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FTEOMETPUNHECKAA ®A3A KAK OCHOBA
KBAHTOBOW N’MPOCKOMNI
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MepcnekTuBHble NOAXOAbI KBAaHTOBOW METPOSOTUM AO/DKHbI HAWTU MPUMEHEHWE B HOBbLIX TUMAX FMPOCKO-
noB. B BOMHOBbIX CxemMax FMpOCKOMUM, ONTWHECKME peann3aunyu KOTOPbIX YXX& W3BECTHbI, B Bavxaiilem
OyayLieM MOryT ObITb MCMONL30BaHbI MaKPOCKOMUYECKNE KOTEPEHTHbIE CTPYKTYPbl aTOMapHOro KoHAeHcaTa
Bose-diiHwTeliHa. B npeanaraemoli B HacTosiLen paboTe cxeme, Kak U B psiie APYrux, YyBCTBUTENbHBIMU K Bpa-
LLLEHMIO 3/IEMEHTAMU CIIYXKaT KOJIbLiEBbIE KOH(PUIYpPaALMN KOHLAEHCATa, HAPYLUEHHbIE HA HEKOTOPOM CBOEM YHacCT-
Ke LOMOJHUTENbHBIM NOTEHLMaNoM — «aedekTomy. [NokasaHo, 4To BapbupoBaHue hopMbl 3TOro «aedekta»
reHepupyeT reOMeTpUHECKyHo hasy CUCTEMbI aTOMOB KOJIbLEBON KOHpUrypauum. B aByx Taknx koHdurypauymsix
€[ MHOrO KOHZEHCaTa MOXHO MOJIyHUTb MPOTUBOMOJIOKHbBIE reomeTpuyeckne hasbl, pa3HOCTb KOTOPbIX Obpa-
LLLAeTCs B Hy/lb B OTCYTCTBUE BPALLEHUSI N KOTOPasi MOXeET ObITb obHapy»xeHa npu nocneaytoliem HabntogeHun
nHTepcbepeHL M aTOMOB 13 pasHbixX KoHurypauuii. [TpuseseHbl pesynbTaTbl pacyeTa reoMeTpuHeckon asbl
anst mogenn «pedektay B Koabue anamerpom 0.5 cm, geTekTupytoLero BpatyeHne 3emsn BOKPYr CBOeid ocu.
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1. BBEAEHUE

Onrnueckre TUPOCKOIBI (M KIACCUIECKHe, U KBAH-
ToBble) ocHoBaHbl Ha 3 dekre Canbska [[If — na uzme-
PEHUN WH/IyITUPOBAHHOTO MM (DA30BOrO CJIBUra WHTEP-
depennmronHoii Kaprutbl. OCHOBHAsI UJEsT TAKOI'O POJia
CXEM THPOCKOITUU MOYKET OBITh IEPEHECEHA HA CUCTEMBI
¢ aTOMapHBIM KOHJleHcaToM Boze-Ditnmreitna (BEC),
T.€. MOXKHO HCIIOJIb30BaTh B UHTEP(EPEHIIN BMECTO
ONTUYECKUX BOJIH BOJIHBI MaTepun. [Ipr 3T0M TOYHOCTH
U3MEPEHUs] YBEJUINBACTCS € YBEJIUICHUEM THCIA ATO-
MOB B KOHjeHcaTe. [Iporpecc B TEXHOJIOTUN CO3/IaHUSI
KOPEePEHTHBIX IIPOCTPAHCTBEHHBIX KoHpuryparuiit BEC
[I03BOJISIET B MEPCIEKTUBE U3BJIEKATH 3HadeHue (hasbl
Canbsika U3 KapTUHBI HHTepGMEPEHINA KOHIEHCATA.

Oddexr Canbsaka MOKHO HAOIIOIATH B CUCTEME OT-
cuera yCTPOMCTBA ¢ KOHJEHCATOM IIPU €ro BPallleHun
OTHOCUTEILHO WHEPIMATBHON cucTeMbl oTcdera. [Ipu-
MEPOM MOTYT CJIyKHUTh KJIACCHIECKHE IKCIIEPUMEHTBI
110 HAOJIIOIEHUIO NHTEP(EPEHIINN BOJIH MaTePUN [E—E]
BykBanbhnoe BocmpousBejieHne KOHCTPYKIMUA OINTHYE-

* BE-mail: 8342tomilin@mail.ru
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ckoro maHTepdepomerpa CaHbsKa IPU UCIOJIH30BAHAN
ATOMAPHOTO KOHJIEHCATA SIBJIAETCS HEIPOCTOH 3ama-
4qeit. B smrepaType B KaduecTBe OJIHOTO U3 BO3MOK-
HBIX DEIIeHUil TpejIaraeTcs WCIOJIb30BAHNE WHTED-
depeHnr KOH/IEHCATOB B HETPUBUAJIBHBIX ITPOCTPAH-
CTBEHHBIX KOHMUTYPAIUAX, B YACTHOCTH, B OITHUIE-
CKUX pereTKax [E,E] ITemecoobpasno paccMOTPETH CXe-
vbl BEC-rupockonios, rie BosnuknoBenue daser Ca-
HbsKa U HAOJIOJIeHNE MHTEPMEPEHIINN CBA3aHbI Yepe3
HEKOTOPBIN JIOMOJTHUTEIbHBIN (DU3HYIECKHil IIpoIiece,
MOAMMDUIIAPYIONTIIT KapTUHY WHTePGhEPEHIINN, HAPU-
Mep, cABHUTaionmii ee. Ecim 3TOT C/IBUT 1yBCTBUTEICH
K BPAIIEHNIO, U3 €r0 BEJIMIUHBI MOYKHO U3BJICYDb 3HAME-
HUe yIJIOBOI CKOPOCTH Bpalienusi. B HacTosimeit pabore
B Ka4YeCTBE TAKOTO IIPOIECCa MPEIJIAraeTCsl UCIIOTb30-
BaTh reHeparuio reomerpudeckoit ¢aser B BEC. T'eo-
MerpudecKas (a3a ABISETCAd KHHEMATHIECKON BeJin-
quHOM, ompeseasgeMoit (popMoil IyTH B IIPOCTPAHCTBE
MapaMeTPOB, 10 KOTOPOMY IBOJIIOIMOHUPYET COCTOSTHUE
CHUCTEMBI, U He 3aBUCHUT OT CKOPOCTHU 3TO 9BOJIIOIIUN [ﬂ]

OCHOBHYIO HJEI0 TAKOTO POJa THPOCKOIA MOYKHO
[IPEJICTABUTE CieaytomumM obpaszom. Konmencar mpes-
[10JIAraeTCsl JIByXMOJOBBIM, U OPUEHTAIMS IPOCTPaH-
CTBEHHBIX KOHMUTYPAIUil MO 10 OTHOIIEHUIO K YIJIO-
BOIl ckopocTu Bparenus ¥ CHCTEMbI OTCYeTa KOHJIEH-
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caTa OTHOCHTEIHLHO WHEPIMAJbHON CHCTEMBI TaKOBA,
9TO BpAIllEHNE B PA3HOI CTEIeHU CKa3bIBAeTCsl HA CO-
CTOSTHUSIX MOJI. BO BCexX OCTaJIbHBIX OTHOIIEHUSIX MO-
aet 1 u 2 skBuBastenTHbI. [Ipeanoraraercs, 9To oanHa-
KOBBIM 00pa30M OPTraHW30BaHbI U IIPOIECCHI TeHepaIuu
reomerprdecknx a3 B Mojax'). OHAKO pasimdHAs
BOCIIPUAMYUBOCTEL MOJT K BPAIIEHUIO TPUBOIUT K Pas-
JIMIUIO BO3HUKAIOMIUX TeoMerpudeckux dasz: ¥ # Ja.
Cocrosinue KOHJIeHCATA TIPETEPIIEBACT U3MEHEHE:

N
> faln)1 @ [N = n)y

n=0

N
— Z fnexp(indy)|n)1 @
n=0
@ exp(i(N — n)d2) [N —n)a. (1)

31ech Ui TPOCTOTHI IIPEIIOJIATACTCH (DUKCHPOBAH-
HBIM TIOJIHOE uucjio N 4JacTull B KOHJeHcaTe, f, —
[UINTY/bI BEPOSITHOCTU PACIIPEJIEIEHIIT aTOMOB 10 MO-

aM-

JTaM. Du3NIeCKN 3HAYUMBIM SBJISIETCS U3MEHEHHe OT-
HOCHUTEJIbHBIX (ba3 9TUX aMILJIUTY/I:

(2)

9TO MOAUMUIIMPYET KapTHHY IOCJIe IyIonieil narepde-
perrun atomoB u3 Mox 1 m 2. CymiecTBeHHO, UTO
sra MojuduUKanusa o0yCJIOBJIEHA BpAIEHUEM YCTPONi-
cTBa 1 obparmaercs B Hy1b npu 2 = 0.

fn > frexp(in(dr — 92)),

B cremyrommem pasmene paccMOTpeHa MOJAETh KOJThb-
MEBOH TMPOCTPAHCTBEHHONW KOHMUTYPAIUU aTOMapPHO-
ro KOHJIEHCATA, TYBCTBUTENLHON K Bpamenuo. Jlagee
MPUBEIEH TPUMEP TEeHEPAITMH TEOMETPUIECKOi (a3
B MOJie KOHJeHcaTa Takoit kKouduryparun. Kax nmro-
cTpalsi 0OOPUCOBAHHON BBIIIE TUPOCKOIINIECKON cxe-
MBI CJICJIAHBI YUCJICHHBIE PACYETHI C IIPUIIEJIOM Ha PEeru-
CTPAITUIO YIJIOBOI CKOPOCTHU BpAIeHnsa 3eMJIN BOKPYT
CBOel ocu.

2. KOJIBIIEBAS CTPYKTYPA BEC
BO BPAIITAIOIIENCS CUCTEME OTCYETA

B macrosmieit pabore, Kak u B [, 3JIEMEHTOM
BEC-rupockona, 4yBCTBUTENbLHBLIM K BPAIICHHIO OT-
HOCHUTEJILHO MHEPIMAJIBLHONH CHCTeMBbl OTCYeTa, CJIYyZKUT
KOJIbIeBas KOH(MUTypanysi KOHJIEHCATa, HAPyICHHAS
HA HEKOTOPOM y9JACTKE JIOTMOJHUTENbHBIM MOTEHIHA-
J0M — «edexTom» (puc. ) Crpykrypa jedexra B 00-
MeM CJIydae 3aJa€T OPUEHTAINIO Ha KOJBIE. DTO OT-
paskeno Ha puc. || m Kpaiine BayKHO JIJIsT TPEJIMETA Ha-

D Ymerorcs B BHY reoMeTpudeckue (asbl BOJIHOBBIX (DYyHK-
Ui OJTHOYACTUYHBIX COCTOSIHUN MOJ,. ISt IPOCTOTHI UCKIIIOYaeM
B3auMO/IeiCTBUE MeXK/ly aToMaMu KOHJeHcaTa.
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Puc. 1. KonbueBas koHuUrypauus aToMapHoro KoHaeHcaTa
BO Bpallatoweiics cucteme oTcyéTa. [lokasaubl «pedekt»
KOchmrypau,mm, 3ajatoWnii OpreHTaunio, 1 aMMaNTyAbl BOJH

crostieil paborbl. KBasuogHoMepHbIe O03€-Ta3bl SIBJIs-
IOTCH TIOIMYJIAPHON MOJIETBIO B TEOPUU CBEPXTEKYIECTH
U JAOCTATOYHO XOPOIIO M3y I€HbI [Ef. Takxke B 1an-
HBIIl MOMEHT COBEPIIIEHCTBYIOTCSI TEXHOJIOTUN MX KCIIe-
puMeHTaIbHOI peasnuzanun [[L3]. B wacTrOCTH, B 9KC-
[IEPUMEHTE YK€ BO3MOXKHO CO3JAHUE TOPOUIAJIBHBIX
ONTUYECKUX JIOBYIIEK C XOPOIIeH IPOCTPaHCTBEHHON
Jokasmsarmeii B norepeanom nanpasrenun [[L4]. Ha-
guane «jedekray 00yCIOBINBAET 3aBUCUMOCTH COCTO-
sAHUsT KOHJEHCATa OT BPAINEHWs, W ITA 3aBUCUMOCTH
MaKCHMaJIbHa, KOTJIa BEKTOP YIJIOBOH CKOPOCTH Bpa-
menust ) HOpMAJIeH IJIOCKOCTH KoJiblia. B pabore [f
[P PACCMOTPEHUH MOJIEH € «IePEKTOM» B BHUJIE IIPsi-
MOYTOJIBHOT'O Oapbepa WM s$IMbI ObLIa ITOKa3aHa BO3-
MOXKHOCTH CBeJIeHUsi ero K 3 HEKTUBHOMY CHHTYJISID-
HOMY IIOTEHITHAJLY, YTO CYIIECTBEHHO YIIPOIIAET Pac-
CMOTpEHUE.

B obmem cayuae «mederT» MOXKET OBITH KOMOH-
Haleil HeCKOJIbKUX OaphepoB U siM Pa3HOil (POPMBI.
B Teopermueckoit Mmomesim rupockora OYeHb YA0OHBIM
CBOCTBOM ABUJIACH OBl BO3MO2KHOCTH KOHCTPYHUPOBATH
«J1edpeKT» U3 OTJAEJIbHBIX 0OA30BBIX 3JIEMEHTOB C COXpa-
HeHneM ero 3 HEeKTUBHOrO JIOKAJTUZ0BAHHOTO XapaKTe-
pa (o Kpaiineil Mepe Ha IEPBOHAYAILHOM ITAIE PAC-
CMOTpDEeHWUsl). DTUM YCJIOBHUSIM BIIOJHE Y/IOBJIETBODSIET
ITOJIXOJT Ha OCHOBE TpaHChepP-MaTPHUIL [@] Konctpy-
npoBaHue <«JedeKkTay U3 OTIAETbHBIX IJIEMEHTOB CBO-
JUTCH K TIEPEMHOKEHUIO COOTBETCTBYIONNX Tpancdep-
MarTpuil, a (PQEKTUBHBII TOYEUYHBIH XapakTep IIpH
9TOM COXPAHSIETCS, €CJIM OH UMEJI MECTO JJIsi MCIIOJIhb-
3yEeMbIX JJIEMEHTOB.

@opmanu3m  TpaHCEpP-MATPHUI], U3HAYAJIHHO CO-
3IQHHBIN [T 3a/a9 ONTHUKHU, BIIOJHE [IPUMEHUM
u B ¢usnke BoaH Marepuu. Tpancdep-marpura cps-
3bIBAET AMILINTYIbI CTAIIMOHAPHBIX BOJIH KOHJIEHCATA
10 pa3Hble CTOPOHBI «IedekTay. Onnucanne STUX BOJH
HEOOXOJIMMO OCYIIECTBJISATh, HAXO/ISICb BO BpaIao-
meiica cucreme orcdera. (CrammoHapHas BOJTHOBAs
dyukiusa ¥(p) aroMa HA KOJIbIE OIUCHIBAETCS YPaB-
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FeomeTpmquKaﬂ cbasa KaK OCHOBa KBaHTOBOI rmpockonmnn

menneM Illpenuarepa, comep:KaIUM B IPHCYTCTBUK
BpallleHUs JO0GABOUHBIA IEH C HEPBOIl IIPOM3BOIHOI
1o xoopymuare [§:

() — 206V () +e¥(p) = 0. (3)

DTO ypaBHEHUE IIPEJIOJIAraeTCsl CIIPABEJINBBIM IIPH
© # 0 (mod 27), T.e. Be3me, KPOME TOUKH, TJE Pac-
nostoxken «aedekt»; ¢ = 2mR%2E/h? — 6espaszmepnas
sHeprust (m — macca aroMa, R — paamyc KoJbIa);
¢ = mR%*Q/h — mapameTp, oTparKalomuii BpaIeHne
cucreMel oTcdera kKombma ¢ BEC. Ilpm ¢ > —&2
pellieHrneM ypaBHEHUsT (E) SIBJISIETCS [1apa BCTPEYHBIX
BOJIH X exp(ikip), TIie

HiEHi(f):fi\/§2+€. (4)

Ha puc. 1 BBemennt ammumryast Ay um B4 coorBer-
CTBYIOIIIX BOJIH 110 00€ CTOPOHBI «JIedeKTas:

B A
) — M + ’ (5)
B_ A_
rme M — rpancdep-marpuna «jgederrar. Kak nz-

BECTHO [@], oHa mnpuHasuexut rpynme SU(1,1)
TICEBJIOYHUTAPHDBIX YHUMO/LYISPHBIX MATPHIL:

u v

M={(_ _|, (6)

T W
rae |ul? — |v]? = 1 (uepra mag cumBosOoM 0603HA-
"aeT KOMIUIEKCHOe —compsizkenme). Ilpesmosaraen,

9TO 3aBUCHMOCTH ApaMETPOB % U U OT € HU3BECTHA.
Bun marpunsr M omuHakoB um B MHEPIHMAJIBHOIA,
I BO BPAIMAIONIEHCs cucTeMax oTcueTa’),

Bemmauaer A4 u By cBsI3aHBI TAKZKE YCJIOBUEM ITUK-
JIMIHOCTHU HA, KOJIBIIE:

Ay = By exp(2mik4). (7)

Hasee OyayT ucmomb3oBaThCsd 0bo3HavdeHusd 1, = B

u Y_ = B_. YcaoBue IUKIAIHOCTH C yIACTHEM
TpaHchep-MaTPUIHL:
1/1-‘1- _ 1/1"1‘ eXp(27T’L'/€+) (8)
o P_ exp(2mik_)

2) MoxkHO GBLIO OBl LPEIOIOKUTD, HYTO BO BPALIAIOLIECH-
cs cucTeMe oOrcdera TpaHcdep-MaTpuila HMeeT WHOM BHI:
M = M(§) # M(0). BoBog ee 3aBUCHMOCTH OT YIVIOBON
CKOPOCTH ONHpaeTcs Ha (HaKT HHBAPHAHTHOCTH CBOICTB me-
dekTa orTHOCHTENBHO OOpAalleHnsT BpeMeHH (UTO SKBHUBAJICHT-
HO 3aMeHe & — —&) M 3aKOH COXPAHEHWs II0TOKA, BBINOJIHIIO-
mpiicst B J11060# cucreme orcuera. U3 ypasuenus () cienyer,
9TO BO BpAIIAIOIIEHCH CUCTEME OTCYeTa STOT 3aKOH UMEET BUJL
Kl A+ | A2 (1AL 12 +|A-[?) = ry | By 2 +r_ | B_|? -
— &(|B4|? + |B=|?), uro ¢ yuerom ({}f) cBomuTcs K OBBIUHO-
My coornommenmo |A4|2 — |A_|2 = |B4+|? — |B-|?, cupasemu-
BOMY B HMHepIHAJIbHON cucreMe orcdera. CireoBaTesnbHO, BHJ
TpaHcdep-MaTpuUIlbl B 00EUX CHUCTEMaX OTCYeTa OJIMHAKOB.

TpeboBanme pa3permMOCTH 9TOTO COOTHOIIEHUST TTPH-
BOJIUT K YPABHEHUIO JIJIs YPOBHEH SHEPIUH aTOMA:

cos(2m€) = Re[uexp(2mi/&2 +¢)]. 9)

D70 ypaBHeHrEe 0000IAeT COOTHOIIEHNE 13 PADOTHI [E],
[TOJIyIeHHOe st «jedeKTas» B Buje 0-0O0pPa3HOTO IIO-
TEHIHAIA.

3. TEHEPAIISI TEOMETPUYECKOMN ®A3BI

AMmmaTyel 14 3aBHCAT HE TOJMBKO OT € u &,
HO U OT COBOKYIIHOCTH P OCTAJbHBIX I[apaMeTpOB
tpancdep-marpuribl. OT p 3aBUCUT TaK¥Ke U CAMO 3HAa-
JeHue £ KaK PeIleHne ypaBHeHUsI (E)

[Ipeanosaraem, 9T0 HEKOTOPBIH 3aMKHYTBHIA TyTh
B IPOCTPAHCTBE MAPAMETPOB P OOXOJIUTCSA JOCTATOU-
HO MejyieHHO (asmabaTHuecKn) Tak, YTO M3HATAILHO
BeiGparmoe perenue Wy (¢) ypasnenus () ¢ smep-
rueil ep, ocraercs peutenneM Wi (¢) ypasmenus ()
¢ sHeprueii £ B 1000it TOUKe myTn. O6X01 TOPOKIAeT

FeOMETPUIECKYIo a3y [E]

3% (Up|Vp¥p) — (VpUp|Up) dp

9 =
2 (Up|Up)

(10)

B obmem ciyuae sta dasza dyBcTBUTENBHA K BpAIIe-
amo: ¥ = J(§) u V() |ezo# V(0).

st WUUTIOCTpAIy  TAHHOW —CXeMBbI  OYIAyT ¥C-
[OJIb30BAHBI JIBEé M3 TPEX KAHOHWYECKUX TpaHcdep-
MAaTPHIL [@], K TPOU3BEICHUI0 KOTOPBIX MOXKET OBbITh
cBejieHa jmobast Marpuia M € SU(1,1):

M= e 0 ch(n)  ish(n)
0 e ) \—ish(n) ch(n)
_ ch(n)e’ ' ish(n)ei'a oy
—ish(n)e™ ™ ch(n)e ™
Vpasuenune (E) B JAHHOM CJIydae IPUHAMAET BUL
cos(2m§) = ch(n) cos(2m\/E2 4+ + a). (12)

IIpocTpancTBO HApaMeTpoB SBJISETCST OECKOHEIHBIM
mwmHIpoM: —oo < 1) < oo, a € [0,27). OpyxK-
HOCTH (v BhIOpaHa B KadecTBe 1yt 00xoja. Herpyimo
yOeIUTHCSI, 9TO IIPU TAKOM BBIOOpE IIyTH 00X0/1a B IIPHU-
HATON HaMM MOJen ofHOMepHOro kosbia J(0) = 0,
a ¥(—€) = —9(§). Heobxoaumpble COOTHOIIEHUS MIPEJI-
crassensl B [Ipuioxennn.

Ha puc. P BocripounsBe/ieHa BO3MOYXKHAsT CXeMa pe-
ructpupyiomieii gactu aByxmogaosoro BEC-rupockorna
(cxeMa mocseyromero HabJoeHus uHTepdepeHImn
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Puc. 2. KombuHauns [ByX NpPOTUBOMONOXKHO OPUEHTUPO-
BaHHbIX KOJIbLEBbIX KOH(UIypaunii aToMapHOro KoHAeHcaTa.
BosHukatowwme reomerpuyeckne dasbl pa3ainyatoTcsi 3HaKOM

ATOMOB Pa3HBIX MOJ| He paccmarpusaercs). O6e MoJbI
UMEeI0T KOH(MUTYPAIIIO KOJIbIA ¢ «aederTomy. [Iporn-
BOITOJIOYKHAST OPUEHTAINS BTOPOTO KOJIBI[A 33[a€TCsT U3~
MEHEHUEM TOPsIJIKA MATPUIHBIX COMHOXKHUTEIEH B Cpe/I-
Hell YaCTU BBIPAYKEHUsI (@) Pacnosioxxue oba Koibia
[IEPIIEHINKY/ISPHO BEKTOPY {2 YIJIOBO# CKOPOCTH Bpa-
[IIEHNUST U PeaIn30BaB BOJIIOIIIO (v [10 €IMHOMY 3aMKHY-
TOMY KOHTYPY, MbI T0ojydnm npeobpasosanus ([l|) co-
crognug korgencara ¢ ¥, = (), Yo = —19(§). Jannbrit
BBIOOD KOHMUTYpAIUN MOJT 00J1aJIaeT eIe OJTHIM BarK-
JMHAMUAYecKue (Pasbl, IPOIOP-

HBIM [IPEUMYIIIECTBOM
LMOHAJIBHBIE | Ep(t) Al 1 IpHOGpETAEMBIE UMU B DE3YJThb-
TaTe JBOJIONNH, OKA3BIBAIOTCA OIMHAKOBBIMU U KOM-
[IEHCUPYIOT JIPYT Jpyra B pasHocTu 1 — 9. Wroro-
Basg PErucTpUpyeMasi pasHocTh das 91 — VYo He Oymer
CoNlepKaTh B cede CJIe/IOB TMHAMUIECKON (a3bl, & CBe-
zercst K yapoerHoft dasze 9(€). TomobHbI npuem paHee
HCIIOJIB30BAJICS B paboTe [@]7 [TOCBATIEHHON MTEPEHOCY
TeOMETPHUIECKON pas3bl ¢ OMTUIECKON MOIBI Ha COCTOSI-
HUE JIBYXMOJIOBOTO ATOMAPHOTO KOHJIEHCATa Iepe3 Ka-
HaJl KBAHTOBOM 3aIly TAHHOCTH.

4. PE3YJIBTATHI

OcTaBImmMcst CBOOOIHBIM TTAPAMETPOM IIPH OTIPEIe-
JICHMH KOHTYPa SBOJIONUH TMOTEHITNAJIBLHOTO JedeKTa
siBjisiercst 7). Ha puc. Ea [IpUBEJIEHA 3aBUCUMOCTD Pa3-
HOCTH reoMeTpudeckKux a3, mpunobperaeMbIX MOJIaMU
KOHJIEHCATA, OT 3HAYEHUS YIIIOBOIT CKOPOCTH BPAIIECHUS
u apamerpa 7). BujHo, 9To HanboJiblllee 110 BEJTUINHE
3HAYEHUE ITON PasHOCTH HAOJIIOJAETCS IPU MAJIbIX 7).
C yaerom mmramIHOCTH (ha3nl 3HadeHue 9; — Jy = 7
JIOJIZKHO OTBeYaTh HAmboee pe3Koil MOAN(MUKAIIIN CO-
crosiaust kougencara®). Ha puc. Ea BBIJEICHA KPHUBasi,
COOTBETCTBYIOIIAsA 9TOMY 3HAYEHHUIO.

IIpu permenun peasbHOI 3amadn 00 OmpeseIeHUN
YIJIOBOM CKOPOCTH HEOOXOANMO 3HAThH 3aBUCHMOCTD

qae fn = /N!/(n!(N —n)!) B Bopaxkennn ([l), moxuduxarms
fn +— exp(imn)fn NepeBOAUT COCTOSIHUME KOHJEHCATA B OPTOrO-
HaJILHOE.

3) 3aMerumM, 9TO MPU CUMMETPHUHU MEXKILY M(ﬁJaMn, T. €. B CIy-
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OT Hee PErncTpupyeMoil (basbl MIPU W3BECTHOM 3HAME-
HUM [IAPAMETPOB MOTEHIHAIA. DTa 3aBUCUMOCTH IIPHU-
Besiena na puc. fb. Bumo, 4ro mpu MasbIx sHavenu-
ax 7 ¢daza MaJO UyBCTBUTEJIbHA K M3MEHEHUIO CBsi-
3aHHOTO C YIVIOBO#l CKOPOCTBIO (Ge3pasMepHOro Iapa-
Mmerpa . CiieloBaTesIbHO, CYIIECTBYET HEKOTOPOE Oll-
TUMAJIBHOE 3HAYEHME IApaMeTpa 1), 00eCIednBAIOIIee
OJITHOBPEMEHHO 3HAYUTEIHHYIO BEJUYUHY TeOMeTpUYe-
cKoit a3bl U ee IyBCTBUTEILHOCTH K YIJIOBOH CKO-
poctu. B wacrHocTH, Ui pACCMATPUBAEMOIO IIPHMe-
pa olpeJiesieHUs YIJIOBOH CKOPOCTH BPAIIEHUsS 3EMJIH
(cm. TIpuioxkeHne) ONTHMAJBHBIM JIJIS TOYHOCTH W3-
MepeHus OKasblBaeTcd 3Hadenue 1 ~ 1. TouHocTh u3-
MEpeHUs BJIBOE MEHbBIIEr0 3HAYEHUs YIVIOBOI CKOPOCTH
(§ ~ 0.2) npu n = 1 oxkasbIBaeTCsI HU3KOM, HO CHOBA
BO3pACTAET IPHU JAIbHEeM yMeHbInenun .

5. SAKJIFOYEHUE

[TocTpoena Moze b KBAHTOBOTO THPOCKOIIA, OCHO-
BAHHOTO Ha WCIIOJb30BAHUN IEeOMETPUYECKOil (has3bl
aToMapHOTO 0603e-KOHIeHcaTa. VI3Mepenne yriioBOit
CKOPOCTH BPAIIEHNUSI OCYIIECTBJIISETCS TaPOii TPOCTPAH-
CTBEHHBIX MOJ| €JIMHOI'O0 KOTE€PEHTHOI'0 KOHJIEHCATa,
UMEOIUX  BUJ[  KOJIBIIEOOPA3HbIX  KOH(MUI'YpaIuii,
HAPYIIEHHBIX OMOJTHUTEIbHBIMIA [TOTEHIIAAIAMI
«nedexkramuy. [lociennme obecrevNBaIOT YYBCTBU-
TEJIbHOCTh  COCTOSIHUSI ~KOHJEHCATa K  BPAIEHUIO
CHUCTEMBI OTCYUeTa BCEro ycrpoiictBa. Bapbuposamnue
apaMerpoB «IedeKTOB» IPUBOIUT K BO3HUKHOBEHUIO
reoMeTpUYEeCcKOil (pasbl B KaxK 101 Moje. PasHocTh 9TUx

da3 okasbIBaeTCS 3aBUCAIIEH OT BPAINEHUST U MOYKET
OLIThL OOHapykKeHa B WHTEPMEPEHIIMOHHOM 3JKCITe-
pumenTe. B OCHOBe OTMEUEHHOI YyBCTBUTEIbHOCTU
COCTOSIHUSI KOHJIEHCATa K BPAIEHWIO JIEXKUT MIPSIMOit
(mepessituBucTCKUil) anagor sddekra BO3HUKHO-
Berust paspl CaHbsika B OINTUYECKUX TIUPOCKOIAX.
TTostyuaercsi, 9T0 mpoIECC TeHepaIuu reOMeTPUIECKOit
dazpr omocpenyer 3bdEKT MIHAYATBHOTO BIIUSTHUS
BpallleHUsI Ha COCTOSHHE KOHJEHCATa W  IIPOIECC
pPerucTparyy CJBUra KapTHHbI MHTEP(EPEHINN KOH-
nencarta. PasBur dopmanu3Mm onmcaHus «aederTas
Ha ocHoBe TpaHcdep-marpuil. [lokazano, ITo cyrme-
CTByeT ONTUMAJIbHBIN JjIs n3MepeHust (pa3bl Ualla30H
apaMeTpoB, XapaKTePU3yIomuxX «IedeKrTs.

B pabore wucnonb3oBana MojiesibHas — (hopma
Tpancdep-marpunbl  aederrTa. bojsee  mHTEpecHO
C TPAKTUIECKOW TOUKKA 3PEHUs MOXKET OKA3aTh-
csl KOMOWHAIIUsI IIOTEHIINAIbHOTO Oapbepa M sIMBI.
Taxkoit «medexkT» Takke 001a7aeT HeOOXOINMBIM CBOT-
CTBOM — 3aJIaeT OPUEHTAIINIO KOJIbIla. ['eomMerpraeckast



MIOTP, Tom 162, BoIm. 3 (9), 2022

leomeTpuyeckas dasa Kak OCHOBA KBAHTOBOI MMPOCKONNN
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Puc. 3. (B ugete oHnaiit) (a) PasHocTb reometpuyecknx as, nprnobpetaembix Mogamu KOHAEHCaTa, B 3aBUCMMOCTN OT Ges-
pasmepHoii yrioBoli ckopocTu & 1 OT XapaKTepUCTUKM noTeHumansHoro aedbekta n (B eanHuuax 2m). KpacHas upHas anHus

cooTBeTCTBYeT ypoBHto 7. (b) Mpocbunu pasHocTn reometpuyeckux as, npuobpeTaemMbix MOAAMUN KOHAEHCATA, B 3aBUCHMOCTY

oT BespasmepHoii yrnosoii ckopocTn ¢ (B eanHMLax 27) Npy pasAMdHbIX 3HAYEHUSX NapaMeTpa noTeHuManbHoro gedekTta 7).
MapameTpsl 3agaun: paguyc konbla R = 0.25 cm, m = m(*"Rb)

daza MOXKET TeHepHUpOBATHCA NHPH 00XO/Ie KOHTYDa
B JIBYMEDHOM IIPOCTPAHCTBE MMAPAMETPOB <«TJIyOWHA
SIMBI-BBICOTA Dapbepas.

PduHaHCUPOBAHUE. Pab6ora BBITIOJTHEHA
B pamkax locymapcrBeHHOro —3ajaHug  ([IIPOEKT
AAAA-A21-1210218001684) B Hucruryre asro-

matuku u jekrpomerpun CO PAH. Vuacrue ommoro
uz asropos (UM.JI.B.) mnomumepxkano Poccuiickum
Hay4aHBIM donoM (rpanT 20-12-00081).

2 ZKOT®, Bbin. 3(9)

ITPMJIO2KEHUE

Vpasuenue (@) JITsT YPOBHEH SHEPIUU MMEET JBE
BETBU DeIICHUI:

27€)

91/ €2 (+) _ cos( B 5

T/ €2+ ¢ arccos(—ch(n) ) o+ 27n,
_ 2

27/ &2 el = —arccos(%) — o+ 2mn.

(13)
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TTockoubky HET HEOOXOAMMOCTH 3aO0OTUTHCS O HOPMU-
POBKE BOJIHOBOI (DYHKITHH, MOYKHO IIOJIOXKUTH 1)_ = 1,
TOrIa

ish(n) exp(ia + 2mwik_)

1/1"1‘ (CY) = 1— Ch(n) exp(ia + 27T7;H+) .

(14)

Vcnonb3ys BeroMoraTesbHOE PABEHCTBO Ky = F1/2m,
MOXKHO MIOJTy IUTh CJIeIYIONHEe COOTHOIIEHNS 11 PyHK-
Ny, BXOJSAININX B BBIPpAYKEHUE JJIsI TeOMETPUYIECKOM
dasbr:

(Wa|Wa) =27 (1 + ¢4 ()]?) +

M exp(—4mi\/E2 +¢)—1) —

252—1—5( p(—4 §+)1)

~ @) (pami/E o)~ 1), (15)
24/62 4+ ¢

(Wal#a) — (W W) = 2mi + 6l (o) —
ﬁ [ () (exp(—4mir/E + &) — 1) -
— i (0) (exp(dmin/E T e) — 1))
Buauenne \/E2 + € onmpejessIeTes BHGOPOM BETBH H HO-

Mepa pelreHust (B) B ux zammcm nHeaBHo moJrara-

€TCsl, 9TO TOJIKOPEHHOE BBIPAYKEHWE TPUHUMAET JIeii-
CTBUTEJIbHBIC 3HAUeHNs. J]/Is KOHIeHcaTa aToMoB > Rb
B KoJibIle pajinyca R = 0.25 cM, Bpalmaionerocs ¢ yr-
JIOBO# CKOPOCTBIO () MOPsAIKA YTJIOBOIl CKOPOCTHU Bpa-
IEHNsT 3eMJI BOKPYT CBOeil ocu, Oe3pa3MepHbIil mapa-
Merp & okaswiBaercs pasHbiM 0.392. Ecim o € [0, 27),
TO BBIIEYKA3aHHOMY TPEOOBAHWIO B JHAIIA30HE I1apa-
merpoB —0.392 < ¢ < 0.392 ymomieTBOpsieT perire-
HUE Eng). MNmenno oHO n ObLIO BBIOPAHO IS BBITHUC-
JIEHUsI T€OMETPUYIECKON (ha3bl.
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