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l.BaeneHne 

3e IIOCII80H88 oeCIITI!neTHe H3y'!eHHe B38HMOOeliCTBHII M8lKOY CIIOlKHbiMH llllPSMH 

CTeno uenbiM HenpaaneHHeM a 110epHoli ~H3HKe 111 • 

/lllll H3y'!eHHII peeKUHli MelKJIY CIIOlKHbiMH llllPSMH TpeoyiOTCII IIY'IKH yCKOpeHHbiX HOHOB 

paanH'IHWX aneMeHTOB c noc~aTO'IHO awcoKoli aHeprneli, PeaBHTHe ~H3H'!SCKHX aKcnepHMe&

TOB B 9TOli OOII8CTH OTIIH'!SeTCII TeHOeHUHeli K HCIIOIIb30B8HHIO yCKOpeHHb!X HOHOB BC8 oonee 

Tl!lKSIIbiX 91leM8HTOB, ECIIH HSCKOIIbKO neT H838Jl K838110Cb JIOCT8TO'IHbiM YCKOpi!Tb HOHbl Ta-

KHX 9118MBHTOB 1 K8K yrnepon, 830T, KHC110p0Jl 1 HeOH 1 TO B H8CTOIIIUBe BpeMII B 3KCIIepHMeH

/1/ 
T8X yJKe HCIIOIIb3YIOTCII yCKOpeHHbie HOHbl aproHa II OoCylK)laeTCII B03MOlKHOCTb IIOIIY'IBHHII 

/2/ /3/ 
3H8prH'!HbiX HOHOB opOM8 1 11008 II )l8JKe ypaHa 

lliHpOKHe ~H3H'!eCKHe B03MOJKHOCTH 1 CBII38HHbl9 C HCIIOIIb30B8HHeM IIY'IK8 ycKopeHHh!X 

HOHOB ypaHa, HeO)lHOKp8THO OTMe'l811 f.H,<!>nepOB, 

Y CKOpeHHe HOHOB THlKBIIbiX 9119M8HTOB npeOCT8BIIIIeT CIIOlKHYIO H8Y'IHD-T8XHH'IeCB:yiO 

npooneMy, nonbiTKH pemHTb 9TY npooneMy OOW'IHbiMH MeTOJl8MH 1 KOTOpb!e peaiiH30B8HW B 

pa311H'IHhiX THnax coapeMeHHhiX ycKopHTeneli, HaTanKHBaiOTCH Ha oonbwHe TpyJIHOCTH H npHH

UHIIHSIIbHoro, H TeXHHK0-3~0HOMH'IBCKOro XepaKTepa, 3TH TpyOHOCTH B 3H8'1HTellbHOli CTene-

HH CBII38Hbl C TBM, 'ITO HCIIOIIb3YIOIUHeCH JIO CHX IIOp llpHHUHIIJ?I yCKOpeHHII Y'IHTbiB8IOT IIHWb 

B He3H8'1HT811bHOli CTeneHH ClleUH~HKy npooneMbl nonyqeHHH 9HeprH'IHbiX HOHOB TI!JKellbiX 

9119MBHTOB, TaK K8K HOHbl THlKBIIbiX 8TOMOB npeoCT8BIIHIOT coooli MHoroaneKTPOHHbie CHCTe

Mbi, TO IIOHBIIHeTCH ewe OOHH napaMeTp, KOTOpblil MOlKHO B8pbHpOB8Tb B WHpOKHX llpeoenax 

B npouecce ycKopeHHH, TaKHM napaMeTpoM HBIIHeTCII aap110 HOHa. 

BapH8UHH 38pl!ll8 HOH8 OTKpb!BSeT nepen yCKOpHTellbH0li TeXHHKOli HOBbie WHpOKI!e 

B03MOlKHOCTH, Hanpi!Mep1 H3MeHeHHe 38pl!ll8 110118 B KOHUe npouecca ycKopeHHH II03BOIIHeT 

CpaBHHTellbHO llpOCTO peWHTb llpOolleMy Bb!B008 TS!lKBIIbiX HOHOB 113 UHKIIoTpOH8 C 831iMY

T81lbHOli BapH8UHeli MarHHTHoro IIOIIH 
141

• M3MeHBHHe 38pl!ll8 HOHOB B 11pOU9CC9 yCKopeHI!H 

ncnollbayeTCH B ycKopnTenHX Tana TaHoeM-reHepaTopa, B pa6oTe XopTara
131 

noKaaaHo, 

'ITO H3M9HHSI 38pl!ll HOH8 B npouecce yCKOpeHHH, MOJKHO MHoroKp8THO YCKOpiiTb HOHbl 

B IIOTeHUH811bHOM aneKTpH'IBCKOM none. npenno>KeHHblli XopTHroM npHHlllill YCKopeHHH 

OTnH~aeTCH KaqeCTB9HHOfi HOBH3HOfi H, no-BHnHMOMy, M0*9T 0KB38TbCH 9~8KTHBHe8 npy-

3 



rax cnoco6os ycKopeHH!I T!llKenbiX aoaos. HBlKe paccMa·rpasaeTc!l B03MOlKHOCTb coa.naHH!I 

CBJihHOTO'IHOrO YCKOpHTen!l T!llK9JlbiX HOHOB0 OCHOB8.HHOrO Ha BTOM npHHUHile, 

2, npHHUHUH8.JlbHa!l CX9M8. YCKOp!!lOIUero 9JI9M9HT8. 

B ocaoee ecex HaeecTHhlX cnoco6os ycKopeHH!I aap !llKeHHhlX 'laCTHU nelKHT ceollcTao 

ABHlK)'!Il&rOC!I 38.PHA8. H3M&BSITb CBOIO 9-H&prBJO llOA .nei!CTBH9M 9Jl&KTpH'I&CKOrO UOJil!! 

-+ 
'2 -+ 

"'IV~IV2 -W1 =ej.Z(E.d; ). (1) 

't -+ 

EcnH nocTo!!HHbiii aapsm ABBlKeTC!I e noTeHUH8.JibHOM sneKTpH'leCKOM none E • -.i:L, TO a .. 
B3MeHeHHe 9HeprHH Ha 3aMKHYTOM KOHType (HnH Ha y'laCTKe TpaeKTOpHH M9lKAY TO~KaMH 

C OAHHaKOBblM nOTeHUBanOM) paBHO HynJO, 3TOT <Pe.KT CBH,[\9T9JihCTByeT 0 HeB03MOlKHOCTH 

MHOrOKpaTHOrO yCKOpeHHH 'laCTHUbl C nOCTOHHHhlM aapHAOM B noTeHUHaJihHOM sneKTpH'l9CKOM 

-+ 
none, EcnH lKe sneKTpH'lecKoe none aenoTeHUHanbao rot E -1 0 , TO ero pa6oTa aa aaMKHY-

TOM KOHType He paBHa HynJO, 3TO CBOHCTBO HenOTeHUBanbHhlX sneKTpH'leCKHX nonell HCnonb3Y-

9TCH ,[\Jill ycKopeHH!! 3ap!!lK9HHbiX qaCTHU C nOCTO!!HHbiM 38pHAOM B peaoHaHCHbiX yCKOpHTe-

nHX. 

O.nHaKo, KaK cne.nyeT Ha ypasaeHHH ( 1), .nnH ycKopeHH!I aap!llKeaaoll 'ISCTBilbi B sneKTpH

'leCKOM none HeT He06XOAHMOCTH TpefioeaTb HenoTeHUHanbHOCTB sneKTpH'leCKOrO non!!; Heofi

XOAHMbiM ycnosHeM ycKopeHH!! !!Bn!leTcH aenoTeHUHanbHhiii xapaKTep nponaseueHH!! Z E , 

3TO MOlKeT OCy!lleCTBJI!!TbC!I H B noTeHUHanbHbiX sneKTpH'leCKHX nOJI!IX An!! qacTHU C nepe

M9HHbiM aapHAOM Z 
. . /3/ 

B pafiOTe un11 yCKOpeHH!I T!IJKenhiX HOHOB npe.nJIOlK9HO HCnOJih30BaTb M9XaHH3M nepe-

aapHAKH HOHOB npH npoXOlK,[\9HHH HX qepea TOHKHe MHW9HH paanH'lHOII nnOTHOCTH, TaK KaK 

npH aauaHHOII 9HeprHH HOHOB IV cpeUHHII aap!IA HX npH UBHlKeHHH e KOHUeHCHpoeaHHOH 

cpeue 60JibWe, '19M B paapelKeHHOil, TO B03MOlKHO OCyiJleCTBHTb yCKOpeHHe HOHOB B noTeH

IlHanbHOM sneKTpH'l9CKOM none, M9H!I!I He 3HaK aap!!Ua HOHa, a ero BenH'lHHy, 

YiOHbi C 9H9prHeH W nocne npoxolKAeHH!I qepea nnoTHyJO cpeuy (¢onbra) o6na.naroT 

HeKOTOpbiM pacnpe.neneHHeM no aap!IAOBbiM cocTO!IHHHM co cpeAHHM aapHAOM 'f (W) , YcKo-

PIIHCb noTeHUHanoM V .no saeprHH WI= IV+ eV Z~,(W), HOHbi npoxou!IT qepea eTopoe 

nepeaap!IJKaJOwee ycTpollcTeo (raaosa!l MHweab), rue npHo6peTaJOT cpeAHHII aapHA Za ( W
1 

) , 

H TOpM03!!TC!I nOTeHUHanOM V 

npHpaiJleHHe 9HeprHH 'laCTHUbi nocne npOX0lKU9HH!I TaKOrO yCKOpHTeJihHOrO 9neM9HTa 

paeao: 

"' w = e v I Zr ( w ) - z. [ w + e v zf (W)ll • (2) 

4 

' ,, 
:1\ 

I 
! ... ··I :r ,,. 

.11 
l 

,',) 

1;,, 

lj,'' 

' 
.::1\ 

Pa~naraH ¢yHKUHJO z npH UOCTaTO'lHO MaJibiX yCKOpHIO!IlHX nOT9HUHanax V BPHA 

Tellnopa H orpaHH'lHBSHCh nepBbiM aeHC'leaaromHM no V npH6JIHlK9HHeM, noJiy'IHM: 

"'W ~eV[Z~ (W)- Z0 (W)-eVZp(W)Z~{W)],, (2,a) 

T,e, npHpameaHe saeprHH KaK ¢yHKUHH ycKop!IJO!Ilero noTeHuHana onpe.nenHeTC!I napa6on11qe

CKHM 38.KOHOM, 

OnTHMaJihHhiil noTeHUHan Vo , o6ecne'!HearomH1! MaKCHMaJibHbiii npHpocT 9HeprHH 

npH 3a.(laHHOM 3Ha'leHHH \V , HaXOAHTCH 113 ypaBH9HHH 

(~)=0, a v w 

'ITO B paCCMaTpHBaeMOM npH6JIHlK9HHH .naeT B9nH'lHHy: 

v = zg (W) - zo (IV) 

2 e Ze (IV ) Z ~ (IV) 

3, noTepH HHT9HCHBHOCTH ny'lKa npH MHOrOKpaTHOM YCKopeHHH 

1 27 
Ha ocaosaHHH sKcnepHMeHTaJibHbiX .naHHbiX o cpe.nHHX aapa.nax HOHOB I 

/3/ 53 
HhlX ¢onbrax H KHCnopo.ne B pa6oTe nony'leHa 3aBHCHMOCTb npHpOCTa 9HeprHH 

(3) 

(3,a) 

B yrnepo.n-

/\ IV OT 

yCKOpHJO!Ilero nOT9HI.Uiana 0 H nOKa3aHa B03MOlKHOCTb MHOrOKpaTHOrO YCK0p9HHH THlKenbiX HOHOB 

(HOA, ypaH) AO 9HeprHII nopHAKa 1 fsB, 

/3/. 
Cornacao pac'leTaM (pHc, 3 H3 pa6oTw ), HHTeHCHBHOCTb nyqKa ycKopeHHbiX qacTHU 

9KCnOH9HUHanbHO nauaeT C pOCTOM 9HeprHH, no9TOMY ycKopeHHe 'laCTHU AO 9HeprHII BbiW9 

1 f9B npaKTH'leCKH H9B03MOlKHO: TOnbKO 0,1 % OT 'lHCJia 'laCTHU, Ha'laBWHX yCKOp9HH9
0 

AD

CTHrH9T 9H9pri!H 1 f9B H llHWb 0,0001% - 9HeprHH 2 f9B, 

OuHaKo, KaK yKaaweaeTCH e pa6oTe
131

, npH pacqeTe noTepb HHTeHCHBHOCTH H3-aa pac-

Ce!IHHH Ha MHWeHHX YCKOpHIOIUero 9lleMeHTa He Y'lHTbiBanacb aaBHCHMOCTb cpe.nHero Kea.npa-

Ta yrna paCC8HHHH 'liBCTHUbl OT ee 3H8pr"1HI. 

YYeT aToro o6CTOSITenhcTaa, KBK noKa3aHo HlDKe, KopeHHbiM o6pa30M MeHHeT t.IHcnea-

Hbii1 peaynbTaT, 

a) C p e II He K BaA paTH q H hi ii y r 0 n M H 0 r 0 K paTH 0 r 0 p a C C e !I H H !I Ha 

MBlibie yrnbi 

CpeAHHil KBanpaT yrna MHoroKpaTHoro paccesiHH!! 0 2
( W) npu KynouoecKoM eaaHMO· 

"' " ( /5/) m .neif:CTBHH onpe.o.enHeTCSI 't'OPMYliOH CM., HanpHMep, 

0...2( W) t d I 

A, 
No 

4 
" e 

2 
Zo 

\V2 

2 z 1 

5 

Pn t d1 " N0 a; 
A/ Z

0
2/

3 + z
1
2/ 3 ) 

(4) 



TaK KaK 0
2 

( W) =~ • TO c YB9nB'l91U19M 9H9pruu 'iaCTHn Cp9.[lH9KBaapaTH'iHbill yron m w• 
pacc9<IHH<I o&ICTP.O naaa9T, 

ITpu suepruu HH~eKnuu W o cpeaaull ltBa.CipaT yrna pacce<IHHR nocn9 K npoxo-

~aeuuli ycKop•uom9ro <-n9M9HTa onp9aenseTCB cyMMupoeaaueM B&Ip~eaus ( 4) no BC9M SB9p-

rusM u paeeu: 

K 0 2 const 
mK = t.w Wo ~ 

t. VI 
+ K (5) 

3TOT pe3yn&TaT nony'l9H npH CYIII9CTB9HHOM np9.tlnOn0~9HHH 0 H93aBRCHMOCTH npHpOCT8 

9HeprHH ,\ V/ OT 9R9prHH 'i8CTHUhi W 
3KCTpanonunHR HM910IIIHXC!I 9KCn9pHM9RTan&RhiX 

.[laHHhiX n03BOn<I9T C'iHTaTb, 'iTO .tl9liCTBHT9nbHO HM99T M9CTO .tlOBOnbRO cnafias 3aBHCBMOCTb 

i\W(W) ennoTb ao O'i&Rb 5on&mux 9H9prull (ans ypaua w .. _2 rse). ITpu YM9Hbiii9-
uuu npupocTa 9H9pruu t. w cpeauull KeaapaT yrna pacC9RHBR 

5&ICTp99, '19M sTo cn9.tlY9T ua cpopMyn&I ( 5), 
o• mK 6yaeT pacTa 

B np9anono~9HHB i\ W = const nony'IHM npu 5oru.mux 1( 

02=~ 
m i\ W • Wo 

(5,a) 

5) PacC9BHB9 ycKops9MbiX 'lacTun ua 5onbmue yrnbl 

PacC9RHB9 sa 5on&mu9 yrn&I a TOHKBX cjlonbrax npoucxoauT npu oauoKpaTBOM 
CTOnKBo-

eeuuu R onp9.tl9nB9TCR aaxoaoM P939pcpopaa, XoTR C9'i9RH9 p939pcpopaoecKoro pacc9RRBR sa 

5on&IIIR9 yrnbl H9B9nHKO, oauaKo BCRK09 paCC9RHH9 sa yron, fion&IIIRll anepTypbl ycKopHT9ns 
1 

BbiBO.tlRT 'iaC'JHUY R3 p9~HMa YCKOp9BRH H nOTOMy npu MROrOKpaTHOM nOBTOp9HHB M0~9T 
cny~RTh RCTO'iHRKOM nOT9ph RHT9HCHBROCTH, 

C9'i9BH9 pacC9RHHR ua yrn&I, 5on&IIIR9 yrnoeoll an9pTyp&I ycKopRT9ns OL , onp9Jle-

nR9TCR Bblpa~9HH9M 

a (OL) 11 e 4 Z R z ¥ 
IV2 

COS OL 

sin 2 OL 
v 1 - iA sin 2 0 L 

I 
(6) 

0TCIOAa onp9.tl9nR9TCR nonaas B9pORTHOCTh paCC9RHRR sa yrn&I 
f)> OL npR MRoroxpaT-

HOM YCKOp9HRR: 

11e 4 Z~Z~ 
i\ IV W

0 

P(O ) = tdi N 
L -- 0 

AI 

2 
~v1-~sin2 e 
sin• tiL AI L (7) 

B) <IJ 0 K y C R p 0 B K,8 n y 'I K a 

B p9ayn&TaT9 paCC9RRRR Ha MHWeH<IX YCKOpRIOIIl9ro sneMeHTa ny'loK 'laCTRU AecpoKy-
CRpyeTCR, 

PacCMOTPRM ypaBH9HRe Man&rx xon95auRll 'laCTR.tlbl oxono paBROB9CHoll Tpa9KTopuR: 

6 

x"' + v 2 x e e r;rS(¢-¢). 
0 

(8) 
3A9Ch 

- .tlnRHa KBa3H3aMKHYTOJI op6BTbl (JlnR .tlRKnH'I9CKoro YCKOpHT9ng) HnR 0JlHOl! 
C9K.tlHH nRHelluoro ycxopRT9nu; 

v - '!Reno D9TaTpoHHhiX Kone6auRI! sa "nRKn9• - B9nH-
'iBHa nOCTORHHaR, onp9A9nRIOIIIaR lK9CTKOCTh cpoxycRpOBKR, 

P9WaR ypaBR9HB9 (8) n ycp9JlHHB no 

'iaCTRllbl c auepru9ll IV 
¢ 

, nony'IHM cpeaH9e aua'I9HR9 OTKnOH9HRR 

;.<~>= 
2 

e 2 
0 (W) • 

32 1127 (9) 
JlnR Onp9JleneHHR cpeaH9ro 3Ha'l9RHII KBaapaTa OTKnOH9HRR 'laCTHUbi OT paeuoe9cuoll Tpaex-r-

Topuu Bblpa~euu9 (9) cn9.tlY9T ycp9nHRTh no yrnaM pacc9RRRH 0 

2 no 9H9prRHM '18CTRU IV • Cp9JlBHll xeaapaT yrna pacc9RHHR 0 

cyMMa cp9nH9ro KeanpaTa yrna MuoroKpaTuoro pacc9RHHR 

u npocyMMBpoeaT& 

onpe.[l9H<I9TCR Kax 

0 2
( W) 

m no cjlopMyne ( 4) 
R cp9.tlH9ro KBaJlpaTa yrna onuoxpaTuoro pacceHHRR ua yrn&I 

/ > 0
2

> ~ N 
L - 0 - AI 0 

tre4 z~ ZI2 

W2 82(W)= o:(W) +0: (W). 

8&I'iucn9RHR naiOT ans cp9JlH9ro KB8JlpaTa yrna paccesunu BenH'IBuy: 

o"(w) ~No 
AI 

211e
4 z; z~ 

W2 fn ( e~ __ w_ ). 
a 2 Z Z ( ._ ....:va)li m c 2 

0 I 0 :Gj 0 

CyMMupys {II) no BC9M aueprusM H noacTaenss a (9), nony'IHM: 

<x 2 > 1 
-e-.-= 16 .. ..._!1 

tdi 

AI 
N

0 
tre• zG z? 

AW Wo 
(} w ) .• 

[ 1 + Pn t:• :Z~IO m c 2 a2Z0 ZI(
0

+·I o 

( 10) 

{II) 

(12) 

ITpR yrnoeoll an9PTYP9 ycKopHT9ns (}L=~ ans rayccoea pacnp9n9n9HHR 'iaCTHU 

HHT9RCRBHOCTh ny'lKa nocne 6on&moro 'IRena npoxo>KaeuRll '19pea ycxopsiOIIIull aneM&HT 

onpenEWIHeTcs Bhlpa~9HB&M 

J 
-~- =v-;-

L/.j<x~ 
2 

{ exp (- +) dt - P (OL) • 
(18) 

Jlns nouoe Rona c sueprR9JI RHlKeKURR Wo -15,4 Mse R i\ VI =4 Msa, nonaras pacce<IHne 

B YCKOpHIOilleM 9H9M9HT9 9KBHB&n9HTHbiM paCC9RHHIO B yrnepOJlHOll cpon&r9 TOniiiBHOl! 
2 13/ -2 

14 MKrlcM (xax R a pa6oT9 ), npR anepType OL •3•10 ( OL B 3,3 paaa MeHhme 

'19M B 
131

), nony'lRM AalKe llH!I cna6ocpoKyCHpyiOIIIRX CRCT9M ( 1/ •0,2 B 5 paa M9Hhiii9, 
13/ - -2 J 

'19M B ), 'iTO P(fJL) -1,1 •10 R J: «0,98, 
0 

AuanorR'lH&Ie oneHKH AHR ROHOB ypaua npR 

= 5 ·10-2 
R _1_ .. o,95. 

Jo 
P((}L) 

Wo =25 Mse R i\W = 10 Mse naiOT 

7 



8Hepi'HH I!HlKQKUHII '18CTIIU Wo orrpeuengeTCII aHepreTB'I8CKBMII .noTepRMB 'laCTBU II 

ux pacceRHijeM npu nepahlx npoXoJKueBHSIX qepea MHmeBH ycKOpRJOmero aneMeHTa. TaK KaK 

ITOTepH yMeHb!UaiOTCII C pOCTOM aHepi'HH 'laCTIIU, TO npll AOCTBTO'IHO 150nh!UOll SHepi'BH BB-

lK8KUIIH 01111 CTSHOBHTCR HeCymeCTBQHHblMII, 

OrreHKII noKa3h!B8IOT, 'ITO np11 aaepr1111 IIHlKeKUIIB lioaoe ypaaa W0 •25 Mae aaepreTB-

'18CKH8 noTepll MHOI'O M8BbWe, '18M np11pOCT SHepi'HH l1 W , II ITOTOMY Be CK83h!B8IO'I'CR 

sa nponecce ycKopeHIIR. 

4, 3 a K n 10 'I e 11 B e 

Y'leT 38BIICIIMOCTH cpeuaero KBaupaTa yrna pacceHHHH qacTHrrhl OT ee aaepriiB noxa-

3b!B8eT, 'ITO npB UOCT8TO'IHO BblCOKOll aaepi'HH 11HlK8KUHH 'laCTHil H o6bl'IBhiX arrep'J'Ypax 

ITOTepH HHTQHCHBHOCTH Manbl, 

OTcJOua cneuyeT npiiHilHnllanhHBH B03MOlKBOCTb nony'leHBH HHTeHCBBBhiX ny'IKOa ycKopea~ 

Hh!X HOBOB, T,e, B03MOlKHOCTb C03U8HHH CHnhHOTO'IHOI'O yCKOpHTeng, ITO Kpall&ell Mepe B 

nBHeliBOM eap&a&Te, B KOTOpOM ycnOBHe l1 W = const ol5eCITe'IHB89TCH COOTB8TCTBYIOIIIBM H3• 

MQHQHHQM yCKOpHIOlll81'0 nOT8HilH8Ji8 v Ha pa3nH'IHblX CTyneHHX yCKOpHTena. 

OuuaKo un11 peanH3allHH ycKopnTenH paccMaTpnaaeMoro THrra BeT ueol5xouBMOCTB Tpe-

6oeaTb, 'IT06hl nOTepH HHT9HCHBHOCTH l5b!nH MBnblMII Ba BCeX npOXOlKUeHBSIX 'lepe3 yCKOpB

IOlllHll aneMeBT, lloCTaTO'IBO noTpei50BBTb, 'ITOI5hl noTepH BBTQHCHBBOCTH 15hlnH MBnblMB, Ha'lii-

HaH C H8KOT0p01'0 npOXOJKUQHHH J{ , npa aTOM npaKTH'18CKB BCe 'laCTBilbl, Be ITOTepHBHbl8 

3a K npoxoJKueuull, coxpaHHTCH uo KOB!la ycKopeuua. lleliCTBHTenbBQ, KaK ylKe OTMe'la

noch, nOTepH B03BHK8IOT, no cymecTey, numb npu rrepBblX npoxoJKueHBHX ycKopmomero ane

MeHTa, noKa &Hepi'HH '18CTHU HeBenHKS, 8TO 3H8'1HT, 'ITO nOTepH onpeuenHIOTCH B OCBOB

BOM uaqanhHOll o15nacTbto ycKopeuus. npu ycnoeHH l1 W = const a ol5nac'I'R 150nhmoll aueprHB 

noTepH CT8BOB51TC51 M8nh!MH, noaTOMY U8lK8 B cnyqae 3H8'1HT8nhBhiX nOTepb B H8'18nhBOll 

ol5naCTH YCKOpeBHH HHTQBCHBBOCTb ny'IK8 C pOCTOM SHeprHH '18CTB!l CTpeMBTC51 K BeKOTOpOll 

KOHCT8BTe, OTnH'IBOll OT aynH (npH l1 W • con st }, 

l13nOlK8HBhlll npHBilHIT MOlKeT 15h!Tb HCUOnh30B8H unH ycKopeHBg BOBOB , no KpaliBell 

MepE' UO &Bepi'HB 1\_ , npH KOTOpOii 7't (Wk)=Z0 {W ~ (eCilB npe&e6peou. aaepreTH'IQCKBMB 

:noTepHMB '18CTBil c aaepraell Wk }, 3KcTpanonSIIlHH aKcrrepBMeHT811bHWX ABHBbiX o CpBA

HBX 38pSIIl8X BOBOB aneMeBTOB C Z0 '<50 B TB8pUhiX eemecTBAX II 1'838X K 6onee T!DKB

nh!M aneMeHTaM yKa3blB88T H8 B03MOlKHOCTb yCKOpeBBR BOHOB BCBX aneMeBTOB C xopomeli 

x} 
BHTeBOH&BOCTblO AO 8118pi'Bll 

X} npeAnon81'88TCH, 'ITO YM8Rbm8HB8 &p8MQJIII lKB31111 B036YJKU8HHbiX COCTOJIBBii BOBOB 

ypaua C pOCTOM BX 38PSIIl8 cymecT&eBBO B8 B3M81111T OTHOCHT8nb&yl0 paaROCTI> cpe.nJIIIX 38-

J)llllQJI BOB9B B T~e.JllU>JX B 1'830Q_6~3BbiX MBID<IBliX_. B3B8CTJIYIO R3 8KC:Q8J!BM8~0B nO oi5JU!1!M 
8TOMOB C Z 0 ~ 5U • 

8 

va 
Wk = 0,125 A0 Z0 Mae 

(14} 

~niOKTyaUIIII aaepl'llll 'laCTIIIl onpeuenHIOTCH 'IIICnOM npOX0lKU8HIIIi qepe3 yCKOpHIO!llllll ~ne

MeHT II rrauaJOT C pOCTOM 'IIICna yCKOpeHIIll KBK- y~ 

AeTopbl BblpaJKaJO'!' HCKpeHHtoiO 15narouapaoCTb 'lneay-Koppecnoa~teH'I'T AH CCCP 

f ,H, ~nepoey 38 nOC'I'OHHHbill II C'I'IIMyn11py10mllli liH'I'epeC K pai50'I'e, ITOn93Hbl9 015CylKU9BHH H 

coee'l'bl II UOKTopy <jlH3HKO-Ma'l'eMa'I'H'IeCKHX H8YK M.H. nouropenKOMY 38 o6cyJKUeHIIe rrpo6ne-

Mbl H rrone3Hh19 COB9Thl, 
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