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I'pyna 31

di3uKa Ta aCTPOHOMIS
Ypok 26-27

Tema ypoky: KBantoBi BaacTuBocTi cBiti1a. Crana [linanka.

Mera ypoKy: HaguaibHa — 03HAMOMHUTH YUHIB 3 KBAHTOBHUMH BJIACTUBOCTSIMU CBITJIA.
po3eusanbha — POPMyBaTH B YUHIB BMIHHSI KOPUCTYBATHUCSI HAYKOBO-TIOMYJISIPHOIO
JITepaTypoOrO Ta BUSBJICHHS TBOPUYHUX 310HOCTEH IIPH PO3B’A3yBaHHI BIIPaB;
8UX06HA — BUXOBATHU TPY0IIOOUBICTh, TOUHICTh 1 YITKICTh TP BIAMOBIASIX 1
pO3B’s3yBaHHI 3aB/IaHb T4 HABUUTHU AITEN «OaunTh» (P13UKy HABKOJIO cede.

Marepiajau 10 YPOKY

3apoakeHHs] KBaHTOBOI Teopii. BuBuenHs sBum nudpaxuii, iHTepdepeHuii 1 moiaspusamii
CBITJIa TIPUBENIO JI0 YTBEp/KEeHHS B KiHII XIX CT. €lIeKTpOMarHiTHOI XBHJIBOBOI TeOpii CBITIA.
ExcriepuMmenTanpHO OyJji0 OBEIEHO, IO CBITJIIOBI XBHJII BIJPIZHSAIOTBCS BiJ PaTiOXBHIbL JIHIIE
JIOBXKUHOI0. BUNIpOMiHIOBaHHS €JIEKTPOMAarHiTHUX XBWJIb Y pajiiojiana3oHi BiIOyBa€eThCs IMija dac
MPUCKOPEHOTO PYXY ENEKTPOHIB (KOJMBaHb €ICKTPOHIB B aHTEHI pajaionepenanaya). CBITIOBI XBUJI1
BUIIPOMIHIOIOTH PO3KapeHi Tila (Harpukiaa, BoJb(ppaMoBa HUTKA Yy JIaMITi pO3KapIOBaHHS). 3T1IHO
3 Teopieto MakcBeiia BHIPOMIHIOBAHHS BHIMMOIO CBITJa HArpiTHM TiJIOM MOKHA TOSICHUTH
KOJIMBAJIBHUM PYXOM €JIGKTPOHIB, ajieé 3 4aCTOTOI0, 3HAUYHO BUIIOI0, HIXK B aHTEHI pajionepeaaBaya.
[Ipote Teopist MakcBesa He MOSICHIOE PO3MOILTY €HEpPTii Y CIIEKTPi BUIIPOMIHIOBAHHS PO3KapPEHOTO
tima. Came po3B's3aHHS MPOOJEMH PO3MOAUTY €HEeprii BUIPOMIHIOBAHHS HArpitToro Tijla MiX
PI3HUMHM JTOBXMHAMH XBHJIb IPUBEJIO 10 CTBOPEHHS KBAaHTOBOI (DI3UKH.

Y uwomy x cyrb mpobnemu? Ha man. 264 300pa’keHO €KCIEpUMEHTAIbHO OTPUMaHI KPHUBI
PO3IOANTy eHeprii B CIIEKTpI BHIPOMIHIOBaHHS abcomomno uophozo mina'. Tlo oci abcuuc

BIJIKJIaJICHO JOBKUHY XBHJIb, I10 OC1 OPJUHAT - TIOTYXHICTh




HckpasicTs BUNPOMiHIOBAaHHA
a6CcoII0THO YOPHOTI'O Tija

JloBXMHA XBHJIL

Man. 264. Po3nogin eHeprii B CNeKTpi BUNPOMiHIOBaHHA abCOMIOTHO YOPHOro Tina

BUIIPOMiHIOBAHHA OAUHHUILL IOBEPXHi CBiTHOrO TijIa B OAMHUYHOMY iHTEepBaJIi A0-
B’KUH XBHJIb. Pi3Hi KpuBi BifnoBizaoTs pisHuM TeMnepaTypamM abCoJIIOTHO YOD-
Horo Tina. Ilnoma mix xpuBOIO BH3HAYAE 3arajibHy €HEPreTH4YHY CBiTHiCTH a6-
COJIIOTHO YOPHOTIO TiJia IpH BifAnOBifHiI#A TeMmepaTypi. YuM BHIA TeMIepaTypa
Tina — TEM 6iabIIOI0 € HOro eHepreTUYHa CBiTHICTE.

3BepHiMO yBary Ha ¢opMy KPHBHX POSHOALNY 3a pisHMX Temneparyp. las
BCiX KpDMBHX XapaKTePHMM € HAABHICTh MAKCUMYMY, TOOTO iCHY€E JOBXKHMHA XBU.IL
Amax» Ha AKi¥ BUNpOMiHIOBaHHSA Ha#b6inbmre. 3 MiABUINEHHAM TeMIOEPaTypH A,
cTae Bce Kopormoio. Came ToMy po3skapeHe TiJIO 3 MiABUIIEHHAM TeMIepaTypH
CTa€ CIOYATKY YePBOHHMM, IIOTiM OPaHKeBHM, i HapemrTi, JXKOBTO-6iIuM.

I came HasABHICTP MAaKCHMMyMy He BAABAJIOCA IOSCHHUTH, I'DYHTYIOUHCH Ha
XBMJIbOBi¥ Teopii BunpoMiHIOBaHHA. B pi3sHHX HAGMMIKEeHHAX BAABAJIOCA HErora-
HO OIIMCATH JIUIIe Kpai peaJbHOI KPHUBOI — B AEAKOMY OKOJIi HYJIS Ta JJISA A —> oo .

lNnoresa M. lNnaxka. Buxin s kpurTuasOro crany 6yB sanmponorosauuii y 1900 p.
HiMenskuM ¢dismkom M. ILtarxom. Ha Bigminy Big 3posyMisioro ysaBieHHs Ipo Te,
IO NOIVIMHAHHSA i BUNIPOMiHIOBAHHSA CBIT/JIOBHMX XBHJIb ni.z:ﬁynae'rhca 'Henepepnno,
M.IL1ask IIPUIIYCTHB, IO TiJIO BUIIPOMiHIOE CBiTJIO OKpEeMHUMH nopmamn, AIKi BiHHa-
3BaB Keanmamu’' enepezii. EBepris KBaHTa NPONOPIiifHA YACTOTI BANPOMiHIOBAHHS,
E = hv. KoedinierT nponopuiitaocTi k gicras HasBy cmaanoi ITraunka.

Buxopaum 3 miei imei, Ilnark AicraB 3akoH pO3NOAiNYy eHeprii y cmexkTpi
Harpitoro Tina, AKMA moOpe ySroZ’XKyBaBCA 3 E€KCIEPHMEHTAJLHUMH JaHH-
mu. Ha cboropni 3HauweHHaA crayol IlnmaEka BH3HAYEHO 3 BHCOKOIO TOYHICTIO:
h=6,6260755-10"2* >k - ¢ . [lna 6LIBIOCTi PO3PAXYHKIB BEKODHCTOBYETHCS Ha-
6nuxeHe sHaveHHA h=6,63-10"2* I c. [HKOIM BHKODHCTOBYIOTh TAK 3BAHY

3BefieHy crany Ilnanka h= % =1,05-10"% x-c.



Inesa Ilmanka mpo nepepuBYacTHH (IUCKPETHHM) XapaKTep BUNIPOMiHIOBAHHA
# NOrMUMHAHHS CBiTJIa 3HAYHO BIUIMHYJIA HA BECh IOAAJBIINN PO3BUTOK Qi3UKH.
IIpore cam IlnaHkK cnpuiiMaB CBOIO ifel0, AK AEAKWH MATEeMaTHYHHAN NPHHAOM,
SxHI JO3BOJIAB OTPUMATH IIPABUJILHUN PE3yJILTAT IPH NOSACHEHH] TEIIJIOBOTO BU-
TDOMiHIOBAHHSA, HACTIJIBKY HeHMOBiIpHO OyJI0 YABUTH HellepePBHUM XBUJIBOBHM
IpoleC AUCKPETHHUM, aJi’Ke 3a KJIACHYHNUMHU YABJIEHHAMHY HellepepBHICTH IPUH-
ZHMOBO BiZIpi3HAE XBUJIIO BiJf YACTHHKH.

Ines kBaHTYBaHHA — OJHA 3 HaWBakIMBimux ineit y Hayui XX cr. Ha ii ocHo-
31 BUHHKJIA ¥ PO3BABAETHCA K6AHMOBA MEXAHIKA, AKA NAa€ MOXKJIABICTE BUBYATH
2c00JIMBOCTI MIKPOCBiTY — CBiTY aTOMiB, €/IeMEHTADHUX YACTHUHOK Ta IX B3a€EMO-
ziii. Sk MH gisHAEMOCH 3 MOZAJIBIIOrO, OaraTo XxapakTepHMCTHK eJleMeHTapHHX
JaCTHHOK KBAHTYIOThCA, TOOTO MOXKYTH HabyBaTH JIMIIIEe IEBHOI'O PAAY AUCKpPeET-
SMX 3Ha4YeHb. Tak, KBAHTYIOTHCA €HEprisd aroMa, MOMEHT iMIyJIbCYy eJIeKTPOHA
mij yac pyxy no op6iri aroma ra iH.

AanTte BiANORBIAl HA 3aNUTaHHA

“11. Y 4yomy nongrae cyTe rinoteau M. MNnawka?
| 2. YoMy [OBENOCA 3BEPHYTUCS [0 YSBNEHHS NPO ANCKPETHICTb CBITNOBOro NOTOKY?
| 3. Yomy popisHioe ctana MnaHka? MokaxiTb, Wo crana MNnaska BUMIPIOETLCA Y TUX Xe
| OAMHUUSAX, WO | MOMEHT iMNynbCY.

. KopnyckynapHoO-XxBunbOBMW Ayani3Mm ceiTna

Npunuun aonosHwoeanocTi. IlepmuM 3po3yMiB BaknuBicTh ifei KBaHTY-
saHHA A. Eifnmreits, axuii y 1905 p. 3 KBAHTOBHUX NO3UIiY NOACHUB (POTOCNEK-
TPHUYHHUN eeKT, 3a 10 oMy 6ysro npucyaxeno HobexiBcbKky nmpemiio.

DotoedekT, epexr KomnToHa Ta iHII eKciepuMeHTH (PO AKi JeTaJIbHO MOBa
ATHMe Y HACTYNMHHMX naparpadax) MiIfHO YTBEPAWUIU KBAHTOBY (KOPIYCKYJIAPHY)
Teopilo ceiTia. IIpore Kiaacwuni gocaiau IOHra Ta iHMMX JOCHIAHMKIB i3 BUBYEHHS
By iHTepdepeHuii, audpakiii ZOBOAATH XBHJIHOBY IPUPOARY cBitia. [Tocrae au-
JeMa: OfHI eKCIIepUMEHTH JOBOAATH, [0 CBITJIO IOBOAMUTE cebe AK XBUJIA, a 1HII —
AK MOTIK 9aCTUHOK. Ky 13 Teopii CBiT/Ia — XBHJILOBY YA KOPIYCKYJISAPHY — BBAXKATH
susHavasnbHo0? A Buxoay i3 miei curyanii aarceknit ¢isukx Hinse Bop (1885—
1962) 3anponoHyBaB npuHyun 0onosHiO6aHOCMI, 3TifHO 3 AKUM JJIA NOACHEHHS
IPUPOJH CBiTJIa CJIii BHKOPHUCTOBYBATH i KOPIYCKYJIAPHIi, i XBUIHOBI BJIACTUBOCTL
CBiTJIa — AK [Bi CKJIAJOBi Oro MPUPOAH, IO AONOBHIOIOTH OJHA OAHY. XBHJILOBI 1
KBAHTOBI BJIACTUBOCTI CBiTJIA HEe MOKHA NMPOTHCTABAATH. BiacTHBOCTI Henepeps-
HOCTi, XapaKTepHi i eJIEKTPOMATHITHOIO MOJISA CBIiTJIOBOI XBIMJIL, He BUKJIIOYAIOTh
BJIACTUBOCTEH AUCKPETHOCTI, XapaKTepHHUX AJIA KBaHTIB CcBiT/Ia — (hOTOHIB.

ol KBaHT cBiTna — MiHiManbHa NOpUifa CBITNOBOI eHeprii, nokaniaosaHa y 4YaCTUHL,
’ SIKY HA3UBAIOTb POTOHOM.

INane moHATTA BBiB A. EfHIITEHH, IOACHIOIOYH 3aKOHH QoToeheK Ty, MEXaHI3M
JIIOMiHeCHeHmii.

TakuM YMHOM, CBITJIO Ma€ eJIEKTPOMATHITHY NPHUPOAY i oMy mpuTaMaHHi
ABOICTI KBaHTOBO-XBHJILOBIL BiaacTuBocTi. Came 110 ABOICTiCTH MalOTH HA yBasi,
KOJIM T'OBOPSATH NP0 KOPNYCKYAAPHO-X8UAbOBUIL dyani3m cBiTa. Y BHAHUMOIO
CBiTJIA KBAHTOBi Ta XBHJILOBI BJIACTHBOCTL BUABIAIOTEH cebe OJHAKOBOKIO Mipolo.



XBUJIBOBI BJIACTMBOCTI CBiT/Ia NPOSABIAIOTHECA y IpoIecax MHMOro IOIIMPEH-
HA, iHTepdepennii, audpaknii, noaspusanii, a KOPOYCKYJAPHiI — y mpomecax
B3a€MOJi1 CBiTJIa 3 PEHOBHUHOIO.

Jua iAmuX BUAIB BUNPOMiHIOBAHHA CIIOCTEPIra€ThCs BarKJIMBA 3aKOHOMip-
HICTh: HA MAJIMX YaCTOTaX O1IbIIOI0 MipOIO IPOSABIAIOTHCA XBUJIbOB1 BJIACTHBOCTL
(Hanpukaaj, Aas paAioOBHIIDOMiHIOBAHHSA), & HA BEJIMKHX YACTOTAX — KBaHTOBI
(HanpuKJIaj, peHTreHiBChbKe BUIIPOMiHIOBAHHS).

BnacrtueocTti GortoHa. ¥ cyuacHiit pisuni GoTOH po3rasganTs AK OJHY 3
eJIleMeHTapHUX YaCTUHOK, NPOTe Ha BiiMiHY BiJf YACTHHOK PEYOBHMHM BiH Mae€
cuenu@iuHi BJIacTUBOCTI.

Ockinbku (OTOHM PyXarOThCA 3i MIBUAKICTIO CBiTJIA €, 1 3TiIHO 3 OCHOBHUMH 110~
JIOXKEHHSAMH CIeliaJbHOI Teopii BiAHOCHOCTI B yCixX iHepIianbHUX cHCTEeMAax BiIiKy
IIBHKICTE CBITJIA € CTAJIOO, TO He iCHY€E TAKMX CHCTEM BiJUTIKY, BITHOCHO AKHUX (o-
TOHU MOKYTbh nepefyBaTH y CTaHi criokow. [HmuMu ciroBamMu, QOTOH iCHYE TLIBKH
B pyci. SynNMHUATH 4YM 3arajJibMyBaTH (DOTOH HEMOJKJIMBO, BiH ab0 pyxaeTbcs 3i
IIBUJKICTIO CBiTJIa, 60 He icHye. Ha BigMiHy BiJf YaCTHHOK peYOBHHH (€JIEKTPOHIB,
aToMiB) OTOHHM MOXKYTH HOPiBHAHO JIETKO BUIPOMiHIOBATHCH 400 MOTJIMHATHCE.

BpaxoByiouu Te, mo (OoTOH — e KBAHT CBiTJIa, HOrO €Heprifg BU3HAUYAETHCH
3a opmyisow E =hv . IloBHY eHepriio ¢oToOHa MOKHA BU3HAYHUTH 1 3a 3aKOHOM
B3a€MO3B’A3Ky Macu-eHeprii E =mc> . IIpupiBHIOIOYH i HOPMYIH, MOXKHA BHU-

hv _h
3HA4YUTH Macy QoToHA M =—-=—

2 e
IligcraBnsiouu y opmyny E=hv 3HAYEHHS I'PAHUYHHUX YACTOT JiallazoHy
BUJIMMOTIO CBiTJIa, MOXXHa OOYMCIUTH Hiana3oH eHeprii ¢oToHiB: Bix 2 eB (uep-
BOHHUH Ko0JHD) 10 3 eB (dioseroBuit koxaip). Iliel eneprii oToHiB GyBae gocrar-
HBO JJIA TOTO, 1100 30yAUTH eJIeKTPOHU BCEPEAMHI aTOMiB pe4yoBHHHU ab0 HaBiTh
BHPBaTH iX 3a MeXi aToma (ABHUIe BUPDHUBAHHSA €JEKTPOHIB 3 IOBEPXHI MeTany
HOCHUTBH Ha3BY (poToedekxTy).
CroiBBifHOIMEHHSA MiXK eHeprieo ¢GoTOHA Ta HOBKHUHOIO XBHUJII MOXKHA 3alUca-
TH Y TAKOMY BUTJIAI:
¢ ch
A=—=—.,
VvV Vh
BpaxoBywoun, 110

ch=3-1082.6,63-10* I - ¢ ~1,99-10"% Ioxc-m; 1 Ix=6,25-10'%¢B ;
C

1M=10" A (A YUTaEThCA aHrcTpeMm), E = hv , orpumyemo AE =12397eB- A .

3a eHepriero oxHOro (POTOHA MOKHA BU3HAYUTH YHUCIO (DOTOHIB y HYUYKY,
AKINO BijloMuii #oro noBHUM noTik eneprii. Hanpukiaazn, A cBiT/Ia JOBXHHOIO
s ; . -13 2
xBuii A = 500 HM Mesxa 30poBOro BiguyTTs gopiBuioe W =2,1-107"" Ik /(M* - ¢).
Pospaxyemo KinbKicTh GOTOHIB, AKi cnpriiMae OKO Ha MeXi 30pOBOro BiquyTTH.

: c
Jns nboro BUSHAYMMO €Hepriio ogeoro ¢orouna E=h oy

3-10° m/c

E=6,63-102 'k ¢c-————
a 500-10°m

=3,96-107"° Ik .



w ~2,1-1077 Ik /(m® - )

Toxi KinskicTe ¢oOTOHIB fgOpiBHIOE n=—; n= =
E 3,96-107° I:x /doTon
= 53-10* poron/(m*c).
. . ) hv h
DoTOH MaACoI0 M, PyXal4uch 3i MIBUAKICTIO ¢, Ma€ iMOoynsc p=mec=—= x .
c

IMmoyasc ¢oroHa Oysio BuABJIEHO eKcrnepuMeHTandbHO A. KoMmnrTonom, 3a mio
poGoty BiH orpumaB HobGesniBcbKy npemiio y 1927 p.

Taxum YMHOM, I Yac B3aeMoZAil (poTOHA 3 aTOMOM BiH nepesac peHYOBHUHI He
JHIIe eHepriio, a ¥ iMmoyasc. Ilum, 30KpeMa, HOACHIOETHCA THCK CBiTJIA: ITOTIK
doroHiB, yaapsawuuck 00 nepemkoay, nepegae it iMmnysasc nogiéHoO A0 TOro, AK
MOJIEKYJIH a3y, YAapAKYUCH 00 CTIHKY NOCYAUHHU, YAHATH TUCK HA HUX.

OTxe, I'PYHTYIOUMCHh HA KBAHTOBiM IPHUPOJAi CBiT/Ia, MOXKHA NOACHHUTH Taki
disuuHi ABUIIA, IK THCK CBiTJIa, BUDUBAHHSA €JICKTPOHIB 3 IIOBEPXHI MeTaly mif
aiero cBiTiaa (poroenekTpuuHMH edexT) Ta iHmi. BogHouac cBiTay BracTUBi XBU-
a60Bi ABuma. [lyasrisM BJIaCTHUBOCTEH CBiTJIa MPOABIAETHCA ¥ HopMysIax, 3 AKX

: hv hv
BU3HAYAIOTH XaPaKTePUCTUKH (QoTOHIB: E=hv, p=—, m=—. ¥ nux popmy-
c c
J1axX KBAHTOBI xapakTepucTHKHM (OTOHIB (eHepris, imnyisbc, maca) 3B’s3aHi 3

XBHJIBOBOIO XapPAKTEPUCTHKOIO CBiTJIa — MOT'0 YACTOTOIO V.

Raiite Bignosini Ha 3anuTaHHs

“1 1. HaasiTb OCHOBHI BnacTuBoCTi POTOHA.

2. 5k BU3HaunTKM Mmacy Ta imnynbsc GoToHa? Ak HanpaAMNeHut iMnynbc GoToHa?

3. Y YoMy nonsirae KopnyckynsipHO-XBnAbOBWUIA Alyaniam ceitna?

4. [lo skoro Buay Tpe6a BiqHECTV NPOMEHiI, eHeprist GOTOHIB AKX CTaHOBUTL 2:107"7 1,
4-107"° 1, 3-10% Ox?

5. CniBBiQHOWEHHS MiX YacTOTaMu ABOX POTOHIB Take: v, = RBv,. MopisHsiTe ix eHepril
Ta iMNynbLCW.

JlomaiHe 3aBaaHHsi: onpayrosamu KOHcnekn, §25, cr 194, Ne2

3BOpoTHI# 3B's130K: Ysipovich.anna@gmail.com



