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PaccMmoTpennr unTepepeHnUOHHEIe SBNEHUH, BOSHUKAOLIHE B
nponeccax $oTouoHusanun punbeproBCKUX aTOMOB, B Ciayyasax
crnaboro u cunpHOro nOId. [lapamerp, paspengiomuii sTd npe obnacTu,
uMeeT BUL V:&o w3 , Toe 8’0 u W -~ HAEPIKEHHOCTL U YACTO-
Ta UOHUSYIOWErO WO B aTOMHOH CuUCTeMe enunwun. B crmaBom  mome
(V< 1) uHTeppepeHnuonHEle ohheKTH BOSHAKAIOT MPU  HAYATBHOM
KOrepeHTHOM 3acelienud puaGeproBCKUX ypoBHel, T.e. UpW cospanuu
Ha4YalIbHOT'O BOIHOBOIO MakeTa punGeproBCKUX BOTHOBBIX Gy KT,
Onucanel CTPyKTypa BOMHOBBIX NMAKETOB W HUX CBOHCTBA U UHTephepeH—
IUOHHbIe OCOGEHHOCTH S2BUCUMOCTH BEPOSITHOCTU HOHUBAMAM OT [/TV—
TEeNBHOCTH UMIY/IbCa MOHM3yWEro nons. B cunbHoM nome (V>1)
UHTEpEepPEHIMOHHble SPYeKThl BOSHUKAIOT 3a CYET BTOPUYHOTO KOre—
PEHTHOI'O 3aceneHus pUnCeproBCKUX YPOBHEH B Hpomecce GOTOHOHUBA-
uuu. Mureppepennusi nepexonoB ¢ oTHX yPOBHeH B KOHTHHYyM IPUB O-
QYT K 3aMe[NISHUIO Upomecca WOHW3ANWM U YaCTUYHON cTabunusanuu
aToMa B CUNIBHOM [OMle, a Takxe K MOSBIEHWI0 HEO6LMHON MHOTOIHKO=
BOlt CTPYKTyphl B ClekTpe ¢oTOsneKTpoHOB. Mccienoeana CTPYKTypa
BO/THOBOI'O [IaKeTa BTOPUYHO 3aCe/IeHHbIX PUAGEPrOBCKHX ypPOBHEf, KO-
TOpbIii Takxe obmanaeT HeoObiWHBIME CBO#CTBaMu., ONHCaHa CXeMa dK-
CUepUMEeHTa, B KOTOPOM BO3MOXHO HabmiofeHde WHTephepeHUHOHHOTO
3aMeienusd UOHU3ANuu.

@ MackoBckuii

UHXEHEPHO-OU3UdeCK U
uHCTUTYT, 1989 r,

1. BBEJEHUE

PunGeprosckuit aTomM -~ 5T0 aToMm, BOSGyXmeHHBIH! B COCTOSHUS
C 6OombUIMMU 3HAYEHUSMU TVIABHOO KBAHTOBOLO WHCIA T OUCKPEeTHBIX
ypoBHe#, L s\'4 . B aTrome Bogopona COOTBETCTBYIOINE YPOBHU En_=
= -~1/2 n? naswBaoTcs pun6eproeckumu. [lpu samucu E7l ¥ pamee
BO BCex (opMynax HUCHONBL3YeTCHS aToMHas CHCTeMma €[HHHUIl, B KOTO-
poit =e=m=4 (eum - 3apdan ¥ Macca sinekTpora). OCHOBHBI-
MU CBOMCTBaMu punGeprOBCKUX COCTOSIHUH SBISIOTCH WX Méanad sHep-
CUS CBA3U /ETL |1 & Gompwok pasmep o6maCTH NTOKATM3AMNE  BOMN—
HOBBIX GyHKIWi (~ n? 3
Ecnu na pun6eproeckuii atom BO3AEHCTBYEeT slIeKTPOMATHUTHOE
flolle, TO BOSHUKAT 3aaul 06 ONUCaHWU [IEPEeXONOB MeXIy punbep-
COBCKUMU YPOBHSMU En-» En, ¥ 06 uHOHUBamUU pPUNGEPrOBCKOTO aTo—
Ma, T.e. O lepexofax B KOHTHHYYM E,I_-—'E s rae £ >0 - sueprus
®IeKTPOHA B KOHTUHyyMe, WOC/le WOHHaanmuu. [l1s pemenus yrasam-
HBIX 3ada4 Nnpexae BCEro HeofXoauMo sHaxue MAaTPUYHBIX SIIeMEHTOB
[IepexXonoB mop OeidCTBUEM ollepaTopa BaaumoneicTeusV = — :,Z-d,&o‘,r‘ne
- [UMOJLHEIA MOMEHT aToMa, ‘So - aMINIUTyna  HaupdKeHHOCTH
BIIEKTPUYECKON KOMIIOHEHTHI MEePEeMEeHHOrO MOHOXPOMATHHECKOrO MHOMS

ECt) =&, F()cos wt , (i

J@)- avumurynnas orudaomas tons &(t).

O6nacre, 6Gnuakas K HOpory uoHuaamud, TLX>1 (/Enl«i)n E&sds
KaK B [UCKPETHOM, TaK ¥ B HENPEpPHIBHOM CHEKTpe = 5TO  06IacTh
NPUMEHUMOCTY KBa3WK/IaCCUKU. B oTol 06nacTu MaTpuyHbIE BIEeMEH-
Thl oneparopa V CpaBHUTENBHO HPOCTHI ¥ W3BECTHLI [1, 2) £
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e ONyIeHs! YHCICHHBIE KOSMDUIUEHTE ~ 1.

Ecmu Bce nepexonst -1’ , Ey~—£€ , E—E' npoucxonsit B pe-
S8ynbTaTe ONHOGOTOHHOrO MOIVIOWEHUS WM USMYHeHUs, TO BCE pPasHo-
CTH sHepruit B dpopmynax (1.2) MOXHO MOIONKHTH PaBHBEIME (W) , YTO
OSBONAET BLIPASUTL BCe MaTpuiHble snemeHTH (1.2) uepes emumyio
KOHCTaHTy 3
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[Mapametrp V (1.3) — aTO OCHOBHO# HapamMeTp, XapakTepusyio-
wut cumy mona (1.1). Ecru V< 1, To none gpnsercda cnabbiM U
I BBLIMUCIICHUS BEpOSTHOCTell epexONoB MOXHO MOML30BATBCA pe-
ayIbTaTaMW pacdeToB B HUSLIUX NOPSAKAX TEOPHU BOaMyuleHui. Ec-
m ke V > 1, To nofle aBngeTCS CUIBHBIM H HEOOXOOUMO OTBICKa=
gue pewenuil ypapHenus” [Jpenunrepa BHe 06/1aCTU NUPUMEHUMOCTH Te-
oput poamymenuit. UnTeppepennuonnsie” ophexTs: B crabom nome V<i
6ynyT pacCMOTpeHbl B pasgene 3, B TO BpeMsd Kaxk BCH  ocTanbHad
yacTL JeKuuu GyoeT NoCBAmeHa OMUCAHWI0 HMHTEPOEPEHHUOHHBIX -
dexToB B cunbHoMm mome V > 1.

[na dorowonusamuu B puabeproBCKOM COCTOSHWM Topn  ge#cT-
puem momnst (1.1) Heobxomumo, uTOOGLI sHeprus KBaHTa mong  Gpuia
fonblie sHEPTUU CBA3U DIEKTPOHA W > 1/27&2, 4TO B AanbHelueM

fyneT Upeanoararbed.

2. BOJIHOBLIE TTAKETHI

B 3aBUCWMOCTU OT cuocofa NpUrOTOBIIEHUS pPUROEProBCKUX aTo-—
MoOB OyneM pasnudarh OBa THUMNA HaYalbHBEIX YCIIOBHIL: 1) B nmauane-
Het MoMeHT Bpemeru t= 0 UMeeT MeCTO CeNexTUBHOe 3aceneHue
O[WHOYHOI'O pPUABEpPrOBCKOTO YpPOBHS E"'o 3 2) K MOMEHTY BpeMeHd
t = O cospan BomHOBOI makeT, T.e. BoMHOBasg (yHKUUA BUAA

¢,(1;=o)=% Cone (2.4

roe Y- pun6eproBcKkue BOMHOBHIE (YHKIUU CBOBGOMHOT'O aTroMa, Cn -
aMINIUTYNbl BEPOSTHOCTH HAXOXMAEHUS aToMa B COCTOSHUM Y, UpU +=0,
O6BIYHO TPHUrOTOBIIEHHE pUnGEeprOBCKUX aToOMOB OCYylleCTBndeTCd  C
IOMOMIBI0 OAHO— WM MHOIOCTYHIEHHATOT'O a3epHOTO BO3OYXKOeHUd U3
OCHOBHOT'O cocTofuud., Ecnu cnekTpanbHas mupUHAa BO3OyXAaawwero

Na3epHOTO UBIyHeHHsS A (O MHOT'O MEeHblIe, YeM PACCTOSHHE Mewgy
cocenHUMH BO3GYKOaeMbIMU PUAGEPT'OBCKUMU YPOBHAMU ¥ Tj, AW fig’
TO MPOUCXOMUT CeNIeKTUBHOE 3acCelleHWe OOWHOYHOTO YPOBHS En . Ec-
m Ke AW >Tlo_5 , TO 3acensieTcd MHOIO 'punbeproBCKUX YypoBHEH.
[Mpu sTOM, €CIU AMUTENBHOCTE BO3OYXAAOWEro UMIIyIbCca Tﬁoss Maia
u Awm'—C{%B , 3acejeHue NUPOUCXOOUT KOT'€PEeHTHO, T.e. CO3AaeTcCs
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BO/MHOBOH nakeT Buma (2.1), B KoTopom ammmatynet C,  uponopmro-
HallbHEl Pyphe-o6pady BpeMeHHOH oruBamomel BO30yxXOawomero  uv—

mymeca fgo. (¢) [3] :
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roe E £
Ae Fp u Wy, = SHEPTUs OCHOBHOI'O YDOBHS U 4aCTOTa BO36YKaaio-

mero UMMynILCa. Ecmlfwas () - rayccosa dynxmus, To u Cn 6y-
AYT XapakTepu30BaThbCH [AyCCOBOH 3aBUCHMOCTBIO
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roe Np>>An>»7, AT ~ mupuHA BOMHOBOINO HakeTa (2.1) s n =
fpencrapnienuu. [lns sHepru#ft £, B OKPECTHOCTH meHTpamBHOrO Sa-
CeneHHoOro ypoenst £, ucnomesoBaHo pasnoxenue

0
s =5
En = Byt 5% (rory)

(2:3)

(2.4)

yKaselBapllee Ha TO, YTO B CHIIy YCIIOBUS AN R, cupaeenmuso

TPUGITHKEHUe SKBUAUCTAHTHBIX ypoBHel, .

KBasuknaccuyeckas papwancmas BomHopag GyHKNUS ORMHOYHOrO
CEeNIeKTUBHO 3aCeleHHOro punﬁeproac;mro yposus E; , kak xopomo
usBecTtHo | 4 uMeeT =pr" .

[41, BUR VY, =1 }[fn(rv)

0
X (1) = CCpy () -1/2 sm"(@,% {3 (2.5)
i Pakr) = V2(E,-U(rY);
O (M=) P (1Y + T - (2.6)
Q

K/1aCCU4eCKull UMIy/ILC ®IeKTPOHA ¥ KBA3HKIACCHYecKas dasa, U(r) -
MOTeHuUAaNbHas sHeprus (¢ y4eToM meHTpoBe)HOH ®Hepruu) a'*neBaﬂ
Touka noeopora U(Q)=Ej. ,

Bomopaa ¢ynknua (2.5) me o6napaer CBOACTBOM MPOCTPaHCT-
BeHHO! /IOKanusamui, oHa 6olee WIH MeHee paBHOMepHO "pasmasana”
Ha B;:eM uETepBane oT & mo A7, rme 0¥~ upapas Touxa noBOpoTa
u( )=E,. C oTo#t ToukuM spenus BomHOBas cbyﬁxuuﬂ (1.9) e omm-
CBIBAET KIaCCUYeCKUl, TOKAMU3OBAHHBIA TOYEYHLIH ®nexTpoH. 'opasno
6nuxe K TAKOMY ONNCAHWIO BOIHOBAS dynkmug (2.1), (2.3), umero—
tlas BUN BOMHOBOrO makeTa. B »TOM MoxmO y6enutncs, ecmu  samu—
CaTk SaBUCAUyl0 OT BPeMeHH BONHOBYIO (yHKIMIO aToma B Buge
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