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Mopesnp atoma no koHreniuu Jlyumna A.A. paccMOTPUM C TO3ULUU
Teopuu CucreMHoOM (HU3UKHU, HO IIPEXKIe KOPOTKO O cyTu camou Teopum.

Crnenyer OTMETUTDH, UTO KOJIOCCAJILHBIA TPYJ B €€ CO3JaHHEe BJIOMKIII
JlyamH AHaTONMUA AHApeeBUY, HACTOSAIIMU YYE€HBIM, oOJsamaronui
CHCTEMHBIM MHPOBO33PEHHEM, O YEM CBHUETEJILCTBYIOT II€JIas CEPUS €ro
KHUT W HAyYHBIX TPY/JOB, B KOTOPHIX IPHUBEJEHBI PE3YJIbTAThl U3YUEeHUS
duznyeckux IoJsieH, ompejiesieHa CTPYKTypa 3JIEKTPOHA, aToMa, KpHUCTaJLIa,
HaWJleHbl BeYHbIE IEPBOOCHOBHBIE MAaTE€PHH, M3 KOTOPBIX IIOCTPOEHHI M
3JIEKTPOH, W aTOM, W II0Jis, OOBSCHEHBI IIPOIleCChl OOpa30BaHUSA IIOJIEH,
pelieHa 3a7ja4ya TpaBUTAIMH 1 MHOTOE JIPyTOE.

CucremHas (u3uKa rpsAZET HA CMeHy HEBEPDHOM HAy4YHOU Iapajgurme
COBpeMeHHOU (U3UKHU, COCTOSIHME KOTOPOM OHA Ha3blBaeT KPU3HUCOM U3
OJIHUX IOCTYJIATOB, 3araJiok, MpobjeM, OTCYyTCTBHEM OIBITOB, BCJIEACTBUE
BTOp:KEHUsS B HayKy pessituBusma. CyTh Kpusauca ycyryosseTcs TeM, UTO
OJINH U3 OCHOBOIIOJIATAIONIUX OT/eJIOB (DUBUKU — 3JIeKTpoinHaMuKa (6oJiee
TOYHOE Ha3BaHHe — HayKa 0 (U3NUECKUX IOJIAX), TPpOHU3aBIIas GU3UKY OT
Hayajla JI0 KOHI[a, HAIpaBjieHa [0 3aBeJJOMO HEeNpPaBUJIbHOMY IIyTU U
OoIIMO60YHOMY HampaBJIEHUIO.

CucremHas usmuKa - 3TO MONBITKA UCHPABJIEHUA HAYYHOU IapaJiuTMbl
cyiectBywoliel ¢pusuku. OHa He UIIET UCTUHY B TUIOTE3aX, & HAXOJUT eé
nepponpuurHy. OHa (opMupyeT HAYYHYI0 MapagurMy Kak MaskK
VI HAYYHBIX MICTOKOB, KaK HayKy, I€JBI0 JieKJIapanuu KOTOPOH
ABJIAETCSA TIO3HAaHUE MaTepUuH, €€ CTPYKTypbl, B3aUMOAENCTBUA
moJiefi, 3aKOHBI CYIIeCTBOBAHUA MaTepuili Ha  OCHOBE
NPOAOIKEeHUA COBepUIEHCTBOBaAHUSA MaTepUATACTUIECKON
KOHIIENIIIUN coBpeMeHHOM  ¢u3uku. B 3ToM cyTh mapagurmsl
CucremHoll (U3UKU WIN TOJEe €€ AeATeJIbHOCTHU, II0Jie €€ HayYHbBIX
VHTEPECOB.

[Touemy ¢dusuka nmpuHuMaeT HauMeHoBaHue CucremHas? [lotromy uTo
IIpEAMETOM U3YUEeHUS U €€ HCCIIe/IOBAaHUs SIBJISAETCS CUCTEMHasl CTPYKTypa

1



MHpa, @ B €€ OCHOBE JIEXKUT BeYHaAdA HEYHHUYTOKMMAsA MaTepud,
3aHsABIIas 6€CKOHEUHOe ITPOCTPAHCTBO. MBI JJOJIXKHBI YBUAETH IJIaBHOE - HaIIl
MHUD CO37laH BEYHOM MaTepued, pasBuBalolieiics B 0OeCKOHEYHOM
IIpoCTpaHCTBe OecKOHeYyHoe BpeMsA. [IoMCK HOpaBWIBHOTO IIyTH B
THOCEOJIOTUH (MeTo/ie IT03HAHUsS) TBEPJIO CTOUT HA MAaTEPUAJIMCTUYECKOM
dyHIaMeHTe, OCYIECTBJAETCA  Uepe3 MPOBEPSEMBI  HSKCIEPUMEHT,
IIPUYNHHO-CJIE/ICTBEHHBIN aHau3. B Mmupe xaoca Het. Mup cucreMeH, B HEM
KKl IIpolecc W IIpeAMET 3aKOHEH U 3aKOHOMepeH. B 3ToM cyTh
nmapaaurmbl CucTeMHON PUBUKYU WU TI0JIE €€ AeATEeTbHOCTH, I0Jie HayUHbIX
HHTEPECOB.

CucremHass ¢u3HMKa CTPOUT MUP, a He OTPAHUUUBAETCSA MPUPOIOMN.
[Ipupoma — TBOpeHHUE MaTEPUH, KOTOPOE MOKET OBITh TOJILKO CJIEJCTBHEM
HEKOTOPOU CHCTEeMBbI, €€ IIOpOJUBIIENd, a He IepBOOCHOBOU. IloaTomy
OpPUEHTUpOBaTh (UBUKY HA U3YUeHUEe MPHUPOAbI SBJSAETCA MO CYIIECTBY
omubOkor. OO0bekT wu3ydeHUsA (Marepus), MOOKEH OBITh OCHOBHBIM,
CO3/IAIONM HE€ TOJIBKO KOCMHUYECKHEe Tejla W WX CHCTEMBI, HO U
OMOJIOTHYECKYI0 JKU3Hb C €€ WHTEJUIEKTOM, KaK BBICIIMM IIPOAYKTOM
TBOPUYECTBA PA3BUBAIOIIEUCT MATEPHUH.

Cucrema cTpOUT CBOU MUP IO €ANHBIM IIpaBWIaM JJisl « MUKPOMHUPA» U
«MaKpOMHUpa» U U3 OJIMHAKOBBIX IIEPBOOCHOBHBIX UACTHII; Pa3/INyKe B TeJlaxX
CO3/IA€T TOJILKO 3aKOH II€PeX0/la KOJIWYECTBA B KaUeCTBO U JIPYTHeE 3aKOHbI
MaTEPUATUCTHIECKOU TNAIEKTHKH.

Cucrema paboTaeT B IIOJTHOM COTJIACHHU C 3aKOHOM JKU3HU — 3aKOHOM
1[eJIECOO0PA3HOCTU CHUCTEMBI — OJHUM U3 3aKOHOB PA3BUTUSA BEUHOU
MmaTtepuu. OHa 00J1a/laeT CHJIOW W DYHEPryuer , a 3TO MPUCYIIE TOJILKO
MaTepUATBHBIM O0BbeKTaM. JTH MaTepUabHble OOBEKTHhl HEYHUUTOKUMBI,
IIOTOMY YTO OHM COCTOSIT M3 BEYHBIX IEPBOOCHOBHBIX YACTUI] — MATHUTHBIX
yacTul, U1 (POTOHOB, ABJAIOIINXCA OCHOBOU CHUCTEMBI. JTH JBE YACTUIIBI
CO3/IAI0T 3JIEKTPOHBI, aTOMBbI, TeJjia, MOACUCTEMBbI, OPTaHU3Mbl, MUPHI.
OcHOBHOU paboOuMii UHCTPYMEHT CUCTEMBl — (DU3UYECKHE IMOJAA U UX
MaTepUU.

Cucrema BJ1ajieeT 3aKOHAMU, OJTUH U3 KOTOPBIX, 3aKOH B3aUMO/IENUCTBUSA
YTBEPKAAIOIIHNH, UYTO B3aMMOJAEHCTBHUE TeJ IPOUCXOJUT TOJBKO uepes
moJiA. IlojieBble CTPYKTYphI CO3/IaHbI pa3BUBAIOIIENCS MaTepuemn s
B3aMMOJZIECTBUA Teja. be3 1osiled  HeT  B3aUMOJEHCTBULA.  ITO
dyHmaMeHTaIbHOE TI0JIOKEHUE Pa3BUTUS MaTepuu. B3auMoieicTBUN BCETO
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JIBa - MPUTSKEHNEe U OTTAJTKUBaHue. Il cucrema paboTaeT TOJBKO C
STHUMU JABYMs B3aUMOJENCTBUSAMH U C IByMs IIEPBOOCHOBHBIMHU YAaCTUIIAMHU:
MarHUTHBIMH M (QOTOHOM. JIpyrux B3aMMOJENCTBUII HET y CHCTEMHBI.
(«TeopeTuku», He MOHHMAs TOJE€A BBIAYMAJN JAEBATh B3aHMMOJIEHCTBHUM).
Yucsto B3aUMOJIENCTBUN YKA3bIBAET U Ha YHCJIO MMPUYUH, BHI3BIBAIOIIUX 3TH
IIPOIleCChl, a MPUYMUHBI JIeXKaT B IIOJAX, KOTOPBIX TOXK€ BCEro JBa:
BJIEKTPUYECKOE U MarHUTHOE.

N3 3TOTO CTPOUTEILHOTO MaTepHhasia MIOCTPOEHBI 3eMJIsl U BCE, UYTO €CTh
Ha Hel. A HCTOYHMKOM 5TOTO MaTepuasa, AApOM Hallled MaTepHhaIbHOU
cucreMbl  sABisieTca CousiHile, kotopoe Jlyumn A.A. omnpenesnseT Kak
HEIMOHATHOE B cBoeu cytu Besnmkoe cBetusio (06 5ToM U3/I0KeHO b.
MaxkoBbIM B OTpbIBKe 13 HOBOU KoHcTpykTtuBHOU Teopuu Beero. 2017.10.31,
Asrop: HHUUN lentrp VYupexnpawmux CrpaTeruii), KOTOpPoe IIJIET B
OKpYy>Kalolllee MPOCTPAHCTBO JBa TUIIA I€PBOOCHOBHBIX YACTUIl: DOTOHBI M
MarHuTHble YacTUlbl. [IOTOK 3TUX YaCTUIl BEJIMK - €XKECEKYHJHO COJIHIIE
M3JIy4aeT TaKOU MaTepUuu NATh MWIJIMOHOB TOHH. (MaTepuio Mbl 3HaeM
IMOKAa TOJIbKO YaCTUYHO, 10 ¢jioBaM JlyunHa A.A.). VI JIOTHOCTh 3TUX YACTHUI]
orpoMHa. Ha 3emst0 U3 3TUX HOATA MWUIMOHOB TOHH TNE€PBOOCHOBHOM
MaTepUH I0IafaeT HEMHOTO, HO 3TOTO IOCTAaTOUYHO, YTOOBI 00eCIeurnBaTh BCe
HAIIIX ’KU3HEHHbIE TIOTPEOHOCTH.

CucremHas (u3nKa AUCHUIUIMHA HaydHass. OTO 3HAYUT OHA MOKET
JleJiaTh ITPOTHO3BI HAa 0a3e CBOWX 3HAHUU, pellaTh TEXHUYECKHE BOIIPOCHI.
dTra Hayka TMOHsJIa TOJs M OTKPbLIA KJIaJie3b HOBBIX WA U HOBBIX
TEXHOJIOTHUH, CO3JAI0IINX HEOOXOUMBbIE YCIOBUA /I HAYYHO-TEXHUUECKOTO
rporpecca.

TakoBa KpaTkas cxema napagurmMbl CucreMHOU QU3UKHU, JIETATU3AINIO
KOTOPOW OTMETUM IO IIOXOAY M3JIOKEeHUSA MaTepuajia — B YaCTHOCTU, IIPU
paccMOTpPeHUH ero MOJIeJIU aTOMa, 3JIEKTPOHA, (poToHA (U He TOJIBKO).

Ho, mpexxzge 4YemM paccMOTpeTh caM aTOM, HOHATh €ro MOJeb,
paccMoTpuM (parMeHTapHO OCHOBHBIE IIOHATUSA CHCTEMHOW (UBUKH 00
2JIEKTPOHE, (POTOHAX W MATHUTHBIX YaCTUIAX ,YTO HE MCKJIIOUYAET ITIOBTOPBI
BbICKAa3aHHbBIX MbICJIEH, HO 3HAUUTEIbHO 0OJIETYUT MOHUMAaHHUE.

K aTomy Hesb3s1 IPUCTYIUTH (7151 pACCMOTPEHUS €T0 KOHCTPYKIINHN) He
3Hasd U He MOHUMAA IOJIEN, T.K. OH — UUCTHIA NPOAYKT IOJIEBBIX MPOIECCOB.
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ATO BOIIPOC CTpaTrermyeckui: Pas3BuTme MaTepuu BO3MOXKHO TOJIBKO €CJIU
€CTh B3aUMOJIEUCTBUE TeJl MeKAYy COOOU U OHO OCYILECTBJIAETCA Yepes3 IMOJIA.
C Touku 3penHusa CucreMHON (QU3NUKU YpPe3BBIUAMHO BA)KHO W3y4YeHUE
(usuueckux 1oJIeN T.K. OHHU /IO CUX HOP He MOHATHI HAyKOW. DTU 33/1aUU OHA
M Hayvaja peliaTtb, MOHUMAas, YTO 35TO BEPHBINM CTpPAaTETHYECKUN IyTh
JBUKeHUA (PU3UKU K IO3HAHUIO UCTUHBL.

Enmnas Cucrema, mycth 3T0 OyaeT moka cucrema CosHia (Tak
ormeuaeT JIlyunH A.A.), TBOPUT MHUpP IO OJHOU TEXHOJIOTHUH, JJisI KOTOPOU
CO3/IaHbI €INHbIE IIEPBOOCHOBHBIE 3JIEMEHTHI, U3 KOTOPBIX CO3/J4aHbl U TOPbI-
WUCIIOJIUHBI, U aTOMBbI, U JJIeKTpOoHBI. IloTOMYy 3aKOHBI MakpomMupa Hu
MHKpPOMUpA €IUHBI, B OTJINYME OT COBpEMEeHHOU (PU3UKHU, y KOTOPOU 3aKOHBI
MHUKPOMHpA Jpyrue 4YeM Yy MAaKpOMHpPa, 4YTO TOBOPUT O IIOJIHOM €€
HEMMOHUMaHUM IPOAYKTOB OZlHON CHCTEeMBI.

CosHIlE  U3JlydaeT B IPOCTPAHCTBO  IOTOK  Hepa3pyllaeMbIX
IIEPBOOCHOBHBIX YAaCTHI[ — ()OTOHOB M MArHUTHBIX, U3 KOTOPBIX IIOCTPOEH
HaIll MUpP. ATU YaCTUIIbI CHAOXKEHBI CHJIOBBIMHU JKTYTHKAMHU, YIIOPSAA0UEHO
PaCIIOJIOKEHHBIMYA Ha WX OYeHb IUIOTHBIX MAaCCHUBHBIX oOpasoBaHusX. OHU
coOpaHbI TEJIOM B OIPEETEHHYIO CTPYKTYPY, €CTh (PU3HMYECKOE T10JIe TAHHOTO
Tea. Jra Ta caMas MaTepus I0oJis, KOoTopas o00saZlaeT CBOHCTBOM
TMPUTSKEHUS I OTTAIKMBAHUS.

[IepBOOCHOBHBIX YacTHUI[ Bcero jBe. YacTuiia u3 3JIEKTPUUIECKOU
MaTepuH — (POTOH U YACTUIA U3 OUIIOJIIPHON MAarHUTHON MaTEPUH —
MarHUTHas dJvactuna. Kaxkgas u3 3TUX YacTHUI[ HMeeT COOCTBEHHOE
craTuveckoe (HEemoABHKHOe) IoJie. JDJIEKTPUUYECKOEe II0JIE CO CBOMCTBOM
OTTAJIKUBAHUSI OT ceOe MOA0OHBIX - ecTh IIojie ()OTOHOB. Y OUIIOJISPHOU
YacTHUIBI II0JIE HWMeeT JBa IIOJII0Ca, KOTOpble TMPUTATUBAIOTCS K
PA3HOUMEHHBIM M OTTAJIKMBAIOTCS OT OJJHOUMEHHBIX ITOJIIOCOB. Kpome TorO,
K JII000My IIOJIF0 MATHUTHOH  YacCTHUIIBI  XOPOIIO  IIPUTATHBAETCS
aJIEKTpUYECKasi MaTePHUs Uepes3 CBOE MOJIe.

dTUM dvactunaMm A0 J3eMJIM HaJ0 MOpeoaosieTb 150 MUJIJIMOHOB
KWJIOMETPOB KOCMUYECKOTO IIyCTOTO IIPOCTPAHCTBA, HO He TMPU3PAYHOU
3JIEKTPOMATHUTHOM BOJIHOW (KOTOPOM B TPHUPOJIE HET), a MaTepuu
3JIEKTPUUYECKOU U MAaTEPUU MAarHUTHOU, KOTOpPble UMeIOT (OPMYy KOPILYCKYJL.
KopnoyckynsapHasda uaeosiorua OCHOBaHA Ha (QWIOCOPCKOM 3aKOHeE
nepexoza KoJIMYecTBAa B KadecTBO. Hampumep, aTom — 3TO eIleé He
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BEIECTBO, B OOIIEM ciTydae, a MOJIeKyJsa (rpymiia aTOMOB) — BeIeCTBO Ha
100%. JJIeKTpUYecKHe KOPIIYCKYJIbI — 3TO (DOTOHBI, KOTOPBIE /IAIOT HAM CBET,
TEILIO, PAAUOU3JIyUYeHHUs; 1 MAaTrHUTHBIE KOPIYCKYJIbI — MATHUTHbBIE YaCTHIBI,
JIAIOIIie PEHTTEHOBCKUE U3JIyUYeHUs, CO3IAI0IIMe CTallHOHAPHbIE MAaTHUTHBIE
II0JIsl B BUJI€ CHJIOBBIX KTYTUKOB 1 KMHETHYECKHUE II0JIsl B BUE OUIIOIAPHBIX
MAaTrHUTHBIX YaCTHUII. Y HAC eCTh MaTepUH, CIIOCOOHBIE HECTH CHJIBI.

Cser (a He «3J€KTPOMarHUTHBIE BOJIHBI») HUJIET K HaM OT COJIHIIA Oe3
3aJIEP’KKHA IIPOCTO MO 3aKOHY HWHEPIIUHU, KaK TBEPJble MaTepHasIbHbIE
YACTUIIBl HSJIEKTPUUECKONW MAaTeEPUM CO CBOHUMH 3JIEKTPOCTATUUYECKUMHU
IIOJIAMH, Pa30THAHHbIE CBOUM HCTOUYHHKOM A0 JIIOOBIX cKopocTeil (bosibline
JIX MEHbIIle CKOPOCTH CBETA).

Ha nmyru or CosHima k 3emsie TOPMO3AINME Tejla €CThb TOJIBKO B
atMocdepe 3emiu, a nanee BakyyMm. (CucremHasi ¢pu3nka ykKasblBaeT, UTO B
HEKOTOPBIX MecTax KOCMHYECKOTO BaKyyMHOTO MIPOCTPAHCTBA
obHapy:kuBaeTcs 1osieBas Marepuss CosIHIIA U APYTHX HOCUTENEU MOJIed U
JTAET HEKOTOPHIE MPOBEPEHHbBIE ITUPPHI).

YUT06BI MPEO/I0JIETH TOPMOBSAIIEE BO3/IEUCTBHE aTMOC(EPHI UM He Hy>KHA
BOJIHA, HO Hy:KHa OoJibIllass IJIOTHOCTh WX MAaTEpPHM, KOTopas JlacT UM
OOJIBIIIYI0 CUJIy UHEPIUU. ITU MaTepUaibHble YACTUIIBl UMEIOT OTPOMHYIO
IUIOTHOCTh: (POTOH HPUOJIUBUTESHLHO 104T/CM3, a MarHUTHas dYacTula —
108T/cm3. Cia UHEPIUU Y 9TUX YaCTHUI BeJIUKA, ecd (POTOH MPUXOAUT HA
3eMuTI0, Mesi CKOPOCTh 300000KM/CeK, a MATHUTHbIE — ITPUOJIU3UTETHHO
240000kM/cek. I adpup (koTOoporo HeT) UM He Hy:KeH. KM HeoOXoauMm
IIePBOHAYAIbHBIA TOJTYOK, YTOOBI MOJIYYUTH JIOCTATOUHYIO CKOPOCTh. Takum
obpa3oM, cucTeMa INO3BOJIMJIA CJleJlaTh HaM /Ba Iara — YCTAaHOBUJA
HMCTOUYHUK IEPBOOCHOBHBIX YACTUI[ — IEPBBIM IIIar, MyCTWIa UX B OyTh K
3emie — BTOPOM IIIar.

KoHKpeTHu3upyeM U paccTaBUM aKIEHThl HA YaCTUIAX, C TOYKU 3PEHUs
CUCTEMHON (UBUKMU. Hauyném c¢ ¢QortoHa. DOTOH KOHCTPYKTUBHO
MIpeCTaBIAEeT AAPO U3 BJIEKTPUUECKOU MAaTEPUU, U BOKPYT HETO IO pajiiycam
PaCXOAATCSA KTYTUKU CUJIOBBIX JIMHUHU (Puc. 1). B cyliHOCTH ero KOHCTPYKITUA
II0X0’Ka HA KOHCTPYKIIMIO 5JIEKTPOHA, TOJIBKO B KAXKJOM 5JIeKTPOHE (POTOHOB
COJIep:KUTCA TPUOIM3UTEBHO 105IIT. A II0Jie ero pacIpOCTpPaHseTCs Ha
R= 105 r (r- paguyc ¢potoHa ~ 108 M. 3HAYUT, pajuycC ero moss Oyzer
R=1051018 M=10"13 M.



[Touemy Takas d¢opma II0JIA
IIpaBOMEpHA JUII JJIEKTPOHA U
¢dorona?

HcruHa OasuwpyeTcsa Ha KOHIIEIIUU
BEUHOI0 X OECKOHEYHOTIO, a TaKKe Ha

XKryTuku

rporecce BOCXOAAIEN
UHTerpanuu  MUpa, KOTODBIE
IIOKA3bIBAIOT, 4TOo MaTepus,
COBEPIICHCTBYA ceou (GoOpMBI B
mpoliecce OECKOHEYHOTO Pa3BUTHS,
YMEHBIIIAeT  UX,  COBEPIIEHCTBYA
MHUKPOMHUP TaK U, 00beTUHAA (HOPMBI

MHKPOMUPA, CO3JAET HOBbIE OOBEKTHI
Puc. 1. ®oToH MakKpoMHpa, KOTOpble TII0 JIOTHUKE
pa3BUTHUA, JOKHBI MMETb KOHEYHOE BpeMsA KH3HU U, pa3pymiasich 10
HMCXO/JTHOTO COCTOSIHUSA MaTepUM, CO3/al0T OCHOBY HOBOTO IIpollecca,
OTJIMYHOTO OT TOTO, KOTOPBI 3aKOHUYHJI CBOE CyI[eCTBOBAHME Ha BBICIIEH
CTaIi WHTErpariy 3STOT0 Iepuoja. Takod IMKINYECKUH  MeXaHU3M
BEYHOTO Pa3BUTHs ¢ BEUHOTO CYIIECTBOBAHUSA OECKOHEUHOU MaTepUu
XOPOIIIO BUJIEH Ha HCCIIelyeMOM HaMH OOBEKTe — BJIEKTPOHE, KaK POIUTEJISA
11oJieli 1 (GOTOHOB, KOTOPBIE HA CEMb ITOPSIZIKOB MEHBIIE 3JIEKTPOHA, HO TOXKE
CO CBOEU CTPYKTYpPOM B BHjle IIYIIAJIbIIEB II0JIEM, pacIpPOCTpaHsIOIIelcss Ha
IISITh TMIOPSIKOB OT MaTEPUHCKOTO Tesa. M 9Tu nrynasblia UMEIT TOXKE CBOIO
CTPYKTYPY MaTEpPUH YIPYTYI0 M JKECTKYIO, HeCyIlylo (yHAaMeHTaIbHYIO
(PYHKITHIO 3JIEKTPUUECKON MaTEPUH Ha OTTAJIKUBAHUE.

OO6miasi KapTUHA 3TOTO MCCJIEIOBAaHUS OTpakaeT (GyHIaMeHTaTIbHBIN
dmnocodckuii 3aKOH - eAUHCTBA U GOPHOBI IPOTUBOIOJIOKHOCTEN. B
caMOM Jiejie, DJJIeKTpUYecKas MaTepus, B CHJIy CBOEro CBOWCTBA K
OTTAJIKUBAaHUIO, CTPEMUTCS 3aXBaTUTh OOJIbIIIE MMPOCTPAHCTBA, 4 MarHUTHAS
MaTepus, 00s1a7lasd CBOMCTBOM IIPUTSIKEHUs, CTPEMHUTCSA cOOpaTh BOKPYT
cebs, Kak MOXKHO OOJbIlle MaTepud U, 3Ta OOJIbIlIasg MaTepusi, II0
dmnocodpckomy 3akoHy Iepexofa KOJMYECTBAa B KayecTBO, MOPOXKIAET eé
HOBOE CBOWCTBO MPUTSATHUBATHCSA, HO Y?Ke 110 3aKOHY BCEMUPHOTO TATOTEHUS.

CucremHasi Gpu3uKa OMBITHBIM ITyTEM BBICBETHUJIA OITUOKU COBPEMEHHOM
¢u3uku, Ha GOTOH Kak HA BOJIHY U YACTHUILy, K TOMY »Ke, [10 UX MHEHUIO, He
MMEIONIYI0 Macchl IIOKOsI. JTa TOYKa 3peHus Ha ¢GOTOH - He BepHaA (3TO
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BOJTHOBAs TJIYIIOCTh) U JUUISL €€ «TEOPETUKOB» JI0 CHX IIOP OCTAETCA 3araJKoi
KaK BOJIHA ITPOXOJUT Uepe3 BaKyyM KOCMOCA, M KaK 3Ta YacTHUIla 6e3 Macchl
CO3/Ia€T CBETOBOE JIaBJIEHUE.

B odunmaspHON Hayke K CBETY OJIHO3HAYHOTO OTHOIIEHUs HeT. B
cIyyae wuccaefoBaHuss uHTepdepeHINU («CBET TacUTCS CBETOM») U
nudpakinuu (orubaHue CBETOM NPEINATCTBUN) CBeTy MPHUAAIOT BOJHOBYIO
dopMmy, B reoMeTpuuyeckod ONTHUKE CBETy IPUAAIOT JIyUYEBYIO CKPBITYIO
KopHycKyJsapHyio ¢opmy. Ho 9ToOBI Takoe MPOTUBOPEUYHE IIPEOOETh JIJIA
cBeTa npudymanu, CBETOHOCHYIO YacTUIy POMOH, KOTOpAsA HE UMEET MacCChI
IIOKOSI M BEJIET OHA ce0s MO0 JKEJIAHUI0 «TeOPEeTHKOB»: TO KaK BOJIHA, TO KaK
yacruna. Yacrtuima-BosHAa — oflHOBpeMeHHO. Curyanmusa  Jlaxke — JUIA
«TEOPETUKOB» CJIOKUIACh rubsas, muiieT Jlyunn A.A. Jleso BCE B TOM, UTO
110 DUHINTENHY MaTepHUaibHasl YacTUIlA, JBUTAIONIASACA CO CKOPOCThIO CBETA,
npuobperaeT OeckoHeuHyI0 Maccy. M 4YTO mnpuKakeTe JejlaTh C TaKOU
Maccon? OHa ke elll€ IOoJKHA OTPakaThCA OT MPeIMETOB U Mepe/laBaTh UM
IIPU 3TOM CBOM OECKOHEUHBIU UMIMYJIbC...KpoMe TOoro, oHa AO/IKHA IIPU 5TOM
OTPa’KEHUU «HCUYE3HYTh» /10 HyJIEBOM MAacchl, a MOTOM, OTPa3UBIINCH CHOBA,
cTaTh OeCKOHeYHOU 1o Macce. M, BOIIpeKu BCSIKOMY CMBICITY 3/ipaBoMy, (POTOH
JINIIAIOT MAaCChI TTOKOSI.

CucremHasn (¢usuka,
onmupasich Ha OKCIEPUMEHThl U
MHOT'OUMCJIEHHBIE OTIBITHI B
3JIEKTPOHUKE, BJIEKTPOJMHAMUKE
IIOKa3aja, 4To (QOTOHBI — 3TO
KYCOYKH, YaCTUIIbI 3JIeKTPUYECKON
MaTepuu, T.€. 3apsAnbl. n
IPUBOJIUT TPUMEP PATUAHTHOTO
reHepatopa aJjekTtpuyectBa H.
Tecrma, KOTOpPBIM MpeJICTABIISAET
coboi1 GOJIBIION MeTaJIMYeCKUui
DKpaH, B3aKpBITBIA MPO3PAYHOU
U30JIAIUOHHON TJIEHKOM,
U30JIUPOBAaHHOU OT 3emu,
coprueHTUpPOBaHHBIM Ha CoJsiHIE U
CHAOKEHHBIN cxeMOU /i1 perucrpanuu Toka (puc. 2). [losmydaercs, yTo Ha
BKpaH MaJlaeT TOJIbKO COJIHEYHBIN CBET, U OH Te€HepUpYyeT 3JeKTpUYeCKUU
TOK. DTO O3HA4daeT, YTO (POTOHBI — HTO KYyCOUKH, YACTUIIbl 3JEKTPUUECKON
MaTepuU, T.e. 3apAJIbL.

—/

it

Puc. 2. YcTpolcTBO paguaHTHOW 3Hepruu Tecnbl




EcTb cMBICTT pacCcMOTPETh KOPOTKO NMPaBUIbHYI0 (DU3UUECKYIO IPUPOIY
CBeTa C IIO3UIMU CHUCTEeMHON (U3UKHU i1 IPABWJIBHOTO TOHUMAHUA
peanvHo20 homoHa M MexaHru3Ma HaIleTo I[BETOBOTO BOCIPUATHUSA CBETA,
IIOCKOJIbKY CBET €CTh IPOAYKT (POTOHOB, HECYIIIUX SJIEKTPUIECKUU 3aps/I.

CBeT — 3TO KHHETHYECKOEe 3JIeKTpUYecKoe II0Jie, T.e. B OCBEIEHHOM
IIPOCTPAHCTBE CO CKOPOCTHIO OJIM3KON K 300 000 KM/C JBHKYTCS YaCTHUIIHI
3JIEKTPUUECKON MaTepuu - (OTOHBI. ATy CKOPOCTh MM IPHUJAT HCTOUHUK
CBETa, M OHU COXPAHSIOT 3Ty CKOPOCTbH JIO TeX IOpP, IT0KA BHENTHUE MPUIUHBI
He U3MEHAT 3TOT0 COCTOSHHsA. ITH YaCTUIBl 3JIEKTPUYECKONW MaTepuu
U3BeCTHbI Kak (oToHbI. [IoTHOCTH MaTepuu (OTOHOB OKOJIO 104T/cM3
Takas JIOTHOCTh UM HY’KHA, YTOOBI IMETH OOJIBIIYIO CHJTy HHEPIIMH U YTOOBI
OBITh HEOJIOJIMMO IIPOYHBIMH. I[IpeojiosieBasi KOCMHUUYECKHE PaCCTOSHUSA B
MUJUTHAP/, CBETOBBIX JIET 1022KM, (DOTOHBI JIMIIIH CJIETKA YMEHBIIAIOT CBOIO
CKOPOCTb.

Ho 00BeKT ¢ TakoH IJIOTHOCTBHIO HEJIb3A yAEep:KaTh B JIIOOOH 3eMHOU
cpezie, MOATOMY IIpHpOJia CcO3/ajla HAa €ro IIOBEPXHOCTH JieC CHJIOBBIX
HUTEOOPa3HbIX KTYTUKOB, PACIPOCTPAHAIONINUXCS Ha 4...5 MOPSIKOB €ro si/ipa
M HaIlpaBJIEHHBIX [0 pajuycaM OT IeHTpa (oToHA. YIPyrue U OYeHb
IIPOYHbIE  CHUJIOBBIE JKTYTUKH  BJIEKTPOCTATUYECKOTO ToJyiA  (OTOHA
pacIpeiesisioT IVIOTHOCTh €ro sjpa Ha OOJIbIION ILIOIIAAW, TEM CaMbIM
pemaT 3a7lauy ero yiep:kaHuss B cpere. Kpome TOro, OTHOCUTEIHHO
O6osbIION  0O0BEM, 3aHMMAaeMbId  CWJIOBBIMH  JKTYyTUKaMH  (OTOHA,
obecrieunBalOT €My XOpolllee OTpPaKeHUE OT TeJl, UMEMIUX TaKyl Ke
II0JIEBYIO CTPYKTYPy IIOBEPXHOCTH. OJTHU cBoMcTBa (OTOHA CO3/IAaHBI
OeckoHEeUHON MaTepuel, pa3BUBalOlelicsd B OECKOHEUHOM IIPOCTPAHCTBE
OecKOHEeYHOe BpeMs, WCXOJ/sI U3 3aKOHa I1eJ1eCOO00Pa3HOCTH CUCTEMBI.
Beunas marepus AJs COXpaHEHUs CBOEH BEUHOCTU CO3/IA€T U BeUHbIE
IIEPBOOCHOBHBIE YACTUIBI. Takue YacTUIlbl HEJIb3sl Pa3pylINuTh H3-3a WX
BBICOKOH IIOTHOCTH (104 T/CMS3).

®OTOH sBJIsAETCA IEPBOOCHOBHOW YaCTUIIEN, U 3TOT BBIBOJ CHUCTEMHOUN
busukn ABnAeTca GyHAAMEHTAJIBHBIM JJIsi TOHUMAHHSA IIOJIEBBIX U
OIITUUECKUX ITPOIECCOB.

PaccmoTpuM, kak Mbl BUZIMM IBeTa TeJi? Bce Tesa cOCTOAT U3 aTOMOB,
KOTOpbIE B TBEPJBIX TeJlaX COOHMPAIOTCS B KpHCTa/UIbl. KpucTasabl ObIBAiOT
aTOMapHbIMHU, COOpAHHBIE U3 aTOMOB WU MOJIEKYJIIDHBIMU — U3 MOJIEKYJI.
Bce kpucTasibl, KpoMe TeJsl MMPO3PavyHbIX, HA HAPYKHOHN ITOBEPXHOCTH UMEIOT
JleC CHWJIOBBIX JKTYTHKOB  3JIEKTPOCTaTHUECKUX TIOJIEH  BJIEKTPOHOB,

8



obpasyromux aToMbl. TakoBa BCsI TOBEPXHOCTD TEJI TBEPABIX U KUIKHUX.

Y ¢doTtoHa ecTh TOUHO TaKOe K€ 3IJIEeKTPOCTATUUECKOe II0Jie, KOTOpoe
OTTAJIKUBAETCA OT CHIOBBIX JKIYTUKOB 3JIEKTPOCTAaTUUECKOU MaTepUu
atroMoB. l3BecTHO, 4TO cBeT ((HOTOHBI) OTPAKAIOTCA OT PA3HBIX TeJl He
OonUHAKOBO. OT CBETJIBIX IIPEJMETOB OH OTPAKAETCA XOPOIIO, OT TEMHBIX
IUIOXO0, OHU €ro IOIVIOHIAI0T. JTO O3HadaeT, UTO OTpakeHUe (HOTOHOB
HeyIIpyroe, T.e. OHO OCYILECTBJISIETCA C MOTeped CKOpPOCTHU (POTOHA, a JJjid
3PUTEJBHOTO HEPBA HAIIIETro IJIa3a 5TO BOCHPUHUMAETCA KAK IIBET IIpPeJIMeTa.
MO>XHO NPeANOJIOXKUTh, YTO €CJIN PA3APAKAIOTCA MOBEPXHOCTHBIE YYACTKU
3pUTEJIBHOTO HepBa (OTOHAMHM C MaJOM CKOpPOCThbIO, TO 3TO HaMH
BOCIIpUHUMAETCA KaK KpacHbIM 1BeT. Ecau paszpakamoTcs 6osee Tirybokue
CJIOM 3PUTEJILHOTO HEPBA, TO 3TO JIEIAI0T (POTOHBI C OOJIBIIION CKOPOCTHI0. DTO
BOCIIPUHMMAETCA HAMU KaK JIDyTHE I[BeTa CIeKTpa cBeTa. PazzipakeHue Bcero
CBETOUYBCTBUTEJIBHOTO CJI0S 3PUTEJIBHOTO HEPBA Mbl BOCIIPUHUMAaeM OeJIbIM
CBETOM.

Bcé aTo Jenator OTOHBI, HO Y OJIHUX CKOPOCTH OOJIbIlle, V APYTHUX
MeHbIIIEe. B TaKOM Ke COCTOSIHUM HAaXOAUTCA U UX d3Heprusd. Tam, rae sHeprusd
E=mv2/2 ¢dorona O6osbIlle, OH paszzipakaeT 0OoJiee TJIYyOOKHE YYaCTKH
3pUTEJIBHOTO HepBa. /[Mama3oH CBETOBBIX CKOpocTell (POTOHOB He BEJIMK, U
ecid QOTOH uMeeT OOJBIIYI0O WU MEHBIIYI0O CKOPOCTh, YeM JHAlla30H
CBETOBBIX CKOPOCTEeU, Halll 3pUTEJIbHBIM HEPB HA TaKHUe Pa3ApPaKUTENU YKe
He pearupyeT. BoT TakOB MexaHU3M IIBETOBOTO BOCHPUATHUA CBETA.

CucremHada (Qusauka MOpoBesa OIEHKYy 3Heprum (POTOHA, UMEIIEro
ckopocTh V= 3x 108M/c u Maccy m=1035KrI 110 BCEM U3BECTHOU opmyiie
KUHETUUECKON SHEPTHUH, YT0ObI pou3oiiiesn GoTosddexrT.

Wi=mvz/2

OTBepruyB U3MBIILUIEHUA BOJIHOBOIO Xxapakrepa [linanka, llIpeaunrepa,
Jupaka u I'eiifern0epra, N3/10KeHHbIE B KBAHTOBOU (BOJITHOBOM) MeXaHHKE,
kotopele caM II. /lupak Ha3Bas Bce ypaBHeHUs HeBepHBIMU. MBI 3HaeM, 4TO
Mup co3maH CHcTeMOU eIMHOU JJIsT BceX MUPOB: 1 MUKPO U MaKpo, U OyaeM
II0JIb30BATHCS MMPOBEPEHHBIMU 3aBUCUMOCTAMM, TAKUM 00pa3oM jjist hoToHa
WKk:

Wi=1035 KI X 9 X 101® M2/¢c2 /2 = 4,5 X 10-19 KT X M2/c2 =20,15 3B.

Kak BUJIHO, YTO 3TOU SHEPTHU JOCTATOYHO, YTOOBI BHIOHUTH DJIEKTPOH
U3 Tejla. A ecJd TeJo 3apsKeHO, TO OHO BMeIlaeT B cebs OoJbIoe
KOJIMYECTBO CBOOOJIHBIX 3JIEKTPOHOB, CO3JAIOIIMX €ro 3apsi/l, U pabora II0
BBIOMBAHUIO CBOOOIHBIX AJIEKTPOHOB YIIPOIAETCS HAa BEJIMUYUHY ITOTEHIAIA
MOHU3AMM U eI€ Ha BeJIMYMHY JIaBJIEHUs Ha CBOOOIHBIE 3JIEKTPOHBI
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TIOJISIMH aTOMOB TeJia.
[71aBHOE B TOM, UTO pacCMOTPEHHBIE TIPOIIECChl, CBsA3aHHBIE C

doToHAMHM ¥ UX MEPEXOJIOM U3 CBETa B TEIUIO - B3TO U €CTh IPOsBJIEHHE

BceobOmero (pmirocodckoro ) 3aKkoHa Iepexo/ia KOJIMYECTBO B KaUeCTBO.

CBeToBBle TpOOJIEMBI W3-3a HE3HAaHUsA OO0BEKTa UCCAeNOBAHUA,
IIOJITHOCTHI0 CHUMAIOTCS PeaabHbiM HOMOHOM, SBIAIONIUMCI YaCTHUIIEN
3JIEKTPUUECKON MaTEPUH CO CBOMM CTAaTUUYECKUM IOJIEM U UCIOJIHEHHBIM He
paspyliaeMbIM, BEUHBIM H3-32 CBOEH OTPOMHOM IUIOTHOCTH, IIOTOMY 3Ta
YacTHUIA IEPBOOCHOBHASA, T.€. BXOZAIIAsI B COCTAB BCEX BEIIECTB U TEJ.

BTopoli 11epBOOCHOBHOM YaCTHUIIEW, TEHEPUPYEMOU COJIHIIEM, SBJISIETCSA
MarHUTHas 4JacTuna. E€ Mbl HaxoMM B HeApax 5JIEKTPOHA, U U3BJIEKAETCS
OHA OTTy/Zla NHEPIIMOHHBIMU CHUJIaMU, CO3JIAIONIUMU JaBJIeHUE Ha BJIEKTPOH
mopsaka 10" — 10*2t/cm2. OTMeTHM, 4TO 3TO OYeHb BBICOKOE JaBJeHHE, HO
TaKOBa MPUPOIa MUKPOMHUPA — CZeJIaHa OUeHb KPEIKO.

Y 5TuxX OUIOJITPHBIX YACTHUI UX CTAI[IOHAPHOE I10JIe PACIPOCTPAHSIETCS
IIPUMEPHO HA WX 4YeTbIpe JIUHBI, IOTOMYy y HHUX OYeHb OOJIbIIas
IIPOHMKAIOIIAsI CIIOCOOHOCTD (raMmMa u3JIyuyeHue, peHTTeHOBCKOE U3JIyUeHUeE),
a IUIOTHOCTh UX MaTEPUHU Ha YeThIPe MOPsAKa O0JIbIIE TIJIOTHOCTH 3JIEKTPOHA.
Bc€ aT0 ABMIKYIIENCS YaCTUIIE CO3/IAET OTPOMHYIO HHEPITHIO, ITO3BOJISIOINIYIO
ell TPOHUKATh uepe3 OOJIbIIINe TOJIIIHN MEeTaIJIOB U MaTepuasioB. Eé pazmepsl
cpaBHUMBI ¢ padMmepoM ¢oToHa. KOHCTpYKTHBHOE MECTO €€ B CO3/AaHUU
aToMa — 3TO ero AAPO. BoSBIITUM UCTOYHNKOM MarHUTHBIX YaCTHUI SABJISETCS
CosiHIle, KOTOpOE€ TIEPUOJMYECKH TIOPOXKAAeT MAarHUTHbIE OypH ¢ WuX
U3BECTHBIMU CJIE€/ICTBUSIMU.

MaruuTHas MaTepus U3BeCTHA MOKA (1o BhlpakeHuio Jlyunmna A.A.) B
BHUjle OUIIOJIAPHBIX MArHUTHBIX YACTHII, IPUTATHBAIOIAS Pa3HOUMEHHBIN
IOJIIOC W JJIEKTPUYECKYI0 MaTepui0 H OTTAJIKUBAWOINAs YaCTHILy C
OTHOMMEHHBIM IT0JTI0cOM. bitarogapsi TakuM CBOMCTBAM MarHUTHBIE YaCTHIIBI
CIIOCOOHBI BBICTPOUTH BCIO BceesieHHy10, mCIonb3ysa Takke u ¢dortoH. Ilo
CYIIIECTBY, MarHUTHAs YacTUIlA — 3TO KJel BcejeHcKui. M cuia aToro kies,
HQJ0 II0JIarath, IIPOMOPIIMOHAJIbHA €ro IUIOTHOCTH. VMes ILUIOTHOCTH
mopsiika 108T/cM3, 3Ta YacTuIla SABJAETCA HEPa3PYIIUMbIM CTPYKTYPHBIM
3JIEMEHTOM, T.€. IEPBOOCHOBHOU "yacTuiieii. 1 BooOIIe, MarHUTHBIE YaCTUITHI
CIIOCOOHBI CO37]aTh JIIOOYI0 MOHO MAaCCOBYIO CTPYKTYPY. ¥ CUCTEMHOMN (HUBUKU
€CThb BCE OCHOBAHHSA CUHTAaTh, YTO TaKasi OTPOMHAasl IMJIOTHOCTh MarHUTHOU
MaTepuud IIOpOXKJaeT e€ HeoObIUaillHble CBOMCTBAa, B TOM YHCJIe
OUIIOJISIPHOCTD, UTO €eIlé pa3 MOATBep:kAaeT GUI0CODCKUM 3aKOH Iepexojia
KOJIMYECTBA B KAYECTBO.

10



WTak, 5T IEpBOOCHOBHBIE YACTUIIBI CUCTEMBI UMEIOT CBOU CTAaTUUECKHE
I0JIs, KpemKO coeJWHEHHble C MaTepuHCKUM TejoM. biarozapss cBoum
IIOJIAIM IIEPBOOCHOBHBIE YaCTUIBI CIOCOOHBI cOOMpaThcs B IPOYHBIE
KOHTJIOMEPAThl — CJIOJKHBIE 3JI€MEHTBHI CTPOUTENLCTBA KU3HU. llepBhIM
IIPOJTyKTOM 3TOM COOPKU, IIEPBOU CJIOKHOW YACTUIIEN, ABJIAETCA DJIEKTPOH.

PaccmorpuMm 3TOT mipouecc. M3 CBOMCTB JBYX MAaTEPHUAIbHBIX  TeJ
(dboToHA 1 MAaTrHUTHBIX YACTHIL), OTMETHUM IIOKA OJTHO: (POTOH MPUTATHUBAETCS
K MarHMTHOM 4YaCTUIE IIOCPEACTBOM CHUJIOBBIX JKTYTUKOB CBOETO
3JIEKTPOCTATUYECKOTO MOJIsA. B JaHHOM ciTydae 3TO 1oJie TpejicTaBiseT cobom
IIPOCTPAHCTBO, TIJle PAacCIOJIoKeHa DJJIeKTpuyeckass MaTepusi B  BHJIE
HUTEOOPA3HBIX JKIYTUKOB YHPYTUX M KECTKHX, XOPOIIO MPUJINHAIIIUX K
MAarHATHBIM YaCTHIIAM. TOTO CBOKMCTBA JOCTATOUYHO, UTOOBI IIOCTPOUTDH aTOM,
TEeJIO U BelecTBO. B caMoMm fiesie, K MarHUTHOW YacCTHUIIE WM UX COMKHYTOMY
6s10Ky TpuieruisieTcs: (GOTOH, IIOTOM JIpYTOM, ITOTOM BMECTE C MarHUTHOM
YacTUIlel M Tak MHOTO pa3, IOKa 3TOT KJIyOOK He YTPAaTUT MarHUTHbIE
CBOMCTBA, a MPUOOPETET TOJIBKO 3JIEKTPUUYECKUE U TIOKPOETCS «IIePCThIO»
JKTYTHKOB, CO3JAIONINX BOKPYT S3TOTO KJIyOKa BJIEKTPOCTATHYECKOe II0Jie
KJIyOKa aJieKTpoHa. M OH B3TOT KIyOOK — 5JIEKTPOH CTaHOBUTCA
3JIEKTPUYECKUM O0pa30BaHUEM, TaK KaK II0JIe €ro 3JIEKTPOCTATUYECKOe U
000JI0YKM y Hero HeT. Y BdJjieKTpoHa Oosbinoe (kak u y CosHIA)
3JIEKTPOCTATUYECKOE II0JIe, a MarHUTHOE II0JIe He BeJIUKO. Tak BO3HUKAET
JJIEKTPOH - CJIOJKHAs JleJIMMasl dYacTHUIla CTPYKTyphl Mupa. Tereph MbI
BU/IMM, UTO BJIEKTPOH Kak Iap cpopMupoBaJIics, UMes JIJIsI 3TOTO BCETO /IBA
B3aMMO/IENCTBUSA: TPUTSKEHUE W OTTAJIKUBAHUE U JIBE YACTUIBI: (DOTOH -
YaCTHUITy 3JIEKTPUYECKOW MaTepuyd W MAarHWUTHas - YacTUIla MarHUTHOU
matepuu. (Tak MBI O3HAKOMIJINCH C TPETHPHUM IIIATOM  CHUCTEMBI, WM
KOTOPOTO 3JIEKTPOH).

Kcratn, mrapoBas MOJIHHUSI 3TO ToKe OOJIBIION  3JIEKTPOH,
MIOSABJIAIONINICA Ha OOJIBIINX BBICOTAX, I7l€ YPOBEHD JIEKTPUUECKOU MaTepUH
OOJIBIIION, T.K. OHA €ll€ He ycIesia JOCTUTHYTh 3eMJIU U IMIOBBICUTH OTEHITHA
€€ T0JIs, YBEJIMIUB PAJNYC PaACIPOCTPAHEHUS 3SJIEKTPOCTATHYECKOTO ITOJISA
3eMJii Ha TI0JIOKEHHbIE KMJIOMETPHI. V1 ecTi MarHUTHBIM YaCTHIIAM YAAETCSA
coOparbcsa B OOJIBIION KIYyOOK, KOTOPBIN CBOUM II0JIEM MOXKET IPUTATUBATH
yJKe DJIEKTPOHBI, TO CO3MAETCA IIapoBasi MOJIHHUS C €€ BBICOKUM
3JIEKTPOCTATUYECKUM ITOTEHITHAIOM.

W Tpo3bl CBA3AHBI C 3TUM IIPOILIECCOM MUTAHUS 3€MJIU 3JIEKTPUUECKOUN
MaTepued. O0Jslaka ¢ BOASHBIMHU IIOJIAMH — 3TO XOPOIIHUU OOBEKT JIJIA
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KOHIICHTPALIUU 3JIEKTPUUYECKUX 3apAnoB, Tekymux K Ham oT CosHna. Ilo
3TOU IpUYUHE TaK YacThl TPO3bl Ha 3eMJie — KaxKAble 3 CEeKyH/bl pa3ps
yepe3 MOJHHIO. BOT Tak m@OpocTO U TIOHATHO OOBACHAIOTCS OTU
«TauHCTBEHHBIe» mpoIlecchl B arMmocdepe 3emsiu CucteMHON (DUBUKOM.

[TokaxkeM HepaspelInuMble 3arajkd COBPEMEHHON KOHCEPBAaTHBHOU
GUBUKU 1)1 «HEAEeJTHUMOTro 3JIEKTPOHa». B oduIuagbHOM HayKe 5JIEKTPOH
CUMTAaeTCsI HeJeJHUMBIM, XOTs OH Bcerja AeansicsA. JTa THIOoTe3a TaK U
JKUBET, HECMOTPsSI Ha TO, YTO 5JIEKTPOH, MO CYIIECTBY, Ppa3BaJIWIU Ha
COCTaBHBbIE €ro 4YacTh 120 JieT Hazaja. Hampumep, peHTreH - CUJIbHOE
IIPOHHKAaIOIIee H3JIydyeHre (PasroH Iy4YKa 3JIEKTPOHOB B BaKyyMe U PE3KOM
TOPMOXKEHHHM) HO, UYTO 5TO 3a H3JIydeHHe, KaK OHO BO3HHKAeT M Kakas
MaTepus ero HeceT? HecuacTHas obesziosieHHas pu3HUKa 3TOr0 He 3HAET 70
cux 1mop. IToaToMy peHTTeHOBCKOe H3JIyUeHUe SBJIAETCS JJIs HUX «UEPHOU
JIBIPOH» B uUX (usuke. Bcé uesroBeuecTBO yxke Oosiee 120 JIET IIOJIB3YIOTCS
STHM CJIyYalHBIM OTKPBITHEM PeHTreHa, HO y4€HbIE IIOHSTh €ro IPUPOy He
MOTYT — 3ampeniaeT MakcBes, He HAIIeIIUNH MaTeEPUN B MarHUTHBIX ITOJIAX.
B cBOux MaTeMaTU4YeCKUX IOIbITKaX MaKkcBesLI moJjie (KOTopoe eMy Ka3ajioch
HEKOH »KHJIKOCThIO, HE CIIOCOOHOU C3KUMATHCA U TOJIBKO) IIPEJICTaBUI B BUJIE
CHCTEMBbl ypaBHEHUM, JIUIIWJ MArHUTHYIO 4YacTUIly MaTepuu, 4YTO B
MaTeMaTH4ecKUX cuMBoJiax 3amnuchkiBaercsa Tak: div H=o. Crajio OBITH O
KaKOU YacTHUIlEe MOKET UJTU PeUb, €CJIU Y HEE€ HET MACCHI.

[Topa OBl y:Ke OTKasaTbCA OT 3a0iayxkaeHuUil MakcBesia, OTMedaeT
Jlyanun A.A. Ha camom pesile y MarHUTHOIO IIOJI €CTh €ro CIelhajibHasd
MaTepus CO CBOEM Maccou, a BOT TAKOU MaTepUM JJis 3JeKTPOMarHuTHOTO
II0JIs1 HET, KaK HET B IPUPOJIe U CaMOro 3JIEKTPOMATHUTHOTO Tosis. 'epIir u
XeBucaiiyi MpUBeJU YpaBHEHHME K KAaHOHHUYECKOMY BHUJIy U CUMTAIOT HX
Teopueu 3JIEKTPOMATHUTHBIX MOJIeUd, MPUTOAHOU il UX pacueéta. Ho atu
PACUETHl HUYETO He CTOAT T.K. 3JIeKTPOMAarHUTHBIX moJsied HeT. K Tomy ke
3JIEKTPOINHAMUUECKNEe ypaBHeHUs1 MakcBejla eCTh B TPOSTHCKOM KOHE B
pusuke OIuHINTeNHA. [lompaBUTHL ero He MOryT, oTMedaeT CucTeMHas
¢dusuka. Ecim mompaButh 3TH pacué€Tel TOo pyxHer TO (Teopus
otHocutenbHocT) U OTO (obImiass Teopus OTHOCHUTESLHOCTH) JDUHINTENHA.
CoOCTBEHHO, B 3TOM BCE JIeJIO0.

A. A. JlyyuH TUIIET, YTO PEHTT€HOBCKOE W3JIyUeHUE SIBJISETCS
«TI0OOOYHBIM» TPOJYKTOM «HEJIeJIMMOCTU» 3JeKTpoHa. OH IPUBOAUT
oIpe/ieJieHe PEHTTeHOBCKOTO WU3JIydeHUus, Kak ero BuauT CucremHas
(pusuka: 3TO KMHETUYECKOe MATHUTHOe II0Jie, T.e. IMOTOK JBUXKYIIUXCS
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MArHUTHBIX YaCTUI], BBIOPOIIEHHBIX M3 3JIEKTPOHA CUJIONW HWHEPIUHM IIPU
TOPMO3HOM B3aUMOJEVCTBUU C MOJAMHU aTOMOB aHO/A, YCKOPEHHOTO ITy4yKa
3JIEKTPOHOB. Kak BUZiUM, B pEHTT€HOBCKOM U3JIyYeHUU OCHOBHBIM ABJIAETCH
IIOTOK IIEPBOOCHOBHBIX MATHUTHBIX 4YAacCTHUIl, U BA?)KHO NOMHUTh, UTO 3TH
YaCTHUIBl HE MOTYT OTpa)kaTbCsl OT JIFOOBIX TEJT U3-3a MX BHICOKOU IVIOTHOCTH
CBOEU Macchl M MaJIOTO CeUYeHUs IUIOMIA/IN CBOETO CTaTUYECKOTO MAarHUTHOIO
I10J1s, IIOTOMY YaCTHUI|A JIETKO IIPOHUKAeT B Tejla U pa3pylIaloT TaM aTOMBI,
TeJa, BCTpedHawIlquecd HA HUX IyTH. BOT NmO3TOMy B MeEIUIIMHCKUX
PEHTTeHOBCKHX KaOMHeTaX TaK OCHOBATEJIbHO 3alUINAIOT IEPCOHAT U
MAIIEHTOB OT 3TOTO W3JIyUYeHUs, a MPU OOJyUYeHUHM MOPAKEHHBIX YUACTKOB
TeJia, TAKKe AKTUBHO MOPAXKAIOTCA U €r0 37[0POBbIe YYaCTKHU.

Takum o6pazom CucremHasd ¢u3uka OTBEPTHYB HEJEJINMOCTh
AJIEKTPOHA, I[I0OKa3ajia peajbHyl0 KapTHUHY BbIOpOCca CHJIAMH WHEPINN
COCTAaBHBIX YaCTEN 3JIEKTPOHA, UMEIOIIUX OOJBIIYI0 IJIOTHOCTh U MaJioe
CTaTU4yecKoe I0Jie — 3TO MarHUTHBIE YaCTUIIbl U (POTOHOB, KOTOPBIE XOPOIIIO
MPUTATUBAIOTCA K MArHUTHBIM, KaK W HATEpPTas CTeKJIsSHHAsA MajlouKka K
iob0My IOJIIOCY MarHuTa, T.e. DJJIeKTpUudeckas MaTepus XOpOIIO
MIPUTSATHUBAETCA OUNOIAPHOUN CTPYKTYPOU MarHura.

Cnemyer 0co60 OTMETHUTD, UTO JIyduH A.A. SKCIIEPUMEHTATIBHO JIOKA3aJl
JIeJINMOCTD 5JIEKTPOHA HA MAarHUTHBIE U 3JIEKTPUYECKHE YACTHUIIbI, OUPASACH
Ha OITBIT U JUAJIEKTUUECKUN MeTO/ TO3HAHUA, 3PaBblil CMbICJI U TPUIUHHO-
CJIeICTBEHHYIO TEXHOJIOTUIO IO3HAHUA TIPOIIECCOB IIPUPOABL. ITUM OH CO3JaJT
HOBYIO KOHIIENIIIUIO KAPTUHBI MUPA, B KOPHE U3MEHUJI CyTh U YPOBEHb
METO/I0JIOTUYECKOT0 0a3rca, COOTBETCTBYIOIETO HOBOMY STaIy MO3HAHUSA —
MaTEPUAJIMCTUUECKOMY  HJeanu3My. MaTepualuCTUYeCKUU  HJlealn3M
OasupyeTcsi Ha HHEProunH(GOPMAIIMOHHON JUAJIEKTUKE W UMeeT YETKYIO
MAaTEPUATUCTUYECKYIO OCHOBY — Ha/IM4yde NMEPBUYHOU MaTepPUH BCETO
CYIIIETO: MaTePUH 3JIEKTPUYECKOTO M MAarHUTHOTO MOJIEH.

Ob6paTtuMcsi K KOHCTPYKIIUM 3jieKTpoHa (puc. 3). OroBopumcs, 4To
BO3MOXKHBIE TOBTOPHI B TEKCTE€ HOCAT TAKTUUYECKUU CMBICII, TIOMOTAOIIHAMN
YCBOEHUIO0 HOBOU KoHIenuu CucTeMHON (pU3UKHU.

KoHCTpyKIMs 3/7IeKTPOHA, SABJIsIET cOOOM MpUMeEp B3aMMOJIEMCTBUSA HA
npuTskKeHue. MarHuTHblEe YacTHIbI Y 3JIEKTPOHA coOpaHbl B  €ro
reoMeTpUYeCKOM IIeHTpe, K HUM IPUTAHYJINCh (POTOHBI, KOTOPble CBOMMU
KTYTUKAMM KpeNKO MPUKJIEWJINCh K IIOJII0 MAarHUTHBIX YACTHUIl, HO 4YacCTh
KTYTUKOB  (POTOHOB  OCTAlOTCA  CBOOOAHBIMHA, U OHH  0Opa3yIOT
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JJIEKTPOCTATHUYECKOE IIOJIE JJIEKTPOHA, PACIIPOCTPAHAIOIIIECECA Ha R=105I',
rae r- paanyc sJIEKTPOHA.

Puc 3. Cxema KOHCTDYELIMH SNeKTpoHa.
1 — MArHWTHLIZ YacTHLL AAPa JNEKTPOHE]
2 — (POTOHE!, KOMNEHCHMPYIOLINE MaTHWTHOS NONe AApa ANBKTPOHE;
3 — 3NeKTPOCTATUYECKDE NONE ANEKTPOHE — CHNOBLIS KIYTHKX nonei oToHoB

IJIEKTPOH SIBJIAETCA «XPAaHWJIHIIEM» II0JIEBON - BceoOImeld MaTepuu
IIEPBOOCHOBHBIX YacCTUI] (POTOHOB M MarHUTHBIX YaCTUIl. B HEM copep:KuTCs
MpUOIU3UTEIBHO 3X105 IIT. 3THUX JJIEMEHTAPHBIX dYacTUIl. [IOCKOJIBKY
BJIEKTPOH — 3TO HOCUTENb DJIEKTPUUECKOU MaTepUH, TO 3TO O3HAYAET, UTO
MarHUTHbBIE YACTUIbl SABJIAIOTCA €ro S/IPOM U UX HO0JIeé CKOMIIEHCHPOBAHO
BJIEKTPUUECKUMU HOJIAMH (HOTOHOB IIPAKTUYECKHU MOJTHOCTHIO, T.€. (OTOHHOE
II0JIe Y HET0 He CKOMIIEHCMPOBAHO MATHUTHBIM MOJIEM, & MAaTrHUTHOE IOJIe
IIOJITHOCTBI0 HE CKOMIIEHCHPOBAHO 3JIEKTpUYECKUM IoJieM (oToHOB. Ilpm
3TOM y COBpeMeHHOU (UBUKU MOABJISIETCA HepaspelnuMmas 3arajka Jjis
«HEJIEJTUMOTr0» 3JIEKTPOHA — MATHUTHBINM CIUH (CIIUH 3JIEKTPOHA — 3TO
YAaCTUYHO HECKOMIIEHCHPOBAHHOE II0JIe MAarHUTHBIX YACTHUI] 3JI€KTPOHA) U
OHA He JKeJIaeT €€ MPU3HATh THOCEOJIOTUYECKOH (HaydHOI) OITUOKOH.

[TJI0THOCTH MacChl 3JIEKTPOHA ~10" 1/em® Umes TaKyI0 IJIOTHOCTb, €TO
He MOKET y/IEP?KaTh HU OJTHO Hallle PBIXJIoe TeJio, Aaxke Jr (Mpuauit — caMbIi
TSDKEIBIM MeTa/I 3eMJIM) ¢ MaKCHMaJIbHOM IIOTHOCTBIO 22 r/cm3. Bort
[I03TOMY BSJIEKTPOHY CO3/IaHO CTaTUYecKoe II0Jie, CHUJIOBOU CTPYKTypOu
KOTOPOTO SIBJIAIOTCA KECTKME U YIPYyTHWe HHUTeOOpa3Hble BJIEMEHTHI
(OKTYTHKU) - OYeHb MPOYHbIE 3JIEMEHTHI KOHCTPYKIIMU 3J1eKTpoHA. CBOUCTBO
3TOr0 TOJIsl, KaK CTPYKTYPHOTO 3JieMeHTa B3aMMOJIEMCTBUS, COCTOUT B
OTTAJIKUBAaHUU OT OJIHOMMEHHBIX IOJIEH U B NPUTATHBAHUU K JIIOOOMY
IIOJIFOCY MAarHUTA.

Takum 00pa3oM, 3JI€KTPOH BUJIEH B BHUJIE IIApUKa C PaJAyCOM -
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-1 o hd
2,82-10 ® M. C ouenb TYCTOU «IIEPCThI0O» CHUJIOBBIX KTYTUKOB, GPOPMOU U

CTPYKTYPOH, C Maccou - 9,1 Xx1031 Kr .

KoHcTpyKius 5y1eKTpoHa (pHcC. 4.) HABOJUT HA MBIC/Ib, UTO Y 3JIEKTPOHA
CHAyaJla CO3/aBaJIoOCh €ro MarHUTHOE Si/IpO B TOM MecCTe, I7le MarHUTHBIX
YacTUI[ MHOTO, a IOTOM 5TO AApO IepedpachlBajioCh B 30HY, I/le MHOTO
(dOTOHOB.

Bcé 5TO 0oueHb IOXOXKe Ha
pabory Comnma. Korma B
Heapax CoJiHIIA TTPOUCXOAUT
B3PBIB, HAa €ro IIOBEPXHOCTHU
BO3HHUKAET IIpoTyOepaHel|
BBICOTOU B THICSYU KHUJIOMETPOB
C MATHUTHBIMH YaCTHIIAMU

Puc. 4.CTpykTypa anekTpona. pa3HOM BEJINUHHBI.
1 — MErHUTHLIE YacThilsl; 2 — (hOTOHBL; 3 — CHNOBLIE KIYTHKKA
Menbuaiiiime
(IIepBOOCHOBHBIE) YJaCTHUIBI
JIETAT K 3eMJle, a KPYITHbIe CBOMMH IIOJIIMU HAUMHAIOT HPUCOBOKYIUIATDH K
cebe (OTOHBI COJTHEYHOTO CBETA JI0 TeX MOP, IMOKA ero MarHUTHOE II0Jie He
KOMIIEHCUPYETCS MOUYTH ITOJIHOCTHIO, OCTABUT €ro CJIe/i B BHJIE MarHUTHOTO
CIIHA 3JIEKTPOHa.

Takum obpasom, CosiHIle cHa0kaeT HaC CrYCTKaAMHU 3JIEKTPUYECKOU

MaTepUU — 3JIEKTPOHAMU, B KOTOPHIX €CTh €Il€ 1 MAarHUTHbIE YaCTUITHI.

CucremHasi ¢u3mKa OTMeYaeT, YTO TaKHUM O00Opa3oM, y B3JIEKTPOHA
MosIBUJIach elle ogHa pyHKusa. OH oKazajics I10 KOHCTPYKIIUMU, KaK MUIIET
Jlyamn A.A., ananmorom CosHia. I'enepatop Hareit cucrembl — CosiHIIE U3
CBOMX TIIEPBOOCHOBHBIX YaCTHUI] CO3/Ia€T CBOM aHAJOT — 3JIEKTPOH,
coiep;Kali CTO ThICAY (POTOHOB M MArHUTHBIX yacTtul,. Y CoJjiHIIA U ero
aHaJsIora 3JIEKTPOHA eCTh eIlé OJHO COBHAaJieHue. Y 3JIEKTPOHA OOJIbIINOe, KaK
u y CosiHIIa, 3JIEKTPOCTAaTUYECKOE T10JIe, 2 MATHUTHOE M0JI€ He BEJIUKO.

Cnenmyromuid mar cuctembl: lIlpoliecc KOHIEHTpauuu BelllecTBa Ha
CO3/JaHUU DJJICKTPOHA He IIpeKpalnaercs. IJIEKTPOH fABJAETCA HA4YaJloM
JIAJIbHEUINIET0  YCJIO)KHEHUsT  MEPBOOCHOBHOW  mpoaykiuu  CHCTeMBL.
MarHuTHble YacTUIbl YIIOPSAJIOUEHHO cobupaioTess B 0osiee  MOIIIHBIE
oOpa3oBaHUs ¥ CBOUMU MOJIAMU MPUCOEAUHAIOT 3JIEKTPOHBI, TPUKPEILISAA UX
CBOUMU KTyTUKaMHu. [losrydaeTcs aToM (3TO YeTBEPTHIN AT CUCTEMBI).

Ho, ipexzie ueM 00paTUThCA K KOHCTPYKITUHM aTOMa, OTOBOPUMCS
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(4TOOBI OBITH ITOCJIE/IOBATEILHBIMHE), UTO CJEAYIOIUN COOUpPATEJbHBIA aKT
CHUCTEMBI - KPHCTAJLJI, KOTOPBIA YK€ CO3JA€T Teja HEeOrPaHUYEHHOI'O
o0BEMA.

ATOMBI COOHpAIOTCS B KPUCTAJLIBI C IIOMOIIBI0 « MATHUTHOTO KJIEA»,
TaK CUCTEMHAs (pU3UKA HA3bIBAET MAaTrHUTHBIE YACTUIIBI, KOTOPBIE ITO3BOJISIOT
JIBYM OTTAJIKMBAIOIIMM aTOMaM COEQUHUTHCA B OJHY CTPYKTYPY C HOBBIMU
CBOMCTBAaMH. ATOMBI, UMesl 3J€KTPOHHBIE O0OJIOUKH, MOIYT COEIHUHHUTHCS
yepe3 MarHUTHYIO YacTulry. Vi Bo3MOKeH BapuaHT OOBbeIMHEHUS aTOMOB
B HOBBIE CTPYKTYPBI: €CJIH MAarHUTHOE II0JIe sSpa aroMa He
CKOMIIEHCUPOBAHO TIOJIAMH 3JIEKTPOHOB €ro O0OJIOYKH, TO BO3HUKAET
(puszryeckas BO3MOKHOCTb JIJIA 00beITHHEHUS aTOMOB, HUCIIOJIb3Ys OHO AP0
JUIA JBYX aTOMOB WJIM Jaxke Oosible. BakHBIM 37ech 0OCTOATEIHCTBOM
SIBJISIETCS TO, YTO ¥ B KOHCTPYKIIMU aTOMa YJacTBYIOT Te JKe IIePBOOCHOBHEIE
CTPYKTYPHBIE 3JIEMEHTHI (DOTOHBI U MATHUTHBIE YACTUIIHI X TOJIBKO OHHU.

Ilerb aTOMOB MOKeT OBITh JIIOOBIX pa3MepoB U CBOUMCTB. Takum
IIPOCTHIM CIIOCOOOM CHCTEMAa CO3[AET Tejla, BEIecTBa, ITPOIIECCH U Cpeny.
It (paKTOpPhl PA3BETBJIAIOT IPOIECCHl II0 PAa3HBIM CpeaaM, HOPOXKIAAsT
IITITPOKOE MHOT000pa3re Mupa, KOTOPOE ITOCTOSHHO OCTAETCS MO/, BIUSIHIEM
COJTHEUHBIX JIy4el, CHOCOOHBIX U BJUATH HA BCE IPOIIECCHI CHUCTEMBI.

WTak, MepBOOCHOBHbBIE YACTUIBI Marepuu: (POTOHBI U MarHUTHbBIE C
TAaKUMU (PEeHOMEHAJIbHO OTPOMHBIMH IUIOTHOCTSIMH CO3JAIOT U TAKOTO Ke
YPOBHSI IPOYHOCTH U YIIPYTOCTh MaTepui 3TUX yactull. CucreMHas pusuka
IIO{YEPKUBAET, UTO B MUPE HET HU CPEJICTB, HU NPUYUH JAJid pa3pylleHus
9TUX IIePBOOCHOBHBIX YaCTUI] MaTepuu, KOTOopasg 1II0 3aKOHY
11eJ1ecO00Pa3HOCTU CO3/1aJIa UX U CO3/AET Tellepb HEYHUUTOXKUMBIMU.

[ToBTOPHUM: BJIEKTPOH ABJISIETCA CJIO>KHBIM obpazoBaHUEM
IIEPBOOCHOBHBIX  YaCTUI[ ¥  HAYAJIOM JIaJIbHEUIEro  YCJIO0KHEHUS
IIEPBOOCHOBHOU Tipoxayknuu CucTeMbl, KOTZla OJAWH OOBEKT uUepes
B3aMMO/IeliCTBUE T10JIel BCTPAUBAET B CBOIO CTPYKTYPY APYroil 00beKT, paHee
el He NPUHA/UIEKABIIUUA. IJTO YCIOKHEHHe - aToM. BakHBIM 371ech
00CTOATEBCTBOM SBJISIETCA TO, UTO B KOHCTPYKIIMUA aTOMa YJIaCTBYIOT T€ K€
IIEPBOOCHOBHBIE CTPYKTYPHBIE 3IeMeHThI (POTOHBI ¥ MAarHUTHbBIE YaCTULIbI U
TOJIbKO OHU.

[ToBTOpHMCSI, UTO BO3MOKHbBIE IOBTOPHI B TEKCTE HOCAT TAKTUUECKHU
CMBICJI, TIOMOTAIOIINU YCBOEHWIO HOBOU KoHIemuu CucTreMHON pUBUKU.
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A Temepp oOpaTmMcs K KOHCTPYKIIMHM aToMa, KOTopas MOX0XKa Ha
KOHCTPYKITUIO 2JIEKTPOHA. MarHUTHBIE YACTUIIHI YIIOPAAOUYEHHO COOHMPAIOTCA
B 0Oojiee MoIHbIE 00pa3oBaHUSA U CBOMMHM TOJSAMU IPUCOEIUHSAIOT
BJIEKTPOHBI, TPHUKPEIJIAA UX CBOMMHU JKryTukamu (puc. 5). Ilosydaercs
JKECTKAsA KOHCTPYKITHS aToOMa C HamPsDKEHHOHN BJIEKTPOHHON 000JIOUKON. DTO
HaIpsPKeHUe BO3HUKAET M3-32 OTTAJIKUBAHUA JKIYTUKAMU OT COCEIHUX
BJIEKTPOHOB (KYJIOHOBCKHE CHJIBI) U HEBO3MOKHOCTU IIPEOJI0JIETh 3TO
OTTaJIKWBaHUE B CHJIy OoJiee IPOYHOU CBA3H C AAPOM aToMma. 37ech cuibl Fy
u F. — KyJIOHOBCKME CHJIbI B3aUMOJEWUCTBUS C COCETHUMH 3JIEKTPOHAMU,
JIEKAIUMU B IUIOCKOCTH PHUCYHKA, a Fp — pe3ysbTupyloinas cuiia 3TUX JBYX
cun Fiu Fo.

B melcTBUTEIPHOCTH aTOM HMEET

o n

G Al " 00BEMHYIO TPEXMEDPHYIO CTPYKTYPY, U
e 2 pe3yJIbTUPYIOLIAs cuia Fp

)

3HAYUTEJIPHO BO3PACTAET OT JIEHCTBUS
KYJIOHOBCKHUX  CHJI, JIEeXKAIluX B
2 | TIepIIeHUKYJSIPHOHN K IIockocTu. Kak
BUJIHO, II0 KpalHell Mepe, YeTbhIpe
BJIEKTPOHA IIBITAIOTCS  BBITOJIKHYTH
1 OAWH SJIEKTPOH U3 BJIEKTPOHHOU
obosiouku aroma. YyTh HUKE MBI
YBUJUM, UYTO DHEPrUs aToMa HMeeT
KYJIOHOBCKYIO IIPUDOJly U SABJIETCA
IOTEHIINAJIbHOU 9Heprueu
3JIEKTPOHOB 000JIOUKHU aTOMOB.

Puc. 5. Cxema atoma (auameTpankHoe cevexue).

CtpykTypa aToMa B CHUCTEMHOH (pU3UKe BUJUTCA pPEAJbHOU TOJBKO C
MIO3UIMH TOJIEBOTO B3aMMOJIEVCTBUSA U SBJsAET coOO0U IpUMep, KOrja B
onHOM O0O0BeKTe paboTaroT O/IHOBPEMEHHO JIBa B3aMMOJIEHCTBUS:
MIPUTSI>)KEHUE U OTTAIKUBAaHUE.

JI7is1 B3aUMOJIENCTBUS elll€ OYeHb Ba)KHO, UTO ITIEPBOOCHOBHBIE UACTHUITHI
MMEIT CTAllMOHAPHbIE TOJA B BHUJE MPOYHEUNIINX CUJIOBBIX KTYTUKOB,
IIOCPEJICTBOM KOTOPBIX OCYIIIECTBJISAETCA aKT B3AUMOAEUCTBUA — NPUINTIIAHUSA
OJHOU YaCTUIIBI K JIPYTOU.

IATUM JOCTOUMHCTBOM CHCTEMAa CHaAO/IMJIa TOJIBKO CBOIO IIPOAYKIIUIO. ATOM
— CTPYKTypa IoJieBasi, T.e. coOpaHa M3 YaCTHUIl, PACIIOJIaraloIuX ITOJISIMH,
CITOCOOHBIX K B3aMMOJEUCTBUIO. DTO 3HAYUT, IMOCKOJIBKY B3aMMOIEHCTBUI
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BCEro /[Ba, APO Y aroMa MarHUTHOe (OHO COCTOUT M3 PA3HOTO KOJUYECTBA
MarHUTHBIX YacCTUI]), a OJJIEKTPOHHYIO OOOJIOUKY CO3JAl0T BJIEKTPOHBI,
KOTOpblEe CHJIOBBIMU IIYNAJbIIAMU CBOHUX IIOJIEM KPEINKO IPUTAHYTHI
MarHUTHBIM MOJIEM si/ipa aTroMa. 11 3To0 OTpOMHOE paccTOSsHUE OT siJipa aToMa
710 MeCTa PacHoJIOKeHUs 3JIEKTPOHOB R = 105r (r — paamyc sAzapa atoma)
3all0JIHEHO CHUJIOBBIMU KTYTUKAMU 3JI€KTPOCTATUUECKOTO TOJIA 3JIEKTPOHA,
IUIOTHOCTh MaTePUU KOTOPOTO COCTaBJIsieT 104T/cM3 (fecATh ThICSU TOHH B
KyOmueckOM caHTHMeTpe). I[loToMy yIpyroctb ¥ IIPOYHOCTh TaKOU
KOHCTPYKITUM aTOMa BBICOKU ACTPOHOMHUYECKMU.

JJIEKTPOHBI B O000JIOUKaX aTOMOB He BpaIaloTCs, a KECTKO
IIPUKPEIUIEHBI K ApaM KTYTHKAMU CBOHX 3JIEKTpocTaTuueckux moseinr OHa
cTallioOHapHa, TOTOBa K B3auMojelcTBuio. OHa akTHBHaA, T.e. T'OTOBA K
00beUHEHUIO Yepe3 MArHUTHYIO YaCTHUILy ¢ APYTHMU aTOMaMH. YIPYTOCTh
JKTYTUKOB Besinka. OHa U 3alliyuTa U HAJEKHBIN 3JIeMEeHT KOHCTPYKIIUHU TEJ.
ATOM HaJIEXKHO 3alUIIAETCA «IIEPCThI0O» KTYTHKOB SJIEKTPOCTATHUECKOTO
nosia. I[Ipupopa
IIOKa3bIBaeT U
37leCb, 4YTO CBOU
IIPOU3BEIEHU A
OHa  HaAEXKHO
3alllUIaeT  OT
POJICTBEHHBIX

CTPYKTYP. Ho
nMes  IIOKpOB

Puc. 6. Monekyna KTYyTUKOB, OH HE
MOKET
COEIUHUTHCA C IPYTUM aTOMOM pa3Be TOJIBKO Uepe3 IOCPEeACTBO MAarHUTHBIX
yactull (puc. 6).
CHUI0BOUM KTYTUK 3JIEKTPOCTATUUYECKOTO MOJISI — BTO €€ U TJIaBHBIU
dJIEMEHT B3aMMOJENCTBUM TOW CHUCTEMBI, KOTOpasg CTPOUT MAaKpO H
MHUKPOMUPHI M0 €ITNHBIM 3aKOHAM.

YacTp KTYTHKOB Y 3JIEKTPOHA CBOOOIHBI, 1 OHU HAIPaBJIEHBI HAPYXKY OT
sS7[pa U CHOCOOHBI K OOBEJUHEHUIO C APYTUMH OOBEKTaMHU WJIM 4Yepes
MarHUTHBIE YaCTHIIbI, HJIM HEITIOCPEACTBEHHO K SA/IPY APyroro aroMma (puc. 6).

CB0OOOHBIE MAaTHUTHbBIE YACTHUIIHI IIPUJIECIUISIIOTCA K CBOOOJHBIM JKTYTHKAM
aToMa, HaIpUMeEpP, CEBEPHBIM IIOJIIOCOM, a K IOXKHOMY IIOJIIOCY CBOUMH
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JKTYTUKAMU IIPUKPEIUISETCA APYTOA aToM, co3/laBas 00pa3oBaHUE ¢ HOBBIMU
CBOMCTBAMH — MOJIEKY.IY (puc. 6).

TakuM ke crocobom obpazyeTci W KPHCTAJLI (puc. 7).
YropsinoueHHas KpHUCTA/UIMYECKAas CTPYKTypa OCTa€Tcs coOupaTeIbHOU
CTPYKTYpOH, KOTOpas IIOCPEACTBOM CBOUX CBOOOJHBIX JKTYTUKOB U
MAaTrHUTHBIX YacTHUIl crtocobHa ¢opMupoBaTh cebe MOA00HbIE KPUCTAJLIBI —
PACTUTD UX.

Bce YaCTHUIIbI
(37eKTpOHBI W s7pa

MarHuTHble

vacTMubl " aTOMOB) CBsA3aHBI

— SNeKTpOoHbI
= MEXKTy coboii

KpemJ4auinmMmu

KryTnku CHJIOBBIMHU KTYTHKAMU
IoJIel 3TUX YacTUI[ B
KyOHuueckue,
poMOO3/IpUUECKUE,
TeTparoHaJIbHbIE,
reKcaroHaJIbHble, MOHOKJIMHHBIE U JIPYTHE CTPYKTYPHl KPHCTAJLIMYECKUX
PENIETOK.

PUc.7. CXema CTPYKTypbl KpucTanna

Kaxk BujinM, y TAaKOU KOHCTPYKIIUM aToOMa HeT mpobJsieM ¢ oObeIUHEHUEM,
K TOMYy >Ke, CKa3aHHO€ OYeHb IPOCTO MOATBEPKAAeTCA U € IIOMOIIBIO
M3MEpPUTEJbHOTO MHCTPYMEHTA BBICOKOU TOUHOCTU — IUIMTKU MoraHcoHa,
IIOBEPXHOCTA KOTOPOM OTHLIM(OBAaHBI C TOYHOCTBIO JI0 MUKpoHa. IIpu
HAJIOKEHUU TIJIACTUHOK JIPYT Ha JIpyTa, MOCcIeTHUE MPOYHO NPUIUTIAIOT JPYT
K JIpDYTY uepe3 MOCPeICTBO MEPBOOCHOBHBIX MATHUTHBIX YACTHUI] .

[lenu aTOoMOB MOTYT OBITH JIIOOBIX pPa3MepOB M CBOUCTB. Takum
npocTeiM crnocobom CucreMa cO3[a€T TeJsia, BellecTBa, IMPOIEcChl U
cpeny. 9Ty GaKTOPbI pa3BETBJIAIOT MIPOIECCHI 10 PA3HBIM CpeiaM, TTOPOK/Ias
IIIMPOKOEe MHOT00Opa3ue MUpa, KOTOPOE MTOCTOSHHO OCTAETCSA MO/ BIUSHUEM
COJIHEUHBIX U3JIy4eHUH, CHOCOOHBIX U BIUATH Ha Bce mporiecchl CUCTEMBI.

Takux CBOHCTB y IUIaHETAPHOM CTPYKTypbl aroma HeT. Eé make

CpaBHUBATH cO cxeMol Pesepdopsa-bopa HeT cMbIciia n3-3a apXaudHOCTH U
IIOTEPHU 3/IPABOTO CMBICJIA B BH/IE TIOCTy1aTOB bopa.
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Cucremnas pusuka mogeab aroma Pezepdopaa — bopa, npusyMaHHYIO
TeopeTuKOM bopom 0oJiee cra JieT Ha3aj,, HE CUHUTAEeT IMpPaBWIbHOU. bosee
TOTO OHA OTBEPraeT C NMpeHeOpeKeHNeM 3Ty IJIaHETAPHYIO CTPYKTYPY aToMa,
KaK HHepro3aTpaTHYIO U JIMIIEHHYIO B3auMoyielicTBusA. Ho ciieayer oTMETUT®,
CIIPABEVIMBOCTU pajau, uTo Peszepdopa TMNPUKOCHYJICA K TBOPEHUIO
BcesieHckoro coBepiieHcTBa — atoMy. OH YCTaHOBWJI, UTO aTOM — CYTh
IIyCTOTa, «3JIeKTPOHHAsA 000JIOUKa» OTCTOUT OT si/ipa Ha 4-5 MOPSAAKOB. B
JlanbHeleM «TeopeTuky» Huabcy bopy B aTOMHONW KOHCTPYKITUHU
IIPUIILJIOCh 3aWMCTBOBATh IUJIAHETAPHYI0 MOJENIb C 3aKOHOM TATOTEHUS
HpIoTOHA, YTOOBI OOBSICHUTD, KaK y/IEPKUBAIOTCS 3JIEKTPOHBI, BPAIIAIOIIHECs
BOKPYT fi/ipa aToMa.

bop 3acraBusl 3/IeKTPOHBI aToMa BpaliaTbCAd BOKPYT fA/pa, He
3aTpauvBasg Ha 3TOT Iporecc Hepruu. Ilpm 3TOM OH He paccMaTpUBAI
3a/lauy SHEPrUM JJisi 3TOro pemeHus.  HoO «TeopeTUKHU» BbIIYMBIBAIOT
AQHHUTWIAIIUI0O W SKCIIEPUMEHTATOPbl CTAJIU  CXKUMATh  pa3jdYHbIE
MaTepHaJsibl JaBJeHHEM 710 100 Thicad atMocdep (Kr/cm2), HamepeBasich
yBuZileTh 3(QQdeKT IpeBpamieHuss marepuu B dHepruto. Ho addexra He
yBuziesid. Ero u ObITh He MOKeT. Marepuss BeuHa. BemecTBo ciierka
W3MEHAJI0 CBOI 3JIEKTPOONPOBOAUMOCTh, HO BOCCTAHABJIUBAJIO CBOU
HCXOZHbIe  IIapaMeTpbl IIOCJiE  CHATUA  JlaBJIEHUs, Je€MOHCTPHUPYS
CTaOUJIBHOCTh — OTCYTCTBHE IUJIACTUUECKOU aedopmariuu y aroMa JJisd
JlaBjieHHA 100 ThicAaYd aTMmocdep (Kr/cmz2).

C TakuM aTOMOM MHOTO TIpo6seM: KTo 1aéT sHepruio 2jIeKTpOHAM JIJIA
BpallleHus BOKpPYT fAapa? HemoHATHO Kak Takhe aTOMbl (POPMUPYIOTCSA B
MOJIEKYJTy, KpUCTaJ/UIbl, Tejao. C TaKoW «BEpPTYIIKOW» HEIb3s1 YCTAaHOBUTH
KOHTAKT, TeM OoJiee TPOYHBIN, KaK Y BCEX TBEPBIX TEJI.

B TakoM Bu/ie aTOM U CyIIECTBYET B PEISTUBHUCTCKON (PUBUKE /IO CHUX
IOp. «YTOUHEHUIO» MTOJBEPIJIOCH PO ATOMA, C I1eJIbI0 00BACHUTh aTOMHYIO
DHEPTUIO - EIl€ OJ/IHA HeJIEIOCTh B KOHCTPYKIUU aTtoMa Pesepdopna—bopa.
«ITosoxxuTebHBIN 3apsi/i» (IIPOTOH) - apXaudHas BBIJ[yMKa TEOPETHKOB. JTa
THUIIOTE3a, UYTO SJipa aTOMOB COCTOAT W3  IIPOTOHOB - IIOJIOKUTETBHO
3apsKEHHBIX YacTUIl - HecocTosATesbHA. He cuutasich ¢ 3akoHOM KyrsioHa,
MHHUMOE SPO aToMa COOpaid W3 TMOJIOKHUTEJIPHO 3apsKEHHBIX YaCTHUI] -
IIPOTOHOB (KOTOPHBIE JOJIXKHBI pa3jieTaTbCsl, a HE coOOUpaThCcs BMeCTe). A Kak
UX yJZIep:KaTh B si/[paX aTOMOB, €CJIU MX YHCJIO JOXOJAUT A0 COTHU, M OHH IIO
3akoHy KysoHa oOTTajJKMBalOTCA JIpyr OT Jipyra ¢ OeIlleHHOW CHJION?
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AJieKTpoHHAasE 000JI0YKa» Tak:Ke OyZEeT CTPEMHUTHCS TaKO€e S/IPO PACTAIUTh
II0 CBOUM 3JIEKTPOHAM U CO3/IaTh «CEPUI0 aHHUTHJIAIUN ». [[JIs1 3TOTO CoTydas
«TeopeTuKaMu» BbIZyMaHa cJaeAyIolias runoTe3a: YeM YacTUIlbl OJKe JIpyT
K JIpyTy, TEM OTTaJIKUBaHUE MeHbINe. UeM YacTHIIbI JIajIbllle JIPYT OT ApYyTa,
TeM OTTJIKWBaHUE CWIbHeN. benHblii 3akoH KysioHa OT TakoW TUIIOTE3bl
MIOTEPSJT CMBICIL.

I1o10KUTETbHO 3apsKEeHHbBIX YacTUIl (IIPOTOHBI) B IIPUPOJe HE
cyniectByeT. He Hy:KeH el «IOJIOKUTEIbHBIN 3apAa». DTO IO JOMbICIA
(pU3BHUKOB TEOPETUKOB, KOTOPHIE YACTO MPUOEraroT K TAKUM HEJIEHOCTAM. 3a
OeckoHeUHOe BpeMs OH 00s3aTeIbHO BCTPETUTCS CO CBOMM AaHTHUIIOIOM U
Oyner yHnuTokeH. [Ipr3HATh TaKOW BapUaHT IIpoliecca «HayKa» He MOJKeT.
CaumkoM  MHOTO  HaBemIaHO HAa  3TOT  MOJOXKUTEJIbHBIM  3apsl.
PazBuBalomasicsi MaTepus co37aBaThb €ro He MOXKET, MOTOMY YTO 3TO
IIPUBEJIET K AHHUTWIAIUKA, YTO B OTOM CO3HU/JAATEJIbHOM IIPOIIECCE
Helleieco00pa3Ho U3-3a €€ pa3pyIIUTETbHON Uen. JIeKTpudecKasi MaTepus
XOPOINIO TIPUTATHBAeTCA K MAarHUTHOM, TeM pelnaercss Ipobsema
B3aUMOJIEUCTBUM, COJIEpPKAIMX TOJIBKO JBa IIpollecca: OTTAJKMBaHUE U
MIPUTsKeHUe. Y 3TOro JOCTaTOYHO 1A co3/ianust Mupa.

K Bompocy 06 sHepruu. dHeprus MOKeT ObITh Y TEJT TOJIBKO JBYX BHUJIOB:
DHEPTUs JBUKYIIIMXCA TeJ Makpo U MUKPO pasMepoB U BSHEPTHs Tel,
CIIOCOOHBIX K [JBWIKEHUIO IIPU OIPeJIEJIEHHBIX YCJIOBUAX, T.€. DHEPTHs
OXKUJAHUSA BO3MOXKHOTO [ABIDKEHHs. IJTHM HaAUMHAEeTCd U OKaHUYMBaeTCs
IlepeueHb BCeX «BHUJIOB» SHepruu. Hac mHTepecyeT «aTOMHas SHEPTHA»,
IIpaBWIbHEE CKa3aTh — W3BJIEUEeHHE U3 aTOMOB, OOTaThIX ITOTEHIIUAILHOU
SHeprueu, KNHETUYECKON SHEPTUU.

A moTeHNasbHAsA SHEPTHUA B KOHCTPYKIIUM aTOMa HAXOJIUTCA HE B €ro
saape. B atoMHOM s/ipe Takoil SHEPTHU HET, IMOTOMY YTO TaM PaboTaioT
TOJIBKO CHUJIBI TIPUTSKEHUsI, KOTOPble HE MOTYT COOOINHTH KUHETHUYECKYIO
SHEPTHIO OCKOJIKAM JIeJIeHUus sAApa. OTa OJHEPrus HaXOAUTCSI B Tak
HA3bIBAEMOU 9JIEKTPOHHOU 00osiouke artoma. IIpm ociabseHuu CUI
MIPUTSDKEHUA B sAzipe (KOTr/ia B MAarHUTHOE SIZ[PO aTOMa MOTMaJ[aeT MarHUTHASA
yactuna c¢ OOJIbIIIONM 5Heprued W paspyllaeT €ero), KyJIOHOBCKUE CHJIbI
OTTAJIKUBAHUS B 3JIEKTPOHHOM 000JIOUKEe aToMa CIIOCOOHBI pa3opBaTh AP0
HAYaJIbHOTO aTOMa KaK aTOMBbI yKe JIDYTHUX BEIECTB ¢ MEHBIITUM MaCcCOBBIM
yucsioM. KuHeTnueckas 5SHEPrUsi STUX «OCKOJIKOB» €CTh, MPaBUJIBHO
Ha3bIBaeMas, aTOMHas OJHepPrus, a He sAAepHadA. B stom dusnueckas
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CYLIIHOCTb aTOMHOU 3Hepruu. Takoul 3HEPruu He HyXKeH «JedeKT macc»,
KOTOPBI PEJIATUBUCTHI TIPEBpAIlalOT B CBOUX MHCAHUAX B HHEPTHIO,
ncnosb3yda ¢gopmysay Xepucaiiia E=mc2, mpe/jio;KeHHYI0 UM COBCEM JJIA
ZIpyroro mpoiiecca.

U ecsim B 060JI0UKe aToMa 3JIEKTPOHOB MHOTO, KaK HalpuMmep, Y ypaHa
02 MIT., TO 3JIEKTPOCTATUUYECKOE T10JI€ 3JIEKTPOHOB 000JIOUKU CUJIBHO YIIPYTO
nedOpMUPOBAHbI, T.€. OHU COJIEPKAT OOJIBIIYI0 MOTEHITUAIbHYI0 SHEPTHUIO.
dHeprusA y aroMa TeM 00JIbIlle, Y4eM OOJIbIIIE SJIEKTPOHOB B €r0 3JIEKTPOHHOU
oboJyiouke. OTO UYHCTBIA aTOMHBIM Tmporecc. IloBTopumces: mpoilece
pas3pyIeHns aTOMOB OJTHOTO BeIlleCTBAa U IIPEBpPAIlleHUs UX B aTOMBI APYTHUX
BEIIECTB - 5TO U €CTh AMOMMHAA IHEP2Us, UYTO CETOHs HCIIOJIb3YeTCs
YyeJIOBEYECTBOM Uepes TeILIO.

[Ipumep c aTOMHON 3SHeprued AAET OCHOBAHUE YBUJIETh NPUUYUHY
BO3HUKHOBeHUA OSHepruu. OHa ecTh IIOPOXKJEeHUEe [IByX IIOJIEBBIX
B3aUMOJEICTBUU: TIPUTSKEHUSA ¢ OTTaJIKUBaHUA. lIpuTsaxkeHue B
MHKDPOMUPE CO3/IA€T YIPYTyI0 JedOopMaIlUio CUJIOBBIX JKI'YTUKOB IIOJIEH, a
OTTAJIKUBAHNE IIPUJIAET Y4YaCTHUKAM Mpollecca CKOPOCTb, W 3HAYUT
KUHeTU4YecKyo sHepruto. I sto BcE. EcTh ABa B3aMMOJENCTBUA, OHU U
CO3/aI0T /1Ba BU/Ia 9HEPIUM: NOTEeHIUATIbHYIO 1 KUHETUYECKYIO.

He BmuchIBaeTcs B 9Ty KOHIIENIUIO «3aKOH COXpAaHEHUs» SHEPTUU. Y
aToMHOU («ssiepHori») Guauku mnosaBwiaca 3Ppdert «Aederta Mace»,
KOTOPBIH, IKOOBI TIpeBpaIIasch B SHEPTUIO, TOPOKAAET AaTOMHYI0 SHepruto. 1
TYT 3Ty GOpPMYJy B MHTepHpeTaluu JUHIITENHA MPUCTETHYJIU K aTOMHBIM
Jles1aM, BO37IaB XBaJly «BeJIMKOMY (u3uKy». KapmaHa» g 3TOr0 mpUpoza
co3/aBaTh He Toxkesnana, otMedaer A.A. JlyuuH. Ucxoas u3 ¢usnueckoit
CYIITHOCTH AaTOMHOW JHEPTUH, TAKOU BHEPTUU He HYKeH «JiedeKT macce»,
KOTOPBIM PEJIATUBUCTHl NPEBPAIlAlOT B CBOUX MNHCAHUAX B HHEPTUIO,
ncnosbaysa gopmysny XeBucaiizla E=mc2, npeasiokKeHHYI0 UM COBCEM Jis
Zipyroro mporiecca. Macca MOXKeT NMPeBPATUTBLCA TOJBKO B Maccy, M HU KaK He
B OecTesiecHYI0 SHEPTHI0. TO 3aKOH COXPAHEHUS MaTEPUU.

TeslaM Ba)XHO He  COXPAHATH CBOIO DHEPTUIO, 4  COXPAHATH CBOE
COCTOAAHHE TIOKOA WJHM PAaBHOMEPHOTO U NPIAMOJIUHENHOTO
JABMIKEHUA, KaK 5TO MHOHsAJI U oTpasuy lanuied B CBOEM (DU3UYECKOM
3aKOHE WHEPIINU JIUIA JII000ro Tesa — (IepBbIN U3 TPEX 3aKOHOB HBIOTOHA,
HAIIOMHHUM €rO: €CJIM TeJIy COOOIIHUTh CKOPOCTh, TO OHO Oy/IEeT JABUTATbCS
paBHOMEPHO U mpsMonHeNHHO). Keratm, eresb MMesl Bce OCHOBAHUA
cuuTtath Hpl0TOHA BeJUYAUIIIMM KOMIUJISATOPOM - IIEPBBIM U BTOPOU 3aKOH
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oH crmcay (3abbIB ykaszarh (pammimu aBTOpoB) y lanuies, a Tpetuun —
HBIOTOHOBBIM «sI0JTOKOM» OKazasics Pobept I'yk.

Koncrpyknusa atroma CucreMHON (DU3UKU TaK:Ke OTBedaeT Ha BOMPOC:
[ToyueMy aTOMBI BCeX BEIECTB UMEIOT OJMHAKOBBIM pa3Mep, KpoMme, cJierka
OTJIMYAIOIIErocsi, pa3Mepa aTOMOB BEIECTB, Y KOTOPBIX B 3JIEKTPOHHOU
000J10UKe MaJIO 3JIEKTPOHOB (1-7 IIT.). Pa3mMepbl aTOMOB OITHAKOBHI IIOTOMY,
YTO 9JIEKTPOHBI (2JIEKTPOHHAsA O00OO0JIOYKA) yZaJieHbl OT sAApa aToMa Ha
O/IMHAKOBOE  pACCTOSIHME,  paBHOe  JUIMHE  CIWJIOBOTO  JKTYTHKA
AJIEKTPOCTATHYECKOTO TIOJISI BJIEKTPOHA, KPOME, CJIETKA OTJIMYAIOIIETOCH,
pa3Mepa aTOMOB BEIECTB, y KOTOPBIX B 3JIEKTPOHHOH 000JIOUKE MAaJio
3JIEKTPOHOB (1-7 IIT.), U OHU HE 3AIOJIHSIOT 3JIEKTPOHHYIO0 000JI0YKYy aTOMOB
70 mosHOK cdepbl. OHU TIOBOJBLHO CBOOOIHO PACIIOJIATAIOTCSA BOKPYT sA/PA,
co3/1aBasi WUTIO3UI0 MAJIOTO pazinyca. Y aTOMOB C OOJIBIIUM KOJHUYECTBOM
AJIEKTPOHOB TAaKON BOJIBHOCTU JJIsA BJIEKTPOHOB HeT. OHM pacCIOJIararTcs
BOKDYT s/ipa aToMa 1o cgepe.

Jlyaun A.A. genaet BuIBOA: «VcTmHaA Bcerga mpocra. DKCIEPUMEHT CO
CTEKJITHHOUW NMAJIOYKOW W MArHUTOM OKa3blBaeTcs WHGOPMaTUBHEH,
yeM KoOJUIauiep, MOOTOMYy YTO OH TO3BOJIIET HAaXOJIUTh PeaJbHYIO
KOHCTPYKITUIO aTOMa U  3JeKTPOHa». ATOM U  DBJIEKTPOH —
OCHOBOIIOJIarawIe QakTopsl i CTPYKTyp pusuku. Bor nouemy dusuka
Hy:kHa CucreMHasg. OJEKTPOH HECET B cebe OOJIbIIIOE KOJHUUYECTBO
3JIEKTPUUECKOU MaTepud — (POTOHOB, KOTOPBIE XOPOIIO NPUTATUBAIOTCA K
MarHUTHBIM YacTUIAM, KaK W ONBIT C HATEPTOM CTEKJIAHHOU MAaJIOYKOU,
IIOJIyYMBIIIEHl TaKUM 00pa3oM «3apsa», MPUTATHUBAETCA K JII0OOMY IIOJIIOCY
MAarHUTA, T.€. dJIEKTPUUECKasl MaTepHUs XOPOIIIO MPUTATUBAETCA OUIIOJISPHON
CTPYKTypo#l marauta. JlyunH A.A. 0co00 MOUEPKUBAET 3TO: «A TO BeAb JI0
cux mop 00 3ToM B (QuU3NKe He 3HAIT». A 3TO 3HAUUT, UTO HE HYKHO
CO3/1aBaTh HEJIENOCTh B BHUJIE A/Ipa aTOMA, COCTOSIIETO U3 «IMOJ0KUTEJIBHO»
3apsyKEHHBIX YacTHUIll, KOTOPBIX BeuHas MaTepus, pa3BUBAIONIASICA
O6eckoHeyHOe BpeMs B 0eCKOHEUHOM IPOCTpPaHCTBe He cozzfaia. Cucrema
3anacHbeIX ¢popM He cosfaet. E€ nponaykT BedeH. IloToMy oHa U He co3jana
«TIOJIOKUTEJIPHOTO» 3apsA/a, HO OHA CO3/ajia 3JIeKTPUYECKYI0 MaTepulo,
KOTOPYIO XOPOIIIO TPHUTATUBAET MarHUTHasi MaTepusa. ITOTO 0Ka3alocCh
JIOCTATOYHO JIJIS cO37laHusA Hared cucreMbl COJHIIA.

Utak, CucreMHas pusuka mpejcTaBuia aTOM, C COBPEMEHHBIX O3UITUU
KaK OCHOBOIIOJIATAIOIIYI0 YACTUIly BeIeCTBa, W aTOMBbl BEMIECTB Kak
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110JIeBbIe 0Opa30BaHMs, COCTOSAIINE U3 MAaTHUTHBIX S7lep U MPUKPEIUIEHHBIX K
HUM CHWJIOBBIMHM IIyHNaJbLIaMH CBOUX  SJIEKTPOCTATUYECKUX  IIOJIeH
a71eKTpoHOB. OHa NPOJEMOHCTpUpOBajla HAaM, UTO aZleKBaTHOE CTPOEHUEe
MaTePUU COCTOUT B CXEME COCTOAIIEN BCEro U3 IBYX ITIEPBOOCHOBHBIX YACTHUII,
C TOMOIIBI0O KOTOPBIX CTPOUTCS HENPOTUBOPEUMBBIA MHUKPOMUP M Halla
BCeJIEHHAas. [IpakThdyeckn 5TO O3HAYaeT, 4YTO C IIOMOIIBI0 3TOTO
CTPYKTYPHOTO BapHaHTAa MOKHO IIOCTPOUTH JIIOOYI0O (PU3UYECKYI0 MOETb
KOHCTPYKIIMU WJIU IIPOIIECCa, JIETKO BeTparuBaeMyto B Mozgenb CucreMsl.

C oaToll mesnpl0 OHAa yAenwsaa OO0JbIlIoe BHUMAaHHE COBPEMEHHOMY
COCTOSIHUIO (PUBUKHU, DJIEKTPOHUKHU, KBAHTOBOU MEXAaHUKHU TEOPETUUYECKOU
dusukn U 0COOEHHO JJIEKTPOAMHAMHUKH T.K. OCHOBHBIE OIIHMOKHU
peJIATUBH3MA COCPEJIOTOUEHbl UMEHHO B Hell. B HUX mpoIiBeTaeT ujieaansm,
IJIaBHBIM 00pa3oM MOTOMY, 4YTO (U3UKM He 3HAKT AUAJEKTUKH. A
3aKOHBI BceMupHoro tAroteHus HproToHa, Kynona, buo-Casapa-Jlamiaca,
MakcBesia, JlopeHna, (KOTOpble TIBITAJINCh OIKUCAThH MaTeMaTUUYeCKUe
T1I0JIEBbIE IIPOIIECChI, HEe 3HAsA M He MOHUMAas UX) U MHOTHE JpYyrue TPeOyroT
KOPEHHBIX MOIIPaBOK. COBpeMeHHbIE «yUYEHBbIE» HE IOHUMAIOT UX TaKXKe.

CucremHas pusuka noHUMaeT GU3NUECKUE 110151, OHA BO3HUKJIIA Ha 6aze
COBPEMEHHOTO ONbITA W €€ MPUHIMIBI KaK OTPa)keHHe OOBEKTUBHOU
PEaJIbHOCTH IIPOBEPSIOTCSA OIBITOM U IIPUUYNHHO-CJIE/ICTBEHHBIM METO/IOM.
Ho y opTooKcasbHON PEIATUBUCTKON (DUBUKU JipeMydas HECOBMECTUMOCTh
110 BCEM MO3UIUAM, CBA3aHHBIM C 3JIEKTPOHOM, aTOMOM, MUKPOUYACTUIIAMU U
He TOJIbKO. OHH IIPOJI0JIKAI0T COOUPATh BCAKHE HEJIETIOCTH MAaTEMAaTUIECKOTO
TOJIKA JJI1 KBAHTOBOM (BOJIHOBOM) MeEXaHUKH, CO37laBaTh OIINMOOYHbBIE
IIPOEKTHI HA OCHOBe OEe3yMHBIX JIOMBICIIOB «(MU3UKOB-TEOPETUKOB», HE
IIO/ITBEPIKIEHHBIX SKCIIEPUMEHTAMU HU OTHUM CBOUM ITI0JIOKEHUEM.

VM HyXHBl TUTAQHTCKUU IIBEUIADCKUU KOJUIAWJIEP, HEMBICIUMBbIX
pa3MepoB aMepPUKAHCKUU HHTep(pepoMeTp, TPaHAUO3HbIE  «JIETEKTOPbBI»,
danTacTuueckue yckoputesaud, GpaHIy3cKUl TOKOoMak (TopoobOpasHas
KaMepa MarHUTHas), U IPOYue - /I MPOBEPKU 0Oe3710Ka3aTeIbHbIX TUIIOTES
U IPYTHX BBI[YMOK «TE€OPETUKOB» B TO BpeMs Kak He pa3obpasvch A0 CUX
mop B 60Jiee MPOCTHIX BelllaX, a UMEHHO:

- Kakad CTpyKTypa y oaJjiektpoHa? [leium sm oH? Ero cocraB u
MAaTrHUTHBIN CITUH?
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- Kakaa xoHcTpykuma aroma? I'ze y aroma cocpegoTOyeHa ero
MOTeHITUaIbHasA sHepruA? [loueMy Bce aTOMBI UMEIOT OIMHAKOBBIN pa3Mep,
KpOMe IEPBBIX CEMU 3JIEMEHTOB?

- Yto Takoe nosia ? Kakue marepun ux co31ar0T?

- Kak Teuér TOok mo mpoBoaaMm u modeMmy? Kak um 1mouemy obpasyertcs
MarHUTHOE I0Jie BOKPYT MIPOBOJHMUKA, KOTZA IO HEMY TEYET 5JIEKTPUUECKUUN
TOK?

ATU BOIPOCHI JUIsI PEJATUBUCTOB HEIOCWIHHBI. HemocuIbHBI ITOTOMY,

YTO 3TH BOIIPOCHI HOCAT B cebe IOJIEBYIO CYIITHOCTh, @ OHU CUMTAIOT, YTO B UX
ypaBHEHUAX COCPENOTOYEHA BCSA MYZPOCTh BEYHOW MaTepuu. A HaTepeThb
CTEKJIAHHYIO TAJIOUKY U IMOTHECTH K HEH MAarHUT OHU HE MOTYT.
Nmu obGHapy:keHO 6oJsiee 300 IITYK 4YacTull (5/IeMEHTApPHBIX) — PElIIn
IIOPa3uTh YHMCJIOM, B TO BPEMs KaK 3JIEMEHTAPHBIX (IIEPBOOCHOBHBIX) YACTHII
Bcero Jie: GOTOHBI U MarHUTHAsA yacTtuiia. Bece ocrasbHble HAOI0/IaeMbIE -
X KOMOMHAIUH.

Cucremnas pusuka riry00Ko MOHUMAET IPUYUHY TAKOTO COCTOSHUSA U
Ipe/jiaraeT aKTUBHbBIE JIEMCTBUSA — pabOTy HaJ OMMOKaMU MacTepPOB BCeX
MIPOIIUIBIX JIET, 00BEKTUBHYIO COBPEMEHHYIO PEBU3UIO U KOPPEKITUIO, C IIETBIO
00beIMHUTD YCUJIUA 32 YUCTOTY U BJIACTh KJIaCCMUeCKOU (DU3UKU B CTPaHE U
MUpe, onupasch Ha WH(POPMAIMIO O MEPBOOCHOBHBLIX UacTUIax: (GOTOHE U
MarHUTHOU YacTuile, 00 3JIEKTPOHE, aTOMe, MOJIEKYJIE, TeJle, a TAKXKe O IMOJIAX
Y UX B3aUMOJIECTBUAX.
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