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Jldzep (anen. laser, akponum om auza. light amplification by stimulated
emission of radiation — ycuneHue cegema nocpedcmeom 8blHYyHIeHHO20
u3jlyyeHua), onimtyeckuli K8dHIMOEbIU 2eHepdMop — ycmpoiicmeo, |
npeobpasylouwee 3Hep2ul0 HAKaA4YKu (ceemoayio, 31eKinpu4eckyio,
MenJjiogylo, Xumu4eckyio u dp.) 8 3Hep2uio Ko2epeHmMHo2o,
MOHOXPOMAMUYeCK020, NO0JIAPU308AHHO20 U Y3KOHANPA81eHHO20

nomokda u3iy4eHus.




Bujbl n1azepos

Bl oo i

TazoBbie TBepaoTenbHbIE
-Te/TM-HEeOHOBBIU -pyOMHOBBI

-aproHOBBIN -a/IIOMO-UTTPUEBBIE
-KPUITTOHOBBIA -Ha PTOPHUIE UTTPUS-TUTHS
~-KC€EHOHOBBIN -Ha BaHaJiaTe UTTPUS
-a30THBIN -Ha HEOAMMOBOM CTEKJIe
-BTOPUCTO-BOJOPOSHBIN ~-TUTaH-canPUPOBbIE
-KUCJIOPOAHO-UOIHBIN -aJIeKCAaHPUTOBBIN
-yraexucnoTHsii (CO)) -~OIITOBOJIOKOHHBIH

-Ha MoHOOKcH e yriepoza (CO) -Ha GTOpPHU/IE KATBITHS
-dKCUMEepHBIN

Ha mapax metannos Apyrve Tunbl
-Te/INN-KaIMUEBBI -TIO/TyITPOBOAHUKOBBIM
-Tre/INU-PTYTHBIN JIa3€PHbBIN AUOZ,
-reJINN-Cce/IeHOBbIN -Ha KpaCcUTensIx

-Ha ITapax Megu -Ha CBOOOIHBIX IEKTPOHAX

-Ha I1apax 30/10Ta -TICeBA0-HUKEIeBO-CaMapUEBbIN
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Ou3MECKON OCHOBOI pa60T1>1 nasepa cnymn'r KBaHTOBOMEXaHHYeCKOe SBICHHe
BBIHY)XJ€HHOTO (MHIYIMPOBAaHHOTO) u3nydeHnus. HM3nydyeHue nazepa MoOKeT OBITH
HeNMpepPbIBHBIM, C IOCTOSSHHOW MOIHOCTHIO, HJIH HMITYJIBCHBIM, JOCTUTAIOUIAM
npese/bHO 0OMBIUINX MAKOBBIX MOIIHOCTEH. B HEKOTOPBIX cxeMax paboYHii 3/IeMEeHT
JIa3epa UCIOIb3YEeTCsA B Ka4eCTBE ONTUIECKOTO YCHUIUTEISA AJisl U3TyYeHUs OT APYTroro
ucrounuka. CymecrByer 0oblIOe KOMUYECTBO BUJAOB JIa3€ePOB, MCIOMH3YIOUIUX B
KavecTBe pabdoyeii cpexbl Bce arperarHbie COCTOSTHHUSA BeljecTBa. HekoTopbie THUIIBI
JIa3epoB, HampUMep ja3epbl Ha PACTBOPAX KpPaCHUTENEl WM IMOJIUXPOMATHYECKHE
TBepAOTE/bHbIE Jla3epbl, MOTyT Te€HEPUPOBATh ILenablii HAOGOp d4acror (mop
ONTHUYECKOTO Pe30HATOPA) B IIMPOKOM CIIEeKTPa/IbHOM AuanaszoHe. [abapuTel 1azepos
Pa3HATCA OT MHUKPOCKONMHUYECKUX AJsA PAJa MOJTYNPOBOSHUKOBBIX J1a3epoOB [0
pa3sMepoB (PyTOOTBHOIO TOASA [IJIsi HEKOTOPHIX a3epOB HAa HEOJMMOBOM CTEKIIe.
YHUKanbHBIE CBOWCTBA W3/My4Y€HHUs J/1a3€pOB MO3BOJWIN WCIOAb30BaTh HX B

Pa3INYIHBIX OTPACISAX HAYKH U TEXHUKH, A TAK)KE B OBITY, HAYMHAA C YTEHUS U 3aIMACH
KOMITAKT-JUCKOB ¥ 3aKaHYMBAasgA MCCIEJOBAHUAMHM B O0JIaCTU YIPABASEMOTO
TEepMOsAAEPHOIro CUHTEe3a.




OCHOBHDIE JTATbI

1916 ToA: A. DITHIITEH MPeCKA3bIBaeT CYLeCTBOBAHHE SIBJIEHUS BBIHY}K,Z[eHHOI'O'
U3Iy4eHus1 — PU3NIeCKOi OCHOBBI PAaOOTHI II0OOTO Ta3epa.

Crporoe Teopernyeckoe 000CHOBaHHUE B PaMKaX KBAHTOBO MeXaHUKH 3TO
siBJieHHue Moy4Yrao B padoTtax I1. /lupaka B 1927—1930 IT.

1928 roa: 3KcriepuMeHTaabHOeE moaTBep)kaenue P. /lazenoyprom u I.
KondepmanHoMm cyliecTBOBAaHUSA BEIHY)KAEHHOTO U3TyYeHHUS.

B 1940 r. B. ®a6pukanTom u ®. byraeBoii 6bUIa MpeacKa3aHA BO3MOYXKXHOCTH
W CIOJIb30BAHUS BRIHY)KIEHHOTO U3/Ty9eHUsI CPeabl C ”THBepCcUel HaceIEHHOCTen
IJIS YCUJIEHUS 3JIEKTPOMAarHUTHOTO U3/TyYeHUS. v

1950 roa;: A. Kactnep (HoGeneBckas npemus o pusuke 1966 roga) npejiaraer - »
. MEeTOJ, ONTUY€CKOM HAaKAaYKHU CpeAbl IJIsl CO3JaHUs B Hel THBEPCHOU £

- Hacen€éHHOCTU. Peann3oBaH Ha mpaKTHKe B 1952 roay bpoccenem, Kactnepomnu
BuaTepom. /10 co3maHMSsA KBAHTOBOTO reHepaTopa OCTABAJICS OJWH IIar: BBECTU B
Ccpefy MOJIO)KUTEThbHYI0 OOPAaTHYIO CBSI3b, TO €CTh IOMECTUTH 3Ty CPey B
pe30HaTop.

1954 TOJI: MIePBbIii MUKPOBOJIHOBOI reHepaTop — mMa3ep Ha ammuake (Y. Taync — |

a

HooGeneBckas npemus nmo pusuke 1964 roga, /Hx. lopgon, I. Laiirep). Poab
OOpaTHO CBSI3HU UTPAJI 00BEMHBINA Pe30HATOP, Pa3MepPbl KOTOPOTO ObLIA
MOPsAJKa 12,6 MM (Z/IMHA BOJHBI, H3/IyYaeMOH IIPH Mepexoje aMMHaKa C

‘ .BOBGY}K/IQHHOI'O KOJIe6aTe)II)HOI'O YPOBHS Ha OCHOBHOH)
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BecombIli BKJIaj, B U3y4eHHe NPUHIMIIOB KBAHTOBOTO YCUJICHUS U TeHepauuun
BHeC/1 Takoke coBeTckue pusuku A. [Ipoxopos u H. bacos (HoGeneBckas npemust
1o ¢pusuke 1964 1.). /1is1 ycuIeHUs 3MT€eKTPOMATrHUTHOTO U3TyIE€HUA ONITHYECKOTO
AHUaNa30Ha He0O0X0AUMO OBLIO CO3JaTh 00bEMHBII pe30HaTOP, pa3Mepbl KOTOPOTO
ObUTH OBI MOPsSIAKa MUKPOHA. M3-3a CBSI3aHHBIX C 3TUM TEXHOJIOTUYECKUX
TPYAHOCTEe MHOTHe YY€HbIe B TO BpeMs CYUTAJIU, YTO CO3JaTh reHepaTop
BHUAVMOTO U3/1y4€HHUsI HEBO3MO)XHO.

1960 roz: 16 mas T. MeiiMaH NpoxeMOHCTPUPOBAJ PAa0OTY MEPBOTrO ONMTHIECKOTO
KBAaHTOBOTO reHeparopa — ja3epa. B kauecTBe akTUBHOM Cpebl MCIIOTb30BAJICS
KPHCTaJ/I MCKYCCTBEHHOTO py6uHa (okcua amroMuHus Al O, c HeGonbmOi
npumecskio xpoma Cr), a BMecTo 060bEMHOTO pe30HaTOpa CJIY}KI/IJI pe3oHaTop
®abpu-Ilepo, 06pazoBaHHBII cepeOPAHBPIMH 3€PKATHbHBIMHA MOKPBITUIMH,
HaHeCeHHBIMH HA TOPLbI KPUCTA/UIA. DTOT jia3dep padoTaa B UMITYIbCHOM PeXKuMe

Ha JTHHE BOJIHBI B 694,3 HM. B 1eKka0Ope TOro xe roga ObUI CO3JaH reTuii-
HEOHOBBII JIa3ep, U3IyvYainuii B HeripepbiBHOM pekume (A. /)kaBaHn, Y. beHHer,
. Xappuor). U3HauyanpHO 1a3ep paboTan B MHPPAKPACHOM AHUANAa30HE, 3aTeM
O0bUT MOAUPUIMPOBAH ISl U3TyY€HUSI BUZUMOTO KPaCHOTO CBETa.

Pu3uKa 1a3epoB U IO celi JeHb UHTeHCUBHO pa3BuBaeTrcs. C MoOMeHTa
U300peTeHHus Ia3epa MOYTH KKIbIN IoJ MOSBISTUCH BCE HOBbIE €ro BUJbI,
MPUCIOCOOIEHHbIE I Pa3/INYHbIX Iejei. B 1961 r. 0bL1 co31aH 1a3ep HA
HEeOJZUMOBOM CTEKJIe, a B TeYeHH e CJIeTYIOUIUX ISATH JIET ObLIN Pa3pPadOTaHBbI
JIa3epHbIe ANO0AbI, Ia3ePbl Ha KPACUTEIAX, Ia3ephl Ha ABYOKHCH YIiiepoja,
xumu4deckue nasepsl. B 1963 1. JK. Andépos u I. Kpemep (HobGeneBckas npemust mo
¢u3uKe 2000 r.) pa3padoTas TEOPHUIO MOTYIPOBOSHUKOBBIX F€TEPOCTPYKTYP, HA
OCHOBE KOTOPBIX ObLTH CO3JaHbI MHOTHE JIa3ePHbl.
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. 3MmMom u3iy4éHnsili omoH kozepeHmer pomomy, evidgagiuemy usayyeHue =~

M
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duzuueckoili ocHogoli pabomsl 1azepa cayncum seneHue 8blHyH O0eHHO20
( ungylgu 08aHH020) uzanyyerHusn. Cymo a61eHus cocmoum 6 mom, 4mo
8036yxncOEHHDBLT dusuueckoil ocHogol pabomul 1a3epa cayxcum sejieHue g
8blHyncdeHHo20 (uHdyuupoeaHHnozo) usayuyenus. Cyms senenHus cocmoum 6 mom,
umo 8036yncdéHHbIlU amom cnocobeH udayuums Pduszuueckoii ocHogoU
pabombvl 1azepa cayncum seneHue 8blHyHdeHHo20 (uHdyuupoeaHHoz0)

uzinyueHusn. Cyms si8/1eHUA COCMOUM 8 mom, 4ino 6036yxcdéHHblll amom

cnocob6eH uznyyums gomoH nod deticmeuem dpyz2o20 gomoHa 6e3 e2o A
nozjaoweHus, ecau Puszuueckoii ocHogol pabomwl 1azepa cayxcum
saeneHue 8biHyHcdeHHo20 (UHdyuupoeaHHozo) udayuenus. Cyms sgneHus

cocmouin 6 mom, 4¥mo 6036yncdéHHblll amom cnocobeH usnyyums GomoH nod
deticmeuem dpyzo20 hpomoHa 6e3 e2o nozioweHUs, ecau IHepaus nociedHezo
pasHaemcsa pazHocmu 3Hepzui Pdusuueckoii ocHogol pabomul 1a3epa
cayncum sieaeHue 8blHyncdeHHo2o (uHdyuupoeanHozo) usayyerusn. Cyms saeneHus
cocmoum 6 mom, 4mo 8036yncdéHHbili amom cnocobeH uzayuums gomoH nod E
deticmeuem dpyzo20 pomoHa 6e3 e2o no2ioweHU, ec1u IHepaus NociedHez0 £
pasHaemcs pazHocmu 3Hepzuli ypoeHel amoma do u nociae usayvenus. IIpu f:
3MOM u31y4éHHbIlU hOMoH dusuueckoli ocHogoli pabomvl 1a3epa
cayncum sieneHue blHyncdeHHoz2o (uHdyuupoeanHozo) usnydetusn. Cyms saeneHus
cocmoum 8 mom, 4mo 8036yncdéHHblli amom cnocobeH usayyums homoH nod £
deticmeuem dpyzo20 hpomoHa 6e3 e2o no2io0weHU, ec1u IHepausa nNocaedHez0
pasnaemcsa pazHocmu 3Hepauti ypogHeli amoma 9o u nocae uzayuenus. Ilpu - Ez ’
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IlepBOMCTOYHUKOM reHepanvu sIBJAs€TCA MPOoLeCcC CHIOHTAaHHOTO
U3TyYEHUs, TOITOMY AJIA 00ecneYeHUs MPeeMCTBEeHHOCTH MOKOJI€eHUM
$OTOHOB HEOOXOZUMO CYyLIEeCTBOBAaHHUE
IlepBOMCTOYHHUKOM reHepanyu sIBJsAeTCA MPOoLecC CHIOHTAaHHOTO

U3TyY€HUs, TOITOMY AJIA 00ecneYeHUsA MPeeMCTBEeHHOCTH MOKOJI€eHUM
$OTOHOB HEOOXOAMMO CYyIIeCTBOBaHME MOJIOXKUTETbHOM 00paTHOM
CBSI3U, 3a CYET KOTOPOI N3 Ty4€éHHBbIE (POTOHBI BHI3BIBAIOT MOCTEAYIOIIAE
aKThI UHAYIMPOBAHHOIO U3/Iy4YeHus. [I/1s1 3TOro akTuBHasA cpeja gaszepa
MOoMeIaeTcs B IlepBOMCTOYHUKOM reHepanumn
SIBJISIETCS MPOLEeCC CMOHTAHHOTO U3TyYeHUsI, I0O3TOMY JIJIsi 00ecrnedyeHU s
MpeeMCTBEHHOCTHU MMOKOJIeHU1 (OTOHOB HEOOXOUMO CyllleCTBOBAHHE
MOJIOYKUTETHbHOU OOPaTHOM CBSA3H, 3a CYET KOTOPO U3TyIEHHBIE
(pOTOHBI BHI3BIBAIOT MOC/IEAYIONINE AKTHI MHAYHUPOBAHHOTO U3TyUY€eHUS.
151 5TOrOo aKTUBHAA Ccpeja ja3epa MoMelaeTcsi B ONTUYeCKUU
pe3oHaTop. B mpocreiilem cirydyae oH npeacTaBaseT co00i ABa

IlepBOMCTOYHUKOM reHepanyu siBJAs1€TCA MPOoLecC CIOHTAaHHOTO
U3TyY€HUs, TOITOMY AJIA 00ecneYeHUs MPeeMCTBEeHHOCTH MOKOJI€HUI
$OTOHOB HEOOXOAUMO CYIIIeCTBOBaHME MOJIOXKUTETbHOM 00pPaTHOM
CBSI3U, 3a CYET KOTOPOI U3 Ty4€éHHBIE (POTOHBI BHI3BIBAIOT MOCTEAYIONIAE
AKThI HHAYIUPOBAHHOTO U3/Iy4YeHus. /1151 3TOro akTUBHasA cpeja gasepa
MOMelaeTCsl B ONTUYeCKUM pe3oHarop. B mpocreiinem ciydyae oH
MpeJCTaBAsIeT cO00 IBa 3epKajia, OHO U3 KOTOPBIX MOJIYNPO3pavYHOE —
yepes Hero Jy4 ia3epa YaCTUYHO BBIXOAUT U3 pe3oHaTopa. OTpa)kasach
OT 3€pPKaJl, Iy40K M3/Iy4€eHHUs MHOIOKPAaTHO NMPOXOAUT IO p€30HaTopy,
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I'eHeplzlpyewr.?;new [A3€pOM U3/Ty4YeHHE ABAAETCH
¢«  lenepmpyemoe 1azepom usirydeHue -

)
Eﬂ xpoMaTndeCcKUM (OZHOM UIU JUCKPETHOTO |
TN E 3: [eHepupyeMoe 1azepom u3aydyeHue '
i MO HOX
X .

XPOMaTHYeCcKUM (OTHOM NN AUCKPETHOTO

)0 ¥0Jl ), TOCKOJIBKY BEPOSITHOCTDh U3TYy9eHUSA |

QTOHA oIpeae/N§HHOM JTMHBI BOJIHBI 00JIbIIIEe, YeM

@J13KO PacIio €eHHOMH, CBA3aHHOMH C yIIUPpEeHUuEeM

" (TIeKTPAJILHOM JINHUM, 4, COOTBETCTBEHHO, 1 BEPOATHOCTD |

¥ M HAYIIPOBAHHBLX IEPEXOJ0B HA 3TOM TO)Ke NMEeT
MakcrumyM. loaTOMy mOoCTeneHHO B Npouecce reHepaud
$OTOHBI JAHHOM TUHBI BOJTHBI OyAyT JOMUHUAPOBATh HaJ |
BCeMH OCTambHbIMU poTOHaMu . Kpome 3Toro, n3-3a -
0CO0O0T0 PACTIOIOKEeHU I 3€PKaJl B JIa3€ePHOM JTydye {
COXPAHAIOTCS JTUIIB T€ POTOHBI, KOTOPbIE
PAaCIIPOCTPAHAIOTCS B HallpaB/IeHUH, NMapa/IeTIbHOM

. Kpome sTOT0O, H13-32 0CO0OTO

PaCIOJIOXKeHHU S 3ePKaJl B JIa3ePHOM JTy4e COXPAaHIIOTCA
TG Te POTOHBI, KOTOPbhIE PACTIPOCTPAHAIOTCS B
HaIlpaB/JI€HUH, Mapa/UIeJIbHOM ONITUYE€CKOU OCH
pe30oHaTopa HAa HE0OJIBIIIOM PACCTOSTHUH OT Heé,

' ocTtasibHbIe (POTOHBI OBICTPO MOKUJAIOT OOBEM pe30HATOPA.

. Takum o00pa3zoM rydjiazepa uMeeT OYeHb MAJIBHIyIOA .
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CnekTpockonus JlasepHoe opyxune Ckanbnenb

N3mepeHue paccTosiHWi «3Be3Hble BONHbI» Toye4vyHasa cBapka TKaHeu
doToxMMMS] Lleneykasatenu Xupyprus

HamarHnunsaxve IaszepHbin npuuen [wnarHocTuka
NHTepdepomeTpus IlazepHoe HaBegeHue YnaneHue onyxoseu
[onorpadus

OxnaxaeHue

Peska, cBapka, MapKkupoBKa, rpaBnpoBka
TepmMmosiiepHbIN CUHTES

CD, DVD-npowvrpbliBaTenu, NPUHTEPLI, AUCMNEN

doTtonutorpadus, cymTbiBaTESb LUTPUXKOOA

OnTun4yeckas cBs3b, CUCTEMbI HaBUrauum (N.rmpockon)

MaHunnynauum MmkpooobekTamm
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C MOMeHTa CBOero M306peTe|-|m| na3epb| 3ape|<ome|-|p.osan|4 cebs KaK «FOToBble
“pel.ueva eLé He N3BeCTHbIX Npobnem». B cuny yHnkanbHbIX CBOUCTB VI3J1y¥IeHM$I? ;
nasepos OHM LLMPOKO NMPUMEHAIOTCA BO MHOIMX OTpacnsax C MomeHTa '
| CBOEro n3obpeTeHusi nasepbl 3apeKoMeHA0BaNM ce6s KaKk «roToBble pelleHUs eLLé
'He N3BeCTHbIX Npobnem». B cuny yHMKanbHbIX CBOUCTB U3Ny4YeHUs nas3epos, ormf_f
LULMPOKO NPUMEHSAIOTCA BO MHOIMMX OTPachsAX HayKu U C MOMeHTa CBOEro |
n306peTeHNs nasepbl 3apeKoMeHAoBanm cebs Kak «roToBble pelueHuUs elé He
NU3BECTHbIX Npobnem». B cuny yHUKanbHbIX CBONCTB U3fTy4YeHUS fa3epoB, OHU
‘~ump0|<o NPUMEHSIIOTCA BO MHOIMMX OTPAacnaAX HayKU U TEXHUKU, a TaKKe B C
'MOMEHTa CBOero u3ooperteHus nasepbl 3apekomeHaoBasnu cebs Kak «rotoBble

| peLLeHuns ewweé He N3BEeCTHbLIX Npobnem». B cuny yHMKanbHbIX CBOMCTB U3NyYeHUs:
Jla3epoB, OHU LUMPOKO NMPUMEHSAIOTCA BO MHOIMX OTPAcnfAX HayKU U TEXHUKKU, a |
TaKxe B ObITY (NMpourpbiBaTenu C MmoMeHTa cBoero nsobperteHus E‘,
nasepbl 3apeKkoMeHAoBann ceds Kak «rotoBble pelleHUs ewe He N3BECTHbIX ) ,;
npobnem». B cuny yHuKanbHbIX CBOUCTB N3Ny

‘NMPUMEHSIOTCA BO MHOIMX OTPacnsX Hayku u Te

(npourpbiBaTeny KOMNaKT-AUCKOB,
'U3obpeTeHUA nasepbl 3apeKoMeHa0Banmn cebs

N3BECTHbIX Npobnem». B cuny yHUKanbHbIX CB 13epC

WIMPOKO NPMMEHSAIOTCA BO MHOIMX OTPAaCHsAX H . TeXHI/IKVI a TaK xe B
(npourpbiBaTenin KOMMNaKT-gUCKOB, Na3epHble ‘ 51, CYMTbIB3

' C MomeHTa cBoero n3oopeteHus nasepb :~ HOoBaJ

'«roToBble pelueHMs elé He U3BECTHLIX NPobre HU

'uanyqel-mn J1a3epOB, OHK Luupoxo anIMeHFII-OT

TeXHUKN. a TaKke B 6bIT NOUrDbLIBaTEeNU KO

¢
|
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MNMasepbl ApUMeHslOTCA B~ Jlasepbl NPUMEHSIIOTCA B ronorpadun | nn‘

' co3aaHusA caMuxX rororpaMm u nosyyeHus ronoradmuyeckoro o6 bLEMHOro E
n3obpaxeHus. Hekotopble nasepbl, Hanpumep INa3zepobl ‘f‘

NPUMEHSIOTCA B ronorpacgpun ana co3gaHusa camux rosiorpaMmm U nosyyYeHus

. ronoracpuyeckoro o6 bLEMHoOro nsobpaxeHus. Hekotopnie nasepbl, Hanpumep

nasepbl Ha KpacuTensx, CNoco6HbLI reHepupoBaTh

. npaKTUYecKU NGO ANMHbI BOMHbI, NPU 3TOM MMMYNbCbl U3NYYEHUSA MOTYT

~  pocturatb 107'° ¢, a cnegoBaTenbHO U OFPOMHbIX c, a

" . crnepgoBaTeNbHO U OFPOMHbIX MOLLHOCTEWN (TakK Ha3biBaemble

i C, a cnenoBaTeNlbHO N OFPOMHbLIX MOLLHOCTEN (TaK Ha3biBaeMble
~ TMraHTCKMe MMnynbchbl). 3T CBOUCIBA UCNONL 2

. crnepoBaTeribHO U OFPOMHbIX MOLL,

. uMnynbCbl). AT CBOUCTBA UCMONb
. M3yYeHumu

OI'pOMHbIX MOLLHOCTEeN (TaK Ha3bIBJ3E

' CBOMCTBa UCMNOJSIb3YIOTCA B CNEKTPA!

HeJIMHEeNHbIX onTu4yecknx adhdeKkTo

U3MepUTb paccTosiHMe Ao c,

(Tak Ha3biBaeMble rMraHTCKue umn

CMEeKTPOCKONUU, a Takxe rnpu nay4e

~  Mcnonb30BaHUEM na3sepa yaanochb

. TOYHOCTbIO A0 HECKOSNbKUX

«z MOLLHOCTEeN (TaK Ha3blBaeMble rura

Vﬂ*":i:’a. MCnonb3yloTcsl B CNeKTpockonuu,

‘onTuyeckux acbdekTos. C vicnons

ke "ilr- 2853




CBepXKOPOTKHE UMITY/TbCHI TA3€PHOTO M3/Ty9eHHU UCIIOMB3YIOTCA B+ 11 1 =

CBepXKOPOTKHE UMITY/IECHI JIa3€PHOTO U3/TyIeHUs UCIOIb3YIOTCS B ]IaBGPHOIt/’f}
XUMUH IS 3aIyCKa ¥ aHA/TA3a CBepXKOPOTKHE UMITYTbChI tf
/1a3epHOTO U3y YeHHsI MCIIOIB3YIOTCS B Ia3ePHOM XMMUM /i/Is1 3AITyCKa M aHa/M3a
XMMHYECKUX peakuuii. 3aeck 1a3epHOe M3/TyYeHHe 03BO/ISIET 06eCneYnTh TOYHYIO [
JIOKA/TA3ALH 10, JO3UPOBAHHOCTH, A0COTIOTHYIO CTEPHUIBHOCTH Y BBICOKYFO CKOPOCTH |
BBO/Ia SHEPIHH B CHCTEeMY. B HacTosIIee BpeMsi pa3padaThIBAlOTCS Pa3TindHbIe }-
CHCTeMbI Ia3€ PHOTO0 OXJIAXKAEHHSI, PaCCMATPHUBAIOTCS BO3MOXKHOCTH OCYIIECTBICHHUS €
NMOMOUIBIO JIa3epPOB CBepxkopoTKUe L
VIMITY/TbCBI JIa3€PHOTO U3/Ty4eHNs UCIIOIb3YIOTCSA B Ja3ePHOM XMMHUM /LISl 3allyCKa ¥
aHa/M3a XMMHUYECKUX PeaKIuii. 3ech 1a3epHOe H3TyYeHHe N03BOIsAeT 00eCIeYnTh

TOYHYIO JIOKaTN3aIUI0, 1O3UPOBaHHOCTD, a0 COTIOTHYIO CTEPU/IBHOCTD M BBICOKYIO )i

CKOpPOCTb BBOJa \ '/

v
”

PasIMYHbIE CUCTEM 7/, 1ocTH |
OCYIIeCTBJIEHHSI C IIO NN - _ b 7 (cambrm
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