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NA3EPU AK ETAN CTAHOBJIEHHA KBAHTOBOI TEOPII
BUMPOMIHIOBAHHA

VY cTaTTi pO3rIsSHYTO B3a€MO3B 30K TEOPETUYHOI M €KCIIepUMEHTaIbHOI (MpUKIaIHOT) (Pi3UKU
IIpY BUBYEHHI J1a3€epiB SIK €Taly CTAHOBJIEHHS KBAHTOBOI T€OP1i BUITPOMIHIOBaHHS.

KiiouoBi cioBa: keanmosa meopis GUNPOMIHIOBAHHA, [HBEPCHA  HACENEeHICMb,
iHOYKOBaHE GUNPOMIHIOBANHS, 1A3ep, AKMUGHE cepedosunye, CUCeMAa HaKauKu.

BcTyn

Ilocmanoska npooremu. Po3BUTOK (I3UKH, K OAHIET 3 MPUPOJHUUYNX HAYK,
BIIOYBA€ThCS B MIANEKTUYHINA €JHOCTI ii EKCIEePUMEHTAIbHOI W TEOpPEeTHYHOI
CKJIaJ0BHUX. [CTOpisS CTAaHOBJIEHHSI KBAHTOBOI TEOpii BUMPOMIHIOBAHHS JAa€ 3MOTY
HAOYHO 1€ MPOJEMOHCTPYBAaTH NpPH BHUBYEHHI BIAMOBIIHOI TEMH B OCBITHIX
3aKJajax.

MeTo10 CTaTTi € IOKA3aTH K KBAHTOBA TEOPisi BUIPOMIHIOBAHHS OCTIpUsLIIA
CTBOPEHHIO Jla3epa, a pPi3HI NPUKJIAAHI 3a/1adl CIOHYKAIH JI0 iX 3alpOBaKEHHS B
3aJIEKHOCTI Bil poOOUOTro Tija.

OcHoBHa YacTuHa:

Hanmpukinmi XIX ©Ha mnouarky XX CTONITH Yy CBITI 3 SBUJIUCH
€KCIIEpUMEHTAIbHI PEe3yJbTaTH, MOSICHUTU SIKI ICHYIOYa Ha TOM dYac KJachyHa
Teopist Oyna HecnpoMmoxkHa. Lle cTocyBanocs, 30kpeMa, piIBHOBaXXHOTO TETJIOBOTO
BUIMIPOMIiHIOBaHHS. Ha HeIOCKOHANmICTh KJIACUYHMX YABICHb (I3UKH, 110
BCTAaHOBWJIMCSl Ha TOM 4ac BKa3ylOTh 1 pe3yJbTaTH aociiny Maiikenbcona-Mopii
no cnpoOl eKCHepUMEHTAJbHO BHUSBUTU ICHYBaHHsS CBITIIOBOTO edipy. Bce me
CIIOHYKAJIO /10 TIEPETIsily OCHOBHUX YSBJIE€Hb KIIACUYHOT TEOPii.

1. HoBe po3ymiHHA mnpuiiiio B (i3uKy (TEOpil0 BUIPOMIHIOBAHHS)
3aBAsiKy rinote3i [lnanka npo icHyBaHHS OTOHIB — KBAHTIB BUIPOMIHIOBAHHS, SIK
HaWMEHIII01 HETOIIBHOT MOPIii eHeprii:

hc

8=hv=7, (1)

—34
073 JIx - ¢ Ha3BaHa crajor IlmaHka.

ne KoHcTtanta h=6,62-1
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3riIHO 3 JaHOIO TIMOTE30l0 CBITJIO BUIPOMIHIOETHCS HE HEMEPEepPBHO, a
muckpetHo. Kepyrouncy num [lnank otpuma dopmyny uisl CHEKTPabHOI
BUIIPOMIHIOBAJIBHOT 3/1aTHOCT1 a0COIIOTHO YOPHOTO TiJ1a, IKa HOCUTh HOTO 1M’S:

2mhe? 1
Par = 15 hTAT (2)

1€ ¢ — WBUIKICTH CBITIAa y BakyyMi; k — crtana bonbumana; T — abGcontoTHa
TeMIlepaTypa; e — OCHOBA HaTypaJbHUX JIorapudmis.

[Ipy 1pOMy poO3MOAUT €HEeprii B CHEKTPl PIBHOBAXKHOTO TEIUIOBOTO
BUIIPOMIHIOBaHHS OTPUMAHMM TeopeTH4uHO 3a ¢dopmysnoro [lnaHka MOBHICTIO
CIIBIIAJIA€ 3 EKCIIEPUMEHTAILHUM.

OTxe KBaHTOBa Teopis BUIPOMIHIOBaHHS [lnaHka MOsICHIOE BCl 3aKOHU
PIBHOBaYKHOT'O TEIIOBOT'O BUIMPOMIHIOBAHHS.

2. [TosicHUTH 3aKOHOMIPHOCTI 30BHIIIHBOTO (oToedeKTy, OTpUMaHi
EKCIIEPUMEHTAIbHO, ICHYIOYa Ha TOW 4Yac KJIacH4YHa Teoplsi TakoX Oyna
HECIIPOMOYKHA.

Jiis X nosgcHeHHst AnpOepT EMHIITEHH cCKOpHCTaBCsl KBAHTOBOIO T1IOTE3010
[Inanka 1 mNOpUIYCTUB, L0 1 TNOIJMHAHHA CBITJIA BIAOYBAE€THCS OKPEMHUMU
JUCKPETHUMU TOPLISIMHU €Heprii — pOTOHAMH.

EltnimTelin 3acTocyBaB 3aKkOoH 30€pEKEHHS €Heprii JO0 CUCTEMHU «Ialarouuit
(OTOH — €JIEKTPOH PEYOBUHIY.

EnekTpoHM TMOBEPXHEBOrO IIapy MeTaldy MOTJHWHAIOTh EHEepriio IHUX
(GOTOHIB, IPU LBOMY OJHMH EJIEKTPOH IMOTJIMHAE I[UIKOM EHEprito OgHOro ado
JIEKUIbKOX (POTOHIB.

[Ipu ymoBIi, mo eHeprisa (GoToHa piBHA ab0 OUIbIIE 3a 3HAYEHHSIM pOOOTHU
BUXOAY, TO €JIEKTPOH OyJe BuwiIiTaTu 3 MeTany. Toji yactuHa eHeprii porona Oyne
BUTPAYaTHCs HA BUKOHAHHA poOOTH BUXOHLy A, a ii pemra Oyae NEpexoauTH B

KIHETUYHY €HEeprito (PoToeNeKTPOHa:

2
mo,.

hv = A, +TX 3)

Januii Bupa3 Ha3UBa€ThCS PIBHAHHAM EiHIITElHAa 17 30BHINIHBOTO
dotoedexty. Lle piBHSHHS 3amucaHe Ajsi OJHOPOTOHHOTO QoToedeKTy, KOJIH
WIeThCs MPO BHUPUBAHHS EJIEKTPOHA, HE IMOB’S3aHOr0 3 aTOMOM (MOJIEKYJIOIO).
BnacHe BOHO € y3araJbHEHUM 3aKOHOM 30epexeHHs eHeprii. Ha ocHOBI
KBaHTOBHX YSBJEHb TMPO CBITIO MOXHa TMOACHUTH 3aKOHH (oToedeKTy.
3pOo3yMilIo, HI0 YHMCIO €NEKTPOoHIB [V,, BUPBAHUX 3 PEYOBHMHH, IPONOPIIHHE

yucity (OTOHIB, NajalduMx Ha pedoBuHy, To0TO N, ~T. Takum YWHOM, MU

MOSICHWIN TepIIni 3aK0H (poToedeKTy.

3 piBHsiHHS EifHIITEliHA BUXOIUTD, 110

111!)2

= hy — A,1a A, = hv,, (4)
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3 UpOro piBHSAHHA MU 0auuMMo, IO MakCHMallbHAa KIHETHUYHA EHepris
(OTOENEKTPOHIB JIIHIMHO 3aJ€XUTh BiJl YaCTOTH MAaJal0uoro CBITJIA, a YEpPBOHA
Mexa ¢oTtoedexTy — BiJ pOAY PEUOBUHM KaToja (Ipyruid 1 TpeTil 3aKoHU
dboTtoedekTy).

Tox  kBanToBa Teopis (doroedpekry EifHmTeilHa moscHIOE  BCi
3aKOHOMIPHOCTI 30BHIIIHBOTO (GOTOE(DEKTY.

AJe rinoTe3u NMepexoAsTh B HAYKOBY TEOPIIO KOJM BOHHU 3[IaTHI HE JIMILE
MOSICHUTH  pEe3yJbTaTH ICHYIOUMX EKCIEpPUMEHTAIbHUX pe3yJbTaTiB, a ¢
CIIPOMOKHI nependavaTy HaCTYIIHI.

3. CrocoBHO nomupeHHs cBitia ERHINTEH NpUIyCTUB, 1110 BOHO TaKOX
BinIOyBaeTbcss  AuckpeTHo. Jocmig bore 1 craB  ekcnepUMEHTAIbHUM
MIATBEPIKEHHAM LILOMY.

[Ipu BunpomiHIOBaHHI (OTOHA aTOMOM BiAOYBAa€TbCA 3MEHILEHHS EHEPrii
OCTaHHBOI'O0 HA BEJIMYMHY €Heprii (oToHa. A Mpu MOrIMHAHHI (OTOHA ATOMOM —
30UTBIIEHHS] €HEprii OCTAHHBOIO HAa TaKy * BEIUYMHY. TaKMM YHMHOM MO>KHA
CTBEP>KYBATH, 110 KBAHTOBA TEOPis CBITJA MOSCHIOE TUCKPETHICTh EHEPTETUUHUX
PIBHIB €JIEKTPOHA B aTOMI.

4. e onnum npunymeHHsm EifHmTeliHa ctano icHyBaHHS BUMYIIEHOT'O
(1HIYKOBAaHOI0) BUIpPOMiHIOBaHHS. lle Take BHUNPOMIHIOBaHHS, SIK€ BUHHUKAE Y
30yKEHOMY aTOMI1 TIPY MOT0 TIEPEXO0/I1 B MEHIII 30y PKeHU a00 HOpMaJIbHUI CTaH
nij aiero 30BHIMIHIX GakropiB. Hanpuknan, nin BruimBoM ¢oToHa (AuB. puc. 1).
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Fo — F{ =AF = hv
Puc. 1. EHepreTnyHa giarpama iHoykoBaHOro BUNPOMIHIOBAHHS, WO BUHUKAE B aTOMi
nig gieto oToHa, Ha Npuknagi ABOPIBHEBOI KBAHTOBO-MEXaHI4YHOI CUCTEMM.

[Ipu mpoxo/keHH1 (OTOHA MOB3 aTOMY, IO 3HAXOJIUTHCA B 30YHKEHOMY
CTaHl, OCTaHHIA MEPEeXOAUTh HA HUKYMUHA EHEPreTUYHUM pIBEHb 3 BUCBITICHHAM
«(porona-6nuzHIoka». ToOTO magarounii 1 IHAYKOBaAaHUN (POTOHM MAIOTh OJHAKOBI
4acTOTH, HAIPSIMKU MOIMIMPEHH 1 noisipu3aii. KpiM toro, 111 ¢OTOHU KOTepeHTHI.

ExcriepumeHTangbHe BIAKPUTTS 1HIYKOBAHOI'O BHUIIPOMIHIOBAHHS HaJajo
MOILITOBX JI0 CTBOPEHHS CIIOYATKY JIa3epa, a MOTIM 1 JIa3epHOi IHAYCTPIi.
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Tepmin «laser» moxonuth Bix abpeBiaTypu aHricbkoi Ha3Bu «Light
Amplification by Stimulated Emission of Radiation», mo B nepeknazi o3Hayae
MOCHUJICHHSI CBITJIa 32 JOTIOMOTOI0 BUMYIIEHOTO (iHAYKOBAHOTO) BUIIPOMIHIOBAHHSI.

Jlazep 3a3Buuail CKIagA€THCA 3 TPHOX OCHOBHMX KOMIIOHEHTIB: poboue Tio,
JOKEpesio  eHeprii (cucTemMa Hakadku), cUcTeMa JA3epKal abo «ONTHYHUU
PE30HATOP».

OCHOBHUM €JIE€MEHTOM Ja3epa, BIINOBIJAIBLHUM 3a JOBXKHUHY XBHJI
BUIIPOMIHIOBaHHS € poboye TiIO.

B 3anexHocTi Bij po6o4oro Tija gazepu NOAUISIOTH Ha:
v’ Ta30Bi;
v’ pinunmi;
v’ TBepIOTLIbHI;
v HAaIBIIPOBiTHUKOBI.

Jlist CTBOpEeHHs 1HBEPCHOI HACEJIEHOCTI B poOOYOMY TUTl, 1O HBOTO
HEOOXIHO MiBOJUTH €HEprito. s 1poro BUKOPUCTOBYIOTH CUCTEMY HaKadKH.
Tun BUKOpUCTAHOI CUCTEMHU HaKayKW MOBHICTIO 3aJI€KUTh Bil poOOUYOro Tinia, sike
3aCTOCOBYIOTh, @ TaKOXX BH3HAYa€ CHOCIO MiABEIEHHS €HEeprii J0 CHUCTEMHU.
OCHOBHUM J>KepeoM HaKauKu:

® Ta30BHX Ja3epiB € CICKTPUUHUN PO3PI;

® DPIIUHHUX — IHIIUH Ja3ep ado IMIYJIbCHA JIAMIIa;

® TBEPJAOTUILHUX — IMITYJIbCHA JIAMIIA;

® HAMIBIPOBIIHUKOBUX — €JIEKTPUUYHUIA CTpyM 200 ONTHUYHA HAKayKa.

HalinpocTtimnii oNTUYHUN PE30HATOP CKIANAETHCA 3 JBOX MapalelbHUX
n3epkan (oJHe 3 SKUX HaIiBIPO30pe), PO3TAlIOBAHUX HABKOJIO poOodoro Tijga. ¥
TBEPAOTUILHUX Jla3epax pojb TaKUX J3epKaj MOXKYTh BiAIpaBaTH BIANOJIIPOBaHI
rpaHi poOo4oro Tija.

Hupokoi monyasipHOCTI OCTAHHIM YacoM Halynu Jlazepu Ha OapBHUKax. Lle
MOB’5I3aHO 3 1X 3/AaTHICTIO pPOOOTH SIK B HENEPEPBHOMY, Tak 1 B IMIYJIbCHOMY
peXrMax Ta MOXJIMBICTIO TMEpPEHANAIITYBaHHS BUIIPOMIHIOBAHHS B IIUPOKOMY
iHTepBai 10BXKH XBUJb. Lllo, B cBOIO Yepry, 103BoJisie BUOIPKOBO BIUIMBATH Ha
OiojoriyHl KIiTUHU. lle BUKOPHCTOBYIOTH, 30KpeMa, B PIZHUX HamnpsIMKax 1
00JIaCTSIX MEIUIIMHU.

MOXIUBICTh BUKOPHUCTAHHS TOTYKHHX IMIYJIbCHUX Ja3epiB JICKUTHb B
OCHOBI OJTHOTO 3 HAMPSIMKIB TOCIKEHHS OJHIET 3 TJI00ATBHUX MPOOJIEM JIF0JICTBA
— KepOBaHOI peaKilii TepMOsIEPHOTO CUHTE3Y.

Cy4acHi TeXHOJIOT1i JO3BOJISIIOTh BUTOTOBIISITH JIa3€pHU 3 BUXIIHOIO €HEPTIEI0

O0m3bko 5 KJ[K 1 TOTYXXHICTIO ~20-10° Br. A 3aBISKH ONTHYHHM KBAaHTOBHM
MIJCHUII0OBaYaM TPOTHO30BaHA TOTYXKHICTh JIa3€PHOTO BUIPOMIHIOBAHHS B

IMITYJIbC1 MOXE JJOCSTaTH ~ 10" Br [3].
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BucHoBKkuM

Yac BUBUYEHHA AMCHMIUIIHM (i3MKa B 3akjafax OCBITH NOAUIAETHCS
MPOIOPIIITHO Ha TEOPEeTUYHY M eKcrnepuMeHTanbHy ii yacTuHu. llpu npomy
EKCIIEPUMEHT BUKOPUCTOBYIOTh JUISl  3aKpilJIeHHs Teopili U  mpuaOaHHS
BIIMOBIIHUX YMiHb Ta HABUYOK.

BuBueHHss 7nazepiB Yy KOHTEKCTI CTaHOBJEHHS KBAHTOBOi  Teopii
BUIIPOMIHIOBaHHS J103BOJIsiE (DOPMYBATH TaKl KJIIOUOBI KOMIETEHIII SIK CUCTEMHE
MUCJIEHHSI ¥ YCBIAOMIJICHICTh. AJKE HE JIOCTATHBO 3HATH (DYHKIIIOHAJIBbHY CXEMY
nazepa. HeoOXiHO MEpexXoIUTH JO0 MHUCICHHS, SK 3MIHM OKpEeMHUX ii €JIeMEHTIB
BIUIMBAIOTh HAa XapakTep BUIPOMIHIOBAHHS B IUIOMY. YCBIIOMJIEHICTb XK€
JI03BOJIIE  PO3BUBAaTH HaBUK pediekcii, KOHUEHTPYIOUHCh Ha CY4acHOMY
nependayaTH MallOyTHE.
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Lasers as a stage in the formation of the quantum theory of
radiation

The article considers the relationship between theoretical and experimental
(applied) physics in the study of lasers as a stage in the formation of the quantum
theory of radiation.
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