
OB'bEDJ.1HEHHbl 11 
vfHCTvfTYT 
.HilEPHbIX 

vf ccnE.n OBAH vt 11 

ily6Ha 

i 
i 
I 

I • .. 
~ 

9 - 3951 

A.A.r Jia3oB, IO .H.,l~eHHcoa, B.TI .,l].)KeJienoa, 

B.TI.,l].MHTpHeacKHM, B .l1 .3aMOJIO,D;'lHKOB, H.JI .3anJiaTHH, 

B.B.KoJihra, M.M.KoMO'lKOB, A.AKponHH, JI .l1 .Jlanu,n;yc, 

A.l1.MyxHH, B.C.Porattoa 

Cl1JlbHOTQqHhJH cJ>A30TPOH Ol1.Hl1 HA 700 M3B 

(YCTAHOBKA " cJ>") 

1968 



9 · 3951 

A.A.r J1a3os, IO.H.~eH11cos,- B.n.~)KeJ1enos, 
B.TI.~M11Tp11escK11ii, B J1.3aMOJIOA"lll1KOB, H.JI.3anJ1aT11H, 

B.B.KoJ1hra, M.M.KoMO"llKOB, A.AKponHH\ JIJ1.Jlan11eyc, 

A.l1.Myx11H, .B.C.Poratto~ 

Cl1JlbHOT01J.HbIH 1PA30TPOH Ol1Hl1 HA 700 M3B 

(YCTAHOBKA "41") 

HanpaaneHo a A3 

Hay11ao•Texa■11etxaa 
thtfSaRoteKa 

OHSIH 



B Te'IeHl!e rrocnenm1x neT !pll3l!KaM, pa60Ta10ll!l!M B o6naCTll BbIC0Kl!X 

SHeprllll ll sneMeHTapHbIX 'I8CT!!U, oco6emro 0T'ISTlll!B0 CTana. SICHa Heo6xonll

M0CTb rronyqeHl!SI 3H8'Il!TenbH0 6onee T0'IHb!X K0llll'IeCTBeHHblX naHHbIX 060 

Bcex 0CH0BHbIX B38l!M0)lellcTBl!SIX o6bI'IHbIX 'IBCT!IU: cna6bIX ll sneKTp0MarHl!T

HblX. OnHaKO peweHl!e STOil rrpo6neMbl B03M0lKHO lll!Wb lip!! cymeCTBeHH0M 

yBelll!'IeHl!ll l!HTeHCl!BH0CTll lIY'IKOB 'IaCT!!U, rronyqaeMbIX OT nellCTBYIOWl!X 

ycKop!!Tenell, 

Hal!6onee _pa)ll!KallbHbIM cpencTB0M )lllll )l0CTl!lKeHllSI STOil uenl! B no

Mlllllll!apnHoll o6naCTll SHepr!!ll SIBlISleTCSI, HeC0MHeHH0, C03)l8Hl!e ycK0p!!Tenell 

Tl!lla "Me30HH8SI cpa6pl!Ka"· C T0K8Mll ycKopeHHblX np0T0!I0B 200-1000 MKa, 

nosToMy HeCK0llbK0 neT T0My 11a3an B fla6opaTop1rn 11nepHbIX rrpo6neM 011 Hl1 

6hln C03lla!I rrpoeKT rrepeo6opynoBa!ll!S! nellCTBYIOll!ero Clll!Xp0Ul!KlI0TpoHa Ila 

s11eprl!IO 680 MsB B penSITl!Bl!CTCK0ll Ul!KlI0Tp0H (TOK 500 MKa) - Me30HHYIO 

cpa6p11Kyl r,21. 

8 !18CTOS!ll!ell pa6oTe ll3naraeTCSI SCKll3llblll npoeKT peK0!ICTpyK-

Ullll Cl!l!XpOUl!KlI0°TpOHa OHHH B Manyro Me30IIIIYIO cpa6pHKY C SHeprnell llp0T0-

110B 700 MsB H cpenHHM T0KOM' lIY'IKa no 50 MKa (T,e, 3,1014 p/ceK), TTp!! 

peanH38Ullll rrpoeKTa 0lKl!llaeTCSI, 'ITO llHTeHCHBH0CTll Me30HHbIX lIY'IK0B B03-

pacTyT (rro cpaBHeHIIIO C CHHXPOUHKlIOTpoHoM) llpHMepH0 B 50-100 pa3, 

a l!HTeHCl!BH0CTb BhlBeneHH0ro llp0T0HHoro lIY'IKa - B 100-200 pa3 (6naronap11 

llp!!MeHeHlllO BbICOKOscpcpeKTHBHOro MeTona BbIBona), 8 ycTaH0BKe "¢", TaK )!{e 

KBK ll B penSITHBHCTCK0M UHKlI0TpoHe~ l!ClI0llb3YeTCSI MarHl!TH0e none C llp0CT

paHCTBe111101l Bapnaunell, onHaKo,p0CT cpenHero 3HaqeHHSI HallpS!lKeHH0CTll 
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rmnSI c pamrycoM a.necb nponcxo.nnT Me.nneHHee, 'IeM aTO Tpe6yeTCSI .nm1 1130-

xpoHHoro .UBll)l{eH!IR yCKOpReMb!X 'IaCTIIU, 11, cne.noBaTenbHO, B03Hl!KaeT,. He-

06xo.n11MOCTb Bapb!!pOB8Tb qacTOTY ycKOpRIOIUero Hanpg)KeHIIR, HOB npenenax 

MeHb!UllX, qeM B o6hI'IHOM CIIHXPOllllKITOTPOHe. 

§ 2. YBen11qeH11e IIHTeHCIIBHOCTII ny'!Ka nyTeM np11MeHeH11R 

npocTpaHCTBeHHOH Bap11au1111 MBI'HIITHOI'O nonR 

Tipn nocTHI'HYTb!X B neftCTByrorunx CIIHXpOUliKITOTpoHax Ha aHepr1110 

400 -t 700 MaB 3H8'IeHIIRX aMnnllTY.Ubl ycKOpRJOIUero HanpR)KeHHR B 10- 15 KB 

TOK ycKopeHHhlX npoTOHOB 06b!'IHO He npeBblIUaeT 2,0 - 2,5 MKa, 'ITO, no

BII.UIIMOMY, 6nli3KO K npenenbHOMY 3H8'IeHl!IO TOKa np11 TaKIIX Hanpg)KeHl!RX. 

TIOBblllJeHl!e IIHTeHCIIBHOCTli IIY'IKa nyTeM yBemr'IeHIIR aMIIITIITY.Ubl ycKopRIO

ruero HanpR)KeHIIR B CIIHXPOUliKITOTpoHe conpSl)KeHo co 3Ha'!l!TenbHhlMII TeXHll

'IeCKIIMII Tpy.nHOCTRMII. 3TII TPY.UHOCTII, B OCHOBHOM, npORBIIRJOTCR llpll coa

naHl!II Ha.ne)K}!o .nefi_CTByroruero ycTpoficTBa, 06ecneq11Ba10ruero Heo6xo.n11Moe 

113MeHeH11e qaCTOTbl ycKOpRJOIUero HanpR)KeHHR B Te'IeH11e Ul!Kna ycKopeHl!R 

Bap11aTopa 'IaCTOTbl: ()qeBl!.UHO, 'ITO CIIO)KHOCTb aa,na'II! · Haxon11TCR B aaBH

C!IMOCTII. OT n11anaa0Ha 113MeHeHl!Sl qacTOThl, li ,na)Ke IIY'lllll!e KOHCTpyKUIIII 

Bapl!Top·a 'IBCTOTbl Ha CliHXpOUIIKIIOTpoHax C aHepr11ell: 600 -t 700 MaB He 

no3BOITRIOT nony'IaTb HanpSl)K0Hl!e Ha .nyaHTe Bb!We 10 .. 15 KB. 3a,naqa cy

ruecTBeHHQI'O nOBhlW0HIIR yCKOpRIOII{ero HanpSI)K0HIISI B CIIHXpOUIIKIIOTpoHe np11-

BO.UIIT K T8KOH COBOKynHOCTII Tpe6oBaHIIH K KOHCTpyKUIIII BapllaTopa, np11 

KOTOpblX ~ap11aTop CTaHOBIITCR qpe3Bbl'IafiHO CIIO)KHblM II noporl!M B 11cnonHeHIIII 

II o6cny)Kl!BaHIIII ycTpoil:CTBOM, ecn11 He OKa)KeTcR, 'ITO OH Boo6me TeXHll'l0CKII 

HeBblIIOIIRIIM. 

TpyAHOCTII, CBR3aHHble C noBbJWeHl!eM yCKOpRroWero HanpSI)KeHJrn B 

Cl!HXpOUllKIIOTpoHe, MoryT 6b!Tb YM0HbW0Hhl, ecn11 COKpaTl!Tb. ( AJIR aanaHHOH 

aHepr1111) .n11anaaoH 113M0H0HIISI 'I8CTOTbl nyTeM npl!M0H0HIISI pacTyruero no 

pannycy MBI'H!ITHOI'O nonR C npocTpaHCTB0HHOH Bap11au11efi. IlnSI TaKOI'O MO.Ull

qi11u11poBaHHOI'O ciIHXpOUIIKJIOTpoHa ( B .nanbHefiweM Ha3bJBaeMoro qiaaoTpOHOM 

C Bap11au11efi MaI'HIITHOI'O nonSI) O)Kl!,UaeMoe yBenll'I0Hll0 IIHT0HCIIBHOCTll,nO 

cpaBHeHl!IO C o6b!'IHblM CIIHXPOUIIKJIOTpOHOM MO)KHO oueHl!Tb ll3 cpaBHeHHR 

o6'beMa qiaaoBoro npocTpaHCTBa nnSI 3TIIX .UBYX cnyqaeB, npl!HRB o.n11-

4 

I 

· l 

11 .,, 

HBKOBblMII nnR ueHTpanbHOil: o6naCTli 8KCl!aIIbHYIO )KeCTKOCTb ( Qz l, Bb!COTY 

rry'!Ka ( /!J. z) 11 paBHOBeCHYJO qiaay ( ¢, 
8 

l, a TaK)Ke npe.nnonO)KIIB, 'ITO IIHTeH

CIIBHOCTb · orpaHl!'lliB80TCR .neqi0Kyc11py101UIIM .neil:CTB110M o6'heMHOI'O aapg,na nyq

Ka 121: 

3.necb 

i ocj> 

ioc 

Vcj> a/2 Koc 

<-·l <--
Ve Kocj> 

1/2 
) 

V - aMnnnTyna yCKOpSIIOIUero HanpR)K0HIIR Ha .nyaHTe; 

K..1-....!-. 
l+n 

1 

7 
d H r· n•·-•-
. dr H 

( 1) 

H - HanpSI)KeHHOCTb MaI'HIITHOI'O nong; 

TeHCIIBHOCTb ~ ueHTpanbHOH 06nacT11. 

r - pa.n11yc jCKopeHIISli lo -IIH-

HH.neKC '4>' OTHOCIIT B0Jlll'Il!Hbl K cnyqaro qiaaoTpOHa C Bap11au11efi MaI'HIIT-

HOI'O nonSI, IIHA0KC 'c" - K CJIYl!8!0 06bl'IHOI'O CIIHXPOUIIKJIOTpoHa, a IIH.U0KC 

•o• - K ueHTpanhHoil: 06nacT11 ycKop11TenS1. 

Ha Bhrpa)KeHl!R ( 1) cne.nyeT, 'ITO irp11MeHeH11e pacTymero no pa.n11ycy 

M8I'HIITHOI'O nonSI C Bap11au11ell: npl!BO.UIIT K nononHIIT0JibHOMY yBeJil!'I0HIIIO qia-

30BOI'O o6'beMa 38 C'!eT yMeHbW0HIISI napaMeTpa "K" • 

KaK 6y.neT BII.UHO 113 nanbHefiwePo 113JIO)KeHIIR, .UJIR qiaaoTpoHa C B8pll

au11ell: MarHIITHoro nonR, coanaBaeMoro Ha 6aae aneKTpoMarHl!Ta 680-. MaBHoro 

' ' \ , 

;CIIHXPOllliKIIOTpOHa OHHH, BnonHe o6oCHOB8HHblMII RBIISIIOTCSI 3Ha'!eHl!SI Yqi= 50KB, 

Koqi = 0,32. 

TipHHHMaR ,nng neil:CTByromero CIIHXpOUKJIOTpoHa OHHH VO= 15 KB, 

Koo.. 1,8, TOK B ueHTpllJibHOH o6naCTII ( i ool • 3,5 MKa, MO)KHO 

A8Tb, 'ITO TOK B ueHTpe cj>aaoTpoHa coc'raBl!T np11MepHO 50 MKa·. 

O)KII-

B CIIHXpOUHKIIOTpoHe OHHH He y.na:eTCR 11a6e)KaTb qiaaOBhlX noTepb ny'!K8 

B npouecce ycKopeHHR, II noaTOMY TOK Ha KOHe'IHOM pan11yce B HaCTORIIlee 

BpeMR COCTaBJIR0T 2,3 MKa. -B qiaaoTpoHe C Bap11au11ell: MBI'HIITHOI'O nong 

npencTaBnReTCR B03MO)Kffb!M Bb16opoM 38KOHa cpenHero nong o6ecne'Il!Tb qia-

30Bb!li: pe)KIIM, no'ITli nonHOCTbIO liCKIIJO'I8IOWl!li: n0Tep11 '18CTl!U B npouecce 

ycKopeHHR, II Ha3BaHH8R IIHTeHCllBHOCTb ( 50 MKa) B ueHTpaJibHOii 06nacT11, 

no-Blllll!MOMY, M0)K8T 6b!Tb coxpaHeHa no KOH0'IHOI'O pan11yca. 
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§3. CTpyKTypa MaranTHoro nong ¢aaoTpoaa· 

llnH ¢aaoTpoaa c Bapnaunett MarHHTHoro nong npennonaraeTcH ncnonb

aoBaTb none, KOTOpoe B Mennaaaon nnoCKOCTll OnHCb!BaeTCH ¢yHKUHefi 

Hz (r,0) .. H(rl[l +drlsin(!.- - NO)], 
A 

( 2) 

rne H ( rl - cpenaee aaaqeane aanpHlKeHHOCTll Marmnaoro nong; r ,z , 0 - Koop

nnaaTbI B unnnanpnqecKoft cncTeMe; l (r) - rny6naa Bapnaunn MarHnT11oro 

nom1; 2 17 A - pannanbHbIH war CTPYKTYPbI nonH; N - 'lncno cnnpanefi 

B CTpyKType nonH. 

Ha aaKoH pocTa cpenaero aHa'!el!HH aanpHlKeHHocTn nonH H(rl aaKna-

nhrnaeTcH orpaHH'!eane, cocToHmee B TOM, '!TO naMeaeHne ( yBenn'!eHHe) na-

paMeTpa ·K· Bnonb pannyca ae nonlKHO npHBonnTh K ¢a30BbIM noTepHM '!BC-, 

TllU B npouecce ycKopeHHH. TaK KBK ll3MeHeHHe •aMnnnTynb,. ¢aaOBbIX Kone-

6aHllll rrpH anna6aTH'!eCKOM H3MeHeHHll napaMeTpOB onpenenHeTC8 llHBapnaH

TOM 

1/2 
f, [ cos cf,+ cos cf, 

8 
- ( 17 - cf, -cf, 

8 
) sin cf, 

8 
] d cf, • consl , 

(3) 

• • 

a rrnomanb o6naCTH ¢aaOBOH ycTOH'IHBOCTH paBHa 

f ef,drf>=v 
2eVw

2
K 

s s f 
17 Es 

[cos¢+ cos"' 
• 

1/2 
- ( 17 - cf,- cf, ) sin cf, ] d cf, , 

• s 
(4) 

TO rrpn IlOCTO8HHbIX 3H8'18HIIHX V 

CTaBHTb cnenyJOlIIIIM Bbip8lK8HHeM: 

ii sin¢, 
8 

3TO Tpe60Baa11e MOlKHO npen-

K=l- _n_._1_< K 
I+ n /3 2 - non 

6 

K ( E 
8 

0 --) 
Eo 

( ~) 
H 

2 

(5) 

( 
I 
\ i 

ii 
I 

1 
I 

·I 

., 

.B BbIPBlKeHHHX (3),(4),(5): 

e , E - aapHn n nonaaH aaeprng ycKopHeMott 'IBCTHUbii c.> - yrnoBaH 'IBCToTa 

o6pameHHH '18CTHUbli cf, - ¢aaa ycKopmomero nonH, npn KOTOpofi qacTnua 

nponeTaeT ycKopHJOmnft npoMelKyToK. 

HHneKC ·o· OTHOCHT 3H8'1eHne cooTieTCTBYJOlIIero napaMeTpa K ueHTPY 

yCKOpHTenH (npn r = 0), naneKc 

BeCHOil '18CTllUblo 

,, ,, 
s - K 3Ha'!eHHJO napaMeTpa nnH p8BHO-

B 3TOM cny'!ae '18CTllUbI, HMeBwne B nepBOM ¢aaoBOM KOne6aHHH YCTOH-

'IHBbJe ¢aaoBbie TpaeKTopnn B6nnan cenapaTpnccbl, B npouecce ycKopeHHH no 

KOHe'IHOro pannyca He BblfinyT H3_o6naCTH yCTOH'll!BOCTH. 

PerneHHe nn¢¢epeHUH8nhHOro ypaBHeHHH (5) npoBonHnOCb Ha aneKTpOHHO

Bbl'IHCnHTenhHOil Mawnae npn aanaHHbIX rpaHH'IHblX H Ha'!anhHbIX ycnoBIIHX. 

rpaHH'IHoe ycnoBne onpenenHnocb MaKcHManhHO BoaMOlKHbIM nepenanoM cpen
Hk 

aero MarHHTHoro nonH < h k • -H-- l npn aanaHHOM aaaope aneKTpoMar
o 

HHTa. B peaynbTaTe HaxonnnHCb H8'18nhHO8 3H8'18HH8 Ko H 38BHCHMOCTh cpen-

aero nong OT pannyca. 

Heo6xonnMO OTMeTHTh,· '!TO npn OTKnOH8HHH OT ycnoBHH paBeHCTBa 

B Bblp8lK8HllH ( 5) nonycK Ha TO'IHOCTh co6nJOn8HHH nOCTOHHCTBa sin cf, 8 

CT8HOBHTCH Meaee lK8CTKHM. noaTOMy, a T8KlK8 nnH yno6CTB8 paccMoTpeHHH 

nHHaMH'leCKHX npoueccoB 38BHCHMOCTb cpenHero MarHHTHOro nonH OT pa

nuyca 6btn8 BbJ6paHa B 8H8nHTH'18CKOH ¢opMe, B Bline: 

rne 

Coe2-cle6 

H ( e) • H0 e 

n•2C e2
- 6C e6 

0 1 

e- _r_., rk - KOHe'!Hblli pan11yc YCKOpeHHHo 
rk 

(6) 

( 7) 

TTpn 3TOM 3H8'18HH8 napaMeTpa K 

B Te'!eane Bcero BpeMeH11 ycKopeHHH. 

nonneplKHBaeTC8 M8HhlllHM K 

Bb16paHHbIH 38KOH ( 6) ynoBn8TBOpHeT aTOMy ycnoBllJO npn COOTHO-

IlleHIIJI: 
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2( C - C ) c;, e O I < 0,68 

/lml npnHsiToro nepena/la cpe/lHero nonsi h k = 1,3675, 

C yqeTOM HeKoTophIX Tpe60BaH11ii coa1la1111si Heo6xolll!Moii Bap11au1111 Mar

Hl!THoro nonsi 3Ha'!eHl!SI K09!p!pl!UlleHTOB B Bb!palKeHIIII ( 6) npllHSITbl cne/lyIO-

IUIIMII: C o = 0,358 11 CI = 0,045, 

Ha pnc, 1 npnBe)leHbl KpllBbJe K llOn,ll aHa'!eHl!SI K, onpe)lensieMbJe 

MarHIITHbIM noneM ( 6) npn Bbi6paHHbIX KOS!p!plllllleHTaX. 

Ecnn Bbi6paTh KOHe'!Hhlii pallllYC ycKope_HIISI r k = 270 CM, TO npn SHep

rllll 700 M SB MarHIITHOe none Ha KOHe'!H0M pallnyce. C0CT8BIIT H k = 16276 s, 

H 
a B ueHTpe - Ho. __ k_ = 11900 s. 

hk 
Ha pllc, 2 npnBe)leHhI rpacpllKH H ( r l II n (r l. Heo6xon11Masi rny611-

Ha Bap11au1111 onpenensieTcsi 113 paccMoTpeHHSI n11HaM11'1ecK11x npoueccoB nnsi 

MarHIITHoro nonsi ( 2) 11 ( 6). Hcnonhaysi CIICTeMy ypaBHeHHii, OilllCbIBaIOIUIIX 

/:(BlllKeHne '!8CTHU C nocTOSIHHbIM IIMnynhCOM p 

HapH0M MarHIITH0M none/3/: 

B np0ll3B0ilbH0M CTauno-

2 ,2 ,2 ,2 Hi 
r'' ___ r __ r=--e- (l + _r_+_z __ .) 

r Pc r2 r 2 
[(r2+r' 2)H - z'r'H. -z'rHo], 

z r . 
(8) 

n 2r'z' e· r' 2.z' 2 ½[ 2 ,2 ,, 
z ----=--O+-+--l (r +z )H -z r H 

r pc ,2 r2 r z 
-r'rH 0 ], (9) 

MOlKH0 aaiiTH ypaBHeHne aaMKHyToii op611Tbl II rrp116n11JKeHHbJe Bb!palKeHIISI 

nm1 '!aCTOT pannanbHbIX c o > r 
II BepTl!KanbHhlX ( Q z ) Kone6aH11ii B Bl!)le: 

£ R 
p

0
(0l=r

0
(0l'-R,. 

2 
sin ( _r - - N O ) + ,'t. R , 

N -1 - n ,\ ( 10) 

2 3 £ R 2 

Q = (I+ n l I I+ - [ ( -- l +2] I , 
' 2N 2 N ,\ 

( 11) 

8 

11 

I 
'I 

I 

' 

~ 

' ' ' 

~ ... 

' ' ' '\ 

r-
c::::t 

'\ 

' '\ 

ca c::,-

\. 
\ 

\ 
\ 
\ 

It)" 
c::, ... 

9 

\ 
\ 
\ 
\ 
\ 
\' 
~ 

. ~ 

~ 

Cl,a -,~ 
t:i~ 

I 

§ '
ir::,,. " 
~~ 

ff') 
C::,' 

I 

~--

co 
C::,"' 

IC) 
C::,' 

i .. 

C\I 
c:::, 

~t:::) 
c::; 

...__,_ 

c..i 

&. 



~ 

~ 
::r:: 

(0 
c::,· 

I.I') 
c· -.::t-c· 

rt) 
c· 

... _ 
c::::, ·c;:::, 0---c::, 

C\J c· cy ..1..\,1\ 

C ...... 

0C) 
c::::s 

(0 
C::::l 

..:,
«:::)' 

C\J 
c::::s 

.... ~ ~ !:) c::,-l-.J:::l.. J ~ I ·~ ~ ~ !:) !:) -..._, 

=:!:: I , .1 I I I 1 1 1 I I l""'j""I 1 I •jrr l'j'>I I I re::, 
•=t: ~ g § § § § ~ g 
~ ~ ~ c::;, . c::::, c::, c::::, c:::, 
~ ~ !Ci ~ ~ ~ ==:: ~ 
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~ 
t-'IN 

II 

44/1 

§ 
c:: 
.~ 
=t 

'::t: .. 
.() 

5 
~ 
~ 
~ 
cS3 
(\j 
ti 

~ 

t 

l 

Q
2
=-n+l

2 

z 

N2 

[-----
2(N 

2 -1 -n l 

R2 

+ 
N2 

l l. ( 12) (1 + 
N

2
-l-n 

3necb: R - pan11yc, orrpenemieMblH l!MrrynbC0M 'laCTIIUbl p = : 11 ( R) R;i\.R-rro

rrpaBKa K pan11ycy R, Bbl3bIBaeMaH Bapnau11ell MarHIITH0I'0 rromI II C0CTaBnH-

JOIUaSI rrp11Mep110 0, 1% R. To'!HOCTb Bb1palKeH11ll ( 11). ( 12) 6biria rrp0Bepe11a 

H8X0lKne1111eM qacTOT CBo6onHbIX Kone6a1111ll rrp11 'll!CneHHOM IIHTerp11poBaHHll 

Cl!CT6Mbl ypaa11e11nll ( 8). ( 9). 

113 Bb1palKe1111ll (7) 11 ( 12) orrpenemieTCH Tpe6yeMaH rny6n11a aapnau1111 

nnH pa3nll'!Hb!X 3Ha'leHIIH (NA ). 

ITpn BbI6ope 3H8'l6HIIH N II A Y'IIlTbIBaJOTCH cnenyrom11e Tpe6oaa1111H: 

a) aenH'lUHa OCHOBHOH rapMOHHKII MarHIITH0I'O rronH RN , o6ecrre'!HB8IO-

maH rrpHHS!TOe 3Ha'leHne Q z , noniKHa 6b!Tb M!IJil!ManbJIOll; 

6) nonlKH0 6bITb IICKnJO'l6HO BnllSIHHe 11enn11ellHOI'Q pe30H8HCa Ha pan11anb

HbJe Kone6aJIHH B ueJITpe YCKOpl!T6/lS!, 

TaK K8K 1rnarra30H 113M6HeHIIH qacTOTbl pan11anbHb!X KOne6aHIIll B paccMaT-

pnaaeM0M Bap11a11Te qJ830TpoHa COCTaBnHeT l < Q r < 1,2 , a qacToTa 

aKcnanbHbIX Kone6auni! Q z rrpnHHMaeTcSI paauoll 0,2 Ha acex pannycax, KpoMe 

ueHTpanbHOfi o6naCTII, I'/l6 Olla CH!llK86TCS! llO HY/lSI npn r = 0 ( puc. 3). TO 

6/ll!HCTB6HHO B03M0lKHbIM HennnellJibIM pe30J!8HCOM OK83bIB86TCS! p630HaHC 

N -ro nopSinKa no paAnanbHhlM Kone6aHIISIM B ueHTpanbJiofi 06nacT11 ycKopu

TenSI, 
\ 

KaK 6yAeT IlOKa3aJIO B cnellyJOIUeJl,I pa3Aene, C031la11ue neo6XO/lllMOH 

rny611HbI aapuauu11 o6nerqaeTCSI c yMeHbIUeJIIIeM qucna cn11panei! N. ITo aToi! 

npll'IllHe B ueHTpa/lbHOH o6naCTII IICC/l61lOBa/lCS! 11en11nei!Hblll pe30H8HC 4-ro 

nopH/lKa, 'ITO COOTBeTCTByeT BbJ6opy N = 4. 

l13B6CTHO, 'ITO rrp11 pe30HaJICe 4-ro nopH/lKa Ma/lbie aMIT/lllTYllbl M0I'YT 

6b!Tb yCTOH'IIIBbIMII nalKe npu T0'IHOM peao11a11ce, ecnu CTa6U/lll31!pyromni! <paKTOp 

l!MeeT 11eo6xonHMOe 3Jl8'l6Hlle, K8K 3TO IIMeeT MeCTO, HanpnMep, B CllHXP0-

TpoHe C )l{eCTKOfi <poKycupoBKOfi, O/lHaKO MOlKHO Il0Ka3aTb, 'ITO nnH pe3011auca 

4-ro nopH/lKa a· ueHTpanhHOfi o6naCTII Cil/lbH0TO'lH0I'O <pa30TpoHa 3H8'l6Hlle· CTa-

6!1/ll!3Hpyromero qiaKTOpa HaMHOI'O MeHbll!e Be/ll!'ll!Hbl, 11eo6XO/ll!MOfi ll/lS! ycTofi-
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'IIIBOCTII ManbIX SMIInlITYll pan11anbHblX Kone6aa11fi. noaTOMY aeo6xonJIMO BhI-

6paTh rrapaMeTpbI ycKop11Tem1 B ueHTpanbHOll o6naCTI! T8KIIM o6pa3oM, 'IT06bi 

m11p11aa peaoaaacaoll 06nacT11 nnH paccMaTp11aaeMoro peaoaaaca 6blna MeHh

me pan11yca rrepaoro o6opoTa. 

lll!!p11Ha peaoaaacaoll aoHbI aemrnellaoro peaoaaaca /',, Q, orrpenenHeTcH 

COOTHOllieHl!eM/4/: 

/',,Qr = 
E R 

aQ 
[ J (...JL)-J (L) J • 

q-1 ,\ q+l ,\ 

( 13) 

rne: q - rropHlloK aen11aefiaoro peaoaaaca; a - aM11n11Tylla pan11anhHhIX 

Kone6aa11ll B aaqane 11onoc'b1 peaoaaaca; J - cpyHKUIIH Eeccem1. 

3aa11CIIMOCTb 'ISCTOTbl pammnhHblX Kone6aa11ll OT palll!yca B ueHTpanbH0ll 

o6naCTII MOlKHO C llOCTBTO'IHOH TO'IH0CTb!O IIpel{CTSBl!Tb B BIi/le Q • l+ 1/2 h ( f). 
r 

PaanaraH cpyHKUll!O Eeccen.11 B p.11/l lip!! ycnOBIIII a <-½-. M0lKHO HallTII 

pan11yc peaoHaHCHOll 30Hbl B ueHTpanbHOll o6naCTII B Bl!lle: 

r 
pea 

Co Q 

2 
E t k 

2q (q-1) ! ,\ 

( a q-2 

">:'"' ) ( 14) 

ITp11 r k 270 CM, q = 4 (11, C0OTBeTCTBeHHo, N = 4), >.. = 15 CM, 

C O = 0,358, r · = 0,05 pan11yc aoHhI aen11aellaoro peaoaaaca 4-ro rrop.llll-
1 

Ka COCTaamrnT acero 0,6 CM, nalKe ecn11 IIPIIH.l!Tb a = 4,5 CM. 3TOT 

peaynhTaT 6bm 110/lTBeplK/leH aerrocpellCTBeHHbIM IIHTerp11poaaHIICM ypaB

HeHl!.11 (8) Ha aneKTpOIIHO-Bbl'IIIC'n11TenbHOll Mallil!He lip!! N = 4 11 ,\ = 15cM; 

TaKl!M o6paaoM, /W.11 paccMaTp!!BaeMoro cnyqa.11 MOlKl!O llpl!HS!Tb N = 4, 

i 2: 15 cM. Ha p11c. 2 rrpencTaanea rpacpnK HN(r ) Ilpll NA = 60 CM. 

B CB.11311 C TeM, '!TO orpaHl!'!eHl!.11 IIHTeHcl!BHOCTII B cpaaoTpo'ae 110 

npocTpSHCTBeHHOMY 3apSillY orrpenenHIOTC.11 3Ha'!eHl!eM o. B ueHTpanbHOH 

o6nacTH ycKop11Ten.11, rne Mara11Taa.11 cpoKycnpoaKa eme cna6a, y'!eT 11 11c-

11onbaoaaI111e llOIIOnHl!TenbHbIX cp0Kyc11py10m11x cpaKTOpoB S!BnlieTCH O'!CHb 

BalKHbIM. B '!8CTHOCTII, 11ccnenoaanOCb nellCTBl!e ycKopH10lliero aneKTpH'!eCKoro 
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nonH nyanTa B ue11Tpe ycKopnTeng Ha aKcnanbHOe nBIIJKeHI!e llOl!OB/5/. 

npII aTOM aneKTPil'!eCKoe none MeJKny nyaHTOM II aaaeMne1111ofi paMKofi, 

11Me10ml!MII onnH~KOBYIO Bh!COTY, BbipalKanocb qepea n0Te11u11an B Bline: 

2V 
<I> = --·arctg 

sh 
110-b) 

y { 15) 

11 
[ 1 + ch 

11(1-b) 
-D--y 

rne: y - nepne11n11KynHpHo KpOMKe nyaaTa, D - anepTypa nyaaTa, 

~-+fn 
1 - b 

l+ yb 11 e •o; f - paccT051Hlle MeJKITy nyaHTOM II paMKofi. 

1- yb 

KoMnoaenTa nonH E z paanaranacb B pHn <f>ypbe n nocne noncTaHOBKII 

B ypaB11ea11e aKcuanhl!hlX Kone6annfi (9) n cBenennH ero K ypaBneHnlO Xnnna 

11axonI1nacb qacToTa aKCilanbHhIX Kone6aanfi Q 2 , 06ycn0Bne1111ag neficTBileM 

aneKTpll'!eCKIIX ¢0KycI1py10mI1x Ciln. 

Ha pnc. 4 n0Kaaa110 3TO 3Ha'!eJ111e Q z np11 V = ·50 KB II anepTypax 

nyaHTa D = 10 CM II D = 7,5 CM nng 311aqe11I1fi- Ha'lanbl!0fi ¢a3bl </> =0,25 pan 
H 

n </> 11 = 0,5 pan. 

KaK Bnnno, aneKTpll'l6CKa51 ¢oKycnpOBKa np11 TaKoM 11anpHlKe111111 Ha ny

aHTe MOlKeT 3Ha'!IITenbl!O o6ner'!llTb aanaqy ¢opMI1pOBaHll51 MarHIITHoro nong 

B ueHTpanbnofi 06nacT11 ¢aaoTpona. 

§4. ¢opMI1poBa11ne MarnnTHoro nong 

MeTon'11Ka ¢opMnpoBaHil51 Mar'HIITHOI'O nonH, Oill!CbIBaeMoro ¢yHKU116M 

( I). ll3IlOlK6Ha B pa6oTaxl6/. Ona 3aKnJO'!aeTC51 B TOM, '!TO 11eo6xon11Ma51 

aapilaU1151 no r II (J coanaeTC51 JKene3HbIMII UIIIMMaMII npHMoyronhHOro ce

'16Hil51, 1130rHyThIMII no cnnpanHM Apxl!Mena II aaKpennel!HbIMII CIIMMeTpll'!IIO 

OTHOCMTenbHO cpen11efi nnoCKOCTM aaaopa Ha KpbIUIKax KaMepbl yCKOpl!TenH, 

a aaKoH pocTa cpenHero nonH 06ecne'!11BaeTCH cooTBeTcTByIDmMM npo¢11neM 

nonlOCHhlX HaKoHe'!HMKOB II MBMe11e11neM yrnoBoii npOT51lK6HH0CTM cn11panhHhlX 

llIIIMM. 
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AMilJIIITyna Bap1IaU1III MarHIITHOI'O nom1 CIICTeMbl CI11Ip81IbHblX llIIIMM no-

CTaToqHO xopowo OillICbIBaeTCll Bb!palKeHIIeM: 

ht 

RN z8M sin NT [e - ,\ scj,cj, - e 

h2 _ 

- ¼cj, l. ( 16) 

rne M - HaMaI'HIIqeHHOCTb llIIIMM, h I II h 2 - paCCTOl!HIIll o.T cpenHei1 IInOCKOCTll 

no IlOBepXHOCTei1, orpaH1Iq1IB810IIIIIX llIIIMMbl B aKCllaJibHOM HanpasneHIIllj a -a3ll

MyTaJibHall npoTl!lKeHHOCTb CI11Ipa1IbHOil llIIIIIMMbI, ,\ scj,cj, ~ 

v 1 + ell 12 

2 
Ha p1IC, 5 nplIBeneHbl 3aBIICIIMOCTII Tpe6yeMbIX II paccqHTaHllbIX no cj,op-

MyJie ( 16) aMITJIIITYil rapMOHIIK RN OT napaMeTpa cm1pa11I1 ,\ rrp11 3Haqe-

lllll!X N = 4 II N = 6 n1111 r = 100 CM, B pacqeTax BennqnHa 11aMarHnqeHHOCT!I 

rrp!!HllM8/18Cb paBHOil 4 ,r M = 15000 3 ,a•..!!.,2h 1 -· = 30 CM, 2h 2 = 80 CM, 
N 

BennqnHa 3a3opa 2 h 1 = 30 cM orrpene111111acb 113 Tpe6onam1il Ha ·BbICOKoqacToT-

HYIO cncTeMy, KaK Bl!IlHO 113 rpa¢11Ka (plIC, 5), IIp!! N 

Tpe6yeMOll Bap11au11n, II IIpl!IIHTO K paCCMOTpe!!HIO N = 4. 

6 11e11b3H rronyqnTb 

Ha116011ee TpynHbie YCJIOBllH n11>1 CO3naHllll B.apHaUHH BCTpeqalQTCSI B 3Ol!e 

MaJiblX pan11ycOB, ITO3TOMy B 11eHTpa11bHOil 3OHe ( llHTepBa/1 pannycoB o .. 75 CM) 

I10Tpe6yeTCll YMCHblllllTb 3a3Op MelKny Cllllpa11bHb!Mll lll!IMMaMll no 20 -+ 25 CM, 

qTo,rro-BnnHMOMY, He Bbl3OBCT oco6b!X 3aTpynHeHIII1 rrpn rrpoeKTllpOBaHIII! 

·YCKOpHIOII1eil C!ICTeMbl, KaK OTMeqa11OCb Bblllle, aKCll8JibH8ll ycToilqnBOCTb B 

nnana3oae pan1Iycon O ~ 12 CM MOlKeT 6b1Tb o6ecneqeaa, B ocaoBHOM, ct,o-

Kyc11py10II1!1M neilCTBIIeM 3/IeKTpliqecKoro ITOJill nyaHTa, 

'ITO .iacaeTCll cpenHero M8I'HHTHOI'O ITOJill, To, KaK ITOK83b!B8IOT rrpen

B8Pl!TCJibHbJe pacqeTbl. II HeKOTOpbJe panee Bb!IIOJIHCHHbie Ha Mone1rnx 3KCITe

p1IMeHTbl ITO CO3naHlIIO M8I'!IIITIIOI'O ITOJill, IIpll 383Ope MelKny rronepXHOCTHMII 

ITOIIIOCOB 120 CM ( TaKOB 3830p. Me)Kny ITOJIIQCaMII B 3JieKTpoMar1111Te c1111xpo

UIIKJIOTpOHa O11Hl1) rrp11HHTblll rrepenan cpennero MarHlITIIOI'O ITOJill Ro= 11902 3 

11 Rk = 16276 s) nrronne pea11113yeM 6e3 rrp11Menen1111 KaKnx-111160 norronmr

TeJibHbIX o6MOTOK, 3TO o6cTOl!TeJibCTBO HBJIHCTCll necbMa BalKHbIM, TaK KaK 

' ITO3BomieT cy111ecTBe1rno -. yrrpoCTIITb KOHCTpyKUIIIO KaMepbl H o6nerqaeT 06-

CJIYlKHBamre Y,CKOplITC/ISI B ne11OM B ycnoBHHX IlblCOKOll 11aBenen11oil pannoaK-

TIIBHOCTll, 
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Bb16op npoqmm1 nomocHoro HBKOHe'!Hl!Ka II cn11panbHhIX WIIMM, 06ecne'!11-

aa10wnx 113M8H8Hll8 cpeaHero nom1 B COOTBeTCTBIIII C (6), MOJKeT 6b!Tb caenaH 

Ha OCHOBaHIIII 11ccneaoaaH11li Ha M01ten11, KOTOpb!e B HaCTOllWee apeMll npoao-

allTCllo 

• 

§ 5. YcKOplll01U8ll CIICTeMa 

B 6onbWIIX CHHXPOUIIKnoTpoHax am, nepeKpb!TIISI a11ana30Ha '!aCTOT ycKope

HIISI npll noMOlllll Bap11aTopa 11cnonb3YIOTCSI, KBK npaBHno, pe30H8HCHhl8 nllHHII 

C HeoaHopoaHhlM BOnHOBblM conpoTHBneHlleM. ITOBb!W8Hll8 BOnHOBOro conpo

TIIBneHIISI B palioHe y3na HanpSIJK8HHSI Hll3KO'!a·cTOTHOli '!8CTH a11ana30Ha no3B0-

nsieT 3H8'111TenbHO yMeHbWIITb nepeKpb!Tlle aap11aTopa no 8MKOCTII, oaHaKo. 

np11 3TOM npo11cxoa11T nOBb!WeH11e HanpsilKeHIISI Ha aapnaTope no cpaBH8HIIIO 

C ycKOPSIIOlUHM HanpSIJK8Hll8M Ha ayaHTe ( B 1,5 - 2,0 pa3a). 

ripll co3aaHHII ycKOpSIIOlU8li CHCT8Mbl am, qJ830TPOH8 C aap11a11neli Mar

HIITHOro nonsi aaa 06CTOS1TenbCTB8 SIBnSIIOTCSI 6naronplHITHh!MII: 

1) 6onee Y3Kllli a11ana30H pa60'!IIX 'IBCTOT (B paCCMaTpllB88MOM HBMII 

ycKop11Tene 18, 18 -+ 14,41 Mr11); 

2) 6onee H113KOe 3H8'!8Hlle M8KCIIM8nbHOli '!8CT0Thlo 

B 3THX ycnoBHSIX OK83b!BaeTCSI B03MOJKHhlM 11cnonb30B8Tb llUSI pe3o~aH

CHOli CHCTeMbl 0Tp830K OllHOPOllHOil nllHHII C TeM, 'IT06b! HanpS1ll<.eH11e Ha Ba

pllaTope 6bIUO acerna MeHbWe YCKOpSIIOlUerQ HanpsiJKeHIISI, '!TO oco6eHHO BBJK

HO nnsi ycTaHOBKi "<I> .. ' rne aMnnHTYllB YCKOpSIIOlllero HanpSIJK-eHIISI llOilJKHa 

COCTaBnSITb 50 KB. 

TaKl!M o6pa3oM, ycKOpSIIOlUBSI BhlCOKO'IBCTOTHaSI CIICTeMa ycTaHOBKII "<I>" 

rrpencTaansieT co6oll npsiMoyronhHy10 a nnaHe nnocKylO nonyaonH0By10 onHopoa

ay10 UIIIIIIIO llnHHOli 7,5 M, WllpllHOil 6 M C noCTOSIHHhlM 3a3opoM, paBHhlM 

78,5 MM. HacTpOliKa CIICTeMbl ocymecTBnSieTCSI aByMSI naeHTH'!HhlMII eMKOCT

HbIMII BapnaTopaMII '18CTOThli BhIIlOUHeHHhlMH B BHlle KOHaeacaTopa C Bpama

lOlUIIMIICSI poTopoM, OCb KOTOporo uapannenbHa Kpl)MKe nyaHT8 ( pile. 6, 7) •. 

EonbWBSI annHa P830H8HCHOli CIICTeMbl Il03BOnSieT Bb!HeCTH aap118TOp II BhlCOKO

'IBCTOTHhili reHepaTop 38 pan11a11HOHHy10 381UIITY, '!TO nenaeT B03MOJKHOil pa-

6oTy C HIIMII 6e3 npnMeHeHIISI M8H11nynsiTopa. ITpn 3TOM BapnaTop OK83hl

BaeTc:SI TaKJKe BHe ~HTeHCIIBHOro pacceSIHHOro MarHl!THOro nonsi YCKOpl!Tensi. 

ITocnenHe~ 0'!8Hb BBJKHO BBllllY 6onbWOJi CKOpOCTI! apameHIISI poTopa. 
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.Unsi yaenH'!eHHSI nonn pa6oqero xona B nonHOM 1111Kne Monynsi111111 '!BCTO

ThI yrnoaall npOTllJKeHHOCTb poTopHhIX nnaCTIIH Bap11aTopa (7°) rrpHMepHO B '!e

Tb!pe pa3a M8HbWe CTBTOpHbIX, a He06XOll11Mhlil 38KOH 1!3MeHeHIISI eMKOCTH 

o6ecrre'!IIBaeTcll npocjmn11poBaHHeM cTaTopHhIX imacTIIH no nn11He H Tonm11He 

rrpH 11cnonb30B8Hllll nayx CTBTOpHblX naKeToB. HanpSIJKeHHOCTb aneKTp11'18CKOro 

nonsi M8lKllY nnaCTIIHBMII B8pllaTopa npH YCKOplllOllleM H811pSIJKeHIIH, paBHOM 

50 KB, nonJKHa COCTaBnSITb - 8 KBIMM, '!TO 3H8'1HTenbHO M8HbWe Toro' '!TO 

l!MeeTCSI B H8CTOS11Uee BpeMSI B CIIHXPOllHKnoTpoHe n.Hn 011.HH. Enaronapsi 

6onbwoll eMK~CTH KonneKTOpHoro KOHll8HC8TOpa MaKCIIManbHOe HanpS1)1(8HHe Ha 

BOnHy poTopa He llOllJKHO rrpeBbIWaTb 2 KB. 

Ha p11c.8 npencTaBneHbl xapaKTepllCTIIKII pe30H8HCHOli. CIICTeMhI, nony

'!eHHhie ll3 113Mepe1mll Ha MonenH B l/4 HBTypanbHOil BenH'IIIHhI. KpHBOil 3a

BHCIIMOCTII '!aCTOTbl OT BpeMeHH conocTaBneHbl ( TO'IKBMII) Tpe6yeMbie 3Ha

•1eHIISI '!BCTOThI rrp11 UycK = coaat n sin cf,• =const • 

MOlUHOCTh IlOTepb B pe30H8HCHOil CHCTeMe COCTBBIIT OKOno 200 KBT. 

§ 6. BbIBOll ny'!Ka npOTOHOB ll3 KaMepb! 

Ha CHnbHOTO'IHOM qia3oTpoae npenycMaTpllBaeTCSI 11cnonb30B8HHe BHyT-

peHHHX MIIWeHell IWSI nony'!eHl!SI rry'IKOB Me30HOB, TaK KaK 113-38 MHOroKpaT

Horo npoXOlKA8HIISI UllpKyn11py10mero ny'!Ka npoTOHOB '!epe3 MHWeHb cymecT

B8HHO IlOBb!WaeTCSI HHT8HCHBHOCTb M830HHhIX IIY'IKOB, C npyroll CTOpOHhI, llUSI 

rrony'!eHHSI Bh!COKOHHTeHCHBHhIX Me30HHfIX ny'!KOB OT BH8II1HllX MHWeHell ( '!TO 

TBKJKe npenrronaraeTCSI) HylKHO o6ecne'!l!Tb BhICOK03qlqJ8KTIIBHb!Il BhlBOll IIY'!Ka 

rrpoTOHOB 113 ycKop11TenS1, 

Bo3MOJKH0 llCIIOilh30BaHll8 TeX JK8 M8TOllOB Bh!BOAB, KOTOpbie p83paoaTbl

Banl!Cb nnSI penSITHBIICTCKOro UIIKnoTpona: 

1) PereaepaTHBHOro MeTona, OCHOBaHHoro Ha BBeneHllll noKanbHhIX He

onnopollHOCTell Ha paJ;myce BhIBOUa II np11BeneHIISI B 3TOil 30He '!aCTOThl pa

n11anbHhlX Kone6an11ll K 3Ha'!eHHIO, 6nH3KOMY K en11n11ue. 

2) Monnqi11unp0Bannoro pe3oaancnoro MeTona, rrp11 KOTopoM qacToTa pa-

1111anbHhlX Kone6aHllil ITOH!llK88TCSI Ha KOH8'1HOM pan11yce no Qr 1 rryTeM 

BBenemrn B CTpyKTYPY MarHHTHoro rronsi norronHHT8J1hHOil BTopoll rapMOHIIKII.· 
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npn ncrronb30BaHnn nepaoro MeTona Heo6xonnMoe 3HaqeHne qacTOThI 

pannanbHhlX Kone6aHl!l! B o6naCTII BbIBOna o6ecne•maaeTCH COOTBeTCTBYIO

lllllM Bb16opoM 38KOH8 H3MeHeHl!lI cpenHero nonlI, KaK nOK83bIB8eT aHan113, 

B cnyqae ncnonb30B8HlllI onHol! noKanbHOll HeonHopO.llHOCTII, C npaKTnqeCKII 

npneMneMol! aen11q11Hol! rpanneHTa MarHIITHoro nonH, nnlI coanaHnH ycnonnl!, 

Heo6xonllMblX nnlI 3a6poca qacTIIU B BbIBOnHol! KaHan, 3HaqeHne qaCTOThl pa

mianbllhlX Kone6aHnl! a 3one BhiBona nom«HO COCTaBnlITb 1,07➔ 1,08. 

LlnlI nonyqeHl!lI Ha KOHeqHhlX pannycax ( r =· 260 ➔ 270 CM) TaKol! 

qaCTOTbl Q r Heo6xon11MO, qTo6bi IIOK83aTenb ''I,,, MarHIITHOro rromI coc

TilBnlin 0, 13 ➔ 0, 16. 

CpenHee MarHnTHoe none, 06ecrreq11aa10mee 3a1w11Hy10 nennqrrny K 0 

K O = 0,32), aanaHHhil! o6mnl! pocT nonH ( h k = 1,3675) 11 yKa3aHHoe 

BhlllJe aHaqeHne 

palKeHneM: 

,, 
n B 30He KOHeqHhlX pannycoB, MOlKeT 6bITb OIIIIC8HO Bbl-

2 6 8 10 
H(tl-H,fXP (0,359 t +0,83 e - l,611e +O,nse ). 

( 17) 

MaKCl!ManbHOe 3HaqeHne aMnn11Tynh1 OCHOBl!Ol! rapMOHIIKII MarHIITHoro 

nonlI B 3TOM cnyqae COCTaBnHeT 3000 s, T,e. HeCKOnbKO npeBbilllaeT 3118-

qenne, nal!nenHoe nnlI cnyqag rronlI, orrncannoro cpopMynol! ( 6), a na Koneq-

HOM pannyce yMeHbmaeTc.11 no H 4 = 1600 s, 

Bo3MOlKIIOCTII BToporo MeTona BhIBona 113/lOlKeHbl B pa6oTax 17 I rrpn

MeHnTenbHO K penHTIIBHCTCKOMy UIIKnoTpony, Bb16op napaMeTpOB p.n~ cny

qag' cpaaoTpona noTpe6yeT neTanbHbIX qucneHHbIX pacqeToB, 

§7, 3amnTa OT 113nyqen11l! 

Orrl!CblB8CMbll! CllnbHOTOqffbll! cpaaoTpOH HBnlieTCH oqenb MOlllHbIM HC

ToqHl!KOM nel!Tponnoro II raMMa-nanyqenul!, O6mnl! rroToK 6hICTpbIX nel!T

ponoB pa3nuqnh1x sneprnl! ( annoTb no 700 M sa), B03HHKa10mux rrpn aaa

llMOllellcTBIIH rryqKa IIpOTOHOB B 50 MKa c MHllleHHMI! n noBylllKOll - rro

rnoTnTeneM, 6yneT nocTnraTb 3.10 14 
Hel!Tp/ceK, a IIOTOK raMM8-KB8HTOB, 

B OCHOBHOM, ManhIX sneprnl! (oT 38XB8Ta Hel!TpoHoB) - 1015 KB8HTlceK; 
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nnoTJIOCTII IIOTOKOB Hel!TpOHOB, BbIX0lllilllllX B 3KCnepnMeHT8nbHhll! 3an 113 

KonnHM8T0p0B, 3anoJKeHHhlX B OCH0BHOfi 3811lllTHOl! CTeHe, COCT8BHT 5, 107 

108 Hel!-rp/cM 2 ceK, 

B 3THX ycnOBlllIX nnlI Toro, qTo6bI, CHll311Tb HellTpOHHhil! qJOH B MeCTax 

npe6bIB8HlllI nepC0Hana no norryCTIIM0l! HOpMbl ( 10 Hel!Tp/ CM 2 CeK), l!Me1011la

lIClI B H8CTOS111lee BpeMlI 3811ll!T8 OT nanyqeHl!l! nonJKH8 6bITb cymecTBeHHO 

ycnneHa, CnenyeT T8KJKe yqHTblB8Tb B03MOlKHOe CllnbHOe noBbJWeHne YPOBHlI 

H8BeneHHOll eyirnoHaMII panuoaKTIIBHOCTII B .tieTanlIX BBKYYMH0l! KaMepbl ycKo

pnTenlI, MarHl!Ta, TpaKT0B rryq1rnB II T,n. B CBlI311 C 3TIIM nonJKHa 6b!Tb npe

nycMOTpeHa 3811ll!Ta pllna IIOMemeHnl! II o6opynOB8HlllI 3KpaHaMI! II B Tex cny

qagx, Korna nocTyrr B sTn rroMellleHnlI II K',06opynoBaH1110 npenycMaTpnBaeTclI 

TOnbKO npn Hepa60T810llleM ycKOpl!Tene. 

KaK noKa3an aHan113, na116onee SKOHOMnqHoe peweHne npo6neMhI pa

nnaunoHHol! 3811ll!Thl° COCTOIIT B coopylKeHl!II nononHnTenbHhlX 3811lllTHhlX CTeH 

HenocpencTBeHHO BOKpyr YCKOpl!TenlI • Ha pnc. 9 IIOK838H o6mnll: Blln 3na

HlllI, 3811ll!Ta II cxeMa nyqKoB qacTIIU nocne peKOHCTPYKllllll cymecTBYIOlllero 

CIIHXpOUIIKnoTpoHa, II rrpeBpameHl!lI ero B Many10 Me30HHYIO cpa6p11Ky, HoBalI 

3811ll!Ta, BKn10qag rroTonoqHhie rrepeKphITHlI, nenaeTClI 113 c6opHoro 1Kene30-

6eT0Ha, B OCHOBHOM, C nnoTHOCTblO 3,6 r/cM3, 'IaCTb CTeH, II IIOTOnKoB CHa6-

JKaeTClI ycTpol!CTB8MII nnlI 6bICTpol! 0TK8TKII ( Halipl!Mep, CTeHa 'B-B·, rrp11-

KpbIB8!011l8lI nocTyrr K Bh!COKOqaCTOTHOMY reHepaTopy II BapnaTopaM qacTOTb!), 

PacqeT rroKa3an, qTQ coopyJKeHne cTeHhI "B-'B' B anne JKene3HOll: rrnn

ThI TOnlllllHOl! 80-100 CM II03BOnllT pe3KO CHll311Tb ypoBeHb naaeneHHOl! aKTIIB

HOCTII aapnaTopoB qaCTOThl II B,q, reHepaTopa II TeM C8Mb!M o6ecrreql!Tb B03-

MOlKIIOCTb Bh!IIOnHeHIIH rrpocpnnaKTlrqecKIIX pa6oT C 3TIIMII ycTpollcTB8MII 6e3 

rrpnMeJieHl!lI M8HIIITynlITOp0B C 3811lllTIIblMII Ka611HaM11, C npyroil: CTOpOHhl, nnlI rrpo

aeneHl!lI T8KIIX orrepaunl! KaK peMOHT nyaHTa, K8M8pb! Ml!WeHel! ( T,e, Ha-

116onee cnnhHO aKTIIBllpyeMhIX neTanel! ycKopnTenlI) rrpenycMaTpnaa10TClI rre

penanJKHbie Ka611Hbl-M8HllnynlITOpbl C TOnlllllHOl! 3811ll!THOll: CTeHKII 113 JKene3a 

no 30 cM, 

npn ToKe ycKopeHHhIX npoToHoB 50 MKa noaa raMMa-11anyqe1111lI HaBeneH-

Hol! 8KTIIBHOCTII n11cT11nn11poBaHHOl! Bonh1, oxnaJKna10mel! neTann ycKopnTenlI, 

BKn10qag o6MOTKY MarHl!Ta, B OCHOBHOM, MeHbWe nnn paBHa nonycTl!MOl! KaK 

no KOpOTKOlKIIBYlllllM 140, 160 , 18 N , 11 C, TaK II no nonrOJKIIBYlllllM 1130TOnaM 

11 nOSTOMY He Bbl3blB88T oco6hIX ocnolKH8Hlll!, McKnIOqeHiie COCTaBnlieT enc-

21 



cp
a3

om
po

H
 c

 li
ap

ua
L{

ue
a.

 
M

G
cH

Um
HD

2D
 n

on
J;

f 
n

n
a

H
 C

nL
Jp

[J
/1

bH
b/

X
 U

lU
H

M
 

8b
lC

O
K

D
6a

K
ljy

_M
H

b/
Q

 
H

Q
C

O
C

 
M

a
e

H
U

ff
iH

b
/U

 /
{G

H
G

/1
 

\ 

Pu
c.

B.
 

Pu
c.

 7
. 

na
nl

O
CH

b/
U.

 
H

Q
K

O
H

eL
/H

U
K

 

I I 8
 4.

 e
eH

eP
-a

m
oQ

 

C
nu

pa
hb

H
IJ

/8
 

W
U

M
M

b
l 



1
')

 ... 

19
 

, 
18

 

17
 

16
 

15
 

14
 "' CJl 

IM
'2

4 

I I I 1 
· 

-
I I I I I I I I I I I I I 0 

ll
 lo

rf
u 

~,
.. 

Jo
o 

'-lo
o 

6
0

0
 

P
uc

. 
8.

 
Bo

o 

',
_

· 
· ..

 • .. •
 
.. 

., 
.. _., 

. ''
•
 

..
 . .
 . 

. 
. .

 
· .. 

• .. 

l/&
,p

!t.
 lty

C
.I

{ 
q9

 

as
 

0,
7 

0,
6 q
, 

1
0

0
0

 



TeMa oxna)K.QeHnll nyaHTa, MHWeHeli: n racnTenn npoTOHHoro nyqKa; B sToM 

cny,rne ypoBeHb raMMa-nsnyqeHnn pannoaKTHBHoli: BOAbI cpasy nocne BbIKmo

qeHnll ycKopnTenn npnMepHO B 100 pas npeBbICHT nonyCTHMbl(i, ll IIO3TOMy. 

KOMMyHHKaUHH H 9MKOCTH C OXnalKna10meli: aonoli: CHa6lKalOTCll COOTB9TCTBy

lOW9li: samnron. B CHCTeMax BOAllHOro oxna)K.QeHHll HCIIOnb3yJOTCll SSMKHy-

Tbl9 UHKnble 

AKTHBHOCTb Bosnyxa I BblSBSHHall TeMn lKe HSOTOIIaMn, qTo !f aKTHB-
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HOCTb BOAbI, a TaKlKe Ar. HenocpencTB9HHO 6nns pa60Ta10mero YCKOpHTenn 

( IIOMemeHne 6 n 7 Ha puc. 9) B OTCYTCTBHe BeHTHnllIIHH TOTqac nocne BbIK

Kn10qeHHll yCKOpHTenll B H9CKOnbKO TblCllq pas IIp8BbIWaeT AOilyCTHMYIO• B 

uennx ycTpaHeHHll TPYAHOCTeli: C 3KCIInyaTauueli: H npoljJunaKTHqecKHMH pa-

6oTaMH Ha YCKOpHTene B npoeKTe npenycMaTpHBaeTCll cosnaHHe CHCT9Mhl 

Bb!TlllKHOll BeHTHnllUHH C COOTB8TCTBy10mell KpaTHOCTblO o6MeHa. 

§3. Ta6nuua OCHOBHblX napaMeTpOB ljJasoTpoHa 

1. 3Heprm1 ycKopeHHblX IIpOTOHOB 

2. ToK BHyTpeHHero nyqKa 

3. Pannyc KOHeqHoli: Op6HTbl 

4. HanplllK9HHOCTb MarHHTHOro nonll B ueHTpe 

5. CpenHee SHaqeHne HaIIplllK9HHOCTH MarHHTHoro 

nonn Ha KOHeqHoM panuyce 

6. MaKCHManbHall rny6HHa BapuauHH MarHHTHoro nonll 

· 7. Ili;ipaMeTp cn_npann 

8, lJncno cnnpanen 

9. llnaMeTp non10cHoro HaKoHeqHHKa 

10. 3asop Me)l{Ay cnupanl!MH 

I 1. lJacToTa CB06OAHblX Kone6aH111l: 

a) BepTHKanbHblX 

6) pannanbHhIX 

12, 1luana30H qacTOTbI ycKopn10mero nonll 

13, lJncno nyaHToB 

14. AMi;nnTyna yCKOpll10mero H!)IIIPlllK9Hllll 

15, AnepTypa .nyaHTa 
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w 700 MsB 

50 MKa 

rk = 270 CM 

.Ho-= 11902 s 

Hk = 16276 3 

, • 0,2 -+ 0,25 

,\ = 15-20 CM 

N = 4 

D = 600 CM . 
2h = 30 CM 

Qz = 0 -+ 0,2 

0, ·= I -+ 1,2 

18, 18-14,41 Mru 

V = 40 -+ 50 KB 

IQ CM 

1 
. t 

16. 3asop Me)K.Qy nyaHTOM H non10coM 

17, Cnoco6 Bapnaunn qacTOTbI-Bpama10mnllcll 

KOH/l9HCaTop 

18. lJacToTa MonynllIIHH 

19. AMnnuzyna HaIIplllK9HHll Ha BapnaTope 

20, MomHOCTb IIHTSHllll sneKTpoMarHHTa 

21. MomHOCTb IIOTepb B B/q CHCTeMe 

7,85 CM 

500-600 ru 

40 ➔ 50 KB 

1100 KBT 

200 KBT 

§9. IlyqKH qacTHII OT ljJa30TpoHa, PacwnpeHne 

B03MOlKHOCTeli: nnll npoBeneHl!ll ljJnsnqeCKHX 3KcrrepnMeHTOB 

Ha pnc. 9 rrpHBOlll!TCll o6mall cxeMa rryqKoB, o6paSOB8HHblX KSK Ha 

BHyTpeHHHX, TSK H Ha BH9WHHX MllW9HllX, HnlKe B Ta6nuue rrpl!BO/lllTCll OlKH/l8-

eMbl9 HHTeHCIIBHOCTH 3THX nyqKoB OT ljJa30TpOH8 rrpu BHyTpeHHeM TOKe rrpo

TOHOB 50 MKa; Kos¢¢nuHeHT BbIBona npoTOHOB HS KaMepbl Ilpl!HllT paBHblM 0,5. 

lJaCTHUbl 

1, ITpoTOHbl (BblB9/l9HHblll 

rryqoK) 

2, nonepeqHo-nonllpH3O

BaHHb1e npoTOHbl 

3, ITpononbHo-nonllpH3O

BaHHb1e npoTOHbl 

3HeprHll, 

MaB 

680 ;!:_3_ 

620;!:_10 

620;!:_I0 

4, Heli:TpOHbl ( HS BCIO 

o6nacTb cneKTpa) 500_,!'. E.$660 

5. 3neKTpOHbl KOHBepCIIH 

raMM8-KB8HTOB OT 

pacnana ,/0 -Me3OHOB 150 

6, raMMS-KBSHTb! OT pac-

nana" 0 -MesoHoB 10< E< 600 

7, 17+ -M93OHbl } 
_ 70+3 

8, Ir -Me3OHbl -

HoMep 

KonnnMa-

Topa 

6,7 

5,7 

5,7 

4,5 
6,7 

2,3 
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i1HT8HCHB-

HOCTb B ceK 

HS /lSHHYIO 

rrnowa/lb 

2, 1013 

6,109 

6,IQ
9 

6,IQ
1 

3,IQ
6 

5,106 

1,5. IQ6 

ITnomanb 

neTeKTopa, 

2 
CM 

12 

IQ 

10 

20 

75 

20 

75 



TTy'IKH Me30HHoro TpSKTa 
xi 

9. /I- - - Me30Hbl 30~E900 
4 6 

2.10 + 2. 10 50 

10,p.+ -Me30Hbl 30~E~300 
4 7 

4.10 + 1,10 50 

11. "- -Me30Hbl 60~E970 
5 7 

2. 10 + 2.10 50 

12. 17+ -Me30Hbl 60SE,S370 
6 8 

1. 10 + 1. 10 50 

xi 
Ily'IKH rrony'ISIOTCH C BHyTpeaaeli H BHewaeli MHWeHeli B YK838HHOM 

HHTepaane aaeprHH. HaTeHCHBHOCTH IIY'IKOB npHBe/leHbl nnn ~ · = 0,05. 
' p 

B npouecce peKOHCTPYKUHH npennonaraeTCH IlOCTpOHTb non_onHHTenb!IO 

11B8 3KcnepHMe!ITanbHblX aana. 0AHH aan ( IIOMemeHHEi 11 Ha puc.9) C O'IeHb 

HH3KHM ypoBHeM ipoHa 6yneT HCITO~b30B8TbCSI nnn BbinOnHeHHSI TOHKHX, npe

UH3HOHHblX Ollb!TOB C MIOOHSMH H IIHOH8MH OT Me30H!Iciro Tp8KT8 ( 'I8CTb 

T8KHX Ollb!TOB, K8K cnenyeT H3 pHcyHKa, MOJKHO 6yneT rrpoaonHTb T8KJKe 

a IIOMemeHHH 2). 

Bo BTopoM aane paaMeCTHTCH na6opaTopun nnepHoli cneKTpoMeTpHH 

nnn H3y'IeHHSI C IIOMOWblO Macc-cenapaTopa H paanH'IHblX cneKTpOMeTpOB 

CBOliCTB KOpOTKOJKHBYWHX pa/lH08KTHBHbIX H30TOIIOB, nonyqaeMbIX IIpH 6oM-

6apnHpOBKe MHWeHeli rrpoToHaMH (noMemeHue 9) H na6opaTopun nyqeaoli 

Tepanuu H panuauuoHHoli 6uonoruu ( noMemeHHe 10), B nocnenHIDIO na6opa

TopHIO C!IS'Iana 6yneT BbIBeneH TOnhKO IIY'IOK rrpoTO!IOB C 3!Ieprueli OT 

130 no 680 Maa, a noanHee, Korna 6yneT coanaHa norronHHTenbHan alq cuc

'.eMa, - rryqoK anbipa- qacTHU c aHeprueli no 600 M'aa. 

Hapnny c aTHM a6nuau aanoB perucTpnpyIDmeli a111111apaTypb1 6y~eT 

,o6opynoBaH HaMep11TenhHbili ueHTp (rroMememie 12), OCH,ameHHblli aneKT-

POHHO-Bbl'IHCnHTenbHOli M8WHHOli cpenHeli MOWHOCTH H rpyrrrroli M!IOrOKSHanb

llbIX, MHoroMep!IbIX a!IanuaaTopoB nm:r pa6oT no cucTeMe "OH nali!I". 

§ 10. OcHOBHbie rrepcneKTHBbI uccnenoaamili no 

!pll3HKe ·,meMe!ITap!IblX qacTHU !18 cunh!IOTO'I!IOM !p830Tpo!Ie 

YcKopuTenh npoTOHoB c TOKOM rropnnKa 50 MKa u xopow·eli panuauu

OHHoiJ: 38WllTOli coanacT 6oraTbie B03MOJK!IOCTH nm:r IIOCT8HOBKH 6onbWOro 
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KOMllneKca !IOBbIX ipyHnaMe!ITanb!IblX nccnenoBaHIIli B o6naCTH rrpeUH31IOH!IOro 

nayqeHHH OC!IOB!Ib!X TIIIIOB B381IMoneliCTBHli 9neMe!IT8pllblX 'I8CTIIU: CIInhHOro, 

cna6oro .II aneKTpOM8rHIIT!IOro II npoBepKH p83IIH'I!Ib!X CBOliCTB CHMMeTpHII 

MIIKpOMIIpa, BKnlO'I8lI nccnenoB8HIIH aipqieKTO.B, xapaKTeplI3YIOIUIIXCH ceqeHII

HMH nopnnKa 10-36 ctvi2 n Me_Hee, 

Cpenn 3KCllepnMe!ITOB 110 nay'IeHHIO CBOliCTB CHMMeTplIH MHKpOMIIpa 

MOlKHO YK83 8Tb Ha rrpoaepKy T-II!IBapnaHTHOCTH' cnnhHbIX ( C TO'I!IOCTblO no 

0, 10%) n CPT-1IHBap1IaHTHOCTH cna6bIX aaanMonelicTBIIli c yqaci-neM HecTpaH

HbIX 'I8CTl1~. B nocnenHee BpeMH CTana HCHOli Heo6xon1IMOCTb Tma

TenhHOM nponepKII coxpaHennn nenToHHoro aapnna, nnn qero Tpe-

6yeTCH no1IcK npouecca p. ➔ ey !18 ypOBHe, COCT8BnHIOW0M 10 _9 _ to-10 

nepoHTHOCTH o6bI'I!IOro pacnana MIOOH8, 

B o6nacTH cna6bIX B381IMoneliCTBIIli CT8HYT nocTynHbIMII onbITbl no 

cTporoli nponepKe Teop1I1I yHIIBepcanhHOro cna6oro aaa1IMonelicTBIIH rrplI 

1IccnenoaaH1IH cna6oro II pan1IaU1IOHHo-cna6oro aaxaaToB MIOO!Ia aonoponoM 

II neliTep1IeM, pan1IaU1IOHHOro pacrrana 111Iotta, llo clix rrop BHe 9Kcnep1IMeH

TanhHbIX qporpaMM OCT8IOTCH onbITbl no nOIICKY T8KIIX !IOBbIX pacrranoB IIII-

OHOB II MIOOHOB1 K8K 1T ➔ 3 e + V II p. ➔ 3e+v+ii 

B o6naCTII CIInhHblX B381IMOnelicTBIIli MO)KHO OTM0TIITb 6onhWYIO npor

paMMY IICCnenoB8HIIli C MOHOKIIH0TII'I0CKIIMII ny'IK8MH HeliTpO!IOB Bb!COKIIX 

:rneprlili, nOBbIWe!IIIe Ha nopnnoK TO'I!IOCTII na!IHblX O p-p - B381IMoneliCTBIIII, 

llnn nlIOH-llyKnOHHOro B381IMOAeliCTBIIH oco6yl0 ue!IHOCTb npen_cTaBnHIOT nan

Hb!e o HepeaoHaHC!IbIX cjiaaax paccenHIIH a 06nacT1I amiprnli no 300 M 9B 

( rrpoBepKa n1IcnepcHO!IllbIX npaBHn cyMM II T,n.), 
I 

Ha OC!IOBe 6onee TO'IHbIX naH!IbIX, nonyqeH!IblX B cn=eMBTH'IeCKIIX HC-

cnenoBaHHHX, noHBHTCH B03MOlKHOCTb nponecTH npoBepKy cnpaBennHBOCTII 

s u 3 - CHMMeTpHII II Tex' 60,nee Bb!COKIIX CIIMMeTplili, KOTOpb!S ·rrprtnyT eli 

Ha cMeHy. 

Oco6yl0 pOIIb nnn TeopHII 1IrpaeT II3Y'I0HII0 IIHO!I-nlIOHHOrO B381IMoneli

CTBHH. EnBa nlI He enlIHCTB0!IllbIM MeTonoM onpeneneHIISI xapaKTeplICTIIK 

nlIOH-nlIOHHOro B381IMoneliCTBlrn nplI ManbIX 3HeprlIHX, CTporo o6oCHOB8HHblM 

C TeopeTH'ISCKOli TO'IKII ape1rnn, HBIIH0TCH IIayqeHJie polKneHHH. IIIIO!Ia B IIIIO!I

HyKnOHHblX B381IMOnelicTBIIHX B6IIH31I nopora. 

HanH'!He TO'IHbIX naHHbIX O CIIIIbHbIX B381IMoneliCTBIIHX IIHOHOB II HyK-
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noHOB nomKHO, KaK Mbl HaneeMclI, np11BeCTll, HaKoHeu, K IIOlIBneHmo .HOBblX 

cj>yHnaMeHTanbHblX TeopeTll'IeCKllX nccnenoaaHnll, paaBnTne KOTOpbIX IIOTpe-

6yeT npoaeneHlllI HOBblX 9KC.nepnMeHTOB C xopowen TO'IHOCTblO. 

B o6nacTll nayqeHirn CTpyKTYPb! anpoHOB yKa)KeM Ha Heo6XOllllMOCTb 11peunan

OHHoro nay'IeHlllI TaKoro penKoro pacnana rr 0 -MeaoHa, KaK rr 
O ➔ y + e- + e + , 

'ITO naeT B03MOlKHOCTb onpenennTh cpenHe-KaanpaTll'IHbil! pannyc rr.0 -Meao

Ha. K HaCTOSIIUeMy apeMeHll llMeroTClI nllIUb nae pa60Tbl, peaynhTaTbl KOTO

pbIX llM8HHO na-aa HenocTaTO'IHOl! llHT8HCllBHOCTll IlY'IKOB IlllOHOB ll 1109TOMY 

H8BbICOKOfi TO'IHOCTll He Il03BOnlIIOT cnenaTb OllpeneneHHbie aaKnlO'I8Hlfe B 

11onhay KaKnx-nn6o TeopeTnqecKnx Monenell, 

Enaa nn He ocHoBHoe Ha11paBneHne nccnenoaaHnll c ·MrooHaMn, 110-annn

MOMY, 6yneT CBSI3aHo C IIOllbITKaMll Hal!Tll llpll'IllHbI paanll'IlllI Mace aneKTpo

HOB ll MIOOHOB Ha coaepweHHO npyroM, 'I8M B HaCTOlIW8El apeMlI. YPOBH8 TO'I

HOCTll. 

Ha 6onbwero Knacca aneKTpoMarHllTHbIX B3allM\)ll8l!CTBllfi C llllOHaMn ll 

MrooHaMn yKaJKeM Ha pannaunoHHbil! aaxaaT nnoHoB 11poT0HaMn, nay'IeHne Ko

Toporo 9KBllBaneHTHO HccnenoBaHlllO cj>oTOpOJKll8HlllI IlllOHOB Ha CB060)lHhlX 

HellTpOHax, a TaKJKe · Ha nay'IeHne aneKTpOMarHIITHOfi CTpyKTypbI llll8P Ha 

OCHOBe nay'IeHlllI Mro-MeaopeHTreHOBCKoro 11any'IeH11lI. 

HoBbIM BOllpOCOM lIBnlieTClI nccnenoaaHne TOpM03Horo nanyqeHlllI B 

IIIIOH-HyKnOHHbIX II HyKnOH-HyKnOHHbIX CTOnKHOBeHillIX C 11cnycKaH11eM lK8CT

KllX KBaHTOBo 

HeKOTOpb1e 113 nepeqncneHHbIX BbIIU8 11poueccoB llOCTyllHbI nnlI 11ccne-

1lOBaH11ll II B HaCTOlIIUee BpeMlI, OllHaKO Ha HOBOM ycKopllTene cymecTB8HHO 

:IIOBbIIUaeTClI ypoBeHb TO'IHOCTII acex 9KC11epnMeHTOB B uenoM, 'ITO 6yneT 

6onbwe COOTB8TCTBOBaTb Tpe6oaaHillIM TeopeTllKOB. 

8 HOBbIX ycnoBIISIX CTaHyT B03MOlKHbIMII TaKne IIOKa IIO'ITll H8/lOCTYIIHbl8 

OilbITbi, KaK YTO'IH8Hlle 3Ha'IeHlllI MaCCbI MIOOHHoro H8fiTpllHO, 113MepeHne 

ero cn11panbHOCT11. 

ITpennonaraeMoe yaenil'I8Hlle llHT8HCIIBHOCTII ny'IKOB IIPOTOHOB II Me-

30HOB npnMepao B 100 paa OTKpoeT HOBhle B03MOJKHOCTII nnsi 11ccnenoaaH11fi 

B o6naCTII cj>ll311Kll 8TOMHoro SI)lpa, K KOTOpbIM OTHOCSITCSI, HallpllMep, TaKne 

BaJKHbie nccnenoBaHIISI, KaK IIOllCKII HOBoro Knacca nerKIIX Sillep c 6onbIUIIM 

'IllcnoM Hel!TpOHOB , npoaeneHne 6onbmoii nporpaMMhl nccnenoaaHnll, ocHo-
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BbIBaromel!CSI Ha nncnepCIIOHHOll Teop111111 SI/lepHblX peaKUllll, Il3Y'I8Hlle .Knac

Tepoa, o6HapyJKeHll8 HOBbIX pannoaKTIIBHbIX 1130TOIIOB, naneKO OTCTOlIWllX OT 

o6naCTII cTa611nbHOCTII II T.11. 

8 HOBbIX ycnomrnx cymecTB8HHO pacmllplITClI .TaKlK8 B03MOlKHOCTll ncnonb-

• aoaaHI!SI 11y'IKOB qaCTIIU oT ycKopnTenR nmr 11.ccnenoaaHnll B o6naCTII 611onorI111, 

ny'Ieaoll Tepa1111I1, cj>11anK11 TBepnoro Tena, pa1111oxnM1111, aamnTbI oT nany'IeHnll 

KOCMll'I8CKIIX Kopa6nell II T.ll. 
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