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UcTopusa co3pgaHusn
rasepa

NcTopus nsobpeteHus nasepa Hadyanacb ¢ NPeanonoXeHus:.
A nmeHHo: B 1916 rogy AnbbepT SQHWTENH co3aan TEOPUIO

B3aMMOOENCTBUSA U3ITyYEHNS C BELLLECTBOM, N3 KOTOPOU BbiTEKana npuHuunmanbHas
BO3MOXHOCTb CO3[1aHNA KBAHTOBbLIX YCUITUTENEN U reHepaTopoB AfIEKTPOMarHMTHbIX BOJIH,
na n Anekcen Toncton, B cCBOeM 3HaMEHUTOM pomaHe 'Tunepbonoua
nHxeHepa MapuHa', nucan npumepHo 06 3ToM Xe.

OpgHako nepeast NomnbITKa 3KCNepuMeHTanbHO 0BHapPYXnNTb
NHOYUMpOBaHHOE n3nyyeHne 6bina Tonbko B 1928 roay, koraa JlanoeH6ypr,
n3yyasi oTpuuaTenbHyo gucnepcuo ceeta, cdopMynmpoBarn ycrnoBus
oBHapyXeHuss MHOYLMPOBAHHOIO U3Ny4YeHNs Kak npeobnagaHne ero Hag
nornoweHnem (ycnosme MHBeEpCUMM), OTMETUB, YTO AN 3TOro HeobxoanMo
crneuunanbHoe nsbuparenbHoe Bo30yXaeHMe KBAHTOBOW CUCTEMBI.

[o 50-x rogoB 66111 TONBKO NPeanochifniki co3gaHus nasepa, noka B 1955 roay
ydyeHble Hukonam bacoe n Anekcanap NpoxopoB He pa3paboTanu KBaHTOBbIN reHepaTop -
YyCUNNTENb MUKPOBOJSIH C MOMOLLbIO MHAYLMPOBAHHOIO U3Iy4YEeHUsl, akTUBHOMN Cpeaomn
KOTOPOro siBNgeTcd aMmmumac.




UcTopua cospgaHun
rnasepa

N300peTeHne nasepa, MCnonb3yrLero ammmnak,
NO3BONUNO amMmepukaHcknm yyeHsiMm Y. TayHcy n A. LLlaBnosy

Yyepes ABa roga Havatb pa3paboTKy npuMHUMNOB nasepa. Pabotas napannensHo B TOM
Xe HanpasneHun, AnekcaHgp lNpoxopos B 1958-M ncnonb3oBan ans co3gaHus nasepa
pesoHaTop ®abpu-llepo, npeacrasnsowmn cobon asa napannesibHblX 3epkana, ogHo
N3 KOTOPbIX NONynpo3pa4yHo.

B mae 1960 r. coTpyaHuk nccnegoBartenbckoro ueHTpa doumpmbl Hughes,
amepukaHckun domnsuk Teogop MenmaH, ocHoBbIBasicb Ha paboTtax H.bacosa, A.
[MpoxopoBa n Y.TayHca, CKOHCTpyMpoBan NepBbii Nasep Ha pybuHe ¢ ANMHON BOMHbI B
0,69 mkm. CnycTa nonroga B nabopatopusax koprnopauun IBM 3apabotan
MHdOpaKpacHbIW Nasep Ha pTopuae Kanbuusi ¢ 4o06aBKOW MOHOB ypaHa, MOCTPOEHHbIN
[Mntepom CopoknHbIM 1 Mupekom CTUBEHCOHOM. OTO ObIN yHUKaNbHbIN Npuodop,
KOTOPbIN AENCTBOBAN NULb NpU TeMnepaTtype Xuakoro Bogopoaa v npakTn4yeckoro
3Ha4yeHuns He nNpuobpen.

HakoHeu, B nekabpe Toro e roga uccnegosatenu ns Bell Laboratories Anu
[xaBaH, Ynneam beHHeTT u [oHanbg XsppuoT MNpOo4EMOHCTPpUpoOBann nepebin B
MUpPE ra3oBbIN Jla3ep Ha CMecu renns N HeoHa, KOTOPbIA MOBCEMECTHO NPUMEHAETCS U
B HaLIWN OHW.

Nocne atoro C*)VI3VIKI/I N NHXEeHepbl BCENro Mnpa BKITHOYUJTNCb B TOHKY MO CO34aHUIKO
BCEBO3MOXHbIX J1a3epoB, KOTOpad UaetT n rno cen aeHb.




Y10 Takoe nasep?

1 JNasep (aHrn. laser, cokp. ot Light Amplification
by Stimulated Emission of Radiation —
«YcurneHue ceeta C NOMOLWbIO BbIHYXOEHHOIo
N3Ny4YeHns») — yCTPOMCTBO, UCMONb3yloLlee
KBaHTOBOMEXaHU4YeCKNN apEKT BbIHYXOAEHHOIO
(CTUMYNMPOBAHHOIO) U3NYyYeHUs1 ANns co3aaHus
KOrepeHTHOro rnoTtoka ceeTta. Jlyd nasepa MoxeTt
ObITb HEMpPepbIBHbIM, C MOCTOAHHOW aMMNSIUTYOOWN,
NN UMMYITbCHBLIM, OOCTUraKLWNUM 3KCTPEMarnbHO
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‘ JNunza

oonbLUnX NUKOBbLIX MOLLIHOCTEMN. i B NV ipucam
Bo MHOrMx KOHCTpYKUMSAX paboumin aneMeHT nasepe ‘°::Pp"“ \y s32umnys
NCMONb3yeTcsl B Ka4eCcTBe ONTUYECKOrO yCUnmnTens i /
01151 N3rydeHust oT ApYroro UCTOYHMKA. YCUNEHHbIN

CUrHamn oYeHb TOYHO COBMafaeT C UCXOAHbLIM MO Botxopwoit nasepwi ny
OJIMHE BOJHbI, (hase n nondpusaunmn, 4To OYeHb
Ba)>XHO B YCTPOWCTBaxX ONTUYECKON CBA3MN.




Kak ycTpoeH nasep.

Ha cxeme 0603HaYEHbI:

1. Pabo4vas cpepna

2. DHeprusa Hakadku nasepa
3. HenpospadHoe 3epkarno
4. lNonynpospayHoe 3epKarsno
5. JlazepHbIn nyy

MexaHuama bymara

N

[laHHble OT KOMNBIOTEPa C NOMOLWLIO Nasepa
nepepaiTcs Ha hotobapabaH — 4To U rae neyararb.
MoA AevicTenem nasepa noBepxHOCTb (horobapabana
NPUHUMAET NONOXUTENbHLIN 3apsd. 3apsKeHHbie
Y4ECTKV COOTBETCTBYIOT MECTaM HaHeCeHUs

TOHepa Ha Bymary
a




[lepBble nasepbl

[MepBbIn paboTatowmn nasep 6o caenan T. ManvaHom B 1960 1. B
nccnegoBaTtenbCcKon nabopartopmm KoMnaHum Xbko3a, KOTopad Haxogunach B
Manuby, wTtat KanndopHusa ¢ npuerevyeHnem rpynn TayHca n3
Konymbuiickoro YHuBepcuteta u LWanoy n3 komnanum Bell laboratories.
ManmaH ncnonb3oBas pyOuHOBbLINM CTEPXKEHb C UMMYSTbCHOW HaKa4yKou,
KOTOPbI AaBan KpacHoe U3nyyeHne ¢ aAnvHon BosHbl 694 HaHomeTpa.
[TlpMepHO B TO Xe BpeMsA upaHcknn gunank Anu AsaH npeacrasus rasoBbin
nasep. lNo3gHee 3a cBOKO pPaboTy OH MNOSYyYUN NPEMUI0 UMEHU A.
OMHLWITENHA.

OcHoBHas nges paboTbl nasepa 3aknoyaeTcs B UHBEPCUM SMEKTPOHHOIA
HaCEenEHHOCTN NYTEM «HaKadku» paboyero tena aHeprmen, nogBoasLEencs K
HeMY, HanNnpMMep, B BUOE CBETOBbIX UMW 3NTIEKTPUYECKUX NMMNYIbLCOB.
Paboyee Teno nomellaeTcss B ONTUYECKUA PE30HATOP, NPU LINPKYISLUK
BOMNHbI B KOTOPOM €€ 3HEeprnsa aKCnoHeHumanbHO Bo3pacTaeT bnarogaps
MexaHW3My BbIHY>XOEHHOrO 13nyyeHus. [pn 3ToOM 3Hepris Hakayku AOSHKHa
npeBblllaTbh ONpeaenéHHbIn Nopor, Hade NnoTepu B

pe3oHaTope 6yayT npeBbillaTh YCUneHue u
BbIXOHas1 MOLWHOCTb OyAeT KpanHe mana.




[MpyHUMN padoTbl

[enuin-HeoHOBbIN Nnasep. CBeTAWMNCA NyY B LEHTPE — 3TO HE COBCTBEHHO
nasepHbIN Nyd, a ANeKTpUYEecKNin paspsia, NnopoxaaroLlwmn ceevyeHne, nogobHo Tomy,
Kak 9TO MPOMUCXO4UT B HEOHOBLIX Namnax. Jlyd npoeuupyeTcs Ha 3KpaH cripasa B BUAe
CBETSILLENCA KPpaCHOW TOYKN.

NHBepCcHa 3neKTPOHHOM HACENEHHOCTU TaKXKe NeXUT B OCHOBE paboThbl Na3epos,
KOTOpble NPUHUUNUANbHO NOXOXW Ha nasepbl, HO paboTaroT B MUKPOBOSTHOBOM
ananasoHe. Nepsble Masepbl 6binn caenanbl B 1953—1954 rr. H. I'. bacosbim 1 A.M.
[TpoXopoBbLIM, a Takke He3aBUCUMO OT HMX aMmepukaHuem Y. TayHcom un ero
coTpyaHukamun. B otnuyme oT KBaHTOBbLIX reHepaTopoB bacosa n [Npoxoposa, KoTopble
HaLn BbIXO4 B UCMNOSIb30BaHUM Bonee Yem OBYX SHEePreTM4ecKknx ypoBHEN, Masep
TayHca He Mmor paboTaTb B NoCTosiHHOM pexume. B 1964 r. bacos, NpoxopoB 1 TayHc
nony4nnn Hobenesckyto npemMmuio no dpusmnke «3a ocHoBonosnarawLwyo padboTty B
obnacTtn KBaHTOBOM 3IEKTPOHUKN, MNO3BONUBLLYIO CO34aTb reHepaTopbl U YCUNUTENN,
OCHOBaHHble Ha NPUHLKUINE Masepa 1 nasepa.




CBoucTBa nasepHoOro nsny4veHus

N3nyyeHne nasepa MOXeET BbiTb HACTOMBbKO MOLLHBLIM, YTO UM MOXHO pe3aTb
cTanb n gpyrue metansbl. HecMoTpa Ha TO, 4YTO Nyd fnasepa MOXHO CPoKycMpoBaTb
B OMEeHb MareHbKylo TOYKY, OHa Bcerga byaeT UMeTb KOHEYHbIN HEHYNEBOW pasMep
Bcneactene andpakunn. C gpyron CTOPOHbI, pasMmep COKYCUMPOBAHHOIO Nas3epHoOro
ny4ya Bcerga byaet 3HauMTenbHO MeHbLUE fnyya, co3gaHHoro nobbiM Opyrum
cnocobom. Hanpumep, nyy HebonbLioro nabopartopHOro rennn-HEOHOBOro fasepa
pas3onaeTcsa Bcero npumepHo Ha 1,5 knnometpa Ha pacctosHum ot 3emnn 40 J1yHbl.
KoHe4Ho, HekoTopble nasepbl, 0CO6EHHO NONMYNPOBOAHMKOBbLIE, Briarogaps mMarnbim
pasaMmepaMm, co3aloT CUNbHO pacxogsawmmncsa nyd. OgHako 3Ty npobnemy MoXHO
pewnTb NPpUMEHEHMEM NUH3. Brninauue gmudpakumm MoxXHO 060nTH, NpUMeEHasd
BOJTHOBOAbI, B JAHHOM Crly4yae

OMNTOBOJIOKOHHbIE JIMHUN.




[TfpumeHeHMe nasepos

CeroaHsl nasepsbl LMPOKO NMPUMEHSIIOTCS

B MeguuuHe, NPON3BOLCTBE, CTPOUTENBHON
MNPOMBILLITIEHHOCTU, reofesnn, ObITOBOU
SNEKTPOHMKE, Hay4YHOU annapaType u
BOEHHbIX cuctemax. CerogHs
NCNonb3yTCcA OyKBanbHO BUMNSTMOHLI
nasepoB. OHM ABNAKOTCA COCTaBnAoLLEN
TaKMX NPUBbIYHBIX YCTPOMCTB, KaK CKaHepbl
LUTPUX-KOOa, UCMONb3yeMble B
cynepmMapkeTax, CKaHepbl, lla3epHble
NPUHTEPLI N NpourpbiBaTen KOMMNakT-
ONCKOB.




[lpumeHeHUe Nnasepa
B MeAULNHE

B obnactn meanumHbl BO3MOXHOCTM Nla3epoB cTann pas3BuBaTbCA
bbicTpee nocne 1964 r., korga ObIN N306peTeH nasep Ha guokcuae yrnepoaa,
KOTOPbIA BCKOPE Oarn Xmpypram BO3MOXHOCTb BbIMOMNHATb OYEHb CIOXHbIE
onepauum, ncnomnb3ysa oTOHbI BMECTO CKarnbnens, Ans NpoBeaeHns onepaumni.
JTazepHbI CBET MOXET MPOHMKATb BHYTPb Tena, BbINOMHASA onepauuun, 4Yto
HECKOSbKO NeT Ha3ag OblNno NoYTM HEBO3MOXHO BbIMOMHUTL, MPU MUHUMANBHOM
pucke nnu guckomdopTe ans naumeHta. B obnactn ctomartonormn, BoobaBok K
Xxupyprum pta, longmax un gpyrue B 1964 r. npeanonoXxmnm Bo3MOXHOCTb
NpuMeHeHns1 pybruHOBOro nasepa Ans nevyeHus Kkapueca, Yto NpMBNeKno
BHMMaHune Bcero mupa. B 1967 r. lopaoH nonbiTancs yoanutb Kapuec u
NoAroToBMTL MOMOCTb NPU NOMOLLM pYyOMHOBOrO fiasepa, HO He CMOr n3bexaTb
noBpeXxaeHust Nynbnbl 3y6a, HECMOTPS HA XOpoLUMe pe3ynbTaThl, NOyYeHHbIe
Ha WU3BMeYeHHbIX 3ybax.

C cerogHsLWHMMKM nasepamMmmn nNpakTUY4eCcKn HET HeXenaTenbHOro HarpeBaHus,
HeT Wwyma u Bnbpauuun. Moknaas ctomaTtonornyeckoe Kpecno, 60MnbLIMHCTBO
NauMeHToB He oLyLlanu 6onm, UM He Hago ObiNo AoXnaaTbcs, Noka NnponayT
NEeNCTBME aHeCcTeTUKa U OHEMEHUE, N He UCMbITbIBaNM NoYTU HUKAKOro
nocrneonepauuoHHoro auckomdopTa.




