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OBLIASA XAPAKTEPUCTUKA PABOTHBI
AKTYaJIbHOCTb PadoThI

B3anmonencTBue JIBYX4YaCTOTHOTO JIA3€pPHOIO M3JIYyYEHUS C TPEXYpPOBHEBBIMU
aTOMHBIMH CpeZlaMd IIPU  OIIPEJCIICHHBIX YCIOBUSAX MOXET IPUBOJUTH K
BO3HUKHOBEHHUIO 0COOOT0 CYNEPHO3UIIMOHHOIO COCTOSIHUS, B KOTOPOM aTOMBbI HE
IOTJIOIIAIOT BHEIIHEE W3IydeHue. JlaHHOEe COCTOSHHME IOJIyYWJIO Ha3BaHHE
memHo2o0 cocmoanus. llepels B TEMHOE COCTOSHHME, HACEJICEHHOCTb aTroMa
OKa3bIBACTCS «3aXBAYEHa» B OCHOBHOM COCTOSIHMHM. JlaHHOE SIBJICHHE H3BECTHO
KaK xocepenmnoe niaenenue Hacenennocmeti (KITH) [1-3]. Ilepexox B TemHOE
COCTOSIHUE BO3MOKEH TOJBKO B Y3KOM JHAla30HE Pa3HOCTH YacCTOT BHEIIHETO
n3iyuyenus, yto npuaaer ssieHuto KIIH pesonanchHeii xapakrep. Pezonanc KITH
MOXET UMETh WIMPHHY MHOTO MEHBIIYI0, YEM €CTECTBEHHAs IIMPUHA JIMHUU
norsiomieHus. brnaronaps sromy siBnenne KITH nmonydnino mmpokoe npuMeHEHHE B
pa3paboTKe TaKWX YCTPOHCTB, KaK KBAaHTOBBIC CTaHAAPTHI 4acTOThl [4—6] wu
ONTHYECKHE MarHUTOMETPHI [7/—9]. DakT ke OTCYTCTBHS IOTJIOMICHUS B TEMHOM
COCTOSIHUH TTO3BOJIHII IPEIOKUTH METO/I JJa3epHOM Teneparmu 6e3 naBepcun [ 10—

12].

OpHuM n3 cnoco0OB HAOJIIOIEHHS] TEMHOTO PE30HAHCA SIBISETCS JETEKTUPOBAHUE
U3IIy4YEeHHs TMPOIIEAIIEr0 CKBO3b SYEHKY C MapaMy IIEJOYHBIX aToMoB. Jlis
JAHHOTO Ccrocoba HEeoOXOAMMO, YTOOBI KOHUEHTpALMs aKTUBHBIX aTOMOB ObLia
JI0OCTATOYHA /711 00ecleueHusl 3HaUUTEIbHOrO MOTJIOUIeHHs oI cpenoil. B aTom
cllydae roBopsAT 00 ONTHYECKOM IJIOTHOCTU cpeabl. [Ipolecc pacnpocTpaHeHus
U3JIy4eHHUs] B OINTHUYECKHM IUIOTHBIX CpeJax B YCJIOBHMSX TEMHOIO pPE30HAHCA
3HAYUTEIBHO OTJIMYAETCS OT CTaHAAPTHOTO AKCIIOHEHIMAJIBHOIO MOIIOLIEHUS,
ormuchiBaeMoro 3akoHoMm byrepa—JlamGepra. Tak, B [13] mpousBeseH BBIBOJ
YPABHEHUN pPACHpOCTPAHEHUS] HENPEPBIBHOIO JBYXYaCTOTHOIO W3JIY4YEHUS U
MOKa3aHO, 4YTO JJisi JOCTATOYHO OONBIIMX WHTEHCUBHOCTEM H3IyYEHUS HMEET
MECTO JIMHEWHBIN 3aKOH CI1aJla THTEHCUBHOCTH B ycsioBusax KITH.

Hpyrum daktopoMm, BIUSIOMMM Ha (POPMY TEMHBIX PE30HAHCOB, SBISETCS
JBHKCHHE aTOMOB AaKTHUBHOW cperbl. J[BM)KEHHME aTOMOB B SUEMKE BCIICICTBUE
abdexra [loruiepa OMpUBOIUT K CMEIMICHUSIM OTCTPOEK YACTOTHBIX KOMITOHEHT
M3JIy4YE€HUSI OT PE30HAHCHBIX aTOMHBIX MEPEXOA0B MPONOPIIMOHATIBHO CKOPOCTSM.
B pe3ynbpTare ycpenHeHUs MO CKOPOCTSIM 3TO MOXET MPUBOAUTH K U3MEHCHUSIM
dbopmbl pezoHaHca. CylleCTBEHHBIM MPEUMYILECTBOM TEMHOTO PE30HaHCa MpHU
COOTBETCTBYIOIIIEM  BBIOOpE CXEMbl BO3OYXKICHUSI  SIBIIIETCS  OTCYTCTBHUE
CTaHJapTHOTO JIOTIIEpOBCKOro yimupeHus [14], a B padote [15] mokazano, 4To B
ONPEACICHHBIX YCIOBUSIX MMEET MECTO NaXKE JOIUIEPOBCKOE CYKEHHUE TEMHOTIO
pe3oHanca. CeneKTMBHOCTh TEMHOIO PE30HAHCa IO CKOPOCTSAM I[O3BOJIMIIA
pa3paboTaTh HOBBIE METOMBI Ja3epHoro oxiaxaeHus [16-18]. Kpome Toro,
JBUKEHHE ATOMOB MPUBOJUT K CTOJIKHOBEHUSAM UX JIPYT C APYTOM U CO CTEHKAMHU
A4EeUKU. B pe3ynpTare CTOIKHOBEHHM aTOMHBIE KOTEPEHTHOCTH Pa3pyILIAOTCS, YTO
MPUBOJUT K YXYJUICHUIO KauyecTBa JECTEKTUPYEMOro pe3oHaHca. B pgoctaTtodyHo
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pa3peXEHHBIX aTOMHBIX Cpelax Ha IEepBbIM IUIAH BBIXOAAT CTOJKHOBEHHUS CO
CTeHKaMu staeiiku. OgHUM U3 CIOCOO0B MOJABICHUS JCTOMSIPU3ANNHA Ha CTCHKAX
ABJISICTCS. MCIIOJIBb30BAHHUE CIIEUAIBHBIX AHTHUPEIIAKCAIMOHHBIX MOKPBITUU. X
OTJIMYUTEIIBHOW  YEPTOM  SBJISIETCS  COXPAHEHUE  KOTEPEHTHOCTH  MEXKIY
IIOTyPOBHSAMHU OCHOBHOT'O COCTOSIHHSI aTOMOB IIPH CTOJIKHOBEHHSX ¢ HUMH [19].

Jpyrum crioco6om 60pbOBI CO CTOJIKHOBEHUSIMU Ha CTCHKAX SIBIISICTCS BBEACHUE B
sueiiky OydepHoro raza. B xadyectBe OydepHOTO rasa BHIOMPAIOTCS TaKWe Ta3bl,
KaK a30T, aproH, MeTaH u JApyrue. [Ipu CTONKHOBEHUSIX C HUIMU aKTHBHBIC aTOMBI
HE JEeNOJSIPU3YIOTCS. OJTO TMPUBOJUT K YIYUYIICHWIO KadecTBa pPe30HaHCca
BCJICJICTBHE YBEIMYCHUS BPEMEHU KOTEPEHTHOTO B3aUMOJICHCTBUS aTOMOB C
nojem, a Takxke 3ddexra cyxenus duxe [20].

WupIM  crOCOOOM — perucTpaliid  TEMHOTO  COCTOSIHHUS — SIBIISIETCS  METO[
CKaHUPOBaHUS CIA0BIM MPOOHBIM TIOJIEM CHUCTEMBI, HaXOJSIICHCS B YCIOBHUSIX
pEe30HAaHCa C CHJIBHBIM YMPAaBISIONIUM MojieM. B TakoMm ciydae mpoBaj MOKET
ObITh OOHAPYXEH B CIEKTPE MOIJIOLIEHUS MPOOHOr0 M3MydeHus. Takoe siBJIEHUE,
BIIEPBBIC TIpejicka3anHHoe B [21] u oOHapyXeHHOE SKCIIEpUMEHTAIBHO B [22, 23],
HOCHUT Ha3BaHUE 3JeKMPOMASHUMHO-UHOYYyuposanHot npozpadynocmu (OUIT). B
pabote [24] teopuss DUIIl Oblma oOoOmieHa Ha ciaydaid Oe3rpaHUYHON Ccpeibl
JIBUKYILIMXCA aTOMOB. biaronapsi cpaBHUTENBHO IJIUTEIHOMY BPEMEHHU KU3HU
TeMHOro coctosiHusi sipiaeHne OWIl Hammo mpuMeHeHHe B COOTBETCTBYIOLIUX
METOJIaX 3allMCU U XpaHEeHUs KBaHTOoBoW MH(opmaruu [25]. Kpome Toro, mmprHa
PE3YNBTUPYIOIIETO AUCIEPCUOHHOTO KOHTYpa MPOINOPLMOHATbHA IIUPUHE OKHA
npo3payHocTH. TakuMm 00pa3oM, cykasi OKHO MPO3PAYHOCTH, MOXKHO JOOUTHCS
KpaiiHe KpyTOTrO XO/a JMCIEPCHOHHOW KPWUBOM BOJHM3M pe30HAHCA, BCIEICTBUE
Yero TpYMIoBas CKOPOCTh CBETAa CHUJIBHO CHMYKACTCS MPU MPAKTUYECKH TOTHOM
OTCYTCTBHM moTJomeHus. Tak, Hampumep, B [26] HaOIIOAATOCH dKCTpEMaTbHOE
3aMeJIeHUE CBETa JI0 3HAYCHUS TPYIIOBOM cKopocTu B 17 M/c.

[IIupokoe pacmpocTpaHeHHE TMOJyYnMIa Tak HaspiBaemas cxema Pamcu [27]
BO30Y>KJIEHUSI TEMHBIX PE30HAHCOB, CYyTh KOTOPOW 3aKIHOYAeTCS B BO3JICUCTBUU
JIA3€pPHOTO0 H3JIYUYEHHs]I HA CHUCTEMY HMITYJbCAaMH, PAa3HECEHHBIMHM BO BPEMEHH.
Takoit  mMeton  Omaromapss  CBOOOJHBIM  OCHWJUISIUAM  JIOJTOXHUBYILEH
PaIuOYaCTOTHOM KOTEPEHTHOCTH MEXAY HWMITYJbCAMU TIO3BOJIIET JIOOUTHCS
CYIISCTBEHHOT'O CYXXCHMs JIMHUM pe3oHaHca [28, 29], a B pabGorax [30-32]
MOKa3aHo, 4YTO TMOJ00OPOM COOTBETCTBYIOIIUX JIUTENbHOCTEH, (a3 U YacToT
UMITYJIbCOB MOYKHO JOOUTHCS CYIIECTBEHHOTO TIOJIaBJICHUSI CBETOBBIX CIBUTOB
TEMHBIX PE30HAHCOB.

IToMUMO  CBEpXTOHKOM CTPYKTYpbl YpPOBHEM IIEJIOYHBIX aTOMOB, IIpU
TEOPETUYECKOM OIMCAHUU IPOLECCOB BO3HUKHOBEHUS TEMHBIX PE30HAHCOB
OoJbllIOe 3HAYEHHWE HMEET TaKKe MarHutHas cTpykrypa. [lemo B Tom, 4YTO
3a4acTylo, BO M30€XaHHE BO3HUKHOBEHHS Mapa3uTHBIX TEMHBIX COCTOSIHMM Ha
MAarHATHBIX ITOAYPOBHSX, B OJKCIIEPUMEHTAX SYEMKA IOMEIIACTCS B HEHYJIEBOE
MarHuTHoe moisie. B Takux cucremMax MOTYT HaOm0naThCs HAOOPbI TEMHBIX
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PE30HAHCOB, OTBEYAKOIUX A-CXeMaM Ha Pa3JINYHbIX MAarHUTHBIX MOYyPOBHSX [33—
35]. B aTOM cCilydae mpu ONMMCAHWHM PA3TUYHBIX CXEM BO30OYXKACHHUS OOJBIIOE
3HAYEHUE UTPAIOT NOJISPU3ALNHU Ja3€PHBIX MOJIEH.

eab quccepTalimOHHOTO MCC/IEI0BAHUSA

TeopeTndeckoe HCCIECIOBAHUE BIUSHHUS KOHEYHOM TEMIIEPATYPhI, ONTHYECKON
IJIOTHOCTH M MAarHUTHOM CTPYKTYphl YPOBHEW aTOMOB aKTHUBHOTO BEIIECTBA Ha
MpOLIECC HMITYJIBLCHOTO BO30Y)KJICHHUSI PE3OHAHCOB KOTEPEHTHOTO IIJICHEHUS
HACEJICHHOCTEW, a TakXe  MCCICAOBAaHWE  BIMSHUA  CTOJIKHOBEHUHM C
AHTUPEIAKCAIIUOHHBIMU TOKPBITUSIMU TOPUEBBIX CTEHOK Ta30BOM SYEHMKH Ha
IpOLIECC ~ HENPEPBIBHOTO  BO30YXKIEHUS  PE30OHAHCOB  BJIEKTPOMArHUTHO-
WHIYLIMPOBAHHOM MPO3PavyHOCTH.

3anatm AUCCEPTALNMOHHOI0 UCCJICTOBAHUSA

1. HOCTpOCHI/Ie MaTEMaTH4YE€CKOM MOACIIN BBaHMOﬂeﬁCTBHH ABYX4YaCTOTHOI'O
JIa3CPHOI0 U3JIYUYCHUA C PC30OHAHCHBIMH CPpCAaMU IMICIOYHBIX ATOMOB C YUCTOM HX
JABHKCHMUS, ONTHUYECKOMN IIJIOTHOCTH, MarHuTHOM CTPYKTYpbl M BO3MOXHOCTH
CTOJIKHOBEHMH CO CTCHKAMHM.

2. Pacuer crmekTpanbHbIX (QOpPM PE30HAHCOB KOTEPEHTHOTO  TUICHEHHUS
HACEJICHHOCTE W  3JIEKTPOMArHUTHO-MHIYUMPOBAHHOW MPO3PAYHOCTH IpHU
Pa3IMYHBIX TapaMeTpax JIa3epHONU HAKAUYKU U aTOMHOM CpPEIbI.

3. AHanu3 3aBucMMOCTH (OpPMBI U CIBUIOB PE30HAHCOB OT TEMIIEPATyphI
Cpenabl, TOJIIMHBI ATOMHOM SYEHKH, THUIIA IIOKPBITHUSA €€ TOPLEBBIX CTEHOK,
KOHIIEHTpaluu O0ydepHOro raza, aMIUIUTY U NMOJSIPU3ALUNA JTa3€pHOTO U3ITy4EHus,
a TaKXXe BEJIMYMHBI IPWIOKEHHOI'O MAarHUTHOIO ITOJIS HA IPEAMET BO3MOXKHOCTH
YIIYUILIEHHUs XapaKTEPUCTUK TaHHBIX PE30HAHCOB.

Hay4ynasi HoBU3Ha padoThbI

B pabote BmepBble MOCTpOEHA MOJENIb BO30YXIACHUS HECTAMOHAPHBIX TEMHBIX
PE30HAHCOB C YYETOM HEHYJEBOM TEMIIEPATYPhl, ONTHYECKOM TOJIIHUHBI U
MarHUTHOM CTPYKTYpbl aKTHBHBIX aTOMOB. lIpensoskeHbl HOBBIE CHOCOOBI
IIOJABJICHNs 3aBUCUMOCTEH CBETOBOIO CIBHra PE30HAHCOB KOIE€PEHTHOTO
IJICHEHUS] HACEJICHHOCTEH, BO30Y)KIAaeMbIX METOJOM PaMcH, OT ONTHYECKOUH
TOJIIIUHBI CPEJIbl U IUITUITUYHOCTU BO30YKIAAIOIIETO U3TyUYEHUSI.

BnepBele moCTpoeHa MOJENb, ONKCHIBAIOIIAS BO3HUKHOBCHHUS PE30HAHCOB
AJIEKTPOMArHUTHO-HHIYIIUPOBAHHOW TPO3PAYHOCTH C YUYETOM CTOJKHOBEHUU C
TOPLUEBBIMUA CTEHKaMM Ta30BOM s4eviku. l[IpemnokeHa HoOBas HMHTEpIpeTanus
adekra pa3auyus CTOKCOBA M AHTHCTOKCOBA KaHAJIOB PAaCCeSHHUS MPOOHOTO
U3ITyYCHUS] B TEPMHUHAX OJICTHIX COCTOSTHHM.



HayuyHnasi m npakTu4eckasi 3HAYMMOCTDH PadoThI

PaspaboTranHble MaTeMaTHYECKHE METOJAbI OINMUCAaHUS HECTAIMOHAPHBIX U
HEOJTHOPOJHBIX  IMPOIIECCOB  B3aWMOJCWCTBHS  JIBYXUAaCTOTHOTO  JIa3€PHOTO
U3IyYEHHUsS] C Pe30HAHCHBIMH aTOMHBIMHU CPEaMUd MOTYT MPUMEHSTHCS B 3a/1adax
0 TIOMCKY ONTHMAJbHBIX YCIOBUH pabOThl KBAaHTOBBIX CTaHIAPTOB YaCTOTHI,
ONTUYECKNX MAarHUTOMETPOB, JIa3epOB 0O€3 WHBEPCHUU, YCTPONCTB KBAHTOBOU
MaMATH U KBAHTOBOW 00pabOTKK WH(MOpMAITUH.

MeToa0/10THSI 1 METOABLI HCCJIeI0OBAHUS

Jlia onmcaHMsl KBaHTOBOTO COCTOSIHHSI PacCMaTpUBAaEMBbIX (PU3MUYECKHUX CHCTEM
UCITIOJIB3YETCSI METOJI MATPULIBI IUIOTHOCTH B IpezcTaBieHuu Burnepa. CocrostHue
JIEKTPOMAarHUTHOTO H3JIyYEHHUS OIMCHIBACTCA IPU IIOMOIIM KJIACCHYECKOIrO
BOJIHOBOT'O YpaBHEHHS. Bo3snukaromue CUCTEMBI OOBIKHOBEHHBIX
T depeHIMATbHBIX ypPaBHEHUN pEIIaloTCsd aHaJUTHYECKH, JUOO0 YHCIIEHHO
MeronoMm Pynre—Kytrel 4-ro mopsaka. YpaBHEHUsI paCIpOCTPAHEHUS N3IIy4YEHUS
pemaroTcss MeTooM Jitniepa. sl peleHrs cucteM UHTErpo-audpepeHInanbHbIX
ypaBHeHUI BoabTepphl UCONB3yeTCss MOAUMUKALIUS METoAa DUepa, MoJIydeHHAs
Ha OCHOBE NPHUMEHEHUS (QOpMyJbl Tpaneuuid K BBIYMCICHUIO HHTETPAIOB C
IIEPEMEHHBIM BEPXHUM IIPEIEIOM.

HOJIO)KeHI/ISI, BBIHOCHMMBIC 3a 3allIUTY

1. [Ipu uMIyJIbCHOM JE€TEKTUPOBAHWM PE30HAHCA KOTEPEHTHOTO TIUICHEHUS
HACEJICHHOCTEW CYIIECTBYET OINTHMalibHAsg Pa3HOCTh (a3 MexAy YaCTOTHBIMU
KOMITOHEHTAMH CUYHUTHIBAIOIIETO MMITYJbCa, IPU KOTOPOM CIABUT pE30HAHCA
SBJIICTCSI HaWMMEHEE YYBCTBUTCIBHBIM K HM3MEHCHUIO ONTHYECKON IUIOTHOCTH
CpeIIbI.

2. 3aBUCUMOCTH CIBUTA PE30HAHCOB KOTEPEHTHOTO TJICHEHUS HACEICHHOCTEH,
JNETEKTUPYEMBIX METOJOM PAMCH, OT DIUIMIITHYHOCTH 3JEKTPOMArHUTHOTO
U3ITyYCHHUS] IMEET HEMOHOTOHHBIA XapakTep, MPHU KOTOPOM CYIIECTBYIOT O0OJIacTH
MUHUMAJIbHOH  YyBCTBHUTCJIBHOCTH  CIABHTAa  PE30HAHCOB K  M3MCHCHHIO
AIUTATITUYHOCTH.

3. HeBbipoxkaeHHOCTD BO30YKJIEHHOTO COCTOSIHUS aTOMOB npu
JIETEKTUPOBAHUU PE30HAHCOB DJIEKTPOMArHUTHO-UHIYITUPOBAHHONW MPO3PAaYHOCTU
B T'a30BBIX sueiikax 0e3 OydepHOro raza ¢ aHTUPEIAKCAIMOHHBIMHU TOKPBITUSIMU
CTEHOK BBI3BIBAET AaCHUMMETPHUIO OCHOBHOTO pE30HAaHCa U MPUBOJUT K
BO3HUKHOBEHHUIO JIOTIOJIHUTEILHBIX PE30HAHCOB MPHU HEHYJEBBIX JBYX()OTOHHBIX
OTCTPOMKAX.

4, [Ipn ManbIX IMHAX Ta30BOM SYEWKH MO CPABHEHUIO C IJIMHOW BOJIHBI
CBEPXTOHKOT'O  PACHICIUICHHS OCHOBHOTO COCTOSHHUS aTOMOB  IOSIBJISIOTCS
pasnmuuus B AyadbHOW (hOpME PE30HAHCOB AJICKTPOMATrHUTHO-WHIYIIUPOBAHHOM
MPO3PAYHOCTH  MEXKAY 3€pPKaTbHO-KOTEPEHTHBIM W TU(PY3HBIM  THUIIAMHU
OTpaXE€HUS aTOMOB OT aHTUPEJIAKCAITMOHHBIX IMTOKPHITHI TOPIIEBBIX CTEHOK.



JIMYHbBIN BKJIAJA aBTOPA

Bce Teopernueckue pesynbTaThl, MPEICTABICHHBIC B JUCCEPTAIMU, IMOTYYCHBI
aBTOPOM JIMYHO. BbIOOp 001Iero HampapieHUsI UCCIICOBAHMA, TOCTAHOBKA 3a/1a4
U UX OOCYXJIEHHE OCYIIECTBIUINCh COBMECTHO C HAYYHBIM PYKOBOIUTEIEM M
KOJUIGKTUBOM Hay4dyHOM rpynnbl «Onruyeckass CHEKTPOCKOMHUS KBAaHTOBBIX
cuctem» CIIGITY Ilerpa Benwukoro.

Anpobanusi padoThI
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MEXIYHAPOAHAST MOJOJEKHass KOH(pEpEeHIUsl MO JIIOMUHECUEHLUUH W JIa3epHOU
¢usuke, mnocesuieHHas S0-J€THI0O TEpPBOM IMIKOJAbI MO JIOMUHECLEHIMH B
Upkyrcke, UpkyTck, 2019; The VIII International Symposium « Modern problems
of laser physicsy MPLP-2018, Kazanb, 2018; XVI MexayHapoaHas MOJIOACKHAS
KOH(epeHLMs MO JIIOMUHECHEHIIMU U JIa3epHOU pu3nke, nocsuieHHas 100-neTuto
HpkyTckoro rocynapcTBeHHOro yHuBepcutera, Mpkyrck, 2018; International
Conference Laser Optics 2018 (ICLO 2018), Cankr-IlerepOypr, 2018.

[To pesynbraTam HMCClieIOBaHUM, MPECTABICHHBIX B TUCCEPTALIMU, OMTyOJINKOBAHO
15 pabot, B TOM umciie 8 cTaTeld B pelEH3UPYEMBIX KypHalaX, PEKOMEHIOBAaHHBIX
BAK. Crircok paboT mpuBe/ieH B KOHIIE aBTopedepara.

PaGora BemonHena mnpu ¢uHAHCOBOM momuepxkke Poccuiickoro (Qonma
byHIaMEHTAIBHBIX — HcclieoBanuii, @oHAAa CONCUCTBUS HWHHOBALUSIM  TIO
nporpamme «YMHUKY, rpanta [Ipesnaenta PO qist MONOABIX KaHAUAATOB HAYK,
Poccuiickoro HayuHoro ¢onga, MuHucTepcTBa HayKd U BBICILIEr0 00pa3oBaHUA B
pamkax ['ocymapctBeHHoro 3ajgaHusi (0asoBasi 4yacTh), PoHAa pa3BUTHUSA
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teopeTudeckoi ¢puzuku u Matematuku «bA3MCy». Psa pe3yabTaToB ObLIT MOTYyUYEH
C MCIIOJIb30BAHUEM BBIUHCIIUTEIBHBIX PECYPCOB CYNEPKOMIBIOTEPHOIO LEHTpa
Cankr-IletepOyprckoro mnonurexHuyeckoro yHusepcutera Ilerpa Bemmkoro
(http://www.spbstu.ru).

COJEPKXAHUE PABOTHI

Bo BBez(erm 000CHOBaHa AKTYAJIBHOCTL  IIPOBCACHHLIX PICCJICI[OB&HHﬁ,
C(bOpMYJ'II/IpOBaHI)I OCjib 1 HaydHasad HOBHU3HA pa6OTLI, MICPCUYUCIICHBI OCHOBHBIC
IIOJIOKCHUA, BBIHOCUMBIC Ha 3aIIIUTY.

IlepBasi rjaBa  I[OCBAIIEHA IIOCTPOEHUIO  IOIYKIACCHMYECKOM  TEOpUM
B3aMMOJIEHCTBHS OMXPOMATUYECKOTO M3IYYEHHS C PE3OHAHCHBIMU CpEIaMU
IIEJIOYHBIX aTOMOB IIOCPEACTBOM A-CXeMbl. IIpH 3TOM BHENIHEE W3Iyd4EeHHE
ONKUCHIBAETCS  KAaK  KIACCHYeCKas  DJIEKTPOMArHWTHAs  BOJIHA,  BEKTOP
HAIPSOKEHHOCTHU DJIEKTPHUYECKOTO T0JIsE KOTOPOH 3aIMCHIBAETCS B BHJIE

E(z,t) =E,(z,t)e "™ + E,(z,t)e” ") 1 xc, (1)
TZIe ,, K; — 9aCTOTBI ¥ BOJHOBBIC YHCJIA JIBYX YACTOTHBIX KOMIIOHEHT BOJIHBI, E,

— KOMIUIEKCHBIC aMIUTUTY Bl COOTBETCTBYIOLIMX COCTABIISIONIMX BOJHBI ( j=1,2).
31ech «K.c.» 0003HaYaeT KOMIUIEKCHOE COIPSIKEHUE MPEIbITYLIETO BEIPAKEHHUS.

CocTostHuE aTOMHOT'O aHCaMOJIsl OTMCHIBAETCSI METOJIOM OJTHOYACTUYHON MaTpPUIIbI
IJIOTHOCTH B TIpeJicTaBlieHnd Burnepa mo nocrynaTesibHbIM CTENEHSIM CBOOOIbI
atroMoB (P, r,t), KOTOpas yIOBIETBOPSIET CIACAYIOIIEMY KBAHTOBOMY
KHHETHYECKOMY YPaBHEHHIO:

(§+%Vj[)(p, rt) = —%[H,b(p, r) ]+ R{p(P.1.D}+S (A.1.1), (2)

rame m — macca aToMa, p =mv — HUMITYJIbC IIOCTYHATCIBbHOI O JABHXKCHHUS aTOMa, H

A
A

— TraMwWwIbTOHMAH CHCTEMBI, R — cymepomnepaTtop, (PEHOMEHOIOTHYSCKH

YUUTHIBAIONINI CIIOHTAHHYIO pEJIaKCAIMI0 aTOMOB, S — CYIIEpOIepaTop
WHTETPAJIOB CTOJIKHOBEHHUM.


http://www.spbstu.ru/

B pasmene 1.1 npuBoguTCs  BBIBOJ
ypaBHEHUW  JII  DJIEMEHTOB  MATPHIIBI
IJIOTHOCTH C YYETOM JIBIDKCHHSI aKTHBHBIX
aToMOB. J[JIg ommcaHMs IIOBEICHUS aToMa
HIEJIOYHOTO0 MeTajyla B JIa3€pHOM  TOJIE
UCITOJIB3YETCSl  YETHIPEXYPOBHEBAs MOJEIb
atoma (puc. 1), B KOTOpOil JBa OCHOBHBIX
COCTOSIHUSA |9),9=12 COOTBETCTBYIOT

CBEPXTOHKOMY PaCIIEIICHUIO S-COCTOSHHS, a 0
1Ba BO3OYK/ICHHBIX |e),e=3,4 CBEPXTOHKOMY ‘ >

pacumierieHuro  p-coctostusg. B ml.1.1
o Puc. 1. YerplpexypoBHEHBas cxema
IMPpUBOAUTCA BBIBOJ YPAaBHCHHH JJIA ClIy4dasd B3aMMOICHCTBHS aroMa c

Hann4ust  OydepHoro rasa. CTONKHOBCHHUS  jpyxyacTOTHBIM MOTEM.

aKTHUBHBIX aTOMOB C aToMaMu OydepHOro

ra3a YYUTBIBAIOTCA MOCPEACTBOM HHTETPAJIOB CTOJNKHOBEHUH B (2), KOTOpBIE
HaXOAATCS B MOJCIHM CHJIBHBIX CTONKHOBeHME [36]. B m.1.1.2 momydeHs
ypaBHEHHS [JIi MaTpUIbl IJIOTHOCTH JBUWXKYIIUXCS aTOMOB B OTCYTCTBUU
Oy(depHoOro raza, Ho ¢ y4eTOM CTOJKHOBEHHUW C TOPUEBBIMU CTEHKaMHU Ta30BOU
aueiiku. Pemas 3amayy B nOpuOmMKeHMM — c¢naboro  mpoOHOro  mosi,
COOTBETCTBYIOILIETO CXEMeE JETeKTUpOBaHUs pe3oHaHca DUII, ynaercs momyduThb
3aMKHYTO€ aHAJIMTUYECKOE PEIICHUE ISl TPOU3BOJIBHBIX TPAHUYHBIX YCIIOBHI Ha
CTCHKaX.

B paznene 1.2 onuchIBalOTCS TpaHUYHBIC YCIIOBUS JUIST HEKOTOPBIX M3BECTHHIX [19]
MOJENEN OTPaKEHHSI aTOMOB OT CTEHOK STYEHKHU:

1)  3epkalbHO-HEKOTCPEHTHOE OTPaKCHHE, MPU KOTOPOM CTOJKHOBEHHS
HE MPHUBOJAT K JJIUTEILHOW aJICOPOIMU, HO COMPOBOXKIAIOTCS OOJIBIIINM
dazoBeiM caBuroM. Takol xapakTep OTpPaKEHUS HMEET MECTO A
HEKOTOPBIX TUIIOB CUJIMKOHOBBIX MOBepxHocTeH (1m.1.2.1).

2)  3epKalbHO-KOICpEHTHOE  OTPaXXCHHWE, TPU  KOTOPOM  aTOMBbI
MOJHOCTBIO COXPAHSIIOT BHYTPEHHEE COCTOSIHHE, YNPYro OTpaXasich OT
MOBEPXHOCTH. JlaHHBIN THI HAOIIOJAETCS y MOKPBHITHI ¢ MaJbiM BPEMEHEM
aacopoumu (1m.1.2.2).

3) JuddysHoe oTpaxkeHHe, MpPU KOTOPOM aTOMbI, CTAJIKHUBAsCh C
MOBEPXHOCTEIO, ajcopoupyoTcs  Ha  HE  Ha  OTHOCHUTEIHHO
MPOJIOIKUTEILHOE BPEMS, HO HE TEPSIOT CBOETO BHYTPEHHErO COCTOSHUSL.

Takol TUI OTpa)KeHUsI XapaKTepeH I napaduHOBBIX MOKpbITHH (11.1.2.3)
[AT].

B kaxmoii u3 3TuX Mojieneil HalieHbl KOHCTAHTHI O0IIEro penieHus, MOJIydYeHHOTO
Bm.l.1.2.

B pasnene 1.3 Ha OCHOBE KJIaCCHYECKOTO BOJIHOBOTO YPAaBHEHUS MIPUBENICH BBIBO/I
YpPaBHEHUI paclpOCTPAaHEHUs JIBYXYACTOTHOTO AJIEKTPOMArHUTHOIO MOJS 4depes
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PE30HAHCHYIO ONTUYECKH MJIOTHYIO CPEly YEeThIPEXypOBHEBBIX aTOMOB. Ha ocHOBe
MOJYYEHHOIO0 YPaBHEHUSI IPOU3BE/ICHA OLIEHKA XapaKTEPHOI'O CEYEHHUS pacCesiHUs
aTOMOM JJICKTPOMArHUTHOMN BOJIHBI.

m= —[-1/2 —I1+1/2 1-1/2 I+1/2
8745 8I+6
............... 6043 bl g e@ - e o= 41/2
R, < “
——————— ii————t————————————-=-—————.—.—— s [
7y 4 +3 [ ] ﬁ F I 1/2
o, |

47 +1 4] +2
v 2041 2042 — =

------ e e T ng =7/+1/2
Sl/z
N ey F, =1-1/2

Puc. 2. Cxema B030yxneHus ypoBHeW DI1-TuHMH MIETOYHOTO aTroMa HEBBIPOXKICHHBIX TIO

MMPOCKIHHU ITOJIHOI'O MOMCHTA. 3I[€CI) | — 3HadeHuE CIMHA aapa, F — 3payenue moyiHOrO

n

MOMCHTA aToOMa B COCTOAHHNU |n> .

B pasmene 1.4 mpou3BOAWTCS BBIBOA YPAaBHEHHH JUISl JIEMEHTOB MaTpPHILIbI
IUVIOTHOCTH WIEJIOYHBIX AaTOMOB C YY€TOM IIOJHOM HEBBIPOXKIEHHOCTH HX
MarHUTHOM CTPYKTYphl (puc. 2) W MPOU3BOJIBHOW TMOJIAPU3ALMH Ja3epHOTO
U3ITy4YEHHUS.

Bo BTOpoM riiaBe TIpUBOIATCA U

OOCYXKIAIOTCSl ~ pe3ysbTaThl  YHMCICHHBIX 4 |E1’2|
pacueToB pe3oHaHCHbIX KOHTypoB KIIH,
JETEKTUPYEMBIX MeTogoM ummyibcHoro |Haxaumparommii  CumThIBarommn

BO30yX/eHus: PaMcH, BBINOJHEHHbIE Ha | HMILYILC UMITYIIBC
OCHOBE TE€OpHH, TMPUBEICHHOM B riase |
JUIS. MOZJEJIBHOM YETHIPEXYPOBHEBOM CXEMBI Ty Td T

F
F

PP N
-

v

»
L

BO30ykneHus. B paznene 2.1 mpuBoautcs
onucaHue cxembl Pamcu, paccMarpruBaeMoit
B JJaHHOUM paboTe, a UMEHHO cCly4as JABYX >
NpSIMOYTOJIbHBIX HUMIYJbCOB (puc. 3). B t
pazzene 2.2 paccMaTpUBalOTCs pe3yabTaThl,
MOJTyYEHHbIE Ha OCHOBE TEOPUH,
nocTpoeHHot B pazgenax 1.1 m 1.3, B

IpeJielie HyJIEBOW TEMIIEPATYPBI.

Puc 3. [IlocnenoBarenbHOCTh — JIa3epHBIX
HMMITYJIbCOB IIPH cXeMe omnpoca Pamcn.
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I
I
= | _
— I o
L ]
= 00
Il
N
A
| - - -z=05L
78! z=0.75-L
05F ‘) .
00 02 04 06 08 1.0
®, pan/n

Puc. 4. 3aBucumMocTh BEIMUMHBI CBETOBOIO C/ABHUIa
S OTHOCUTENBHO TIOJIOKEHHUsS] pE30HaHCca B
ONTUYECKU TOHKOW Cpelie OT HayaJIbHON Pa3HOCTH
¢a3 BxomHelIx mnoneit @ Ha cUMTHIBaKOIEM
HMITYJIbCE JUIS PA3JIMYHBIX 3HAYEHUN ONTHYECKOU
TOJILUHBI.

W
LW

—T =35"C
- T =40"C
e T = 45°C

2
wn

[\

S — S(T=30 °C), 'y

0.4 0.6 0.8 1

®, pan/m

0 0.2

Puc. 5. 3aBuCHMOCTE BETUYHMHBI CBETOBOT'O CIABHTA
S OTHOCHUTENBHO TIOJIOKEHHSI PE30HAHCA TIPU
temreparype T = 30 °C or Ha4YaabHOM Pa3HOCTH
(a3 BXOIHBIX TOJIEH Ha CYUTHIBAIOIIEM UMITYJIbCE
JUTSL Pa3IUYHBIX TEMITEPATYP.

[Tpon3BoauTCS aHAIHU3 3aBUCUMOCTH
dbopmbl 1 cnBuroB pezonancoB KITH
Pomcn, JETEKTUPYEMBIX B
ONTUYECKA TOHKOW cpene, OT
BEIMYMH MATPUYHBIX  DJICMEHTOB
orepaTopa JUNOJLHOTO MOMEHTa

ATOMHBIX Nepexo10B, q9aCTOThI
CBCPXTOHKOI'O PaCHICIICHUA
B036Y)KI[CHHOI‘O COCTOAHUA,

JUTUTEILHOCTH TEMHOBOM Tay3bl U
gacTOT Pabu BHEIIHETro M3ITy4YCHUS.
B pasmene 2.2 mpousBOAUTCS
aHaJM3 aHAJOTUYHBIX PE3yJIbTaTOB,
MOJTYYEHHBIX TUTST OIITHYECKHU
TUIOTHOM cpenbl «XOJIOTHBIX
atoMoB. B 4acTtHOCcTH, m©DOKa3aHa
BO3MO>KHOCTD noadopa
OMpE/ICICHHOW HayaabHON Pa3HOCTH
baz @®, MexIy YacTOTHBIMU

KOMIIOHEHTaMU CUUTHIBAIOIIIETO
MMITYJIbCA, TP KOTOPOW YaCTOTHBIN
CABUT  LEHTPAJIBHOTO  pE30HaHCa
KIIH Pamcu OKa3bIBACTCSA
HE3aBUCSIIUM  OT  ONTHUYECKOU
ToNmuHbI cpensl (puc. 4) [Al, A9—
Al1]. B pasnene 2.3 ananusupyercs
HOBeACHIE PE30HAHCOB KIIH
PoaMcu, JeTEeKTUPYEeMBIX Ta30BbIX
A4erKax [pU HEHYJIEBOU
TeMIeparype. B II. 2.2.1
UCCIIEAYIOTCS.  CIAy4an ONTHUYECKH
TOHKHX cpen, MMEIOLIUX
otHocutenbHO Hu3kue (0.001 — 1 K)
u BBICOKHE (30-60 °C)
temneparypbel.  [lokasano,  4TO
MOBEJEHUE 3aBUCUMOCTH CBETOBOTO
CIBUTA oT TeMIrepaTypbl

OIPEIENISICTCSl TEMIIEPATYPHBIM YIIMPSHUEM JUCIICPCHOHHOTO KOHTYpa [A2, Al2,
Al13]. B o. 2.2.2 nmpousBoautcs ananus pezonancos KITH Pamcu, nerextupyembix
N0 WMHTEHCHUBHOCTU MPOUIEAIIETO CKBO3b SYEHWKY H3IYy4Y€HHUS, C COBMECTHBIM
YUYE€TOM OINTHUYECKOW IUIOTHOCTH W TEMIIEpAaTypbl aTOMHOM cpenbl. Mccnenyrorcs
3aBUCUMOCTH (OPMBI M CIBHIOB PE30HAHCOB OT TEMIIEPATYphbl CPEAbl, YaCTOTHI

CBCPXTOHKOI'O PaCICIICHUA

BO30YKIEHHOTO

COCTOsAHUNA, KOHIOCHTpAaK1

OydepHoro raza, gactor Pabu BHENIHETr0 HW3Iy4YeHUs, MIUTEIHHOCTH TEMHOBOM
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nay3bl M HayalbHOM pa3HOCTH (a3 @ MeXAy YacCTOTHBIMU COCTAaBJISIOIIMMU
cunThiBaromiero ummyibsca [A3, A13, Al4]. [Toka3aHo, YTO B ONTHYECKH TUIOTHON
cpene 3ddext ¢Ha3oBoil KOMIEHCAIIMM 3aBHCHMOCTH CBETOBOTO CJIIBHTA OT
ONTUYECKOW TOJNIIMHBI OOHAPY)XEHHBIA B pasfene 2.2 NposBILETCS, Kak
MO/IABJICHHE 3aBHCHMOCTH CJIBUIa LIEHTPAJbHOTO pPE30HAHCAa OT TeMIEpaTyphbl
(puc. 5). B pazgene 2.4 BBHINONHSETCS CpPaBHEHHUE MPEICKA3aHUN TEOpHH,
npeacTaBieHHOW B paszaenax 1.1 m 1.3, c skchnepuMEHTalbHBIMU JaHHBIMU U
MOKAa3bIBACTCS] HAIMYUE KaYECTBEHHOI'O COTJIacus Pe3yJIbTaTOB.

B Tperbeii riiaBe NpuBOASTCS pe3yJIbTaThl YACIEHHOTO MOJIETMPOBAHMS IPOLECCca
B030y:xnenus pezoHancoB KITH Pamcu ¢ yueToM MarHuTHOW CTPYKTYpbl YPOBHEMR
D1-murun  atomoB ®’Rb u BeKTOpHOrO XapakTepa SIEKTPOMArHUTHOTO IIOJIS Ha
OCHOBE TEOpHMH, MOCTpoeHHOW B pazuaene 1.4. B pasnene 3.1 anamuzupyercs
3aBUCUMOCTh (QopMbl crnekTpa pe3oHaHcoB KIIH Pamcu oT BeauuuHb
IPWIOKEHHOTO MAarHUTHOTO IOJISI W JJUIMITHUYHOCTH BHEIIHETO Ja3epHOro
U3IYyYEHUs] B PaA3IMYHbIX KOHPUrypauusx ero mnosspusauui. Ilokazano, 4ro
VU3MEHEHUE aMIUIUTY/Ibl PE30HAHCOB C YBEJIMYEHHEM MAarHUTHOIO IOJII MMEET
HEMHOHOTOHHBIM xapaktep. JlaHHbII 5>(QQekT oOBsACHAETCS AEeCTPYKTHUBHOM
uHTep(depeHIel pa3auuHbIX KaHaJIOB HMITYJIbCHOTO BO30Y)KIEHUS pPE30HaHCa
KITH B D1-nunuu. B paznene 3.2 aHanu3upyeTcs MOBEJIEHHE CBETOBOI'O CIBHIra
LHEHTPAJIBHET0 pe30HaHca PaMcH mpW HM3MEHEHUH NPUII0KEHHOTO MarHUTHOTO
NOJII M BJUIMITHYHOCTH JIa3€pPHOTO

n3nyyeHusd. llokazaHa BO3MOYKHOCTH 20
IIOJIaBJICHUs 3aBUCUMOCTH CBETOBOIO _
CABUTa OT TeMIeparypsl NoadopoM H v ,°

- \ ’

—~
ONIPE/ICIICHHOT0 3HAYEHUA MarHUTHOTO = 201 '\~ Ry T
nossi. Taxke  OOHapyXeHO, 4YTO || S .7 |- dinflins oot

-40 1 ~ PR welinllin— 6o ]

3aBUCUMOCTb ClIBUTa oT =< S==7 | hinflins oo
DJUIMNTUYHOCTU H3IYYCHUS SIBJISICTCS UE 60
HEMOHOTOHHOM M HMMEET DKCTPEMYMBI & |
npu OIIPELICIICHHBIX 3HAYECHUAM
mapamMecTpa 3SJUIMIITUYHOCTH (pI/IC 6) -1000 0_65 0:1 0.15 0:2 0.25
JlaHHBIH s ekt 00yCIIOBJICH X/
U30TPONHOCTHIO CHUCTEMBbI B Puc. 6. 3aBHUCHMOCTb CHIBHIra LEHTPAIBHOIO
MOIEPEYHON JIa3€pHOMY aydy pesonanca KIIH, nerekrnpyemoro MeroaoMm

mnockoctn  [A8]. B pasmene 3.3 Pasmcn, ot mapamerpa SJUIMNTHYHOCTH IIpU

HpOI/I3BOI[I/ITC$I CpaBHeHI/Ie pGSyJIBTaTOB nepexoae OT mHnapaJUICIbHBIX IMOJIIPU3AlUU K
Pa3IMYHBIM  KOHQUTYpalMsM  IUPKYJISPHBIX

pacdeTroB ¢  OKCICPUMCHTANBHBIMH | - e —

JaHHBIMHU. IToka3ano HajJu4due

Ka4€CTBEHHOI'O COTJIACUS PE3YJIbTATOB.

B yerBepToOii r;1aBe Ha OCHOBE TEOPHH, U3JI0KEHHOU B paznene 1.4, uccinenyercs
BJIUSIHUE CTOJIKHOBEHUM AKTUBHBIX aTOMOB C TOPLEBBIMU CTCHKAMHU STYECHKH Ha
xapaktep 3hdexra SUIL Tlpu sToM HCTONB3yeTCS YETHIPEXYPOBHEBAS MOJEIb
aTOMOB, YUYUTBHIBAIOIIAsI CBEPXTOHKOE PACIHIEIIIICHIUE BO30YKIEHHOTO COCTOSHUS.
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B pasnene 4.1 Ha ocHOBE aHaIM3a M3BECTHOrO [24] aHATUTHYECKOTO BBIPAXKCHUS
JUIT BOCIIPUMMYMBOCTH €IMHHUIBI (pa30BOro obObema Oe3rpaHMYHONl BO BCEX
HAIpPaBICHUSAX CcpeAbl K MPOOHOMY MO0 TMpeJiaraercs ceayomiee (pU3nIecKoe
OOBSICHEHHE pa3jNuusi CTOKCOBA M AHTHUCTOKCOBA KaHAJOB pacCestHHsl MPOOHOTO
u3nydeHuss npu jaerektupoBanmm OUII B cpene ABrxymmxcs atomoB [A4].
JlelicTBHE CBA3ABAIOLIETO MOJII HA ATOMHBIM MEPEXO0/ MPUBOAUT K PACIICTUICHUIO
BO30Y>KJIEHHOT'O COCTOSIHUSI Ha J]Ba «OJICThIX» COCTOSIHUA. B CKOpOCTHBIX rpyrmimax
aTOMOB, JIJI1 KOTOPBIX OTCTPOMKA CBS3BIBAIOLIETO MOJI BEJIMKA MO CPAaBHEHUIO C
ero yactotoi Pabu, yactoTa OJIHOTO U3 OJIETHIX COCTOSIHUN OKa3bIBaeTCs OJIM3Ka K
4acTOTE HEPACUICIUIEHHOTO YpPOBHA M CMEIIEHa HAa Malyl BEIMYHHY,
ONPENENAEMY0 OCTATOYHBIM JIOMIUIEPOBCKUM CIBUIOM Ou, re 4 - pa3HOCTh
MEX/Ty BOJHOBBIMH YHCJIAMHU CBSI3BIBAIOIICTO W MPOOHOTO moJieii. B ciyvae d>0
(cTOKCOB KaHaJ) CYIIECTBYET CKOPOCTHAs TpyIia aTOMOB, JUIS KOTOPO# YacToTa
OJHOTO M3 OJIETBIX COCTOSIHAM COBMNAAA€T C YaCTOTOM TEMHOIO PE30HAHCA,
JIETEKTUPYEMOTO MPOOHBIM U3TyueHHeM. [[aHHbIe aTOMBI BO30OYXKIAIOTCS B OJIETOE
COCTOSIHWE, U B PE3yJbTaT€ PE30HAHCHOE IMOIJIONIEHUE MPOOHOTO H3IyYEHUS
YCUJIMBAETCS.

jab}
—

—0, = 10° pan/c
T —--Qc=5><105 pa/c
e QC =10° pai/c

—0_=10" par/e

-- QC=5 x 10° pan/c
- Qc= 106 pan/c

Kountpact SUII
Kontpact DUIT &

2 0 2 4 6 -2 0 2 4 R

Ap, pan/c X10 Ap, pan/c x10

Puc. 7. 3aBHCUMOCTH KOHTpPAcTa PE30HAHCOB MPO3PAYHOCTH OT OTCTPOUKH MPOOHOTO MOJIs TIPU
pasIMYHBIX YacToTax Padm cesaswiBaromiero monst 2. Juis 3epKalbHO-KOTEPEHTHOTO (a) W JUIs
auddy3Horo (6) TUIIOB OTpaKEHHs aTOMOB OT CTeHOK. Jlnmubl sueiikn: L =4, (@) u L =104,
(6), rne 4, — JUIMHA BOMHBI CBEPXTOHKOIO PACIIEIIEHUS OCHOBHOTO COCTOSHHS.

B pasnene 4.2 aHanm3upyroTcsl pe3yibTaThl, MOTYYEHHBIE B MOJEIHN 3€PKaIbHO-
KOTE€PEHTHOTO OTPa)KEHUS aTOMOB OT TOPIIEBBIX CTEHOK sueiiku. [lokazaHo, 4TO
HEBBIPOXKJACHHOCTh  BO30YXKIECHHOTO COCTOSHUS TNPUBOAUT K  TOSIBJICHHIO
JOTIOJTHUTENHHBIX MUKOB B CIEKTPE TMOTJIOMICHUS MPOOHOTO H3Iy4YeHUs KaK B
cilydae 3eKpaJlbHO-KOTrepeHTHOro (puc. 7 (a)), Tak u B ciaydae auddysnoro (puc. 7
(6)) TumOB OTpaXkeHHsT aTOMOB OT cTeHOK. Kpome Toro, Hamuuue
JOTIOJTHUTEIPHOTO CBEPXTOHKOTO YPOBHS B BO30Y)KJICHHOM COCTOSIHUM TIPHBOJIHAT
K HCKaXeHHUIO (JOPMBI OCHOBHOTO pe3oHaHca. [IpuTom Tem cuiabHee, 4eM OoJIbIe
aMIUTUTY/Ia CBS3BIBAIONIETO OIS, Takke MPUBOIUTCS CPaBHEHUE HCITOJIH3yEMOTO
AHATMTHYECKOTO PEIICHUS C YMCICHHBIM PEIICHUEM ITOJTHONW CUCTEMBbI ypaBHCHUM

JUISE MaTpUIlbl TUIOTHOCTU. JleMOHCTpHUpyeTcs YIOBIETBOPUTENIBHOE COTJacue
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pe3yJIbTaTOB ¢ OTHOCUTEIbHOM omnOkoit MeHee 0.1%. B paznene 4.3 npuBoasTcs
pe3ynbTaThl pacyeToB B Mojaenu Au(dy3HOTO OTPaKEHHS aTOMOB OT CTEHOK.
OOHapyXeHO, YTO B SYCHKAxX OIMPEACIICHHBIX JJIMH aTOMBI MPOSIBIISIIOT CBOMCTBA
3epKaJIbHO-HEKOTEPEHTHOTO OTpakeHus. B 3Tux ciydasx BbIpaXX€HUE st
BOCIIPUUMYHBOCTH CPEJIbI IPHHUMAET 0c000 TipocToid B [AD, A15].

B paznene 4.4 npousBoauTtcsi cpaBHeHue criekTpoB DUII, momydeHHBIX B MOJEIISIX
3epKaIbHO-KOTepeHTHOTO W auddy3Horo orpakenuit. M3 puc. 7 BuAHO, YTO
mMpUHa W amiumtyga pezoHanca OMII pactyr Bmecte ¢ aMILIUTYI0M
CBSI3BIBAIOLIETO MO W B Mojaenu 1up@dy3HOro, U B MOJECIH 3€pKaIbHO-
KOTepEHTHOr0 OTpaxkeHus. [l s4yeexk IMHOM mMOpsiAKa AJUHBI  BOJHBI
CBEPXTOHKOTO PACIIEIUIEHHS OCHOBHOTO coCTosSHU 4, (puc. 8(a)) Qopmel
PE30HaHCOB MpHU 3epKaTbHOM U AUGEHY3HOM OTpaKeHUSIX €1ab0 OTIMYAIOTCS. DTO
OOBSICHSIETCSI T€M, YTO MPOCTPAHCTBEHHbIE OCIWLUISLIUM  BO30YXKAaeMOM
HU3KOYaCTOTHOW KOTE€PEHTHOCTH P YCPEOHSIOTCS IO SUYeiKe U BKIJIAJ B OOIIUH
KOA((UIUEHT TOIJIOMIEHUSI BHOCUT TOJIBKO HX CpelHEe 3HaueHHe, KOTOpoe
OJIMHAKOBO JUIsl 00OUX XapaKTEPOB OTPAKEHHs. B MajbIX XkKe, 10 CpaBHEHMIO C iy,
sueiikax (puc. 8(0)) ornuune Mexay IupGy3HBIM U 3€pKaJbHBIM OTPAKCHHUSIMH
CKa3bIBACTCSl 3HAYMTEIHHO CHIIbHEE, MOCKOJIbKY HH3KOYACTOTHAsI KOTEPEHTHOCTH
HE YCIEBAEeT COBEPIIUTH IMOJIHBIN MEpUOA OCHMIULSIINNA 32 BpeMs MpoJeTa aToMa
MEXly CTEHKaMU U YCpEIHEHHUE MO silueKe NIPUBOJUT K PA3IUYHbIM CPETHUM A, .
B Takom ciydae pe3oHaHC IPO3payHOCTH JEMOHCTPUPYET JBOMHYIO CTPYKTYpY,
UCHBITHIBAs JIONOJHUTEIBHOE CYXXKEHHE B IEHTpaJbHEW 00J1acTU BCIEACTBHE
apdekra duke [A6]. B pasmene 2.5 BoInmonHseTcs CpaBHEHHE NpeiCcKa3aHHi
TEOpUH, NpPEACTAaBIEHHOW B paszaene 1.2, ¢ 3KCINEpUMEHTaJIbHBIMU JAHHBIMH U
MOKA3bIBACTCS HATMYHME KAUeCTBEHHOTO COTTIACcHs pe3yIbTaToB.

a) 7><]0'6

0 . .
-1.5 -1 -0.5 0 0.5 1 1.5 -3 -2 -1 0 1 2 3
Ap, paz/c %10 Ap, paj/c x10°

Puc. 8. CnexTpsl moriomeHus mpoOHOro M3IydeHUs i ciaydaeB Aud@y3HOro (CIriionIHble
KpPUBBIE) U 3€pKaIbHO-KOTEPEHTHOT0 (IyHKTHUPHbIE KPUBBIE) XapaKTEPOB OTPAXKEHHS aTOMOB OT

CTEHOK B OTHOCHTEJBHBIX €IMHMIIAX MPH Pa3IMYHBIX YacToTax Padu csspiBaromero mons €2
1— Q. =10° pan/c, 2 — Q, =5.10° pag/c, 3 — Q, =10° pan/c. Jlnuust stueiiku: L= A, (@) u
L=0.14, (6).
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B 3akiroueHun 0600111€HbBI OCHOBHBIE PE3YIbTaThl paOOTHI:

1.  TloctpoeHbl MaTeMaTHUe€CKHME MOJEIM BO3HUKHOBEHHS TEMHBIX
PE30HAHCOB B Cpelax, UMEIONIMX HEHYJEBYIO TeMIepaTypy, HEHYJEBYIO
ONTUYECKYIO TUIOTHOCTh, KOHEYHBIE pa3Mepbl B MPOJOJBHOM JIa3€pHOMY
Jydy HamnpaBJIeHUHM, a TakXKe pa3pelieHHYI0 MAarHUTHYI0 CTPYKTYpy

YPOBHEN.
2.  IlomydyeHbl ypaBHEHHS, ONMUCHIBAIOIIME SBOJIIOIHUI  COCTOSHUSA
paccMaTpuBaeMbIX ~ aTOMHBIX  Cpel, M  YpaBHEHUS  IepeHoca

6I/IXpOMaTI/IIICCKOI‘O N3JTYUYCHUA CKBO3b HUX.

3. HpOBGI[eH pacucT JIMHUM PC30HAHCOB KOI'CPCHTHOI'O INNICHCHHUA
H&CGHGHHOCTGI\/JI, ACTCKTUPYCMBIX MCTOJAOM HMITYJIBCHOI'O B036Y)KI[6HI/I$I, )41
PC30HAHCOB BJIGKTpOMaFHI/ITHO-I/IHIIYI_II/IPOBaHHOﬁ IIPpO3PavYHOCTH,

JETEKTUPYEMBIX HENPEPBIBHBIM H3JIyYEHHEM, IIPU PA3JIMYHBIX NapaMmeTpax
JIA3€pHOM HAKAYKHW U ATOMHOU CpPEJIBI.

4.  TlokazaHO CyIIeCTBOBaHHE OIpPEACIIEHHON pa3HocTU (a3 MExITy
ONPANIUBAIOIINMY Ja3€PHBIMUA MOJIIMHU, IPU KOTOPOW CABUT LIEHTPAIBHOIO
pe3oHaHca PsMcu HE 3aBUCUT OT [JIMHBI SYEWKU B CJIy4dae ONTUYECKHU
IJIOTHOM CpeJibl HEMOABUKHBIX aTOMOB.

5.  Tloka3zaHo, 4TO MpPHU OMPEACJICHHBIX YCIOBUAX Pa3JIMYHBIC KaHAJIbI
UMITYJIbCHOTO ~ BO30YXKIEHUSI  PE30HAHCOB  KOTEPEHTHOTO  IUICHEHUS
HACEJICHHOCTEW CIMOCOOHBI HHTEep(depupoBaTh, UYTO MPOSBISETCS Kak
HEMOHOTOHHOE W3MEHEHHUE AaMIUIMTYJl pPE30HAHCOB IIPU YBEIWYEHUU
BEJIMUYMHBI ~ MPUJIOKEHHOIO  MAarHUTHOTO  TOJISI WM MapameTpa

AIUTATITUYHOCTH.
6. [IpennoxkeHo Qusnueckoe OOOCHOBAHHME pa3IMUUS CTOKCOBA U
AHTUCTOKCOBAa  KaHAJIOB  paccesHusi  MPOOHOTO  WBJIyYCHHS  TIpH
JETEKTUPOBAHUHT PE30HAHCOB AIIEKTPOMArHUTHO-UHIYITHPOBAHHOM
IPO3PAYHOCTH
7. [Tokazano, uro mpu HaOmoAeHUU d(hPerTa IIEeKTPOMArHUTHO-

UHIYIIMPOBAHHON TMPO3PAaYHOCTH B sS4YEHKAX KOHCYHBIX IPOJIOJIBHBIX
pa3mepoB 0e3 OydhepHOro raza B ClieKTpe MOTJIOMICHHS TPOOHOT0 M3 TyUYCHHS
MOTYT BO3HHKATh JIOMOJHUTEIbHBIC PE30HAHCHI TPO3PAYHOCTH.

8.  OOHapyXeHO, 4YTO B cCiyyae, €CiIu JJIMHA s4Yeiiku Oonblle WIn
NOpsZIKAa JJIUHBI BOJIHBI PACIIEIUIEHHUS OCHOBHOTO COCTOSIHUSI aTOMOB, TO
UCYE3al0T pa3ianyus B (POpMe pe30HAHCOB MPU U3MEHEHUH THIA OTPaKEHHUS
OT aHTHPEJIAKCAITMOHHBIX TOKPHITHI TOPIIEBBIX CTEHOK.
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