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I KBaHTOBRAA pU3UKa 'ANS YANHUKOB'

Opreonpock!:

I nektop: naskoB Bacunun Hukonaeswuy, K.d.-M.H., c.H.c. NOIT PAH, c.H.c.
HIY BLUS, aou. MOTU

CEMUHaPUCTBI: [onokoneHoB Vnba Anekceesund, acn. BLUS (rp.1)
Ilem3akoB Cepren AHaTonbesud, acn. MOTU (rp.2)

PacnpeneneHue no rpynnam:
roynna 1: BocTtokoBeaeHue, MY, [dunsaunH, VIH.a3., NcTopusa, NcT.nck.,
MeHexmeHT, [porp.nHx., dunocodus, PKJ1, SGKkoHOMMKA,
Ik.CTart., KOpucnyHaeHuma
roynna 2: busHeclHd., HdD.Tex. n Cuct.Ceasun, UBT, Matematuka,
MMM

[lepexoqg mexay rpynnamu — B pabovem nopsiake, Ho He no3aHee 20.09



KBaHTOBRAA pU3UKa 'ANS YANHUKOB'

Opreonpocsl: Jlnteparypa, y4eOHUKM...
00A3aTenibHON K NPOYTEHUIO NUTEpPATYpPbl HET

OH-J1alnH
BBeneHue B KBAHTOBYHO OU3KKY,
http://www.kapitza.ras.ru/people/glazkov/teaching/quantum.pdf,
ATOMHaga n saaepHasa uanka,
http://www.kapitza.ras.ru/people/glazkov/teaching/atomic.pdf

Hay4HO-MonynsipHasa
NN.N.NoHomapéB., “INoag 3Hakom KBaHTa”

cOaBLIMM TEOPMUHUMYM MO KBAHTOBOM MexaHuke — oTrinyHo (10) 6e3
9K3amMmeHa



KBaHTOBRAA pU3UKa 'ANS YANHUKOB'

Opreonpocbl: ANeKTPOHHOE CONPOBOXKAEHNE Kypca

OIEKTPOHHbIE KOHCMEKThI (“‘puaepsbl”), yCroBma 3agad goMallHero 3agaHus u
CEMUHApPOB, npeseHTauum byayT 4OCTYMNHbI OH-NTAWH:

Beb-cTpaHnua aBTopa www.kapitza.ras.ru/people/glazkov
(Mo Mepe ocBoeHUA DyaeT yToYHEHO) Ha pecypcax BLUS



KBaHTOBRAA pU3UKa 'ANS YANHUKOB'

Opreonpochkl: OueHka, KOHTPOMb

[lomallHue 3agaHnsa Ansg caMoCTOATENBHOIO pelleHnst — 0e3 OLeHKM
BBogHOE TECTMPOBAHME — Ha OLIEHKY HE BNNSEeT

[TncbmeHHas k/p (TecTt) — 18 okTAbpS
NToroBasi ak3aameHaunoHHas K/p (TecT) — 20 gekabps
OueHka 3a paboTy Ha ceMmunHape

NMO=0.36TECT+0.24CEM+0.49K3

HaKoMNnnmtTeribHad 4acCTtb




KoHeLl opreonpocos.

Bonpocer?



Kak cTpoaTcs Hay4HbIe Teopuu
(HemHOroO UcTOpPUU U PUNOCOPUMN...)

Teopwusa anekTpndecTsa KBaHTOBasa omnsnka

gopmariuszayus 02poMHO20 Korudecmsa

HaKorieHHbIX OaHHbIX 8 KOMIMakmHou * HaKorisieHuUe OaHHbIX, HE

gopme ypaesHeHuUlU Makceerna oriucbleaeMbIX UMeWUMUCS
meopusiMu;

* B03HUKHOBEHUE 2urnomes (aurnomesa
lnaHka, amom bopa),

* opmanuizayus auriomes 8

div D=4n 0 nocredo8amesnbHy0 Meopulo;
. = * orpederieHuUe ycrioguu
div B=0 (02paHuYeHull), MU KOMoPbIX
= 47— 18D Kraccuyeckas ¢husuka onucbieaem
rot H = J npupooy
c Ot

rotfi’:—




Kak cTpoaTcs Hay4HbIe Teopuu
(HemHOroO UcTOpPUU U PUNOCOPUMN...)

Teopus anekTpnyecTsa KBaHTOBasa omnsnka

gopmariuszayus 02poMHO20 Korudecmsa

HaKorieHHbIX OaHHbIX 8 KOMIMakmHou * HaKorisieHuUe OaHHbIX, HE

gopme ypaesHeHuUlU Makceerna oriucbleaeMbIX UMeWUMUCS
meopusiMu;

* B03HUKHOBEHUE 2urnomes (aurnomesa
lnaHka, amom bopa),

. * opmanuizayus auriomes 8

divD=4mp nocrnedoeameribHyi0 MeopuIo;
. = * orpederieHuUe ycrioguu

div B=0 (o2paHuyeHutl), rnpu KomopbIx

= 4w- 10 - Knaccuyeckasi pusuka ornucbieaem
ot H = ——a4——— anunoov

Hoeasa Hay4Has Teopusa onupaeTca Ha

rot E=- [0CTOBepHbIE IKCMEPUMEHTANbHbIE (PAKThI

U He OnpoBepraet npeasiaylimue Teopum, Ho

orpaHU4mBaeT Ux obnacTb npumeHeHua
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MecTo KBGHTOBOW PU3UKU B (PU3UKE
(ewe HemHOro nctopum)

Nobelprize.org



MecTo KBGHTOBOW PU3UKU B (PU3UKE
(ewe HemHOro nctopum)

1904 — Yunbam Pamsan (xumug). B ToMm 4ucne, 3a nosiydeHme u
naeHTuuKaumo renums.

1906 — [xo3ed [xoH ToMCcoOH. B npu3sHaHMe BbigatoLlerocqd Bknaaa
ero TEOPETUYECKUX N IKCNEPUMEHTANbHbIX NCCNEAOBaAHNN
aneKkTponpoBoagHOCTU ra3oB. OgHO K3 3TUX nccregoBaHU NPUBESO K
OTKPbITUIO 3NEKTPOHA U, TaKNM 00pa3oM, OTKPbINO BONpPoc 06

YCTaHOBMNEHUN BHYTPEHHEN CTPYKTYPbI aToOMa.

1911 — Bunbrenbm BuH. 3a OTKpPbITUE 3aKOHOB, ONUCLIBAOLLINX
TENNOBOE N3Ny4YeHue.



MecTo KBGHTOBOW PU3UKU B (PU3UKE
(ewe HemHOro nctopum)

1918 — Makc Kapn 9pHcT Jltoasur NnaHK. 3a OTKpbITUE KBAHTAa
aHeprum ("in recognition of the services he rendered to the

advancement of Physics by his discovery of energy quanta").

1919 — VoxaH LWTapk. B Tom yncne, 3a oTkpbiTME pacLlenneHns
CneKkTpanbHbIX NMUHUA B arekTpnyeckom norse (addoekt LTapka).

1920 — Banetep 'epmaH HepHCT (no xumun). B npusHaHmne ero pador
B 0briactn TepMoxummnn. B 4acTHOCTHK, 3a OTKpbITUE TeOpeEMbI HepHcTa
NN TPEeTbEro Ha4yana TepMoanHaMuKn, onncbiBatoLLLEro NoBeaeHmne
mMaTtepum BoONmM3n abcontoTHOro Hynst 1 00 bACHMMOrO TONBKO B paMKax

KBAHTOBOW TEOPUMN.



MecTo KBGHTOBOW PU3UKU B (PU3UKE
(ewe HemHOro nctopum)

1921 — AnbbepT OWHWTEWH. 3a AOOCTWXKEHMS B obnactu
TEOPETUYECKOU (PU3UKMU U, B OCOOEHHOCTU, 3a OTKPbITUE 3aKOHa

dooToapdekTa.

1922 — Hunbc XeHpuk Jasunag bop. 3a OOCTUXKEHMSA B N3YYEHUN
CTPYKTYpPbl aTOMOB 1 UCMYCKAaeMOro MMn N3nyyYeHms.

1923 — Pobept 3Hapto MwunnukeH. 3a onpegeneHue
AfIeEMEHTapHOro 3apsaaa mn pabotbl B obnactn dortoaddekrta. Npu
npeacTaBrneHnn naypeara npeacenartens HobeneBckoro KomuteTa
ckasan. «Ecnu 6b1 onbimbl MunnukeHa Oanu Opya2ou pesyribmam,
3aKoH @omoaghgpekma JuHwWmMeuHa okKasasica b6bl nycmsiM, a
meopusi bopa He rnony4urna 6bl makou oropsl. [locre nosierneHusi
pe3ynbmamoe MunnukeHa o0ba OHU  ObIU  YOOCMOEHbI
Hobernesckou npemuu.»



I MecTo KBAHTOBOU PU3UKU B PU3UKE
I (ewe HemHOro nctopum)

1924 — Kapn MaHHe ['eopr 3urbaH. 3a oTKpbITUSA N UCCrieaoBaHuUS
I B 00nacTu peHTreHOBCKOM CNEKTPOCKOMUN.

1925 — [xenmc PpaHk n I'yctas Jliogsur epu (B paBHbIX
aonsix). 3a OTKpbITUE 3aKOHOB, OnpeaenarLmx
CTONKHOBEHMUS 3NEKTPOHOB U aTOMOB.
1927 — ApTtyp Xonnu KomntoH (1/2 npemunun). 3a oTKpbITUE
adbdpekTa KomnToHa.
1929 — Jlyn oe bpownneb (repuor Jlyn-BukTtop Nbep PanmoHa
ne bponnb). 3a OTKPbITUE BOSTHOBOW NMPUPOAbLI AfIEKTPOHA.
1932 — BepHep Kapn 'enseHbepr. 3a co3gaHme KBaHTOBOM
MEXaHWKU, NPUMEHEHNe KOTOPOU NPUBENO, B YNCIIe NPOYEro,
K OTKPbITUIO annoTpornHbIX popMm Bogopoaa.
1933 — OpsuH WpeaunHrep u Nonb AgpueH Mopuc dupak (B pake
Oonsix). 3a OTKpbITUE HOBbLIX MPOAYKTUBHbLIX NpeacTaBneHnn
aTOMHOW TeopuM.



MecTo KBGHTOBOW PU3UKU B (PU3UKE
(ewe HemHOro nctopum)

1962 — Jle [aBupoBud JlaHgoay, 3a pa3paboTKy nepenoBbiX
Teopun B obnactm MU3MKM KOHOEHCUPOBAHHbIX cped W, B
OCODEHHOCTH, XNOKOro renus.

1964 — Yapnba Xapa TayHc (1/2 npemun), Hukonau 'eHHagbeBmY
bacos (1/4 npemun) n AnekcaHap Munxamnnosud [poxopos (1/4
npemun). 3a pyHaameHTanbHble paboTbl B 06nacTu KBaHTOBOW
SNIEKTPOHUKN, NpMBEeALLMNE K CO3aHUI0 FEHEPATOPOB N YCUNUTENEN
paboTarLwmx Ha NpuHUmMne masepa-nasepa.

1978 — lNeTp JleoHngosuy Kanuua (1/2 npemun), 3a n3odbpeteHus
N OTKPbITUSA B 06nactn omankm HM3KNX temriepatyp, ApHo AnnaH
[MeHumnac n PobepT Byapo BuncoH (no 1/4 npemun), 3a oTKpbITUE
PENUKTOBOINO KOCMUYECKOIo U3Ny4YeHuns.

2003 — Anekcen A. AbpukocoB, Butanuu Jlazapesud MH30Ypr,
OHTOHM [X. JlerreT (B paBHbIX 40OnsAX). 3a NMMOHEPCKU BKag B
TEOPUIO CBEPXTEKYYECTU U CBEPXNPOBOANMOCTMW.



I KeaHTOBbIE 9BfeHua B " obbiuHOU"
I XU3HU

 nasepsbl (yKasKkn, nasepHble npourpbiBaTenn, MeauUnMHCKneE u
NHOYyCTpUarbHble NPUMEHEHNS)

o AMP-TOomMorpagus

* MONYNPOBOAHMKOBbIE NMPUOOpPLI (TyHHEmNbHbIE anoabl, CCD)

offsite.com.cy

http://www.beamq.com



I K uctokam...
TTpUYUHBI BO3HUKHOBEHUS KBAHTOBOW

I PpU3nKU Ha pybexe XIX-XX Bekos

I 1.CTpoeHune aTtoma.
2.JInHen4vartble cnekTpbl UCMYyCKaHUA 1 NOrMoLleHns.

3.PoTOIEKT.
4.13ny4yeHne YepHoro Tena.

5.TennoeMKoCcTb TBEPALIX TeN N ra3oB NPU HU3KOU
TemMmnepartype.



TTpobnema 1.

CylwiecTBOBaHME matepum (aTomos).

1897 [x.[>x. TomcoH onybnukoBan paboty 06 obHapyxeHnn cybaTtoMHoum
3aps’)KEHHOW YacTuubl — 3rekTpoHa. Ho atom B Lenom HenTparseH!

OrieKTpocTaThKa He NO3BONSET
cucteme TOYEYHbIX 3apsaos
HaxoOUTCA B pPaBHOBECUW: MOAErb
“‘nyoanHra ¢ uM3ioMOM™ npegnosaraet
NOSIOXUTENbHbLIN 3aps] PaBHOMEPHO
pacnpenenieHHbIM, a TOYeYHble
OJTIEKTPOHDI NIoOKann3oBaHHbLIMU
BHYTPM “Kannun’.



TTpobnema 1. [
CyuiecTsoBaHWe marepuu (atomos).
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1911 OnbITbl Pe3epdopaa nokasanwu,

YTO MOSIOKUTESbHBIN 3aps NOKann3oBaH
B MacCMBHOM TOYe4YyHOM 4dape, a
bonbLas Yyactb aToma “nycra’.

OTpaMeHHaRA
a-4acTvua

[lnaHeTapHas Modenb artomMa COOTBETCTBYET
pesyneratam onbita Pesepdopaoa. Ho kpyroeoe
OBWXEHME YCKOpPEHHOe, YCKOPEHHO ABWXYLLMUCS
QJIEKTPOH M3Ny4yaeT 3MeKTPOMarHUTHbIe BOSHbI Y
OOIMKEH 3a KOPOTKOE BpeMs yrnacTb Ha S4po
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— " MCTOMHMK g-yacTuy

dTOMbI 30M0Ta
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Q-4acTALb! : ATOM Pe3epCbOp,E|,a He MO)KGT
" CyLLLEeCTBOBaTb COrfacHoO
Knaccudeckon gpunsuke!

http://www.hemi.nsu.ru/ucHéb1 22.htm



TTpobnema 2.
JlHenyaTbIe CcnekTpbI NOrnoweHus u

MCNYCKaHUA.

1704 — HblOTOH, pasnoXeHue 6enoro ceeTa
1814 — ®payHrodep, 6onee 500 TEMHbIX NUHUN B

cnektpe ConHuya
KH G F E D . C

(wikipedia.org)

FTTTV] Y '--

4000 5000 &000

1854-1859 — Kupxrod v byH3eH, gpkue nnuHuu B
CreKkTpe nnameHun, oKpaLLleHHOro pacTeopamm
COJSIEN, COOTBETCTBYOLWME TEMHBIM JIMHUAM

dpayHroeepa

YcTtaHoBNeHMe ogHO3Ha4YHOro COOTBETCTBUS Mexay JIMHNAMA
VICI'IyCKaHVIFI/I'IOFJ'IOIJ.I,eHI/IFl N XUMNHECKNMIN dNTEMEHTaAMU MNMPUBEIJSIO K
CTAHOBJ1IEHUNIO CMNEKTPOCKOINNYECKOI0 aHalsrin3a




I TTpobnema 2.

JlHenyaTbIe CcnekTpbI NOrnoweHus u
I MCNyCKaHus.

1868 lNbep XKaHceH n HopmaH Jlokbep, obHapyxeHne B cnekTpe ConHua
NVHUM HOBOTIO 3fIEMEHTA: renus.
1885 banbmep, noeHtTndukaumnsa cepun banemepa ansa sogopoaa
1895 Pamsan, nabopartopHoe nory4vyeHne n CnekTpocKonmyeckas
naoeHTuukauunsa renus.

1906-1914 JlumaH, ynetpaduonetoBasa cepus JinmaHa gns sogopoaa

nuHum banbmepa
BoAopoaa
(c cavita wikipedia.org)

CNeKTp renus
(c canta wikipedia.org)

L 12) Knacuuyeckas Teopusi He
OO BACHAET OUCKPETHBIX CMEKTPOB



TTpobnema 3.
POTO3(PPEKT.

1839 — bekkepenb, yBENMUYEHNE TOKA B 3NEKTPONUTE npu obryyeHnm katoga
CBETOM

1873 — aHrn.nHxeHep B.CmuT, yBenmyeHne npoBoAMMOCTM CerieHa nog
OENCTBMEM CUITBHOIO OCBELLIEHUS

1887 — 'epu, naMeHeHne CKopoCcTu paspsaaa npu obnyyeHun paspssgHuka
yInbTpaduoieTom

1888-1890 — CToneToB, “knaccuyeckasi” noctaHoOBKa onbiTa rno goToadekTy.
O6HapyxeHus 3akoHa CTtonetoBa “©bomomok rpsiMo rpornopuuUoHaeH
UHMeHcusHocmu raodaruie2o Ha pomokai L onbiT CToneTosa,
8bI3b18aem MosieNeHusi homomoka).” ! no YOH 22 (1939), 384
1902 — dooH JleHapa, ycTaHOBNEHaA CBA3b 4 ! + |

3anuparoLlero HanpsXXeHnsa ¢ AnnHou U :
BOJTHbI .___’ +
1905-1916 — MunnukeH, ToYHbIE ONbIThl S '||!:J'I -

no doToaPdEKTY.
KpacHas rpaHuua gotoaddekta, He3aBUCUMOCTb

MaKC. 3HEPIMN OT NHTEHCUBHOCTU HE OO BACHSIOTCS
KInaccu4yeckou Teopuen.

|



I TTpobnema 4.

N3nyyeHue yepHoro Tena.

“YepHbIn kBagpart”
Maneswuy, Jlenopckas,
PoxpgectBeHcknin, CyeTuH,
0K.1923, B cobpaHuu
[ocynapcTtBeHHoro Pycckoro
Myses (c canta wikipedia.org)

PackaneHHbie ApesecHble YriW
O KpynHos derwc [ @otobank Jopu

PackaneHHbIn yrone.
(cboTo c canta lori.ru)

PackaneHHas
MeTalnMyeckasa 3arotoeka

Ha HakKoBalJibHE

(c canTa http://freezersocks-
wind.blogspot.com/2011/01/blades
mithing-week-1.html)



TTpobnema 4.
N3nyyeHue yepHoro Tena.

ABCONITHO YEPHOE TEMNO: TEMNO KOTOPOE MOIMOLLAET BCAKOE NagaroLlee Ha Hero
N3ny4yeHue.

Takoe Teno OQHOBPEMEHHO OOJTKHO N3ry4atb SHEPINO, MHa4e Nno 3aKOHY COXpaHEeHUA
IHEepPrmn, oHO OOJ1KHO BCE BpeMA paCKanAaTbCA.

N

/;\

Kakoe criekmp pasHoO8eCHO20 mMern/io8o20 U3/lyHYeHUs maKkKoa2o
mena?



I TTpobnema 4.
I N3nyyeHue yepHoro Tena.

1862 — Kupxrodp, noctaHoBKa 3aga4u

1879 — CtedhaH, amnupuyeckn P 4
1880 — IpeTL, IKCEpUMEHTAbHO ‘ g ol
I 1884 — bonbumaH, onmpadach Ha ypaBHeHMA Makceenna
1893 — BuH, 3akoHbl BuHa dP s v
& T )| Yae=AT

1900 — Panen 5
1905 — [I>KMHKC, Ha OCHOBE KInacCU4eCcKon aneKkTpoanHaMmnKu dpP _ 2V kT

BbiBedeH 3akoH Panes-[bxXuHkca dv cz

[Tpn OonbLIMX YacToTax CriekTparibHasa NIOTHOCTb U3y4YeHUS
BO3pacTaeT, nonHasa MOLLHOCTb U3NTy4YeHUa OKa3blBaeTCH
beckoHevHon! YnsTpadumonetoBada katactpoda!

Knaccuyeckasa Teopusi HE MOXET peLnTb 3aaadvy
00 N3ny4eHmnn YEPHOro Tena.



TTpobnema 5.
Teopema o pasHopacnpeaeneHuu.

1819 — OtonoHr u INTtn, 3akoH OionoHra v INTn: “1ennno€MKoCTb NOYTU BCEX NPOCTbIX
TBEPAbIX TEN NPU KOMHATHOW Temnepartype bnunaka K 25 [x/(K*monb)

BelwecTtBo YoenbHas TennoémMKocTb, | MonsipHas macca, MonsipHas
[x/(kr-K) Kr/Monb TENNOEMKOCTb,
x/(monb-K)
Xeneso 444 55.81 0-3 24.8
CBI/IHGLI, 130 207210-3 26.9
Jntnin 3582 6.94-10"3 24 .9
BOJ'lebpaM 134 18410-3 24.7
305n0To 129 19710-3 254
Meﬂ,b 385 63.5-1 0-3 24 .4

1876 — bonbuMaH, TeopemMa 0 paBHopacnpeaeneHnn: 3 konedatensHble CTENEHN
cBoboabl gatot Bknag 3R, Tennoémkoctu rasos (C, ): 3R/2, 5R/2, 3R ana ogHo-,

ABYX- U TpéxaTOMHOFO ra3a.




TTpobnema 5.
Teopema o pasHopacnpeaeneHuu,

1872 — Bebep, obHapyXun 3aBUCUMOCTb TEMNSIOEMKOCTN TBEPAOro Tena oT
Temneparypbl
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PUCYHOK 13 CTaijM.D-.IF.Weber “Die specifischen Warmen der Elemente Kohlenstoff, Bor und Silicium”, Annalen der Physik 154, 553 (1875)



I TTpobnema 5.
Teopema o pasHopacnpeaeneHuu,

ccnenoBaHma TENNOEMKOCTU NPU HU3KNX TeMnepaTypax:
1905 — Obroap
1911 - HepHcT

878 WARREN DESORBO
22—
20—
© THIS RESEARCH
|.8l— # W.NERNST-ANN d. PHYSIK 36, 395 (1911)
o ROBERTSON, FOX & MARTIN-PROC. ROY. SOC. LONDON AIST, 579 (1936)
16— = K.S. PITZER-J. CHEM. PHYS. 6, 68 (1938)
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TTpobnema D.
Teopema o pasHopacnpeaeneHuu.

TennoéMKOCTU ra3oB TOXe OTKITOHAITCS OT Npeacka3aHusl TeopeMbl O paBHopacnpeaeneHmum
NPY HU3KUX TeMnepaTypax
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Fig. 3.—Specific heat of hvdrogen,

pucyHok 13 ctatb R.E.Cornish and E.D.Eastman “The specific heat of hydrogen gas at low temperatures...”, J.Am.Chem.Soc. 50, 627 (1928)



I TTpobnema D.
Teopema o pasHopacnpeaeneHuu,

... PV BbICOKUX TemnepaTtypax

CO (oxupaetcs 5/2R),

G. G. Sherratt and Ezer Griffiths, “Proceedings of the Royal Society of London. Series A, Mathematical and
Physical Sciences”, 147, 292 (1934)

C,/R
Temperature B x 10° Experi- Planck Gordon and
°C second mental Einstein Barnes Kassel
1000 1-0 3-147 3:127 3-150 3-135
1200 1-2 3-257 3-204 3-231 3-215
1400 1-15 3-261 3-260 3-291 3-273
1600 1-1 3-305 3-302 3-338 3-320
1800 1-0 3-368 3-334 3:376 3-354

CO, (oxunpaetca 3R=5.9 kan/(K*monb)),

G. G. Sherratt and Ezer Griffiths “Proceedings of the Royal Society of London. Series A, Mathematical and
Physical Sciences”, Vol. 156. 504 (1936)

C, cals./gm. mol. at 1 atmosphere pressure

Temperature — —— -
° C. Present
investigation I.C.T. ' Spectroscopic

0 6-62 6-63 “6-67

200 8-65 7-60 8-49

- 400 10-06 8-:48 - 9-80

600 10-81 9-15 10-64

800 11-30 9-72 _ 11-21

1000 11-76 10-17 11-61




I TTpobnema 5.
I Teopema o pasHopacnpeaeneHuu,

... 1 NpK BbICOKMX Temneparypax

CO (oxupaetcs 5/2R), y

G. G. Sherratt and Ezer Griffiths, “Proceedings of the Rc 2.5 [ NI DA
Dhiciral Qrianrac” 147 2092 (1024)\ | ! . !rg\%ﬂ:
Temperature B x 105 Experi- | f 1
°C second mental u \’/f/*— - r
1000 1-0 3-147 |2 | B s
1200 1-2 3-257 | <20 | O Joner uo e
1400 1-15 3-261 | | 7 e -
1600 1-1 3-305 ! ot |
1000 10 2240 - |‘
CO, |
G.G.S Knaccu4yeckas TepMmoanHaMmKa He 400
Physical

MOXET OObSICHUTb, MOYEMY KaKMe-To
cTeneHn cBoboabl “BKNoYaloTCca” U

(13 b))
BbIKJTKOHMAKOTCHA .
ouUU TU &1 T 19 TU OF
800 11-30 ' 9-72 _ 11-21
1000 . 11-76 10-17 11-61




I f'noTtesa TTnaHka -
NepBbIN WAr K pelleHUro 3TUx npobriem

1900, Makc lNnaHk:
u3ry4eHue usrydaemcs u rnoarowiaemcsi He rpou380sibHbIMU
Koriudecmeamu, a OUCKPEMHbIMU rnopyusiMu, pasmep oOHoU maKkou
rnopuyuu (keaHma u3ry4eHusl) rnporopuuoHasreH Yacmome
U3/1y4eHUs

h=6.62606896(33)X 107 [Tc- ¢
AE= hV =hw h—iﬂzl.054571628(53)><103“zzofc-c

OTa rmnotesa okasarna Takoe BnuaHWe Ha pasButne usnkum, 4Yto B
1918 rogy lNnaHky Obina npucyxgeHa HobeneBckas npemusi no
donsnke «in recognition of the services he rendered to the
advancement of Physics by his discovery of energy quanta»



POTO3(PPEKT

NcTopus:

1887 ropg: I.I'epuy obHapyxun BnnsiHne
YyNbTPagMONeToBOro U3ny4YeHna Ha paspsan
NHOYKTOpAa

1888-1891 roa: onbITel CTONETOBa (MOCTAHOBKA
KITaCCUYeCKON CXeMbl OnbiTa NO POTOIPAEKTY,
CBA3b DOTOTOKA C OCBELLEHHOCTbLIO KaTtoaa)

_.» 1902 roa: onbITbl oH JleHapaa (3aBUCMMOCTb
N 3anuparoLlero Hanps>KeHUsa oT ANMHbI BOSTHbI)

/»ff* “ 1905 roa: Teopua potoadpdekta A.OMNHLWITENHA

4 JYND
’ /7
7.\
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I ®oTO3ppeKT. OnbIThl CTOMETOoRA.

A.l.CtonetoB (1839-1896),

okoH4un MI'Y (1960), 3a rpanuuen (Fempgenvbepr, [eTTuHreH, bepnuH, MNapux,
[engenbbepr) (1862-1866), B ToM yncne B nabopatopumn Knpxroda (lengensbepr),
oncceptauus (1872), npodeccop MIY (c 1873), ocHoBaTenb WKonbl pusnkos MIY.

—
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1888-1891. nocTtaHoOBKa «KflacCnU4eCKkon» Cxembl OnbITOB No POTOIPIPEKTY
(0630p B «PaboTtbl A.I.CTonetoa no otoadpekty» YOH 1.22 (1939) c1p.384)



I ®oTO3ppeKT. OnbIThl CTOMETOoRA.

1. Jlyun BOJIBTOBOM AYIH, Najasi Ha I[OBEPXHOCTb OTPHLATE/Ib-
HO 3apsiXKeHHOI'0 TeJla, YHOCAT C Herc 3apsai. CMOTpd II0 TOMY,
MONOJIHAETCA JM 3apal, # HaCKOJbKO OEICTPO, 3TO yHAJeHHe 3a-
pAfga MOXKET CONpPOBOXKIATLCA HJIM HET 3aMETHHIM TNaJeHHEeM Io-
TeHIrHavIa.

2. DT0 JOeHCTBHE Jyyed €CThb CTPOro YHHUNOJISpHOE: IOJIOIKHU-
TeJbLHLIH 3apa] JvuaMu He YHOCHUTCH.

3. Ilo Bceul BepOATHOCTH, KaxKylieecsd 34pSKE€HHe HEUTPAJILHLIX
TeJ Ay4aMH OOBSiCHSeTCH TOK K€ IPUUYHHOH.

4. PaspsokaionivM  JeicTBHeM o060JIaJalT — €CJIM He HCKJouH-
TeJIbHO, TO C TPOMAIHBIM TDPEBOCXOLCTBOM MNEpeR NPOYHMH — JIy-
YH CaMOH BBLICOKOH INIPEJOMUIIEMOCTH, HEeAOCTALIHEe B COJTHEUHOM
cnekTpe (A 295-107¢ umij. Hem crekTp oOHJIbHEE TAKMMH JVHA\UA,
TeM CHJbHEE JHelCTBHe,.

«Pabotbl A.I.CTtonetoBa no potoadpdekty» YOH 1.22 (1939)
cTp.384)



I ®oTO3ppeKT. OnbIThl CTOMETOoRA.

5. lasa paspsiaa Jyyamm Heo6XoauMO, 4YTOOBl JIYYyH INOrJoma-
JUCh MOBEPXHOCTBHIO Tesna. UYeMm OoJibllle MOIVIOULeHAe aKTHBHABIX
leqeﬁ TeM IMOBEPXHOCTb YYBCTBHTe/bHEEe K HX paspsiKaiolleMy
XEUCTBHIO. ~ - R

6. TakOll UYBCTBHTENBHOCTbIO, €3 3HAUMTENBHBIX pas3nuuui,
o6safaloT BCE€ MeTallbl, HO 0COOeHHO BBICOKA OHA YV HEKOTOPBIX
KpacsailuX BeIlecTB (aHHMHeanx Kpacok). Bozxa, xopomo npo-
ycKaomasa AaKTHUBHBIe JYYH, JIHOIEHA 4YBCTBHTCJIHHOCTH.

7. Pa3zpaxaioniee peiictBie Jsyuell oOHAPDYXKMBAGTCS MaXKe TPH
BECbMa KPATKOBPEMEHHOM OCBENIEHHH, TIPMUEM MeXIY MOMEHTOM
OCBEIEHHS] ¥ MOMEHTOM COOTBETCTBYIOHIErO pa3psia He TpoTe-
KaeT 3aMeTHOTO BpPEMEHH.

8. Paspsaxaroiiee pefictsue, ceteris paribus, IponopuuHoHanb-
HO 3HEpruM AaKTHBHBIX JIyueH, Najaiomipx Ha puaspﬂxcaewyro 1o-
BEPXHOCTD.

9. JleiicTBre ODHAPYXKUBASTCH [axKe IPU HHUUTOXKHLIX OTPHIlA-
TeJLHBIX [IJIOTHOCTAX 3apsia; BeJMHUMHA €ro 3aBHCHT OT S3TOH
IJIOTHOCTH; € BO3PacTaHWEM IUIOTHOCTH 10 HEKOTODOro TIpenesa

OHO anI'ET' ~6LICTpee, yeM IIJOTHOCTbL, 4 NOTOM MEJJIEHHEE W M-
JIeHHEe. «Pabotbl A.I.CTonetosa no otoadhpekty» YOH 1.22 (1939)




I ®oTO3ppeKT. OnbIThl CTOMETOoRA.

10. /IBe mjacTHHKM Pas3sHOPOAHBIX 1o PALY BoJsbra MeTasios,
NMOMelleHHbIE B BO3AyXe, NPeACTaBJSIOT POA TajJbBaHHYECKOTO
9JieMEeHTd, KaK CKOPO 3JIEKTPOOTPHIATENLHAS IIJTACTHHKA OCBelle-
HA AKTHBHLIMHE JIyJaMH.

11. KakoB Obl HM Obl1 MeXaHH3M AKTHHO-3JEKTPHUSCKOro pas-
pdalia, MBI BIpaBe pPacCMATPHBATL €I'0 KaK HEeKOTOPLIH TOK 3JIeKT-
pruecTBa, NpHYeM BO3AYX {(caM no ccbe HJaH OGnaarofaps NPUCYT-
.CTBHIO B HeM TIOCTOPOHHMX YaCTHI[) UTrPaeT PoJb AYPHOI'O NPOBOI-
Huka. KaxKymeecss CONPOTUBJEHHE ITOMY TOKY He IO UHHACTCS
3aKkoHY Oma, HO B OOpeHeNeHHbIX YCJAOBUAX UMEET OlIpeAeNeHHYIO
BeJIUUHHY.

12. AKTHHO-3JIeKTPHUCCKOe IEHCTBHE YCH/IMBAETCS C IOBBILIE-
HUEM TeMIlepaTyphl.

«Pabotbl A.I.CtonetoBa no dpotoadpdpekty» YOH 1.22 (1939)
cTp.384)



POTO3(PPEKT. 3aKOHbI POTOIPPEKTA.

1. (3 onbiToB CTONetrosa) Npn HEM3MEHHOM CNeKTparibHOM COCTaBe
CBeTa, NagarLlero Ha doTokaTtod, OTOTOK NponopLUnoHaneH
OCBELLEHHOCTM KaTtoaa.

2. (3 onbITOB dooH JleHapaa n MunnukeHa) na gaHHOro
doTokaToaa MaKcuMarnbHas HadarnbHas CKOPOCTb
dpOTO3NEKTPOHOB 3aBUCUT TOSbKO OT YaCTOThbl CBETA U HE 3aBUCUT
OT MUHTEHCUBHOCTMW.

3. (M3 onbiTOoB OOH JleHapaa n MunnukeHa) [na kaxaooro

dooToKaTtoga cyLwlecTBYET KpacHas rpaHuya otoapdekrta — 10

eCTb YacToTa ¢ Takas, Y4To Mpu YacToTe OCBeLLAKoLLero (OoToKaToA

CBETa HMXe ¢, dOTOTOIXADEKT HEBO3IMOXKEH.

+rmnoTesa lTnaHka
=YpasHeHUe JUHLWITeWHa:

2
m V 3aKOH COXpaHeHI/Iﬂ 3Hepr|/w1.
hv = - A
2




POTO3(PPEKT. 3aKOHbI POTOIPPEKTA.

PaboTa Bbixoga AN pasnuyHbiX MaTtepuanoB KaToaa

(c canta http://en.wikipedia.org/wiki/Work_function)

anemeHT |A, 3B anemeHT |A, 3B anemeHT |A, 3B anemeHT |A, 3B
Ag 4.52-4.74 |U 3.63-3.90 [Cr 4.5 Fe 4.67-4.81
Li 2.93 Si 4.60-4.85 |In 4.09 Pt 5.12-5.93
Na 2.36 Hg 4.475 Sm 2.7 Ni 5.04-5.35
Zn 3.63-4.9 |Au 5.1-5.47 |Cu 4.53-5.10 |Eu 2.5
ey =1L
KpacHas pr o A\ o [Mpn paboTte BbIXOOa B 4-5 3B
rpaHuua Kp OKa3blBaeTCH B yNbTPagroneToson
¢poToapekTa hc 1240 obnacTw.
KD — — H_]‘/l
A A|sB]




I ®oTO3pPeKT. BHyTpeHHUU U
MHOIOKBAHTOBBIW (POTO3(PEKT.

BHewHun cpotoadpchekT — hoTOINEKTPOHBI MOKMAAT METANS, BbIXOAAT N3 (poTokaToaa,
BO3HUKAET OOTOTOK.

BHyTpeHHUN hoToachcheKkT — cBsA3aHHbIE ANEKTPOHbLI (B NOMYNPOBOAHUKE) OCBODOXAAOTCS
noa AenUcTBUeM N3nyv4eHuns, Ho Npu 3TOM OCTalOTCH BHYTPU nosnynposoaHuka. MeHseTtca
nposogumocTb. OnncaHme nogobHo BHeLHeMY dhoToapdekTy. BoamoxHO (Kak B
pa3obpaHHOM 3aga4ye) BO3HMKHOBEHNE Pa3HOCTU NOTEHUMANOB (ConHe4yHasa bartapes).
MHorokBaHTOBbIN hoTOadhheKT — Ccpal3y HECKOSbLKO KBAHTOB CBETA Y4acTBYIOT B
BbICBODOXOEHMN (POTOINEKTPOHA, BO3MOXXEH HA YacTOTE HUXE KpaCHOW KpaHULbI
OLOHOKBaAHTOBOro ootoadopeKra.

2
N-hvzmg y

doTOoTOK nponopunoHareH N-on cTeneHn NHTEHCUBHOCTN (He NoAYNHAETCA 3aKOHY
CTOJ'IeTOBa), Tak Kak N KBaHTOB [JOIMKHbl «OKa3aTbCHA B OAHO BpeMAa B OAHOM MEeCTE».




I ®oTos3ppekT. HabnroaeHue
MHOIOKBAGHTOBOIO (POTO3PPEKTA.

MaTtepuan dootokaToga — HaTpun
(A=2.263B)

OHeprust kBaHToB — 1.483B

T UTTTT

T

MIcTO4YHNK cBeTa — nasep,

II[IHI

nnowaab 3acBEeTKU 2 10'5 CM2,

MHTeHcuBHOCTb 108 BT/M2.

(SLOPE=2)

PHOTOELECTRIC CURRENT (A)

(M.C.Teich and G.J.Wolga «Two-Quantum Volume Photoelectric
| ) L Effect in Sodium», Physical Review 171, 809 (1968)).

L1l Lt
10 100 500
PEAK INCIDENT POWER (mW)




I ®oTO3PPeKT. [TpumeHeHUs poToIPPeKTa.

doTo-
9J1IEKTPOHHbIN
YMHOXUTESb (PIY)

FPhotocathode ﬂﬂode

Electrons .
Incident | Electrical

photon /- \ COI"‘II"‘IECtOFS

R Ay m%ww
Ry H :\f\ﬂ\”\

Light FOCI}siﬂ | \
photon d Dynode
electrode Photomultiplier tube (PMT)

TITIT:




®oTO3PPeKT. [TpumeHeHUs poToIPPeKTa.

MonynpoBoAHMKOBbIE (DOTOYYBCTBUTENbHbIE 3NIEMEHTDI

A Takke: Bugeokamepbl, onTuyeckme
kKabenu n MHoroe apyroe.

Bunnapa C. bonn n xopax E. CMuT Obinn
yaoocToeHbl Hobenesckon npemun no gomsmnke 2009
roga «3a nsobpereHne nosnynpoBoaHNUKOBOW MaTpULbI
OS5 NOSTyYeHUs1 N300pakeHns »




®oTo3ppeKT. TTpumeHeHUa PoToIPPeKTa.

ConHeuHble baTapeu

KpynHenwas ctaHumsa Ha gaHHbin MomMeHT Waldpolenz Solar Park noctpoeHa B
2008 roagy B 'epmaHnn B okpecTHocTAX Jlennuura (dbotorpadums ¢ canta
http://en.wikipedia.org/wiki/\Waldpolenz_Solar Park).



3aaa4m AOMALIHero 3aaaHus

YcTaHOBNEHO, 4YTO XOpoWwo MPUCNOCOBNEHHBIM K MOSMIHOU TeMHoTe
YerioBeveCKUM rnas cnocobeH 3ameTUTb CBET MOLHOCTbHO MOPAAKA COTHU
(POTOHOB B TeyeHUU 1 cekyHAbI. Ha KAKOM MAKCUMANBHOM pacCToSHUU elle
eCTb BO3MOXHOCTb 3aMeTUTb CBeT ApKOrO 3erleHoro ceetoaumoaa (AnuvHa
BOSMHbLI U3nyyaemoro cseta 520 HM, mowHocTtb 0,06 BT, yron usnydyeHus
180°). AnameTp 3payka B YCNOBUAX TEMHOTBI CUUTATb PABHBIM 6 MM.

TTo Knaccuyeckon 3MeKTpOMArHUTHOU TeOpuUu cBeTa MOTOK CBETOBOMU
3Heprum OT UCTOMHUKA HenpepbIBHO PpacrpocTpaHseTcs BO BCe CTOPOHHI.
Uepe3 KakoW NpOMexyTOK BpemeHU, COrfniacHO 3TOU Teopuun, OTAeNbHbIU
AQTOM TAHTASIOBOTO KATOAG MOXeT HAKOMUTb CTOSbKO 3Heprum 4YTobbl cTan
BO3MOXHBIM BbLIEeT (POTO3NIEKTPOHA , eC/U KATOA HaXOAUTCA Ha pacCTOSHUMU
L = 10 m ot 25-eaTtTHOM Nnamnouyku? PaboTa BbIXOAA ANA TaHTanNa cocrtagnseT
A = 4 3B. CuutaTb, UYTO POTO3NEKTPOHY MepenaeTcs BCS 3Heprus,
HAKaNNMBALOLAACA B ATOMe TAHTANa , AUAMETP KOTOpPOrO MOXHO CYuTaThb
pasHbIM d = 0,3 HM.
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