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B pa60Te U3y4vY€Ha BO3MOXKHOCTH HUCIIOJIB30BaHUA aTOMHOI'O YHUIla U I[H(bpaKHHOHHOﬁ pemeTknu C IeJIbro
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MOXKeT OBLITh HMCIIOJIL30BAHA, npu HOCTpOﬁKe KOMITaAKTHBIX aTOMHBIX HHTep(i)epOMeTpOB 1 OIITUYEeCKHUX CTaH-

AapTOB 9aCTOThI Ha YJAbBTPAaXOJIOJHBIX aTOMaX. ﬂJIH onpezaes/ieHnsl MMepBOHAYAJIbHBIX Tpe6OBaHI/II71 K YIIOMSAHY-
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1. BBegenmne. Yabrpaxosoabie aToMbl (YXA) ak-
TUBHO U3Y4YaIOTCs BO MHOTUX JIADOPATOPUAX MUPaA. DTO
CBA3aHO C UX IIOTEHIMAJLHBIMEA MPUMEHEHUSMU B 00-
JIACTH KBAHTOBBIX BbluucJenuii (1], kBanroBoil merpo-
goruu 2], dysgamentanbHoil dbusukn [3] u apyrux o6-
gactsx [4-6]. s qocTuzkeHMsl IPEIEbHBIX apaMeT-
POB TI0 9yBCTBUTEJIHHOCTH Y XA UCMOIB3YIOTCS B aTOM-
ubix unTepdepomerpax (AU). Ha ux 6ase yxe npo-
JIEMOHCTPUPOBAHBI TPaBUMETPHI [7], Tpaguomerpsl (8],
IEPOCKOIIB! [9] M OnTHYeCKHe CTAHIAPTHI YacTOTHI [4].
To9HOCTH M TyBCTBUTENIHHOCTH TAKUX TPAOOPOB JIEMOH-
CTpUpPYeET IOKA3aTe/d, KOTOPBIE IPEBOCXOJAT “KJIACCH-
veckne” anasornu [4, 10]. DTo M03BOJISET UCIOJIB30BATH
Takue TpuOOPbI HE TOJBKO /IS TPAKJIATHBIX 38189, HO 1
s psaga pyHIaAMEHTAIbHBIX IIPOOJIEM, HAIIPUMED, ISt
JIETeKTUPOBAHNUs IPABUTAIMOHHBIX BOJIH [11].

Kak mpasuito, s mocTpoeHnsi aTOMHBIX HHTEpde-
POMETPOB HUCIOJIB3yeTC aTOM PyOUIus, KOTOPBIA OT-
HOCHUTCS K MIEJOYHBIM MeTasuaM. JIaHHBIH momaxom oT-

DCm. JOTIOJTHUTEJIbHBINT MaTepuas K JaHHOU cTaTbe Ha caiiTe
HaIero XypHaJjia www.jetpletters.ac.ru
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JIMYAETCST OTHOCUTEJIBHON MPOCTOTON mostydeHus ¥ XA
U UX JAJIbHEAIIero ucrojib3oBanus. [Ipu ucrosb3oBa-
Hun YXA ¢ Ie/IbI0 [TOCTPOEHUsI ONTUYECKUX CTaHJIap-
toB gactorbl (OCH), KaK IPABUIIO, UCIIOJIL3YIOTCS aTO-
MBI JPYTHUX IPYIII IEPUOAMIecKoii cucreMbl. OCHOBHBI-
MH B 3TOI 00JACTU SIBJISIOTCA aTOMbl Sr u Yb. Mc-
[TOJIb30BAHNE JAHHBIX ATOMOB CBS3aHO C MX METPOJIO-
TUYIECKUMHU XaPAKTEPUCTUKAMU, TAKAMH KaK, HAJMIHAE
B OIITUYECKOM JIMAIa30He CIIEKTPA IIePEXOJI0B € Y3KUMU
CIIEKTPAJILHBIMY JINHASIMU (HA3BIBAEMbIE TAKXKE “4aco-
BbIMU) U UX HEIYyBCTBUTEIHHOCTH K TEILNIOBOMY H3JLy-
vennto. OIHAKO, UCIIOJIL30BAHUE TAKKX ATOMOB BJIEYET
3a €000l yC/IOXKHEHHEe SKCIIEPUMEHTAJIbHBIX KOMILJIEK-
coB. Ilo sToit mpwuuie, pa3BUTHE ATOMHBIX HHTEpdE-
POMETPOB C KCITOJIb30BAHMEM aTOMOB Sr U Yb 3arpyil-
HeHo. TonbpKko HegaBHO ObLIM paccmorpensl [12, 13],) a
B CJIyYae aTOMOB ST OBLIN IIPOBEIEHBI [IEPBBIE IKCIIEPH-
MeHTaJIbHbIe uccaenoBanus [14] mo co3ganuio aroMHbIX
UHTEPHEPOMETPOB.

ATOMBI 11I€JIOYHO3EMEJIBHBIX METAJIOB 00JIa1aI0T
PAIOM XapaKTEPUCTUK, JAETAMONNX UX HHTEPECHBIMU He
TOJIBKO J1y1st ucnosib3oBanust B OCY, HO u B aTOMHOI UH-
TepdepoMerpun. Bo-11epBbIX, UX HYJIEBOU YIJIOBOH MO-
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MEHT B OCHOBHOM COCTOSIHHH S JeIaeT 3TH aTOMBI Me-
HEEe YyBCTBUTEJIbHBIMU, [10 CDABHEHUIO C aTOMaMU IIe-
JIOYHBIX METAJIJIOB, K BO3MYIIEHUsIM, BI3BAHHBIM (DJIyK-
TyalussMi MATHUTHBIX ToJielt. Bo-BTOpbIX, HaIHYMe T1e-
PEXOI0B B yJAbTPAMUOJETOBOM WM OJU3KOM K HEMY
Juanasone crektpa (461 um mas Sr, 399 HM juist Yb)
[TO3BOJIUT YBEJUIUTDH NEPEIABAEMbIi ATOMY B aTOMHOM
nHTepdEPOMETPEe MMILYJIbC, 9TO HEOOXOAWMO s yBe-
JIMYEHUsI 1yBCTBUTEJLHOCTU. B-TpeTbux, HAJMIMe ‘da-
coBOro” mepexoa mo3soser co3garh AUl ¢ kpaiine Hu3-
KUM ypoBHEM (HDa30BbIX HIyMOB [15] /i Ipenu3noHHbIX
U3MEPEHUl rpaBUTAIUN.

Ocunosoii npu cospanun A1 u OCY na YXA sasis-
forcst MarauToontuieckue Jopymku (MOJI), B KOTOPBIX
ATOMBI OXJIAYKIAIOTCS IO TEMIIEPATyP B HECKOJIBLKO MKK.
g nocrpoenus OCY Takume aToMbl jiajiee UCIOJIb3Y-
IOTCsl B OTUYECKUX PEIIETKAX JJIsl IIPEIU3UOHHON CIIEK-
rpockonuu [16, 17]. Ilpu coznanuu AU, arombl, KoTO-
poie ocBoboxk atorcs u3 MOJI, B3anmoieficTBy 10T ¢ pas3-
JIMYHBIMUA UMILYJIbCAMHY JIA3€PHOI0 u3Jjry4denusi. [Ipu cBo-
OOJHOM IIaJIEHUM aTOMOB B I'DABUTAI[MOHHOM ITOTEHIIU-
aJjie, HAIPUMED, 10 KapTUHe UHTEPGMEPEHINN, BO3ZMOXK-
HO oIIpejie/ieHne yCKOPEeHUs CBOOOIHOrO majienus. To4-
HOCTb M3MEpEeHHuil OyIeT OIpelessiTbCsl CTAHIAPTHBIM
kBaHTOBLIM mpegesoM [18]. ITo sroit mpuunae MOJI
J0/kHa (POPMUPOBATH ATOMHBIN aHCAMOJIb ¢ OOJIBIINM
KOJIMYECTBOM aTOMOB IIPM MUHUMAJILHON TeMIIepaType.
[TomMuMO 5TOTO, € METBIO TOCTPOEHUST KOMIAKTHBIX TIPHU-
OOpOB, KOTOpPBIE MOT'YT OBITH Pa3MEIIeHBbI HA IOIBUMK-
HbIX 1iarTdopmax, rabapurbl MOJI 10/KHBI OBITE MU-
HUMAaJIbHBIMA [19].

MOJI cocrout u3 ABYX NPUHIUMIHATILHBIX 3JIEMEH-
toB (puc.1): (1) marauTHOE mosIe u (2) JasepHOE IO-
Jte. B j1a3epHOM TI0JI€ TIPOUCXOIUT OXJIAXK/IEHUE aTOMOB.
Kpome Toro, oxiazkiaeMble aTOMbI UCIIBITHIBAIOT Ha, Ce-
Oe neficTBUE CHUJIbI, KOTOpasl 3aBUCUT OT KOOPIUHATHI.
OTO IO3BOJISIET POU3BECTU KOHIIEHTPAIIUIO ATOMOB B
OIIpeJIeJIEHHO IIPOCTPAHCTBEHHON TouKe. /locTnyub 3T0-
IO BO3MOYKHO TIPU UCIIOJIb30BAHUY HEOJHOPOHOTO Mar-
HUTHOTO TOJIsI.

B kuaccuueckux rpexmepubix MOJI (puc. 1a, b) rpa-
JIMEHT MArHUTHOIO IIOJIsSI CO3JAETCsl JBYMsI KATYIIKAMUI
B anTu-LeMrosibiieBckoii Koudurypanuu (puc. la). Mu-
HYCOM TAKOT'0 MTOJIXOa, SIBJISTIOTCS OOJIbIITIE TabapUThI U
BBICOKOE IHEPronoTped/IeHre, YTO SIBJISIETCS CJIEJICTBU-
eM HeOoOXOIUMOCTHU CO3JaHUs I'PAJINEHTOB MATHUTHBIX
nosteit 10-50T'c/cM B 3aBHCHMOCTH OT ATOMOB, KOTO-
pble HeobxoauMmo oxaaxkaarh B MOJI. Jlazeproe oxia-
2KJIEHEe OPraHU30BAHO C UCIIOJIb30BAHUEM IIECTH JIyJeil
(puc. 1b), uro Tpebyer HaJUYUA B BAKyyMHOI Kamepe
[IECTH OKOH JIJTsI OCYIIECTBJIEHUS ONITHIECKOTO JOCTYTIA.
I[TomumMo 3TOrO, HEOOXOIMMO OCYIIECTBJISTH KOHTPOJIb
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Puc. 1. (LIsernoit onnaitn) (a) — Knaccuueckuii cioco6 co-
371aHUs KBAJPYTOJIBHOTO MarHuTHOrO moust jyis MOJI —
JIB€ MATHUTHBIE KATYIIKH B AHTHT€JIbMIOJIBIEBCKON KOH-
durypanuu. (b) — Coznanue KBapynoILHOIO MATHATHOTO
[I0JIsI TIPY TIOMOIIM ATOMHOTO Ynma. U-00pa3HbIil TPOBO, C
TOKOM B COBOKYITHOCTH C BHEIITHUM OJIHOPOJHBIM MArHUT-
HBIM TOJIeM (CO3/IABAEMBIM HEGOJIBITUMHU [eJIbMIOJIBIEB-
CKUMU KATYIIKAMH) CO3JA€T KBAJAPYIOJIbHOE MATHUTHOE
nose. (¢) — Kuaccnaecknit ciocob 3aBefieHUsT J1a3€PHOTO
nziydenusi B MOJI — mecTs y1azepubix jydeit. (d) — Yersr-
pexsyuaeBag MOJI, dopMupyemasi omHUM JIa3€PHBIM JIy-
9OM, KOTODBIH AudpParnpyer Ha OTpazkKaTeabHOl mudpak-
IIMOHHOM pelIeTKe

MHTEHCUBHOCTHU U TOJISIPU3AIIY KaXKJIOTO U3 JIydeil Jis
JIOCTUKEHUS ONTUMAJIBHBIX TAPAMETPOB 10 TEMIIEPATYy-
pe u xKosmaecTBy atomMoB B MOJI.
g mocrpoenus TpancnoprupyeMbix sepcuit OCY
n AN xkaxnapiii u3 agaementos MOJI moxker ObITH
ONITUMU3UPOBAH IO rabapuTaM C HCHOJb30BAHUEM
IUIAHAPHBIX TexHoJsorwit. Jlmsg mocrpoenuss Tpebye-
MOl KOH(MUIYpaluu MarHUTHBIX IOJIefi MOXKeT ObITh
uCrosb30BaH aToMmHblt unn (puc. 1c) [20]. B ocHose
UCIIOJIb30BAHUS ATOMHBIX YHITOB JIEYKUT BO3MOXKHOCTH
CO3/IaHUsI BBICOKMX I'PAJUEHTOB MATHUTHBIX IIOJIEI,
KOTOpBIE PEAJIM3YIOTCs BOJIU3M TOKOIIPOBOMISIINAX MUK-
porpoBofoB. Ilpm sTOM, HaHHBIA TOmXOM HEe Tpebyer
BBICOKOTO TOTpebsieHnst MomHoctn [21], [ro sBis-
ercsi MPEeUMYIIECTBOM IIPU CO3JAHUM KOMIIAKTHBIX
ycrpoiictB. B cBoio ouepenn, st dopMupoBaHUS
KOH(MUIYpAIUN JIA3ePHBIX TMOJIEl, HeoOXOIuMOH [1JIst
OXJIAXKJIEHUsI aTOMOB, MOI'YT OBITH HMCIIOJIb30BAHBI KO-
HyCHBIe OTparkaresu [22]|, HaKJIOHHBIE IPU3MBIL [23] nian
nudpakmuonnsle pemerku [24]. B nociennem ciaygae
UCIIONIB3YeTCsl IIaHApHasi TexHoJorus (puc.1d), [ro
JIaeT He TOJIbKO MeHbIIHe rabapuThl, HO U BO3MOXKHOCTH
COBMEIIEHNsT ¢ ATOMHBIM YHITOM JIJIS CO3/IaHUS €UHOMN
cucrembl popmuposanus MOJI. DT1o 6b10 MpOIEMOH-
cTpupoBaHo B pabore [25] Ha aromax pyOumus.
TTucema B 2KOTO
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B mannoit pabore BIepBbIe Ha OCHOBE KCIIEPUMEH-
TaJbHBIX JAHHBIX OYIEeT pacCMOTPEHA BO3MOXKHOCTH UC-
[I0JIb30BAHMUS JIM(MDPAKIIMOHHBIX PEIIETOK M ATOMHBIX K-
OB ¢ T1esibio popmupoBanust kKoMmakTaoit MOJI mis
aToMoB urtepbusi. Komnakraas MOJI mozsosiut co3na-
Barb TpaHcrnoprupyembie Al u OCY, peasuzoBas mpe-
AMYIIECTBa UTTEPOUsS — HAJWYNE CBEPXY3KOro ‘daco-
BOTO” Mmepexojia, HU3KYI0 9yBCTBUTEIHHOCTH K BO3MY-
IEHUSIM MarHUTHBIMU [TOJISIME, YBEJINIEHHBI UMITYJIbC,
nepejaBaeMblit aromam B AL

2. DKcepuMeHTaJIbHOE OIpe/esieHne Tpeody-
eMbIX IapaMeTpPOB MArHUTHOTO MOJIsi U mapa-
METPOB JIA3€PHOr0 W3JIy4eHWsl JJisi aTOMOB Yb
B MOJI. OxnaxnaeHue M JOKAJU3AIUIO aTOMOB HT-
Tepbusi MOYKHO IIPOBOJUTH B JBe crajuu [26]. Buaua-
JIe IIPOUCXOANT oxJjazkiaenue B “nepsuanoi” MOJI, o6-
Pa30BaHHOI TI'PaJMEHTOM MATHUTHOIO IOJIsI U Ja3ep-
HBIM W3JIy9YeHUEM Ha, JJInHE BOJHBI Ap = 399 HM, co-
oTsercTByIomeil mepexomy 'Sy —! P;. Jammeri mepe-
XOJI XapaKTEPU3yeTCsi OTHOCUTEIBHO OOJIBINON IIUPH-
Hoit (T'y/2m ~ 28MI'm), uTO ONpeJessieT IOIIEPOB-
ckuit mpement oxmaxkaenns Ip ~ 1vK. ag momxyde-
Husi OOJiee HU3KUX TEMIIEPATYP HEOOXOINMO HCIIOJIb30-
BATh MHTEPKOMOUHAIMOHHBIH 1epexos Sy—=>P; ¢ -
punoit suaun /27 ~ 182 k' Ha AyiuHE BOJIHBI Ag =
= 556 um i bopmupoBanus “Bropuanoit’” MOJI. To-
IJIEPOBCKUIT IIpejesi Jjis TAKOTO IIEPeX0jia COCTABJIs-
er 3Hadenne Tp =~ 1MKK. HeobxomumocTs paboThI ¢
JIBYXYACTOTHBIM JIA3€PHBIM M3JIy9€HUEM HAKJIAJbIBAET
JIOIIOJIHUTE IbHbIE TPEOOBaHUSI Ha ILJIAHAPHYIO Tu(dpaK-
[IMOHHYIO PelIeTKy M aToMHbIH uwnil. Ilomumo 3Toro,
qutst bopmuposanusg MOJI aromos Yb wucmosib3yiorest,
KaK MPABUJIO, BBICOKUE T'PAJMEHTHl MATHUTHBIX TOJIEH,
BILIOTH 70 50 I'c/cM. D10 HAKIIIBIBAET TPEOOBAHMS JIJIsT
ATOMHOIO YHIIA.

JLyist omIpe ieieHusI IIapaMeTPOB MArHUTHOTO U JIa3ep-
HBIX I0JIEll, KOTOpbIe HEOOXOIUMBI JIJTsl pACIeTa ATOMHO-
ro 9yuia ¥ IJIAHAPHOM Ju(PaKIMOHHON peleTKu, ObLIO
[IPOBEJIEHO IKCIIEPUMEHTAJIBHOE UCCJIeJIOBAHUE C TPEX-
meproit MOJI. KiodeBbiMu mapamerpamMu sIBJISIOTCS
rpaguent maraurHoro nods (I'MII), cymmaphas wus-
TEHCUBHOCTD Jia3epHbIix Jiydeir MOJI, a Tak:ke cooTHO-
[IIeHne MeXK]Iy WHTEHCUBHOCTIMHU KayKJIOT0 U3 ITHUX JIy-
weit. [lepBriil mapaMerp ABJISETCS KJIIOUYEBBIM IIPU Pa3-
paboTKe aTOMHOIO YHWIIa, OCTAJIbHBIE — IIPU Pa3paboT-
Ke ILUIaHAPHON I pakInoHHON pemerku. Kpurepusi-
MU HAXOXKJIEHUsI ONMTUMAJIbHBIX 3HAYEHUN JAHHBIX Ma-
PaMeTpOB SIBJISIFOTCST JIOCTUXKEHIME HAMOOJIBINErO KOJIU-
yecTBa aroMoB, 3axBadeHHbIX B MOJI, u HanMeHbIei
ux temreparypbl. MeToj pacuera KOJIMIECTBA ATOMOB
U UX TEeMIePaTypbl, OCHOBAHHBIN, B TOM YUCJIE HA BbI-
KJIaJaKax [27], a TakKe MOAPOGHOCTH IKCHEPUMEHTAJb-

IIucbma B 2KOTP Tom 119 Bpm.3-4 2024

HO# yCTAHOBKH IIPEJCTABJICHBI B JIOMOJHUTEILHBIX Ma-
TepUAJIAX.

OrmpeniesieHre ONTUMAJIBHBIX TAPAMETPOB MATHUT-
HOTO MOJIsT Tpou3BoAWiIoch B mepBudnoit MOJI s
m3oromoB 74Yb u '"'Yb. Ha pucymxe 2a mpeacras-
JIEHA 3aBUCHMOCTH KOJUYIECTBO ATOMOB OT BEJIHIMHDI
I'MII A. Bunmo, uro mis aromoB '4Yb I'MII mon-
JKEH COCTAaBJIATH 3HadeHue Gosbinee deM A =25Tc¢/cm,
u A =26Tc/cm s aromos 1Yb.
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Puc. 2. (LIsernoit onnaitn) (a) — 3aBUCUMOCTD KOJHIECTBA
aTOMOB, 3axXBadeHHBIX B HepBuuHyio MOJI, oT BeIuunHbI
I'MIT A g '™ YD (xpacubre kBagpaTn) u ' Yb (cunue
kpyru). I'padux ormopmuposam: s *7*Yb mopmuposka
coctapister 16 - 10%, a g 1" Yb — 3 - 10°. (b) — 3asucu-
MocTh Temieparypbl T o6iaka atomoB 71Yb u 174Yb or

peamunabl ['MIT A

Usmepenne temmeparypsl aromoB B MOJI, mposo-
JINJIOCH TIPU CyMMAPHON MHTEHCUBHOCTHU JIA3EPHBIX JIy-
veit mopsizika 2[5 (I; — MHTEHCMBHOCTD HACBIIIEHNUS, JJIsT
nepexojia 1So—1 P, cocrasiser snadenue 63 MBr/cm?).
Pesynbrarhl, mpejicTaBieHHble Ha puc. 2b MoKa3bIBAOT,
YTO IIPH OIMHAKOBLIX yCJIOBUAX aTOMbI 1 1Y ox/ax1a-
eTCsI 10 MEHbIIeH TeMIeparypsl, eM 4 Yb. Tak aroMbl
1Y ynanoch oxmamuth g0 Temieparypsl 12 + 3 MK
npu I'MIT A =27.4 Tc/cm. Arombr 1™Yb 6bum oxia-
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xkaennl 1o T = 22 + 5K npu A =35.1Tc/cem. U3 rpa-
duka (puc.2b) mias 1"4Yh BujHa TeH/IEHIMS K yMeHb-
[IEHUIO TEMIIEPATYPHI [IPU yBEJIUYEHUN I'PAJIMEHTa Mar-
HUTHOTO TOJisi. MeHbIasg TeMmMmepaTrypa, TOJIyIeHHas
st atoMoB 71Ybh, obyciioBiieHa cTPyKTYpOil MAarHHUT-
HBIX [I0/1y POBHE[l HEYETHBIX N30TOIOB [28] 1 XapakTepHa
JIJISI TAKUX CHCTEM.

Tpexmeprass MOJI, obpazoBaHHasi JBYMsI KaTyII-
KaMI C TOKAMH B aHTUTEJILMIOJIBIIEBCKON KOH(MUrypa-
myn, 00JIaIaeT BBIIEJIEHHON OChIO, HAIIPABJIEHHON IIO
OCH COeJMHSONIEN KaTyIIKA. B JaHHOM HAlpaBJIEHUN
TpaareHT MATHUTHOTO TIOJIST BBIIIE, 9€M B MEPIICHINKY-
JIIPHBIX HAIIpaBIeHuaAX. [lo 3To#fl mpuyamHe ONmTHMAaJIb-
Hasl UHTEHCUBHOCTD JIA3EPHOT'O U3JIy YEHUSsI, PACIIPOCTPA~
HATIOIIETOCs 10 IEHTPAJbHOM OCH, OYIeT OTINIATHCS
OT ONTHMAJILHON MHTEHCUBHOCTU W3JIyUIEHUs, PACIIPO-
CTPAaHSIIOIIEroCsi M0 JIBYM JpyruM ocsiM. Jljis ompeje-
JIEHUsI ONITHMAJIbHBIX [IAPAMETPOB UHTEHCUBHOCTH, 1103~
BOJIAIONINX JIOCTHYL HAHOOJBIIEr0 KOJUIECTBA JIOKA-
JIN30BAHHBIX aTOMOB IIPM MUHHUMAJBHON TeMmiepary-
pe, IIPOBOIUJIOCH HCCJIEIOBaHUE KAK CyMMApPHON WH-
rerncupHocTy 1IyukoB MOJI Ignm, Tak U cooTHoILIe-
HEUSI MKy WHTEHCUBHOCTSIMU IEHTPAJIHHOTO IMyUKa U
nByx 6okoBbIX. [locseqauit mapaMerp IKBUBAJIEHTEH OT-
HOIITEHWIO MOIITHOCTH KAKOTO-JTHOO M3 JBYX OOKOBBIX
ayueit MOJI Psjge X MOIIHOCTU LEHTPAILHOIO JIyda
Peenter: Pside/ Peenter- Kommuectso aromos 8 MOJI us-
MepsIJIOCh JjIsl 9TUX IapaMeTPOB W3 OIpPeIeJIeHHOIO
JIMAaIa30Ha.

Ha pucymnke 3a mpeacrasiena amarpaMMa 3aBUCH-
MOCTH KoOJImuecTBa aroMoB "'Yb B mepsuumoit MOJI
(Nat) B 3aBUCHMOCTH OT CyMMApHOI HMHTE€HCHMBHOCTHU
OXJIAKIAIONINX JIyUeil M0 OTHONIEHWIO K WHTEHCHBHO-
cru Hacbiennst (Isym/Is) U cooTHOIIEHUST MONTHOCTE!
OOKOBBIX JIy4ueil K MOIIHOCTH JIyda, PacIPOCTPaHSIIO-
IErocsl II0 OCH, COEIUHSIONIEl MarHUTHBIE KATYIIKA
(Pside/ Peenter)- VI3Mepenus: HPOBOJUIINCH IIPU 3HAUCHUN
I'MII pasubiMm 27.4'c/cM, onpesiesieHHOM paHee B Ka-
JecTBe OITUMAJIBHOTO. BUIHO, YTO MaKCHMAJIBHOE KO-
JITIECTBO aTOMOB, JJOCTUTHYTOE B 9KCIIEPUMEHTE, COCTa~
BiIo 3Haderne N, = 3 X 10 mpu cymMmapHoit mHTEH-
CUBHOCTHU B 00J1aCTH OXJIaxKaeHusd Iguym = 1.61,. IlenTp
00JTACTH ¢ MAKCHUMAJJIBLHBIM KOJUIECTBOM 3aXBATEHHBIX
ATOMOB COOTBETCTBYET OTHOIIEHUIO Piide/Peenter &2 1.5.
HenpepoiBHoit jtuHuMell 0003HaYeHa ONTUMAJbHAsT 00-
JIACTh MHTEHCUBHOCTEN M OTHOINEHWSI MOIIHOCTEH IMpu
koropoit dopmupyercas MOJI. Tlpu ysenmuuernnu I'MIIT
[IPOMCXOIUT yBeJMYeHrne JdaHHO# obsjactu. Ha pucys-
Ke 3a MyHKTUPOM IIPeJICTaBjIeHa 00JIaCTh ONTUMAJIBHBIX
napamerpos upu ysesaudenun I'MIT no 30.0 I'c/cm. Ipu
9TOM TIEHTP JAHHONW 00JIACTH CMEIAETCI K 3HATCHUSIM
oTHOIeHNsT MOITHOCTEN Pyide/ Peenter & 2, 9TO 00bsICHH-

N, (x10%)
3.04

2.87
2.71
2.55
2.38
2.22
2.06
1.89
1.73

1.01.52.02.53.03.54.04.55.0
side center

28.0
26.0
24.0
22.0
20.0
18.0

Z 16.0
14.0
12.0
10.0

8.0

(b)

1.0 14 18 22 26 3.0
Pside / P

center

Puc.3. (Isernoit onnaiin) (a) — 3aBUCHMOCTH KOJIMYe-
crBa aromos 'Yb B mepsmunoit MOJI (Nat) or cym-
MApHON MHTEHCUBHOCTHU OXJIAXKJAMOIIMX JIy4eidl 10 OTHO-
[IEHNIO K MHTeHCUBHOCTU HacblmeHusi ([sum/Is) m coor-
HOITIEHUsI MOIIHOCTEH GOKOBOrO JIy4a K IEHTPAJIbHOMY
(Pside/ Peenter ). HenpepbiBHOlt sinHuel o603HavMeHa ONTH-
masipHast obsacte. 'MII cocrasnsier 27.4 I'c/cm. Ilynkrn-
POM IIPOJIEMOHCTPUPOBAHO, HACKOJIBKO YBEJIUIUBAETCS OII-
TuMasbHas obsacTs npu ysenundernun I'MIT o 30.0 I'e/cm.
(b) — BaBECHMOCTB TeMITepaTyphI 06TaKa aToMOB * +Yb oT
COOTHOIIIEHUsI MOIITHOCTEH BOKOBOIO Jiyda K IeHTPAJIBHO-
My 1pu OTHOMIEHUA [sum/Is &= 1.4

MO Pa3HUIIEH B TPAINEHTAX MATHUTHBIX MOJIEH B TAHHBIX
HAIIPABJIEHUSX.

Jlist ompeiesieHnsT TEMIIEPATyPbl ATOMHOTO AHCAM-
O ObLIM IIPOBEIEHLI €€ U3MEPEHHs IPU (PUKCHPO-
BaHHOII CyMMAapHOII MHTEHCHUBHOCTHU JIA3€PHBIX JIydell
Iyum = 1.4I; u TMII paBubim 27.4Tc¢/cm. Ilpu Ta-
KUX IIapaMeTpax H3MeHSJIOCh OTHOIIEHUE MOITHOCTEl
Piide/ Peenter 1 TIPOBOINIIOCH M3MEDPEHHE TEMIEPATYPHI.
Pesynbrarer npeacrasienst Ha puc. 3b. Bunmo, aro mu-
HUMaJIbHas TeMIIepaTypa JIOCTUTAETCs [IPU OTHOIIEHUN
Pade/Peenter = 1. DT0 06yCJIOBIEHO PABEHCTBOM CHJI
BSI3KOTO TPEHHs, & CJIeI0BATENBbHO, n K03(hduimeHTon
muddy3un UMITyJIbCa IO BCEM OCSM, IO KOTOPBIM IIPO-
U3BOIUTCS OXJIAXKIEHUE aTOMOB.
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Bunmo, uro peasmzamms aromuOro ancambis C
MeHbIIIel TeMITEPATy POl TpebyeT paBEHCTBA CHJI TPEHUSI
CO CTOPOHBI JiazepHOro usydenusi. C Ipyroil CrOpoHbI,
JUTS TOCTUKEHUS OIMTHUMAJILHOTO KOJIMYIECTBA ATOMOB B
MOJI neobxoaum Gatanc Cuil, 00ECIIEINBAIONIIX JTOKA-
smsaruio aromoB B MOJIL. Jljist T0r0, IIpU paBeHCTBE
WHTEHCUBHOCTE JIa3€PHBIX JIydeil, HeobXoauMo obecrie-
qnth u3orpornnocts I'MII. K coxanenuro, sroro mo-
cruab B Tpexmeproit MOJI ¢ aHTUreIbMIoJIbIIEBCKUMHU
KATYIIKAMH HEBO3MOXKHO.

Wcxons 3 mpoBeeHHBIX M3MEPEHNUid, I T paK-
[IMOHHOMN PEIIEeTKN ¥ aTOMHOI'O YUIIa MOTYT OBITH cPOp-
MYJIMPOBaHbBI CJIEYOIIe TPeOOBAHUSI:

— aTOMHBII YHUI JIOJ2KEH OOECIIeYNTh W30TPOITHBIN
CPAJMEHT MATHATHOTO IIOJIsi CO 3HAYEHWEM HE MeHee
27.4Tc/cm i VYD w 40-50 Te /em aost 174 Yb 1o nipe-
BapUTEJIbHON OICHKE;

— MHTEHCUBHOCTBD ITAJAIONIET0 U OTPAYKEHHBIX OT JIH-
b PaKIMOHHON pereTK JIydeil JOJKHBI ObITh OJUHAKO-
BBI [T JIOCTUXKEHNS MUHUMAJIBHON TEMIIEPATYPHI aTO-
moB B MOJI.

3. Aromubrii ynn agass MOJI aromoB urTep-
Ous. V13 sKkcrieprMeHTAIbHBIX JIAHHBIX CJIEJIYET, 9TO OCO-
6ennocThio “nepsuanoit’” MOJI aBisgercs OTHOCUTEIHHO
6osbmoit I'MIT A > 30 'c/cM. D10 XapakTepHO Jijisi aTO-
MoB urTepbust [29]. dst coznanus rakoro I'MIT ucrosrs-
3yI0TCsl TOKH, IPUTEKAIOIINE YePe3 aHTUTeJIbMIOJIbIIEB-
ckue marauTHble Karymku I ~ 50 A. HanHoe obcTos-
TEJIbCTBO OI'PAHUYIUBAET CO3/[AaHNE KOMITAKTHBIX U SHEP-
ro3ddEeKTUBHBIX YCTAHOBOK, ITOCKOJIBKY CO3/IaHUE Ta-
KHAX TOKOB B MATHATHBIX KATYIKAX TPEOYeT MOIHBIX
HUCTOYHUKOB ITUTAHUS.

Tpebyemoe KBaPYIOIbHOE MATHIUTHOE I10JI€ MOYKET
OBLITH CO3JAHO TIPHU TOMOIIN aTOMHOrO unma. lIpocreit-
meil MOJIeJIbI0 aTOMHOI'O YHIIa SBJISIETCS OECKOHEYHO
JUIMHHBIA TOHKWII IIPOBOJ[ C TOKOM B CYIIEPIIO3UIMH C
BHEITHAM OJTHOPOIHBIM MATHUTHBIM 10JIeM. B Takoit Mo-
JleJId KOOPJIMHATA TOYKY JIOKAJIM3AIUI aTOMOB (TOYKa,
B KOTOpOil pOpMUpPYETCs] MUHUMYM MATHUTHOTO TIOJIsI)
Zp W TPAJUEHT MArHUTHOTO IOJIA B HEH OIPENe/IAr0TCs
CJIEIYIONUME BhIpazkeHusiMH [20)]:

po I
20 = 57 s (1)
2m Bbias
—27‘(‘ BQ~ Bb' S
B/ 20) = bias _ _ 1%’ )
{(z0) = — - 2)

rIe ftp — MarseToH Bopa, I — cuja TOKa, IPOTEKAIO-
IIEr0 Uepe3 MEKPOIPOBOJ, Bpias — BEIHUHHA BHEIIHE-
r0 OJIHOPOJHOTO IOJisl. B Takoil Moje/n rpaJiieHT Io-
ag Bl(zp) = 50T¢c/cM upu pasyMHOM pacCTOSHUH JIO
quia zg = 2.5MM (3aBeJOMO GOJIbIIE Payca aTOM-
HOrO 06J1aKa) MOXKET OBbITh JOCTUIHYT IIPU BEJIMIMHAX
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Buias = 12.5Tc uw I = 15A. Co3ganne TAKOro 3JeK-
TPUYECKOTO TOKA, IIPOTEKAMIIEr0 Yepe3 MHKPOIIPOBOLL
aTOMHOI0 YUIla, He TPeOYET MOIIHBIX UCTOYHUKOB ITUTa~
HUsl. DTO CBSA3aHO C TeM (PAKTOM, ITO COIIPOTUBJICHUE
MUKpPOIpoBoja Maso (nopsjaka R =~ 1 Om) mo cpashe-
HUIO C COIPOTUBJIEHHEM MArHUTHBIX KATYIIEK TPEXMEP-
ot MOJI. Croutr ormMeTuTh, 9T0 71t (hOPMUPOBAHUS
BHEITHEr0 MArHUTHOTO IT0JI HEOOXOIUMO UCIIOJIb30BATD
KaTYIIKA C TOKOM (B I'eJbMOrOJIBIEBCKON KOHMbUrypa-
). OJHAKO TaKue KATYIIKHU sIBJISIFOTCS GOjiee KOM-
MAKTHBIMA U HOTPEOJISIIOT MEHbBIE SHEPIUU B CPABHE-
HUU C aHTUTEJIbMOJIBIIEBCKUMY KaTyIIKaMU [IPU CO3/1a-
Hun Kjaaccudeckoit MOJL.

st (bopMupoBaHUsI TPEXMEPHOI'O KBaJPYIIOJbHO-
'O MATHATHOTO TOJI BOJIM3W ATOMHOIO 9HITa HEOOXOH-
MO HuCnosb30BaTh U-06pasubiit Mukporposo, [20]. Ox-
HAKO OTKJIOHEHME PeasIbHOI'O pacIpeiesieHns] MarHUuT-
HOT'O IIOJIsI OT KBaJIPYIIOJIBHOIO BCE K€ OIPAHUYUBAET
obactb 3ddexkTuBHOl JoKamu3anun aromos [30]. Ya-
CTUYHOI KOMITEHCAIIUA OTKJIOHEHHMS MOXKHO JOOUTHCS
IIyTEeM HCIIOJIb30BaHUS ITUPOKOro U-o0pa3sHOro MUKPO-
upoBoza [20, 30] U JOIOJHUTESHLHOIO BEPTUKAJILHOIO
MarauTHOTO 1oJjisg. VICmosib30BaHue IMMPOKOTO MUKPO-
[IPOBO/IA TIO3BOJISIET TAKXKe CHU3UTH TEILIOBYIO HAIDY3-
Ky Ha aTOMHBIH YUI 3& CYET YMEHBIIEHUS OMUIECKOIO
COTIPOTHUBJICHUS.

Ha pucynke 4 npencrasiiena mnpejjiaraemMasi MOJEIb
aromuoro unna. st dopmuposanus MOJI B6m3n
aTOMHOI'O YUIIa UCIIOJIb3YETCsI TEOMETPUSI JIA3EPHBIX JIy-
qell Ipu KOTOPOH JTa3epHOe U3JIyIYeHHEe OTPAKaeTCs IO/,
yrioMm 45° OT MOBEPXHOCTH, TAK HA3BIBAEMAS 3€PKAJIb-
uHass MOJI [31]. ITo sT0if puuYMHe aATOMHBIA YHI TIOJI-
HOCTBIO TIOKPBIBAETCH cjoeM Mertasuia. lIpemraraemas
KOHCTPYKIWS aTOMHOIO YUIA COCTOUT U3 JBYX IMHAPO-
kux U-06pasHbIX MHUKDPOIPOBOJOB (IPAHUIBI KOTOPBIX
HOMEYEHBbI KPACHBIM Ha puC. 4) TosmuHol 10 MKM, ofuH
U3 KOTODPBIX SIBJISETCs 3alMacHBbIM. J[aHHBIE MUKPOIIPO-
BoJia (POPMUPYIOTCsI 3a CUeT 3a30poB mupuHoit 100 MKM
B MertajuimdeckoM ciioe. JInauna U-oOpas3HOi JOPOKKU
IIpU aHaJM3e BapbUpOBajach B Ipeaenax H—11 MM s
CO3/IaHUS ONTUMAJIHHOTO IPAJMEHTa MATHUTHOTO IIOJIsT
BII0JIb ocu Y . BBLIO ompejiesieHo, 9To ONTHMAJIbHON sIB-
sstercst aqnuHa, paaas 6 M. [Ipu sTtom I'MII Bnoss ocu
Y cocrasiser snadenne 40 ['c/cM. AHan3 mokasbiBaer,
YTO IIMPHWHA IIPOBOJA JIOJIXKHA ObITH IIPUMEPHO PaBHA
paccrosiauio ot 1enTpa dopmupyemoit MOJI 1o aTom-
Horo ummna. JlaHHOe pACCTOSHEE MOJIKHO COCTABJISTDH
KaK MHHUMYM 2o = 2.5 MM (3aBeJOMO GOJIbIe pajmyca
ATOMHOI'O 00JIaKa ), TAK 9TO B PACUETaX UCIIOJIb30BAJIACH
IMIPUHA MUKPOIIPOBO/IA ATOMHOTO 4unIia, 3 MM. Biimxke Kk
KPao YUIa MUKPOIIPOBOA YIIUPHAIOTCH. JTO HEOOXOH-
MO IO JIBYM IpUYuHaM: 1) yMeHbIIeHHe TeILIOBbIIeIe-



278 A.I1. Bsuprx, I1. U. Ckakynenko, M. B. Illummosa u jap.

Puc.4. (Llpernoit ounmaitn) PaccmarpuBaemas Mozesb
aToOMHOro u4mna. KpacHbIMU JIMHUSIMU BbIJEJIEHBI 'DaHH-
I[bI MEKPOIIPOBOJOB. IIBeTOBasI KapTa IIOKa3BIBAET PACIIPe-
JleJIeHNe TeMIepaTypbl IPH IPOTEKAHUU UYepe3 OJUH U3
IpOBOJOB (JI€BBIA) HOCTOSIHHOrO ToKa 15 A. Pasmep unm-
ma 25 X 25 MmM. Bes moBepxHOCTB yuma, 3a UCKIIOYEHUEM
ToHkux (100 MKM B IIMpUHY) KAHABOK (DPACIIOJIOXKEHHBIX
BZIOJIb KPACHBIX JINHUI), IOKPBITA METAJIJIOM, TaK 9ITO MO~
BEPXHOCTD YUIIa BBLICTYNIAET B POJIX 3epKaJla JJIsl JIa3€PHBIX
syueit npu popmupoBanuu 3eprasbHoin MOJT

HUS 32 CUeT YMEHbBIIEeHUs OMUYECKOI'O COIIPOTUBJIEHUS
u 2) myig hopMUPOBaHUS KOHTAKTHBIX ILIOIIAJOK.

Ha pucynke 5 mpejicraBiieHO pacipejesieHne Mar-
HUTHOTO TI0JIs1 BOJIN3U IIPEJIAraeMOro aTOMHOI'O JYHIIA, C
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Puc.5. (LlperHoii onuaiin) Pacnpejesienne MarHuTHO-
ro mojisi BOJIM3M aTOMHOI'O HYHIIA, HPEICTABIEHHOIO HAa
puc.3, B IUIOCKOCTH, IEPIEHIUKYJISIPHONW NEHTPAJIHHBIM
JacTsM TpoBoAoB. TOK, HpOIyCKaeMblil 4Yepe3 MPOBOJI,
I = 15 A. Buemnee ogHOPOAHOE MATHUTHOE TIOJIE Bhias =
= (12.6; 0;6.3) I'c. OnO 6BLI0 TOJOGPAHO C TEIBIO OIITUMU-
3alUK PACHPEE/IeHAs] CyMMapPHOr0 MATHUTHOTO ITOJIST

yUeTOM ONTHMHU3AIUY BHEIIHErO OZHOPOIHOIO MAIHUT-
Horo nosist. I'MII cocrasmsier 60 I'c/cm B HanpasieHnn
JIa3epHBIX JIydeil, OTParKaloNIUXCsI OT IOBEPXHOCTH Y-
ma, 1 40Tc/cm Baoss mpoBoga (Bmoss ocu Y). Takue
3HAYEHNSI TPAJUEHTOB MAIHUTHOIO IOJISI JOCTATOYTHDI
quta peanusanun MOJI aromoB urrepbust (cM. puc. 2a).

[IpeacraBiieHHble pE3yIbTATHl PACUETA PACIPEIETICHUS
MArHUTHOTO IIOJIS [TOJIYIeHBI [IPU CJIE Y IOIINX TapaMeT-
pax: Cujia JIEKTPUIECKOI'0 TOKa, IPOTEKAIOIIEr0 Yepes
MUKpPOIpoBo, pasHa I = 15 A; BHelHee OJHOPOIHOE
MarauTHoe 1noJie Bhi.s = (12.6;0;6.3) Ic.

[Ipomyckanme 3JeKTPUIECKOTO TOKA Yepe3 MUKPO-
[IPOBOJ, ATOMHOTI'O YHITA [PUBOJIUT K €r0 HArpeBy. DTO
OJTHA M3 CYIIECTBEHHBIX ITPODJIEM UCIIOIH30BAHMST ATOM-
HBIX YUIOB. BO-TIepBBIX, HEIOCTATOYHBIN OTBOJI TEILIa
[IPUBOJIUT K IIEPErPEBY U Pa3PyIIEHUIO MUKPOIIPOBOJIA.
Bo-BTOpBIX, JaKe B yCIOBUIX, KOTJIa TEMIEPATyPa MUK~
POIIPOBO/IA HUYKE TEMIIEPATYPHI [JIABJIEHUS U HE TTPOUC-
XOJIUT €ro pa3pyIleHus, JOMOJHATEIbHBI HATPEB MO-
JKeT BBI3BIBATDH JIOKAJBHOE YXY/IIIEHHE BaKyyMa BOJIH-
31 aTOMHOIO YHMAa. DTO OOCTOATEHCTBO MPUBEIET K
yMeHbIIeHno Bpemenn kKu3nu aromoB B MOJI u, kak
CJIEJICTBHE, K YMEHBIICHUIO OOIIEro KOJUYIeCTBA JIOKA-
Jm30BaHHBIX aToMOB. [locieaHee 0OCTOATEIHCTBO CKa-
JKETCsl Ha, CTAOUILHOCTH ATOMHBIX 9aCOB.

Ha pucynke 4 npuBesieH pe3yabTaT MOJICTUPOBAHUSL
TEMIIEPATYPHOTO PACIIPE/IEICHUS IPU IIPOILYCKAHIH Ye-
pe3 OJIMH U3 MUKPOIIPOBOIOB ToKa Bejmannoii 15 A. ITa-
paMerpsbl pacdera ObLIN aHAJOTUIHBI UCITOJIH30BAHHBIM
panee B pabore [32]. I3 pucyHka 4 BUIHO, 9TO MAKCH-
MaJIbHOE 3HAYEHHE TEMIEPATyPhl COCTABJISET 3HAUCHUE
mopsika 50 °C. DTo 3HAUYEHME HE SIBJISIETCS] KPUTHIE-
CKUM C TOYKHU 3peHUs (QYyHKIMOHUPOBAHUS ATOMHOTO
quna. [loMumMo 3TOrO, MOJIyUeHHOE 3HAYEHUE TEeMIlepa-
Typbl 3HadnTeabH0 HIKe 100 °C, mo3TOMy MBI HE OXKU-
JlaeM CyIIEeCTBEHHOI'O M3MEHEHUsI JIABJIEHUS OCTATOTHBIX
ra3oB BOJim3u aromHoro guia. 3uadenue 100 °C BoiOpa-
HO B Ka4eCTBE TPAHUIIBI JOIYCTUMOTO PEXKUMa PabOThHI
YUMA [0 CJIeIYIONUM TpUIrHAM. Bo-TIepBhIX, pu mpe-
BBIIIIEHUN JIAHHOM TEMIIEpaTypPhl C MOBEPXHOCTU TEJI, B
JIAHHOM CJIy4dae € [MOBEPXHOCTU aTOMHOTO YHUIA, HAUH-
HAeTCsl aKTUBHOE UCIAPEHNE BOJSHBIX MAPOB U MPOYUX
npuMeceil. ITO yXyAIIaeT JOKAJbHBIN BakyyM BOJIMA3U
ATOMHOIO YWIIA W, KAK CJIEJICTBHUE, YMEHbBIIAET BpeMs
xuzau aromoB B MOJI. Bo-Bropsix, mpu Temmeparty-
pe Boie 100 °C cuiibHO HAYMHAET CKA3BIBATHCS 3aBUCH-
MOCTH COIPOTHUBJIEHUSI OT TEMIIEPATYPbI. DTO IPUBOJAT
K TOMY (BaxTy, 9TO TEMIIEPATYPA TOBEPXHOCTH HAINHA~
eT HeJIMHEHHBIM 00pa30M 3aBHCETHh OT BEJIMIUHBI IIPO-
Tekarorero Toka. I1o Toit npuunne Majoe yBeaudenne
CUJIbI TOKa MOYKET MPUBECTH K PE3KOMY BO3PACTAHUIO
TEMIIEPATYPBI U TIOBPEXKJIEHUIO MUKPOITPOBOIOB.

IIpemtaraemast CTpyKTypa (CJIOM) aTOMHOTO YHIIA,
KOTOPBII MOXKET ObITH CO3/IaH C UCIIOIH30BAHIEM IIOIXO-
Jla, PACCMOTPEHHOI'0 B [32], onncana B IOMOIHUTEIbHBIX
MaTepuajax.

3arpy3ky TaKOro aTOMHOIO Ydia HeoOXOIUMO OCy-
IIECTBJISATH CTAHIAPTHBIM METOJOM U3 ATOMHOTO ITy KA.
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[Tpu sTOM, Jj1s1 IOBBINIEHUST TUIOTHOCTU TIOTOKA ATOMOB
MOKeT OBITh UCIIOJIB30BaH MOJX0T, (POKYCHUPOBKHU aTOM-
HOrO IyYKa B 00JIACTH OXJIAXKJIEHUS BOJIM3U aTOMHOTO
qma 33, 34].

4. IundpaknuoHHas penrerka ajsa (popMUpo-
BaHUs ja3epHbIX jgydeit MOJI atomoB uttepobusi.
st co3maHusi ONTUYIECKON CHCTEMBI, KOTOPasi MOXKET
ObITh HCIOJB30BaHA IS ITOCTPOEHUs] KOMIIAKTHOM
MOJI, MOXHO WHCIOJH30BATH ILIAHAPHBIE JTU(PaK-
nuonnbie pemterku [24]. B ochose manHoro mogxoza
JeKUT  (HOPMHUPOBAHKE  OXJIAKIAIONIEIO  JIA3€PHOTO
[MoJist, JIEHCTBYIOMIEr0 IO BCEM IPOCTPAHCTBEHHBIM
HAIpaBJICHUAM, 3a cdeT AudPaKIUh OJHOTO JIa3ep-
HOTO JydYa Ha IUlaHapHO# crpykType (puc.ld). Dro
mo3BoJIsteT co3maBarh KommakTabie MOJIL, mist paboTs
KOTOPBIX HEOOXOINM TOJIBKO OJIMH JIA3EPHBIH JIyd, a He
IeCTh KaK B “KJIACCUYECKOM~ TPEXMEPHOM BapHAHTE.
Bo3moxkHBI  pa3/mydHble KOH(MUIYPAIUU  [LJIAHAPHBIX
CTPYKTYp, KOTOpble OPMHUDPYIOT TpedyemMyro Jist
oxJaxKJeHns KoHduUrypamnuio Jjaseproro moss [35]. B
Cydae OXJIAXKJEHHs aTOMOB HTTEpOHs pPACCMOTDPEHBI
perierku Kak Jijist (hOPMUPOBAHUS TOJHKO MEPBUIHOMN
MOJI [36], Tak u pemierku MO3BOJIstIONHE CHOPMU-
pOBaTh OXJIAXKJAIOIee II0Je Ha JBYX JJIMHAX BOJIH
onuospemenno|37]. Ilnamapuble pemerku s ABYX
JUTHH BOJIH OBLITH 9KCIIEPUMEHTAIHLHO MTPOJIEMOHCTPUPO-
BaHbI JuIs aroMoB St [38]. Mer paceMorpenu 3anady, B
KOTOPO#l 00JIACTh OXJIAXKJEHHsI, (DOPMUDYETCS 3a CUeT
MEPEKPBITUST TPeX B3aUMOIEPIEHIUKYIAPHBIX JIydeil
kak st “nepsuanoit’ MOJI, rak u jyist “BropuaHOn”.

JlazepHuble my4ku, HEOOXOaUMBbIE it (DOPMUPOBaA-
Hust onrudeckoro moJsist B MOJI, mosmxubl dopmupo-
BaTh KaK MOXKHO OOJIbINNIl 00bEM IEepEeKpLITHA B 00-
JlacTH 3axBaTa aroMoB [39] mpy paBeHCTBe MOIIHOCTH
U COXpAHEHUM KPYTOBOH mHoJisipu3anuu B mydkax. 1lpu
9TOM HAJI0 YUECTb, 4TO JU(PAKIIMOHHBIE PEIIeTKNA 06-
JIAJAIOT JIUCIIEPCUed, W OJHA U Ta Ke JAudpPaKIMOH-
Has peIeTKa He IO3BOJUT CHOPMHUPOBATH OJMHAKO-
BOE pacIpejiesieHre MOl JJIsl PA3HBbIX JIJINH BOJIH, OT-
HOCSIMECS K JIByM CTaJUsIM OXJIAXKJIEHUS aTOMOB B
MOJI. PaccmoTpuM Tpu pasMaHbIX KOH(MDUTYPAIUH,
nokasannble Ha puc. 6. s ymobcrBa KOHCTPYyHPOBaA-
HUsl OyJeM TPOBOJUTH PacdeT MapaMeTpoB ILIAHAD-
HOI nuPAKIMOHHON DEIeTKH I yrjia AudpaKiud
(pffif = 45°. Torma mepmos JOJI2KEH COCTaBJIATH 3HA-
qenne dp = 564 HM I MBJIyUEHHUs HA JJINHE BOJI-
Hel A\p = 399uM u dg = 786uM npu A\g = 556 HM.
[Ipu mudpakiuym u3IydeHus] C JJIUHON BOJHBI Ap =
= 399 HM Ha pemieTke ¢ epuogoM dg = 786 HM, yroJ
mudpaxiun cocrasut ' ~ 30.5°, uTO TaKKe ABIACT-
€T IPUEMJIEMBIM € TOYKY 3PEHUsT GAJAHCA CUJT CBETOBOTO
nasienust [37].
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(@)

' Elevations Base

N e === Area of the optical field
T for capturing atoms

Meal—= 1 | ¥4
Silicon or quartz

mmm Area of overlapping
beams with A, =399 nm

Area of overlapping
beams with &, =556 nm

Puc. 6. (IlperHoii onutaitn) CxeMbl IUIaHAPHBIX AU(PaKIy-
OHHBIX PEIIETOK JJIs (GOPMUPOBAHUS ONTUIECKOTO TIOJIsl B
MOJI: (a), (b) — Tun 1, KaxKABIA CEKTOP 3alOIHEH [IH-
bPaKINOHHBIMA PENIETKAMY ¢ OPUEHTAINEH IITTPUXOB TIO/T
yrurom 30°, 90° u 150° COOTBETCTBEHHO B MOJISIPHOI CHCTE-
Me KoopamHar; (¢), (d) — tum 2, ¢ KBaJpaTHON yIaKOBKON
KBaJPATHBIX 3s1eMeHToB; (e), (f) — Tun 3, ¢ TpeyronbHOH
YIIAKOBKOH KPYIJIBIX 9J1eMEHTOB; (g) — npodmib penbeda
IPU U3TOTOBJIEHHS: h — BBICOTA IOBEPXHOCTHOTO pesbeda,
@ — TOJIAHA METAJJIU3UPOBAHHOTO CJIOS, [3 — IOy CTAMAst
KJIMHOBUIHOCTH MTPOhUIIs

B rtabmune 1 mpepcraBieHbl reOMETPUIECKUE TTapa-
MEeTPBI PACCMOTPEHHBIX PEIeTOK. Boicora mpoduis pe-
abeda h onpemessiach MO PE3yJIbTaTaM PEINeHUsT 3a-
maan audpaKud Ha IIepuojudeckoit crpykrype. Tak
KaK TpeOyeTcs COXPAHUTH KPYTOBYIO IMOJISPHU3AIUI0 B
JudparupoBaAHHBIX TOPSJIKAX, HEOOXOIUMO MUHUMU3H-
poBaTh pazHuIly AudPaKIHOHHON 3P DEKTUBHOCTH JIJIsT

9*
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JIBYX B3aUMOIIEPIEHIUKYJISIPHBIX COCTOSTHUN TIOJISIPH-
samun TE (Tra-nsverse Electric) u TM (Transverse
Magnetic), mpu KOTOPBIX BEKTOD JIEKTPUIECKOTO MOJIs
KOJIeOJIeTCA B HAIIPABJIEHUH IITPUXOB AUMPAKIIMOHHON
PEIeTKY U MEePIEHIUKYIISIPHO, COOTBETCTBEHHO.

Tabuuna 1. leomerpuyeckne mapamerpbl JudPAKIMOHHBIX pe-
LIETOK

Tun dg, dy, Yo Yy Merajt h, a,
) dg dy
HM HM ! HM HM
- 786 - 0.5 Al 116 100
2 786 786 0.5 0.5 Ag 113 130
1361 786 0.5 0.3 Ag 97 110

Baxkupivm mapamerpom sBiisieTcs 00beM ePEeKPhITHS
JudparupoBaHHbIX MOpsiakoB. OH Oyuer OnpeiessiTh
00s1acThb 3¢hDEKTUBHOTO OXJIaXKI€HNS aTOMOB. Paccmor-
puM udpPaKIUOHHYIO peIneTKy ¢ pabodeil 00JACTHIO
auameTrpoM 25 MM. B paccmarpuBaemoii reomeTpun Ju-
dparnuy HeOOXOIMMO AHATIM3UPOBATH 3ABUCUMOCTD U~
dpaxmmorHOM IPPEKTUBHOCTH +1-TO MAKCHUMyMa, IH-
dpakiuu oT BeICOTHI Ipoduiis pesbeda. Judpakius B
oCTaJIbHble MaKCHMYMbI SIBJISIETCS [IAPA3UTHOM, HO Tak
KaK B CIy9ae CUMMETPUIHOIO OMHAPHOTO MPOUIA pe-
sabeda ee HEBO3MOYKHO MUHUMU3UPOBATD, PACCMOTPEHA
judpaknuonHasi 3PeKTUBHOCTL B +1-X MakcuMyMax.
Ha pucynke 7 mokasaHbl pe3yJsibTaThbl PEIIEHUs 3aJ1a-
qu onupeesieHns 3OGEKTUBHOCTH UMD PAKINN JJIs TPEX
THUIIOB PacCMaTPUBAEMbIX pereTok. st amammsa uc-
HOJIB30BAJICS METOJL CBA3aHHBIX BOJH [40].

3aBUCHMOCTH JTU(PPAKITUOHHON (PPEKTUBHOCTU OT
dakTOopa 3am0IHEeHNs He UCCIeI0BagIach. JIst KaxKio0ro
U3 CJIyYaeB PACCMOTPEHBI TPU THUIIA METAJIIM3AIUN M-
GbPaKIIMOHHBIX PEIIETOK: aJIOMUHNIN, cepedPO U 30JI0TO.
BepTukaJibHbIMU JIMHUSIMY [IOKA3aHBI BBICOTHI IIPOQUIIsT
pesbeda, KOTOPBIE YAOBIETBOPAIOT YCIOBUSIM HANMEHD-
meil pasHoCTH AUMPAKIMOHHON 3DMOEKTUBHOCTH J1JTst
TE- u TM-nongapusanuu. Boibop KOHKPETHOH BBICOTHI
JUIsI TIOCJIE/TYIOIET0 U3TOTOBJICHHS IPOBOJIUIICS B [IOJIb-
3y HAWMEHbIIEH N3 BO3MOYXKHBIX BBICOT pesrbeda s 1mMo-
BBIIIEHUs] TOYHOCTHU [IPU U3TOTOBJIEHUH.

B caygae tpexcekropnoil mudpakimonHoi permrer-
KU 11epBOro Tuna (puc. 7a) ONTUMAJILHBIM MATEPUATIOM
MeTaJIIn3alluN siBJIsieTcst ajifoMuanii. OnruMalibHast -
dpaknmonnast 3pPEKTUBHOCTL COCTABJISIET 3HAUCHUS:
ntM = 32.7%, nIF = 452% nna A\p = 399um u
nIM = 47.0%, nI¥ = 32.7% ana A¢ = 556HM.
JlanHble 3HAYEHUS] PEAMIYIOTCS IPHU BBICOTE MPOMUIIs
mrpuxa, paBaoM h; = 116 aM. O6bem objactu mepe-
KPbITHS JIA3EPHBIX JIy4eil (moMeden Ha puc. 5b duosero-
BBIM) cocTab/ser 3Havenue ~ 511 v, U3 pucynka 6a

0.5 i ' .
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3
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é 0.3 i TE ni, ()

) ; L ;
g T , ;
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[}
5
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Puc.7. (Lpernoit ommaitn) I'padukn saBucumoctn ju-
dpaxkimonnoit addexkrTrBHOCTH B £1-X MakcuMyMmax Iiu-
dpakiyyu oT riayouHbl TpoduiIs peabeda s N3y IeHHs
¢ JymHaMK BOJIH Ap = 399 HM u Ag = 556 uM: (a) — Tun 1,
GuHapHbIi npoduib, Marepuas: amomunuii; (b) — tun 2,
Mmarepuai: cepebpo; (¢) — tun 3, marepuas: cepebpo. B
ciay4ae Judpakipy Ha PereTKax BTOPOro U TPETbero TH-
0B, 3 dEKTUBHOCTD AUMPAKINT OYIeT OAMHAKOBA IS
TE u TM nonsapusanuit B cuny cummerpuu. Kpacuoit au-
HUel OTMeYeHA ONTUMAJIbHAs TVIyOnHa nmpoduis pesibed
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BHUJIHO, 9TO HEBO3MOXKHO IIOJHOCTBIO COTJIACOBATH -
dexkruBHOCTL Mudpakinuu mig TE n TM nonspusaruit
JUIsT BCeX JIBYX JIUH BOJIH. 110 3T0ii npuunne, nudparu-
POBaHHOE H3JIydeHne OYIeT MMETh JJUINITUIECKYIO I10-
JIPU3BAIIHIO.

st 1uppakIMOHHONW —peIeTKd BTOPOrO  THUIIA
(puc. 7b) ¢ KBaIpaTHON yIAKOBKOH HAUJIYYIIMM sIBJIf-
€TCsl U3rOTOBJIEHUE KBAIPATHBIX 9JIEMEHTOB PEIIETKY U3
cepebpa. B cuny cummerpun jnudpakimonnast b dex-
tuBHOCTD it TE u TM nosspusanuii B 9TOM cirydae
OyayT onuHAKOBBI. ONTUMYM JIOCTUTAETCS TIPU BBICOTE
mrpuxoB hy = 113aMm. Ilpu stoMm audpaximonHast
scbdextusnocts cocrasut niM = nIF = 14.0% nna
A =399 HM u Ag = 556 aM. OObeM 06J1aCTH TEPEKPhI-
TUs J1a3epHBIX Jydeil (puc.6d) cocrapiser 3HaveHHE
~2045 MM, DTO HAMGOJIBIIEE 3HAUEHHE JIOCTHIHYTOE
[IPA PACCMOTPEHUU TPEX THUIIOB PEIIeTOK.

B ciiyuae pudpakiinoHHON peleTkun TPeThero TUIa
(puc. 7¢) ¢ TPEyroJibHON YNAKOBKOW KPYIVIBIX 3JI€MEH-
TOB ONTUMAJILHON SBJISIETCS T€OMETPHUA AJTIOMUHUEBBIX
cTONOUKOB BBICOTOH h3 = 97HM. B cmiy cummerpun
mudpaxnuonHas dddexrunocts it TE u TM mo-
JIApU3AIM B 9TOM CJIydae Tak 2Ke Oy/1eT OJMHAKOBOIL:
nIM = TP =10.0% nna Ap = 399 1M u A, = 556 HM.
O6beM 00J1aCTH IEPEKPHITHSI JIa3ePHBIX Jiyuei (puc. 6d)
COCTaB/ISET 3HAMEHIe ~ 885 MM>.

5. 3akJiroyenme. Hamu pacyersl mokaszajm, 9TO
[IPA WCIIOJIb30BAHUM ATOMHOTO YUHIA, IJIs CO3/IAHUS
KBa/IPYIOJIGHOTO TOJIS C IEJbI0 JIOKAJIM3AINN aTOMOB
uTTepbusi, BO3MOXKHO JIOCTUYb TPeOyeMbIX IapaMer-
POB I10JIsI, KOTOPBIE OIIPE/IE/IEHBI HAMHU B 9KCIIEPUMEHTE.
[Tpu Tokax uepe3 MUKPOIPOBOJ, opsiaka 15 A rpaauen-
ThI MAUHUTHBIX TI0JI€fl BOJIM3H MIOBEPXHOCTH JOCTUIAIOT
50 T¢c/cM, 9TO JOCTATOUHO JIJIs JIOKAIU3AIAN O6OUX Pac-
CMaTpHUBaEMBIX H30TONOB uTTepbus: 11 Yb u 174Yb. Jla-
3epHOEe U3JIyYeHrEe IIPU 3TOM MOXKET PACIIPOCTPAHSATHCS
B KoH(uryparmu 3epkaJjibHoir MOJI.

Ilo pesymbraram pacdera audpPaKIIMOHHBIX PeIIe-
TOK, CJIO?)KHO BBIJIEJIUTH OJHO OIITUMAJILHOE PEIlleHue, B
KOTOPOM COAJIAHCHPOBAaHBI TPH (haKTOpa: obecredeHne
BBICOKON MudpakmuoHHOi 3pMEKTUBHOCTH, COXpaHe-
HUE COCTOSIHUS TIOJISIPUBAIMHY T0CJIe TUPaKIIU 1 O0JIb-
ol 06beM 06JIACTU IIPOCTPAHCTBEHHOIO T€PEKPBITUSI
JIa3epHBIX IIy4IKOB. [l09TOMY BCe IpeyIoKEeHHbIE PeasIn-
3aruu MOTPEe0YIOT SKCIIEPUMEHTAIBHON IPOBEPKU C IIe-
JIBIO UCCJIeJIOBAHUSI KOJIMYECTBA ATOMOB, 3aXBaY€HHBIX C
ITOMOIIBIO KAXKJIOTO TUIA JAUPPAKITUOHHBIX PEIIETOK.

ITocite HE3ABUCHMOTO SKCIEPUMEHTAJIBHOTO UCCIIE0-
BaHUsI IIPEJIJIOYKEHHBIX II0X0JI0B, MbI IIJIAHUPYEM HCCJIe-
JI0BaTh BO3MOXKHOCTb COBMEITIEHIUS ATOMHOT'O WA, U -
PPAKIIMOHHON PENIeTKN B OJHOM KOMIIAKTHONW yCTAHOB-
ke OCY Ha XOJIOJHBIX aTOMaxX UTTEPOUs.
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PunancupoBanue pabotTbl. B pabore pazpaboTka
aTOMHOI0 YUl (PUHAHCUPOBAJIACh 3a cueT cpecTs [oc-
saganus FFUU-2021-0003 u cpeacts 6romkera OI'VII
“Bcepoccuiickuit HayIHO-MCCIIEI0BATEIbCKAN HHCTUTYT
GbUBUKO-TEXHUIECKUX U PAJIUOTEXHUIECKUX HU3MepPe-
unii”. OcrajabHble HCCIeIoBaHusa (PUHAHCUPOBAIACH 34,
cuet cpegcrB Oromkera OI'YII “Beepocceniickuit HayaHO-
HCCJIeI0BATEbCKUI WHCTUTYT (DU3UKO-TEXHUIECKAX U
PaIMOTEXHUIECKUX U3MEPEHUIT .

KouduaukT naTepecoB. ABTOpHI 3asBJIAIOT, 9TO Y
HUX HET M3BECTHBIX KOHKYPHUPYIOMUX (PUHAHCOBBIX MH-
TEpecoB WJIM JIMYHBIX OTHOIIEHUl, KOTOPble MOLJIU ObI
[IOBJINSATH HA pabOTy, IPEICTABIECHHYIO B 9TOI CTaThe.
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