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B 1956 r. B.Yl. BeKcnepoM Ill 6bln rrpeJ::tnO?KeH yJlapHbiH MexaHH3M 

yCKOpeHHSI cryCTKOB 38pS!M8HHbiX 'I8CTHU 1 11BnSI!OlUHikH OJlHOll H3 pa3HOBHJl

HOCT8H o6mero KOrepeHTHOI'O MeTOJl8 1 paCCMOTpeHHO!"'O HM TOI'Jl8 Me, Ha 

:>KeneacKoli KOHcpepeHUHH no ycKopuTeJIHM 1959 r, BeKcnepoM H llbiTOBH-

121 
'IeM 6bmo npeJlcTaaneHo JlanbHelilUee paccMoTpeHHe yJlapHoro ycKope-

HHSI, l1MH 6bin T8KMe Kp8TKO paCCMOTpeH cnyqali CTOnKHOB8HHSI 38pHMeHHbiX 

cryCTKOB, 

B HacToSimeli pa6oTe rrpoBOJlHTCH 6onee JleTanbHbiH aHanu3 sroro rro

cneJlHero CJiy'IaSI, pa36Hp8eTCH BOIIpOC 06 y.c~epM8HHH TSIM8Jlb!X HOHOB B 

nerKOM cryCTKe H yTO'IHSI!OT'CH XapaKTepH.CT'HKH M8X8HH3M8 yCKOpeHHSI. 

B rrocneJlHee BpeMSI 3H8'IHT'8JlbHO B03pOC HHTepec K KOnneKTH.BHOMY 

13l " 6 6 MeT'OJlY ycKopeHHSI 1 C OJlHOH CT'OpOHbl, H K IIpO neMe rrony'IeHHH OJib-

141 " E 
lllHX 8Jl8KTpOHHblX TOKOB 1 C npyroH, ~cT'b OCHOB8HHH nonaraTb 1 'ITO yc-

I18X11 B IIOCJI8JlH8ll o6naCT'H. MoryT 3H8'IHT'eJibHO rrpn6nH.3HT'b OCYlll8CTBneHH8 

YJl8pHOI'O yCKOpeHHSI, T8K K8K CT8HOBHTCH1 BH.JlllMO, peanbHOll rrpo6neMa 

C03;:t8HHSI TS!Menoro cryCTKa C Tpe6yeMblMI1 IIapaMeTpaMH, 

B HaCTOSillleli pa6oTe ocHOBHOe BHH.MaHne yneneHo paccMoTpeHH.IO JlH-

H8MHKH CTOnKHOB8HHSI 38pS!M8HHbiX cryCTKOB If onpeJleJieHH!O HpHHUHIIHaJib-

HbiX xapaKTepHCTH.K M8X8HH3M8 yJlapHOI'O y-::KopeHHH, B TOM 'IHCJie OCHOBHbiX 

rrapaMeTpoa caMHX sapSIMeHHbiX crycTKOB, Borrpocbi cosnaHHSI H rrpeJlaapH

TenbHoro ycKopeHHSI T8KH.X cryCTKOB B pa60Te He 3aTp8I'HB8!0TCH, 
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1. 0 KHHeMaT!1Ke ynpyroro coynapeHif.H AByx crycTKOB 

flp8)KA8 BCero BB8A8M 0603Ha'Je!II1.H. Bee Bb.Tfi1'I11Hbl 0 OTIIOC.HIUI18C.H K 

T.H£1WJIOMY cryCTKY, 6ygeM o6o3Ha'JaTb Ulfc\'Jpoli 1, K nerKOMY - Ulf<jlpoli 2, 

TaK, Hanp!Hv!ep, .\1 1 , V 
1
°, y ~ Oflp8L\8Jl.HIOT Macey 0 CKOpOCTb H 9HeprHIO 

( B eilHHHuax MC 2 
) T>I)KeJIOI'O crycrKa AO cronKHOBeHH>I, N; , v

2 

y 1
2 

- 'IHCJIO qaCTHU ( 9J18KTpOHOB), IIOrOHHblll 9JI8KTpOH H rrorrepe'IHYIO 

9Hepri1\0 9J18KTpOHOB B JierKOM cryCTKe. fi Or'OHHblll 9J18KTpOH Ollp8U8J1518TC.H 

K8K 06bi'IHO: V = r
0 

n 
e 2 

' r o = --;;;;2 n - Jli1H8llHa.H IIJIOTHOCTb 'IHCJla 

'JaCTHU, paBHa>I 
N 

. AJI.H TOHKoro KOJlbUa panHyca R 
27TR 

ripe.urrono;KHM, 'ITO BblfiOJIHeHbi ycnoBH>I yrrpyroCTH coynape!IH>I ABYX 

crycTKOB 0 a TaKiK8 0 'ITO CTOJ1KHOB8HR8 .HBJ1.H8TC.H Jl060Bb!M ( IIpHU8JlbHblll 

rrapaMerp ropaano Menune paaMepa crycTKOB), Llanee Mbi o6cyAHM rrepBoe 

rrpeAIIOJlOiKe HHe, 

flyCTb B 06IUeM CJiyqae AO CTOJIKHOB8H11.H T.HiK8Jlblll cryCTOK HMeJI CKO-

pOCTb vo 
1 

OAH!IaKOBbie, a 

nerKifH -

vo > v 0 
I 2 

v ~ , IIpi1'I8M HarrpaBJI8HH>l B8KTOpOB CKOpOCTH 

C IIOMO!Ub!O peJl>ITHBHCTCKHX <jlopMyJI rrpeo6pa30-

BaHif.H CKopocreli nerKo rroKa3aTb, 'ITO anepru.H nerKoro crycrKa rrocne 

CTOJ1KHOB8HH.H ( TO'IHblll CMbiCJI CJIOBa "rrocne" Bbi.HCHHTC.H II03iK8) 6ygeT 

paBaa: 

2 0 
E2 .. M2c y2 

vv 0 
1-2--2-+v2fc2 

c 2 -----
1 - v

2
/ c 

2 

I'.ll8 V - CKOpOCTb CI1CT8Mbl Ue!ITpa T.HiK8CTH ( U - CI1CT8Mbl ) : 

0 0 0 0 
M 1 Y 1 v 1 + M2 Y 2 v 2 

v 

M y 0 + M yO 
1 1 2 2 

EcnH Bhmonneao ycnOBHe 

4 

~ 

( 1 ) 

(2) 

I . 

~; 

i ;'~; 

0 0 
MtYt » M2 Y2 

TO V "' V ~ , U-CHCTeMa IlpH 9TOM Ilp8KTH'I8CKH COBII8.11a 

IIOKO.H T.HiKendro crycTKa. Tor.11a 

M2 

E "'2M c 2 y 0 
2 2 1 

X>Ta. + ~--

H 

0 0 
YoTH. "" Y 1 Y ( 1 ' 2 

M2 
+ 2 -- YOTII. 

M1 

0 0 
v t v2 

----z--
c 

BenH'IHHa y orrpeAeJI>IeT aaeprHIO nerKoro crycTKa 
OT!I. . 

HOCTH B U-CHCTeMe rrp11 BbiiiOJ1H81IHH (3). flpHBe,lleM 6onee 

ny ,llJl.H Y B IIpaKT11'I8CKH B8iKHOM cnyiJ:ae, KOr.lla 
OTH, 

02 >> 02 
y 1 y 2 0 

1 y 1 
y ..,_ --0-
0TII. 2 Y 

2 

y02 > 
1 

E cnH Bbiiionneno 6onee iKeCTKoe ycnoBue, 'I eM ( 3), a HM8HJ 

M » 2M .s YoTH. 1 

(rrpH 9TOM T.HiK8JlbiH crycTOK Ilp8KTR'I8CKR He M8H.H8T CBOIO 

rrpouecce CTOJlKHOBe!In.H), To 

2 0 
E 2 "' 2M 2 c Y1 YoTH, 
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0 KHHeMaTKKC ytrnyroro coynapeHKH QBYX cryCTKOB 

ero BBeAeM o6o3Ha'leHHH. Bee BbnH'lHHhl, OTHOCHWHeCH K 

Ky, GyneM o603Ha'laTb UH~poli 1, K nerKOMY - UH¢poA 2, 

\11 ' 
0 0 

\'I' y I OIIpeneJHIIOT Macey, CKOpOCTh H 9HeprHIO 

TH~enoro crycTKa no cTonKHOBBHHH, N: ' v2 

c TH!l ( 9JieKTpOHOB) 1 ITOI'OHHblll 9JlBKTpOH H rrorrepe'lHYKl 

HOB B nerKOM cryCTKB, TiorOHHhlll 9JleKTpOH OITpenenHGTCH 

2 

= r n 
0 

e 
,r0 z=--;;e2 n - JlHH8llH8H rrnoTHOCTb 'HICJ18 

N nnH TOHKoro Knnhua panHyca R 
2rrB 

HM, "'ITO BLTIIOJlHQHbl ycnOBHH yrrpyroCTH CoynapeHHH neyx 

~e, "'ITO CTOnKHOBGHHG HBJlHBTCH no60BhlM (rrpnuen&Hhlll 

no Mem me pa3Mepa crycTKos) • .ilanee Mbi o6cymrM rrepaoe 

6WeM crryqae no CTOnKHOBeHHH TH~enblll cryCTOK HMen CKO-

erKHH - v ~ 1 IIpH"'lGM HarrpasneHHH BGKTOpOB CKOpOCTH 

vo > v 0 C IIOMOlUblO penHTHBHCTCKHX ¢opMyn rrpeo6pa30-
I 2 

nerKo rroKaaaT&, "'ITO 9HeprHH nerKoro crycTKa rrocne 

O"'!Hblll CMbiCn CJlOBa "rrocne" Bb!HCHHTCH II03)KB) 6yneT 

2 0 
E2=M2c y2 

vv 0 

l-2--2
-+v 2 /c 2 

c2 -----------------
l -v 2 /c 2 

CTb CHCTGMbl UBHTpa TH)KGCTH ( 1l - CHCTGMbl ) : 

0 0 0 0 
M I y I vI + M2 y 2 v 2 

v 

M y 0 + M yO 
I I 2 2 

ycnoaHe 

4 

~; 

( 1 ) 

(2) 

·..y,; 

~· 

~-~' 

~~ 
:~ry. 

' ( ~ 

0 0 
M 1 y1 » M2 Y2 (3) 

TO 
0 

V "' VI 1 u-cncTeMa llpH 9TOM rrpaKTK"'IBCKH COBIIanaeT C CHCTeMOll 

ITOKOH TH)KGJ10!'0 cryCTKa. Torna 

M2 

E .. 2M2c2yo J6TH, + 1\t.~--
2 I 

M2 
l + 2 --- YOTH. 

M, 

(4) 

H 

0 0 

0 0 ( l 
vI v2 

YoTH. = yt y2 - -,--
c 

(5) 

BerrH"'IHHa y orrpenenHeT 9HeprHIO nerKoro crycTKa Ha 6ecKoHe"'l-
OTH, . 

HOCTH B ll-CHCTBMe IIpH BbJIIOJ1H9HHH (3), TipHBBABM 6onee llpOCTyiO ¢opMy-

02 l 0 2 l ny AJ1H Y B rrpaKTH"'IGCKH B8)KHOM cnyqae, KOI'A8 Y I >> • Y 2 >> • 
OTH, 

02 >> 02 
y I y 2 

l 
YOTH, "'2 

0 
y I 

~-o-

y2 

EcnH BbiiTOnHeHo 6onee )K9CTKOe ycnosHe, '!eM (3), a HMeHHo: 

M 1 » 2M.aYoTH. 

(6) 

(7) 

( 11pH 9TOM TH)K9J1blll cryCTOK llp8KTH'I9CKH He MBHHGT CBOIO 9HeprHIO B 

rrpouecce CTOJ1KHOB9HHH), TO 

2 0 
E 2 ., 2M 2 c Y1 YoTH, (8) 
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B qacTHOM cny'!ae v ~ - 0 , y = y ~ 11 
OTH, 

E2 
2 02 

.. 2M 2 c Yt (9) 

Ill 
f1ocnenHmi ¢opMyna rrpHBe,QeHa B.l1. BeKcnepoM n orrpeAenHeT HSsecr-

Hblll s(jl{jleKT yBeliH'!eHHH 8HeprHH B y 2 pas ITpH yrrpyroM CTOliKHOB8HHH 

peliHTllBHCTCKHX 'IBCTHU. 

f1p11 yKasaHHbiX Bbi!Ile ycnoBHHX ysenn'leHHe sHeprlHf rrerKoro crycr-

Ka s y 2 pas B na6oparopHoli cncTeMe B rrpouecce cronKHOBeHHH osHa'la-

eT B U-CHCTeMe yrrpyroe OTp8fK8Hll8 JierKOI'O cryCTKB OT U8HTpa CHJI (TH

fK8J10I'O crycrKa) c sHeprneli y Ha 6ecKoHe'IHOCTJf. 

2. 06 ycnoBHHX yrrpyroro xapaKTepa coygapeHHH 

PacCMOTp8HH8H KHH8M8THK8 CTOllKHOBeHHH rrpeAITOJiaraeT, 'ITO sapH

fKeHHble cryCTKH ABHfKyTCH H BS8HMO,QellCTBYIOT KBK yrrpyrne lll8pbl C MaC-

coli M 1 
H M 

2 
• f1peACTOHT BbiHCHHTb, rrpH KaKHX ycnosHHX TaKaH MO-

,QeJib 6yAeT 6JIHSK8 K ,Q8llCTBHT8JibHOll KapTHHe CTOllKHOBeHHH sapHfK8HHblX 

cryCTKOB, 
/1 2/ 

B rrpe,QbiUYlllHX pa6oTaX ITO ynapHOMY ycKopeHHIO ' B OCHOBHOM 

paCCMaTpHB8llHCb HeliTpanbHbi8 cryCTKH C HHTeHCHBHbiM BSHMyTallbHbiM To

KOM, BS8HMO,llellCTBHe MefK.OY KOTOpbiMH OCy!IleCTBllHllOCb MarHHTHblMH CH

ll8MH OTT8llKHB8HllH (.OllH rrpOTHBOITOllOfKHO HBITpaBlleHHb!X TOKOB B CryCTKax). 

0.0H8KO T8KHe TOKH HeBOSMOfKHO ynepfK8Tb O,llHOpOllHbiM B rrpocTpaHCTBe 

MarHHTHbiM ITOlleM H, KpOMe TOr0 1 M8I'HHTH08 BS8HMO,QellCTBH8 OTHOCHTellb

HO Clla6oe, f109TOMY B H8CTOH!Il8ll pa6oTe BHHM8HH8 B OCHOBHOM ynenHeTCH 

BS8HMO,Q8llCTBHIO sapHfK8HHbiX cryCTKOB, 

flerKHll cryCTOK Mbl 6yneM paCCMBTpHBaTb B BHU8 TOHKOrO 8118KTpOH-

HOI'O KOllbU8 C 60liblllHM panHyCOM R H M8llb!M a C He60llblll0ll ITpHM8Cb!O 

6 

I ~ 

. '1·~. I . I . 

I . 

~ 

;1-

~;; 

~:~-] 

:R 

,<)i 

,,;.~, 

HOHOB, B a3HMYT8llbHOM HanpaeneHHH 9l19KTpOHbl Bp811l810TCSI 

yl
2 

(ao CTOllKHOB~HHSI), 

nnSI TS[)!(9110I'O CI'YCTKa Mbl npeanonOfKHM TOllbK01 'ITO 

reoMeTpH'leCKHA pa3Mep ero He npeBbi!IlaeT R , aHepniH r 

,llDHfK9HHSI aneKTpOHOB pasHa 
0 

Yl..t • By.oeM TaKfKe C'IHTaTb, 

UellHKOM COCTOHT H3 aneKTpOHOB H M8CCa ero YAOBll9TBOpSIE 

(7). f1ocneaaee 03Ha'!aeT1 'ITO cryCTOK DOKOHTCSI B U-CHC1 

Heft:!IleM erO llBHfK9HH9 Mbl paCCM8TpHB8Tb He 6yneM. 

Bonh!IlHe pa3Mepbi o6oHX cryCTKOB coxpaHSIIOTCH HeH3~ 

pO,QHbiM npO,llOnbHblM Mai'HHTHblM noneM H TOKH B cryCTKaX 

KOBbie aanpaeneHHH. 

fnaeHoe npeanonmKeHHe, KoTopoe Mbi caenaeM· npH pa• 

yaapHOI'O ycKOpeHHSI1 COCTOHT B TOM, 'ITO HaHM9Hblllee pace 

TOpoe c6nHfKa!OTCSI CryCTKH B npouecce CTOllKHOB9HHSI ( B U· 

'lHT9llbHO 60llb!Ile xapaKTepHbiX I'eOMeTpH'leCKHX pa3M9pOB C 

Tor-aa aHepi'HJO eaaHMoaeAcTBHH aeyx cr-ycTKOB MO)I{Hc 

npeacTaBHTb B BHae: 

e~,N2(~)2 
2z z 

w 
e2N 1N2 

z 

C'lHTaeM, 'ITO TOKH B CI'YCTKaX penSITHBHCTCKH9 B T9'19HHe. 

CTOllKHOB9HHSI, l.J:HCllO HOHOB B nerKOM CI'YCTKe M8l101 TaK ' 

Mbr 6y.oeM npeHe6peraTb BTOpbiM qneHOM s (10), nonar-aH, 

BbiSICHHM Tenepb, npH KaKHX ycnoeHSIX MOfKHO C'lHTa1 

MeHeHHSI 60llblll0I'O paaHyCa H 9H9pi'HH BpalllaTellhHOI'O llBH~ 

KOI'O CI'YCTKa B npouecce CTOllKHOBeHHSI, 

0THOI1l9HH9 ao6aBO'lHOA paaHallbHOA KYllOHOBCKOA CHllb 

TSI)I{9llbiM CI'yCTKOM1 K UeHTp069)1{H0ll CHl19 9119KTpOHOB B llC 

onpeaenHeT, s nepsy10 oqepeab, H3MeHeHHe paaHyca ner-Kor 

7 



yqae v ~ ~ 0 , y - y 0 
OTH, - I 

H 

E2 
2 02 

2M 2 c Yt (9) 

/1/ 
pMy no rrpnae11eHa B .!1. BeKcnepoM n orrpeaensreT H3BeCT-

B8JIH'I8HHH SHeprHI! B y 2 p83 rrpn yrrpyroM CTOJIKHOB8HHll 

HX 'WCTUU. 

saHHbJX Bbill!e ycnoans:rx y seJin'<ieHne sHeprrrn nerKoro crycT-

3 B na6opaTOpHOll CI!CTeMe B npouecce CTOJIKHOB8HIH! 03HB'I8-

Me ynpyroe oTpa~eHue nerKoro crycTKa OT uenTpa CHJI (Tsr

Ka) C SHeprueii y H8 6eCKOlfe'IHOCTH. 

2. 06 ycnoansrx ynpyroro xapaKTepa coygapeHHH 

peHH85I KHHeM8TI!K8 CTOJIKHOBeHHH npeAITOJiaraeT, 'ITO 38p5I

KI! ABH~yTCH I! B38HMOA8HCTBYIOT K8K ynpyrHe Ill8pbi C M8C

M 
2 

• f1pea.cronT BbiHCHHTh, npn K8KHX ycnoanHX TaKaH Mo-

JIH3Ka K A8HCTBI!TeJihHOH K8pTHHe CTOJIKHOB8HHH 38pH~eHHbiX 

/1,2/ 
IAYilli!X pa60T8X ITO ygapHOMY ycKopeHHIO B OCHOBHOM 

I!Cb HeHTpaJihHbl8 cryCTKll C llHTeHCHBHbiM 83HMyT8JihHb!M To

eHCTBHe M8~AY KOTOpb!Mll ocyweCTBJIHJIOCh M8rHHTHbiMll CH

B8HHH ( AJIH npOTHBOIIOJIO~HO H8llp8BJieHHbiX TOKOB B cryCTK8X), 

TOKI! H8B03MO~HO yJlep~8Th OAHOpO.QHbiM B llpOCTp8HCTBe 

OJI8M ll 1 KpOMe TOro, MarHHTHOe B38HMOAefiCTBHe OTHOCHT8Jih-

08TOMy B H8CTOHillefi pa60Te BHHM8HH8 B OCHOBHOM YA8JIH8TCH 

HIO 38pH~eHHb!X cryCTKOB, 

cryCTOK Mb! 6ygeM paCCM8TpHB8Th B BHAe TOHKOrO SJieKTpOH-

c 60JihillHM P8AHYCOM R H M8JibiM a C He60JihillOll IIpHMeCbiO 

6 

.,.:. 

I ••• 

1
· ...... , .. 

... 

I j .1 

:,~-.)· -: 

'l·.~ 

HOHOB, B a3HMyTaJ!hHOM HarrpaBJieHHH sneKTpOHbl BpalllaJOTCSI C SHeprueli: 

Y.lO (llO CTOJIKHOBeHHSI), 2 • 

.llng TSDKeJIOf'O Cf'YCTKa Mbl npelliiOJIO>KHM TOJihKO, 'ITO xapaKTepHbiH 

reoMeTpH'<ieCKHA pa3Mep ero He rrpeBbiwaer R , sHeprHSI epamaTeJihHoro 

llBH>KeHHSI sneKTpOHOB paBHa 
0 

YJ..l • BylleM TaK>Ke C'<iHTaTh, '<iTO crycTOK 

uenHKOM COCTOHT H3 sneKTpOHOB H M8CCa ero YllOBJieTBOpSieT COOTHOWeHHIO 

(7), f1ocJiellHee 03H8'<iaeT, '<iTO Cf'yCTOK IIOKOHTCSI B U-CHCTeMe H B ll8Jih

Heli:meM ero llBH>KeHHe Mhl paCCMaTpHBaTb He 6ylleM, 

BonhwHe pa3Mepbi o6oHx crycTKOB coxpaHSIJOTCSI HeH3MeHHbiMH oaHo

POilHbiM IIPOilOJihHbiM Maf'HHTHbiM IIOJieM H TOKH B cryCTKaX HMeiOT OllHHa

KOBbie aarrpaaneHHSI. 

fnaBHOe rrpeJliiOJIO>KeHHe, KOTOpOe Mbl ClleJiaeM· IIpH paCCMOTpeHHH 

yaapHOf'O yCKOpeHHSI, COCTOHT B TOM, '<iTO H8HMeHbwee paCCTOSIHHe, Ha KO

TOpOe C6JIH>K810TCSI crycTKH B rrpouecce CTOJIKHOBeHHSI (B U-CHCTeMe), 3Ha

'<iHTeJibHO 6onbwe xapaKTepHbiX reoMeTpH'<ieCKHX pa3Mepoa crycTKOB R 

Torlla saeprHJO B3aHMOilelicTBHSI llBYX crycTKOB MO>KHO rrpu6nu>KeHHO 

rrpet:ICT8BHTb B BHile: 

z 
e~1N2(_!!..) 2 

2z z 
( 10) e2N ~2 w .. 

CquTaeM, '<iTO TOKH B crycTKax penSITHBHCTCKHe B Te'<ieHHe. ecero epeMeHH 

cTonKHOBeHHSI. lJ:Hcno HOHOB B nerKoM crycTKe Mano, TaK '<iTO N2 .. N~ . 

Mbi 6yneM rrpeae6peraTh BTOpbiM qneHoM B (10), nonarag, 'ITO R << z • 
min 

BbiSICHHM Teneph, rrpu KaKHX ycnoenSIX MO>KHO C'<iHT8Th ManbiMH H3-

MeHeHHst 6onbworo panuyca H sHeprHH apamaTenhHoro liBH>KeHHSI Yi 2 ner

Koro cryCTK8 B npouecce CTOJ!KHOBeHHst, 

0THOIIleHHe ):I06aBO'<iHOli pallH8JibHOli KyJIOHOBCKOli CHJibl, C031l8B8eMOli 

Tst>KeJibiM Cf'yCTKOM1 K ueHTp06e>KHOli CHJie sJieKTpOHOB B nerKOM cryCTKe 

onpeaensteT, B nepey10 oqepenh, H3MeHeHHe paaHyca nerKoro cryCTKa no 

7 
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Mepe ero c6nu)KeHHH c TH)KenbiM. 3To H3MeHeHBe Mano, ecn& 

e E r • 217 

FUeHTp. 

Ill 

>'12 

R8 

z8 
0 

«I . (11) 

3Jl9Cb v
1 

- D OI'OHHblit aneKTpOH TH)Kenoro CI'yCTKa, Z o - H8HMeHbWee 

paCCTOHHHe M9*llY CI'yCTK8MH. 

HaMeHeHue paJluyca R casraaHo TBK*e c H3MeHeHHeM Yu ua-aa 

M8I'HHTHOI'O B38HMOJleitCTBHH CI'yCTKOB 0 KOTOpOe HeTpyJlHO OU9HHTb 0 HCXOJlH 

H3 38KOH8 COXp8H9HBH o6o6weHHOI'O 83HMYT8nbHOI'O HMnynbC8 aneKTpOHOB 

nerKOI'O KOnbUa: 

LBH.l2 Yi2+ L 12 + c ~l2•coast, (12) 

iuH.• 
( 2trR) 2 

N 2 r o 

8R 
- HHepuHOHHaH caMoHHJlyKUHH Konbua; L- 4trR(fn- -7/4)a 

I'eOMeTpH'I9CK8H C8MOHHJlYKUHH0 ~ 12 - M8I'HBTHblit DOTOK 'lepe3 nei'KHA 

crycTOK or TH*enoro crycTKa, l2 - TOK nei'KOI'O KOnbU8 B MI'HOBeHHO 

CODyTCTByJOweA CHCTeMe KOOpJlHH8T. C'IHT8H, 'ITO H3MeHeHHe paJlHyCa B 

COOTB9TCTBHH C (11) H9B9nHK00 MO)KHO DOny'IHTb cneJlyJOwee ycnOBHe M8-

nOCTH H3M9H9HHH y 12 
~, II R 8 

- 2. tr__:.a_(--) « I . 
Yl. y..l zo 
.~2 2 

(13) 

TaKHM o6paaoM, ecna ycnoaue (11) BbiDOnHeHO, 'ITO Mbi H 6yJleM npeJl-

nonaraTb a JlanbHeAweM, TO a npouecce CTOnKHOBeHHH napaMeTpbi nerKoro 

CI'yCTK8 MO)KHO C'IHT8Tb H9H3M9HHblMH (II >>II ), 
I 2 

nerKO DOK838Tb, 'ITO H3MeHeHH9 COOTB9TCTBYJOIIIHX napaMeTpOB TH)K9-

noro crycTKa npu BbmOnHeHHH ( 11 ) npeHe6pe*HMO Mano. 

8 

::''f 

~;:-t' 

·~ 
.. ,,., 

i. 

' t.f~ 
\.: 
~· 

Co6CTBeHHO ynpyi'HM CTOnKHOB9HHe 6yJleT TOI'Jl8, KOI'Jl8 

cryCTOK B npouecce paCC9HHHH H8 TH)K9nOM B U-CHCT9M9 D01 

ny'leHHe npeHe6pe)KHMO ManyJO JlOnJO caoeA nepsc.JJaqanbHoA aH 

BHJlHO, 'ITO npH CJlenaHHblX npeJlnOnO)K9HHSIX OCHOBHYJO ponb II. 

uany'leHHe npu KynoaoscKOM pacceHHHH aapHJla e N2 

npeJlnonaraH noTepH H8 H3ny'leHH9 M8nblMH 0 onpeJlenHM 

JlBH)K9HHSI nei'KOI'O CI'yCTK8, 8 38T9M yCT8HOBHM KpHTepHA Ml 

aa uany'leHue. 

YpaaHeHue JlBH*eHHH nerKoro crycTKa a none TH*enorc 

( 10) H ( 11) 1 38DHW9M B cneJlyJOweM BHJle: 

M2 z • 
0-z 2/cll) 8/2 

e2N 1 N 
2 

z2 

3JleCb M 2 coJlep>KHT KaK o6bi'IHyJO, TaK H aneKTpoMai'HHTHYJO 

I'O CI'YCTK8, C y'leTOM nepeHOpMHpOBKH Macey nei'KOI'O Cryc· 

H3 Bblp8)1{9HHH 

• v 2 8R 
M

2
-meyl

2
N

2
D+-(fn--7/4)] +m 1N 

Y12 a 

3Jl9Cb 11
2 

- DOI'OHHblit aneKTpOH nei'KOI'O crycTK8 0 a I H J'l 

H 'IHCnO HOHOB
0 

COJl9p)K8UlHXCH B HeM, nepablit HHTerpan ( 14 

TOM ycnOBHA H8 6eCKOH9'1HOCTH (nonHaH 9H9pi'HH nei'KOI'O CT 

M
2
c 2y ) aaKOH coxpaHeHHH aaeprHH: 

OTH. 

H 

2 
M2c • M 2 

VI -{J 2 
2 c Yora.-

e 
2
N 1N 2 

z 

2 
-'(M 2 eN N 2 • v 2c JbTH;'" ~2) -M c z 2 . 

2- {3 -
c M 

2 
c v e

2
N 1 N 2 

FOTH.- z 

9 
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HHH c THmenhiM. 3To uaMeHeHHe Mano, ecnu 

e E r 
2 

VI Rs __ , __ 
--- «1 . 

F >'l z8 
ueHTp. . 2 0 

( 11) 

HHhiH aneKTpOH THmenoro crycTKa, z 0 - HaHMeHbiiie·e 

y cryCTK8MH. 

paJlHyca R caHaaao TaKme c uaMeHeHHeM Yu H3-38 

MOJleHCTBHH cryCTKOB, KOTOpOe HeTpyJlHO OUeHHTb 1 HCXOJlH 

HeHHH o6o6meHHOrO 83BMYT8nbHoro HMnynbC8 sneKTpOHOB 

L 8 a.J2 yl2 + L 12 + c c11 12 -const, (12) 

8R 
- HHepUBOHHaH caMOHHJlyKUBH KOnhua; L • 47TR(fn- -7/4)a 

C8MOHHJlYKUHH1 cll12 - M8rHBTHbiA UOTOK 'lepea nerKBA 

noro crycTKa, 12 - TOK nerKoro KOnbU8 B MrHOBeHHO 

BCTeMe KOOPllBHaT. C'luTas, 'ITO uaMeHeHBe paJl&yca B 

( 11 ) HeaenuKo, Momao nony'IHTb cneJlyiOmee ycnoaue Ma-

YL2 

~ 2 .. 17~(_!_) 8 « 1 (13) 

yl yl zo . 2 2 

ecnu ycnoaue ( 11) BbmonHeHo, 'ITO Mbi B 6yJleM npeJl-

HeiiiiieM, To a npouecce CTOnKHOBeHHH napaMeTpbi nerKoro 

'IHT8Tb HeH3MeHHbiMH ( V >> V ), 
I 2 

38Th, 'ITO H3MeHeHHe COOTBeTCTBYJOIIIHX napaMeTpOB Tsme-

H Bhmonaeauu ( 11 ) npeae6pemHMO Mano. 

8 

... 

.i_~. 

.,~ .• ~ .. ~· •... . . 
·~ 
;~1 , 

¥ ·~ 
y~ 

I 
~ 

,;,J 
·I('_ 
~ 
.. ,) 

r~ 
,.r[l·v 
.J'! 

{f:~· 

-~. 

Co6CTBeHHO ynpyrHM CTOnKHOBeHHe 6yJleT TOrJla, KOrJla nerKHH 

crycTOK a npouecce pacceHHHH aa THmenoM a u-cucTeMe noTepHeT aa ua

ny'leHHe npeae6pemHMO ManyJO JlOnJO caoeA nepavHa'lanhHOA aaeprua. Qqe-

BHJlH01 'ITO. npH CJlenaHHbiX npeJlnonomeHBHX OCHOBHYJO ponb MOmeT BrpaTb 

aany'leHHe npu KynoaoacKOM pacceSIHHH aapHJla e N2 

TipeJlnonaraH noTepH aa uany'leHue ManhiMH, onpeJlenuM JlHHaMHKY 

JlBHmeHHH nerKoro cryCTKa, a aaTeM ycTaHOBHM KpHTepHA ManOCTH UOTepb 

Ha Hany'leaue. 

YpaaHeHHe JlBnmeHHH nerKoro crycTKa B none THmenoro, y'IHTbJBaH 

(10) H ( 11) 1 aanuiiieM B cneJlyJOmeM BHJle: 

.. 
M z 

2 .. 
(1 - z 2/ c 2) 3/2 

e2N 1 N 
2 (14) 

z2 

3JleCh M 2 COJlep>KHT KaK o6bi'IHyJO, TaK H aneKTpoMarHBTHyJO Macey nerKo

ro crycTKa. C y'leTOM nepeaopMHpOBKH Macey nerKoro crycTKa aaAJleM 

H3 BbJpameHHH 

• v 2 8R 
M • m

8 
yl N [1+- (fn- -7/4)] +m 1N1 • 

2 2 2 yl
2 

a 
( 15) 

3JleCb v 2 - noroHHbiA sneKTpoa nerKoro crycTKa, • 1 H N 1 - Macca 

B 'IHCnO HOHOB1 COJlepmaiiiHXCH B HeM, TiepBbiA HHTerpan (14) JlaeT C y'le

TOM ycnOBHA Ha 6eCKOH9'1HOCTH (nonHaH SHeprBH nerKoro CryCTKa paBHa 

2' 
M2c Y oTH. 3aKOH COXpaHeHHH 3Hepr&H: 

2 2 -M2c •• M 2 c YoTH, 

..; 1 -{3 '2 

2 
e N1N2 (16) 

z 

B 
2 

-'( 2 eN N 2 
v M2c >bTH-~2) -M c • • 2 

z. 
2. fJ - ( 17) 

c 
M2 c 

z 

~ 9 



Tenepb nerKo onpenenHTb paccTOBHHe HaH6onbwero c6nH*eHBB crycTKOB 

B U-CHCTeMe: 

zo .. 

2 
e N 1 N 2 

II( 1) M 2 c YoTH-: 

(18) 

.LlanbHeAwee HHTerpHposaHBe ( 17) .aaeT aaBHCHMOCTb z (t ) • HaH60nbwBA 

HHTepec npe,aCTaBnaeT B03MO*HOCTb HaATH *speMSI coy,aapeHHSI"' r C , KO

TOpOe onpe,aenaeTCSI KSK y,asoeHHOe Bp8MSI npOXO*.!leHHSI nerKHM cryCTKOM 

paCCTOSIHHSI OT Z O .!10 TO'IKH 1 r,ae cryCTOK HMeeT SHeprHIO, pasHyiO 

K y M c 2 , K < 1 • l1a ( 16) HeTpy.aHo nony'IHTb 
OTH 2 • 

K •1 -
YOTH.- 1 zo 

--; 
YoTH. z 

1 
< K 

YoTH.-
< 1 . (19) 

Ha paccTOHHHAA z ·> 10 z 0 nocne OTPS*eHHSI sHeprHa nerKoro crycTKa 

npeBbiWSeT 90% MSKCHMSnbHOA. 

CornacHo onpe.aeneHHIO, 

z (K) 

r o "'2 I 
"'o 

d z 
i 

ilOnb3YSICb (l7), (18) H (19), HMeeM: 

r 
( -I 2z 0 YoTH. K X d X 

I 
1;v.. n-x)2v'Y2-x..:.t 

rOTH, OTH, 
" c 

3TOT HHTerpan Bbi'IHCnaeTCSI1 H r e paBHO 

(20) 

(21) 

2 
2_zo __ [ YYoTH~ -I 

2 2 2 2 
I o YYoTH-IyyoTtf - 1+YoTH K -I + -- Ln-...::..:..:.:..._...::.:;.:.;_ _ _;;:.:.::;..._ __ r 

c 
c(I+Y. ·) I- K 

OTH. vr;-rJ YOTH.( .1-K ) 
(22) 

B 6onbWHHCTBe npaKTH'IeCKH HHTepeCHbiX cny'laes y 2 -I >>I, Tor.oa 
OTH, 

B (22) MO*HO npeH6pe'lb 'lneHOM 1 CO,!lep*SWHM fn 1 H 

10 

~ .. 

,Jf: 
·'t~~~. 
::~. ~-·· 
.<! .' 

. ~~~%-. 

.• ';,:.?i 
" . 
:~ l 

~;~{' 
;;J,.;l¥f;~ ', 

~ 
?::·1· '•j' I 

' ( 

,,,.~···.' :-,', 
' ~~.·-1 -

\,.\ I ' 

.14 ¥+ 

-~~~. 

l\' 
i~ 

-------
2 zo v y,2 K 2 - I OTH. r., .. ---c ( l.:.:K) ( 1+ YOTH) 

npH K - 0,9, r., .. 20z 0 / c . 

Onpe.aenHM ewe o.aay xapaKTepHCTHKY y.aapHoro ycKop 

B38HMO.!leACTBHSI' H830BeM paCCTOSIHHe, KOTOpoe npoA,aeT TS 

38 BpeMSI CTOnKHOBeHHSI r
0 

y I (B na6opaTOpHoA CHCTeMe 

L .. cr., y .. 2e2 N 1 N 2 y01 

M c2 (v 2 -1} 
2 1 0TH 

YYo2THK2-I 

1 - K 

BenH'IHHa L onpe.uenHeT .anHHy nyTH, aa KOTopoM nerKHA 

pHeTca sneKTPH'IeCKHM noneM TH*enoro crycTKa. 

OueHHM .non10 sHeprHH, TepHeMyiO aapAAOM nerKoro c1 

/5/ 
'leHHe. l13BeCTHO 1 'ITO noTep.Sl SHeprHH Ha H3ny'leHHe OJ 

pasHa: 

L\E 
2 e 

4 4e 6 N 2 00 d1 
--·-- J 

3m 2y 2 c a z 4 
12 ° 

+oo 

3m2y2 
3 

f l:(z)dt• 
Lie ...,., 

0CHOBH8SI '18CTb cneKTpa H3ny'leHH.Sl COCpellOTO'IeHa B o6na1 

W r
0 

•1 1 COOTBeTCTByiOwHe ,nnHHbl BOnHbl 3H8'1HTenbHO np 

MeTpH'IeCKHe paaMepbi crycTKa R : ,\ -20rrz0 ·>>R. HecKOnl 

peaynbTaT, 6y,neM C'I:HTSTb, 'ITO H3ny'leHHe nerKoro crycTK. 

KorepeHTHo. Tor.na 

L\E 
4e 6N;N~ 
----
3m2y2c8 

12 

00 d t 
I 
0 z 4 (t ) 

MO*HO nOK838Tb 1 'ITO OCHOBHSSI ,non.Sl noTepb na,naeT H8 o6; 

BHCTCKHX 3H8'1eHHll CKOpOCTH B.OanH OT TO'IKH OCTSHOBKH; n 
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onpe~enHTh paccTOHHHe aau5onhwero c5nH*eHHH crycTKOB 

2 
e N t N 2 

M 2 c !I( YoTa-: I) 

( 18} zo .. 

Terpupoaaaue ( 17} ~aeT aaaHCHMOCTb z (t ) • Hau6onhWHA 

aanHeT B03MO*HOCTb Haii:TH .. BpeMH COy~apeHHH' r C 1 KO

eTCH KSK y~aoeHHOe BpeMH npOXO*~eHHH nerKHM cryCTKOM 

z O ~0 TO'IKH, r~e cryCTOK HMeeT 9HeprHJ01 paaHyiO 

K < I 

• I -

• Ha (16} HeTpy~Ho nony>~HTh 

YOTH.- I zo 
--· --; 

YoTH. z 

I 
< K 

YoTH.-
< I . (19) 

z ·> lO z 0 nocne oTpa*eHHH sHepruH nerKoro cryCTKa 

M&KCHM&nhHOA, 

onpe~eneHHJO, 

z (K) 

r o .. 2 I 
"'o 

d z 

i 
(20) 

), (18) H (19), HMeeM: 

K X d X 

I 
t/ O-x)2yy2 x-I 

YoTH, OTH, 

(21) r 
0 c 

Bbi'IHCn51eTC511 H r 0 paBHO 

2 
zo VY K -I 
-- [ OTH. 

.I 2 I·i 2 2 I 2 I 
I v YoTH- vYoTif - +roTH K -

+ -- fn _..::.:_:::___::.:.:=----=-.:.~--
l+r. . ) I - K 

OTH. ./~ y (1-K) 
V Yof"El OTH, (22) 

HCTBe rrpaKTH'IeCKH HHTepeCHbiX cny'laeB y 2 -1 >>I, TOrJJ.a 
OTH. 

IIpeHope'!h '!ITeHOM 1 C0~9p)K81UHM fn 1 H 

10 

... 

;~, 
:·.rt~· 
~t \ 

.J_/j: 
·I• 

··'.'\ ":~; '. 

\: 
')~j 

~~~;' 

·~ 

•. ,:~ ,! . 

\ , I .. 

, .. ,·, 

';\' 
;~ 

2zo v r;TH. K 2 - I 
(23) ro .. ---c (1-K) (l+YoTH) 

npu K - 0,9, 'o .. 20z 0 / c . 

Onpe~enHM eiUe o~Hy xapaKTepucTHKY y~apHoro ycKopeHHH. 'nnHHoA 

B38HMO~eii:CTBHH' H830B9M paCCTOHHHe, KOTOpoe npoti~eT TH*enbiA cryCTOK 

38 apeMH CTOnKHOB9HHSI T
0 

Y t 

L • c 'o Y .. 
(a na5opaTOpHOA CHCTeMe): 

2e2 N 1 N 2 yOt 

M c2 (y, 2 -U 
2 OTH 

VYo2THK2-I 

I - K --. 
(24) 

BenH'IHHa L onpe~enSieT ~nHHy nyTH, Ha KOTopoM nerKuA crycToK ycKo-

pSieTCSI sneKTpH'!eCKHM noneM TSI*enoro cryCTKa. 

OueHHM ~on10 sHeprHH, TepHeMyJO aapMOM nerKoro crycTKa Ha uany

/5/ 
'19HHe, H3BeCTHO 1 'ITO IIOTepH 9HeprHH Ha H3ny'!eHHe O~Horo 3apMa 

pasHa: 

L\E 
2 e 

4 

(25) 
4 aN 2 _e __ t 

3m 2y 2 c 8 
l2 

+oc 

3m 2y1 c 8 ~ £: ( z) dt ,. 

oc d l 
I-
0 z 4 (t) 

0CHOBH8.51 '!8CTh CII9KTpa H3ny'leHHSI COCpe~OTO'IeHa B o5naCTH '!8CTOT 

C<l r
0 

•I , COOTBeTCTBYIOIUHe ~nHHbl BOnHhl 3H8'1HTenhHO npeBOCXO~SIT reo

MeTpH'IeCKHe paaMephi crycTKa R : A ... 2077z0 ·>>R. HecKonhKO aaahiCHB 

peaynbTaT, 6y~eM C'IHTaTb, 'ITO Hany'IeHHe nerKoro crycTKa nonHOCTbiO 

KorepeHTHO, Tor~a 

L\E 
4e

6
N :N ~ ----

3m2y2c8 
12 

oc 
d t 

(26) I 
0 z 4 (t ) 

~O*HO IIOK838Tb 1 'ITO OCHOBHa51 ll.OnSI IIOTepb na~aeT Ha oonaCTh pen51TH-

BHCTCKHX 3H8'!eHHH CKOpOCTH B~anH OT TO'IKH OCTaHOBKH; IIOTepH BOnH3H 

~ 
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nocne,~:~aeA B y pa3 MeHbWe noTepb a penRTHBHCTcxoA o6nacTH. Dpu6-
~a 

nH:>K9HHO B HHT9I"pane MO:>KHO 38M9HHTb Z • Z O + Ct H Bbi'IHCneHHR ,Q8IOT: 

L'tE ,.... 4 N ~ 2 v2 8R m 1 N 1 
,.._ --n\Y -1) {1+-<fn- -7/4)+-- --u--

9 1'1 l OTH. }'l 2 a me Y ,l2 f"' 2 
(27) 

B o6bi'IHbiX ycnoaHHX 
v2 

1 
m 1 N 1 

--<< H ---Y.h mJ'l2 n 2 
.. l • Toi"Aa KpHTepuA 

ynpyi"OCTH COy.QapeHHH CBO.CIHTCH K ycnOBHIO 

~ 
N2 

2 
- l ) . ·» ( YoTH. 

3. CosMeCTHOe ycxopeaue HOHOB H anexTpoHOB nei"KOI"O 

CI"YCTK8 npH yn8pHOM ycxopeHHH 

(28) 

Kax BH.CIHO H3 npe.QbiAYUlero p83aena, paccTOHHHe aau6onbwei"O c6nH

:>KeHHR CI"YCTKOB B U-CHCT9M9 z 0 onpeaenReT ace B8:>KHel!:UlH9 X8p8KTe

pHCTHKH yaapHOI"O ycxopeHHR. YcnoaHR xynoaoacxoro B3aHMO.Qei!:cTBHH, 

H9H3M9HHOCTb I'90MeTpH'19CKHX p83M9p0B H ynpyi"HA X8p8KT9p CTOnKHOB9HHH 

OI'p8HH'IHB8IOT Z o CO CTOpOHbl M8nb!X 3H8'19HHI. 

JlnR KonneKTHBHOI'O M9X8HH3M8 ycxopeHHR Heo6XO,QHM01 'IT06bl B npo

uecce ycKOpeHHH H0Hbl 1 CO,Qep:>K8UlH9CR B nei'KOM CI"YCTK91 YCKOpSinHCb 6bl 

COBM9CTHO C aneKTpOH8MH. 

3To Tpe6osaaue TBK:>Ke aaxnaabiaaeT orpaHH'IeHHe Ha aenH'IHHY H8H-

6onhwero c6nH:>K9HHR CI"YCTKOB H COOTB9TCTBYIOUlH9 STOMY Tpe60B8HHIO 

ycnOBHR OK83b!B8IOTCR1 K8K Mbl cel!:'laC DOK8:>K9M1 H8H6onee :>K9CTKHMH. 

Dpeanono:>KHM, 'ITO 38 apeMH coyaapeaHH M8nbie p83Mepbi nonepe'IHo

I"O C9'19HHH nei'KOI'O cryCTK8 (KOnbU8) a OCT8IOTCR H9H3M9HHMMH B MI'HO

B9HHO conyTCTBYIOUlei!: nerKOMY CI"YCTKY CHCTeMe KOOp.CIHHaT. TOI',Q8 '18CTo

T8 Kone68HHi!: HOHOB B STOll: CHCT9M9 K00p,CIHH8T BenH'IHH8 T8K:>K9 H9H3MeH-

H8H H p8BH8R 

12 

I ~ 

n ~ -
e

2 N 2 

rr Ra 2 m 1 

DpOUeCC CTOnKHOB9HHR RBnReTCR 8.CIH868TH'I9CKHM DO OTHOUlE 

HHHM HOHOB1 eCnB 38 BpeMH CTOnKHOB9HBR r 0 HOHbi ycne 

MHOI'O KOne68HBI OKOnO nono:>KeHBR p8BHOB9CHH1 T.e. Bb!DOnE 

~ ·» l . 
Y OTH. 

llnH n8p8MeTpoa crycTK8, npeaCT8BnHIOUlBX np8KTH'IeCI! 

ycnoBHe (80) BMiionHeHO B 38,1:18'18, T8KHM o6p830M 1 CBO.CIBTC 

peHHIO KOne68HBI BOHOB B DOT9HUH8nbHOI HM9 nei'KOI'O cryc 

BB9M BH9UlH91 BMHy:>K,Q8IOUlel CBnbi 1 Me,QneHHO M9HHIOUl91CH C 

38.Q8'1B T8KOI'O TBD8 yao6HO peW8Tb B C06CTB9.HHOI ( H 

CHCTeMe xoopaHH8T, CBH38HHol c nerKBM cryCTKOM. GooTee 

/6/ 
n8p8T B3no:>KeH a p860Te • M8T9M8TB'IeCKB 38A8'l8 o6 Yf.l 

B nerKOM CI'yCTKe 6nB3K8 K 38,1:18'19 0 penRTHBBCTCKOM OCUH 

/6/ 
I'8IOUleMCR c ycxopeaHeM, npHMep xoToporo p83o6p8H a , 

'IH9M1 'ITO B H8W9M cny'l8e ycxopeHH9 B MI'HOB9HHO conyTCl 

Me xoopaHH8T - aenH'lHH8 nepeMeHH8H. T8KHM o6p830M1 MM 

c 6onee o6mHM cny'I89M M~nnepoaol cacTeMM, aBH:>Ky~eAcH 

C npOH3BOnbHMM ycxopeHBeM. 

llnH nocneaoa8Tenhaoro nepexoa8 a co6cTaeaayiO CHCT 

He06XO,QBMO 3H8Tb cWHKUHH Z ( r ) H Y (r ) 1 KOTOpb19 Onpel 

HHe nerxoro crycTK8 K8K uenoro a n860p8Topaoa cucTeMe 

(B .CI8HHOM cny'l89 yao6aee T8K H83B8Tb nopeHUOBy·U-CHCT9 

B COC5 CTB9HHYIO CHCT9MY MO:>KHO ocymecTaHTb npome, DOnb3y 

:>K9HH9M 0 M8nOCTB YCKOpeHHR B HepenRTHBHCTCKOM X8p8KT8J 

HOHOB B COnyTCTBYIOUleA CHCTeMe KOOP.CIHH8T. 

13 



pas MeHbWe ITOTepb B penHTHBHCTCKOA o6naCTH. TipH6-
0TH. 

erpane MOlKHO SaMeHHTb Z • Z o + Ct H Bbi'IHCneHHH aaiOT: 

~ 2 v2 8R m 1 N 1 
ty -1) { l+-(fn- -7/4) + -- --n--
1 OTH. Yl2 a me}'J.2 l'f 2 

(27) 

v2 
1 

m 1 N 1 
--<< H ---y J.2 mJ'h n 2 

l . Toraa KpHTepHA 

apeHHH CBOaHTCH K ycnOBHIO 

~-
N2 

2 
- l ) . ·» ( YoTH. 

taMeCTHOe ycxopeHHe HOHOB H sneKTQOHOB nerKOI"O 

(28) 

rrpeabiaywero pasaena, paccTOHHHe HaH6onbwero c6na-

8 U-CHCTeMe z 0 orrpeaengeT ace aalKHeAwae xapaxTe

Ycnoaaa xynoaoacxoro asaaMoaeAcTaHR, 

eoMeTpH'IeCKHX pasMepoa H ynpyraft XapaKTep CTOnKHOaeHHSI 

Z o CO CTOpOHbl MBnbiX SHa'leHHA. 

KTHBHOI"O MeXaHH3M8 yCKOpeHHSI Heo6xoaHM01 'IT06bl B rrpo

H HOHbi, coaeplKSWHeCSI B nerKOM CI"YCTKe1 yCKOpHnHCb 6b! 

aaxnaaMaaeT orpaHH'IeRHe aa aenH'IHHY HaH

eHHH cryCTKOB H COOTaeTCTBYIOWHe 9TOMY Tpe6oaaH~ 

810TCH1 K8K Mbl Ceft'laC DOK8lKeM1 HSH6onee lKeCTKHMHo 

HM, 'ITO sa apeMR coyaapeHHSI Manbie pasMepbi nonepe'IHo

xoro cryCTK8 (KOnbua) a OCTSIOTCSI HeHSMeHHbiMH B MI"HQ

YIOWeft nerKoMy crycTxy CHCTeMe xoopauHaT. Toraa 'laCTo

OHOa B 9TOA CHCTeMe KOOpaHHBT aenH'IHHB T8KlKe HeHSMeH-

12 

_.: 

2 

nl -
e

2 N 2 

rr Ra 2 m 1 

(29) 

Tipouecc CTOnKHOBeHHH HanaeTCSI aaua6aTH'IeCKHM ITO OTHOWeHHIO K KOne6a-

HHSIM HOHOB1 ecna 38 apeMB CTOnKHOBeHHSI 'o HOHbi ycneaaiOT coaepwuTb 

MHoro xone6aauA oxono nonolKeHRSI paaHoaecHsr, T.e. abmonaeao ycnoaHe: 

!!..!. ·» I . (30) 
YOTH. 

Jlnsr napaMeTpoa crycTxa, npeacTaanSIIOIIlRX npaKTH'IeCKHA HHTepec, 

ycnoaae (30) BMDOnHeHO H aaaa'la, TBKHM o6pa30M 1 CaOaHTCSI K paCCMOT

peHKIO Kone6aaaA aoaoa a noTeHuaanhHoA SIMe nerxoro crycTKa noa aeAcT

aaeM BHeWHeA BbiHylKaBIOIIleA CHnbi 1 MeaneHHO MeHSIIOIIleACSI CO apeMeHeM. 

3aaa'IK Taxoro Tuna yao6ao pewaTb a co6cTae.HHoA ( aeaaepnaanbaoA) 

cuc'i'eMe xoopaaHaT, caaaaHaoA c nerKHM crycTKOM. CooTaeTCTayiOwaA an
/6/ 

napaT aanolKeH a pa6oTe • MaTeMaTH'IeCKH aaaa'la o6 yaeplKaaaa uoaoa 

a nerKoM crycTKe 6nuaxa K aaaa11e o penHTHaHCTCKOM ocuannsrTope, aaa-

/6/ raiOIIleMcsr c ycxopeaaeM, npaMep KOToporo paao6paa a , c TeM oTnH-

'IHeM, 'ITO B HaWeM cny'lae yCKOpeaue B MI"HOaeHHO COrryTCTBYIOIIleA CHCTe

Me xoopaaHaT - aenH'IHHa nepeMeHHasr. TaKHM o6paaoM, MM HMeeM aeno 

c 6onee o6waM cny'laeM M~nnepoaoA cacTeMM, aaalKy~eAcsr npsrMonaaeAHo 

C rrpOH3BOnbHbiM YCKOpeHHeM. 

Jlng nocneaoaaTenhHoro nepexoaa a co6cTaeHHYIO cacTeMY KoopaaHaT 

Heo6xoaHMO 3H8Tb cWHKUHH Z ( r ) H }' (r ) 1 KOTOpMe onpeaenSIIOT aaHlKe

HHe nerKOI"O cryCTKa KSK uenoro B na6opaTOpHOA CHCTeMe KOOpaHHST 

(a aaHHOM cny'lae yao6Hee TSK H8388Tb flopeHUOay·U-CHCTeMy). Tiepexoa 

8 cotS CTBeHHYIO CHCTeMy MOlKHO ocyweCT8HTb npome, ITOJib3yHCb npeanono

lKeHHeM 0 ManOCTH YCKOpeHHSI H HepenSITHBHCTCKOM xapaKTepe KOne6aHHA 

HOHOB B COrryTCTBYIOIIleA CHCTeMe KOOpaHHST. 

• 
13 



MeTpHKa a co6cTaeaaoA Ml!nnepoaoA cucTeMe aa)laeTCSI BbipalKeHBeM 

dsll • 

v v' 
ell( l + ~...L. )ll dt ll-(dx v) ll 

ell 
(31) 

v · ·a ·e~ N · 
3JleCb edt, X - 4-KOOpJlHHBTbl C06CTB9HHOft CHCT9Mbi,v•l,2,3.vV•V I ll_ M zll 
- ycKopeHHe B conyTCTByiOIUeA (flopeii:UOBOA) nerKOMY CI"YCTKY CHCTeMe ll 

KOOPJlHHB T, 

Mbl OCTBBHJIH 3)leCb o6oaHa'leHHe Z : COOTBeTCTBYIOIUyiO KOOpJlHHa-

8 
Ty C06CTBeHHOft CHCTeMbl 6yJleM 0603H8'18Tb 

X ;a X 

MaKCHMan~:>aoe ycKopeaue nei"KHA crycTOK HCfibiTbiaaeT a TO'IKe noao-

pOTS ( Z • Z o ) 1 H Mbl fiOTpe6yeM BblfiOII)IeHHSI CJieJlyiOIUei"O ycnOBHSI: 

• 8 
av 

__.II... 

zll 
0 

2 
e N1 N:fl 

M z 2 ell
ll 0 

a 
• r o N I y}2 ( y OTH, -0 2 « l • 

(32) 

HepenSITHBHCTCKHA XapaKTep JlBHlK9HHSI HOHOB B C06CTBeHHOA CHCTeMe KOOp

JlHHBT 6yJleT HMeTb MeCT01 KBK nei"KO BH)leTb 1 KOI"Jl8 

v ~ « l . (33) 
2 m 

l 

. 161 
Ecnu a~:>monaeHbi ycnoaHSI (32) H (33), To, KaK noKaaaao a , npeo6pa-

aoaaHHSI Ml!nnepa cyiUeCTBeHHO ynpOIUBIOTCSI H OHH SKBHBaneHTHbl fiO 4JopMe 

npeo6paaoaaHHSIM K conyTCTayiOmeA cucTeMe c aaMeaoA apeMeHH aa co6cT-

aeaaoe apeMSI 
, 

H fiOCTOSIHHOI"O 

z (T) z • (t) 

y HB Y (r ) : 

+~ 
r.<t > 

dT 
t • f y (T)' 

0 

(34) 

3JleCb T - apeMSI a u-cacTeMe, t • r - apeMSI a co6cTaeaaoA cacTeMe, 

z
0

, y
0

- KOOPJlHHaTa H aaeprHSI nerKoro crycTKa KaK uenoro a u-cucTe

Me, B nepaoM npu6nHlKeHHH oTnH'IHbie OT aynSI CHMBOJibi KpucTo~enSI 6yJlyT 

paBHbl 

14 

_. 

0 

100 -

v c 
----X 

3 c 

0 0 
r~30 = r 03 

3 

"'roo 
v, 

=:-~ 

e 

Terrepb He06XOJ::UfMO 38IIHC8Tb Cl1Jibl 0 AeHCTBY!OIIIHe Ha Ka 

nei'KOM CI'yCTKe B C06CTBeHHOi1 CHCTeMe KOOpAHH8T, 3TH CHJibl 

BHTb B BRAe cyMMbl KB83Hyrrpyroi1 CHJibl ( B COIIyTCTBYIOIIIeH CH 

UH8JibHOi1 SIMe 8JieKTpOHHOi1 KOMIIOHeHTbl H CHJibl CO CTOpOHbl IIC 

CTK8, 0603H8'1HM 38pHA HOHa e Z H HCIIOJib3YeM rrpeAIIOJIOMeHW 

IIpH BbiiiOJIHeHHH KOTOpblX 1IpOAOJibH8H COCT8BJIH!OIII8H CHJibl 

rrpn rrpeo6paaoaaann Mennepa (cooraeTcTBYIOIIIHe BbiKIIaJJ.KH 

/6/ 
TeM, KOTOpbie C,QeJiaHbl B §2 pa60Tbl ) • 

TOI",I:\8 HMeeM B co6CTBeHHOi1 CHCTeMe 

2 
2 e Z N I 

3 n - • f -= - •• c x - --, (r) 
m 1 z 

YpaBHeHHe ABHMeHHH HOHa B C06CTBeHHOi1 CHCTeMe KOOpJJ.Hf 

CJJ,enaHHbiX yrrpomeHHH 3811HIIleTCH: 

HJIH 

d 2x 

dr 2 
+ n 2 

x ... -
" 

d2x Q2 x 
-+ c ---:i72 

2 
~~ 
m 

1 
z~r) 

v (r) 
c 

_e ~t( __ z_+ _1_) 

z1r) m, moYl2 

C y'leTOM (30) pellleHue 8TOI'O ypaBHeHHH rrpe,QCTSBJISieT CC 

ne6aTeJibHOI"O 'IJieHa H BbiHyMAeHHOI'O - OTKJIOHeHHe UeHTpc 

OT UeHTpa IIOTeHUH8JibHOi1 SIMbl H3-aa BJIHSIHHSI CHJI HHepUH~ 

STO OTKJIOHeHHe He rrpeBbllll8JIO, HaiipHMep, IIOJIOBHHhl M8JI0l 

KOI"O CI"YC TK8 a 1 IIOJIY'IHM YCJIOBHe yJJ.epMaHHSI HOHOB B 
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co6cTBeHHOA M~nneposol!: CHCTeMe aa.oaeTCSI BbipalKeHHeM 

ds
2 

• 

v v, 2 

c 2 ( 1 + ~..L.) dt 2-(dx v) 
2

• 
c2 

(31) 

• '8 elN N 
- 4-KOOpllHHSTbl C06CTBeHHOi!: CHCTeMhl, V •1,2,3. V V • V l 2-

· M z 2 

onyTCTByiOmei!: (Jlopeilnosoi!:) nerKOMY crycTKY CHCTeMe 
2 

z 0603HS'IeHHe 

6y.oeM 0603H8'18Tb 

: COOTBeTCTBYIOUlYIO KOOpllHHS-

8 
X !!! X 

HOe ycKopeHHe nerKHi!: CI'YCTOK HCllbiTbiBaeT B TO'IKe ITOBD

Mbl noTpe6yeM BhinOJY!eHHSI cne.oyiOmero ycnoBHSI: 

2 
0 

2 
e N1 N:fi 

M z 2 c 2~ 
2 0 

a 
---y ( 2 r 

0 
N 

1 
}2 y OTH, -0 « 1 • 

(32) 

Hi!: XapaKTep llBHlKeHHSI HOHOB B C06CTBeHHOi!: CHCTeMe KOOp

eTb MeCTO, KSK nerKO BHlleTb, KOI'll8 

v 
2 

m 
--L. « 

ml 
1 (33) 

·I ycnOBHSI (32) H (33), 
ffll 

TO, KSK ITOK838HO B t npeo6pa-

a cymeCTBeHHO ynpOUlSIOTCSI H OHH 9KBHBaneHTHbl ITO lflopMe 

IM K conyTCTBYIOUlei!: CHCTeMe C 38MeHoi!: BpeMeHH Ha C06CT-

r H ITOCTOSIHHOI'O 

z ( T) z 0 (t) 

y aa y (r ) : 

+ X (t) 
Y e (t) 

t•f_i!_ 
y .,(T). 

(34) 

MSI B Il-CHCTeMe, t • r - BpeMSI B C06CTBeHHOi!: CHCTeMe, 

HH8Ta H 9Hepi'HSI nei'KOI'O cryCTKa KSK uenoro B Il-CHCTe

pH6nHlKeHHH OTnH'IHhie OT HynSI CHMBOnhl KpHCTOifliflenSI 6y.oyT 

14 

.. 

0 

roo 
v c 

~--a-x 
c 

0 0 3 \' e 
1'.30 = r 03 "'roo , __ 2 • 

e 
(35) 

Tenepb He06XOilHMO 38llf!C8Th CHJibi 1 neiiCTBYlOUlHe HB KBKOH-Jlf!OO HOH B 

nerKOM cryCTKe B COOCTBeHHOH CHCTeMe KOOPAHHBT, 3TH Cf!nbi MQ)KHO npeACTa

Bf!Tb B Bf!lle cyMMbl KB83f!ynpyroil: CHnbi ( B ConyTCTByiOUleH Cf!CTeMe) B llOTeH

UHanbHOH SIMe aneKTpOHHOH KOMITOHeHTbl H CHnbi CO CTOpOHbl ITOn5I T5!)1Wnoro cry

CTKS, 0o03HB'IHM 38p5IIl HOHacZ 11 f!CITOnh3yeM npeanonO)!(eHHH (32) H (33), 

llpH BbiiTOnHeHHH KOTOpb!X llpOAOnbH85I COCTaBn5IIOUl85I ClfnJ,I He M8H5I8TC5I 

npH npeoopa30BBHHH Mennepa ( COOTBeTCTBYIOUlHe Bb!KnallKf! aHanOf'H'IHbl 

/6/ 
TeM, KOTOpb!e caenaHbl B §2 paOOTbl ) • 

Toraa HMeeM B cooCTBeHHoil: Cf!CTeMe 

3 2 e
2

ZNt 
f "' - Q c X - -----;!' (r) • 

m 1 z 
(36) 

YpaBHeHHe llBf!)!(eHHH HOHB B C06CTBeHHOH CHCTeMe KOOPAHHBT C y'leTOM 

caenaHHbiX ynpomeHHH 38ITHWeTC5I: 

HnH 

2 
d 2x 

dr 2 

2 
+ Q X "' - V (r) ~~ 

" c m 1 z'r) 

d 2 X Q2 X 
-- 2+ c 

dr 
_e lNI{ _f._+ _1_) 

z1r) ml m.,Yl2 

(37) 

(38) 

C y'leTOM (30) peweaHe aroro ypaBHeHHH npeacraBnHeT co5oii cyMMY Ko

ne5arenbHOro 'lneHa If BbiHY)!(IleHHoro - orKnoHeHHe ueHTpa KoneoaHHil: HOHa 

OT ueHTpa llOTeHUHBnbHOH HMbl H3-38 BnH51HH51 CHn HHepillff!, TpeoyH, 'ITOObl 

aro oTKnoHeHHe He npeBbJWano, aanpHMep, nonoBHHhi Manoro paaHyca ner-

Koro crycTKa a 1 nony'IHM ycnOBf!e yaep)!(8Hf!51 HOHOB B BHile: 

• 15 



z 2 (r) > 
2 

2e N 1 

il 2 a 
c 

z 
(-- + 

ml 

__ I __ ). 
(39) 

mo Yl2 

MaKCHM8IThH08 OTKJIOH8HH8 HOHOB HM88T M8CTO B TO~Ke ITOBOpOTa H, HC-

ITOJih3Y51 BblpaMeHHe IJ.JI51 z 0 (18) (JJ.JI51 ITpOCTOTbl rronaraeM Z-_ << __ I __ _ 
m I me YJ2 

Nt mt « I ) , rrony~aeM OKOH~aTeJihHO: 1:1 Ne2 m0 Yl2 

N1 m1 a Yl2 YoTfl:l ) 2 
·>- ---(- . 

~ m
8 

2rr R V:J 
(40) 

4, 00CYMA8HH8 pe3yJihTaTOB 

Bhrllle ohrn ycTaHoBrreH p51n ycnoBI:Ifi, KOTOphre, c onHofi CTOPOHhi, 

008CIT8~HB810T M8KCI:IM8JihHyiO 9cPcP8KTHBHOCTh IJ.8HHOI'O M8TOJJ.8 ycKOp8HH51, 

H, C ,l:lpyrofi, IT03BOIT51IOT Ilp0B8CTI:I B8ChM8 IlpOCTOH MaTeMaTH~8CKHH aHa-

JIH3 rrpouecca ycKopeHH51. 

AHaJIH3l:lpy51 9TH ycJiOBH51, B oo!lleM Bl:lne MOMHO cnenaTh JIH!llh HeKo

Topbre K8~8CTB8HHbl8 38KJII0~8HH51, Pe~h l11J.8T 00 OCHOBHbiX orpaHH~8Hii51X 

(7), (11), (28), li ( 40). 

Y CJIOBH51 ( 7) 1i ( 28) CB513b!B8IOT OTHOlii8HH5! ~liCJI8 ~aCTHU B crycT-

K8X li Y OTH 1:1 IlOK83biBaiOT1 ~TO pa3JI!i~l18 !'I 1 1:1 N2 norrMHO coc-

TaBJIHTh rro Kpafi:Hefi Mepe nBa rropHnKa. 

Ha116orree Cl:IJihHhle orpaH1:1~eH11~ HaKnanhlBaiOT ycnoBii51 (11), H 

ocooeHHO ( 40). ileTaiThHhifi aHaJI1:13 rrx B03MOMeH, ecn11 3anaThCH orrpenerreH

HOfi KOJ-lcPHf'YPBI.lli8H cryCTKOB 1:1 H8KOTOpb!Mll OCHOBHb!Ml:l 1 OllOpHb!Mii rrapa-

M8Tp8MI1, 

1.{ TO K8C88TC5! JI8f'KOf'O Cf'YCTK8 1 TO, KBK yMe yrrOMHHaJIOCh 1 8f'O MOM

HO rrpencTaBI:!Th B Bl:IIJ.8 TOHKOI'O KOJihU8 rrp11 R/a>>l 11 yl
2 

·~10, v
2 

"' l, 

16 

~ 

'ITO COOTB8TCTByeT ~l:ICJIY 9IT8KTpOHOB N e2 "" IO 14
• EcrrH B35 

v 1 ""lO; ~TO COOTB8TCTByeT N I ""10 
16 

1 TO ycJIOBI:IH (7) 1 ( 11 

Bbill0JIH8Hbl Ilpl1 y <5 • Dp1:1 9TOM Mhi y~n11 cy!lleCTBer; 
OTH "' 

ueli Mepe Ha rropHJJ.OK, yserr11~eH1:1e MaCChi Tm~<enoro crycTKe 

CTBeHHoro 9JieKTpoMarrmTnoro rroJISI B ycrroB11H (7). YcnoBH~ 

BhillOJIH518TC51, Kor,r:w a < 1 CM. OcTaeTCH BhillOJIHI1Th Tpe6o .. 
KaiOIUI1e 113 ( 40). DpH Bbr6paHHhiX rrapaMeTpax 113 ( 40) rrony 

!ll8HI1e 6onhmoro 11 Manoro pan~:~ycoB nerKoro crycTKa nonMJ 

TaKI1M o6pa3oM, B pe3yJihTaTe ycKopeHH5I TaKoro crycTKa 8 

l:IOHaMI:I H8 IJ.Jli1H8 100 M 110Hhl ITIJI:IOOpeTaiOT 8H8pf'HIO 

JIOMI1Th 1 H8IlpHM8p 1 Y ~ = 3 11 y 0 = 30 
I 

30 

ilanhH8Hlll88 IT0Bb!lii8Hl:l8 8H8pf'l:IH nerKOf'O cryCTK8 ( 11lll 

orp8HI1~8Hf!ll Ha rrapaMeTpbl ynapHOf'O yCKOp8HH5I) B03MOMHO 

Hf!l:l KOMITaKTHhiX 38p5l)K8JIHbiX cryCTKOB C ~HCJIOM 8JI8KTpOHO 

B 38KJIIO~eHI1e aBTop xoTeJI Obi rron~epKHYTh pemaiOIUYJ( 

B.l1. BeKcnepa B rrocTaHOBKe 3ana~H B !i3JIOMeHHofi 3nech cjJ~ 

rro6naronapi1Th M.n. l1oBHOBI1~a. K.A. Pe!lleTHiiKOBY 11 B.D. C 

IlOJI83Hb18 JJ.HCKYCCI:IH, 

fl 1:1 T e p a T y p a 

1. B.l1. BeKcnep. Tpynhr KoH!jJepeHUHI1 rro ycKopi1Ten51M, )KeH 

T, 1, CTp. 80; A3, 1, 427 (1957), 

2. B.l1. BeKcnep, B.H. llhrTOBI1~. Tpynhr KOH!jJepeauHH rro ycE 

>KeH8B8 1 T, 1, CTp, 160, 1959 r, 

3. B.l1. BeKcnep 1:1 np. "MeMnyHapo.uHaH KOH!jJepeHUH51 rro yc1 

KaMopHnM, 1967 r.; "AToMHaH aHeprHH £!, 317 
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2 z l ) 
2 e N 1 ' + ---- · --(- y 

z 2 ( r ) > ~ m I m o l2 (39) 

c 

KJIOH8HH8 HOHOB HM88T M8CTO B TO~Ke nOBOpOTa H, HC-

e AJIH z 
0 

( 18) ( AJIH npocTOTbi nonaraeM :£__ << __ I __ _ 
m I m,;YJz 

« 1 ) 
1 
nony~aeM OKOH~8T9JibHO: 

Nt m1 aylz y -1 2 OTH, -·>----( 
N

2 
m

6
2rrR 

) . (40) 
Vl! 

4. 06cy~geHHe pe3YJibT8TOB 

CTaHOBJieH P5U1 ycJIOBHH, KOTOpbre, C OAHOH CTOp0Hbi 1 

CHM[lJibHy!O :CHp<jleKTHBHOCTb AaHHOf'O MeTOA8 yCKOp9HH51, 

OJI51!0T npOBeCTH B8CbMa npOCTOH MaTeM8TH~9CKFIH aHa-

opeHHH. 

9TH yCJIOBH51, B o6weM BHJJ.e MO)KHO CJ],eJiaTb JIF!Illb H9KO

b!8 3aKJIKJ'IeHI151, Pe'!b HA9T 06 OCHOBHbiX orpaRFI~9Hii5IX 

11 (40). 

11 (28) CB513hlB8!0T OTH01ll8Hii51 'IHCJia ~aCTFID B crycT-

OKB3WBB!OT 1 'ITO pa3JI!i'll19 N t u Nz AOJI)KHO coc-

il Mepe .llBa nopm:tKa, 

JibiiHe orpDHH'leHHSI HaKJiaAb!BaiOT ycnoBFI51 ( ll), H 

TUJibHLIH aHaJHf3 ITX B03MO)K9H, 9CJIH 3aJJ.aTbC51 onpeJJ.eJieH-

Cf'yCTKOB ff lleKOTOpb!MH OCHOBHbiMH, onopHbiMll napa-

5I Jl9f'K0f'O cryCTKa, TO, KaK y)Ke ynOMllH8JIOCb 1 ero MO)K-

BHJJ.e TOHKOf'O KOJlbUa npu R/ a >>l H yl •> 10, V "' l , 
2 "' 2 

16 

.. 

'!TO COOTBeTCTByeT ~11CJiy 9Jl9KTpOHOB N e2 "" lO 14
• ECJII1 B351Tb 3Ha~euue 

v 1 =10; '!TO COOTBeTCTByeT Nt=l0
16

, TO ycJIOBH51 (7), (11) H (28) 6yJJ.yT 

B biiTOJIH9Hbl np!i y < 5 • I1p11 9TOM Mhi y~nn cyurecTBel!Hoe, no Kpail-
OTH "' 

Hell Mepe Ha nOp51AOK, yBeJIH'!9HI19 MaCCLI T5J)!\8JI0f'O Cf'YCTKa 3B C~eT C06-

CTB9HH0f'O 9JieKTpOM8f'HHTHOf'O nOJI51 B yCJIOBHH (7) • Y CJIOBH8 ( 32) T8K)K9 

BhiiTOJIH5IeTcSI, Koraa a ~ 1 CM, OcraeTC51 BbiiTO.'lHI1Tb Tpe6oBaHH51, BbiTe

KaiOwl1e H3 ( 40). ITpu Bhr6paHRhiX napaMeTpax H3 ( 40) rrony~uM, ~To OTH0-

2 
weRne 6onhworo 11 Manoro paJJ.uycos nerKoro crycTKa aon~Ho 6hiTh "' ·10 • 

TaKHM o6pa3oM, B pe3ynhTaTe ycKopeHH51 TaKoro crycTKa aneKTpoHoB c 

HOHaMI1 Ha AJII1He 100 M HOHLI npuo6peTaiOT 9ReprniO 300 f9B, ecnu no-

JIO)KHTh, RanpnMep, y ~ = 3 u y 
1
° = 30 

naJibH8Hillee nOBhlill8HH8 9Hepr11H JI8f'KOf'O cryCTKa (nnu OCJia6neHI18 

orpanu'!eRuil ua napaMeTpbi yaapRoro ycKopeHH51) B03MO)KHO np11 rrony~e-
16 

HHH KOMnaKTHbiX 38p5I)K8HHbiX cryCTKOB C ~HCJIOM 9JI9KTpOHOB 6onee 10 , 

B 38KJIIO'!eRne asTop xoren 6br noa•repKHYTh pewaiOillYIO ponb 

8,11, BeKcnepa B nocTaROBKe 3aJJ.a~FI B U3JIO)KeHRoil 3JJ.ecb cjlopMe, a raK)Ke 

no6naroaapFITh M.JJ. Hosuosu~a. K.A. PeweTHllKOBY n B.IT. CapaRuesa 3a 

noJie3Hbie AI1CKYCCll H, 

J1 n T e p a T y p a 

1. 8,11, BeKcnep. TpyAhi KORcpepeRuFin no ycKopurenRM, )KeReaa, 1956 r., 

T, 1, CTp, 80; A3, 1, 427 (1957), 

2. 8,11, BeKcnep, B.H. llhrToBn~. TpyAbi KOHcpepea:uuu no ycKopnrenRM, 

)f(eHeBa1 T, 11 CTp, 160, 1959 r, 

3, 8,11, BeKcnep 11 Ap. "Me)KJJ.yRapoAH851 KORcpepeRUH51 no ycKopnTeJISIM", 

KaM6pn.u)K, 1967 r.; "ATOMHaSI aRepr!iSI £1., 317 (1968). 

17 

• 
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