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KaanOpoBka 00aupo4YHOM MUIIEHN YCKOPHUTEISI-TAHAEMA
o o ¥
C BAKYYMHO#M H30/1s11Heil

B.M. AJIEHUK, A.C. KY3HELIOB, U.H. COPOKHH, C.I0. TACKAEB,
M.A. THYHOB, U.M. ILYJL1I0

B yckopurene-tanaeMe ¢ BaKyyMHOW M307ALMEH A/Is Iepe3apsAAKd OTPULATENBHBIX NOHOB BOJIOPOZAA B IPOTOHBI UC-
MoNbB3yeTcs ra3oBas o0JUpoyHas MHIIeHb. B pa0oTe ommcana KOHCTPYKIUSI MUIIEHH, NPUBEICHL! PacyeTHBIC JaHHEIE O e
3} (HeKTUBHOCTH U pacxoje rasa, a TaKKe pe3yIbTaThl U3MEPEHU 3aBHCHMOCTH MPOXO/SIIEro0 TOKa OT ra3oHaIycka B MH-
weHb. [Ipenoxken ciocod onpeaesneHus TOMUMHBI MUAIIEHA U COPMyIMPOBAaHA [POLELYPa 3a1aHusl 1aPAMETPOB CUCTEMbL
ra3oHamycka ajs obecnedeHus TpedyemMoil nepe3apsiKy myuka.

KmoueBble c10Ba: yCKOPHUTENb-TaHAEM, BaKyyMHas H30JLLHS, Iepe3apsiiHas MHIICHb, yCKOPUTEIbHBIH HCTOUHUK
HEUTPOHOB.

BBEJEHUE

IlepcneKTUBHBIM IOAXOAOM B JICUCHUH PsiJia 3I0KAYECTBEHHBIX OILyXOJIeH, B IEPBYIO OUEpeab
TPYZHOU3IEUUMBIX OIlyXOJeH TOJOBHOTO MO3ra M MEJIaHOM, paccMaTrpuBaeTcsi OOp-HEHTPOHO-
3axBatHasa Tepamus (BH3T). Meron ocHOBaH Ha CEEKTHBHOM HAKOIUIEHHH HEPAIMOAKTUBHOIO He-
TOKCUYHOI'O M30TOIIa 10]3 B OITyXOJIK YU TOCJICAYOLIEM o6nyquM1/1 HaATCIIOBBIMU Heﬁ’I’pOHaMH. B
pesyibTaTe MOIVIOMEHHs HEHTPOHA GOPOM IPOMCXOMUT saepHas peakmms ' B(n,00)'Li ¢ Gombmmm
BbIJIC/IEHHEM JHEPIMM UMEHHO B TOW KIIETKe, KOTopasi cojepaia siipo O0opa, uTo IPUBOJMT K €e
rubesn. [Ipakruueckas peanmsauunsi Meroa odecrieunBaeTcsi 00JIbIION BEJIMYMHON CEueHMs 3axBara
TEIJIOBBIX HEWTPOHOB OOPOM, MaJIoi JUTMHOHM Mmpo0era MpoxyKTOB SAEPHON peakunu U n30upareb-
HBIM HaKOIUICHHEM PaKOBBIMH KJIETKaMH cojieprkamux 6op dapmnpenapatos. IIpoBeneHHbIe KIMHN-
YeCcKHe WCIIBITAaHNSI METOJIMKH Ha SICPHBIX PEaKTOpax MPOAEMOHCTPHPOBaIH €€ d((PEKTUBHOCTH B
JICYCHUH [EJIOTO Psijia OMyXOJIeH, OHAKO HIMPOKOE BHEIPEHNE METOIUKHI B KIMHIMYECKYIO TPAKTHKY
TpeOyeT KOMIIAaKTHBIX O€30IAaCHBIX M OTHOCHUTENHFHO HEJOPOTHX MCTOYHMKOB HAATEIUIOBBIX HEHTPO-
HOB. /[yl Takux reHepaTopoB HEUTPOHOB MOTYT HCIIONIB30BATHCS YCKOPHUTENIH 3apSDKEHHBIX YaCTHIL.
B Unctutyte snepuoit pusuku CO PAH 651 mpenmoxeH [1] u coopyxer [2] mpoToTun HCTOYHHKA
SIUTEIUIOBBIX HEUTPOHOB HA OCHOBE YCKOPUTEJIA-TAHAEMA C BaKyyMHOW M30JsILUEN U reHepauuen
HEITPOHOB B pe3yJibTate peakuun 'Li(p,n) Be.

B pabote onuchiBaercst 00 MpouHasi MULIEHb YCKOPUTEJIsl, IPeHA3HAYEHHAs! JUIsl T1epe3apsiiKi
YCKOPCHHBIX OTPULATCIIbHBIX MOHOB BOJL0POJa B IPOTOHBI, U MPUBOAATCA PE3YJILTATHI DKCIICPUMCHTA
110 U3MEPEHHIO 3aBUCHMOCTH TOKA Ha BbIXOJIE U3 YCKOpUTEJIsl OT Halycka raza. Ha ocHoBe nposejieH-
HOTO aHaIIN3a MPEeAIaraeTcsi MeTOAMKA OIpeIeNICHIsI INHEIHON TONIIMHEI Ta30BOH MUIIEHH ¥ TPOIie-
Jlypa 3aJaHusl TapaMeTpoB CHCTEMBI Ta30HAITyCKa JUIs o0ecnedeHns TpeOyeMoit Tiepe3apsiKy IydKa.

1. YCKOPUTEJb-TAHJAEM C BAKY YMHOM U3OJISLIUEA

OO0wwit Buj yCKOpUTE/sI-TaHAEMa ¢ BAKyyYMHOW U30JsIMEH PEACTaBjICH Ha puc. 1.
B yckopurene-ranjieMe ¢ BaKyyMHOU U30JSIMEHA UHIKEKTUPYEMbIE OTPULIATE/IbHBIE HOHBI BOJO-
poxna yckopsitotest 1o 1 MaB momaBaeMbIM Ha BBEICOKOBOJIBTHBIN DIICKTPOJ TIOTCHIMAIOM, TIpeBpaIia-
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FOTCsI B IPOTOHBI B Ta30BOM 00AMPOYHON MUILICHH, U 3aTEM MPOTOHBI TEM XKE MOTCHIIUAIOM yCKOPSIIOT-
cst 10 2 MaB. TloreHupan Ha BHICOKOBOJIBTHBIM U MPOMEKYTOUHBIE AJIEKTPOAbI MOAAETCSI OT BBICOKO-
BOJIFTHOTO MCTOYHMKA HANPSHKEHUS Yepe3 MPOXOAHON M30JSTOP, B KOTOPOM YCTAHOBJIEH OMUYECKUN
JIeUATeNb. B TaHIEMHOM 3JIEKTPOCTaTHUECKOM YCKOPHUTENIE ¢ BaKYYMHOW M30JISLIMEN YCKOPUTEIbHBIC
TpyOKH KaK TaKOBEIC OTCYTCTBYIOT — U30JIITOP OTHECEH OT TPAKTa YCKOPEHMS ITydYKa Ha 3HAYATCIIHHOC
PAaccTOsIHUE, YTO BMECTE € pean3aliell OTKaYKy Ta3a 4epes HKalto3u 3JIEKTPOJI0B BHE YCKOPUTEIBHOTO
MIPOMEXKYTKA MO3BOJISIET HAZIEATHCSI HA MOJyYE€HUE CUIIBHOTOUYHOTO IPOTOHHOT'O ITy4Ka.

TMHI

Puc. 1. O6wmuii BUa yckopuTens-TaHaema:

1 — MCTOYHUK OTPULIATENILHBIX HOHOB BOAOPOJA; 2 — BBICOKOBOJLT-
HBI 37EKTPOJ; 3 — HKAO3U AJEKTPOJOB-IKPAHOB; 4 — KPUOT€HHBIN
Hacoc; 5 — BaKyyMHBIN 0aK yCKOPUTENs; 6 — MPOMEKYTOUHBIC HIICK-
TPOJbI-3KpaHbl; 7 — ra3oBas 00AUpOYHAsi MULLEHb, 8§ — BaKyyMHas
4acTh MPOXOJHOIO M307ATOpa; 9 — razoBas 4acTb HPOXOJHOIO H30-
nsTopa; /() — BBICOKOBOJIBTHBIN MCTOYHUK HANpsKeHUs; 1/ — BHYT-
pEHHUE KOAKCHAIbHbIE LMIMHIPbLL, COEAUHAIOMIUE DJIEKTPOJbI
O/IMHAKOBOTO MTOTEHIIMAJIAa rA30BOM U BaKyyMHOH 4acTel n3onstopa

2. OBAUPOYHASI MULIEHb

B pabote [3] Obun pacCMOTPEHBI PA3JIMYHBIC MUILICHH JUISL [IEPE3aAPSIAKA OTPUIIATEIIBHBIX HO-
HOB Boopoa ¢ sHeprueir 1 MaB B nmpoToHsL. B kadecTBe onTrMaIbHOI BEIOpaHa ra30Basi aproHOBast
MUIICHB, KOTOpasi ObLTa peai30BaHa B BHUIC OXJIAXKIACMOHN IIMIIMHAPHYCCKONW TPYOKH C HAITyCKOM
ra3a B cepenune. [InmuHa TpyOku paBHa 400 MM, BHyTpeHHMIA auameTp 6601 10 My, a ¢ 2011 1. yBenn-
geH 10 16 mm. @ortorpadus 16-MUIIIMETPOBON MUIIICHH YCTAHOBICHHOW HA TPOXOTHON H30JSTOP
MpUBEJICHa Ha pHC. 2.
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Puc. 2.

JUIs oTpHUIIaTeTFHOTO MOHA BOAOpOAa 3Heprueit 1 MaB ceueHHs mponeccoB, CBI3aHHBIE C €TO
repe3apsiiIkoi B aprose, cienytouiue [4]: o g = 4,2-10"16 CMZ, G+ = 1,6o10‘16 CMZ, o_.= 2,2.10-17 CMZ,
60-=6-107"ceM?, 0,9 =810"c™?, o, _ = 1,7-10%* cm’. PaBHOBeCHBIiT BHIXOJ [IPOTOHOB M3 aproHO-
BOM MHUIIEHH cocTaBisieT 99,9880 %. 3aBUCHUMOCTH 3apsA0BOTO COCTaBa My4yKa M TOKA Ha BBIXOJE OT
JMHEWHOW TUTOTHOCTH aproHa B MUIIICHU MTPUBEICHBI HAa PUC. 3; XapaKTePHBIC 3HAYCHUS — B Ta0I. 1.

Tabnuya 1

BI)IXO)Z[ NMPOTOHOB H TOK MYYKa HA BBIX0J€ JJIST HCKOTOPLIX 3HAYEHUI TOJIUHBI MUIIIEHHA

Jluneitnas nnoruocts nl, 10" em™ 0,32 1 1,7 2,1 3,1
Bbixon npotoHoB, % 23 70 90 95 99
Toxk nmyuxa, % 0 70 90 95 99

B pabGorte [3] Ha ocHOBe aHanM3a PEXKUMOB UCTEUCHUS Ta3a [5—7] maercs BBRIpaXCHUE IS pac-
XO0J1a Ta3a U3 nepe3apsiHoil TpyOKH B HAallleM JIHAla30He MapaMeTpoB:

3 15
0=3x10"18 nL D—ZT—[4,8>< 107 2 z;] ,
M L

rae pacxon Q BeipaxeH B 11 Topp/c, Bce pa3Mepsl OepyTest B CAHTUMETpax, Temieparypa T’ BelpaxkeHa
B rpanycax Kenbuna, M — mosiekyisipuas macca, G — ciabo3aBucsiias QyHKLMs JaBICHUs!, TEMIIE-
paTyphbl, BI3KOCTH Ta3a M AUaMETpa TpyOsl U u3MensteTest ot § = 1 IUIs MOJIEKYIIIPHOTO peXxXuMa Te-
uenust 10 § = 0,81 puist BsizKOCTHOTO.

s TpyOku muamerpoM 16 mm, mwHOM 400 MM 1 Temmeparypoit 300 K pacxon aprona ¢ xo-
poleil TOYHOCTBIO JIMHESH TOJIIUHE MUIICHH M MOXKET OBITh IMPEICTABICH CIIEAYIONINM BBIpaXKe-
HUEM:

010" ¢'1=2,63nl[10" em?], unu O [MTopp ¢ '] =75 nl [10" em ).
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Puc. 3. 3aBUCUMOCTB 3apsiI0BOT0 COCTaBa My4ka (a) U ToKa Ha BbIXoze (0)
OT JIMHEHHOM MJIOTHOCTU aprOHOBON MMILIEHHU.

3. JMATHOCTHYECKHE CPEJACTBA

IloTeHnman BHICOKOBOJIBTHOTO 3JIEKTPO/A OIPEAEISETCS 110 TOKA3aHUsIM OMUYECKOTO JIEJIUTENS
HAIPSDKEHUST BBICOKOBOJIBTHOTO MCTOYHHUKA NUTAHUS W HA3bIBACTCS «HANPSIKCHUEM YCKOPUTEILD».
Taioke MoTeHIral BBICOKOBOIBTHOTO 3JIEKTPO/Ia OIPEIEISIETCs 110 I0KA3aHUIM OMHYECKOTO JIEITHTe-
71 B TIPOXOJJHOM H30JISITOPE M HA3BIBACTCS «HAMPSDKEHHEM AENUTENs u3onsaropay. llpu orcyrcTBin
TEMHOBBIX TOKOB [8—10] 3Tu HampspkeHust naeHTHYHBL 110CKOJIBKY MOTEHIMAIBI IPOMEXKYTOUHBIX
3JIEKTPOJIOB 33/IaI0TCSI IEIUTENIEM B MPOXOJHOM M30JIATOPE, TO MPH HAJIUYMKM TEMHOBBIX TOKOB Ha-
MpsDKEHUE JETUTENs U30ATOpa MOXKET OTJINYAThCS OT HAMpPSDKEHHs yCKopuTens. MeHslliee Hamps-
JKEHHE JETUTENs N30JIATOpa YKA3bIBaeT Ha MPEUMYIIECTBEHHBIII TEMHOBOM TOK B 3a30pe MEXIy Ba-
KyYMHBIM O0aKOM ¥ TIEPBBIM YCKOPSIIOIIUM 3JIEKTPOAOM, OOJIbIllee — Ha MPEUMYIIECTBEHHBIH TEMHO-
BOM TOK B NMPOCTPAHCTBE MEXKIY YCKOPSIONIMMH 3JIEKTpoJaMi. BenndanHa TeMHOBOTO TOKa ompesie-
JSIETCsl IO PAa3HOCTH TOKA, BBIJABAEMOTO BBICOKOBOJIBTHBIM MCTOYHHKOM IHUTAHHS, M U3MEPSIEMOTO
TOKa Yepe3 OMOPHOE COMPOTHBICHHE OMHYECKOTO JIENUTENS TPOXOJHOTO n3omsiTopa. Crexyer oOpa-
TUTHh BHUMAHUE HA TO, YTO TEMHOBON TOK MEXIy 3JEKTPOJAaMH HE PETHUCTPUPYETCs, U IIOTOMY (hak-
TUYECKH BBIYUCILIETCS] TOJIBKO TEMHOBOM TOK MEXIy BaKyyMHBIM OAaKOM M JIEKTPOJAMU, IIPEUMY-
LIECTBEHHO I1EPBbIM, HO MOXET ObITh U HEIOCPEACTBEHHO BbICOKOBOJILTHBIM.
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IIpy uHXEKTUPOBAHUU IIyyKa B YCKOPUTE/b PA3HOCTb TOKA, BbLAABAEMOI'O BBICOKOBOJIbTHBIM
HCTOYHUKOM HHTAHUS, U U3MEPSEMOr0 TOKA Yepe3 ONOPHOE CONPOTHUBICHUE OMUYECKOIO JIEIUTENs
HPOXOHOTO U30JIATOpa OyIET ONpeNensThCs He TOJIBKO COOCTBEHHO TEMHOBBIMHU TOKAMH /1eyy, HO H
ITyYKOM, @ UMEHHO Jycxop. = Lrev. + 1= norepn 7o + 2 I+, T11€ I porepy — TIOTEPH IydKa OTPHIIATEIBHEIX
MOHOB BOZIOPO/Ia HA BJICKTPO/IBI yCKopHTes, [p — NOTOK 00pa30BaBIIMXCs B PE3yJIbTaTe Mepe3apsiji-
Ku He#TpasoB U [, — TOK npoToHOB. Ha BBIXO/C U3 YCKOPHUTEISI B MEPBOM IHATHOCTHYECKOM Oake
TPaKTa TPAaHCHOPTHPOBKHU BBHICOKO3HEPTMYHOIO ITy4YKa YCTAHOBIEH oxJiaknaeMmblii mumaiap Papa-
Jest, u3MepsTonmi npormenmuii Tok Iy = I+ — I ypour, T€ I ypow. — TOK OTPULATENBHBIX HOHOB BOJIO-
poaa Ha BBIXOJE M3 yCcKOpuTems. PazHuIla MeXTy TOKOM yCKOpHUTENsS W TOKOoM IunnHapa PDapames
Lycxop. = Loy = Lreww. + Lo norepn 7o + 2 i = I + I ypous. = Lreyw. + 1+ + o + I siBasiercs cymmoii tem-
HOBOI'0 TOKa U MOTOKA WHKCKTUPYCMbIX 4YaCTULI. HpI/I WHXCKIIMW MUJIJIMAMIICPHBIX IMYYKOB JaHHas
pa3HHUIA TOKOB yckopuTens U mwinHapa dapanes ¢ Xopoleld TOYHOCTBIO XapaKTepH3yeT TOK WH-
JKEKTHPYEMOTO Iy4Ka, MOCKOJBbKY TEMHOBBIC TOKH MOCIE JIMTECIBHON TPEHUPOBKU YCKOPHUTEIS
UMEIOT 3HaueHus nopsinka 10 MxA.

Bakyym u3mepsiercst KOMIIAKTHOM BakyyMHO# sammoii Pfeiffer Vacuum tuma PKR 251, xapak-
TepU3yIOLIeNcs JIMHEHHO!N TyBCTBUTENBHOCTHIO TI0 BO3LYXY B IIMPOKOM JWara3oHe JaBICHUI U JIU-
HEHHOI YyBCTBUTE/ILHOCTHIO 110 aprouy B jquarasone 10— 107 ITa ¢ kospduumentom 0,8, T. €. pe-
anpHOE JaBieHue aprona cocrasisieT 80 % oT m3mepeHHoro. Jlamna yctaHOBJIEHA cpa3y Ha BBIXOZC
U3 YCKOPHTEISl B KOJICHE OTKAa4KU TypOomoekysipHoro Hacoca TMH-3 (cnpaBa Ha puc. 1).

H3mepeHue ypoBHSI HOHU3UPYOIIETO U3JTyUCHHs OCYLICCTBIISICTCs pa3pab0TaHHON B MHCTUTY TS
AaBTOMAaTU3UPOBAHHON CHCTEMON PaIHalliOHHOTO MOHUTOPUPOBAHHUS, TIOAOOHO ommcaHHOHU B [11].

4. OBECIIEYEHUE HAITYCKA I'A3A B MULIEHb

[Tomava ra3a B 00QMPOYHYIO MUIICH OCYIIECTBIISCTCS CICIYOIAM 00pa3oM. B BEICOKOBOJIBT-
HOM DJIEKTPO/I€ UCTOYHHUKA MUTAHHUS YCKOPUTEIS PACIIOIOKEHBI S-ITUTPOBBIN OAa/IOH aproHa ¢ ra3o-
BEIM pexykropom GCE, snekrpoMexaHWdYecKuil KilamaH MOJAdd ra3a B IE€pe3apsiaHyI0 MUIICHB,
yrpaBisgeMblil 27 B UCTOUHMK NMUTaHUS KJIallaHa, MUTaeMbIi MOC/IeHEe CeKIMel BEICOKOBOJIBTHOTO
BBIIIPSIMUTEIISA, U ITPEUM3UOHHbBINA UI0JIbYAThI HaTeKaTe b, MeX/ly KilallaHOM M HaTeKaTeJIieM pacIio-
noxeH Oydeprsrii o6vem. [locTymnenne raza B OydepHsii 00beM 0OeceunBacTCsi OTKPHIBAHHUEM
KJIallaHa B PYYHOM PEKUME WIM ¢ OINpEIeNIeHHON dacToToil. JlaBineHue rasza B OydepHOM o0BEME
ONPEJIENISIETCS YaCTOTOW OTKPbIBAHUS KJlallaHa, HO HE MOXKET IMPEBBIIIATH BHIXOIHOTO JIABJICHUS pe-
IyKTOpa. B mpoBeneHHBIX 3KCIIEPUMEHTAX IINTEIHHOCTh OTKPHIBAHUS KiamaHa Oblia yCTaHOBJICHA
160 mc, a BEIXO#HOE naBieHHe pexykropa 4 atMm. M3 OydepHoro obbema ra3 depe3 Mpenn3nOHHBIH
MrOJIbYATHIM HATEKATE/Ib OCTYNACT B O0AMPOYHYI0 MHIICHD 10 TPYOKE JJIMHON 2 M C BHYTPSCHHUM
IIaMeTpoM 4 MM, PacIONIOKEHHON BHYTPHU MIPOXOJAHOTO M30JATOpa. XapaKTepHOE BPeMsI BHITCKAHHS
raza cocrasiser 500 c.

5. 9KCHEPUMEHTAJIbHOE U3YYEHUE

[IpoBeneHbI M3MEpEeHUST TOKA IIyYKa HA BBIXOAE YCKOPHUTENS M BETUYUHBI OCTATOYHOTO JaBIIe-
HUS NPY Pa3IMYHBIX HAIyCKaX ra3a B 0OJMpPOYHYIO0 MUIICHB (TIPUBOIUMBIE HIDKE JaHHBIE OTHOCSTCS
K akcriepuMenTy 13 oxtsOpst 2011 r.). be3 Hamycka rasa gaBieHue B 00beMe OKOJIO TypOOMOJIEKY-
nspHOTO Hacoca Oswio 0,5 107 Ila. IIpu namycke ra3za ¢ yacroroid 1/40 I'u jaBieHue BBHIXOIUIO HA
CTaIlMOHAPHBIN YPOBEHB O 107 Ila, ¢ gactoroii 1/20 I'm — 11 107 I1a, ¢ gacroroit 1/10 I'y — 22 107
ITa, ¢ wactoroii 1/5 I'p — 33 10~ TTa. Buasa IuHeiiHas 3aBICHMOCTD OCTATOYHOTO JTABJICHUS OT KO-
JIMYECTBA HAIYCKAeMOro rasza BIUIOTh a0 4dactorel 1/10 I'u. Ilpu 3akpbrtun mubepa KPUOrEHHOTO
HAacoca OCTaTOYHOE JaBIICHHE YXYAIIATOCh Ha MOPSAAOK, YTO YKa3bIBaeT HAa TO, YTO KPHOTCHHBIM Ha-
cocom oTkaumBaetcs 90 % Hamyckaemoro aprona. TakuM 00Opa3oM, TOJIIMHA Ta30BOW MUIICHH MO-
JKET OBITH ONOCPEIOBAHHO XaPAKTEPU30BATHCS 1aBJICHUEM OCTATOYHOIO Ia3a.
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B yckopuTens ¢ NOTEHIMAIOM BBICOKOBOJIBTHOTO utekTpoaa 800 kB mHKEKTHpOBAJICS Myd0K
OTPHIIATEIBHBIX HOHOB BOIOpoia dHepruei 21 k3B. I10Tok MHXXEKTUPYEeMBbIX YacTUI] UMEJT BETMUUHY
225+ 10 pA, a remHOBO#M TOK Obli1 Ha ypoBHe 24 + 4 pA (puc. 4). Ilpu orcyrcrBuu nojauu rasa B
00anpouHyI0 MUIIeHb NUIHHAP Papanest perncTpupyeT OTpHUIATeIbHEINA TOK (pHc. 4). DTOT TOK SIB-
JsIeTcs TOKOM OTPHULATENIbHBIX HOHOB BOJOPOJA, KOTOPhIE OBLIM CHAadajla yCKOPEHBI, a 3aTeM 3aMefl-
nensl. [lpn momade raza B 00AMPOYHYI0 MHIIEHH MPOUCXOJNT Tepe3apsiika OTPUIIaTeIbHBIX HOHOB
BOJIOPOZA B IPOTOHEL.
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Puc. 4. BpeMeHHbBIE 3aBUCUMOCTH JIaBJICHUS OCTATOYHOTO rasa P (), Toka yckopurens
(6, Bepxnsist KpuBast) u Toka uunuapa Oapaznes (0, HWKHsIsE KpUBast)

Ipy JIOCTIKEHIK [UIOTHOCTH aproHoBoii mumern 0,29-10'% cm ™ (1aHHOE 3HAYCHHME OTIMUACT-
Cs1 OT TIPUBEAEHHOTO B Ta0M. 1 M3-3a MEHbIIIEH YHEPTrHM OTPUIATEIHHEIX HOHOB BOIOPOA) TOK TIPO-
TOHHOTO Iy4Ka CPABHMUBAETCSI C TOKOM OTPHIATENIFHBIX HOHOB BOAOPOJA M PETUCTPUPYEMBINA JETEK-
TOPOM TOK CTaHOBHUTCSI paBHBIM HYJIO. PerucTpaiiyis MOMEHTa HepexoAa TOKa OT OTPHIATEIbHBIX
3HAYEHUH K TOJOKUTENEHBIM IIPH M3MEHEHNH JaBJICHUS SIBISICTCS MOJIE3HON MPSIMON JMarHOCTHKOMN
IUIOTHOCTH 00aupodHOl MumieHu. llpu manpHEWIIEM YBENIWYEHHWH Ta30HAIyCKA PETHCTPHPYEMBIN
HIOJI0’KUTEIbHBINA TOK BO3PACTAET U BBHIXOJWUT HA HACHIIICHUE.

3aBUCHMOCThH TOKA HA BBIXOJIE U3 YCKOPUTENS OT JABJICHUS OCTATOYHOIO ra3a C MOMEHTa Bpe-
MeHn 690 ¢, mocie KOTOpOro He MPOU3BOAMIACE KOPPEKTUPOBKA TPAHCHOPTUPOBKU IMy4YKa MArHUT-
HBIMM JIMH3aMH U KOPPEKTOpaMH, IpeIcTaBieHa Ha puc. 5. Tam ke npejcrasiieHa U pacueTHast 3aBU-
CHUMOCTh, B KOTOPOM MaKCHMAaJIbHBIN TOK IPOTOHHOTO ITy4Ka MPUHUMAICS PaBHBIM 188 MKA, y4uThI-
Bamuch 20 % MoTepu OTpULATEIBHBIX MOHOB BOAOPO/AA B YCKOPHUTEIBHOM TPaKTe OT Iepe3apsaHon
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MHUILEHHU JI0 BbIXOJA U3 yCKOpUTels, (pUKCHMpOBaiICs EPEX0/ OT OTPHLATEIbHbIX 3HAYEHUH TOKA K
[0JI0KUTEIbHBIM U BBOAMJIOCH 3HAYEHHME JABJCHUSI OCTATOYHOIO Iasa, IPH KOTOPOM Perucrpupye-
MBI OTpHIIATETBHBI TOK MaKCHMAJIeH, B JaHHOM ciydae 1,95 107 ITa.
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Puc. 5. V3amepenHass u pacueTHas (JMHUS) 3aBUCHUMOCTU PErHCTPUPYEMOrO TOKa
Ha BBIXOJIE YCKOPHTEs OT JaBJEHUs OCTATOYHOrO rasa (BHU3Y NpuBeAeHa 00J1acTh
HACBILEHHS TOKA B yBEIHYEHHOM MaciuTabe)

IIpu naBneHun OCTaTO4HOrO rasa 10 ITa na Bcem TpakTe OT Iepe3apsiAHON MULIEHU 10 LU-
aunnapa dapajest norepu OTpULIATEILHBIX HOHOB BOJIOPO/IA 33 CUET Hepe3apsi/iKi COCTABIISIOT MeHee
1 %, nosromy BbIOOpP J@BJIEHUsI OCTATOYHOIO 'a3a, IIPU KOTOPOM PEruCTPUPYEMbIi OTpULIATE/IbHbIH
TOK MakcHMalleH, 00yCJIOBJIEH HOAIOHKON K AKCIEPUMEHTAIIbHBIM JlaHHbIM. Clie/lyeT 3aMeTUTh, YTO
IIPY HAITyCKe apToHa €ro JaBJeHHE BHYTPH MHIICHN 3HAYMUTEIHHO MPEBOCXOJNT JABICHUE OCTATOY-
HOTO Ta3a, HApUMEP, JocTuraet 5 Ila npu juHeitHo# moTHOCTH Mumenn 0,29-10'° cv 2,

[ToTepn oTpHIaTENEHBIX HOHOB BOAOPOJA B YCKOPHTEIFHOM TpPaKTe IMOCIE Mepe3apsAHod MH-
IIEHH CBS3aHBI C TEM, YTO, B OTJINYME OT MPOTOHOB, OTPHUIIATEIBHEIE HOHBI B 9TOM TPAKTE TOPMO3SIT-
Csl, U TMyYOK YBEIMUYMBAETCS IO pa3MEpoB INPEBBIIIAIONINX OTBEPCTHE AuadparM (AuamMeTpsl Jua-
(parM B TpakTe yCKOPEHHUS OTPHUIATENBHBIX HOHOB ObLTH 43, 43, 35, 30, 25 u 20 MM, a B TpakTe yc-
KopeHus1 npoToHOoB — Bee 20 MM). Ha puc. 6 npuBeneHb TpaeKTOPUH OTPHLIATEIBHBIX HOHOB BOJIOPO-
na. Bugno, uto Ha mocnexnue 3 3eKTpoja NONAgaeT 4acTh IydKa OTPULATEIbHBIX HMOHOB, M 3Ta
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gacTh coctanisieT 20 %. Takast pacueTHast 10/ OTEPh XOPOILO COrJIACYETCS C KCIEPUMEHTATBHON
22 %, onpeneneHHOl U3 TOro, YTO MPU MPOTOHOM TOKe 188 MKA MaKCHMalIbHBIA PErHCTPUPYEMBbIi
TOK OTPHIIATSIIFHBIX HOHOB BOJIOPOIa COCTaBIIsIeT 146 MKA (puc. 5). JlaHHAs monpaBka MOTeps adbco-
JIOTHO HE BIHSET Ha PACUCTHYIO KPUBYIO B 00JACTH HACBHIIIEHHS, HO HEMHOTO C/IBUTAeT B MEHBIIIEE
3HAYCHHE PACUCTHYIO TOJIIMHY MULICHH HyIeBOro Toka — ¢ 0,29-10' cm™? 110 0,27-10' cm™2.

Ha puc. 5 BunHO, 9T0 M3MEpeHHAas 3aBUCMOCTh TOKA Iy4Ka OT TOJIIMHEI Ta30BOH 00 IMpOIHON
MHUILEHNA XOPOILO COTIACYETCs C PACUETHOM, a 0 MOMEHTY MepeXoa OT OTPULATENbHBIX 3HAYCHUM
TOKA K MOJOXKUTEIBHBIM — HOpMUpYeTCst. OTHOCUTENHHO OOJBIIOE OTKIOHEHHE M3MEPEHHBIX 3HAUe-
HUIA OT PACUETHBIX B 00JIACTU OTPUIIATEIBHBIX 3HAYCHUI TOKA BO3MOXKHO OOBSICHSIETCS] MMITYJIbCHBIM
ra300T/AEJICHHEM C IIOBEPXHOCTH OJJIEKTPOJOB H3-32 TEMHOBBIX TOKOB B BHJE MHUKPOPa3psiIoB
[8-10, 12].

] 10 3 qr 10
(a4 1 2tk ‘¥ ¢ | 210k

Puc. 6. TpaekTopuu OTPULIATENILHBIX HOHOB BOAOPO/A B YCKOpUTENe (MCTOUHUK OTpULIA-
TEJIbHBIX HOHOB BOIOPO/A PACIIONIONKEH ClIeBa, KoopauHara z = 0 COOTBETCTBYET LEHTPY
o0aupouHoii MumieHu, nunuHap Dapanes pacnonokeH B z = 1500 Mmm

IIpoBeneM cpaBHEHHE U3MEPSEMOrO JABJICHUSI OCTATOYHOIO BakyyMa ¢ pacueTHbM. [l obec-
neuenust 90 % nepes3apsaKy Mydka OTPUIATENBHBIX HOHOB BoJopoa ¢ sHeprueit 0,82 M»B B nporo-
HbI TpebyeTcss aproHoBas MHIIEHb C JMHEHHOH mmotHOcThIO 1,5-10' cM?. Pacxon rasa Gynmer
0,1 Topp-m-c'. TIpi CKOPOCTH OTKAaYKHM KPHOTEeHHBIM Hacocom 3000 J1/C, OrpaHHYEHHOM CHCTEMOl
JKaITI03M AIEKTPoAoB [3], maBiaeHHE B BRICOKOBOJIBTHOM 3JIEKTPOAE Oyaer 4-107 Ila. To, yro namma
BOMM3M TypOOMONEKYISIPHOTO HAcoca IIOKa3blBaeT B 3TOT MOMEHT Oojee JIydmnid BaKyyM,
1,7-107 Ila, OGBSACHAETCS MECTOPACIIONIOKEHHEM JaMIIbl. 1IpoBe/IeHHAs OIEHKA I10KA3BIBAET OTCYT-
CTBUC IPOTUBOPCYMHU U MO3BOJISICT CHUTATDH, YTO PU HAITYCKC ra3a B ICpe3apsaIHyI0 MULLICHb J1aBJIC-
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HHE ra3a B MeX3JIEKTPOJHOM IIPOCTPAHCTBE YCKOpuUTes B 2—3 pa3a 00Jbliie U3MEpSeMOro JaBeHus,
a B TPaKTe TPAHCIIOPTUPOBKH Iy4Ka — HA yPOBHE 110Ka3aHUH BaKyyMHOM JiaMIIbl.

Taxum 06pa3oM, poOBeIEHHOE UCCIEA0BaHKE MO3BOIMIO Pa3paboTaTh METOIUKY KaTHOPOBKU
00MPOYHON MWIIEHH ¥ TIPONHCATh MPOIEAYpPYy 3aJaHhs MapaMeTpoB CHCTEMBI Ta30HAIyCKa ULl
obecniedeHus TpeOyeMoil creneHu nepesapsaku myuka. [Ipouenypa ciemyromias: cHadana noaoupa-
€Tcsl Takas 4acToTa MMITYJIbCOB OTKPBIBaHMS KJIallaHa, KOTopas obecriednBaeT Ha BHIXOJE U3 00.H-
POYHOI MUILIEHN PAaBEHCTBO MPOTOHHOTO TOKA TOKY Iy4YKa OTPHULATENBHBIX HOHOB BOJOPOJA. 3aTeM
4acTOTa MMITYJIbCOB YBEIMUYMBACTCS B COOTBETCTBHUH ¢ NAHHBIMU Tabi. 1 s obecnedeHus: Tpedye-
MOH mepe3apsaaKy MMydka, Hanpumep, B 5,3 pa3za 1t 90 % nepesapsaku.

3AKUIIOYEHUE

B yckopurene-tanzeMe ¢ BaKyyMHON M30JsIIMeEH 17151 Iepe3aps Ky OTPULATEIFHBIX HOHOB BO-
JI0po/ia B IPOTOHBI MCIIOJIb3YETCs ra30Basi 00AMpoyHasi MUILIEHb, U3rOTOBIICHHAS B BUJIE OXJIaX/|ae-
Mo# TpyOku juHor 400 MM, guamerpom 16 MM ¢ HaIlyCKOM aproHa 1nocepeimHe.

B pabore npuBeieHbl pACUCTHHIC JAHHBIC COCTABA IIyYKa U TOKA B 3aBUCMMOCTH OT JIMHCHHOM
TOJIIIVHEI MUIIECHH, a TAKXKE Pe3yJIbTaThl SKCIIEPUMEHTA 110 H3MEPEHHIO TOKA Ha BBIXO/IE YCKOPUTENS
IIpU M3MEHEHUM Ta3oHamycka. [IpemioxkeHa MeToaMKa OMpeeNieH sl JIMHEIHON TOJIIUHBI Ta30BOI
MUIICHN 10 (MKCHPOBAHMIO MOMEHTa Iepexo/ia TOKa Ha BBIXOJE M3 OTPHIATEIHHBIX 3HAUYCHHWH B
MOJOXKUTEIbHBIE. J[aHHAasT METOAMKA MO3BOJSET YCTAHOBUTH COOTBETCTBHE MEXIY JTMHEHHOW IUIOT-
HOCTBIO MUIIIEHH, Ta30HAMYCKOM U JaBJIEHHEM OCTaTOYHOTO rasa. [IpomemMoHCTpHpoBaHO Xopomee
corjacyue 9KCIEePUMEHTAIFHO M3MEPEHHOH 3aBHCHMOCTH TOKa ¢ pacdeTHOH. OLeHEHO IaBieHHE B
yckoputenbHoM KaHaie. ChopMyarpoBaHa IpoLesypa 3a1aHus apaMeTpoB CHCTEMbI ITa30HAILyCKa
Juts obecrniedeHns TpeOyeMol CTeNeHn nepe3apsaIky IMydKa.

Pabora BrmonHena npu ucnonb3oBannu obopynosanusa LIKII CLICTU u ¢unancoBoi mos-
Jepkke MuHoOpHayku Poccun.
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V.1. Aleynik, A.S. Kuznetsov, I.N. Sorokin, S.Yu.Taskaev, M.A.Tiunov, .M. Shudlo
Calibration measurement of the stripping target of the Vacuum Insulated Tandem Accelerator

In the Vacuum Insulated Tandem Accelerator a gas stripping target is used to strip the negative hidrogen ion
beam into protons. In the paper the construction of the target is discribed, the calculated efficiensy and gas flow rate
data is presented. Also the experimental rasults on studing the output current dependnce to the gas flow rate is pub-
lished. The procedure is proposed to determine the target thickness and to define the gas flow parameters for optimal
stripping of the accelerated beam.

Key words: tandem accelerator, vacuum insulation, stripping target, accelerator based neutron source.



