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YcneXH 
Ill 

B IIOl!Y'I91lBH HOBbiX TpaHcypaJIOBbiX 9119M911TOB 0 B03MOlKIIOCTH1 

KOT0pb19 !Ip9ACKa3biBa!OTCll Teope~eCKHMH HCCII9.1{0Ba!IHSIMH ycTOA'IHBOCTH CBapx­
/2/ 

TlilK91!biX eneMe!ITOB , a TaB:JKe II9pcii9B:THBbl HCIIOllb30Bal!Hll yCKOp9llllbiX Mlloro~ 

3apll.ltllb!X HOIIOB B Me~HUHII9 H 6HOnorBH IIOCTaBHnH nepe~ T9XHHB:OA ycKOp9!1Hll 

saplllKe!l!lbiX 'laCTHU ROBbie Sa.l{a'IH. 

Bonpoc onTHMan&aoro Bb16opa Tuna ycxopHTenH Anll ycxopeaug MHoroaapRA-

HbiX HoHoB RBnReTCR OAROA Ha Taxax 3SAa'l. Ecnu onpe.~teneHa Tpe6yeMaSI xaaeTa­

'lecxaR saeprHR 'lacTHn B ycxopaTene sa OAHH HyB:noa, sTOT BOnpoc pemaeTcH, B oc­

HOBHOM, !Ia OCHOBallBH 9KOIIOMH'I9CKHX coo6palKellBA, a TaB:lK9 II9pCII9KTHB .~tanbaeAmero 

pasaHTHH xalK.Itoro THna ycxopuTenR. 

CymecTaeaaoA oco6eaHocTb!O ycxopuTeneA MHoroaapHAHbiX aoaoa no cpaaHeHHIO 

C IIpOTOHHbiMK HIIH z:teATpOIIS:biMH ycxopHTenRMH liBIIBeTCSI H81IH'IH9 94jltjleJtTa H3M9H9HBll 

aapRAa IIpH B3aHMOA9ACTBHH C MOII9ltyllaMB OCT8TO'IHOro rasa BaltyyMHOA IUIM9pb!. 

/8/ 
EcnH OCHOBbiBaTbCll !Ia H3B9CTHbiX ce'leRHBX sTOro nponecca 1 TO CBll3b MelK.I{y 

.~tasneaB:eM B BaJtyyMHoA xaMepe a BpeMeHeM ycKopeii:uB 6y.~teT onpeAenRT&cR 

HepaBe!ICT!!OM 

P r ~ 10-10 
• 

r.ae P-B MM pT. CT. K r - B cex. 

TaxaM o6pasoM, npa sKcnnyaTauHoHHbiX ypoBHliX paspelKeHBll B BBKyyMHbiX 

-6 
KaMe pax COBp9M9HHbiX yCKOpHTeneA ( 0,5 .. 1.10 MM) Bp9MSI ycxope.HHll He llOIIlKHO 

IIpeBbimo!ITb 10QN!00 MKC9K0 'ITO CQOTB9TCTByeT llHKIIOTpOHIIOMy CIIOco6y ycxop9HHSI. 
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BTopoA OC008HHOCTbiD YCKOpHTeneA MHOI'038pKARhlX HOROB HBnH8TCR 5onee 

MeCTKOe orp8HH~8HH8 no ~~8KT8M npoCTpSHCTBeRHOrO 38pHA8 nyqxa, qTO CBH38HO 

c 6onbWHM 38pHAOM KSMAOit 'ISCTH!lbl H OTCyTCTBH8M penHTHBHCTCKHX CKOpOCTeA 

rrpH aaeprHHX 6of10 Mae/ayKnOH), npeAenbH08 'IHCnO HOHOB B C8KYHllY no ~~KTy 
npOCTp8HCTB8HHOI'O 38pH.Q8 .QnH llHKnOTpOHOB nponOpllHOHSnbHO 'ISCTOTe C00CTB8H-

Q ·~Q 
HbiX KOne6aHHit H o6p8TH0 rrponop!lHOHSnbHO M8CC8 HOHS ( I - A ) i 

MSI'HHTHYID CHCTeMy .QnH TSKHX YCKOpHTeneA cneAyeT BbiOHpSTIO 'c M8KCHM8nbilOA 

MeCTKOCTbiD, TSK KSK npH YCKOpeHHH HOHOB C A ~ 200 STOT ~~T CTSHOBHTCH 

onpeAenHIDWHM. 

Hanomeaahle coo6pameHHH no6yAHnH aaTopoa paccMoTpeTb B03MOMHOCTb rrpa­

MeaeHHH KOnbll8BOI'O llHKnOTpOHS C M8CTKOA ~OKYCHpOBKOit AnH yCKOp8HHH MHOI'O-

38pHAHhlX HOHOB. 

YcxopHTenb COCTOHT H3 KO.nbllSBOit MSI'HHTHOA CHCTeMbl , KOTOpSH o5ecne-

'IHB88T lK8CTKYID ~KYCHpOBKY no ABYM OpTOI'OH8nbHhlM OCHM ( Q r •• > I ) B H30XpOHHOCTb 

HOCTb 38MKHYThlX op6HTj CHCT8Mbl YCK0p8HBH, npeACTSBnHIDmeA COOOil pe30H8H-

CHble nonoCTB, pa60T8IDIIlll8 HS noCTOHHHOA 'ISCTOTe, a· BHlK8K'I'Op8 'ISC'I'IIIl TBna 

Baa-rpaa~a ana Kox~opTa-YonToaa. 

1. B HSCTOH mee Bp8MH HM88TCH H83H8'1HT8nbH08 'IHCnO HCcneAOBSHHA H8 

YCKOpBT&nHX npHMOI'O A8ACTBBH no nyqxaM MHOI'038pHAHb!X HOHOB C MSCCOBhlM 

3/ ' 
'IHCnOM A > 40 , 0AH8KO 9TH BccneAOBSHBH nOK83hlB8IDT, 'ITO B03MOmHO nony-

'leRHe THmenbiX HOHOB C 38p!IAOM z •10 HHTeHCHBHOCTbiD He 1\:ieRee 10 MKS, 

CneAye'l""omaAaTb, 'ITO a 5namaAwee apeMH OYllYT BbmonaeRbi 5onee noApo5Hhle ac­

cneJ:toBaHH!I 9TBX B03MOmHOCTeA HS YCKOpHTenHX np&MOI'O AellCTBHH npH noTeH­

IlHSnax U • 1,5-5 Ma. npu Bhl6pSHHOil KOnbllSBO!l CBCT8M8 yCKOpHTenH B 38A8HHOM 

HanpsmeHBB BKM8KilBB HS paAHyce HHm8KilBB 6yAST HM8Tb M8CTO 3&BHCHMOCTb 

z HI 
u 

• const , (I) A u 

I'A8 H u -cpeAaee none RS paAHyce HHMeKilHH. 

2. Tpe6oaaaae mecTKoA ~pxycapoBKH npHBOllHT K aeo6xoAHMOCTH acnonb3oeaa­

HHH KOnb!l8BOit ~pMhl MSI'HHTS llHKnOTpOHa. 0THOW8HHe KOH8'1HOI'O paAHyca K 

PSAHYCY HHlK8KilHH onpe.QenseTCH Bb!p8JK8HH8M: 

4 

'I 
j 

Rk v----,"" R 
..jwk /A [ 

1 
__ a_ 

'1/Wu/A 4 

(W k -Wul 

AE op 
], 

rAe W k / A -aenH'IHHa KOHe'laoA KHHeTH'IecKoA aaepraa, OTHeceaaas K OAHoMy 

(2) 

ayKnoay HAps, W u I A -To me npa aaeprHH HHMeKnaa. PoeT cpeAaero MSI'HHT-

Horo nons; o5ecne'IHB8IDIIlHA H30Xj:10HHOCTb 38MKHYTbiX OpQHT, npH yB8nH'I8HHH 

aaeprHH AOmKea ObiTb paaea 

H • H o _E_ • Ho (I + W ), 
E0 AEop 

rAe E0P-aaeprus noxos npoToaa. 

npa aTOM COOTBeTCTByiDIIlSH H30Xp0HH8H '18CTOT8 HOHS HS OpOHTSX 

cu • __ z __ cu 

(3) 

A P (4) 

ec H0 
rAe cuP • -E-- -yrnoaas 'ISCTOTa npoToHa a MSI'HHTHOM none H 

0 
• Tax xax 

op 

KHReTH'IeCKSH 9Hflpi'HH HS OllHH HyKnOH He npeBbiW88T 6-10 Maa, TO H3M8H8HH8 

cpeAaero MaraBTHoro nons, cor nacHo ( 3), cocTaanseT 0,6 .. 1,0%. 

EcnH C03A8B8Tb meCTKyro ~KyCHpOBKy HOHOB npH noMOWH nepHOAH'18CKOA 

14/ 
CTpyKTypbl MSI'HHTHOI'O nons, TO, KSK H3BeCTHO , 'ISCTOTbl C00CTB8HHhlX KOne-

QSHHA npB n << I MOJK.IIO Bhl'IHCnBTb no ~pMynaM 

Q • • l ..j 0,5 + t g 2 a 

2 N2 
Q ,. I + __ l_ ( ---- + 

N 2 N 2 -4 
3 

-4- tg 2 a ) ' 

I"A8 a -yron MemAy CIIHpSnbro H P8ABYCOM-B8KTOpOM B A&HHOA TO'IKe; 
HN . 

N -'IHcno nepBOllOB CTPYKTypbi nons; t • -H- -oTHOCHTenbHaH aMnnHTYAS 

OCHOBHOA rapMOHHKHj D -nOK83&T8nb Cpe.QRero MSI'HHTKOI'O nons. 

nHHHH pSBHOit HanpHlKeHHOCTH MSI'HHTHOI'O nons pacnonoJKeHa Ha KpHBOit 

(nHnHHApH'I8CKaH CHCTeMa KOOpAHHaT): 

~·-a r • r 0 e 

(5) 

(6) 

TaK KSK aenH'IHHa n <<I , Bbi6op napaMeTpoa t N H a AOnJKeH Bbl-

nonHHTbCH HCXOAH H3 ycnoBHH noCTOHHCTBa 'ISCTOT CB060AHblX KOne6SHHA, 8 

TSKJKe c y'I~TOM peaoaaRCHbiX ~eKTOB a6naaa 'ISCTOTbi Q, •1. Aaanaa no-
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Ka3b!Ba9T1 'ITO. npll aMnlliiTy.Qe pa.QIIallhHblX KOile6aHIIl! nopH.QKa 2-3 CM .B f tga•l 
N 

MOlKHO 11369JKaTb Helli!Hal!aoro peaoHaHCa Q ~ • -N npll N • 4 , B STOM Clly'lae 

'laCTOTa panlla~bHhlX KOne6aHIIl! 6yneT COCTaBilliTb Q r "' 1,10-1,15 II HII3WII9 

rapMOHIIKII He 6y.QyT Bbl3b!B8Tb npOCTOrO II napaMeTpll'leCKOrO pe30HaHCOB npll 

-3 
nonycKe • 10 , 

3, TaK KaK nolly'I9HII9 113 I!CTO'IHIIKa IIOHOB BbiCOKOl! aapli.QHOCTII ( Z > 10) 
/5/ 

3aTpyAH9HO , Tpe6yeTCll yCKOpHTb 'laCTifllbl B WHpOKOM .QIIana30H9 OTIIOW9HIIll 

+· Ecllll A min~ 40 ' TO .QIIanaaoH + a 115 - 1/20 6yneT OXBaThlBa'l'b 

BeCb JKallaTallbllb!l! Ha6op HOHOB 

Ar +2 

40 
Ar+ 8 

"40 
Kr +ft 

84 
-Kr+ 14 Xe+ 7 

84 ' 182 
- Xe +26 

182 
u+m 

288 
u +46 

288 

z 
ITOII!Ihll! .QI!ana30H 'laCTOT IIOHOB npll aa.Qa!IHOM IIIIT9pBalle 

.Q9HIIII (1) Onpa.Q911H9TCH CQOTHOW911119M: 

-A- np11 co6mo-

(i) max y (z I Almax . (7) 

(L) mtn y(z I A l min 

Ec1111 IICnOilb30BaTb YCK0p9HIIe Ha KpaTHblX 'l.!tCTOTaX, .QIIanaaoH (7) MOlKHO 

peanH30BaTb !Ia O.QHOI! 'laCTOTe pe30HaHCHOi! CIICT9Mbl, 0603lla'lall KpaTHOCTb 

ycKOp9HIIll Ra STOll 'la~TOTe q 0 

Horo Allana30Ha 'laCTOT 

, nony'IHM BHT9pBall 3Ha'I9!1Hl! q .Qilll 3a.QaH-

y (z I A) max V (z I A) min (8) 
q .. qo q min • q 0 max 

y(ziAl
0 

rna BH.QeKC '0' COOTB9TCTByeT BOlly, yCKOp9HHOMY Ha KpaTHOCTH q
0 

, YcKO-

pliiDWall CHCTeMa npe.QCTaBIIHeT co6ol! H9CKOilbKO p930HaHC!IhlX nonocTal! ('IIICIIO 

KOTOpbiX m S q 
0 

) , paBHOMepHO paaMemeHHblX no a3BMyTy KOilbll9BOil: Mariii!THOil: 

30Hbl, ITp11 yrllOBOil: npOTHJKeHHOCTII KalK.QOro YCKOpllro!llero Sll9KTpO.Qa 8 • -"--
qo 

Ha6op saepr1111 HOHOM, yCKOpH9Mb!M Ha KpaTHOCTII q • q 0 , 6yneT OTilll'laTbCH 

OT p930HaHCHoro Ha6opa Ha KalK.Qol! nOIIOCTII 

~E sin 2( _!!_ --L ) 2 • (9) 
~ E pea. q 0 

6 

EcnH YCKOpliiD!IlHi! ITOTeHUBall Ha KalK.QOl! ITOIIOCTII paBaH 

'IHCUO o6opoTOB BOlla B YCKOpi!Tene 

V , TO ITOIIHOe 

IJ -
_A_ w k I A 

(IO) 
meV 

naJKe np11 noTeHUaanax V "' 20-25 KB He3Ha'IBT91lb!IO npaBb!WaaT 'IBCila 06opo-

TOB, KOTOpb!9 HM9IDT M9CTO B 06hl'IHblX UHKUOTpOHaX, CM9!1l911He HO!Ia no ljla::~e 

B rrpouecce yc~topeiii!H 6yneT B q pas 6on&me no cpaal!eHIIID c UBKnoTpoRoM, 

-4-
'ITO rrpiiBO.QBT K 11906XO.QBMOCTH CTa611nH3aUHII MarHHTHOro nonH C TO'IIIOCTbiD 10 , 

4, liJar 'laCTHIT ITO pa.QHycy B KOITbU9BOM lliiKIIOTpOHe orrp9A91lli9TCH B3 Bb!pa­

JK911Hll 

meV ~ R • R Jr.. • (11) 2A WkiA 

MHOlKHT91lb mz B (11) no3BOIIH9T AOBO.QI!Tb mar IIOHa 38 O.QIIH o6opoT !Ia 

KOH9'1HOM panHyCe .110 B91111'111Hbl 0,5-1 CM, 'ITO rrpaKTII'19CKII ,CI9'1laeT rrpo6neMy 

Bb!BO.Qa 'laCTHll 113 KaM9pb! yCKOpiiTellH Sll9MeHTapHOJl:, 

5. ITpenellb!laH IIHT9HCIIBHOCTb rry'IKa B KOilbU9BOM UIIKIIOTpOH9 C JKeCTKOl! 

ljloKycllpoBKoll: no sljlljleKTY nonepe'laoro rrpocTpaHCTB9HHQro aapHna 6yneT aHa-

'IHTellhHO rrpeBb!WaTb rrpe.QellbHYID IIHT9CIIBHOCTb UIIKITOTpOHa. 0THOW9HIIe STIIX 

rrpenerrbHblX IIHT9HCBBHOCTel! 

I 
JK.u. 

li u. Q2 
2 

rne Q I, Q 2 -GOOTBeTCTBYIDlllB9 'laCTOTbl aKCIIallbHhlX KOila6aHHil KOilbU9BOro _II 

o6bl'IHOrO UHKIIOTpOHa. TaK KaK B 06b!'lllb!X UIIKIIOTpOHaX Q 2S 0, 1, TO rrpH 

Q I> 1 II ~Q1:!:0,1 113 OTHOW9HIIll ( 12) cnenyeT, 'ITO IIHTeHCHBIIOCTb BllyTp9HHero 

rry'IKa B UHKI10Tp0!19 C lK~CTKOl! ljloKycllpOBKOl! ITO Kpal!ael! Mepe !Ia rropH,CIOK 

MOJKeT rrpeBbiWSTb IIHT9HCIIBIIOCTb B UIIKITOTpoHe, B HaCTOll!llee Bp9Mll OCIIOBHbiM 

orpaHH'IIIBaiDllliiM HHTeHCIIBHOCTb ljlaKTOpOM AIIH TaKoro YCKOPIIT9ITH 6y.QeT 

HBITHTbCH IIHT911CIIBIIOCTb BHlKeKTOpa, 

6. nns yM9HbW9HIIll KOilbU9BOl! 30Hbl MarHHTHOrO ITOilll B03MOJKeH Bap118HT 

yCKOpiiTellH C nOBTOpHblM UHKIIOM YCK0p9!111ll, ECIIII Bb!B9,1:19ll!lbll! 113 yCKOpiiT91lll 

ny'IOK IIOHOB C 38pHAPM Z I .QOnOIIHHTellbHO IIOHII31!pOBaTb JlO aapH.Qa Z 2 , TO 

rrpll yCIIOBIIII 

7 
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~-~ ~ 
R· 

u z I ( 13) 

B03MOlK9H BTOpofi UHKn YCKOp9HHSI 6ea nepecTpOfiKH MarHHTHOrO nonS! C 06II!HM 

yaenaqeaaeM aaeprHH aa o6a UHKna Ha OJlHH ayxnoa B X 4 paa, DononHHTen&HaH 

uoauaauHH nocne nepBoro uuxna ycxopeHHH ocymeCTBnHeTcH npu npoxolKneauu 

ny'IKOM TBepnpi! MHmeau, ycTaHoBneaaoA. aa panuyce URlKexnuu, xax noxaaaao 

aa puc. 2, KoTopaH ae Bbi3biBaeT aaMeTaoro pacceHHUll, Ha puc. 1 npuBeneaa 

/6/ SaBHCHMOCTb paBROBecaoro aapHJla OT 9HeprHH HOHa JlnH pa3nH'IHhlX UOHOB 

Dpa JlBYX llHKnax, HapHJly C B03MOlKHOCTbiO YCKOpS!Tb HOHbl ypaaa, CYII!9CTB9HHO 

nOHHll<aeTCI! &HeprHSI HHlKGKUHH, 

Dpa pacnpeneneaaa sapliJlOB nocne npoXOlKJl9HUH Mumeau no xpaaoA faycca 

'IHCnO UOHOB, UMGIOII!UX paBHOBGCHbiJl 3apHJl, COCTaBnHGT He Meaee 10-20%, 

HulKe B Ta6nunax 
U II npHBGJleHbl OCROBHbiE) napaMeTphl JlByX B03MOlKHbiX 

YCKOpHTenefi MHOroaapS!JlHhlX UOHOB Ha 6aae KOnb!lGBOro llUKnOTpOHa C lK~CTKOfi 

~oxycapoBKoi!, a aa puc.2 noxaaaaa cxeMa xacxanaoro ycxopeaull. 

Ma npUB9Jl9HHbiX Ta6nU!l BHJlHbl BQ3MOJKHOCTU YCKOpUTenefi, a TaKlKe MaCII!Ta6bi 

&TUX COOPYlK9HUJl, 0CHOBHhlM. JlSnbHGfiii!HM KpUTepHeM npa Bbi60pe napaMeTpOB 

Jlnl! TaKoro TUna YCKOpHTenefi 6yJlyT, llO-BUJlHMOMy, I!BnHTbCSI SKOHOMH'IGCKUe 

coo6palKGHUH, 

CymecTBeaaoe paanaque Tpe6oaaaua, KOTOpbie npeJ:t'bHBnliiOTCH K ycxopuTe­

nHM, npenaaaaa'leHHbiM nns uccnenoaaaua B o6nacTH MenauHHbi H 6uonoruu 

( 400-500 Maa/ayxnoa npu HHTeacuaaocTH 0,1 Mxa) no cpaBHGHHIO c uccneaoaa­

HHHMH B o6naCTU CB9pXTHlK9nbiX aneMGHTOB ( 6-10 MaB /ayxnoH npu HHTGHCUB­

HOCTU 10-20 Mxa) npHBOJlHT K nenecoo6pasaocTu paaneneHHH aTux aanaq no 

TUnaM ·yCKOpUTenefi, Ecna JlnH nepaoll aaJ:taqu BeC&Ma 6nU3KHM K OllTUMan&HOMy 

pemeHUIO HBnl!e TCSI Ucnon&aoaaaue CUHXpo!j;aaaTpoaa C lK~CTKOfi ~OKyCHpOBKOA 

H HaKOnHTen&HhlM KOnb!lOM ( THna '0MHHTpoa• )•, TO BTOpaSI SaJ:taqa 6onee\ 

OnTHMan&HO pemaeTCSI YCKOpHTGnliMH llHKnOTpOHHOro TUna. 
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T .AEJllfi{A I 

Hoa Ra Rk . . u w,. /A -A- "If I A Ha Hk r." 
Cl!il 

q N • cts a o. Q r r. {M] (M] [M6] £!JijJ {lC) (2C] [M1v,] 
[l1lfi] 

Ar I,O p,o +3 o, f175 . 4,47 •• 0,335 8,53 III4I II242 I,276 I2 

Kr I,O 5,0 +5 0,0595 4,79 0,285 7,25 I2960 !3~0 I,I78 .. I3 
4 0,5 0,436 I,2 I,08-I,09 I5,3I4 

Xeut I,O 5,0 +7 0,053 4,64 0,246 6,24 I35I7 !3606 I,094 I4 

Gd
108 I,O ~.o +9 0,057 5,0 0,285 7,24 !3530 !3650 I,I78 I3 

r 

5 = 7 7 a C' 

T .AEJIImA IT 

I Il ll R Jl 2 Il H R Jl 

HoH Ra Rk . -·- u ....!.!.___ Wk Ha Hk f .... . . ...!!.!... ..!L Ha Hk f r. A A ""A q 
A A A 

q 

[M] {M} {M8] l!J;/1 [MJ 
H!Jif 

[ac) [acJ [Mc>u,] [~] l!JI/1 [2c] @c) [/1zuJ [112u,l 

Kr 0,? 2,09 +7 0,0833 I,66 0,!38 I,24 ~I86 9232 ,I68 39 2I 0,25 I,24 II,IE 9I86 9232 ~,504 ~3 45,55 •• 
Xe 11 0,? 2,09 +9 0,0682 I,48 O,IOI 0,9I ~I4 9662 ,OOI 45 27 0,205 0,9I 8,19 96I4 9662 ~.om ~5 45,04 
G~u 0,? 2,09 +IO 0,~33 I,42 0,090 0,8I4 98I4 9863 p,949 48 30 O,I90 0,8I4 7,33 98I4 9863 ~,847 ~6 45,55 

0 ua 0,? 2,09 +IJ 0,0546 I,48 O,OBI 0,73 0757 I08II 0,897 51 1+39 0,164 0,73 6,57 f1757 roan 2, 69I117 45,75 

:: 
N=4; •=0,7; otscz=0,638; 

o.=I,2; o,=l,IO+l,II; 
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fHYI<j 
PHc. I. PaaaoaeCHhiil: aapH.u Hoaoa - rrocne rrpoxolK.ueHHH ~---- TBep.Qoil: MHUieHH. 

R - ocb (JifCcJQIIbHoU UHX~ 
om yclfopumenR KOKpOt/lfTIO. - YottmoHa. 

M - nepe3apf14Hart MuUJeHtl. 

Pac. 2. Cxewa AB)"XWIUOBOro ycxopeoa waoro3apaABhlX aoaoB B xonbU&BOM 

naxnoTpoae. 


