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- PACCRAS
HBAHTE

9. A. CMOPOAMHCHUA

Makc Tlnank
(1858—1947)

B crarse peur Maer 06 oueHs CNIOMHOM K BMECTE € TEM
PYHOBMEHTANLHOM NMOHATHK, HIPAIOWEM OTPOMHYIO pOnb B COBPEMEHHON
usnke. MMERHO NOITOMY CTATBS HECKONBKO TPYAHA ANR NMOHMMAHWIL
Ho He pacciasare B NEPBOM HOMEPE IYPHANA O KBAHTE

KaK @HBH‘IECNOM MOHATHM Mbl HEe MOIMM,

TaK KaK Hall XypHan Haibisaercs uHeawrn,

JBE CAMBIE KOPOTKHE
®OPMYJIbI COBPEMEHHOWM
®H3HUKH

CoBpemeHHasi ~ KBAaHTOBas  (PH3HKa
ponunacs 14 gpexa6ps 1900 ropa.
B stor feHk Ha 3acefanny bepaunckoro
éu3nyecKoro oflecTBa BHICTYNHA € JIO-
xnagoM Maxc Tlnawk. B ero noknane
BrepBbie TNOSBHIACh HOBasi MHpOBaS
noctosinHas, oGo3HaueHHasi Oykeoi h
H HasBaHHas 3JEMEHTAPHBIM KBaHTOM
JeficTBUSl. DneMeHTapHbIM OHA Oblia
Ha3BaHa MoTOMY, YTO OMNpeJieisijia CaMyHo
MaJIyl0 SHEPTHIO, KOTOPYIO MOXET HECTH
¢ coBoli 3MEKTPOMATHHUTHOE H3JNyuYeHHE.

CoBO KBAaHT IPOHMCXOAMT OT JIaTHH-
ckoro chopa quantum, o3Hayarouero
«cToabkor» (Hanpumep, quantum placet
03HayaeT <«CTOJIbKO, CKOJBLKO XO4YeT-
csv). h HASHLIBAIOT TEMepb NOCTOSAHHOH
Inanka, H ee Haubosnee TOYHOC 3HAYe-
HHE paBHO:

h = 6,6262- 10734 Oacoyeii-cex.
(cucrema CH),

HIH
h =6,6262.1072" spz-cex
(cucrema CIC).

Bmecto h Qu3MKH yaule Nob3yKoTcs
JpYTroil BeJHUHHOH, KOTOpasi B 21 pa3
meHblle. Ee TakykKe Ha3BIBAIOT IOCTOAH-
Hoti Ilnanka M o0o3HaYalOT

"hﬁ — ti= 1,05459- 10~ dxcoyaeil- cex.

dopmyaa Ilnanrka 3anmuckBaeTes Tak:
E =hv,

3pecb E — HanmeHbILasl NOPUHHA CBETa
(vnu pajHOBOJNH, HJIH PEHTTeHOBCKHX
Jayueif, Wau J06OTO Jpyroro 3jeKTpo-
MarHHTHOTO H3/Jy4YeHH#), KOTOpYIO MO-
KeT HCNYCTHTh WJIH TIOTJIOTHTB aToM,
MOJIeKyJia HJIH KPHCTala TNpH 3a]aH-
HOH yacTtote H3ayueHus v. Lis BHOM-
MOrO CBETa 4actoTa omnpejensieT «UBeT»
ceera. CuHeMmy LBETYy COOTBETCTBYET
6OMbLIAs YacTOTa, KpPacHOMYy — MeHb-
masi. Yacrora KoneGaHHfl H3/yuyeHHs
CBRI3aHa ¢ JJIHHOH BOJIHBI A COOTHOLIE-
HHEM
c

v =T,



rle ¢ — CKOpOCTh CBeTa, KOTopas B
nycrore paBHa 3-10® a/cex (TouHee
299792,5 km/cex). Takum obpasom, noc-
TosiHHasi [1naHKa CBA3LIBaeT HaUMEHb-
YO 3HEPTHIO H3JYUEHHS C ero yacro-
T0#, nNQKa3biBaf, 4TO OTHOWweHHe E
K V ecTh BCeria BeJHYHMHA NOCTOSIHHAsA.

®opmyna [lnanka Bmecte ¢ opmy-
qo¥ DiiHiuTelHa, CBA3BIBAOLIEH Maccy
¥ sHepruio: E=mc®— e camble KO-
POTKHE H caMmbleé 3HaMeHHTble (opMy bl
COBpeMeHHOH (H3HKH.

[TonpoGyem nOHATH, uYTO NpHBEJO
Ilranka K HeoOXOZWMOCTH KBaHTOBOW
runote3sl ¥ nouemy Qopmyna [lnanka
OKa3a/1aCb CTOJIb BaXKHOH.

C YEFO BCE HAYAJIOCbH?

Ecnu mponycTtuTb cBeT uepes npH3-
My, TO Ha 3KpaHe, MOCTaBJE€HHOM 3a
HeH, BO3HMKHET pasHOLBETHLIA CIEKTp.
(Ero Bnepsete naGnonan Hetoton.) Ios-
}e y3HaJH, UTO CMEeKTp AaeT He TOJIBKC
COJIHEUHBIH CBEeT, HO H H3NyYeHHe OT
aoboro uHarperoro Ttena. Yem Boiwe
TeMnepaTypa tena, Tem 6oJiblie B CrEKT-
pe cuHuX Jnyuyed. He oyeHp Harperoe
teno (rpagycoe ao 500 C) — KpacHoro
1BeTa, CHJbHO Harperoe (rpalycos
Jo 1000 C) — Genoro. [NocrenenHo ne-
pen HcchiefloBaTeNIAMH BCTalH [iBa BOM-
poca: KaK 3aBHCHT CNEKTP Tesa OT €ro

l.,.,'!E:ﬂa‘ o

(1 A=10-" cx)

TeMnepaTypn H KaK pacrnpezensiercs
3HEPTHA BIOJbL CNEeKTpa?

Ecnu K pa3sHelM MecTaM cnexkTpa rnpu-
JIOXKHTE TEPMOMETPLI, TO MOMKHO H3Me-
PHTb, KaKafd JIOJIf SHEPTrHH MNPHXOJMT-
CSl Ha Ka¥Jbli YudaCTOK CNEKTpa.
Eme nyuwe B3ATH He TePMOMETPH, 2
npsMo Kajopumerpbl. MaMepennbie Ko-
JiHyecTBa TelnJsa, KOTophble najawT, CKa-
HKeM, Ha MOJNOCKY CNeKTpa LIHPHHOH
B 1l cm, H GyAyT TEMH BENHYHHAMH, KO-
TOpble HaMm Hy»Hbl. ['eomerpuueckas
J/IHHA CMEKTPa 3aBHCHT OT pPacCTOAHHA
JIO 5KpaHa, NO3TOMY OOBIMHO H3MEPSIOT
SHEprHi0, ynapulylo He Ha 1 cm, a Ha
y4acTOK CriexTpa, COOTBETCTBYIOLIHMI On-
pelencHHOll 4YacTOTe H3Ny4YeHHs Vv HJIH
OnpejiesIeHHOH JJIHHE BONHBbI A.

OTHolueHHe BeJHYHHBLI 3HEPTHH, COC-
peaOTOUEHHOH B Y3KOH MOJIOCKE CNeKTpa
Ha YYacTKe YacTOT B NPOMEXYTKE OT v
10 v+ Av, K Av HasBIBaIOT CMEKTPAJIbHOM
NJIOTHOCTHIO YHEPTHH MAH NPOCTO CMEeK-
TpanbHOi (pyHKUKEI H 0Go3HavaroT [ (v).

Kakoii BHjp HMeeT cneKTpalibHas
¢ynkuus f (v)? SlcHo, UTO OHA 32BHCHT
oT TeMnepatypsl Tena. Boobie rosops,
F(v) pasuas u y pa3unix Ten. Kak xe
ONpeleNIuTh BHIL CNEKTPanbHOW (yHK-
LHH? 310 6bl1a TPYAHasA 3ajaua, H Y100k
pacckasath O TOM, KaK OHa peuianach,
npHueTcA HauaThk Hajaneka. Ho cHaua-
Jla ele HeCKOJIbKO CJIOB O CIeKTpalb-
HOM (DYHKLIHH.

100 CBeT4d

JUIHUB] BOJIH B BHTCTpCMaXx

1
=___ repn). Koauuectna snepris,

)=
y ¢

NaalolHE Ha BhIACAELHBIC * ., KaK JnayeilHsi CNeKTpalibHoil
GVRKIMA f (0,'20-10'5) 0'5)
]
AA 4000 5000 6000 7000
Was  0,7510% 0,590 0,49-10" 0,430
Vepy 60,1200 0,006-10" 0,080-10' 0,067-40%



CITEKTPAJIbHAS ®YHKLIHS

Cnektpanphas ¢yukuusa [ (v) — ato,
BEpPOSATHO, CaMoe TPYAHOE, UTO HYKHO
MOHATH B 3TOH cTarhe. CnekTp, KOTOpPHIH
MLl BHIHM Ha 3KpaHE, TSHETCH Herpe-
PHIBHOF MOJIOCKOH, H B HEM TPEACTABJEHH
Bce 4acToThl.. He HmeeT cmbicna cnpa-
[IHBaTh, KAKYI0 3HEPTHIO MOXKHO CO-
NOCTABHTL B CMEKTPe TOYHO [aHHOH Yac-
ToTe v. KOr/1a H3 HCTOYHKKA TeueT BOAA,
HEeJIb3Sl CNpPOCHTb, CKOJNIBKO BOJAH BHI-
TeYeT B KaKOH-TO ONpefieNIeHHBIi MO-
MEHT BpeMeHH, Hanpumep, POBHO B 12
4yacoB AHA. TOYHO B 3TOT MOMEHT BhiTe-
KaeT 00beM BOALI, paBHBI Hymo. Jlns
TOro 4TOOBl BBLITEKJAO KaKOe-TO KOJIH-
YeCTBO BOAbI, HA0 YTOOHI Mpolen XOTH
661 HeBONMbLIOH NPOMEXKYTOK BpEeMEHH.
MOKHO COpPOCHTB, CKONBKO BOABL! BEI-
Teyet 3a Bpemsa ot 12.00 no 12.01. Mox-
HO CMPOCHTB, CKOJBKO BBITEYET BOJBI
3a moGoHl uHTepBan BpemeHH Af or
12 waco jo 12 vyacoB+A¢ MHHYT.
Ecau Boma Teuer Gonee HIH MeHee
paBHOMEPHO H 32 1 MMHYTY BHITEK2€ET
g cm® BOjBI, TO 32 Bpemsi Af BobiTeuer
g () At crm’.

Mbr Hanucanu He g, a g(f), TaK
KaK B pa3Hoe BpeMs (B uac JH#, B JiBa
yaca JHS M T. J.) BOAAd MOKeT Teyb
no-pasHomy. 3T0, HalpHMep, O3Hau2aeT,
YTO KOJIMYECTBO BOJABI, BBITEKAOLLEE
32 1 munyty B 12.15 nHA, H KoOAH-
YeCcTBO BOJHI, BHITEKamwolllee 3a | MHHY-
Ty B 12.30, otHOCcsATCS Kak g (19) : g (30),
ec/IH 32 Hayano OTCYETa BPEMEHH B3fITh
nonneds — 12.00.

Ipu noacyere KOJHYECTBA BOIBLI MBI
CTAJKHBAEMCH C HOBOH BeJTHUHHOH, KO-
TOpasi OMNHCLIBAET MHTEHCHBHOCTh HE-
pepLBHOIC Mpolecca. g ecTh OTHOLIe-
HHE KOJIMYeCTBa BOJE!, BLITEKAIOUIEro 3a
HHTepBan BpemMeHH Af, K 3TOMy HHTep-
Basly, KOTJd OH B3AT OYeHb MaJeHbKHM.

CnexTpanbhas GyHKUHS HMeeT aHano-
CHYHBIEH CMBEICJ; OH2 OIpenenser of-
HOLLeHHe KOJHYEeCTB2 3HEeprHH B NoJocC-
Ke CIeKTpa K LIHPHHE 3TOH NOJOCKH,
KOrza uIHpHHAZ MOJOCKH B3fiTa OuYeHb
MasieHsKOH, lLIMpHHA NpH 3TOM H3Meps-
eTcs, Kak Ob0 y»Ke CcKasaHo, HE B AJIH-
Hax, a B yacroTax.

YACTHULIBI HUJIK BOJIHbI?

C camoro Hayana MexaHHKa BCTpe-
yanach € 3ajayamH, KOTOpPHE MOXHO
6bl10 pa3bHTL HA JIBa COBEPLUEHHO pas-
HBIX KJaacca. ,B,BH}KEHHE MaTepHaNbHbBIX
TOYEK H TBepPJLIX TeJl OMHCHIBAIOCH YpaB-
HenusiMu Helotona. M3 3THX ypaBHe-
HHH MOXXHO ObLNO ONpeneisTh TPaeKkTo-
PHH IBH)XEHHA TeJ, HanpHMep, IJiaHeT
CONTHEYHOH CHCTeMBI, H OINHCHIBATh, KaK
NPOMCXOJHT [BHXEHHE BIO/IbL TpPaeK-
topuii. Ho 6blnM M JApyrHe OOBEKTHI.
JlBr:KeHHe BOABLI B KaHanax, pacnpo-
CTpaHeHHEe 3BYKa B BO3JlyXe, H3rH0 xe-
ne3Hoii GaJKH — Bce 3TH 3ajlayH OT-
HOCHJIHCh K MeXaHHKe CNOIIHBIX CPEeH,
H MMH 33aHMMANHCh THIPONHHAMHKA,
aspoj/iMHaMKKa, TEOpHA  YNpYToCTH
W ApyrHe pasjenbl MeXaHHKH.

CnaowHasi cpeja H CHcTeMa mare-
pHANBHBIX TOYEK NPeCTaBlANHCL CO-
BEPLUEHHO Pa3HBIMH (PH3HYECKHMH 00b-
ektamMi. Ecnu  jaxe, peluas 3sajgauy
0 TeYEHHH BOJLI, H BbIALAAIH MBICIEHHO
HeBONbILOA OOBeM MHHJAKOCTH, TO 3TOT
06beM HHKaK He CBA3LIBAJH C MOJIEKY-
JlaMH KHAKOCTH (0 MOnekyaax BOOO-
1lle Y3HAJH Yepe3 MHOTO JIeT nocJie Toro,
KaK OBbLIM HanHCcaHel YpaBHEHHA THA-
PCLAHHAMHKH).

Boanbe B BOSIE HNH B BO3AyXe (Ha-
npHMep, Te, KOTOphIE HA3LIBAIOT 3BY-
KOM) H IJaHeTa, ABHIXKYILAACA BOKPYT
CoaHna, HMenH, Kasajoch, Majao ©O-
1tero. Bee 6LL10 sicHO, BOT TONBKO B On-
THKe OCTaBajicsl HepelLeHHBIM BOIPOC:
yto Takoe cBer? [loTok MenbYaHIIKX
4acTHL, Kak 310 ayman HbioTOH — cT0-
POHHHK KOpPNYCKYJSpHOH TEOPHH, HJIH
3TO BOJIHBI B KaKOH-TO cpele — MHpO-
BoM 3bupe, Kak ayman Iloirenc —
cozgatens BosHOBOM onTHKH? [lomy-
NAPHOCTH KaXKIOH W3 TeopHil B pasHoe
BpeMsi Obl1a pa3jHyHOH, HO HHKTO He
MOr HaiTH pellalonlerc apryMeHTa B
NoJIb3y OfHOH H3 HHX: CBET B OJIHHX fIB-
JeHusX Bean cebsi, Kak NOTOK KOpmyc-
KyJ, B JpYrHx — Kak poansl. Ceiuac
Mbl XOPOLLIO 3HaeM, YTO B 3TOM HET Npo-
THBOPEYHs — MOBEPHTh B 3TO CTAIO
BO3MOKHBIM JIHIIE 6Jarofaps KBaHTO-
Boit TeopuH. B npounom ke Beke



NPOTHBOpEYHE Ka3aJloch Hepas3peiiMbiM.
Cser posmxcH Obl ObITh JHGO BOJHOWR,
Jubo  yacTHued. 31O yTBEPXKJEHHE
BBITJISJAENO0 JIOTHYECKN  6e3yTpeyHbIM.

CTEINEINM CBOBOIbI

Pagunia Mexy cHeTeMoit MaTepualnb-
HLIX MACTHIL M CIVIOMHOH CPeloH B+
CTYNAET OUeHb YETKO, €CaH NOCMOTPEeTh,
KakHnM YHCION K()()p][HIiHI' 3anaercd coc-
TOSIHNIE CHCTCMBL.

Ilonoxenine Kamjaoih TOUKM B 11pO-
CTpancTBe 3aJaercsl TPEN§ YHCIAMH —
TpeMHd  KOOPTHHATAMH. r{)BOpﬂT, YyTO
MATEPHAMLHAH TOYKA HMECT TPH CTe
nenn cBofojibl. Ecan B cHeTeMy BXOJHT
N wmaTtepuafibHLIX TOYEK, TO TOBOPAT,
yro ona nyvecr 3N ‘cTeneneil cnoGOALL

Takoe xe paccyienie MOMKHO mpo-
BecTH H AMst cKopocteil. CRopocTbh oj-
HOH TOUKH ONHCHBAETCS! TPemMst YyHcia-
MH — TPCMS‘] KOMITOHEGHTAMH BeKTOpa
ckopocti. Cxopoctn N toyek TpeOyroT
s cBoero onucannust 3N unced.

CKOMLKO HHCEN Hajao 3aaaTb, UTOOH
ONHCATh COCTOSIHHE TMOBEPXHOCTH MOps?
Crporo roBopsi, MAS Ka¥IOH TOYKH
NOBEPXHOCTH HAJI0 33]14Th TPH uucla —
BEKTOP CKOPOCTIL BOJAbl B JAHHOH TOY-
Ke;, clenoBatensHo, uncen 6yper Gec-
KOHeYHO MHero. llopepxHocTs  Mopst
Npe/CTABRIACTCST HAM KaK cHeTema ¢
6eCKOHEYHO GOJBLIIIHM QHCAOM cTernened
cBoGoant. [laxe ToT dakT, yTo BoOjA COC-
TOHT H3 MOJIEKYJI, 8 MOTOMY YHCJO CTe-
neHeit cROGOILL MOKHO ONpeleNTh, Coc-
UHTAB MOJIEKYJLl, He ofjeryaer 3aja-
4yy: MOJEKYJd HAacTOJNLKO MHOIO, uTO
NPAKTHYECKN YHCJIO CTelieHed CBOGOJEL
ocraetcsl OeckoHeuno Guabimn. B pei-
CTBHTEJILHOCTH 2K€ HAC He HuTepecyer
ABIDKeHHe Kaxoih monexyan. Korna
no Mopio GeryT BOJHBLI, Hampumep, oT
HAyuero Kopabas, TO Mbl MOXKEM OIlH-
carb KapTHHY paclpesienesns  BOJH,
HCIIONb3Ys CPABIITEALHO HENMHOrO HH-
cel. Mbl MOMKeM 3a1aBaTbh BeJHUHHY
AMIVIMTYA M (pasnl KaxAa0id BOJHLL,
BOJIH XOTS1 H MHOTO, HO BC€ e MeHbIue,
yem moziekysa. Kpome Ttoro, kaprhHa,
B OCHOBHOM, TMUBTOPSIETCS] CO BpeMEHEM:
BOJIHBI GOJiee MMM MeHee OJHHAKOBBLIC.

2 Kpaut Ne 1

B kaxnoii BonHe JIBHMETcA MHOTO
MOJNEKYJl, JIBHXXEeHHe HOCUT KOJJIEKTHB-
HRIH XapakTep, W MBI MOXeM TOBOPHTh
O KOJJIeKTHBHBIX CTeleHsiXx <CBOGOILI
Hd MOBEpXHOCTH MOpsH, B OTJMYHE OT
HHIMBHAYANLHBIX  CTCIEHEH ¢BOOGOHL,
CKaeM, OTAeNLHOH MOJEeKYJbl BOABL.

Takoe e KOMIEKTHBHOE ONHCAHHE
MOXHO HCTIONL30BATHL, PAacCKa3bBast O
cBolicTBax cBeta. B uacTtHoCTH, MH TaK
W JenmaeM, KOIKa @blTaeMcA OMNHCATh
pacrpefieJieHHE 3HCPTHH 1O CNEKTPY.

CeeT — BOJHOBOH npoliecc, H ero
OMMcAHME TIPOILe BCero BLITMSAAMT C
NO3HIHE BOJHOBOH Teopuy. Koneuno,
NoKOOHOE ONHCAHHE CBETA COBCEM He-
NOX0XKe Ha OIMHCAHHe CHCTEMbl TOYEeK.
31eck HET Jlaxe HaMeKa Ha KakHe-TO
CTeneHH CBOOORLI — BOJHBL M YacTH-
libl COBCEM HENOXOXH RAPYr Ha Apyra.
Ho 3710 BCe-Taku He COBceM Tak. Y BOJIH
W yacTHll ecthb O0O0llKe CBoiicTBa. 310,
Npexie BCEro, T€, KOTOPLIE IPOSBJISA-
I0TCS, KOrZa MBI HayHHaeM H3yyaTtb
TENJOBLIE SIBEHHA W AyMaTh, Kak pac-
npeflesieTcss MeXAy BOJHAMH W yac-
THILAMH TEIJIOBAs 3HEPTHS.

TEMIIEPATYPA
U TENJIOEMKOCTD

PaccMoTpuM  Ta3, HaxolslUHicH B
Harpetrom cocyze. Mur 3HaeM, yto TeM-
nepaTtypa raza M CTEHOK cocyfa J0JK-
Ha OHTh ofMHakoBoi. Ecnu sto Bua-
yajie GbWIO HE TaK, TO TEMNO OYAET 1o
TEX TIOp neperekark ot QoJiee TemJoro
Tesia K Gonee XOJOAHOMY, MOKa TeMIe-
patypusl He cTaHyT pAaBHBIMHM, TO ecCTh
IIOKa He YCTAHOBHTCS TEIJIOBOe PaBHO-
BeCHE MCHAY CTeHKaMH COCyJa H Haxo-
JALIHMCS B HEM ra3oM.

Temnepatypa rasa CBsi3aHa ¢ KHie-
THYECKOH 3HEeprueil ero aToMoB (MBI
OyAeM JJisi NPOCTOTHI TOBOPHTb 06 Ofi-
HoatoMHOM rase). OfMH H3 caMbiX 1ep-
BblX BBIBOAOB KHMHETHYCCKOH TeopHu
raza COCTOSJI B TOM, YTO KaxK[nlif aToM

|
raza o0GaajaeT sHepTHeH -2-kT, m)-;- kT
Ha Kaxaylo CreneHb CBOGOJBI, a NoOJ-
3
Hasi 3HEeprud rasa paBHa §NkT, rie



Cocyn ¢ razom

ATOMBEI CT2NKHBAIOTCH CO CTEHKaMH, II B pe-
3YABTaTE YCTAHABJAMBAETCH TENJOBOE paBHOBe-
che MemIy ra3soM W COCyAOM — ra3 npuob-
peTaeT Temneparypy cTeHok. UYucao aromoB
NpH CTOJKHOBEHHSX He Mensiercs. UYTolw
H3MEepHTE TeMNepaTypy raza, MOMHO BHIIYC-
THTE HeOONBIIYI0 TOPLHI Yepe3 MaJleHbKoe
OTBepCTHE.

N — uncno vactuy B raze (3N — non-
HOE YHCJIO CcTenmeHeil cBoOOnB!). 3/ech
k — nocrosinnas Boabumana (k=
=1,38-10~%® mkoyan/rpagyc); OHa HI-
paer ponb nepeBojHoro Kosdduunenra
OT ‘rpanycoB Ha wkane KenbBHHA K
mxoyasMm, Janpile B KHHETHUECKOH
TEOPHH rA30B MOKA3LBAJIOCH, UTO ECIH
€CTb KOJIeGaHHsd, TO Ha KaXKAylo KO-
nebaresbHyI0 CTenéRb CBOGOALI TIPH-
XopauTcs 3Heprus kT, BaBoe Gonbluas,
ueM Ha CTeneHb CBOGOJEI, OTBEYAIOLLYIO
NOCTYNATENbHOMY JBHXKEHHI0. ITH YT-
BepHNeHUs, JNOKa3aHHbIE H TPOBEpEH-
Hble, OTHOCHJIHCH K ra3y. EctectBeHHO,
BO3HMK BOMPOC: A YTO MOXKHO CKa3aTh
06 3HEepruyu H3NyyeHus?

[lpenctasum cefe, 4TO y Hac ecTh
cocyr (KaKk TOBOPHJIH pPAHBIUE &MO-
JIOCTB»), B KOTOpPOM HeT rasa. OpHako
B T2aKOM cocyne Bcerna Gyner 3nekTpo-
MarHUTHOE ToJie. 3SNEeKTPOMAarHUTHLE
BOJTHLI HSJ]Y‘-IﬂIO‘PCH H NorJoulawTcs
CTEHKaMH, H 3Ta SHeprusl Kak-To Oy/er
pacnpesenena no coextpy. Ecau cren-
KH COCyJla UMEIOT KaKylo-TO (PHKCHpO-
BaHHYIO TeMIepaTypy, TO pacnpenene-
HHe SHepruH OyneT, OYeBHIHO, pasjaud-
HeIM 1pu pasHuiX Temmneparypax. Mer
MOXKEM M3YYHTb MOJie BHYTPH COCyAa,
CleslaB B HEM MAaNeHbKOE OTBEpCTHE H
BHIIYCTHB MYy4YOK CBeTa.

Korna BnepBrie Hauanu o6CyX1athb
CBOICTBA TaKOM <«MOJIOCTH», TO 3aMETH-
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JIM, YTO €C/IH CBET CHApPYXXH MONajaer
B OTBepcTHe, TO OH, OYeHb MHOrO pas
OTPa3uBILHChL OT CTEHOK W «3abJaynuB-
LINCE», NOYTH HE OyAeT MMETh LIAHCOB
BHIATH Hapyxky. OTBepcTHe nNorjouiaetr
BEChb MAAAIONHHA HA HEro CBET, NO3ITOMY
TeJO H Ha3Bai «uepHbIM®, a CBeT,
KOTOphI BBIXOAIWT M3 OTBepcTus, Ha-
3BaJIK «M3JyyeHHeM YepHOro tena» (Tak
YTO «4YepHOE Teso» cBeTHTCsl).
IlpencraBeTe Tenepnb, HTO «UEpHOE
TeNo» HarpeealoT. Torpa MOXHO 3a-
AaTh BONPOC: KaKOe KOJIMYECTBO TeM-
JIOBOH 3HepruH nepeizier B cBer? OTBET
Ha Hero 6w man B kKonue XIX Beka
H COCTOAJ B TOM, YTO CBeT, 3aKJo-
YEHHLIH BHYTPH «4€pHOro Tena», J0J-
JKeH HaAXONUTLCS B TENJOBOM paBHO-
BECHM €O CTeHKaMM cocysa. ITo paBHO-
BecHe yCTAHARJIMBAETCH M MOMICPXKHBA-
€TCA NpoueccaMH H3JyuelHsi d IOrjo-
LeHHs CBETOBLIX BOJIH HarpeTuiMy CTeH-
KaMH (CKONLKO H31yHaloT, CTOJBKO XKe
MOrJICIAT 06paTHo), a KOJIMYecTBO
SHEPTHH W ee CreKTpaJjibHas NJOTHOCTb
NOJIHOCTBIO ONpEAeIAIoTCH TONBKO Of-
HUM napaMeTpoM — TeMnepaTypoi. Hn:
Kakoro pasrosopa © YHCJe CTeneHed
cBo6OAL! (KaK 3T0 OBlIO B CJyuae rasa)
3nech Kak OyATO M HE BO3HMKaeT.

" '}' e X a i . T )
CocyA c© H3nmyuenuem («uepHoc Tesiow)

Bonusl WK JyUH CBETA MHOTO Pa3 OTPAMKAIOTCH
OT CTEHOK, [PH 3TOM OHM MOIJIOUIAIOTCHA CTEeH-
KaMH K H3JAYYaloTCH BHOBb; B pe3yJabrate yc-
TaHABJIHBAETCS TEIJIOBOC pAaBHOBCCHC Memay
uanyyesnem H creskamu. llpw Takmux npouec-
Cax 4HCJIO KBAKTOB He OCTAETCH MOZTOAHHBIM:
KOMHYECTBO 3Heprdd M YHOJIO KBAaHTOB MoOJ-
HOCTLI0 OMNPCAENAETCH TeMmMnepaTypoli cocyaa.
Cser, BHIXOASLIME H3 MaJeHBKOrO OTBEpCTHA
B TAKOM cocyfe, OYeT HMeTh CMEKTP «YCPHOTO
Tesa»




Ecau B cocyne, B KOTOPOM yCTaHo-
BHJIOCh TEMNJIOBOE pPaBHOBECHE, €CTh Ma-
JielibKOe OTBEpPCTHE, TO CBETOBLIE BOJIHBI
Gyayr BuoxoauTh u3 nero. Konnuectso
SHEPrHH, BLIXOASAIILEE U3 OTBEPCTUS «Uep-
HOTO Tesa», onpenensercs 3akonom Cre-
tdana — Boabumana, Cornacno 3tomy
3aKOHY KOJIMYECTBO 3HEPIHH, H3Jy4eH-
HOE «yepHHIM TeJOM» C EAHHMLbI IO-
BEPXHOCTH OTBEPCTHS, MPOMNOPIHOHAJL-
HO ueTBepTOH cTeneHn aGCOJIIOTHOMH TeM-
IepaTypel H He 3aBHCHT OT NPHPOJbI Te-
na: e=cT* (nocrosiunas Credpana —

= dsic
= . L R
Bonbumana 0=5,67- 107 e )

3akon Cregana — Bosbumana Gbul
XOpOLIO TNpPOBEPEH 3IKCIepHMEHTaJILHO.
OneITH NOATBEPAMIIH, UTO K H3JYHYEHHIO
MOXKHO NPHMEHATL T€ e NOHATHS —
SHEpTHsl, TEMIEpaTypa,— KOTOpPhle HC-
NOMb3YIOTCSl TPH OMHCAaHHH TEMJOBHIX
CBOWCTB I'a3a B KHHETHYECKOH TEOPHH.

®OPMVYJIA BHMHA
H ®OPMVJIA PEJIEH — JHDKHMHCA

Teneps nopa sepHYThCA K BONpoOCY,
KOTOpbIl Obl1 [OCTaBJen B Hayale
CTATLH: KAK NOJYUHTE H3 TEOPHH CIEKT-
panbuylo GYHKIHI0, KOTOpas ONHCHI-
BAaET pacnpeefieHne sSHeprut U3JyyeHns
no CcnekTpy, H Kak OHA 3aBHCHT OT
TeMneparypsi?

[lpexxae Bcero 3TOT BONpPOC MOMPO-
GOBaN{ peuTh MO AHAJIOTHH, HO aHa-
JOrMsi ¢ raom He nomorna. Yucno
crerneneii CBoGOJlbl CBETOBOIO MOTOKA,
KakK MX HH cuMTail, 6eCKOHeyHO BEJIHKO,
W ecaM Ha KaXAayl cTernedb CBOOOABI
BLUIEJIHTE MO OAMHAKOBOIT NOPIHH 3HEP-
ruH, ckaxem, no k7T (CBeTOBLIM BOJ-
HAM Pa3yMHO COMOCTABHTL KoJebaTesb-
HLIE CTeneny), To obiwas sHeprust Gyner
GeckoneyHo# npH Jilo6o#l KOHeYyHOi TeM-
neparype. Paccyxnense «no ananorum»
NpHBOAMT Hac K alcypaHOMY BHLIBOAY,
YTO BCSI TEMJIOBAs 3HEPTHA CTEHOK (A 3a
HHMH H BCEIO OCTaJNLHOI0) AOJKHA Ie-
peiiTH B 3JIEKTPOMarHHTHBIE BOJIHBI, TaK
YTO TEMIIEPATypa BCEX NMPEAMETOB JIOJXK-
Ha CTPEMHTLCH K aGCOMIOTHOMY HYJIO.
Ecny 310 6BLIO GBI TAK, TO JIIOGOH Npej-
MET B KOMHaTe H3nyual Oul CBET (BM-

2*

Iumbift wan HepuanuMed). Ho Mul 3Haem,
Y10 3TOTO HE CAYUAETCH.

Tounbie ¢u3nuecKne H3MEpPEHHS Io-
BOPSIT, UTO MpH Ka)KAOH Temnepatype
TEJIO H3JYYAeT BOJHEl B CPaBHUTENLHO
Y3KOM HHTepBaye cnektpa. MakcHmann-
Haf 3Hepryus H3JyueHHsl COCPeRoTOoyeHa
BOJMH3N JUIHHLI BOJIHBI, KOTOpast ornpe=
JNleNsleTcs TaK  HAa3biBAeMLIM  33aKOHOM
Buna:

a
Anax = T -

3TOT 3aKoH 6Ll OTKPHIT B 1893 rony.
Tlocroannas Buna a=0,29- 10~ *x-2pad
Obl1a OnpejiefieHa H3 ONbITa, HO €€
NPOHCXOXKJIEHHE OCTABANOCh HEACHBIM.
Me! yBHANM Janbuie, YTO OHA CBsi3aHA
¢ nocrosinHod Ilnanka (Tak ke, kKak
u nocrosinnas Cregana — Bosabumana).

3axon BuHa nokasmiBaer, uto ¢ Ha-
rpeBaHHEM TeJa MAKCHMYM CNeKTpa
CMeillaeTcst B CTOPOHY MeHBLUMX JUIUH
BOJIH, TO €CTb B CTOPONY OOJbLIKMX yac-
TOT (3TOT 3aKOH YacTO TakK W Ha3LIBAIOT
3AKOHOM CMerneins).

Hrak, 3akon Cregana — Bonbuma-
Ha TOBOPHT O NOJIHOH 3HEPruH H3ay-
yeHusi, a 3aKoH BHHA — O NONOXEHHH
MaKcumyma B cnektpe. [lpyrimu cio-
BaMH, H3BeCTHO, I/le CNeKTpanbHas Kpu-
Basl MMeeT MAKCHMYM M KaKOBa nAoillazb
nox kpusoit. Hacrana ouepens o6cyinTh
Gonee noppo6Ho Qopmy 3TOH KpPHBOii.

K nayany XX Beka CyllecTBOBaNH
JiBe hOpMyibl, € MOMOLLLIO KOTOPHIX Mbl-
Tanyuch omucath ¢OpMy KpHMBOH pac-
npenenenus sgepruy no crnektpy. Oxn-
HY W3 HUX NPEJJIONKHJHN JIBAa aHIJIHua-
ruHa — 310 Qopmyna Penesi — JIKHH-
ca *)

2
[ () = —— kT

CpaBHeHie C ONBITOM I0OKa3ajo, YTO
¢opmysa Penesi ~— JlxxHHca NpaBHABHO
ONHCHLIBAET CMEKTP TOJBKO JJIsl CaMbiX
MalbiX 4acToT (CJieBa OT MaKCHMyMa
KPHBOJt).

Ecnn nocmoTpere Ha 3Ty (opmyJry
C TOYKHM 3PEHHA uMeIa  CTerneHel

*) Penesn pan ee nepeeM B 1900 roay.
Jxuuc BeBen ¢OpMYJNY MHOFO TO3%eE, B
1909 rony.
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cBo0OIbl, TO MOMKHO )IaTh €ii KpacHBOe
obbsicHenHe. Qopmyna Penes — JIxun-
ca UMeeT TaKOoil BHA, KaK 6YATO yyacToK
cnektpa Av copepxut 8nv?/c® creneneil
CBOGOMBI, HA KAXAYIO U3 KOTOPLIX NpH-
xoautcs Tennosad sneprust k7. Oanako
57a 3(ppeKTHAN UHTEPNpeTaLHst NOPoYHa.
Yuesio creneneit ceo6oibl GLICTPO pac-
TeT, CJIM NEepPexofnuTh KO Bce GOJBbIIMM
YaCFOTaM B yJIbTPA(HOJIETOBYIO 4acThb
CneKkTpa (HanpaBo OT MAakKCHMyMa KpK-
BOH). 310 3HauMT, UTO 4eM GoJible yac-
TOTa, TeM O6ONbllUe 3HEPrHH COAEPIKHT
cuekTp. To ects W no 3toii ¢opmyne
Bce Tena JOJBKHBL H3JyyaTh 3JE€KTpo-
MAHUTHBIE BOJIHLI ¢ GeCKOHeUHO GOMb-
oH YacToToil.

3T0T CTPaHHHI BHIBOJ HOCHI Jpa-
MaTu4YeCKOoe Ha3BaHHe <«yJbTpa-pHoJe-
TOBOK KatacTpodel», TAK KaK 1€MOHCTpH-
poBaJ MOJIHEIA NPOBaJ MONHTOK OGBAC-
HUTb CBONCTBA CreKTpa, OCTaBasich
B PaMKax MOHSTHH KJacCHuecKoil ¢u-
3HKH.

Hpyryio dopMmyny npeatoxun yxe
HaBecTHHH Ham Bun B 1890 rony:

by

f)=Ave T ®

(IlpaBna, on mnucan sty ¢opmyay ne-
CKOJILKO HH4uYe, BHIpaxkas 4acToTy ue-
pe3 anuny Boanb.) B dopmyne Buna
A ¥ b — HeKOTOpHE NOCTOAHHBIE, CBH-
3aHHbIe, KaK Mbl 3TO YBUAHM B JlalIbHEl-
weM, ¢ nocrosiHyoit Ilnanka. Popmyna
Buna onucbiBana yanTpa-¢HoneToBylo
yacth cnektpa, Ho OGuiia GecrioMollHa,
KOTZla peub 3aXofHNa O JIHHHOBOJIHO-
BO#l ero yacTH.

Hrak, nepen paboramu Ilnanka ¢u-
3HKH 3HAMH VXK€ JOBOJLHO MHOIO:
nolanb Moj KPHBOH pacnpejeseHus
SHEPIUM NO CIEeKTPY, NOJOXKEHHE MaK-
CHMyMa H (opMy KpPHMBOH B «Hayaie»
¥ B «kOHue», OcTapaJjock caenath noc-
JeARME cMenblii war. OH-TO U npuBet
K POXJEHMIO HOBO# (PH3MUKH.

*¥) e=2,7182... Ira nocrosinas (ocHoBaHKe
Harypa/bHEIX Joraphpmos) 6yAeT uacto BCTpe-
yareCst B xypHadc., B gaunoii craree 6yAer He-
NoJAIb30BAHO CMeflyiolliee CBOfICTBO 3TOrG yHCAa:
NpH MaluX 3HageHHuX X

ermzl4-x. "
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QOPMVYIJIA TIJIAHKA

Ceituac TPYAHO BOCCTAHABJMBATHL XOJ
MbIcsieit (M3MKOB, JKHBLUHX MHOTO JET
ToMy Ha3aj. [lo-Buaumomy, [lnanx npoc-
TO HCKaNl KaKyo-HHOYAL GopMydy, Ko-
TOpasi o6beiMHUIA Obl BMecTé BCE, YTO
OLI0 H3BECTHO O CMEKTPE «4EPHOro Te-
qa». Tlpobys pasHble nopxonel, on B
KOHLE KOHHOB IPHLIeN K BHBOMY, UTO
HAJ0 paccMaTpuBaTh CBOHCTBA aTOMOB,
H3 KOTOPBIX COCTOHT CT€HKa M KOTOphLIe
H3ayuyaroT cset. I'mnoresa [lnauka coc-
TOSIJIa B TOM, YTO M3JYy4alolMe aToMbl
MOTYT HMETh He o6y 3Hepriwo, a
TOJBKO 3HEPTHIO, PaBHYIO LieNOMY 4HC-
ay hv, rne v — uacrora KoJaeGanuit
atoma. Orciona yxKe NOJyuyHJoCh, UTO
aroM MOXeT 'H3JyyaTb CBeT TOJBLKO
KBaHTaMH (XOTH 3Ty CBSi3b (paKTHUECKH
NOHAMH HCCKOJBKO TO03XKeE).

[lhank 3anucan ceowo ¢opmyny Tak:
fW)=n(v)-hv, rme n (v) — uncyio

8ny? 1
KBaHTOB, paBHOe 3 o , a

e ]

hv — sneprus kBanta. [Nocrennss gop-
MyJia MOXeT mnokazaThCH He COBCEM
TOUNOH, TaK Kak u3 nee n (v) noayua-
eTcsl He uenbM. B 31OM HHuero crpaiu-
HOTO HET, TaK KakK ¢opmyJaa naet cpell-
Hee YHCIO KBaHTOB. Hanpumep, ecau
B KaKOM-TO OOBbEME MOJIOBHHY BpPEMEHH
€CThb OAHH KBaHT, a MOJOBHHY Bpeme-
HH KBaHTOB HET COBCEM, TO CpelHee
YHCJIO KBAHTOB paBHO 1/,!

®opmyna [nauka otnnyaercs ot gop-
myaol Penes — JDkunca Tem, uto ee
HeJIL3Sl OOBLACHHTE C TOYKM 3peHus cre-
neueii ceobonk!l. EciiM cuntarh, Uto Kax-
Ablil KBAHT HMeeT TPH CTENeHH CBoOOnH,
TO UYHCJAO CTeneHeii CBOGOALI CHCTEMELI,
paBHoe 3 n(v), oKasmBaercsi yHKUuedl
TeMIepaTyphl: YHCIO cTeneHell cBoGOIH
pacTeT C nNOBHILLEHHEM TeMIneparyphl.
BuiBon abecyprubiii ¢ TOUKH 3peHus cTa-
PBIX MpencTaBjeHMii O CBOfiCTBaX 4ac-
. Ho uMeHHO B 3TOM HApylIeHHH
NPHBHYHON JIOTHKH H JIeXall BBIXOJ
u3 Tynuka. Bean konwuecTBO Hanyuaio-
IIHX YaCTHI, MOMET H He GBITb CTPOro
OMPENEJNEHHBIM YHCJIOM; OHO MOXKET H3-
MEHATLCS C H3MEHeHHeM YCJOBHH. 310




OcOBGeHHO C¢Talo #CHO, Korja Owuio
OTKpPHITO pOXJEHHE mNap: 3JIeKTPOH —
MO3UTPOH, TIPOTOH —— AHTHIPOTOH U T. J.

B Tor Beuep, koraa Ilnauk penan
CBOH [IOKJIaJl, HUKTO He AyMaJj O pOK-
nennd HoBol ¢maukn. Ha dopmyny
NOCMOTPEH ¢ TMPAKTHYECKOH CTOPOHEI
H cpa3y ke (B HOYb mocjie JOKJaana)
cpaBHUNK TrpadMK, JaBaeMbBlH HOBOH
¢opMysIOH, C KPHBBIMH, NOJYYEHHHIMH
H3 onnrta. Oxasanock, 410 (OpMyna
Ilranka xopoLo OnHCHIBAET BECh CEKTP.

Hnsa TOH wacTH cnexktpa, rae v Be-
JIHKO, MOMKHO BBIUEDKHYTb €JIHHHULY B
3HameHarene (OpPMyJE, MO KOTOpPOH
BLIYHC/AAETCA YHCAO KBaHTOB 71 (V) —
3Ta eAMHUIA MaJa MO CPaBHEeHHIO C mep-
BbIM ujienoM. Toraa ¢opmyna Ilnanka
npeppaturca B (Qopmyny Buna. Hs
COMOCTaBJEHNA ABYX BHIpaKeHUiH MOX-
HO 3aKMIOUHTh, YTO KOI(XPHIMEHTHI B
¢opmyne Buna paBHb

Ilnank, cpaBHHMBasi CBOKO (OpMyny
¢ ¢opmysioit Buna, pan nepeoe 3Haue-
HHe nocTosirHOK h. On nonyuua, 4TO
h=6,55-10"27 spe-cex. Jlawe yauBH-
TeJIbHO, KaK Mall0 OTJIHYaeTCsl 3HaYeHHe
h, BouucnenHoe Ilnankom, OT COB-
peMeHHOro,  KOTopoe NpHBEAEHO
BEILLE.

[lpu Manwix 3Hauenusix v B ¢opmyde
[lnanka MOXHO NPOH3BECTH CJENYIO-
LIyI0 3aMeHy:

hv
i hv hv
et ~ l—}——kr (ec.rm Y & I).

Torna nonyuyntcst B TOUHOCTH (opMyJsa
Penesn — Jlxkunca. Hcnoawsys ¢opmy-
ny Ilnanka, MOXHO NOJNYUYHTb H 3aKOH
Crepana — bonsumana.  Ilocrosannas
3TOrO 32KOHA O BhHIpaxaercsi uyepes A

dopMyno#

A 8nh b h o 2n® Kt
= =F * 157 B3 -
! — kpuBas, cootserciByroman ¢opmyne Penes — Jlxunca;, 2 — rpaduueckoe usoGpamnenHe
¢dopmyner [lnakka; & — kpHsas, koropyw Jaer gopmyna Buua.

f

-

—— e ] — — | —

b e | —— e —
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ABJIEHUE ®OTO®OEKTA

B paccyxnenusnx I'lnanka ksanr cam
no cebe He MOABASJICH — peyb 1A O
CHCTEMAX, COCTOSIIIMX H3 GONLIIOTO uHC-
Jla KBAHTOB, JUISi M3JIYUEHHS KOTOPHX
NpHMEeHSJINCh MEeTOABI CTaTHCTHKH. Ho
eite B 1887 roay I'epriom 6b110 OTKPBITO
apnenke (¥3yuennoe noapobuo Crone-
TOBEIM), B KOTOPOM KBAHTOBLIE CBOHCT-
Ba CBETa MNPOSIBISUIHCE OYCHb YeTKO.
Peur wuger o dorosdxpekte — BhLIETE
3NEKTPOHOB M3 KyCKa MeTajuia npu
ocseulenHy ero cpetom. Ha stom ag-
thexTe MmocTpoeHbl MHOTHE MpHOOPHI: Te-
JeBu3op, ocuuanorpad, ¢OTO3KCMIONO-
MeTp M T. 1.

QoTtosdpektT 0OHAPYHKHBAET 3AKOHO-
MepHOoCcTb, KOTOpasi BHINVIsiea Mapa-
JOKCaJBLHOI Ans $Hu3KKa MPOILIOro Be-
KA. DHEepTrHs 3JIeKTPOHOB, KOTOpLIE Bbi-
PHIBAIOTCS W3 METaNJ1a, He 3aBHCHMT OT
HHTEHCHBHOCTH cBeTa. Ecam yBennyH-
BaTh MHTEHCHBHOCTL CBera, TO BO3pac-
TaeT YHCJIO BBIPBaHHBIX 3JIEKTPOHOB,
SHEPTHA K€ HX OCTAeTcsi HEeH3MEeHHOH.
Ilnst toro utoGbl yBEJHYMTL SHEPTHIO
BLUIETAIOIIKX 3JIEKTPOHOB, HEOOXO1UMO
yBeJIHYHTH, HACTOTY Majialollero cpeta.
Takoe noBenenne CcOBCEM HeMoOXoxe,
Hanpumep, Ha TO, KaK BbUICTAIOT 3J€K-
TPOHBI W3 Karoja PagHoNaMIbl — €M
BhILLIE TeMMepaTtypa Karoaa, Tem GoJib-
[l SHEPrHsl BLUIETAIOUIMX 3JIEKTPOHOB.
Iror 3(heKT HA3LIBAIOT TEPMOIMHUCCH-
eii. B Hem He 3ameyanu HHYero napa-
nokcasnbHoro. A d¢orosddekr Obl1 He-
MOHSITEH.

Cefiuac MLl 3HaeM, YTO 3NEKTPOH HE
MOXKET MOCTEeNeHHO MOMJIOUIATh M Ha-
KarniuBaTh SHEPrHI0, KaK 3T0 LyMasH
paHbllie, a MOXeT NOrJIoWaTh €€ TOJb-
KO KBaHTaMH. IDHEpPrHfl e KBaHTa
onpenensiercsi yacroroii. Orciona cne-
noBano obbscueHue ¢orosdderTa, Ko-
Topoe nan DuHurredin B 1905 rony.
Bce peranmn teopum cranM siCHbI MHOIO
nosaHee, kKorga Owia cO3jaHAa KBaH-
TOBasi TEOpHsl METANJIOB.

B mauane XX Beka Gbui0 XOpowo
H3BECTHO, HTO JJS TOro, HTOOLl BLIP-
BaTb 3JEKTPOH H3 MeTajajla, Hal0 3a-
TPaTHTL ONpele/leHHYI0 SHepPrHio; OHa
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HasbiBaercs paboTtof Bhixopa. Tak, Ans
BosibppaMa  3Ta pabora paBHa npH-
mepno 4,6 snekTpoH-Boabta (1 36=
=]1,6-10"1 mxoymneti—=1,6-10-12 spe),
IR Ue3nst — OKoNo 2 38, NMIA NJaTH-
Hbl — OK0JA0 6 38. OcTanbHble METaNbI
MMEIOT MPOMEXKYTOYHBIE 3HAUEHHS] pa-
6oTul Buixona. Paccymwaenus itnmreil-
HA CBORWJMCH K caepyroulemy. Ecnu
yacToTa CBETd TaKOBa, YTO 3SHEPrHs
KBaHTa hv Menbiue paéorsl Buxoga W,
TO 3JEeKTPOH BOOOLLEe He MOXeT OnThb
BLIpBaH W3 MeTasna. Eciu xKe sHeprus
kBaHTa Gonbe W, 1O H3OLITOK 3Hep-
THH YXOIHT HA KHMHETHUECKYIO SHEPTHIO
sneKkTpona T.

CkazanHoe MOXHO 3anucath B BHIe
thopMyJsibl, KOTOpas HOCHT HMA iiH-
wrefiHa:

T = Mv - W.
(KnneTHyecKas (3ueprus (paGora
sHeprna KnaHTa) BHXORAa)

NEKTPOHA)

[Tocne dotosdpexTa KBAaHTOBBIH Xa-
paKTep NOMJIONIEHUS] H H3JYYEHHS Obl
OTKPHIT B OYEHL MHOTHX SIBJIEHKAX.
B nanGosee oGuiem BHae OH cOpMyNH-
pOBaH B M3BECTHOM COOTHOIEHHH Hunb-
ca bopa: hv=E,—E,. Cmeicn ero
COCTOHT B TOM, YTO €CJH H3Jyualouias
cHcTeMa MEPEeXOAMT M3 COCTOSHHMA €
sHeprueii E;; B cocrosinue c sHeprHen
E,, T0 oHa HanyuyaeT KBaHT C SHepruen
hv. EcTecTBeHHO, HTO €cAM CHCIeMa,
HAXONACh B COCTOSSHUM C 3HEpPrue
E,, nornotur kBant hv, TO OHa nepeii-
met w3 cocrosiuusi E; B cocroanue E,,.

BTOPOE OTKPBITHE KBAHTA

Otkporree [Inanka cocTosno B TOM,
4T0 OH TNOCTYJHPOBajJ AHCKPETHBIK
(KBaHTOBBI1) XapaKTep H3jyueHHS W
nornomennsi. Opnako cam Ilrank ne
BBICKa3aJ1 HHKaKHX C006paXkeHHH O TOM,
KakK e BeaeT cebA HCNyIeHHOe H3ay-
venne. JInup DinurreitH (B ynoMany-
ToH Beile paboTe) AOKasal, 4YTO K3
runore3st Ilianka W TeopH¥ OTHOCH-
TENILHOCTH C/ENYET peajsbHOe CyLIect-
BOBaHKHEe KBAHTA, TO €CTh YTO CBeT He
TOJBLKO TNOIJIOLIAETCH HJH H3JIyuaeTcH



KBAaHTAMH, HO YTO OH CaM COCTOMT M3
KBAHTOB.

Hanyuas KBaHT, TelO TepsieT CBOWO
SHEepruio, KOTOpaf INepenaeTcs CBeTy.
3HAuUMUT CBer, CONJIACHO TEOPHH OTHO-
CHTeNbHOCTH, YHOCHT M Maccy Tena.

Maccy KBaHTa MOXKHO NOJNYYHTh,
CKOMOKHMpOBaB aBe (GopMyJs: E=hv

uE=mc* WNauux:m=

(JTyuwe

Yo
l'OBDpHTb. KaK 3TO HPHHHTO. YyTO KBaHT

HMEET KOJHUECTBO JBHXXeHHA p=mc,

hv h

TO &CTh p=—r—=-7. Konunuectso

JBHXKEHUs1 P, KOHeYHO, BEKTOp: OH Ha-
npaeBjed TYyAa, KyJAa JIeTMT KBaHT.)
3Heprusl KBaHnTa CBfizaHa C ero HM-
nysabcoM cootHowennem E=cp. Takum
COOTHOILEHHEM OMNHMCHIBAIOTCH YACTHILbI,
Y KOTOPHIX paBHa HYJIO Macca MOKOS.
Ecau macca nokos m g0, 10 aHeprus
H KOJMYECTBO ABMXKEHHMSI YaCTHUH CBSl-
3aHBl B TEOPHH OTHOCHTEJILHOCTH (op-

myqioit E = ¢ ]/p”—;— mp c?

Bnarogapa 3iHwTeHHy KBaHT CTal
B OIMH PSA C YacTHLAMK; TOJLKO OH
He HmeeT Macchl NOKOs, a notomy 006-

peyeH BCerjga Jeratb CO CKOpPOCTBIO
CBETa.

KOMITTOH=3®®EKT

Bo BceM npeaniiyiieM ocTaBajcs €le
OIMH NYHKT, HEe NPOBEPeHHEl OMNBITOM.
Ecan kBauT ofnanaer M 3SHepruedl H
HMITYJIBCOM, TO BBIIOJHHIOTCA JH IS
Hero 3aKOHBl COXpaHEeHHsl 2ZHEPTHH H
HMAOyJbca TaK »Ke, KaK JJAsi APyTHX
yactHI? KM XOTA B NOJOMKHTENLHOM
OTBeTEe Ha 3TOT BONPOC HHUKTO He COMHE-
BaJicsi, BCe JKe MpsaAMas 3KCNepHMEeH-
TaJbHAsl MPOBEPKA 3aKOHOB COXpaHEHHUs
Guiia 661 oueHb nosiesHod. Takasa npo-
BepKa Gwuia ocyiiectieHa B 1925 rony
Aptypom KomMnToHOM, KOTOpBIK H3yual,
KaK paccenBaloTCsi KBaHTHl CBera, KOr-
Ja OHM NajaloT Ha MOKOSIILMHCH 3JieKT-
poH. KomntoH ofHapy Wi, BO-NIEPBEIX,
YTO 3JeKTPOH MCMBLITHIBAET OTAAYY, TO
€CTh 3JIEKTPOH TMOJy4yaeT OT KBaHTa
HMINYJIbC, @ BO-BTOPBIX, YTO KBaHT Te-
psieT SHepPrylo H €ro YacToTa yMeHblia-

ercsi. KayecTBeHHO KapTHHa Oblia rno-
XoXell Ha cronkHOBenue uactiu. Ho
KomnToH mokasan " GonpLie; OH Noka-
3aJ1, YTO 3HEPrusi ¥ KOJHYECTBO JIBHKE-
HHUS 3JIeKTPOHAa H KBaHTa B KOHUE COy-
IApeHHsl KaK pa3 TakHe, KakHe nony-
YalOTCA W3 YPaBHEHMH, ONHCLIBAIOIHX
3aKOHBl COXpaHEHHS.

3AKJ/IIOYEHHE

Takum 0Opa3QM, HauaB C H3yyeHUs
CBETOBBIX BOJIH, (H3HKH [IOCTENEHHO
IPHILAK K MEXaHHKe KBAHTOB, OYeHb
HanoMuHawouleli MexaHuwky HeloToRa,
TOJILKO ¢ TeMH O0OOLIEeHMSAMH, KOTOpPLIE
npuHecna ¢ coGOH TEOPHH OTHOCHTENb-
HOCTH.

Poxxienne HOBOH HaykM Bceraa npo-
UCXOAWIO TaK, YTO B Hell NpHYYATHBO
NepenneTajuch pasHele, B INPOLLIOM
JaJIeKo CTOosllIlie OPYr OT Apyra (pakthl
H BBHIAIBJAJHCH CBH3HM, He 3amMeyaeMble
panee. TepmonnHamHKa, KHHeTHYECKas
TEOPHS Tra3cB, 3JEKTPOAMHAMHKA, Ofn-
THKA W, HaKOHel, TeOPHH OTHOCHTENb-
HOCTH — BOT TOT (yHJaMeHT, HA KOTO-
pom u3 dopmyiel [Tnanka Bepocso 3/1a-
HUE COBpPEeMEHHOH (PU3NKH.

3A0AYH

1. Ecte cocyn — «uepHOe Teslo®, larperoe
no temneparypet 6000° K. (TTono6uyw Ttemne-
parypy ntcer mnobepxhoctk Cossua.) Onpe-
JENHTE, Kakoe KOJHUECTBO SHEPIHMH 3aKJICHEHD
B 1 cu® puyTpk cocyja.

2. Tlocrpoiite ceKTp 3HEPrE¥K «YepHOro Tenay
H CINeKTp 4HCIA KBaHTOB LISl TeMNepaTtyphl
6000° K. Byzyr n# 3TH KpHBHE MMeTb MaKCH-
MYMBl IpR omHOE M Tolt e wuwacToTe?
TMouemy?

3. Hcnonp3ysi noOCTpOEHHYIO KpHBYIO, oOle-
HHTe, Kakoe 4HCIO KBAHTOR HaXoAutes B 1 cwd
«IepHOro Tefas, Harperoro A0 TeMneparyphl
6000° K. ([Iss 370ro Hajo u3MepiTh naouafb
nox kpueofi. IToyemy?)

4. Keaur c sueprdeit 10 xss (1 xse=1,6X
X 10-18 mxoymeil) najacT Ha NOKOSIMACH
SJeKTPON H oT/eraeT Hasan. Hadinurte uacrory
najaloniero M OTpaKeHHOro KeaHTa. Haligwte
3HePTHIO 3JEKTPOHA Mocje CTOJKHOBEHHS.
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