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®DoToHbl 06J/IAIAIOT HYJIEBOM MACCON IOKOsI M BCErJa MBUKYTCS CO CKOPOCTBIO CBETa B BaKyyMe, HO He
HUMEIOT JUIOJBHOIO MOMEHTA. ATOMBI ¥ MOJIEKYJIbI, KOTOPBIE MOI'YT UMETh [TOCTOSIHHBIN WJIM [I€PEMEHHbBIN 1~
[TOJIbHBIM MOMEHT, 00JIa/IAI0T MACCO ¥ IIOTOMY He MOTYT JBUTATHCS CO CKOPOCTBIO, PABHOM CKOPOCTH CBETA MJIN
npeBocxopsieit ee. [losromy Bompoc 06 n3/ydeHnn MOMOOHBIX CICTEM DU MX JBUKEHUH CO CKOPOCTHIO CBETA
He craBuiicsd. OHAKO MOXKHO CO3/J]aTh MHOXKECTBO MCKYCCTBEHHBIX OObEKTOB (CBETOBBIX 3ailYnKOB, 3¢ deKTuB-
HBIX 3aps/I0B, UMILYJIbCOB TOKa U T.II.), KOTOPBIE MOIYT JBUIAThCS CO CKOPOCTBIO CBETA M JaKe MIPEBBIIIATDH
ee. B TakoMm ciydae OHM CTaHOBATCS MCTOYHUKOM 3JIEKTPOMArHUTHOIO M3jydeHus. B mannoit pabore Oyjer
PacCMOTPEHO U3JIyUYeHUe YeJIMHEHHOI'0 HMILYJIbCA HOJISIPU3AIllUd, KOTOPBIH JIBUXKETCS CO CKOPOCTBIO CBETa U
3HaYeHNEe aMIINTYIbl KOTOPOIO MOXKET OCTaBATBCS IOCTOSHHBIM WJIM U3MeHAThes. Ilokazano, 4To ecm am-
[UINTYAA UMITYJIbCA IIOJISIPU3AIMN He MEHSIETCsI, TO TAKOi OOBEKT He N3JIydaeT BOBHE, T.€. U3JIydaeMOe UM I10JIe
OCTaeTCsl IMIOJTHOCTBIO JIOKAJTM30BAHHBIM BHYTPH JBHUXKYIIEr0Cs yEeTMHEHHOIO UMITY/Ibca Nonsgpusanuu. Ecin xxe
aMIUIATY/Ia TAKOTO OObEKTa MEHSIETCSI CO BpEMEHEM, TO OH HAaYMHAET U3JIydaTb Ha3al. B aToil curyanuu moryT
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Beenenune. MarepuasnbHbie 00beKTH (B 9aCTHOCTH,
3apszKE€HHbIE YACTUIIbI, JUMOJA — ATOMBI, MOJIEKYJIbI U
T.II.) HE MOI'YT JBHUIATLCs CO CKOPOCTHIO, DABHON WM
IpeBBIIIAKoNIell CKOpocTh cBeTa B BakyyMe ¢ [1]. Oxna-
KO B ONTHKE YK€ JABHO M3BECTHO MHOXKECTBO Pa3JINd-
HBIX 00bEKTOB — CBETOBBIX 3aINKOB, 3(p(HEKTUBHBIX 34~
PSIZIOB, MMIIYJIbCOB IOJIAPU3AIMN U TOKA U T.II., KOTO-
pbIe MOTYT II€PEMEIAThCs C IIPOU3BOJIBHOM CKOPOCTHIO,
Jrazke Gouibet ckopocru cseta [2-7]. K HEM oTHOCHT-
Cs1, HAIIPUMED, CBETOBOE IISITHO OT OBICTPO BPAIIAIOIIE-
rocsi IPOXKEKTOPa Ha YJAJEeHHOM dKpaHe [2]. Ipyrum
IIPAMEPOM SBJIAETCA CBETOBOU 3all9MK, KOTODBIA ABJIA-
ercst 06JIACTHIO TIepecedeHnsT KOPOTKOIO CBETOBOIO NM-
IyJIbCa C IJIOCKUM KpaHoM [2—4]. Takue 06beKThl MO-
TYT SABJISATHCS UCTOTYHUKAMU KOT€PEHTHOTO JJIEKTPOMAT-
HUTHOTO M3JIy4Y€HUsi, HAIpUMeED, n3JryueHus BasuioBa—
Yepenkosa [2-T|, a Tak»Ke yJIbTPAKOPOTKUX JIEKTPO-
MATHUTHBIX UMITYJIbCOB [8,9].

B mocstenmne rogpr ObLT JOCTUTHYT 3HAYUTEIbHBIN
[IPOrPecC B T'€HEPAINU IPEIEJIbHO KOPOTKHUX UMITYIIb-
COB 3JIeKTPOMArHUTHOrO u3saydenus [10-15]. IIpexesom
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COKpAIIeHHs JIJINTEIbHOCTU UMITYJIbCOB IIPU (DUKCAIIUU
CIIEKTPAJILHOIO JiMala3oHa (Hecylas 4acrora KoJeba-
HUIA [10JIs He TI0J(BEPraeTCs U3MEHEHHUIO) sBJIAETCS IOy -
YeHUe IIOJIYIUKJIOBBIX HMMILYJIbCOB, COJEPXKAINUX JIUIIIh
OJIHY ITOJIYBOJIHY 3JIEKTPUIECKOTO MOJIsA. Takue UMITy b=
CBI TO3BOJISIOT 3M(MEKTUBHO yIPABIATH apaMeTPaMu
BeIleCTBa Ha CBEPXOBICTPBIX BPEMEHHBIX MaciiTrabax,
HEJIOCTYIIHBIX [P UCIOJIB30BAHUU MHOIOIUKJIOBBIX OII-

THYECKUX UMITYJIbCOB [16].
3a mocieHee BpeMsi ObLIU IPEJJIOKEHBI HECKOJIb-
KO Pa3JIMYHBIX METOOB, [IO3BOJISIOININE TOJIY9aTh IIOJTy-
I[IUKJIOBBIE UMITYJIbCHI Kak B TeparepuosoM (TT'm), Tak u
B OIITMYECKOM JIMala3oHe. B yacTHOCTH, IIOJIYIIUKJIOBbIE
HMITYJIBCBI OBLIN MTOJIy9€HbI B BUJE IIPEIBECTHUKOB DU
MHOTO(hOTOHHOM HOHUBAINH B SJIEKTPOOIITHIECKIX KPH-
crastax [17-19], B pe3ysnbraTe KacKaHBIX IPOIECCOB B
wia3me [20], npu BO30YKIEHUM METAJIMIECKON MUIIIe-
HU MOIIHBIMU (DEMTOCEKYHHBIMU UMIyJibcamu [21-25]
U IIPU PACIPOCTPAHEHUHU YIBTPAKOPOTKOIO UMILYJIbCA, B
HepaBHOBECHO! asme [26-28]. Ilomumo sToro, B psije
paboT ObLIN TEOPEeTUIECKHN HANIEHBI COJTUTOHHBIE Dellie-
HUsl B BUJIE HOJIYIUKJIOBBIX YHUIIOJISIPHBIX UMIIYJIbCOB B
Pa3IMYIHBIX HEJIMHEHHBIX PE30HAHCHBIX cpejax [29-34].
B mammoit pabore moka3zaHo, KaK ¢ ITOMOIILIO AP
[IPEJIEJIbHO KOPOTKHUX IIOJIYIIUKJIOBBIX HMITYJIBCOB BO3-
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MOYKHO CO3IaTh B PE30HAHCHOHN cpeje Takoil HeoObItd-
HBIH 00BEKT, KAK YeJIUHEHHBIH UMITYJIbC TOJISTPU3AIIIH,
KOTOPBIIl IBUKETCSI CO CKOPOCTBIO CBeTa, & TaKzKe pac-
CMOTPEHO M3JIydeHne Ho00HOro obbekTa. Paccmarpn-
BalOTCA KaK CJIydail MMITYJIbca IOJISPU3AIUN ITOCTOSAH-
HOU aMILUIUTY/IbI, TAK U CJIyd4ail, KOT/ia aMIUIITYIa MO-
2KET U3MEHATHCH.

Tlomo6HbIiT 00bEKT, HACKOJIBKO HAM U3BECTHO, pAaHee
HE pacCMaTPUBAJICS, TIOCKOJIbKY 0018 IaHue JTUTIOIbHBIM
MOMEHTOM II0JIpa3yMeBaeT HaJIU4IHe 3apsAJ0B U CBA3AH-
HBIX C HUMH MacC, YTO He II03BOJIAeT UM JIBUIATHCA CO
ckopocTbhio cBera. OIHAKO OOBEKT, MOMOOHBIN yKa3aH-
HOMY T'HIIOTETHYECKOMY, MOXKHO CO3JIaTh B PE30HAHCHOMN
cpese. DTO TaK HA3BIBAEMBIIl UMITYJIBC OCTAHOBJIEHHOM
nossipuzaruu (MOIT) [35,36] (cm. Takxke [37,38]), xo-
TOPBI BO3HUKAET IMPU BO3OYKJICHUN PE30HAHCHOM cpe-
Jbl IapOil KOPOTKUX HUMIIYJIBCOB C JIJIUTEIbHOCTHIO KO-
pode Iepro/ia Pe30HAHCHOIO Iepexona cpenbl 11o. Ecin
UHTEPBaJ MeXK/Iy HUMILYJIbCAMU PaBEH IIOJIOBUHE IepHU-
0/la PE30HAHCHOIO Iepexona cpeibl Ti2/2, TO nepsblii
HMITYJIbC BBI3BIBAET PE30OHAHCHBIE KOJIEOAHMS TOIAPU3a-
UK CPeJIbl, & BTOPOI UMITY/IbC OCTAHABIUBAET UX. B pe-
3yJbTaTe 3aBUCUMOCTD IIOJIAPU3AIAN OT BDEMEHHU UMeeT
Bt ostyBostabl. Januerit MOIT npepcrasiser coboit mo
CyTHU MCKYCCTBEHHBI JUII0JIb KOHEUYHBIX pa3mepoB. Or-
METHUM TaKKe, 9TO JBUKEHHE MOJI00HOTO JIUTIOJIS HEe CO-
IIPOBOXK/IaeTCs IIepeMeleHIeM MacC B HAIIPABJICHUU €ro
pacupoCTpaHeHUs.

Mp! aHATUTHYIECKU W YUCJCHHO MCCJIETyeM HEOOBIU-
Hbl€ CBONCTBa U3JIyIeHUdA, KOTOPOE CO3JaeT TaKOU JIO-
KaJIN30BAHHBIN YeIUHEHHBII HMIIYyJIbC IOJISIPU3AINAN C
ITOCTOSTHHOM WJIM MEHSAIOINIecs aMILTUTyaoi. Yuciien-
HOe pellleHue IIPOBEIECHO JJid Ciaydas, KOTJa ye IMHEeH-
HBIIf MUMIIYJIbC OCTAHOBJIEHHOH HOJIApU3aIlId HABOJUT-
cs Iapoil HOJIYIUKJIOBBIX UMILYJIBCOB B CJIO€ JIBYXYPOB-
HEBOI WJIM MHOTOYPOBHEBO# pe3oHaHCHOI cpeibl. [lo-
kazano, uro Takoit MOIl B ciiyuae mpocTpaHCTBEHHO-
HEOTHOPO/IHOT'O CJIOSI CPeabl MOZKET U3JIyvaTh apy YHU-
[TOJIIPHBIX UMITYJIbCOB IIPAMOYTOJBHON (DOPMBI.

ITpuMmep aHATIMTUYECKOTO PEIEeHUs OJHOMEP-
HOI'O BOJIHOBOT'O yYPaBHEHUd /[Jid YEOUHEHHOI'O
VMIIYJIbCA MOJISPU3ANUU. JBOJIONNS JTEKTPUIECCKO-
I'0 TI0JIS1 OIIMCHIBAETCA BOJTHOBBIM yPaBHEHHUEM, COIEPIKa-
M B IIPABOl YaCTU MOJISIPU3AIUIO cpeibl. B ojtHOMEp-
HOM CJIy4Jae OHO UMeeT BU/IL:

PE(2,t) 1 0°E(2,t) 4w 0*P(z,1) 1)
022 2 o2 2 o2

rie P — nonsipusariust cpefpl, £ — HapsKeHHOCTD 3JIeK-

TPUYECKOTO II0JIdd, C — CKOPOCTDH CBETa B BaKyyMe.
IIpeamosmokum, 9TO UMeEETCsT 38 JAHHBIN UMITYJIbC 10~

JIAPU3AINY, KOTOPHIil JIOKAJIN30BaH B HEKOTOPOil 0bJIa-
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CTH, PABEH HYJIIO0 BHE 9TOH OOJACTH U HAIPS2KEHHOCTH
oJist KoToporo P obJagaeT ryiaiKkoit mepBoil IpoOu3Bo/I-
HO Ipu TIepexo;ie u3 00JIACTH, T/e MOSTPU3AIUI PABHA
HYJIIO, B 00JIACTB, I/le OHA OTJINYHA OT HyJs. 1lycTs mv-
IIyJIbC TIOJIAPU3AINN PACIPOCTPAHSACTCA C IIOCTOSHHOM
IIPOU3BOJILHOHN CKOpPOCTHIO V 1 ero ¢gpopma, yI0BJIETBO-
pdomas YKa3aHHBIM yCJIOBUAAM, UMEET BU/I:

P(z,t) =1 (1 — COS W (t — %)) ,

Zoi<iom, 1= (2)
1% 14 wWo
B Takom ciaydyae HaM HEOOXOAMMO HAWTH PelIeHUe BOJI-
HOBOro ypasrenus (1), rje B upaBoii YacTu CTOUT BbIpa-
xkenue (2). CooTBercTByIOlIEe PEIleHne HETPYIHO Hali-

TH B BUJE:

E(z,t) = By coswo (tfé), %§t§%+TO, (3)

rae Ajid aMIIJIMTYAObI IIOJIyYaeTCd CJAEIYIOIIee BbIpazKe-
HuUue:

A7 V/?
V2 _ 02 : (4)
C y4aeroM perenns: OHOPOIHOTO BOJIHOBOT'O Y PaBHEHUsT
(1) 6e3 mpapoii yacTu, obIee penieHne HeOIHOPOIHOTO

Ey=1]

YPaBHEHHsI DM HAJIMINN UMITYJIbCA ToJsgpu3anun (2) ¢
ydaeToM perieHus (3)—(4) MOXKeT ObITh IPEJICTABICHO B
BUJIE:

E(z,1) = Hoi‘fﬁ/; x
Jomn (- 5) e )] 2
+h(t+2), S<t<T+ (5)

¢ Ipou3BOJIbHBIMU GyHKIUsIMU f1 U fo. Paccmorpum Te-
epb CJIy4ail, KOrja yeJIWHEHHDBI WMILYyJIbC MOJIApU3a-
[IUU PACIIPOCTPAHSIETCS CO CKOPOCTHIO CBeTa, T.e. V = c.
B rakoM ciyvae nepsbiii uieH B BeipazkeHnu (5) comep-
JKUT HEOUPEEJEHHOCTb, TakK 4TO (5) CBOAUTCS K BUILY:
2 . z z z
E(z,t) = —Tpwoz - sinwy (t - —) , —<t<=+T,.
c c c c
(6)
Vpasuenue (6) onucbiBaeT JUHEHHOE HAPDACTAHUE JICK-
TPUYECKOTO TI0JIsI BHYTPH YEIUHEHHOT'O UMILYJIbCA TTOJIs-
pHU3AIUK 110 Mepe ero PaclpOCTPAHEHUs] B CJIOE CPEJIbI.
ITpu sTOM BHE O0JIACTH CYIECTBOBAHUSI IIOJISIPU3AIIAN
9JIEKTPUYIECKOE I10JIe OTCYTCTBYET.

OrmeruM, 9TO B IPUBEIEHHOM AHAJTUTUIECKOM OITH-
CAHMM TOJISIPU3allusl CYMTaeTcsi 3aJaHHOi. Ilpu sroM
MBI IIpeHebperaeM CaMOBO3IEACTBUEM JIAHHOTO UMITY/Ib-
ca MoJISIpU3aIi. DTO 3HAYUT, YTO TEHEPUPYEMOe ITOM
moJIApu3aIueil mojge CIUTaeTcsd CJaabbIM U HECIOCOD-
HBIM BBI3BATH 3HAYUTEJIbHbIE M3MEHEHUs! IIOPOJIUBIIEN
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€ro mojigpu3anuu. B mociemyomnemM pasiesie B IuCIeH-
HOM pacyeTe JaHHble 3PDEKTHI OYAYT yITEHBI.

ITpumep npakTUYecKoii peaIn3alum yeInHeH-
HOT'O MMITYJIbCA MOJIIPU3ali 1 OCOOEHHOCTH €ro
U3JIy4eHUusl B OJHOPOJHON M HEOJHOPOTHOI pe-
30HaHCHOI cpege. CxeMaTHYECKN CUTYAIHs, B KOTO-
POl MOKHO NMPAKTUYIECKUA PEAJTHM30BATH UMITYJILC Y€ M-
HEHHOM IIOJISIPU3alliu C IIOCTOAHHON MJIM HapacTaroei
AMITATY/ION U TOKA3aTh OCODEHHOCTHU €r0 U3JIyIeHUs B
ONHOPOIHON M HEOTHOPOIHOU cpelie, IIpeJICTaBICHa Ha
puc. 1.

N (2)

Puc.1. (Lsernoii onsaitn) IBa BO30YKIAAIOMMUX yHANO-
JIAPHBIX UMILYJbCa, CICAYIOIUX C BDEMEHHOHU 330epP2KKOM
T12/2 Mex Ty HUMHA, PABHOM MOJIOBUHE TIEPHOJIA PE30HAHC-
HOI'O IIepexo/ia Cpejbl, MaJaloT HOPMAJIbHO HA IPOTAXKEH-
HBI CJI0# BYXypOBHEBOM cpeapl (IIBETHON IPSIMOYTOJIb-
HUK). Pacupezesienne KOHIEHTPAIMN YaCTHL, BHYTPH CJIOSI
N (z) nMeeT NPsIMOYTOIBHYIO UM TpaleluesalbHy o pop-
My, HOCJIeJHAS CXeMAaTUIYEeCKU II0Ka3aHa Ha PUCYHKE

Ha npoTsizkeHHyIo JIByXypPOBHEBYIO CPEJy U3 BaKyy-
Ma (cJieBa HAIPaBO HA PUC. 1) ABUKETCH HOPMAJILHO A~
pa IOJIYIUKJIOBBIX yHHIOJSPHBIX HMITYJIbCOB, PaCIpO-
CTPAHAIOIMKXCA BIOIb och 2. OObeMHasd KOHIEHTPAIIN
gacrul, B cpegie N (z) u3aMeHsiercs BIOJIb CJIOS U UMEeT
OPSMOYTOJIbHBIA WJIM TPAlleNUeBUIHbIE podmib (1o-
cyleIHAI CXeMaTHYeCKU 110Ka3aH Ha puc. 1). Bpemennast
3aJIepKKA MEXKTy BO30YKIAIOMMME MMIIYJILCAMEA PAaB-
Ha IOJIOBHHE II€PHOJA PE30HAHCHOIO IMEepexojla Cpe.lbl
T12/2 = 7/wi2, Ty w12 — 9ACTOTA TIEpexoa cpepl. st
3JIEKTPHYECKOTO MOJIA MAJAIOMINAX UMITYJILCOB BO3bMEM
CTIeIYIONIEe BLIPAKCHHE:

E(t) _ Eoef(tfz/c)z/'rs + Eoef(tfz/c7T12/2)2/'r§ (7)

€ aMIITATY/I0H UMITyTbCOB Ky U IIUTEeNBHOCTDIO T)p. JIBa
BO30YKJIAIONINX YHUIIOJIAPHBIX uMiryabca (7) 6yayT co-
snaBarb VMOII, KOoTOpHIl B Ccilydae JIOCTATOYHO MAaJIoi

KOHIIEHTPAIIMHA BEMIECTBA JIBHXKETCS BMECTE C HUMHU B
CpeJie CO CKOPOCTBIO, MPAKTUIECKH PABHON CKOPOCTH
cBera.

VYpaBHenuss wmogesu. [ljas onumcanusi OTKJIAKA
JIBYXyPOBHEEO CPEJIBI HA MOJIE€ BHEITHUX UMITYJIHCOB HC-
HOJIL30BAJINCH CTAHJIAPTHBIE YPABHEHUS JIJIsi MATPUIILI
IJIOTHOCTHU PE30HAHCHOM J[BYXYPOBHEBOIi cpebl [39]:

Opra(z,t) _  pia(zt) n
ot Ty
Fiwnpa(at) - dpB(z0On( 0, @)
on(z,t) _ n(zt) —no(2) N
o T,
4
+ ﬁdlgE(z,t)Implg(z,t), (9)
P(Z, t) = 2N0d12Re P12, (10)

rje p12 — HeAMArOHAJLHBINM 3JIEMEHT MATPHUIBI ILJIOTHO-
CTHU JIBYyXyPOBHEBOI CPEIBI, N = p11 — P22 — PASHOCTH Ha-
cejieHHOCTEl ypoBHE(l (MHBepCUsi) IBYXYDPOBHEBOIi cpe-
Ibl, d12 — IATOJILHBIA MOMEHT pabouero nepexojia B cpe-
JIe, Ng — PABHOBECHAs PA3HOCTh HACEJECHHOCTEH IBYX
pabounmx ypOBHE B OTCyTCTBUE JIEKTPUIECKOTO MOJIS
(no = 1 auist moruromatomeit cpepl), 71 — Bpemsi pesax-
caluu BEepXHero pabodero ypoBHsI CpeJibl, 15 — BpeMs
peJTaKCaIN MOJIAPU3AIAA CPeIbl, /i — IpUBEIeHHas 0~
crosanas [lianka.

VpaBHeHHs [JIsl OTKJIUKA CPeIbl JOJKHBI OBITh JI0-
HOJTHEHBI OJTHOMEDPHBIM BOJTHOBBIM yPABHEHUEM JIJIsT 9BO-
JIOIUN 3JIeKTprdeckoro noust (1). Beuio nposeneno cos-
MECTHOE YHCJIEHHOE DellleHne CUCTeMbl ypasHeHuii (1) u
(8)—(10). ITapameTpsl gaHbl B TabJI. 1 HUXKE U COOTBET-
CTBYIOT NIEPEXOly W3 OCHOBHOTO B HUKHEE BO30YIKIEH-
HOe cocTosiuue B arome Bomopona [40]. Ormernm, 4To
paccMOTpeHHasl OJHOMepHasi MOJIeIb MOYKeT ObITh pea-
JIN30BaHa B KOAKCUAJILHBIX BOJHOBOJIAX, B KOTOPBIX OT-
CYTCTBYIOT 9aCTOTBI OTCEUKH U PaCIPOCTPAHEHHE YHU-
HOJISIPHBIX UMILYJIbCOB BO3MOKHO 6€3 IIOTePH YHUIIOJIAD-
Hocru [41].

Pesynbrar unciennoro pacaera nosst MOIT ayist coty-
Jasi O fHOPOIHOM cpeibl (N (z) = const) mpejicranieH Ha
puc. 2. OT™MeTuM, 9TO IPU OCTPOEHUN PUC. 2 U3 00IIe-
T'0 JIEKTPUIECKOTO IOJisd OBLIO BBIYTEHO ITI0JIE€ BO30Y K-
JIQIOIIUX UMITYJIbCOB (7), TaK YTO MOJIyUeHHOe I0JIe CO-
OTBETCTBYeT JIMIIb U3JIy9eHHUIO CJIosI cpebl. Kak BUAHO
U3 puC. 2, U3IyIaeMOe CPEIOi TOJIE€ OCTAETCS JIOKAJIN-
soanHbIM BHyTpu VOII 1 Jmneiino Hapacraer mo mMepe
pacupocrpanenus: TOII gepes cioit cpeipl.

B oramuume oT curyanum, paccCMOTPEHHON aHAATH-
YECKH, IMILYJIbC TTOJIAPU3AIAN NMEET XapAKTEePHDIA BHT
HOJIyBOJIHBI, KaK IOKAa3aHOo Ha puc. 3. B anajuTudeckoMm
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Ta6auna 1. ITapamerps! paccMaTpuBaeMoOil pe30HAHCHOM ABYXYPOBHEBOH CpeIbl U BO3OY?KIAIOMINX UMITYJIHCOB

Yacrora nepexoga 12 (1ymHa BOJIHBI EPEX0IA)

w1z = 1.55- 10 pax/c (A\12 = 121.6 ™)

JunonpHbIl MOMEHT Ttepexoza 12 di2 = 3.27 1
Bpems pestakcanuy pa3sHOCTH HACEIEHHOCTEMH Ty =1mnc
Bpewms pesakcanuu mosstpusaniuu T> =1 =HC

MaxkcumasbHast KOHII€EHTpalud ABYXYPOBHEBBIX aTOMOB

No = 1019 em—3

AmnuuTyna moss

Eg = 100000 ex. CI'CD

,Z[J'II/ITG.HLHOCTB HNMITYJIBCOB BO36y}K,£[‘eHI/I$I

Tp = 30 ac

Hnunaa cpenbl

L = 3 MM

E,..(z, 1) (ESU)

z (um)

30

¢ (fs)

Puc. 2. (IBerHoit ontaiin) DBOTIONUS TPOCTPAHCTBEHHOIO PACIPEIEICHUS U3JLyIaeMOr0 CPEJIOH IEKTPUYIECKOTO MOJISL C Te-
YeHneM BPEMEHH JJIsl CJIydasl OJTHOPOHOIO CJIOS CPebl; XOPOIIO BUIHO, YTO (POPMUPYETCS OMHOIUKJIOBBIA MMITYJIBC TOJIS,
siokasm3oBanublil BuyTpu MOTII, aMmmTyia KOTOporo JIMHEHHO HAPACTAET 110 MEPe PACIPOCTPAHEHUSI B CPeJie

[IpUMepEe JJIUTEILHOCTD UMITYJIbCA TIOJISIPU3AINN TMEIa
[IPOM3BOJIBHY O BeJIMYUHY. Eciiu jij1st cpaBHEHUsI Pe3yJib-
TATOB CYMTATH, YTO YACTOTA B BbIpaxkeHuu (2) coor-
BETCTBYET YaCTOTE TEPEXOJIa CPEJIbI, TO JINTEIHLHOCTH
NOII B nBa pa3a MeHbIIle, YeM B aHAJMTUIECKON 3a/1a9€.

Kak u B aHa/uTHYeCKOM pacyere, BO3SHHKAET UM-
MyJIbC U3JIy9IeHus, KOTOPhIi nBuxkercs Bmecre ¢ VMOTI.
3/1eCch MCTOYHUKOM WU3JIyUEHUS SIBJISIETCS] MCKYCCTBEH-
HBII JIMIIOJIb — MMILYJIbC OCTAHOBJIEHHOM IIOJISIPU3AIINAN,
KOTOPBIIl IBUKETCS B CPEJIE CO CKOPOCTHIO CBETa U Pac-
[TOJTOYKEH MEKJLY BO30OYKIAIONIUMU YHUIOJISIPHBIMUA UM-
nysbcamu (7). Takoil MCKyCCTBEHHBIH JIUIONB, KAK CJle-
JIyeT U3 PelleHus], U3JIy4aeT JIIIb B MOMEHT ero oopa-
30BAHUSI U UCIE3HOBEHUsI, 9TO TPOUCXOUT HA TPAHUIIAX
cpensl [35]. Korma e OH JBUXKETCS B Cpejie, TO HE U3-
JiyuaeT BoBHe. Eciin Obl OH m3jydati, K [IpUMeEpy, BIle-
pejl, TO TOrja CKOPOCTh, ¢ KOTOPO# ObI pacmpocTpaHsi-
JIOCh 9TO M3JIy4deHune, Obljaa Obl OOJIbIIE CKOPOCTH CBETA.
Buyrpu NOII, Kak TOJBKO 9TO OTMEYAJIOCH BhIIIE, €CTh

IIucbma B 2K9TP® Tom 117 Bpm.7-8 2023

I10JIe B BHJIE OJHOIUKJIOBOTO UMILYJIbCA, IIPUYEM AMILIH-
TyIa 9TOr0 OJJHOIUKJIOBOIO MMILYJIbCA PACTET 10 BEJIH-
YUHE MPSIMO IPOMOPIIMOHAIBHO PACCTOSHUIO, IPOHIEH-
Homy B cpesie. OTMETHM TaKKe, 9TO MOJOOHBIN KpaTKO-
BPEMEHHBIN UMILYJIbC HOJISIpU3auu (TOKA), JIBIKY -
Cs CO CBETOBOI CKOPOCTBIO, MOXKET OBITh CO3/aH pHU
JIBUXKEeHNH (DeMTOCEKYHIHOTO JIA3ePHOIO UMITYJIHCA IO
TpyOKe C ra3oM, IIOMEIEHHO! B IOCTOSIHHOE BHEIIHEee
asteKTpudeckoe nojie [42]. B aroum ciyuae ero usiydenue
MIPEJICTABIISIET CODOM KOPOTKUI CyOIMKIIOBBIN MMITYJIbC
TT' nzmyvyenus.

TakuMm o06paszoM JijIsi OJHOPOIHON Cpesbl MbI II0-
JIYYMJIA COBIIAJIEHME CBOICTB WM3JIyYEHUsI, CO3/1aBaeMO-
0 yeIWHEHHBIMH WMILYJIbCAME IIOJSIPU3AINAN, BBITE-
KAOIUX W3 aHAJUTUYECKOTO ¥ UHCJIEHHOTO aHAJIH-
3a. Cro/la OTHOCSTCS JIOKAJIU3allusl I0Jisi B IIpejesiax
AMITYJIbCA TIOJISIPU3AINAN, ITPOIIOPIIMOHATIBHOCTD (QOP-
MBI HMITYJIbCA MIPOU3BOMHON IO BpeMeHH OT (DOPMBI
nojispu3anuu U (pakT JUHEHHOrO HapacTaHWs U3JIy-

7*
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Puc. 3. (IlpeTHoil oHIaliH) DBOMIONMSI IPOCTPAHCTBEHHOIO DPACIIPE/IeIeHNs! HOJISIPU3AIMNA CPeJIbl C TeIeHUeM BPEMEHHU JIsi
cJIydasi OMHOPOHOIO CJIOsT CPEbl; XOPOoIo BUIHO dopMupoBanue moryBoaubl MOII ¢ mocTosiHHON aMILITUTyYH0M

e
foN
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P (z, 1) (ESU)

0.1+

z (um)

Puc. 4. (IIserHoit oumaiin) DBOIIONUS TPOCTPAHCTBEHHOIO DPACIPEIEICHUS MMOJSPU3AINU CPEIbl C TEYEHUEM BPEMEHU JIJIsi
ciydasi HEO[HOPOHOIO CJIOs CPEJIbI C TPAIEeUeBUIHBIM IIPOoduIeM; Xopoiro BugHo dopmuposanue moaysBoauabl LOII ¢ me-

PEMEHHOU aMILINTYI0U

YeHds TPHU JBUYKEHUHM TAaKOrO0 0O0pa30BaHUsI B IIPO-

CTPaHCTBE.
Paccvorpum  Temepn  obpasoBanme  yeauHEHHO-
ro WMIYJIbCa IMOJIPU3AIMK B  IIPOCTPAHCTBEHHO-

HEOJIHOPOJTHOM CJI0€ DPE30HAHCHON cpesbl (CM. TakKe
[38]). Bosbmem TparnenuesaibHy0 3aBUCUMOCTD KOH-
MEHTPAITIN OT KOOPJWHATHI, KAK MOKA3aHO Ha puc. 1, a
UMEHHO, B BUJIE:

3z

N(z):NOL, 0 <z < 1mMKM,

N(z) =Ny, 1<z <2mKM,

3(L—=2)

N(z) =Ny A 2 < z < 3MKM.

PesynbraTh! YncieHHOTO MOAETNPOBAHNST CUTYAITNN, KO-
raa MOII cosmaercss u ABUXKETCS B HEOIHOPOIHON cpe-
IIucema B 2KOT O

ToMm 117 BoII.7-8 2023



N3znyqenne yeqmHeHHOTO UMITY/IbCA MOJISIPU3AIHH, JBIXKYIIETOCS CO CKOPOCTBIO CBETA 585

Je C TaKOU TpallenueIaJbHOIl 3aBUCUMOCTBIO KOHIICH-
TpaIu OT KOOPJMHATBHI, IpejcTaBienbl Ha puc.4. Ha
9TOM PHUCYHKe XOpolro BujHO obpazoanue M1OII B Bu-
Je IIOJIyBOJIHBI, aMIUIUTyAa KOTOPOH cHadaja JUHEHHO
pacTeT, 3aTeM OCTaeTCdA IIOCTOAHHON W HAKOHEI JINHeH-
HO yOBIBaeT 10 HyJIsl, CJIeIysl MPOMUII0 KOHIIEHTPAIUN
PE30HAHCHBIX aTOMOB, TOKa3aHHOMY Ha puc. 1.

0.04 " " " " "
0.03 1
0.021 1
0.01f 1
0
—0.01¢ 1
—0.02 1
—0.03 1

0043020 30 20 30 60

Time ¢ (fs)
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Puc. 5. (Lsernoii omnaiin) Bpemennasi 3aBUCHMOCTL u3-
JIy4aeMoro IoJisi OT CJIOs JIBYXYPOBHEBOH CpDeJbl B BUIE
napbl IPSIMOYTOJIBHBIX YHUIIOISIPHBIX MMILYJIBCOB IIPOTH-
BOIIOJIO?KHOM ITOJIAPHOCTA

Pesynbrarel pacdera BpeMeHHON 3aBUCHMOCTH Ha-
[PSPKEHHOCTU U3JIy9aeMOro CPEeJIOil MOJId B HAIPABJIE-
HUU, OOPaTHOM HAIIPABJIEHUIO PACIPOCTPAHEHUs] BO3-
Oy garommx uMirybcoB (7), nmokasanel Ha puc. 5. Kak
BUJIHO, B JAHHOM cJiydae B uaiydennn wazan NOII co-
3/12€T Mapy NPSAMOYIOJbHBIX YHUIOJSIPHBIX UMITYJIHCOB
[IPOTUBOIIOJIOXKHOM MOJIIpHOCTH. [IepBhIil TPAMOYTOJIb-
HBIl UMILYJIEC UMEET OTPHUIATEIbHYIO MOJSPHOCTD, TO-
rjla Kak BTOPOI — IOJIOXKUTENbHYIO. PaccTosnue mex-
JLy UMITYJIbCAMHE OIIPEEJISIeTC IIPOTAXKEHHOCTHIO YyUaCT-
Ka CPeJIbl, IJle KOHIEHTPAIUs YaCTHUIl mocTostiua. Jjm-
TEJILHOCTD MPSMOYTOJIbHBIX UMITYJIBCOB B CBOIO OY€PEh
OIIpeJIeJIsIeTCs JIJIMHON YYaCTKOB CPEJIbl, 1€ KOHIIEHTPA~
[[Us] MEHSIETCsI 110 JINHEHHOMY 3aKOHY.

MuoroypoBHeBasi cpega. OTKIIHMK CJI0s CPeJIbl HA
puc. 5 TOJydYeH B paMKaxX IPUOJIMIKEHUsT JIBYXYPOBHE-
Boil cpespl. OiHAKO B CHUIy CyOIUKIIOBOM JJTUTETHHO-
CTU BO30YXKIAIONUX UMILYJILCOB BBINIEIEKAIIIE YPOB-
HU SHEPTrUU MOTYT CYIIECTBEHHO BJIMATH HA B3aUMOIET-
CTBHE TAaKUX IPEJEJHbHO KOPOTKUX UMILYJILCOB C PE30-
HAHCHOM CPeJioil, TaKUM 00pa30M JeJiasl IBYXYPOBHEBOE
npubIUKEHNIEe HEIPUMEHUMBIM. I TOObI IPOSICHUTH POJIb
JIPYTHUX IHEPTETUIECKUX YPOBHEH, PACCMOTPUM BO30Y K-
Jenne uMmiryibcamu (7) cJIog MHOTMOYDPOBHEBOI Cpejibl
BMECTO IBYXyPOBHEBO#. B wacTHOCTH, MBI BO3bMEM 5

IIucbma B 2KOTD Tom 117 BRm.7-8 2023

HIDKHAX YPOBHEI aTOMa BOJOPOAA, COOTBETCTBYIOIINX
3HAYEHUIO TJIABHOI'O KBAHTOBOTO 4yucja ot 1 10 5. Baan-
MOJIEfiCTBIE TISITUYPOBHEBOM CPEJIBI C MOJIEM BO30Y KA~
IOIIAX UMILYJIbCOB OIACHIBACTCS C IIOMOINBIO YPaBHEHUN
JJIA aMILIATYZ, CBA3AHHBIX COCTOSHUIT, KOTOPBIE NMEIOT
Bz [39]:

iBnt

5
B(r,t) =D an(t)gn(r)e F

. 5
an(t) = % S dumam () E(t)e™m (11)
n=1

En - El
h b

rje a,(t) — aMIUIUTYIbl PA3JI0KEHUs] BOJHOBOH (DYHK-

Wnl =

MM aToOMa 10 COOCTBEHHLIM BOJIHOBBIM (DYHKIIUSIM
U (), Wrm — 9ACTOTBI IIEPEXOJOB MEXK/LY YPOBHSIMU 1 U
M COOTBETCTBEHHO, a dp,;;, — COOTBETCTBYIONIUE UM JIU-
HOJILHBIE MOMEHTHI. Ilossipusanys cpeibl OnpeeisieTcs
¢ ucnoJib3oBaHueM penrenus ypasaenuit (11) cienyro-
IIAM BBIPAsKCHHEM:

5
P(z,t) = Ny Z dpman (t)al, (e £ ce.,  (12)
n=1

rie Ng — oObeMHasi KOHIIEHTpaIs aroMoB. IlapaMerpsr
MHOI'OYPOBHEBOI PE30HAHCHON Cpelbl, UCIIOJIb30BABIIN-
ecsl B pacuerax, npuBejeHbl B TabJ1. 2. [Tapamerpsr Bo3-
Oy 2K IAIOIIIX UMITYJIBCOB, & TAKKe TOJIIUHA CJIOsI CPEJIbI
7 00 beMHasT KOHIIEHTPAIIAsT aTOMOB OBLIN TEMHU YKe, ITO
u B TabI. 1.

Ososmorust MOII B cioe MHOrOYypOBHEBOM CpeJIbI C
Tpalenue JaIbHON 3aBUCUMOCTHIO KOHIICHTPAIINNA OT KO-
OpaMHATHI TIOKa3aHa Ha puc. 6. Kak BumaHO, auHaMmKa
[IPOCTPAHCTBEHHOI'O PaCIpee/IeHUs] [TOJISIPU3allui Cpe-
bl B IEJOM HICHTHUYHA CIy9aio JIBYXYPOBHEBOH cpe-
Ol Ha puc.4, HO MW3-3a BKJAJa BBIMIEIEKAIINX YPOB-
Hell SHePruu BO3HUKAIOT 0OJIee MHTEHCUBHBIE OCTATOY-
HbIE OCIHUJIIALMY HOJIAPU3aIu cpeanl Beaes 3a MOIT.

Ha pucynke 7 mpeacTaBieHbl pe3yabTaThbl pacde-
Ta BPEMEHHON 3aBHCUMOCTU HAIIPSI?)KEHHOCTHU 3JIEKTPH-
TECKOTO TOJIS, W3JIYYEeHHOTO CJIOEM PacCMaTpPUBAEMOI
MHOTOYPOBHEBOI cpeabl. BHOBD, KaK M Ha PUC. 5, MBI IO~
JIydaeM Iapy MPsiMOYTOJIbHBIX YHUITOJISPHBIX UMITYJIb-
COB pas3HoIl noJigpHOoCcTH. I3 cpaBHeHus puc. 5 u 7 BUI-
HO, 9TO (popMa U JIUTENIHHOCTD MOy IAEMBIX UMITYIb-
COB IIPAKTHYECKHA He IIPEeTEPIeBAIOT M3MEHEHU Ipu
yuere OOJIbIIIEr0 YKC/Ia SHEPreTUIeCKUX YPOBHEH B pe-
3oHaHCHOI cpene. OCHOBHBIE OTJIMYMAS CBOUATCH K IIO-
ABJIEHUIO JTOTIOJHATEILHBIX OCIAIIANNI M3-38 BKJIAIA
BBIIIEJIEXKAIUX YPOBHEH B mossipusaiuio cpeist (12),
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Tabmauna 1. [TapameTpbl MHOTOYPOBHEBON PE30HAHCHON CpPeJIbl

Yacrora nepexona 12 B aToMe Bomopoza (AJIMHA BOJIHBI IIEPEXOA) w1z = 1.55 - 106 pan/c (A2 = 121.6 num)
JurosibHbI MOMEHT Itepexofia 12 di2 = 3.27 11

Yacrora nepexona 13 B arome Bomopoza (IJIMHA BOJIHBI IIEPEXO/A) w1z = 1.84 - 106 pag/c (A13 = 102.6 um)
JumonbHbI MOMEHT Irepexona 13 diz = 1.31 11

Yacrora nepexona 14 B arome Bomopoza (IJIMHA BOJIHBI IIEPEXO/A) w14 = 1.94-10'6 pag/c (A\14 = 97.3 1m)
JurosibHbIl MOMEHT Iepexojia 14 di4 = 0.77 I,

Yacrora nepexona 15 B aToMe Bomopoza (AJIMHA BOJIHBI IIEPEXOA) wis = 1.98 - 1016 pan/c (A5 = 95.0 HM)
JurosibHbI MOMEHT Itepexofia 15 dis = 0.53 11

Yacrora nepexona 23 B aToMe BOZOPOAa (JJIMHA BOJIHBI IIEPEXOA) wo3 = 2.87 - 101° pan/c (A23 = 656.6 uMm)
JumosbHbI MOMEHT Irepexona 23 do3 = 12.63 [1

Yacrora nepexona 24 B aToMe BOAOPOZa (IJIMHA BOJIHBI IIEPEXO/A) waq = 3.88-10'° pazg/c (Aag = 486.1 um)
JumosnbHbI MOMEHT Irepexona 24 dog = 4.85 ]

Yacrora nepexona 25 B aToOMe BOZOPOAa (JJIMHA BOJIHBI IIEPEXOA) was = 4.34 - 101 pan/c (Ao5 = 434.1 nm)
JuIosbHbIN MOMEHT Tiepexofa 25 dos = 2.83 11,

Yacrora nepexona 34 B aToMe BOZOPOAa (IJIMHA BOJIHBI IIEPEXOA) w34 = 1.01-101° pan/c (Ass = 1875.1 um)
JumonbHbII MOMEHT Irepexona 34 d3q = 29.33 [T

Yacrora nepexona 35 B aToMe BOAOPOZA (IJIMHA BOJIHBI IIEPEXO/A) wss = 1.47 - 10" pag/c (M35 = 1281.8 nm)
JumobHbI MOMEHT Irepexona 35 d3s = 10.76 [T

Yacrora nepexona 45 B aToMe BORZOpoAa (AJIMHA BOJIHBI IIEPEXOA) was = 4.63 - 101 pag/c (A\g5 = 4067.2 uwm)
JurosibHbI MOMEHT Itepexofia 45 dgs = 29.93 J1

0.6

P (z, 1) (ESU)

z (um)

30

Puc. 6. (IBeTHoit oumaiin) DBOIIONUS TPOCTPAHCTBEHHOIO DPACIPEIEICHUS MOJISPU3AINU CPEJbl C TEYEHUEM BPEMEHU JIJIsi
ciIydast HEOHOPOIHOTO CJI0sT MHOTOYPOBHEBOM CPEJIbI ¢ TPAIEIMEBUIHBIM TPOMUIEM KOHIIEHTPAIUNA PE30HAHCHBIX aTOMOB

KOTOPBIE MCKAXKAIOT (GOPMY TeHEPUPYEMBIX MMILY/IbCOB
(em. rakxe [38]).

Ananurnydeckoe onucanue nsiydenus MOII B
HEOOHOPO/HON cpejie. PaccMoTpennast BBIIE CUTya-
IUs] MOXKET ObITH ONMCAHA AHAJUTUIECKHU ISl CJIydast
VEeIUHEHHOI'O WMMITYJIbCA ITOJIIPU3AIUH, HAPACTAIOIIErO
110 Mepe IIPOJIBIKEHUs B IpocTpaHcTBe. V3BecTHO ana-
JINTUYECKOE PEIlleHue OJHOMEPHOI'O BOJIHOBOI'O ypaBHe-
uust (1), Koropoe umeer ug, [43]:

Z2
2 oP -7
Erad(z7t) = _% E (Z/at_ u) dZ/, (13)

21

c

rJie IPOCTPAHCTBEHHOE NHTETPUPOBAHNE OCYIEeCTBIIACT-
cst 110 Beeii ToJnuHe ¢jiosi. CoryiacHO 3TOMY BBIPAXKEHUIO
1oJjie, U3JyvaeMoe YacTUIIAMH CPeJibl B paccMaTpuBa-
€MOII OJTHOMEPHOI IeOMEeTpPHH, IIPONOPIUOHAJBHO Iep-
BOII IPOU3BOJHOI IO BPEMEHN OT HOJIAPU3AINNA CPEObL.
IIpousBogHast Ke OT IMOJIYBOJIHBI MTOJISIPU3AIANA MOYKET
BRI 7—-8 2023

IIucema B 2KOQTD  Tom 117
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Puc.7. (LlperHoii onmaitn) BpemeHHasi 3aBUCHMOCTH I10-
JIsT, U3JIy9aeMOro CJIOeM 5-yPOBHEBOM Cpenpl, B BUJE Ia-
PBI IPSIMOYTOJIBHBIX YHHUIIOJISIPHBIX HMITYJIBCOB IIPOTUBO-
TIOJIOZKHOM TTOJISIPHOCTH

OBITH IOCTATOYHO TOYHO OMUCAHA KAK OJIUH IEPHUOT Tap-
MoHIYecKol dyuknuu. Takum 0O6pa3oM, MbI OyIeM JIJIst
IIPOCTOTHI MOJIATaTh, YTO KaXKJbIii OECKOHEYHO TOHKU
CJIOIl ATOMOB TOJIIIUHBL 0z BHYTPHU MPOTAXKEHHOTO CJIOSI
Ha puc. 1 u3ayvaeT OJHOIMKJIIOBBIM TapMOHUIECKHAN NM-
IyJIbC BUJA:

z z z
G(Z,t) = AO sinwlg (t — E) 52, E S t S E + T12,

rae koadpdunuent Ag Mbl OyIeM CUATATH IIOCTOSHHBIM
JUUISl BCET'O CJIOST, YTO JIOILYCTUMO IIPH JOCTATOYHO MaJIOH
KOHIIEHTPAIUN PE30HAHCHBIX [IEHTPOB. Ecim usirydenne
(13) perucrpupyercs JeTEKTOPOM KM HADJIOAATESIEM,
PACIOJIOXKEHHBIM CJIeBa OT ¢J10si (T.e. mojie dbuKcupyer-
Csl B OTPArKEHUM) HA YIAJEHUHN OT JIEBOI IPAHUIIBI CJIOS,
paBHOM D, TO B TO4YKe HAOJIIOJIEHUS U3JIy9ICHHE UMEET

BH/I:
o
é(z,2' = —D,t) = Agsinwia <t - M) dz =
c
2z+ D
= AO sinwlg (t — L) dZ,
c
224+ D 2z4+ D

<t< + T1a.
¢ c

Wzay4yeHne oT BCero CJost ¢ MPOCTPAHCTBEHHBIM ITPO-
dbusem konnenrparuu yacrun N (z) gaercs Caeyonmm
BBIParKEeHHEM:

L
E(z' = -D,t) = /N(z)é(z,z' = —D,t). (14)
0
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Paccemorpum citygait, Koria KOHIIEHTPAIAsS YACTHI JIH-
HeifHO pacter, T.e. N(z) = Kz, UTO COOTBETCTBYET IPO-
dbwmo Ha puc. 1. Torga uaTerpan (14) npuHIMaeT B

L
E(Z =-D,t)= /lizé(z,z’ =-D,t). (15)
0

B nHTepBaJi€e BpEMEHU

T.. KOTjia 00a BO30YXKJIAIONINX HMITYJIbCA HAXOJIATCS
BHYTDH CJI0s1 CpeJibl, nHTerpas (15) npusoguTest K BULy:

E(z' = -D,t) =
(ct—D)/2
2 D
= Agkzsinwig | t — st D dz =
c
(Ct*CTlng)/Q
mAokc?
=, 16
2w, (16)

T.e. DJIEKTPUUIECKOE II0JIe HE 3aBUCHUT OT BPEMEHH, UTO
COOTBETCTBYET MPAMOYTOJbHOMY VHUIIOJISPHOMY WM-
MyJIbCY, AHAJOTMYIHO MOKa3aHHOMY Ha puc.b. B ciy-
Jae TpalelenaJbHOro Mpoduiisi KOHIIEHTPAIIAN, TOM-
MO y4YacTKa C JIMTHEHHBIM HapacTaHHeM KOHIIEHTPAIUU
B JICBOM 9aCTH CJIOS, UMEEeTCsl aHAJOTUYHBIA yIaCTOK B
[IpaBoOil YacTU CJIOsL C JIMHEWHBIM yObIBAHHEM KOHIIEH-
rpanuu. B aroM cirydae unrerpas (14) npuHuUMaer By,
HOJIHOCTBIO aHAJIOrMYHbIA uHTerpaty (16), ¢ oruudn-
eM JINITb B 3HaKe MoJrygaeMoro moJisi. Ha ygactke, e
KOHIIEHTPAIIUsI He MEHSIETCsI, U3JIydeHHs, UJYIIero Ha-
3a, HeT. TakuM 00pa30M, IPU BO30YXKIEHUU CJIOS Cpe-
JIBl C TPAIENENIATBHBIM TPOMUIEM KOHIIEHTPAIIUN Pe-
30HAHCHBIX ATOMOB AHAJUTUYECKU IIOKA3aHO, 4TO U3-
JIydaeMoe I10Jie IIPeJCTaBJisseT CODOM Mapy YHHIIOJISIP-
HBIX TPAMOYTOJBbHBIX HUMITYJIbCOB PABHONU AMILTUTY/IBI,
HO IIPOTHMBOIIOJIOZKHO IOJIIPHOCTH, CJIEIYIONUX C Bpe-
MEHHO 3aJIEPKKOIl MEXKJy HUMH, IPSMO IIPOIOPIHO-
HAJIbHOI TOJIIAHE IEHTPAJIbHOU YacCTU CJIOA C HOCTO-
SIHHOI KOHIIEHTPAIIeil, 9TO COOTBETCTBYET Pe3y/IbTaTaM
qucjieHHoro MojenpoBanus jyisi TOTL.

3akmaiouenue. B pabore aHaInTUIECKNT U YUCIIEH-
HO MCCJIEJIOBAHO U3/TyYeHIe TUIIOTeTHIECKOr0 00beKTa —
VEIMHEHHOI'O UMITYJIbCA IOJISIPU3AINN, [T€PEMEIIAOIIE-
rocsi B MPOCTPAHCTBE CO CKOPOCTHIO CBETA, 8 TAKXKE I10-
JiygeHue mo{00HOTr0 00bEKTA B BUJIE UMITYJIHCA OCTAHOB-
JIEHHO MOJISIpU3allui B JBYXYPOBHEBOI M MHOI'OYPOB-
HEBOII pPE30HAHCHON cpeJie.

[Tokazamo, 94TO B TaKMX CHTyaIldsX CO3JABAEMOE
UMITYJIbCOM TOJISIPU3AIUU U3JIyYeHre HAKaIlJIUBaeTCs B
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Ipeiesiax ero JOKAJIM3anuu. Keim aMIinTyna nMIryJib-
ca IOJISIPU3allui MEHSIeTCsl B IIPOIIECCE JIBUYKEHUSI, TO B
HAIIpaBJIEHUH Ha3a/l BO3HUKAET u3Jjydenue. [Ipu guneii-
HOM HapacTaHuu (YMEHbIIEHUH) aMILIUTY/Ibl UMILYJIbCa
[TOJIAPU3AIIHI HAPSI2KEHHOCTD OJI B U3JIy YCHUU HA3AT
UMeeT BHJI IIPSIMOYTOJIBHOIO YHUIIOJSIDHOTO UMILYJIBCA,
JUIATETbHOCTD KOTOPOT'O PABHA BPEMEHU, B TE€IEHHE KO-
TOPOrO [IPOUCXOAUT HapacTanue (YMeHbIIEHUE) aMILIU-
TYIbl UMILyJIbca mojgpusanuu. CTOUT OTMETUTH, 9TO
[IOJIyYeHHbIE HAME HUMILYJIbCBI COOTBETCTBYIOT OIITUYE-
CKOMY [HMAIa30HYy, TOTJA KaK paHee YHUIIOJISPHBIE M-
IIyJIbCHI IIPSIMOYTOJIBHON (DOPMBI OBLIH HOJIYYEHBI JIUIITH
B PaJlO- U TEPArepIliOBOM YaCTOTHBIX JUAIIA30HAX.

OTMernM, 94T0 PACCMOTPEHNE TAKUX OOBEKTOB, KaK
VEeIUHEHHBI HMIIYJIbC IIOJISIPU3AIANA, CTAJIO0 AKTyajlb-
HBIM B CBSI3U C IPOTPeccoM (DOTOHUKU CBEPXKOPOTKUX U
YHUIIOJSIPHBIX UMITY/IbCOB [10-16], KoTOpasi, B IpUHIH-
11e, IIO3BOJIsieT CO3/1aBaTh 10/I00HbIe 00 beKThI. PaHee 1mo-
JTIOOHBIE BO3MOXKHOCTHU CBEPXOBICTPOTO YIIPABJIEHUS IO~
JIApU3aIyeil U JUMOJHHBIMA MOMEHTAMU B KBAHTOBBIX
cucTeMax Ka3aJIiCh IPAKTUYECKHU He JOCTYITHBIMU U, Ha-
CKOJIBKO HaM U3BECTHO, [IPYTUMHU aBTOPAMA HE PACCMAT-
PUBAJIUCE.

WccnemoBanme BbImosiHeHO Tpy (PUHAHCOBOM I10JI-
nepxke Poccuiickoro nayaHoro hoHIa B paMKax Hayd-
HOro mpoekTa 21-72-10028.
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