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AnHotammsi: B mamHoli paboTe paccMaTrpuBaeTcs WCTOPUS BO3HHKHOBEHHUS MEPBBIX JiazepoB. Kparko
OIMCaHa UCTOPHsI CTAHOBJICHNS HOBOTO HANpaBJIEHUs HAYKHU - KBAHTOBOH 3JIEKTPOHUKH, CBA3aHHAS C OTKPBITHEM
masepoB u ytazepoB ydeabiMu CIHIA (Y. Taync) u CCCP (H.I'. Bacos u A.M. [Ipoxopo). [IpencrasneH mepBbIit
B MHUpe Jla3ep Ha pyOuHe, paspaborannbii T. MeiimanoM. Takxe, onrcaHbl KOHKPETHBIE TPUMEPHI T PUMEHEHUS
Ja3epHBIX TEXHOJIOTUH B pa3HbIX o0nacTsaX. C MOSABIEHHEM Ja3epOB HAYAINCh MCCIEIOBAHUS IO MOBBIIIEHUIO
CTaOUJIBHOCTH HMX YacToThl. Ha ocHOBe ma3epoB ObUIM CO34aHBl MCTOYHUKU 3JIEKTPOMArHUTHBIX BOJIH
ONTUYECKOT0 JHana3oHa C BBICOKOH CTaOMIBHOCTBIO YacTOTHL. DTO CIIOCOOCTBOBAIO MPUMEHEHHIO JIa3€pOB B
BOCHHOW OTpaciy Ul HABUTALMU, TOYHOTO ONpPENENICHUs PAcCTOSHHS A0 00BEKTa M CKOPOCTU O0BEKTa. Yike
ceifuac a3epHble TEXHOJIOTUHN PENIafoT 3a/1a4y IO 3aITyCKy KOCMHYECKUX H/MIIM KPbUIATBIX PakeT U yIpaBIeHHE
uX IojeroM. Jlazepsl HalUIM LIMPOKOE PaclipoCTPaHEHHE B MEAWIIMHE B KAaueCTBE OECKPOBHOIO CKAJIBIENS B
odrampMoONIOTHH, TIPH JIEYEHWH KOXHBIX 3a0oseBaHuil. Ilpum moMOmM J1a3epHBIX TEXHOJOTWH YIajoch
pa3paboTaTh METOAMKY, IO3BOJIAIOIIYIO ONpENeNATh sapa KIETOK M pPa3iuyaTh 3J0pPOBBIE KIETKH OT
37I0Ka4eCTBEHHBIX, T.€. IPOBOANTH OMOIICHIO B IpOIecce onepannu. B o0macTh 3KOJIOTHH JTa3epHbIe JTOKATOPEI
MIPUMEHSIOTCS ISl KOHTPOJIA paclpeAeieHns 3arpsisHeHU B aTMocdepe Ha pa3IHyYHBIX BBICOTaX, OMPEIEISIOT
CKOpPOCTH BO3JYIIHBIX TEUEHHI, COCTaB M TemIleparypy armochepsl. JlazepHble TEXHOJIOTHH MPUMEHSIOT JUIS
W3TOTOBJICHUS! TOHKWX IUIEHOK M3 Ta3000pa3HOTO CHIPhS MyTeM XHMHYECKOTO OCAXKICHHUS C TPUMEHEHHEM
CBETOBOI 3HEpruu. B mMoBceAHEBHOM >KM3HU KaXKAbIH YEIOBEK TaK Xe BCTpedaeTca ¢ Jazepamu. OcoOEHHO
HIMPOKO PaCIPOCTPaHEHBI MOJIYIPOBOIHUKOBBIE (IMOAHBIE) JIa3ephbl, KOTOPHIE HCIIOJIB3YIOTCS B IMPHHTEPAX,
MY3bIKQIBHBIX IPOUTPHIBATENSAX, KOMIIBIOTEpax, (DOHAPAX, JETCKUX UTPYIIKAX.

Abstract: In this paper, the history of the first lasers is considered. The history of the formation of a new
direction of science - quantum electronics, associated with the discovery of masers and lasers by US scientists
(Ch. Towns) and the USSR (N.G. Basov and A.M. Prokhorov). The world's first ruby laser, developed by T.
Meiman, is presented. Also, specific examples of the use of laser technologies in various fields are described.
With the advent of lasers, research began to improve the stability of their frequency. Based on lasers, sources of
electromagnetic waves of the optical range with high frequency stability were created. This contributed to theuse
of lasers in the military industry for navigation, accurate determination of the distance to the object and the speed
of the object. Laser technologies are already solving the tasks of launching space and/or cruise missiles and
controlling their flight. Lasers are widely used in medicine as a bloodless scalpel in ophthalmology, in the
treatment of skin diseases. With the help of laser technologies, it was possible to develop a technique that allows
to determine the nuclei of cells and distinguish healthy cells from malignant ones, i.e. to conduct a biopsy during
surgery. In the field of ecology, laser locators are used to control the distribution of pollutants in the atmosphere
at various altitudes, determine the speed of air currents, the composition and temperature of the atmosphere. Laser
technologies are used for the manufacture of thin films from gaseous raw materials by chemical deposition using
light energy. In everyday life, everyone also meets with lasers. Semiconductor (diode) lasers are especially
widespread, which are used in printers, music players, computers, flashlights, and children's toys.

KiawueBble cioBa: yaszep; UCTOpUs CO3JaHHs J1a3zepoB; Teomop MailimaH; NMpUHIUI AEHCTBUS Ja3epa;
MPUMEHEHHE JIa3epoB; JIa3epbl B BOCHHOM JIeNie; Jla3ephl B MEAULMHE.

Keywords: laser; history of the creation of lasers; Theodore Maiman; the principle of laser operation; the
use of lasers; lasers in military affairs; lasers in medicine.

1 Benenue (Introduction)

Jlazep kak ycTpOHCTBO MOSIBUIICS B PE3YJIbTATE CIUSHUS JBYX JOCTUKEHUI HAyKU U TEXHUKH — KBAHTOBOU
¢u3uky u pagroTexHuku. KBaHToBas (pu3MKa HaIpAMyIO CBA3aHA C TEOPHEH O CBeTe, IPHUPOJa BOZHUKHOBEHUS
KOTOPOT0 3aHMMajla YMbl BBIAAIOIIUXCSI MBICIUTENEH C ApeBHUX BpeMeH. CBET — ATO BenMuaiiiias LeHHOCTH,
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KOTOPOH Ofapwiia Hac MPUPOJaA, 3TO HEOOXOJMMOE YCIOBHE CYIIECTBOBAHHS PACTEHHH, )KHBOTHBIX U YEJIOBEKA.
CBeTOBBIE Jy4d OTPAKAIOTCS M MPENOMISIIOTCSA, OHM MOTYT YCHJIMBATh M OCNaOnsaTh Apyr Apyra, orudarb
MIPETISITCTBUS, HarPeBaTh MPEAMETHI, IIOPOXKAATH IIEKTPUIESCKUN TOK, 00IaaTh XUMHYECKUM BO3/eiicTBreM. Bee
9TH yIUBUTEIbHbIC SBJICHHUS CBETAa U3y4alMCh C IPEBHUX BpeMeH. B Hauane XX Beka MOSBUIIACh TEOPHS CBETA,
COTJIaCHO KOTOPOH CBET MPOSABISAET ce0sl Kak BOJHA MJIM KaK YaCTHIIA B 3aBUCHMOCTH OT yCJIOBHH HAOJIO/CHHA.
JanHas Teopus 1 mociyxuna B 1954 1. co3paHuio COBEpIIEHHO HOBOTO T€HEpaTopa paaroBoiIH — Mazepa. OqHUM
13 BBIIAIONINXCS HAayYHO-TEXHUYECKHX IOCTIKeHHM XX BeKa HECOMHEHHO sABIsieTcs pa3padoTka sazepa. Ero
cozganue B 1960 r. nano Hagano OypHOMY pa3BUTHIO BCEH JazepHOH TeXHHUKH. Jlazep (ONMTHYECKHH KBAHTOBBIH
TeHepaTop) — yCTPOMCTBO, TeHEepPUpPYIOIIee KOTePEHTHBIE 3JIEKTPO-MATHUTHBIE BOJHBI 332 CYET BBIHYKICHHOTO
UCITYCKaHHUs WJIM BBIHYKICHHOTO PAacCesiHUs CBETAa aKTUBHOMN Cpeloi, HaxomsIecs B ONTHYECKOM Pe30HaTope.
Jlazep sBigeTCS YCTPOHCTBOM, MpPEeoOpasyIOmUM pa3lIuyHbIe BUIBI DHEPIUU (IJIEKTPHUYECKYIO0, CBETOBYIO,
XMMHYECKYIO, TEMJOBYI0 M T.I.) B DHEPIHI0O KOTEPEHTHOIO 3JIEKTPO-MarHUTHOTO H3JIyYEHHS ONTHYECKOrO
nuarasoHa. /leficTBre a3epa OCHOBAHO Ha BBIHYXICHHOM HCITYCKaHWUM (POTOHOB IIOA JECWCTBHEM BHEIIHETO
3JIEKTPOMAarHUTHOrO 1o, Jlasep ABIsETCS HCTOYHUKOM MOHOXPOMATHYECKOTO KOT'€PEHTHOIO CBETA C BHICOKOH
HanpaBJeHHOCTHIO CBETOBOTO Jy4a [1].

Introduction

The laser as a device appeared as a result of the merger of two achievements of science and technology —
quantum physics and radio engineering. Quantum physics is directly related to the theory of light, the nature of
which has occupied the minds of prominent thinkers since ancient times. Light is the greatest value that nature
has given us, it is a necessary condition for the existence of plants, animals and humans. Light rays are reflected
and refracted, they can strengthen and weaken each other, bend around obstacles, heat objects, generate an electric
current, have a chemical effect. All these amazing phenomena of light have been studied since ancient times. At
the beginning of the XX century, the theory of light appeared, according to which light manifests itselfas a wave
or as a particle, depending on the conditions of observation. This theory served in 1954 to create a completely
new radio wave generator — a maser. One of the outstanding scientific and technical achievements of the twentieth
century is undoubtedly the development of a laser. Its creation in 1960 gave rise to the rapid development of all
laser technology. A laser (optical quantum generator) is a device that generates coherent electro—magnetic waves
due to the forced emission or forced scattering of light by an active medium located in an optical resonator. A
laser is a device that converts various types of energy (electrical, light, chemical, thermal, etc.) into the energy of
coherent electro-magnetic radiation of the optical range. The laser action is based on the forced emission of
photonsunder the influence of an external electromagnetic field. The laser is a source of monochromatic coherent
light with a high directivity of the light beam [1].

2 Hcropus co3nanus JjazepoB (The history of the creation of lasers)

HpC)KI[C 4eM MOsABUJICA JIa3ep, ObLIO CACIIaHO MHOKCCTBO PAa3JIUYHBIX OTKpI:ITI/Iﬁ " IMMPOBEACHO HEMAJIO
HCHLITaHHfI, KOTOPBIC BIIOCJICACTBHUHA CTaJIU (byHI[aMeHTOB pIRIG: | pa3pa60T1<H INEpBOIro B MUPE HU3TTy4aTCId.

B 1900 roxy I[1:aHk BBIBEN COOTHOILIEHHUE MEXKIY SHEPrHEel U YaCTOTOH M3ITyUeHHS, OH PEIIMOI0KHIII, YTO
U3JTy4YEeHHE CBETa BEIIECTBOM MPOMCXOUT HEJSITUMBIMUA TOPIHSIMH, U SHEPTHS U3Ty4aeMOl IMOPLIHU 3aBUCUT OT
9acTOTHI cBeTa. OH TOBOPHII O TOM, YTO SHEPTHUS MOXKET MU3ITyJaThCs FUIH MOTIIOMATHCS TOIBKO B OMPEIEICHHBIX
MOPIUSAX PHEPTUHU, KOTOPBIE B UTOTE OH Ha3Ball KBAHTAMH.

B 1905 romy OWHIUTEHH BBIIYCTHJI CBOIO CTaThlo O (hoTodNeKTpuueckoM dddekre, B KOTOPHIH
TIPEIIOIOKAI, YTO CBET TAKXKE JOCTABIISET CBOIO DHEPTUIO KYCKaMH, B 3TOM CIydyae JUCKPETHEIC KBAHTOBEIC
YaCTHUII TEIePh Ha3bIBAIOT (POTOHAMH.

B 1917 rony JitHiuTeitH copmupoBan Teopuio o «BeiHyXkIeHHOM n3neueHun». OH MPEeAroNokuil, uTo,
ITOMHMO TIOTJIOIIEHHUSI ¥ MCITyCKaHHs CBETa CIIOHTAHHO, DJIEKTPOHBI MOTYT OBITH HAIpaBJICHBI IS WCITyCKaHUS
CBETa ONpPEETIeHHON ATHHBI BOTHBL.

26 ampens 1951 roma: Yapnez Xapa Taync u3 KomymOuiickoro yHWBepcuTeTa, CHAS Ha CKaMeHKe B
BammarToHe, 3ajymblBaeT HICI0 CO3/JaHUS CBOEro NpuUOOpa Ui MHKPOBOJHOBOTO YCHIJIGHUS IyTeM
CTHMYJIHUPOBAHHOTO U3Ty4eHNs, KOTOPHII OH Ha3Bad «Masepom». Pabotas ¢ ['epbeprom 3eirepom u acmupaHTOM
Ixetimcom II. T'opmonom, TayHc neMOHCTpuUpyeT TmepBbId «Mazep» B KomyMOMHCKOM YHUBEPCHUTETE.
AMMHauHBIN «Ma3zep» - IepPBOE YCTPOMCTBO, OCHOBAHHOE HAa MPEICKA3aHUIX ODMHINTEHHA, MOIy4yaeT MepBOe
YCHUJICHHE U TeHEePaINIo IIEKTPOMArHUTHBIX BOJH ITyT€M BBIHY)KICHHOTO M3imydeHus. [Ipubop renepupoBan ayd
CBETa, MOITHOCTHIO 0K0JIo 10 HBT, ATMHA BOJNHBI KOTOPOTO COCTaBjsa 4yTh O6osee 1 cM. DTO ObIT HACTOSIIIUMA
HpOpPBIB B ONTO3IEKTpOHUKE 1954 rona.

B ®wusnueckom mucTuTyTe M. [1. H. JlebeneBa B Mockse H. I'. bacoB u A. M. IIpoxopoB mBITAIOTCS
CIPOEKTUPOBATh M MOCTPOUTH OCHMWIUIATOPHL. B 1955 romy oHM mpemmararoT HOBBI METOA MOJYYEHUS
OTPHUILIATENBHOTO TOTJIONICHU S, Ha3bIBAEMbIH METOJIOM HAKaYKH AJIEKTPOHOB.



B 1956 romy Huxomac bixymbepr m3 lapBapiackoro yHHBepcuTeTa pa3pabaThiBaeT MHKPOBOIHOBBIN
TBEPAOTEIbHBIN Ma3zep.

B okTs6pe 1962 r. Huk XoaoHbsSK-MIaAIINN, Hay4dHblid coTpynHuk jabopatopuu General Electric Co B
Cupakysax, mrar Heio-Hopk, myGmmkyer cBom paGoTHl Ha «BHIMMOM KpacHOM» nasepHOM muone GaAsP
(rannuii-apcenua-gochun), KomMmakTHOM, 3()(PEKTUBHOM HCTOUYHHKE BHAMMOIO KOT€PEHTHOTO CBETa, 4TO
SBIISIETCS. OCHOBOHM JUIS KpPacHBIX CBETOAMOJIOB, HCIIOJNB3YEMbIX B TaKHX ITOBCEAHEBHBIX IPOIYKTaX, Kak
KOMIakTaucku, DVD-neeps! 1 MOOMIIBHBIE TeNe(OHBI.

B 1964 romy Taync, bacoB m IlpoxopoB ymoctoeHs HobeneBckoit mpemun mo ¢(usmke 3a HX
«pyHIaMECHTANBFHYI0 paboTy B O0JIACTH KBAHTOBOW SICKTPOHUKH, KOTOpas TIpPHUBENAa K IOCTPOCHHIO
OCHUJUIATOPOB W YCUIIUTENeH Ha OCHOBE MPHHIIMITA Ma3ep-ia3epy.

16 mas 1960 r. Teomop X. Maiiman, ¢usuk u3 Hughes Research Laboratories B Mamu0y, mrar
Kamudopaus, cTpouT mepBBIi Jiazep, WCHONB3Yd MWJIMHAP M3 CHHTETHUYECKOro pyOmHa pasmepoM | cM B
IUaMeTpe W 2 CM AJIMHOM, C KOHIIAaMH, HOKPBITHIMU cepeOpoM. MaiimMaH uconb3yeT (GoTosnaMibl B KadecTBe
WMCTOYHHKA JIA3ePHOTO Hacoca. BrocnencTBUM 3TH nasepbl ObUIM Ha3BaHBl «pyOMHOBBIMH» M OBUTH OYEHD
JUIUTENbHOE BpeMsl caMbIMH NOMYJsipHBIMU. VIHTepecHa nanpHelinas cynsba mepBoro odpasma pyOMHOBOTO
na3zepa, cozganHoro Teomopom Maiimanom. B HanmonansHOM My3ee aMepHKaHCKOH HCTOpUH ecTh (hoTorpadum
OJTHOM M3 BO3MOXKHBIX BepCHUil mepBoro pyonHoBoro nazepa Teogopa Maiimana (puc. 1) [2].

Pucynok 1. ®otorpadun ogHOH U3 BO3MOXHBIX BepCUH ITepBOTo pyOnHOBOTO Jiazepa Teomopa Meitmana
(HammoHnansHBINH My3€il amepuKaHCKON ncrtopun) [2]

B nos16pe 1960 roma IMutep I1. Copoxnn u Mupek CtuBencon u3 HccmenoBarensckoro meHtpa «IBM
Thomas J. Watson» geMOHCTPUPYIOT ypaHOBBIH J1a3ep, YETHIPEXCTYIIEHIAaTOe TBEPIOTENbHOE YCTPOHCTBO.

B 1962 romy Xamsopdp c¢ ®pemom MakKnyHrom — MimagmmM JOKa3bIBAaeT CBOIO Ja3epHYIO TEOPHIO,
reHepupys nuKoBble MomHocTd B 100 pa3 OoJblie, 4eM oObIYHbBIC PyOHHOBBIC JIa3€pbl, HCIOIB3YsI ANEKTPUIESCKU
3aKkphITHIE kamo3u Keppa. Meron rurantckoro (opMHpOBaHMS UMITYJIbCa Ha3bIBaeTcs nyonmnpoBanuem. Torna,
C TIOMOUIBIO 3TOTO Jla3epa MPOBEIH CBapKy MpPYy>KUH A yacoB [3].

3  TIpunuun aeiictBusi razosoro Jasepa (The principle of operation of the gas laser)

lazoBbIii Jazep — mnasep, B KOTOPOM B KayeCTBE aKTUBHON Cpelbl WUCIONB3YyeTCs BO30YKAEHHBIC
AJICKTPUYECKUM TOKOM Ta3bl MIIM Taphl (HOHBI aTOMOB WJIH MOJICKYJ). VI3MEHSATh CBOWCTBA U3IYyUSHUS ra30BBIX
Ja3ePOB MOXKHO CIEIYIONUMHI CTIOCO0aMU: Pa3IUIHBIMU CIIOCO0aMu BO30YKICHUS; N3MEHEHHUS ITapaMeTPOB ra3a
(maBreHUWe, TeMIEpaTypa, COCTaB); KOHCTPYKTHBHBIM UCIOJHEHUEM. AKTHBHBIE CPEbl OJHOPOIHBI H HE UMEIOT
IIOTEePh, B CBSA3M C YE€M KAueCTBO M3IMyUEHHs BHINIEC, YeM B JPYTHX THUIAX Jiazepa. TepMOperynsius aKTUBHOU
CpeZbl OCYIIECTBIIIETCS OBICTPOH 3aMEHBI ra3a, YTO IO3BOJISIET B HENPEPHIBHOM DPEXHUME IOOUTHCS BBICOKUX
MOIITHOCTEH. ['abapuThl TaKOTO THUIIA JIA3€POB 3HAYUTEIHHO OOJBINE, YEM IPYTUX THIIOB: W3-32 HU3KUX MaBICHUI
B cpene (10-10* ITa) HeoOXoauMbl OOJNIBIINE AIMHBI 30H ycuieHHs. CIEKTp M3IydeHHs BapbHpyercs oT Y d-
muana3ona (~100 HM) 10 muamazoHa CBEPXBBICOKHX 4acTOT (~2 MM). IHBEpCHS 3aCeNEHHOCTEH MOCTUTAETCS 32
cu€T IpeoOIIaaaloMIero yYBEeIHUeHHS 3aceIEHHOCTH BEPXHETO JIA3EPHOTO YPOBHS MPH CIIEAYOMINX ITPOIIeccax:

— Bo30y>keHre 4acTuIl TPU CTOJIKHOBEHUSX C 3JIEKTPOHOM (CTOJKHOBEHHMS MEPBOTO POJa) HHULIIMHUPYEMOE
ra3oBbIM paspsamom (e+He—e+He™);

— Ilepenaua Bo30OyXIEHHS OT OJHON YACTHUIIBI K APYToil (CTONKHOBEHUS BTOPOro pona). MakcumanbHas
CKOPOCTB IpoIlecca ONpenessieTcs OJM30CThI0 BO30YKIEHHBIX YpoBHEH sHepruu monekyn (He*+Ne—Ne*+He);

— Bo30yxnenne npu npsaMoi WM CTyNeH4YaToi noHuzanuu (Ar+e—Ar*+2e);



— Bo30OyxneHue MOJEKYISPHBIX COCTOSIHMH C TIOMOIIbIO ONTHYECKON Hakaykh. B BUAY y3KOro crekTpa
TIOTJIONICHUH, TaKoW Crmoco0 BO30YKICHHS TPUMEHSETCS B Ta30BBIX Ja3epax BBICOKOTO JABIICHUS M JIA3€POB
nanbHero MK-muanaszona (CO2 nasep);

— Bo30yxneHue aToMHBIX COCTOSIHHM depe3 (OTOANCCOMHAIUIO (pa3IOXKEeHHE MOJCKYNI MO ASHCTBHEM
AJICKTPOMArHUTHOTO W3ITyUEHUsT) MOJIEKYI. VCIOIb3yIOT UMITYJIBCHBIC KCEOHOBBIC JIAMITHI;

— Bo30yxneHune xone0aTenbHO-BO30YKAEHHBIX COCTOSIHUH MOJIEKYT 33 CYET XUMHUYECKUX PEAKIIMH.

[lepeuriciieHHBIE TIpOIlECCHl HMMEIOT MeCTO TIpu BO3OYXKIEHHMH aKTHBHOW Cpeibl C IIOMOMIBIO
9JIEKTPUYECKOro TOKa (Ta30BbIM pa3psj, HEMpepbIBHOE BO30YXKIEHHE OT HECKOJIIBKMX Muiutuamiep no 100 A,
uMIyiascHoe B030yxmeHue ot 100 A mo 1000 A, ¢ MOMOUIBIO PEIATUBHCTCKHX JJICKTPOHHBIX ITYYKOB),
ONITHYECKON HAaKauKoW (MPEeMMYIIECTBEHHO s Jazepa nampHero MK-mmamazoHa) W XMMHUYECKUX PEaKIIHi
(remnoBast peakius, (oroaucconmanus). AKTHBHas cpela Ta30BBIX JiazepoB QopMupyeTcs H3 I000T0
ra3oo0pa3HOTO TpM KOMHAaTHOHM Temmeparype snemeHTa mim ux cmecu (Hz, Ne, Ne+, Kr 2+, N2O u np.),
OouIblIIero 4Kcia 3JeMEHTOB B apoodpasHoM cocrosHuu (mapsl MetauioB He-Cd, He-Kr-Hg), Gonbiero unca
monekyn BemectB (CH30D, CO2, NOCL u ap.) JloctomHCTBO Tra3a, Kak pabodero Tena Jlazepa — BBICOKAs
ONTUYECKass OJHOPOJHOCTh, HEJOCTATOK — Majble YJelbHbIE JHEpreTHYecKue Xapakrtepuctuku. Hambonee
pactpocTpaHE€HHBIM aKTHBHBIM BEIIECTBOM SABIISIOTCS CMECH HEHTPaJbHBIX aTOMOB. M3mydaromumy 4acTHIiaMu
B TaKOM Jia3epe SIBIISIOTCS aTOMBI AJIEMEHTA, UMEIOIET0 HauOoJblIee KOMMYECTBO METACTAOMIIBHBIX YpPOBHEH.
[lpu OonbmioM 4ncie MeTacTaOWIBHBIX YPOBHEW TPYOHO CO3/1aTh HHBEPCHIO 3aCEIEHHOCTEH OTHOCHTEIFHO
HIDKHHUX YPOBHEW M KaKOTO-TO OJHOTO M3 BBHIOPAHHBIX, YTO PELIAeTCs BBEAECHHEM JOHOPHOTO ra3a B pabouHii
00bEM. ATOMBI BHEIPEHHOTO ra3a aKTUBHO BO30YXKHAIOTCA OT BHEIIHMX MCTOYHHUKOB JHEPIHH U TepenaéTt
3aMac€HHYI0 SHEPIUI0 aToMaM Jpyroro sjieMeHTa. Cpelu BO3MOXKHBIX AKTUBHBIX CPEll U3 IBYX KOMIIOHEHTHBIX
cMecel HEUTpalbHBIX aTOMOB MOXKHO yrnoMmsHyTb He-Ne u He-Xe, rae akTuBHBIM BeliecTBOM siBisieTcs Ne u Xe,
COOTBETCTBEHHO, a He sABNseTCS TOHOPHBIM Tra3oM.

KoHCTpyKTHBHO cxeMa Ta30BOTO Jlazepa TOKa3aHa Ha puc. 2. AKTUBHOE BEUIECTBO 3alOJHSET LETHKOM
Ja3epHyI0 TPyOKy, B CBSI3M C YeM 30HA BO30yKIEHHUS NpPHBs3aHa K Ta0apUTHEIM pasMepaMm TpyOku. TunmndHble
pasmepbl 0,3-1,5 M B mmuny u 0,1-2 ¢cM B nuameTpe. B 3aBHCHMOCTH OT THIIa pe30HATOpa TPYOKa MOXKET
OKaHYMBATHCSI OKHAaMH, YCTaHOBJIEHHBIMH IIOJ YIJIoM bpiocrepa oTHOcWTenbHO ocu Tydka. OKHa MOTYT
MOBBIIIATh KAYECTBO M3IYUYCHUS Yepe3 JIMHEHHYIO MOISPU3AIUIO.
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Pucynok 2. KoHcTpykius ra3oBoro nasepa:

1 — na3epHas TpyOKa ¢ aauHoM 1 u quamerpoM d; 2 — 3epKajo pe3oHaTopa; 3 — MOJIyIpPO3pavHOe 3ePKajo
pe30oHaTopa; 4 — HICTOUHHUK MUTAHUA; 5 — cMech ra3oB [3]

OOpatHas cBsI3b NPEACTABIAET COOOH ONMTUUYECKHUIl Pe30HATOP, ABJIIONINICS HIYEM MHBIM, KaKk
pe3onatopom Pabdpu-Ilepo. CymecTByeT qBa THIIA pe30HATOPA OTKPHITHIA M 3aKPbITHIH. OTKPBITHI pe30HATOp
MIpeJICTaBIIsAeT COOO ABa BHEIIHUX 3€pKaia, Ha KOTOPbIe Yepe3 OKHa MajaeT usinyueHue. [Ipu stom,
ONTUYECKHE DJIEMEHTBHI, TOBBIIAIONINE KAYeCTBO U3IyUEHHs], MOKHO YCTAHOBUTBH HETMIOCPEACTBEHHO B
pe3onatop. Takas cxema MOBBIIACT NOTEPU YHEPIrUU U3IIyUEHUs B pe30HaTope. B cxeme 3akpbITOro
pE30HAaTOpa, 3epKaia yCTaHABJIUBAIOTCS BMECTO OKOH, U3Iy4eHHE IIPH 3TOM He MOJIApU30BaHo. B naHHOM cxeme
IIOTEPH OTCYTCTBYIOT, HO 3€pKaJia MOTYT OBITh ITOABEP KEHBI Pa3pyLICHHUIO 0] BO3IEHCTBIEM MTPOIIECCOB
BHYTPH aKTUBHOU Cpebl.

U3 pezonaTopa u3myueHHE MOKHO BBIBOAUTDH C MMOMOIIBI0 YCTAHOBKU MOJYIPO3PAUYHOTo 3epKaa,
OTBEPCTHUSA B 3€pKaJIe WK MyTEM Mu(paKkIuy Ha Kparo OJHOM M3 3epKall U BHEAPESHHUEM Ha ITyTH JIa3ePHOTO
IIy4Ka IPO3pavyHoll IIJIACTUHBI, Yepe3 OTPaKECHUE.

OTBOJ TEITIOBBIX MOTEPH MIPOUCXOAUT C IIOMOIIBIO BO3AYIIHOTO OXJIKICHHUS IMPH HE3HAYUTEIHHOM
MOIITHOCTH M BOJITHOTO OXJIAKIACHUS IIPH CPETHEH U BHICOKOW MOIITHOCTH, UJIM OBICTPOH 3aMeHbI ra3a. Pabouee
TEJIO armapara OXJIAXKICHNE HAacOCOM MOMaETcsl K BHENTHEH CTOPOHBI CTEKIISTHHON TpyOKHM, paBHOMEPHO
oxJaxkaas e€ mo Bced mmomany [4].



4 IIpumenenne na3epos (Application of lasers)

J1o ceroHsIIHero AHs Jia3epbl UIPAOT 3HAYUTEIBHYIO POJIb B O TAIBMOJIOTHH, XUPYPIUH, IEPMATOIOTH U
M CTOMATOJIOTHH, a Tak)Ke BO MHOTHX JAPYTHX OONacTsAX. l[eHTpasbHBIM TEXHOJOTHYECKHMM KOMIIOHCHTOM B
YPOJIOTUU SABISACTCSI HIAOCKOT. JIazepsl MOTYT OBITH IIEPEMEIICHBI Yepe3 ONMEePAIlMOHHBIA KaHaT YHIAOCKOIA TN
Yyepe3 aNbTePHATHBHBIM WHCTPYMEHT, BCTaBICHHBIM B TENO YeNOBEKa, IS TMPOBEACHHUS HEOOXOIMMBIX
TEPaeBTUICCKUX BMEIIATEILCTB. B ypoIoruu ma3epbl MUPOKO MCIOIB3YIOTCS, SBISSICH HHCTPYMEHTOM ITEPBOTO
BBIOOpa B HEKOTOPHIX 00JACTAX, TaKMX KaK IHIOCKOIMUYECKOE JCUCHUE KaMHEH wind IUTOTpuricus. [lepBwiid
KIIMHUYECKUM CiTy4ail Ja3epHoro JieueHus B yposioruu garupyercsa 1968 rogom [5].

JlazepHble yCTpoOWCTBa — 3TO Te, KOTOpPBIE NMpeoOpasyloT oAHy (opMy 3Hepruu B (POTOHBL, KOTOpHIC
SIBJISTFOTCSL JICKTPOMATHUTHBIMH W3ITydeHUsMA. CIenyromue ceMb THIIOB JIa3epOB OBUIM OMPENCSIICHBI ISl WX
UCIOJIb30BaHUs B OYpeHUU HE(DTSHBIX U ra30BbIX CKBAYKHH:

¢ Jlazep Ha dTopucTOM BOgOpOAE W GTOPHUIC NEHTEPUS: OHH UMEIOT pabounii Juana3oH JUIMH BOJH 2,6—
4,2 mukpomerpa. MIRACLE ucnonbs30Bajics AJis UCTIBITAHUA TOPO/I-KOJIIIEKTOPOB.

o XUMHYCCKUU KHUCIOPOJHO-HOAHBIA Jazep: paboraeT Ha jymHE BoiHbI 1,315 mukpomerpa. C ero
ITOMOIIBI0 MOXXHO YHHYTOXKATh PAKETHI, YTO TOXKE C OOJIBIIION TOYHOCTHIO M OOJIBIION NANBHOCTHIO. Takas
BBICOKAsl TOYHOCTD M JAJIIBHOCTH JEHCTBUS MOTYT OBITH YCIIEUTHO MCIIOIB30BAHBI I PEIICHUS pAaa IpodiaeM co
CKBQ)XMHOM.

¢ Jlazep Ha yriekucioM rase: paboraeT Ha JuyinHe BOMHBI 10,6 MUKpOMeTpa cO CpeAHEeH MOIIHOCTHIO 1
MBT. OH MokeT paboTaTh Kak B HENPEPHIBHOM, TaK MU B MMITyJCHOM BOJHOBOM pexume. OJHAKO M3-3a €ro
OOJBIION JUTMHBI BOJIHBI 3aTyXaHUE IPOUCXOIUT Yepe3 BOJIOKOHHYIO OITHKY.

e Jlazep Ha yrapHOM rase: paboTaeT Ha JUIMHE BOIHBI 5—6 MUKpoMeTpoB. OH Takke MOKET paboTaTh KaK B
HEINPEPBIBHOM, TAK U B UMITYJIbCHOM pexuMe. Ero cpeaHss MomHoOCTh cocrasisgeT 200 kBrT.

e Jlazep Ha CBOOOAHBIX JIEKTPOHAX: B PEKUME IIOCTOSIHHOTO TOKA OH MOXKET OBITH HACTPOEH Ha JI00YI0
JUTMHY BOJIHBI M pacCMaTpuBaeTCs Kak MOIIHBINA Jiazep Ha Oymymiee. Takum o0pa3oM, €ro JUIMHY BOJHBI MOYKHO
pETYIHpOBaTh B CIIyyae OTPa)XEHUs, U3IyUYEeHUs YEpHOTo Tena U T. JI.

e HeomumoBsiii: MTTpreBo-amoMUHUEBBIA TPaHATOBEIN Ja3ep: paboTaeT Ha JmnHE BOMHBI 1,06 MKM mpH
MotHocTH 4 kBT.

e Oropua kpuntoHa (3xcumep) Jlasep: padotaer Ha mauHe BonHH 0,248 MHKpoMmeTpa ¢ MOUTHOCTBHIO 10
kBT. OH MoxeT paborath B pexxume RP. B aToM nazepe atomsl kpuntoHna u ¢propuna B Mojiekyse KrF maxomsarcs
B BO30Y’KIEHHOM COCTOSIHMH. JIazepHOe MEXaHHUYEeCcKOe JI0IO0TO paboTaeT Mo MPHUHIIUILY IEPBOr0 OTKAJIBIBAHUS
TIOPO/IBI C TOMOIIBIO JIA3epHOTO JTy4a. beIIo J0Ka3aHo, 9TO TeMIepaTyphl, HHAYIHPYEMbIE JIa3epaMH, OCIa0ISIOT
MOpOJy. DTO MPOUCXOANUT M3-3a Pa3BUTHUS TPEUINH, 00€3BOKMBAHUS MUHEPAIOB W WCMAPEHUs, YTO MPUBOJUT K
YBEJIMYCHHIO ITyCTOTO IpocTpaHcTBa. OOHApYKEHO, UTO 1O CPAaBHEHHIO C HETJIa3yPOBAHHOM YaCThIO pa3IHyHBIC
MOYJIH, Takue Kak Moayis FOHra, Moaysb cBUTa, OOBEMHBIH MOAYJh M KOMOMHHPOBAHHBIH MOJYJIb ITOPOJIBI,
ObUTH yMEHBIICHB. B OSTH BBIXOZHBIE TIOpoAa 3areM MpoOypHBaeTcs € WCIHOIB30BAHWEM OOBIYHBIX,
UCTOJB3YEMBIX B HACTOAIIEE BPEMs METOJOB MEXaHHYECKOTrO JOJIOoTa. DTO JOCTUTAeTCs Ooiiee OBICTPBIMH U
a¢dexTnBHBIME TEMIaMu [6].

KauecTBeHHO HOBBIM 3Tam pa3BUTUA Ja3€pHOM aHAJUTHUKU CBA3BIBAETCS C MOSIBJICHUEM JIa3epoB,
TeHEPUPYIOIINX YIbTpakopoTkue uMmynbesl (YKU) — dheMToceKyHIHOTO M aTTOCEKYHIHOTO AUama3oHoB [7].
VIMITynBCHI JTA3€PHOTO U3IYUYCHUS MUKOCEKYHIHOW M (DEMTOCEKYHIHOUW JIMTEILHOCTH IMUPOKO MPUMEHSIOT B
AHAJTUTHYECKOM CIIEKTPOCKONHMH BBIHYXJIEHHOro KoMmOmHarmoHnHoro paccesHus (BKP). Tak, B pabore [8]
IT0OKa3aHO, YTO KCIIOJBh30BaHME Y3KOITOJIOCHOTO IHKOCEKYHIHOTO HMITYJIbca HaKa4KH W HIHPOKOIOJIOCHOTO
30HIUPYIOMIETO HUMITYJIbCa (PEMTOCEKYHIHONH ATUTENFHOCTH ITO3BOJSET CYMIECTBEHHO YBEIMYUTH OTHOIICHHE
CUTHAJI/IIIYM I10 CPaBHEHHIO € paHee MpuMeHsieMbiMu MeToankaMu BKP. D1o nmo3Bomnser mony4dats criektpsl BKP
aHAITM3UPYEMBIX 00pa3lioB ¢ OYEHb MaJIbIM BpeMEHEM HakoIUIeHHs curHana. [IpemoxkeHHas cxema IMO3BOJISET
TaK)Ke MCKIIOYUTH BIUAHUE (ayopeciieHInu 00pa3noB. OmHa U3 0COOCHHOCTEH (PEMTOCEKYHIHOTO H3ITYUCHIUS
COCTOUT B TOM, YTO OHO '€HEPUPYETCS B IIMPOKOM CIIEKTPAILHOM Juana3oHe. [Ipu 5ToM BakHBIM (haKTOpOM IpH
0o0CY>XIeHHH TPUMEHEHUST (PEeMTOCEKYHIHBIX JIa3epOB SBJLICTCS M3MEHEHWE YaCTOTHI M3IYUCHHS CO BPEMEHEM
(aupn). UupnupoBaHHBIM UMITYJIEC — 3TO TaKOH UMIYJIBC, B KOTOPOM Pa3IHYHbIC IJIUHBI BOJIH HEPAaBHOMEPHO
pacmpeelieHbl BIOJb Orr0aromeid BOJHBI UMITYbca. [Ipu 3ToM aupn MOKHO HAONIONATh W KaK YBETHYCHHE, H
KaK YMEHBIIICHHUE ATUHBI BOJHBI (MJIH YACTOTHI) JA3€PHOTO U3IYUYCHHUS CO BpEMEHEM MPU HAOMIOACHUH U3TyUYCHUS
KaK M3 CTallHOHApHOTO MOJIOXKEHHsI, TaK ¥ TIPU MPOXOKICHUN €r0 OTHOCUTENFHO HAOIoIaTes.

B 2015 romy Ynnr Ha Anr u3 CuHramypckoro HHCTHTYTa TPaXKIaHCKOW, 000POHHON HayKH W TEXHOJIOTHH
Hamucal JUCCepTalliI0 O TIPUMEHEHHH BBICOKOIHEPreTHYECKOr0 JIA3ePHOTO OpYXHs, KOTOopoe Oynaet



HCIIONB30BaThes Ha Kopabine BMC, nims Boenno-Mopckoit acimpantypsl B MonTepee, Kamudopuaus [9]. Lensro
MIPOEKTA SIBIISICTCS aHaJIN3 BO3MOXKHOCTH MPUMEHEHUs JIa3ePHOTO OpYXHUs Ha kopalmisx kiacca "TIpuOpexHblii
0oesoit kopabms BMC" (LCS). AHamuM3upoBanioch TPH Pa3IMYHBIX THIA JIA3CPHBIX CHCTEM, BKIIOYAS
TBeproTenbHbI nasep (SSSL), nazep Ha cBoboaubix 3nekTponax (FEL) u BonokonHo-ontuyeckwuii iazep (FL),
IJle BCE 3TH TPH CHUCTEMBI MOTYT T€HEpHPOBaTh BBICOKOKAaYeCTBEHHBIE Ja3epHble Jiydd. Ha pucynkax 3-5
MIpEACTaBICHBI JaHHBIC Ja3ephl [9].

Pucynox 3. TBepmotensHbiii nazep. demoncrpamuss Pucynok 4. JlazepHas cucreMa Ha CBOOOIHBIX
Mopckoro nasepa [9] 3NeKTpoHax [9]

Pucynok 5. BonokoHHo-onTudeckue jgazeps [9]

Taxxe nmazepHOe opykue paspabareiBaeTcsi B Poccnu, HO OombInast yacth HHGOpMAIUK 00 3THX paboTax
3acekpedyeHa. Poccuiickuil naszepHslii komruiekc "llepecBer" BBINONHSET 3aJaud HPOTUBOBO3AYLIHOM U
MIPOTUBOPAKETHOM 0OOPOHEI ¥ MOKET OBITH YCITEIITHO UCTIONB30BaH B 00ph0e ¢ OecrunoTHUKaMu. OH MOXKET OBITH
HCIIONB30BaH MPOTHUB JTIOOBIX O0EMPUIIacOB, B KOTOPBIX UCIIOIB3YIOTCSI ONTHKO-3JCKTPOHHBIE YyCTPOUCTBA, TaKUE
Kak KpbUIaTble pakeTbl M BBICOKOTOYHOE oOpyxwue. [IpuHIUN JeiCTBHUS OCHOBAH Ha OCBEUIEHHWHM CHCTEM
ONTUYECKOHN Pa3BelIKU, B TOM YHCJIE CAMOJISTOB M CIIyTHHKOB, Ja3epHbIM Jy4oM. OH MOXeT ObITh HCIIOJIb30BaH
U TIPUKPBITHS (KaMy(ispka) cTapTOBBIX MO3UIME. [lo HEKOTOPHIM AaHHBIM, KOMILIEKC TaKke CIocoOeH
nopaxarb opoutanbHbie cnyTHukH. CoBerckuit Coro3 pa3paboTayl py4qHOE JIa3epHOE OpPYKHE Ui KOCMOHABTOB,
HO Ha IPAaKTUKE 3TO HEJIETaNbHOE OpYKUE HUKOIIa He mpuMeHsioch [10].

5 3akaouyenune (Conclusions)

Wrak, oOpaTnB BHUMaHHME K WCTOPHH CO3/aHHUS Ja3epOB, MBI BHUAMM, KaK HYEIOBEUECTBO JBHUTAJIOCH U
IBUTaeTcsi 0T MMJUIMDKOYJICH M MMIUIMBATT NEPBBIX Ja3€pOB K METaPKOYIIM M MEraBaTTaM COBPEMEHHBIX
J1a3epoB M TUTaBaTTaM OyIyIINX Ja3epPHBIX CHCTEM.
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