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1 Beeaenne (Introduction)
B Hayke TOJBKO M TOBOPSAT, YTO O jazepax. HO yeM OHHM OTIMYAIOTCS OT OOBITHOTO
cera? Korma ObuT co3an nepBbiii siasep? Kak jazepHble TEXHOIOTHU HCIIOJIB3YIOTCS

ceroaasa?
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JlazepHoe o00OpyAOBaHME WIMPOKO HCIOJB3YETCS B pa3iMYHBIX cdepax
NEeSTEIbHOCTH YEeJIOBEKa, B TOM YHUCJIE€ B MPOMBIIUIEHHOCTH, MEAUIIMHE, HayKe U
obpazoBanuu. OcoOyi0 HHIIY 3aHUMAIOT Ta30Bble Jia3epbl — YCTPOMCTBA,
OCOOEHHOCTBIO KOTOPBIX SIBJISIETCS HCIOJB30BAaHUE Ta3000pa3HOTO BeEIIECTBA B
KaueCTBE aKTUBHOU cpejbl. BriepBbie 0HM OBUTM CO3/1aHBI YEJIOBEKOM OKOJIO 60-TH JIeT
Hazan. C Tex mop Takue MpuOOPHI KBAHTOBOM 3JIEKTPOHMKH MPOILIN CIOXKHBIM MyTh
SBOJIIOLMU M COBEPIICHCTBOBAHUS, YTO IMO3BOJWIO TMOBBICUTH HUX KO3(DPUIMEHT

ITOJIC3HOTIO I[CﬁCTBPISI 1 0€301acHOCTb B MMPUMCHCHUU.

Ecnu roBOpUTE 0 pa3HOBUIHOCTSIX JIA3EPHBIX YCTAHOBOK, B KOTOPBIX B KAUECTBE
aKTHUBHOM Cpebl IPUMEHSIETCSI BEIIECTBO, HAXOISIIEECS B Ta3000pa3HOM COCTOSTHUH,
TO B TIEPBYIO OYEpeb K HUM CIEAyeT OTHECTH XMMHUYECKHE Ta30BbIC Ja3ephl. B HUX
OCHOBHBIM HCTOYHUKOM TIOJIYYCHHUS DHEPrUM SBJSIOTCA OCOOBIE XUMHUYECKHE
peaKIuu, KOTOPbIe BO3HUKAIOT MEXOY COCTaBHBIMM KOMITIOHEHTAMHM TaKOW CpeJbl.
[lomoOHble ycTpo¥icTBa 00J1aIaIOT JAOCTATOYHO BBICOKOW MOIIHOCTBIO, Ojarojaps
yeMy TOJIYYWIM IIHPOKOE paclpocTpaHeHne B cdepe MNPOMBIIIJICHHOCTH, T/e

UCIIOJIL3YIOTCS JIIST PE3KU METAJUIOB U mepdopaiu 0co00 MPOYHBIX MaTepuaiion [2].

IlepBblii J1azep B HCTOPUHU: KAKHM OH ObLI

VY 1uBUTENHEHO, HO UMEHHO DWHIITEHH OTKPBUI CTUMYJI ISl JIa3€pOB MPUMEPHO
3a 40 ner mo Yapman3a Taynca u Aptypa [llaBnoBa. OTu y4yeHble ObUTA MEPBBIMH, KTO
OMyOJIMKOBAIM JIETAILHOE W HCYEPIIbIBAIOIIEE NPEJI0KEHHE, KOTOPOEe U MPHUBEIIO
BIIOCJIEJICTBUM K KOHCTPYKUMSIM Jla3epoB paszHoro tuma. Jlo 1917 roxpa
CTUMYJIUPOBAHHOE TMOTJIOIIEHNE W CIIOHTAaHHOE H3JIyuyeHUEe ObUIM €JUHCTBEHHBIMHU
U3BECTHBIMU PEXMUMaMHM dHEPIeTHUECKUX NEepexoJ0B BHyTpu aroMa. Ho B ToM roay
DUWHINTENH MPEJIOKWI MOIIHBIM TEPMOJUHAMUYECKANA APTYMEHT B IOJIb3y TPETHETO
BHJA W3IY4YEHUs, CTUMYJMPOBAHHOIO MEPEXOJOM. B oOTiM4Me OT CIIOHTaHHOTO
U3JIy4EHUs, IpU KOTOPOM 3JEKTPOH CiydailHbIM oOpa3oM pacmaaaercs 1o Ooliee
HHU3KOTO YHEPreTUYECKOTO YPOBHS U UCIYCKAeT B npoiiecce (OTOH, CTUMYJIMPOBAHHO €
U3JIyYCHUE HE SIBJISIETCS HU CHOHTAaHHBIM, HU ciydailHbM. [Ipu cTumynupoBaHHOM
U3TYYEHUHN SJIEKTPOH HMHAYLUpPYETCS K pacrnaay (OTOHOM, KOTOPBIM MMEET Ty Ke

OHCPIHIO, YTO U SHCPIUsA MICPEexoaa JICKTPOHaA. Korz[a QJICKTPOH CTAJIKHUBACTCA C TAKMM
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($OTOHOM, OH HEMEJIEHHO pachajaeTrcs U TreHepupyer Apyroi (OTOH C TOYHO TaKOU
e dHepruer, 4to v (HOTOH, KOTOPHIA BhI3BAT HUCXOIAIIMN mepexona. B pesynbraTe
nBa GOTOHA HE TOJBKO UMEIOT OJMHAKOBYIO IHEPTHUIO, YAaCTOTY U JUIMHY BOJIHBI, OHU
HaIlPaBJISIFOTCA B OJHOM HAaNpPaBJICHWHM W HMMEIOT OJHMHAKOBYIO TMOJSIPU3ALMUI0 U

da3y[7]. danee 3Ty uicto Mpoa0DKaId U3ydaTh U MPOBOIUTH PACUETHI

Teogopy Meiiman B 1960M rojy mpoBEN MHOKECTBO PACUETOB M MNPUIIEN K
BBIBOJIY, YTO WJACAJIbHBIM pPA0OYUM TEJIOM i TeHEepalii BOJIH ONTHYECKOTO
Jyana3oHa CTaHeT KpucTaul pyouHa. OH ke MpeasIoKUI NPUHLIUIT HaKauyKu pabodero
Tela — KOPOTKUMHU BCHBIIIKAMHU CBETa OT COOTBETCTBYIOIIEH JIaMIbI-BCOBIIKA U
crnoco0 co37aHus MOJIOKUTEILHON 0OpaTHOM CBS3U JUIsl TOTO YTOOBI YCHIIUTENb CTall
TeHEepaTopoM — JTy (QYHKIHMIO BBIIOJHSUIA 3€pKalibHbIE MMOKPBITUS Ha TOpIax
kpuctaia. Pacuersl MelimaHa mOKa3ajid, 4TO aTOMblI XpOMa, KOTOPBIE SIBJISIFOTCS
NPUMECHI0 B KpHUCTAIDIaX camdupa U Ieamue ero pyOmHOM MUMEIOT TMOAXOSIIYI0
CHUCTEMY DHEPTreTHYECKHX YypPOBHEH, KOTOpas JenaeT BO3MOXXHOW TEHEepaIuio

JIA3CPHOT'0 MU3JIYYCHUSI.

B pyOune peamusyercs mnpocTteiiias TpexypoBHEBass cxema. ATOM Xpoma,
NoTJIoNiass CBET B CHHE-3eNEHOM OO0JacTH CHEeKTpa, MEepeXOAUT Ha BEPXHUM
BO30YXK/JCHHBI YpOBEHb, C KOTOPOTO MPOUCXOAUT OE3U3TydaTeNbHBINA Mepexo] Ha
MeTacTaOWIbHBIA YPOBEHb, HA KOTOPOM OH MOJKET 3aJiepiKaThCsl Ha BpeMsi mopsijaka 1
Mc. M3 3TOro coctosiHust aToM BO3BpaIlaeTcs Ha OCHOBHOM YpOBEHb, M3iyuast (POTOH C
JUTMHOM BOJHBI Wi 694 mimm 692 HM, Tak Kak MeTacTaOWJIbHBIA YpOBEHb Ha CaMOM
Jiene He OJIMH, UX JBa O4YeHb OJIM3KO PAaCIOIOKEHHBIX. BO3MOKHOCTH HAKOIUICHUS
aTOMOB Ha METAaCTaOWILHOM YpPOBHE M MO3BOJISIET CO3/1aTh MHBEPCHYIO 3aCEIEHHOCTD,
a BMECTE C HEH W TEHEPALMIO JIA3€PHOTO M3IYy4YEHHs, KOTJa OJUH WM HECKOJIbKO
CHIOHTAaHHO HCHYUIEHHBIX (POTOHOB 3aCTaBIISIIOT JIABUHOOOPA3HO «OCHINIATHCS» BCE
OCTaJIbHbIE aTOMbI M3 METACTa0WJIBHOTO COCTOSIHUSI B OCHOBHOE, MCIYCKas HOBBIE
(GbOTOHBI C OIWHAKOBOW JIMHOW BOJHBI, (a3oi, mosisspuzalveld W HampaBiICHUEM
nBwkeHus. OHM W CO3JAKOT  SPKUM KpacHbI Jy4, KOTOPOMY CBOMCTBEHHA

KOTepeHTHOCTH [1].



Kak Obu1 ycTpoeH pyOuHoBbIN Jazep Melimana B kene3e? KoHcTpykuus Oblia
Ype3BbIYAiHO NpOocTa — B KOMIIAKTHOM KOPIyC€ HaxoJujach MHHUATIOpHAs
cnupaibHas — Jamma-BCIbIIIKA, BHYTpU KOTOpoW (ukcupoBaiics eme Oosee
MUHHUATIOPHBIA KpHCTaLT pyorHa. [IpoTHBOIIONIOXKHBIE €r0 TOPIIBI OBLIH IMOCEPEOPECHBI
— OJIMH TOpeI] ObUT «TIIyXHUM» 3€pKajioM, BTOPOU OblI1 mocepeOpeH OoJiee TOHKUM
CJI0€M, KOTOPBIH MPOIyCKaJl HEKOTOPOE KoJMuecTBO cBeTa. [lepBhIil B Mupe sazep ObL1

IuHOU B 12 cantumeTpoB, Becri 300 rpaMM U BBITJISIEIT UTP YILIEYHBIM.

IpuHuun padoTel ra3oBoro Jiasepa

B kayectBe akTHMBHOW CpeAbl B TAKUX JIA3EPHBIX YCTAHOBKAX BBICTYIIAET
TEXHUYECKUW ra3 (BEHIECTBO, KOTOPOE HAXOJUTCS B ra3000pa3HOM COCTOSIHUU TPU
€CTECTBEHHBIX [JIsl HErO YCJOBUSIX) WIM K€ HCIApEHHs] XUMHUYECKHX 3JIEMEHTOB, K
npuMepy, MeTtaioB. Kpome TOro, B HEKOTOPBIX CIydasiX MOTYT MHPUMEHSATHCS U
CHelMalbHble CMeCH Ta3000pa3HbIX BemecTB. OCOOEHHOCTHIO Ta3a, SIBISIOIIETOCS
aKTUBHOW Cpelol B TakWX Jlazepax, SBISIETCA TO, YTO OH OOJIAJaeT I0CTaTOYHO
BBICOKOM OINTUYECKOU OJHOPOIHOCTBIO. biiaronapst 3ToMy caMO Ka4eCTBO M3IIy4EHHUS
y Jla3epHBIX MPUOOPOB ra30BOr0 THUIA CUUTAETCS 00Jiee BBHICOKUM IO CPABHEHHUIO C

AQHAJOTMYHBIMHM THIIAMH TaKUX YCTPOHCTB[Z].

JInsg HamoJIHEHWs] SHEpPrueld aKTUBHOTO Tela B Tra3e IPUMEHSIOTCS
ANEKTPUUYECKHE Pa3psiibl, KOTOPbIE BEIPA0ATHIBAIOTCS 3JIEKTPOJAMH B MOJOCTH TPYOKHU
npubopa. B nporiecce coyaapeHusi 31eKTpOHOB € ra30BbIMHU YaCTUIIAMH TPOUCXOIUT
uX BO30yxneHnue. TakuM o00pa3oM coO37aeTcs OCHOBA JUId M3Iy4eHHs (POTOHOB.
BeiHyXJIeHHOE HUCTyCKaHHWE CBETOBBIX BOJIH B TPYOKE MOBBIMIACTCS B MPOIECCe UX
MPOXOXKJICHUH TI0 ra30BOM Mia3Me. BbICTaBieHHBIE 3€pKaja Ha TOpLAX HWIMHIpA
CO3JAI0T OCHOBY [JIsl NPEUMYILIECTBEHHOTO HANpPAaBJIECHHS CBETOBOIO IIOTOKA.
[onynpo3payHoe 3epkajo, KOTOPbIM CHaOXaeTcs Ta30oBbl Jazep, OTOMpaer u3
HAMpaBJICHHOTO JIyya JOJI0 (POTOHOB, @ OCTaJlbHAasl MX YacThb OTPAXKAETCd BHYTPb

TPYOKH, MoAAEpk UBask QYHKIMIO U3ITyUECHUS.



Pa3uuna MEKIY J1a3€poOM U Ma3€epomM

KmroueBast pasnunia: Mazep OOBIYHO OTHOCUTCS K YCTPOMCTBY, KOTOpOE
UCIIOJIB3YETCS Ul CO3JaHUsl U YCWICHUS MHTEHCUBHOTO M KOTEPEHTHOIO Iy4YKa
BBICOKOYACTOTHBIX paavoOBOJH. Jlazep Takod ke, Kak Maszep, HO OH OCOOEHHO
OPUMEHUM TOJILKO K HH(paKpacHbIM WM ONTHYECKUM JimHam BoJiH. Jlazep

peBpaTWiICs U3 Maszepa.

Mazep pacmudpoBbiBaeTcs Kak MHUKPOBOJHOBOE YCWIEHHE 3a CUET
BBIHYKJICHHOTO M3JIydeHus. Jlazep 03HA4aeT yCHUJIEHHWE CBETa ITyTEM BBIHYKJICHHOTO
V3JTYyYCHUS.

Jlazep M maszep OCHOBaHbI Ha KOHLENIWHA CTUMYJIMPOBAHHOTO W3JIYYCHUS,
MPEIJI0OKEHHON DUHIITEMHOM. DTa KOHUEIINS OMUCHIBACTCS KakK MPOIIECC, B KOTOPOM
DJICKTPOH JIBMKETCA K Oojiee HH3KOM DHEPrHMM H3-3a B3aUMOJCHCTBHUS C

QJICKTPOMAroiuTHBIMU BOJIHAMM.

Mazep Obu1 mpencraBieH AByMs ¢u3znkamu no umenu Yapisz Taync u Aptyc
[IaBnoB. MHUKpPOBOJHBI — 3TO 3JEKTPOMArHUTHBIE BOJHBI C JUIMHON BOJHBI OT 1 MM
no 1 M. Mazep otHocutrcs k CBY-mydy, KOTOpPBIM YCHIMBAE€TCSI C IOMOILBIO
KOT€PEHTHOI'O CTUMYJIMPOBAHHOTO M3JIy4eHUs. BHEIIHUE 3/eKTpOoHbl, HaXOAsIIHecs B
COCTOSIHMM BBICOKOW SHEPTUU MOJIEKYJbI, 00oMOapANpyoTcs (JOTOHOM; 3TO 3aCTaBIISAET
AJIEKTPOH JBUTAThCSl BHU3 HAa YPOBHE DHEPIUU.

B sTom mpouecce oH Bbimyckaer apyroil ¢oton. O6a 3tu poTroHa MOX0KHU MO
¢daze, HampaBlIEHUIO, a TaKXKe MO yacTore. biarogaps 3Tomy n0o0aBiIeHHIO (POTOHOB
Jdyd YCWIMBAETCs, 3T Ma3epbl €CTECTBEHHBbIM 0Opa30M BCTpPEYAOTCSI B KOCMOCE.
Onnako oOHM TaKXke co3gaHbl B Jlaboparopusax. CornacHo NepBOHAYAIBHOMY
ONpPEJENICHUIO, OHM MMEIOT TEHACHLMIO H3JIy4yaTh TOJbKO MUKpOBOJHBL [locie

OTKPBITHS Ma3epa Obut oOHapyx eH sazep. OH TakKe U3BECTEH KaK ONTUYECKU Masep.

Poct MOIIHOCTHU MPOMBINLJICHHBIX JAa3€PO0OB U UX IPUMECHCHUEC

Jlazepsl 3TOrO JAMana3oHa MOIIHOCTH TPUMEHSIOTCS B OCHOBHOM B
MeTaioo0paboTke — Ui PEe3KH, CBapKW, HAIUIABKH, CIEKaHUS TMOPOIIKOB,

TepM0o00OpadboTku. CylIeCTBYIOT TaKXe M APYTME HHTEPECHbIE MPUIIOKEHHS, TAKHE KaK



OYMCTKA MMOBEPXHOCTEN, YJaleHUE KpacKu, pe3ka KaMHs, KepaMHUKU U OeToHa. J[imHa
BOJIHBI TakWX Jla3epoB paBHa 1.07 MKM, XOTS BO3MOXHO HMCHOJIb30BAHUE W JPYTHX

JUTMH BOJIH — 1.5 MxM mint 1.9 MKM.

[lpensnaraemple  3aka3yukaMm Ja3epbl  MOIIHOCTBIO 10 1 kBt wumeror
OJTHOMOJIOBBIA BBIXOJ] C MPOCTPAHCTBEHHBIMU XapAKTEPUCTUKAMHU M3JIy4YEHHS,
OJIM3KUMU K HJEANbHBIM TayCCOBBIM. OJTO OO€CIEeYMBAET OTIUYHBIE YCIOBHS MJIs
UCMOJIb30BAHUSA  JIMHHOPOKYCHOW ONTUKH, (HOPMHUPYIOUIEH Y3KHE MEPETKKU
OOJIBILION JIJTMHBL.

bonee momnble nazepsl — oT 1 kBr go 10 xBr — oTHOCcATCS K Knaccy
MaJOMOJIOBBIX. BbIX0JHOE TpaHCIIOPTHOE BOJIOKHO TAKHUX JIa3€pOB UMEET AHUAMETP OT
50 mxm go 150 MKM npu KadecTBe BBIXOJAHBIX IyukoB BPP oT 2 no 7 mm*mpan.
Monynsauus H3JIyd4eHHs OCYIIECTBISIETCS 32 CUET MOIYJSILMH TOKa HAKA4YKUd C
YJaCcTOTOMN JO0 HECKOJbKUX KI .

Otu nasepsl xapaktepusyrorcss ouyeHb BelicokuM KIIJI (25-30%), B 2-3 pasa
OPEBOCXOIAIINM Jydinne npombinuieHHble CO2 nazepsl. s oxnmaxaeHus J1a3epoB
UCIOJB3YIOTCS YWUIEPHl C BHYTPEHHUM BOJSIHBIM MM aHTU(PU30BBIM KOHTYPOM M
TEIIOCOPOCOM B BO3AYX WJIM BHEIIHUN BOJSHOU KOHTYD.

IlocTaBka BOJIOKOHHBIX JIA3€POB ATOT0 JUana3oHa MOIIHOCTH OCYILECTBISAETCS
B Poccum ¢ 2002 rona. Ha nanubiif MOMEHT 3T0 HanboJiee HHTEPECHOE U JUHAMUYHO
pa3BUBarollleecs HAIPaBJICHUE Pa3BUTHS BOJOKOHHBIX JIa3€pOB ISl HPOMBIIIICHHBIX
MIPUMEHEHHI.

CBepxMouiHbie BOJTOKOHHBIe jga3epbl (¢cBbime 10 kBT)

EnvHCTBEHHAs KOMIIaHWS B MHUPE, IMEIOIIAsl OIBIT IPOU3BOCTBA BOJIOKOHHBIX
Ja3epOB TAaKOrO0 YPOBHSA MOIINHOCTH — MexkayHaponHas rpymmna IPG. MHrepec k
CBEPXMOIIHBIM Ja3epaM BO3PACTAET 10 MEPE HAKOIUIEHUSI OMbITAa MX JKCIUTyaTalluu U
HapaOOTKH COOTBETCTBYIOIIUX TEXHOJOTUH. OCHOBHasg 00JIACTh MX NPUMEHEHUS —
CBapKa METAJUIOB OOJBIIMX TOJIIMH B CYJOCTPOCHUU U HedTerazoBoi orpaciu. OHu
TaKXe PacCMaTPHUBAIOTCS KaK OCHOBA MEPCIEKTUBHBIX TEXHOJIOTUH Mpu OypeHUu u
00yCTpOMCTBE CKBaKMH, a TakXe JUIid JO0ObIUM ra3za U3 3ajexeil ra30Boro KoHaeHcaTa
Ha MOpcKOoM Imenbde. Jns momoOHBIX 3amad MOTpeOyTCs Jla3epbl MOIIHOCTHIO

HECKOJIBKO COT KBT.



Jlazepbl B 100bI4e MOJIE3HBIX HCKOMAEMbIX

B ycranoBkax i rOpHOAOOBIBAIOLIEH MPOMBIIUIEHHOCTH  BO3MOXHO
IIPUMEHEHHE JIA3EPHBIX TEXHOJOTHN MPU CKAHUPOBAHUM TOPHBIX MOPOJ U MUHEPAJIOB.
Uuctple KpucTalibl co371al0T A(QeKT paccewBaHUs, KOTOPBIM C yBEIUYECHHEM
(akTHIeCKOro pazmMepa KpucTauia CTAHOBUTCS 00Jiee MHTCHCHUBHBIM U BHJIMMBIM.

Takum 00pa3oM, KpYITHbIE U YUCTbIE KPUCTAIUIBI MOTYT OBITh YETKO OTHAEJEHBI
OT MYCTOM MOPOJbI UM 00Pa3lOB C MAJIEHBKUM COAEpPKAaHUEM LIEHHOTO KOMIIOHEHTA,

HE3aBHUCHUMO OT IIBETa WJIM XUMHUYECKOTO COCTaBa.
BriBoabl (Conclusions)

Takum oOpazom, coOpanHa oO030pHas HHPOpPMAIMS IO Ta30BbIM Ja3zepawm,
U3y4eHa HCTOPUS CO3IaHMS PA3UYHBIX JIA3€POB, PACCMOTPEH MPUHIUI €ro paboThl,
NpOAHAM3UPOBAHEl  COBPEMEHHBIE  CBEPXMOIIHBIE Ja3ephl. Takxke H3ydeHa

uHpOopMalus 0 MPUMEHEHHUIO J1a3epOB MPU A0ObIYE MOJE3HBIX UCKOMAEMBbIX.

[TonoGHblE  ycTpolicTBa 00J1a1al0OT  AOCTAaTOYHO BBICOKOM  MOIIHOCTBIO,
Osarozapsi 4eMy MOJIyYWJIM IIUPOKOE PacHpOCTpaHEHUE B chepe MPOMBIIIICHHOCTH,

i€ UCTIONB3YIOTCS JIJIsl pEe3KU METauIoB U nepdopaiuu 0oco00 NpOYHbIX MaTepHUaoB.

Bo3MOxHO, B JambHEWIIEM NPUMEHEHUE Ta30BbIX JIA3€pOB CTAHET BEAyLICH
TEXHOJIOTUEH Tpu J00brde HedTH | raza. Tak kak 310 Hambosee 3PGEeKTHBHBIA U

DKOJIOTUYESCKH YMCTBIN MCTOM.
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