Nekuwna 17
ANeKTpU4eCcKnm ToK B rasax

Bonpocbl. MoHusauyusi 2a308 u pekombuHauyusi UOHO8. HecamocmosimeribHble
U camocmosimersibHble 2a308ble pa3psobl. BorrbmamnepHas xapakmepucmuka Heca-
MOCMOSIMesIbHO20 2a308020 paspsda. Bulbl camocmosimeribHbIX paspsi0o8
(mnerowud, dyeo8oU, UCKpOBoU, KOPOHHbIU). MoHamue o nnasme. Mcrionb3ogaHue
2a308bIXx pa3psi008 8 mexHuKke. KamoOHble fy4u.

17.1. ONeKTponpoBOAHOCTb ra3oB

1. [Ipy HOpMaNbHBIX YCIOBHUSIX BCE 0€3 MCKIIOUEHHUS Ta3bl SBISIIOTCS TUAJICKTPH-
kamMu. OHH COCTOSIT W3 DJIEKTPUUYECKH HEUTPAIBHBIX MOJEKYJI U B HHUX OTCYTCTBYIOT
HOCHUTEIH 3apsAJI0B.

2. JIns Toro 4roObl ra3 cTaja AJNEKTPONPOBOJIHBIM €ro HEOOXOAMMO HOHHU3UPOBATD.
Nonn3anus raza cOCTOUT B OTPBIBE 3JEKTPOHOB OT MOJIEKYJ WJIM aTOMOB U MPUCOEIU-
HEHHM YaCTH MX K JPYTUM HEUTPaAJIbHBIM aToMaM WIH MoJieKyjlaMm. CienoBaTelbHO,
HOCHUTEJISIMU 3JIEKTPUUYECKUX 3apsSJ0B B razaXx MOT'YT OBITh MOJIOXKUTEIbHBIE U OTpHUIIA-
TeJIbHBIE HOHBI, a TAK)KE CBOOOIHBIE IEKTPOHBI.

DHeprusi, HeoOXouMas JIJIsi OTPbIBA 3JIEKTPOHA OT MOJIEKYJIbI WJIM aTOMa, Ha3bIBa-
eTcst pabomoti uonHuzayuu. PaboTy MOHU3ALMK NPUHATO U3MEPATH B DJIEKTPOHBOJIBTAX
(1 »B). Huxe npuBenenbl 3HaueHus: pabOThl HOHU3AIMH HEKOTOPBIX T'a30B.

Taoanuma 17.1
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[TpoxoxIeHne AIEKTPUUYECKOTO0 TOKA Yepe3 Ia3bl HA3bIBAETCS 2A306bIM PA3PAOOM.
Pa3nnuaror nBa BHA ra30BbIX Pa3pslOB: HECAMOCMOSAMENbHbIU U CAMOCOAMENbHBLI.
B HecamocTosiTeIbHOM pa3psiic HOHbI 00Pa3yOTCs B pe3yJbTaTe JEeUCTBUSI BHEUIHETO
noHu3aropa. 1Ix obpazoBaHue He CBSI3aHO € HAJIMUYUEM JJIEKTpUUYECKOro nois. Monusza-
1Sl MOXKET ObITh BhI3BaHA
e HarpeBaHUEM rasza (TepMuuecKas HoHu3alus). B 3ToM ciydae mpu 10CTaTOYHO BBI-

COKOHM TemmepaType, KOrja SHEpPrus TEIUIOBOTO JBH)KEHUS aTOMOB WA MOJIEKYI

BEJIMKAa, OHU MOT'YT HOHU3UPOBATH JIPYT JAPYTa 3a CUET KWHETUYECKON DHEPTUH CTaJl-

KUBAIOIINXCS YaCTHLL;

e Bo3jciicTBUEM (HOTOHOB (KBAHTOB DJIEKTPOMArHUTHOTO M3inyuyeHus). Takas noHu3a-
uusi HasbiBaeTcs (QoromoHuzauuen. Ha mpakTtuke — 3TO Bo3AeiicTBME Ha Ta3bl
yIabTpadUONETOBBIMU WIIM PEHTTEHOBCKUMH Jy4YaMHU, a TaKXKe M3JIyYEHUEM pajuo-
AKTUBHBIX BEIIECTB;



e 0OoMOapaAUPOBKOI MOJIEKYJ (ATOMOB) raza ObICTPO JBMKYIIUMHUCS DJIEKTPOHAMU WU
noHamu (ynapHas woHuzanus). OHa HaOIIOAaeTCS B TOM CiIydae, KOrJa KHHEeTHYe-
CKasi SHEPTHUSI MOHU3UPYIOIICH YaCTHIIBI IPEBOCXOUT padOTy TOHU3AIUN MOJICKYJIBI
(aToma) rasa.

Yrto06s1 pa3psia ObLT HEMPEPHIBHBIM, HEOOXOMMa MOCTOSIHHAsE pab0oTa MOHU3ATOPA.

B npoTuBHOM citydae yepe3 HEKOTOpoe BpeMs pas3psn 3aTyxaerT. [IpudunHON 3aTyxaHuUs

SIBIISIETCST peKOMOUHAYUSL UOHO8 — HEUTpalTU3alus pa3HOMMEHHBIX HOHOB TIPH MX BCTpe-

Y€ WM BOCCOCIMHEHUE TIOJ0KHUTEIBHOTO HOHA U 3JIEKTPOHA B HEUTPATbHYIO MOJICKYITY.

[Tpu pexoMOMHALIMK U3TydYaeTCs] SHEPTHS, paBHAS YHEPTHH HMOHU3AIMU. YacTHyHO STa

DHEPIHsl MOXKET U3ITydaThCsl B BUJIE CBETA.

Paspsi, KOTOpHI CYIIECTBYET 3a CUET MPOIIECCOB, CO3/IaHHBIX B Ta3e AJICKTpUYe-

CKMM TIOJIEM Ha3bIBa€TCA CaMOCTOSITENBHBIM. llpum  oOmpeneneHHBIX  YCIOBHAX

HECaMOCTOSITEITLHBINA Pa3psii MOXKET IEPEUTH B CAMOCTOSITEITbHBIH.

17.2. HecamocTosiTenbHbIU ra3oBbIN pa3psas

Cxema HaONIOJIEHHS HECAMOCTOATENBHOIO Ta30BOr0 paspsja MpejcTaBieHa Ha
puc. 17.1. T'a3 HaxoAUTCS B CTEKISTHHOM TpyOKe, U3 KOTOPOH €ro MOKHO OTKAauMBaTh
C IOMOIIBI0 BAKYYMHOT0 Hacoca. B TpyOKy BCcTaBlieHBI ABa AJIEKTPOAA, MOIKIIOUEHHbIE
K TOJIOKUTEIFHOMY M OTPULATEILHOMY MOJI0CaM MCTOYHMKA MOCTOSTHHOTO Toka. Ha-

KHACOCY  MPSOKEHUE Ha DJIICKTPOAaxX Pperyiupyercssi NOTEH-

HUOMETPOM R. DIJIEKTPOJ, MOAKIIOYEHHBIA K IMOJIO-
NN/

KUTEITFHOMY TOJIOCY Ha3bIBaCTCS aHOAOM, a TO/I-
KIIFOUEHHBIH K  OTPUIATEILHOMY —  KaTOJIOM.
® HoHuzanmsi raza MPOUCXOTUT 3a CUET OOIydeHUs
R ero ynerpaduonaeToM. OTHOBPEMEHHO C MPOLIECCOM
4|__'_|7 WOHM3AIINN TMPOUCXOAUT U PEKOMOMHAIIUS HOHOB.
Ha puc. 17.2 npeacrapieHa 3aBUCUMOCTb CHUJIbI TO-
Ka paspsga OT pPa3sHOCTH TIOTEHIIHAIOB MEXIY
Puc. 17.1 aHOJIOM M KaToJoM (BOJbT-aMIICpPHAs XapaKTCPH-
CTHKa pa3psija).

I [TycTh An — WHTEHCHBHOCTH padOTHl MOHU3ATO-
1 ,' pa (4ucio map MOHOB, YTO CO3JAeT MOHH3ATOp 3a
¢JIMHHUILY BPEMEHHU B €UHHIIC 00beMa rasa), a An' —
YHUCIIO MOJIEKYJI, PEKOMOMHUPOBAHHBIX B CIMHUIIC
o0beMa 3a IUHHIY BpEMEHU. DTa BEITUYHHA MPO-
MOPIUOHAIBHO KaK YUCIY TOJIOKHTEIbHBIX HOHOB,
TaK ¥ YUCITy OTPUIATSIIFHBIX HOHOB B €AUHUIIE 00b-

0 U U ema

I - -

An' = Bn;, (17.1)
Puc. 17.2



rae B — ko3 puImeHT peKkoMOMHAIIMN, KOTOPBIA 3aBUCUT OT MPUPOJIBI Ta3a, TeMIepa-
TYpbl U [JaBJICHMS, M,.— YUCIO Iap HOHOB IPOTHUBOIOJIOKHBIX 3HAKOB B €IUHMIE
o0BeMa rasa.

B oTcyTcTBHE 3JIEKTPHUECKOTO OIS MOCIIC HACTYIUICHUS JUHAMUYCCKOTO paBHOBE-
CHSl YKCJIO PACIIABIIIMXCS MOJICKYJI PaBHO YHUCITy PEKOMOWHUPOBAHHBIX:

An=An'=Bn;. (17.2)
OTKyIIa KOHICHTpPAIUA NOHOB OJHOT'O 3HAKA paBHA
An

[Ipy HATUYUHM DJICKTPHUCCKOTO MOJsI YaCTh MOHOB JOCTUTAET DJICKTPOJIOB U Tam
HeWTpanu3yercs. YCIOBHEM JIUHAMUYCCKOTO PABHOBECHS B TaKOM Cilydae OyaeT pa-
BCHCTBO

An=Bn; +An", (17.4)
rae An” — 4HCIO0 Tap MOHOB, UCUE3AIOIIUX B PE3yJbTaTe HEHTpAIU3aIMU Ha DJICKTPO-
1ax B equHHIC 00beMa 3a eJUHHIY BpeMeHHU. BripasuM o0beM rasza B Tpyoke V uepes
PACCTOSTHHUE MEK/TY JIEKTPOAaMu [ U TUIOIIA (b TOBEPXHOCTH DIICKTPOIOB S:

V=_5I.
Yucio map HOHOB, HEHTPATU30BAHHBIX 33 BpeMs At
N=An"VAt,
a BeJIMYMHA CYMMapHOTO 3apsijia, MPOIIEANIET0 MEKIY SIEKTPOIaMHu:
AQ = Ne=An"VeAt = An"SleAt .
Cuita ToKa B paspsije:

I = Y = An"Sle,
At

a INIOTHOCTH TOKa

1
=—=An"le.
s
W3 rocnemHero BeIpaXeHUs HalaeM
An" =L
el
u nogcTaBuM B (17.4)
An:Bn§+il. (17.5)
e

Ananuzupys (17.5), paccMoTpuM 1Ba mpeaesbHbIX ciaydas. [lepBwlil, koraa mioT-
HOCTb TOKA OY€Hb MaJjia, YTO COOTBETCTBYET CJIA0BIM 3JIEKTPUUECKUM TOJISAM:

LD Bng.
e-l



Uucno MOHOB, HEUTPAIM30BAHHBIX Ha JIEKTPOJax, 3HAUUTEIbHO MEHBIIIE HEUTpaIu-
30BaHHBIX 33 CYET PEKOMOWHAIIMU U WX KOJWYEeCTBO corjacHo (17.3) He U3MEHseTCH.
B takom ciyuae paspsa nomuuHseTcs 3akoHy Oma. Ha BosbT-amIiepHO# XapakTepu-
cTuke paspsana (puc. 17.2) ato coorBercTByeT yuacTtky OA. [lo aHamorum c 3ieKTpo-
autamu (15.6) aist razoB 3akoH OMa MOKHO MPECTaBUTh B BUJIE:

j=ne(b”+b)E, (17.7)

rae E — HampsykeHHOCThb 3JIEKTPUYECKOro Moiyis, b* u b~ — MOABMIKHOCTU TOJIOKH-

TEJIbHBIX U OTPULATENBHBIX HOHOB (cM. popmyiy (15.5)). [logBHKHOCTH HOHOB B Ta3ax
4 2

uMeet 3HaueHus nopsiaka 10 m7/(B-c).

Bropoii npenenbHbIi cnydaid HabogaeTcs npu Bng il il N3 (17.4) nHaxoaum BbI-
e

paxkeHue i IUIOTHOCTA TOKa, KOTOPBIM B JAHHOM CJy4a€ Ha3bIBaCTCS TOKOM
HaCHIICHUS
Jia =eAnl . (17.8)
[ITOTHOCTH TOKA HE 3aBUCUT OT HANPS)KEHHOCTHU JIEKTPUUYECKOTO MOJIS U CO31AETCs
BCEMHU HMOHAMHM, KOTOPbIE BO3HHUKIU B pe3ysbTaTe pabOThl MOHU3AaTOpa B Ta3e, 3aKIIro-
YEHHOM MeXay asiekTpoaamu. Ha puc. 17.2 3TOMy yCIOBHIO COOTBETCTBYET Y4YaCTOK
BC. Tlpu npoMeXyTOUHBIX 3HAYECHHUSIX PA3HOCTH MOTEHIMAIOB MEXKY aHOJIOM M KaToO-
JIOM MPOUCXOAUT IUIABHBIM MEPEXO] OT JIMHEMHOW 3aBUCUMOCTH [ OT U K HACBIIIEHUIO
(yuactok AB). Eciu pa3HOCTh MOTEHIMATIOB OOJBINE 3HAYEHHs, COOTBETCTBYIOIIETO
touke C, TO HaOJIOAACTCS PE3KHM POCT TOKA, YTO OOBSCHSCTCS BO3HUKHOBEHHMEM TaK
Ha3bIBAEMBIX AJIEKTPOHHBIX JaBUH. OOpa30BaHHBIC BHEIITHUM HOHU3aTOPOM DJIEKTPOHBI
B JJIEKTPUUECKOM I10JI€ YCIIEBAIOT MPUOOPECTH KMHETUUYECKYIO SHEPIHIO, MPEBOCXOIs-
myr0 paboTy HOHM3aIMK MOJEKYJbl Ta3a. [IpyM CTOJKHOBEHMM STHUX DJIEKTPOHOB
C MOJIEKYJJaMH OCBOOOKIAIOTCSI HOBBIE AJIEKTPOHBI, KOTOPhIE CHOBA Pa3TOHSIOTCS IO-
JIEeM W TPU HOBBIX CTOJKHOBEHHSX CHOBAa HOHU3UPYIOT MOJIEKYJbL. [Ipomcxomut
JABUHOOOPa3HOE pa3MHOXKEHUE JICKTPOHOB U MOHOB. Pa3psii mpu 3ToM octaercs Heca-
MocTosiTebHbIM (yuacTok CD). Ilocne npexpalieHus: 1eiMCTBUS BHEIIHETO HOHU3AaTOpa
OH MPOAOJKAETCS 10 TEX MOp, MOKa BCE JICKTPOHBI HE JOCTUTHYT aHoja. UToObl pas-
pAA CTall CaMOCTOSITEIIbHBIM PA3HOCTh ITOTEHUMATIOB MEXIY JJIECKTPOJAMHU JIOJKHA
OBITH TOCTATOYHOM JJISl pa3roHa MOHOB JI0 3HAUEHUN DHEPTHUH MPEBOCXOIANINX pabOTy
nonuzauu. Ha puc. 17.2 — yyacTok KpUBOH, paClOJIOAKEHHBIN ITpaBee TOUKH D.

17.2. Bugbl camocTosiTeNibHbIX ra30BbIX pa3psaaoB

Taewwmui paspsaa. Tiuerommi pa3ps BO3HUKAET B ra3ax MPHU HU3KUX JABIICHUSX.
Jlnst ero HAOMIOAEHUS HUCTONB3YIOT Pa3ps/iHbIe CTEKISHHBbIE TPYOKH CO BIASHHBIMU
ANIEKTPOJaMHU, Ha KOTOpbIe MOJAETCS HANpsHKEHWE I OCYIIECTBICHMS pa3psiaa
(puc. 17.3). 3 TpyOku mpeaycMoTpeHa oTKauka Bo3ayxa. [Ipu HanpsokeHUM Ha dJieK-

TpOJaxX B THICAYY BOJIBT M TIPU JABJICHHUSAX OJM3KUX K aTMOocpepHOMY TOK B rase
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1234 5 npakTuyecku He HaOmogaetcs. [lpu naBneHusx nmopsaka

6500 Ila B TpyOKe MOSBISETCS CBETANIUNACS W3BUIUCTHIN

IIHYp, KOTOPBIN coeauHsieT kaToj u aHoj. Ilocie moHu-

! ' xenus gaBiaeHus g0 500 Ila TpyOka 3amosHseTCs

OJIHOPOJHBIM CBEUEHHUEM: BO3HHUKAET TJICIOIIMM pasps.

B mpocreiimeM ciiyyae BBIIETSIOT YEThIPE OCHOBHBIE 00-

JIACTH pa3psiia:

e | — mepBoe KaTOJHOE CBEUYEHHUE, WM KaToAHAas TIeH-
Ka;

e 2 — TEMHOE KaTOJIHOE€ MPOCTPAHCTBO, HA3bIBAEMOE KPYKCOBBIM (110 UIMEHU aHTJIMM-
ckoro ¢puszuka Yunbsima Kpykca (1832-1919));

e 3 — oTpuLATEIBHOE WM TICIOLEE CBEYEHHUE, B KOTOPOE MIIABHO MEPEXOAUT TEMHOE
npoctpaHcTBO Kpykca;

e 4 — (QapaneeBo TeMHOE MpOCTpaHCTBO. ['panunia Mexay ¢apaaeeBbM MPOCTPaH-
CTBOM H TJICIOLUM CBEUECHHUEM Pa3MbITa;

Puc. 17.3

® 5 — MOJIOKUTENbHBIA CTONO paspsna (Co3JaeT WILIIO3UI0 OJHOPOJHOCTH CBEUYEHUS

BCEU paspsIHON TPYOKH, TOCKOJIBKY €ro 00beM HaMHOTO OoJbIle 00beMa MEePBBIX

Tpex yacTeil pa3psiia, OTHOCSIIUXCS K €ro KaTOHOM YacTu).

[Ipu naBnenun B 133 [1a (1 MM pT. CT.) NOJOXKUTENBHBINA CTOJI0 HaYMHAET pacha-
JaThCsl HA YepeyIoluecs TEMHbIE U CBETJIbIe U30THYTHIE CIIOM, KOTOPBIE HA3bIBAIOTCS
cmpamamu.

OcCHOBHBIE TPOLECCHI, KOTOPbIE MOAJEPKUBAIOT pa3psll, MPOUCXOIAT B KATOJAHOM
TEMHOM IPOCTPAHCTBE U B 00JIACTU OTPULIATENLHOTO cBeueHus. Pacnpenenenue norex-
nyanga BIOJb JJIMHBI TPYOKH, KOTOPOE MOXXHO H3MEPHUTH C MOMOIIBIO BHASHHBIX
B TPYOKY 3JIEKTPOJ0OB-30HA0B, IIpeacTaBieHo Ha puc. 17.3. [loutu Bce nageHue noTeH-
nuanga MpUXOAUTCS Ha 00JacTh KaTOAHOTO TEMHOIO MPOCTPAaHCTBA. 3/1€Ch KATHOHBI,
oOpa3oBaBIIMECcs B pe3yJibTaTe yAapHOW MOHU3ALMHU MOJEKYJ B 00JIaCTU OTPHUIIATEINb-
HOTO CBEYEHMSI M OTYACTU B MOJOXKUTEIBHOM CTOJNOE W JIBUramoliuecss K KaTonay,
Pa3rOHSIOTCS 10 3HAUCHHUM SHEPIHH, MO3BOJIAIOMIMX MPH TOCTUKEHUHU KaTo/1a BHIOUBATH
U3 €ro MOBEPXHOCTH 3JEKTPOHBI (BTOPUYHAS AJIEKTPOHHAS IMUCCHS). DMUTUPOBAHHbBIC
e DJIEKTPOHBI IBHXKYTCSL B CTOPOHY aHO/1a, 001aCTh KATOJHOI'O TEMHOI'O NMPOCTPAHCTBA
MPOXOJAT MpaKTUYeCKHu 0€3 CTONKHOBEHUU ¢ Mosiekylnamu rasza. Illupuna sToro mpo-
CTpaHCTBa MPUONM3UTEIBHO paBHA JIMHE CBOOOJHOIrO IMpolera 3JIEKTPOHOB M YBe-
JUYMBAETCS C YMEHbILIEHUEM JaBJIeHUs Tra3a B pa3psaHoi TpyOke. [Ipu cToIKHOBEHUU
C MOJIEKYJIAaMH ra3a y>K€ B 30HE TJICIOLIETO pa3psaa NPOUCXOAUT MOHU3ALMSA MOJEKYI.
OO6pazyromuecs: Ipu 3TOM KaTUOHBI BHaYaJle UMEIOT 3HAYUTEIbHO MEHBIIYIO CKOPOCTb,
4yeM 0CBOOOJIMBIIMECS 3MEKTPOHbI. [loaTOMYy Ha rpaHulie 30H 2 U 3 KOHILIEHTpalus Mo-
JIOKUTEIBHBIX HOHOB 3HAYUTENILHO BbIIIE KOHIEHTPALMH 3JIEKTPOHOB. 37€Ch BO3HUKAET
MOJIOKUTENIbHBIN MTPOCTPAHCTBEHHBIN 3aps/i, KOTOPbIH BBI3BIBAET MOSBICHUE KATOJIHOIO
najieHus: noteHiuana. Yactb 06pa3zoBaBIINXCS HOHOB PEKOMOMHHUPYIOT € AJIEKTPOHAMH,

5



B pe3yibTaTe Yero BOZHUKAET CBEUEHHUE, a YaCTh JIBIXKETCS K KaTOIY U MPOIECC MOBTO-
psiercsi. OCBOOOXKIEHHBIE MIPU 3TOM JIEKTPOHBI U, MOTEPSBIINE B MPOIECCE HOHU3ALNU
HHEPTUI0 AMUTUPOBAHHBIC, YCKOPSAIOTCS B (hapajeeBOM MPOCTPAHCTBE W MOMAIAI0T
B 00J1aCTh MOJIOKUTENIBHOTO CTON0a. B 3TO 00MacTu KOHIEHTpALMK KaTHOHOB U DJIEK-
TPOHOB OJIU3KU. OJEKTPOHBI TMOCTOSHHO 4YacTh MOJEKYJ1 BO30YXJAalOT, a 4acTb
HOHM3UPYIOT. [lapaminenbHO MPOUCXOIUT PEKOMOMHALMS M TEpPeXo]l BO30Y>KIEHHBIX
MOJIEKYJl B OCHOBHOE cocTosiHre. O0a mpoliecca CONpOBOXKAAIOTCS U3TyUYEHUEM CBETA.
[Ipudem, npu nepexoae MoJIeKyI U3 BO30YKIECHHOTO COCTOSIHUSA B OCHOBHOE Y KaX/10T0
ra3a M3JIy4eHHIO COOTBETCTBYET OIpeesieHHas JyIMHA BoJHbI. [loaTOMy cBeueHue Kax-
JIOTO Tra3a UMeeT CBOM LIBET.

Jloka3aTeabCTBOM TOrO, YTO OCHOBHBIE MPOLIECCHI, MOACPKUBAIOIINE pa3psii, Mpo-
UCXOIST B €ro KaTOJHOM 4YacTH, SIBISETCS ONBIT C JABWXKYLIUMCS aHojoM. Eciu
B Ta30pa3psIHON TpyOKe KaToj MpUIBUTaTh K aHONY, TO KaTOAHbIE YaCTH pa3psia Oc-
TaloTca 0e3 U3MEHEHUH, a JIJIMHA MOJIOKHUTEIIBHOTO CTOJI0a YMEHbBIAETCs /10 MOJTHOTO
ucye3zHoBeHus. [lpu panpHeiieM ABMKEHUHU Ucue3aeT dapageeBo MPOCTPAHCTBO U CO-
KpauaeTcsl Tierouiee cBeueHue. Ero rpaHuiia ¢ KaTOJHBIM TEMHBIM IMPOCTPAHCTBOM
OCTaeTCs HETOABMKHON. Y HEemocpeacTBEHHOM OJM30CTH aHO/1a K 3TOM I'paHUIIe pa3psil
MpeKpaliaeTcs.

Tneromuii pa3psa LIMPOKO UCIOJIB3YETCS B CaMbIX Pa3HOOOPA3HBIX OCBETUTEIBHBIX
npubopax (ra3ocBeTHble TPYOKH, JIaMIbl JTHEBHOI'O CBETA, HEOHOBBIEC JIAMII, JIAMIIbI
BCIIBIIIKY H T. II.).

Jyrosoii pa3psaa. Otkpeir B 1802r1. pycckum ¢uszukom B.B. IlerpoBsim
(1761-1834). ITpoucxonut nmpu OOIBIION MIOTHOCTH TOKA M MPU HAMPSKECHUU MEKIY
ANEKTPOAAMHU B HECKOJIBKO JIECSITKOB BOJBT. MOXKET MPOTEKaTh MPU HU3KOM JABJICHUU
(Heckobko coT I1a) u mpu BbicokoMm maienuu (10 10° ITa). OCHOBHBIM IPOLECCOM,
MOIJIEPKUBAIOLIUM pa3psifl, SABISETCS SMHUCCHUS IJIEKTPOHOB C MOBEPXHOCTH pacKasieH-
HOTO KaToja. B 1abopaTopHBIX yCIOBUAX MOJYYUTH pa3psij] MPOIIe BCETO, MOAKIIOYUB
JIBa MPUBECHHBIE B CONPUKOCHOBEHUE YTOJbHBIE 3JEKTPOJIbI K HCTOYHUKY MOCTOSIHHO-
ro TOKa, a 3aT€M MEJIJIEHHO pa3BecTH. Mex 1y 2JIeKTpOoAaMH BCIBIXUBAET OCIEMUTEIBHO
ApKoe cBeueHre. bombapaupoBKa AJIEKTpOHaMH aHO/IAa CO3JAEeT B HEM YIilyOJieHue, Ha-
3pIBaeMoe KpatepoM Ayru. llpu aTtmocdhepHOM naBieHHMH TemIeparypa B Kparepe
nocturaet 4000 K. Jlist cpaBHeHust TeMnepaTypa Ha noBepxHocTtu conHia 6000 K. V-
TOMYMBYIO JyTy BCErJa MOXHO TMOJYYUTh IPU BBICOKOM TeMIepaType Karoja.
B Trneromem paspsiae KaTHOHBI, OOMOApAUPYIOUIUE KAaTOMA, HE TOJBKO BHIOMBAIOT dJIEK-
TPOHBI, HO U pa3orpesaioT ero. Eciau yBennuuBath cuily TOKa B TJCIOUIEM pa3psje,
KaToJ MOKET Pa3orpeThes J0 TEMIIepaTyphl, MPU KOTOPON HAUHETCS 3aMETHasi TEPMO-
AIIEKTPOHHAS AMUCCHUS, U TICIOMUNA pa3psi] NpeBpaTUTCs B AyroBoil. B Takom paspsne
McYe3aeT KaToAHOE MaJieHue MOTeHIINAIA.

B oTnnuue oT onMcaHHOro BhINIE pa3psia CYUIECTBYET Ayra ¢ XOJIOAHBIM KaTOIOM.
OnekTpolaMH B TaKOM Jyre CIYKUAT >KHUJKas PTYyTh, NMOMEIICHHas B OajuloH, U3
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KOTOpOIro0 OTKayaH Bo3ayX. Paspsan mnpoucxomur B mapax pryTtd. Temmeparypa
JJIEKTPOJOB HE MPEBBIIIAECT HECKOIBKUX COTEH I'PAAYyCOB, I09TOMY TEPMODJIEKTPOHHAS
OMHUCCHUS HE UIPAcT 3aMETHOM poau. Paspsan cyiiecTByeT 3a cueT aBTOXIEKTPOHHOMN
AMHUCCHUM. DTO O3HAYAET, YTO AJIEKTPOHBI U3 MOBEPXHOCTU KATOAA IMUTUPYIOT 32 CUET
CUJIBHOTO 3yIeKTpuyeckoro mois. Ilome ke co3maeTcs IOJIOKUTEIBHBIM IIPOCTPAH-
CTBEHHBIM 3apsiioM, 00pa30BaHHBIM HOHAMU. MoHM3a1Ms MOJIEKY, KaK U B TICIOLIEM
paspsne, IPOUCXOIUT 3a CYET JJICKTPOHHBIX JIaBUH.

JIyroBoil pa3psi UCIOJIB3YETCsl B KaUECTBE MOIIHBIX UCTOYHHUKOB CBETA B Pa3HOI'O
pOJla OCBETUTENbHBIX U MPOCKUMOHHBIX NPUOOpPAX, ISl PE3KU U CBAPKU METAILIOB. AB-
TORJIEKTPOHHBIE JYTH C PTYTHBIM KaTOAOM NPUMEHSIOTCA I BBIIPSIMIICHUSA
[IEPEMEHHOI0 TOKa.

HUckposoit paspsaa. HeycroluuBeiil pa3psii, KOTOPbIM BO3HHUKAET B Ia3e MEKIY
JIBYMsI JIEKTPOJAMU MPU aTMOC(EPHOM J1aBIIEHUH B MOIIHBIX OTHOCUTENIBHO OJHOPOJ-

HBIX 2JIEKTPUUECKHX TTONAX (A = 10° B/m). HanpsikeHHOCTD 3JICKTPUYECKOTO TTOJISI, PH
KOTOpPO¥ BO3HHMKAET paspsiJl, Ha3bIBACTCS HAIPSKECHHOCTHIO MPOOO0S MIIM KPUTHUCCKOM
HaIPSHKCHHOCTHIO. Pa3psii uMeeT BU MPEPBIBUCTHIX IPKUX 3UT'3ar000Pa3HBIX Pa3BETB-
JICHHBIX KaHAJIOB HWOHWU3MPOBAHHOTO Ta3a. KaHambel TPOHM3BIBAIOT Pa3psIHBIN
MIPOMEKYTOK, MCUE3AI0T, MOSBIISIOTCS BHOBb, CMEHSS JIPYT Apyra. Paspsa conpoBoxa-
€TCS BBIJICJICHUEM OOJBIIOrO KOJMYECTBA TEIIOTHI, SPKUM CBCYCHHEM M IITYMOBBIM
apexTom. MakcumaabHas CHJIa TOKa B MOITHBIX UCKPOBBIX pa3psaax JOCTHTaeT 3Ha-
YCHUH TMOpSAAKa HECKOIBKUX COTeH KA. B NMpUPOIHBIX YCIIOBHSX HCKPOBOHM paspsi
HaOJIFOIAETCS B BUJIE€ MOJIHUM.

PazBuTtne paspsiga oOBSCHSAET CTpUMEpHAs TCOPHUS JICKTPHUECKOTO MPOOOS ra3oB,
COTJIaCHO KOTOPO# BO3HMKHOBEHHIO SIPKO CBETAIIETOCS KaHajla MCKPBI IPEIMIESCTBYET
MOSIBJICHUE CJIA00 CBETAIIMXCS CKOIUICHWH WOHU3MPOBAHHBIX YacTHI] (CTPUMEPOB).
B razopaspsaHoM MpoMeKyTKe CTpUMEPBI 00Pa3yrOT 3JIEKTPOIPOBOISAIINE MOCTUKH, TIO
KOTOPBIM JIBFDKYTCSI MOIITHBIC ITOTOKHU 3JICKTPOHOB B IIpoliecce pa3BUTHS pa3psaa. Bos-
HUKHOBEHHE CTPHMEPOB OOBSICHSACTCS Ha PsAIy, C 00pa30BaHUEM D3JICKTPOHHBIX JaBHUH
MOCPEJICTBOM YIapHOW MOHM3AIUU eIle U (OTOMOHM3AIINEH, T. €. HOHMU3AIUCH raza u3-
JydeHUEM, BO3HUKAIOIINM B caMOM paspse. [Ipu ObICTpOM pacIIupeHUur B CTpUMEpax
CKauyKoOOpa3HO TOBBIMIACTCS JABICHUE, YTO NMPUBOIUT K BO3HUKHOBCHHIO YyIapHBIX
BOJIH Ha WX TPaHUIAX. DTUM U OOBICHICTCS IIyMOBOM 3 ()EKT, BOCIIPUHUMAECMBIH KaK
TPECK, a B CIIydac MOJTHUHU KaK TPOM.

Cxema pa3BuTHS paspsija npejcTaBicHa Ha puc. 17.4. I[IpakTHYecKn OqHOBPEMEHHO
C JJICKTPOHHOW JIaBUHOM, KOTOpasi 3apoJuiach y KaToja, BOBHHKAIOT W Pa3BUBAIOTCS
JABUHBI JTaJIeKO BIEPEAM OT BEPIIMHBI KOHYCa IEPBOHM JIaBHMHBI (Ha CXEME JIaBUHBI
MIPE/ICTABIICHBI B BUJIe KOHYCOB). [IprurHa BOZHUKHOBEHUS HOBBIX JIABUH — (DOTOMOHHU-
3ammsl (Ha CXeMe W3JIyYeHHE, BBI3bIBaroIIee (HPOTOMOHU3AIMIO, MOKA3aHO BOJHHCTOU
nuauel). Tlpu TakoM pa3BUTHHU paspsaa oOmUH IMyTh, MPOXOIUMBIN CTPUMEpPOM Ha-
MHOTO OOJIBIIIC MTYTH, KOTOPBIM MPOXOIUT OJTHA JaBUHA.
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Puc. 17.4

HckpoBoii pa3psil IMPOKO NPUMEHSETCS B TEXHUKE U Hayke. C ero moMoIb HHU-
LUMPYIOT B3PBIBBI U POLIECCHI TOPEHUS, U3MEPSIOT BEICOKUE HAIIPSKEHUS, UCIIOIB3YIOT
B CIIEKTPAJIbHOM aHAJIU3€, B MEPEKIIOUATENSIX JJIEKTPUUECKUX Lienel, g o0paboTku
METAJIJIOB U T. 1.

Koponnblii pa3psa. ['a30Bslii pa3psii, KOTOPBIM MOKHO HaOII0AaTh MpU aTMochep-
HOM JIAaBJICHUM B CUJIBHO HEOJHOPOAHBIX DJJIEKTPUUECKUX NONAX. Takue 1o
CO3/1al0TCA BJEKTPOJaMH C OOJbIION KPHUBHU3HOW IOBEPXHOCTH (OCTpHUs, MPOBOJA
U T. A.). Ecnu B HEnmocpeICTBEHHOM OJIM30CTH Y 3JIEKTPOJOB 3HAUCHUS HANPSHKEHHOCTH

nocturaior BenmuunH A >3-10° B/M, To BOKpPYr HHX BO3HHMKAET CBETAIIMHCS OpEon —
KopoHa. BTopoii anekTpoa MoxkeT ObITh J1I000H (HOpMBI, U OH JOJKEH OBITH Pacloio-
KEH JIOCTaTOYHO JajeKo, YyToObl He pa3BHBaJCs HUCKpoBOM paspsan. Ilo cBoeit cyru
KOPOHHBIN pa3psi HE MOJHOCTBIO Pa3BUTBIM HCKPOBOM pa3psal. Eciu KopoHa BO3HUKAET
BOKpPYI' OTPUUATEIBHOIO 3JEKTPOAA, TO €€ HAa3bIBAIOT OTPULIATENBHOM, a €CIU BOKPYT
MTOJIOKUTEIIBHOTO, TO — MOJIOKUTENBHOM. B ciydae oTpunarebHOW KOPOHBI MOCIIE J10C-
THKEHUSI  HANPSIKEHHOCTHU  AJEKTPUYECKOTO TOJII  3HAYEHUS  IPEBBIIIAIOIIETO
HaIpPsHKEHHOCTh MPo00si y MOBEPXHOCTH 3JIEKTPOJIa 3ap0KAAI0TCS AJIEKTPOHHBIE JIABU-
HbI, KOTOPBIE JABUTAIOTCS B CTOPOHY OT 3JIeKTpoja. Ha cBoeM IyTH OHM MOHU3ZUPYIOT
MOJIEKYJBI Ta3a. BO3HUKIINE MOJ0KUTENBHBIE HOHBI YCKOPSAIOTCS TOJIEM U, MOMNAaasi Ha
KaToJ, BEIOMBAIOT HOBBIE AJIEKTPOHBI. DTU 3JIEKTPOHBI, OTTAJIKUBASICH OT KaTOJa, MOPO-
KIAIOT HOBBIE JJIEKTPOHHBIE JaBUHBL. Ha HEKOTOpOM pacCTOSHUM 3JIEKTPOHHBIE
JaBUHBI 0OpBIBAIOTCS, TOTOMY YTO B CHILYy HEOJHOPOJHOCTH MOJIsI, €T0 HAMPSKEHHOCTh
yObIBaeT o4ueHb ObICTPO. PaccTosiHMe, Ha KOTOPOE PaCIpOCTPAHSIOTCS JIEKTPOHHBIE Jia-
BUHBI, MPEJICTaBIseT cOO0M TOMIIMHY KOpOHBI. [loTepsBIIe CBOIO YHEPTHUIO SJIEKTPOHBI
MIPUCOEANHSAIOTCS K HEUTPAIbHBIM MOJIEKYJIAM ra3a M MpOJOJIKAIOT ABUTAaThCS K aHOY
3a mpejenaMu CBeTslIeics Jyactu paspsaa. Takum oOpa3oMm, BHYTPU KOPOHBI pas3psij
o0ecreynBaeTcs HOCUTEISIMU 3apsiioB 000MX 3HAKOB (ITOJIOKUTEIbHBIE UOHBI U DJIEK-
TPOHBI), a 32 €€ IpeielaMyd HOCUTEIISIMU 3apsJ0B OJJTHOTO 3HaKa (OTpULATEIbHbIE HOHBI,
WJTU DJICKTPOHBI).

B ciyyae mOJOXKHUTENBHOM KOPOHBI JJEKTPOHHBIE JIABUHBI 3apOKIAIOTCA Ha
BHEIIIHEN 4YacTH KOPOHBI W, JIBUrascCh MO HANPABICHUIO K aHOJLY, UOHU3UPYIOT Tas3.
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W B ciiyyae MOJOXUTEIBHON KOPOHBI BHYTPH €€ MMEIOTCS HOCHUTENU 3apsioB 000OHX
3HAaKOB, a 3a €€ NpeJelaMH TOJIBKO IOJIOXKHUTENbHbIE MOHBL. B o0oux ciayuasx 3a
IpeJieJIaMy KOPOHBI I'a30BBIN pa3psill sBISETCS HECAMOCTOSTEIbHBIM.

KoponHbI#l pa3ps MOKHO HaOII0JaTh B MPUPOJIE, KOTJa MOJ BIUSHUEM atMochep-
HOTO 3JIEKTPUYECTBA OH TMOSIBISIETCS HAa BEPXYIIKaX JEPEBbEB, KOPaOEIbHBIX MaTd
U T. 1. DTO SBJICHUE IOJYyYNUIIO HA3BAHNUE OTHEU CBATOr0 JibMa.

KopoHHBII1 pa3psia MOXKET BO3HUKATh BOKPYI IMPOBOAOB JMHUK 3JEKTpoIepenay
Y BBI3BIBATh IIOTEPU JJIEKTpOdHEpruu. I103TroMy npoBoaa BbICOKOBOJBTHBIX JIMHUN HE
JOJIKHBI OBITh CITUIIIKOM TOHKUMHU.

KoponHsbl#t pa3psa npuMeHsieTcs: B 3J1eKTpoPuiIbTpax AJisk OYUCTKY ra3oB, IpU HaHe-
CEHUU JIAKOKPACOYHBIX U TOPOIIKOBBIX TOKPHITUHN (3JIEKTPOHHO-UOHHBIE TEXHOJIOTUH ).

Bce omnmcanHble BbIlIE pa3psabl BO3MOXHBI U IIPU IEPEMEHHOM HAIIPS)KEHUU Ha
3MeKTpoAax. A mpu yacToTax snmexTpuueckoro moms 107 I u BblIe OCYyIIECTBICHHE
pa3psi1oB obseryaercs.

Iliazma. [lmazmMa — 370 MOJIHOCTHIO WIIM YACTUYHO MOHU3UPOBAHHBIN JIEKTPUUYECKU
HEWUTpaJIbHBIN Ta3. DIEKTPUUECKasi HEUTPAIbHOCTh O3HAYAET, YTO YHCIIO 3apsI0B MPO-
TUBOIIOJIOKHBIX 3HAKOB B IUla3Me oJauHakoBoe. [IlmasmMa moguuHsAEeTCs Tra30BbIM
3aKOHAaM, OJIHAKO KaYECTBEHHO OTJIMYACTCS OT Ira3a, COCTOSIIETO U3 HEMTPAIbHBIX Yac-
THILI.

Bo-nepBbix, MeXAy YacTULAMM ILJIa3Mbl CYIIECTBYET KYJOHOBCKOE B3aWMOJEHCT-
BHE. DOTO 0O3HA4YaeT, YTO B3aMMOJECHCTBYIO HE TOJBKO COCEJHUE YaCTHUIBI IPU CTOJI-
KHOBEHMSX, & OJHOBPEMEHHO OIPOMHOE UX YUCIIO.

Bo-BTOpBIX, Ha IJIa3My OKa3bIBAIOT CUJILHOE BIIMSHUE DJIEKTPUUYECKOE U MarHUTHOE
TOJIA.

N3-3a 3TUX OTIMYHN IUIa3My CUHUTAIOT YETBEPTHIM arperaTHbIM COCTOSHUEM BeEllle-
ctBa. [lna3sma xapakTepuszyeTcs CTENEHBIO MOHU3ALUU O, MOJ KOTOPOW MOHUMAIOT
OTHOIICHHE YUCJIa MOHU3UPOBAHHBIX aTOMOB K MOJHOMY UX YHUCIIY B €IMHUIIE 00BEMa.
OTtnnyaroT c1abo-, CWIBHO- U MOJHOCTHI0 MOHU3UPOBAHHYIO IUIa3My. DJIEKTPOIPOBOI-
HOCTb CUJIBHO MOHU3UPOBAHHOM IUIA3MBI CPABHUMA C JJIEKTPOIPOBOJIHOCTHIO METAILIOB.
Hamnpumep, mnasma B AyroBoM paspsiie CUIbHO MOHU3UPOBAHA U €€ DJIEKTPOIPOBOJ-
HOCTB IPEBOCXOAUT 3JIEKTPOIPOBOJHOCT HEKOTOPBIX METAIIIIOB.

B cocTosHuy nia3mbel HAXOAUTCS MOAABIIAIONIAS YaCTh BEILECTBA BCEIIEHHOM. [ opsi-
yue 3Be31bl, Takue Kak Hame COJHIE, COCTOST M3 MOJHOCTHIO MOHU3UPOBAHHOMN
mwiasMbel. B kocmoce BOKpyr 3eMim Iia3ma CyLIECTBYET B BHJIE COJHEYHOI'O BETpA.
[Ipouieccamu B OKOJI03€MHOM T1a3Me OOBSCHAIOTCS BOSHUKHOBEHHUSI MarHUTHBIX Oypb
U TOJISIPHBIX CHUSTHUU.

IInasMy HCHOJIB3YIOT IIPU MPSIMOM NPEBPALLEHUN MOJIEKYJSIPHO TEILIOBOW 3HEPIUU
B AJICKTPUYECKYI0 B MarHUTOTrMApoauHaMuyeckux reaeparopax toka (MI'J]). C Beico-
KOTEMIIEpAaTYpHOU IIJIa3MOM CBsI3aHbl HAJECKIbl HA OCYIIECTBIIEHUE YIIPABIIEMOIO
TEPMOSIEPHOTO CUHTE3A.



Kartoanbie ayun. [Ipy yMeHbIIEHUN JaBJICHUS B Ta30pa3psAaHbIX TPyOKax /10 3Ha-
yenuit 1-0,1 [la nnuna cBoOOgHOTO TpoOera 3JEKTPOHOB BO3pacTaeT, U OHU 0e3
CTOJIKHOBEHMI JOCTUTraro aHoja. Vcue3aeT cBeueHue rasa, HO HAUYMHAIOT CBETUTHCS
CTEHKH TPYOOK 3€JICHOBAaThIM CBETOM. OTO siBJIeHUE BIepBbie Habmoman Y. Kpykc
B 1879r. OpnHako mnpupoja sBIEHUS OblIa OTKpbITa (QpPaHIy3cCKUM (HU3UKOM
XK. ITeppenom (1870—-1942) tonsko B 1895 r. OH yCTaHOBUII, UTO CBEUYCHHUE BHI3HIBACT
MOTOK OTPULIATEIILHO 3apsyKeHHbIX dYacTull. [lozxke, mocne otkpbiTus B 1897 .
Jx. JIx. TOMCOHOM 3JE€KTpPOHA, BBIICHEHO, YTO 3TO IMOTOK 3JEKTPOHOB. DTOT MOTOK
AJIIEKTPOHOB U HAa3BaJIM KaTOAHBIMU JlydamMu. MHOTHe TBep/ible BEleCcTBa MOl IeHCTBU-
€M KaTOJHBIX Jydel QuroopecuupyroT. [Ipu 3ToM pa3Hbie BelecTBa CBETATCS TOJIBKO
UM TPUCYIIUM I[BETOM. SIBJ€HUE MOJYYUIIO Ha3BaHUE KAaTOAOJIOMHUHECICHIIMM W Ha-
IUI0 HIMPOKOE TMpPUMEHEHUE (dKpaHbl TEJIEBU30POB, OCHUIUIOrPa(oOB, MOHHUTOPHI
MEePBBIX KOMIBIOTEPOB U T. I1.). KatogHbie iyun BO3HUKAIOT NpU OOMOapIUPOBKE KaTO-
JOB TOJOKUTEIbHBIMU HWOHaMH. Eciu B TMJIOCKOM KaTojAe clelaTh MaJjeHbKoe
OTBEpPCTHE, TO B MPOCTPAHCTBE 32 KATOAOM MOKHO HAOJII0JaTh c1abo CBETSAIINECS Myd-
KU. DTU TYYKH, MPEJCTaBISAIONME COOO0N MOTOKU MOJIOKUTENIbHBIX HOHOB, Ha3Balld
KaHAJIOBBIMM JydaMmH. VI3ydyeHHe KaHaJIOBBIX JIydeil BHECIIO OINpEIECTICHHBIA BKIIAJ
B CO3/IJaHUE COBPEMEHHOW TEOPUH CTPOCHHS BEUIECTRA.
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