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HpuHuun ¢pusnyeckoil MPPAUOHAIBHOCTH B KOHIENIUHT

ABHUTAKOIIErocsi NPOCTPAHCTBA-MaTEePHHU
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fizika3000 @yandex.ru

Jeranu3zanusi NpUHLNINA WPPALMOHATBHOCTH TOYEK JBUTAIOILErOCs
MPOCTPAHCTBAa-MaTEPUN NPUBOAUT K BBIBOJY, UTO BOJIHBI IMPOCTPAHCTBA-
MaTepud, MOAYMHSINACH 3akoHy (mpeoOpasoBanuio) JlopeHua, sBIsSIOTCA
HWHBEPCHUSIMH SJICKTPOMArHUTHBIX BOJIH CBA3aHHBIX C JBHKCHHEM DJIEKTPOHA.
OTU  BOJIHBI MOTYT OBITh OMHUCAaHBl KBAHTOBOM MEXaHWUKOW, e€ciu B HEU
OPUHIUN ~ HEONpPENeIEHHOCTH  3aMEHHTh  NPUHIUIOM  (U3UIECKOMH
uppaunoHanpHocTH.  Kpome ~ TOro  3TOT  HPUHUUI  OTKAa3bIBaeT
3NIEKTPOMAarHUTHBIM BOJIHAM OBITh OCOOBIM BHJIOM MaTEpPHUH.

B naHHOM ciyyae MOHATHE UPPALMOHAIBHOCTY HE O3HAYaeT HAJIMYUE YEro-
TO HE TMOJJAIOUIerocss JIOTUYECKOMY ocMbiciennto. HaobGopor, B3stoe wu3
MaTeMaTUKU TMOHITHE HUPPALMOHAIBHBIX TOYEK YHUCIOBOM OCH, B KOHLENIUHU
JBUTAIOILIETOCS MIPOCTPAHCTBA-MaTEPUU MOJKpEIIsEeTCS buznYeCKUMHU
dbopmynamu, yKa3plBalOUIMMHU Ha TO, YTO €T0 UPPALMOHAIbHBIE TOUKH SIBISIOTCS
OECKOHEYHO MaJIbIMH KYCOUKaMH OBITHSA. DTH KyCOUKH HE MOTYT OBITh BbIJIE€JICHBI
KaK OTJIeJbHBIC YAaCTH 1IEJIOTO U, CIIeI0BATEIbHO, HE MOTYT OBITh PACCMOTPEHBI KaK
HIAPUKK  MaTepuH, JABUTAIOIIMECS CaMOCTOSITEIbHBIM O00pa3oM B IIyCTOM
MIPOCTpAaHCTBE. BBITh OJTHOBPEMEHHO IUCKPETHBIM M HENPEPBIBHBIM — 3TO U €CTh
¢unocodckas cymHoOCTh GU3NIECKON MPPAMOHATBHOCTH TOYEK JIBUTAIOLIETOCs
IIPOCTPAHCTBA-MaTEPUHU.

Henp3s mnpencraBuTh Takke, YTO MPOCTPAHCTBO-MATEPHsl JBHUraeTCs
OTHOCHUTEJIBHO JPYroro Kakoro-To MpOCTpaHCTBA. I10CKOIBKY B peaJlbHOM MuUpe
HET HHUYEro KpOME CaMOI0 JIBUTAIOUIErocs mpocTpaHcTBa-marepuu.  OHO
JIBUTAETCSI OTHOCUTENIHO camoro cels. J[BUratbcs OTHOCHTEIBHO CaMoOro ceods,
HE pa3pbiBas ce0s, IPOCTPAHCTBO-MATEPHUS MOKET TOJIBKO KOJIEOATEIbHO WM 1O

3aMKHYTBIM TpPAaeKTOpUsAM. B pe3synbrare Takoro IBWKCHUs HEJb3s BBIUTH 34



npeaenabl CaMOTo MPOCTPAHCTBAa-MaTEPHH, T.€. OHO HE MMeeT KpaéB. MBICIEHHO
MBI, KOHEYHO, MOXXEM MpPEACTaBUTh U Kpall MHUpa Tle-TO B OECKOHEYHOCTH, H
CUCTEMY OTCY€Ta, TOKOSIIYIOCS WIM IBIKYIIYIOCS OCCKOHEYHBIM 00pa3oM, C
YXOISIIMMH  OCSMHU TyJa ke B O€CKOHEYHOCTh. HO 3TO TOJBKO MBICIIEHHO, @ B
pearbHOM MHpE JIBHXKEHUE MPOCTPAHCTBA-MATEPUM OTHOCHTEIBHO CamMoro ceds
paspylmaeT Bce HamM nocTpoeHus. Ecaum Mbl  mombeiTaemcs JIBUTATHCS
MPSIMOJIMHEHHO B CTOPOHY KaKOW-HUOY/Ib 0ECKOHEUHO yIaNEHHOM 3Be3/Ibl Ha Hebe,
TO JIBI)KEHUE IMPOCTPAHCTBA-MATEPUU IMOBEPHET HAIE JBIKEHHE OECKOHEYHOE
YHUCJIO Pa3 U MBI, TOTPATUB 3psi CBOM OECKOHEYHO OOJIBIITUE YCUITUSI, HEOOXOIUMbIE
JUIS TIPSIMOJIMHEHWHOTO JIBMKEHUS, OKaKeMCsl MPaKTUYECKH Ha TOM K€ MECTe.
OTcrona cienyer, 4To ABMXKYIIEECs MPOCTPAHCTBO-MATEpHs B CBOEH O€CKOHEUHOM
yAanE€HHOCTH TAK)KE UPPALMOHATIBHO KaK U ero 0ECKOHEYHO Majiasi TOuKa.
B maremaTuke umeeTcst 0ToOpakeHuEe BHYTPEHHUX TOUEK Kpyra B TOUKHU BHE
Hero. OHO oTOOpa)kaeT HEHTP Kpyra B OECKOHEUHO YAAIEHHYIO TOUKY U 0OpaTHO
OECKOHEUHO yNalIEHHYIO TOUKY B TOUKY IIEHTpa Kpyra. IT0 B3aUMHO OJJHO3HAYHOE
OTOOpa)keHHE  Ha3bIBAaeTCs WHBepcueidl. AHamu3  (QU3MYECKHX  BEIUYHH
XapaKTEpHU3YyIOIINX BOJIHOBBIE U KOPIYCKYJISIPHBIE CBOWCTBA YACTHI] MOKA3bIBACT,
YTO OHU JICUCTBUTENBHO SIBISIIOTCSA MHBEPCHBIMU. CJIe10BaTENBHO, LIEHTPHI YaCTHII
ABIIAIOTCS  OTOOpakeHHeM OECKOHEYHO YAAJIEHHOTO Kpas JIBHXKYILErocs
npocTpaHcTBa-Matepun. OOpa3HO TOBOpS: «3arjissHU B SIAPO YaCTHUIBI, W ThI
yBUAMIIbL Kpand Bcenennoi». Ho mpupona He NMO3BOJIAET B3IVIAHYTH B SAPO
YaCTHUIbl, TaK KakK JJisI dTOTO OHAa TpebyeT OeCKOHEYHO OOJBIIOTO YCHIHUS U
MO3TOMY CYIIECTBOBAHHE B HEH IMyCTOTHI U APYTHMX MHUPOB CPEAU 3TON MyCTOTHI
UCKJTIOYAETCH. 3aMKHYTOCTb MPOCTPAHCTBA-MaTEPUH oOyciaBiuBaer
CYUIECTBOBAHUE IIOCTOSIHHBIX BEJIMYMH XapaKTEPHU3YIOIIMX B3aUMOJICHCTBUE
UPpPALMOHANBHBIX YacTUIl Jpyr ¢ JApyroM. [loCTOSHCTBO 3TUX BETUYHUH
aBTOMATUYECKU PETyJIUpyeTcs NYyTEM COOTBETCTBYIOIIETO  pearupoBaHUS
MPOCTPAHCTBA-MATEPUH HA UX U3MEHEHUS yTEM CBOETO JBIKEHUSI.
PaccMoTpuM NpOCTpaHCTBO-MAaTEPHUIO B COCTOSIHUN (PU3NYECKOT0 BaKyyMa,

KOTOPOE€ HE COJAEP>KUT YacCTHUI[ BEIIECTBA U MO3TOMY B HEM MOXKHO U3yyaTb



BOJIHOBOE JIBHIKEHHUE 0€3 BCAKOU CBA3U C aTOMaMU. B TakoM COCTOSIHUM JBHKEHHE
MIPOCTPAHCTBA-MAaTEPUN MOJUMHAETCS NPUHLMITY JIMHEWHOW CYNEPIIO3UIMH, T.€.
BCE JIB)KCHMS CKJIAJBIBAIOTCS, HE BIJIMAS Jpyr Ha japyra. BcernencrtBue 3TOro
MPOCTPAHCTBO-MAaTEpUs B COCTOSIHUM (PU3UUYECKOr0 BaKyyma I HAC HEBUAUMO H
OCO3HAETCAd HAaMU KaK IyCTOE BMECTHJIMILE TEl. [ToguuHsAsCh NpUHLHUITY
JUHEHHON CYINEpIO3UIMH, TOYKM  MPOCTPAHCTBA-MATEPUU  y4YACTBYIOT B
OecKoHEYHOM umclie KoJsiebaHuii M BpameHuit. OJHAKO ATO HE O3HAYaeT, YTO
Ka)KJ1asi TOUKa MPOCTPAHCTBA-MATEPUU B OTAEIBHOCTH OT APYTUX TOYEK JIBUTACTCS
cama 1o cebe. Touku NMpOCTpaHCTBAa-MaTepUU ABUTAIOTCS arperatamu. Kakabrii
arperar Bpalaercsd Kak TBEpPIOE TeENO, pa3Mepbl KOTOPOTO OIpPEAEISIOTCS
4acTOTOM KOJeOaHus Wiu BpalleHus. MOXHO cKa3aTh, 4YTO COBOKYITHOCTbh TOYEK
IIPOCTPAHCTBAa-MaTEPUN B arperare 3TO U €CTh MppaluOHalbHAas TOYKaA, B3STas C
ONPEAEIEHHON TOYHOCTHIO. UeM BblllIe 4acTOTa, TEM MEHBIIIE pa3Mephl arperara u
TEM TOYHEE B34Ta UppalMOoHaIbHAsI TOUKA MPOCTPAHCTBA-MATEPUH, TaK KaK JIOObIE
KoJeOaHuss W BpaIlEHUS MPOCTpaHCTBA-MaTepuu, o0nanas onpeaesEéHHbIM
MOMEHTOM HMITYJIbCa, BO30YXJAIOT BOKPYT KaXJIOH TOYKH 001aCTh, pa3Mepsl

KOTOPOH OIpEeNeNsIFOTCS COOTHOIICHUEM:
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OTO HEpPaBEHCTBO TIOKA3bIBAE€T, UTO TPU YMEHBIIEHUH OO0IACTH,
colepkamed TOYKy C KOOpJAWHATAMH  X(,Y0,Zo, TPOUCXOIUT yBEITUUCHUE
MpUpAIICHUS HUMITyJIbca, HEOOXOIUMOTO ISt MPUBENICHUS] BO BpAaIl[CHUE
MPOCTPAHCTBA-MAaTEPUU BOKPYT ATOU TOUKU. UeM MEHbIIIE 00JIacTh, colepIKamias
JAaHHYI0 UPPAlMOHAIBHYID TOYKY MPOCTpaHCTBAa-MaTepuu, TeM OOJbIe
HEOOXOJIUM UMITYJIbC aJisg €€ BOo30yxkacHHs. B OeCKOHEYHO MajoM HWHTEpBale,
coJieprKaIleM 3Ty TOUKY, 3TO MpUpaIIEHUEe CTAHOBUTCS OeCKOHEYHO OobiuM. B
ATOM  3aKJIFOYAeTCs  NPUHIUN  (U3NUECKONW  HMPPAlMOHATBLHOCTH  TOYEK
MPOCTPAHCTBA-MATePUU, KOTOPBIN MOKa3bIBAET, YTO Kakaash TouKa
MPOCTPAHCTBA-MAaTepUU C KOOPAMHATAMHU X(,y0,Zo MOMEUEHA TeM, UTO I e&

pacuieruieHus OT JPYTUX TOYEK HEOOXOIUM OECKOHEYHO OOJIBIION MMITYIhC U



4TO JIOKQJIM3aLUI0 TOYKU IIPOCTPAHCTBA-MATEPUU MOKHO IIPOU3BECTH JIMIIb
MHTEPBAJIBHO C TOM MJIM MHOW TOYHOCTBIO. DTOT (DaKT yKa3bIBaeT HA TO, YTO BCE
TOYKU IPOCTPAHCTBA-MATEPUHU HAXOAATCA IOJ KOHLEHTPUPYIOIIMMCA HA HUX
BO3JCHCTBHEM BCEro IPOCTPAHCTBA-MATEPUH, KOTOPOE AETAeT UX OECKOHEUHO
TBEPABIMU U MPOYHBIMU Ha pa3pbiB. i TOro 4yToOBl MPUBECTH COBOKYITHOCTD
TOYEK MPOCTPAHCTBA-MATEPHUH BO BpaIllaTEeIbHOE ABUKEHHE, HEOOXOAUM UMITYJIhC,
KOMIICHCUPYIOIIUNA 3TO BO3JCHCTBUE. BenuumHa 3TOTO MMIylbca yOBIBaeT MO
MEpE YBEIMYECHUS COBOKYITHOCTHU 3TUX TOYEK.

Kazanoce 061, 4TO OCHOBHBIM CBOMCTBOM, KOTOPOE MOKHO € IOCTaTOYHOU
YBEPEHHOCTBIO IIPUNKUCATH IIPOCTPAHCTBY-MaTEpPUU ABJIACTCS ero
AJEKTPOMArHUTHas NPUPOJA. OTO HEMOCPEICTBEHHO CJIEAYET U3 €T0 OCHOBHOM
(GyHKIIMM — MPOBOJAMTH AJIEKTPOMATHUTHOE M3JIydeHue. s pacnpocTpaHeHus
AJIEKTPOMArHUTHBIX ~ BOJH  IPOCTPAHCTBO-MATEpHUst  JOJDKHO  00Janarthb
CIOCOOHOCTBIO, NIEKTPUYECKU NOJIApU30BaThest. OHAKO AIEKTPUUECKHUE SIBIICHUS
ONPEAEIAIOTCA CBOMCTBAMHU JJIEKTPOHA, a IIPOCTPAHCTBO-MATEPUSA B COCTOSIHUU
¢usnueckoro BaKyyMa HE COAEpPXKUT B cebe aekTpoHOB. ClenoBaTenbHO,
MPOCTPAHCTBO-MAaTepUs  JOJDKHO  ONPENENAThCA  CBOMMH  COOCTBEHHBIMH
CBOMCTBAMH, & HE CBOMCTBAMHU JJIEKTPOHA.

JleiictBuTenbHO, ecnu B3ATh ¢Gopmyny I[lnanka E=hv, Bbpa3uTh B HeEH
c ch
4acTOTy 4epe3 UIMHY BOJIHBI v:z, TO TOJIy4YuM (OPMYJIY SHEPTUU EZT’

KOTOpasi aHajornyHa (GopMysie MOTEHIMAIbHON SHEPrHHM 3JEKTPOHAa B aTOMeE
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E:E’ OTO o03Hayaer, 4To KBaApPAaTOM 3apsia Uil IPOCTPAHCTBA-MaTEpUU

ABJISIETCS BEJIMUMHA ch, @ pailyCOM KBaHTA - JJIMHA €0 MOJIYBOJHBI.

Ecnu 3aMKHYTOH TOBEPXHOCTBHIO C(ephl, OTIEIUTh KakKylo Ty 4YacTb
IIPOCTPAHCTBA-MATEPUHU OT OCTAJILHOIO IIPOCTPAHCTBA-MATEPHUH, TO IIOTOK BEKTOPA
CHJIBI Yepe3 3Ty MOBEPXHOCTh S Oy/IeT paBeH:
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C — CKOPOCTh CBETa B BaKyyMe.

3ameHss CKOPOCTBb CBCTA BBIPAKCHUCM!
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MOJIyYMM BBIP@KEHUE TMOTOKA CUJIBI  uYepe3 (PyHIaMEHTaJIbHbIE MOCTOSHHBIC

BEJIMYMHBI XapaKTEPU3YIOILIUE MPOCTPAHCTBO-MATEPHUIO B COCTOSIHUM (PU3UYECKOTO

BaKyyMa:
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. Veu
OO6paruM BHHMaHUE€ Ha TO, YTO 3TOT MOTOK CHJIBI HE 3aBUCUT OT IUIOLIAAH
MOBEPXHOCTU B3SITOr0 00BbEMA MPOCTPAHCTBA-MATEPUU U MOITOMY JIUBEPIECHIIMS
ero moJs cui OyJeT paBHa:
h
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DTO O3HAuYaeT, YTO Ha MOBEPXHOCTh JI0OOOTro 00bEMa MPOCTPAHCTBA-MATEPUHU
JeMCTBYET cuiia, O0OYCJIOBJICHHAs AABJICHHWEM BHEIIHETO JUIsl HEro MpoCTpaHCTBa-
MaTepHUH, KOTOpas B UPPAIUOHAIBLHON TOUKE CTAHOBUTCA OECKOHEYHO OOJIBIIOH.
HppanuoHanibHble TOYKH MPOCTPAHCTBA-MATEPHH CUEIUIEHBI 3TON OECKOHEYHO
OOJIBIION CHIJION JIO COCTOSTHUSL X HEPA3PBIBHOCTH.
[TocTOAHCTBO MOTOKA CHUJI MO3BOJSET OLIEHWTH JaBlieHHE P mpocTpaHcTBa-
MaTepUH Ha JIIOOYIO0 3aMKHYTYIO TIOBEPXHOCTH S:
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dopMyna MOKa3bIBaeT, 4YTO C YyBEJIMYEHUEM paauyca cdepbl JaBiIcHHUE
YMEHBIIACTCSA. DTO OOBACHAET PACIPOCTPAHEHUE BOJIH MPOCTPAHCTBA-MATEPHUHU.
OO6pa3ys pa3psokeHHe Ha TOBEPXHOCTU cdepbl, BHYTPb KOTOPOl OHU HE MOTYT
MPOHUKHYTh, KBAHTHI, KaK BO3JAYIIHbIC MYy3bIPU B JKUIKOCTH, BBITAJIKHUBAIOTCS
JaBJICHUEM MIPOCTPAHCTBA-MAaTEPUH Ha Nepuepuio, Iie JaBICHUE YMEHBIIACTCS.
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[Ipu B3aTum Oomdpmiero o0BEMa MPOCTPAHCTBA-MATEPHUH, OECKOHEUYHO
OoJbIIast cuja, CKOHUEHTPUPOBAaHHAS Ha MPPALIMOHAIBHON TOYKE, paclpeaesercs
MEXJy OCTAJIbHBIMA TOYKAaMU M TEM CaMbIM JAET BO3MOXKHOCTb KaXKIOMY
UMITYJIbCY CKOMIIEHCHPOBATh JABJICHUE W BO30YIUTH BpalleHHE MPOCTPaHCTBA-
MaTepuy B UHTEPBAJIE COOTBETCTBYIOILEM €TI0 BEJINYMHE.

JIBUKEHHUIO TOUYEK 0 3aMKHYTHIM OpOMTaM JaBjeHHE MPOCTpaHCTBA-MaTepUU
HE OKa3bIBAET CONMPOTHUBJICHHUS, TAK KaK OHO HAMPaBJICHO M0 HOPMaJIU K UX OpOuTe.
B sTOM ciayyae  CKOpPOCTh MX JOBHMKEHHS MO 3aMKHYTONW OpOUTE BO3pacTaeT U
BO3HHUKAET LEHTPOOEKHOE YCKOPEHHE M IICHTPOOEKHas CuIia, HalpaBieHHAs
IIPOTUB J1aBJIEHUs NpocTpaHcTBa-Marepun. Kak n B 3akoHe HproToHa, 3Ta cuna
MIPONOPLMOHAIIBHA YCKOPEHUIO UPPALMOHAIBHONW TOYKH U JUISl X CBSI3U BBOJMTCS
KO3(pGUIMEHT MPOMOPIIMOHAIIBHOCTH, Ha3bIBaeMbIii Maccoit m. JlaBneHue,
CO37aBacMO€ IIEHTPOOEKHON CHIION, TOJHOCTBHIO YpPaBHOBEIIMBAETCS CHUJIOM
JABJICHUS MPOCTPAHCTBA-MATEPUM, KOTJa CKOPOCTh HPPALMOHAIBHONW TOUYKHU
CTaHOBUTCSI PaBHOM cKopocTH cBeTa c. [IpupaBHAB UEHTPOOECKHYIO CHUIY H
JaBJIEHHE MPOCTPAHCTBA-MAaTEPUH, YUUTHIBAS TO, YTO YCPEAHEHHAS IEHTPOOSKHAS

CWia B JUHAMUYECKOM PEKUME JIaBUT Ha mosrychepy, MoJIyduM ypaBHEHUE:
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31ecb R nnuHa BOJIHBI, BEJIMUYMHA KOTOPOM HM3MEHSETCS, €CJIM HU3MEHSETCA
gacToTa Koyiebanus. J[pyrux nepeMeHHbIX BEJIMUUH B 3TON (popMyrie HET, eciu He
cuuTaTh KO3(POUIMEHT MPOMOPIMOHAIBHOCTH m MepeMeHHoN BenmmunHon. Korma
MIPUXOJIUT BOJIHA C APYroil 6ojee BRICOKOM YacTOTON KoJieOaHus, TO JJIMHA BOJIHBI
YMEHBIIAETCS, a Macca JOJKHA YBEIIMYMBATHCS, TAK KaK KPOME HEE 3/1ECh HEUEMY
n3MeHAThC. [loaTOMy Macca uppanMOHAIBHOW TOYKHM SBJSETCS BEIUYMHOU
IIEPEMEHHOM M 3aBHUCHUT OT YacTOThl BOJIHBL. YeM KOpoOYe€ JIMHA BOJIHBI, TEM
OoJpllie Macca uppanuoHanbHOW Touku. EE Macca craHOBUTCS OECKOHEYHO

OOJIBIIION BETUYMHON MPU OECKOHEUHO KOPOTKOU JyInHE BOJIHBI. Cle0oBaTEIbHO,



Macca BO3pacTacT HE TOJIBKO IPU YBEIWYEHUM CKOPOCTH IBWXKECHUSA, HO U IPHU
YBEJIIMYECHUH YaCTOTHI BPALLCHUS, YTO KHUHETUYECKU B3aUMOCBS3aHO.

Takum 00pa3oM, eciau B3ATb BOKPYT TOYKM P 10 3aMKHYTOMY KOHTYpYy L
KPUBOJIMHEWHBIM MHTETpAJl HA3bIBAEMBIM LUPKYJSALUEH, TO B OTCYTCTBUH

BO30YXKJEHUST OH paBeH
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L
IIpy HanMMuuM BOJHBI NPOCTPAHCTBA-MAaTEpPUM BOKPYI TOYKU P LUPKYIALHUA

UMITyJIbCa M0 3aMKHYTOMY KOHTYpY L Oyzer paBHa (3ommepdensm):
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Tak Kak 3/1eCh LUHMPKYJALMA €CTh BEJIMYMHA MOCTOSHHAs, TO MPU CTATMBAHUU
KOHTYypa L B TOUKy P OTHOIIIEHHE BEITUYMHBI HUPKYJIAIUU UMITYJIbCA K TUIOMIAAN S,

OTpaHUYEHHOMN 3TUM KOHTYPOM OYIET CTpeMUThCS K OECKOHEUHOCTH, T.€.
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OTO O3Hauaer, 4YTO JUisi TPUBEACHUS BO BpAIICHHE B OTIEILHOCTHU
UPPAIMOHAIBHOW TOYKU MPOCTPAHCTBA-MATEPUHU, KOTOpAs SIBIAECTCS OCCKOHEUHO
MaJoil TOUKOM OBITHSI, HEOOXOUM OECKOHEUHO 00JIbIIoN poTop (BUXxph). OgHAKO,
€CJIM B35Th COBOKYITHOCTh HMPPAIMOHAIBLHBIX TOYEK, TO MX MOYHO TPHUBECTU B
JIBIKEHUE KaK €IMHOE 1EJI0€ U ITPU ITOM MOMEHT UMITyJIbCca 3TOTOo arperara OyaeT
paBeH nocrosiHHou [linanka A.

CrnenoBarenbHO, KaKk OECKOHEYHOCTh JUBEPTEHIIUU CUJIBI B UPPAIIMOHAILHON
TOYKE, TaK U OECKOHEYHOCTh POTOPA UMITYJIbCAa HEOOXOIUMOTO ISl TIPUBEICHUS
UPpAIMOHAIBHOM TOYKH BO BpaIlleHHE TOATBEPXKAAIOT HEPa3pPhIBHOCTH
MPOCTPAHCTBA-MAaTepUU B HUPpaAlMOHATBHOMN Touke. MOXET BO3HHKHYTh
BO3paXCHHE OTHOCUTEIBHO TOTO, YTO €CJIM HUPPAIMOHAIBHBIC TOUKU aOCOITIOTHO
TBEPABIE, TO W CaMO TMPOCTPAHCTBO-MATEpPHUs, COCTOAIIECE W3 MHOXKECTBA
UPPAIMOHAIBHBIX TOUCK, JIOJKHO OBITh Takke aOCOMOTHO TBEPAbIM. OTHAKO TO
HE TakK, TOCKOJbKY TMPOCTPAHCTBO-MATEpUs HE SBJISICTCS 3aCTHIBIIUM U

CTaTUYCCKUM, OHO TIPCACTABJISICTCA IIOJABHUIKXHBIM O6pa30BaHI/ICM, B KOTOpOM



MIOCTOSIHCTBO ~ TIOTOKA CHJbl M LUPKYJSIMUM HMMIyJbca aBTOMAaTHYECKHU
00eCreynBaeTCs €ro JBUKCHUEM.

Tak Kak usnydaemas dJIEKTPOMAarHUTHAs BOJIHA JOJDKHA IIPEOJOJIETh NABJICHUE
IIPOCTPAHCTBA-MATEPUU, TO OUYEBUIHO MEXAY €€ DHEPrUeU U  HHEPrUeH BOJIHBI

IIPOCTPAHCTBAa-MAaTEPUN UMEETCS PAaBEHCTBO:
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Bo3Beném o0e yacTu paBeHCTBa B KBaApaT, MOJTYUUM:
2
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[TockonbKy 3JIEKTpOMarHuTHAsI BOJIHA HE MPOHUKAS BIITyOb, PACIIPOCTPAHSIETCS

B OIPEACIEHHOW TOJIIE NPOCTPAHCTBA-MATEPUH, TO MOMKHO NIPEIACTABUTH

47 = 47R; —47R*, TOTJA TIOJYYUM:
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Jlenas nanpHeimume npeoOpa3oBaHus, MOIYUHM:
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3aMeqaﬁ, 4TO BCJIIMYHHA ABJICTCA CKOPOCTBIO 3JICKTPOHA B aTOME, TO

MOJKHO 3aIliucCaThb:

1_V

R=R, C_z

MBI MpULUIA K (OpMYyJIe COKpallleHus UIMHBI 10 3aKoHY (ImpeoOpa3oBaHUIO)
JlopeHnna.

OTtcroa cienyer, 4YTO BOJIHBI MPOCTPAHCTBA-MATEPUH, IHEPTUS KOTOPBIX

onpenensercst popmynoit E=hv, SBISIIOTCS HHBEPCUSIMU DJICKTPOMArHUTHBIX BOJTH



U3JIy4aeMbIX aeKkTpoHaMu. C Apyroil cTOpOHBI BOJHBI IPOCTPAHCTBA-MaTEPUU
npeoOpa3yroTcs MO0 HMHBEPCHHM B 3JEKTPOMArHUTHBIC BOJHBI TaM, TJ€ HUMEIOTCS
3JEKTPOHBI.

Takum o00pa3oM, HEKOTOpPHIE pPacXOAUMOCTH, KOTOpble paHee (¢u3MKa
cTaparenpHO 00Xxo0ausia, B JACHCTBUTEIBHOCTH SIBISIOTCS TMOJTBEPKIACHUEM
¢u3nyecko  MPpPALMOHAIBHOCTH TOYEK THpocTpaHcTBa-marepun. Kaxnas
KOOpJMHATa HWPPALUMOHAIBHOM TOYKM NPOCTPAHCTBA-MATEPUU 3ANKUCHIBACTCS

mo00HBIM 00pa3oM:
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I'ne p — umiysbc, TPpUHYKIAIOMIMNA TOUYKH K JIBUKECHUIO.

Ocraércs IMib BBISICHUTH, YEM XKE SIBJSIOTCS BOJIHBI IPOCTPAHCTBA-MaTEpUu?
ITockonbKy 31€Ch YK€ IOKa3aHO, YTO HUPPALMOHAIbHBIE TOYKMU IPOCTPAHCTBA-
MAaTepuu MOTYT ABMUIaThbCsA TOJIBKO arperaramu, pasMepbl KOTOPBIX 3aBUCAT OT
JUIMHBI BOJIHBI M 3THU arperarsl B BOJIHE IPOCTPAHCTBA-MAaTEpHUM BPAIIAIOTCA C
MOMEHTOM HMIIYJIbCA PABHBIM NMOCTOAHHOW [lnmaHka /i, TO BOJIHA MPOCTpaHCTBA-
MaTe€pUH — O3TO KOJIEOATEIbHBIA TMPOLECC POXICHUS U YHHUUTOKCHHS
BpAILlAIOIIMUXCS  arperaTtoB (KBaHTOB), SBISIOIIMXCS BBIPOKECHUEM  €T0
MppalMOHANBHBIX TOUEK. YTO Kak pa3 coBmaio Obl C MPEACTaBICHUEM O (POTOHE B
KBaHTOBOM MEXaHUKe, eciIu Obl B HEM MPUHIIUI HEONIPEACTEHHOCTH KOOPANHATHI U
UMIyJIbCA 3aMEHUTh TMPUHIUIOM (DU3MYECKOM HUPPALMOHAIBHOCTH TOYEK
IIPOCTPAHCTBA-MATEPUHU.

B 3axiroueHue cieqyer BbICKA3aThb MBICIBL O TOM, YTO 3JIEKTPOMAarHUTHBIC
BOJIHBI, KOTOPBIM paHee IIPUIIACBIBAJICSA CTAaTyC MaT€pHUM, HA CaMOM J€JIe €10 HE
aBnaroTcs. TouyHee ObLIO OBl CKa3aTh, UYTO AJIEKTPOMATHUTHBIE BOJHBI 3TO
KoJeOaTenbHble JBWXKEHUS MPOCTPAHCTBA-MATEPUH CBSI3aHHBIE C JBUKCHHEM

DJIEKTPOHA.



