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Boura paspa6orana sKcHepHMeHTAJIbHAS YCTAHOBKA /U HAaKAYKM aKTHBHBIX CpeJl HAa CaMOOTPaHMYEHHBIX Iie-
pexofax B mapax MeTa/ioB. IIpeaycMOTpeHO M3MeHEHMe ITapaMeTpoB MMIIYJIbCOB HAKA4KH, YTO ITO3BOJISET peash-
30Barh HOBble (HETHIMYHBIE) XapPAKTEPUCTUKU TreHepaluu. B Xoje sKCIepuMeHTOB ObL1 0OHApYsKeH HOBbBIi HETH-
MIYHBI PEXKIM TeHEPAINd, MOJTYYNBIINN HA3BAHNE PEKUM CIBOEHHBIX UMIYJbCOB. /[aHHBIH PEXKMM TIPOSIBJISETCS,
KOT/Ia JUINTEJIBHOCTb Tay3bl MeXK/y HUMIYJbCaMH IpeJUOHN3aln U Bo30y:kaeHus cocrapiser Menee 300 mHc.
B atom ciayuae 6butn 3abUKCHPOBAHDI UMITYJIbCHI U3JIYUYEHUS U OT UMITYJIbCA TMPEIMOHU3AINN, U OT OCHOBHOTO M-
myJibca BO30OYKIEHUs. YTIpaBIeHNe dHEPTeTHYECKUME MapaMeTpaMi MMITYJIbCOB BO3MOKHO ITyTeM BapbUPOBAHUS
9HEPTHH HMMITYJIbCA MPEINOHN3ANNN. DbLIO YCTAHOBJIEHO, UTO /IS MOJYYEHUs UMITYJIbCOB M3JIyYeHUs] ¢ OJUHAKO-
BOIl aMILIUTYZON Tpebyercsi pPasHblil ypOBEHb 9HEPTUH [OIOJHUTEJbHOTO MCTOYHMKA NMUTAHWUS B 3aBHCHMOCTH OT
BPEMEHHOI 3aJIepKKH MEXK/y UMIyJabcaMu. {51 olleHKH 1mpeo6pa3oBaHusl MOIIHOCTH B 3TOM pesKuMe ObLI BBe/IEH
K03 dUIMEHT 1, KOTOPBIH NpeacTaBisger co60il OTHOIIEHNE MOIHOCTUH U3JyYeHHs B PEKHUME CIIBOEHHBIX UMITYJIb-
COB K MOIIHOCTU T€HEPALUH B HMITYJIbCHO-TIEPHOJIMYECKOM PeXMMe. IJKCIEPHMEHTAJIbHO ObLIO IIOKA3aHO, YTO IPH
YMEHbBIIIEHUN BPEMEHHOI 3a/Iep>KKK1 Koo PUITMEHT 1 BO3PACTAET.

Kniouegvie cnosa: axtusHble cpefla Ha Tapax TajOr€HUI0B METAIOB, GDOMU MeH, HAKAYKH, MMITYJIbCHO-
NEePUO/IUYECKUIT PEKUM, MOIIHOCTH TEHEePAlMU, PEeKUM CIABOEHHbIX uMIyJabcoB; metal halide active medium,
copper bromide, pumping, pulse-periodic mode, generation power, double-pulse mode.

BBeaeunue

AKTHBHBIE Cpe/ibl HAa MApax METALIOB MO3BOJISTIOT PENaTh 3a/a4H, [JIsI KOTOPBIX TPOYNE aKTUBHbBIE CPEBI MO-
ryT GbITh He Ipucnocobsenbl. B yactHocTH, U3 Hambosee XapakTepHbIX cdep NPUMEHEHNS BO3MOXKHO BbLIEIUTD
BU3YaJIbHO-OIITHYECKYIO [AMATHOCTHKY, Jia3epHoe O0oralieHHe ypaHa, KOCMETOJIOTHIO, IIPEIM3HOHHYI0 MHKPOOOpa-
601Ky [1—4]. OcHoBHOII 3ajaueil, croduieil mepes MCCAELOBATENAMI TOJOGHBIX Cpell, SBJSAETCS CHCTeMa OIepaTUB-
HOTO YIPAaBJeHUs] XapaKTePUCTUKAMU n3JydeHus. [locTaTOYHO TePCHeKTHBHBIM pellleHneM BBIIEYKa3aHHOU 3a/[aun
IIPE/ICTABJISIETCST MCIOIb30BAHIE HECKOJIBKUX MCTOYHMKOB nutanus [5—7]. Kak mpaBmiio, McHosb3yioTcs Ba: 1ep-
BbIil TIPOM3BO/IUT TOJATOTOBKY aKTHBHOW cpejbl, BTOpoil — Hakauky. COOTBETCTBEHHO, M3MEHsIs aMILIUTY/HblE Ia-
paMeTphl UMITYJIBCOB KAXKIOTO M3 MCTOYHUKOB W BPEMEHHYIO 33[€P/KKY MEXIy MMITYJIbCaMU, BO3MOXKHO 3a1aBaTb
HmapaMeTphl JJIsT UMITY/IbCa BBIXOAHOTO M3JYUEHUS, TaKue KaK aMIUIUTYa Win JiutenabHocts [8]. Eme ogno BaskHOe
MPENMYTIECTBO, KOTOPOE JaeT TMOA06Hast KOH(UTYpAIHs, 3aKTI0YaeTCs B BO3MOKHOCTH HMPUMEHEHUS] HETUIINYHBIX
PeXKUMOB BO30YxkeHus. ViccienoBaHue HETUINYHBIX PEKUMOB BO30OYXKJEHUS IMO3BOJISET IOJYYUTb OoJsiee JleTallb-
HOe IPE/CTABICHUE O KUHETHKE IIPOIIECCOB, MPOUCXOIANIMX B aKTUBHOM o6beMe U, KaK CJEJCTBUE, OIPEeTUTDH
3aBUCUMOCTD IIapaMeTPOB BBIXOJHOIO H3JIy4eHHS OT HapaMeTpoB Bo30yskieHHS. OcoOblil MHTepeC IMPeACTABILIOT
MaJible BpeMeHa 3a[ePsKKH MeX1y HMITYJbCaMU IPeJblOHH3alUN U HaKauK{, HIOCKOJIbKY JAQHHBIX O XapaKTepUCTU-
KaX M3JIyYeHusl B 9TOM [(Mana3oHe oTcyTcTBYIOT [9].

[lespio ganHoil paboOThI SBJSIETCS NCCTEIOBAHNE XAPAKTEPUCTHK M3MYYeHHs B HETUTINYHOM PeXuMe BO3OYIKIe-
HUSI TIPH MAJIbIX BpEMEHAX 3aePKKU MEXK/IYy UMIIYJIbCAMU TPEIbIOHU3AINN U BO3GYKACHUSI.

3KCHepI/IMeHTaJIbHaH YCTaHOBKa

AKTUBHBI s/eMeHT Ha Tapax GpoMua Meau C yKa3aHHbIMH reoMmerpudeckuMmu mnapamerpamu (I = 90 cm;
d=5cm; V=1767 cM®) 6bun cHaGxen JIByMSI MCTOYHUKAMU TUTAHWUSA, OJUH M3 KOTOPBIX SIBJISLJICS OCHOBHBIM,
a apyroit — gonoaauTebHbIM. OCHOBHOW MCTOYHUK muTanus (GOPMUPOBAT UMITYJIHCHI BO3OY KIEHISI aKTHBHOI Cpe-
IIbI, B TO BPeMsi KaK JIOIOJHHUTENbHBIN MCTOYHUK UCIOJb30BAJICS /11 (DOPMUPOBAHUST MMIIYJIbCOB TIPEJINOHUBAIINN.
[lannblii moaxo/; o6ecriednBaeT IpeABaAPUTENbHOE 3aceeHne MeTacTabuIbHbIX YPOBHEII aTOMOB M€/, B Pe3yJibTaTe
Yero yMeHbBIIIAeTCsl WHBEPCHAS HACEJIEHHOCTD.

Ha puc. 1 npezacraBieHo cxeMaTnyHoe M300pa’KEHNE TAaKOW 3KCIIEPUMEHTATbHOI YCTAaHOBKM, KOTOpas HM3HA-
YaJbHO 3aJyMBIBAIACh U WCIOJH30BAJIACH I padfiesneHuss (PyHKIN HapaGOTKU aTOMOB MeTaslia U WX BO30Y:Kie-
HUS MeXy Pa3HbIMH MCTOYHWKaMu muTanusa. /s yao6cTBa GyneM Ha3bIBaTh OCHOBHON W JOTIOJHUTENbHBIN MCTOY-
HUKHU NUTaHud Kak nctoynuk murtannsa 1 (MI11) n ucrounuk muranug 2 (UII 2).

Wcrounnku nuranus (WI11, VITI2) BBIIOJHEHBI 110 CXeMe ¢ MMITYJIbCHBIM 3apsamoM paboueii emroctu [8]. Ka-
SKBIA M3 MCTOYHWKOB MUTAHUS COAEPIKUT rasopaspanubiii kommytatop (VL1, VL2), nepexmioyerHne KOTOPBHIX WHHU-
IUUPYETCST BHICOKOBOJIBTHBIM Moy isitopoM [10]. IIpunnun neiicTBusSt 1 KOHCTPYKIIMS BBICOKOBOJIBTHOTO MOJYJISITO-
pa aHasornuHbl mose3noit Mozxesu [11]. [naBHOIT 0CO6EHHOCTBIO BBICOKOBOJBTHOTO MOJYJISITOPA SIBJISIETCS BO3MOJK-
HOCTDb PEryJMPOBKU BPEMEHHOTO CABUIa MeXK/y MMIIYJbCAMH 3allyCKa ra3opaspsaanbix kommyraropos (VL1, VL2)
B HaHOCEKYHIHOM JuanasoHe. B momeHnt nepexsiodenus kommyratopoB (VL1, VL2) B o6sa3arebHOM HOPSAIKE
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JIOJKHBI GbITh 3aKPBIThl TPAH3UCTOPHBIE KJIOUM COOTBETCTBYIOMIEro ucrounuk nurtanusa (MII1, WUII2). 3a cuer ne-
PEKJIIOYEHNST BBICOKOBOJMBTHBIX KoMMyTatopoB (VL1, VL2) mpoucxoauT IOOYEpPeAHBIH Pasps/i HAKOINTEJTbHBIX
kougencaropos (C1, C2) na rasopaspsaanyio tpy6ky (I'PT), urto mpuBoauMT K BO36YKAEHUIO aKTUBHON cpeapl. Yac-
Tora caegoBanus uMiyabcos (UCH) Bo36yKaeHNSA aKTHBHON cpeJbl ycTaHaBuBaercs B mate ynpasaenus (ITY) ¢
HOMOIIBIO TIepcoHanbHoro KoMmbiotepa (ITK).
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Puc. 1. dxcnepumenranbuas ycranoska: UII1, UII2 — ucrounuku nuranus 1 u 2; BY1, BY2 — 6ok ynpasnenns 1 u 2; BHI,

BH2 — ¢dopmuposaresnb BbicokoBobTHOro Hanpsiukenust 1 u 2; C1, C2 — naxonutenbubie emxkoctu 1 un 2; VL1, VL2 — Bbicoko-

BOJIbTHBIE KOMMyTatopel; L1 — 3apsaanas mHaykruBHoctb; [IK — mepconasnbhblii komnbiorep; 1Y — nuara ynpasienus; BM —

BBICOKOBOJIbTHBIIT Moay.siTop; I'PT — rasopaspsanas tpy6ka; 3 — 3epkano; I1113 — mosaynpospaunoe 3epkasno; IM — uamepu-
TeJb MOIHOCTH

HoMuHambHbBIA peskuM paGoThl ocHOBHOro ucrounnka mmranus (MI11) o6ecneymBaercss TpM HaNpPsKEHUH
280 B, mpu kotopoM HampsiKeHWe Ha anoje tuparpoHa VL1 cocrapisier mpubmusutensno 14 kB. B xozme axcnepu-
MEHTAJbHBIX PaboT ypoBenb Hampsikenuss VII1 ocraercst nemaMeHHBIM. [[ONOJHUTEbHDBII UCTOYHUK TUTAHUS PAGO-
TaeT NpH ypoBHe Hamnpsbkenus B ananasone (0+240) B, KOTOPBI BapbHpyeTcs B 3aBUCHMOCTH OT YCJIOBHH KCIIE-
pumenra. IIpenesbHoe ypoBeHb HanpsikeHus: 240 B cooTBeTcTByeT aHOJHOMY HallpsiKeHUI0 TupaTpoHa VL.2.

TakuM o6pa3oM, peaTH30BaHa CHCTeMa HAKAYKH, KOTOPas MOXKET GBITh MCIIOJb30BaHA KaK /JIS TPAIUIIMOHHOTO
crocoba BO30YKAEHUS aKTMBHBIX CpPeJ Ha CaMOOTPAHMYEHHBIX IIEPEX0JaX B MapaxX MeTamioB (B HMMITyJbCHO-
HEPUOAMYECKOM PexKuMe), Tak W AJis peanusaiuu Gosiee crenuduIecKuX HETUIHMYHBIX PEKUMOB BO3OYKICHUSA U
TeHepaIuu COOTBETCTBEHHO.

HeTtunuusnplii pesxumM resepanuu

NTI1 mo3BoJisieT peasn30BaTh UMITYJIbCHO-TIEPHOANIECKUN PEXUM pPaGOThI UCCJIEIyeMOU aKTHBHOW Cpeabl Ha
napax 6pomuga Meau. Ha puc. , @ npeacrasnensr nmiryabebl Hanpsikenuss (Urpr) n toka (Itpr) uepes IT'PT, a tak-
sxe uMmiyabe renepanmn (L). B pacemorpennom npumepe MII2 me dynkumonupyer. Ecam ke BO BpeMsi HaKadKu
aAKTUBHOW CPEJbI, TO €CThb P ee paboTe B MMITYJIbCHO-TIEPUONIECKOM pexXnuMe, WHUIMUPOBaTh pabory MII2, ato
npuBeseT K (OPMUPOBAHUIO MMITYJIbCOB NMpeAnoHn3anmn (TOKa W HAPSKEHWsI), B PE3yJabTaTeé 4ero MOHIHOCTb MM-
nyJbca TeHepauuu cHisKaercss (puc. , 6), a IPH ONPEAENEHHOM YPOBHE aMILIMTY/bI MMITYJIbCOB HANPSKEHHs TIpe-
JIMOHU3AINY TeHepalus MOKeT ObITh MOJABJEHA MOJHOCTbIO. Takoil MeXaHu3M OObSCHSETCS 3aceJeHHeM MeTacTa-
6mipHOTO ypoBHA [12]. OmHAKO B X0/Ie 9KCIIEPUMEHTANBHBIX UCCTIEIOBAHUI ObLI OOHAPYKEH HETUIHYHBIN PEXUM
paboThl paccMaTPUBAEMOIl aKTUBHOW Cpesbl: MPHU JJIUTEJTBHOCTH TAy3bl MeXKAY UMITYJTbCOM TPEINOHU3AIUN W WM-
myJsibcoM Bo30ykaenusi Mernee 300 HC, a Tak)Ke MpHU ompeneseHHOM ypoBHe MoiqHocTu WII2 nabmiomaercs gpopmu-
pOBaHUe ellle OJHOTO JOMOJHUTENbHOTO WMITYJbCA W3JIYYEHUS TIepesi OCHOBHBIM WMMYJbCOM TeHeparmu. [laHHyTo
nmay3y Oy/neM HasbIBaTh B JajbHEHIIeM BpPEMEHHOIH 3aJep>KKOil f;, a OOHAPY’KEHHBIN HETHNMYHBIN peXuM OylaeM
Ha3bIBaTb PEXKUMOM C/IBOEHHBIX UMIIYJIbCOB.

Ha puc. mpeacTaBieHO HECKOJBKO OCHUJIJIOTPAMM WMMITYJIbCOB W3JIy4eHUs Mpu (HUKCUPOBAHHON BPeMEHHOM
3ajiep:kke t, u passnunoir mMomrHoctu WII2. Mmnynbe reneparu 1 ¢opmupyercs: 3a cuer paGoTbl OCHOBHOTO HC-
toynnka mutanusa (MII1), a uMiyabe reHepanuu 2 — 3a CYET JOIOJHUTEIBHOrO ucrounnka mutanus (UI12). Tlpu-
MeuaTesbHO, YTO COOTHOIIEHNE aMIUIUTY/l UMITYJIbCOB TeHeparuu 3aBucuT oT ypoBHsi MoutHoct WII2. Ecan B nan-
HOM ciiydae 0603HaunTh MomHOCTh MUTI2 kak Py, Py u P3 17151 Tpex TNPUBEIEHHBIX CIyY4aeB COOTBETCTBEHHO, TO Gy-
JIeT CIIPAaBE/JINBO 3amucarb, 4to Py < Py < Ps.
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Puc. 2. Uwmnyabcent Hanpsikenns (Urpr) u toka (Irpr) TasopaspsHoil TPyOKH, a Takxe WMIyJabchl reHepanmu (L) mpu
MMITY.JTbCHO-TIEPHOJINYECKOM pesknMe paGoThl (¢) 1 TIpu pesknMe mojaBenus reneparuu (6)
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Pu. 3. Wmnysbchr renepauun (L) B peskuMe CABOEHHBIX HMITYJIbCOB IIPU Pa3IMYyHOM yPOBHE HalPs>KEHHs JOMOJHUTENbHOTO
ncrounuka nutanus (MI12)

C rouku 3penus GyHIAMEHTATHHOTO UCCJEJOBAHMS U MPAKTHYECKOrO TMPUMEHEHUs] HauGOJbIIN HHTEPeC
NPEJACTABASET Caydail, KOTAa aMILIMTYAbI UMITyJbCOB TeHepanmu pasubl (puc. 3, 6). Ciemyer OTMETHTH, 4TO TIPH
BapbUPOBAHUY BPEMEHHOW 3a/ep:KKu t, TpebyeTcs pasiaudHbiil ypoBeHb MomqHocTu VII2 ms BoipaBHUBaHUS aM-
IUITY/I UMITYJIbCOB reHepaluu. BpeMeHHas 3ajaepskka BapbupoBajach B auanasone (50+300) we. Ha puc. npen-
CTaBJIEHBI MPUMEPHI OCHUJIOTPAMM HMITYJIbCOB TE€HEPAIMH, MOJYYEHHBIX MPH PA3JMYHOM 3HAYEHUU BPEMEHHON 3a-
nepskku t,. Ilo Mepe ymeHbliieHust BpEMEHHOW 3a/iepyKKu t3 criepBa yBEJMYUBAIACH aMILIATYA UMIYJIbCOB U3JIyye-
HUSI, a 3aTeM — UX 00MIasi IJIOMAAb O/ IPaduKOM.
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Puc. 4. mnynbent reneparun (L) B peskuMe CIBOEHHBIX MMITYJIbCOB TIPU PA3JINYHON BPEMEHHON 3ajIepiKKe

B xome sKCIIEPUMEHTAIBHOTO HUCCJAEe0BaHUs ObLIO YCTAHOBJIEHO, 4YTO PH (DUKCUPOBAHHOW BpPEMEHHOU 3a-
JIep>KKe ¢, OIpe/esonIylo pojb B (POPMUPOBAHNH JBYX HMITYJbCOB TE€HEPAIH WTPaeT YPOBEHb HAINPSKEHUS UM-
MyJIbCOB TPEAVOHMU3AINH. Y POBEHb HANPSIKEHUSA, TPH KOTOPOM aMIUINTYABI MMIYJbCOB TE€HEepaIlMi pPaBHBI, OyaeM
o6o3nayaTh Kak Ul. YpoBeHb HampsiKeHHs, IPU KOTOPOM IIPOMCXOJMT ITOJHOE MOJaBJIeHUE MMIYJbCa TeHepalui,
unuimupoBannoro MTI2, Gynem ob6o3nauarh kak U2. IIpu mpounx paBHBIX YCJOBUAX BCerjga COOJIONAETCS YCJIO-
Bue: U2 > U1. Kpome TOrO Cciemyer OTMETUTD, 4TO yBeJIW4YeHNe BPEMEHHOH 3aJepXKKU t, MeXIy MMITyJIbCaMU Te-
Hepanuu cnoco6CTBYET yMeHbIeHmo ypoBHeil Hanpsikenuss Ul u U2, 4To nokasaHo Ha puc. , d.
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TakuM o6pa3oM, OYEBWIHO, YTO TIPM yMEHbIIEHUHM BPEMEHHON 3ajiep:KKu t3 TpebyeTcs GOJbIINIT ypOBEHb Ha-
NPSKEHNsA, YTOOBI BBIPOBHATH aMILIUTYAbl OCHOBHOTO M JIOMOJHHMTEIBHOTO MMITYJIbCOB M3jTydeHus (remepamyn) w,
CJIe[IOBATENBHO, YTOOBI IIOJIHOCTHIO MOJABUTD OCHOBHOU WMITYJIbC U3JydeHUs. 3aBUCHUMOCTH, MPEICTABIECHHBIE HA
puC. , @ GBLIM TOJyYeHbI IIPH MONIHOCTM OCHOBHOTO MCTOYHMKa mmTanus P = 1792 Br (U =280 B, I = 6,4)
n Temneparype aktusHoro semectBa (6pommma Memn) Teypr = 515 °C. TTogo6HbBIE SKCTIEPUMEHTATbHBIE HCCIEN0BA-
Hust ObLIA BOCIIPOM3BEIEHDI IIPYU BAPhUPOBAHWN YKA3aHHBIX HapaMerpoB. Hampumep, CHIKeHUE TEMIEPATYPBbI aK-
TUBHOTrO BeimectBa 0 485 ©°C mnpuBeso K MAJEHUIO MOIIHOCTH TE€HEPAIMi AKTUBHOW CPEAbl B UMIIYJIbCHO-
nepuoandeckoM pexxume Ha 10%, ogHako 3aBucuMMOCTb HanpspkeHuss U1 oT BpeMEHHOH 3afep:KKH f, OKasajiach
MPAaKTHYECKN TOJHOCTBIO WIEHTHYHA MOJy4YeHHO# panee mpu TeMueparype 515 °C. Topasmgo 6osiee CyliecTBEeHHOe
BJIMSHUE HA ypoBeHb HanpsikeHus: U1 okasbiBaer MomuocTh UII1. OueBusno, 4To ipu cHuKeHuW MoiHoctn VIIT1
Tpe6yeTcss MEHbIINN YPOBEHb HANPSIKEHUS UMITYJIbCOB MPEIUOH3AIMN /11 BBIDABHUBAHUS AMILIUTY]] OCHOBHOTO U
JIOTIOJIHUTEIBHOTO MMITYJIbCOB TEHEpaIii — JAHHOE YTBEPK/EHHE IMOJTBEPKIAIOT 3aBUCHMOCTH, MPE/CTABJIEHHDIE
Ha puc. 5, 6.

16; U, xB . 16, U1, xB |- pPL 1792 | Br
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Puc. 5. 3asucumoctn wHampskeHuit U1 u U2 or BpeMeHHO# 3ailepKKu f, Mexay wuMmyabcamu reHepaunu  (a@);
3aBUCUMOCTH HanpsikeHuss U1l oT BpeMeHHOI 33/IepyKKH MeXK/Iy UMIYJIbCAMH M3JTy4YeHUs ¢, MPU Pa3IUIHOI MOIIHOCTH OCHOBHOTO
ncrouynuka nuranug (MII11) (6)

OpuuM 13 Hanbosiee WHTEPECHBIX MOMEHTOB HCCJIEIYEMOrO PEKIMA CABOEHHBIX MUMITYJIbCOB SIBJISIETCSI COOTHO-
IIEHNE MOIIHOCTH U3JIy4eHus P’ ¢ MOIIHOCTBIO TeHepaluyu P, B UMITyJIbCHO-TIEPUOITYECKOM PEKUME B 3aBHCUMOCTH
OT BPEMEHHOH 3a/IepKKH ¢,. BBeneM caemyromuil koauimeHT npeo6pa3oBaHus 1)

PY
=2-100%.
n=4 %

T

Takum OépaSOM, KOS(I)(IDI/IHI/IEHT N NOKa3bIBA€T CKOJIBKO IIPOIIEHTOB COCTABJAECT MOIUIHOCTb M3JYUYEHUA B PEKUN-
M€ CABOEHHBIX UMITYJIbCOB OT MOIITHOCTHA T€HEepallnn pr B UMITYJIbCHO-TIEPUOJNYECKOM PEXUME.
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Puc. 6. 3aBucumoctr KoadduimenTa 1peo6pa3oBaHns N 0T BpeMeHHON 3a/epxku At npu pasiandnoit UCH Bo36y:kaeHns
B xo/e axcepuMeHTANTbHBIX HCCAeIOBAHUN ObLIO YCTAHOBJIEHO, YTO TIPU YMEHBIIEHNN BPEMEHHOH 3a/IepsKKu ¢,
K0P PUIMEHT TPeoOPA3OBAHUS 1| YBEJNIUBAETCS TPU MPOYNX PABHBIX YCIAOBUAX. Takume 3aBUCUMOCTH TIPEJICTaBIIe-
Hbl Ha puc. 6 npu pasauunoit UCH u, Kak cjeAcTBUe, pas/IMYHOil MOIHOCTU Hakauku (Kak OCHOBHOIO, TakK U JO-
HOJHUTENBHOTO MCTOYHMKA ITUTaHus). BUAHO, Y4TO yBesndeHne MOIHOCTH HAKAYKM OCHOBHOTO MCTOYHHMKA ITMTAHUS
(mpu6msurensio Ha 10%) cnoco6eTByer cHmxkennto kKoadduimenta npeobpazosanus 1 (Kpusas 2 JEKNT HUKE KPH-
Boit 1).
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3akouyenne

Paspa6orana skcrepuMeHTaIbHAs YCTAHOBKA, MO3BOJISIONIAS OCYIIECTB/IATh HAKAUKy aKTHBHBIX CPeJ HA CaMo-
OTPaHMYEHHBIX IIepexo/laXx B TapaxX MeTa/IoB KaK B TPAANIMIOHHOM WMITYJIbCHO-TIEPHOAMYECKOM peXHUMe, TaK
B Oosiee crenunyecKoM HETUIMYHOM pexxume. [Ipu JIMTesSbHOCTH 11ay3bl MEXKAY HMITYJIbCOM HPEANOHU3AINN
n UMITyJIbcoM Bo36yskaeHust MeHee 300 HC MOkeT ObITb c(HOPMHUPOBAH JIONOJTHUTEIbHBIN UMITYJIbC M3JIy4eHusl 1epes
OCHOBHBIM MMITYJIbCOM TeHepaluu. /[ BbIpaBHUBAHUS aMILIUTY/bl UMILYJIbCOB reHepalun TpeGyeTcss BapbUPOBATh
MOII[HOCTD /IONOJHHUTEJIbHOTO NCTOYHUKA MHUTaHUs. /|11 OlleHKH 1peo6pa3oBaHusl MOIHOCTH TEHEPAIMH B UMITYJIbC-
HO-TIEPHONYECKOM pEeKHMe B MOIIHOCTh M3JIyYeHHs [BYX HMITYyJIbCOB TeHepalun OblI BBeleH Koa(OUIMEeHT 1,
olpe/ie/isieMblii KaK OTHOIIEHHE MOIIHOCTEH B YKa3aHHBIX DPeXHMaX. IJKCIEPUMEHTAJIbHO YCTAaHOBJIEHO, 4YTO IpU
YMEHbIIIEHNH BPEMEHHO! 3a/iepKKu HabJoaeTcss poct koadduieHt mpeobpasoBanus 1. Takum o6pa3oM, Bapbu-
pysl sHepreTH4ecKue napaMerpbl UMIYJbCOB IIPEJMOHM3AINN M HAKAYKU, a TaKXXe BPEMEHHYIO 3a/I€PKKY MEKIy
HUMH MOKHO OCYIIECTBJISITb PEryJIMPOBKY SHEPreTHYeCKUX I1apaMeTPOB HMITYJIbCOB T€HEepallud, 4YTO MOXKeT ObITh
MCTIOTb30BAHO Ha TIpaKTuKe. /laHHBIN HETUIMYHBINA PEXXUM TeHepalni oO6Hapy:KeH BIepBHIE.

MdunancupoBanne. Pa6oTa BbIoIHEHA B paMKax rocyaapcrBennoro 3aganust MOA CO PAH.

Cnucok JurepaTypbl

1. Tpueopvsiny A.T., Kasapan M.A., JIs6un H.A. Jlazepbl Ha napax Me[H: KOHCTPYKI[HsI, XaPAKTEPUCTHKU U IpuMeHeHusi. M.:
DOU3MATJINT, 2005. 312 c.

2. Boxan 11.A., Byuanos B.B., 3axpescxui /.9., Kasapan M.A., IIpoxopoe A.M., Damees H.B. Ourmdeckoe U J1a3epHO-
XUMUYECKOe pas/iesieHle U30TONOB B aToMapHbIX mapax. M.: ®U3MATJINUT, 2010. 224 c.

3. TIpueopvany A.I., T'yces A.JI., Kazapsu M.A., Jabun H.A. Jlasepbl Ha mapax Meau J/Jisl TPENU3NOHHOI 06paGOTKM
u3jiesnii 3JeKTpOHHON TexHuKku // MexIyHapOAHbBIil JKypHAI: «AJbTepHATUBHASI dHepretnka m akojorusi». 2013. T. 129,
Ne 7. C. 86—-98.

4. Ponomarev 1.V., Shakina L.D., Topchiy S.B., Klyuchareva S.V., Pushkareva A.E. Treatment of pyogenic granuloma
with copper vapor laser radiation ,// Vestnik dermatologii i venerologii. 2021. V.97, N 2. P.41-49. DOI:
10.25208/vdv1209.

5. Hmnyavcuo-nepuoduueckuti nasep Ha mapax xuMmmuueckux asementoB: Ilar. 2618477 C1. Poccus, MIIK HO01S 3/227.
IOmuu H.A., IOqun H.H.; TTY, HU TTY; 3aasa. 24.12.2015; Ony6s. 03.05.2017. Bios. Ne 13.

6. Hmnyrvcuo-nepuoduueckue Ja3epbl Ha TapaX XUMUYECKHX 3JIEMEHTOB C yNpPaB/sieMbIMH IapamerpamMu reHepanmu: Ilar.
2237955 C2. Poccusi, MIIK HO1S 3,/09. I0aun H.A.; Uncruryt dusuku nonxynposogaunkos CO PAH; 3assa. 10.02.2004;
Omy6u. 10.10.2004.

7. KO0un H.A. dusuueckue MpoOIECChl B aKTUBHBIX CPeJaxX JIa3epoB HA CaMOOTPAHMYEHHBIX MEePeXojaX B Iapax METAJIOB U UX
B3aMMOCBSI3b C HapaMeTpaMH PaspsiIHOrO KOHTypa: ABToped. Auc. .. qokrtopa ¢us.-mat. Hayk. Tomck: Tom. roc. yu-1, 2009.
38 c.

8. Tpuzy6 M.B., Ozopoonuxoe /I.H., /[umaxu B.A. VccienoBanne HCTOYHMKA HaKayKW Jiazepa Ha [apax METaIOB C
HMITyJIbCHBIM 3apsioM pabodeil emkocrn // Onrtuxa armocdepst n oxkeana. 2014. T. 27, Ne 12. C. 1112—1115.

9. Trigub M.V., Troitskii V.O., Karasev N.V. Atypical excitation mode of CuBr + Ne and CuBr + Ne + HBr active media
// Optical and Quantum Electronics 55(10). 2023. DOI: 10.1007 /s11082-023-05086-z.

10. Tpuzy6 M.B., Bacnes H.A., Eemywenxo I'.C. u dp. CucreMa CHHXPOHU3AIMHI HMITYJIbCHO-TIEPUOITIECKOTO PeRUMa PaGOThI
AKTHBHBIX CPejl Ha CaMOOTPAHMYEHHBIX Iepexojax B mapax MerauioB // IlpuGopsl n texnmka skcrmepumenta. 2019, Ne 1.
C. 30—35. DOI: 10.1134,/S0032816218060307.

11. Bacnes H.A., Tpuzy6 M.B., Jumaxu B.A. u 0p. BbicokoBOJIbTHBII MOjyas Top. IlareHT Ha mose3nyo mMoaenb Ne 185671.
[lara rocynapcrennoii perucrpaiyu 13.12.2018. [IpaBoo6ragarens: Vucrutyt ontuku armocdepor CO PAH.

12. Kulagin A.E., Trigub M.V. Kinetics of the CuBr vapor active medium under non-typical excitation conditions // Appl.
Phys. B. 2023. V. 129, N 5. P. 67. DOI: 10.1007,/s00340-023-08010-1.

N.A. Vasnev, N.V. Karasev, V.O. Troitskii, M.V. Trigub. Atypical CuB-laser lasing mode.

An experimental setup for active media on metal atoms self-terminating transitions pumping was
developed. It is possible to change the parameters of the pump pulses, which allows implementing new
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which was named the double-pulse lasing mode. This mode appears when the time delay between the
preionization and excitation pulses is less than 300 ns. In this case, radiation pulses were obtained from both
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