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AHHOTAIDHNRH

llp® 3anonHeHHH NpgobOkoTpoHa "“AMBEAJNI-O" mnnasMolf #3 KBasu-
CTAaNXOHAPDHOTO Tas0pa3pANHOro HCTOYHHKA G6ez HcnonkL3o-
BAHHA [OMONHHTENLHeIX METONOB HAarpesa MoJyvYeHa TropAdasn
nnazMa C MIOTHOCTLE NI = 3- 10cu , TEeMIepaTypoit HOHOB
Ti ~ 1 k3B, TeMneparypoit smextpoHos T. = 50 3B, napa-
HeTpoX B = 6 %.

IIpx pafoTe Ha AelTepun Buxun TepMoAJlepHLIX HeliTpOHOB
COCTAaBHJI B 9TOM CHly4Yae -~ 10° HedTpoHOB/C.

lpe HHKEKUHH B TMOJY4YeHHYH MIa3My ATOMAPDHMX NYYKOB
pomopoma (E = 17 k3B, I = 100 3KB. A, 3axsBarT =~ 5X) o06-
pasyercH NONyJAUKA YJIbTparopAYHX HOHOE CO EFEHHEE
sHeprueil 5 x3B B obfkeMe 4 ;AuTpa. YCpeOgHeHHARA MO BCEMY
06beMy MJIOTHOCTL 3TOH MONYyJMALUHH pacTeT B TedYeHHe Bcel
nﬂHTEﬂhHDCTH:!HHHEHuHH (200 MKC) K mOpeBnHmaeT K KOHUY
ypoBeHbL 310 "CM

Hot-Ion Plasma in the Quadruple Trap

E.A.Gilev,G.I.Dimov,A.A.Kabantsev,
I?.G.Scknluv,s.Yu.Taskaev

Budker Institute Of Nuclear Physics
630090, Novesibirsk 90, Russia

ABSTRACT

Under filling up the "AMBAL-U" mirror by plasma from
gquasi-stationary gas-discharge source without using of
an additional hea%}ngg methods, the hot plasma with
density n of 3+10 cm, ion temperature Ti ~ 1 KeV,
electron temperature Te = 50 eV, and the g - parameter
of 6% was cbtained .

In the case of working with deu}erlum the output of
the thermonuclear neutrons was ~ 10 neutrons/s.

When the atomic H° beams (E = 17 keV, 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 wolume in-
creases during the 1njectlon pulse (200 us) and becomes
higher than 3:10 “cm~ to the end of this period.

@ Uxcmumym sdepHoil ¢usuxku um.T.U.Bydxepa, Poccusd

1 BBEEIEHHKE

OpHo#i ¥3 BakHeHwmx =aga4 MccaefoBaHu# mno  puIKKe YTC
ABJAETCA TMOJYy4YEeHHEe CTaUHOHADHOH MOHHO-TDpAYeH niasMsl C TeMne-
pPaTypoH HMOHOB B nxanaaﬁue OECATHOB KHJIOJJEKTPOHBOJALT. B OTHKPLITHX
MATHHTHLIX JIOBYIIKAX HAE HAYAJlbHOM 23Tane npenycMaTpHBAeTCA CO3aHKHe
NiazMeHHO#K MHINEHH CO CPABHHTENLHO YMepeHHhIME IlapaMeTpaMK, Ha
KOTOpO# BHOCHEACTEHH NMPOMCXOMNMT 3aXBAT BHCOKODHEPreTHYHLIX HHTEH-
CHBHLIX ATOMABPHLIX NYy4YKOB. [IpM MCHONL3OBAHMM B KaYecTBe TakKod M-
WeHY NJIAa3MeHHHX CTpy#H, H3 rasopaspAlHLX AYTCOBbX KCTOYHMKOB [1],
nony4YaeMada IJIa3MeHHaAd MHONEHb XapaKTepH3yeTcA 0OkMHO ClelyRmuMH
rnapaMeTpaMu: TeMOeparypa T1 o TE ~ 10 B§, IIOTHOCTE N =
1D”tu_{ NOTOKOBaA CKOpOCTE ¥ =~ VT [FT- TennoBad CHKOpPOCTh
HOHOB).

BLlcOKaA SIeKTPOHHAA TEeNJoNpoOBROAHOCTE BAOAL CHIOBHX JHHEHR
MarHMTHOIr'O I[IOJIA HEe MO3BOJAET HMEeThL 3HAUYHTENLHOI'DO Mepenala B Ta
MEeXAY MeCTOM HHKEKUHMM NYYKOB ¥ Tra3opas3pAfHEM HCTOYHHEKOM, a B
CaMOM pazpane TE cnabo 3aBHCHT OT BHASJIAEMOH MOMHOCTH H TO3TOMY
NpakKTHYecKH ¢uKcupoeaHHa. TaKad HH3KaA SJEeKTPOHHAA TeMnepartypa
MHIEHHOH NJasMbl TMPHHUKIHANLHO OTpaHKUYHBAeT OJSHepreTHYeckKoe
BpeMA HHIHH uﬁpasyanXCH TOpAYHX MOHOE, He MNOIBOJNIAR TeH CaMbiM
CTALKMOHAPHO NMONAEPXHBAThL NOCTATOYHYWO KX MJIOTHOCTb.

Kax Obiio nMpoZeMOHCTpHpOBAHO B [2], CH- YalUHA C Te PagHKANLHO
¥3MeHAETCHA MNpPH HAJHYKH NOTEHUHANLHOrOo TepMobapbepa Ond 3JeKTpo-
HOB, oOOpasywileroca Mexay coOcTBeHHO JOBYHNKOE ® [Na3MeHHHM
MCTOYHHKOM.

Ha pucyHke 1 NpHBEeIEeHO NpOoRONbHOE pacnpelelieHEe HaAarHHTHOTO

TMOoNA W COOTEECTRyHIHEe eMy pacnpelel]leHHA TNOTHOCTHE H MNOTeHLHAla



nnazMeHHo# CTpyM, [oONy4YeHHHe B YyCTaHOBKe " Anﬁan-mﬂ " _I2)
BuOr), 4YTO B 00macTH BXonHo# npobkx uﬁp&ayqrcﬂ '[OTeHIHaNlb Hul
Gapbep [ONA  SNEKTPOHOB, no3ponAwmiEi CymecTBeHHO  YMeHBIHKTL

3NeKTDOHHLE TennonepeHoC.
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Puc.l. Teprobaprep, peanuayemuii Ha ycraHoBxe "'AmMban-iOM"

3aBMCMMOCTM MarHKTHoOro nonsa (NyHKTMp), NIOTHOCTK N
noTeHuKala (EMpHafs JAMHHA) naas3Me  BOOJAL OCH YCTaHOBKM.

CneuudpuueckHM CBORCTBOM onucwBaeMolfi  nnazMeHHOH CTPYH
ABJIAETCA pA3BHTHe B HeHd Ip# TPaHCNOPTHPOBKE B MAarHHTHOM moJe
HeycTolfiuuBocTH KenbeBuHa-TedbMrosbita (HKI) [3]. IpHpoma oTol
HeyCTOHYHBOCTH CBA3aHa C IHH¢¢EPEHHHaHhHHH BpameHHeM IJIa3Mbl B
CKpele HHLIX MarHMTHOM M 3MeKTPHY8CKOX MONAX. Monepe4yHoe
oNeKTpHYECKOoe [ojie MOopoxOaeTcd BbHHOCHMLIM B TMJA3MeHHyW CTpy®
{ BCceZCTBHE 3aMATHWYEHHOCTH SIEeKTPOHHOTO KOMIOHEHTAa) AaHOOHbIM
nageHueM HanpAxXeHMA Ha paspaApe. PassuTke HKIT conpoBoxpgaeTcH
BO30yxOeHHEN B MNNasMEHHOH CTpye HH3KOYACTOTHHMX ( W « w_, )
3JIEKTPOCTATHYECKHX BOJH, PACHNPOCTPAHALIMKXCA TMONEPeK MArHHTHOIO
noinAa ¢ ¢asoepod CHKOpPOCTHD w/k = V. . B COYeTaHMK TaKOro
MOTEeHIMANbLHOrO TNOJA BONHOBOTO NMaKeTa H BHeWHEr0o MArHHTHOTO TONA
pO3HKKAaeT "OpOyHOBCKOe" OBWKeHHe HOHOB B MPOCTPaHCTBE CKOPOCTEeH,
NpHBOLAMEE K MX CTOXACTHYECKOMY HarpeBy [(4].

B aHAJIOTHYHLIX SKCIEPHMEeHTAJNbHLX YCJAOBHAX ONHCAHHWX B [5],

-
3

nnnrﬁocgh MOMHOCTY, . BbOedAeMad anaHTﬁlqeduuﬁl nonAME HKI' B

. MOHHBI KOMIIOHEHT, COCTaBilANa BenMuMHy Macmra6a 10 Br/cx’ . B

OTCYTCTBHE  ONPEeNeseHHOro  Bume noTeHnKanLHOrO Gapbepa OiIA

QeKTpoHOB, aTofi MOMHOCTH  XBaTajo A Harpesa HOHOB  HO

TeMIepaTypsl th = 50 BB, KoTopas OrpaHHYHBallach Tennoo6MeHOM c

.

](GJ'ID,EHHHH1 TEPHDCT&THPGBEHHHHH . HIEKTPOHAMHE., Hanuumne ‘__E
Tehnéﬁaphapa NPMBOOMT K YMEHbHEHHD KOo3(QOHUHEeHTa -3JeKTpPOoHHOH
TennnnpnhnnHGéTk ﬁpnnﬁpnd B explep/T,) ~ 10 pas (cM.Puc.1),  HToO
np¥ TOM Xe ITOTOKe HumHDCTH HOOJIKHO cunpunumnaTth pdCTuH T B'
JOByWKe * B’ 10°“® =~ 5 paz . 3TO0 X ﬁuno,-npnnenuucrpnpnaaﬂu B
sKcnepuMerrTax [27] . ; ' '
HDCKDHhKF pEBHUBECHﬂE IHAYESHHES TBHHEF&TFPH HOHOB ﬂnpﬂm—
nAercs cHupochm WX oOMeHa OSHeprueil C QNeKTpoHaMH., TO C POCTOM

T, B S pas MOXHO nmnnar@ yBenu4 eHRs TI Ha nopApok (T e« 'T
. 3/2 X : : - ”
« T ). : : ' -

1

TakuM o06paz3o, 'pa?HHTIE HKF npu Hannqnﬁ Tapﬂnﬁnphﬂﬁﬁ
HBEBDnﬁET\HDn?quL e KBAZMCTALHOHAPHLX I'a30opaspsaHLIX HETGHHQKPB
nnazMy € TeMmeparypoif HOHOB "KSBHOTO™ nManasoHa 6es ﬁpuueueﬁln
NMOMONHUTENLHLIX * METONOE Harpesa . HCHONL3OBaHHE Tako# MAasMul B
KayeCcTBe MHMEHM ANA HHTOHCHBHMX ATOMAapHLX MYYKOB -KOPEHHEH
ofpazoM ofneryder mnepexon K KBa3HCTALKOHADHOMY peXHMY, T.K.
BpeMA - K3 HH .3axaadegﬁqﬁ ‘ropavelf mnonynAauMu HOHOB He Oyger

onpenenfAeTCA TODMOXEHHEM Ha XOJIONHHX B3JeKTpoHaxX , a JEMHTHPYeTCH

_ECTGCTBEHHﬁHn ‘nnA  NMpo6KOTPOHOB BpeMEHAMM pACCEeAHHA E KOHYC

noTepr M BPeMEHeM KU3IHM [0 TNepezapffKe Ha aTOMApHX NY4YKaxX X
OCTATOYHOM raze. i

H3/OXEeHNe "MaTepuana HAETCA B ciaemyomel NMOCHeNOBATENbHOCTH:
pasgen 2 CONEPKHUT KpaTKoe GHHC&HHE-QKCHEPHHEHTanhHﬂﬁ JCTaHOBKE K
HCTIOMb3OBAHHOH B HAHMMX OKCHepKMeHTax nnaruﬂcTqucuuﬁ anmapa-
Typsl; B pasmene 3 npefc¢TapieHH De3YALTATH SKCIEPHMEHTOB no -
nmiquHHm I':DP:HT{E.I"‘I MJIa3HLl B npuﬁHGTpDHﬁ C MNOMOmbE raznpaépﬂnnuru
MCTOYHMKA MINA3MH; pa3fefl 4 NOCBAmMEH DKCIEPHMEHTAM 10 HHKCeKUNE
WHTEHCHBHEIX ATOMADHEIX NYyYKOB B  T[OPAYYD MHNEHHYyNO MIa3My; B
pa3fene 5 fenaercid CPaBHEHWE MOJYYEUHHX JKCMNEDHMEHTANbLHLX NaHHBIX

C OUeHKaMi MO M3INOKeHHOH BLle MOmeNH, 3JeChb Ke NPHBEAeHH pesyiaL-

.taTel paboTel MO- MAafibHellleMy TOBLINEHW TEHIEepaTyphl ‘KOHOB N

perscrTpauuu HeﬁTanﬁnrn BHIXONa NpH pafoTe KCTOYHMKA [a3MHl Ha
ODeATEepHH; B 3aKINOYHTENbLHOM paanene GOpPMYNHPYOTCA MNOAYYeHHHE B
HacToAme# pabote pezyanaTH '



2. CXEMA 3KCHNEPHMMEHTANBLHOM YCTAHOBKHM

Ha pucyHke 2 TripuBemeHa TNPHHUKIMANLHAA < CXeMa YCTaHOBKH

" Au6an - WM " [2]. YCT@HOBKE COCTOKT H3 NJIazHeHHO# NOBYmKXK ,
npencrasnAwmei cobolft KpampymossHuik Npo6KOTPOH Tuna" MHL-fHL " C
abcomoTmuM " min-B " ¥ nNpo6oYHLIM OTHOmMEHMEeM 2. MaTrHHTHOe MNoJe B

npob6ke o 1.3 T . HcTounk rasopaspamgHoi nmazmet (3), [1] nomMema-
eTcCA Ha npnnanhﬁoﬁ OCH JMOBYNKH 3a ONHOH -u3 MArHMTHEIX TNpoGOoK.
nasMeHHad CTPYA- H3 ncTuqHHKa‘Tpanunnp?nﬁfar:ﬂ yepes COoJeHOHA(2)
C OOHOPOOHLIM MNoneM BenwdrHO ~ 0.25 T. ‘B uUeHTpaabHy® o06JacTb
npnﬁRoTana, NepneHARKYNAPHO OCH ncymﬂéTBnHEiCHJHHHEHHHH aToMap-
Hbix ny4xkoB [7]. ‘Ha puéxﬂxe_ 2 Tawke nﬁancranﬁanu HEKOTOpLIe

CpelCTBA MOHATI'HOCTHKH, HEnqnhayeHma B gaHHO# pabore.

Puc.2. Cxema YCTaAHOBKH « AMEAN - OM »

1-KaTYWKK MarHMTHOro noas npobkoTpoHa THOa «HHb-fHb», 2-TpaHCcnop-
THpYRuMik coNleHoung , 3 - HCTOYHMK NNa3Mu, 4 - aToMapHHe WHXEKTOpa
« CTAPT-2 » ,.5 - jgeHrMopoBckuit TpoliHo#i 20HR, 6 - cHcTeMa AaMar-
HOCTHKH no ochabnenxw HeliTpanbHoro nydka, 7 -AMaMarHMTHas NeTdA,
8 - perucTpauMA H3ay4eHHMA Hae , 9 - bonomerp, 10 - 3HeproaHanx-
3aTOp BHIETADIUMNX WOHOB, 11 - geTeKTop HeHTpOHOE.

nna onpenelieH¥A . pPABMepOoB Mume HHO# 1182 Mhl, KOHTPOJNA
NANOTHOCTH ¥ DJEKTDOHHOK TeMnepaTypsl B LeHTPe NPoSKOTPOHAa HCHONL-
20BaCA MOABHWAKHbHE JEHTMODOBCKHH TpoiiHO# 30HE (5). INA H3MepeHHA

nuHeHOH IVIOTHOCTM mNNAsMl B MeOMaHHON I[JIOCKOCTN  JOBYWKH
NPUMEHANACL CHCTEMAa MHOTOXOPAOBOr0 3O0HAMPOBAHMA ATOMADHLM ANATr-
HOCTHYECKUM nyikun (6). To pesynsTaTaM 9TOo# MeToOMKM 6LNK CKoOp-
PEKTHPOBAH: NMOKA3AHMA 30HAA. JUIA M3IMEPEeHHA AMAMATHHTHOTO CHIHAJNA
B LeHTpe nNpoOKOTPpOHA HMeeTcA MeTaAA (7)) chneuxansHol POopMLL,
MO3BONALMAA 6eCNpPenATCTBEHHO BECTHM WHKEKUHD® ATOMADHLX NYYKOB N
obnapawmas MHHKMANbLHOH UYBCTBETENLHOCTLD K TOKaM, TEKYMEM BIOML
nnazMeHHo#  CTpPYH [7]. MHOroKaHallbHAad CHCTEMAa perxcrpalux
M3Ny4eHHA Ta3Mel Ha NHHEK Ha (8) NpHMeHAnach Ond KOHTpONA pazMe-
POB INIA3MLl M SNEKTPOHHOH TeMnepaTyphl [B],[2] . TeMnepaTypa HMOHOB
NAa3Mel HM3IMepANack -M0- AOMJEDOBCKOMY  JEHPEHHD HBJIYYEeHHA AaTOMOB
nepezapANKKH Ha nHHME Ha. H3obpamkeHue nias MeHHOTO mHYpa CHCTeMol
06beKTHBOB NepeHOCHNIOChL HAa BXOOHYD mMenL MOHOXpoMaTopa MAP-2, Ha
BrXode ‘npuGopa KOHTYp JAMHKKE Ha {GEE.EHH} PErHCTDHDOBANICA C
NOMOmMBY ONTHYECKOTO KOJMMEKTOPA KOMMIeKTOM ®3Y. OnTuueckmit xom-
nexKTop O6bII CHIEEH H3 OTAENLHHX BOJIOKOH aHalorK4YHO [9] N
ofecrneyupan pazpemeHxHe 0. 12 HM/KaHaMN.,  YTO MO3BOJNAJNC HMETh TOY-
HOCTL 10% TpH H3IMEpPeHHH TeMnepaTypsl KOHOB BOIOPOOHOK nNnaszMs B
nuanasoHe 0.5 — 1.0 k3B. B TopuUeBOM NpHeMHHKe IJIasMel pacmno-
JAraficd MATHUTHHE SHeproaHalM3aToOp BLUIETARmMKX MOHOB (10).
ONMEeKTPONHTaHKEe, MAaTHHTA JHeproaHanK3aropa obecneuxsalo H3IMepeHNE

SHepriM OPOTOHOB OO0 6 H3B.

3. NONYVEHME WOHHO-TOPAYEA MIA3MM K3
TA3OPA3PANHOTO MCTOMHMKA

BpeMeHHafs ZABHCHMOCTb JAHHeHHO# NJNOTHOCTH IIA3MH B IEHTPe
npoOKOTPOHA, HBH??EHHHH no uénaﬁneuﬂn AMATHOCTHYECKOTO mnyuka [2]
npuBeleHa Ha PUCyHKe 3. XapaKTepHoe 3HayeHHe <nl>-= 3.ig"? cn2,
PazMep CTpyH [0 ONMHE Ny4YKa, onpefeneHHsif C noMomsw z0Hma, COC-
Tapun 10 CM Ha NOONYyBbICOTE. I[IOBTOMY B ONHCHBAEMLIX DBKCIIEPHMEHTAX
MJIOTHOCTE Ma3Mel B ueﬁTpe <n> = 3+10%cn.

HoHHAafA TeMNnepaTypa B NOByNKe ONpeAeliAfiach Ha OCHOBE aHalm3a
JHepPreTUYeCcKOro CHeKTpPa HOHOB, BhJIETAKWMX BOOJML MATHHTHLXY CHIO-
BHIX NUHUA B Tnpdesnﬁ NPHEMHHK, a TaKike [0, JONNepOBCKOMY VIHDEOHND
nuHuKM Ho aTGHBH-nepEBEpHEHH.

EHEPPETHHEEKHﬁ CIIEKTP MOHOB C HEMANICH S0 - rpagycHuM
MarHMHTHHIM  aHanuzaTtopoM [10]. PazMepsl BxonHOH anmepryps N

KONMEKTOPOB NO3BONANK H3MepATh BHEPTH® KOHOB C paspemeHHex 20% .
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Puc.3, MNOTHOCTL NNA3MH B UEHTPEe JOBYMKM. -

‘uHeilHas NIOTHOCTL MAAa3MH; TOK AYroBOro paspana MCTOYHMKA }
ceyeHMe NJIasMkl B MegMaHHOH nnockocTH (Ha ypoBHe 1/2 )

Ha pucysxe 4 NOKasaHa 3aBUCHMOCTL TOKA HA KOJJIEKTOP OT SHEPrHH -

HOHOB. i 7 h

-Hsuepﬁénmﬁ TOK I = I?-f{vf dv, rme f(v) - OyHKUHA pa;npe;
DeNeHHA KOHOB nalcknpncrgg B uﬁnacrn_nnaénnnpneuunua_{pacmnpn—
rena). IpH ra30fHHaMHYeCKOM pekMMe HCTEOUeHHA NNasMl M3 JIOBYMKH
cpelHAfs DHEPTHA HOHOB B paqmupuT;ne cBfA3aHa C HX TeMnepartypoi B
npbﬁuofpaﬂa COOTHOMEHHEH E =,5!2-Ti, [T;{{ Tlf. ﬂng_aquaﬁa-_
THYECKOTO e pacmrpeHHa E = 2:T . ‘

B . OMMCHBAEMOM L OKCHEPHMEHTE 'PealNH3yercAd .NepexofHuil pexHM
Teuennd. ll03TOMy, BLGHpasR Kna¢¢nunean5f2. nojy4aeM OlieHKY. TeM-
nepaTypsl HOHOB hHaay:_Tl z .65 k3B (CM. cnexmp, npuBedeHHHU Ha
Puc. 4 ). : it v

~TeMmepaTypa HOHOB H3MEpANACh Takke MO AOMIEPOBCKOMY YymEpe-
HHIO JHHKK Ho B CHeKTPe MH3JNy4YeHHA ATOMOB neﬁeaapﬂnun.'npn MaK-
CBEIUIOBCKOM Bume OYHKIKK pachpefelleHKd H3Ny4Yaom#X aTOHOB IO
cunpucTﬁn yKazaHHaf CIHEeKTpairHafd JHHKA HMEeT rayccoBy GOpMy: C:

MHPHHO i

(2;11)1;2 [uM] = 0.05+ T [9B]

Ei [keV]

Puc.4. 3HepreTHYecCKMH CHeKTP MOHOE B Nia3MONpHEeMHHKe

( Pa3HHe 3HAYKM OTHOCATCA K Pa3HLM CEepHAM H3MepeHMit )

¢OopMa 3AMHCH NOAYEPKHBAET, HTO fepeTcA TNoNHAA NHEPKHA JIMHHH HA
NMOMOBHHE BLICOTH KOHTYypa. I[loMMMO [OOMNepoBCHOrO CymecTBYyeT pAN
OpYTHX MHMexaHM3IMOB YHNKDEeHKA JHHHE Ha B mnmazMe [11]. nna
napaMeTpos " AMb6an - KM " [2] BenMYMHA MNTApPKOBCHKOI'O YNHPEeHMA He
npénmmaeT_ 0. 1uH. 3JecHaHOBCKOE pacmelyieHHe B MHarHATHOM TIone
OBYWLKH MeHbme 0.03HM. K3 nNpHBeNeHHLX OLEHOK BMIOHO, YTO B HameM
cny4yae NpH TeMnepaType HOHOB Tl > 10 3B [ponnepoBCKOe YNHPEHHe
nuHKEE Ho oxasbBdeTcA MpeobnaflaniikM W HIMepeHHOe YOHpeHHse 3TokK
NMHMH MOKHO YBEpPEeHHO HCHONL30BaThL JJA onmpefeneHHa HOHHO#K
TEeMIIepaTyphl.

Ha ﬁucyﬁxe 5 npencrapBlieHbl Pe3yiibTaTbl HIHEPEeHHA YNHPEHKA
CONeKTpanbHOoK nuHEK Ha ¥ annmapaTHad QyHKUIMA M3MEePHTEJILHOTO TPAKTR
( pxXonHaAa menb, MIP-2, onTHYyecku# Konjaexkrop, $3Y ) MNpx 3acBeTKe
BXOOHOH meau cnexrpbuerpnqecxuﬁ BOogoponHOK maMnodf ( OBC-25 ).
OTHOCHTENLHAA KaluOpOBKA KaHajlIoB MNPOBOAHIACL HOAYIHPOBAHHLIM Me-—
XaHHYECKHM 'npepmaaranan H3JIyYeHMEeM BONOPONHONW JaMms M Trenmnit-
HeoHoBOTro Jjasepa. [IpH KanublpoBKe 3a4cCBeYHBAJICA B OCHOBHOM OOHH

KaHaJ, B OBYX COCelHKX KaHallax BeJIHMHHAa CHIrHaJla ¢ Y4YeToM

 Kanu6poBKM He TpeBemasa 10% , ® yurThBajack npH obfpaboTke

pe3yiLTaTOB.
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Pxc.5. JlonnepoBCcKkKe H3MepeHMA MOHHOHR TeMnepaTypu.

BoccTaHOBNeHHHIl. KOHTYp AWHHM Ho (NyHKTMpP), 2 - annapaTHas
$YHKUMA CHCTeMh perHcTpauWd (LUTPMXOBaA NMHKA), 3 - BRHCaHHLK
rayccos npojpuns (cCnjomHasa JNKHKA)

umppl 1 - B xaHane CHCTEMH pericTpallM, LIHpMHa oJHOro KaHana
AA = 0.12 HM, 7-oft xaHan BHCTaBlleH Ha nMHMo Ho (656, 3HM)

I'CGHCT]JFI{THBHHB 0Cc0o0eHHOCTH YCTAHOBKE He INIO3BOJIHIHK NIPHMEHHTL
CBETOCHIILHAYD PETHCTPHPYKIIYID anmnapaTypy H cCHoeJiaThk H2MEepeHHA
HOHHO# TeMnepaTyphl @0 HECKOIbKHEM XOpHaM. YYBCTBHTEILHOCTL
anmapatTyp.l nuéﬁunﬂna PHKCHpPOBATL JNHKNL NOpodPHIL JHHEE Ho B
H2JIYyYeHHH, HIOymeM H3 IIEHTPEJ]I:HGE obnacTH .TIDBFI]If(H. MMO3TOMY
noaydaeMas nocne .ﬂﬁpaﬁnrnn CIHeKTPOTPaMH BEeJIHY HHAa Tl
XapaKTepH3yeT Mk HEeKOTOPYK CPpelHwd TeMIepaTypy HOHOB B JIOBYmKe
{c yueroM, BooOme rosopfA, OMH3KOr0 K OOHOPONHOMY pachpelnelieHKA B
- [IflaZMe IIOTHOCTH GhICTpLIX HeliTpalloB NMepezapAnKH).

OKCNEepHMEHTANbBHO T[OoAy4YeHHL# KOHTYp JAHHHKH #MMeeT "ropauee"
KpLJIO rayccoBOTO0 BHOA, ob0ycnoBiieHHOE TeMnepaTypok niasmu, H "Xo-
NOOHLIH" LeHTPaNbHLIi MHK, Nony4YaeMbli BLICBEYHBAHKEN $paHK- KOHIO-
HOBCKHX @QATOMOB - HA Nepupepuu TIJIA3IMb . KOHTYyp JHMHHHE HMeer
CHMMETDHUYHYD OTHOCHTENLHO IeHTPa ¢opMy, YTO MNOATBEPXOAETCH
N3MEepeHHMAMH C BHICTABKOM XOJMogHOTO NHKa Ha BTOpPOH KaHan KoJleKTopa

(Cv. Puc.5). TeMmneparypa HOHOB BOJopoJa onpefenanachk Mo ro-
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PA4YEeMY HKpLUIYy OYTeM CpaBHeHHA C HOOEe/IbHbEIM TayCcCOBbLIM Hpﬂ@lllﬂll.

THIKHYHAA NOJNyYadeMad BeNHYMHA TEeMNepaTypsl HOHOB TI ~ 0.65 K3B.

Mpx TeMIeparype HOHOB MopAOKa KMJIO3JNeKTPOHBONLTA )
NMIOTHOCTHE N =~ 3-10“EH43 ppeMa "MaxkcBeJAnKzauUMK" QYHKIUHKE pac-
npenelieHHA HOHOB NO CKOPOCTAM COCTABIAET ~ 2 MCEK, CpaBHEMOE C
BpeMeHeM CymMecTBOBAHHA MAa3Mul B JIOBymKe . Bo3HHKAeT BONpoOC O
TOM, He HABIAeTCA JH Xopomad rayccoea GopMa KOHTYpa NHHEK Ha
apredakToM. OAHAKO, NPH CTOXAaCTHYECKOM HATpeBE 2apAKEHHLHX YaCTRL
B MOTEHIHANLHOM TNOJNle BOJHOBOTO NaKeTa, Jake B OTCYTCEHE XaoTH-
3HpYOWEero BIXAHMA CTONKHOBEHHE MexOy dYACTHIAME HIK TOpOCTpaH-
CTBEHHO# HeKOrepeHTHOCTH OJJIEeKTPHYECKOro IIONA, IMPOCTPAaHCTEeHHAR
HEOOHOPOAHOCTL MArHMHTHOTO MNONMA B JIOBYmMKe BeleT K MAaKCBeJNH3ALUNN
PyHKUKK pachnpeliefleHKA 3AXBAYeHHLIX YacTHL 0 V.L B Npouecce caMoro
Harpepa, T.e. HMeeT MeCTO TaK Ha3bBaeMoe "MarHETHOE IIepeMemH-
paHKe" MAM "TepManuMIauMA" CTOXACTHYECHKH YCKOPEeHHHX dYacTHi [12].

B nony4eHHo# nnasMe T1 » Tc H OaBleHHe [INazMel OIpenelIAeTcCH
B OCHOBHOM HOHaMH. [aA ueHTpa npo0OKOTPOHa napaMerp £ = 6% .

KOHCTpPYKUKA HCIIOJIL30BAHHOI'0 B JAa HHbIX SKCIIepHEMEeHTax
HCTOYHKKA [JIaZMel [IO3BOJIAMIA H3IMEHHMTL 3HAK pPajHalbHOTO DIAeKTPH-
YE@CKOr0 IOJiAd, BbLIHOCHMOI'O B nnaaueﬁﬂyn CTpy® [6]. B 3TOM cuy4ae
pazBuTHA HKI He @NpPOHCXOOHT, H, KaK ClHeOcTBHEe, OTCYTCTBYyeT
cCTOoXacTHiecKkH#d Harpes HoHOB [S5)]. OJKCIIepHMEHTH, T[pPOBEAEHHLE C
TAKHM PEXHMOM palboTsl MCTOYHMKA Ha ycTaHoBKe " AMGan-IOM ", Taxxe
NOKazallH OTCYTCTBHEe Harpepa HoHOB. [Ip¥ 5TOM NIOTHOCTE IINIAa3Mel B
LeHTpe JIOBYWMKAH HECKOJIbLKO YMeHbmHIach (HeT zaxpaTa B JIOBYWKY
MPOTOYHOH MNNIasMel MNYTEeM HaKaYKK ¥V, Ha HKI ) OO0 3HavYoaHNE
n ~ 10HCH4T TOPUHEBOH# DHEProaHANMZATOP HMOHOBE C HHXHHM [OPOI'OM
250 5B He 3a@HKCHPOBAJN KaKKX-NHO0 OBICTPHX YAaCTHI, HNoniaepoBCKuil
KOHTYp NMHME Ho oOCTancAa B TIpPaHHLAX annapaTHod QYHKIEE CHCTEeMu
perucTpalnMu Ti < 25 3B.

4. HEATPANBHAA MHXEKLUWA B TOPAYYK MHMUEHHYD INA3MY

B MeIMaHHOH TNINDCKOCTH JIOBYWKH CedeHHe IJIa3MeHHOH CTpyH
HMEeeT BHJI DJIAMIICA C pa3MepaM¥ no ocAM 2 cH K 10 cH ( MeHbmasa OCh
o HanpaBJIeHHD® MHKEeKUHH, cM. Puc. 2, 3 ). CpeOgHAA IUJIOTHOCThL
NnazMel B CTpye no= 3-107en. CnenoBaTeNLHO, TOJMOHHA MHIOSHH AR
nyakoB <nl> = 0.5.10''cM™®. 310 cOOTBETCTByeT 3axBaTy NyYKOB HA
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YPOEHe = 5 % , 4TO nDnTBBpmnaéTcﬂ NPAMEIME HW3MEPEeHHAME ociableHKA
OCHOBHHX AaTOMapHHX TMyuKoB. B D9KCHepHMeHTax C Takofl "ToOHKOW"
MMIEeHbLN ypaBHeHWe 6ajaHca 4a THIl IpKH pa6oTe AaTOMAapHHX MNYy4YKOB
HMeeT crnenywomui BMIO

- L] L] u‘ - [ ] -
dnh % (aiv + uxv} nlt ft I ! 2y nlh fh 1z s n.
dt Vb'e*Vh Vh-E'Vh ; T
rue n_ - MIOTHOCTL 3aXBaYeHHLIX TIOpPAYHX HOHOB, L e ceye-
HHA HMOHH3IAIHKHK M MNepe3apAnKK; v, H vV - CKOpPOCTL aTOMOB nydyka H

OTHOCHTENLHad CKOPOCTh MyYOK-4YaCTHUA, COOTBETCTBEeHHO; f - ¢ak-

TOop 3axpaTa MNyYKa, YCPeAHeHHHH 1O MONHOMYy Ce4YeHWoO nuasme; nl -

TONMKHA MEmeHHOW nnasMel; I - OKBHBANEeHTHHH TOK TyYKa; nlh—
TONMIMHA 3aXBaYyeHHOH ropAdYeld IHmasHel ; Vh - nonHuifk ob6veM
saxpaueHHOM ropAdYelfl MAasMe; T - BPeMA KH3HM TropAdYel nmasmel C

yY4eTOM BCEX MEXaHH3MOB MOTEp..

B mnp¥BeleHHOM YypaBHEeHHHM [epPBOE CJlaraeMoe oOTpaxaeT 3IaxeaT
NyYyKa Ha MHmIeHHO# milasMe B pe3yALTATE HOHHIAUKE H Nepe3apANKE,
BTOpOE - HMOHH3alU ML MyYKa Ha 3aXBAa4YeHHHX TOpPAYHX HOHaX ( mepesa-
pANKA He MEeHAET KONK4YecTBa OLICTPHX HOHOB ), TpeTbe - MOTEepH.

B HameM cJay4ae 'I‘IE =4 50 ¢ 898 v[2]; '1"1 = .65 KoB, DHeprua
HEKEKTHPYEMLIX  aTOMOB Ea'x 17 K3B. [NOMHHHDYRIKM IpOLECCOM IIPH
TaKuHxX TnapaMeTrpax 6yIeT mNnepe3apAlKa MNyYKa HA MHOEeHHOH MIazMe.
CKODOCTH COOTBETCTBYOMHX peaxkuu# [13]: Ex?ﬁ-l-lﬂ'T et -
mepeaapAlKa MyiKka Ha MWmeHH, O V = 2.5:107° cK-C - HOHM3AUNA
snexTpoHaMu. HoH ( aToM ) c DHeprueld MHKEKUHM HMEeT CKOPOCTb V =~
2'iﬂECH'd4. YTO COOTBETCTBYeT CKODOCTH WNIEKTpPOHAa C aHeprue#i 10
oB {ETF = 6:107° cM+c), MOBTOMYy MOHHM3ALKA ATOMApHOTrO Iy4YKa
NMPOTOHAMH [/1a3Mbl eme MJeHee sppexTHBHA, YeM DSNeKTpoHaMK. B
OMHKCLIBAEMOM O3KCIEepHMEeHTe nlh-fhl = nlt-ft, 3HAYHT B YpPaBHEHHH
fanaHCca YACTHI BTOPLIM cCclaraeMelM MOXHO TIpeHebpedb. J[NA pexHMa
pafoTel, KOrOa BpeMA KH3HH TOPAYMX HOHOB He NKMHTHDYETCH NMOTEpAMH
110 nmepezapAlOKe Ha OCTATOYHOM rase, a ONpefeNAeTCA TOPMOKEeHHMEM Ha
3eKTpOHAX ¥ I[ocJelypmuM PpAacCeAHHeM B KOHYC MNoTepb, HMeeM
3ABHCHMOCTb T ntq. Kak cinencTBEe, MAKCHMaJibHAA  HAKOIJIeHHAA
MIOTHOCTE TOPAYMX HOHOB He BABHCHT OT INIOTHOCTH MHIEHHOH NJIAa3Mbl
( HATIOMHHM, YTO BB nh}. Ecinu B Tpollecce HAKOMIEeHHA TOpPAYHX Yac-
THI MPOMCXOOMT NOOLEeM BJIEKTPOHHOH TeMmepaTypel, TO COOTBETCTEEHHO

4
6ymeT BO3DACTaTh H BpEeMA XH3IHH TOPAYMX HMOHOB [th To ) s Kak
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CIencTEHEe, CO BpeMeHeM OyIeT yBelNHYMBATLCA INIOTHOCTL HaKoNneHHOR
ropAded maaszMbl. 3TOT POCT MJOTHOCTH NPEKPATHTCA, KOTHAa MNPOLECcCH
pacCefiHHA MK Nepe3apAIKH CTAHYT NOMHHEDYOIKMN.

Ha pucyHke 6 TIpDHBeNeH CHIHajl C JguaMarHuTHol mnernx. He
CHOTPA Ha CreuManbLHy® (GOopMy MNeTNX He yHAalochk NMOMHOCThHE KHaGexaTh
BNHAHHA DSJEKTPHYECKHX TOKOB, TeKymKX M0 IJla3MeHHo# cTpye
[7],[14]. Tlo oSTo# npuunHe @HIMYBCKN MNHPODMATHBHOR ABIAETCAHA
TONLKO NoO6aBKa B MAMAMATHHTHHA CHrHan, ofpasyomascA NpH HHXeKUIHH
Tiy4KOB.

Hz oCUMINOTrpaMMbl OHAMATHMTHOIO CHIHANA BHEJIHO, YTO OKaMarHe-
TH3M pPBCTET B TeueHHe BCcero HMIOYALCA MHXeKUEH (~ 200 MKC), XOTH
H C pazHuMK XapaKTepHHMH BpeMeHaMH. TaKad CJOXKHAA (opMa CHIHaja
ofycrmoBneHa CcHeAvHMXH NpoueccoM. I[I[pH HHKeKUHH aTOMAPHLIX NY4YKOB
ropAYMe MHOHb 3aXBaTLIBARTCH C MNHTY-YTJIaMH OAKIKEME K Tn/2, K
O3TOMY B Ha4anbHuli MOMEHT NONyNAUHA ropadeh NJa3 Mbl:
COCpefOoTOYeHA B OCHOBHOM B lEHTpe MNpo6KOTpoHa, HenocpenCcTBeHHO
Ion OHaMarHuTHo# mnernei. Ha npeBefeHHo# ocuHATOrpaMMe STOH
CTaZA®H HAKONJMEHHA COOTBETCTBYWT MepBHe 50 MKCeK OT Hauana
MIDKEeKUMM. B Mpouecce HAKOMIeHWA, B pPe3yNbTATeé pacCeHMA, IIHTY-
yroil H3MEHAETCA ¥ TPOHCXOAMT 3anolHeHHe Bcero mnpobKOTpoHa

ropAY#MM HMOHAMH, T.e. pacTeT oO0beM 3axpavyeHHOR naaszMsl MNpH

23—apr-92 DIAMAG #44

JU [x20mV]
| BEAM | |

1500mks  1600mks 1700mks 1800mks 1900mks 2000mks 2100mk

PHc.6. JIHaMarHMTHHHR CMrHan npu paboTe nyuxoB.
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HEHM3HMEHHOHM TOKe 3axXpaTa, C 4YeM H CBA3SAHHO YHeHLONEHHE CHKOPOCTH
POCTa OHAMATHHTHOI'O CHI'Haa.

23—apr—92 BOLOMETR #44

L]

ﬂ ] | L J I I
1500mks 16800mks 1700mks 1800mk= 1900mks 2000mks 2100mk

Puc.7. CurHan c bonomerpa npu pabore nyukos.

( oTpHuaTelbHAA NOJNAPHOCTL )

PaccedAHHe 3axBa4YeHHbIX HOHOB B KOHyC noTepk (Ha yron m/4) c
y4eToM TOPMOKEHHA Ha D3NeKTpoHax ( T, = 150 MKcexk npx Te = 50
3B, Zaf = 2 ) OymneT INPOMCXOIHTL 3a BpeMA td = 260 MKCceH. 3JITa
BENMYMHa TNOAOTBEepKAaeTCHA TMOABJIEeHHEM B D3TOT MOMEHT CHIHaja oT
paccesHHuX HOHOB Ha GonoMerpe, HOTOpHE YyCTaHOEJNEH B KOHycCe
noreps mon yraox 22° k npoponnHo# ocH NOBYmWKH (CM. Puc.2).
OcuunjorpaMMa STOr0 CHIHAJIA, TONYYeHHad TNpPH HKHKEKUHHM aTOoMapHLIX
Ny4KOB, I[OKAaZaHa Ha DUCYHKe 7.

OueHKYy pocTa 3NeKTPOHHOH TeMnepaTypsl nNaasMel npe pabore
NYy4YKOEF MOKHO CHeNaTb H3 H3IMepeHMH HHTEeHCHBHOCTH CBEeYEHHA JHHHEM
He. Ha pucyHKe & NpHBeIeHH OCLUHINOrpaMMbl HHTEHCHBHOCTHE CBEYEHHA
naasMel Ha ToH NMEMM NpH MHKEKL KM M JaBleHKd rasza BOAMIM 17133 Mbl.
3neck ¥e INOKA2aHE IABMCHMOCTL MHTEHCHBHOCTH CBEYEeHHA JHHEHM Ho oOT
TEMINEPATYPH 3JEKTPOHOEB, PacCYHTAHHad aHalorwdHo c [2]. HavyanbHulil
peakuit  pocrT ﬁnreucnnﬂncrn CEEYEeHHA CBAZaH C YBeIHYeHHEM
MNJOTHOCTH HEHTPaloB Na B NiIazMe (NOABJIADTCA aTOMapHuie MY4YKH),
4YTO Eelle pas OOOTBEPHIOAET Hame IAKINYEHHEe O HECYONeCTBEHHOCTH

nepe3apAOKK Ha "Xonommuix" aToMax. 3aTeM HabnoOgaeTcA MaBHOe
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n 1 1 1 i 1
Omks 500mks 1000mks 1500mk=s 2000mks 2500mks .ﬂﬂﬂﬂmlu 3500mk

PHc.8. MHTEHCHEBHOCTL CBEeYSHNA NAa3IMe Ha JINHMM Ho,

¥MpHaf JIMHMA - C ATOMApDHHMM NMy4YKaMM, NYHKTMpHas -
6e3 nyykoB, TOHKafA - OaBleHMe BOJAN3N naa3amul.
Ha BCTaBKe 3IaBHNCHMOCTL HHTEHCHBHOCTM CBEeHeHMA OT
SNeKTPpOHHOH TeMnepaTyYPpH.

HapacTaHKHe CHIHAJA NpPH HEeH3MeHHOH NIOTHOCTH Na, 4YTO ECTECTBEHHO
06LACHHTL POCTOM DBIEeKTPOHHOR TeMnepaTyps IpH nepenade SHEPrEH OT
ZAXPayeHILI¥ MOHOB DJIEKTpOHaM. 3Ta BelMYMHA IpHpOCTa Teuﬁeparypﬂ
9JIEKTPOHOB OUeHMBAeTCA B 30 + 35 5B, TaK HMTO 3HaYeHWe T K KOHMY
KMOynbca HHKEKUHMH NOY4YKOB OOCTHTaerT BemEYNHL B0 5B, 4YTO
NOoATBEpPKAAETCA TaKKe H 3IO0OHOOBLIMH HM3MepeHHAMH: BLMHECIeHHbe o
TaxKoli TeMnepaType 3JIeKTPOHOB BpeMeHa T 300 MKceK H e 410
HKCEK YXe 3aMeTHO MNPEeBLAanT IJHTEeJILHOCTbL HHKEKIHH.

JHepreTHYecKHii CHeKTp 2axXBPayeHHLIX HOHOB OIPONENAJICA M3
CIIEKTpPpa AaTOMOB MNepe3apAfKH, BhLUIETAPMHX o4 Yyriaodw wuw/2 K
MpOOONbHOM OCH H3 HeHTpa JIOBYIKH [71.- By HCIeHHad no
IKCNEepPHMEeHTAJbHOMY CHeKTPy CpenHAA SHepPrHMA MOHOE DTOK NONYyNALNM
<E1} =« § waB. KoHueHTpau®A "XomnonHex" ATOMOB BOJOpOINa B IIAa3Me
cocrasnger n_ - 10%mM72, MO3TOMY BpPEeMA XH3HK II0 MNepe3apAlxe
rOpAYMX MOHOB T  ~ 10 MCeK, HYTO HAaMHOro NpeBLMAeT BpeMA pac-
CeAHHWA B KOHYC MNOTEephb.

TakuM ob6pa3oM, MNepel3apAdHLle NOTEepH Ha "xonogHoM"™ Trasze

HEZHAYHTEJILb Hbl H BpEMHA HKHIHHE TFOpAYHX HOHOB ocnpenelifeTCH
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paccefiHHeM B KOHYC MOTepb, NpPHYEM B MpPOLECcCCe HAKOMIIeHKA BpPeMA
pacceAHHA BO3pacTaeT B Pe3yNLTATE POCTa SJIEKTPOHHOM TeMnepaTyphl.
B HTOre, JJNA JeMOHCTDAllKM MNeiiCTBHTENLHO KBAa3KCTALKOHAPHOTIO
pek¥Ma HAKOIUJIEHHA TopAYell mnnasMe H JanbHelimero yayumeHMsa ee
napaMeTpoR NpH 3afaHHoi MOMHOCTH MWHKeKIHH TpefyeTcsa cymecTBEeHHOe
yBeNuYeHHe ANHTEeNLHOCTH palboTH uﬂxeﬁTnan.

Ha pucyrke 9 mnpxBENeH CHIHal C [AWAHATHKTHOR MeTaH mpK
pafoTe nNNasMeHHOH NYWKE B ONKCAaHHOM BbHIIe pPeXHEME c obpameHHeM
panaManbLHOTO BeKTPHYECKOTO TONA NJNa3MeHHOH CTpYH, Korjaa
OTCYTCTBYOT MexaHMZIMH obOpazoBaHHA TepMobapkepa K _ Harpesa
9IeKTPOHHOK ¥ HMoHHOH# KOMIOHeHT. . _

B aToOM chnyd4ae 3axXBaT NYYKOB NPOMCXOOHT Ha XoJMojHOK mnazMe.
BenuyMHa OMaMarHeTHZMa NpPH ﬁaﬁure ﬁyéxus NpEHEepHO B 6 pas
MeHblle, YyeM MNpH OOLMHOM BKINYEHHH NywWKK. YacTHYHO  3TO
06LACHAGTCHA HeHbllel NJOTHOCTLK IMJNasMeHHO# cTpyu. PezKKe GPOHTH
HAapacTaHMA ¥ CHafla OHaMarHETHOTO .CHIHaja oGyCJOBNeHsl MalbiM
BpEMEeHeM KHZHH 3aXBaYyeHHHX TOpPAYMX HOHOB. BhCTDOE HACHIEHHE
OMAMATHHTHOTO CHIHalla CBHOETENLCTBYET 06 OTCYTCTEHM 3aMeTHOTO

_yBenk4eHHA T _ NpX MHKEKIHH ATOMADHHX NyYKOB, YTO XapaKTepHO NiA
pexxHMa TedYeHMA NJa3zMeHHoR cTpyx 6ez TepMobaphkepa. '

24—apr—92 DIAMAG (gun INVERT) #7

U [ x4 mV ]

'BEAM
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1500mks 1600mks 1700mks 1800mks 19800mks 2000mks 2100mk

PHC.9. JMaMarHMTHH{ CMrHal NMpH 3aXBaTe NYYKOB

Ha Mnaa3MeHHOH CTpy¥e C Dﬁpam&HHhﬂ{ ANeKTpHYeCKMM NoJleH
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5. OBCYXIEHME PE3YIBTATOB. JKCINEPHMMEHTH C IENTEPMEM.

B omuchiBaeMoi pﬁﬁurﬂ aﬁcnepnuguranﬁnn NPONEMOHCTPEPOEBAHO
nonyueHue ropAdel NAazMyl NpPH 3anojHeHHH NPo6GKOTPOHA MNNasKeHHOH
crpyelft M3 KBazMCTALXOHAPHOrC raz30paspANHOrO0 HCTOYHEKA. IIpoHCXO-
AAm¥e TPH STOM TpoONeccH TpaHCHOpMauMM DHePTMH B TIaaMe
CXeMaTHYeCKH TNpeicTaBleHs Ha pucyHxe 10.

-300 -250 -200 -150 -100 -50 0 50
2 [em] '

Puc.10, JIxarpamma 3uHeprobanaHca

Ha rpaduMxax CHOJONHEMM JNHKAMK NOKAa3aHH TeMNepaTyps
HOHOB M 3JIEKTPOHOB [K3B], NYHKTHPHHMM - MarHMTHOEe noje
: M NNOTHOCTL [ OTH. en.]

Ipeiid B cxipemenmx ExB TnNoNnAxX npeolpa3yeT MHalyp 4YacThb
aueprux (~ 10%), BuAensomeicA B AYroBOM paspAfe, B BSHEPrHO AK(-
¢épeuunahhunrn BpameHu A nnazMeHnHoro cronba. 3TO BpameHHMe nNpH
QnpefeNeHHLX YCIOBHAX OKa3bBaeTCA HeycTDﬁqHBﬁH. B pesynkTare
pa3BuTHA HKI TDNpPOMCXONHT TreHepaukA JJeKTPOCTATHYECKHX BONH H
OHEepTHA BpAMeHKA [IA3Ml NEepPeXOAHT B DHEPTHO BOJHOBMX NAKETOB.
Takue anEHTpopTaTqucuna ”EGHHE[ SQpPeKTHBHO NOIJIOMABKTCA HOHHLIM
KOMITOHEHTOM - peaNu3yeTCcd PEeXHM CTOXaCTHYEeCKOr0 HArpeBa HOHOB.
HOHH Ha CTONKHOBEHKAX IMepefawT CBOK 3HEPTHK 6onlee XOJNOMOHLIM
SNeKTpPOHAaM, OT KOTOpPLIX OHAa [I0 KaHany SJeKTPOHHO# Tenio-
NPOBOAHOCTH YACTHYHO BO3BpamaeTcCA B Ayrosoi pazpAl, & YacTHYHO
BHHDCﬁTCﬂ HA MJIa3MONpPHEMHHKK.
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Nony4eHHule. B NpoOKOTpOHE mNapaMeTps Mia3Msl XOpOmo corja-

CYRTCA C OLeHKaMK, T[POBeIeHHHIMH Ha OCHOBAHMM npancraaneﬁﬂnrn
Bhllé MEXAHH3MA M ONHPALMKMHCHA HA 3SKCIEePHMEHTH N0 GOPMEDOBAHHD
TepMobfaphepa JJA OBJIEKTPOHOB [2] H pesynsTaTe HKCCHenoBaHuii npo-
Hecca HarpeBa HMOHOB Ha ycTaHOBKe MAJl [S5]. Kak ObJIO OTHMEYEeHO BO
BEEOEHKM, yBeNHYeHHe TeMneparyps DBIeKTPOHOB B 5 paz (c 10 mo 50
3B) mnpM YyCHOBHE COXpaHeHHA IpexkHed cropocTH o6MeHa sHeprued
MeXIy HHZKOYAaCTOTHHMH BOJHAMH, HOHAMH M DIEKTPOHAMK [OOJIKHO CO=-

NnpopoxOoaeTCH POCTOM pEEHDBEEHDPD JHaAYeHHA TeMlIepaTypel HOHOB H&KI

MHHHMYM B 10 pas. IloTOK DHeprHM, mnepezaBaeMuii oOT HOHAa K

JNeKTPOHAHK BhIpAXaeTCHA KaAK @

3-m. k
Q. = mi"tn'(Ti_Tn}’r'uB
3/2
3-vm_ -+ (KT_)
‘E: -

5 4+V2m+n-r-e’

. YMeHbDEeHHe TUIOTHOCTH I3 MH, Kak BHIOHO, TAaKKe JOJIKHO
CKa3aTbLCA Ha yBeNKHYEeHHH DPABHOBECHOIO 3HAYEHHA Tl.'ﬂonyqenﬂue B
OJaHHOM SHCHNEepEMEeHTe 3Ha4YeHHe Tl = 650 3B COOTHETCTEYerT pocTy
TeMIepaTyphl HOHOB MPHMepHO B 13 pa3, KaK H npprﬁnanpdnanqch.

ONHMM M3 BOZMOKHHX NyTell OadbHeHero NOBLIEHHA TEeMIEpaTyphl

MOHOB ABJAETCHA yBeJWYEHNe B I[J1a3HeHHOH CTPye panx¥albHOTo

BNeKTPHYECKOro Iofd, nopoxfaomero HKI ¥ ONpelNefliAeMoOro B OCHOBHOM
‘TEeOMeTpHYEeCKHM aHOOHLIM [MageHHeM B OYIOBOM paapﬂha {:fu#la = 120 B).
3TOT MNOOXO0O nOpelncraBilAeTca Haubonee 3DHeKTHEBEHLIN, hncnonhxy
MOMHOCTL, HIOymada d4yepe3d HKI Ha HArpeB HOHOB, HBanpaTnuﬁn pacTteT C
POCTOM ﬁ¢a. [loaTOMy yBEnHYEeHHe AHONHOrO TMNajgeHMA B 2+3 paz3a
crnocobOHO TIPUBECTH K HHﬁPﬂKp&THUHF NOBLIIEHHX® DABHOBECHOT'O 3Ha4Ye-
HHA TII B NNazMeHHOH CTpye . Y¥Ke NepBaA MONLTKA YBeJIHYHTL aHOOHOE
najfeHHe 2a CYeT TeOoMEeTpHYecKoro (aKTopa, CBA3ZAHHOIO C CHILHLIM
CHaTHEM TOKOBOTrO KaHana BONK3IK aHona, NpHBeNa K KeJaeMbIM CIencT-
BHAM. B PpE3YyALTaTe HEeKOTOPOro YMeHbINeHHA MNIOmMan¥ ~“KOoNbLUeBoro
aHona [l11] nonHoe nageHHe HanpAkeHWe Ha pazpAfe BO3pocno Ha 2T
H nbcTHrnD peNnH4YHHM 190.B. [IpH 2TOM TeMnepaTypa HOHOB NJAazMel B
npoKOTPOHE BO3pPOCNa B IIONTOPa pas3a M COCTaBHia 830 9B, u4TO eme
paz moaTEepkIaeT OOOCHOBAHHOCTL MPHHATOHR HaMM MOOeJH. H3aKepeHi
npouik JNHHKK Ho ONA 3TOT0 ciayd4ad npH padoTe HCTOYHHKA IMJIa3Mhkl Ha

meTepuu NMpuBeneH Ha puc.1l.
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Puc.1ll. JoniepoBCKHEe uanepeﬁun MOHHOR TeMnepaTypH.

H3areHeHa naollagbh aHOZA B HCTOYHMKE MMAa3MH,
Pabora Ha geittepuu.

o rOpK3OHTAIM OTNOXeHH HOMepa KaHaloP noJaXXpoMaTopa
7 KaHaNm HacTpoeH Ha Ha (656,3 HM); wWMpMHa KaHamga 0.12 HM

Eme pa3 OTMETHM, YTO H3MepAeMui# mnmpodun: NHHEM XOpOmOo
coBmajaeT C TaycCOBHM. J3TO TOBOPHT O TOM, YTO GQYHKUHA
pacnpefeseH®A HOHOB MO MONEPeYHLIM CHOPOCTAM HMEEeT MAaKCBeIJOBCKHi
BEA. B cinyuyae pal6oTel HAa OedTepHHM B Nila3Me HAYT H2IBEeCTHHE AOepHLe

pBﬂFHHH CHHTe2Z24a:

D+ D ==> He’(0.82 MaB) + n (2.45 MaB) ,
D+ D ==> T (1.01 M3B) + p (3.02 M3B)

Npr TexnepaType fneliToHos T ~ 1 K3B CKOPOCTH yHazaHHHX peakuxi
<ou> = 1.5-102 cu’ ¢t [15]. [onHoe KOJNHYECTBO HeHTpOHOB, moO-
nyyaeMoe 3a OOMH pabounii MMOynLC ycTraHoBKM (T = 2 MKC) B obneme

npo6KOTPOHA OIEeHHBAETCA KaK

N ~ [rﬁle » <gu> » V » T =~ 10°mr.

InAa #H3MepeHHift BTOro HeHTPOHHOrO INOTOKA HAa YCTAHOBKEe
"AMGan-IOM" BHe BaxyyMHOM KaMeps OblI yCTAHOBJIEH XETEKTOp .

'HeiTPOHOB (CM. Puc,2), persucTpepyomui "BeicBeuMBaHKHe" IPOTOHOB
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OTHAYH B T[ONKCTHponme. C Yy4YeTOM, MOMOXeHMA N a(HEeKTHBHOCT K
neTexTopa, 3a OnMH BhICTpEJ YyCTAHOBKK OH  JOJDKEeH ()80
perscTprpoearte 30 + 40 HeﬁTﬁann. YTO IOMHOCTBD NoATEEepPOKIIOCH
B DSKCIepHMeHTe. GudTnETcTnyﬂmaa CTATHCTHKa - Ouinla HabGpaHa 3a 400
puicTpenoB  paborel Ha - pgeliTepux. B KayecTBe - KOHTPONLHOTO
sKCnepuMeHTa Oulna npnaanaua-capiﬁ BHICTPENOR NpH paboTe HCTOYHHKA
niuazMel Ha Bogoponae. IlapaMeTpbl MNasMel MIPH S3TOM GAaKTHYECKH He
usMenunucs ( n = 3 - 10 cM , T1 = 1 K3IE ), a J»erexKTOop
perMcTpMpoBan He Gonmee 1 + ) nunynhénn 2a BucTpen. Iony4eHHoe
COOTBETCTEHE Hamny_aaﬁeﬁennmu HefiTPOHHLM MOTOKOM M ero pacyeTHhM
3HAYEHMEM CBHJETEeNLCTBYeT .0 Xopomwe# MNOCTOBEDHOCTH H3IMEpeHHH n,

1y N GyHKUKK pacrnpefiesieHHA MOHOB MO CKOPOCTAM.

-

6., 3 AKNWODYEHHE o

IIpM 3amoJHEHXH OTKDHTOH MATHHTHOIN JIOBYNKH HH3KOTEMIepaTyp-
Holf nuazMoif W3 KPa3KCTALMOHApDHOTO Ta3opazpANHQro MCTOYHKKA, pac-
MOJNOKEHHOT 0 Ha NPOMOJIbHOR OCKH JIOBYWNKH 33 ONHOH M3 MATrHHTHMX NpO-
6ok, 6ez HCNONL3OBAaHHA nnnuﬁHnTeanmx METONOB Harpepa Owiia NOJay-
YyeHa TrOpAYad MJa3Ma C MNJAOTHOCTBO® N = 3+10" on’?, TEMNepaTypoi
HOHOB T1 ~ 1 KDB, SJeKTPOHOB T; = 50 °B ® napaﬁETpuH B =6 %

Npy paboTe MCTOUMHMKA [1JIa3Mbl Ha NERTEPHH BbXOL TEePMOANepHbIX
He#TpoHOB cocTaBMi ~ 10° HeliTpoHOB/C.

3ra nEHﬂHCTpauHh BO3MOKHOCTH TNOJYYEeHHA B TE@OMETDHM OTKpPBITHX
noBymeK ropAdel nIoTHOR MIA3NMM € MOMOmMED HH3KOTEeMIepaTypHuX
ra3opazpAfHLX HCTOYHHKOB OTKPHIBAET MNPHHIKIKANLHO HOBHE II00XO0mIb
K npo6ieMe MOAyYEeHMA CTAlMOHADHOH TropAyelf MiIasMul AL  Pasz3IIHY HLIX
dHIHYECKHX M TEXHOJNOTHYECKHUX HCCIeNOBaHHK.

NpH MHKEKUHH B [ONYYEeHHyD MIA3Ny ATOMAPHLHX NMyYKOB BOROPOXA
(E = 17 k9B, I = 100 3KB. A, 3axBaTr.= 5 % ) obpasyeTrcA NONyAALHA
yALTParopAYMX HOHOB CO cpepfHell oHepruelf 5 xkeB B obbeMe 4 mauTpa.
MIOTHOCTL OTOH NONYNAUKK pacre} B TéHeHHe BCel [pAMTEeNnLHOCTH
HEKeKuMH (200 MKC) ® yCpenHeHHaA IIo o6beMy nNpeBsmasT K KOHUY

YpOBEHb 3-10"% en.

pM DTOM NepesapAfHblé NoTepH Ha "“xomonHoM"
raze OKa3bBANTCHA He3HAaYHTEeJibHbIMH, 4 BpPeMA KM3IHY YyAbLTParopA4ux
MOHOE ONpejieNAeTci BpeMeHeM MX pacCedAHHA B KOHyC norepk. [ocnen-
Hee Xe MPEeBOCXONXT NNHTENbLHOCTbL HMHKEKUHH H eme Oojlee yBelHYKBa-
eTcd B IMNpolecce HAKOMNJNEHMA HK3-3a nankHelimero pocTa TeMHmepaTypsl

SNEeKTPOHOB. M4 HEeMOHCTPauuK MOeHCTBHTENbHO KBA3IHCTALHOHAPHOTO
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pekMMa HAKONACHHA, TONNEPXAaHHA TopA4YeH naa3Msl ¥ gnansHelmero
yayumeHuA ee MapaMeTpoB  NpH 3ajaHHO# MOMHOCTH  HHKEKUNK

TpebyeTcA cymecTBEeHHOE  YBenHYeHHe OMHTENLHOCTH  palboTel

HHEHEeKTOpPOB.

ABTOpH BhipaxawT O6narofapHocTh A.B. ADXaHHHKOBY 38 IMOMOmME B

MooroToEKE OETeKTOopa HE‘iTPDHﬂE OJIA SKCIepHMeHTa.
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