H.A.KopmakoB JJIEKTPUYECKUU TOK B pa3JIMYHBIX Cpefiax 10 knacc

PA3AEN-3 B/IOK - 10

SAEKTPHYECKHH TOK B PABAHYHBIX CPEJAX

CopepkaHue OK No §§
OK yuyebHUKa
Tema 1 OK-10.10.1 | §109-110

1.9neKTpnyeckunii TOK B MeTannax

2.0nbIT Pukke

3.0nbiTbl MaHgenbwtama-Nananekcn, Crioapta-TonmeHa
Tema 2 OK-10.10.2 | §119-120

1.9neKTpMYECKN TOK B XKUAKOCTAX

2.9neKTpoanTnyeckan guccoumauma

3.9neKkTponus

Tema 3 OK-10.10.3 | §120

1.3aKOH 31eKTpon3a

2.lfpumeHeHme 31eKTpoan3a
Tema 4 OK-10.10.4 | §121-123

1.9neKTpryecKnit Tok B rasax

2.l'a308BbIl pa3pag,

3.HecamocToATenbHbI U CaMOCTOATENbHbBIN Pa3paabl

4.Tunbl pa3pagos

5.Mnasma

Tema 5 OK-10.10.5 | §117-118
1.9neKTprUYECKNit TOK B BaKyyme
2.BakyymHbIn grog,
3.3/1eKTPOHHO-y4YeBas TPyOKa

Tema 6 OK-10.10.6 | §113-115
1.9neKTpryYecKnin TOK B NONYNPOBOAHUKAX
2.CobcTBEHHAA NPOBOAUMOCTD
3.MpnmecHasa NpoBOAMMOCTb
4. Tepmucrtop.doTtopesncrop

Tema 7 OK-10.10.7 | §117
1.CsoticTtBa p-n — nepexoga
2.MonynpoBOAHMKOBBIN ANOL,
3.TpaH3ucTop
Ypok e3aumokoHmponsa «lloemopum meopuro» B3K-10
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H.A.KopmakoB JJIEKTPUYECKUU TOK B pa3JIMYHBIX Cpefiax 10 knacc

BJ/1IOK -10

SAEKTPHYECKHH TOK B METAAAAX [OK=10.10.1

1.Hocutenum ToKka — MOHbI NN INEKTPOHbDI?

3/1EKMPOHbI

2.0nbiT PukKke — 1901 .

CU AL CuU Fopoackana cetb — rog— Q = 3,5 maH.Kn

B3sewusaHue!

B nepeHoce 3apada 8 memannax UoHol He yyacmeyrom!

3. OnbiTbl — MaHOenbwmam — MNananekcu — 1913e.
- Cmwoapm — TosmeH - - 1916e.

1 Pa32oH — mopmoxceHue — uHepyua — TOK!

L POBOAA = 500 m, V= 300 /Vl/C

1 | -ydeneHell 3apad

e 11
=1,8x+10 3/1eKMpPOHQ
m, KT

m, ~ 10730 kr

Hocumenamu moKa 8 memannax A6A410McA 31€eKmMpOHbl

4.Bonbt - daMnepHaa XapaKTepUucTtmkKa
| A

v
-
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H.A.KopmakoB JJIEKTPUYECKUU TOK B pa3JIMYHBIX Cpefiax 10 knacc

B/1OK -10 OK-10.10.2
SAEKTPHYECKHH TOK B XXHAKOCTSAX

1.XXuakoctu:
- OU3/1EKMPUKU — OUCMUAAUPOBAHHAA 8004,
- MPOBOOHUKU — BOOHbIE pacmMaeopbl conel, Kucaom, wenovel — 31eKmpoaumel,

- 10AYNPOB8OOHUKU — PACAA8/1EHHbIU CeseH.

2.9neKTponuTMYecKan amccoumauma — «pasbeoduHeHue»
—_— 2 2-
CUSO4 —— Cu Tt 504
+ —

- 1
@(— D C +>
a n
4 ounons H,0—— | _

3.3HeKTp01WI3 — 8bl0esneHue esewecmesa, BXOdFILL{Eé‘O 8 cocmase asiekmposiuma

) oy

A /
\Z/ |

I +
UoHHaa nposodumocms!
kamod | kamuoH aHoo
- QHUOHbI |+
- @—> + MepeHoc BeLLecTBa!
- +
4.BonbT — amnepHana XapaKTepucTUKa 5.3aBucumoctb R(t)
s R4
R = Ry(1 — at)
» U > {
. CMeweHue 30 cyem noaspusayuu
Ctrpanuna 3
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H.A.KopmakoB JJIEKTPUYECKUU TOK B pa3JIMYHBIX Cpefiax 10 knacc

BJ/1OK -10 OK-10.10.3

IAEKTPOAHUS3

1.3aKOH 3/1eKTpoaun3a M.dapadeii — 18332.)

M q MIt
0 N, a0 T Nien [ m=klIt ]
M y
k = N—_ — JJIEKTPOXMMHNYECKHWHU 3KBUBAJICHT BeI€CTBA
A€n

_ a1
eN,=F =965 104E — nocTosHHasA Papages

m=—1It
Fn - 06veduHeHHbIlU 3aKoH ®apades

18742. — 3apA0 3neKMpPoHa — 3KcrnepumeHmasnbHo!

= M
e=———1It=1,6+ 1071° Kn
mnhN,

my— mMacca UoHa
q — obwul 3apA0,

go - 3apA0 UOHaQ,

€ - 3apA0 3/1eKMpPOHaQ,

n — 8a/seHMHOCMb UOHQ,
M — monapHasa macca,

m — macca sewjecmaa.

2.MpumeHeHUe 3N1eKTpoaunsa:
- Noay4YeHUe YuCmolx Memarsos,
- 04UCMKa Memannoe om rpumeced,
- nosy4YeHue aarMUHUS,
- 2as168AHOCMe2us ( MOKpbIMue Memanau4eckux npeomemos),
- 20/168AHONAACMUKA ( U320MO8BaeHuUe penbedHbix Konuli),
- U320moesieHue 31eKMpPOHHbIX naam.
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H.A.KopmakoB JJIEKTPUYECKUU TOK B pa3JIMYHBIX Cpefiax 10 knacc

TlosacHernuss Kk OK - 10.10.2-10.10.3

KuakocTy, Kak U TBEpAbIE TeAd, MOTYT ObITH HUAAEKTPHUKAMU, ITPOBOJAHUKAMU
U IIOAYIIPOBOIHUKAMHU.

K dusnexmpurxam OTHOCUTCS TUCTHAAMPOBaAHHAS BoAA.

K npoeooHurxam — pacTBOPBl U PaclAaBbl AEKTPOAUTOB: KHCAOT, IIEAOYEH U
COAEM.

2Kuokumu noaynpoeooHUKAMU SBASIIOTCH PACIAABAEHHBIM CEA€H, paclAaBbI
CyAbPUIOB U IP.

DAEKTPOAHTHYECKASI AHUCCOILHAILHS.

[Ipy pPACTBOPEHHUH OAEKTPOAUTOB IIOZ] BAHUSHHEM OAEKTPUYECKOLO IIOAS
TIOAIPHBIX MOAEKYA BOJbI IIPOMCXOAUT PACIIA MOAEKYA SAEKTPOANUTOB HA HOHEL.
Pacnag MOAEKYA Ha HOHBLI IO BAMSHHEM OJAEKTPUYECKOTO IIOAS ITOASPHBIX
MOAEKYA BOIbI HA3BIBAETCS d/leKkmpoaumuueckoil ouccouuayuei.

Cmenensv Ouccouuauuu — [OAS B PaACTBOPEHHOM BEIIECTBE MOAEKYA,
pacraBIIUXCs Ha HUOHBI.

CreneHp AUCCOIIMAIIMM 3aBUCUT OT TeMIlepaTypbl, KOHIIEHTpPAIIUU pacTBopa U
SAEKTPUYECKUX CBOMCTB PACTBOPHUTEAS.

C yBeAHMYEHHEM TeEMIIEpaATypbl CTE€IEHb MOHCCOIMAIIUU BO3pacTaeT H,
CA€IOBATEABHO, YBEAUUBAETCS KOHIIEHTPALIUS ITOAOKHUTEABHO U OTPHUIIATEABHO
3apsAKEHHBIX HOHOB.

HoHb! pa3HbIX 3HAKOB IIPU BCTPEYE MOTYT CHOBA OOBEAUHUTHCS B HEUTpPaAbLHBIE
MOAEKYABI.

[Ipr HEM3MEHHBIX YCAOBHSX B pPaCTBOPE YycCmaHasaueaemcst OUHAMUUECKOoe
pasHosecue, Npu KOMOPOM UUCIO MOJEKYL, PACnadarouuxcs 3a cekyHoy Ha
UOHBL, PABHO UUCNY NAp UOHO8, KOMopble 3a MO JKe 8pemsi 8HO8b 06EOUHSIOMCS
8 HellmpasbHble MOSeKYbL.

HoHHass IPOBOAHMOCTBE.

Hocureagmu 3apsga B BOAHBIX pacTBOpax HAHW paclAaBax 3A€KTPOAHUTOB
ABASIIOTCS IIOAOXKHUTEABHO U OTPUIIATEABHO 3apPSIKE€HHbIE HOHBI.

Ecan cocyn ¢ pacTBOPOM SAEKTPOAHUTA BKAIOYHUTH B OAEKTPHUYECKYIO II€IIb, TO
OTpPHULIATEABHBbIE HOHBI (AQHUOHbY HAYHYT [OBUTATbCA K IIOAOKUTEABHOMY
SAEKTPOAYy — aHOLY, a IIOAOKUTEABHBbIE (KamuoHbl) — K OTPHULIATEABHOMY —
Kartony. B pesyabTare 110 Leny NouaéT 3AeKTPUIECKUN TOK.

[IpoBOAMMOCTE BOAHBIX PaCTBOPOB HAHW pPacClAaBOB 3JACKTPOAHUTOB, KOTOpad
OCYILIECTBASIETCSI HOHAMH, HA3bIBAIOT WOHHOU NPOE00UMOCMBIO.

Kuokocmu moeym obnadams U 9NEKMPOHHOU npogooumocmoero. Taroii
nposooumocmsto obiadarom, Hanpumep, >KUoKue mMemasol.

JAEKTPOAHS.

[Ipy WOHHON NPOBOAWMOCTH IIPOXOXKAEHHE TOKa CBSI3aHO C II€PEHOCOM
BellecTBa. Ha saAeKTpomax IIPOUCXOAUT BBIAEACHUE BEIECTB, BXOAAIINUX B
cocTaB JAEKTpPOoAUTOB. Ha aHozme oTpHIlIaTEeAbHO 3apsa:K€HHBbIE HOHBI OTAAIOT
CBOHU AUIITHUE 3AEKTPOHBI (B XUMUU OTO HA3bIBAETCS OKUCAUTEABHOM peakiiuel),
a Ha KaToAe IIOAOKUTEABHBbIE HWOHBI IIOAYYAIOT HEOOCTAIOIEe 3SAEKTPOHBI
(BoccTaHOBUTEABHAS PEAKIIUS).

[Iporiecc BbIEA€HUS Ha 3AEKTPOE BEIIECTBA, CBSI3aHHBIA C OKHUCAUTEABHO-
BOCCTaHOBUTEABHBIMU peaKIIUIMHU, HA3bIBAIOT 3/1eKMpPOIU3OM.
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H.A.KopmakoB JJIEKTPUYECKUU TOK B pa3JIMYHBIX Cpefiax 10 knacc

SIBA€eHHEe MOAAPH3AIHH — 9MO0 803HUKHO8eHUe obpamHoli F/IC e npoyecce

aJsileKmpoJsiusda.
an‘IHHa - cosuz2 nomeHyua/la 3Jle;cmpoda 0m UCxXo0HO020 pasHo8ecHOo20
SHAUEHUSL.

Ha snexmpooax ebloensiromest npodykmol peakyuu, sosHukaem ecmpeuras 3/C
unu 3/[C nonapuyayuu.

H3MeHeHHe NMOTEHIIHAAA BbI3BAaHO H3MEHEHHEM:

-KOHUeHmpayuu 31eKmpoauma (KOHUeHmMpayuoHHAs NoAspu3ayusl)

- IPUPOABI SAEKTpPOAA (XMUMHUYECKAas ITOAIPHU3aIId).

INonspuzayus evlzbleaem 0ONOSAHUMENbHBLIL Pacxoo saeKxmpuuecmaa.
3aKOH 3AeKTpoAH3a Papanes.

Macca BellecTBa, BBIIEAHUBIIErocd Ha OSAEKTpoAe 3a Bpemda At. 1pu
ITPOXOXKAEHHUHN 3AEKTPUYECKOI'O TOKAa, IIPOIIOPIIHMOHAaABHA CHAE TOKA U BPEMEHH.
Beanunny k B dopMyase Ha3bIBAIOT 3A€KTPOXHMHYECKHM 3KBHBAaA€HTOM
JAHHOTO BEIIECTBA U BBhIpaXKaloT B KUL02PAMMAX HA KYSOH (KT'/Ka).

N3 popmyabl BHAHO, 4TO K03((PHUIIMEeHT Kk YHCAEHHO paBeH MacCe BeIeCTBa,
BBLIECAUBIIIETOCH HA 3AEKTPOax, [IPU IIEPpEHOCEe NOHAMH 3apdna, paBHoro 1 Ka.

OmnpezneseHHe 3apsana 3A€KTPOHA.
dopMyAy mOAS MacChl BBIIEAUBIIETOCHd Ha SAEKTPOLE BEIECTBa MOXKHO
HUCIIOAB30BATh JAS OIPENEACHHUS 3apsaaa SACKTPOHA.

3Haga Maccy m BBIAEAMBIIEroCd BeEIIeCTBa IIPH HNPOXOXKAEHUH 3apdana IAt,
MOASIpPHYI0O Maccy M, BaA€HTHOCTbP N aTOMOB H IIOCTOAHHYIO ABoragpo Na,
MO2KHO HAWUTH 3HAYEHHE MOAYAS 3apdaaa 3ACKTpPOHA.

HNmeHHO TakuM ImyTéM Hu ObIAO BHepBble B 1874 T. moAydeHO 3HaAYEHHUE
5AEMEHTAPHOI'0 IAEKTPHUYECKOTO 3apdaa.

IIppMeHeHHE 3A€KTPOAH3A.

OAEKTPOAU3 IMIUPOKO MPUMEHAIOT B TEXHUKE [IAS Pa3AUYHBIX IeAei.
OAEKTPOAUTHYECKUM CIIOCOOOM IIOKPBIBAIOT IIOBEPXHOCTH OJHOIO METaAAd
TOHKHM CAOEM [PYTOTO (HUKeauposaHue, xpomuposaHue, no3oa0oma U T. 1.). ITo
IIPOYHOE MOKPBITHE 3alUIIAET [TOBEPXHOCTH OT KOPPO3HUH.

Ecan obecrieduThk XOpOIIee OTCAAUBAHUE ISAEKTPOAUTHUYECKOTO IIOKPBITHS OT
IIOBEPXHOCTH, Ha KOTOPYIO OCaXKIAeTCHd MeTaAA (3TOTO AOCTHUTAIOT, HAIIpUMeEp,
HaHOCd Ha IIOBEPXHOCTH, rpaduT), TO MOKHO IIOAYUYHUTH KONUIO C penbe@dHOU
nosepxHocmu.

[Iporecc TMOAyYe€HHSI OTCAAWBAEMBIX IIOKPBITHH — 2anbeaHonsiacmuka — OblA
pazpaboran pycckum y4u€éHbmMm B. C. dkobu (1801—1874), kotopsii B 1836 r.
OPUMEHHA 3TOT CIOCOO OAS HM3TOTOBAEHHS ITOABIX (puUryp nas McaakmeBCKOTO
cobopa B Caukr-IleTepOypre.

[Tpu moOMOIIM 3AEKTPOAH3a OCYLIECTBASIOT OUUCMKY MEMANI08 Om npumecell.
Tak, IOAy4YEeHHYIO U3 PyAbl HEOYHUIIEHHYIO MEAb OTAUBAIOT B (POPME TOACTBIX
AVICTOB, KOTOpbIE 3aT€M IIOMEIIAI0T B BaHHY B KadecTBe aHomoB. [Ipu
SAEKTPOAH3€ Me€Ob AaHOOAa PaCTBOPSIETCS, IIPUMECH, COAepIKalllue IeHHbIE U
PEeoKUe METAAABI, BBIITAAAIOT HA JHO, a8 Ha KaTO[e OCEIaeT YHUCTas MEeIb.
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H.A.KopmakoB JJIEKTPUYECKUU TOK B pa3JIMYHBIX Cpefiax 10 knacc

IIpu nomowu 3s1eKMpPOAU3A NOAYUAOM AJNOMUHUN U3 pacraaBa OOKCHTOB.
VIMeHHO 5TOT CIIOCOO IIOAyYEeHHs AaAIOMHUHHS CIEAAA €ro NEIIEBBIM U Hapsay C
3KEA€30M CaMbIM PacCIpPOCTPaHEHHBIM B TEXHHUKE U OBITY.

C nomowbro 35/1€KMpPoaU3a NOAYUAIOM SAeKMPOHHble Naamel, CAyXKalllye
OCHOBOM BCEX 9AEKTPOHHBIX H3neAnd. Ha OHIAEKTPHUK HAKAEHBAIOT TOHKYIO
MEIHYIO IIAACTHHY, Ha KOTOPYIO HAHOCSAT OCOOOHM KPAaCKOM CAOKHYIO KapTHUHY
COEQUHSIOINX IIPOBOAOB. 3aTeM IIAACTHHY IIOMEIIAI0T B 3AEKTPOAUT, TIIe
BBITPABAWBAIOTCS HE 3aKpPBITble KPACKOH y4acTKU MemgHOTo caos. [locae atoro
KpacKa CMBIBAEeTCsd, U Ha I1AATe IIOIBASIIOTCH IETAAU MUKPOCXEMBI.
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H.A.KopmakoB JJIEKTPUYECKUU TOK B pa3JIMYHBIX Cpefiax 10 knacc

B/IOK -10 SAEKTPUYECKHH TOK B F'A3AX OK-10.10.4

1.Bo3ayx — ANINEKTPUK - AuHUU 3neKkmpornepeday,
- 8030yWHbIl KOHOeHcamop,
- KOHMAKMHbIe 8bIKAOYaMenu.

2.Bo3ayX NpOBOAHUK - MOHUS,

- 3/1eKMpuUYeCcKasn UCKpa,
- Oyaa npu ceapke.

4 —9
@\ - UoHusayusa
e——
%H S ®
e T

t 1t 1

Boicokas t - pekombuHayusa
Ynempa — nyyu @ —
Perme.ay4yu

31eKmpOHHO — UOHHAA NPO80OUMOCMb

3.Ia308BbIN pas3pag, - npouecc NPOXoIKOEHUS IeKMPUUECK020 MOKA Uepes 2a3

97 I4
—

A Iiac. B

O

I 0 . U

HecamocroatenbHblit pa3papg, (OAB) — sHewHee so30elicmsue
CamocronaTenbHbli paspag (BC) — uoHuzayusa yoapom, mepmosneKmpoHHAs IMUCCUs

4.Tunbl caMoCTOATe/IbHbIX pa3papos (cm.lloscHeHus K OK)

Mpyn NOHUXKEHHOM AaBNEHUN - maerowuii — namnbl OHEBHO20 ceema,

Mpy HOPMaNbHOM AABAEHUU - UCKPOBOU — MOSHUSA,
- KOPOHH®bIU — 31eKmMpogunbmpsl, yme4dka sHepauu
- dyz080li — c8apKa, pmymHble 1aMIbl

5.Mna3ma — yacmuyHo unu NosHOCMbIO UOHU3UPOBAHHbIU 2a3.
- HU3KomemnepamypHaa T < 10° K

- @blIcOkomemnepamypHaa T > 10° K
Mpu T = 20*10° = 30*10° K — nto60e Bewwecrso — nnasma!

TepmosgepHblie peakumu! MI[ — reHepaTopbi!
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H.A.KopmakoB JJIEKTPUYECKUU TOK B pa3JIMYHBIX Cpefiax 10 knacc

IosicHeHus Kk OK - 10.10.4

OAeKTpHYECKHH pa3pan B rase.

Bo3pM€M mAaCTHHBI IIAOCKOTO KOHAeHcaTopa u 3apanuM ux (puc. OK). Ilpu
KOMHAaTHOH TeMIIepaType, €CAHM BO3AyX [AOCTATOYHO CYyXOH, KOHAEHCATOP
paspaxKaeTcd O4€Hb MEIAEHHO.

OTO T1IOKa3bIBa€T, UYTO JAEKTPHUYECKHH TOK, BbI3bIBAEMBIH Pa3HOCTHIO
IIOTEHIIMAaAOB B BO3AyX€ MEXKAy IIAaCTHHaMM, O4eHb Maa. CaegoBaTeAbHO,
SAEKTpHUYECKad IMPOBOAMMOCTBE BO3AyXa IIPHM KOMHATHOM TeMIlepaType Masa U
8030YX MOXKHO cuumame OUINEKMPUKOM.

Harpeem Bo3myx Mexay mHnaacTuHamu. KoHaeHcaTop OBICTPO paspsizKaeTcsd.
CaemoBaTeAbHO, HaArpeThbI ra3 sSBASETCHd  IIPOBOAHHUKOM W B HEM
YCTAHABAUBAETCS SAEKTPUYECKUH TOK.

YBeAndyeHNe MPOBOAMMOCTU BO34yXa MOXKHO BBI3BATb M HHBIMU CIIOCO0aMH,
HalpuMmep AOeHcTBHEM M3AVYEHHH: Yaempaguosiemosozo, peHmeeHo8cKozo,
paduoaxmugHoz0 u op.

HoHnu3samus ra3os.

[Ipr OOBIYHBIX YCAOBHSX Ta3bl MOYTH IIOAHOCTBIO COCTOAT K3 HEHTPAABHBIX
aTOMOB HAU MOAEKYA U, CAEIOBATEABHO, IBASIOTCH AUIACKTPUKaMU. BeaencrBue
Harpe€BaHud HAU BOBILCfICTBI/IH KSAy‘-ICHHCM qacTh aToOMOB I/IOHI/I3I/Ipy€TCH
(puc.OK).

B raze MoryT o0pa3oBBIBATHCH U OTPHUIIATEABHBIE HOHBI, KOTOPHIE ITOSIBASIOTCS
6Aa1“o;[apﬂ IIPUCOEAUHEHUIO S9AEKTPOHOB K HEUTPAABHBIM aTOMAaM.

[Tpoiiecc pacmaza aToOMOB M MOAEKYA Ha HOHBI W JSAEKTPOHBI HA3LIBAETCS
uoHusauyuet.

HoHmn3amus ra30B IpU HarpeBaHUU OOBSICHSIETCS TEM, YTO II0 Mepe HarpeBaHUS
MOAEKYABI IBUXKYTCS BCE ObICTpee M ObicTpee. IIpu 3TOM HEKOTOPBIE MOAEKYABI
HAYUHAIOT OBUTATBCSI TaK OBICTPO, YTO YaCTh M3 HHUX IIPU CTOAKHOBEHHSX
pacriafgaercs, IpeBpalasch B HOHBI. YeM BBIIIe TeMIIEpaTypa, TeM OoAbliie
obpa3syeTcss HOHOB.

HPOBOAHMOCTB rasos.

MexaHu3M IIPOBOAMMOCTH TIa30B IIOX02K Ha MEXaHHu3M JIIPOBOAMMOCTHU
PacTBOpPOB H pPaCIiIAaBOB J3AE€KTPOAUTOB. Pazanuyne cocrouTr B TOM, 4YTO
OTpI/IL[aTeABHblf/'I 3ap4dn II€EPEHOCUTCA B OCHOBHOM HE€ OTPpHMIATEABHBIMH HMOHAMH,
KaK B BOJAHBIX pacCTBOpax HAH pacCliAaBaxX 3ACKTPOAHUTOB, a 3ACKTPOHAMMH.

Taxum obpasom, 8 2a3ax couemaemcst 3eKMPOHHASL NPOBOOUMOCMb, TIog00HAasd
IIPOBOAUMOCTH METAAAOB, C UOHHOU NPO8OOUMOCMbIO, TOLOOHOM ITPOBOAUMOCTH
BOIHBIX PACTBOPOB HAU PACIIAABOB 3AEKTPOAUTOB.

Ectp emi¢ omHO pasaumyue. B pacmgopax sseKkmpoaumog obpa3zoBaHUE HOHOB
IIPOUCXOAUT BCAEACTBHE OCAA0ACHUS BHYTPHUMOAEKYASPHBIX CBs3€ed MOX
JAEHCTBUEM MOAEKYA PACTBOPHUTEAD (MOAEKYA BOIBI).

B 2azax obpa3zoBaHHE HOHOB ITPOUCXOOHUT AMOO IIPM HarpeBaHUHU, AMOO 3a CUYET
AefcTBUS BHEUTHUX MOHU3aTOPOB, HAIIpUMeEP U3AYIEHUH.
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H.A.KopmakoB JJIEKTPUYECKUU TOK B pa3JIMYHBIX Cpefiax 10 knacc

PekoMOHHaLHA.

Ecan woOHH3aTOp TIepecTaHeT [AedCTBOBaTh, TO MOXKHO 3aMETHTH, YTO
3apsKEHHBIA KOHAEHCATOP CHOBA OyOET COXPAHATH 3apsf. ITO II0KAa3bIBAET,
YTO TIOCA€ IIPEKpAIlleHUus [AeHCTBHS HOHH3aTOpa ra3 IMepecTaér ObITh
mpoBoaAHUKOM. TOK IIpeKpalllaeTcsl IIOCAE€ TOTO, KaK BCE HMOHBI U 9AEKTPOHBI
JOCTUTHYT BAeKTpPoaoB. Kpome Toro, mpu COAMKEHHU DAEKTPOHA U
TIOAOKUTEABHO 3apPSIXKEHHOTO MOHA OHH MOTYT BHOBb 00pa30BaTh HEMTPaAABHBIHN
arom (puc. OK).

[Tporiecc 0O6pa3oBaHMtsa U3 HOHOB U SAEKTPOHOB HEUTPAABHBIX ATOMOB H MOAEKYA
HA3bIBAIOT peKomObuHayuell 3apsizKEHHBIX YaCTHIL.

[Tpoltecc MPOXOXKAEHUS SAEKTPHUYECKOTO TOKA UYEPE3 ra3 HA3LIBAIOT 2a306biM
paspsioom.

HecamMocCTOSITEABHBIH pa3pan. [Iad HCCAeOOBaHHsS paspsaa B rase IIpH
Pa3AWYHBIX JABACHUSIX HUCIIOAB3YIOT CTEKASHHYIO TPYOKY C ABYMS 3AEKTPOAAMHU
(puc. OK).

[IycTh C HOMOIIBIO KaKOro-AMOO HMOHMH3aTOpa B raze obpasyercd B CEKYHIY
orpeneA€HHOE YHCAO Tap 3apsaKEHHBIX YACTHUIl: [TOAOKUTEABHBIX HOHOB H
9AEKTPOHOB.

[Ipr HEOOABIIION PA3HOCTU IIOTEHIIMAAOB MEXAY OAEKTPoAaMH TPYyOKU
IIOAOXKUTEABHO 3apsiXKeHHbIE HOHBI I[E€PEMEIAIoTCd K OTPHUIATEABHOMY
SAEKTPOAY, a OSAEKTPOHBI UM OTPHUIIATEABPHO 3aps’K€HHbIe HMOHBI — K
IIOAOKUTEABHOMY 3AEKTpoAy. B pesyabrare B TpyOKe BOZHUKAET SACKTPUYECKUH
TOK, T. €. IIPOUCXOOUT 2a308blil paspsio.

He Bce o0Opasyromniyecs HOHbI JOCTHUIAIOT SAEKTPOIOB; YaCTh UX BOCCOEIUHSIETCS
C 2AEKTPOHaMH, 06pas3yss HeUTpasbHbIE MOAEKYABI rasa.

[To Mmepe yBeAnYeHHS PA3HOCTU IIOTEHIIMAAOB MEXKAY SAEKTPOAAMHU TPYOKHU HOAS
3apPAXKEHHBIX YaCTHI], OJOCTUTAIOIINX JAEKTPOLOB, yBeaAndrBaeTcd. Bospacraer
H CHAA TOKA B IIEITH.

Hakonery HacTymaeT MOMEHT, HOPH KOTOPOM BCe 3apsKeHHbIe YaCTHILBI,
obpasyrolyecss B rase 3a CEeKyHAY, JOCTUTAIOT 3a 3TO BpPeMS 3AeKTPodoB. [Ipu
5TOM OaAbHeHIIero pocra cuabl Toka He npoucxonut (puc. OK). Tok mocturaer
HacblueHusl.

CaMoOCTOSATEeABHBIH pa3psan.

Kazaanoce ©ObI, cmaa TOKa U IIPH [JaAbHEHIIEM YBEAWYEHHUH Pa3HOCTHU
OTEHIINAAOB JIOAYKHA OCTaBaThCd HEeM3MeHHONH. OHAKO OIILIT IT0KA3bIBAET, YTO
B Traszax IIpM YBEAHWYEHHH pPa3HOCTU IIOTEHIIMAAOB MEXKAY OAEKTPOAaMHU,
HauyMHasg C HEKOTOporo e€ 3Ha4deHHs, CHAA TOKa CHOBa BoO3pacTaer. ITo
O3HA4YaeT, YTO B rase IIOIBASIOTCH [OIOAHHUTEABHBIE HOHBI IIOMHMO Te€X,
KOTOpbIe oOpasyloTcd 3a cuér pnedicTBud wHoHH3aTopa. CHaa TOKa MOKET
BO3PacTH B COTHU M THICAYH pPa3, a YHCAO MOHOB, BO3HHUKAIOIIMX B IIPOIlECCe
pas3psanaa, MOKeT CTaThb TAKUM OOABIITNM, YTO BHEITHUH MOHU3ATOP OyIeT yKe He
HYKE€H [AS TIOAAEep:KaHUus paspsaa. Ecanm yOpaTh BHEIIHHUH HWOHH3ATOP, TO
pas3psa MOXKET He IIPEKPATUTHCS.

Paspan, mnpoucxomdaimmii B ra3e 0e3 BHENIHETO HWOHH3ATOpPa, HAa3bIBAETCH
camocmostmenbHbiM pa3psi0oM.
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HoHH3allHA 3A€KTPOHHBIM yZapOM.
KakoBbI k€ IPHUYUHBI PE3KOTO0 YBEAWYEHHS CHABI TOKAa B rasze IIpH OOABIIIHX
HaIIPSIKEHUAX ?
PaccMoTpuM Kakyro-AHOO Iapy 3apsasKEeHHBIX YaCTHUIL (ITIOAOKUTEABHBIM HOH U
SAEKTPOH), oOpa3zoBaBIIylocs Oaaromaps AEeHCTBHIO BHEIIHEro HOHH3ATOpa.
[TogBUBIIMHCA TAaKUM 00pa3oM CBOOOMHBIN SAEKTPOH HAYWHAET ABUTATBCSI K
IIOAOKUTEABHOMY 3A€KTPOAY — AHOMY, a IIOAOKUTEABHBIM HOH — K KaToxy. Ha
CBOEM ITyTH SAEKTPOH BCTPEYaAET UOHBI U HeHTpaAbHbIE aTOMBI. B IIpoMeKyTKax
MeXIy ABYMS IIOCA€IOBATEABHBIMH CTOAKHOBEHHIMH KHUHETHYECKas OJHepPTrUs
SAEKTPOHA YBEAUYHUBAaeTCHd 3a CYET pabOThl CHA BAEKTPUYECKOTO Moad. dem
OoAbIlle  Pa3HOCTH MOTEHIIMAAOB  MEXKAY OAEKTPOAaMH, TeM  OOABIIIe
HaIIPSAKEHHOCTD SAEKTPHUIYECKOTO IT0AS.
Kuneruueckass oHeprus OJA€KTPOHA IIepel O4dYepeaHBIM CTOAKHOBEHHEM
IIPOIIOPIIMOHAaAbHA HAaNPsSKEHHOCTH IIoOAsS U JaAuHe [ cBobomgHOro mpobera
9AEKTPOHA (IIyTH MEXKIY ABYMS IIOCAE€I0BATEALHBIMI CTOAKHOBEHUSIMH):

my?

— = ¢El
) e

Ecan kuHeTHdyecKas OSHEPrUd 23A€KTPOHA IIpeBHIIIaeT paboTy Aj, KOTOPYIO
HYZKHO COBEPIIHUTD, YTOOBI HOHHU30BaTh HEUTPAABLHBIH aToM, T. €.

muv?

— A

TO IIPH CTOAKHOBEHHH IAEKTPOHA C aTOMOM IIPOUCXOOUT MOHHU3AIIHA.

[Iporiecc BbIOMBaHUS OBICTPOABUIKYIIMMCS CBOOOAHBIM OAEKTPOHOM IIPHU
COymapeHuHU y HEUTPaAbHOTO aToMa OJHOTO HAW HECKOABKHX OSAEKTPOHOB
Ha3bIBAIOT UOHU3AYUEU 31eKMPOHHbIM YOaApOoM.

B pesynemame emecmo 00H020 €80000H020 s/eKmpoHa obpasyromcest 08a
(Hanemarowuil Ha amom U 8blP8AHHBLLI U3 Aamoma).

OTH 5AEKTPOHBI, B CBOIO OYEpedb, IIOAYYAIOT 3HEPTHI0 B IIOA€ U HOHHU3YIOT
BCTpPE€YHbIE aTOMbI U T. M. YHCAO 3apsKEHHBIX YacCTHI[ Pe3KO BO3pPacCTaeT,
BO3HUKAaET 9A€KTPOHHAsSI AaBHHA.

!Ho ogHa MOHU3AIUA 3ACKTPOHHBIM YIAPOM HE MOXKET 00ECIIeYUTh HAUTEABHBIN
CaMOCTOSITEABHBIH pa3pdan. [lefCTBUTEABHO, BeOb BCE BO3HUKAIOIIME TaKHM
006pa3oM SAEKTPOHBI ABUIKYTCS II0 HAIIPABA€HHIO K aHOAY M IO JOCTHUKEHUU
aHoma «BBIOBIBAIOT W3 WUrpeD. /s cywecmeogaHust paspsioa Heobxoouma
aMUCCUSL 3IeKMpPOHO8 C Kamooa (CAOBO 3MUCCUSL O3HAYAET «HCIIyCKaHHE»).
OMHCCUSA SAEKTPOHOB MOXKET OBITH 00yCAOBAEHA HECKOABKUMH IIPUYHUHAMH.
1.IToaoKHUTEABHBIE HOHBI, OOpa30BaBIIHECH ITPH CTOAKHOBEHHH CBOOOIHBIX
SAEKTPOHOB C HEHUTPAABHBIMU aTOMaMH, IIPH CBOEM [OBHXKEHUU K KaTOLy
OpUoOpeTaroT moa AeHCTBHEM IIOAS OOABIIYI0O KUHETHYECKYIO JHepru. [lpu
yaapax TaKHUX OBICTPBIX HOHOB O KaTOXL C IIOBEPXHOCTH IIOCAEIHETO
BBIOUBAIOTCS 9ACKTPOHBI.

2.Kpome TOrO, KaTo/d MOIKET HCIIyCKaTh 3AEKTPOHBI ITPU HaArpeBaHUU €ro 10
BBICOKOH TeMIlepaTypbl. [Ipr caMOCTOSTEARPHOM pa3pse HarpeB KaToaa MOXKET
HPOUCXOAUTH 3a CYET OOMOAPAUPOBKH €ro IMOAOKUTEABHBIMU HOHAMH, YTO
IIPOUCXOUT, HATIPUMEDP, NPU 0Y2080M pa3psioe.
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B paspexkeHHOM rase caMOCTOATEABHBIN pa3ps BO3HUKAET IIPU CPAaBHUTEABHO
HeOOABIINX HAaIPSKEHHUSIX. baaromapa MasoMy MOaBAEHUIO [OAWHA Ipobera
SAEKTPOHA MEXIYy ABYMS yAapaMH BE€AWKAa, U OH MOIKET IIPHUOOPECTH SHEPTHUIO,
JOCTATOYHYIO A MOHU3AIIUHU aTOMOB.

Hpu marKom paspﬂde 2as3 ceemumesi, yserm ceeveHusl sasucum om poda 2asa.

CeeueHue, 603HUKAIOWEe NPU MierOUWeM pa3psaoe, WUPOKO UCNONb3Yyemcst Ons
perxnamel, O/ist 0C6EUWeHUSL NOMEeWeHUSl Iamnamu OHe8H020 ceema.

Buabsl caMOCTOSATEABHBIX pa3pAaAOoB

Paspsan YCAOBHSI BO3BHHKHOBEHHSA IIpuMeHeHHE
Tnerowuut | Huzkoe naBAeHME (IOAM MM.PT.CT.) HoHHbIE 1 SA€KTPOHHBIE
Bricokag HaIpsSI>KEeHHOCTD ITOAS E PEHTIEHOBCKHE TPYOKH,
razopas3pgaaHble TPyOKH,
ra3oBbl€ AA3€PhI
Hyeoeoii TepMoO3A€KTpPOHHAsS 3MHUCCHS C KaToa. [TposkeKTOPHI
Boarmmas cuaa Toka (10-100 A) nmpu masoi | CBapka U pe3Ka MeTassa
HaIIPSIZKEHHOCTH OAEKTpOIeYH OAT ITAABKHU
MeTasAa
KopoHHblit | ATMochepHOE 1aBAEHUE. OAEKTPOOUYNCTUTEABHBIE
CHABHO HEOMHOPOAHOE IT0AE UABTPBI ra30BBIX CMeceH
Hcrpoeout | Bricokoe HampsixKeHUe IIpU atMocdepHoM | Moauus
JaBACHHH UMeeT BH/J CBETHIlleTOCd KaHaaa | Pa3psg KoHaeHcaTopa
VICcKpEI IPHU 9AEKTPU3AIIUU
IIarazma.

[Ipr o4yeHB HH3KHUX TeMIlepaTypax BCe BellecTBa HaxXoOdTCsI B TBEPIAOM
coctrogHUU. Mx HarpeBaHHe BbI3bBIBAET II€PEXOM] BEIIECTB U3 TBEPIOTO
COCTOSIHHSI B JKHAKoe. [lasbHeHIllee IIOBBIIIEHHE TEMIIEPATyphbl IIPUBOAUT K
IIpeBpallleHHUIO XKUAKOCTeH B ras.

HpI/I AJOCTATO4YHO OOABIIIHX TEMIIEpaTypaxX HAYHMHACTCA HMOHH3allHd rasa 3a C4eET
CTOAKHOBEHHUM 6I>ICTpOI[BI/I}Ky1_L[I/IXCH aTOMOB HAHU MOAEKYA. BerrectBO IIepexoqur
B HOBOE€ COCTOdAHHE, HA3BIBAEMOE nnasmotil.

IIanazmMa — 5TO YaCTUYHO HAU IIOAHOCTBIO HOHH30BaHHBIN raz, B KOTOpPOM

AOKAABHBIE IIAOTHOCTH IIOAOZKHUTEABHBIX %t OTpHULIATEABHBIX 3ap4a0B

IIPAKTHUIECKH COBIIaAAaroT.

IThasma 6 uenom s8asemcss sneKkmpuuecku HeumpanvHou cucmemoil. B
3aBHCHMOCTH OT YCAOBUH, CTENE€Hb HOHU3AIUU IIAA3Mbl (OTHOIIEHHE YHCAA
HMOHH30BAHHBIX ATOMOB K HX IIOAHOMY 4YHCAy) MOIKeET OBITH pasaudHoil. B
NOJTHOCMbIO UOHU308AHHOU niazme HellmpanbHblX AmMmomo8 Hem.

CBoiicTBa maa3Mmsbl. [[aazma obaamaeT PSIOM CHEITU(PUIECKUX CBOMCTB, YTO
II03BOASIET paccMaTpUBaTh €€ Kak ocoboe, uemgépmoe cocmosiHue geu,ecmaa.
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1.113-3a 0oABIION IIOABHUIKHOCTH 3apsKEHHBbIE YaCTHIIbI IIAa3Mbl  AETKO
IIePEMEIIAIOTCA IO AECHCTBHUEM SACKTPHYECKHUX U MarHUTHBIX HoAel. [loaTomy
AI000O€ HapyIIeHHEe JACKTPUYECKOH HEUTPaAbHOCTH OTAEABHBIX oOaacTed
IAa3Mbl, BBI3BAHHOE CKOIIA€HHEM YacCTHI[ OJHOT'0 3HakKa 3apsga, ObICTPO
AUKBUIUPYETCH. BosHukaromue SAEKTPHUYECKHE I10AS IIe€pPEMEIIAIOT
3apdAKE€HHbIE YaCTHUIBI 00 TE€X IIOP, IIOKa JACKTPHUYECKad HEUTPAaAbHOCTb HE
BOCCTAQHOBHUTCS U DAEKTPHUYECKOE II0A€ HE CTAHET PaBHBIM HYAIO.

2.B oTanune OoT HEUTPAABHOIO ra3a, MEXAY MOAEKYAAMH KOTOPOT'O CYILECTBYIOT
KOPOTKOAECHCTBYIOIIIME CHABI, MEXAy 3apda’KE€HHBIMH 4YacCTHUIlAMH IIAA3MBbI
OeHACTBYIOT KYAOHOBCKHE CHABI, CPaBHUTEABHO MEJIA€HHO yObIBAIOIEe C
paccrogHueM. Kakmaa dyacTuila B3auUMOAEHCTBYeT cpady C OOoAbIIHNM
KOAWYECTBOM OKPYZKAIOIIMUX YaCTHIL.

3.IIpoBOAMMOCTE TIIAaQ3Mbl YBEAHMYHUBAETCA II0 MEpPE pocTa CTEINeHH eé
noHusanuu. [Ipyu BEICOKUX TeMIlepaTypax IIOAHOCTBIO HOHU30BaHHAs I1Aa3Ma I10
CBOeY IIPOBOAUMOCTH ITPUOAUIKAETCS K CBEPXIIPOBOHUKAM.

4.Hapgany ¢ HarpeBaHHEM HOHH3allusd ra3za U obpasoBaHHe IIAa3MbI MOTYT OBITH
BBI3BAHBbl PAa3AUYHBIMU U3AYUYEHHUSIMH HAW OoMOapaupoBKOM aToMOB rasa
OBICTPBIMH 3apSZKEHHBIMU YacTHIIaMH. [Ipu 3ToM IoAydaeTcd Tak HasbpIBaeMas
HU3KomemnepamypHas naiasma.

IInAazMa B KOCMHYECKOM IPOCTpPaHCTBE.

B cocrogHuu mnaa3mMbl HaXOOUTCS IoAaBasiiollias (oKoao 99%) yacTh BellecTBa
BceaernHol. BceaencrBre BbICOKOM TeMmepaTypbl CoaHIle W Apyrue 3BE3AbI
COCTOSIT B OCHOBHOM M3 ITOAHOCTBIO MOHM30BaHHOHN IIAA3MBbI.

N3 maa3MBI COCTOUT M MEXK3BE3AHAS Cpena, 3allOAHdIoINad IPOCTPaAHCTBO
MexXay 3BE3maMu U rasakTHKaMU. [IAOTHOCTE MEXK3BE3MHON Cpeabl O4YE€Hb Maaa
— B CpeaHeM MeHee oHOoro aroma Ha 1 cm3. MoHH3alusa aToOMOB MEK3BE3MTHOMU
Cpeabl BBIZBIBAETCS HU3AYYEHHEM 3BE3 U KOCMHUYECKHUMH AydaMU — IIOTOKaMHU
OBICTPBIX YaCTHUIl, ITPOHHU3BIBAIOIIMMHU IIPOCTPAHCTBO BceaeHHOT 1o BceM
HalpaBACHHSM. B oTamyme oT ropgded maa3Mmbl 3BE31 TeMIeparypa
MEe3K3BE3IHOM MMAa3Mbl OYEHL MaAaa.

IIaa3MoOH OKpyeHa H Halla MAaHeTa. BepxHuii caoii arMocdepbl HAa BBICOTE
100—300 kM 1pencraBasieT cCco0OOF HMOHU30BAaHHBIA Ta3 — UOHOCepy.
NoHnzanyua  Bo3oyXa B BEPXHEM  CAO€ aTMoc(epbl  BBI3BIBAETCH
IPEUMYIIECTBEHHO H3AydeHHeM CoaHIla M IIOTOKOM 3apsasKE€HHBIX 4YacCTHII,
ucnyckaembrx CoaHnleM. Bprlimmre moHocgephbl IIPOCTUPAIOTCS pPaaHallOHHBIE
rnosgca 3eMAH, OTKPBITBIE C IIOMOIIBIO CIIyTHHKOB. PanualiioHHbIE ITosdca TaKKe
COCTOSIT U3 IAa3Mbl. MHOTHMH CBOMCTBaMH IIAa3MbI 00Aa1al0OT CBOOOIHEBIE
SAEKTPOHBI B MeTaaraX. B oTandyme OT OOBIYHOH ITAa3MBI B ITAa3Me TBEPIOTO
TeAa IIOAOXKHUTEABHBIE HOHBI HE MOTYT II€PEMEIIATHCH 10 BCEMY TEAY.

MarHHTOTHAPOAHHAMHYECKHH reHepaTop (ML ).

[IpuHnIUnT fgeficTBUS MAaTHUTOTHMAPOAMHAMUYECKOro TreHepatopa (ML -
reHepaTopa) 3aKA4YaeTCcd B TOM, YTO IPHU ABHKEHHUH HOHU3UPOBAHHOI'O rasa
(HM3KOTEMIIEPpATYPHOM TIAa3Mbl) dYepe3 CHABHOE MAarHHUTHOE IIOA€ B HEM
UHAYIUPYETCS JAEKTPHUYECKUM TokK. Hu3koTemmnepaTypHasa Iaa3Ma BO3HHUKAET
IpHU HarpeBaHUU raza no temneparypsl 2300 — 3000 K, xkorma oT €ro MOAEKYA
HMAW aTOMOB OTPBIBAIOTCS BHEIIHHE 3A€KTPOHBI, BCAE€ACTBHE dYero ras
HOHU3UPYETCH U CTAHOBUTCS IPOBOAHUKOM SAEKTPUUYECKOI0 TOKA.
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B/1OK -10 OK-10.10.5
SAEKTPHYECKHH TOK B BAKYYME

1.Bakyym - P << Parw. (8o 10" mm pr.cT.)

Camonpou3sobHbili 8bix00 e Heso3moyceH!

A\ A 4

4

TepmoaneKmpOHHaﬂ amuccus!

4+

4+

osoliHol cnoli
2.BakyymHbIi auop, ( 8 HacmosAuw,ee spems He npumeHsemcs)

A (B) bannoH — sakyym (10° - 107 mm. pm.cm.) |
(A) AHOO — npumsazusaem e
b (H) Hume — nodozepes kKamoda
K (K) Kamod — ucniyckaem e 1
IHaCblweHuﬂ
H -- i |— == —>» 00HOCMOPOHHAA Nposodumocms! LU

7z

3.MpuMeHeHMe — 8bIMpAMAEHUE MePeEMEHHO20 MOKQ
| |

+ /4\ A + /-I\ /-I\
\/ \/ ) |

4.CBOMCTBA 31EKTPOHHbDIX 1yyei
- 8bI3bIBAIOM CBEYEHUE, Ha2Pes, PeHM2eHOBCKOe U3syYyeHue
- OMK/IOHAKOMCA 8 3/1EKMPUYECKOM U MA2HUMHOM 058X

5.91eKTpOoHHO —nyueBan TpybKa ( 8 HacMosuee spems He npumeHaemcs) /
| |
Lo ] ©—

/ AERY /

Humo nodoepesa Kamod aHOoObI 83AUMHO- rieprneHo. IKpaH
Kamooda naacmuHel (nromuHogop)

e B

1
|

YnpasneHue ry4ykom 37€KmMpoHO8 — € MoOMOW,bo MA2HUMHO20 04

B ysemHom KuHeckone — mpu 371eKmpoHHble MyuwKu
- 3KPAH U3 mpex AIoMUHOopopos (KpacHbili, cuHul u 3eaeHbili)
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TIlosacrnernus k OK - 10.10.5

Ilo OTKPBITHA YHHKAABHBIX CBOMCTB IIOAYIIPOBOOHHKOB B PaAHUOTEXHHUKE
HCIIOAB30BAAHCH HCKAIOYUTEABHO 3A€CKTPOHHBIE AAMIIBI.

OTkaumBasi ra3d u3 cocyda (TpyOKH), MOKHO IIOAYYHUTH Ta3 C O4YEeHb MAaAOH
KOHIIEHTPAILIEN MOAEKYA.

CocTosiHHE ra3a, IIpu KOTOPOM MOAEKYABI YCIIEBAIOT IIPOAETETH OT OHOM CTEHKU
cocyla K Apyrod, HU pasy He HCIbITAB COYAAPEHUU APYT C APYroM, Ha3bIBAIOT
6aKYYymom.

Ecan B cocynm ¢ BakKyyMOM IIOMECTUTBH [ABa SBAEKTPOJAa U IIOAKAIOYHUTH UX K
UCTOYHHKY TOKa, TO TOK MEXKAY JACKTPOAAMU He MOUAET, TaK KaK B BaKyyMe
HeT HocuteaeHd 3apsga. CaemoBaTEAbHO, IAS CO3AaHUS TOKA B TPYOKeE MOAIKEH
OBITH UICTOYHUK 3aPSKEHHBIX YACTHIIL.

TepMOGAeKTPOHHaSI 9MHCCHA.

Yamie Bcero AeHCTBHE TAKOI'O HCTOYHHKA 3apAKEHHBIX YaCTHI[ OCHOBAaHO Ha
CBOMCTBE T€A, HArPETHIX 10 BBICOKOM TeMIIepaTyphl, UCIIyCKATh SACKTPOHBI.

SIBA€HHE UCIYCKAHUS DOAEKTPOHOB HATPETHLIMH METAAAAMH  HA3bIBAETCS
mepmosneKmpoHHOU Imuccueil.

9TO0 gaBA€eHHE MO2KHO paccMaTtTpuBaTk KaK  HCIIap€HHE QACKTPOHOB C
IIOBEPXHOCTH METaAAAQ.

OAHOCTOPOHHASA NPOBOAHMOCTE. J{HOA.

jlBA€HHE TEPMOSAEKTPOHHOH OSMHUCCHUU IIPUBOAUT K TOMY, YTO HarpeThId
METAaAAMYECKUU 3AEKTPOZ, B OTAMYHE OT XOAOJHOI'O, HEIPEPHIBHO HCIIyCKAET
SAEKTPOHBI. DAEKTPOHBI 00pa3yIOT BOKPYT SAEKTPOLAA 3/1eKMPOHHOE 001aKo.

B paBHOBECHOM COCTOSTHUH YHCAO O3AEKTPOHOB, IIOKUHYBIIHNX O3AEKTPOJ B
CEeKyHIy, PaBHO YHCAY SAEKTPOHOB, BO3BPATUBIIUXCS HA OSAEKTPOL 3a 3TO
BpeMs. YeM BBIIlIE TeMIlepaTypa MeTaAAd, TE€M BBIIIE MAOTHOCTb SAEKTPOHHOTIO
obaaka.

[Ipy NOAKAIOYEHHH SAEKTPOAOB K HCTOYHHUKY TOKa MEXAY HHUMH BO3HHKAET
S5AEKTPUYECKOE IT0A€. ECAM MTOAOKHUTEABHBIN ITOAIOC UCTOYHHKA TOKA COEOUHEH C
XOAOHBIM SAE€KTPOJIOM (aHOZOM), a OTPHUIIATEABHBIH — C HarpeThIM (KaTomaOoM),
TO BEKTOpP HaIPSKEHHOCTH 3J3AEKTPHUYECKOTO II0OAd HaIpaBAEH K HarpeToMy
saekTpony. Ilom pedicTBHEM O3TOro IOAS SAEKTPOHBI YAaCTHUYHO IIOKHAAKOT
SAEKTPOHHOE OOAAKO M MOBUIKYTCSI K XOAOJHOMY 3AEKTPOLAY. IJAEKTpUYEecKas
LIETIb 3aMBbIKAETCHd, U B HEM YCTAHABAUBAETCH ACKTPHUYECKHUH TOK.

[Ip OPOTHBOIIOAOXKHOM IIOAAPHOCTH BKAIOYEHHHA HCTOYHHKA HAIPAXKEHHOCTH
IIOAd HaIIpaBA€HA OT HATUPETOTO JAEKTPOAA K XOAOJHOMY. DAECKTPHUYECKOE IIOAE
OTTAaAKMBaeT OAEKTPOHBI o00aaKa Hasaa K Harperomy oaaekrpoxy. Llems
OKa3bIBAETCHA PA30OMKHYTOH.
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OOHOCMOpPOHHASL  NPOBOOUMOCMb  IIIUPOKO  UCIIOAB30Basach  paHbIlle B
SDAEKTPOHHBIX IIPUOOpPAxX C [ABYMS OAEKTPOJAAMH — B6AKYYMHBLIX OU00dX,
KOTOpPBIE CAYKHAW, KaK U I[OAYIIPOBOOHUKOBBIE MOUOMBI, A BBIIPSIMACHHS
AAEKTpUYECKOro TokKa. OaHakKo B HACTOSAIlEe BpeMs BaKyyMHBIE TUOMIBI
MIPaKTUYECKU HE TTPUMEHSIOTCS.

Ecau B aHOZe SAEKTPOHHOM AaMIIbI CAEAATH OTBEPCTHE, TO YacCTh 3AEKTPOHOB,
VCKOPEHHBIX 9AEKTPHUYECKHUM IIOAEM, IIPOAETHT B 3TO OTBEPCTHE, o0pa3sys 3a
AHOOOM JAEKTPOHHBIN IIy4OK. KOAWYECTBOM 3AEKTPOHOB B IIyYKE MOIKHO
YIPaBASITH, IOMECTHUB MEXKAYy KaTOAOM U aHOAOM AOIIOAHUTEABHBIM SAEKTPOL U
M3MEHSS €r0 [IOTEHITHAA.

[avHa moToKa SAEKTPOHOB, IIPOAETAIOIINX B 3TO OTBEPCTHE, OYAET 3HAYUTEABHO
OoABIIIe, YeEM TOAIIIMHA 3TOrO IMOTOKA. MEHHO TaKO# IMOTOK 3ACKTPOHOB
HAa3bIBAETCHA SAEKTPOHHBIM IIyYKOM. VMTak, JAEKTPOHHBIH NMYYOK — 3TO IMOTOK
3A€KTPOHOB, IAHHA KOTOPOr'0 ropa3ao 0oAmIle, Y4eM TOALIHHA.

YceTpoi#icTBO, co3maoliee AeKTPOHHbBIE IIyYKH HA3bIBAETCS SIACKTPOHHOU
nymkoi. To ecTh, 2AEKTPOHHAaA NMyIlIKa — 3TO YCTPOHCTBO AASI OAYyYEHHSA
3AEKTPOHHBIX IIyYKOB C 3alaHHOH KHHETHYECKOH HeprueH H 3aZaHHOH
KoH(bHUrypamuen.

KoamgecTBO QAEKTPOHOB MOZKHO KOHTPOAHMPOBATh, IIOMECTHUB TpeTI/IfI QAEKTPOL
MEXKAY KaTOoAOM U aHOAOM, H U3MEHAA €ro IIOTCHIIHAA.

DAEKTPOHHO-AyY€EBasI TPyOKa.

B03MOXKHOCTE yIPaBAEHUS 3AEKTPOHHBIM IIyYKOM C IIOMOIIBIO SAECKTPHUYECKOTO
UAHM MAarHHUTHOTO IIOAS U CBEYEHHE IIOKPBITOTO AIOMHUHOMOPOM 3KpaHa IIOM
[AeUCTBHEM IIyYKa IPUMEHSIOT 8 9/1eKMpPOHHO-1yuesoll mpyobke.

OnexkmporHo-ntyuesass ~mpybka  6bL1A  OCHOBHBIM  3EMEHMOM  Nepa8blx
menesuzopoe U ocyumnozpacgpa —  mpubopa A HCCAEIOBAHUSA
OBICTPOIIEPEMEHHBIX ITPOIIECCOB B SAEKTPHUUYECKHUX IETIAX.
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YCTPOUCTBO SAEKTPOHHO-AYYEBOM TPYOKM IIOKa3aHO Ha PHCYHKe. OTa TpybdOKa
IIpeACTaBASIET COOOM BaKyyMHBIH 0aAAOH, ogHA HU3 CTEHOK KOTOPOIO CAYKHUT
9KpaHOM. B y3KOM KOHIIe TPYOKH ITOMEIIEH HUCTOYHUK OBICTPBHIX SAEKTPOHOB —
SNIeKMPOHHASL NYWKA.

OHa cocToUT M3 KaToa, YIPAaBAGIOIIETO SA€KTPOZa M aHoAa (Jallle HECKOABKO
aHOOOB pPAacIioAaraeTCd APYT 3a APYroM). DAEKTPOHBI HCILyCKAIOTCS HATPEThIM
OKCHUIHBIM CAOEM C TOopLa IIMAUHAPHUYECKOIO KAaToAa, OKPYKEHHOIO
TEIIAO3AIIUTHEIM 2KpaHoM. J[lasee OHH IIPOXOOAT dYepe3 OTBEpPCTHE B
MUAUHAPUYIECKOM YIIPABASIOIIEM 3A€KTPOAE (OH PErYAUPYET YHCAO SAEKTPOHOB
B Imy4ke). Kaskaplii aHOL COCTOHUT M3 AUCKOB C HEOOABIIMMH OTBEPCTUSIMHU. OTHU
[VICKHU BCTABA€HBI B METAAAHMYECKHE MUAHMHAPBI. MeKay MnepBbIM aHOIOM U
KaTooM co31aéTcs Pas3sHOCTh IIOTEHIIMAAOB B COTHU U [aske TBICAYU BOABT.
CHABHOE 3AEKTPUYECKOE IIOA€ YCKOPSIET 9A€KTPOHBI, U OHH IIPHOOPETAIOT
DOABIITYI0 CKOPOCTb.

(Popma, pacnonoxeHnue u NOMeHUUATbL AHOO08 8blbupaiom mak, umobbl HApsOY C
YCKOpeHUeM 3/IeKMPOHO8 OCYULECMBSLIACL U POKYCUPOBKA 2eKMPOHH020 NYUKa, m. e.
YMeHbULeHUE NI0Ua0U NONepeuHoz0 CeueHust NYUKa HA 9KPaHe noumi 00 moueuHblx
pasmepos).

Ha mytu K 5KpaHy MOy4YOK IIOCAEIOBATEABHO IIPOXOAUT MEXKAY ABYMS IapaMHu
VIIPaBASIONINX ITAAQCTHH, ITOJOOHBIX ITAACTHHAM IIAOCKOIO KOHIAeHcaTopa. Ecaum
SAEKTPHUYECKOT'O IIOAT MEXKAY IIAACTHUHAMM HET, TO IIy4OK HE€ OTKAOHSETCS U
CBeT4dIlladcsa TOYKa paclosaraeTrcd B IIEHTpe 3KpaHa. [Ipu coobiieHuu pa3HOCTH
IIOTEHIINAAOB BEPTUKAABHO PACIIOAOKEHHBIM IIAACTHHAM IIy4OK CMeIaeTcsd B
TOPU30HTAABHOM HAaIIpaBA€HUH, a IIPU COOOIIIEHHWH pPAa3HOCTU IIOTEHIINAAOB
TOPHU30HTAABHBIM ITAACTHHAM OH CMeEIaeTCsd B BEPTUKaAbHOM HaIIPaBAECHHH.
OmgHOBpEeMEHHOE HCIIOAB30BaHHE [ABYX IIap IIAACTHH II03BOASIET IIepeMeIaTh
CBETHIIYIOCH TOYKY I10 3KpaHy B AIOOOM HallpaBAEHUH.

B 3AeKTpPOHHO-Ay4YeBOU TpPyOKe, IPUMEHSIEMOH B TEA€BHU30PE (TaK Ha3bIBA€MOM
KHUHECKOIIE), VIIpaBA€HHE IIy4KOM, CO3JaHHBIM 3A€KTPOHHOM  IIyIIIKOMH,
OCYIIECTBASETCS C IIOMOIIBI0O MAarHUTHOI'O IIOASl. DTO IIOA€ CO3[4Aal0T KaTYIIKU,
HaJleTble HA TOPAOBUHY TPYOKH.

IlgemHoll KuHeckon codep)xum mpu pasHecéHHble SNeKMpPOHHble NYWKU U
9KpaH MO3aWu4YHOH CTPYKTYpPbI, COCTABAECHHBIHM M3 AIOMHUHOMOPOB TPEX THIIOB
(kpacHOrO, cCcHHero u 3eA€HOro cBedeHHd). Kakaplii SA€KTPOHHBIM IIyYOK
BO30y’KIaeT AIOMHHO(OPHI OJHOTO THIIA, CBEYEHHE KOTOPBHIX B COBOKYITHOCTHU
[aéT Ha 3KpaHe I[BeTHoe H300paskeHue.

OAEKTPOHHO-AyYEBBIEe TPYOKH IIIHPOKO IIPUMEHSAUCH B OUCHAEIX —
YCTPOHCTBaX, MPUCOEOUHAEMBIX K 3ACKTPOHHO-BBIYHCAUTEABHBIM MalllMHAM
(OBM). Ha oskpaH gucriaed, TIOAOOHBIA SKpaHy TeAEBH30pa, I[IOCTyIasa
uHopMalus, 3anucaHHagd u IepepaboranHas OBM. MoxHO ObiaO
HEIIOCPEACTBEHHO BHAETH TEKCT Ha AOOM H3bIKe, TpadUKH pPa3AUYIHBIX
IIPOIIECCOB, H300pazkeHUs pPeasbHBIX OOBEKTOB, a TakKXKe BoobOpakaeMble
OOBEKTEHI, OYNHIIONINECT 3aKOHaM, 3alIMCaHHbIM B IIporpaMmme
BBIYUCAUTEABHOM MAalllUHBI.

B Hacmosiwee epemsi udUawle  UCNONL3YOMCsi  meneeusopst. C
I2KUOKOKPUCNMAUTUUECKUM UNU NIA3MEHHBIM IKCPAHOM.
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“ B/1OK -10 OK -10.10.6

SAEKTPUYECKHH TOK B IIOAYITPOBOOHHKAX
1.CobcTBEHHAA NPOBOAMMOCTb — MOHOKpUCMarnsl Ge, Si, Se u op.

KogasneHmHasA ceAa3b

}

HaepesaHue
oceeweHue

paspoie

l

3/1eKMPOHbLI - ObIPKU

371eKmpoOHHO — ObIPOYHASA MPOBOOUMOCMb

2.MpumecHaa NnpoBoANMOCTb

0OHOpHasa aKyenmopHas
AuwWHul e @ «ObIPKA»
n—TKnNa p-Tnna
3.3aBucumocTb R(t) 4.3aBucumocTtb R om oceewjeHus

R 4

v

Tepmucmop domopesucmop
- OUCMAHUUOHHOE U3MepeHue m-pbl - pomopere
- npomusonoxapHaa 6e30nacHocmeo - asapuliHble 8biKaAYamenu

www.kormakov.ru Ctpanuua 18



H.A.KopmakoB JJIEKTPUYECKUU TOK B pa3JIMYHBIX Cpefiax 10 knacc

TIlosacrernus k OK - 10.10.6

IIoAynIpOBOAHHKH — BEIIECTBA, YIEABHOE COIIPOTHBAEHHE KOTOPBIX HMEET
IIPOMEXKYTOYHOE 3HAYEHHE MEXKAY VAEABHBIM COIPOTHBAEHHEM METAAAOB
(106108 OM * M) U yAEABHBIM COIIPOTHUBAEHHUEM AMUIAEKTPUKOB (108+1013 OmMm
M).

Omauuue npoeoOHUKO8 Om NOAYNPOBOOHUKO8 OCOODEHHO IIPOSABASIETCS IIPHU
aHaAW3e  3aBHUCHUMOCTH HX  OAEKTPOIIPOBOAUMOCTH  OT  TeMIIepaTyphl.
HccaemoBaHMa IIOKA3bIBAIOT, YTO y pPsdla DAEMEHTOB (KpeMHHH, repMaHUH,
CeA€H, MHAUM, MBIIIBbIK U Ap.) u coenuHeHut (PbS, CdS, GaAs u ap.) yaeapHoe
COIIPOTHUBAEHUE C YBEAWYEHHEM TeMIlepaTypbl He PacTET, KaK Yy METaAAOB, a,
HaoOOpOT, 4Ype3BBIYAWHO pPe3KO yMeHbInaeTcs (cm.puc.). Takoe CBOHCTBO
IIPUCYIIIe UMEHHO IIOAYITPOBOTHUKAM.

pA

T

N3 rpacuka, n3ob6pazk€HHOTO Ha PHUCYHKE, BUAHO, YTO IPU TeMIepaTrypax,
OAN3KHUX K abCOAIOTHOMY HYAIO, YOEABHOE COIIPOTHBAEHHE IIOAYITPOBOIHHKOB
OYE€Hb BEAHKO. OTO O3HAYaeT, YTO IIPU HU3KHUX TEMIIEpaTypax HOAYIIPOBOIHUK
BeneT cebs Kak AUIAEKTPUK. [lo Mepe MOBBINIEHUS TeMIIEPATypPhl €ro yAEAbBHOE
COIIPOTUBAEHHE OBICTPO YMEHBIIIAETCH.

CTpoeHHE MOAYNIPOBOAHHKOB

[To3HaKOMHMCS C MEXaHHU3MOM IPOBOJIUMOCTHU B IMOAYIIPOBOAHUKAX. A A 9TOTO
HaI0 paccMOTpETh npupooy cesizell, YA€ PKUBAIOIIUX aTOMBI
IOAYTIPOBOJHUKOBOT'O KpPHCTaAAa APYT BO3AE ApyTa.

Llna npumepa pacemompum KpUCmaiil 2epMaHusl.

TepmaHnuii — 4YeTBIPEXBAAEHTHBINM SAEMEHT. DTO O3HAYAET, YTO BO BHEIIHEH
000AOYKE €ro arToMa HMEeTCs dYeThIpe OAEKTPOHA, CPaBHUTEABHO cAab0
CBg3aHHBIE C anpoM. YHcao OAMKaWIIUX coceneidl KasKaoro aTroMa TepMaHUs
TakyKe paBHO 4eThbIpéM. CxeMa CTPYKTYpPbl KpHCTasra T'epMaHHs H300pazkeHa
Ha pucyHke B OK-10.10.6.

BsaumopmencrBrue Imapbl COCEOHHUX AaTOMOB OCYIIECTBASETCA C IIOMOIIBIO
IapPHOBAEKTPOHHOH CBHA3H, HAa3bIBAEMOH KO8AIEHMHOU c8513b0. B o0pazoBaHUU
3TOM CBA3HM OT KaXK/0ro aTroMa y4JacTBYeT II0 OJHOMY BAA€HTHOMY 3AE€KTPOHY,
9AEKTPOHBI OTAEALIOTCH OT aToMa, KOTOPOMY OHHU IIPHUHAIAEXKAT, U IIPU CBOEM
OBUXKEHHUHW OOABIIYI0O YacTb BPEMEHU IIPOBOAAT B IIPOCTPAHCTBE MEKIY
COCEHUMH aToMaMHU. VX oTpHuIaTeAbHBIN 3apdal yAEPKHUBAET IIOAOXKHUTEABHBIE
HOHBI F'epMaHUd APYTr BO3AE ApyTa.

He Hazmo aymars, 4TO Iapa 3ACKTPOHOB IIPHHANACKHUT AWIINb ABYM aTOMaM.
Kasknpiii aTrom oOpasyeT 4YeTbIpe CBSI3M C COCEOHHMM, U AIOOOW BaA€HTHBIN
9AEKTPOH MOZXKET ABUTAThCH 10 OOHOM M3 HUX. [lo¥ad mo cocemHero aroMa, OH
MOZXKET IEPENUTH K CAEAYIOLIEMY, a 3aTEM [HJaAbllle BIOAb BCETO KPHCTAAAA.
BaaeHTHBIE 9A€KTPOHBI IIPUHAIAEKAT BCEMY KPHUCTAAAY.
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ITapHosnekmpoHHble C8513U 8 KPpUCMAJE 2ePMAHUSL 00CMAMOUHO NPOUHBLL U NPU
HU3KUX memnepamypax He paspsleaiomcsi. [loaToMy repMaHuii IIpPU HU3KOHU
TeMIepaType He ITPOBOAUT IAEKTPUUECKUN TOK. YJaCTBYIOIIHE B CBA3U aTOMOB
BaA€HTHBIE OAEKTPOHBI SIBASIOTCS KakK Obl IIEMEHTHUPYIOIIHUM pPacTBOPOM,
VAEPKUBAIOIINM KPUCTAAANYECKYIO PELIETKY, U BHEIIHEe SAEKTPHUYECKOE II0AE
HE OKa3bIBaeT 3aMETHOTO BAUAHHA Ha UX ABUXKEHUE. AHAN02UUHOE cmpoeHue
umeem KpucCmasl KpemHusl.

OAeKTpPpOHHAsI NMPOBOAMMOCTH. [IpH HarpeBaHUU TePMaHHUsS KHUHETHUECKas
SHEPrusl YacCTHUI] IIOBBIIIAETCH, U HACTyHaeT pas3pblB OTHOEABHBIX CBs3el.
HekoTopble 5A€KTPOHBI MOKHAAIOT CBOU «IIPOTOPEHHBIE IIyTHU» U CTAHOBHATCS
CBOOOMHBIMHU, IIOAOOHO 3AEKTPOHAM B MeTasAe. B BAEKTPUYECKOM IIOA€ OHU
MePEeMEIAOTCI MeXK/IY y3AaMU PEeHIéTKH, co3aaBasd IACKTPUIECKUH TOK.

[TpoBOAMMOCTD IIOAYIIPOBOHHUKOB, O0yCAOBAEHHYIO HAAUYHEM y HUX CBOOOIHBIX
SAEKTPOHOB, HA3BIBAIOT 3/1eKKMPOHHOU NPOB00UMOCMBIO.

[Ipy MNOBBIIIEHWH TeMIIEpPATypPbl YHCAO Pa30pBaHHBIX CBA3€M, a 3HA4YUT, U
CBOOOIHBIX 3AEKTPOHOB yBeawmdmBaetTcd. [Ipm HarpeBanmm ot 300 mo 700 K
YHCAO CBOOOIHBIX HOCHUTeAeH 3apsaaa yBeanmuyuBaerca orT 1017 mo 1024, Oro
IIPUBOAUT K YMEHBIIIEHUIO COIIPOTHBACHUS.

A BIpoYyHass IPOBOAHMOCTE.
[Ipu pa3pbIBe CBA3U MEXIYy aTOMaMHU IIOAYIIPOBOOHUKA 00pa3yeTcd BaKaHTHOE
MECTO C HEJOCTAIOIIUM SAEKTPOHOM, KOTOPOE HAa3LIBAIOT ABIPKOH.

B ABIPKE HMEETCA M30BITOYHBIM ITOAOXKUTEABHBIH 3apdn II0 CpaBHEHHIO C
OCTaABHBIMU, HE pa30pPBaAHHBIMHU CBA3AMH.

[ToroxkeHUE OBIPKU B KPUCTAAAE He SIBAGETCS HEU3MEHHBIM. HemnpepnIBHO
HPOUCXOOUT CAenyrommi Iporecc. OOWH B3 SAEKTPOHOB, 00ECIIEYHBAIOIINX
CBI3b aTOMOB, IIepeCKakKuBaeT Ha MecTo ob0pa3oBaBIIedCsS MObIPKU U
BOCCTaHaBAWBAET 3/1€Ch ITAPHOIAEKTPOHHYIO CBdA3b, a TaM, OTKYyZAa IIEPECKOYHA
3TOT 3AEKTPOH, obpasyercss HoBad AbIpKa. Taxkum obpasom, Oblpka MmorKem
nepemeu,amscst No 8cemy KpuCmainty.

Ecan Hanpa:kK€HHOCTH OSAEKTPHUYECKOTO II0Ad B o00paslie paBHaA HYAIO, TO
epeMenieHue MObIPOK IIPOUCXOAUT OECHOpamoYHO UM IIO3TOMY He COo34aéT
9AEKTPHUYECKOr0 ToKa. [Ipu HaAWYHUM SAEKTPUYECKOrO II0Ad BO3HHUKAET
YIOPSA0YEHHOE IIepeMEIeHHE AbIPOK.

HanpaeneHue oOewieHust OblpOK NPOMUBONONIOIKHO HANPABNAEHUIO
JsUXCEeHUSL 3/1eiKMPOHOE.

B oTcyTcTBHE BHENIHETO ITOAS HAa OOMH CBOOOIHBIHA SAEKTPOH (-) HPUXOOUTCS
omHa papIpka (+). [Ipy HaAOXKEHHUHM IIOAS CBOOOMHBINA SAEKTPOH CMEIaeTCs
IIPOTHUB HANPSXKEHHOCTU IIOAd. B 3TOM HampaBA€HUU I[EPEMENIAETCH TaKXKe
ONVWH N3 CBS3aHHBIX SAEKTPOHOB. OTO BBITASAUT KaK IIEpeMeIleHUe ObIPKU B
HaIlPaBACHHUH II0ASI.

[IpoBomUMOCTB, OOyCAOBAEHHAS OBUXKEHUEM ObIPOK, HA3LIBAETCS ABIPOYHOH
IIPOBOAHMOCTBIO [TOAYIIPOBOJHHUKOB.

HTaK, B IIOAYIIPOBOAHHKAX HMEHTCA HOCHTEAH 3apszga ABYX THIIOB:
9ACKTPOHEBI H ABIPDKH.
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Brliiie 6b1A PaCcCMOTPEH MEXaHU3M IIPOBOAMMOCTH YHCTBIX ITIOAYIIPOBOIHHUKOB.

HpOBOI_[I/IMOCTB YHCTBIX IIOAYIIPOBOAHHKOB Ha3bIBAIOT coO0CcTBEeHHOMH
NIPpOBOAHMOCTBIO.

Hpnmecnaﬂ NIpoOBOAHMOCTS.

CobcrBenHada IIPOBOAKMMOCTE IIOAYIIPOBOOIHHKOB OOBIYHO HEBEAHKA, TaK KaK
MaAO 9HCAO CBO6OILHI:>IX OAECKTPOHOB.

[IpoBOAUMOCTD MOAYITPOBOAHHUKOB MOXKHO CYIIECTBEHHO YBEAWYUTH, BHEAPHAS B
HUX IIpuMecb. B aToM caydae Hapsaay ¢ COOCTBEHHOM ITPOBOAMMOCTBIO
BO3HUKAET NOIOAHUTEABHAS — NPUMECHASl NPO80OUMOCTb.

[IpoBOogMMOCTH IIPOBOJHUKOB, o0ycAOBAEHHAd BHECEHHUEM B UX
KPUCTAAAWYECKHE PENIETKH I[IpHUMeceld (aTOMOB IIOCTOPOHHHUX XHUMHUYECKHUX
5AE€MEHTOB), HA3bIBAETCH NPHMECHOH IIPOBOAHMOCTBIO.

JlOHOpPHBIE MPHMECH.

[JobaBuM B repmMaHUM HEOOABIIIOE KOAWUYECTBO MBIIIbIKA. ATOMBI MBIIITbIKA
UMEIOT IMI9Th BAA€HTHBIX 3AEKTPOHOB. YeThbIpe M3 HUX y4acTBYIOT B CO3MaHUU
KOBAaAGHTHON CB43M [JAHHOI'O aToMa C OKPYyXKAalIIHMH aToMaMH KpPEMHUS.
[TaTeIii BaA€HTHBIH SAEKTPOH OKa3bIBaeTcs caabo cBa3aHHBIM C atroMoM. OH
AETKO ITOKHIAET aTOM MbINIbSIKA ¥ CTAHOBUTCS CBOOOIHBIM.

[Ipp pgob0aBA€HHMM OMHOU MOECATUMHAAMOHHOM [IOAM aTOMOB  MBIIIIbIKA
KOHIIEHTpAIlUsl CBOOOMHBIX AAEKTPOHOB CTAaHOBHUTCS paBHO¥M 1016 cm3. 910 B
TBICYy pa3 OoAbIllEe KOHIIEHTPAIIMH CBOOOOHBIX OSAEKTPOHOB B YHCTOM
IIOAYIIPOBOJIHHUKE.

[IpuMecH, A€rKO OTHAIOIHE SAEKTPOHBI H, CAENOBATEABHO, yBEAWYHUBAIOIIIHUE
YHUCAO  CBOOOIHBIX  3AECKTPOHOB,HA3BIBAIOT JAOHOPHBIMH (oTmaroMu)
IIPHMECSIMH.

[ToAynIpOBOOHUKH, HMEIOIIME [MJOHOPHBIE IIPHMECH U IIOTOMY obOAagaroiye
OOABIITMM YHCAOM SAEKTPOHOB (II0 CPABHEHUIO C YHCAOM IBIPOK), HA3BIBAIOTCS
NMOAYHPOBOAHHKAMH N-THHA (0T AaHTAMMCKOrO caoBa  negative ——
OTPULIATEABHBIHN).

B IIOAYIIPOBOAHHKE N-muna S5/1eKMpPOHblL A6J0MmMcst OCHO8HbIMU HOcCUMeJAMU
3apdnaa, a dpr;cu — HEOCHOBHbIMU.

ARnenTopHble IPHMECH.

Ecam B KadecTBe IIPUMECH HCIOAB30BaTh HWHAWM, AaTOMBI KOTOPOTO
TPEXBAAE€HTHBI, TO XapakKTep MNPOBOAUMOCTH IIOAYIIPOBOAHUKA MeHaeTcd. [laa
obpa3oBaHUsA HOPMAABHBIX IIAPHOJAEKTPOHHBIX CBSI3€H C COCeOsIMH aTOMYy
UHOIUS HEOOCTAaéT OMHOTO 3AEKTPOHA, KOTOPBIM OH OepéT y cocemHero aromMa
Kpucrasaa repmaHus. B pesyabraTe obpasyercsa mapIipka. YHCAO OBIPOK B
KPHUCTAAAE PABHO YHCAY aTOMOB IIPHUMECH.

[IpumecHn B IIOAYIPOBOAHHKE, CO30AIOIINE MOIIOAHUTEABHYIO KOHLIEHTPAIIHIO
ObIPOK, HA3bIBAIOT aKIENTOPHBIMH ([IPUHUMAIOIINMY) IPHMECSIMH.

[Ipy HaAMYUH SAEKTPHUUYECKOTO II0AS OBIPKU IIE€PEMEILIAIOTCA HAIIPaBACHHO U
BO3HHKAET SAEKTPUIECKUH TOK, OOYCAOBA€HHBIH ABIPOYHOM MPOBOIUMOCTHIO.

[ToaympoBogHUKH C  IIpeobAalaHUEM  OBIPOYHOM  HPOBOAMMOCTHU  HA[
SAEKTPOHHOHN Ha3bIBAIOT HOAYHNPOBOAHHKAMH pP-THIA (OT aHTAUMCKOI'O CAOBa
positive — ITOAOKUTEABHBIH).
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OCHOBHBIMHU HOCHUTEASIMH 3apsafa B MOAYIIPOBOIHUKE p-MUNA S8ASIH0MeCsi OblpKU,
a HEeOCHOBHbIMU — 3/IeKMPOHbL.

V3aMeHssT KOHIIEHTPAIIMIO IIPUMECH, MOXKHO 3HAYHUTEABHO U3MEHHATH YHCAO
HOCHUTEeAEH 3apsgia TOTO MAW MHOTO 3HakKa. baaromaps 3TOMy MOXKHO CO34aBaTh
IIOAYIIPOBOHUKHU C IIPEUMYIIECTBEHHON KOHIIEHTpPAIlMel OJHOr0 M3 HOCUTEAeH
TOKa 3AEKTPOHOB HAU OBIPOK. JDTa OCOOEHHOCTH ITOAYIIPOBOAHUKOB OTKPHIBAET
LITUPOKUE BO3MOKHOCTH JIASI UX IPAKTHYECKOTO IIPUMEHEHUS.

TepMOPE3HCTOP (MepMUCTMOp, MEPMOCONPOMUB/IEHUE) — TIOAYIIPOBOTHHKOBEIH
OpUOOpP, IAEKTPUIECKOE COITPOTUBAEHHE KOTOPOTO U3MEHSIETCH B 3aBUCUMOCTH
OT €ro TeMIeparypsl.

Tepmopesuctop 6bIA n306peTéH Camrioarem Pybenom (Samuel Ruben) B 1930
TOmy.

TepMope3ucTopsl H3rOTaBAWBAIOTCS u3 MaTepHUarOB C BBICOKHUM
TeMIiepaTypHbIM KoagdunuenTom corpotuBaeHus (TKC), KoTopbIii 00OBIYHO Ha
nopanky Beire, yeM TKC MeTaaA0B 1 METaAAMYECKUX CIIAABOB.

Gl
,r” ’\d

POTOPE3HCTOP — ITOAYIIPOBOAHUKOBBIH an/I60p, U3MEHSIOIUY BEAUYUHY

CBOETO COIIPOTUBAEHUS IIPU 00AydYeHUU cBeToM. He mmeeT p-n nepexona,
I03TOMYy 00AaIaeT OMUHAKOBOM ITPOBOAUMOCTHIO HE3aBUCHUMO OT HallPaBAEHUS
IIpOTEKaHUd TOKa.

NN
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IlosicHeHus Kk OK - 10.10.7

OAEKTPHYECKHH TOK 4Yepe3 KOHTAKT MOAYNPOBOAHHKOB C Pa3HBIM THIIOM
IIPOBOAHMOCTH.

Hamnboaee nHTEpeCHBIE SBA€HUS ITPOUCXOAAT IIPU KOHTAKTE IIOAYIIPOBOJHHUKOB
n- u p-munog. 9TU IBAEHUH UCIIOAB3YIOTCS B OOABIIIMHCTBE IIOAYIIPOBOIHUKOBBIX
npubopPoB.

p—n-nepexon.

PaccmorpuM, 4Yro OyaeT MIPOUCXOOUTH, €CAHM IIPUBECTH B KOHTAKT [Ba
OQWHAKOBBIX IMOAYIIPOBOAHHKA, HO C Pa3HBIM THUIIOM I[IPOBOAUMOCTHU: C/le8d
NoOAYNpPo8oOHUK N-muna, a cCnpasa NoAYNPo8OOHUK p-Muna.

KoHTakT ABYX HOAYIIPOBOAHUKOB C PAa3HBIM THIIOM ITPOBOJAMMOCTH HAa3bIBAIOT
P-n- VAU N-p-TI€PEXOAOM.

B AeBOM 4yacTu MHOTO CBOOOJHBIX SAEKTPOHOB, a4 B MPaBOM HX KOHIIEHTPAIIUST
oyeHb Maaa. B mpaBoif wacTu, Ha000OpPOT, MHOTO OBIPOK, T. €. BAKAHTHBIX MECT
A SAeKTPOoHOB. KakK TOABKO IIOAYHPOBOAHHUKH MHPUBOAAT B KOHTAaKT,
HayuHaeTcd AUd@Py3usd 3ACKTPOHOB U3 00OAACTH C HPOBOAHMMOCTBHIO N-THIA B
00AaCTb C TIIPOBOAMMOCTBIO P-THUIIA B COOTBETCTBEHHO IIEpPeXO[ MObIPOK B
obpaTHOM HallpaBA€HUHU. [lepelieainie B MOAYIPOBOMAHUK P-THUIA SAEKTPOHBI
3aHUMAIOT CBOOOMIHBIE MECTa, IPOUCXOMUT ITPOIIECC PEKOMOHHAIIUU SAEKTPOHOB
U OBIPOK, a IIONAaBIIHE B IIOAYIIPOBOAHHK N-THIIA OBIPKH TaKXKe HCYE3aI0T
Oaaromaps SA€KTpPOHaAM, 3aHUMAIOIINM BaKaHTHOE MecCTOo. Takum o0pas3om,
BOAM3HU TPaAHUIIBI pas3fieAa IIOAYIIPOBOMAHUKOB C Pa3HBIM THUIIOM IPOBOAMMOCTH
BO3HHUKAaeET CAOM, 00eJHEHHBIN HOCHUTEAIMHU TOKAa (€20 Ha3vblearom KOHMAKMHbIM
cl0em U 3anUparuium).

OTOT CcAOM (PAKTUYECKU IMPEACTABASIET COOOH MUAAEKTPHK, €r0 COIIPOTHUBACHHE
OYeHb BEAUKO. [IpH 3TOM MOAYIIPOBOAHHUK N-THIIA 3apPAKAETCH ITOAOKHUTEABHO, a
IIOAYIIPOBOAHUK pP-THIA — OTPHUIIATEABHO. B 30He KOHTakKTa BO3HUKAET

=

CTaAlLlMOHAPHOE 3AEKTPHUYECKOE II0A€ HANPAXKEHHOCTBIO [, IIPENATCTBYIOLIEE
JaabHeHIe# nuddy3um SAeKTPOHOB U ObIPOK.

CymMmMapHOE COINPOTHUBACHHE IMPUBEAEHHBIX B KOHTAKT IIOAYIIPOBOAHHUKOB
CKAQBIBAETCH N3 COIIPOTUBACHHS IIOAYIIPOBOAHHKA N-THUIIA, pPp—h-Ilepexona U
IIOAYIIPOBOAHUKA p-TUNA: R = Ry + Rpn + Rp.

Tak KaK COIIPOTHUBAECHHUSA O0AACTEH C N- M P-THIAMH IPOBOAMMOCTH MaAbl (TaMm
MHOTO HOCHUTEAEH 3apsga — OA€KTPOHOB U [ABIPOK), TO CyMMapHOe
COIIPOTUBAEHHE OIIPEAEAIETCd B OCHOBHOM COIIPOTUBAECHHEM p—nN-IIepexoaa:
R = Rpn.

3anuparomui pexRHM.

Britrouum noaynpoeooHUK ¢ p—N-Nepexo0om 8 3IeKmpuUecKyro yensb Tak, YToObI
OTEHIIMAA IIOAYIIPOBOAHHKA N-THUIA OBIA IIOAOXKHUTEABHBIM, a p-TUIIA —
OTpPHULATEABHBIM. B 3TOM cAydae HAIIPSKEHHOCTU BHEITHETO0 M KOHTAKTHOTO
IIOAE€Y HaIIpaBAE€HBI B OOHY CTOPOHY U MOAyAb CYMMapHOM Hanpsa:kK€HHocTU E =
Ex + Egpew. BHEIIHEE IOAE€ OTTATHBAET 3AEKTPOHBI U ABIPKHM OT KOHTAKTHOI'O
CAOSI, B PE3yAbTaTe Yero OH PaCIINPsIeTCsI. B CBSI3M C 9THM y 9A€KTPOHOB YK€ He
XBaTaeT OSHEPTHUM A TOro, 4YTOOBI IIPEONOAETH 3TOT caod. Ilepexonm uepes
KOHTAaKT OCYILIECTBASIETCSI HEOCHOBHBIMU HOCUTEASIMHU, YHUCAO KOTOPBIX MaAo.
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ConpoTHBAEHHE KOHTAKTHOIO CAOSI O4YE€HB BEAHKO. TOK depe3 p—n-Iepexon He
unér. OOpasyeTcs TakK Ha3bIBAEMBIH 3anuparowull cnolti. Takod mepexon
Ha3bIBAETCS OOpaTHBIM.

BoapT-aMnepHasa xapaKTepHCTHKa oOpaTHOro Ilepexofa H300pazkeHa Ha
pucyHke B OK HITPUXOBOM AWHHEN. (CM.BOABT-aMIIEPHYIO XapaKTEPUCTUKY B
CAEYIOIIEM ITyHKTE).

N3meHUM Temeph IIOAIPHOCTh IIOAKAIOUEHUS Oartapeun. B a3ToM caydae
HAIIpsKEHHOCTb  BHEIIHEro IIoAs  OyZmeT  HampaBA€Ha B CTOPOHY,
IIPOTHBOIIOAOXKHYIO HAIIPAXKEHHOCTH KOHTAKTHOI'O CAOM.

Monyap cymmapHO¥ HamnpskEHHOocTH E = Ex - Egpem. Tak Kak 1Ioae,
yAepKUBaIOIllee HOCUTEAH TOKa, ocAaabeBaeT, TO y DAEKTPOHOB YK€ NOCTATOYHO
SHEPrUHU, YTOOBI €T0 IIPEOJOAETE.

Yepes nepexon MOUAET TOK, IPU 3TOM OH OyAeT CO3/1aH OCHOBHBIMU HOCUTEAIMU
— 13 00AaCTH C N-THUIIOM IIPOBOAMMOCTH B 00AACTh C P-THUIIOM IIPOBOLUMOCTHU
UOyT 3AEKTPOHBI, & U3 00AaCTH C P-THIOM B 00AaCTh C N-TUIIOM — OBIPKH. B
9TOM CAy4Yae p—n-liepexon HasbiBaeTca mnpamMbeIM. OOpasyercsa Tak
Ha3bIBAEMbIH NPONYCKHOU PerXUM.

ITIoAynIpOBOAHHKOBBIH AHOA.

Ycrpoi#icTBO, comepkallee p—n-IIEPEXO U CIIOCOOHOE IIPOIIyCKaTh TOK B OHOM
HalpaBA€HHM W HE IIPOIIyCKaTb B  IIPOTHUBOIIOAOXKHOM, Ha3bIBAETCH
IIOAYIIPOBOAHHKOBBIM AHOAOM.

Ecam Ha KOHTaKTbl IIOAYIIPOBOOHUKOBOIO [OUOAA IIOAATh IIEPEMEHHOE
HaImpszKeHHe, TO TOK II0 LIENU IMOWAET TOABKO B OHY CTOPOHY.
[ToAyIpOBOAHUKOBBIE AUOAbI H3TOTOBASIIOT M3 TE€pMaHHd, KPEMHHd, CEA€HaA U
[PYTHUX BEIIECTB.

BpInpsaMAeHHe IIEePEMEHHOI'0 TOKa SIBASIETCH OLHUM H3 OCHOBHBIX ITPOIIECCOB
B PaAUO3AEKTPOHUKE. B BBIIPSIMHUTEABHOM YCTPONCTBE SHEPrUs NMEPEMEHHOTrO
TOKa ITpeobpal3yeTcsd B SHEPTUIO IIOCTOSHHOrO ToKa. IIoAynmpoBOAHHKOBBIE
AHOABI XOPOILO IIPOBOAAT TOK B IIPSIMOM HAaIIPaBA€HUU U IIAOXO IIPOBOAAT B
obpaTHOM, W, CA€OOBATEABHO, OCHOBHBIM Ha3HAa4YeHHEM OOABIIIMHCTBA AHOZAOB
ABASIETCS BBINIPAMAEHHE IIEPEMEHHOTO TOKA.

[IoAyIpOBOOHUKOBBIE OHOABI IHIPHMEHSIOT B [AETEKTOpax MNPHUEMHHKOB [OAG
BBIJEA€HUS CHUTHAAOB HH3KOM 4YacCTOThl, [AAd 3alUThl OT HEIIPaBUABHOI'O
IIOAKAIOYEHHS UCTOYHHUKA K IIEIIH.

B cBeTodopax HMCHOAB3YIOTCH CIIEIIMAaAbHBIE ITOAYIIPOBOJAHHUKOBBIE AUOAbI. [Ipu
OPIMOM IIOOKAIOYEHHH TAaKOTO AUOoAa MPOUCXOAUT aKTHUBHAs PEKOMOWHAIHSA
SAEKTPOHOB U AbIPOK. [Ipu 3TOM BBIOEAdETCS SHEPrUd B BHIE CBETOBOIO
U3AyYEHUS.

CxemaTHueckoe H300pakeHHe auoaa IIpuBeneHO Ha pucyHke B OK.
[ToAyTIPOBOOHUKOBBIE BBIIPSIMHTEAN 00A3JAIOT BBICOKOH HAAEKHOCTBIO U
UMEIOT OOABIIIOH CpPOK cAyKOpl. OOHaAKO OHH MOTryT paboTaTk AHIIL B
OrpaHUYEHHOM HHTEepBase TeMreparyp (ot -70 mo 125 °C).

Tpausucropnl. EmE OAHO IIPUMEHEHHE IIOAYIIPOBOAHHUKOB C IIPHUMECHBIM
TUIIOM MHPOBOAMMOCTH — TPAH3UCTOPHI — MIPUOOPHI, HCIOAB3yEMBIE OAS
YCHUAEHUI AEKTPUYECKUX CUTHAAOB.

PaccmoTpuM onuH W3 BUOOB TPAaH3UCTOPOB M3 Te€pMaHHUS HAU KPEMHHUSI C
BBEAEHHBIMH B HUX JJOHOPHBIMU U aKIENTOPHBIMU IIpUMecaMU. PacipeneseHue
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IpuMeced TaKoBO, 4YTO CO3MaéTCd O4YeHb TOHKas (TOAIIMHOM mopsaka
HECKOABKHX MHKPOMETPOB) IIPOCAOHKA IOAYIIPOBOAHHKA N-THUIIA MEXIY ABYMH
CAOSIMH IIOAYIIPOBOOHHKA p-THUNA. OTy TOHKYIO IIPOCAOMKY Ha3bIBAIOT
OCHO8aHUem UAHU 6a3oil.

B kpucrasse obpasyrorTcs aBa p—n-Iiepexona, IpsIMble HAIIPABAEHHS KOTOPBIX
IPOTUBOIIOAOKHEI. Tpu BbIBOma OT o0AacTed C pasAWYHBIMU —THIAMU
IPOBOAUMOCTH IO3BOASIOT BKAIOYATH TPAH3UCTOP B CXeMy, U300pazkEHHYIO Ha
pucyHke. B maHHOM cxeMme mpu HOAKAIOUYEHUH O6aTapeu Bi AeBBIM p—n-mepexon
SABASIETCS NpsimMbiM. NAeBBIH MOAYIIPOBOAHUK C MPOBOAUMOCTBIO P-THUIIA
Ha3bIBAIOT amummepom. Ecamn Obl He OBIAO IIpaBOro p—n-repexona, B LEIH
SMUTTEP — 0aza cylmecTBoBaa OBl TOK, 3aBUCAINHA OT HAIIPSAKEHU
HCTOYHHKOB (6aTapen bBi1 ¥ HCTOYHHKA IIEPEMEHHOrO0 HAIIPSIXKEHUs) U
COIIPOTUBAEHUS IIEIIM, BKAIOYAas MaAO€ COIPOTHBAEHHE IIPSIMOrO Ilepexona
aMuUTTEp — Hasa.

Batapesa B2 BKAOYEHa TaK, 4YTO IIPaBBI N—p-IIEPEXOl B CXEMe SBAAETCS
obpamHbim. IlpaBag obaacTh C TIIPOBOAUMOCTBIO pP-THIA HAa3bIBAETCH
Kosutekmopom. Ecam ObI He OBIAO AEBOTO p—n-Ilepexoa, CHAa TOKa B ILEIHU
KOAAEKTOpa Oblaa Obl OAM3KA K HYAIO, TaK KaK COIIPOTHUBAEHHE OOPaTHOTO
Iepexoaa O4YeHb BEAUKO. [Ipy CylIecTBOBaHUM K€ TOKA B AEBOM p—Nn-Iepexone
MHOSBASETCS TOK U B IIETIH KOAAEKTOpPA, IPUYEM CHAA TOKA B KOAAEKTOPE AHIIb
HEMHOTO MEHbIIle CHABI TOKa B oaMmurrepe. (Ecam Ha sMuTTep I10AaHO
OTpPHULIATEABHOE HATIIPSI)KEHUE, TO A€BBIH p—n-1iepexosn 6yzaeT oOpaTHBIM, U TOK B
LIETTH SMUTTEPA U B LIEIIH KOAAEKTOpaA OyZEeT IIPaKTHIECKU OTCYyTCTBOBATS.)

OT0 00BsicHAETCH caedylomM obpazoMm. [Ipu co3maHUM HAIIPSKEHUS MEeXKITYy
SMUTTEPOM U 0a30if OCHOBHBIE HOCHUTEAU IIOAYIIPOBOAHUKA pP-TUIA (IBIPKH)
IIPOHUKAIOT B 0a3y, I[le OHMH SBASIOTCS YK€ HEOCHOB8HbIMU HOCUMEeNSIMU.
[TockoaBKy TOAIIMHA 0a3bl OYEHb MaAa U YHCAO OCHOBHBIX HOCHTeEAEH
(?A€KTpPOHOB) B HeH HEBEAWKO, IIonaBIIMe B Heé€ ObIPpKH IIOYTH HE
00BEeNMHAIOTCS (HE PEKOMOWHHUPYIOT) C SA€KTPOHAMHU 0as3bl M IIPOHHKAIOT B
KOAAEKTOp 3a cuétr nuddysnu. [IpaBbiii p—n-nepexon 3aKpbIT A OCHOBHBIX
HocHuTeAeH 3apsiga 0a3pl — 3AEKTPOHOB, HO HE OAd ABIPOK. B KoaseKTOpe ABIPKHU
YBAEKAIOTCS JAEKTPHUYECKHM IIOA€M U 3amblKaioT ILenb. Cuaa  TOKa,
OTBETBASIIOIIIETOCS B IEeIIb AMHUTTEpPa M3 0as3pl, OYeHb Maaa, TaK KaK IIAOIIAb
cedyeHHs] 0a3bpl B TOPHU30HTAABHOM IIAOCKOCTH MHOTO MEHBIIIE Ce4YeHUS B
BEPTHUKAABHOM ITAOCKOCTH.

Cuaa ToKa B KOAAEKTOpPE, IIOYTH paBHasl CHUAE TOKa B SMHUTTEPE, U3MEHSETCH
BMECTE C TOKOM uepe3 3MUTTep. ConpoTuBaeHUE pe3ucTopa R Maso Bauger Ha
TOK B KOAAEKTOPE, U 3TO COIIPOTUBACHHE MOKHO CAEAATH JOCTATOYHO OOABIIIHIM.
YrpaBasiga TOKOM 3MHUTTEpPaA C IIOMOIIBIO UCTOYHHUKA II€PEMEHHOIO HAIIPSIKEHU,
BKAIOYEHHOT'O B €r0O I€IIb, MBI IIOAYyYHMM CHHXPOHHOE€ H3MEHEHHE HaIllpPSaXKEHHUS
Ha pesucrope R.

[Ipu OOABIIIOM COIIPOTUBACHHH PE3UCTOPA H3MEHEHHE HAIIPAKEeHUS Ha HEM
MOXKET B AECATKH ThICAY pa3 IIPEBBINIATh U3MEHEHHE HAIPSXKEHUd CHUrHasa B
eu SMUTTEpa. OTO 0O3HaA4YaeT yCHAeHHE HallpaxkeHud. [loaTromy Ha Harpyske R
MOXKHO TIOAYYHUTBH DAEKTPUUYECKHE CHUTHAABI, MOIIHOCTH KOTOPBIX BO MHOIO pa3’
IIPEBBILMIAET MOIITHOCTBD, IIOCTYIIAIOIIYIO B IIEIIb SMUTTEPA.
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IIpuMmeHeHHe TpaH3HCTOPOB. CoOBpeMEHHasd OSAEKTPOHHKa Oas3upyeTcs Ha
MHUKPOCXeMaX M MHKPOIIPOIIECCOPaxX, BKAIOYAIOIIHUX B Ce0s KOAOCCAABHOE YHCAO

TPaH3UCTOPOB.
[lepBasg MHTErpasbHas CXema IIOCTyIIHAa B Iponaxky B 1964 r. OHa comepzkaasa
IIIECTh DAEMEHTOB — dYeThbIpe TpaH3UucTopa U aBa pesucropa. CoBpeMeHHbIe

MHKPOCXEMBI COAEPKAT MHUAANOHBI TPAH3UCTOPOB.
KommnsroTepsl, coCTaBA€HHBIE N3  MHKPOCXEM HU  MHKPOIIPOILIECCOPOB,
dakTHYeCKH U3MEHHAM OKPYXKAaIoIIUH deaoBeKa MHUpP. B Hacrodiliee Bpemda He
CYLIECTBYeT HU OIHOM 006AaCTH YeAOBEeYECKOH NEeATEABHOCTH, Ile KOMIIBIOTEPHI
He CAyXUAM OBl aKTHUBHBIMH IIOMOIIIHUKaMH dYeAoBeKa. Harmpumep, B
KOCMMHYECKHUX HCCAEJOBAHHUAX UWAM BBICOKOTEXHOAOTHUYHBIX IIPOHU3BOACTBAX
paboTaroT MHKPOIIPOIIECCOPHI, YPOBEHb OpPraHU3aIllMH KOTOPBIX COOTBETCTBYET
HCKYCCTBEHHOMY HHTEAACKTY.

TpaH3UCTOPBI IOAYYHAM  YpPE3BBIYANWHO MIHNPOKOE pPACIPOCTPaAHEHHE B
COBpPEMEHHOH TexXHUKe. OHHU 3aMEHHAHU SACKTPOHHBIE AAMIIBI B 9ACKTPHUYECKUX
HeIdax Hay4YHOM, IIPOMBIIIACEHHOH U OBITOBOM armmapatypbl. llopTaTHBHBIE
PaAnUONPUEMHUKH, B KOTOPBIX MCIIOAB3YIOTCS TaKHe MOpHOoOphl, B oOUXomde
Ha3bIBAIOTCS TpaH3UCTOpaMH. l[IpenMyliecTBOM TpPaH3HUCTOPOB (Tak K€ Kak U
IIOAYIIPOBOAHHUKOBBIX [JUOMOB) II0 CPaBHEHHIO C OJAEKTPOHHBIMU AaMIIaMU
SABAFETCS IIpexKJe BCETo OTCYTCTBHE HaKaA€HHOIO KaToja, IIOTPeOASIOIIETo
3HAYUTEABHYIO MOIIHOCTh U TPEOYIOIIEro BpeMEHHU [AsS €ro pasorpena. Kpome
TOTO, 3TU NPUOOPEI B AECATKHU U COTHH pPa3 MEHBIIIE II0 pa3MepaM M Macce, YeM
9ACKTPOHHBIE AQMIIBI.
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B/1OK -10
HUTOTI'H:
HocHTeAH TOKa B PAa3AHYHBIX Cpeaax
Cpepa Hocutenu Toka MpoBoaumocTb
MeTtann CBo60AHbIEe 3NEKTPOHDI DNEeKTPOHHaA
SneKkTponuT MonoxKntenbHble n oTpULaTeNbHble NoHHan
WOHbI
las MNOHbI U 3/1EKTPOHDI NoHHaA n aneKkTpoHHas
Bakyym DNEKTPOHDI DNEeKTPOHHaA
MonynpoBoaHWK CBO6OAHbIE 3/IEKTPOHBI U AbIPKU INEeKTPOHHAA N AbIPOYHAA
BoaAbT - aMIICPDHBIC XapaKTECPHCTHKH
Cpena BOABT — aMIIepHBbIE€ XapaKTEPHCTHKH
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B3K-10

BN1IOK -10 Moemopum meoputo!
SnekmpuyecKuli MoK 8 pa3nuU4YHbIX cpeoax.

1.Pacckaxcume 06 onsime Pukke. Kakol 861800 MOXHO cOenames U3 3moz20 ornsima?
2.Pacckaxcume 06 onbimax MaHdenswmam u Mananekcu, Cmroapma u ToameHa. Kakoli 861800 bbin
cO0enaH u3 amux onsimos?

3.Ymo Ha3bisarom yoesnbHbIM 3apA00M 3/1eKMPOHA U YeMy OH pageH ?

4.Kakosa 3a8UCUMOCMb CUsIbl MOKA 8 MPOBOOHUK OM HAMNPAXCEHUS ?

5.Kakue sewyecmsa omHocam K anempoaumam?

6.Ymo makoe anekmponumuyeckasa ouccoyuayus?

7.4Ymo Hazbiearom anekmponauzom? Kak oH npoucxooum?

8.KaKoea 3a8ucumMocme cusbl MOKA OM HAMPAXEHUA Y 371eKmpoaumos?

9.Kakoea 3a8ucuMocme cornpomueseHua 31eKmpoauma om memnepamypesi?

10.Kak nony4yumes popmysy, 8bIpaAHCAIOUWYIO 30KOH 3/1eKmponusa?

11.Ymo Ha3bisarom 3neKmpoxumudyecKkum 3KeusasneHmom seuecmaa?

12.Ymo Haszsiearom nocmosHHol ®apades 014 31eKkmpoau3a?

13.Kak npakmu4eckum nymem MOXHO ornpedenums 3apao 31eKmMpoHa?

14.Mpusedume ripumepsl NPUMEHEHUSA 31eKmposu3d.

15.Kakue npumepsbl caudemenbCmayom o mom, Ymo 8030yX ABAAEMCA XOPOUWUM OUIAEKMPUKOM ?
16.Kakue npumepsbl caudemenbCmeayom o MomM, Ymo 8030yX A8A9emMcs rMPo8oOHUKOM ?

17.Kak moxcHO cOenames 8030yX MPO8OOHUKOM ?

18.Ymo Haszbiearom uoHu3ayuel eaza? Ymo Hazviearom pekombuHayueli amomos?

19.4Ymo Hasvieaemca 2a308biM pa3psadom? Hapucylime cxemy sKcriepumeHma no usy4eHuro
30KOHoMepHocmell moKa 8 2a3ax U 06vAcCHUMe 0cobeHHoCMuU HecamocmosmesibHO20 Pa3pA0a
2a3ax.

20.06vsicHUMe ocobeHHOCMU caMOCMoAMesIbHO20 20308020 pa3pAada. Hayuepmume nosHyro
80/1bM-AMIIEPHYH XapaKmepucmuKy 20308020 paspaoa.

21.Kak 8o3HuKaem camocmosamersHolii 2a308b1ii pa3psao?

22.Hazosume u onuwume 8U0bl CAMOCMOAMEbHbLIX PA3PA008 8 2a3aX.

23.Ymo makoe nnasma? Kakossl eé ocobeHHocmu? Kakue 8udsl rnaasmel cyuwiecmsyrom? Kakogo
npaKkmu4eckoe rnpumeHeHue rnaa3mol?

24.Ymo Ha3bisarom 8akyymom?

25.Ymo makoe mepmosneKmpoHHAsa amuccua?

26.0nuwume ycmpolicmeo u pabomy 8aKyyMmHo20 0uoda?

27.Hayepmume u 06bsiCHUMeE 80/1bM-aMMEPHYIO XAPAKMEPUCMUKY 80KYYyMHO20 0u00a.
28.Kakum ocHosHbIM ceolicmeom obaadaem 8aKyymHbili OuU0O u 20e amo rnpumeHaemcs?
29.Mepevucnume ceolicmea 371eKMPOHHbIX ay4edl.

30.Hapucylime cxemy u obbacHUMe nNpUHYUN pabomel 31eKMPOHHO- s1iy4es8ol mpy6Ku.

31.I0e npumeHAOMCA 31eKMPOHHO-71y4Yesble mpybKu?

32.KaKue seuwecmea Ha3bigarom rnosaynposooHuUKamu? lpusedume npumepol rnosynposooOHUKO8bIX
sewecms.

33.Mo4emy nonyrnpo8oOHUKU 8 HOPMAsIbHOM COCMOAHUU ABAAOMCA XOPOWUMU OU3/EeKMPUKAMU ?
34.06bscCHUMe MexaHU3M 803HUKHOB8eHUs cobcmaeHHOoU npos8oouMocmu rnosynposoOHUKOS.
35.Ymo Ha3blisaemcsa aneKmMpu4ecKumM MoKOM 8 6ecrpuMecCHbIX osayrnposooOHUKAX?

36.Mo4yemy cobcmeeHHasA MposooUMOCmeb rosaynpo8ooOHUKA Mana?

37.Kakue cywecmsyrom suobi npumeceli?

38.Kak 0bpa3yromca rnpumecHsie nosayrnposoOHUKU U KAKOBO UX Ha38aHUE?
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39.Kak 3asucum corpomussieHue nosynposoodHUKa om memrepamypsl U 0c8euw,eHHocmu?

B Kakux npubopax ycmpolicmseax 3mo ucross3yemca?

40.Kak obpazyemcs p-n — nepexoo?

41.Pacckaxcume o0 3arnuparowem U rporycKHbIX pexrumax?

42.Hayepmume u pacckaxcume o 807bm-amrepHoU XapaKkmepucmukKe rnosynpo8ooOHUKO8020
duooa.

43.Kakum ceolicmeom obsaadaem nosnyrnpo8oOHUKO8bIlU OU00 u 20e 3mo ucrnosnblyemcs?
44.Ymo makoe mpaH3ucmop? Kakogo e2o HasHayeHue?

45.Kak ycmpoeH mpaH3ucmop? Kak 0603Haemcs Ha 3n1eKmpuyecKux cxemax?
46.06vscHUMe pabomy mpaH3ucmopa?
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