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Jlan 0630p cogpemenno2o cocmoanus Aazepos YAbmpakopomrux umnyavcos (YKH). Paccmompenst husuyeckue mMexanusmol
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HUS J1a3€pOB, 00JI1aJaFOIINX MPEAEIbHO BICOKON WHTEHCHB-
HOCTbIO M3iydeHUs.. C HMOMOIIbIO TaKUX JIA3€POB MOXXHO
MOJIYYUTh KOHIIEHTPAIMIO S9HEPTUHU, CPABHUMYIO C KOHIICHT-
palmei SHepTr 1M MPH sIIEPHOM B3pbIBE. JIpyruM 00CTOSTEIb-
CTBOM, MOTHBUPYIOIIUM DPA3BHUTHE JIA3€POB YJIbTPAKOPOT-
kux ummyibcoB (YKU), siBrseTcss HEOOXOAMMOCTh U3Mepe-
HUS IPEJIeJIbHO KOPOTKUX HHTEPBAJIOB BPEMEHH, YTO TI03BO-
JISET UCCJIEN0BaTh PA3JIMYHbIE OBICTPONPOTEKAIOLIUE MPO-
neccbl. Cama 1o cebe npobiieMa U3MepeHHs] BpEMEHH BKJTEO-
qaeT B ce0sl TOYHOE U3MEPEHHE TEKYILETO BPEeMEHH, UTO OCy-
LLIECTBJISIETCS C TIOMOIIbIO CTAHIAPTOB YACTOTHI, @ TAKKE U3-
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MEpeHUe NPeIeIbHO KOPOTKUX BPEMEHHBIX HHTEPBAJIOB. 3a-
MeYaTeNbHO, YTO pa3BUTHE (PEMTOCEKYHIHBIX JIA3€POB MMO3-
BOJIIIO JOOUTHCS BBIIAIOUIMXCS YCIIEXOB KaK B 00J1aCTH U3-
MepeHUH peieIbHO KOPOTKUX HHTEPBAJIOB BPEMEHH, TaK U B
00J1aCTH CO3aHUsl JJa3ePHBIX CTAHAAPTOB YaCTOTHI.

3a ronpl, MPOILIEAIINE C MOSBJICHUS MEPBOro Jjlaepa B
1960 r., IOCTUTHYT OIPOMHBIN IPOTPECC B COKPAILEHUY JIJTH-
TEJILHOCTH JIA3€PHBIX UMITYJIbCOB U B YBEJIMUYCHUN UX MOIII-
HOCTH. [IpH 3TOM POCT MOIIHOCTH JIA3€PHOTO M3JIYUYCHHS B
3HAYUTEJIbHOW CTENEHW CBSI3aH C COKPAILEHHEM JIJIUTEJIb-
HOocTH UMMnyJibcoB. [lepBoiit azep MalimMaHa reHepupoBall
BCHBIIIKY U3JIyYEHUs IITUTEILHOCTBIO OKOJIO 1MC ¢ aHeprueit
Menee 11k, mpuyeM 3Ta BCHBIIIKA MPpeICcTaBJisyia coOoi Oec-
MOPSIIOYHBI HAOOP HUMITYJIbCOB JUIUTEIHHOCTHIO MOPSIKA
1 Mkc. [TnkoBast MOIIIHOCTB TaKOTO Ja3epa Obuta ~ 1kBT.

CoBpeMeHHbIE JIa3epbl CIOCOOHBI M3JIYy4aTh HMITYJIbChI
JUTUTEJILHOCTBIO OK0JIO 5 (bC, T. €. MEHee ABYX MEPUOJOB CBE-
TOBOH BOJIHBI, YTO OJIM3KO K (pyHAAMEHTAJIBLHOMY IpeAeny.
Jaxe cpaBHUTEILHO CKPOMHAS IO JIa3epHBIM MacluTabam
SHEprusl U3JIyYeHUs, OyIydr COCPETOTOYCHHOW B MMITYJIbCE
YJIBTPAKOPOTKON IITUTEILHOCTH, TA€T BBHICOKYIO MOIITHOCTb,
a 1pu (poKycUpOBAHUY ITyUKa — OTPOMHYIO HHTEHCUBHOCTE. B
4aCTHOCTH, CO3/1aHHas B JINBEpMOPCKON HALIMOHAIBHOM JIa-
6opatopun (CIIA) ycTraHOBKa TO3BOJISIET TOJIy4YaTh HUM-
TIyJIbCHI JIA3EPHOTO U3JIyueHus ¢ 3Heprueit 660 Ix npu gim-
TeJIbHOCTU uMIyJibca 440 ¢c, 4To 0becreunBaeT MOJTyuYcHHe
nuKoBo# MomHocTy nopsiika 1 [IBT, a npu pokycnpoBanuu
yYKa — AHTEHCHBHOCTb I3Jyuenns cbiue 102! Br/cm2. Uro-
OBl UMETb PEACTAaBJICHUE 00 3TOH BEJUYUHE, OTMETHM, YTO
NaBJICHHE CBEeTa B 3TOM ciy4ae coctasisier 300 I'6ap, uro
cpaBHUMO c nasiieaueM B nieaTpe Comarmal Poct mommuocTn
JIa3epHOTO M3JIyYSHUs JIOCTUTAJICS, TJABHBIM 00pa3oM, 3a
CYET COKPAIICHUS JJIUTEIbHOCTH UMITYJIbCA.

CpaBHeHHE COBPEMEHHBIX (PEeMTOCEKYHIHBIX JIa3€pOB C
nazepom MaiiMaHa MoKa3bIBAeT, UYTO YBEJIMUYEHUE MOIIIHOCTH
nocturaeT 12 mopsiakoB. J1JIsi OIEHKH pOCTa YJHEPTUH H3JTyUe-
HUSI MOXHO B3sTh aHHble ycranoBku NIF (National Ignition
Facility), coznaBaemoii B CIIIA s uccieqoBaHuil mo Tep-
MosiiepHOMY cuHTe3y. B 192 myukax 3Toll orpoMHO# ycTa-
HOBKHM BEJIMYMHOU ¢ (PyTOOJIbHOE ToJIe OyIeT JOCTUTHYyTa
sueprus 2 M JIx B uMITy 1bce HAHOCEKYHAHOM AIUTEIbHOCTH.
Taxkum 06pa3oM, poCT SHEPTUU COCTABHUT He OoJiee 6 mopsi-
KOB.

He menee BnevyaT/isiroliuM SIBJIsSIETCS Iporpecc B 3¢ dek-
THUBHOCTH W KoMHakTHOCTU JazepoB YKU. CoBpemeHHbIC
JIa3epHBIE CHCTEMBI C BBIXOJHOW MOIIHOCTBIO B JIECSITKH Te-
paBaTT pa3MeNIAlTCsA Ha OOBIYHOM JIAOOPATOPHOM CTOJIE.
Pa3BuTre WHKEKIMOHHBIX MOJIYNPOBOJIHAKOBBIX JIa3epOB
HAKaYKH, 3JIEMEHTOB BOJIOKOHHOU ONTHKHU M IPPEKTUBHBIX
npeobpa3oBaTesiell JIa3epHOTO U3JIyYeHUs BO BTOPYIO rap-
MOHHUKY MO3BOJIUJIO CO3JATh MCKIIOYUTEIHLHO KOMIAKTHBIE
cucreMmsl. Tak, pupma IMRA (CIIA) coobmmumna o co3ganuu
JIa3epHOM YCTAHOBKH, U3JIyHaIOIIeid UMITYIIbCH (A = 780 HM)
mumrtenbHocThio 180 ¢c co cpenneit mommuocteio 10 MBT
npu yactote ciegoBanus 50 MI'n. ITpu sTom Bech npubop
MOMeNIaeTcs Ha JaJoHu!

VHuKagbHbIE XapaKTepUCTUKY U3Ty4eHus 1azepoB YKU
00yCIIaBJINBAIOT HX MHOTOUUCJICHHbIE IPUMEHEHNs B pyH/1a-
MEHTAJIbHOUM HayKe, TeXHHKe M MemunmHe. Briaromaps uc-
KJIFOUUTEIBHO MAJION JUIHTEILHOCTH UMIYJILCOB U3JTyYCHUS
yIAETCsl UCCIIENOBAThL CBEPXOBICTPBIE PEIAKCALMOHHbIE IPO-
LIecChl B MUKPOMHUDE, U151 KOTOPBIX (PeMTOCeKyHaa SBIISIETCS
€CTECTBEHHBIM MacITabom BpeMeHH. Hegapom mosiBiieHne
J1a3epoB (HPEMTOCEKYHIIHBIX UMIIYJIbCOB CPABHUBAIOT C H30-

OpeTeHneM MUKpockona. OrpoMHbIE HHTEHCUBHOCTH B C(o-
KYCHPOBAHHBIX IyYKaX U CBSI3aHHBIE C HEIO HANPSHKEHHOCTH
9JIEKTPUYECKMX W MATHUTHBIX MOJIEH JAIOT BO3MOXHOCTH
U3y4aTh MPOLECCH B3aMMOJEHCTBHUS CBETA C BELIECTBOM B
peXuMax, Ipexe HeJOCTYIHBIX JJIs1 SKCIIEPUMEHTATOPOB.

C IOMOUIBIO TAKKX JIA3€POB MPOJEMOHCTPUPOBAHA BO3-
MO>KHOCTb MHUIMUPOBAHMS SIACPHBIX PEaKIUii, Ucciae1oBa-
HBI 3()(HeKThI KBAHTOBON 3JIEKTPOIMHAMUKH, BOZHUKAIOIIINE
npu B3anmoaerctsuu Y KU ¢ yapTpapeassTUBUCTCKUMH 3Jie-
KTPOHHBIMH MYYKaMU, IPOBEICHBI SKCIIEPUMEHTBI C PEJISITH-
BHUCTCKOU TIa3MoO. Pealn3oBaHbI CXeMBbl IMOJIyYeHHs Ha-
MIPaBJICHHBIX IIyYKOB KECTKOTO PEHTI€HOBCKOIO U y-U3JIyye-
HUSI IPU B3aUMOJIEUCTBUY C IyYKaMHU 3JIEKTPOHOB. Bricoko-
WHTEHCUBHBIE IMIYJIbCHI I TEIbHOCTHIO Kopoue 20 ¢c mo3-
BOJISIFOT TIOJTYYATh TeHEPAIHIO BBICIIMX TAPMOHUK BILIOTH /10
MSTKOTO PEHTIeHa, NMPUYEM 3TO U3JIyUYeHHE MOXET HUCILYC-
KaTbCsl B BHUJIE UMIYJIbCOB UIMTEIBbHOCThIO Kopoue 100 ac
(oaHa aTTOCcekyHaa paBHa 10718 ¢).

Haxonen, yHukanbHass 0cOOEHHOCTb BPEMEHHOW Kore-
PEHTHOCTH W CHEKTpa M3JIyueHHs (peMTOCEKYHIHBIX Herpe-
PBIBHBIX JIa3€POB MO3BOJIMJIA COBEPIINTH PEBOJIFOIMOHHBIN
IPOPBIB B 00J1aCTU MPEUU3NOHHOTO U3MEPEHHS YaCTOTHl B
ONTHYECKOM [Hamna3oHe, B YaCTHOCTH YTOYHUTH 3HAUYCHUE
TOCTOSIHHOI TOHKOW CTPYKTYDPBI U U3MEPUTH YaCTOTY Tepe-
xoma 1S — 25 aToma Bogopoaa ¢ TOYHOCTHIO 0 14-r0 3HaKa.
OTKpBUIACH BO3MOXKHOCTH CO3JaHUsl 3HAYUTEIBHO OoJee
TOYHBIX ONTHYECKHUX YaCOB.

B xumun 1 GoTOOMOJIOTUH yIAaeTCs MPOCIIEIUTh X0/ ca-
MBIX OBICTPBIX XMMUYECKUX peakiuii. Bo3meiicTBys Ha MoJie-
KyJbl (DeMTOCEKYHIHBIMI HMITYJIbCAMHU Ha PA3HBIX JJIMHAX
BOJIH U C PETYJIUPYEMOI 3aIepKKOM, MOXHO BBI3bIBATH (O-
TOXUMHYECKHE PEAKIMH B ONpPENIEJICHHbIX KaHajaxX, B KOTO-
PBIX TIpU 00JTyYEHUH OOBIYHBIMU UCTOYHAKAMHU CBETA UX MPO-
TeKaHUe MAaJIOBEPOSITHO. BO3HUKIIO HOBOE HAYyYHOE HAIIPAB-
JIeHHe — PEeMTOXUMUS, TIPUYEM YCIIEXU B 3TOU 00J1acTH ObLIN
oTMeueHbl npucyxaenneM A.3useitiry HobeseBckoii mpemun.

BrneuaTisromue ycrexu TOCTUTHY T ¥ TPH TEXHIIECKOM
ucnojib3oBanuu JjazepoB YKU. Crpemiienne cokpaTUTb
JUTUTEJILHOCTh UMITYJIbCOB JIA3EPHOT'O U3JIyYEHUS €CTECTBEH-
HBIM 00pa30M CBSI3aHO C TEHJCHIIMEH COBPEMEHHOMW 3JICKT-
POHHMKHM K MUHUATIOPH3ALUH U TOBBIIICHUIO OBICTPOAEHCT-
Bus. [IOMUMO TeCTUPOBAHUS CAMBIX OBICTPOJIEHCTBYIOIIIX
MOJIYIPOBOJHUKOBBIX CXeM, (DEMTOCEKYH/IHbIE HMITYJIBCHI
MOT'YT CTaTh OCHOBOW TEXHOJIOTUH OyIyIIero, B YaCTHOCTH
HAWTH IPUMEHEHHUE B TEPAOMTOBON BOJIOKOHHO-ONITHYECKON
CBSI3H.

VICKITFOUNTENIPHO BBICOKASI KOHIEHTPANUS SHEPTUH TPU
(oKyCHpOBaHUY MYYKOB (PeMTOCEKYHTHBIX JIa3€POB OTKPBI-
BA€T HOBBIM NYTh B MPEIU3MOHHONW MUKPOOOpaObOTKEe MaTe-
puajoB, a B MEIUIMHE 00ECIeYnBAET BO3MOXHOCTh IPOBE-
JIeHU S UCKJTFOYUTEJILHO TOHKHX OTlepanuii B 0o TaJIbMOJIOT U
1 HEUPOXUPYPTUH.

UccnenoBarusim renepanuu Y KU mocBsitiieHO HECKOTb-
ko MoHorpaduii [1—4]. OgHako mporpecc B 3TOM 00JacTH
CTOJIb CTPEMHUTEJIEH, YTO MHOTHE BaXKHBIE PE3YJIbTAThI B 3TUX
paborax He oTpaxeHbl. B HacrosieM 0630pe paccMaTpu-
BAIOTCSI OCHOBHBIE MpUHIUIEI renepanuu Y KW npenenbHoit
JUTITEILHOCTH W ONHCBHIBAIOTCS BAXKHEWINE Pe3yJIbTAThI,
MOJIyYeHHBIE B 3TOW oOyacTu. OrpaHuYeHHbIH 00beM 0030-
pa 3acTaBJIseT UCKIIOYUTH U3 PACCMOTPEHUS HOJYIPOBO/I-
HUKOBBIE M HapameTpuyeckue jazepel YKU, a B obiactu
NPUMEHEHUH — OTPAaHMYUTHCS HanboJiee IpKUMH COBPEMEH-
HBIMH DPe3yJbTaTaMH, WUIIOCTPUPYIOMIUMH BO3MOXKXHOCTH
(beMTOCEeKYH THBIX JIAa3€PHBIX CUCTEM.
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1. Uctopuueckuii ouepk

ITouTn cpasy ke 3a OTKPBITHEM METOIa MOIYJISIIAH 100-
POTHOCTH pe3oHaTopa Jjazepa (Q-MOIyJISIHs), TTO3BOJINB-
IIUM YBEJIMYUBATH ITMKOBYHO MOIIHOCTB JIA3€PHOTO U3JIyye-
HUS Ha HECKOJIbKO MOPSIKOB (TMTAHTCKHHA UMITYJIbC), OBLI
OTKDBIT €Ille OJINH BecbMa 3(pPEKTUBHBIA METOJ| FeHepAIuU
JlazepHoro usnyuenus B sune Y KU — meTon cuaXpoHu3anuu
Mon [5]. B ortnmmume oT mMeroma MOAYISIMH AOOPOTHOCTH
3TOT METOJ TO3BOJSET MOJIYy4aTh UMITYJIbCHI C JJIUTEIIb-
HOCTBIO, 3HAUUTEJILHO MEHbIIIEH BpeMeHHn 00Xxo/a pe3oHa-
topa. CyTh MeTO/Ja 3aKJIFOYAETCS B reHEepalu OOJIBIIOTO
YHCJIa MPOJOJBHBIX MOJ C ONpeeIeHHBIMU (ha30BBIMH CO-
oTHoIeHusIME. biaronapst uaTEpdepeHITNy TeHePUPYIOTIIX
MO/ BOBHHKAIOT OUEHUsI, 2 BPEeMEHHAsI 3aBUCUMOCTb UHTEH-
CHUBHOCTH W3JIyYeHUS IPUOOPETAEeT BUJI IEPUOINUECKON T10-
CJIEOBATEILHOCTH UMITYJILCOB C JIUTEIBHOCTBIO, OOPATHO
IPOMOPIMOHATILHON IIUPHUHE CIIEKTPA, OXBATHIBAIOILIETO 9TU
MO/IbI, ¥ IEPUOJOM, PABHBIM BPEMEHH 00X0/1a PE30HATOPA.

Taxoil pexxum reHepanmuyd MOXET OCYILLECTBISATCS IPHU
BBEJICHUH B PE30HATOP JIa3epa MOAYJIATOpa u3iyyeHus. Yac-
TOTa MOAYJISIIMU OJDKHA OBITH PaBHOM MJIM KPATHON MexX-
MOJI0BOMY YaCTOTHOMY HHTepBaIy. MoayIsiiys Ha MEXMO-
JIOBOI YacTOTe MPUBOIUT K HapaMeTPHUECKOI pacKkauke co-
CeTHMX MOJ C HYXXHBIMHU (azamu, MOIYJISAIUS KOTOPHIX B
CBOIO OYepe/lb PACKAYMBAET CJIEAYIOIINE COCEAHHE MOJBI U
T. 1. Taxoit meron renepanu Y KU nostyunsn HazBaHue ak-
THUBHOM CUHXPOHHM3ALUKI MOJI.

Bckope ObLIO YyCTAaHOBJICHO, YTO MEPUOAMYECKasl MOCe-
JIOBATEJIbHOCTh OYEHb KOPOTKHX UMITYJIECOB MOXET BO3HU-
KaTh U 0€3 MOAYJISTOPA, HO IPH BBEJICHUU B PE30HATOD JIa-
3epa Ha pyOuHe [6] M Ha HEOAUMOBOM CTEKJIe [7] KIOBETHI C
MIPOCBETJISFOIIMMCS KPACUTEJIEM, PeIHA3ZHAYEHHOU JIJIs1 T1O-
JIydeHUs] MOy iU JoOpoTHOCTHU. [ToCKOIBKY MOIYISITO-
pa He TpeboBajoCh, TaKash METOIMKA MOJIyYHJia Ha3BaHHE
MACCUBHOM CHHXPOHU3AINU MO/JI. B 3TOM cityyae rurantckuit
UMITyJIbC Q-MOAYIMPOBAHHOTO Ja3epa MpeacTaBiIsyl coOoi
Oru0arolyto Iyra OYeHb KOPOTKHUX UMITYJILCOB. [Tepuoa nm-
IyJILCOB B I[yI'€ COBIIA/1aJ C BpEMEHEM 00X0/1a Pe30HATOPA, U
OBLIIO OYEBHIHO, YTO OHU BO3HUKAIOT BCJIEICTBUE CHHXPOHU-
321K MOJ.

W3mepenust [ TeIbHOCTH 3TUX UMITYJIbCOB C TIOMOIIBIO
OBICTPOIEHCTBYIONIX (HOTOMPUEMHIKOB U OCIUILIOTpa(oOB
[IOKa3aJM, YTO OHA JIEKHUT 32 NpeieaMU BpeMEHHOT O pa3pe-
mennsi (0koJ1o 1 HC) ucnosib3yemMon anmnapatypbl. B cBsi3u ¢
9TUM OBLIN TPEIJIOKEHBI U PEATM30BAHBI METOJBI KOCBEH-
HOro m3Mepenns aiurtenbHocTH YKMU, ocHOBanHBIE Ha pe-
TUCTPANUU ABTOKOPPEJISIIUOHHON (DYHKIIMY WHTEHCUBHOCTH
¢ momoInbio sBiaeHui HeauHeitHo# ontuku (I'BIC, nByxdo-
ToHHas JromuHecteHius) [8§ — 10]. [IpumeHeHue 1aHHBIX Me-
TOJOB IOKa3ajo, 4To mmreabHocTth YKMU cocraBisier He-
CKOJIBKO JECSATKOB MHKOCEKYHII, YTO B coueTaHNHu ¢ Q-Mo-
IyJISIUER aBajio OTPOMHYIO TI0 MacIITabaM TOr0 BpeMEeHH
MMUKOBYIO MOIIHOCTB. Jlazep ¢ MCIOJIb30BaHUEM BHYTpHUpE-
30HATOPHOTO MPOCBETJISIFOLIETOCS MOTJIOTUTENSI C OJTHOBPE-
MeHHOU Q-MOJIyJIsIIMel U MACCUBHON CMHXPOHU3AIUCH MOJT
cran aazepom YKU nepgoeo noxoaenusa. brnaromaps mpoc-
TOTE KOHCTPYKITIH JIa3ePhl 3TOT0 THTIA HAIILIH [IpOYanIIee
MpPUMEHEHHE B HAyKe U TEXHHUKE, 0OCOOEHHO B OOJIACTH HEJIM-
HEHHOU ONTUKH.

Bueminee cxoctBo nyroB YKU B azepax ¢ akTUBHOU 1
MMACCUBHON CHHXpOHU3ALMEN! MOJ, €eCTeCTBEHHO, HABOJIMIIO
Ha MBICJTb 00BSICHUTE (popmupoBanue YKU ogauM u Tem xe
mexanuzmoM [11]. [Ipennonaranocs, yTo OMEHUS IBYX-Tpex

MOJl B Hayajie TeHepaluh MPUBOISAT K OOpa30BAHUIO M-
MyJibCa C JJIMTEIbHOCTBIO MOPSIIKA BPEMEHH 00Xoda pe3o-
HaTOpa (aKCHAJBHBIN MEpUOd). DTOT UMITYJILC, POXOJIS Ue-
pe3 MPOCBETIISIOLIUICS MOTJIOTUTENb, MTPOU3BOAUT AMILIH-
TYAHYIO CAMOMOJYJIAIUIO Ha MEXMOJIOBON 4YacToTe, T.e.
JIEWCTBYET TaK ke, Kak U MOJAYJISITOP C BHEIIIHUM YIpaBJie-
HUEM.

O[HaKO JeTaJIbHbIE UCCIIEI0BAHMS JIA3€POB C MACCUBHOM
CHHXPOHM3AIUe MO MPOJAEMOHCTPUPOBAIN MX CYILECT-
BeHHbIe pa3imuns. Mccnenosanus, nposeienusie B D11IAHe
uMm. I1.H.JIeGeneBa, 3akirovanuch B MPSIMBIX HU3MEPEHHSIX
piutenapHocTd YK ¢ moMoupro 31eKTpOHHO-ONTHYECKUX
npeobpazoBateneit (DOIT) ¢ BpeMeHHBIM pa3pelieHueM 10-
psinka HeckoJIbKuX nukocekyH [12]. [Ipumenenue 3Toi Tex-
HAKU Tokazano [13—15], 4To WIMATETHHOCTh OTIETBbHBIX
VKU MoxeT cocTaBisiTh okojio 10 mc, oHaKO 4acTo Ha-
6110 1a€TCsI JOBOJIBHO CJIOXKHASI BpEMEHHAs CTPYKTYpa U3Jy-
YeHHsI, KOTOpasi MOXeT U3MEHAThCS B TeUeHHe 1yra. buiio
YCTAHOBJICHO, YTO B MPOLECCEe TeHEPAIIMH BO3HUKAIOT TPYII-
bl YKU, 4uciio KOTOphIX, HHTEPBAT MEX/Iy HUIMHU U OTHO-
CUTEJIbHASI HHTEHCUBHOCTh MOTYT M3MEHSIThCS B JIOBOJIBHO
IIMPOKUX IIpeesax. ITO sIBHO IPOTUBOPEUUIIO OOBSICHEHUIO
rerepauun Y KM MexaHu3MoM, aHaJIOTUYHBIM aKTUBHOM CUH-
XPOHM3AUHI MO/,

3HAYNTENbHBIN AT B yCTAHOBJICHUN MEXaHU3Ma reHepa-
min YKU B nazepe ¢ macCUBHOW CHHXPOHU3AIMH MO OBLIT
c/leJlaH HAa OCHOBE OOCTOSITEJIbHBIX MCCICTOBAHUI pacmpo-
CTPaHEHUs! KOPOTKUX MOLIHBIX UMITYJILCOB JIA3€PHOTO U3JTY-
YEHHSI B YCUJIMBAIOILUX ¥ PE30HAHCHO MOTJIONIAIOLINX CPeIax
B ycJIOBUsIX HackimieHus [16]. Beumo moka3ano, 4yTo mpu omn-
peNeIeHHBIX YCIOBUIX MOXET IMPOUCXOTUTDH HE TOJIBKO CO-
KpallleHHe JUTUTSJIbHOCTH WMITYJIbCa, HO W M3MEHEHHE ero
BPEMEHHOTO MPO(UIIS C MPEUMYIIIECTBEHHBIM YCHJICHUEM Ha-
n0oJiee MHTEHCUBHBIX ()JIYKTYAlIMOHHBIX MUKOB [17].

ITpsiMbIMU U3MEPEHUSIMU € Ucoyib3oBaHreM DOI1a ObI-
JIO TIOKAa3aHO, YTO JBYXKOMIIOHEHTHAS CHCTEMA, COCTOSIIIAS
W3 YCUJIMBAIOIIEH Cpelbl M ObICTPOPEAaKCHPYIOMIETO MPO-
CBETJISIFOLIETOCS  TIOTJIOTUTENISI, CIOCOOHA OCYIIECTBIISITH
CIJIbHOE JUCKPUMUHUPOBAHUE (IIYKTYaLMOHHBIX HUMILYJIb-
coB 1o uHTeHcuBHOCTH [18]. TTockosbKy J1a3ep ¢ MacCUBHOU
CUHXpOHM3AIMEd MOJ MpeAcTaBiisieT coOOW KOMOWHAIIMEIO
YCUJIMBAIOIIEH Cpellbl U MPOCBETIISIOMIETOCS MOTJIOTHTEIIS,
TOMEIIIEHHBIX B PE30HATOP, OB OCHOBAHHUS M0JIATATh, YTO
AQHAJIOTWYHBIE MPOLECCHI MOTYT UI'PATh POJIb U NPH I'eHepa-
nun YKU.

Bria pazpabotana TeopeTudeckasi MoJieb popMupoBa-
auss YKU B mazepax ¢ maccuBHOW CHHXpOHM3AIMEW MOJI,
OCHOBAHHAsl HA HEJIMHEHOM MEXaHU3ME BBIJICJICHHsI HAN0O-
Jiee MHTEHCUBHBIX (PJIYKTYallMOHHBIX BLIOPOCOB BPEMEHHOTO
npouis HHTEHCUBHOCTH MHOTOMOJIOBOTO U3JIyYeHUS (Tax
Ha3bIBaeMas QIykTyanuoHHast Moaesib) [19]. B pamkax stoi
MOJIENIA TIOJIYYIUIA OOBSICHEHHE YCTAHOBIICHHBIE OSKCIIEPH-
MEHTaJIbHbIe (aKThl: HEOOXOAMMOCTh TIIATEIBLHOTO YCTpa-
HEHUs N3 PE30HATOPA BCEX IJIEMEHTOB, CIOCOOHBIX CEJICKTH-
pOBaTh MPOJOJbHBIE MOJBI, & TAKXe HEOOXOIUMOCTbL HC-
MOJIb30BAHUS MIPOCBETJISIOILETOCS] MOTJIOTUTENS ¢ MaJIbIM
(cpaBHUMBIM ¢ quTeIbHOCTHIO YKUW) BpeMeHeM perakca-
nuu npocseTieHHoro coctosuus [20]. Pabora no coznanuto
MPOCBETJISIOIIUXCS] TOTJIOTUTENIEH CTajla BaXHOW YACTHIO
JTAJIbHEHINETr0 pa3BUTHS JIa3ePOB 3TOTO THIIA.

C nomotpro D0ITa [21] ObUI0 TOTYUEHO TIPSMOE JOKa-
3aTesIbcTBO BO3HUKHOBEeHUSI Y KU U3 uiyKTyallmOHHBIX BbI-
6pocoB. Bojiee Toro, ObLIO YyCTAHOBJICHO, YTO Jla3ep C mac-
CHBHOU CHHXPOHM3AIUEH MOJT IMEET J[BA IIOPOTa IeHEePAIIHH.
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Ha nepBom mopore Bo3HHMKaeT cBOOOIHASI T€HEpAIMsl MHO-
TOMOJOBOTO M3JIYUeHHS, & 3ATEM IIPH OTIPEIeTIEHHOM IPEBbI-
mrennu ycrienusi — myr Y KU. Brita BeisicHeHa Takke BaxHast
POJIb HACBILLIEHUS YCUJIEHUSI M COOTHOIICHUSI CEUEHUH Jla3ep-
HOT'0 Mepexoa aKTUBHOM CPe/Ibl U MOTJIONIEHUS TPOCBETIIS-
rorterocst morstotutessi. Oka3zanoch, YTO 3TO COOTHOIIEHHE
MOHO DEryJMpoBaTh, MOMeIIas B PE30HATOP TEJIECKOI
MEXIy aKTUBHOU CpeON U MPOCBETIISIOMINMCS MTOTJIOTUTE-
JeM [22].

Heranbuble uccnenopanus Y KU B HauaabHOM yacTu 1my-
ra 1 B MakcuMyme orudaromnieid nokazamm, yro YKU uz-
MEHSIOT GOpMY IO Mepe pa3BUTHUSI THTAHTCKOT'O UMITYJIbCa
[23,24]. B nauaye myra HaOJrOgaeTCs TJIAJAKUI KOJIOKOJIO-
00pa3HBIl UIMIYJIBC, KOTOPBIA B 00JIaCTH MaKCUMyMa OTH-
Oarolreit mproOpETAET CIOKHYIO (OPMY: OH UMEET BUJ He-
peryJisipHoro Habopa KOMIOHEHTOB C VI TEILHOCTIMHI MEHb-
LIMMU, YeM B HadaJsie nyra. Takoe noBeleHue ObLIO OOBsIC-
HeHO neiicTBueM 3¢ (dekToB caMo(OKycUpOBKH U (pa30BOU
camomoayisinuu [25].

JJ1st TBEpAOTENIBHBIX JIA3€POB C MACCUBHON CHHXPOHU3A-
mueld Mo mmtebHOCTh Y KU oka3wiBanachk cylecTBEeHHO
OoJIbIIIeH, YeM Mpenaesi, OIpeaeIsseMblid UPUHON IOJIOCHI
YCHJICHHsI aKTUBHOH cpeibl. BplIO ycTaHOBIIEHO, YTO IPUYH-
HOM 3TOTO SIBIISIETCSI KOHEYHOE BPEMSI PEJIAKCALIMH TIPOCBET-
JICHHOTO COCTOSIHUS TIOTJIOTHTEJISI ¥ €70 CYIIIECTBEHHOE HACKI-
IIEHNE B KOHEYHOH CTaJHMU 3BOJIFOLUU UMITYJIbCA, B PE3YJib-
TaTe 4ero NpakTUYECKH NMpEKpallaeTcs HeJIMHEWHOe COKpa-
enue aiuresnbHoctu Y K.

Bmopoe nokoaenue nazepos Y KU nosiBUIOCH B pe3yiib-
TaTe OTKPBITHUS JIa3€pOB HA OPraHMYECKUX JFOMHHECICHT-
HBIX KpacuTessix. OCOOEHHOCTBIO aKTHBHBIX CpeJl 9TUX Jia3e-
poB ObLIa OTpOMHAS IIIMPHUHA TOJIOCHI YCUJICHUS], TO3BOJISIFO-
masi co3JaBaTh Ja3epbl C IUIABHOM NEPECTPONKON JJIMHbI
BOJIHBI B LIMPOKOM JIHANa30He. ITa 0OCOOEHHOCTB JIeJIalia Jia-
3epbl Ha KPACUTEIISIX IPUBIIEKATEIbHBIM 00 BEKTOM HCCIIE0-
Banwmii o renepanun Y KU. IlaccuBHas ciHXpOHU3aIMS MO
ObLjIa MOJIyYeHA B Jla3epe ¢ HAKAYKOW UMITYJIbCHON JIAMITON
MIPU UCMOJIb30BAHUU B KAY€CTBE AKTUBHOM Cpe/ibl KpacuTes
poagaMuH 6K, a B KayecTBE MPOCBETJISIOLLETOCS MOTJIOTH-
tesis — kpacutess DODCI [26]. 3atem 6bu10 oka3zaHo [27],
4TO JIa3ep Ha KPACHTEJIE MOXKHO 3aMYCTUTh B HEMIPEPHIBHOM
pEeXUMe, UCIIOJIb3YS IS HAKAYKHU U3JIyYeHHE aprOHOBOTO JIa-
3epa, cHOKYCHPOBAHHOE B CTPYIO CBOOOJJHO TEKYIIETO pac-
TBOpa Kpacutess. st KoMIeHcaluy acTUrMaTu3Ma, BO3HU-
KaIOIIEro NPy PaclojIoKeHUu CTPyH oA yrjioM bprocrepa,
PE30HATOP UMEJI CIIEIMAIbHYIO KOHDUTYypaIuro.

Boiraromummcst codbiTHeM B pa3BuTHH JiazepoB YKU
CTaJI 3aIlyCK 3TOTO HENpEephIBHO paboTaroliero Jjiazepa Ha
KpacuTelie B peXUMe aCCUBHOU CHHXpOHM3AIMH Mo [28].
J71st 3TOrO0 B pe30HATOP BBOAWJICS MPOCBETJISIOLIUNACS TO-
riaotuteib — crpys kpacuteiass DODCI. Cpa3y xe ymanoch
MOJIYYUTh HEMpPEePBIBHYIO mocieaoBaTenbaocts YKU nm-
TEJILHOCTBIO OKOJIO | TIC, KOTOPYIO BIOCIEICTBUH YAAIOCh
cokpatuth 10 0.5 mc [29].

ITockoJibKy ¥ B UMIIYJIbCHOM U B HEIIPEPBIBHOM JIa3epax
HCIOJI30BAJIUCH OJHH U T€ e KOMIIOHEHTHI (poamuH 6K u
DODCI), npeanoiaraaock, YTo MeXaHu3M (OPMHUPOBAHUS
VKW noirkeH OLITH OOHUM U TeM ke. OaHako 00CTOsATENE-
HbI€ HCCJIEIOBAHHUSI UMIIYJIbCHOTO Jia3epa C NMPUMEHEHHEM
O0ITIa [30,31] noka3zaau, 4TO MeXaHU3M (POPMHUPOBAHUS
VKU B nazepe Ha KpacuTesie CYLIECTBEHHO OTJIMYAETCS OT
mexaHuzMma GopmupoBanus YKU B TBEpAOTEIBHOM Jla3epe
C JaMIMoBoO¥ Hakaukoil. Tak, ObLIO YCTAHOBJICHO, YTO IH-
CKPIMUHHPOBAHUE (DIIYKTYAIIOHHOW CTPYKTYPBI B OJTMHOY-

HBII Ha akcnaiabHOM niepuoje Y KU 3aBepiiaercs yxe uepes
20— 30 mpoxo0B pe30oHATOPA IOCIIe HaYajla TeHePAIH, YTO
obecrieunBaeT pabOTy Jiazepa Ha KpacuTee, BO30yKaaeMo-
T'0 UMITYJILCHOH JIAMIION (BpeMsi TOPEHUST HECKOJIbKO MUKPO-
CEKYHIT), B KBa3UHENIPEPBIBHOM PEXIME.

Bb110 n3MepeHo Bpems peslakcaliy IpOCBETIEHHOTO CO-
crostaust st DODCI (225 nic), koTopoe 0ka3ajioch B COTHU
pa3 GoJsbiuM, YeM guTenbHocTh YKU [32]. DTOT Kaxy-
LIUIACS TAPAIOKC, HE YKJIAIbIBAIOIIUICS B MOJEIbHBIE TIPe/-
CTAaBJICHHSI O TBEPAOTEIbHBIX JIa3epax C MaCCHBHON CHHXPO-
HU3AIMUEeH MOJI, YIAJIOCh OOBSICHUTH 3P(PEKTOM COBMECTHOTO
JIeMCTBUS YCUJICHUS U TOIJIOLIEHUS] B PEKUME HACBIICHUS
[33]. deso B TOM, YTO, B OTJIMYME OT TBEPJAOTEJIbHBIX Jia-
3epOB, CEUEHHE JIA3E€PHOTO IIEPEeX0/1a B KPACHTEIISIX OYCHD Be-
JIUKO W JIMIIb B HECKOJIBKO Pa3 MEHbIIE CEYSHUs TOTJIOIIe-
Hus. [ToaTOMy OTCYTCTBYET pexkuM Q-MOTYJISAIMH, & AKTHB-
Hasl cpella W TOTJIOTHTEIh HACBHIINIAKOTCS TOYTH B PAaBHOU
mepe. [lepemuuit ppoHT UMITyJIbca 000CTpsIeTCs 3a CUeT Ha-
CBILLEHUS] TOTJIOTUTENS, & 3aJHUI — HACBHILLEHUS aKTUBHON
CpelIbL.

Jlazep HEMpPEepBHIBHOTO ISHCTBUS HA KPACUTEISIX C TTACCHB-
HOIl cuHXpOHHU3a1Mell MO CTajl IJIaBHBIM OOBEKTOM HCCJIE-
JIOBAHUI, HANPaBJICHHBIX HA COKpAIICHUE JIMTEIbHOCTH
VKU. VIMeHHO ¢ ero mOMOIIbIO ObLIT COBEPIICH MPOPHIB B
(dbemTocekyHIHYIO 00JaCcTh. MIcmonb3yst KOHCTPYKIUIO KOJIb-
[IEBOTO JIa3epa, YIaJIoCh 00ECIIeUNTh ONTUMAIBHBIN PEXIM
MACCUBHOM CHHXPOHM3AIUN MOJ B Tak HazbiBaeMoM CPM-
nasepe (colliding pulse modelocked laser) [34]. B pe3ysbTate
JUIMTEIbHOCTh nosydeHHbIX YKUW He npesbimana 100 ¢c.
[Ipu cTOIB MaNBIX ITUTENBHOCTSIX CYIIECTBEHHYIO POJIb Ha-
YHUHAET UrpaTh auctepcus rpymmnoBoi ckopoctu (I'C) cpe-
IIbI, 4epe3 KOTOPYIO0 MPOXOIUT UMITyjibc. OH pacTsruBaeTcs,
mproOpeTast YacToTHYI0 Moay isiimto (uupi). [TocpenctBom
kommneHcauuu yupna B CPM-nasepe yaajaoch COKpAaTHThb
niurtenasHocTh YK 1o 53 de [35].

BaxxHedmmM pe3yabTaToM, OOCTHTHYTBIM B 00J1acTH
redepanun YKMU, sBuioch U300peTeHrE W UCIOJIb30BAHKE
YCTPOWCTB, MO3BOJISIOIIUX KOHTPOIupyeMo u3MeHsTh AI'C,
4TO JAJI0 BO3MOXHOCTb U3MEHSTh B IIMPOKHX Npeneiax U
yupmn. B aTux ycrpoifcTBax, cTaBIINX BaKHEUIIIEH COCTAaBHOU
YaCTbIO JIA3€PHBIX YCTAHOBOK /IS TEHEPALUU W YCUIICHUS
(heMTOCEeKyHTHBIX IMITYJIBCOB, HICIIOJIB3YFOTCS JTHOO mupak-
IMOHHBIE pereTku [36], 1o npusmsr [37].

IMpumenuB npusmennblii kommneHcatop AI'C B CPM-
Jazepe, yaaiaoch noyyuutbY KU gnurensaocthio 27 ¢e [38]
IyTeM ONITUMAJIBHOTO coryiacoBanus 3((dexToB (pa30oBoii ca-
momoysituu (PCM), IIC u cTeneHn HACBIIIEHUS KPACH-
TeJiel akTUBHOM cpefipl v morjoTutesst. CtabunbHol padote
Jlazepa CIOCOOCTBOBAJIO BO3HUKHOBEHHE COJIMTOHOION00-
HOoro pexuma pacnpoctpanenusi YKWM B pesonatope 3a
cuyet coBMmecTtHOTO neiictBust ®CM u II'C.

Paspabotka nazepoB YKU Ha xpacutessix Mo3BOJIHIA
YBEPEHHO IMOJIyYaTh HEMPEPBIBHBIE IIOCIEI0BATEIHLHOCTH
VKU niuTebHOCTBIO B JeCATKU (heMTOoCeKyHA. Bo3HUKIIO
JIBa HalnpaBJieHus pa3BuTus jnazepos YKMU. Ilepsoe — ucmo-
JIb30BaHME TBEPOTEJIbHBIX JIA3€POB C JJAMIOBOW HAKAYKOM,
TeHEPUPYIOIINX MUKOCEKYHIHBIE UMITYJIbCHI C BHICOKON MOIII-
HOCTBIO. BTOpOe — ucnosib30BaHne Ja3epoB HA KPACHTEISIX
HEMPEPLIBHOTO JIEHCTBHSI CO CPaBHUTEJILHO MAalloil MoIll-
HOCTBIO, HO C (DeMTOCEKYHTHBIMH MMIYJIbcaMu. [{aibHei-
muii mporpecc (peMTOCEKYHAHBIX Ja3epoB ObLI CBSI3aH C
pPa3BUTHEM JIA3€PHBIX CUCTEM HENPEPLIBHOTO JEWCTBUS, UC-
MOJIb3YIOIINX JA3EPHYIO HAKAUKY.

3HAYATETBPHBIM 3TAIIOM B Pa3pabOTKe TBEPIOTEIHHBIX
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nazepoB YKU crtano co3nanue TBEPAOTEIbHBIX JIA3EPHBIX
MaTepuaioB, Ipurogubix mis regepanuun YKU. B pesyib-
TaTe MOSBUJINCh TaK HAa3bIBa€Mble BUOPOHHBIE KPHUCTAJIIIBI C
MIAPOKAMH MOJIOCAMH TIOTJIOIEH s U yeuenust: Ti® T :Al,O;
(cangup) [39], Cr3+:LiCaAlF¢ (LiCAF) [40], Cr3*:LiSrAlFs
(LiSAF) [40], Cr3 " :LiSrGaF¢ (LiSGaF) [41], Cr** :Mg:SiOq4
(popcreput) [42], Cr**:YAG (uepuslii rpanat) [43], Ha Ko-
TOPBIX OBLJIA MOJIyYeHA HETpephIBHAS TeHepamms gpemToce-
KYHIHBIX UMITYJIbCOB. [{J1 HAKauKu 3TUX Ja3epOB HCIIOJIb30-
BaJIOCh C(OKYCUPOBAHHOE JIazepHOoe usyyenue (Ar-, Kr-ya-
3epbl, Nd:YAG-na3zep u ero Bropasi rapmonuka(BI'), ogHo-
MO/IOBBIE TTOJIYIPOBOTHIKOBBIE HHXKEKIIMOHHBIE J1a3ephl (J1a-
3epHBbIe TUO/bI)). 3aMeHa CTPY#l Kpacurtesieii BUOPOHHBIMU
KpHUCTAJUIAMU c/iefialia GeMTOCEKYHIHbIE JIa3ephl KOMITAKT-
HBIMU U HaJIS)KHBIMU B 9KCILTyaTAIIHN.

Kax yxe ynoMuHasoCh, B UMITYJIbCHBIX TBEPAOTEIHLHBIX
Jla3zepax ¢ MacCUBHON CHHXPOHM3ALUENH MOI OTHOBPEMEHHAS
¢ Helt Q-MOoAy AU MPENsTCTBYET 3P PEKTUBHOMY COKpale-
mnro YKUW u3-3a pannero Haceimenus: norjaoturens. s
YCTPaHEHUsI 3TOrO HEIOCTATKa OBLIM U300PETEHBI CXEMBI
akTuBHOTO [44] u maccuBHOro [45] KOHTpOJIE OOpaTHOMN
cBs3d. C MX NOMOIIBIO OIPAaHUYMBAJICS POCT IMTAHTCKOTO
UMITyJIbCa U pactsrubajack orudaromas Y KU. Oanaxo npe-
JIeTbHBIM OTPAaHUYEHUEM, HE TO3BOJISIFOIIMM JOCTHYD (eM-
TOceKyHIHOH mymuTebHOoCcTH Y KU naxe npu KoHTpoJe 00-
paTHOM CBSI3H, OBLIO TO, YTO HCIOJIb3YEMbIE PE30HAHCHBIC
MPOCBETJISIFOIIMECS] TOTJIOTUTENIM HMMEIN MUKOCEKYHIHBIE
BpEMEHA peJIaKCalliy MPOCBETJICHHOTO COCTOSHUS, OMpere-
Jisirornue auteabHocTh YK, B cBsi3u ¢ aTum ObLH nipe-
MPUHSTHI OTBITKY 3aMEHUTh TAKO! MOTJIOTUTEIb YCTPOICT-
BOM, OCHOBAHHBIM Ha HEPE30OHAHCHOM ONTUYECKOW HEJIMHEH-
HOCTH [40].

[TpopbIB B 3TOM HampaBJieHUX ObLI JOCTUTHYT B KOH-
CTPYKIMH Ja3epa, Ie C TJIABHBIM PE30HATOPOM CBSI3BIBAJICS
JIOTIOJTHUTEIbHBINA, B KOTOPBIN IOMEIIAIach Cpefia ¢ Hepe3o-
HAHCHOI HEeJMMHEHHON BOCHPUUMYHBOCTBIO. OCOOEHHO TpH-
TOOHBIMU TSI 3TOW IIEJIM OKa3aJIUCh OJIHOMOJIOBBIE BOJIO-
KOHHBIE CBETOBOJLI. [IepBbIM OCYIIIECTBIICHNEM TaKOW KOH-
LETIMU CTaJl COJIUTOHHBIN Nazep [47]. B Hem HemHelHast 00-
paTHas CBS3b OT METJIM C ONITUYECKIM BOJIOKHOM BBOIMJIACH
B IJIABHBIN pE30HATOP Ja3epa, paboTAaromero Ha raJouIHOM
kpuctasie ¢ nearpamu okpacku (L{O) mpu cuaxpoHHO Ha-
Kauke. B oTcyTcTBHE JOTOJHUTEILHON OOPATHOM CBS3H TO-
JIy4aJIMCh UMITYJIbChI JJIUTEILHOCTBIO 0KoJIo 8 1c. I1pu on-
TUMaJIbHON HACTPOIKe TOMOJHUTEILHOTO PE30HATOPA JJIH-
teabHOCTh YKMU cokpatanace 1o menee 200 ¢e. Cymect-
BEHHBIM JJIs1 COKpalenus aureabnoctu YKU obu1o dop-
MHPOBAHUE B BOJIOKOHHOW METJIE ONTHYECKUX COJUTOHOB.
ITockoyIbKy 3TO BO3MOJXKHO JIAIIb IIPU OTPUIATEILHOMN TUC-
NEepCUM TPYNIOBONH CKOPOCTU B BOJIOKHE, KOTODAsl UMEET
MeCTO IpH 4 = 1.3 MKM, B KQ4eCTBE aKTUBHOM CPE/Ibl UCTIOJIb-
3oBaJics kpuctaiut KCl ¢ O, paboTaromuii Ha IITHHE BOJTHBI
~ 1.5 MKMm.

3aTeM OBbLIO MPEMJIOKEHO UCTIOJIb30BATh JOTOJHUTEIb-
HBII pe3oHaTop 0e3 GopMUPOBAHUS B HEM COJIMTOHOB [48].
DddexT macCMBHOW CHHXPOHHM3AIMU MOJ JTOCTUTAJICS TPU
KOTepEeHTHOM [00aBJICHUN UMITYJbCA CO CABHUHYTOW HEH-
HEeWHOU (3aBUCSIIEH OT MHTEHCUBHOCTH) (a30i, BBIXOISIIIE-
r0 U3 JOTOJIHUTEIBHOTO PE30HATOPA, K U3JIyYCHHUIO B IJIaB-
HOM pe3oHaTope. Takoir MeToJ NaCCUBHOW CUHXPOHU3ALIUH
Mo noryunit HazBanue APM (additive pulse modelocking)
[49], unm uaTepdepenmonnas cuaxponusanus Mo [50]. Ero
HEIOCTATKOM SIBJISIETCS HEOOXOAMMOCTh FOCTUPOBKH JIJIIHBI
BCIIOMOTATEIILHOTO Pe30HATOPA C MHTEphHEepOMETPUIECKOM

TOYHOCTHIO. OJTHAKO 3TOT HEJOCTATOK BIIOJIHE IPEOIOJUM B
J1azepax HempepbIBHOTO AecTBUs. [leTalbHO Teopusi METO-
na APM nana B pabote [51].

OmHOBpeMeHHO ¢ pa3BuTHeM Mmetona APM mpomormka-
JIach paboTa IO COBEPIICHCTBOBAHHUIO PE30HAHCHBIX IMPO-
CBETJISIFOIIMXCSI MOTJIOTUTENed. [Ipu MCoIb30BaHUS TOJTY-
IPOBOIHUKOBBIX CIIOUCTBIX CTPYKTYP (KBAHTOBBIE SIMbI) OBI-
JIM CO3AaHBl MPOCBETJISIOLINECS MOTJIOTUTENH, Pabouyro
JUITAHY BOJIHBI KOTOPBIX MOXHO OBLIO U3MEHSITh MOA00POM
MaTepualioB W TOJIIUHBI cJIoeB. Takue yCcTpoOWCTBa MOJTY-
yiid HazBaHue SESAM (semiconductor saturable absorber
mirror) [52]. B oTiuuue ot kpacuteseid oHM 00J1a1at0T ABYMSI
BPEMEHAMU PeJIaKCAllui IPOCBETIEHHOI'O COCTOSIHUSL: CPaB-
HUTEJIBLHO OOJIBIIUM (JIECATKUA MUKOCEKYH/T), KOTOPOMY CO-
OTBETCTBYET MEHbIIIAsi UHTCHCUBHOCTH HACBHIIICHHS, U Ma-
JIBIM (TecSITKU PeMTOCEKYH/T) C OOJIbIIIeH HHTEHCUBHOCTBIO
HachlleHusl. biarogapsi Takol 0cOOEHHOCTH OOJervaeTcs
IpoLecC HAYAJIbHOTO OUCKPUMMHUPOBAHUS (PIIyKTyallmoH-
HBIX NMUAKOB C MOCJEAYIOMMM 3((HEKTUBHBIM COKpAILICHHEM
IJIATEJILHOCTH BBIAEJIEHHOr0 oquHoYHoro YKMN.

IIpu paboTe ¢ J1la3epoM HEMPEPHIBHOTO [EWCTBUS Ha
Ti:canpupe ObUT OTKPBIT HOBBIN METOJ TACCUBHOW CHHXPO-
Huzamu Moz [53]. Okazasoch, 4To caMO(OKyCHpOBKa B Jia-
3epPHOM CTEpXKHE B COUCTAHUHU C TUaPparMoi JeHCTBYET TO-
JTOOHO TIPOCBETJISIFOILIEMYCS TIOTJIOTUTENH0. TTOCKOIBKY 3¢)-
(bexT caMo(OKyCHPOBKH B TBEPJIOM TeJie OCHOBAH Ha Kep-
POBCKOM HEJIMHEMHOCTH TOKA3aTeJsl NPEJIOMIICHHS, OH HE
TpebyeT Pe30HAHCHOTO TOTJIOIIEHHUSI, a ero JeHCTBHE Mpak-
TUYECKH OE3BIHEPLUUOHHO. DTOT METOJ MOJYYHI Ha3BaHUE
KLM (Kerr-lens mode-locking). Jlazepbl Ha BHOpPOHHBIX
KpHUCTAJUIaX C MACCHBHON CHHXPOHU3AINENH MO/ 33 CUET Kep-
POBCKOMU JIMH3BI CTAJIA Mpembum noko.ienuem aazepos Y KHU.
Nx ycosepiiencTBoBaHue npuseso k renepanun Y KU nim-
TEJILHOCTBIO 5.4 ¢ (MEeHee ABYX NePHO/I0OB CBETOBO BOJIHBI)
[54].

B otimmume oT s1a3epoB ¢ MPOCBETIISIFOLIMMUCS KPACHTe-
sy, tazepsl Y KU, ucnionb3yrorue Hepe3oHAHCHYIO HEJN-
HEWHOCTh, MOTYT HE 00JIaJITaTh CAMO3AIMyCKOM PEKUMa CHH-
XPOHU3AIIH MOJI, T. €. MPOIIECC HAYATBHOTO TUCKPUMHUHUPO-
BaHUS (IIYKTYyallMOHHBIX NMUKOB MOXET MOJABJISTHLCS MPO-
LECCOM PETreHEPATUBHOTO CYXEHHS! CHEKTpa H/UJIM CeJeK-
ouel MpoAOJIbHBIX MOA. B 3TOM cityuae TpeOyroTcs criernu-
allbHbIe Mephl JJIsI WHUIMPOBAHUS CHHXPOHU3ANUU MO]I.
ViMu MOTYT OBITh: HCIOJIb30BaHKE MPOCBETIISIOIIETOCS MO~
[JIOTUTEIS C HHU3KAM YPOBHEM HACBIILEHUs (HAampuMep,
SESAM) [52], nbe303JIeKTPUUECKOTO TPUBOAA OJHOTO U3
3epKajl ¢ 3JEKTPOHUKOH OOpATHOW CBSI3M, aMILIMTYIHOTO
MOJIYJIATOpA, & TaKXKe MEeXaHWYeCKUH TOJIYOK (IIETYOK IO
3epKaJly PE30HATOpa HJIM OBICTPOE IBHKEHUE OJHOW W3
npu3sM kommnencatopa JI'C) wmiam CHHXpOHHAs HakKadyka.
HekoTopble u3 3TUX yCTPOUCTB caMH IO ceOe UCIOJIb3YIOTCS
JUISl peKUMa CHHXPOHHU3AIMU MOJI, B YACTHOCTH CHHXPOHH-
3aTOpP MOJ WJIM AMIUIMTYIHBIA MOAYJISTOP OT BHEIIHETO
reHepaTopa. Bo3HHKaeT BOMpPOC: YMECTHO JI1 TOBOPHTH B
TAaKOM clTy4ae O MacCUBHOM cuHXpoHu3anmu moxa? ITo obie-
MIPUHSITON TEPMHUHOJIOTUM ACCUBHAS CUHXPOHM3AIMS MO —
9TO PEXUM, KOTOPBIN MOJAECPKUBAETCS BCICACTBUE BHYTPH-
pe30HATOPHBIX HeNTMHEHHOCTEN. OTINYre AKTUBHOU CHHXPO-
HHU3AIUU MOJI OT MACCUBHOM C JOTIOJHUTEIHHBIM 3aMyCKOM
3aKJIFOYAETCSl B TOM, YTO BO BTOPOM CJIy4ae JIOMOJHUTEIb-
HOE YCTPONCTBO, B NMPUHIIMIIE, MOXXHO BBIKJIIOUATH IMOCIE
BBIXOJIa HA CTA-IIMOHAPHBIN PEXUM. A TIPU AaKTUBHOM CHHX-
POHM3AIMM MOJI IPH BBIKIIOYEHHH MOJIYJSATOpa IpeKpa-
maercs pexxuM reaepanuu Y K.
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HecMoTpst Ha mpekpacHble XapakTepHCTUKU (emToce-
KYHIHBIX JIA3€POB C KEPPOBCKOM JIMH30M, Y HUX €CTh CYILECT-
BEHHBIIl HEIOCTATOK — BBICOKHE TPeOOBAHMSI K Ja3epy Ha-
kauku. OH 1OJDKeH paboTaTh C IOCTATOYHO BBICOKOW U CTa-
OWJIBHOM BBIXOJHOW MOIIHOCTBIO, MHAYE JTAXe C YCTPOICT-
BOM CaMO3aIlycKa, UCIOJIb30BAHUE KOTOPOTO YaCTO COMpPS-
’KEHO C TIOBBIIIEHNEM NOPOTa TeHepaluy, PEKUM TeHepaluu
HETPEPBIBHOTO Iyra (eMTOCEKYHIHBIX HMITYJILCOB OymeT
CPBIBATBCS. DTH TPeOOBAHMS YBEIMUNBAIOT CTOMMOCTH Ja-
3epa (PEMTOCEKYHIHBIX UMITYJIbCOB, KOTOPAsi, KaK MPaBUIIO,
OIpEeAEIIETCS] CTOMMOCTbIO Ja3epOB HAKAUKH.

B perenun npo6sieMbl HAaKa4KH OTPOMHYIO POJIb UTPAIOT
paboThl IO TBEPAOTEILHBIM JIa3epaM € TUOIHOM MOJIyNpO-
BOJTHHKOBOW HAKAYKON W BOJIOKOHHO-ONTHYECKUM CHUCTE-
MaM. [TOCKOJIbBKY ONTHYECKHE BOJIOKHA MOYXHO aKTUBUPO-
BaTh MOHAMM DPEIKUX 3eMeJIb, UMEETCS MPUHIUINATbHAS
BO3MOXHOCTb co3laHus jazepa YKV Ha onTuveckux BoO-
JIoKHaX. Bbum mpoieMOHCTpUPOBAaHBI TAKHUE JIa3ephbl HA BO-
JIOKHe, akTuBupoBaHHOM nmoHamu Nd, Yb u Er [55, 56]. Pa-
60Ta ¢ BOJIOKOHHBIMU Jiazepamu Y KU npuBesia x co31aHUIO
MPOCTOTO W KOMITAKTHOTO MOJIYJIATOPAa MACCUBHOM CHHXPO-
HU3aLUU MOJ, OCHOBAHHOTO Ha MCIOJIb30BAHUM HEJIMHEH-
HOTO TOKa3aTeJsisl MPEJIOMJICHUSI B COYETaHUH ¢ KPOCC-MOJTY-
JISIIIMEHR B cpeliax co cilabbIM BYJydenpesiomiieHueM [57]. B
OTJIMYHE OT KEPPOBCKOM JIMH3BI, HY>KHAS JJIs TACCHBHON CHH-
XpOHM3AIMY AMIUTUTYIHAS MOJIYJISIIUS 31eCh IMOJIY4aeTCsl
nobaBiieHIEM He mradparMel, a MoJIsipu3aTopa.

BosiokoHHBIE T1a3epbl HEMTOCEKYHIHBIX UMITYJIbCOB C AU-
OJTHOU HaKa4KOM cTtamu sazepamu Y KU uemeepmozo noxo.e-
HuA [58, 59]. OHH UCKITIOUNTETLHO KOMITAKTHBI, & CTOUMOCTh
WCTOJBb3YEMBIX ISl MX HAKAYKH MCTOYHMKOB Ha TOPSIIOK
MEHBIIIE, YEM JIJISI JIAa3€POB C KEPPOBCKOU JIMH3OM.

DHeprus OJJMHOYHOTO UMITYJIbca (PeMTOCEKYHTHOU JIJTH-
TEJILHOCTU OOBIYHO HE MPEBBIMIAET HECKOJIbKUX HAHOKOY-
Jieit. Pazymeercs, ee MOKHO YBEJIMYUTh, IPOMYCKAsl UMITYJIbC
yepe3 akTUBHYIO Cpelly ¢ HEOOXOIMMOM MIMPUHON MOJIOCHI
yeusenust. s momydeHust GOJIBIIOTO YCUJICHUSI aKTUBHAS
cpella JOJDKHA OBITh JOCTATOYHO MPOTSDKEHHON. DTOTO
OOBIYHO JTOCTHUTAOT, UCMOJIb3Ysl MHOTOIPOXOJHYIO CXEMY.
Juist yeunenust TpeOyetcst ropa3no 00Jiblliasi HHBEPCHAS Ha-
CEJICHHOCTb U, COOTBETCTBEHHO, JHEPTHUSI HAKAYKHU, YeM IS
rerepanyi. YToObl JOCTUYb HYXHOW MHBEPCHOI HACETICHHO-
CTH B aKTHBHOU Cpe/ie YCHJIMTENs, CTPEMSITCS MPUOJIN3UTH
IPOJIOJDKUTENIBHOCTD HAKAYKM K BPEMEHH peJIakcaluy Jia-
3epHOr0 Iepexo/1a, KOTOPOE B CIydae TBEPAOTEIbHBIX CPEll U
skcumepoB mpesbinaet nepuon YKMU B myre. Kpome toro,
CYIIECTBYET MpobJieMa OTBOAA TEIIa, TIOITOMY OTAEIbHBIE
VKU, nojsexaniue yCHJICHUIO, BBIICISIOT U3 Iyra 3JIEKT-
POOINITHYECKUM 3aTBOPOM TaK, YTOOBI YACTOTA UX CJIEIOBA-
HUS ObLIA CYIIECTBEHHO MEHBIIIE.

Crenuduka ycusenus: Y KU 3axiirouaercst B TOM, YTO IpU
UX KpaiiHe MaJIo¥ IIUTEebHOCTH CPABHUTEIBLHO HEOObIINE
SHEPTUU UMITYJIbCa (CYIIECTBEHHO MEHBIINE YHEPTUN HACHI-
ICHUs1) BBI3BIBAIOT HEJIMHEWHBbIE 3(P(EKTHI, OrpaHUIMBAIO-
mue ycuieHue. ['1aBHbIi u3 3TuX 3PPeKTOB — caMOPOKYCH-
pOBKa.

C 11eJIbEO0 TIPEOJOJICHUs] 3TOTO OrPAHUYEHHS OBbLIT Tpe/I-
JoxeH HOBbI Merton ycuienms YKU, nasBanubii CPA
(chirped pulse amplification) [60]. DTOoT MeTOm SIBIsIETCS
ONTHYECKUM aHAJIOTOM METOJIa, IIIMPOKO UCIOJIb3YEMOro B
paauosiokalmoHHOM TexHuke. CyTh €ro 3aKJIIoyaeTcs B ciie-
JIyIOIIEM. Y CHJIMBAETCS HE YIbTPAKOPOTKUN UMITYJIbC, & UM-
MyJIbC, UIMEIOIINH TY XK€ IIUPUHY CIEKTPa, HO PACTSIHYTHIA BO
BpEMEHH, TIPUUEM €ro HecyIlas YaCTOTa U3MEHSIETCS BO Bpe-

MEHH JINHEWHO (YUpNUPOBAHHBIN UMIYJIbC). M3-3a TOrO UTO
MOIIIHOCTb TAKOTO UMITYJIbCA MEHbIIIE B YHACIIO pPa3, Ompese-
JIIlEMO€ CTETEHbIO PACTSIKEHUSI, COOTBETCTBEHHO CHIDKAETCS
POJIb OTPAHMYUBAIOIINX IPPEKTOB U UMITYIHC MOXKHO YCH-
JIUTHh 10 OOJIBIIMX 3HEpruil (BILUIOTH O 3HEPTUi HACBHIIIE-
HUS). DTO BaxHO AJIsl 3 (HEeKTUBHOTO CheMa HHEPruM, 3ama-
CEHHOM B akTUBHOM cpene ycunutens. [locne ycunenus um-
MyJIbC MPOMYCKAETCSl Yepe3 JIMHUIO 3aCPXKKH, B KOTOPOH
AMeEETCsI Ta JKe 3aBUCUMOCTD OT HECYIIIEH YaCTOTHI, HO C IIPO-
THBOIIOJIOKHBIM 3HAKOM. B pe3yibrare 4upn KOMIIEHCH-
pyeTcsl, a MMITYJIbC CKUMAETCSl 10 NEepBOHAYAIBHOU M-
TEJIbHOCTH.

Texuuka CPA no3Bosmia 10CTHYb MTUKOBBIX MOITHOCTEH
MOPsIIKA TepaBATTA HA yCTAHOBKAX, pa3MeIlaeMbIX Ha OTH-
YECKHMX CTOJaX B OOBIYHBIX JAOOPATOPHBIX MOMEIICHHSIX, U
naxe nonyunth Y KU neraBartHO# MonHoctu [61, 62].

[Tomumo yBenueHus: MMKoBoN MolHocTH Metox CPA
YCIEIIHO HCIOJIb30BAJICSA IS COKPAILEHUs JIUTEIbHOCTH
VKU, nanpumep CPM-na3epa Ha kpacurese [63]. Vcuen-
HbIE UMITYJIbCBI T TETbHOCTBIO 50 dc (4 = 620 HM) mporry-
CKaJINCh Yepe3 OJHOMOJOBOE ONTHYECKOE BOJIOKHO JJIMHOHN
HECKOJIbKO MUJIIMMETPOB. B Hem mpoucxonuino ¢popmupo-
BaHME YNPIHUPOBAHHOT O UMITYJIbCA OJ1aroaapsi COBMECTHOMY
neiicteuto ®CM u AI'C. CnekTp pacimpsijics, OXBaTbIBas
MOYTH BCIO 00JIACTh BUJIUMOTO CHEKTpA. 3aTeM 3TO U3JIyue-
HUE NIPOIYCKAJIOCh Yepe3 YCTPOUCTBO KOHTPOJIS AUCIHEPCUU
TPYIIOBON CKOPOCTH (BKJIFOUYAS TPETHH MOPSJIOK), COCTOS-
1ee U3 Npu3M U TuGpaKIUOHHBIX pelIeToK. B pesyibrare
KOMIIEHCALUY YMpIa UMILYJIbC CKUMAJICS 10 6 ¢c.

DTOT pe3yJbTaT, MoJiyuyeHHbIN B 1987 1., qosro ObLIT pe-
kopaHbIM. [Toutn depe3 10 jeT ObLIa TPOAEMOHCTPUPOBAHA
HOBasi MOM(UKAIHS 3TOH MeTOUKH [64]. VcuiieHHbIH UM-
myJibe OT Jtazepa Ha Ti:candupe ¢ mmrenbHocThiO 140 e u
aHepueit 660 Mk /{>x mporyckaics yepe3 HalOTHEHHBIN HHEPT-
HbIM Ta30oM (Ar uiu Kr) non naBieHueM 4 aT™M Kanuuisp ¢
BHYTpeHHUM JuameTpoMm 140 MxMm u gimuao#t 70 cM, B KO-
TOPOM TPOUCXOJUIO (HOPMUPOBAHNE YUPIUPOBAHHBIX UM-
yJIbCOB C YIIUPEHHBIM CrieKTpoM. [Tocie cxxaTust B KOMIICH-
caTope, COCTOSILIEM U3 Hapbl IPU3M, MOJIYYAJICS UMILYJIbC
mumtenbHocThio 10 e ¢ aneprueit 240 mxIx. JanbHeiiee
YCOBEPIICHCTBOBAHUE YCTAHOBKH C HCIOJIb30BAHUEM YHAPIIH-
pyronmx 3epkaj npuseso k nosiyueHuro YKUW piurensHo-
cThio 4.5 dc ¢ areprueit 15 MrIx [65].

2. IpuHIMn CHHXPOHU3AIMH MOJ]

CornacHo (ypbe-ipeoOpa30BaHUIO, UMIYJILC JIJIUTEIIb-
HOCTBIO T JOJIKEH HMETh IIMPUHY CIEKTpa Av He MeHee T~ !,
MO3TOMY HEOOXOIMMBIM yciioBueM TeHepammu Y KU siBiisi-
€TCs UCIIOJIb30BAHUE aKTUBHOM Cpelibl C 1OCTATOYHO IIUPO-
KoM 1mmoJjiocoii ycusieHus. M3-3a GOJIbIION IIUPHHBI CIEKTpa
TeHepalnu TpedyeTcs, eCTECTBEHHO, MHOTOMO/IOBBIN PEXIM
paboTel Jazepa. Bo3MoXHBI ABAa KpalWHHX Ciydass MHOTO-
MoJ10BOH reHepanuu. [1epBblil, koraa Ga3bl 3JIEKTPOMATHUT-
HBIX BOJIH BCEX MOJI HUKAK HE CBS3aHBI MEXIy COOOM, T.e.
KOrJa pa3sHoOCTH (a3 COCeTHHX MOJ paclpeleseHbl XaoTH-
4yecku. BTopoii, koraa Bce (pa3bl CBSI3aHbI APYT C APYTOM OTI-
peneseHHBIM 00pa3oM, T.e. Pa3HOCTH (a3 COCeTHUX MO
AMEIOT OJIHO U TO XK€ 3HAUYSHHE, MHBIMU CJIOBAMU, MO/TbI CHH-
XPOHHU30BAHBI.

B nepBoMm cityyae unTepdepeHIus Mo IPUBOIUT K TOMY,
4YTO M3MEHEHNE WHTCHCHBHOCTH BO BPEMEHHU NPEIACTABISET
co0oit OecriopsiAouHbIi HA0Op (PIIYKTYallMOHHBIX NMHUKOB HA
WHTepBaje BpeMeHn T, paBHOM BpeMeHH 00X0/1a JIa3epHBIM
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Bpems

Puc.1. 3aBUCUMOCTH HHTEHCUBHOCTH MHOTOMO/IOBOT'O U3JIy4YEHHUS OT Bpe-
MEHH Ipu OecropsiiouHoM Habope Mo (a) U B cilyyae UX CUHXPOHH3a-
uu ().

cBeTOM 3epkaJj pesonaropa: 7= 2L/c, rue L — onTrueckas
JUTHHA Ty T MEX Ty 3epKajlaMu, ¢ — CKOPOCTh cBeTa ( puc.1,a).
[Tpu nociaemoBaTeIbHBIX MPOXOAAX MEXY 3epKalaMH 3TOT
Ha0oOp (GIYKTYallMOHHBIX UMITYJILCOB, 00JIaJAOIIMX XapaK-
TEPUCTUKAMH TEIJIOBOTO IIyMa, MOBTOPSIETCS C MEPUOIOM
T, yCUIHMBASICh IPH KAXKIOM IMPOXOXKICHUN AKTUBHOHN CPEIbl.

Cpeassisi IIUTETbHOCTh OTJACJIIBHOTO (PIIYKTYAIIMOHHOTO
NHKa T CBS3aHA C IIMPUHOM CIIEKTpa M3JIydeHHs ja3epa Av
IpUOIIM3UTEILHBIM COOTHOIIIEHHEM Tr & 1 /Av. lupuna cre-
KTpa ONpeAesIsIeTCs YUCIOM aKCHATIBHBIX MO [N, YaCTOTHBIN
HHTEpBAJ MeXay KoTopbimu ov = 1/T, T.e. Av = Nov. Ot-
CI0JIa BUJHA TPHHIUIHAAJIBLHAS BO3MOXHOCTH MOJIyYSHUS
VKU. MuoromonoBasi TeHepamusi ¢ IIUPOKUM CIIEKTPOM
YK€ COIEPXKUT Takue UMIyJbChl. [IpaBaa, us-3a ciayvaiHo-
ro pacupefesieHust (a3 oHu OecropsIIOYHO 3aMOJHSIOT BECh
nepuof 7, a X THTEHCUBHOCTH HEBEIIKA.

CoBepIlIeHHO WHasi KapTHHA HAOJIOIAeTCsi BO BTOPOM
ciydae, Korjaa pasHocTH (a3 COCeTHUX MOJ MMEIOT BIIOJIHE
ompe/ie/icHHbIe 3HAYeHUs. B aToM cityyae mHTepdepeHIus
IPUBOJIUT K TOMY, YTO 3HEPIHUs U3JIYUYEHHs BCEX MOJ COoCpe-
JIOTA4YUBAETCS B OJJTMHOYHOM UMIYJibce Ha niepuoae T (puc.l,
0). Ero AnMMTeNbHOCTH T OMNpeAesisieTCsl TMOJIHOW NIMPUHON
CHEKTPa, a THTEHCUBHOCTD BbIPACTAET MPUMEPHO B N pa3 1mo
CpaBHEHHIO ¢ epBBIM cirydaeM. OcyIrecTBiieHne paboTHI Ja-
3epa YKU cBoauTcsl, IO CyLECTBY, K OOECIIEYEHUIO YCIIOBUI
TAaKOT'0 PEXUMa, IPU KOTOPOM NPOUCXOTUT TeHepanus MHO-
TUX AaKCHATIbHBIX MOJI, CHHXPOHHU30BaHHBIX MEXy COOOH OT-
peneseHHBIM 00pa3oM.

BooO1ie TOBOpsl, MOXHO TPEACTABUTHL cebe HECKOJIbKO
CIIEHApHeB OCYILECTBJIEHUS! Takoi reHepauuu (puc.2). Ha-
IpUMeED, KaK II0Ka3aHOo Ha puc.2,a, BHavYajle reHepanus npo-
HCXOIUT Ha OJHOW MoJe. 3aTeM HAYMHAETCs TeHepalys Ha
JIByX COCEIHMX MOJIaX C HY)XHOH pa3sHOCThIO (a3, psSaoM c
KOTOPBIMU BO3HUKAIOT HOBBIE MOJIBI CHOBA C HY>XHOM pa3HO-
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Puc.2. Cuenapun passutus renepammu YKW Bo BpemeHu (IO umcity
MIPOXOJIOB /71 B PE30HATOPE) B CIy4asiX, KOT/Aa TCHEPALMsl HAYMHACTCS Ha
LEHTPAJILHOM MOJIe, a 3aTeM IeHEPUPYIOTCS COCETHIE MOIBI C HY KHBIMH
(daszamu (@), ¥ KOrJa reHepanysi HAUYMHAETCS Cpa3y Ha BCEX MOJAx ¢
HPOU3BOJIbHBIMU (ha3aMi, a 3aTeM, [0 Mepe ee Pa3BUTHs, U3MCHSIOTCS
(asbl Becex MO (0).

cThio (ha3, ¥ TaK 10 TeX MOP, MOKa He 3aMOJTHATCS BCS IOJI0Ca
YCUJICHHS] aKTUBHOU cpeibl. B pe3ynbTaTe Takoro mporecca
BO3HUKAET TeHepaIsi MHOTHX MOJI C HY)XHBIMH (Da3aMH, 4TO
u TpedyeTcst Ayt GOPMUPOBAHUS OJUHOYHOTO HA AKCHUAJIb-
HoM nepuonae YKU.

ITpu apyrom cruenapuu (puc.2,0) TeHepaIys cpa3y Ha4u-
HAETCs Ha BCEX MOJIaX C MPOU3BOJILHBIMY (hazamu. B pesyb-
TaTe, KaKk ObLIO OTMEUYEHO, BOSHUKAFOIIEE U3JTyUeHUE UMEET
(baykTyarMoHHBIN XapakTep. 3aTeM ¢asa KaxI0id MOIbI U3-
MEHSIETCSl TaK, YTO PA3HOCTh (a3 CoOCeTHUX MOJI proOpeTa-
eT HyXHoe 3HaueHue. [Toctenennoe n3amenenue a3 compo-
BOXJIa€TCsl YBEJIMUEHNEM HMHTEHCUBHOCTH OJHOTO U3 (Iyk-
TYallMOHHBIX MHKOB U OJHOBPEMEHHBIM YMEHBIIICHUEM HH-
TEHCHUBHOCTH ApYrux. HBIMU CII0BaMU, TPOUCXOIUT MU3Me-
HEHUE BPEMEHHOIO MpOo(uis MHTCHCUBHOCTU WU3JIyYEHUS,
OUPKYJIAPYIOLIETO B pe3oHaTope. PIyKkTyannoHHBIE BEIOPO-
Chl MHTEHCUBHOCTHU CTAHOBSITCSl Bce OoJiee pa3psuKEHHBIMA,
TIPUYEM OJIMH U3 HUX PACTET 3HAYMTEJILHO OBICTpEE IPYyrux,
KOTOpBIE 3aTEM HAYMHAIOT YMEHBbIIATHLCSA. B KOHIIE KOHIIOB
MOJIyyaeTcsl MaeajibHas KapTHHA TeHepalud OJAMHOYHOTO
VKU na nepuone 7.

[MomuepkHeM, 4TO B 000UX CIIEHAPUSIX, HECMOTPS Ha CO-
BEPIIICHHO PAa3JIMYHbIE MEXaHM3Mbl CHHXPOHHU3AIUN MO,
WUTOrOBasi KapTHUHA OJHA M Ta ke — onauHouHbll YKMU Ha ak-
CHAJIbBHOM Tiepuofe. Tak 4TO MO KOHEYHOMY pe3yJbTaTy
HEJb3sI CYIUTh O XapakTepe MeXaHu3Ma CHHXPOHU3ALIH MO/I.
Hcropuyecku MOJTYYUIOCh TaK, YTO CliepBa ObLT 3amyIleH
JIa3zep ¢ aKTUBHOW CHHXpOHM3anuei Mox [5], B KOTOpom Me-
xaHm3M popmuposanust YK cooTBeTCTBYET EpBOMY Clle-
Hapuro. 3aTeM MOSBUIICS Jla3ep C MACCMBHOM CHHXPOHM3a-
nueir Moj [6,7]. Ero nmpuHIun aeldcTBUS TBITATUCh 00BsIC-
HUTb TaKUM K€ MEXaHU3MOM (HOPMHUPOBAHHUS, pPACCMATPH-
Basi BOBMOXHOCTb MOJYJISIIUH H3JIyYeHHs] BHYTPH PE30HA-
TOopa Ha MexMo1oBoi yactoTe [11]. OgHako nanpHeme uc-
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cJIeI0OBaHUS MOKA3aJd, YTO 3TOT Jiazep paboTaeT Ha OCHOBE
COBEPIICHHO APYroro MeXaHW3Ma, OTBEYAIOIIEr0 BTOPOMY
CHEHAPHIO. DTO ClieAyeT UMETh B BUAY, T. K. B IUTEPATYPE 110
YKU M0XHO BCTPETUTH HEBEPHBIE OOBICHEHUS pabOTHI Jia-
3epOB C ITACCUBHOW CHHXPOHM3AIMEH MOJ, OCHOBAHHBIE Ha
MOJIeJIH, OTBEYAIOLLEH IEPBOMY CLIEHAPHIO.

2.1. ITaccuBHAsi CHHXPOHU3AIHUS MO/

[ns peanm3anuy MeTOAAa MACCUBHOW CHHXPOHU3AIMH
MOJT BaXXHO, YTOOBI TeHEepalUsl HAYMHAJIACh Cpa3y Ha 0OJIb-
IIIOM YHCJIE MOJT C XapaKTEPHBIM [IJIT MHOTOMOJIOBOTO H3-
JydeHus! (PIYKTyalMoOHHBIM pacrpe/iejeHueM HHTEHCHUBHOC-
TH U3Jy4eHHs BO BpeMeHHU. [IpakTH4ecK 3TO 03HAYAET, YTO
snazep YKMU ¢ naccuBHOM CHHXpOHM3ALUEl MOJ UMEET /1Ba
nopora. CriepBa BO3HUKAET TeHEPAIHsSI IIIHPOKOIOIOCHOTO
MHOTOMOJIOBOTO HM3JIyYCHHs, a TIPU TAJbLHEHIIIEM yBeInye-
HHUM HAaKQYKU HACTYIAeT MOMEHT, Korja 00ecTieunBaroTCs yc-
JIOBUSI BO3HUKHOBeHUs reHepanuu Y KU.

[Tpu TpOX0XKAEHNH MHOTOMO/IOBOTO JIA3€PHOTO M3JIyue-
HUSl 4epe3 aKTHBHYIO Cpelly U YCTPOMCTBO C HEJIMHEWHBIM
MPOITyCKAaHUEM MTPOUCXOTUT U3MEHEHHE €T'0 BPEMEHHOTO IPO-
(uns uarencuBHOCTH. Ci1abble (PIIyKTyaIlMOHHBIE MMITYJIbChI
0CJIa0JISFOTCS HEJIMHEHHBIM MOTJIOTUTENIEM CHIIbHEE, YeM 00-
Jiee THTEHCHUBHBIE. B pe3ynbTaTe COBMECTHOTO IEHCTBHS aK-
THUBHOI (YCHUJIMBAFOIICH) CpE/Ibl U HEJIMHEHHOTO MOTJIOTUTEIS
TIPH TOCJIEAOBATEIBHBIX MPOXOIaX U3JIYYSHUS] TPOUCXOUT
CHJIbHASI TUCKPUMMHALUS (PIIYKTYAIIMOHHBIX UMITYJIBCOB 11O
MHTEHCUBHOCTU. B KOHIle KOHIIOB B PE30HATOPE OCTAETCS
omuHouHblii YKU. Ero ¢opma Oyner M3MeHSITbCS 3a CHET
JUCTIEPCUN W HEJIMHEHHBIX 3GQPEKTOB MPU B3aNMOIEHCTBUN
JIa3epHOTO U3JTyYeHNs C BEIECTBOM BHYTpPH pe3oHaTopa. Ta-
KHM 00pa3oM, MOXKXHO YCJIOBHO BBIICJIUTH JIBE CTAIUU MPO-
necca: 00pa3oBaHNE OJUHOYHOTO UMITyJIbca U3 (pIIyKTyanu-
OHHBIX UMITYJIbCOB BCJICACTBHE HEJMHEHHOW TUCKpUMMHA-
MU U TPUOOpEeTEeHNUEe UM OKOHYATEIbHON (OPMBI U MUHH-
MaJbHOW JJINTEIHLHOCTH.

Mexanusm popmuposanus YKU B jazepe ¢ maccuBHOM
CHHXPOHHU3AIUEH MOJT OYeHb YYBCTBUTEJICH K HAYaIbHBIM YC-
JIOBUSIM paboOTHI Jazepa. B mpuHuune pa3BuTHe reHepaluu
MOJET MONTH O APYTOMY CIEHAPHIO. A UMEHHO, B CTOPOHY
pereHepaTUBHOTO CYXKEHHS CIIEKTPa M COOTBETCTBEHHO Pac-
mupeHns: (QIIYKTYAaMOHHBIX HMMITYJIBCOB JO HX MOJIHOTO
CIJIAXUBAHUSI. DTOMY CIIOCOOCTBYIOT YCJIOBHSI, KOTJa OJTHA
WJIM HECKOJIbKO MOJ MMEIOT NMPEUMYIIECTBEHHOE YCHJICHUE
(MeHbIIIEe OTEPH) TI0 CPABHEHUIO C OCTaJibHbIMH. OTCroAa
BBITEKAET XOPOIIO H3BECTHOE CHENHUAMCTaM IO Jia3epaM
VKU TpeboBaHue — TIIATEJIbHOE YCTPAHEHUE U3 PE30HATO-
pa JIt0OBIX 3JIEMEHTOB, CIIOCOOHBIX JUCKPUMUHUPOBATH MIPO-
JTOJTHHBIE MO/TBI.

C 3TO LeNIbIo IPaHy ONITUYECKUX 3JIEMEHTOB YCTaHABIIH-
BaroTcs o yriiom bprocrepa, 3epkajibHble TOKPLITHS HAHO-
csATCSl HA KJIMHOBUIHBIE MTOJIOKKHU. B mpuHIUIE, BO3MOXHA
JIUCKPUMUHAIINS HE OTHOTO, & HECKOJIBKUX BBIOPOCOB (C paB-
HBIMH HAYAJILHBIMU aMILUTATYIaMH). B 3TOM cityyae Ha akcu-
aJIbHOM TIEpPHO/Ie TEHEPUPYETCsI He OJTNH, a HeckoJibko Y K.
DKCHEepUMEHTATOP JOJDKEH O0ECIIeUUTh HYKHBIA PEKUM I1y-
TE€M COOTBETCTBYIOILIETO KOHTPOJISI HAYAJIbHBIX YCIOBHH Te-
Hepanuy U BHIOOPa ONTUMAIIbHON KOHCTPYKIINY JIa3epa.

OTMmeTnM, YTO, KaK MPaBUJIO, CYIIECTBYET JOBOJIBHO Y3-
KA MHTEpBAJ HAKAYKW Ja3epa, B KOTOPOM HAOJIIOIAETCS
YCTOMUYMBBIN PEXUM IeHepali OAMHOYHBIX HA AKCHATIbHOM
nepuojsie YKMU c npenenbHO KOpOTKOi miutenbHOCThIO. [1o-
BBHIIIEHNE YPOBHSI HAKAYKU C LEJNbIO YBEJIMYEHHUS! MHKOBON
MotHocTd Y KU 3a4acTyro MPUBOJUT K MOSIBJICHUIO JTIOTOJI-

HUTCJIBHBIX UMITYJIbCOB Ha aKCUAJIbHOM NIEPUOAC U K YBCIIU-
YCHUIO UX TJIMTCIIbHOCTHU.

2.2. IpoceeTsiiomuecs: NOrAOTHTEH JIJISI NACCHBHOIA
CHHXPOHH3ALUH MO

OCHOBHOI1 4aCTBIO JIa3epa ¢ MAaCCUBHON CHHXPOHU3ALIUEH
MOJI SIBJISICTCSI JIEMEHT, CIIOCOOHBIM YMEHBIIATH MOTEPU C
pPOCTOM MHTEHCHBHOCTH MPOXOSIIEr0 Yepe3 HEro m3iyde-
HUS — IPOCBETJISIFOIIUIACS TOTJIOTUTENb. OH MPON3BOIUT J0-
CTATOYHO OBICTPYIO AMIUIMTYJAHYIO CAMOMOIYJISIUIO TO-
TEPb B PE30HATOPE, BEJIMYAHA KOTOPOU 3aBUCUT OT WHTCH-
CHBHOCTU MPOXOJALIETO Yepe3 HEero W3jayueHus. B pesynb-
TaTe Ha BPEMEHHOW 3aBUCUMOCTH MOJIHOTO yCHjeHus (ycH-
JICHHE B aKTUBHOMU cpelle MUHYC TIOTEPH B PE30HATOPE) 00-
pasyercss «OKHO» ITOJIOKUTEIBHOTO YCHJICHHS, COBIAIAIO0-
1ee ¢ HHTEHCUBHBIM MMITyJibcoM. Illupuna 3TOro okHa 3a-
BUCHUT HE TOJIBKO OT JJIUTEJIBHOCTH OOPa3yIOLIEro €ro uM-
MyJIbCa, HO U OT BPEMEH DeJIaKCAllH YCHJICHHS] aKTHBHOMN
CpeIbl ¥ MPOCBETICHHOTO COCTOSHUS ITOTJIOTHTEIS. BaskHO OT-
METHTb, YTO POJIb IPOCBETIISIONIET OCS TIOTJIOTHTEJIS ABOSIKA.

B HavanbHOU (aze reneparnuu oOpa3yeTcsi MHOTO OKOH C
IPOIYCKAHUSIMHU, 3aBUCALIMYI OT HUHTEHCUBHOCTH (IIyKTya-
IOHHBIX UMITYJIbCOB. B pe3ysibTate mMpoucXoauT TUCKPUMHU-
Hanus uX 1o aMmuTyae. C 3TUM MPOLeccOM KOHKYPHPYET
pereHepaTUBHOE CyXKEHHe CIEeKTpa MHOTOMOJOBOW T'eHepa-
[IUH ¥, COOTBETCTBEHHO, CTJIAXKUBAHUE (PITYKTYallMOHHBIX TH-
koB. [Tocie TOro Kak Ha aKCHAJIbHOM NEPUOJE OCTACTCS OH-
HOYHBIH UMITYJIbC, IPOUCXOIUT U3MEHEHUE ero GOpMBI IPU
MOCJIETOBATEIbHBIX MPOXOAaX Yepe3 OKHO MPOCBETIISIOLIE-
rocst TMOTJIOTUTENS, T. €. B HAUaJbHOU (a3e cpe3aroTcst Ma-
JIONHTEHCHUBHBIE ITUKH, & HA KOHEYHOH 00pe3aroTCsI IepeTHIA
n 3amauil GpoHThl. Korga mIMTeNbHOCTh UMITYJIbCA CTa-
HOBHTCSI TOCTATOYHO MaJjiol (MeHee MUKOCEKYHIIbI), B HUI'PY
BCTYIIAET JUCIIEPCHS TPYMIIOBOI CKOPOCTH BEIIECTBA, HAXO-
JISIIerocsi B pe3oHatope, u 3Q(eKThl caMOBO3ACUCTBUS —
caMo(OoKyCHpOBKa U (a30oBasi CAaMOMOTYJISIIIHSL. .

IIponecchl qUCKpUMUHATIH (DITYKTYAITMOHHBIX HMITYJIb-
COB ¥ MOJIYYCHHsI OKOHYATEIbHOW (POpMBI UMITYJILCA TPEOy-
IOT, BOOOIIIE TOBOPSI, PA3HBIX XapAKTEPUCTUK IMPOCBETIISIIO-
HIEr0Cs OTJIOTHTENS. DTO OODBICHSAETCS TEM, YTO HHTEHCHB-
HOCTH CUJIBHO PA3JIMYAIOTCSl B HavaJIbHON M KOHEYHOH cTa-
nusix pa3Butus redepanun Y KW. Moxet ObITh Tak, 4TO Ipo-
CBETJIIFOIIUICS GHIBTP OYyJIeT CIOCOOEH COKpaIlaTh JIH-
TEJIbHOCTb JOCTATOYHO HHTEHCUBHOI'O UMITYJIbCA, HO HE CMO-
KET MPOTUBOCTOSTh KOHKYPEHIIMH CYXKEHUS CIIEKTpa U Mpo-
U3BOJIUTDH HYXHOE (OpPMHpOBAHNE OAMHOYHBIX HA MEPUOIE
UMITYJIbCOB. DTO O3HAYAET, YTO MOCKOJIBbKY JIa3ep ¢ TaKUM
3JIEMEHTOM He 00J1alaeT caMo3aIyCcKoM, TpeOyIoTCs ClieIy-
aJIbHbIE MEPBI JIJTS YBEJIMYCHUS CTENEHN pa3dpoca Mo WHTEH-
CHUBHOCTH (PJIyKTYaLIMOHHBIX MIUKOB U, TEM CAMbIM, 00JIerye-
HUS IpoLecca JUCKPUMUHAIMOHHOTO (hOpMUPOBaHUS, HEOO-
XOAMMOTO JJ1sI pexunMa reneparmu Y KA.

CylecTBYIOT pa3IMYHbIE METOABI AUCKPUMUHAIIAN (ITy-
KTYalIOHHBIX BBIOpOCOB. Cpei HUX MOXHO BBIJCIUTH Me-
TOJIbI, OCHOBAHHbBIC HA MCIOJIb30BAHUN OBICTPOTO MPOCBET-
JISIFOILETOCSl MOTJIOTUTENS (KPACUTENISl WM TOJIYIPOBOTHU-
Ka), MEJIJICHHOT'O MPOCBETJISOIIECT OCS MOTJI0TUTENS (KOMOU-
HAIS MEJIEHHO PEJIAKCUPYIOIIET O KPACHTEJIS C TMHAMUYEC-
KM HaCBIIIIEHUEeM aKTUBHOU cpefibl), MeTona APM, keppoB-
CKO¥1 JIMH3BI, HEJIMHEHHOT O BPAIIICHUS MOJISIPU3AIIH.

ITocnennue Tpu METOAAa OCHOBAHBI HA HEPE3OHAHCHOM
B3aUMO/JICHCTBUY JIA3€PHOT'O M3JIYUYEHHs C BELIECTBOM, YTO
MIPUBOJUT K U3MEHEHHIO TTOKa3aTeNsl MPEJIOMIICHHS B 3aBH-
CHMOCTH OT UHTEHCHUBHOCTH U3JIyYeHUs. B HUX HET pe3oHaHC-
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Puc.3. CHeKprI JIFOMHUHECHEHIIUN HEKOTOPBIX BI/IﬁpOHHBIX KpUCTAJLJIOB.

HOT'O TOIJIOLIEHUS, TPeOYIOLIEro 3aTpaT 3HEPrUU U3JIyde-
Husl. [IponyckaHue N3MeHsIeTCs BCJIEACTBHE M3MEHEHUsT TNOO
(a3bl BOJIHBI U YCJIOBHiIT HHTEpdepeHun (100aBOYHAS CHH-
XpOHH3AIMST MOJ), MO0 HANpaBJIeHUs Jyuei (KeppoBcKas
JIMH32), THO00 MOJISpU3anuy (HeJIMHEHHOE BPAIIICHAE TTOCKO-
cTu noJispusanuu). B TBepAbIX Tenax nokaszaTesb pesioMiie-
HUSI 3aBUCUT OT MHTEHCUBHOCTH WU3JIyYEHUS: n = ny + nl.
TO sIBJIeHUE U3BECTHO kak ontuyeckuii apdext Keppa. Ero
CJIEICTBHEM SIBJISIIOTCS Takue 3(PQexTsl camoBO3IEHCTBUS,
Kak caMOo(pOKyCHpOBKa U (pa3oBasi CaMOMOTYJISIIUSL, UTPATO-
IIFe UCKJIFOUYUTEIHHO BAXKHYIO POJIb B (PEMTOCEKYH/THBIX J1a-
3epax. ITocKOJIbKY H3MEHEHHE MOoKa3zaTelss MPEeJOMIICHUS
BO3HMKAET B Pe3yJIbTaTe HABEACHHOW AeOpMAIUM 3JIEKT-
POHHOTO O0Jlaka aTOMa W YCTAHABIMBAETCS MPAKTUYECKU
mraoBeHHo (B Teuenne 10713 ¢), ¢ momomisio 311X b dexToB
yIaeTCsl pean30BaTh OC3bIHEPIUOHHBIN TPOCBETIISIFOIIIIACS
MOTJIOTUTETD.

3. AKTHBHBIE cpeabl H HCTOYHHUKH HAKAYKH

Heob6xoauMbIM TpeOOBaHUEM K AKTHBHBIM CPE/IaM Jia3e-
POB GEMTOCEKYHIHBIX UMITYJICOB SIBJISIETCS] IIMPHUHA TOJI0-
CBbl YCWJICHMSI, JOCTATOYHAS ISl MOJAEP KaHUs MAJION JUUIH-
tenbHOCTH YKMU. Bropoe HempemeHHOE yClIOBHE — BBICOKAS
CKOPOCTb HaKayKu, IJISl YeTO HeoOXoAMMa ee BBICOKAsl WH-
TEHCHBHOCTb. Takast HaKauka MOXeT OBbITh peajin30BaHa pu

Tabun.1. CiekTpoCKOMYECKUe U JIa3ePHbIe XapaKTePUCTUKU aKTUBHBIX CPEIl.
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Puc.4. Criexps! norutoteHust (I, ) 1 sroMuaecueHInd (fyy,) Yb:crekia.

(hokycupoBaHNM U3JTyUEHUS JIa3epa HEMPEPBIBHOT O JICHCTBUS
B IIATHO C IOCTATOYHO MaJIbIMHU pa3Mepami. s aToro He-
00X0IMMO, YTOOBI HAKAYMBAFOIIIHI JIa3ep paboTal B pekuMe
OJTHOH TONEepevYHON MOJbI, JJIMHA BOJIHBI KOTOPOH, ecTe-
CTBEHHO, JIOJDKHA MONAaJaTh B IOJIOCY HAKAYKU AKTUBHOM
Cpeabl.

BrepBbie (eMTOCEKyHIHBIE UMITYJIbCHI OBLIM MOJIYYEHbI
[IPH HCIOJIb30BAHUH PACTBOPOB OPTAHUYECKHUX KPACHUTENIeH ¢
HAKaYKO# Ar-1a3epoM, IPUYEM OIMH KPACUTEb CITYKUI aK-
TUBHOU CPEAOI, a IPYTOM — HACBIIIAOIIMCS TIOTJIOTUTEIIEM.

B Hacrosiee BpeMs B kKaueCcTBe aKTUBHBIX Cpejl IITUPOKO
HCTIOJIb3YIOTCS TBEPIOTENIbHBIE MaTEPHUAJIbl: BUOPOHHBIE KPH-
CTAJIJIBI M CTEKJIA, AKTUBUPOBAHHBIE HOHAMH PEAKUX 3eMEJIb.
ITpuMepoM BUOPOHHOTO KpHUCTAJLIA SIBJISETCS canup, akTH-
BUPOBAHHBIN TPEXBAJIEHTHBIME HOHaMu TuTana (Ti3 +:AlLO3).
IToJioca moOrIoOMIEHUs TOT0 KPUCTAIIIA TOCTATOYHO IIUPOKA
U JIEKUT B CUHE-3€JICHON 00JIaCTH CIIEKTpa, COBIAJAOIIEH ¢
JUTMHAMU BOJIH apTOHOBOTO JIa3epa U BTOPOU TAPMOHUKH He-
0oAUMOBOTO J1azepa. CeKTPhl JFOMHHECIEHIIUN HEKOTOPBIX
BAOPOHHBIX KPHCTAJIJIOB C HOHAMHU MEPEXOIHBIX METAJIJIOB
npuBeAeHbl Ha puc.3. OCHOBHbIE XapaKTEPUCTUKU TBEPIO-
TEJIbHBIX MAaTEpHajoB, MPUTOAHBIX IJIs (EMTOCEKYHIHBIX
JIa3epoB, IpeAcTaBieHbl B Ta0i.1. st cpaBHEHUs TaM xke
JTaHBI XapaKTepUCTUKU KpacuTeist pogamuna 63K.

OTMeTHM, 4TO IPH CO3IaHUU (PEMTOCEKYHIHBIX JIA3epOB
MIMPOKO HCIOJIB3YIOTCS CTEKJa, aKTUBHPOBAHHBIE HOHAMU

ITosnoca Lentp nuaNN CeveHne akTHB- Bpewmst JluinHA BOJTHBI
Mupuna muaun Hctounux
Marepnan HAKaYK{ YCHJICHHSI crtenus (TI'm) HOTO Tepexo/ia KU3HH - HaKauKu
(M) (M) y (10720 cm2?) (MKC) (M)
. , Ar-nazep 514
Pomamun 6K 480—550 600 35 2-10 5-10 2-5 rapmonnka Nd-nasepa 530
) Ar-nazep 514
Ti-candup 450600 780 200 35 3.5 2-5 rapmonnka Nd-nazepa 530
Kr-nazep 647
Cr:LiSAF 600—700 846 120 4.8 67 GalnP-anon 670
Kr-nazep 647
Cr:LiSGaAF 600—700 835 120 33 88 GalnP-mox 670
Nd:YAG-nazep 1064
Cr:goperepur 8501150 1240 30 1 15 Bonoxounsiii masep na Nd, Yb 10601080
Nd:cTexso
(pocd ) ~ 800 1055 8 4.2 350 AlGaAs-muon 808
ochaTtHOE
Yb:crekio ~980 1040 50 ~1 10002000 InGaAs-nuon 980
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PEeNKUX 3eMellb. DJIEMEHTBI U3 CTEKJIa MOT'YT UMETh MPaKTH-
4eCKH JIF0ObIE pa3Mephl U, YTO OCOOEHHO BayKHO, OHU MOTYT
OBITH M3TOTOBJICHBI B BHJIE OJTHOMOJIOBBIX BOJIOKOHHBIX CBE-
TOBOJIOB, IPUTOIHBIX IS CO3/IaHUST KOMITAKTHBIX (heMToce-
KYHIHBIX cucTeM. OCOOEHHO MEePCHeKTUBHBIM MPEICTABIISI-
€TCsl CTEKJI0, AKTUBUPOBAHHOE MOHAMH Y b, CHEKTPBI MOIJI0-
LIEHUs] U JIFOMHHECUEHIMH KOTOPOTO MOKa3aHbl Ha puc.4.
BuaHO, 4TO OHM CHUTBHO IEPEKPHIBAKOTCS. DTO O3HAYAET, YTO
JUTIHBI BOJIH T€Hepauy 1 HAKAYKH OJIM3KH APYT K APYTY H,
CJIeI0BATENIBHO, TaKast cpelia 00J1aaeT BEICOKON KBaHTOBOM
s dexTuBHOCTBIO. OOBIYHO HaKayka NMPOU3BOAUTCS C A =
980 HM, TIOCKOJIbKY Ha 3TOH JJIMHE BOJIHBI OYeHb 3PPEKTUBHO
paboraroT JiazepHbIe TUObI, a reHeparms — ¢ 4 ~ 1070 M,
410 faet 92 %-Hyro KBAaHTOBYIO 3(p(PEeKTHBHOCTH U, COOTBET-
CTBEHHO, CPABHUTEJIHLHO MaJloe TeIIOBBIIeIeHe. Bricokast
SHeprus Hachienus (oxoo 40 I /cMm?) eaet 3TOT MaTe-
puaJj BecbMa MPUBJIEKATEIbHBIM U JJIs1 MOLIHBIX YCHIIUTENEH
(heMTOCEeKyHTHBIX UMITYJIbCOB.

IIpu co3gaHNM KOMIIAKTHBIX JIA3€PHBIX CHCTEM OCOOBIN
WHTEPEC MPEJCTABIISET HCIOJb30BAHUE ITOJYIMPOBOIHIKO-
BBIX Ja3epoB, oOmamarorux BeicokuM KIIJ. WMx moxHO
IPUMEHSATbh HEMOCPEICTBEHHO [JI1 HaKauyku (HeMTOCEKyH[-
HOT0 JIa3epa, €CJIM OHU CIIOCOOHBI 00eCHEeUUTh HY>KHYIO MOIII-
HOCTBh HempepsIBHOTO m3iydeHuss B TEMg-Moe, a Takxke
JU1s1 3¢ PEK TUBHOM HAKAYKH HETIPEPBIBHO pa0OTAROIIETO TBEP-
JIOTEJIBHOTO Jla3epa, OJJHOMOJIOBOE U3JIydyeHUEe KOTOPOro, B
CBOIO OYepe/lb, CIIY)KUT JIJI HAKAYK! (PeMTOCEKYHHOTO Jia-
3epa.

[TpumepoM Takoro moaxoAa SIBJSETCS] UCHOJIb30BaHME
UOTHBIX MaTpuIl it Hakayku Nd:YVOy-1a3epa ¢ BHyTpH-
pe3onatopuoit 'BI'. HenmuHeHBIM 2J1eMEHTOM OOBIYHO SIB-
ssiercst kpuctayut LBO 6o KTP. Ipu cozpannm pemroce-
KYHJIHBIX JIa3€pOB 0cO00¢ BHUMAHHE YICISICTCS TOJYyICHUIO
CTa0MJILHOM BBIXOAHOM MOIIHOCTH Ha yacTtoTe BI', mOCKOJIE-
Ky IIyMbl UCTOYHUKA HaKauyku nepenarorcs nyry YKU. B
HACTOSIIIIee BpeMsl JIa3epHbIE CHCTEMBI C MOIIIHOCTBIO HeTpe-
PBIBHOT'O M3JIYUSHHs B 3€JICHON OOJIACTH CIIEKTpa MOpsiaKa
5 Bt BbImyckaroTcs cepuitHo ¢upmamm Spectra-Physics u
Coherent.

BTopeiM mpuMepoM, WJLIFOCTPUPYIOMIUM HCIOIb30Ba-
HHUE MaTPHUIBI AUOAOB C MHOTOMOJIOBBIM H3JIyYCHUEM, SIBJISI-

s .

a
500 MxkM

300 MkM

IToka3zaTesnb MIPEIIOMIICHUSA

>
Pazmyc CBETOBOJA

0
Puc.5. Cxema Hakaykd OJHOMOIOBOTO AaKTHBHOI'O CBETOBOJA 4epe3
000J104KY (a) ¥ IPOHIIL €ro MoKa3aTelis npeiomieHus (0):
1 — cepAlleBUHA U3 KBapIIEBOI'O CTEKJIA, aKTUBUPOBAHHOTO MOHAMH PE/I-
KHX 3eMeJb; 2 — BHYTpPeHHss 000JI04Ka; 3 — BHEIIHSIsE 000JI0uKa; 4 —
MHOT'OMO/IOBOE M3JIy4E€HHE HAKAYKH; 5 — OJJHOMOOBOE U3ITyUCHUE BOJIO-
KOHHOTO J1a3epa.

€TCsl HaKayka OJJHOMOJIOBOTI'O BOJIOKOHHOIO Ja3epa (puc.5).
Cep/uieBruHa BOJIOKHA (hOPMHUPYET OJHOMOOBBII CBETOBO/T
W3 CTEKJIa, AKTUBUPOBAHHOTO MOHAMHM peakux 3eMelib (Nd,
YDb). Ee nuamMeTp 0OBIYHO COCTABJISIET OKOJIO 8 MKM. BHYT-
peHHsIs1 000JI04Ka U3 KBAPIEBOTO CTEKJIA C HECKOJILKO MEHb-
UM TI0Ka3aTesieM IpesioMiieHust uMeeT padmepsl 200 —300
MKM. (MHOroMOA0BO€ U3JTyYeHHE MATPUIIBI TUOIOB YAaeTCs
cOKyCHpPOBATH B MATHO C TAKUMU pazMepamu.) FIMeHHo ue-
pe3 3Ty 00O0JIOUKY U MPOU3BOIUTCS HAKAYKA BOJOKOHHOTO
Jazepa. BHemHsis 3ammTHas 060JI04Ka U3 MOJIMMEpa C ellle
MEHBIIMM IOKa3aTeJIeM IpeIOMIICHUSI 00ecrieunBaeT pac-
MPOCTPAaHEHUE MHOTOMO/IOBOTO U3JIyYeHUS] HAKAYKH 110 CBE-
ToBoAy. IIpn 3TOM OHO MHOTOKPATHO IMEpeceKaeT cepire-
BUHY Y TIOTJIOIIAETCS B HEW peIKO3eMeTbHBIMA HOHAMU. J1 151
TOBBIIICHAS 9PPEKTUBHOCTH 3TOTO MPOIIECCa CEUYSHUE BHYT-
peHHe 000JI0UKH JIeTaeTCsl KBAIPATHBIM UJIH MPSIMOYTOJb-
HbIM. Taxum 006pa3oMm, aKTUBHBIN BOJIOKOHHBIN CBETOBOI 5IB-
JIsieTcsl CBOeoOpa3HbIM IpeoOpa3oBaTesieM MHOTOMOI0BOTO
W3JIyYCHUS] HAKAYKH B OJTHOMOJOBOE U3JIyYCHUE BOJIOKOHHO-
ro Jiazepa. BeixomHast MOITHOCTE cBBIIe 3 BT ObuIa mosty-
YeHa B CBETOBOJAaxX, akTUBUpoBaHHbIX Nd [66] u Yb [67] ¢
KITJ 50 1 63 % cooTBeTcTBeHHO. MakcuMaibHAsI BBIXOHAS
MOIIHOCTb TAKHUX CUCTEM B HACTOSLIEE BPEMsI COCTABIISET 35
Bt. Ucnonb3yst HAKAYaHHYIO CEPALIEBIHY, MOKHO CO3/1aBATh
¥ BOJIOKOHHBIE ()eMTOCEKYH IHBIC J1a3epsbl [58, 59].

BaxHoit mpo6iemoit 11 peMTOCEKYHIHBIX JIa3ePOB sIB-
JISIETCSI OTBOJI TEILJIA C AKTUBHOTO 3JIEMEHTA, TOCKOJIbKY OHU
paboTtaroT B HenmpepbIBHOM pexkume. [1o 3TOi nmpuunHe xe-
JIATEJILHO MCIOJIb30BATh MATEPUAIIBI C BBICOKOW TEIJIONPO-
BOJHOCTbIO. Hammydinme moxa3aTend B 3TOM OTHOIICHUU
nmeeT Ti:canup, TEMIONPOBOTHOCTH KOTOPOTO CPABHUMA C
TEIJIONPOBOJAHOCTHIO METAJIJIOB. B BOJIOKOHHBIX J1a3epax
TEILJIO BBIACIISIETCS U3 CEPALIEBUHBI B 000JIOUKY IJIABJIEHOTO
kBapua. M3-3a 3HAYUTENbHOM MPOTSKEHHOCTH BOJIOKHA B
9THUX Ja3epax MOTOK TeIlia MEHBIIe, YeM B JIazepax ¢ 0ObIu-
HBIMH CTEP)KHEBBIMH AKTUBHBIMHU JJIEMEHTaAMH, a O0BEeM
BHEIITHEW 00OJIOUKH 3HAYUTENLHO OOJbIe 00beMa cep/Ie-
BUHBI. TakuM 00pa3oM, BOJIOKOHHBIE JIa3ephbl HE TPEOYIOT
CIELHMAIBHOIO OXJIKICHUS. B yCUIIMTENBHBIX XK€ CHCTEMax
OOBIYHO TIPUXOAUTCSl CHMXKATh 4acToTy ciemoBanus Y KU,
0COOEHHO B CITydyae MCIOJIb30BAHUS JJIs1 YCHJICHHSI CTEKJISTH-
HBIX AKTHBHBIX 3JIEMEHTOB.

deMTOCeKYHHBIE Jla3ephl PadOTAIOT B BUAMNMOM H
ommxaeM MK nuanasonax, mpuyem MOJIOCHI YCUJIEHUS Ha-
CTOJIKO IIUPOKHU, YTO 0OECTICUNBAIOT MOJyYeHHE HE TOJIbKO
UMITYJIbCOB (DEMTOCEKYHIHOM JUIMTEILHOCTH, HO U IJIABHYIO
MepecTPOiKyY MO AJIMHAM BOJIH B JJOBOJILHO IIUPOKHX Mpee-
snax. braaromapsi BICOKOW MUKOBOW MOITHOCTH H3JIyYCHUS
(beMTOCEKYHTHBIX UMITYJILCOB €r0 MOXHO 3((GEKTHBHO Ipe-
00pa30BBIBATH B TAPMOHUKH U N1OJIY4aTh AJIMHBI BOJIH, TONA-
JTArOIIHKE B MOJIOCHI YCUJICHHS 9KCUMEPHBIX JiazepoB (308 Hm
nst XeCl u 248 um st KrF). AkTuBHBIE cpeibl 9KCUMEPHBIX
JIa3epHBIX YCIIATEJIeH UMEIOT TOCTATOYHO IIUPOKHE TOJIO-
CBI, & YCHJINTEJIbHBIC MOJYJI MOTYT OBITh JIOBOJILHO 0O0JIb-
IIUX pa3MePOB. DTO OTKPHIBAET BO3MOXKHOCTb CO3/1aHUSI JIa-
3epHBIX YCTAHOBOK MOILIHBIX ()eMTOCEKYHIHBIX UMITYJIbCOB
V® muanazona [68—71].

4. Metoanl usmepenuii Y KU

Jus nostyyenus nojiHoi xapaxrtepuctuku Y KU Heo6xo-
JUMO U3MEPUTDH HE TOJIBKO €r0 CIEKTP U 3HEPTUIO, HO U Bpe-
MeHHOU Tpoduiib. [IepBbie qBE Oonepanuu He ITPeICTABISIOT
0COOBIX 3aTPyIHEHHH, TeM 0oJiee UTO IIMPUHA CIEKTpa J10-
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CTAaTOYHO BeJmka. Mi3mepenue ke BpeMeHHoro npoduiis Y KU
SIBJISIETCSL CJIOKHOW MPOOJIEMON M3-3a MCKIIOYUTENLHO Ma-
JIOH I TETbHOCTH UMITYJIbCA.

TpaaunuoHHbIE METOIIBI BPEMEHHBIX M3MEPEHUIl C HC-
MOJIb30BaHUEM (POTOIJIEKTPOHHBIX yCTPOUCTB ((hoTO3I€e-
MeHTBI, poToauno bl 1 POV) B cOUeTAHUU C CAMBIMH OBICT-
poleicTByromMMU  ociiiorpadgaMu  odecneynBarOT Bpe-
MEHHOE pa3pelleHue, Ha MOPSAKA YCTYHArollee JIUTeTbHO-
ctu YKU coBpeMeHHBIX Jla3zepoB. axe myurnre GOTOperu-
crpatopbl Ha ocHOBe DOIIoB oka3pIBatOTCsS OSCCUIIbHBIMHU
[IpU U3MEPEHUSIX BPEMEHHBIX UHTepBajoB kopoue 100 ¢c. B
CBSI3U C 3TUM JUIS u3MepeHuid pemrocekyHaHbIx YKU npu-
MEHSIIOTCSI HCKIIFOUUTEIbHO ONTUYECKAE METOJIbI, OCHOBAH-
HBbIE Ha KOPPEJSIMUOHHBIX MeTOIMKaxX. PazpaboTka 3THX Me-
TOJMK JTa€T BO3MOXHOCTh U3MEPSITh HE TOJBKO ITUTEIb-
HOCTb, HO U BPEMEHHYIO 3aBUCUMOCTDb aMILTUTYIbI U (Pa3bl
CBETOBOM BOJIHBI C CYO(PEMTOCEKYHAHBIM Pa3peLICHUEM.

4.1. ABTOKOpPpEJIATOP HHTEHCHBHOCTH

Nudopmanuro o BpeMeHHBIX XapakTtepuctmkax YKU
MOJXHO TIOJYYUTh, U3MeEpPsisl aBTOKOPPEISAIUOHHYIO (DYHK-
IO UHTEHCUBHOCTH. B kauecTBe mpubopa Ajsi U3MepeHus
ABTOKOPPEJISIIMOHHON (QYyHKIMH (aBTOKOppeEsiTopa) 00bIY-
HO MCHOJIb3yeTcsl uHTepdepomMeTp MaiikesbcoHa, TO3BOJIS-
FOIMI 3aIEPKUBATH HA BPEMSI T OIMH M3 UHTEPHEPUPYIOIINX
MyYKOB OTHOCHTEIHHO IPYroro. MeHsis BeJIMYNHY 32 I€PKKH,
MOJHO 3apeTUCTPUPOBATh M3MEHEHUE BUIHOCTH (OTHOIIIE-
HHUE Pa3HOCTH MAaKCUMyMa M MUHHUMYyMa MHTEPQEPEeHIUOH-
HBIX T0JIOC K X CYMMe) OT 7, T.€. IOJYyYUTh aBTOKOPPEJIs-
OUOHHYIO (DYHKIHUIO MOJISl (ABTOKOPPENSIUOHHYIO (QDYHKIITHIO
MIEPBOTO MOPSIIKA) CBETOBON BOJIHBL. DTO OOBIYHOE MPHUMeE-
HeHue nHTepdepomeTpa MaiikenbcoHa B KAYeCTBE CIIEKTPO-
MeTpa.

<\

[oe)

MHTEHCHBHOCTD (OTH. €/1.)
F

(=]

-20 —10 0 10 20
Bagepxka (¢c)

Puc.6. IIpuHnunuagbHas cxeMa aBTOKOPPEISITOpa HHTEHCUBHOCTH (a) U
BUJ] ABTOKOPPENISIIMOHHON hyHKIMH (6):

1 — nenuTenp Myuka; 2 — HeIOABMKHBINA OTPaXkaTellb; 3 — MOABIKHBIN OT-
paxarelb; 4 — IMH32; 5 — HEeJIMHEHHBII KpUCTAILT; 6 — Iy4OK U31y4eHus BI'.

J1s u3MepeHust aBTOKOPPEISIIMOHHON (YHKIIMY UHTEH-
CHBHOCTH (2BTOKOPPEJSIIMOHHON (DYHKIIMK BTOPOTO MOPSII-
Ka) BBIXOJHOE U3JIy4YeHHUE C MHTEepPEepOMETpa HATIPABIISETCS
Ha HEJINHEHHBIN 10 MHTEHCUBHOCTH 3JIeMeHT. B xayecTBe Ta-
KOT'O 3JIEMEHTA OOBIYHO HCHOJIb3YETCS HEJIMHEWHBIA KpHUC-
TaJuJl, MO3BOJIsItOIIMH noayunTh Bl mamaromero u3nyueHus.
Ilpu peructpamum 3aBUCUMOCTH MHTEeHCUBHOCTH BI' oT 7
MOJIy4aeM aBTOKOPPEISIMOHHYIO (DYHKIIMIO HHTEHCUBHOCTH

GO(r) = } {[I(t) +I(t+ r)]2}2dt, 4.1

rae /(f) — MHTEeHCUBHOCTb U3JIyYeHUS], AJAOIIETO Ha HeJH-
HEWHBIA KPUCTAJLT; HHTETPUPOBAHUE O3HAYACT YCPETHEHNE 1
HAKOTUIEHHE CUTHAJIA TP PETUCTPAIUH.

Bo3MOXHBI J1Be cXeMbl KoppeJsitopa. B nepsoii (puc.6,a)
UCTIOJIb3YETCSl HEKOJUIMHEAPHBIH (BEKTOPHBIN) CUHXPOHU3M:
BBIXOJIHbIC MYYKU (POKYCUPYIOTCSI Ha TOHKHUI HEJMHEHHBIN
KPHUCTAJUT TAKUM 00pa3oM, YTOOBI YTOJ MEXIy HUMH COOT-
BETCTBOBAJI YCJIIOBUIO BO3HUKHOBEHHSI BEKTOPHOTO CHHXPO-
Hu3Ma. B atom ciryuae I'BIT mporcxoauT B HammpaBJiieHUH Ouc-
CEKTPUCHI 3TOTo yria. Heo6XoAuMBIM yCIIOBUEM BO3HUKHO-
Benust BI siBiisieTcst BpeMeHHOE NepeKphITHE MHTEPhEPUpPYIO-
LIUX UMITYJIbCOB; IPH 3TOM MPOGUIL aBTOKOPPEISIIMOHHON
(DyHKIIMK UMeEET KOJIOKOJI00pa3Hyro GpopmMy ¢ HYJIEBBIM (o-
HOM.

Bo BTOpOit cxeme 00a BBIXOJHBIX My4YKa HAJIATAFOTCS
JIPYr Ha Opyra U B HEJIMHEHHOM KPUCTAJIJIE OCYILECTBIISIETCS
KOJUTMHEAPHBI CHHXPOHU3M. [Tpoduiib aBTOKOppEISIUOH-
HOI (DyHKIIUM B 3TOM clIydae UMeeT (OH M MPEACTABIISIET CO-
60ii nHTEp(HEPEHITMOHHbBIE KU C KOJIOKOJIOOOPa3HOW OrH-
Garomeit (puc.6,6). Jdnsi ¢pypbe-orpaHMYEHHBIX UMITYJIbCOB
OTHOIIIEHHE MaKCUMAaJIbHOTO MHTeP()EPEHIIMOHHOTO MHUKA K
(ony (koHTpacT) cocrasiser 8:1. BermunHa KoHTpacTa mo3-
BOJISIET CYJUTh O HAJIHYUU (Gypbe-OrPAaHMYCHHBIX UMITYJIb-
coB, a cama WHTep(depeHIIMOHHAsT KapTHHA MOXET OBbITh
HCTIOJIb30BaHA IS KaJMOPOBKH aBTOKoppensaTopa. Ecim B
KauecTBe MPHUEMHUKA KCHOJIb30BATH MOJYMPOBOIHUKOBBIN
M0, TO MOXHO 00oiTuch 0e3 HEJIMHEHMHOro KpucTajlja
[72]. Matepuan ¢orommona AOJDKEH HUMETh 3HEpreTude-
CKYIO IIMPUHY 3aMPELIeHHON 30HBI, MPEBBIIIAIONIYIO YHEP-

Ta61.2. COOTHOIICHUS! MEKAY JIHUTEIbHOCTHIO UMITYJIbCa A, IIMPUHON
npoduiIs aBTOKOPPENAIHMOHHON (GYHKIUK AT ¥ IIUPUHOU CIIeKTpa Av st
HMMILYJIbCOB PA3JIMIHON (POPMBL.

Buy umiysibea 1(r) At/At At Ay
Tayccos exp [ - 2.77(t/Ar)2] 1.414 0.44
Sech? sech?(1.76/Ar) 1.543 0.315

ruto GpoToHa. B 3TOM cilyyae UMEIOT MECTO M HEJIMHEHHBIN
TIPOIIECC M €TO PETUCT PAIIHSL.

B Ta671.2 mpeacTaBieHbl COOTHOIICHUS! MEXTY TITUTEIb-
HOCTBIO HMITYJIbCA U IIIAPHHOM IPOQUIIS aBTOKOPPEIISIIIOH-
HOM (pyHKIMH JIJIs1 IMITYJIBCOB PA3JIMYHOMN (POPMBEI.

W3 TeopeTnueckoro paccMOTPEHHS Ipolecca TeHepaIuu
cienyer, 4yTto ¢GopmMa HMIyJbCa ONKUChIBaeTcs (GyHKIMeH
sech?. B 9TOM cilyyae py HOJIHONW CHHXPOHU3ALME MO OT-
HOIIICHNE JUTHTEIBHOCTH MMITYJIbca Af M IIMPUHBI TPODIIIS
ABTOKOPpEIAIMOHHON GyHKImMU At cocrtaBiser At/At=
1.54, a mpousBeneHe IIUTEJbHOCTH HA IIMPUHY CIEKTpa —
At Av = 0.315. TTonyueHre TaKOTO 3HAYCHUSI TIPU KCCIIEIOBA-
Hun YKU 0ObIvHO paccMaTpuBaeTcs Kak JOCTUXKEHHE IMOJI-
HOW CHHXPOHH3AINH MOJ.
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Puc.7. IIpumep peructpanun YKU mmrensHOCTBIO 4.5 dhe [75].

—40 -20 0

4.2. MeToauKH ONITHYECKOr0 CTPOOUPOBAHHS
€O CHEeKTPAJIbHBIM pa3peLieHHeM

H3mepeHnst aBTOKOPPEAIUOHHON (DYHKIIUM WHTECHCHUB-
HOCTH HE JAIOT MOJHOW nH(popManuu ob ummyibce. B wact-
HOCTH, €CJIU B UMITYJIbCE TIPUCYTCTBYET YMPI (CBUITUPOBAHUE
HECYILEH YaCTOTHI), TO C IOMOIIBIO OMMCAHHBIX METOIUK €r0
MO>XHO OOHAPYKUTh, HO HEJIb3sI ONMPEACIUTh €ro 3HaK.

Jnst moHOTO ompeneeHus: (opMbl UMITyJIbCa HYKHO
3HaTh aMIuUTyny A(f) u ¢azy (7). Jas ux HaXOXKICHUS
MOJHO, BOOOIIE TOBOPSI, HCIOJb30BaTh JBA Pa3JIAIHBIX
MO/IX0J1a — BPEMEHHOU U 4acTOTHBIN. I1pu BpeMeHHOM no-
XO0Jle TIPOBOSTCS U3MEPEHHMS, MO3BOJISIFOIINE ONPEACTUTh
MOMEHT TOSIBJICHUSI JAHHON YacTOTHI B 3aIaHHOM BPEMEH-
HOM uHTepBaJie (cTpobe). st 3Toro ucrnoJib3yercss MeTo-
JIMKa ONTHYECKOTO CTPOOMPOBAHUS C pa3peIICHUEM 10 Jac-
ToTe B orubOaromeit ummyiibca (frequency-resolved optical
gating (FROG)). I1pu yacTOTHOM MOJXO0JIE U3MEPSETCS BpE-
Ml TIOSIBJICHHSI JAHHON YaCTOTHON KOMIIOHEHTHI.

B o6oux moaxoaax crekTpabHbIe H3MEPEHUS! OCHOBAHBI
Ha Kpocc-Koppesuu. [Tt OCyIecTBICHUS KPOCC-KOpPeIs-
UM MOXET OBITh UCIOJb30BaHA JIMOO BOCIPUMMYUBOCTH
TpeThero nopsaaka ) (ontmueckuit s3dpdext Keppa), mmbo,
6oxee yacto, 'BI" [73, 74]. B nociieqHem ciydae mu3amepsie-
MBI IMIYJIbC PACIIEIUISIETCSl HA 1BA MYYKa, B OJWH U3 KO-
TOPBIX BBOAMTCS 3aepKKa T,. [lepecexasch B HeTMHEHHON
cpelie, MyYKH MO3BOJISIOT MOJYYUTh TAKOM e CUTHAJ, KaK B
ABTOKOPPEJISTOPE, KOTOPBIA 3aTeM pa3jiaraeTcsi B CIICKTD.
Pe3yibTaTsl u3amMepeHuit MOryT OBITH IPEACTABIIEHB! B BUIE
TpeXMepHOro rpaduka GyHKIUU

2
IrroG (0, 7;) = HE(t,rr)exp(iwt)dt . 4.2)

B kauecTBe mpumepa Ha puc.7 TPUBOASITCS pPe3yIbTATHI
uccnenoBanus YKU mmurtenbHOCTBIO 4.5 ¢ [75].
J1s1 peanm3anyy 4acTOTHOTO MOIX0Aa OBIIN IpeIiTIoxKe-

HBI PA3JIMYHBIE METOIUKU BOCCTAHOBJICHUS (DOPMBI UMITYJTb-
COB C MOMOILBIO HHTEPHEPOMETPUH CIEKTPATIBHO CIABHHY-
TBIX UMIYJIbCOB [76,77]. OgHAa U3 HUX — METOJUKA CIICKT-
panbHOI (azoBoil mHTEphepomMeTprH (spectral phase inter-
ferometry for direct electric-field reconstruction (SPIDER))
[78]. B aToii meToAMKe O/THA M3 YACTEH PACILENJICHHOTO UM-
MyJIbCa MPOITYCKACTCS Yepes JIMHUIO 3aICPKKHU C TUCTICPCUCH
TPYMIIOBBIX CKOPOCTEH, MO3BOJISFOIYEO HOJYIUTh HMITYJIBC C
3aJaHHBIM YHUPIIOM, KOTOPBIA YYacCTBYET B HEJIMHEHHOM
nporecce. cnonp3oBanne Takoit meroauku [79] maet BO3-
MOHOCTB MOJIYYUTh BCIO HHPOPMAITHIO 33 OJIMH UMITYJIbC.

5. BpeMeHHasi KOTepeHTHOCTh H3JTyYeHHsl
(eMTOCEKYHIHBIX JIa3epoB

HenpepriBHBI1 pexxuM paboThl J1a3epoB HeMTOCEKYHTHBIX
UMITYJIbCOB 00YCJIaBJIMBAET 10BOJILHO HEOOBIYHBIE CBOICTBA
BpPEMEHHOU KOTepeHTHOCTH n3ryuenus. Kak u3BectHo, Kore-
PEHTHOCTb — 3TO COTJIACOBAHHOCTH KOJIEOAHUH B DJIEKTPO-
MarHuTHOW BOJIHE CBETOBOTO myuka. OOBIYHO OHA MpPOSIB-
JIIeTCs KaK CIOCOOHOCTD AaBaTh MHTEP(HEPEHITHIO, TO3TOMY
UHTEP(HEPOMETPHI SBJISIFOTCS KJIACCUYECKIMU yCTPOUCTBAMU
JUIS. U3MEPEHUsl CTENEeHU KorepeHTHocTu. MHuTepdepomerp
FOnra ucnosnp3yercs B ci1y4ae NPOCTPAHCTBEHHON KOTEPEHT-
HOoCcTH, 2 MalikebcoHa — BpeMeHHOU. [IpuHSATO cunTaTh, 4TO
BPEMEHHAs] KOT€PEHTHOCTh 3KBHBAJICHTHA MOHOXPOMATHY-
Hoctu. [Tockomnbky n3snyuenue B Bune Y KU umeer mmpoxuit
CHEKTp, MpPEACTABISAETCS, HA NEPBBIA B3IJIAJ, YTO €ro Bpe-
MEHHas! KOTEPEHTHOCTh MaJla.

OpnHako B cilydyae MepHOJIUYECKON MOCIeI0BaATEIbHOCTH
HUMITYJIbCOB CHTYAIHsI MOXET OBITh MHOHN. Eciim mMmysIbCh
OJIMHAKOBBI, 4 YaCTOTa CJIEAOBAHUS CTPOrO IOCTOSHHA, TO
COTJIACOBAHHOCTb KOJIEOAHUIl 3JIEKTPOMArHUTHOM BOJIHBI B
UMITyJIbCax OyIEeT COXPaHSATbCS CKOJb YIogHO nojro. Ilpu
UCCJIEAOBAHUU TAKOTO M3JIyuyeHusl uaTeppepomeTpoMm Maii-
KeJIbCOHA MHTep(EPEeHIIMOHHAS KapTHHA OyIeT NepuoIec-
KH TIOBTOPSITBCS 3a cUeT HHTep(DepeHIIH TPEIbITYIIer0 HM-
MyJbCa C KaXXIbIM U3 NOcieAyrolux. MaTeMaTu4ecku 3T0
COBEPIIIEHHO $ICHO: HEPHOJMYECKasl IOCJIEI0BATEIbHOCTD
HUMIIYJIbCOB ONUChIBAETCS PsAAoM Pypbe ¢ 3KBUAUCTAHTHO
PACHOJIOKEHHBIMU CHHYCOMIAMHE (1aCTOTAMH ), B OTJINYHE OT
OIMHOYHOT O UMIIYJIbCA, KOTOPBIN OMUCHIBAETCS HHTET PATIOM
dypbe ¢ HeNPEPHIBHBIM CIIEKTPOM.

HenpepsiBHbIH 1a3ep (peMTOCEKYHIHBIX UMILYJIbCOB U3-
JIy4aeT NEPUOAMYECKYIO TOCIEN0BATENBHOCTh MMITYJILCOB,
4acTOTa KOTOPOU MOAIEPKUBAETCS] BLICOKOAOOPOTHBIM pe-
3oHaTOpoM. Ciie1oBaTeNbHO, €ro CHEKTP U3JIy4eHUs IMpej-
CTaBJISIET COOOW AKBUAUCTAHTHBIA HAOOp Y3KHMX JIMHUH, 3a-
MOJIHSIFOIIMX IIUPUHY CIIEKTPA.

PaccMoTpuM TUIIMYHYIO 9KCIIEPUMEHTAJIBHYIO CUTYALUIO,
KOrJla U3 HENPEPBhIBHOTO 11YTa BBIACJISAETCS OJUHOYHBIA UM-
TIyJIbC, HATIPUMED JJIS TIOCIIEAYIOIET0 YCUIIEHU. DTO MOX-
HO CIeJIATH C IOMOIIBIO OBICTPOIEHCTBYIOIIETO JIEKTPOOTI-
Traeckoro 3arBopa. Ilocie 3aTBopa hopma UMIyIbca mpax-
THYECKU HE MEHSIETCSI, @ BOT CO CIIEKTPOM IPOUCXOMISAT JIpa-
MaTH4ecKue n3MeHeHus. 1o 3aTBOpa OH COCTOUT M3 IKBH-
JIUCTAHTHBIX Y3KUX JIMHUMA, IMEIOIUX OrMOAOIIyI0, IINPHUHA
KOTOPOM ompezessieTcsl JINTEIbHOCTbIO uMIyJibca. [locie
3aTBOpA CHEKTP CTAHOBUTCS CILIOLIHBIM U COBIAJAET C 3TOR
orubaromeil. C MOMOLIBI0 MOHOXpOMATOPA U3 U3JIyYEeHUS
HETIPEPLIBHOTO (DEMTOCEKYHIHOTO JIa3epa MOXKHO BBIIEIUTh
HU3JIyueHue oaHoN Mobl. B aTOM ciyuae npamaTtuyeckue us-
MEHEHHS NMPOUCXOAST C BPEMEHHON 3aBHCUMOCTbIO MHTEH-
cuBHOCTH. J]0 MOHOXpOMATOPa OHA NIPECTABIISIET COOOI ITe-
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puoanyeckyro mnociuenoBatenbHocTh YKMU, a mocne nero —
M3JIyYeHUE C MOCTOSIHHOM MHTEHCUBHOCTHIO. COOTBETCTBEH-
HO BPEMEHHYIO KOT€PEHTHOCTh HENMpephIBHOTO Jazepa Y KU
cJelyeT XapaKTepu30BaTh IBYyMs BpeMeHaMU. MUHAMAJTb-
HOE BpeMsi ompedesieTcss qmTeabHocThio YKU, a makcn-
MaJibHOE — cTabuIIbHOCTBIO Iyra. [IpruemM 3To BpeMst MOXKET
OBITH OTPOMHBIM IO CPABHEHUIO C MEPUOJIOM CJIEIOBAHUSI.
Pazymeercs, ¢ TOMOIIBIO 3aTBOPA MOKHO BBIAEISTH TPYIITY
HAMITYJIBCOB, T. €. OOPBIBATH IYT U MOJIY4aTh IPOMEKYTOTHOE
3HAYEHUE BPEMEHHON KOT€PEHTHOCTH.

JeicTBUTEIbHO, OJIUH U TOT ke (PEMTOCEKYH IHBIH Jia3zep
Ha Ti:candupe UCOIB30BAJICS KAK B ONTHYECKOW KOTEPEHT-
Hol ToMorpaduu [80] (B kauecTBe MCTOYHHUKA C MPEACIBHO
MaJIoil BpeMeHHOU KOTePEHTHOCTBIO), TAK U JIJISl TPEIU3UOH-
HBIX U3MEPEHHUN ONTUYECKUX 4acToT [81], mpH KOTOPBIX Tpe-
OyeTcss HCKJIFOUUTENIbHO BBICOKAsl BpPEMEHHAsi KOTEPEHT-
HOCTb.

5.1. Jlazep ¢eMTOCEKYHIHBIX HMITYJIBCOB
KaK KOMO-reHepaTop

N31y4yeHne HeMpephIBHO paOOTAFOIIIETO JIa3epa C CHHXPO-
HHU3aLuel Mo XapakTepu3yeTcst HAOOpOM SKBUAUCTAHTHBIX
YacTOT C MOCTOSIHHOM MHTEHCUBHOCTBIO. ['eHepaTop, u3iy-
YAFOIIUN TaKoil HAOOP YaCTOT, HA3BIBAETCS KOMO-TeHEPATO-
poM (oT comb — rpebenka). KoMmO-reHepaTop ONTHYECKOTO
JMama3oHa, B KAYeCTBE KOTOPOT'O MOXET OBITh UCIIOJIb30BaH
HEMPEPBIBHO paboTarOMMil PeMTOCEKYHIHBIH Jla3ep, MO3BO-
JisieT 3¢ PEeKTUBHO peliaTh NpoodIeMy aOCOFOTHOTO U3MEpe-
HHUSI ONITHYECKUX 4acToT [81].

OtmeTnM ete ogHo nmpumeHeHue 1azepa Y KU B xauect-
Be KOMO-TeHepaTopa. B coBpeMeHHBIX ccTeMax BOJIOKOHHO-
ONTHYECKO CBS3M MCIOJIb3YETCSl TEXHUKA KOMOMHUPOBAHIS
W pa3/eJICHUs] ONTUYECKUX CHUTHAJIOB IO JJIMHAM BOJIH He-
CYIIMX YaCTOT. DTO CHJILHO YBEJIMYUBAET MPOIYCKHYIO CIO-
coOHOCTh KaHana cBsizu. HenpepoiBublii 1azep YKU no3so-
JsieT 3((HEKTUBHO MOJIYYUTH TOCTATOYHO MHOTO KaHAJIOB,
pa3esieHHbIX Mo IMHAM BOJIH. C MOMOIIBIO AUCTIEPCHOH-
HOM cucTeMbl (MU paKIXOHHON PEIIeTKH, IPU3M, GUILTPOB)
MO>HO IPOCTPAHCTBEHHO PA3/JEJIUTh BBIXOJHOE M3JIyueHUE
Ha HECKOJIBKO MYYKOB, COOTBETCTBYIOIIUX PA3JIMYHBIM Hac-
TOTHBIM KOMIIOHEHTaM. VHTEHCHBHOCTH (IIOCTOSIHHYIO B
KaXAOM ITy4Ke) MOXHO IPOMOMAYJMPOBATH C YIIHPEHHEM
CIIEKTpa B IIpejeslaX JacTOTHOTO MHTEpBaJia MEXIy Mofa-
mu. ITociie 3TOro myyku JOJDKHBI OBITH CHOBAa COOpaHbl B
OJIMH C MOMOIIbIO AHAJIOTUYHOM TUCTIEPCHOHHON CHCTEMBI.
YacTOoTHBIN HHTEPBAJ MEXAY KAaHATIAMU PETYJIUPYETCS IJIH-
HOI pe30HATOpa, a MOJHAS IIUPHUHA MOJIOCKH KaHAJa OIpee-
JIeTCs JUTNTEIIbHOCTBIO UMITyJIbca. Pasymeercs:, 1uIst 3T0ro

3J'ICKTpI/I‘ICCKOC 1oJie

: 1 1
-2.5 0 2.5 5.0
Bpewmst (¢e)

-5.0

Puc.8. 3aBECEMOCTH 3JIEKTPHIECKOTO OISl CBETOBOM BOJIHBI OT BPEMEHU
TSI IMITyJIbca [UINTEIBHOCTRIO 5 (¢ Ha JIHE BOJHEI 750 HM ¢ pa3sHBIME
caBuraMu (a3bl MeXTy HeCyILell 1 orubaromei.

IPUMEHEHHUS] LIEJIECOOOPA3HO UCIOJIb30BATh KOMIIAKTHBIE U
BBICOKOA()(QEeKTHBHbIC BOJOKOHHBIE WJIM TOJIYHPOBOIHHUKO-
BhIe Ja3epbl YKU. Vike nmponeMOHCTpUpOBaHBI Pe3yIbTAThI
TAKOTO pelIeHusI MpoOJIeMBbI Tiepeaaud HHPOPMAIIH CO CKO-
pocthio nopsimka 1 Tout/c [82, 83].

OTMeTHM, YTO €C/IU JJIMTEIbHOCTh UMIYJIbCA OKAXeTCs
Oouipluel, yeM TpeOyeTcs Ui MOJHOW IIMPHUHBI IOJIOCHI,
TpeOCHKY SKBUIMCTAHTHBIX YACTOT MOHO PACIIUPHUTH, HUC-
MOJIB3YsI TEHEPAIIMIO KOHTHHYYMa B BOJIOKHE C MUKPOCTPYK-
Typo# THIa GOTOHHOTO KPHUCTAJLIA, TOA0OHO TOMY, KaK 3TO
JietaeTcs MPU UCIOJIb30BaHUK (PeMTOCEKYHIHBIX JIa3¢POB B
MPEIM3UOHHON 4YaCTOTHOUM MeTpoJioruu [84].

5.2. Poab ¢a3sbl Hecyleii 4acToThl eMTOCEKYHTHBIX
HMIYJIbCOB B HeJIMHEHbIX 3¢ ekTax

N3nyuenue HenpepbiBHOT O Jazepa Y KU B yacToTHOM 00-
JIACTHU XapaKTepHU3yeTCsl HECYILEH 4acTOTOM wy B LIEHTPE MO-
JIOCHl yCHJIEHHMSI AKTHBHOW Cpefdbl, MPOMOIYJIAPOBAHHON
AMITYJIbcaMH, (pOopMa KOTOPBIX OMMCHIBAETCSI aMILIUTYIHON
orubarorreit a(t), CIeqyIOIMUMH C 4acToTol f;. Hactora cie-
JIOBaHHUs OTpeelIseTCs BpeMeHeM 00X0a CBETOM pPe30Ha-
TOpA; ee JIErKO U3MEPHUTh U MOKHO KOHTPOJUPOBATH IyTEM
nepeMelleHusl OIHOTo u3 3epkaj. Hecymas yactota B 00-
IIEM CIIydae MOXeT OBbITh CABHHYTA OTHOCHTEIBHO MAaKCH-
MyMa orubaroieit Ha ¢. Torma aJeKTprIecKoe MmoJjie CBETO-
BOU BOJTHBI MOXET OBITh IPEJCTABJICHO B BUIC

E(t) = a(t) cos(wot + @). (5.1
Kornma niMrenbHOCTh UMITYJIbCA TPUOIIDKASTCS K IEPUOIY
HECYIIeH, 3aBUCUMOCTD JJIEKTPUYECKOTO MOJISI OT BpEMEHHU B
3HAYUTEIBHON Mepe oIlpenesieTcsl BeJMunHON (a3bl. Ha
puc.8 moKa3aHbI IBE TAKKE 3aBUCHMOCTH UMITYJICOB O/INHA-
KOBO# (pOpMBI U Iy TEILHOCTH (S (pC), HO C pa3HBIM CABUTOM
(a3bl Mexay MaKCUMyMOM OTHOAFOIIEH M HEeCyIleld 4acTo-
toit (A = 800 am) [85]. BumHO, 4TO 3aBHCHMOCTH TIOJISI OT Bpe-
MEHH pasymuarorcs. Ha manHoe 06CTOSITeIbCTBO 00paTIIIN
BHUMaHHUE TOT/Ia, Koraa JumTeabHocTh Y KU crana npu6im-
kaTtbes K 10 de, T. K. 9Ta 3aBUCUMOCTD CYLLIECTBEHHO BJIUSIET
Ha HeJuHelHbIe 3P(EeKTh, B YACTHOCTH HA TEHEPAIUIO
BhICIIMX TapMoHuK [86]. [TonpobHee maHHasi cuTyamnust 00-
cyxnaaercs B pa3fl. 10, HOCBSIEHHOM IPAMEHEHHSIM JIa3epOB
YKMN.

MeTtoas! onpeaesenus Ga3oBoro CABUra MexIy orudaro-
el U Hecylleil, OCHOBAaHHbIE HA HCIOJIb30BAHUM HEJIMHEH-
HbIX 3G (GEKTOB, TAKUX Kak reHepanuu BI', pa3HOCTHOI U CyM-
MapHOM 4acToT, OBLIN TPEIJIOKECHBI U UCCIICIOBAaHbI B [87,
88]. BuacTtoTHOI 001acTH (Pa30BBIi CIIBUT MEXK Iy HECYITIeH U
ormbaroIeil mposBJIIeTCS KaK CMEIIeHHEe TPeOCHKH YacTOT
KOMO-TreHepaTopa BAOJIb OCH 4aCcTOT, MMO3TOMY IS €ro OIl-
penesIeHus ¢ yCrexoM UCIOoIb30BAJIUCh METOIbI MPEUU3UOH-
HO# METPOJIOTUH ONITHYECKUX YACTOT.

6. TeopeTuveckoe uccJieI0BaHne
redepamun Y KU

I'naBHOI 3a1aueil TEOPETUUECKOTO UCCIIEAOBAHUS (eM-
TOCEKYH/IHBIX JIA3€POB SIBJISETCS BBISICHEHHE TOTO, HACKOJIb-
ko xopoTkre YK MoryT ObITh IOJTyYeHBI IPH BBITOJTHEHHN
KOHTPOJIMPYEMBIX 9KCIIEPIMEHTAJIbHBIX YCJIOBUU. [pyroii He
MEHee BaXHBII BOIIPOC — KaK 00eCNeynTh YCIOBUS, MIPU KO-
TOPBIX HeJIMHeWHbIe 3 (eKThl (HapuMep, CB3aHHBIC C BO3-
HUKHOBEHUEM KEPPOBCKOW JIMH3BI) MO3BOJIST MOJIYYUTH YC-
TOWYUBBIN PEXKUM MACCUBHON CUHXPOHU3AIUUA MOJ] C JOCTH-
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skeHreM MUHUMaJIbHOU numuTteabHocTH Y K. [pu aTom kpait-
HE BaXXHO OTPEACIUTh, BO3MOXEH JIM PEXKAM CAaMO3aIycKa U
KaKoBa [eHa ero pealin3anuu, T. €. He OyIeT JIM 3TO CBSI3aHO C
CYILIECTBEHHBIMH YXYIILICHUSIMU BBIXO/IHBIX IAPAaMETPOB.

6.1. ®opmupoBanue YKU B demMTOCEKYHIHBIX JIazepax

Kaxk yxe ormeuanocs, npouecc renepanuu ¥ KU B naze-
pax ¢ MacCUBHOM CHHXPOHU3AIIMEH MO MOKHO YCIOBHO pa3-
NIeATHh Ha JBe cTanaud. Ha mepBoit craamm mporecca OKHO
YCUJICHUSI, CO3JaBAEMOE TEM HJIM WHBIM HEJIMHEHHBIM 3Jie-
MEHTOM, NMPOU3BOIUT JUCKPUMHUHAIIMOHHOE BBIJCJICHUE MH-
TEHCUBHOT'O MUK U3 (GIYKTyalHOHHON CTPYKTYpbl MHOTO-
MOJIOBOTO H3JIy4eHHs] CBOOOIHO TEHEPUPYIOUIETo Jazepa.
3aTeM BBIJCIICHHBIH OJWHOYHBIA HMITYJIbC NPUOOpEeTaeT
OKOHYATEJIHHYIO CTAIIMOHAPHYIO (DOPMY BCIIEICTBUE MHOTO-
KPATHOTO TIPOXOXKICHUSI Yepe3 3JIEMEHThI BHYTPH PE30HATO-
pa. ITpouecc popmuposanust YKU B pe3ybTate aMIUIUTYA-
Hou camomoaysiiuu (ACM) 3a cueT KeppOBCKOM JIMH3BI SIB-
JISIETCSI MPEAMETOM TEOPETHYECKOTO UCCIICTOBAHUS B IIEJIOM
psiae pabot [51, 89, 90].

AHaJIMTHYECKHE UCCIISTOBAHUS TPOBOISTCS B IIPEIIOJIO-
KEHUH, YTO OEHCTBUS 3JIEMEHTOB, yYaCTBYIOILUX B I'eHEpa-
nun YK, He3HaunTe IbHO BIUSIOT HA (POPMY UMITYJIbCA 32
00x0/1 pe3oHaTOpa. DTO MPEATOJIOKEHNE CIPABEJINBO B CIIy-
yae HENpPEepBIBHOTO pexnma. Takke Mpearnosaraercs, 4To
BpeMsl pejlaKCalluy yCUJICHHUSI MHOT'O OOJIbIIE BpeMeHH 00-
X0/1a pe30HATOPA, a YPOBEHb HAKAYKH ITOICPKUBACTCS MO-
CTOSIHHBIM.

DJIeKTpUYECKOe TOJIe CBETOBON BOJIHBI OJMHOYHOTO UM-
myJibca, 00Pa3yIOIIerocs K KOHIY MEPBOM CTAINU MEPEXO-
HOTO TIPOIIecca, MOXHO 3aMUCATh B BHJIE

E(t) = a(t) exp(iot). 6.1)
W3meHeHue GopMbl UMITYJIbCA MPHU MPOXOJIE JIFOOOTO 3Je-
MEHTa B PE30HATOPE OMUCHIBAETCS ICHCTBHEM COOTBETCTBY-
FOILETO OTIEPaTOpa PacIpOCTPAHEHHUS:

Oa -
*_p
0z @

(6.2)
€ z — KoopAuHaTa paCipoOCTpaHCHUS. HpI/I BBIIICYKa3aH-
HBIX IMPEAMNOJIOKCHUAX KOMITJICKCHBIC OFH6aIOIHI/IC umiyJjibca
Ha BXO/JIC U BBIXO/IEC 2JICMEHTA CBA3aHbI COOTHOILICHUEM

(6.3)

Qout = exp(P)ain.

AmnmryaHas dazoBas JucnepcHast
[ | camomoaysauus [| caMOMOIYJIsSIuust [ | 3ajepxkka [ |
A N D

(I)OpMI/IpOBaHI/IC COJIMTOHA

CTabWIbHOCTD HecTabuibHOCTh
IMepuomueckoe HAwncnepens
BBICIIIAX
BO3MYILIEHHE HOPSIKOB
P(z) Dy

Puc.9. CXBMB., TOSICHAIOINAS PACIIOJIOXKEHUS 3JIEMEHTOB B PE30HATOPE U
,[[eﬁCTBI/Ie COOTBETCTBYIOIIUX ONIEPATOPOB.

Omnepatop 7, ONMMCHIBAIOINUI HOJHBIA 00X04 pe3oHaTopa,
MOJIy4aeTCs] HePEMHOXEHHEM OINMEPATOPOB KaXIOro 3Jie-
MEHTa C YYeTOM HUX JCHCTBHUSI HA MMITYJIbC. 3aMETUM, UTO,
BOOOIIIe TOBOPSI, AeHCTBUE ONEPATOPOB HA HMITYJIBC 3ABUCHT
OT MOJIOKEHUS JJIEMEHTOB B PE30HATOPE U OT HATIPABJICHHS
ero pacrnpoctpaneHus. C y4eTOM 3TOT0 3BOJIFOIHS UMITYJIbCa
B TOUYKE z ITOCJIC /-0 IIPOXO0/IA OMKICHIBACTCS ypaBHCHUEM

ani1(t,2) = T(2)an(t, 2). (6.4)
CrannoHapHbIil PeKUM BO3HUKAET TOT A, KOT1a
ant1(t, 2) = exp(iy)an(t, 2), (6.5)

rae ¥ = Yy(T) — MelJIeHHO U3MEHSIFOIIMIACS CIIBUT (a3bl.

OT0T (hopMau3M ObLI UCHOJIL30OBAH ISl ONUCAHUS Pa-
0OTHI TBEpIOTEJIBbHOTO (heMTOCEeKyHIHOro Jazepa [89, 90].
Ha puc.9 cxemaTtuieckn mokazaHO PacHOJIOKEHHE JIEMEH-
TOB B PE30HATOPE U IEMCTBHE ONEPATOPOB

. . D 02 N A 1 2
A=D=iz =, PZ_A_i(g—l—k|a|),

Py = N = —ig|al’, (6.6)
rae D — muctiepcusi TPYIIIOBBIX CKOPOCTE; g U [ — yCUJIEHHE U
noTepu; k — KOdpPUINECHT, OTPEACIIIONINI HEJTMHEIHHY IO aM-
IUTUTYTHYEO MOAYJISALUIO; ¢ — KO3(D(UIUEHT, ONpeeIIsito-
muit ®CM. OcobeHHOCTh (PEMTOCEKYHIHOTO Jiazepa ¢ Kep-
POBCKOil T30 3aKmouaeTcs B ToM, uTo DCM (¢ ~ 1076
Br!) npeBplaeT aMIUIATYIHYIO MOYJIAIMIO 34 CUET Kep-
posckoii mun3sl (k ~ 1077 Br~!). B pesyibraTe 3TOTO0 HpO-
IIeCC YMEHBIIICHUS IIUTEILHOCTH 00YCIIOBJICH, TJIaBHBIM 00-
pa3zom, coBMecTHbIM JeiicTBueM otpunateiabnoir AI'C u
nojoxurenbHor ®CM, a poJib MACCUBHOW aMILIUTYIHOU
MOTYJISIIIAY 3aKJIF0YaeTCsl B 00pa3oBanny onuHoYHOTO Y KU
7 obecnieyeHnur CTaOMIBHOCTH paboTHhI J1aszepa. B mpemere
k/¢ — 0 nony4aercs HenuHeliHoe ypaBHenue llpenunrepa,
peLIeHUsI KOTOPOro UMEIOT BUL

an(t) = (W /215)"?sech(t/zs) exp(i,,), 6.7)
¢n = ¢0 + ’I"LD/’L'S2, (68)
15 =2D/¢W, (6.9)

rae W — sHeprus UMIYJbCa; Ty — er0 JJIUTEIbHOCTD MO TMO-
JyBbicoTe. YpaBHeHus (6.7)—(6.9) onuceiBaroT UMIYJIbC,
AJCHTUYHBIA (QyHIAMEHTAJILHOMY COJIMTOHY, PaclpocTpa-
HSIIOLLEMYCSl B HEJIMHEHOM ONITHYECKOM BOJIHOBOJE C OTPHU-
natenabuout AIC [57].

Ha mpakxTrke eIMHCTBEHHBIM MMapaMeTPOM ILUIABHOU pe-
ryiupoBku quurtenabnocty Y KU ssnsiercs AIC. Eciu D > 0,
TO0 KoMOmHUpoBanHoe AciictBue ®CM u JI'C nmpuBoauT K
yIIMpeHUto uMIyjiabca. Haobopor, mpu KoMOMHAIIMU OTpPH-
narenpHO AI'C ¢ ®CM npoucxomut 3dpdexkTruBHOE COKpa-
LIIEHUE UMITYJIbCA U BOBHUKAET COJIMTOHOMOAOOHBINA PEKIM.
W3 popmysl (6.9) cnenyert, uto, eciau D — 0, TO ¥ AJIATEITb-
HocTh YKU OyneT HysieBoil. DT0, KOHEYHO, JIUIICHO (PU3H-
YecKoro cMmbiciia. Jlesio B Tom, uto popmya (6.9) nosyuena B
MPENOJIOKEHUN HEOT PAHNUEHHOW IIMPHUHBI TOJIOCHI yCUJIe-
Husl. 17151 yueTa mocjeHei BBOASAT ONepaToOphl, OMUCHIBAIO-
1€ TUCTIEPCUIO BLICIINX MOPSIAKOB, BO3MYIIIEHHE BAOJb KO-
OpAMHATBHI PACIPOCTpPAaHEHHs] W Jpyrue mpoieccsl [89]. B
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9TOM CJIy4ae MOKHO MOJIYYUTh JIUIIb YMCJICHHbIE PELICHUs,
U3 KOTOPBIX CIIEAYET, YTO

1, = 3.53|D| /YW + oy W, (6.10)

npuyeM Ko3pdunueHT nponopuuoHasibHocTH o =~ 0.1 co
cTOpoHHI 3epkaiia ¢ kommerncatopom JI'C u ~0.25 na npo-
THBOIOJIO)KHOM KOHIIE.

Hucnepcust tperbero nopsiaka (JATII) D3 naunnaer ur-
paTh 3aMETHYIO POJIb, KOTJ1a U3MEHEHUE JUCIIEPCUH BTOPOTO
TopsJIKa MO BCEMY CHEKTPY UMITyJIbCa CTAHOBUTCS CPABHU-
MBIM ¢ caMoi aucnepcueii. Yuciennsie pemenus [90] garot
KpuTepuil CTaOMIIbHOM reHepanuy Gypbe-orpaHNYeHHBIX HM-
I1yJIbCOB:

|Ds| < 0.2|DJr. (6.11)

KorTpoas JATII ctanoBuTcs HEOOXOIUMBIM TSI JOCTUXKE-
HUS JUTATEIBHOCTH UMITyJIbca Meree 10 ¢c.

6.2. Kondurypanus pe3oHaTopa ¢ KeppOBCKOii JTMH30M

JlelicTBUE MCKYCCTBEHHOTO HEJIMHEWHOTO MOTJIOTHUTEIS,
00pa3yeMoro KeppoBCKOU JIMH30# B coueTaHUu ¢ auadpar-
MO, SIBJISIETCS TOBOJIBLHO CIa0bIM, IMTO3TOMY ISl obecrieye-
HUs1 MakcuMabHON ACM ¥ OJIyYeHUs] YCTOWIHBOTO PEIKH-
Ma MAaCCUBHOM CHHXPOHM3ALUH MOJ TpedyeTcs pe30oHaTOop
crienManbHOW KOH(purypanuu. HaxoxIeHur0 mnapameTpoB
TAKOr'0 Pe30HATOpA MOCBsIEHbI padoThl [91-93], B KOTO-
PBIX aHAJIN3 TAYCCOBBIX MYYKOB MPOBOIUTCS C UCIIOIH30BA-
mrneM mMatpuaHoro ABCD-dopmamusma. Llens anmammza —
BBISICHCHHE YCJIOBHH TOYHOTO PACIOJIOKEHUS 3epKal U aK-
TUBHOTO 3JieMeHTa. OCOOCHHOCTBIO UCCIIETYEMbIX CXEeM $SIB-
JISETCSl TO, YTO JJISl OJIyYEeHUSI TpeOyeMOoro ypoBHS MHTEH-
CHBHOCTH IYyYOK HaKaukd (pokycupyercss KopoTKO(HOKyCHOU
JINH30M, a aKTUBHAs Cpella MOMEIIAETCs MEXITy BYMs CO-
(hOKyCHBIMH BOTHYTBIMH 3epkaiiamMu. {1 yMeHbIIECHHS T1O-
Tepb TOPIBI AKTHUBHOI'O 3JIEMEHTA CPE3aroTcs MOJ YIJIOM
Bproctepa, 4TO MPUBOIUT K 3HAYUTEIILHOMY aCTHUTMATH3-
MYy, KOTOPBI KOMIIEHCUPYETCSI HAKJIOHOM TY4YKOB [27] .

DKBHUBaJICHTHAS CXeMa pe30HaTOpa n3o0paxkena Ha puc.10.
dokycupyromue 3epkalia (IpecTaBlIeHbl JIUH3AME ¢ (HOKY-
camu f] ¥ f;) GOpPMHUPYIOT MOJIy pe30HATOpaA C MaJbIM Ce-
YeHHEM KaYCTUKU aKTUBHOU cpensl (d1 /fi u da/f> > 1). Ma-
JIBIIA AMaMeTp MyYKa B aKTUBHOH cpejie HYXKeH JJIs1 TOCTIIKe-
HUS BBICOKOH MHTEHCUBHOCTH, HEOOXOAMMOM 1Jis HyHKIIHO-
HUPOBAHHS MEXaHU3Ma KEPPOBCKON JTMH3BI. UTOOBI B 4ETHI-
pex3epKaIbHOM PE30HATOpE C f| = f> = f moaepKuBaIach
crabmwibHas rayccoBa TEMgo-MoOa, ONTHYECKOE pacCTOs-
HUe d Mexnay (POKyCHpYrOIIMMM 3epKajaMH JOJDKHO Hec-

——— VIHTeHCHUBHBIH
HMITYJIbC
— — — CnaOblif UMITYJIBC
. AKTUBHas . y

3epkaJio N cpena e 3epkajio

S

2w, 2w,

1 ™

Puc.10. DxBHBajIeHTHAs cXeMa pe30HATOPA JIa3epa ¢ KepPOBCKOU JIMH301.

2 KsaHmoBas anekmpoHuka, m.31, Ne 2

KOJIbKO TpPEeBBIIATEL 2f, T.e. cocTaBisith 2f + A. O6nactu
3Ha4YCHUI 4, B KOTOPBIX PE30HATOP CTAOWJICH, ONpeaesis-
FOTCSI COOTHOIICHUSIMU

0<a< 4y, 4;<4< Apax, (6.12)

rIe
Al - fz/(dl _f):AZ - fz/(dZ _f);Amax - Al +A2 (613)

3HaueHus A4, 111 KOTOPBIX Pe30HATOP CTAOUJICH, HAXOISTCS
B JIBYX pa3/eJIbHBIX OOJIACTSIX, MEX Ty KOTOPBIMH 3aKJIFOUEHA
«3ampenieHHas» 30Ha 3HaueHnd 4. Ee mmpuna yBenmmumBa-
eTCs C POCTOM HapaMeTpa acHMMETPHH pe3oHaTopa
y=(d—f)/(d = f).

CaMo(oKycUpOBKa, BOZHUKAIOIIAS TIPU YBEJIUUCHUH WH-
TEHCHBHOCTH B aKTHBHOI Cpeie, YMEHbIACT KOH(DOKATbHBII
napaMeTp MOJIbI. DTO MPUBOJMT JIUOO K JIYUIIEMY COCPEIIO-
TOYEHHUIO MOJIbI TeHEPAIIMH B HAKAYAHHOW 00acTu (MsIrkasi
nuadparma), 0o K yBeJIMYeHUIO 3(h(HEKTUBHOTO MPOITyCKa-
HUsl Yepe3 nuadparmy, yCTaHABIMBAEMYIO B IOAXOISIIEM
MecTte pe3oHaTopa (kecTkas quadparma). Ito 3¢ GeKTUBHOES
MPOIYCKAHUE, OTPEICIIICMOE MOIIHOCTBIO P, HAXOIUTCS U3
BBIPaKEHHSI

ow 1. dWw ; 6.14
W_WdPP:() ()’ ( )
73 KOTOPOTO CJIeAyeT CBsI3b MeXIy d(dexTuBHBIM ycuiie-
HUEM W MOIITHOCTBIO:

g=kP(t). (6.15)
Pacuer mo3BosisieT onpene T 3aBUCIMOCTh N3MEHEeHN S T1a-
pametrpa k ot A s pa3HbIX 3Ha4YeHWi y. [loutm cummer-
puHas KOHGHUTYpaus JaeT BO3MOXKHOCTD MOJIYYUTh TAKOE
k, KOTOpOe MOXET OKa3aTbCsl JOCTATOYHBIM IS cCamMo3a-
mycka [92], Ho yMeHbIIIaeT 00J1acTh cTabMIbHOM paboThl. Ha
MPAKTHKE KOMITPOMUCC MEXTY 3PPEKTHBHOCTHIO AMILIATY -
HOW CAMOMOJIYJISIHHA M CHOCOOHOCTBIO NMPOTUBOCTOSTH
BHEIITHAM BO3MYIIICHHUSIM PE30HATOPA OOBIYHO TOCTHTAETCS
mpu 1.5 <y <2 ¢ UCHOJIB30BaHUEM KECTKOH Auadparmsl,
IOMeIaeMOi BOJIM3H OTHOTO U3 KOHIIEBBIX 3epKajl. YUeT ac-
THTMAaTU3Ma MOKa3bIBAET, YTO B KaueCTBe AMA(GparMbl clie-
JIyeT UCMOJIb30BaTh IIeib. s ciryuast MIrkoi auadparmsl
ObL1a BbIsiBJIeHA [94] IpeanoYTUTEILHOCTh ACUMMETPUYHON
KOHOGUTYypanuu, a JYYIIUiA PeKUM JOCTUTAJICS BO BTOPOU
30HE CTAOMJILHOCTH, T. €. IPH OOJIbIIIEM PACCTOSHUN MEXIY
(hOKYCHUPYIOIIIMMHU 3epKaTIaMH.

\

Kpacubrit myu

A

CuHuit 1y4 A

Puc.11. ITpu3mennsrii perynsrop ATC.
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I1.T".Kprokos

7. ®eMTOCEeKYH/IHbII Ja3ep
¢ KeppoBCKOii JMH30i

Baxweiiieir 4acThio PeMTOCEKYHIHBIX JIA3ePOB SIBJISIET-
csl yCTPOICTBO, IO3BOJISIIOIIEE PETYJIUPOBATD, & B CJIy4ae He-
obxomumocTtu 1 komnencuposath, JI'C B pesonatope. Ta-
KO€ YCTPOMCTBO, €CTECTBEHHO, TOJKHO BHOCUTH MUHUMAJIb-
Hble TOTEpU W HE UCKAXATh My4oK. B mpocTeiiieM ciydae
OHO COCTOHWT 3 IBYX mpu3M [37] (puc.11), mepBast u3 KoTO-
PBIX SIBJISIETCS] AUCTIEPCUOHHBIM 3JIEMEHTOM, & BTOpas COOu-
paeT mpeJIOMJICHHBIE JIyYH B TapaJUIeIbHbIA y4oK. [t Mu-
HUMU3AIMU TOTepb T'PAHU IMPU3M PACHOJIATAIOTCs MO YT-
sioM Bprocrepa. Bemmmunny JII'C ¢ 40CTATOYHON TOYHOCTBEO
MOJHO TIPEJCTABUTH B BUJIE

d’*¢

7= (2n)* /w3 (Ln" — 4In'?),
w

(7.1)

rae @ — ¢asza; n’ u n” — mgucnepcun 1-ro U 2-TO MOPSAIKOB
Martepualia npusMm; L — 1JIuHa aKTUBHOM Cpefibl; / — paccTos-
HUE MeXay npusMamu. XoTs B Buaumonl u ommwxHeir MK
00J1acTSIX CIIEKTPpa ONTHYECKUE MAaTepHaJIbl 00JIa1atoT 110JI0-
KUTEJIHHOW JUCTIEpCUEl, TpU U3MeHeHUHu L u/wim [ okasbl-
BaeTCs BO3MOXHBIM T1aBHoe m3MmeHenne JI'C (c mpoxomom
4yepe3 Hysb). [IpakTHuecku npu GUKCHpOBaAaHHOM [ OfHA U3
MPU3M TEPEeMeIaeTcsl BAOJb OUCCEKTPHCHI YIjla OTKJIOHE-
Hus. Jas paboTsl Jlazepa BaXXHO M30€XaTh MONEPEYHOTO
CHOCA CIIEKTPaJIbHBIX KOMIIOHEHT Ha BbIXoje. B kondurypa-
nuu ®adpu—TIlepo 310 mocTuraercss oOpaTHLIM MPOXOAOM
TIPH OTPAXEHUH OT 3epKaia, a B KOJBIEBOM PE30HATOPE J0-
GaBJisieTCsl BTOpast TOYHO Takas xe napa npu3Mm. Pazymeercs,
BesmumHa [II"C ipu 3TOM yaBauBaeTCs.

[Tpu co3manum 1a3epa KeJaaTeIbHO NOJTyYUTh MUHUMATb-
HYIO JUIUTEIBLHOCTh ¥ MAaKCUMAJIbHYIO SHEPTUIO0 UMITYJIbCA.
DTO CBSI3aHO C MPOTHUBOPEYMBLIMU TPEOOBAHUSMHU U 3aCTAB-
JISIeT UATH Ha KoMupomucce. s yBenueHns SHeprun Heoo-
XOJMMO YBEJIMUCHHE JJIMHBI KpucTtayia. CokpalleHue ju-
teabHOCcTH YKWU, HanpoTus, TpeOyeT e€e yMEHBIICHHS C
LIEJIbIO CHIDKEHUS] POJIU JUCTIEPCUH BBICLIMX MTOPSIAKOB.

W3 TeOpeTHYeCKOTro pacCMOTPEHUS CIEIyeT, YTO IS 10-
CTHKEHMS] MUHIMAJIbHOW UTUTEIbHOCTH UMITYJIbCa HE0OX0-
JIAM BBIOODP TAKOro MaTepHuajia Mpu3M, YTOObI OTHOLICHHE
JUcTiepcuit 3-T0 U 2-T0 MOPSIAKOB OBLII0O MUHUMAJIBHBIM. [[J1s1
Jazepa Ha Ti:candupe >TUM MaTeprajIoM SIBJISETCS MJIaBJIe-
HbIi kBapi. Cokpatenuro aiurteabHocT Y KU Takxke cro-
COOCTBYET YMEHBIIICHUE JUTUHBI KpUCTAJLIa 10 2—3 MM ¢ Co-
OTBETCTBYIOIIUM YBEJIMYCHUEM KOHIEeHTpanuu Ti 1j1s [1o-
CTHXEHHUS HYXHOro ycuienus. [Ipu atom HeoOxoaumo co-
XPaHHUTD BBICOKOE ONTHYECKOE KauecTBO Kpucraia. OTrme-
THUM, 4YTO YMEHBLICHUE [JIMHbI KPUCTAJIIa CO3/1aeT 3HAYM-
TeJIbHbIE TPYJHOCTU C OTBOJOM TeIJia, HECMOTPsI Ha BBICO-

Yupnupyroree
Uupmupyromee  Ti:candup sepkao  Jlumsa
3epkano Haxkauka
L=23wmm
7 Bt
Huadparma
(1res1b)
Yupnupyroiuee

BrixonHoe

3epKaio
3epKalio

Puc.12. Cxema nazepa Ha Ti:candupe [95].

KYyIO TEIUIONPOBOJIHOCTD canupa. ITu NpoOJeMbl yIaI0Ch
PELIUTh 1 TOJIYYUTh UMITYJIbCHI AMATEIbHOCTHIO 10 (e 1 me-
Hee [96].

OrpaHnveHms], CBSI3aHHbIE C TUCTIEPCUEH BBICIINX MOPSI-
KOB, OBLITN YCIIEIITHO IPEOI0JICHBI B Pe3yJIbTaTe N300peTEHUS
TaK Ha3bIBAEMbIX YMPHHUPYIOLIUX MHOTOCIONHHBIX IHUIJIEKT-
puueckux 3epkai [97]. B Hux monpbopomM Martepuajia u TOJ-
IIMHBI CIOEB 00ECIeYnBAETCsl HE TOJIbKO MAaKCUMAJIbHBIN KO-
3G GUIMEHT OTpaXKeHMS B IIUPOKOI 00J1aCTH crieKTpa (110 co-
TEH HAHOMETPOB), HO U JTMHelHas1 3aBucuMOcTh AI'C oT nymm-
HBI BOJIHBI 10 BceMy cniekTpy. [Ipu otpaxkennn YKU ot Ta-
KOT'0 3epKaJia OH MPUOOpeTaeT YupI ONpeAeSICHHOM BeInIu-
HBI ¥ 3Haka. Vcnosab3oBaHue MOJOOHBIX 3epKajl MO3BOJISET
UCKIIIOUUTDb npu3MenHbii kommencatop JI'C. Koncrpyxkmus
Jlazepa ¢ TAaKUMH 3epKajlaMu Ioka3aHa Ha puc.12 [95]. Pe3o-
HATOP 00pa30BaH TPeMsl YAPIHUPYIOMIUMHU 3ePKAJIAMH U BbI-
XOJHBIM 3€pKaJIOM C IpOIlycKaHueM okoJjio 16 %. O6aacTb
MakCUMaJIbHOTO OTpaxeHus: mpoctupaercss ot 690 mo 900
HM. [{IMHBI TIeY pe30HaTOpa COOTBETCTBEHHO paBHHI 118 u
68 cM, paamyc KpuUBU3HBI (Qokycupyrommux 3epkail R = 50
MM. Ily4ok Hakaykd MOIIHOCTBIO 5 BT QokycupoBasics B
kpuctasut uH30# ¢ f = 30 MmM. OK0JI0 OTHOTO U3 YUPIHPY-
FOIUX 3€pKaJjl MOMeIIalach KecTkas quadparma.

Ilpu stux ycmoBusix renepupoBaimucs Y KU ¢ yactoroit
noBTopenus: ~ 80 MT 1, IUTeIbHOCTBIO 7.5 ()¢ U ¢ 3HEpTrHeiH
8—9 u/lx. [Mukosas mommHOCTE YKU mpeBpimrana 1 MBT,
9TO TO3BOJISLIIO 3Q(EKTHBHO MPeoOpa3OBBIBATH BBIXOJHOE
u3JIy4eHue Bo 2-1o0 rapMoHuKy. [Tpu poxycupoBke uziryueHus
chepuyeckuM 3epkasiom (R = 25 mm) B kpuctasut LBO Toi-
muHo#t 300 mxm mocturasics KIT npeobpa3zoBaHusi OKOJIO
20 %.

OTMeTHM, YTO 3HEPTHsl UMITYJIbCa BHYTPH PE30HATOpA
3HAYMTEJIbHO MPEBBIIIAET BBIXOASIIYO uepe3 3epkao. Mc-
MOJIb3YsI TEXHUKY OBICTPOro BHIOpOCA U3JIyUeHHUs U3 PE30HA-
TOpa ¢ MOMOIIBIO aKyCTOONTUYECKOTO 3aTBOPA, MOXKHO CY-
IIECTBEHHO YBEJIMYUTDH BBIXOIHYIO S9HEPTHUIO, IPAB/IA, 38 CUET
CHIKeHUs1 4acToThl cienoBanust YKU. B pabote [98] 6putn
nonyuenbl YKU ¢ sneprueii 60 vx npu mimreabHocTd 13
¢c m yactote ciegosanus 200 k1.

8. Yennenne YK

Dueprus oquHouHOoTo YKU (heMTOCEKYHITHOM TIINTENH-
HOCTHU OOBIYHO He npeBblmaeT 10 HJX, NpuieM yMeHbIICHUEe
JUTUTEJILHOCTH OOBIYHO COMPOBOXKIAETCSI CHIDKEHUEM HEP-
ruu. Pazymeercsi, snepruto YKW M0oXHO yBEeIMYUTH A0 He-
CKOJIBKUX JDKOYJIEH, OJTHAKO 3TO CBS3aHO CO CHeNM(pUIECKH-
MH TPYJTHOCTSIME ¥ IPEXKJIE BCETO — C OTPOMHBIM K03 duru-
earom yemerns (10'°—10'"). OueBunno, 4TO NpHU CykeHUN
CIEKTPA, BEI3BAHHOM TAaKUM YCHJICHHEM, OY/IET yBEJIMYUBATh-
csl T TEJIbHOCTh UMITyJIbca. JIpyrasi mpoGsema — yCujaeHHoe
CIIOHTAHHOE W3JTy4eHHe, TPEISITCTBYIONIee HOCTHKEHUIO
HYXHOTO KO3(hOUIMEHTa YCUJICHHS U CO3/ArOIIee BPeIHBIN

BxogHoe BrixoaHoe
3epKajIo 3epKaio
— CucremMa ABYX KOH(OKAIBHBIX 3epKaj

Haxkauka

Bxon

AXTHUBHBII
3JIEMEHT

Kpucramn
YCUIIUTEISt

Puc.13. Cxema MHOTOIIPOXOHOTO ycHauTes [99].
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(¢on Ha BhIXONE ycuiuTens. Hakonen, ycunuBaembii YK
TIPH CPABHUTEIBHO MAaJIbIX HAYAIBHBIX YHEPTUSX MpUoOpe-
TaeT B MPOIECcCe YCUIICHUSI HACTOIBKO OOJIBIIYIO HHTEHCHB-
HOCTb, YTO BO3HHKAIOT HeNuHelHble 3ddexThl (camodoky-
CUPOBKa, MP00OOIf), MPENSTCTBYIOIINE POCTY YCUIICHHUSI.

8.1. Muoronpoxoanasi cxema

Ipu ymepernom kos(pduunuente ycunenus (okosio 103)
eJIecoo0pa3Ho UCTIOIB30BATH MHOTONIPOXOTHYIO CXEMY YCH-
smatenns. [Tpumep Takoii cxeMbl mokas3an Ha puc.13 [99]. Unc-
JIO IPOXOJIOB OTPAHUYMBACTCS TEOMETPHUYSCKUMH (hakTOpa-
MH U TPYAHOCTSIMH (OKYCUPOBKH BCEX IyYKOB B aKTHBHOMN
cpene. B 60bIIMHCTBE CilyyaeB TUIMYHOE YUCIIO MIPOXOJIOB
cocraBisieT 4— 8. [IpenMyIecTBOM CXEMBI SIBIISFOTCS TIPOC-
TOTa U MUHHMAJBHOE YHCIIO ONTHYECKUX JJIEMEHTOB (JIBa
3epKaJia U YCUJIMTEIbHBIN d5ieMeHT). [IpUHIUNuATIbHBIM He-
JIOCTaTKOM, IOMUMO TPYIHOCTEH FOCTUPOBKY, SIBJISETCS TO,
4TO YCUIIMBaeMOe H3JyueHne OKyCUpYyeTCsl B aKTUBHOM cpe-
Je. ITo crnocoOCTBYEeT OBICTPOMY HACTYIUJICHUIO HEJIMHEH-
HBIX OTpaHUYCHUI. B mpuHIMIIE MOXKHO KaCKaAUpPOBATH He-
CKOJIBKO TaKUX CXeM, UTO, Pa3yMeeTCsl, CHJIbHO YCJIOXKHSIET
KOHCTpyKIMIo. TeM He MeHee Takasi TEXHUKA [TO3BOJISET I0-
nydats sHeprun YKU go 50 mx/Ix.

OcoOblif ciTyyail MpeACTABISIIOT YCUIUTEIbHBIE CUCTEMBI
Ha 3kcuMepax [76—71]. B amx YKU Buammoro nmamazona
YCUJIMBAKOTCS JJO MOIIHOCTH, TIPYA KOTOPOU MOXKHO MOJIYYUTh
JoctaTouHo 3 ek TUBHOE TIPeoOpa3oBaHue BO 2-10 UK 3-10
TapMOHHUKH 0€3 CYIIECTBEHHOTO YBEJIMYEHHS [IIMTEIbHOCTH
VKMU. 3atem YKU ycuiuBaroT B IIMPOKOATIEPTYPHBIX IKCH-
MepHBIX MoAyJIsIX. [IpuHIMIIATEHOW 0COOEHHOCTBIO 3TOTO
MOIXO/Ia SIBJISIETCSI IOJIHASI Pa3BsI3Ka YacTell yCcrmimTes, T. K.
MPEIBAPUTEIILHOE YCUJICHHUE U YCHJICHHE B 9KCHMEPHBIX MO-
NyJISIX TPOUCXOIAT Ha pas3HbIX JJUHAX BOJH. Biaromaps
9TOMY MOJHO CYLIECTBEHHO CHM3UTBH YPOBEHL YCUJIEHHOTO
CIOHTAHHOTO WU3Ny4deHHsl. VIMEHHO HAa TaKHX JKCHMEPHBIX
CHCTEMax YJaJioCh BIIEPBBIE JOCTUYb TEPABATTHOTO YPOBHS
MOIITHOCTH.

8.2. Ycuiienne YnpnupoBaHHbIX MMITYJILCOB

Hutst Toro utoObl ycuienue ObL10 3¢ PekTHBHBIM, HEOO-
XOIUMO B YCHJIMBAEMOM HMITYJIbCE AKKyMYJUPOBATH KAk
MOXHO OOJIbIlIe 3HEPIHH, 3alACEHHOW B aKTHUBHOM cpere
yeunuress. JJs 3Toro xenaTeabHO, YTOOBI HOTOK 3HEPTUU
B YCHJIMBAEMOM IIyuKe ObLT MOPsAKA HOTOKA SHEPIUH HACKI-
IIEHUs] aKTUBHOU cpepl. B Tabi1.3 npuBeneHbl SHEPrUM Ha-
CBILLICHUS U PA3JIMYHBIX YCHJIMBAIOIIMX cpea. BumHo, 4To
10 9TOMY TTAPAMETPY CPEIbI MOXKHO Pa3IeIUTh HA JIBE TPYII-
TBI: KPACUTENIM M 3KCUMeEpPHI (3Heprus HacwimeHus ~ 0.001
Jx/cM?) 1 TBepAOTENbHbIE cpeibl (cBbie 1 JIx/cM?). DHep-
TUU HACBIIICHUS, CHOCOOHBIE oOecneunuTb 3(GGEKTUBHBINA
CBhEM SHEPIUU B TBEPAOTEIBbHBIX CpeAax, Npu PeMTOCEKYH -
HBIX JJIMTEIHLHOCTSIX COOTBETCTBYIOT OTPOMHBIM MHTECHCHB-

Tabu.3. DHeprum HACBIILEHUS] AKTUBHBIX CPEJl, UCIIOJIb3YEMbIX IS YCH-
sennst YKU.

Veunusaroras DHeprusi HAChIILICHUSI CnekTpasbHas

aKTHBHAs cpelia (dx/em?) o6aacthb (HM)
Kpacurenn ~0.001 Buaumblii quanazon
DKCUMEPBI ~0.001 V& auanazon
Ti:candup ~1 ~800
Nd:crexio ~5 ~ 1054
Yb:crekio ~40 ~ 1000

HOCTSIM, CYLIECTBEHHO IPEBBIILAIOIIMM HOPOIH MOBPEXIC-
HUS TIOOBIX TBEPBIX TEJl.

J7ns mpeoaosieHnst 3TOro 0OCTOSITENbCTBA C OTPOMHBIM
YCIeXOM HCHOJIb3yeTcs ocobast Texanka ycuieHus Y KU —
METOJ YCUJICHUS] YUPIIUPOBAHHBIX UMITYJIbCOB [60]. CyThb ero
3aKJIIOYAETCS B TOM, YTO UMITYJIbC, TOAJICKAILUI YCHIICHUIO,
MPOIMYCKaeTCs Yepe3 JIMHUIO 3aaepxku ¢ 6onpmon ATC, B
KOTOpO# OH CTAaHOBHUTCS YMPIMPOBAHHBIM, & €TO JIUTENb-
HOCTB CHJIbHO yBenmuuBaeTcs (1o 10* pas). CoOTBETCTBEHHO
CHI)KAETCS MUKOBAsI MOLTHOCTh. TaKoi YNpIUpOBAHHBINA UM-
MYJIbC MOXKHO 3((EKTHUBHO YCUIINBATD, YBEJIHNUMBAS €TO DHEP-
THIO B ThICsiuM pa3. [locre ycuseHus: UMIyJIbC CHOBA MPOILY-
CKaeTcsl yepes JIMHUIO 3a/IepXkku, umeroinyro Ty xe AI'C, Ho
MIPOTHBOIIOJIOKHOTO 3HaKa. B pe3ysibTate 4npn KOMIIEHCH-
pyeTrcs A0 HyJS ¥ UMITYJIbC IPUOOpPETaeT MepBOHAYATILHYIO
YIBTPAKOPOTKYHO JJIMTENIBHOCTh. KIIFOUeBBIM MOMEHTOM
METOJUKH SIBJISIETCS HCIOJb30BAHUE ONTHYECKUX CUCTEM,
obecrnieunBaromux gocratouno 6osbiiue AI'C ¢ mpoTuBomo-
JIO)KHBIMU 3HAKAMH.

8.3. Peryasitopbl unpna
HA OCHOBe JH()PAKIMOHHBIX PEIIETOK

Kax 6bu10 nokazano, Besimunny JAI'C 1 BHOCUMOTO €10
YApIa MOXHO PEryJMpoBaTh mapoil mpu3M. OJHAKO MPU3-
MEHHBII PETYJISITOP HMEET OTPAHNYEHHYIO 00JIACTh MCIOJIb-
30BaHMs, T. K. OH IPH PA3YMHBIX pa3Mepax He MO3BOJISET MO-
sgyuats JII'C, HeoOXo1uMBbIe 17151 CUIILHOTO paCTSTUBAHUS U
nocieayromero cxatus YKU. C 3Toit Touku 3peHust 6osee
a¢pdexTuBHbIM siBisieTcs peryisitop JAIC B Buie napbl oTpa-
JKATEJIbHBIX AUPPAKIUOHHBIX perieTok (puc.l4), KOTOpHId,
KCTaTH TOBOPS, OBLIT IPE/JIOKEH 3HAYUTEIILHO PAHBIIE TIPU3-
MeHHOTO [36].

JudpakuoHHble peeTky 00JaJatoT ropa3go 6oJbiei
YIJIOBOM JTMCHEPCUEH, YeM MPU3MBI, U IIOTOMY 00ecreunBa-
10T ropasao 6obiiyro II'C (mpu pa3yMHBIX pazMmepax). Xo-
Ts1 oHU UMeroT noTepu (5—10 %) u obmagaroT MeHbIIEH JIy-
YeBOH MPOYHOCTBIO, 3TH HETOCTATKH BIIOJIHE TIPEOIOTIMMBI B
YCUJIMTEILHBIX cucTeMax. COBpeMeHHAsl TEXHOJIOTUS TI03BO-
JISET U3rOTAaBJIMBATDL PELLETKU C JIMHEHHBIMU pa3MepaMul 10
1 M. 3ameTum, uTo npusMeHHbIe perynsatopsl JAI'C ucmnosb-
3YIOTCS, B OCHOBHOM, B T€HEPATOPAX, & PEIICTOYHBIE — B YCH-
smrensax YKU.

T Bxon

1/
Kpacubrit

3 |: Cunnit
'

CuHuit + KpacHBI JIyqu

Kpacusrit 1 Brixon
Cunnit

a

2 2

1
1

Y

CuHmii + KpaCHBIN
JIyqn CuHnii
Kpachbrit

~
0

Puc.14. Cxema mudpakumonHoro peryssropa AI'C mis cxaTus UMITYIb-
ca (a) u ero pactsokeHus (0):
1 — mupakIMOHHBIE PEIIEeTKY; 2 — JIMH3BL; 3 — BO3BPATHOE 3€PKaJIo.
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Cxema peryysTopa ¢ napoi napasjiebHbIX PeLeTOK Mo-
kazana Ha puc.l4,qa. BumHo, 4To onTHYeCKUi My Th JJISI JJTAH-
HBIX BOJIH OOJIbIIE, 4eM [JIs KOPOTKHUX. B pe3ympTate BO3-
aukaet JII'C, onpenesnsemas kak

&

dol = (—4wzcl/nd2) cos* B,

(8.1)

rae [ — paccTOsIHuE MEXTy PeIIeTKaMu; d — IEPUOJT PEIIEeTKH,
OTIpeICIIEMBII YUCIIOM IITPUXOB HA MHJUTUMETD; f§ — YroJ
nucnepeun. Perymmposka JAI'C gocturaercsi n3aMeHEHHEM
pAacCCTOSIHUASL MEXIY peleTkaMu. B oTimunme OoT mapsl
MpU3M, TIapa PEIIeTOK JAeT TOJbKo oTpunatenbHyro JTC.
Hust mosyuennst nostoxurtenbnoit AI'C mexny perieTkamu
pacrojararoT TeJIeCKomnueckyro cucteMy (puc.14,0) [100].
OTa cucreMa NepeBopavnBaeT N300paxKeHue, u B pe3yJibraTe
MyTh ISl KPACHBIX JIydel CTAHOBUTCSI KOPOUE, 4eM JIsl CH-
Hux. Tejeckonuueckas cucTemMa He JOJDKHA BHOCUTH XpoMa-
THYECKUX adeppaluii, TOITOMY Ha MPAKTHUKE HCHOJBb3YIOT
3epKAJIbHYIO CHCTeMY C yBeJmueHueM — 1. (s ynporeHus
KOHCTPYKIIMH TTPUMEHSIOTCS, KaK MPABIIIO, IJIOCKHE 3epKa-
Jla, KOTOpBIE YCTPAHSIOT CHOC Jyuei. CucreMa peleTrok c
TEJIECKOIIOM HCIIOJIb3yeTCsl JJIsl pacTArUBaHus (eMToce-
KYHIHOTO HMITYJIbCa, & OOBIYHAS apa PEelIeTOK — IS CKa-
THUS YCUJICHHOTO YUPIUPOBAHHOTO NMITYJIbCA.

OCOOEHHOCTH MeTOJla YCHJICHHsSI YMPIUPOBAHHBIX HM-
MyJIbCOB B ycTaHoBKax Ha Nd:crekiie moapoOHO paccMOT-
pensbl B 0630pe [101]. B moio6HO# ycTaHOBKE ObLIa IOCTUT-
HyTa nuKoBast MomHOcTh 10 30 TBT [102] .

8.4. IToay4enne MomHBIX GeMTOCEKYHIHBIX HMNYIbCOB
npe/ie/ibHO MaJIoi VIMTEeIbHOCTH

Mertoauka yCHJIEHUs YMPIUPOBAHHBIX MMIYJBCOB MO-
JKeT OBITh MCIOJIb30BaHa HE TOJILKO JJIsl YCUJIEHHS, T. €. MO-
BhileHust sHeprun Y KU, Ho u 4715 COKpaIlleHust X JJIUTeb-
Hoctu. Ecim He pacTArmBaTh MMILYJIbC, NpEBpallasi ero B
YUPIUPOBAHHBIN C TOW K€ IIMPUHOMN CIIEKTpa, a popmupo-
BATb YAPIUPOBAHHBII UMITYJIbC C OOJIbIIECH ITUPUHON CIIEKT-
pa, TO MpHU CKATUM MOXKHO MOJIYYUTh MEHBIIYIO JJIMTEJIb-
HOCTh, COOTBETCTBYIOIIYIO IIIMPHUHE crieKTpa. Takoit mpuem
UCTIOJIb30BAJICS B TEPBBIX padoTax, AEeMOHCTPUPYIOLINX
stoT Metox [60]. st hopMUpOBaHUS BXOTHOTO YUPIUPO-
BAHHOTO UMILYJIbCA UCIOJIb30BAJIOCh COBMECTHOE ACHCTBHE
OCM u JI'C npu pacnpocTpaHeHUH TOCTATOYHO WHTEHCHUB-
HOT'O MMIIyJIbCa B OJIHOMOJIOBOM BOJIOKHE. B pe3syibrate
UMITYJIbC MPHOOPETAET MOYTH MPSMOYTOJIBHYIO OTrudaro-
LIYIO C UINTEJbHOCTBIO, NMPEBBIIIAIOIIEH TIepBOHAYATIBHYIO,
HO C JIMHEWHBIM M3MEHEHUEM HECYIIEe! 4YacTOThI B Ipeesiax
€ro JJINTEeJIbHOCTH.

IMosmid cBETOBO, Hemmeinas
A cpena

4)07 (xanmup)
- ———| n
=20 ¢c Kpunron (2 at™)

E = 40 mxIx [

| NN
Yupnupyroiee
3epKajo
Yupnupyroluee
3epKaJjIo i o
IO |45 g
p p E =15 mxIx

Puc.15. Cxema ycrpoiicta a1 renepanuu Y KU niurensHOCTBIO 4.5 (he
[65].

B [60] ucnonb3oBadcs nazep Ha Nd:YAG, uznyvarommii
HUMIYJIbCBI AuTesibHOCTBhIO0 100 1ic. OHU 3amycKainch B BO-
JIOKHO JJMHOU 1.4 KM, Ha BBIXOJIE KOTOPOTO MOJIyYaJINCh
MPAKTUYECKH MPSMOYTOJIbHBIE YAPIUPOBAHHBIE MMITYJIbCHI
umTeTbHOCTHIO 300 TIC C IMUPUHOU CIeKTpa 4 HM, 9TO COOT-
BETCTBYET JJIUTEIbLHOCTH ~ luc. ITocne ycuiaenust 1o sHep-
run 7 MJIX B ycuiMTesie Ha HEOJUMOBOM CTEKJIE UMITYJIbC
MPOITYCKAJICSl 4epe3 mapy IUQpakiIroHHBIX pemreTok. ITo-
Tepu B KoMIIpeccope cocTanJsiiiu okoo 50 %. B pesynbraTte
MOJIYy4aJICh UMITYJIbCHI C 3Heprueit 3 Ml 1 TN TETbHOCThIO
1.5 mc.

Jis GopMUpOBaHUS YUPHIUPOBAHHOTO UMITYJIBCA C 0OJIb-
LIOW IMPUHOM CTIEKTPa U €0 CXKaTUsl JO MUHUMAJIbHOM AJ1H-
TeJILHOCTH ObLTA UCIIOJIb30BAHA CXeMa YCTAHOBKH, IOKa3aH-
Has Ha puc.15 [65]. CnekTpasibHOE yIIMPEHHUE ¢ YUPIUPOBA-
HueM nocturaercs 6maronaps ®CM npu pacnpocTpaHeHUU
mornaoro YKMU B cxxatom nneptHom raze (Ar, Kr). [{iist toro
4TOOBI 00ECHeUNTh OOIBIIYIO IJIMHY HEJIMHEHHOTO B3aUMO-
JIECTBUS U TOJYYUTh HY)KHOE YIIUPEHHE CIIEKTpa, U3JIyde-
Hue Y KU 3amyckanoch B MOJIbIA HUJIWHAPUYECKHUA CBETOBO/I,
3aIOJIHEHHBIM MHEPTHBIM ra30M MO/I 1aBJICHUEM B HECKOJIb-
KO aTMocdep.

DTOT CBETOBO/JI MPEICTABJISII COOON KBAapIEBBIA KaIMII-
Jisip ayHo# 70 cM ¢ BHyTpeHHUM auamerpom 140 mxm. Ha
BXO0JI cBeToBOAa mocknaymch Y KU ¢ yactoToii moBTOpeHus
1kI'm, mmmtenbHOCThIO 20 ¢e 1 3Heprueit 40 mxIx (4 = 780
HM), KOTOpBbIE MOJIy4aJIUCh B YCTAHOBKE, COCTOSIIEH U3 Te-
HepaTopa u ycuiutesis Ha Ti:candupe. YVimpeHue cnekrpa
nocturaino 130 TI'm. Juis cxxaTust uCHOIb30BaJICs KOMIIpec-
COp, COCTOSIINIA U3 IPU3M U YHPIHUPYIOMHX 3epkai. [Tocie
CKATHS INTEILHOCTh UMITYJIBCOB cocTaBJsiia 4.5 ¢, snep-
rust — He MeHee 15 Mk k.

9. YCcTaHOBKHM NeTABATTHOI0 YPOBHSI MOIIHOCTH

[MpuMepamu ycrenrHOW pean3aiy MPUHIUNA YCUIICHUST
YUPIUPOBAHHBIX UMITYJIBCOB SIBJISTFOTCSI CBEPXMOIIHBIE JIa-
3epHBbIE YCTAHOBKH, CO3JaHHbIC B JINBEpPMOPCKOHN HalMOHA-
JibHOM Tabopatopuu uM. Jloypenca (CIIIA) u npegHazHayeH-
Hble IS UCCIIEOBAHMI B OOJIACTH YMPABISEMOIO TEPMO-
SIIEPHOTO CHHTe3a. [IMKoBass MOUTHOCTh U3JTyYE€HHS TOCTH-
raeT nNeTaBaTTHOr'O YPOBHS, UTO MO3BOJISIET IPU (POKYCHPOB-
K€ IMyYKa M0JIy4aTh HHTEHCUBHOCTH Topsiaka 102! Br/em?2.

9.1. I'uOGpnanas ycranoka Ha Ti:candupe n Nd:creke

B ycranoBke, nccienoBannoii B [61], B kauecTBe 3agaro-
IIETO TeHePATOPA UCTOJB3YyeTcs (PeMTOCEKYHIHBIN J1a3ep Ha
Ti:canupe. Braromapst HCKIIOYHTETHHO MMUPOKON MOJIOCE
YCUJICHUS] OH MOXET paboTaTh HA JJIMHE BOJIHBI POChHaTHOTO
Nd:crekna (4 = 1054 am). Imnynbe pacTaruBaics 10 3 HC
U YCWIMBAJICS B MHOT'OKACKaJHOU CHCTEME, COCTOSIIEN U3
CTep)KHEH W TUCKOB, HAKAYMBAEMBIX UMITYJIHLCHBIMU JIAMIIa-
mu. Yacrora cnenoBanuss YKU B Takoil ycTaHOBKE HE Ipe-
BBIIIIAJIa OJTHOTO UMITYJIbCca B 4ac. B KOHEUHOM Kackaje yCcH-
JICHUSI WCIOJIb30BAJIMCh TPH JUCKOBBIX MOJYJISl YCTAHOBKU
«Novay», KOTOpble TO3BOJISIFOT YCHJIMBATH MYYKH C TUAMET-
pom 31.5 cm.

Ha Brixone ycunurens sneprus gocruraia 1120 k. Bol-
XOJIHOH MY4OK KOJIITMMHUPOBAJICS 10 AuaMeTpa 56.3 cM u Ha-
IpaBJsjICS B BAKYYMHYIO KaMepy, COAEPKAIIYI0 KOMIpec-
cop Ha roJjiorpaduueckux IUGPAKIUOHHBIX PELIETKAX MET-
pOBOTO pa3zMepa. DHEPrusi CKATOro MMIYJIbca TOCTHraja
660 Ik, a ero UIMTEIbHOCTb MOXHO OBLIIO PETYJIMPOBATH OT
430 ¢c mo 20 nc. Takum 0O6pa3om, MaKCUMaJIbHASI TTUKOBAS
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MolHocTh npeBbiana 1 [1Bt. dokycupyroias cuctema oT-
pakarolleil ONTUKY MO3BOJISJIA OJIyYaTh HHTEHCUBHOCTD 10
0.7-10%! Br/cm2.

9.2. Ycranoska Ha Ti:candupe

st mocTrokeHus erine O0JIbIIeH HHTEHCUBHOCTH B TOM XKe
JlabopaTtopun OblLJIa CO3aHA YCTAHOBKA C UCIOJIb30BAHUEM
Ti:canupa u 115 reHepaTopa u sl yeuautens [62], koTo-
pas mo3BoJsia moaydats Y KU manoit mimre1sHOCTH U BEI-
COKOro KavecTBa. B 3TOl ycTaHOBKE B KOHEYHBIX KACKaJax
YCUJIUTEJISl UCTIOJIb30BAJIMCh IUCKOBBIE 3JIeMeHThI u3 Ti:cam-
¢upa c aneptypoii 10 10 cM, HaKauYKa KOTOPBIX OCYIIIECTBJISI-
Jach u3nydenueM BIT nmazepa Ha Nd:crekie «Janus» ¢ aHep-
rueii 150 Ix. B yctanHOoBKe HCIOJIB30BaIaCh (POKYCHPYIOIIAS
ONTHKA B BUJIE BHEOCEBOTO TapadoJionia ¢ muaMeTpom 15.24
CM ¥ cBeTOCIIION 1:2. PacXoAMMOCTh BBIXOHOTO Iy4YKa JIUIIb
1.5 paza npesblana JuGpakMOHHbIN Ipeaes. DHeprust 10-
crurana 15 JIx npu pmurensHoctH 75 de. brnarogaps BbI-
COKOMY KayecTBY Iy4yka U (POKYCHPYIOIIEH ONTHKH MHUKOBASI
MHTEHCUMBHOCTD npeBbimana 102! Br/cm?2.

9.3. Toay4yenne GpeMTOCEKYHIHBIX HMITYJIHCOB
PeSTHBHCTCKOIl HHTEHCHBHOCTH
€ KHJIOrepUoBoii 4acTOTOll NOBTOpPEeHUst

Pa3BuTre Ja3epHBIX CHCTEM MOIIHBIX (PeMTOCEKYHIHBIX
UMITYJIbCOB IIPUBEJIO K BO3MOXXHOCTH UCCIIEJOBAHUN HOBOTO
peXrMa B3aMMOJCUCTBHS U3JIYUEHHS C BEIIECTBOM, IPH KO-
TOPOM HEJIMHEHHBIN XapaKTep B3aUMOICHCTBUS 00YCIOBIICH
PEJISITUBIUCTCKUM ABIDKEHUEM 3JIEKTPOHOB B IOJIE CBETOBOM
BOJIHBI. Takoi pexkuM BO3HUKAET, KOT1a KHHETHYECKasl JHEeP-
TS 2JIEKTPOHA, HaObWpaeMasi 3a OJMH MEPHOJ dJIEKTPOMar-
HUTHOTO TIOJIsl, CPABHUMA C YHEPTHEH MOKOsI 3JieKTpoHa. [1pu
9TOM MHTEHCUBHOCTb U3JIYUEHHS YAOBJIETBOPSET COOTHOIIIE-
HUIO

2% > 10'8 Br-cm2-MrM2.

B onucaHHbBIX BBILE YCTAHOBKAX TAKOH PEXUM JIETKO J0-
cturaercs. OQHAKO OHU SIBJISIFOTCSI YHUKAJILHBIMH COOPYIKe-
HUSMHU U pabOTAKOT C MaJIOH 4acTOTOW MOBTOPEHHUSI, YTO
CHJIBHO 3aTPYJHSET IPOBEIEHUE CUCTEMATUUECKUX UCCIIE0-
BaHmii. B nociennue roas 661M pazpaboTaHbl KOMIAKTHBIE
(pa3MenaemMble Ha ONTHYECKOM CTOJIE) U OTHOCUTENILHO Je-
meBble yctanoBkH [103, 104], cnocoGHbIe renepupoBath Y K
¢ mmrteabHocThio 15—20 (¢ u 3neprueit 0.7—1 mIx npu
yactoTe moBTopenusi 1 k' u ¢ BOCIPOU3BOIUMOCTHIO BbI-
XOJIHBIX IapamMeTpoB Ha ypoBHe 1 %. Bricokue yactora mo-
BTOPEHUSI, BOCIIPOM3BOIMMOCTD U Ka4eCTBO Iy4Ka, OJIM3K0e
K JU(PPaKIMOHHOMY Tpeneiy, JOCTUTAI0TCs O1aroaaps Ha-
Kayke MOIIHBIMH Ja3epHbIMH AuoAaMu. Bbicokoil Hampas-
JICHHOCTH IIyYKa CIIOCOOCTBYET MPHMEHEHHE B ONTHYECKON
CHCTEME YCHUJICHUSI YUPIUPOBAHHBIX IMIYJIbCOB aalITUBHO-
r'0 3epKaJia, ynpapJisseMoro koMmbrotepoMm. [1pu pokycupos-
K€ M3JIy4eHHUs BBICOKOKAYECTBEHHOW OITHUKOW (BHEOCEBOU
napaboJiony co ceeTocwyion 1:1) gocturaercst pasMmep nst-
Ha He OoJiee 1 MKM, 4TO MO3BOJISIET HOJIYYaTh HHTEHCUBHOCTh
PEJIITHBACTCKOTO YPOBHSI.

OTMeTHM, YTO 3TH YCTAHOBKU SIBJISIFOTCS YHUKAJTHHBIMA
WCTOYHUKAMH KOHIIEHTPUPOBAHHOI'O ONTHYECKOTO H3JIyve-
Husl. [eiicTBuTenbHo, 3Heprus 1 Mk cOOTBETCTBYET IpPH-
Mepuo 10!° ¢or., mmomans matHa (GOKYCHPOBKH paBHA
~107% cM2, a MPOTAKEHHOCTh MMITYJILCA B MPOCTPAHCTBE
cocTapyseT 6-10~* cM. DTo 03HAUaeT, 4TO B POKATLHOM 06-

JIACTU JIOCTUTAETCS KOHIEHTparus (GOTOHOB mopsaka 1027
(GOT./cM3, UTO HA HECKOJBKO MOPSAAKOB HPEBBILAET ILIOT-
HOCTb @TOMOB B TBEPIOM TeJIe.

10. ITpumenenusi peMTOCEKYHIHBIX JIa3€POB

VHEKaJIbHBIE CBONCTBA (DEMTOCEKYH/IHBIX JIA3€POB OIpe-
JIEJSIFOT UX [IUPOYAMIIIe MTPIMEHEHNS B PA3JIMYHBIX 00JIac-
TSIX HAYKW, TEXHUKHA U MeOUIUHBL. D) PeKTHBHOCTH MpaKTH-
yeckoro ucmnosb3oBanus YKUM mMoxkeT ObITh 00ycioBIIeHA
MUHUMAJIBHON JJIMTEJIbHOCTHIO MMITYJIbCA W CBSI3aHHOU C
HEIO MaJIO BpeMEHHON KOT€PEHTHOCThIO, MAKCUMAaJTbHBIMU
MUKOBO MOITHOCTBIO M HHTEHCHBHOCTBIO, OOJBIIMMH Bpe-
MEHHOU KOTE€PEHTHOCTBIO U CpEeIHEH MOIIHOCTBIO IIyra
VKU. Huxe nepeunciiensl ocHOBHbIe nmpuMeneHnss YKU ¢
YKa3aHUEM KJIFOUEBOTO MapaMeTpa XapaKTePUCTHKH U3JIyve-
Husl. OYEeBUIHO, YTO B paMKax OJHOI0 00630pa HEBO3ZMOXXHO
JlaXe KPaTKO PaccMOTPEeTh BCE BO3MOJXKHBIE HMPHUMEHEHUS,
MO3TOMY OTPAHMYMMCS YIOMHHAHHUEM JIMIIb TeX, KOTOPBIE
CBSI3aHBI C IPEICIbHBIMY MTApAMETPAMU U3JTyUCHUS U PeaIn-
30BaHBI B I1OCJIE/THEE BpEMSI.

ITpuMenenust B Hayke

1. ITpuMeHeHnsl, OCHOBaHHbIE HA MUHUMAJIbHOM AJIUTEJIb-
HOCTHU HMITYJIbCA:

— HEJIMHEMHA s ONTHUKA;

— BOJIOKOHHASI OTITHKA, OIITHYECKIE COJIUTOHBI;

— HMCCJIEJIOBAHMS CBEPXOBICTPBIX SIBJICHUH METOIOM BO3-
OyX[1eHHne —30HAUPOBAHME; CIIEKTPOCKOIMUSI C BPEMEHHBIM
paspelieHuem;

— IBYX- ¥ TpeX(OTOHHASI MUKPOCKOTIHST;

— bemTOXIMHS;

— TepareploBble MYYKH U KOTEPEHTHAsI BpeMeHHAs Pyphe-
CHEKTPOCKOTIHSI.

2. IlpuMeHeHus, OCHOBaHHbIE Ha BBICOKON KOT€PEHTHO-
CTH HeTlpephIBHOU nocienoBaTeapHoct Y KU:

— TpeNM3MOHHAs CIEKTPOCKOMNUs, BKJItoYass MHOTodo-
TOHHBIE NIEPEXO/IbI;

— abCoJIFOTHOE M3MEpPEHUE ONTHYECKUX YaCTOT, ONTHYE-
CKHUE CTaHAAPThI YACTOTHI;

3. IlpumeHeHusi, OCHOBaHHbIE HA BBICOKUX MOIIHOCTH,
MHTEHCUBHOCTH M HATIPSDKEHHOCTH TIOJIEH B CBETOBOI BOJIHE:

— JIa3epHas I1a3Ma, ICTOYHUKH PEHTT€HOBCKOI'O U3JIyye-
HUS;

— PEJISITUBUCTCKUM PEXXUM B3aUMOIECHCTBUS U3JIYUEHHUS C
BEILIECTBOM;

— YCKOPEHHUE JIEKTPOHOB;

— HaInpaBJIeHHbIE TIYYKN PEHTTEHOBCKOTO U Y-U3ITyUeHUS;

— 3KCIIEPUMEHTHI 110 HEJIMHEMHON KBAHTOBOH 3JIEKTPOIU-
HAMHUKE;

— MHUIUUPOBAHUE (POTOSIIEPHBIX PEAKIUN, OBICTPBIH MO/I-
SKUAT TEPMOSIIEPHON PEAKIINU.

4. IlpumeHneHus, CBSI3aHHBIE C BBICOKOW MOIITHOCTHIO M-
MyJIbCOB ITUTEILHOCTHIO HECKOJIBKO CBETOBBIX IEPHOIOB!

— TeHepanusl BBICIINX TAPMOHHUK BIUJIOTH JI0 PEHTTEHOBC-
KOT'O JMana3oHa;

— TeHeparusi UMITyJ1bcoB BY® 1 MArkoro peHTreHoBCKO-
T'0 U3JIyYEHUS] ATTOCEKYHTHOW JIINTETHLHOCTH.

ITpuMenennst B TeXHHKe

1. CBepxOBICTpOIEHCTBYIOIIAST ONTOIIEKTPOHUKA; OC-
nuIIIorpadus ¢ CyONMKOCEKYHIHBIM Pa3peIieHUEeM.

2. KoHTpOJIb 3JIEMEHTOB MUKPOAJIEKTPOHUKH.

3. BomokoHHO-ONITHYECKAsI CBSI3b CO CKOPOCTBIO Iiepe-
nauu uapopmaruu ~ 1 Tout/c.

4. Tlpenm3uonHas 00paboTKa MaTEPUAJIOB.
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5. Cucrembl U300paXkeHHs HA TEPArepIOBbIX YACTOTAX.
6. Paznienenne u30Tomnos.

ITpumenennst B MeuIiHe

1. OnTuyeckast KOTepeHTHAsI TOMOT padusl.

2. Ipenm3noHHas XUPYPTHSI.

3. M3roToBJieHUE KapAOJIOTMYECKUX MUKPOIIPOTE30B.
4. IByx(otoHHas poTOAMHAMUYECKAS TEPATIHS.

10.1. OnTH4eckasi KorepeHTHasi TOMOrpadust

DTO0 NpUMeEHEHHE CBA3aHO C HEOOXOIUMOCTBIO HCIOJIB30-
BaHUs W3JIYYCHUS C MUHHMAJIbHOM BPEMEHHOUW KOTEpEHT-
HOCTBIO, KOTOpasi BO3HUKAET MPU MUHUMAJILHOHN JINTENb-
HOCTH uMIyjibca. OnrTudeckasi TomMorpadus ¢ UCIOJIb30Ba-
HueM YKU no3BosiseT mojyyaTh M300pakeHUs B CHUIBHO
paccenBaromux cpenax. [IpUHINI ee aHAJOTUYEH YJIbTpa-
3BYKOBOUW HHTPOCKOTIHH, IIIUPOKO IPUMEHSIEMO B METUITTHE
(V3U puarnoctuka). biaaronaps ucnojib30BaHUIO ONTHYEC-
KOT'0 M3JIyYeHHsI MOXHO 3HAYHTEJHLHO MOBBICUTH IPOCTPAH-
cTBeHHOEe paspemienue. [IpaBaa, CHIBLHOE paccessHue CBeTa B
OMOTKAHSIX HE MO3BOJISIET MOJIyYaTh M300paKeHUs HA TIIy-
OuHe, mpeBblIatoNIei 2—3 MM, HO JaXe IPU TAKOM OTpaHH-
YEeHUM 3Ta TEXHMKA OKa3bIBAETCS MOJIE3HOU [JII MUKPOXH-
pypruu.

CyTb METOIWKH 3aKJTIOYAETCS B TOM, YTO PACCESTHHBIN
00BEKTOM TYYOK HHTep(epupyeT ¢ onopHbiM. M3MeHsis 3a-
TIEPXKKY MEXKTy HUMH, MOXHO TOJYy4aTh HHTEP(EPEHIHIO C
CHUTHAJIOM W3 Pa3HOU TJIyOWHBI. 3aepiKKa HEMPEPHIBHO CKa-
HHUpyeTcs, 61arogapsi 4eMy 4acToTa CBETa B OJHOM M3 My4-
KOB cMelaeTcs BeseacTsue agdexra Jomaepa. 3To mo3Bo-
JISI€T BBIIEJUTH CUTHAJ MHTepdepeHn Ha CHIbHOM (hoHe,
o0yciioBIeHHOM paccestareM. C IOMOIIBIO CKAHUPOBAHUS U
00pabOTKM CHTHAJIOB CTPOSITCS M300paKeHUS pa3HbBIX HCCJIe-
JlyeMBIX CJI0oeB Ouosornueckoit Tkanu (romorpadusi). Coppe-
MEHHbIE KOMIBIOTEPHI MO3BOJISIIOT IPOU3BOAUTH TaKyto 00-
paboTKy AOCTATOYHO OBICTPO U MOJIyYaTh W300pakeHUE B
peastbHOM MacmiTabe BpeMeHH. [IpocTpaHCTBEHHOE pa3pe-
IIeHNe TI0 TJIyOWHE OIpeesieTcss BpeMEHHON KOTE€PEeHTHO-
CTBIO CBETOBOTO UCTOYHUKA. UeM MeHbIIIe KOTePEHTHOCTD,
T€M MEHbIlIe MUHUMAJIbHASI TOJILMHA Cpe3a U300paKeHUs
HM3y4aeMoro 0ObeKTa.

OOBIYHO B Ka4eCTBE UCTOYHUKA M3JIYUCHHS HCIOIb3YIOT
cynepiromuHectueHTHbIN nuoJ. Hupuna ero cnexkrpa (32 HM)
MO3BOJISIET MOJIYYUTh MPOCTPAHCTBEHHOE pa3pellieHre, paB-
Hoe 11 MkM. D PekTHBHOCT TAKOW METOIUKH ObLjIa yCIIEII-
HO npoaeMoHcTpupoBaHa B [105]. B pabote [80] B kauecTBe
MUCTOYHUKA U3JTyUYEHHS UCIIOJIh30BaJICs Jiazep Ha Ti:candupe,
U3ITyYAIOIUi UMITYJIbCHI JJIMTEILHOCTRIO MeHee 5 de. DTo
MOBBICHIIO MPOCTPAHCTBEHHOE pa3peleHne 10 1.5 MKM U 1o-
3BOJIMJIO YBEJIMYUTh YyBCTBUTEIHLHOCTD 34 CUET YBEJIMUCHUS
MoLIHOCTU. B pe3ysbTaTe yaanoch MoayuYuTh U300paxeHus
KJIETOK OMOJIOTHYECKUX TKaHEH, C MPOCTPAHCTBEHHBIM pa3-
perierreM, OJIM3KUM K TUDPAKIIMOHHOMY IIpeIeTy ONTHYEC-
KO MUKPOCKOINH, HO U3 TJIyOWHBI CHJIBHO paccenBarolieit
TKaHH.

Taxum o6pazom, B [80] mpoaeMOHCTpUpPOBaHA BO3MOX-
HOCTbh TOJIY4eHUsT MU300pakeHHsl KJIETOK in Vivo, mpuyem
BHJHBI UX JIpa, YTO MO3BOJISIET, HATIPUMED, IPOBOAUTH OU-
OTICHIO TKaHU HETOCPECTBEHHO BO BPEMsI OTIEPAIINY IIPH JIe-
YEeHNH OHKOJIOTHYECKUX 3a00JIeBaHMU. DTa TEXHHKA TaKXkKe
MOJIE3HA MIPH JICUCHUH TJIAYKOMBI.

10.2. OnTHyeckne CTaHIAPTHI YACTOTHI

DTO NMpUMEHEHHE CBS3aHO C BHICOKON BPEMEHHOM Kore-
PEHTHOCTBIO HEMPEPHIBHON ITOCIIEAOBATEILHOCTH (heMToce-
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Puc.16. CxeMa, OsICHSIFOIIA S| TPHHIAI I3MEPEHHSI A0COIFOTHOM 4aCTOTEI
C IOMOILIBIO KOMO-reHepaTopa

KYHIHBIX UMITYJIbCOB. U1 CO3AaHMsI ONTHYECKUX CTaHaap-
TOB YaCTOTHI HY)KHO UMETb BO3MOXHOCTh M3MEPSThH ONTH-
YECKYIO0 YaCTOTY (HECKOJIBKO COT Teparepi) OTHOCHTEIbHO
MEXTYHAPOTHOTO CTAHIAPTA CEKYHIIbI, OMPEILIIIEMOTO MO
CBEPXTOHKOMY PAaCIICIUICHHIO OCHOBHOTO YpPOBHS 1e3usi (B
o6nactu 9.2 I'T).

B HemaBHEM HPOLLIOM JISl 3TOTO UCMOJIb30BAIOCH IO-
CJIEJOBATEIbHOE YMHOXKEHHE YaCTOTHI BIUIOTH /IO ONTHYEC-
KOH 4YacCTOTHI, MOJIexXaIneil n3mepennto. Heodxonumoctsb
MEePEKPBITUSL OOJIBIIIONO YACTOTHOTO IUANA30HA JIEJIajl0 3TH
[EMOYKA YMHOXHUTEJIEH OTPOMHBIMU COOPYKEHUSIMU C TIPO-
MEXYTOYHBIMHU CTaOUIM3UPOBAHHBIMY JIa3€PaMU ITAJIbHETO
u cpeguero MK nmama3zoHOB, HEJIMHEWHBIMHU 3JIEMEHTAM,
U3MEPUTETHbHBIMA TPUOOPAMHU U TIP. DTH YCTAHOBKH Tpe-
OYIOT JIEIMKATHOTO OOpAIlleHUs W KaX/aasi U3 HUX MpeHa3-
HaveHa TOJIbKO IS OJHOM ONpe/esIeHHONH ONTUYECKO’ vac-
TOTBI.

Taxasi nienovyka YMHOXUTEJICH MOXET OBbITh 3aMEHEHA
KOMO-TeHEpaTOpOM C ONTHUYECKUMH YaCTOTAMH, MHTEPBAJ
MEX/Ty KOTOPBIMH JISKUT B PaIUOIAANIA30HE. DTH YaCTOTHI
MEPEKPBIBAIOT MHTEPBAJ MEXIY U3MEPsSIeMON YacTOTON Jia-
3epa fopt U ee BI' 2fop (puc.16). Ecn uHTEpBan rpedeHKH
CTaOWJIeH U U3MEPEH C JOCTATOYHOH TOYHOCTBIO, TO, U3Me-
PUB Pa3HOCTb YaCTOTBI Af] MEXY fopt U Oyikaliiei uacro-
TOI KpacHOH uyacTu rpebeHkH, a Takxe Afy MexIy 2fop U
Okaifiielt 4acToTo CUHeH YacTu TpeOeHKH, MOXHO Iepe-
CYUTATh YUCJIO YACTOT N MEXIy HUMH M TEM CaMbIM OIIpe-
NIeJIUTh UCKOMYIO YacToTy. M3 puc.16 BumHO, 94TO omTUvec-
Kas 4aCTOTa fop; CBSI3aHA C YACTOTAMH, U3MEPSEMBIMU B Pa-
JTNOTATIA30He POCThIM cooTHOIIeHHEM Af] + NAF + Af; =
2fopl *fopt :ﬁ)pt-

ITockosbKy cHeKTpasibHAS IIMPUHA U3JTy4eHUs] KOMO-Te-
HepaTopa OOpaTHO NPONOPLUOHAIbHA IIIUTEIBHOCTH UM-
MyJIbCa, KOTOPasi MOKET HE MPEBBILIATH 5 (e, TOSBUIACE BO3-
MOHOCTB CO3/TaHUS 'PEOCHKH YaCTOT, TPOCTUPAIOILEHCS Ha
necsiTku Teparepu. beuo nmokazano [81], 4To jerko uamepsie-
Masl ¥ yIpaBJisieMasi 4acToTa CJeTOBAHUS UMITYJILCOB paBHA
MEXMOJ0BOMY HHTEPBAJIY B IPeAeaX TOYHOCTH U3MEPEHUI
(oxommo 10'%) 1 yTo yacToTHAs rpebeHKa PABHOMEPHA JAXKe
TP CHEKTPAJTBHOM YIIMPEHUH B BOJIOKOHHOM CBETOBOJIE C
MEKPOCTPYKTYPOH CEepIIeBUHBI B BHAe (HOTOHHOTO KpHUC-
tama [84] ¢ TouHOCTRIO ~ 107!, Mcmomp3oBanme 3TOTO
MOX0/Ia TMO3BOJIUJIO MPOBECTU TPEIM3MOHHBIE U3MEPECHUS
4acToThl nepexoqa 1S — 2S5 B atome Bogopoaa [106], koro-
pas oxa3anach paBHO# 2 466 061 413 187 103(46) I'u. B no-
cJieiHee BpeMsl yaajioch mojay4uTh [107] rpebeHKy 4yacToT B
BOJIOKHE C KOHYCHBIMH YCEUEHUSIMH, MPOCTUPAIOIIYIOCS OT
370 no 1545 um, ucnionb3ys nasep Ha Ti:candupe, u3aydaro-
wuit YKU purensHocthro 70— 100 dc.

Hapo ckazaTth, 4TO HCHOJIB30BATH HENPEPLIBHBIA IIyT
VKU nnst mpenu3noHHBIX U3MEPEHUN ONMTHUYEeCKMX YacTOT
BrepBbie npepoxmit B.I1.Uebotaes [108]. Ero mpemmoxe-
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HuUe ObLI0, IO-CYIIECTBY, CBOCOOPA3HBIM IIEPEHOCOM B OIITH-
YeCKYIO 00J1aCTh METOIa Pa3AeJICHHBIX OCIIJLTUPYIOLINX 10~
JIel B paJuoIMana3oHe, 3a pa3pabotky kotoporo H.Pamcu
nosryurst HobeneBckyro mpemuto.

10.3. IMpemu3uonHas 00padoTKa MaTepHAJIOB

OOpaboTka MaTepuaioB yJIbTPAKOPOTKUMH UMITYJIbCA-
MH — BXXHOE TEXHOJIOTHIECKOE IPUMEHEHHE JIa3epoB, TpeOy-
Folllee 3HAYUTENILHON cpemHelt MonHocTH. JlazepHast oOpa-
60TKa MaTepHaIOB OCHOBaHA HA JIOKAJIBHOM TEIIOBOM BO3-
JIECTBUU U MOCJICTYFOIIEH a0JIsIiuy — yAaIeHu MaTepuasa
BCJIEJICTBHE TUIABJICHUS, HCIAPEHUs], CKaJbIiBaHus. JlazepHas
MUKPOOOPabOTKa BaXKHA JJIs1 TEXHOJIOT MM COBPEMEHHOM 3J1e-
KTpoHUKHU. ECTeCTBEHHO, YTO HAMMEHBIIINE Pa3Mephl MsTHA
(hOKYCHPOBKY OTIPEIEISIFOTCS JJIMHON BOJIHBI, ¥ TIO3TOMY JIJIS
MHKPOOOPAOOTKY € yCIIEXOM MPUMEHSFOTCS 9KCUMEPHBIE J1a-
3epbl YO nuanazona. OQHAKO UX U3JIyYEHUE CHJIBHO IOIJIO-
IIAeTCsl BO MHOTUX MPO3PavyHbIX MaTepHajiax, 4YTo AesIaeT
BO3MOXHOI 00pabOTKy TOJIBKO TOBepXHOCTH. [JIsl J1a3epoB
¢ A <200 uam (ArF-nazep ¢ A = 193 HM) BO3HUKAET TaKXke
npobjeMa paguanuoOHHOTO MOBPEXIACHUS (POKYCUPYIOIICH
ontuku. MccneqoBanust mokasajd, 4To ¢ nomMoiso YKHN
MO>HO IPOU3BOJIUTD HE TOJIHKO MOBEPXHOCTHYIO, HO M 00b-
E€MHYI0O MUKOPOOPabOTKY (B CiIyuae Mpo3payHbIX MaTepua-
JIOB) C TOYHOCTSIMU HE XYX€ TOCTUTHYTOW HPU HCIHOJIB30-
BAaHUU 3KCUMEPHBIX JIA3epOB, HO, B OTJINYUE OT HHUX, C TO-
MOIIIBIO ONTHKY BUIUMOTO auana3ona [109].

Ocob6enHocThio J1azepoB YKU siBiisieTcst BBICOKAast MHTCH-
CHBHOCTB, 6J1arofapsi KOTOPOi pe3Ko BO3pacTaeT poJib MHO-
TOKBAHTOBBIX MPOIIECCOB. DTO OOCTOSITENLCTBO, & TAKKE HC-
KJIFOYHTETBHO MaJiasi IPOAOJDKUTETLHOCTD BO3AeHCTBHS (HyH-
JIAMEHTAJILHO U3MEHSIFOT MEXaHHU3M B3aUMO/ICHCTBUS U3JTY-
4yeHus ¢ BerecTBoM. B ciryuae YKU, Gi1aronapst uX BRICOKOU
WHTEHCUBHOCTH, 3aTPABOYHBIE 3JIEKTPOHBI MPOU3BOISATCS
MHOTO()OTOHHOU MOHU3AIMEW, a He mpuMecsaiMu. [1oaTomy
MIPH JOCTATOYHO BBICOKOW MHTEHCUBHOCTH HET CTATHCTHYE-
CKOTO pa3dpoca B moporax npo0osi U, cleI0BaTeIbHO, MPO-
00if U BJIOXKEHHYIO B CPEy SHEPTHUIO MOXKHO TOYHO KOHTPO-
JupoBaTh. BeileacTBue BBICOKOM HANPSKEHHOCTHU 3JIEKTPO-
MAarHATHOTO TOJIS 3JIEKTPOHBI PA30TPEBAIOTCS 10 OOJBIIUX
TEMIIEpATyp, a4 3aTeM, YK€ IOCJIe OKOHYAHUS HMITYJIbCa,
MPOUCXOAUT MOCIIEIYIOIIAs Mepeiaya IHEPTUU OT IJIEKTPO-
HOB K HoHaM. [TockoJIbKy HauaIbHASI TEMIIEPATYPa AJIEKTPO-
HOB OYEHb BBICOKA, TEMIIEPATypa HOHOB TAKXKE MOXET CTATh
GoJIblIIel, YeM NpU HCNOJIB30BAHMU JJIMHHOTO HMITYJIbCA.
Banbiast moss BemiecTBa OyAeT UCHApSThCS BHYTpU (o-
KaJIbHOTO 00beMa, OYeHb OBICTPO Mpoxois (a3y rmiasJe-
Hus. M3-3a TOro 4To B mporecce abJAMuM B KUIKYIO (dasy
BOBJICYCHO MEHbIIIE BEIIECTBA, UCYE3AI0T KAIUIM pacIiaBa U
rpaHuna oopabOTKU CTAHOBUTCS PE3KOM.

B akcniepumenTax [109] ObLIM 1OJTyYeHBI OTBEPCTHS AKA-
metpoM 0.3 MKM B IIeHKe cepebpa 1 MeHee | MKM B TLIaB-
JICHOM KBapIie, XOTsI UMITYJIbCBI OT Ti: candupoBoro naszepa
Ha jymHe BoJIHBI 790 HM (1 = 200 ¢c) B mepBom ciydae ¢o-
KYCHPOBAJIKCh B MATHO JUAMETPOM 3 MKM, & BO BTOPOM
(t = 60 ¢c) — B naTHO AaMeTpoM 5 MkM. CTOoJIb MaJible pa3-
MepbI OTBEPCTUH (MEHbIIE AUPPAKIIUOHHOTO) 00YCIOBIICHBI
TOYHBIM KOHTpOJIeM uHTeHcuBHOCTH Y KU u moctmxkennem
mopora abJiIIuu B MaJioil 00JIACTH B IEHTPe (HOKAIBLHOTO
MSATHA.

Jutst Takux npumeneHuit Tpedyrorces tazepblY KM ¢ 601b-
IIOM CpeJHel MOIIHOCTBEO. B 4acTHOCTH, MOXET OBITH UC-
MoJIb30BaH Jiazep Ha Yb:YAG ¢ auomHo#t Hakaukoi [110].
ITpobyiema TemI00TBOMAA, KJIFOUEBast Ui BHICOKO# cpeTHel

MOIIIHOCTH, B 3TOM JIa3epe pellaiach NyTeM UCIOJIb30BaHUS
AKTHBHOTO 3JIEMEHTA B BUJE JUCKA C BBICOKOOTPAXKAIOIIIM
MOKPBITUEM TOJIIMHOM 220 MKM, TOMEIIAeMOTro Ha XJIaJo-
npoBo/I. Jlazep m3ayuas uMIyiabcel (A = 1030 HM) IIuTeNb-
HOCTBIO 730 (e co cpeaneit MOIHOCTRIO 16.2 BT.

10.4. I1pumenenusi, cBsi3aHHbIE
€O CBePXBBICOKOIl HHTEHCHBHOCTHIO

Konnenrpamus snepruu uzinyuenus: B Y KU npusogut
CBEPXBBICOKOW MHTCHCUBHOCTHU M K CBEPXCHIIbHBIM 3JIEKTPO-
MAarHUTHBIM TOJISIM. [1py 9TOM BO3HHUKAIOT HOBBIE PEKUMBI
B3aUMOJCUCTBUS JIA3ePHOTO M3JIYUYCHUS C BEILIECTBOM H, B
YaCTHOCTH, C IJIA3MON. DTH peXXUMBbI 00YCIOBJICHBI YHUKAJIb-
HBIMH XapaKTePUCTUKAMU HM3IYUYSHHs], MPHUCYIIIMHU COBpE-
MeHHBIM ycTaHoBKaMm Y KU.

K Ttaxum xapakTepucTiKaM Mpex/Ie BCero OTHOCUTCS JJIH-
tenbHOCTh YKU (Menee 100 ¢c), koTopast MeHbIIIE JTFOOBIX
BPEMEHHBIX HHTEPBAJIOB, ONMPEICISIONINX THAPOANHAMMIYE-
ckue nBrmKeHHs B muazMe. CyIIecTBEHHYIO POJIb UTPAIOT U
OTPOMHBIE JJICKTPUUYECKUEe ¥ MarHUTHBIE ToJisl. [1pn WHTEeH-
cuBHOCTSX 102! BT/CM?, TOCTHXKUMBIX B HACTOSIIEE BPEMS,
HANIPSKEHHOCTD 3JIEKTPUIECKOr0 moJist gocturaet 1012 B/em,
uTo OoJiee ueM B 100 pa3 mpeBbIIaeT HANPSKEHHOCTb KYJI0-
HOBCKOT'O TIOJIsl HA TIepBOil OOPOBCKOW OpOUTE aTOMa BOIO-
pona. Haxonen, 310 gocturaromas 3-10'° Ix/cm? rurant-
CKasi JIOTHOCTb SHEPIUH, COOTBETCTBYIOIIAS TeMIEpaType
yepHoro tena ~ 10 x3B. Takue BeIMUUHBI XapaKTEePHBI 115
SIIEPHOTO B3pbIBA. B 3TUX yclIOBUSX IBUXKEHHE 3JEKTPOHA
CTAHOBUTCS CYyTy00 PeIITUBUCTCKUM. M3-3a 0THOBpEMEHHO-
ro neiictBus cmuibl JIopeHna 3J1eKTpOH B JIMHEWHO IOJISPH-
30BaHHON BOJIHE ONMCHIBAET TPACKTOPHIO B BUJIE «BOCHMED-
KI», & ero JBUKCHHE CTAHOBUTCS CUIILHO HEeJIMHEWHBIM. Pac-
CMOTPHUM HEKOTOPBIC MPUMEHEHHS CBEPXMOIIHbIX Y KU.

T'enepayua evicuiux zapmonuk. BzaumopeiicTBue UHTEH-
CHBHOT'0 JIA3€PHOTO U3JIyYeHUS] C AaTOMAMK HHEPTHBIX Ta30B
MPUBOJUT K T€HEpPAIlH BBICIIAX TAPMOHUK OCHOBHOW Yac-
TOTHI [111], mpryeM UX U3ITyUYeHHE TPOCTUPAETCS B OOJIACTh
BY® u msrkoro pentrena. I[TogpobHoe paccMoTpeHHe Mpo-
ILIECCOB, JIEXAIIUX B OCHOBE 3TOTO SIBJIEHUS, JaHO B 0030pe
[112].

Korna MHTEHCUBHOCTD JIa3€pHOTO U3JIyYEHUS MPEBbIIIIA-
et 10'* Br/cM?, CyIIeCTBEHHOM CTAHOBUTCS (POTOMOHU3AIIAS
ATOMOB, KOTOPYIO MOXHO paccMaTpUBATh KaK MPOIECC KBa-
3UCTATUYECKOTO TYHHEJUPOBAHUS B CHJILHOM 3JIEKTpUYEC-
KOM I10JI€ CBETOBOW BOJIHBI, HAJIO)KEHHOM Ha KYJOHOBCKOE
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PEHTIeH), pPacCUNTAHHAS UIS ABYX PAa3HBIX 3HAUCHUH aOCOIIOTHOI a3kl
[113].
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moJjie aTOMHOro sifipa. OCBOOOX IEHHBIE AJIEKTPOHBI YCKOPSI-
FOTCS B TOJIE JIA3ePHOM BOJHBI M MOTYT 3aT€M CTOJIKHYTHCS
JIN0O C HIOHOM, OT KOTOPOTO OHM OTOPBAJIMCH, JINOO C OKPY-
XaromuMu nonamu. [1pu pekoMOMHATINM HCITycKatoTcs (o-
TOHBI C HEPTHEH, paBHOW CyMMe TMOTEHIMAJIa WOHU3AINU
W KUHETUYECKOU SHEPruu, MPUOOPETEHHOM B TIOJIE JIa3epHOU
BOJIHBI. ['apMOHMKM BO3HHMKAIOT M3-32 TOTO, YTO ITOT 3Je-
MEHTApHBIA TPOIECC MOBTOPSETCS KBA3UIEPHOJIUYECKH C
YACTOTOH JIA3EPHOTO M3JTYUCHHS.

Ecnu 1M TeIbHOCTh MMITYJIbCA COKPAIIASTCS 10 HECKOJIb-
KHX TEPUOJIOB CBETOBOM BOJIHBI, TO MOHU3AIUST MOXKET MPO-
HU30UTH 32 BpeMsl, cocTaBJIsifolIee oo nepuoaa. [lpu atom
9JIEKTPOH HE yCIeBaeT OTOPBAaThCs OT aToMa. MHBIMH clio-
BaMH, CTOJIb KOPOTKHE UMITYJIbChI TIO3BOJISIIOT OUEHb PE3KO
«BKJIFOUATB» BBICOKHE TOJISI, TPEBBIMIAIOIINAE TOJIE, CBS3BI-
BaroIIee JIEKTPOH C AaTOMOM, M TEM CAMbIM BO3/ICHCTBOBATH
Ha HEJIMHEHUHBIA 0OBEKT (ATOM + 3JIEKTPOH) MOJISIMHU, 3HAYH-
TeJHHO OOJIBIIMMU TeX, YTO JOCTATOYHBI sl HOHU3AIMH. B
JTAaHHOM CJIyyae HEeJHMHEWHOE B3aMMOJEHCTBHE CTAHOBUTCS
CYIIECTBEHHO 3aBUCHMBIM OT (Da3bl 3JIEKTPOMATHATHOH BOJI-
Hbl. MumrocTpanueit 3Toro CIIyXUT IoKa3zaHHas Ha puc.l7
[113] sBOJIFOIMSI KHTEHCUBHOCTH BBICHINX TapMOHUK (BY O,
MSTKHI peHTIeH) B [T0JI0ce AJIMH BOJIH, cocTaBisitomiet 10 %
oT A =3.2 HM, IUI ABYX Pa3HbIX 3HAYCHHN AOCOJFOTHOMN
(daspl. Pacuer mpoBoamiics B MPEANOIOXKEHAN B3aUMO/IEH-
CTBUS JIMHEWHO MOJISIPU30BAHHOTO M3ydeHus (4 = 750 HM)
IIpU JUIMTEILHOCTH UMITYJIbca 5 ¢ 1 mHTeHcHBHOCTH 2- 101
Br/cM? ¢ renem npu gasinennu 500 Top. Bumuo, 4to mpu
OIHOW U TOW ke orubaroieil MHTEHCUBHOCTh KOPOTKOBOJI-
HOBOTO U3JIyYeHUs U (HOpMa ero UMITYJIbCa CHIIHLHO 3aBUCST
oT (a3bl. DTO CBUIETENBCTBYET O TOM, UTO BIEPBBIE OTKPHI-
JIACh BO3MOXHOCTD M3yueHUsI 3p(PexkTOB HEeTMHEHHON ONTH-
KM, HETIOCPEJCTBEHHO 3aBUCSIIUX OT a0COFOTHO# (ha3bl CBe-
TOBOM BOJIHBI [85].

MaxcuMaibHble SHEprud (POTOHOB BBICHIMX TaPMOHUK
TMOPOXAAIOTCS IEKTPOHAMH, OOJAJAIOIINMH MaKCHUMAJIb-
HOI SHEPTHe, KOTOPYIO OHU MOJIYYalOT B y3KOM UHTEpBaJIe
U3MeHeHHsl (pa3bl CBETOBOW BOJIHBI. DTO O3HAYAET, YTO KO-
POTKOBOJIHOBOE MU3JIyyeHue B obsactu BY® u msrkoro pes-
TIreHOBCKOT'O M3JIyYeHUs OyIeT COCPEIOTOUCHO B MHTEPBAJIE,
COCTABJISIFOIIEM MAJIyIO JIOJIFO CBETOBOTO mepuona (puc.17).
Taxum 00pa3om, MOSBIISIETCS BOBMOXHOCTh TeHEPAIH M-
MyJILCOB aTTOCEKYHIHOU quTesibHOCTH. B pabote [114] co-
obmaercss 00 3KCHEPUMEHTAJIBHBIX MOATBEPKACHUSIX ITON
BO3MOXHOCTH.

C nenbro yBenuueHus: 3(H(HEKTUBHOCTU TEHEPAIMU BBIC-
X TAPMOHHUK UCTIOJIb3yeTcs (ha30BOE COTTIACOBAHNE OCHOB-
HOM 4aCTOTHI ¥ TAPMOHHUK. [{JIs 3TOr0 KIOBETOW C MHEPTHBIM
ra3oM CJIY>KUT BOJIHOBOJI B BUJIE Kanmuispa. Beienctaue co-
riacoBanus ¢a3 3p(PEeKTUBHOCTh T'€HEpPAllUU BO3pacTaya Ha
2—3 nmopsaka. B akciepumenTax [115] ucnosb3oBanacek Jia-
3epHas ycTaHoBKa Ha Ti:candupe, MO3BOJISIONIAS TOJIYIATh C
qacTOTON moBTOpeHus | k[ IMIyJIbCHI ¢ JINTETHLHOCTHIO
26 ¢c n sneprueit 20 Mk B 00JIACTH JJIUH BOJIH, OJIM3KUX K
800 uM. Ilpu 3amoIHeHUH KaMLIIpa IejiMeM HaOJIro JaJIuch
TapMOHHUKH 70 299-ro mopsaka ¢ JJIWHOW BOJHBI ~2.7 HM
(460 3B). Takum o6pa3zoMm, pakTuyecku ObLIT CO34aH UCTOU-
HUK HAINPABJIIEHHOTO KOTE€PEHTHOTO H3JYYeHHs] B MSTKOM
PEHTTeHOBCKOM JHarna3oHe. BaxxHOCTh co3gaHus mogo0HO-
r0 UCTOYHHUKA OOYCIIOBJICHA TEM, YTO €ro U3JIydeHHUe Moma-
JTaeT B TaK Ha3bIBaeMoOeE «BOJsIHOE OKHO» (2.3—4.4 um). 13-
JIyueHHe B 3TOU oOJiacTu COOTBETCTBYeT KpasM K-mosoc
KHCJIOPOJIA U YIJIEPOJia U MEHBIIIE MTOTJIOMIAETCS BOAOH, YeM
YIJIePOJIOM. DTO AaeT BO3ZMOXKHOCTD MOJIYYaTh BBICOKOKOHT-

pacTHble M300pakeHUs: OMOJIOTMYECKHX MHUKPOOOBEKTOB,
cojiepXkKalux yrjiepo B OKpYKEHHH BOJIbI, T. €. in vivo. [o
CHX TIOp JUISl TOTO MPUXOIMIOCH UCTIOIB30BATh UCTOYHUKHI
CHHXPOTPOHHOTO W3JIYYeHHsI OT TPOMO3JIKUX YCKOpUTeel
JIEKTPOHOB.

Heauneiinaa xeanmosasn 3aexmpoounamuxa. Ilpu nuTen-
cuBHOCTsX mopsaka 1030 Br/cM? yke BakyyM CTAHOBHTCH
HEJIMHEMHOU Cpefod, U B CBETOBOM II0JIE TAKOW MHTEHCHUB-
HOCTH POXHAIOTCS DJIEKTPOH-NIO3UTPOHHBIE mapbl. Hampsi-
KEHHOCTD 3JIEKTPUIECKOTo oJis E, HeoOXxoaumast JjIsl POxK-
NeHus Takoil mapel, coctasiuset 2m?c’ /eh=1.3-10'® B/cm.

BuaHo, 4TO BO3MOXXHOCTU COBPEMEHHBIX JIa3ePOB MOKa
OYeHb JAJIEKU OT JOCTMKEHHS Takux mojeid. OgHaxo skcme-
PUMEHTAJPHYIO CUTYalUI0 ¢ KPUTHYECKAM IOJIEM MOXHO
OCYIIECTBUTD, €CJI UCTIOJIL30BATh CYNEPPEIII TUBHCTCKAE JIe-
KTPOHBI. [IBUXyIIMHCS 3JIEKTPOH, TONaaas B IOJIE 3JIEKTPO-
MAarHuTHOM BOJIHBI, KBUIUT» €€ C YACTOTOM, U3MEHEHHOM B 7]
pas, rae n — peJsITUBUCTCKUI pakTop. DddexTuBHOE J1a3ep-
HOE T0JIe TaK)XKe BO3PACTAET B 7 pa3. s JOCTHKEHHSI KPH-
THYECKOTO TOJISI C MOMOIIBIO COBPEMEHHBIX JIa3€PHBIX yCTa-
HOBOK Tpebyercsi § ~ 103, T. e. HE0OX0UMO, YTOOBI SHEPrHs
anekTpoHa cocrasiisia 50 ['3B. Takue 3Heprun MoryT ObITh
MIOJIYYEHBI C TIOMOIIIbIO COBPEMEHHBIX YCKOPHUTEIIEH.

MoryT HabmOIaThCs ABA 3P PeKTa HETMHEHHOM KBAHTO-
BOHM 3JICKTPOAWHAMUKH: HEJIMHEWHOE KOMIITOHOBCKOE pac-
CestHIe, KOTIa Ha JIEKTPOHE paccenBaeTcs OoJiee 01HOTO (ho-
ToHA (¢~ + nhvy — e~ + hv,,TOe v, ¥, —4aCTOTHI JIA3EPHOTO
A y-KBaHTOB), U POXXICHUE 3JIEKTPOH-TO3UTPOHHBIX Map.
ITpu B3aMMOJEHCTBUU CBETOBBIX (POTOHOB C PEJISTUBUCTC-
KHM DJIEKTPOHOM BO3HUKAET y-u3iydeHue. Ecim qoctaTtoyno
SHEPTUYHBIA )-KBAHT B3aUMOJIEHCTBYET CO CBEPXCHJILHBIM
JIA3epHBIM TOJIEM, TO BO3MOXXHO MHOTO(DOTOHHOE POXKIe-
HUE 3JIEKTPOH-TIO3UTPOHHON mapsl hv, + nhvy, = e~ + e*.

0O06a atu 3¢ dexTa HabIFOAATUCh FIKCIIEPUMEHTAJIBHO [116,
117]. UccnenoBanusi mpoBoawyiuch Ha yckoputesie CT3H-
(bopIICKOTO YHUBEPCUTETA, KOTOPBIA UMEET CJISAYIOIIHE I1a-
paMeTphL: SHEPTUS AJIEKTPOHOB 46.6 3B, nimTeTbHOCTS 3J1€e-
KTPOHHOTO MMIyJbca (6aH4a) 7 TC, 4acTOTa MOBTOPCHUS
10—-30 T'u. JlazepHas ycraHoBka pabotana Ha Nd:crekie ¢
npeoOpa3oBaHueM U3ITy4eHHs BO BTOPYIO TapMOHHUKY. Ee ma-
paMeTpBI: PHEPTUsI UMITYJIbCa Ha OCHOBHOU yactoTe 2 I, Ha
BI'-0.4 JIx, nuTeIbHOCTL UMITyJibca 1.5 Tic, 4acToTa mo-
Bropenus 0.5 I'n. OCHOBHAsI TPYTHOCTD SKCIIEPUMEHTA — COB-
MeIIEHUE B IPOCTPAHCTBE U BO BPeMEHU C(HOKYCUPOBAHHOTO
JIa3epHOT0 UMIIyJIbca U OaHYa JIEKTPOHOB (AECATKU MUKPO-
METPOB U J0JIM MHUKOCEKYH/I COOTBETCTBEHHO). BriepBrie Ha-
OJIr01aTIOCh HEJIMHEHOEe KOMIITOHOBCKOE paccesHHe C yda-
CTHEM JI0 YeThIpeX JIa3epHbIX (POTOHOB, a TaKXKe POXKICHHE
3JIEKTPOH-TIO3UTPOHHBIX AP B PE3YJIbTATE CTOJKHOBEHHUS )-
KBaHTOB C JIa3epHbIMU (poTOHaMH. DTO mepBoe Jabopatop-
HOE JTI0Ka3aTeJILCTBO HEYIIPYIOI'0 PACCESIHUS CBETA HA CBETE C
Y4aCTHEM PeabHBIX (OTOHOB.

domoundyyuposannvie adepnvie peaxyuu. I1pu nHTEHCUB-
gocTax 10" — 10 Br/cm? 271eKTPOHBI B HOJIE CBETOBOIL
BOJIHBI COBEPIIAIOT PEJISITUBUCTCKHE KOJICOAHMUsI, TIPU KOTO-
PBIX KHHETHYECKasl HEPIHsl BO3PACTAET 10 HECKOJBKUX Me-
Ta’JIeKTPOHBOJIBT. [Ipy B3aUMOACHCTBUM U3JIyYeHUS! CTOJb
BBICOKAX MHTEHCHBHOCTEH C TBEPIBIMU MMUILIEHSIMHU BO3HH-
KaeT PeJIATHBUCTCKAS TUIa3Ma, B KOTOPOH 3JIeKTPOHBI MOTYT
IpuoOpeTaTh ele OOJIBIIYI0 3HEPIuio. MeXaHUu3Mbl TaKOro
YCKOPEHUsI TEOPETHUECKH HCciie1oBauch B padboTe [118]. Mc-
MOJIb30BAaHUE PEJIITUBUCTCKH YCKOPEHHBIX JJIEKTPOHOB B OTI-
THYECKH WHAYIUPOBAHHBIX SIIEPHBIX PEAKIUSAX ObLIO Tpei-
JI0%keHo B pabore [119].
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JlasepHsIii my40K *

PeaxtuBHast cuJia, CoKuMaromas
BCIIICCTBO MUIIICHU -*

a 0

8 4

Puc.18. Cxema, mosicHsIIOIIAS] KOHIETIIHIO «OBICTPOTO 3aKUTaHUSD TEPMOSIICPHOM peaKIHU: 3Talbl CHMMETPHYHOTO 00 IydeHns chepryeckoil MUIIeHI
(a), cxaTus MuIIeHn (6), oOpa3oBaHUs KaHAIA B IIJIa3Me, OKPYKalolllel MUIIeHb (6), a TakkKe HarpeBa IUIa3Mbl TOPSYIMH 3JIEKTPOHAMHE H 32)KUTAHHS

BCeil mumeny (e) [124].

OKCepUMEHTAJILHDBIE HCCIEAOBAHUS PEJIITUBUCTCKOTO
B3aUMOJCUCTBUSI CBETA C BELLECTBOM OBbLIO NMPOBEIEHO Ha
CBEPXMOIIIHBIX JIA3ePHBIX ycTaHOBKaX. B padoTe [120] morir-
HocTh gocturana 50 TBt. ITpu ¢pokycupoBanun mydka Takon
MOIITHOCTH HA pa3jIMYHbIC TBEPAOTEJIbHbIC MUIIIEHH BO3HH-
KaJIi 3JISKTPOHBI C JHEPTUSMH B JIECSITKH METadJIeKTPOH-
BOJIbT, JAIOLllUe, B CBOIO OYepelb, MYYKHU Y-KBAHTOB, IOJ
JIeCTBUEM KOTOPBIX HPOTEKaIu (OTOSACPHBIE PEeaKIUU
(y,n). B pe3ynbTate 3TUX pEaKIMiA MOJIYYaMCh HU30TOIbBI
H(C, 38K, 62:64Cy, 93Zn, 100Ag, 140Pr, 180Ta, panamume KoTO-
PBIX OIPEIeNSIOCh METOIaMU siiepHO du3uku. Kpome To-
ro, B 9KCIIepUMEHTaX HAOJ01a10Ch nesenue 233U,

B pabGote [121] ucnonb3oBaiach neTaBaTTHAS Ja3epHas
YCTaHOBKA, MO3BOJISOIIAST 00JIy4aTh MUIIEHU CPOKYCHUPO-
BAHHBIM H3JIyYeHUEM B BUJE UMITYJILCOB C aHeprueit 260 [Ix
npu matenbHOcTH 450 dc. Ipu poxycupoBke WHTEHCHUB-
HoCTh TpeBbimana 10%° Br/cM2, 4TO TO3BOJISIIO 3JIEKTPOHY
HaOWpaTh SHEPrUIO B IOJIE CBETOBOM BOJIHBI 10 3 M»3B. B
maasme, oOpasyrolleiicss Ha MUILIECHH, SHEPTHS 2JIEKTPOHOB
nocturana 100 MsB. B aToit paboTe Takxke HaOJIIOIAIUCH
peakmuu (), n) u nenenne 28U,

«bvicmpoe 3ancuzanue» mepmosdepnoii peaxyuu. C mOsIB-
JICHHEM CBEPXMOIIHBIX JIA3€PHBIX YCTAHOBOK, OCHOBAHHBIX
Ha yCHJIEHMM YMPIUPOBAHHBIX UMIIYJIbCOB, BO3HHUKJIA HOBAs
KOHIIETIIHS JIA3€PHOTO TEPMOSIAEPHOTO CUHTE3a — «OBICTPOE
3axuranne» [122], cyTb KOTOPON COCTOUT B CJIEIYIOIIEM.
Ipu unrencuBrOCTAX 102! BT/CM? M BBILIE 3JEKTPOHBI TIPH-
00peTaloT B MOJIE JIA3ePHOUM BOJIHBI JHEPTHIO MOpsiaka |
M>5B. OHu MOTYT OTAABaTh 3Ty HEPTUIO MOHAM, HATpeBasi
ux ao remmepatyp 5S—20 xk3B. Ognako mis 3¢pdexTuBHOrO
HarpeBa HYXHO, YTOOBI IJIMHA MPOOEra TOPsSInX 3JIEKTPOHOB
B IUTa3Me ObljIa cpaBHUMA C pa3MepoM CHOKYCHPOBAHHOTO
JIA3€PHOTO IyYKa.

[TockoybKy HavaJbHAS TUIOTHOCTH ILTa3MBbl, JaXe eClIn
OHA paBHA IJIOTHOCTH TBEPAOrO Teja, HEAOCTATOYHA JJIS
9TOTO, MPEANOIArAeTCs CKATh CHEePUUECKYIO MUILIEHb Ty TEM
CHMMETPUYHOTO OOJIyYEHHUsI TOCTATOYHO MOIIHBIMH MyYKa-
mu (puc.18,a). Takoe cuMMeTpHYHOE OOJIyYEHUE HCIOJIb-
3yeTcs Ha JIA3epHBIX YCTAHOBKAX, MPEIHA3HAYCHHBIX TSI UC-
cJIeI0BaHUi 1o TepMosiiepHoMy cuHTe3y. [1pu ObicTpoM Ha-
rpeBe MOBEPXHOCTH MHMIICHHU IUIa3Ma, pas3jieTasiCh, CO3/aeT
pPEaKTUBHYIO CHITY, KOTOpAsl CAABJIMBACT BELIECTBO MUILIECHU
(puc.18,6). boino mpomemMoncTpupoBaHo [123], yTo pu on-

HOPOJAHOM O0JIyueHNH CPepuyecKoid MUIIEHH C MOMOIIbIO
JIa3epHBIX UMITYJIbCOB HAHOCEKYHHOM JUINTEIBHOCTH C SHEP-
rueii 9 kX MHIIEHb CKUMANACh 10 IioTHocTH 600 T/cM>.
OmHako TWIOTHAS TUIa3Ma B SIPE MUIIIEHH OKPYXKeHa CIIOEM
IJIa3Mbl C YMEHBIIAKOIIEHCS A0 HyJS IUIOTHOCTBEO — TakK
Ha3bIBaeMo#l KopoHOii. [y1si Toro 4ToObl OCYIIECTBUTH Ha-
rpeB ee MomHbIM YKW, HyX)HO NOABECTH €ro K I'paHUIE
wIoTHOTO sipa. C 3Toi 1eJibko MPou3BOAUTCS AehopMuUpo-
BaHUE MPOGIIS IUIOTHOCTH TIA3MBI C TIOMOIIBIO JOTIOJTHH-
TeIpHOTO MMMyJbca (puc.18,6). Ha muimrens HampasisieTcs
HAMITYJIBC UM TEIbHOCTHIO 0K0JI0 50 11C ¢ MpoprImpoBaHHOMN
WHTEHCUBHOCTBIO, 00ECIIeUMBAIOIIMIA TPEBBIIIIEHUE CBETOBO-
T'0 IaBJICHUsI HAJl TA30KMHETUIECKUM JIaBJICHHEM IIJIa3MBbl. B
pe3yJibTaTe B IIa3Me KOPOHBI «IIPOIABINBAETCS Y3KUHA Ka-
HaJI, B KOTOPBII HAINPABJISIETCSI OCHOBHOE M3JIyY€HUE B BHJIC
ceepxmortHoro YKUM (E =1 — 10 xIx, 7 ~ 1 nc). On cos-
J1aeT OBICTPBIE 3JIEKTPOHBI, «IIOKUTAFOIINE» BCE BEILIECTBO
muleHu (puc.18,2). PacueTsl moka3pIBaloOT, YTO Takask KOH-
Lennusl JIa3epHOTO TEPMOSIAEPHOrOo CHUHTE3a MOTpedyeT
MEHBIIIEH JIA3epHOU YHEPTUH, YeM B CIIy4ae TPATUIMOHHOTO
MOJIX0/1a, OCHOBAHHOI'O Ha UCIOJIb30BAHINH HAHOCEKYH IHBIX
HUMITYJIbCOB.

3akIrouenune

B nacrosmee Bpems nazepsr YKU nomyunnm orpomMHoe
pasBuTHe. PazpaboTaHbl U MPOJAEMOHCTPUPOBAHBI METOIbI
TeHEPAIMU MMITYJIbCOB C JUINTEIBHOCTBIO, HE MPEBBINIAIO-
mweit 5 ¢e. [ukoBasi MOITHOCTH (PEMTOCEKYH/THBIX MUMITYJIb-
coB B HacTosIee BpeMs mpesbimaeT 1015 BT, a uHTEHCHB-
HOCTD 1pH (poKycHpoBanuy Imydyka gocturaer 102! Br/cm2,

Bo3moxHOCTh co3ganusi 3QEeKTUBHBIX U KOMIIAKTHBIX
JIA3epHBIX CHCTEM, CIIOCOOHBIX TEHEPUPOBATH UMITYJILCHI TIpe-
JIeTbHO KOPOTKOW JUTUTEILHOCTH M CBEPXBBICOKON MOIIIHOC-
TH, OTKPBIBAET 3aMevaTeNbHbIe MePCHEKTUBbI UX MPUMEHe-
HUN B Hayke, TexHUKe M Meaunuse. [lTosiBuiace BO3MOX-
HOCTb WCCJICJOBAHWN HEJIMHEHMHOW ONTUKU B PEJISITUBUCTC-
KoM pexnme. Co3IaHbI HOBBIE CITOCOOBI TeHEPAIIMU PEHTTe-
HOBCKOTO ¥ y-M3JIyYeHHUs, & TaKXKe YCKOPEHUS JICKTPOHOB.
TexHoJIOrMYeCKUE MIPUMEHEHHS BKJIOYAIOT MUKPOIJIEKTPO-
HUKY, pa3pabOTKy CHCTEM BOJIOKOHHO-ONTHYECKOH CBSI3U CO
CKOpOCTBIO Tiepeaaun napopmarmu ~ 1 TOUT/c, HOBBIE CIO-
c00BI MUKPOOOPabOTKH, CO3MAHMUSI YCTPOUCTB ONTHYECKOU
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namsaTu. B Meaunune npoaeMoHCTPUPOBAHbI HOBbIE METO/IbI
MUKDPOCKOTIHHY, ONTHYECKOH TOMOTpaduu, KTOHKUE» XUPYP-
TUYECKUE ONePAINH.

BecbMma BakHBIM npeacTaBII€TCd U TO, YTO COBPEMCH-

HbIE JIa3epPHbIE YCTAHOBKH CIIOCOOCTBYIOT MEPEBOJTY HEKOTO-
PBIX HANIPABJICHUH «OOJIBIION HAYKW» B YHUBEPCUTETCKHE JIa-
6opaTopun. OTMETUM, YTO WHTEHCHBHOCTAM mopsaka 102!
BT/cM? COOTBETCTBYIOT THUTabapHBIE JABJICHUS M THIArdyc-
COBBI MATHUTHBIE TIOJISL. DTO OTKPBLIBAET NEPCIEKTUBBI HCCIIe-
JIOBaHMIA, KOTOPBIE MOXHO OBLII0 ObI HA3BaTh JIAOOPATOPHOI
acTpo(pu3NKOi.
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