YciaoBue

Oxoso 1852 JI:x. I'. Crokc BrepBbie HaO/0IaI DIYOPECIIEHITNI0 — MOLJIOMEHne (DIFOOPUTOM IIa-
JIAIOIIEr0 CBETa € IOCJIEIYIONMM uciycKanueM cseta moryiotutesneM. B 1900 I1. Busnaps obna-
PYKIJI TaMMa-JIyId — HUCIyCKaeMoe PajiieM MOHOXPOMATHYECKOE JIEKTPOMATHUTHOE U3JIyUeHUe
¢ BbICOKOI 3Heprueit ¢poronos. B 1904 P. Byx mnpojsemoHcTpupoBa pe30HAHCHYIO OINTHYECKYIO
dIyopecIeHITno, KOTopas XapaKTepu3yeTcs: UCIIyCKaHuEeM ITOIVIOMEHHON ¢BETOBOI SHEPTIUHU B BU/IE
U3JIy9IeHUs TOH K€ JacTOTHI.

Db dexr Méccbayspa wanm saepHbBI raMMa-pe30HaHC, OTKPBITHIA B 1958 romy Pymonbdom Méce-
6ayspom B Uucturyre um. M. [Tnanka B Teiigenntepre (PPTY), cocrouT B pe30HAHCHOM UCITYCKAHUH
WJIA TIOTJIOIIEHUU TaMMa-Jiydeit 6e3 oTgadn.

B 1961 romy 3a oTKpbITHE 1 TeopeTuvueckoe 0OOCHOBAHUE sIBJICHUsI SIIEPHOTIO raMMa-pe3oHanca P.
JI. Méccbayspy ObLia npucyxena HobesreBckas mpemust 1o (hpusnke.

Bsegenune.

He cMoTpst HA TO, YTO IPOIECCHI UCITYCKAHUS U TOTJIONMICHUS (DOTOHOB aTOMaMU U SPaMU CTPOTO
OITMCHIBAIOTCS TOJIBKO B paMKaX KBAHTOBBIX IIPEJICTABJIEHIT, MHOTHE CTOPOHBI 9TUX sABJCHU MOT'YT
OBITH KAIeCTBEHHO O00bsICHEHBI B paMKaX KJjaccudecKoil pusnku. Tak KazKplii aToM uMeer HabOp
COOCTBEHHBIX YaCTOT, ITOITOMY UCITYCKAET JIEKTPOMATHUTHBIE BOJIHBI CO CTPOT'O OIIPEJICICHHBIM Ha~
6opom dacToT (B mHMPAKPACHOM, BUAUMOM 1 yIbTpadroIeToBOM nuama3onax). [lpu morsormernn
cBeTa ATOMaMU TIOTJIOMIAETCST N3/TyYeHre TOJIbKO TeX JacTOT, KOTOPbIe OJIM3KU K COOCTBEHHBIM {a-
cToTaM KoJieDaHUii, MOJ0OHO TPaIUIIMOHHOMY PE30HAHCY B KJIACCHIECKUX cUcTeMaxX. AHaornaHast
CUTYAIUsd U C U3JIYIeHHEM aTOMHBIX SIJIepP — TOJbKO SHEPIusi KBAHTOB 9TOI'0 M3JIYIEHUS JICKUT B
obJIacTi raMMa-u3JIydeHusi (HO3TOMY B 9TOH 00JIACTH TOBOPSIT HE O YaCTOTaX U JIJTMHAX BOJIH, a 00
SHEPI'UU KBAHTOB).

Tak Kak sHeprus (M UMILYJIbC) TaMMa KBAHTOB BeJIMKA, TO [P WX MCIYCKAHUH SPOM, CaAMO $IPO
moJtydaeT UMIy/abc oraadn. CjenoBaTebHO, YHOCHT YacTh SHEPIHH, YMEHbIAsT TeM CAMBIM SHEpP-
T'UIO UCITYIIEHHOI'O raMMa-KBaHTa. 1eM caMbIM TaMMa-U3/1y YeHue, UCIYIIEHHOE F/IPOM He TTOrJIONa-
eTcs JIpyruM aHajoruaubiM sjapom. P. Meccbaysp mokaszas, 9To B HEKOTOPBIX CIydasix U3/IydeHUe
raMMa-KBaHTOB MOXKET ITPOUCXO/IUTH O€3 OTIAH, CJIe/IOBATEILHO, AHAJIOTUYHBIE s1/IPa, HAXO/ IS~
ecsl B aHAJIOTMIHBIX YCJIOBHSIX MOIYT CHJIBHO (PE30HAHCHO) MOIVIOMIATH 9TO U3JIyYeHue.

B 3asade ucnonb3oBanbl Marepuasbl crarbu camoro P. Méccoayspa «PESOHAHCHOE {AJIEP-
HOE ITOTVIOIIEHUE v-KBAHTOB B TBEP/IBIX TEJIAX BE3 OTIAYN», onyb1nKoBaHHO
B JXKypHaJe «Ycrexu dhusniecknx Hayk» B jgekabpe 1960 roga (rom LXXII, Boim. 4)

Yactp 1. DHeprus oTaadu.
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pr}KI/IHHaH IIYIIKa COCTOUT M3 HNUJIMUHAPHUYIECKOI'O 3aKPbITOI'O C O,HHOfI CTOPOHBI CTBOJIa, BHYTPU

KOTOPOT'O pacioJioykena ympyras npyzkunaa (puc. 1 a). [Ipyuna BbITaJKuBaeT mapuk-CHApPSII.

OrHomrenne Macchl CHapgJa K Macce IIyHIKM PaBHO 17 = . Ecimu 3aKpenuTb CTBOJ, TO CHapsiL

BBLJIETAET U3 IYIIKH CO CKOPOCTBIO vy (puc. 1 6). Cumraiite, 4r0 BO BCeX CilydasiX HadabHOE
CKaTue IPY2KUHBI IIOCTOAHHO, & B IIPOIecCe BBICTPesa MPYKUHA ITOJTHOCTBIO PACIPAMIIACTCS.

1.1 Yemy OyjieT paBHa CKOPOCTDH CHapsijia V', e/ CTBOJI MYIIKKM HE 3aKPEIIEH U MOXKET CBOOOJHO



nurarees (puc. 1 B)?

1.2 Haiijiure oTHOCUTEIbLHOE U3MEHEHNE CKOPOCTH CHaPSIa ﬁ—;’ = %, BO3HHKAIOIIIEE BCJIEICTBUE
OTJIa9M CTBOJI&, CIUTas OTHOIIEHNE MACChl CHaps/ia K Macce CTBOJIA [ MaJIbIM.
1.3 Haiijiure oTHOCHTE/ILHOE U3MEHEHEe SHEPTUN CHAPSIIA AE—f = E;Jfo, BO3HUKAIOIIEE BCJEICTBUE

OTZ[a41 CTBOJIa, CHHUTad OTHOIICHHUE MaCChl CHapd/lda K MacCe CTBOJIa (4 MaJIbIM.

1.4 Henogpuzknoe a1po Maccel® M HcIycKaeT raMMa-KBaHT ¢ sHeprueil hivy. Yemy Oyer pasHa
SHEPI'HUs, €CJU STOT KBAHT UCIIYCKAETCS CBOOOIHBIM siapoM? Hemy paBHO OTHOCHUTEILHOE M3MEHE-
HIEe SHEPIUWU raMMa KBaHTa BCJIEJCTBUE OTAa4n sjpa. Omeemovr supazume weped 6e3pazmeproit
napamemp [, PaBHBIN OTHOIIEHUIO SHEPTUHU FaMMa-KBaHTa K SHEPIUU MOKOS sijipa €9 = ]\Z”COQ (3mech
u nanee C' - ckopocTh cBeta, h - nocrosiuHas [linanka). Takzke peKOMEHJIyeM HCIIOJIb30BaTh Be-
JIMYUHY € = % -OTHOIIIEHNE SHEPIUU TaMMa-KBaHTa K SHEPIUU MOKOsl sIpa. a) PeIuTe 3ajady,
cuuTas, UTO JBUXKEHHUE siJipa MOUUHSAETCs 3aKOHAM KJIACCUYIecKoi (usuku; 6) permre 3a/1a4y B

PEJIATUBUCTCKOM TIPUOJIMKEHUN
*Hanmomunanue: B cenuaJ bHON TEOPUN OTHOCUTEILHOCTH JOKA3AHO, 9TO SHEPrUs YacTANLl [ n ee
UMITYJIbC P CBS3aHBI COOTHOIICHIEM

E? = M?c* + p*c2. (1)

1.5 Haiimnre oTHOCHTEIbHOE U3MEHEHHE SHEPIUN TaMMa-KBaHTa BCJIEACTBHE OTIAYN SIAPa, CINTAasT
napaMmeTp £g MajabiM. CpaBHATE 3TU U3MEHEHHsI, PACCINTAHHBIE B KJIACCHIECKOM U PEISITUBACTCKOM
IPUOJIHKEHIAX.

1.6 B cBoux skcnepumentax P. Méccbaysp nCIonb30Ball 9pa 0JHOTO n3 u3oTonos upuaus [r19
HICITyCKAIOIIETro KBAaHTHI ¢ sHeprueii! Fy = 129 k9s. Haitaure snepruio nokos sapa upumua 1119
B 9JIeKTpoHBO/IbTaX. OIeHnTe napaMeTp g g 3Toro aipa. Ouenute ckopoctsb supa Irt?t mocie
UCIIyCKaHus ramMmMa-KBanTa. MoxKHo i Jiyts onrcanus 3H@EeKToB OT/Iavu MM0JIb30BaThCA K/I1acCHIe-
CKUM TIPHUO/IKEHTEM !

Macca nporona (u mpuMepHO eif paBHas Macca Hefirpona) pasHa m, = 1,7 - 10727 Kr, CKOPOCTD
ceera ¢ = 3,0 - 10% m/c, 3aps smekrpona e = 1,6 - 1071 Kn

1.7 PaccunraiiTe oTHOCUTEIBHBIN CABUT SHEPIUH FaMMa-KBaHTa, BOSHUKAOIIII BCIEICTBIE OTIa9N
sipa.

3 3rech U Jasee pedb WET O MAcce IOKOs, C COBPEMEHHON TOUKH 3PEHH HET CMBICIA TOBOPHTD
0 Macce JIBHKYyIIerocs Teia. ¢ B siiepHoit dpusnke sHepruio NPUHATO U3MepaTh B DB (3/71eKTPOH-
BOJIbTAX). 19B — 9Heprusi, KOTOPYIO IPUOOPETAET IJEKTPOH, PO PA3HOCTH IIOTEHIMAIOB B 1
BOJIBT.

1.8 fapo MOXKeT MOIVIOTUTH FaMMa-KBAHT, €CJIM BO BHYTPEHHIO SHEPIHUIO IePEXOIUT dHeprus Fy,
paBHast SHEPTUHU TaMMa-KBaHTa, UCITYIIIEHHOTO TAKNM YK€ HEIOIBUKHBIM SIPOM. JIOJI?KHA PABHSITh-
csl SHEPrUs raMMa-KBaHTa F = hv, 9T0o Obl OH MOT IIOIVIOTUTBCS cBOOOIHBIM sapoM [7191? Haitaure
TOJIBKO OTHOCHTEIBHYIO PA3HOCTH STHX SHEPruil L.

E
Hactp 2. 9ddexkT donnepa. ’



2.1 HenoaBmKHBII HCTOYHUK, UCIIYCKAET BOJIHY C 9YacTOTOi V. Yemy Oyaer paBHa IacTOTa BOJIHBI,
€CJIM UCTOYHUK JIBUXKETCsI ¢ TMOCTOSIHHOI CKOpPOCTHIO V' B HaIpaB/IeHUN PACIPOCTPAHEHUsT BOJIHBI!
Cxopocts BoJsiHBI pasHa C.

Yactp 3. 3a uro maor HobesieBckne npemun?

3.1 /Iyt KoMIIeHCAIluy CIABHUIa SHEPruii TaMMa-KBaHTOB, IIpejiaraeTcs UCIoIb30BaTh addexTt lo-
mwiepa. Jljis 9TOro McTOuHMK, cojepKammii aroMbl [r'9) mpubamkaoT K HOTJIOTHTENO, TaKKe
copepzkameMmy arombl 11191, Onennrte ckopocThb, ¢ KOTOPOIl JOMZKEH IIPHO/IMKATHLCH UCTOUHUK K
HOTJIOTUTEITIO, 9TOObI Hada10ch 3 deKTHBHOE Pe30HAHCHOE MOTJIONIeHIe TaMMa-KBaHTOB? (puc. u3
crarbu MéccHbayspa). Cumraiite, 910 Bce aTOMBI UPUUs (B HCTOYHUKE U B [IOTJIOTHTEE) CBOOO/HBI

1 N3Ha49aJIbHO IIOKOATCA
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Pue, 2. Peoverpun onstta, I — kpno-

vratr ¢ noraotaTeres (T=88 K);
W —gRpaulaomuiics  EPLOCTaT ¢ He-
romtay (T=88" K); 1 — qerernTop,
H—ieTounnni.
3.2 KavecTBeHHO ONMINNTE BIUSHIE TEMIIEPATYPhI Ha I(MOEKTUBHOCTD MOTJIOMIEHNS !
3.3 Crou sxcnepumenTsl P. Méccbaysp 1mpoBojin/I pyu HUBKAX Temieparypax. B pesymabrare mpo-
Be€ACHHDBIX I/IBMepeHI/Iﬁ OKa3aJIOChb, 9YTO 3aBUCHUMOCTDb 3(1)(1)€KTI/IBHOCTI/I IIorvioneHud OT CKOPpOCTU UC-

TOYHWKA MMeeT BHJI, IOKA3aHHBINA HA PUCYHKE (00paruTe BHUMaHUE — IIKaJa CKOpocTeil B cM/c).
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Puc. 3. OTHOCWTENBHAS PAZHOCTL HHTCHCHBHOCTCI Y-H3Iy'e-

A3, HPOXOISAelo Yepes HPEAMCHAH M HIATHHOBLIL HOINIO0-

THTCTH, B QYAKUHEH OTHOCHTCABLHOR CROPOCTH HCTOMHHKA M
OOrIOTHTENH .

P. Msccbaysp mpemosioxRut (1 oKas3aJics IpaBs), 9TO MPH OIPEJIEIEHHBIX YCJIOBUAX aTOMBI B K-
CTaJlJIaX OKa3bIBalOTCHd 2KECTKO CBA3aHHBIMU, ITO3TOMY UMITYJIBC OTAa49U I1epeaaeTCd HE OTACJIbHOMY
aToMy, a BceMy KpucTauty. deMy paBeH mapameTp €y B 9ToM ciaydae? 3.4 Zapo, Kak u aTtom, uc-

IIYCKa€T HE OJHY €JIMHCTBEHHYIO 9aCTOTY, a 9aCTOT B HEKOTOPOM MaJIOM HMHTEPBaJIE Av. HpI/I‘IeM
OHEPI'ur KBAaHTOB JIE2KaT B HEKOTOPOM JUalla30HE H.[HpHHOfI AE, KOTOprfI olpeJesideTcd COOTHO-



eHueM
ueonpesieseHHoct AF -7 & h, rjie T - BpeMs KU3HU spa B BO30YKJICHHOM cOCTOSTHIH. Vcmomb3ys
IPUBEICHHDI TpaduK, ONeHITe BpeMs Ku3Hu aipa [r%1 B Bo3OyKIeHHOM coCTOSHIN.

[Tocrosanag Ilnanka pasna h = 6,64 - 10734 JTx - c.

3 31ech U Jasee pedb WJET 0 Macce IOKOs, C COBPEMEHHON TOUKH 3PEHHsd HEeT CMBICIA TOBOPHTD
0 Macce JIBUXKYyIIerocs resa. 4 B syiepHoit dhusuke sHEPruo NPUHITO U3MEPITH B IB (3JIEKTPOH-
BOJIbTAaX) . 19B — 9HEprusi, KOTOPYIO MpUOOpPETaeT JIEKTPOH, MPOiijis PA3HOCTH MOTEHIUAIOB B 1
BOJIBT.



