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AnaHoTanus

Onmcana mOAPU30BAHHAS ra30Bad JAedTepreBas/BOIOPOIHAT MU-
[IeHb, CO3/IAHHAsS IJIsi IPOBEIEHMS SKCIEPUMEHTOB HA IIEKTPOHHOM
wakormree BIOIIII-3. Mumiens MoxKeT ObITH IPUMEHEH, J1J1sT aO6COITIOT-
HOTO M3MEePEeHUs TOISAPU3AINY My9IKOB Ha yckopurensax. s dokycu-
POBKH aTOMOB B MUIIEHHN IIPUMEHEHBI CBEPXIIPOBOIANINE IIEeCTHUIIONIOC-
HBIe MAarHuTHI ¢ TTosieM 110 4.8 T, 9TO MO3BOIMIIO TIOIYIUTH PEKOPIHOE
3HAYEHMe MHTEHCHBHOCTH U3 MCToYHnKa — 8.2 X 10'® momsipusosanmbix
aToMOB neiiTepust B cekyHmy m 7.9 x 10'® momspm3oBammbIx aToMOB
BOZIOPOZA B CEKYHIY.

The polarized deuterium/hydrogen gas target
for polarimetry and experiments at storage rings.

Yu.V. Shestakov, M.V. Dyug, S.A. Zevakov, L.G.Isaeva,
B.A. Lazarenko, S.I. Mishnev, D.M. Nikolenko, I.A. Rachek,
R.Sh. Sadykov, D.K. Toporkov, V.N. Stibunov

Budker Institute of Nuclear Physics, 630090 HoBocubupck, Poccus
Abstract

Description of the polarized deuterium/hydrogen gas target is given.
This target has been made for experiments which are perfomed at
the electron storage ring VEPP-3. Also the target can be applied for
absolute measurement of polarization of the circulated beam in the ring.
Superconductive sixpole magnets with poletip magnetic field up to 4.8
T are used to focus atoms. This allowed to achieve a record value of a
jet flux — 8.2 x 10'® atoms/sec for deuterium and 7.9 x 10'® atoms/sec
for hydrogen.
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1 Bsenenue

Meronyuka BHYTPEHHUX MUIIEHEH B HAKOMUTENAX 3aPAKEHHBIX YACTHUIL C
YCIIEXOM TPUMEHSIETCS JJIsl IPOBEIEHUS si1ePHO-(DU3NIECKUX IKCIIEPUMEHTOB.
Ocoboe MecTO 3aHMMAIOT IKCIEPUMEHTHI C HCIIOIB30BAHUEM TOJISPH30BAH-
HBIX Ta30BBIX MeJINEBBIX, JIEUTEPUEBBIX W BOJIOPOIHBIX BHYTPEHHUX MUIIIEHEH,
B KOTOPBIX HauboJiee MOJTHO MPOSBIIAIOTCS IPEUMYIIECTBA JAHHOW METOIUKH
[1, 2, 3]. Ty MuieHr 06JAJAIOT PSAJOM LEHHBIX KAYECTB, TAKUX KAK BBICOKAS
CTEeHb TMOJIAPU3ANUU, YUCTOTA, CPABHUTEIbHAS MPOCTOTA W MOOUIBHOCTH
ympaBjeHus moagpusanueii u ap. Pa3BuTne MCTOYHUKOB MOIAPU30BAHHBIX
aTOMOB W BHEIPEHNE TEXHUKW HAKOMUTETLHBIX AYEEK TMO3BOJUIO B TTOCTEI-
Hee BpeMsl PAJMKAJIbLHO YBEJIMYUTh TOJIIMHY TaKuX Mulneneii [4, 5, 6].

Huzxxe onrcana nonspu3oBaHnHas MUIIEHb, T/Ie B ICTOYHUKE TTOISPU30BaH-
HBIX ATOMOB /1151 (POPMUPOBAHUS ATOMHOTO IIYy4YKa MPUMEHEHbI CBEPXITPOBO-
JSIIAE TIeCTUTIONIOCHBIE MATHUTBI C TIOJISIME, CYIIECTBEHHO TTPEBBIMIAIONIN-
MU TIOJIS TOCTOSTHHBIX MATHUTOB, OOBIYHO TIPUMEHSEMBIX B HACTOSIIEE BPEMs
B ncTouHnKax [5, 6]. IlpnmeHenne CBePXMPOBOIAIINX MATHUTOB TO3BOJISIET
YBEJIMYUATH AKCEIITAHC MATHUTHON CHCTEMbI, KOTOPBIHA TPOMOPIINOHAIEH BEIU-
9UHE MArHUTHOT'O MO HA TIOMIOCAX MATHUTOB U YBEJINYUTH TEM CAMBIM ITIOTOK
aTOMOB, MPOU3BOINMBIX UCTOUYHUKOM. IIpm 3TOM TOMIIIMHA ra30BO# MUITEHN
YBEJTUINBAETCH.

OnuckiBaemasi 371eCh MUIIIEHb MTPUMEHSIACH, & TAK:Ke OyIeT MPUMEHSTh-
csl, B SIIEPHBIX IKCIEPUMEHTAX Ha 3JeKTPOHHOM Hakomnwurese BIIII-3. B
9aCTHOCTH, OHA OBbLJIa MCIOJIH30BAHA B YKCIIEPUMEHTE IO Pa3jesieHuio Gpopm-
dbakropos neiitpona [4]. Kpome Toro mianupyercs ucnonab3oBaTh MUILEHb
JIst aDCOTIFOTHOTO M3MEPEHUsl TOJISIPU3AINY JeKTPOHHOro mydka BIIITI-3
[7]. C momombI0 JAHHON MUIIEHH MOYKHO TIPOBOANTH AOCOMIOTHBIE M3Mepe-
HUsl TOJIIPU3ALUK [IPOTOHHOIO ITyYKa BBICOKOMH sHepruu [8]. B srom ciyuae
[IPE/I0IATAeTCsl IPUMEHUTHh BOAOPOIHYIO MUIIEHD C MOIAPU3AIUEH ATOMHBIX
SJIEKTPOHOB U UCIOJIb30BATD [1JIs1 TIOJISIPUMETPUN XOPOIIIO U3BECTHBIN ITPOIIECC
yupyroro (pe)-paccesHus.



2 OmnucaHue MUIIIEeHU

Pacnosnozkenme 0CHOBHBIX 3JIeMEHTOB MUIlleHn Ha Hakonuresjae BOIITI-3 noka-
3aH0 Ha Puc. 1. Muirenb COCTOUT M3 MCTOYHUKA MOTSIPU30BAHHBIX aTOMOB,
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Puc. 1: 9kcuepumenrtanbabiii npomexxkyrok BIIIII-3 (Bug ceepxy). ABS - uc-
TOYHUK MOJITPU30BAHHBIX aToMOB fAelitepus; CP - kpuorennsrit nHacoc; SC -
HakomuTenbHas gueiika; HM - marauT, 3agaomuit HampaBIeHre moIsapu3a-
uuu mutnenu; GP - rerrepusiit nacoc; BRP - Bpeiir-Pabu nonspumerp (QM
- KBaJApPYNIOJAbHbIA Maruut, IP - maranropaspsanbiii Hacoc, QMA - kBaapy-
HOJIbHBIA MACC-CIIEKTPOMETD).

HaAKOIUTEILHON siueiiku, Bpeiir-Padu nmonspumerpa, cucreMbl auddepeHiim-
AJIbHOM BAKYYMHOM OTKAYKN NPAMOJIWHEHHOTO MPOMEKYTKA HAKONUTEA 1
MAarHuTa, 33JA0IIEr0 HAMPABJIEHHUE MOISIPU3AINYA MUIIEHHN.
[Tonspu3oBanHbie aTOMbI JeldTepusi U3 WMCTOYHUKA WH2KEKTUPYIOTCS B
HAKOIUTEIbHYIO $S9eiKy, PACIOJOXKEHHYI0 B BaKyyMHOI Kamepe KOJIbIa
BOIIII-3. Ogaum u3 rpeboBanuii paboThl BHYTPEHHEH MUIIIEHN HA HAKOIIMTE-
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Jie SIBJISIETCSI CO3JAHUE YIOBJIETBOPUTEIbHBIX BAKYYMHBIX YCJIOBHIl B dKCITE-
PUMEHTAIBHOM MPOMEXKYTKE U KOJIbIE HAKOITUTES, TAKAX 9TOOBI IIJIOTHOCTD
OCTATOYHOIO Ta3a, MPOCYMMHWPOBAHHAs 110 BCEMY MEPUMETPY KOJbIa, ObLIa
MHOI'O MEHBIIE TOJIIUHBI MUIIEHU. DTO JOCTUTAETCS 38 CYET HCIOIb30Ba-
HUsT MOIIHOM cucrembl nuddepeHnanibHol BakyyMHON oTkadku. OCHOBHOM
TMIOTOK Ta3a, BBITEKAIOMINIT N3 HAKOMUTEJIbHOU AYeliKN, OTKAYNBAETCA ABYyMS
kpuorenubivu Hacocamu (CP na Puc. 1, ckopocts orkadkn 2000 1uTpoB/cex.
kak10r0). lerrepubie Hacocs! (GP Ha Puc. 1) pacnonozkeHsl Ha Kpasix IKCIe-
PUMEHTATBHOrO TpoMeKyTKa. OHU OTAEIeHbI OT BAKYYMHON KaMepbl S9eiKu
TPyOKaAMHU MaJIOro CedeHusT U 00eCIIednBaioT O0Iee BLICOKHUIT BAKYYM B CIIELY-
IOIIel CTyIeHN OTKAYKH.

Ha magaspHOM 3Tane pa3BUTHsT TEXHUKU BHYTPEHHUX TA30BBIX MUIIEHEH
B HAKOIUTEIAX HCIOJIb30BAIACH IOISPU30BAHHAS CTPYsi aTOMOB, KOTODAas
[TePeceKasia IEeKTPOHHBIA NydoK. IIpyu 3TOM TOIMIMHA MWIIEHU COCTABJISIIA
mummb oxomo 10 ar/em? [9]. Manas TonmuHa MUTITEHH, TIOTyIeHHAS TAKAM
cocobOM, He TO3BOJISIa MPOBOIUTH siIEPHBIE SKCIIEPUMEHTHI TTPH OOIHITTHX
3HAYEHUSX MTEPETAHHOr0 UMITYJIILCA, T/e CeYeHNe M3y IaeMOoro MpoIecca MaJo.

VBeIn4uTh TONIIUHY MUIIEHN YIAJIOCH MyTEM DPEAJTU3ANNY U HAKOIU-
resibHON siveiiku [14, 15, 4]. AroMbl, HHIKEKTUDYEMbIe B f49elKy, OTPazKasiCh
OT eé CTEHOK, MHOTOKPATHO MEPECEKAIOT MUPKYIUPYIOMINiA Ty IOK HAKOIUTE-
JIs, TIPW 9TOM TIOJTHAS TOJIIIAHA MUIITEHU MOYKET ObITh YBEJIWYEHA HA B3, MO~
panKa uiu Gosee (B 3aBUCAMOCTH OT F€OMETPUYECKUX PA3MEPOB AUEHKH) TIO
CPABHEHWIO CO CTPYHHON MWIEHBIO. YCOBEPIIEHCTBOBAHNE HAKOMUTETHHBIX
sA9€eK W UCTOYHWKOB TOISPU30BAHHBIX ATOMOB O3BOJIHUIO TOIYIUTh HOJIs-
PU30BaHHbLIE MUIIeHH ¢ ToqmmHol 10 104 ar/cv? [10, 11, 12, 13].

Obmuit B HAKOMUTETHHONW sTYEHKU, UCIOTH30BAHHON B 9KCIEPUMEHTAX
ua BIIIII-3, uzobpaxén na Puc. 2. dueiika npencrasiser coboit T-obpas3uyro
TPpyOKY C OIHUM BXOIOM JIJIsi WHXKEKIUHU MOJIIPU30BAHHBIX ATOMOB U3 UCTOY-
HUKA ¥ KAHAJIOM JJIS TPOXOXKIEHUS JEKTPOHHOI'O Iy 9Ka.

fqeiika n3roroByieHa u3 amoMuHIEBON (HOIbru TOMMUHON 30 MKM 1 nMe-
€T LIMNTUYECKOe morepednoe cedenne 13 X 24 MM npu giauae 400 mm. s
YMEHBIIIEHUsST CKOPOCTEl aTOMOB, HAXOMAIINXCS B Sg4Ueiike, OObInas €€ 9acThb
OXJTAXKAETCS KUJIKUM a30TOM, UTO MPUBOIUT K YBEJIUYEHUIO TOJIIUHBI MU-
IEHH.

B mporecce cronKkHOBEHWsI ATOMOB CO CTEHKAMH S9€HKH MOXKET MTPOUC-
XOIUTh WX nenonspusarusd. Ias mogasienus 3Toro 3¢p@eKkTa MpuMeHsioT-
Cs1 PA3/IMYHbIE MMOKPBITUS TIOBEPXHOCTEH sdeek. B HamreM ciryvuae mpuMeHsiI-
cst, Tak HasbiBaeMblit "drifilm"[17], pasHOBHAHOCTH KPEMHHHAOPTaHMYECKOTO
JTaKa.

Kak 6bw10 Brepsbie ormedeno B [16], nenossipu3aiys aToMOB MOXKET TaK-
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Puc. 2: HakonurenbHasa adeiika.

JK€ MPOUCXOUTH O/ AEHCTBAEM MEPUOINIECKOrO HTEKTPOMATHUTHOTO OIS
CCYCTKOB Iy9Ka 3J1eKTpoHOB. s momaBierus 3toro a>¢gderTta B 0bIaCTH
PACITOJIOYKEHNST HAKOMUTEIBHON SUeHKN OBbLIO MPHUJIOXKEHO MArHUTHOE TMOJIe C
unaykuueit &~ 0.1 T (HM-maruur Ha Puc. 1), BemdnHa KOTOPOrO JIEKUT B
MTPOMEKYTKE MEXKy 3HAYEHUSIMU TMOJIel, MPUBOASIINX K PE30HAHCHON JIermo-
JISIPU3AIMYA ATOMOB.

KouTpons mapamerpoB MCTOYHMKA MOJISIPU30BAHHBIX ATOMOB OCYIIIECTB-
nsiercsa ¢ moMmornbio Bpeiir-Pabu momsipuMerpa, KOTOPBIA PACIOIOXKEH Ha
ocH MCTOYHWKA ¥ AHAJIM3NPYET aTOMBI, TPOXO/ISIINE Y€Pe3 MAJIOe OTBEpCTHE
(d = 3 MMm) B cTeHKe HakoNMUTeNbHOM stuelikn (cM. Puc. 1). IIpuHuun pators!
MOJIIPUMETPa MOAPOOHO PAcCMOTpPeH B riase 3.4.

Bo Bpewmsi npoBeseHusi SKCIEPUMEHTOB C BHYTPEHHEH MUIIEHBIO OMTHKA
snekTporHoro rpakrta BIIIII-3 B paiioHe 3KCOEPUMEHTATBLHOTO MTPOMEXKYT-
Ka ObI7a M3MeHeHa. YCTAHOBKA BYX JOMOJHUTEIHHBIX KBAAPYMTOIBHBIX JINH3
(QL na Puc. 1) u u3MeHeHHe MATHUTHBIX TMOJIEH HEKOTOPBIX KBAJIPYIOJIbHBIX
JINH3 KOJIBIA HAKOMUTEST TIO3BOJIMIN YMEHBIITUTD TTONIEPETHBIH pa3Mep dJeK-



tporHoro ny4ka ¢ 0.35 x 1.4 mm 70 0.20 X 0.7 MM. DTO A0 BO3ZMOKHOCTH
UCIIOJIH30BATH HAKOMUTEJIbHYIO S9€eiiKy ¢ MaJibIM NOIEPEYHbIM cedeHueM (dro
OPUBOJUT K YBEJIMYEHUIO TOJIIUHBI MUIIEHK) U 00Jerduiio co3nanue 3¢ dex-
THUBHON cuCTeMbI aud depeHnnaabHoi BAKyyMHON OTKAYK.

3 Ucrounuk nonsipm3oBaHHbIX aTroMoB (MITA)

3.1 IlIpunmuno pa6orer UITA

OO6mumit B ncTo9HnKa n300pazkéd Ha Puc. 3. O cocrout u3 aucconparopa,
IISITH CBEPXTPOBOISINNX TECTUTONIOCHBIX MAarHUTOB, NBYX 0;j0kK0B BY mepe-
XOJIOB, CICTEM BAKyyMHON OTKAYKM U KOHTPOJISI OCHOBHBIX Y3JIOB HCTOYHUKA.

Kpnocrat KUK a30T

/

S18e 83 MFT N SET AT
N\ :

30 cm
—

Puc. 3: O6muit B MCTOYHUKA, MOJISIPU30BAHHBIX aTOMOB. S1-S5 - cBepXImpo-
BOIAIINE TeCTUNoM0CcHbIe MarauThl; MET - 610k BY mepexonos B cpemnem
mosie; SET - 6;10k BY nepexonos B cunibaoM moste; UT - nHxkekmonnas Tpyo-
Ka HakonmuTeabHou sueiikn; TMH - rypbomonekynsipHbIii HACOC.

MonekynsapHbiii gefitepuii u3 6aI0HA MOCTYIIAET B IUCCOIHATOP, TIe Pa3-
JIaraeTCcs Ha aTOMBI B BRICOKOYACTOTHOM ra30BOM pa3pdaie. Ha Bwrxome kKBap-
1eBoii TpyOKM aucconuaropa (CM. HU¥Ke) DPACIIONAraeTcs KOHYCHOE COILIO,
KOTOpOe (hOPMHUPYET HAMPABIEHHYI CTPYI0 aTOMOB, BBHITEKAIOIIYIO B BaKY-
yM. Cucrema aByx auadparM-CKEMMEDPOB, PACIOIOKEHHBIX MEXK LY COIIIOM U
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MEepPBLIM IIECTUTIONIOCHBIM MArHUTOM UCTOYHUKA (cM. Puc. 4), orcekaer ,mo-
BO3MOXKHOCTH, T€ aTOMbBI, KOTOPbIE HE MOIYT OBITH 3aXBaYEHBI MATHUTHOM
CHCTEMOM. DTU ATOMBI OTKAIUBAIOTCST TYPOOMOTIEKYISAPHBIM HACOCOM, HMEI0-

JKUOKIH a30T

]

COII.1O

Puc. 4: Cxema BY gucconmaropa u cucreMbl (DOPMUPOBAHUS CTPYU ATOMOB.

UM CKOpOCTh oTKadku 1500 Jji/cek u, Ha BTODON cTymeHu (B MPOMEXKYTKe
MEKJy ABYyMsi CKUMMEDaMH), KPHOTE€HHON MOBEPXHOCTHIO 00bEMA MIECTUIIO-
JIIOCHBIX MAarHuTOB. TOJIBKO HECKOJIBKO MPOIEHTOB OT IOJIHOIO MOTOKA aTO-
MOB, BBITEKAIOIINX U3 JUCCOIUATOPA, [IOMAIAET B BU/IE HAMPABIECHHOW CTPYH
BHYTPb CBEPXITPOBOAIINX MIECTUITOIOCHBIX MArHUTOB.

B MarauTHOM mMOJIEe TTPOMCXOAUT CBEPXTOHKOE DACIIETJIeHNe SHepreTHye-
ckux yposHeil aromapuoro neiirepust (Puc. 5). Kaxpiii yposenb onpesue-
JIsieTcs mpoeKIimell ciimua mektpona My u npoeknumeii simepaoro crouuaa M.
AToMbI, KOTOPBIE UMEIOT HPOEKIUIO 3JIEKTPOHHOro cruHa +1/2, dokycupy-
FOTCS1 HEOTHOPOJIHBIM MArHUTHBIM TT07IeM. ATOMBI, IMEIOIIHe MPOeKIno —1/2,
1ePOKYCUPYIOTCS U, BHIOBIBAS U3 CTPYHU, OTKAYUBAIOTCA. Takum 00pa3om, de-
pe3 TIepBYIO TPYTIY MArHUTOB MPOXO/AT, B OCHOBHOM, ATOMBI y KOTOPBIX 3a-
CeJIeHbl TOJIbKO TIePBbIE TPU SHEPreTUIECKUX COCTOsHUs. [Ipu 3TOM aToMbI
[TOJIIPU30BAHbI [T0 COUHY JIeKTPOHA. jist mosryueHus aaepHoil moIApu3ainn
UCTIOJIB3YI0TCs 0J10KH BhIcOKOUacToTHBIX (BY) mepexomos: 6;10k BY mepexo-
1o B caabom maruuteHoM monie (MFT) u 610k BY mepexomoB B CHIBHOM
nosie (SFT). B nepsom 6j10Ke MHIYIUPYIOTCS MOCIeA0BaTebHO Tpu BY me-
pexoma Mexky COCEIHUMHU YHEPTeTUIECKUMU COCTOSHUSIMU: BHAYAE ATOMBI
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Puc. 5: CBepxTOHKAsI CTPYKTYpa YHEPTETUUECKUX YPOBHEN aToMa nefiTepus B
MarHuTHOM TojIe. F' - mosHbIil cniue aroma; M - TPOeKIInsT siIePHOTO CINHA;
M - mpoektust cnuHa 37eKTpoHa; B, = 117 I'c - BeanunHa KPUTUIECKOTO
MaruuTHoro o aeiirepus; AW /h = 327.38 MI'y - BesimuuHa CBEPXTOHKOIO
pAaCITenIeHnsT B HYJIeBOM MAarHUTHOM IIOJI€.

u3 3-TO IHEPTeTUIeCKOTO COCTOSHUS MEePeXoadaT B 4-0e, 3aTeM U3 2-TO B 3-€ W,
Jagee, n3 1-ro Bo 2-oe. Takum obpa3om Ha BbIxoae 6oka MFT aTtombr Haxo-
IaTCst BO 2, 3 u 4-0M 3HEepreTudeckux cocrosguusax. [locae nepsoro 6sioka BH
TIEPEXO0JIOB CTPYS ATOMOB TTPOXOIUT Yepe3 BTOPYIO TPYTTY CBEPXITPOBOISIITNX
IIIECTUIIOIOCHBIX MAIHUTOB, KOTOPBIE Ae(DOKYCHPYIOT ATOMBI, HAXOSIINECS B
4-0M SHEPTeTUYIECKOM COCTOSTHUU, U TPOU3BOAAT MATbHEUINYIO (DOKYCUPOBKY
aTOMOB, HAXOIAIIUXCA B cocTosinnu 2 u 3. BHyTpeHHsSs mMOBepXHOCTH Mar-
HUTHON CHCTEMbI UMEET MeJINEBYI0 TEMIIEPATYPY, YTO OOECIIEYNBAET BHICOKYIO
CKOPOCTh OTKAYKM Je(POKYyCHPYyEMBIX ATOMOB 33 CYET KPUOKOHICHCAIUUA W
Kpuocopbrmu. lamee aTroMbl mpoxoaaTr depe3 Bropoit 610k BY mepexomnos,
re MHAYIUPYETCd Mepexon u3 2-To cocroguus B 6-oe, mubo u3 3-ro B 5-oe.
B pesysbrare Ha BBIXOAE U3 UCTOYHUKA CTPYS COAEPAKUT ATOMBI, Y KOTOPBIX
3aCeJIEHBI TOHKO /1B SHEPTETUIECKUX COCTOSAHUS — 3-€ U 6-e, b0 2-e u 5-e.
ITpu 3TOM TeH30pHAs MOMApU3aLUdA, Onpeneacanas kak P,, = 1 — 3 - ng (ng
- OTHOCHUTEJIbHAS 3aCEIEHHOCTH aToMoB ¢ My = 0), paBHA COOTBETCTBEHHO 1
i —2.



3.2 MaruautHag cucrema MNITA

MaraurHast CUCTEMa SIBJISIETCST OJHUM W3 OCHOBHBIX JIEMEHTOB HMCTOYHUKA
MOJIAPU30BAHHBIX aTroMOB. OHa TO/KHA 00IaJaTh MAKCUMAJIBHO OOJIBIIAM
AKCENTAHCOM, KOTOPBIH OMpeIeseTcs KaK BeJIMYNHON MarHUTHOTO TOJIsT, TaK
7 (pOPMOIt U MYJIBTUIIOIBHOCTHIO MATHUTOB, 00ECTeYnBaATEH 3D HEKTUBHOE Pa3-
JIeJIEHUE aTOMOB C PA3JIMYHBIMUA 3HAYEHUSMY TTPOEKIINN SIEKTPOHHOTO CITIHA,
¥ BBICOKYIO CKOPOCTh OTKAYKHU Ae(POKYCHPYEMBIX ATOMOB, ODECIEYUTh BBICO-
Ky10 3 PEeKTUBHOCTH (POKYCHPOBKH ATOMHOIO Iy YK B HHKEKIIHOHHYIO TPYO-
KY.

KommbroTreproe mMomenmpoBaHue, TPOBEIEHHOE HA HAYAJIHLHOM 3Tare CO-
3IaHNST UCTOYHUKA, MO3BOJIUJIO BHIOPATH ONTUMAJIBHYIO T€OMETPUI0 MATHUT-
HOI CHCTEMBI, IPU KOTOPO# JOCTUTAETCs HAMTydIias GOKYCHPOBKA MOIPU-
30BAHHBIX ATOMOB B stdeiiky. OQ4YeBUIHO, YTO TPU TOM MACHUTHOE HOJE Ha
MOTIOCAX MATHUTOB JOIKHO ObITh MakcuMaabHbIM. Ha Puc. 6 mpemcrasienst

CM
6

BN

—4 N

N
§

Y

0 20 40 60 80 100 120 140 160
CM
Puc. 6: TpaekTopuu aTOMOB JiefiTepusi B MATHUTHOL CUCTEME HCTOYHUKA, UMe-
fouux ckopocru 1.50-10° em/cex (crtommas aunus), 1.25-10° cm/cex (myHk-

tupras muaus) u 1.75 - 105 cM/cex (ToueqHO-TIyHKTUDHAS JTUHHS).
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TpaekTopun atromMoB ¢ My = +1/2 B marHuTHO# cnucreme ucrodHuKa. ITo-
CKOJIBKY B IIyYKE HMEIOTCS ATOMBI C PA3HBIMH CKOPOCTSIMH, TO HEH30EKHA
MOTEPsi YACTH ATOMOB MPU MPOXOXK/IEHUU WX Yepe3 MArHUThl UCTOYHUKA.

[TocTpoenne onTuMaIbHOM MArHUTHONW CHCTEMBI COCTOUT B BBIOOpE U pac-
MTOJIOYKEHUY MArHUTOB TAKUM 00pPAa30M, 9TOOBI B HHYKEKIIMOHHYIO TPYOKy Ha-
KOMUTETHLHOM T9eiKr (DOKYCHPOBAJINUCH HE TOJIBKO ATOMBI, 00JIaIAI0IIIe HA-
0oJ1ee BEpOSATHON CKOPOCTHIO B ITYUYKE, HO TAK¥KE ATOMBI U C IPYTUMHU CKOPO-
CTSIMU.

Ha Pwuc. 7 mokazano pacmpemenenne aToOMOB IO CKOPOCTSIM Ha BXOJE B
MAarHUTHYIO CHCTEMY W Ha BBIXOJE M3 WHKEKIIMOHHON TpyOku. Pacaérsr mo-
Ka3bIBAIOT, UTO W3 MOJHOTO YMCIa aToMOB ¢ My = +1/2, Koropble BXOAAT B
MArHUTHYIO CHCTEMY, OKOIO 67% monagaloT B HAKOMATEIBHYIO S9IeiiKy.

a
o
<

YIICJIO aTOMOB
5
?

300F

200r

= ! | | +
800 1200 1600 2000 2400
CKOPOCTb, M/ceK
Puc. 7: Pacnipesenenre aToMOB MO CKOPOCTSAM: TYHKTUPHAS JIMHUS - HA BXOJE
B MATrHUTHYI) CUCTEMY, CILJIOIIHAS JIMHUS - HA BBIXOJE W3 WHIKEKI[HOHHOMN
TPyOKH.

Yro ke Kacaercs aTOMOB, OKA3ABIIUXCS B 4-OM dHEPreTHIECKOM COCTOSI-
muu nocie npoxoxkaerans MFT, To Tonpko okomo 3% mx obImero Koam4ecTsa
HOMAaIaeT BHYTPh HAKOMUTEILHON sdeiiku, 9ro cocTasiser mpumepHo 1.5%
OT TIOJTHOT'O YHCJTa ATOMOB, HHXKEKTUDOBAHHBIX B STYEHKY.

Feomerpudeckue pa3mMepbl MATHATOB U BEJUYUHBI UX MATHUTHBIX MOJIEH
npejcraBieHbl B rabsuie 1. [lyist yBesndeHus: TeIeCHOr0 yria 3aXBaTa aTo-
MOB MATHUTHOW CHCTEMOU BHYTPEHHsis alepTypa MepBbIX [IBYX MATrHHUTOB
umeer KoHycHbIH Buz (cM. Puc. 6). B kadecTBe OOMOTKH WCIOJIB30BAICS
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ceepxmnipoBoasmuii NbTi mpoBo, KOTOpBIH HaMaTBHIBAJICS HEMOCPEICTBEHHO
Ha [OJII0CA MIECTUIIOIIOCHBIX MATHUTOB. TaK KAK MOMEPeYHbIe PAa3Mephbl IMo-
JIIOCOB MEPBBIX JIBYX MArHUTOB MEHbIIE HOCIeAYOINX, TO PAAUyChl n3rubda
CBEPXIIPOBOSINErO MPOBOJA HA TOPIAX ITUX MATHUTOB TOxKe Mmenbire. [lo-
9TOMY, YTOOBI COXPAHUTH TOKOHECYIIYIO CIIOCOOHOCTH OOMOTKW, B HEi ObLIT
WCMOJIB30BAH CBEPXIIPOBOIAINM MMPOBO/L, ¢ MEHBITTUM auamMeTpoM 0.5 MM, B TO
BpeMs KaK B OCTAJbHBIX TPEX Maruutax (.85 mM.

Tabmurma 1: [Tonokenre MArHUTOB BIOJIb UCTOYHUKA W UX MMAPAMETPHI.

BHyTpeHHI/Iﬁ IoJjie Ha  JJINHa IIOJIOZKEHHue

JTAAMETD TTOJTIOCe HaYaJIa,
MarHuTa
fox] T fev] o]
COTLIIO 0.2 — — 0
1 marauT 1.4-2.2 3.2-3.7 4.5 6
2 Mar"uT 2.5-3.6 4.2-4.3 9.0 12.5
3 Mar’Lur 4.4-4.4 4.6-4.6 7.5 24.5
4 MarLur 4.4-44 4.6—4.6 7.0 76.0
5 MarLur 4.4-4.4 4.6-4.6 12.5 114.0
WHIKEKI[. TPyOKa 2.0 — 35.0 137.5

MarsuTonpoBOABl ¥ TMOMOCA MATHUTOB M3TOTOBJIEHBI W3 MSTKON CTaJu
08KII.

Ha Puc. 8 npexncraBieHbl pe3yabraTbl H3MEPEHHs MArHUTHOLO IO B
JIBYX MarHuTax (2-om u 3-em). I3MepeHusi MpOBOAMINCH € TTOMOIIBIO JATUH-
k0B X0JLIa, PACIOIOKEHHBIX Ha IIOTIOCAX MIECTUIIOIOCHBIX MArHUTOB. Boree
JIETAJIHO TPOIECC W3TOTOBJIEHHS U MCIIBITAHNST CBEPXITPOBOSAIINX MArHUTOB
HCTOYHUKA onucaH B [18].

3.3 Hduccommarop

Kak 6pw10 OTMedeHO BbIlie, Ae3WHTErpamus MOJIEKYJ JAedTepusi Ha ATOMbI
pon3BoauTCs ¢ moMorbio BY nucconmnaropa. Ero KOHCTpyKINs B OCHOBHBIX
YepTax aHAJOTHYHA XOPOIIO 3apeKOMeHIOBaBIIeMy cebsi mucconuaropy [5].
BY paspsn wHAynupyercs BHYTPH KBAPIEBOW TPYOKM C BHYTPEHHUM JIHMa-
merpom 10 MM u TOsIIMHON cTenKn 1.5 MM, OxJ1axKmaemoit Boaoii. s 3axxu-
rauns u momajepxKanud BY pa3psiia ucmomb3yercs reHepaTop, paboTarormmit
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Puc. 8: Besiwanna MarauTHOTO OIS MIECTUOIIOCHBIX MATHATOB B 3aBHCHMO-
CTH OT TOKA Yepe3 0OMOTKy MarauTa. [lycTbie KpyKKu - n3Mepenus jisi 2-ro
MarHuTa, 3al0THEHHbIE KPYXKKH - JJIsl 3-TO MArHATA.

ua gacrore 16 MT'i. OnruManbHO moTpebiisieMast pa3psioM MOITHOCTh 3aBH-
CHUT OT TIOTOKA Tra3a W MeHsiercss B npeaenax or 250 Br mo 400 Br. Como,
M3rOTOBJIEHHOE U3 AJIOMUHUS BBICOKOW WHCTOTHI, UMEET AUAMETDP 2.5 MM u
BHyTpeHHUI yros pacreopa 20 rpamycos. Hapyxusiit yros paser 50 rpasy-
coB. CoIio OXJIaxK/1aeTcs KUAKUM a30TOM /I YMEHbBIIeHUS TeMIEPATYPbI
aTOMOB, YTO MPUBOIUT K YBEIUIEHNS TETECHOTO YIJIa UX 3aXBATa MATHUTAMH.
[Touukenne TeMnepaTypbl COMJIA TaKKe MPUBOJWUT K MOHUKEHMIO K0d(hdu-
IMeHTa pekoMOuHanuu aroMoB. OOmnii BUI, JUCCOIMUATOPA W300ParKEH Ha
Puc. 4.

st m3MepeHnst CTEIeHN IUCCOIUAIINN MOJIEKY/T B ATOMbI UCIIOTH30BAJICS
KB APYIOIbHBIA MAaCC-CIIEKTPOMETDP, KOTOPBIA PACIIONIArajics Ha OCH HUCTOU-
nnka. Ha Puc. 9 moka3zaHb!l curHaIbI KBAAPYTOJIHHOTO MACC-CITEKTPOMETPA, U
crenensb gucconuanuu B crpye UITA B 3aBUCHMOCTH OT MOTOKA, ra3a.

Crenenn QUCCOIUALINN OTIPEAEIAIACh O (hOpMYJIe:

B Np1
A=, (1)
2-Npo+ Np1

rme Npy 1 Nps — IJIOTHOCTD ATOMOB M MOJIEKYJI B CTPye, COOTBETCTBEHHO.
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Puc. 9: Crenens aucconyanyy U BEJIMYUHBI CUTHAJIOB KBaAPYIIOIBLHOIO MAaCC-
CIEKTPOMETPa B 3aBUCUMOCTH OT MIOTOKA ra3a 4epe3 COIIO: 3BE3I0YKY - 3HA-
YeHue CTenenu JUCCOMUAIN; TPEeYrOJIbHUKH - BEJIUINHA aTOMAapPpHOroO CUrHa-
J1a efitepust mpu BKoderHoM BY reneparope amccommaTopa; 3amoTHEHHBIE
KBaJPAaTUKU - BEJINYIUHA MOJIEKYJIAPHOTO CUTHAJIA ,ILeI./,ITepI/IH NpHu BKJIIOYEH-
nom BY remeparope; mycTble KBaIPATUKN - BETHINHA MOJIEKYTAPHOTO CHD-
Hasa jgedirepus npu BeiKaogdenHoM BY remeparope.

[Moxcrasisis B dpopmysty 1 3HAUEHHST ATOMAPHOTO U MOJIEKYJISPHOTO CHUT-
HAaJIOB KBaIPYMOJIBHOTO MaCC-CIIEKTPOMETPA, HEOOXOAUMO YIUTHIBATH ITOOBI
Np1 Nps ObLIn OMpeIesieHbl ¢ YIETOM PA3andus B KOO MUIMEHTAX TyBCTBHU-
TEJBHOCTH MACC CIIEKTPOMETPA K ATOMAPHOMY U MOJIEKYJISIDHOMY JeHTepHIio.
st onpenenenusi TAHHOTO PA3TUINs IPOBOIUIOCH CPABHEHUE CTEIEHU JTHC-
COLIMAIINH, BRIYUCIEHHON 10 (popMmyJie 1, CO 3BHAYEHUEM CTEIeHN JUCCOIUAIINMN,
BBIYMCIEHHOM MO0 W3MEHEHUIO MOJIEKYJISPHOTO CUTHAJIA, C BKIIOYEHHBIM U BbI-
kmodeHHbIM BY remeparopom. B 3ToMm ciydyae mcmomb30Baiach CaeIyIoNiast
dopwmya; .

o =1-— NJZQ, (2)
D2

rae NEQ u Np, — CUTHAJBI MOJEKYJIAPHOTO JeiTepus NpU BKIIOYEHHOM H
BeIKTIO9eHHOM BY reneparope auccornmaropa. CpaBHeHUsT MTPOBOAUINCH IPU

14



masiom moroke rasza (0.1 — 0.2 Ky6.cM/ceK), Tak Kak B 9TOM CiIydae ocjiabd-
JIEHWE MOJIEKYJIAPHOrO MYyYKa OCTATOYHBIM Ta30M BAKYYMHOH KaMepbl OBLIO
MIPpEeHeOPEsKIMO MAJIO.

Kak Buano u3 Puc. 9 cremens gucconpanyy MOYTH HE MEHSIIACH BILIOTH
JI0 moToKa rasa 1.2 xKy6.cM/cek. u 6buta paBHa npuMepHo 90%.

/Tt TOBBINIEHNST CTETIEHN JTUCCOIMAIIIN MOJIEKYJT B TIOTOK JIedTepus, Mmo-
CTYTAOIIEr0 B PA3PSIHYI0 TPYOKY, T00ABISIOCH HEOOIBIIIOE KOJTUIECTBO KUC-
snopoga. UToObl MOHATH MEXaHU3M, MPUBOIMAIINANA MPH 3TOM K IOBLIIIEHUIO
CTEMEHN IUCCOIUAINH, IEPEIUCTIM OCHOBHBIE PeaKIun, mporekatorrie B BU
paspsgue npu gobasinenun B Hero Oy [19]. Ux MoKHO pas3menuTb Ha ABE MO-
cemoBareabuble ctaguu. [lepBasi — 3T0 peakiuu, 6Jarogapsi KOTOPbIM BO3-
aukaoT OD paaukajb:

e +0y — 20+ ¢,

O+ Dy — D+ OD.

Bropas cragusa — peakmun B3aumomeiicteust OD paIukajoB ¢ ra3oMm ¢ obpa-
30BAHUEM TAKEJION BOJIBI:

OD+ D — D50

Bugro, 9T0 MpOMCXOAUT POCT CTEMEHU IUCCOMUAIINN MOJIEKYJI 3& CIET JUCCO-
IpAUU MOJIEKYJI paauKaIaMi. KpoMe TOro mosiBIsioTCs MOJIEKYJIbl TS2KeJ10Hi
BOJIbI, YACTh KOTOPBIX HOKPLIBAET IIOBEPXHOCTh ra30pa3psaIHOi TPyOKH U COI-
Jla, 9YTO IPHUBOAMUT K yMEHBLIIEHUIO CTENeHU PEKOMOMHALMKA aTOMOB IO IIyTH
WX UCTEUEHUS B BAKYYMHBIN 00HEM. BBIJIO yCTAHOBJIEHO, YTO TP J0OABICHUN
npumepHo 0.2% (OTHOCHTEIBHO TOJHOTO TA30BOTO TMOTOKA) (o MPOUCXOIUT
yBeIWYeHne cTenenn gucconpanuy Ha 5 — 10%.

[Taper D20, obpaszoBasiimecss B ra3opa3psaHoil TpyOke, B JajbHEHIIeM
BBIMOPAXKMBAIOTCA HAa COILIE AUCCOLUATOPA, KOTOPOE HMEET TEeMIIEPaTypPy
JKUIKOTO a30Ta. BO3HUKAIONIWIT TTPU 9TOM HA TTOBEPXHOCTH COILIA JIEM, YMEHb-
IIAeT anepTrypy MOCIEIHEro, UYTO HAPYIIAeT PEXXKUM PAbOTHI JUCCOIUATOPA.
[TosToMy Mpu IJIUTENBHON KCIIyaTAIIMA UCTOYHUKA TOJISIPU30BAHHBIX aTO-
MOB HEODXOIUMO JeIaTh IePUOAUIECKOE PA3MOParKUBAHNE COILIA.

Bo Bpems ucnbiTaHuil apcconuaropa ObLIU OIIpeIe/IeHbl IapaMeTphl Iy d-
Ka ATOMOB, BBITEKAIOIMIWX W3 COMIA. VICMOMb3ysi BPEMSITPOIETHYIO METOIH-
Ky OBLJIO ONpEeIeeH0 PaClIpeIesieHre aToMOB Mo cKopocTsM. Ha myTtu cie-
JIOBaHUS aTOMOB ObLI YCTAHOBJIEH MEXAHWYECKWI MPEphIBATENb MydKa (90-
nep), KOTOPbIA MEePUOAMYECKH IIPOILYCKAJ ATOMAPHYIO CTPYIO B BUJE KOPOT-
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kux (0.1 MCeK) CTyCTKOB. DTH CTYyCTKU MONAJAINA B KBaJIPYHNOJbHBIA MaCC-
CIEKTPOMETD, PACTIIOIOKEHHBIH Ha OCH ITyYKa HA PACCTOAHUH 1.5 M OT Jomepa.
Ha Puc. 10 noka3ana 3aBUCHMOCTb ATOMHOI'O CUTHAJIA KBAIPYIOIBHOI'O MACC-
cuekTpoMerpa oT BpemeHu. KpuBasi monydena yCpegHeHHeM [0 HECKOJIbKUM
ThICAYAM W3MEpeHuil. 3a HAYaJI0 OTCYETa, BPEMEHU MPUHSIT MOMEHT, KOTIa
eIk 90Mepa ImepecekaeT och cTpyn aroMoB. IIpenmonaras, €To pacnpenesne-

N
(@]
T

OTH. eIl.
[e))
T

ATOMHBIN CUTHAJT,
N

|
0 0.5 1 1.5 2 2.5 3
BpeMsd, MCEeK

Puc. 10: Bpemennas 3aBUCUMOCTH ATOMHOTO CUTHAJIA KBAIPYTOTHLHOTO MACC-
CTIEKTPOMETPA, U3MEePEHHAs BPEMSITPOIETHON METOIUKOM.

HHEe aTOMOB II0 CKOPDOCTAM B CTPpYy€ HMEET BH/I :

(V — Vy)?

fV)y=A4A.v? 'GXP(—W)7 (3)

roe A — HopMupoBouHbIil Ko3d bumment, Vy — apeiidoBasi CKOPOCTH aTOMOB,
BBI3BAHHAS HAPABJIEHHOCTHIO TOTOKA, k — mocrosiHHas Bombumana u T —
TeMIIEPATypPa CTPYH ATOMOB, ObLITH HANIEHbI 3HAYEHUS IS TAPAMETPOB TO-
ro pacupenesieaust Vy = 1300 m/cex u T = 37.3 K. Teoperuveckas kKpusas,
MOJTy YEHHAST C TIOMOIIBIO TAHHOTO PACIIPEIESIEHIST, XOPOIIIO COTJTACYETCs € IKC-
nepuMeHTaIbHbIMU JaHHbIME (cM. Puc. 10). [Tonxyvennnie 3uadenus s Vy u
T 3aK1aIpIBAJINCH B TIPOIPAMMY KOMITBIOTEPHOTO MOIEINPOBAHNS MATHUTHOM
CUCTEMBI UCTOYHUKA.
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Kpowme Toro, 66110 pOBeIeHBI N3MEPEHUS YTJIOBOTO PACIPEIEICHUs aTO-
MOB, BBITEKAIONIUX U3 COIMJIA. DTU U3MEPEHUsI ObLIN BBIMOJHEHBI C TOMOIIBIO
TOHKOU BOIbGMPAMOBOIl HUTH, KOTOPAs [IBUTAJIACH B ILJIOCKOCTH, MEPITEH/IU-
KyJISIDHOH Iy9Ky aroMoB. ATOMBI, MOMaJiasi Ha HUTb, PEKOMOUHUPOBAJIH, A
BBIJIEIAIONIASACS TTPU 3TOM dHEPTHs HarpeBajia HUTh, MEHSAS €€ COITPOTHBJIE-
Hre. BeanunHa COMpOTUBIIEHNsT U3MepsIach. B pe3yabrare ObIIO yCTAHOBITE-
HO, YTO YTJIOBOE PACIpejiesieHrie aTOMOB, BBHITEKAIOIINX U3 COIJIa, OJIN3KO K
KOCHHYCOUIAJIHLHOMY DACIIPEIEIEHHUIO [0 TOJSIPHOMY YLy 6, 9TO U 3aK/Ia/IbI-
BAJIOCh B MTPOTPAMMY MPUA MOAETUPOBAHUN UCTOTHUKA.

3.4 DBJoKum BBICOKOYACTOTHBIX IIE€PEX0OI0B

s Moy ueHus stIepHON TOISIPU3AIAN UCITOIB3YIOTCs OJIOKY, B KOTOPBIX HH-
ayuupytorcs BY mepexonpr Mexk 1y SHEPreTHYeCKUMU YPOBHSIME aTOMAPHOTO
neiitrepusi. Kaxxnaprit 6510k cocrout u3 BY pesonaropa, Bo30yKIEHHOTO HA,
qacToTe Mepexoia MeXIAy 3aJaHHBIMUA YHEPreTHIeCKUMH YPOBHSIMU ATOMA,
¥ JUIOJIBHOrO JIEKTPOMATHUTA, CO3/IAIONIEr0 MOCTOSHHOE BO BPEMEHHU Mar-
HUTHOE TI0JIe, MEJIJIEHHO MEHSIOINIeeCs: BJIONb ABUKeHus: aToMoB. OCHOBHBIE
mapamerpbl BY OJI0KOB — 3TO BEJIMYMHA MOCTOSHHOTO MATHUTHOTO TOJIS W
€ro rpajJmenTta, Jacrora u ammiautyaa BY noma. Pacuér stux mapamerpon
npousBoamicd 1o merony duxrusaoro couna [20]. Takxke Oblia Hanucana
mporpaMma, KOTopasi YuC/IeHHO nHTerpuposaia ypasuenune IIpéaunarepa s
COCTOSTHMI aTOMAapHOTO JeiiTepus, mpoxoasiiero depe3 6;iok BY mepexomos.
Pacuérer mokazasu, 9TO TpHU TMPABWIHLHOM BBHIOOpE MapamMeTpoB 3(HdeKTHB-
HOCTB epexon0B 6au3ka K 100%. OnruMusanys 3JIeKTPOMAarHATOB TPOBOIH-
nack ¢ momonipio mporpaMmbl MERMAID [21]. Kaxkaplii MaruuT nmeer jiBe
obmorku. OHA U3 HUX CO3JAET OJHOPOTHOE IOJIe, a BTOpPAs PACHOIArAeT-
CsI Ha TIOJIIOCEe JUNOJBHOIO MArHUTA U CO3/IAET IPAJUEHTHYIO COCTABJISIOILYIO
TTOJTSA.

st kouTpoas paborhl 6okoB BY mepexomoB ucmonb3oBascs bBpeiir-
Pabu nonspumerp (cm. Puc. 3). Iongapumerp npezacrasisier co6oif COBOKYTI-
HOCTh TPEX MNOCTOSHHBIX KBAJPYHOJIbHBIX MAarHuToB (8 MM aumamerp, 90 mwm
nuHa, noste Ha noaocax 1.1 T) u kBagpynonbaoro mace cunekrpomerpa. [Tos-
Has JJINHA MArHUTHON CHCTEMbI TOJsIPUMETPA BRIONPAIACH U3 COOOPAXKEHUS
nonHo# nedokycnpoBkn aromos ¢ M; = —1/2.

Ucnonn3oBanne Tpéx KOPOTKUX MATCHUTOB TIO3BOJIMIO 0DECIEYNTH OTKAH-
Ky aTOMOB 9€pe3 3a30Pbl MEXK/y HUMHU.

s momaBienusi (GOHOBOTO CUTHAJIA TPUMEHEHO CHHXPOHHOE TeTEeKTHPO-
BaHUE C MOMOIIBI0 MEXAHUIECKOTO IPepbIBaTesis crpyn aroMoB. [looyepéaro
BKoUast 610k BY nepexonos n HAOIIONASA M3MEHEHNE aTOMApPHOTO CUTHA-
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J1a ¢ TIOMOIIHIO KBAIPYTIOIHHOTO MACC-CIIEKTPOMETPA MOYKHO OMPEAETUTh -
dexTrBHOCTH paboTh 0710KOB. Ha Puc. 11 mpuBemeHbl JaHHBIE TT0 K3MEPEHUTO

M.
20

18-
16~
14

12-

9KZ-L:B
9/91.:6

10~

! ! !
055 06 065 07 075 18 1

!
9 195 2
A

Puc. 11: BaBucumocts GOPMBI ATOMAPHOTO CUTHAJIA, OT BEJIMINHBI TOKA OCHOB-
HO# oOMoTKHM MaruuTa 6;0ka BY mepexonos B cuimbaOM mose. SFT2 — 6 —
BY mepexon u3 cocrosinus 2 B cocrosinne 6; SFT3 — 5 — BY nepexon n3
COCTOSIHUS 3 B COCTOsIHHE .

CHTHAJIa ATOMOB B 3aBUCUMOCTH OT BEJIMIHHBLI TOKA, B OCHOBHOU OOMOTKE 3JIeK-
rpomarunTa 60ka BY nepexonos B cuibHoM moste (SFT). ITpn sTom 610k BY
nepexosoB B cnadom mojie (MFT) 6ot Boikiiouen. DddekTHBHOCTH aTOMHBIX
nepexonoB 2 — 6 (g96) u 3 — 5 (g35) BbIUMCHsIIUCH IO hOpMYJIE:

- +
I™ — Iy 35

- ' 37 (4)

€26,35 =
rae [~ — aTroMapHBbIf CHUTHAJ MAaCC-CIEKTPOMETPA MPHU BBIKIIOYEHHOM OJI0-
ke BY mepexomos SFT, 15%’35 — aTOMapHBI CUTHAJI TPU WHUIUHIPOBAHUU
BY mnepexono 2 — 6 u 3 — 5 coorBercrBenno. Kak Bugmno w3 Puc. 11,
€96 = 1.01 £0.01 a €35 = 0.98 = 0.01. Orauune €96 OT £35 MOKHO OOLACHUTE
pa3Hoit (POKYCHPOBKON aTOMOB, JIETSIINX BOJIU3M OCH MATHUTHON CHCTEMBI
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WCTOYHWKA W HAXOIAMINXCS B PA3INIHBIX IHEPTreTUIECKUX COCTOsTHUAX. Tak
KaK BOJM3W OCH MCTOYHHUKA IOJIE MaJo, & B CTaOOM MATCHUTHOM IOJI€ Mar-
HUTHBIE MOMEHTBI aTOMOB, HAXOSAIINXCS B PA3JIUIHBIX IHEPrETUICCKUX CO-
CTOSTHUSIX, CHJIBHO OTJIUYIAIOTCS APYT OT APYyTa, UX (POKYCHPOBKA MATHUTHBIM
mosieM Oymer pasuoil. KBaapymombHbIH MacC-CIEKTPOMETD PEruCTPUPYET B
OCHOBHOM aTOMBI B ODJIACTH OCH CHMMETPHUH MATHUTHON CHUCTEMBI MCTOYHU-
Ka. Beuu mpoBeeHbl TeopeTuuecKue uccaeaoBanus: meroaom Monte-Kapio
MOETUPOBAIOCH MIPOXOXKICHNE Yepe3 MATCHUTHYIO0 CHCTEMY HCTOYHHMKA aTO-
MOB C Pa3HBIMHU YHEPTETUIECKUMHU COCTOSHUSIMHU W BBIUHCISIIOCH, KaKasd MX
9acTh MOMAAET B MOMspuMeTp. B Tabmuie 2 mpeacTaBieHbl Pe3yabTaThl MO-
JeJVPOBAHNS; paclpeneieHre aTOMOB IO SHEPTeTHYECKUM COCTOSHUSAM Ha,
BXoze B nojaspumMerp. KoandecTBo aToMOB Ha BXOJE B MEPBLIH MarHuT OBIIO
B3siTO 6 - 108 (mo 10% B kaskmOM cocrostiun). Kak Buguo u3 rabiuupt 2, Ko-

Tabmura 2: Pesyaprar Monte-Kapo MmogeupoBanust 1j1st TPOXOK JEHWST aTO-
MOB JeUTepus Yepe3 MAarHUTHYI0 CUCTEMY UCTOYHUKA.

SHEPreTUIECKOe
COCTOSTHHE 1 2 3 4 5 6

KOJI-BO ATOMOB HA

BXOZIe B MEePBbI MAarHUT 106 108 106 10 10 106
KOJI-BO TOMOB Ha,

BXOZI€ B MOJSIPUMETD 10084 10055 9793 O 2 20

JITYECTBO ATOMOB, HAXOIAINXCS B COCTOSTHIUY 2, (POKYCUDPYETCS B KOJIMIECTBE
Ha 2.6% GompIe, 9eM aTOMOB, HAXOIAAIIXCA B COCTOSTHAN 3. DTO COTIACYETCS
C U3MEPEHHBIMY 3HAYEHUSIMU JJId 96 U €35. LaKUM 00Pa30M pa3IudHbIe 3HA-
YeHUs €96 U €35 00bICHAIOTCA HE pa3HOil adderrunocTrio BU mepexonos,
a pa3noit (POKyCUPOBKOI ATOMOB, HAXOSAIINXCS B COCTOAHUAAX 2 U 3.

OHAaKO MPUMEHSATH BBIMIEONMUCAHHYO POy PY s u3Meperust 3 dex-
tusHocT BY mepexomor 6yioka MFT B mamem ciyyae HEKOPPEKTHO, IO-
CKOJIbKY TIY9OK aTOMOB, PerucTpupyeMblii bpeiir-Pabu nomsipumerpom mpu
TPOXOK/IEHUHU YePe3 HAKONUTEIbHYIO sT9efKYy UCIIBITHIBACT PA3IUIHOE OCIA0-
JIEHWE B 3aBHCHMOCTH OT TOTO, BKIOYeH wmiau BbikiaiodeH 6ok MFT. Dro
MTPOUCXOIUT BCJIEACTBHUE TOTO, YTO B HAKOMUTEIbHYIO STIEHKY B 9TUX CIydasix
WHYKEKTUPYETCS PA3JIMIHOE KOJIMIECTBO ATOMOB. DTOT 3 MDEKT ULTIOCTPUDY-
ercs Puc. 12, roe BenvnHa 714 BBIYUCIAIACH 10 (DOPMYJIE:
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- -1
1'7
rae I~ — aroMapHbBIi CUTHAJ MacC-CIIEKTPOMETPA MPU BBIKJIIOYEHHOM OJIOKe
BY nepexomos MFT, I le — aTOMAapHBIHA curHaj mpu naunnposannu BY mepe-
x070B 1 — 4. DTy BeJIMYNWHY NMPU MAJIBIX MOTOKAX aTOMOB, KOTIa OCIab/IeHne
B HAKOMUTEJIBLHON siueiike TPeHeOPeKUMO MAJIO, MOYKHO PACCMATPUBATE, KAK

apdexTusaocts BYU mepexomnos B 6;1oke MFT.

T14 =

-3, (5)

| |
50 100 150 200
2

Puc. 12: 3uavenne BeJIMIUHBI 7' 4, BEIYUCIEHHOM IO hopMyie 5, Kak DyHKIUsT
UHTEHCUBHOCTU UCTOUHUKA, My (IpOU3BONLHBIE SIUHULIBI).

s mpaBuibHOTO pacuéra dddexkrusaoctu BY nepexomos 1 — 4 npu
MAaKCUMaJIbHOW WHTEHCUBHOCTU ATOMAPHON CTPYH HCIOJIb30BAJICA IPYyrou
Meron u3Mepenus. B 3ToM ciaydae m3Mepsasioch M3MEHEHWe CHTHAJIA MacC-
CIIeKTpOMEeTpa TpH BKJIOYeHWH ¥ BhiKIO4YeHnn O10ka SFT ¢ mocrosarO
BraoUYeHHBIM Oj10KOM MFT. Oskmnmaemoe m3MeHeHHE aTOMapHOTO CHTHAJIA
npu BroueHnn Oi0ka SET paBHO aByM ecim 3¢hHEKTUBHOCTH BCEX TE€pe-
xomoB pasHbl 100%. 3ras 3hdEKTUBHOCTD £9¢ NGO €35, BRIYUCACHHYIO 110
dopmysie 4, MOXKHO BBIYUCIUTD €14 TO Cleayomieir dpopmyse:
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€14 = 3 —
rae I'™ — aroMapHBIi CUTHAJ MPH BBIKIIOUEeHHOM 6710Ke SFT, 15535 — CUTHAJI
Macc-cnekTpomerpa npu Bkiaodennun BY nepexomnos 2 — 6, mubo 3 — 5. Ilpu
STOM MPEAIOIaraeTcs, 9To Ae(OKyCupyeMble aTOMbI BBIOBIBAIOT U3 CTPYH
nmotaocThio. [loacrasisist B popmyny 6 m3MepeHHbIE BETUYUHBI, [TOIyYaeM
3HaYeHune g €14, pasaoe 0.96 + 0.02.
3aMeTnM, UTO £14 HECKOIHKO MEHBINIE, YeM 26 35. JTO ABIACTCA CIE-
creueM Toro, uro BY mepexom 1 — 4 mporekaer 1o Oojiee CIOXKHON cxeme,
geM mepexonabt 2 — 6 u 3 — 5, u, dpakTuuecku, npeAcTaBisier coboil moce-
JoBarenbHOCTh TPEX BY mepexomgos (cm. . 3.1).

3.5 PeBy.JIbTaTbI n3MepeHnmnd MHTEHCHUBHOCTHN MCTOYHMUKA

NHTEeHCMBHOCTh MCTOYHUKA, U3MEPSIIACH C TIOMOIIBIO KOMIPECCUOHHOM TPYO-
ku. OHa umena AauHy 35 CM W BHYTPEHHWI TUAMETP 2 CM, 9TO COBIAIAET
C pa3MepaMi WHXKEKIIMOHHON TpyOKM HAKOMUTEILHON siueiiku. B omun u3
KOHIIOB TPyOKu nomasasics my4ok VITA, Ha nIpOTHBOIOIOXKHOM KOHIIE PacIIo-
narasncg marauropaspsanbiii Hacoc (MPH) HOPI100. Tox MPH B cunbhoit
crenenu 3apuces oT Haguudusd nydka UTTA u mostomy mMor Ciay:KuTh Mepoit
ero naTeHCUBHOCTH. C IE/IBIO0 MOBBIMIIEHWST TOYHOCTH U3MEPEHUI MPOBOIU-
JTaCh KAJIMOPOBKA MOTOKA aTOMOB. JIjist 3TOr0 B 00bEM HACOCA TTOJABAJICS Ta-
KOii (M3BECTHBII) OTOK MOJIEKYJISIPHOIO AeifiTepusi, KOTOPbIil BbI3bIBAJ TOT
ke Tok MPH, 9ro u crpysa nonsgpusoBaHHbXx aToMoB. OQmnbka u3MepeHus
MHTEHCUBHOCTH TOJSPH30BAHHBIX ATOMOB OleHnBatach < 5%.

Crenyer oTMEeTUTD, YTO [IJIsT KOPPEKTHOTO TPUMEHEHNS METO/Ia, KOMITPEC-
CUOHHOI TpyOKH, JIydIllie MOMAIEepPKUBATH BHICOKUI BaKyyM BO BCeil TpyOKe,
KaK HAMpuMep, OBLIO CHEeaHO B HAIEM ciydae. VlHadue HYKHO yYIUTHIBATH
ocyiabjienue HampapjeHHOro mmydka VIIA BHyTpu KOMIPECCHOHHOR TpYyOKH.
Anamorngubiii 3peKT TPUBOAUI K HEKOTOPBIM TPYAHOCTSIM B H3MEPEHUH
nospuzanua (cM. 1. 3.4). Cam Ke MeTOJ, HAKOMUTEILHON AYelKr UMEeeT
orpaHuuenue, cea3anuoe ¢ ahpdekToM paccesuus myuka UITA ua rase B uH-
JKEKITMOHHOM TpyOKe. Tak, HAMpUMep, TPU yBeJIMYeHUN WHTEHCUBHOCTH 1Ty d-
ka UITA B gecarb pa3, TONMUHA MUIIEHH, BCICJCTBUE ITOTO, BO3PACTET B
ropa3jo MeHbIIEel CTelNeHu.

Ha Puc. 13 npezacrasiens pe3yibTaThl n3MEPEHUI HHTEHCUBHOCTH UCTOY-
HUKA B 3aBUCUMOCTH OT TOKOB B MarfmTax. TOKU M3MEHSJIUCH 10 3HAYEHUH
I, =200 A u I, = 350 A s mepBoO#t U BTOPO# IPyNIBI MATHUTOB COOT-
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Puc. 13: IHTeHCUBHOCTH MyYKa MOJSIPU30BAHHBIX ATOMOB JIEWTEpus B 3a-
BUCUMOCTH OT BEJIMYWHBI CyMMbI TOKOB OOMOTOK IMIECTUIIOIIOCHBIX MATHUTOB
UCTOYHHUKA: [1 - TOK OOMOTOK IEPBOTO W BTOPOrO MATHUTOB; I3 - TOK OOMOTOK
TPEX MOCTEHUX MATHUTOB.

BETCTBEHHO. DTHU 3HAYEHUS ObLIN TPUHSATHI KAK CTAHIAPTHBIE MDY MIPOBEIE-
Hun sKcrepumMenta Ha BOIITI-3. Benuunnbl TOKOB, TPUBEIEHHBIE HA, PUCYHKE,
OCTABAJINCH TOCTOSTHHBIMU HA COOTBETCTBYIOIINX BETBAX KPUBLIX. BUIHO, 9TO
BBeJIEHUE TMOTHLIX TOKOB IIPUBOJUAT K YBEJIUUEHUIO WHTEHCUBHOCTH IIYyYKA B
~ 50 pa3.

W3mepenns MOKa3bIBAIOT, UTO MaKCHUMaJbHAsT WHTEHCUBHOCTH KPHOTEH-
HOTO MCTOYHUKA TOJIAPU30BAHHBIX ATOMOB melitepust pasHa 8.2 x 1016 aro-
MOB/CeK. JTO MPEBHIIIAeT MPUMEPHO BIBOE 3HAUEHNE MAKCUMAJBHO TOCTUT-
HYTOI WHTEHCHUBHOCTHA HCTOYHUKOB MOJAPU30BAHHBIX ATOMOB JIedTepus, pa-
GOTAIOMINX HA TOCTOSHHBIX MIECTHIIONIOCHBIX MarHuTax [22, 10]. MakcuMamnb-
Has WHTEHCUBHOCTDH IIYYKA MOJISPU30BAHHBIX ATOMOB JOCTUTAETCS MPHU pac-
xofe raza 4epes comyo 0.6 cm3/cek. [lanbHeiimee yBendenye pacxoa rasa
MPUBOIUT JIUIIH K TAJIEHUI0 WHTEHCUBHOCTA MCTOYHUKA. DTO MOXKHO O0bSIC-
HHUTb HECKOTHKUMH 3P PHEKTAMHA.
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Oaun 3 HUX — ociabiieHHe CTPYM aTOMOB 3a CYET PACCEesTHMs HA OCTa-
TouHOM ra3e. OYeBUAHO, UTO AJ/isi KPHOTEHHOTO MCTOYHHUKA ITO OCIAbICHHE
CYIIECTBEHHO B MEPBOI BaKyyMHON kamepe ( MexKy COILIOM U CKUMMEPOM
), TIIe OTKAYUBAETCSl OCHOBHON MOTOK Taza (6omee 90%), BHITEKAOMErO w3
comna. st mosydeHust 3/1eCh BBICOKOTO BaKyyMa HEOOXOIMMO MPUMEHSATHh
HACOCHI C BBICOKON CKOPOCTHIO OTKAUKH. Tak yBeJndeHne CKOPOCTH OTKAUKH
Ha 9TOlf cTynmeHn B Apa pasa (¢ 1500 mo 3000 j1/c) MpUBEsO K yBEIHYEHHIO
MaKCUMaJIbHOH uHTeHcuBHOCTH Ha & 10%. BHyTpH e MarHuTHON cucreMbl,
[7ie Ta30Bas HArPY3Ka MHOTO MEHbBIIe, & BHYTPEHHsIS TOBEPXHOCTH MATHUTOB
SIBJISIETCS XOPOIITNM KPHOHACOCOM, OCTa0jIeHre Ha OCTATOYHOM ra3e MeHee Cy-
IIIECTBEHHO.

JpyruM  mpormeccoM, KOTOPBIH MOXKET OTPAHHYIMBATH WHTEHCWBHOCTD
ATOMHOTO TIYYKA M3 UCTOYHUKA, SBJISIETCS PACCEsTHUE aTOMOB APYT HA ApYyre
BHYTPH CAMOTO IMydKa. VI3BEeCTHO, 9TO JJIWHA CBOOOTHOTO IIPOOEra MOTEKYJT B
ra3e OMUCHIBACTCS (POPMYIIO:

1
Ar= ————
4-/2-0-n

37ech o - ra30KnHeTHIecKoe 3(pPEeKTUBHOE ceueHne, n - MIOTHOCTH Ta3a. s
oTIpeJieIeHust JIMHBI CBOOOTHOTO TTpobera MOJIEeKysl B CBEPX3BYKOBOM Iy UKe
dopmyna 7 uamensiercs:

(7)

e =3 Ao = (8)

3/IeCh BEJUYUNHA 3 + \; OINpEENseT IJIUHY CBOOOTHOTO MPOOera aTroMOB WA
MOJIEKYJT B Iy 9Ke, HIMEIOIEM MAaKCBEIOBCKOE PACIPEIETIEHNE ATOMOB II0 CKO-
POCTSIM, & JOTIOTHATEIBHBIN MHOXKNTENH Vy/dV XapakTepn3yer CBepX3BYKO-
BbIE CBOWCTBA CTPYH, 371€Ch V; CKOPOCTBH TIOTOKA, & 0V XapakTepusyer pas-
6poc ckopocreit. s omenku 3ddexTa ocrabieHnss mydka 3a CYeT BHYT-
PHUITyIKOBOIO PACCESTHUS MOXKHO MOJOXKUATH Ay = 10 - A\;, miwmHy nposéra
ATOMOB BJOJb HCTOYHHKA 1 M, Besmuuny cedenms 1 - 107 cm? u mmor-
HOCTh aToMHOro myuka =~ 1 x 10'2ar/cm®. Ecmm moacrasuts ot Bemm-
YUHBI B BBIPAYKEHWE JIJIT WHTEHCUBHOCTHU IMYYKA, HA BBIXOJE U3 HUCTOYHUKA
Tsx = Ip - exp(—Luce/A) = Iy - exp(—0.57), cTaHOBUTCS OYEBUIHO, YTO BHYT-
PHUITYIKOBOE PACCESTHUE MOYKET CYIIECTBEHHO BJIUSTH HA MPEIEIbHYI0 WHTEH-
cuBHOCTH ncrTO4YHuKA. Cleayer Tak»Ke OTMETHTb, 4TO TEeMIEpPaTrypa ra3a B
IIydKe JOCTATOYHO HU3KAS, U CEUCHHE PACCESHUSA MOXKET MPEBBINIaTh BEJIH-
YUHY, UCIIOIH30BAHHYIO JIJIsT OIIEHOK.

[Iporecc bopmupoBaHusi CBOOOIHO MOJIEKYISPHON CTPYHU U3 BA3KOCTHOTO
TEYeHHUsT, KOTOPOE UMEET MECTO B COILIe, M3y9IeH HeJOCTATOYHO NOJHO. [Ipes-
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MTOJIOYKEHUE, UTO TMOBEPXHOCTH PA3EIa TEYEHWH WMEET MOCTOSHHYIO TLIOT-
HOCTbH, O3HAYAET, YTO MPU YBEJIUIEHUN PACXO/IA ra3a 3Ta NOBEPXHOCTH yBEIH-
yuBaercd. B ciyuae npumenenusi apadparm, a onu npucyrcrsyior B UITA,
9TO SIBJIEHWE MOXKET OTPAHWYUBATH POCT WHTEHCUBHOCTHU IPU YBEIUYEHUN
pacxosa ra3a gepes COILIO.

Bce stu achderThr TpebyoT JansHERIIero Kak Te0peTHIecKoro, TaK 1 9KC-
MTEPUMEHTAJIHHOTO U3YIEHUS.

4 Tlonapu3oBanHasg muniedb Ha BIIIII-3

Kak Obl10 oTMeueHO paHee, MHUIIIEHb CO3/aBaJjach JJs TTPOBEIEHUS sifep-
HBIX KCIEPUMEHTOB HA 31eKTpOoHHOM HakomurTeae BIIIII-3. Drcnepument
0 YIIPYTOMY U HEYTIPYTOMY PACCESTHUIO JIEKTPOHOB HA MOJISIPU30BAHHOM Jeii-
TepreBOil MUIIIEHU MPOBOIMJICS B TedeHue roga u owur 3asepiner B 2000 ro-
ny. 3a BpeMst 9KCIIePUMEHTa HaAOPAHHBIH WHTErpas TOKa JIEKTPOHHOTO My IKa
BOIIII-3 cocrasur 556 kK. [Ipumenenne 6ojee MIOTHON MUIIEHU TOJISIPHU-
30BAHHBIX ATOMOB JeHTepHs MO3BOJINIIO HAOPATh CTATHCTHYECKIH MaTEPUAJT,
MIPEBBIIAIONINI Hoslee YeM Ha, NOPSJIOK 0 00bEMY PE3yIbTATHI TPEBILY IIUX
srcrepumentos Ha BOTII-3 [23].

Ob6muit By sKciepuMeHTaTbHOrO mpoMekyTka BITII-3 6611 n3obpaxkén
pamee Ha Puc. 1. Tonamuua Murnienn, mpocMaTpuBaeMas TeTEKTOPOM COCTa-
Buta 6.5 X 1013 ar/cvm?. PeambHas TOMMUHA MUIIEHH HECKOIBbKO BBITIE, TaK
KAaK 9Ta BeJIMYnHa ObLIA OMPEeIeHa 110 CKOPOCTH CYéTa COOLITHI ynpyroro
paccesHust MEKTPOHOB 6e3 yuéTa 3(p(HEeKTUBHOCTH PErUCTPAIMH COOBITHIA.

TenzopHasi mosipu3aiys Muiliean P,, Onpenesnsiiach ¢ MOMOIIBIO MO~
pUMeTpa, KOTOPHIH N3Mepsijl ACHMMETPHIO B YIIPYTOM PACCESTHUHN JJIEKTPOHOB
TPy MajoM TiepeianHoM mmmyabce (oxomo 1.6 ¢~ 1) (IIMU), rae anamusn-
pyfolasi CrocobHOCTh PEAKINH CUuTaeTcss n3BectHoi. OnpeneséHHas TakuM
006pazoM CpejiHsis IO MOJTHOMY BPEMEHH 3KCIEPUMEHTA TEH30PHAs MOIpr3a-
Ml MUIIEHN OKazasach pauoit P,, = 0.44+0.03. Ha Puc. 14 npencrasienst
pe3yabTaThl MHOTOKPATHOTO M3MepeHusi P,, BO BpeMsi MPOBEIEHUs HKCITe-
pumenTta. Kak ObL1o mokasano BbImie, 3G GEKTUBHOCTL paboThl O10xk0B BY
MEepexoJI0B I0CTATOYHO BhICOKA (CM. riaBy 3.4). Menblee 3HaYeHUE MOJISAPU-
3allid MUINEHU B cpaBHeHUU ¢ mossgpusainuedt mydka UIIA odeBuano cBsiza-
HO C Jenoispusyonmmu 3pdeKTaMu, UMEOIMUMA MeCTO B HAKOMUTETHLHON
sqaeiike. Kak yKa3bIBasIoCh BBIIIE, CYIIECTBYIOT IBa OCHOBHBIX 3 deKTa, KO-
TOpBIE MOTYT TMPUBECTH K JEMOSIPU3AIMA MUIIEHN: JETOIsSPU3AINsS aTOMOB
BY nosieM 3/1€KTPOHHOTO MyYKA HAKOMUTENS W IEMOISPU3AINs aTOMOB MTPU
WX CTOJIKHOBEHWHU CO CTEHKAMU STIEHKM.

24



s
+
M
=

-
—
-
!
‘"
.

++

4

03f
0.2}
01
i 1999 2000
0
CeH OKT HOA JeK AHB des map

Puc. 14: lI3Mmepenne nmosisspu3anyy MUIIEHA BO BPEMs IIPOBEIEHUs IKCIEPU-
MmenTa Ha BIIIII-3.

Kaxk mokazai aHain3 sKCOepuMeHTATBHBIX JTAHHBIX, BETUIHHA, MOITPU3a-
nun P,, He 3aBUCHT OT BEJIMYUHBI TOKA 3JIEKTPOHHOIO MyYKa HAKOIUTEJIS,
9TO yKa3bIBAET HA MAJIOCTH MepBOro 3 @eKTa B HAIIEM CIydae.

Taxke He OBLIO OOHAPYXKEHO 3aBUCUMOCTU P,, OT KOOPAWHATHI BIOJb
STIefKU, T/Ie TPOXOIUT JIEKTPOHHBIN MydOK. ITO YKA3HIBAET HA CJIADYIO e-
MOJIAPU3AIMIO ATOMOB TP CTOJKHOBEHUU CO CTEHKAMH ITOM 9acTu a9efiKu.

Kaxk nmokazanu u3mepenus Ha CTEHJE, IPOBEIEHHBIE MTOCTE IKCIEPUMEHTA,
HADJIIOIAeTCs 3HAYUTEIbHAS PEKOMOMHAIIMST ATOMOB B MOJIEKYJIbI Ha, CTEHKAX
WHKEKIMOHHOW TPYOKM, KOTOpas MMeeT KOMHATHYI0 Temmeparypy. Ckopee
BCEr0 3TO U MPUBEJIO K CHUXKEHUIO Tospu3anun Murienu. HemaBuo o HaOII0-
JIEHUN aHaJIorHIHOTro 3dbdexTa 6puI0 coobieno B padore [24].

st mogaBienust 3Toro 3 @eKTa B KOHCTPYKIMIO HAKOMATEIbHON sTIeiikn
ObLITH BHECEHBI M3MEHEHUsI, TAK 9TOOBI MHXKEKIIHOHHAS TPYOKA MMeJia TeMIie-
paTypy JKUIKOTO a30Ta. DTO MPUBEIO K YMEHBINEHUIO MOJIEKYJISTPHOTO CHUT-
HaJla U3 d4eiku B 6 pas.

OrMeruM TaksKe HEKOTOPBIE HEIOCTATKH KPUOTEHHOI'O0 MCTOYHUKA, TIO-
JISPU30BAHHBIX ATOMOB II0 CPABHEHUIO € WMCTOYHUKAMHU HA MOCTOSHHBIX
"rémnpix"MarauTax. B OCHOBHOM OHU CBsS3aHBI C OOBIYHLIMHU CJIOXKHOCTSIME
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SKCIIJTYATAIlNN YCTPOUCTB C KPUOTEHHBIMU KUIKOCTAMU. TaK Pacxo *KUIKO-
ro rejms Ha ycraHoBKe cocrasiisisi okoso 100 i/cyrku. Takzke Heobxomuma
[IEPUOINYECKAst MEPEMOPO3KA UCTOYHUKA JJId Y IAJEHUA U3 YCTAHOBKU CKOH-
JIEHCHPOBAHHOTO ra3a. JTO, BIPOYEM, MOXKHO COBMEIIATH C MEPEMOPO3KOi
COTLI&, KOTOPAs MEePUOIMIECKY TTPOU3BOJIUTCS U B UCTOYHUKAX C MOCTOSHHBI-
MU MarHUTAMU.

HecmoTpsa Ha HEKOTOPBIE CIOKHOCTU B SKCILTYATAIINN, KPUOTEHHBINH MC-
TOYHUK TOJSPU30BAHHBIX ATOMOB J€ATepusi, MMEIOIINi WHTEeHCUBHOCTD IO~
9T BABOE MPEBBIIIAONLYI0 WHTEHCUBHOCTh MCTOYHUKOB C TEIJIBIMU MAarHU-
TaMu, sIBJIETCsI OOJree MPEeIIOYTUTEIbHBIM [IJIsi UCIOJIb30BAHUS B SII€PHBIX
9KCMEPUMEHTAX, KOTJIa WX MPOJOIKHUTETHLHOCTD OMPEIEIsieTCs] HWHTEHCUBHO-
CThIO UCTOYHUKA.

5 Ilomyvenue mossipm30BaHHBIX ATOMOB
BOIOPOJIA

OnucaHHbIi UCTOYHUK MOXKET ObITh TAKKE MCIIOIB30BAH JIJIs MOy IEHUS MO~
JISIPU30BAHHBIX aTOMOB BOIOPOAa. IIpu 9TOM MexaHu3M mosryueHus saepHOi
MTOJIAPU3AIUY AHAJIOTUYEH BBINEOMUCAHHOMY C Y9eTOM CBEPXTOHKOW CTPYK-
TYPBI BOIOPOJIA.

[Ipobyiema moydeHnst MHTEHCUBHOM CTPYH aTOMOB BOIOPOJA YCyTyOJIs-
eTCs B HaIlleM CJIydae u3-33 BBICOKOTrO JIABJIEHUST TTAPOB BOIOPOIA, KOTOPOE
nveer BemmanHy nopsaaka 10~4 Tla npu temmeparype 4.2 K [26]. ITostomy
ObLTa PACCMOTPEHA BO3MOXKHOCTH OTKAYKHU BOJIOPOIA C MIOMOIIHIO COPOEHTOB.
B kagecrse copbenrToB paccmarpuBaiuch ra3bl No, COo u Ar, KOTOpBIMEU
MOXKHO aKTHBHPOBATH BHYTPEHHIOK MOBEPXHOCTH BAKYYMHOI KaMephl Mar-
HUTOB MCTOYHUKA, BO BpeMsi ero paborsl. UTobwl yoenuThes B 3 OEKTUBHO-
CTHU KCIIOJIb30BAHUS TAKOTO POIa COPOEHTOB, ObLIN MPOBEIEHBI U3MEPEHUS UX
copbrmonnoit émkoctu. Ha Puc. 15 npencraBiensr pe3yabTaTsbl STUX U3MEpe-
anit. Kak BUAHO U3 mpuBenEHHBIX rpaduKOB, HAOOIEe MPEAIOITUTETHHBIM
JIJIsT UCMIOJIL30BAHUS ABJIAECTCA Ar, TaK KaK ero copOIMOHHAsT EMKOCTh MO BO-
JIOPOZIy MAKCHMAJIHHA.

Jpyroii myTh yBeIUYeHUs] CKOPOCTH OTKadKu Bomopoaa B UITA cocrour
B IIOHUKEHUH TEMIIEPATYPbI 2KUAIKOTO TeJIrsl, OXJIAXK JAOIIEr0 CBEPXITPOBOIsA-
M€ MArHUTHI [TyTEM OTKAYKH €r0 1apoB, P 3TOM JABJIEHUE HACHIIIEHHBIX
MapoB BOJOPO/IA PE3KO manaer. /Iy mpoBEepKU ITOr0 METOa ObLIN MPOBEIe-
HbI ucnbiTanusa padorst UITA ¢ Bogopomuoit crpyéii. Ha Puc. 16 mpemcras-
JIEHBI PE3YJIbTAThl U3MEPEHUs] WHTEHCUBHOCTH HCTOYHUKY, MOJISIPU30BAHHBIX
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Puc. 15: N3orepmbr copbimm Boaopoa HaMOpoykeHHbIMEU citoaMu No, COo u
Ar npu TemmepaType KUIKOTO TeJIus.

aTOMOB IJisT BOIOPOIA W AeATeprs B 3aBUCHMOCTH OT HABJIEHUs [TapoB Ie-
mmsa B KpuocTtare. Kak BUIHO U3 PUCYHKA, IPU MOHWKEHWH JABICHUS CATHAJ
aTOMOB BozIOpoaa Hi BOo3pacTaeT o4eHb Pe3KO0, B OTJINYNE OT CUTHAJIA ATOMOB
aeiitepus Dy, BeIUINHA KOTOPOTO MPAKTUIECKH MTOCTOsTHHA. [Ipn n3MeneHnn
maByienus mapos requs or 1 1o 0.1 6apa remmneparypa KUIKOTO rejinsi n3Me-
asiercsa ot 4.2 1o 2.5 K, maBjaeHne HACBHIEHHBIX APOB BOIOPOIA MPH TOM
m3mensiercst or 1074 1o 10711 ITa COOTBETCTBEHHO, & JJI JefTepus OT 108
ITa o mpeneGpeRNIMO MaJIoi BelmIuHsI [26].

[Mosy4denube pe3yabTaThl MO3BOISIOT COEIATH BBIBOI, UTO OCIADJIEHE
JefTepreBoil CTpyn Ha, OCTATOYHOM Ta3e B MArHUTaX MaJjo TPU TEMTIEPAType
4.2 K, a 11 moydeHns HHTeHCUBHOM CTPYX aTOMOB BOJIOPO/Ia TEMIIEPATYPY
MAarHUTOB HEOOXOIUMO MOAAePKUBATH OKOMo 2.5 K.
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Puc. 16: Unrencusuocts NITA kak MyHKIUS TaBICHUS TAPOB TeJIdst B KPUO-
crare.

6 Ilongpu3zoBaHHad MUIIEHb JJisd MOJSIPUMET-
pun IIy49YKOB HAKOIIUTEJIEN

[TonsipuMeTpusi TyYKOB BBICOKHUX HEPrUil B HAKOMUTEISAX TPEICTABIISIET
olpeieNleHHy 0 MpobJieMy, cM. Hanpumep [27]. B psize ciaydaeB ncnonb3oBa-
HHUE BHYTPEHHEH ra30BOM MUIIEHH C IMOJspU3aIueil e€ aTOMHbBIX JIEKTPOHOB
MOKET PEIInTh Ty IPOOIeMy, TAK KAK CE9eHUsT YIIPYTOro PACCesTHUs TOJISIPH-
30BaHHBIX IIy9YKOB Hakomuresneil (37eKTpoHoB [25], nporoHoB [8]) Ha monsipu-
30BAHHBIX TEKTPOHAX MWIIEHW XOPOIIO M3BECTHHI. DTO TAET BO3MOKHOCTH
TpoBecTH abCOMIOTHOE N3MEPEHHe MOJISTPU3ANNN UPKYJINPYIOMINX My IKOB 6e3
CYIIECTBEHHOTO M3MEHEHUsT UX MapamMeTpoB. MUIIEHbIO MOXKET SBIATHCS KaK
ny4yok UITA (kak nuraHupyercsi MPOBOAUTH U3MEPEHHs MOJISAPU3ALUU DJIeK-
rpounoro nyuka BIIITI-3), Tak u MuliieHb ¢ UCIOIb30BAHUEM HAKOIIUTEIbHON
staeiikn. B mocmenpeM ciaydae moisipu3alinst SJIeKTPOHOB MUIIIEHN MOXKET OBITh
u3MepeHa ¢ moMoIbio Bpeiir - Pabu noxspumerpa. B mpuBeneHubx nmpume-
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pax MPeJIoNaraeTcs U3MepsATh CTENEHb TOMSIPU3AIUN JIEKTPOHHOTO Iy dKa
BOIIII-3 3a 8 munyr ¢ Tounocrbio 20% (muiiens mywoxk MITA), a nonspu-
sauuio nporounoro nydka RHIC 3a 500 cekynz ¢ tounocrbio 5% (Murienb
HAKONUTeJbHAs s9eiiKa).

7 3akJ/ro4dyeHue

Onucana ra3zoBas MHINEHb TOJSPU3OBAHHBIX ATOMOB JefTepusi, CO3TAHHASL
JITsl TIPOBEJIEHUs SKCIEPUMEHTOB Ha 3JeKTpoHHOM HakomurTere BIIIII-3.
[Mpumenenre HOBOrO KPUOTEHHOTO MCTOYHUKA TTO3BOIUIIO YBEIUInuTh 3 dhek-
TUBHOCTH pabOTHI MUIIIEHH Oojiee UeM Ha TOPSIOK MO CPABHEHMWIO C paHee
ucnonb3yemoii muierbio [4]. C 9Toit MUIEHBI0 TPOBEAEH IKCIEPUMEHT MO
yIpyromy u Heympyromy paccesuunio. [IpeasapurenbHas oO6paboTKa MOKa3bI-
BAET, 4TO TOJIY4YeHbl HOBBIE PE3yJIbTATHI B KAHAJE YIPYroro, KBa3uympyroro
paccesitusi, GOTOPOXKIEHUST T ME30HA.

[TpoBemeHb HEKOTOPBIE PAOOTHI MO YIIYUIIEHUIO TTAPAMETPOB MUIIEHN.

B nanpHeitem moe3Ho mpoBecTu 0ojee JeTaabHOe U3y YeHNe MEXAHIU3MA,
dopMupoBaHUs HANPABIEHHON CTPYW B UCTOYHHUKE, OCOOEHHO B MEPEXOIHON
00JIACTH MEXK/Iy COILIOM ¥ MEPBBIM CKUMMEPOM, YTO HEOOXOIUMO I OITH-
MAJIBHOTO BBIOOPA TEOMETPUYECKUX PAa3MEPOB MOCTeIHUX. TakKe, HEMAJO-
BAYKHBIM SIBJISIETCS U3YYEHNE BHYTPUITYIKOBOTO PACCESTHIS.

B zaksrouenun, Mbr xoTesin Ob1 BbIpa3uTh cBOIO Oiaromapuocts T. Wise 3a
00OCy K IeHre KOHCTPYKIINU IUCCOIMATOPA W 34 MPEIOCTABIEHHBIE YEPTEXKM.
Taxzxe mbt Oitarogapust F. Stock 3a mpomykTuBHOE 00CY K 1€HIE KOHCTPYKIUN
610xoB BY mepexomnos, R.J. Holt 3a mose3ubie quckyccnu u mpegocTaBIeHHOe
obopymosanue, JI.M. BapkoBy 3a mosie3nbie 1ucKyccuu U WHTEPeC K pabore.

Pabora Bermonuena npu nogaepxkke Poccuiickoro dponma hpyHmaMmenTaan-
HBIX uccaegoBanuii, rpanTbr Ne252 98-02-17949 u Ne252 98-02-17993, Tocy-
JAPCTBEHHON HAYYHO-TEXHUYIECKON mporpammbl Poccun:" @yHmameHTaIbHAS
sinepHast dbusnka", morosop Ne252 00-40/TK-®A®, MHTAC, rpant Ne252 96-
0424.
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