CKOPOCTB CBETA: OT HYJIA J]JO BECKOHEYHOCTH

e jepXaTh Tene(oH OTKIIOYEHHBIM 0 TOTO MOMEHTA, MOKa BBl HE PEUIMIM MM BOCHOJIB30BAaThCS. DTOT
CHoco0 caMblii JIETKHH U JELIEBbIH, HO CIEQyeT HOMHHTB, YTO JOCTATOYHO OJHOTO BBIXOJA HA CBA3b, YTOOBI
BosiBuTh MIN/ESN HOMepa amnmnapara;

®  DEryJisIpHO MEHATH Yepe3 KOMIIAHUIO, IIPENOCTABIISIONIYIO BaM YCIYTd COTOBOM cBsizu, MIN-HOMep Bamiero
anmapara;

e Haubonee 3peKTUBHBIM METOIOM NMPOTHBOEHCTBHS sBisieTcs mmdppoanre MIN/ESN Homepa (BMecTe ¢
TOJIOCOBBIM CUTHAJIOM) IO CIIy4aifHOMY 3aKOHY. DTOT METOJ[ OPOT U OKa MalIOAOCTYIIEH.

VIII Pekomenayembie Mephl 10 IPeAYNPeKICHUI0 HECAHKIIHOHMPOBAHHOI'0 NepexBaTa
HH(OPMALMH ¢ BalIero cCOToBoro rejaedoxHa

Jlis mpenoTBpalneHus IepexBaTa HWH(GOPMAIMU CIEHUAINCTHl PEKOMEHIYIOT II0JIb30BATEINI0 IPENIPUHATH
CJIC/TyIOIIIIE MEPBHI:

®  HCIONB30BaTh OOIICNIPUHATHIE MEpbl IO NPEAYNPESKACHUIO MepexBaTa M PACKPBITUS WHOOPMAIWK:
u30eraTh WIM CBECTH K MHUHHMYMY Iiepenady KOH(GHICHIMaTbHOW WH(OpPMAaIWH, TaKOW Kak Homepa
KPEANUTHBIX KapTO4eK, (DMHAHCOBBIC BONPOCHI, IApOJIM; HCIOJB30BATh B ITUX LEISIX Ooliee HaIe)KHBINA
NpOBOJHOU TenedoH, yOenuBIINCh, YTO COOECEOHUK HE HCIIONB3YET B 3TOT MOMEHT paguorenedoH; He
HCIIONB30BaTh COTOBBIC HIIM OeCIIPOBOHBIC TeJe()OHBI U1 BEACHHUS JETIOBBIX Pa3rOBOPOB;

e  TpyIHee NepexXBaTHTb Pa3roBOp, KOTOPBIH BEAETCS C JBIIKYILETOCS aBTOMOOMIIS, T. K. PACCTOSHUE MEXIY
HUM ¥ NepexBaThIBAIOLICH anmaparypoi (eciu Ta HaXOIMTCsS HE B aBTOMOOWIIE) YBEIMYHMBACTCS M CHIHAI
ociabeBaeT; KpOME TOro, IPH ITOM CHUTHAJI IEPEBOJMTCS C OJHOM 0a30BO CTAaHLIMH Ha IPYrylw C
OJTHOBPEMEHHOH CMEHOH paboueil 4acTOThI, YTO HE MO3BOJISIET IEPEXBATUTh BECh PA3roBOpP IEIHKOM,
MOCKOJIbKY JIJIsl HAXO0XKJICHUS 3TOH HOBOM 4acTOTHI TpeOyeTcst BpeMsi;

®  HCIONb30BaTh CHUCTEMBI CBSI3M, B KOTOPBIX JIaHHBIE MeEpeNaroTcsi ¢ OOJNBIION CKOPOCTBIO IPH YacTOH
ABTOMATHYECKOM CMEHE YacTOT B TEYCHHUE Pa3roBOpa;

®  HCIOJIB30BaTh HU(POBBIC COTOBBIC TEIC(OHBL

Hy, a 9T0 e ecTh Ha BOOPY>KEHHH Y CaMOT0 H0JIb30BaTeIIsi MOOMIBHOTO TeedoHa? [loka eMy TOCTYIHBI TOIBKO
QHAJIOTOBBIE W LU(POBBIE YCTPOHCTBA KOIMPOBAHUS PEYH — CKpeMOiephl (Ha WX HCIIONb30BaHHE B YKpawHe
TpebyeTcs paspemenue JlenmapraMeHTa CleqUalIbHBIX TeIeKOMMYHHKAIIMOHHBIX CUCTeM U 3amuThl nHdopmanuu Chb
YKpauHbI), HO B 3TO HE MaJ0. DTH YCTPOUWCTBA YHUBEPCAIBHBI M MOTYT OBITH YCTAHOBJICHHI B JJIOOOH ammapar, eciu
B HEM €CTb MECTO IJId YCTAaHOBKU IJIATHI.

Camble paclpocTpaHEHHBIE CpeId HUX — LUQpOBbIe cKkpemOiepbl kommanuu Selectone — umeroT Oosee
260 MUJITHOHOB KOJIOB, a TakKe Mojies, Kak TV S-2 kommanuu Midian, — cBbIlie MUJUTHAp/IA.

Jist Toro, 4yToOBl HE WCKATh IPUCTABOK, MOXKHO NPHOOpPECTH MOOWIBHBIA TesleOH cpasy CO BCTPOCHHBIM
ckpembiepoM. OfHAKO MPU 3TOM HE CTOUT BCE K€ 3a0bIBaTh 00 OOIIENOCTYITHBIX Mepax MpeloCTOPOKHOCTH NPH
MIPOBEJICHNH I1EPErOBOPOB.

KapanHaneHo pemuth npodieMy MOXKHO, cTaB aboHeHTOoM HanmoHanbHO# cucTeMbl KOHQHICHIMAIBHON CBSI3H,
paboTBl HaJ CO3JaHMEM KOTOPOH B HACTOSIIIMI MOMEHT BEIyTCs CHelHantucTaMd JlemapTaMeHTa CHelHaIbHBIX
TENICKOMMYHHMKAIIMOHHBIX ~ cucteM W 3ammuThl  uHpopmammu Cb  Ykpamnel. Bomnpocsl  obecrieueHus
KOH(HISHIINATHHOCTH IIEPETOBOPOB M 3aIIUTHI OT “IBOMHMKOB™ OyayT 3anokeHsl B HCK3 Ha cucteMHOM ypoBHE U
PEaTM30BaHBI C HCIOJIB30BAaHUEM BBICOKOCTOMKHX aJrOPUTMOB IIN(POBAHUS.

CraThsi MOATOTOBJECHA IO MaTepHajaM, IOJyYeHHBIM U3 VIHTEepHEeT M pa3sMELICHHbIX Ha POCCHIICKHX H
YKPauHCKUX CaiTax.
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CKOPOCTB CBETA: OT HYJISI 1O BECKOHEYHOCTH
FOpuit Apenves
Hayuonanvnoiti mexnuueckuii ynueepcumem Yxpaunor “KITH
HUI] “TE3UC” HTYY “KIIU*“

Annomayus: BypHoe pa3BUTHe CHCTEM KOMMYHHKALIMH ¢ HEO0XOAMMOCTBHIO CTABUT BONPOC 00 YBeJIHYeHHHU
CKOpOCTH Tepeaaun HWH(pOpMANMHU, BepXHAs TIPaHULA KOTOPOW, HCXOAS U3 YCTAHOBJEHHBIX Ha
CeroHsIIHMI JeHb 3HAHWI, He MOKeT MPeBBILIATHL CKOPOCTH CBeTa B Bakyyme. B mocieanee Bpems
NpeANpPUHUMAIOTCH HACTOWYMBBLIE NONBITKU BBLIATH (ecIM Takoe BO3MOHO) 3a 3Ty rpanuny. Lleas
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Npe/IJIaraeMoro 0630pa — 03HAKOMHTDb CIHENHATNCTOB, PA00TAIOLIINX B 00JIaCTH CPEACTB KOMMYHUKAIUH, C
COCTOSTHHEM JieJI CO “CBepXCBEeTOBBIMH® HCC/Ie0BAHNSIMH HA IAHHBII MOMEHT.

Summary: The advancement of communication systems, ensuring data obtaining and processing, raises
neccesarely the question of increasing the information rate, the upper limit of which, from the few point of
the presentday knowledge, cannot exceed the velocity of light in vacuum. Recently, researches from many
countries undertake persistent attempts to overcome (if it is possible) this limit. The purpose of this review is
acquainting the specialists, working in the sphere of communication facilities, with the modern problematics
of information rate control, and representing the state of affairs as regards "superluminal" investigation at
the present moment.

Knioueswie cnoea: Undopmanusi, CKOPOCTh CBETA, CBEPXCBETOBAS KOMMYHHKALHS.

BBenenne

Hacrosimuii 0030p siBisieTCsl MOMBITKOM O3HAKOMHTBH CIELUHUAIMCTOB, 3aHMMAIOLIMXCS IMPOOJeMaMH CPEACTB
KOMMYHHUKAIIUM, C HHTEHCUBHBIMHM HCCIICIOBAaHMAMHU IIOCIEAHEr0 JECSITUICTUS, KACAIOIIMMUCS BO3MOXKHOCTH
YIOPaBJICHUS CKOPOCTBIO PAaCIpOCTPAaHEHMs 3JICKTPOMArHUTHOIO CUTHala (B OCHOBHOM, Ha IpUMepe CBETOBBIX
(oToHOB) B 000MX HANpaBICHUSX OT XOPOLIO M3BECTHOM TOYKHM OTCUETa — CKOPOCTH PAacHpOCTPaHEHUs CBETa B
BakyyMe — C. Ba)kHO OTMETHTB, YTO €CIIM TepBas 4acTh NMPOOIEeMBI (TaKk Ha3bIBaeMas ‘OCTaHOBKA™ CBeTa) HE
BBI3bIBAJIa TPHHIUNUAIBHBIX BO3PaXEHHH (U3MKOB M ObUIa TOJBKO BOIPOCOM BPEMEHH, HEOOXOAMMOIO st
CO3/1aHUs HOBBIX HKCIEPUMEHTANbHBIX BO3MOXKHOCTEH, BTOpast yacTh (MPOJBIKEHHE 3a TPAHUILy CKOPOCTH CBETa B
BaKyyMe) — €CTh IPEAMET HE TOJIbKO OypHBIX TUCKYCCHIl U MHTEHCUBHBIX HCCIIEIOBaHUI (OepylIMX CBOE HAayalo B
60-¢ rozpl'), HO M AKTUBHOTO HENPHSTHS TPAKTOBKH PE3y/bTaTOB SKCIICPHMEHTA TEMH ke (DU3MKAMH, TBEPIO
3HAIOMUMH UCMUHY®, UTO TIepelaya CUTHAla CO CKOPOCTBIO, TPEBHIMIAIONIEH CKOPOCTh CBETA B BAKyyMe, CTPOrO
3arpelieHa CreHaIbHON Teopued OTHOCUTENBHOCTH. ECTECTBEHHO, YTO CKOpONAIHUTENBHOE JKElTaHHEe OOBSIBHUTH
MIEPBBIM O JIOCTUTHYTOM yCIIeXe B PEIICHUH MPOoOJIeMbl He JOJDKHO 3alUIIaTh aBTOPOB CEHCAIIMOHHBIX ITyOJIMKaIni
OT KPHUTHKH, TeM 0oJiee ec MOsBICHHE MyOIMKALNK COMTPOBOXKaaeTcst KomMmeHTapusimu CMU o Towm, uTo "pyxHyna
Teopus oTHocuTensHOCTH". Ho BCe yBenmuuBaromuiicss GpoHT MCCIeI0BaHU JAHHOW MPOOIIEMBI TAeT JINIITHUH pa3
OCHOBAaHHE YTBEpXKIaTh, KaK W TeposM u3BecTHOH mbechl lllekcrmpa, 4TO0 “He 8ce CHOKOUHO 6 OamcKoMm
Koponescmage” U “‘ecmb MHO20 Ye2o maxozo, opye I opayuo, umo u He CHUIOCL Hawum myopeyam” .

Hayka He cToMT Ha MecTe W KpuUTHKa OypHO pa3BHBArOIIEiCs 00JacTH MCCIEAOBAaHUNA METONAMH CTaHIApTHON
TECOPUH HE SABISIETCS OKOHYATEIbHBIM mpuroBopoM. OO030p HE HOCHT XapakTepa KpUTHYIECKOro pasdopa
paccMaTpuBaeMbIX JKCHEPHUMEHTAIBHBIX U TEOPETHYECKUX pPadOT: 3aMHTEPECOBAaHHBIM YHTATENb BCET/a MOXKET
00paTUThCS K yKa3aHHBIM B CIHCKE JIMTEpaTypbl paboTam, yToObI caMOMy pa3o0paTbCsi B MHTEPECYIOLIEM €ro
BOIPOCE M KOHKPETHBIX NETANsX AKCIEPHUMEHTa WM TEOPETUYECKON Mojenu U3 “NIepBbIX PyK’ . ABTOp XOTel
MOKa3aTh YWTATENI0 3HAYMMOCTh HCCIEIyeMOH NpoOJIEeMBI ISl CO3[aHUs COBEpIICHHO HOBBIX TEXHOJIOTHH, B
YaCTHOCTH, COBPEMEHHBIX CpPEACTB KOMMYHHUKAllUM, KOTOpBIE, NPU YCIEHIIHOM pEUIEHUH paccMaTpUBacMOi
po0JIEMBI, IPEJOCTABAT YHUKAIBHBIE BOSMOXXHOCTH JUIS Pa3BUTHS YEJIOBEUECKOro obmiecTBa. B 3akmoduenun Oyaer
H3J10’KEHO TOHMMAHHE CUTYaIluH aBTOPOM 0030pa H €ro MOIX0J] K BO3MOKHOMY PENIEHHIO JaHHOM Tpo6iIeMbL.”

4
ITo nopore k HyJII0

Ycnexu mocnerHuX JECATHICTHH IO CO3AaHHMIO0 3JIEKTPOMATHWUTHBIX JIOBYIIEK, YACP)KHBAIOIIMX aTOMBI MPU
CBEpXHHU3KHX TemIeparypax (mopsaka npecsatkoB MK), MpuBenn JOrWYHBIM 00pa3oM K YBENIWYEHHWIO YHCIA
yZepKHUBAEMbIX aTOMOB J0 HECKOJIBKHX COT TBICSY, @ TAKXKE K CO3JaHNI0 003e-KOHAEHCAaTa U3 ra3a 3THX aTOMOB. OTH
YCIIeXH, a TAKKe HCIOJB30BAaHUE YHUKAJBHBIX CBOMCTB CBEPXOXJIAKACHHOTO ra3a aTOMOB ITO3BOJIWIM (H3HKAM

! CBepxcBeToBO# (hu3MuecKmii 0OBEKT — Ja3ePHBIH UMIYIILC B YCHIMBAIOIICH Cpejie — ObLI BIIEPBbIE OOHAPYKEH B
1965 romy, a BO3MOKHOCTh CBEPXCBETOBOTO JBIDKEHUS 00CyKaanach 10 Hadana 70-X ToJ0B.

? “BesKmid, KTO TOMBITAETCS BBICTYIIMTh B KAUECTBE aBTOpUTETa B 00macTi McTuHb 1 [T03HAHMS, TOTEPIIUT KAIKOE
(macko o XoxoT 60roB* — A. DUHIITEHH.

* HecmoTpst Ha TO, 4TO aBTOP 0630pa MO MPOdECCHH (PU3NK-TEOPETHK, OH HAMEPEHHO OCTABHII 33 PAMKaMH 0630pa
OOJIBIIMHCTBO TEOPETUYECKUX paboT MO JaHHOW MPOOJIeMaTHKE HE TOJNBKO C 1IJIbI0 OTPAaHUYHUTh 00BEM M C/ENATh
ero noctynsee. [Io MHeHHIO aBTOpa 0030pa, TEOPETUUECKHE PAOOTHI, OCHOBaHHBIC HA OOLIETIPUHSATHIX MOAX0AAX, HE
TOJILKO HE TpeJyIaraloT pealbHOro (U3MYEecKOro MEeXaHW3Ma ‘‘CBEpPXCBETOBOWM™ mepenadn MHGOpMALMH, HO U HE
CIIOCOOHBI €r0 IMPEIJIOKUTh, OCTABAasSCh B paMKax CTaHIAPTHONH TEOpPHUH (HANPUMEp, JIMHEHHBIX YpaBHCHHIl
Maxcsemna).

* Tlpu wammcanmm 5TOro 0030pa aBTOp HCIONB30Bal HH(OPMALMIO, pPa3sMEIIEHHYI0 Ha  caifTax
http://www.scientific.ru u http:/phys.web.ru (E. OHumienko, A. IBaHOB, A. TI. KpameHHHHUKOB,
A. B. CenuBepcToB).
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CKOPOCTB CBETA: OT HYJIA J]JO BECKOHEYHOCTH

MIPUCTYIIUTHh K OCYIICCTBICHUIO SKCIIEPUMEHTOB II0 TaK Ha3bIBaeMOW ‘‘ocTaHOBKe” cBeTa. (Kaxkmprii ¢usmk 3HaeT,
YTO CKOPOCTh cBeTa B Bakyyme okoiio 300 000 000 m/cex. Uepes BeliecTBO CBET PACIPOCTPAHSETCS MeJICHHEe, BCe
e ero CKOPOCTh OCTAETCs OOJIBINON).

IlepBrrit mar ocymectBmia rpynma u3 [apBapackoro mHcTHTyTa Poymamma (Harvard/Rowland Institute of
Science) nox pykoBojactBom Lene Vestergaard Hau. Wcmonbsys sddext doromnaynnpoBaHHOH NpO3padHOCTH
(®UII)° B CBEPXXOIOIHOM ra3e aTOMOB HATPHs OHH CMOTIIM YMEHBIIMTH CKOPOCTh cBeTa 10 17 m/cex [1].

B paccmaTprBaeMOM SKCIIEpUMEHTE aTOMbI HaTpHs ObUIM 3aXBauy€Hbl M OXJIAXIEHbI B MarHUTHO-ONTHYECKHUX
JIOBYIIKax. ATOMBI OXJaXJIQJIUCh JI0 TE€X IOp, IOKa OHM He 00pa3oBasiM 003e-KOHJEHCAT — 0co00e COCTOsSHHE
BEIIIECTBA, B KOTOPOM BCE aTOMbI HAaXOJASATCS B OJHOM M TOM )K€ KBAaHTOBOM COCTOSIHHM W OIMCBIBAIOTCSl €AMHOMN
BOJIHOBOH (yHKIMel. 3areM Xay M COTPYAHMKH HACTPOMJIM “‘yIPaBILSIOIIMH™ Jlazep Ha Iepexojl MEXIy IBYMs
CBEPXTOHKMMH COCTOSHUSIMH B artoMax. [Ipnm cnenmanbHO MOJOOpaHHBIX YCIOBHSIX OHHM OOHApy>KHIH, YTO 3TO
MPHUBOAXAT K 3aMEIUICHHIO "CHTHANBHOTO" JIyda Ja3epa, MPOXOIIICTo IO IMPSIMBIM YTIIOM K “‘YIpaBiSromeMy’”
nazepy. Vccrexyemslii oOpazer; 00HapYy U TakKe YPEe3BBIYANHO OOJBINTYI0O ONTHYECKYIO HEIIMHEHHOCTH, KOTOPYIO
MOXHO OBUIO OBl MCIONB30BAaTh A CO3JAHWUHM ONTHYECKHUX Iepekmodarenel. Ha ocHOBaHMM NpOBEIEHHBIX
WCCIICOBAaHUN TpyNma cjenana 3aKI4eHHe, YTO HUYTO HE MPEMATCTBYET 3aMEJICHHIO CBETa /0 CKOPOCTEH,
M3MEpSIEMBIX B CM/CEK.

Crnenyromuil mar yaaaock cienarsh rpymme u3 I'apeapiackoro actpodusmueckoro renrpa (Harvard-Smithsonian
Center for Astrophysics) mon pykoBoactBoM Pona Yonceopra (Ron Walsworth) u Muxamna Jlykuna. YoncBopr,
JIykuH W WX KOJUISTHM MpPOLLIM OCTaroK ITyTH JO TIIOJHOH OCTaHOBKM CBETa, HCIIOJb3ys HOBYIO METOJUKY,
NpeIoKeHHYI0 Teopetuuecku B [2, 3]. Ilpu pemenun 3Toil 3amadm McciaeqOBaTeNN HAyYWINCh ITPeoOpa30OBHIBATH
MH()OPMAIHIO, KOTOPYIO HECET CBET, B KOTEPEHTHOE aTOMHOE COCTOsIHME (M Hao00poT). OOBIYHO IPH MOTJIOMIEHUN
aToMaMH (OTOHOB IIEPEHOCHMAsi CBETOM MH(OpMANKs TOJHOCTBIO TEPSETCS, OHAKO 3TOT HOBBIH METO]] TI03BOJISET,
B NPUHIUIIE, €€ COXpaHNTbh. Ilochutas na3epHbBI UMITYJIBC B CHEIHAIbHBIM 00pa30M MOATOTOBICHHBIH ra3 aTOMOB
pyOuaus, ynanock, BO-NIEPBBIX, YMEHBIIUTH TI'PYIIIOBYI0 CKOPOCTh MMITyJbCa JI0 HYJS M, BO-BTODBIX, 3alHcaTh
MepeHOCHMYI0 UM HH(popMaiio B (popMe aTOMHOW CIIMHOBOI BOJHBI (KOJUIEKTUBHOTO BO30YXKAEHHS aTOMOB
py6ums)°®. Takas BONHA KOTEPEHTHA M CyIIECTBYET ITHTENHHOE BPEMS, YTO TO3BOIAET COXPAHATH THTETHHOE
BpeMs 3aKJIOYEHHYIO B MMITyJbce cBeTa MH(OPMAaUUIO U, KOrJa HeoOXOAMMO, BBITYCKaTh €€ B BHIE TAKOTO JKe
UMITyJIbCa. DTO JIOCTH)KEHNE YBEJIIMUMBACT HAJISKAY Ha CO3JJAHNE KBAHTOBBIX CHCTEM CBSI3H, KOTOpBIE KOT1a-HUOY b
CMOTYT O0BEIMHUTH B II00AJIBHYIO CETh CBEPXOBICTPhIC KBAHTOBBIE KOMIIBIOTEPHIL.

DKcneprMeEHTHI TI0 "XpaHeHuIo cBeTa" Hauanuch B ['apBapne ¢ oOiaydeHus "ynpapisioniuM" J1a3epHbIM TyYKOM
CTEKJSIHHOW KIOBETHI, 3aIOIHEHHOM napamu pyouaus mpu Temmeparype okoso 70-90 °C. U3nyueHue mepeBoIuio
atombl B ®UII-cocrosiHre, B KOTOpOM OHHM (B OOBIYHOM CMBICJIE) HE MOTYT MOIJIOMIATh CBET. 3aTeM KIOBETa
OCBEINAIAch "CHTHAIBHBIM'" CBETOBBIM MMILYJIBCOM, COJEPIKAIINM COXpaHseMyro uHpopManuoo. B mapax pyOumns
CKOPOCTb 3TOT0 UMITyJIbca Hafana nmpumepHo 1o 900 m/c. ITocne monaganus neperHero GpoHTa UMITYJIbCA B KIOBETY
(1, COOTBETCTBEHHO, €0 3aMEAJICHNS) MPOMCXOANT BECbMa BIIEYATIISIONIEE IIPOCTPAHCTBEHHOE CKaTHE MMITYJIbCA: C
HECKOJIBKUX KHJIOMETPOB B BaKkyyMmMe O CaHTUMETPOB B Mapax pyOuaus. BzamMoneicTBys ¢ aTomMaMmu, CBET
KOTEPEHTHO U3MEHSET OPHEHTALMIO NX MAarHUTHBIX MOMEHTOB M CO3JA€T CBSI3aHHYIO CUCTEMY U3 aTOMOB M (DOTOHOB
(osIpuTOH).

B3aumoneiictBue '"cBeT-aToM" MpPHUBOAMT K TOMY, 4YTO IOJMSIPUTOH JBHXKETCS KaK YacTHUIA, HMeoIas
cobcTBeHHy0 Macey (3ddekTuBHyr0 Maccy). OqHO U3 OOBSICHEHHI YMEHbBIICHHUS CKOPOCTH CBETA 3aKJIIOUYACTCS B
TOM, 4TO HE UMEIOIINE MACChl ()OTOHBI "IOBEIINBAIOTCS" MAaCCUBHBIMH aToMaMu (00pa3ysl MOJIIPUTOHBI) H ITOITOMY
TEPSIOT CKOPOCTb.

[anee, uccrnenoBareny OCTAaHOBHIM CUTHAIBHBIA MMITYJIBC, TOCTEIICHHO BBIKIIIOYAs YIpaBJsIoMMi my4dok. [1pu
9TOM Bce Oouiblle aToMoB '"cMemuBaeTcs' CO BCe MEHBIIMM KOJMYECTBOM (DOTOHOB, YBEIWYMBAS Maccy
MOJSIPUTOHOB M YMEHBIIAs WX CKOpocTh. Korpma ympaBisiomuii My4oK BBIKIIOYACTCS MOJTHOCTBIO, TOJISIPUTOHBI
CTAHOBSTCSI YHCTO ATOMHBIMH, JIA3EPHBIM UMITYJIbC — OCTAHOBJICHHBIM. 32 BpeMsI XPaHEHHUS 3Ta CPeAa He M3IIydaeT.

Utak, B KtoBeTe He OcTaeTcs (POTOHOB. DHEPrus CBETa HE HWIET, KaK 3TO OOBIYHO OBIBacT, Ha "MOMOTpeB" aTOMOB.
Bwmecro atoro ¢otons! "Tparsarcs” Ha GopMHUpOBaHHE aTOMHOW CIIMHOBOM BOJIHBI, COXpaHssl B HEH BCIO MH(OpMAIHIO
W3 CUTHAJIHOTO UMITyJIbCa U "okuaas” ee 0CBOOOKICHHUS (T. €. U3ITyUSHUS IMITYNbCa, HISHTUYHOTO HAaYaIbHOMY).

Jpyroii crioco6 omucaHMs 3aMEUICHNS] CBETAa OCHOBAH Ha IPEJICTaBICHUH 00 MMITyJbCE KaK BOJIHOBOM ITaKeTe —
BOJIHE, COCTABJICHHOW U3 MHOTHX KOMIIOHEHTOB C Pa3IM4YHBIMH YaCTOTaMH (TapMOHHUK). ATOMBI pyOUIusl TIO-pazHOMY

5 Opdexr OUIT ocHOBEIBaeTcs Ha HMHTEPHEPECHIIUH MEKIY Pa3IHYHBIMU AJIEKTPOHHBIMHU MEPEXOJaMHU B aTOME H
HCIOJIB3YeTCs, YTOOBI H3HAYAIIFHO HETIPO3PAYHBIC CPEABI CACNATh IPO3PAYHBIMU JUTSI OTPEICIICHHBIX UTMH BOJH.

6 Crnemyer OTMETHTH TaKXKe, 9TO B cTaTbe [4], 00Cy)maeTcst HOBask METOAMKA, TIO3BOJISAIOIIAS HE TOIBKO OCTAHOBUTH
HMITYJIbC, HO U U3MEHHUTh MOTOM HAIPABJICHHE €ro PaclpOCTPAHEHUs] HA MPOTHUBOMOJIOKHOE. JTO SBICHHE MOXKET
OBITh KCIIOJIH30BAHO B MPUKJIAJHON HETMHEWHOMN ONTHKE.
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MPEIOMISIFOT 3TH KOMITIOHEHTHI B 3aBUCHMOCTH OT MX YacTOTHI (SBJICHHE AWCIIEPCHH). 3aBUCHMOCThH ITOKA3aTells
HPENIOMIIEHUS COJEPKMMOTO KIOBETBI OT YacTOThl NPUBOAWT K TOMY, YTO TPYHIOBAasi CKOPOCTH (T. €. CKOPOCTh
pacmpoCTpaHEHHsI UMITyJbca KaK IIEJI0ro) CymecTBeHHO MamaeT. OciabieHHe yNpaBiSIOMIETO IMy4Ka MPUBOAUT K
YCHJICHUIO 3TOM 3aBUCUMOCTH U JJAJIbHEHIIIEMY YMEHBIICHHIO IPYHNOBON CKOpocTH. OHO NMPUBOAUT K YMEHBIICHHIO
HOJIOCHI NIPO3PAYHOCTH NApoB PyOMAWs, OJHAKO CBETOBas BOJNHA (a Oojee TOUHO, €e CyNEepHO3ULUs C aTOMHOM
CIIMHOBOI BOJIHOM) TIPOJODKAET 3aMeIISThCS, COXpaHsisi (OpMy, HO YMEHbIIAas CBOKO CIIEKTPAJbHYIO MIHPHUHY
(KOJIMYECTBO KOMIIOHEHTOB) TaK, YTOObI HE IPOUCXOIIIO MOTIOmeHus. [lociie MOBOMBHO JTUTEIBHON 3aJCPIKKU
MO)KHO BKJIFOUHTH YIIPABIISIONIMH ITy4OK, 3aCTaBUB aTOMBI IIPe0o0Opa3oBaTh MOJIIPUTOH OOPAaTHO B CBET U H3IIyYHUTh
TOYHO TAKOH e UMITYJIbC, YTO KOT[a-TO MOMAJ B 3Ty KIOBETY.

HWrak, xpaTkoe pe3tome:

1) JuIMHY CBETOBOTO HMITyJIbCA MOXKHO CYIIECTBEHHO YMEHBIINTh B COOTBETCTBYIOUIIMM 00pa3oMm
MIOJTOTOBJICHHBIX MApax pyonans;

2) mepeHocHMasi CBETOM WH(pOpMAaNUs OKa3bIBAaeTCs 3alleYaTIICHHONW B aHCaMOJie aTOMOB KakK JOJTOKUBYIIIE
CIIMHOBBIC BOJIHBI;

3) npu HEOOXOTUMOCTH CBETOBOM MMITYJIHC MOYKET OBITh M3BJICUEH M3 TAKOM TUCHKH MaMSITH.

ITOT METOA XpaHCHUs CBETA yu06eH, IMOCKOJIBKY I/IH(bOpMaIII/IH XpaHUTCA B KOJUICKTUBHBIX aTOMHBIX CIIMHOBBIX
COCTOSIHMSIX, KOTOpBIE Tropa3no Oojiee YCTOWYMBBI MO OTHOIICHHIO K JUCCUNAMH W 3(pQeKkraM Mnotepu
KOTEPEHTHOCTH (BBI3BIBAIOLIMM COOM B KBAaHTOBBIX KOMIBIOTEPAX), YeM BO30YKACHHbBIC DJICKTPOHHBIE COCTOSHUS
aToMoB. ['apBapaCKuii SKCIIEPUMEHT IPOJEMOHCTPUPOBAI BKHBIN pe3yiIbTaT Uil UCCIeaoBaTeNel, 3aHMMalOIINXCs
KBaHTOBOH Iepenaueii HHpOpMaIMK U IPodJIeMaMH ee COXPaHHOCTH. B OyayiieM, BO3MOKHO, IMEHHO 3TOT CIIoco0
OTKpOET JBEpH ITIepe]] XpaHEeHHeM M nepenaueii nHpopManuy B KBAaHTOBBIX BBIYMCIUTEISIX M CPEICTBAX CBs3M [5].
YoncBopT n JIyknH Taxke cOOONIMIN, YTO ITOXOXKHE Pe3yIbTaThl ObUIM HEAABHO HOJTydeHHl u rpymmoi Xay (Lene
Hau) B I'apBapackom nactutyTe Poymanma (Harvard/Rowland Institute of Science) B cBepXxoiogHOM aTOMHOM ra3e
[6].

ITocne moOTHON OCTAaHOBKM M COXPAHEHHUS CBETOBOI BOJHBI B Ta3e IOJOOHBIA pe3yapTaT ObUT MOJMY4YeH M B
TBEPIOTEIHHOM 00paslie B SKCIEpUMEHTEe, IPOBEAEHHOM B MaccadyceTckoM TexHosormdeckoMm uHctutyTe (MIT)
coBMecTHO ¢ HayuHo-uccnenoBarenbckoit madoparopueit BBC CILIA B Xanckome (Hanscom, Massachusetts). 1o
MOXHO CYUTaTb BECbMa COJUIHBIM AOOCTUKCHHUCM, IOCKOJIbBKY B HACTOANIECC BpEMA IMMPUMCHCHHC B obnactu
00paboTKK U XpaHEeHUs] HHPOPMAIMK B OCHOBHOM HaXoIsT pa3pab0oTKU UMEHHO U3 001acTH (PU3UKH TBEPIOro Telna.
B kadectBe cpezibl ObLIT MCIOJIB30BaH PACIPOCTPAHEHHBIA B CPEICTBAX ONTHUYECKOW 3alMCH KPUCTAJUT UTTPUEBOTO
CHJIMKATa C IIPHUMECHIO PEAKO3EMETIBHOTO 3JIEMEHTa MPa3eoIuMa.

I'pynna yuensix u3 CIIA u FOxnoii Kopeu [7] cMoriia yMEHBIINTh CKOPOCTh PaclIpOCTPAaHEHUS UMITybca A0 45
M/c, a TakXKe OCYyIIeCTBHTh "3axBar" W "BBICBOOOXKAEHHE" HMITyIbCca B KpUCTAJUIAX AMANEKTpuKa Y ,SiOs,
cogepskamero 0.05 aTOMHBIX MpoLEHTa Mpa3eoanMa, HO B MICHHOM IUIAHE HKCIIEPUMEHT ONM30K 3KCHEPHMEHTY B
aTOMHOM Ta3e . B MOMOGHBIX IKCIEPMMEHTAX B OOBIYHBIX YCIOBHSX ONTHUECKAs CPEa TOTHOCTHIO HEMPO3PauHa
JUISL CBETA C OIIPE/ICNICHHOM JIIMHON BOJIHBI H3-3a PE30HAHCHOTO IIOTJIONICHHS (3TO OYEHb BaXKHBIII MOMEHT — 3 (eKT
PE30HAHCHBIN), OJHAKO TIPH ONPENCIICHHBIX YCIOBUSIX Cpela CTAHOBUTCSA IIPO3pAayHOM TMojJ JeicTBHEM
ANEKTPOMArHUTHOTO U3nydeHus: (3ddexr (hoTonHIYyIMpOBaHHOHN mpo3padHocTH). boree MoiHoe "ympasisoiiee
noie" (rpy0o roBopsi, MOJCBETKA) JeNlaeT BO3MOXHBIM paclpoCTpaHEHHE B cpele Ha Topsanok Oojee ciaboro
"curHanbHOro (ImpoOHOro) mnona" (MMILyJibCa, € KOTOPBIM TIPOU3BOJATCS MAaHUIYJSIUK). YTpaBisioliee |
CUTHAJIBHOC II0JIA CBA3BIBAIOT YPOBHU, OTIMYAIOIIHUECSA MArHMTHBIMHW KBAaHTOBBIMH 4YHC/IAaMU H, TaKUM 06pa30M,
3JIEKTPOMAarHUTHOE T10JIe OKa3bIBAaeTCs "3aBA3aHHBIM" CO CITMHOBOM IMOJICHCTEMON aTOMOB (M B Tapax pyOuaus, u B
cucreme Pr:Y,SiOs). OGpasyercst cMemaHHOe cocTosiHHE (DOTOHOB M BO3OY)KIEHUH cpelbl (HONSPUTOH), IPUYEM
CKOPOCTh pacHpOCTpaHEHUs IOJISIPUTOHa B cpele (KOTopash Topa3fo MEHbIIE CKOPOCTHM CBETa), a TakkKe
"OTHOCHUTENbHAS OIS 3IEKTPOMAarHUTHOTO IIOJIST M CIIMHOBOW KOMITOHEHTHI B TAaKOM "COCTaBHOM' BO30YXKIICHHH,
3aBUCHT OT BEJMYUHBI YIIPABIAIOMIECTO MOJs. AMadaTHUeCKH MEJICHHO BBIKIIOYHMB YIIPABIIAIONIEE I0JIE, MOYKHO
OCTaHOBHTH TTOJISIPUTOH, TIPH 3TOM MOJSPUTOHHOE COCTOSIHIE HE Pa3pyIIACTCs, a IIOJHOCTHIO IIEPEXOANT B CIIMHOBBIE
B030y>kaeHus. Haso mom4epkHyTh, 4TO B 3TO BpEMsI B CpElie HE CYIIECTBYET HUKAKUX ()OTOHOB, TIO3TOMY TEPMUHBI
"ocraHoBKa cBeTa" W '"XpaHeHHMe cBeTa' HE CIeAyeT IOHUMAaTh OyKBaibHO. AMMaOaTHYECKH MEIJICHHBIM
BKITIOYCHHEM YIPABISIONIETO IOJII MOXHO '"BO3POAWTH CBET K JKM3HHU'"; Bpems "XpaHEHHs cBeTa" IMMUTHPYETCS
XapaKTepHbIM BpPEMEHEM CIIMHOBOW penlakcaiuu B cucteMe (M B mapax pyoOuaumsi, u B cucreme Pr:Y,SiOs asrto
npumepHo 0.5 mc).

7 3aMeTHM, 4TO HA CAMOM JieJie IeMOHCTpPALMs "XpaHeHHs cBeTa" B TBEPHOTENBHON MATPHIE C PEAKO3EMETbHBIMI
HMOHAMH HE eCTb ellle OJHUM LIaroM BIEpel B MOCTYNAaTeIbHOM Pa3BUTHUH HAyKH — HA CaMOM Jelie ctaths TypyxXuHa
u ap. [7] moctynmna B penakuuto Physical Review Letters paHbIie, 4eM cTaThs Ouimmica ¢ coaBTopami [5].
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B mepByto odepens Takue "UTPHI CO CBETOM' MPEACTABISIOT MHTEPEC C TOYKH 3PEHUS XpaHCHUS U 00padOTKU
KBaHTOBOH HH(opManum — Juii pabOTHl KBAaHTOBBIX KOMIIBIOTEPOB TpeOyeTcs COXpaHEHHE KOI€PeHTHOCTH
KBaHTOBBIX COCTOSIHUI. B criry ynoOcTBa MHTErpanuy ¢ TBEPIAOTENBHBIMHU 3JICKTPOHHBIMU yCTPOHCTBAMH BBITOJHO
UCIIONB30BaTh TBEPIOTEIBHYIO Cpely Il MaHUNYIALUH C HMITyJbCOM CBeTa, HO 3()(QEeKT pe30HaHCHBIH U
Tpe6yIOTCH MAaJIbIC CIICKTPAJIbHBIC INUPHUHBI HHHHﬁ, a B TBEPAbIX TCJIaX CIEKTPAJIbHbIC HIUPUHBI JIMHUA Ha MOopAAKHU
NPEBBIIAIOT LIMPHUHBI JIMHAH B aTOMHBIX criekTpax. OJHAaKo U B TBEPAOM Telle MOXKHO paboTaTh C JOCTATOYHO
Y3KUMH JIMHUSMH, €CJIH KPUCTAUIMYECKas MaTpulla COJEPKUT pPEAKO3eMEJbHbIE JJIEMEHTHl. DTO CBS3aHO C
YHUKaIBHBIMH CBOWCTBaMH PEAKO3EMEJbHBIX 3JIEMEHTOB, KOTOpPHIE ONPEACNSIOTCS HMX CIO0XXHOW 3JIEKTPOHHOU
CTPYKTYPOH — Yy HHUX INPOMCXOAWT 3aIOJIHEHHE JJIEKTPOHAMHU cHenn(UUecKOil 4f-0010UKH. 4f 3IEeKTPOHBI MOHA
PEIKO3eMENBHOTO 3JIEMEHTA B KPUCTAIIIMYECKOH MaTpuile (pakTHYeCKH SKpaHHUPOBAHBI OT BHEITHUX BO3JICHCTBUH 1
MOATOMY CJ1a00 PearupyroT Ha OKPY>KEHHUE; COOTBETCTBEHHO, CIICKTPAJIbHbIC INUPHHBI JIMHUN JIMIIb B MaJIOH CTEICHH
HEOJHOPOJHO YLIMPEHBI BCIICNCTBUE JIOKANBHBIX BapHalWi BHYTPHKpPHCTAUIMYecKux nosieid. KoneuHo,
TBEpIOTEbHas crenuduka npospisercs. MeTouKa MaHUITYJIHPOBAHHUS HMITYyJIbCOM HECKOJIBKO HMHas, HapHMep,
MIPUCYTCTBYET “TpeThe Moje” (CBET C YaCTOTON, OTIMYAIOIIEHCS OT YacTOTHI YIPABIISAIOMIETO U CUTHAIBHOTO TIOJIEH)
— "BcmomorarteipHOE TOJE", OHO ONpEeAeseT ONTHYECKYI0 IUIOTHOCTh CpeAsl (CTEleHb MNpPO3PAaYHOCTH) IS
CHTHAJIBHOT'O UMITYJIbCA.
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Probe Trans. — mpo3payHoCTs (transmittance - ?) mpoOHOTO (CHTHAFHOTO) UMITYJIBCA;
Delay Time — Bpems 3agepxku; Time — BpeMst (MKc)

Pucynok 1 — OcraHoBKka, XxpaHeHUe U BbICBOOO:KIeHHE CBETOBOI0 MMITYJIbCA
CrutonrHoii TuHMel MoKa3aH 00ycJI0BJIeHHBIH MPOOHBIM HMITYJILCOM CHTHAJI HA BBIXO/IE€ U3 KPHCTAJLIA,
MYHKTHPOM — H3MeHeHHUe ynpaJjsiomero mojs. Ha BctaBke cipaBa BUIHO, YTO MPH YBeJIHYEeHUH
YIPaBJISIONIET0 M0 IPYNNOBas CKOPOCTh PacTeT, B pe3yJabTaTe MPOOHBINA CUTHAJT J0XOIUT A0 MecTa
peructpanum opicTpee. ClieBa JeMOHCTPUPYeTCA BO3MOKHOCTh 3aXBaTa U XPAHEHHUA CBeTOBOr0 HMMYJIbCA
NPH BBIKJIIOYEHNH ynpapiasiomero nois. Koporkuii ynpapasiommii ummnyJibc "B HeHTpe'" CBA3aH € TeM, YTO
He00X01UMO "0o0paTUTh'" CBA3AHHYIO C HEOJHOPOAHBIM YIIMPEHUEM CITUHOBYIO 1e()a3upoBKY (CIMHOBOE IXO0).

B sKcmepuMeHTax TpyNIbl aMEpUKAHCKHX M KOPEHCKHX YYCHBIX HCIIOJB30BAICS Ja3ep Ha KpacUTelsiX,
TCHEPUPYIOLIMI M3Jy4YeHHe ¢ JUIMHOM BONHBI 606 HM; JUIS BBIACICHHS TPEX YACTOT HCIIOIb30BAJIHCH
aKyCTOONTHYECKHE IpeoOpa3oBaTend 4acTOThl. CHIHAJIBHBIA HMITYJIBC UIMTEIBHOCTBIO HECKOJIBKO [ECATKOB
MHKPOCEKYH/ oIafan B Kpuctaml Y ,SiOs5, JernpoBaHHbIH npa3eoanuMoM. [lyTeM n3MeHeHus ynpaBIIsSionero mos
(MHTEHCHUBHOCTH IIOJCBETKH C COOTBETCTBYIOLICH YacTOTOH) ydYeHbIE YNPaBIIM CKOPOCTBIO PacHpOCTPAHESHUS
UMITyJIbCa CBETa; OKa3bIBaJOCh BO3MOKHBIM YMEHBLIMTH T'PYIIIOBYIO CKOPOCTH 0 45 M/C (3TO MOYTH B JECATH
MHJUIMOHOB pPa3 MEHbBIIE CKOPOCTH CBeTa B BakyyMe). Takxe, HOCPEICTBOM BBIKIIOYEHHS U BKIIOYCHUS
YIPaBIISIONIETO MOJISl OKa3bIBAJIOCh BO3MOKHBIM OCTaHABJINBATh UMITYJILC M XPaHUTh €r0 B TEUEHHE OIPEJIICHHOTO
BpPEMEHH, a IOTOM BBICBOOOXIaTh. Takum oOpa3oM, ObLIa NMPOAEMOHCTPHPOBaHA BO3MOKHOCTH KOTEPEHTHOTO
yIpaBieHUus. TPOXOXKIEHUEM MMILyJIbCa Y€Pe3 PE30HAHCHO MOIJOLIAIOUIYIO 7M8epOOmeNvHyI0 CPENy B PEXUME
(OTOMHIYMPOBAHHO PO3PAYHOCTH.

HccrenoBaTeny TpearonaraloT, 4YTO 3aMEIUICHHE ¥ OCTAHOBKA CBeTa B TBEPIOM Tejle HaWJeT CBOIO
"9KOJIOTHYECKYIO HUIY" B TAaKUX 00JACTSAX, KAK KBAHTOBBIC BHIYMCIIUTENH, CBEPXUyBCTBUTEIbHAS MATHUTOMETPUS U
aKyCTOONTHKA (IIPH 3aMEJICHUH CBETA 10 3BYKOBBIX CKOPOCTEH CTAHOBHUTCS BOSMOXKHOH CHIIbHAS CBSI3b ONTHYECKHUX
1 3BYKOBBIX BOJIH).

ITo nopore Kk 6eCKOHEYHOCTH

OnHUM W3 BAaXHBIX HAINPABICHUH 10 W3YyYCHHIO DPACHPOCTPAHEHHS 3JIEKTPOMArHUTHBIX CHTHAJIOB CO
CBEPXCBETOBBIMH CKOPOCTSIMH B TIOCJICTHEE BPEMsI CTaIH SKCIIEPUMEHTHI C TyHHEIHMPOBAaHHUEM.
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IOpuii Apenves

OKCIIEpUMEHTHI, TPOBeACHHBIE Tpynmoil mox pykoBoactBom Raymond Y. Chiao (Department of Physics,
University of California, Berkeley), nokazanu [8], 4ro oTxmenbHble (OTOHBI HPOXOAAT CKBO3b ONTHUYECKHIA
TyHHENBHBIH Oapbep ¢ 3((GEeKTUBHON TPYMIIOBOH CKOPOCTBHIO, 3HAYMUTENHHO IPEBHIMNAIONICH CKOPOCTh CBETa B
BaKyyMe.

Substrate B"'F::'
splitter

| [ ] |

-~ |
-~
Trombune I Coinc
prism Multilayer - ¥ i

cosiing sample slid in and cnunter
out of beam =

UVlaser — Y®-nazep; KDP — KDP-xpucramt, Beam dump — nemmdep nyuka; UV cutoff filter — YO obpesarorunmit
¢uneTp; Substrate — moaoxkka; Beam splitter — cBeToaenurens (paciienuresb myyka); Trombone prism — nmpusma B
Buie TpoMOoHa; Multilayer coating — MHOrocnoitHoe nokpeitue; Sample slid in and out beam — BiBuraemslii B
MyYOK ¥ BBIJBHI'aeMbIN U3 My4Ka (ckoub3sinuii) oopasew; Coinc. Counter — C4ETUMK COBIAACHHIA

Pucynok 2 — Cxema 3kcniepuMenTa B bepkiin 1o u3Mepenuio BpeMeHH TYHHeJUPOBAHUS.

DKCHepruMEHTHI TIPOBOJIMIINCE C IBYX(OTOHHBIM MCTOYHUKOM CBETa, CO3JAIONINM KOPPEIMPOBaHHbIE (POTOHHBIE
TIapsl TOCPEACTBOM CIIOHTAHHOW ITapaMeTpHUYecKoi KOHBEPCHH ¢ MOHIDKeHNnEeM JacToTel. O0a ¢oToHa TaHHOW mapsl
WCITyCKaJIMCh B CJIETKa Pa3lMYalOMINXCsl HANpPABICHUSIX TakMM 00pa3oM, 4ToObl oAnMH ()OTOH HMPOXOAMI CKBO3b
TYHHETIBHBIH Oapbep, B TO BpeMs Kak JIpyrod ()OTOH MpPOXOAWI CBOH MyTh B BakyyMme. sl TYHHEIUPYOLIETO
(oToHa BpeMs 3a7E€p>KKM OTHOCHUTEIIBHO €r0 BaKyyMHOI'O JBOMHHKA M3MEPSIIOCH IETEKTHPOBAHUEM COBIAJECHHUH C
IOMOIIBIO PEryIUPOBKHA PAa3HOCTH [UIMHBI IIyTH MeEXIy OSTHMH 1ByMms ¢oronamu B Hong-Ou-Mandel
uHTEpdEepoMeTpe.

beuto oOHapykeHo, 4TO Bpems MpOXOokAeHHs (OTOHa CKBO3b Oapbep MEHbIIE BPEMEHH INPOXOXICHHUS €ro
BaKyyMHOTO JIBOHHMKA TaKOW d>K€ AMCTAHLMM, YTO YKa3blBaJO HAa TO, YTO KBAHTOBOMEXaHWYECKHH Mpolecc
TYHHEJIMPOBAHUS SIBIISICTCSI CBEPXCBETOBBIM.

[TockonbKy BpeMsi TYHHEINPOBAHHMS SBJISETCS OCHOBHBIM (haKTOPOM IIPH TPAKTOBKE PE3yJIbTaTOB SKCIEPUMEHTA, TO
elle OJJHOW CHIIBHOW MOTHBALMEH MPOBEICHUS SKCIICPHMEHTOB 110 U3MEPEHHIO BPEMEHN TyHHEINPOBaHUS ObUT (aKT
CYIECTBOBAHUSI Pa3IMIHBIX KOHKYPHPYIOIINX TEOPHI JJISI OTPEACICHNS 3TOTO BPEMEHH, CPEN KOTOPBIX OCHOBHBIMHU
CONEPHUYAIOIINMH MPETEHICHTAMH MOXKHO CUHTATH CIEIYIOIINE TPH.

1. BuraepoBckoe Bpems (ompemensiemMoe Mo Teopud Buraepa, T.e., "da3zoBoe Bpems' wim 'TpymmoBoe
3ama3apiBanue").

2. berrukep-nmangayepoBckoe BpeMs (T. €., "moaykiIaccudeckoe Bpems").

3. JlapmopoBckoe Bpems (B Mogudukanuu bertrukepa).

BurnepoBckoe Bpemst BEIYUCIISIETCS KaK IIPOMEXKYTOK BPEMEHH, HEOOXOMMBII JUIsl IIPOXOKICHHS KA BOJHOBOTO
MaKeTa MeXAy MOMEHTOM IaJIeHHes] MaKeTa Ha BXOJHYIO MOBEPXHOCTh Oapbepa U MOMEHTOM €ro TOSIBJICHHS Ha
BbIXoJie. Tak Kak MUK BOJHOBOTO MakeTa B OOPHOBCKOM IPUOJMKEHHH COOTBETCTBYET HAMOOJIbILEH BEPOSITHOCTH
COOBITHS, €CTECTBEHHO OXKHJAaTh, YTO 3TO OIPEAEIECHHE BpeMEHH OyneT Hauboyiee YMECTHO HCIIONb30BaTh IS
9KCTIEPIMEHTOB. DTOT paciyeT OCHOBAH HAa aCHMIITOTHYECKOH TPaKTOBKE TYHHEJIMPOBAHMS, KaK 33/1audl paccesHUs, U
UCTIONB3YET METOJI CTAIlMOHAPHOW (ha3bl JUIsl BBIYMCIICHHS TTOJIOKEHUS ITMKa BOJIHOBOTO rakeTa. Pe3ysbraT oueBHieH:
3TO BpeMsI TYHHEIMPOBAHHS — IIPOCTO MPON3BOAHAS (ha3bl aMILTUTY IbI TYHHEIMPOBAHUS MO SHEPIHU YACTULIBL.
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Bpemst TymHemmpoBanusi bertukep-Jlammayepa ompenmemsercs cremyromumM  obpazom. [IpeamonmoxuM, dTO
U3MEHCHHE BBICOTBI TYHHEIBHOTO Oapbepa CHHYCOMJAIbHO MO BpEeMEHH. Ecim 4acToTa HM3MEHEHHS! BBICOTHI
TyHENIFHOTO Oapsepa Majia, TO TYHHENHpPYIOmas dYacThia OyJeT "BHAETh' MIHOBEHHYIO BBICOTY Oapbepa,
BEPOSTHOCTh MPOXOXKACHHS OyzneT amuabaTHuecKu ClIeoBaTh 3a Bo3MylneHHeM. ONHAKO NPH YBEIWYEHUH YacTOTHI
W3MEHCHHUS BBICOTHl TYHEJIBHOrO Oapbepa, NpPH HEKOTOPOW XapaKTEPUCTUUECKOH YacToTe, BEPOSITHOCTh
TYHHEJIIMpOBaHus Oouyibllie He Oyner aauabaTUyueckd CieioBaTh 3a OBICTPO HM3MEHSIOIIMMCS BO3MYIICHHEM.
EcrecTBeHHO oOmnpeneinTh BpeMsi TYHHEJIMPOBAHUS KaK BEJIMYMHY, OOpaTHYIO 3TOH XapaKTepHCTHYECKOH yacToTe.
Pe3ynbTar BHOBb O4YEBHJEH: IS HEMPO3pauyHbIX OapbepoB BpeMsl TYHHEIMPOBAaHHMS — 3TO IIPOCTO PACCTOSHUE,
repeceKaeMoe dJacTHiel, (T.e. IuprHa Oapbepa) JejeHHOe Ha aOCONIOTHOE 3HaueHHEe CKOpocTH 4vacTuipl. (B
KJIACCHYECKH 3alpenieHHOW Moa0apbepHOil 00nacTi 3Ta CKOPOCTH SIBISIETCSs MHUMOM, HO €€ XapakTepHas BEeINYHHA
Jaetcst abCOIOTHBIM 3HAYCHHUEM ).

Omnpenenenne 1apMOPOBCKOTO BPEMEHH OCHOBAHO HA OTIMYHOM OT MPEABIIYIIHX moaxone. IIpennonoxum, 9To
TYHHEJMPYIOIIasl JacTHla (HalmpuMep, JIEKTPOH) UMeeT chuH. [IpeamonoxuMm nanee, 4T0O MarHUTHOE IOJIE OBLIO
NPWIOKEHO K ob0nacTh Gapbepa, HO TOJNBKO K 3TOM oOmactu. Torjga yron mIpeneccuu CHHHA TYHHEIHPYIOIIeH
YaCTHIBl — ECTECTBEHHAs! MEpa BpEeMEHH TyHHenuposaHusa. OnHako, Kak 3aMeTw beTTukep, B JONONHEHUE K 3TOMY
3¢ dexTy TapMOPOBCKOM MPEIECCHUU IS CIIMHA CYIIECTBYET 3HAYUTEIbHAS TCHCHIIUS BBICTPAUBAHMS CeOs TI0 K
IMPOTUB HAIIPABJICHUSA MArHUTHOI'O ITOJIA 3a BPEMA TYHHCIIMPOBAHHA, TaK KaK DHEPIus JJId 3TUX JABYX OpI/leHTaL[I/Iﬁ
cnuHa pasnuyHa. [lomHOe yrioBoe W3MEHEHHME CIHMHA TYHHEJIHMPYIOIIEH 4YacTHIbl, IEJICHHOE Ha 4YacTOTy
JIApMOPOBCKOI1 MPELIECCHHN 1 €CTh JIApMOPOBCKOE BpeMst 1o bertukepy.

OpHUM W3 CIIEACTBHI BUTHEPOBCKOTO BPEMEHHM sIBJIAETCS pe3ysbTar XapTMmana (Hartman): s Henmpo3padHbIx
6apbepoB BpeMs TYHHEJIMPOBAHHE BHIXOAMT Ha HachllleHue u s 6ombimx d (d — mupuna Gapbepa) mpeebHOe

3HAYCHUEC HAXOOUTCA U3 COOTHOIICHHUSA HEOIPEACICHHOCTH W COCTABIIACT 1'1/(V0 - E) CBerCBeTOBOC CBOICTBO

TYHHEJIMPOBAHHS C OYEBUIHOCTBIO ABJISETCS CJIEJICTBMEM 3TOrO Pe3ylbTaTa, Tak Kak ¢ yBenuueHueM d Haiinercs
Taxasi wupuHa Gapbepa d, , 4TO BpeMs 06XOHa IO BakyyMHOMy Hytn d, / C TPEBBICUT BEIMYUHY HACBINICHUS

BPEMEHU TYHHEJIHMPOBaHMS, W TOINA OKaXETCs, 4TO (POTOH TYHHENUpYyeT ObICTpee, YeM pacHpoCTpaHsercs B
BaKyyMe.
B mpoTuBONONIOXKHOCTE 3TOMY, Teopusi berrukepa-Jlanmayepa mnpenckasblBaeT JIMHEHHBIM POCT BpeMEHU

TYHHENUPOBAHUA N0 Mepe yBenwueHus d IS Helpo3pauHbIX OaphepoB, KAK OTO M CIEAOBANO OB OKMAATH U3
KIaccHKH. JIist psiIMOYTONIBHOTO Gapbepa ¢ BeicoToit V), << me® 3¢ deKTUBHASL CKOPOCTh |v| BCerJia MEHBIIIE, YeM
¢ . OaHako, Al MEPUOJMYECKON CTPYKTYPBI, KOTOpasi MCHOJb30Bajach B JIAHHOM SKCIEpPUMEHTE, dPPeKTUBHAS
CKOPOCTh |v| B cepeauHe Imean OecKOoHe4YHa, T.e. BeAeT cels eme 0ojee CBEPXCBETOBBIM 00pa3oM, 4eM 3TOTO

cJie1oBajio OBl 0XMIATh U3 OIpEeIeHUs] BpeMeHH 10 Burnepy. O1oT (akT 06ierdaer SKCIIepUMEHTANIBHYIO 3a1ady
— YCTaHOBHUTbH pa3iIMuue MEXIy 3TUMH JBYMs TEOPHSIMH BpeMEHH TyHHeIHpoBaHMs. OJHAKO, CIIeayeT OTOBOPHUTHCS,
yro BpeMsi 1no bertukepy-Jlanmayepy He NPUMEHMMO K paccMaTpHBacMOil SKCIIEPUMEHTAJIBHOM CHTYaIllH,
MTOCKOJIBKY OHO OIPEAEIAeTCS sl yCIOBHHA, COBEPIIEHHO OTIIMYEHBIX OT YCIOBUH JAaHHOTO SKCIIEPUMEHTA.

JlapmopoBckoe Bpems 1o beTtukepy naeT BpeMsi TyHHEIIUPOBAHHS, KOTOPOE ISt TOHKUX 0apbepoB HE 3aBHCHUT OT
d , HO acUMITOTHYECKH TIPHOIIKAeTCs K JMHEHHOH 3aBucHMOCTH OT d B MpeebHOM Ciydae HElpo3payHoOro
6apbepa, TIe OHO COBMAAET ¢ OETTUKEP-JIaHJayePOBCKUM BPEMEHEM.

B mepBoMm skcnepuMmeHTe Tpynmbl u3 bepkimu ObUIO HEBO3MOXKHO IPOBECTH SKCHEPHMEHTAIBHOE pa3Indne
MEKAY 3TUM BPEMEHEM U BUTHEPOBCKUM BpPeMEHEM. TOBKO BO BTOPOM 3KCHEPHUMEHTE CTAJIO BO3MOXKHBIM IIPOBECTH
YETKOE Pa3Inine MEXIy 3TUMHU ABYMS TEOPHSIMHU.

OKCHEepUMEHThI, MOATBEPXKAIOIINE CBEPXCBETOBOW XapaKTep TYHHEIMPOBAHMsS, ObIIM IMPOBEICHBI TaKXKE B
Kenpne [9], ®nopennuu [10] u Bene [11]. I'pynnsl B KenbHe u @iiopeHIMH OCYIIECTBUIM MUKPOBOJHOBBIE
JKCIEPUMEHTHI, a BeHckas rpynma ucnosib3oBana (heMTOCeKyHAHBIN J1azep. Bee aTH Tpynibl MoATBEPIUIN HATHYHE
s¢pdexra Xaptmana. B coobumenun omnoit u3 atux rpynn (rpymnna I'. Humruoa m3 Kenbna [12]) conepikanoch
yTBEpXkK/AEHHE O TOM, 4YTO UMK Obula nepenaHa 40-as cumdonus Mouapra Ha ckopoctd 4,7C CKBO3b
MHKPOBOJIHOBOH TYHHEIBHBINH 6apbep UMHON 144 MM, COCTOSIIMN U3 TIEPHOAUYECKUX JUINEKTPUUECKHX CTPYKTYD,
AHAJOTUYHBIX AUAIEKTPUUECKOMY 3€pKally U3 SKCIeprMeHTa B bepkin.

I'pynna n3 Penna, ucronb3yst METOIMKY pacCTPOWKHM MOJIHOTO BHyTpeHHero orpaxenus (frustrated total internal
reflection — FTIR®), na6mozana TynHenupoBanue GOTOHOB CKBO3b BO3IYIIHYIO IIENb MEXK/IY ABYMS CTEK/ISHHBIMH

¥ Ecri BostHa (06pa3soBaHHast B pe3yNbTaTe MOJTHONO BHYTPEHHETO OTPAKEHHS) PACTIPOCTPAHAETCS TIOMEPEK IPAHHIIBI
paszena cpex B o0sacTh ¢ 0osiee BHICOKMM [OKa3aTeJeM MPEJIOMIICHUS, SHEPTUsI MOXKET TeUb HONEPEK TPAHHIIBL.
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pU3MaMu, KOT/[a yroJj MajicHus My4Ka CBeTa Ha 3Ty IIeJb [IPEBbINIal KpUTHUecKHii [13]. DKCIEpUMEHT ¢ MOMOIIBI0
FTIR BbIsiBHI Kak OOKOBOE CMeuyerue TYHHEIUPYIOLIETO MyYKa, TaK U YIJIOBOE OMKIOHeHUe ITOTO MyYKa. JTH J1Ba
ahpexTa MOKHO HHTEPIPETHPOBATh KaK JIOKA3aTeJIbCTBO CYHIECTBOBAHMS JBYX pa3jM4YHBIX BpEMEH
TYHHEJIMPOBaHHs, KOTOPbIE OJHOBPEMEHHO COCYLIECTBYIOT MPH MPOXOKACHHH OJHOTO M TOTO K€ TYHHEIBHOTO
Oapbepa. bokoBoe cMelieHHe MOKHO MPUIIKCATh BUTHEPOBCKOMY BPEMEHH, a YIJIOBOE OTKJIOHEHHE — BPEMEHH I10
berrukepy-Jlannayepy. B 1okazaTenbcTBO 3TOro OHM TPHUBOAAT (DaKT HACHIMEHWS cMelneHus mnydka (dddexr
XapTMaHa) ¥ JTUHEHHOE YBEIHMUYCHHE OTKJIOHEHHS ITyyKa C YBEJIMYEHUEM LIEITH.

TakuM 00pa3oM, 3KCIIEPUMEHTHI IPYMIBl U3 bepkiau n ApYrux rpynmn yKasblBalOT Ha CBEPXCBETOBOHM XapakTep
TYHHEJMPOBaHMsA. M XOTS mNpOTHBOpEUMs] MEXIY pPa3IMYHBIMH TEOPHSIMH HE MOJHOCTBIO IIPEOIOJICHBl Ha
9KCIEPUMEHTE, C/IeJIaHbl Ba)KHBIE LAl JJIsl 3TOTO IPEOIOJICHU. B yacTHOCTH cTalio SICHO, YTO HEJb3sl UCKIII0YaTh
BUTHEPOBCKOE BPEMsI MPOCTO HA TOM OCHOBAHHH, YTO OHO MPUBOAUT K CBEPXCBETOBOMY BPEMEHH TYHHEIHPOBAHHUSI.
Oxas3bIBaeTCs TAKKE, YTO BPEMsI TYHHEIIUPOBAHHS HE OMPECIISIETCS] OTHO3HAYHO.

K BbllIeNIEpeYnCIICHHBIM — HCCIICAOBAHUSM  CleAyeT J00aBHTh TEOPETHYECKHEe U  OKCIEPHUMEHTAIbHBIC
ncciegoBanus rpynnsl Erasmo Recami B Uranmm [14], kacarommecss CBEpXCBETOBOIO TyHHENUPOBaHM. B HEX, B
YaCTHOCTH, OBUIO Y/IENIEHO BHUMAaHHE HE TOJbKO PE30HAHCHOMY, HO M HEPE30HAHCHOMY TyHHelupoBaHHi0. Ha
MpUMEPE MOJICIILHON 3a]auu ¢ IBYMS [TOCJICIOBATEIBHBIMU MIPSIMOYTOJIBHBIMU OaphepamMu (Peliasioch CTalMOHAPHOE
ypaBuenue lllpenunrepa) onu noarBepawiy Hanuuue dpdekra Xaprtmana. bosiee Toro, nx pacyersl MoKa3aiiy, 4TO
NoJHOE (ha30BOE BpeMs TYHHEIMPOBAHUS HE 3aBUCHUT HE TOJBKO OT MIMPUHBI Oapbepa, HO U OT PACCTOSIHUSI MEXIY
HUMH. D¢ dexr XapTMaHa OHH OOBSICHSAIOT NEPECTPOMKOIl (hOPMBI BOJIHEI BHYTPH 0apbepa, a He3aBUCUMOCTD 3TOTO
BPEMEHH OT PAacCTOSIHUS MeX1y Oapbepamu — HHTep(epeHIHeil BOJIHbI, BRIXOIICH U3 IIEpBOro 0apbepa ¢ 4acThio
BOJIHBI, OTPaXXEHHOI1 0T BTOpOro Oapwrepa, MMeEIoIeil MecTo Mexy O6apbepamu. Hannune Broporo pesynprara OHA
CBSI3BIBAIOT C HEJOKAILHOCTHIO KBAHTOBOW MeXaHHKH. [IpOBEeHHBIE MX TPYMION SKCIEPUMEHTHI MMOATBEPIKIAIOT
cienannbie pacyersl. CleayeT OTMETHTD, YTO aBTOPhI YIOMSIHYTHIX Pa0OT, HCXO/ISl U3 AHAIIOTHH CO CMAYUOHAPHBIM
ypaBaenueM lllpenunrepa, OMUCHIBAIOIIMM IPOIECC TYHHEIMPOBAHUS 3JICKTPOHOB CKBO3b IOCIEIOBATEIbHBIC
MIPSIMOYTOJIbHbIE Oapbephl, PACHPOCTPAHSIOT MOJYYEHHBIC Pe3yJIbTaThl Ha IMPOLECC TYHHEIHPOBaHHS (OTOHOB
CKBO3b JIMIJIEKTPUYECKHE Oapbhepbl M Ha PACIPOCTPAHEHHWE MHKPOBOJIHOBOTO M3IYYEeHHUs B BOJHOBOJAX C
CYXEHUSIMH, OTMChIBaeMoe ypaBHeHueM ['enbMmromnbiia. Tem caMbIM OHU YTBEPIKAAIOT, YTO PE3yJIbTAaThl UX MOJICIH, B
CUly ux O6H1HOCTPI, MPUMEHUMBI JId OINMMCAaHWA BCEX BBIMICTICPEUYHCIICHHBIX 3KCHEPHUMCEHTOB, OCYHICCTBJICHHBLIX
JPYTUMH HCCIIEIOBATEILCKUMHU TPYIIIAaMH, XOTSI BOIPOC O IMPAaBOMOYHOCTH CHIAYUOHAPHO20 TIOAXOJAa OCTaeTCs
OTKPBLITBIM.

Cpeoul ¢ anomanvHoul oucnepcuei

B 2000 roxy mostBMIIOCH COOOIIEHHE O HOBOM 3KCIIEPUMEHTE, B KOTOPOM MPOSBIIINCEH AP PEKTH CBEPXCBETOBOTO
pacnpoctpanenus. Ero ocymectsui Lijun Wang ¢ coTpyiHUKaMu B HCCIeIOBAaTEILCKOM HHCTUTYTE B [IpHHCTOHE
(CHIA) [15]. Ero pe3ynbTaT COCTOMT B TOM, YTO CBETOBOM MMITYJbC, BXOAALINNA B KaMepy, HalOJIHEHHYIO TapaMiu
1e3us, YBeITUYUBaeT cBOO cKopocTh B 300 pa3. IlomyuaeTcs, 4To TJiaBHas 4acTh MMITYJIbCAa BBIXOJUT U3 JallbHEH
CTEHKH KaMephbl JIaXKe paHbllle, YeM BECh UMITYJIbC BXOJIUT B KaMepy 4Yepe3 MepeIHIO CTEHKY

B skcnepumente Lijun Wang cBeToBO# MMIyNbc, BXOJSIIMM B Kamepy C IapaMu Le3Ws, UMeJ JUIMTEIbHOCTh
OKOJIO 3 MKC. ATOMBI [I€3UsI MOTYT HAaXOJHUTHCS B MIECTHAAIATH BO3MOXHBIX KBAHTOBOMEXAaHHYECKUX COCTOSHUSIX,
Ha3bIBaCMbIX "CBEPXTOHKMMH MAarHMTHBIMH IIOJypOBHSIMH OCHOBHOTO coctostHus". Ilpm momomm onruueckon
JTa3epHOM HAKayKd IIOYTH BCE AaTOMbl TNPHBOAWINCH TOJIBKO B OJHO M3 OTHUX MIECTHAAUATH COCTOSHUM,
COOTBETCTBYIOIIEE TOYTH aOCONMIOTHOMY HYNIO TemrepaTypbl mo mkaie KenpBuna. [[mMHa me3neBOH KaMepbl
cocraBisia 6 caHTUMETPOB. B Bakyyme cBeT mpoxoaut 6 cantumerpos 3a 0,2 He. Uepes kaMepy ke ¢ [e3neM, Kak
MOKa3aJI BBITIOJIHEHHBIC U3MEPEHHsI, CBETOBON MMITYJIBC MPOXOIMI 3a BpeMs, Ha 62 HC MEHbILEE, YeM B BaKyyMe.
Jpyrumu cioBamMH, BpeMs NPOXOXKACHHS HMITyJbCa dYepe3 Ie3MEeBYI0 cpeay HMeeT 3Hak '"muHyc"! Ota
"oTpumaTensHas 3ajepKKa" B cpele paBHAa BPEMEHH, B T€UYEHHE KOTOPOTO MMITYIsC coBepurml 0s1 310 mpoxonos
4epe3 KaMEpy B BaKyyMe. CHC}ICTBI/IeM 9TOI0 ABUJIOCH TO, UTO BI)IXO[[HLHI/Iﬂ 13 KaMCpPbl UMITYJIBC YCIIC YAAJIUTHCA OT

OTO sBIEHWE W3BECTHO Kak HapylIeHHOe IojHOe BHyTpeHHee ortpaxkeHne FTIR w mnomoOHO KBaHTOBO-
MEXaHU4YeCKOMY TYHHEJIMPOBaHHIO WK OapbepHOMY NPOHUKHOBeHHMIO. Korna nepenaya sHEpruy Nonepex rpaHullbl
OPOUCXOTUT TaKHM CIIOCOOOM, "MOJHOE BHYTPCHHEE OTpakeHHE" OOJIbIIC HE SIBJISCTCS MOJHBIM, T. K. SHEPTHS
MPOXO/SIIEH  BOJIHBI  PAacXoJyeTcs Ha BHYTPEHHE OTpaXKeHHyI0 BoyHy. IMcuesaromas (evanescent) —
9JIEKTPOMAarHUTHasl BOJIHA, HaOdIoaeMasl MpH IOJHOM BHYTPEHHEM OTPaXEHHH, B BOJHOBOJAAX C CYKEHHSIMHU
(SIBNISIOIMMUCS @HAJIOTOM HOTEHIMAIBHBIX 0apbhepoB), U B IEPHOINYECKHX JUIEKTPHUECKUX IETEPOCTPYKTypax. B
TO BpeMs KaK BOJHOBBIC PCHICHHUS WMEIOT JEHCTBUTEIBHBIC BOJHOBBIC YHCIA k, IS HWcYe3aromeil Mombl k —
KOMILJIEKCHOE 4ucio. lcuesawmue MOIbl XapaKTEpU3YIOTCS HKCHOHEHLMAIbHBIM 3aTyXaHUEM U OTCYTCTBHEM
cMmereHus (asbl.
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CKOPOCTB CBETA: OT HYJIA J]JO BECKOHEYHOCTH

Hee Ha 19 MeTpoB, mperk/ie YeM MPUXOIAIIUA UMITYJIbC JOCTUT OJIKHEH CTeHKH Kamephbl. Kak ke MOXKHO OOBSCHUTh
TaKy0 HEBEPOSITHYIO CUTYaIHI0?

31ech XoueTcss MPOBECTH Mapaiielb MEXAY OSKCHEPHMEHTaMH CO CBEPXCBETOBBIM TYHHEIHPOBAHHUEM U
CBEPXCBETOBBIM MPOXOXK/ICHUEM CBETa CKBO3b Iaphl LE3H (Cpeaa ¢ aHOMalIbHOU nucriepeueii). Cpa3sy e cliemyer,
OJJHAKO, 3aMCTUTh, UYTO IIOHATHC prHHOBOﬁ CKOpPOCTH BBCACHO JIA ClIydas MaJjoun JUCTICPCUM, JIsA Cpell ¢ MaJIbIM
3aTyXaHHEM, KOTJ/Ia TPYIIa BOJIH MPH PAacIPOCTPAHCHUH MOYTH HE MEHSET CBOCH (opmbl. B 00macTsax ske CHiIbHON
AQHOMAaJIbHOW Jucriepcueid NpU OOJNBLIOM 3aTyXaHHHM CBETOBOM HUMITyJbc ObICTpO nedopmupyercs u THOHSATHE
TPYIIIOBOM CKOPOCTH TEpsieT CMBICH; B 3TOM Cllydae BBOJSTCS IOHSTHS CKOPOCTH mepenadyd HH(OpMAlUH U
CKOPOCTH paclpoCTpaHEHUs! SHEPTUH, KOTOPHIE B NPO3PAayHbIX CpeJax COBMAAAIOT C IPYMIIOBOM CKOPOCTBHIO, a B
cpesax C TIOIJIOIIEHMEM OCTAlOTCsS MEHBIIE CKOPOCTH cBeTa B BakyyMme. Ho eciam B DKCIIEpUMEHTE CBETOBOM
HMITYJIBC, IPOHAS Yepe3 Cpely ¢ aHOMAJIBHOM AMcHepcHe, He 1eOpMUpPYETCs, a COXpaHsieT CBOIO (OpMy, TO 3TO
COOTBETCTBYET JAOIYIICHNUIO O PAaCIPOCTPAHEHUH MMITYJIbCA C TPYMIIOBOM CKOPOCTBIO M MOJYYaeTcsi, 4TO B Cpelie
OTCYTCTBYET MOTJIOLIICHUE, XOTSI aHOMAaJIbHAsl AUCTIEPCHUS CPeibl 00yCIOBIEHa IMEHHO MOTJIOLICHUEM.

OnHO U3 BO3MOXHBIX O0BSICHEHUI 3TOT0 SKCIIEPUMEHTA MOKET OBITh TAKUM.

CBeTOBOW MMITYJIBC COCTOUT M3 MHOKECTBA COCTABISIIOLINX C PA3IMYHBIMU JUIMHAMH BOJH. B HEKOTOpOH Touke
BCC COCTaBJIAKOINMUEC BOJIHBI HAXOAATCA B (1)336 (I/IX MaKCHUMYMbI COBHa}IaIOT); 34€Ch OHU, CKJIaAbIBAsACh, YCUJIIMBAIOT
JpyT apyra u o0Opasyrot umMmysbc. [Io Mepe panbHeiiero pacrpocTpaHeHusl B IpOCTpaHCTBe (a3MpoBKa BOJIH BCe
Oosiee HapyIIaeTcs U BOJIHBI Bce Ooee "racat” apyr apyra. B obimactu aHOManbHOHN Jqucriepcuu (BHYTPH 1€3HEBOM
sMeWKM) BOJIHA, KOTOpast Obula KOpode, CTaHOBHTCS JuMHHee. M HaoOopoT, BoiHA, ObIBIIAS caMOM JUIMHHOW W3
HECKOJIBKUX, CTAHOBUTCSI caMOl KOpOoTKoii. CiiejoBaTenbHO, COOTBETCTBEHHO MEHSIOTCS M (ha3bl BoiH. Kornma BoHBI
MPOILIUTH Yepe3 LEe3HEBYI0 S4YEHKy, UX BOJHOBBIE (PPOHTHI BOCCTaHABIMBAaIOTCA. [IpereprieB HeoOBIYHBIE (a3oBbIE
W3MECHEHHS B BEIIECTBE C AaHOMAJbHOM AWCIIEpCHEH, paccMaTpHBacMble BOJIHBI BHOBb OKa3bIBaloTcs B (paze B
HEKOTOPOH TOYKe. 37IeCh OHM CHOBA CKJIA/IBIBAIOTCS M 00Pa3yIOT UMITYJILC TOYHO TAKOW jk€ (POPMBI, KaK ¥ BXOASAIINI
B IIC3UEBYIO CpELy.

OO6BI9HO B 100011 TPO3pavHON cpefie ¢ HOPMAaIbHOM JUCTIepCHEi CBETOBON MMITYJIEC HE MOXKET TOYHO COXPAHSTh
cBOIO (pOpMy IIpH PacIpPOCTPAHEHUH HA yNAJIEHHOE PAcCTOSHHE, TO €CTh BCE €r0 COCTABIIIOUINE HE MOTYT OBITh
cta3upoBaHbl B KaKOW-IIMOO yJalCHHOW TOYKE BJOJb IIyTH pacmpocTpaHeHUs. IIpum 3ToM B OOBIYHBIX YCIOBHAX
CBETOBOW HUMIYJbC B TaKOW yJaJeHHOW TOYKE TMOSBISETCS CIyCTS HeKkoTopoe Bpems. OaHako BCIEICTBUE
aHOMAJILHBIX CBOMCTB MCHOJB30BAHHONH B OKCIICPUMECHTE CpCIAbl HMITYJILC B yI[aJ'IeHHOﬁ TOYKC OKa3bIBACTCA
cha3upoBaH Tak ke, KaK U IpH BXOAE B 9Ty cpeny. Takum 00pa3oM, CBETOBOW UMITYJIbC BEJIET Ce0sl TaK, Kak eCik Obl
OH UMeJ OTPHLATENBHYIO BPEMEHHYIO 33/IePXKKY Ha IyTH JI0 YAAJCHHON TOYKH, TO €CTh IPHIIET Obl B HEe HE MO3XKE,
a paHbllle, YeM IPOLIENT CPejy.

Ha (¢one Beimensnoxxennoro pesynpTar rpymnmnsl  E. Recami, kacaromuiicss (a3sMpoBKH BOJHBI IPH
CBEPXCBETOBOM TYHHEJIMPOBAHUM, HEOXXHAAHHO OOHapyKMBAaeT Tapayielb INPH PacCMOTPEHHH IIpolecca
MIPOXOXJICHUH CBEPXCBETOBOTO HMITYJIbCA B CPEIax C aHOMAaJbHOW IHCHEpCHEil W, BIOJHE BEPOSTHO, OTPaXKaeT
CYIIECTBEHHBI MOMEHT B IOHUMaHHH AUNHAMUKN 00Pa30BaHUS CBEPXCBETOBBIX UMITYJIbCOB.

Bce ati mHTEpecHbIe pe3oHaHCHBIe 3((EeKTH HaOMIOAAINCH B TA30BBIX Cpenax, IZie B HCcleqyeMol obnacTu
COJICPXKHUTCA OT MWJUIMOHOB /O MHOTHX TPWIIHOHOB aroMmoB. Onmnako HemaBHO [16] ydensle m3 Toxwmiickoro
YHUBEPCUTECTA U aMCPUKAHCKOT'O HaLlI/IOHaJ'H)HOFO HWHCTUTYTAa CTAaHAAPTOB U TEXHOJIOTUI pcain3oBajii CUTyaluro,
Korzaa moaoOHsIl 3 dekt HabogaeTcs B citydae "cpenbl”, COCTOSIIEH U3 HECKOJIbKUX aTOMOB, M JAXKE OT/AEIBHOTO
atoma. [IpuCyTCTBHE HECKOJBKHMX aTOMOB BBI3bIBAET OYEHb ciaboe M3MeHeHue "mokaszareins npenomiieHus" (3TH
CJIOBa TIPUBEJICHBI B KaBBIYKAaX, TaK KakK I10Ka3aTellb INPEJIOMIICHHS Cpelbl — MaKpOCKONHMYECKas BEIWYMHA) U
MO3TOMY OY€Hb TPYAHO OLIEHWTh MX BIHMSHHE Ha CKOPOCTh CBETOBOTO HMMITYJIbCA NPH OOBIYHBIX ycnoBusX. s
MIOCTaHOBKH 3KCIICPUMEHTa HEOOXOIMMBI CHELHaIbHbIE YCIOBHS — aTOMBI JIOJDKHBI HAXOIUTHCS B PE30OHATOPE, YTO
TIO3BOJISIET CYIIECTBEHHO MOIU(HUIIMPOBATH NX B3aUMOJICHCTBHE C JJIEKTPOMArHUTHBIM TIOJIEM.

CxeMa SKCIIepHMEHTAITBHON YCTAHOBKH T10Ka3aHa Ha pHC. 3. OXIIaX/JIeHHbIE aTOMBI © Rb HAXOJATCS B MATHHTO-
ONTHYECKOH JIOBYIIKE, HaJ KOTOPOH pACHONOKEH ONTHYECKHH MHMKPOPE30HATOp (IBa BOTHYTBHIX 3€pKaia,
pacoNoXeHHbIX Ha paccTosHuM 70 MKM OgHO OT apyroro). Ilocie BBIKIIOYEHHS YacTH Ja3epoB, HU3IydeHHE
KOTOPBIX ()OPMHPYET MarHUTO-ONTHYECKYIO JIOBYIIKY, aTOMBI MOIJIM IIOAHMMAThLCS BBEPX M MOIANaTh B PE30HATOP.
ITockonbKy aTOMBI B JIOBYIIKE HMEIOT Maslble CKOPOCTH, @ PE30HATOP PACIIONO0KEH BBINIC JIOBYIIKH, TOJIBKO OYECHb
MaJloe YHCJIO aTOMOB B COCTOSIHMM IOJHATHCS B pe3oHatop. [lonamanne atoMoB B pe30oHATOp (PMKCHPOBAIOCH IO
U3MECHEHHIO KOI(p(UIUECHTA NPONMYCKaHHS pPE30HATOpa, NPUYEM CpEJHEe YHCIO aTOMOB B pE30HaTOpe B
OIMCHIBAEMBIX IKCIIEPUMEHTAX HE MPEBBINIAJIO JIECSTH MITYK.
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Gaussian pulse — I'ayccoB ummynbc; Cavity — [Tonocts; Detector — [lerekrop; Transmittance — ko3¢ duiment
npo3pagsHocta; MOT — MOJI — MarHUTHO-ONTHYECKAsI JIOBYIIIKA

Pucynok 3 — Cxema 3KkCepHMEHTAJILHONM YCTAHOBKH; HAa rpaduke 4acTora (O, COOTBETCTBYET PEKUMY

MAaJIBIX I'PYNIOBBIX CKOpOCTeﬁ, qyacTrorTra (02 — PEeKUMY CBEPXCBETOBbLIX CKOpOCTeﬁ

[Tocne Toro, kak aToMbl 3aHMMAaJ CBOUM MECTa, Yepe3 PE30HATOp IMPOIYCKAJCs TECTOBBIA MMITYJIbC, YacTOTa
M3JIYYCHHUS KOTOPOro ObLIIa HEMHOTO OTCTPOSHA OT PE30HAHCHOM YaCTOTHI; BRIXOISAIIMIA UMITYJIEC PETHCTPUPOBAIICS C
MOMOIIbIO BBICOKOYYBCTBUTCIILHOT'O JCTCKTOpPA. bruio II0OKa3aHO, 4YTO B 3aBHCHUMOCTH OT 4YaCTOTBI TCCTOBOI'O
UMIyJbca, HaOIromaeTcs U0 3aaepxka (Ha 440 HC B TaHHBIX KCIIEPUMEHTAX), 00 omnepexeHue (Ha 170 HC B
JAHHBIX SKCICPUMCHTaX) BPEMCHU MPHUXOAa HMITYJbCa 10 CPABHEHHIO C TEM, YTO CIICAOBANO OBl OXHIATH JJIS
UMIYJbCa, PACHPOCTPAHSIONICTOCS CO CKOPOCTBhIO cBeTa. TakuM 00pa3oM, BIEPBBIC OBUIO IPOJCMOHCTPUPOBAHO
W3MEHCHHE CKOPOCTH PACTIPOCTPAHCHUSI CBETOBOTO UMITYJIbCA IPH IIOMOIIH BCETO HECKOJIBKUX aTOMOB.

3/ech NpUILIO BpeMsi OOBSICHUTB, MOYEMy MbI OOBEIMHIIN B 0030pe [1Ba, Ka3aioCh Obl, MPOTHBOMOJIOKHBIX
SIBJICHUS] — 3aME/JICHUE U YCKOPEHHE CBETOBOIO MMIyJibca. Ha camMoM Jenie B OJIHOM U JIPYyroM Cly4dasx pedb UAeT
00 addekrax, CBSI3aHHBIX C PACHPOCTPAHEHHEM CBETa B Cpele C aHOMAaIbHOHN aucrepcueil. BOmusm pesonanca
MeXay dHeprueil (oToHa M DHEPrHed Mepexoja MexIy, Halpumep, IBYMs SHEPreTHYeCKUMH YPOBHSIMU aToMa,

IPYNIIOBasi CKOPOCTH ONTUYECKOrO MMILYIIbCa Vi, PE3KO MEHSETCA C 4aCTOTOM: Vep =c/(m(®)+ odn/dw). Kak

MOXKHO BUAETH (CM. Takxke rpaduk Ha puc. 3), ¢ OOQHOH CTOPOHBI OT PE30HAHCA OHA PEe3KO MAaJaeT, a C IPYroi
CTOPOHBI OT PE30HaHCa MOXET ObITh OYEeHb OOJIBIION (Vrp > C — B 9TOM CJIy4ae U TrOBOPST O '"CBEPXCBETOBBIX"
CKOPOCTAX) M JIa)Ke OTPHULATENBHON (3TO O3HAYaeT, YTO CBETOBOI MMITYJIbC IOKHJACT CpEly paHbIle, YeM B Hee
BXOJIMT).

[TosTomMy npyroe Bo3MoO)kHOe OOBsicHEeHHME 3KcriepuMeHTa Lijun Wang 4acTh (U3MKOB CKIOHHA CBSI3BIBATh C
BO3HMKHOBEHHEM HHM3KOMHTCHCHBHOTO NpEABECTHHKA B AWCIEPrUpyIOIIel cpenae Kamepsl. Jleao B TOM, 4TO IpU
CIIEKTPAIGHOM Pa3JIOKCHUH MMITYJIbCa B CHEKTPE IMPUCYTCTBYIOT COCTABIIAIOIINE CKOJb YTOJHO BBICOKHX YacTOT C
HUYTOXKHO MaJlOW aMIUIMTYJOH, TaK HA3bIBAEMBIH IPEABECTHHK, MAYIIUI BIepeaw '"TJIaBHOW yacTh' HMITyJIbCA.
XapakTep ycTaHOBIEHHMA M (OopMa INPEIBECTHHKA 3aBHCAT OT 3aKOHA [JHCIEpCHH B cpele. Mmes 310 B BULY,
MOCJIEI0OBATENILHOCT COOBITHH B 3KcHepuMeHTe Wong NpeuaracTcsi MHTEPIpPEeTHPOBaTh CIEAYIOINUM 00pa3oM.
[Tpuxopnsias BojHA, ¢ MPEABECTHUKOM BIepeau cedsl, mpuOimkaercss K kamepe. [Ipexe 4eM MUK Mpuxojsiiei
BOJIHBI IIOIIAZAE€T Ha 6J'II/I)KHIOIO CTCHKY KaM€pbl, NPCABECTHUK HHUIUHUPYCT BO3HMKHOBCHHC HMITYJIbCa B KaMEpeE,
KOTOPBIH JTOXOMUT 10 JalibHeW CTCHKH W OTpakaeTcs OT Hee, o0Opasys "oOpartHyr BoiHy". DTa BOJHA,
pacnpoctpanssice B 300 pa3 ObIcTpee ¢, TOCTUTAET ONMKHEW CTEHKH M BCTPEUYACTCs C MpHUXoJsiieil BoaHOH. [Tuku
OJTHOI1 BOJIHBI BCTPEYAIOTCSI CO BHAJIUHAMHK JPYTOH, TaK YTO OHM YHUYTOXKAIOT JIPYT APYTa U B Pe3yJIbTaTe HUUEro He
ocraercs. Ilomywaercs, 4To mpuxojsdiias BOJHA "BO3BpalllaeT JOAT" aTromMaM Le3us, KOTOopble "ogamkuBamu' eil
SHEPTUIO Ha JPYroM KOHIE Kamepbl. TOT, KTo HaOmoaan Obl TOJIBKO HAYalO W KOHEI 3KCIEPHUMEHTa, YBUAET ObI

JIUIIB UMITYJIEC CBETa, KOTOPHIH "MIPBITHY" BIiepea BO BpEMEHH, IBUTAACH OBICTpee C.
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3Kcnepumenmbl ¢ beccenesvimu nyukawu

OpHako Ui TOJY4YEHHs CBEPXCBETOBBIX CKOPOCTEH HET HEO0OXOJMMOCTH padoTaTh TOJBKO CO CpeJamu C
AaHOMaJIbHOW JUcriepchel, ecTh W Jpyrod myTh. Peub HUAeT O Tak Ha3blBaeMbIX "Oe3an(pakIMOHHBIX
(Oe3gncniepcHoOHHBIX) TydYKax', CIENHaIBHBIM 00pa3oM CQOPMHUPOBAaHHEIX BOJHOBBIX makerax. IlomoOHbIe
ONTHYECKHE MMITYJIbChI MOTYT PaclpoCTpaHAThCs 0e3 n3MeHeHHsT (POpMbI. DKCIEPHUMEHTHI ¢ 0e31CIIepCHOHHBIMU
(ux emie Ha3pIBAlOT OECCENEBBIMH, TaK KaK paJHalbHOE DPACHpENCICHUE HAMPSKEHHOCTH MO JUIi TakKoro
ONITHYECKOTO MMITyJIbCa OIHMChIBaeTcsa (yHKIMeH beccens mepBoro posa HyJIEBOTO MOpsAKa) MyYKaMHd HAYAIHCh B
koHne 80-x rooB mporioro Beka. OJHaKo Ha TO, YTO IPYIIIOBast CKOPOCTh OE3IUCIIEPCHOHHOTO MMITYJIbCA MOXKET
NIPEBBIMIATh CKOPOCTH CBETa B BaKyyMme, OOpaTWIM BHHMaHHE HE Cpa3y, XOTS Takue CIEHUAIBHBIM 00pa3oM
copMHpOBaHHBIE ONTHYECKHE HMITYJILCHI AKTUBHO MCIIOJIB30BAIHMCh B PA3NUYHBIX HPHIOKCHUAX (TIOIydeHHe
W300paKeHM, HETMHEWHAs ONTHKA, TeHepalus '"TUIa3MCHHBIX BOJHOBOIOB" ISl MPOXOXICHHS HWHTCHCHBHBIX
UMITYJIbCOB | T. [I.). BO3MOXHO, TYT chirpasa pojb HeKoTopas "aiieprus" HayqHOTro cOOOLIecTBa Ha CBEPXCBETOBbIC
CKOpPOCTH.

BriepBrie 3KCIEepHMEHTANBHO HCCIEAOBAIN 3(PQEKT CBEPXCBETOBOTO PACHPOCTPAHEHHs Oe3IUCIICpPCHOHHBIX
UMITYJILCOB JIBa T0O/1a Ha3a] UTalbsHCKKE ydeHsle [17]. Oanako oHM padoTaiy B MUKPOBOJIHOBOM JHAra3oHe U B X
M3MepeHnsIX ObUIO 3a()MKCHPOBAHO PACIIPOCTPAHEHHE IICKTPOMArHUTHOTO UMITYJIbCA CO CBEPXCBETOBOM CKOPOCTHIO
Ha PACCTOSHUS TOpPSIKAa HECKOJNBKUX NECATKOB MMUH BOJH. [lomoOHas mokampHOCTH 3(dexra (M psng Apyrux
JeTayeil) TO3BOJMIN IOCTaBUTh PE3yJbTaThl SKCIEPHMEHTOB MMOJ coMHeHue. HenaBHss paboTa aMepHKaHCKHX
yueHbIx [18], mToOXoke, CTaBUT TOYKY B pa3BepHyBIUeiics anuckyccuu. MccnemoBarenun n3 M3pHIIEHACKOTO
YHHUBEPCHUTETA PabOTaIN C ONTHYECKIMHU UMITYJIbCAMHU M IIPOBEIH U3MEPEHUE CKOPOCTH PACTIPOCTPAHEHHUS NMITYJIbCa
mpems ne3agucumbiMu memooamy (YIpOIEHHas CXeMa SKCIIEPUMEHTAIbHON yCTAaHOBKY MOKa3aHa Ha puc. 4).

Transverse imaging -::_:_j_ Pump bearm
interferometer | Bomd, Tots

FDI refarence
and probe
beams

H Transversa probe h
bearn

Transverse imaging interferometer — monepeyso oTodpaxeHHbIl HHTEpHepomeTp; Pump ref — Hakauka omopHOTroO
my4ka; Pump probe — Hakauka npo6Horo myuka; Pump beam 90 mJ, 70 fs — nakauka myuka 90 mJIx, 70 ¢c; axicon —
oceBoii koHeHTparop; Delay line DL1 (DL2) — nunus 3anepxxku JI31 (JI32); FDI reference and probe beams — FDI

oropHbIi 1 mpoOHsIit myuky; FDI — free dispersion impulse — 6e3aucnepcHsiii ummyibc; Transverse probe beam —

TIOTIEPEYHBII MMPOOHEIH ITydOK

PucyHok 4 — YnpoueHHas cxeMa IKCIIePUMEHTAIbHONH YCTAHOBKHU
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Heobxo0umo ocobo noduepxknyms, 4Umo HUKAKUX PE3OHAHCHLIX 3PPexmos 8 Imux s3Kcnepumenmax He Oulio, m.
e. cumyayusi NPUHYUNUATLHO OMAUYAEMCS Om CIY4as YHOMAHMYMBIX paHee ONbINO8 CO CE8EPXCEEMOBbIMIL
CKOpOCAMU 8 Cpedax ¢ AHOMAbHOU Oucnepcuel.

HccnenoBanock  pacnpocTpaHEHHE — CIICHUAlIbHBIM ~ 00pa3oM  c(OPMHPOBAHHBIX  OE3AHUCIICPCHOHHBIX
(heMTOCeKYHIHBIX (ITMTENBHOCTh UMITyJIbca — 70 ()C) ONTHYECKUX UMITYIIBCOB (C AIMHOM BOJIHBI 0K0yio 800 HM) B
aproHe, HaxoJsmieMcsi Ipu arMoc(epHOM AaBieHUH. VIHTEHCHBHOCTH (PEMTOCEKYHIHOTO HMMITyjbca (IJIOTHOCTh
momsoctn Gomee 10" Br/cM®) GbIIO 10CTATOUHO, 4TOObI BBI3BATh HOHM3ALMIO HEHTPAIBHOTO aproHa. Takum
00pa3oM, TpH MIPOXOXKIECHUN ONTHYECKOT0 UMITyJIbca Yepe3 CPeay OH OCTaBIISLI 3a co00H cien — "mHyp'" IUIa3mbl
(KOTOpBIA COXpaHSUICS B TEYEHHE JIOCTATOYHO JIOJITOr0 BPEMEHH IIOCJIE MPOXOKACHHS MMITyJbca — BCTaBKa b Ha
puc. 5).

0.5 1 1.5 2 2.5
Propagation distance (mm)

Radius — pagmyc; Propagation distance — paccTosiHue paclipoCTpaHEeHUS (MMITYIIbCa)

PucyHok 5 — Cepus ""MoMeHTANBHBIX (hoTorpadmuii', caensannbix yepes 1.8 nc.
Xopouo BH/eH NJIa3MEeHHBIH cJIe/l, 0CTAB/IseMbIil ONTHYECKUM HMITYJIbCOM.
Ha BcTaBke a nokazana ¢gopma (ppoHTa MOHM3ALMHU, KOTOPAsI OCTAeTCSl HEM3MEHHOM
Ha NMPOTS>KEHHH BCEro IMyTH HMIYJIbCA Yepe3 ra3oByIo cpeay.
Ha BcraBke b nokasal npoduib NIIOTHOCTH 3JIEKTPOHOB,
o0pa3oBaBIIMXCSI TPH NOHU3ANMH aAPTroHa 0e3IHCIePCHOHHBIM HMITYJIBCOM.
BuaHo, 4To pagnyc mIa3MeHHOI0 IIHYPa MPaKTHYeCKH He u3MeHuJics 3a 200 mc.

Ecin 1npu npoxoxaeHWH —Oe3IUCIEPCHOHHOIO  HMMIIyJIbCa 4Yepe3 Ta30BYKH0 Cpely MpOIyCKaTh B
MIEPICHUKYJIIPHOM HAIIPABICHUN TOPa3/10 MEHEE HHTEHCHBHBIN "TECTOBBIN" ()eMTOCEKYHIHBIN NMITYJIBC, TO MOKHO
MOJYYUTh CEPUI0 "MOMEHTANIbHBIX (QoTorpaduii”, mo KOTOPHIM MOXHO TOYHO OMPENeNUTh (110 IBMKEHHIO (pOHTA
WOHM3ALMHN) TMPOHACHHBIA ONTHYECKUM HMITYJIBCOM 3a ONpEACNCHHBIA Mepuon myTh (pHuc. 5). DTH M3MEpeHUs
TIOKa3BIBAIOT, YTO TPYIIOBas CKOPOCTh MPUMEPHO paBHsIach 3.3 x 10° km/c, T. e. Ha 10 % TpeBHImaTa CKOPOCThH
CBeTa B BaKyyMe. 3/1eCb B)KHO OTMETHTB, YTO ISl O€3MCIEPCHOHHOTO UMITYJIbCa IPYIIIOBasi CKOPOCTh M CKOPOCTh
JBIDKEHUS TlepeiHero (pOHTa HUMITYJbCa COBIAJAIOT, TaK KaK HE JIOJDKHO IPOMCXOANTH W3MEHEeHUs (GopMbl
BostHOBOTO rnakera. Cepust hororpaduii ¢ 6ojee BHICOKMM IPOCTPAHCTBEHHBIM pa3pelIeHHEM MOKa3bIBaeT, YTO MpU
MIPOXOXK/ICHUN HMMITYJIbCa Yepe3 aproH JEHCTBUTENHFHO HE MPOMCXOAWIO M3MEHEHHUs (GopMbl (pOHTA MOHM3ALMU
(BcraBka @ Ha puc. 5). V3mepeHns, IpoBeAEHHbIE IBYMs NPYTMMU METOJAMHM, TakKe Jaji 3HaYCHUE TPYIIIOBOM
CKOPOCTH OINTHYECKOTO HMMITyJbca mopsiaka l.lc (B mpeaemax MOTPEMIHOCTH 3KCHEPHUMEHTa TPU MOIYYEHHBIX
Pa3NIuYHBIMH CIIOCOOAMH 3HAUEHHMS COBIIAAIOT).

Takum 00pa3oM, MOXHO CYMTaTh, YTO OBUIO BIIEPBBIE AKCIIEPUMEHTAIBHO II0Ka3aHO, YTO CKOPOCTh
PacIpoCTpaHEeHHs CUTHaJIa MOXKET MPEeBBIIATh ¢. [Ioka JOCTUTHYTOE yBEIMYEHNE CKOPOCTH ONTHYECKOTO HMITYJIbCa
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HE CIHIIKOM CYIIECTBEHHO, HO MPUHIIMITHAJIBHOE 3HAYCHHE MOJYYCHHOI0 PEe3yJibTaTa CI0XHO mepeoneHuTsh. Kak
3amedaer E. Omnwmmenko Ha c¢. www.scientific.ru/, “B  HacTOSIUiA MOMEHT [OCTH:KUMbIE CKOPOCTH
pacmpocTpaHeHHsI CHTHAJIA OTPAHUYUBAIOTCH BO3MOKHOCTSIMH JKCIHEPHMEHTAJIBLHOW TEXHHKH, HO
APUHUUNUATbLHBIX OTPAHNYEHHIl, He NO3BOJIAKINNX CcHOPMUPOBATH O0€3MNCHEPCHOHHBIE HMIIYJIbCHI CO
CKOPOCTBIO PACIIPOCTPAaHEHMUsl, CYIIECTBEHHO NMPEeBBINIAIONIEN ¢, HE CYyIIeCTBYeT”.

Ompuuyamenvbnoe 8pems 3a0epPiHcKu

HenaBHue nccnenoBaHWs NPOSIBICHHUS CBEPXCBETOBBIX 3((EKTOB MOATBEPKAAIOT MPOTHO3BI, YTO TPYNIOBAsS
CKOpPOCTh B TMPO3pauHbIX OINTHYECKUX CPEAaxX MOXKET NpeBbIlIaTh C 0e3 HapylIeHHs CHEHUATbHON Teopuu
OTHOCHTENBHOCTH. bojee Toro, B 3JIEKTPOHHOM 00JacTH, NPUHOWI TNPUYMHHOW CBSI3M HE 3ampeniaer
OTPUIATEJIFHOTO BPEMEHH 3aJICPKKH aHAINTHYECKUX CHTHAJIOB B 3JIEKTPOHHBIX IIETISIX, B KOTOPBIX MK BBIXOJIHOTO
HMITYJIbCA TOSBIISIETCS Ha BBIXOJE LIENH NPEXIE, YeM MUK BXOIHOTO MMITYJIbCa BXOAMUT B HAYAJIO IEMH. (KpOMe TOTo,
CMEIICHUE MMITyJbCa IS 3THX "CBEPXCBETOBBIX' aHAJIUTHYECKHX CHTHAIOB MOXKET OBITh HE3HAUHWTEIbHBIM KaK B
ONITUYECKOH, Tak U B AMeKTpoHHOU 00mactn). [Tosromy Chiao u np. B pabore [19] mpemnararot pacipocTpaHUTh STH
UJIed Ha MHUKPOIEKTPOHHYIO 001acTh. OCHOBOMOIATAOUIMM IPHHIUIIOM SIBIISIETCS TOT (DaKT, 4TO AJSI CO3AHUS
OTPHUIATENIFHOTO BPEMEHHU 3a/ePKKH MOXKHO BOCIOJIB30BATHCS OTPHLATEIBHOW 00paTHOM cBs3pto. Takue
OTpHUIATENIFHBIE BPEMEHA 33/IEPKKH MOTYT OBITh HMCIOJIB30BAaHBI JUI B3aUMHOM KOMIIEHCALMH ITOJIOXKHUTEIHLHOTO
BPEMEHH 3aJIepKKH, KOTOPOE ABISAETCA CIEICTBHEM '"TPaH3UCTOPHOH JIATEHTHOCTH" (HampuMmep., U3-3a KOHEYHOTO
RC-Bpemenu napactanus s MOII-TpaH3HCTOPOB, BBI3BAHHOTO HUX BCTPOEHHOM €MKOCTBIO), BPEMEHH 3aJCpPKKU
pacnpocTpaHeHUss KOMMYTHPYIOIIMX CHUTHAQJIOB MEXIY TpPaH3UCTOpaMU 4una (HUXHsS TpaHHLIA KOTOPOIrO
OIIpEIeTISIETCSI CaMbIM JUIMHHBIM IIyTEM MEXAY TpaH3ucTopamu). VICmonb3ys 3TOT MPUHIMI, MOXKHO CYIIECTBEHHO
YBEIMYHUTH OBICTPOJCHCTBHE KOMITBIOTEPHBIX CHCTEM.

K atoii pabote TecHO mpUMBIKaeT ctaThs [20], rae moka3aHo, 4TO B CIlydae CBEPXCBETOBOM IPYIIIOBOW CKOPOCTH
BOJIHOBOTO IIaKeTa B JUCICPTHUPYIOMICH Cpele BOJHOBOW MMakeT ¢ TJIAAKOHW (aHaTHUTHYECKOH) ormdaromei
JEWCTBUTEIBHO PACTIIPOCTPAHSAETCSI CO CBEPXCBETOBON CKOPOCTHIO, @ B ClTydae OTPHLATEIbHON IPYIIIOBON CKOPOCTH
MakCHMyM CHTHajJa JCHCTBHUTENIBHO TIOSBISETCS B TOYKE IPHEMAa paHbIIe, YeM B TOUYKE Iepefadn. ITO
00CTOATENECTBO HE BXOJIUT B IPOTHUBOpEUHE ¢ (PAaKTOM MPEAETbHOCTH CKOPOCTH CBETa B BaKyyMe ISl Iepeladu
uHpOpManuy (B ClIydae CBEPXCBETOBOIl CKOPOCTH PAacHpOCTPAHEHWs) WM NPHHOUIIOM HNPUYMHHOCTH (B Cydae
OTPHULIATEIFHOTO BPEMEHH 3alIepiKKH). Dhexm ompuyamenvHo2o epemeHu 3a0epicKu 8 npuHyune moxcem Ovimy
UCNOIL308aH 01 NPOSHOZUPOSAHUS HADI00AeMO20 npoyecca.

PacripocTpaneHne BOJHOBOTO MakeTa C JOCTAaTOYHO IJIABHO M3MEHsIOIIeHcs orubatoieil (T. €. ¢ JOCTaTOYHO
Y3KUM YacTOTHBIM CIIEKTPOM) B CpEA€ C BPEMEHHOW aucCIepcueil MPOWUCXOOUT C TaK Ha3bIBa€MOMl I'pYIIIOBON
CKOPOCTBIO, KOTOpasi B OOIIEM CiTyyae MOXET ObITh KaK MEHBIIIE CKOPOCTH CBETa B BaKyyMe, Tak U OoJblle Hee (WIn
JlaKe cTaTh OTPUIATENBHOM). 1 XOTS MHOTAa CBEpXCBETOBas WIIM OTpHLATEIbHAs TPYIIIOBas CKOPOCTh CHUTHANA
paccmarpuBaeTcsi Kak ()OPMaNbHBIA pe3ynbTaT, TEM HE MEHee B HENMHEHHO ycuiauBamomel cpene 3¢dexr
MepeMeIIeHNsT MaKCHMyMa BOJHOBOTO IIaKeTa CO CBEPXCBETOBOH CKOPOCTHIO OBUI  TEOPETHYECKH U
SKCIIEPUMEHTAIBHO HUCCIENO0BaH emie B padoTtax 60-x romoB [21-22] (M3 mocneaHnX 0030pOB MO JAHHOMY BOIIPOCY
MOXHO ykazaTh [23]). IIpm 3TOoM cCBepxcBeTOBas CKOPOCTh II€PEMEUICHHS MaKCHMyMa BOJIHOBOTO IIaKeTa
HaOmoganack B HEMMHEHHOHM cpelie ¢ HACBIIICHHEM YCWICHHS KaK pEe3yJIbTaT MPEMMYIIECTBCHHOTO YCHIICHHS
NepEeAHEN YacTH CUTHAJIA 110 CPABHEHUIO C €0 33aIHEN YaCThIO.

BeiBosibl paboThl [20] MOTYT OBITH ITPEACTABIIEHBI CIIEAYOIMMH ITyHKTAMH.

1. DddexT nepeMenieHns CUrHajia co CKOPOCThIO, OOJIBIICH CKOPOCTH CBETa BO3MOXKEH IS CJ1a0bIX CUTHAJIOB U
BO3HMKAET B JINHEWHOM MPHOJIMIKEHUU KaK HEM30eXKHOE CIIe/ICTBUE CBEPXCBETOBOW TPYIIIOBOI CKOPOCTH BOJHBI PH
OTIpe/IeNICHHON YacToTe Hecymel. Jannulil s¢pghexm He a615emcs 0COOEHHOCMbIO UMEHHO DJIEKMPOMASHUMHBIX B0IH
8 NpOCMpancmee, a MOJNCem BO3HUKAMb NPU NPOXOACOCHUU CUSHANA TH000U Npupoodsbl yepes aob0U TUHElUHbIl
@unbmp npu OOCMAMOUHO Y3KOM CHEKmpe CUSHALA U NOOX00SUell Yacmome e20 HeCyuyell.

2. DdexT Bo3HUKAET KaK B JIMHEHHON ycnnBaromei cpeae (Ha Kpbule CIeKTPaIbHOM JIMHUH YCUICHHS), TaK U
B JIMHEWHOH moriomaronielt cpese (BOIM3M IEHTpa CHEKTPAIbHON JINHUH TTOTJIONICHUS).

3. Ilpu nocTaToOYHO CHIIBHOW IWCTIEPCHH BPEMS 3a/I€PXKKH CHUTHaja IMPU PACIpPOCTPAHEHHH MOXKET CTaTh He
TOJIBKO MEHBIIIE BPEMEHU PACHPOCTPAHEHHsI CBETA B BAKyyMe OT TOUYKH IIE€pefadr JI0 TOUKU MIPHUEMa, HO U MEHBIIIE
HYJIsI, YTO O3HA4aeT MPHUEM CUTHAJIA paHble ero nepenadn. OTMEIeHHOE 0OCTOSTENbCTBO O3BOJISIET CIENATh BBIBOJ
0 NPUHYURUATLHOU BO3MONCHOCTIU “‘Onepedcaroueco ompaxcenus” 8 HeAHCUsoll npupooe.

(B nocnennmii MoMeHT aBTOpy cTaia u3BecTHa padora M. Kitano, T. Nakanishi, and K. Sugiyama, Negative Group
Delay and Superluminal Propagation: An Electronic Circuit Approach, quant-ph/0302166, cyiiecTBeHHO
pa3BUBAIOLIAs ¥ JOTIOJIHSIONIAsl MaTepUalIbl IAHHOTO pasziena).
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3aKjIouYeHue

I/ITaK, KaK BUJIHO W3 MPCAbIAYHICTI0, HAa 3KCICPUMCHTAJIbHOM (prHTe I/ICCHe)lOBaHI/lﬁ 3aMCTHBI BIICYATJIAIOIIUC
ycnexu. B To xke BpeMs, B paMKax CTaHJapTHOW TEOPUH JOCTUTHYTh MOJHON SICHOCTU B BOIPOCE O CBEPXCBETOBOI
nepenavye mHpopmanmu Bpoje Obl O KOHHA He yxnaercs. (OTOHBI KakK IOAYMHSUIMCH IIOCTYyJaTaM TEOpPHH
OTHOCHUTEJIFHOCTH, TaK M IPOJIOJDKAIOT ITOYMHSATHCS ¥ IPUHIUIT TPUUYUHHOCTH OCTAaETCs HE3bIOIEMBIM.

IIpuBenem muraTy u3 craTh 1. T. H. A. [onmyGeBa, “BozmooicHa 1u ceepxceemosas ckopocms?”’ TIOMEIIEHHON Ha
caiite http://enlt.narod.ru/swet.htm:

“PabOTBI TMOCIEOHMX JIET IIOKA3bIBAIOT, YTO TIPHU ONPEJCICHHBIX YCIOBHAX CBEPXCBETOBAas CKOPOCTh
JNEHCTBUTENIFHO MOXET WMeTh MecTo. Ho dYTo WMEHHO JABHXKETCS CO CBEPXCBETOBOW cKopocTeio? Teopus
OTHOCHUTENBHOCTH, KaK YK€ yIIOMUHAJIOCh, 3alpEIIaeT TaKyl CKOPOCTh IUISi MaTe€pUalbHBIX TENI W ISl CHUTHAJIOB,
Hecymx MH(Qopmanuio. TeM He MeHee, HEKOTOpble WCCJIEJOBaTeIM BeChbMa HACTOWYMBO  IIBITAIOTCS
MIPOAEMOHCTPUPOBATH IIPEOJI0JICHHE CBETOBOr0 Oapbepa MMEHHO JUIs CUrHaJIoB. IIpudrHa 3TOro Kpoercst B TOM, 9TO
B CIIELMAJIBHON TEOPUH OTHOCUTEIBHOCTH HET CTPOIOr0 MaTeMaTHYeCKOro 000CHOBaHUS (0a3upYIOIIErocs, CKaxeM,
Ha ypaBHEHHMAX MakcBeiuia Uil 3JIeKTPOMarHUTHOTO TI0JIs1) HEBO3MOXKHOCTH IIEpEelauyld CHTHAJIOB CO CKOPOCTEIO,
Gousbieit c. Takas HeBozmoxHocTh B CTO ycraHaBnmBaeTcsi, MOKHO CKa3aTh, YACTO apHU(PMETHUECKH, HCXOIS U3
SMHIITEHHOBCKOM (OpMyINbI CIOXEHHSI CKOpocTeil, HO (yHAaMEHTaJbHBIM 00pa3oM 3TO IOJATBEP)KAACTCS
NpuHOUIOM npuuuHHOCTH. Cam DHHIITElH, paccMaTpuBas BOIPOC O CBEPXCBETOBOW Iepeiade CUTHAJIOB, IHCAl,
YTO B 3TOM Cilydac "...Mbl BBIHY)KACHBI CUMTaTh BO3MOXKHBIM MEXaHWM3M IIE€peladd CHTHAJA, IPH HCIIOIb30BAHUN
KOTOpPOTO JIOCTHT'aeMoe JCHCTBHE MpEeANIeCTBYeT mpuyuHe. Ho, XOTS 3TOT pe3yibTaT ¢ YMCTO JIOTHYECKOH TOYKH
3pEHUS ¥ HE COAEPXKUT B ceOe, M0-MOeMy, HUKaKHX IPOTUBOPEUHH, OH BCE )K€ HACTONBKO MPOTHBOPEUUT XapaKTepy
BCETO HAIIETO OMNBITA, YTO HEBO3MOXKHOCTH MPEAINONOXKEHHA V > ¢ NpeicTaBiseTcs B AOCTATOYHON CTENECHU

i". [IpHHINT TPUYNHHOCTH — BOT TOT KPaeyroJIbHBINA KaMeHb, KOTOPHIH JIGKHUT B OCHOBE HEBO3ZMOKHOCTH

JOKa3aHHOM
CBEPXCBETOBOH mepeaayn CUrHaioB. M 00 3TOT KaMeHb, MO-BUIUMOMY, OYAYT CHOTBHIKATHCS BCE 0€3 MCKIFOYEHUS
IMOUCKU CBCPXCBCTOBLIX CHUTHAJIOB, KakK 6])1 OKCIICPUMEHTATOPAM HE XOTECJIOCHh TAKHMC CHUI'HAJIbI O6Hapy)KI/ITI), I/I6O
TaKoBa IIpUPOJa HaIIero Mupa.”

Eme B 1992 rtomy B nmokmage AmnucoBmya K. B. [24] Obpia mokazaHa BO3MOXHOCTH CYIICCTBOBAHUS
CBEpXCBETOBOI'O CHTHajla B paMKaX TEOPHH OTHOCHTEIBHOCTH. ABTOp CKOHCTPYHpOBAN JIarpaHXHuaH
PENSTHBUCTCKOTO CBEPXCBETOBOTO CHTHAJa M IOKAa3aJ, YTO CTAHIAPTHHIE IOBOJIBI B IOJB3Y 3alpeTra Ha HEro
6e30cHOBaTebHBL. AHHMCOBMY Ha mpuMmepe aByx cucteM K u K' (B mepBoit mBa HaGmiomaTens IBHXKYTCS, BO
BTOpOii — nokostcs) u odnactu () runmoreTnyeckoil cpelbl (TMIEPKUIKOCTh) HOKa3hIBaeT, uto B cucteMax K u

! o
K — Ppa3HbI€ HAYaJIbHBIC YCJIOBHA W MMO3TOMY CHUI'HAJI, CYHICCTBYIOIINU B CUCTEME K, MOXECT HC UMCTh aHaJiora B

cucteme K' M MpUXOAMT JTOTHYHO K BBIBOJY, YTO MPUHIMI OTHOCHTENBHOCTH, YTBEPHKIAIOMIMI HICHTHYHOCTh
YpaBHEHUH U pa3iu4HBIX HaOopaTeneidl B OJHOM M TOH ke 4-0011acTH, HE MOXET yTBEPXIaTh MICHTHYHOCTH
TIPOLIECCOB JUIsl PasMYHbIX HabmojaTesell B 0HOM 1 Toi xe obmactu (2. Ho mockosibKy aBTOp, HECMOTPS Ha
WCUCPIIBIBAIOIINI aHAIN3 HECOCTOSATENFHOCTH 3alpeTa Ha Tepefady CBEPXCBETOBOTO CHTHAlla, BOCIOIB30BAJICS
HECYIIECTBYIOIIEH THIOTETHYECKOW Cpemoii, TO TPHUBEPKCHIBI CTAHAAPTHOW  apryMEHTallil  IPOCTO
MIPOUTHOPHPOBAIH 3Ty PabOTy.

OziHy M3 MHTEPECHBIX MOMBITOK HAWTH runotreTndeckyto cpeny npeanpunsin J. Joiu (D. Deutsch) [25]. ABtop,
pasoupast siBenne uHTeppepeHin HOTOHA, MPUXOAUT K BHIBOJY, YTO JJIsl TOHUMAHUSI CYIECTBA IPOUCXO/ISIIECTO B
9TOM mporecce ¢ GoToHOM, ero ((PpOoTOH) NOIKHBI CONMPOBOXKIATH IBIDKYIIMECS CO CKOPOCTHIO CBETAa TCHEBBIC
¢doronsl. Ho, paznensisa, xax u J{. Jloiy, npunuun OputBel Okkama (HE MHOXHTh CYLTHOCTH 03 HEOOXOJMMOCTH),
aBTOp 0030pa HE BUIUT HEOOXOJUMOCTH pajay OOBSCHEHHMS SIBJICHHsI MHTEP(PEPEHIMH CO3]aBaTh TUIIOTETHYECKYIO
cpeny o6uTanus (oTOHA, HaBemMBas Ha o1uH GoToH 10'? TeHEBBIX (POTOHOB.

Co BpeMeHH OImyOJIMKOBaHUS paboThI [26] U 10 BBIXOJA B cBeT MOHOrpaduu [27], MOIBOASAIICH UTOT IEPBOMY
9Tally CO3JaHMS KBAaHTOBOM MEXaHMKH M D3JEKTPOJANHAMHUKH CaMOJICHCTBYIOIIErO 3JIEKTPOHA, OIHCHIBAEMOTO
HEIMHEHHBIMA W HEJOKaJTbHBEIMH aHanmoramu ypaBHeHmil lllpemmarepa u [upaka, aBTOop 0030pa BMecCTE C
npogeccopom B. I1. OneitHIKOM TpHIIEeN K BBIBOLY, YTO POJH T. H. THIIOTETUIECKOHW CPEAbl, B KOTOPOH BO3MOKHO
pacmpocTpaHeHHE CBEPXCBETOBOTO CHTHajda WH(POPMALMU, MOXET B3ATh Ha ce0s IOTCHIMAlbHAs dYacTh
COOCTBEHHOTO TOJS 3eKTpoHa. UTo 3TO Takoe W o yeMm uzaeT peus? [loctapaeMcsi BKpaTIe M3NOXKHUTH CYITHOCTh
OIX0/a.

B ocHOBe Bceil coBpeMEHHOM (PU3UKH JISKHUT MOJIEIb H30JIUPOBAHHON CUCTEMBI, HCIOJIb30BAHHE KOTOPOH OTpaXKkacT
IIIyOOKO YKOPEHHUBILIEECs B yMaxX (PM3UKOB MPEACTABICHUE O TOM, YTO (PM3HYECKasi CUCTEMa MOXKET CYIIECTBOBATh cama
mo cebe, B OTPBIBE OT OKPYXAOIIEro Mupa (Kakoi Obl HM ObUIa (hU3MUECKas CHCTEMa, CCIIU €€ U30JHUPOBaTh OT
OKpY’KarolleH cpesibl, OHa He YTPAaTHT CBOSH MHIMBUTyanbHOCTH). OIHAKO MPUPOA YCTPOCHA, IT0-BHIMMOMY, TaK, 4TO
JJIeMEHTapHble KUPIWYUKK MHPO3/IaHUS (HapUMep, SJIEKTPOHBI), M3 KOTOPBIX 00pa3yloTcs MaTepualibHbIC Tela,
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CKOPOCTB CBETA: OT HYJIA J]JO BECKOHEYHOCTH

SIBJISIFOTCSL IPUHUMIINAIBHO HEU30JIMPOBAaHHBIMU cUcTeMaMH. DU3MUECKasi CYyLIHOCTh OTKPBITOMl CUCTEMBI COCTOUT B
TOM, YTO OHA HEPa3phIBHO CBS3aHA C OKPYKAIOIIMM MHPOM M CBOMM IIOBEJICHHWEM U (DU3UYECKHIMHU CBOWCTBAMH
00s13aHa B3aUMOJICHCTBUIO C HUM.

OJEeKTPOH Kak OTKPHITasi CAMOOPraHU3YHOIIAasicd CHUCTEMA IIPEICTABISCT COOOH KBAaHT (dIIEMEHTapHOE
BO30YXKJIEHUE) TOJII CaMOJCUCTBYIOIIEH SJIEKTPUUECKU 3apsikeHHOW MmaTepuu. llopokaas coOCTBEHHOE Tojie B
OKpYIKAIOIIeM MPOCTPAHCTBE, DJIEKTPOH TEM CaMbIM HaJEJseT MPOCTPaHCTBO (M Bpemsi! — B CUly HEpa3phIBHON
CBSI3M MEXY IPOCTPAHCTBOM M BpEMECHEM) (PU3HYCCKHMU CBOWCTBAMH.

B pabotax [28-32] u3 npuHIMIA ICHCTBUS BEIBSJICHO OCHOBHOC YpPaBHCHHC JTUHAMUKH, YUUTHIBAIOIICE TTPHHIIHIT
OTHOCHTEJIbHOCTH Y OMKCHIBAIOIIEE CAMOACHCTBYIOLIHIM JIEKTPOH KaK OTKPBITYIO CaMOOpraHU3yIolIytocs cucremy. 1o
BHCIITHEMY BHJY 3TO YPaBHCHHE COBIIAJACT ¢ OOBIMHBIM ypaBHEHHEM Jlupaka /Ui 3apsHKCHHON YaCTHIBI BO BHEIITHEM
oJie, OMUCHIBaeMOM 4-moTeHanoM. OQHako B ACHCTBUTETHHOCTH OHO CYHIECTBCHHO OTIMYACTCA OT YPaBHCHUS
Hupaka. Paznuuuie cOCTOMT B TOM, YTO MPEJUIOKEHHOE YpaBHEHHE SBJSETCS HEINMHEHHBIM M HEJOKAJIBbHBIM, IPUYEM
HEJIOKAJIBHOCTh UMEET KaK IIPOCTPAHCTBEHHBIN, TaK U BpEMEHHOM Xapakrep. [loreHnmanbHas u BUXpeBasi KOMIIOHEHTBI
4-moTeHIIMaNa, BXOISIIETO B YpaBHEHHE, OTIMYAIOTCS JAPYT OT [pyra IO CBoeH (HM3MYECKOM mpHpoze: IepBast
OITUCBHIBACT COOCTBEHHOE MMOJIE M BBIPAKACTCS KBAJPATUYHO uYepe3 KOMIIOHEHTHI BOJHOBOW (DYHKLMH JJIEKTPOHA, a
BTOpasi OIMHKCHIBAET TOMNEPEUHbIE JIEKTPOMATHUTHBIC BOJHBI M OJHO3HAYHO BBIPAKAETCS Yepe3 DIEKTPOMArHUTHBIC
noJsist. DTH JIBE CYILECTBEHHO Pa3IMYHBIE [0 CBOEW NPHUPOJIE BEIUYUHBI OOBEIUHSIOTCS B 9TOH TEOPHU B €AMHBIN 4-
BEKTOP.

AHanu3 pelieHud OCHOBHOTO YpaBHEHUSl JUHAMHKHU IOKAa3bIBa€T, YTO OHHU OMNHUCHIBAIOT JIOKAJTM30BAaHHBIC B
MPOCTPAHCTBE CTYCTKH CaMOACMCTBYIOLIEH SJEKTPUUECKH 3apsHKEHHOW MaTepuu, T.€. YacTUla SBIsIeTCA
conToHOM. CIICKTp BHYTPEHHCH SHEPTUU 3JICKTPOHA JUCKPETHBIH ¢ OECKOHEYHO OOINBIIMM YHCIOM YpPOBHEH,
NpUYEM KaXJIOMy 3HAYEHHMIO SHEPrMM OTBEYAIOT OIPEJEIEHHbIE pa3Mepbl MPOCTPAHCTBEHHOI'O pacHpeleeHUs
3apsia YacTHUIIBI U OTIpeIeIeHHasi TeOMETpUYIecKast popma.

Pacnipenencare SIEKTPUUECKOTO 3apsa AJIEKTPOHA B OCHOBHOM COCTOSSHUH COCTOHWT W3 00JacTH OCHOBHOU
JOKaNM3allMd C JIMHEHHBIMH pa3MepaMH TOpsaka OOpOBCKOTO paaWyca M XBOCTAa, MPOCTHUPAIOLIETOCS 10
6eckoneuHocTd. CyIIECTBEHHO, HYTO H3-32 HENWHEHHOCTH IUHAMUYECKOTO YPAaBHEHHUS OHIIEKTPOHA BOJHOBAs
(hyHKIMA HE MOTYHMHSACTCS MPUHIUITY CYIEPHO3ULNHU. B crity 3TOro 3:mekTpoH mpuobperaeT CBOHCTBa aOCOIIOTHO
TBEPJIOTO TEIla: BO3MYIICHUE, UCTIBITHIBAEMOE SJICKTPOHOM B MOMEHT BpeMEHH [ B 00JIACTH OCHOBHOH JIOKAJTU3AIIHH,

B caeyrouii MomeHT ¢ + € (€ —> +0) craHoBHTCS H3BECTHBIM Ha JTIOGOM PACCTOSHHUM OT HEe.

[TompiTKa OTBHICKATh B 3JIEKTPOJUHAMHUKE (QHU3MYECKUI MEXaHH3M CBEPXCBETOBOW Iepeaayd HHOopMauuu
npeanpuHsata B padote [33]. 3xech oTMedaeTcs, 4To (PU3UUECKMM HOCHTEIIEM CBEPXCBETOBBIX CHIHAJIOB SIBIISIETCS
COOCTBEHHOE TIOJIE DJICKTPUYECKH 3apsHKEHHOM YacTHIBl. DTO I0Jie MMEET JIBOWCTBEHHBIH XapakTep: C OJHON
CTOPOHBI, COOCTBEHHOE IOJIE NMOAYMHSCTCS ypaBHEHHMSM MakcBelula M ITI03TOMY SIBJISIETCS 3JIEKTPOMAarHUTHBIM
MOJIEM, @ C JPYTOH - OHO MOPOKAAETCs 3apsDKEHHOW YaCTHIEH M HE MOXKET CYyIIECTBOBATh B €€ OTCYTCTBHE, T.C.
MIpeZICTaBIsieT CO00Il B HEKOTOPOM CMBICIIE COCTaBHYIO YacTh yacTulbl. [lociieaHee NpUBOIUT K TOMY, YTO 110 CBOUM
(hu3MUecKUM CBOWCTBaM COOCTBEHHOE MOJIE€ YaCTHIbI CYIIECTBEHHO OTIMYAETCS OT MO 3JEKTPOMATHUTHBIX BOJIH:
OHO SIBJISIETCSI ITOJIEM CTOSIYUX BOJH MaTEPUH, UMEET YHCTO KIACCHUECKHH XapaKTep M HE MOXKET OBITh CBEICHO K
COBOKYNHOCTH (POTOHOB. [lo-BuaAMMOMY, COOCTBEHHOE TIOJIE 3JIEKTPOHA OTBETCTBEHHO 3a IOSIBIICHHE Y YacCTHIIBI
BOJIHOBBIX CBOWCTB, KOTOPBIE H MPOSIBIISIOTCS B ONBITaxX Mo AU pakiun 3nekTpoHa. CoOCTBEHHOE ToJe 3apsKEHHOH
YaCTHIBl UTPAET B MPUPOJE OCOOYIO POIIb, COCTOSIYIO B TOM, YTO OHO NPEBPALIAET OKPYXKAIOIIEE MIPOCTPAHCTBO B
¢dusmueckyio cpeny (¢usmueckuil Bakyym), oOJNaarollyl0 CBOWCTBaMH aOCONIOTHO TBepmoro Ttena. OmHO U3
(hM3UYECKUX CBOWCTB 3TOM CPElbl COCTOMT B TOM, YTO OHA CIIOCOOHA MICHOBEHHO IepeaaTh CUrHall (MH(OpPMAIIHIO) O
BO3MYILEHHUH, IPOUCXOJISIEM B HEKOTOPOW TOUKE MPOCTPAHCTBA, HA CKOJIb YTOJTHO OOJIBIIIOE PACCTOSHHUE.

CornacHo pesynbrataMm pador [33—-34], momepeyHoe BUXPEBOE AIIEKTPOMATHUTHOE TOJE COCTOUT M3 JBYX
KOMITOHEHT — 3JIEKTPOMAarHUTHBIX BOJH M COOCTBEHHOTO IIOJISI 3apsDKEHHBIX YacTHII, CYIIECTBEHHO OTJIMYAIOIINXCS
JpYT OT Jpyra 10 CBOMM (PU3NYECKUM XapaKTEPUCTHKaM. J[ByM KOMIIOHEHTaM 3JIEKTPOMAarHUTHOTO TOJISI OTBEYAIOT
JIBa MeXaHM3Ma Iiepeiaun curHana (MHpopmanum): 1) mepenaya cUrHajga 4epes MOCPEJICTBO COOCTBEHHOTO IOJIS
3apsDKEHHBIX YaCTHI[, MPEZCTAaBISIOMIETO COOOH CTOSYME BOJIHBI MAaTEpHM, JKECTKO CBS3aHHBIC C YacTHUIAMHU U
WAYIUE OT HUX Ha OECKOHEYHOCTh WM K APYTMM YacTHIaM; COOCTBEHHOE IIOJIE MOXKET MEpeAaBaTh BO3MYIICHHS
KaKk CO CKOPOCThIO CBETa, TaK M MTIHOBCHHO; 2) Iepefadya CHrHajla CO CKOPOCTBIO CBETa C IIOMOILIBIO
JIEKTPOMArHUTHBIX BOJIH, M31y4aeMbIX YAaCTUI[AMHU IPH MX YCKOPEHHOM JIBIKCHUH M OTPBIBAIOIIMXCS OT YaCTHIL.
O6a T MexaHU3Ma JeHCTBYIOT OTHOBPEMEHHO, Kak ObI TyOnupys ApyT Ipyra.

CBoum MMPOUCXOKJICHUEM CBEPXCBETOBLIC CUTHAJIBI O6H33HI)I CaMOI[eﬁCTBHIO - 06paTHOMy BJIMAHHUIO Ha
3apsDKEHHYI0 YacTHIly €ro COOCTBEHHOTrO MO, B pe3yjbTare Yero 4YacTHla CTaHOBHTCS IPOCTPAHCTBEHHO
NpOTSHKEHHOH cucteMoi. CBEpXCBETOBBIE CHTHAjbl HEPa3pbIBHO CBS3aHBl, TaKMM O0pa3oM, C IpOllecCaMu
CaMOOpraHU3alyH, IPUBOSIIIMMHI K QOPMHUPOBAHHIO BHYTPEHHEH CTPYKTYPbI 3apsKEHHBIX YacTHII.
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CrenaHHbIii BBIBOA O BO3MOJKHOCTH CBEPXCBETOBOH Iepeladyd CHTHala C IOMOINBI0 COOCTBEHHOTO TIOJIS
3apsHKCHHBIX YaCTHUI] HAXOJIUTCS B SBHOM IPOTHBOPEUHH C OOIICHIPUHATON TOYKOH 3peHHs, KOTOpas Oblia BIIEPBHIC
chopmynupoBana A. DUHIITEHHOM Kak CJEJCTBHE CHELUATBHON TeopuH OTHOcUTeNdbHOCTH [35]. JleranbHbiit
aHamu3 MpoOJIeMbl TIOKa3hIBaeT, OJTHAKO, YTO BBIBOJ O HEBO3MOKHOCTH MTHOBEHHBIX CHTHaJIOB HE BhITekaeT n3 CTO
U SBJSIETCA JIONMOJIHUTENIBHOW THUIIOTE30M, INpPOTUBOpedalleld ypaBHEHHMs M MakcBeiia, Kak 3TO CleAyeT Hu3
paccMOTpEeHHMS MIEPEHOCA CBEPXCBETOBOTO BO30YXKICHUS COOCTBEHHBIM IOJIEM YacTHIlbI [33—34].

Oum61<a B 06Hl€HpI/IHﬂTOM J10Ka3aTCJIbCTBE HCBO3MOKHOCTU CYIIECTBOBAHUS CBEPXCBETOBBIX CUTHAJIOB COCTOUT B
crenytomeM. [IpoGiiemMa MpUYMHHO-CIIEACTBEHHON CBSA3M MEXKIY ABYMSI COOBITHSIMU — 3TO IIpoOJieMa JUHAMUKH, HOO
peyb HUAeT O repenaye B3aMMOJCHCTBHS OT OIHOTO COOBITHS K Jpyromy. CiemoBaTenbHO, OHA MOXKET OBITh perieHa
TOIBKO IyTEM aHalu3a pEIICHUH YpaBHEHWMH MABMXKEHMS, MOAUYMHSIOIIMXCS HAJICKAIIUM TPAaHUYHBIM YCIOBHSIM.
OcraBasich B paMKaX KHHEMATHKH, PEIIUTh MPOOIEeMy IIPHYMHHO-CIICICTBEHHON CBSI3M MPHUHIIUITAAIEHO HEBO3MOXKHO.
B o0menpuHATHIX pacCyKICHUAX, KACAIOUINXCS CBEPXCBETOBBIX CHTHAJIOB, TUHAMHKA HE PaccMaTpUBAcTCS BOBCE U
ITO3TOMY BBIBOJ] O HEBO3MOXKHOCTH CBEPXCBETOBBIX CHUTHAJIOB HE SIBIISIETCS] 000CHOBAHHBIM.
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