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ATOM

Jlemokpum

Amom — «neoenumuwiil) (cpeu.)

Coznacno nepeoii nyouHz20801 M0oOeu,
npeo10HceHHou anznuiuckum uzuxom /Ircozedhpom
Jrconom Tomconom, nonoxcumenvHulil 3apao KaK
Obl pazmazan eHympu oovema amoma. B amom kax
Obl 6Kpanjienvl 0moeibHble I1eKMPOHDbL,
Helumpaauzyrouiue noa0HCuUmeabHoulil 3apao.




OTKkpbITHE PAAUOAKTHBHOCTH

B 1896 rony bekkepeJb C1y4aiiHO OTKPBLI
PaaAMOAKTUBHOCTH BO BpeMsi padoT 1o
UCCJIea0BaHUuI0 (pocopecueHIMH B COJISIX YPaHA.
Hccaenys padory PeHrrena, oH 3aBepHy.I
¢QurroopecuupyrOIMii MaTEPUAT — YPAHUJICYJIb(aT
KaJIUs B HENMPO3Pa4YHbIA MaTepuaJ BMecTe ¢
(poTomIACTUHKAMM, C TEM, YTOObI NIPUTOTOBUTHCHA K
IKCIIEPUMEHTY, TPedyrleMy SpKOro COJTHEYHOr 0
ceera. OnHAaKO ele 10 ocyluecTBIeHUs
IKCIepuMenTa bekkepesb 00HAPYKUJIL, YTO
(poTOMIACTUHKY ObLIIM MOJTHOCTBHIO 3aCBEYEHbI. JTO
OTKpbITHE MOOYIHJI10 bekkepessi K HCC/IeI0BAHUIO
CIIOHTAHHOTI'0 MCIIYCKAHUA SAACPHOI0 U3JTYYCHHUS.

PaanoakTUBHOCTL — CIOHTAHHOE
U3JIYYEeHHEe aTOMOB.
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Buabl n3ayyeHuu

Ol - s0pa amoma eenus (2p+2n)

X ﬁ - 71eKMPOHbL, 0Opa3youuecs 8
X s10pe amoma npu pacnaoe
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)/ - DJICKTPOMArHUTHOE U3JTyUYEHUE
OOJIBIIION YHEPTUHU



yCTapeBW e mMogenn atoma

Moaene TomcoHa Moaene Haraoku Mopens Peaepdopaa



MongeJin aTOMOB
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OnsiT Pesepdopaa
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OnsiT Pe3epdopaa
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AtoMm o Pezepdopay

- 3TO IOJIOKUTEIBHO 3apPsSKEHHOE SIPO B [IEHTPE aToMa 1
AJIEKTPOHBI HA OpPOUTAX BOKPYT SIpa

- XapaKTep ABUKECHUS JICKTPOHOB ONPEIACIIACTCS
JNEUCTBUEM KYJIOHOBCKHMX CHJI CO CTOPOHBI s/Ipa

- nuametp sapa B 100000 pa3 MeHbIIe 1uamMeTpa aroMa

- Macca sapa cocTaBisieT 99,4% ot MacChl BCEro aroMa

- 3apsn sapa cocraBisieT 99,4% ot 3apsaga Bcero aroma

- 3aps] Aapa 110 MOAYJII0 PaBEH CyMME 3apsiioB AJIEKTPOHOB,
IIOATOMY aTOM B 1I€JIOM HEHTpajecH.



IlpoTuBOpeuYnss MoaeIu
Pesepdopaa

*3/1eKMPOH Od8UXXemcsi o
OKpY)XXHOCMU

*deUXXEeHUEe 0 OKPY)XHOCcmMu
s18J151€eMmMCSs1 YCKOPEHHbIM
*3/716KMPOH OOJIKEeH u3sly4amb
*3/71eKMPOH OOJKEH mepsimb
3Hepauro

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



IlocTyiaarsl bopa

Hunwc bop 1913 2.

-Q/1eKMPOHbI O8UXXYMCSI 8OKpYy2 sidep Mo Kpy208bIM
opbumam, cpedu KomopbIx pa3peuweHHbIMU
s18J1S1IOMCS1 MOJILKO oripedesieHHble opbumsi.
Haxo0dsicb Ha HUX 3JIeKMPOH He u3siy4aem.

-llpu nepexode annekmpoHa ¢ opbumasi ¢ 6os1ee
8bICOKOU 3Hepauel Ha opbumy c 6osiee HU3KOU
3Hepauel amomM u3ljsiy4yaem KeaHm 3Hepauu; npu
nepexodode asiekKmpoHa ¢ opbumsbi ¢ 6os1ee HU3KOU
3Hepauel Ha opbumy c 6osiee ebICOKOU 3Hepauell
amom rnoaJsiow,aem KeaHm 3Hepauu.



IlepBbin moctyaar bopa

-INIeKMPOHBL OBUNHCYHICA 8OKPY2 A0EP RO KPY208bIM OPOUmMAM,
cpeou KOmopuvlx PazpeuteHHbIMuU AGAAMCA MOJIbKO
onpeoenennvie opoumsl. Haxooacv na nux snekmpon ne
usyyaem.
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CranuoHapHble OPOUTHI
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Bropon mocrysar bopa

-IlIpu nepexooe snexmpona ¢ opoumoel ¢ 601€€ 6bICOKOU IHEPIUe
Ha opoumy ¢ 6onee HU3KOU IHep2ueil amom U3iyuaenm KeaHm
IHEp2UU; nPpuU nepexooe IJIeKMpPOHa ¢ OpoOuUmsl ¢ 60nee HU3IKouU
IHepzuell Ha opoumy ¢ 0oJiee 8blCOKOU IHEPZUeU AmoM
noznouiaem Keanm IHepuu.
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Cepuu M31y4eHUS aTOMA
BOJI0OPOAA

e Cepust baabmepa
e Cepusa Jlavimana
e Cepus Ilamena

e JHeprus, HeoOXoauMasi AJas1 MOHU3AL MU
aTroMa



Cepusa baabMepa

1885

I o
SUOUMDLI OUANA30H



Cepus Jlaiimana

yabmpaguonemosolii Ouana3on

R=1,097-10" n""



Cepus Ilamena

UHpPaAKpacHovlil OUana3on

R=1,097-10"m""



JHepruda, HeoOXoauMAas AJIsl
HOHU3AIINU ATOMA
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Jlaszep

e Mazepbr mmd

e lazepbl b

e OCHOBHBIE JeTaJIU PYOMHOBOIO Jia3epa

o [IpuHUMII Tesesdiisi PYOHMHOBOIO JIa3epa

——



Maszep

19532. — coeemckue y4yeHble Hukonau
eHHaobesuY bacoe u AnekcaHop Muxatinosuy
llpoxopoe, a mak e, He3asUCUMO OM HUX,
amepukaHckuu gpusuk Yapnb3 Xapo TayHc
co3darom rnpubop nood HazeaHuem MA3EP. (Omo
HayvasibHble b6ykebl crioeocoYyemaHusi Microwave
Amplification by Stimulated Emission of Radiation
— ycuJsieHuUe MUKPOBOJIH C MNOMOUW,bHO
8bIHY>XOEHHO020 U3J1ydeHusi). dmom rpubop daesas
OYeHb MOWHOoe u3sly4yeHue 8 UHpPaKpacHoOM
duana3oHe. 3a e2o co3daHue llpoxopoe u TayHc 8
1960 200y nony4yunu HobesieecKyro npemuro.



Jlazep

Cnycms cemb siem (e 19602.) Ha cMeHy mMa3epam
npuwnu JIA3EPbBI. (Light Amplification by
Stimulated Emission of Radiation — ycuneHue
ceema Cc rnomMou,bro 8bIHY>XOEHHO20 U3J1yYeHUsl).
Ux cozdamernem sisrissemcsi Teodop Naposibo
MeumaH. Bce omnu4ue na3sepoe om ma3sepoe
cocmoum e moM, Ymo Ma3epbl U3sly4arom 8
UHGpaKkpacHOM Ouana3oHe, a Jla3epbl — 8
eUOUMOM Ouara3oHe.



OcHOBHBIE PYOMHOBOIO A€TAJIH
jlazepa

OCHOBHBIMH JICTATISAMH JIa3€pa CIyKaT PyOMHOBBLIH CTEPKEHb
AMaMeTpoM 1 CM U JJIMHOM 5 CM U JJaMIa HAKA4YKH. PyOuMHOBEIN
CTEPIKEHb MPEACTABISAECT COOON Y3KMI [IUIUHAP, OJTHO OCHOBAHHE
KOTOPOT'O 3€pPKaJIbHOE, a APYroe — MOJIYIPO3PAYHOE 3€PKAJIO.
(PyOuH nipeacTaBiasgeT coO0M KpUCTAILI B y3J1aX KPUCTAIIMYECKOM
PEIIETKH KOTOPOTO CTOST UOHBI AIOMUHUS U KUCIOPOOAd, HO
HEKOTOPBIEC HOHBI AJTFOMUHUS 3aMEHEHBI HOHAMU xpoma — Al O+
Cr O .)Jlamna Haka4ku — 5TO JIOMHHHCIIEHTRasPmamma2 3
3aI0JTHEHHAS] MTHEPTHBIM Ia30M KCEHOHOM, KOTOpasi paboTaeT B
MMITYJIbCHOM PEXUME — OHA BCIIBIXMBAET U TACHET MUJJIMOHBI Pa3

3a CEKyHJY.
(M E




Jlaszep

JlamIia HaKa4KM BCIIBIXMBAET — U3JYYACT DJICKTPOMATHUTHBIC
BOJIHEI C JJIMHOU BOJHBI 0KOJIO 500 HM — 3ejieHbId cBeT. KBaHTEHI
ATOr0 M3JIyYECHHS MOIJIOMIAOTCS aTOMaMHy XpOMa BXOJSIIETO B
COCTaB KpHUCTaia pyOMHA U 3JIEKTPOHBI B aTOMAaXxX
IMOAHMMAIOTCH € IIEPBOr0 YPOBHS (OH HAa3bIBACTCS
HEBO30YKJICHHBIM) Ha 00Jiee BHICOKHE — BO30YKICHHBIC —
YPOBHH.
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Jlazep

Jles10 B TOM 4TO B BO30Y’>KJICHHOM COCTOSIHUU 3JIEKTPOHBI HE MOTYT
HaXxoguTcs goJiblie, yueM 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 IOCTAaTOYHO AOJITO IO MEpPKaM aTOMHOM
(pU3UKHU.

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




Jlazep

Pano WM 1O3HO B OAHOM M3 aTOMOB XpOMa MPOU30MIET MAJCHUE
3JICKTPOHA HA MEPBBIM SHEPreTUYECKU ypoBeHb. OHO OyneT
COIIPOBOXKJAThCS U3ITYYEHUEM KBAHTA YHEPTUHU, KOTOPHIM BHI3OBET
MaJCHUE HA OCHOBHOM (HEBO30YKJICHHBIN) YPOBEHB JJICKTPOHA U3
APYTOro aroMa. DTo MaJCHUE TAaK K€ BHI3OBET MOSBICHUE KBAaHTA
CBETA, MOCIIYKaIIEero MPUYNHOMN MEPEX0/Ia B OCHOBHOE COCTOSTHUE
€I1e OJJHOTO aToMa XpoMa — TAKUM 00pa3oM 3apoauTcsi (POTOHHAA
JIABMHA.
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Jlazep

®oTOHBI (KBAaHTHI U3IYUYECHHUS ), KOTOPBIE OyAyT 00Pa30BBIBATHCS IIPU
MMAJCHUU JIEKTPOHOB HA OCHOBHOU DHEPTETUYECKUU YPOBEHb MOTYT
OBITH HAIIPABJICHBI BO BCE CTOPOHBI, HO TaK KaK JJIMHA PyOMHOBOIO
CTEP>KHS MHOT'O OOJIBIIIEC €r0 TOJIIMHBI O0JIbIas 4acTh UX OyJIeT
HaIpaBJICHA BJIOJIb OCU PYOMHOBOIO CTEPKHS. TOJIBKO OHU CMOTYT
MOCIYXKUTh IPUUUHON TTaJICHUS CICAYIOIIETO AIEKTPOHA, —
OCTaJIbHbIE (POTOHBI MPOCTO MOKUHYT PYOHMHOBBIN CTepKEeHBb. Tak Kak
OCHOBaHUSI pyOMHOBOI'O CTEP)KHS - 3€pKalbHbIC, (POTOHBI OyIyT
OTPAXKATHCS OT HUX U MEPEMEIIATHCA BHYTPU CTEPHKHS Ty —
oopaTHO. Takum 0Opa3oM (POTOHHAA JJABHHA OYIeT YCHJIUBATHCS —
OyIleT HAaKarIMBaThCSA BCE OOJbIIE U 0O0JIBIIE (DOTOHOB.




Jlasep LAY

B HEKOTOpBIM MOMEHT BPEMEHHU YMCIIO (P)OTOHOB OYAET HACTOIBKO
BEJIMKO (MOIIIHOCTH (DOTOHHOTO My4Ka OyJIeT OY€Hb OOJIbIIIAs ), YTO
MOTOK ()OTOHOB HE OTPA3UTCS OT TOTO OCHOBAHUSI PYyOHMHOBOTO
CTEPKHS, KOTOPOE MPEACTABIACT COOOM MOIYIPO3PAYHOE 3EPKAJIO, A
POMJIET CKBO3b HETO. ITO U €CTh Ja3ePHbIN HMITYJbC — IOTOK
()OTOHOB UMEIOIIUX OAHY M Ty K€ JJIMHY BOJIHBI (TaK KaK BCE 3TH
(OTOHBI 0OPA30BAIMCH ITPU MEPEXOAE PICKTPOHA CO 2-10 Ha 1-1
SHEPreTUYECKUN YPOBEHb B aToMe Xpoma). biiarogaps Tomy, 4to
YHCJI0 (DOTOHOB C OJIMHAKOBOM JJIMHOM BOJIHEI (OHA paBHA 694,3 HM —
KpPAaCHBIM CBET), a, CIEI0BATEIIBHO, C OJIMHAKOBOUW YHEPTUEH, BEJIMKO -
MOIIIHOCTb JIa3€pHOI0 UMIYJIbCA OY€Hb OOJIbIIIAS.
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Jlazep

Bce onucanHoe B NPUE@IEHHBIX BbIIIE MATH MyHKTaX IPOUCXOAUT 34
CEKYHJIbI — BPEMS OJIHOW BCIIBIIIKHA JIAMITbl HAKAUYKH.

Takum 00pazom J1azepHoe U3JIydeHHnEe — HMITYJIbLCHOE U3JTyYeHHeE,
HO MBI HE 3aM€YaeM «MUTAHUS» JTA3E€PHOTO JIy4a, TaK KaK I71a3
4eJI0BeKa HE pearupyeT Ha CTOJIb OBICTPOE MEPIIAHUE.
Moo cTs Taknx na3zepoB paBHa 10 kBT. Ecian MOBBICUTE 4mMCIIO
BCIIBIIIICK JaMnbl HaKadku 10 10 B C6€KYH,Z[y, TO MOIIIHOCTb

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




Jlazep

B 1961 200y 6b11 uzoopemen 2azoewtii nazep —
eMecmo pyoOuUHO06020 CMEPIHCHS 6 HEM
UCNOMB306A1ACH, MPYOKA 3ANOJITHEHHAS CMECHIO
2ejlusl U HeOHa)

B 1963 200y 6bi1u uzoopemervi
NOJIYRPOGOOHUKOGbLE 1a3ePbl.

B nacmoswee epems cozoannl ycuoxkocmmuoie,
xumuueckue (¢ UCNOIb306AHUEM XUMUUCCKUX
peakuuii), 2azoounamuyeckue (peaKkmueHas
cmpys 2a3a) aazepol.



