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JlazepHOe WM3TyueHHUe >XeJTOTO AMAIa30Ha [JIMH BOJH HAaXOAUT IIIPOKOe IpHMeHeHHe B 0(TaIbMOJIOTHH 6Ja-
rogaps cBoell 3(eKTUBHOCTH I YHUKAJIBHBIM cBoiicTBaM. CyIIecTBYIOIINe CeTOJHSI KoMMepuecKHe MeIHI[ITHCKUe
JlazepHble YCTAHOBKU 06JIaJaloT Majoil MMIyJIbCHOI MOIIHOCTBIO U DPSAIOM JIPYTUX HeJOoCTaTKoB. ;KenTpiil snasep
Ha HeoHe ¢ JJIMHON BOJHBI 585,3 HM MoXeT OBITh IIpeJIo’KeH B KauecTBe aJbTepHATUBBI. B paboTe IpeacTaBieHbI
pesyJIbTaThl 9KCIepIMeHTalIbHBIX HCCIe0BaHUIl IeHHHHTOBCKOTO HEOHOBOTO Ja3epa ¢ HAKA4KOIl MMITYJIbCHBIM HH-
JTYKIMOHHBIM IPOJOJIbHBIM Pa3psAgoM. B kauecTBe aKTHBHOII cpebl HcIo/b3oBatach razoas cMecb Ne—H, B pas-
HBIX COOTHOIIEHHAX. B skcmepumeHTax dopMa M JAUTEIbHOCTb MMIIYJIbCOB U3/IyueHUs CUIbHO 3aBHCENH OT COOT-
HomeHnst KoMnoHeHT Ne—H,, m03BoJIAs MolydaTh Kak OAMHOYHBIE, TaK U CABOEHHBbIE MMITYJIbCBI OOIIeil [IHTeNhb-
HocTbio oT 30 1o 100 Hc Ha mosyBBICOTE. DHEPTHUs TeHepallud MMITYJIbCOB u3aydeHus focrurana 20 mx/Dk, 4To
COOTBETCTBOBAIO MMITYIbcHON MommHoctu 200 BT. JlazepHBIl IIy4ok B IOIEpEYHOM cedeHUH umesa (opmy, 6au3-
KyI0 K KpPyIy, ¢ PacXOJNMOCTbIO He Gosee 2 MpaJ. B ganbHelimmeM IpH peain3alllil HMITYJbCHO-TIEPHOINIECKOTO
pesknMa paboThl ¢ YacTOTOH HOBTOpeHHS HMIy.IbcoB Ao 100 I'l MHAYKIMOHHBIN HEOHOBBI Jla3ep MOXKeT IpHMe-
HATbCA B PA3JUYHBIX 06JacTSIX, B TOM YHCIe B MeAUIHHe.

Kniouesvie cnosa: nMIyabCcHbI MHAYKIIMOHHBINA IIPOJOJbHBIH paspsiji, NeHHUHTOBCKUI Jladep, SKeJaTbIH Ja-
3ep, MHAYKIMOHHBII HEOHOBBIH Jlazep, UMITyJbcHas MouHocTh; pulsed inductive longitudinal discharge, Penning
laser, yellow laser, inductive neon laser, pulsed power.

BBeaenne

B macTosimiee BpeMs JasepHOe H3JIydYeHNeE JKeJTOI
o6TacTH CIeKTpa HAXOAWT MHOXKECTBO TIpHMMeHeHUit
B oraspMosiornu 6Jarofapsi NpeuMyIlecTBaM JaHHOTO
JUaTa30Ha JJINH BOJIH, a UMEHHO: MAaJoTr0 PacCeUBaHUA
JIA3€PHOTO JIydya IPU IPOXOXKJAEHHH IPETOMIISIONINX
cpell TJa3a, BBICOKOH addeKTUBHOCTH BO3/AeNHCTBUSA
IpH TPOIeAYypaxX KoaryJsIuN BacKyJsIpPU3HPOBAHHBIX
CTPYKTYpP, BBI3BAHHOII IHIKOM IOIJIOIIEHUST TeMOrJIo6u-
HauT.7a. [1]. DddeKTuBHOCTh U 6€30TaCHOCTD JKENThIX
JIa3epoB B JIeYeHNN MIMPOKOTO Kpyra 3abojieBaHmi, Ha-
IpUMep MaKyJIPHOTO OTeKa, HMOCTTPOMOOTHYECKOi pe-
THHOIIATHH, IIeHTPATbHON CepO3HOI XOPHOPETHHOIATHH,
MIPOIEMOHCTPUPOBAHBI B [2].

CerojHs KOMMepUecKkue O(TaJIbMOJIOTHYECKHE JIa-
3epbl, paboTalolNe B JKeJATONH 006JacT! CHEKTpa, B OC-
HOBHOM IIPE/ICTaBJIEHbI MOTYyIIPOBOJHUKOBBIMU JIa3epa-
MM C OIITHYeCKO}l HaKauKoil 1 Ja3epaMi Ha KPAaCUTeJsIX.
I'maBHBIe HeJOCTATKY TIePBLIX — HEBBICOKAS NMITYIbCHAS
morHocTh (He Gosiee 2 BT) U HEBO3MOKHOCTH MOJIY-
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YeHUS UMITYJbCOB JIUTEJBHOCTBIO < 1 MKc, a Jla3epoB
Ha KpPacHUTesIX — Heo6XOMMOCTh YacTOi CMEHBbI Kpa-
CUTeNs BCJEJICTBUE ero BbIropaHusa. TakuM o6pasoM,
3ajlava MONCKa aTbTePHATHBHBIX Ja3ePHBIX NCTOYHNKOB
B JKeJITON 06JIACTH CHEeKTPA OCTAeTCS aKTyaJbHOI.

B kauecTBe TakoTO MCTOYHHKA MOKET OBITH Tpe-
JIO’KEH MHYKIMOHHBIN HEOHOBBIH JIa3ep C IJIMHOI BOJI-
Hbl A = 585,3 uM. B cBoux mpeapiaymnmx pa6orax (Ha-
mpumep, [3]) MBI IPOJEMOHCTPUPOBAIN BO3MOKHOCTD
IMoJIydeHUs JIa3epHON TeHepalun Ha Iepexojae 3p—3s
atoMoB HeoHa (A = 585,3 HM) IpH HaKadke CMeCH
Ne—H, uMITyIbCHBIM UHAYKINOHHBIM ITHJIMH/PHYECKIM
pPa3psiIoM B 3JIEKTPUIECKON cXeMe ¢ BBICOKOW TLIOTHO-
CTBhIO MONIHOCTH Hakauku. OJHAKO 3Ta cXeMa BKJOYa-
eT B cebd HeYIpaBIgeMblil MCKPOBOW pa3psIHUK, KO-
TOPBII YCTOXKHAET KOHCTPYKIMIO Ja3epa, YXyAlIaer
CTaGMJIBHOCTD W COKpAIaeT pecypc paboThI.

CoBpeMeHHbBIE TEHJEHIIMH K MUHUATIOPU3AINN
JTa3ePHBIX UCTOYHUKOB [€JIAI0T MPEATIOUTHTETBHBIM UC-
M0JIb30BaHUE IMPOJOJbHOTO pas3psaia /I HaKauyKd aK-
THBHOI Cpe/bl Ta30BbIX Ja3epoB. [IpyruM HeMaoBasK-
HBIM MOMEHTOM SIBJISIETCS PEeKOMOMHAIIMOHHBIN Xapak-
Tep TeHepalny, YTO YIpoIlaeT TpeGOBaHUS K CKOPOCTH
HaKaYKW aKTUBHOM CpeJlbl, TIO3BOJISASI TIPUMEHSITD 6oJiee
MIPOCTBIE CXeMBI HA eMHCTBEHHOM KOMMYTaTope, B 4Ya-
cTHOCTH 60Jiee CTaGUIBHOM THPATPOHE.
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Kpome Toro, cam mo cebe MHAYKINOHHBIH Pa3psij
ob6pa3yeTcs B pe3yJbTaTe MATHUTHOW WHAYKIIMH TIPH
OTCYTCTBUU MeTAJNINIECKUX 3JEKTPOJOB B aKTUBHOM
cpefle, TO3TOMY WCIOJb30BAHUE €T0 [ HAKAYKH
Ta30BbIX JIA3€POB TI03BOJIAET YCTPAHUTH TUITMYHBIE
HEIOCTATKU KJIACCHYECKUX METOJOB HAKAYKH MPOI0JIb-
HBIM WJIH TIOTIEPEYHBIM 3JIEKTPUIECKUM PA3PSJIOM, CBSI-
3aHHBIE C pACTBUIEHHEM MaTepuaja 3JIeKTPO/OB.
B coueraHum c¢ XUMHWYECKOH WHEPTHOCTHIO AKTUBHOMN
cpeZibl HEOHOBOTO Jla3epa 3TO B TePCIeKTHBE MO3BOJIIT
CO3/1aBaTh Ja3epHble WCTOYHUKH C BBICOKOW CTaGMJIb-
HOCTBIO T GOJIBIITM PECYPCOM PabOThI.

[ep paboThl — co3maHIe HEOHOBOTO Jia3epa C 13-
JiydeHueM B JKeJITOI 06JIacTH CHeKTpa ¢ HaKAyKol uM-
MYJIbCHBIM UHAYKIIMOHHBIM TIPO/IOJBHBIM Pa3ps/IOM.

MaTepI/IaJ[bI H METO/bl

B uccnenoBannu npuMeHssach cucteMa opMupo-
BaHMS MMITYJIbCHOTO UHAYKIIMOHHOTO Pa3psija, BbIIOJI-
HeHHag mo cxeMe Bumomuigiitna (puc. 1). B kadectse
WHIYKIIMOHHOTO JIa3ePHOTO WU3JIydyaress WCIO0Jb30Ba-
Jlach TpyOKa-Kamwap JanHoi 250 MM U BHYTpEHHUM
JIaMeTPOM ONTHYeCKOil 30HbI OKOJIO 4 MM.
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Puc. 1. OnexTpuueckas cxeMa CHCTeMbl HAKAYKW IEeHHWHTOB-
CKOTO WHIYKIMOHHOTO HeoHoBoro Jjgazepa: C; = 28,6 nd;
C,=52u8D; DT — paspagHag TpyOka; L — wuHIyKTOp-
antenHa (momyxupHast JuHus); THY — rtupatpon cepun
THN1-10k/50; Uy = 27 kB; Wi u W, — repMerusupyioriue
nojnoxku u3 CaF,; M — 3epkasio pesoHaTopa

Ha tpy6re pasmemancs WHAyKTOp L aHTeHHOTO
THIIA, BBIMOJHEHHBII I3 YeThIpeX MHOTOKIJIBHBIX TIPO-
BojioB I1B-3 ceuennem 1,5 mm?. PesonaTop masepa co-
CTOSAN U3 3epkasia M ¢ alOMHHUEBBIM TIOKPBITHEM
(koappunment orpaxkenuss R > 90% Ha [IUHE BOJHDI
585 HM) U mIOCKoIapaiienbHoil maactunabl u3 CaF,
(R ~ 8%). 3apsaHoe HalpsiKeHHe B IKCIEPUMEHTaX
661710 paBHO 27 KB Tpu 4YacToTe CileIOBAHUS UMITYJIb-
coB 1 I'.

WccnenoBaHus CIEKTPATBHBIX XapaKTEPUCTUK CIIOH-
TAHHOTO W JIA3€PHOTO WM3JIyYeHUS MMITYyJThCHOTO MHAYK-
IIHOHHOTO TTPO/IOJIBHOTO pa3ps/ia B CMecSIX HeoHa C JIpy-
THMU Ta3aMU TTPOBOIIOCH HA cieKTpoMeTpe S-150 dup-
Mbl Solar Laser Systems; BpeMeHHBbIE XapaKTePUCTUKU
UMIYJbCOB TeHepalluu WCCIeOBANNCh C TIOMOIIbIO
KoakcuagbHoro gotroaseMenta MIK-15 ¢ BpeMeHHbIM
paspemenneMm mopgaka 0,1 HC. DJIeKTpUYeCKHe WM-

MyJIbCBI CHCTEMBI BO3OY KIEHNUS PETUCTPUPOBATICH BBI-
coKOoBOJIbTHBIMU Jgartynkamu Printek ACA-6039 u ocrmi-
sorpacdom Tektronix 2014B ¢ mosocoii mpomyckaHust
100 MTI11, a sHepreTuyeckre XapaKTEPUCTUKH TeHepa-
uun — ¢ ucmnosab3oBanneM guciies Ophir StarBright
¢ uaMepurebHoi ronoBkoit Newport 919E-0.1-12-25K.
[TpocTpaHCTBEHHBIE XAapPAKTEPUCTHKH JA3ePHOTO My4Ka
uccae0BaInuch ¢ momoiresio 1udposoit kamepst Ophir
Spiricon L.11059.

PesysbraThl H 00Cy:KIEHHE

OdddexTBHAA Ja3epHAd TeHepalisd Ha TTepexoax
HeOHa Ha [JWHe BOJHBI 585,3 HM OCYIIEeCTBJISETCS
32 cYeT PeakIuii HeyIPYTuX CTOJKHOBEHMWI, pe3yJibTa-
TOM KOTOPBIX SBJISIETCS J€aKTHBAIUs MeTacTaGUIbHBIX
COCTOSTHUII HUKHEro Jia3epHOro YpoBHsS Ne IyTeM
HOHM3AI[MU MOJEeKyJIapHoil mo6aBku (peakuus IleH-
HuHra) [4, 5]. B kauectBe Takoil 06aBKU Mbl UCIIOJb-
30BaJINl MOJIEKYJISIPHBII BOJOPO/I.

[lng yBenm4eHUs AINTETBHOCTH WMIIYJbCOB TOKA
WHIYKIIMOHHOTO pa3psfa W peajn3aluyd TaKuM oOpa-
30M PEeKOMOMHAITMOHHBIX MeXaHM3MOB (hOPMHUPOBAHUS
UHBEPCUN B HEOHE MbI YBEJUYMJIN TePHOJ OCIIMILISIINI
UMITyJIbCOB HampskeHnsa a0 ~ 850 ue (puc. 2). B pe-
3yJibTaTe INpU Hakauyke ra3oBbIXx cMecell Ne—H, uwm-
MyJbCHBIM ~WHIYKIMOHHBIM TIPOJOJBHBIM  Pa3psiIoM
6bLIa 3apernucTpUpOBaHa JiazepHasd TeHepalmsa Ha JJIn-
He BOJIHBI 585,3 HM TIpU ONTUMAJHHOM JIaBJIE€HUU OKO-
Jo 20 Topp. UccienoBanusg BpeMeHHBIX XapaKTePUCTIK
U3JIy4YeHNsT Ha YKA3aHHOI /IJIMHEe BOJIHBI TIOKA3aJH, 4TO
reHepalus HaYMHAeTCs CIycTs 1 MKC TocJie TOosIBJIeHUs
UMITyJIbca BO30Y:KAEHUS ¥ Havaja KoJebaTeJbHOTO
npolecca B aaeKkTpudeckoil cxeme (puc. 2). IIpn sTom
¢opMa 1 AMUTENTBHOCTh ONTHYECKUX MMITYJIbCOB Ja3epa
cHUJIbHO 3aBHcesn oT cootHomenns Ne : H, (puc. 3).
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Puc. 2. OcuniiorpaMMbl IMITYJTbCOB HATIPSDKEHUST HA eMKOCTSIX
cucreMbl Hakauku C; u Cy U ONTHYECKOTO UMITYJIbCa TeHepa-
i Wi, HIEHHHHTOBCKOTO MH/IYKIIMOHHOTO HEOHOBOTO Jla3epa

IIpu Ne:H,, 6mm3kux x 1:1, mMIOyabc TeHepa-
IHH, KaK TPABUJIO, MPEACTaBILI co60il KOJIO0KOJI0006-
pasHbIil MK [JIUTEJbHOCTbIO ~ 30 HC Ha MOJIyBBICOTE
(puc. 3, @). C yBe/nueHneM KOHIIEHTpallid BOAOPOJA
(Ne:H, =1:1,5) uaunnan ¢GopMEPOBATHCS BTOPOIL
muk (puc. 3, 6) cxosxkeit amureasroctn (20..30 He),
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Puc. 3. OcrumimorpaMMbl ONTHYECKUX HMITYJTbCOB TeHepalluHl pas3JWIHON AmurelbHOCTH (1) MEeHHWHTOBCKOTO WHIYKIIMOHHOTO
HeoHOBOro Jasepa Ipu coorHomennn Ne: Hy = 1:1(a); 1:1,5(6); 1:3..1:5(8); 1:7 (2)

orcrosiuii ot mepBoro Ha ~ 100 mc. Ilpu Ne: H) =
= 1:3..1: 5 AMNTEJbHOCTD IEPBOTO U BTOPOTO MMILYJIb-
COB ObLTa MaKCHMAaJbHOW, OHU HAYMHAJIU TIepeKpbI-
Batbcsd, (OpMUPYS e€TUHCTBEHHBIN WMITYJIbC [THTEh-
nocteio ~ 100 e (puc. 3, ¢). Ilpu JaHHBIX COOTHOLIE-
HUAX JOCTUTAJACh MaKCUMaTbHAA IHEPTHA TeHepalnn
~ 20 MK/, 94TO COOTBETCTBOBAJIO MMITYJTbCHON MOIIHO-
ctu 200 Bt. Ilpun panbHeiilneM yBeJIWYeHUH cojlep:Ka-
HHUsI BOJIOPO/ia dHEPTHs TeHepallni HaunHaJa CHIKATh-
CsI, a ONTHUYECKUII UMITyJIbC OISITh pa3Jesisiics Ha JBa
TIOCTIeIOBATENbHBIX HMITYJIbca C HeOOJIBIINM U3MeHe-
HueM amiTyabl (puc. 3, 2).

B anexTpopas3paaHBIX JTa3epaX B KadecTBe TI€H-
HUHTOBCKUX J006aBOK K HEOHY YacTO WCIOJb30BAJNCDH
pa3MyHble MOJEKYJsIpHble Ta3bl, HampuMep NFs [6].
B Hacrosmeit pa6ote Mbl Takske ucnosb3oBain NFj
u npyrue nob6asku — SFg u CHy. OgHako pexuM Jia-
3epHoil TeHepanuu Ha A = 585,3 HM JOCTHTAJICS TOJb-
ko B ciydae H.

Puc. 4. TIpoduab myuyka MEHHUHIOBCKOTO HEOHOBOTO Jlazepa

(L = 585,3 HM) ¢ HaKaYKOH WMITYJIbCHBIM HHIYKI[MOHHBIM

[POJIOJBHBIM Pa3psaoM; H3MeHeHHe IBeTa OT (hUOIETOBOTO

K KPacHOMY COOTBETCTBYeT YBeJIUUEeHUI0 WHTEHCHBHOCTH (CM.

BeTHOIl pucyHok Ha cafite http://iao.ru/ru/content/
vol.37-2024/iss.04)

WccnenoBaHus IpOCTPaHCTBEHHBIX XapaKTePUCTUK
Jla3epHOil TeHepalluy MOKa3aJl, YTO B IIOIIePeYHOM ce-
YeHUH JIa3epPHBII TyIoK IMeeT GopMy, OIU3KYI0 K KpY-
ry auamerpoM 4,5 MM (puc. 4). VIHTEHCUBHOCTD B I10-
TIePeYHOM CeYeHNN yBeJIMYMBaIach OoT KpaeB K LEeHTpY,
YTO B JajbHefilleM IIpH yCTaHOBKE IIOJIyKOH(OKAIbHO-
ro HJIH KOH(OKAJIBHOTO pe3oHaTopa IO03BOJUT IOJIY-
YUTh pacupejiesieHne, 6amu3Koe K rayccoBoMy. OleHKH
pacxXoAuMOCTU TeHepal[il MOKa3aJl, YTO ee BeJM4MHA
He IIpeBbIMIAaeT 2 MpPaJ.

3akaoueHue

[IpomeMoHCTPHpPOBaHA BO3MOYKHOCTD ITOJYYEHUS
Jla3epHON TeHepalMyl Ha HeoHe B JKeJTol o6JacTn
cuexkrpa (uHa BOJHBI 585,3 HM) NpPU HaKauyKe aK-
TUBHOI Cpe/lbl UMIYJbCHBIM WHAYKITMOHHBIM TTPOIOJIb-
HBIM pa3psnoM. B kadecTBe aKTUBHOI Cpebl MCIOJIb-
30Bajach razoBas cMecb Ne—H; B pasjimyHbIX COOT-
HOIleHusX. B akcmepuMeHTax ¢dhopMa M ITUTETbHOCTD
UMITYyJIbCOB CUJIBHO 3aBUCEJNU OT cooTHomeHust Ne : Hy,
YTO TO3BOJISJIO YIPABJATh IIapaMeTpaMU TeHepaluu
U TONyyaTh KaK OJWHOYHBIE, TaK U CABOEHHBIE UM-
MyJbchl obrmelt amuTeapHocThio oT 30 mo 100 HC Ha
[oJIyBbIcOTe. JHeprusa reHepauuu gocrurata 20 Mx/Dx,
YTO COOTBETCTBOBAJIO UMITyJibcHOW MormHoctu 200 Br.
JlazepHbIil MTy4YOK B TIOMEPEYHOM cedeHUH uMeJs hop-
My, OIU3KyI0 K KDPYTy, C PacXoJUMOCTbI0 He O6oJjee
2 Mpajn. 3ajava JaJbHEHIINX UCCIe0BaHUN 3aKoya-
eTcsl B ONTUMM3AIMH [apaMeTPOB CUCTEMbI HAKAYKU
¢ nenbio obeclevyeHNsT HMITYJIbCHO-TIePHOITYECKOTO
peskMa paboTBl C YACTOTOH CJIe[IOBaHUS WMITYJIbCOB
710 50..100 T'm u mosyvYeHnss BO3MOKHOCTU M3MeHEHUS
JT03BI BO3/IeiicTBUS Ha GWOJIOTHYECKUe TKAHM.

(MDunancupoBanue. Pabora BbIoNHEHa B paMKax
roc3afgaHnsg MUHUCTePCTBA HAYKH U BBICIIETO 06pa3o-
Bauug P® (mpoext Ne 121033100059-5).
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vantages. A yellow neon laser with a wavelength of 585.3 nm can be proposed as an alternative. This paper de-
scribes the experimental study of a neon laser pumped by a pulsed inductive longitudinal discharge. A Ne—H,
gas mixture with various ratios is used as the active medium. The shape and duration of the lasing pulses
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with implementing a pulse-periodic operating mode of an induction neon laser with a pulse repetition rate of up
to 100 Hz, it can be used for various applications, including in medicine.
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