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PHYWE

excellence in science

Oo6wasa uHgopmauus

OnucaHue PHYWE

excellence in science

3KCﬂepMMeHT tDpaHKa-Fepu,a NnokKasbIBa€eT nornoweHne
KMHETUYECKOW QHEPIrnM INTEKTPOHOB aTtOMamMmn HeOHa Un
artoMamMu pTyT B OpUrMHasibHOM 3KCNEPUMEHTE.

3kcnepumeHT ®paHka-lepua ¢ HeoHom
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AononHutenbHaa nHdopmauyua (1/2) PHYWE

excellence in science

lNpepBapuTenbHble  [peaBapuUTENbHbIE 3HAHUS, HEOOXOAMMbIE /151 3TOrO SKCNEPVMEHTA, COAEepXaTcs B

pasgene Teopun.
3HaHuA

~ -
- ~

==

MpuHUMN DNeKTPOHbI YCKOPSIOTCSA B TPY6Ke, 3ano/IHEHHOV ra30M HEOHOM. DHEeprusi Bo3oyXaeHus
HeoHa onpefensieTcsl No PacCTOSHUIO MexXy paBHOYAa/IEHHbIMI MUHMYMaMU TOKa B
NEPEMEHHOM 3/1EKTPUYECKOM MoSe.

AononHutenbHaa nHdgopmayus (2/2) PHYWE
excellence in science
Ll,enb [NoHMMaHne KBaHTOB 3HEepPrun ¢ NOMOLLbIO 3KcnepumeHTa ®paHka-lepua ¢ HeoHoM
06yuyeHus
3a,qatm 1. 3anuwunte cuny obparHoro Toka I B Tpybke dpaHka-lepua B 3aBUCUMOCTU OT

aHOAHOro Hanps>XeHns u.

2. Onpegenute aHepruo Bo3byxaeHus E ¢ yueTom pasHuLbl MUHUMYMOB W
MakCcVMyMOB CU/Ibl TOKa.

@
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YKa3aHUA No TeXHUKe 6e30nacHoOCTU PHYWE

excellence in science

N5 3TOro aKCnepuMeHTa NPUMEHSIHOTCSA 06LLIME HCTPYKLMM N0 6e30MnacHOMY NPOBEAEHI0 3KCNEePUMEHTOB Ha
ypOKax eCTeCTBO3HAHMSI.

Teopusa (1/5) PHYWE

excellence in science

Hunbc Bop npeacTaBun nnaHeTapHyo Mogenb atoma B 1913 roay: V1301MpoBaHHbI aTOM COCTOUT M3 NOTOXUTENIbHO
3apSHKEHHOrO A4pa, BOKPYr KOTOPOro Ha 3NEKTPOHHBIX OPOUTaUISAX PACTONOXEHbI 3/1EKTPOHbLI. KpoMe TOrooH yteepxaas,
UTO3/EKTPOHBI HAXOASATCA Ha TeX opbuTax, 151 KOTOPbIX MOMEHTUMMY/IbCA PABEH Lie/IoMy KpaTHoMy h /27, T.e.n-h/2m roen
- uenoe uncno, a h - noctosiHHas MNnaHka.

BopoBckas kapTuHa 3/1EKTPOHOB B ANCKPETHbLIX COCTOSIHUSX C MEPEXofamMmn Mexay 3TUMU COCTOSIHASIMU, MPOM3BOASALLMU
N3/yyeHne, YyacToTa KOTOPOro onpeaesisieTcs PasHOCTbIO SHEPTUI MEXY COCTOSIHUSIMU, MOXET 6bITh BbiBE/leHa 13 KBAHTOBO
MEXaHWKK, KoTopasi 3aMeHuIa KNaccuueckyto MexaHvKy npyu paboTe Co CTPYKTypamu CTO/b MaslbIMU, KaK aToMbl.

13 mogenu Bopa crieayeT, UTo Nogo6HO TOMY, Kak 3/1EKTPOHbLI MOTYT NepexoAmnTh U3 paspelleHHbIX 60/1ee BbICOKMX
9HEpreTUYecKkMX COCTOSIHII B 60/1ee HU3KME, OHW MOTYT BO36YXAaThCsi B 60/1e€ BbICOKME SHEPreTUUeCKne COCTOSIHMS,
norsiowast UMeHHO TO KO/IMYECTBO SHEPTrvK, KOTOPOE NPeACTaB/sSeT CO60I pasHULY MexXay HU3LWMMUW U BbICLIMMU
COCTOSIHUSIMMN.
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Teopus (2/5) PHYWE

excellence in science

bxeimc ®paHk 1 MN'yctas lepu, noaATBEPANIN, YTO 3TO
[OECTBUTE/BbHO Tak, B CEPUM 3KCNEPUMEHTOB, O KOTOPbIX

6b1110 coobuyeHo B 1913 rogy, B TOM xe roay, koraa bop U
npeAcTasn/ CBOK MoeNb. ®paHk 1 Mepl, Mcnonb3oBasiun —
My40K YCKOPEHHbIX 3/1EKTPOHOB /151 U3MEPEHUS SHEPTUN, By
HeobxoAnMoW Ans nepeBoga 3/1eKTPOHOB B OCHOBHOM

COCTOSIHWM ra3a aToMoB PTYTU B NepBoe BO30yXAeHHOoe

CoCTOAHKE. /7'7

us u uz2

B faHHOM aKCnepuMeHTe UCMNOoMb3yeTcsa TPy6ka, av 0.988V 7V
3arosiHeHHas ra3oM HEOHOM. DM1EeKTPOHBI, UCNyCcKaeMble

TEPMOMOHHbIM KaTO0M, YCKOpPATCA Mexay katonom C u

aHozoM A B TpyOke, 3ano/IHEHHO HEOHOM, 1 paccenBatoTcs

NP yrnpyrom CTO/IKHOBEHUW C aTOMaMy HEOHa.

l
Ne-Gas E |

MpuHUMN n3MepeHus.

Teopus (3/5) PHYWE

excellence in science

Ot aHopgHoro HanpsxeHusa U 16,8 B, o4Hako KMHETMYeCcKan aHeprusa 3/1eKTPOHOB A0CTATOUHaA, YTOObI
nepeBecTV Ba/IEHTHbIN 3/1IEKTPOH HEOHa Ha MepBbIil ypOBEHb BO30YXAEHWS B pe3y/ibTare Heynpyroro
CTO/IKHOBEHUS. 13-3a cONyTCTBYOLLEV NOTEPU SHEPTUM IMIEKTPOH BOMbLUIE HE MOXET Nepeceyb
NPOTMBOMNOJI0XKHOE Nosie Mexay aHo4oM A 1 NPOTUBO3NEKTPOLAOM S: TOK I MUHUMaUIEH.

Ecnu Tenepb ewe 60blie YBENNYUTb aHOAHOE HamnpshXeHne, TO KNHETUYECKast 3HePrusa 3/1IeKTPOHa CHoBa
CTaHOBUTCS AOCTATOYHOW A1 NPEOA0IEHMS NPOTMBOAENCTBYIOLLEro Nons: cuna Toka I ysennunsaercs.

Korga U; =2 - 16,8 B KuHeTnuyeckas aHeprusa HacTos1Ibko BbICOKa, YTO ABa aToma nogpss MoryTt 6bITb
BO30Y)XXAEHbl OAHUM M TEM Xe 3NEKTPOHOM: Mbl NOIy4aemM BTOPO MUHUMYM.

3TV MUHVMMYMbI, OAHAKO, HE O4EHb XOPOLLO OMNpeaeeHbl 13-3a HaYa/lbHOTO TENIOBOTO pacnpeneneHus
CKOPOCTEW 3/1EeKTPOHOB.
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Teopusa (4/5) PHYWE

excellence in science

Hanpsixervie U; Mexzay aHO40M M KaToAoM NpeacTaBneHo
U =U+(®4—®¢)

roe U - nogoBaemoe HanpsikeHne, n & HanpshkeHve paboTbl BbIXOAa Ha aHOAE U KaToAe COOTBETCTBEHHO.
MockonbKy aHeprus BosbyxaeHusi E onpeaensietcs no pasHoOCTU HANPSKEHWUI HA MUHMYMax, paboToit
BbIbX0a 3€Cb MOXHO NpeHe6peyb.

CornacHo Kiiaccuyeckoli Teopun, aHepreTuyeckne ypoBHU, Ha KOTOPbIE NEPEXOAAT aToMbl PTYTKH, MOTYT ObITb
nto6biMun. CornacHo KBaHTOBOV TEOPWK, OAHAKO, ONPEAENEHHDBIV SHEPTETUYECKUI YPOBEHL NPeAHAa3HAYEH /15
onpeneneHoro atoma.

Kpuas I/U, 6blna Bnepsble 06bsICHEHA HA OCHOBE 3TOT0 NPEACTaB/EHNS W, TaKUM 06pa3oM, NpescTaBnseT
coboli noATBEPXAEHNE KBAHTOBOI Teopun. Bo30yXAeHHbIVi aTOM HEOHA CHOBa BbICBOOOXAAET MOI/OLLEHHYHO
MM 3HEPTUI0 MPU NCNyCcKaHMn hoToHa.

Teopus (5/5) PHYWE

excellence in science

Korga sHeprus Bo36yxaeHus E pasHa 16,8 aB, gnvHa BosHbI 3TOro ooToHa cocTaBnsieT

rec=29979-10° 2 nh = 4.136-10 " eV
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OG6opypoBaHue

Mo3unyusa Matepuan MyHkT No. KonunuecTtBo
1 Ne-Tpybka ®paHka-lepua, ¢ KOXyxom 09105-40 1
2 Bnok nutaHna gna akcnepumeHTa ®paHka-repua 09105-99 1
3 CoeaunHuTenbHbIi WHyp ans Ne-Tpybkn ®paHka-repua 09105-50 1
4 MO ana akcnepumMeHTa ®paHka-repua 14522-61 1
5 MpeobpasoBatens USB - RS232 14602-10 1
6 Kabenb nepefayn gaHHbIX, LWUTEKEP/rHE3[0, 9-KOHTaKT. 14602-00 1
7 Kabenb ¢ 3awmTHbIM NokpbiTem, BNC, =750 mm 07542-11 1
7111
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[AononHutenbHoe o6opyaoBaHue PHYWE

excellence in science

Mo3unuuna Matepuan Konnyectso
1 MK 1

PHYWE

excellence in science

NMoarotoBKa U BbINO/IHEHUE Pa6oThI
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MoaroroBka PHYWE

excellence in science

CobepuTe yCTaHOBKY Kak Mokas3aHO Ha pUCYHKe.
Moapo6HOCTM CM. B UHCTPYKLMK MO
akcnnyatauun npméopa 09105-99.

MoaxntounTe 610K ynpaenenus Franck-Hertz k
nopty komnbtotepa COM1, COM2 nnu K nopty
uUSB

JKcnepuMeHTaslbHast ycTaHOBKa

\/
BbInosiHeHne pa6oThbl PHYWE
excellence in science
Franck-Hertz experiment - measuning _’.‘.jl
3anycTtute nporpammHoe obecneveHune n Bbibepute Franck- Hoge ol
" & autornatic control End voltage LN 98,90 ¥
Hertz SkcnepumeHT. MossuTcs okHo "®paHk-Tepu- £ manusl control s s TR
aKkcrnepumeHT ". OnTUMasibHbIe NapameTpbl pas/inyHbl AN e Voltags U3 B
Kaxzoin Ne-Tpybkun. KOHKpeTHble napamMeTpbl 415 BaLlero taae -] velapeuH o v
npubopa Bbl HalifieTe Ha NINCTe, KOTOPbIV B/IOXEH B . Ll

ynakoBkKy Ne-Tpy6kn.6 yCTaHOBUTE AaHHbIE NapamMeTpbl B B voltage U1 Display
¥ Current 14 W A r
nporpaMHoOM o6ecrneyeHun. i D T ot st et
| Valtaga U3 & Diagram
Bbi6epute napameTpbl A1 U1, U2, U3 n UH, ykasaHHble Ha —— - Setup
3TOM NIUCTE, N YOeanTeCh, YTO OCTal/lbHbIE NapamMeTpbl 9:'“'“ Informatian
e Tube: Neon
YCTaHOB/IEHbI, KaK NMOKa3aHo Ha puc. 2. Haxxmute KHOMKy i b fhenim i i
NPOAOMKNTb.
Confinug I Cancel I
V3mepuTernbHble napameTpbl.
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OueHka (1/2) PHYWE

excellence in science

N fimn B S Mpacbvik I /Uy nokasbiBaeT paBHOYAaIEHHbIE
/’\ul' MakcVMyMbl 1 MUHUMYMBbI.

2 [N Halei oueHKM Mbl onpeaensieM 3HaueHus

. / HanpsHKeHVst MUHUMYMOB. 13 pasHuLpbl Mexay

x ' 3TVMU 3HAYEHUSIMU Mbl NOJTyYaEM SHEPTUIO

4 / BO30YyXaeHus E aToMa HeoHa, B3sB cpeaHee
3HayeHve. OUeHNBast UMEPEHNS HA PUCYHKE,

[ Mbl NONYYNSIN 3HAYEHKE

\ ¥ E=(174+0.7)eV

m ] Pt = Y [ o) o =

Mpumep kpusoii ®paHka-Fepua, 3anMcaHHoOR C NOMOLLbH
Ne-Tpy6ku.

excellence in science

OueHka (2/2) ?HYWE

3anonHuTe NponycKu:

B Tpy6ke, 3anonHeHHOI , AMIEKTPOHbI UCMYCKAIOTCA CBEYEHNEM karoga
13 TEPMOVIOHHOTO W YCKOPSIOTCS K . aHozy
Ecnv HanpspkeHne yBenmunBaeTcs MeAsIEHHO, M3MEPEHHbIE 3HAUEHNS TOKa CHavYana

HEOHOBbIM ra3oMm
3KCMOHEHUMAIbHO, 10 ONPEAENEHHOTO HANPSHKEHUS], a 3aTEM

YMEHbLLUaKTCA

Me[J/IeHHO. 3Ha4yeHus Toka CHOBa,
YBENNYNBAKOTCA

Koraa Hanps>XeHune yaBamBaeTCA No CpaBHEHUIO C HaYa/1IbHbIM HalpsAXXeHNem (I'Ipl/l
YBENMN4YMBakOTCA

KOTOPOM TOK BO3pacTaer).
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Cnaiig, OueHka/Bcero
Cnaiig 17: CBOAHbI SKCNEPUMEHT 0/6
0O6Lwmii 6ann 0/6

@ [okasaTb peLleHust < [loBTOpHas nonbIiTKa
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