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SKCHepMMeHTa][hHO 1 TeopeTHYeCKHM HCClIenNoBaH MeXaHu3M VOHHU3aI[MOHHOM! CaMOKOMIIpeCCHhH Cl)eMTOCG—
KYHOHBIX J1a3€pPHBIX MMIYJILCOB, PACIPOCTPAHAIOIINXCA B YCIOBUAX II0JOr0 AUIIEKTPUYECHOI'0 Kaluiajasfgpa 3a-
MOJHEHHOTro rasoM. B YaCTHOCTHU, 3KCIEepUMEHTAalbHO IIPOAEMOHCTPHPOBaAHA ABYXKpaTHaad CaMOKOMIIpeCCUA

nazepHoro ummyinca ¢ 76 mo 40 ¢c.

PaspaﬁoTaHa TeopeTu4yecKaad Molelhb, 06bACHAIONAA MeXaHU3M TaKoit

CaMOKOMIIPECCUH U JAIONafA XOpoIlee COriacye ¢ 3KCIEepUMEHTAaIbHBIMU NaHHBIMU. Mogenb Take MpeacKasbl-
BaeT, YTO B ONTUMAalbHOM peMMe BO3MOKHA I'eHepalyf Ia3epHOro UMIyIbca JIUTeIbHOCThIO MeHee 10 dc ¢
3HepreTuYecKoii 3¢ heKTUBHOCTEIO, peBbImalomeil 3@ ek TUBHOCTL MUPOKO 06CyHJaeMoii B mociefHee BpeMA

CaMOKOMIIpeCCHHU Ha qmnameﬂ're.

PACS: 42.65.—k, 42.65.Re, 52.38.Hb

1. PasBuTue MeTON0B KOMIPECCUM ONTUUECKUX UM-
IyNbCOB B QEMTOCEKYHIHOM MHTEpBale AIUTelbHOCTel
ABNAETCA OJHON U3 BamHBIX 3ajay JNazepHoi (U3MKH,
KoTopas NpUBIEKIa K cefe 3HAUMTENbHOE BHUMAaHWUE B
noclenuue rogasl (cM., Hanpumep, [1]). Ontuueckue um-
MyJbChI C JAUTENbHOCThIO MeHee 10 ¢c BocTpe6oBaHbI B
caMbIX pa3NUUHBIX 06IacTAX, Kak (yHJaMEHTAalbHBIX,
TaK ¥ NPUKIAIHBIX MCCIELOBaHUI, OT CIEKTPOCKONNY C
BBICOKMM BPEMEHHBLIM paspelleHieM, 03BOIAIoLEl uc-
cnefoBaTh GRICTPONPOTEKAlONINE [poLeccsl [2], 1o nasep-
HBIX MeTOHOB yckopenus wactun [3]. Ocobo oTmeTnMm
BaJKHOCTb NPEJENbHO KOPOTKUX MMIYIbCOB MUILIM/MO-
YILHOTO YPOBHfl, KOTOpble B HACTOAIEe BPEMA OCTPO
BocTpe6OBaHbl [Nl MPOBENEHUA PAJlA HAYYHBIX HCCIe-
IOBaHUil U, B NEPBYIO OYepeAb, JJf FeHepanun aTToce-
KYHAHBIX [4, 5] U TeparepuoBbIx [6] UMMy ILCOB.

B camom mpornecce Kommpeccuu YIOGHO BHIJETUTH
IBa OCHOBHBIX MOMEHTA — CIEKTpAlbHOE YIIMPEHUE U
COGCTBEHHO CaTHe UMIyNbca. B cuiy ompepneleHHO#
B3aMMO03aBUCUMOCTH MEMAY AIUTENIbHOCTHIO UMIYIlb-
ca M ero CNeKTPalbHON WIUPUHON CUIbHOE CHEeKTpalb-
HOe yIIUpeHNUe ABNATCA He0OXOAUMBIM YCIOBUEM MOIY-
uyeHusd HauGollee KOPOTKOro umnynesca. ua yBeaude-
HUfl CTIEKTPAIbHOM [WUPHHBI 1a3€PHOr0 UMIYIbCa 06bIY-
HO UCTONbL3YIOT Pa3NMyYHOro TUNA HelWHeNHbIe MEeXaHU3-
MBI €ro yIMPeHUs, B YaCTHOCTH, AJfA MOIJHBIX MMYIlb-
COB MPE/JIOEHO MCIONb30BaTh MOMbIE JUANEKTPUIECKUE
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KanunifApel, 3anolHeHHble ras3oo6pa3Hoii cpenoii, B KO-
TOpO#i npeobianaloT KeppoBcKas [7| WM HMOHM3ALVOH-
Han [8, 9] HennueitHoctu. OpHako camo mo ceGe yuupe-
HUe aBTOMaTHYeCKU He BeleT K YKOPOUEHUIO UMILYJb-
ca — HeoOXOAMMEI crnenualbHble Mephl, MO3BOJAIOIINE
KOMIIEHCHPOBATh QUCHEPCUIO MPYNNOBOit cKopocTu. na
HENoCPeJCTBEHHOr'0 CaTuA OObIYHO HCIONL3YIOT napy
Opu3M UM AUGpPaKLUOHHBIX pemeTok. JlnAa nomyde-
HUA NpeJilelbHO KOPOTKUX UMIIYJIbCOB Tak:#e 3QPerTuB-
HO MpPUMEHEHNE 3epKal ¢ yrnpaBiufgeMoii gucnepcueii. Ox-
HaKO B NOCIeIHME r'ojbl BecbhMa akTUBHO 006Cy#JaloTcA
pa3iuyHble CXeMbl CAMOKOMIIPECCUH, TaKMe HUCHONb3Y-
folie keppoBckyo [10] u voHnsanuoHHble [11] HenuHel-
HocTu. Ilo-BUAMMOMY, dyuline pe3ylbTaThl, JOCTUTHY-
Thle Ha CEroJHANIHUN JeHb, CBA3aHbl C CaMOKOMIIpec-
cueil lazepHOro KMMITylbca Ha OJMHOYHOI (uiraMeHTe,
dopMupyonieiica B rase CpaBHUTEIbLHO BBICOKOTO JaB-
JeHUAl NMPU MOIHOCTH KCXOJHOTO MMIYIbCa, HE CUIb-
HO MpeBbILIAOINIell KPUTUUECKYIO OlA caMO(pOKyCHpPOB-
ku [12]. Tem He MeHee, Kak NOKa3bIBaeT AeTalbHbIM
aHanus, npoBefeHHbIH B [13, 14|, sHepreTuueckas a¢-
(PeKTUBHOCTb TAKOT0 MeToJa HEeBBbICOKA U COCTaBifAeT
HECKONBKO MPOIEHTOB. B oTiMuMe 0T JaHHOH CXEMBI MBI
[IPOBENU DKCIepUMEHTalbHble U TEOpeTUUeCKHe HCcle-
noBaHuA 3(Q(erTa MOHU3ALNOHHO-UHAYLMPOBaHHOH ca-
MOKOMIIPECCUH J1a3epHOro MMITyJbca, pealu3yIoLlerocsa
[IpU pacnpocTpaHeHUU (PEMTOCEeKYyHIHOr0 U3NydeHHUd B
YCIOBUAX MOJOr0 CBEpXpasMepHOro Kamuiifpa, 3amol-
HEHHOro razoM. JlaHHBI MEeTOJ KOMIIpEecCH#, paccMOT-
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peHHsbiit B pa6ote [11], no3BonfeT Takiie MOIy4YaTh Ja-
3epHble UMMYJIbChI C MajlbIM YUCIOM IEPUOJOB NONA U
¢ MYIbTU-MUIIUIMOYIEHBIM YPOBHEeM 3Hepruu. B Ha-
cTofllell pa6oTe 3KCIepUMeHTalbHO HCCleoBaHa caMo-
KOMIIpeccCUfl MOHU3UPYIOLEro UMIyJabca B IIMPOKO# 06-
1acTy napaMeTpoB (AaBieHUe rasa, SHepruf B MMIYJb-
ce) u pazpaGoTaHa TeopeTMyecKasd MOjelb, NPOACHAIO-
mafd MeXaHu3M TaKol CaMOKOMIIPECCUU M INpeJCKa3bl-
Balolllaf ee JOCTATOYHO BBICOKYIO HEPreTHUYecKyIo 3¢-
(pEKTUBHOCTh.

2. Rak wusBecTHo, HKoMOGUHMpPOBaHHOE [eiicTBUE
aHOMalbHOW JucClepcUyd TPYNNOBOH CHKOPOCTHM © HO-
HU3alMOHHOW HENWHEHHOCTU ABIAETCA HeoO0X0IUMBIM
YCIOBHEM [ oCcyLIecTBIeHUA 3P PerTa NOHN3aIMOHHO-
VHIYIMPOBaHHOI caMoKoMIpeccuy (EeMTOCEKRYHIHOTO
usnydyenus [15]. 3a cuer HelicTBUA HOHM3ALUOHHOM
HEMWHEWHOCTH NPOUCXOJUT YaCTOTHaA MOAYIANUA
lla3epHOro MMIYyJbca, B pe3ylbTaTe KOTOpoit ¢opmu-
pyeTcA YMpn C NOBBIMIEHUEM YacTOThI OT MepefHEll K
3agHeil yacTu UMnynbca. Takoil UMNOyabc MoeT ObITh
caT B cpelle C aHOMAalbHOW [ucnepcuei, B KOTOpPOH
CUHUE CHOEeKTpalbHble KOMIIOHEHTBI MOT'YT [OTHATh
KpacHble, Tak Kak MMeloT Gollee BBICOKYIO I'DYNIOBYIO
cKopocTh. OgHAKO HECMOTPA Ha TO, YTO AUAIEKTPHU-
YecKUil KanuinAp obiafaeT aHOMalbHOUW [UCIEpCUEei,
ee BellMYMHA OKa3blBaeTCA HEJOCTATOYHON AJA rpyNnu-
POBKHU CNEKTpadbHBIX KOMIOHEeHT. Haieit KilouyeBoit
ujeeil ABIAETCA UCNONb30BaHUE ra3a TaKkoil MIOTHOCTH,
Korga 3a cyeT ofOpasymouleiicA mia3Mbl MOT'YT Hapy-
IMUTHCA YCIOBUA OAHOMOAOBOTO paclpoCTpaHeHUA U
BO3MOKHO BO30y:K/JEHNE KOHMU3AIMOHHO-HEINHEIHOr0
MJIa3MEHHOr0 BOJHOBO/Ia, B KOTOPOM MOT'YT PaclpocTpa-
HATBCA COOCTBEHHbIE YTEKAaIOU[HE MOJIbI [16]. Bonee
cUlbHaAd aHOMalbHafd [QUCIEPCUA TAKOr0 HENINMHEHHOro
MJIa3MeHHOro KaHaja MOMeT NMpPUBECTU K 3PPeKTUBHOM
CaMOKOMIIPECCHUM ONTHYECKOro umnyibca. CyliecTBoBa-
HUe TaKOor'o BOJHOBOJA CBA3aHO C PE3KOI 3aBUCHUMOCTEIO
BEPOATHOCTHU MOHM3AlUM ra3a 0T MHTEHCUBHOCTH MOJfA
B Jla3epHOM WMIOyJbce, NPUBOAALIEN K 00pa3oBaHUIO
peskoro (Ha MacumTaGe AIMHBI BONHBI) CKAa4YKa IMOKa-
3atena npenomneHud. I[lo cyTu, Takoif nnasMeHHBIH
BOJIHOBOJ TIOJHOCTBIO aHAJIOrM4YeH KanuiiAapy, HO, B OT-
IuuKe OT NoclefHero, obnagaeT CyIlleCTBEHHO MeEHbIIei
BEJIMUYMHON OTHOCHUTENBHOTO MOKAa3aTeNlA MPENIOMIEHUA
U, KaKk cleqcTBue, Xxynmeil mo6poTHocTbio. OmHaKo
BBUAYy HaluuufA BHeIIHe#l rpaHunbl (CTEHOK Camoro
AUAIEKTPUYECKOr0 Kamuiifpa) U3NydYeHHE B HEM MO-
JKET pacHpocTPaHATbLCA Ha PacCTOAHHUA, 3HAYUTEIbHO
npeBblmampmue 3QPeKTUBHYIO IINHY KaHalWpOBaHUA
CBOGOAHOr0 MNIa3MeHHOro BonHOBoja [17]. OueHry
Ha HapylleHWe YCJIOBUA OJAHOMOJOBOI'O pexuMa pac-
NpOCTPaHEHUA MOKHO JOCTATOYHO NPOCTO NONYYHUTh,

BOCMONB30BABIIUChL KOHNennueit Bpunnmiosna ana onwu-
caHufA (GOpPMUPOBaHUA NPOCTPAHCTBEHHON CTPYKTYPHI
u3nyueHusa B BonHoBofe. CormacHo 3Toit KOHIEMINU,
NONEePEeYHYI0 CTPYKTYPY IHONA B BOJHOBOJE MOMHO
paccMaTpuBaTh Kak pe3yJbTaT UHTepPPEPEHIUU Tydeit,
najamomuX ¥ OTpa)kalolMUXCA OT CTEHOK MOJ YTJOoM,
OMpeJeNfieMbIM MONEPEUHBIM BOMHOBBIM YucioM [18]

2

Yom ~ k [1 - 21;’:—;")2] y Onm =~ stm [k,
rie k = w/c — BOHOBOE YKCIIO B BaKyyMe, w — Hecyas
4yacToTa U3Ny4YeHUf, @ — PafANyC Kanuianapa, Upmy, — M —
KopeHb ypaBHeHUA Jyn(unm) = 0. IHoatomy, ecau ua
BXoJle Kanuinapa 3¢p¢perTUBHO BO30y:JaeTcA oJHa PYyH-
namenransHaa moga (EHi;) [19], To nepexos B MHO-
FOMOJIOBBIN pe:rUM paclpocTpaHeHUA U3NyuyeHUusa OyneT
MMeThb MeCcTO, Korja BcliecTBUe pepakiuy U3nydeHus
Ha ofpa3zyomeiica nia3mMe GpUITIO3IHOBCKUI yTroJ U3Me-
HUTCA Ha BeIUYUHY, COOTBETCTBYIOUIYIO BO30y:KIEHUIO
cllefiytoleil BOTHOBOJHOW MOJbI:

27 Ne?
k mw?

11 — 112

; 1)

roe N — KOHUEHTpauus miasmel, e, m — 3apff M Mac-
ca BIeKTPOHA, COOTBETCTBEHHO. TakuM 00pa3oM, ycio-
BUe HapyUIeHUA OJHOMOJIOBOTO PAClpOCTPaHEHUs U3IY-
4eHHUA B KaMMLIAPEe NpUMeT BUX [8]

ey iy 7
47e? a? T a?
rae u;; = 2.405 u u12 = 5.52 — nepBbIil U BTOPOi HY-
mu dyurnun Beccens myneporo mopagka. Jina wamumns-
pa AMaMeTpoM 75 MKM OlleHKa KOHIeHTPalUM IIa3Mbl,
IIpU KOTOpO#i HapyIIaeTCA 0JHOMOIOBEIH PeXUM PacIpo-
CTpaHeHMA M3TydYeHHS B Kamuuisape, gaeT N > N* =
= 4.8 - 10" cMm 3, uTO COOTBETCTByeT AaBIeHMIO rasa
Ipu oJHOKpaTHO# moHuzanuu p* = 15 Topp. Takum 06-
pasoM, IpU JaBIeHUH p > p* B MOJOM KANMLIAPE MOMKET
MpoUCX0AUTh (hopMUpOBaHUe Y3Koro (MO CPaBHEHHUIO C
nornepevyHsIM pa3MepoM KanuiliApa) MIa3MeHHOTo BOJ-
HoBofla (CM. HM#He pHc.5), B KOTOPOM MPOCTPaHCTBEH-
Hafg CTPYKTypa moias GyleT CyleCTBEHHO OTJHYAThCA
OT MOJI ¢XOJOJHOTO) KANMILIApPA.

B manHoit paoTe MbI HCNONL30BaNN AaBIeHUSA ra3a B
HECKONILKO JecATKOB TOPP, YTO MO3BOJAET NpeHeGpedb
BIMAHHEM KeppOBCKOI HEeMHEHHOCTY Ha AUHAMUKY Ja-
3epHOT0 MMIYJNbCa, TAaK KAK MOIIHOCTM HCXOAHOTrO, a
TaKke CKOMIPEeCHPOBAHHOTO MMITYJIbCOB MHOI'O MeHbIIe
KPUTHUYeCKO# I caMOpOKYCHPOBKH, KaK MOKA3LIBAIOT
JOCTATOYHO NpPOCThle YHCIEHHbIE ONeHKH. IloaTomy B
KayecTBe OCHOBHOTO HeIMHEHHOro sddeKTa, UMeIOmero
MeCTO NpH B3aUMOJEHCTBUU CHILHOTO Ja3ePHOro MO C

N> N*= 102 em™3,  (2)
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rasoM B Kamuifpe, MOHO PacCMOTpPeThb TOJILKO IMolle-
BYIO MOHHU3aIUIO rasa.

3. B sKcnepuMeHTax MCNONb30BANIOCE Ja3ePHOE U3IY-
yenue Ti:Sa ¢emroceryHzaHoro nasepa [20] ¢ anuTens-
HOCThIO UMIyJbca T, ~ 70—80 dc, yacToToli MoBTOpe-
HuAa F = 10T'u, anuHoit BonHbI uanydeHua A ~ 800 HM
u sHeprueil B umnyinbce W go 10 m/Ix. Jlazepuoe us-
Iy4yeHHe NOCTyNalo B BAKYYMHYIO KaMepy U GoKycupo-
BaloCh cepUyYECKUM 3€pHKallOM Ha BXOJHOIN Topel AU-
3IEKTPUYECKOr0 Kanuuifapa auameTpoM d = 75 MKM U
anuHoit L ~ bcm B nATHO AuameTpoM 50 MEM 1O ypoB-
HiIO 1/e?. B BbINONHEHHBIX PKCNEPMMEHTAX NPUMEHA-
nack nuddepeHnuanbHang oTkayka Kanunnapa. Jlna sto-
ro KanwuiAp NoMeIlalncAd B COCYJ, 3aNONHEHHBINH rasoM
1o TpeGyemMoro faBleHUA, ra3 MOCTynal B KamULIAp 4e-
pes mpopesu B CTEHKE, a BXOJHOM U BRIXOJHOM TOPIbI Ka-
NULIApa BEHIBOAWIKCH B OCHOBHYIO BaKyyMHYIO Kamepy,
oTkauuBaemyio no nasnenus < 1072 topp. Nuddepen-
nualbHafA OTKauyKa M03BOJMIAa 3HAaYMTENbHO MOBLICUTH
JaBleHNA rasa, ¢ KOTOPbIM MOKHO GbIno paGoTaTh, Mo
CpPaBHEHUIO C paHee BBINOTHEHHBIMU HaMU BKCIEPUMEH-
Tamu [9], Tak Kak no3Boauna U36eKaTh BIUAHUA MIA3-
MBI, CO3/1aBAEMOIl MHTEHCHUBHBIM JIa3ePHBIM K3JIyYEeHU-
eM nepej BxogoM B KanumiAp. C BeIXoja KanuinApa
U3IyYeHre KONIUMUPOBaioCch nuH30# (Matepuan BKT,
TonUHA ~ 2.5MM) M NapailelbHbIi yYoK BbIBOJUI-
cA yepe3 OKHO BaKyyMHON KaMepbl TaKOU e TOJNIIH-
Hbl. HKak noxasmIBalOT OLEHKH, YIIMPEeHWEe J1a3epHOro
UMMOylIbca B JIMH3e U BhIXOJHOM OKHe BaKYyMHOI Kame-
pBI Jaske MPU MUHUMAaIbHOM JINTEIbHOCTH UMIYIbCa,
HaGniofaBuieiica B skcnepumente (~ 40 ¢c), He npeBbI-
mano 3 ¢c. CnekTp M3NTyueHUA, MpolIeJIIero yepes Ka-
OWILIADP, U3MEPANCH C IIOMOIILIO CieKTPpoMeTpa (MOAens
5150, dupma SOLAR). YBenuuenHoe usoGpaeHue Bbl-
XOJHOT'0 Topla KanuaaApa peructpupoBanock CCD ka-
Mepoii. [lnA xapakTepUCTHKM NpOLIEALIET0 4epe3 Ka-
NIILIAP UMITynbca ucnonbioBaincad metoq FROG Ha BTo-
poit rapmonuke [21]. JHeprus nasepHOro MMIyiabca Ha
BXOJle B KamWIIAp U Ha BhIX0Je U3MepAlach KamuGpo-
BaHHBIMU ¢oToguogamu. J[laBieHue rasa B Kanmiisape
(He u Ar) B Xofie SKCIEPUMEHTOB MEHANIOCH B JUana3o-
He p = 1-30 Topp.

3aBUCUMOCTB 3PPEeKTUBHOCTU NPOXOMAeHUA HEMTO-
CEKYHIHOTO JIa3epHOr0 WU3ITy4YeHHA depe3 KamuIfAp OT
SHEPTUU B Ja3epHOM MMIYJIbLCE AIA Pa3HbIX JaBIeHU
He npexncraBnena na puc.l. 3¢ddeKTUBHOCTL NPOXO:H-
JeHUA U3IMy4yeHUA 4Yepe3 MYCTO KamWINAp COCTaBIA-
na npumepno 50-55% u onpepensnack 3dderTHUBHOC-
ThIO BO30Y:#IeHUA OCHOBHOI MOZBI KanmuiifApa U MOoTe-
pAMM BHEPrUM NPU PacmpoCTpaHeHuu B Kamumaspe [9].
Bo Bcem puanazoHe MCMONB30BaHHBIX BHEPrUil Na3epHO-
ro UMIyNbca OHA HE MeHANack. AHamoruuHo Bena ce6s
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Puc.1l. 3¢ perTUBHOCTE IPOXOMAEHUA U3TyUYeHUA 1) B 3a-
BUCHMMOCTH OT HayalbHOU sHepruu W [uf pa3HbIX AaBlie-
umii He: [0 — naBnenne 3 Topp (3KCIEpUMEHT); X — AaBle-
Hue 10 Topp (skcnepumenrt); + — maBaenue 30 Topp (3kKc-
[IEPHIMEHT); YepHasA CIUIOLIHAA JWHWUA — JaBleHue 5Topp
(Teopusn); uepHaa wrTpuxoBad aAMHUA — gaBiaeHue 10 Topp
(Teopmus); cepasa nunuA — paBiaeHue 30 Topp (Teopun)

3aBUCUMOCTh U NpU HU3KUX (MeHee 3 TOpp) AaBIEHUAX
He. IIpu Gonbuinx mZaBleHUAX rasa o Mepe pocTa dHep-
ruu Habmojanoch cHumeHHe 3)EEeKTUBHOCTU IPOXOHK-
JEeHUA SHepruy J1a3epHOr0 MMIyJbca Yepe3 KamuilIfAp,
NpyUYeM CKOPOCTb CHUEHUA 3(PPeKTHMBHOCTU IPOXOK-
JEeHUA BHEPruM yBeJIUYKBalach C POCTOM IaBJeHUA.

NHTeHCcHBHOE (peMTOCEKYHIHOE U3IyUYeHHe, pacnpo-
CTpaHfAACh B rase, MOHU3NPYET ra3, YTO NPUBOIUT K
YUIMPEHUIO CIeKTpa lla3epHOr0 U3JIy4yeHHsA B CTOPOHY
KOPOTKUX AauH BouH [22]. Kar nokasanu namm usmepe-
HHfA, YIIUPEeHNe CIeKTpa cTaHOBUTCA Gollee CyIIeCTBEH-
HBIM NpPU yBeJIUYEHUU SHEPruy Ja3epHOT0 MMIyJIbca U
pocTa JaBieHud rasa B Kanuiuaape. Ha puc.2a npuBenen
BUJ CIEKTPOB JIa3€PHOr0 MMITyJlbca Ha BbIXOJE Kalui-
nspa, 3anondendoro He (p = 20 Topp), npu paznuyHbIx
SHEepPrufx B Ja3ePHOM HMITyJbCe.

Kak BugHO u3 puc.2a, s3¢ppeKTUBHAA MUPUHA CIEKT-
pa, MepBOHayalbHO COCTaBIABINAA BEIMYUHY ~ 15 HM,
3HAYNTENIbHO yBeJIWYMBalach, CIEKTPalbHbIN AManasoH
NpY MaKCHMalbHON 3Hepruy B JIa3ePHOM KUMIYIbce JO-
cturan BenuduHbl ~ 150 — 200 HM. OxHOBpEMEHHO Ipo-
HCXOAWI CABUT “lleHTpa Macc” cIeKTpa B CTOPOHY Gonee
KOPOTKUX JUIMH BOJH.

JnuTenbHOCTh Illa3epHOro HMMITyJlbca Ha BbIXOJE
KanuifApa, He 3aMOJHEHHOr0 rasoM, H3MepeHHad IO
FROG wmetopukre, Gblia Tawoil e, Kak U Ha BXoje
B KanwunAap. Ilpu 3anmonHeHuu KanuinApa rasoMm Ha-
61r0fanoch yKOpPO4YeHHe IUTEeNbHOCTH HMIyJbca Ha
BbIXOJe Kanumifpa (CamMOKOMIIpeccHs) aHalOrMYHO
pabore [23]. Ha puc.2b mnpexpcraBineHbl BpeMeHHbIe
pacmpejeneHNA MHTEHCUBHOCTU Ja3epHBIX MMITYJIbCOB:

2*
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Puc.2. (a) CekTp n1a3epHOro UMIyIhca Ha BBIXOJe KamuiI-
nApa, 3anonHeHHoro He mpu paBnenun p = 20 Topp, And
pasHbIX 3HaUYeHUil 3Heprum nasepHoro uMmmyisca: W =
0.5, 2.2, 4, 8.3m][:x; (b) Bpemennrie pacnpenenenusa uH-
TEHCUBHOCTH (EMTOCEKYHAHBIX KMMIYILCOB, BOCCTAHOB-
nenHble ¢ nomombio FROG: cepadg mTpuxoBasd IWHUA —
UMIIyIbC Ha BXOJAe B KaNWIIAP C NIUTEIbHOCTBIO 76 dc,
YyepHaf CIIONIHAA IVHUA — UMIIYIbC Ha BBIXOJE KamuiiAapa
¢ quutenbHocThio 40 dc, 3anonHeHHoro Ar npu gaBreHUU
1topp, W = 5.9 Mk

mpowiefuiero uepes MycTodl Kanwaaap (7, ~ 76 dc)
Y CHOMIPECCHPOBAaHHOTO INpPHU TPOXO#JEHUU uepe3
KanuuiAap, 3aloiHEeHHBIH aproHoM npu p = 1Topp
(Tout ~41dc, W =5.9m]Ii), BoccTaHOBIEHHBIE W3
obpaboren FROG wusoGpamenuit. Omwubra BoccTa-
HoBnenua npu FROG o6paGorke He mnpesbimana 1%.
Ina manHOro JaBleHMA aproHa HabGiIOJaloch Xopollee
COOTBETCTBUE MEKAY CIEeKTPOM, BOCCTAHOBIEHHBIM NPU
ob6paGorke FROG wuso6paseHus, M CIEKTPOM, H3Me-
PEHHBIM CIEKTPOMETPOM. 3aBUCHUMOCTh JINTEILHOCTHU
CKOMIIpECCHPOBAHHOI0 UMIYyJIbca Ha BbIX0Je Kanuiifapa
OT PHepruu la3epHOro MMIyJbca Alf JaBleHUA aproHa
B KanuinfApe p = lTopp mpuBemeHa Ha puc.3. Hak
BUJHO, ANUTENLHOCTb UMIMYJIbca Ha BbIXOJe Kamuiifpa

80

60 .

—-=-0

40 S
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Puc.3. 3aBUCHMOCTL JINTENILHOCTH Na3€pHOr0 MMIYIhCa
Ha BBIXOJ€ KanuiiaApa, 3anoiHeHHoro Ar mpu p = 1Topp,
OT DHEPruY Ja3epHOro MMITyibca

YMeHbIlIanach N0 Mepe yBelNYeHU SJHEPTUY B 1a3epHOM
uMnynbce. MuUHUMaNbHAA JIUTENLHOCTH HMIYJhCa,
U3MEpeHHad TNpU BTOM JAaBIEeHUM Trasa, COCTaBUIa
Benmuuuny 41 dc.

IIpu Gonbiux JaBlIeHUAX rasza B Kanwiifape, Kak OT-
Meuanoch Bhlllle, yIIMpeHue cnekTpa Goiio Golee 3HAYU-
TEeNbHBIM M MOHO ObL10 ObI 0UJaTh Goliee 3HAUUTENb-
HOTr0 yMeHbIIEHUA JIUTEIbHOCTH MMIYJIbca Ha BbIXOJE
wanuinapa. Onnako koppexTHana o6paborka FROG us-
obpamenuit npu GONbIIKUX AABIEHUAX OKAa3anach HEBO3-
MOHOI B YCIOBUAX HAIEro 3KCrepuMeHTa. ITO Obl-
JI0 CBA3aHO C TeM, 4YTO B 3KcnepumenTte B cxeme FROG
M3MepeHuil NCTIoNb30BajcA HenuHelHbIi Kpuctamn KDP
ToamuHoi 300 MKM, orpaHUYMBAIOLUI CHEKTPalbHYIO
nonocy uaMmepeHud. IloaTomy mpu GonbLUINX JaBIEHUAX
rasa BoccTaHoBleHHbIN n3 o6paGorku FROG u3obpae-
Huil cnekTp Gb11 06pe3aH B 061aCTH KOPOTKUX JJIMH BOIH
0 CPaBHEHUIO C U3MEPEHUAMM €O CleKTporpada, a camo
FROG wuzo6pasenue Heclio nHpopManuio 06 aBTOKOppe-
JAANUOHHON (QYHKIUU, COOTBETCTBYIOIIEN TONLKO 4acTU
creKkTpa lazepHoro umnynbca. OneHKa JIMTENbHOCTH
UMIyJbca MO ATOM HENoNHON WHpOpMAaNNK, TEM HE Me-
Hee, MoeT ObITh npoBeaeHa. Jlna naBnenusa Ar B Kanui-
nfpe p = 3 TOpp MUHUMAaNbHOE 3HAYEHUE JIUTEIbHOCTU
UMITyJIbCa Ha BbIXOJE KaNUIIApa MOeT GbITh OLEHEHO
KaK Tmin =~ 30 dc.

4. [lna jperannHOr0 aHanu3a U ONpeJeNeHus Impe-
JelbHbIX BO3MOMHOCTEll mpejiaraeMoili cXeMbl HOHU-
3aIMOHHOM CaMOKOMIIPECCUHU C MCIIONL30BAHUEM CBepX-
pa3aMepHOro Kamuiinfpa HaMu GbLIM MCHONb30BaHbI JBa
YHCIEHHbIX MOAX0/A A ONMCAHUA Kak AMUHHBIX (deM-
TOCEKYHJHBIX HMMIYIbCOB, COJEPKAIINX MHOI'0 MEPUO-
JOB onTudecKux KouneGaHuil, Tak M NpPeJEelbHO KOPOT-
KUX, BRIIOYAIOIUX Majnoe 4ucio AnuH BonH. Ilockoib-
Ky NJIOTHOCTh ofpasyiomieiica minazMbel N MHOTO MeHb-
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e KpUTUYECKOro 3HavyeHns, N < N, B KauecTBe UC-
XOJIHOT0 ypPaBHEHMA UCIO0Jb30BajloCh OJHOHATPABIEHHOE
BOJIHOBOE ypaBHeHMe, Tpejnojarampliee MalocTh U3Me-
HeHWfA NONf Ha MacmTabax IJIMHBI BOXHBI (CM., HANpPHU-
Mep, [24]). B aToM ciyyae ucxogHoe ypaBHeHHE NifA U~
HeifHO MONAPU30BaHHOrO0 M0JIA U COOTBETCTBYIOIIee rpa-
HUYHOe ycioBue (cM., Hanpumep, [25, 26]) MoryT GhITh
npejcTaBleHbl B BUE

82E

5=~ =ALE—GNE, (3)
OF OE
or, _ _,9F 4
or |, “or’ )

riue

2 a\Ey—1

o = 4mNoe’/m, a = 47rX7;
Ew+1
a, €, — paguyC U AUBIEKTPUUYECKAf NPOHUIAEMOCTh
CTEHOK Kamnuunfpa, COOTBETCTBEHHO. 3[eCh WCMONb-
30BaHbl Cleayomue Ge3pasMepHble NepeMeHHble: 2 —
— z/2kga® = z/4zg, 7 = r/a, T = woer, N = N/Ny,
E — E/E,, rue zr = koa?/2 — paneescras aauna, Ny —
mIoTHocTh rasa, E, — xapakTtepHoe atromuoe none. Cuc-
Tema ypaBHeHHuii (3) u (4) 3aMbIkaeTcA ypaBHEHUEM KO-
HU3aLMOHHOrOo GanaHca, B KOTOPOM B KAYECTBE OCHOBHO-
ro MexaHu3Ma MOHM3allUU PacCMaTpUBAETCA TYHHElh-
HafA MoHM3auuA rasa [27]. JaHHBIA MOAX0H XOTA M IO3-
BOJIIET OMUCHIBATH MMITYJIbChI POM3BONLHON AMUTENb-
HOoCcTU (B YAaCTHOCTH, HA OCHOBE TAKOro MOAX0ja ObLIM
paccMOTpeHbI 0COGEHHOCTH caMO(BOKYCHPOBKY TPeelb-
HO KOPOTKHX UMIyIbcoB [28]), ogHako TpeGyeT 3HAUM-
TENLHOr0 BHIYMCIUTENLHOIO pecypca.

Jlns comocTaBieHUA C MONYYEHHBIMH BKCIEPUMEH-
TanbHBIME JaHHBIMM Mbl CHAa4ajla BOCNOIb3yeMCA NpHU-
GnuMeHUEeM MeIEeHHO MeHouedca aMIIuTyabl (nep-
BbIil moaxon). B aToMm ciiyuae nosne B BONHOBOM ypaBHe-
Huu (3) npeacrasaserca B Buae E = Re[€ exp(i7)] (rze
€ — MennenHo MeHswomasaca QyHKUUA), 8 B ypaBHEHUU
1A NUIOTHOCTH MIa3Mbl UCTONB3YyeTCH yCpPefHeHHas 10
[EepUOAY MO0JA BEPOATHOCTh MOHU3ANUHU (CM., HAIpUMep,
27)).

PesynnTaThl 4MCIEHHOTO MOJENMPOBAHUA PAaclpo-
CTPaHEHUAl Ja3ePHOTO0 MMIYJIbca B TelUM OPU P =
= 20 Topp u B aprosHe npu p = 1.5 Topp B paMKax aaH-
HOrO PacCMOTPEHMA [l HAYANbHOW NIUTENLHOCTH UM-
nynbca 7 = 76 ¢c npexncraBnensr Ha puc.4. Ha puc.4a
U300pa#eH pacYeTHBIN CIEKTP J1a3epPHOr0 UMILYIbCa Aif
sHepruu umnyiabca W = 2.5M]/Is Ha BXoje M BBIXOJE
U3 KanuunApa. Tawk:e U300pameH DKCIEPUMEHTANbHO
[ONyYEeHHbIN CHEKTD, COOTBETCTBYIOUMI BHEPrUM UM-
nyneca W = 5.6 mI:x. OTmerum, uto HaubGonee Gaums-
KM€ KapTUHbI PACUETHAIX U SKCIEPUMEHTANbHBIX CIEKT-
poB Habmojanuck B ciyyae, KOrja B pacuere Gpamach

2

8= wgoaz/c2, wy,
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Puc.4. (a) Cnextps! naszepHoro mmmyabca S(A) mpu pac-
NMPOCTPaHeHUU B KanuliIfApe AJUHON 5cM, 3al0IHEHHOI'O
He npu paBaenuu p = 20 Topp, AlA mapamMeTpoB, yKa-
3aHHBIX Ha pPHUCYHKe: 4UepHaA CIIOMHAA JIWHUA — Ha-
YalbHOE paclpefeleHue ¢ 3Heprueil B mmnyiabce W =
2.5 mJ:x; cepas cniommHaA IMHUA — BBIXOJHOE pacmpepeile-
HUe ¢ HavyannHoU »uHeprueit W = 2.5 M/ (Teopusn); uep-
HafA MTPUX-DIYHKTUPHaA IVUHUA — BBIXOJHOE paclpejene-
HUe ¢ HayanbHOU sHeprueit W = 5.6 mI# (3KcHepuMeHT).
(b) PacmpeneneHue UHTEHCUBHOCTH I 1a3epHOro MMIYIb-
ca Ha OCHM KamuIifApa Kak QYHKIUA COMYyTCTBYIOMEro Bpe-
Menu npu z = ( (mwTpuxoBasa nuHuA) U z = Hem. He-
XOOHbIN nasepHbIii uMnyabsc c sHeprueit W = 5.9m/Ix u
IIUTEIbHOCTHIO Tp = 76 (hc BBogMICA B KanMJLIADP JUaMeT-
poM d = 75MKM, 3alNOIHEHHLI aproHOM IpH AaBIEHUU

p = 1.5 Topp

SHeprusa B MMNyJbce NPUMepHO B 1.5-2 pasa MeHblie,
YeM B JKCHOEPUMEHTe. IJTO CBA3aHO, MO-BUAUMOMY, C
TeM, YTO 3KCHepUMeHTalbHOe pacnpejeleHue la3epHo-
ro nmydyka Ha BXOJ€ B KamWIIAp OTIMYaNOCh OT Ipea-
HoJaraBIIeroc B TEOPUU rayCCOBCKOTO pacnpefieieHus,
YTO NPUBOAUIO K MeHee 3 (HeKTHBHOMY BO30Y:HIEHUIO
OCHOBHO# Mojbl Kanumaspa [19]. Ha puc.4b mpencras-
JIeHbI BpEMEHHbIE pacnpeieleHA UHTEHCUBHOCTY J1a3ep-
HOr0 UMIyJbca Ha ocu Kanunnfapa npu z = 0 u 2 = 5cM.
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Rak BugHo u3 puc.4b, BXomHOI MMIyJIbC ¢ HavyalbHOM
IJIUTENbHOCTBIO T, = 76 ¢c Ha BhIXOJe KamuuiApa Jau-
HOit z = HcM cmalca 1o 7, = 44¢dc, 4To Xopoio co-
r1acyeTcA ¢ SKCNEePUMEHTATLHBIMU pPe3ylbTaTaMu, NpH
3TOM HabNIOJaeTCA TaKMe U XOpollee KauyeCTBEHHOEe CO-
OTBETCTBME BPEMEHHBIX pachpe/eleHuii, nolyyaeMbiX B
YHCIEHHOM pacueTe, U B 3KcnepuMeHTe puc.2b. OpHa-
KO CllelyeT OTMETUTh, YTO Pe3yJNbTaT KOMIPECCHH UyB-
CTBUTENEH K BhIOOpY ANUHBI Kanuinapa. Kak cnenyer
M3 Pe3ylhTATOB YMCIEHHOTr0 pacyeTa, M0 Mepe pacipo-
CTpaHeHUA UMMYJIhC UCTOBITHIBAET NOCTATOUHO CIOHHYIO
IVMHAMUKY, JEMOHCTPUPYHA Ha HEKOTOPBIX Tpaccax Goiee
yeM JIBYKpaTHOE CiaTue.

5. Jlna amanusa Bompoca O NpefeNbHON KOMIIPECCUu
Ja3epHOr0 UMIYJbCa BIUIOTh [0 HECKONbLKUX MEPUOMIOB
T0J11 BEpHEMCA K BOJIHOBOMY TMOJAXO0Ly Ha OCHOBE ypaBHe-
uuit (3) u (4) (BTopoii noaxoxn). Bo-nepseix, cieayer ot-
METHTh, UTO C YBelIMYeHHeM IaBIeHUA rasa UsiyudeHue
cuibHee pedparupyer Ha oGpa3oBaBIIeiicA MIa3Me, U 3TO
OPUBOIUT K GONBIIMM MOTEPAM, CBA3AHHBIM C yTEUKOM
SHEPrMM B CTEHKM Kanwiisapa. IlosToMy ¢ yBelnudyeHH-
em napamerpa 3 B ypaBHenuu (3) (KoTopblii nponopuu-
OHaleH [aBleHHUIO rasza) 3G (EeKTUBHOCTL MNPOXOH AECHUSA
U3NyYeHNA Yepe3 KamuiifAp AOJKHA YMeHbIIaThcA. Xo-
poliee coriacue MPOBENEHHbIX YMCIEHHBIX PacyeToB C
SKCIEepUMEHTaNbHbBIMU JaHHBIMU I€MOHCTPHpYeT puc.l.
TeM He MeHee, MMEHHO Clyd4ail NOBBILIEHHOTO JaBle-
HUA Trasza p > p*, Korjga BO3MOMKEH PeMUM HMOHU3AIN-
OHHOTO caMOKaHaIMUpPOBaHUA B C(HOPMUPOBAHHOM CaMHUM
UMITyJIECOM IIa3MEHHOM BOJIHOBOJE, 1A HAC MpeacTaB-
afeT HauGoabinuii uHTepec. Moauduranua nomnepevHo-
ro IPOCTPAHCTBEHHOTO pacnpeneieHus Mojif BIOIb IIHU-
HBI Kanuuigpa NpuBelieHa Ha pUc.5, ABHO JEMOHCTPU-
pya ahderT caMoKaHaIMpPOBaHUA, MPU KOTOPOM TMOMe-
peuHbIii pa3Mep 3¢ PeKTHUBHON HelWHeHO-NIa3MeHHOH
MO/JbI 3HAUUTENbHO MeHbllle pa3Mepa caMoro Kanuiisapa.
TaxuMm o6pa3oM, YUCIEHHbIe MOJEIUPOBaHNA, AeHCTBU-
TeJbHO, CBUNETENLCTBYIOT 0 CO3MaHUU Y3KOro MO Cpas-
HEeHHUIO ¢ IMaMeTpOM KamuiifApa MIa3MeHHOro KaHaja,
CrnocoGHOro 06ecneynTh aHOMalbHbIH XapakTep rpyIo-
Boii mucrnepcuu. B coueTanuu ¢ yacToTHON MoLynANUEi,
npuoGpeTaeMoii UMIYJIbCOM B pPe3ylbTaTe MOHU3AIUOH-
HO# epecTPONKYN YaCTOThI, 3TO MO3BOJNAET OCYIIECTBUTh
MOHM3AIMOHHYI0 CAMOKOMIIPECCHUIO JIa3ePHOr0 UMIYJIbca
[15] B ycnoBuAX MONOro AUAIEKTPUYECKOro KamuiiApa.
IlpoBeeHHble YUCIEHHBIE DKCTIEPUMEHThI CBUIETENhCT-
BYIOT O TOM, UTO 3HepreTnyeckan 3¢ GpeKTUBHOCTE Mpe.-
JaraeMoro MeTofla CaMOKOMIIPECCUU UMITYJIbLCOB A0CTa-
TOYHO BbICOKA M MOKeT AOCTUraTh AE€CATKOB MPOLEHTOB
OT 5Hepruu B uMmnyibce. Ha puc.6 mpuBelneH pe3ylb-
TaT M0 ONTUMAJNbLHONW KOMIPECCUU JIa3ePHOT0 UMITYIIh-
ca ¢ MCXOIHOM mauTensHocThIo 60 ¢c B Kanumisape aua-

Puc.5. IlonepeuHoe pacnpejeneHre UHTEHCUBHOCTH Ja3ep-
HOTO MIMIIylIbca B CEYEHHHM €ro MaKCHMalbHOro 3Haue-
HUA BJOINL HaNpaBIeHUA pacIpoCTpaHeHUA (pacmpepele-
HUA HOPMMpPOBaHbl Ha efuHMIYY). VCXORHBIM Ia3epHBIH
umnyiasc ¢ sHeprueit 32 m/I:x n quureasHocThIO 60 e BBO-
JUICA B KaMUIIAp AuaMeTpoM 150 MKM, 3aloMHEHHBIH ra-
3oM He npu paBirenuu 8 Topp. UepHasa ToOHKasA IMHUA —
HayvalbHOE pacupelelneHye, YepHaA TOICTaA IUHUA — TEKY-
Iee pacnpejeleHNe, cepas INHUA — paclpeJeleHre MOIbI
EHi

merpom d = 150mrm. HRKar BupnHo u3 puc.6d, mmeer
MeCcTO 4YeTKOe BPeMEHHOe pa3jelleHHe, Korja HpoHCXo-
OUT Bo30y:IeHNe HEIMHEeWHOro IIa3MeHHOI'0 BOJHOBO-
Ja U moclefylolllee caMOCHKaTHe J1a3epHOro UMITYyIbca.
B pamHOM ciyuyae 3TO CBA3aHO C BO3MOKHOCTBIO JBY-
KpaTHO WMOHU30BaTh renuii. @opmupoBaHUe NIa3MeH-
HOI'0 KaHajla OCYUIECTBIAETCA Ha CTaAUM OJHOKpATHOMH
nonuzanuu (—100 < 7 < —25), B TO BpemMA KaK DOK-
JeHue U (a3supoBKAa HOBBIX CHEKTPAlbHBIX KOMIIOHEHT
HOPOMCXOAUT Ha CTaJUU AONONHUTENbLHON JBYKPaTHO UO-
uuzangun remns (0 < 7 < 50). PesynabpraTer uncnensoro
MOJIeIPOBaHUA MOKAa3bIBAIOT, YTO BO3MOKHA KOMIIpeC-
CHUfl 1a3epHOI0 UMIIylbca JO MIHIMAalIbHOM ANUTENbHOC-
TH Tout = 9@c Ha anuue wamumnapa Loy = 3.6cMm c
adpderTuBHOCTLIO 16%, ONpeneneHHON 0 yPOBHIO cna-
NaHWA MHTEHCHMBHOCTH MMIyJlbca B e? pa3 Ha BhIXoje
ranuinAapa. JIuTenbHOCTh CHEKTPAaNbHO OTPaHUYEeHHO-
ro MMIyJIbCa, COOTBETCTBYIOUIAfA CIIEKTPY KOMIPECCUPO-
BaHHOTO UMMYlbCa, B 3TOM Clyudae cOcTaBiIfgeT ~ 7 ¢dc.
CiraThIii UMIYIbC MOMKHO OTHECTH K KIaccy NpeJelb-
HO KOPOTKUX, B JJaHHOM clly4yae OH BKJIIOYaeT YyTh 6o-
lee Tpex nepuojoB noif. IIpoBeneHHble YncIeHHbIE DKC-
NepUMEHTH! CBUJETENLCTBYIOT O JOCTATOYHO BLICOKOM
3¢ (PeKTUBHOCTH NpearaeMoro MeTojia, Kak ero sHep-
reTUYecKoii 3¢ peKTUBHOCTH (O ZECATKOB NPOLIEHTOB),
Tak ¥ B ONpPeJelIeHHOl CTeNeHN NPOCTOThI ero peaiun3a-
nuy, rjae HanGolee YyBCTBUTENbHBIM MECTOM fIBIAETCA
onpejelneHNe U MPAaBUIbLHBIN BBIOOP ANUHBI TUANEKTPU-
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Puc.6. [IpocTpaHcTBeHHO-BPEMEHHBIE (7, T) pacnpejeleHUA NHTEHCHBHOCTY MMILYIbhca ¥ KOHIEHTPalMHM IIa3Mbl Ha BXoge (a),
(c) n Ha Beixoge (b), (d) kanmaaapa aaueoit 3.6 cm. Ilapamerpbl Te e, uTo M Ha puc.5. HavanbHaa JINTeIBHOCTH KUM-
IyaIbca T;, = 60 ¢c, AINTENThHOCTh CKOMIIPECCHPOBAHHOIO UMIIYILCA Tout = 9 c. B pesyabraTe koMmpeccuym MakcHMMalbHas
aMILIMTyZAa B MMILyabce yBeanduiaack B 3.8 pasa. MakcumalbHOe 3HaueHMe KOHLEHTpanuu miasmel Ha (c) 1 Ha (d) 1.8 i 2,

COOTBETCTBEHHO

YeCKOoro Kamuijaspa. Bamuo OTMEeTUThb, YTO CaMOKOM-
npeccud UMIyJibCa M0 CEYEeHUIO NyYKa B HallluX YUCJIEH-
HBIX 3KCNepUMeHTaX OJHOpOoAHAa, UYTO CBUJETelIbCTBYyeT
0 KBasnoJHOMOOOBOM peMKuMe pacnpocTpaHeHUA U3INy-
4YeHUA B HEJHWHEHHOM MJa3MeHHOM BOJHOBOJE. Cneny—
€T OTMEeTHUTb, UTO IIpeajlaraeMasa NOHN3allUOHHaA cXeMa
KoOMIIpeCCUM UMeeT BeCbMa ciabble OorpaHn4yeHus CBepxy
110 3HEPruyv MCXOOHOI'0 Jla3epHOIro UMITyJibCa U, KaKk BU-
HO M3 YHUCJIEHHOro MoaelnnpoBaHufA, IPUMEHHUMa K 3Hep-
T'MAM HUMIYJbCOB B I€CATKU MPIJIJ]PI}Z[?KoyJ]eﬁ.
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