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Baeneaue 

CxeMa KonneKTHBHoro ycKopuTenB, npenno~eaaag 
a Ol1.H11/l/·nonyquna 6onbiiiOe pacnpocrpaaeaue. Hau6onee 

cymecraeaaag qacTb TaKoro ycKopuTeng - anreaarop -

BhlllOnHBeT cnenyiOUIHe <J>yHKUHH. 
1. 11H~eKUHB u aaxaaT aneKTpoaoa ua nuaefiaoro ycKo

pureng u o6paaoaaaue KOnhUa c HeKHM aaqanbHhiM panuy

COM fo H M8nhiMH pa3MepaMH aro ,az0 • 
2. Docneny10mee c~aTue aneKrpoaaoro Konbua a HM

nynbcaoM M8f'HHTHOM none npH OAHOBpeMeHHOM yMeHbllle
HHH ero paaMepoa r , a r , az u yaenuqeanu aaepruu. 

3. HaKonneaue HOHOB B KOnbUe 38 cqeT HOHH38UHH 
aneKTpOH8MH OCT8TO'IHOf'O unu CneuuanbHO BBOAHMOf'O 
raaa. 

4. YcKopeaue aneKrpoaao-uoaaoro KOnhUa a cnanaiO
meM anonb ocu anreaaropa MaranTHOM none. 

MarHHTHoe none aeo6xonuMOH Kon<J>urypauuu coanaaa
nocb B anreaaropaX cnenyiOIUHMH CHCTeMBMH: OAHOBHTKO
BhiMH KBTyiiiKBMH, pacnono~eHHbiMH BHyTpH MeTannuqeCKOH 
KBMepbl /2-,3/, MHOf'OBHTKOBbiMH KaTyiiiK8MH, pacnono~eHHbi
MH aae KepaMH'IeCKOH I 41 nnu MerannuqecKOH IS/ KaMepbi. 

B anreaaTope ( 3) (puc. 1 ) coxpaaeaa oco6eHHOCTb 
<J>opMupoaaaug MarauTaoro nonB, ucnonbayeMaB a I 3< no 
npennonaraeTCQ HCnOnb30B8HHe MHOf'OBHTKOBbiX KaTyiiieK. 
feoMeTpug KaTyiiieK Bbi6npanacb TaKoA, 'IT06&I oaa noaao
nBna npOH3BOAHTb ycTaHOBKy BHyTpeHHHX 3Kp8HOB a6nH3H 
nnOCKOCTH C~BTHB KOnbU8 ( MeAHBHHOH nnOCKOCTH) • 3To 
naeT B03MO~HOCTb: 1) HCCneAOB8Tb BnHBHHe pa3nH'IHbiX 
3KP8HOB Ha napaMeTpbi KOnbUB npu C~BTHHi 2) nepeHTH 
K BhiCOKOMy BaKyyMy ·a o6nacTH c~arua KOnbua. KoncTpyK-
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PHc. 1. CxeMa 8.!H'e3aTopa. I - o6e'laii:Ka KaMepbi aareaa

Topa. 11 - KaTymKH MarHHTHOii: CHCTeMbi aareaaTopa. III -
TOpUOBbie CTeHKH 8,lli'e3aTOp8. fV - BeyTpeHHHH 9Kp8H. 

'V - Tpy6a. 'VI - coneHOHil ycKopsnomeii: cncTeMbi. 

UHg 8}li'e38TOpa C BHyTpeHHHMH 9Kp8H8MH yMeHblll8eT 

Tpe60B8HHg K MeXaHH'leCKOH npO'lHOCTH 9Kp8HHpyiDIUHX 

CTeHOK no cpaBHeHHID C MeTannnqeCKHMH H KepaMH'leC

KHMH 8}li'e3aTOp8MH 1 B pe3yllbTaTe 'lei'O 4JopMa H TOniUH

H8 CTeHOK 1 HX aneKTpH'leC KHe H M8I'HHtHhie CBOHCTB8 

MOI'yT B8pbHpOB8TbCg B COOTBeTCTBHH C Tpe60B8HHgMH 

aKcnepHMeHTa. BHyTpeHHHe aKpaHhi MO:lKHO Bbi6paTb 

T8KHMH 1 'ITO OHH npaKTH'leCKH He 6yJlyT HCK8:lK8Tb BHelll

Hee M8I'HHTHOe none, HO 6yJlyT 9Kp8HHpOB8Tb none KOnb

ua, B peaynbT8Te 'lei'O MO:lKHO HCCne}lOB8Tb CBOHCTB8 

Kon&ua 6ea KoppeKUHH napaMeTpoa aaemaero nong. 
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§ 1. Y CnOBHg KOMnpeCCHH 

3JieKTpOHHbiH ny'IOK HH:lKeKTHpyeTCg B 8.lli'e38TOp Ha 

Ha'lan&HyiD op6HTy pa/lnyca 0,4 M. CncTeMa HH:lKeK-

UHH /
6
/- nOCTOgHHOe H HMnynbCHOe M8I'HHTHbie nong -

o6ecne~HB8eT K MOMeHTy BbiKniD'leHHg HMnynbCHOI'O 

(5hlCTporo) nong aneKTpOHHoe Kon&uo Ha paanyce r
0 

= 
= 0,36 M c paaMepaMH ceqeang B paanan&HOM H z

HanpaaJieHngx ar ""a z = 0,02 M. PaccMaTpHBaeMag Mar

HHTHaH CHCTeMa }lOn:lKHil o6ecne'lHTb: 1) C:lK8THe B Me

llH8HHOil: nnOCKOCTH 8.lli'e3aTopa aneKTpOHH-,IX Koneu 

C "iHCnOM 'l8CTHU N e = 5.10 2 - 5.10 13 , H8'lanbHhiMH 

3Ha'leHHgMH pengTHBHCTcKoro llJaKTopa Yo= 4-5 oT 

paaHyca r 0 = 0,36 M llO pa/lHyca r 1 = 0,07 M; 2) KoMnpec

CHID KOnbU8 OT r O = 0,36 M llO r k = 0,045 M C Hapy

llleHHeM CHMMeTpHH nong npH C:lK8THH H CMeiU9HHeM 

Kon&ua B z -HanpaaneHHH. B 38Jl8HHbiil: MOMeHT apeMeHH, 

KOI'.ll£1 KOnbUO llOCTHI'8eT onpe}leneHHOI'O p8/lHyca, BHelll

Hgg M8I'HHTHag gMa CHHMaeTCg H B o6naCTH Me:lKJly 8Jl

I'e3aTOpOM H ycKopgiDmeii: CHCTeMoii: /7 I aa paJlHyce Bbi

ao.z:~a JlOn:lKHO 6b!Tb c4JopMHpOB8HO M8I'HHTHOe none 
C :lKeCTKHMH ycnOBHgMH H8 O,C{HOpO/lHOCTb ( CM. §3). 

B KB:lKJlhiil: MOMeHT apeMeHH none a aareaaTope npeJl

CTaBnHeTcg cynepnoaHuHeil: ngTH noneil:: 

.....,. .....,. ....,. ......,. ......,. -+ 

8 =8 1 +8 2 + 8 3 +8 4 +8 5 , ( 1 ) 

I'lle B1 ,B 2 - HMnyn&CHhie nong KaTyl!!eK 8.lJI'e3aTopa 

H coneHOHJla ycKopgiDIUeii: CHCTeMbr; B 3 , 84 - nong 

BHXpeB~IX TO~OB, HilBOJlHMbiX e KaMepe nepeMeHHbiMH no

ngMH 81 H 8 2 ; J3r;- nocTOHHHoe MBI'HHTHoe none. 
Pac'leT noneil: 8k (r,z,t) Jlng K8:lKJlOro H3 ngTH cna-

raeMbiX B 4JopMyne (1) npoaoaHncg no 4JopMyne 
.... m .... 
8k(r,z,t)= .I G.k (r,z)I 

1
(t). 

•=I I (2) 
.... 

3}lecb G ik ( r, z) - Mai'HHTHoe none, coa}laaaeMoe Oll

HHM BHTKOM B TO'lKe C KOOp.llHH8T8MH r ,z npH npOTeK8HHH 

B HeM e}lHHH'lHOI'O TOK8 1 li(t) - TOK B BHTKe K8K lPYHKUHg 

BpeMeHH t. CyMMHpoaaHHe - no seeM BHTKaM. TiepeMeH-
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Hhie nonSI B 1 ,82 coa.naiOTCSI npu npoTeKaHHH TOKa paa-
pSI.lla KOH.lleHC8TOpHOH 6aTapeH C Ha HH.llyKTHBHYIO Harpya
KY •L qepea KOMMyTaTop. PacqeT TOKOB B TaKHX uenSIX 
He npe,llCTaBnSieT Tpy.llHOCTeA /B/. 

PacqeT BHXpeBblX TOKOB B KaMepe, H8BO.llHMbiX Ka
TyWK8MH coneHOH.ll8, npOBO.llHnCSI Cne.nyiOIUHM o6pa30M: 
KaMepa pa36HBanaCb Ha N BHTKOB C HH.llyKTHBHOCTb!O 
n -ro BHTKa •L 0 H conpoTHBneHHeM R0 • D.nSI onpe.neneHHSI 
TOKOB B BHTK8X HHTerpuposanaCb CHCTeMa ypaBHeHHH: 

N . . c 
I M

0
mlm + R I =-11>0 ; (n=l,2, ... ,N.N=l20). (3) 

m=l ~ n n n 

3.necb Mom - Koa¢¢uuneHT saaHMHOH HH.llYKUHH o-ro 
H m -ro BHTKOB, M nn = •L 0 

, c11:n- noTOK HH.llYKUHH BHeWHero 
nonSI coneuou.na qepea KOHTyp n -ro BHTKa. To'IKOH o6oa
Ha'leHo .nu¢¢epeuuuposaHHe no speMeHH. MnTerpuposauue 
nposo.nunocb npu Ha'lanhHhiX ycnoBHSIX In (t = 0) = 0. 
DpH paC'IeTe BHXpeBblX TOKOB, H8BO.llHMbiX H3MeHeHHeM 
noToKa oT KaTyweK a.nreaaTopa (<II a ), pewanacb ynpo

meHHaSI CHCTeMa ypaBHeHHH: 

N a 
I Mnmlm=-«<lon · (4) 

m=l 

CsSiaauo aro c TeM, 'ITO 'laCTOThi noneif a.nreaaTopa w a 

nO'ITH B 40 pa3 BbiWe '18CTOT noneif coneHOH.ll8 W c 

H .nnSI nepBbiX BhmonuHeTCSI ycnosue 

wa ·La>> Rn 
Bbi6upaSI MarHHTHyiO cli:cTeMy, M hi cTpeMHnHCb o6ec

neq HTb B03MO)I{HOCTb nepeXO.ll8 OT pe)I{HM8 C)I{8THSI K pe

)I{HMy Bb!BO.ll8 KOnbU8 6e3 KOppeKUHH '\eOMeTpHH KaTyWeK 
H HCnOnb30B8HHSI Wy HTHpyiOIUHX KOMMYTBTOpOB / 3/ .Depe

XO.ll ocymecTsnSieTCSI nepecoe.nuneuueM KaryweK BHe 
K8Mepbi H perynupOBKOH HanpSI)I{eHHSI ( TOKa) B UenH 

nuTaHHSI KaTyweK. KpoMe roro, KoH¢urypaUHSI MarHHTHoro 
nonSI, o6ecne'IHBaiOmero C)l{aTne Konbua npu BhiKniO'IeHHOM 
coneHon.ne, He .non)I{Ha cymecTseHHO oTnuqaTbCSI oT pac
npe.neneHHSI nonSI npu BKniO'IeHHH coneuou.na. 

O.nuaKo paanuque B qacToTax MarHHTHhiX cucTeM 
a.nreaaTopa H coneaou.na (cornacosaaue cucreM npu Bhi
so.ne KOnbU8 npOH3BO.llHTCSI B o6naCTH M8KCHMyMOB 060HX 

6 

noneA) Tpe6yeT, 'IT06hi none coneaou.na BKniO'Ianocb 
panhwe nonSI aJlre'3aropa u secb unKn C)l{aTHSI Konbua 
npOHCXOJlHn, KOr,lla none COneHOHJl8 6nH3KO K CBOeMy 
M8KCHM8nbHOMy 3H8'1eHHIO, B TO BpeMSI KaK none a.nreaa
TOpa MeHSieTC SI OT senH'IHHbl 2.1 Q-2T B o6naCTH pa.nuy
COB nopSIJlKa pa.nuyca HH)I{eKUHH .no auaqeHHSI 1,3 T aa 

KOHe'IHOM pa.nuyce. p acnpe.neneaue B~. a: -B r, B z -
KOMnOH9HT nonSI coneHOHJla B MeJlH8HHOH nnOCKOCTH 
a.nreaaropa .nnSI pa.nuycos 0,36 M - 0,045 M npuse.neno 

B ra6n. 1. Pacqer nposo.nuncSI npu cne.nylOIUHX npe.nnono
)1{9HHHX: 1) BenH'IHHa nonSI B UeHTpe coneHOH.ll8 H8 pa
JlHyCe 0,045 M pasHa 1,35 T; 2) anHSIHHe aKpaHOB He 

Y'IHThiBaeTC.Sl.; 3) coneHOH.ll aaxo.nHTCSI Ha paccroSIHHH 
1 M OT Me.nHaHHoif nnoCKOCTH a.nreaaropa. B aToif )l{e 

a* a Ta6neue npuse.neHbi aaaqeauSI B r, B z - B I'' B z- KOMno-
HeHT nonSI aJlreaaropa .nnSI roA )1{9 o6nacru pa.nuycos, 

Ta6nuua 1 

3Kp8HHpOB8HHe nonSI COneHOHJl8 KaMepOH 

~ (·tO'~> a:· t~~tiJ &;·tOi_~ a:· 10(;, ,;,; ''OUt .. ' ~·I I 

U6 41.5 101 l.t zu s. \1 5.1! 
U4 91.7 Ill t.'a 256 I. 17 s.n 
O.Sl 37.1 flU u ttO ~ ... 5.11 
0.50 ,5.1 ItS. I 3.5 JU 5.13 us 
Ul us 117 u 577 107 U"l 
O.Q 31.~ "'·' '1.5 451 !.00 &.so 
U4 2U 120.1 5.S S07 2.10 us 
O.tt 27.5 120.7 s.? .... 2.77 6.99 
uo 2U rn u no Ut ?.t2 
0.11 2U ""·' 7.S 170 l,lt5 ?.ItS 
O.lf u.s 125.1 9.0 1100 us 7.61 
0.111 11.0 117 ll.lt 121t0 t.Ol 7.11 
O.ll 15.7 IU 17.7 IU7 1.?9 1.07 
0.11 IS. I 119 H 2UO 1.51 I.U 

•••• IO.S lUI su U70 f.l/1 U7 
0.01 &.I '"·" &2.5 7500 o.t5 a.u 
Ul!S 5.3 "' &0 IUOO o.&lt 1.56 
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p8CC'lHT8HHhie H3 HHB8PH8HTOB C)I(8THH an.H y
0 

=5. (3H8-

'leHHH B
8 

B MeaH8HHoii nnocKoCTH p8BHhi Hymo; anSI 
r * ~ cp8BHeHHSI s T86nHue yK838Hhi 3H8'leHHSI B ~· = · r n B z 

JlnSI z 0 = 0,01 M), 3aecb n - noK838Tenb cn8a8 nonSI 
H8 p8aHyce r. l13 T80nHUbl BHaHo, 'l'I'O H81fOOnbwee HC

K8)1(9HHe nong npH BKniD'leHHH coneHOHa8 HMeeT M9CT'O 

H8 6onbwRx p8aRyc8x. 3ro npRseaeT K CMemeHRID If ae
cpopM8UHH nnOCKOCTH CHMMeTpHH M8I"HHTHOI"O nonSI, H3-

MeHeHHID senR'lRHhi If X8p8KTep8 p8cnpeaeneHRSI nonSI, 
CMeWeHHID p8BHOB9CHOH OpOHTbl KOnbU8, B pe3ynbT8Te 

qero nyqoK cp83Y nocne lfH)I(eKUHH 6yJleT cosepw8Th 

6onbwRe 6trT8TPOHHhie Kone6aHHSI B r- If B z -Hanpasne
HHSix. 

YMeHhWBTh RCKa)l(eHHe nonSI B 8are38Tope 38 cqer 

ya8neHRSI coneHOHJla He)l(enarenhHO no cneayiDWHM npH

'lRHaM: 1) ysenH'lHB89TCSI OonaCTh cpopMHpOBBRHSI nonSI, 
ooecneqHBBIDlliero 'I'p8HCnOpTHpOBKY KOnhU8 JlO YCKOpSIID

meil CHCTeMblj 2) ysenH'lHBaercg p8aHyc KOnhU8 npH 

Bnere B YCKOpSIIDWYID CHCTeMy ( CM, §3), npH HCnOnh30-

BBHHH MeTOaHKH pacqeT8 8KpaHHpOB8HHSI nepeMeHHhlX 

MBI"HHTHbiX no.neti 11pOBOaSIWHMH 8Kp8H8MH, o6naa8IDWHMH 

aKcHanhHoti CHMMerpRewi9<KoTopaSI aana xopowee corna

CHe c aKcnepRMeHTOM, Ohlna pacc'lRTaHa KOHCTPYKUHSI 

KaMephi aare3aTopa, no3BOnSIIDmaSI yMeHbWRTh none co

neHORJla B HHTepecyiDmeil Hac oonaCTH paaRyCOB B 15-
20 pa3, CymecTBeHHoe aKpaHHposaHRe nong B o6naCTH 

OOnbWHX paaRyCOB aOCT'HI"HyTO 38 C'leT ysenR'leHHH BRew

Hero paaRyca T'OpUOBbiX CTeHOK KBMepbi (pRC, 1) If HX 

Manoro yaenbHoro conpOTRBneHRH. CreHKH KaMepbi Bhmon

HeHbi R3 aiDpaniDMHHRSI R lfMeiDT ronmHH~ 0,02 M, Ooeqail

Ka KaMepbi ( TOnWHHOH 0,01 M) - H3 Hep)I(8BeiDmeif CTanH. 

B Ta6n. 1 npRBeneHbi T8K)I(e 3Ha'leHHSI a!c' B ~c -Br ' 
B z -KoMnoHeHr nonSI coneHoRna B MeaRaHHoil nnoCKOCTR 

8Jll"e38'I'Opa C yqeTOM 8KpaHRpOB8HHH nong coneHOHlJ.B 
KaMepoit. PacqeT CHCT'eM C)I(8THSI H BbiBOJl8 KonbUa npo

BOaHnCSI C yqeTOM noneif BHXpeBbiX TOKOB B BbiOpaHHOH 
KOHCTpyKUifH KaMepb!, 

§2. MarHRTHaH CHCTeMa 

npH BbiOOpe napaMeTpOB MBI"HHTHOH CHCTeMbl OCHOB

HOe BHHMBHHe ynenSinOCb ooecneqeHHID ycnOBHH OaHO

'lBCTH'lHOH YCTOifqHBOCTH - BbiOOpy OnTHManbHOA 38BHCH

MOCTH noKa3arenSI cnana nong n =n( r, t). .UnSI HeKo

ropoa Bbi6paHHoil reoMeTpHif KaryweK,If 3anaHHoro 3a

KOHa H3MeHeHHSI TOKa BbiqHCnSinHCb: 1) xapaKTepHCTH-

Kif nong B ,B z ,n Ha paanyce pasHosecHoft op6HThi -r 
KOnbua, B z - cpeJlHee 3H8'leHHe B z- KOMnoHeHTbi nong 
B Kpyre paBHOB9CHOf'O panHyca; 2) llHH8MH'l9CKH9 XapaK

TepHCTHKH KOnbUa (paBHOB9CHb!H panHyC - r p , pa3Me

pbl ero ceqeHHH - a r , a z , qacTOTbi 6erarpoHHhiX Kone-
6aHHA HepaBHOBeCHbiX 'l8CTHU - Vr , Vz , 3HaqeHHe peng

T'HBHCTCKOI"O cpaKropa - y H ap.). Ha ocaoae aHanH3a 

pe3ynbTaTOB pacqera napaMeTpbi MBf'HHTHOH CHCT9Mbl 

KOppeKTHposanHCb, H CHOBa C'lHTanaCb llHH8MHKa KOnbUa, 

napaMeTpbi Bbi6paHHOH MBf'HHTHOft CHCTeMbl C)I(8THH npH

BeaeHbl B ra6n. 2, rae yKa3aHbi: cpeaHHe paaHycbi Kary-

Ta6nHua 2 
napaMeTpbl MBf'HHTHOA CHCTeMbl C)I(8THH If BbiBOJla KOnbUa 

N R~l l~M) w :JlG) wtk. t~~o~&) UU .. EIIAIIIIE 

I us U2 100 1.17·10 - - ICATUIKII QOtTO.MMOrQ 

t O.?S -o.et 108 J.17·101 - - Ill)-· 
1 0.55 8.1$ 4t t.$·104 S.1HO' 0 I I 
"' 

O.S5 -0.15 It -·- -·- -·-
5 us us It -·- -·- cnnEHII CTVftf.ll. -·- CIKATUII •~•ou 

' 0.35 -o.ss 't -·- -·- -·-
7 O.l'r O.tl 8 -·- "'.et'lo' 9·1cr' i CTVREM. B eTYnM• 
I 0.17 -O.tl I _,._ -·- _,_ 

eii<ATIII ••••ou 
9 U9 -0.21 I -·- -··- -··-

10 0.11 -O.IIt IS 3·10~ 6.21·10' 1.6·104
' 

II 0.21 O.IS 3 -·- - .. - - .. -. 
11 0.2.0 Q.Sij It -·- -u-· -·-
n 1.19 O.ltlt 6 -·- -··- -··- ill 
lit 0.11 0.56 5 2.5·10~ -·- -·- CT\1 n EH • 
IS 0.10 o.6S 5' -·- -u- -·-
16 U7 O.?lt 6 -·- -u- -·- Ul&UJ.A 

1'1 uo 0. ·~ " -··- -·u- ·-.. -· 
tl 0.11 0.9t ~ 

_,_ -·- -·-,_ 1-- ,__ 
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rneK R If lfX KOOPlllfHBTbJ Z, 'IHcno BHTKOB B KBTylllKe W , 
TOK B K8)f(ll0M BlfTKe I, BpeM.H BKniO':IeHif.SI t If 'IBC TOTB W • 

KaTylllKif (1-2) o6ecne'IHBBIOT nOCTO.SIHHOe BO BpeMe

Hif MBrHHTHOe none, senlf'IHHB KOTOpOrO COOTBeTCTByeT 

paa~tycy KOnbua r 0 = 0,36 M. DoKa3aTenb cnaaa non.H ua 

paaHyce r 0 paseu n 0 = 0,3. BKniO'IeHHe nepsoii: cTynenH 

C)f(8TH.SI (KaTylllKif 3-6) o6ecne'IHBBeT KOMnpeCCHIO KOnb

UB B MelllfBHHOH nnOCKOCTH OT PBAHyca r O = 0,36 M 

ao paa~tyca r = 0,12 M. B MOMenT speMeHH t =9.1o-5 c 

(aa Ha':lano OTC'IeTa BpeMeHH npHH.SITO BpeM.H BKniO'IeHH.SI 

nepBOH CtYneHH), KOrlla KOnbUO HBXOllHTC.SI Ha PBllHyce 

r = 0,17 M, BKnJOqaeTC.SI BTOpa.H CTyneHb C)f(BTH.SI (Ka

TYlllKH 7,8). B cyMMapHOM none Konbuo C*HMaeTC.H ao 
paaHyca 0,07 M. KpHBwe H3MeHeHH.H pasuosecuoro pa

llHyca Konhua H noKa3aTen.H cnaaa non.H npH C)f(BTHH 

npHseaeHbi ua pHc. 2. Ha pHc. 3 noKaaauhi TpaeKTOpHH 

KOnhua B KOOPllHHaTax 1/ r • 1/ z An.H 'IHCna qac THU N e = 
= 5.1012, 2.10 13 , 5.1013 .Bhi6pauna.H n -rpaeKTopH.H yaosneT

sop.HeT cneayiOUHM Tpe60BBHH.HM: 1) HpH 38ll8HHbiX napa

MeTpaX MarHifTHOH ClfCTeMbl BC.SI KpliBBH n(t) ne)f(HT 

l(lf),n. 

IlK 

~tc••> ... ,. 

PHc. 2. r, n -TpaeKTOpH.H KOnhua npH C)KaTHH. 1 -
r=r(t) , 2- n =n(t). 

10 

~ 

.... 

\ 
2-"' 

( '•t 
I -t_. ' ...... , 
\ \. 
\ ' 

I. 

/-··---... . .._; 

\ 
\ 
\ 

', 
\ ~\ 

\I\ 
'f \ 

\ 
\ 

/ .. \ 
I ~ \ \ ............... , 

\ 

0,1 0,1 '· j,o 

Piic. 3. vr , vz - rpaeKTopuH KOnhua npM c*aTHH. 

1 - Ne = 5.1013, 2- Ne= 2.10 13, 3- Ne= 5.tol2 • 

!-IH)Ke peaouancHhiX auaqen~tii: n = 0,5; n = 0,36 H nepece

Kaer peaonaHCHbie np.HMhie n = 0,25 H n = 0,20 OllHH paa; 

npOXOllHTC.H yKaaauuwe peaouaucw B uanpasneHHH ysenH':Ie

HH.H 'laCTOTbi KOne6aHHii:; 2) paAHYC nepexBaTa Ha BTOpyro 

CTyneHb Bbi6paH TBKMM, 'ITO pa36pOC BO BpeMeHH BKniO'Ie

HH.SI BTOpoii: CTyneHH ~ t 2= j:J.10-5 C HecymeCTBeHHO H3-

MeHHT 0 -TpaeKTOpHIO KOnbua; 3) H3MeHeHHeMCOOTHOllleHH.SI 

TOKOB B nepsoii: H BTopoii: cryneHH, paaHyca nepexsaTa 

KOnbUB MO)f(HO KOHTpOnHpyeMbiM o6pa30M MeH.SITb r, 0 -

TpaeKTOpHIO KOnbUa; 4) H3MeHeHHeM 81\mnHTYll TOKOB BO 

BCeX CTyneH.HX MO)f(HO o6ecne'llfTb OllHHBKOBbie 0 -TpaeKTo

p!HI Konhua an.H Yo = 5 H y
0 

= 4. 
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BKniDqeHee coneHoeaa c yqeroM aKpaHHpoeaHHB ero 
nong KBMepOH npHBOaHT K CMeWeHHID nnOCKOCTH CHM
MeTpHH KOnbUB npH HH>KeKUHH Ha BenHqHHY 8 .. 0,015 M 
H, cneaoeaTenbHO, K Z -Kone6aHHBM aneKTpOHOB B KOnb
Ue c aMnneryaoil 8 ; HCKa>KeHHB B z-KoMnoHeHTbi nong 
aareaaropa Manbi. BnHBHHe ocraroqHoro nonH B lc 

r 
MO>KHO cywecreeHHo yMeHbWHTb, HanpRMep, noaKniDqeHH-
eM nocneaoearenbHO K oaHoil H3 o6MOTOK nocTOBHHoro 
nong aononHHTenbHblX BHTKOB. KoMneHC8UHID KOMnOHeHTbl 
B lc MO:li<Ho ocywecTBHTb c BbiCoKoii: roqaocTbiD (0,1 %) z 
perynHpOBKOil BMnnHTYAbl TOKa B BHTKBX nOCTOBHHOro 
non H. 

~ 

§3. <J>opM!1POBBHHe nong npH BbiBOlle 

nng TOrO, 'IT06bl BbiBeCTH KOnbUO H3 aareaaTopa, 
Heo6xoaHMO B onpeaeneHHblil MOMeHT BpeMeHH CHBTb 
MarHHTHbiil 6apbep, MeUiaiDWHii: Bbieoay. Ecne e MOMeHT 
CHHTHB 6apbepa o6ecne'IHTb e o6nacTH Bbieoaa cnaaaiD
wee B HanpaeneHHH OCH z MBrHHTHOe none, TO KOnbUO 
6yaeT aeeraTbCB a Hanpaeneaee ocH z c ycKopeaHeM, 
onpeaenBeMbiM rpaaHeHTOM cpeaHero nonH Bz .nnB Toro, 
'IT06b! HOHbl, H8KOnneHHble B aneKTpOHHOM KOnbUe npe 
C>KaTHH, He oTopeanecb OT Hero e npouecce Bbieoaa, 
eenH'IHHa ycKopeHHB (eenH'IHHa rpaaeeHTa cpeaHero no
ng) aon>KHa 6biTb orpaHH'IeHa. Pac'leT npeaenbHO aony
CTHMbiX rpaaeeaToe nong npe Bbieoae Konhua, Harpy>KeH
Horo npOTOHBMH, npHBOAHTCSI, HanpHMep, e/10/H ang napa

MeTros Koneu, o>KeaaeMbiX e aareaaTope (3) ,cocTaenBeT 
to- TIM. BTopoe orpaHH'IeHHe Ha a9nyCTHMbie rpaaHeH
Tbi nong npH BbiBOAe cneayeT H3 aonycTHMoro yeenH'Ie
HHB paaHyca Ha BXOae B YCKOpHIDWyiD CHCTeMy. Paaeyc 
KOnbUa npe eneTe B YCKOpSIIDWYID CHCTeMy 3aBHCHT OT 
paaMepoe peaoHaTopa H paaeyca, Ha KOTopoM c<f!opMH
poeaHo rpaaHeHTHoe none 17 < H He aon>KeH npeebiUiaTb 
0,05 M. CneaoeaTenbHo, MaKCHManhHo aonycTHMOe yee
ne'leHee paaeyca KOnbUa npH BbiBO,Ile COCTaBnHeT 5.1 0-3M, 
OTKy.ua cne.uyeT aonycK aa npeaenbHO .uonycTHMbiH rpa-

aBz -1 
aeeHT nonB crz-~ 2.10 TIM. 
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Tpe6yeMaB eenH'IHHa rpa.uHeHTa nong Ha .unHHe 0,01 M 
cpaBHHMa c TO'IHOCTbiD pacqeToe noneil c y'leTOM noneil 
BHXpeBbiX TOKOB. Y'IHTbiBBB TO, 'ITO npH Bb!BO,Ile KOnbUa 
B YCKOpBIDWYID CHCTeMy He Tpe6yeTCB nony'leHHB MaK
CHManbHO B03MO>KHOH 8HeprHH HOHOB ( HanpOTHB, BenH
'IHHy yCKOpeHHB >KenarenbHO HMeTb MHHHM8nbHOi1, 'IT06bl 
o6ecne'IHTb ycnOBHe yaep>K8HHSI HOHOB B KOnbUe),npH 
pac'leTe Mbi paccMaTpHeane MarHHTHyiD CHCTeMy, o6ecne
'IHBaiDWYID oaaopoaHoe none e o6nacrH Bbieo.ua. B npo
uecce MarHHTHbiX H3MepeHHli e KaMepe aareaaTopa MO>K
Ho 6yaer ycrpaHHTb noKanbHbie HeoaHopo.uHOCTH nong 
H c<flopMHpOBaTb none C 3a,llaHHbiM rpa,llHeHTOM B Hanpae
neHHH ocH z, anSI 'lero npeaycMorpeaa perynHpoeKa 
Z -KOOpaHHaT KaTyllleK H TOKOB (aanpSI>KeHHii) B UenH 

nHTaHHH. 

06naCTb Bb!BO,Ila KOnbU8 MO>KHO paa.uenHTb Ha TpH 
'laCTH: 

1. 06naCTb eayrpH aareaaTopa, eaanH or ropuoeoil 
creHKH KaMepbi. B aroH: o6nacrH BKna.u nong coneHOH.Ila 

Man no cpaeHeHHID c BKna.uoM nong KaTyUieK aareaaropa. 
2. 06naCTb e6nH3H TOpUOBOH CTeHKH aareaaropa. 3To 

o6naCTb MaKCHManbHOrO HCKa>KeHHB noneil H3-3a TOKOB 
<l>yKo, npH'IeM KaMepa no-paaaoMy aKpaHHpyeT nong a.u
reaaropa H coneaoe.ua. 

3. 06naCTb Me>K.uy a.ureaaropoM H coneaoe.uoM. B aToil 
o6nacTH BKnaa nonSI KaTyUieK aareaaropa, pacnono>KeH
HbiX BHYTPH KaMepbi, Man no cpaeaeHHID c noneM cone
HOH.Ua. cJ>opMHpOBBHHe nong BbiBO,Il8 Ha 3TOM y'laCTKe 

''· ocywecrenReTcB, KaK H Ha MoaenH KonneKTHBHoro ycKope-
Teng /

3< CHCTeMOH KBTyUieK, pacnono>KeHHbiX BHe KBMepbi 
aareaaTopa, HaaeaHHbiX KaTyUIKaMH nepexoaHoro yqacTKa. 
B a.ureaaTope MoaenH 'lacToTa MarHHTHoro nonH KaTyllleK 
nepexoaHoro y'laCTKa coenaaana c 'lacroroil nonR cone
HoHaa. 3ro yeeneqeeano HCKa>KeHHe nong e nnocKocre 
C)KBTHSI KOnbUB H 38TpyaHSinO <fJopMHpOBBHHe nong BbiBO
,IlB: cornacoeaHHe noneil pa3HbiX qacToT npoxo.uHno e o6-
nacTe Topuoaoil CTeHKH KaMepbi. B a.ureaaTope(3)'1acTo
ra MBrHHTHOil CHCTeMbi KBTyUieK nepeXO,IlHOro y'laCTKa 
Bbi6paHa paBHOil 'IBCTOTe TpeTbeil CTyneHH KOMnpeCCHH. 
C yqeroM aToro y.uanocb Bbi6parb pa.uHyc oTeepcTeB a 

13 



I 

TOpUOBOH CTeHKe KBMepbi JlOCTBTO'IHO 601lbWHM, 'IT06bi 
HCK8)KeHHSI OT Hee 6hinH JlOCTBTO'IHO npOTSI)KeHHbiMH. 

8bi6op napaMeTpOB MBrHHTHOH CHCTeMhi, o6ecne'IH
B8IOilleH OJlHOpOJlHOe none B o6naCTH BbiBO}la KOnbUa, npo
BO}lHnCSI C y'leTOM cne}lyiOillHX orpaHH'IeHHH. 

1. BenH'IHHa ToKa I ( nanpSI)KeHHSI U ) B uenu orpa
HH'IeHa napaMeTpaMH KOMMyraropos. 

(lma~ 3.10
4 

A, UmuS 3.10 48). 

2. KonH'IeCTBO KOMMyTaTOpOB Jl0n)KH0 6hiTh MHHHManb
HbiM. Cnenoaarenbao, perynupoBKY TOKa ( nanpSI)KeHnSI) 
MO)KHO ocymecrsnSITh He B Ka)KJlOii KarywKe B npenenax 

0::; I :S:: I mu , O:s;;: U :S:: U mu , a B COOTBeTCTBHH c Bbi-
6paHHOH CXeMoi:t llHTaHHSI. 

3. PaccTOSIHHe or KaTyweK no cTeHKH (d) non)KHO 
6hiTh 6onhwe HeKoTopoa aanannoii senu'IHHhi ( d 0 
0,06 M). Benn'IHHa d0 Bhi6pana c y'leTOM rpe6osaHuA Ha 
)KeCTKOCTh KpenneHHSI KaryweK u y'IHTbiBaeT B03MO)KHOCTh 
KOppeKUHH Z-KOOpJlHHaT KBTyWeK B KBMepe. 

4. napaMeTpbi MarHHTHoii cucreMbi conenouna C'IHTa
nHCh aanaHHbiMH u He sapbuposannch B npouecce ¢op
MnposanuSI nonSI. 

nocne npeJlBapHTenhHOrO BbJ6opa napaMeTpOB CHCTeMbl 
( 'IHCna KaTyWeK, HX reOMeTpHH, 'IHCna BHTKOB B KaTyWKaX 
H BenH'IHHbi TOKOB B HHX) TOKH H 'IHCna BHTKOB B KaTyw
KBX 6hinH 3a¢HKCHpOB8Hbi, 8 reoMerpHSI KaTyWeK OllTHMH-
3HpOBanaCb C HCllOnh30BaHHeM nporpaMMbi OllTHMH38UHH 

FUMILI H3 6u6nnoTeKH E3CM-6. npu onpeneneHHH 
llpOH3BOJlHbiX MHHHMH3HpyeMOH ¢YHKUHH no napaMeTpaM 
npOH3BOJlHbie OT TOKOB <l>yKO He paCC'IHT~IBanHCh: y'leT 

BnHSIHHSI BHXpeBbiX TOKOB OCyllleCTBnSinCSI C noMOillhiO HTe
pBUHH. Eonee nonao npouecc onruMuaauuu napaMerpos 
cucreMbi BbiBOJla uano)KeH alii{ Ha puc. 4 noKaaano pac

npeneneHne B z -KoMnoHeHTbi cyMMapnoro nonSI, onpene
nSieMoro ypaBHeHHeM ( 1) JlO onTHMH3aUHH C nOMOillhiO 

FUMILI ( KPHBaSI 1) H nocne onTHMHaauuu ( KpHBaSJ 2). 
HcxonSJ ua Hamux rexnn'leCKHX ycnosuA, Mbi orpanu'lunu 
TO'IHOCTh paC'IeTa, OCTBBHB noKanbHbie HCKB)KeHHSI 
- ±.3.10-3 T na yposHe 1,3 T. 
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Br(T) 

~t5 

L 

1, • ., 

__ [----- ------
(35 

l(ltf} 
/SOl . · ~ · • 
' 4Z5 o,50 Q~ ,00 

Puc. 4. PeaynhTaT onTMuaauuu nonSI c noMOillhiO FUMILI. 
1 - pacnpenenenue B z = f(z) nnSI r = 0,045 M no sKniO-
'IeHHSJ FUMILI , 2 - TO )Ke nocne onTHMnaauuu. 

napaMeTpbl Bbi6paHHOH CHCTeMbl npuBe}leHbl B Ta6n. 2. 
nepB8SI CTyneHh - Ta )Ke, 'ITO H B pe)KHMe C)KaTHSI KOnb

ua B Menuannoii nnocKocru. B MOMenT speMeHH t 

= 9.10-Sc BKniO'IaeTCSI BTOp'8SI CTyneHb (KaTyWKH 7,8,9). 
Ha-aa aCHMMeTpHH TOKOB OTHOCHTenhHO MeJlH8!HOi:t nnoc
KOCTH npOHCXOJlHT ne¢opMaUHSI MarHHTHOH SIMbi. nanhHeii

wee C)KaTue KOnhua conpoBO)KJlaeTCSI ero cMemenueM 
OJlHOBpeMeHHO co CMellleHHeM TO'IKH B r=O B z-nanpasne
HHH. 8 MOM9HT BpeMeHH t = 1,6.10-4 C BKniO'IaeTCSI 

TpeTbSI CTyneHh: KBTYWKH 10-13, pacnonO)KeHHble BHYT pH 
KaMepbl anreaaropa, u KarymKH nepexonnoro yqac TKa 
14-18. B cyMMapHOM none Konhuo C)KHMaeTCSI no KOHe'l
noro panuyca rk = 0,045 M, CMelllaSICh BMecre co cMe
menueM SIMhi B z -nanpasneHHH. K MOMeHTY JlOCTH)KeHHSI 
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M8KCUMyMa TOK8 B K8TYWK8X TpeTbeH CTyneHU ¢opMU

pyeTCSI Bb!BOJlHOH ypoaeHb nonSI BO ~ceil: o6naCTU BbiBO)la, 

nocKonhKY pac'leTHoe none uMeeT noKanbHhie aeoaaopoa

aocTu, TO paC'IeT JlUH8MUKU KOnbU8 no UHB8pU8HT8M 
C)K8TUSI 

r 2 (B z 

B = 0 r 

...l B ) = const, 2 z (5) 

npOU3BOJlUTCSI TOnbKO JlO MOMeHT8 BpeMeHU, KOI'Jl8 OHO 

OK8)KeTCSI B nepBOH nOKanbHOH SIMe, 

I13MeHeHUSI paauyca r U Z-KOOpJlUH8Tbl paBHOBeCHOH 

'18CTUUbi, tl T8K)Ke nOK838TenSI cnaaa nonS! n B 38BUCU

MOCTU OT BpeMeHU JlnSI 0::;; t ::;; 3,1Q-4c nOK838Hbl H8 

puc. 5. Ha puc. 6 npuaeaeaa TpaeKTopuSI Konbua a Koop

auaaTax vr , vz .06pawaeT Ha ce6H BHUMaHus TO'IKa 

Vz = 1/3. Ecnu B3SITb ucKa)KeHue nonH Ha 9TOM pa-

auyce 1% ('ITO SIBnSieTCSI ycnOBHbiM U 38BbillieHHbiM na

paMeTpOM, u6o 9T8 TO'IK8 npOXOJlUT BJlanu OT MeCT 

B03M0)KHbiX 83UMyTanbHbiX UCK8)KeHUH), TO OUeHKU noKa-

3biB810T npeBbiWeaue peanbHOH CKOpOCTU npOXO)KJleHUSI 

pe30H8HC8 H8Jl JlOITYCTUMOH npuMepHO Ha nOpSIJlOK. 

~··t(H),fl,lfl'f) 

"' 

~ l • --10 ., z.',.z ---!'1:.z . i {ell() .. 
Puc. 5. r , n , z - TpaeKTopuSI npu pa6oTe cucTeMbi 

Bbieoaa. 1 - r = r (t) , 2 - n =n(t) , 3 - z =Z(t) • 
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9, 
(5 

•+ 

41 

0,2 

~~ 

o• ., .,·, r . ..'Z ~ '(6 ' 

Puc. 6. TpaeKTOPUSI KOnbua B KoopauHaTax v r , v z • 

§4. BnuHaue d!oucHpY'Wwei!: Tpy6bi aa !bopMy 

nonH npu Bbiaoae 

3¢¢eKTUBHOCTb ycKopeHUSI UOHOB KOnbUOM B Cn8Jl810-

WeM M8I'HUTHOM none onpeaenSieTCSI paauanbHOH KOMnO

HeHTOH aToro nonH, B pa6oTe/l2/ noKaaaao, 'ITO ycTaaoe

Ka B aareaa Tope MeTannu':lec KOii Tpy6bi, ocb KoTopoa 

coenaaaeT c ocbiO KOnbua, a paauyc MeHbWe paauyca 

KOnbUa, n03BOnSieT yMeHblliUTb B o6naCTU BbiBOJl8 eenu

'IUHY r -KOMnOHeHTbl BHeWHero nonSI, He U3MeHSISI CyWeCT

BeHHO aHa'leHUSI B z • B aToii )Ke pa6oTe npHBeaeHbi ¢opMy-
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nbr, noasonsnomHe nonyqHTb pacnpeneneaHe nonSJ c yqe
TOM HneanhHO nposonSJmeA: Tpy6hr, 6ecKoaeqaoii B aK
CHanhHOM aanpasneHHH. BnHSJHHe TaKoA Tpy6hr Ha pac
npeneneaHe nong B o6nacTH Bbrsona Konbua aa panHyce 
0,045 M npencTasneao B Ta6n. 3, rne yKaaaao: B ~ -r -
KOMnoHeHTa saemaero nong, paccqHTaHHaSJ no ~opMyne 
{ 1), B TJ , B T2- nong, yqHTbiBBJOIIIHe snHSJHHe Tpy6br 

r r 
panHyca 0,035 H 0,040 M COOTBeTCTBeHHO, KaK BHllHO 
H3 TaOnHUbi, B o6naCTH 0 :::;;_ Z :::;;_ 0,1 panHanhHBSI KOM
OOHeHTB nong C BHeCeHHeM TpyObi yMeHblli8eTCSI CyiiieCT-

~ 

Ta6nHua 3 
BnaSJHHe HneanbHo nposonSJmeii Tpy6w, 6ecKoaeqaoii 
s aKcaanhHOM aanpasneHHH Ha pacnpeneneaae nong 

B OOnaCTH BhlBOll8 KOnbU8 
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seaao, s xopomeM cornacaH c ~opMyno:lf (5)112( Ynos
neTsopu:TenbHoe cornacu:e HMeeT MecTo H nng 0,6 M$z::;;. 
.:s: 1 M. Tion'beM aT I H B T2 B 9TOH o6naCTH o6ycnoanea 

r r 
f -KOMnOHeHTOil: nOCTOSIHHOI"O nonSJ, H8 KOTOpOe Tpy6a 

He smrSJeT. PacnpeneneHHe nocToSJaaoro nong B ~S) 
B o6naCTH BbiBOna T8K)I(e openCT8BneHO B Ta6n. 3. 

B o6naCTH 0,1 M <z < 0,5 M ocna6neau:e nong npu: 
saeceHHH Tpy6hr OKaaanocb npHMepao a 3 paaa cna6ee 
O*HnaeMoro. MonenhHhre aanaqu: noKaaana, qTo 9TO 
CBSJ38HO C HepaBHOMepHbiM pacnpeneneHHeM TOKOB no 
nnaae Tpy6br {oao noBTOpSieT pacnpeneneaae saemaero 
nonSJ). HaseneHHbie TOKH s neeoii qacTa Tpyt5hr (z<0,1 M) 
6on&me TOKOB s ee npaeoii qacTu: ( z > 0,1 M). 3To 
npasonu:T K cMeiiieHHJO ToqeK nepexona qepea aynb cyMMap
aoro nong H yMeHbiiiaeT 9~~eKT 9KpaHHpOB8flHSI B TeX 
TOqKax, rne caMa aMnnu:Tyna panaanbaoro saemaero 
nong Mana. 

3aaqeau:e B, -KOMnoaeHT nong s o6naCTH BJ:>Isona 
npa aanaqaa Tpy6br He npesbrmaeT 10-3 T, qTo cpasHHMO 
C TOqHOCTbiO pacqeTa none:lf C yqeTOM BHXpeBbiX TOKOB, 
H nanhHeA:myJO KoppeKUHJO rpanaeHTOB nong HY*HO nposo
llHTh nocne BbiSJCHeHHSJ peanhHOii CTPYKTypbr nong (MarHHT
HbiX H3MepeHHii), onpeneneHji!SJ KOOpllKHaT H aMnn~-~:Tyn 
ero noKanhHbiX aeonaoponaocTeii. 

B aaKnJOqeHHe asTOpbr sbrpa)l(aJOT 6naronapHOCTh 
H.E.Py6aay aa none3Hbie o6cy)l(neHHSI H n.r.l1:rHaTOBOA: 
aa OOMOillh B O~OpMneHHH pa60Thl. 
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