.n:/c; 

BblBO,lJ;: 

Pe3YJIbTaTbI Hccne.n;OBaHHH nOKa3hlBaJOT, qTO npH .n;BH)I(eHHH BHYTpH 

U;HnHH.n;pa Ha DnO.n; .n;eHcTByeT nepeMeHHrut: HarpY3Ka H3MeH.snom;rut: (OT 0 .n;o 5 

Pa3), qTO nOnO)I(HTenhHO BnIDIeT Ha npou;ecc pa3pymeHIDI H y.n;aneHIDI 

060nOqKH Mpa H ynyqrnaeT KaqeCTBO menyrneHIDI. OTCYTcTBHe BHemHHX 

HarpY30QHhIX CHn Ha MPO n03BOillIeT HMeTh 60nhillHH BhIXO.n; u;enhIX, He 

paCKonOThIX Ha ceMMonH Mep, qTO 60nee )l(enaTenhHO HMeTb npH 

HCnOJIh30BaHHH opeXOB B )l(apeHOM BH.n;e. 

2.2.3. )l;BH~eHHe opexa B YCTaHoBKe J10naCTHoro THna 

,z::(mI HHTeHCHBHO menymeHIDI H ,n:p06JIeHIDI opexoB HaMH HCCJIe,n:OBaHa 

menymMJIbHruI YCTaHoBKa JIOnaCTHoro THna. OHa npe,n:CTaBlDIeT C060H 

Heno,n:BH)l(HbIH U;HJIHH,n:P, BHyrpeHIDUI nOBepXHocTb KOToporo MO)l(eT 6b1Tb 

rJIa,n:KoH, a6pa3HBHOH HJIH B BH,n:e pemeTKH. BHyrpH I.J;RJIHH.n:pa Bparu;aIOTC5I, 

POTOP, cHa6)1(eHHhIH JIOnaCT5IMH C JIOnaTKaMH. OpeXH 3anycKaIOT C O,n:HOH 

CTOPOHbI I.J;HJIHH.n:pa. Hx 3axBaTbIBalOT JIOnaCTH H npOTaCKHBaIOT no OKp~HOCTH 

U;HJIHH,n:pa. IlienymeHHe npOXO)l;HT 3a CQeT TPeHIDI opexa 0 nOBepXHOCTb 

U;HJIHH,n:pa H caMomenymeHHeM (T.e. 3a CQeT TPeHIDI ceM5IH ,n:pyr 0 ,n:pyra). 
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3arpY3Ka U;H.JIlIII)q)a ocym;ecTBIDIeTCH C O,n;HOrO TOpu;a U;HJIHH,n;pa, a BbIXO,n; rOTOBOH 

npo,n;yKU;HH - C ,n;pyrOH. 

IIpH pa60Te YCTaHOBKH JIOnaCTHoro THTIa Ha opex ,n;eHCTByroT CHJIbI: 

CHJIa TIDKeCTH G=mg, HanpaBJIeHHruI no BepTHKaJIH BHH3; CHJIa peaKIJ;HH N 

nOBepXHOCTH, HarrpaBJIeHHruI no HOPMaJIH MO OT M K u;eHTpy 0; CHJIa 

TpeHH.SI 0 nOBepXHOCTH U;H.JIHH.n;pa F; = f N} , HanpaBJIeHHa.SI no KaCaTeJIbHOH 

K IIOBepXHOCTH U;HJIHH.n;pa; CHJIa TpeHH.SI opexa 0 JIOIIaCTH F; = f N 2 . 

PyKOBO,n;CTBYHCb OCHOBHbIMH IIOJIO)KeHH.SIMH MexaHHKH, ,n;BH)KeHHe opexa 

OTHOCHTeJIbHO IIOBepXHOCTH u;HJIHH,n;pa MO)KHO npe,n;CTaBHTb, KaK a6COJIlOTHOe, 

eCJIH K ,n;eHCTByro:r:QHM CHJIaM IIpH6aBHTb CHJIbI: 

• QeHTPo6e)KHYJO CHJIY HHepIJ;HH; 

• KOPHOJIHCOByro CHny HHepu;HH; 

QeHTpo6e)KHaH CHJIa HHepIJ;HH BbIpa)KaeTCH BeJIHlIHHOH mOJ n 
2 
R J/ H 

HanpaBJIeHa OT u;eHTPa 0 K IIepH<pepHH. 

KOPHOJIHCOBa CHJIa HHepu;HH BemPIHHOH 

2 m .U .OJ n • sin e, a HaIIpaBJIeHHe :nOH CHJIbI 6y,n;eT IIPOTHBOIIOJIO)KHO 

HaIIpaBJIeHHIO rrOBopOTHoro YCKopeHHH. 

B ,n;aHHOM c.rryqae OTHOCHTeJIbHaH CKOPOCTh U JIe)KHT B rrJIOCKOCTH, 

1'( 

rreprreH,n;HKYIDIpHOH K OCH Bpa~eHHH TPaeKTopHH, T. e. e < ""2 (pHc.2.S) . 

CHJIa )Ke HHepu;HH OT :noro YCKopeHHH 6y,n;eT HMeTb npOTHBOnOJIO)KHbIH 

3HaK (pHc.2.S). 

B MOMeHT BpeMeHH, Kor,n;a opex HaxO,n;HTCH B Toqxe M rrO,ll;BIDIQII,IX 

KOOp,ll;HHaT f), ~ (pHc.2.S), ero OTHOCHTeJIbHOe .n;BH)KeHHe 6y,n;eT oIIpe,n;eIDITbCH 

CJIe,n;yro:r:QHMH IIOKa3aTeIDIMH [36]: 
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d 2 ~ 
1) cnararorn;eH OTHOCHTenbHoro YCKopeHIDI HarrpaBJIeHHOH no 

d t 2 

pa,[(HYcy K I(eHTPY o OTHOCHTenbHbIM 

I(eHTPOCTPeMHTenbHbIM YCKopeHHeM, KOTopoe B.bIpIDKaeTCH BenlJ1lHHOH OJ: R Jl ) 

r,n:e OJ, - yrJIOBruI OTHOCHTeJThHruI CKOPOCTb JIOnaCTH, 

Wn - nepeHOCHruI yrJIOBruI CKOPOCTb JIOnaCTH, 

R n - pa.IJ:HYc JIOnaCTH. 

, 

G=mg 

, , , , , 
• • 

PHc.2.S. CxeMa CHn ,[(eHCTByrorn;HX Ha opex B YCTaHoBKe nonaCTHoro THna 

d 2 T7 
2) cnaralOrn;eH OTHOCHTenbHoro YCKopeHIDI d t 2 B,[(OJTh nO,[(BIDKHOH OCR 

o T7 ; :no YCKopeHHe HMeeT HanpaBneHHe no KaCaTeJThHOH H HBnHeTCH 

TaHreHI(HanbH.bIM OTHOCHTenbH.bIM YCKopeHHeM, B.bIpa)J(aeMbIM BenwrnHoH 

R 
d OJ r 

J/ dt 

CJIe,[(OBaTeJIbHO, COCTaBnHlOIIUie OTHOCHTeJIbHOrO YCKopeHHH no 

B.bI6paHHbIM OCHM Koop,[(HHaT 6Yl(yT: 

-m 2 R 
, J/ 
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Tor,n;a CHCTeMa ypaBHeHHH OTHOCHTeJIbHOrO ,n;BH)I(eHIDI B rrpOeKI(HH Ha OCH r:J, ~, 

HMeeT BH,n;: 

d2
; 

m - 2- = -moi Rfl = mg eos () - N + m{f) 2 R - 2m{f) (f) R dt r n fI n r fI 

d 21] 
m---=-mR 

d t 2 fI 

d OJ r 
----'-- = - m g SIn (} + fN 

dt 

YpaBHeHHe (2.23) n03BOIDIeT orrpe,n;eJIHTb peaKWflO N nOBepXHocTH: 

(2.40) 

(2.41) 

(2.42) 

BTOPOH qJIeH Bblpa)l(eHIDI Bcer,n;a nOJIO)I(HTeJIeH HJIH paBeH HYJIIO: nepBbrH )l(e 

7r 
qJIeH Bcer,n;a nOJIO)I(HTeJIeH, eCJIH e < "'2 . 

ECJIH opex CKOJIb3HT no nOBepXHocTH QHJIHH,n;pa B nOJIO)l(eHHH, 

7r 
orrpe,n;eIDIeMoM yrJIOM e < "'2 ' TO HOPMaJIbHIDI peaKI(IDI N nOBepXHOCTH Bcer,n;a 

rrOJIO)I(HTeJIbHa, H opex He MO)l(eT OTopBaTbCj{ OT nOBepXHOCTH npH JII06bIX 

CKOPOCTjIX Wn H (J)r . 

OqeBH,n;HO, qTO O'I'pbIB CKOJIb3j{lI(erO opexa OT nOBepXHOCTH MO)l(eT 

rrpOH30HTH JIHIITh B TOM c.rryqae, eCJIH opex HaxO,n;HTCj{ B nOJIO)l(eHHH, 

7i 
Orrpe,n;eIDIeMOM yrJIOM e > 2 H peaKQIDI N 06paTIITCj{ B HYJIb rrpH YCJIOBHH, 

( OJ - OJ )2 = -Leos (} 
n r R ' 

11 

7r 
qTO B03MO)l(HO, Kor,n;a e > 2" . 

(2.43) 

( OJ n ) H OTHOCHTeJIbHOH ( OJ r ) yrJIOBbIX CKopOCTeH; HO TaK KaK BpalI(eHHe B 
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OTHOCHTem:,HOM H B rrepeHOCHOM ,LVJH)I(eHHH rrpOHCXO,n;HT OKOJIO O,n;HOM H TOM )l(e 

0603HaYIHM a6COJIIOTH)'IO CKOPOCTb opexa KaK OJ a ,T.e. 

OJ =OJ -OJ a n r 

a yrOJI e , Kor,n;a peaKQIDI N = 0 , 0603HaYIHM KaK () 2 • 

Ha 3TOM OCHOBaHHH YCJIOBHeM, rrpH KOTOPOM rrpOHCXO,n;HT O'IpbIB 

CKOJIb3Hm;ero opexa OT rrOBepXHOCTH QlUIlflI.lqJa, 6y,n;eT: 

OJ 2 = - ~COS () 
a R 2 , 

JI 

r,n;e OJ a - a6COJIIOTHaH yrJIOBaH CKOPOCTb opexa B MOMeHT O'IpbIBa; 

() 2 - yrOJI, KOr,n;a peaKQHH N = 0 

1C 
TaK KaK () 2 > 2 , T.e. opex HaxO,n;HTCH BO BTOPOM KBa.zwaTe. 

1C 
TIpHMeM, qTO ()2 = 2 + /32' 

r,n;e /32 -yrOJI, rrpH KOTOPOM rrpOHCXO,n;HT O'IpbIB opexa. 

TIO~HM YCJIOBHe O'IpbIBa opexa OT rrOBepXHOCTH QHJIHH,n;pa: 

2 g. /3 
OJ = --SIn 2 

a RJI 

HJIH 

OJ a ~ : , sin fJ 2 

(2.44) 

(2.45) 

(2.46) 

ECJIH f.l =0, rrpOHcxo,n;HT Kor,n;a P2 T.e., opex ,n;OCTHr 

ropH30HTaJIbHOrO ,n;HaMe'Ipa, TO B 3TOT MOMeHT OJ a = 0 H opex B a6COJIIOTHOM 

,n;BH)I(eHHH Ha MrHOBeHHe OCTaHaBJIHBaeTCH. 3aTeM rro,n; ,n;eMCTBHeM CHJIbI TH)I(eCTH 

HaqHHaeT rra,n;aTb CBo6o,n;~ ,n;BH)I(eHHeM H HeH36e)I(Ho rrepeXO,n;HT B rrepBbrH 
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KBa,z:qJaHT, r,lJ;e CHOBa B03HHKaeT pea~IDI N H CKOnb)l(eHHe no nOBepXHocTH 

QHnHH,lJ;pa. 

TaK KaK oTpbm npOHCXO,lJ;IfT Ha O,lJ;HO MrHOBeHHe, TO no cym;ecTBy opex B 

3TOM cnyqae He nOKHHeT nOBepXHOCTH. 

2.3. 06~He BbIBO,lJ;bI no 2-0" I'J1aBe 

TeopeTWlecKHe HCCne,lJ;OBaHIDI n03BorunoT CMO,lJ;enHpoBaTh npoQecc 

menymeHIDI opexoB H onpe,lJ;enHTb OCHOBHble KOHCTPYKTHBHbIe napaMeTPbI 

npe.n;naraeMbIX YCTaHoBoK B 3aBHCHMOCTH OT CBOHCTB apaxHcoB. Mcxo,WI H3 

npOBe,lJ;eHHbIX TeopeTWlecKHX HCCne,lJ;OBaHHH MO)I(HO C,lJ;enaTb cne~IQHe 

Bbmo.n;bI: 

1. IIonyqeHHbIe TeopeTWlecKHe 3aBHCHMOCTH He nOKa3bmaIOT BCIO nonHory 

npoQecca B3aHMO,lJ;eHCTBIDI nepepa6aThmaeMOro apaxHca C pa60QHMH OpraHaMH 

Hccne,ZJ;yeMbIX YCTaHoBoK. IIpH BbmO,lJ;e <poPMYn He yqHTbmanoCb B3aHMO,lJ;eHCTBHe 

6060B H opexoB Me)l(,lJ;y C060H. 

B CB~3H C 3THM B03HHKaeT Heo6xo,lJ;HMOCTb 3KCnepHMeHTanbHoro 

no.n;TBep)l(,lJ;eHIDI H 06ocHoBaHIDI BnIDIHIDI, KOHCTPYKTHBHbIX H TeXHonOrWIecKHX 

napaMeTPoB Ha 3<p<peKTIfBHoCTb npoQecca o6MonoTa H menymeHIDI. 

2. Ha OCHOBaHHH TeopeTWIecKHX HCCne,lJ;OBaHHii nonyqeHbI 3aBHCHMOCTH, 

n03Borunom;He OIIHcaTb 3aKOHbI ,lJ;Blf)I(eHIDI opexa no nOBepxHocT~ pa60QHX 

opraHoB YCTaHoBoK ~ menymeHIDI opexoB apaxHca. 

3. TeopeTWlecKH 06ocHoBaH paCQeT QaCTOTbI Bpam;eHIDI QHnHH,lJ;pa, nonaTOK H 

Bpam;aIOm;eroc~ ,lJ;HCKa. 
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r JIABA 3. llPOrp AMMA H METO,lUIKA 3KCllEPHMEHTA.JIhHhIX 

HCCJIE~OBAHHH 

3.1. 06mHH UJlaH HCCJle.llOBaHHH 

IIpOBe,lleHlIhle TeOpeTWleCKHe HCCJIe,llOBa.HIDI ,llOJDKlIbI nO,llTBep:>K,lJ;aTbCjI 

HayqHO nOCTaBJIeHHbIMH OTIbrraMH - 3KCnepHMeHTaMH, KOTopble B ,llaJIbHeibneM MOIyr 

cnoco6cTBoBaTh pa3BHTHIO ,llaHHOH TOOpHH HJ1H nocrpoemno HOBOH. 

Ha OCHOBaHIDI 3TOro 6bIJ1a COCTaBJIeHa IIpOrpaMMa 3KcnepHMeHTIl.JIbHbIX 

HCCJIe,llOBaHHH, KOTOp~ npelO'CMa1pHBaJ1a pemeHHe CJIe.nyro1I(HX 33,lJ;aq: 

1. Onpe,lleJlHTh Be.JIH1lHH)' Ko3<J.><i>ID.(HeHTa 1pe~ TIJ10,llOB aprurnca; 

2. Onpe,lleJlHTh yCJIOB~ pa3pyme~ KO)l()'pbl OpeXOB (TIJ10,llOB) aprurnca; 

3. IIccJIe,lloBaTh IIpOuecc y,llaJIe~ KO)l()'pbl aprurnca Ha YcraHoBKe ,llHCKOBOro, 

UHJ11rn.rqmQeCKoro H JIOnacTHoro THIIOB; 

4. IIccrre,lloBaHHe BJIIDIHIDI pexrnMOB pa60rDI YcraHOBOK ,llHCKOBOro, 

QH.J1HH.lqJJlqeCKoro H JIOnacTHoro THIIa Ha 3$PeKTHBHOCTh meJIyme~; 

5. Onpe,lle.rreHHe 3$PeKTHBHOCTH HCIIOJlh3OBaHIDI YcraHOBOK ,llHCKOBOro, 

QH.J1HH.lqJJlqeCKoro H JIOnacTHoro THIIa. 

6. IIpoBeCTH JIa60paroPHble HCTIbrramrn YcraHOBOK ,llAA y,llaJIe~ KO)l()'pbl C 

TIJ10,llOBaprurnca. 

3.2. MeTO.llHKa J1a60paTopHblx HCCJIe.llOBaHHH 

3.2.1. Oupe.lleJleHHe K03cJ»cJ»Hn:HeHToB TpeHHB UJlO.llOB apaxHca 

Orrpe,lleJIeHHe K03<p<pHQHeHTa / 1'peHIDI TIJIO,llOB apaXHca OCHOBbIBaJIOCb Ha 

H3MeHeHIDI yrJIa HaKJIOHa TIJIOCKOCTH. IIo IIIKaJIe rrpH60pa <pHKCHP)'lOT yrJIbI, npH 

KOTOPbIX IIJIO,llbI HaqJI)"f CKOJ1b3HTb HJIH CKaTbmaTbCjI BHH3. CTaTJlqeCKHH 

K03<p<pHIJ;HeHT 1'peHIDI orrpe,lleAAeTCjI no <poPMYJIe [42, 50]: 

fern =tgrp. (3.1) 

,[(mI npOBe,lleH~ 3KCnepHMeHTOB no orrpe,lleJIeHHlO K03<P<PHQHeHTa 1'pe~ 

CKOJIb)l(eHIDI HaKJIoHH)'lO TIJIOCKOCTb YCTaHaBJlHBalOT IIO,ll yrJIOM a > rp. Bo 

Bpe~ OIIblTa 3aMepHJ1H yrOJI HaKJIOHa nJIOCKOCTH a , Bpe~ t H nyTb S ,llBH)I(e~ 
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llJIo.n;a 110 HaKJIOHHOH llJIOCKOCTH. I1PH paBHOYCKOpeHHOM rrpHMOJIHHeHHOM 

.n;BH')I(eHHH qaCTHQbI C MaCCOH m 110 HaKJIOHHOH llJIOCKOCTH .n;BIDK)'ID.aH CHJIa, 

.n;eHCTB)'lOIIJ;aH Ha qaCTHQY, 

rna == rng(sina- f cos a); 
OrclO.n;a YCKopeHHe: 

a == g(sina - f cos a). 
C .n;pyrOH CTOPOHbI, 

a 
2 S 
t 2 

PellaH ypaBHeHHH OTHOCHTeJIbHO f , 1I0~HM 
2S f = tga -----

gt 2 cosa ' 

r.n;e S, t H a - rryTb, BpeMH .n;BIDKeHHH ceMeHH H yrOJI HaKJIOHa IIJIOCKOCTH. 

(3.2) 

(3.3) 

(3.4) 

(3.5) 

,[(.mI: rrpOBe.n;eHHH 3KCllepHMeHTOB 110 orrpe.n;eJIeHHlO K03<pq>HQHeHTa 'TpeHHH 

HCIIOJIb30BaJICH rrpH60p (pHc.3.1). 

K03<p<pHQHeHT f 'TpeHHH ollpe.n;eJIHJICH .n;JIH llJIO.n;OB apaxHca COPTOB 

"Dakar" , "Damboa" H "Kampala". 110 Ka')I(.ZJ:OMY COPTY 06'beM Bblpa60TKH 

COCTaBJIHJI 100 IIJIO.n;OB. Or6op IIp06 rrpOBO.n;HJICH 110 rOCTy 10852 - 64. 

PaCqeT 1I0rpellHocTH H3MepeHHH K03<p<pHD;HeHTa f 'TpeHHH IIPOBO.n;HJICH 110 

H3BeCTHOH MeTO.n;HKe [7, 21]. K03<p<pHD;HeHTbI 'TpeHHH ollpe.n;eJIHJIHCb 110 CTaJIH, 

.n;epeBy H pe3HHe. 

, , , , 
mgcosa ___ ,.-

mg 

7777777 
PHC. 3.1. CxeMa ollpe.n;eJIeHHH K03<p<pHD;HeHT 'TpeHHH 110 HaKJIOHHOH 

llJIOCKOCTH 
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3.2.2. Onpe~eJleHHe J1HHeHHhIX pa3MepoB nJlO~OB apaXHca 

H3yqeHHe $H3HKo-Mexa~ecKHX nOKa3aTeneH rrnO~OB apaXHca 

npOBo~nOCb B COOTBeTCTBHH C 06I.IJ;enpHIDIToH MeTo~oH no H3yqemno 

~H3HKO-Mexa~ecKHX CBOHCTB cenbCKOX03HHCTBeHHbIX paCTemrn. 

pa3pa60TaHHOH BHCXOMoM [50]. 

Hccne~oBaHHe npoBo~nHcb, H3MepeHHeM IDTaHreHWIPK)'nHM ~nHHbI, 

nrn:pHHbI, H TOJIrqHHbI 3 COPTOB nnO~OB 3eMJUIHOrO apaXHca npHBe3eHHbIX H3 

HHrepHH. 

3TH nOKa3aTenH HCnOnb3yroTCH, KaK npH3HaKH ~eJIHMOCTH rrpH pa3pa60TKe 

menymHnbHOil MaillHHbI. 

3KcnepHMeHTanbHble ~aHHbIe 06pa6aThIBanHCb MeTO~aMH BapHaWlOHHoil 

CTaTHCTHKH C onpe~eneHHeM cne~IIUIX nOK33aTeneH [66]: 

- nHHeilHble pa3MepbI (~a, illHpHHa H TOJII.IJ;HHa) 3 COPTOB 3eMJIHHOrO 

apaXHca N = 500 myTOK KIDK~oro copTa; 

- YCTaHOBneHbI MaKCHManbHOe (Xmax ) H MHHHManbHOe (X
mio

) 3HaqeHHH 

H3yqaeMoro npH3HaKa, 

- BbI6paH KnaCCOBbIH rrpoMe)I()'ToK (HHTepBan) COOTBeTCTBeHHO A = 0,2 

(TOnI.IJ;HHa), A = 0,3 (nrn:pHHa) H A = 0,4 (~nHHa), 

- onpe~eneHO QHCnO KnaCCOB: 

n = X ma x 
X . 

mJll 

(3.6) 

- YCTaHOBneHbI rpaHHIJ:bI KnaCCOB: 

l-il Knacc - [X min ••• (X min + A)], 

2-iI Knacc - [(X min + A ) .... (X min + 2A)1, 

3-iI Knacc - [(X min + 2A ) .... (X min + 3A)] , 

N-il KnaCC - {[X min + (n -1)A ]. ... X max }, 
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- OIIpe,IJ;eJIeHO KOJIHlIeCTBO IIJIO,IJ;OB, OTHOC~CH K TOM)' HJIH HHOM)' KJIaccy 

B 3aBHCHMOCTH OT rrpH3HaKa. ):(mI :noro 3aMepeHbI JIHHeHHble pa3MepbI y 

Ka)l()J;OrO IIJIO,IJ;a. 

Pe3YJIbTaTbI 3aMepOB BHOCHJIHCb B Ta6JIHII;bI H IIpOBe,IJ;eHHbIe paCqeTbI IIO 

YCTaHOBJIeHHIO BapHaII;HOHHOrO pMa, BapHaII;HOHHOii KpHBOii H CTaT~eCKHX 

xapaKTepHCTHK. 

Cpe,IJ;HHe BeJI~HbI ,IJ;JIHHbI, IIIHpHHbI H TOJIID;HHbI IIJIO,IJ;OB OIIpe,IJ;eJI.RJIHCb IIO 

cpopM)'JIe: 

K (3.7) 

H Cpe,IJ;HeKBa.u;paT~eCKOe OTKJIOHeHHe: 

- X CPi )2 .m i 

N (3.8) 

3.2.3. Onpe.r.eJleHHe TOJlUJ.HHbI KOacyPbl nJlo.r.a apaxHca 

TOJIIII;HHa KO)l(YPbI IIJIO,IJ;a apaXHca orrpe,IJ;eJI.RJIaCb C IIOMOIIJ;blO MHKpoMeTPa 

MK 0 - 25. ):(mI :noro 6bIJIH B3HTbI 100 IIJIO,IJ;OB apaXHca copTa "Dakar" KaK 

HaH60JIee pacIIpocTPaHeHHoM)', C TeMIIepaTYPHoii 06)1(apKH 240°C. Y Ka)l(,IJ;Or O 

IIJIO,IJ;a 6bIJIa CH.RTa qaCTb KO~bI, KOTOPa.R H 6bIJIa H3MepeHa MHKpoMeTPoM. ITo 

HToraM 3aMepoB 6bIJIH IIocTPoeHbI BapHaII;HoHHaH Ta6JIHII;a H BapHaII;HoHHrut: 

KpHBa.R, xapaKTepH3)'1OIIJ;a.R paCIIpe,IJ;eJIeHHe TOJIIIJ;HHbI KO~bI. ):(mI 

COIIOCTaBJIeHH.R BapHaII;HoHHoro pH,IJ;a 6bIJIH HaMeHbI Cpe,IJ;HeapHcpMeT~ecKrut: 

BeJI~HHa H Cpe,IJ;HeKBa,IJ;paT~HOe OTKJIOHeHHe [22, 66]: 

Lm/CP oi 

t cp = L ' m. 
I 

r ,IJ;e mi - cO,IJ;ep)l(aHHe IIJIO,IJ;a aprurnca B KJIaCCOBOM IIpOMe~Ke (qaCTOTa IIO 

KOJI~eCTBY), liT. 

t cp .i - Cpe,IJ;Hee 3HaqeHHe TOJIIIJ;HHbI KO~bI B KJIaCCe, MKM. 

(3.9) 
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a= 

3.2.4. Onpe.r.eJleHHe YCJlOBHH pa3pyweHHH KO~pbl nJlo.r.OB apaxHca B 

3aBHCHMOCTH OT HX pe~HMoB o6~apKH 

(3.10) 

I1cCJIe.n;OBaHIDI pa.3pymeHIDI KO)J()'PbI nJIo.n;OB aprurn:ca nOKa.3aJIH, qTO 

BeJIlfqHHa pa.3pymaIO~ YCHJI.IDi: 3aBHCHT OT MHOrnx Q)aKTopoB, KOTopbIe MO)l(HO 

pa.3.n;eJIHTb Ha .n;Be OCHOBHbIe rpynnbI [36]: 

-onpe.n;eIDIeMbIe Q)H3lfqeCKHMH, CTPyKTYPHo-MeXaHlfqeCKHMH H XlfMlfqeCKHMH 

CBOHCTBaMH ceWIH H HX MopQ)OJIOrlfqeCKHX qaCTeH; 

- onpe.n;eIDIeMbIe xapaKTepoM npHJIO)l(eHIDI HarpY30K H HanpaBJIeHHeM .n;eHcTBIDI 

CHJI. 

):VUI npoBe.n;eHIDI OllbITOB 6blJlH npHrOTOBJIeHbI napTHH nJIo.n;OB aprurn:ca C 

Pa.3JIlfqHOH TeMllepaTYPOH 06)l(apKH B CymHJIbHOM llIKaQ)Y MapKH (CllI) - 65/250 

copTa - "Dakar". OnTHMaJIbHruI TeMllepaTYPa 06)l(apKH onpe.n;eIDIJIOCb HCXO,LVI H3 

YCJIOBHH JIerKOCTH OT.n;eJIeHIDI nJIeHKH opexa npH COXpaHeHIDI KaqeCTBa nJIo.n;a 

(Ta6.3.1). 

Ta6JIHu;a 3.1 

NQ.OnbITa TeMllepaTYPa BpeW! )l(apKH (MHH) 
o6)l(a KH °C 

1 120 20 ... 60 
2 150 15 .. .40 
3 180 10 .. .30 
4 210 8 ... 25 
5 240 5 ... 20 

TeXHOJIO~eCKHe nOKa.3aTeJIH 3Q)Q)eKTHBHoCTH npou;ecca menymeHIDI 

onpe.n;eIDIJIHCb no Q)oPMYJIaM (1.1 H 1.2) onHcaHHbIM B rJIaBe 1. 
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Bce OIIhIThI npoBe.n;eHhI npH TeMIIeparype o6)J(apKH 240 °e. ,[(aJIhHeHmee 

IIOBhImeHHe TeMIIeparyphI IIpHBO.n;HT K B03ropaHHlO KO)J(HI(hI. 

TIPH pa3pymeHHH 060JIOQKH MaCJI~IX IIJIO.n;OB BHeillHHe CHJIhI MOryr 

.n;eHcTBoBaTh B.n;OJIh HX .n;JIHHhI, IIIHpHHhI H TO~I [24]. ):(mI IIJIO.n;OB apaxHca, 

xapaKTepH3yeMhIX mapOBH,ll;HOH <pOPMOH, HanpaBJIeHHe IIpHJIaraeMOii HarpY3KH 

He yqHThIBaJIOCh. 

B KaQeCTBe IIapaMe'TpOB, XapaKTepH3y:IOIqHX pa3pymeHHe KO~hI CeMJIH, 6hIJIH 

BhI6paHhI OTHOCHTeJIhHruI .n;e<popMa~ IIpH C)J(aTHH, HOpMaJIhHOe HaIIpIDKeHHe 

npH C)J(aTHH H MO,z:t;yJIh ynpyrOCTH IIJIO.n;OB [28, 81, 88, 89]. 

OrHocHTeJIhHruI .n;e<popM~ E CeMHH B MOMeHT pa3pymeHIDI KO~PhI 

onpe.n;eIDlJIaCh IIO <p0PMYJIe: 

~d 
&=

d' 
o 

(3.11) 

r.n;e I1d -a6coillOTHruI .n;e<popMa~IDI IIJIo.n;a K MOMeHTY pa3pymeHIDI KO)J(YPhI; do -

.n;HaMe'Tp IIJIo.n;a - IIIHpHHa, OIIpe.n;eIDITCH IIO <p0pMYJIaM. 

(3.12) 

V1 , V 2 - K03<p<pH~eHThI TIyaccoHa .n;IDI .n;OCKH H apaxHca COOTBeTCTBeHHO [6]. 

E}, E2 - Mo,z:t;yJIH ynpyrOCTH, COOTBeTCTBeHHO, .n;OCKH H aprurnca, HlM2. 

P - HOpMaJIhHOe YCHJIHe B MOMeHT pa3pymeHIDI KO~hI, H; 

HOpMaJIhHOe HanpIDKeHHe (J npH C)J(aTHH KO~hI B MOMeHT ee pa3pymeHHH 

Haxo.n;HJIOCh IIO <popMYJIe 

p 
a =-, 

SK 
r.n;e SK - IIJIOIQa.n;h KOHTaKTa IIJIo.n;a apaxHca. 

(3.13) 

(3.14) 
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_ do 
r.n;e ro - 2 -pa.n;HYc IUIo.n;a aprurnca, MM. 

~r -pa,[(HYc .n;e«i>opMal(HH IIJIo.n;a, MM. 

(3.15) 

d1 - .n;HaMe'Ip IIOBepXHOCTH KOHTaKTa, MM. 

d = 3 3Pd (1- V/ + 1- V;2 J 
1 0 E E 

1 2 
(3.16) 

MO,r:tyJIb yrrpyrOCTH E KO)l()'pbI CeWIH apaxHca B MOMeHT ee pa3pyrneHIDI 

orrpe.n;eIDIJICH KaK OTHomeHHe HOpMaJIbHOrO HalIpIDKeHHH IIpH C:>KaTHH K OT

HOCHTeJIbHOH .n;e«i>opMal(HH: 

~ OlIpe.n;eJIeHHH Heo6xo,[(HMbIX HarpY30K ,[(IDI pa3pyrneHHH KO:>KypbI 

IIJIO.n;OB apaXHca, HCIIOJIb30BaJIaCb YCTaHOBKa (PHc.3.2) OIIHCaHHaH HH:>Ke. 

p 

TIJIO)]; aprurnca 

(3 .17) 

PHc.3.2. CxeMa YCTaHOBKH ,n;JUI OlIpe,n;eJIeHHH YCHJIHH pa3pymeHHH 

KO:>KYpblapaXHca 

HOpMaJIbHOe YCHJIHe, KOTopoe ,[(eHcTByeT Ha IUIO.n; aprurnca Me:>K,r:ty .n;BYWI 

IIJIaCTHHKaMH, xapaKTepH3yeTcH HX C:>KaTHeM. HOpMaJIbHOe YCHJIHe pa3pbIBaeT 

KO:>KYPY HJIH IIpHBO.n;HT K IIOHBJIeHHlO 'IpeIIUlHhI, rrpWIeM, qeM 60JIbme YCHJIHH, 

TeM cyrn:eCTBeHHee pa3pymeHHH. 
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.., P BTTOJIb HOPMarIH B03HHKalOT MeCTHble 
TIpH c~aTHH ceMeHH CHJIOH ~ , 

~e4>opMa:QHH, npHBo,WI~e K KOHTaKTY ceMeHH C nJIaCTHHKOH no MarIOH KpyrOBOH 

nOBepXHocTH ~HaMerpoM d l . 

Y CHJIHe ~IDI pa3pymeHIDI KO)J()'PbI nJIO~OB apaxHca MO~O onpe~eJIHTb no 

4>opM)'JIe: 

F=ma 
2 

(3.18) 

r~e F - YCMHe, H; mz - Macca rpY3a, r, a - YCKopeHHe, M/c
2 

r~e Fd , Fdb , Fk - YCHJIHe ~IDI CIDITIDI KO~H apaXHca COPTOB (Dakar, Damboa H 

Kampala), S d'S db'S K - nyTb npOXO~HJIa nJIO~OB apaXHca ~O HaqarIa CIDITIDI 

3.3. MeTo.r.HKa J1a60paTopHo-npoH3Bo.r.CTBeHHbIX HCCJIe.r.oBaHHH 

3.3.1. JIa6opaTopHbIe YCTaHoBKH .r.J1H HCCJle.r.oBaHHH 

,lVrn HCCJIe~OBaHIDI npOI~ecca y~aneHIDI KO)J()'PhI apaxHca 6hIJIH 

H3rOTOBJIeHhI rpH THlla JIa60paTopHhIX YCTaHOBOK: ~CKOBoro, U;HJIHH~JlqeCKOrO 

H JIOnaCTHoro THna (PHC. 3.3, 3.4, H 3.5). 

YCTaHOBKa ~HCKOBoro THlla (PHC.3.3), COCTOHT H3 ~yx pa60qJIX 

nOBepXHocTeH pacnOJIO~eHHhIX ropH30HTa:JIhHO Ha HeKOTopOM paCCTOHHHH O~HH 

OT ~pyroro. HH~Hii ~HCK 12 Bpam:aeTcH, a BepXHHH ~CK He Bpam:aeTCH. OpeXH 

Qepe3 3aCJIOHKY 2 H3 6YHKepa 1 pacnOJIO~eHHOro Ha HenO~~HOM BepXHeM 

~HCKe 3 nocrynaIOT Ha HIDKHHH ~CK, Bpam:alOm:HHCH C nOCTOHHHOH yrJIOBOH 

CKOpOCThlO. OpeXH 13, nonaBllIHe, Ha IIIDK1IHH ~HCK ~~CH OT u;eHrpa ~o 

MOMeHTa HX 3am:eMJIeHIDI pa60qHMH nOBepXHOCTHMH ~CKOB 3a CqeT CHJI 

HHepU;HH H rpeHIDI. B ~anhHeHmeM, menymeHHe opexoB rrpOXO~T 3a CQeT CHJI 
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PHC.3.3. Y CTaHOBKa ,rofCKOBOrO THrra ):(IDI HCCne):(OBaHIDI rrpou;ecca Y):(alleHIDI 

KO)J()'PbI rrno):(a apaxHca: 1- 6ym<ep; 2 - 3acnOHKa; 3 - BepXHHH ):(HCK; 4 -

aCIIHpaI(HOHHbIH KaHall; 5 - nOTOK; 6 - rrpHeMHHK rOToBoH rrpo,I()'KI(HH; 7 -

rrpHBO):( HH)KHerO ):(HCKa; 8 - cToHKa; 9 - paMa; 10 - 3neKTPo):(BHraTenb; 11 -

rrycKaTenb; 12 - HH)KHHH ,rofCK; 13 - apaxHc; 14 - KaMepa. 

IIpe):(BapHTenbHbIe Hccne):(OBaHIDI rro BbI60py MaTepHalla ):(HCKOB ):(IDI 

menymeHIDI rrOKa3allH, qTO ):(HCKH He ):(OJI)I(}{bI 6bITb TBep.D:b1e. IIpHMeHeHHe 

TBep.D:bIX ,rofCKOB, ):(a)l(e H3 pe3HHbI, IIpHBO):(HT K 6onomoMY .n:po6neHHIO 

o6pa6aTbIBaeMbIX opeXOB. B CBj{3H C 3THM, ):(IDI YMeHbmeHIDI ):(po6neHIDI opeXOB 

apaXHca ):(IDI HerrO):(BH)I(HOrO ):(HCKa 6bIll rrpHllO)l(eH MMKHH 3naCT~brn 

MaTepHall. TaKHM MaTepHallOM rrocny)I(Hna KaMepa OT aBToMo6HllbHOH mHHbI, C 

HH3KHM ):(aBlleHHeM B03.n:yxa BHYTJJH KaMepbI. Bce ):(anbHe:Hnrne Hccne):(OBaHIDI 

rrpOBO):(HllHCb C KaMepoH. 

IIpoBe):(eHHble BbIille TeopeT~eCKHe Hccne):(OBaHIDI .D:IDI ):(HCKOB rrOllHOCTblO 

COOTBeTcTByeT H .D:IDI KaMepbI. Heo6xo.D:HMoe ):(aBlleHHe B03.n:yxa B KaMepe 

C03):(aBallH H KOHrpOnHpOBallH rro MaHOMeTPY (pHc.3.4). 
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a) 
PHc.3.4. KaMepa H npH6opbl,n;IDI onpe,n;eneHIDl,n;aBJIeHIDl: 

a - KaMepa C MaHoMeTPoM; 6 - KaMepa B YCTaHoBKe; B - HH)I(H:IDi: ,ZJ;HCK 

y CTaHOBKa ~JllIH,ZJ;pWleCKOro THlla, ,ZJ;HaMeTP - 260MM H ,n;JllIHa - SOOMM, 

BKmOqarom:aJI paMY 2, cToiim 1, npHBo,n;Hoe YCTPoiicTBO 4, H 3neKTPo,n;BHTaTenb S 

(PHC.3 .S). QH:nHH,ZJ;p 3 H3rOTOBneH H3 npo3paq}{oro CTeKnOnnaCTHKa ,n;IDI 

BH3yanbHoro Ha6nED,n;eHIDI C rna,n;Koii nOBepXHocTblO H cOBepIllaeT B03BpaTHo

nocrynaTenbHoe ,n;BH)KeHHe B ,n;Byx nnOCKOCTSIX (ropH30HTanbHoii H 

BepTHKanbHoii ). 

:--- --- -------~D~ · . · . -.- . • - - ' - ' 1- " · . · . 
i--- --- --- --: 

2 

PHC.3.S. Y CTaHOBKa I(HnHH,ZJ;pWlecKoro THlla ,n;IDI Hccne,n;OBaHIDI npoI(ecca 

y,n;aneHIDI KO~bI nno,n;a apaxHc: 1- cToiiKa; 2 - paMa; 3 - I(HJllIH,n;p; 4 -

npHBO,ZJ;HOe YCTPOiiCTBO; S - 3neKTPo,n;BHraTenb 
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MM; L - paCCTOHHHe OT l(eH'Tpa l(HJIHH'[(pa KOr,[(a l(HJIHH,[(p HaxO,[(HTCH B HIDKHHM H 

BepXHHM nOnO)l(eHHH HnH B KpaHHeM neBOM H npaBOM nOnO)l(eHHH 

Y CTaHOBKa nOnaCTHOrO THIla (PHc.3.6), npe,[(CTaBnHeT C060H HenO,[(BH)I(Hhrn 

l(HnHH,[(P 5, BHYTPeHIDUI nOBepXHocTb KOToporo MO)l(eT 6bITb rna,[(KoH, 

a6pa3HBHOH HnH B BH,[(e pemeTKH (,[(eKa). BH)''TpH l(HnHH,[(pa Bpa:m;aroTcH nonaCTH 

2. OpeXH 3axBaTbmaroTcH nOnaCnIMH H rrpoTacKHBalOTcH no OKPY)l(HOCTH 

l(HnHH'[(pa. llienymeHHe rrpOXO,[(HT 3a CqeT 'TpeHHH opexa 0 nOBepXHocTb 

l(HnHH,[(pa II caMomenymeHHeM (T.e. 3a CqeT 'TpeHHH ceMHH '[(pyr 0 ,[(pyra). 

3arpY3Ka l(HnIlH'[(pa ocy:m;ecTBnHeTCH C O,[(Horo TOpl(a l(HnHH,[(pa (BXO,[(), a BbIXO,[( 

rOTOBOH rrpO,[(yKl(HH - C ,[(pyroH (BbIXO,[(). 

5 

4 

3 

BblXOA 

PHc.3.6. Y CTaHOBKa nonaCTHoro THIla ,[(nH Hccne,[(OBaHHH npOl(ecca y,[(aneHHH 

KO)I(HPY nno,[(a apaxHc: 1 - 3a30p; 2 - nonaTKa; 3 - cToHKa; 4 - paMa; 5 _ 

Heno,[(BH)l(Hbrn l(HnHH,[(p. 

3.3.2. IIJlaHHpoBaHHe 3KcnepHMeHTaJlLHLIX HCCJIe~OBaHHii 

IInaHHpOBaHHe 3KCnepHMeHTa 3aKJlIOqaeTCH B Bbl60pe TaKOH c'TpaTernll 

3KCnepHMeHTHpOBaHHH, KOTOPaH n03BOnHeT npHHHMaTb 06ocHoBaHHhle pemeHHH 
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nOCJIe Ka)l()1;OR CepHH OIThITOB. 0HO n03BOIDIeT onpe,lI.eJIHTb 3apaHee cxeM)' 

IIlarOBOrO npou,ecca npOBe,lI.eHHH 3KCnepHMeHTa, BKJI10qHTb B Hero 

MHHHMaJIbHOe qHCJIO OnbITOB npH O,lI.HOBpeMeHHOM BapbHpOB3HHH BCeMH Q:>aKropaMH 

6e3 CHIDKeHHH KOJIWIeCrna H KaqeCTBa nOJIY'IaeMOR HHcpopMau,HH. 

EcrrH B 3KcnepHMeme O,lI.HOBpeMeHHOM)' BapbHpOB3HHIO nO,WIe:>KaT HecKOJIbKO 

CPaKTOpoB, TO TaKOR 3KcnepHMem Ha3bmaeI'CH Q:>aKropHbIM. B CJIO)J(HOM Q:>aKroPHOM 

3KcnepHMeHTe ypOBHH O,lI.HOrO cpaKTopa COqeTalOTCH C ypOBHHMH Bcex 

OCTaJIbHbIX cpaKTopOB [1, 7, 17, 38, 41, 44, 48, 79]. TIO,lI. ypOBHHMH cpaKTopoB 

nOHHMalOT 3HaqeHHe HX BeJIHqHH, KOTopble npHHHMalOT npH BapbHpoBaHHH B 

3KcnepHMeHTe, a cpaKTopbI - He3aBHCHMble nepeMeHHbIe Be.JIHlIHHbI, K<YIUpble BJIIDIIOT 

Ha3HaqeHHeO'IKJIHKR- pe3YJIbTaTa onbITa 3aBHCHrn;ero OT HHX. 

O,lI.HHMH H3 xapaKTepHbIX Q:>aKroPOB BJIIDIIOID;HX Ha noI<a.3areJIH npou,ecca IIlenyrneHHH 

HBJIHIOTCH cJIe.n.yIOID;He He3aBHCHMble BeJI~HbI: 

• ,lI.JIH YCTaHoBKH ,lI.HCKOBOro THna - qaCTOTa Bparn;eHHH ,lI.HCKa n, 06 / MUH. , 

3a30p Z, MM H ,lI.aBJIeHHe P, ilia B KaMepe. 

• .n;IDI YCTaHoBKH IJ,HJIHH)l;p~eCKOro THlla - qaCTOTa Bparn;eHHH U,HJIHH,lI.pa 

n, 06 / MUll. ; 

• .n;IDI YCTaHoBKH JIOnaCTHoro THna - qaCTOTa Bparn;eHHH JIOnaTOK 

n, o6IMUH. H 3a30p Z M· , , 

3a Cpym<I(IDI OTKJIHKa npHHHTbI: ~CTOTa IIlenyrneHHH - KIIl H u,eJIOCTHOCTb H.n;pa -

Ku,.H. 

TIpH npoBe.n;eHHH OllbITOB HCnOJIb30BaHa 06rn;enpHIDITa.SI MeI'O,n;m<a MafeMaJ"HlIecKOR 

TOOpHH nmuIHpOBaHHH 3KcnepHMeHIOB [8,44,48,69, 83]. 

TIpH BbI60pe qHCJIa nOBTopHocTeR onbITa 3a.n;aBaJIHCb .n;onycTHMoR 

OIIlH6KOR &, BbIpIDKeHHOR B .n;OAAX cpe,lI.HeI<B3,l1;pa~ecKoro OTKJIOHeHHH (j . fb 

KJIaCCHqeCKOR TeopHH OIIlH6oK H3MepeHHR H3BeCTHO, qTO pe3YJIbTaTbI 

MHoroKpaTHbI H3MepeHHR O.n;HOR H TOR )l(e BeJIHqHHbI .n;OJI)I(HbI JIe)l(aTb B 

npe.n;eJIax ± 3 (j . TI03TOMY, .n;JIH cOKparn;eHHH qHCJIa 3KcnepHMeHToB, MO)l(HO 

3a.n;aTbCH OIIlH6KOR ± 3 (j. .n:aJIee 3a.n;aBaJIH .n;oBepHTeJIbHYIO BepoHTHoCTb, 
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KOTOpa5l, npH 06bfllHbIX HCCne,n;OBaHH5lX B TeXHHKe, paBHa 0,95 H ypoBeHb 

3HaqHMOCTH 0,05. TIo Ta6nHl:~e [17, 39, 44] Bhl6HpanH Heo6xo,n;HMoe QHCnO 

nOBTopHocTeH onhlTa paBHoe -3. 

HmKe npHBe,n;eH nnaH 3KCnepHMeHTanhHbIX Hccne,n;OBamrn O,AHOH H3 

YCTaHoBoK HMelO~ 60nhmee qHcno 4>aKTOpoB. 

3.3.3. 06ocHoBaHHe ypoBHeii H HHTepBaJlOB BapbHpoBaHHH .aKTOpOB AJHI 

ycranOBKII AfICKOBOCO 11IIJa 

TIpH npoBe,n;eHHH 3KcnepHMeHToB Ha YCTaHoBKe ,n;HCKOBoro THna 

H3MeH5leMhlMH napaMeTpaMH HBn5lIOTC5l QaCTOTa Bpa~eHH5l ,n;HCKa 

n, 06 / MUH , 3a30p Z, MM H ,n;aBneHHe P, illa B KaMepe. OnTHManbHa5l 

TeMneparypa o6)1(apm COCTaBn5lna 240°C (Ta6.3.1). 

Pa3pymaIO~ee yCHJIHe, OKa3hlBaeMOe, Ha KO)l(JpY nno,n;a apaxHca 00 MHOroM 

3aBHCHr or CIDI 1peHH5l 0 ~ noBepXHOCTh KaMepbI YCTaHOBKH, a 3TO B CBOIO OQepe,n;b 

3aBHCHT OT QaCTOThl Bpa~eHH5l ,n;HCKa. IJpooe.n;eHHbIe na6cprrq:>Hhle Hccrre,n;OBaHIDI 

nOI<33aJIH ~H 3HaqeIrnii KHHeIWIeCKOiI3HepmH, I1pH 3aIpl~ KoropbIX npoHCXo

,n;HT KaQeCTBeHHoe menymeHHe nno,n;a apaxHca. ~ HlMeHeIrnii qacron,I 

BpUIJ;eHH5l ,lI,HCKa 420 ..... 630 MHH -I. 

,[(eHc1:BmeJThm:,Ie H KO,AHpOBaHHbIe 3HaQemm ypoBHeif H mrrepBaJIOB Bap1iHpOBaHH5l 

npe,n;CTaBneHbI B Ta6nHQe 3.2. 

Ta6nH~a 3.2 

<l>aKTophl 
Ko,n; 

-1 n, MHH • Z, MM P,illa 

525 1 6 o 
TepBan BapbHpOJ38HHSI 105 0,5 3 

630 8,5 16 +1 

420 7,5 10 -1 
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,[(nH o606m;eHIDI rrnaHa 3KcrrepHMeHTa COCTaBHnH MarpH~ 

rrJIaHHpOBaHIDI rpexcpaKT0pHOrO 3KCrrepHMeHTa (Ta6. 3.3). 

Ta6JIH:u;a 3.3 

MarpH:u;a IIJIaHHpOBaHHH 3KcrrepHMeHTa 2
3 

NQ. <1>aKTo hI H HXB33HMO.n,eHCIBIDI ITapaMerpbI 

OIIhrIa Xo Xl X2 X3 XIX2 XIX3 X2X3 XIX2X3 OrrTHMH3a:U;HH 

1 +1 -1 -1 -1 +1 +1 +1 -1 ~lll ~UoJ! 

2 +1 +1 -1 -1 -1 -1 +1 +1 ~lll ~ UoJ! 

3 +1 -1 +1 -1 -1 +1 -1 +1 ~lll 1'; UoJ! 

4 +1 +1 +1 -1 +1 -1 -1 -1 ~lll ~ U oJ! 

5 +1 -1 -1 +1 +1 -1 -1 +1 Yslll Ys U oJ! 

6 +1 +1 -1 +1 -1 +1 -1 -1 ~lll ~ UoJ! 

7 +1 -1 +1 +1 -1 -1 +1 -1 y"lll Y., UoJ! 

8 +1 +1 +1 +1 +1 +1 +1 +1 Yglll Yg UoJ! 

MaTeMaTWIeCKaH Mo.n,eJIb, cBH3hmarom;aH KpHTepHH OIITHMH3a:u;HH C BhI 6paHHbIMH 

CPaKTOPaMH, rrpHBe.n,eHHhIMH BhlIIIe, 3aIIHIIIeTCH B cne.n,yrom;eM BH)1,e 

K = fen, z, P) 

ITo pe3YJIbTaTaM TeopeTWIecKHX HCCJIe.n,OBamrn H HCXOM H3 OIIhITHhIX 

.n,aHHhIX .n,enaeM Bhmo.n" qTO HaH60nee cym;ecTBeHHoe BJIIDIHHe cpaKTOpOB Ha 

menyrneHHe rrJIo.n,a H :u;enOCTHOCTh rrno.n,a apaxHca (cp~ :u;enH Y) OKa3hmaroT 

rpH cpaKTopa: Xl - qaCTOTa Bpal.I(eHIDI ,lJ;HCKa, X2 - 3a30p H X3 - .n,aBneHHe B 

KaMepe. 

,Z:VuI orrpe.n,eneHIDI 3aBHCHMOCTeH menyrneHIDI H :u;enOCTHOCTH IIJIo.n,a OT TPex 

BbI6paHHhIX CPaKTOPOB rrpOBO)1,HJIH o.n,HocpaKTOpHhIe 3KCrrepHMeHThI, pe3YJIhTaTbI 

KOTOPhIX o6pa6aThmaJIHCh MeTo.n,OM MaTeMaTWIeCKOH CTaTHCTHKH, CTPOHnH 

rpacpHKH CPYHK:u;HOHaJIbHOH 3aBHCHMOCTH CTerreHH menyrneHIDI H CTerreHH 

:u;eJIOCTHOCTH H.n,pa OT OrrTHMaJIhHhIX cpaKTopOB: 

K = fen); fez); f(P) 

,Z:VuI OThICKaHIDI MaTeMaTWIeCKOH Mo.n,eJIH CPYHK:u;HH :u;eJIH Y, a TaIOKe .n,JIH 

HaXo)K.n,eHIDI OrrTHMaJIbHhIX 3Haqemrn cpaKTOpOB n, Z H P, BJIIDI1OID;HX Ha 

menyrneHHe, HCrrOJIb30BaJIH MeTO.n, rrOBepXHOCTH OTKJIHKa «RSM» [9, 32, 121]. 
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Tor,n:a, qT06bI Orrpe,n:eJIHTb BH,n: IIOBepXHOCTH OTKJIHKa C nOMOIIV>1O B03MO)I(H0 

MeHbmero qJlCJIa 3KCnepHMeHTOB, CHaqaJIa rrpHHHMaeM HenOJIH)'IO KBa,n:paTH)'IO 

Mo,n:eJIb ,n:JUI napaMeTPa OIITHMH3awrn H HCnOJIb30BaJIH <paKTOPHhIH IIJIaH C 

UeHTPaJIbHhIMH ,n:06aBOQHhIMH TO~aMH. l1HTepBaJIbI H YPOBHH BapbHpOBaHHH 

<paKTOPOB rrpHBe,n:eHbI B Ta6JIHI.J;e 3.4. 

Xl, MHH-

HmIarnH 
(-) 

420 
7,5 
10 

OBHH 

BepXHHif 
(+) 
630 
8,5 
16 

HenOJIHruI KBa,n:paTHruI Mo,n:eJIb 3amnrreTCH: 

r,n:e Y - BbIXO,n:HOH napaMeTP; 

b 0 - 06m;HiI Bcero 3KcnepHMeHTa; 

bl2 , b13 , b23 ,bl23 - 3<p<peKTbI B3aHMo,n:eHCTBHH. 

Ta6JIHQa 3.4 

52,5 
0,25 

3 

ECJIH pe3YJIbTaTbI aHaJIH3a ypaBHeHHH perpeccHH (3.19) nOKa3aJI, QTO 

HenOJIHruI KBa.n:paTHruI Mo,n:eJIb a,n:eKBaTHa, Tor,n:a MO)I(HO rrpo,n:OJDKaTb perrrnTb 

3a,n:aqy no 3TOH Mo,n:eJIH, a eCJIH Hea,n:eKBaTHa, Tor,n:a Ha,n:O npHXo,n:HTb K 

HCnOJIb30BaHHIO ypaBHeHHH perpeccHH BToporo nop}l,l1;Ka H npo,n:OJI:>KaTb pemaTb 

3a,n:aqy. HanpHMep, no HeKOMII03HQHOHHOMY TPexypoBHeBoMY IIJIaRY EOKca -

EeHKHHa [35, 121]. 

,Z:LrnI nonyqeHHH MaTeMaTHqeCKOH Mo,n:eJIH ypaBHeHHH c ,n:ocTaTOQHOH 

TOQHOCTblO OIIHCbmaIOm;ero nOBe,n:eHHe <PYJIKI(HH B HHTepeCYIOm;eH Hac 06JIaCTH 

H3MeHeHHH <paKTOPOB, 3KCnepHMeHT 6bm CIIJIaHHpOBaH H peaJIH30BaH no nJIaHY 

BToporo nOpH,n:Ka EOKca - EeHKHHa (T.e. Ha TPex ypOBHHX). 

a 
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k k k 

Y = b o + L bjxj + L bijXi Xj + L bjiX~ 
i< j 

r.n;e Y - BbIXO.n;HOH napaMerp; 

(3.20) 

b 0 , b i , b ij , b ii - TeOpeTWIeCKHe K03<p<pHIJ;HeHThl perpeCCHlI; 

~ -i - 5L He3aBHCHMIDI nepeMeHHIDI ( <paKTOP ). 

111ITepBaJIhl H YPOBHH BapbHpOBaHIDI <paKTOPOB npHBe.n;eHbI B Ta6nHIJ;e 3.5. 

Ta6nH:u;a 3.5 

lliITepBaJI 
Illi)l(HJtii OCHOBHOH Bepxmrn BapbHpoBaHIDI 

0 + 
Xl, MHH- 525 630 105 
X2,MM 8,0 8,5 0,5 
X3, KI1a 13 16 3 

OnbITHbIe HCIIbITaHIDI rrpOBO,lVlTCH no nnaRY DOKca - DeHKHHa. lliaHbI 

DOKca - DeHKHHa B cpaBHeHHH C opTOrOHaJIbHbIMH 60nee 3KOHOMWIHbI no 

QHCny onhlTOB H 06na.n;aroT HX CBOHCTBaMH [80, 121]. MarpHIJ;a nnaHHpoBaHHH 

3KCnepHMeHTa no rrnaRY BToporo nopH,L(Ka rrpe.n;cTaBneHa B Ta6nH:u;e 3.6. OnbITbI 

cornaCHO MarpH:u;e HeKOMll03H:QHOHHoro rrnaHa 3k (nnaHa DOKca - DeHKHHa), 

npOBO)J;HnHCb B na60paTopHbIX ycnoBIDIX. 

I10nyqeHHbIe no pe3ynbTaTaM Hccne.n;oBaHHif ypaBHeHHH 6bInH 

npOaHaJIH3HpOBaHbI Ha KOMllblOTepe C HCnOnh30BaHHeM rrporpaMMbI 

«STATGRAPHICS Plus», no pe3ynbTaTaM KOTOPOH nocrpoeHbI rpa<pWlecKHe 

H306pa)l(eHIDI nOBepXHOCTH OTKJIHKa H orrpe.n;eneHbI OllTHManbHbIe 3HaQeHIDI 

<PaKTopOB. 



77 

Ta6JIH~a 3.6 
E E MaTPH~a 3KcnepHMeHTa no nJIaH)' OKca - eHKHHa 

OnhIT Xl X2 X3 Xli X/ X/ X I X2 Xl X3 X2 X3 
1 1 0 -1 1 0 1 0 -1 0 
2 0 -1 -1 0 1 1 0 0 1 
3 0 1 1 0 1 1 0 0 1 
4 0 0 0 0 0 0 0 0 0 
5 1 0 1 1 0 1 0 1 0 
6 0 0 0 0 0 0 0 0 0 
7 -1 -1 0 1 1 0 1 0 0 
8 0 -1 1 0 1 1 0 0 -1 
9 0 0 0 0 0 0 0 0 0 
10 1 -1 0 1 1 0 -1 0 0 
11 0 1 -1 0 1 1 0 0 -1 
12 -1 1 0 1 1 0 -1 0 0 
13 -1 0 1 1 0 1 0 -1 0 
14 -1 0 -1 1 0 1 0 1 0 
15 -1 1 0 1 1 0 1 0 0 

3.3.4. MeTo~HKa MaTeMaTHQeCKOii o6pa6oTKH pe3YJlbTaToB 3KcnepHMeHTa

J1bHbIX HCCJle~OBaHHii 

npOBe,lJ;eHHe 3KCnepHMeHTaJIhHhIX HCCJIe,lJ;OBallllH H o6pa6oTKH onhITHhIX 

,lJ;aHHhIX oCyn::I;eCTBIDlJIHCh COrJIaCHO n<l>3 23 H HeKOMl103HI(HOHHOMY 

TPexypOBHeBOMY llJIaHY EOKca - EeHKHHa no MeTO,lJ;HKe, H3JIO)KeHHOM B 

HCTOQHHKe [121]. 

Bce OllhIThI nOBTopIDIHCh B TPeXKpaTHoM nOBTopHOCTH. no pe3YJIhTaTaM 

onpe,n;eIDIJIOCh cpe,n;IDlll apH<pMeTHqeCKasI BeJIHqHHa H3yqaeMoro nOKaJaTeIDI no 

<p0pMYJIe: 

r,n;e Yi - 3HaQeHHe nOKaJaTeIDI npH i-oM nOBepXHocTH; 

n - ~CJIO nOBTopHocTeM (H3MepeHHM). 

(3.21) 

Cpe,n;Hee KBa,ll;paTHqHOe OTKJIOHeHHe H3yqaeMoro nOKaJaTeIDI 

onpe,lJ;eIDIJIC5I no <p0PMYJIe: 
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~1 I n -2 S . =+ . (y.-Y) , 
1 1 1= 1 I n-

(3.22) 

s . 
V = + - 1-100 % (3.23) 

Y 

06pa6oTKa pe3YJThTaTOB HCCJIe.n;OBaIillH npOBO,ll;HJIHCb B CJIe.n;yrom;eH 

nOCJIe.n;OBaTeJIbHOCTH: 

1. ,[(HcnepCIDI OIllH6oK OIIhlTOB onpe.n;emmacb no Q:>0pMYJIe: 

S 2 = 1 ~ (Y . _ Y .) 2 
J 1 ~ J J , n -

(3.24) 

r.n;e n - q}{CJIO nOBTopHocTeH o.n;Horo OIIhITa; 

-
Y j - 3HaqeHHe KpHTepIDI OnTHMH3awrn B napaJIJIeJIbHbIX OIIhITax; 

2. ,[(.ruI orrpe.n;eJIeHIDI B03MO)I(HOCTH rrpoBe.n;eHIDI perpeccHoHHoro aHaJIH3a 

paCCQHTaJIH, HCnOJTh3YH .n;aHHhle, rrpHBe.n;eHHhle B rrpHJIO)l(eHHH, 

O.n;HOPO.n;HOCTH .n;HcnepcHH napaJIJIeJIbHhIX OIIhITOB no KpHTepmo 

KoxpeHa [7, 9, 30] no Q:>0PMYJIe: 

G pac'l 
S J m ax < G 
L SJ m a6' (3.25) 

r.n;e Gpacq H Gma6 - BbJqHCJIeHHOe H Ta6JI~oe 3HaQeHIDI KpHTepIDI 

KoxpeHa (npH BbillOJIHelillH YCJIOBIDI O,ll;HOPO,ll;HOCTH ,ll;HCnepCHH); 

S J m a x - HaH60JIbIDaH nocTpoq}{aH .n;HcnepCIDI OIllH6KH, 

L S~ - CYMMa .n;HcnepCHH. 

3. ,[(HcnepCIDI BOCrrpOH3BO,ll;HMOCTH 3KCnepHMeHTa orrpe.n;eJIHeTCH 

CJIe.n;yroIIJ;HM 06Pa30M: 

I SJ 
16 

r.n;e Ie -QHCJIO CTeneHH CBo6o.n;hI 

(3.26) 

4. ,[(HcnepcIDI a.n;eKBaTHOCTH TaIOKe orrpe.n;emmaCb CJIe.n;yrom;HM 06Pa30M: 
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lao = N - (d + 1) - YIHCJIO CTeIIeHH CBo6o,lU>I; 

d - qHCJIO He3aBHCHMbIX 3<p<peKToB, 

N = qHCJIO OilhITOB B Ma'rpHIJ,e. 

(3.27) 

5. MeKBaTHocTb JIHHeHHOH MO,ll;eJIH on,eHHBaeTCH C IIOMOID,hIO 

KpHTepHH <l>Hmepa: 

S ~o 
6. F pac'l = 7 

6 

(3.28) 

7. On,eHKa 3HaqIfMOCTH K03<p<pHIJ,HeHTOB ypaBHeHHH on,eHHBaJIaCb C 

IIOMOID,hIO KpHTepHH CTbIO,lI;eHTa: 

s . = rs: 
61 ~N 

BOCIIPOH3BO,ll;HMOCTH. 

Cpe,ll;Hee 

(3.29) 

KBa,D;paTIfqHOe OTKJIOHeHHe 

MeKBaTHOCTb MO,ll;eJIeH IIpOBepHJIH C IIOMOID,hIO KOMllbIOTepHOH 

IIporpaMMbI STATGRAPIllCS Plus, B KOTOPOH HCIIOJIb3yeTcH KpHTepHH 

CTbIO,lI;eHTa. 

3.4. KaqeCTBeHHble nOKa3aTeJlH pa60TbI YCTaHoBoK: 

1. Y CTaHOBKa ,lI;HCKOBOro THIIa 

B3BemeHHhIH MaTepHaJI IIpOnyCKaJICH qepe3 ManmHY H C06:U:PaJICH B O,ll;HY 

eMKOCTb. TIonyqeHHhIH BOpOX IIpOnyCKaJICH Qepe3 D,HKJIOH ,lI;llH OT,lI;eJIeHHH IIJIO,ll;OB 

OT IIJIeHKH. TIPOBO,ll;HJlCH aHaJIH3 pa60TbI YCTaHoBKH. CJIe.D;yeT OTMeTHTb, QTO Ha 

pa60TaIOIQeH YCTaHoBKe, YCTaHOBJIeHHOH B JIHHHIO D,HKJIOH IIpHc'IpoeH 
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Henocpe.n;CTBeHHO K BbIXO.n;HOM)' OTBepCTHIO H3 MaIIlHHbI. JIerKruI KO~a C 

nno.n;OB OTCaCbIBaeTC.R :U;HKJIOHOM, a BbIXO.n;OM .RBnHeTC.R rOTOBruI npo.n;yKIJ;H.R. 

2. Y CTaHOBKa :U;HnHH.n;pHtleCKOrO THlla 

06pa6aTbIBaeMbrn MaTepHan norrycKanC.R qepe3 IJ;HnHH.n;p, cOBepmaIOm;ero .n;Ba 

B03BpaTHo - nocT)'IIaTeJIbHbIX .n;BH:>KeHHH BO B3aHMHO nepneH,l1;HK)'nHpHbIX 

nnOCKOCTHX (ropH30HTaJIDHOH H BepTHKaJIDHoH) r.n;e npOHCXO.n;HT paJpyrueHHe 

nneHKH Mpa 3a CQeT TPeHHH Mep Me~ C060H H CTeHKaMH IJ;HnHH.n;pa. 

IIonyqeHHbrn o6menymeHHbrn MaTepHan nporrycKanC.R Qepe3 II;HKJIOH aHanOrHtIHO 

,[(pyrHX YCTaHoBoK. 

3. Y CTaHOBKa nonaCTHoro THlla 

QenbIe opeXH, B YCTaHoBKe 3aXBaTbIBaIOTC.R nOnaCTHMH H rrpoTacKHBalOTC.R HMH 

no 0KpY:>KHOCTH :U;HnHH,[(pa, r,[(e OHM nO,[(Bepranc.R menymeHHlO. BbIXO,[( C ,[(pyroro 

Top:u;a. 06menymeHHbIH MaTepHan rrporrycKanC.R Qepe3 II;HKJIOH, ,z:vm paJ.n;eneHHH 

no <ppaKIJ;IDIM. 
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r JIABA 4. PE3Y JTh TATLI 3KCIIEPHMEHT AJThHLIX HCCJIE,L(OBA-

IIIIiI H HX AHA.JIH3 

4.1. Pe3YJlbTaTbI J1a60paTopubIX HCCJle.z.oBauHH YCTauoBoK 

4.1.1. Onpe.z.eJIeUHe ueKoTopbIX .H3HKo-MeXaUHQeCKHX H TexBoJlorHQecKHx 

CBOHCTB apaxHca 

,l(.ruI 06ocHoBaHIDI TeXHOJIOIWIeCKHX H KOHC1pYKTHBHhIX napaMe1poB 

YCTaHoBoK Heo6xo,lJ;HMo 3HaHHe H H3yqeHHe Q>H3HKo-MexaHWIecKHX H 

TeXHOJIOrWIeCKHX CBOHCTB apaxHca. 3To ,lJ;aeT B03MO)I(HOCTb OnTHMH3HpOBaTb 

KOHC1p~ YCTaHoBKH H TeXHOJIOrmo me.rryrneHIDI )l;JUI KaqeCTBeHHoH pa6oTbI. 

3HaHHe Q>H3HKo-MexaHWIecKHX H TeXHOJIOIWIeCKHX CBOHCTB apaxHca n03BOIDIeT 

cpaBHHTb HCCJIe.n;yeMblH o6'beKT co CTaH,lJ;apTHhIM no 6a3HCHhIM KOH~M. 

Onpe,lJ;eJIeHHe Q>H3HKo-MexaHWIecKHX H TeXHOJIOIWIeCKHX CBOHCTB apaxHca 

npOBO,lJ;HJlOCb COrJIaCHO H3JIO)I(eHHOH MeTO,lJ;HKe. ,l(.ruI HCCJIe,lJ;OBaHHH, KaK 6bIJIO 

OTMeqeHO, rrpHMeIDIJIHCb paHoHHpoBaHHhle copTa apaxHc - «Dakar», <<Damboa» H 

«Kampala» no rOCTy 17111-88 (npHJIO)I(eHHe 1). 

Onpe,lJ;eJIeHHe JIHHeHHhIX pa3MepOB apaxHca npOBO,lJ;HJlOCb C nOMOIIQ>1O 

mTaHre~pKYIDI. 3KCnepHMeHT npOBO,lJ;HJlCH C yqacTHeM O,lJ;Horo copTa apaXHca -

«Dakar». no HToraM 3aMepOB 6bIJIH noc1poeHhI BapHaQHoHHhle Ta6J1Hl(bI 4.1, 4.2, 

4.3 H BapHaQHOHHaH KpHBaH, xapaKTepH3YIOID;He pacrrpe,lJ;eJIeHHe ,lJ;JIHHhI, mHpHHhI 

H TOJIm;HHhI nJIO,lJ;OB apaxHca (PHC. 4.1). 

Ta6JIHI~a 4.1 
Ba Ha~HH ,lJ;JIHHbI nJIO,lJ;OB a aXHca co Ta 

KrraccIiI 1 2 3 4 5 7 8 9 10 cero 

rpaHH.QIiI 7,7 ... 7,9 .. 8,3 .. 8,7 .... 9,1... 9,9 .. 10,3 .. 10,7 .. 11 ,1.. 
KnaccoB 7,9 8,3 8,7 9,1 9,5 10,3 10,7 11,1 11,5 
Cpe.l(Hee 
3HaqeHHe 7,7 8,1 8,5 8,9 9,3 9,7 10,1 10,5 10,9 11,3 

qacToTa 

no KOJI-B 23 28 163 102 83 54 25 15 5 2 500 
~cToTa, 

% 0,46 5,6 14,9 23,1 23,9 19,9 11,8 5,9 1 0,4 100 
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Ta6mn~a4.2 

Krracchl 8 9 10 Bcero 

rpaHHI.U>I 9,0 ... 9,3 .... 

KJIaCCOB 9,3 9,6 

Cpe,n;Hee 
3HaqeHlfe 6,75 7,05 7,35 7,65 7,95 8,25 8,55 8,85 9,15 9,45 
qaCToTa 

no KOJI-B 6 31 58 78 178 66 48 26 7 2 500 
llHcToTa, % 1,2 6,2 11,6 15,6 35,6 13,2 9,6 5,2 1,4 0,4 100 

Ta6JIH:Qa 4.3 

BapHa:QIDI TOJIIIQfHbI IIJIO~OB apaxHca copTa (Dakar) 

Krracchl 1 2 3 4 5 6 7 8 9 10 cero 
rpaHHI.U>I 6,0 ... 6,3 ... 6,6 .... 6,9 ... 7,2 ... 7,5 ... 7,8 ... 8,1. .. 8,4 .... 8,7 ... 
KJIaCCOB 6,3 6,6 6,9 7,2 7,5 7,8 8,1 8,4 8,7 9,1 
Cpe.n;Hee 
3 HaqeHHe 6,1 6,4 6,7 7,0 7,3 7,6 7,9 8,1 8,4 8,9 
qacToTa 

no KOJI-B 4 34 55 79 131 77 50 42 25 3 500 
qHcToTa, % 0,8 6,8 11 15,8 26,2 15,4 10 8,4 5 0,6 100 

AHanH3HpYSI 1I0nyqeHHhle ~aHHhIe 110 oIIHcaHHoH MeTO,lUlKe 1I0nyqHJIH 

cJIe.IO'lOI:QHe pe3YJIbTaTbI: 

* - cpe~HSISI ,n;JIHHa apaxHca: t cp.iJ = 7,79 MM 

* - cpe,n;HeKBa~aTwrnoe OTKJIOHeHHe ,n;JIHHhI apaXHca: a 0 = 1,35 MM 

* - cpe~HSISI IIIHpHHa apaxHca: t cp.w = 7,98 MM 

* - cpe~eKB~aT~Hoe OTKJIOHeHHe IIIHpHHbI apaxHca: a w = 0,49 MM 

* - cpe~HSISI TOJII:QHHa apaxHca: t c p . m = 7,35 MM 

* - cpe~eKB~aTwrnoe OTKJIOHeHHe TOJIIIQfHbI apaxHca: am = 0,29 MM 

KaK B~O H3 pe3YJIbTaTOB 3KCllepHMeHTOB HCCJIe~eMaSI lIapTIDI IIJIO,n;OB 

cooTBeTcTByeT 6a3HCHbIM KOH,n;HIUUUM ~ 1I0nyqeHIDI rrrenyIUeHHhIX apaxHcoB 

~JISI Pa3.JIH1II1bIX HarrpaBJIeHHH H, CJIe,n;OBaTeJIbHO, MO:>KeT 6bITb rrpHMeHeHa ~JISI 

1I0cJIe.IO'lOI:QHX 3KCllepHMeHToB. 
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30,2 

2 
25,2 

~ 1 0 

ti 20,2 
I-
0 
I-
C.) 

15,2 C'G 
J 

10,2 

5,2 

0,2 

5,5 7,5 9,5 11,5 

llMHeMHbie pa3Mepbl, MM 

PMC. 4.1. Pacrrpe.D;eJIeHlfe JIMHeHHhIX pa3MepOB IlJIO.D;OB apaxMca copTa (Dakar): 1 -

TOJIIIurna; 2 - IIllipMHa; 3 - .D;JIMHa 

Orrpe.D;eJIeHMe TOJIIQMHhI KO)l()'pbl IlJIO.D;a apaXMca rrpOBO.D;MJIOCb rrpM 

CTaH.D;apTHOH TeMrreparypbl o6)Kapm MCCJIe.l(yeMoro o6'beKTa. 3KcrrepMMeHT 

rrpOBO.D;MJIC.sI C yqacTMeM O,l1;Horo copTa - <<DakaD>, TaK KaK rrpe.D;BapMTeJIbHble 

MCCJIe.D;OBaHM.sI rrOKa3aJIM HJIlITO)KHO Ma.rryIO pa3~ TOJlllJ)ffibI KO)l()'pbl Me)K.l(y 

Pa3JIWlHhIMM copTaMM. 

IIo MTOraM 3aMepOB 6bIJIa rrocTPoeHa BapM~MOHHa.sI Ta6JIM:u;a 4.4 M 

BapMa:U;MoHHa.sI KpMBa.sI (pMcA.2). 

Pacrr e.D;eJIeHlfe TOJIIIUllibI KO 

10 Bcero 

0,052 0,054 0,055 0,059 

0,047 0,048 0,050 0,051 0,052 0,054 0,055 0,057 0,059 0,060 
Cpe,nHee 
3HaqeHMe 0,046 0,047 0,049 0,050 0,052 0,053 0,055 0,056 0,058 0,060 
"lIacToTa 

no KOJI-B 15 29 17 11 9 6 4 4 3 2 100 
"lIMcTOTa, % 15 29 17 11 9 6 4 4 3 2 100 
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~ 
\ , 

~'" ........ -r--.... ......... 
""-

-
0,046 0,047 0,049 0,05 0,052 0,053 0,055 0,056 0,058 0,06 

I1MHeMHble pcoMepbl, MM 

PHC. 4.2. PacIIpe.n;eJIeHHe TOJImHHbI IIJIo.n;a apaXHca copTa (Dakar) 

AHaJllI3HpY51 IIonyqeHHbIe ,n;aHHbIe IIO OIIHcaHHOH MeTo,n;HKe, H rronyqHJIH 

- cpe,n;Hj{j{ TOJIIIWHa KOx<ypbI apaxHca: t cp.m K = 0,049 MM 

- cpe,n;HeKBa.n;paTWlHoe OTKJIOHeHHe TOJIJ:IWHbI KO~pbl apaXHca: (J'mK = 0,0035 

MM. Orrpe,n;eJIeHHe K03Q?Q?HIJ;HeHTa TPeHlfj{ IIJIO,n;OB apaxHca npOBO,n;HJIOCb Ha 

copTax «Dakan), «Damboa» H «Kampala» [7, 21]. ,[(mr 3KCrrepHMeHTOB 

HCrrOJIb30BaJIOCb o6opy,n;oBaHHe, OIIHcaHHoe B TPeTeH rJIaBe. Pe3YJIbTaTbI 

3KCrrepHMeHTOB CBe,n;eHbI B Ta6JIHl1Y 4.5. 

Ta6JIHQa 4.5 

a aXHca 0 
COPT 
apaXHca no CTaJIH e3HHe 

lek h~ lek h~ lek h~ 
Dakar 0,21 0,20 0,33 0,22 0,32 0,28 
Damboa 0,23 0,22 0,36 0,23 0,37 0,24 
Kam ala 0,25 0,25 0,30 0,27 0,34 0,31 

lek -K03Q?Q?H:QHeHT CKOJIb)l(eHlfj{ IIJIO,n;OB apaXHca 

h~ -K03Q?Q?H:QHeHT KaqeHlfj{ IIJIO,n;OB apaxHca 
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AHaJIH3 pe3YJIhTaTOB IIOKa3aJI, qTO 3HaqeHIDI K03<p<pH~HeHThI rpeHIDI 

apaxHca 3aBHCRT TOJIhKO OT BH,lJ;a OIIOPHOH IIoBepXHocTH. TIo pe3YJIhTaTaM 

orrpe,lJ;eJIeHIDI K03<p<p~HeHTa rpeHIDI IIJIO,lJ;OB apaxHca BH,lJ;HO, qTO IIpH 

<paKTHqeCKH HCIIOJIh3yeMhlX yrJIax HaKJIOHa IIJIOCKOCTH a = 14 - 38 0, rrpOHCXO,lJ;HT 

CKOJIh)I(eHHe HJIH KaqeHHe opexoB apaxHca. Pe3YJIhTaTbI orrpe,lJ;eJIeHIDI 

K03<p<pH~HeHTa IIJIO,lJ;OB apaxHca IIO CTaJIhHOH IllJIH<poBaHHoH IIJIaCTHHe, IIO ,lJ;epeBy 

H IIO pe3HHe, IIOKa3aJIH, qrO ,lJ;JI.H pa3HbIX COPTOB OH HMeeT 3HaqeHIDI 0 ,20 - 0 ,26; 

0 ,26 - 0,35 H 0,32 - 0 ,41 COOTBeTCTBeHHO (PHC.4.3.). 

0,45 

0,4 
.... 
..: 0,35 
%: 
Q) 

/3 

V 
V 

~ ~ ~ - --
~ --

S 
~ 0,3 s 
.g. 
.g. 0,25 

CO) 

-~ 
~ 

~!"" - -- . -- -jill • 

0 
~ 

0,2 
.......... 

b-. 
I- • - ---0,15 

... . 
0,1 

2,6 2,8 3 3,3 

~ --
I/'-

!- --
- -/ 

l"< V 
t'--., 

3,7 

- '"" . 
r-...... ? - '"' . 
- "" . 
1 

3,2 

-
-
-

2,7 
-4 F,1.10 H 

PHC. 4.3. CTarnqeCKHe (-) H ,lJ;HHaMHqeCKHe (- - -) K03<p<p~HeHTbI rpeHIDI 

apaxHca B 3aBHCHMOCTH OT HOPMaJIhHhIX CHJI IIO OIIOPHbIM IIoBepXHOCT.HM: 1 -

mJIH<poBaHHaR CTaJIhHaR IIJIaCTHHKa; 2 - ,lJ;epeBO; 3 - pe3HHa 

4.1.2. OnpeAeJIeUHe YCHJIHH pa3pymeuHH KO*ypbl opexoB (nJIOAoB) apaxHca 

B 3aBHCHMOCTH OT TeMneparypbI o6*apKH 

B IIpo~ecce pa3pa60TKH KOHCrpYKTHBHbIX IIapaMerpoB ,lJ;HCKOBOH, 

~HJIHH,lJ;pHqeCKOH H JIOIIaCTHoH YCTaHoBKH Ba)I(HO 3HaTh, IIpH KaKHX YCJIOBHRX 

6Y,lJ;eT rrpOH3BO,lJ;HThCR KaqeCTBeHHoe OT,lJ;eJIeHHe KO~bI OT .H,D;pa. TaK)I(e 3TO ,lJ;aCT 

B03MO)I(HOCTh OIIpe,lJ;eJIHTh TeXHOJIOrnqeCKHH pe)I(HM pa60ThI pa3pa6aTbIBaeMoH 

YCTaHOBKH. ,lVuI orrpe,lJ;eJIeHIDI TaKHX YCJIOBHH HaH,lJ;eM pa3HH~ Me)I(,lJ;y YCHJIIDIMH 
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3aTpaqJfBaeMHMH Ha me.rrymeHHe IIJIO~OB aprurn:ca IIpH Pa3JIHtlHbIX TeMIIeparypaX 

o6)1(apIGI. 

,[(ruI HaXO~eHIDI pa3Hlf.QbI Me~ YCHJIIDlMH pa3pymeHIDI KO~pbI H H~pa 

6bIJIH IIpOBe~eHbI 3KCnepHMeHThI, MeTO~Ka KOTOPbIX 6bIJIa OIIHCaHa B TPeTbeH 

rJIaBe. CJIe~eT 3aMeTHTb, QTO no OIIHcaHHOH MeTo~e HaXO~HTCH TOJIbKO Pa3-

HOCTb Me~ YCHJIHHMH pa3pymeHHH, a He ~eHCTBHTeJIbHOe ee 3HaQeHHe 

(npHJIO)l(eHHe 2). no nO~eHHbIM 3KCnepHMeHTaJIbHbIM ~aHHbIM nocTPoeH 

rpacpHK 3aBHCHMOCTH YCHlIHH pa3pymeHIDI KO~bI IIJIo~a apaxHca OT nyTH 

nepeMe~eHIDI (PHC. 4.4, 4.5 H 4.6). 

5 

~ 
4,5 

~ 4 LL -Q) 
3,5 :s: 

c; 
:s: 
CJ 3 >-

2,5 

2 
42 45 45,5 47 48 

nYTb nepeMeWeHMJI (L), MM 

PMC. 4.4. YCHJIHH pa3pymeHIDI KO~bI IIJIo~a apaXHca copTa «Dakar» B 

3aBMCHMOCTM OT nyTM IIepeMe~eHIDI 

1,4 

~ 
1,3 

~ 1,2 LL -Q) 1,1 s 
c; 
s 1 CJ 
>-

0,9 

0,8 

28 29 30 31 32 
nYTb nepeMeWeHMJI (L), MM 

PHC. 4.5. YCHJIHH pa3pymeHHH KO~bI IIJIo~a apaXHca copTa «Damboa» B 

3aBHCHMOCTH OT nyTM nepeMe~eHIDI 



87 

2,1 

:I: 2 

- 1,9 LL -Q) 1,8 s 
I:; 
s 1,7 
CJ 
>- 1,6 

1,5 

1,4 

19 20 22 24 25 

nytb nepeMeweHMH (l), MM 

PHC. 4.6. Y CHnIDI pa3pymeHIDI KO)I()'pbl nno~a apaxHca copTa «Kampala» B 
3aBHCHMOCTH OT nyTH nepeMeIIJ;eHIDI 

3KCnepHMeHT npoBo~HncjJ no llHTH 3HaqeHHHM TeMlleparypbl 06)1(apm (t = 

120; 150; 180; 210; 240°C) (Ta6.4.6), COpTbI apmrnca - «Dakar», <<Damboa» H 

«Kampala» . 

ITo nonyqeHHblM 3KCnepHMeHTanhHbIM ~aHH:bIM TaK)l(e nocTPoeH rpaqmK 
3aBHCHMOCTH YCHJIIDI pa3pymeHIDI KO)I()'pbl H3 jJ~a apmrnca OT TeMneparypbl 
06)1(apm (PHC. 4.7). 

0 300 
0 

s 250 :.:: 
c. 
co 
lIE 200 \0 
0 
co 150 c. 
~ 100 co c. 
Q) 
c: 50 ::E 
Q) 
I- 0 

5 25 30 40 60 
BpeMH o6lKapKM (T), MMH 

PHc.4.7. 3aBHCHMOCTb H3MeHeHIDI BpeMeHH 06)1(apm OT TeMnepaTYPbI 
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IIo HTOraM HCCJIe.n:OBaHIDI MO)I(HO C.n:eJIaTb BbIBO.n:, qTO me.rrym:eHHe 

u;eJIeC006pa3HO rrpOBO)UlTb npH TeMIIeparype 06)1(apKH nJIo.n:OB apaxHca - 240°C. 

B COOTBeTCTBHH C MeTO)UlKOH orrpe.n:eJIeHIDI YCJIOBHH pa3pymeHIDI 

KO~bI ceMIDI apaxHca 6bIJIH orrpe.n:eJIeHbI Be.JIHqJfJ{bI H OTHOCHTeJIbHOH 

.n:e.p0pMaU;HH H HOpMaJIbHOrO HanpIDKeHIDI rrpH C)I(aTHH, a TaK)l(e MO.n:yJIb 

yrrpyrOCTH, npH .n:OCTH)I(eHHH KOTOPbIX npoHcxo.n:HT pa3pymeHHe KO~bI. 

OrHocHTeJIbHruI .n:e.popMaU;IDI e ceMeHH BbNHcrumacb no .popMYJIe (3 .9) 

nOCJIe no.n:CTaHOBKH B Hee 3HaqeHHii )UlaMe'Ipa ceMeHH H a6COJIIOTHOH 

.n:e.p0pMaU;HH. t(mI ceMIDI )UlaMe'IpoM 7,60 MM a6COJIIOTHruI .n:e.p0pMaU;IDI, npH 

KOTOPOH npOHCXO.LJ:HJIO pa3pymeHHe KO~bI, COCTaBHJIa 0,05 MM B 43 % cnyqaeB, 

0,045 MM - 26 %, 0,055MM - 22 % (PHC. 4.8). COBceM pe.n:Ko Ha6JIIO.n:anocb 

pa3pymeHHe KO~pbI npH .n:e.pOPM3I(HH 0,04 H 0,06 MM, COOTBeTCTBeHHO, 5 H 3 %. 

TaKHM 06Pa30M, Ko~a 91 % CeMHH .n:HaMe'IpOM 7,6 MM pa3pymanacb rrpH 

a6COJIIOTHOH .n:e.p0PMaIJ;HH 0,045 - 0,055 MM. AHanOrnqHO H3MeIDIJIaCb 

a6COJIIOTHruI .n:e.popMaIJ;IDI ceMIDI )UlaMe'IpoM 7,54 MM, HMeSl TOJIbKO 

He3HaqHTeJIbHble OTJIHqIDI no BeJIHqHHe qaCTOThI nOBTopeHIDI OT ceMIDI 

)UlaMe'IpoM 7,6 MM (pHc.4.8). HaH6oJIbmyIO qaCTory nOBTopeHIDI HMeJIa 

.n:e.popMaU;IDI 0,05 MM - 46 %. IIPH .n:e.pOPM3I(HH 0,045 MM pa3pymanacb Ko~a 

28 % CeMHH H rrpH .n:e.p0pMau;HH 0,055 MM - 21 %. Ko~a OCTanbHbIX 5 % ceMIDI 

.n:HaMe'IpoM 7,54 MM pa3pymanacb rrpli .n:e.p0PMaIJ;HH 0,04 Ii 0,06 MM. 

OrHocHTeJIbHruI .n:e.popMaIJ;IDI e CeMHH .n:HaMe'IpoM 7,6 MM MeHbme 

OTHOCHTeJIbHOH .n:e.p0PMaIJ;HH ceMSIH )UlaMe1poM 7,54 MM Ha 3 %. 

HOpMaJIbHOe HarrpIDKeHHe 0 B MOMeHT pa3pymeHIDI KO~bI .l1:JISI ceMIDI 

.n:HaMe'IpOM 7,6 MM COCTaBliJIO OT 1,62 .n:o 4,06 HJM2, a.n:JISI ceMIDI .n:HaMe'IpoM 7,54 

MM - (6,25 - 6,48) HJM2 (rrpHJIO)l(eHHe 3). 

MO.n:yJIb E2 yrrpyrOCTH ceMIDI onpe.n:erumcSI no .poPMYJIe (3.15) Ii PaBHSlJICSI (0,21 -

0,77) . 10
3 

HJM2 .l1:JISI ceMIDI )UlaMe'IpoM 7,6 MM H (0,81 - 1,18) . 103 HJM2 .n:JISI 

CeMHH )UlaMe'IpoM 7,54 MM (rrpHJIO)l(eHHe 4). 

IIo pe3YJIbTaTaM orrpe.n:eJIeHIDI YCJIOBHH pa3pymeHIDI KO~bI IIJIo.n:a 

apaxHca MO)l(HO c.n:eJIaTb cJIe.n:yroIQHe BbIBO.n:bI: 
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1. 3KcrrepHMeHTaJIbHble HCCJIe,l1;OBaHHe rrOK33aJIH, qTO rrpH a6COJIlOTHOH 

,lJ;e4>opMa~HH 0,045 - 0,055 MM rrpOHCXO,lJ;HT p33pymeHHe KO)l()'pbl 91 % 

cew.m ,lJ;HaMeTPoM 7,6 MM H 93 % - ,lJ;HaMeTPoM 7,54 MM. ITo ,lJ;aHHOH 

BeJI~HHe a6COJIlOTHOH ,lJ;e4>opMa~H B 3aBHCHMOCTH OT ,lJ;HaMeTPa ceWIH 

apaXHca CJIe.ZJ;yeT YCTaHaBJIHBaTb cooTBeTcTByroIQHH 3330p Me)l{.ZJ;y 

,lJ;HCKaMH, rrpH KOTOPOM 6Y,lJ;eT ocyrqecTBIDlThCH HaH60JIee rrOJIHOe 

p33pymeHHe KO)l()'pbI. 

2. Ha OCHOBe 3KCrrepHMeHTaJIbHbIX ,l1;aHHbIX rrOK33aHO (rrpHJIO)l(eHHe 4) qTO 

p33pymeHHe KO)l()'pbl ceWIH ,lJ;HaMeTPoM 7,6 H 7,54 MM, rrpOHCXO,lJ;HT 3a 

CqeT ,lJ;eHCTBHH HOPMaJIbHOH Harpy3KH, COOTBeTCTBeHHO, (2,6; 3,3; 3,9; 

4,5; 2,2) ·10-4 H H (3,5; 4,7; 5,9; 7,1; 8,3) ·10-4 H. 

3. Y CTaHOBJIeHbI 3HaqeHHH rrpe,lJ;eJIa rrporrop~OHaJIbHOCTH On H MO.ZJ;yJIH 

yrrpyrocTH E2 ceWIH apaXHca, KOTopble paBHbI )J;JIH ceWIH ,lJ;HaMeTPOM 

7,6 MM, COOTBeTCTBeHHO, (1,62 - 4,06) HlM2 H (0,21 - 0,77) .103 HlM2, 

,lJ;JIH ,l1;HaMeTPOM 7,54 MM - (6,25 - 6,48) HlM2H (0,81-1,18) ·103 H1M2. 

52~,--,-,-,,-,-.-~~~~ 

47~-r-+~--~*-4-~-+~~ 

42~-r-~~--~~4-~-+~~ 

37 '1--t--t------'ho..., 'I'-t-~----j--+__+--l 

32 '1--t-'-t--+-4J +---+--l_f-+-+--l 

27~-r-T __ ~~+-~~-+~~ 
22~-r-T~~~+-~~-+-A~ 

17~-r~~--~+-4--P~~~ 

12~-r~~--r-+-4-~~~~ 

7~~~~--r-+-4-~-+~~ 

2+-~~~-r~-+~~~~ 

0,04 0,045 0,05 0,055 0,06 dd, MM 

PlIc.4.8. PaCrrpe,lJ;eJIeHHe a6COJIlOTHOH ,lJ;e4>opMa~H ~d ceWIH rrpH p33pymeHHlI 

KO)l()'pbI C)l(aTlIeM: 1 -d = 7,60 MM; 2 - d = 7,54 MM 
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Pe3YJIbTaTbI 3aMepoB .n;aBJIeHIDI npe.n;CTaBJIeHbI B Ta6mru;e 4.6 

Ta6JIHI(a 4.6 

3a30p, MM .ll.aBJIeHHe 

MM. T .CT ilia 

7,5 74,8 10 

8,0 97,3 13 

8,5 119,7 16 

4.2. Pe3Y JIb TaTbI J1aOOpaTopuo-npOH3Bo,nCTBeUUbIX HCCJIe,nOBaHHH YCTauoBoK 

4.2.1. 3«1»«I»eKTHBUOCTb meJIYmeuHH ua YCTaUOBKe ,nHCKOBoro THna 

Ha Ka.pe.n;pe MexaHH3aI(HH pacTeHHeBo.n;cTBa B pr AY - MCXA npoBO,ll;HJI

HCb HCnbITaHIDI YCTaHoBKH .n;HCKOBOro Hma )l;JUI menymeHIDI H H3BJIeqeHIDI I(eJIb

Horo H.n;pa apaxHca, npe.n;cTaBJIeHHOH Ha pHcYHKe 3.1. 

TaIOKe B npIDIO)KeHHHX 5 H 6 nOKa3aH apaxHc B 060JIOqKax, 06MOJIOQeHHbIX 

H o6menymeHHbIX. 

I1ccJIe.n;oBaHIDI npOBO,ll;HJIHCb B ,ll;Ba :nana. Ha nepBoM :nane npoBo.n;IDIHCb 

o.n;Ho.paKTopHbIe 3KCnepHMeHThI, n03Bomno~e npH6JIH3HTeJIbHO onpe.n;eJIHTb 

06JIaCTb OnTHMaJIbHOH pa60TbI YCTaHoBKH. Ha BTOPOM 3Tarre npOBO,ll;HJIHCb 

MHoro.paKTopHble 3KCnepHMeHThI )l;JUI onpe.n;eJIeHIDI MaTeMaT~eCKOH Mo.n;eJIH 

rrpoI(ecca H 3HaQeHHii .paKTopoB, npH KOTOPbIX o6ecne~aeTcH HaH60JIbllaH 

3.p.peKTHBHoCTb pa60TbI YCTaHoBKH. 

Bce O,ll;Ho.paKTopHble OIlbITbI npOBO.n;HJIHCb B TPeXKpaTHoH nOBTopHOCTH. 

no pe3YJIbTaTaM onpe.n;emmcH cpe.n;HHii apH.pMe~ecKHii .n;eHCTBHTeJIbHbIH 

CTerreHHbI menymeHIDI H u;eJIOCTHOCTH H.n;pa (npHJIo)KeHIDI 7, 8 H 9). 

rpa.pHKH, 0TPa)KaIO~e 3aBHCHMOCTb CTeneHH menymeHHH H I(eJIOCTHOCTH 

H.n;pa OT H3MeHeHIDI Be.JIHlIHllbI paHee Ha3BaHHbIX ynpaBJIHeMbIX .paKTopoB, 

rrpHBe.n;eHbI Ha PHCYHKax 4.10. - 4.15. 

AHaJIH3HpYH pHc.4.9. - 4.14., 3aMeTHM, QTO C YBeJIHqeHHeM, 3a30pa Me)K)l;y 

.n;HCKaMH H .n;aBJIeHIDI B KaMepe npH pa3HbIX QaCToTax BpameHHii, CTerreHb 
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me.rryrneHIDI )'Be.JIH1IHBaeTCH, TOr,ll;a, KaK :u;eJIOCTHOCTb H)q)a YMeHbmaeTCH. 

,ll;aHHbIH rrOKa3aTeJIb 3aKOHOMepHO B03paCTaeT H YMeHbmaeTCH rrpH )'BeJIWleHHH 

qHCJIa 060POTOB ,ll;HCKa ,ll;0 630 MHH -I. 3'1'0 MO)I(HO 06'bHCHHTb TeM, qTO rrpH MaJIOH 

qaCTOTe Bpam;eHHH ,ll;HCKa, IIJIO,ll;bI MeHbme B3aHMO,ll;eHcTB)'lOT ,ll;pyr C ,ll;pyrOM, H 

rr03ToMY CpaBHHTeJIbHO 6b}cTPo ,ll;BHraIOTCH BH)'TPH KaMepbI H TaIOKe 6bIC'I'p0 

BbIXOMT H3 Hee. C )'BeJIWleHHeM qaCTOThI Bpam:eHHH ,ll;HCKa OHH 60JIbme 

BCTPeqaIOTCH H corrpHKacaIOTcH ,ll;pyr C ,ll;pyrOM, B pe3YJIbTaTe qero 

3a,ll;ep)KHBaIOTCH B rrpHeMHbIH KaMepe. 

& 



Pw,% 
100 

80 

60 

40 

20 

0 
5,5 

- P = 16 Kna 

92 

Z=7,5 MM 

7 8,75 

-- p=13Kna 

.. .. .. .. 

10,5 n, C 
-1 

- P = 10 Kna 

P OI Z= 8,0 MM 
w,ro ..... ----~----.---_,----_,----,_----r_--~----I 100 

40 ~----~---+----~----+---~-----r----+---~ 

20 ~----~---+----~----+---~-----r----+---~ 

o +---~~---+----~----+---~-----r----+---~ 
5,5 7 8,75 10,5 

- - P = 16 Kna --P = 13 Kna - - - P = 10 Kna 

Pw, % Z = 8,5 MM 

C -1 n, 

100------~--~----~----~----~--~----~----. 

~~~==-~~-~-~-~-~,.i-~~ 
80~----t.._~_~-:-~--r.-~,-----~--~----~--~ 

60 ~----~---+-----r----+-----~---+-----r--~ 

40 ~----~--_+----_r----+_----~--_+----_r--~ 

20 .-----r----+----~----+-----r----+----~--~ 

o+-----~--~----~----~----~--~----~--~ 
5,5 7 8,75 10,5 n, c -1 

- P = 16 Kna --P = 13 Kna - - P = 10 Kna 

PMC. 4.9 CTerreHb me.rryrneHIDI B 3aBMCMMOCTM OT qaCTOTbI BpaIIJ;eHIDI ,[UICKa 
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P14.JI' % 
Z=7,5MM 

70 

60 

50 

40 

30 

20 

10 

0 

-

tilt 

5,5 

P = 10 Kna 

7 8,75 

--P = 13 Kna - - P = 16 Kna 

10,5 
-1 

n,c 

P~.H,% Z = 8,0 MM 

P~.s:I, % 

60 ~--~~--~----.-----.----r----'-----r----' 

50 +-----~~~----~----~----r---~-----r--~ 
tilt """""'"- -40 +-----~-=~----~~--~----r_--~----_r--~ 

30 ~----+---~+-----~~--~----r---~----~----~ 

20 ~----+-----+-----~~~~~~~--~----~----~ 

10 ~----+-----+-----~----~----r-~~~~~----~ 

O+-----~--~~--~-----+----~----~----+---~ 

5,5 7 8,75 10,5 n, c-1 

- P = 16 Kna --P = 13 Kna - - P = 10 Kna 

Z = 8,5 MM 
45 ----~----~--~----~--~----~--~--~ 

40 ~-----~~-+----+_--~r_--_+----+_--~----~ 

35 4---~----~~~~---+----+----4----~--~ 

30 ~--~--~~--~~~~--~----~--~----1 

25 4---~----~--~~---+~~+----4----~--~ 

20 ~--~~~-r----~---T~=-~~~----~--~ 

- - - -15 ~--~----~--~----~--~~~~--~----1 

10 ~--~----~--~----~--~~~~-~~----1 

5 ~----~--~----~----+-----~---+~~~--~ 

O~--~----~----~---+----~--~----~--~ 
5,5 7 8,75 10,5 n, c -1 

- P = 10 Kna --P = 13 Kna - - P = 16 Kna 

P MC. 4.10. UeJIOCTHOCTb H,ll;pa B 3aBMCHMOCTM OT q aCTOTbI Bpam;eHHH ,ll;MCKa 



Pw,% 

Pw,% 
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- -

7.5 7.8 8.2 8.5 

--- n = 10,5 o6/ceK --n = 8,7 o6/ceK - - n = 7,0 o6/ceK 

P = 13 Kna 

100 ~--~-----.----,----,----'----'-----r---. --- - --- -
- - - -60 ~----~~-~-~=-~-~-----+-----r----~----~--~ 

40 ~----~--~-----+----~----+---~-----+--~ 

20 ~----+-----~--~-----+----~----~----+---~ 

O~----~--~~--~-----+----~----~----~--~ 
7.5 7.8 8.2 8.5 

Z,MM 

--- n =10,5 o6/ceK --n = 8,7 o6/ceK - - n = 7,0 o6/ceK 

P = 16 Kna 
120 ~----~---.-----.----.-----.----.-----.----. 

100 ~----+-----+----_-+---------~----~==~~~~----~ 

j-----l::~-~~;;-~~:::::t::::~~~:r::::J_--__J 80 

- - ----- --60 • -
40 

20 

0 
7 .S 7 .8 8 .2 8 .5 Z , MM 

--- n = 10,5 o6/ceK n = 8,7 o6/ceK - -n = 7,0 o6/ceK 

PHC. 4.11. CTerreH;l> merrymeHIDI B 3aBHCHMOCTb OT 3a30pa Me)K):O' ,l.(HCKaMH 
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P~.R . % 
P = 10 Kna 

70 
60!---~~--+---~----~---r----r---1I--~ - ...... 
50J-----~----~-=~-~--~~--__ ~~----r_----t_--~ 

40~---+~~*-~~----~--~--~~~~r---1 

301---t---~-=~~~~~--~~~--~ 
20~----~--~--.. ~----+-----r-~~~~-r----j --10~----~----~-----+----~~~-~~--~~-----t-----i 

O+---~----~--~----~--~~--~--~~--~ 
7,5 7,8 8,2 8,5 Z, MM 

- n = 7,0 o6/ceK --n = 8,7 o6/ceK - - n = 10,5 o6/ceK 

PL\.JI, % P = 13 Kna 
60 ~----~----~---'-----.-----r----'-----'----' 

50~-----~--~_~_--_----~----+------r-----+------r-----i --- --- -40 ~----~-----r-----+----~----~r-~--r-----+---~ -...... -30~----4-----4-----~-----r-----r-----r-----r----~ 

20 t--f~ .......... t--+9F:::t=t---i 
10.------r-----r-----+----~------r-----+-----+---~ 

- - - - - - - - - - - - - -0 

7,5 7,8 8,2 8,5 Z,MM 

- n = 7,0 o6/ceK --n = 8,7 o6/ceK - - n = 10,5 o6/ceK 

PL\.JI, % P = 16 Kna 

50 
45 -40 
35 
30 

...... - -- - --
25 
20 
15 
10 

5 -
0 - - - - - - - - -

7,5 7,8 8,2 8,5 Z, MM 

- n = 7,0 o6/ceK --n = 8,7 o6/ceK - - n = 10,5 o6/ceK 

PHcA.12. U:eJIOCTHOCTb 5I~pa B 3aBHCHMOCTH OT 3a30pa Me)l()O' ,n;HCKaMH 



96 

Pw,% n = 7 C- 1 

80 ~----~--~,---~----~----.-----.-----,----. - --70 ~----~----~--~~~~~~~~==~~---+----~ 

60 ~--~~~_~_~--'-~~~~~~~~~~-+---~ 
SO~-----+-----~---+----~-----r----~----T---~ 

40 ~----+-----r----+----~-----r----~----+---~ 

30 ~----+-----~---+----~----~----~----+---~ 

20 ~----+-----r----+----~-----r----~----+---~ 

10 ~----+-----~---+----~----~----~----+---~ 

O+-----~--~~--_+----_r----~----;_----T_--~ 

10 13 
- Z=8,SMM - - Z =7,S MM 

14,S 
--Z=8,OMM 

16 

Pw, % n = 8,7 c -1 
100 ------~--~----~~--~----.-----~--~----~ 

9S ~----+----4-----+----~----+-----~--~-----1 - --

Pw,% 

- --90 ~----~~==---~----+-----~---+----~----4---~ 

8S~--~ __ ~~~~~~t::j:::l--J 
~ - -- - -
~ - - - - - - - -80 ~----~~~~---+----~----~----~--~-----1 

7S ~----+---~~---+----~----+-----~--~-----; 

70+--~--~-~~-_P--~-_+--~-~ 
P, Kna 

10 13 14.S 16 - I Z = 8,S MM --Z = 8,0 MM - - Z = 7,S MM 

n=10Sc- 1 , 
98 ------~----~--~----~----~----~----~--~ 
97 ~--~~--_r----+-----~--_+----4_--~~--_1 

96 ~--~~--_r----+-----~--_+----~~~~--_1 

95 ~----+-----~--~----_+~~~~--~~~--4_--__1 .,. 
94~----~~--~~~~~ __ ~~--1 ...... .,. 
93 ~------b~_----''''=---+-"""",,-= .,. 
92 ~ _ _ _ --~~.,.~-+-----+----~----~--~ 

91 ~----+-----~--~----_+-----+-----r----4_--__1 

90 ~----+-----~--~-----+-----+-----r----;---__1 

89~--~----+----+----+---~----~--~~--~ 

10 13 14,5 16 
- Z=8,SMM --Z = 7,S MM - - Z = 8,S MM 

PllcA.l3. CTerreHb menymeHIDI B 3aBllCHMOCTH OT ,L(aBneHIDI B KaMepe 
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p~.~., % n = 7,0 c -1 

70~--~---,---,~~r---~---r--~--~ 

60l-----~--•• ~_=---+-----t---~-----t-----r-----1 

50t=~~~~ 40 •• 
30 l----+----~--~---+----+-~=r~~--~ 

20 ~---+----+---~----~---r--~----~--~ 

10 ~---+----+----+----~---r--~r---~--~ 

O+---~--_+----~--~--~--~----r-~ 

10 13 14,5 16 

- Z = 7,5 MM --Z = 8,0 MM - - Z = 8,5 MM 

n = 8,7 c-1 

p % 
LP1'30 _ --...------r----,-----,----r----,----,---, 

- - - -

10 13 14,5 16 

- Z = 7,5 MM --Z = 8,0 MM - - Z = 8,5 MM 

p~.~ , % n = 10,5 c -1 

9 ~--~--~---.--~--_.--_,---,--~ 

8 ~----~--~.~r_-_----~----+-----+-----~----~----~ . ""-'"-
7 ~----~----~----~~~-+.~--_+----_4------~--~ 

""-'"- -
6 .---~--~~~--~----1'~t---j_--1 
5 ~----~----~----~~~-+----_+----_4~~--~--_4 

4 ~----~~·~-~~~~----~~=--+----~----~~--~ 

3 ~----~----~----~--~~~--~~~_4------~--_4 

2 ~----~----~----~-----+----~~~_4~_=--~--_4 

1 ~----~----~----~----_+----_+----_4~=-__ ~--_4 
O+-----+-----~----~--~~--~----~----_+----~ 

10 

-
13 14,5 

I Z = 7,5 MM --Z = 8,0 MM - -

16 

Z = 8,5 MM 

PHc.4.14. l(eJIOCTHOCTh 51,l1;pa B 3aBHCHMOCTH OT ,l1;aBJIeHH5I B KaM epe 
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,l(mI OnTHMH3aU;HH KOHC'Tp)'KTHBHbIX H TeXHOJIOIWIeCKHX napaMe'TpOB 

YCTaHOBKH ,nHCKOBOrO THlla (KaMepa) 6bIJI CnJIaHHpOBaHbI H peaJIH30BaHbI 

aKTHBHb:rH 'TpeX<paKTOpHbIH 3KCnepHMeHT HenOJIHOH KBa;:t;paTHOH MO,lJ;eJIH, 

COrJIaCHO MeTO,lJ;HKe. TeXHOJIOIWIeCKHH npou;ecc me.rrymeHIDI OnTHMH3HpOBaJIH 

no MaKCHM)'MY CTeneHH me.rrymeHIDI (Yt). 

Pe3YJIbTaTbI 3KCnepHMeHTaJIbHbIX HCCJIe,lJ;OBaHHif npou;ecca Y,lJ;aJIeHIDI 

ceMeHHOH KO~bI apaXHca Ha YCTaHOBKe ,nHCKOBoro THna npHBe,lJ;eHhl 

(npHJIO)l(eHHe 8). 

,l(mI onpe,lJ;eJIeHIDI B03MO)l(HOCTH npoBe,lJ;eHIDI perpeccHoHHoro aHaJIH3a 

paCCQHTbIBaJIHCb O,lJ;HOPO,lJ;HOCTH ,lJ;HcnepCHH napaJIJIeJIbHbIX OllbITOB no KpHTepmo 

KoxpeHa no <poPMYJIe (3.25). 

YCJIOBHe GKp = Ga;m;n- l = O,516-Ta6J1HqHoe3HaQeHHe 

r,lJ;e a - 95 % = 0,05 ; m - 8; n - 3 

S 2 
G = w. .m a x 

w. L S ~ 
1,42 

5 ,4 5 
0,26 

nO~eHHhle 3HaQeHIDI Gill H Gu." CpaBHHBaJIHCb C Ta6JIHqHbIM npH BbI6paHHOM 

ypOBHe 3HaQHMOCTH a = 0,05 [42]. 

:. G w. .pac'l < G Kp - 0, 2 6 < 0, 5 1 6 

Ha OCHOBaHHH 3Toro rnnOTe3a 06 O,lJ;HOPO,lJ;HOCTH ,nHcnepcHH 

napaJIJIeJIbHbIX OnbITOB npHHHMaJIaCb. 

,n;HcnepcIDI BOCnpOH3BO,lJ;HMOCTH paBIDIJIaCb: 

5,45 = 0 68 
8 ' 

OmH6Ka 3KcnepHMeHTa COCTaBIliIJIa: 

S(Z)=~0,68 =0,82 

a 
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IToCJIe paCqeTa BCeX K03<p<pImHeHTOB ypaBHeHHe npHIDIJIO BH.n;: 

~ = 79, 7 + 14, ~ + 3,34~ +1, 8h; - 2, 6lx.~ +0, 013l;-X3 -} 

-D, 013~-X3 +0,34X;~ 
(4.1 ) 

~ nOJIHOrO <paKTopHoro 3KCnepHMeHTa ,l1;HCnepCHH ollIH6KH 

K03<p<PHD;HeHToB perpeCCHH onpe.n;eJUlJIHCb no <popM)'JIe (3.26) 

8 2 (ei) = 0 , 68 = 0 , 139 
lU J85 

):(anee onpe.n;emmaCb 3Ha~OCTb K03<p<pHn;HeHTOB no KpHTepmo 

CTblO.n;eHTa no BbIpIDKeHHlO (3.29). ):(mI qHCJIa cTeneHeH CB060,l1;bI 8 npH ypoBHe 

3Ha~OCTH q = 5% tkp = 2,31. ITPH BbillOJIHeHHH YCJIOBIDI 1:p > tkp , Tor.n;a TOJIbKO 

K03<P<PHD;HeHTbI npH3HaBaJIHCb 3HaqHMbIMH, BO,l1;HJIHCb B ypaBHeHHe. 

ITocJIe HCKJIIOQeHIDI CTaTHCT~eCKH He3HaqHMbIX K03<p<pHn;HeHTOB 

ypaBHeHHe perpeccHH (4.1) npHIDIJIo BH,l1;: 

~ =79, 7+14,~ +3,34-X2 +1,8h; -2,6~-X2} (4.2) 

ITonyqeHa <P)'HKI1:IDI B 3aBHCHMOCTH OT HaTYPanbHbIX 3HaQeHHif <paKTOPOB: 

Z =79, 7+14,2n +3,34z+1,8IP-2,61nz} (4.3) 

ITonyqeHHble ypaBHeHIDI npOBepHJIHCb Ha a.n;eKBaTHOCTb. B npHJIO)I(eHHe 6 

npe.n;CTaBJIeHbI pe3YJIbTaTbI paCQeTa a.n;eKBaTHOCTH. 

):(HcnepcHH a.n;eKBaTHOCTH, BbJqHCJIeHHble no <popM)'JIe (3.27), COCTaBHJIH: 

8 2 1,0 0 2 
ao (ut) - 4 = , 5 

A,n,eKBaTHoCTb Mo.n;eJIH npOBepHJIaCb no BbIpa)I(emflO (3 .28). 

rHllOTe3a 06 a.n;eKBaTHOCTH ypaBHeHIDI (4.2) 6bIJIa npHIDITa npH ypoBHe 

3HaQHMOCTH 0,05 (KpHTepHH <l>HIIIepa - F Ta6Jl = 3,04) TOJIbKO ,l1;JIH napaMeTPa 

OnTHMH3a:qHH (Y.) npH BhInOJIHeHHH YCJIOBIDI: 

0,25 
F pac'l(ut) = = 0,37 < F ma6J/ = 3,04 

0,68 



100 

AHaJIH3 ypaBHeHIDI (4.1) perpeccHH ,n;IDI IIapaMe1'pa OIITHMH3aU;HH (Y1) 

nOKa3aJI, qTO C YBeJIMeHHeM qaCTOTbI BpaIIJ,eHIDI ,WICKOB, 3a30pa Me)l()1y ,n;HcKaMH 

H ,n;aBJIeHIDI B KaMepe CTeneHb menymeHIDI KID YBeJI~BaIOTCH, TaK KaK 

K03cpCPHUHeHThI b}, b2, H b3 IIpH XI, X2 H X3 IIOJIo)IGfTeJIbHbI. IIpMeM 

HaH60JIbmee BJIHHHHe Ha KID OKa3bIBaeT qaCTOTa BpaIIJ,eHIDI ,n;HCKOB n, TaK KaK 

I btl>1 b21 H I b31. B3aHMo,n;eHcTBHe cpaKTOpOB OKa3arrOCb Hecym.eCTBeHHbIM. 

IIo pe3YJIbTaTaM 3KCIIepHMeHTa 6bIJIH Haii,n;eHbI napaMe1'pbI YCTaHoBKH 

,n;HCKOBoro THlIa, 06eCIIeqHBaIOIIJ,He MaKCHMaJIbHbIH 3<p<peKT y,n;arreHIDI KO)l()'pbI 

apaxHca. CTeneHb menymeHIDI HMeeT HaH60JIbmee 3HaqeHHe 97,87 % IIpH 

qaCTOTe BpaIIJ,eHIDI ,WICKa 620 MHH-
1
, 3a30pe 8,0 MM H ,n;aBJIeHHH B KaMepe 13 KIla. 

AHarrH3 Mo,n;eJIH (4.3) IIOKa3bIBaeT, qTO HaH60JIbme BJIIDIHHe B 3a,n;aHHOM 

HHTepBaJIe BapbHpoBaHIDI cpaKTOpOB Ha IIapaMe1'p OIITHMH3aQHH OKa3bIBaeT 

qaCTOTa BpaIIJ,eHIDl. MeHbme BJIIDIHHe OKa3bIBaeT ,n;aBJIeHHe B KaMepe. 

OrpHUaTeJIbHblH 3HaK IIepe,n; K03<P<PHUHeHToM YKa3bIBaeT Ha YMeHbmeHHe 

napaMe1'pa OnTHMH3a:qHH IIpH B03paCTaHHH <paKTopa, 

nOJIO)l(HTeJIbHbIH - Ha B03pacTaHHe. 

AHaJIH3 nOBepXHocTeH OTKJIHKOB, npe,n;cTaBJIeHHbIX Ha pHcYHKe 4.15., 

y,n;o6HeH IIPOBO,WITh C IIOMOIIJ,b1O ,n;B)'XMepHldX CeqeHHH, KOTopble IIpe,n;cTaBJIeHbI 

Ha pHcYHKe 4.17. IIPH IIoc1'poeHHH 3THX rpa<pHKoB O,WIH <paKTop no,n;CTaBlliIJIH Ha 

OliTHMarrbHOM ypoBHe, H paccMa1'pHBaJIH ,n;Ba ,n;pyrHX. 

PaccMo1'peHHe npe,n;cTaBJIeHHbIX ,n;B)'XMepHbIX CeqeHHH ,n;aeT HarIDI,n;HOe 

npe,n;cTaBJIeHHe 0 3HaqeHIDIX KpHTepIDI OIITHMH3aqRH, KOTopble OH 6y,n;eT 

npHHHMaTb npH BapbHpoBaHHH ypoBHeH Ka)l(,D;OH IIapbI <paKTOPOB. 

,L(mI y,n;o6cTBa HarIDI,n:HOCTH H HHTeplipeTaU;HH IIonyqeHHbIX pe3YJIbTaTOB 

6b1JIH rrOCTpoeHbI rroBepXHocTb OTKJIHKa (rrapaMerpa OrrTHMH3al(HH) H 

,n;BYMepHble CeqeHIDI rroBepXHOCTH OTKJIHKa [51], ,n:IDI qero B 

MaTeMaTHqeCKOH Mo,n:eJIH 3KcrrepHMeHTa O,n:HH ~aKTop rro,n:CTaBIDIJIH Ha 

OrrTHMa.JIbHOM ypoBHe, H paccMarpHBaJIH ,n:IDI ,n:pyrHX. ,L(mI rrocTpoeHIDI 

rpa4>~ecKoH HHTeprrpeTal(HH rronyqeHHoH MaTeMaT~ecKoH Mo,n:eJIH 
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HCnOJIb30BarraCh nporpaMMa Statgraphics Plus verSlOn 2.1 for Windows. 

IIoBepXHocTh OTKJlHKa, nOCTpoeHHasI B Koop)l;HHaTax <i>aKTopoB, 

H306pIDKeHa Ha pHc.4.IS., a )l;B)'MepHhle CeqeHHH nOBepXHocTH OTKJlHKa 

Ha pHc.4.I6. TaIOKe rpa<pmrn: H3MeHeHIDI CTeneHH menymeHIDI apaxHca (YI = 

Y ill' %) B 3aBHCHMOCTH OT <paKToPOB (pHcA.I7). 

99 r------+ ________ ~ 

89 

yl 79 

69 
8.p,5 

..8 1 ' 
'] 77,':TX2 

500 540 580 620 660 7,5 ' 

x l 
a) TIoBepxHOCTh OTKJIHKa Y = f(XI; Xl) npH X3 = 0 

103 r---t------
93 

YI 
83 

x l 

a) TIoBepxnoCTh OTKJIHKa Y = f(XI; X3) npH X2 = 0 

88r----i--__ -=~~~ 86 
Y1 84 

82 

80 

x2 
a) TIoBepxnocTh OTKJIHKa Y = f(X2; X3) npH Xl = 0 

PHcA .15. rpa<pWIecKoe H306pIDKeHHe nOBepXHOCTH OTKJIHKa, xapaKTepH3)'IOm;eif 
3aBHCHMOCTb CTeneHH menymeHIDI OT: a) qaCTOTbI Bpam;eHIDI ,WfCKa (xl) H 3a30pa 
Me)I(.DY ,n;HCKaMH (x2); 6) qaCTOTbI Bpam;eHlUl ,WfCKa (xl) H ,n;aBJIeHHe B KaMepe 
(x3); B) 3a30pa Me)l(,[()' ,n;HCKaMH (x2) H ,n;aBJIeHHe (x3) 
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a) H30JlHHHH uapaMeTphI Y (%) Ha UJlOCKOCTH Xl - X3 npH X2 = 0 
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7,5 7,7 7,9 8,1 8,3 8,5 

x2 
a) H30JlHHHH uapaMeTphI Y (%) Ha UJlOCKOCTH X2 - X3 UpH Xl = 0 

PHc.4.16. ,[(BYMepHhIe ce-qeHIDI nOBepXHocTH oTIOIHKa, xapaKTepH3)'IOm;eif 

3aBHCHMOCTh CTeneHH me.rryrneHIDI OT: a) -qaCTOTbI Bpam;eHIDI ~CKa (Xl) H 3a30pa 

Me)l(.lO' ~CKaMH (X2); 6) -qaCTOThI Bpam;eHIDI ,[.(HCKa (Xl) H ,[.(aBJIeHHe B KaMepe 

(X3); B) 3a30pa Me)l(,lO' ,[.(HCKaMH (X2) H ,[.(aBJIeHHe (X3) 
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PMcA.1 7. rpa<pMKM M3MeHeHIDI CTeneHM rne.rryrneHIDI apaxMca (Y I = Y ill' %) B 

3aBMCMMOCTM OT: a - qaCTOTbI Bpam;eHIDI ,lJ;MCKa (Xl = n, MMH-
1
); 6 - 3a30pa Me:>K,ZJy 

,lJ;MCKaMM(X2 = z, MM); B - ,lJ;aBJIeHIDI B KaMepe eX3 = P, ilia) 
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,l1.BYMepHble CeqeHIDI ,n:alOT HarIDI,n:Hoe IIpe,n:cTaBJIeHHe 0 3HaqeHIDIx 

KpHTepIDI OIITHMH3al(HH, KOTopble OH 6y,n:eT IIpHHHMaTb, IIpH 

BapbHpoBaHHH YPoBHeH Ka)l()J;OH IIapbI <paKTopOB. 

TaK, eCJIH ,n:Ba <paKTOpa X2 H X3 HaxO,z:vITClI Ha CBOHX OilTHMaJIbHbIX 

3HaqeHHlIX X2 = 8,0 MM H X3 = 13 ilia (PHc.4.l7a), TO BH,n:HO, qTO TOqKa C 

TaKHMH Koop,n:HHaTaMH JIe)J(HT BHYTPH JIHHHH Y = 97,87 %. AHaJIOrHqHO, 

eCJIH ,n:Ba <paKTopa Xl H X3 HaXO,z:vITClI Ha CBOHX OIITHMaJIbHbIX 3HaqeHIDIX 

Xl = 540 MHH-
1 

H X3 = 13 Klla (pHc.4.l76), TO BH,n:HO, qTO TOqKa C TaKHMH 

Koop,n:HHaTaMH JIe)J(HT Me)l()J;y JIHHIDIMH Y = 84 % - 85 %. TaK)J(e, eCJIH ,n:Ba 

<paKTopa Xl H X2 HaxO,z:vITClI Ha CBOHX OilTHMaJIbHbIX 3HaqeHHllX Xl = 540 

MHH-
1 

H X2 = 8,0 MM (pHc.4.l7B), TO BH,n:HO, qTO TOqKa C TaKHMH 

Koop,n:HHaTaMH JIe)J(HT Me)l()J;y Y = 83,5 % - 85%. 

4.2.2. BLIBOJJ.LI no CTeneUH meJIymeuHH: Ilo pe3YJIbTaTaM 

JIa60paTopHoro MHoro<paKTopHoro 3KCIIepHMeHTa YCTaHOBKH ,n:JIlI 

menymeHIDI apaXHca MO)J(HO c,n:eJIaTb CJIe,n:yIOIl(He BbIBO,n:bI: 

• 3KcIIepHMeHTaJIbHble HCCJIe,n:OBaHIDI IIpOl(eCCa menymeHIDI 

IIJIO,n:OB apaXHca Ha YCTaHoBKe ,n:HCKOBoro THIIa II03BOJIHJIH 

H3yqHTb BJIIDIHHe OCHOBHbIX <paKToPOB: qaCTOTbI BpaIl(eHIDI 

,n:HCKa, 3a30pa Me)l()J;y ,n:HCKaMH H ,n:aBJIeHIDI B KaMepe Ha 

CTeneHb menymeHIDI. 

• AHaJIH3 ypaBHeHIDI perpeccHH IIOKa3aJI, qTO HaH60JIbme 

BJIHlIHHe Ha rrapaMeTP OIITHMH3al(HH OKa3bIBaeT 3a30p Me)l()J;y 

,n:HCKaMH, C YMeHbmeHHeM KOToporo CTeIIeHb menymeHIDI 

B03pacTaeT; 

• HaHMeHbme BJIIDIHHe Ha CTeIIeHb menymeHIDI OKa3bIBaeT 

,n:aBJIeHHe B KaMepe; 

• IlpH y,n:aJIeHHH KO)l(JpbI apaXHca CTeIIeHb menymeHHlI 



105 

,n;ocTHraeT 3HaqeHIDI 97,87 % IIpH 3a30pe Me)l():O' ,n;HCKaMH 8,0 

MM H ,n;aBJIeHHe B KaMepe 13 ilia. 

):(mI OIITHMH3aU;HH KOHC'TpYKTHBHbIX H TeXHOJIO~eCKHX IIapaMe'TpoB 

YCTaHOBKH ,n;HCKOBoro THIIa (KaMepa) ,n;IDI IIonyqeHIDI u;eJIOCTHOCTH jJ):(J)a 6bIJI 

CIIJIaHHpOBaHbI H peaJIH30BaHbI aKTHBHbIH 'TpexQ>aKTopHbIH 3KcIIepHMeHT 

HellOJIHOH KBa.n;paTHoH Mo,n;eJIH. TeXHOJIO~eCKHH IIpou;ecc H3BJIeqeHIDI u;eJIbHOrO 

51.n;pa 0llTHMH3HpOBaJIH 110 MaKCHMYMY u;eJIOCTHOCTH jJ):(J)a H (Y 2). 

Pe3YJIbTaTbI 3KCllepHMeHTaJIbHbIX HCCJIe,n;OBaHiiH npou;ecca 1I0nyqeHH5I 

u;eJIOCTHOCTH Mpa apaxHCa Ha YCTaHOBKe ,n;HCKOBOrO THlla npHBe,n;eHbI B 

IIpHJIQ)KeHHe 9. 

):(mI ollpe,n;eJIeHIDI B03MO)I(HOCTH rrpoBe,n;eHH5I perpeccHoHHoro aHaJIH3a 

paCCQHTbIBaJIHCb O,n;HOPO,n;HOCTH ,n;HcllepcHii lIapaJIJIeJIbHbIX OllblTOB 110 KpHTepmo 

KoxpeHa 110 Q>opMYJIe (3.25). 

YCJIOBHe GKP - G a ;m;n- l = 0,516 - Ta6JIHqHoe 3HaQeHHe 

rITe a - 95 % = ° 05 . m - 8· n - 3 ,..., ", 

S 2 
G = II . R . ma x 

II .
R

. '" S 2 
L...J II. R . 

1, 32 

4,07 
0,32 

ilonyqeHHble 3HaQeHIDI Gill H GI.U CpaBHHBaJIHCb C Ta6JIHqHbIM IIpH BbI6paHHoM 

ypOBHe 3HaQHMOCTH a = 0,05 [44]. 

G 1J . R . paC'l < G Kp = 0, 3 2 < 0, 5 1 6 

Ha OCHOBaHHH 3Toro rHIIOTe3a 06 O,n;HOPO,n;HOCTH ,n;HCllepCHH 

lIapaJIJIeJIbHbIX OIIblTOB rrpHHHMaJIaCb. 

,l1;HcllepCH5I BOCllPOH3BO,n;HMOCTH paBH5IJIaCb: 

~ S2 
:. S2 = L...J Ij.R = 4,09 = 0 51 

e(Ij.Jl ) h 8 ' 

OIIIH6Ka 3KCIIepHMeHTa COCTaBIDIJIa: 
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IIocJIe paCqeTa BCeX K03<pqnru;HeHToB ypaBHeHHe rrpHIDIJIO BH,lI;: 

~.Jl =24,34-19, 7x.. -5,35-X2 -3,87X3 +3,23x..-X2 +2,604x..X3 +} 

-tD,354-X2X3 -1, 02x;-X2X3 ( 
4

.4) 

~ nOJIHOrO <paKTopHoro 3KCnepHMeHTa ~cnepcHH ollIH6KH 

K03<p<p1fu;HeHToB perpeccHH orrpe.n;eJUIJIHCh no <poPMYJIe (3.26) 

S 2 (ei)= 0, 51 =0104 
1/ . 11 .J83 ' 

,n;aJIee onpe.n;emrnaCh 3Ha~OCTh K03<P<PHQHeHTOB no KpHTepmo 

CThlO.n;eHTa no BhlpIDKeHmo (3.29). ~ ~CJIa cTeneHeii CBo6o,ZJ;hI 8 npH ypoBHe 

3HaqHMOCTH q = 5% tkp = 2,31. IIpH BhIITOJIHeHHH YCJIOBIDI tp > t kp , Tor .n;a TOJIhKO 

K03<P<PHQHeHThI rrpH3HaBaJIHCh 3Ha~hIMH, BO)UUlHCh B ypaBHeHHe. 

IIocJIe HCKJIIOQeHIDI CTaTHCT~eCKH He3HaQHMhIX K03<P<PHQHeHTOB 

ypaBHeHHe perpeccHH (4.1) npHIDIJIO BH,lI;: 

~.R = 24,34 -19, 7 Xj - 5, 35x2 - 3, 87 ~ + 3, 23XjX2 + 2, 604Xjx3 } (4.5) 

IIonyqeHa <PYHKIJ;IDI B 3aBHCHMOCTH OT HaTYPaJIhHhIX 3HaQeHHii <paKTOPOB: 

y".R = 24,34 -19, 7n - 5,35z - 3,87 P + 3, 23nz + 2, 604nP} (4.6) 

IIonyqeHHhle ypaBHeHIDI rrpOBepIDIHCh Ha a.n;eKBaTHOCTh. B npHJIo)J(eHHe 10 

npe.n;cTaBJIeHhI pe3YJIhTaThI paCQeTa a.n;eKBaTHOCTH. 

,n;HcnepcHH a.n;eKBaTHOCTH, Bh~CJIeHHhle no <popMYJIe (3.27), COCTaBHJIH: 

S 2 =8 , 5=213 
aO(lI . R ) 4 ' 

A,ZJ;eKBaTHoCTh Mo.n;eJIH npOBepHJIaCh no Bhlpa)J(eHmo (3 .28). 

IIapaMe'Ip OnTHMH3aI(HH (Y2) npH ypoBHe 3Ha~OCTH 0,05 (KpHTepHii <l>Hmepa 

- F Ta6JI = 3,04) He BhIITOJIHHJI YCJIOBIDI mnOTe3hI 06 a.n;eKBaTHOCTH: 

TaK KaK HenOJIHaH KBa.n:paTHaH Mo.n;eJIh .D:JIH napaMe'Ipa OnTHMH3a:r.urn (Y2) npH 

ypOBHe 3Ha~OCTH 0,05 (KpHTepHii <l>Hmepa - F rn6JI = 3,04) He BhIITOJIIDIJI 
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YCJIOBIDI nmOTe3bI 06 a,ll;eKBaTHOCTH (npHJIO)l(eHHe 11), npHXo,ll;HM K 

HeKOMrr03HlJ;liOHH0M)' TPexypoBHeB0M)' nJIaRY EOKca - EeHKHHa. ,[(mI 

orrpe,ll;eJIeHIDI B03MO)l(HOCTH rrpoBe,ll;eHIDI perpeccHBHoro aHaJIH3a paCClJRTaHbI, 

O,ll;HOPO,ll;HOCTb ,lI;HCrrepCHH rrapaJIJIeJIbHbIX onblTOB no KpHTepmo KoxpeHa [44, 

G 1,82 ° 3 121]. llpH 3TOM HMeeM Ta6JIWlHOe '4 .11 = 5 97 = , . PaCqeTHOe 3HaqeHHe , 

KpHTepIDI KoxpeHa GI.\.lI cpaBHHBaeM C Ta6JI~HbIM GTa6J1 ,lI;IDI CTeneHH cB060,ll;bI 

QHCJIHTeIDI fl = 2 H fl = N = 15. llPH Bbl6paHHoM ypoBHe 3HaqHMOCTH a. = 0,05, 

rronyqHM G Ta6J1 0,3346. BH,lI;HM, qTO G Ta6n>GI.\.1I, CJIe,ll;OBaTeJIbHO, rHIIOTe3a 06 

O,ll;HOPO,ll;HOCTH ,lI;HCnepCHH BocnpOH3BO,ll;HMOCTH (npHllO)l(eHHe 13) orrblTOB 

rrpHHHMaeTCjI. OrclO,lI;a ,lI;HCnepCIDI BOCnpOH3BO,ll;HMOCTH 

2 5,97 ~ 
S8(/f.1I) = 15(3-1) = 0,2, TOr,ll;aOIIIH6Ka3KCnepHMeHTa S(~.1I)=vO, 2 =0, 45. 

B pe3YJIbTaTe BToporo 3Tana 3KCrrepHMeHTOB H rrOCJIe,D;ylOII.J.ero paCqeTa Ha 

HX OCHOBe Be~H K03<p<pHIJ;HeHTOB ypaBHeHIDI perpeccHH npH rrOMOIIJ;H 

rrporpaMMbI «SPSS»: 6brna nonyqeHa MaTeMaT~eCK~ MO,ll;eJIb HCCJIe,D;yeMoro 

rrpou;ecca B BH,lI;e ypaBHeHIDI perpeccHH BToporo nopjl,ll;Ka, HMelOII.J.~ BH,lI;: 

Y = 20,1 + 12,24~2 + 10,84x~ + 10,67X: -10,14~ +} 
+2,09x2 -2,81x3 +0,66~X2 +0,89~~ +0,27x2~ (4.7) 

Pe3YJIbTaTbI ,lI;HCnepCHoHHoro aHaJIH3a nonyqeHHoH MaTeMaT~eCKOH 

MO,ll;eJIH rrpHBe,ll;eHbI B Ta6JI. 4.7 H (rrpHJIO)l(eHHe 14). 

Pe3 JIbTaTbI ,lI;HCrre CHOHHoro aHaJIH3a 

I1cToqsHK CYMMa CTerreHH Cpe,ll;HHH 

paCCejlHIDI KBa,D;paToB CB060,ll;bI KBa,ll;paT 

9616,83 10 961,683 
OCTaTOK 1717,29 5 343,458 
C Ma 11334,12 15 

Ta6JIHu;a 4.7 
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CpaBHHBruI paCqeTHOe OTHomeHHe cpe,lUlHX KBa.n:paToB (F p) H KpHT~ecKoe 

3HaqeHHe F - OTHomeHIDI (rrpH 5% - HOM ypOBHe 3Ha~OCTH H CTeneHHbI 

CBo6o~bI fl = 10 H f2 = 5), 3aMeTHM, qTO FO,95 = 4,7. Tor~a Fp < FTa6. = 2,8 < 4,7. 

Cne~oBaTenbHo, rHIIOTe3a 0 Hea~eKBaTHOCTH ypaBHeHIDI He nO~BepraeTCH. 

Tor~a ~enaeM BbIBO~, qTO, KBa~aTHoe rrpH6nH:>KeHHe OKa3bIBaeTCH 

y~oBneTBopHTenbHbIM H nonyqeHHe perpeccHH C BepOHTHOCTbIO 95 % MO:>KHO 

CqHTaTb a~eKBaTHbIM peanbHoMY npou;eccy. 

Cne~oBaTenbHo, rHIIOTe3a 0 Hea~eKBaTHOCTH ypaBHeHIDI He no~epraeTCH. 

Tor~a ~enaeM BbIBO~, ~O, KBa~aTHoe rrpH6nH:>KeHHe OKa3bIBaeTCH 

y~oBneTBopHTenbHbIM H nonyqeHHe perpeccHH C BepOHTHOCTbIO 95 % MO:>KHO 

CqHTaTb ~eKBaTHbIM peanbHoMY rrpou;eccy. 

3HaqHMOCTb K03ti>ti>HQHeHTOB nonyqeHHoro ypaBHeHIDI rrpoBepHnaCb no 

KpHTepHIO CTbIO~eHTa. K03ti>ti>HQHeHTbI Mo~enH perpeccHH CqHTaIOTCH 

3Ha~bIM, eCnH paCqeTHble 3HaqeHIDI 1p , 60nbme tkp(Ta6n) KpHTepIDI Ta6n~oro, 

paBHoro 2,06 ~AA YPOBHH 3Ha~OCTH P = 0,05 [1,44, 121]. 

TIocne OTceBa He3HalffiMbIX K03ti>ti>HQHeHTOB MaTeMa~eCKruI MO~enb 

npou;ecca HMeeT BH~: 

~.J! = 20,1 + 12, 24~2 + 10, 84.x; + 10,67.x:: -1 0, 14~ + 2, 09~ - 2, 8~ (4.8) 

AHanH3 Mo~enH (4.8) nOKa3bIBaeT, qTO HaH60nbme BnHHHHe B 3a~aHHOM 

HHTepBane BapbHpoBaHIDI ti>aKTOpOB Ha napaMe1p OnTHMH3aQHH OKa3bIBaeT 

qaCTOTa BpaIIJ;eHIDl. MeHbmee BnHHHHe OKa3bIBaeT ~aBneHHe B KaMepe. 

OrpHu;aTenbHbIH 3HaK nepe~ K03<i><i>HQHeHTOM YKa3bmaeT Ha YMeHbmeHHe 

napaMe1pa OnTHMH3aQHH rrpH B03pacTaHHH H3yqaeMoro <i>aKTopa, 

nOnO:>KHTenbHbIH - Ha B03pacTaHHe. 

AHanH3 IIoBepXHocTeii OTKnHKOB, rrpe~cTaBneHHbIX Ha pHcYHKe 4.19, 

y~o6HeH npoBo~HTb C nOMOIIJ;bIO ~)'XMepHbIX ceqeHHii, KOTopbIe IIpe~CTaBneHbI 

Ha pHCYHKe 4.20. TIPH IIOC1poeHHH 3THX rpa<i>HKoB o~ ti>aKTop IIO~CTa~ Ha 

OIITHManbHOM ypOBHe, H paCCMa1pHBanH ~a ~yrHX. 

PaccMo1peHHe rrpe~CTaBneHHbIX ~B)'XMepHbIX CeqeHHH ~aeT Har~Hoe 

IIpe~CTaBneHHe 0 3HaqeHIDIX KpHTepIDI OIITHMH3aQHH, KOTopbIe OH 6y~eT 

& 
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rrpHHHMaTb rrpH BapbHpoBaHHH ypoBHeii Ka.x<,lJ;oii rrapbI cpaKTopoB. 

C u;eJIblO onpe)l;eJIeHIDI qHCJIOBbIX 3HaqeHHii OCHOBHbIX cpaKTOpOB n, Z H P, 

o6eCneqHBalOIIJ;HX HaH6oJIbmyIO 3cpcpeKTHBHocTb pa60TbI YCTaHoBKH, Ha OCHOBe 

rro~eHHoii MO)l;eJIH COCTaBJIeHa CHCTeMa )l;HcpcpepeHu;HaJIDHbIX ypaBHeHHii: 

ay 
24 , 48 X 1 -10 , 14 0 

ax) 

ay 
21 , 68 X 2 + 2 , 0 9 0 

ax 2 (4.9) 

ay 
2 1 , 34 X 3 - 2 , 81 0 

aX 3 

ilocJIe rrpHpaBHHBaHIDI qaCTHbIX rrpOH3BO)l;HbIX K HYJIIO H pemeHIDI 

CHCTeMbI ypaBHeHHii OTHOCHTeJIbHO HeH3BeCTHbIX 6bIJIH orrpe)l;eJIeHbI 

OnTHMaJIbHble cpaKTopOB, 

rrpou;ecca u;eJIeBOrO aprurnca: 

x; = 0,414; X2 = - 0,096; X3 = 0, 132. ~ y)l;06CTBa HHTeprrpeTau;HH rro~eHHbIX 

pe3YJIbTaTOB OrrTHMaJIDHble 3HaqeHHe paCKO)l;HpOBaHbI: qaCTOTa Bpam:eHIDI )l;HCKOB 

n = 571,2 MHH-
1

; 3a30p Me)l()l;y )l;HCKaMH Z = 7,95 MM H )l;aBJIeHHe B KaMepe 

P = 13,4 Kiia. CTerreHb u;eJIOCTHOCTH H)l;pa rrpH )l;aHHbIX 3HaqeHlliIX 

rrapaMeTPOB rrO~HJICH 17,62 %. 

,l(.JuI HarJUI)l;HOCTH pe3YJIbTaTbI 6bIJIH rroc1poeHbI rroBepXHocTb 

OTKJIHKa (rrapaMe1pa orrTHMH3a:U;HH) H )l;BYMepHble CeqeHHH rroBepXHocTH 

OTKJIHKa [51, 121], )l;lliI qero B MaTeMaTHqeCKOH MO)l;eJIH 3KcrrepHMeHTa 

O)l;HH <paKTop rrO)l;CTaBJUIJIH Ha OrrTHMaJIbHOM ypoBHe, H paccMaTpHBaJIH 

)l;JUI )l;pyrHX. ,l(.JuI rrOC1poeHHH rpa<pHqeCKOH HHTeprrpeTa:u;HH rronyqeHHoH 

MaTeMaTHqeCKOH MO)l;eJIH HCIIOJIb30BaJIaCb rrporpaMMa Statgraphics Plus 

version 2.1 for Windows. TIoBepXHocTb OTKJIHKa, rroc1poeHHaH B 

KOOp)l;HHaTaX <paKToPOB, H306pa)I(eHa Ha pHc.4.18, a )l;BYMepHble CeqeHHH 
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IIOBepXHOCTH OTKJIHKa - Ha pHc.4.19 H rpacpHKH H3MeHeHIDi CTeneHH 

n;enOCTHOCTH H,ll;pa (Y2 = Y 11.'" %) B 3aBHCHMOCTH OT CPaIITOPOB Ha pHcA.20. 

50~ __ ~~~~ ______ -/ 

y 

40 
30 

20 

10 
o ~~;;;;:- 9 -p.J 

-1 0 .l-;;-:--~~- ---:=='==::::::b-'" -.. -0 €p.-' - x2 
-1 -0.6 -0,2 0,2 0,6 -1 ' 

xl 

a) llOBepmOCTL OTKJlUKa Y = f(XI; Xl) npH X3 = 0,132 

51r---~~~~ ______ ~ 
41 

Y 31 
21 

11 

1 ~~~7;:'q ,p.d 
.~-:::-~~=Z::'::::::::j; -0 eP,-'-

-0.2 0,2 0.6 -1 ' x3 

xl 

6) lloBepxHocTL OTKJlHKa Y = f(Xl; X3) npH Xl = - 0,096 

y 

30 ~_/~:::--___ .....,./ 
25 
20 

15 

10 

5 

-0,6 -0,2 O? ,- 0,6 

x2 
6) lloBepxHocTL OTKJlUKa Y = f(X2; X3) npH Xl = 0,414 

PHcA.18 .. rpacpWleCKoe H306pa)l(eHHe nOBepXHocTH OTKnHKa, xapaKTepH3yJOIIJ;eii 

3aBHCHMOCTh CTerreHH n;enocTHocTH Mpa OT: a) qaCTOThI BpaIIJ;eHHH ,ll;HCKa (xl) H 

3a30pa Me~ ,ll;HCKaMH (x2); 6) qaCTOThI BpaIIJ;eHHH ,ll;HCKa (xl) H ,ll;aBneHHe B 

KaMepe (x3); B) 3a30pa Me~ ,ll;HCKaMH (x2) H ,ll;aBneHHe (x3) 
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1 

0,6 

x2 0,2 

-0,2 

-0,6 

-1 
-1 -0,6 -0,2 0,2 0,6 1 

xl 
a) IbOJlHOHB oapaMeTphl Y (%) oa OJlOCKOCTH Xl- X2 OpH X3 = 0,132 

1 

0,6 

x3 0,2 

-0,2 

-0,6 

-1 

-1 -0,6 -0,2 0,2 0,6 1 

xl 
6) a) H30JlHHHH OapaMeTphl Y (%) oa OJlOCKOCTH Xl- X3 OpH X2 = - 0,096 

x3 

-1 -0,6 -0,2 0,2 0,6 1 

x2 
B) a) H30JlHOHH oapaMeTphl Y (%) oa OJlOCKOCTH X2 - X3 npH Xl = 0,414 

PHC.4 .19. ,l(BYMepHbIe CeqeHIDI rroBepXHocTH OTKJIHKa, xapaKTepH3)'lOIQe:i1: 

3aBHCHMOCTb CTerreHH :u;eJIOCTHOCTH HJWa OT: a) qaCTOTbI BpaIQeHIDI .n;HCKa (Xl) H 

3a30pa Me)l()Jy .n;HCKaMH (X2); 6) qaCTOTbI BpaIQeHIDI )l;HCKa (Xl) H .n;aBJIeHHe B 

KaMepe (X3); B) 3a30pa Me)l()Jy )l;HCKaMH (X2) H .n;aBJIeHHe (X3) 
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80 

60 -4-- ---

YZ I 
40 

20 

0 
-1 -0,6 -0,2 0,2 0,6 1 

Xi 

a) TIPH X2 = - 0,096 H X3 = 0,132 

80 -t- - -1--

60 H---~--+--~-~r---H 

YZ 40 H---~--+--~-r-~--Y 

20 f-l::-------1i---

-1 -0,6 -0,2 0 ,2 0,6 1 

Xz 

6) TIPH Xl = 0,414 H X3 = 0,132 

80 ---t 
I 

60 

YZ 40 
I 
I 

20 
r 

-

0 
-1 -0,6 -0,2 0,2 06 1 

Xl 

B) TIpH Xl = 0,414 H X2 = -0,096 

PHcA.20. rpa<pHKH H3MeHeHIDI CTeneHH u;eJIOCTHOCTH Mpa apaXHca (Y2 = 

YL\.lI, %) B 3aBHCHMOCTH OT: a - qacTOTbI Bparu;eHIDI ~CKa (Xl = n, MHH-1
); 6 -

3a30pa Me)l(,lO' ,L(HCKaMH (X2 = Z, MM); B - ,L(aBJIeHIDI B KaMepe (X3 = P, KTIa) 
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.ll.BYMepHhle CeqeHIDI ,ll,alOT HarIDI,ll,HOe npe,ll,CTaBJIeHHe 0 3HaqeHIDIX 

KpHTepIDI onTHMH3a:U;HH, KOTophle OH 6Y,ll,eT npHHHMaTh, npH 

BaphHpoBaHHH ypoBHeH Ka)l()1;OH naphI <paKTopOB. 

TaK, eCJIH ,ll,Ba <paKTopa X2 H X3 HaxO.lVlTCjI Ha CBOHX OnTHMaJIhHhIX 

3HaqeHIDIX X2 = - 0,096 H X3 = 0,132 (pHc.4.20a), TO BH,ll,HO, qTO TOqKa C 

TaKHMH KOOp,ll,HHaTaMH JIe)I(HT BHYTpH JIHHHH Y = 18 %. 

AHaJIOrH"llHO, eCJIH ,ll,Ba <paKTopa Xl HX3 HaxO.lVlTCjI Ha CBOHX 

OnTHMaJIhHhIX 3HaqeHHjJX Xl = 0,414 H X3 = 0,132 (pHc.4.20b), TO BH,ll,HO, 

qTO TOqKa C TaKHMH Koop,ll,HHaTaMH JIe)I(HT Me)I(,ll,y JIHHIDIMH Y = 140/0. 

TaK)I(e, eCJIH ,ll,Ba <paKTopa Xl H X2 Hax0.lVlTCjI Ha CBOHX OnTHMaJIhHhIX 

3HaqeHHjJX Xl = 0,414 H X2 = - 0,096 (PHC.4.20B), TO BH,ll,HO, qTO TO"tJKa C 

TaKHMH KOOp,ll,HHaTaMH JIe)I(HT Me)I(,ll,y Y = 17,62 % - 17, 98%. 

4.2.3. BLIBO)J;LI no CTeneHH u;eJIOCTHOCTH H)J;pa: no pe3YJIhTaTaM 

JIa60paTopHoro MHorO<paKTOpHOrO 3KcnepHMeHTa YCTaHOBKH ,ll,IDI 

nonyqeHIDI :u;eJIOCTHOCTH jI.n.pa apaXHca MO)I(HO C,ll,eJIaTh CJIe~m;He 

BhIBO,ll,hI: 

• nonyqeHHaH MaTeMaTHqeCKaH MO,ll,eJIh npo:u;ecca nonyqeHIDI 

:u;eJIOCTHOCTH jI.n;pa apaxHca B BH.n;e ypaBHeHIDI perpeCCHH 

n03BOJIHJIa onpe.n;eJIHTh OnTHMaJIhHhle 3HaqeHIDI ynpaBIDIIOm;HX 

<paKTOPOB: qaCTOThI Bpam;eHIDI ,ll,HCKa, 3a30pa Me)I(,ll,y ,ll,HCKaMH 

H ,ll,aBJIeHIDI B KaMepe Ha CTeneHH :u;eJIOCTHOCTH jI,ll,pa. 

• AHaJIH3 ypaBHeHIDI perpeCCHH nOKa3aJI, qTO HaH60JIhme 

BJIIDIHHe Ha napaMeTp OITTHMH3aU;HH OKa3hIBaeT 3a30p Me)I(,ll,y 

,ll,HCKaMH, C YBeJIHqeHHeM KOToporo u;eJIOCTHOCTh jI,ll,pa 

B03paCTaeT; 

• HaHMeHhme BJIIDIHHe Ha CTeneHH u;eJIOCTHOCTh jJ,lJ;pa OKa3hIBaeT 

,ll,aBJIeHHe B KaMepe; 
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• IIpH H3BneqeHHH .sI)l.pa apaXHCa u;enOCTHOCTb .sI)l.pa )l.OCTHraeT 

3HaQeHH.sI 18 % npH 3a30pe Me)l()l.)' )l.HCKaMH 8,0 MM H 

)l.aBneHHe B KaMepe 13 ilia. 

4.3. PeKoMeH.lI.aU;UH DO UCDOJlb30BaHUIO YCTaHOBOK 

IIo IIO.rryqeHHbIM pe3ynbTaTaM KaK IIOKa3aHbI (Ta6.4.8) peKOMeH.lO'eTC}l 

HCIIOnb30BaTb YCTaHOBKY ,ll;HCKOBOrO (C 3aMeHOH )KeCTKOrO ,ll;HCKa Ha :3naCTJilIHbIH 

MaTepHall, HarrpHMep KaMepy OT KOneCa) ,ll;AA IIO.rryqeHH}! pa3,ll;eneHHbIX OpeXOB Ha 

CeMH,ll;OnH, YCTaHOBKY QHnHH,ll;pJilIeCKOrO THna ,ll;AA IIO.rryqeHH}! QenbIX OpeXOB H 

YCTaHOBKY nOIIaCTHOrO THIIa ,ll;AA IIO.rryqeHH}! H3MenbQeHHbIX OpeXOB ,ll;AA 

IIo.rryqeHH}! Macna. 

Ta6nHQa4.8 

C aBHHTenbHasI:3 eKTHBHOCTb CTaHOBOK 

Tun YCTaHoBoK 

llOKa3aTeJlH ,lI;HcKoBoro n:HJIlIII).J;pH"'IeCKOrO JIonaCTHoro 

THna THna THna 

llPOH3BO,lJ,HTeJlLHOCTL, 420 156 248 

Kr/"'I 

1{HcToTa meJIYmeHHSI, 97,7 92,5 89 

0/0 

n:eJIOCTHOCTL SI.lJ.pa, 010 18 84 53 

CTOHMOCTL 30000 16650 48800 

YCTaHOBKH, py6. 

rO,lJ,OBaSl JKOHOMHSI, 49593,6 18420,5 29283,8 

py6. 

CTOHMOCTL o6pa6oTKH 684 4940 1960 

1 T apaxHca, py6. 

CpOK oKYnaeMocTH, 0,61 0,9 1,7 

JIeT 

llOTpe6JISleMaSl 1,1 0,75 0,75 

MO~HOCTL, KBT 

llOBLImeHHe npoH3B- 14 4,8 8,3 

O,lJ,HTeJlLHOCTH Tpy,lJ,a 

llpe,lJ,JIaraeMOe Pa3,lJ,eJIeHHLle opeXH n:eJILle opeXH I13MeJlL"'IeHHLIe 

HCnOJIL30BaHHe Ha CeMSl,lJ,OJIH opeXH 
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4.4. 3KOHOMH'IeCKaH 3 •• eKTHBHOCTb "pHMeHeHHH YCTaHOBKH ~HCKOBoro 

THna 

TeXHHKO-3KOHOMlflIeCKHe nOKa3aTeJIH YCTaHoBKH ~HCKOBoro THna ~JUI 

rne.rrymeHIDI nJIO~bI apaxHca onpe~eJIeHhI COrJIaCHO H3BecTHoH MeTO~HKe [10, 31, 

42, 49, 62, 74]. Pa3pa60TaHHruI YCTaHoBKa 6hIJIH HCIIhITaHa Ha Ka<pe~e prAY

MCXA HM. THMHpH3eBa B MocKBe. ,l(mI cpaBHeHIDI TeXHHKO-3KOHOMlflleCKHX 

nOKa3aTeJIeH H onpe~eJIeHIDI rO~OBoro 3KOHOMlflleCKOrO 3<p<peKTa, nOKa3aTeJIH 

pa3pa60TaHHhIX YCTaHoBoK cpaBHHBaJIHCh C nOKa3aTeJUIMH pyqHoro cnoco6a rne

.rrymeHIDI ~ rrpOH3Bo~cTBa apaXHcoBoro MaCJIa H TaK ~ KO~TepcKHX u;eJIeH. 

IIpoH3Bo~HTeJIhHocTh pyqHoro cnoco6a rne.rrymeHIDI apaxHca COCTaBJUleT 

240 Kr/~eHh (30 Kr/q), Tor~a KaK npoH3BO~TeJlhHOCTh npeMaraeMoH YCTaHoBKH 

(MarnHHoro cnoco6a), rneJIyrneHIDI apaxHca COCTaBJIHeT 3360 Kr/~eHh (420 Kr/q). 

Heo6xo~Ie ~aHHhle ~ cpaBHeHIDI BhIIIIeYKa3aHHhIX YCTaHoBoK 

npe~CTaBJIeHbI B BH~e Ta6JIHII;ax 4.9 H 4.10. 

rO~OBOH 06'heM pa60T orrpe~eAAeT no <p0pMYJIe: 

Ar == T roo.W , 

r~e Troo - rO~OBaH 3arpY3Ka MallIHHhI, q; 

W - IIpoH3Bo~HTeJIhHocTh, T/q. 

(4.10) 

AMopnl3aII;HOHHbIe OTqHCJIeHIDI Ha e~HHHII;y pa60ThI onpe~eAAeT no <p0pMYJIe: 

3 = E.H a 

a IOOA r 
(4.11) 

r~e E - 6aJIaHCOBruI CTOHMOCTh. 
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Ta6miQa 4.9 

I1cxo~Hble ~aHHhle AJISI cpaBHeHIDI TeXHHKO-3KOHOMWIecKHX IIOKa3aTeneH 

E.n:HHHD;a BapHaHTblme~eHIDI 

H3MepeHIDI PytrnOH MamHHHoH 

OH3BO~HTeITbHOCTb T/q 0,03 0,420 

03<P<PHQHeHT HCII0nD30BaHIDl BpeMeHH 0,75 0,75 

q 8 8 
qen. 1 2 

6. 240 240 
6. 7872 30000 

% 20 11 
% 10 18 

KET. qjT 0.2 
P 6.1KBT. q 0,52 

3aTPaTbI Ha Tex~eCKoe o6cny)IGmaHHe H peMoHT orrpe~eillIeM: 

3 = E.HTO 

TO IOOA ' 
Too 

(4.12) 

r~e HTO - HopMaTHB 3aTPaT Ha Te~eCKoe 06cny)l(HBaHHe H peMOHT MamHH, % 

6anaHCOBOH CTOHMOCTH. 

CTOHMOCTb pacxo~a 3neKTP03HeprnH Ha e~HHHIry' pa60TbI: 

3 = N3·a3 
3 w ' 

M 

(4.13) 

r~e I{3 - y~enbHruI CTOHMOCTb 3neKTP03HeprHH, py6.1KBT.q; 

N 3 - YCTaHOBneHHruI MO~HOCTb 3neKTPO~BHraTeillI, KBT.; 

W M - rrpOH3BO~HTenbHOCTb YCTaHOBKH, T/q. 

(4.14) 
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r,n:e CTap - TaplHIlHasI CTaBKa pa60qHX 3a BbIITOJIHeHHble pa60TbI, py6./Q.; 

Wl[ - npOH3BO,n:HTeJIbHOCTb ManrnHbI HJIH pa60Qero, T/Q; 

n -QHCJIO pa60QHX. 

06rn;He 3KcnrryTa:U;HOHHble 3aTPaTbI 30 orrpe,n:eIDIeM: 

(4.15) 

CpaBHHTeJIbH)'lO 3KOHOMJiqeCKYID 3«p«peKTHBHOCTb 3a C"lJeT CHIDKeHIDI pacxo,n:a 

3JIeKTP03HeprHH, 3aTPaTbI TPy,n:a H .n:p. 3KcnrryTa:U;HOHHbIX pacxo,n:oB rrpH 

HeH3MeHHOM 06'beMe npOH3Bo,n:CTBa npO,n:yKIJ;HH orrpe,n:eIDIeM no «poPMYne 

(4.16) 

r,n:e 3 E H 3 H - 3KCIIrryTa:U;HOHHbIe 3aTPaTbI rrpH py-qHOM H MaIDHHHOM cnoc06e, 

py6. 

rO,n:OBasI 3KOHOMIDI COCTaBIDIeT: 

(4.17) 

C m - ce6eCTOHMOCTb merrymeHIDI 1 TOHHbI apaxHca npe,n:rraraeMoH MaIDHHbI, 

py6./T; T r - ro,n:oBoH «pOH,n: BpeMeHH. 

K = C6 
33 A 

r 

CpOK OKYIIaeMOCTH MamHHbI: 

T = C o 
o :3 ' 

r 

r,n:e 3 r - ro,n:oBasI 3KOHOMIDI, py6.; 

(4.18) 

(4.19) 
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Ta6mm;a 4.l0 

3KcIInyraI(HOHHbIe 3a'TpaThI 

BapHaHTbI 

NQ. 
TIoKa3aTeJIH 

EAHHHI(a me eHIDI 

II/II H3MepeHIDI 
PyqHOH MamHHHbIH 

1 6./T 2000 960 

2 AMo TH3aI(HOHHhIe O'flIHCJIeHIDI 6./T 2,95 4,0 

3 3a aThI Ha 3JIeK 03He rmo 6./T 0,52 

4 3a aTbI Ha TeXJlHlIeCKOe o6c )I(HBaHHe 6./T 6,53 

5 
06II(He IIpHMhIe 3KcrmyTaI(HOHHhIe 

Py6./T 2016,28 971,05 
3a aThI 

6 
y AeJIbHaH 3KOHOMIDI 3KcIInyTaI(HOHHbIX Py6./T 36,3 
3a aT 

7 CHIDKeHHe 3KCII aI(HOHHbIX 3a aT % 10,45 

8 
r OAOBaH 3KOHOMIDI OT COKpaII(eHIDI 

Py6. 49593,6 

9 aeMOCTH MaIDHH JIeT 0,61 

Pe3YJIbTaThI paCqeTOB BhImeCKa3aHHbIX IIOKa3aHhI B Ta6JI. 4.9. 

Jlh aHaJIH3a Ta6JIHI(a 4.9 H 4.10 CJIeAYeT, qTO IIpHMeHeHHe YCTaHOBKH 

AHCKOBoro THIIa B YCJIOBIDIX npeAIIpIDITIDI 

(IIepepa6aTbIBaIOII(ero) IIpH 06'beMe npOH3BOACTBe aprurnca 103 T (o6'beM 

IIPOH3BoAcTBa cpeAHero arpapHoro npeAIIpIDITHii), II03BOJIHeT IIOnyqHTb rOAoBoH 

3KOHOMgqeCKOH 3<p<peKT OT CHIDKeHIDI 3KcIInyTaI(HOHHbIX 3a'TpaT B cYMMe 

49 593,6 py6. B I(eHax 2007 r, a CpOK oKYIIaeMocTH COCTaBHT 0,61 rOA. 
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OlilQHE BLmO~I 

1. TIocJIey60poqH)'lO 06pa60TK)' H menymeHHe apaxHca B Pa3BHBaIOru;HXCSI 

cTaHax AQ>PHIGI oc06eHHo B HHrepHH, BbIllOJIIDIIOT BpyqH)'lO, qTO 

conpoBo)l()J;aeTCSI 60JIbIDHMH 3aTPaTaMH TPy.n;a, cOCTaBIDlIOru;HMH 33 

qeJI.qaciT. ,lVuI MexaHH3a:U;HH :noro rrpo:u;ecca He06xo.n;HMO C03.n;aTb 

menymHTeJIbHble YCTaHoBKH. HaH60JIee nepcneKTHBHoH SlBJlSleTCSI 

YCTaHoBKa ,l1;HCKOBOro THna. 

2. Ha OCHOBaHHH TeOpeTJiqeCKHX HCCJIe.n;oBaHHR nonyqeHhl 3aBHCHMOCTH, 

n03BOJUIlOru;He, onHcaTb 3aKoHoMepHocTH .n;BIDKeHHSl opexa no 

nOBepxHocTSIM pa60qHX opraHoB TPex THnOB YCTaHoBoK H YCJIOBHSIX HX 

pa60ThI. 

3. MCCJIe.n;oBaHHSIMH YCTaHOBJIeHO, qTO K03Q>Q>H:u;HeHTbI TPeHIDI IIJIO.n;OB 

apaxHca rrpH Q>aKTJiqeCKH HCnOJIb3yeMbIX yrJIax HaKJIOHa nJIOCKOCTH a = 

14 38 0 rrpOHCXO,l1;HT CKOJIb)l(eHHe HJIH KaqeHHe llJIO.n;OB. 

K03Q>Q>H:U;HeHTbI TPeHHSI IIJIO.n;OB apaXHca no CTaJIbHOH IIIJIHQ>oBaHHoH 

llJIaCTHHe, no .n;epeBY H 110 pe3HHe, nOKa3aJIH, lffO .n;JISI pa3HbIX COPTOB OHM 

HMelOT 3HaqeHHSl 0,20 - 0,26; 0,26 - 0,35 H 0,32 - 0,41 COOTBeTCTBeHHO 

(PHcA.3.). 

4.3KcnepHMeHTaJIbHble HCCJIe.n;OBaHHe nOKa3aJIH, qTO rrpH a6COJIlOTHOH 

.n;eQ>0pMa:U;HH 0,045 - 0,055 MM rrpOHCXO,l1;HT pa3pymeHHe KO)l(JpbI 91 % 

ceMSlH ,l1;HaMeTPOM 7,6 MM H 93 % - .n;HaM~OM 7,54 MM. TIo .n;aHlIOH 

BeJIJiqHHe a6COJIlOTHOH .n;eQ>opMa:u;HH B 3aBHCHMOCTH OT ,l1;HaMeTPa ceMSIH 

apaXHca CJIe.n;yeT YCTaHaBJIHBaTb COOTBeTCTBYIOru;HH 3a30p Me)l(,l1;y 

.n;HCKaMH, npH KOTOPOM 6y.n;eT OCYIIJ;eCTBJISlTbCSI HaH60JIee 1I0JIHoe 

pa3pymeHHe KO)l(JpbI. 

5. Ha OCHOBe 3KCnepHMeHTaJIbHbIX .n;aHHbIX YCTaHOBJIeHO, qTO pa3pymeHHe 

KO)l(Jphl ceMSIH ,l1;HaMeTPoM 7,6 H 7,54 MM, npOHcxo.n;HT 3a CqeT .n;eHcTBHSI 

HOPMaJIbHOH Harpy3KH, COOTBeTCTBeHHO, (2,6; 3,3; 3,9; 4,5; 2,2) .10-
4 H 

H (3,5; 4,7; 5,9; 7,1; 8,3) .10-
4 H. 

6. Y CTaHOBJIeHbI 3HaqeHHSI npe.n;eJIa rrponOP:u;HOHaJIbHOCTH On H MO.n;yJISI 

yrrpyrOCTH E2 ceMSlH apaxHca, KOTopble paBHbI .n;JISI ceMSlH ,l1;HaMe'TpOM 

7,6 MM, COOTBeTCTBeHHO, (1,62 - 4,06) HlM2 H (0,21 - 0,77) .103 
HlM2, 

.n;JISI .n;HaMeTPOM 7,54 MM - (6,25 - 6,48) HlM2 H (0,81 - 1,18) .103 
HlM2. 

7. TIPH HCllbITaHHH YCTaHOBOK, 3aMeqeHO, qTO C YBeJIJiqeHHeM qaCTOTOH 

Bparu;eHHSI .n;HCKa (YCTaHOBKa ,l1;HCKOBoro THna), :U;HJIHH,lJ;pa (YCTaHOBKa 
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~HJIHlI)l;pHqeCKOrO THna) H JIOnaCTH (YCTaHOBKa JIOnaCTHOrO THna) 

YBeJIHqHBaeTCH CTeneHh me.rrymeHHH, Tor,n;a KaK ~eJIOCTHOCTh H,n;pa 

YMeHhmaeTCH. Pe3ynhTaThI HCCJIe,n;OBaHIDI YCTaHOBOK nOKa3aJIH qTO, 

CTeneHh rne.rrymeHHH ,n;OCTlrraeT 97,80/0 ,n;JIH YCTaHoBKH ,n;HCKOBoro THna, 

92,5% ,n;JIH YCTaHoBKH ~HJIHH,n;pHqeCKOrO THna H 89% ,n;JIH YCTaHoBKH 

JIOnaCTHoro, Tor,n;a KaK ~enOCTHOCTh Mpa Haxo,n;HTCH B rrpe,n;eJIax 18%, 

84% H 53% COOTBeTCTBeHHO. PeKoMeH,ZJ;yeTcH HCn0JIh30BaTh YCTaHoBKY 

,n;HCKOBoro THna (c 3aMeHOH :>KeCTKOro ,n;HCKa Ha 3nacT~rn MaTepHaJI, 

HanpHMep KaMepy OT Koneca) ,n;JIH nonyqeHHH pa3,n;eJIeHHhIX opexoB Ha 

CeMH,n;OJIH, YCTaHoBKY ~HJIHH,n;p~ecKoro THna ,n;JIH nonyqeHHH ~eJIhIX 

opexoB H YCTaHoBKY nonaCTHoro THna ,n;JIH nonyqeHHH H3MeJIhqeHHhIX 

opexoB ,n;JIH rronyqeHHH Macna. 

8. JIa6opaTOpHhIMH HCCJIe,n;OBaHIDIMH C npHMeHeHHeM MeTo,n;HKH 

nJIaHHpOBaHHH MHOrO~aKTopHoro 3KCnepHMeHTa nonyqeHa 

Mo,n;eJIh B ypaBHeHHH perpeCCHH, 

YCTaHaBJIHBalOIQaH CBH3h Me:>K,n;y CTeneHhlO rneJIYIIIeHIDI H 

~eJIOCTHOCThlO Mpa, qaCTOTOH BpaIQeHHH ,n;HCKa, 3a30paM Me:>K,ZJ;y 

,n;HCKaMH H ,n;aBJIeHHeM B KaMepe. Onpe,n;eneHhI OnTHMaJIhHhle 3HaqeHHH 

napaMeTPoB H pe:>KHMOB pa60ThI YCTaHoBKH: CTeneHh me.rrymeHHH Km = 

97,8 % H ~eJIOCTHOCTh H,n;pa K~.H. = 18 % npH qaCTOThI BpaIQeHHH ,n;HCKa 

(n = 620 MHH-
1
); 3a30p Me:>K,n;y ,n;HCKaMH (z = 8,0 MM) H ,n;aBJIeHHe (p = 13 

KfIa). 

9. TIpHMeHeHHe YCTaHOBKH ,n;HCKOBOro THIIa ,n;JIH meJIYIIIeHIDI apaXHca B 

YCJIOBHHX HH,n;HBH,ZJ;yaJIhHOrO X03mCTBa (nepepa6aThIBaIOIQerO 

npe,n;npHHTHH) npH 06'beMe nepepa60TKH apaXHca 103 T ( 06'beM 

npOH3Bo,n;cTBa cpe,n;Hero arpapHoro npe,n;rrpHHTHH) rr03BOJIHeT nonyqHTh 

ro,n;oBoH 3KOHOM~eCKOH 3~~eKT OT CHIDKeHIDI 3KcnnyTa~oHHhIX 

3aTPaT B cYMMe 49593,6 py6. B ~eHax 2007 r., a CpOK oKYIIaeMocTH 

COCTaBHT 0,61 ro,n;. 
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IIpHJloaceHHe 1 

TIapaMeTIJbI HeKoTopbIX COPTOB apaxHca, B03,n;eJIbIBaeMbIX B HHrepHH 

COPT XapaKTep PO):(MHa Bec 1000 TIepMo):( % [(BeT YpO)KaMH. 
KYCTa 0060B, r BereTaQMM co):(ep)K (Kr/ra) 

():(HeH) MaCJIa 
Samnut-l TIOJIY-KYCTOBasI BMp):()KeHHH 500-550 130-150 53-55 KOpMqHeBbIH 2500-3000 
Samnut-2 TIOJIY-KYCTOBasI BMp):()KeHMH 500-550 130-150 53-55 KOpMqHeBbIH 2500-3000 
Samnut-3 TIOJIY-KYCTOBasI TBU5913x52-14 520-550 130-150 53-55 KOpMqHeBbIH 2800-3500 
Samnut-4 TIOny-KYCTOBasI 55-455x28-206 440-520 130-150 55-65 KOpJfqHeBhlH 2500-3000 
Samnut-5 TIOJIY-KyCTOBasI TBU5913x52-14xF452.8 460-540 130-150 51 ,5 KOpJfqHeBhlH 2500-3000 
Samnut-6 TIOJIY -KYCTOBasI 205x52-14xF452.8 440-520 130-150 52,5 KOpJfqHeBbIH 2000-2800 
Samnut-7 TIOJIY-KYCTOBasI 205x52-146xI865.68 440-520 110-120 51-53 KOpMqHeBbIH 2000-2800 
Samnut-8 TIOJIY-KYCTOBasI 205x52-146xI865.68 440-520 110-120 55-60 KOpMqHeBbIH 2000-2800 
Samnut-9 TIOJIY-KYCTOBasI ,[LrrHHHasI 3acyxoycTOHqHB. 440-540 130-150 50-53 KOpMQHeBbIH 2500-3000 
Samnut-l0 TIOJIY-KYCTOBasI 1036xMani Pintar 500-550 130-150 55-60 KOpMQHeBbIH 2800-3500 
Samnut-ll TIOJIY-KYCTOBasI 48-37x Mani Pintar 500-550 130-150 55-60 KOpMQHeBbIH 2800-3500 
Samnut-12 TIOJIY-KYCTOBasI 205x52-11xGBS592 400-520 130-150 51-63 KOpMQHeBbIH 2500-3000 
Samnut-13 KYCTOBasI<popMa HCIIaHCKMH THII 320-400 90-100 50-53 OPOH3bI 2000-2800 I 

Samnut-14 KYCTOBasI<popMa 55-437(Ex-Dakar) 320-400 90-100 50-52 OPOH3bI 2000-2800 
Samnut-15 TIOJIY-KYCTOBasI <l>mopYHHepHasI CeMb51 500-550 130-150 50-53 KOpMQHeBbIH 2500-3000 
Samnut-16 TIOJIY-KYCTOBasI M95.71xM276.70 500-550 130-150 55-60 KOpJfqHeBbIH 2800-3500 
Samnut-17 KYCTOBasI<popMa KOpOTKMH ce30H HCIIaHcK. TMII 320-450 90-100 53-55 OPOH3bI 2000-2800 
Samnut-18 KYCTOBasI<popMa KHI49Ax2424.74 320-450 100-110 53-55 KpacHbIH 2000-2800 

'----- -- ---- --- -
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TIpHJIOiKeHHe 2 

Y CMJIIDI .n;IDI y.n;aneHIDI KO~pbI C IIJIO.n;OB 

COPT apmrn:ca Macca rpy3a, r llYTl), MM BpeWI, c YCMJIMe, H 
200 48 6 2,6xl0-4 
210 47 5,5 3,3xl0-4 

Dakar 215 45 5 3,9xl0-4 
220 45 4,7 4,5xl0-4 
225 42 4,5 4,7xl0-4 
250 32 3 0,9xl0 3 
255 31 2,8 I,Oxl0-3 

Damboa 260 30 2,7 1,lxl0-3 

265 29 2,6 1,2xl0-3 

275 28 2,5 1,3xl0-3 

380 25 2,4 1,6xl0-3 

390 24 2,3 1, 7xl 0-3 

Kampala 400 22 2,2 1 ,8xl 0-3 

410 20 2,1 1,9xl0-3 

425 19 1,9 2,2xl0-3 
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IIpHJloiKeHHe 3 
,[(ecpopMaU;IDI ceWIH apaxHca IIpH pa3pyrneHHH KO~pbI C)KaTHeM 

NQ. ,[(HaMeTP Pa3Mep A6cOJIIOTHruI OrHocHTenbH qacToTa 

II/II IIno.n;a ceMeHH B .n;ecpopMaU;IDI ruI IIoBTopeHIDI, 
d,MM MOMeHT ceMeHH, .n;ecpopMaU;IDI PM, % 

pa3pyrne- ~d,MM E, 

HIDI,d', MM % 
1 7,60 7,560 0,040 0,53 3 
2 7,60 7,555 0,045 0,59 26 
3 7,60 7,550 0,050 0,65 43 
4 7,60 7,545 0,055 0,72 22 
5 7,60 7,540 0,060 0,79 6 
1 7,54 7,50 0,040 0,53 2 
2 7,54 7,495 0,045 0,60 28 
3 7,54 7,490 0,050 0,70 46 
4 7,54 7,485 0,055 0,73 21 
5 7,54 7,48 0,060 0,80 3 
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IIpHJlo~eHHe 4 
HOpMaJIhHOe HanpIDKeHHe 0 npH C)l(aTHH KO)l(ypOB B MOMeHT ee pa3pymeHIDI 
H Mo,n:eJIh OCTH E2 

NQ. ,l(HaMeTP OrHOCH- llrr 0 m;a,n:h HOPMaJIh- HOPMaJIh- MO.n:yJIh 
nln ceMH TeJIhHruI KOHTaKTa HruI Hoe Hanp- ynpyrocTH 

d,MM ,n:e<jlopMaqIDl, Sxl0-4, Harpy3Ka, )l(eHHe Exl03, 
E M2 Pxl0-4 0, HlM2 

H HlM2 

1 7,60 0,0053 0,64 2,6 4,06 0,77 
2 7,60 0,0059 0,82 3,3 4,02 0,68 
3 7,60 0,0065 1,0 3,9 3,9 0,60 
4 7,60 0,0072 1,18 4,5 3,81 0,53 
5 7,60 0,0079 1,36 2,2 1,62 0,21 
1 7,54 0,0053 0,56 3,5 6,25 1,18 
2 7,54 0,0060 0,74 4,7 6,35 1,06 
3 7,54 0,0070 0,92 5,9 6,41 0,92 
4 7,54 0,0073 1,11 7,1 6,40 0,89 
5 7,54 0,0080 1,28 8,3 6,48 0,81 
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I1pHJIOJKeHlle 5 

- Heo6MOJIOQeHHbIH; (iv - vi) - 06MOJIOQeHHbIH» 
... ...-- --~ f'\ ...., .... -jl ..-~ 

iv) Dakar v) Kampala vi) Damboa 
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npHJIO~eHHe 7 

7 -I 
CTeneHh me.rry:m:eHIDI H :u;eJlOCTHOCTH 5I,n;pa apaXHca npH C H 3a30p 
7,5 MM ,ll;J151 

TeMnep. P3 

06)1(. Km, K:U;.5I, % Km, % K:u;.5I, % Km, K:u;.5I, % 
MHH % % 
120 44 63,5 48,5 53 
150 56 58 51,5 
180 52 63 45,5 
210 72 43 
240 

CTeneHh me.rry:m:eHIDI H .o;eJlOCTHOCTH 5I,n;pa apaXHca IIpH 7 c- I H 3a30p 8,0 MM 

,ll;J151 CTaHOBIGi ,ll;HCKOBOro THna KaMe a 
TeMnep. PI P2 P3 

06)1(. 
MHH Km, K:u;.5I, Km, K:u;.5I, % Km, K:u;.5I, % 

% % % % 
120 58 51 44 41,5 
150 54 38,5 
180 63,5 32 
210 66 29 
240 

CTeneHh meJl)'meHIDI H :u;eJlOCTHOCTH 5I,ll;pa apaXHca npH 7 c-I H 3a30p 8,5 MM 

,ll;J151 CTaHOBIGi ,ll;HCKOBOro THIIa KaMe a 
TeMnep. PI P2 P3 

06)1(. Km, K:U;.5I, % Km, K:u;.5I, % Km, K:u;.5I, % 
MHH % % % 
120 62,5 47,5 64,5 45 64 40 
150 68 45 68 39 69,5 41 
180 70 39,5 71,5 34 73,5 30 
210 74,5 37 74 31,5 77 33 
240 74 28,5 77,5 26 80,5 20 

Cp=69,8 Cp=39,5 Cp=71,1 Cp=35,1 Cp=72,9 Cp=32,8 
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npOAOJIa(eHHe npHJIoa(eHHH 7 

CTerreHD menymeHIDI H .u;eJIOCTHOCTH jI.z:qJa aprurnca rrpH 8,7 c-
I 
H 3a30p 

7,5 MM,L(AA CTaHOBKH ,L(HCKOBOro THrra KaMe a 
TeMrrep. PI P2 P3 

06)l(. Km, K.u;.jI, % Km, K.u;.jI, % Km, Ku;.jI, % 
M~ % % % 
120 34 75,4 30,5 

150 31,5 76 24 

180 26,5 83 21,5 

210 18,5 

240 17 
C =22,3 

CTerreHh menymeHIDI H .u;eJIOCTHOCTH jI,L(pa apaxHca rrpH 8,7 c-I H 
3a30 8,0 MM,L(AA CTaHOBKH ,L(HCKOBOro THrra KaMe a 
TeMrrep. PI P2 P3 

06)1(. 
MHH Km, K.u;.jI, Km, K.u;.jI, % Km, K.u;.jI, % 

% % % % 
120 86 87 23,5 88 21 
150 86 20,5 89,5 18,5 
180 92 16 94,5 17,5 
210 13 96 15 
240 

CTerreHh menymeHRj{ H .u;eJIOCTHOCTH jI,L(pa apaXHca rrpH 8,7 c-I H 
3a30 8,5 MM ,L(AA CTaHOBKH ,L(HCKOBOro THrra (KaMe a 
TeMrrep. PI P2 P3 

06)l(. Km, K.u;.jI, % Km, K.u;.jI, % Km, K.u;.jI, 
MHH % % % % 
120 89 19 88 20 90,5 17,5 
150 90 15,5 91 ,5 19 93,5 17 
180 90,5 12,5 92,5 13,5 94 10 
210 92 8,5 94,5 10,5 96,5 6 
240 94 7,5 97 6 97,5 4,5 

Cp=91,1 Cp=12,6 Cp=92,7 Cp=13,8 Cp=94,4 Cp=ll 
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npO,lJ,OJIiKeHHe npHJIOiKeHHSI 7 

CTeIIeHb menymeHIDI H ll,eJIOCTHOCTH H,lJ,pa apaxHca IIpH 10,5 c-
I 
H 

3a30 7,5 MM,lJ,AA CTaHOBKH ,lJ,HCKOBOro THIIa KaMe a 
TeMilep. PI P2 P3 

06)1(. Km, Kll,.H, Km, Kll,.H, Km, Ku,.H, 
MHH % % % % % % 

120 86 15 87,5 13 89,5 11 

150 89 11 91,5 10,5 91 7,5 
180 92 7 93 8,5 95,5 6,5 
210 95 6 94,5 5,5 95 3,5 
240 96,5 4 97 4 98 4 

Cp=91,7 Cp=8,6 Cp=92,7 Cp=8,3 Cp=93,8 Cp=6,5 

CTeIIeHb menymeHIDI H ll,eJIOCTHOCTH H,ll,pa apaxHca IIpH 10,5 c- I H 
3a30 8,0 MM,lJ,AA CTaHOBKH ,lJ,HCKOBOro THIIa 

TeMilep. PI P2 P3 

06)1(. 
MHH Km, Ku,.H, Ku,.H, Km, Kll,.H, 

% % % % % 
120 89 10 3,5 92 2,5 
150 9 3 1 
180 6 3 0,5 
210 5 0 
240 0 

C =08 , 

CTeIIeHb menymeHIDI H ll,eJIOCTHOCTH H,ll,pa apaXHca IIpH 10,5 c-I H 
3a30 8,5 MM ,lJ,AA 
TeMilep. P3 r------+----~------~----_4------~----~ 

06)1(. Km, 
MHH % 
120 90 
150 91,5 
180 93 
210 
240 

Kll,.H, 
% 
8 

6,5 
4,5 

Km, 
% 
92 

93,5 
94,5 

Kll,.H, 
% 
3,5 
1,5 
1 

Km, 
% 

Kll,.H, 
% 
2,5 
1,5 
1 
o 
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npHJlO~eHHH 8 

CTerreHb me.rrymeHIDI H u;eJIOCTHOCTH H.n;pa apmrnca rrpH 0,6 c-
I 

.n;1IH CTaHOBKH JIOrraCTHoro THrra 
TeMrrep. ~l ~2 ~3 

06)1(. Km,% Ku;.H, '% Km,% Ku;.H, % Km % , Ku;.H, % 
MHH. 
120 23 52 31,5 42 

150 32,5 48 35,5 42,5 

180 44,5 43,5 46,5 40,5 

210 53,5 40,5 57 36,5 
240 55 38 69 32,5 

Cp=41,7 C =38,8 

CTerreHb me.rrymeHIDI H u;eJIOCTHOCTH H.n;pa apmrnca rrpH 1 c- l 

.n;1IH CTaHOBKH JIOrraCTHoro THrra 
TeMrrep. ~I ~2 ~3 

06)1(. Km,% KU;.H, % Km % , KU;.H, Km,% Ku;.H, % 
MHH. % 
120 50 43,5 48,5 40,5 
150 44,5 40 53,5 36,5 
180 37,5 55 32 
210 32,5 27,5 
240 28 24,5 

C =38,5 C =32,2 

CTerreHb me.rrymeHIDI H u;eJIOCTHOCTH H.n;pa apaXHca rrpH 1,3 c-1 

.n;1IH CTaHOBKH JIOrraCTHoro THrra 
TeMrrep. ~l ~2 ~3 

06)1(. Km, % KU;.H, % Km, % Ku;.H, % Km, % Ku;.H, % 
MHH. 
120 47,5 54,5 38,5 
150 40,5 56,5 31,5 
180 37 59 27,5 
210 19,5 
240 10 

C =25,4 

------



142 

IIpHJloiKeUHe 9 

CTeneHb rnenymeHIDI H QeJIOCTHOCTH .SI)J;pa apaxHca 
042 -1 npH , C )J;IDI YCTaHOBKH QHJIHH.n;pHqeCKOrO THna 

TeMneparypa BpeM.Sl 06)1(apKH, CTeneHb, % 
06)1(apKH, °C MHH)'T Krn KQ . .SI 

20 24 76 
120 30 36 66 

40 52 43 54 60 
60 60 44 
15 34 62 

150 20 40 52 
30 52 48 44 48 
40 66 34 
10 42 54 

180 15 50 44 
20 64 58 34 39 
30 74 22 
8 52 52 

210 13 58 42 
18 64 62 34 38 
25 72 24 
5 60 46 

240 10 66 40 
15 76 71 32 35 
20 82 22 

Cp=56 Cp=44 
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npo.r.OJDKeUHe npHJloaceuHH 9 

CTeneHb menymeHIDI H QeJIOCTHOCTH ~,rq>a apaxHca 

O 83 -1 npH, C,1J;AA YCTaHoBKH qHJIHH.n;pHqeCKOrO THlla 

TeMneparypa Bpe~ 06)KapKH, CTeneHb, % 
06)KapKH, °C MHHYT KIn KQ.~. 

20 48 56 -
120 30 48 54 -

40 58 55 46 48 
I----

60 64 34 
15 50 44 

~ 

150 20 56 ~ 
30 64 61 30 34 

I---

40 72 24 
10 56 40 

I---

180 15 64 40 
~ 

20 68 66 32 34 
I---

30 76 24 
8 58 36 

~ 

210 13 66 32 
f---

18 70 68 32 32 
I---

25 76 28 
5 66 30 

240 10 72 ~ 
f---

15 78 75 20 24 
I--

20 84 18 
Cp= Cp= 

65 34 
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npOAOJl~eHHe npHJlO~eHHH 9 

CTeIIeHb me.rrymeHIDI H :o;ellOCTHOCTH H.n;pa apaxHca 
II 1 25 -1 PH , C ,rt;AA VCTaHOBKH :O;HllHH,D; plflIeCKoro THIIa 

TeMIIeparypa BpeMH 06)1(apKH, CTeneHb, % 
06)1(apKH, °C MHH)'T Km K:u;.H. 

20 60 44 
~ 

120 30 66 40 
I---

40 64 65 34 37 
~ 

60 70 28 
15 60 32 

I---

150 20 64 30 
~ 

30 70 70 34 30 
I---

40 84 22 
10 58 32 

f--

180 15 64 36 
~ 

20 70 68 26 30 
I---

30 78 24 
8 60 22 

~ 

210 13 64 20 
f---

18 70 67 34 26 
I---

25 74 26 
5 66 20 

240 10 
I---

66 24 
~ 

15 72 72 20 21 
I---

20 82 18 
Cp=68 Cp=28 
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npo}1,OJnKeUHe npHJlOiKeUHSI 9 
CTerreHh menymeHIDI H u;eJIOCTHOCTH H,npa apaXHca 

1 67 -I rrpH , C ,lJ;JIH YCTaHOBKH u;HJIHH,ZJ;pWleCKOro THIIa 

TeMrreparypa BpeMH 06)I(apKH, CTerreHh, % 
06)I(apKH, °C MHH)'T Km Ku;.H. 

20 68 38 
I---

120 30 74 32 
I---

40 82 78 ~ 30 
60 88 22 
15 68 24 

I--

150 20 72 28 
I---

30 80 77 22 23 
I--

40 86 16 
10 66 22 

I---

180 15 68 20 
I--

20 74 74 20 18 
I---

30 88 8 
8 68 16 

I---

210 13 74 20 
I--

18 80 79 ~ 15 
25 92 6 
5 76 16 

I--

240 10 74 12 
I---

15 88 84 10 11 
I--

20 96 4 
Cp= Cp= 

78 19 
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npHJlO~eHHe 10 

MaTIH1ua IIJIaHllpOBaHIDI H BapbHpyeMble cPaKTOPbI ):(lliI CTeneHH meJIymeHIDI (Y I) 

YpOBHH H Ular P, OueHKa K03<p<pHl.{HeHTOB ypaBHeHIDI 

BapbHpOBaHIDI ~,MH-l X 2' lla 
AnpHopHble CBe}J.eHIDI (KIn) 

<paKTOPOB 
MM 

OCHOBHOH 525 8,0 0,13 bo= 79,7 bl2 = - 2,61 
bll =0 

1llar 0,03 bl = 14,2 b13 = 0,013 
b22 = 0 

BapbHpoBaHIDI 105 0,5 
BepXHHH (+) 630 8,5 0,1 6 b33 = 0 b2= 3,34 b23 = - 0,013 

HmKHHH(-) 420 7,5 0,1 b3 = 1,81 b l23 = 0,34 

MaTPHua HJIaHHpOBaHIDI 3KCnepHMeHTa H Pe3YJIbTaTbI 3KCnepHMeHTa H npoBepKa BOCnpOH3BO}J.HMOCTH IIpoBepKa a}J.eKBaTHOCTH 

paC1.JeT 

K03<P( HQHeHTbI perpeCCHH 

1 ° 1 2 3 4 5 6 7 - S2 /\ - /\ 

YUlI YUl2 YUl3 Ym Ym (YU/ - Yu,) - /\ 
W 

(yurYmY 
j X XI X 2 X3 X 12 X13 X 23 X 123 

0 

1 + - - - + + + - 58,5 57,4 56,5 57,4 1,04 57,7 -0,3 0,09 

2 + + - - - - + + 92,0 91,7 90,7 91,67 0,86 91 ,4 0,4 0,1 6 

3 + - + - - + - + 70,0 70,0 70,6 70,0 0,30 69,7 0,4 0,16 

4 + + + - + - - - 93,0 92,5 91 ,7 92,52 0,46 92,8 -0,4 0,1 6 

5 + - - + + - - + 63 ,0 61 ,7 60,7 61 ,7 1,42 61,3 0,3 0,09 

6 + + - + - + - - 95,5 94,7 93,9 94,73 0,64 95,0 -0,3 0,09 

7 + - + + - - + - 73,5 72,9 72,6 72,9 0,30 72,3 -0,4 0,16 

8 + + + + + + + + 87,5 96,8 96,2 96,78 0,44 96,4 0,3 0,09 

- - 1\ - 1\ 

'LYU/ = 637,7; 'L S,: =5,45; 'L(YU/ =YU/)=O; 'L(yU/_Y",)2= 1,0 
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npO,lJ;OJI~eHHe npHJIO~eHHH 10 

K03<p \ bO= \ b1 = I b2= \ b3= b12= \ b13= I b23=- b123= S~max = 1,42 S~o hi 79,7 14,2 3,34 1,81 -2,61 0,013 0,013 0,34 0,25 

IIpoBepKa 3HaqnMOCTlf K03<P<PlfI.{lfeHToB 
GU/max = 

S ,~ m a x 0,26 F 0,37 
8 

L S 2 
II< 

U = 1 

q 3H , 

5% S;(W) = 
S;(W) 0,68 Q6'% 

% Ie 
5% qao' % 5% 

hH N-(m+1) = 
S6i hao 

N-(d+l) = 

=4 
0,29 

he m-1=2 =4 

t=~ M 
00 t- V") V") 

t rrr:fj;z 

"<t~ 0'1 N "<t "<t "<t t-

i26 hao 
l\{m-I)= 

I S8i oo~ V") N 0 0 0 -2,31 t- -.0 O'I~ o~ 0 N "<t - - N=8 =16 
r'l 

N r'l ,., N 

~ .:; ..:;' $ .:; .:; ..:;' .:; 

S2 
8 + + + + + + + + 

Gm6z Fmfn LS,~, 8giJj -tnrfn ) 0,516 3,04 Y .!!.::i-
N 

BJ:,ffiO,n: t<:I t<:I t<:I :c :c :c t<:I Sign(G-max-GT) Sign(Fmax-FTa6) 
~ t<:I ~ t<:I a3 M a3 :c :c :c ~ -

~ ~ ~ ~ -
M M M M 

" 
YpaBHeHlfe perpeCClflf (HerrOJIHruI KBa.n:paTHruI Mo,n:eJIJ:,) Yl = 79,7 + 14, 2Xl + 3, 34x2 + 1,81x3 - 2, 61x1x2 
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npHJ10~eHHe 11 

Ma1'pHUa nnaHHpOBaHH}I H BapbHpyeMble <ilaKTopbI ,n:ITH CTeneHH uenOCTHOCTH Mpa (Y 2) 

Y POSHH H mar P, Ou;eHKa K03q,q,~HeHTOS ypasHeHIliI 

BapbHpOBaHllil ~,MH-l X 2' IIa AnpHopHble cse.n:eHllil (Krl.}I.) 

q,aKTopOB 
MM 

OCHOBHOH 525 8,0 0,13 bo= 24,4 bl2 = 3,23 

lllar 0,03 
bll = 0 

b = -197 bl3 = 2,604 
b22 = 0 I ' 

BapbHpoBaHllil 105 0,5 
Bepxmrn (+) 630 8,5 0,16 b33 = 0 b = -535 

2 ' 
b23 = 0,354 

HIDKHHii (-) 420 7,5 0,1 b3 = -3,87 b l23 = -1,02 

MaTP~a nnaHHpoBaHllil 3KcIIepHMeHTa H Pe3YJIbTaTbI 3KCIIepHMeHTa H IIpoBepKa BOCIIPOH3BO.n:HMOCTH - /\ 

paCqeT ITpoBepKa a.n:eKBaTHOCTH L (Y,/ . .R - Y,p) 
K03Q><bHlI.HeHTbI perpecclUI 

i 0 1 2 3 4 5 6 7 - S:.R 1\ 

YU;.}I1 YU;.}I2 YU;.}I3 Y YI/ .JI 
- /\ 

I/ . Ji - 1\ (Y1fJ/-YIfJ/Y 
j X XI X 2 X3 X I2 X13 X23 X 123 

(Y~ . .R- Y~ . .R) 

0 

1 + - - - + + + - 60,5 59,4 61 ,7 60,5 1,32 59,45 1,05 1,103 

2 + + - - - - + + 7,0 7,8 7,3 7,4 0,16 8,4 -1,0 1,0 

3 + - + - - + - + 39,5 41,7 40,5 40,6 1,21 41,6 1,0 1,0 

4 + + + - + - - - 4,5 4,9 4,1 4,5 0,16 3,5 1,0 1,0 

5 + - - + + - - + 45,5 44,7 44,2 44,8 0,43 45,9 -1,1 1,21 

6 + + - + - + - - 6,5 6,7 5,9 6,2 0,17 5,3 0,9 0,81 

7 + - + + - - + - 30,0 29,9 31,2 30,4 0,52 29,3 1,1 1,21 

8 + + + + + + + + 1,0 0,5 0,4 0,63 0,10 1,7 1,07 1,14 

- - 1\ - 1\ 

LY ~ . .R. = 195,03; L S'~ .R. = 4,09; L (Y,/ . .R - y,p) = 0; L (YP . - Y,p.)2 = 8,5 
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npO)1;OJl~eHHe npHJlO~eHHH 11 

K03<p bO= I b1= b2= b3= b12= b13= b23=- b123 = S2 S~o bi 24,4 -19,7 -5,35 -3,87 3,23 2,604 0,354 -1 ,02 II.R •rmx 1,32 2,13 
S2 

I1poBepKa 3Ha~HMOCTH K03<P<PHIJ;HeHTOB 
G = 'I ,J/ ,rnax 

4,2 'I ·R.max 8 0,32 F L S'~ , J/ 
1/=1 

q 3/1 , 

5% 
S:(l/.fI) = 

S:(t{.R) 0,51 
Q8'% 5% 5% % fa 

qa:)' % , 

N-(m+1) = 
S8i 

m-1=2 ftao N--(d+l)= 

hH =4 
0,25 

it6 =4 

t =hl 
00 N 

trrr:6n 
1.0 00 "<t~ "<t~ 0'1 "<t N 00 

he hao r-~ oo~ N~ o~ "<t~ 0 
2,31 - V'l 

"<t~ 
/ 0'1 r- N - - - - N=8 A{m-D= 

S6/ 
N M 

M =16 
~ N 

...9 ..= ~ ~ ..= ..= ..... ..= 

s2 8 + + + + + + + + 
G ma6J/ Fmfn LS'~ J/ Sigri.li -( miYt) 0,516 3,04 Y 1/=1 

N 
~ ~ 

BbIBO,n 
:c :c Si~(J-rnax-(JT) Si~(Fmax-FTa6) ~ ~ ~ ~ ~ ~ M M ::c ::c ::c :c ::c ::c (I) (I) 

M M M M M M =: ::c 
/\ 

YpaBHeHHe perpeccHH (HerrOJIHruI KBMpaTHruI Mo,neJIb) Y2 = 24,34-19, 7xI -5,35x2 -3,87x3 +3,23x1X2 +2,604xIX3 
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IIpHJIo:>KeHHe12 
e3YJIbTaTbI 3KCIIepHMeHTOB IIO IIJIaH)' OKCa-E eHKHHa 

Y ~.B 

Xl X2 X3 Yl Y2 Y3 Ycp. 

1 0 -1 6 6,8 5,2 6,0 

0 -1 -1 26,5 26,9 26,4 26,6 

0 1 1 10 9,5 11 10,2 

0 0 0 16 16,5 16,3 16,3 

1 0 1 0,5 0,9 1,1 0,8 

0 0 0 16 16,5 16,3 16,3 

-1 -1 0 52 50,7 49,3 50,7 

0 -1 1 21,5 20,6 19,3 20,5 

0 0 0 16 16,5 16,3 16,3 

1 -1 0 8,5 8 7,9 8,1 

0 1 -1 12,5 12 12,2 12,2 

-1 1 0 34 33,5 33 33,5 

-1 0 1 32 33,4 32,3 32,6 
-1 0 -1 50,5 51,7 51,2 51,1/ 
1 1 0 1 0,7 I 0,8 I 0,8/ 

--.. 



1 ::>1 

paC"llt:T ,L1,n"'.u'-' .... ""~--- - - - r - - - ~ .......... .I..'-'- .... ~..a. .... U.H. 

Yl IIp lin 0)[( 

0 llbIT Y1 Y2 Y 3 Yep. Y 1 - Yep_ Y2 - Yep. Y3 -Ye I eli, 

1 6 6,8 5,2 6,0 0,0000 
p- (Y1 - Yep )2 

2 26,5 26,9 26,4 26,6 -0,1000 
0,8000 -0,,8000 . CY2 - Yep.i (Y 

10 9,5 11 10,2 -0,1667 
0~3000 -0 20~ 0,0000 ° 3 - Yep·l 2 

3 -0,6667 0 833 I 0,0100 ,6400 06 S J 
16,5 16,3 16,3 4 16 -0,2667 0,2333 0'~0278 g,0900 o'o:go 0,64(J 

0,5 0,9 1,1 0,8 -0,3333 
5 0,0667 0' I 0,0711 ,4444 ' 0 0 ,"," -

16,3 
6 16 16,5 16,3 -0,2667 0,2333 -0,2667 7 0,1111 0,0544 ~,6944' of) 

7 52 50,7 49,3 50,7 1,3333 0,033]" ,0333 0071 O,OOLl,A 1,8678 1,8233 

8 21,5 20,6 19,3 20,5 1,0333 o,t"n?-4~667 _\~o 1 0,0178 1,3611 1,2233 

9 16 16,5 16,3 16,3 -0,2667 0,2333 0,0333 0,0711 0,0544 0,0011 0,0633 

10 8,5 8 7,9 8,1 0,3667 -0,1333 -0,2333 0,1344 0,0178 0,0544 0,1033 

11 12,5 12 12,2 12,2 0,2667 -0,2333 -0,0333 0,0711 0,0544 0,0011 0,0633 

12 34 33,5 33 33,5 0,5000 0,0000 -0,5000 0,2500 0,0000 0,2500 0,2500 

13 32 33,4 32,3 32,6 -0,5667 0,8333 -0,2667 0,3211 0,6944 0,0711 0,5433 

14 50,5 51,7 51,2 51,1 -0,6333 0,5667 0,0667 0,4011 0,3211 0,0044 0,3633 

15 1 0,7 0,8 0,8 0,1667 -0,1333 -0,0333 0,0278 0,0178 0,0011 0,0233 
5,97 

3 
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TIPIIJIOJKEHIIE 14 

P . , 

NQ P<1 X2 X3 Y1 Y2 Y3 Yep. Y1 - Yep. Y2 - Yep. Y3 -Yep. (Y1 - Yep.)"2 (Y2 - Yep.)"2 (Y3 - Yep. )"2 S2j 

1 1 a -1 6 6,8 5,2 6,0 0,00 0,80 -0 80 , 0,00 0,64 0,64 0,64 
2 a -1 -1 ~6,5 ~6,9 ~6,4 26,6 -0 10 , 0,30 -0 20 , 0,01 0,09 0,04 0,07 
3 a 1 1 10 9,5 11 10,2 -0 17 , -0 67 , 0,83 0,03 0,44 0,69 0,58 
4 a a a 16 16,5 16,3 16,3 -0 27 , 0,23 0,03 0,07 0,05 0,00 0,06 
5 1 a 1 0,5 0,9 1,1 0,8 -0 33 , 0,07 0,27 0,11 0,00 0,07 0,09 
6 a a a 16 16,5 16,3 16,3 -0 27 , 0,23 0,03 0,07 0,05 0,00 0,06 
7 -1 -1 a 52 50,7 49,3 50,7 1,33 0,03 -1 37 , 1,78 0,001 1,87 1,82 
8 a -1 1 ~1,5 20,6 19,3 20,5 1,03 0,13 -1 17 1,07 0,02 1,36 1,22 , 
9 a a a 16 16,5 16,3 16,3 -0 27 , 0,23 0,03 0,07 0,05 0,001 0,06 
10 1 -1 a 8,5 8 7,9 8,1 0,37 -0 13 -0 23 0,13 0,02 0,05 0,10 , , 
11 a 1 -1 12,5 12 12,2 12,2 0,27 -0 23 , -0 03 , 0,07 0,05 0,00 0,06 
12 -1 1 a 34 33,5 33 33,5 0,50 0,0 -0 50 , 0,25 0,0 0,25 0,25 
13 -1 a 1 32 33,4 32,3 32,6 -0 57 0,83 -0 27 0,32 0,69 0,07 0,54 , , 
14 -1 a -1 50,5 51,7 51,2 51,1 -0 63 , 0,57 0,07 0,40 0,32 0,004 0,36 
15 1 1 a 1 0,7 0,8 0,8 0,17 -0 13 -0 03 0,03 0,02 0,00 0,02 , , 

301,9 _5,97 


