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HccneA08aH~A Ha ny4KaX TRmenWX MOH08 8 W~POKOM AMana30He Mace 

8nflOTb AO ny4K08 MOH08 ypaHa C 3Hepr~e~ OT 10-50 AD 100-
200 M3B/HyKnoH npeAcTa8nA~T 6onbwMe noTeH~ManbHWe 803MOmHoCTM 

peWeHMA KaK ~yHgaMeHTaflbHWX Hay4HWX npo6neM, TaK M BamHe~WMX 

HapogHOX03A~CT8eHHWX 3aAa4. ny4KM HaM6onee TAmenWX 6oM6apgMpyD

~~X 4aCTMq, TaK~X KaK ~OH08'cB~Hqa M ypaHa, gaDT 60flbWMe 803-

MOmHOCTH 8 06naCTM CHHTe3a M M3y4eHMA C80~CTB TAmenWX M CBepx

TAmenwx ngep, ,MMe~~e~ nepsocTeneHHoe 3Ha4eHHe gnn peweHMA sonpo
ca 0 npegenax CTa6MflbHOCTM XHMH4eCKMX 3fleMeHTOB. 

Pa6oTan c TnmenwMH MoHaMH c 3HeprMe~ go 10 M3B/HyKnoH, y4e

Hwe PAAa CTpaH /cy~eCTBeHHW~ 8Kflag BHeCnM y4eHWe ny6Hw/ CMOrflH 

nony4HTb qeHHYD HH¢OpMaqHD 0 C80~CT8aX qenoro PAAa Agep, YAaneH

HWX OT ~-cTa6HflbHOCTH. noswWeHMe 3HeprMH TAmenwx MOH08 n03BOflHT 

nepe~TM K nony4eHMD HYKflMAOB Ha rpaHMqe ngepHO~ CTa6MflbHOCTM, 

4TO MCKflD4HTeflbHO BamHO AflA p838MTHA AAepHO~ TeOpMH M HeKOTOpwx 
aKTyanbHwx HanpasneHM~ s acTpo¢H3MKe. 

B nocneAHMe rogw pe3KO B03POC MHTepec K M3y4eHM~ noBeAeHMA 

ngepHo~ MaTepHM s 3KCTpeManbHwx ycno8MAX. YcKopeHHwe Tnmenwe Mo

HW npegcTa8flADT co6o~ YHMKaflbHW~ MHCTpyMeHT AflA nony4eHMA Agep

HO~ MaTePMM B COCTOAHMAX aHOMaflbHO 8WCOKO~ nnOTHOCTM M TeMnepa

Typw, B KOTOPWX AOflMHW npOA8HTbCA 04eHb MHTepecHwe M, 803MOmHO, 
HeOMMgaHHWe A8fleHMA. 

npM ~3y4eH~M MaKpOCKOnM4eCKMX C80~CTB AgepHoro 8e~eCT8a 6onb

WOe 3Ha4eHMe MMeDT 3KcnepHMeHTW, 8 KOTOpWX npOA8flADTCA KOnneK

TM8HWe A8HmeHMA 6onbWO~ aMnflMTYAW M npoqeccw AMCCMnaqMM 3HeprMM 

TaKoro A8HmeHMA. PeaK~MM c TnmenwMM MoHaMM npegcTa8nRDT co6o~ 

npaKTM4eCKH eAHHCT8eHHW~ nyTb AflA nony4eHMA qeHHO~ MH¢0pMaqMM 
0 TaKMX A8fleHMAX. 

Oco6w~ MHTepec npon8nneTcn K H3y4eHMD npoqecco8 KyMynnTH8Horo 

pomgeHMA Me30H08 H reHepa~M~ BWCOK03HeprM4HWX HYKflOH08 M nerKHX 

AAep npM CTOflKH08eHMAX CflOmHWX Agep 86flM3M nopora pOmAeHMA 

I >80 M3B/HyKnoH AflA pomgeHMA Me30H08/. BwcoK03HeprM4Hwe ny4KM 
TA~eflbiX MOH08 n03B0flADT np080AMTb BamHe~WMe MCCneg08aHMA 8 o6-

naCTM aTOMHO~ ¢M3MKM, K KOTOpbiM OTHOCATCA MCCnegOBaHMA 3fleKTpOH

HO~ CTPYKTypw CMflbHO MOHM308aHHWX aTOM08 M M3Y4eHMe XMMM4eCKMX 
npoqeCC08 8 CMflbHO MOHM308aHHWX cpegax. 

HCKflD4MTeflbHO 60flbWO~ MHTepec BW3W8aeT B03MOmHOCTb np08epKM 
3aKOHOB K8aHT080~ 3fleKTPOAMHaMMKM B CBepXCMflbHWX nOflAX, 803-
HMKaD~MX npM CTOflKH08eHMM A8YX ngep ypaHa. 

60flbWMe nepcneKTM8W CBA3aHw C MCnOflb308aHMeM TRmenwX ~OH08 
AflA peweHMA 8amHe~WMX Hay4HO-TeXHM4eCKMX M npMKflaAHWX 3aAa4. I 

...... ~ --r-
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\....e.eweH~e 60JlbWOIO 4~CJla Ba>KHe~Ul~X Ha POAHOX03H~C TBeHHbiX 3aAa4 
eBH3aHO e ~eeneAOBaH~HM~ no paA~aljHOHHOMY MaTep~aJlOBeAeHH~. 
3Aeeb eneAyeT B~AeilHTb TaKVIe aKTyanbH~e npo6neM~, KaK MaewTa6Hoe• 
H 3KenpeecHoe MOAeilHPOBaHMe pagVIa~VIOHH~X nospe>KAeHVI~ B KOHeTpyK
~MOHHhlX MaTepMaJlaX ngepHWX 3HepreTV14eeKMX yeTaHOBOK, rny6oKy~ 

naeJlO~Hy~ VIMnJlaHTa~VI~ pa3H006pa3H~X MOHOB e ~eJlb~ nony4eHVIH 
HOBbiX MaTepManos gnn TexH~KVI lesepxnposogHVIKM, nonynposogHMKO
Bble MaTepV~ailbl M T. A. I .. Ba>KHOe 3Ha4eHVIe VIMe~T Aailb He~wVIe pa6oTbl 
no nOJly4eHVI~ HOBhlX TMnOB AgepHWX $MilbTpOB Vl3 nOilVIMepHWX MaTepMa
JlOB, enoeo6HbiX Bblgep>KVIBBTb ye!lOBVIH BbleOKO~ TeMnepaTypbl M arpee
eMBHO~ epeAbl. 

ny4KVI TH>Ke!l~X MOHOB OTKpWBa~T 60JlbWVIe 803MO>KHOeTVI 8 M3Y4eHMM 
6VIOJlOIVI4eCKVIX npo~eeeos VI B Meg~~VIHeKO~ AVIaiHOeTMKe e Menonb-
30BBHVIeM 06Jly4eHM~ 6VIOJlOIM4eeKVIX 06beKTOB KOpOTKO>KMBY~VIMVI pagMo
aKTMBHWMVI ~30~onaMM yrnepoga, B30Ta M KMenopoga. 

nposegeHVIe MeenegosaHVI~ so seex nepe4VIeneHHWX HanpasneHVIHX 
HaKnaAwsaeT onpegeneHHWe Tpe6osaHMH Ha ny4KVI yeKopeHHWX Tn>Kenwx 
~oHos. Bo-nepswx, AOil>KHa 6wTb o6eene4eHa soaMO>KHoeTb yeKopeH~n 
VIOHOB seex XVIMV14eeKMX 3JleMeHTOB. Bo-sTOpWX, 3HeprMH ny4KOB gon
>KHa 6wTb ~100 M3BIHyKnoH. B-TpeTbMX, AilA nposeAeHVIH MeeneAoBaH~~ 
no PRAY sa>KHeAWMX HanpasneHVI~, TaKVIX KaK eVIHTe3 HOB~X 3JleMeHTOB 
M HAep, yganeHHWX OT ~-eTa6MnbHOeTM, M3y4eHMe peAKHX KaHanos 
peaK~VI~Ipo>KgeHMe Me30HOB VI BbleOK03Hepr~4HbiX ¢parMeHTOBI, 
Vl3y4eHHe nognoporoBbiX npo~eeeos, pegKVIX npo~eeeos paenaga VI gp., 
Heo6xogHMO nony4eHHe BbleoKo~ HHTeHeHBHOCTVI ny4KOB I > 10 11c -l 1-.J 

npVI goeTVI>KeHHM VIHTeHeHBHOeTM ny4KB J012 e-1 nOHBJlHeTeH B03-
MO>KHOeTb nposegeHMH MeenegOBBHVIA lnog06HO Me30HaM M nHOHBM Ha 
npOTOHHWX yeKOPVITeJlHXI HB ny4KBX BTOPV14HWX VIOHOB - PBAVIOBKTVIBHWX 
npogyKTaX peaK~VIA VI OeKOJlKaX AeJleHMH, OTJlVI4B~~VIXeH 60JlbWO~ BapVIa
~VIe~ no napaMeTpy t!A/Z. 3To TaKHe VIOHbl, KaK a He, 8 He, tee , ttc , 
13N, 150, 145Xe,139I ,94Kr HAP· 

PaeeMaTpVIBaH pa3JlM4HWe MOAeilH yeKOPHTeJlbHWX eMeTeM M COBpe
MeHHWe goeTH>KeHVIH B o6naeTM hony4eHMH BWCOK038PHAHWX MOHOB,MO>K
HO npVI~TH K 3BKJ1~4eHVI~,4TO HaVI60nee 3¢¢eKTVIBHWM AilH nony4eHVIH 
Tpe6yeMWX ny4KOB VIOHOB HBJlHeTen TaHgeMHW~ MeTOA yeKopeHVI~, npe
AYeMaTpHBa~~VIA MenonbaosaHVIe npegyeKOPVITenn, reHepHPY~~ero 

ny4KM VIOHOB e 3HeprMe~ AO 2 M3BIHyKJlOH, e noenegy~~MM pe3KHM 
nOBWWeHHeM aapnga HOHOB 3a e4eT noTepH 3JleKTpOHOB HB TBepgo~ 
MHWeHH, noene 4ero npOBOAMTen yeKopeHHe HOHOB AO BWeOKHX 3HeprH~ 
Ha BTopoA eTyneHH. 

LnpH yeKopeHHH go 3HeprHH 100-200 M3BIHyKnoH HaH6onbwan Hl-neH
eHsHoeTb ny4Ka MO>KeT 6WTb goeTHrHyTa Ha yeTaHOBKaX ~HKJlOTpOHHOIO 

THna. 3ToT MeTOA 6bm snepswe HenonbaosaH s 1971 rogy s na6opaTo
PHH HAepHwx peaK~HA OH~H gnn nony4eHHe 11Y4KOB Tn>Kenwx HOHos 
BnilOTb AO 186Xe HB TB~AeMe ~HKJlOTpOHOB H 6wn npHHHT B KB4eeTBe 
oeHosw npH eoopy>KeHMM ~enoro Knaeea Hoswx ycKOpHTeneA Tn>Kenwx 
HOHOB TpeTberO nOKOJleHHR. 
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B HaeTOH~ee speMR B na6opaTOPHH HAePH~X peaK~H~ OHRH paapa-
6oTaH npOeKT C03AaHHR ~HKJlOTpOHHOIO KOMnJleKea, BKI1~4a~~ero B /ll 
Ka4eeTBe npegyeKOPHTeJlH MO~HWA ~MKJlOTpOH TH>KeJlWX HOHOB Y-400 
M noenegy~~~A yeKOpHTeJlb - ~HKJlOTPOH e pa3AeJleHH~MH eeKTopaMH 
Y-1 o.Q_Qj BMeeTe e TeM' aHaJlH3~PYH peayJlbTBTbl, a TaK>Ke TeHAeH~HH 
pa3B~THH ¢~3H4eeKHX H $M3~Ko-TeXHH4eeKHX HecnegoBaHH~, npose
geHHWX so MHOrHx na6opaTop~nx M~pa s noeneAH~e rogw ICWA, Ka
Haga, RnoH~n, ¢paH~~n, ¢Pr, HTanHn, KHTaA M gp.l, ~ HCXOAH 
~3 OeHOBHWX nOilO>KeHH~, Jle>Ka~~X B OeHOBe paHee paeeMOTpeHHOIO 
npoeKTa ~~KJlOTpOHHOIO KOMnJleKea, MO>KHO npHATH K 3aKJ1~4eHH~, 4TO 
peweHHe 3TO~ 3BAa4H MO>KeT 6WTb goeTHIHyTO B 3Ha4HTeJlbHO 6onee 
KOPOTKMA epOK ~ 3Ha4HTeilbHO 6onee eKpOMHWM~ epegeTBaMVI, eeJlVI 
B Ka4eeTse BTOPO~ eTyneHVI ~enOilb30BaTb MOgepHH3~POBBHH~A ~HKilOT

pOH~-300 IY-400MI_j nogo6HbiA KOMn!leKe no3BOJ1HT nony4aTb see 
ny4KVI VIOHOB OT KHCJlOpoga AO ypaHa e VIHTeHeHBHOCTb~ 5·10 12 -
10 11 e-1H e 3HeprHeA 120-20 M3BIHYKilOH eooTseTeTseHHO. TaKoA 
yeKOpVITeJlbH~A KOMnJleKe 6ygeT npesoeXOAVITb no HHTeHeVIBHOCTH see 
Ae~eTBY~~He H eoopy>KaeMWe yeTaHOBKH TH>KeJl~X VIOHOB B 3TOM AHBna-
30He 3HeprH~. no HaWVIM O~eHKBM, OH 6yAeT HMeTb 3TO npe~My~eeTBO 
nb KpaAHeA Mepe 8 Te4eHHe 6nH>KBAWVIX 10 neT. 

1. KPATKOE OnHCAHHE KOMnnEKC~ UHKnOTPOHOB 

/ YeKop~TeJlbHan ycTaHOBKa Vl3 gsyx ~HKilOTPOHOB Y-400 VI Y-400M, 
c~a KOTopoA npHBeAeHa Ha p~e.1, npeAHa3Ha4eHa KaK AilR nony4e
HHH esepxTnmenbiX ~OHOB, TaK~x KaK Xs-U e 3Hepr~eA 20-40 M3BIHyK
noH, TaK H nerKHX e 3HeprHeA -120 M3BIHyKnoH. HoHw, ycKopeHHwe 
s ~HKilOTpoHe-HHmeKTope Y-400,swsognTcn 3JleKTpoeTaTH4eeKHM Ae¢neK
TopoM, TpaHenopTHPY~TeH no ~OHOnpOBOAY Ail~HOA -120M AO ~~KnoT

IpoHa Y-400M ~. noswwan esoA aapHA np~ npoxomAeH~H TOHKoA M~WeH~, 
HH)I{eKTHPY~TeH Ha paBHOBeeHy~ op6~TY ~ 3aTeM yeKOPH~TeH AO KO
He~HOA 3Hepr~~ HeKoTopble napaMeTpbl ~oHOB, ycKopneMbiX s paccMaT
p~saeMOM KOMnJleKee ~HKJlOTPOHOB, np~BeAeHW B Ta6n.1. 

Ta6mu.1a I 

Y-400 Y-400H 

HoH!:I z 1 M3B/HyKJ1. Zz ~13 B I HYKJl . 

te0 I 2,5 8 120 
20Ne I I, 7 8 80 

, 40Ar 2 I, 7 13 6Qo 
84Kr 4 I, 5 22 40 

186Xe 6 I ,3 33 35 
2asu 12 I, 7 so 25 
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Puc. I . CxeMa o;nKJIOTpOHHoro KOMITJieKca THJKeJibiX HOHOB • 

,[lm1 ycKopeHIIIR 1t10HOB go yKasaHHbiX ::mepr111J)I napaMeTp K "'0,5H2R2 
I 

"K K 
HK- HanpRM<eHHOCTb cpegHero MarH~ttTHoro nonR, RK - KOHe4Hbllt1 pa-

g~ttyc ycKopeH~ttR/ ~lttKJlOTpoHa Y~400M gonmeH cocTasnRTb 550-560, 
4TO Tpe6yeT COSgaHittR ypOBHR cpegHero MarHittTHOrO nOJlR HanpRmeH
HOCTbiO -20 K3. 

,[lnn ycKop~t~TenR Y-400M,sw6paHa 4eTwpexceKTOpHaR CTPYKTypa c 
gsyMR gyaHTaM~tt, pacnonomeHHbiMitt s npoT~ttsononomHbiX "gon~t~Hax 11 • 
,[lnR nony4eH~ttR sHa4111TeJlbHOro Ha6opa 3Heprlll~tt sa o6opoT, yMeHbwe
HittR noTepb csepXTRmeJlWX lt10HOB Ha OCTaT04HOM rase YCKOplt1TeJlR Ha
npRmeH~tte Ha gyaHTaX gOJlmHO COCTaBJlRTb 200-250 KB. 3TO Tpe6yeT 
6onbwoJ)\ I<;:. 50 eM/ anepTypbl "gon~t~Hbl 11 YCKop~t~TenR, 4TO npvmogiiiT 
K ysen~tt4eHHIO /no cpasHeHit110 c ~lttKJlOTPOHOM Y-400/ cpegHero sos
gywHoro sasopa ~~~~KnoTpoHa Y-400M, a cnegosaTeJlbHO, K'gononHI-1-
TeJlbHoJ)\ peKOHCTPYK~It11t1 3neKTPOMarH~t~Ta E8 c ~eJlbiO coxpaHeHIIIR yKa
saHHoro yposHR cpegHero MarH~ttTHoro nonR. 

BepT~t~KaJlbHbJJ)\ sasop s "gon~t~He" ~IIIKJlOTpoHa 
50 CM, s "xonMe11 

- 10 CM. Tpe6yeMbiJ)I yposeHb 
cpegHeM sasope 30 eM gocT~ttraeTcR cnegyi0~111Mit1 

1/ yMeHbWeHIIIeM paCCTORHittR Memgy o6MOTKaMIII 
180 CM go 150 eM; 

4 

Bbl6paH paBHbiM 
MarHIIITHOrO nOJlR 
cnoco6aM~tt: 

BOS6ymgeHit1R CO 
I 

np~tt 

1100 

a 

"' ... ..._ 

R~ 
25.~~_,---,,---,---~L-~ 

20! ~"""' =1' ... I 
Y-400M 
Y-400 

15 -
0 10 20 30 40 50hlcM) 
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Pnc.2. CxeMa 3JieKTpoMarHHTa Y-400M /a/; sasncHMOCTb HarrpH
JKeHHOCTH cpe~Hero MarHHTHoro ITOJIH oT cp~Hero sasopa /6/. 

2/ yBeJllt14eHIIIeM 4111CJla Blt1TKOB B 06MOTKaX C 448 AO 504 Ill TOKa 
c 1900 go 2300 A; 

3/ yseJl~tt4eHIIIeM ce4eHIIIR MarH~t~Tonposoga Ha 10% sa C4eT gononH~tt
TeJlbHWX CTaJlbHWX 6JlOKOB /o6~1t1M BeCOM 160 T/, ycTaHOBJleHHWX BO 
BHyTpeHHeM OKHe 3JleKTpOMarHIIITa. 

Pac4eT MarHIIITHoro nonR sneKT~oMarH~t~Ta /p~ttc.2a/ ycKop~t~TenR, 
BblnOJlHeHHbJJ)\ no nporpaMMe .FIELD ll/ , noKasan, 4TO npl-1 yKasaHHbiX 
lt1SMeHeHit1RX B MarHIIITHOJ)\ ~en111 3JleKTpOMarHIIITa ypoBeHb MarHIIITHOrO 
nonR np111 cpegHeM sasope 30 CM cocTasnReT -20,5 K3 /plllc.26/, 
a asiiiMyTanbHaR sap111a~~~~R MarHIIITHoro nonR /plllc.3/ nossonReT nony
•-:~t~Tb senl-14111HY $naTTepa .F = (H 2- H2)jH2.,. 0,1. 

400cM 

a 

H!M31 301-
1 

25 r 

20-

IQL 
0 22,5 L5,0 67.5 90,0 91rpul 

6 

Pnc.3. reoMeTpHH MarHHTHoro sasopa D;HKJIOTpoHa Y-400M /a/; 
pacrrpe~eJieHne MarHHTHoro rronn no asHMYTY s Me~naHHOH 

ITJIOCKOCTH D;HKJIOTpOHa Ha pa~HyCe 170 CM /6/. 
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Pilc.4. 3aBHCHMOCTH: a/ pac
Ta MarHHTHoro nonH H 6/ ¢naT
Tepa Ha KOHe<rHbiX pap;Hycax 
OT nonH B ~eHTpe ,IJ;nfl pHp;a 
I~HKnOTpOHOB; B/ <raCTOT aK
CHanbHblX V z H pap;HanbHbiX l--Iz 
6eTaTpOHHbiX KOneoaHHH HOHOB 
~HKnOTp~ma Y400H OT KHHeTH
<reCKOH 3HeprHH. 

AnR ~3oxpoHHoro ycKopeH~R ~OHOB s w~pOKOM A~ana3oHe KOHe4H~X 
3Hepr~R /20-120 M3B/HyKnoH/ Heo6xoA~MO ~OpM~posaTb c~nbHO pa3n~-
4a~~~ecR pacnpeAeneH~R MarH~TH~X noneR no paA~ycy. 06~4HO 3TO 
BblnOnHReTCR C~CTeMOR KOnbL.leBbiX TOKOBbiX KaTYW.eR·, MO!AHOCTb n~TaH~R 
KOTOP~X COCTaBnReT 3Ha4~TenbHY~ 48CTb n~TaH~R O~HbBHOR 06MOTK~ 
B036y)I(AeH~R. 

PoeT cpeAHero MarH~THoro nonR no paAI1YCY 6-H == HK -H0AnR L.111K
noTpOHOB Y-200 11 Y-400, KaK npeAcTasneHo Ha pl1c.4a, RBnR~TCR 
¢yHK411eR nonR B L.leHTpe YCKOP~TenR (H0 ), np11 yMeHbWeHI111 YPOBHR 
nonR 3Ha4eHI1e ~H pacTeT. 3ToT 3¢¢eKT 11cnonb3yeTcR AnR s~6opa 
yposHei1 cpeAH11X MarHI1THbiX nonei:i L.111KnoTpoHos Y-200 11 Y-400 
c 4enb~ ycKopeHI1R ~OHOB AO 3Hepr~R 2-35 M3B/HyKnoH c MI1H11Manb
HbiM BKnaAOM CI1CTeM KOppeKTI1PYIO~VIX KaTyWeK B pacnpeAeneHHe Mar
HI1THOrO nonR no paA11ycy. HecMoTpR Ha HeKOTop~e pa3n~411R MarHI1TH~x 
cTpyKTYP Ll~KnOTPOHOB Y-200 11 Y-400, cneAyeT O)I(11AaTb, 4TO 3as11c11-

6 

, .MocT~ 6-H == f(H0 ) ~ ¢naTTepa F = f(H 0) oT MarHI1THoro nonR 
COXpaHRTCR /pl1c.46/. no3TOMY 1130XpOHHOe MarHI1THOe none L.l~KnOT- 1 

poHa Y-4001~ AnR ycKop'eHI1R ~OHOB c A/Z ==4 AO 3Hepr~l1 ~20 M3B/HyK
noH /Ho"'19,6 K3,tJ.H,.400 3/ 6yAeT c¢opMI1POBaHO CeKTOpaMI1, 
paAI1anbH~i1 npo¢11nb KOTOp~X yseni1411BaeTCR C POCTOM paAI1YCa, a 
Heo6xoA11Mblc:i poeT nann no paAI1YCY AnR ycKopeHI1R 110HOB c A/Z ==2 

/ 

AO 8Hepr1111 "'120 M3B/HyKnoH /H0 "'16 K3, 6-H"' 2 K3/ 6yAeT nony4eH 
nyTeM 113MeHeHI1R ToKa s ocHOBHoR o6MOTKe so36Y)I(AeH~R. Anfl bKoH-
4aTenbHoi1 KOppeKL.11111 pacnpeAeneHI1R MarHI1THoro nonR no paA11YCY 
6yAeT 11CnOnb30BaHa CI1CTeMa 113 BOCeMHaAL.laTI1 TOKOBWX KaTyweK; 
3Ha4eHI1R ¢naTTepa Ha KOHe4HWX paA~ycax /p~c.46/ paCTyT C yMeHb
WeH~eM YPOBHR MarH~THOro nonR Ll~KnOTpOHOB, 4TO AaeT B03MO)I(HOCTb 
nony4~Tb He06XOA11MY~ sap~a411~ MarH~THOrO nOJlR no a3~MYTY AnR 
¢oKyc~poBKI1 ~OHOB c 3Hepr~eR AO 120-130 M3B/HyKnoH 6e3 np~MeHe
H~R MO~HbiX ¢naTTepHbiX 06MOTOK. 

Bwpa)l(eH~R AJlR yacToT aKCI1aJlbHWX v
1 

~ paA~anbHWX vr 6eTa
TpoHHWX Kone6aH11i:\ ~OHOB npeACTaBnR~TCR B B~Ae 

v2 ==- K + 1,07 F(l + 2tg 2f), z 

v 2 = 1 + K + 0,267(1 + tg2 f), r 

/1/ 

rAe K = y 2 - 1, y =W/W0+1. Yron cn~panbHOCT~ ceKTopos f 
Mo)l(eT 6wTb npeACTasne~ swpa)l(eH~eM 

/p~c.3/ 

tgf ( r) IH 

/2/ 
\14R~-r2 

RK 
rAe R.; = -

2 
. T• f K - 3Ha4~H~e yr na cn~panbHOCT~ Ha KOHe4HOM pa-

stnsK 
A~yce YCKOpeH~.R 4aCT~L.l ~. 3Ha4eH~e f K, paBHOe 40°, 6biJ10 Bbi6paHO 
~3 np~HRTbiX 3H84eH~i1 48CTOT KOne6aH~R 4aCT~L.l, Jle)l(a~~X B npeAenax 
0, 1 < vz < 0, 5, vr > 1, 01. B pac4eTax 4aCTOT Kone6aHI1i1 vz, v r 
/p~c.4s/ np~HRT BO BH~MaH~e ~ TOT ¢aKT, 4TO 3Ha4eH11R ¢naTT~pa Ha 
H84aJlbHWX paAI1YCaX npi16Jli1311TeJlbHO Ha 40% MeHbWe ¢JlaTTepa B KOHL.le 
YCKOpeH~R. 

2. CHCTEM~ BWBOAA, TPAHCnOPTHPOBKH H HH~EKUHH nY4KOB 
HOHOB UHKnOTPOHOB Y-400 ~ Y-400M 

~116onee npOCTOi:i CXeMoi1 11H)I(eKL.11111 ~OHOB B Ll~KJlOTpOH RBJlReTCR 
cnoco6, KOrAa BBOA11MWe ~OHW ~cn~TWBaiO~ nepe3aPRAKY B LleHTpanbHOi1 
o6naCTI1 OCHOBHOrO yCKOpi1TenR. no3TOMY B~BOA ny4KOB ~OHOB 113 
L.111KJlOTPOHa Y-400 AOJl>~eH ocy~ecTsnRTbCR c noMO~biO 3neKTpocTaT~-
4ecKoro Ae¢neKTopa. 411cneHHOe MOAen11posaH~e npollecca B~BoAa 4ac
T~Ll ~3 Y-400 npOI13BOA~J10Cb Ha 3BM. C L.leJlb~ 3$¢eKTI1BHOro BWBOAa 
ny4Ka C KOHe4HOro paA~YCa YCKOpeH11R 11 Hallen~BaH~R ero B KaHan 
TpaHcnopT~pOBK~ nnaH~pyeTcR ~cnonb30BaTb ABa Ae¢neKTopa /A 1, A

2
) 

Ha p~C. 5a/ yrnosoi1 npOTfl)l(eHHOCTbiO ~ ycTaHOBJleHHbiX B ABYX 
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PHC. 5. CxeMa BbiBO,[Ia HOHOB H3 IJ;HKJ10TpoHa Y-400. 

coceAHI-1X "Aoni-'!Hax". Ha p1-1c. 56 s Ka4ecTse np1-1Mepa npeACTasneHbl 
sasi-'!CI-'IMOCTI-1 paAI-'!yca BbiBeAeHHbiX ·ny4KOB Rb c OTHoweHI-'!eM A/Z =20 
OT yrna Tp~eKTOPI-11-1 y K paAI-1ycy-seKTOPY ~ npl-1 paSJli-14H~X HanpA
meHHOCTAX 3JleKTPI-14eCKOrO nonA Ha Ae¢neKTOpax, OTMe4eHH~e ~l-1¢pa

MI-1 /KB/ CM/ Ha Kpi-1BbiX. (TpeX3neMeHTHbli1 <!>OKYCI-1PYIOU11-1i1 no paAI-1YCY 
MarHI-1TH~i1 KaHan ycTaH~saeTCA nocne sToporo Ae¢neKTOpa no 
XOAY nY4Ka /p1-1c. Sa/, rAe MaKCI-1ManbHbli1 rpaAI-'!eHT MarHI-1THoro nonA 
t< op61-1Te BbmycKaeMoro ny4t<a I-10HOB AOCTI-1raeT seni-141-'!Hbl 1 , 5 K3/ S!!J' 
3aBI-1CI-1MOCH1 Rb = f(y) nossonAIOT Bbl6paTb Heo6xoAI-1MOe HanpasneHI-'!e 
BbiBeAeHHoro n94Ka AnA cornacosaHI-1A ero c HanpasneHI-1eM ranepe1-1, 
csAs~saiOU1ei1 3Kcnepi-1MeHTanbH~e san~ ~I-1KilOTpoHos Y-400 1-1 Y-400M. 
ny4KI-1 TPaHcnopTI-1PYIOTCA no 1-'!0HOnpOBOAY A1-1aMeTpOM 100 MM. AnA 
nosopoTa ny4KOB B rOpi-1SOHTaJlbHOi1 nilOCKOCTI-1 /pMc.l/ MOryT 6~Tb 
MCnOilbSOBaHbl 3JleKTpOMarHI-1Tbl Cn-027 C yrnoM nOBOpOTa 54°, pa-
AMYCOM 2,5 M 1-1 HanpAmeHHOCTbiO MarHI-1THOro nonA 18 K3. ¢OKYCM-
pOBKa nY4KOB MOHOB npl-1 TpaHCnOpTMpOBKe OCy1J1eCTBnAeTCA KBaApy
nonbHbiMI-1 nMHSaMI-1 C MaKCMManbHbiM rpaAI-1eHTOM MarHI-1THOrO nonA 
600 3/cM. AnA TpaHcnopTMPOBKM ny4Ka 1-1s MeAMaHHOi1 ~nocKocTM ~MK
noTpoHa Y-400 s MeAI-1aHHYIO nnocKoCTb ycKOpMTenA Y-400M Mcnonbsy
IOTCA MarHMT~ T1-1na Cn-09. 

1-ls Ta6n. 1 CileAyeT, 4.TO KpaTHOCTb nepesapAAKI-1 I-10HOB Ha TOHKOi1 
MMWeHM BapbMpyeTCA B WMpOKMX_ npeAeJlaX, no3TOMY paAI-1YC ee ycTaHoB
KI-1 s ~eHTpanbHO~ o6nacTM,~MKilOTpoHa Y-400M MeHAeTcA AO 30 AO 
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' PHC. 6. CxeMa HH)KeKIJ;HH H Bb!BO,[Ia HOHOB yCKOpHTemi Y-400M. 

100 eM /pl-1c.6/. On~T pa6oT~ TaHAeMa ~1-1KnoTpoHos Y-300 .1-1 Y-200 131 

fla6opaTOPMM AAePH~x peaK~Mi1 noKaswsaeT, 4TO AilA T04Horo corna
cosaHMA TpaeKTOpMi1 MOHOB, npoWeAWMX nepe3aPAAHYIO MMWeHb, C MX 
paBHOBeCHOi1 op6MTOi1 He06XOAI-1M TlJ1aTenbH~i1 paC4eT ABMMeHI-1A MOHOB, 
I-1HmeKTMpyeM~X B yCKOPMTenb Y-400M, a ADA Ha~enMB~HMR ny4Ka Ha 
MI-1WeHb Tpe6yeTcA KoppeKTMPYIOU1~i1 3neKTPOMarHMT c yr,noM OTKnoHe
HMA ny4KOB B npeAenax ~3~ 

3. 01CTEMbl BbiBOAA ~1 TPAHCnOPH1POBKH HOHOB 
113 UI-1Kfl0TPOHA Y-400M 

Ha6op 3Hepr~1M MOHOM sa o6opOT npM ABYXAYaHTHOi1 YCKOpAIO~e~ 
CMCTeMe yr JlOBOi1 npOTAmeHHOC TbiO cp COCTaBnAeT /}.W = 4z'V sin-

0
- ·· 
2t 

• 
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AnA 3¢<l>eKn1BHoro ycKopeHI1A 11 BbiBO,qa TA>tienbiX 110HOB Ha 411KnoTpOHe 
Y-400M Heo6xo,qi1Mo 11Cnonb30BaTb pem11M ycKopeHI1A Ha BTopo~ /n =2/ 
11 TpeTbe~ /n =3/ rapMOHI1Kax s~coK04acTOTHoro HanpAmeHI1A. Tpe-
6yeM~~ ,QI1ana30H 4aCTOT pe30HaTOpOB 411KnOTpOHa npi1·3TOM COCTaBHT 
15-25 Mr4. npl1pOCT pa,ql1yca 3a o6opoT npl1 ycKopeHHH 110HOB OT 
Ne ,qo U AO 3HeprH~ 20-60 M3B/HyKnOH paseH 2,5-515 MM /V =200-

250 KB/, 4TO n03BOnHT B~BO,QI1Tb HOH~ ABYMA 3neKTpOCTaTH4eCKI1M11 
,qe<!JneKTopaMH 6e3 ,qononHHTenbHoro pa3,qeneHHA op611T. Ha p11c.6 
npe,qcTasneH~ TpaeKTOPMH 4acTH4 c 3HeprHe~ 40 M3B/HyKnoH, s~se
,qeHH~x 113 YCKOPHTenH, np11 pa3H~X HanpAmeHHOCTAX 3neKTpH4eCKOIO 
nonA Ha ,qe<t>neKTopax. B pac4eTax 11Cnonb30Banacb peKoHCTPYHPOBaH
HaA KapTa pacnpe,qeneHMA MarHHTHoro nonA 4HKnoTpoHa Y-400. MecTo
nonomeHHA $OKYCI1PYD~11X MaoHI1TH~X KaHanoB /MK Ha p11c.6/ COOT
BeTCTBY~T MaKCI1ManbH~M rpa,QI1eHTaM MaoHI1THoro nonA. AnA s~so,qa 

4aCTI14 c 3Heprl1e~ 120-130 M3B/HyKnOH HanpAmeHHOCTb 3neKTPI14ec
Koro nonA COCTaBI1T 150-160 KB/cM. 

B CI1CTeMe TpaHcnopTI1POBKI1 BHeWHI1X ny4KOB YCKOPI1TenbHOrO KOMn
neKCa npe,QnonaraeTcA 11MeTb He MeHee nHTI1 KaHanos TpaHcnopTI1POBKH 
ny4KOB Ha $113114eCK11e YCTaHOBK11. 

napaMeTp~ BWBe,QeHHWX 113 411KnOTPOHa Y-400M ny~KOB no3BOnRDT 
npi1MeH11Tb AnA 11X OTKnOHeHI1H 11 <!>OKYCI1pOBK11 3neKTpOMarHI1Tbl cn-027 
11 Ksa,qpynonbHwe ni1H3W c MaKCHManbHWM rpa,q11eHTOB 600 3/cM. Kop
peKT~PYD~11MI1 3neMeHTaMH MOryT cnymMTb MarHHTW 3MK-0,46 C HanpA
meHHOCTbD MarHI1THOrO nonA 400 3. 

' 
4. BWCOK04ACTOTHAR CHCTEMA UHKflOTPOHA Y-400M 

I 

BwcoKo4aCTOTH~A ycKopAD~aA cHcTeMa 411KnoTpoHa Y-400M o6ecne-
4HBaeT yCKOPAD~ee HanpHmeHHe Ha ,QyaHTaX 150-300 KB B ,QHana30He 
4acToT ,5-25 Mr4. CornacHo KPHTepi1D npo6o~ kl1nnaTpHKa'4/ 

5 
V (B] E (8/cM] e -l,7 ·lO < 1,8. 101 4 

E 

M11HI1ManbH~~ 3a3op ,qyaHT-nnaKI1POBKa paBeH 6 CM. 04eHKI1 nOKa3WBa
DT, 4TO MOIYT 6WTb npHHHTW cne,qyD~I1e reoMeTpl14eCK11e xapaKTepi1C
T11KH: 

B~coTa AYaHTa - 100 MM 
BepTI1KanbHW~ 3a3op AYaHT -nnaKHPOBKa - 200 MM 
PaAI1anbHaA npoTAmeHHOCTb AYaHTa - oT 200 AO 2000 MM 
ropH30HTanbHW~ 3a30P AYaHT-nnaKHpOBKa - 50-200 MM. 
AyaHT c yrnoso~ npoTAmeHHOCTbD oKono 45° 3aKpenneH Ha ,WTOKe 

kopOTK03aMKHYTO~ KOaKCHanbHO~ nHHHI1 /.Q11aMeTp 6aKa 1800 MM, 
,QHaMeTp WTO~a 500 MM, ,QnHHa ,QnA f=15 Mr4 3290 MM, ,QnA f= 
·=25 Mr4 - 1360 MM/. nepeCTpO~Ka 4aCTOTW pe30HaHCHOIO KOHTypa 
6y,qeT BWnonHATbCA nepe,QBHmHO~ 3aKopa411BaD~e~ nnaCTHHO~. 

Pacnpe,QeneHHA sonHosoro conpoTHBneHI1H nHHHI1 ,qyaHT-nnaKHpOBKa 
11 HanpAmeHI1A Ha AYaHTe no pa,QHycy npe,QcTasneH~ Ha p11c.? 11 8. 

' 
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3HepreTI14eCKI1e XapaKTepHCT11KI1 pe30HaHCHO~ CI1CTeM~ 411KnOTpOHa 
Y-400M omH,QaDTCA cne,qyD~I1MI1: 

IlpH '!aCTOTe 

15 Mru; 

BxogHoe conpoTuaneHue, 
KOM 400 

IIoTpe6nHeMaH MO~HOCTh 
B HMTiynhce, KBT 100 
ToK, npoTeKaro~li <Iepes 
saKopa'!HBaro~yro nnacTHHY, A 2600 

25 Mru; 

500 

80 

5200 

nepecTpO~Ka 4aCTOTW pe30HaHCHOIO KOHTypa B npe,Qenax 3% 6y,qeT ocy
~eCTBnATbCA Tpi1MMepoM nno~a,QbD 1000 CM2 np11 MI1HI1ManbHOM 3a3ope 
TPI1MMep-,qyaHT 100 MM. 

Tpe6yeMyD BbiCOK04aCTOTHYD MO~HOCTb 6y,qyT o6ecne411BaTb ,qsa 
B4 reHepaTopa c s~XOAHOA MO~HOCTbD no 120 KBT KaMA~A. 06a reHe
paTopa so36ym,qaDTCA OAH11M 3a,qaD~I1M reHepaTopoM 11 cornacosaHbl 
no ¢a3e ,QnA pa60TW Ha 4eTHOA 11 He4eTHO~ rapMOHI1KaX. npe,qnonar~eT
CH 11CnOnb30BaTb aBTOMaTI14eCKYD nO,QCTpO~Ky 4aCTOTW pe30HaTopOB 
C T04HOCTbD He xyme 1% no ¢a3e 11 CTa611n113a411D aMnni1TYA~ 84 
HanpAmeHI1A c T04HOCTbD 10-3 . CBA3b reHepaTopos c pe3oHaTopaMH 
6y,qeT OCy~eCTBnHTbCA neTnAM11 CBH311. 

5. CHHXPOHH$AUHR PA60Tbl U~1Kfl0TPOHOB Y-400 H Y-40'0M 

AnA 3<l>OeKTI1BHO~ ~HmeK41111·11oHOB a 411KnoTpoH Y-400M Heo6xo,Q11MO 
speMeHHOe cornacosaHI1e pemHMa ero pa6oTw c ycKOpi1TeneM Y-400. 
3TO ,QOCTI1raeTCA np11 ycnOBI111 KpaTHOCTI1 4aCTOT o6pa~eHI1A 110HOB: 

n2H2 Z2 P2 fo62 
N = ---= -, /3/ 

n lHl Zl n1 f o61 
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rAe 4neHbl c 11HAeKcOM "1" OTHOCfiTCfl K Y-400, c "2" - K Y-400M; 
n - HOMep rapMOHI1K11 ycKopmolJiero HanpfllKeHI1fl; H - sHa4eHI1fl cpeA
H11X MarHI1THbiX nonei:i j Z l 11 Z 2 - sapfiAbl 110H08 AO 11 nocne/ nepe
sapfiAK11 cooTseTcTseHHO. Ycnos11e cornacosaHI1fl /3/ MOlKeT 6~Tb 
o6ecne4eHo ~~6opoM sHa4eHI1i1 HanpfllKeHHOcTeR MarHI1TH~X noneR 
o6011X YCKOpi1TeJlei:1 11 SaPfiAa ny4Ka z2 nocne npOXOlKAeH11fl CTp11n• 
nepa, nOCKOJlbKY 11HTeHC11BHOCTI1 ny4KOB 110H08 C 6Jl11SKI1MI1 sapfiAaMI1 
Z2±1\ MallO paSI1114aiOTCfi.TaK, np11 yCKOpeHI111 110HOB OT.Ar AO U 
sHa4eHI1e N pasHo 3 111160 4 Allfl n1 =4 11 n 2 =3. 

6. BAKYYMHAB CHCTEMA UHKnOTPOHOB Y-400 11 Y-400M 

B npo~ecce 3KcnnyaTa~l111 ~11KllOTpoHa Y-400 s ero KaMepe c noMo
lJibiO MaCJlfiHbiX AI1<)J<)JySI10HHbiX HaCOCOB C aSOTHbiM11 3KpaHaM11 AOCTI1r
HyTO AaBJleHI1e OCTaT04HOrO rasa, COCTaBJlfiiOlJiee 5·10-7 -1 ·10-6 To~~ 
0AHaKo np11 pa6oTe ycKOpi1TeJlfl Y-400 s pelKI1Me 11HlKeKTopa ycKopi1-
TeJlbHOro KOMnJleKCa np11 YCKOpeHI111 110HOB MaJlOi:i sapfiAHOCTI1 Tpe6osa
HI1fl K BeJli1411He AaBJleHI1fl OCTaT04HOrO rasa BHYTPI1 ~11KJlOTPOHa 

sospacTaiOT. OcHOBH~e noTepl1 110HOB s npo~ecce ycKopeH11fl o6ycnos
n,eHbl noTepfiM11 11x 3JleKTPOHOB. TaK, Hanpi1Mep, cpeAH11e 11HTer pallb-

wk 
H'ble Ce4eHI1fl a tot = -

1-· {a tot dW Allfl 110HOB OT KCeHOHa AO ypaHa 
wk o 

COCTaBJlfiiOT /3-5/· 10-16 cM 2 , 4TO nOTpe6yeT /npl-1 3<)J<)JeKT118HOCTI1 yc
KOpeHI1fl -90%/ cosAaHHfl AaBneHHfl s KaMepe ~11KJlOTpoHa Y-400 
Ha YPOBHe 5·10-8 Top. 3To MOlKeT 6~Tb AOCT~rHyTo, B AOnOJlHeHHe 
K CylJieCTBYIOlJIHM CI1CTeMaM, nyTeM npi1MeHeHI1fl KpKOreHH~X CI1CTeM 
OTKa4KI1. 

nocKOJlbKY B ~11KJlOTPOHe Y-400M YCKOPfiiOTCfl 110Hbl' npoweAWI1e "o6-
A11PKY11 Ha TBePAOi:i MI1WeHI1, TO 11X s.aPfiA 60JlbWe paBHOBeCHOr9 sa
PfiAa Allfl rasosoA cpeAbl, no3TOMY 11sMeHeHI1e sapRAa BOSMOlKHO TOJlbKO 

'sa c4eT saxsaTa 3JleKTPOHa. Ce1.1eH11e 3-Toro npo~ecca naAaeT c yse
Jll14eH11eM 3Heprl111. KpoMe Taro, 11s-sa 6onbworo Ha6opa 3HeprHH 
110HOM sa o6opoT /V =150-300 KB/ All11Ha nyTI1 110HOB cocTaBJlfleT 
MeHee 1,5 KM, 4TO nosBOJlfleT np11 AasneHI111 B KaMepe Y-400M 

-7 5·10 Top ycKOPI1Tb 110H~ c s~coKoA 3<)J<)JeKTI1BHOCTbiO. 

rasosafl HarpysKa saKYYMHoro o6oeMa Y-400H onpeAeJlfleTcfl seni1-
411Hoi1' BHeWHero HaTeKaH11fl 11 raSOOTAeJleHI1eM C BHyTpeHHHX nosepx
HOCTei:i o6oeMa nno111a~bl0 OKono 300 M2.CyMMapHafl rasosafl HarpysKa, 
no o~eHKaM,COCTaBI1T OKOJlO 1 ·10-2 Jl.T?p/c, Tpe6yeM8fl CKOpOCTb 
OTKa4KI1 AOJllKHa 6~Tb paBHa -20000 Jl/C, a C y4eTOM npoBOAI1MOCTei1 
3JleMeHTOB BaKyyMH~X CI1CTeM 11 HaAelKHOCTI-1 CKOpOCTb Aei1CTBI1fl 
OTKa411BaiOU111X cpeACTB AOJllKHa cocTaBJlfiTb oKono 50000 n/c, Anfl 
3TOi1 ~e1111 6YAYT 11CnOJlbSOB8H~ B~COKOBaKyyMH~e arperaT~, CHa6lKeH
H~e JlOBYWKaM11, OXJlalKA8eM~e lK11AK11M 8SOTOM, 
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7. nAPAMETP~ YCKOPHTEnbHOrO KOMnnEKCA 

OcHOBH~e napaMeTp~ ycKOPI1TeJlbHoro KOMnneKca npeACTasneH~ 
B Ta6n~2, a S8811CI1MOCTb KI1HeTI14eCKOi1 3Heprl111 110HOB OT MaCCOBOrO 
411cna Allfl PfiAa ycKOPI1TeneA161 , s TOM 411cne 11 Y-400 ~ Y-400M, 
noKasaHa Ha p11c.9. 

3JieKTpOMaf'HHT 

DHaMeTp noJirocos, eM 

Ta6JIHI.\a 2 

KoHetJ:HbiH pap;Hyc ycKopeHHH, eM 
Bee MarHHTa, T 
Cpep;HHH BOS,IJ;YliiHbitf sasop, MM 
qHCJIO BHTKOB OCHOBHOH KaTy!IIKH 
BOS6yJK,IJ;eHHH 
Pa6ot:IHH TOK B o6MOTKe 3JieKTpo
MarHHTa, A 
MaKCHMaJibHOe cpep;Hee MarHHTHoe 
IlOJie, K3 
qHCJIO CeKTOpOB 
YroJI cnHpaJibHOCTH, rpap;. 
qHCJIO KOppeKTHPYIDIII;HX o6t-10TOK 

BbiCOKOtJ:aCTOTHaH CHCTeMa 
qHCJIO p;yaHTOB 
AsHMyTaJibHaH IlpOTH.JKeHHOCTb, 
rpap;. 

' HanpHlKeHHe Ha p;yaHTe, 
DHarrasoH tJ:aCTOT, Mfl.l 
AnepTypa p;yaHTa, MM 
3asop p;yaHT-seMJIH, MM 

BaKyyMHaH CHCTeMa 

KB 

06'beM BaKYYMHOti KaMepbJ, M 3 

DaBJieHHe B KaMepe, Top 
KoJIHtJ:eCTBO Hacocos 
CKopocTb OTKatJ:KH, JI/c 

CHCTeMa Bb!BO)J;a H TpaHC!lOpTHpOBI(H 
rrytJ:Ka 

AsHMYTaJibHaH rrpoTmKeHHOCTb 
p;e$rreKTOpOB, rpap;. 
'sxop;Hmi sasop, MM 
HanpmKeHHe Ha p;e¢mei<Tope, KB 

Y-400 

2 

400 
175 

2200 
200 

2x252 

2500 

21 '3 
4 
0 

18 

2 

40 
75 

6-12 
120 
so 

75 
5 .) 0 -B 

5 
4 ·10 6 

2x38 
10 
60 

' 

Y-400M 

3 

400 
175 

2300 
300 

2x252 

2300 

20,5 
4 

40 
18 

2 

40 
200 

15-25 
100 
200 

60 
5 .J0-7 

5 
5· I 0 5 

2x38 
5 

80 
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A3HMyTanbHaH rrpoTn~eHHOCTb ¢o-
KYCHPYID~ero MarHHTHOro KaHana, 
rpa,n;. 
fpa,n;HeHT rronn a KaHane, 3/cM 
3¢¢eKTHBHOCTb Bb!BO,IJ;a, % 
YHcno KaHanoa BHernHHX rryqKoB 

I1y'lKH 
3HeprHH ycKopeHHhlX HOHOB, 
M3B/HyKnoH 
ITonHaH 3HeprHH, M3B 
0THoweHHe Maccbi K 3apH,n;y, A/Z 
Pa36poc 3HeprHH, % 
HHTeHCHBHOCTh rrytiKOB, 
qacTm~/ c 

2 

45 
500-800 

60 
12 

2-10 
675Z2JA 

10-20 
0,5 

1012 -1014 

3 

-
45 

500-800 
60 

5 

20-120 
400-600 Z 2J·A 

2-5 
0,5 

Jo1°-5·I0 11 

8. CHCTEM~ 06ECnEYEH~R PA60T~ YCKOPHTEnbHOrO KOMnnEKCA 

6onbWHHCTBO cHcTeM, o6ecne4Hsa~~Hx pa6oTy ~HKnoTpoHa Y-300, 
6YAYT HCnOnb30BaHW Ha YCKOPHTene Y-400M. 

C ~enb~ o6ecne4eHHA soapacTa~~ero 3HeprocHa6meHHA H HaAemHoc

TH 3neKTpOnHTaHHA H~06XOAHMO ocy~eCTBHTb AOpOnHHTenbHW~ BBOA 

3neKTpOnHTaHHA OT nOHH3HTenbHO~ nOACTaH~HH H yCTaHOBHTb HOBW~ 

CHnOBO~ TpaHC$OpMaTOp MO~HOCTb~ 400 KBA. nnA nHTaHHA OCHOBHO~ 

H AOnonHHTenbHwx o6MoToK aneKTpoMarHHTa Y-400M, 3neMeHTOB cHcTeM 
BBOAa H BbiBOAa ny4Ka, 3neMeHTOB KaHanos ny4Ka H T.A. 6YAYT 
HCnOnb30BaHW CTaTHCTH4eCKHe npeo6pa30BaTenH, KOTOpwe ~aMeHAT 

HaXOAA~HecA s 3KcnnyaTa~HH apa~a~~HeCA npeo6paaosaTenH. YcTa
HOBKa HX 6ygeT BhlnOnHeHa B MaWHHHOM 3ane Y-300 H B APYrHX noMe
~eHHAX. 

YnpasneHHe ycKOPHTenbHWM KOMnneKcOM 6ygeT ocy~ecTanATbCA c 
~eHTpanbHOrO nynbTa H, KaK H npH 3KCnnyaTa~HH TaHAeMa ~HKnOTpOHOB 

Y-300 - Y-200, napannenbHO c aaTOHOMHWX nynbTOB ynpaaneHHA. B 

CHCTeMe ynpaeneHHA H KOHTpOnA npeAYCMaTpHBaeTCA HCnOnb30BaHHe 
3BM. Ha nepsoM 3Tane 3BM 6yAeT ocy~ecTBnATb aBTOMaTH4eCKH~ c6op 

HH¢0pMa~HH H npegCTaBnATb ee nepcoHany B YA06HOM AnA BOCnpHHTHA 

BHAe. Ha BTopoM 3Tane 6yAeT paapa6aTweaTbCA aBTOMaTH3HpoeaHHaA 

I ; 

CHCTeMa ynpaeneHHA H KOHTpOnA YCKOPHTenbHhlM KOMnneKCOM, nog- . 

AepmHBaHHA onTHManbHoro pemHMa pa6oTw H aeToMaTH4ecKo~ nposepKH 1 
COCTOAHHA KOMnneKca. CHCTeMa ynpaaneHHA yCKOPHTenbHWM KOMnneKCOM . 

6yAeT pewaT)CA no MOAYnbHOMY npHH~Hny C Y4eTOM nporpecca B \ . 

3neKTpOHHKe H Manwx 38M. BCA TennoBaA Harpy3Ka yCKOpHTenA 

Y-400M 6ygeT CHHMaTbCA oxnamga~~e~ BOAO~ cy~eCTBY~~e~ ABYXKOH-

TYPHO~ CHCTeMbl, npOH3BOAHTenbHOCTb KOTOPO~, no O~eHKaM, AOCTa-

T04Ha AnA o6ecne4eHHA oxnamgeHHA CHCTeM 3TOrO ~HKnO~POHa. 
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O~eHKH noKaawaa~T, 4TO cy~ecTBY~~He cTeHw ycKopHTenbHoro aana 

H3 6eTOHa Ton~HHO~ 2 M o6ecne4aT 6eaonacHble ycnoeHA aa npeAenaMH 

aana npH pa6oTe ~HKnoTpoHa Y-400M. 3a~HTHWe cTeHw H nepeKpWTHA 

3KcnepHMeHTanbHWX noMe~eHH~ a npegenax ycKopHTenbHoro aana 
6ygyT AeMoHTHpoaaTbCA. AnA KamAoro KaHana sHeWHHX ny4KOB ycKo

PHTenA Y-400M 6yAeT coagasaTbCA MecTHaA aa~HTa no Mepe Hago6-
HOCTH. B CBA3H C TeM, 4TO CHCTeMa A03HMeTpH4eCKOrO KOHTpOnA, 

HcnonbayeMaA Ha ~HKnoTpoHe Y-300, swnonHeHa, Ha ycTapeawHX npH6o

pax H 3neMeHTaX, npegyCMaTpHBaeTCA C03AaTb HOBY~, BwnonHeHHy~ 

Ha cospeMeHHWX 3neMeHT~x, 3neKTPOHHwx 6noKax a CHcTeMe KAMAK 
C HCnOnb308aHHeM Mano~ 3BM AnA perHCTpa~HH H o6pa60TKH gaHHWX 

C gaT4HKOB A03HMeTpH4eCKOro KOHTpOnA. 
Bee OCTanbHwe CHCTeMW npaKTH4eCKH 6ea cy~eCTBeHHWX H3MeHeHH~ 

6ygyT HcnonbaoaaHw AnA o6ecne4eHHA pa6oTw ~HKnoTpoHa Y-400M. 
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9. TEXHH4ECKHE BOnPOCW PEAnH3AUHH nPEJJ.flArAEMOrO nPOEKTA 

npeAnaraeM~~ YCKOpHTenbH~~ KOMnneKC THMenwx HOHOB MOMeT 6~Tb 
OTHOCHTenbHO nerKO peanH30BaH H Tpe6yeT He6onbWHX MaTepHanbH~X • 
aaTpaT, nocKonbKY ~HKnOTPOH Y-400 RBnReTCR Ae~cTsy~~HM, a ycKo
PHTenb Y-400M C03AaeTCR Ha OCHOBe ~HKnOTPOHa Y-300, a cneAosa
TenbHO, MHOrMe ero y3nW M CHCTeMW MOryy 6WTb HCITOnb30BaHW. Ha 
ycKOPHTene Y-400 AOnonHHTenbHO Heo6XOAMMO swnonHHTb pa6oTw, 
CBR3aHHWe c yny4weHHeM saKyyMa. npH C03AaHMH ~MKnOTPOHa Y-400M 
6yAeT MaKCHManbHO HCnOnb30BaH On~T C03AaHHR ~HKnOTpOHa Y-400, 
KOrAa MHOrHe y3n~ H CHCTeMW C03AaBanMCb CHnaMH na6opaTOPMH, 
on~THoro npOH3BOACTBa H APYrHx noApaaAeneHH~ HHcTHTyTa. 

ranepen H KaHan AnR TpaHcnopTHPOBKH ny4KOB ~HKnOTPOHa Y-400 
s aan ~HKnoTpoHa Y-300 6YAYT C03AaBaTbCH no·oTAenbHOMY npoeKTY 
H npeAHa3Ha4eHw s nepsy~ 04epeAb AnR nos~weHHR 3$$eKTMBHOCTH 
HcnonbaosaHHR ny4KOB Y-400 nyTeM pasMe~eHHR 3KcnepHMeHTanbHWX 
ycTaHOBOK s aane ~HKnoTpoHa Y-300. 0AHOBpeMeHHO ranepeR H KaHan 
MoryT cnymHTb AnR TpaHcnopTHPOBKH ny4KOB Y-400 AO ~HKnoTpoHa 
Y-400M. 

B saKn~4eHHe asTopw swpama~T 6naroAaPHOCTb aKaAeMHKY 
r.H.$neposy 3a nOCTORHHOe BHHMaHHe K 3TO~ pa6oTe. 
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OraHeCJIH m.u. lf p;p. 9-82-756 
IlHKJIOTpOHHbiH KOMIIJieKC p;JIJI IIOJiyl.JeHHli IlYl.JKOB TliJKeJib!X HOHOB 
c sHeprue:H 20-120 MsB/HyKJIOH 

ITpHBOp;HTCH orrucaHue ~HKJIOTpOHHoro KOMIIJieKca lla6opaTopuu 
Hp;epHbiX peaK~Ht'l, rrpep;Ha3Hal.JeHHOrO p;Jili yCKOpeHHli HOHOB BCeX 
sJieMeHTOD TaflJIH~hi .0:. H. HeHp;eneesa p;o ::meprnn 20-1 20 MsB I HYKJIOH. 
YcKOpHTeJibllblH KOMIIJieKC COCTOHT H3 p;ByX H30XpOHHhiX ~HKJIOTpOHOB 
C p;naMeTpOM IIOJIIOCOB l.JeTb!pe MeTpa, 0/];llH H3 KOTOpb!X - ~llKJIOTpOH 

Y-400 - HDJIHeTCfl HHJKeKTOpOM OCHOBHOro yCKOpHTeJili - ~HKJIOTpOHa 

Y-400M, l(OTOpb!H 6yp;eT C03p;aH Ha OCHOBe 3JieKTpoMarHHTa KJiaccn
l.JeCKOrO I~HI\JIOTpoHa Y-300. YcKopeHue noHOB Ha ycTaHOBKe 6yp;eT 
rrposop;HTbCfl n p;sa sTarra:cHa'lana Ha ~HKJIOTpoHe Y-400 p;o 3Hepruu 
I , 5-3 }f3B/ Hyi(JIOH, a saT eM IIOCJie. HX BbiBOp;a H rrepesapl!p;KH, I103BO
JIHIOll\ei1 ITODbiCHTb sapflp; HOHOB B 4-8 pas, Ha' OCHOBHOM yCKOpHTeJie 
Y-4001'1. ,O:aeTCfl ¢u3HKo-TeXHHl.JecKoe o6ocHosaHne ycKopnTeJihHoro 
KOMIIJiei<:Ca H npHDO/];HTCli ero OCHOBHble rrapaMeTpb!, 

Pa6oTa Di>InOJII!eHa B na6opaTOpllll np;epHbiX peaK:o;u:H OIUIH. 
npenpHHT 06bCAHHCHHOro HHCTHTYTa ~ACPH~X HCCfiCAOBaHH~. Ay6Ha 1982 

Oganessian Yu.Ts. et al. 9-82-756 
Cyclotron Facility Designed to Accelerate Heavy Ions 
to 20-120 MeV/Nucleon 

The cyclotron facility of the Laboratory of Nuclear Reac
tions designed to accelerate ions of all elements of the 
Mendeleev Periodic Table to 20-120 MeV/nucleon energies is 
described. This facility consists of two isochronous cyclot
rons with 4 m pole diameters, one of which is an injector for 
the main accelerator (U-400M) to be built on the basis of 
the electromagnet of the classical cyclotron (U-300). Ion 
acceleration will be performed in two stages: at first, to 
1.5-3 MeV/nucleon at the U-400 cyclotron, and tpen, after 
extraction and charge exchange to increase the ion charge by 
a factor of 4-8, at the main accelerator U-400~1. Tho physi
cotechnical justification and the main parameters of the 
accelerator system are given. 

The investigation has been performed at the Laboratory of 
Nuclear Research, JINR. 
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