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TypO6yieHTHbII KanW/IAPHbII Kackag B6/IM3U KpaAd MHEPLUOHHOTO
WHTepBaja Ha [I0OBEPXHOCTU KBaHTOBOH KUJKOCTU

JI. B. A6nypaxumos?)

, M. IO. PpasxxuukoB, A. A. JleBuenko, U. A. Pemu3son, C. B. ®unatoB

HuctutyTt ¢usuru tBepaoro tera PAP, 142432 YepHoro/noBka, Poccusa

[locTynuna B pepakuuio 10 maa 2012r.

B muccunaruBHOl ofracTu Ha WacTOTax BBINIE YacTOThl Kpafg MHEPIUOHHOIO MHTepBala TypOyJlIeHTHBIH
KacKkaj KalW/UIAPHBIX BOJIH Ha NOBEPXHOCTH KMUAKOrO I'eIMA M BOJOpOJAa 3aTyXaeT II0 3KCIOHEHIHAalIbHOMY
3aKoHy. BemnunHa xapaKTepHOil 4acTOTBl KBa3WILIaHKOBCKOI'O paclipefeleHUs OIpelelfeTcA CHeKTpalbHOil
XapaKkTepUCTUKOH Bo30y:pmaromeil cuiael. Ppu rapmonmdeckoil Hakayke Ha IIOBEPXHOCTH CBEPXTEKYy4ero re-
1WA B peKUMe OUCKPeTHOH TypOyineHTHOCTH HabliomaeTcA HaKOILIeHHe DHePruy BOIM3M KpaA MHEepPIUOHHOIO
nHTepBana. Pddert obycnoBieH BIMAHMEM OUCKPETHOCTH B CIHEKTpPe COOCTBEHHBIX YacTOT ITOBEPXHOCTHBIX
BO30y#JeHUil U B Typ6GylIeHTHOM paclnpefeleHNU Ha MpoIiecCc paclpoCcTpaHeHUA SHePruy Mo Kackamy.

1. BBEHEHPIB. YacTora KallWJIJIAPHBIX BOJIH Ha IO-
BEPXHOCTHU MUIOKOCTHU W OIIpelelfeTcAa BEJIMYMHON BOJI-
HOBOI'O BEKTOpa k, a TaKMe 3aBUCUT OT BEJIMYHNHbBI ROB(I)-
(I)I/II.II/IeHTa MIOBEPXHOCTHOI'O HaTAMEHNUA 0 U INIOTHOCTHU

HMUOKOCTHU p:
o 1/2
w= (-) k32, (1)
p

3akoH gucrmepcud KanmuiApHbIX BoaH (1) ABnsAeTcH
pacmagHbIM, T.e. pa3pelleHbl TPeXBOJHOBbIE IIPOIECCh
pacrnaja ofHO BOJNHBI Ha Be U CIHAHUA ABYX BOIH B
OJHYy C COXPaHeHHUEeM JHepruu U UMILyJbca:

w1 + W = ws, (2)
ki £ ko = ks.

Ppu Bo30ysIeHNU NOBEPXHOCTU MUTKOCTH BHENI-
Hefl cunoii B oblacTW HU3KUX 4YAacTOT B CUCTeMe Ka-
NUNIAPHBIX BOJH MOKeT ObIThb c(opMUpoBaHO TypOy-
JeHTHOe COCTOfIHWE, B KOTOPOM INOTOK 3Hepruu P B k-
IPOCTPaHCTBe HalpaBileH U3 06j1acTH HaKauKkU B CTOPO-
Hy GOIbIIKNX BEKTOPOB (BBICOKKMX YacTOT), — IPAMOIi Kac-
kan. Teopus BonHOBo# (cnaboit) TypGynenTHOCTH [1]
npelcKa3blBaeT, UTO OCHOBHOW BKIaJ B IepeHOC 3Hep-
ruy no TypOylIeHTHOMY KalWIIAPHOMY KacKagy BHO-
CAT TPEXBOJHOBLIE NMPOLECCHI CIUAHUA BOIH. Ppu sToMm
SHeprusA BOJH CTeNeHHbIM 00pa3oM pacnpejeieHa IO
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mKane yactoT: E, ~ w™%. C sKcnepuMeHTalbHOH TOY-
KM 3peHusa Hauboiee yHoGHO KMCCIeNOBaTh MapHYIO KOp-
peasuuonnyio ¢yuruuio I(7) = (n(r,t + 7)n(r,t)) o1-
KJIOHEHUA MOBEPXHOCTH OT PABHOBECHOT'O COCTOAHUA B
TOUKe 7, a He paclnpejelnenue sHeprun F,,, Tak Kak Be-
JAMYUHA OTKIOHEHUI MOBEPXHOCTHU OT ILIOCKOrO COCTOA-
uus 7(r,t) MomeT GbITh HENOCPEJCTBEHHO U3MepeHa B
oneiTe. Teopus BonHOBO# TypGyneHTHOCTH [1] AuA cuc-
TEeMbl KalWLIAPHBIX BOJH HA MOBEPXHOCTH MUAKOCTHU
npefickasbiBaeT (HOpMHUpPOBaHUe TYpOYJIeHTHOro Kacka-
lla B MHEPIMOHHOM MHTEepBale, OrPpaHUYEHHOM 06I1acThIo
HaKayKy Ha HU3KOW 4acToTe M AUCCUNATUBHBIM MHTEp-
BaJIOM Ha BBICOKHMX 4acTOTaX. B mpenenax WHepUMOHHO-
ro MHTepBalla napHas KoppeasuuonHasa Gpyurnus I(r,t)
B (Oypbe-npeCcTaBIeHUN ONKMChIBAETCA CTENEHHON DYHK-
uueit gacTorsl (TypOyIeHTHbIA KacKan):

I, ~w™™. (3)

Ppu stom E, ~ w4/3Iw. Bennuuna moxasartensa crermne-
HU M 3aBUCUT OT CIEKTpPalbHOI XapaKTepUCTUKHU BO3-
Oy patomeit cuibl. [l MIMPOKONONOCHONH HaKAUKU M =
= 17/6. Pamu npeaBapuTelbHble 3KCIEPUMEHTaNbHbIE
uccilefoBaHUA Ha MOBEPXHOCTHU KUIKOrO BOAOpOZAa IO-
Kasaly, 4TO CIeKTpalbHafg XapaKTepPUCTHKA BO30YH-
naioleil cUIbl OoNpefelfeT BelWUUHY NOKas3aTelf CTe-
neHHoi ¢yHKuuu [2]. Ppu Bo30y:IeHHMH NOBEPXHOCTH
HU3KO0YaCTOTHON rapMOHHUYECKON CUJION KOppelAnUOH-
HafA ¢yHruua I, npeactaBisfeT coboil pAL y3KUX NHUKOB
C YacTOTaMM, KPaTHBIMM YaCTOTe HAaKauKkW wp. Pomosxe-
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HUEe MaKCHMYMOB INKMKOB XOPOLIO ONKCHIBAETCH CTElEH-
Holl pyHKIKell w™™ c nokasateneM m = 3.7+0.3. Ecau
B [IONOJHEHNE K HaKauKe Ha OJHON pPe30HaHCHOW 4acTo-
Te no6aBiAloCch BO30yIeHNEe rapMOHUYECKON CUIION Ha
JIpyroii pe30HaHCHOH YacToTe, TO BeIMYMHA MOKa3aTelf
yMeHbmanachk g0 m = 2.8 + 0.2. BenrnuuHa noxasartens
cTeneHu Tak:xe Oblia 61u3ka kK m = 3£0.3 npu Bo30y k-
JEHUU TIOBEPXHOCTU HU3KOYACTOTHBIM LIYMOM B IIKPO-
Koil monoce. B »TuX 3KcmepuMeHTax Mbl KaueCTBEHHO
oKasajiy, YTO IpU Iepexoie OT BO30YyKIEeHUA NOBEpX-
HOCTH IIYMOM B LIMPOKOI Nojloce K HaKauyKke rapMOHHU-
YeCKOH cUllof Ha OJHOIl Pe30HAHCHOI yacToTe AYeHKU
BeJIMYMHA NOKal3aTeld CTENeHU m yBelINunBaeTcHd, Kak
aT0 ciregoBano u3 paborsl [3]. KomnbiorepHsle Moxenu-
poBaHuA [3] nokasany, YTO IO Mepe yMeHbIIEHHUA LIX-
PUHBI MOJNOCHI HAKAYKKM IIYMOM Ha TypOyJeHTHOM Kac-
Kaze (opmupyercA pAL NUKOB, PaBHOYAaleHHBIX IPYT
oT apyra. Mx mupuHa JUHEHHO 3aBUCUT OT YacTOTHI.
Ppu Harkauke B y3Koii Mojioce yMeHbIIIEHNE BBICOThHI MaK-
CUMYMOB [MHUKOB C POCTOM YacTOThl ONKUCBHIBAETCH CTe-
NeHHON (QyHKIMell 4acTOThI C IOKa3aTelleM CTEeNeHHU, Be-
JMYMHA KOTOPOr'0 Ha eIVHUIy MPEBOCXOJUT BEIUUYUHY
TaKoOro ke NoKas3aTelf AJIA ClIydyad HaKayKd IIYMOM B
LWIMPOKO#N momoce, T.e. m = 23/6. Poxee moxpoGHble
UCCIeJOBAHUA BONIONUU TYpOYJNeHTHOro Kackajga Mpu
W3MEHEHUU CIIEKTpalbHOIl XapaKTepUCTUKU BO30yjaa-
[Ollefl CUJBL OT LIMPOKOIOJOCHONW K Y3KOIIOJIOCHOW Ha-
Kauke ObLIM clenaHbl B Hameil pabote [4]. B cranuoHap-
HOM TypOyJeHTHOM CIEKTpPe B CHUCTeMe KalWIAPHBIX
BOJIH DHEPI'UA NEPEeHOCUTCA B CTOPOHY BBICOKMUX 4acToT,
rje oHa TpaHC(HOPMUPYETCA B TEILIO B CUIY BA3KUX IO-
Tepb, 1 TypOylIeHTHBIN KacKkaj 3aTyxaeT. PosTomy 4To-
6b1 moamepxuBaTh TYpOyJIEeHTHbIN Kackajg B cTaluoHap-
HOM COCTOfIHMU, TpPebyeTcA HenpepbIBHO BBOAUTH DHEP-
rdI0 Ha HU3KUX yacToTax. YacToTy wp BBICOKOYACTOT-
HOro Kpaf MHEPLUOHHOI0 MHTEpPBajla MOKHO OLEHUTH,
NpeJoNoMKUB, YTO HA 3TO YyacToTe BpeMfA HelUHEHHO-
ro B3aUMOJENHCTBUA BOJH T,; CPaBHUBAETCA 110 MOPAIKY
BEeIMYMHBI C BpeMeHeM BABKOr0 3aTyXaHud 7, [2]:

wn e (P20)" () )

rae m2 — KBagpaT aMIUIMTY[bl BOIHBI Ha 4acTOTe Ha-
KaukM wp, V — KUHeMaTHdecKad BA3ZKOCTb MUIKOCTH.
Pa BbICOKMX YacTOTaX MOBeJeHMe CIEKTpa OlpeaefeT-
cA 0COGEHHOCTAMU AUCCHUIAIMYA SHEPTUU ¥ HETUHEHHOTO
B3aumoeiicTBuA BoiH. Korma BoMHBI B AUCCUIATUBHOM
MHTepBale B3auMOefiCTBYIOT B OCHOBHOM C Onuairm-
MU coceJAMH (Cirydail IMPOKOIOIOCHON HaKayKy), a He
C BOJIHAMU WU3 WHEPLUUOHHOTO WHTEpBaja, pacrpeneie-
HUe BOJH Ha BBICOKMX YacTOTaX CTAHOBUTCA GIU3KUM K
GoabiMaHoBcKoMY [5]. HeTalnbHblil aHanu3 JaeT KBas3u-

IIaHKOBCKUH CIEKTP KOPPENIANUOHHON QYHKIUU B O¥C-
cunaTUBHOU obaacTu:

P, ~wie w/wa (5)

rie wq — XapakTepHas 4acToTa paclpeleleHus, § — [o-
KasaTellb CTENeHM B NpeIdKCIOHeHTe. UMCIeHHOe Mo-
IenupoBaHue A KalWIAPHLIX BOJH MOATBEPAMIO DKC-
IOHEHIMANbHYIO 3aBUCUMOCTb B paclpeleleHny BOIH B
[AWCCUIIAaTMBHOM WMHTepBaie. B To e BpeMsA IpH BO3-
Oy KIeHUN MOBEPXHOCTHU #MUIKOCTU TapMOHUYECKON CH-
JOM IJIA BBICOKOYACTOTHBIX F'aPMOHUK TypPOYyJIEHTHOro
KacKala OOMMHUPYIOUKMMH MOTYT OKa3aThCA MPOLECCh
B3aMMOJIEACTBMA ¢ MOJAMy U3 WHEPLUOHHOTO WHTEpBa-
na [6]. B ycloBuAX orpaHMYeHHON T'€OMETPUM CIEKTP
KalW/UIAPHBIX BOJNH M3 HEIPEPHIBHOTO CTAHOBUTCA MUC-
KpeTHBIM, NpPUYEeM PaCCTOAHME MEHKIY PEe30HaHCHBIMU
MoOJaMi BO3pacTaeT ¢ 4acToToi. J[liA ciydad MOHO-
XPOMaTU4eCKOro Bo30y#/EHUA MOBEPXHOCTH HMIKOCTH
TypOyJIEeHTHBIN KacKaj COCTOUT M3 apMOHUK, 4acTOTa
KOTOPBIX KpaTHa YacToTe BO3Oymaaromei cuibl. Ppoc-
Thle PacCy[IeHUA NPUBOIAT K BBIBOAY O TOM, 4TO IPU
TaKoM BO30YKICHUU MOBEPXHOCTH CHCTEMa ypaBHEHWUN
(3) pewennit He umeer [7, 8]. OnHako, Kak IOKa3aHO
B [9], T0 orpaHMYeHME CHUMAETCH, €CIU Y4YEeCThb HElH-
HeilHOe yLIMPeHNe Pe30HAHCHBIX NUKOB. Tormga 3akoHbI
CoXpaHeHMA HYKHO IepenucaTh B cledyomei Gopme:

Ry P2 £ ko P2 — ks | < bw,

6
klikz—k3:0, ()

rae 6 — xapakTepHas BelWYNHA HEIMHEHHOr0 YUIMPEHUs
pe3oHaHcHOro nuka. Kpome Toro, cieayeT MpuUHATHL BO
BHUMaHUe, YTO [JIA KIacCUUYECKOIl }KUIKOCTU Ha BbICO-
KUX 4acToTaX AUCKPETHBINA CIEKTD CTAaHOBUTCA KBa3u-
He[pepbIBHBIM B CUIY BA3KOI'0 YHIUDEHUA pPe30HAHCHBIX
nuKoB. B xuaxoMm Bogopone u, 0co0eHHO, B IellUU KO-
appunrueHT KuHemaTudeckoi BA3kocTu B 10 u 100 pas,
COOTBETCTBEHHO, MeHblle, 4eM B Boge. PoaTomy ycio-
BUA OUCKPETHOCTU MOTYT UrpaTh CyIIeCTBEHHYIO pOlb
B mepeHoce sHepruu mo Kackagy [10] mpu monHOXxpoma-
ThyeckoM Bo30Oympenun. B nameit paGore [11] Gbuin
npelcTaBleHbl pe3ydbTaThl, I0NyUYeHHble Ha IOBEPXHOC-
TU CBepXTEKyuero relldf Ipyu rapMoOHHUYeCcKOii HaKauke,
Korjla JUCKPeTHOCTb ABJIAETCA CyleCTBEeHHOH, — Juc-
KpeTHafA TypOyleHTHocTb. B To ke BpemA And ciy-
yaf IIKPOKOIOJOCHON HaKaUKU MOBEPXHOCTH KULKOTO
BOJOpOJa M rejuf peajlu3oBaHa CUTyallufi KMHeTHYec-
Kol TypOyneHTHOCTHU, KoTopasa Haubonee G1u3Ka K MO-
HenbHOM cucTeMe, pasBuToit B Teopuu [1]. OcobenHoc-
TU B3aUMOJENCTBUA BOJIH M3 AUCCUNATUBHOIO UHTEPBa-
J1a 1 Meay coboil MOTyT OTpa3uThcA U Ha popme Typ-
OyneHTHOrO pacnpefelleHUA BOIM3U Kpaf WHEPLUOHHO-
ro uHtepBana. Kak nokasaHo B [6], ecin guccumanus
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SHEpPruy Ha BBICOKMX YacToTax He ofecneuuBaeT cOpoca
SHepruu u3 TypOyJIeHTHOro KacKkala, TO 3TO MOKeT [IpHU-
BOAUTbH K OTKIOHEHMIO paclpelielleHUs B MHEPIUOHHOM
MHTepBale OT CTENEHHOro 3aKkoHa. B Hamux mpenmimy-
KX SKcmepuMeHTax [12] MbI MoKasalnu, YTO KUCIONb30-
BaHUe KUJKOT0 relllfl ¥ BOZOPOJa B UCCIeI0OBaHUAX TYyp-
OyJIeHTHOCTU UMeeT pAJ NPeuMyLlecTB [0 CPaBHEHUIO C
TpaguLMOHHBIMU cpefaMu Giarojapf Maloil BelnduHe
UX IJIOTHOCTYM M HU3KOM KMHEMaTHYeCKOUl BA3KOCTH.
2. JKcnepuMeHTaJlbHaA MeTOAUKaA. 3HAUYUTEb-
HbIi Iporpecc B HCCIeNOBaHUM KalUIAPHON TypOy-
JeHTHOCTU B NoOcleJHUe Tolbl CBA3aH CO CTPEMUTENb-
HbIM Da3BUTHUEM 3KCIEPHUMEHTalbHOIl TeXHUKH U KOM-
ObIOTEPHBIX METOA0B 00paboTKU ObICTPO MEHAIOMUXCA
B BbImonHeHHBIX HcclefoBaHUAX Oblia HC-
nonb3oBaHa MeTofuka [13], ocHoBaHHaA Ha M3MepeHUH
M3MeHeHuH MOIHOCTH J1a3epHOro JIy4a, oTpaskaloliero-
cA oT KoneGmiomeiica nmoBepxHocTu xujgroctu. Cxema
u3MepeHuil npuBegeHa Ha puc.l. U3mepenusa npoBonu-

CHUT'HAJOB.

. Photodetector

Experimental cell

Puc. 1. PpI/IHHPIHPIaJIbHaH cXemMa perucrpanuy BOJH Ha IIO-
BEPXHOCTHU MHUOKOIO I'eJIMA U Bogopoaa

JUCh Ha ONTHYECKUX fAUeiiKax, PaclojoKeHHbIX B BaKy-
YMHOt [OJIOCTHU TeliMeBOro KpuocraTa. BHyTpu fiueer
Obl1 yCcTaHOBIEH ILIOCKUII T'OpU30OHTAlbHBIA KOHIEHCa-
Top. ['asoo6pasublit Bogopox (miu reauit) KOHLEHCHPO-
Balcfl B LMIUHAPDUYECKUN MenHbIt cTakaH. [uamerp
crakaHa cocTaBifal 60 MM B 3KcliepUMeHTax C BOJOPO-
noM u 30 MM B sKcIepuMeHTax ¢ renueM. BricoTa cTaka-
Ha Gb1na B npegenax 4-6 mm. Pan crakanom Ha paccros-
HUU 3.5 MM pa3Mmellanack BepXHAA rOpU30HTAlbHAA Me-
Tannuyeckad o6Kknagka. Pa6op UIKOCTH TPOM3BOLUI-
cf 10 TeX 1Op, I0Ka I0BEePXHOCThb JKUAKOCTYU He AOCTUra-
Na Kpad cTakaHa. TemnepaTypa U3MepeHUil cocTaBiAna
T = 15.5K B ombiTax ¢ BomopomoM u 1.7K B ombiTax
c renueM. Pa HukHell o0KlIagKke KOHJeHcaTopa pacIo-
narajach pajJuOaKTHMBHafg MHUIleHb, KOTOpafA H3ilyuaia
[-3neKTPOHBI co cpenHeil sHeprueit 5 k3B. Pon meiict-
BHeM U3IyuyeHUA BOJIM3U NOBEPXHOCTH MUILIEHU o0Opaso-
BhIBaJICA MOHU3UPOBAHHBIN ClO KUZKOCTU. Ppunoxen-
Hoe K oOKIagKaM 3IeKTpPUUEeCKOe HaNpfikeHNe Beludu-
Ho#t okono 1000 B m3Bnerano u3 MOHU3WPOBAHHOIO CIIOA
[OJIOKUTEeNbHbIE NOHBI U MOJKUMAJ0 UX K MOBEPXHOCTHU
mugrocTu. TarkuMm obpaszoM, 3apsAeHHasa MOBEPXHOCTh
JMUITKOCTU M BepXHAA MeTallMyecKas NacTuHa obpa-
9 Pucema B APTO
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30BBIBANU IUIOCKUIT KOHOeHcaTop. BouHbI Ha 3apsAeH-
HOU MOBEPXHOCTHU KUAKOCTU BO30YyKIanuch NepeMeH-
HBIM 3JIEKTPUYECKUM I0JIeM [IPY 10jlauye Ha MeTallnyec-
KU cTakaH NepeMeHHOro HalmpsAeHUA aMINIUTynoi 1-
100 B B nononHenue K noctosHHOMY. Pakauka ocymiecTt-
BIAJIaCh TapPMOHUYECKO! CUIION Ha YacToTax, OMU3KUX K
PE30HaHCHBIM YacToTaM LUINHAPUYECKON AYEHKU, UIu
mupokrononocHeIM mymoM. IIymoBoit curHan Hakauku
CHUHTe3UpoBaicA o6paTHLIM (ypbe-npeoGpa3soBaHUEM MO
3aJaHHOMY CIEKTPY MOIIHOCTH M clydyaiiHOMYy Habopy
¢a3. Ucnonb3oBaHue 3MeKTPUYECKOr0 NOJA JiA BO30Y K-
IEeHUA MOBEPXHOCTHU KUAKOCTU UMEET PAX JOCTOUHCTB,
TaKk KaK II03BOJAET BO3[EeHCTBOBATh TOJBKO Ha IOBEPX-
HOCTb, KOHTPOJIUPYyEeMBIM 00pa3oM H3MEHATH CUMMET-
PHIO BO3AelCTBUA, U3BMEHATh CIEKTPalbHYIO XapaKTe-
PUCTUKY Bo30y:kjaawomeil cuibl. I3MeHeHUe MOIIHOCTHU
B OTpaXeHHOM JIa3epHOM Jy4Ye PerucTPUPOBAIOCH IIO-
IynpoBOJHUKOBBIM NpuemHuKoM Hamamatsu s3590-08.
Pepemennoe nanpsienue ¢ ¢poronpuemunra P(t), npo-
HOPIMOHANTbHOE MOIIHOCTHU OTPaKeHHOro Jjy4da, yCHIH-
Banock SR570 ycunurteinem u 3amuchiBaloch B MaMATh
KOMIIbIOTepa Ha uyacToTe onpoca no 102.4 kI'n ¢ momo-
MbIO CKOPOCTHOr0 24-6MTHOr0 aHanoro-qudpoBoro mpe-
ob6pasoBarens (AIIP) Leonardo-II. Bpems samucu cur-
nana P(t) uamensanocs B npegenax ot 3 no 100c. 3aBu-
cumoctu P(t) obpabaTeiBanuch mporpaMmoil GeICTpPoOro
dypoe-npeobpasosanus (FFT). B pesyabrate 31001 npo-
HeAyphI TONyYaldy paclnpefelieHre KBaApaTra aMIUIUTY[
rapMoHUK 1o yacTote P2, koTopoe, Kak nokasaHo B [13],
IJIfl IAPOKOTO IIy4ya IPONOPIHOHANBHO IapHOil Koppelnd-
IUOHHOU QYHKIUU OTKIOHEHU MOBEPXHOCTHU OT paBHO-
Becus: I, ~ P2.

3. DKcnepuMeHTalbHble pe3yiabTaTbl. 3.1. [Ba
pa3IHYHBIX peMHUMa 3aTyXaHHA TypOyJTeHTHOro Kac-
Kama B JUCCHIATHBHOH o6macTu dYactor. Pa puc.2
B JBOHHOM JjorapudMudeckoM MacuiTabe NpecTaBilIeH
CIHEKTP KaNMIAPHBIX BOJIH HA IOBEPXHOCTHU CBEPXTEKY-
yero renus-4 npu remnepatype 7' = 1.7 K. PoBepxHocTb
B030y:KJanach rapMOHMYECKO# (CHHycoOMIalbHOW) CcH-
70/ Ha OJHOW M3 PE30HAHCHBIX 4acTOT AYeiku (fp ~
~ 80T'n), f = w/2m, roe w — yruoBas 4acToTa. AMIIN-
TyZla NepeMeHHOro HaNpAMEeHWA HaKauKM COCTaBIAlA
11B. Bugno, uto TypGylneHTHOe pacmpejeieHHe COCTO-
UT U3 Habopa PKBUAUCTAHTHBIX rapMoHuUK. PepBad rap-
MOHMKa pacnolo#eHa Ha yacToTe f,. OHa COOTBETCTBY-
eT BBIHY#IeHHBIM KojeGaHuAM HOJ eiicTBHEM BHeIIHel
cuHycouganbHoi cuibl. OcTanbHble TaDMOHUKN (HOPMHU-
PYIOTCA B pe3ylnbTaTe TPEXBOIHOBHIX IPOLECCOB HEIH-
HeflHOr0 B3aMMOJEHCTBUA Ha YacTOTaX, KPaTHBIX dYac-
ToTe Hakauku f,. B pguanasone wacror or 800I'm mo
4 kI'y oTueTnUBO HaGNIOAeTCA UHEPIMOHHBIN UHTEPBA,
B KOTOPOM TYypOylIEeHTHOEe paclpeleleHUE OMUCHIBAET-
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Puc. 2. Typ6yieHTHbIA CIEKTp KalMIIAPHBIX BoaH P2 Ha
moBepxHocTtu He-II B ciyuae rapMoHruecKoil HaKauyKky Ha
yacTore f, ~ 80 I'l nepeMeHHbIM HaNpAKEHHEM C aMILIN-
tynoit 11 B. [IlTpuxoBasa AMHUA COOTBETCTBYET CTENEHHO-
My sakoHy P2 ~ w37, BpicokouyacTOTHBIN Kpail mHep-
[MOHHOT'O0 WHTepBala f, paclolo;eH Ha 4YacTOTe OKOJO
4 xl'y. CnmomHad AWHUA NMPENCTaBIAET SKCIOHEHIHNAlb-
Hyio dynrnuio P2 ~ exp(—f/fi) c xapakTepHoii yacTo-
Toii fg ~ 170 'y (wacTora f; Gru3Ka K YacTOTe HaKaUKU

fv)

—3.7 3uavenue mo-

CA CTelNeHHON (pyHRIUeMn: Pf, ~ w
KaszaTeld CTeleHW, paBHoe —3.7, HaXOOUTCA B CoOrJa-
CUU C TEOPETUUYECKUMU NpefcKa3aHUAMY IIA Kaluifap-
HON TypOyJNEeHTHOCTH B Clydae Y3KOMOJIOCHON Hakau-
ku [3]. Pa uacrorax Bemme 4 k['n TypGynenTHOe pac-
npefeneHue ObICTPO cmajaeT IOA BIUAHUEM BA3KOCT-
HON JucCUManuy ¥ BBIXOOUT Ha YPOBEHb ammapaTHO-
ro myma. OueBuaHO, 4TO 4actory fp ~ 4K['ID MoMkK-
HO WHTEPIPETUPOBATh KaK MONOMEHUe BbICOKOYACTOT-
HON TpaHMIbl MHEPIMOHHOrO WMHTepBana. B puccuma-
THUBHO# o6nactu (Ha yactorax Bbiwe fj,) TypOyleHTHOe
pacnpelieneHue MoKeT ObITb ONKCAHO YKCIIOHEHIUAIb-
Holt dyHruumeit P2 ~ exp(—f/f4) ¢ xapakTepHoii uac-
totoil fg ~ 170T'u. Takum obGpasom, 3HaueHue f; OoKa-
3anoch GIM3KUM K dacToTe Hakauku f,. Poxee Toro,
Ob170 OOHApY:eHO, YTO YacTOThI fq U f, OIM3KMU B dKC-
nepUMeHTaX C pa3HbIMU 4YacTOTONH M aMILIUTYION Ha-
Kayku. CTOUT OTMETUTb, YTO B TEOPETHUYECKOU pa-
GoTe [6] GblIO MOKasaHO, YTO B CiIyyae IIMPOKOIOIOC-
HON HaKauKM XapaKkTepHaf yacToTa f; JO/KHA NPUHU-
MarTb 3HauyeHue, 6IM3KOe K rpaHMYHON yactoTe fp. Meii-
CTBUTENbHO, KOrJa BOJHBI Ha MOBEPXHOCTHU BO30y:paa-
JHCh UTyMOBO HaKa4yKo#, Ty pOyIeHTHOE pacipeeleHye
MMello KauecTBeHHO Ipyrylo ¢dopMy. Pa puc. 3 norasan
CHEeKTp, MONyYeHHBI NPU HaKayKe IOBEPXHOCTY LIyMO-
Boii cuioii B guanasone yactor 90-200I'u. BugHo, uTo
CHEKTP UMeET rajKyio GopMy, a UHEPIUOHHBIN UHTEP-
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Puc. 3. TypGyneHTHBIi CIIeKTp KamMILIAPHBIX BoaH P2 Ha

moBepxHocTu He-II B ciyyae mMpPOKONOJOCHON HaKadyKu
B momoce yacTtoT 90 — —200['u. IIIrpuxoBaa auHuA co-
OTBETCTBYeT CTemeHHoMy 3akoHy P2 ~ w28,
KOYacTOTHad I'PaHMIa WHEPILUOHHOI0 MHTepBana f, HaXo-

Beico-

OUTCA npubiansuTenbHo Ha yactore 2 K['m. CmoiomHas nu-
HHA COOTBETCTBYeT JKCIOHEHIMAlbHOH GyHKmmu P2 ~
~ exp(—f/f4), c xapakTepHoit yactoroit fq ~ 700I'u. B
COOTBETCTBUU C Teopueil 3HaueHne fy GIU3KO K TPAaHUYHOM
yacToTe fp

Ball, Ha KOTOPOM CIIEKTP ONUChIBAETCA CTENEHHBIM 3aK0-
Hom Kommoroposa—3axaposa: P2 ~ w~28 B cormnacun
¢ mpeicKazaHuAME Teopuu [14], ABIAETCA HOBOIBLHO KO-
porkum (ot ~400T'y mo fp ~2kl'y). B guccunarusHON
06IacTy BOJHOBOE paclpefeleHre MOMeT ObITh OMKUCAHO
sKcnoHeHTo# exp(—f/ fq) c yacroroit fg = 700 'u. Bam-
HO, UTO 3Ha4YeHUe fy 3HAUMTENbHO BhIIIE YAaCTOT HaKay-
KU ¥ IOBOJbHO GIM3K0 K 3HAYEHWIO IPAHMYHON YACTOThI
cnextpa KonmoropoBa—3axapoBa f, (3T0 KauecTBeHHOE
COOTHOLIEHUE MeMKIY fg U fp B cilydyae IIKPOKOIOIOCHOM
HAKAYKU He 3aBUCHUT OT aMIUIUTYAbl HAKAUKH).

Takum oGpa3oM, Mbl OOHAPYMUIM ABa Pa3iMYHbIX
pemuMa 3aTyXaHUA BOJIHOBOW TypOYJEHTHOCTU B JAUC-
CUIIAaTUBHOMW 06/1acTH YacTOT: B CilydYae rapMOHUYECKOM
HaKauKM XapaKTepHas 4acToTa fy dKCIOHEHIUAIbHOIO
3aTyXaHUfA 3HAUMUTEIbHO MeHbIle I'PAaHUYHON YacTOThI
fp ¥ 6IU3Ka K 3HAUEHHIO YacCTOThI HAKAUKU fp, @ B CIy-
yae MUPOKOMOIOCHON HAaKauKku fy GiAM3Ka K TPaHUYHON
yactore fp.

CTOUT OTMETHUTh, UTO HAJMYUe ABYX Pa3iMuHBIX pe-
JKMMOB 3aTyXaHua TypOyJleHTHOro KacKkajga He CBA3aHO
co crnenu(UKON CBepXTeKydero renua-4, Tak Kak Ka-
YeCTBEHHO CXOKMe pe3ybTaThl ObLIM MOJYUYEHBI B JKC-
nepuMeHTax ¢ HOPMalbHBIM relneM-4 ¥ ¢ MUAKAM BO-
mopogoM. Pa puc. 4 npencrasieH CIeKTpP KalWLIAPHBIX
BOJIH Ha MOBEPXHOCTHU #UIKOr0 BOJOPOa IIPY WHTEHCHUB-
HO# rapMOHMUYeCcKOl Hakauke Ha yactore =~ 120I'y. Xa-

Pucbma B /RPT®
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Puc. 4. TypGyneHTHbI! CIEKTP KaIMIIAPHLIX BOIH Ha II0-
BEPXHOCTH KUMJKOr0 BOJOPOZA PU rapMOHIYeCKOil HaKa4-
Ke Ha dacToTe =~ 120I';;. BricokouacToTHBIN Kpail MHep-
IMOHHOT'0 MHTepBala f, pacronoeH Ha dacToTe =~ 4 k['I.
JIUHUA COOTBETCTBYET SKCIOHEHIUATbHOM QyHKRIUUN P2 ~
~ exp(—f/fa) ¢ xapakrepHoil yacToToit fg = 180 I'yy

paKTepHad 4yacToTa f; SKCIOHEHLUATLHOrO 3aTyXaHHA
TypGyneHTHOro pacnpeeleHus B JUCCUIaTUBHON obnac-
TH MHOTO MeHblIle BBICOKOYaCTOTHOU I'PaHUIbI MHEPIH-
OHHOro MHTepBajia u 6nu3ka K 0061acTy 4acToT HaKau-
Ku. Jpyroii peuM 3aTyXaHUA NMpeACTaBIEH Ha pUC.H,
rfie IOKa3aHbI COEKTPhI KAMUIIAPHBIX BOJH Ha IOBEpX-

log (%2) (arb. units)

10°

3
10 10
J (Hz)
Puc.5. CHeKTp MOBEPXHOCTHBIX KojlebaHuit P2 RUIKOTO

BojiopoJa, Bo30yIeHHBIX CIy4JailHONU CHIOH B 4acTOTHOM
guanasoHe 39-103 'y mpu pasiM4HBIX aMILIUTyJaX HaKad-

ru. CpeaHekBagpaTHYHOe 3HaYeHUe HAIPAMEHUA HaKauKky
Vp usmenamock ot 4 mo 30 B. Poree TeMHbIe TMHMM COOT-
BETCTBYIOT follee MHTEeHCUBHON Hakauke. CTpelka yKa3bl-
BaeT BBICOKOYACTOTHYIO I'PaHUIy MHEPLHOHHOIO HHTEpBa-
1a wp /2w =~ 4 KI'u npyn Hanpsamenuu Hakayku Vp, = 30 B

HOCTH UAKOr0 BOAOPO/JA MpU HaKauKe IYMOBOU CHUIIOM
pasnuuHoi aMmIuTyael B momoce yactoT 39-103T'u. B
Pucbma B HAPT® Ttom 95
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HU3KOYaCTOTHOM Ayanas3oHe XOPOIIo BiAHA 061acTh yac-
TOT HaKauyKku. 3a 00J1acThiO HAKAUKHY CIeJyeT NHEPIUOH-
HBI/l MHTEPBal —O0THOCUTEIbHO LIMPOKad 4acTOTHasa 00-
nacTh, B KOTOPOH cnekTp P2 nog4nHAETCA CTENeHHOMY
3akoHy KommoropoBa—3axapoBa. IllupiHa nHepIUOHHO-
ro MHTEepBajla 3aBUCUT OT aMINIUTY[bl Hakauku. Korga
I0BepXHOCTb B30y gaeTcs cinaboii cunoit npu V, = 4B,
IOUcCUTalluA HauyMHAeTcA cpa3y Mocie o6nacTy HaKau-
KU ¥ VHEpIMOHHOI'0 MHTepBala He HabmiogaeTcA. YBe-
JIUYeHNe aMIUIMTYObl HaKauyuBaloulell CUIbl IPUBOJUT K
YUINPEHWIO WHEePIUOHHOIO0 MHTepBala. Ppu 3ToM BbI-
COKOYAacTOTHAafA IpaHula wp/27m WHEePLUMOHHOrO HMHTEp-
Balla CABUIAeTCA B CTOPOHY BBICOKMX udacToT. Pawubo-
Jee WHMPOKUN MHEPUMOHHBINA mHTepBan (oT =~ 0.3kl'n
hifs) wb/27r ~ 4xI'y) HabnogaeTcA NPy MaKCUMAalbHOM
Hanpmkenun Hawkauku (V, = 30B). Pa uacToTax BbI-
IIe BHICOKOYAacTOTHO! r'PaHUILbI MHEPIMOHHOIO0 NHTEpBa-
Jla HOBEPXHOCTHbIE KoleGaHuA 3aTyXalOT B CUIy BA3KUX
notepb U cnekTp P2 miaBHO BHIXOIUT Ha yPOBEHb arl-
napatHoro myma. Ecau nepectpouth TypOyleHTHbIE
CHEKTPBI B moinynorapudmudeckom macmrabe (puc.6),
TO OTUETINBO BUJHO, UTO CHaj aMIUIUTY] BOIH Ha 4ac-
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Puc.6. CnekTpsl P> nmpu HanpaeHUAX Hakauku Vp, = 8,
16 u 26 B, npeacraBneHHbIe B oXyIorapudMuIecKoM Mac-
mrabe (OHM IpeCTaBIEHbl TAaKKe Ha pHC. 4 B [BOHHOM II0-

rapubmudeckoM macmrabe). TodyeuHasdA ITUHKA — CTENEH-

HOe pacnpefieleHne ~ w % MTPHXOBas — amIpPOKCHMa-
uuA GyHKOUAME ~ e “/“¢. Beanuuna wq/2m =0.2, 0.4

u 0.6 kI'n naa V, = 8, 16 u 26 B coorBeTcTBEeHHO

TOTaX BbIlle BHICOKOYACTOTHOMN I'PaHUIBI NHEPIMOHHOI'O
HWHTepBajla MOeT ObITb B HEKOTOPOM MHTEepBaille N0oCTa-
TOYHO XOPOLIO ONKCAaH DKCHOHEHINANbHBIM 3aTyXaHHEM
P2 ~ e~“/“d  Pampumep, CIEKTp BOJH, MOTYJYeHHbIH B
SKCIepuMeHTax ¢ aMINIUTynoil Hakauku V, = 26 B, mo-
sKeT ObIThH aNNpOKCUMUpPOBaH B AuanasoHe 5-9 k' sKrc-
MOHEHIIUANbHON (PyHKIMe e~ w/wa ¢ wd/27r ~ 0.6 gI'm.
3aMeTuM, YTO 4acTOTa wq/2m B HECKOIbKO pa3 MeHb-

9*
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1le 4acTOThl BUAUMOI I'PaHMIbI MEHKIY WHEPUMOHHBIM
MHTEPBAlIOM M JUCCHNATUBHON ofnacTeio (cM. puc.5H).
OgHaKo Takoe HECOOTBETCTBHME MOMET ObITh MpUIKCA-
HO HEKOTOPOMY MPOU3BONY B ONpeleleHUH T'PaHUYHON
4acTOThI, KOTOpaA Ha caMoM Jelle MMeeT CMBICH Xapak-
TEPHO# YaCTOThI U MOKET COlePaTh HEKOTOPBIN MOCTO-
AHHBIA HOPMUPOBOYHBIM MHOMUTENb B 3aBUCUMOCTH OT
BLIOPAHHOMN MpOLEeNypbl HAXOKICHUA IPAHUIbI UHEPLU-
OHHOIO MHTepBaia. PTo mpenmonoseHye MOATBep:HIa-
eTca TeM (GaKTOM, YTO 3aBUCHUMOCTH wq ¥ wp OT aMILIK-
TyZAbl Hakayky upeHTHYHbl (cM. puc.7). (MuTepecHo,
4TO TOKAa3aTelb CTEMEHHONW 3aBUCUMOCTH wp OT aMILIK-
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W sive (arb. units)

Puc. 7. 3aBucumocTy rpaHMYHON YacTOThI MHEPIUOHHOI'O
WHTepBala wp U XapaKTepHOI 4acTOThl SKCIOHEHIAATIbHO-
ro 3aTyXaHHA B AUCCHNATUBHOM 06JacTy wg OT aMIUIUTY-
IObl Bo30ysKOaromieil cuibpl B Clydyae IIMPOKOIOJIOCHOHN Ha-
Kauky (PKCIEPUMEHTHI C KUAKUM BOIOPOAOM)

TyZIbl HaKauky INIOXO COMVIACYeTCA C MpeACKasaHUuAMU
TEOpHU BONHOBOH TypOyneHTHocTH, cM. [15].) Tarum
06pa3oM, MOHO CelaTh BBIBOJA O TOM, 4TO B Ciydae
LIMPOKOIOJIOCHONH HAaKayKM 3HAYEHUE Wy COOTBETCTBY-
eT BbICOKOYACTOTHON I'paHKIle WHEPIMOHHOI0 WHTepBa-
na. PKcnepyMeHTalbHble PE3yNbTaThl MOATBEPAAAIOT
TeopeTuyeckoe paccMorpenue [6] 06 onpepensiomeii po-
M JIOKAJIBLHOTO B3aUMOJEHCTBUA BOJH B JUCCUIATUBHON
ob6nacTy UiA MIMPOKOIOJOCHON HaKauyKu. XapaKTepHas
4acToTa KBa3UILUIAHKOBCKOIO Paclpe/ielieHus BO3pacTaeT
C MOBBILIEHWEM YPOBHA HAKAYKU [0 3aKOHY, OTIMYHOMY
OT TeopeTHYECKHU MNpeicKasaHHOW 3aBucuMoOcTU. K co-
FRANCHUIO, B DKCIEPUMEHTE He XBaTaeT TOYHOCTH M3Me-
peHMil IJiA TOro, 4ToObl OLUEHUTh BEIMYMHY MOKa3aTels
crenesu s B (5).

Wrak, Kak W B dKCIHePUMEHTaX Ha I[IOBEPXHOCTHU
CBEPXTEKyuero reius-4, B dKCIepUMeHTax Ha IOBEpX-
HOCTH KMIKOrO BOAOPOJa B cilydyae rapMOHUYECKON Ha-
KauyKy XapaKTepHas 4acToTa fy = wg/27 JKCIOHEHLH-
albHOTO 3aTyXaHKA GIM3Ka K 3HaYEHUIO YaCcTOThI HaKad-
KH fp, @ B Clly4ae IIMPOKONOIOCHO/ HAKaYKK — K BBICOKO-

4aCTOTHOI rpaHnvHOi yacTore fp = wp/27. Ml mona-
raeM, UTO MONYyUYeHHbIE Pe3yIbTaThl B Clyyae rapMOHU-
YecKOil HaKayKu MOTyT ObITb OOBACHEHBI HENOKalbHOC-
ThbIO 3-BOJTHOBOIO HENMHEHHOro B3aMMOAEHCTBUA BOJIH
B muccunaTuBHON obmactu. PaccMoTpum obnacth uwac-
TOT BOIM3Y BBHICOKOUACTOTHOMN T'PaHUIBI MHEPIMOHHOIO
uHTepBana fp, r'ie MPOUCXOJUT MEPEXOA OT HEeIUHEM-
HOr'0 MepeHoca BONHOBON HEPruUd K BA3KOCTHON HOucC-
cunanuu. XOTA OCHOBHBIM IPOLECCOM YiKe CTaHOBUT-
cA BA3KOe 3aTyXaHHEe C XapaKTepHbIM BPeMEHEM T, =
= (2vk?) ! ~ w %3 Memay BomHaMu Bce elle MPOMC-
XOIOUT HEKOTOpOe HelWHeliHOoe B3aumopeiicTBue. Ponee
TOro, y4TeM, 4YTO KpOMe JOKalbHbIX IPOIECCOB B3au-
MOJAENUCTBUA C BOJIHAMHU K3 BBICOKOYACTOTHOU obnacTu
WHEPINOHHOI'0 NHTepBala, BOIHBI U3 NIepeXoiHoii obiac-
TN BOMU3U f, MOT'YT B3aUMOJeificCTBOBaTh HEIOKATLHO C
BOJIHAMHM W3 BCEro MHEPIUOHHOro uHTepBamna. [leiict-
BUTEILHO, XapaKTepPHOe BPEMSA JOKalIbHOI'0 HEIUHEHHO-
ro B3aMMOJEHCTBUA BHYTDPU WHEPIUOHHOIO MHTepBala
(TpexBoIHOBBIE HPOUECCHI ¢ GIM3KUMU BOJIHOBBIMY BEK-
Topamu, k1 & ks ~ k3) B ciiyyae rapMOHUYECKOI HaKad-
KU MMeeT BUJT T}ﬁ“m ~ w'/%, a B ci1yuae mupokomonoc-
Ho#t — Bup TPr°ad w~1/2 [16]. Pynem nonaraTb, uTo
U B QuccHUIaTUBHON obGiracTy BOIM3M BBICOKOYACTOTHOM
rpaHUIbl UHEPIIMOHHOI'O UHTepBana f, BpeMeHa JI0Kalb-
HOIO HEJIWHEeNHOro B3auMOJeiCTBUA UMEIOT TaKoi e
BuA. B To ke BpeMA xapaKkTepHOe BpeMf B3anMOJEHCT-
BUA BOJH C CUIBHO OTINYAIOUIMMICA BOTHOBBIMU BEKTO-
pamu (HeloKanbHOe B3auMoneicTBue, k1 K ke, ka ~ k3)
BeIpamaeTca Kak TRPMOC ~ k712 ~ ~1/3 [6]. Tarum
ofpa3oM, B clIyyae TapMOHUUYECKOU HaKauKM Ha BBICO-
KMX 4YacToTax (BbIIE fp) MOMET BBINOIHATHCA YCIOBHE
nonloc

T < rharm (e, puc. 8). PosTomy AOMMHAHTHBIM

log T

log f

Puc.8. Cxematuunoe naoﬁpameﬂne YaCTOTHBIX 3aBUCH-
MocTel XapaKTepHbIX BPEMEH BOJTHOBLIX IIPOLECCOB B OUC-

CUIaTUBHON o61acTu:
—4/3

BpeMA BA3KOI'o 3aTyXaHUf T, ~

, BpeMdA JIOKalbHOI'0 B3auMOEeNCTBUA B ciry4dae

rapMOHUMYECKON HAKAYKH ToP™™ ~ (y1/0
KOIOMOCHON Hakaurm Toro*d ~ /2

ro B3auMomeHcTBUA TP ~ T 1/3

~ w
U B ciIydae IIHPO-
, BPeMA HeJlOKalbHO-
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HeJIMHeHAHbIM B3auMOJelficTBMEM BOJH B AUCCUIATHUBHON
obacTu MOKeT AABIATHCA HeJIOKalbHOEe B3auMOJeiicTBYe
C BOIHAMK U3 MHEPIUOHHOrO MHTepBala (ITO, KOHEY-
HO, COBCEM He O3HayaeT, YTO HapyllaeTcs JOKalbHOCThb
BHYTDHU CaMOr0 MHEPLMOHHOro MHTepBana). Pocroabry
BOJIHOBasl HepPruf CKOHLIEHTPUPOBaHa Ha HU3KUX YacTo-
Tax B o0ilacTU HaKauKu, HeloKalbHOe B3auMOJelcTBUe
BOJIH U3 JUCCUNATUBHOI 06lacTy ¢ BOIHAMU U3 HU3KO-
yacTOTHOM YacTy MHEpIMOHHOI'0 NHTepBala onpenensieT
DKCIOHEeHNMalbHOe 3aTyXaHKe BOJIHOBOIO CIeKTpa C Xa-
paKkTepHOl 4acTOToi, OMM3KOM K YacTOTe HaKauKu.

3.2. PakonieHue BOJHOBO¥ 3Hepruu BOIHU3H BBICO-
KOYacTOTHOro Kpas HHePOUOHHOTO WHTepBaja. B pane
sKcrmepuMeHTOB Ha noBepxHocTu He-II npu ymepeHHBbIX
aMIIUTyJax rapMOHHYecKOil HaKayKU B CIEKTpax Ka-
NUNNAPHBIX BONH Oblia oOHapy:eHa oco6eHHOCTb B 00-
JTacTHU BBICOKMX 4YacToT. Tak, Hanpumep, Korja B CIy-
yae rapMoHHNYecKol Hakauku Ha yactoTe 80I'n ammau-
Tyla HanpfeHWA Hakayku Obuia mamenena c¢ 11 (cm.
puc.2) mo 10B, dopma TypOyneHTHOro cleKTpa 3amer-
HO uaMmeHuminach (puc.9). B cormacuu ¢ mpeppigymumu
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Puc.9. Typ6yaeHTHBIi clIeKTp KAaOWIIAPHBIX BOJH Ha IIO-
BepxHocTu He-II mpu ymepeHHBIX aMIIUTyJaXx rapMOHU-
deckoil Harauku. Yactora Harauku 80I'm, amnaurtypa
HanpsxeHuda Hakauku 10B. Pa uactorax owromo 2.5 kl'nm
HabIIoJaeTcA JIOKANbHBIAH MaKCHMyM (OTMeYeH MITPHUXO0-
Boit auuwueit). llTpuxoBaa mpaAMasa INHUA COOTBETCTBYET
P2~ w37

PR L

paGoramu [17, 18] BbIcOKOYACTOTHBI Kpait TypOyIeHT-
HOr'0 KacKaja CIBUHYJCA B CTOPOHY HU3KUX yacToT. Of-
HaKo, KaKk BUAHO U3 puc.9, BOIM3N BHICOKOUACTOTHOrO
Kpaf MHEPIUOHHOI0 MHTepBala Habllofaloch OTKJOHe-
HUe OT CTeNeHHOr'o CeKTpa: BOMKU3U 4acTOThl wp chop-
MUDOBANCA JOKAIbHBI MakcuMyM (IOKa3aHO IMITPHUXO-
Boit nunueit). Ppu nanbHeiimem yMeHbIIEHUN aMILIATY-
Jbl HAKAYKU INOJIOEeHKe JOKAaIbHOI0 MaKCUMyMa CABHU-
rajocb B CTOPOHY HU3KMX 4acToT. PakoHell, nIpu oueHb
HU3KUX aMIIUTyJax HakauKkU CIEeKTP COCTOAN JHUIIb U3
Pucema B APT® Tom 95
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HECKOJIIbKUX FapMOHUK U JI0KAIbLHOI0 MakCUMyMa He Ha-
6II01aI0Ch.

Kar y:xe roBopuiioch paHee, GOpMUPOBaHKE JOKAIb-
HOr0o MakcMMyMa Habiiofanoch B pAfe SKCIepUMEeHTOB C
rapMoOHMAYEeCKO!l HaKauKoil Ha ompedeleHHLIX YacTOTaXx.
Pacnpenenenune yacToT HaKkaYKku, IPU KOTOPBIX BO3MOMK-
HO BO3HUKHOBEHNE 0KalbHOT0 MaKkCUMyMa, pa3inyHo B
pa3HbIX CepUAX PKCIEepPUMEHTOB U, N0-BUJUMOMY, 0UeHb
CAJNBHO 3aBUCUT OT pabouyuX MmapamMeTpOoB CUCTEMBI, Ta-
Kux, Kak temnepatypa He-II u ypoenb Pe-II B skc-
nepuMeHTalbHOU fAueiike. OO6meil uepToii Bcex maH-
HBIX DKCIIEPMMEHTOB ABJIAIOCH TO, YTO JOKAIbHbII MaK-
cuMyM ¢popMmupoBaica BOIU3U BbICOKOUACTOTHOrO Kpaf
TypOyJleHTHOro pacnpefeleHls, ofHAKO (opMa lOKalb-
HOr0 MaKCHUMyMa U ero TOUHOe MOJIOKeHNe 3aBUCEeNu U
OT YaCTOThI, U OT aMIIMTY bl HAKauku. Panpumep, Kor-
Ja MOBepXHOCTh Bo30y#Aanach CUHYCOMJANbHOU CcUIOM
Ha 4yactoTe 34T, 6pI1 MONyYeH CHNEKTP C OTUYETIUBHIM
ToKanbHBIM MakcuMyMoM (puc. 10). OgHaKo ToKanbHbLHA

10"

1OIO
8

10° e

106 JU- | JRRNT AN S IS S O I .

(arb. units)
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Puc. 10. Typ6y1eHTHEIi CIEKTp B cIy4yae HakauKM Ha 4ac-
TOTE Wpump/27™ = 34Tn. OTueTaMBo mHpociesuUBaeTCA
(opMupoBaHue T0KAaTLHOTO MakCUMyMa B crekTpe (Ha oc-
HOBHOM rpaduke OH BbIJeIeH OKPYKHOCTBIO, Ha BCTaBKe
IpUBeJeH B yBEINUYEeHHOM MacmTabe)

MaKCUMYM HaxoJuicA B AUcCCUIaTUBHON obracTu Typ-
OyleHTHOrO pacnpefeleHls, a He B MHEPLUOHHOM HH-
TepBaille, Kak 3TO NI0Ka3aHO Ha puc. 9.

CTouT OTMETUTBH, YTO B JKCHEPUMEHTaX C MIyMO-
BOIl HAKAUKOH JOKaNbHOI'0 MaKCMMyMa He HabII0Janoch.
Taw, HanpuMep, Ha puc. 11 npeacTaBieHo TypOyleHTHOe
pacnpefelneHle BOJH, NOJIy4YeHHOe B dKCIepUMEHTax, B
KOTOPBIX [OBEPXHOCTb BO30yskAanach HIYMOBBIM CUTHa-
aom B quanasone yactoT 60-130T'y. AMnautyna Hakau-
Ku Ob1na nogo6paHa TakuM 06pa3oM, UTO BbICOKOYACTOT-
HbI/ Kpail MHEePIMOHHOI0 HHTepBajla Haxoauica npubnu-
3UTENbLHO Ha TeX {e YacToTaX, YTO U B AKCIEPHUMeHTaXx,
npencTaBieHHbIX Ha puc.9 u 10.
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Puc. 11. Typ6yneHTHBI# CIEKTP KanUIAPHBIX BOIH B CIIy-
yae mymoBoit Hakauku 60-130 'y

@®opmupoBaHUe TOKATbHOI'0 MaKCMMyMa MOMKHO HH-
TEepNpeTHpoOBaTh KaKk HaKOIUIEHWe BOJHOBOU YHepPruu
BOIM3U BBICOKOYACTOTHOrO Kpafd TypOyleHTHOro Kacka-
Ja, re MPOUCXOAUT NMepexo] OT HelWHEHHOro mepeHoca
BOJIHOBOI ®HEepruy K BA3KOCTHOHN AMCCUNALUU SHEPTUU.
B reopernueckoit pabore [6] mokasaHo, YTO HAKOIIEHHE
SHEPruy MOKET BO3HUKHYTb IPHU HAIUYUKM B CHUCTEME
BA3KOCTHOM AMCcUNANUU, KOTOpafA NMPUBOIUT K OTpaHU-
YeHHOCTU MHEPIUOHHOro MHTepBaia Onaropapa addek-
Ty “y3koro ropaa”. OpHako HaOmogaeMylO B HaLIUX
SKCIepUMeHTaX 3aBUCUMOCTh (OPMUPOBAHUA TOKAIBLHO-
ro MakCUMyMa OT aMILIUTY Ibl HAKAaUKKM OGBACHUTD BIIU-
fIHMEM BA3KOCTHON Amccunanuu He ypanock. C ppyroii
CTOPOHBI, Kak GbL10 mokasaHo E. A. Kapramosoit [7, 8], B
cocylax KOHEUHBIX pa3MepoB MOr'yT HaGnio#aThCA ONpe-
JeleHHble 0COOEHHOCTH B IIpolieccax HEJIMHEMHOro B3a-
MMOJeCTBUA MOBEPXHOCTHHIX BOJH K3-3a JUCKPETHOC-
TU OPOCTPAaHCTBAa BOJTHOBHIX uucen. Teopua AUCKpeT-
HO# BOJIHOBOU TypOyileHTHOCTH Oblia N03Ke 3HAYUTElb-
HO pa3BHUTa B pAfe TeopeTuueckux pabor. Tak, B yacT-
HocTH, B pabore [9] Oblia mpeninoxeHa Mofelb “3aMo-
poskeHHO!” BoJHOBOW TypOyiaeHTHocTu. M3 3Toit Mo-
Jeny clefyeT, YTO OPU MalblX aMINIUTyAaX HaKauyku
JUCKPETHOCTb MPOCTPAHCTBA BONHOBBIX UYMCENT MOMKET
NPUBOJUTL K MOABIEHUIO OCUMIUIANUNA Ha TypOyleHT-
HOM cnekTpe. MoHO nonaraTh, 4To (OpMHUDPOBaHUE
JOKaNbHOI'0 MaKCUMYyMa TaKiKe ONpeenfieTCA AUCKPET-
HOCThIO k-mpocTpaHcTBa. OQHAKO B YNIOMAHYTOI BhIIIE
pabote [9] paccmaTpuBaiCcA TONBKO CIydail BOJH Ha MO-
BEPXHOCTH C KBaZpaTHOU rpaHuIeil, Korja npocTpaHCcT-
BO BOJTHOBBLIX BEKTOPOB AIBIAETCA ABYMepHBIM. B Hamux
e DKCIepPUMeEHTaX I'PaHUYHbIE yCIOBHUA ABIAIOTCH LU-
TMHAPUYECKUMU: [NOBEPXHOCTHBIe KoneOaHUA ONUCHIBa-
1oTcA GyHKnuAMU Peccensi, a mpocTpaHCTBO BOTHOBHIX
Yycel OJHOMEepHO. PocKONbKY NIOTHOCTH PE30HAHCOB B

k-npocTpaHCTBe CUILHO 3aBUCUT OT I'PAaHUYHON reoMeT-
puu [8], MBI MPOBENN HEKOTOpblE KauyeCTBEHHbIE OLEH-
KU, YTOOBI IOHATH POIb JUCKPETHOCTU B HaIIMX DKCIe-
PUMEHTax B HWIMHIpUYEeCKoil reoMeTpuu. PesyabTaThl
STUX OLIEHOK MPUBEJEHBI HUMKE.

Me1 monaraem, 4To ¢GopMHpOBaHUE TOKAIbHOIO MaK-
CMMyMa BBI3BAHO [JUCKPETHOCTBIO CHUCTEMBI, a HMEH-
HO PaccTPOMKON 4acToT rapMoHMK (M300paeHHBIX Ha
puc.2, 9 u 10) 1 pe30HAHCHBIX YaCTOT SKCIEPUMEHTAlb-
HOUl Aueiku. [eificTBUTENbHO, B cllyuyae MOBEPXHOCT-
HBIX BOIH B UIMHAPUYECKOM pe3oHaTope auamerpa D
coOCTBEHHBIMHM BOJTHOBBLIMM BEKTOpaMU AIBIAIOTCA KOp-
uu ypasaenus Ji(kD/2) =0, rae Ji(z) - dyHruus Pec-
cend nmepBoro nopaaka. Mcnonb3ys acHMOTOTHYECKYIO
dopmy dyurunu Peccens: Ji(z) = /2/(nz)cos(z —
— 37/4) npu & — 00, MOKHO MONYYNUTH, YTO B 00IaCTH
BBICOKUX k pe30HAHCHbIE BOJHOBbIE YKCIA NMPUHUMAIOT
SKBUAUCTAHTHLIE 3HAUeHUA ¢ maroM Ak ~ 27r/D. On-
HAKO B CUITy JUCIEPCHOHHOI'O COOTHOIIEHUA PAcCTOAHUE
MeMAYy AByMA OnmmaliinMy pe30HaHCHBIMH YacToTaMuU
YBEJIUYUBAETCA C POCTOM YacTOThI Kak

1/3
Aw= a0 3T <3> / w3 (7)
ok 0k D D \p

Takum o6pasoM, B ciiyyae KanuIAPHBIX BOJXH PE30HAHC-
HbIe 4YaCTOThl He O3KBUIUWUCTAHTHBLI. PaHpOTI/IB, yacTo-
Thl HEJIHWHEMHbIX rapMoOHHK KpaTHBI 4YaCcTOoTe HaKa4iKu
wpump. POBTOMy, HEeCMOTpPA Ha TO YTO B HaIIUX 3KC-
nepumeHTaX Aw < Wpymp, MHOMECTBA 3HaYEHUH pe30-
HaHCHBIX YacTOT M 4acTOT HeJHMHENHBIX rapMOHHK Iiepe-
KPBIBAIOTCA HE3HAYUTEJIbHO (,[Ipyl"I/IMI/I cjloBaMH, Bcerga
eCTh YacTOTHAA PacCcTPOMKa).

O‘IEBI/IHHO, 4YTO JaHHaA paCCTpOﬁKa BasiHa TOJILKO Ha
TeX YacToTax, rae ylmupeHnvue peaoHaHca 6(4) MEeHblIlIe pac-

CTOAHUA Aw MeMKIY IByMfA GnuMaiilinMy pe3oHaHCaMu
(puc. 12):

dw/Aw < 1. (8)

PesonancHoe ymupenue dw MokeT GbITb IPEACTaB-
JIeHO B BHJIe CYMMbI BA3KOCTHOIO YIIUPEeHUA dw, U He-
AVMHEWHOr0 YIIUPEHUA dwp:

0w = dw, + dwyi. 9)

Brskoe ymupeHne pesoHaHca COOTBETCTBYET BA3KO-
My 3aTyxaHuio [19]:

2/3
dw, = k2 = 4v (g) w3, (10)

¥ CBAI3aHO C XapaKTEepHbBIM BpeMeHeM BA3KOW guccuna-
OUu 7, Kak 0w, = T,,_l. PenuneiiHoe yumupenue peso-
HaHCa COOTBETCTBYET HellHeilHOMY [lepeHOCY BOJIHOBOI
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Puc. 12. UnnocTpanua BO3MOMKHOCTU CHUIBHOTO IOAaBle-
HUA HEKOTOPBLIX FapMOHUK B clyuae, KOrja yIIUpPeHUe pe-
30HaHCa 0w MEHbIIe PACCTOAHUA MEMIy ABYMA OiauzKai-
mUMH pe3oHaHcaMu Aw, eclii 3TU rapMOHUKU HaXOAATCH
BAany OoT GaumkaiimuX pe30HaHCHBIX YacTOT KoldeGaHUil mo-
BEPXHOCTH B SKCIIEPUMEHTAalIbLHON AYeiiKke

PHEPruy B MHEPLMOHHOM KMHTepBaje C JaHHOW 4acTOThI
Ha pyrue U onpeaeideTcA XapakTepHBIM BpeMeHeM He-
JIVHENHOro0 B3aUMOMENCTBUA Ty KaKk dwn = T;ll. Has
cliyyad rapMOHMYECKON HaKayKyU XapaKkTepHOoe HeJluHeNl-
HOe BpeMfl 3aBUCUT OT YacTOThl KaK Tn ~ wl/6 [16] u,
ClIeoBaTelIbHO, dwy ~ w™1/6, Pocronbry MoHO nmpej-
MOJIOMUTh, YTO C yBelUYeHNEM aMINIUTY bl HaKauyku A
HellMHelHOCTh TaK:Ke A0 Ha Bo3pacTaTh, OKOHYATElb-
HO MOKHO MIPeJCTaBUTh HelMHelHHOe ylINipeHue B Cledy-
IOll[eM BHJE:

Swnt ~ e(A)w /8, (11)

rie €(A) —Bospacraromas QyHKIUA aMILIITY bl HaKad-
ku A.

Pocre noacranosku (7), (9)-(11) B (8) moxHO mo-
Iy4YuTb, YTO PacCTpPOiiKa BajkHa HA TeX YacToTax, Ha
KOTOPHIX BBINONHAETCA YCIOBUE

4v(p/o)?Pw/? + e(A)w /6
(37/D)(a/p)}/Pwt/?

Pa BbICOKOUACTOTHOM KpaiO MHEPIMOHHOI'O HHTEp-
Bala wp, r'le HabmofaeTcA 3aTyXaHHe TypOyJleHTHOro
KacKaga, IPOMCXONUT Mepexo] OT HelUHeilHOro mepeHo-
ca 5Hepruu K BfA3Koil guccunanuu. CnegoBaTelbHo, Ha
JaHHO# yacToTe “BA3KOe” BpeMA MPUHMMAET 3HAYEHHE,
Gru3KOe K 3HAYEHHUIO “HelMHEeHHOro” BpeMeHu: 7, (wp) ~
& Tpi(wp). Tarum obpasom, xota pyHuruusa e(4) u He-
M3BECTHa, ee 3HaUeHNe IIPU JaHHOH aMILIUTY e HaKauKy
B JaHHOM DKCIEPHMEHTe MOKEeT ObITh OLEHEeHO U3 yCllo-
BUA PaBEHCTBA HETMHeHHOro YIMPeHUA Swy = T, H
BABKOrO ylupeHus dw, = 7, ! Ha yacToTe wy:

dw,, (wp) ~ dwpy(wp). (13)

<1 (12)
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W3 Hammx oueHOK cleyeT, YTO B HAIIUX DKCIEpU-
MeHTax ycinoBue (12) BRINONHAETCA IPU YMEPEHHBIX aM-
INIUTYyJaX HaKauKky B 4acTOTHOU o6macTy BOIM3U BBICO-
KOYaCcTOTHOr0 Kpafg MHEPLUOHHOIO MHTepBala wp (Kak
BbILE, TAK M HUKE wp; puc.13). B aroil yactoTHON

2.0

1.5

d/A®
=
TTTT | TTTrr | rrrrrrrrT

—_
(=]

Puc.13. Pe3ynbTaThl OLIEHKM OTHOCHUTEIbHOrO YIIHpe-
HuA dw/Aw. MoHOTOHHO Bo3pacraromas TOHKafA IH-
HUfl COOTBETCTBYeT BA3KOMY OTHOCUTEIbLHOMY YIIMPEHUIO
dw, /Aw, MOHOTOHHO yGbIBaIOIasA — HEINHEHOMY OTHOCH-
TelbHOMY YIIMPEHUIO dwy,;/Aw. Toncrag 1nHUA ¢ MUHHU-
MYMOM — CyMMapHOe 0THOCHTeIbHOe yupeHnue dw/Aw

oflacTy paccTpoiika YacTOT 'apMOHUK M pPE30HAHCHBIX
YacTOT Ur'paeT BaKHYIO POJIb U MMEHHO OHA olpejensdeT
ofpa3oBaHue JIOKATLHOIO MaKkCHUMyMa B TypGyleHTHOM
pacnipesenennun P2. W3 npuBeeHHBIX OLEHOK TaKme
MOKHO CIelaTh BBIBOJ O TOM, UYTO I HabIIOJeHUA BOJI-
HOBOJ1 PHEPrUy Ha MOBEPXHOCTY [IPOU3BOJIbHOMN KUAKOC-
TH BOIIHOBafA CHUCTeMa NON#Ha o6i1agaTb CIeAYIOMUMU
CBOMCTBaMU: Maloe BA3KOe ylInpeHue (Maias BABKOCTh
JKUAKOCTH), Malloe HelUHeNHOe ymupeHue (rapMoHHU-
YyecKas HAKAYKa YMEPEHHOM aMIIUTY Ibl) U OTHOCUTENb-
HO GOJbINOe paccTOAHUE MeKAY PEe30HAaHCHBIMU YacTo-
TaMu (OTHOCHTEIbHO Maiblil pa3mep Adeiiku). B nammx
SKCIepUMEHTaX 3THU YCIOBUA BHINONHAIOTCA. HWMeHHO
Hcnonb3oBaHKe cBepxTekyuero ‘He, BA3KOCTb KOTOpO-
r'o Ype3BbIYAiHO Maia II0 CPAaBHEHUIO C KIacCUYeCKUMU
JKUJKOCTAMH, [I03BOJIUIO0 O0HAPYKUTh HaKOILIEHUE BOI-
HOBO#1 ®Hepruu B TypGylIeHTHOM KacKage.
PpuBenennsle BhIlle OIeHKN U BHIBOABI HOCAT IHUIIb
KauyeCcTBeHHBIN xapakTep. OueBuaHO, TpeGylOTCA Aalb-
Hefilive 3KCOepPUMEeHTalbHble U TeOpPeTHYecKUe Kccile-
IOoBaHUA, YTOOBI AeTalbHO OOBACHUTH MeXaHU3M ¢op-
MHpPOBaHUA JOKalIbHOrO0 MakcuMmMyMa. Tak, Hampumep,
OTHOCUTENbHO HeJaBHO HaMHU ObLIY BIEPBBIE NPOBEIEHEI
SKCHEPUMEHTHI N0 M3YYeHHIO TYypOyJIeHTHOCTH Kamui-
JAPHBIX BOJIH Ha NMOBEPXHOCTU CBEepXTeKyuero renuna-4
B KBajpaTHo#l fueiike 42 x 42mm2. Pa puc.14 u 15
npejacTaBieHbl TypOyleHTHbIE CHEKTPhI B cilydae rap-
MOHMYECKO! Hakauku Ha yactoTe = 90['m npu pasznuy-
HBIX aMILTUTYAaX Hakauku. BugHo, 4yTo, Kak U B ciiyyae
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Puc. 14. Typ6yneHTHbIA CIEKTpP KamMLIAPHBIX Boad P2 Ha
moBepxHoctu He-II B KBampaTHoil AYeilKe IpU MHTEHCHUB-
HOIl rapMoHHYecKoii Hakauke Ha udactore f, =~ 90I'n. B
VMHEPLUVOHHOM MHTEPBale CIEKTP ONUCHIBAETCA CTEEHHBIM
3aKOHOM (IpAMasn INHA)

1013 T T

1011
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Puc.15. TypGyneHTHBIN CIEKTp KANWLIAPHBIX BOMH P2
Ha noBepxHocTu He-II B KBagpaTHoii Auelike Ipu rap-
MOHHMYeCKOl HaKauKke YMePeHHOM aMILIMTYbl Ha YacToTe
fp = 90Tn. B6am3u BBICOKOYACTOTHOr0 Kpasd HMHEPIUOH-
HOr'0 MHTepBala HabmogaercAa (opMupoBaHUE IOKAILHOTO
MaKcHUMyMa

HUIAHAPUYECKON AYEHKU, IPU NOHUMEHUN aMILIUTY Jbl
HaKauyKy BOMM3U BbICOKOYACTOTHOrO Kpafd MHEPLUOHHO-
ro MHTepBajla BO3HMKAeT JMoKanbHbI MakcumyMm. OpgHa-
KO MpeJcTaBleHHAaA BbIllie MOAENb [Iif IUINHAPUYIECKON
reOMETPHUU OMKUCHIBAET BOJNHOBBIE MPOLECCHI B OJHOMEp-
HOM k-NpocTpaHCTBe BOMHOBBIX YKCEI U, CTPOr0 FOBOPHA,
He MoeT ObITh MPUMEHUMa I KBaJpaTHOU AYeHKH,
TaKk Kak B HOCIEJHEM Cly4yae BOMHbI XapaKTepU3YIOTCA
IBYMEPHBIM k-NPOCTPAHCTBOM BONHOBBIX BEKTOPOB.

4. 3arawuyeHue. Taxkum o6pa3oM, 3KCHEPHUMEH-
TalbHO MOKA3aHO, YTO 3aTyXaHue TypOyleHTHOro Kac-
Kajla B IMCCUNATUBHOM 06MacTH MPOUCXOJUT M0 DKCIO-
HeHI[MaNbHOMY 3aKOHY. XapaKTepHas JyacToTa 3aTyXa-

HUA OIpeJelnAeTcA B3aNMO/eiiCTBUEM BOJIH U3 JUCCUMA-
TUBHOTO MHTepBalia ApYr ¢ APYTOM WIH C BONHAMU U3
MHEPLHOHHOTO UHTEPBAla B 3aBUCUMOCTH OT CIEKTpPailb-
HOIl XapaKTepUCTUKU BO30YsKAaoulell CUIbI HAa HU3KUX
yacToTaXx. BGaAM3u BBICOKOYACTOTHOTO Kpas WHEPI[UOH-
HOTo MHTEepBala TONbKO Ha MOBEPXHOCTHU CBEPXTEKYUYEro
requd 0Py rapMOHUYECKON HaKkauke (HOpMHUpYeTCA AUC-
KpPETHbI peuM TypGyneHTHOCTH, 00y CIOBIEHHbIN AuC-
KPETHOCTbIO B CIEKTPE MOBEPXHOCTHBIX BO30Y#H IEHUI
U OUCKPETHOCThIO B TypOyleHTHOM KacKage. Pawrom-
JieHUEe SHEPruy B Y3KOM YacTOTHOM [uanasoHe BOIU3U
Kpaf MHepPIMOHHOr0 MHTepBala CBA3aHO ¢ (HOPMUPOBa-
HHEM Y3KOro ropia B AUCKPETHOM DPeUME.
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