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) Dimoccapuit

) TeopeTnyeckuiit MOHOJIOT
1 Moe TBOpYECTBO
) IlpakTnyeckas padora
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Mens 30ByT baiiTacosa
Haprusa . 4 yaych B
KOJUIEIKE SKOHOMUKH,
Ou3Heca u npaBa. Ha
podeccuro:

« Cranmapruzanus,
METPOJIOTHS U

ceprudukanus». JIro0iro
pPHUCOBATh U YNTATh.
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akyym (OT JaT. vacuum — mycToTa) — coc
arMoc(depHOro. IT0 MOHATHE TPUMEHSIETCA K ra3y B 3aMK
KOTOPOT0 OTKAYMBAIOT ra3, a 4aCTO U K ra3y B CBOOOJHOM MPOCTPAHCTBE, HAIIPUMEP K KOCMOCY.
DuU3NYECKON XapaKTEepPUCTUKON BaKyyMa €CTh COOTHOIIIEHHUE MEXY JJIMHOW CBOOOTHOTO
mpoOera MOJIEKYJ M pa3MEPOM COCY/Ia, MEXAY IEKTPolaMu mpudopa U T.1.

NeKmpuyecKuli moK 8 8aKyyme - ynopsji0ueHHOE JBU)KEHUE HOCUTENEH 3apsija B BAKyyME.
ITox neiicTBHEM HarpeBa Wi OOTYyUYE€HUS C MOBEPXHOCTH HAXOJAIIETOCA B BAKyyM€e MeTalljia
WJIM OKCHJIAa METAJIJIa BHIOUBAIOTCS AJIEKTPOHBI M CTAHOBSITCSI CBOOOTHBIMU HOCUTEIISIMU

3apsa.

TepymoanekmpouHas amuccus — UCITyCKaHUE AJIEKTPOHOB HArpeThIMU TelaMu (3IMUTTEPaAMH) B
BaKyyM WJIH JIp. CpPEy.

(Ouummep) Kamod — 3nexTpoi HEKOTOPOTo Mprdopa, MPUCOCTUHEHHBIN K OTPUILIATETILHOMY
MOJIFOCY UCTOYHHUKA TOKA.

AHOQ — BNEKTPO HEKOTOPOTO MPUOOpa, MPUCOEAUHEHHBIN K MOJIOKUTEIHLHOMY MOJIIOCY
HMCTOYHHKA TOKA.

{00 —>IeKTPOHHBIHN AJIEMEHT, 00JIaTafONIUi pa3IMIHON TPOBOIUMOCTBIO B 3aBUCUMOCTH OT
HaIMpaBJICHUS AJIEKTPUUECKOTO TOKA

DNeKMPOHHO-IVYe8as mpyOKa — ATO ANEKTPOBAKYYMHBIN MpUOOp, Mpeodpa3yroniui
AIIEKTPUYECKHUE CUTHAJIBI B CBETOBBIC.




§ 45. JJIEKTPHYECKHI TOK B BAKYVME. TEPMOJJIEKTPOHHAS YMHCCHA.

BosMOKHOCTE YNPAKTATH ABIKEHHEM SAPAKEHHBIX YaCTHI] B BAKYYMe C IOMOIIBI0 BHENIHHX
SIEKTPHYECKHMX H MATHHTHBIX NOTeH CIYAHT OCHOEOH A14 padoTHE 3IeKTPOHHO-TYYeEBBIX
TPYGOK M APYIHX 3IeKTPOBAKYYMHBIX IPHOOPOE.

BaxyymoM HasHIBAIOT PaspAKEHHBIH ras, KOHIIEHTPAIHA MOTEKY.T B KOTOPOM TAK Maja, 9T0 OHH
He CTATKMBAOTCA APYT ¢ ApyroM. IlosToMy BaxKyyM ABIAETCA HAEATBHBIM HSOIATOPOM.
OxHaxo, eCTH EHECTH B BAKYYM CEOOOJHBIe SapiKeHHBIE 4aCTHIB!, HAPHMED, SIeKTPOHEL TO
OH CTAHOBHTCA MPOBOJHHEOM TOKA. [IpH 3TOM ABMIKEHHEM CEOOOJHBIX 3apAJ0E E BAKYyMe
JerK0 YOpaEIATh, T.K. OHH He CTATKHMBAIOTCA C MOIEKYIaMH paspaxeHHoro rasa. [lpuGopes, 5

KOTOPEBIX 3IeKTPHYECKHI TOK IPOXOJHT Yepes BAKyYM, HASHEAKT 31eXMP0SaXYVMHELMU.

HcTOYHHKOM 3apAKEHHEIX 4a CTHI] 4714 BAKYYMa MOKET OBITE IOBEPXHOCTE MeTa:L1a, HATPeToro
a0 seicoxmx Temmepatyp (1500-25002C). Ilpm Tasmx TemmepaTypaxX 9acTe CBOOOAHBIX
3IeKTPOHOE MeTamIa 001ajaeT sHeprued, JOCTATOYHOH X714 TOro, 9To0B pasopeaTs Bce
HMEIOIIHECA CBASH H IOKMHYTH MOBEPXHOCTD MeTaLIad. JTO ABIEHHe, HAIOMHHAIOMIee

HCIIapeHHe MOJEKY:T C IOBEPXHOCTH KHAKOCTH, HASHEBAIOT MEPMOITIEKIMPOHHO U SMUCCUL.

IpocTefinnny 3IeKTPOBAKYYMHBEIM NPHOOPOM ABIAETCA BAaKYYMHBIHN Ou0d - YCTPOHCTEO,
TpOMyCKalomee TOK TOJBKO B OAHOM HampasteHun. OOBMHO, BaKYyMHBIN AMOX — 3TO
CTexTAHHAA 1aMma (/), BHYTPH KOTOpOH cosaan BaxKyyM (puc. 434) n HaxoaATca soasdparosas
HHUTH (2, KATOA) M MeTALTHIEeCKHH MHTHHAP (3, aHox). UroOsl HarpeTs BEOIBPPAMOBYIO HHTE
aMoza, gepes Heé MPONMYCKANOT TOK, M B PESYIBTaTe TePMOIIEKTPOHHOH SMHCCHE PATOM C
PaCKaTEHHON HHTBIO IOABIAETCA 00JaK0 31eKTpoHOE. [TosTOMYy, ecay AHOA MOAKIIOUHTE K
HMCTOYHHKY TOK3, COEAHMHHE HHTH (2) C €ro OTPHIATEIBHBIM MOIIOCOM, 3 IuTmHAp (3) — ¢
TNOTOXHTETBHEM (pHc. 434). TO 3IeKTPOHE! HS 00TaKa BOKPYT HHTH OYAYT ABMTaTBCA K
LUWTHHADY, M 4epes AHOA MOHAET Tox. [IpOTHEOMOTOXHOE MOAKTIOWEHHE — HHTB K ILTIOCY
HCTOYHHKA TOKA, 3 IIIHMHAD — K €r0 MHHYCY, He BBISOBET TOKA, T.K. [I01e BHyTpH AH0Aa Oyaer
OTTAIKHBATE 3TEKTPOHE OT UHTHHAPA. Taxms 00pason, B BAKYYMHOM THOAE STEKTPOHEI MOTYT
JAEHMTATBCA TOJBKO B OJHOM HANpAaBIeHMM — OT FOpAYEro KaToda K XOJOAHOMY aHOAY.

BaxyynHBle ZHOAB! HCIIOABSYIOTCA 1A NMpeoOpasoBaHHA MepeMeHHOT0 TOKa B HOCTOAHHBIH.

3:1en'pmecxoe TI0;T€ MOXKeT He TOJBKO BBEISBIBATE ABIDKEHHE SaPAKEHHBIX YaCTHI] B BAKYYMeE,
KaK 3TO NPOHCXOJWT B JHOZE, HO H HSMEHATE TPAEKTOPHIO STOro JABECKCHHA. Ha PHC.
456 moxazaHO, KaK H3MEHAETCH, 3aTHOAACH ENPAEO, TPAeKTOPHA JBHKEHHA
JIEKTPOHA MOPONETAIOMEro MEXAY IUIaCTHHAMH 3apAKEHHOTO ILTOCKOTO
KOHZeHcaTopa. Takmy 00pazoM. MpoJeTas MeXAY INTACTHHAMH KOHISHCAaTOPOE.

IEKTPOHBI MOI'VT MEHATHE CEOH TPACKIODHH B l'OQHSOBTaJIBHOﬁ H BEQTKKBJILBOE
IUIOCKOCTAX.

Tax xax 3JIEKIPOHBI B BaKyyMe€ He HCIBITHIBAIOT HHKAKHX CTOJIKHOBEHHH, HX CKOpPOCTE B

3IeKTP 0BAKYYMHEIX IPHOOPaX MOKET ZOCTHIATE 09eHb OOIBIINX SHaYeHHI. JIerko MoCYHTaTs,
YTO B BAKYYMHOM AHOJE, MEKAY AHOZOM H KATOZOM KOTOPOTro NprIokeHo Hanpaxerue 100 B,
saexTpoHsl pasronmorcex Ao 610%avc, uro B Mmramapam pas Gomsmre, weM CKOPOCTB HX
YIOPAZOYEHHOr0 ABIIKEHHA B MeTaqlaX. [IpH TOPMOMKEHHH SIeKTPOHOB HMX KHMHETHUeCKad

SHEprHA MOXeT NePeX0AHTh B SHEPTHIO HNTYYeHHA (HanpHMep, PeHTTeHOBCKOr0), TEILIOBYIO H
apyrHe HOPMEI SHEPIHH.

OIexTpoHHO-Ty4esad Tpyoxa (3JIT), I KHMHECKON ABTAETCA CAMBIM BAKHBIM 3IEMEHTOM B
OOJBNIMHCTEE TETEBHSOPOE M KOMITBIOTEPHBIX MOHHTOPOE. DJIT COCTOMT M3 CTeKTAHHOM KOI0B!
(I, Ha pmc. 436), BHYTPH KOTOpOH HaXoAMTCA BaxyyM. OZHMH HS KOHIOB KOJIOBI VSKMI M
JTHHHEIH, 3 APYToH — IIMp OKHE M OCTaTOYHO ILTOCKHH — 3KpaH (7). BHyTpeHnaa cTex1aHHaA
MOBEPXHOCTE IKpaHa MOKPEITA T0MUHOGOPOM, BEIeCTBOM, KOTOpOoe mpu
OoMOapAMpOEKe 3IeKTPOHAMH HCIYCKaeT CBeT. B KauecTse TroMHHOGOPOE 214 nBeTHEIX JJIT
HCIIOIBSYIOTCA ZOBOIBHO CIOMKHEIE COCTAEE! HA 0CHOBE PeAKOSeMeTBHEIX MeTa L1085 — HITPHA,
spoman 1. m. Jaa cospanma msoopaxenya s 3JI T HCIoassyeTCA SIeKTp OHHAA My NIKA, MS KAT0Aa
(3) KoTopo# mox ZefCTBHMEM CHIBHOTO SJEKTPOCTATHYECKOro MOJA HCXOAHMT MOTOK (Iyd)
31exTpoHOE (4). OTKIOHeHHe 3IeKTPOHHOrO Iy4a B BEPTHKAJBHOH H TOPHSOHTAIBHOH
ILTOCKOCTH, @ TAKKe ero $HOKyCHpOBKA POHCXOHT I0CPEACTEOM CIIEHHATEHOMN 0 TRTOHAOMmEH

cucTeMsl (J), cosaarmei HeoOX 0 MMy KOMOHHAITHIO 3TeKTPHYECKHX H MAaTHHTHEIX IOTeH.

4

AN\

1 E
@
F+ F + F ¥ (p)
~
n
~

(6) (e)

Puc. 45. (@) — BaKyyMHEIN JHOA M CXeMa ero MOAKTIOUeHHA: [ - CTeKTANHAAKOI0a, 2 —
BOIBPAMOEAA HUTS, J - aHOZ; (6) —HsMeHeHHe TPAeKTOPHH SIeKTPOHA MeK Y IL1a CTHHAME
ILTOCKOTO KOHASHCATOPA; (§)— KOHCTPYKIHA SIeKTP OHHO-Ty4eB0H TpyOrH: J — CTeKTAHHAA
K010a, 2 —3KpaH, I — KaToz, 4 — 3IeKTPOHHBIH IyY, J — CHCTeMa OTKIOHEHHA H (OKY CHPOBKH
ayda.
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R SJIEKTPOHHO-JIYHEBAA TPYBKA

PACNONOXEHUE 3NEKTPOAOB
B ANEKTPOCTATUYECKON

TPYBKE CXEMA SNEKTPOMAIHUTHOIO

YNPABNEHUA NYYOM
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COCI[I/IHI/IM CTCPIKCHD 3apsAKCHHOI'O SJICKTPpOMETPA C OJHUM SJICKTPOAOM BaKYYMHOﬁ CTEKJITHHOM

KOJIOBI, @ KOPITYC DJIEKTPOMETPA - C APYTUM DIIEKTPOIOM, MTPEICTABISIONIUM COO0M TOHKYIO
METaJTMYECKYIO HUTH .

BeiBom: [oIKITIOYMM K BBIBOJAM METALTMYECKONH HUTH UCTOUYHUK TOKa . ECM HUTH
COCIMHEHA C OTPHUIATEIHHBIM ITOJOCOM UCTOYHUKA, TO IMPU €€ HarpeBaHUH DIICKTPOMETP OBICTPO
paspsixaercs. [Ipu coeAMHEHNN HUTH € TTOJOKUATEIIBHBIM TIOJIFOCOM JJIEKTPOMETP HE Pa3psKaeTcs U
[IPY Harpe€BaHUM HUTU TOKOM. DTH OMbITHI JOKA3bIBAIOT, YTO HATPETHIM KATOJ UCITYCKAET YaCTHUIIHI,
o0Jagarone OTPUIIATSILHBIM JISKTPHISCKUM 3apsioM. [1oaKII09uM K BBIBOJAM METaJLIINYECKOM
HUTHU UCTOYHUK TOKA. ECIIM HUTh COEIMHEHA C OTPULATEIIBHBIM MMOJFOCOM MUCTOYHHKA, TO TIPU €€
HarpeBaHUU JICKTPOMETP OBICTPO paspspkaercs. [Ipu coequHEHNN HUTH ¢ TTOJIOKHUTEIIBHBIM
MIOJIFOCOM AJIEKTPOMETP HE Pa3psKaeTcs U NPU HArPEBAaHUU HUTH TOKOM. DTH ONBITHI IOKA3bIBAIOT,
YTO HArpeThIM KaTO/ MCITYyCKAET YaCTHUIIbI, 00JIaIaf0IINe OTPUIIATEIIBHBIM YICKTPUICCKUM 3aPSIOM.




] VY3Hana, 4TO 2IEKTPUYECKUE TOKA B BAKyyM€ UMEIOT MIMpPOoYa
MPUMEHEHHUS . DTO BCE 0€3 NCKIIOUEHUS PAUOIAMIIbI , YCKOPUTENH 3aPSAKEHHBIX

YaCTUII , MACC-CIIEKTPOMETPHI, BaKyyMHbIE reHeparopel CBY, Takue kKak MarHeTpOHBI

, JTaMIIbl OeTy1Iel BOJHBI U T.1.

1 B 1983 rogy ObUIO IPUHATO HOBOE OIMPEACIICHUE METPA : 3TO JUIMHA MYTH ,
MIPOXOJIMMOTO B CBETE BakyyMe 3a 1/299792458 nonto cexkyHAbl.( B METPOJIOTHH B
Ka4eCTBE KOHCTAHThI MPUHSIIN CKOPOCTh CBeTa B Bakyyme (299792458 m/cek.)

Xortesna Obl MPOBECTU CAMOCTOSITEILHO OMBIThI, HO TaK KaK Y MEHsI HET TPUOOPOB ,
MPUXOIUTCS TOBOJILCTBOBATHCS MAJIBIM, CMOTPEThH BUEO .

] Xotena Obl AOMOTHUTEIBHO U3YUYHUTh SJIEKTPUUECKUN TOK B pa3HBIX Cpeaax.

) ¥YnuBuUIIO TO, YTO B HAIlIE BPEMS TaK IIUPOKO MPUMEHSIETCS
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Hama npodeccust odeHb TECHO CBSI3aHA C
U3MEpeHUsIMH . MeTpoiorus —Hayka o0
M3MEPEHUSIX , METOJIaX U CPEJCTBaX 00eCICUCHUS
X €IUHCTBA U TPEOYEMOM TOYHOCTH .B KN3HN Ham
3a4aCTYI0 IIPUXOJIUTCS U3MEPATh. MOry IIpuBECTH
IIPUMED I10 JTAHHOM TEME: BOT HAIIPUMEDP
AICKTPOHHO-Iy4YEBas TpyOKa ,IIPEKAC YEM €€
coOparh ,He00X0AMMO ITOJATOTOBUTH KAXKAYIO JI€Tab
B TOUHOCTHU 40 MUJUIMMETpaA. A 3aTeM yxKe
coOUpaTh.
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[IpOoCTOpPbI UHTEPHETA 1 y4ebHoe nocobue
no ¢pusukKe 3a 10 Kaacc.



