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B pabore paccmorpena poKycupoBKa aTOMHOIO IIyYKa C UCIOJIH30BAHUEM JIBY MEPHON MarHUTO-OITUIECKOH

JIOBYIIKHU C II€JIBbIO YBEJIHNYEHUA KOJIMYEeCTBa aTOMOB B objtacTu X JIa3€PHOI'0 OXJIaxK/JI€HUA N JIOKAJIU3alluu

BOJIM3U aTOMHOI'O YHIIA. PELCCMOTpeHbI ABa pexXKnumMa B3aUMOJENCTBUSI aTOMOB C CI)OKyCI/Ipy}OHLI/IM JIa3€PHbIM

noseM: (1) JOIIepOBCKUil pEXKUM B3aMMOAEHCTBHs, KOTOPBIH pean3yercs IPU MAJIBIX OTCTPOMKaX JIA3ePHOIO

[IOJIsT OT YaCTOThI ATOMHOIO pe3oHaHca U (2) Cy6-JOIUIEPOBCKUI PEXKUM B3aNMOAEHCTBUsI, KOTOPBI peann3y-

ercst Ipu OOJIBIINX OTCTPOWKAX JIA3€PHOIO M3JIYyYeHUsl OT Y4aCTOTHI ATOMHOIO pe3oHaHca. B mepBoM ciiydae B
cuity auddy3un uMITyibca 3pOEeKTUBHOCTL (POKYCUPOBKY HU3Kasi. [lokazaHo, 9TO IIpU UCIIOJIB30BAHUU CyO-
JIOIJIEPOBCKOI'O MEXaHU3Ma OXJIaxK1eHusl Tuddy3rst UMITyJIbca HECYIECTBEHHA U, KAK CJIEJ[CTBHE, YBeJINIEeHUE

MINPUHBI CKOPOCTHOT'O pacCIIpele/IeHUuA aTOMOB IIO IIOIIEPEYHBIM CKOPOCTAM HE3HAYUTEJIBHO. B Takom pexume

B3aMMOJIEMCTBUS BO3MOXKHA O0CTPasi (OKYCHPOBKA ATOMHOTO Ty YKa.
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1. BBenenume. Baxknoil 3ajadeii npu co3aHUU
KBAHTOBBIX CEHCOPOB SABJIIETCA (POPMUPOBAHKE AHCAM-
O/ yJIBTPAXOJIOMHBIX ATOMOB B MATHUTO-OIMITHYIECKOMN
JioBymke. Takoil aroMHBIl aHCaMOJb B JajbHENIIeM
HCIIONIb3YeTCsA B KAdeCTBE MCTOYHUKA ATOMOB IPU IIO-
CTPOEHMH KBAHTOBOTO CeHcopa. KondecTBO aTOMOB B
arcaM0Jie OIpee/IsieT TOYHOCTh KBAHTOBBIX CEHCOPOB.
ITo srToit mpuunae HEOOXOAUMO (HOPMHUPOBATH YIBTPA-
XOJIOJIHBIE aHCAMOJIN KaK MOYKHO C OOJIBINTAM KOJIIIe-
cTBOM aTOMOB. IIpy 9TOM BarXHBIM SIBJISIETCSI HE TOJIb-
KO KOJITYECTBO ATOMOB B MarHUTO-OITAYIECKO JIOBYIIIKE
(MOJI), HO u Bpemsi, TpebyemMoe Ijisi CO3JAHUs ATOM-
Horo ancam0Jist. CyIleCTBEHHBIM IapaMeTPOM B pelle-
HUU JAHHOW 3aJla9d SABJISETCH BEJUYNHA TIOTOKA aTO-
MOB B 00JIACTH UX TOCJIEIYIOIIETO JA3EPHOTO OXJIaXK Ie-
nng u jgokanmsarmuu B MOJI. Benmwuuna moroka aTo-
MOB BakKHa U IpU (POPMUPOBAHUK ATOMHOIO AHCAMOJIs
B MOJI B cxeme ¢ HCIOJIB30BAHUEM ATOMHOIO YHUIIA.
DddekTuBHAs 06/IACTH 3aXBaTa ATOMOB IIPU WX JIa3€p-
HOM OXJIAKJIEHUU BOJIM3M ATOMHOIO UUIA 3HAYUTEIHHO
MEHbIIe 00JIACTH 3aXBaTa B TPAAUIIHOHHON TPEXMEPHOM
MarHUTO-OITUYECKON JIOBYIIKE. DTO CBA3aHO C OTKJIO-
HEHUEM HAaIpaBJIeHUs BeKTopa MarHuTHOTO mojss MOJI
ATOMHOI'O YHIIa OT KBaJpyHosbHOTo [1,2].
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Pamee mamu [3] GBI pacCMOTpEH MOLXOL IO yBEJIU-
YEHUIO [I0TOKa aTOMOB B 00JIACTH UX JAJIbHEHIIero Jjia-
3€PHOr0 OXJIaK/IeHUs BOJIM3M ATOMHOI'O YUIIA HA OCHO-
Be (DOKYCUPOBKH ATOMHOIO ITy9YKa. BBIJI0 MOKa3aHO, 9TO
UCII0JIb30BaHne (DOKYCHPOBKH IIyYKa aTOMOB IIO3BOJISIET
YBEJIUYNTh IOTOK aTOMOB B 160 pa3 B reoMeTpum dKcC-
[IEPUMEHTAJILHON yCTAHOBKHU, WCIIOJIb3yeMOil B pabore
[4]. B ocHOBe (hOKYCHPOBKI aTOMHOTO ILyUKa JIEKHUT UC-
II0JIb30BAHUE ABYMEPHON MArHUTO-ONTUYECKOIl JIOBYII-
ku aromos (2D-MOJI) [5]. IIpocTpancrBennas u Bpe-
MEHHas JMHAMUKA aTOMOB B TaKOM JIOBYIIIKE IIPU OIIpe-
JIEJIEHHBIX I1apaMeTpPax aHAJIOIMYHA TUHAMIKE OCITHJI-
JIATOpa ¢ U3OBITOYHBIM JeMIipupoBanneM. Takoil pe-
KuM BaanMmogeiicteus aromos ¢ 2D-MOJI npusomuT x
TOMY, YTO IIOIIEPEYHAs CKOPOCTH ATOMOB Ha BBIXOJE U3
obstactu B3aummogeiictsug ¢ 2D-MOJI 3aBucuT TOIBKO
OT IOTIEPEYHOI KOOPAMHATHI ATOMA U HE 3ABUCUT OT Ha-
JaJIbHOMN ITONepevHoi ckopocTu. B cmity aToro Bce aTo-
MBI C OJMHAKOBOM MPOIOJIBLHON CKOPOCTBHIO (DOKYCUPY-
I0TCsI B OJIHY TOUKY. Hajimane B aToMHOM ITydKe pacipe-
JIeJIEHUsI ATOMOB TI0 TIPOJOJIBHBIM CKOPOCTSIM IIPUBOJIUAT
K aHAJIOTYy XpPOMAaTHIeCKoi abepparnu. Boiio mokazano,
9TO auaMeTp (POKaJLHOTO MATHA cocTaBisgeT 250 MKM
pu (POKYCHOM PACCTOSTHUE 25 CM.

B paccmoTpenHoM HaMu paHee aHaJM3€e (DOKYCUPOB-
KI aTOMOB HE YYHUTBHIBAJIACh 1uddy3usd UMILYIbCA aTO-
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Puc. 1. [Ipuanunuanbrast cxema HOKYCHPOBKH ATOMHOTO IIyYKa, C(OOPMUPOBAHHOTO M3 HU3KOCKOPOCTHOTO aTOMHOTO UCTOU-

HHUKA, B 00JIACTD JIOKAJU3AIMH ATOMHOIO YUIIa. ATOMEBI IIOCTIE IPOXOXKAeHus obnacTu B3auMoneiicteusa ¢ 2D-MOJI obnamaror

pacmpeieJIeHueM IO CKOPOCTSIM B MOMEPEYHOM HAIPABJIEHUH, 00yCIOBIeHHBbIM muddy3ueit nmmynabca. CpeaHsiss CKOPOCTb

onpeensiercsa Koopauuaroit x aroma B 2D-MOJI

MOB TIpY B3anMojieiicTBuu ¢ jiazepabiM nojiem 2D-MOJI.
Huddysus uMmiryabca TPUBOAUT K HATDEBY aTOMOB U
VBEJUYEHUIO MUPUHBI UX CKOPOCTHOTO PACIIPEJIEICHUS
B obutactu Bbixoga u3 2D-MOJI. Do, B ¢BOIO 0ouepeb,
MOZKeT IIPUBOJINTD K YBEJUIEHHIO TIOIIEPETHOr0 Pa3Mepa
aToMHOrO Ty4uka B ¢dokyce. B macrosimeit pabore pac-
CMOTPEHO JIBA PEXKIMa B3aMMOJIEHCTBHsT ATOMOB C (Do-
KycupyronmM JjiazepabiM nojiem. (1) Jdormeposekuii pe-
KUM B3aUMOJIEHCTBUSI, KOTOPBII peaJM3yeTcs IpU Ma-
JIBIX OTCTPOMKaX JIa3€pHOI'0 II0Jd OT TOYHOHN 4YacTo-
THI @TOMHOI'O pe3oHaHca. B arom pexxkume nz-3a jud-
dy3un nMmiynbca aroMoB 3(pHEKTUBHOCTH (POKYCHPOB-
KU [[PH PaCCMOTPEHHBIX IapaMerpax nuskas. (2) Cy6-
JOILJICPOBCKUM PEKUM B3aMMOJEHCTBUA, KOTOPLI pea-
JI3yeTcs Ipu OOJILINNX OTCTPOHKAX JIA3€PHOIO U3JIY-
venns. [Tokazano, 9To npu CyO-I0IIEPOBCKOM PEXKUME
B3anMoieicTBuA TudPy3ust UMITYIbCa ATOMA HE3HAYUN-
TeJIbHA, W, KAK CJIEJICTBUE, peajmn3yercs 3 deKTuBHAS
ocTpasi (POKyCHPOBKA aTOMOB.

2. Cxema ¢poKycupoBKu aroMmHoro mydka. Jlis
sarpy3ku MOJI B6su3u aromuoro umna (puc.l) B pa-
Gore (3| upesaraeTcsa NCHOAB30BATH HU3KOCKOPOCTHOM
ATOMHBIH My4oK [6]. AToMHBIN My4oK dopMupyercs u3
TPEeXMEPHON MarHUTO-OITUYECCKON JIOBYIIKU 4Yepe3 OT-
BepcTHe JuaMeTpoM 1 MM B OJHOM u3 3epkaJj, dop-
vupyronux MOJI. B nannoit pabore paccmarpuBaer-
csl 3arpys3Ka JIOBYIIKM aTOMHOI'O YHUIIa B TOHl Ke KOH-
duryparmm, HO ¢ UCIOIb30BaHIEM (DOKYCUPOBKU aTOM-
Horo my4ka. st aToro B cxeme puc. 1 Ha paccrosHun
7CM OT OTBEPCTHs PACIIOJIOXKEHA JByMepHAs MarHUTO-
orrruueckag joyiika (2D-MOJI). 2D-MOJI dhopmupy-
€TCsI TPOBOIHUKAMU C TOKOM, KOTOPBIE CO3/IAI0T Tpedye-

MBIl TPaMEeHT MATHUTHOTO TIOJIS B COOTBETCTBY IOIIAMU
JlazepHbIME TIOJIsiMU. JlaHHAsST KOHMUrypalus MArHUT-
HBIX ¥ JazepHbix noseit 2D-MOJI moxkeT 6bITh HCOb-
30BaHa 11s1 POKYCHPOBKH ATOMHOTO MydKa [7].

OcHoBHast uzest (GOKYCUPOBKH ATOMOB C HCIIOJIB30-
Baumem 2D-MOJI cnenyromast [5]. Aromsr, mpoiias ge-
pe3 00J1aCTh B3aUMOJIEUCTBUsI C JIA3EPHBIMUA M MATHUT-
HBIMU TIOJISIMH, U3MEHSIIOT CBOE HAIIPABJIEHUE IOIeped-
Hoit ckopoctu. Ha pucynke 1 cxeMaTH9IHO [IpeICTABICHO
pacIpe/iejieHue aTOMOB IO MOIEPEYHBIM CKOPOCTSAM Ha
Boixoze ux 2D-MOJI. Cpemsist CKOpOCTh ATOMOB B 9TOI
TOYKE OlpejiesisieTcst KoopauaaToit  aroma B 2D-MOJL.
W3menenne HanmpaBjieHust CKOPOCTH CBSI3aHO C JI€HCTBU-
€M CIJIBI CBETOBOTO JIABJIEHUSI HA ATOMBI CO CTOPOHBI
JIA3€PHOTO TOJIsl. Bemanna 3TOi CHJIbl 3aBUCHT OT I10-
[IEPEYHON KOOP/MHATHI aTOMa B ATOMHOM IIyYKE HM3-3a
HAJIMYUs IPAJMEHTa MATHUTHOTO TOJIsi. DTHU NBa (Pak-
TOpa, MPHU BBIIOJHEHUN YCJOBHUSI JIOCTATOYHO JIOJTOTO
HaxoxKleHusi aromMa B obsactu 2D-MOJI, obecrieunsa-
0T HE3aBUCHMOCTH JJINHBI (DOKYCUPOBKH OT HAYAJBHOMN
nomepevHoii ckopocru [7].

B nawnmnoit pabore 0b6acTh B3aUMOIEHCTBUST AaTOMOB
B 2D-MOJI cocraBaser jmauHy 2cMm, a pacdeTHoe (o-
KYCHOE PaCCTOSHUE COCTABJIAET BeaUInHy 25 cM. Takas
reoMeTpust OOYCJIOBJIEHA UMEIOIIENCsS IKCIEePUMEHTAb-
HOIt yCTaHOBKOIH [4].

CymecTByer jBa OCHOBHBIX OTJIMUUsI PACCMAaTPHUBA-
eMOit KOH(PUTYPAITUN OT KOH(MUTYPAITUU B SKCIIEPUMEH-
te [7], B KOTOpOM GBLIA TIPOIEMOHCTPUPOBaHa (HOKYCH-
poBka ¢ ucnosb3oBanueM 2D-MOJI. [lepebiM oTsimanem
SABJISIETCH BeJnInHA (DOKYCHOrO paccrosaust. Pakrude-
CKH B 9KCIIepUMeHTe |7 6bla mpoIeMOHCTPUPOBAHA KO-
BeII. 1 -2 2023
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POTKO(OKYCHAsT aTOMHAsS JIMH3A C (DOKYCHBIM PACCTO-
anreM 8 cM. BropbIM oTiindneM sBJsieTCs TEMIEPaTypa
aToMHOro mmy4uka. PoKycupoBKa ObLIA MPOIEMOHCTPUPO-
BaHAa Jisl CKOPOCTHO# rpytisl 100 M/ ¢ B TEILIOBOM I1y4-
ke. B cuty sroro muddysus uMmiysnibca B MOIEPETHOM
HAIPABJIEHNN He MMPUBOJMIA K 3HAYUTEIHHOMY YIITHpPe-
HUIO 00/1acT (POKYCUPOBKY, KOTOPasl COCTABUIA 3HAYE-
HEe nopsiaka 270 MKM.

Cielyer OTMETUTH, 9TO CYNIECTBEHHON OCOOGEHHO-
CTBIO pacCMaTpPUBACMON aTOMHON JIMH3BI ABJACTCH TO,
9TO CHJIa, JefCTBYIONAs HA ATOMbBI B IIOJI€ JIMH3BI, SB-
JISIeTCSI TUCCUTIATUBHOM TI0 cBOoeit mpupose. B Takoit nH-
3€ MPU B3ANMO/IEHCTBUN ATOMA C JIA3EPHBIM H3JTy YIeHUEM
HEOOXO/IMMO YUUTHIBATH HE TOJIBKO H3MEHEHUE CKOPOCTH
aToMa, HO U ero auddy3uio UMIYIbCA. ITO IPUBOJIAT
K TOMY, 9TO &TOM MPUOOPETAET JOMOJHUTEILHYIO CTO-
XaCTUIECKYIO JT00aBKYy K WUMILYJIbCy Ha BbIxXoze u3 2D-
MOJI, a, ciegoBaTebHO, B CKOPOCTH ATOMOB B HAIIPaB-
JieHuu ocu X TOJIYYaloT pacipejeseHne BOIU3U CpeJl-
Hell CKOpoCTH (CXeMaTUYIHO IIpeJIcTaBieHo Ha puc. 1). He
TPY/IHO TIOKA3aTh, YTO Pa3Mep ATOMHOIO IIy4Yka Az B 00-
JacTu GOKYCUPOBKHU 1M3-3a TOr0 3pdeKTa B momeped-
HOM HAIIPABJIEHUHU OY/IeT MOPSIJIKA:

Az = iAvw, (1)

Uz

riae f — dOKyCHOe paccTosiHue, U, — MPOMOJIbHAS CKO-
pocTh aToMoOB, a Av, — IHUpPUHA CKOPOCTHOTO PACIIpPe-
JIeJIeHsT aTOMOB B morepedHoM Hampasiernn. [lupu-
H& CKOPOCTHOT'O PACIIPEJIEJIEHUSI ATOMOB B IIOIIEPETHOM
HAIIPABJICHUN OLPEJIENISIeTCs JIOIIEPOBCKUM IIPEJIEIIOM
oxnaxkzerns. st yciosuit skcnepuMmenTa [7]| omeHKn
napamerpoB dokycupoBru ciepyiomue: f = 0.08 M,
v, = 100mM/c, Av, = 0.25m/c, Az = 200 MKM. DTH
3HAYEHHST XOPOIIO COMIACYETCS € IKCIEPUMEHTAbHBIMI
JaHHBIMY [7].

U3 Boipazkenus (1) ciemyer, aro yBesundenue hoKyc-
HOT'O PACCTOSIHUS U YMEHBIIIEHNE [TPOJI0JILHON CKOPOCTH
aTOMOB OyJIeT IIPUBOIUTE K YBEJIUIEHUIO Pa3Mepa aTOM-
HOTO IIy9Ka B 0bjacTu ero pokycuposBku. Tax, majs reo-
MeTpun paborel [3] u paccmarpuBaeMoil B HacTosiIeil
cTaThe, OXKHUJIAeMbIil JTuaMerp (BOKYCHPOBKU COCTABHUT
snaverre Ar = 4.5 MM Ipu 3HAYEHUU IPOJIOJIBLHOM CKO-
POCTH HU3KOCKOPOCTHOIO aTOMHOTO Iyuka v, = 14 M/c.

W3 npuBeseHHBIX ONEHOK BHUIHO, YTO IIPHU 3a/IaH-
HOW T€OMETPUH IKCIIEPUMEHTA CYIIECTBYET JIBE IPUHIIU-
[MAATbHBIE BO3MOXKHOCTHU YMEHBINEHUS JUAMETPa IIATHA
dOKyCHpPOBKH aTOMHOTO Tmy4Ka. llepBas 3ak/rodaercs
B YBEJIMYEHUN MIPOIOJIBLHON CKOPOCTH aTOMOB. JlaHHDIH
IIOJIXO/T TIO3BOJIUT YMEHBIIUTH [IUaMETD MsITHA (DOKYCH-
POBKHU MpPUMEPHO Ha mopsaoK. OmMHAKO, aTOMHBIE ITyd-
KH C MAJIOM CKOPOCTHIO HEOOXOJAMMBI KAK MPHU 3arpy3Ke
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MOJI aromMHOrO 4wnita, Tak W MPU 3arpy3Ke KjacCude-
ckux tpexmepubix MOJI, Tak KaKk B HUX JIOKAJIU3YIOT-
€1 TOJIBKO ATOMBI, CKOPOCTH KOTOPBIX MEHbIIe KPUTHIE-
CKOlt cKopocTH 3axBaTa [8]. Ee BesmtuHa He IpeBLIIacT
suagenue 100m/c. Ilo sToit npudnHe, yBendeHue mpo-
JIOJIBHON CKOPOCTH aTOMHOI'O ITy9YKa [IPUBEJIET HE TOJIb-
KO K YMEHBIIEHUIO Juamerpa (HPOKYyCHPOBKH ATOMHOIO
IIy9YKa, HO M K YMEHBIIEHUIO KOJMIECTBA 3aXBAUCHHBIX
aTOMOB.

Jpyrum mogxomoM K yMEHBIIEHUIO JuaMerpa cdo-
KyCHPOBAaHHOT'O IIy9YKa MOXKET OBbITh IIOJXOJ Ha OCHO-
BE YMEHbBIIIEHUs] [ITUPUHBI CKOPOCTHOTO PACIIPEIEICHUS
aToMoB Ha BbIxoje u3 2D-MOJI. 9Toro Mo:KHO J1OCTHIH
C UPHUMEHEHHEM MeTO/a CyO-J/IOIIEPOBCKOIO OXJIarKIe-
uust aromoB B 2D-MOJIL. Ilpu sToM mmpuHa CKOPOCT-
HOT'O PACIIPEJIEJICHNUST MOXKET ObITH YMEHbIIIEHa, HaA TOPsI-
JIOK, 9TO IPUBEMET K AHAJOTUIHOMY YMEHbBIIICHUIO -
MeTpa MATHA (POKYCUPOBKH.

3. IlapameTpbl GPOKYCUPOBKU aTOMHOTO ITy YKa
c ucnoan3oBauuem 2D-MOJI.

3.1. Jlonaeposckuti meramusm 83aUMOdetuCmeus
amomos ¢ usayuenuem 6 2D-MOJI. Paccmorpum aTowm,
JBUKYIIANCS BJAOJIB OCU Z C MIPOJIOILHON CKOPOCTDHIO U,
u monepevHoit v,. B obmactu 2D-MOJI atom B3anmo-
JIEHICTBYET C JIA3€PHBIM U3JLy<IeHHEM, JacTOTa KOTOPOro
OTCTPOEHA OT YACTOTHI TOYHOT'O ATOMHOIO IIEPexXo/a Ha
Besimunny 4. Jlazeproe uziyderue bopMUpyeTCcs IByMsi
JIydaMu: OJIMH HAaIpaBJieH BIOJb Oocu X, BTOPOi —
B oOparHOM Hampasjienuu. llosisipuzanust Jia3epHOro
U3JIyYeHusT — NUPKyJsgpHas. [loMuMo JazepHOro moJis,
B obstactu 2D-MOJI cymecTByer rpajiteHT MarHUTHOTO
ITOJIS.

Tpaekropun jasuxkenusi aroma B 2D-MOJI moxer
OBITH OIpeJieieHa W3 pelleHus ypaBHeHns HboTOHA
Z(t) = ay,v:(t) + azx(t) ¢ HAYAIBHBIMUA YCIOBUIMU
z(0) = x0, v:(0) = vy, rue x(t) — KoOpAMHATA ATO-
Ma BJIOJIb OCH X B MOMEHT BPEMEHHU , Ay U G, — THUC-
JIeHHBbIE KO3 DUITMEHTHI, OIIpeesisieMble JIeiCTBYIOIIei
Ha aroMm B obsacru 2D-MOJI cunoit Fy(z,v,). Koad-
GUIHEHTDI SABJISAIOTCS MEPBBIMU WJIEHAMU DA3JIOKEHUsT
BBIDaXKEHUs! JUJIsl yCKOpeHust aroMa a = Fy(x,v,)/m B
npegneite x — 0 u v, — 0, Te m — Macca aroma.

JIJ1st HAXOXKIEHUsT AHAJIUTUIECKOTO PEIeHusl JTaHHO-
r'o ypaBHEHUs YI00HO IPEIIIOJ0XKAT, YTO ATOM HE Me-
HsIeT CBOIO KOODJIMHATY BIIOJIbL Ocu X IIPU MPOJIETE 30-
Hbl B3auMoeiictBus 2D-MOJI. D1o upeioioxkeHue co-
[JIACYETCs C Pe3yJIbTaTaMU YUCJACHHOTO PacdeTa TPaeK-
TOPHil JIBUKEHUST ATOMOB, KOTOPO€E OBLIO PACCMOTPEHO
B [3]. Jnst onpenenennst Toukn GOKYCUPOBKY Ha OCH Z
HEOOXOIMMO OIIPEJIEJIUTH CKOPOCTD U; ATOMOB Ha BBIXO/IE
U3 30HBI B3anmMmojeiicTBus. [yt 9T0ro MOXKHO paccMoT-
perb peliieHne ypaBHeHus Uy, (1) = ay, Vg (t)+az20. Moxk-
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HO II0Ka3aTh, YTO IPU YCJIOBUH Oy, < 0 U |ay,| > L/v,
dokycHoe paccrosinue f Oyier OIpeessaThbCs BhIpaske-
HUEM:

f =0, (2)
Gy

Kak 6bu10 mokazano B pabore [3], mpu joruiepos-
CKOM DEeXKUMe JIA3€PHOI0 OXJIAXKJEHUS ATOMOB YCJIOBUE
Gy, < 0 BblmoIHZAETCH mpU BBIOOPe oTcTpoitkm 0 < 0
OTHOCHUTEJIbHO YaCTOTHI ATOMHOIO IIE€PEXOJa. YCJIOBHE
|ay,| > L/v. BbIIONHSETCS NPU UCIOJIH30BAHUU HU3-
KOCKOPOCTHBIX ATOMHBIX IIYYKOB JIJIsI JIJINH B3aUMO/Ieli-
crBus ¢ 2D-MOJI 6ostee 2mm. [lpu paccmorpenun Jio-
IJIEPOBCKOTO PEYXKUMA B3AUMOJIEHCTBUSI ATOMOB C JIa3ep-
HBIM TOJIEM MOYKHO OTPAHMYUTBCS CJIYIAeM aTOMOB C
IOJIHBIM MOMEHTOM OCHOBHOI'O cocTosHus Fyy = 0 u Bo3-
oyxnennoro F, = 1. B aToM ciydae CIBUTI YaCTOTHI
mepexojia, BhI3BaHHBIN derTom 3eemaHna, OygaeT onu-
CBIBATHCH BBIPAXKeHHEM w,(x) = #8%gx, e up — mar-
meroH bopa, g. — dakrop Jlanne Bo3OYyXKIEHHOTO CO-
CTOSTHWS, a ¢ — I'PaJUeHT MArHUTHOTO IOJIST BIOJIb OCH

z (g = dB/dx).
B srom caygae cuita, meiicTBytornasi Ha aToM, OyJIeT

OIIpeAe/IATHCA BbIPDazKEHUEM:

1
F.(z,v,) = —hkyG —

2
1 +G+ (5+kvm;rwe(w))

- ! , 3)

2
1_,_(;_,_(%*%(90))

rJje vy — HOJyIIUPUHA PE30HAHCHON JIMHUU TOTJIONIEHU S

aroma, G — mapaMeTp HACBIIEHNs] ATOMHOTO [IEPEX0/Ia,
k= 27” — MOJ1yJIb BOJIHOBOI'O BEKTOpA JIA3€PHOI'O IOJIS.

JIuneapuzyss nmanHoe BbIpaxkenne npu r — 0 u
vz — 0, MOJKHO HOJIyYUTH MJI HAPaMETPOB Qg U Gy,
CJIEYIONINE BbIPAXKEHUSI:

Goppgeg
» = 4ky? : 4
a = T O 1 )2 @
Gy, = 4hk273 Go

m((1+ G)y? +02)?
Ucnounnsys (2) u (4), nosyyaem jyist (hOKyCHOIO paccTo-
SHUS BBIPAsKCHUE:
_ hkv, . (5)
HBYed
U3 (5) coremyer, 910 IpU JIOIIEPOBCKOM MEXaHU3ME
B3anmogieiictust aroMoB ¢ 2D-MOJI orcyrerByer 3aBu-
CUMOCTh (POKYCHOT'O PACCTOSIHUSI OT OTCTPOMKHU YaCTO-
THI JIA3EPHOTO U3JIy4YeHUs OT PE3OHAHCHOW JIMHUU II0-
rtomiernst aroMa. POKyCHOE PACCTOAHHE sl ATOMOB
C TUIIUYHON TIOTIEPEYHBIMU U TPOJIOJBHON CKOPOCTSIME

Vg, = lem/c m v, = 14M/c npu BeJSMUMHE IpajUeHTa
marauTHOro noJig g = 0.51'c/cm pasHo f = 25 cm.

3.2. Cyb-donaeposckuti METaGHUIM 83AUMOIETLCMEUS
amomos ¢ usaywenuem 6 2D-MOJI. Tlpu nepexome K
Cy0-0TLIEPOBCKOMY MEXAHU3MY B3aWMOJIENCTBUS aTo-
MoB ¢ 2D-MOJI kapruna (hOKyCHPOBKH ITy9IKa ATOMOB
ornmmyaercs. st onpesesieHusl apaMeTpPoOB Gy U Gy,
BOCIIOJIB3YEMCsI TTPUOJIMKEHNEM HEIOIBIKHOIO aTOMa
BO/IM3M HadaJa KoopawHaT. JIjIsi BOBHUKHOBEHMS CyO-
JIOTIEPOBCKOTO MEXaHM3Ma B3aWMOJIEHCTBUSI aToMa ¢
JIA3ePHBIM II0JIEM PACCMOTPUM ATOM C TIOJHBIM MOMEH-
TOM OCHOBHOTO cocrosHusg Fy; = 1 m BO30OyKJIEHHOTO
F. = 2. B aToM cjiyvae OCHOBHOE COCTOSIHAE COCTOUT U3
TpexX ypoBHeil, a BO30yXKIEHHOe U3 IATH, T.e. KOH(MU-
rypanust yposueit (3 + 5). Ecin npenebpeun muoroga-
CTUYIHBIME TIEPEXOJIAMHE, TO CUJIbI B3AUMO/IEHICTBUSI TAKO-
r'0 aTOMa C JIa3€PHBIM I0JIeM OYIyT SKBUBAJEHTHBI CJIy-
qaio aroma ¢ Koudurypanueit (54 7), Koropas orBedaer
aromy 8"Rb na mepexone Fy =2 — F, = 3, uctionn-
3yeMOro B Ka4eCTBe IIUKJINIECKOrO IIepexo/ia IIPU OXJia-
KJIEHUU U JIOKAJTU3AIUU ATOMOB B MATHUTO-OIITHIECKUX
JIOBYIIKax. B 9TOM citydae criry MOYKHO JINHEAPH30BATH
[0 KOOPJMHATE M CKOPOCTH [9] M TOMYyInUTh Ciemyromue
BBIDAXKEHUS JUISL Uy U Gy °

5 gkupy’G|o|(179°Ggy + 176(3ge — gg)1*) |
748 (62 +72)2p2 M ’
(6)

Ay = —

" _ 5 hEPYPGP|(1T9G + 357p)
v (0 +22uPM

¢ 748
r7e mapaMeTp [i OIPEEJIsIeTCsl BhIPasKeHIEeM:

_ 1 J1TGy?/59? + 62
F=4V33™ 2452
TOI‘IL& Bpra)KeHI/Ie I (bOKyCHOI‘O paCCTOﬂHI/IH HpI/IHI/I—
MaeT BUI:

fe hk 17G* + 352p° ;
9 17617 (3ge — gg) + 17G%ge

= (1)

DOKyYCHOE PACCTOSIHUE, OIPEJIEIISIEMOE BhIPAZKEHUEM
(7), 3aBUCHT OT OTCTPOIKY JIA3EPHOIO HM3JIyYEeHHs OT
9aCTOTHI ATOMHOI'O IIE€PEX0Ja, MOCKOJIbLKY OT Hee 3aBU-
cut napamerp p. Tak ke 0T OTCTPOMKHU 9aCTOThI JIa3ep-
HOTO HM3JIy9eHHs 3aBUCUT M IMUPUHA CKOPOCTHOTO pPac-
npesesenns. B upenonoxennn, ato 8 > VG, Tem-
neparypa aroMoB T OyJeT OIpeieaaTbCs BbIPDAKEHUEM
10, 11]: .

M (8)
46kp

IMosb3ysice  Boipaxkenuem  (8),

MOXKHO OII€HUTDH
OXKHUJAEMYIO BEJUINHY MEPETIKKU CHOKYCHUPOBAHHOTO
ITucema B 2KOT®

ToMm 118 Bem. 1-2 2023
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Detuning [8] /v

Puc. 2. (IIgerHoii onnaiin) 3aBucuMocTb (HOKYCHOIO pac-
CTOSTHUSI TIpU CyO-TOTIEDOBCKOM MEXaHU3ME B3aMMOIEH-
CTBUsI aTOMOB ¢ (DOKYCUDPYIOLIMM JIA3E€PHBIM 110JIeM (dep-
Hasl KpUBasi) U OLIEHKA OXKUJIAEMOI0 Pa3Mepa IIEePETsIIKKI
cOKyCHPOBAHHOIO ATOMHOI'O ITyYKa, OrPAaHNYEHHOI -
dysueit nMITyIIbCa [[JIs1 MOHOCKOPOCTHOI'O aTOMHOTO IIy4Ka,
(kpacHast KpuBasi) OT OTCTPOMKHI 4acTOThI (POKYCUPYIOLIe-
ro Ja3epHoro ussydennsi. Ha BcraBke IpejicTaBiieHa Ta XKe
3aBUCHMOCTH (POKYCHOI'O PACCTOSHUS B yBEJINIEHHOM Mac-
mrabe

aToMHOro Tydka mpu dokycHoit anuae 25cm. Ha
PUCYHKEe 2 TpeiCTaBJIEHbl 3aBUCAMOCTH (DOKYCHOIO
DACCTOSIHUSI W BEJINYUHBI TEPETSKKUA B 3aBUCHUMOCTH
oT BesuuuHBI oTcTpoiiku 0 mpu G = 1. 3uadenus
[IPEJICTABJIEHBI JIJIsi OTCTPONKHU YaCTOTHI JIAa3ePHOrO
uzjyderus 6 < —4+, Ipu KOTOPOl BBIMOJIHSIETCS YCJIO-
BHUe CyO-OTIEPOBCKOTO B3amMoeiicTBus. I3 pucyHka
2 BHUIHO, YTO 3aBUCHMOCTb (POKYCHOTO PAaCCTOSHUSI
OT dYaCTOTBl OTCTPOUKH JIA3€PHOIO W3JIYUEHUsI OT
pEe30HAHCA HOCUT CJabblil XapakTep ¥ IIPaKTUIECKH
HE M3MeHsieTcsl pu OojbInuX orcTpoiikax. [Ipm 3rom
pasMep INEpeTsKKM YMEHbBIIAeTCsT €  YBEJIMIeHUEM
OTCTPOUKHU. DTO CBA3aHO ¢ TeM (DAKTOM, UTO IIHPUHA
MIPOEKINK CKOPOCTHOI'O PACIIPEIe/IEHUsI AaTOMOB Ha OCh
X ywmenbmmiarcsi. I3 pucyHka 2 BUIHO, 9TO mpu 0OJIb-
X OTCTPOWKAX BO3MOXKHA (DOKYCHPOBKA B JIHAMETD
MeHee OJ[HOI'0 MUJLJIUMETPA.

4. ITpocTpaHCTBEHHOE pacHpejiejieHne aTOMOB
B dokanbHOI myockoctu. [IpoBesennbie Boile pac-
YeTHhI CJIEJIAHBI JIJIsi MOHOCKOPOCTHOI'O &TOMHOT'O ITYYKA.
Vuer pacrpejiesieHusi CKOPOCTel aTOMOB HE TOJIBKO I10
ocu X, HO U B IIPOJIOJILHOM HalpasJieHun (0Ch Z ) IPUBO-
JIAT K JOMOJTHUTEILHOMY YBEJIUIEHUIO pa3Mepa (DOKa b
Horo ngrHa. /s 6oiee TouHOro anaan3a GOKyCUPOBKA
aTOMOB U yueTa auddy3un uMIyIbca aToMa HeoOXO 1~
MO PACCMOTPETH IBOJIONUIO (DYHKIUNA PaCIpeIe/IeHUsT
aroMoB w(t, X, z, Uy, Uy). DBOJIONMs JaHHON DyHKIMY
ormmceiBaercst ypasaennem Poxkepa—Ilnanka [12].

ITucema B 2KQT® Tom 118 sBem. 1-2 2023

Pemenue ypasuenne @okkepa—Ilianka paccMorpum
TOJILKO B 00JIACTU B3AUMO/IEHCTBIS ATOMOB C JIa3€PHBIM
uzsaydenueM, T.e. B obsactu 2D-MOJI. Pacmnpocrparne-
HUEe aTOMHOrO Iydka B obsactu jo 2D-MOJI u mocse
MOZKeT OBITh PACCMOTPEHO C UCIIOJIH30BaHUEM KHHETHU-
YECKUX YPABHEHUIH, MOCKOJIbKY B JIAHHBIX O0JIACTSIX OT-
CYTCTBY€T JIa3ePHOE II0JIE U, CJIE/IOBATEJIHHO, OTCYTCTBY-
et muddysust UMITYIIbCA.

B obmactu 2D-MOJI MOxKHO cYuTATH, 9TO H3Me-
HEHME KOODJMHATHI T He MPOUCXOJUT, MOCKOJIbKY 06-
JIACTH B3aMMOJEUCTBHS MaJja. Tak »Ke MOXKHO He ydu-
THIBATb U3MEHEHHE I[IPOJI0JIBHOI CKOPOCTHU U, TOCKOJIb-
Ky cuiia BJ1osb ocu Z B obsractu 2D-MOJI orcyrerByer,
a M3MeHEeHue CKOPOCTH ¥, BCaeacTBuE auddy3un um-
IyJIbca OyIeT JIeXKaTh BHYTPHU II€PBOHAYAJILHON IUPHU-
HBI CKOPOCTHOI'O PACIPEJIEJICHNAs] ATOMOB 110 IPOIOJIb-
HBIM CKOPOCTSIM. DTa, IMUPUHA CKOPOCTHOTO pacIpeieie-
HUSI OIPEJIEJISieTCs JTOTIEPOBCKUM PEXKUMOM OXJIazK Jie-
uusi aromoB B MOJI, ucnosipsyemoit mjist hopmupoBa-
HUsI HA3KOCKOPOCTHOT'O aTOMHOIO Iy4Ka. B cumity 3To-
ro muddy3us UMITYIbCa BIOJIb OCH Z He MPUBEIET K
VIIUPEHUIO TATHA (DOKYCUPOBKH. MOXKHO HCKJIIOUHUTH
U 3aBHCHMOCTH CKOPOCTH aTOMOB OT KOODJIMHATHI Z,
ITOCKOJIBKY OTCYTCTBYET CHUJIa BIOJb ocu Z. llpu cue-
JIAHHBIX IIPEIIOIOKEHUSIX (DYHKINS PACIIPEICICHUST 38~
BUCUT TOJIBKO OT t U vy w(t, x,2,v,,v,) = w(t,vy).
DBOJIIOIHUIO JAHHON (DYHKIUH JOCTATOIHO PACCMOTPETH
TOJILKO Ha BpeMeHHoM unrepsase T = L/v,. Yder cko-
POCTHOTO PaCIpeie/eHIs] ATOMOB II0 [IPOJIOJIBHBIM CKO-
POCTSIM v, MOXKET OBITDH ClIeJIaH HOPMHUPOBKOHM PyHKITUN
w(t, vg) Ha KomuaecTBO aToMoB [ w(t, Vg )dvg |y, dv, =
M(v;)dv,, rtne M(v,) — MaKCBEUIOBCKHIT KOHTYD pac-
[IpeJIeJIeHIs] ATOMOB TI0 TIPOJIOJIBHBIM CKOPOCTSIM C TE€M-
neparypoii T,. Takum o6pa3om, st pacCMOTPEHUST IBO-
Jnoruu (PyHKIUK PACHpeIe/IeHIs JTOCTATOYHO PEIIUTH

CJIe/IyIoINIee ypaBHEHHUE:
w) .

ow_ 9 (B, O (D
ot Ov, mw ov2 \ m?

IJie U, — MPOEKITUsI CKOPOCTH aToMa Ha och z, Fy — cu-
Ja, feficTBytoriast Ha aroMbl B obsiactu 2D-MOJI, D, —
TeH30p AudPy3un UMILYJIbCA aTOMa, M — Macca aTo-

ma. Tenzop muddysnn nMmmyaIbca aToMa IPU B3AMMO-
neiicteun ¢ 2D-MOJI npu I0mIepoBCKOM peXKuMe B3a-
umozieficTBus nMeer Buj [13]

1

Dio(z,v5) = —0.7TR*k*+G S+
1+G+ <6+kvafy+agm)
1
+ 3 |- (10)
1+G+ (5*’%4;*&@)
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IIpu cy6-/1011epoBCKOM pezknuMe B3auMO/IefICTBUS €
2D-MOJI tenzop juddy3un uMILyIbca OYIET OIUCHI-
BaThCs BeIpazkeHueM [14]:

23 G2
Dy = D, (0, 0) = —1—7h2k275—’;. (11)

VYpasuerre (9) MOXKeT ObITH PEHIEHO YHUCJIECHHO
[IPU CJIEIYIONINX IIPeIIoJioKeHusaX. Hu3kockopocTHOM
aTOMHBIN 1y4doK dopmupyercss B Tpexmepuoit MOJI,
B OJHOM W3 3€pPKaJl KOTOPOH CJeJIaHO OTBEPCTHE JHa-
MeTpPOM 1 MM, KOTOPOEe CJIy?KHT BXOJHON amnepTypoii
aTOMHOIO IIy4Ka UpH (HPOKYCHPOBKE U JIOKAJU3AIUAN
aToMOB BOm3u aromHoro uwma. Jlamroe orTBepcrue
dbopMuUpyeT TeOMEeTpPUI0 ATOMHOIO IIydka. [IpomoJib-
HOE CKODPOCTHOE DPACIIPEeJIeJIEHNE IIPEJIII0IaraeTcsd Kak
MaKCBeJIJIOBCKOe ¢ Temmeparypoit T, = 15 MK BOm3n
CpeJIHero 3HaueHus CKopocTn v, = l14wm/c. Takoe
3HaYEeHNE CKOPOCTH XaPAKTEPHO JJIs HU3KOCKOPOCTHBIX
ATOMHBIX IYyIKOB aToMoB pybmmust [6]. ITomepewnoe
pacipejiejieHue  onpejessiercs  auadparMuIpOBAHIEM
aTromHoro nyuka. lcrmonp3oBaHHOE B pacdueTe pac-
IpeJieieHre IOIePEYHOl CKOPOCTH 3aJaBajioCh KakK
MaKCBEJIJIOBCKOE  pacCIpesiejIeHne ¢ TeMIIepaTypoi
T, = 250 MxK BO6/m3u 3HaveHus v, = 0M/C.

OT BBIXOIHOII amepTypbl 10 0OJIACTH B3aUMOJEli-
crBus ¢ 2D-MOJI aTomMbl ¢CBOOOIHO PaCIpPOCTPAHSIIOT-
cs. Jlis aucsieHHoro pereHnsi HeoOXOIUMO 33/1aTh Pac-
IIpeJieJIeHe TIOEPETHON CKOPOCTH B TIJIOCKOCTH HETIO-
cpeacrBenno nepen, 2D-MOJI. Herpyauo Bumers, aro B
Ka2K/JI0l TOYKe 9TO! IJIOCKOCTH CKOPOCTHOE paclipeaesie-
HUE TI0 U, 3aBUCUT OT IPOJIOJILHOM CKOpPOCTH v,. VcKo-
MOe pacIipejieieHue OyIer sIBJIsIThCS KyCOYHO-3aJaHHOM
dyHKIME KOOPIUHATHI T U CKOPOCTH Uy :

T —To
7 Vz;

m o mvfc
-  ex .z
27TkB Ta; P 2kBTw ’

T —To x4+ Ty

—V, < Vp < ——V;;
l l

x4+ Ty

Tvz.

0, v, <

wo(z,v,) =

0, v, >

r7e o — 9TO Ha4YaJIbHAsA KoopauHaTa 1o ocu X y BXO-
HO#l ameprypsl, a | — JJIMHA PACIPOCTPAHEHUS IIyYKa
OT BXOJIHOI arepTyphl 0 30HBI B3aumo;ieiicTus ¢ 2D-
MOJI. dannoe 3uavyenue wo(x, v;) Oyler saBIdTbCH Ha-
YaJIbHBIM JIJisl perieHns ypasuenus (9).

Vpasuenne Poxkepa-llmanka permasnocs mjst 00-
Jactu B3ammogeilicrBua atromMoB ¢ 2D-MOJI  mimmoi
L = 2 cm. CropocTHBIE pacIpefesIeHus 0 U, U U, pas3-
OuBa/MCh Ha 00JACTU C MAJIBIM IIIAroM, W ypaBHEHUE

YUCJIEHHO PEIIAJIACE JIJTsT KAYXKJIOTO TIOJIy YUBIIEroCs Ha-
6opa v, U v, & TaKXKe IS BCEX HAYAJIHHBIX KOODJIU-
HAT aTOMOB T( B IIPEJIEJax BXOJHON amepTypbl. Ypas-
HEHUs PEIlauCh KaK i CJIydas JIOIJIEPOBCKOTO pe-
xKuma B3anMmogeiicteust aromos ¢ 2D-MOJI, tak u npu
Cy0-/IOIITEPOBCKOM PEXKUME.

B xome pemenus ypasuenus Poxrkepa—Ilranka
OTIPEJIEJISIIIOCH PACIPEeJIeJIEHNEe aTOMOB 10 TOHNEPETHBIM
CKOPOCTSIM B 3aBUCHMOCTHU OT KOODIWHATHI & JJIsI KarK-
JIOIl W3 CKOPOCTHBIX TPYIII C IMPOJOJIBHON CKOPOCTBIO
v, Ha BBIXOJE U3 30HBI B3ammojeiicrsusa ¢ 2D-MOJI.
ATOMBI € TIOJIyYEHHBIM PACHPEIEICHUEM ITOTEPETHON
CKOPOCTHU CBODOIHO PaCIpOCTPAHSIINCH 10 (POKAIBLHOM
wiockocTu. st pacdera pe3ybTUPYIONIEro TPOCTPAH-
CTBEHHOTO PACIpeieSIeHnsT aTOMOB 00J1aCTh (POKATIHLHOM
IIOCKOCTH pa3buBaeTCs Ha sYedKH, B KaXKIOW u3
KOTOPOIl CYMMUDPYETCsI KOJIMIEeCTBO ATOMOB, JIOTIIEIIIEe
JI0 Hee.

Ha pucynke 3 npejictaBieHo pacipesiesieHine aToOMOB
B0 oc X B (POKAJBHON MIOCKOCTH JIJIsT TPEX CJIy-
qaes: (1) orcyrerBue POKycupoBKE (depHas Kpubas),
(2) upu dokycuposke B 2D-MOJI ¢ goriepoBckumM mMe-
XaHU3MOM OXJIaXKJeHns (KpacHast KpuBas) u (3) mpu
dokycupoBre B 2D-MOJI ¢ cyb-momiepoBckuM Mexa-
HU3MOM OXJIAXKJIeHus (CuHsg KpuBasg). [lapaMeTrpsl Ja-
3€PHOrO MOJIsI ¥ BEJIMIUHBI I'PAJIUEHTa MATHUTHOTO I10-
JIsT BBIOMPAJIACH TaKUM 00pa30M, 9TOOBI (DOKYCHOE pac-
crostare ObLI0 paBHO 25 cM. [Ipencrasiennbie GyHKIUN
HOPMUPOBAHBI HA €IMHUIHYIO TJIOMIAIh 10T KPUBOIA.

14H— Without focusing
Focusing with
12 H Doppler regime
= Focusing with
=t sub-Doppler regime
S5 10
&
g 8 FWHM = 0.7 mm
=]
=
S 6r
E
Z
a 4r
FWHM = 8§ mm
2 -
FWHM =9 mm
1) e a—— — —

15 10 05 0 05 1.0 L5
Transverse coordinate (cm)

Puc. 3. (IIpernoit onnaitn) @yHKIM TPOCTPAHCTBEHHOTO
pacIpe/IeIe s TIIIOTHOCTA aTOMOB BJIOJIb TOMIEPETHON OCH
X B dokamprol rockoctu: (1) 6e3 hokycuposku (qepras
kpuBas ); (2) bokycuposka B 2D-MOJI mpn mommepoBcKoM
pexknMe oxstakaenus (KpacHas kpusast); (3) dbokycnpos-
ka B 2D-MOJI mpu cy6-m01miepoBCKOM MeXaHU3Me OXJia-
sKIeHUs (CHHsISL KPUBAsT)
ITucbma B 2KOTD® Tom 118 2023
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W3 pucyska 3 BUIHO, 9TO IPU CBOOOIHOM PACIIPO-
CTPaHEHUH IIyYKa XOJIOIHBIX ATOMOB B OTCYTCTBHE (PO-
KYCHUPOBKH IIUPUHA IIPOCTPAHCTBEHHOI'O PACIIPE/IesIe-
HUSI ATOMOB BOJIN3H 00IACTH JIOKAJIUBAIINN IUIIA COCTAB-
sasger 9mm (yepHas Kpusasg). IIpu MCHOJIB30BAHUU Ke
doKycupoBKI aTOMHOTO IydKa ¢ nmomornisio 2D-MOJI ¢
JOIIJIEPOBCKUM PEXKUMOM OXJIazKJCHUST (c OTCTPOMUKON
JIA3ePHOTO MU3JIyYeHUsI OTHOCUTEIBHO JaCTOTHI TOYHOTO
pesonanca 0 = —4~, napamerpoM Hacblmenus G = 10
U rpajueHToM MarauTHoro moast g = 0.51Tc/em [3])
mupuHa cHOKYCUPOBAHHOTO IIyYKa, CYXKAETC HE3HAUU-
TeJIbHO 70 8 MM (KpacHas KpHBasi).

Cy0-/101IeEPOBCKUIT  PEXKUM  B3aUMOJIEHCTBUS  ATO-
MoB ¢ 2D-MOJI paccmarpuBajicss Ipu CJIeLyIomux na-
pamMeTpax: OTCTPOMKA YACTOTHI JIA3EPHOIO W3JLyUIEeHUsI
0 = —20ry, mapamerp Hacwimenus G = 1 u rpajuent
marauTHoro noss g = 0.93c/cm. B arom ciryuae npo-
CTPaHCTBEHHOE PACIIpeJieieHre aTOMOB 110 KOODIMHATE
X B dOKaAJIBHON IJIOCKOCTU UMEET XapaKTEPHYIO IITHPH-
Hy 0.7 MM (CuHsist KpuBasi), 4TO [IO3BOJIAET TOBOPUTH 00
3¢ dekTrBHON (POKYCHPOBKE ATOMHOI'O IIy9Ka B 00JIaCTh
JIOKAJTU3AIAN IUIIA.

Pu3nIecKnM CMBICJIOM (DYHKIIUU TPOCTPAHCTBEHHO-
IO pacIpejiejieHus] aTOMOB, IIPEJCTABJIEHHON Ha puc. 3
SABJISIETCA PACIpeieIeHre JIOKAJIBHOW KOHIEHTPAIIHI
aToMoB. JlelicTBUTE/IBHO, W3 YCJIOBUS HOPMHUPOBKH
[IPEJICTABJIEHHBIX KPHUBBIX, KOJMIECTBO aTOMOB B 3Jle-
MenTe dx onpeseinsiercs BoipaxkenueM: dn = Non(z)dz,
riae n(r) = fooo ffooo w(z, 2, V3,0, )dvgdvy | ,—f — PyHK-
Iisl PACIpeleJIeHusl, IIpeacTaBiennas Ha puc.3. U3
[IPOBEJIEHHBIX PACYETOB CJIE/IyeT, YTO JIOKAJIbHOE yBe-
JITYeHEe IUIOTHOCTU aTOMOB, Ipu (DOKYCUPOBKE B
CyO-ZI0TLIEPOBCKOM  PEXKUMe B3aMMOJIEHCTBUS B pac-
CMaTPUBaeMOM OJIHOMEDHOM cJjydae, jgocTuraer 13
pa3. llpu paccmorpennn AByMEpHOU (DOKYCHUPOBKH,
JIOKaQJIbHOE YBEeJIMYeHre IJIOTHOCTHU aocTturaeT 169 pas.

5. 3akmrodenmue. B pabore mpejcraBiieH aHau3
BO3MOXKHOCTHU (POKYCUPOBKU ATOMHOIO IIyYKa C UCIOJIb-
30BaHUEM JIByMEPHON MAaTrHUTO-ONMTUYIECKON JIOBYIIIKH C
[EJBbI0 YBEJIMYEeHUs AaTOMOB B O0JIACTH OXJIAXKIEHUS U
JIOKAJIN3AIUY BOJIU3U aTOMHOIO YHUIIA.

B pabore paccMoTpeHo JBa pexKmMa B3aMMOJIEH-
CTBHUS ATOMOB € (POKYCHPYIOIIUM JIa3epHBIM 1mojieM. Jlo-
IJIEPOBCKUN PEeKUM B3aMMOJENCTBUS, KOTOPBIA peaJjin-
3yeTCsI TP MAJIbIX OTCTPOUKAX JIA3EPHOTO OJIst OT TOY-
HO#l 9acCTOTBI aTOMHOI'O pe30HaHca. B 3ToMm pexkmme B
cuty muddysun uMmiryabca 3(hEdEeKTUBHOCTD (HOKYCH-
POBKHI IIPU PACCMOTPEHHBIX ITapaMeTrpax HU3Kas: pa3-
Mep obsractu (HPOKYCHUPOBKHM COCTABHJI 3HAYEHHE 8 MM
[IpU MapaMeTpax, KOTOPbIe MOTYT ObITh PeaJIM30BAHbI
B 9KCIIEPUMEHTAJbHBIX ycaoBusx [4]. IIpu Gosbux or-
CTPOMKAaX JIA3€PHOI0 U3JIyYCHUS XapaKTep B3auMOJIeH-

ITucema B 2KQT® Tom 118 Bem. 1-2 2023

CTBUSI aTOMOB C Jia3epHbIM mojieM usMmensercs. Cy-
IIECTBEHHBIM CTAHOBUTCS CyO-JI0TIIIEPOBCKUI MEXaHU3M
B3aMMOJIEHCTBHS. DTO MPUBOJUT K yMEHBIIEHUIO JTuh-
dy3un uMIyabca W, KaK CJIEJICTBUE, K yMEHBITEHUIO
IMUPUHBI CKOPOCTHOT'O PACIIPEIETIEHNST ATOMOB TI0 IIOIIe-
PEUIHBIM CKOpPOCTsIM. B TakoM pekume B3anMOIeHCTBUS
pacderHasi 00J1aCTh (POKYCUPOBKU COCTABUJIA 3HAYEHUE
0.7 M.

VBenuyenne NJI0THOCTH ATOMOB B (hOKAJIHLHON ILIIOC-
KOCTH IIPH JBYMepPHO# hoKycupoBke pocturaer 169 pas
[0 CPABHEHUIO CO CJIy4daeM, KOrja (hOKyCHPOBKA OTCYT-
cTByeT. YMeHblllenre obacTu POKYCUPOBKHU, a CJIEJI0-
BaTEJIbHO, U yBEJIUYEHUE ILIOTHOCTU, MOXKET OBITH J0-
CTUTHYTO 3a CYEeT yMEHbINeHus (POKYCHOTO PACCTOs-
uusi. [lpu sTOM HCHOIB30BaHNE CYO-IOILIEPOBCKOIO Me-
XAHU3MAa B3aHUMOJEWCTBUSI MOXKET TO3BOJIATH ITPOU3BO-
JUTH (DOKYCUPOBKY aTOMOB B 00JIaCTh C pa3sMepaMu I10-
psanaka 100 MrM.

UccnenoBanre  BBITOJIHEHO 33  CYET  T'paHTa
Poccumiickoro  maygyHoro  ¢onza #21-12-00323,
https://rscf.ru/project/21-12-00323/ u 4gacruyno B
pamkax npoekta l'oczamanus FFUU-2021-0003.
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