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MOoHHO-TOpAYaA MiasMa B KEAAPYMNOJbLHONH JIOBYmKe

E. A.Tunes, I'. . luMOB, A. A. KabaHleB
B.T. Coxonos, C. 0. Tackaes

ﬁHchTyT anepHok ¢uamku HM.T.H. Byaxepa
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AHHOTAIDHK A

Npu zamonHeHHM Npo6kOoTpoHa "AMEAJN-K" nnazMo#fk ®2 KBasH-
CTANHOHAPHOTO Traz3opa3pANHOTO HCTOYHEKa 6e3 ucnoneso-
BaHMA [ONOJHMTENbHEIX METONOB Harpesa mnojydeHa ropsdas
mnazMa C IUIOTHOCTL® N = 3107 CM , TeMnepaTrypoil HOHOB
Ti ~ 1 k9B, TeMneparTypo# smnekTpoHoB Te = 50 9B, mnapa-
MeTpoM B = 6 %.

Mpu pabore Ha neiTepun BEIXOQ T@PMOANEPHLIX HelTPOHOB
COCTaBHJII B STOM ciaywyae ~ 10 HeHTpOHOB/C.

MpY MEKEKUHH B INOJY4EeHHY® MJIA3My aTOMapHLX NYYKOB
pofmopoma (E =~ 17 k9B, I =~ 100 B9KB. A, 3axparT = 5%) o06-
pasyeTcsa NMONyNALUMA YALTPATOPAYMX MOHOB CO cpenHed
sHeprueif 5 koB B o6beMe 4 JuTpa. YCpemHeHHAadA [0 BCEMY
o6beMy IIOTHOCTb 3TOH MONYAALUKK DacTeT B TeueHMe Bcei
ANMHTENLHOCTY,  HIDKeKIHH (200 MKc) ¥ npeBblaeT K KOHUY
ypoBeHb 3+10 CM .

Hot-Ion Plasma in the Quadruple Trap

E.A.Gilev,G.I.Dimov,A.A.Kabantsev,
V.G.Sokolov,S.Yu.Taskaev

Budker Institute Of Nuclear Physics
630090, Novosibirsk 90, Russia

ABSTRACT

Under filling up the "AMBAL-U" mirror by plasma from
quasi-stationary gas-discharge source without using of
an additional heaﬁ}nga methods, the hot plasma with
density n of 3-10cm, ion temperature T1 ~ 1 KkeV,
electron temperature Te = 50 eV, and'the g - parameter
of 6% was obtained

In the case of working with deuterium the output of
the thermonuclear neutrons was ~ 10 neutrons/s.

When the atomic H®° beams (E =~ 17 xeV, equivalent
current 100 A, capture = 5%) inject into the obtained
plasma the population of super ions with an average
energy of 5 keV in volume of 4 liters is achieved. The
density of this population on the whole volume in-
creases during the £§jection pulse (200 ps) and becomes
higher than 3+10 “cm = to the end of this period.

@ Uncmumym sdepHol ¢usuxu uN.T.U.Bydkepa, Poccus

1. BBEIEHME

OnHo#M ¥3 BakHeHWHX 3amad  HCcIemoBaHME mno puaumke YTC
ABJAETCA NOJNy4YeHHEe CTAUMOHAPHONW MOHHO-rOpAYell IUIa3Mel C TeMmmne-
paTypo#i KOHOB B HIMANa3OHe [ECATKOB KHJIOS3JMEKTPOHBOJLT. B OTKPLITHIX
MAarHHTHLIX JIOBYMKAX HA HA4YallbHOM 3Tane NpenycMaTpMBaeTCA CO3gaHHe
NAa3MeHHO# MHIIEHX CO CpPaBHMTENIbHO YMEPEeHHbIMH I[apaMerpaMi, Ha
KOTOpO# BMNOCNEeACTBHM NMPOMCXOMOKHT 3AXBAT BLICOKODHEPTEeTHYHLX MHTEeH-
CHBHBIX QTOMApHhLIX Ny4Y4KoB. [IpM HMCNONbL30BAHHK B KadYecTBe TaKoi Mu-
WeHH TNIAa3MeHHMX CTpYH, K3 razopaspAmHbLX OyroBbiX MCTOYHHKOB [1],
rnojy4yaeMad IJIa3MeHHAA MHULEHb XapaKTepPH3yeTcA OGbYHO ClelyOmUMK
rnapaMeTpaMu: TeMneparypa T = T, ~ 10 3B, mIAOTHOCTb n =
10"en™,  noroxosas ckopocTs ¥V o~ V_ (VT- fennoaas CKOpPOCTb
MOHOB) .

BhblICOKad 9JIeKTPOHHAA TEeINIONPOBONHOCTb BIOJb CHJIIOBHX JHHKH
MarHHTHOTO MOJNA He MO3BOJAEeT HMETh 3HAYMTENbLHOrO Iepenaga B Te
MeKny MecTOM WHXEeKUHX MYYKOB M TIa3opa3pAnHbLIM KMCTOYHKKOM, a B
caMox paspane T, cnafo 3aBUCHUT OT BLIAENAEMON MOMHOCTH M TIOBTOMY
NpaKTHYeCKN O¢HKCHpoBaHHa. TakKad HH3KAA OJJIeKTPOHHAA TeMIepaTtypa
MHWEHHO# TJIas3Mbl MPHHUMIHAILHO OFPaHMYHBAET OHEpPreTHYecKoe
BpeMA XK3HM 0Opa3yomKWXCA TOpPAYMX MOHOB, He IO3BOJAA TEM CaMsM
CTALMOHAPHO MOANEepXMBATL NOCTATOYHYW MX IJIOTHOCTL

Kax 6bUI0 NpONEMOHCTPHPOBAHO B [2], CH” yalKA C Te PaauKalnbHO
M3IMEHAEGTCA IPH HAJH4YHK NOTEHUHANLHOTO TepMobapeLepa mJA B3IeKTpO-
HOB, obpazyomeroca MexOy COGCTBEHHO JIOBYWKOK M IJIa3MeHHbIM
HCTOYHHKOM.

Ha pucyrke 1 TpHBeNEHO NpoOAONIbHOE pacmnpefelieHMe MarHMTHOTrO
Moyii ¥ COOTBECTByWUHe eMy pacnpelel/IeHMd TMJOTHOCTH X [OTeHIXala




nnazMeHHo#i CTDYH, TOony4eHHWle B ycTaHOBKe " AnGan-M " [2].

Buars, 4YTO B 06JAacTH BXOonHO# Npo6KM 06pasyeTcAa MOTEHIMANLHuH
6apbep ONA  3IEKTPOHOB, nozBonAnmui CYmMEeCTBEHHO  YMEHLUHTb
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Puc.1l. Tepmobapbep, peanusyeMmbii Ha yCTaHOBKe "AmbGan-ioM"

3aBHCHMOCTN MarHKTHOro nojsa (NYEKTHP), NIOTHOCTH X
noTeHuHana (XMpPHaA JMHMA) nJa3Mu BAOJbL OCH YyCTAHOBKM.

Crneu#(u4ecCKHM CBOKCTBOM onuchHBaeMo nnaszMeHHo# CTPYH
ABJIAETCA Dpas3BHTHe B Hell NpH TPAaHCINOPTHPOBKE B MNArHHTHOM noje
HeycToiu¥BocT# KeabBHHa-TeabMrossua (HKC) [3]. Iipupona oToM
HeycTOHUYKBOCTH CBAZaHa C JAdpPepeHUHANLHHM BpalleHHeM MJasMsl B
CKpemeHHbIX MarHMTHOM A 3JIeKTPHYECKOM MONAX. Nonepe4Hoe
auexrpnqecr(oe rnone nopomnaerca BLIHOCHMBIM B a3z MeHHYo CTpy
(BCNleICTBHE -3aMAarHMYEHHOCTH SJIEKTPOHHOIO KOMIIOHEeHTa) aHO OHLIM
najeHMeM HamnpAXeHMA Ha paspsane. PaspxTHe HKI conpoBoXOaeTc#A
BO36GyxIEHHEN B MNa3MeHHOH CTpye HH3KOYACTOTHHX ( W « ©_ )
37IeKTPOCTATHYECKHX BOJIH, PAacHpoCTPaHARNHUXCA IMOMEePeK MAarHUTHOI'O
mong c $as30BOE CKOPOCTLI w/k = VT . B coyeTaHHM TakKoro
MOTEHIHAJIbLHOTO MOJA BOJHOBOTO MaKera M BHeWHerc MarHMTHOIO MNOJA
BO3HMKaeT "6poyHOBCKoe" gBMXeHHe HOHOB B NPOCTPAaHCTBE CKopocTei,
NpHEBOOAMEe K HX CTOXaCTHYEeCKOMY Harpehy [41].

B aHAJIOTHYHLEIX D2KCHEepPHMEeHTallbHuX YCJIOBHAX ONMCAaHHLX B [S5],

L] &

IIOTHOCTh MOMHOCTH, . BHOejgeMas anexrﬁlqecxle noaaMr HKI B

4 5 ) 3
. MOHHbIH KOMIIOHEHT, COCTABJANA BeJHYHHY Macmraba 10 Br/cM . B

OTCYTCTBHYM  ONPeNeJIEHHOTo  Beme noTeHuManLHOTO 6aphLepa  mns
aneprouos;' 3TO# MONMHOCTH XBaTajlo OdA. Harpesa KOHOB JO
Tekmeparypu - T, = 50 3B, KOTOpaf OrpaHWMMBANACL TEMIOOGMeHOM C
XOJIOMHBIMH TepMOCTaTHpOBaHHLIMHE BJIeKTPOHAMH.. " Hammaxe ze
repMo6apsepa MNPHBOOHT K yMeHbNeHE® KodppuuueHnra -snexTpoHHOR
Tennonpoﬁonnoérk ﬁpnxepud_a exp(ep/T,) ~ 10 pas (cw.Puc.1), dTO
[P TON e ITOTOKe MOWHOCTH JNOJKHO COMPOBOXAAThLCH pocTon T B
NOBYWKEe - B ' 102’? = 5 pas . 3T0 ® 6bUTO. MPOAEMOHCTPXPOBEHO B
3KCIepuMeHTax [27 . i i

[loCKONLKY , PABHOBECHOE 3HAYEHNe TEeMIepaTypel KOHOB ONpexme-
naerca cgupocrhm‘ux o6Mena oHepruelf C SMeKTPOHaAMH, TO C POCTOM
T, B 5 pas yuiup OXHIATL ysenudeHHa T, Ha mopagok (T, e« ‘T
xTa/Z]. \ ) J ] e

e . » “ Y

TakuM o6pazoM, -‘pasBuTMe HKI mTps Hanwiuk TepHobapbepa
nozBONAET MONYYATh u3 KBA3XCTALUMOHADHHX TazOpPasPAAHLX HCTOYHHKOB
n1asMy C TeMnepaTypoi HOHOB "K3BHOTO" IHanazoHa 6es npunanaﬁna
OOTIONHATENIbHLIX ' METOJ0B Harpepa . HcnoassoBaHMe IaHoﬂ nnasMel B
xayecTBe MUUleHX. JNA WHTEHCHBHWX AaTOMapHHX MYYKOB KOP@HHMNM
oépaabn o6nerddeTr mNnepexon K KBa3HCTAUMOHAPHOMY DPexHMy, T.K.
BpeMA KW3HM 3axBaueHHO# ' ropavelf IMoONynALME HMOHOB He GymeT
onpenenieTcHd  TOPMOXKEHHEM Ha XONONHLX DBJNEKTPOHAX , a JHMHTHPYeTCH
eCTECTBEHHHHu ‘nnA’ npo6KOTDOHOB BPEMEHaMH pacCefHHA B KOHYC
MOTEp: ¥ BPEeMeHeM XM3HK IO IlepesapAflke Ha AaTOMAPHHX Ny4YKax X
OCTATOYHOM Tase. .

M3NoKeHue MaTepuala HAeTCA B Cledyomell MOCHeJOBATENLHOCTH:
pa3nesn 2 CONEPKHT KPAaTKOE ONKCAHXE BKCHepHMeHTanbHOi ycrannéﬁz x
MCTIONb30BAHHON B JAaHHMX OKCINEPHMEHTaX [OHATHOCTHYeckoil anpapa-
Typu; B pasgene 3 pencTanse s pesynb:afﬁ SKCTIEPUMEHTOB O
MoOJyYeHHo fopﬂqéi mnasMsl B npﬂ&xoypoag C TOMOWLI raz3opazpAmHOTO
MCTOYHHKA IJIas3Mbl; pa3nen 4 noceAmeH OKCMNEPHMEHTAN 10 MIKeKUNN
MHTEHCUBHLIX ATOMapHLX NYYHOB B TOPAYYN MHIEHHYL mIas3My; B
pasgene 5 pHenaercHd CPABHEHKE MONYYEWHHX 3KCHEPHMEHTANbHLX MaHHBK
C OUeHKaM¥ MO M3JOKEHHOH Bulle MOAeN®, 3AeCh ke NpPHBENeHs Pesyib—
TaTel pafoTe no. fganbHeflleMy MOBLIIEHK® TEMNepaTypsl -HOHOB N
pErucCTpalu¥ HEeHTPOHHOTO BEIXOHA NpH Dab0oTe HCTOYHHKA IJIa3Msl Ha
neiitrepun; B 3AKITRYHTIbLHOM paznene G(GOPHYAHPYRTCA INOJAyYeHHHe B
HacroAmeil paBore ﬁesyahraTu.



2, CXEMA 3KCNEPMMEHTANBHOM YCTAHOBKM

Ha pucyHxke 2 TipkBefeHa NPHHIMIMAIbLHAA ' CXeMa YCTAHOBKH

" Am6a;m - M " [2]. YCTRHOBKE COCTOMT K3 INIa3MEHHOH JIOBYmKH ,
npencrabnsomeit coboit KBampymodbELE Npo6xkOTPoH THMA" HHb-fHB " C
aGcomoTHeM " min-B " ¥ npo6GouHLM OTHOmMEHMeM 2. MarHWTHOe noje B

npo&xe-no 1.3 T . HCTOYHMK Tra3sopaspamHoil nmasMe (3), [1] noMema-
eTCA Ha npononhﬁoﬁ ocK nozym%n 3a OMHOR M3 MarHUTHLIX npoﬁom
NnasMeHHAasd CTPYA- M3 ucrquuKa'Tpanunop?nﬁyerca vepes COJNEeHOHA(2)
C ONHOPOAHLIM MOJIeM BEeNMuYKHO# ~ 0.25 T. ‘B LeHTpaubHy® o6nacTb
Npo6KOTPOHA, NEpPNEeHAMKYIAPHO OCH ocymecranﬂefca‘xumexuua aToMap-
HHIX ny4YxkoB [7]. "Ha puéynxe 2 'Taxme nﬁencrasﬁeﬂu HEeKOTOpbie

CpelcTBa NMATHOCTMKH, HCTONb3IyeMsle B JaHHO# paGore.

Puc.2. CxXeMa YCT3aHOBKK « AMEAIl - M »

1-KaTYNIKM MarHMTHoOro noisa mpobxoTpona Tuna <«HHb-fAHb»,2-TpaHcnop-
THpy®WUMit conexoMp , 3 = MCTOYHMK Miasmel, 4 - aToMapHHe WHXEeKTOopa
« CTAPT-2 » ,:5 - JgeHrMopoBckuit Tpo#Ho#t 20HZ, € - CHCTeMa OWar-
HOCTHKM mo ocnabneHwnw HelTpanbHoro nydxa, 7 -OMaMarHWTHaA NeTaA,
8 - perxMcTpauMs K3ny4eHuwa Ha , 9 - Bo_amue'rp, 10 - SHeproaHalK-

3aTOp BHJETABmKX WOHOB, 11 - OHeTeKTop HEeHRTPOHOB.

Insa OIIpE HeNEeHKHA pasMepoB MHme HHO # 17123 Mk, KOHTPONA
ONOTHOCTH M BJEeKTPOHHO# TeMmepaTyps B LEHTPe MPOGKOTPOHA HCMOJbL-
30BAJICA I10MBWKHLIH nth‘KmpuBcuzﬁ TpoiHO# 30HA (5). INA H3IMEepeHHMHA

JHHe#HOR INJIOTHOCTH TNAasMel B MeOHAHHOK IUIOCKOCTE  JIOBYMKX
MPHMEHANACL CHCTEMa MHOIOXOPHOBOrO 30HANDOBAHMA ATOMApPHLIM HOHAr-
HOCTHYECKHUM NYy4YKOM (6). Ilo pezynabTaraM 3To# MeTONMKM ObliM CKOp-
PEKTHPOBAHL TMOKA3aHMA 30HOA. IA M3MEepeHHA OHAMATHHTHOIO CHI'HAala
B leHTpe npofKOTpOHAa WMEeTCA MeTiNA (7) CchHeuManbHo#t (QopMel,
nozBoNARMAA GecCnpenATCTBEHHO BeCTH HHKEKUHD ATOMapHHX NYYKOB X
ofnajaomas MHHUMANLHON YYBCTBHTENLHOCTHO K TOKAM, TEeKYMKM BIOJNbL
niasMeHHOo# CTpyH [7]. MHOrOKaHallbHaf CHCTeMa perucTpauHK
H3NYyYEeHUA I1a3Mbl Ha JNHHMKM Ho (8) NpUMeHANAch ONA KOHTPOJA pazMe-
POB TINIa3Mbl M OJIEKTPOHHOK Temnepatypel [8],[2] . TeMnepaTypa HOHOB
nnasMel M3MepAiach ~M0- HOINIEDOBCKOMY YWNMPEHHWIO H3JIYYEeHHA AaTOMOB
nmepesapANKH Ha NHHAK He. HW3o6paxeHMe MIasMeHHOrO WHypa CHCTeMoit
06LeKTHBOB NepeHOCHNIOCh HAa BXOIHY® menb MOHOXpoMaTopa MIP-2, Ha
BhiXone ‘npub6opa KOHTYpP MHHAM Ha (Ess.ann) PerHCcTpHpoBaJICA C
NoMOWbLI ONTHYECKOro KOJNIeKTOpa KOMMIeKToM ®3Y. OnTHYecKHHE Kom-
nexkTop OHN CKIEeeH H3 OTHeNLHLX BOJIOKOH aHAJoTH4YHO [9] X
ofecneyxBan paspemeHHe 0. 12 HM/KAHAN.,  YTO MO3BOJAJNO HMEThL TOY~
HOCTbL 10% mNpM H3IMepeHHM TEeMIEpaTypsl MOHOB BOAOPONHOK NNaszMu B
nuanazoHe 0.5 — 1.0 k8B. B TopueBOM NpHEMHHKe nyAasMel pacno-
narajcAa MarHETHWH  DHEProaHalM3aTop BLUIETALWHX HOHOB (10).
QNEeKTPONMTAaHKE MArHHTA JHEproaHaaMsaropa o6ecneYyxBajo H3IMEepeHNe
DHEPTHH IIPOTOHOB nOo 6 K3B.

3. TMONYYEHME MOHHO-TOPAMENR TNNA3MH M3
TA30PA3PANHOIO MCTOYHMKA

BpeMeHHas 3aBHCHMMOCTbL JMHe#HOH NJIOTHOCTH INa3Mel B LEHTPe
npo6xoTpoHa, nangﬁennan no ocnabnenun OMAarHOCTHYECKOro nyuka [2]
Np¥BeneHa Ha pUcyHKe 3. XapaKTepHOe 3HaYeHHe <nl>-= 3-10* CN'?
PazMep CTpyH Mo [JHHe NydYKa, oIopeleJjieHHb C NOMOmbLO 30HHA, COC-
Tapun 10 CM Ha nonyssicoTe. [I03TOMYy B OIKChIBEEMbIX DKCNepHMeHTax
MJIOTHOCTL NJIa3MbLl B ueﬁTpe <n> = 3-10wcn_;

HOoHHaf TeMnepaTypa B NOBYWKEe ONpefelANlack Ha OCHOBe aHajiuza
DHEPreTHYeCKOro CIIeKTPa HMOHOB, BbLUIETARMHKX BHONL MATHKTHLIX CHIO-
BHIX JWHHMA B Topdeaoﬁ NMPHEMHHK, & TalKe [0, AOMIepOBCKOMY YHHPEeHHD
nuHuM Ho aTDNOB‘HEPEBEPRnKH.

SﬂeprerquCKnﬁ CIIeKTP MOHOB C HHMAJICH 90 - rpanyCcHuM
MArHMTHLIM aHanusatopoM [10]. PazMepsl BXOOHOH annmepTypsl xn
KOMNIeKTOPOB MO3BONANK M3MepATh DHEPI'HI0 HOHOB C pa3pemeHHeM 20% .
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Puc.3. MIOTHOCTL NAa3MH B LEHTPEe JOBYWKM. -

‘NixHeliHasa NMIOTHOCTL NJAA3MW; TOK IYroBOro pas3pana HCTOYHMKA
ceueHMe Nia3Msl B MeaMaHHOR niockocTH (Ha yposHe 1/2 )

Ha pucyHke 4 TNoOKazaHa 3aBUCHMOCTh TOKA Ha KOJUIEKTOP OT SHEPTHM -

NOHOB. s i

-HaMepaeMuit Toxk I = fv-f(vi dv, rme f(v) - dyHKua pacnpe;
HefleHKA HMOHOB no.ckopocrgx B oGnacrurnnaénonpnexunxa,(pacmnpn—
Tend). [Ip¥ Ia3onMHAMHYECKOM pexXuMe MCTEYEeHMA IIa3Mbl M3 JIOBYMKH
cpenHAA SHEPrHA HOHOB B pacMKpHUTeNie CBA3AHA C HX TeMnepaTtypoi B
npo6xKoTpOHE COOTHOMEHHEeM B =,5/2-T!, (T;<< Tlf. ﬂnﬁ_anna&a—
THNYECKOT0 Xe pacmupeHHa E = Z'Ts' i

B . ONHKCLIBA@MOM SKCNEPHMEHTE 'DealK3yeTCA .NepeXoNHui pekNM
rTeueuud. [I03TOMy, BuHONpas xoddduuUMEHT 5/2, mMonyyaeM OLEHKY TeN-
mepaTypsl HOHOB EHnay: Tl = .65 k3B (Cn. cnexmp, npuBedeHHHWU Ha
Puc. 4). ]

TeMnmepaTypa WOHOB H3MepAnach TAKKe [0 NONNePOBCKOMY ymHpe-
HH JIMHME Ho B CHeKTPe H3Jy4YeHKA ATOMOB Mepe3apAAKK. I[P Mak-
CBEMNOBCKOM Bime OYHKIMM pAacnpeleleHEs HIAYYALNAX ATOMOB IO
CKODOCTAM yKasaHHAA CHNEeKTpainbHafd JHHHA HMEeeT TrayccoBy @GOpMYy: C

mUPHHOK

(2Ax)1s2 [BHM] = 0.05-V T [2B]

I [OTH.]

0 1 £ 3 4 5 6 e
Ei [keV]
PMc.4. JHepreTH4YecKH CNeKTp HOHOB B NIa3MONPHeMHMKe

( Pa3Hme 3HAYKH OTHOCATCA K pa3HbM CEpPHAM M3MepeHMil )

dopMa 3anMCH NoA4epKHBAET, 4YT0 6epeTcA MoNHAA MMDHHA JIMHHH Ha
NMOJOBXHE BHICOTH KOHTYypa. I[IOMMMO HAOINIEDOBCKOI'O CYHECTBYeT pHaI
OPYyr¥X HeXaHHSMOB ymuMpeHMA JuHME Hoe B mmasMe [11]. Has
mapaMeTpoB " AM6an - KM " [2] BeJaMYyKHAa WTAPKOBCKOIC yMHPEHKS He
npesbiwmaeT 0. 1HM. 3eeMaHOBCKOE PpacmerdieHHe B MArHMTHOM [MoJie
noBymkx MeHbme O.03HM. H3 NPHBEAEHHRX OLIEHOK BMIHO, 4TO B HameM
cllydyae TNpH TeMneparype HOHOB 'I'l > 10 3B gnonneposcKoe YIHKpeHMe
nuaxx Hoe OKazbBaeTCA nNpeobnanaomuM K K3IMepeHHoe ymMpeHue B5Tod#
IMHMYM MOKHO yBEpeHHO KCIOJbL30BAThL JUIA ONpeneneHus MoHHON
TeMrnepaTypsl.

Ha pucynxe 5 mNpencTaBileHbl Ppe3ylbTaThl H3IMEpeHMA YNUHPeHNA
CHeKTpalibHO¥# nuHEEM Ha ¥ anmapaTHad (QYHKIMA H3MEPHTENbHOTO TPIKTa
( BxomHas menb, MIOP-2, ontyyecku# Komnexkrop, $3Y ) npu 3acBeTKa
BXOnHON mMemH CHeKTpoOMeTpHYecKo#t BomopomHoi JsnaMmoi ( OBC-25 ).
OTHOCHTeNbHafd KanuOpOBKa KaHAIIOB MNPOBOAXIACL MOAYJIHPOBAHHLIM He-—
XaHXUECKHM TpepuBaTeleM H3JNy4eHHeM BONOPONHOM maMmsl H reiui-
HEeOHOBOrO Jiaszepa. Ipn Kanu6poBKe 3aCBEYHBAJICA B OCHOBHOM OOWH
KaHall, B MOBYyX COCEOHKX KaHalax BeJlMYHMHA CHIC'Haja C Y4UYeTOM
Kanu6pOBKM He [pesBblana 10% , ¥ YYUTHBanach IIPK o6paboTke

pesyabLTaTOoB.



Pxc.5. JlonNiepoBCKHEe K3MEpPeHMA MOHHON TemnepaTyphl.

BOCCTAHOBJIEHHHH KOHTYpD NMHMM Ho (nyHKTMp), 2 - annapaTHas
GYHKUMA CHCTEeMH perucTpauxM (WTPpKXOBaA JIMHMA), 3 - BIMCaHHHIR
rayccoB nNpoduiab (CHIomMHas JKHKA)

umppe 1 - & KaHaNL CHCTEMH PEerMcTpauuMM, mKMpKHA OOHOro KaHaja
AA = 0.12 un, 7-o#f KaHan BHCTaBJEH Ha auHMp Ho (656, 3mMm)

KOHCTDYKTHEHHE OCOGEHHOCTH YCTAHOBKH He IIO3BOJHIM NPHMEHHTHb
CBETOCHJLHY DErMCTPHPYOMmMYy® anmnapaTypy M CcHhelaTb M3IMepeHud
MOHHO# TeMmepaTypsl IO HECKOJbKHM XOpIaM. YyBCTBHTEILHOCTh
annapaTypel IMo3BonAna (EKCHpPOBAThL JKNbL MNpopunbs AxHEE Ho B
H3Ny4YeHUH, MOymeM ¥3 LeHTpanbHo# o06NacTH JIOBYWKH, IO3TOMY
nonydaeMasd nocne 06pabGoTKE CIMeKTPOrpaMM BEJNYHHA T,
XapaKTepH3yeT IHNb HEKOTOpPyl CPEeIHOD TEeMIepaTypy HMOHOB B JOBYmKe
(c yueroM, BooOme rosopsa, 6IM3KOTO K ONHODONHOMY DacHpelelleHHS B
myasMe IJIOTHOCTH GHICTPLIX HeHTpasioB mepe3apAmKH).

3KCNepHMEeHTANIbHO TOJyYeHHHH KOHTYp JHHEHM KMeeT “ropsuyee"
KpLUIO rayccoBOTO BHIa, o6yclIOBNEHHOEe TeMnepaTypo# mnazmel, ¥ "xo-
JIOOHLIR" ILeHTPanbHuli MUK, noJydaeMulii BHICBEYMBaHMEM (pPaHK-KOHI0-
HOBCKHX aTOMOB Ha MNepubepun MNIA3Mb . KOHTYyp JIMHHM HMEerT
CHEMME@TDHYHYK® OTHOCHTEJNLHO NeHTpa GopMy, YTO MOATBEPKAAETCH
N3MEPEHHAMH C BHICTABKOH XOJNOMHOrO NMHKAa HAa BTOPOK KaHAN KOJJIEKTOpa

(CM. Puc.5). TewmnepaTypa HMOHOB BOJOpOJa ONpeNeidsachk II0 TO-
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PAYEMYy KpbUIy NYTEM CPaBHEHMA C MOMENbHHM TayCCOBBIM MNPOQHIIeM.

THnx4HaA NONy4YaeMand BeNXuYMHA TeMnepaTyp woHos T ~ 0.65 k3B.
Mpn TeMnepaTrype HOHOB NOPALKA  KHJIO3IEKTPOHBOJbLTA X
nnoTHocTE n ~ 3-107%ck BpeMA "MaxKcpenmnuzauKHK" ¢QyHKUKE pac-
rnpenejieHKA MKOHOB IIO CKODOCTHAM COCTAaBIIAeT ~ 2 MCeK, CpaBHKMOE C
BpeMeHeM CymecCTBOBAHHA [Ja3Mbl B JIOBymKe . BO3HMKaeT BOMNpPOC O
TOM, He HABIAETCA JNH Xopomasgd Trayccosa @GopMa KOHTYpa JAMHHH Ha
apredakToM. OJHAKO, IPH CTOXACTHYECKOM HATPEBe 3apAXEHHLX YacCTHI{
B MMOTEHUMAJILHOM [0Jleé BOJIHOBOTO MaKeTra, Make B OTCYTCBHE XaoTH-—
3¥pYyRUEro BIMAHUA CTOJNKHOBEHMH MeXIy 4YacTHUAMM MJIH IPOCTPaH-
CTBEHHOH HEKOrepPeHTHOCTH DSJIEKTPHYECKOTrO MoJd, MNPOCTPAHCTBEHHAN
HEOAJHOPOOHOCTb MATrHHTHOIO IIOJIA B JIOBYNKEe BelleT K MAaKCBeJJIH3ALME
byHKUMK pacrnpefejieHMA 3aXBa4YeHHLIX YAcTHU o ¥V, B Npouecce CaMoro
Harpesa, T.e. HMeeT MeCTO TaK HalpiBaeMoe "MAarHHTHOe MNepeMemu-
BaHne" uau "TepManM3auMA" CTOXACTHYECKH YCKOPEeHHLX 4YacThy [12].
B nonydeHHo# nnasMe T. » T_ ¥ OaBlIeHHEe IIJa3Mbl ONpenelAeTCH
B OCHOBHOM HOHaMu. Jlns LeHTpa NMpoGKOTpPoOHa mapaMeTp B = B%
KoHCTPYKUMA HCIONbL30BAHHOI O B Jia HHBIX SKCNEepPHMeHTaxX
MCTOYHMKA IMJIa3Mbl IIO3BOJIAJIA MH3IMEHHTh 3HAK pPagMaldbHOro OJ3JeKTpM-
YeCKOro NOJA, BHHOCHMOrO B INIAa3MEHHY® CTpyk [6]. B 3TOM chaydae
pazpuTHAa HKI He INPOMCXOAMT, M, KAaK CJIeICTBHE, OTCYTCTBYyeT
CTOXacTHYECKHH# Harpes HOHOB [5]. OJKCHEPHMEHTH, [pOBeleHHHe C
TaKKHM DEeXMMOM paloTsl MCTOYHMKA HAa YCTaHOBKe " AMGan-IOM ", raike
NMoKa3al¥ OTCYyTCTBME Harpesa HOHOB. IIpM 5TOM MJIOTHOCTL INJIA3MH B
I[EHTPEe JIOBYWKH HECKONILKO yMeHbmHnack (HeT 3axBaTa B JIOBYWDKY
NPOTOYHOH TMIa3Mul MNYTEeM HaKaYKK V; H©Ha HKI ) no zHaveHmE
n ~ 1037 TOpLEBO# DHeProaHANXH3aTOP HOHOB C HKKHKM INOPOrOK
250 5B He 3a(MKCHPOBAY KaKKX-JK60 O6LICTPHIX YACTHI, AOMJIEPOBCKNE
KOHTYp n#HMM Ha oOCTancd B TpPaHKUAX annapaTHolf (YHKUHH CHCTOMH

pPerncTpaumu T1 < 25 3B.

4., HEWTPANBHAS MHXEKUMST B TOPAMYI MMUEHHY NIA3MY

B MenuaHHOH TJIOCKOCTM JIOBYWKM CedYeHHe IUIa3MeHHO# CTpy:
HMEEeT BHJI DJIMICAa C pa3MepaMy o oCAM 2 cH ¥ 10 cM ( MeHbmas OCh
110 HANpaBJEHH® MHKeKUuH, cM. Puc. 2, 3 ). CpemHAs IHIOTHOCTH
nnazMel B CTpye n = 3-10wcuﬂ. CneHoBATEJIbHO, TOJMKHHA MHNEeHHK A

14__-2
ny4koB <nl> = 0.5+10 cM ~. 3To COOTBETCTBYeT 3aXBaTy MNyYKOB Ha
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ypOBHe = 5'% , 4YTO MOATBEPKAAETCA NPAMLIMH H3MEpPEeHKAMK ocnabneHna
OCHOBHLX ATOMAapHMX NY4YKOB. B OSKCIEDHMEHTaxX C Takol "TOHKOK"
MHIeHbO ypaBHeHKe OanaHca 4a' THL ‘npu pafoTe aTOMAapHLX NYYKOB

uMeeT clenyomui BHI

-+ v) . of . of n
dnh iy (ov o ) nlt F oI 5 oV nlh . T Hia
i sge cgeV
dt Ve e LALR U T
rpge n, - TAOTHOCTL 3aXBadeHHHX rOpAYMX WOHOB, O X O = cede-
HMA MOHM3GLUHUM X NepesapAlKK; V¥ H ¥ - CKOPOCThL 8TOMOB nyuka X
OTHOCKTENbHAA CKOPOCTL MNYYOK-YacTla, COOTBETCTBEHHO; f - dax-
TOp 3axXBaTa NydYKa, YCPeAHEeHHwH M0 MOJHOMYy CeYeHMD IIa3Mbl; nlt =
TONMm¥HAE MHmEeHHO# mIa3MuLl; I - DSKBMBAJIGHTHHE TOK IIy4YKa; nlh-
TONmM¥HA 3axBavyeHHo# ropadedt nmasme ; V- nonHuifi  06BENM
3axBayeHHO# ropAadYeli NIasMu; T - BPEeMA XH3HM TopA4Yelf nuasHel C

yaeToM BCEX MEeXaHH3MOB NOTepb

B mnpBeneHHOM YDaBHeHNH MNEepBOe CcJlaraeMoe oTpaxaeT 3axXearT
MyYKa Ha MUDNEeHHO# MimaszMe B pe3y/ibTaTe HOHH3AUMM H Iepe3sapAAKE
BTOpOE - HMOHM3IAUMO NyYKAa HE 33XBAYEHHX TOPAYMX HOHax ( nepesa-
pAIKA He MeHAeT KOJNKYecTBa GOLICTPHX HOHOB ), TPeThe - INOTepH.

B HameM cJy4ae Te = 508 aBEZs Tl = ,B65 K9B, DHEpPTHA
HHKEeKTHPYEeMbIX aTOMOB Ea = 17 x3B. JIOMMHHPYOMHM IIpOLIECCOM MpH
Takux MapaMeTpax 6yneT mNepe3apAfKa Ny4Yka Ha MHINeHHo# mmasxe.
CKODOCTH COOTBETCTBYOmMX peakuuit [13]: ExG =« 1.107 cMect -
nepesapaika NydYKa Ha MUIEHH, ETV = 2.5-10"° ex’ec' - moumsauma
onexTpoHaMM. HOHM ( arToM ) C SHepruell HHKeKIHM HMeeT CKOpOCTh V ~
2-103cn°cq. 4TO COOTBETCTByeT CKOPOCTH 3JIeKTpOHA C sHeprHei 10
3B (E:V « 6+107° cuc™'), mNOITOMYy MOHM3AUMA ATOMAPHOTO MyYKa
NPOTOHaMK TMJa3Mbl eme MeHee shbexTuBHA, UYeM DIEKTPOHaMH. B

OMMCHIBAEMOM 3KCnepkMeHte nl -f = nlt-ft. 3HAYHMT B YPaBHeHMH

h
fananca YacTHI BTOPLHIM CHlaraeMbli MokHO npeHebpedyb. [NA pexuMa
paGoTs, KOTrOa BpeMs XH3HH TODAYMX MOHOB HE NMMHTHDYETCH NOTEepAMH
no mepesapfAOKe Ea OCTATOYHOM rase, a ONpeAeiAeTCA TOPMOKEHHEM Ha
SJIeKTpOHAX M I[IOCHeAylbmHM pacCefHMeM B KOHyC I0Tepb, HMeeM

-1
38BHCHMMOCTb T nt .

Kax cnencTBHe, MaKcHMalbHaA  HAKOINIEHHAA
NIOTHOCTL TOPAYKX HOHOB HEe 3aBMCHT OT MIOTHOCTH MHINEHHOH I1a3Mbl
( HAMTOMHHM, YTO n >> nh]. Ecnu B Mpolecce. HAKOIJIEHKHA TOPAYMX 4dac-
THL NPOXCXOOXT MOALEM SJeKTPOHHOH TeMnepaTyps, TO COOTBETCTBEHHO

3/
GyneT BO3DACTATh M BPeMA XKH3HH TOPAYMX NOHOB (T o« Te %y, Kak
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CnemcTBMe, CO BpeMeHeM 6yAeT YBeNMYHBATLCA TIIOTHOCTL HAaKOMIeHHOMN
ropAdYelt maasMe. ITOT POCT INIOTHOCTH MPEKPATHTCA, KOraa MpOUeccs
paccesHHd HJIH NMepe3apAfKd CTAHYT NOMMHHDYOMHEMK.

Ha pucyHke 6 TmpHBeleH CETHan c praMaiHMTHol meTnm. He
CHOTpPA Ha CHeUKANbHY®© (OPMy NeTIH He yZnajoch NoJHOCTED x3fexaTs
BIMAHUA DIEKTPHYECKHX TOKOB, TEeKymEX Mo miaasMeHHo# cTpye
[7], [14]. Ho o5rofi npudnHe (H3MYECKN KHOOpPMATHBHOK ABINASTCAH
TonsKO NOGEBKA B NWMAMATHHTHLE CHIHan, O6pa3yomafCA NDPH HHKeKUHH
TY4YKOB.

M3 OCHMANOTPaAMMHl AMAMATHUTHOI'O CKCHAala BHEOHO, 4TO OMAMarHe-
TH3M DacTeT B Te4YeHHe BCEro MMOYNbca MHKEKUHMH (~ 200 MKC), XOTH
M C pasHbMM XapaKTepHhMH BpeMeHaMK. TaKasa ciokHad ¢opMa CHI'Hala
ofycnoBieHa caemyomuH mnpoueccoM. [IpH NHKEKUXH aTOMApHLX NyYKOB
ropAY¥e KOHh BaXBATHBADTCA C MNXTY-yTIaMk ONH3KHME K 7/2, X
GO3TOMY B HaYallbHbli HOMeHT MONy ALK A ropaqe a3 Mbl
cocpenoTo4eHa B OCHOBHOM B l@HTpe NpPoGKOTPOHA, HENOCPeNCcTBeHHO
mon [OMaMarHWTHo# metrnedt. Ha mOpWBeAeHHO# ocuuanorpaMMe 9Toi
cTagM¥ HAaKOMIEeHXA COOTBETCTBYOT Inepsesie 50 MKCeK OT Ha4dajia
HHKeKUMHM. B TIpolecce HaKOMIeHXA, B Peo3yAbTaTe pAacCeHHHA, MNHTY-
yron wW3MeHAETCA M OPOMCXOAMT 3alojHeHHe BCerc npo6GKoTpoHa
FOpAYHMK KOHaMK, T.€. pacrTeT oGbeM 3axBaueHHOR nuasMel T§pK
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HEeM3ME@HHOM TOKe 3axsaTa, C 4YeM M CBA3aHHO YMEeHbIIeHHe CKOPOCTH
PocTa AOMAMArHMTHOT'O CHIHajua.
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Puc.7. Curnan c bGomomerpa npu paboTre nyuios.
( oTpxuarTennHas noONAPHOCTL )

PaccedHue 3aXBavyeHHLIX MOHOB B KOHyC moTepbs (Ha yrox m/4) c
y4eToM TOPMOXeHMHd Ha DIeKTpoHax ( Ty = 150 Mkcexk mpum Te = 50
9B, Zer = 2 ) 6yHeT NpDOHCXOAMTL 3a BpeMd T, ® 260 Mxcek. 3Ta
BEJIMiMHA TIOATBEPXOAETCA IOABIEHMEM B 53TOT MOMEHT CHIHaja oOT
PacCefHHHX MOHOB Ha GonoMeTpe, KOTopuwi#f yCTaHOBIEH B HOHycCe
noTepr nox yraoxm 22° K NPOAONbLHOR OCH JIOBYWIKH (cH. Puc.2).
OcumiuiorpaMMa 9TOrc CHIHaja, TNONyYeHHAA NPH HEKEKIHM aTOMAapPHLIX
Ny4Y9KOB, NOKa3aHa Ha DPUCYHKe 7.

OueHKYy pocra 3JeKTPOHHOM TEMIepaTypsl niasMsl npM paboTe
OyYKOB MOXHO CHENIaTh M3 H3IMepeHMH# HHTeHCHMBHOCTHM CBEYEHHH JIHHKK
He. Ha pucywke 8 npuBeleHbl OCHMIUIONDAMMbl MHTEHCHBHOCTH CBEYEHHKA
N3a3Mel Ha STOH JIMHMM NPH WHKEKUHH ¥ NABJIEHHA Tasza BOIMIK 17123 Mbl.
3meck ke MOKAZaHA 3aBHCHMOCTbL MHTEHCHMBHOCTM CBEYGHKA AuHMHM Ha ot
TeMIIepaTyphl JJIEKTPOHOB, PacCYMTAaHHAA AHANIOTHYHO C [2]. HauanbHui
Pe3KHHE DOCT MHTEHCHBHOCTM CBEUYE@HMH CBA3ZaH C YBelHYeHHEeM
NIOTHOCTH HEHTPANOB Na B MiasMe (NOABAARTCH aTOMapHsle TIy4YKH),
9TO eme pas MNOATBEePKNAaeT Hame B3aKIKYeHHWe o HECYymeCTBEeHHOCTH
nepe3apAnKM Ha "X0oJOOHLIX"™ aToMax. 3aTeM HabmoOaeTCA nNIaBHOe
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PHC.8. MHTEHCHBHOCTL CBEYEHMWA nJa3MH Ha JHHKK Ho.

XMpHas AMHHA - C ATOMAPDHHMM MYYKaMM, NYHKTHpDHas -
6e3 nyuKoB, TOHKas - maBieHMe BENMAIM naasmu,
Ha BCTaBKe 3aBNCHMOCTbL HHTEHCHKBHOCTN CBeYeHMA oOT
3NeKTPOHHOR TeMnepaTypH.

HapacTaHKe CHI'Hajlla NPH HeW3MeHHO# MJIOTHOCTH na, 4YTO ECTeCTBEeHHO
O06LACHNTL DPOCTOM BIEKTPOHHO# TEeMIepaTypbl npH mnepefavye JHePrHHM OT
S@XBAYEeHHLIX HOHOB 3JEKTPOHAM. 3Ta BeNNYKHA NPHPOCTA TEeMIepPaTyphl
S3JIeKTDOHOBR OLleHKBaeTrcd B 30 + 35 5B, TaK YTO 3HAYGHKE T° K KOHUY
HMOyNIbCa  MHKeKUHMH NYYKOB [OCTHraeT BeNHYMHM 80 5B, 4TO
NOATBEDKOAETCA TAKKe M 30HHOBLIME M3IMEPEeHHAMM. BLMHCHeHHME ™0
Taxoii TeMneparype 3JIeKTPOHOE BpeMeHa T,. ~ 300 MKCeK =x T, = 410
MKCEK yXe 3aMeTHO NPEeBHAaRT AIMTEeNbLHOCTb WHKeKIKH.

OHEepreTHYeCKHH# CIeKTp 3aXBaueHHLX HOHOB ONDENENANCHA M3
CIIeKTpPa &aTOMOB TNepe3apAlKi, BhIETALMMX NOX yriioMm m/2 K
NpononbHOK ocH 3 HEeHTPa2  JOBYWKH [7]. BbMHCH@HHAA no
SKCHNepUMEeHTANLHOMY CHEeKTPYy CPeNHAA DHEPrMA XOHOB 93To# NONYNALNN
<El> = 5 K9B. KomienTpauua "XonoLHLIX" aTOMOE BOJOPOAAa B IIIA3Me
cocraBifer n -~ 10%en7?, MO3TOMY BpeMA XKH3HM 0O MepesapanKe
TOPAYMX MOHOB T ~ 10 MCeK, HUTO HAMNHOTO NpPEeBLIAeT BpeMA pac-
CeAHHA B KOHYC NOTeph.

Takum o6pason, nepesapAfHLIe TMOTEepPHE Ha "xXoJmomHoM" raze
HE3HAYHMTENbHl W  BpeMA  XH3HH FOPAYHX MOHOB oONpegesdAeTcs
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paccedHHEM B KOHYC NOTepb, INpKYeM B IpOLEecce HAKOIMIEHKA BpeMA
paccedAHXd BOBpacTaeT B Pe3yibTATE POCTa 3JIEKTPOHHOH TeMmepaTyphl.
B uTOTe, QOJA [OEMOHCTpPauus HeRCTBHETENbHO KBa3HCTallMOHAPHOT O
peXuMa HAKOMIEeHHA TopAdYelfl mnuasMbl K OajbHeWmero yay4YmeHEA ee
napaMeTpoB NPH 3aJaHHOK MOMHOCTH MHKEKI MM Tpe6yeTcA CymecTBEHHOe
yBenuYeHKe NIMTEeNbHOCTH DPaloThl MEHKEKTOPOB.

Ha pucyske 9 mpsBeNeH CHIHajl C [XAMAGrHKTHO# neTax npx
pafoTe mniazMeHHO# NYNKK B ONHCAHHOM BHIle pexEMe C ob6pameHHeM
panKaiibHOTr o SJIeKTPHYECKOr0 [OAA  IIa3MeHHOH CTPYH, KOorma
'orcyrcrnynr MexaHM3Mbl 06pa3opaHMA TepMobaprepa W _ Harpesa
SJIeKTPOHHO# M MOHHONH KOMIOOHEHT.

B 3TOM cny4yae 3axXBaT NYyYKOB NPOMCXOAHT Ha XOJOLHOK NIasMe.
BenuumHa [AMaMarHeTruzMa npx paboTe NYYKOB NpPHMEpPHO B 6 pa3s
MEeHbIe, YeM 1npu  OObMHOM  BKIKYEHMH  IIYHKH. YacTHYHO 3TO
06bACHAGTCA MeHblled NNOTHOCTLI IIA3MEHHO# CTPYH. Pe3KHe (pOHTH
HapacTaH¥A M Coajga IHaMarHKTHOTO . CHIHalla OoO6yCJOBJeH:H MalblM
BpEeMeHeM XKH3HM 3aXBaYeHHLIX TOpAYMX MHOHOB. FELICTpOE HachLmMeHKe
OA¥MaMarHKTHOTO CHIHalla CBEAETeJbLCTBYyeT 06 OTCYTCTBMH 3aMeTHOTO
yBenudeHus T nNpE MEKEKUHM STOMAPHHKX NMyYKOB, YTO XapaKTepHO InA
pexuMa TedeHUA nnaszMeHHo# cTpyu O6ez TepMobapnhepa. ;
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PHC.9. IMaMarHWMTHB CMrHaj NpH 3axBaTe NYYKOB

Ha nJja3MeHHo# cTpye c obpalleHHHM 3JEKTPHYECKHM noneM
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5. OBCYKIEHME PE3YJNBTATOB. IKCIEPHMMEHTH C JERTEPHEM.

B omMChLIBaeMoi péﬁore akcnapungnwanﬁuu nNpoaeMOHCTPHPOBAHO
nonyyenue ropa4edf miIasMel NPH SANOJHEHHM HNPOGKOTPOHA IIA3MEeHHOH
CTpye# M3 KBa3UCTAUHOHAPHOrd raszopa3pANHOTO KCTOYHKKA. Ipoucio-
mAmMe TpH STOM TPONECCH  TpPaHCPOpMaiumy DHEPr¥H B INIa3Me

CXeMaTHYeCKH Npe[CTaBlleHs Ha pUCYHKe 10.

: - = = - :
-300 -250 -200 ~150 -100 -50 0 50
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Puc.10. QIxarpamma SHeprobanauca

Ha rpadMkaX CNJOWHEMK JIMHMAMM NMOKa3aHH TeMnepaTyps
MOHOB M 3NEeKTPOHOB [K3B], NYHKTHPHLMH - MarHNTHOe noje
M NIOTHOCT: [ OTH. en.]

Ipeiid B cxpemeHHuX ExB TMONAX mnpeoSpazyeT Malyb YacrThb
aneprﬁn (~ 10%), BujgenAome#cA B IZYroBOM pa3pAle, B 3HEPTrHDL OHO-
depeHUKaNLHOT0 BpameHHA [JIa3MeHHoro croaba. 3TO BpameHKe TMpH
ONpeneyieHHbX YCJIOBMAX OKas3bLiBAETCA Heycroﬁqnaﬁn. B peayiabTaTte
pazBuTHA HKI TPOMCXOOMT TreHepalMA SJAEKTPOCTATHYECKUX BOJH H
9HEPTHA BPaNeHMA [Ia3 Nk MEePexoAHT B D3HEPIrHO BOJIHOBLX MaKeTOB
Taxse OSAEKTPOCTATHYECKHE BOJHM 3QPeKTHBHO NOTIONADTCH HOHHLIN
KOMIIOHEHTOM - pEealiH3yeTCHd pPEeXKM CTOXACTHYeCKOr0 HArpeBa HOHOB
HoHe HAa CTONKHOBEHHAX INepelawT CBOD 3JHEPrHO G6oJlee XOJOLHBIM
DJIEKTPOHAaM, OT KOTOpLIX OHa N0 KaHaly BSJeKTPoHHo# Temio-
[IPOBONHOCTH YACTHYHO BO3BpamaeTCA B MAyroBolf paspAs, a YacTHYHO
BLIHOCHTCA Ha IJIa3MONPHEMHHK.
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NonyuyeHHHe B NPOSKOTPOHE MapaMeTpsl [IIIA3 Mbl Xopomo coria-
CyRTCA C OLNEHKaMH, IpOBeJeHHHIMM HAa OCHOBAHHN npancranneﬁnoro
BLIIE MEXAHM3MA M ONMPADIMKHMHCA Ha DKCNEePHMEHTH IIo $opMHpOBaHKED
TepMobapbepa OiA BIEKTPOHOB [2] ¥ peayabTaTel KcchaemoBaHmii npo-
Hecca HarpeBa HOHOB Ha ycTaHOBKe MAJN [5]. Kak 6bI0 OTMEYeHO BO
BE@NEHHH, YBeJIHYeHHEe TEeMNepaTypbl 3JIeEKTPOHOB B 5 paz (c 10 pmo 50
9B) I@pH yCHOBME COXpaHeHHA TpexHel CKOpOoCTH o6GMeHa 3Heprueit
HeXAy HHIKOYACTOTHLIMH BOJIHAMM, HOHaMH M ODJIEKTPOHAMHM HOOJIKHO CO-

TIPOBOXOaeTCA POCTOM PaBHOBECHOI'O 3HAYEHHA TeMneparypel HOHOB KaK

MHHHMYyM B 10 pas. MoToK SHepruu, NepenasaeMbli OT HOHa K
JJIeKTPOHAaM BblpaXaeTcH KaK

3-me k
Qei=T.T -(TI-TG)‘ rae
1 e
3/2
3-Vm‘ . (kTﬁ)
T = .
A 4-vZmu-n-ace’

YMeHblleHHe TIUIOTHOCTH IIJIa3Mhl, KaK BHOHO, Tawxke OOJKHO
CKa3aTbCA Ha YBEJHYEHHH PaBHOBECHOTO 3HAYEHHA Tl.‘nonyqeﬂuoa B
AaHHOM DSKCNEepHMeHTe 3HaYyeHHe T1 = 650 2B COOTBETCTBYeT poOCTy
TeMIepaTypsl MOHOB NPKMEPHO B 13 paz, KaK K npprﬁoaxponanqca

OIHMM M3 BO3IMOXHBIX NyTed manbHelmWero MoBLIIEHHA TeMnepaTypsl
MOHOB ABJAETCA YBeNUYEeHHe B [JIA3MEHHON CTpye PpanHalbHOTO
QJIEKTPHYECKOr 0 nmond, nopoxjgawmero HKI u onpenenxenor6 B OCHOBHOM
‘TeOMeTPMYECKHM AHOJHLIM NajeHWeM B AyTOBOM paspaAle (Adha = 120 B).
9TOT mnoAXOo4 TpencTaBnAeTCA Haubonee spheTUuBHLIN, hocxonbxy
MOWHOCTEL, HAymad yepes HKI' Ha Harpes MOHOB, KBaJpPaTHYHO PACTET C
POCTOM A¢a. lloaToMy ypenuYeHHe AaAHOLHOrO TNANEHHA B 2+3 paza
Crnoco6HO NPHBECTH K unbrnkparnouy TIOBbIIEHHI PaBHOBECHOrO 3Have-
HUA Tl B NNa3sMeHHOR CTpye . ¥Yie NMeppasd MOMMTKA YBONHYAThL AHOMHOE
nazexHune 3a CYeT IeOMeTPHYEeCKOro ¢(akKTopa, CBA3ZAaHHOTO C CHIIbHLIN
CHATHEM TOKOBOIO KaHana BONMIM aHOZA, MNPHBENA K KelaeMbM crnencr-
BHAM. B PpesynbTare HEKOTOPOrO yMeHbUEHHA I[UIOmMANH °KOJbLLEeBOTO
aHoza [11] monHOe NMaleHMe HaNpAKeHHe Ha paspAale BO3IPOCHO Ha 27%
M HNOCTHIJIO BesH4YHHH 180-B. [IpH 3TOM TeMnepaTypa HOHOB IJIA3Mbl B
nMpo6KXOTpPOHe BOzpocna B nonropa paza M COCTaBMIIAa 930 9B, uTO eme
pas noATBepkAaeT O060CHOBAHHOCThL MNPHHATONR HAMM MOHEIH. H3Mepe bl
npoQuiIb JHHEKE Ha ONA 3TOTO cay4ad npH paboTe HCTOYHHKA IIIAZMb Ha

neiiTepun mpuBemeH Ha puc. 11,

hE:]

1w,

AT — —— e

.12 nm

Ti = 930 eV

Puc,11, JoniepoBCKHEe M3MEpeHHA MOHHO# TeMnepaTypH.

M3MeHeHa niomafh aHONA B MCTOYHMNKE NNAa3MH.
Pabora Ha nediTepun.

[lo rOpM3CHTAJN OTJOXEHH HOMepa KaHalOB NOJMXpOMATOpA
7 xaHan HacTpoeH Ha Ha (656,3 HM); wMpwna xaHajga 0.12 HM

Eme paz oOTMETHM, WYTO u3MepAeMui NpPoQUNIL MJHHKH XOpOmO
coBnajgaeT C TraycCOBHIM. 3TO TOBOPHT O TON, 4TOo QYHKUHA
pacnpenelieHHA HOHOB MO IONEPEYHLIM CKOPOCTAM MMEET MaKCBeJJNOBCKHHE
Bun. B cny4yae paGoThl Ha HeliTepHH B mmasMe HAOYT HM23BEeCTHHe ANepHLHe
peakuuu CHHTe3a:

D+ D =--> He’(0.82 MsB) + n (2.45 MsB) ,
D+ D =--> T (1.01 MsB) + p (3.02 MoB)

lipy Teumneparype mefiToHoB T = 1 K3B CKOpPOCTH YKasaHHLIX peakKuinit

1

<ou> = 1.5-1072 ex’.c” [15]. HoaHoe KoaAWYecTBO HeHTpoHOB, Mo~

nydaeMoe 3a OOMH pabouuii WMOynbC yCTaHOBKE (T = 2 Mxc) B o6neMe

npo6KOTPOHA OLIEHHBAETCHA Kak
N ~ (nz/z) + <ou> + V - T ~ 10°mrT.

Ina wm3MepeHu#t 5TOro HedTPOHHOTO mnoTOKAa Ha ycTaHOBKe

"AM6an-0M" BHe BaKyyMHO# KaMepu 6 JCTAHOBJIEH JHOEeTeKTOop .
'"HeATpoHOB (cM. Puc.2), pPerucTpupyomyiit "BhicBeuuBaume" NMPOTOHOB
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OTA3YM B NOAKCTHPONEe. C Y4YeTOM, NONOKEHHA N 3OPeKTHBEHOCTH
IeTexkropa, 33  OmMH BLICTPENI  YyCTAHOBKH  OH  HOMKeH 6wl
perucrpuposaTts 30 + 40 HeﬁrbOHos. YTO MOMHOCTLW NoATBEepPAMIOCH
B 3KCnepHMeHTe. COOTBETCTByomas CTATHCTHKAa Gsula Habpana za 400
BLICTPeNIOB  paboTel Ha - gOefiTepus. B KayecTBe  KOHTDOJLHOILO
3KCnepHMeHTa Gblla NpoBefeHa cepﬁn BLICTPeJIOB TpH paboTe KCTOYHHKA
mjia3Mel Ha Bomopode. [lapaMeTpsl TMila3Mbl NPH 3TOM (AKTHYOCKH He
wsmernmuck ( n = 3 - 10" en® | T = 1 K3B ), a pmeTexrTop
PeruCTpHpOBAn He Golee 1 + 2 HMOYILCOB 3a BHCTpen. NonyyYeHHoe
COOTBETCTBHE MeXAy H3IMEepeHHM HeHTDOHHbIM NOTOKOM M €ro pacYeTHLIM
3HAYEHHEM CBHOETEJNLCTBYET .0 Xopomei# NOCTOBEDHOCTH HsMepeHui n,

Tl H OYHKUMK pacrnpefeleHHA HOHOB MO CKOPOCTHAM.

é. B3AKIWOYEHME

[Ip¥ 3anonNHEeHHK OTKPHTOR MArHMTHO# JIOBYNKH HHZKOTEeMIepaTvp-
HO#f MnasMofi ¥3 KBA3UCTALMOHADHOTO raz30pa3pANHATO HCTOYHHMKA, péc—
NOJIOKEHHOI 0 HA MPONONLHOR OCHM JIOBYWKK 33 ONHOH K3 MATHHTHMX HpPO-
60K, 663 MCIONL2OBAHMA NOMOIHHTEMbHLIX METONOB Harpepa Gblia mony-
YeHa ropAvYad nIasHa C MOIOTHOCTbi N = % e cnq, TeMneparypoi
HOHOB Tl ~ 1 K3B, SJIeKTPOHOB TE =z 50 9B K napaﬁerpon B =6 %

lpn pafoTe MCTOYHMKA IIA3Mbl HAa AeHTEPHK BLIXON TEPMOALEPHHIX
He#TPOHOB COCTaBHI ~ 10° HeliTpoHOB/C.

3Ta nauoncrpaunﬁ BO3MOXKHOCTH TONYYEHHA B IFEOMETPHH OTKPLITLIX
JIoBymeK ropaYei# ¥ muoTHO# naazMel € noMomslo hxakorennepawypﬂux
ra3’opa3spAlHbX HMCTOYHHKOB OTKPHBAaEeT MNPHHUHNKANILHO HOBLIE I10OXOIb
K mpo6iieMe NOJYyYeHKA CTAlUKMOHADHO# ropAYel MNIasMul A  PazIIHYHLIX
PHIHYECKHEX ¥ TEXHOJNOTKYEeCKHX MCClNenoBaHMi

TIp¥ MHXEeKUMH B NOJIy4eHHyP NIa3My aTOMAPHLX NYYKOB BOZOpona
(E =~ 17 k3B, I = 100 9KB.A, 3axBaT.~ 5 % ) 06pa3yeTcA MONyIALHA
yALTPAaropAYMX HOHOB CO CpenHel 3Hepruedf 5 k3B B obbeMe 4 JnuTpa.
[IIOTHOCTbL 3TOH NONyIAUHK paCTe} B Te4YeHHe Bcell IOIHTeNLHOCTH
uikekuuu (200 MKC) ¥ ycpelHeHHas mno o6beMy npeBhWAeT K KOHIY
YpPOBEHb 3-1.0!2 CH-% Ilp¥ 3TOM MepezapAnHLie NOTEepH Ha "XoIomHOM"
raze OKa3bBANTCA He3HAYMTEeJbHbIMH, 4 BpeMA XH3HM YALTParopAYux
HOHOB OnpelnenAeTcA BPEMEHEM X DacCeAHWA B KOHyC noTepsL. [ocnen-
Hee ¥e NPeBOCXONUT MIMTENbHOCTh HHKeKUHMH H eme Golee yBenHuuBa-
eTCA B NpOIecCe HAaKOMNEeHHA HK3-3a HmalbHeHmero pocra TeMnepaTypsl
3NMEeKTPOHOB. JlNA INEeMOHCTPau#u [AedCTBUTENLHO KBAa3KCTALKOHAPHOTO
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pexuMa HAKOMNEeHHA, TMOANEePXKaHMA TopA4Yeil TNIas3Mbl ¥ JansHelimero
yAyumeHHA ee NapaMerpos nNp¥ =3ajaHHOK MOMHOCTHM  MEIDKEKIIMM

Tpeﬁye'rca CymecCTBeHHOe YBelH4YeHHe AJNKTEJLHOCTH paﬁoTu

HHKeKTOpOB.

ABTOpLl BhlpakalwT O6IaronapHocTh A.B. ADXaHHMKOBY 3a TOMOmML B
TMOATOTOBKE RETEKTOpa He#TPOHOB NNA OJKCHEPHMEeHTa.
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