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Hanbonee BeposiTHBIM KaHAMAATOM Ha POsib SIAEPHO-ONTUYECKOrO CTaHAAPTA SBASETCA M30MeEp S4EpHOro N30-
Tona 2% Th ¢ sneprueii 8.3383B. Ob6cyxaaeTcsi BO3MOXKHOCTb YTOYHEHUS €ro SHEPruM MyTeM PEe3OHaHCHOM
ONTUYECKON HaKaYKM HYepes SNEKTPOHHbIN MOCTuK. Peluatoliee 3HadeHne umeeT Hagnexaliee MCnonb30BaHMe
€CTECTBEHHON LUMPUHBI aTOMHbIX IMHWAN, KOTOPbIE HAa NMOPSAAKN BEJNYMHbBI NPEBLILIAIOT ECTECTBEHHYIO WNPUHY
AanepHoii nsomeptoli aunun. MNocnegHne nccnegoBaHns Nokasanu, Y4TO yLIMPEHME 32 CHET BHYTpPeHHell KoHBep-
CUM B HelTpasbHbIX aTOMax TOPUS NPUBOAUT K BbIAFPbILY BO BPEMEHU CKAHUPOBaHMS HA AEBATb MOPSILKOB
BENYMHBI, 0BNer4as NoMCK 31eKTPOH-AAEPHOrO PE30HAHCa [0 NPaKTMYeCKN peanbHoro yposHs. MNpeanaraembiii
B HaCTOsILLelN CTaTbe METOJ, PE3OHAHCHONM KOHBEPCUIU MPUMEHUM B NOHM30BaHHbLIX aToMax Topusi. OH obnagaer
NOTEHLMAIOM, NO3BOMSIOWNM NOBLICUTL 3(hheKTUBHOCTL SKCMEPUMEHTA HA NOPSAAKM BennymnHbl. Peannsauus
3Toro mMetoaa TpebyeT OfHOBPEMEHHOrO BO3bYXAEHNS A4Pa U SNEKTPOHHON 0BONOYKN B KOHEYHOM COCTOSIHUN.
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1. BBEAEHUE

Xoporue 1epCreKTUBbl CO3AaHUs CTaHIAPTa Jac-
TOTBI U YACOB CJIEJYIOIIErO MOKOJIEHUsI 0Delaer uc-
[I0JIb30BAHUE CIIEKTPAJIBHDBIX JIMHUH, OTBEYAIONINX I1e-
pexozaM siIepHBIX n30MepoB. Zapa, Oyaydn pacroso-
JKEHbI B IIEHTPE 3JIEKTPOHHOI 000J109KM, cjiabee 1o
CPABHEHUIO C ATOMHBIME UM MOJIEKY/ISPHBIMU CHCTE-
MaMU I[IO/J[BEPXKEHbI BO3JCHCTBUAM BHENIHUX [OMEX U
BHYTPUKPUCTAJUIMIECKUX TIOJIel. DTU JIMHUM y3KHUE U
ycroitunsbie. [Ipobsiema B TOM, 9TO B OOJILIIIMHCTBE
SJIEP EePEXO0/Ibl UMEIOT dHeprun gecaTku k3B, Takumu
[epexoIaMu MpobIeMATUIHO MAHUILYJINPOBATD C IOMO-
mpio Jasepos. Mmeercss yrukaabnbii mykmmm 222 Th,
BO30YKJIeHHOe cocTognue KoToporo 3/27[631] obmaia-
eT smeprueit w, = 8.338(24)5B (cm. [1]), uro Gosblie,
4eM y OCHOBHOTO coctosinus b /27 [633].

* E-mail: fkarpeshin@gmail.com
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OCHOBHOE TMpensiTCTBUE IS KOHCTPYUPOBAHUSI
CTaHAPTa YaCTOThI COCTOUT B TOM, YTOOBI YMEHBIIUTH
HEOIPEJIEJIEHHOCTh B 3HAYEHUU SHEPIUHU H30MEPHOTO
mepexojia BIUIOTH JIO €CTECTBEHHOW NIUPUHBI S/Iep-
HOM JIMHMH, KOoTopad JexkuT Ha yposue 107193B.
BosMmoxkubIii myTh pemeHumsa JAaHHON 3aJadn  JAeTCs
METOJOM PE30HAHCHOTO (DOTOBO3OYKICHUS H30MEPaA
(onruueckoil Hakauku). C 9TOH LEJIBIO MOMKHO OBLIO
OBl MCIOIB30BATH [IEPECTPANBAEMBIl JIa3ep HEMPEPHIB-
HOTO JIeHCTBUSA C JJIMHON BOJIHBI BOJIM3U PE30HAHCA
A =~ 150 uMm. [Ipobiiema B TOM, 9TO eCTECTBEHHAS MTUPH-
HA JIMHUU COOCTBEHHO M30MEPHOIO IIE€PEeX0Jia CJUIIKOM
y3Kasg [ad CKaHmpopamms: I, 0.667 - 10~19sB
(107° T'm), KoTOpOE TOTPE6OBAJIO ObI CJMITKOM MHOTO

BpEeMEHHU.

B sroit cBa3u moBropmMcs, daro Hanbosee ddbdek-
TUBHBII, €C/IM HE €IMHCTBEHHBI IIyTh YCKOPEHUS CKa-
HUPOBaHUS JIEXKUT YepPe3 UCIIOJIb30BAHNE PE3OHAHCHBIX
CBOMCTB 3JIEKTPOHHOIT 0boJsiouku. U 1mesio He TOIBKO B
YCHUJICHUN BO3[IEUCTBUS BHEITHETO MO/ HA siIPO B CJIy-
qae pe3onanca. Eme 60/iee BayKHBIM CBOWCTBOM B IIPHU-
MEHEHUU K CKaHUPOBAHUIO SIBJISIETCS YIIUPEHHe Pe30-
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HAHCHOI1 JIMHUM Ha MHOT'O MOPSJIKOB 10 OTHONIEHUIO K
MUPUHAM ATOMHOTO W SJIEPHOTO MEpPEXOJI0B. Bzammo-
JieficTBIE siIpa, ¢ 9JIEKTPOHHOMN 000JI0YKOM OCYTIECTBIIS-
eTcst mocpeicTBoM BHyTpenHeli kousepenn (BK), B o
IIOPOTOBOI ODJIACTH MEPEXOIAIeil B IUCKPETHYIO WU
pesonancuyio kousepcuio (PK). Konunennua PK 6b1-
aa cdopmyaupoBaHa eme B pabore [2] npumeHHTE B
HO K J€BO30YKJIEHUIO OCKOJIKOB JEJIEHUs] B MIOOHHDBIX
aromax. B pabore [3| Buepsble ObLI IPEIJIOKEH CIIO-
cob ycuIeHHsl sJIEPHOTO TIePexojia C TIOMOIIbIO JIa3e-
pa, ucnoss3yionuii PK, na mpuMepe nzomepa 23°U ¢
sueprueit 763B. B crarpbe ormegasace obmuocts PK
¢ 9J1eKTPOHHBIME MocTuKaMu (M), paccMOTpeHHBIME
Kpyroseim [4]. KpyTos paccMmarpusad ciydaii, Korjua
9OM obpazyercsa B kontuayyMme. DM ocoberno adbdex-
TuBHbL B cirydae 6oabix KBK (koaddunuenros BK).
Hanpumep, corsacHo pacueram [5], 9M ypenmunba-
IOT BEPOSITHOCTH PAJIAAIMOHHOTO PACIAIA U30MEpa, -
pa 235U c smeprueit 76 5B Ha HATH MOPSIKOB BEJIITTH-
Hbl. B pa6ote [6] nabmonanca OM B pacuaie uzomep-
noro yposus *Nb ¢ sueprueit 30.75B. B cBoo oue-
peab, oba mpeackaszanust PK Obuin HaOIIOMEHBI 9KC-
[ePUMEHTAJIbHO B PaboTax [7| B MIOOHHBIX aroMax u
B nonax 2°Te [8]. Ilocie paborwt |9] u apyrux 1mm-
POKOE PAacIpoCTpaHeHue IMOJIYyInI TEPMAH OOPATHOTO
OM 1 0603HAUEHUST MEXAHU3MOB (POTOBO30Y K ICHUS
msoMmepa 22°Th mpu mocpeicTBe JIEKTPOHHOM 0607T04-
Ku. B maabHeHmmx getassax KOHIENsS 0OpaTHBIX DM
ObL1a paccMorpena Hegasuo B paborax [10,11]. Coemy-
eT elle OTMEeTUTh BasKHbBII BKJIaJ, B IIOCTPOCHUE TeOPUH
PK paborst [12], B KOTOPOii GblIa IIPOAEMOHCTPUPOBA~
HA Pemaiomas pojib CMEITUBAHUS SJIEKTPOHHBIX KOH-
durypanuii cpennero nosst aroma. B padore [13] 6bI-
JIO TIOKA3aHO yCUJIEHUE PE30HAHCHBIX CBOWCTB 060I0UKY
10 Mepe yJIAJEHNsT U3 Hee 9JIEKTPOHOB BILIOTH JI0 BOJO-
POJIOIIOIOOHBIX HOHOB, B KOTOPBIX MOYKET HAOJII01aThCs
PK B orcyrcTBHE 3aTyXaHusd, CO3/1aBAEMOr0 HHAYE JIPY-
rumMu sjekrponamu. B pabore [14] 6buia npoanaausu-
poBaHa COBOKYIHOCTDH IiporieccoB PK ¢ Touku 3penus
nx 3 PEKTUBHOCTH JIJIsT ONITHYECKON HAKAIKH H30Mepa
229Th, B KavecTBe SHEPTUH KOTOPOTO B TO BpeMs OBLIO
npuHATO 3HaYeHue 3.53B.

C yaeToM COBPEMEHHOTO 3HATEHUS SHEPTUN U30ME-
pa JOMUHHUPYIOIIUM KaHAJIOM €ro paciiajia B HelTpaJib-
moix aroMax cranosurca BK ¢ KBK

a(M1) = 0.987 - 10°.

Habronennoe Bpemsi Ku3Hu n30Mepa B HEATPAIbHBIX
aromax okazasoch 10Mke [15]. Yuer BK npusoaur x
YBEJIUYEHUIO €CTECTBEHHO MUPUHBI N30MEPHON JTHHIN
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J10 BEJIMYMHDBI
I, =0.7-10"'%3B (10 k'n).

Ha mpakruke npuMeHeHHe METO/a CKAHUPOBAaHUSI
BCTpedaeT OOJIbINue TPYAHOCTU. Jlazepsl B BaKyyMHO-
buoJIeTOBOM JIMaIta30He C JAJIMHON BOJIHBI OKOJIO 150 HM
MPAKTUIECKH OTCYTCTBYIOT. Jljisi TIpeojiosieHust 3Toi
pobseMbl B (pusuko-texundeckomM wnucruryte PTB
(BpaynmBeiir) ucnosb3oBajics MeToi, ABYX(hOTOHHOIO
norvomenus [16]. YHUKaJIBHBIH Jla3ep HCIOJIL30BAN-
csl Ul HaKadKy m3omepa B yHuBepcurere Kasmdop-
uun Jloc-Ammkenec (UCLA) B rpynne npodeccopa
9. Xancona. Heckombko jier 6e3yCIIENTHBIX MOIBITOK,
OJIHAKO, TOOY2K/IAl0T K IOUCKY HOBBIX myTeil. Hanbo-
Jiee TIePCIIEKTUBHBIM IIPE/ICTABJISIETCS B HACTOAIIEE Bpe-
Mst IpOeKT [17], OCHOBAHHBII Ha MCIIOIB30BAHIN KaHa-
sia BK B HefiTpa/ibHbIX N30MEPHBIX aToMax. AHajornd-
Hble pa3paboTku BeayTces B IlerepOyprckomM HHCTUTYTE
sepuoit dusukn (IIMAD) Hanpornaasaoro mccieo-
Baresibekoro nentpa «Kypuarosckuit nacturyTs [18].
Paccmorpum 3ToT 1mpoekT OoJsiee JieTaabHO, 9TOOBI, OT-
TAJIKUBAsCh OT HETO KaK 00pa3ia COBPEMEHHOT'O COCTO-
SIHUsI IKCIEPUMEHTa, HAMETHUTD IIyTH JAJIbHEHIIero mo-
BbIlteHUst 3(PPEKTUBHOCTU UCCIIE0OBAHUSI.

2. OOEHKA HEOBXOAMMOI'O BPEMEHUI
CKAHUVMPOBAHWUS ITO MEXAHU3MY BK B
HEMNTPAJIBHBIX ATOMAX 22°Th

st pesonaHcHOTO BO30OYXKJIEHUS HEKOTOPOH CH-

CTEeMbl €CTeCTBEHHO HCIOJIb30BaTh CBETOBON IIyYOK CO

CIIEKTPAJILHON MIUPUHOM, TPUOIU3UTETHHO PABHOM MU~

pute pe3onanca. Torma onenky ceuenus: oToBO30Y K-

JICHU YPOBHS C dHepruei w!) MoxHO poBecTu 110 Hop-
21, +1

Mmyste [14]
TN\2
20y + 1 (Z) Swr (1)

rae S, — CHeKTpajbHAas IUIOTHOCTH mydka, lo, [, —
CIUHBI CHCTEMBI B UCXOJHOM U BO30YKJIEHHOM COCTO-
SIHUSIX COOTBETCTBEHHO, Iy (w — 0) — paguanuonHas
mupuHa obparHoro nepexoza. Ilosoxus S, ~ 1/T,,

040 = w) =Ty (w—0)

riae [, — mojHas MUpUHA COCTOSHUSA W, U CUATAS
I (w — 0) = I, moiay4umM Jyisl OLECHOK yHHBEPCATIb-
21, +1

nyo dopmyiry
2
. a— 2
2l + 1 ( ) ’ (2)

IIPUMEHUMYIO B paBHOfI Mepe KaK K dJepHbIM, TaK U
aTOMHBIM CHCTEMaM. rZ[aHHaH O6H.[HOCTI) LIpe\?»BI)I‘IaI‘/JI—

0,0 = w) = g

HO BasKHa IIPU PACCMOTPEHHUU ¢ABJICHHUIT 3JIEKTPOHHO-
SJIEPHOTO PE30HAHCA.

D M HUCTIOIb3yeM
h=c=me — 1.

PEIATUBUCTCKYIO cucremy CIUHUIY
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Puc. 1. YactoTtHas rpebenka, npegnaraemasi ons onpegese-
Hus sHeprun n3omepa [15]. Ona coctout ns 1.2 - 10° rpeben-
YaTbix Mog (3yBLOB) C MepemMeHHOl 4acTOTONl, C LEHTPOM B
patioHe 8.33B. LLnpnHa kaxgoit mogbl 490 Ny, MowHoCTE —
10 HBT B ueHTpanbHoli obnactu rpeberkun. MonoxeHne apep-
HOW JINHUMN YCNIOBHO MOKa3aHO LIMPOKMM BEPTUKASIbHbIM OT-
pe3skoMm. B npouecce ckaHnpoBaHusi HacToTbl 3ybLoB rpebeHku
NPOBOAMNTCS MOUCK pe30oHaHca

B mpoekre [17] mpejaraercs UCIOJIB30BATH CE/Tb-
MYIO TapMOHHKY OIIOPHOIO JIy4da BOJOKOHHOI'O JIa3epa
¢ gumuoit Bosiabl 1070 M. Ha myTm mosydennoro ra-
KM 00Pa30M HEIIPEPBIBHO T'€HEPUPYEMOro JIyda MOTII-
HoCcThIO 1.2 MBT momernaercst Bpalaromasicsi 3acjaoH-
K& C OTBEPCTUSIMU, KOTOpasl IPOU3BOIUT €ro IUKJINIe-
CKO€ OTKPBbIBaAHUE-TIPEPLIBAHUE HA PABHBIE IIPOMEKYT-
ku Bpemenn 100 mxc. B pesynbrare dypbe-crekTp mpe-
06pa30BaHHOIO JIy4a O0OpeTaeT BUJI YACTOTHOI rpebeH-
KU, PACIIOJIOZKEHHON BO3JIe IEJICBOM 9HEPrHU U COCTO-
ameit m3 1.2 - 10° SKBHIUCTAHTHBIX 3yOLes. MulmeHn
MIpeICTaB/IsIeT co0OM TOHKUN KPyT juamerpom 0.3 MM.
Ha ero moBepxHOCTB IIyTe€M HAIIBLIEHUS WX UHBIM CIIO-
cobom manocutes 1.6-10'3 aromos 227 Th. Iomywennnit
TaKuM 00Pa30M CBETOBOI IIyYOK B BHJI€ YACTOTHOII rpe-
Genku GOKycUpyercs: Ha 3Ty MuilieHb. PaKkT pe3soHaHC-
HOT'O IOTJIONIEHUS] YCTAHABIMBACTCA IIyTEM PErucTpa-
UM KOHBEPCUOHHBIX 3JIEKTPOHOB, BO3HUKAOIIUX IIPU
JIeBO30YKIeHUN U30Mepa. Araparypa Jijisi perucrpa-
M KOHBEPCUOHHBIX JIEKTPOHOB Pa3padaThIBACTCA HA
OCHOBE JIeTEKTOPOB, PAHEe MCIIOJIb30BAHHBIX aBTOPAMU
JUist obHapy»KeHUsl paciaja usomepa [15] u mepsoro
IPSIMOTO u3MepeHust ero suepruu [19].

MormmHoCTh M3/IyYeHUS B KaXKJIOM 3y0e rpebeHKH
10 uBr, nosrynmupuna 490 Ty (2- 10712 5B), paccrosnue
Mesk Ty 3y6bavu 77 M (3-10785B). Us dopmyin (2)
CJIEJTyeT, 9TO €CJIM 9acTOTa ODJIydIeHUs IOMAIaeT B pe-
30HAHC C HAJIEPHBIM II€PEXO0M, TO 34 BPEM:A KaXKJION
skcrosuruu 100 MKC B MI30MEPHOE COCTOSIHUE TIEPeiTy T
npubmsureabao 60 aromoB. Hacrora CKaHUpPOBaHUS
MeHsieTCs KaxKIyto cekymny. [llar m3amenenust 9acTOTHI
paBeH mmpune ucKoMoil jmuum, T.e. 107193B. Torma
JIJIST CKAHUPOBAHWS WHTEpBaJia MexKJy 3yOIlaMu Ipe-
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6erku norpedyerca H000 maros, uyro 3aitmer 5000 ce-
kyua. s 6oee TOYHOTO OIpPeIe/IeHNsT SHEPTUH 30~
Mepa HaJ0 M3MEHWTHh WHTepBas MexKiy 3ybramvu. [lo-
9TOMY I YTOYHEHHs SHEPIUU H30Mepa HOoTpedyercs
IIPOBECTH €Il HECKOJIHbKO IUKJIOB CKAHUPOBAHUSI.

3. PEBOHAHCHA{ HAKAYKA NM30MEPA
YEPE3 9JIEKTPOHHYIO OBOJIOYKY

MpbI Tak MoapOOHO OCTAHOBUIINCH HA OIIACAHWN IIPO-
exta ¢ Thl, 9Tobpl maTh HamIydIIee TpeCcTaBICHUE
006 ypOBHE pa3BUTHSI COBPEMEHHOI'O SKCIIEPUMEHTA, €0
npobsemax u 3aa4dax. OCHOBHAS TeJIb HACTOAIIEH pa-
60TBI — elle pa3 0OpaTuTh BHUMaHUE HA TO, 9TO MOXK-
HO 3HAYUTEIbHO COKPATUTH BPEeMsl SKCIIEPUMEHTa, eC-
JIK BOCIIOJIb30BATHCsI PE30HAHCHBIME CBOHCTBAMU JI€K-
TPOHHO# ODOJIOUKM [JIsi YCUJICHUs BO3JEHCTBUA BHEII-
HEro I0Jisl Ha siJ[po. Pa300paHHbIil BbIIIE IPUMED y7Ke
HCTOJIb3YeT YCUJIEHHE M30MEPHOIO TEePeX0/ia KaHAJIOM
BK na 9 nopsiakos Besmunnbl. OQHAKO 3TOT MEXaHU3M
MOXKHO OTHECTH K (hpaKTOpaM KHHEMATUIECKOTO yCUJIe-
HUsI, TACCUBHO KCIIOJIb3YIOIIErO YIIUPEHUE CIIEKTPaJIb-
ot smann m3omepa Beaencrsue BK. Pezonanc xe c
9JIEKTPOHHOU 000JI0YKOI KaK TaKOBOH He SKCILIyaTH-
pyercsi. Ho y2Ke B OJHOKpATHBIX HOHAX HEPIHUsi OTPbI-
Ba 3JIEKTPOHA CTAHOBUTCs OOJIBIIE SHEPIUU M30Mepa,
qaro BeikJodaeT Kanaa BK. B o ke Bpems 6osbima-
CTBO IPOEKTOB IIPEJIIIO/IarafoT UCIOIb30BaHINEe UMEHHO
nonos 22°Th.

[Mopxoagamuii Jjisi HOHOB MEXaHW3M JTUHAMUIECKO-
ro ymupeHusi Obul npejcraBieH B pabore [14]. Pac-
CMOTPUM €ro IpHMeHeHHe Ha IPUMEPE OJIHOKPATHBIX
nonos 22°Th.

B Hauya/JbHOM COCTOSIHUU aToMa W sJIpO, U BaJjleHT-
HBI 3JIEKTPOH NPeObIBAIOT B OCHOBHOM COCTOSIHUU.
Kondurypamus 060109Kn — 756d? ¢ yrIOBBEIM MOMEH-
roMm j = 3/2 [20]. B BupTyasbHOM LpoLEcce JUCKDPEeT-
HOIl KOHBepCUU 7S-3JIEKTPOH IIEPeIaeT sjipy HeoOX0 -
MYIO JIsi 00pa30BaHUsT M30MEPa SHEPIHUio w,. B crek-
TpaJbHOM passiozkenuu (ynkuuu ['puna (puc. 2) MOK-
HO B IIEPBOM IPUOJIM?KEHUN OTPAHUYIUTHCST TEM 2Ke 7S-
COCTOSIHUEM, IIOCKOJIBKY 8S- WM JIpyI'ie YPOBHU PacIio-
JIOKEHBI TOPa3J0 JaJbIle [0 dHeprud. BaprraBckuii
3¢ deKT coCTOUT B TOM, 9TO OTKPBIBAET BO3MOXKHOCTH
cMernuBaHus mocpejacTBoM PK 0cHOBHOrO n m3omMepHoO-
IO FJIEPHBIX COCTOSAHUN, HECMOTPSI HA TO, 9TO Y HUX Pa3-
HbIE CIOUHBI, ¢ COXPAHEHUEM MTOJTHOTO YTJIOBOTO MOMEH-
ra aroma F [21]. D10 npuBOoauT K yCKOPEHUIO pacia-
Jla M30Mepa B COTHU pa3 B CJIydae BOJIOPOIOTOIOOHBIX
nonos 22" Th. Ecin B auarpaMye Ha puc. 2 paccMoT-
perb BOJIOPOIONOI00HbIE NOHBI BMECTO OJHOKPATHBIX,
TO ObLIM ObI BO3MOXKHBI B HAYAJIbHOM COCTOSIHUU I10JI-
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Puc. 2. ®eiiHmaHOBCKUIA rpadhukK pPe3OHAHCHON ONTUYECKOL
HaKa4yKN N30Mepa, OCHOBaHHbIV HA MPUHLMNE OCLUUAASLNN OC-
HOBHOIO N U3OMEPHOr0 COCTOSHUIA

Hble MOMEHTHI F' = 2 u 3, npuueMm ypoBenb ¢ F = 2
ObL1 ObI OCHOBHBIM. AHAJIOTMYHO, M30MEP MOI' ObI 00-
pa30BaTh C JIEKTPOHOM cocrosinusg ¢ F' =1 u 2. Bup-
TYaJbHBII TIePEX0/l B M30MEPHOE COCTOSTHUE BO3MOXKEH
¢ F = 2, ¢ HauajbHBIM 2Ke cocTosinueM ¢ F' = 3 upo-
[eCC THUIA IMOKA3AHHOIO HA pUC. 2 ObLI ObI HEBO3MOXK-
oM. [IpaButa or6opa BK aBromarmdeckn yanrsBaor
9T KOMOMHAIWMU B (hopMy/Iax Jjis pacdera JIUCKPeT-
ueix KBK «4(M1). B paccmarpuaeMoM ciiydae OJi-
HOKPATHBIX MOHOB O/1aroiapsi erie 60JIbIeMy MOMEHTY
9JIEKTPOHHO 060s0uky, j = 3/2, Tem Gosee BO3MO-
JKEH NEJIbIA psiJi KOMOMHAIMI JIJIsi [TOJTHOO MOMEHTa,
F xax B Ha9aJbHOM, TAK U B KOHEYHOM COCTOSHUSX.
Bcee onn no-mpexkaemy yunTHIBAIOTCHA ITPABUIAME OT-
Gopa jist ag(M1;7s-7s).

Basranc smeprum BoccTaHABIMBAETCS MOTJIOMECHIEM
BHenaero (orona ¢ 4acroroil (u sueprueii) w. A6cop-
OupoBaB HEPru0 (GOTOHA, IJEKTPOH IIEPEXOJUT B KO-
HevHOe 7p-cocTosinne. JacToTa Iy 9Ka OIpPeIesIsieTCs n3
YCJIOBUS COXPAHEHUs SHEPIUU:

(3)

re €7, — dHeprua Tp-yposHaA. Ha sToil wacroTe am-
IJIATY/1a IPOXOJUT Hepes pesoHanc mupunoit I'y = I'7p,
paBHOIT puHe Tp-ypoBus. [losTomy jyts 1eneit cka-
HUPOBaHUS I11€JIeCO00PA3HO NCIIOJIH30BAThH IIYYOK C pe-

W = wp, + €7p,

30HAHCHOHM 9aCTOTON w M CO CHEKTPAaJIbHOI IIMPUHOM,
paBHOI mupuHe pe3oHaHca [',. YCJIOBHO HA30BEM 3TOT
MEeTOJ[ IIEPBBIM U CPABHUM C JPYTUM METOJOM, B KO-
TOPOM HCIIOJIB3YeTCsl IIyIOK C TAKUM K€ ITOTOKOM, HO
C 9aCTOTON Wy, W CO CHEKTPaJbHON IMUPUHON, paBHONI
[TOJIYIIAPUHE W30MEPHO JIUHUU [, U KOTOPBIA MOXK-
HO HUCIIOJIb30BaTh JjIg HAKAYKN [0JIOrO siapa. st or-
HOIIIEHUsI CPEJHUX CEYeHUI TaKUX JBYX IIPOIECCOB —
dakropa yckoperus R, B padore [14] 6puia nomyuena

dopmyita
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/s 8p p

—

- == >IS=

Puc. 3. ®eiinmaHoBCKMil rpadhk pe30HaAHCHOW OMTUHECKOI
HaKa4Ky N30Mepa Mo NpPsIMOMY MeXaHU3My

~ag(M1; 7578\ (w; 7s-Tp)
B 2nw2

: (4)

3aech ag(M1;7s—7s) — pasmepubiit anasor KBK st
.o a

M1-nlepexosia ¢ aHeprueil w,, I‘ﬂ(y )(w;7sf7p) — pa-

JUAIIOHHAsl IMUPUHA Tepexona 7s—7p ¢ YacTOTOH w

(BHe MaCCOBO HOBerHOCTI/I). C OOBIYHON HIUPUHON

OHA CBSI3aHA COOTHOINEHUEM JIETAJILHOTO OaJsIanca

2jo+1

_ 22t (5)
2j1+1 7

rae gnciaamu 1-2 u 2—1 0bo3HaYeHO HAIPABJICHUE TPO-

recca B 001IIeM ciaydae, a 2j; + 1 — cTaTUCTUIeCcKnii Bec
i-ro cocrosguus. [lomaepkaem, 9T0 pakTOpP YCKOPEHUS

r{* (w;1-2) (w;2-1),

(4) nocruraerca Ha GoJiee MIMPOKOM ILyYKe, HO C TEM
2Ke TIOTOKOM (hOTOHOB. OJTHAKO SHEPIHUs PE3OHAHCA, CO-
riacHo (4), 6yger HeckosIbKo Bbie. COOTBETCTBEHHO,
BbIIIE OyJIeT U MOITHOCTD Iy9YKa — IIPOTOPIIMOHAIBLHO
OTHOIIEHUIO W /Wy, .

JnarpamMMa Ha puc. 2 uHTEP(EPUPYET ¢ JIuarpam-
Moit Ha puc.3a u3 paborsl [14], B KOTOPOi HOPSIOK
B3aMMOJIEHCTBYSA 7S-3JIEKTPOHA C sIJIPOM U IIYIKOM 3a-
MEHEH Ha IIPOTUBOIIOJIOXKHBIN, & IMPOMEXKYTOIHOE CO-
crosinue 7s 3ameHeno Ha 8p. [lomyuennas takum obpa-
30M (hefHMAHOBCKAs IHArpaMMa [IPUBEJEHa HA PUC. 3.
B kadecrBemHoMm orHOIEHWMH OHA HeceT TOT Ke du-
suveckuii cmbica [22]. JlasepHbiit dhoTon ¢ wacToTOl
W TOIJIOMAETCs 7S-3JIEKTPOHOM, KOTOPBIN MEepexOuT
B BHPTyaJIbHOE COCTOsfHME. BO/M3u pe3oHaHCA OCHOB-
HOI BKJIaJ, BHOCUT 8p-3yekTpoH. OH mepegaer 4acTb
[TOJIy Y€HHOIl SHEPIUH sIJ[PY, IEPEBOJISI €I0 B U30MEPHOE
COCTOSIHUE. DJIEKTPOH K€ OCTAeTCS B BO30YKICHHOM
COCTOsIHUU TP C SHEPrHUeil €7,. YCJIOBHE PE30HAHCA IIO-
npexkHeMy jgaercst bopmyinoii (3). PakTop ycKopeHust
MOKHO paccuuTarsh 1o dopmysie [14], anasoruanoii (4):

 aa(M1;8p-Tp)TY (w; 7s-8p)

R

: (6)

2m(w—e€gp)?
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Puc. 4. KaptuHa pesoHaHcoB ¢ y4eTom bparmMeHTupoBaHust 7p-ypoBHeii cornacHo [20], R-chakTop npuBefeH B OTHOCUTENbHbBIX
€AUHNLAX NHTEHCUBHOCTM

IToxBomst mror sTomy paseiry, Pe3IOMUPYEM, UTO
BBIUTPBINI B CEUEHNN MOXKHO MCHOJIB30BATh JIJIsT COKPa-
MEeHUsT BPEMEHNU CKAHUPOBAHUS 10 TIEPBOI METOJINKE B
R pas. CrekrpaJjibHOE yIIUPeHHe I1y9YKa TaKKe 03BO-
JIZET COKPATUTh BpeMs cKanuposanug B I, /I, pa3 mo
CPaBHEHUIO CO BTOPOI CXEeMOI.

4. PE3SVYJIBTATBI PACYHETOB

Ha moment myGumnkanuu padorst [14] apyroe 3Ha-
JeHUe YHEPIUU M30Mepa CUUTAJIOCh HAamboJiee BEPOsIT-
wbiM: 3.55B. [Toaromy pacdersl MPOBOIUINCH € ITUM
3HadenneM. Hacrosimye pacieThbl BBITOJHEHBI B pAMKaX
merojia Jupaka—Poka ¢ MOMOIIBIO KOMILIEKCa KOM-
npiorepubix nporpamMm RAINE jqig pacaera aToMHbIX
cTpyKTyp [23]. B pesyibrare GbLan 0Ly YEHbI CIEYIO-
e 3HaYeHUsI:

q(wn; 7s-7s) = 1.95 - 10' 5B,

KBK pgnsa M1-nepexonma ¢ sueprueii w, = 8.3383B B
Th1 pasen a(M1) = 0.987-10°. Ecitit 0JI0:KUTE Bpemst
JKU3HU B HefiTpanabHbix atomax 10 Mke [15], To orcrona
creyeT coOOCTBeHHAs IMMPUHA U30MEPa,

I, =0.667-10"195B.

B pamkax mMeTo/a pe30HAHCHOE CedeHne COCTOUT U3
JBYX KOMIIOHEHT, COOTBETCTBYIOIINX KOHEYHBIM yPOB-
HAM Tpi/9 W Tp3/2, NPUIEM HHTEHCUBHOCTH BTOPOMH
KOMITOHEHTBI BJ[BOE BBIIe 1epBoit. st sneprun ypos-
Ha 7pg/p Tojyueno suadenue 3.523B, cremosarenn-
o, w = 11.863B. Dueprusa yposna 7pip mosyqn-
Jgach 2.495B, coorBercrBenHo w = 10.833B my1a sTo-
ro yposus. Jlajee, paJnannonnas MIMPUHA ATOMHOTO
epexoa

a . _ —6
(") (w; 7s—Tp) = 3.30 - 10 ° B,
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9TO HA TPUHAANATH MOPSIKOB OOJIBINE €CTEeCTBEHHOMN
mupuabl n3omepuoit guaun [,. [loxcraBnsas ykazan-
Hble 3HavYeHust B dbopmyiy (4), Halinem Besmunny dak-
Topa yckopenus R = 147.

Bkuiaji or gmarpamMMel Ha puc. 3 B padore [14] 6bu1
B 20 pa3 menbine. OH CTAHOBUTCSI OTHOCUTEJIBHO €I
MEHBIIMM C COBPEMEHHBIM 3HAYEHWEM SHEPIUHU H30-
mepa. [loaToMy MOKHO OTPAHUYINTHCA PACCMOTPEHUEM
JUarpaMMbl Ha PUC. 2.

Mek37IeKTPOHHOE B3aMMOJIEHICTBHE IPUBOIUT K
dparMeHTanu ATOMHBIX YPOBHEHl M CHJIBI II€PEXO-
noB Mexkay HumH. CUuras, 9TO CeYeHHe IIPOIECcca
[IPOIOPIIMOHAIHHO COOTBETCTBYIO-
mieil JIMHUM IIepexoja U3 OCHOBHOI'O COCTOSIHUS 7S B
BO30YXK/JeHHOE Tp B coorsercTBun ¢ dopmyioii (4),

MHTEHCUBHOCTHU

MOYXKHO  OIEHUTL OTHOCHUTEJBHYI0O HWHTEHCUBHOCTD
COOTBETCTBYIOINIMX KOMIIOHEHT B CEYEHUHU DPE30HAHC-
woro ¢otoBos30yxkaenust. C 9TON MEIBI0 HCIOJIb3yeM
IKCIIEPUMEHTAIbHBIE  OTHOCHTEbHbIE  MHTEHCHBHO-
CTH AaTOMHBIX JuHWi crekTpa noryomenns Thll,
npusezennsie B [20]. Cornacuo [20], BbLae/sieTcs MaJio-
dparMeHTHPOBaHHAS KOMIIOHEHTA, COOTBETCTBYIOIIA
[IePexo/y U3 OCHOBHOI'O COCTOSHUS HA yPOBEHb 7S7p6d
¢ j = 5/2 n sueprueii 3.083983B. ITosyueHHble TaKUM
IIyTeM OTHOCUTE/IbHBIE OIEHKU Il HAnboJIee CUIbHBIX
JIMHUN TIpeJicTaBieHbl Ha puc. 4. Kak MOXKHO BUIETH,
IIOMUMO OCHOBHOW KOMITOHEHTHI ¢ dHeprueii 11.4223B,
UMEIOTCsl MHTEHCUBHbBIE CIIyTHUKY ¢ dHeprusamu 11.371,
11.365, 11.236 5B u gapyrue. VIx MOXKHO HCIIOIB30BATD
KaK perepbl, JeTeKTUPOBAHNE KOTOPBIX TTOMOYKET Ha-
JIEXKHO UJACHTUMUITTPOBATH SHEPTUH ITUX KOMIIOHEHT B
9KCIIEPUMEHTE M COOTBETCTBEHHO OIPEJIETUTH SHEPTUIO
u30Mepa COrIACHO (3) ¢ TOYHOCTHIO, COOTBETCTBYIOIIEHT

JIA3EPHBIM MeTO/JaM U3MEPEHUA.
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5. OBCY2XKJIEHUE PE3VYJIBTATOB

OrmerrM 0COOEHHOCTH PE30HAHCHOTO BO30Y 2K JICHU ST
siJIpa COIJIACHO PUC. 2, 3 110 CPABHEHUIO C HOTJIONEHUEM
(BOTOHA TOJIBIM SIPOM.

1. Ceuenne 1Mo Pe30HAHCHOMY MEXAHU3MY, COTJIAC-
HO pacueTy, OKa3aJI0Ch YCUJICHHBIM TPUOIN3UTEILHO B
R 150 pa3. B 3TOM HpOSBJISIIOTCSI TUHAMUYIECKHE
CBOWCTBA 3JIEKTPOHHON 000JIOUKM KaK PE30HATOPA.

~
~

2. HamBazkneiimee myia 1meseil HacTodmeir padboThI
pa3jmane COCTOUT B IMUPUHE pe3oHaHca. Ecan mis ro-
JIOTO sI7pa 3Ta IUPHUHA 33J1aeTCsi COOCTBEHHON IT0JIy-
mupusoit (B orcyrcreue BK) nzomepHOro ypoBHsT sijI-
pa I, To mo Mexanm3My, MpeACTABIEHHOMY Ha PHC. 2,
3, OHA paBHA CyMMe€ BCEX IIMUPUH — 3JIEKTPOHHON u
siiepHoii. OOBIYHO, KaK B JJAHHOM CJIy4ae, JJOMUHUDYET
CyMMa TIUPUH TPOMEKYTOIHOTO 8p- W KOHETHOTO 7p-
COCTOsIHUI BO30Y2KjIeHHOTO aroma. Obo3HAaYUM ee 110-
npexuemy [,. Umeer mecto coornomenune [, >> T,
[IO9TOMY CKAHHPOBAHUE 10 MEXAHU3MY, [IPUBEICHHOMY
ua puc. 2, rpebyer B I, /T, pa3 Menblie BpemMeHu.

3. st adppekTUBHON peansain 3TOr0 MeXaHn3-
Ma KpaifHe BayKHO, UTOOBI KOHEYHBIH aTOMHBIH ypo-
BeHb, B JAHHOM CJIydae 7p, He ObLI OCHOBHBIM, a MMEJ
Obl TUOUYHYIO aTOMHYIO mupuny. Eciam Obl BMecTO
Tp-ypOBHSI aTOM BO3BPAINAJICSI B OCHOBHOE 7S-COCTOSI-
HUe, TO PE30HAHC MMeJI Obl siIepHYIO MUpuHy 1), BBUILY
OTCYTCTBUS ATOMHBIX IMTIPUH KaK CJIeICTBUE 3aKOHA CO-
xpanenns sueprun. Paxrop ycusaenus R = 150 mor Ob1
COXPAHUATHCS B CJIydae MOHOXPOMATHIECKOTO Ja3ePHO-
ro my4ka (OTOHOB C YACTOTON W = w, U CIEKTPaJIb-
woit mmupunoit I, ~ [, HO BarkHeliee TPEUMYIIIECTBO
OIITUYECKON HAKAYUKN N30MEPA JIYIOM CO CIEKTPAJILHO
MIAPUHON TUIIMIHON ATOMHO JINHUU OBLIIO OBI Y TEPSHO.

B uwacrtHOCTH, 9TO OTHOCHTCSI K JIBYX(DOTOHHOII CXe-
Me BO30YXKJIEHUSI M30Mepa, IPEJIOKEHHONH B pabo-
re [24], B KOTOPOii SHEPrus ABYyX MOCIEI0BATEILHO 10~
[JIOIIEHHBIX 3JIEKTPOHHOU 0D0JIOUKO (POTOHOB I1€JIH-
KOM 1iepejiaercs sipy. IIpu arom asrlekTporHast 000J104-
Ka BO3BPAIAETCS B OCHOBHOE COCTOsTHME. BBULy TOTO,
9TO CKA3aHO BBIIIIE, T CXeMa [IPEJICTABJISIETC HEXKU3-
HECIIOCOOHOI B HACTOSINEE BPeMsi: 000JIOUKA JTOJIZKHA
ocTaBaThCA B BO3OYKIEHHOM cOCTOSTHUN. Ipyrue nemo-
craTku paboTel [24] paccMoTpeHbI B cTaThsax [25,26]. B
CBOE BpeMsi OHU IIPUBEJIU K BOBHUKHOBEHUIO I1apaOK-
ca, HaA3BAHHOI'O TOPHUEBOM 3araJkoi. ApryMeHTsbl, IpuU-
BeJIEHHbBIE BBIIIE, [TOIBOJISIT UTOT B €€ PEIIeHUHN.
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6. SAKJIFOUYEHUE

Mpb1 HA TIOpOTE POXKIEHIS HOBBIX JIA3EPHO- 5 IEPHBIX
rexnojioruii. OHu Oy/yT OCHOBAHBI Ha PE3OHAHCHOM
B3aUMOJIEICTBUU IIYYKOB CBeTa C sIPaMU: PE30HAHC-
HOM IIOTJIOIIEHUN U PACCESTHNUN, YIIPYTOM U HEYIIPYTOM,
HeJIMHENHBIX 3P HeKTax, TAKUX KaK MeHepalisi BHICIINX
rapMOHUK ¥ JIPYTUX. IT00BI OCYIIIECTBUTD 3TU MAHUILY-
JIAIAU € TOJIBIMU SIAPAMU, HEOOXOJINMO HCIIOIH30BATH
Y3KHE B CIIEKTPOCKOIIMIECKOM CMBICJIE TIOYTH MOHOXPO-
MaTHYeCKUe IIYyYKH CO CIIEKTPaJIbHON IMPUHON B IIpe-
JleJiaxX MIUPUHBI SAepHOi JuHuN. Pa3BuTne Takux Tex-
Hojioruit TpedyeT 3HAHUS SHEPIUil siIEPHBIX EPEX0I0B
1 n30MepoB. VIMEHHO TaKue CBEeTOBBIE JIYUH JISITYT B OC-
HOBY OyIyIINX SAEPHO-ONTHIECKUAX JACOB.

B 10 ke BpeMs MOXKHO HCIOJIB30BATH JIEKTPOH-
HYIO 000JI09KYy KaK 3(POEKTUBHBIN PE30HATOD, YCUIIU-
BaOIIUil BO3/elicTBUE CBeTa Ha s1Jipo. VIHCTpyMeHTOM
JJIE KOHCTPYUPOBAHUSA ITOIOOHOTO PE30HATOPA SIBJISAET-
Csl BHYTPEHHsIsI 1 pe30HaHCHasi KoHBepcusi. 11puBejieH-
HBIE BBIIIE IIPUMEPDI eIlle Pa3 JeMOHCTPUPYIOT, KakK -
(bEKTUBHO MOYXKHO HCIIOJIB30BATH PE30HAHC I OITHU-
YeCcKOil HAaKaYKH H30MepHOro cocroguus 222 Th. Peszo-
HaHC MOXKHO HCIIOJIb30BATD B JBYX UBMEPEHUSIX: 10 CTe-
[IeHN YCUJICHWA W JjIs OCJa0JieHus TpebOoBaHUil K cre-
[IEHN MOHOXPOMATHUIHOCTH CBETOBOIO ITyvKa. B mpuse-
JICHHOM BBIIIIe IIpuMepe ¢ onTudeckoit Hakaakoit Thl
yJIaeTCsl MOJIy YU Th BBIUIPHIII B JIEBSITH [TOPSIJIKOB BeJIU-
quubl B ymupennn juanu 3a caer BK. B monax ThIl
MOKHO OCYIIECTBUTH PE30HAHC, KOTOPKIH J1acT 3 dek-
TUBHBIA BBIUIPBINI KaK 110 CUJIE B3aUMOJIEHCTBUS — B
150 pas, Tak M MO YIMHUPEHUIO PE30HAHCHON JMHUM Ha
JIBa-TPU MOPsi/IKA BEJININHBI 110 cpaBueHnio ¢ BK B meii-
TPaJIbHBIX aTOMax.

Buaarogapuoctu. Osuu u3 asropos (PPK) xo-
Tes1 ObI BBIPA3UTh Mpu3HaTebHOCTS J1. hou mep Bense,
JI. ®. Burymkuny u II. Tupossdy 3a miomorBopHbIE
00Cy XK IeHUSI.
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