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B CBK3H c npoeKTBpoarulHew .nm1 CIIHXpo¢aaoTp011a OHHH noaoro llJ[liBltBoro ycxopH

TBIISl•KHlKe1TOpa, 10TOphlll 6y,neT AABI!.Tb CYlllBCTBBliHO' 60IIblllYJO. KHTeliCIIBIIOCTb llpOTOIIOB 

B IIMJiyn&ee, JI.CTI!.BT BOIIpOC 0 npe,nenbH,O ,nonycTJIMOM KOIIll'IBCTBB 'IACTKil B, KAMepe CHB

xpo¢aaoTpoHa, of5ycnaanHaaewoM .nellcTnHew npocTpaBcTneHHoro aaps.na ny'!Ka, 11 o Bb16ope 

TI!.10ro pelKRMI!. IIHlKeKiliiH, 'IT06hl RMeTb MI!.KCIIM81IbHYIO HHTeRCKBHOCTb ycKOpeHHhiX DpOTo-

HOB, 

3a,naqy 6y,new pi!.CCMI!.TpBBI!.Tb B CIIe,nyiOUlHX npe,nJIOIIO>KeHBIIX0 npe,nnonaraew, 'ITO 

llll~eKTOp HMBBT ,nOCTI!.TO'IHhiJ! 3AIII!.C IIO TOKy. 3HeprHH HlllKBKilllll ·w IIOIII!.raeTCI! ¢HK

CI!po~ruiHoJ!. Tor,na MI!.KCI!MI!.IIbHI!.II HHTeHCIIBHOCTb YCKOpeHHoro IIY'IKI!. onpe,nenHBTCII, .no-; 

DOpBhiX, TOM KOIIll'IBCTBOM 'II!.CTI!Il, KOTOpOe Whl MOlKBM BBBCTII B KI!.Mepy B KBI!.3R6eTATpOH

HOM pe>KHMe, II, BO-BTOpbix 0 o6ecneqeHH8M TI!.Koro pe>KHMI!. HH>KBKilHH, 'IT06bl 1IpH BKIIIO'Ie

HHH YCKOpHIOll.lBrO DOIIII IIOTBpH 'II!.CTRil 6b11IH MHHHMI!.IIbHhiMH. 

KonH'IBCTno 'II!.CTHil, Bno,nHMoe n KI!.Mepy n KBI!.3116eTI!.TpoHHOM pe>KHMe, orpllHH'IHBa

eTcll .ne¢oKycHpyiOlllHM .o;ellcTBHeM npocTpi!.HCTBeHHoro aaps.na, B peayn&TATB KOToporo 

'II!.CTOTbl nepTHKSnbHbiX II pa,nl!anbllb!X Kone6anull yMellbllii!.IOTCll II pa60'II!.II TO'IKI!., xapi!.KTe

pH3YIOllll!.ll 9TH 'II!.CTOThl, nepeMell.li!.HCb nepeceKaeT ps.n peaoHaHCHbiX nonoc. Bonpoc o .no

nycTHMhiX f'1 n 
0 

II f'1n r · ( H3MelleHHIIX n B peayiibTI!.Te ,neJ!CTBHII npOCTpru!CTBBHIIOro 

31!.pl!,nl!. HI!. .BepTHKI!.IIbHbiB II pa,nHI!.IIbHble CB060,nllble KOIIB61!.HHll) 6y,neH o6CY>KAOH HJI>Ke, 

npe.nnonaral! ny'IOK npoTOHOB B KI!.MApe CHHXpo¢aaoTpOHI!. npHMOyrOIIbHhiM c o.nHopo.n-

HbiM pacnpe.o;eneHHeM niiOTIIOCTH ( p83Mep 110 nepTHKI!.IIH 2 Zm , no pa,nHycy 2 Xm 

llpH'IBM Xm'>>zm ·), MO>KHO 

cne,nyiOll.lell ¢opMynol!: 

llpH61IH>KeHHO ,nonyCTHMOe KOIIH'IeCTBO 'II!.CTilll Bblp83"Tb 

. 
21'1n,llxm z ,;w 

~re 2 R ~ 

x) 
N ~ 

.non. ( 1) 

r.ne Ro -paBHOBBCHhlll pa.nHyc, n - nepHMBTp pi!.BHOBecHol! op611Thl. 

X 

3,necb Mbl He Y'IHThiBI!.IIH nons, C03,naaaeMble aaps,naMII, HI!.Be,neHHhiMII HI!. CTeHKI!.ll 

KaMephl, TAK KAK. OHH ,na10T OTHOCHTeiibHhiB · .no6anKH cyll.leCTBBHHO MBHbWHe e,nHHRllhio Kpo-· 

Me Toro, He Y'IHThiBaeTcs .nel!cTnHe aaiiMyTanbHoll napHanHII HI!.Be,neHHoro aaps.na, nol!BIIR-· 

IOIUBeCR B peayiibTI!.Te HCKI!.>KBHHR MrHOBeHHOlt op6HThi BHeWHHMH CIIIII!.MII, TI!.K KI!.K MO>K-

HO noK8.31!.Tb, 'ITO OH!l YMBHbWI!.eT HCKI!.>KeHHe MrHOBBHHOJI Op6HThl BCIIe,nCTBHe• TOrO, 'ITO 

uaxo,nHTC<H B npoTHao<Paae r. I{CKA>KI!.IOWHMH cHni!.MH. 
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3aMBTHM1 'l'I'O acpcpeXT OTPKil&TenhHOA MaCChi/ 1/ He DpOSIBnliBTCll Dpll ycnoBKH 

i'bT,< ITRo _n_ ( 8W )2W 
2Ae 2 2(1-n) W (2) 

Dpa X ·>> z m BenH'lBHa A ~ 1, .n - DOX83aTenb CD&,Z:ta DOnSio Tax xax _
1_!i.w =~. 

m · · 2(1-n) W R 
r.z:te fi.R w - paa6poc MI'HOBBHHbiX Op6BT0 COOTBBTCTBYIOlllBA aHepreTB'lBCXOyY paa6pocy fi.W~ 

To, Tpe6ysr, 'lTOOhi BbiDonHsrnocb HepaBeHCTBo N < N , HeTpy.z:tao Dony'lBTb xa non. oT. 
J) H 2) OI'p&HH'l9BH9 Ha OTHOCBTBnhHhiA paa6poc MI'HOBBHHbiX op6BT fi.R,. 

2xm 

( !i.R.,..)2> ...!_~--·-!ln. 
2x m IT 21TR0 n(l-n) 

Zm 

xm 

,.({nsr cuuxpocpaaoTpoua 01-HIH 
n 

2"Ro 
1,18; n = 0,67) 

Zm !i.R,. > 1,7!i.n. x 
-- m 2xm 

(3) 

(4) 

Kax BB.z:tHo1 aTo ycnoBIIe nerxo BbinonHBMO, TaxBM o6paaoM, ODpe.z:tensriOll.lHM srBnsreTcsr 

.z:teACTBHB npOCTpaHCTBBHHOI'P 3&pSIA& ua CB060.z:tHOe ABB:>K9HH9o 

0CT8HOBHMCSI TeDepb ua Bonpoce 0 AODYCTIIMbiX !i.n • II !i.n r • CornacHO paoo-

/2/ 
Te 

1 
CBSI3b MB:>KAY fi. n r II !J.nz MO:>KHO DpH6nii:>K9HHO Bbip83HTb B BK.z:te 

!i.n 
r ~An. 

Xm 

(5) 

To :>Ke C&MOe Mbl Dony'IHM TO'lBO AnSI paBHOMBpHO aapsr:>KBHHOI'O anniiDC8, B XOTOPOM. K8K 

li3B9CTH01 Dong nKHeJI:Hbi, 

Ha pucyaxe H3o6pa:>KeHa 'l8CTb o6nacTH YCTOJI:'lKBOCTK B KOOp,Z:tHH8T8X V H v • 
r z 

Ecnn Dpeue6pe'lb .z:teAcTBHeM xynouoacxoro aapx.z:ta nyq:xa, pa6o'llle TO'lKH B a&BKCHMOCTH 

OT n pa~nono:>KaTcx ua .z:tyre oxpy:>KHOCTH v: + v; = I 2 ( I = 1 + ....!!..,.._ , L - .z:tnHua 
' IT~ 

.DPHMOmmeJI:uoro npoMe:>KyTxa), Do.z:t .z:teACTBBAM npocTpaucTneuuoro aapx.z:ta pa6oq:xe TO'l-

KH 6y.z:tyT CMell.laTbCSI B CTOpOHy MBHbWHX 3Ha'l9HHA V
11 

H vr DO aaxony 

v.=vn-!i.n. v r = v' 1-n -!>. n, I , 
(6) 

Ha pncyHK9 KpHB8SI 1 ( V 
2 

+ V 
2 

= 1
2 

) H KpHBaSI 2 1 OllHCbiBaeM8SI (6) DpK n = 0,7, COOT-r z 

BBTCTBYIOT DapaMeTpaM cnuxpocpaaoTJlOHa OH.f!H, Dpx6nH:>KeuHo xpHBbie, no xoTPpbiM nepe-

"!!Blll&IO'fCSI H306pa:>K810ll.lll9 TO'lKH 1 MO:>KHO npe.z:tCTaBHTb B BII,Z:t9 npSIMbiX 1 T8HI'6HC yrna Hax-

nona KOTOpbiX tg </> Bblpa:>Ka9TCSI B BH.z:te 

tg¢ ~v.h.n 
z n m 

(7) 

4 

I 

·•tf 
\t 
\i 
.! 

I 
I ,. 

I 

:I 

'll: f 
~J·.· ! ., 

·I 

B sTPA cpopwyne npexe6peraeTCSI no cp8BueHKIO c e.z:tnuuneA q:neH&MH BH.z:ta 

-f !ln. 
n 

H 1 !i.n T --~•· 
1 - n 

Kax BHABO, pa6o'l&ll TO"lXa na.nnocxocTH vr V 11 B nponecce nepeMemeHHll nepecexaeT 

paana'lUue. peaoHAHCHbie llliHKH, Bo BpeMll uaxonneHBll aapsr.z:ta a KB&aH6eTaTpouuoM pe:>KH

Me nepBM6li.{9HB6 pa6o'leA TO'lKH npOHCXOABT O'l9Hb 6biCTpO H nepece'leHHe p930H8HCOB 

nponc,.;o.z:tBT aa apeMeHa nopll.z:tKa o6opoTa, Cne.z:toB&Teni.no, a.z:tecb peaouaucbi, O'IBBHAHO, 

CYll.l6CTB9HBO He npOSIBSITCSI, 

. ,.({anee B nponecce ycKopeHHll pa60'l8SI TO'llta H&'lH6T CM9lll8TbCSI o6p&TH00 HO 3H8'lH

TenbHO Me.z:tneuuee, Ha ( 1) nonyq:aeM 

!ln. "'jlir . (8) 

r.z:te B
8 

- H81lpSI:>K9HHOCTb M8I'HHTHOI'O nang Ha p8BHOB9CHOA OpOKTe, T8X K81t ·w = B
8

2 

z • _1_ , x ~ .J_ (pa.z:txanLHo-cpaaonbie xone6auug), Ho a.z:teCb Hy:>KHO oTMeTKTb, 
m B~ m o• . 

'ITO Upll 1IpOXO:>K,Z:t9HHH peaoHaHCOB B Dponecce ycxopeHIISI MO:>KHO p8CC'lBTbiB8Tb H8 M8nble 

HOT6pllo neACTBHTenbH01 p930H&HC 6y.z:teT BBCTH K paa6yX&HHIO ny'lK8 ( p8CK8'lK8 xone6a

HHA), T,e, K ocnaoneHHIO .z:teACTBHll xynoua II, cne.z:tOB8TenbHO, K YCKOp6HHIO npOXO:>K,Z:t611HSI 

p930H8HC8, .TaxiiM o6p830M 0 MO:>KHO C'IHT&Tb1 'ITO AODYCTHMOA SIBnsreTCSI BBIIll'lHH& !i.nz ... 0,5, 

onpe.z:tensreuasr H3 ycnoBHA o6ecne'leHHSI AOCT8TP'lHOA BepTHK&nhHoA cpoxycxponKII, Tor.z:ta 

npH ·w a 20 MaB, "m- 60 CM, Z m • 15 CM AnSI CHHXpOcp830TpOH8 omm 
N a 1014• 

AODo 

PaccMOTpHM Tenepb Bonpoc o6 o6ecne'leHIIH Ta'ltoro pe:>KHMa1 'ITOObi npn ycxopeuan 

nOTepH 6binH MIIHHM81lbHbiMll, 
~.~_....--

DoTepn 'l&CTHil nocne BKniO'leHHSI ycxopSIIOll.lero nonsr MO:>KHO paa6KTb ua .z:tBe rpynnbi, 

DepBylO I'pynny - 'l8CTHilbl 0 . OK838BWH9CSI BHe cenapaTpHCCbi 1 - MO:>KHO C'm:TaTb 38XOHHbiMH 

noTepliMH, BTopaH rpynna - sTo DOTepH 'I&CTIIIl xa oonacTn cenapaTpnccbi Hll. nepBoM cpa-

• 
30BOM Kone68HHH 1 KOI',Z:t8 cyMM& aunnHTyA pa.z:tH81lbHbiX1 CBOOOAHbiX H cp830BbiX KOne6&HHA 

npeBUW&6T p8CCTOSIHH6 BH:>KBKTOpa OT p8BHOB9CHOA op6HTbi0 H noTepH, T&K:>Ke H3 o6naCTII 

cenapaTpHCCb11 B03HHKWH9 B peaynbT8T6 KOne6&HHA nnOTHOCTH B nponecce p8,Z:tH81lbHo-cpa-
. /3/ . 

30BbiX xoneoauHA • YBenK'l9HHe nnoTHOCTil H8 83HwyTe p8BHOB9CHOA 'l8CTHUbi npHBe.z:teT 

K yBenH'l9HHIO fi. n z H !i.n, H, cne.z:tmiaTenbH00 K CM9lll9HHIO pa60'16A TO'IKH, 

Yaenaq:euxe nnoTHOCTH Mo»eeT BbiBBCTH paoO'JYIO TO'lKY na o6nacTH ycTOA'IHBOCTH, 

T,e, HapywHTb ycToA'lHBOCTb caooo.z:tllbiX xone6aunA H o6ycnoBHTb noTepx. Ecna »ee yaeJIH

'IeHHe nnoTHOCTH oy,Z:teT ,Z:tOCT8TO'IHO MAn01 TO OHO HpHB9,Z:t9T K KOneo&HHIO paooq:eJI: TO'lKH, 

T,e, K AOHOnHHTBnhHbiM MHOI'OKp8THUM nepece'lBHHliM p930H8HCOB, 'ITO MO»C9T npH139CTH 

Tax»ee K noTepHM, DoTepn BTOpoA rpynnbi :>KenaTenbHo ycTpaHHTb nnH cBeCTH KMHHBMYMY• 
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/3/ 
Kax: yxaawaanocb a pafioTe · , xonefillHHll IIllOTHOCTH MHHHMAllbHhl ll upax:TR'lec:.:x ue 

npeBblWSIOT HA'lBJibHOll II110THOCTH 0 9Cllll IIpH B)(lllO'l9HHil yci:OpliX>IUero IIOllH SHepreTJI'l9CI:llll 

paa6poc B ny'lxe upoTOHOB paaeH sHepreTH'lecxoMY paau:epy cenapaTpxccw. Ecllll >Ke sHep

reTH'leCJ:HA pa36poc COCT8.Bllli9T nOllOBHHY SHepreTH'l9CJCOrO p8.3Mepa Cenap8.TpHCCU
1 

TO Ha 

H9'19'l'HblX 'l9TB9pTliX ¢a30BUX KOllefiaHHli IIllOTHOCTb Ha 8311MyTe pABHOB9CHOli 'l8CTIII(bl yae

llli'IIIBAOTCII npHfillll31lT91lbHO B .llB8 p8381 'ITO MO:lK9T npKB9CT!l JC noTepHM, 

3.ll9Cb HY:lKHO OTM9TilTb, 'ITO npH SHepreTB'l9CKOM pa36poce, paBHOM p83Mepy cena

paTpBCCU0 noTepH, OTHOCilMUe K nepaoll rpynne, fiy.llyT H9CKOllbKO fiOllbWe, B !ITO Hy:lKHO 

IIM9Tb B BH.llYo 

J::tnst CB9Jl9Hilst K MllHHMYJdY noTepb BTOpoA rpyiinbi np9JlllB.r89TCSI Cll9.llYIOIUHli pe:lKHM 

HH)I(9JCI(Jlll, nxHeliHuli YCXOpliT91lb H8CTp8KB8.ATCll H8. pe:lKHM t ofiecne'I:KBAIOIUIIA MIIHIIMAllbHUli 

SHepr9TB'l9CKBli pa3fipOC 0 H 0 KpOMS TOro, BKlllO'l8.9TCSI .llODOllHBT91lbHhlli p930H8.TOp, n03Bo

llst!OlUBli B nponecce llH:lK9KI(IIH ll0Bh!W8.Tb SBeprBIO no 1lllH9liHOMy 38.KOHy BllllOTb .llO 

~ " 2 - 2,5%, 3TO no3B01lst9T ocymec'l'BB'l'b HH:lK9KllBIO 118. liOCTOSIHHYIO OpfiBTY C M8.1lh!Mil 

p8..llB81lbHhiMH K0119fillHHSIMHo 

Tor.lla K KOHilY HH:lK9KilHH Mhl fiy.lleM HM9Tb B JCB.Mepe liY'IOK C fi01lbWHM SHepre'l'H

'IOCJCilM pa36pOCOM, PacnpO.ll9119HH9 '18.CTHil DO 8.MIIllllTY.ll8.M CBOfiO.llHbiX K01lefiaHHA B STOM 

cnyqae fiy.lleT 1IpBfillH3DTellbHO' BM9Tb BB.ll IIpstMOyr01lbHHJCa CO CpO.llHOli aMIIllliTY.llOA p
0 

ll IIOllYWilpHHOA Bp , onpe.ll91lst9MOli BOllii'IHHOli ·aaepre'l'H'19CKOrO pa36poca H3 HH:lK9KTOpa 

SW , ll He fiy,neT 38.BilC9Tb OT SHeprHH, 8 STOM pe:lKHMe liOT9pll '18.CTHU BTOpoli rpynnbl 

MO:lKHO npaKTH'I9CKH HCKlllO'IHTb, 

J::tnst BhiHB119HHst npeHMylUeCTB np9.llllB.r8.9MOrO MOTO.ll8. HM99T CMh!Cll Cp8.BIIHTb ero C 

Ofihi'IIIhiM pO:lKilMOM HH:lK9KlliiH C SllepreTH'lOCKHM pa3fipOCOM H3 HH:lK9JCTOpa, paBHhiM p8.3-

/4/ 
Mepy cenapaTpHCChl, Cornacuo pac'leTaM H,B,PyfiBHa B nocne.llHeM cnyqae ~eos¢¢R11ReHT 

38.XB8.T8. BO BTOpoli pe:lKHM MaBee 0,2, 8 npe.llii0118.r8.9MOM :lK9 ·M9TO.ll0 K03¢¢Hllli9HT 38.X

B8.T8. nop~JlKB. 0,35 - 0,4 { T,e, O:lKHJl8.9TCSI Bh!Hrpuw no Kpal!Hell Mepe B 2 paaa) • 

TaKHM o6pa3oM, npe.llnonarast, 'ITO B npo11ecce ycxopeunst nu,enc~BHOCTb fiy.lleT na-

.tlB.Tb He 6onee '19M B .llBa pa3a, MO:lKHo pacc'IHThiBaTb npn o6ecneqeHHH N ua no-
13 .llOn 

llY'IOHHe HHTOHCHBHOCTH )'"CKopeHHOrO ll)'"'IKB. nopst.llK8. 1 ~ 2,10 npOTOHOB B HMnyn&ee, 

8 •,38.KlllO'IOHHe HeofiXO.llliMO OTMOTHTb, 'ITO· Jlllst fionee ofiOCHOBilHHOrO onpe.ll9119Hllst 

.llonycTHMoro ll n. H, cne.llOBaTenhHo, N .llOn, n .llnst OI19HKH nOTe ph a npo11ecce BH:lKeK-

nnn HeOfiXO.llliMO Jl9T8.1lbHO Dp08.H8.1lH3HpOB8.Tb Jl9liCTBHe npOXO.llliMhiX p930HAHCOB, a T8.K:lK9 

oneHHTb BllHstHHe H911HHOliHhiX 'lll9HOB B COfiCTB9HHOM none, nostBllSIIOlUHXCSI B p93)'"1lbT8.Te 

HepaauoMepnoro.pacnpe.lleneHnH nnoTHOC'l'H no nonepe'IHOMY ce'!eHHIO nyqxa, 

6 
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