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MopnenupoB HUE YCKOPEHUS UOHOB KPUIITOH
[IOHMXEHHOU 3 panHoctd B nukiiorpone LHIUTPEK

ITpuBeneHsl pe3ysabT Thl YUCIEHHBIX P CUYETOB AWH MHKH JBUXEHHS HOHOB KpH-
[TOH MOHMXEHHOH 3 psanHoctd B uukiorpoHe LIUTPEK, nepsoM B Mupe MpOMBILI-
JICHHOM LMKJIOTPOHE, MIPeIH 3H YEHHOM JUIS IIPOM3BOACTB TPEKOBHIX MeMOp H. P c-
YeTHI TIOK 3 JIM BO3MOXKHOCTD ycKopenus nonos S4Krt11 B cpopmupos HHOM M rHUT-
HOM I10JIe LIUKJIOTPOH TIpU yBEeJIMUEHUU YPOBHS cpefHero noiast H 1,6 % H 1mecroit
KpP THOCTH Y CTOTBI YCKODSIOIIEH cUCTeMbl. DHeprust Mmydyk OyaeT JOCT TOYH Juis
00ydeHus IICHKH TOMMUHON 10 10 MKM.
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Computer Modeling of the Acceleration
of Low Charge Krypton Ions in Cyclotron CYTRACK

The basic results of numeric simulations of krypton ion motion with decreased
charge in cyclotron CYTRACK are presented. Cyclotron CYTRACK is the first
world industrial cyclotron dedicated to produce the track membranes. Computer
modeling confirms the possibility of 3*Kr*!! ion acceleration in the formed magnetic
field with increase of the magnetic field level by 1.6 % on the sixth harmonic of the
accelerating system. Beam energy will be sufficient for exposure of the film with
thickness 10 pum.

The investigation was performed at the Dzhelepov Laboratory of Nuclear Prob-
lems, JINR.
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BBEJIEHUE

Huxnorpon UUTPEK [1,2], mpeaH 3H 4YeHHBIH I OOIy4eHHS IMTOTUMEp-
HBIX IUICHOK, UCTIONIb3yEMBIX B MPOM3BOICTBE P 3ACISIOIINX 1 (DHIBTPYIOLINX 3JIe-
MEHTOB MEJHMLUHCKOIO, MPOMBIIUIEHHOTO U OBITOBOrO H 3H YeHUs, ObLT p 3p -
60T H M m3roToieH B OOBEAMHEHHOM WHCTHTYTE SAEPHBIX HccrienoB Huil. Llu-
KJIOTPOH TIpeIH 3H YeH [UId YCKOPEHHs TSLKENbIX HOHOB ¢ A/Z ~ 5 no sHeprun
2,4 MsB/nyknon. B Brycre 2002 r. cocrosicd nyck uukiiorpoH HHUTPEK —
OBl ycKOpeH u BbiBeieH mydok uoHos “CAr®t [3]. Ilepswlii B MHpe NpOMBIII-
JICHHBII LIUKJIOTPOH VISl TIPOU3BOJICTB TPEKOBBIX MEMOpP H CT JI OCHOBHOH YCT -
nHoBkoit HIIK «AJIb®A» s co3m HMS MEIMIMHCKOW TEXHHMKH UIs MeMOp H-
Horo 1w 3M ¢pepe3 . Cerogus HITIK «AJIb®A» — 3TO YHHK JIbHBIA H YYHO-
IIPOM3BOICTBEHHBIM KOMIUIEKC, OCYLUECTBIILAIOIINN CEPUMHBIA BBIITYCK TPEKOBBIX
MeMOp H (c qu meTpom nopel 400 HM), T KXKe MEIMUMHCKUX M3IENTUH IS I 3-
M ¢epe3 . TpekoB s MeMOp H — 9TO IOJUMEPH s IUIGHK U3 JI BC H (11OJH-
STWIEHTEpedT J1 T ) WK NOJUK POOH T TOMIUHOM oT 10 10 25 MKM, B KOTOpOIi
CO31 H CHCTEM CKBO3HBIX IIOp.

Jns yaydqimeHns K 4ecTB TMPOW3BOAMMBIX MEMOp H C LENbI0 P CIIMPEHUS
UX CCOPTUMEHT U 00J CTH NpHUMEHEHUS HeoOXoauMo oOJyd Th IUIEHKY Oosiee
TSKEJIBIMUA MOH MM, B 4 CTHOCTH YCKOPEHHBIMU MOH MM KpunToH . OnH Ko p 60-
T 10IIWI B H crosuiee BpeMs DLIP-ucToyHMK He BbIp O THIB €T KPUITOH HYXHOU
3 papHOCcTU. B p OoTe mpo H JAM3MPOB H BO3MOXHOCTb YCKOPEHHS MOHOB KpH-
[NTOH C 3 PSIOHOCTBIO HUXE NPOEKTHOH, HUMeHHO 11+ u 12+.

1. MAPAMETPBI IUKIIOTPOHA IIUTPEK

Ycekopurens HUTPEK npenct Biasier cob60ii M30XPOHHBINA LUKJIOTPOH C  3H-
MYT JIBHOW B PU LMEH M THUTHOTO MO (YETBIPEXCEKTOPH 4 CTPYKTYp ), KCH-
JIBHOM MHXEKLUENH NOHOB, BBICOKOY CTOTHOW YCKOPSIOIIEW CUCTEMOU U DIIEKTPO-
CT TUYECKOH cucTeMoil BbIBOJ . OCHOBHBIE TEXHUYECKHE X P KTEPUCTUKM LUKIIO-
tpon LUHUTPEK npusenenst BT 6:1.1. H puc. 1 nox 3 H oOLIMii BU YCKOPUTEII.

Hcrounuk voHoB BLP-Tun npousBogur HOHBI C 3Heprued 3 KsB/HYKIIOH,
WHTEHCUBHOCTh Iy4K ProH H wnwiuHape @ p jed, p crojoxeHHOM B OJoKe



T omun 1

Yckopsaemble HOHbI 4078+
Tun nHXeKuun AKCH JIBH
H 4 npH 5 suHeprug, MaB/nykion 0,003
Koneun g sneprusg, MeB/nykion 2,4
KoHeuHblii p nuyc ycKOpeHHsd, MM 730

P 6ounit B xyym, Topp 3-107"
I' 6 putHble p 3Mepsl M THUT , M | 3,7 X 2 X 1,65
Bec M rHHT , T 83
Yposenb M rHUTHOTO 10Js, TI 1,48
KonugectBo 1y HTOB 2

H npsxenue H ay HT X, KB 40
Pes3on HcH g 4 cror , MI'g 18,25
Kp THOCTB ycKOpeHus 4

Puc. 1. O6umuii BUI ycKOpUTEIs

1 THOCTUKU B H Y JIe JIMHUM MHXEKUUH, cocT BgeT nopagk 10 MxA. B cu-
CTeMe MHXEKLHUH TpemxycMoTpeH 6 Huep. CucTeM WHXEKIMH BKJIIOY €T B cebd
T KX€ HMOHONPOBOA, H JIM3UPYIOUIMH M MOBOPOTHBIH JBYXCEKLIMOHHBIA M THHT,
3JIEMEHTH! (POKYCUPOBKHU U IOCTUPOBKH MYUK .



JI1d MOBOPOT Iy4K MOHOB U3 BEPTHUK JIbHOH B TOPU30HT JIBHYIO INTOCKOCTh
mukstotpod LUUTPEK mpumenseTcs ciup JbHBIN 3JEKTPOCT THYECKUN HH(IIEK-
top. IlpexycMoTpeH MeX HU3M, OOECIEYHB IOIIMI MOBOPOT HH(IEKTOP BOKPYT
ocu (£8°) st MOACTPONKHU TP €KTOPHU MOHOB IO CT PTOBBIM p OMYC U CT PTO-
BBIl yroJjI C LIEJbI0 ONTUMU3 LUK H Y JIBHBIX YCIIOBUIl YCKOPEHUS UOHOB B LIUKJIO-
TpoHe. MOHBI MHXEKTUPYIOTCS B K Mepy LMKJIOTPOH H p auyc 5,3 cMm.

JInd yckopeHHus MOHOB B M THMTHOM I0JI€ LMKJIOTPOH MCHOJIb3yeTCs BbICO-
KOY CTOTH $I YCKOPSIOI $I CUCTEM , H CTP UB €M s H (PUKCUPOB HHYIO U CTOTY.
BUY-cucteM cocCTOMT M3 IBYX YETBEPTHBOJIHOBBIX PE30H TOPOB C YCKOPSIOLIMMHU
3NEKTPOA MM B Buie oy HTOB. BU-pe3oH TOphI 0Oecrieuns 0T MOTy4EeHHE Y CTOT-
Horo o 1 30H 18,250-18,600 MI't. [IB Oy HT YCKOpSIOLIEH CHCTEMBI HMEIOT

3UMYT JIBHYIO IIPOTSKEHHOCTh 45° U p 3MelleHbl B IPOTUBOIOIOXKHBIX JOJIUH X
M THUTHOH CHUCTEMBI.

2. OHEHKA D®OPEKTHBHOCTHU HEHTPA IUKJIOTPOHA ITUTPEK

Jlns mpoBeneHMs H JIM3 BO3MOXHOCTH yYCKOPEHHS! MOHOB KPUNTOH IOHH-
’KEHHOH 3 psiHOCTH ObUI CO3I H TOYH $I MOJEJb LEHTP LMKJIOTPOH , BKIIIOY -
1011 9 UHGIEKTOP, KOpHyc UHGIEKTOpP , YCKOPAIOUIME 3JeKTpoIbl (CM. puC.2).
C wenpio NMpOBEpKM [EKB THOCTU P 3p OOT HHOH Mojenu M obecriedyeHHs: H0-
CTOBEPHOCTH IIOCIEYIOLIMX P CUYETOB, MpPEXJe BCEro, ObLUIO IPOMOAETMPOB HO
IBIXEHHE MyYK HMOHOB PrOH C MpoeKTHbIM A/Z = 5.

MopennpoB HHUE AWH MHUKH 4 CTHI] OCYHIECTBIISIIOCH B M THUTHOM IOJIE, T10-
JIyYdEHHOM B pe3ylbT T€ U3MEPEHUH H M THUTE LUKJIOTPOH [4], yckopsioliee
BIIEKTPUYECKOE I0JI€ P CCYHUTHIB JIOCH 10 OIIC HHOM BBILIE MOIEIH.

[ 1

Puc. 2. Mogens nenrp uukiorpon ITHTPEK




Bbut mpou3BeneH p cyeT MHXEKIMH HeNPEPhIBHOTO HECTPYIITMPOB HHOTO My4K
noHoB (beam train). H 9 JpHBIE TIONEepedHble KOOPOWH THl M HUMITYJIECHl HOHOB
ObUIM P CIIpeneNneHsl Cliyd WHbIM 0Op 30M BHYTPH ®MHUTT HCOB: 307 - MM- Mp 1,
BCE H Y JIbHBIE MPOJOIbHBIE KOOPAWH ThI 4 CTUI] COOTBETCTBOB JIM MOJYHEPHOLY
BY ¢ w1 rom 10° BY.

Y cruupl, non BuiMe B neptypy yckopurens (1,6 cM — mepBblii o6opor,
2,4 cM — Bce TOCHeayIue 000pOTH), COCT BIIH OKOJIO 35 % OT WHXEKTH-
PYEMBIX MOJEJBHBIX HOHOB. BepTHK JbHOE ABHMXKEHHE OCT BIIMXCA B HepType
Y CTHIL IIOK 3 HO H pHc.3. TONBKO 4 CTh 3THUX Y CTHI MOM [ €T B YCKOPSIOLINI
3 30p B HyXHOH ¢ 3¢ M K K CJIEACTBHE BOBJIEK €TCi B Ipolecc ycKopeHud. B
pe3yabpT Te p cueTH o apekTuBHOCTh LeHTp mmkiaoTpoHn LIMWTPEK coct Bun
0KOJI0 5 %, 4TO HOATBEPXKA €Tcd DKCIEPUMEHT JIbHBIMU JI HHBIMU: HHTEHCUBHOCTh
Ny4ykK B JIMHUM WHXEKUWH, U3MEPEHH 1 NpH nomoiy mwimHap @ p nes, u uH-
TEHCUBHOCTb Iy4K H p auyce 10 cM, U3MepeHH 1 Ipu NOMOLIM P O JBHOTO
MPOOHUK , COOTBETCTBYIOT KO(h(PUIIMEHTY MPOXOXKAEHHUI MydK OKoio 5 % [3].

Hesoicok s atpdpextuBHocTs HeHTp LITUTPEK B 0cHOBHOM 00BsicHSIETCSI GOITb-
LIMMUA BEPTHUK JIbHBIMU IOTEPSAMM IydkK . DTH norepu B nukiorpoHe LHUTPEK
GoInbIINe MO ABYM IPUYMH M.

Ileps 53 KmMIOY €TCS B TOM, YTO HOCJIE BBUIET U3 HH(IEKTOP P CXOAALIMIiCS
M0 BEPTHK JIM My4YOK MpeX[e YeM ION A €T B YCKOPSIOIIUHA 3 30p JONIroe Bpems
JpeiicyeT B 30HE, IJie MOJHOCTBbIO OTCYTCTBYET KCH JIbH ¢ (pOKycHpoBK . T K 4
reoMeTpusl LEHTP MPOCT JUld HNPOEKTHUPOB HUS U M3TOTOBJIEHUS, MO3BOJISIET HE
3 HUM ThCS ONTHUMHU3 HHEH (DOPMBI HOCHKOB Iy HTOB M TOJIOXEHUS AU p IM
¢ 30Boii cenexiym. OgH KO U1l yMEHBIIEHUS! BEPTUK JIBHBIX IIOTEPh HEOOXOOMMO

5
Bpewms, ¢ x1077

Puc. 3. BepTuk nbHOE ABIKEHHE IYyYK B 3 BUCHMOCTH OT BPEMEHU
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Puc. 4. Cpez[Hee M THUTHOE€ I10JI€ B HEHTPE LHHUKJIIOTPOH
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Puc. 5. Tp exropuu nmyuk HoHOB pron B ueHrpe nukiaorpon HHUTPEK

NpUOINXK Th YCKOPSIIOLWIMN 3 30p K BBIXOAY M3 MH(IEKTOp , JI Jiee H XOIUTh
OITHM JIbHYIO TE€OMETPHIO LIEHTP U1 3 [l HHOTO P CIpEAENeHHs] CPEIHEro M rI-
HHUTHOTO TOJIS.

BTop 4 npuyMH KpoeTcs B HEONTUM JIBHOCTH M3MEHEHMS M THUTHOTO IOJIS
B LIEHTPE LMKJIOTPOH BOOJAb p Auyc (cM. puc.4). P crymee BoTs 10 8 cM
cpelHee II0Jie 3 TPYQHSAET CO3J HUE COBUI () 3bl, CIIOCOOCTBYIOILETO YCUIIEHUIO
DIEKTPUUECKON (POKYCHPOBKH.

JlorosHUTENbHbIE TIOTEPU IyYK CBS3 HBI C HU3KUM H INpSKEHHEM H  J1y-
HT X — TNpoeKkTHoe H mpsxenue 50 kB, BUAUMO, MpuBENO Obl K HEKOTOPOMY
YBEJIMYEHUI0 KO3(hUIIMEHT 3 XB T , T K K K npu p 6ouyem H npsxennn 40 kB
Y CTh MOHOB TepseTcs H Kopiyce WHQUIEKTOP | He IOI J €T BO BTOPOIi Iy HT.



P cuersl yckopeHMs IyuyK MOHOB PrOH B HOBOH MOJEIM LEHTP ILMKIIO-
TPOH TMOK 3 JIH XOpPOIIEEe COOTBETCTBHE IIOIyYCHHBIX PE3YJbT TOB (CM. pHUC.5)
®KCIEPUMEHT JIbHBIM JI HHBIM, YTO I' P HTHUDPYET JOCTOBEPHOCTb NPEACT BICHHBIX
HILKE P CYETOB YCKOPEHHUsS MOHOB KPUITOH MOHIKEHHOH 3 PSEHOCTH.

3. YCKOPEHHUE HOHOB KPHUIITOHA B IUKJIOTPOHE IIUTPEK

H 1meit nenpio gBIIseTCd yCKOPEHUE HOHOB KPUNTOH ITOHMXEHHOU 3 PAOHO-

CTH H TOH Xe 4 CTOTe [eHep TOp , YTO U YCKOpEeHHe HOHOB pron ¢ A/Z =5,

umeHHo 18,25 MI'n. Be3 m3menenust 4 crotel BU-cucteMsl ycKopeHHe HOHOB
MOHIKEHHOH 3 PSITHOCTH OyleT OCYIIECTBIISIThCS H  Oosiee BBICOKOH Kp THOCTH
g crotel BU-cuctemsl. H noMHuM, 4TO IPOEKTHBIE HOHBI YCKOPSIOTCS H 4eTBEp-
TOU KP THOCTH.

IIpexne Bcero, onpenenumes ¢ 3 psIOM YCKOPSIEMOIO HOH ,  CJIEIOB TEJBHO,
C COOTBETCTBYIOLIEH Kp THOCThIO yckopeHusi. Ilp xTudeckoe rnpumeHenue Oymyr
MMETbh MOHBI KPUNTOH C 3Heprueil He Huxe yeM 1 MosB/nykion. Ilpu yckope-
HUM MOHOB KpUNTOH &+ miu 9+ H BOCBMOH Kp THOCTH 4 cTOTHl BY-cucremsr
KOHEeYH 5 »Heprusd cocT BUT okomo 0,6 MsB/HykioH, 9TO SBHO HEOOCT TOYHO.
ITosTOMy MBI OTP HUUWINCH H JIM30M BO3MOXHOCTH YCKOPEHHS MOHOB KPUIITOH
H Kp THOCTH 4 CTOTBI YCKOPSIOLIETO I0JI He BbIlle YeM IecTb. I T KOro pe-
KUM YCKOPEHHsI MOHBI KPUIITOH C 3 psiioM 11+ u 124 Oymyr umers H ubosee
OMU3KYI0 4 CTOTY 00p IIeHUS B C(POPMHPOB HHOM M THUTHOM TOJI€ IUKJIOTPOH ,
YTO ONPEAENTUIO X BBIOOD IUIs IPOBEICHNS MPEJCT BJICHHBIX HUXE P CUYETOB.

B 1MKIIOTpOHE YCKOpEHHE MOHOB C 3 PANHOCTBIO, OTJIMYHOM OT IMPOEKTHOM,
COIIPSIKEHO C PSAIOM MpoOIIeM.

Bo-1iepBbIX, HOHBI C HENPOEKTHbIM A/Z UHXEKTUPYIOTCS H IPYIyl0 CT pTO-
BYIO TIO3ULMIO, TO9TOMY Ul MIO3ULMOHUPOB HHA IIydK H P BHOBECHOW YCKOPEH-
HOH op0uTe He0OXOIMMO, PEeXae BCEro, yMEHbIIUTh SHEPTHI0 MHXKEKIIMH HOH .

Bo-BTopeIX, B H IIEM CIyd € HEBO3MOXHO YCKOPUTb HOHBI TOJIBKO 3 CYET
Kp THOTO M3MEHEHHUS 4 CTOTBI, JOIOIHUTEIPHO HEOOXOAUMO MEHATh YPOBEHb M T-
HUTHOTO nosisl. CHUIbHOE U3MEHEHHE YPOBHSA M THUTHOTIO IIOJIS MOXET IIPUBECTH K
H PYLIEHUI0 C(OOPMUPOB HHOTO U30XPOHHOIO POCT CPEAHEro IOJd.

H Tperbe, 3 BUCUMOCTb CPENHETO M THUTHOIO IOJISL BAOJIb P JUYC LMKIIO-
TPOH (POPMHUPYETCsI TIOJ HOH € 3 1 HHbIM A/Z, TO €CTh U3MEHEHHMIO 3 Psifl HOHOB
JOJIKHO COOTBETCTBOB Th U3MEHEHME 3 BUCHUMOCTHU CPEIHETro IOJIs BAOAb P AUYC .
OrtcyrcrBue B nukinoTpone LIUTPEK x Tymiek KoppeKMyu M FHUTHOTO HOJS OIp -
HHUYHB €T BO3MOXHOCTH YCKOPEHHSI HOHOB C HEIPOCKTHBIMU 3H deHusIMu A/Z.

3.1. MonenmupoB Hue WHKeKIuH. [Ipexie Bcero yoemuMcs, YTO BO3MOXHO
WHXEKTHPOB Th Iy4OK H P BHOBECHYI OpOHTY, TO €CTh B TOM, YTO HOHBI KpH-
NTOH TION JAYT B BBIXOZHOE OTBEPCTHE KOPIyc MH(IIEKTOp , MPUYEM BBIHAYT H
CT PTOBBIE MO3ULIUU.
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Puc. 6. Tp extopuu HOH Krg'fl ¢ sHeprueil 15 xoB - Z B unnexrope — IITPUXOB 5
JuHus, MoH c sHepruedl 10 k»B - Z U NpoeKTHOro MOH — CIUIOLIHbIE JINHUU

MoJIe/IMpOB HHe JBHXEHHs MOHOB OCYIIECTBIAIOCH B CIIPOEKTUPOB HHOIl U
CO31 HHOl U1 yCKOpeHHsl MOHOB ¢ A/Z = 5 reomeTpuu LEHTp (CM. MofeJb
H puc.2). P cuersl mok 3 jm, yto mydox uonos S*Krt1l ¢ mpoekTHoil sHep-
THeii He TION JeT B OKONIKO KOPMyc HH(MIEKTOP , T K K K ero opOUT BBIXOTHUT
H CIMIIKOM GOJBIION P AMYC MpH TPUOIHXEHMH K MEPBOMY YCKOPSIOUIEMY 3 -
30py. Tp exrtopus uentp aphoro non S*Krt!l ¢ mpoexrthoii sneprueii 15 kaB - Z
BHYTpH MH(IIEKTOp npeict Bien H puc.6. Tp ekrtopus mon Krg''c ymems-
menHoi 10 10 k3B - Z sHeprueil MHXEKUWN BHYTPH HH(ICKTOP Np KTHYECKH He
OTNIMY eTcd OT TP eKTOPHMH IPOEKTHOTO HOH .

IToBopoTroM HMHGIEKTOP MOXHO MEHATh B HEKOTOPOM M I 30HE CT PTO-
Bble KOODIHMH ThI My4kK , IPH STOM HX HEMOJHOE COOTBETCTBHE CT PTOBBIM KO-
OpPIMH T M P BHOBECHO# YCKOPEHHOU OpOMTBI MOXHO KOMIIEHCHPOB Th H3MEHe-
HHEM MIUTUTYIbl YCKOPSIOIIEro H NMpsKeHus H Oy HT X. H puc.7 comomn s
U IOPUXIYHKTUPH S JIMHAM COOTBETCTBYIOT TP €KTOPHMSAM HOH JUIS [BYX MOJIO-
XKeHUH WHQIEKTOp , MIUIMTYA YCKOPSIOLIEro H MpsXeHWd Nnogobp H T KuUM
06p 30M, 4TOOBI OPOUT OBLT 0 BO3MOXKHOCTH JIydllle HeHTPUpOB H . CIUIOMH 5
JIMHUSL COOTBETCTBYET TP €KTOPHM Y CTHIIBI [IPU YCKOpsIIoIeM H npsikeHuu 41 kB,
LIPUXITYHKTHPH $ JIMHUS COOTBETCTBYET TP €KTOPUH U CTHUIIbI MPU YCKOPSIOIIEM
H npsxenun 60 xB.

T kuMm 06p 30M, p CYETHl LIEHTP LHUKIOTPOH MOK 3 JIH, YTO HEOOXOAUMO
YMEHBIIUTD HEPTHIO MHXEKIUH My4YK , [ Jiee IIOBOPOTOM MH(IEKTOP U H3MeHe-
HHEM MIUTHTYAB! YCKOPSIOIIETO H IPSKEHUS TOYHO MO3HLHMOHHPOB Th MyYOK H
P BHOBECHYIO XOPOILIO IEHTPUPOB HHYK YCKOPEHHYIO OpOUTY.



3.2. Yckopenue nonos S*Kr11, Munum jbHOro M3MeHeHHs ypOBHS M THUT-
Horo mons norpebyer yckopenue noHos S4Krt1! m mectoif Kp THOCTH 4 CTOTHI
YCKOPSIOLIEro I0JIs, IPU 3TOM dHeprud nydyk coct BuT 1,04 MeB/HykioH.

Bbuto mpomMozenupoB HO JIBHKEHHE HOHOB KPHUITOH B C(HOPMHUPOB HHOM
M THUTHOM II0JI€ IMKJIOTPOH OT MHXEKLHUH IO BBIBOA . P cyeTsl Mok 3 ju, 4To
ang yekopenus nonos S4Krt1! B cpopmupos HHOM Hone HUKIOTPOH 6e3 m3Me-
HEHUs 4 CTOTBHI CpefHee M THUTHOE Iojie HeoOxomumo ysenuuuth B 1,016 p 3 .
H puc.7 cies mTpUXOBOHU JIUHUEH IOK 3 H 3HEPIUS LUEHTP JIBHOIO UOH KpHU-
NTOH B 3 BUCHUMOCTH OT HOMep 000poT B IMKJIOTpoHe. Kpurepuem coorser-
cTBUSl c(POPMHUPOB HHOTO MO LUKJIOTPOH H30XPOHHOMY IIOJII0 MOXET CITyXKHTh
¢ 30BBIN Apeii) MOH (M3MEHEHHE YCPEIHEHHOTO IO YETHIPEM YCKOPSIOLINM 3 -
30p M 3H YeHHd p 3HOCTH ¢ 3bI HOH U ¢ 361 BU-cucremsr). H puc.7 cmop B
BUIHO, 4YTO Jpeiid ¢ 3bI p BHOBECHOIO MOH B IIpOLiECcCe YCKOpeHHs He OoJiblie
+10° BY (cwiomH $ JUHMSA), YTO AOIMYyCTUMO. [ Cp BHEHUS LITPUXIIYHKTHp-
HOIi JIMHKEH MOK 3 HO ¢ 30BOE JBUXEHHE LIEHTP JIBHOrO HOH prou ¢ A/Z =5
B IIpoIlecce yCKopeHHs. BumHO, 4To apeiid ¢ 3bI HOH ProH COCT BISET He
6ompme +5° BY.

T kum 06p 30M, cchopmupoB HHoe mnosie uukiorpoH LHUTPEK oGecnieuu-
B €T INOCTOSHCTBO (b 3bI P BHOBECHOH Y CTHIIBI B IPOLIECCE YCKOPEHMS MOHOB
84K ¢ npeiichom e Gonee +10° BY, TO ecTh H30XPOHU3M CCHOPMHPOB HHOTO
1011 YJIOBIETBOPUTENIEH ISl ycKopeHusi moHoB SAKr+1L,

TouHble T P METpPBI BTOTO U MPEACT BICHHBIX HUXE PEXKHUMOB YCKOPEHHUS HO-
HOB KPUITOH TOK 3 HBI B T O11.2.

—10 . "i"--.;
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Puc. 7. Tp exropuu 1neHTp JibHOH 4 cTHubl B nenrpe nukinorpon IHWUTPEK g p 3HbIX
MOJIOKEHNH UHPIEKTOP



T 6omu 2. I p mMeTpsl ycKopeHus

Yckopsiemblii HOH BAR 12 | BARpH12 | BRI
H u spH g sHeprud, xoB - Z 11 11 10
Koneun s sneprus, MeB/Hykinon 1,04 1,26 1,04

H npsxenue H snektpon X uHGIEKTOp , KB 5,5 5,5 5

Y cror BY-renep top , MI'n 18,25 18,25 18,25
Kp THOCTB ycKOpeHusd 6 5 6
AMIUIUTY H OpsXeHUd ycKopsioliero mnosns, kB 41 40 45
YpoBens cpenHero mosns Bo- 0,9315(Bo- 1,118|Bp- 1,016
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Puc. 8. @ 30Boe jBHXeHHE p BHOBecHOro MoH S Krtl' — crmowm st nunms, Ar4+08 —
LITPUXIYHKTHPH 5 (JIEB s WIK JT ); 3 BUCHMOCTb BHEPIHH p BHOBecHOro mon S Kr''! or
HOMep 00OpOT — IUTPUXOB s JIMHUA (1P B S LK J )

3.3. Yckopenue nonos S*Krt12, P cuersl mok 3 fm, 4TO TpH YCKOPEHHH
vonos S4Kr*12 u mecroil Kp THOCTH TIPHMAETCS U3MEHUTH YPOBEHb M THUTHOIO
nons B 0,9315 p 3 . YMeHbIleHHe TOK B OOMOTKE M THUT TIPHBEIET HE TOJIBKO
K YMEHBIICHHIO YPOBHS CpefHero nomns H 7 %, HO U K HEKOTOPOMY YMEHBILIEHHUIO
POCT HW30XPOHHOIO IOJIS BOOJb P AUYC , YTO OYHET CIIOCOOCTBOB Th yMEHBIIEHHUIO
apeii ¢ 3Bl My4K B 30HE BBHIBOL .

Ins yckopenus wonos Krg/? H maToii Kp THocTH 6e3 m3MeHenus p Goueid
Y CTOTBI TEHEP TOP CIIEAYET YBEAUUUTh cpenHee noie B 1,118 p 3 . T koii pexum
YCKOpEHUs oTpedyeT yCT HOBUTH CIBUT ¢ 3 Mexay ay HT Mu 180°. YBenudyenue



YPOBHSI M THHUTHOTO IOJIl IIPUBEIET K yBEJIMUEHHMI0 POCT CpEeIHEro IoJis BIOJb
p Auyc , 4TO, YXyALIMT (p 30BOE OBMXKEHHE Iy4K , YTO B CBOK OYEpenb, CT -
BUT IIOJ COMHEHHE pe JIMCTUYHOCTD A HHOTO B pH HT . [IpenMyinecTBoM pexum
[0 Cp BHEHWIO C MPEIbIAYLIMM FBIISETCS HECKOJbKO OONBII S KOHEYH 5 DHEeprus
nydk 1,26 MaB/uyknon npotus 1,04 MaB/HyknoH.

3AKJIIOYEHHUE

Co3n H KOMIIBIOTEPH 1 Moaenbs ueHTp uukiorpoH LHUTPEK, u npo-
BEeJIEHbl TECTOBBIE P CUEThl YCKOPEHUS HMOHOB proH . COOTBETCTBHE P CUYETHOM
3(pheKTUBHOCTU LIEHTP OKCHEPUMEHT JIbHBIM Pe3YJabT T M HOK 3bIB €T JHEKB T-
HOCTb IIPUMEHSEMOM Mojenu. B co3n HHOM MOIENIM MCCIEN0B H BO3MOXHOCTb
YCKOpPEHUSI MOHOB KPHIITOH IIOHIXEHHOH 3 pamHOCTHU. IIo pe3ynsT T M H 1H3
OUH MUKH HOHOB KpuniToH B LMKJIO0TpoHe LIMTPEK MOXHO peKOMEHIOB Th YCKO-
penue uonHoB SAKrt!l 1 Kk K K s 3TOrO MOTPEOyETCS MUHUM JIbHOE W3MEHEHHe
YPOBHSI M THHUTHOTO moyii — yBenudeHue H 1,6 %. T xxxe BO3MOXHO ycKope-
nue uoHoB SAKrt12 H mecToil Kp THOCTH yCKOPSIOLIETO 10/ PH yMEHbIIEHUH
CpeiHero M rHUTHOTO 1ot H 6,8 %. B o6oux ciy4 siX KOHEYH S QHEPIusl COCT -
BUT 0KO0JI0 1,04 MaB/HYKJIOH, YTO IOCT TOYHO ISl OOJyYeHHUs! IUICHKH TOJIIUHOM
10 10 Mxm.
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