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B n a 6 0 pa TOPHH A A ep H~ X peaK 4HH O~~ ~ Ha H30 Xp OHHOM 4 ~ K nOT pO H e 

Y- 400/ 1/0Cy~eCTBnAeTCA yCKOpeHHe TA ~en~X ~OHOB C MaCCO B~M~ 4~C 
naM~ 14 ~ A ~ 100 H 3Hep r~AM~ OT 2 ,9 AO 13 H3B/ HYKn o H COOTBe TCT
BCHHO. B~BOA ny4KoB TA~en~x HOHOB H3 Ka MC p~ y CKo pHTe n A npOH3 BO
AHTCA MeTOAOM n e pC3a pAAKH 4acnHl Ha TOHKOH MI1 We HI1. Ba p Ha 411 A 
3 HeprHI1 YCKopeHH~X HOHOB AOCTHrae TCA Kil K nyTeM 113MeHeHHA y pOBHA 
MarHI1THOrO nonA, 3apAAa HOHOB, TaK 11 113MCHCHI1eM paAl1an bHOr o 
~ a~H MY Tanb Horo nono~eHHH nepe3apRAHOH MHWeHI1 12( HarHI1 THaR ~e CT
KOCTb BHyTpeHHero ny4Ka zBR n p H AaHHOM MeTOAe B~BOA il YMe HbwaeTCA 
B Tpl1-4eT~pe pa3a, 4 TO n03BonAe T C03Aa Tb pa3BCTBnCHH~ CI1 CTeMY 
pa3BOAKI1 BHeWHHX ny4Ko B C OTHOCHTenb HO He6onbwOH MO~HOCTb ~ Ma r 
H ~ T oo n T H4 eC KHX 3 n eMeHTOB. Pa 3BOAKa BHeWHHX ny4Ko B TA~enwx HOHOB 
4 HKn OTpOHa O~H~ Y-400 n p OH3 BOAHTCA B MeAH aHHOH nnOCKOCTI1 y CKO
pl1TenA B ABy X Han p a Bn e HHAX OT KaMe p~ ; B n n OCKOCTH. CHH~e H H OH 

OTHOCHTenb HO M eA~a H HOH Ha 2 , 7 M, H n o Be pT HKa n b Ho My KaHan y . 
~ OHoo nT H4 e CKHe CBOHCT Ba Ka Ha n OB CHC T eM~ Tpa Hc nopTHpOBKH HC

c n e n o a e n a c s C nOMO~blO B~4 1'!CnHTenb HOH n po rpaMMbl TRANSPORT 13 1 

C Ha 4 a nbH~MH napaMeTpaMH B~BeAeH H ~x n y4 Ko B HOHOB, on peAen eHH~x 

3Kc n epHMeHTan b Ho: 
- r opH 30H Ta n bH~H 3MHTTa HC - 4 077 MM. MpaA 
- ee p THKanbH~H 3MI1 TTa HC ,... 1617 MM"MpaA 

- ~e CTK OCTb n y 4 Ka nocn e B ~BOAa 

MeTo AOM ne pe3apRAKH - /0,8+1,25/ T ' M 
a36poc 3HeprHI1 - 1%. 
~ CXOAHOH T04KOH o6b e KTa C HCT eM~ Tpa Hc nopTH pOSKH Re nACTCA 

T04Ka Ha ~naH 4e KaMe p~. nono~eHHe n y 4 Ka Ha S~BOAHOM ~naH4 e Ka 
Mep~ YCKopl1TenA perynHpy eT cR a 3HMYTanbH~M nOnO~eHl1eM n e p e 3 a pAA
HOH MHweHH Ha Aa HHOM pa AHYCC H Aanee Mar HHTOM Koppe K4HH. 

1.	 ~H3~4ECKO E PACn O nO~EHH E
 

H PAC4ETHblE CBOAC TBA CHCTEMbl TPAH CnOpn1PO BK~ nY4KOB
 

n Y4 KH TA~en~x HOHoe Mo r y T 6 ~ T b B~BeAe H~ B AByX n pOTHBo n o 
n O ~H~X HanpaSneHI1AX OT K aMe p~ 4 HKn OTpOHa . B COOTBeT CTBHH C 3 THM 
B MeAHilHHoH nnOCKO CTH y CKop HTenA C~OpMH poBa H o we CTb Ka Ha n OB 
n pOBOAKH ny4KoB /pHc. I/. 

Mar HHToo nTH4ecKa A CHCTeMa Ka Hana ~1 n pAMo r o n y 4 Ka COCTOHT 
H3 4e T~pe x KBaAPynonb H~X Ay6 n e To B I QD I - IQD 4 H ocy~e cTB nA e T 

Q>OKYC IiPOBKY THna ~KYC- lilOKY C C Tpe60Ba HHe M ti a MaT pH4 Y n p e o 6 p a 
30 Ba Hl1 A R 12 = R 34 = O. 
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P HC . 1 . Tp a a c n op-mpoaxa BIICUlIlHX rry x xoa 11 3 0 Xp 0 tl 1lOr O ~IiKnO 

Tp OHa Y- 400 lIa ypoBHe HeAli aHtiOH n n OCKOCTIl . 
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P li c . 2 . TpaHcnopTHpoBKa BHeWHHX rry 4 Ko B H3 0 x p OHHo r o ~HKno

TpOHa Y- 400 Ha ypODHe, CHHJKe HIIOM HLl 2 , 7 M. 

Ka Han~ N'2 ~ ~3 nOAcoeA ~HR~TCR K Ka Hany W1 OTKnOHR~~~ M H Mar 
HI1Ta MH 1M3 H 1~\ 2 COOTBeTCTBeHHO , H nocneAYIOll\ HM r oaacnop t o» ny-uca 
Ay6neTaMH 2 QD 4 H 3 QD 3, 3 QD 4. nY40 K Ha M~We H I1 KaHana ~4 

$opMHpyeTcR OT K n OH R~~ HM MarHHTOM 3M3 H $O K YCI1PYO~ H M Ay6neToM 
4 QD 4 . 

BTopoe Ha n pa Bne HHe npRMoro ny4 Ka o c y~ecT B nReTC R no Ka Han y 
~5 . HarHI1 TOOn TI14eCKaR C~CTeMa ero COCT OI1 T 11 3 AByX KBaAPynonb Hwx 
Ay6neToB 5 QD I 11 5 QD 2 H BwnonHReT $OKYC HPOB KY Tl1na $OKyC
$OKYC . Ha MHIUeHI1 xa uan a 1i6 ny40K $OKYCHpye TcA Ay6ne ToM 6 QD 2 
np~ nOAcoeAHHCHH I1 OTKnOHR~~ HM Ma r HI1 TOM 5M l . 

napannenbHw~ nepeHOC ny4Ka HOHOB Ha BTOP O~ y poBe Hb H H ~e Me 
Al1aHHOrO Ha 2 , 7 M, Bblnon HReTCR AByMR 90 - rpaAYCHblMH MarHHTa MH 
lMl 11 8M2, p3cnono~eHHWMI1 APyr nOA APyr oM C BepTHKanb H~M Ha 
npaBneH~eM MeA~aHHWX nnOCK O CT e ~ . 

2 

P HC. 3. Tpauc nop r a p onx a DIICllIlIHX IIY' IKOB H3 0 xpOHlIOro uaxnc 

TpOll a Y-400 / De p THKBnb HbIH p a a p e s ," . 

KOMMYTa ~ HR CH H~eHHoro ny4Ka TR~en blX HOHOB B 3TO ~ nnOCKOCT Ii 
no nATI1 Ka Ha naM 06ecne411BaeTcR nOBopOTOM H H~Hero Ma r HIiTa 8M2 
BOKpyr Be pT H K anbHo~ oeli I pl1 c . 2/. 

Ma rHI1ToonTH4ecKaA CI1CTeMa CHI1~eHHA H KOMMYTa~HI1 ny4Ka pea
na a ye r KaK AHcnepcHoHHylO rpaucnoprwpoaxy C l!>OKYCHP OBKO~ r ana 
napannenb-napannenb C $OKYCOM ny4Ka Me ~AY MarHHTaMH H n03BonAeT 
npOBOAHTb MarHHTHblA a HanH3 n poAyKTOB RAepHblX peaK~HA / 4/ , Ta K 
11 6e3AHcnepCHOHH bI ~ TpaHcnopT C l!>O KYCHPOBKOA Tl1na l!>oKyc-napan
nenb . l!>OKYCHpOBKa ny4Ka Ha MI1WeHH no KaHanaM 8- 12 B~nonHAeTCR 

Ay6neTaMH 8 QD 3 ; 9 QD 3; 9 QD 4; 10 QD 3; II QD 3; 12 QD 3 
(R 11 = R 33 = OJ. 

BepTHK an bHblA KaHan ~7 onpeAenReTCA nyTeM nOAcoeAHHeHHR K Ka
Hany ~5 OT K nOHR ~~ e r o 90 -rpaAYCHoro Mar HHTa 5M2 . nonY4eHHe 06be K
Ta Ha MHWCHI1 AOCTl1 r a e TCR Ay6neToM 7 QD 2 I pHC. 3/. 

Ha pHc . 4 ~ 5 npHBeAeHW orH6a~~He ny4 Ko B n pH TpaHcnopTHpOBKe 
ny4 Ko B no Ka HanaM w4 H ~8 COOTBeTC TBeHHO, C YK a 3 aHH~MH Bblwe 
THnaMH ¢QKYCH pOBOK. 

2. MArH~TOOnT~ 4E C KH E 3n EH EHT~ 

B CHCTeMe KOMnne Kc a pa3BOAKH ny4Ko B ~ H KnOT pOHa Y- 400 l!>OKy
CH pOBKa Tpa HcnopTl1 pye Moro ny 4Ka ocy~ecT BnAeT CR Ay6n eTaMH KB a A
pynonbHblX n HH3 C K py r n~M ApMOM l a ne pTypa - 2a = 0,1 1 M, Anl1Ha 
nonOCHoro HaKOHe4HH Ka - 0 , 3 M, rpaAl1e HT Mar HHTHo A HH AYK~H H 
6 T/M/. PaCCTOR HHe Me ~AY n HH3a MH B Ay6neTe - 0, 28 M. 

B yCTa HoBKe CHH ~e H HR H KOMMYTa~H H n y4Ko B, a TaK~e AnR Be pTI1 
Kan bHo ro KaHana ft l 7 Hcnon b3ye Tc R MOAyn bHblA 3neKTpOMarHI1T W- 06 
pa 3Horo HCnOnrle HI1R C yrnoM OTK flOHe HI1A ny4Ka 90 °. AnR KoppeK~ 11 11 

3$l!>eK THBHOH r paH H~ bI MarHI1 Ta / 5 / B n peAena x +2,5 MM npl1 113MeHe
HHI1 Ma r HI1 TH OA I1HAYK ~ 11 11 OT 0, 4 AO 1, 3 T np HMe He HbI nOABI1~H ble 3K
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PI1C . 4. OrH 5 a IOU\He nY'IK<! n pu TpallcnopTllpOnl\ no xauarry IN . 
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PHC . 5 . Or1l5 aJOIIJ;l1e n Y'IKa n p u T p a II CTlO pTU p OB I, e 110 K3 H3n y Nl8. 

aHbl B6m1SI1 BXOAHOH 11 BbIXOAHOi1 r pauw u Ma r HH Ta. C!lo pMa TOPl\OB 
nOJlIOCOB 6Jl lll SKa K npOC!l l1f11O n o n oca Por-oec xo r o . Bepr wxa n s HO- (jJOKy 
CI1 PYIO m; He y rJl ~ Ha KJlOHa TOPl\OB Mar HI1 Ta - 23 , 7° . Me mnOJlIOCHoi1 3a
s op - 0 ,08 M. KOHCTPYKl\ HA MarHI1Ta n03 BOJlAe T Tpa HCn Op Tl1 pOBKY 
np AMoro n Y4Ka . 
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CI1 CTe Me pa3BOA KI1 Ha ypoBHe MeA I1 ~ HHo i1 n n OCKOCTI1 n p HMeHAe T
CA C- 0 6 pa s Hbll1 MarHI1T C 0AHOPOAHbIM no nex I t.B s; 10 - 3 n pa 1II 3Me 
He ~ 11 11 MarHI1THoi1 I1H AYK l\1111 OT 0 ,8 AO 1, 3 T/ . YrO Jl OTKJlOHeHI1 A - 4 5 ° 
np l1 p1lAl1yc e nOBo pOTa 1 M, BepTI1KaJl b H~H sa30p - 0,08 M, y r Jl~ 

HaKJlOHa TOPl\OB I I I .7 u I 06ec ne 411 BalOT ABOHHYIO (jJOKYCI1POBKY. 
CornaCOBaHl1e nOJlO~eHI1A ny4 Ka C On TI14e CKOH OCblO 110Ho n pOBOAa 

11 T04110e Hlll\CJlI1BaHl1e e r o Ha (jJ 11 3 l-14ecKYIJ Ml1we Hb OCYUl e CTBJlAIO TCA 
KoppeKTl1pYIOU\I1MI1 MarHI1Ta MI1 O- 06pa s Ho ro Tl-1na C 3 (jJ¢ eKT l-1 BHoi1 AJll-1HO H 
non lOc a - 0 , 28 M 11 Mar HI1 THoi1 I1 HAYKl\l1e i1 0 ,04 T Mar HI1 T n0 3 BonA e T 
erynupoaa r s yrn o a y io KOOPAI1 Ha TY B npenenax .:!"-0 , 46 ° . ~ 

3. A~A IHO CT~KA BH EWH~X nY4KOB 

KOHTPOJlb 11 113Me pe HlII e napaMe TpOB Tpa HcnopTl1pyeMoro ny 4 Ka ocy
U\ e CTBJlAIO TCA CI1CTe MoA Al1a r HOCTI1K I1, pa3 Mem;e HHo H B M OA YJl bH~X 6JlO 
Kax, YC Ta HaBnI1 Ba eM~X Ha KaHa Jla x . 

~ HTeHC I1 B H OCT b nyu x a 113Me pAeT CA OXJlamAa e MblM l\I1JlI1 HAPOM C!lapa
AeA Ha Ma KCI1ManbHYIO Mom;HOCTb ny4Ka AO 2 KBT . 

n pO¢I1Jlb 11 no no me HlII e nY4 Ka B 110Ho n pOBO,Qe l-1SMepAIOTCA c lnoM om;blO 
n po(jJl-1JlbHOH pe uie r xa 115 r Opl-1S0HTa n bHb1X 11 15 BepTI1 KaJlbHbIX, Ton 
m; I1 HOH 50 MKM BOJlb(jJpaMOB~X HI1Tei1, B anepType 75x75 MM.MM/ , a Ta K
me Me Xa HI1 4eCKOro CKaHHe pa IBoJlb(jJpaMoBaA I1rJla ,Ql1aMeTpOM 1,5 MM 
C pa 3peWeHI1eM 1,5 MM, 4YBCTBI1 Te JlbHOCTbIO > 1 0 nA B anepType ,Ql1a
MeT pOM 60 MMI 11 HarJlA,QHoro npe,QCTaBJleHI1A Ha ,Ql1cnJlee. 

4. BAKYYMH AR CHCTEMA KAHAnOB 

nl1Hl1 11 Tp a HCnOp Tl-1pO BK I1 n y4Ka OTceKalOTCA WI16 e pa MI1 Ha OTAeJlbH~e 

BaKyyMHble Ce KI.\ HI1 . KamAa A CeK l\I1 A OTKa 4 11 Ba e TCA -repea MO,QYJlb Bbl
COKo ro BaKYYMa, I1MelO U\ e r o B~c oKoBaK YYMH~H Ha c o c , AI1ar HOCTI1 4e CKI1H 
6no K, KJla n a H (jJopOTKa 4 KI1 11 KJlanaH Han ycKa a TMo c ¢ epbl . Pa 6 0 4e e 
na a n eua e B 110 Ho n pOBOAe 2 · 10 - 6 Top. 

5 . COBPEME HHOE COC TOH H~E 

B HaCT OAm; c e BpeMA Ha 6 0Jlb WI1 tiCT BC K1ltta110B Be ,Qy TcA (jJ H3114 e CKl1 e 
3 KCn ep I1 M e H T ~ Ipl1c.6, 71 C n Y4 KaMI1 HOHOB N ~, au , Ne, Ar , Ti, Cr , 
Fe, Ni C 3 Hepr l1e i1 OT 2.9 AO 13 M3 B/ HYKno H. B ~3 a B I1CHMOC TH OT 
Tpe 6 0 BaHHi1 3 KCn e p l1 Me HTa pa3Mep n y 4 Ka Ha MI1 We HI1 pe r yn Hp y eTc A 
B npe ,Qe Jla x OT 2 AO 10 MM. 3¢¢eKTI1BHOCT b n pOBOA K~ ,n Y4Ka COCTa B
JlAe T 0 , 7 -':- 0 , 8 . KOHTpo nb nOJlOllleH I1A H npO:!J I1JlA nY4 Ka ; OCYll\eCTBJleH
Hbli1 CI1C Te MOH AHa r HOCTI1K I1 B 4- 6 T04 K1lX Kam,Qo r o KaHaJla , Y Ka S ~Ba eT 
Ha y ,QOBJleTBOpI1TeJlbHOe Co r Jla c He C paC 4eTHbIMH. 

5 



2. Or aHecRH ~. U . HAP. OHRH, 9-11993, Ay6Ha, 1978, 
3. Brown L. e t a l , SLAC Report No.91 . St anford, 1970. 
4. TapaHT HH H. H. , Ka6a4eHKO A.n . OHRH, PI3-80 -765 , Ay6Ha, 1980. 
5. KneHH H 6. A. H AP. OHRH, 9- 84-3 57, Ay6Ha, 1984 . 

P u c . 6 . JKc nep HMe llTaJIb Hbll1 3aJI . K aH<lJl hl I/'1-4 . 

PHc . 7 . 3 K c rr e p IIMe HT a llbHblii aarr , 

C H ~e H H H H K OMMY T a UHH n Y~ K a , 

Kau anu ! ~8 - 1 2 . Y CTa llOB K a 

1. 

6 

JU1TE PATY PA 

$ne poB r .H. H AP. TpYA ~ VI I Bc eco ~ 3Ho r o CO Be ~a HH R no 
pHT en RM 3a p R ~ e HH~ X 4a C T H ~ . Ay6Ha, 14- 16 OKT RUPR 1980 
OHRH, Ay6Ha, 1980, T.1 , c .59 . 

yCKO
r . 

PYKonHCb nocTynHna 
13 Ma R 

B H 3 Aa T e n b c K H ~ 

11)8 5 rOAa . 
oTAen 

7 


