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KywaTb nogaHo!

[Tpu6op, Ha3bIBaeMblil MATHETPOHOM,
6b11 m306peren H.MD.AnekceeBbiM u
[.E.Mansaposbim B 1939 roay. Pasy-
MeeTcst, y HUX OblJIN Ipe/[lecTBeHHN-

| Tong ¢
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JILALLKUHA3U

KPELLMBAKOTCS

KU, MPUAyMaBIide HEYTO GJIHM3KOE U
BMECTE€ C TEM JOCTATOYHO [IaJIEKOE,
9TOGBI CYUTATD MATHETPOH HOBBIM IIPH-
6opoM. CBOMX HpeIIEeCTBEHHIKOB
uMeeT U J06asi WJesl; BaXKHee, UMEeT
JIM OHA CBOUX ITOTOMKOB.

Oma cmamvs A613€MCs OPZAHUUHBIM NPOOOILKeHUeM mpex npedvidyuux cmameti mozo e
asmopa: <113 aem owubre ducona» («Keanms Ne5 3a 1996 2.), «Daexmponnviii npuboii»
(«Keanm» No4 3a 1997 2.) u «/lnunnas dopoea om 6xoda x evixody» («Keanm» Nl 3a 1999 2.).

Cepus cmameii JI. AuKuna3u noceawena cospeMeHHoll 6aKyyMHOU dIeKmpoHuKe, ee pusuuec-

KUM OCHOGAHUSAM U UCMOPUUECKUM UCIROKAM.

PCZS]/M@@mCﬂ, Kd)lCa]/?O Cmamopto MOXKHO 4umamv U He3d8UcCumo, HoO ons 6oree noanozo u
Z]lyéOKOZO socnpuimus U noiyvenus ueﬂbuoﬁ Kapmutvl Ml percomeHayeM 3aunmepecoeannomny
umamenro u3yuams dmu cmamovu 6 letZ.?dHHOﬁ nocedoeamesbHOCmu.

Kaxaa Belib 4eM-ToO UHTEpeCcHa, U
yeM-TO nHTEpeceH Kax bt D BIT CBY
— 3JIEKTPOHHO-BAKYYMHBIN 1PH6OP
CBEPXBbICOKOI yacToThl. U eciu HeKo-
topbie JIBB — nammbr Geryiieii BOJTHBI
— UHTEPECHBI TEM, UTO M3TOTABIHBAIOT-
Cs JIMIIb B HECKOJIBKUX [IeCATKAX K-
semiiapos (JIBB ms ciiy THUKOB CBS-
31), TO MATHETPOH MHTEPECEH TEM, UTO
9TO TEPBBIN 1eHCTBUTETHLHO MACCOBDBII
CBUY-tpu6op. M6o Te marmeTpoHsl,
KoTopble wucnoJb3yorcs B CBY-me-
yax, BBIMyCKaoTcs B SAmoHuum 6osee

Unmoctpaums J1. Tuukosa



4YeM MUJIJIMOHHDBIMU «TUPAKaAMU» . Tpa-
JINIIMOHHAS SITIOHCKAST KyXHsI TIPEJIIo-
YHUTAET BAPUTD, TAPUTD U TYIIHTh, a He
skaputh. Pymanas kopouka (cogepika-
1ast, MeX/Iy IPOYNM, KaHI[EPOTeHHbIE
MPOAYKTHI TEPMOJIM3a HU3KOCOPTHBIX
JKUPOB) — He ee neab. Tak Bor, CBU-
MeYn KaK Pa3 u IeJI1al0T HeUTO MOX0Kee
HA BapKy, MapKy U TyIIEeHHe, TTOCKOJIb-
Ky 9JIEKTPOMATHUTHASI BOJIHA CBEPX-
BBICOKOW YacTOTHI MOTJION[AETCS BCEM
06beMOM cpa3dy. A B Ieu, mpeHasHa-
yeHnble A14 3anaaa (114 AmoHmes a1o
— BocTtok), A1 «I0ApyMSHUBAHUS»
CIeIUATbHO BCTPauBaioT nHpakpac-
HBIE JIAMIIBI.

B03MOkHO, MATHETPOH — 3TO U T10C-
nexunii maccosbiii DBII CBU. /lesno B
TOM, YTO TAKKEe MPUGOPBI TPUMEHSIOTCST
MIPENMYTIECTBEHHO B 001aCTH BBICOKUX
YaCTOT W MOIHOCTEH, a TaM MHOTO
OJIMHAKOBBIX IPUGOPOB He Ha/10. Koria
JlaHHast 06JIaCTh YACTOT M MOIIHOCTEN
OCBaMBAETCS, TO JIAMIIBI YCIIEBAIOT ITPO-
JIBUHYTHCS JAJIbINE, a K 3TOI 06J1acTh
yoKe TOAGUPAIOTCS MOJIYITPOBOHIKO-
Bble IPUOOPBI. JIaMITbl — JlecaHT 3JIeK-
TPOHUKH, TTy4Has pabora. [loaympo-
BOJIHUKHU UJIYT CJEJOM U TOJIION.

ITopa, HaKOHeIl, CKa3aTh, YTO TAKOE
MarHeTpoH. JTO — UCTOPUYECKU TIep-
BbIfi mpenacTtaButeap IBII CBY co
«CKPEIEeHHBIMU TTOJISIMU» . A UMEHHO —
C MACHUTHBIM U HJIEKTPUYECKUM TTOJISI-
MU, TepHeHANKYJISPHbIMI JIPYT [IPY-
ry. Kak Bujure, omnpeneseHue mpo-
croe. CJIOKHBI CJIEJCTBUS U3 HETO.

DNeKTPOH B CKpeLLLeHHbIX
nonsx

3amernm, Tpexe BCEro, 4ro Mar-
nutHoe moJsie B IBII CBY nam ysxe
BCTpevasioch. Bo MHorux Jsammax Ge-
ryIeil BOJHbBI 1 KJIUCTPOHAX OHO ObLIO
HAIIPABJIEHO B/IOJIb 3JIEKTPOHHOTO My4-
Ka U yJAEepPXKUBAJTIO JEKTPOHBI OT Pa3-
Geranusi B CTOPOHbBI. JlelficTBUTENHHO —
IIOKa CKOPOCTD 3JIEKTPOHA HATIPABJIeHA
MapajieIbHO MOJII0, HA 3JIEKTPOH CO
CTOPOHBI [TOJISI CHJIBI He ieicTBy10T. Ho
KaK TOJIbKO GOKOBasi CKOPOCTb BO3HU-
KaeT, BO3HUKaeT u cuJia JIopeHia, mep-
MEHIUKYJISIPHAst TIOJI0 W CKOPOCTH.
SJIGKTPOHI)I Ha4YMHAIOT [ABUTAaTbCA IIO
CIinpaJisaM, <«HaBUBadACb» Ha JUHUN
MarHuTHOTO TOJISI. A 9TO IPOU30IIET,
ec/in 3JIEKTPOH HAYHeT JBHUTATbCS B
CKPEIEHHBIX — MATHUTHOM U 3JIEKTPH-
4eCKOM — TIOJISIX, T.€. B YCJOBHSIX,

korga BOE?
[TycTb 271eKTPOH BbLIETAET U3 KaTO-
Jla ¢ OYeHb MaJieHbKoi (mpakTuueckn

ok

nmomagd CKPEONIMBAIOTCA

Anod

Z)\|/E®B
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Puc.1. []puxeHune 3/1eKTPOHA B CKpeLLeHHbIX
10J15X, KOIrAa 371eKTPOAbI [1/I0CKME

HYyJIEBOI) CKOPOCTBIO M HAYMHAET JIBU-
ratbest K anoxy (pme.1). MarautHOE
1oJie MepHeHANKYISIPHO IJIOCKOCTH
pucynka. Iloka 2/€eKTPOH MpoJeTe
MaJio U CKOpOCTb ero v Mmana (cuia,
JIefCTBYIOIAsT HA 3JIEKTPOH CO CTOPO-
Hbl 3JIEKTPUUYECKOTO MOJISI TOCTOSTHHA
u paBHa eE, rjie e — 3aps/l 3JeKTpo-
Ha, a E — HampssKeHHOCTb I0Js),
cuna Fy, nefictByiomasi co CTOPOHBI
MArHUTHOTO TIOJISI, TOKE MaJia, U JIeK-
TPOH JIETUT TOYTH 1o TpsimMoid. Ilo
Mepe <«ITaJieHusi» Ha aHoJ CKOPOCTb
ajekTpoHa pacrer, cuua Jlopenia,
paBHast evB, yBenuuuBaeTcsi, Tpaek-
Topusi uarmbaercs. Ilpm masoit uH-
JYKIIMA MATHUTHOTO TIOJISI 3JIEKTPOH
OTKJIOHSIETCSI OT TIPSIMOIi, HO aHoja
Bce ke gocturaer. IIpu Gosbinoii nn-
JYKITMU TI0JISI TPAEKTOPHS JIEKTPOHA
aHoja ne jgocturaer. Korga ckopoctb
CTaHeT TOPHU30HTAJBHON, 3JIEKTPOH
HAuHeT BO3BPAIIATbCs K Kartomxy. Te-
mepb OH JIBUTAETCS MPOTHB 3JIEKTPH-
YeCKOTO T10JisI, U CKOPOCTDb €r0 yMeHb-
maercsi. Hakowery, 1mojJiereB K KaTo-
JIy, DJIEKTPOH YMEHBIIAeT CBOIO CKO-
poctb 0 HyJisi. V1 Bce TOBTOpSieTcst
cHavaJa.

B 9BII CBY co ckpeleHHbIMI TIO-
JISIMH TIPUMEHSIETCS M [[PYTO€e PACIIOJIO-
JKEHUE 3JIEKTPOJIOB — KOAKCHAJbHbIE
katog u anoy (puc.2). B atom cayuae
TaKJKe MPU MaJIbIX B TOK B IeNH KaTO/

®B

E
AHoa

Puc.2. [IBuxeHue 3/1eKTPOHA B CKPELLEHHbLIX
10/151X, KOIAa 371EKTPOLbI KOAKCHAITbHbIE

v

— aHop ujeT, npu GOabIMNUX B — HET.

Ha xauecTBEHHOM yPOBHE C JBUKe-
HHEM HJIEKTPOHA B CKPEIEHHBIX MOJISIX
Bce sicHo. Iloka HesicHO, 3ayeM 3TO
HY’KHO M KaK IPH 3TOM YCHJIUBAIOTCS
WJTH TEHEPUPYIOTCS JIEKTPOMATHUTHBIE
KoJie6anusi. 3aMeTnM, 4to padoTaioT
IBII co ckpeneHHBIMI TOJAMI Kak
Pa3 IIpU TAKUX MAaTHUTHBIX HOJISX, TIPH
KOTOPBIX 2JIEKTPOHBI He JIOJKHBI J10J1e-
tath 210 aHoja. Ho ecau Tok He Teyer,
TO TpuGOp He MOTPEGIsIET MOIIHOCTH
OT UCTOYHUKA NUTAHUA U €My HeYero
mpeo6pa3oBbIBATH B 9HEPTHUIO JIEKTPO-
MarHuTHOTO 1oJist. Tak 4To 371K TPOHDI
JIOJIKHBI JIOJIETATD [I0 aHOA M JIOJIKHBI
OT/IaBaTh HHEPrHI0, BO3OYKAast KoJe-
GaHMs BJIEKTPOMATHUTHOTO TI0J1sT. Berin
3TU cBA3aHHble (BHMMaHMe, 3TO KJIIO-
4eBoe MeCTO!): eC/In 3JIEKTPOH OT/AeT
SHEPIHIO, HAIpUMEp B TOYKE #* Ha

Puc.3. O14a4a 3Heprum 3/1eKTPOHOM B TOYKE
* WM BLOJIb BCEVI TDAEKTOPUM

pUCYHKe 3, TO OH... YCIIEIIHO Ta/aeT
Ha aHOJ/[ — Be/b B TOYKE * OH KaK ObI
HAYMHAET JBUTATHCS 3aHOBO, C HYy.JIe-
BOH CKOPOCTBIO, KaK TOJHKO UYTO BbI-
meamnii u3 karoga. Ho B 9BII anek-
TPOHBI HE OTAAIOT SHEPTUIO B KAKOH-TO
OJTHOII TOUKeE, a JIeTAI0T 3TO TOHEMHOTY
Bce BpeMs. IloaTomy Tpaektopus co-
CTOUT He U3 KyCKOB, KaK HAa PUCYHKE 3
cJIeBa, a TPOCTO UMEET MEHBIITYIO KPH-
BU3HY, KaKk Ha PUCYHKe 3 cIpaBa.
ITepen Tem kak mepeiiTu K BOIpoOCY
06 YCHJIEHUW U TeHepaluu 3JEKTPO-
MarHUTHBIX KOJIeOaHUI, 3aMETUM eIlle
OJIHY BelTb. /[BU:KeHUE HTEKTPOHOB B
CUCTeMe 3JEKTPO/IOB, TTOKA3AHHBIX HA
pucynkax 1 m 2, MOXHO € TIOJb30I1
NIPUMEHUTH U 6e3 reHeparuu. BumHo,
YTO ecJiU TJIOCKWIT KaToJ] Ha PUCYHKe
1 NJIMHHDBINA, TO B MPOCTPAHCTBE MEX-
Iy HUM U aHOJOM COOMPAETCS] MHOTO
AJIEKTPOHOB. Takyio cucreMy MOKHO
MCTOJb30BaTh B KAayecTBe 3JIEKTPOH-
HoWl mymku B Jio6om IDBII, B koro-
POM HYKEH TIJIOTHBIN 3JIEKTPOHHBIN
nmotok. Tak ke MOKHO KCIIOJIb30BaTh
U KOAKCHAJBHYIO 3JEKTPOMHYIO CHUC-
TeMy Ha pucyHke 2. Katox u amon
JIeJIAIOT HE COBCEM TMJIMH/IPUYECKU-
MU, a cJieTKa KOHYCHBIMU. JJIEKTPO-



Puc.4. [lsuxerne 371ekTpoHoB B 3B/ co
CKpeLLEHHBIMU MOSIAMU 1P BIGUMOZEN -
CTBUU C 31EKTPOMArHUTHOM BOJIHOU

HBI 3aKPYYNUBAIOTCS BOKPYT MPOIOJIb-
HOH OCH W, M3-32 HAJINYUS Y dJEKTPU-
YECKOTO TI0JISI OCEBOU COCTABJISIONIEH,
HAaYMHAOT ApeiidoBaTh K BBIXOAY W3
MarHeTpoHHo# mymku. Ilpu pasen-
CTBE MATHUTHOW ¥ 3JEKTPUUECKON CHUJT
3JIEKTPOHBI OYZyT BpAIIAThCs 10 OK-
PY’KHOCTSIM, TOUHee — MO CIIHPAJIIM.
[ToTok, BBIXOAANMN W3 MarHeTpOH-
HOW TIYIIKH, TOJYYaeTcsi, eCTeCTBEH-
HO, BUHTOBBIM. JTO HE MeIIaeT ¥C-
moJib3oBaTh ero B jo6om DBIT CBU,
HampuMep B KJuctpone. OH MoOXKeT
OBITH WUCIIOJIH30BAaH U B HPHOOPE CO
CKpelleHHbIMU TToJigMu. Takoii 1mpu-
60p 6yJeM Ha3bIBATD MUTPOHOM.

Tenepp nepeiiieM K NPUHIMILY Te-
Hepaluy ¥ yCUJIeHus: B 1pubopax co
CKpeleHHbIME oMK (MarHeTpOHAX,
MUTPOHAX U T.I.). IIpu6opoB Takmx
CyIIeCTByeT OYeHb MHOTO, W TOCJe
PacCMOTpEHMST MPUHINNA UX PaGOTHI
MBI y3HaeM, HalpuMep, MoYeMy TaK
OOIIMPHO U Pa3HOOGPA3HO CEMENCTBO
MArHETPOHOB.

Ectb nn pa3sHuua,
Kyaa napgatb?

Hamomuum, uto B Jjamie Geryiieit
BOJTHBI 2JIEKTPOH TIaJlaeT Ha yYacTKe
OT Karoja [0 Havaja 3aMe/JIsIoniei
cucrembl. Ilagaetr B ToM e cMbICJeE,
B KOTOPOM MajaeT KaMeHb, OTOPBaB-
IMWHCS OT BEPTUKAJBHOH CKaJbl, —
JIBUTASICh 110 CHJIE, YMEHBINAs MOTEH-
IIUATTHHYIO SHEPTUIO W YBEJIMYNBAS KII-
HETUYECKYT0. JJICKTPOHBI BXOAT B 3a-
MEJIIONIYI0 CUCTEMY, HabpaB CKO-
pOCTb, W yXKe B Hell OTIAl0T KWHETH-
YECKYI0 JHEPTHUIO DJIEKTPOMATHUTHOMN
BOJTHE.

ITocmoTpuM, Kak BeayT cebst 3JIEeKT-
POHBI MEXJy KaToJOM ¥ aHOJIOM B
3JIEKTPOHHO-BaKyyMHOM Mpuéope co
ckpentenubivu nosiMu (puc.4). Tlo-
BeJleHIIe 3JEeKTPOHOB OIICBIBAETCS
JIByMsI IIPOIIECCAMU — COPTHPOBKOH 1
dasuposkoii. CopTUpPOBKA IPOUCXO-
UT Tak. DJEKTPOH f, KOTODPBIN BbI-
IIeJl U3 KaToJa B TaKOW MOMEHT, YTO
IIOTOM OH JIO/DKEH OT/aBaTh 3HEPTUIO
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BOJIHE, TIQJIaeT HA aHOJ, TMa/aeT U OT-
JlaeT 9HEPTHUio, OTAAeT U OTJaeT... JTO
— Xopomuit 3yekTpoH. Ilioxoit aek-
TPOH, KOTOPBIH BBINIET U3 KaToAa B
TaKOW MOMEHT, UYTO BOJIHA [JOJIKHA
OTJaBaThb €My JHEpruio, TYyT XXKe 3a-
Bepiaer cBoio Guorpaduio, Bpe3as-
HINCh B KATOJ. 3aMeTbTe, YTO Tenepb
TOK Ha aHox O6yAeT WATH [axke TIpu
TaknX OOJBIINX MAaTrHUTHBIX TOJISAX,
IpU KOTOPBIX panblie (B OTCYTCTBUE
9JIEKTPOMArHUTHOTO II0JIsI) TOK He
TIeJI.

Ho mporteccoM cOpTHPOBKH JIeJI0 He
ucyeprbIBaercsi. XOopolire 3JeKTPOHbI
HE TOJIbKO OTAEJSIOTCS OT TLIOXWX,
HO 1 $asupyroTcsi, COGUPAIOTCS B CTY-
ctku, kak B JIBB. Tosbko crycrku
3TU HAa3bIBAIOT CIIMIAMU, U TOHSTHO
oueMy — TIpe/ICTaBbTe cebe, KaKk OHH
JBIDKYTCS B CHCTEMe, MOKAa3aHHOU Ha
pucyske 2. ITosske MbI y3HaeMm, 4TO U
OT TLJIOXWX 3JIEKTPOHOB €CThb T10JIb3a.

3aMeTuM, 4TO 3JIEKTpOHAM He 00s-
3aTeJIbHO ABUTATBHCS 110 CJIOXKHBIM TPa-
€KTOPUAM, TIOKA3aHHBIM Ha PUCYHKAX
1 un 2. Ecau, HanpuMep, Ha PUCYHKe
1 2J1eKTPOH JIeTHT BIOJb Katoga (ro-
PHM3OHTAJBHO), MPUYEM MOJS 00~
OpaHbl Tak, YTO CHJIA, JEUCTBYIOIIAst
Ha HETO CO CTOPOHBI 3JEKTPUIECKOTO
MOJIsI, paBHA CHUJeE, JEHCTBYIOMEN CO
CTOPOHBI MATHUTHOTO TIOJISI, TO 3JIEKT-
poH 6y/JIeT IPOI0J/IKATD JIETETH TI0 TIPSI-
Moii. Jlerko MoHATb, YTO U KPYTOBYIO
TPAeKTOPHIO MOXHO OPTaHM30BaTh Ta-
KIIM K€ CITOCOOOM.

ITpu B3risize Ha pucyHok 2 6Gpoca-
I0TCS B TJIa3a /IBa TJIABHBIX OTJINYHS
marterpoHa ot JIBB — «kpyrsoctb»
U «CMelIaHHOCTh» . IlepBoe, ecsm BbI-
paxxaTbCsl TOYHEE, 3TO 3aMKHYTOCTHb
3aMe/JIAIoNeN CHCTEMBI W 3JIEKTPOH-
HbIX TpaekTopuii. O6e aTH <«3aMKHY-
TOCTH» He 006s13aTeJbHBI — €CTb MpH-
60PBI C OHON M3 ATUX 3aMKHYTOCTEl
niam gaxe BoBce 6e3 Hux. Ho nmenno
BO3MOKHOCTb HAJIMYUST WJIM OTCYT-
CTBUS 3TUX 3aMKHYTOCTEN [leJIaeT ce-
MeHCTBO MAarHeTPOHOB CTOJIb OGIINP-
HBIM.

Jlanee, «cMemaHHOCTb». OHA TOXKe
MOXKET OBITh BbIpa’KeHa B Pa3HOI CTe-
nenu. Hanpumep, B KJIUCTPOHE Bce
OTAEeJBbHO — KAaTOJ, BXOJHOW pe3oHa-
TOp, TpoJeTHoe WJIH <«japelidosoes
MPOCTPAHCTBO, BBIXOJHOU pPE30HATOP
" KoJTeKTop. (DYHKIMHU BCEX NATH
y3JI0B BaM yKe u3BecTHbI. IlpaBna,
MPOMEKYTOYHBIE PE30HATOPDI JeIaioT
OTYaCTU TO, YTO BBIXOJHOM, U OTYAC-
TH TO, uTo BxXoaHOH. Ho B JIBB cpen-
HUE TPH 3JIeMEHTa BCEr/la CMENIaHbl B

Anod Pesonamop

Puc.5. MarHeTpoH ¢ pe3oHaropamu tina
«Lyesnb —oTBepcTme»

CIMpAJIN: BXOJHASI €€ YacTh B OCHOB-
HOM MOJLYJTUPYET TIYYOK, BBIXOJHAs B
OCHOBHOM CHUMAET CUTHAJI C IIyYKa N
BCS OHA — TIPOJIETHOE TIPOCTPAHCTBO.
B marmerpone (pmc.5) cmemano Bce
BMeCTe — BCE ero CeueHusl SKBUBAJIeH-
THbI, BCE OHM COJEPIKAT KyCOUYeK Ka-
TO/Ia, KyCOYEeK MPOJIETHOTO TIPOCTPaH-

ARTA

Puc.6. JameqasoLme cucremsl MarHeTpo-
HOB: BBEPXY — JIONATOYHOIO TUIA, BHU3Y —
Lyes1eBoro ma

CTBa, KyCOUYeK aHO/la U, KOHEYHO, KY-
COUeK 3aMe/lJISTIoNel ciucTeMbl. 3aMe/l-
JIAI0NIasl CHCTeMa B MarHeTPOHE CO-
CTOUT U3 PE30HATOPOB, & PE30HATOPDI
MOTyT 6BITh pasubiMu (puc.6).

B ormume ot sammbr Geryieil BoJI-
HBI W JIaMITbl 06PATHOI BOJIHBI B Mar-
HEeTpPOHaX 3aMeJJISIoNNe CUCTEMbI Ya-
CTO JIeJIal0T COCTOSIIIMHU W3 Pe30Ha-
TOPOB, HACTPOEHHBIX Ha /[BE PE30HAH-
cHble JacToThl. Ha pucynke 6 BHH3Y
MOKa3aH Pa3HOPE30HATOPHBIN <«aHO/-
HbIIl 6JIOK» C pe30HAaTOpaMH IIeJIeBO-
ro tumna. Takash KOHCTPYKIMS Hasbl-
BAaeTCSI POMAHTHYHO — <«BOCXOJISIIEE
cousHIey . OTHN U Te JKe BEIN MOKHO
Ha3bIBaThb I0-pa3HoMy. MOKHO: «pe-
30HATOPHBIN IIeJeBON OJIOK», a MOXK-
HO: «BOCXojsiee cosHies. [l Toro
4yTOOB!I Ha3BaTb KPacHBO, HA/0 MMETbH
BO3MOKHOCTb XOTSI Obl Ha HATb MH-
HYT 33 yMaTbCs O BOCXOJE COJHIIA U



UMETD JKEeJAHWEe [yMaThb O TOM, 4TOObBI
Ha3BaTh KpacuBo. HyXXHO TO cuacrt-
JINBOE COCTOSIHWE IYyIIN, KOTOPOE CO-
3/1aeTCsl TPY/JIHOM, HO IOCHJIbHOW pa-
60TOl U oIlIyIeHrneM CBOGOIBI BLIGO-
pa pojia e TeIbHOCTH BOOOIIE 1 KOH-
KPETHOW 3a/1auil U MyTel ee pemieHus
B YaCTHOCTH.

MHoroe cBs3aHO B Hallleil JKU3HU C
pa6otoii. TpyaHo ckasartpb, 6oJiee Jin
CYACTJMBBI T€, Y KOTO 3TO «MHOTOE»
6oupire, yeM y apyrux. Ho Te, xTO
MHOTO PaGoTaiOT, HE COTJIAMIAIOTCS
paboTaTb MeHbIIle [Ja’Ke TOraa, KOraa
OKpYy>Kalollas *KU3Hb paboTaTh Melra-
er. O mepernyieTeHUn paGOTHI U KU3-
HU PACCKA3bIBaeT eJIMHCTBEHHAS XY-
JTO’KeCTBEeHHAsT KHUTA, Ha3BaHHAs UMe-
nem CBY 9BII. Kuura «Maruerpon»
omy6smkoBana B 1957 rogy dusuxkom
I''1.Babatom u mucareabuuiein A.JI.
lFapd. Ito kHUTA O BpeMeHaX, Korzaa
nepeq PU3UKAMU CTOSIJI BOTIPOC, IIO-
yeMy Ha JKpaHaX aMepPUKAHCKHUX pa-
JlapoB He BUJHBI, a HA SKpPaHaX aHT-
JUHACKUX PAJIapPOB BUIHBI MEPUCKOIBI
HAIUCTCKUX TIOJBOJIHBIX JOMOK, TIOA-
KpaJbIBAOMNUXCS K 6eperaM AHTJIN.
[l Bac ceituac 3TO HE BOINPOC —
MPOCTO JITUHA BOJIHBI, KOTOPYIO TeHe-
pUPOBAJIN aMepUKAHCKIe MarHeTPOHbI,
6bL1a GOJIbINE AUAMETPOB TIEPUCKOIIOB,
a JIIMHA BOJIHBI, KOTOPYIO T€HEpPUPO-
BaJIM aHTJIMIICKIE MAarHETPOHBI, ObLIa
MeHbIlle. VI MHOTHE [apyTrHe TOTJami-
HHe BOIPOCHI cefiyac He BOIPOCHI...
Ho rtorpamntame BOMPOCHI CMEHUJINCH
CETOTHSTITHIMU.

Ecom >xe paccy:kieHust B 3T0M pas-
JleJie TTOKA3aIuCh BaM CJIUIIKOM CJIOXK-
HBIMHU, BOT MOJIEJIb TIOMPOIIIE.

IIpencrasbre ce6e KaMeHDb, KOTOPBIH
CcHavaJa TMOMHSIN Ha TOPY, a MOTOM
ypounan B nponacts. OH ymajer, pa-
30THABIIUCH /10 KAKOU-TO CKOPOCTH, U
B IIpoliecce ero mosera pabora, KOTo-
pyIo TIPOM3BOJIUT HAJ HUM TI'DaBUTA-
IUOHHOE TI0JIe 3eMJIN, YBEJNINBAET
ero, kamus, sHeprumio (OH JeTut Bee
6picTpee u Opictpee). Temepb mpes-
MTOJIOXKMM, YTO KaMeHb MaJaeT Mo Ta-
KOWl XWTpOil Tpy6e, YTO uyepe3 KaxK-
JIbIe CKOJIBKO-TO METPOB OH CTaJIKMBa-
€TCsI C BBICTYIIOM CKaJibl, Ipeobpasyst
HaKOTIJIEHHYIO 9HEPTUIO B 3BYK y/a-
pa, OTCKAKWBAET W HAYMHAET JIETETh
npaspire. Ecam mpaBUIbHO TOZ06pATh
PACCTOSTHUS MEXK/y BBICTYIIAMH, 3BY-
KU yIapoB OyAyT CKJAJBIBATHCS, U Y
JIIOGOIIBITHOTO KOHCTPYKTOPA 3a3BEHUT
B yIlax.

Tenepp 3aMeHNM KaMeHb Ha JJIEKT-
POH, IDaBUTAIMOHHOE TOJIE HA HJIEKT-
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puueckoe, a TpyOy ¢ BBICTYIIAMH Ha...
B 00I1eM-TO, UMEHHO TPYGy C BBICTY-
namu. ToIbKO He KaMEHHBIMM, a Me-
tanaundeckumu. IIposneras mMumo
(B6IM3M, HO UMEHHO MHUMO, B OTJIH-
4he OT KaMH$) HUX, 5JEKTPOH BBI3bI-
BaeT IepeMelleHe 9JeKTPOHOB B I10-
BEPXHOCTHBIX CJOSIX MeTajlIa, T.e.
TOK, U 3JeKTPOMarHuTHOE I10Jie. ITO
moJje U eCTb TO caMoe 3JeKTpoMar-
HUTHOE I0JIe, & €CJIU IIePUO/]] BBICTY-
HOB I0Z00paH IPaBUJIbHO, TO IIOJIE
YCUJIWBAETCS, W B UTOTE MBI TOJTIyYa-
eM MOIIMHYIO CBEPXBbICOKOYACTOTHYIO
9JIeKTPOMATHUTHYIO BOJIHY.

ManeHbkun KaTtop,
Nno3BonseT BbIKUHYTb
GonbLuyto cxemy

CMBICJT BBIPOXKEHUS «KATOJ — CEPJI-
I[e 2JIEKTPOHHOTO Tpubopa» B TOM,
yto napamerpbl IBII Bo MHOTHUX CITy-
Yasx ONpeIeJITIOTCS MapaMeTpaMu Ka-
TOMa, a 4To 0 cpoka cay:x6b1 JBII
— TaKk OH IOYTHU BCET/A OTIpeessieTcst
karojgoM. Ho B marHeTpoHe cutyaius
COBEPIIEHHO 0c00ast.

YacTb 37€eKTPOHOB, SMUTHPOBAHHBIX
KaTo/IOM, BO3BpAIlalOTCSI HA HETO,
pUYEM <He TMOAIMOJ3a0T> K HEMY,
HOTPATUB BCIO SHEPTHIO, & BPE3AIOTCS
B HETO, UMesI BIIOJIHE MPUIUIHYIO CKO-
poctb. IlpaBnma, ara sHeprust mocra-
JIACH 3JIEKTPOHAM HEINPABEIHBIM IIY-
TeM — OHa <«yKpaJeHa» Y 3JIEeKTPO-
MArHUTHOHN BOJIHBI, HO KaTOAy OT 3TO-
ro He jerde. Bo3BpaT Takux aJeKTpo-
HOB Ha KaToOJl BJIEYET €ro Harpes.
WNuoraa MOIHOCTD, TOCTynamoIas Ha
KaTo/, TaK BEJHWKA, YTO €ro TIPUXO-
JIUTCST OXJTAK/IATD.

Ho snextponnas 6oMbapanpoBKa He
TOJIbKO HarpeBaeT katona. llpuxops-
mue Ha KaTO/ 3JEeKTPOHBI BLIOMBAIOT
U3 HETO BTOPUYHBIE 3JICKTPOHBI. JTOT
BU/I 3MUCCUU HA3bIBAETCS BTOPUYHOI
3JIEKTPOHHOU amuccueir. Yacto BTO-
pUYHAsT 3JIEKTPOHHAS IMHUCCHUSI OKa-
3bIBAETCS JOCTATOYHOII, uTOGBI Mar-
HETPOH paGoTall TOJbKO 3a ee Cyer.
Koneuno, n36aBUTbCS OT HaKajia Jo-
BOJIBHO COOJIA3HUTEIBHO, MO3TOMY I10-
CTOSTHHO BEJyTCS TIONCKU MaTepHUasioB
¢ 60Jb11101 BrOpuYHOIT amuccueit. Og-
HAKO — KaK U CJIeJ0BAJO OXHIATh —
MaTepuaJibl, UMelole GOJbIIYI0 BTO-
PUYHYIO 3MUCCHUIO, GBICTPO pa3pylia-
10Tcst 60M6apINPYEMBIMU 3JIEKTPOHA-
mu. Ho 310 He camoe MHTEpecHOE.

Bcnomuum o Jsiamiie o6paTHOU BOJI-
HbI, CI/IHXpOHI/I3OBaHHOf/’I BHCHUIHUM TIe-
HepatopoM. Yrto Gyner, eciau He TI0-
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JIaTh Ha ee BXOJ, KOTOPbIN HaXOMAUTCS
OKOJIO KOJIJIEKTOPA, CHHXPOHU3YIOMNIT
curHan? OnHa 6yneT He OYEHDb CTa-
6usbHOi. Ecimm MbI XOTHM, 4TOOBI Ta-
Kas JlaMIla TeHepWpOBaJia WMMITYJIbC-
HBII CUTHAJI BIIOJTHE OTIPE/IEJIEHHOM Ya-
CTOTBI, HAJI0 TMOAABATH HANPSLKEHWE
MUTAHUS TOJHKO HA BPEMS HUMILYJIb-
coB. [lemaer 3To MOCTATOYHO G6OJIb-
masi cxema, Ha3blBaeMasi MOJYJISTO-
poM. 3aMeTHM, YTO BBIXOJHAsS JiaMma
MOJIyJIATOPA JIOJKHA TTPOTYCKATh ve-
pe3 ce6st BCIO MOIIHOCTb TUTAHUS
IBII. Tak uto Mecra aTa cxema 3aii-
MmeT 6osibiie, yeM ToT IBII, KOTOpO-
My OHa M Oy[eT MOIyJTUPOBATH TTHUTA-
uue. Ho 6e3 Momynsitopa He 060ii-
THUCD.

Teneps tpecraBuM cebe yCUTUTEND
— kjucrpon unu JIBB. Ilycth Ham
HaJ0, 4TOOBI OH paboTay B MMITYJIbC-
HOM pexkuMe. OnATb HYKEH MOMYJIsSI-
TOp — BeAb €CJW aHOIHOEe HAIpsiKe-
HUE TO0/aBaTh Ha KJUCTPOH HeMpe-
PBIBHO, Ha €ro KOJLJIEKTOpe OY/IET BbI-
JIeJIAThCST TaKas MOMIHOCTb, 4YTO OH
paspymurcsi 6bICTpee, YeM BbI ycIee-
Te CKa3aThb <«OW!».

A BOT B MarHeTpOHHBIX YCHJIUTE-
Jsax 6e3 MOJyJISITOpa WHOTAa MOKHO
oboiituch. JlelicTBUTENbHO, TIPEACTa-
BuUM cebe TIpuGOP € XOJIOAHBIM KaTO-
JIOM, SMUTHUPYIOMIUM TOJBKO 32 CYeT
BTOpUYHON amuccuu. I[lpu Hammuum
Ha JIaMIle HANpSKeHWs, HO TPH OT-
cyrctBun CBU-curnasa Ha BXo/ie TOK
yepe3 JiaMmiy Teub He Oyner. Penkue
9JIEKTPOHBI, BBICKOUUBIINE W3 KaTO-
na, GyIyT MUPHO yJieTaTb Ha aHo[
u... Bce. Temepp momagmM Ha BXO[
gamriel CBUY-curnan. Koe-kakue wu3
9TUX 3JIEKTPOHOB OyAyT IONMAIATh B
TOPMO3sIIIee T0Jie U BO3BPAIAThCS Ha
KaToJ, BO3BPAIIAThCSI U BHIGUBATH U3
HETo BTOPHUYHBbIE 3JIEKTPOHBI. U ecomn
Ha OJIMH TEPBUYHBIN BBIJTETEBIINN U3
KaTo/Ia 3JIEKTPOH GyIeT MPUXOIUTHCS
B cpeaHeM GOJIbIlle OJHOTO BTOPUYHO-
ro, TO HAYHETCS JABUHHBIN TpoIece
YMHOKEeHHST 2JIeKTPOHOB. Uepe3 jaM-
my moiizer Tok. IIpubop HavHeT ycu-
JINBATD.

JTo U Ha3bIBaeTcs 6e3MOYJISATOP-
HpIM TuTanueM. Ho s pa6oTbl B
takoMm pexxume IBII fgomken umerhb
KaTO/I C BBICOKOH BTOPUYHON 3MHUCCH-
eii. Bor u onsath nmoTpeboBasics Xopo-
MMINHA KaTOL...

YTOYHHM, YTO TaKoe B JAHHOM CJIY-
yae «Xopormii». KoHeuHo, Kato Mar-
HETpOHA, ecau s paboThl MarHeT-
pOHA HYKHA TEPMOIMUCCHUSI, OJLKEH
UMeTb BCe Te XOPOIIUe CBOUCTBA, KO-
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Puc.7. 3aBUCUMOCTE KOSPPULMEHTa BTO-
PUYHOM SMUCCUN OT SHEPIMM [TEPBUYHBIX
3/1eKTPOHOB

TOpPDBIE JIOJIKEH UMETh TEPMO3JIEKTPOH-
HBI KaTo/: HYKHYIO 5MUCCHUIO, He
CJIUIIKOM G6OJIBITYI0O CKOPOCTb WCIIa-
pEeHUsI, TOCTATOYHBIH CPOK CJIYKOBI,
cnoco6HOCTh PaboTaThb B TOM BaKyy-
Me, KOTOPbIil Oy1eT B mpubope.

A Kakme CBOHCTBA JO/UKEH HMETb
KaToJ KaK BTOPUYHO-3JEKTPOHHDBIN
katon? OH [0JKEH COXPaHATb Bce
CBOWM CBOJCTBA TPHU HAJUYUU DJIEKT-
pPOHHOI 60MO6APIUPOBKHU, UMETH JOC-
TATOYHBIN CPOK CJIYKOBI B 3THX YCJIO-
BHUSIX U, HAKOHEI[, UMETh J[[OCTATOY-
HyI0 BTOpUYHYyIo amuccuio. Koaddu-
IIUEHT BTOPUYHON 3MUCCUU BCEX Ma-
TEpPUAJIOB 3aBUCUT OT 3HEPTUH Mep-
BUYHBIX dJeKTpoHoB (puc.7). Koad-
¢urment BTOpUYHOW asMuccuu O —
3TO OTHOINEHIE KOJMYECTBA YJIETAI0-
KX OT KyCKa MaTepuasa 3JeKTpo-
HOB K KOJIMYECTBY TPUJIETEBIINX.
Jueprust W,, npu xoropoid 0 = 1
(Tax HasbIBaEMBbIii IIE€PBBIA KPUTHYEC-
Kuil notennuan), sueprust W, mpn
KOTOpOH [JOCTUTAeTCsT MaKCUMyM O,
M caM MaKCUMyM 0, — 3TO Te TpH
BEJIMYUHBI, KOTOPbIE U BAKHBI IS
paborbl IBII. JKenatenbHo, uTOOBI
W, 6bL10 noMeHbIle, a G, — 1060/Ib-
me. Y Mmeraanos ¢, mano, a W, Be-
JINKO, HO WM HE CTPAIHA 3JEeKTPOH-
Hasi 60MOAPAMPOBKA, & Y JAMIJIEKTPU-
KOB BEJIMKO O, , HO MaJjo W, 1 HU3Ka
CTOHKOCTb K 3JIEKTPOHHOMY OOJIyYe-
Huto. VcTopust KaTrogoB MarHeTPOHOB
— 3TO UCTOPUS MOUCKOB KOMIIO3UIIH-
OHHBIX MATEPUAJIOB, COYETAIONIHNX JIYU-
e CBONCTBA METAJJIOB U JUIJIEKT-
puxos. 160 yem 6ompme o, u W, ,
TeM GOJIBIIYIO MOIHOCTH MOXKHO II0-
JIYYUTh HA BBIXOJ€ MArHETPOHHOTO
yCcujmresd, a 4eM MeHbIle VV1, TEeEM
MEHBIITYI0 MOIIHOCTb HAJ0 TOAABATH
Ha ero BXO/.

Korpa Bce ynupaetca
B TexXHonoruo?

JloBoabHo yacto. Oco6eHHO, ecn
MOIIBITATHCS  CZeJaTh YTO-TO HOBOE.
KoHKpeTHO — Ha Kpasx OCBOEHHOTO
AuarnasoHna napamerpos. IIpu momnbit-
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kax cxaeaatb IBII pe-
KOPAHOW MOIIHOCTH,
KII/l nnm yacToThl MJIn
C PEKOP/JIHBIM COYETaHU-

JAVAVA

Cxumn-

€M HECKOJIbKHX IIapa-

METPOB OKa3bIBAaeTCs,
yto JUOO HEJb3s Ccle-

JIaTh TaKyl0 KOHCTPYK-
U0, KaK X04eTcs, Tu60
c/ieslaTb MOXKHO, HO HET
MaTepuaJoB, TIPU NCIIOTb30BAHUY KO-
TOPBIX BCE 3TO CMOKeT paborathb. Boi-
XO/IOM U3 TOJIOKEHUST SIBJISIETCS] 00bIU-
HO WJIU CO3/IaHu€ HOBOH TE€XHOJIOTHH,
MO3BOJISIIONIEN CeroJHsl cAeiathb To,
4ero HeJsb3s1 OBLJIO C/IeJaTh BUepa, WJIn
CO3/IaHNE HOBBIX MaTepPHaJOB, TIO3BO-
JSonmx npubopy paboTatb B HOBBIX
ycaoBusix. Brpodem, HOBbIe Marepu-
aJbl — 3TO, KaK IPABUJIO, U HOBbBIE
TEXHOJIOTHU.

TexHonornyeckux mpobJjeM B Mar-
HeTpoHe MHOTO. OcTaHOBHUMCS Ha
nByx. IlepBasi — mpo6Jiema obGecrieye-
HUST MaJbIX Pa3MEPOB U MaJbIX [0-
myckoB (T.e. TOUHBIX PasMEpPoB). IJTa
npob6iema obmmas y Bcex IBII CBY,
HO, COTJIACUTECH, HAaMOTATbh CIUPAJh
nuamerpoMm 1 mm gua JIBB nporne,
YeM C/IeJIaTh aHOMAHbBIN GJIOK JIJIs Mar-
HeTpoHa auamerpoM Toxe 1 mm. Ilpu-
MeHSIOT naiiky (1151 pe3soHaTopoB Jo-
HaTOYHOrO THIIA), BbIAaBJMBaHUE,
3JIEKTPOUCKPOBYIO M 3JIEKTPOXIMUYEC-
Kylo 06paboTKy, pe3Ky U <«CBepJe-
HUE» 3JEKTPOHHBIM JyYOM U, HAKO-
HEIl, BCe TPAIUIMOHHDIE BUIBI METAJI-
Jg006paboTku. BoimaBiuBanuem yma-
€TCsl M3TOTOABJIUBATD CUCTEMBI C TOJI-
mHoit Jgonarok 0,1 MM, a Aomycku
Ha pasMepbl TPH 3JIEKTPOMCKPOBOIT
ob6pa6otke cocrassior 1 mrm. Korga
JKe pasMepbl aHOAHOTO OJIOKA CTAaHO-
BITCS MeHbiie 1 MM, WAyT, HAIpH-
Mep, Ha Takoe YXWIPEHWe — JesaioT
OT/Ie/IbHBIE TILIACTHHBI U3 (POJIBTH TOJI-
muHOoN 10 —20 MKM W CKJIaJbIBAIOT
aHOJHBIN OJIOK M3 TAKWX ILIACTHH.
OrtBepcTus Xe CJI0XHOH (OPMBI B
dosbre gemaoT MeTOLAMU, 3AUMCTBO-
BaHHBIMH U3 TIOJTYTIPOBOIHUKOBOIT TEX-
uukn (Harpumep, doronurorpaduei)
U TIO3BOJISIONIUMH ITOJTy4aTh MIKPOH-
HbIE Pa3MePHI.

Ilo Mepe yMmeHbllleHUs pPa3MepoB U
YBEJMYEHMST MOITHOCTU YBEJMYNBAET-
CS TIJIOTHOCTH MOITI[HOCTH, BbIZIEJISIO-
mieiicss Ha BHYTPEHHEH MOBEPXHOCTH
aHOJHOTO 6JIOKA, Ky/a MOMAatoT MpH-
HOCSIII[UE 3Ty MOIIHOCTH 3JIEKTPOHBI.
[Toatomy 3Ty MOBEPXHOCTH MOKPbIBA-
10T MOJIUO/IEHOM MJIH BOJIbPAMOM WK
JKe JIeJTafoT aHOHBIN GJIOK U3 XUTPOi

Puc.8. CKUH-3QMEKT Ha LLIEPOXOBATOY TOBEPXHOCTH

3arOTOBKHM — MOJIHGEHOBOTO TIPYTKA,
3aJTUTOTO ME[IBIO.

Koneuno, mpo6sema obecredeHust
MaJIbIX Pa3MEPOB U JIOIYCKOB BCTpe-
Yyaercss M B JPYTUX OOJIACTSAX TEXHU-
ku. Ho Bor Bam BTOpOi#l npumep —
npuMep MpobJeMbl, TOXKATYH, COBCEM
cnenududeckoit. Hackoapko riaakoit
JIOJKHA OBITH OBEPXHOCTH JIETAJIEN?
Koaddunment tpenus 3HaveHUsT He
umeer, «GJECK» TOXKE, TaK Kakas JKe
pasHWIla, TJaJAKO uad He odyeHb? Ho
pasHUIlA ecTh.

Kak usBectHo, B 06J1aCTH BBICOKUX
YaCcTOT TOK KOHIIEHTPUPYETCS y I0-
BepxHoctn getann (ckuH-3PPeKT).
Ecsin 111epoxoBaTtocTb MEHbIIIE TOJIIIH-
HBI, B KOTOPOH COCPEIOTOYEH TOK, TO
MIEPOXOBATOCTh MelaeT paboTe Majio
(cM. puc.8, cmesa). Ecam mepoxosa-
tocth Gosbme (cM. puc.8, crpasa),
TO MyTh 3JEKTPOHOB yBEJUYHBAETCS.
CiieoBaTeIbHO, YBEJTMUMBAIOTCS CO-
MPOTUBJIEHHE W [OTEPH MOIHOCTH.
3aMernM, UYTO BaXKHO, KaK WMEHHO
«yCTpoeHa» IMepoXoBaToCcTh. Eciau
petanb numdoBajJach B OJHOM Ha-
IIpaBJIEHUN WU TaK, YTO TOKH MPOTEKa-
10T B/IOJIb «OBPAroB», TO yBeJHUYEHUS
conporuBJyenusi e Gyner. Ecau ke
TOK «B36GUPAeTcsi W HBIPSIET», TO MO-
TEPHU MOIIHOCTU HEU3OEKHBDI.

Orciona MopaJsb — TOJCTHJIAS CO-
JIOMKY TaM, TJl¢ BaM WJIM BAIIUM 3JIEK-
TPOHAM TIPEJICTOUT YIIACTb, TyMalire,
KaK ee KJacTh.



