KywaTtb nogaHo!

[Ipu6op, Ha3bIBaeMblii MATHETPOHOM,
6b11 u3o6peren H.MD.AsexceeBbiM 1
JI.E.ManaposeiM B 1939 roxy. Pasy-
MeeTcsl, y HUX OblLJIM IPe/IeCTBEHHN-

[ lons ¢
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JNALWKUHA3U

KDELLMBAKOTCS

KM, TIpUJIyMaBllie He4yro OJIM3Koe |
BMeCTe C TeM JOCTaTOYHO JaJIeKoe,
4TOObBI CYUTATH MATHETPOH HOBBIM ITPH-
6opoM. CBOUX Hpe/IIeCTBEHHUKOB
nMeer n Jjobasi ujest; BaykHee, UMeeT
JI1 OHA CBOUX IIOTOMKOB.

Oma cmamvs A67151€MC OP2AHUMHBIM NPOOOILKEHUEM Mmpex npedbldyuux cmameii mozo xe
asmopa: <113 zem owubre Iducona» («Keanm» Ne5 3a 1996 2.), <Iaexmponnvii npuboi»
(«Keanm» Ned 3a 1997 2.) u </launnas dopoea om exoda x evixody> (<Keanms Nol 3a 1999 2.).

Cepus cmameii JI. Awkunasu nocesuwend cogpemMentol 6aKyymnoil 31eKxmponuxe, ee gusuuec-

KUM OCHOBAHUAM U UCMOPUUECKUM UCTMOKAM.

Pasymeemcx, Kd}lCayTO cmamovio MOKHO yumdmsv u He3d6UCUMO, HO s 6osee noanozo u
2/1y6076020 BOCNPUSMUA U NOJYUEHUA MEJLbHOﬁ Kapmumnol Mbl pexomeﬂayem 3aunmepecocanHomy
uumamesro u3yuams Imu cmamov 6 yicasm-mod nOCAC006AMENLHOCTNIL.

Kasknas Benib yeM-To MHTEpecHa, 1
yeM-To nHTepecen Kaxkapiii DBII CBY
— 9JIEKTPOHHO-BAKyyMHbINH T1IpU6GOP
CBEPXBBICOKOH yacToTel. U ecm Hexo-
topble JIBB — samribr Geryiieii BOJIHbI
— MIHTEPECHDI T€M, UTO M3TOTABJINBAIOT-
Csl JIMIIb B HECKOJIbKUX JIECSATKAX 9K-
semmysapos (JIBB 151 ey THUKOB CBsI-
31), TO MATHETPOH UHTEPECEH TEM, UTO
3TO TIEPBbIN IEHCTBUTEIBbHO MACCOBBII
CBY-nipu6op. M60 Tte MarHeTpoHbI,
KoTopble wucnoJab3yiorcss B CBY-me-
yax, Bblllyckatorcs B Snonun Gosee

Wnmoctpaums J1. TuiikoBa



yeM MUIJUIMOHHBIME «THpaskaMu» . Tpa-
JINTIMOHHAST SITTOHCKAsT KYXHSI TIPEIIIo-
YUTAET BAPUTD, MIAPUTH U TYIIUTH, & HE
sapuTh. Pymanas xopouka (comepaka-
miasi, MEX/y MPOYNM, KaHIIEPOreHHbIe
MPOAYKTBI TEPMOJIN3A HU3KOCOPTHDBIX
&KupoB) — He ee 1emb. Tax Bor, CBY-
ey Kak pa3 u [1e1ai0T HEeYTO TOX0Kee
HA BapKy, MapKy U TyIIEHUE, TOCKOIb-
Ky 9JIEKTPOMATHUTHASI BOJIHA CBEPX-
BBICOKOI 4YaCTOTbI IIOIJIOIIAETCA BCEM
06bEMOM cpasy. A B Iieuu, MpeHa3Ha-
yenuble g 3anaga (71 SmoHIeB 9To
— Bocrok), s «IOApYMSHUBAHUS>
CIIEIUATIBHO BCTPAUBAIOT uH pPaKpac-
HbIE JIAMIIbI.

Bo3MoxHO, MarHeTpoH — 3TO ¥ HOC-
saexanii Maccosbriil DBIT CBY. [lemo B
TOM, UTO TaKue IPUOOPDI TPUMEHSIIOTCS
[IPEUMYIIECTBEHHO B 00JIACTH BHICOKUX
YacTOT U MOIIHOCTEH, a TaM MHOI'O
OJIMHAKOBBIX PpuGOPOB He Hat0. Korga
fanHas 06JIacTb 4acTOT M MOIIHOCTEN
OCBaMBAETCsI, TO JIAMIIBI YCIIEBAIOT TIPO-
JIBUHYTBCSI JIaJibliie, a K 3TOl o6Jjactu
yiKe MoAOGUPAIOTCST MOJIYTIPOBOIHUKO-
Bble TIpu6OPbI. JIaMIibl — [ecanT ajiek-
TPOHUKH, ImTy4YHas pabora. [Tomympo-
BOJIHUKU UYT CJEIOM U TOJIION.

[Topa, nakoneir, ckasarb, 4TO TaKOEe
MarHeTpoH. DTO — HUCTOPUYECKU Iep-
Bbiii mipenctaButesb IBII CBY co
«CKPEIIEHHBIMU TTOJISIMU» . A UIMEHHO —
C MAarHUTHBIM ¥ 3JIEKTPUYECKUM TOJISI-
MU, TEePHEeHIUKYIIPHBIMU JIPYT JPY-
ry. Kak Bujgure, ompenesienue Impo-
croe. CJI05KHBL CJICACTBUS U3 HErO.

3HEKTpOH B CKpeLWleHHbIX
nonax

3aMeTuM, TpeXK/e BCETro, YTO Mar-
uutnoe nose B IBII CBY nam yxe
BCTpevasnoch. Bo MHormx Jsammnax Ge-
TyIIeil BOJIHbBI U KJIUCTPOHAX OHO ObLIO
HAIIPABJIEHO BJIOJIb 3JIEKTPOHHOTO ITyY-
Ka U y/Iep)KUBAJIO 3JIEKTPOHbBI OT Pas-
Geranus B CTOPOHBI. [leiicTBUTEIbBHO —
MIOKa CKOPOCTD 3JIEKTPOHA HAIIPaBJeHa
HapaJIIeJIbHO TI0JII0, HA 3JIEKTPOH CO
CTOPOHBI TOJI CUJIBI He JieiicTBYIOT. Ho
KaK TOJIbKO GOKOBasi CKOPOCTb BO3HU-
KaeT, BO3HUKaeT 1 cuiia JlopeHna, nep-
HeH/UKYJISApHAsA IOMI0 U CKOPOCTH.
OJIEKTPOHBl HAUMHAIOT JBUTaTLbCS 110
CIMPAJISIM, <«HABUBAsSCh» HA JIMHUN
MATrHUTHOTO TIOJISI. A YTO TIPOU3ONJIET,
ecJI AJIEKTPOH HAYHET JIBUTATHCS B
CKPEIIEHHBIX — MAarHUTHOM U 3JIEKTPH-
YeCKOM — IMOJIIX, T.e. B YCJOBHAX,

— -
korma BLE?

[Tycrb a/1eKTPOH BbLIETAET U3 KATO-
Jla ¢ OYeHb MaJieHbKOW (IIpaKkTHYecKn
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Puc.l. [IBuxeHne 3/1eKTPOHE B CKPELYEHHBIX
110/19X, KOrga 3/1eKTpoab! iockume

HYJIEBOH) CKOPOCTBIO 1 HAUMHAET J[BU-
ratbest Kk anomay (puc.1). Maruurnoe
1oJie NepHeHJANKYJISIPHO IJIOCKOCTH
pucynka. [loxka ajiexTpoH TpoJeTesn
Majio U CKOPOCTh ero o mana (cuma,
JIEHCTBYIOIIAsT HA 3JIEKTPOH CO CTOPO-
Hbl 9JIEKTPUYECKOrO I0JISI TTOCTOSTHHA
u paBHa eE, riue e — 3apsiji 3J€KTpo-
Ha, a E — HanpssKEHHOCTb IOJIs),
cuna F,, JIefcTBYIONAs CO CTOPOHbI
MarHuTHOTO T10JIsI, TOKE MaJia, U aJIeK-
TPOH JjeTuT moutu 1o mnpsamoi. Ilo
Mepe <«IIaJIeHUsl» Ha aHOJI CKOPOCTb
aJieKTpoHa pacrer, cuua Jlopenna,
paBHasg evB, yBeJmunBaeTcs, TPaek-
topus usrubaercs. Ilpn masoit uH-
JYKIIMY MarHUTHOTO TIOJII 3JIEKTPOH
OTKJIOHSIETCSI OT TIPSIMOM, HO aHoja
Bce ke jpocruraer. [Ipu Gosbiioii wH-
JYKIIMU TI0JIST TPAEKTOPHUST 3JIEKTPOHA
aHoyia He jgocruraer. Korga ckopoctb
CTaHeT TOPHU30HTAJIBHOM, 3JIEKTPOH
HAuyHeT BO3BpallaThcss K karony. Te-
1epb OH /IBUTAaeTcsi IPOTHB 3JIEKTPH-
YeCKOTo I0JIsI, U CKOPOCTb €r0 yMeHb-
maercst. Haxoner, 1mojsereB K KaTo-
[y, AJE€KTPOH YMEHBIIAeT CBOIO CKO-
poctb 0 Hyns. U Bce moBTOpsieTcs
cHayaJa.

B 9BII CBY co ckpelieHHbIME T10-
JISIMM TIPUMEHSIETCS U IPYTOe PACIOJIO-
JKEHUE 3JIEKTPOJIOB — KOAKCHAJIbHbIE
katon u anoy (puc.2). B stom ciyudae
TaKyKe MPHU MaJIbIX B TOK B IIEIH KaTO/
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Puc2. [IBUXeHue 3/1EeKTPOHA B CKPELLEHHBIX
10719X, KOIAA 371EKTPOAbLI KOIKCUA/TbHbIE
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— a”o/ wjer, npu GoJsbinx B — Her.

Ha kavyecTBeHHOM YypOBHE C JIBUKe-
HHEM 3JIEKTPOHA B CKPEIIEHHBIX TT0JISIX
Bce sicHo. [loka HescHo, 3auyeM 3TO
HYJKHO ¥ KaK IPH 9TOM YCHUJIMBAIOTCS
WJTA TEHEPUPYIOTCS 3JIEKTPOMArHUTHbIE
KosteGaHus. 3aMeTHM, 4TO PaboTaIoT
IBII co ckpellleHHBIMU TIOJISIMU KaK
pas 1Py TaKUX MAarHUTHBIX MOJISIX, TTPH
KOTOPDBIX 3JIEKTPOHBI He JIOJIXKHBI J10J1e-
TaTh /10 aHoga. Ho ecom Tok He Teyer,
TO pubOp He MOTPe6sieT MOIHOCTU
OT MCTOYHUKA TIMTAHUS W eMy HeYero
peo6pas3oBbIBATh B SHEPTUIO AJIEKTPO-
MarHuTHOTO 110Jist. Tak 4To 2JIeKTPOHbBI
JIOJDKHBI JIOJIETATh /10 aHO/IA 1 JIOJIKHBI
OT/IaBaTh HHEPTHIO, BO3GYK/asi KoJie-
GaHMs AJIEKTPOMArHUTHOTO 110J1s1. Bern
ATH CBsi3aHHbIe (BHUMAHUE, 9TO KJIO-
4eBoe MeCTO!): eC/i HIEKTPOH OTAeT
9HEPTHIO, HAlpUMep B TOYKe & Ha

Puc3. O1[a4a SHeprvv EKTPOHOM B TOYKE
& WM BAOL BCEU TPAEKTOPIM

pUCYHKEe 3, TO OH... YCHEIIHO I1ajaeT
Ha aHOJl — Be/b B TOYKE & OH Kak Obl
HAYMHAET JIBUTaTbhCs 3aHOBO, C HYyJle-
BOW CKOPOCTbIO, KaK TOJBKO YTO BbI-
meamuii u3 kKartoga. Ho B 9BII amex-
TPOHBI HE OT/IAIOT SHEPIUIO B KAKOI-TO
O/THOIT TOUKE, a JIeJIAI0T 9TO HOHEMHOTY
Bce Bpemsi. Iloatomy Tpaexropusi co-
CTOUT HE M3 KYCKOB, KaK Ha PUCYHKe 3
CJIeBA, a MPOCTO MMEET MEHDBIIYIO KpH-
BU3HY, KaK Ha PHUCYHKe 3 clipaBa.
Ilepen Tem Kak mepeiiTé K BOIPOCY
00 yCHJIEHUM W TEHEPAlH 3JIEKTPO-
MarHUTHBIX KOJIe6aHWi, 3aMeTHM elle
ofiHy Belllb. /IBU)KeHME 3JIEKTPOHOB B
CHCTEME 3JIEKTPOJIOB, MMOKA3aHHbIX HA
pucynkax 1 u 2, MOXHO C TOJb30I
npuMeHnuTb u 6e3 reneparnyuu. BuaHo,
YTO €CJIM IJIOCKUIT KaTo/l HAa PUCYHKe
1 NIWHHBINA, TO B MPOCTPAHCTBE MEXK-
Jly HUM ¥ aHOJIOM COOMPAETcsi MHOTO
9JIeKTPOHOB. Takyio cucremy MOXKHO
UCIIOJIb30BATb B KAuecTBe 3JIEKTPOH-
HOil nymkn B so6om IBII, B Koro-
POM HYKEH TIJIOTHBIH 3JIeKTPOHHBII
noTok. Tax ke MOXKHO MCII0JIb30BaTh
U KOAKCHAJIbHYIO 3JIEKTPOJHYIO CHC-
Temy Ha pucynke 2. Karox u anon
JIeJIAl0OT He COBCEM IMJIMH/PUYECKHU-
MM, & CJIeTKa KOHYCHBIMH. OJIEKTPO-



Puc4. [luxeHne snekTpoHos B 3BT co
CKpeLLEeHHbIMY [TOIIMU P BIGUMO[EN-
CTBYM C 3/IEKTPOMArHUTHOM BOJIHOM

Hbl 3aKPYYUBAIOTCS BOKPYT ITPOJIOJIb-
HOI OCH 1, M3-3a HAJIWYUS Y HJIEKTPU-
YEeCKOTO II0JIST OCEBOH COCTaBJISIONIEH,
HaYMHAIOT /peiipoBarh K BBIXOAY U3
MarHeTpoHHoi mnymku. I[lpu pasen-
CTBE MAarHUTHOW ¥ 3JIEKTPUUYECKOM CHUJT
3JIEKTPOHbBI GyIyT Bpalarbcs Mo OK-
PYJKHOCTSIM, TOYHEe — 10 CITHPAJISIM.
IToTok, BbIXOAAINNT W3 MarHETPOH-
HOH IIyIIKM, MOJIy4aeTcsl, eCTeCTBEH-
HO, BHHTOBBIM. ODTO HE MeIIaeT MHC-
noJib3oBaTh ero B jo6om DBIT CBU,
nanpumMep B kjauctpoue. OH MoOXxeT
ObITh HUCIOJIb30BAaH U B HpHOOpPE €O
CKpEIeHHbIMU TToJIsIMU. Takoil 1mpu-
60p GymeM Ha3bIBATD MUTPOHOM.

Tenepp mnepeiijieM K TPUHIUITY Te-
Hepalunm 1 yCUJIeHus B 1mpubopax co
CKPEIeHHbIMH ToJIsiME (MaTHETPOHAX,
MUTpOHAX U T.1.). IIpn6opoB Takux
CYIIECTBYeT OYeHb MHOrO, W I0CJIe
paccMOTpeHHs MPHUHIMIIA UX PaGOTbl
Mbl y3HAaeM, HalpuMep, IOYEeMY TaK
OOIIUPHO M PA3HOOOPA3HO CEMEUCTBO
MarHeTpoHOB.

Ectb nu pa3sHuua,
Kyna nagatb?

Harmomuum, uyro B samie Geryiiei
BOJIHBI BJIEKTPOH I13/laeT HA Y4YacTKe
OT Karojla JI0 Havyaja 3aMeJIsolei
cucrembl. [lagaer B TOM ke cMbicIe,
B KOTOPOM I13/Ia€T KaMeHb, OTOPBaB-
IMICST OT BEPTUKAJBHON CKAJbI,
JIBUTASICh 110 CHJIE, YMEHbIas IOTeH-
IUAJIBHYIO 9HEPIUIO M yBeJNYNBast Ku-
HETHYECKYI0. DJIEKTPOHBI BXO/AT B 3a-
MEUISIONIYIO CUCTEMY, HaOpaB CKO-
pOCTb, W y:Ke B Hell OTAAI0T KUHETH-
YEeCKYI0 HHEPTHI0 3JIEKTPOMArHUTHOI
BOJIHE.

[Tocmorpum, Kak BeayT cebst 2JeKT-
POHBI MEX/ly KaroJOM U AaHOJOM B
3JIEKTPOHHO-BAKYYMHOM 1PHOOpe €O
ckpemenabivu noasvu (puc.4). Tlo-
BeJ/[eHNE 3JIEKTPOHOB ONUCHIBAETCS
JIBYMSI TIPOIECCAMK — COPTHPOBKOI U
dasuposkoii. CopTupoBKa IPOUCXO-
JUT TaK. DJEKTPOH [, KOTOPBLII BbI-
HIeJT U3 KaTo/la B TAKOW MOMEHT, 4TO
MIOTOM OH JIOJDKEH OT/aBaTbh SHEPTHIO
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BOJIHE, T1aJlaeT Ha aHOJ|, Ma/laeT u OT-
JlaeT 9HEPTHUIo, OTJaeT U OTJaeT... JTO
— xopomuit asekTpon. Ilnoxoit ssex-
TPOH, KOTOPBIH BbINIEJT M3 KAaToja B
TaKOi MOMEHT, 4YTO BOJIHA [IOJDKHA
OT/IaBaTb €My 9HEpruio, TyT Ke 3a-
Bepiiaer cBoio Ouorpaduio, Bpesas-
HINCh B KaToJl. 3aMeTbTe, YTO Terepb
TOK Ha aHoji OyJeT WATH Ja)ke IpU
TakuX OOJIbIINX MATrHUTHBIX IOJISIX,
[P KOTOPBIX paHblite (B OTCyTCTBUE
HIEKTPOMATHUTHOTO TMOJIsI) TOK He
mreJ.

Ho nporteccom copTHpPOBKH /IO He
ncyeprbIBaeTcs. XOpoIine 3J1eKTPOHbI
HE TOJIbKO OT/EJSIOTCS OT IJIOXHX,
HO 1 $a3upyloTcsi, COGMPAIOTCS B CTy-
ctku, kak B JIBB. Tombko cryctkn
3TM HA3bIBAIOT CIMIAMU, W HOHITHO
1oveMy — Tpe/ICTaBbTe cebe, KaK OHU
JIBIDKYTCSI B CHCTEME, TIOKA3aHHOH Ha
pucynke 2. Ilozxxe MBI y3HaeM, 4TO U
OT TJIOXUX 3JIEKTPOHOB €CTb I10JIb3A.

3aMernM, 4TO 3AJIEKTPOHAM He 00s-
3aTeJIbHO JIBUTATHCSI 110 CJI0KHBIM Tpa-
€KTOPUSIM, TIOKA3aHHBIM HAa PUCYHKaX
1 u 2. Ecou, Hanpumep, Ha pUCYHKe
1 9/IeKTpOH JeTutT BAOJH Katoga (ro-
PUBOHTAJIBHO), TPHUYEM MOJS MO0~
OpaHbl Tak, YTO CHJIA, JEHCTBYIOIIAs
Ha HETO CO CTOPOHbBI 3JEKTPUYECKOTO
MoJIs, paBHA CuJe, AEWCTBYIoUel co
CTOPOHBI MArHUTHOTO TIOJISI, TO AJIEKT-
POH Oy/IeT TPOJIOJIKATD JIETETD IO TIPsi-
Moii. JIerko MoOHATb, YTO U KPYTOBYIO
TPAEKTOPUIO MOXKHO OPraHNU30BaTh Ta-
KHM JKe CIIOCO6OM.

IIpu B3rssime Ha pucyHok 2 6Gpoca-
I0TCSI B TJIa3a /iBa TIJIABHBIX OTJINYMS
MarHerpoHa ot JIBB — «kpyrioctby
n «cMeniaHHocTb». Ilepsoe, econ BbI-
pakatbCsl TOYHEe, 3TO 3aMKHYTOCTb
3aMeJIUISIIONIeNl CUCTEMbl U 3JIEKTPOH-
HBIX TpaekTopuii. O6e 3TN «3aMKHY-
TOCTH» He 00s13aTeJIbHbl — €CTb IIpH-
6OpPBI C OHOW M3 ATUX 3AMKHYTOCTEN
niam jiaske BoBce 6e3 Hux. Ho mmeHHO
BO3MOKHOCTb HaJIM4YMs WJIM OTCYT-
CTBUSI TUX 3aMKHYTOCTEH Jleslaer ce-
MeHCTBO MarHeTpoHOB CTOJIb OOIIHP-
HbBIM.

Hasee, «cMmerranHocTby. OHa TOXKe
MOKeT ObITb BbIpa)kKeHa B PasHOIl cTe-
nenu. Hampumep, B KJIHCTpPOHE Bce
OT/IEJIBHO — KaTOJl, BXO/HOI pe3oHa-
TOp, TpoJeTHOe uau <«apeiigoBoes
IIPOCTPAHCTBO, BBIXOJHOW PE30HATOP
n KossekTop. MYHKIMM BceX MSATH
y3JOB BaM Yy’Ke u3BecTHbl. [lpaBna,
ITPOMEKYTOUYHbIE PE30HATOPDI JIEJIAI0T
OTYACTH TO, YTO BBIXOJHOW, M OTYaC-
TH TO, uTo BXOo/HOI. Ho B JIBB cpen-
HUe TPU dJIEMEHTAa BCErJa CMelIaHbl B

Anod Pesonamop

Puc.5. MarHetTpoH ¢ pe3oHaropamu tmna
«Lyesib~oTBEpCTIE?

CHUpaIM: BXOJHAS €€ YacTh B OCHOB-
HOM MOJLYJIUPYET My4YOK, BbIXO/HAS B
OCHOBHOM CHUMAET CUIHAJI C Iy4Ka U
BCSL OHAa — MPOJIETHOE ITPOCTPAHCTBO.
B marnerpone (puc.5) cMemaHo Bce
BMECTE — BCE €T0 CEYEHNs SKBUBAJICH-
THBI, BCE OHM COJIEPKAT KYCOUEK Ka-
TO/IA, KyCOYEK MPOJETHOTO MPOCTPaH-

ARTRA

Puc.6. 3amennsoLume cuctems! MarHeTpo-
HOB. BBEPXY — JIONATOYHOIO TUIA, BHU3Y —
L{e/1eBOroO TUINa

CTBa, KyCOYEK aHOJa M, KOHEYHO, Ky-
COYEK 3aMe/JISIOINIe CICTEeMbI. 3aMe/I-
JIAIONIAasi CUCTEMA B MATHETPOHE CO-
CTOUT U3 PE30HATOPOB, a PE30HATOPDI
MOryT GbITb pasubiMu (puc.6).

B orsmune ot samiibl Geryiieil BoJ-
HbI ¥ JIaMIbl O6PATHOI BOJIHBI B Mar-
HETPOHAX 3aMEJIJISIONIIE CUCTEMbI Ya-
CTO [IEJIAI0T COCTOSIIIMMHU U3 PE30Ha-
TOPOB, HACTPOEHHDBIX HA [[BE PE30HAH-
cHble yacToTbl. Ha pucyHke 6 BHU3Y
MOKAa3aH Pa3HOPE30HATOPHBIN <«aHOJI-
HBIIT 6JIOK» C Pe30HATOPaMU IIEJEBO-
ro Tumna. Takas KOHCTPYKIIUS HAa3bl-
BaeTcss POMAHTUYHO — <«BOCXO/ISIIEe
coJiriie». OMHU U Te K€ BEIr MOKHO
HA3bIBATh MO-pasHOMYy. MOMKHO: <«pe-
30HATOPHDIII 111e1eBOI GJIOKY, a MOXK-
HO: «BOCXOzlee coJHie». /aga toro
4T0Obl HA3BaTh KPACHBO, HAJ0 UMETH
BO3MOJKHOCTb XOTS Obl Ha IISAITb MU-
HYT 33[yMaTbhCsi O BOCXOJI€ COJIHIIA U



HUMETb >KeJIaHue JyMaTb O TOM, 4TOOBI
Hassarb Kpacuso. HyskHo To cuact-
JIMBOE COCTOSIHME JIYIIN, KOTOPOE CO-
3/1aeTcsl TPYAHOI, HO TOCUJIBbHOHM pa-
60TOi1 U olryIiieHeM cBOGO/bI BbIGO-
pa pojia JiesiTesqIbHOCTH BOOOIIE W KOH-
KPETHOH 3a/lauu U TyTeil ee pereHus
B YaCTHOCTH.

Mmoroe cBg3ano B Hallell XXKU3HU C
paGoroii. TpyaHo ckasarb, 6GoJee Jin
CYACTJIMBBI T€, y KOIO 3TO <«MHOrOe»
Gosibie, yem y apyrux. Ho Te, kro
MHOro paGoTalT, He COrJallalTCs
paGorarb MeHbIIe JlayKe TOr/a, KOrja
OKPY’KaloIasi JKU3Hb padoTaTh Mella-
er. O neperierennn paGoTbl U HKHU3-
HU pAacCKa3blBaeT e/MHCTBEHHAs Xy-
JIOKECTBEHHAsI KHUTA, HA3BAHHAS UMe-
nem CBY 9BII. Kuaura «Marunerpomn»
ony6smkosana B 1957 rony ¢usnkom
I''.Babarom u nucarenbuuteiit A.J1.
lFapd. Dto KHHUra o BpemeHax, Korja
nepest (pU3MKAMHU CTOSIT BOIIPOC, II0-
yeMy Ha 9KpPaHaX aMEPUKAHCKUX pa-
JlapOB He BM/IHBI, a HA 9KPaHAX aHr-
JIMHCKUX Pa/lapOB BU/HbI [EPUCKOIIbI
HAIMCTCKUX TIO/IBOJIHBIX JIOJIOK, TIO/I-
KpajbIBatonumxcs Kk GeperamM AHTJIMN.
[lng Bac ceiiyac 3TO He BOIPOC —
MIPOCTO JIJINHA BOJIHBI, KOTOPYIO TreHe-
PHUPOBAIN AMEPUKAHCKHUE MArHETPOHBDI,
6b171a GOJIbINE UAMETPOB MEPUCKOIIOB,
a JUINHA BOJIHBI, KOTOPYIO TEHEpUupo-
BaJI AHTJIMHCKUE MarHeTPOHbI, Oblia
Menblie. M MHOrMe apyrue TOrzall-
HHUe BOIIPOCHI Ceifyac He BOIPOCHI...
Ho rorzaninme BONPOCHI CMEHUJIHMCH
CETO/IHSIIITHUMH.

Ecisin ke paccyskjieHust B 9ToM pas-
JleJie TIOKA3aJIiCh BaM CJIMIITKOM CJIO3K-
HBIMH, BOT MOJIEJIb TIOTIPOIIE.

[TpencraBbre cebe KaMeHb, KOTOPBIT
CHavyaJla TOJHSJIN Ha TOPy, a HOTOM
ypoHUM B nponactb. OH yrajer, pa-
30THABIINCH /10 KAKOI-TO CKOPOCTH, 1
B IIpoliecce ero moJieta paboTa, KOTo-
PYIO IIPOM3BOJMUT HAJl HUM T'DaBUTa-
IIMOHHOE TIOJIe 3eMJIM, YBeJMYNBAET
ero, kamus, sHepruio (OH JIETHT Bce
Goictpee u Gbictpee). Tenepb mpesn-
MOJIOXKUM, YTO KaMeHb I1aJlaeT 10 Ta-
KOU XUTpoil Tpy6e, UTO 4Yepe3 KaK-
JIble CKOJIBKO-TO METPOB OH CTaJIKMBa-
eTCsl C BBICTYIIOM CKaJibl, IIpeoOpasyst
HAKOIJIEHHYIO SHEpPruio B 3BYK y/a-
pa, OTCKAKMBAeT W HAYMHAET JIETETb
pagpire. Ecau npaBuibHO 110106paTh
PACCTOSTHUST MEXK/ly BBICTYIIAMU, 3BY-
KU yJIapoB GyIyT CKJAJbIBATbCS, U Y
JIIOOOTIBITHOTO KOHCTPYKTOPA 3a3BEHUT
B yIIax.

Tenepb 3aMeHNM KaMeHb Ha 3JIEKT-
POH, I'PaBUTAIMOHHOE TI0JIe HA 3JIEKT-
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HIoJad CKPEIHNIUBAIOTCA

puueckoe, a TpyOy € BBICTYIaMHU Ha...
B 00IEM-TO, UMEHHO TPYOy C BBICTY-
mamu. TOJbKO He KaMEHHDBIMH, a Me-
Tajmaudeckumu. Ilposeras Mumo
(BOMM3U, HO UMEHHO MHUMO, B OTJIH-
qre OT KAMH$S1) HUX, 9JIEKTPOH BbI3bI-
BaeT IMepeMeIenne 3JeKTPOHOB B TI0-
BEPXHOCTHBIX CJIOSX METaJia, T.e.
TOK, ¥ 9JIEKTPOMAarHUTHOE TOJe. ITO
MoJie U €CcTh TO CaMoe 3IJIEKTPOMar-
HUTHOE TI0JIE, & €CJH TIEPUOJI BBICTY-
OB MOJI00paH TPABUJIBHO, TO MOJE
YCUJIUBAETCSI, U B UTOTE€ MBI MOJTyda-
€M MOIIHYIO CBEPXBBICOKOYACTOTHYIO
9JEKTPOMATHUTHYIO BOJIHY.

ManeHbKkun KaTop,
no3BonsieT BbIKNHYTb
GonbLuylo cxemy

CMbICJT BbIPDAYKEHHSI <«KaTOJl — Cep/l-
1le 9JIEKTPOHHOTO 1pu6opa» B TOM,
yto mapamerpsl IBII Bo mHorux ciy-
YasgxX ONPEJIENIIIOTCs apaMeTpamMu Ka-
TOJA, a 4TO 0 Ccpoka cuay:x6b1 DBII
— TaK OH IHOYTH BCEr/la OIpe/e/IseTcs!
karojoM. Ho B MarHerpone curyanus
COBEpIIEHHO 0co0asl.

YacTb 2J1€KTPOHOB, SMUTUPOBAHHBIX
KATO/IOM, BO3BPAIIAIOTCSI Ha HETo,
NIPUYEM <«HE TMO/II0J3AI0T> K HEMY,
MOTPATHB BCIO HHEPTHIO, a BPE3AIOTCS
B HETO, MMesl BIIOJIHE IIPUJINYHYIO CKO-
poctb. Ilpaspa, ara sHeprusi jocra-
JIaCh 9JIEKTPOHAM HeIPaBEJHbIM IIy-
TEM — OHA <«YKpaj/leHa» Yy 3JIeKTPO-
MarHUTHOI BOJIHBI, HO KaTO/y OT 3TO-
ro He Jjierye. Bo3Bpar Takux aJexkTpo-
HOB Ha KaroJ| BJIEYET €ro Harpes.
WHorjga MOIHOCTD, HOCTYIAIONAs Ha
KaToJl, TaK BEJIMKA, 4YTO €ro IPHUXO-
JIATCST OXJIK/IATD.

Ho smnexrponnast G6om6apaupoBKa me
TOJIBKO Harpesaer KaTtox. Ilpuxons-
1ye Ha KaToJ| 3JIEKTPOHbI BbIOMBAIOT
13 HEr0 BTOPUYHBIE AJIEKTPOHbI. JTOT
BUJI AMUCCHN HA3bIBAETCS BTOPUYHOI
2JIEKTPOHHOM aMmuccueii. Yacto BTO-
pUYHAsl AJIEKTPOHHAST SMUCCUSI OKa-
3bIBAETCST JIOCTATOYHOI, 4YTOOBI Mar-
HETPOH paGoTasl TOJBKO 32 ee Cuer.
KoneuHo, n36aBUTbCS OT HaKaJja J10-
BOJIBHO COGJIA3HUTEJIBHO, TI0ATOMY 110~
CTOSIHHO BEJIyTCSI NTOUCKH MaTepHaJIoB
¢ 60JbI1I0I BTrOpuYHOU amuccueit. Oj-
HAKO — KaK ¥ CJIEJ0BAJIO OXKU/ATh —
MarepuaJsbl, uMerone GOJbIIYI0 BTO-
PUUHYIO AMHCCHIO, OBICTPO paspyliia-
10Tcst 60MGAPAUPYEMbIME  3JIEKTPOHA-
mu. Ho ato He camoe nHTEpecHOe.

Bcrnomuum o siamiie o6patHOil BOJI-
HbI, CHHXPOHU30BAHHOIl BHEIIHWUM re-
HepatopoM. Yto Gygzer, ecau He TO-
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JIaTh HA ee BXOJ, KOTOPbIil HAXOIUTCS
OKOJIO KOJIJIEKTOPA, CUHXPOHU3YIOMINIT
curnan? Owna Oymer He OYeHb CTa-
O6mabHOM. Ec Mbl XOTUM, 4TOOBI Ta-
Kas JlaMIa TEeHepUpOBaJa UMITYJIbC-
HBII CUTHAJT BIIOJIHE OTpe/IeIeHHON Ya-
CTOTBI, HAJ0 IOJABAaTh HAMPsKEHUe
MUTAHUS TOJBKO HAa BPEMsI UMITYJIb-
coB. /[lemaer 31O mOCTATOUYHO O0OJIb-
masi cXema, HasblBaeMasi MOJYJISITO-
poM. 3aMeTuM, YTO BBIXOJHAS JaMIia
MOJYJIATOpA JOJUKHA TIPOIYCKATh Ye-
pe3 cebsi BCIO MOIMHOCTb TMHUTAHUS
IBII. Tak uro MecTta sTa cxema 3ail-
Mmet GoJbie, yeM ToT DBII, KOTOpO-
My oHa u GyJeT MOIYJUPOBATDH IUTA-
nune. Ho 6e3 momynsropa He 0060ii-
THCD.

Tenepn npegcraBum cebe yCUTUTEND
— kJyuctpon win JIBB. Ilycts Ham
HaJ0, 4TOOBI OH PaboTajl B UMITYJIbC-
HoM pexxume. OTSITh HY’KEH MOJYJisl-
TOP — Be/b €CJIU AHOIHOE HAIPSIKe-
HUEe TOJaBaTh Ha KJUCTPOH Herpe-
PBIBHO, Ha €ro KoJuieKrTope OyJeT Bbl-
JIeJIATbCS  TaKas MOIIHOCTb, YTO OH
paspyiutcst 6bICTpee, YeM Bbl ycliee-
Te CKa3aTb «Oi!».

A BOT B MarHeTPOHHBIX YCHUJIUTE-
Jgsx 6e3 MOMYJISITOpa WHOTA MOYKHO
ob6oiiTuch. /leiicTBUTENbHO, TpencTa-
BUM cebe mpubop € XOJOAHBIM KaTo-
JIOM, SMUTHPYIONIMM TOJBKO 3a CYeT
BTOpUYHOI amuccuu. Ilpm nHamuyum
Ha JIaMIle HANpPsUKeHUs, HO TPHU OT-
cyrctBun CBU-curnasa Ha BXOJle TOK
yepe3 Jjamny Tteub He Gyner. Penkue
3JIEKTPOHDI, BBICKOUUBINNE W3 KaTO-
na, OyJyT MUPHO YJIeTaTb Ha aHo[
u... Bce. Temepp TmomaauM Ha BXO[
gamibl CBUY-curnan. Koe-kakne us
9TUX 3JIEKTPOHOB OyAyT TONAIaTh B
TOpPMO3sililee MoJie U BO3BPAIAThCs HA
KaToJI, BO3BPAIIATbCS U BHIOUBATD W3
HEro0 BTOPUYHBIE 3JIE€KTPOHbI. U ecin
Ha OJIUH TIEPBUYHDIN BBIIETEBIIUN U3
KaTO/Ia 3JIEKTPOH OY/eT IMPUXOAUTHCS
B cpeziieM GOJIbIlle OJHOrO BTOPUYHO-
ro, TO HAYHETCsS JIABMHHBIN IPOIecc
YMHOKEHUsT 3J7IeKTpoHOB. Uepes sam-
my noiger Tok. IIpubop HauHer ycu-
JINBATh.

JTo ¥ HasbIBaercs: 6e3MOMIYJISTOP-
HbIM nuTanueMm. Ho s paboTbl B
takoM pexkume IBII nmomken umerb
KaTo/l ¢ BBICOKOH BTOPUYHON IMUCCHU-
eiti. Bor u omsth morpe6oBajicss X0po-
NI KaToML. ..

YTOuHUM, YTO TAKOE B JAHHOM CJIy-
yae «Xoporuii». KoHeuHo, kato/ mar-
HETPOHA, ecju it PaboTbl MarHeT-
pOHA HYy’KHA TEPMOIMUCCHS, IOJIKEH
UMeTb BCE Te XOPOIINe CBOICTBA, KO-
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Puc.7. 3aBUCMOCTb KOIPDULMEHTA BTO-
PUIYHOVT SMUCCUN OT SHEPIVIM [IEPBAYHEIX
3/1EKTPOHOB

TOpPbIE JIOJKEH UMETh TePMOAJIEKTPOH-
HBI KaTO/: HY)KHYIO 9MHCCHIO, He
CJMMIKOM GOJIBIIYI0 CKOPOCTb HCIIa-
PEHUsl, JIOCTATOYHBINH CPOK CJIy>KObI,
croco6HOCTh paboTaTth B TOM BaKyy-
Me, KOTOpblil Oyzier B mpubope.

A Kakue CBOUCTBA [JOJDKEH HMEThb
KaToJl KaK BTOPUYHO-3JIEKTPOHHDIN
katof? OH J0JKEeH COXPaHATb BCe
CBOM CBOICTBA INPH HAJMYUN 3JIEKT-
potHoil 60MGAPAUPOBKY, MMETb J0C-
TATOYHBINH CPOK CJy>KObI B 9TUX YCJIO-
BUSIX ¥, HAKOHEI, HUMETb JIOCTATOY-
HYI0 BTOpHuHylo amuccuio. Koaddu-
IMEHT BTOPUYHOI AMUCCUHM BCEX Ma-
TEPUAJIOB 3aBUCUT OT 3HHEPTUU Hep-
BUYHBIX 91eKTpoHOB (puc.7). Koad-
duimeHT BTOPUYHON sMuccum G —
3TO OTHOIIEHNE KOJIMYEeCTBA YJeTalo-
HUX OT KyCKa MaTepuasa 3JeKTpo-
HOB K KOJIMYECTBY HPUJIETEBIINX.
Jueprua W,, mpu xoropoii ¢ = 1
(Tak Ha3bIBAGMbI MEPBBIA KPHTHYEC-
Kuii notennuan), sueprus W, , 1npu
KOTOPOW [IOCTUTAETCS] MAKCHUMyM O,
U caM MakCUMyM G, = — 9TO Te Tpu
BEJIMYMHDI, KOTOPbIe W BAa’KHbBI JIJIsSI
pa6orer IBII. JKenaresnbHo, uToGDI
W, 6bLi0 1I0Menblle, a G, — 1060JIb-
me. Y Metamios ¢, Majno, a W, Be-
JIMKO, HO UM HE CTpAIlHA 3JIEKTPOH-
Hast 60MOAPINPOBKA, a Y [UIJIEKTPH-
KOB BEJIUKO G, , HO Maio W, u Hu3Ka
CTOWKOCTb K 3JIEKTPOHHOMY O0O0JIyye-
Huto. Vlcropust KatojioB MarHeTpoHOB
— 3TO HCTOPHS IOUCKOB KOMITO3UIIN-
OHHbIX MATEPUAJIOB, COYETAIONIHNX JIyU-
HIMe CBOWCTBA METAJJIOB M JIMAJIEKT-
pukos. M6o yem Goabue 6, u W ,
TeM GOJIBIIYI0 MOIIHOCTb MOMKHO IO-
JIYYUTb Ha BBIXO/IEe MarHETPOHHOTO
ycusuTens, a yeMm Menbiie W, Tem
MEHDIIYIO0 MOIIHOCTb HA/I0 TI0/IaBaTh
Ha €ero BXO/I.

Korpa Bce ynupaetca
B TeXHOJIOrnio?

JoBoabHo yacto. OcobeHHO, ecJm
[IOIIBITATHCST  CJEJATh YTO-TO HOBOE.
Komnkperno — Ha Kpasix OCBOEHHOTO
[uarnasona mnapamerpoB. Ilpu mormbiT-
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kax cxaesatb IBII pe-
KOP/ZHOW MOIIHOCTH,
KII/l nan gactoTsbl wm
C PEKOP/IHBIM COYETAHU-

€M HECKOJbKUX Iapa-

METPOB OKa3bIBAETCS,
yro MO0 HeJb3d Cle-
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JIATb TaKyl0 KOHCTPYK-
LMI0, KaK Xo4ercs, Ju6o
c/les1atb MOYKHO, HO HET
MaTepuaJsoB, MPH HMCIOJIb30BAHUN KO-
TOPBIX BCE 9TO CMOXKET paboTarb. Bbl-
XOJ/IOM 13 TIOJIO3KEHUST SIBJIsIeTCsT 0ObIY-
HO WJIM CO3/IaHNe HOBOII TEXHOJIOIHH,
MO3BOJISIIONIEH  Cero/iHs c/le1ath To,
4ero HeJsib3s1 ObLIO C/IeJaTh BUepa, UJIH
CO3/IaHMe HOBBIX MaTepHaJioB, M03BO-
Jsiomux 1mpubopy paboTatb B HOBBIX
ycaoBusix. Brpouem, HoOBble MaTepu-
aJgbl — 3TO, Kak IIPABUJIO, M HOBbIE
TEXHOJIOTUH.

TexHosiornyeckux npobseM B Mar-
Herpone MHOro. OcraHoBMMCS Ha
aByx. Ilepsas — npoGiema obGecrieye-
HUSL MaJIblX PasMepoOB M MaJbIX [l0-
myckoB (T.e. TOYHBIX pasMepoB). JTa
npo6sema obmas y sBcex IBII CBUY,
HO, COIJIACUTEeCh, HAMOTATb CIIUPAJIb
nuamerpom 1 mMm gua JIBB mporre,
4yeM c/ieJIaTh aHO/IHBbIN GJIOK ISt Mar-
HeTpoHa quamerpoM Toxke 1 mm. [pu-
MEHSIOT Tafiky (/11 pe30HAaTOPOB JI0-
[MATOYHOTO THIA), BbIAABJINBAHUE,
AJIEKTPOUCKPOBYIO U 3JIEKTPOXHMHUYEC-
Kyi0o 06paGOTKy, pe3Ky U <«CBepJe-
HUE» 5JIEKTPOHHBIM JIy4YOM M, HAKO-
Hell, BCe TPA/UIMOHHbBIE BU/bI METAJI-
Jgoo6pabotku. BbigaBiuBanueMm yuaa-
€TCsl M3TOTOABJIMBATDH CHCTEMBI C TOJI-
mmmHoll jonatok 0,1 MM, a A0mycKu
Ha pasMepbl TIPU 3JIEKTPOUCKPOBOI
obpaborke cocrasistior 1 mxm. Korga
JKe pasMepbl aHOIHOTO OJIOKA CTAaHO-
BATCS MeHbiie 1 MM, MIyT, Haupu-
Mep, Ha TaKkoe yXHWIIPeHHe — JIeJIaloT
OT/IeJIbHBIE TIJIACTUHBI U3 (DOJIbIU TOJI-
muHOi 10—20 MKM ¥ CKJIaIbIBAIOT
AQHO/JHBII OJIOK M3 TaKUX IIJIACTHH.
OTBepcTusl Ke CJIO0KHOH (OpMBI B
oabre sre1al0T METOAMM, 3aMMCTBO-
BaHHBIMU M3 TIOJIYITPOBO/THUKOBOII TeX-
nuku (Hanpumep, goroaurorpadueit)
1 MO3BOJISIIONIMMH TIOJTy4aTh MUKPOH-
Hble pasMepbl.

ITo Mepe yMeHbllleHUsI pa3MepoB U
YBEJMYEHUST MOIHOCTH YBEJINYNBAET-
Csl TUIOTHOCTb MOIIHOCTH, BBIJIEJISIO-
meiicd Ha BHYTPEHHEH TOBEPXHOCTH
AHOJIHOTO OJIOKA, Ky/ia MoNa/laioT Ipu-
HOCSIIIIE 3Ty MOIIHOCTD 3JIEKTPOHDI.
[ToaToMy 3Ty TOBEPXHOCTH MOKPbIBA-
10T MOJINOIEHOM UJIH BOJIb)PAMOM TN
JKe JIeJIAI0T aHO/HBIN GJIOK M3 XUTPOI

Puc.8. CkuH-30@EeKT Ha LUEPOXOBATOU MOBEPXHOCTU

3aroTOBKH — MOJIMG/ICHOBOTO TPYTKA,
3aJINTOTO ME/IbIO.

Koneuno, mpob6iema obGecrieueHust
MaJbIX Pa3MEPOB U JIONYCKOB BCTpe-
YaeTcss U B JAPYTUX OGJACTSIX TEXHU-
xu. Ho BoT Bam BTOpOIi npumep —
mpuMep Mpo6IeMbl, MOKAIYil, COBCEM
cnermupuyeckoii. Hackoabko riaakoii
JIOJKHA OBbITh TIOBEPXHOCTH JleTasieli?
Koaddurment tpenusi sHavueHuss He
nmeer, «OJIeCK» TOXKE, TaK KakKasl Ke
pasHuIla, raajko Wi He ovyeHb? Ho
Pa3HUIA €CTb.

Kak usBecTtHO, B 06/IaCTH BBICOKHIX
YaCcTOT TOK KOHIEHTPUPYETCS Yy I10-
sepxuoctn getamn  (ckun-3PdexT).
Ecnu mepoxoBaTocTh MEHbINE TOJIIIU-
HbI, B KOTOPOIi COCPENOTOUEH TOK, TO
LIEPOXOBATOCTb MeIaeT paboTe Masio
(em. puc.8, cmesa). Ecin mepoxosa-
toctb Gosbie (cM. puc.8, crpasa),
TO TYTb 9JIEKTPOHOB YBEJIUYUBAETCS.
CiieioBaTe/IbHO, YBEJIMYUBAIOTCS CO-
MPOTUBJIEHNE U IOTEPU MOITHOCTH.
3aMeTnM, 4YTO Ba’KHO, KaK WMMEHHO
«yCTpoeHay IepoxoBatocThb. Ecuu
netanb numdoBatach B OJHOM Ha-
[pPaBJEHUU U TaK, YTO TOKHU IPOTEKA-
10T B/IOJIb <OBPAroB», TO yBEJUYEHIS
comporuByieHus He Oyner. Ecmau ke
TOK <«B30MPAeTCss U HBIPSIET», TO I0-
TEpU MOIIHOCTH Heu36EeKHBI.

OTcioa Mopasib — TOACTUJIAS CO-
JIOMKY TaM, TJle BaM UJIM BAIIUM DJIEK-
TPOHAM IIPEJCTOUT YIaCTh, AyMaiite,
KaK ee KJAaCThb.



