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DTy TEOPHIO S BBUIOXKY BO (pH, KaK OYIEH COPC, BIIOJIHE BO3MOXKHO YTO OHA KaK MepBasi BEPCUs U B HEl
XBaTaeT OMIMOOK , OHA TpeOyeT JOPadOTKH .TIOJUEPKHY MPABIIBHBIX JIOPAOOTOK .

$1 HUKOTO HE 3aCTaBIISAI0 BEPUTH B TO UTO 3/IECh HAIMCAHO - HCTHUHA.

JlyMaromuii — ymeeT 1yMarthb.

Kaxplii pemuT 1 ceds NCTI0Ib30BaTh €€ JTHO0 MBITaThCS OTPOBEPTaTh.

Cpasy ckaxxy Teopus BbIJIO)KEHA HE JUIS TOTO ,4TO OBl €€ IUIarHaTuiId BbIIaBasi 3a CBOIO,

a JUIS TOTO YTOOBI IOCTHIKEHHUSI COBPEMEHHOTO A(UPOCTPOCHHSI CTANIN JIOCTOSTHUEM BCEX JIIOJIEH, a He KyUKU
MPONAaTEeHTOBAHHBIX MOHOIIOJIUCTOB,

BopoBcTBO, maruat , IaTeHTOBaHUE M UCTIOJIB30BaHIE B KOMMEPUYECKHX LENSIX, YMBIIIJICHHOE HCKa)KEHUE
TeKcTa OyJeT MpeciIeIoBaThCsl MPE3PEHUEM U MOCIETHUMHE CIIOBAMHU.

OOmmMu cuitaMu Mbl pazoepeMcst B UCTHHE M pa3pylIuM CTeHY 3a0BeHHUs U paOCTBa.

0 Kak ckasaj J)) B IPUHIIAIE TaK TO OHO M €CTh.

JIaHHBIN TOKYMEHT HE UCHIOPYEH HEHYXHBIMU (POPMYITaMHU M pacueTaMH, 37IeCb HE HaBOSATCS TIOHTHI U HE
nyckaeTcs mbulb B rnmaza * ' J

KapTuHku HapucOBaHBI B IIDIHTE, HA CKOPOIO PYKY. TaK YTO U3BUHUTE.

Haunem c npocteix Bewei, [IpocTeie pemenus nocKaspIBacT caM rocnoas bor.

Tax 4TO e Takoe AMEKTPUYECTBO? 3TO JBIKEHHE KAKOW TO OIPEIeIEHHON YHEPTUH B HAIlIEM CITy4yae B
IIPOBOAHMKAX. YTO 3TO 3a 3HEPIus ,IPUHATO CUUTATH YTO JEKTPUUYECTBO 3TO JBUKEHHE CBOOOHBIX
AIIEKTPOHOB B MPOBOIHUKE. HO B3TJIsTHEM Ha CyThb Bellel Tiry0ke, U3 4ero MOTJIN ObI COCTOSITh NIEKTPOHBI ?
BceromaNM 1aBHO 3a0BITYIO CTapyrO MEPBOMATEPUIO-3(pHUP, MHOTUMH MCCIIEI0BATENISIMU OH TPEACTABIISICS
KaK UCaJbHbIN a3 WIN )KUAKOCTh C OTPOMHOM TUNIOTHOCTBIO. KTO TO Ha3bIBAaET €ro (pU3nyYecKuii BAKyyM HO OT
Ha3BaHUS CYTh BelIeH HE MEHSAETCS. HEBaKHO KUAKOCTh WM T'a3 KaK MBI 3HAEM U TO M JIPYroe MOXKET OBITh
pa3HBIMHU COCTOSIHUSIMH OJIHOTO BemiecTBa. OTCI0a MBI YCJIOBHO CUMTaEM Ipamarepueit —-¢up. riayoxe 3ToT
BOIIPOC MBI PACCMOTPHUM TO3Ke ,HE 3a0MBast rojoBy. Tak kak 3(pupHBI ra3 0OCHOBHOM MaTepua

W3 xoToporo cocTout MaTepus , 0yJieM OTHOCHUTCS K Hel ¢ 0cHOB razoanHamuki. (ITogpoOHee ¢
ra30lMHAMUYECKUM IpeJicTaBlIeHHeM 3(upa BbI CMOXKETE 03HAKOMHUTCSI B paboTax AIFOKOBCKOTO.)

BepHemcs K 5IeKTpU4ecTBY, B HAllle BPEMsI U3BECTHBI JBE OCHOBHBIE MEPBI 3JIEKTPUUECTBA, TOK U
HaIpsDKEHNUE.

TOK
[TpeacTaBuM TOK KaK KOJMYECTBO Macchl ra3a (3¢upa (B BUIE IEKTPOHOB HIIH YETO TaM €IIe) MPOXOIsIee
3a OIPEJIIIEHHOE BPEMS 110 MPOBOIHUKY.

HATIPS2KEHUE
HanpspkeHne kak - CKOpOCTh ra3a JBUTaoLIErocs M0 MPOBOJHUKY.
U xax ke OH JBUTAETCS MO MPOBOJIHUKY? DTOT Tas.
IIpoBoHUK 3TO HE COBCEM TpyOa, 3TO TpyOa HaNOJHEHHAs! MAaJIEHbKUMU BUXPEBBIMU TypOUHKAMHU

Hacocukamu ¢ onactsiMu(31€KTpoHaMH). ITO ATOMBI.

CornacHo 3(UpOTMHAMUKE aTOMHBIC AIEMEHTBI ,IIPOTOHBI, HEUTPOHBI , AIEKTPOHBI 3TO YCTOWYHBBIC
ra3oBbie(3(UpHBIC) BUXPU. CM.> POTOH.dOC
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BBIPE3KA U3 KHHrH B.A.ALUKOKOBCKOIO
«IMOMYJsIPHASI 3®UPOOUHAMUKA»

6. MpomoH — 0OCHOBHas Yacmuuya MUKpomMupa

Martepusi, Kak CylIecTBYIOIIasi HE3aBUCUMO



OT HAIIIETO CO3HAHUS 0OBEKTUBHAS PEATbHOCTD,
MMeEET IMIUPOKOEe pazHooOpazue GopM.
T.Opoeu-1 py3. Octosvl cmpoeruss mamepuu.

[TonnpoOyem 1151 Hayasia MOHATh, KaK YCTPOEH MPOTOH — OCHOBHAS YacTHUIIA MUKPOMHUpPA
BO BcenenHoi.

VYTBepKAeHHE YTO, YTO MPOTOH — OCHOBHAsA yacTula BeeneHHoi ciieayer U3 Toro, 4To
IIPAKTUYECKHU BCS BECOMAas Macca BelllecTsa BO BeenenHon —31o Macca MpoToHOB. B camom
7iesie, HEUTPOH — 3TO TOT e MPOTOH, HO OKPY>KEHHBIN MOrpaHUYHbBIM cioeM 3¢upa. Aapa
BCEX BELIECTB — 3TO MPOTOHBI U HENUTpOHBI U Macca ux noutu B 4000 pa3 Oosnblie, yem
Macca 3JEKTPOHHBIX 000J04eK. A 3JIEKTPOHHbIE 000I0YKH, KaK TOKa3aHO HUXKE,
MPENCTaBIIAIOT CO00I MpUCOeAMHEHHBIE BUXPHU 3UpPa U CBOUM MPOUCXOKACHUEM 00s3aHbI
TEM e IPOTOHaM. A, KpOMe TOro, BC€ BUbI MOJE€ B OCHOBE CBOEH MMEIOT JIBHXKEHHUS
s¢upa Ha NOBEPXHOCTU MPOTOHA. [103TOMY B nepByI0 ouepeib U HyKHO pa3o0paThes C
YCTPOMCTBOM IPOTOHA.

Ha pucynke 6.1 noka3an pa3pe3 TOpOuAalbHOI0 ra30BOro BUXps. boibliie Bcero oxn
HaIlOMHUHAET TpyOy, CBEPHYTYIO B KOJIbLIO, C TOW JIUILIb PA3HUIIEH, YTO BHYTPEHHUE CTEHKU
y HEro TOJIIE, YeM HapyHble. [1o HeHTpy KoJiblla UMEETCsl CKBO3HOE OTBEPCTUE, BHYTPH
TpyOBI cyliecTByeT pa3pexenue. CaMm Takoil BUXpb CYLIECTBYET Oyaronaps

TOPOUAAJIBHOMY JIBUKCHHIO I'a3a.

Puc. 6.2. CTpykTypa IIMOBOI0 KOJbIA. BrlllycKast 1bIM B BO3/IyX Yepe3 KOHEI]
TpYyObl, MOXHO YBUJIETh, YTO 3TO TYTrO CBEPHYTAasi TOpoUIaibHas crupayib. OJHAKO 3TO
BCETO JIMIIb IEPEXO/IHASI CTPYKTYPA, KOTOpas B AaJibHeWIeM (popMUpyeTcsl B JaMUHAPHBIN
TOPOUJIAIIBHBIN BUXPb, B KOTOPOM OTAEJIBHBIX CJIOEB YXKE HET

Ha ¢ororpaduu (puc. 6.2) nokazaHo J5IMOBOE KOJIBIIO B MOMEHT €ro 00pa3oBaHusl, Y
KOTOPOT'O JOCTATOYHO YETKO MPOCMATPUBACTCS €r0 CTPYKTYpA.



Heo0xo1MMoO OTMETUTH, UTO B TAKOM TOPOUAAIBHOM BUXPE CAMOIIPOU3BOJIIBHO
BO3HHUKAET KOJIBLIEBOE JBU)KEHUE BOKPYT €0 INIABHOM OCU. ITO IPOUCXOAUT ITOTOMY, UYTO
IJIOIIAIb CEYEHMS] BHYTPEHHUX CTEHOK TOPOMA MEHBIIIE IUIONIAAN CEYEHUS HAPYKHBIX €r0
CTEHOK, [TI0ATOMY TOPOUAAIbHAs CKOPOCTh ra3a B HAPYKHBIX CTEHKaX MEHBUIE, YEM BO
BHYTpeHHHX. HO CKOpOCTh HY>KHO 1100 4eM-TO IOTaCUTh, TM00 U3BMEHUTH €€
HanpasiieHue. [10CKOIbKY racuTh CKOPOCTh 3/1€Ch HEUEM, ee abCOII0THAs BETUYMHA
OCTAaeTCsl HEM3MEHHOM, U U3MEHSETCS HallpaBJieHHE. B BUXpe BOZHUKAET BUHTOBOE
IBUXKEHUE 3PUpa, MOSABIAETCA KOJbLIEBAsk COCTABIIAONIAsA IBMKEeHUs. Toponu HaUMHAeT
BpaIlaThCsl, a BOKPYT HETO BO3HUKAIOT COOTBETCTBEHHO BUHTOBBIE MOTOKH 3PUpA.

Pacnipenenenne TopouIaIbHON U KOJIBLEBON CKOPOCTEN B TAKOM BUXPEBOM
o0pa3oBaHUU MMOKa3aHO HA PUCYHKE 6.3.
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Puc. 6.3. Pacnipenesienne cKOpocTeii IBUKeHUIT CTEHOK TOPOUIATbHOTO BUXPSI: @ —
TOPOUIATIBHOTO; 6 — KOJBIEBOTO

Hukakux 1pyrux BapuaHTOB CTPYKTYPbI y Ta30BOI0 TOPOUJATBHOIO KOJIbLIA HET. A
MOCKOJIbKY 3(pHp 3TO OOBIYHBIN ra3, XOTsI U C HECKOJIBKO HEMPUBBIYHBIMU ISl HAC
napamMeTpaMu, TO €CTh BCE OCHOBaHHUS MOJarath, YTO MPOTOH UMEHHO TaK U YCTPOEH.

Jlyd1ie Bcero mpoToH MOXKHO MPEJICTABUTH ce0e Kak TPYOKY, CBEPHYTYIO B KOJIBIIO (pHC.
6.4). OHAKO €CTh U HEKOTOPOE OTIUYME: TONIIMHA CTCHOK TaKOU TPYOKH OOJIbIIe K
LEHTPY MPOTOHA U MEHBIIIE K €ro nepudepun. ITo 0ObSICHIETCS TEM, YTO TOPOUIATILHOE
IBUKEHUE 3PUpa B TeJle MPOTOHA OJIMKE K LEHTPY JOJIKHO MPOUTH Yepe3 MEHbIIee
CEUeHUE, OITOMY U IJIOTHOCTb ra3a B ATOU 00JaCTH, U CKOPOCTh JBUKEHUS OyIyT 3/1€Ch
Oonblre, yeM Ha nepudepun. OJHAKO U TONIIMHA CTEHOK 3/1€Ch TaKkKe OyAeT Ooble.
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Puc. 6.4. CTpykTypa NpoTOHa: @ — NONEPEYHBIN pa3zpes; 6 — 3M0pa MI0THOCTH;
6 — 3II0pa TEMIIEPATYP; 2 — MI0Pa CKOPOCTH TAHT'€HLUAIBHOIO [TOTOKA; 0 — AIIOPA
CKOPOCTH KOJIBLIEBOI'O ITOTOKA

Pacder, BBIMOTHEHHBII HA OCHOBE COTIOCTABICHHSI SHEPTUH DIIEKTPUIECKOTO MOJIS
MPOTOHA C PHEPTHUEH ero MEXaHHYECKOTO KOJBIIEBOTO JBIKEHUS, TIOKA3all, YTO BHEIIHUE
CTEHKH MPOTOHA JIBIKYTCS CO CKOPOCThIO Ha 13 MOpSIKOB MPEBBIIIAIOIIMX CKOPOCTh
CBETa, a BHYTPEHHHUE — €I1I€ Ha J[Ba MOpsJIKa ObICTpee.

[TockonmbKy IPOTOH 3TO TOPOUJATBHBIN BUXPh C YIUIOTHEHHBIMU CTEHKaMH, TO Cpa3y
BUJIHO, YTO B HEM €CTh M 000JI04YKa, W YIUIOTHEHHAs LIEHTpajdbHas 4acTh — KepH. M To, u
apyroe o0pa3oBaHO BCE TEMHU e YIJIIOTHEHHbIMH CTEHKaMH BUXpeBOM TpyOku. B mentpe
MPOTOHA JIOJKHO CYIIECTBOBATh HEOOJIBIIIOE OTBEPCTUE, TaK YTO OH HE COBCEM IIAPHK, a
HEMHOT0 NToX0X Ha O0yOnuk. ITo aHanoruu ¢ chopMUpPOBABIIMMUCS Fa30BbIMU BUXPSIMU
MO>KHO T0JIaraTh, 4YTO OTHOLIEHHUE pa3Mepa O0IbIIOro JuaMeTpa K TOJIIIMHE MPOTOHA
JIOJKHO OBITh paBHO mpuMmepHo 1,76. DTo 03Hauvaer, uTo TpyOka, oOpa3yroiasi IpoToH,
MMEET He KPYIJoe, a CKOpee 3JUIUIICOBUIHOE ceueHue. J[aHHoe 00CTOsITeNbCTBO
OKa3bIBa€T CYIIECTBEHHOE BIUSHUE Ha OPTaHU3AIUIO CTPYKTYPHI aTOMHBIX SIZIEP.




Puc. 6.5. HeycTo4HMBOCTH JJAMMHAPHOT0 BUXPEBOr0 KOJIbLa. BepxHuil psiji CHUMKOB
ITOKA3bIBAET UCTEUECHHUE BOJIBI C BBEJCHHON B HEE KPACKOW YepE3 IMSITUCAHTUMETPOBOE
OTBEPCTHE, B PE3YIBTATE YETO CO3AAETCA OCECUMMETPUYHOE BUXPEBOE KOIbLO. HukHMI
PS CHUMKOB ITOKA3bIBAET MOCIEA0BATEIBHOE Pa3pyLIEHUE KOJIbLA U3-32 HEYCTOWYNBOCTH.
Hanee koab1o MG OYHIUPYET MOJTHOCTHIO

[Ipoton ycroituuB u ynpyr. Bpems ero cyuiecTBoBaHus, BUIUMO, COCTABIIAET OoJiee
JeCsATKa MUJUTHApO0B JeT. [IpsAMbIX 3KCIEpUMEHTANbHBIX 3aMEPOB HE CYILIECTBYET, T€, UTO
€CTh, METOJUYECKH HEBEPHBI, HO BCE PABHO, KOCBEHHBIE JAHHBIE TOBOPAT O TAKOM MOPSJIKE
BenuuMHbIL. [10o McTeueHnn 3Toro BpeMeHu NPOTOH TEePSAET YCTOMUYMBOCTD, paclagaeTcs u
pactBopsietrcs B aupe. Tak e BeaeT cedst u a000e BuxpeBoe oopazoBanue (puc. 6.5).

[IpOoTOH MOET HaXOIUTHCS B TPE COCTOSHUSIX — B COCTOSIHUU COOCTBEHHO NMPOTOHA, B
COCTOSIHMM HEHTPOHA M B COCTOSIHUM aToMa Bojopoja (puc. 6.6).
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Puc. 6.6. Tpu ycToilunBbIX COCTOSIHUSI POTOHA: a — COOCTBEHHO MPOTOH,;
6 — HEUTPOH; 6 — aTOM BOJIOPO/Ia

CoOCTBEHHO MPOTOH 3TO TOT CaMblii BUHTOBOW TOPOUAANbHBIA BUXPh YIIJIOTHEHHOT'O
a¢upa, OKpYyKEHHBIN TeMIIEpaTypHbIM HOTPaHUYHBIM CI0eM 3(upa, KOTOPHII HE 1aeT eMy
pacceinathes. Bokpyr npoTtoHa 006pa3yroTcst HOTOKH 3pupa — TOPOUAAIbHBIN U KOJIBIIEBOH,
KOTOpbIE BOCIIPUHUMAIOTCS KaK OOLIEe JIEKTPOMArHuT-HOE MoJIe MPOTOHA. Takum
o0pa3oM, IPOTOH — 3TO HOHU3UPOBAHHBII aTOM BOJOPO/AA.

Yro Takoe HEUTPOH? DTO TOT ke NPOTOH, HO JAOMOJHUTEIBHO K TEMIEPATYPHOMY
OKPYXEHHBIN €1lle U I'PaJuEHTHBIM MOTPAHUYHBIM CIIOEM. DTOT CJI0i 0Opa3yeTcs, eciid 1Ba
NPOTOHA OKaXyTCs BOIM3M apyT Apyra (puc. 6.7). OHU MOTYT COPUEHTUPOBATHCS
OTHOCUTENBHO JIPYT ApyTa aHTUIApaIeNbHO, OJaroapsi HOBEpXHOCTHBIM MOTOKaM
TOPOUJAIBHOIO ABWKEHUs. HO TOr1a KonbLeBbie TIOTOKU HA UX ITOBEPXHOCTH OKAXKYTCS B
MEXHYKJIOHHOM MPOMEKYTKE HaIllpaBiIeHHBIMH NapajuiesbHO APYT apyry. OHu OyayT
KOHKYpPHUPOBATh, U OJIMH U3 HUX OKAXKETCS 3aTOPMOKEHHBIM. Kak M3BECTHO U3 ra30BoU
MEXaHHUKH, B IIOTOKAX C BBICOKUM I'PAIUEHTOM, B KOTOPBIX CKOPOCTb ITIOTOKA MEHSETCS Ha
MaJIBIX PaCCTOSHUAX B IIMPOKUX IIpelesiax, BA3KOCTb Ia3a YMEHBIIAETCs, [I09TOMY 3TOT



3aTOPMOKEHHBIN [IOBEPXHOCTHBIN CJION OKAXXETCsl yCTOMYUBBIM, IIOKA [0 COCEACTBY
CYyILLIECTBYET BTOPOM IIPOTOH.
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Puc. 6.7. B3auMojeiicTBHe NPOTOHOB U MeXaHU3M 00Pa30BAHUA HEHUTPOHA

Koraa y nporona o6pa3oBaicst JOMOJIHUTENIbHBINA NOTPAHUYHBIN CIOW, U OH MPEBPATUIICS
B HEUTPOH, TO KOJBLIEBOE JBUKEHUE 3aMbIKA€TCsl BHYTPH ITOTO CJIOS U HE BBIXOAUT
HapyXy, 3TO 3HAYUT, YTO TENEPhb HYKJIOH Oy/IeT BOCIPUHUMATHCS KaK JIEKTPUUECKH
HEUTpaJIbHAs 4aCTULIA.

CocrosiHue npoToHa B popMe HEUTPOHA YKe 3HAUUTEIHHO MEHEE YCTOMYHBO.
@PaKTUYECKU HEUTPOHBI YCTOMYMUBBI TOJIBKO B A1paX, KOT1Aa NOBBIIECHHBIA IPAUECHT
CKOPOCTH NOJJIEP>KMBAETCS HATMUKUEM COCEAHUX MPOoTOHOB. Ho, ecnu mo kakum 1u6o
MpUYMHAM 00pa30BaBIIMICS HEUTPOH BBUIETUT U3 SApPaA, TO HEKOMY Oy/ET MOAAEpKUBAThH
YCTOMYUBOCTD TIOTPAHUYHOTO CJIOs, M Yepe3 HEKOTOpoe BpeMs (B cpeaHeM 3a 16 MUHYT)
ATOT CJIOW paccocercs, U BHOBb 00pa3yeTcst npoToH. [Ipu 3ToM BoBce He 00s13aTebHO,
YTOOBI MPU pacajie HEUTPOHA 0OPa30BAICS U IEKTPOH. DTOrO MOXKET U HE MPOU3OUTH.
Takum 00pa3zoM, eciau HEUTPOH NpeIoCTaBjIeH caM cede, TO NOTPaHUYHBIN CIION OBICTPO
paccachIBaeTcsl, 1 HSUTPOH mpeBpaniaeTcsi B OObIYHBINA TPOTOH.

[IpoTOH B OOBIYHOM CBOEM COCTOSIHMM HEIOCTaTOYHO YCTOMYUB, IOTOMY YTO 3aMbIKaHHE
CTpyH 3pupa NPOUCXOIUT YEPE3 MAJIOE OTBEPCTUE B €ro LEeHTpe. JlocTaTouHO HEOOIBIIOrO
BHEIITHEr0 BO3MYILEHUS, YTOOBI YaCTh MOTOKOB U3MEHMJIA CBOE HANPABJICHUE U CcTaja
3aMbIKAThCsl HE Yepe3 3TO OTBEPCTHUE, a BO BHE, 00pa30BaB NPUCOEIUHEHHBIN BUXpb. Toraa
Y BOBHUKHET HE MOHU3UPOBAHHBIN, a HEUTpAJIbHBIN aTOM BoJlopoJia. [[Bmkenue a¢dupa B
MPUCOECTMHEHHOM BUXPE MOJAEPKUBAETCS JIBHIKEHUEM CTpYyH 3¢upa B ONMKHEH 30HE 3a
CUET BSI3KOCTH 3upa.

CocTosiHME MPOTOHA B BUJE aTOMa BOJOPOAA OTIMYAETCA TEM, YTO MOTOKH 3Pupa,
OKpYXalolllie MPOTOH, B OJIMKHEN 30HE 3aMbIKAIOTCS, KaK U paHbLIE, Yepe3 ero
LEHTPAJIbHOE OTBEPCTHE, a B 00Jiee OTAATIEHHOM 30HE 3aMBIKAIOTCS BO BHE, 00pa3ys Tak
Ha3bIBaEMbIN IPUCOCIMHEHHBIN BUXPH (TepmuH BBeAeH H.E.JKykoBckum). B aTom
IIPUCOECIMHEHHOM BUXPE HAIPABJICHUE KOJIBLIEBOI'O ABUKEHUS TO K€, UTO U y IpoToHa. Ho
TOPOUJATBLHOE IBMYKEHUE UMEET IIPOTUBONO-JIOKHOE HampasiieHue. [lootomy 3Hak
BUHTOBOTO JIBUKCHUS y IOTOKOB BOJIM3H TeJIa MPOTOHA O/iMH (HarmpuMep, MpaBblil BUHT), a
y MPUCOCTUHEHHOTO BUXPsI IPyroi (JIeBBI BUHT). DTO U BOCIIPHHU-MAETCS KaK HATNYHE Y
3TOTO MPUCOSAUHEHHOTO BUXPS (JIEKTPOHHOU 000JI0YKH) 3apsia MPOTUBOIIOJIOKHOTO
3HaKa, 4eM y IIpOTOHaA.

Bce aromHBbIe siipa MOCTPOEHBI TOJIBKO U3 TPOTOHOB U HEUTPOHOB — (DAKTUYECKH, TEX KE
MPOTOHOB, HO B IPYT'OM COCTOSIHUM, HUKAKUX JPYTUX YAaCTHUL AJI1 HUX OOJIbIIE HE HYXKHO.
Ho nnst Toro 4ro0sl B 3TOM pa3o0paThesi, Hy’KHO CHadaja ySICHUTh CYITHOCTh (PU3HUECKHUX
B3aUMOJICCTBUM.
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B npuHnmne u3 3Toro Ham Hy»)KHO YSICHUTb CAMBIW IVIABHBIM IIPOCTOM MEXaHU3M Ha KOTOPOM M IMIOCTPOEH BECh
MPUHIUIT paboThI B 11esioM — 310 BUXPh.

ok T

: PUCYHOK HaIlleJl B HETe

BuxpeBoe nBmKeHHE caMblii TJIaBHBIN MPUHIUM 3()UPOCTPOCHUSI.

Tenepp mpoiie — Kak Mbl 3Ha€M CaMbIMH KPallHUMHU B CTPYKTYpE aTOMa UAYT 3JIEKTPOHBI,3TaKHe
npucoeieHeHHbIe BUXpH 3(upa. BoT Kak pa3 3Tu BUXpHU U pabOTAIOT B MaTepHalie MPOBOIHUKA

Hexnmu ManeHbKH BEHTHIIATOPYUKAMU,TYpOUHAMU C JIOMACTSAMM.

Co3znmaauM yrpomeHHy MOJIeNlb aTOMa ,BHUKATh B TJIyOb HAM Cceifuac He HY»KHO.

PUC(rae HamucaHo pUC. 3TO 3HAYMT , TYT JOJDKEH OBITh PUCYHOK KOTOPBIN MHE JICHb CTaJI0 pUCOBaThJ)

Korpaa B mpoBoAHHUKE TOKA HET, HET ABMKCHHUS JIEKTPOHOB U CBOOOHOTO TeUEHUS JJaMHHApHOTO dupa. Bee
aTOMBI Pa3BePHYTHI OECIOPSIOYHO, XAOTHYHO CBOMMH OCSMHU B Pa3HbIE CTOPOHEI.
PUC

Kaxk ToJIbKO 10 LIeny HauyMHAEeT Te4b TOK , aTOMBI BBIPABHUBAOTCSI CBOMMHU OCSAMM M1APAJUIEIIBHO TEYEHUIO
a¢upa 1 AMEKTPOHBI HAYMHAIOT MPBITaTh ¢ OPOUTHI OJHOTO aTOMa Ha JIPYTYIO ,CABUTAS APYT IPYKKY.

PUC

Ho Tak kak 35IeKTpOHBI HE MMPOCTO YACTHUIIHI a BPALIArOIIUecs] BUXPU,0HU KaK JIOMACTH KPYTATCS yBIIEKas 3a
co0O0# JTaMUHAPHO TEKYIIHA 3(UpP BOKPYT ceOsl .CakuBasi MOMEHTHI BPAIICHHUS BCEX DJIEKTPOHOB
JBWOKYIIUXCST B 00IIEM TOKE.

OOmast kKapTHHA ABMKEHHS 3(hHpa BOKPYT POBOTHHUKA MPEICTABIISETCS BOT TAKOH

PUC

Yto HaM M U3BECTHO U3 y4eOHUKA (PU3UKH.

Boxkpyr nmpoBoiHUKa C TOKOM CO3/Ia€TCs BpAI[AIOIIeecs MAarHUTHOE TOJIe

OTpBIBOK U3 KHWXKKU I10 3JI.TCXHUKEC

MarauTHbIE U QJICKTPUYCCKUC ABJICHUA TCCHO CBA3AHBI MCXKY coOoii. B aToM M0okHO Y6CI[I/ITI)CSI Ha OIIBITC.

IlogHeceM MarHMTHYIO CTpEIKY, HACAKEHHYKO Ha OCTpUE, K NPSIMOMY MEIHOMY IIPOBOJHHUKY, HeE
BKJIIOYEHHOMY B DJIEKTPHUYECKYIO 1eTb. CTpenka, Kak 00bIYHO, YCTAHOBUTCS TaK, YTO Oy/leT CBOMMHU KOHI[AMU
IIOKa3bIBATh HAIPABJIICHUE HA CEBEPHBIN U F0XKHBIH ITOJIFOCHI 36 MJIN.

Ecnu tenepb 1o 3TOMy NPOBOJHUKY MPOIYCTUTH IEKTPUYECKUH TOK JOCTATOYHOW CHUJIBI, TO CTPEJIKA,
IIOJHECEHHAs! K HEMY, ITIOBEPHETCS M YCTAaHOBUTCS NEPIEHAMUKYJIAPHO OCU NpoBOJAHHMKA. [Ipm mpekpamienuun
TOKa B IPOBOJHHUKE CTpeJIka BO3BpaTUTCA B IE€pBOHAuYalbHOE MoJokeHHe. CTpenka OTKIOHHUTCA B



MIPOTUBOTIONIOKHYIO CTOPOHY, €CJIM M3MEHUTHh HAaIpaBJICHUE TOKa B MPOBOAHHKE. M3 3TOro OmbITa MOKHO
CleNaTh CIEAYIOIIMHA BBIBOJ. MpU NPOXOHCOEHUU DJIEKMPUUECKO20 MOKA NO NPOBOOHUKY & OKPYICAIOUEM
npocmpancmee 803HuKaem maznummuoe noie. llpu npekpaweHuu moka MazHumHoe noje ucuesaem.

MarsuTHble JTUHUM — JIMHUM MHAYKLIHAH, BO3HMKAIOIIME BOKPYI IIPOBOJHHUKA, 110 KOTOPOMY IPOXOJHUT
TOK, pacrojararorcs Mo OKpYyKHOCTSIM, IEHTPOM KOTOPBIX SIBJISIETCSI OCh IPOBOJHUKA. DTO JIETKO J0Ka3aTh
IIPU IIOMOIIY HECJIOKHOTO OIIBITA.

|

BcraBuM B 0TBEpCTHE NTOJIOKEHHOTO TOPU3OHTAIBHO JIMCTA KAPTOHA MPOBOJHUK U MPOITYCTUM I10 HEMY
anekTpuueckuii Tok (puc. 29). M3 nakera HachIIUIEeM Ha KapTOH CTalibHbIe onmmikd. Clierka yaapsis najibleM
I10 JINCTY KapTOHA, 3aMETUM, YTO OIIWJIKU PACIIOJIAraroTCs BOKPYT IIPOBOJAHMKA B OIIPEAEICHHOM HOPSAIKE —
10 OKPYKHOCTSIM, COOTBETCTBYIOIIIMUM MAarHUTHBIM JIMHUSM.

ITpu u300pa’keHNU MarHUTHOTO TOJIsI, CO3aBAEMOI0 BOKPYT MPOBOJIHUKA C TOKOM, B IIEHTPE 3TOTO MOJIs
ITOKa3bIBAIOT HE BECh IPOBOJIHUK, a TOJBKO €ro ceueHune. Korzia Tok HalpaBlieH OT Hac, B KpyKKe, h300pa-
KAIOIIEM CEUCHHUE MPOBOJJHUKA, CTABSIT 3HAK «X»; €CJIM JK€ TOK T€UET K HaM, B KPY)KKE CTaBsT TOUKY (®).

HampasiieHne MarHUTHBIX JIMHAW OTIPEICIIIETCS TI0 IPABIITY OypaBYrKa, KOTOpoe (GopMyIupyercst Tak: eCiiu
MOCTYHaTeNFHOE IBIKEHUE OypaBUMKa COBMAIAET C HAMPABICHHEM TOKa B TIPOBOJIHUKE, TO HAIIPABJICHUE
MarHUTHBIX JJUHHUA COBIMAJAET C HAMPABICHUEM BPAIIaTEILHOTO JIBHKEHHS PYKOSITKH OypaBUHKa.

MarauTHO€E 10Ji€ BO3HUKAET HE TOJIBKO BOKPYT MPSIMOJIMHENHOTO TPOBOJIHUKA, 10 KOTOPOMY IPOXOAUT TOK,
HO ¥ BOKPYT ITPOBOJIHMKA, COTHYTOTO B KOJIBLIO. B 3TOM cilydae y KOJbLEBOr0 MPOBOJHUKA MOKHO
Pa3JIMYUTh, KaK y MOCTOSTHHOTO MarHuTa, JBa MOJI0ca — CEBEPHBIN U 10KHbINA. JJaHHOE CBOMCTBO
MarHUTHOTO TIOJISl KOJIBIIEBOTO MPOBOIHUKA UCIIONIB3YETCS B dlIeKTpoMaruuTax (cMm. § 42).
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Kak MBI BHIMM , BpamateinbHOE IBMKEHHE dgupa (KOTOpOe HAa3bIBAIOT MATHUTHBIM TI0JIEM)
CooTBeTCTBYET MpaBUITy OypaBUHKa.



TEITEPb PACCMOTPUM [IBA ITAPAAEABHBIX ITPOBOJIHMWKA C TOKOM,
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Bo3bMmeM aBa pacnoIoKeHHbIX PSAOM IPOBOAHUKA U MPONYCTHM Yepe3 HUX TOK
B pa3HbIX HanpaBJIeHUAX
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SENEHBIMM CTRENKSMK OE03HAYEHE! MMHMM TEYEHMA
SPMPHOTD M358 MATHMTHEIE BMXDK ST AMMEST Ta3. MEKLY
MNP0 E O LHAEARA NOGHAMAETC A SEMPHOE 18 E NEHME 1M

MO ECLHAEN PAcTSNKMESHTC A
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A EM#EHHE JNEKTROHOE i
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Ha AEa NapanenbHe: | NoCnegoEaTeNsHD COegMHEHHELY
MPOEOLHAES AEMCTEYET CHUNE PACCTaNKMESHMA 38 CHET
HEMHETAHM A MEKLY HAMK, SQEEpHO-MEMHMTHEIMM B AR
CEODOgHOM SdMpHOMD rasa. E
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Co0CHO OpUEHTHUPOBAHHBIE DJICKTPOHBI IBUTASCH B TIPOBOJHUKE CIAKUBAIOT CBOM BpallaTeIbHbIe MOMEHTHI U
3aKpy4YHBAIOT 3(UP BOKPYT MPOBOJIHUKA U B TPOBOTHUKE.

D¢upHBIii ra3 3aKkpydnBaeTCs 1Mo MpaBmily OypaBuMKa co3/aBasi 3PUPHBII BUXPb BOKPYT
MIPOBOJTHUKA,KOTOPBI MBI MOXEM HAOIIOAATh KaK MarHUTHOE TI0JIE C IIOMOIIIBIO KOMIIaca

Wnu MeTammm4ecKux OIMUIIOK.



D¢upHbIil BUXph(MarHUTHOE TI0JIE) JBYX MPOBOJIHMKOB C TOKOM MIYIIUM B Pa3HBIX HAIPaBICHHSX,
3aTATruBacT OKp}I)KaIOHII/If/i 3(1)I/Ip B IPOCTPAaHCTBO MECKAY IMPOBOAHHUKAMH ,TCM CaAMBIM CO3JiaBasi TaM
M30BITOYHOE JAaBJICHUE KOTOPOE PACTAIKUBAET IIPOBOTHUKH.
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Kak Mb1 BUIUM IIPOBOJHUKH PACCTAJIKUBAKOTCH, TAK K€ KaK U B yqe6H1/H<e (1)I/ISI/IKC.

Tonbko ¢ pa3HHIIEH YTO TYT HATMCAHO TIOYEMY OHH 3TO JeNalT J.

Tenepb ABa Mapa/luieJIbHBIX IPOBOAHHUKA, ¢ OAHUHAKOBBLIM HAalIPpAaBJCHUEM TOKA.

achlpHEIR ras BRITANKMEASTCA
B L AR DA ULAKD WARMC A B
O MHEKDE B HAMEE B NEHN A,

FENEHEIMM CTREMKEMK aG03HIYEHD MES LY MP0EOGHMEDE CO3asTCA
JLEMAEHIE NAMMHSIHO M 3ips PE3RAREHNE W OHK
MNPMTAMMESHTCA
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LB NapENENEHER NP0 EOGHKKS C TOKOM MY UMM B
O MHAKOE BIX HAMPDS B NEH AX - NEMT AMMERKDTCA
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31ech 1o mapauieIbHBIM MPOBOJAHMKAM TEUeT TOK B OJHOM HalpaBiIeHUH,00a 3()UPHBIX BUXPSI BPAIAIOTCS B
OJIHY CTOPOHY ,MEKly IPOBOJHUKAMHU CO3/1a€TCsl Pa3PsKEHUE , OH IPUTATUBAOTCSL.

TEINEPb CAMOE MHTEPECHOE Ml paccmoTpuM HPUMeP HHAYKIMH JIBYX NapajjejJbHbIX
NPOBOAHHUKOB,
Ha nByx npeauaymux npuMepax Mbl YBUIEIHM KaK MEXaHUUYECKasi JHEPTUs BPALLIEHUs MOXKET IIepeIaBaThCs
OT AJIEKTPOHOB 3(PUPY, TENIEPh MBI PACCMOTPUM OOpaTHBIM MEXaHU3M Tiepeadn
BpalleHus.
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CERBIMA AMHAARIA OOKa3aH
AfIMEHEA WS THATHEIN BHXpE
HE BEfEHHDN 200,

UEpHBIMIA, B[R

H& B0 A ULE M0 NP0 E O HAKS

D¢upHbIi(MarHUTHBIN) BUXPh CO3/IaHHBIN AJICKTPOHAMH B HABOJIAIIEM (CJIeBa) TIPOBOIHUKE

[TpoHuKas B mapajiebHbIH TPOBOAHUK(CIIPaBa) 3aKPYUYHUBACT, BHICTPAUBACT U pa3BOPAYUBACT BCE
3JIEKTPOHHBIE 000JI0YKH COCOCHO B IPOTHBOIIOJIOXHYIO CTOPOHY , B pe3yJIbTaTe Yero OHU MOBOPAYMBAIOTCS U
CIIBUTAIOTCS C CBOMX OPOMT MepENphIruBasl Ha Ipyrue, Ha HeOOJbIIOe PacCTOSIHUE, 00pa3yst TeM CaMbIM
HaBeneHHYI0 DJ]C B MpOBOAHKKE, BpalIasCh BMECTE AIIEKTPOHBI CO3/IAI0T CBOE COOCTBEHHOE
MarHuTHOE(3()UPHO-BUXPEBOEC)NIOJIC HAMPABICHHOE MIPOTUB MOJISI KOTOPOE €ro 3aKpy4nBacT.

Jononuenue: [Ipy MCUE3HOBEHUN BUXPEBOTO TOJISI B HHAYKTOPE

DJEKTPOHBI MMBITAIOTCS BEPHYTHCS HA CBOU MECTa ,0pOUTHI, OIISITh CO3/1aBasi IBHKCHUE B IPOBOIHUKE TO €CTh
I.TOK.

Ecnu 3aMKHYTB 271.11€11b HAXOIAIYIOCS HA PUCYHKE C IIPABOM CTOPOHBI, TO MPABbIM IPOBOJHUK OTTOJIKHETCS
OT JIEBOT'0, TaK KaK HEM Te€UeT TOK HAIIPABJICHHBIN B IPYr'yI0 CTOPOHY. /1 MarHuTHbBIE BUXPU BPAILAIOTCS IPYT

IIPOTHUB JIpPYra.

Ipocreiimasa nporuBod/IC
Ecnu 3akpenuTh napanseabHble POBOJIHUKU U JIEBBIH OyeT HAaBOIUTH 3JIC
a DIEKTPUUYECKYIO LEIb IIPaBOr0 IPOBOJAHMKA 3aMKHYTh. TO B IPaBOM IIPOBOJHUKE BO3HUKHET JJIC
IPOTHBOIIOJIOXKEHHAS 37IC B JIEBOM (HaBOISIIEM)IPOBOJHUKE. TAK KaK IIPOBOIHUKH 3aKPEILICHBI
TO BUXPHU MapaJUIEIbHBIX IPOBOJHUKOB OyAyT OOPOTHCS C APYT € APYTOM. 3aTPYAHSS ABUKECHUE
UX TPUYUHBI - JIEKTPOHOB. TaKOB MPUHLHUII IPOCTEUIIEH IPOTUBOI/IC, B POCTEUIINX IIPOBOIHUKAX.

BCE OIBITBI MOTBEPIK/ICHBI 3KCIIEPUMEHTAIIBLHO, JIJISI OTIBITA HHAYKIIHH JIBYX MMapauIeIbHBIX IPOBOJIHUKOB OBLT
WCII0JIL30BaH JAHHBIN JIeBalic ,Ha pUCYHKE MMOKa3aHa OydepHas gacTh
3JT . CXEeMBI. 3a/Ial0IIUN TeHepaTOp MPSAMOYToiabHBIX uMITYIIbcoB 40 krir. CoOpan Ha UC3845



nuTanue cxemsl 15 BosbT 6 amnep. [IpumepHoe paccTosiHue Mexay AByms ipoBogHuKamu 1-0.5 mm.

namnodks B
BONET 30 ma

TpaHsMcTop irfg40
PESMETOR B LEnK
3aTEORa 300 an

BBuny HEecoBepIIeHCTBA CXEMbI M HU3KOM 4aCTOTHI T€HEPATOPA,

KooduuueHT tpanchopmanmy 1 BEIX01 0UY€Hb HU3KHH, 6 BOJIBTOBAs JIAMIIOYKa ropera

B tpetp Hakana, HO 3((EKT TOCTUTHYT.
BoiBoabI . 00bIYHOE 3JIEKTPHYECTBO 3TO CMEIIAHHBIN TeuyeHne JaMHUHAPHOro 3¢upa u 3¢upa B
(opMe CBOOOIHBIX JIEKTPOHOB.(TOPOUAAIBHBIX 0YOJIHKOB Y(PMPHOTO rasa)
MarnutHoe noJie —3¢up B Buje 3aMKHYTHIX Fa30BbIX BUXPEN.

IHOJIE BUTKA C TOKOM

HOfIIICM AaibllC, TCIICPb Mbl YCOBECPUICHCTBYEM CBOIO KOHCTPYKIHIO,BO3bMEM ITPOBOJHHUK C TOKOM H
CBCPHEM €TO B BUTOK.
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MBI BUAMM YTO BUXPH BOKPYT IPOBOJTHHUKA C TOKOM II0 MPaBHITy OypaBUMKa CO3[aeT TOPOUAATIHHO
LUPKYJIHMPYIOLIEe BUXPEBOE IOJIE.

Ho Tak kak BUXpb HE TOJBKO KPYTUTCS BOKPYT MPOBOJIHKUKA HO €IIe U JABMKETCsI(IpaB/ia ¢ MaJIeHbKON
CKOPOCTb 3aBUCSIICH OT HANPSHKEHUsI.) TO (hopMa BUXPsI IPUOOPETACT HE TOJILKO

TOPOUAATBHOE HO M CJIa00¢ BUHTOBOE JIBU)KEHHE 3aMETHOE Ha BHICOKUX HANPSDKEHHUSAX (CKOPOCTSAX TOKA).

BUTOK ¢ TOKOM OCHOBA ITOYTH BCEX 3JI.MATHUTHBIX YCTPOUCTB.
CnoKuM BUTKHU C TOKOM U MOJTYYUM NPOCTEHUIIYIO KaTYIIKY

KATYIIKA C TOKOM

OOpaTtuTe BHIMaHHUE YTO BUTKH CO3/AI0T BUXPEBOE IOJI€ TOJILKO BO3JIEe ce0s ¥ 0YCHB caboe ToUTH He
3aMETHOE BUXPEBOE MMOJIC N0 BCEH IUIOMIA M KaTyIku (0003HAYCHO 3€JICHBIM I[BETOM)

TO €CTh B OOBIYHOM KaTyIIKE BUXPEBasi JHEPTHUS MOJICH MOUTH HE CIIAXKUBACTCS M BUXPH 3(Hpa BpalaroTcs
TOJIBKO BO3JI€ IPOBOJHUKOB HE CIIAXHUBASICh B OOIINI TOPOUAATBHBINA BUXPb.

CuTyanuio MOXHO U3MEHUTH BBE/IS B KaTYIIKy CEpJCUYHUK U3 (eppOMarHUTHOTO MaTepHaa.

O¢upHbIE BUXpU BUTKOB C TOKOM IOJIIPU3YIOT IIOBOPAYHBAIOT ATOMHBIE OPOUTHI B (peppOMArHeTHKE B OJTHOM
HAIPABIICHUH CKJIQ/IbIBAsi BEKTOPHI YCHIJIMBAIOT CBOUM BpAIllEHUEM TeueHue d(hupa uepe3 MaTepuio
dbeppomMarseTuka.



Bo06mem o nmoBoay ¢eppoMaraeTuzmMa B yueOHUKAX U HAyYHBIX MaTepHrajjaxX MHUIIYT 4TO YTO TO TaM KyJa TO
TaM OPUEHTUPYETCS ,KAKUETO BUPTYAIbHBIEC JIOMEHBI TO IOBOPAYMBAIOTCS TO CIIAXKUBAOTCH.

oObryHast pu3MKa TUMO TIOKA HE B Kypce UTO Takoe (heppoMarHeTu3M. KpoMe TOTO YTO OH YCHIIUBAET
MarHUTHOE ToJie.(hu3KKa BOOOIIE B TOJIHOM HEBKYPCE, a KTO B KypCce TOT CUANUT M TIOMAJIKUBAET.

[TomecTHB cepA€YHMK B KaTYIIKY MBI CI€TIAJIN DJIEKTPOMAarHuT, (heppoOMarHuTHBIN CepAeUHUK
B KOTOPOM TOPOUJANBHBIA MarHUTHBIA BUXPh BO30YXKIa€TCSI BATKAMU C TOKOM.

U erie oHO 6a30BOE MOHATHE KOTOPOE HAM IMOHAI00UTCS.
MHEPIHUSA mace

WHepius HHTEpECHOE SBICHNE KOTOPOE TpeOyeTcest i 60Jiee OTHOTO TOHUMAaHUS KapTUHBI
sadupoctpoenus. [louemy MBI He BCTpeyaeM CONIPOTHBIICHHS CBEPXIUIOTHOM cpebl —3dupa.

Ecnu Hamm tena cienansl U3 3¢upa a ero INI0OTHOCTh OTPOMHA ITOYEMy TPH JIBKEHUU B HEM MBI HE
BCTPEYAEM CTOJIb CEPbE3HOIO COMPOTUBIIEHUS ,HA 3TOT BOIIPOC HAM OTBETUT - MHEPLIUS.

WHEPIIUS - IPU JIBMOKEHUH MaTepuu yepe3 3QUPHBIN ra3 HeWTPOHBI IPOTOHBI U T/ (4aCTUIBI MATCPHH)
HAYMHAIOT PACKPYYHBATHCS BCEM CBOMM TEJIOM BCTpeyasi CONPOTUBIICHHE 3(QUPHOTO Ta3a MPOXOISIIEro yepes3
HUX KaK 4yepe3 JIOMACTHOW Hacoc , (CIIOBHO POJIMKH KATSIIAECS MO TIOBEPXHOCTH) TEM CaMbIM IPOKAYHBAsI
yepe3 celst, Mexay coboit a¢hup, paboTast Kak HACOCHI. IPH STOM Macca UCTIBITHIBAET HHEPIIMOHHYIO HArpy3Ky
KOTJIa IPOUCXOIUT PAa3TOH PACKPyYMBaHUE(aTOMOB) , M SHEPTHUS TPATUTCS HA COMPOTUBIICHHE



pacKpydMBaHUsl, U KOTJa MMPOUCXOIUT OCTAHOBKA U SHEPTUS KPYUCHUS TSIHYILAs 23U MEPEXOTUT B TATY
KOTOpast MOATAIKUBAET TEJIO B CTOPOHY OBIBIIIETO JIBUYKCHUSI.
(cuMTaro TEOpHIO MHEPLUH CaMbIM OOJIBIINM M3 JOCTHKECHUI MOETo MoHNMaHusiJ)

TPAHCO®OPMATOP nepeMeHHOro HanpsKeHUs

Bcex nnTepecyer kak padoTtaet TpaHchOpMAaTop , y HETO €CTh NEPBUYHAS U BTOPUYHAsE 0OMOTKa,
MarHuTONPOBOJ .

DNeKTpUUECKUi TOK poTeKas 1o oOMoTke 1 co3aaeT B cep/ieYHHKE MarHUTHOE T10JIE OTIPeIeIEHHON
MOJIIPHOCTH , B CBOIO O4epeNbI(UPHBIN T'a3 MArHUTHOTO TOJISI TPOXOSl Yepe3 BUTKH BTOPUIHON OOMOTKHU
MOBOPAYMBACT U CIIBUTAET JIEKTPOHBI CO3/1aBast KPATKOBPEMEHHYIO 3/IC BO BTOPUYHON OOMOTKE . €CIH
3aMKHYTb 9JI. IIeTlb BTOPUYHOM OOMOTKH TO MO Hel MOTEYeT TOK B 00paTHOM HalpaBJICHUH M KaTyIIKa
BTOPUYHOM OOMOTKHM HaMarHUTUT CEPJICUYHUK B HAIIPABJICHUN MPOTHBOTIOIOKHOM IEPBUYHON KaTymike. Uto
BBI30BET HaBe/ICHUE MTPOTHBOIOJIOXKHOM 3JIC B IEPBUYHON 0OOMOTKE MarHUTHBIM T0JIE BTOPUYKH. J[Ba pa3HO
MOJIIPHBIX MAarHUTHBIX BUXPS HAYHYT KOHKYPHPOBATh MEXIy cOo00ii .
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MEMHMTONROE QL HA PMCYHKE PASAENEH Ha 0BE
JacTM 404 GONEE NEfO NoOHKMSHKA NPOLUECCO B
HEME THIAYI E 3H A

OTcrozia MBI BUIUM 9TO TpaHchopmatop npu Teoperrnueckom km 100 %
be3 yuera nmoteps. BrigaeT Ha BBIX01e MOIIIHOCTD B3ATYIO Ha BXOJE,
be3 kakux nmu60 npubdaBok.

JUst MarHUTHOTO TIOJIS TpaHC(hOpMATOpa MBI MOKEM BBECTH JIBE OCHOBHBIC
€IMHHULIbI U3MEPEHNS MOIIIHOCTH

CKOpOCTh JBMXKEHUS U U3MEHEHUS 3(UPHOTO NOTOKA.

KonnuecTBo 3¢hpupHOTO MOTOKA MPOIIEAIIETO 3a EAMHUIYY BPEMEHH.

Eme mapy sxkcniepuMeHTOB ¢ TpaHCchopMaTOpaMu
HamoTaem Ha (heppHUTOBOM cepaeUHUKE BOT TaKyIO KAaTYIIKY,
[Toxoxa Ha EM aHTeHHY, €€ IPUHLMII 51 ¥ UCITOJIB30BAJI B HAMOTKE .



3n1ech 0OMOTKA JI0 CepeTMHBI CTEP)KHSI HAMOTAHA B OJHY CTOPOHY ,C CEpEIMHBI HAMOTKA HJIET B IPYTYIO
CTOPOHY.

[Tonagum nepemMeHHOE HanpsHKeHHeE , st mojaBat 50 kriy 12 BOJBT .HIUYETO HE MPOUCXONT . BBl CKaXKeTe
MarHUTHBIE TIOTOKK B3auMO yHUUTOXatoTcs! ? Hamoraem Ha Hee BTOPYI0 0OMOTKY OOBIYHBIM CIIOCOOOM ,

Ha BBIXO0JI€ BTOPUYKH - HAIIPSDKEHUS HET.
Teneps Bo3bMeM HaMOTaeM BTOPUYKY TEM XKe CIIOCOOOM UTO TIEPBYIO OOMOTKY



Ha BbIxose nmomyunm 37c.

BOT 4TO IpOMCXOUT B CEpACYHHKE MPH BKIIOUYEHUH 0OMOTOK NMPOTUBO(]A3HBIM CITIOCOOOM BJIOJIb CTEPKHSI.
Ha ¢eppute criokoifHO y>KUBAIOTCS JIBa MAarHUTHBIX BUXPSI OPHEHTHPOBAHHBIEC OJIMHAKOBBIMH

ITomrocamu pyr x apyry.
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06paT1/1Te BHUMAHHE YTO BCC CCPACUYHUKU HAPHUCOBAHbI KaAK MAarHUThI IJIs 0oJiee JIErKkoro MOHUMAaHHUS
mponeccoB . Ipyu NCPEMCHHOM TOKEC IOJIFOCA 6YZ[YT IIOCTOSAHHO MCHATHCA MCCTaMU.

KOMMGHTapI/IeB CTAHOBHUTCS BCC MCHBIIIC U MCHBIIC, IIPOCTO YCTAaI MHMCaTh!

MATHETUKHA

IIpenmnosoxxy 4T0 MarHUTHBIE CBOMCTBA MaTE€pHala 3aBUCAT OT KOJIMYECTBA U OPUEHTALIUH JJIEKTPOHOB Ha
KpalHMUX DHEPreTUYECKUX YPOBHSX aTOMa, YK€ YIIOMUHAI YTO 3JIEKTPOHBI KaK JIOMACTH , UMEIOT MPSAMON
KOHTAKT ¢ OKpyxaromuM 3¢pupoM. Tok apupHOTO raza npoTekas yepes3 MaTepHio BEIECTBA, OPHEHTHPYS
CTIIMHBI aTOMHBIX OPOUT MapauiebHO, MOJIyYaeT JIH00 YCKOpeHHe JIU00 ToOpMOoKeHne. UTo 3aBHCUT OT
KOJINYECTBA U OPUEHTALIMH JIEKTPOHOB Ha

KpalHUX YpOBHSIX.

JlnaMarHeTUKU - 3aTPYJHSIOT IBMOKEHUE dupa

[TapaMarHeTuku — HEUTPAJIBHBI, TO €CTh CHJIbI TOPMOKEHUS U YCKOPEHMS CIIAKUBAOTCS
deppoMarHeTHK - YCKOPSIOT IBMXKEHUE dupa.

Menp — tnaMarHeTuk, OJUH IEKTPOH Ha BHEIIHEM YPOBHE

AJNIOMUHUI — TapaMarHeTHK, TPU 3JIEKTPOHA HA BHEIIHEM MarHUTHOM YPOBHE.

Keneszo — heppoMarHeTuk , 4eThIpe JIEKTPOHA Ha BHEIITHEM YPOBHE.

YroObl OoJIee TOUHO, HY’KHO pa30oHupaTbes, B MPUHLIUIIAX CTPOSHHUS aTOMOB U padOTHI MAarHETHKOB.

IJHEPI'UA
Kak mosyunts »3HEpruto 6e3 0coOBIX 3aTpaT Ha €€ MPOU3BOJICTBO, CaMasi Hy)KHasi SJHEPTHUSI KOTOPYIO MBI
MO>KEM I0JIy4aTh ATO AIEKTPUUECKasl.



TyT s HanWITy TEOPETUIECKUE MPEATIOTIOKEHUS O BO3MOKHBIX CIIOCO0AX €€ MOITyUCHHSI.

Ecmm Mb1 3(1)I/IpHI)IM BUXPEM MAarHuTHOI'O IMOJIA CO3AaCM JABUKCHHUEC U OPUCHTALIHUIO DJICKTPOHOB B BUTKAX
TpancopmaTopa

nouemMy Obl HAM HE TPOCTO HE PA3TOHATH AIPHPOM DIIEKTPOHBI B IPSMOM MTPOBOIHUKE MM BOOOIIE HE THATH
cam 3(pup BMECTO HIEKTPOHOB 03 BCAKOM MPOTHUBOIIC U MPOUeii HEHY)KHOHN epyH/IbI.

D®UPHBLIA TOK
[Tpu3Hatock 51 cHavasa ImpeAroiarai yTo A3Qup TeYeT B OJIHY CTOPOHY C JIEKTPOHAMH, BCE OKA3aJI0Ch HE TaK B
OJIHOYAChe, KaK TO IlepeunThiBas nateHT Tomaca bpayHa.
S mMor OBl mepenucaTh 3Ty CTaThiO , HO PEIIWI OCTABUThH TaK , MYCTh OY/ET B Mporiecce TROpeHusJ
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N306paxenue B3sTo u3 marenra 3,187,206 Patented June 1, 1965
ELECTROKINETIC APPARATUS
Thomas Townsend Brown, Walkertown, N.C.

51 moHsu1 9TO 3Up TEUeT OT ILII0CA K MUHYCY, BCE IMTOCTEIIEHHO CTAI0 HAa CBOM MECTA, 3TO OOBSICHSET Jaxe
MUpHUYECKHE IBIPKU P-N-P MOJIyITPOBOAHUKOBBIX MEPEX0JaX TPAH3UCTOPA.

Hpipku —3¢up J HaBEpHO KTO pazpabdaThIBas NOIYIPOBOIHIUKOBEIE MPHOOPHI 3HAT UCTHHHOE
MIPOMCXOXKACHUE JBIPOK, HO ceifyac He 00 3TOM.

D¢upHBIif ra3 B MPOBOJAHUKE ABIKETCS HABCTPEUY JIEKTPOHAM Kak ObI 3ameniasi 00pa30BaBIIyIOCS ITyCTOTY.
S yxe yHoMHMHaJ 4TO 3J€KTPOHBI B IPOBOJHUKE KaK JIOMACTH TYpOMHOK, Bpallasich OHU OTTAJIKUBAIOTCS OT
adupa IBUTAACH BIEPE , TEM CaMbIM BBITAIKHUBAs ApHp Ha3ax. DPUp U 3JIEKTPOHBI HUPKYIUPYIOT BHYTPU
IIPOBOJHMKA 3aMeliasi Ipyr apyra.

CkopocTb IBIKEHUS 3(hrpa B MPOBOJHUKE KaK YIIOMUHAJIOCHh paHee BeChbMa Malla.

Kak MBI MOJKEM €€ YBEeITHYHTh, CaMbIid TIPOCTOM CIIOCOO — MOTHSTH HanpshKeHue! (CKOPOCTh ABHKECHUSI
AIIEKTPOHOB)

KoponHnslii pa3psn.
B BBICOKOBOJIBTHBIX IIETISIX MBI MOKEM HaOJr0/1aTh KOPOHHBINA Pa3psifl, €ro MPOUCXOKICHHE HE CIIOXKHO, IIPH
BBICOKHX CKOPOCTSIX (HanpsOKEHHSIX) 3HUPHOTO ra3a U 3JEKTPOHOB, OHH MPHOOPETAIOT JOBOJBLHO OOJIBIIYIO
MHEPIUI0, KOTOPOW XBAaTaeT YTOOBI MOKWHYTH MPOBOJHUK, BBIJIETAs U3 IPOBOTHHUKA JIEKTPOHBI TPATAT CBOIO



SHEPTUI0 HA HOHMU3ALUIO CPEbl U MBI BUJIUM CBEUEHUE,B HAILIEM CIIy4ae 3TO CBEYEHHE HOHU3UPOBAHHOTO
BO3/1yxa(CBeUCHHE MOXKET OBbITh B JTFOOOM rase). Dpup IBUrasich MPOTUB JABMKEHUSI IEKTPOHOB HA000POT
3aXOJUT B IIPOBOJHUK U3 OKPYXKAIOILIEro MPOCTPAHCTBA .

Paccmorpum mmpumep.
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Ha HeM MBI BUAMM 4TO MarHUTHBIN TOTOK 3(UPHOTO ra3a MepeceKkaeT BA0Jb MPOBOIHHUK PACTION0KESHHBIN
PSIOM C KaTyIIKOH, TEOPETUYECKH OH JOJDKEH CO3/1aBaTh JABIKEHHE dHpa B MIPOBOJIHUKE, HO €CITU
MIOCMOTpETH pasziesl KATyIIKa ¢ TOKOM

Kapruna okaxeTcs BOT Takou
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371ech BUTHO 4TO
KaKJpli BUTOK IPOBOJIHUKA C TOKOM CO3/a€T BOKPYT ce0s1 MaJIEHbKOE BUXPEBOE T0JIE , KOTOPOE NMEPECEKAET
HaIl POBOJIHUK, HE M0 BCE IUIOIIAN a HAIIPOTUB KaXA0ro BUTKa. OTCI0ja TOKAa MaJio MOJYYHILb.

Ha nomomis npeiiaer unepuus!

VYBeNnn4MB HAMPSDKEHHUE Ha KaTYIIKE ,Mbl PAa3TOHUM MAarHUTHBIA BUXPH JI0 CKOPOCTH KOTJIa S(UPHBIN Ta3
HA4YHET OTPBIBATHCS OT BUXPS U YXOJUTH B IIPOBOJIHUK, TENEPh Mbl HE HABOJAUM 3/IC B IPOBOJHUKE B MPSIMOM
CMBICJIE ATOTO CJIOBA - BpaIasi JIEKTPOHBI . MBI IPOCTO pa3roHsieM 3¢up 1o npoBoaHuky! Ham He Hy)HO
JIBUKEHUE JJIEKTPOHOB, JTO JIMIIHEE.

Eme Tecna B cBoux paboTax OMUCHIBAII YTO HAJ] €T0 BEICOKOBOJIBTHBIM TPAaHC(HOPMATOPOM JIbIM YBIEKAETCS B
BEpX, HABEPHO 3TO OBLJI HE POCTO CKBO3HAKJ, a Te4eHue d(pupa yBIIeKauo IbIM 3a cOOO0H.

1.) YcoBepieHCTBOBAaTh KOHCTPYKIIMIO MOXHO MOJI00paB MaTepual MPOBOTHUKA JUIS CheMa d(pUPHOTO TOKa,
JIy4dlIe BCEro MoJ0MAET HEUTPaIbHbIM IApaMarHEeTUK, aJIFOMUHUM U T.1 .

OH nyuie Bcero OyaeT mpoBOIUTH d()UPHBINA TOK ,HE yIaBIMBast €T0 U HE OTTAIKHUBASL.

2.) I3MeHHUTh KOH(PHUTYPAIMIO BUTKOB KAaTYIIKH U3 KPYIJIBIX HA TPSMOYTOJIbHBIC.

3.) YIIPOCTHTH KOHCTPYKIIHIO MBI MOXKEM CJICJIaB HABOJISIIYIO KaTYIIKY B BUJI€ BTOPUYHON 0OMOTKH
TpaHchopMaTopa WK aBTOTpaHchopmMaTopa.
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Emre Goniee ycoBepIeHCTBOBATH MOXKHO OT(QHIBTPOBAB AIIEKTPOHBI OT (GHPHOTO TOKA,
MO’KHO C TIOMOIIBIO pa3psiia, YIEKTPOHBI BBUIETEB OYAyT TPATUTH CBOIO SHEPTUIO HAa MOHU3AIUIO, IEPEX0Is B
TEIUIO U CBEYEHUE, FPHp ke OyAeT CBOOOTHO UPKYIUPOBATH IO IIETH JAJIbIIE .

EcTh BapuaHT pa3roHsATh 3pup B IPOBOJIHUKE KATYIIKOW U 0€3 BRICOKO HAIPSHKCHUS, HO JTOJDKHO OBITh

ycIioBue 4To 3up OyAeT MpoTeKaTh He BOKPYT KaXKIOTO BUTKA a IO OONIEH TUIOIa N KaTYIIKH, TPH 3TOM
YKEJIaTeJIbHO HE 3aMKHYT.
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Taxue criocoObl BO30YXIeHHS 3(PUPHOTO TOKA COJICHOUAMHU CYIIIECTBYIOT,



He Oyny ux 31eck onuchIBaTh , TEM 00JIEE UTO Y HEKOTOPBIX U3 HUX €CTh aBTOPBI.
JlJ11 TeOpUH 3TOTO BIOJIHE AOCTATOYHO.

S®UPHBIN JBUT'ATEJIb
MBI OHSITH YTO OOBIYHAS KATYIIKa WK JIEKTPOMArHUT 3TO Kak TypOuHa 1ist 3¢upa, eciiu ecTb TypOHHA TO
noueMy Obl HE UCIIOJIb30BaTh €€ /ISl ABWKEHUS, TaK CTpa3y HE MOJIyUYUTCS, YBBI.
[Touemy? IToTOMY YTO MarHUTHBINA BUXPh CO3/IaBAEMBI DJIEKTPOMATHUTOM KaK U OOBIYHBIM MarHUTOM
3aMKHYT Ha ce0sa! B Topousne. [l Toro 4ro0sl co3/1aTh PEaKTUBHBI MOMEHT TATH HY)KHO 3aKpYTUTh BUXPb
adupa , ¥ He JOMYCTUTh YTOOBI OH 3aMKHYJICS B TOPOHJANIbHBINA. TO €cTh MarHUTHOE TOJIE.

Crnioco6 mosy4yenust 3pUPHON TATH ,TAKOH K€ KaK u 3PUPHOTO TOKA.
[Tpore BUAMMO pacKpyTHUTh Kakue HUOYIb MEXaHUYECKHE MAcChl 4TOOBI JOOUTHCS ATOTO A dekra. Takue
cnioco6s! onucanbl B BUMAHUKA HIACTPA, cnioco6s! OCTPOMKHN BUMaH.

TOPCHOHHOE ITIOJIE
Kak u m000ii ra3, 5KUIKOCTh - 3QHUP COCTOUT U3 YACTHI] . AIIOKOBCKUH Ha3biBaeT ux amepami, llumos
¢duronamu, Knnm — atoMossiMu, KaXk/Ipli mucaTens 3QUpHOI TeOpUH NMPUIYyMBIBAJ €if Kakoe HUOYIb
Ha3BaHME, 5 @K 3alyTajicsiJ HO Kak ee He Ha3blBall YaCTHIIA OT 3TOTO HE MEHSIET CBOEH CYIITHOCTH.



YacTuiia COCTONT U3 IBYX YPaBHOBEUICHHBIX BUXPEH ,HapyIIas OalaHc , pa3nelnsis, 3aKpydanBas dpup Mol
noJisipuzyeM 3UpHBIN ra3. DPup NONIpU3yeTCs MOYTH BCEM YEM yroJIHO, B pa3Hoi cuie. YeM To ciiabee ueM
TO cribHee. [IpocTeimmii mpumep U3mydaress MoJIIpu30BaHHOTO Kosiebanus ddupa - EM aHTeHHa.

JKuBble MaTepun UCTIONB3YIOT TOPCHOHHOE T10JI€ sl HH)OPMAIIMOHHOM CBSI3U JIPYT C IPYTOM.

[TpoGnema uccnenoBateneit 3¢pupa, COCTOUT B TOM YTO OHH CTAIKHBAIOTCS C CHIIBHBIMHA TOPCHOHHBIMH
MIOJISIMU JIOBOJIBHO YacToO, TEM CaMbIM MOTYT HaBPEAUTh CBOEMY 3/10POBbIO U IICUXHKEJ

Bbosee-menee momysisipHO ¢ TOPCUOHHBIM II0JIEM BBl CMOXKETE 03HAKOMUTCSL B KHUTE
"' HunoBa «Teopust HU3NIECKOTO BAKKyMa» B MOMYJISIPHOM U3JI0KEHUU» J

BPEMA#

Bosbiryto paboTy 1o uzydueHuto BpeMenu copepii Hukounait Anekcanaposuy Ko3bipeB acTpoHOM
acTpo(u3uK.

S mo aTOMy MOBOAY MOTY CKa3aTh TOJIBKO YTO BPEMSI ATO BpalllEeHUE — BPAICHUE BUXPEUN YaCTHUIL HALLICH
MaTepud.. BpalieHne mpouCXOIUT B Cpefie ,TO €cTh B 9UPHOM Ta3e, IJe ra3 IioTHee, 0oJiee
CKOHJICHCHPOBAH BpAIICHHE YaCTHIl MEJJICHHEE - BPEMs TeUET MEJICHHO, TJIE Ta3 pa3psikeH 0oliee K
mapooOpa3HOMY COCTOSIHUIO YaCTHIIBI IBUTAIOTCS OBICTpEE - TaM BpeMsl TeUeT ObIcTpee.

Bot u BCe.

Teopust TpeOyet nopabOTKH U OOCYKJICHHS .[TOTYEPKHY IPABMIILHBIX JTIOPaOOTOK ¢ Baliel cTopoHsl. He Hao
HOPTHTH €€ OpeIoM, JIe30# B Hallle BpeMsl BCETO 3TOTO XBaTaeT

Jmutpuii CepreeBuu b**** . aka batt

(B**** - moTomymITa Tak criokoiHenJ)
9 suBapst 2010 rog.



