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Teopus o6uieii rpaBuTaANUN

UYrtoObl MOHATH CYyTh MOEH TeopuH, He 00s13aTeIbHO UMETh YUEHYI0 cTerneHb. HarnpoTus, eciu
Barm Mo3ru He 3acopeHb! a0IOHHBIME (hpa3aMu M MaTeMaTudeckuMu popMyiamMu odnagas 6ora-
THIM BOOOpaKeHHEM M aOCTPaKTHBIM MbIIIUIEHMEM, Bbl ObIcTpee cMOxeTe MpeAcTaBUTh cede Mpo-
LIECCHI U SIBJICHUSI, KOTOPBIE 51 TIOMBITAI0Ch OOBSICHUTH Aajiee. He cTouT nckarh NOATBEPIKICHUS MOEH
TEOPUH B KHUTaX M y4YeOHMKAX, TaK KaK OHA MOJTHOCTHIO WJIM YACTUYHO MPOTUBOPEUUT OOIIECTPUHSI-
THIM COBPEMEHHBIM TEOPHUSIM.

Teopuu, TOJIBKO Ha3bIBAIOTCS COBPEMEHHBIMH, HA CAMOM K€ JieJie OHU ObLTH C(pOPMYITMPOBAHBI,
B JIyUIlleM CJIydae, JIeT CTO Ha3aj, a MOCJeAYIONIe CTO JIET MO HUX IBITAIUCh MOJOTHATh Pe3YIib-
TaThl SKCTIEPUMEHTOB, cOOpaTh HEOOXOAUMBbIE (DAKTHI, TIOATBEPKIAIONINE TPABOTY TUIIOTE3, a eCIIH
BO3HUKAJIM MHBIE (DAKThl WM KaBEP3HbIE BOIPOCH], TO UX MONPOCTy He 3ameuanu. U naxe eciu Bcé
MIPE/INIbHO SICHO U He BO3HMKAET HUKAKMX BOMPOCOB, BIIJISTHYB Ha OOBIIEHHOE MO/l IPYTUM PaKyp-
COM, BOIIPOCHI MOT'YT BO3HUKHYTb. [IpocToii mpumep. Co BpeMEH ipeBHErpeueckux puaocogoB Mbl
3HaeM JIeMEHTapHbIe IOHATHSI B TeOMETPHH, UTO TAKOE TOUKA, TpsiMast, II0cKocTh. Kazanock Obl, 4To
MOKHO HOBOT'O CKa3aTh PO TOUKY, MOCTABJIEHHYIO KapaHaaioM B TeTpaau? Huvero. A ner. Eciu Ha
3Ty TOUKY B3IJISIHYTh IJIa3aMU COBPEMEHHOTO YeJIOBeKa, a He APEBHETO I'peKa, TO MOKHO MIepeBEPHY Th
BCIO TEOMETPHUIO C HOT Ha rosioBy. B 3amMKHYTO# cucteme «3eMiIsi» re MpOoKUBAIKM JpEeBHUE T'PEKH,
MOXHO OBLJIO TIOCTABUTh TOUKY U HAYEPTUTH PSAJOM MPSIMYI0, KOTOpask MPEACTaBIsET COOON MHOXe-
cTBO ToYeK. Ho coBpeMeHHBIN 4eIOBeK MOKET MONTH JANIbIle ¥ PACCMOTPETh 3Ty TOUKY B CUCTEME
BcesieHHo!. YTo n3Menmiocs? M3menniack cucrteMa koopausar. [lnanera 3emiis Bpaiaercsi BOKpYT
CBOEH OCH, JIETUT IO OPOUTE U TaK JIaJiee TO 3HAUMUT, YTO HaIlla TOUKA MOCTOSTHHO MEHSIET CBOE MECTO
TIOJIOXKEHHUSI, TO €CThb IIPEBPATIIIACH B KPUBOJIMHEWHbIN OTpe30K. [IpsiMast TuHMS, cOCTOSAIIAS U3 MHO-
’KECTBA TOUEK, PEBPATUIIACH B UCK PUBJIEHHYIO TIOCKOCTD. [1pH 3TOM cTerieHb KpUBU3HBI yCTAHOBUTD
OYeHb TPYIHO, TaK KaK BpallleHne 3eMJIM BOKPYT CBOEH OCH HAKJIAbIBAETCS Ha BpaIlleHUe e€ BOKPYT
CornHita, KOTOpOE B CBOIO OYepe/b BpallaeTcsi BOKPYT IeHTpa MiieuHOro myTH M Tak Jasiee. Moi
MIpUMep HU B KOEM CIIy4ae He OTPHUIAeT TOUKY KaK TaKOBYIO, OH TOBOPHT JIMIIb 00 OJHOM, YTO Ha
po0ieMy MOXHO CMOTPETh MOl pa3HbIMU yriamu. HyXHO ymMeTh mpaBUIbHO 337aBaTh BOIPOCHI U
MCKaTh HA HUX OTBETHI HE B KHUTAX, a B TOJIOBE.

Mos Teopusi posiBUIach He cpasdy. BHavasne s 1300pEN aHTUrPaBUTAIIMOHHBIN JIBUKUTEIb,
KOTOPBII COTIACHO PACYETHBIM (pOpPMYJIaM U 3aKJIIOUYEHUSIM (PU3UKOB MOXKET HE TOJIBKO JIeTaTh, HO
Y TIOJIHUMATh TPY3bl. S TOBOPIO O 3aMKHYTOM CHCTeMe, KOTopasi, He OTTAJIKHBAasiCh OT BO3[yXa, HE
BBIOpACHIBAS PEAKTUBHYIO CTPYIO, B3JIETAET, UCIONIB3Ys CBOIO Maccy. Ha ocHOBaHMM NpuHIIMITIA AeH-
CTBUSI aHTUT'PABUTALTMOHHOTO JIBHKUTEJIS 51 TOCTENIEHHO JOMIEN A0 MOHUMAHUSI TPUPOIbI BCEX sIBJIe-
HU, npoTeKaoinux Bo Beenennoi. Ho 4yToObI MX MOHATH, HEOOXOAUMO MEPECMOTPETh U YTOUHUTD
OOIIETIPUHSATHIE TEOPHU. MOXKET 3TO U HYAHO, HO 03 3TOro HUKY/A.

W tak monbiTaeMcsi B3ISIHYTh I71a3aMU COBPEMEHHOTO YesIoOBEKa Ha TEOpHIO, KOTopasi Obuia
copmynuposaHa emi€ B XIX Beke MakcBesuioM 1 TOMCOHOM, TEOPUIO MPUPOABI «ITEKTPUIECKOTO
ToKa». Yto 310 3a siBnenue? Ha Bce Jin BOMPOCH OTBETUIN YUEHbIE?

Tepmun «anekTpuaectBo» BBEN em€ B 1600 rony Yumbsam ['mis6ept. B 1729 rony anrmmuanus
CruseHn ['peil mpoBEN OMBITH MO Tiepeayue MeKTpuuecTBa Ha paccrostHue. B 1733 rony dpaniny3
[lapns diode ycTaHOBHI CYIIECTBOBAHHE JBYX THIIOB JIEKTPUYECTBA, CTEKJISTHHOTO U CMOJISTHOTO.
[TepByto Teopuio snekTpuuectBa B 1747 rogy co3nan amepukanel] b. ®@paHkinH, KOTOpbIA paccMat-
pUBaJl EKTPUUYECTBO KaK «HEMAaTepUAIbHYIO KUAKOCTb» (pimona. Maiikn dapaneir B 1831 romy
OTKPBIBAET SIBJIEHUE IEKTPOMArHUTHOW MHAYKUMUH, B 1834 rony BBOIUT MOHATHUS EKTPUIECKOTO
u mMarHutHoro nosieid. B 1897 roay IIxxo3ed ToMCOH OTKpbIBaeT MaTepuaibHblii HOCUTEIb JIEKTPH-
YecTBa — MEKTPOH, MECTO KOTOPOTO B CTPYKTYpe aToMa BIIOCIIEICTBUM yKazas DpHecT Pesepdopm.

Kak Bumum, Teopust afieKTpruecTBa He POAMIIACH B OJHOUYACKE, & BHIHAIIMBAIACH M CO3peBaJIa
JOJTHE TOAbI U Jake BeKa. TepMHH 3IeKTPUYECTBO MPOU3OILIO OT IPEUYECKOro CJIOBA «3EKTPOH» —
SIHTapb, TaK KaK MPHU TPEHUH O IIEPCTh OH HAUMHA MPUTATUBATH IpeMeThl. IHTepecHoe aeno moiy-
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yaercs. Papajeil 3aMeTHI1, YTO BOKPYT IIPOBOJHUKA C JIEKTPUUYECKUM TOKOM BOZHUKAET JIEKTPH-
yeckoe MoJse. Takoe ke 1osie BO3HUKAET BOKPYI CTEKJISIHHOM MAJOYKH, €CIM €€ MOTEPETh O IIENK.
[Tone BOKpyr NpoOBOHMKA CO3JAJI0 YIOPSIOYEHHOE ABUKEHUE IEKTPOHOB, a YTO U KyJa JBUKETCS
B CTEKJITHHOHM WJIM 900HUTOBOM Mayiouke. VI3 y4eOHMKOB MbI 3HaeM, MEKTPUUECKUI TOK, 9TO YIIO-
PAIOYEHHOE IBUKEHHE 3aPSKEHHBIX YacTUL] B IPOBOJHUKE MO/ JEMCTBUEM JIEKTPUUYECKOTO MOJIS.
DNEKTPUYECKUIA TOK CPAaBHUBAIOT C TOKOM BOABI B TpyOe, HO... BeTep ayeT u3 oOGnacTu BHICOKOTO
AaBJieHusi B 00acTh HU3KOro. 1o Tomy ke MpUHIMITY TEYET Bofa B TpyOe OT Hacoca K JbIpKe B Kpa-
HuKe. KpaH 3akpbuin, BOJIa OCTAHOBUJIACh. A Ky/la TEUET 3apsiKEHHAs YaCTHUIIA, /1A €I1IE CO CKOPOCTHIO
1-3 MM B CeKyH/y, KOrja BOKPYr IPOBOJHMKA YCTAHOBUJIOCH JIEKTPUUYECKOE I0JIE CO CKOPOCTBIO
CBETa M Ha BCEM €r0 MPOTSKEHUU HaNpsKEHHOCTH Nosist ofgrHakoBas? [IpasuiibHo! Hukyna oHa He
TEYET. A Be/lb KTO-TO YMYAPWJICS Jaxke U3MEPHUTh CKOPOCTb ABWXKEHUs OeJHOrO 3JeKTpoHa. UTo-
TO Mbl COBCEM 3allyTaJuch. B majoukax Toka HeT, HO NoJsie eCThb. B MpOBOIHMKE TOK €CTh, HO MOJIE
Ha BCEM IPOTSKEHUH OIMHAKOBOE, CJIEJOBATEIbHO, CO3JaBaTh TOK HeYeMy. Tak uTo ke Torjga Takoe
NEKTpUUECcKUid TOK? MoxeT, CTOUsI0 ObLIO pUciymarhes He K PpaHkiuHy, a K Papanero, KOTOphblit
aHAJIM3UPYS SABJIECHUS IEKTPOIN3A MPUILENT K MBIC/IM, YTO HOCUTEJIEM IEKTPUUECKUX CUJT SIBJISIIOTCS
HE KaKue-JIMOO MEeKTPHUYECKHE KUIKOCTH, & aTOM — YaCTHIA MaTepPUu. «ATOMbI MaTepUH KaKUM-TO
00pa3oM of1apeHbl AMEKTPUUESCKUMU CUIIAMI».

B coBpemeHHOI Teopuu MpUpPObl NEKTPUUYECKOr0 TOKa MHOTO MPOTUBOPEUM. DeKTpUuUe-
CKUI TOK U 2JIEKTPUUYECKOE I10JIE PACCMATPUBAIOTCS KaK [1BA HE3aBUCHMBIX SIBJIEHMS, HO IIPU 3TOM
YTBEPXK/JAIOT, YTO YHOPSIOUYEHHOE JBMKEHUE 3apSKEHHBIX YACTHLl B IPOBOAHUKE CO3IAET BOKPYT
HEro 3JeKTpuyeckoe mnose. bonee Toro, 3apsKeHHbIE YaCTULIBl HAUMHAIOT IBUTAThCSl B IPOBOJHUKE
M0/ ICMICTBUEM SJIEKTPUUECKOrO NOJsl. Mbl yHEPIUCh B BEUHBIN BONMPOC (pUIOCOPUU — «4UTO Tep-
BUYHO, a 4yTO BTopuuHO?» He Bcerna nousatHsl opmyiisl. «x 3AKOH OMA, yTBepxkieHue, 4yTo cuiia
MOCTOSIHHOTO TOKa B IIPOBOJIHMKE IPOIOPIIMOHAJIbHA HANPSKEHUIO Ha KOHLIAX MpoBonHukKa. Ipen-
noxeHHbld B 1827 r. 'eoprom OMoM 3akoH Oma nmeer matematrueckoe Boipaxenue: U = IR, rne U
— HarnpsikeHue, U3MepsieTcs B BOJIbTAX; [ — CUJIa TOKa, U3MepsieTcs B amrepax; R — COIpOTHUBJIEHHE,
u3Mepsiercsl B oMax.» PopMysa rTOBOPUT O TOM, YTO YeM OOoJibllie HalpsKeHUE, TeM OOJbIle TOK B
npoBogHuKe. Ho Kak 0OBSACHUTH, YTO HanpsiKeHUe B BBICOKOBOMBTHBIX JIDIT moxet mocturats S00,
750 u naxe 1150 kB nmpu MUHUMAJILHOM TOKE, U HA0OOPOT, CHJIa TOKa B aBTOMOOMJILHOH MPOBOJIKE
MOJKET IOCTUraTh HECKOJIBKMX COT amnep npu 12 BonbTax HanpsikeHus. Hac moxer cmymiars TepMuH
MIEpPEMEHHBIN 1 MOCTOSIHHBIN TOK, HO S0 repi B JISI 1o cpaBHEHMIO CO CKOPOCTBIO paclipOCTpaHEHU s
JIEKTPUYECKOTO MOJIs1, MOKHO CKa3aTh, HET HUYTO, IIOTOMY JI€JIEHUE TOKA Ha IIOCTOSIHHBIN U Tepe-
MEHHBIN BIIOJIHE YCJIOBHOE.

T'oBOpst 00 3NEKTPUYECKOM TOKE B IPOBOAHMKAX, MBI TIOpa3yMeBaeM Tok B Metayuiax. C rnep-
BBIX CTPOK OOBSICHEHH S 3TOTO SIBJICHUS YI9eOHUKH JIOMYCKAOT OOJIBIIYIO OIUOKY, TOBOPS, YTO METAJLI
MMeeT KPUCTAJUTMYECKYIO PELIETKY, MO KOTOPOW JBIKYTCSI CBOOOIHBIE IeKTPOHBI. Bo-niepBbIX, CBO-
OOIHBIX TEKTPOHOB OBITH IPOCTO HE MOXKET, TAK KaK JIOOO0W aTOM, UMEIOIIHIA MONOKUTEbHBINA 3apsijl
OylleT CTPEMHTBCS IPUCOSTUHUTD K cede eKTpoH. Jlake eciy MpeanoioKuTh, YTO y 30710Ta WA
XkeJie3a JEKTPOHOB B JIEKTPOHHOM OOJIaKe MHOTO, TO y JINTHUsI, HATPUs, MarHus, aTIOMUHUS K-
TPOHOB JIMIITHKUX OBITh HE MOXET, & TOK OHH MPOBOASAT TakK ke. Bo-BTOpPBIX, METaIT HE UMEET KpH-
CTAJUTMYECKON peleTku. Bee kpucTauisl Oyap To animas, pyOuH, TIOBEpeHHas! COJib, KBApII WM cepa
MMEIOT CTPOroe CTPOEHUE KPUCTANIMYECKOW PEIIETKH, KOTOpasi He U3MEHsIETCs, a IIPpU MeXaHuye-
CKOM BO3/IeiicTBUM paspyiuaercs. [[jis modoro mMeraia xapakTepHa KOBKOCTb, TO €CTh U3MEHEHHe
(bopMBI 1P MEXaHIMUECKOM BO3/IEHCTBUM, & 3TO a0COTIOTHO HEBO3MOXKHO MPH HAJTMYNH KPHUCTAILIH-
YEeCKOW PEeIIETKH. BBIXOOUT, 4TO aTOMBl METAJUIOB B3aUMOJCUCTBYIOT MEXIy coOoW Onaropapst He
KOBAQJIEHTHBIM CBSI35IM, a YEMY-TO €LIE.

Ha moi1 B3m1s111, MEXaHU3M BO3HMKHOBEHUSI JIEKTPUYECKOTO TOKa cieytonmid. Korga Bokpyr
MIPOBOIHMKA BO3HHMKAET JEKTPUUECKOE TOJIE, OHO BBICTPAMBAET JIEKTPOHBI BHEIIHMX 00OJOYEK
NIEKTPOHHBIX OOJIAKOB B OMpeeSIEHHOM HalpaBJIeHHUH.
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DNeKTPOHBI KaXJOr0 aToMa MeTaJlla, CJIaraioiero MpoBOIHUK, HAPUMeEp, KYCOK MPOBOJIA,
JBVIKYTCS TIO CBOUM OpOUTAM B OTHOM M TOM K€ HAIPaBJICHUN TIePIIeHAUKY/ISPHO MPOAOJIBHON OCH
9TOro MPOBOJIA.

OT TOMIMHBI ¥ TUIOTHOCTH TIOJISI 3aBUCAT XapaKTEPUCTHKH IeKTpudeckoro Toka. Eciu none
TOHKOE U TJIOTHOE, TO CKOPOCTh BPAIlIEHHsI JIEKTPOHOB BbIIIE, 4 3HAYUT aMIUTUTYAA KOIeOaTeTbHbIX
ABWKEHUN aTOMOB MTPOBOIHMKA OOJBIIE, TAK KaK JIEKTPOH, MOIOOHO I'PhiKe Ha TMOKPBIIIKE Kojleca,
nipy OOJIbIIIEH CKOPOCTH JAa€T Oobinyio BuOpanuo. C yBeMueHneM aMILTATY/IB KoJieOaH!sT aTOMOB
BEIeCTBO pasorpeBaercs. ['0BOpAT, 4To «cuiia Toka Oombmias». C yTONMIIEHUEM 1eKTPUIECKOro
TOJISI TUIOTHOCTH ero najgaet. OHO He CIOCOOHO pa3rOHSTH JIEKTPOHBI O OONBIIUX CKOPOCTEH, HO
CrOCOOHO BO3/ICHCTBOBATH HA OKPY:KAIOIIee MPOCTPAHCTBO, TOBOPSIT, «HANPsDKEHKE BBIPOCIo». Eciu
NEKTPUUECKOE TI0JIe MEHSIET CBOM 3HAK Ha MPOTUBOIIONIOKHBIN, TO JIEKTPOH HAYMHAET JIBUTATHCS B
00paTHOM HaIpaBJIEHUH, EMY TIPUXOJUTCS pa3BOpaunBaTh MEKTpoHHOE 00ako Ha 180°. Best yHu-
KAJbHOCTH YJEKTPUUYECKOT0 TOKA COCTOMT B TOM, YTO MOJ JeiiCTBHEM JJIeKTPUYECKOro
10Jisl, BCe He capeHHbIe YJIeKTPOHbI HAYMHAIOT JBUraThCsl B OJHOM HAIpPaBJIeHUH, IPH
3TOM caMo IoJie CyIIecTByeT 0Jiarojapsi HAapaBJeHHOMY JBHKEHHI0 THX Ke DJIEKTPO-
HOB. Eciu k ipumepy, pa3pe3ars MPOBOAHMK WM CAENATh TOHEHbKYIO BCTaBKY U3 IMJIEKTPUKA, TO
T0JIe JOCTUTHYB 3TOTO MeCTa, He Hal/sl MOAJCP/KKU IEKTPOHOB aTOMOB JMJIEKTPUKA JIAIbIle He
noiinér. KoHeuHo, eciu mosie OyJIeT J0CTaTOYHO «TOJICTHIM», & IUIIEKTPUK TOHKUM, TO TIOJIE MOXKET
MIPONTH AAJIbIIIe, TPON3OUIET, TAaK HA3BIBAEMBIN TTPOOOIA.

Ha xapakTepucTuky 71€KTpUYECcKOro TOKa, a TOYHEee CKa3aTh MEKTPHUUECKOTO IO BIUSIOT
CBOWCTBA METAJUIOB M TOJIIIMHA MPOBOAHUKA. Takue MeTayutbl Kak MeJlb, cepeOpo, 30JI0TO, SBIISIOTCS
JIYYIIMMH TPOBOAHMKAMH TOKA, TaK KaK MMEIOT Ha BHEIIHEW 000JI0UKe 10 OTHOMY JIEKTPOHY, KOTO-
pble MMOJI ISUCTBUEM IEKTPUUECKOTO MMOJIsl 3aHUMAIOT CTPOryio opueHTaruio mog 90° Kk ocu mpoBoj-
HUKa. [IBa, Tpu, 1 OoJiee MEKTPOHOB Ha BHEIIHEM JIEKTPOHHOM YPOBHE TOpaszio TPyAHee COpHEH-
THPOBaTh B OMHOM HarpapjieHHH. Takue MeTaJlibl XyXe TeHepUpPYIOT JIEKTPUIECKoe ToJie, TOBOPSIT,
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YTO OHM MMEIOT OoJiblliee conpoTuBiieHue. [IpeacTaBuM, 4TO IPOBOJHUK UMEET OTHO CEUYeHHe, HO B
KaKOM-TO MECTE €r0 CEUCHHUE CTaJI0 B HECKOJIBKO pa3 MeHbIIIe, a 3aTeM OIISATh BBIPOCJIO 10 HOpMaJib-
HOro. YTo mpoKCXOIUT B 3TOM ciiydae? DIeKTPUIECKOe Mojie UMEeT OJMHAKOBYIO TVIOTHOCTh BOKPYT
HpOBO)IHI/IKa. Koma iomanab HpOBOI[HI/IKa yMeHbIHaeTCH, TO IIOJIIO TOXKEC HpI/IXOIII/ITCH CXKUMAThCA.
[T10THOCTB 1M0JIs1 PACTET, CUJIa TOKA YBEIMYMBACTCS, HO TIPOUCXOIUT 3TO HE 10 OECKOHEYHOCTH, a JI0
BEJIMYMH, KOTOPBIE MOXET MOAAEPKATh JAHHOE KOJTMUYECTBO IEKTPOHOB B 00bEMeE MpoBoAHUKA. [Tpu
yB@HI/I‘leHI/II/I CCUCHU A HpOBOIIHI/IKa SJICKTPI/I‘IGCKOMY T10JIIO HpI/IXOIII/ITCH paCTHFI/IBaTI)CH U IIJIOTHOCTH
€ro COBCEM YKe He Ta, 4To OblJIa JO TOHKOW OOJIacTH.
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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