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ATOM

Jlemokpum

Amom — «neoenumuwiil) (cpeu.)

1896 2. - /. /Torc. Tomcon — omkpoimue
IEKMPOHA NPU UCCICO06AHUU (KAMOOHBIX
Jyueu.

Amom umeem cnorxcnoe cmpoenue.



OTkpbITHE PAAMOAKTUBHOCTH

1896

I.
AHpu bekkepenb

PaanoakTUBHOCTL — CIOHTAHHOE
U3JIyYeHHE aTOMOB.
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MongeJin aTOMOB

k. JIsk. Tomcon . Pe3epdopa
1896 r. 1906 . (1911 )
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OnsiT Pesepdopaa
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IlpoTuBopeunss MoaeIu
Pesepdopaa

*3/1eKMPOH Od8UXXemcsi o
OKpY)XXHOCMU

*deUXXEeHUe o OKPY)XHOCcmMu
s18J151€emCs1 YCKOPEHHbIM
*3/71eKMPOH OOJIKEeH u3sly4amb
*3/71eKMPOH OOJ)KEeH mepsimb
3Hepauro

*3/71eKMPOH dé)ﬂ)KeH ynacmsb Ha
si0po 3a 10 c.



IlocTyiaarsl bopa

Hunwc bop 1913 2.

-Q/1eKMPOHbI O8UXXYMCSI 8OKpY2 sidep Mo Kpy208bIM
opbumam, cpedu KomopbIx pa3peuweHHbIMU
S18J1S1IOMCS1 MOJILKO orpeodesieHHbIe opbumasi.
Haxo0sicb Ha HUX 3J1IeKMPOH He u3siy4aem.

-llpu nepexode annekmpoHa ¢ opbumasi ¢ 6os1ee
8bICOKOU 3Hepauel Ha opbumy c 6osiee HU3KoOU
3Hepauel amomM u3sjsiyyaem KeaHm 3Hepauu; npu
nepexode asiekKmpoHa ¢ opbumsbi ¢ 6os1ee HU3KOU
3Hepauel Ha opbumy c 6osiee ebICOKOU 3Hepauell
amom rnoaJsiow,aem KeaHm 3Hepauu.



IlepBbin mocryaar bopa

-INIeKMPOHBL OBUNCYHICA 8OKPY2 A0EP RO KPY208blM OPOUmMAM,
cpeou KOmopuvlx PazpeuteHHblMu AGAAMCA MOJIbKO
onpeoenennvie opoumsl. Haxooacv na nux snekmpon ne
usyvaem.
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CranuoHapHble OPpOUTHI
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Bropou nmocrysaar bopa

-IlIpu nepexooe snexmpona ¢ opoumoel ¢ 601€€ 8bICOKOU IHEPIUe
Ha opoumy ¢ 6onee HU3KOU IHep2ueil amom uU3iyuaenm KeaHm
IHEp2UU; nPpuU nepexooe IJIeKMpPOHa ¢ OpoOuUmsl ¢ 00nee HU3KouU
IHepzuell Ha opoumy ¢ 0oJiee 8blCOKOU IHEPZUECU AmOoM
noznouiaem Keanm IHepuu.
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Cepuu M31y4eHUS aTOMA

BOJI0POJA
e Cepust baabmepa >
e Cepusn Jlavimana >
e Cepus Ilamena >

e JHeprus, HeoOXoauMasi AJas1 HOHU3ALMH
aTromMa »



Cepusa baabMepa

1885

I o
SUOUMDLI OUANA30H



Cepus Jlaiimana

yasmpaguonemosolii Ouana3zon
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Cepus Ilamena

UHPPaAKpaACcHbIU OUana3on

R=1,097-10" m""



JHeprud, HeoOXoauMAas AJIsl
HOHU3AIUU ATOMA
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Jlaszep

e Mazeppl )

e Jlazepbl  mw—m)

e OCHOBHBIE JeTaJIU PYOHMHOBOIO Jia3epa

o [IpyHLMI 1eisesdisi PYOHMHOBOIO Jia3epa
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Mas3zep

19532. — coeemckue y4yeHble Hukonau
eHHaobesuY bacoe u AnekcaHop Muxatinoesuy
llpoxopoe, a mak e, He3aeUCUMO OM HUX,
amepukaHckuu ¢pusuk Yapnb3 Xapo TayHc
co3darom rnipubop nood HazeaHuem MA3EP. (Omo
HayvasibHble b6ykebl crioeocoYyemaHusi Microwave
Amplification by Stimulated Emission of Radiation
— ycuJsieHUe MUKPOBOJIH C MNOMOUW,bHO
8bIHY>XOEHHO020 U3J1y4eHusi). dmom rpubop Oasas
OYeHb MOWHOe u3sly4yeHue 8 UHpaKpacHoOM
duana3oHe. 3a e2o co3daHue llpoxopoe u TayHc 8
1960 200y nony4yunu HobesieeCcKyro npemuro.



Jlazep

Cnycms cemb siem (e 19602.) Ha cMeHy mMa3epam
npuwnu JIA3EPbI. (Light Amplification by
Stimulated Emission of Radiation — ycuneHue
ceema Cc nomMou,bro 8bIHY>XOEHHO20 U3J1yYeHUsl).
Ux cozdamernem sierissemcsi Teodop Naposibo
MeumaH. Bce omnu4ue nasepoe om ma3sepoe
cocmoum e moM, Ymo Ma3epbl U3Jsly4arom 8
UHpaKkpacHOM Ouana3oHe, a Jla3epbl — 8
eUOUMOM Ouara3o0He.



OcHOBHBIE PYOMHOBOIO A€TAJIH
jlazepa

OCHOBHBIMH JIETATISAMH JIa3€Pa CIyKaT PYOMHOBBLIH CTEPKEHb
AMaMeTpoM 1 cM U JJIMHOM 5 CM U JJaMIa HAKA4YKH. PyOMHOBEIN
CTEPIKEHb MPEACTABISACT COOON Y3KMI [IUIUHAP, OJTHO OCHOBAHHE
KOTOPOT'O 3€pPKaJIbHOE, a APYroe — MOJYIPO3PAYHOE 3EPKAJIO.
(PyOuHn nipencTaBiasgeT coO0M KpUCTAILI B y3J1aX KPUCTAIIMYECKOM
PEIIETKH KOTOPOTO CTOST UOHBI AIOMUHUS U KUCIOPOOAd, HO
HEKOTOPBIE HOHBI AJTFOMUHHUS 3aMEHEHBI HOHAMU xpoma — Al O+
Cr O .)Jlamna Haka4ku — 5TO JIOMHHKCIIEHTRAasPmamma2 3
3aI0JTHEHHAS] MTHEPTHBIM Ia30M KCEHOHOM, KOTOpasi paboTaeT B
MMITYJIbCHOM PEXUME — OHA BCIIBIXMBAET U TACHET MUJJIMOHBI Pa3

3a CEKyHJY.
(AT




Jlazep

JlamIia HaKa4KM BCIIBIXMBAET — U3JYYACT DJICKTPOMATHUTHBIC
BOJIHEI C JJIMHOU BOJHBI 0KOJIO 500 HM — 3eJieHbId cBeT. KBaHTEHI
ATOr0 M3JYYEHHS MOIJIOMIAOTCS aTOMaMU XpOMa BXOJSAIIETO B
COCTaB KpHUCTaia pyOMHA U 3JIEKTPOHBI B aTOMAaXxX
IMOAHMMAIOTCH € IEPBOr0 YPOBHA (OH HA3bIBACTCS
HEBO30YKJICHHBIM) HAa 00Jiee BHICOKHE — BO30YKICHHBIC —
YPOBHH.
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Jlaszep

J1es10 B TOM 4TO B BO30Y’KJICHHOM COCTOSIHUU JICKTPOHBI HE MOTYT
HaXxoguTcs goJiblie, yeMm 10 HCKTIOUCHME COCTABIAIOT TaK
Ha3bIBa€MbIC MemacmabuivbHble YPOBHHU («MeTa» — MHOr0). s
aTOMOB XpOMa METACTaOMJIbHBIM YPOBHEM SIBISIETCS 2-1
SHEPreTUYECKUM YPOBEHBb. Ha 3TOM ypOBHE 3JIEKTPOHBI MOTYT
HaxomutTcs 70 10 € — 3TO TOCTAaTOYHO AOJITO IO MEpKaM aTOMHOM
(pU3UKHU.

Takyum 00pa3oM 3JIEKTPOHBI HAYMHAKOT «MAAATh) ¢ 00JIee BBICOKHX
YPOBHEH HA 2-M M TaM HAKAILIMBATHCA. BO3HMKaeT cuTyanusi, Korjaa
BO BCEX aTOMax XpoMa BO BCEM KpUCTAILIE PyOMHA 3JEKTPOHBI
HAXOJISITCSA HA OJTHOM M TOM K€ YPOBHE.




Jlazep

PaHo WM 1O3HO B OHOM M3 aTOMOB XpOMa MPOU30MIET MAACHUE
3JIEKTPOHA HA MEPBBIM SHEPreTUYECKU YpoBeHb. OHO OyneT
COIIPOBOXKJAThCSA U3TYYEHUEM KBAaHTA YHEPTrUH, KOTOPHIM BbI3OBET
MaJICHUE HA OCHOBHOM (HEBO30YKJICHHBIN) YPOBEHB JJICKTPOHA U3
APYTOro aroMa. JTO MaJICHUE TAK K€ BHI3OBET MOSBICHUE KBAHTA
CBETA, MOCIIYKaIIEero MPUYMHOMN MEPEX0/Ia B OCHOBHOE COCTOSTHUE
€IIe OJJHOTO aToMa XpoMa — TAKUM 00pa3oM 3apoauTcsi (POTOHHAA
JIABMHA.
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Jlazep

®oTOHBI (KBAaHTHI U3IYUYEHHUS ), KOTOPBIE OyAyT 00Pa30BBIBATHCS IIPU
MaJCHUY JIEKTPOHOB HA OCHOBHOU DHEPTETUYECKUU YPOBEHb MOTYT
OBITH HAIIPABJICHBI BO BCE CTOPOHBI, HO TaK KaK JJIMHA PyOMHOBOIO
CTEpP>KHS MHOT'O OOJIBIIIE €r0 TOJIIMHBI O0JIbIas 4acTh UX OyJIeT
HaIpaBJICHA BJIOJIb OCU PyOMHOBOIO CTEPKHS. TOJIBKO OHU CMOTYT
MOCIYXKUTh IPUYUHON TTaICHUS CICAYIOIETO AIECKTPOHA, —
OCTaJIbHbIE (POTOHBI MPOCTO MOKUHYT PYOHMHOBBIN CTEpKEeHB. Tak Kak
OCHOBaHUS PyOMHOBOI'O CTEP)KHS - 3€pKabHbIC, (POTOHBI OyIyT
OTPAXKATHCS OT HUX U MEPEMEIIATHCA BHYTPH CTEPHKHS TyHa —
oopaTHO. Takum 00pa3oM (pOTOHHAA JJABUHA OYIeT YCHJIUBATHCS —
OyIeT HAaKarIMBaThCA BCE OOJbIIE U 0O0JIBIIE (DOTOHOB.




B HEKOTOpBIM MOMEHT BPEMEHHU YMCIIO (P)OTOHOB OYAET HACTOIBKO
BEJIMKO (MOIIIHOCTH (DOTOHHOTO MMy4Ka OyJIeT OYEHb OOJIbIIIAs ), YTO
MOTOK ()OTOHOB HE OTPA3UTCS OT TOTO OCHOBAHUSI PyOHMHOBOTO
CTEPKHS, KOTOPOE MPEACTABIACT COOOM MOIYIPO3PAYHOE 3€PKAJIO, A
IPOMJIET CKBO3b HETO. ITO U €CTh Ja3ePHbIN HMITYJbC — IOTOK
()OTOHOB UMEIOIIUX OAHY MU Ty K€ JJIMHY BOJIHBI (TaK KaK BCE 3TH
(OTOHBI OOPA30BAIMCH ITPU MEPEXOAE PICKTPOHA CO 2-10 Ha 1-1
SHEPreTUYECKUN YPOBEHb B aTOMe Xpoma). biiarogaps Tomy, 4to
41CJI0 (DOTOHOB C OJIMHAKOBOM JJIMHOM BOJIHEI (OHA paBHA 694,3 HM —
KpPAaCHBIM CBET), a, CJIEIOBATEIIBHO, C OJIMHAKOBOUW YHEPTUEN, BEJIMKO -
MOIIIHOCTb JIa3€pHOI0 UMIYJIbCa OY€Hb OOJIbIIIAS.
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Jlaszep

Bce onucanHoe B NpUE@IEHHBIX BhIIIE MATH MyHKTaX IPOUCXOAUT 34
CEKYHJIbI — BPEMS OJIHOW BCIIBIIIKH JIAMITbl HAKAYKH.

Takum 00pazoM J1azepHoe U3JIydeHNnEe — HMITYJIbCHOE U3JTyYeHHeE,
HO MBI HE 3aM€YaeM «MUTAHUS» JIA3E€PHOTO JIy4a, TaK KaK I71a3
4eJI0BEKa HE pearupyeT Ha CTOJb OBICTPOE MEPIIAHHUE.
MomHocTs Taknx na3zepoB paBHa 10 kBT. Ecin mOBBICUTE 4mMCIIO
BCIIBIIIIEK JaMnbl HaKadku 10 10 B C6€KYH,Z[y, TO MOIIIHOCTb

nosbimaercs 10 10 kB2
OmnucaHHBI BBIIIE JIa3ep HOCHT Ha3BaHUE «PyOWHOBBINY, TAK KaK €ro
OCHOBHas JIETaJIb — PyOMHOBBIM KPUCTAJLI.




Jlazep

B 1961 200y 6b11 uzoopemen 2azoewiit nazep —
eMecmo pyoOuUHO08020 CMEPIHCHS 8 HEM
UCNONMB306A1ACH MPYOKA 3ANOJITHEHHAS CMECHIO
2ejlusl U HeOHa)

B 1963 200y 6bi1u uzoopemernni
NOJIYRPOGOOHUKOGbIE 1a3ePbl.

B nacmoswee epems cozoannl ycuoxocmmuoie,
xumuueckue (¢ UCNOJIb306AHUEM XUMUUCCKUX
peakuuii), 2azoounamuyeckue (peaKkmueHas
cmpys 2a3a) aazepot.




