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KneHHH E.A. H ap. 9 - 10213 

CHcTeMa TpaacnopTHPOBKH saewHHX ny~KOB UHKJIOTpoaa Y-400 

0nHC8H8 CHCTeMa TpBHCnOpTHpOBKH BHeWHHX nyqKQB H30XpOHHOrO 

UHKJIOTpoHa Y-400. 06wee qHcno KBHanos BHewHHX nyqKoB II, JlOCTHraeMoe 

6narOJl8PSI npHMeHeHHIO yCTBHOBKH CHHll<eHHSI H KOMMYTBUHH (YCK). 

PacqeT H onTHMH3BUHSI napaMeTpos MarHHTHbiX aneMeHTOB HOHHo­

onTHqecKoil CHCTeMbi TpaacnopTHpOBKH nposeaeHbi c noMOWbiO nporpaMMbi 

"TRANSPORT I 360" c yqeToM a6eppauHl!: BToporo nopSILlKa. 

OnpeJleJieHbl JlOnyCKH HB ycTaHOBKY 3JleMeHTOB HOHHO-OnTHqecKOH 

CHCTeMbl TpBHCnOpTHpOBKH. 

Pa6oTa BbinOJIHeHa B na6opaTOpHH S!JlepHbiX peaKUHl!: OJ.HIH. 

Coo6meHHe 06be~HHeHHOro HHCTHTyTa H~epH~X HCC~e~OBaHHH 
,ll,y6Ha 1976 

c 1976 06'WdUJU!JWJWWU IIJWCaUa.)'ll AdepHWX IICCAeOOfJOHIIUJ{y6Ha 

Coopy)I{BeMbiH B n.HP OIHII1 H30XpOHHbi:ii UHKnoTpOH 
TSI)I{enhiX HOHOB Y -400 I 1 I SIBnSieTCSI MHOI'OUeneBhiM yCKOpH­

TeneM, HB KOTOpOM 6yaeT pemaTbCSI illHpOKH:ii Kpyr ~H3H­
"'eCKHX H npHKnaaHhiX aaaaq. 

Tio9ToMy ycKopHTenbHhrA KOMnneKc Y-400 aon)l{eH eKmo­
"'BTb B ce6SI illHpOKO p83BeTeneHHy~ CHCTeMy TpBHCnop­
THpOBKH BbiBeaeHHbiX ny"'KOB 1 yaoeneTBOpSI~Uly~ BCeM Tpe-
60B8HHSIM ~H3HqeCKOI'O 9KCnepHM8HTB. 

K CTBUHOHapHhiM ~H3H"'eCKHM ycTaHOBKBM ycKopHTenb­
Horo KOMnneKCB OTHOCSITCSI: YCTBHOBKB anSI cenapBUHH 

npoayKTOB SiaepHbiX peaKUHHj MBI'HHTHbiH cneKTpOMeTp 

MC-A H yHHBepcanbHhr:ii 9neKrpoMexaHH"'eCKHA Macc­
cneKTpOMerp - (Y3MMC). 

PSia Kauanoe rpaucnopTHpOBKH npeauaauaqaercSI anSI 
cneKrpoMeTpH"'eCKHX HCcneaoeaHH:ii (e ycnoeHSIX Manoro 

~OHa) no CTpyKType BTOMHbiX Siaep H SiaepHbiX peBKUH:ii 
C TSI)I{enbiMH HOHBMH, anSI HCCneaoeaHHH no paaHOXHMHH, 
B TBK)I{e anSI H3y"'eHHSI paaHOBKTHBHhlX CBOHCTB TSI)I{enwx 
H CBepXTSI)I{enbiX 9neMeHTOB. KpOMe TOI'0 1 B CHCTeMe 

paaeoaKH euemHHX ny"'KOB UHKnoTpoua Y-400 npeaycMoTpeuo 
nSITb CB060aHhiX KaHanoe, ~H3H"'eCKHe 9KCnepHMeHTbi HB 

KOTOpbiX 6yayr npOBOaHTbCSI oaHOBpeMeHHO C HCCneaoea­

HHSIMH HB CTBUHOHBpHhlX YCTBHOBKaX. 3TO aoCTHI'BeTCSI 

6naroaapSI xapaKrepuo:ii oco6eHHOCTH BhiBoaa ny"'KOB TSI­
)I{enbiX HOHOB nepeaapMKOH. 

OaHH Ha Kauanoe 6yaeT o6opyaoeau anSI npoeeaeHHSI 
pa60T no ·nonynpOMhimneHHOMY H3I'OTOBneHH~ SiaepHbiX 
~HnbTpoa. 

HacroSimaSI pa6oTa nocaSimeua ew6opy cxeMw H napa­
MeTpoa 9neMeHTOB TpaKTOB HOHHO-OnTH"'eCKOH CHCT8Mbl 
ny"'KOB UHKnoTpoua Y-400. 
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PacqeT H onpeaeneane napaMerpoa HOHHOH onTHKH 
CTaUHOHapHbiX ¢H3HqeCKHX ycTaHOBOK 6yAeT npOBOAHTbCH 
OTAenbHO, 

CHCTEMA PA3BO.UKH BHEWHHX nYLJKOB 
UHKflOTPOHA Y-400 

3¢¢eKTHBHOCTb HCnOnb30BaHHH YCKOpHTeng BO MHOPOM 
onpeaenHeTCH KaqeCTBOM CHCT9Mbl TpaHcnopTHpOBKH nyqKOB. 
WnpoKo pasaeraneHHaH cncreMa KaHanoa nosaonHeT npoao­
AHTb MHOPOnnaHOBhle HCCneAOBaHHH, 

BhiBOA HOHOB nepesapgaKoi%, KOTOpbiH 6yaeT npHMeHHTh­
cg Ha UHKnoTpoHe Y-400, aaeT B03MO*HOCTb nonyqaTb 
KaK ABa BbiB9A9HHhiX nyqKa OAHOBpeMeHHO, TaK H ABa 
npOTHBOnonO*HbiX HanpaaneHHH pa3BOAKH BH9ll!HHX nyqKOB 
(pH c. 1). KpoMe ToPo, nocKonbKY MeAHaHHaH nnocKoCTb 
UHKnorpoHa Y-400 pacnono*eHa Ha paccTOHHHH 4 M oT 
OTM9TKH nona, pa3BOAKY nyqKOB npeanonaPaeTCH OCyll!eCT­
BHTb KaK Ha ypOBHe M9AHaHHOH nnOCKOCTH, TaK H Ha ypOBHe 
1,3 M OT OTMeTKH nona (pH C. 2 )-: llnH OCyiUeCTBneHHH 
nocneaHeH npeanonaPaeTCH cosaaTb cneunanbHyro 8neKTpo­
MaPHHTHyro ycTaHOBKY, nosaonHIDlllYID npOH3BOAHTb nepeHOC 
nyqKa Ha 8TOT ypoaeHb, 3Ta ycTaHOBKa 6yaeT COCTOHTb 
H3 ABYX CeKTOpHhlX 8neKTpOMaPHHTOB C yPnOM nOBOpOTa 
:!:,90 ° H pacnon0*9HHh!X OAHH HaA APYPHM Ha paCCTOHHHH 
0,7 M. KpoMe TOPO, HH*HHH 8neKTpOMaPHHT HMeeT 803-
MO*HOCTb apaiUaTbCH BOKpyP aepTHKanbHOH OCH BXOAHIUe­
PO B HePO nyqKa B npeaenax :!:,12(}" 6e3 Hapyll!eHHH BaKyy­
Ma, COBMeiUaH TaKHM o6pa30M ¢yHKUHH nOBOpOTHOPO H KOM­
MYTHpyroll!ePO MaPHHToa. 

PacnpeaeneHHe nong B MaPHHTax ycTaHOBKH CHH*eHHH 
H KOMMyTaUHH (YCK) Bbi6paHO OAHOpOAHhiM; PpaHHUa MaP­
HHTa nepneHAHKyngpHa HanpaaneHHID BXOAHIU6PO B H6PO 
nyqKa. Bee 8TO ynpomaeT H3POToaneHHe MaPHHTOB H KOM­
MyTaunro nyqKa no pa3HhiM aanpaaneHHHM. PaAHYC ueHT­
panbHOH TpaeKTOpHH qaCTHU B M8PHHTe paBeH 100 CM, AnHH8 
MaPHHTHOH AOPO*KH - 150 eM; aenHqnaa MaPHHTHOPO nonH 
:::; 15 K3; anepTypa M8PHHT8 - 10x6,5 CM 2 • 
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B Ka'ieCTBe YCK rrpearronaraeTc.si HCIIOJlb30BaTb :aneKT­
poMarHHThi THIIa "OKOHH851 paM a" KBK o6n8Jl8IOIUHe Bb!COKOH 

oaaopoaaocTbiO MBI'HHTHoro rron.s~. Pe3ynbT8Thi pac':leTos 

HeOJlHOpOJlHOCTH M8I'HHTHOI'O IIOn.si B MeJlH8HHOH IInOCKOCTH 

:aneKTpOM8I'HHT8 "oKOHH851 paMaw H ero H8M8I'HH'i~B8HHe 
IIpeJlCT8BneHbl Ha pH C • 3. 113 IIpHBeJleHHOH 38BHCHMOCTH 

BHJlHO, 'iTO HeOAHOpOJlHOCTb IIOn.si IIpH ypOBHe ero :; 15 K3 

He xy)l{e 1 o-3 . Bee )l{ene3a :aneKTpOM8I'HHT8 COCT8BHT 7 T. 

T aKHM o6pa3oM, rrpH Hcrronb30BaHHH YCK o6mee "<IHCno 

Kaaanoa BHelliHHX rry"<IKOB UHKnoTpoHa Y-400 aocTHraeT 11 
(pH C. 1,2), 'iTO II03BOn.sieT C 60JlblliOH :aqxpeKTHBHOCTbiO 

HCIIOnb30B8Tb IInOIU8Jlb 3KCIIepHM8HTanbHOI'O 38na. 

PACY:ET DAPAMETPOB CI1CTEMbl 

TPAHCDOPTI1POBKI1 

DpeasapHTenbHhiH Bbi6op rrapaMeTpos H paccTaHOBKa 

:aneMeHTOB KaHanOB BHelliHHX IIY"<IKOB 6hlnH BhliiOnHeHhl Ha 

OCHOBe 8H8nHTH'i8CKHX OUeHOK, HCXOJl.si H3 TOI'O, 'iTO 

MaKCHManbHa.si *eCTKOCTb Bbmeaeaaoro IIY"<~Ka MeTOAOM 

rrepe3ap.siJlKH He rrpeBbimaeT 12,5 K3.M. 

0IITHMH38UH51 CHCT8Mbl 6hma rrpoBeJleHa Ha 38M 

CDC-6400 c IIOMOIUbiO crreuHanbaoti: rrporpaMMbi 

"'TRANSPORT /360", pa3pa6oTaHHoti: B CTealfJopae /2/, 

DporpaMMa Hcrronb3yeT MaTpH"<IHYIO anre6py c y'ieToM 

a6epp8UifOHHblX qneHOB BTOpOI'O IIOp51JlK8 MBnOCTH, IIpH"<18M 

OIITHMH38UH51 CHCTeMhl IIpOBOJlHTC.si TOnbKO B nHHeHHOM 

rrpH6nH*8HHH. 3soniOUH.si rry"<IKa B rrpouecce ero Tpaacrrop­

TifpOBKH qepe3 HOHHO-OIITH'i8CKYIO CHCTeMy paCCM8TpHBa-

8TC51 B mecTHMepHoM lfJa3oBoM rrpocrpaHCTBe X, X'; Y, Y '; 
e ,8. 3aecb X,Y- KOOPJlHH8Tbl OI'H6aiOIUHX IIY"<IKa BO B38HMHO­

rreprreHJlHKyn.sipHblX IInOCKOCT.siX, OTC"<IHTbiBaeMbie OT UeHT­

panbHOH TpaeKTOpHH; X', y' - yrnoBbie pacxoaHMOCTH rryq­

Ka B TO"<IKaX X,Y ; e- pa3HOCTb anHH IIYTH IIPOH3BOnb­

HOI'O nyqa H UeHTpanbHOH TpaeKTOpHH; 8= ~p/p - OTKno­
HeHHe ITO HMIIynbCy "<18CTHUbl OTHOCHTenbHO UeHTpanbHOH 

TpaeKTOpHH. 

J1CIIOnb3yeMa51 IIporpaMM8 II03BOn.sieT IIpOBOJlHTb B8PbH­

pOB8HHe IIepeMeHHhlX rrapaMeTpOB Jln.si Jl8C51TH :aneMeHTOB 
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KaHana (anuHa apefi~a, rpaaHeHT MarHHTHoro nong Ksaa­

pynonefi, none MarHHTOB YCK c y'IeTOM s~~eKTa Kpaeso­

ro nong) oaHOBpeMeHHO npH BblllOnHeHHH 3aaaHHbiX Tpe-

60BaHHH K napaMeTpaM ny'IKa (pa3Mephi, yrnosag pacxo­

aHMOCTh) B Bbi6paHHbiX TO'IK8X KaHana. 

TiapaMeTpbi ny'IKa HOHOB, BbiBeaeHHOrO H3 UHKnOTpOHa 

Y -400 ,cneayromHe: . ·'-1 
rOpH30HTanbHbiH 8MHTT8HC - 80 MM l.aa 
sepTHKanbHhiH SMHTTaHc - 40 MMr>,paa 

ropH30HTanbHhiil pa3Mep ny'IKa - 40 MM 

BepTHKanbHblil p83Mep ny'IK8 - 30 MM 

:3HepreTH'IeCKag HeOaHOpOilHOCTb - ~ 1% 
0nTHMH38UHg napaMeTpOB HOHHO-OnTH'IeCKOH CHCTeMbl 

KaHanOB npOBOilHnacb H8 OCHOBe Tpe6oBaHHH nony'IeHHg 

H8 MHll1eHH ny'IK8 p83MepOM 20x20 MM 2 H npOXO)!(JleHHg 

scex KaHanos 6e3 noTepb. 

~OKYCHpyiOll1HMH aneMeHT8MH HOHHO-onTH'IeCKOH CHCTe­

Mbl KaHanos Bbi6paHhi ny6neThi KBanpynonbHbiX nHH3 

2Mn5-2 ( :3~~eKTHBHag anHH8 - 30 CM, anepTypa -

13,86 CM, rp8JlHeHT MarHHTHOro nong 420· 3 CM -l ,KOTOpbie, 

KaK noKa3anH pacqeThl, ynosneTsopgiOT seeM nepe'IHcneH­

HhiM Bblllle Tpe60B8HHgM Ha napaMeTpbi ny'IK8, 

B Ka'IeCTBe npHMepa Ha pH c. 4,5 npencTasneHbi orH-

6aromHe KOOpllHH8T H pacXOilHMOCTeH ny'IKa B BepTHKanbHOM 

H ropH30HTanhHOM HanpasneHHgx nng pgaa KaHanos • 

3HepreTH'IeCKag HeOilHOpOilHOCTb B ny'IKe (8E/E = 1%), 
KaK noKa3anH pacqeThl, npHBOilHT K ylllHpeHHIO H306pa)!(eHHg 

Ha MHllleHH ao 20% no Cp8BHeHHIO C MOHOXpOMaTH'IeCKHM 

ny'IKOM, a npH CTpOrO 381l8HHOM p83Mepe ny'IK8 H8 MHllle-

HH - K ysenH'IeHHIO rp=tllHeHTOB KB8JlpynonbHbiX nHH3 (pH C , 4) • 
llng ycTOil'IHBOH TpaCCHpOBKH H yMeHbllleHHg pa3MepoB 

ny'IKa Ha MHllleHH nHTaHHe cucTeMbi YCK non)!(HO 6biTh 

CT86HnH3HpOB8HO C TO'IHOCTbiO 2-3.10-4 
nHH3 - 10-3 . 

8 OTnH'IHe OT OlllHfiKH B CHne MarHHTOB HnH nHH3 HeTO'I­

HOCTH B ycTaHOBKe aneMeHTOB He npHBOJlgT K YXYilllleHHIO 

Ka'IeCTBa ny'IKa, oaHaKO yMeHbll18IOT S~~eKTHBHOCTb TpaHC­

nopTHpOBKHo K T8KHM HeTO'IHOcTgM OTHocgTcg: CllBHr, 

nOBOpOT H HaKnOH OCeH MarHHTOB H KB8JlpynonbHbiX nHH3 

OTHOCHTenbHO OCH HOHOnpOBOil8o PacqeTbl nOK83biB8IOT, 'ITO 
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10 I 
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K a¢¢eKTaM CMBWBHHH DY'!Ka Ha MHillBHH rrpHBOUHT 
HecornacosaHue yrna BhlXoaa H3 KaMephl UHKnorpoHa 
C OCbhl HOHODpOBOQa, a T8Km8 CABHr llBHTpa ITY'IK8 OTHO­
CHTBJibHO 8TOH OCH. T aK, ecnH CABHr paBeH 0,5 CM, TO 
8TO Bhl3hlB88T CMBWBHHB rry'!Ka Ha MHillBHH ao 1 CM (Ka­
Han Nd 1). LlnH ycTpaHeHHH ow116oK B nonoJKeHHH nyqKa 
HJIH B HanpaBJIBHHH ero UBHIKBHHH B CXBMY TpaHCITOpTHpOBKH 
KaJKQOrO KaHana 6yayT BBBABHbl KOppeKTHpyhlill!-!8 yc'!'po:1-
CTBa, B03ABHCTBYhlillH8 Ha ny'IOK rrorrepe'!Hb!M MarP.:!:!THbiM 

noneM. 

ABrophl BhlpaJKahlT ucKpeHHIDID 6naroaapHocrb aKaaeMH­
KY f.H.¢nepoay 3a TIOCT8HOBKY 3aQa'!H H ITOCTO£HHOB BHH­

MaHHB K pa6ore. 

flY!TEPATYPA 

1. YI.A.WenaeB H ap. OY!HY!, P9-5086, Lly6Ha, 1970. 
2. K.L.Brown, B.K.Kear, S.K.Howry, "TRANSPORT/360 A Computer 

Program for Designing Beam Transport Systems", SLAC Report 
No.9!, Stanford Linear Accelerator Center, Stanford University, 
Stanford, California (1970). 

12 

PyKorrucb nocryrruna B uaaarenbCKHH oraen 
9 HOH6pH 1976 rona. 


