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§ 1, B B e a e H n e 

Ill 
KonneKTHBHbiH MeToa ycKopeHHSI npnMeHIIM anSI ycKopeanSI mo5biX 

HOHOB, EcnH pe'lb naeT 06 YCKOpeHHH MHOI'038pSiaHOI'O HOHa C aTOMHbiM 

BSCOM A II S<jJ<fJeKTIIBHbiM 3apSiaOM Za<fl• TO npn onpeaenei!HbiX ycnOBHSIX 

saKoa H3MeaeanSI ero aaeprnn 5yaeT HMeTb nna: 

dE=Z~,~,& L, 
"'*' Kyn 

z a<fl c-
dE = ~ L. 

HyKn A Kyn ( 1) 

3aecb dE - npnpocT aaeprnn noaa Ha annae nyTH L , dE HyKn - COOTBeT­

CTByromnli npHpOCT1 npHXOaS!Ir(HHCS! Ha OaHH HyKnOH
1 

{f, Kyn - aneKTpH'IeCKOe 

none aneKTpoaaoro KOnbna, aanpanneaaoe naonb ero ocn (ocb z ), 

3Ha•l9Hl!e {f, Kyn 3aBHCHT OT nonO)K9l!HS! HOI!a BHyTpii KOnbna, qPa5o'!ee• 

3Ra'!enne & Kyn cocTaBnSieT npnMepao nononnay oonpSI)KeHHOCTH aneKTpo­

CTaTTI'!ecKoro nonS! Ha Kparo Konhna. l1a ( 1) nnaao, 'ITO npn 5onbmnx sua­

'!eUnSix Z 8<jJ MO)KI!O nony'!HTb 5onbmnft CYMMapRbiH npnpocT aaeprnn aa 

saaaauoli annae L , 

npn 3TOM aonycTIIMOe BHemnee none, KOTOpoe YCKOpS!eT aneKTpOHHOe 

Konouo, aon)KHO 5biTb TeM MeHbwe, '!eM 5onbwe cyMMapnaSI Macca nona 

(I+ 

& Kyn 

z a<flm l 

AM n 

( 2) 

rae m l -· Macca aneKTpoaa B Konbne c y'leToM ero BpamaTenbHoli anep-

rnn ( m J. = m y J. ) , M n - Macca HyKnoaa, 

<PopMyna ( 2) nepna, oaHaKo, nnwb anSI cnyqag, Koraa cyMMapuaSI Macca 

nouon npeae5pexmMo Mana no cpanaeHHJ? c cyMll.lllpHcil Maccoll: aneKTporron, 

TO SCTb B .npn5nH)K9HHH Manoro 'II!Cna HOHOB, 
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Uenb Jl8HHOH paOOTbl - IIOK838Tb 0 'ITO KOIIIISKTHBHblH MSTOJl ycKopeHHli 

IT03BOI!liST C03Jl8Tb KOMIISKTHbiH yCKOpHTSIIb MHOr038pliJlHbiX HOHOB C XOpomeit 

HHTSHCHBHOCTbiD H TpeoyeMOH Jliili ~H3H'l8CKHX SKCITepHMSHTOB SHeprneit, 

§2, 8neKTpOHHOe KOiibUO H HSKOITIISHHe HOHOB 

EyJleM C'll!T8Tb0 'ITO CIIOCOO C03Jl8l!Hll SIISKTpOHI!OrO KOIIbUa B pac­

CMaTpHBaeMOM yCKOpHTene TSKOH JKe, KSK H OIIHCSHHhiH B paoOTax/ 1,2/, Pac­

qeThi, rrpoB8Jl8HHbl8 B/2/ 0 IIOK83biB8ibT0 'ITO HHTepecyrotnaH Hac BenH'li!Ha 

·&,Kyn 1,2 v ~ 
1013 

MB 
C'M 

H npyrue ~aKTOpbt, CBli38HHbl8 C C03Jl8HH8M KOIIbUa; npHMeM, 'ITO ~~ e 

OOIIb.IIIe, '18M 1014, npH STOM 3H8'1.8HHH &, Kyn 
MB 

3,8 --;;:;. Konhuo 

( 3) 

C TSKH-

MH napaMeTpaMH MOJKST OhiTh nonyqeno B peaynhTaTe CJKaTHH ero B aJlHa­

oaTH'lSCKH pacTymeM MarHHTHoM none, Bpellin cJKaTHH - nopnnKa necKonbKHX 

cOT MIIKpOCSKYHJl, 

H~onneHHe HOHOB B SIISKTpOI!HOM KOIIbUe npOHCXOJlHT npH ~pOXOJKJlSHHH 

SIISKTpOHOB B KOHUe CJKSTHH KOI1bll8 ~KB03b IIOTOK HSHTpanbHhlX STOMOB BS­

tnSCTBa/3/, npH CTOIIKHOBSHHH C SIISKTpOHSMH STOMbl HOHH3HpyiOTCli H 0 B OC­

HOBHOM, 38XB8Tb!B810TCH sneKTpOHHblM KOIIbUOM, nocne)lOBaTenbHble CTOIIKHO­

BSHHli HOHOB C sneKTpOHSMH npHBOJlliT K HaKonneHHIO B KOIIbUe HOHOB C paa­

IIH'lHOH CTerreHbiO HOHH3811HH, 8TOT npouecc noCII8JlOB8T8IibHOH HOHH38UHH 

MO)!{HO onHCSTb H3B8CTHhlM ypaBH8HHSM Jliili H3MSH8HHSI nnOTHOCTH 

HOHH3HpOB8HHhlX BTOMOB 

dnk 

dt 

n k B ennnnuy BpeMeHn ( k = Z s~ l 

nk-1 ~ 
r k-1 T k 

k-Kp8THO 

(4) 

rJle Bp8Mll HOHH38UHH r k = (n 
-I 

C a k) , n e - IliiOTHOCTb SIISKTpO 

ak - CS'lSHHe HOHH38UHH HOHa IlpH CTOIIKHOBSIIHH C penHTHBHCTCKI 

pOHOM, 

Ecnn BpeMH aanonneHnH aToMaMn oo'heMa Konhua a/ v 
0 

, rJle 

pannyc KOIIbUa, v O - CKOpOCTb IIOTOKa 8TOMOB, MHOro MSHblne 

HOHH38UHH STOMa r O , TO IIIIOTHOCTb H8HTp8IIbHblX 8TOMOB n a OLII 

BHyTpl! Jl BHe KOIIbUa, 

llnn 0Tp83KOB BpeMSHJI, MHOrO OOIIbiiiHX BpeMeHH HOHJI38U!Il!
0 

1 

BSIIH'lHH TO , T I , .. T k IliiOTHOCTb l!OHOB I1pl!HHM88T M8KCHM8IIbHC 

nne, paBaoe, cornacno ypaBnennro ( 4), Benn'lnHe 

Tk 
n nnn n =n ~ 

k a • 
ak T 0 

Ce'!eHHli HOHH38UHII HOI!OB MO)!{HO rrpnonlf)!{SI!HO Bbl'llfCIIJ!Tb no I 

2 
e 

rne r = ---
• me 2 

ak 
2 = 1T r 

m 

2 me 
--fn 

Jk 

E 

Jk 

- Macca noKOSI 0 E - KHHeTH'lecKan sn• 

SIISKTpOI!a, J k - noTSl!UHan IIOHJI38UHH k -Kp8THO HOHH3HpOB81!HOrC 

K KOHUy HaKonneHHli KOIIH'leCTBO HOIIOB B K01lbUe oyaeT TSM OC 

'ISM Bhiiiie CTene!Ib HX HOHJI38UHH npn YCIIOBI!H 0 'ITO Bp8Mll I!X HOH 

OCTaeTCli MHOro M8HbiiiHM BpSMSHH HSKOnnSHI!li T a , onpenenSISMblM 

HeM pa60Tbl HCTO'IHHKa 8TOMOB, 

PaCCMOTpHM HaKonnenne B KOIIbUe HOHOB H g , 3Ha'leHHe noTef 

JIOIU!38UHH H g YB8IIII'lHB88TCli OT BenH<iHHbi 

J O = 10,41 SB llO J b = 76,9 8 /51 

Ce'!el!nH noanaaunH naMeHHIOTCH npn sToM,oT ao 
-19 2 

10 eM no 

-20 2 
a 5 "' 2•10 CM , BpeMSI HOHII38UIIH 5-KpaTHO HOHH3HpOB8HHOro 81 

paBHOe 3•10-5 CeK ( n e = 5•10 13 CM-3), M8Hb1I18 BpeMSHH HSKOIIIISHI 

T a "' 10-4 CSK, 
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I 
Uenb ll8HHOil: pa6oTbi - noKasaTb, 'ITO KonneKTHBHbtil: MeTOil ycKopeHHH 

I -:osBOJ!HeT C03l!8Tb KOMIT8KTHbiii yCKOpHTenb MHOrosapHl!HblX HOHOB C xoporneil: 

I 
lHTeH::"HBHOCTbiO II Tpe6yeMOil: l!ITH tPli3H'IeCKliX SKCnepHMeHTOB 8Heprneil:. 

§2. 3neKTpOHHOe KOITbUO II H8KOUneHne HOHOB 

Eyl!eM C'Il!TaTb, 'ITO cnoco6 cosnaHHll srreKTponHoro Konbua B pac­

,MaTpnaaeMoM ycKopnTene TaKoil: JKe, KaK n onncanHbtil: B pa6oTaxl 1,2/. Pac­

:eTbt, npoael!eHHbie a12/, noKa3biBatoT, 'ITO nHTepecyromall Hac aenn'InHa 

&Kyn 
1,2 y ~ 

1013 

Mn 
C"M 

( 3) 

4 
Ipii pal!nyce KOi!bUa "' 5 eM II anernHeM MarHHTHOM none "' 2•10 raycc. 3necb 

Ne - o6mee 'IHCJ!O sneKTpOHOB B KOITbUeo 

Y'IliTbiBall aosMoJKnocTn cymecTayromnx n npoeKTnpyeMbiX HHJKeKTopoa 

l!pyriie tj>aKTOpb1 0 CBli38HHbie C C03ll8HHeM KOJ!bUa, npnMeM, 'ITO N e 

50i!b.IIIe, '!eM IQ14. npn STOM 3H8'I.eHl!ll & Kyn "' 3,8 Ma 0 KonbUO 
CM 

He 

C T8Kll-

~n napaMeTpaMn MolKeT 6biTb nony'IeHo a pesynbTaTe cJKaTnll ero a al!na-

5aTn'IeCKH pacTyiUeM MarHl!THOM none. BpeMl! ClK8Tllll - nopl!JJ.Ka HecKonbKnx 

:oT MIIKpoceKyllllo 

H~onneHHe l!OHOB a sneKTpoHHOM Konbue npoHcXOl!HT npn ~poXOlKJJ.eHHH 

3J!eKTpOHOB B KOHUe ClK8TIIll KOi!bU8 CKB03b nOTOK Heii:Tpai!bHbiX 8TOMOB Be­

necTBa/3/ o npii CTOJ!KHOBeHHll C Si!eKTpOH8Mll 8TOMbi HOIIII3HpytoTCll II, B OC­

IIOBHOM, 38XB8TbiB8toTCll sneKTpOHHbiM KOi!bUOMo nocnel!OB8Tei!bHbie CTOi!KHO­

BeHIIll IIOHOB C sneKTpOH8MII npliBOllliT K H8KonneHHIO B KOJ!bUe HOHOB C pa3-

~II'IHOil: CTeneHbiO IIOHII38UIIIIo 3TOT npouecc nocnel!OB8Tei!bHOil: HOHII38UIIII 

MOlKHO onncaTb nsaecTIIbiM ypaanenneM lli!ll H3MeueunH nnoTnocTn 

fiOI!li3HpOB81lllblX 8TOMOB 

dnk 

dt 

n k B el!HIIIIUY apeMellll ( k "'z stj> ) 

nk-1 

r k-1 

4 

nk 

r k 

k-KpaTHO 

(4) 

rl!e BpeMH HOHH38UHH r k = (n 
-I 

c a k), n - !IITOTHOCTb sneKTpOHOB, 

ak - Ce'!ei!He HOHH38UHH 110118 npn CTOITKIIOBeJIHH C penHTHBHCTCKHM sneKT­

pOHOMo 

Ecnn apeMH sanonneHHH aToMaMn o6oeMa KOnbua a/v , rne a -Manbtll 
0 

p8l!HyC KOITbUa, V O - CKOpOCTb nOTOK8 8TOMOB, MHOro MeHblne BpeMei!H 

HOHH38UHH 8TOM8 r O , TO nnOTHOCTb l!eii:TpanbHblX 8TOMOB n 

BllyTpll II Bile KOITbU8o 

Olll!H8KOB8 

llnll 0Tpe3KOB BpeMeHH, MHOrO 60ITbiiiHX BpeMeHH HOHH38UIIII, TO eCTb, 

Bei!II'IHH r O , T I , .. T k nnoTI!OCTb l!OHOB npHHHM8eT M8KCliM8i!bHOe 3H8'Ie-

nne, paaHoe, cornacno ypaaneHnto ( 4), aenn'IIIHe 

n 
a 

rk 

r o 
l!i!H n =n ~ 

k a • 
(5) 

ak 

/4/ 
CeqeHIIll liOHli38Ul!II HOHOB MOJKHO npn6i!l!JKeHHO Bbl'IHCJ!l!Tb no tj>opMylle 

ak 
2 mc2 E 

"r --fn-
J k J k 

( 6) 

2 

rl!e r = _e__ , m - M8CC8 nOKOll, E - KHHeTH'IeCK8ll SHepr!Ill 
• mc2 . 

sneKTpona, J k - noTenunan nonnsaunn k -KpaTno noHnsnpoaamroro aToMa. 

K KOHUy !laKonneHHH KOi!H'IeCTBO HOHOB B K07IbUe 6yl!eT TeM 60i!biiie, 

'!eM Bbiiiie CTene!Ib IIX IIOHII38Ullll np!I yCi!OBIIII, 'ITO apeMl! IIX IIOI!ll38Ullll 

ocTaeTcl! MHoro MeHbiiiHM apeMeHH HaKonneHI!ll r a , onpel!enlleMbiM apeMe­

ueM pa60Tbl IICTO'IHHKa 8TOMOBo 

PaccMoTpnM uaKonnenne B Konbue nouoa Hg 

IIO!Ili38Ullll H g yaenn'InaaeTcll OT aenn<inllbi 

J 0 = 10,41 3B llO J ~ = 76,9 

Ceqeunll nonnsaunn nsMeHl!toTCH rrpn sToM ,OT 

/5/ 
SB 

ao 

3ua'!eune rroTenunana 

-19 2 
lQ CM llO 

-20 2 
a 5 "' 2·10 eM • BpeMl! nonnsaunn 5-KpaTno nounsnpoaaunoro aToMa !Jg 

paanoe 3•1Q-5 ceK ( n e = 5·1Q13cM-3), MeHbiiie apeMeHn naKonnennH 

r a "'· 10-4 ceK. 
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.llnSI HaKonneHHSI B KOnbUe nSITHKpSTHO HOHH3HpOBaHHb!X aTOMOB B yKa-

3aHHOe Bp8MSI neo6xoaHMO B o6naCTH KOnbUa o6ecneqHTb nnOTHOCTb aTOMOB 

H3 HCToqnHKa n = n ~ ., ~. EcnH n 5 = IQ-S D = 5,1010 CM-3 
Hl -~ UO 5 e t 

TO n a = 10 CM , 3Ta BenHqHJia He npHBOalfT K cymecTBeHHbiM noTepSIM 

sneKTpOHOB KOnbUa npH paCC8SIHHH B nOTOKe Hg 

§3, npouecc YCKopeH!fSI 

/2/ 
nocne Bb!BOaa KOnbUa 113 KaMepb! aare3aTOpa 0 B KOTOpOM OliO 6binO 

co3aano, ero cneayeT ycKopSITb no ocu, Hac 6yayT HHTepecoaaTb 3aecb ne­

penSITUBUCTCKUe SHeprUH HOHOB, npoaonbHOe yCKOp8HHe KOnbUS B STOM cnyqae 

Bnonne MO)KHO ocymecTBnSITb 3a cq~T 3anacennoil B JieM nonepeqnoi! snep­

rim/6/, 

. npo}:(OnbH08 Mai'HifTHOe none npll STOM. aon)KHQ yMeHblllaTbCSI ( npOCTpaH­

CTB8HH00 a He BO BpeMenu) no Mepe npoaBII)K8lll!SI KOnbUa. npoH3BeaeM H8KOTO­

pb!8 pacq~Tbi, 

C yq~TOM BKnaaa IIOHOB HHTerpan SlleprHH anR KOnbUa B pacq~Te 118 OaHH 

sneKTpOII HMeeT BHa: 

rae 

y = y 1.1 y.l. • • 

Nl 
r=r 0+-.-

• N 
~ l=const, 

m.l. 

y = 
.I.e V 1 - y 2 r21J 2 

ll--c2~ 

yll v 1 - fJ! 

8 - 83HMYT8nbllaSI CKOpOCTb0 N 1 - nonnoe qHcno HOHOB B KOnbue. B 

HHOi! 3anHCH COOTHOIII8HHe (7) ;aeT: 

6 

(7) 

( 8) 

~ (}.I. II 
N M A N 1 + _1 ___ n __ )= Y ( Y + __ 
N m llo +o N 

o . e 
m 

), 
( 9) 

rne HHaeKC "o" OTHOCUTCSI K naqanbHOMy COCTOSIHHID (y .,}) 
· lro • 

EcnH aaaaTbCSI BenHqHnaMH y .l. 
0 

H Koneqnoi! BenHqHnoli y II, onpe-

aenSiromei! sneprHID Hona ( HOHb' ne BpamaroTcSI), TO lf3 nocneaneli 4>opMy-

nbi nonyqHM BenHqHHY Y -1. B Konue npouecca ycKopenHSI. Bnemnero ycKo-

peHHSI Konbua aaecb neT. nosToMy yBenHqenHe y II conpoBO*AaeTcSI yMenb-

llleJI!IeM Y .l PaaHyc KOnbua R B npouecce ero nocTynaTenbnoro aBH-

)KeHIISI C ycKopeHHeM MeHSieTCSI B 3aBHCHMOCTH OT TOI'O, KSKOBS CTpyKTypa 

Mai'HHTHOI'O nonSI, EcnH npH KS)K}:(OM 3HaqeHHH K00p}:(HH8Tbl z M8I'HHTHOe 

none 6nHaKo K oanopoanoMy no paaHycy, To 

B 
R .. a ·'-BJ.. o v B • 

z 

npH BblflOltH8l!HH ycnOBHSI "2: 1" 

asz 
az 

asz 
2 -a-z--, 

( 10) 

( 11) 

rae B - cpeanee none B Kpyre paaHyca R ; paaHyc Konbua ocTaeTcSI z . . 

HeH3MeHHbiM/6/, 

.llmi TOI'O qTo6bi npH yCKOpeHHH KOnbUa HOHbl cneaoBanH BM8CT8 C 

HHM0 I'p8}:(H8HT M8I'HHTHOI'O nonS! no z aon*en yaoBneTBOpSITb ycnoBuro: 

asz 
az 

2 ~ Y.1 m..l.oz s4l N AM 
- 2 o G ' G = (1 + __!. __ n_) If, Kyn • 

R yll yy:_-1 AMn N• m.l.o 

( 12) 

BenHqnna G "urpaeT ponb" BHelllnero sneKTpHqecv,.,ro nonSI • .llei!cTBHTenbno, 

ypaBH811118 }:(BH)KeHHSI U8HTpanbHOI'O sneKTpOH8 npUHIIM88T Blla: 
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AM N 
m l ( 1 + --0 .....:.:..L Jy 3 ":i = e G , 

o ml.o N II e ( 13) 

aHanorllqHblH ypaBHeHIIIO .QBII)!{eHIIS! aneKTpOHa C yTSI)!{eneHHOH M8CCOH B npo-

.QOnbHOM aneKTpllqeCKOM none C HanpSJ)KeHHOCTbiO G 

J1a CpaBHeHI!S! G C Bbip8)!{eHIIeM .QnSI {!; BH B ( 2) BII.QH0
0 

qTo yqeT 

- N AM 
IIOHHOH KOMnOHeHTbl npiiBO.QIIT K noSIBneHIIIO !jJaKTOpa (1 + ...!!1 ___ n_ ) , 

Ne mlo 

KOTOpblH nOBbiWaeT .QOITyCTIIMbie YCKOpS!IOWIIe nonS!, MO)!{HO nOK838Tb, qTo 

yqeT 3TOH KOMnOHeHTbl npiiBO.QIIT K cne.QyiOWeMy Bbipa)!{eHIIIO .QnSI {!; 
BH 

{!; BH = 

m1 Z a!jJ 

AMn 

(1 +!:.!.. 
Ne -:-_::,j,__(!; 

(1 + Kyn • 

KaK BII.QH0 0 Bbip8)!{9HIIS! .QnSI G II {!;BH B9CbMa 6nH3KH, ecnll yqecTb
0 

qTo 

npll .QBII)!{eHIIII BO BH9WH9M 

aen11q11na = const .Ecn11 

aneKTpllqecKoM none, 
N AM --..!..... ___ n » 1 ' 
Ne m.). 

TO 

nanpaanenHoM no z , 

m..!. 

Nl r: 
& = G =- z'""" "' 

BH Ne ""!' Kyn 

( 14) 

( 15) 

I13M9H9llll9 {!; KYII B npouecce npO.QOnbHOI"'O ycKop9HIISI KOnbUa onpeaenl!9TCSI 

B anaqiiTenbHoft cTenenll npiiHSITbiM cnoco6oM ero !jJoKycllpoBKII/7/ 11 Tpe6yeT 

.QeTanbHb!X pacqeTOB, 

Llnll rpy6;~>IX oueHoK np11 neanaqi!TenbHOM ycKopeHIIII MO)!{HO npiiHl!Tb 

& Kyn = const , G = const • I1MeSI BCe H906XO.QIIMbl9 !jJopMynoi0 llp0113Be.QeM 

oueHKII, Ho npe*ne 

aa y = 1 , L\y 
11° II 

npiiB9.Q9M Hepenl!TIIBIICTCKIIH BapllaHT !jJopMynbi 

=ylr -1 «1, L\y.l. =Y.l. -y.l.
0
«y.I..Toraa 

8 

(9), Kor-

L\y l 
.N 1 Mn A 

) L\yll • L\yll ( Y lo + 
N m 

L\E 
HVKIT 
2' 

M n c 

( 16) 

PaccMoTp!!M KOHKpeTHbiH rrpiiMep. Llnll ocywecTBneHnll pl!aa HnepHbiX 

peaKUIIH C yqaCTII9M MHOI"'038pSI.QHbiX l!OUOB H906XO.QIIMO IIM9Tb TaKyiO KO-

ueiJHyiO auep!"'IIIO HOHOB, qT06bi Ha K8)!{1lbiH HyKnOH rrpiiXO.UIInOCb llp11M9pHO 
-3 

10 MaB. noaTo~y B03bM9M i\E UyKn = 10 MaB. L\y II = 5·10 • Tor.ua npll 

y, .. 50, ...::..L- .. 10-3, A = 200 IIMeeM L\y .,450 • L\y II= 2,2. no.u-
... o Ne N M A .l 

qepK!IeM, qTO B aa!IHOM rrp!!Mepe - 1- n = 8 >> 1 • B K8)!{.[l0M 
N 

m l 0 11 
N = 10

14 
e I!Milynbce ycKope!IHll llpi! 6y.ueT nonyqaTbCll 10 ycKopen!loiX 

IIO!IOBo 

Ecnll l!MIIynbCiol llOBTOpl!Tb qepea K8)!{.[lbie 5QQ MKCeK, ·TO MO)!{HO nony-

qaTb npnMepno 2•to14 ycKopeHHbiX IIOHOB pTyTH B 1 CeK. 
· KB 

npn B3l!TbiX napaMeTpax I! Za!jJ::: 5 nonyqi!M G .:;: 2Q ;;; • fpa-

.[ll!e!IT MarHI!THoro rronH, narrpl!Mep, rrpll ycnoBllll JJ. = const 6yaeT paBeH 

"' 13 raycc (eM. { 12)). YcnoBl!e aaHa6aTIIqHocTH 113MeHeHI!ll MarHI!THoro 
CM 

rronll, ncrronbaoaannoe rrpll rwnyqeHllll pa6oqux !jJopMyn, a.uecb xopowo a~omon-

!llleTcll. Llnl!Ha o6nacTn .ycKopeHllll, cor nacHo { 1) L = 1 M, 3aMeTIIM 0 qTo 

l!CrronbaoBa!ll!e 6eTaTponnoro ycnoBllll na-aa ManocTII rreperra.ua rronll coiep­

wenno neo6HaaTenbHo, YcKo~enne M0)!{9T ocywecTBnl!TbCll npocTo B crra.uaro-. 

weM none. fpa.U119HT rronH rrpll aTOM BoapacTaeT B 2 paaa. 

TaKI!M o6paaoM, aaHHbiH MeTOil ycKope!lllll anonHe rrpl!eMneM .Unll ycKo­

peHI!ll MHoroaapH.QHbiX IIOHOB. C!!cTeMa, B npii!IUI!IIe, oKaa~omaeTCll BecbMa 

rrpoCTOH
0 

T8K KaK He Tpe6yeT llpl!M9HeHJ!ll K8Kl!X-nl!60 .QOilOnHHT91IbHbiX 

yCKOpH!OWIIX CIICT9Mo 

ABTOpbi 6naroaapHT A.E.KyaneuoBa aa o6cy*.UeHIIe BorrpocoB, aaTpony-

TbiX B pa6oTe, 
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