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EDPEKT

§ 31.1. 3arajnbHi BitomocTi npo ¢oroedexr

SBuie oToeneKTpUIHOro eeKTy MOCiIae 0COOIMBE MICLie HE TUIBKU B CTPYKTYP1 ONTHKH, a 1
B3arayi B i3url. BigkpuTTst JaHOTO SBHINIR, i 0COOIBO HOro TEOPETUYHE OOIPYHTYBAHHS, MAJIO BEJIHIKE
3HAYEHHs SIK JUISI PO3BUTKY BUCHHSI TIPO B3aEMOJIIO CBITVIA 3 PEYOBHMHOIO, TAK 1 VISl PO3BUTKY BUCHHS
PO MPUPOJY CBITIA. AHaI3 sBHIIA (OTOSHEKTY MPU3BIB 10 YSABJICHHS PO CBITJIOBI KBaHTH ((OTOHH) 1
3irpaB Ha/[3BMYAHO BAXKIIUBY POJIb B PO3BUTKY CYJaCHNX TEOPETHUHUX (I3HMIHUX ysBIICHb. Binkpurrs
¢oroedexTy MokHa BigHectd 10 1887 p., xomu I'. 'epii, IpoBoasIM JOCIIM 3 ICKPOBUM PO3PSIIHU-
koM (puc. 31.1), HOMITHB, 10 OCBITJICHHSI ITy4KOM YIETPagioiieTOBUX MPOMEHIB €IEKTPOIIB iCKPOBOrO

F, \(He

PO3PSUIHKKA TIOETIITYE TIPOCKAKYBAHHS iCKpH (PO3psiLy),

TOOTO O3PSI BiIOYBAETHCS TPH MEHILIIH Harpy3i, HiK 0e3

N Takoro OcBimIcHHS. [li3Hime iHIMA HIMEIBKUN (i3HK

:B ‘ — S B Tamsakc (1859 — 1922), pociticekuit disuk A. I'. Cro-

— 7 gero (1839 — 1896) Ta iHIII JOCITITHAKA TOKA3JIH, 110

i B gocrim ['epria BinOyBaeThes 3BUTBHCHHS 3apsiliB i3

eIIEKTPOiB I Aiero cBimia. [lomamatoun B enexTpud-
T

Puc. 31.1 HE TIOJIE MK €JIEKTPOIaMH, 3apsu TIPUCKOPIOFOTHCS,
T 1OHI3YIOTH OTOUYIOUMIA a3 1 BUKJIMKAIOTH PO3PSIIL.
Cxema JociiiB, BUKOHAHUX pocifickkuM ¢isukoM A.I'. CroneroBum, HaBeneHa Ha puc. 31.2,

ne C — minHa citka, D — nuaKkoBa wiactunaka, G — rajipBaHo-
Mmetp, V — BonbT™METp, b — mKepeno exekTpuaHOro cTpymy.

Ipy ocBiTIIEHH] HEraTHBHO 3aPsIPKEHO] IIMHKOBOI IIaCTHH-
KM B KOJIi BUHUKAB EJIEKTPUYHUN CTPYM, SIKUH OTPUMaB Ha3BY
(¢orocTpymy. SBuIe BUpHBaHHS 3apsiiB 3 MOBEPXHI METAILY
Oyno Has3BaHe (poToeneKTpu4HUM edekToM. OCHOBHUMHU
pe3ynbTaTamu JociipKeHb CToNeToBa, sIKi 30eperiy CBOE 3Ha-
YEHHS /10 HAIINX JHIB, OYJIM HACTYITHI BUCHOBKH.

1. HaiiGinpIn eheKTMBHO J1if0Th YIbTpadioneToBi MpoMeHi;

2. Tix miero cBiTia 3BUTBHSAIOTHCS HETATHBHI 3apsiId;

3. Benmmumna dotoctpymy mpornopuiiiHa BeJIHIHHI OCBIT-
JICHOCTI IIMHKOBOI ITACTUHKHY;

4. SBumie doToedekTy npakTHIHO Oe3iHepliiiHe.

CTONETOB TAKOX BIIEpILE BKA3aB HA MOXJIMBICTb NPAKTHY-

HOrO BUKOpHUCTaHHS (hOTOC(EKTY, 30KpeMa, sl peecTpallii cBiTIIa.
*

C

D

@
2

Puc. 31.2

B 1898 p. ®@. Jlenapn i 1. TOMCOH MeTONOM BiIXWIJICHHS 3apsiliB B €IEKTPHYHOMY 1 MarHiT-
HOMY TIOJISIX BAMIPSUTH IIATOMHUH 3apsil e/m YaCTHHOK, SKi BUPHBAIOTHCS TTiJT TI€I0 CBITIIA i3 KaTO-

“®. JTenapn (1862 — 1947) i IT, Tomcon (1892 — 1975) — anrmiticeki diuxu, maypearn HoGemBcsKol mpe-
wmil: . JleHap— "3a mocrimkers karomraux mpomenis” (1905 p.); 1. TomcoH — 32 TeopeTrUHi i eKcriepu-
MEHTAJIbHI JIOCIT IPKSHHSI TIPOXOJDKEHHS IeKTPIHYHUX 3apsyiiB uepes razu’ (1906 p.)
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31 @omoenexmpuunuii ecpexm

na. 1i BuMiproBaHHS IMOKA3aIH, IO e/m = 1,759'1011 Ki/kr, noBiBIIM UM caMuM, IO 3BLIbLHEHi
Hia Jiero cBiTiIa 3apsau € eJieKTPOHAMHU. SIBUIE BUPHBAHHS 3 PEUOBMHH EIIEKTPOHIB ]I JII€0
CBITJIa OTPHMAJIO HA3BY 30BHIIIHBOTO (hoToedexTy. besnocepeHii 10Kka3 BUPHBAHH €ICKTPOHIB
3 METaTy il JIERO CBITIA 0TpUMaHo B ociinax A. @. lopde.”

1o bOro cJiig 3poduTH 1Ba 3ayBasKeHHS |

1. B umpokomy po3yminHi poroedexTom MokHa HazBaTu Oynb—ske siBuie (edekrt), mo-
B’s13aHE 3 JI€IO CBiTJIa HA PEYOBUHY 200 OKpPEMY YAaCTHHKY—MOJICKYIY, aTOM 1 HaBiTh aTOMHE
sapo. Tomy HIK4Ye MoBa mifie He po (oToedeKT B3araji, a Ipo OAWH i3 HOro MposBiB, KU
HA3UBAETHCS 30BHIIIHIM ¢oToedekToM. Tak HOro HA3MBAOTH, i IKPECITIOIOUH, IO IIEH TepMIiH
O3HAYa€ SBUIIC BUIIPOMIHIOBAHHS €JIEKTPOHIB PEUYOBHMHOIO MiJ| JI€0 CBITJIOBOTO IMOTOKY, IO
najgae Ha peYOBHHY. BUIIPOMIHIOBaHHS TiIOM THX YH iHIIMX YACTHHOK (HEe 00OB’S3KOBO €JICK-
TPOHIB) Ha3MBaIOTh emiciero. Tomy 30BHIIIHIN PoTOCHEKT HA3UBAIOTH TAKOXK (OTOETEKTPOH-
HOIO eMici€ro, a0o ckopoueHo — ¢oToemiciero.

2. CBiTJIOBHH NOTIK, SKUH BUKJIMKA€E (DOTOEMICIIO, HE 000B’I3KOBO IMOBUHEH OYTH Y BHJIH-
MOMY Aiana3oHi. [cToTHO, 1m0 BiH ABJIsIE COOOIO MOTIK EIIEKTPOMAarHiTHAX XBWIb. B 3anexHocTi
BiJl BIIACTHBOCTCH PCUOBHHH, 13 SKOi BUOMBAIOTHCS CICKTPOHH, IIe MOXKe OyTH iH(ppadepBOHE,
yIbTpadioNeToBe 1 HaBITh PEHTTCHIBCHKE 1  — BUIIPOMIHIOBAHHSL.

8§ 31.2. 3akonu ¢oroedexTy

Jlnst nociipKeHHs 3aKoHOMipHOCTeH (oToedekTy BUKOPHUCTOBYIOTh YCTAHOBKY, CXeMa SIKOI
HaBezena Ha puc.31.3. OcBiTiOBaHA MeTaNiYHA IUIACTUHKA (KATOL) PO3MIIIYETHCS Y BAKYYMHO-
My OaJloHi, OCKUIBKM HEBENHKI 3a0pyIHEHHS IMOBEPXHI KaTo/a 3HAYHOIO MipOIO BIUIMBAIOTH HA
€MICIIO EJIEKTPOHIB [ €0 CcBiTIa. KaTox NOKpUBAETHCS AOCTIIKYBAHIM METATIOM 1 OCBITIIIOE-
THCSI MOHOXPOMAaTHYHHIM CBITJIOM, IIO IPOXOJNTH Y TpYOKy Kpi3b BikoHe D. [ToBepxHi katoza
1 aHOZIa BUTOTOBIISIIOTH, SIK ITPABWIIO, BTHYTHMH, 100 BCi €IEKTPOHH, Ki 3BUIBHSIOTHCS 13 KaTo-

D
I;

3

2

G 1

"B C

@ I<Im| Lpuz I(|m3
IR A
‘I |—0

0 U, B

PR V=0

Puc. 31.3

J1a, TIoTaIa)Id Ha aHof. Harpyry Mixk KaToJ oM i aHOZOM PETYIIOIOTh 32 TOTIOMOTOF0 TIOTCHITIO-
Merpa R i BuMiproroTs BoasTMeTpoM V. [IBi akymynsaropHi 6artapei by i by, siki BMuKaroTscs
"Ha3yCTpiu OFHA OJHIW', MAIOTh MOXKIIMBICTH 32 JOIIOMOTOIO ITOTEHIIIOMETpa 3MIHIOBATH HE
nuie abCONMIOTHY BEIMYMHY, a i 3HaK Hanpyru U. BenmnunHaa QOTOCTpyMY BUMIPIOETHCS TaNIb-

“Toppe Aopam Demoposuu (1880 — 1960) — pociiicbkuii (i3HK pamsHCHKOL JOOH, akaaeMik
AH CPCP, Jlaypear JepsxaBHoi (1942 p.) i Jlenincokoi (1961 p.) mpemiii, I'epoit Coriamictuy-
Hoi mpari (1955 p.)
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8 31.2 3axonu ghomoeghexmy

BaHomerpoM G. Ha puc. 31.4 300paskeHo kpuBi 3aexHocTi poroctpymy | Bix Hanpyru U, ski
BIAMOBIIAIOTH pi3HUM OcBiTiIeHOCTsIM Katoma: Ey (kp. 1), E> (kp. 2), Es (xp. 3) (E1< E, < E3).
UYacrora cBiTia y BCiX BUIAaAKax omHakoBa. I3 puc. 31.4 BumHO, MO U KPUBOI 3aJICKHOCTI [
Bin U npu He3MiHHIN OCBITIICHOCTI (CBITIIOBOTO IOTOKY) XapakKTepHHM € icHyBaHHs TUBTHKA BC
CTpYMYy HACHYCHHS /,;, KOJU BCi 3BUIBHEHI CBITJIOM €JEKTPOHH ((OTOETIEKTPOHM) HOCATAOTh
aHo/a 1 TUIAHKY HapocTaHHs AB, sike IOUMHAETHCS B TOULI A TIpH JISsIKOMY 3Hau€HHI BiJ e€M-
Hoi Harpyru Up. MakcnmainbHe 3HaueHHS CTpyMy [, Ha3UBaloTh pOTOCTPYMOM HACUYEHHS.
Bin nopisHioe

I, =en. (31.1)

H

Jie 1 — 9uciIo OTOENECKTPOHIB, SIKi BHIIITAIOTH i3 KaToza 3a 1 ¢, e — abcomoTHa BeTMYMHA 3aps-
Jly €JIeKTPOHa.

IcayBanHs doTocTpymy B obmacti Bin’emHnx Hanpyr Bifg 0 mo U MOSCHIOETBCS THM, 11O
(oToeneKTpoHH, BHOHTI 3 KaTroja, MaloTh BiIMIHHY BiJl HYJS T0OYaTKOBY KIHETHYHY €HEpTilO.
3a paxyHOK wi€i eHeprii eNeKTpOHN MOXKYTbh 3/IMCHIOBATH POOOTY MPOTH CHIJI 3aTPUMYIOUOTO
noss B OanoHi 1 pocaraty aHoza. OueBHIHO, 10 OYATKOBA MAKCUMabHA HIBUIKICTH Uy
(otoenekTpoHiB 1moB’s3aHa 3 Uy CITiBBi qHOIICHHSIM

2
% — eU3’
ne m — Maca enekrpona, Uz — 3arpumyroua sanpyra (U = —Uy). Ipu U < U Benmuuna poto-
crpymy | = 0.
Ilnsixom y3arajbHeHHsI OTPUMAHMUX Pe3yJIbTATIB B 0araTo4nceIbHUX eKCIePpUMEeH-
Tax 0y/1M BCTAHOBJICHI TAKi TPH OCHOBHI 3aK0HH (oToeeKTy:
1. IIpn He3MiHHOMY CIIEKTPAJIBHOMY CKJIAJ1 CBiT/Ia cujIa (DOTOCTPYMY HACHYEHHS MPsi-
MO NponopuiifHa ocBiTIeHOCTi KaTona (CBiTJI0BOMY MOTOKY, IO najgae Ha karox). Lleii 3a-
KOH TIepEBIpeHNIT IS IMPOKOTO iHTEpBaTy IHTEHCUBHOCTEH. 3BiJICH BHIIMBAE, 10 YUCIO (HOTO-
eJICKTPOHIB, SIKi BUPUBAIOTHCA 3 KaTtoza 3a 1 ¢, MpoIopIiiHe MOTYKHOCTI (IHTEHCHBHOCTI) Maja-
109Y0T0 BUIIPOMiHIOBaHHSL
2. MakcumalibHa KiHeTHYHA eHeprisi BUPBAHUX CBiTJIOM eJIeKTPOHiB JIiHiliHO 3aie-
sKUTH B yacTorH v (puc. 31.5) i He 3a/1€KUTH BiJ HOr0 iHTEHCHBHOCTI.
3. 1A KOKHOI pPeYOBMHHM iCHYE MaKCHMAJIbHA
Us JOBIKHHA XBIJII CBITNIA A,y (MIHIMAJIBHA 9ACTOTA Vi),
npu sikiii e icHye goroedext. AKMO A > Ayay (V <
Vmin), TO oToedeKT BincyTHiil HABITH MPH 3HAYHII iH-
TeHCHBHOCTI CBiT1a.
B camomy QaxTi 3BiIbHEHHS €IEKTPOHIB i3 METalry
T JI€I0 CBITIA 3 TOYKH 30pYy KIACHYHHUX XBHJIHOBHX
YSIBJICHB IIPO TIPUPOAY BUIIPOMIHIOBAHHS HIYOTO TUBHO-
IO HEMa€, OCKUIBKM €JIEKTPOMAarHiTHAa XBUWIISA, SIKa MaJae
Ha IOBEPXHIO, BUKJIHMKA€ BUMYIICHI KOJIMBAHHS €JICKT-
poHiB B Meraui. [loriHaoun eHeprito XBHIIl, €JIEKTPOH
0 v, V. MOXe HarpomMaJuTu ii B KUIBKOCTi, SIKa JAOCTaTHS JUIi
MOJIOJIAHHS CHJIH, LIIO BTPUMYE €IEKTPOH B MeTali (To6-
Puc. 31.5 TO, IUIs 3iMICHEHHs pOoOOTH BHXOXY). SIKIIO Iie Tak, TO
eHepris OoToeNeKTpOHa IIOBUHHA 3AIEKATH BiJl IHTEHCUBHOCTI Iafatodoro cBitia. OaHaK ekcre-
PUMEHTH ITOKa3yBaJIH, 110 €Hepris ((OTOETEKTPOHIB 30BCIM HE 3aJICKUTh BiJ] IHTEHCHBHOCTI Ia-
JTAI0YOTO CBiTNIA. 301IbIICHAS HTEHCHBHOCTI TPU3BOIIATH JIMIIIC IO 30UTBIICHHS Yrcia (oToeek-
TpoHiB. EHepris x (oToeIeKTpOHA 3AICKUTH JIUIIIE BiJ] YACTOTH ITaJAI090T0 CBITIIA.
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Kpim Toro, HaBiTh IpH IyXe Majiil iHTEHCHBHOCTI CBITJIa (POTOENEKTPOHU 3’ SBISIOTHCS
MPaKTHYHO Bipasy IicIs MoYaTky ocBiTiaeHHs (Oesinepiriiino, At = 10710 ¢), X04a, BiIIOBIIHO
[0 KIACHYHHUX YSBIICHB, HEOOXiMHUH cKinueHuit 4ac (~1 c), mob enekTpoH Mir HarpoMauTH
HEOoOXiTHy eHeprilo Ayt 31iHCHEHHS pOOOTH BUXO/Y.

§ 31.3. TeopeTnuHe 0GYPYHTYBaHHS 3aKOHIB oToedeKkTy

Tpynuomny B nosicHeHHi 3akoHiB (oroedekry npusenu A. Eifnmreiina o crBopenns B 1905 p.
KBAaHTOBOI Teopii cBiTia. EffHmTeliH CKOprCcTaBCcs KBAaHTOBUMH inesimu [ImaHka, KUl KiTbKO-
Ma POKaMH paHillle MoKa3as, 10 CBITJIO BUIIPOMIHIOETHCSI KBAaHTaMH, 1 IIPUITYCTHB, 10 CBIT/I0 He
TIIBKM BHIIPOMIHIOETHCSI KBAHTAMH, ajle # NOIIMPIOEThCH | MOITIMHACTBCH Yy BHIVISAI
KBaHTIB. L{i KBaHTH €NEKTPOMArHITHOTO BUIIPOMIHIOBAHHS OTPUMAJIH 3aralbHONPUHHATY Te-
niep Ha3By (poToHiB (quB. § 25.1). ®OTOHM Y BaKyyMi MOLMIMPIOIOTHCS 31 MIBUIKICTIO CBITIA C.
JIJ11 MOHOXPOMATHYHOTO BUIIPOMIHIOBAHHS 3 YAaCTOTOIO V yci ()OTOHM MaroTh OJJHAKOBY €Hep-
Tito, sIKa JTOPiBHIOE
E, =hv. (31.3)

[Ipomec mornuHaHHSA CBiTJIa PEYOBHHOIO 3BOJUTHCS 10 TOrO, IO (JOTOHM NepenaroTh BCIO
CBOIO €HEPTil0 YaCTHHKAM Ii€i pedoBrHH (eJIeKTpoHam). SIKIno eneprist pOoToOHA JOCTATHS s
TOTO, 1100 3BUIBHUTH €JIEKTPOH BiJl CTPUMYIOUHX 3B’SI3KIB, TO BiH MOXKE BUHMTH 32 MEXI ITOBEp-
XHI Metaiy. IMOBipHICTh OJJHOYaCHOTO TIOMIMHAHHS ABOX (DOTOHIB OJTHUM EJIEKTPOHOM METaly
MaJia, TOMY KOXXHHUH (POTOEIEKTPOH OTPUMYE EHEPTilo Bix 0gHOTO (OTOHA.

i inei EifHmTeiina 111y B OCHOBY KBaHTOBOI TEOpii CBITIIA, sIKa Jiajla MOXKJIMBICTD ITOSIC-
HUTHU 3aKOHH (HOTOC(DEKTY 1 psAM IHIIMX SBHIL, 10 HE BKIAJAIOTHCS B MEXI KITACHYHOI €IEKTPO-
MarHiTHOI Teopii.

PosrisiHemMo 30BHINMHIH (hoTO(EKT 3 TOUKM 30py KBAaHTOBOI Teopii. Bizomo, mo a1 Buxony i3
MeTaJly eJIEKTPOH ITOBUHEH 3/1ilicHITH poboTy Buxoxy A. BHacmigok nmornmHaHHS (OTOHA eJek-
TpoH HaOyBae eHepriro Av. SIkmo Av > A, TO eIeKTpOH MOXKe BUKOHATH POOOTY BUXOAY 1 BU-
BaTucs 3 MeTany. Hammmiok eneprii ()oToHa NepeTBOPIOETHCS B KIHETHUHY CHEPTIilo 3BITbHEHO-
ro enexTpoHa. KopucTyiouncs 3aKoHOM 30epesKeHHsl eHepril Ul TaHOTO BUIA/IKy, MAaTUMEMO:

2
hv:A+E%?L (31.4)

TakuM 4MHOM, €Heprisl NOTIMHYTOro (POTOHA BUTPAYAETHCS Ha POOOTY BUXO/Y €IEKTPOHA
A Ta Ha HaJlaHHA oMy KiHeTH4HOI eHepril. PiBHsHHs (31.4) y BUrIs I

2
MVUmax
2

Ha3KUBaOTh piBHAHHAM EifHmreiina 1uis1 30BHIIIHBLOIO doroedexry.

PiBusians (31.5) orprMane B MPUITYIICHH], IO €IEKTPOHHU B METali PyXalOThCS HE3aIEK-
HO OJMH Bifl OAHOTO, TOOTO, Mi’XK HAMHU HE MIIOTh CHIHM B3aemomii. Tomy mepenada (GOTOHOM
eHeprii OIHOMY 3 EJIEKTPOHIB He 3MiHIOE eHeprii BCiX IHIMX eneKTpoHiB. Teopiro, sika IpyHTY-
€THCS HA [IbOMY NPUITYIIEHH], HA3UBAIOTh O/IHOEJIEKTPOHHOIO.

PiBusnns (31.5) nae MOXIIMBICTD TOSICHUTH OCHOBHI 3aKOHH (OTOe(EKTY IUISI METawy.

mo

Miiicuo, i3 (31.5) BuaHO, 1o % (hoToeneKTpOHA 3aJIeKHUTh HE BiJl IHTEHCHBHOCTI I1aJ[al04u0-

—hv-A (31.5)

TO CBITJIa, & BiJl YaCTOTH MU JaHii poOOTi BUXOMy. 3BiACH K BUAHO, IO (HOTOE(HEKT MOXKINBHUMA
2
mUmax

=0, 10
2

JIMIIE B TOMY BHIIAJIKY, SIKIIO eHepris ¢porona hv > A . SIKIIO NPUITYCTUTH, IO
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8§ 31.3 Teopemuune 0brpynmysanms 3aKk0Hi6 homoepexmy

hv, = A. 3Bigcu MoHa 3aIicaTH, 110

A ch
Vo=— abo Ay=—oy, (31.6)

h A
Iie Vo 200 g HA3UBAIOTh TPAHUYHOK) YACTOTOK 200 IPAHUYHOIO JOBKAHOK XBUJIi, TIPH SKii
e MoxuBHi GoTtoedext. ['paHuuHy JOBKUHY (4ACTOTY) Il HA3MBAIOTH YE€PBOHOI MEKEH)
(doroedexty. UepBoHa Mexka 3a/1€KMTh JIMIIE BiJ BeJIMMMHU POOOTH BUXOAY €J1€KTPOHA,

TOOTO Bil IPUPOIM MeTANy i CTaHy H0r0 MOBEepPXHi.
Ta6mms 31.1

Mertan PoGora Buxony, I'pannuHa yacrora, I'pannyna OBXKHHA XBHII,
eB 10" 1y HM

[esiit 1,9 4,6 650

Kamiit 2,2 5,3 560 .
BunuMme cBiTio

Harpiit 2,3 5,6 540

Kanpmii 2,7 6,5 460

Marsii 3,7 8,9 340

Cpibno 4,7 11,4 260 Yabrpadiosner

Hikeinns 5,0 12,1 250

B Tabmuni 31.1 HaBeneHi GoToeneKTpUYHI XapaKTEPUCTUKH JESIKNX YACTHX METATiB. SIK
BHJIHO i3 TaOJNHI, IS TY’)KHUX METaiB “depBOHA MeXa™ JIGKHUTH B 00JIACTI BUIUMOTO CBiTJa,
TOJI K JUIsl IHIIMX METaJliB BOHA 3HaXOMUTHCS B 00iacti ynbrpadionery. Bapro BiamiTutH Ta-
KO, IO IPUCYTHICTh JIOMIIIOK, HAIIPHKJIa/, I'a3iB, YaCTO CHJIBHO ITOJIETIYE BHUXiJ €JICKTPOHIB,
3CyBarOY YEPBOHY MEXY B 00JIaCTh IOBIHX XBHJIb.

Hapemiri, 3 caMmoro MexaHi3My TPOTiKaHHS SBHUINA 30BHIITHEOTO (POTOCPEKTY 3pO3YyMLIIO,
IO 3arajbHe YUCIO (POTOCTECKTPOHIB, sKi BWIITAIOTH 3 TIOBEPXHI METATy 33 OIMHHUILIEO Yacy (ToOTO
BeNM4YKHa HOTOCTPYMY), POIOPLiiHE YuCTy GOTOHIB, K MaAaI0Th 32 TOM CaMUii Yac Ha OJH-
HUYHY TOBEpXHIO pedoBuHU. OTXKE, BIIIIOBIIHO J0 MEPIIOro 3aKkoHy (oTtoedekTy, unciao ¢go-
TOEJIEKTPOHIB, fIKi BUJIITAIOTh 3 KaTO/1a 32 OAMHUIIO Yacy, mMponopuiliHe iHTeHCHBHOCTI
cBiTIa (BeIMYHHI CBITJIOBOr0 MOTOKY).

SIkmo cxopucratucs piBHocTsiMu (31.2), (31.5) i (31.6), To piBmsaus Eifnmreiina MoxHa
3aIucaTH y BUTJISIL:

eU, =h(v —vy). (31.7)

3Haroum v i vy i, BU3HAYMBINH ekcriepuMenTanbHo Us, MokHa 3a Gopmystoro (31.7) obuwc-
muta crany [lnanka:

h=—2 (31.8)

3HaueHHs h, BU3Ha4YeHe TAKMM YHHOM, JIOCHTh J100pe chiBmajaae i3 3HaueHHsIM h, orpuma-
HOT'O 32 JIONOMOT'OI0 1HIIMX METOJIB, 1[0 MOXKE OyTH MiATBEPPKEHHIM MIPABWILHOCTI PiBHSHHS
(31.7). Le Oys0 Boepite 3iiCHEHO B OIUCKYYHX JOCTIaX aMEPUKAHCHKOro (pisuka P. Mimmi-
kena (1868 — 1953) B 1916 poui. 3a mocCiiKEHHS B 00JIACTi €lEeMEHTapHUX 3apsiiB i GoTo-
exexTpuaHOro edexry Mimniken 6yB yaocroenuit HoGemniBebkoi mpemii 3 ¢izuxu (1923 p.).

3oBHIMHIA QoTOCHEKT XapaKTepu3ylOTh MOHATTSAM KBAaHTOBOTO BHXOMY #, SKHH BH3HA-
YaroTh SIK BiTHOIIEHHS KUTBKOCTI ()OTOCIEKTPOHIB 7, IO KiJIbKOCTI KBAaHTIB CBITJIA 7, SIKI CIIPH-
YUHSIOTH (OTOCPEKT:
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n=—*t. (31.9)

Hpuxnan 31.1. 3a nesnux ymos cimkiska oka mOOUHU MOJICE PEECMPYEAMU 8Cb020 Ule
n’smo Qomonis 2onyysamo-senenozo ceimaa (. =5-107m). Pospaxyeamu 6ionosiony Kinb-
Kicmb eHepeii, AKa NONAode Ha CIMKIBKY, 8 0X#CoyIaxX i enekmpon-eonemax. Konu wocexynou
0KO NONAAioNs | NO2IUHAIOMbCSL N AMb MAKUX QOMOHIe, mo sKoio € enepais (y eamax), wo
nepeoacmsCcs npu Yybomy OKy?

Po3w’s130k. 1. Enepeis 00noz2o ¢pomona eusnauacmocs gpopmynoio (31.3):

hc _ (6,62:107** e - ¢)(3:10° m/ )
A 5.107
Tlosna enepeis dopisHioe

E=5E; =5-(3,97-107" Jfoc) =1,985-107® JTonc.

E,=hv= =397-10"° I

1 eB = 1,6-10"/Jorc. Tomy enepeis y enekmpon-6onbmax 6upasumocs max:
1,985-10 " Joe

1,6-10% e/ eB

2. Enepeis, wjo no2niuHaemucsi WoCeKyHOU OKOM, OOPIGHIOE

-18
W= % _ 19851077 e 110 e _ 1985.108 Bim,
Cc

= 12,41 eB.

Hpurmanx 31.2. 3natimu makcumanbHy KiHemuuny eHepeiio i WeuoKiCmy eleKmpoHd, up-
6an020 3 nosepxti nampito (poboma euxody Ana = 2,28 eB) ceéimiom 3 0062CUHOIO XEULL L =
= 4100 A;

Po3w’sa30k. 1. Makcumanvhy Kinemuuny eHepeito oomoeneKmpora 3Hademo, CKOpUcmas-
wiucsy pienannam Eunwmeiina (31.5) ona pomoeghexmy:

hc
Toax = NV—A  abo TmaXZT_A’
2
0e Tpax = M, m = 9,1.10*x2 — maca enexmpona, h = 6,62-10* Jioc-c — cmana Inanka,
2

¢ — weuokicms ceimaa y eaxyymi, A — poooma euxooy. Tooi:
_(6,62:107* Jne-¢)(3-10%m/ )
41107 m

2. MaxcumanoHy weuokicms oomoeneKmpoHie eupa3umo iz popmynu:

2
T — MVUmax =0 — 2Tmax
max 2 max m

2(1,2-107%° 17o1c) 5
Umax = \/911031}(2 = 5,110 M/C.

~2,28(1,6-10™ fforc) = 1,2-107™° Jionc.

Tmax

Tooi
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Hpuxnan 31.3. Busnauumu uepsorny mesicy pomoegpexmy ons naamuuu. Poboma euxody
enexmpona i3 naamunu Apy = 8,5 107 e,
Po3B’si30k. s ybo2o ckopucmaemocs gpopmynoio (31.6):

ch _ (3:10°/¢)(6,62-10"** Jorc - )

_ -7
A e =23.107
S oHC

Ao =

§ 31.4. ®otoeexT y HANIBIPOBITHUKAX i TieIEeKTPUKAX

KpiM posristHyTOro BuIe 30BHIIIHEOTO (hoToedeKTy, iCHYE 1 IMPOKO BUKOPHCTOBYETHCS Ha
MIPAKTUIl, TaK 3BaHWH BHYTPilmHiii oToedeKT, sIKMil BIACTHBHI JIMIIE HAIBIPOBIJHUKAM 1
nienekTpukaM. CyTh HOTO MOJIsITae B TOMY, IO M/l Ai€K0 CBiT/Ia 30LTbIIY€ThCS eJIEKTPONMPOBi-
HiCTh ONPOMiHIOBAHOI PeYOBHHH 32 PaXyHOK 3POCTAaHHSI B Hili Yncja BLTbHUX HOCIIB cTpY-
my (esekTpoHiB mpoBigHoCTi i aipok). Lle sBuie vacTo mie Ha3WBaOTH (OTOMPOBITHICTIO.
Edexr doTonpoigHocTi Briepiie criocrepiraBcs aMepukancbkuM ¢izukom I. CmitoMm B cenei
e B 1873 p.

EstekTponpoBiiHICTh KPUCTAIYHMX TBEPIMX TUT B CYJacHi (i3WIll MOSICHIOETHCS HAa OCHOBI
KBAaHTOBHX YSIBJICHb 30HHOI TEOPii.

B nienexTpuky i 6e3/10MIIIKOBOMY HAIiBIPOBIAHUKY IPH aOCOIIOTHOMY HYJII TeMIlepaTypH
30HA MPOBIJHOCTI HE MICTHTh EJIEKTPOHIB, a BaJICHTHA 30Ha, 5IKA 3HAXOIUTHCS EHEPreTUYHO HIDK-
Ye, HOBHICTIO 3amoBHeHa efaeKTpoHamu (puc. 31.6). PisHUILSI MiXK eHEPrisIMU HIKHBOTO PIBHS 30-
HU IPOBINHOCTI 1 BEPXHBOTO PiBHS BaJeHTHOI 30HH Ey (1mpuna 3a60poHeHOI 30HH) y HaNiBIPO-

E BiJJHUKIB 3HAYHO MEHIIA, HIX y HieTCKTPHKIB. SIKIO eHepris
3oHa dorona hv > E, To npu nornuHanHi Takoro GoToHa pedo-
HPOBIAHOCTL  pyHoKo €EKTPOH TIEPEHIE 13 BAJIEHTHOT 30HU B 30HY TIPOBiI-

HOCTi. B pe3ynbraTi 3’BUTHCS J0AATKOBA Mapa HOCIIB CTpy-
hv E, s MY — B 30HI IIPOBITHOCTI €JICKTPOH, Y BJICHTHIN 30Hi — JipKa.
Jona Taxi mapy pisHOMMEHHHX 3apsDKEHUX HOCI{B CTpyMY 37aTHi
BanentHa  mig Ai€I0 30BHINIHBOTO €IEKTPUYHOTO MOJS MPUXOAUTH Y
30Ha BIIOPSAKOBAaHUHN PyX, YTBOPIOIOUH €JIEKTpUIHHI cTpyM. Ode-
BHHO, IO KOHIICHTPAIIisl €JEKTPOHIB MPOBIIHOCTI 1 HipOK
Puc. 31.6 TIPOTIOpITiiiHa YrCTy (OTOHIB, SAKi MANAIOTh HA OJWHHUIIO I10-
BEPXHI PEYOBHMHM 3a OIMHHIIO 4dacy. UepBOoHa MeXa BHYT-
pimmboro oroedexTy BU3HAYAETHCS BEMINHOIO eHeprii akTuBamii nposigHocTi E, (sixa B maHo-
My BHIAJKY CIiBIAJa€ 3 IHUPUHOIO 3a00poHeHOI 30HU Ey):
Vo = Ea = i. (31.10)
h h
Bona 3anexurs BiJ NpHpOIM HAIiBIPOBIJHHAKA 1 MOXKE JIe)KaTh B 00IacTi 3Ha4HO OLIBII JOB-
TMX XBWJIb, HIK Y ITPUIMadiB i3 30BHIOIHIM (OTOEHEKTOM.

VY HamiBIPOBIHMKAX 3 HEBEJIMKHM BMICTOM JOMIIIOK IMOBIpPHICTH IOTJIMHAHHS ()OTOHIB
CIIEKTPOHAMH JIOMIIIIOK Maya. ToMy 3MiHA MPOBITHOCTI TAKUX HAMIBIPOBITHUKIB i/ JIIEO CBITIA B
OCHOBHOMY IOB’s[3aHa 3 TIEPEXO0JIOM EJIEKTPOHIB 3 BAJICHTHOI 30HH B 30HY IpoBiaHOCTI. Koy B
PCUYOBHHI € IOCTATHHO JIOMIIIOK, TO IiJT AI€I0 CBITIIA EIEKTPOHU MOXYTh IIEPEXOIUTH 13 BaJICH-
THOI 30HH Ha PiBHI JIOMIIIOK 200 3 JOMIIIKOBHX PiBHIB B 30HY NPOBigHOCTI. B mepmomy Bu-
Ma/IKy BUHAKA€E AiPKOBA, a B IPYroMy — eJ1eKTPOHHA (poTONpPOBiAHICTS.

Kpim ¢otonpoBigHOCTi, 0AHOTO i3 BHAIB BHYTPIIIHLOTO (HOTOChEKTY, OCOOIMBHN iHTEpEC
CTAHOBHTH TaK 3BaHHI BEHTHIbHUI (poToedexT (Poroedekr B 3amipHOMY Iapi), KU BIepIie
criocrepiras mpodecop Kazancekoro yriBepcutery (Pocis) B. A. Yibsnin (1863 — 1919). Cyrs
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fioro mossirac y BUHMKHeHHi ejlekTpopywmiiiHoi cuin (¢poro-EPC) npu ocBitjieHHi KoHTa-
KTy IBOX Pi3HHX HaniBNPOBiAHNKIB 200 HaMiBNPOBiAHUKA i MeTaJy Yy BiACyTHOCTi 30BHi-
IIHBOTO eJIEKTPUYHOTO MOJISI.

e sBume (pororanpBaniunmii eeKT) 3yMOBICHE THM, LIO B CHIIY OAHOGIYHOI MPOBi-
HOCTI HaIliBIPOBIHUKIB i3 3aIlipHUM [IapOM BiJIOYyBAETHCSI IPOCTOPOBE PO3AIJICHHS BCEpEANHI
MIPOBiTHUKA ONTHYHO 30y/PKCHUX €JICKTPOHIB 1 MO3UTHBHO 3apsKeHUX Jipok. Enekrpony i
JIPKX KOHLEHTPYIOTHCS Ha Pi3HMX KIHIX HAIIBIIPOBIAHUKA, BHACITIJOK YOTO 1 BUHHKAE €leK-
TpOpYLIiHHa CHIIa, Ky YaCTO HAa3UBAIOTh ()OTOEEKTPOPYIIiHHOI0 CHIIONO.

SIKmio mapaliennbHO 10 OCBITIIEHOTO KOHTAKTY HAaIliBITPOBIIHUKIB 1111 €IHATH 30BHIIIHE Ha-
BaHTaXXCHH, TO Yepe3 HbOTO IoTeue CTpyM. IIpy HEBENMMKNX OCBITICHHIX CHNA CTPYMY MpO-
nopuiiiHa CBITIIOBOMY ITOTOKY, IIO IaJa€ Ha KOHTAKT HaIiBIPOBiAHKUKIB. TakuM 4MHOM 10Cs-
TaeThes PSIME TIEPETBOPEHHS CBITIIOBOI €HEPTii B ENIEKTPUUHY.

3 wi€l NpHYKMHK MpUiiMaYi CBIT/Ia HA OCHOBI BEeHTWIIbHOTO (oToedekty ((oToranpBaHiuni
npuiiMadi) BUKOPUCTOBYIOTHCS HE TINBKH IS PEECTpallii CBITIOBHX CUTHAIIB, aje i B €lek-
TPUYHUX KOJAX, K JPKepesia elIeKTPUYHOI eHeprii.

OCHOBHI THITH TaKWX MPUIMAaYiB MPAIFOIOTh HA OCHOBI CEJIEHY, Cip9aHOTro Cpibiia, KpeM-
Hiro, repmaniro i psay cronyk CaAs, InSh, CdTe Ta inmmx. ®dororaibBaHidHi €1eMEHTH, SKi
BHUKOPHCTOBYIOTBCS ISl TIEPETBOPECHHSI CBITIIOBOI €HEPTil B €JIEKTPUYHY, 3HANUILIN MIUPOKE 3a-
CTOCYBaHHS JJIsl )KHBJICHHS OKPEMHUX NPUCTPOIB, 30KpEMa, pajioanapaTypy Ha KOCMI4HHX KO-
pabiisax, pakerax, CymyTHUKaX. BOHM XapakTepHu3yloThCs BiTHOCHO BEIMKUM KOe(illiEeHTOM KO-
pucHoi mii. Tak, ¢oToradpBaHiuHiI MpUiMadvi CBITJIa, BUTOTOBJICHI HA OCHOBI KPEMHIIO, MArOTh
KoedimieHT KopucHOI nii 6mm3pKko 15 %, a moxwa fioro nosectu 1o 20 %.

§ 31.5. MdoToeeMeHTH TA iX 32CTOCYBAHHSA

IpuniiMa4yi BUNIPOMiHIOBAHHSA, B AKHUX (0TOe()eKT BUKOPHCTOBYEThCH VIS IEPETBO-
PEHHSI CBITJIOBOI0 CUTHAJIY B €JICKTPHYHMI, Ha3MBalOThes (poroesiemenTamu. Bonu 3Haii-
IIJTM NIMPOKE 3aCTOCYBAHHS B TEXHilli 1 HAYKOBHX JJOCIIKEHHSIX.

Biamosigno 10 pizHUX BuiB GoToedeKTy CTBOPEHO pi3Hi BUIM (OTOEIEMEHTIB, a came: ¢o-
ToeJieMeHTH i3 30BHilIHIM ¢oToedexToM, poToonopu Ta BeHTHIbHI doToenementu. [list oc-
TaHHIX IPYHTY€ETHCS HA SIBUILI BHYTPIIIHBOTO (DOTOCPEKTY.

Cepexn (oToesreMeHTiB i3 30BHIIIHIM (OTOe()EKTOM PO3Pi3HAIOTH BaKyyMHI i Ta30HaIIOBHE-
Hi. BakyymHuii (poToeremMeHT — 11e eBaKyHOBaHHH CKISTHAN OaJIOH, YaCTHHA BHYTPILIHBOI 0~
BEpPXHI SIKOTO TIOKpHTA IIapOM CBITJIOUYTIIMBOTO METally, 110 BiJIirpae poib ¢porokarona. B sikoc-
Ti aHO/Ia BUKOPUCTOBYETHCS METAJICBE KUITbIE a00 piJika CiTKa, sika TaKOXK MICTUTHCS BCEPEIMHI
6asona. I[Ipu ocBiT/IEHHI KaTrosa 3 HHOIO BHACIIIOK 30BHIIIHBOTO (poToedeKTy BHOMBAIOTHCS
eJICKTPOHH, 1 B KOJIi BUHHMKae QoroenekTpuunnii crpyMm. Benmunny EPC Garapei 6epyrs Ta-
Koo, mo0 QorocTpyMm JOpiBHIOBaB (GOTOCTpyMy HacWueHHs. Karomu ¢oroenemMeHTiB BHUTO-
TOBIISIOTH 13 Pi3HUX MaTepiaiiB 3aJIeKHO BiJ] CHEKTPAILHOTO CKJIaTy cBitina. Hampukmanm, mis
peectpanii BUAUMOTO CBiTJIa Ta iH(QpPauepBOHOIO BUIPOMIHIOBaHHS 3aCTOCOBYIOTH (poTOEIe-
MEHTH 3 KHCHEBOLIE31EBHM KaTOJOM, a JUI PeecTpallii KOPOTKOXBIIIbOBOI YACTHHH BHIMMOTO
cBiTia 1 ynpTpadionery — (OTOEIEMEHTH 3 cypM sTHOIe31€BUM KaToxoM. Jluist migcuneHHs ¢o-
TOCTPYMY HaCH4EHHS OaJIoH (hOTOETIEMEHTa ITiCIs BiICMOKTYBAaHHS IOBITPS 3alIOBHIOIOTH iHEPT-
HUM ra3oM (K mpaBmino, aproHom). Taxi (OTOETEMEHTH HA3WBAIOTHCS IA30HANOBHEHHMH.
@DoToeNeKTPOHH, SIKI PYXAIOThCS B €JIEKTPUIHOMY TOJI BiJl KaToJa /10 aHOZA, BOJIOMIIOTH J10C-
TaTHHOIO KIHETHYHOIO SHEpri€lo, MO0 MMpH 3ITKHEHHI 3 MOJICKYJIaMH ra3y i0HI3yBaTH iX, BHac-
JIJIOK 9Oro BeIWYMHA (POTOCTPYMY B KOJIi 3pocTae. LluM ke MosICHIOIOTH 1 TOH (akxT, 1o 4yT-
JIMBICTh Ta30HAIOBHEHNX (DOTOETIEMEHTIB B IEKLIbKA Pa3iB MEPEBUIIYE UYTAUBICTh BAKYYMHHX
(hOTOCTIEMEHTIB.

Bonbr-amMnepHi XxapakTepucTHKH (DOTOSTIEMEHTIB i3 30BHIIIHIM (hoToe)eKTOM, SIKi BUSHAYaIOTh
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3aJIeKHICTh (DOTOCTPYMY BiJ PI3HHUIN MMOTEHINANIB M)XK KaTOJIOM 1 aHOJIOM, Pi3Hi I BaKyyM-
Hux (puc. 31.7) i rasopospsianux (puc. 31.8) poroenemeHTis.

20 20

< 0,15 am < 0.03

g 151 éﬁ 15+ ,031m

s =

= =

& 10t £ 10}

=

g 0,05 v 2 0,02mm

5 S

6 d 0,02 v 6 5|

0,011Mm
100 200 300 100 200 300
PoGoua Hanpyra, B PoGoua nHanpyra, B

Puc. 31.7 Puc. 31.8

OCHOBHUM IIapameTpoM (OTOETEMEHTA € HOTO UyTIHMBICTb, SIKA BUPAXKAETHCS BlHOICHHIM
cuiH (oTocTpyMy 10 BiJITOBIAHOTO CBITIOBOrO MOTOKY. L5 BennunHa y BakyyMHuX (oToere-
MeHTax jgocsirae 3HadeHHs nopsaka 100 MxA/mm.

dotoeneMeHTH i3 30BHIIIHIM (HOoTOCHEKTOM MPAKTHYHO Oe3iHepLiiHi, Mo poOuTh iX He3a-
MIHHAMH B TIpHJIa/iaX peecTpanii MBUAKO3MIHHUX CBITIIOBHX IMITYJILCIB.

Jl1st BUMiproBaHHs €(EKTUBHUX SHEPreTUIHUX BEIIMYMH JOMIJIbHIIIE 32CTOCOBYBATH BaKy-
YMHI ()OTOENIEMEHTH, SIK OUTBII CTabiIbHI.

OCHOBHUM HEIOJIIKOM BaKyyMHHX (DOTOCIEMEHTIB NP CBITIOBHX BUMIpPIOBAHHSIX CIIiJ
BBa)XaTH TOW (hakT, 1[0 BOHM BUPOOISIOTH JyXe Mainii eleKTpuuHuil curnan. Llei Hemomik

TIOBHICTIO YCYBA€ThCSI B (hOTOCIIEKTPO-

o l 1 l E, E, HHUX moMHOKYBadax (DEIT), siki Briep-
e Oyim moOynoBani B 1934 p. Tpuxmmmn
@EIT moxna 3po3ymitn i3 puc. 31.9.
Kokunit enekTpoH, IO BHOHMBAETHCS
cBiTIOM 3 (poTokatoma DK, mpuckopro-
€ThCS 1 ITPY TOMNAJaHH] Ha NEepIIHH eMi-
Tep E; BUOMBAE 3 HBOTO KilIbKa EJEK-

DK E, TpoHiB. L{i eneKTpoHN NPUCKOPIOIOTHCS
i, TIOMATAf09M Ha HACTYITHHUU eMiTep E»,
Puc. 31.9 3HOBY 30UITBIIYFOTH 3arajIbHII TOTIK CJTeK-
TPOHIB i T.1. BTOpHHHI eIeKTpOHH 3 OCTaH-
HBOTO emiTepa, a ix OyBae 1o 10 — 15, 30uparorsest Ha aHOA. 3 aHONA 3HIMAIOTH CTPYM:

| =igo", (31.11)

ne ip — orocTpyMm Ha mepiioMy emitepi, 7 — KiIbKiCTh eMiTepiB, " — KOe(II[i€HT i CHIIeH-
HS. 3aranbHui Koe(ilie€HT MiJCHICHHS TAKUX CHCTEM JOCITaEe 10" - 108, a IHTerpajgbHa YyTIU-
Bicte @EII mocsirae THCsUi aMIiep Ha JIFOMEH. BenwdiHa miCHICHAS BU3HAYAETHCS KiTTBKICTIO
emitepiB B ®EII. Crnexrpansna uyrnusicts @EIT Bu3HauaeTses, 5K i GporoenemenTiB, (oToxi-
MIiYHHMH BIacTUBOCTSIMH Katona. Jlo HemomikiB DEIT cnin BigHecTH HEOOXiTHICT 3aCTOCYBa-
HHS JDKepesia BHCOKOBOJBTHOT'O i CTa011i30BaHOTO JKUBJICHHS, JICIIO TipITy CTaOUTBHICTD 9yT-
JMUBOCTI 1 BenuKi ryMmu. OcCTaHHI 1BA HEHOIIKH JIETKO JIIKBiJOBYIOTHCS.

BHaci1i10k TOro, 1m0 inTerpansHa ayriuBicrts OEIT gocTaTHRo Bemuka (mpudmmsno 1072 —
107 11M), BOHM 3HARIIITH MIHPOKE 3aCTOCYBAHHS JUTS PEECTPALLI [y/ke CTAOKIX TIOTOKIB BUIPOMIHIO-
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BanHA. J{s sxuBnenns OEIT neoOxigHa BUCOKO cTabini3oBaHa HArpyra.

[Hupoko 3acrocoByrorscs PEII B actponomii, siaepHiit ¢izuii, TenedauenHi, reonorii, Me-
JTUIHHI, B KOCMIYHUX JAOCII/DKEHHAX Ta B TEXHIIll ONTUYHAX KBAHTOBUX I'€HEPATOPIB. 3a mpwu3-
HAYCHHIM MOXKHA BiMITUTH JiBi o0nacTi 3actocyBanHs OEII: BuMiproBaHHS C1a0KHUX TOCTii-
HUX 1 3MIHHHMX CBITJIOBHX ITOTOKIB Ta IMIYJIbCHUX CBITJIOBUX CHUTHAJIIB, 30KpeMa, IJIsl peecTpa-
ii HaIcTa0Koi O10TFOMIHECIICHITIT, IO € BAYKJIMBHUM TP JACSKUX (DI3UYHIX JOCIIKCHHSX.

®otoonopu — ¢oronpuiiMavi, NPUHIMI Ail IKHX IPYHTYEThes1 HA edekTi poTonpo-
BiHOCTI — 3MiHi eJleKTPUYHOI0 ONMOpPY HANMiBNPOBiAHMKA Wix Ai€ro cBiTiaa. B mpomy pasi
€JICKTPOHM HE 3BUIBHSIOTHCS 3 PEYOBHHH, a JIMIIE NEPEXOSTh i3 3aII0BHEHOI BAJICHTHOI 30HU B
30HY MPOBIIHOCTI, 30UIBIIYIOUHN €IEKTPOIPOBIAHICTD HAITIBIPOBIJHUKA.

Burorosmsitors oToonopn abo 3 UMCTHX HAMIBIPOBIAHUKIB, a00 3 HAIIBIPOBIAHUKIB 3
nomimkamu. Haityacrinie 3acTocoByroTh Uisi boro cynbgat ceuHiio (Goroonopu OC — A),
cynbdar xkaamito (PCK — M), cynbdin kanmito (PM — K). doroonopwy, sk i iHwi Gotoenemen-
TH, XapaKTEePHU3YIOThCSI CEIIEKTHBHUM CIIPHHMAHHSIM CBiTJIa, TOOTO B HAX CBITJIO O/IHAKOBOI iH-
TEHCHUBHOCTI, aJie Pi3HOI OBXKMHU XBHJIi, 3yMOBIIIOE HEOIHAKOBI CTpYMH. Tak, Hampukiazn, 1
¢dortooropy ®C — A, sxuif BUKOPHCTOBYIOTh B iH()padepBOHIA TUISHINI CIIEKTpa, MaKCUMyM
YYTJIMBOCTI TIpUTIaia€ Ha NOBXHHY XBui 2,1 — 2,7 mxm, mist ¢poroonopy @C — 52 — Ha moBxKU-
Hy xBwiIi 0,52 MKM.

BynoBy dotoonopis nokazano Ha puc. 31.10. Ha nienextpuyny miactunky 1 HaHeceHO TOH-
KU map HamiBIPOBIIHUKOBOI PEYOBMHH 2, HA KIiHIAX SIKOTO BUIIAPOBYBAHHSAM Y BaKyyMi HaIu-

JIFOIOTH METANEBI eneKTpoau 3. [IJist 3aXUCTy BiJ| IIKiUTUBOTO

1111 1 BIUIMBY HABKOJMIIHHOTO MOBITPS (HPOTOUYTJIMBY ITOBEPXHIO

3 3 (oTOONOpYy NOKPUBAIOTH MPO3OPOI0 IUTIBKOIO JIaky. Poro-

OIIOPH BOJIOJIIOTH BUCOKOIO YYTJIMBICTIO, aj€ BOHU iHEpIIiH-

2 Hi. OcobmuBicTIO POTOONOPIB € BiACYTHICTD HOJSIPHOCTI, TOO-

1 TO BOHHM IIPOBOISITH CTPYM B 000X HampsiMkax. BonbT-amriep-

Ha XapaKTEepUCTHKA iX JiHilHa, TOOTO CTpyM HaCH4EHHS Bil-
/‘\ CYTHIH.

\HA/ dotooropy IIMPOKO BUKOPHUCTOBYIOTHCS B PI3HUX IPH-

CTpOSIX aBTOMATHKH 1 TEJIEMEXaHIKH, Y IIPUCTPOSIX JUIsl Bin-

TBOPEHHS ONITUYHOTO 3aITMCy 3BYKY TOIIO. Taki mprcTpoi 1a-

Puc. 31.10 I0Th MOXJIMBICTh KEPYBAaTH Ha BiJCTaHI BUPOOHHYNM IIPOLIE-

COM, aBTOMAaTHYHO PO3II3HABATH MOPYLICHHS HOPMAIBLHOTO XOAYy 1 B pas3i HOTpeOH 3YNHMHATH

Tporiec.

BentniabHi (poToenemeHTH — NpHIamy, Jis SKUX IPYHTYEThCS Ha BEHTHIHHOMY (oToe-

¢exTi. UyTnuBicTh BEHTHIBHUX (DOTOCIEMEHTIB

CaitTio . .
JOCATa€E JNEKITBKOX TUCSY MIKpOaMIlep Ha ITFO-
1 1 1 l l l l l l l l l MeH. CxeMa OJHOTO 3 TaKWX (POTOCIEMEHTIB —
MIJTHO - 3aKHCHOT0 — HaBezieHa Ha puc. 31.11. Min-
- ——————- [ E—— HA TUTACTHHKA, SKa CIY)KUTh OJHHUM i3 €JIEKTPO-

B, TIOKPUBAETHCS TOHKUM IIIAPOM 3aKUCY Mili
Cu,O (maniBrposiaavk). Ha 3akuc Miti HaHOCHTE-

69 s IPO3OPHIA ap MeTay (HalmpuKIiai, 30J10T0),
SIKAH CITY)KUTH IPYTUM €JIeKTpomoM. SIkio ¢o-

Cu . .
TOEIIEMEHT OCBITUTH 4Ye€pe3 APYIHi €IeKTPOL,
| TO MDX efeKTposamu BuHHKHE (hoto — EPC, a pn
Saripruit map 3aMUKaHHI EEKTPOMIB B ENEKTPUIHOMY KO
MIPOIJIE CTPYM, SIKUI1 3aJIEXUTD B1J] BETHYUHU CBIT-
Puc. 31.11 JIOBOTO MOTOKY.
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BenrmiipHi QoToeneMeHTH 3aCTOCOBYIOTECS K OJHH 13 3ac00iB Oe3mocepeIHbOro Meper-
BOPEHHSI CBITIIOBOI €HEprii B eleKTpUUHy. Bike Terep BUrOTOBIISIOTH KpEMHi€BI oToeneMeH-
TH, 10 MalOTh KoedimieHT KoprucHoi aii 11-15 %. 3a TeopeTnyHnME pO3paxyHKaMu HOTO MOX-
Ha gosectu 10 22 %.

3aJeXHICTh CHJIM CTPYMY Bill OCBITIIEHOCTI (CBITJIOBOTO MOTOKY) XO3BOJISIFOTH BHKOPHCTO-
ByBaTH (D)OTOCIEMEHTH SIK JIIOKCMETpH. Jlesiki BEeHTHIIbHI (hoTOCTIEMEeHTH (CipyaHO-TalieBi, rep-
MaHi€BI TOLIO) YYTIIHBI 10 iH(PpaYepBOHOrO BUIIPOMIHFOBaHHS, 1 1X 3aCTOCOBYIOTh JJISI BHSIBJICHHS
HarpiTUX HEBUIUMHMX TiJI, TOOTO PO3MINPSIOTHCS MOXIIMBOCTI 30DY.

Bemukuii iHTEpec sBIsiE 3aCTOCYBaHHS (DOTOCNEKTPOHHOI EMICiT /ISl MiIBUIIEHHS e(eKTHB-
HOCTI TEPMOEJIEKTPOHHOI eMicii HarpiTHM 3pa3koM, SIKMH MOTIM BUKOPHCTOBYETHCS B EJIEKTPO-
HHOMY KiHeckoni. Po3po6ieni Ha 11bOMy NPHUHIMIT TPHCTPOi Ha3MBaIOThesl hoToeMiciiiHUMH
€JIeKTPOHHUMH MiKpocKonamMu. B TakoMy MiKpOCKOMi JOCIiKyBaHa PEYOBHHA ONPOMIHIO-
€TbCSl YNbTPa(ioNeTOBUM CBITIIOM, a 300payKeHHS (OPMYETHCS 3a JOMOMOro0 (POKYCYBaHHS
BUIIPOMIHIOBAHUX TP IIbOMY i3 3pa3ka eneKTpoHiB. [Ipy 4acToTi cBiTIIa, siKa Juile He Habara-
TO TIEPEBHIILYE YEPBOHY MEXKY (QOTOC(EKTY, BEIMUNHA CTPYMY JOCTATHBO YyTJIHMBa 10 (i3ud-
HUX 1 KprcTanorpadiuHuX BIacTHBOCTEH MOBEPXHi 3pasKa.

§31.6. MdoTobionoriyHa aisi BANPOMiHIOBAHHS

31aBHA BifioMa [Iisi ONTUYHOT'O BUIIPOMIHIOBAHHS HA JIFOAWHY, TBAPHH, MIKPOOPTaHI3MHU i
pocniay. Li aii BUnIpoMiHIOBaHHS, [0 HA3UBAIOTHCS (POTOGIOJIOTTYHMMM, HE JUBIITYHCH Ha iX
PI3HOMaHITHICTh, MAIOTh 3arajbHy OCHOBY. 3arajJbHHMH Ul BCiX mporeciB (orodionorianoi
Jii BUIpOMiHIOBaHHA € (OTOXIMIUHI peaxiii, Ki MPOTIKaIOTh B OUTKOBUX PEUOBHHAX KIIITHH B
pe3ynbTaTi HOTIMHAHHS HUMH BUIIPOMIHIOBaHHSA 3 JOBKMHaMH XBWIb A < 0,4 MKM.

Bucokoro 6i0510riuHOI0 aKTHBHICTIO Bonozi€ yabTpadioneroBe BunpominwoBanus (YO
BUIIPOMIHIOBAaHHSI) 3 KBAaHTAMH BEJIMKOI €HEprii, SKi 3JaTHI 3MIHUTH XiMi4HY CTPYKTYpY OKpe-
MUX KJIITHH 1 TKaHHH.

Sk mokasye mocBif, Oionorivyaa mist Y @ BUNPOMiHIOBAaHHS MOXE OyTH SIKiCHO Pi3HOIO B 3a-
JISKHOCTI BiJl KBaHTa €HEPrii BUIPOMiHIOBaHHS, TYCTHHH ONPOMIHEHHS 1 TpUBAIOCTI .

Iornuuannas Y@ BunpomiHIOBaHHS OLIKOBHMH KOJOIAAMH MPOTOIIa3MH KIIITHH TKAHUHA
NPU3BOMUTH O PO3IICIUICHHs Oifika i YTBOpeHHs HOBUX pedoBuH. [Ipoayktu (rictamiH, BiTa-
MiH /[ Ta iH.), LIO yTBOPMIIUCS, € 6i00riYHO AKTHBHUMU 1, IOIIHMPIOIOYUCH IO OpraHi3My -
¢y3iero abo MUIIXaMy IUPKYISLIT piAMH, BUKIMKAIOTh 3arajibHO 010JIOTiUHI 3CYBH TOHI3yI040-
ro i TepaneBTHYHOrO XapakTepy. J[0cTaTHHO BENMKI 03U KOPOTKOXBHILOBOrO Y ® BHITpOMi-
HioBaHHSA 3 A < 0,3 MKM MOXXYTh BUKJIMKATH HE3BOPOTHI 3MiHM MPOTOIUIA3MHU 1 siiep KIIITHH B
pe3ynbTati Koaryinsnii (3ropTaHHs) Oi1KoBOI pedoBUHHU. Taki 3MiHH IPU3BOIATH 0 pyHHYBa-
HHSI KJIITHH 1 BIIMUPaHHS ’KMBOI TKAaHMHU. XapaKTepHUM TIPUKIIAJIOM [[bOT0 € GaKTePpUIHIHA
Iisi BUIPOMiHIOBAHHSL.

Kpim ToHI3yI0401, TepareBTHIHOI 1 OaKTepUIIMIHOI /1ii BUIIPOMiIHIOBaHHS, BEIMKE 3HAUCH-
HS JUIS OpTaHi3My JIIOAWHHY 1 TBAPUH MA€ MPOLEC BUHUKHEHHS 30pOBOr0 BiIUYTTS B pE3yNbTaTi
TIOTTIMHAHHS BUNIPOMIHIOBAaHHS CIICIiali30BaHUMH KJII THHAMH CBITJIOUYTIIMBOI PEUYOBUHH.

TakuM 9rHOM, 3arabHUNA KOMIUIEKC ()OTOOI0IOTIYHMX /il BUTIPOMIHIOBAHHS MOKHA PO3-
IUIMTH HA TPU TPYNHU: d) NCHXO(]i3ioNoriynHa [ist, sIka BH3HAYAE 30POBI BiMUYyTTsI i ysABICHHS
OTOYYIOUYOTO CBIiTY; 0) TOHI3yIO4a i TEpAIleBTHYHA Jisl; 6) PyWHIBHA Jisl BUIIPOMIHIOBAaHHS, HAIl-
puKiaj, OaKTepuIHIHA.

Oco0nyBe 3Ha4YEHHS B 3arajlbHOMY KOMIUIEKCI O10JOTIYHUX [ifi BUIPOMIHIOBAaHHS 3aiiMae
(oTocuHTE3 OPraHIYHKX CIONYK (BYIJICBOAIB 1 )KHPIB) 13 HEOPraHiYHUX PEYOBHH, SIKHH MPOTi-
Ka€ B OIPOMIHIOBAHHX JIUCTSIX POCIIHH, IO MICTSTH XJIOPOQiI.

OmuH i3 3aCHOBHUKIB pociiicekoi mkomnu diziomorii K.A. Timipsizes (1843 — 1920) B oxmii
13 CBOIX MEpIIMX Mpalpb 1Mo (OTOCHHTE3Y TOKa3aB, M0 XJIOPO(i, MOTINHAIOYH SHEPTi0 BUITPO-
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MiHIOBaHHS, BCTYIIA€ Y OKHMCIIOBAIBHO-BiTHOBITIOBAEHY PEAKIIit0 3 BYIJIEKUCIUM Ta30M i BO-
1ot (CO; i HyO), B pe3yabrari sK0i BUHUKAIOTH BYTJIEBOAM Ta BUIBHUI KUCEHB, SIKMH BHILIIA-
€ThCS POCIIMHAMH B OTOUYYIOYE CEPEIOBUIIIC.

Mipoto edexTuBHOCTI poTocuHTE3y, K nokazaB K.A. TiMips3eB, MOXe CIy)XHUTH TOTJIU-
HyTa XJI0po(diJIoM eHeprisi BUpomiHoBaHHsI. Momnekynu xiopodiny, 30yUKeHl TOrIHHYyTUMH
(OoTOHAMU, BCTYIMAIOTh y B3a€EMOIII0 3 MOJICKYJIAMH BOJH, SIKi ITUCOINIOIOTh. BiThHUIA BOJICHB
H, Bctymae B peakiro 3 Byriekuciaororo CO,, BiIHOBIIOWOYH ii IUIIXOM BHTICHCHHS aToMa
KHCHIO.

Takum yrHOM, (POTOCHHTE3 € CKIIATHOK0 (DOTOXIMIYHOO PEAKINi€l0, sIKa BUMArae TOTIHHA-
HHS JIEKITBKOX (DOTOHIB B MpOIIECi YTBOPESHHS OHOTO aTOMa BUTRHOTO KHCHIO 1 BiJIHOBIICHHS
OIHIET MOJIEKYITM BYIIIEKHCIOro ra3zy. Tak, HampuKiIald, IS BiMHOBJICHHS OJHI€T MOJCKYIH
CO; B Monekyny ¢dopmanpaeriny CH,O HeoOXinHe morimuHaHHS BocbMHU (GoToHiB. [Tomanmeiia
ToJTIiMepHU3aIlist MOJIEKYN (OPMAaITBICTIAY IPU3BOIUTE 10 YTBOPSHHS MOJICKYJIH BHXiTHOTO BYT-
neBoxy CgHi206, 0 HA3WBAETHCS TeKCO3010. Pe3ynnbTyroue piBHSIHHSA ()OTOCHHTE3Y MOXKHA 3a-
ITUCATH B TAKOMY BUTJISIII |

6CO, + 6H,0 + nhv + xmopogin — CsH1,06 + 60, + xmopodii ,

Jie N — KUTBKICTh ()OTOHIB, HOTIIMHYTHX XJIOPO(IIOM JUISl OJMHUYHOTO €IEMEHTAPHOTO MPOLECy
¢orocunTe3y. POTOCHHTE3 MPAKTUYHO HE BUHUKAE MPU ONPOMIHEHHI POCIIMH CBITIOBHM MOTO-
koM 3 A > 0,75 mxm.

TakuM 4MHOM, CYTHICTH Tporiecy (OTOCHHTE3Y y BiHOBJICHHI ABOOKHCY BYIJICLIO y BYT-
JICBOJH, 3aB/ISKM YOMY IOIJIMHYTA CBITJIIOBA €HEPTis HArpOMaDKYEThCS B aCHMIJIIOIOUHMX Opra-
Hax y BUIJISII XIMIYHOI €Heprii.

XimiuHa eHepris, sKa MOXOAUTH i3 CBITIOBOI eHEprii, 3a0e3meuye B OCHOBHOMY ITOTpeOy B
€Heprii BChOro JKMBOTO CBiTY. PO3BUTOK POCIMH CTBOPHB MOXKJIMBICTh BUHWKHEHHS TBApHH 1
IHIIMX OpraHi3MiB, He3JaTHHUX N0 (oTocuHTe3y. [Ipyn IX BHHHUKHEHHI BaXXJIMBY pOJIb BiJirpae
sIKpa3 3BOPOTHMH MpOLEC AWXaHHS 1 OKMCIeHHS. HeoOXimHMH U1 OCTaHHBOTO MpOLECY KH-
CEeHb 1 CTBOPIOETHCA B aTMoctepi 3emii mia BIiIuMBoM (OTOCHHTE3Y. B KiHIleBOMY paxyHKY
TBapWHU 1 1HII OpraHi3MH OTPUMYIOTh HEOOXIIHY /ISl iCHYBaHHS €HEPTilo i3 pOCIMHHUX opra-
HIYHUX CIIONYK, SIKi yTBOPIOIOTHCA ITPpU (POTOCHHTE31 1, IEPETBOPIOIOYH iX, OYyIyrOTh CBOI opra-
Hi4HI pedoBUHH. TakuM YMHOM, 3 €HEPreTHYHOI TOYKH 30pY, KUBUI CBIT MOXKHA PO3UIUTH Ha
IIBl TPYIK: Ha HarpoMaJpKyBadiB (pOCIMHU) 1 Ha crioxuBadiB (TBapuH) eHeprii. Lli aBi rpynu
3HAXOJATHCS B O10JIOTIUHIM piBHOBA3I.

Hpuxnan 31.3. lpuirsimo esaicamu, wjo npu ghomocunmesi (npovyeci nepemeopeHHst 8y 2eKucio-
20 eazy CO, na 8y2negoou nio Oicio eHepeii COHAUH020 CEIMNA 8 OesIKUX POCIUHHUX NI2MeHMAx,
Hanpukaaod, é xaopohini) na nepemsopenns oouici monexyau CO, y 6yene6od i Op Heobxiono bint 9
pomonis. Ipunycmumo, wo doexcuna xeuni nadaiouozo céimia dopisuioe 2 = 6700 A (xropo-
in cunvniwe nozmunace 6 dianazoni doexcun xeuns 6id 6500 A 0o 7000 A). Fxuii KKIT pomocunme-

3y? 360pomna peakyisi xapaxmepuzyemvcsi enepeosudinennam & = 1,84 107% Joie =49 eB na
00wy monexkyay CO,.
Po3w’sa30k. Cymapra enepeis 0eg ’amu ¢homonis

9hc _ 9(6,62-10** flc - ¢)(3-10° )

E==X - =2,66-107" Torc ~17eB.
A 6,7-10 " m
3nauumo, KK pomocunmesy dopienioe
= £100% = 298 10006~ 29 %
E 17eB
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