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HPEANCJIOBUE

I[Monck AMpPaKOBCKMX MOHOMOJIEN BeAETCS HAyYHBIM MUPOBBIM COOOIIECTBOM yxke Oonee 80 et
¥ TOKa Oe3pe3ybTaTHO. OHAKO 3Ta MpodiieMa OCTAETCS aKTyaJIbHOM U B TIOCTIE/THHE TO/bI TSl 00b-
SICHEHUS1 OPUIMHAJIBHBIX pe3y/bTatoB pador M. WM. Conuna, C. B. Anamenko, JI. 1. Ypyikoesa,
A. B. Bauaesa, K. P. llloynaepca, A. Poccu u npyrux B odnactu (LENR) HU3KO9HEpreTH4eckoro
CHHTE3a sIAep TSKETBIX aTOMOB XMMUYECKMX 3JIEMEHTOB. Pesymbrarhl 3THX paboT HEOOBSICHUMBI
C MO3ULIAM COBPEMEHHBIX TEOPUM aTOMHOIO fjapa. M ecTh cepbE3HbIE MPEANIONOKEHUA O MPUYACT-
HOCTH HEKOTOPBIX «TSKENMBIX» MArHUTHBIX MOHOIIOJNEN K 3TUM rponeccaM. K HeoObsSCHUMBIM OTHO-
CATCA U MEXaHU3MBI IIPUPOIBI POXKIECHUA 3(PUpa, CIMHA U MAacChl MUKpodacTull, ekt B. Ixa-
HuOekoBa, B. Illaybeprepa, 1. Cepna, B. C. I'pebennuxoBa, [I. Kunu, JI. XarumncoHa, cTpykTypa
TI0JIEM TPABUTALIUU U IEKTPOCTATUKH, CBEPXIIPOBOJUMOCTD, CBEPXTEKYUYECTh, 3BYK, 4 TAKXKE IPH-
pona uHayKImy BoiH Jlyn ne Bpoins, cTpyKTypa M ICTOUHUKY IIPOM3BOACTBA NIOJIEU-TIPOCTPAHCTB.
B kHMre npemiokeHO MHOE OINpelesieHne 3(pupa U CBOMCTB MarHUTHBIX 3apsAA0B, OTJIMYAIOLIEECs
OT MX UCTOPUYECKOTO MPEACTAaBICHUA. BUXPOHBI — TaK Ha3BaHbI 3TU MEPUOINYECKN U3MEHSIOLINECS
Y CaMOJBHXYIIMECs] ObICTphle MArHUTHBIE U ME/JICHHbIE TPABUTALIIOHHBIE 3apsiibl. BUXPOHHI — 3TO
MEXAHUYECKUE U JEKTPOMATHUTHBIE MUKPOBUXPOHBI, MAKPOBUXPOHBI Y TUIIEPBUXPOHBI. [TpOIyKTEI
MUKPOBHUXPOHOB — 3TO IEKTPUYECKUM, PABUTALIMOHHBI Y MarHUTHBIN 3(pUp U3 3EPEH-TIOTEHLIMA-
JIOB JUCKPETHOIO MPOCTPaHCTBA-MO0IA, XOJOHAst Oe3MaccoBasi Iia3Ma, JIeMeHTapHbIe YaCTHLIbI, UX
Macca, 3apsl U CIMH, A1pa XUMAYECKUX JIEMEHTOB, IEKTPOHBI, (POTOHBI, TEIUIOBBIE U 3BYKOBbIE
(poHoHBI U T. A. [IpOAYKTH MAKPOBUXPOHOB — 3TO «TSKEJIBIE» BOJHOBOABI U3 NEKTPUYECKUX WU
IPaBUTALIMOHHBIX [TOTEHLINAJIOB, BUXPEBbIE TOKHU, JETOHALMSA U YIapHbIE BOJIHBI B3PBIBOB, ITPOM3BO-
CTBO-CHHTE3 si[iep aToMOB TaOnmuibl MeHzaeneeBa, nuHaykims Papases, aMeKTpUYECKUe TOKH, 3BYK,
CBEPXITPOBOAMMOCTb M CBEPXTEKY4ECTb, aTMOC(EPHBIE JTMHENHbIE U IAPOBHIE MOJHWU, CIIPAUTHI,
Mb(]bI, TUTIOMBI-(DITION/IBI ¥ TUTIOMBI-TUIA3Mbl B MAHTUY 3€MJIH, BUXPEBbIE I'PABUTALIMOHHbIE BHIOPOCH,
sapdext xaHMOEKOBA, KaK KBAaHTOBBIA MPOLYKT NEOPOIMIEBCKON «iyOb» M T. 1. [Ipomykramu
TUIIEPBUXPOHOB SIBJISIETCS 9BOJIIOLMSA HEKOTOPBIX 3BE3J B IUIAHETHI, a TaKXke JONOJTHUTEIbHASA Ipa-
BUTAlMs] M UHBEPCHS MOJIOCOB MX MAarHUTHBIX IMOJIEH, KaK KBAaHTOBBIE MPOAYKTHI A€OpPOMIEBCKOM
«IIyObl» UX Bpalaommxcs aaep. pup — 310 U pusnyeckre nosst BOKpYr UICTOYHUKOB I'PaBUTALIH,
IEKTPUYECTBA M MArHETU3Ma, a TaKXkKe JIEKTPOMArHUTHBIE NossA. OnpeneneHsl CBOMCTBA BUXPO-
HOB, C IMIOMOIIBIO KOTOPBIX YIAETCS OOBSCHUTD YKAa3aHHbIE SKCIIEPUMEHTHI, & TaKKe U JApyrue siBiie-
HUSA NPUPOIBI — OT POXACHUSA M AHHUTWIALIMUA TPOTHUBOIOIOKHBIX YaCTHUL], CTPYKTYPbl aTOMHBIX
Aanep, (POTOHOB, NEKTPOHOB, ATOMOB, OT MOJIEKYJT [0 IIAPOBbIX MOJIHUM, CBEPXITPOBOAUMOCTH, 3€M-
JIETPSICEHUH, BYJIKAHU3MA, NHBEPCUM MAarHUTHOTO Mo IiaHeT U CosHLI@a, IPUPOIbl €0 «YEPHBIX
IATEH», TPAHYIALIMUA (POTOChEPbl U MarHUTHBIX 3apsAA0B HA €r0 MOBEPXHOCTU, C OJHOU CTOPOHBI,
10 PE30HAHCHO-3BYKOBOW MHAYKLMM AHTUTPABUTALIMOHHOIO 3apsja BOKPYI OIPOMHBIX KaMEHHBIX
onokoB B Erunte u TuGere, ¢ apyroit cropossl. JlaHo nosiHOe onpefeneHue 3akoHa Jlyu e Bpoitns
Y MEXaHU3M €ro MTPUPO/IBI ISl BCEX TUIIOB IBKEHUS KOPITYCKYJIsSIpHOI MaTtepry. OOOCHOBaHBI ITOH -
THUS LIEHTPAJIbHOM aKTMBHOM I'PaBUTALMU sipa 3€MJIM U ITACCUBHOM IEPHO U aTOMHO-MOJIEKYJIAP-
HOI 000JI0YKM-MAaCChI BEIIECTBA-KOPBI, OKPYXKAIOIIEH ero, Kak aHaJIory IPOTUBOMOJIOKHBIX 110 3HAKY
3apAA0B B aTOME, IEKTPUUYECTBE U MarHeTU3Me. beccTpykTypHble 3€pHa-noTeHIMaNbI, (POPMUPYIO-
e (pusryeckye 1nojisi UCTOYHUKOB, 30HY XOJIOZHOM 0€3MaccOBOM IIa3Mbl M BUXPOHBI JABUKEHUS
KOPITYCKYJISIPHOIM MaTepyy — 3TO pacKpbiTas TailHa 3¢pupa, 1eOpOiIeBCKOI «IIyObl» U BOJH.

K Havalty XXI Beka HAKOMWJIOCh TAKOE OOJIBIIOE KOJIMYECTBO HEOOBICHUMBIX MNpUPOIHBIX
SIBJICHUH U IKCIICPUMEHTAJIbHBIX Sq)(beKTOB, YTO OHHU BHOCAT OHpC,I[CJIéHHOC OECIIOKONCTBO B YMbI
YeJIOBEYECKOU HI/IBI/IHI/BB.L[I/II/I. C O,IIHOfI CTOPOHBI, ITO, MPEKIEC BCEro, YrpoKalolle BO3pacTaroman
AKTUBHOCTb COJ'IHI_Ia, BJIMAI0IIAA Ha KJIUMAT U AHOMAJIbHBIC ITPUPOAHLIC ABJICHHUA Ha 3emie — Ipo-

6



A. A. Mlagpun. «Ilons u Buxponsl. CTpyKTyphl Mupo3nanus Beenennoii. Tperbe m3manue»

rpeccUpyIolIre KaTaKJIM3Mbl TAKUX SIBICHUI HauOosee SPKO MPOSIBIIIMCH MO BCEW MOBEPXHOCTH
3emmu B nepuof 2012— 2014 rogpl. U3 apyrux — 3TO BYJIKAaHUYECKUE SIBJICHUs, 3eMJIeTpsice-
HUS1 U 3BYKOBOM T'yJl U3 Heflp 3eMJIU, YacTO MOSIBIISIOIIMECS KPYIJIble AbIPbI-BOPOHKH-KOJIOAIbI
Ha [IOBEPXHOCTU 3eMJIM U Ha IHE OKeaHOB. Jlajiee — 3T0 HaABUTalOIAsICsl MHBEPCH S ITOJIIOCOB MarHUT-
HOT'0 1107151 3eMJIM, HETIOHATHAS CTPYKTYypa s/ipa U MAaHTUX 3€MJIM, MEXAHU3M IPUPOJIBI U CTPYKTYpa
TMOJIeH TSAroTeHUs1, SHeprus sapa 3emiu, cepsl u3 maxt Kinepkcaopna B OxHoit Adpuke, mapo-
Bble KOHKpeluu, KOsl BepxHero Bumiost B AkyTru, a Takxke HeoObsicHuMbIe 3pdexTsl K. [Mloyn-
nepca u 1. XaruncoHa, 6e3bIHEPIIMOHHOE IBUKEHUE W aHTUTPABUTAIIIOHHBIE OIS JIETAIOIMIUX ANC-
koB B. Illay6eprepa, [I. Cepna u kameHHbIX 0;10k0B Erunra u Tubeta, aneKTporupaBIndecKuii yaap
B a(pexte JI. FOTKMHA, HEOOBsICHMMOE BUKeHHe raiiku B. [I)xaHnOexkoBa B HEBECOMOCTH, XOJIO/-
HBIA saepHbii cuHaTe3 — LENR, GecuriciieHHOe MHOKECTBO BEYHBIX JBUTATENICH U YCTPOMCTB MPOU3-
BOJICTBA CBOOOTHOM SHEPrUH, HEMOHSITHO OTKY/A U YeM MOPOKIEHHOM U T. [I.

C npyroii CTOPOHBI, HETTPEK PAIIAIOIIUICS TTOMCK HAYYIHBIM COOOIIECTBOM MArHUTHBIX MOHO-
noJieit co BpeMeHu (hOPMYJIUPOBKU UX BO3MOKHBIX cBONCTB Paul A.M. Dirac, a Takxe mnoyiHoe
OTCYTCTBHE KOHKPETHBIX OIPEAEIEHUI CBOVCTB M UICTOUHUKOB 3(pupa co BpeMeH PpeHelis, CliuHa,
MAccChl, 3apsaa U CTPYKTYpPbl JIEMEHTapHBIX YaCTUIl, BOJIH U «I1yObl» Jlyn ne Bpoins jummb non-
TBepKAaeT (PaKT HEeJOCTAuM KAKUX-TO BaXKHBIX KHPIMYUKOB B 001eM (hyHIaMEeHTe COBPEMEHHOMN
(usukM 17151 co3aanus Oosee MPOYHOM CBA3U €€ C SIBICHUSIMUA MPHPOAbI.

VBenuuuBalleecs: YUCI0 BHOBb OTKPBITBHIX SIBJIEHUH C Kai/IbIM IOJIOM B T€0JIOTMH U reodu-
3MKe, acTpOo(U3UKE M aCTPOHOMUHM, sIEpHON (pU3MKe U (PU3MKE JIEMEHTAPHBIX YacTHll, (PU3MKE
ConHila M MJIaHeT, a TakKe B APYIMX €CTECTBEHHBIX HAIpPaBIECHUSAX HAYKH, YK€ HE YKJIaJbIBAETCS
B PaMKH COBPEMEHHOTO aKkaJileMruuecKkoro npenacrasieHuss Muposnanus (CAID).

Haspena ocrtpeiiiass He0OXOOMMOCTh KauyeCTBEHHOTO W3MEHEHHUsI METOMOJIOTUM Hay4YHBIX
UCCIeN0BaHUl B (DyHIAMEHTAIbHOU (PU3UKE B MPSMOI €€ CBSI3H C SIBJIeHUsAMU Npupoasl. U rias-
HBII BOIIPOC YCTPOWCTBA Mupa — 3TO YTO Takoe MaTepusi, KakoBa €€ MpUpoJa, Kak OHa pOXkIaeTcs
u ucyezaer?

dyHpamMeHTaIbHOE CBOWCTBO MaTepuu! Kpome e€ pOoKAeHHUS-MCUE3HOBEHHUsI — JIBH2KeHHe?>
u n3meHenue. A Bor YTO npuBogut B 1BMKEHNE U N3MEHEHUE MATEPUIO, B TOM YUCIE K ABUKEHUIO
Y 3BOJIOIMY acTpodu3ruecknx o0bekToB Beenennoit — raBHbiid Borpoc? 1o UTO — 3Heprust
Y 9TO CBOMCTBO HEKOE CyOCTaHIIMH, CO3JAIONIECH MAaTePUIO WU Je3UHTEr pUPYIOIeH e€, B3anMOoaeH-
CTBYIOIIIEE C HeW U IPUBOJSIIEe K U3MEHeHHUI0 e€ (hopM, HeOOXOOMMO OoJiee AeTaTbHO PACCMOTPETD
B CBETE HEPACKPHITOU TallHBI EOPOMIEBCKUX BOJIH, T. €. TAK HA3bIBAEMOM «IITyObl», MHIYKTUPYEMO
BOKPYT JBMKYIIMXCS MUKPOUYACTHUI] U KJIACTEPOB KOH-/IEHCHPOBAHHON MaKpOMaTepuu, Ha MpeaMeT
MIOMCKA CTPYKTYPBI M ICTOYHUKOB MPOM3BOICTBA ITON «IIyObI», KAK B MUKPOMAaTEpUH U MaKpoMa-
TepUM, TaK U B rurnepmarepuu. B kakux ¢opMmax CylIecTByeT SHEpIrusi U Kak OCYIIECTBJIsIETCS €€
nepeHoc?

Ha nanHbIli MOMEHT B MUKPOMATEpUX YaCTUYHO MU3YYEHO JIUIIb 0e3MacCOBO- 0e3bIHe PIHOH-
HOe camojBUKeHHe (DOTOHA U JIBUKEHHE JIEMEHTApHBIX 4acThll ¢ Maccoi. B makpomarepun uzy-
YeHBI, HO C HeIOCTATOUHOM TITyOUHOM, Bce (hOPMbl KHHETHYECKOI'0 IBIKEHHS KJIACTEPOB C MACCOM,
KpOMe HETOHSITHOTO JIBUKEHHUsI «KyJIbOUTa» railku JkaHnOeKoBa B HEBECOMOCTH, a TaKke 0e3bl-
HEPIMOHHOIO JBVKeHUs JieTaionux quckoB B. llaybeprepa, /. Cepna, rpaButonéra B. I'pebeHHu-
koBa 1 kamue#l B Erunte u Tubere. B runepmarepun HaOmogaTeIbHO U3YYeHBI ABHKEHUsI TIaHET
B CosHeuHOH cucTeMe, HO OCTa€TCsl HEMOHATHBIM pa30eranne ['alakTWK Mpu HbIHE YCTAHOBJICH-
HOM TMporiecce pacmupsiiomeiicst Beenennoit. [IpeodpazoBanue cBOOOJHOTO MOCTYNATEJbHOIO
ABWXKEHUS KOPITYCKYJISIPHOM MaTepuu B TOJIBKO 3aMKHYTOE BpaliaTejbHO-KoJie0aTeJbHOe WIH

1
Marepust — 310 offHa U3 (OPM CYIIECTBOBAHUST SHEPTUH.

2 Nmenno ABHKE€HHE€ MUKPOYACTULl U KJIACTEPOB BELIECTBA ITOPOKIAAET Zle6p0ﬁ.]'[eBCKHe BOJIHHI, CIOCOOHBIE H3MEHATH q)OprI
MaTepyr U B U3BECTHBIX ITPEJAEIaX 3aKOH COXPAaHEHUA SHEPIUU.
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NOCTYNaTeJbHO-BpalaTeJbHOe 1 HA000pOT — 3TO MPEeAMET MPUCTATBHOIO BHUMaHKS COBPEMEH-
HOTO HAay4YHOTO TMO3HAHMSI CTPYKTYyphl Muposnanus. PasHooOpasue B OpUeHTallMU OCeil BpallleHUsI
1 (hopMa MOJIOIBIX ® TJIAHET CBUJIETENILCTBYET 00 MX Pa3BOPOTaX BO BpeMsi X IBOMIONUU. O CHUKEHUN
IJIOTHOCTH 3€MHOTO BEILECTBA OT sIpa K IOBEPXHOCTHU U HEIIPEPHIBHOM POCTe pajnyca 3eMJIU CBU-
JETeTbCTBYET HEMOCTOSTHCTBO MOAYJIS €€ YIJIOBOrO MOMEHTa M €€ Oe3pa3MepHbIi MOMEHT UHEPLIUH
0,33, 9TO COBepIIEHHO HE 03HAYAET HAIMUHUE «KEPHA» KeJIe30-HUKEIEBOro COCTaBa B 1ieHTpe. Bpa-
IeHue, Kak ofHa U3(opM JABUKEHMSsI, IPUCYIIE KaK JIEMEHTAPHbIM YacTULaM, TaK U aKTUBHBIM
IUIaHEeTaM, 3BE31aM U FaJlakTUKaM, IPUYEM OTHOIIEHHE MarHUTHOTO MOMEHTA K MEXaHUYECKOMY €CThb
BeJIMYMHA MOCTOsIHHAS. B mepBoMm cityuae, yacTHiibl 001aaioT elié ¥ BHYTPEHHUM BpalieHueM B UX
CTPYKTYpE HEKMX MCTOYHHUKOB JBH:KEHHUS, UTO XapakrepusyeTrcs mocrostHHon [lnanka u omnpe-
AensieTcsl X CHUHOM M THPOMATrHUTHBIM OTHOIIEHHEeM*.

MexaHu3M poOXIeHUsl 3TUX (PYHIAMEHTAJIBHBIX IOCTOSIHHBIX, @ TaKXke €ro MCTOYHHUKH
He onpezeneHsl B CAIl Hu B Makpomartepuu, HU B MUKpomartepul. [loctynarensHoe MexaHMuecKoe
JIBUKEHUE BEIIeCTBEHHOM MaTepuu MO JEWCTBUEM CUJ U3BECTHBIX TPEX MOJIEH CTAlMOHAPHBIX
HCTOYHHUKOB, U CTOJIKHOBEHHE €€ OTJEJIbHBIX KJIACTEPOB TBEPIBIX TEJI IPOSABIIAET y MOCIEHUX SBJIE-
HUE MHEPTHOCTH. A TOPMOXEHUE U OCTAHOBKA MOCTYNATEJIHOTO JABUKEHHUSI CO CKOPOCTBIO CBETa
0e3MaccoBOro (poToHa ¢ OINpeAeNEHHON SHEPrUel B MOJie aTOMHOTO sIpa MPUBOAUT K POXKACHUIO
JBYX MPOTUBOIIOJIOKHBIX YaCTHI] C ONPEJEIEHHON TeOMETPUYECKH 3aMKHYTOM CTPYKTYpOH U Mac-
coil nokost. I Ha000POT, C OMHOIN CTOPOHBI, B3AUMOICHCTBE OJMHAKOBBIX 0 T€OMETPHUYECKON
CTPYKTYpe TEIJIOBBIX JEKTPOHA M MO3UTPOHA MO/ JEUCTBUEM MPUTSKEHUS UX MOJEN MOPOXKIaeT
npeoOpa3oBaHUe UX MACChI, T. €. SHEPIUM MaTepHH BCOCTOSTHUU MOKOSI (AHHUTWJISIMSI TEOMETPUN
CTPYKTYPHBI U Macchl), B CBOOOIHOE Oe3bIHEPIIMOHHOE IBHMKEHUE yxke 0e3MacCOBbIX (DOTOHOB, T. €.
B (hopMy MaTepru Oe3 Macchl, HO B COCTOSTHIHU JIBMKEHHS CO CKOPOCTBIO CBETa. A C IPYroi CTOPOHBI,
B3aMMOJICVICTBHE TEIUIOBBIX JIEKTPOHA U POTOHA, OYEHDb CUJIbHO OTJIMYAIOIINXCS 110 FTeOMeTprye-
CKMM pa3MepaM U CTPYKType, He IPUBOAUT K aHHUTUJISILIMU — POKAAeTcsl HoBasi hopMa MaTepuu
B Bujie aroMoB. OTCI0[a ¥ TJIaBHBIM BOMPOC 3MOXU — BO3MOKHO JIM HEWTPAIU30BATh 3apsi Macchl
(MHEpPTHOCTBD), KaK HEUTPATM30BaH MEKTPUIECKUI 3apsa] AApa JMEKTPUUECKUMHU 000TOUKAMHU JIeK-
TPOHOB B aToMe 0€3 pa3pyuieHus ero CTpykTypsl? HakoHen, ABMkKeHUE, TOPMOKEHUE U OCTAHOBKA
3JIEKTPOHA B CpeJie BEIIECTBA TaKKe MPUBOAUT K M3JIyYEHMIO, B YACTHOCTH, K M3JIyuyeHuio Basu-
noBa-YepeHkosa. B MakpoMupe BpamareabHOe JBHKEHUE HEKOTOPBIX TEJ TPUBOIUT K MOIYJISILIUU
MOCTYTIATEJIBHOTO KBAHTOBBIM «KYJIBOUTAM»> € €ro MOCJEAYIOIINM CIIOHTAHHBIM CaMOBOCCTaHOBJIE-
HHUEM WU, HA0O0POT K BBICOKOH YCTOMUYMBOCTH MOJIOKEHH ST OCH BpAIIEHH I I3BECTHBIX TeJI IO/ Ha3Ba-
HUEM TMPOCKOIIOB, a B TMIIEPMUPE y MYJIbCAPOB — K MHAYKLIUM CBEPXMOILHBIX MArHUTHBIX MOJIEH.
CoBpemeHHas1 (pu3MKa HE JAET OTBETA HA ONPE/AEICHUE CBOWCTB TAKMX MCTOYHUKOB JBHKEHHUS
1 u3MeHeHnsi. Cunraercs, 4yTo TUIaHeThl, 3BE3/1bl U ranakTuku TAK nBuskyTcst o uHepiuu, nocnie
UX POXKAEHUS U3 ra3olbleBbIX TyMaHHOCTe. HeT oTBeTa M Ha BOIIPOC 0 MeXaHHU3Me MTPOUCXOXK-
JEHUs1 Macchl y IBYX HOBOPOXIECHHBIX B I10JIE aTOMHOIO $1Jpa J€KTPOHA U MO3UTPOHA, KaK U HET
OTBETa O MpUpPOe cMHA MUKpovacTull. OTcloa U CIeACTBHUE — JI0 CUX MOP HET SICHOTO OIpezee-
HUS TEPMUHA «3HEPIUsI».

DKcrnepuMeHTaIbHBIE McceJoBaHusl (PU3HKOB BO BTOPOi MOJIOBHHE XX BeKa yOeqUTeIbHO
MOKa3aJd, YTO aTOMHBIE sIpa HE MOHOJUTHBIE 00OPa30BaHUs, a UMEIOT PHIXJIYI0 BUXPEBO-TIOJIEBYIO
CTPYKTYPY U B HX IIGHTPaX OTCYTCTBYIOT KaKUe-JIMOO «KEpHBI». DJIEKTPOHBI U MPOTOHBI, Pa30THAH-
HBIE Ha YCKOPUTEJISAX JI0 IOYTH CBETOBBIX CKOPOCTE, TPOHU3BIBAIOT s11pa TSKENBIX ATOMOB, KaK ITy/Ix

3 .
Hanpumep, 3emiist B hopme reouia MokeT ObITh COCTaBJIEHA U3 TPEX JUIMIICOMIOB BPAILIEHUS, paHee BPAIlAOIMXCsl BOKPYT
oceil, pacIoJIOKEHHBIX OJIMKe K OCM MAPHUTHOTO JIMIIOJIS TITAHETHI.
4
I'mpomarHuTHOE OTHOIIEHWE Ul JEKTPOHA, MOTydaeMoe SKCIIEPUMEHTAIBHO, CYIIECTBEHHO OTIIMYASTCS CBOMM 3HaYEHHEM
OT BEJIMYHMHBI, PACCUMTHIBAEMON TSI MIEKTPOHA, HAXOAIIEr0Csl B OpOMTAILHOM JIBIKEHHM BOKDYT SIIpa, YTO CTABHT ITOfl COMHEHHE
TAaKOE €ro COCTOSIHUE B aTOMe 1 BOOOIIE €0 OPOUTAIIBHYIO CTPYKTYpY.

3 Nmeercst BButy (et [lkaHn6exosa, CBOMCTBA 1 IPUPOIA MEXAHM3MA [0 CHX TIOp HE YCTAHOBJICHA.



A. A. Mlagpun. «Ilons u Buxponsl. CTpyKTyphl Mupo3nanus Beenennoii. Tperbe m3manue»

JIyKOBHULLY. A MacC-CIEKTPOMETPUYECKHME U3MEPEHNUSI TOKA3bIBAIOT, YTO MACCca AaTOMHOIO 51Jpa MHOTO
MEHBIIIE, YeM CyMMa BCEX Macc SIKOOBI COCTAaBJISIONIMX €ro HYKJIOHOB. Ha mprMepe oTTaJKuBaHUS
APYT OT Apyra OJIHOMMEHHBIX TOTIOCOB CTAIIMOHAPHBIX MATHUTOB yOEkJaeMcsl B TIOJTHOM OeCrioMoIII-
HOCTH 0(PULIMAIIBHOM (PU3MKH OXapaKTEpU30BaTh TOT YHPYTrHil IPOMeKYTOK IPOCTPAHCTBA, YCU-
JIMBAIOIIUI OTTAJIKUBAHWE IPY X COMMKEHUH — KAaKOBa CyOCTaHIIUS STOU MOJIeBOil (hpopMbI cOnpo-
TUBJIEHUS] MaTEPUU B YKa3aHHOM POMEXKYTKE IPOCTPAHCTBA, KAKOBbl MEXaHW3MbI AUCTAHIIMOHHOTO
pacro3HaBaHKs 3HAKA I0JII0CA, MEXaHUYECKOIO OTTAJIKUBAHU S WU IIPUTSKEHU S, KAKOBA CTPYKTYypa
CWJIOBBIX JIMHUI NOJIS CTAIMOHAPHBIX KCTOYHUKOB M YEM OTJIMYAIOTCS 0JIs1 POXKIEHUS NUHTep(pepeH-
MM OT MOJIeW HAJOXKEHUs MOoJIel ABYX NEPEMEHHBIX MCTOYHMKOB, HAIIPUMEP, IEKTPOMArHUTHBIX
BOJIH?

['maBHOE OT/IMUME CTAaIMOHAPHBIX MAarHUTOB 3aKJI0YAETCsS B TOM, YTO HEBO3MOXKHO OTIEJIUTH
OZIVH TIOJIOC MarHuTa OT JIPYroro rnpu OECKOHEYHO MajioM APOOJCHUHM UX pa3sMepoB — rodyemy?
[Touemy [0 cuX MOp HE MPOBEAEHBI XOTsI Obl CPABHUTENIbHBIE SKCIEPUMEHTHI M0 CKOPOCTH pac-
NPOCTPAHEHMIO T0JIeW TATOTEHUS U MEKTPOCTATUYECKUX TOJEN CO CKOPOCThIO cBeTa. O4eBUIHO,
YTO IIJIOTHOCTh MOTOKA U JAJIBHOJEWCTBHE LIEHTPAIBHOIO MO TATOTEHUS 3eMJIM HAMHOT'O JeCATHUY-
HBIX TIOPSIIKOB OOJIBIIIE STUX MApaMETPOB OIS TACCHBHOTO BEIIECTBEHHOT'O MOJIs1, CO3[JaBa€MOTO €ro
KOPOM, MaHTHEN WK aCTepOUJaMH — B UEM pa3HUIIa MEXIY CTPYKTypaMu 3TUX rojeit? Kak nokazanu
TOCJIE/IHME IPAKTUYECKUE U3MEPEeHUs osiel npuTskeHus K actepousy BECTA, a Takxke nuamepenus
LHeHTPAJbHBIX aKTUBHBIX I'paBUTAIIMOHHBIX MoJael ConHua, fOnuTepa, CarypHa u 3emiu, 3Ty oS
KapAMHAJIBHO OTJIMYAIOTCS U OT MACCUBHBIX TPABUTAIIMIOHHBIX MoJel JIyHBI U Apyrux acTepousoB,
HE MMEIOIIMX aKTUBHOTO si/ipa U LEHTPaJIbHO-aKCUAJIBHOTO MAarHUTHOTO MOJISI, @ TAK)KE OT IPaBUTA-
LIMOHHBIX I0JIell KJIACTEpPOB aTOMHO-MOJIEKYJISIPHOTO BELIECTBA KOPbI 3eMJIN.

Her oTBeTOB 1 Ha BecbMa 371000HEBHbIE BOIPOCH COBPEMEHHON HAYKH, SBJISIIOIIUMICS JIOTU-
YECKH CBA3aHHBIMU C NIEPBbIMU:

1. Kakoii e MHOW MOXKeT ObITh CTPYKTYpa 3JIeMEHTApHbBIX YaCTHII, OTMYAIONIasi UX OT CTPYK-
TYp «MEPTBBIX» MuKkpouactul] CranaaprHon monenu CAII?

2. KakoBa mpupona MHEPTHOCTH TeJ, MAcChl M TPABUTAIIMOHHBIX TOJIEH, 00MagaloT 1 UX
WCTOYHMKY MPOTUBOIOJIOKHBIMY 3apsiJaMU, KaK B JIeKTpUyecTBe?

3. Bo3MOXHO JI1 Maccy, Kak Mepy MHEPTHOCTH, TaKke Kak JIeKTPUUYECKHIA 3apsi/i YHUUTOXKUTb
C pa3pyllIeHUEM CTPYKTYPBI (ITO3UTPOH-IEKTPOH) WM XOTSI Obl SKPaHUPOBaTh, KaK PO B aTOMe
0e3 paspyInieHust CTPyKTypbl — 3(heKT JeTamux TUckoB 1 ycrporcts B. Illayoeprepa, 1. Cepna,
B. C. I'pe6ennrkoBa u kamueit Tubera?

4. CylecTByIOT 11 CBOOOIHbIE€ BUXPEBbIe IPABUTALIMOHHBIC Y MAarHUTHBIC 3apsi/ibl, HE CBS-
3aHHBIE C BEIIECTBOM U EKTPUUECKUMHU TOKAaMH B HEM?

5. KakoB mexaHu3Mm 3¢ peKkTa BOSHUKHOBEHUS OCEBBIX CHJI IIPY BpAlllEeHU! IMYJIbCApOB U KBa-
3apoB, KaKOBO MX pacrperesieHue Bo BcesleHHOM, YeM BbI3BaHBI CTPYKTYpbl OOpPa30BaHMUsI «CTEH»
CO CKOIUICHUSIMM B HUX TAJIAKTHK, YeM BBI3BAHO BceoOllee NBIKEHHE acTPOU3NIECKUX 00BEKTOB
BO Beenennon?

6. [louemy TeopuM rpaBUTALIMM U JIEMEHTAPHBIX YAaCTHLl He B3aHMOCBS3aHbl, U MOXKET JI1
OTKPBITHE MATHUTHOTO MOHOTIONS1 ¥ MEXaHU3Ma MHIYKIIMY MAcChl y HUX CBSI3aTh BMECTE 9TU TeOpUn?

7. Hackomnbko gocroBephsl nosioxkenust CAIl o «Be4HOCTH» aTOMOB, aKKPELIMOHHOM TeHe3uce
COJIHEYHOM CUCTEMBI U MHEPLMAJIBHOM BpAILIEHUH KOCMUYECKUX TeJl?

8. KakoBa npupozia 371eKTpuYecKoro Toka® u CBEpXIpoOBOIUMOCTH, 3ByKa U CBEPXTEKYUYECTH
B KJIacTepax KOHJEHCUPOBAHHBIX BEIIECTB?

9. KakoB MexaHW3M IPOU3BOICTBA CUJIOBBIX JINHUI, COEUHSIONIMX J1BA PA3HONOJISIPHBIX U CTa-
LMOHAPHBIX NCTOYHUKA MAarHUTHOTO, EKTPUYECKOTO U I'PABUTALIMOHHOIO MOJIEN U KAaKOB MEXaHU3M

® o cux mop oTcyTCTRYeT ONpe/iesen e MeXaHu3Ma (PU3HUECKOi PUPOMIBI AMEKTPOTOKA 1 SABJICHHUIA CBEPXITPOBOTAMOCTH.
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MEXaHUYECKOTO BO3AEHCTBHS Ha OoJiee MOIBIKHbIE UCTOUHUKY — IPUYACTHBI JIK K 3TUM SIBICHUSIM
COOTBETCTBYIOIIIME CBOMCTBA 3pupa?

10. KakoBa npupoza siBleHHs XOJI0JHOIO SIIEPHOTO CUHTE3a U POKAEHUS IIMPOKOTO CHEKTpa
(LENR) HOBBIX siep XMMUYECKMX JIEMEHTOB IPU NEKTPUYECKUX B3pbIBAX METAJUIMYECKUX JIEK-
TPOIOB U MPOBOIOB?

11. [Touemy cymIeCTBYIOT aTOMbI 1 MOJIEKYJIbI HE Pacriaasich B CTaOMIBLHOM COCTOSIHUM TIPU
aOCOJIIOTHOM HyJIe B KocMoce BceneHHOM B BUjIe ra30nbUIeBbIX 00IAKOB — JABHO M3BECTHBIN BOIIPOC
O «HYJIEBOM SHEPrUn» aTOMOB?

12. Kak peasm3oBaTh pecypchl BHYTPEHHEW SHEPryuu BEIeCTBa, HAKOIUICHHOW MPUPOION
B IIpolieccax MPOU3BOACTBA KOHAEHCHPOBAHHOU (POPMBI arperaTHOrO COCTOSIHMS BEILECTBA B pa3-
JIMYHBIX (pa3ax B BU/IE XUMUYECKOU, EKTPUUYECKON, MATHUTHOM MaTepUU U TSKENBIX sIEP aTOMOB
XUMHUYECKHX JIEMEHTOB (IHEPrUsl MOJIEKYJI, AaTOMOB U SJIEP), KaK aJlbTEpHATHBA YIIpaBisieMoMy Tep-
MosiiepHoMYy CHHTE3Y TSIKETBIX MU30TOIOB Bogopoaa?

13. Bo3MOXkHO Ji11 peodpa30BaTh JIOKAJIBHO SHEPTHIO OIS TATOTEHU ST 3eMJIA B SHEPTHIO SJeK-
TPUYECKOT0 TOKA C IIOMOIIBIO TEXHMUECKHUX CPEACTB 10 aHAJIOTUH C TPeoOpa30BaHNEM SHEPI U CBETA
ConHIIa B 3JIEKTPOIHEPTUIO COJTHEUHBIX OaTapei?

14. TloyueMy 1uIaHETHI 3€MHOM TPyMITBI OMke pacnonoxeHsl K ColHILy, YeM ra30kKUaKue Tuia-
Hetol FOnurep, CatypH u apyrue?

Her oTBeTOB 1 Ha MHOTUME Ipyrue BONPOCH, Kak TO:

— CTPYKTYpa ¥ MEXaHU3M BHEUIHMX MOJIell CTAIMOHAPHBIX CTOUHUKOB',

— MEXaHU3M CWJIbl IPUTSDKEHU S WM OTTAIKMBaHUs B 3akoHax HelotoHa, KynoHa,

— MarHUTHOE MoJie U 3Heprus sapa riaHet u ConHua,

— MIMEET JIM 3HAK 3aps/ia NoJs TATOTEHUS spa 3BE3/1 U AKTHUBHBIX IUIAHET,

— MEXaHM3M pacimpeHnsi o0beMa 3eMHOTO 11apa,

— MEXaHU3M [TPOUCXOKAECHUS CIIEKTPa XUMUYECKUX JIEMEHTOB,

— MEXaHM3M BO3HMKHOBEHHS CIIMHA Y MUKPOYACTHIL U Y KJIACTEPOB MaKpoMaTepuH,

— peasbHasi CTPyKTypa sIep MUKPO U MaKpOMUPa,

— PO’K/IEHHE U IBOJIOLIMS aTOMHO-MOJIEKYJISIPHOTO BEILECTBA,

— CTPYKTYpa I'uIeprpocTpaHcTBa BeesleHHOM, TPUYKHBL €ro paciiupeHus,

— 910 TaKkoe 3¢pup, TJIe OH POKAAETCS U KaK JOJITO KUBETS,

— SBOJIIOLIMS 3B€3]1 U TUIAHET OT POXKAEHUS JI0 pacnajia, — HalpaBiieHue 3Boounu BeeneHHO.

Ha st11 Bomipoch! Helb3s1 HAWTH OTBETHI MIOKA B TIO3HAHWE MUKPO U MaKpoOMHUpa He OyayT BBe-
JEHBl KOHIIETITYaJIbHble KOHKPETHBIE ONpeaeaeHust BceX (pOpM MAaTepUUIHEPIUH, BKJIOYAsl B TOM
YHclie CTPYKTYpy MOJIeH ¥ MPOCTPAHCTB, NPUYUHBI U CJIeACTBHA’, TPeoOpa3oBaHus MOCTY-
aTeJbHOr0, BpallaTeJbHOT0 WJIH KO0J1e0aTeJbHOro IBWXKEHUs OJHUX (OopM NpH HM3MeHe-
HHHM B Ipyrue. [IpyrumMu ciioBamu, HEOOXOIUMO PaCKpPBITHE TAliH UCTOPUYECKOTo 3pupa u «Iryobl»
neOpOMIEBCKUX BOJIH, OINpe/esieHre BHYTPEHHUX M BHEIIHMX MCTOYHUKOB CIIMHA MHKPOYACTHII,
WCTOYHMKA MPUBOAA BpPAIIECHUS sep 3BE3[, IUIAHET U UCTOYHMKOB POKAEHUS aTOMHO-MOJIEKY-
JIIPHOTO BELIECTBA MIPU MOCTYIATeIbHO-BPAIaTeIbHOM JBHKEHUHU €€ MPOTOMATEPUM OT THUX sJep
K MMOBEPXHOCTH aKTUBHBIX acTpOpU3NUECKNX 00BeKTOB. [ToaToMy 151 Gosiee riIy00KOro Mo3HaHUS
Bcex (hopM MaTepHuH ITAHKOBCKUE MPeesbl AJTMHBI, YaCTOTHl ¥ MAacChl JOJKHbI ObITh 3aMEHEHbI
MEHBIIMMH, ONpeeIIEMbIMU IIyTEM CMEHbl CKOPOCTH CBeTa U aTOMHOI1 noctostHHoM Ilnanka
B (popMmysax ompezeneHusl 3TUX MpPeAeoB Ha COOTBETCTBYIOIIME peaJibHble CKOPOCTH MOCTYIa-
TEJILHOTO paclipOCTpaHEHU s IPaBUTALIMIOHHBIX MOJIEH OT UCTOYHUKOB AKTUBHOM I'PAaBUTALIMH, 4 TAKKE

7 Monst 38311 M TUTaHeT, SMEKTPHYECKHE H MATHUTHBIC M0/ 3aPAKEHHBIX KJIACTEPOB BEIECTBA.

8 Mo dpenermo — 3Byk MOKET PaCIPOCTPAHATECS TONBKO B KAKOM-IHO0 CPEie, a CBET TONBKO B AHpeE.

¥ Bosbliast 4acTh HAGIIOIEHMIA B IPUPOJIE ¥ SKCTIEPUMEHTOB B (pU3HKE IpH (h)OPMUPOBAHMH ONPEICIEHHBIX KOHIISTIIMIT B HAyKe
CBsI3aHa MIMEHHO CO CJIeJCTBHEM, B TO BpeMs Kak NPHYHHA, KaK TaKOBas, NCUE3aeT WM B CUIIY KaKMX TO OOCTOSTEIILCTB TepsieTcs
13 1oJst OObEKTHBHOCTH 4€JI0BEKOM — 3TO ¥ IPUBOAUT K nopoxaeHuio B CAIT k 95,1% T1éMHOI SHEpruu U MaTepuu.

10
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NMEKTPUUECKUX U MAarHUTHBIX TOJIEH OT MX CTallMOHAPHBIX 3apsaoB. Kpome Toro, Heo6xoaumo
KOJIMYECTBEHHO OIPE/IENTUTh MOCTOSHHYIO KBAHTOBAHUS /IJIs1 TAKUX TIOJIeH, aHAJIOTUYHYIO MJIAHKOB-
CKOM aTOMHOM KoHcTaHTe. [locie yero, HeoOXOAUMO UCKATh U OTPEeIATh HCTOYHUKH, TTPUBOIS-
€ MUKPO ¥ MaKpOMAaTepHIO BO BpAIlCHUE U MOCTYNATelIbHOE ABWKEHUE, OMUCATh UX OCHOBHBIC
NPOJAYKTBI, CTPYKTYPY M MeXaHH3M NMPOM3BOJACTBA. DTO U CTAaHET BO3MOXHBIM, Korjaa Oyzer
BBeZleHO Oojiee IIyOOKO€e 1O CPaBHEHHUIO C JIeMEHTApHBIMU yacTUIlaMu'® mpeicTaBieHre Mare-
puH, B KOTOPOM HaOJI0aeMble TIPOCTPAHCTBA'!, kKak omHa U3 e€ HauOosee cladeix (hOpM-TIPo-
SIBJIEHU B (popme (PU3NYECKUX T0JIEH, ONPEEIIeHbl PEryJIsipHO-IMHAMUYECKUM BbICOKOYACTOTHBIM
MYJILCUPYIOLTAM T0JIeM 47t-pacrpe/iesieHus: 3épeH-NnoTeHINAaN0B (OeCCTPYKTYPHBIX KBAaHTOB MPO-
CTPAHCTBA) BOKPYT UX CTAI[MOHAPHBIX aKTUBHBIX MCTOUHHKOB, XapaKTEPU3YIOIIUM €ro Mo AUCTaH-
IIMOHHBIM BHEIIIHUM CHJIOBBIM ITPOSIBIICHUSIM TP B3aUMOJIEHCTBUM C Pa3IMYHBIMHU YACTUIIAMH HITH
KJIaCTepaMH aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA — IPABUTAIIMOHHOE T0J1e BOKPYT 3emuu uim ConHia,
a Takke SYercTasl KpylHOMacIiTaOHas TMHepCcTpyKTypa BceneHHOH. A BelecTBeHHasi Matepusi
B (hopMe «KHUBBIX» JIEMEHTAPHBIX YACTHUI] OMpe/esieHa My IbCHPYIOIIMME CBOOOTHBIMU U 3aMKHY-
THIMA BUXPOHAMH. B TakoM peajibHOM MpeCTaBJEeHNH Pa3Mephl MEKTPOHA BBIPACTYT 10 pa3-
MEpOB 3eMHOT0 aTMOC(EpHOro TOPHAJO MO CPABHEHUIO C Pa3sMEepPOM 3THX 3€peH-NMOTEeHINANIO0B.
Jlpyrumu cjoBaMu, HOBast METOIOJIOTHSI TTOCIIETYIOIEro O3HAHUS CTPYKTYpbl MUpO3IaHusI 3aKJTIO-
YaeTcsl B MOC/IEIOBATEIbHOM Tepexojie OT (hyHJaMeHTa JJeMeHTAPHBIX YacTHI] K (yHAaMEeHTY
UX CTPYKTYpbl HA OCHOBE OTHOCUTEIBHO MOKOSIIMXCST 3EPEH-TIOTEHIMAIIOB B KOHTYpax-BOJIHO-
BOJIaX, KOTOPBIE CO3/IAIOTCS C MOMOIIBI0 BUXPOHOB U SIBJISIIOTCS CTPOUTEIBHBIM MaTEpPUAIOM KX
BHYTPeHHel CTPYKTYPbI. A BHEIIHNE MOJIsI CTALIMOHAPHBIX MUKPO U MaKpPOMCTOYHHUKOB 3apsia
MAcChl, AMEKTPUUECKOTO U MATHUTHOTO 3apsJI0B CO3AAIOTCS 47T-TIOTOKOM IMHAMUYECKH MO IBH:K-
HBIX 3¢peH-TI0TeHIIMaI0B. Bc€ 310 BMecTe u onpeesiseT MpocTpaHCTBa U BeliecTBO BeenenHou i
Crpyktypy Muposnanus BeeneHHoil.

Kakoii craner ¢pusuka XXI Beka — mpeameT 3Toil KHUIH. [Ipy 9TOM aBTOp HE PacCUUTHI-
BaeT Ha OBICTPOE MPU3HAHUE, 3HAsI TOPHKYIO MCTOPHIO TIO3HAHUS 3aKOHOB MPUPOIIBI HAYYHBIM CO00-
IIIECTBOM JTIOfier 2 cO BCeMU MX JOCTOMHCTBAMU, HEIOCTATKAMH M IIPABOM Ha OIIHAOKY.

10 Tak kak Ha ypoBHE 9MEMEHTAPHBIX YaCTHI[ (PU3MUECKHE T07Is ONPEIEIICHbI, KAK CHCTEMBI C GECKOHEYHO GOJTBIINMI CTETICHAMI
CBOOOIbI — TTOHBIN a0CypaI.

11
COOTBCTCTByIOHII/Ie TOJIA CTAIMOHAPHBIX UICTOYHUKOB UCTOPUYECKU CBA3AHHBI C TCPMUHOM <<9(1)I/Ip>>.

2. PanyHckas. «besymnsle unen», 1967 rox.
11
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BBenenne

IIpocTpaHCcTBO, 3BE3BI, IUIAHETHL, MX BpallATEIbHOE ABUKEHUE U IOJIA TATOTEHMS, Kak
WCTOYHUKOB, (DOTOHBI U MX JBMKEHHME CO CKOPOCTBIO CBETA, CIMH, 3apsj YacTUIbl U UX Macca,
neOpoiiIeBCKIE BOJIHBI — TU SIBJICHHSI, KOTOpble JOCTOBEPHO HA0JI0Ial0TCs1 B ipupose u Bee-
neHHO|. [Ipy 3TOM KaxIplii CTAMOHAPHBIN UCTOUHMK, Oyllb TO SIPO IUIAHEThl UM aToMa, JOJkKeH
MMETh 3HAK 3apsa MacChl WIN 3JIEKTPUYECTBA.

KBaHTOBBIE SIBJIEHMSA B MHKPOMHPE BCTPEYAIOTCS IIOBCEMECTHO, OHU XOPOILIO IKCIIEPUMEH-
TaJIbHO U3YYEHBI U JOCTATOYHO MOAPOOHO onucaHbl. OIHAKO B MPOTHBOPEYNsIX HEKOTOPbIX 0JI0-
’KEHUU KOPITYCKYJISIPHO-BOJTHOBOTI'O IyaJIn3Ma [0 CUX ITOP HET JOCTAaTOYHO SICHBIX Y ITOJIHBIX OTBETOB
U, B YaCTHOCTH, Ha yTBepxkaeHus Jlyun ne Bpoilsis o ToMm, yto modast MUKpOYACTULIA MOXET OJHO-
BPEMEHHO HaXOOUTCS, KaK B COCTOSIHUM HEKOTOPOTO 3aMKHYTOro o0b&Ma, 00JaJalolero Maccoi,
TaK ¥ BOJIHBI, a TAKXKe MOXeT 001a1aTh JeOpOilJIeBCKON «IIIy0oii» BOKPYT ceOsi, KAKON pacrosiarait
TMPOCKOIIBI M sipa 3BE3/. KBaHTOBbIE MEXaHUUYECKUE ABJIEHUS B MAaKPOMHPE — 3TO HOBOE HaIlpaB-
JIEHHE B 9KCIIEPUMEHTAJILHOM (PU3MKE, KOTOPOE OPUIIMAIBHO MOSABUIIOCH ¢ 1985 rona, co 1HS OTKpbI-
TS B HeBecoMocTH Kocmoca apdekta [Ixxanndexosa. Kpome Toro, cymectByet messiii psj 3¢ dek-
TOB U sIBJICHUH, OOHApyKEHHBIX B XX BEKe IKCIEPUMEHTAILHO, KOTOPhIE TaKXe C YBEPEHHOCTHIO
MOXHO OTHECTH K KBAaHTOBBIM fIBJIEHUSM B MakpOMHpE. ITO, MPEKAE BCETO, MMEKTPUUECKUN TOK
B METAJUIMYECKOM ITPOBOJIHUKE U 3BYK, SIBJICHUS CBEPXTEKYUECTH U CBEPXIIPOBOJMMOCTH, POXKICHUE
CBEPXTBEPHON KyMYJISTUBHOM CTPYH ITPY B3PhIBaX CIEIMAIBHBIX OOEBBIX CHAPSIOB, SIBJICHUS CTPYi-
HOI IMIUIO3MH B YCTPOMCTBax pemnyibcatopax B. [Ilaybeprepa, 0e3bIHe pIUIOHHBIN EPEHOC MACChI
JieTaTesbHbIX anmnaparos-«Ttapesiok» II. Cepna, a¢ddexr IIIC B rpasuronére B. C. I'pebeHHMKOBA,
xononHbii AaepHblid cuHTE3 (LENR) TAXKENBIX XUMUYECKUX 271eMEHTOB, 3(pdekT FOTKMHA 10 KBaH-
TOBOMY ITPE0OPa30BAHUIO JIEKTPOIHEPI UM B MEXaHUUECKYIO M OOpATHBIE ITPOLIECCHI,  TAKKE JPYTHeE,
OOBEKTUBHOE CYIIIECTBOBAHHE KOTOPHIX yKe JOCTOBEPHO JOKAa3aHO KCIIEPUMEHTAIBHO HECKOIBKUMHU
HE3aBUCHUMBIMHM HAyYHBIMHU TPYyNIIaMH MHPOBOro coodmectsa. [lo cux mop He ompezesieHa MpH-
YHHHO-CJEACTBEHHAsl CBA3b JIPEBHUX SBJICHUU BIMSHUSA 3ByKOBOIO PE30HAHCA HA MOJBEM MHO-
TOTOHHBIX KAMEHHBIX OJIOKOB OINpeeI€HHbIX pa3MepoB B Erunre, TuGere u apyrux paiioHax 3emiiu
C MOMOIIIBI0 0051 6apabaHOB M IPYrMX My3bIKaJbHBIX MHCTPYMEHTOB. He onpenesneHa sta ke CBSA3b
¥ B MHOTOYMCIEHHBIX ycTpoiictBax (6onee 1000), co3maHHBIX Ha 3THUX K€ MPUHIMUIAX, HIMPOKO
u3BecTHBIM B XIX Beke m3ooperarenem [xxoHom Kuu. Te ke siBieHHst CBOMCTBEHHBI M IS OTIpe-
AENEHHOTO TUana30Ha JeKTPOMArHUTHBIX BOJIH IpH yciioBuUsX apdekTa [I. XaruncoHa.

OHeprus. He MeHee BaXHBIM IMOHATHEM I10 NPUOPUTETY SBIISETCS MOHSTUE «IHEPTHsI».
VMeHHO yepe3 MoCpe/ICTBO 3TO HEBUIMMON BE3ECyIeld 1 MHOTOIMKON CyOCTaHIMM, CYIECTBY-
IoUIed B Pa3IMuHbIX (DOpMaX, MPOMCXOAUT POXKICHUE, JBUKEHNE U U3MEHEHUE B IMCKPETHOM ITpO-
CTPaHCTBE ITPOCTPAHCTBA BEIeCTBEHHOI0, a B HEM 3a4aTOYHBIX (pOpM MaTepuu, cHadasa B hopme
NIepEMEHHBIX JIEKTPUUECKUX, MAarHUTHBIX W TPABUTALIMOHHBIX IOJIEH, 3aTeM B BHUJE MarHUTHBIX
Y TPABUTALIMOHHBIX 3aps/I0B — MUKPOBUXPOHOB, Y TOJIBKO Ha nocnensen craguu B (popme YCT.

Ortciona cieyer BBIBOJL O TOM, UTO SHEPrus CYIIECTBYET B CBOOOHOI 1 CBSI3aHHOI (hopMe.
IToToKM 3€peH-NMOTEHIMANIOB MOJel Pa3IMYHbIX CTALMOHAPHBIX MCTOYHHUKOB, CTallMOHAPHO-YCTa-
HOBJIEHHBIE B ITPOCTPAHCTBE, 3€PHA-MOTEHIMAIbl BUXPEBBIX NCTOUHUKOB [BMKEHUS U U3MEHEHHUs,
a TaKoke 3€pHa-MOTEHIMAIIbI, 00Pa3yIoLe CTPYKTYPbl CAMMX UCTOYHUKOB, BKJIIOYas U (DOTOHBI, CJie-
AyeT OTHECTH K CBOOOAHBIM (hOPMaM-HOCUTEIISIM SHEPrii. 3aMKHYTbIe KOHTYPbI JIeMEHTApHbIX
YaCTULl U AP XUMUYECKUX IEMEHTOB U3 JEKTPUUYECKUX U IPABUTALIMOHHBIX MOTEHLIUAJIOB, MO/-
JepKUBacMble IBUKYIIMMUCSA B HUX BUXPEBBIMA UICTOYHUKAMU (MArHUTHBIE Y TPABUTALIIOHHbIE
3apsi/ibl) U XapaKTepU3YIOIIMMUCS ONpeJeSIEHHBIM CIIMHOM, a TaKke KJIacTepbl aTOMHO-MOJIEKYJIsIp-
HOTI'O BELIECTBA, CJIELYET OTHECTH K CBSI3AHHBIM (hopMaM-HOCUTENAM sHepruu. [Ipuuém nocnennue
NIPY CBOEM W3MEHEHHH WJIM JIBMKEHHH BCEera CIoCOOHBI MTPOU3BOAUTH CBOOOIHbBIE (POPMBI SHEPIUU

12



A. A. Mlagpun. «Ilons u Buxponsl. CTpyKTyphl Mupo3nanus Beenennoii. Tperbe m3manue»

B BUJIE TOKA U 3BYKa. A BOT cCBOOO/HBIE (DOPMBI SHEPTUM MPOU3BOIUTH CBS3AHHbBIE (DOPMBI CIIO-
COOHBI JIMIIb TIPH ONPEEIEHHBIX YCJIOBHAIX — MPEBBIIIEHHE MOPOra SHEPTUM ONPEAEIEHHON BeJH-
YHMHBI, OCTAHOBKA HOCUTEJISI CBOOOIHOM SHEPTrUH BO BHEIITHEM TI0JIE U T. [I.

B ocnoBHoli hopmyiie: «IIpocTpaHcTBO, MaTepusi, ABUKEHUE I U3MEHEHNE» — OIpeaeJieHne
SHEPIUM 3aKJII0YEHO B KakJI0M ciose. [Ipruuém nepexonsl Mmarepun (ABUKEHUE M NU3MEHEHNE) KBaH-
TOBBIE U HEKBAHTOBbBIE OT OIHON (hOPMBI K JIPYrOil OCYIIECTBIISIOTCS] TOJIBKO Onarogapsi HAIMIMIO
9TOM CyOCTaHIIMM B CBOOOAHOM (popMe B BUjIe 3€PEH-TIOTEHIIMAIOB M UICTOYHUKOB JBIKeHHs. Co3/ia-
HUe-POXKJICHNE MaTepuy MPOU3BOIUTCS U3 CBOOOTHBIX (DOPM SHEPIUU MPH ONPEIeNEHHBIX MOPO-
TOBBIX YCJIOBHSIX. I HA0O0OPOT Ae3MHTErpalysi-uCue3HOBEHUE MaTepUH MIPOUCXOINT U3 3aMKHYTBIX
(opm 3HEprUM, a B MAKpPOMUPE U3 3aMKHYTO-CBSI3aHHBIX (POPM MaTe€pUH, KakK CIIOHTAHHO, TaK U NIpU
KPUTUYECKUX YCIIOBUSIX.

W3 31ux xe ¢opM Marepuy MPOUCXOOUT M MHIYKIUS KECTKO CBSI3aHHBIX C HUMU 000JIO-
YeK-3aps/10B IIPU UX BPAIICHUH.

DHeprus. A 4To 3T0 Takoe? DHeprus, Kak u e€ aHaJIor MaTepus B BeleCTBEHHOM IIPOCTPaH-
CTBE, HUKOTJ]a He BO3HUKAET U3 «HUYEro» U He UCcYe3aeT B TAKOM IMPOCTPAHCTBE, a TOJILKO B 30HE
XOJIOHOW 0€3MacCOBOH IJIa3Mbl IMCKPETHOIO MPOCTPAHCTBA. DHEPrHsl MOSBIISETCS B HUX TOJIBKO
C MOMOIIIBI0 COOCTBEHHBIX IEPEHOCUMKOB-HOCUTENEH B CBOOOIHON (hopMe B BHJIE UCTOYHUKOB JIBH-
KEHUs WIN 3€peH-NI0TeHIManoB. Popma nepeHoca 3€peH-MOTEHINANIOB KBAHTOBOE OTTAIKMBAHUE
CO CKOPOCTBIO OoJbilie cKOpocTh cBeta. Ceprudecku CIIOMCTHI MAarHUTHBIA 3apsi]] — 3TO UCTOUHUK
JBUKEHUS1, BCEIa ABUKYILUIICS MPOAOJIBHO CO CKOPOCThIO cBeTa. ChepruecKky CIOUCTBIN IpaBUTA-
IIMOHHBIN 3apsi/i — 9TO UCTOYHUK JBWKEHUsI, JIBMKYIIUICS C JTIOOBIMU JOCBETOBBIMH CKOPOCTSIMH.
JMHaMHUYeCcKue TOJISl CTAlIMIOHAPHBIX MICTOYHUKOB U3 3€PEH-TIOTEHLIMAJIOB — 9TO TOXKE SHEPrus B CBO-
6omHOM hopme.

CyiuectByer (popmajibHOE ONpe/iesieHNe SHEPruM Yepe3 MPOW3BEJEHUE MAcChl Ha KBaJpar
CKOpPOCTU CBETa WJIM Ipou3Be/ieHHe NMocTossHHOW [InaHka Ha 4yacToTy 2/1€KTPOMAarHUTHBIX BOJIH
U elI€ HEeCKOJIBKO MOAOOHBIX (hOpMYJI ISl €€ OIpeeieHHs Yepe3 MEeKTPOMArHUTHbIe KOHCTAHTHI.
Ho nHau6osnee HarjisqHO MpeBpalleHrue Macchl B SHEPTHIO JIEKTPOMATHUTHBIX KBAHTOB MTPOUCXOAUT
yepe3 aHHUTWISILIMIO Macc JIEKTPOHA U ITO3UTPOHA (JIEMEHTapHbII MPOLIECC Ae3UHTErpaliii) B 1Ba
KBaHTa. B MexaHuKke nposiBIeHNEe BbIACIAIONIENCS SHEPIUY ONIPEAETIAETCS BbIICIEHUEM CUJIbI, KOTO-
pasi BO3JEHCTBYsS Yepe3 MeJUIEHHOE KBAaHTOBOE JABJIEHWE (I'paBUTALIMOHHOE JIaBJIEHWE) Ha Belle-
CTBO WJIU TEJIO, 3aCTaBJISIET €r0 IBUTAThCS C YCKOPEHUEM — IPUMEp, IBUTaTeId BHYTPEHHETO Cropa-
HUS, B3pBIB U T. 1. OHAKO OTCYTCTBYeT OOllee ONpese/ieHNe TepMUHA «3Heprusi». M3 mKoabHoro
Kypca U3BECTHO, UTO SHEPrus MpOsIBIsieT ceOsl CIOCOOHOCTHIO Tena coBepiuarh padoty. [loms aByx
OIHOMMEHHBIX MJIM TPOTUBOIIONOKHBIX 10 3HAKY 3apsA0B COCTOSAT U3 AMHAMMUYECKOI'O [TOTOKA COOT-
BETCTBYIOIIMX KBAHTOB MPOCTPAHCTBA-TONS. A aHHUTHISALUSA TAKUX MPOTHUBOIOTOXKHBIX KBAaHTOB
MPOCTPAHCTBA-TIONSI YHUYTOKAET CaMO TOJie 30HOW XOJIOAHOW Oe3MacCOBOM TUIA3MBbl M POKIACT
CUJTy AMCTaHIIMOHHOTO B3aMMOJEUCTBUS IBYX 3apsioB. TakiMM 0Opa3oM, SHEPrUsi — 3TO U CHOCO0-
HOCTb COCTOSIHMSI MaTepuy JBUTaTbCsl U U3MEHATHCA. B MOKOe Mpu onpesieNi€éHHbIX YCIOBUAX A€3-
MHTETpalid Macchl BBIIEJISAECTCS BCSl SHEpPrus, noienmas Ha e€ uHrerparumio. [Ipn aHHUrmsamum
MAacChl 3IEKTPOHA-TIO3UTPOHA BBIAEIIAETCS SHEPIUs, NOLIEALIAs HA UX UHTETPaLMIO B 110JI€ aTOMHOTO
sIIpa COOTBETCTBYIONIMMU BUXpOHAMU. [1py aHHUTWITSIIIY TIPOTHBOTMOJIOKHBIX KBAHTOB OIS (3E€pEH-
MOTEHLIMAJIOB COOTBETCTBYIOIIETO 3(Upa), CO3AAHHBIX ABYMS 3apsjaMu, YHHUYTOKAETCS 30HOU
XOJIOJHOM TIJTa3MBbl WJTH YBEJIMUMBAETCSI COOTBETCTBYIOIIMI OOBEM IMCKPETHOTO IIpocTpaHcTBa. Eciu
COCTOSTHME MaTepHH, KJIacTepa BELeCTBA — €r0 MEXaHWYECKOE BpAlEHUE, TO HOCUTENIEM UHIYKTH-
POBAHHOW SHEPruM SIBJISETCS MEJICHHBIM I'PaBUTAIIMOHHBI MOHOIIONb B BHIE chepuiyecKkon 000-
nouku (3¢ dexT [IxaHnOekoBa) MHIYKTHUPOBAHHOTO MEXaHMYECKOro BUXpoHa. Popma ero MHIyKIuu
Y CBSI3b C OCHOBHBIM BPAIIAIOIIMMCS 3apsiIOM MACChl YK€ HECBOOO/IHOE JIBHIKEHHE, a KECTKAsI CBSI3b
C HAM B BUjie 00OJIOUKH BpAIlleH!sT BOKPYT Hero. Eciu coctosiHre Matepru — IBUKYIIUICS B 1OJIe
aTOMHOTO s11pa poToH ¢ 3Hepruen Boie 1022 K3B, To HocUTesleM MHIYKTUPOBAaHHOW SHEPT MU 3aXBa-
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YEHHOTO 0JIEM aTOMa MarHUTHOT'O 3apsi/ia B TOKOE CTAHOBUTCS 3apsi] MACChl pOKAEHHOTO JIEKTPOHA
u no3utpoHa. Ecim cocrosiHue Matepuu — aprkyiuuiicss MK-kBaHT poToHa, TO IpY €ro NOIJIOIEHUN
KJIACTEPOM aTOMHO-MOJIEKYJISIPHOTO BelllecTBa (3aMKHYTO-CBSI3aHHOE COCTOSIHUE SHEPIUH), HOCHTe-
JIEM PIH)IyKTHpOBElHHOfI OHEPIvuu CTAHOBATCA KBAHTBI MEXaHUYCCKOI'O BpaHlaTeHbHO-KOJIG63TC)H>HOFO
ABUKCHUA HECKOJILKHUX aTOMOB, IBUXKYIIUXCA BAOJIb I'PABIIOTCHIHNAJIOB BOTHOBO/A, T. €. YBECJIMYCHUEC
TeMIieparyphl Kiacrepa. Ecim coctosiHie MaTepuu — MHEPLIMOHHOE JIBUKEHUE MACChl, TO TIPH CTOJK-
HOBEHUHU C JAPYrod Maccou, MPOUCXOAUT Tepepacipeie/ieHue SHEPIUU MeXly HUMHU B (popme CKO-
poctu aBwxkeHHsi. Ecim cocTosiHMe MaTepun — HaXOXJICHUE KJIacTepa Macchl B IIEHTPAIIBHOM TI0JIe
tsaroteHns 3emui wim CoJtHIIA, TO OHO 00JIaaeT MOTEHIMAIbHON SHEPruei  T. II.

CreroBaTeIbHO SHEPrusi — 3TO U NEPEXOJHOE COCTOSIHAE MAaTEPUH, TP KOTOPOM MTPOUCXOAUT
e pOXIeHUe-UCUE3HOBEHNE B OHOW (popMe, MBUKEHUE WM U3MEHEHHE B Jpyrue (pOpMbl, U3Iy-
YeHUe WM TIOorIoeHne B (popMe TeX WM WHBIX HOCUTENEH B CBOOOIHOM WJIM 3aMKHYTOM BHJE,
MHIIYKIIUsI JOTIOTHUTEIIBHBIX 000JI0YEK-MaCChl, KECTKO CBA3AHHON ¢ OCHOBHBIM KJIACTEPOM IIPH €r0
BpallleHNY, U3MEHEHUEe W Niepepacpe/ieieHue IBUKeHUsI MKy KJIacTepaMy MacChl U T. 1.

Tpancdopmarius HICTOpUIECKOro 3(prpa B HEKOe BelecTBEeHHO0e 3epPHUCTOE AUCKPETHOE MPO-
CTpaHCTBO-TIOJNIe OyJeT BechMa IUIOOTBOPHBIM JOTIOJTHEHHEM JIsi Oojiee TIIyOOKOro Mo3HaHUs BCeX
opm Marepuu, B TOM umucie u ¢pusznyeckoro Bakyyma. [IpoctpanctBo-a¢pup B popme 3€peH-I0TeH-
MUAJIOB, U3JIy4Ya€MbIX Pa3/IMYHbIMU 3apAdaMHd UCTOYHUKOB I'paBUTALIUHA, IJICKTPUICCTBA U MarHe-
TH3Ma 1 €CTh camoe cjadoe mnposieieHne (hopM MaTepry, T. €. (hOpM MPeANIeCTBYIONIHX eMeHTap-
HBIM YaCTHIIAM.

Pa3mep!?® 3epeH 3¢pripa MHOTO MeHbIIIE Jaxke 10 CPABHEHUIO C TUIAHKOBCKUM pasmepom (107

33 CM), TaK 4YTO JaX€ Ha YPOBHE OOBIYHBIX 9JIEMEHTAPHBIX YaCTHULl €r0 MOXHO pacCMaTpuBaTh, Kak

CIUTIONIHYI0 cpeny. HeoOXoqumo TOIbKO OCO3HATH-TIOHSATH U OMPEACIUTh B KOHKPETHBIX T€PMHHAX
MaTepuagbHON (PU3UKU SIBJICHUM, a He B OOIMX (PHIIOCO(PCKHUX KATeropusix, MeXaHU3M JWHAMU-
YECKOTro 3al0JIHEHUSI-pa3yBaHUs] KOHKPETHBIM [TOTOKOM 3€PeH-IIOTEeHI[HAJIOB BelleCTBEHHOI 0
IIPOCTPAHCTBA, a TaKke OOpaTHBI MEXaHM3M €ro IpeBpalleHHUs B HEBEIIECTBEHHOE INPOCTpaH-
CTBO MYTEM aHHUTWIIALMK' ¢ IOMOIIBIO 30HBI XOJIOAHOM 0€3MacCOBOM IIa3Mbl IIPOTUBOIONOKHBIX
I10 3HaKy 3€pEH-NIOTEHIUAJIOB — T. €. MEXaHM3M KBaHTOBBIX IPEBPAILIEHUI POXKACHUS U YHUUTOXe-
HUS1 NPOCTPAHCTBA 3€PHAMU-TIOTEHIIMATIAMU COOTBETCTBYIOIIETO UCTOYHMKA, KaK 3TO MPOUCXOAUT
C POXAECHUEM U YHUUTOKEHUEM JIEMEHTAPHBIX MACC JIEKTPOHA U MO3UTPOHA.

K Bemukomy coxanennio meronsl KM, KTIT u KX]I BooO1ie oTKa3aiuch OT KJIaCCUIeCKOro
MeTofIa MO3HAHWSI MUpPA C MOMOIIBI0 HATJISIAHOCTH, M B YaCTHOCTH, /)K€ KOHKPETHYIO TpaeK-
TOPHIO JBWKEHUS] MUKPOYACTHIIB 3aMEHWIM Ha MaTeMaTHYECKyl0 BEPOSATHOCTh HAXOXACHUS e&
B TOM WM MHOW oOnacTu mpocTpaHcTBa. Mukpomatepus, npejacrasienHas B CAIl — méprast
Matepusi, 3TO JIENTOHBI M KBAPKH C TIOJMYLEbIM CITUHOM, 00Opa3ylolie Bc& MHOrooopasue 3jeMeH-
TAPHBIX YACTHII, & TAKKE KBAHTHI MONel ((pOTOHBI, OO30HBI, TTIOOHBI ¥ TPABUTOHBI), 00JIAIAI0IIIMHU
LEeJIBIMUA CITMHAMU U OCYIIECTBIISIONINE YeThIpe TUMa (PyHAaMEeHTaTIbHBIX B3auMoAeHcTBIMA. [Ipruém
B ONpe/ieNIeHUsIX 0eCCTPYKTYPHBIX KBAPKOB (PU3NUECKUI CMBICIT TOHATHUST CIIMH JJOBEIEH JI0 Kpai-
Hero abcypaa. 31ech BpeMsi'® 3aMeHnsI0 JBHKeHne 1 N3MeHeHne pa3Hbix (popm Marepun. B CAIT
BCE TEOPUU TEPErpyKeHbl He IKCIIEPUMEHTATIbHON MaTeMaTUKOM, T. €. MaTeMaTUKOW He CBSI3aHHOU
¢ cucremoit Mep CU skcnepumeHTasibHON pusuku. I1oaTOMy CyTh 3THX TEOpUI COBCEM OTPBHIBAETCS

13 o ..
Ha st0 YKa3bIBalOT U OLEHKHU pasMepa IJINH JIe6pOI/U'[eBCKI/IX BOJIH UTA ABUXKYHIETOCA KylaCTépa TBEPAOIro Te€jia ¢ BECOM oonee
OIHOI'O KMWJIOr'paMmma.

4B (pyHIOaMEHTe 1eMeHTapHBIX YaCTHUII U3BECTEH MPOLIECC AHHUTMIISILIMA MacChl YacTHLI, 371ech B (PyHIAMEHTe 3E€peH-TIOTeHIIH-
aJIOB UX aHHUTWJISLMS] IPUBOIUT K YHUUITOXEHHIO TPOCTPAHCTBA CUIIOBOTO TIOJS.

1
3 KsanroBas MEXaHHKa, KBaHTOBasl TEOpUs M0JId U KBAHTOBAsA XpOMOAUHAMMKA.

16 B NpUpoae HET BPEMEHHU, KaK CbOpMLI CYLIECTBOBAHUA MAaTEPUH, a €CTb YaCTOTA-IIOBTOPAEMOCTb OAHUX U TEX KE IPOLIECCOB.
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OT npupozbl pusndeckux sBieHuil. CoBpeMeHHble peHoMeHoJiorudeckue Teopur CtaHgapTHOM
Monenu 371eMeHTapHBIX YacTHIl, OyayJH a0CTpaKTHO-MaTeMaTHUeCKIMU, HeaeKBaTHbI (PU3UYECKOM
PEabHOCTH, a MOTOMY, OIMOOYHBI U OecrepcrieKTUBHBL. OHM TOMKHBI OBITh MOJTHOCTHIO 3aMEHEHbI
(puzruecKMMN MEUKPOCKONMUYECKUMH TEOPUSIMHU, OTpakaoluMK peanbHOCcTh. CAIl cumnraer, yto
KM u ee npeeMHHUIIBI peIIvIv IpodieMy CTPOEHHS aToMa, MpodieMy B3auMOJEHUCTBUS U3TyUeHU ST
C BEIIECTBOM, MPOOIEeMy MAcChl JIEMEHTAPHBIX YaCTHUI] C TIOMOIIBIO YK€ «OTKPBITOro» 0030HA
XWrrca v KBaHTOBBIC SIBJICHUSI B MAKPOMHPE, HO 3TO 3a0JIy:K/1eHIe — JOCTAaTOYHO YKa3aTh Ha JKCIIe-
PYIMEHTAJIbHBIE Pe3yJIbTaThl padoT MO XOJIOIHOMY SICPHOMY CHHTE3Y TskEbiX anmeMeHToB (LENR),
apdpexr [IxxanndekoBa, Oe3bIHEPIMOHHBIN MOJET «Tapesiok» 1. Cepna, pu3MYecKuil MeXaHu3M KOTO-
poro y4éHsle BCEro MUpa He MOTYT OOBSICHUTD yke OoJiee MOoNBeKa, a TAK)Ke HepacKphITasi TalHa
(pusrueckoro MexaHu3Ma MnoJiei TAroTeHus SAep 3BE3]] U aKTUBHBIX IIAHET.

Jns perieHUs1 Ha3BaHHBIX 3a/1a4 HAYHEM CO CIAOBIX MPOSBJIIEHW MaTtepuu B hopMe Mmpo-
CTPAHCTB — MPOTSKEHHBIX 00BEMOB (hH3NUECKOro

BaKyyMa, 0Opa30BaHHBIX PA3IMYHBIMU MOJSIMH-NIPOCTPAHCTBAMH, A TaKXke KpyMHOMAc-
mrabHOW CTPYKTYphl BeeneHHou. 31ech HEOOXOAMMO JIaTh OMpeJiesieHHs] U Pa3HUIly B CBOKMCTBaX
CTAIMOHAPHON 1 BUXPEBOM UHIYKIIMU 3€PEeH-TIOTeHIMANIOB nosieil. [1aBHOe, HAaKOHeI] TO, 1aTh
OII€HKY MOJISIM TATOTEHHS — €CTh HJIM HET Y 9THX HCTOYHHKOB MOJel 3apsi/ibl, IOA00HbIE
NOJISIPHOCTH 3apsiJI0B B dJieKTpuuecTse. [locie yero nepeiiém Kk uccieoBaHrsIM TUIIOB CaMbIX
CWIBbHBIX €€ MPOsIBIEHUI B (popMEe MHKpPOMAaTepHi, MAaKpOMaTepuu 1 runepmarepun. B stux
paszienax OCHOBHas 3a/1a4a — ONPeeSIUTh KOHKPETHYIO CTPYKTYPY MaTepPHH, CTPOUTENIbHbIA MaTe-
pual, ICTOYHUKY e€ KBaHTOBaHM S, ABWKEHUE U n3MeHeHus1. Kpome Toro, He0OXOaMMO AaTh OLEHKY
JEWCTBYIOIIMM B IIPUPOE CUJIaM MHIYKIMM B MAKPOMATEePHH HAa COOTBETCTBUE YK€ OTKPHITOrO
U JEWCTBYIOIIETO B Hayke (hopMaiv3Ma, Halpumep, MHAYKLUs TOKOB 3apsgamu Papanes-Maxc-
Bestal’, anekTpoHHas Teopusi MakcBena-JlopeHna, UHIYKIHUS TOJsi BOKPYT CTAI[MOHAPHOTO JIeK-
TPUYECKOTO 3apsijia U HA0OOPOT — MOJISIPU3ALIHS BEIIECTBA [TOJIEM, a TaKKe MHIYKITUS 1eOPOIIeBCKUX
BOJIH JIBUKYIIUMHUCS (hOpMaMU KOPIYCKYJISIpHOUM MaTepueil. HeOGe3bIHTepecHO BBISICHUTD U JIPYTroi
(bakT KBAaHTOBBIX SIBJICHUI B MAKPOMATEPUH — CIIOCOOEH JIM MEXaHUYECKUII MOMEHT MHEPIIMY HEKO-
TOPBIX BPALIAIOIIUXCS TeJl, AKTUBUPOBAHHBII MOMEHTOM MMITYJIbCA, KBAHTOBATh MPOJOJIbHOE MeXa-
HUYECKOe JABMXEHHE KJIACTEPOB C MHEPTHOW MAacCCOM.

[ToaTomy cTpykTypa KHUTM NOCTPOEHA B COOTBETCTBUM C OCHOBHOW (popmyJion Muposna-
HUSl — IPOCTPAHCTBO, MaTepPus, ABMKeHHe U N3MeHeHue. B nepBoil 171aBe npeiokeHo pac-
CMaTpuBaTh BCE MPOCTPAHCTBA KaK MOJeBYI0 (hOpMy MaTepuu CTAMOHAPHBIX HCTOUYHUKOB, T.
e TMHAMHYECKUI 2(pUp — MONTBEPKACHNUE SKCIIEPUMEHTAIbHBIE HAOJIOIEHUST MUPOBOTO HAyYHOTO
cooOmecTBa. Bo BTOpOH, TpeTheil M YEeTBEPTOi IJaBax W3JIOKEHBH peaJibHble IMpeICTaBJeHUs!
CBOICTB BEILIECTBEHHON MAaTePHUH B PA3IMUHBIX (POpPMax SHEPreTHUECKOro COCTOSIHUS '8 roKosiIe-
rocsi 3upa, T. €. OT sijiep 3BE3/1 U TUIAHET JI0 €€ sIIEPHO-aTOMHO-MOJIEKYJISIpHOM (DOPMBI, KaK KBaHTO-
BBIX MTPOJYKTOB BHXPEBBIX UCTOYHUKOB — BUXPOHOB (3JIEKTPOMAarHUTHHIX U MeXaHHYeCKHX),
OTBETCTBEHHBIX, KaK 3a POXJIEHHE U F€OMETPUUYECKYI0 CTPYKTYpY MHUKPO-, MaKpo- U TUIEPMUDA,
TaK M 32 Bce HaOmomaemble B MpUpoje sIBJIeHHs U mpouecchl. [Ipenyaraemasi Bepcusi CTPyKTYphI
Mupo3aanusi IOATBEPKAAETCS IPEBHUMU U HOBBIMHU 3(peKTamu, a TakkKe SBIECHUSMHU IPUPOJIbI
OTKPBITHIMHU, KaK [PABUJIO, yYEHBIMU — CAMOYYKAMH U3 ITPOIIOTO U MO3arpouuioro Beka. OCHOBHOE
BHUMAaHUE, IIPY 3TOM, y/IEJIEHO pa3InyHbIM (pOpMaM IJ1a3Mbl, KaK HHAMKATOPY SKCIEPUMEHTAIb-
HOro OOHapykeHHs BUXPOHOB. B 1ATON M 11ecToi miaBax NMpeacTaBIeHbl MPOAYKTHl JIBHKEHMs
Y n3MeHeHHs (mpeoOpa3oBaHUe MOCTYNATEIbHO-BPAIATeIbHOTO JABMKEHUs OOHOW (DOpMBI MaTe-
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HmenHo YpaBHEHUA MakcBeia B BX COBPEMEHHOM BU/IE IIPUBEJIN K PA3PbIBY MEKAY TCOPUAMMU JIEMEHTAPHBIX YaCTUIIl U TEOPU-
SIMH TSITOTEHHSI. A Takke IIyTaHUIIBIL, YTO MNEPEMEHHOE IEKTPUIECKOE I10JIE MOKET NOPOAUTH NIEPEMEHHOE MarHUTHOE I10JIE — PE€AJIbHO
TOJIBKO 4€pPE3 BI/IpTyEUILHHﬁ 3apan — MArHATHBIA WA 3HeKTpH‘{eCKHfI MOHOIIOJIb.
18 WcTounuku IBUKeHUsT 1 U3BMEHEHMU S, ITOKOs, CTPYKTYPbL FeOMeTpH‘{eCKOﬁ CbOpMLI, a TaKXKe UX HOJ'[Cﬁ, KakK Mm(pononeﬁ KBa3u-
CTallMOHAPHBIX UCTOYHUKOB.
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puUM B JIpyryl0o U HA0OOPOT) MaTepry HA COBPEMEHHOM 3Tarie BOJIOIMU BceleHHON B KauecTBe
POIUTENBCKON PO POXKJIEHNS BUXPOHOB, OTEHIIHAJOB M MX XOJOJHOH IJIA3Mbl, [IPUBOASA-
1IM€ K CO3JaHHUIO U SBOJIIOLMM si/Iep 3BE3]1 U TaJlaKTUK, a TaKXke K MPOU3BOCTBY NEPBOHAYAIbHON
e€ (hOpMBI U MOCTIeYIOINIEN BOMIOIMK B MTACCUBHOE aTOMHO-MOJIEKYJISIPHOE BEILIECTBO B aTMocepe
3BE3] U KOpe IUIaHeT. Bece peaJibHbIe NpeAcTaBJeHHs [TOATBEPKAECHb IKCIIePUMEHTAJIbHbBIMHI
pe3yJIbTaTaMu IIOMMEHHO BCEr0 MUPOBOTO HAYYHOTO COOOINECTBA Y€ CTHBIX (DM3UKOB U 110 BO3ZMOX-
HOCTU MJIJIIOCTPUPOBAaHBbI Irpapruecky, a Takke ¢ IOMOUIbI0 (pOTO Wi BUAEOKJMIOB. B kHure
HaMEPEeHHO He MPHUBECHO He eAMHON MaTeMaTHIecKoi (popMyIIbl, TaK Kak, MO IIIyOOKOMY yOesk ie-
HUIO aBTOPA, aHAJIN3 JTI0OOro HEM3BECTHOI0 MEXaHN3Ma SIBJICHUI U TIPOLIECCOB JIOMKEH HAUMHATHCS
C TMPOPUCOBKY MX HAIVISIAHOTO 00pa3a — HUKakas YMHAasi MarteMaruka (OrpaHuYeHHast HemoJI-
HoTol Marematuku K. ['€aens) HecrmocoOHa MOMyYUTh IOCTATOUYHO MHTEPIIPETUPYEMbIE PEelleHHUs,
a TaK’Ke onucarh (pu3nyecKuil MeXaHu3M JI000T0 yXke NU3BECTHOTO SIBJIEHHSI IPUPOIbI, B TOM YHCIIE
Ja’e Takoro, Kak MexaHu3M camoBrkeHHs ¢oroHa. Ha naHHOM 3Tarne JOCTOBEpHO YCTaHOBJIEHO,
YTO CyXasl MaTeMaTHyecKas JIOTUKA YCTyNaeT »KMB O JIOTUKe pupoabl. Matemarnueckue (popmyJibl
OTCYTCTBYIOT, B OCHOBHOM, U B NATEHTHO-U300peTaTeIbCKON 1 KOHCTPYKTOPCKOM JOKYMEHTAIMN
Ha M3IOTOBJIEHWE TOTO WJIM MHOTO YCTpOWCTBAa. MaremaTruyeckuil anmnapar IMIMPOKO NPUMEHSETCs
B TEOPETHUECKON (PU3UKE M HEKOTOPHIX JAPYTrHX OONACTSIX, M, B OCHOBHOM, B KHHKHOM HayKe JJis
(peHOMEeHOIOrnYeCcKOro OnvcaHusl NPUMHUTHBHBIX IporeccoB Muposaanus. I[Ipu atom, aBTop
0c000 XOYeT MOAYEPKHYTh, YTO OCHOBHBIE KCIIEPUMEHTAIbHbIE 3aKOHBI, TUMA 3aKOHOB HbloTOHA,
Kynona, buo-Cagapa-Jlarnaca, ®apanes-Makcsesuia, Jlyu ne Bpoidis u T. 1., B KOTOpble BXOIST
(pyHIameHTa/IbHBIE KOHCTAHTHI M TOMMEHOBaHHbIE TepMUHbI cucTeMbl CH, He SBISIOTCS peleHus MU
KaKHUX TO MAaTeMaTHYECKUX TEOPHA, a €CTh IKCIIEPUMEHTAIbHBIN OO0 CPEICTB U 3HAYESHHIA, Orpe-
JEJIEHHBIX U3 B3aUMOJIEIICTBUI B TOM WJIM MIHOM MOZAEIMPYEMOM IIpoLecce 1Sl U3yYEeHUsl U aHaJIu3a
NpeAnoJaraeMoro HarJsITHOro odpasa sBieHuid B mpupose. OgHako 1 3TU (OpMYITbl He 00bsIC-
HSIOT MeXaHNu3Ma [IPUYMH TaKUX B3aUMOJIEHCTBUI, a TAK)KE CTPYKTYPBbI M0JIE HCTOUHUKOB.
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Yacrte 1. Ioasa

I'nasa 1. IIpocTpancTBo U MaTepus

Yto paHbIle pOAWJIOCH: MPOCTPAHCTBO WJIH Kakasi 1n00 ¢popma marepun? CorjacHo
CAIT 1 OTO u3 cHHTY/IIpHOM TOUKH BAPYT G€CHPUYNHHO TPOM30IIEN Bombioii B3pbIB M HAYAJIOCh
MTHOBeHHOe!® oOpa3zoBaHue (pa3/yBaHMe) MMPOCTPAHCTBA MyTEM HHQJISIUOHHOIO PACIIMPEHHS

MIPOTOITY3BIPS B 10 pa3, a6COMIOTHBIN OTCUET BpEeMeHH ¢ MOMeHTa BoJtbIioro B3priBa 1 CHHTE3
CJIOXKHOU KOPIYCKYJISIPHOWM MaTepUH U3 ropsiueii ra3000pa3Hoi cMecH ITpaMaTepur — KBapKOB, JJIeK-
TPOHOB, HEUTPUHO U T. JI. C TOMOIIBI0 6030HOB Xurrca. OTciona 1 OTBET Ha MOCTABJIEHHBIN BOITPOC —
MOYTH OJHOBpPeMeHHO. OTKy/1a B35J10Ch CTOJIBKO MaTepun? OTBET: U3 CUHTYJISIPHON TOYKH C TUIaH-

KOBCKOI IUIOTHOCTBI0 5 X 10°° r/em?. A uro e 6b110 BOKPYT CUHTYJISIPHOM TOYKH 10 B3peiBa? OTBeET:
MO-BUMMOMY, HU MPOCTPAHCTBO, HU BpPeMsl HE UMEJIU CKOJIbKO-HUOY/Ab ONpeesEHHOrO CMBbICIA —
BcenenHas Haxoquiach B COCTOSIHUM C BBICOKOI CHMMeTPHEI . . .

CBA3HOCTB ITPOCTPAHCTBA CO BPEMEHEM JOJITOE BpPeMsl HAXOAWJIOCh B IPaKTUKE y Marema-
THKOB%. Kak M3BECTHO OIIYTHMBIX PE3YyJbTaTOB 3TO He mpuHecno. C Ipyroi CTOPOHBI, OOIIEn3-
BECTHA CBA3HOCTb MPOCTPAHCTBA-I0JIsI C MaTepueil 1 (popMoii e€ CyIIeCTBOBAHUS — ABHKEHHEM
n u3MeHeHueM. OnHako (puIocodbl HUKOIAA HE 3aJyMbIBAJIMCh HAJ TOUHBIMH OINpPENCICHUAMU
MaTeput (J1a U r1yOuHa Mo3HaHusA (hOpM MUKpOMAaTepuy B TO BpeMs Oblia HeBesnKa) U (opM eé
CYIIECTBOBAHHUSI — CTPYKTYPbI M ICTOYHMKOB €€ OECKOHEUHO JIONToM M CTaOMIbHOM ku3HU. Teneps,
YTO KacaeTcsi BTOPOM COCTaBJIAIONIEH MTPEACTaBIEHU s CBSI3HOTO MPOCTPaHCTBA- BpeMeHu. [1pu riy-
OOKOM aHanM3e He yJaeTcss OOHapyKWUTh BpeMsl, Kak OJHY M3 CYIIECTBYIOIIMX (POPM MaTepuu
Y HEOTheMJIEMYIO 4YacTbh NIOHATHUSA NpocTpaHcTBa. IIpeacraBienue BpeMeH B YETBEPTOU KOOPIU-
HaTe — 9TO €CTh UCKJIIOYUTEIbHOE CYOBEKTUBHOE MOHATHE YeIOBEKa /TS CO3AaHHsI MaTeMaTHYECKUX
Moiesiei?! orMcaHus ABMKEHHS] M M3MEHEHHUsI MaTepuH U3 OIHOM (hOPMBI B APYTYIO, T. €. 3TO MPO-
JYKT MBIILJIEHHST YeloBeKa, a He (hopMa MaTepuu M yXK TeM Oosiee He siBJIeHHE MPHUPOIbL. ITO
BUPTYyaJIbHBIM BTOPOCTENIEHHBIN NapameTp, BBEIEHHHN B cucteMy CU, s onucaHus ABUXKEHUSA
Y U3MEHEHHs] MaTepUH U MPOLIECCOB B IKCIIEPUMEHTaX. A TOT (PaKT, YTO MBUIIM3ALMSA, AT YI00-
CTBA MCTIONB3YIOIIAs TOT MapaMeTp AJIsi a0COMOTHBIX METOK B TEUEHHE CBOEH JKM3HU ¥ SBOJIOLHY,
HE MOJKET CIIY’)KUTb OCHOBAaHUEM IS ONIPENENIEHNS €T0, KaK OHOU U3 (POPM CyILECTBOBaHMS MaTe-
puu.

MHOroBeKOBBIE U3BICKAHUS PA3IMUHBIX (POPM NIPEACTAaBICHUA MPOCTPAHCTBA, B YACTHOCTH,
B (opme 3upa U (PU3NYECKOro BaKyyma, He IMponaiyd JapoM. ['paBUTalMio U POICTBEHHBIE €il
SIBJICHUS] MTHEPTHOCTH TeJI, UIX MOMEHTOB MHEPLIMH, CBOMCTBA T'MPOCKOIOB HEBO3MOXHO paccMart-
pUBaTh B OTPbIBE OT MCTOYHMKOB MX NMOPOAMBUIMX. Bce M3BECTHBIE M HEM3BECTHBIE €LIE SABJIE-
HUsA BO BeeneHHOM B3aMMOCBSA3aHbl, Kak B )KMBOM opranusme. CoBpeMeHHas HayKa IIPU3HAB, HAKO-
Hell, YTO B (PU3UUECKOM OTHOIIEHUU MPOCTPAHCTBO MPEACTABIISIET COOON HEKUI CIOKHBIN OOBEKT —
(pusnyecknii BaKyym, TeM He MeHee, B NOJIHOM Mepe He NMPU3HAET 3a MOCJAEIHUM BaKyyMHOIO
COCTOSIHMSI MaTepuy, Kak OJHOM u3 €€ (popM cymecTBOBaHMsI. l3yyeHuem CTpyKTypbl Hpo-

B can MPOCTPAHCTBO HE CUMTAETCS MaTepHeid, a Mo3ToMy, B ominure ot TpedoBanuit YTO A. DiiHITeliHa, I0MyCKaeTcsl, YTo
OHO CIIOCOOHO PaCLIMPSTHCS CO CKOPOCTBIO, BO MHOTO Pa3 MPEBOCXOJSAIIEH CKOPOCTh CBETA.

20B HosiGpe 1940 T. GBLIO 3AKTOYEHO COIALICHHE, H3BECTHOE KAk « MIOHXEHCKHMIi pasroBOp O PEUIHI», MEkK/1y [PECTABHTEI MM
KJIACCUYECKOM (PUBMKH ¥ TIPEJICTABUTENSIMU TEOPeTHIECKOr (pu3KKu. ITepBbie JOMIKHBI ObUIM MTPU3HATH MATEMATHUYECKUE PE3YIbTAThI
teopetndeckoil ¢pusuku B OTO u npekpaTuTh NOMUTHYECKHE HAITAIKU Ha HUX. Bpems okasasio Kyja IUBHIN3ALMIO IPUBENIO OTCYT-
CTBHE U TTOJABJICHUE KPUTUKH.

21 370 GbLIO MACHMEHHO 3aKPEIIEHO B TPETheM IyHKTe MaKTa «MIOHXEHCKHIA PasroBOp O Pe/iIHi».

17



A. A. Mlagpun. «Ilons u Buxponsl. CTpyKTyphl Mupo3nanus Beenennoii. Tperbe m3manue»

CTPAHCTB Mbl U3HAYAILHO OOs3aHBI MUCTOPUM PA3BUTHUs Tpe/cTaBieHuil 00 acupe. Mnes sdupa
KaK MUPOBOM Cpe/ibl HEOAHOKPATHO BbIIBUrasIach e1ie JpeBHUMU pusiocodamu. Pa3Burre BoHOBOM
TEOPUH CBETA, OTKPHITHE €T0 IEKTPOMATHUTHOM MTPUPOLIHI ellle OOJbIIe YKPENIO MO3UIUH dupa.
C onHOI CTOPOHBI, TIEPBbIE MOMBITKA OMKMCATh CTPYKTYPHI TOJIE TOYEYHBIX MCTOYHUKOB (HAIpH-
Mep, IPaBUTAITMOHHBIX, MATHUTHBIX U MEKTPUIECKUX) CKOPee HOCSAT YMO3PUTENIbHBIN I'pauvecKuil
XapakTep — 3TO pacrpelesieHue B TpeX KOOpAWHATaX YObIBaHUS MOTEHIIMAIA C POCTOM PACCTOSIHUS
OT MCTOYHMKA. Takoe pacrpeesneHue SKCIEPUMEHTAIBHO TOATBEPKIAeTCs, HAIPUMEp, KapTHHOW
pacrnpeneneHuss MEeTALIMYECKUX YaCTHUEK B CHJIOBBIX JIMHUSIX HA TUIOCKOCTH B T0JIE JBYXIIOJIOC-
HOT'O MarHuTa, pacroiokKeHHBIX MOAKOBO0OpasHo. [TocTpoeHune Takux rpauvecKux pacipeneaeHuil
BO3MOXXHO ¥ € (PU3UKO-MaTeMaTHYECKUX MO3ULIUH, T. €. YUCIEHHO-IIM(PPOBON pacueT MOTEHIUAIOB
B 3aBUCHMOCTH OT PacCTOSTHUS IO ICTOYHUKA 10 3akoHam>? HelotoHa, Kynona, Buo-CaBapa. OHako
10 CHX TIOp OTCYTCTBYIOT JOCTOBEPHBIE MUK PO(U3NUECKUE HATJISIHbIC MPEACTABICHNS MEXaHI3Ma
MPOU3BOJICTBA, MPUPOBI U CTPYKTYPhl MPOCTPAHCTB, U TAKMX MHKPOMPOCTPAHCTB — MPOIYK-
TOB BUXPEBBIX MMOJIEH, KaK si/Iep aTOMOB XMMHYECKHX 3JIEMEHTOB, JIEKTPOHOB, (POTOHOB H T. 1.,
a Tak’ke MAKpPONPOCTPAHCTB — MPOAYKTOB CTAIIMOHAPHBIX MCTOYHUKOB TATOTEHHUS, IEKTpUYe-
CTBA WJIM MarHetusMa B popme (pusrueckux moJieii 0ObEMHOTO U JUHAMUYECKU PEryysipU30BaH-
HOTO pacripefie/ieHHs] 3éPeH-MOTeHHAJN0B — HEeKMX KBaHTOB aMOP(MHOTr0O MPOCTPAHCTBA, COCTAB-
JISIOMIMX TIOABMKHBIA 00BEM mpocTpaHcTBa. Kpome mpescTaBiieHrst MPOCTPAHCTB (PU3HYECKUMU
MOJISIMUA TMHAMWYECKHU JBHKYIITMXCS 3¢€peH HEOOXOAMMO 3HATh 1 MeXaHU3M IPOU3BO/ICTBA MX KBaH-
TOBaHUs1, TIOCTOSIHHOTO OOHOBJIEHHS U U3MEHEHHs1, TIOTOMY YTO B IIPUPOJIE CYIIECTBYIOT 3TH HMCTOY-
HHUKH MEXaHW3Ma TaKoro MPON3BOJICTBA.

Takum 0Opa3zom, 3a/1aua NIPE/ICTaB/ICHUs] POCTPAHCTB JienuTcs Ha aABe. OHa — IpeICcTaB-
JieHre MPOCTPAHCTB B (popMe BHEIIHHX TOJEH BOKPYr CTAIMOHAPHBLIX MCTOYHHKOB, B TOM
YHCIie MUKPOIIONEH BOKPYT 3apsiia U Macchl 3JIEKTPOHA, aTOMHOTO siapa u T. 1. Bropasi — npen-
CTaBJICHHME MPOCTPAHCTB CAMUX UCTOUHUKOB B (hOpMe BHYTPEHHUX BUXPEBBIX MOJIEH C TIOMOIIBIO
BUXPEBBIX HCTOYHHKOB JIBHKEHNSI 1 M3MEHEeHHsI, HA30BEM MX I€KTPOMAarHUTHBIMUA U MEXaHU-
YeCKMMU BUXPOHAMM. DTU BUXPEBBIE MOJIs1 Oy/IyT OTOOpakaTh BHYTPEHHIOI0 CTPYKTYPY B MUKPO-
Mupe (POTOHA, NEKTPOHA, sIZIEP U ATOMOB XUMHUECKHX JIEMEHTOB, a B MAKPOMHPE — 3BYKa, (DOHOHOB
Y POTOHOB, a TAK)KE yAapHble MEXaHMUECKHEe BOJHBI, CTPYKTYPHI sipa 3BE3[, IUIAHET U AeOpOIIeB-
CKHe «11yObl» BOKPYT HUX. BMecTe Te u qpyrue o6pasyioT BelecTBeHHOe ITPOCTPAHCTBO.

CpoiicTBa BHEIIHMX MOJEH TOrO WJIM MHOIO CTAlMMOHAPHOIO HCTOYHHKA, IPUCYTCTBY-
IOIIEr0 B JAHHOM TOYKE IPOCTPAHCTBA, HAMENsET €ro CBOWCTBOM ITPOM3BOJICTBA HEKOW pery-
JISIPHO-CUJIOBOH TIPOTSKEHHOCTH 00beMa (CUIIOBBIE JTMHUM M TIOTEHIIUAIIBI TIOJIs1), KaK (PYHKITH YObI-
BaHMs TOTO WJIM MHOTO TOTEHIMala OT LEHTPa, B KOTOPOM pa3MeIEH TaKOW MCTOYHHUK. Takue
MOJSl LEHTPAJIbHBI U «Pa3yBalTCSI» OT IIEHTpPa WMCTOYHUKA PEryJsipHO, OOHapyxXuBas ceOst
0 B3aMMOJICHCTBUIO>® ¢ YIAIEHHBIMU 3apsAgamMu Onarogapsi BOpyr 0Opa3oBaBIIIUMCS U TPOSIBIIsIe-
MBIM CHJIOBBIM JIMHUSIM. Boripoc — moyeMy 311 ciitoBbie JIMHUM NosiBistiorcsi? [louemy nosiisiercs
MHTEp(EpeHITHs TEKTPOMArHUTHBIX BOJIH, TOJIBKO OT JBYX, HO YK€ MepeMEHHbIX UCTOYHUKOB?

CornacHO pealbHOMY MpPEACTABJICHUIO, UCTOYHUK JIIOOOrO 3apsga C 3aMKHYTOH BHEIIHEH
MOBEPXHOCTBIO UCIYCKAeT B 47T KBAHTOBBIN MOTOK 3E€PEH-TMOTEHIMATIOB COOTBETCTBYIOIETO 3HAKa,
Ka4yecTBa M JTAIbHOACUCTBUSA, (POPMUPYIOLIHNI TPABUTAIIMOHHbIE, MEKTPHUECKUE WM MarHUTHBIC
usnyeckue nosnsa-3¢up, KOTopble, MPU HAXOKASHUM B 3TOM TIOJIE 3apsiia C MPOTHUBOMOIOKHBIM 3Ha-
KOM, TIPUTSATHBAIOT €70, YMEHbIIAs1 00bEM YK€ B3aMHOTO 0SSl IyTEM aHHUTWISIIMY C TTOTEeHIHA-
JIaMH TIOCJIE/THETO M OMpeNesisisi TeM CaMbIM CUJIOBbIC JIMHUM B3aUMOJIEHCTBYS, & C OMHOMMEHHBIM —
OTTAJIKMBAIOT €T0, MyTEM YBeJH4eHHs1 00bEMa MPOCTPAHCTBA ITOTO OIS,

22 o o
3akoH HrloToHa B JaHHOU KHUT'€ YTOYHEH, OH INOJIHOCTBIO COBITAJACT I10 (bopMe C 3aKOHOM KyJIOHa —00e B3aUMOJCUCTBYIOIIINE
MaccChbl UMEIOT 3HAK 3apsAia, HO TOJIbKO FpaBI/ITaJ_IHOHHLIﬁ.

3 Eciv Obl ObUT M3BECTEH MEXAHW3M KBAHTOBAHHUS 3épeH—HOT6HLII/IaHOB, KaK U3BECTCH MEXaHU3M KBAHTOBaHUA Cl)OTOHOB, TO OITU-
CaHUE CUJIOBOI'O B3aPIMO)ZleI>'ICTBI/Iﬂ B 9THX MOJISIX MOKHO OBLIO ObI OIMUCATh WHaye, YeM 3akoHbl HploToHa 1 Kynox—la.
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Takoil mporecc BO3MOXKEH JIMILIb MIPU YCIOBUM, €CIA B MPUPOAE CYLIECTBYIOT (pU3NUYECKHE
MOJISA-IIPOCTPAHCTBA C HA3BaHHBIMU CBOWICTBAMHU, T. €. CUJIOBbIE IIPOCTPAHCTBA BOKPYI CTallIOHAp-
HBIX WCTOYHHMKOB, BOKPYI KOTOPBIX MPOMCXOIAT B3aMMOAEUCTBUS OJHOTUIIHBIX 3apsoB. A Takue
TOJIST ICHCTBUTENBHO CYIIECTBYIOT 00beKTHBHO. Ha3zBaHHBIN Mpoliecc onpenesnseT ¥ MeXaHu3M
BO3ZHMKHOBEHUSI CUJIbI TPUTSIKEHUS WK OTTAJIKMBaHUs B 3akoHax HeloroHa, Kynona u B3aumoneit-
CTBUM TOJTIOCOB TIOCTOSIHHBIX MarHUTOB JIake B BaKyyMme kocMoca. [Ipu aTom Habmonaercs: cTaduiib-
Hasi COBMECTUMOCTD O0Jiee CHIIbHBIX IPOCTPAHCTB B O0J1ee CadbIX, T. €. MEKTPOMArHUTHBIX B IPaBH-
TAllMOHHBIX, A TAaKKe HECTAOMJIbHASI COBMECTUMOCTh HEKOTOPHIX BHYTPEHHUX MHKPOIPOCTPAHCTB
anieMeHTapHbIX yacTull (okoso 3000 pacrnagaonmxcsi H30TOMOB sijIep ATOMOB XMMUYECKHX JIEMEH-
TOB) B CJIAOBIX TPABUTAIIMOHHBIX MOJISIX.

Jns onpesiesieHUs1 KOHKPETHBIX TIOHATHI CHJILHOIO U ¢Jaadoro mposiBieHuid hopM Mate-
pum, a Takxke Oosiee HArJISITHOM IEMOHCTPAILIMU OPraHMYHON CBSI3HOCTH IIPOCTPAHCTBA C MaTepUe
B (hopMe 3EpeH-TIOTEHIIMATIOB COOTBETCTBYIOMIETO «3(UPa», MOKHO TOJILKO BBE/ISI ONPe/Ie/IiCHUE eI
Y HeBellleCTBEeHHOro npocTpancTBa. HeBemmecTBeHHOE TIPOCTPAHCTBO HE COAEPKUT B cebe HUKa-
KMX (DOpM MaTepuu U SHEPTUH, UCTOUHUKOB JBUKEHHUS U TIOTEHIIMAJIOB — HOJIb ITPOCTPAHCTBA, HOJMb
IPaBUTALIMOHHBIX MOTEHIMAJIOB, HOJIb MArHUTHBIX ITOTEHIIMAJIOB, HOJIb JIEKTPOCTATUYECKUX TTOTEH-
[I1AJIOB U HOJIb IBUKEHUS, T. €. AOCOMIOTHBINA HOJIb TEMIIEPATYPbl UM HOJTb SJIEKTPOMArHUTHBIX BHUX-
peBbIX noTeHuanos. [loatomy popma ero cyriecTBOBaHUS HE UMEET HUKAKOW TeOMeTPUIeCKON UK
(usnyeckoit KOH(pUTypary — TOYKa, JIMHUSA, TUIOCKOCTb, 0OBEM WM KaKOW-TMOO BHUJI MyCTOTHI.
Ho nipu 3TOM OHO IOMIKHO 00aaTh BECbMa XapaKTepPHBIM CBOMCTBOM — CIIOCOOHOCTBIO TOJIep-
KHUBaTh B HEM3MEHHOM COCTOSTHMM KaKue-JTHOO KBaHTH aMOP(PHOro (3¢pHa) Wiv BellecTBEeH-
HOT'0 IIPOCTPAHCTBA IIPU UX NONAJAaHUU B HETO WM UX CBA3aHHOW I'€OMETPUYECKU COBOKYITHOCTH.

EcTh HEOOXOIMMOCTD TaK:Ke BBECTH M OIPEACTUTh aMOP(PHOE ITPOCTPAHCTBO (UCTOPUIECKUI
3(up), KaK HEKYIO 3apsKEHHYIO CYOCTaHIIMIO, KOTOPast HE COIEPKUT B CBOEM 00bEME HUKAKHX CTa-
HHOHAPHBIX MCTOYHHUKOB TOJEHl M HUKAKMX BUXPEBBIX HCTOYHUKOB JBHKEHHsSI, HO MOXET
coziepXkaTh BCe BbIIIEHA3BAaHHBIE TOTEHIMAJIBI-3¢pPHA UM UX FT€OMETPUUYECKH YIIOPSIOYEHHBIE COBO-
KYITHOCTH, 4TO U OyZIET OMpenessaTh ero HEKOTOPYIO OIPe/IeNIeHHYIO JIOKATbHO KOHCEPBUPOBAHHYIO,
OecrpepbIBHO MEHSIIONTYIOCS TIO]l AECTBIEM BHYTPEHHUX, BHOBb MHHAYKTUPYEMBIX TOJIEH, TeOMETPH-
YeCcKy1o (pOpMy, COCTABIEHHYIO U3 9TUX MOTEHIMAJIOB, HAIIPUMEP, HEUTPUHO.

ITH NOHATHS — BellleCTBEHHOe, HeBelleCTBeHHOe, aMOp(gHOe TTPOCTPAHCTBO U XO0JI0/-
Hasi OGe3MaccoBasi IUIa3Ma SIBJISIIOTCS HEOOXOAMMBIM JOTIOJHEHHEM B OIpe/esieHre TpH3Ha-
KOB (hU3MUECKOro BaKyyMa, Kak OJHOM U3 (popM MaTepuu.

PaccmoTpum BemecTBeHHBbIE NMPOCTPAHCTBa?Y, Kak ciadyio MaTepuio B (hopMe BHEIIHUX
(puzmyeckux moseil reoMeTpuYecK U TUHAMUYECKU paclpe/ie/IEHHbIX MOTEHINAJOB-3ePeH Hall
CTATUYECKUMHM WM KBA3UCTAaTHUECKUMU MHUKPO 1 MAaKPOMCTOYHHKAMM, 2 HEKaK MPOTOMY3bIPb,
oOpa3oBaBIIMiics Noclie GecPUYNHHOrO B3pbiBa MpamMaTepuu BhopMe KBapKOB, JICTITOHOB U T. JI.

1.1. ®Pusnyeckue NoJisA CTAHOHAPHBLIX HCTOYHUKOB

CornacHo CAII ¢pu3znueckoe moje — 310 ogHa U3 OpM MATEPUM, XapaKTEPU3YIOILasl BCe
TOYKM ITPOCTPAHCTBA ¥ BPEMEHH, U IO3TOMY 00J1ajalonas OECKOHEUHbIM YHMCIIOM CTeNeHeN CBOOOIbI.
OueBHAHO, YTO C TOUKH 3peHus (PM3HUKU 3TO MOMHBINA adCYp/, TaK Kak TaKkoe ONpe/iesieHNe He OTpa-
xaer npupoay ssienuda. Cpeau nonen B CAII Boigensor ¢pyngamenTansaele. Cpeny pyHAaMeH-
TaJIbHBIX TOJIEH CHavyajia ObUTH ONpeesieHbl MEeKTPOMAarHUTHOE, IPaBUTAIIMOHHOE, Cl1a00e U CHJIb-
Hoe — noJie saepHbIX cuil. [locne co3nanusa KM crano oueBUAHO, UTO U BCS JIpyrasi MaTepusl Takxke
JOJIKHA OINMCHIBATLCSA KBAaHTOBAHHO: OTAEIBHBIMU (DYHIAMEHTAIBHBIMUA WM UX KOJJIEKTHBHBIMU

24 Jleraoume muckn J1, Cepua u B. Ilay6eprepa u.1- ITpocrpancTBo-mone. www.youtube.com/watch?v=eAN_nLzrA9Q.
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BO30ykaeHusAMHU. Hamprmep, MpoOTOHBI, COCTaBIeHB U3 TPEX KBApKOB U IMOOHHOTrO mons. Opu-
HOYHBIMH BO30YXICHUAMH (DyHIAMEHTAIBHBIX TMOJEH SIBJISIOTCS MX KBAHTBHL. DTO dJIeMEHTapHbIe
YacTHIIBL: (DOTOHBI, BEKTOPHBIE O030HBI, [JTIOOHBI, JIMITOHBI, KBAPKH, U I'PABUTOHBL. JTH TOJIS MPOSIB-
JISIOTCS B BUJIE B3aUMOJIEICTBUSA TeJl, IEPEHOCUMOTO C ITPeAeIbHOM CKOPOCThIO cBeTa. [1pu 3ToM cuta
B3aUMOJICVICTBHUSI ONPEIENISAETCS PA3JIMUYHBIMU 3apsiIaMU:

— Maccoy JiJ1s1 TPaBUTALIMOHHOTO TT0JIS,

— JIEKTPUYECKUM 3apsIOM JJIs1 JEKTPOMArHUTHOIO U T. 1.

B KM B3aumopneicTBusl 0ObSICHAIOTCA OOMEHOM (KOHKPETHBIMH ISl KaXK/IOTO THIIA TTOJIS)
KBaHTaMHU — (POTOHAMH ISl JIEKTPOMArHUTHOTO, O030HaMH [JIsi C1a00ro, TUIOTETUIECKUMH TIpa-
BUTOHAMU JIJIs1 TPaBUTALIMOHHOTO U T. A. B CTaHgapTHON MOjENM 3J€MEHTApHBIX YacTHll, KakIou
YacTHIIE COOTBETCTBYET AHTUYACTHULIA, T. €. IPOTOHY C MOJIOKUTEIBHON MACcCOM — QHTUITPOTOH C OTPH-
1aTeIbHOM Maccol (KOTopast JOJKHA OTTAJIKUBAThCA OT 3eMJIH) U 3apsIoOM, Macca JacTul] oopasy-
eTCsl C TIOMOIIIBI0 O030HOB XUITCa.

[Nepeuncnennsie 6azoBbie onpenenenus CAIl yxe maBHO nepectaan ObITh HEOOXO0AUMBIMH
B OOBsICHEHUU OOJIBIIIOrO KOJIMYECTBA JAPEBHUX U BHOBb OTKPHITHIX SIBJICHUH B MPHUPOJE, B 0COOSH-
Hoctu ycrpoiictB [. Kun, a takke LENR — X010qHOTO s1IepHOrO CHHTE3a TSKENBIX JIEMEHTOB
B Mukpomupe, 3pdekron [I. Cepna, B. [IxxanndekoBa, B. '(peOeHHUKOBAa — KBAHTOBBIX ITPOSIBJICHUI
B MaKpOMHUpe.

PaccMoTpum BemiecTBeHHBbIE TPOCTPAHCTBA, Kak c1adylo MaTepuio B (opMe BHEIIHUX
(pusrueckux nosel reoMeTpUYEcKy U JUHAMUYECKU paclipeJe/IEHHBIX KBAHTOBBIX [MOTOKOB MOTEH-
[IMAJIOB-3EPEH OKOJIO CTATHUECKHX WJTM KBA3UCTATHUECKHX > MEKPO 1 MAKPONCTOYHHKOB, a TAKXKe
KPYITHOMACIITaOHYIO CTPYKTYPY STUEHCTOrO rHNeprnpocTpancTBa BeeneHHOH, BKITIOYAoIel BU/1H-
MYI0, IPOMEKYTOUYHYI0 Y HEBHMMYIO YaCTHU, HO B HEOThEMJIEMOM UX COBOKYITHOCTU C YKa3aH-
HBIMU UCTOYHUKAMHU.

Wtak, mepBoe — 3TO MoOJeBble MPOCTPAHCTBA, OOpa30BaHHbIC HEBHXPEBBIMH BHEIIHUMHU
MOJISIMUA CTAIMOHAPHBIX JIBUKYIIMXCSI?® UCTOYHUKOB C MACCOW TaKMX, KaK IPAaBUTAIIMOHHbIE, JJIEK-
TPOCTATUYECKHE U MAaTHUTOCTAaTUYECKHE, T. €. TUHaMu4eckuid a¢pup. Bropoe — 310 npocrpancrsa,
CO37JaHHbIE BUXPEBbIMH TOJISIMH JIBUKYIIUXCSI ©€3MACCOBBIX MCTOYHUKOB (MCTOYHHKOB JBHKe-
HHS — BUXPOHOB) U, KaK MPaBWIO, MPUBOASIINE K Oosee CUIIbHBIM MPOSIBJICHUSM B (hOpMe MHK-
POYACTHIL, KIACTEPOB AaTOMHO-MOJIEKY/ISIPHOTO BELIECTBA, 3BE3/1bl, IIJIAHETHI, FAJIAKTUKH, T. € CTALIUO-
HapHbIX UCTOYHUKOB. [lepBoe co3naér pusrueckue nosst BOKpYr UICTOYHUKOB, BTOPbIE TOPOKIAI0T
JIEKTPOH, AaTOMHBIE S1/Ipa, ATOMBI U BEILIECTBO, B KOTOPbIX BOZMOKEH MEPEHOC SHEPTUU — NNEKTpUYe-
CKUH TOK U 3BYK B Cpe/iaX. YCJIOBHO?' HA30BEM MEPBYIO — MPOCTPAHCTBAMH, 2 BTOPYIO — Bellie-
cTBOM. ECTh 1 TpeThbe, HO elIé HeIOCTaTOUHO M3YUYEeHHOE — 9TO KBAHTOBbIE IIPOCTPAHCTBA J1eOpOii-
JIEBCKOM «I1yObl», CO3[JaHHbIE BPAIIAIOIIMMUCS TEJIAMUA C MACCOM M KECTKO MPHBSI3aHHBIE K HUM
B BHJIE 000JIOUKHU-«IIIYObl» TIO0 aHAJIOTUH JIEKTPOHHBIX 000JI0UYEK BOKPYT aTOMHOTO $/1pa, T. €. J1Ha-
MHUYECKH 000JIOUYeUHbIH, CBsI3aHHBIN ¢ Maccor 3¢up. IlepBoe pacnpocTpaHseTcss OT UCTOYHUKA
CO CKOPOCTBIO MHOTO OOJIBIIIEN CKOPOCTH CBETa*® M MMEET JIMIIIb B CBOEM apCeHalle TOJIbKO OeCcCTpyK-
TYpHBbIE KBAaHTHI 3€PHA-MOTEHINAJBI, COCTABIISIONINE «3(pUP» PA3HBIX UCTOUHUKOB — Pa3HOIIBET-
HbI 3¢pup. [Ipr 3TOM BTOpOE CO31aETCSA MArHUTHBIMUA MOHOIIOISIMU BUXPOHOB CO CKOPOCTBIO CBETA

2 HeKOTOpre MUKPOUCTOYHUKHU (SJ'[eKTpoH, HpOTOH) MOT'YT ABUIaTbCA B IPOCTPAHCTBE SJICKTPUUECCKUX oJie co CKOpPOCTAMU
OJIM3KAMU K CKOpPOCTHU CBE€TA, OOJHAKO, 110 CPaBHEHUIO CO CKOPOCTAMU UX ITYJIbCUPYIOLIUX HOJ'IGﬁ, 06yCIIOBJ'I€HHLIMI/I DJIEKTPUYECKUMU
WJIA T'PpaBUTALITMOHHBIMU 3apAdaMH, MOKHO CYUTATh UX NMOKOAIUMUCH KBa3UCTAlIMOHAPHBIMU.

%6 JlioGoe aBUKyIIEeCs Telo B IPOCTPAHCTBE BCe/leHHO# OT MeTeopuTa [0 TUIAHET I 3BE3] MMEET CKOPOCTh HECKONBKO COTEH
KWJIOMETPOB B CEKYHIy U JIaXe 10 IeOpOIeBCKOMY (POpPMaIM3MY JOJKHO M3JTydaTh 3€pHA-KBAaHTHI C PA3MEPOM MHOTO MEHBIIIE IIaH-
KOBCKOTO 3HAUEHHSI.

27 ..
prFI/IMI/I CJIOBaMu, CBerCIIa60€ IMPOABJIEHUE MATEPUUN — ITO IPOCTPAHCTBO, a 0oJjiee CUJIBHOE €€ IMIPOABJIEHUE — 9TO aTOMHO-
MOJIEKYJIAPHOE BEMIECTBO. t10 JABE CTOPOHLI O,HHOfI MEaau — MaTEepUu.

28 11, crieoBaTe IO, MANIA30H TIAHKOBCKHX IIPEEIOB CYLIECTBEHHO H3MEHMTCA B CTOPOHY YBE/IMUECHHS MATIA30HA YACTOT KBAH-
TOBAHUSI M YMEHBIICHHUsI pa3Mepa 3epeH MPOCTPAHCTBA.
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U MeeT 6oJ1bIoe pazHooOpasue (hopM MHKpOMAaTepHH OT (POTOHOB M MUKPOYACTHIL 0 ATOMHO-
MOJIEKYJISIPHOTO BEIIEeCTBA, 4, B KOHEUHOM CUETE, TPUBOAUT K 00PA30BAHUIO PA3IUYHBIX arperaTHbIX
(opm naccuBHON MaKkpoMaTepuu U runepmarepun. V1 Tot u 1pyroii Bua Matepuu pov3BeJeHbI
WCTOYHMKAMHM, HO pa3HbIMH. OJUH — 3/IeKTPOMarHUTHBIM TMHAMUAYHBIM [TPOLIECCOM CaMOJIBUKeE-
HUSI BUXPOHOB €O CKOPOCTBIO CBETa, IpYrol — OTHOCUTEIbHO NOKOSIIUMHUCS CTAIHOHAPHBIMH
HCTOYHHKAMU® TPaBUTAIIMOHHOTO, SJIEKTPOCTATUYECKOr0 M MarHUTOCTaTHYECcKoro mnoneit. U Tot
U JIpYroil KBaHTYeT COOTBETCTBYIOIME 3E€PHA-NIOTEHIMANbI «3(rpa», HO IO Pa3HOMY YCTaHABIIU-
BaeT UX B [IPOCTPAHCTBE. BUXPOHBI yCTaHABIMBAIOT OMOPHBIE NMOTEHIIUAJbI, OTHOCUTEIBLHO MOKOSI-
uecs B JUCKPETHOM IPOCTPAHCTBE (MOKOAIIMIACS 3(Up), a CTALMOHAPHBIE UCTOYHUKY — JAUHAMMU-
YEeCKU ABUIKYIIHMECSI CO CKOPOCTBIO OOJIbIIE CBETa OT OTHOCUTEIBLHO MOKOSIIUXCS CTAI[MOHAPHBIX
HCTOYHMKOB.

CBs13p MEX/1y BTOPBIM U IIEPBBIM IPOCTPAHCTBOM XOPOILIO MPOSIBJISIETCS HA MPUMEpPE dJIEK-
TPOHA. DJIEKTPOH, KaK CTAIIMOHAPHBIN HCTOYHUK, COCTOMT U3 OJHOKOHTYPHOIO BOJTHOBOAA (ur.2.8),
coziepXKalyuid BHEUIHIOI YacTh U3 JIEKTPUUECKUX U BHYTPEHHIOI YacTh U3 TPABUTALIMOHHBIX 3€PEH-

MOTEHIMAIOB. DTU KOHTYPHI ¢ 4aCTOTON 10%° Ty OGHOBJIIOTCS MATHHTHBIM MOHOIIONEM, PUYEM
cTapble OTOPACHIBAIOTCSI CO CKOPOCTBIO MHOTO OOJIBIIIEH CKOPOCTH CBeTa M (POPMHPYIOT U3 HHUX ITyJIb-
CHpYIOlliee BHELIHEE I10J1e JIEKTPOHOB.

W HakoHel, TpeTHil THUIl IPOCTPAHCTB, KOTOPHIN fBJISAETCS CMELIAHHBIM MPOLYKTOM Iep-
BBIX JIByX U OTpaxaeT 3akoH Jlyu ne Bpoiiis, T. e. kKaxaas yacTHla WM KJIacTep BEeLIeCTBEHHOM
MaTepyH, COBEPLIAIOIIMI BpallleHUe WK MOCTYNaTeIbHO-BpalllaTesIbHOE ABUAKEHNE, POKIAET BOKPYT
ce0s1 IoMoTHUTEbHYI0 (hopMy Hepruu («inyOy») B BHIEe BHXPEBOro 000J04e4YHO-c(epuye-
CKOTI0 10JIs1 KBAHTOBOI0 HOCHTeJISI HHAYKTHPOBAHHOH SHEPIriuu OJHOr0 3HAKa — 3T0 KBaH-
TOBOE€ IIPOCTPAHCTBO COCTOUT U3 MOKOSIUXCA MOTEHUMAJIOB (IEPEHOCUYMKU SHEPruu) U sBJISA-
eTCsl TAKMM K€ HEBUIMMBbIM, KaK U IIEpBOE. A ero SHeprus sBJIsSETCS JOMOJHEHUEM U HEOTheMJIEMON
YacThIO, MOPOJIUBILEH €€ KOPIYCKYJISPHON IBMIKYILEHCS MaTepuel M OHa ClIOCOOHA PUHUMATh, KaK
MOJIOXKUTENIbHBIE, TAK W OTpULIATEeSIbHbIE 3HAYEHUS [UIsl COXpPAaHEHUs cpeaHero 3HadyeHus. Hanpu-
Mep, JBWKYIIHUICS B MEKTPUIECKOM II0JIe MEKTPOH, CIOCOOEH MHIYKTHPOBATh FJIEKTPOMATrHHT-
HbIH /1e0pOIeBCKUI HOCUTENb (MarHUTHBIN 3apsi/] — IIEPEHOCUMK SHEPrur) KBaHTa SHEPTUH, JJTHHA
BOJIHBI KOTOPOI'O PaCCUMTBIBAETCS AeIeHHeM NMOCTossHHOM [1naHka Ha MMITyJIbC 3TOM YacTHLIBl. A BOT
Bpalnamoniascs raiika [[)xanHnOekoBa, MHIYKTAPYET BOKPYT ceOsl TpaBUTAIIMOHHBIN 3apsij (MeXaHH-
YeCKHil 1eOpOMIeBCKUI HOCUTENb KBaHTA SHEPIrHU — MEPEHOCUMK SHEPruu), MpH paspsizie KOTo-
POTO coBepIIaeT CBOM 3HAMEHUTHIN Ge3bIHEePIMOHHBIN «KYIHOMT» B HEBECOMOCTH MOJ JEHCTBUEM
OIOPHBIX IPAaBUTALIMOHHBIX MOTEHIMAIOB, YCTAHOBJIEHHBIX B IIPOCTPAHCTBE B MPOLIECCE ITOTO pa3-
pslla ¥ KOTOpbIE XKECTKO CBA3aHBI C LIGHTPOM Macc. Takue HOCUTeNIM MakpoMaTepuu, Kak U B MUK-
poMarepur 3JeMEHTapHbIX YacTUll, 0OJIaJaloT BCEM JIOTIOJIHUTEIBHBIM K OCHOBHOMY HEOOXOIMMBIM
Ha0OpOM KBAaHTOBBIX MapaMeTPOB TAaKMX, KaK JUIMHA BOJHBI, 3apsjl, Macca, CIUH, BPeMs KU3HU
U T. [I., HO ONpeJessAIoTCs OHU ykKe He uepe3 aTOMHYI0 noctosiHHyio [lnanka. [Ins storo npupoaa
Y CO3/1aj1a MeXaHHU3M KBAaHTOBBIX IEPEXO/IOB Jake B MaKpOMAaTepUH, TailHy KOTOPbIX YIaJIOCh pac-
KPBITh M OMUCATh B paMKax 3TOM KHUI'M — 3TO TOT IpejeJi, KOTOpbIii Tak U HE CMOT MPEOONeTh
Jlyn ne Bpoiuts. Bornee cuiabHbIe TPOSIBICHUSI MaTePUHM U COOTBETCTBYIOIME MM TIOJIs1 HaOmona-
I0TCSI B KOPITYCKYJISIPHBIX 3aMKHYTBHIX MUKPOIIPOCTPAHCTBAX — HEUTPOH, IIPOTOH, JIEKTPOH, A1pa
XMMHUYECKHUX JIEMEHTOB, JIeMEHTapHbIE YaCTHUIIbl, U T. . ATOMBI U MOJIEKYJIbI SIBJISAIOTCS POU3BO/I-
HBIMU 3TUX 3aMKHYTBIX IPOCTPAHCTB MUKPOMUPA. DTU MUKPOIPOCTPAHCTBA MIPOKJIA/IBIBAIOT 1M PO-
KyIO TPOIIMHKY B JIpyroil MHp TOXE 3aMKHYTBIX, HO OoJiee c1aObIX MaKpOIPOCTPAHCTB, TMPU STOM
OoJsiee OLTYTUMBII U BUAMMBII, OCHOBaHHBII Y€ HE TOJIBKO Ha MOTEHIMANAX, 2 Ha ONpe/e/IeHHOM
COBOKYITHOCTY CMECH MUKPOIMOJIEl NOTEHIMAIOB, JIEMEHTAPHbIX YACTHUI] U ATOMHO-MOJIEKYJIIPHBIX

» B 06H_ICM TO —3TO 3aMKHYTas NOBEPXHOCTb, COCTaBJICHHAA U3 3épeH—l’[0T6HHI/laﬂ0B, HE3aBUCUMO OT TOI'O €CTb WJIK HET BHYTPU
3TOMU TIOBEPXHOCTU TTOCTOSTHHBIA HJTN BI/IpTyaJ'leblﬁ 3apsan.
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BEIIECTB, 0OPa3yIOIINX TaK Ha3bIBAEMYyl0 MACCHBHYI0 MacCy KJAacTepoB BellecTBa. VIMEHHO 3TOT
MUp HaM HauOoJiee ICeH U TIOHSTEH, TaK Kak 3TO MUP KJIACTEPOB BUAMMOM U OoJiee KOHLIEHTPUPO-
BaHHON MaKPOMAaTePHH CO3/]aH M3 OUYeHb OOJTHIIIOrO KOJIMYECTBA OPraHNIECKUX U HEOPTAaHUIECKUX
CTaOMJIBHBIX aTOMOB M MOJIEKYJ B (DOpMe YEeTHIPEX OCHOBHBIX arperaTHbIX COCTOSTHHI BElecTBa —
3TO MUP, B KOTOPOM Mbl POAWJIMCH, )KMBEM U OILYI[AEM €10 CBOMMU OpraHaMu 3pEHHUs], CITyXOM U T. 1.

Tenepb, Bo3Bpalasich Ha3aJ K (popMaM MaTepuu, T. €. K CTPyKTypaM MHKPOMATePHH TUIIA
HeﬁTpOHa, CJIIEAYET OTMCTUTDb, YTO I'PABUTAIMOHHLIC, JICKTPUYCCKUE, MATHUTHLIC, a4 TAKXKE IJICK-
TPOMAarHMTHHIE MOJSA-MPOCTPAHCTBA, Mbl UMEEM BO3MOKHOCTh M3y4yaTh IKCIIEPUMEHTAILHO, TaK
KakK MMEEM KOHTAKTHYIO OOCTYITHOCTb, KaK K KX pasMe€paM, TaK U K IPOABJIAECMbIM HMU CBOM-
cTBaM (TMoTeHIMa aM 1 3apsiam). C MoMoIpbio OnpeeIeHHOro Habopa MHCTPYMEHTOB CUCTEMBI MEp
(narmpumep, cucrema CU) Mbl MOXeM U3MEPSITh TPOsIBJIsieMble CBOMCTBA IMTPOCTPAHCTB B ITUX pa3Me-

pax. CoBepIIeHHO HEBO3MOKHO ITPOHMKHYTh B ITyOnHY > 0O6beMa, 3aHMMaeMoro HerTpoHom (107

13 o
CM), WJIH, YTO ellle CI0kKHee, B NTyOnHYy 0ObeMa, 3aHMMAaeMOTr0 JICKTPOHOM WJTH HelTpuHo. Bemea-

CTBHE YEro HEBO3MOXKHO IMPEJCTaBUTh ceOe M HATJISIAHBIA 00pa3 CTPYKTYphl TAKUX MUKPOYACTHII.
SOra 3a1a4a, HaJ IPoOIEeMON pellieHrs KOTOPOW 3aHUMAIOTCS camble BEAyIIUe JTa00opaTOpru BCETO
MUpa, ¥ TIoKa O6e3pe3yIbTaTHO.

C mo3unuii JaHHOTO PeajibHOr0 MpeCTaBJIeHHs] OJMHOYHBIMH BO3OYKICHUSMU SIBIISI-
I0TCSI 3apsiKEHHbIE MOTEeHIMANBI-38PHA, T. €. OECCTPYKTYpHbIe KBaHTHI®! aMopdHOro mpocTpaH-
cTBa. A MeXaHW3M B3aMMOJAeHCTBHS MEXIY JBYMs WIM HECKOJIbKMMHU PAa3HOMMEHHBIMU MOJISP-
HBIMH UCTOYHUKAMH (YCJIOBHO ILTIOC ¥ MUHYC JUTSI KQKJIOTO U3 TPEX M3BECTHBIX TOJIeH) 0OYyCIOBIEH
CO3[IaHMEM YK€ B3aMMOelCTBYIOIMX T0Jiell HHTeP(hepUPYIOIHUX KBAHTOB BOJIH IMPOTHBOIO-
JIO)KHBIX ITOTOKOB INMOTCHIHAJIOB C Pa3HbIMU 3HAKAMH HyTéM X aHHUTWIANIWW WX IOITIOIIEHU S
B6JII/I3I/I CJIEI6OI‘O32 HUCTOYHUKA, TPUBOAAIIMMU K U3MCHCHUIO KAPTUHBI ITOJIA OT OJHOIO MCTOYHHKA.
370 U3MeHeHne 00YCIIOBIEHO 0OPa30BaHMEM YKe CHIIOBBIX JIMHUH TOJIs1, IO KOTOPHIM U HAUMHAETCS
OBWXKECHUE TIOABUXHOI'O MCTOYHHUKA 3a CUér COKpalll€HUus OJIMHBI JINHEHHBIX HHTeﬁ-HpOCTpaHCTB
NPy AHHUTWJISIIUHA PA3HOMMEHHBIX MOTEHIMAIOB — YHUUYTOXKEHHE BEIIECTBEHHOTO MPOCTPAHCTBA.
HpI/IT}DKCHl/Ie WJIN OTTAJIKUBAHUE TEM CHJIBHEC, UEM 6OJIbH_Ie YMEHBIICHUE WUJIN YBEJIMUCHUC TTOTOKA
MOTEHLMAJIOB MEXJY HUCTOUHUKAMH, T. €. YIJMHEHUE WIM YKOPOUYEHHE JIMHEWHBIX HUTEU Ipo-
CTPaHCTB>® — 3TO HyJIeBOe U IJIABHOE CBOWCTBO 3EpeH, JACHCTBYIOIINX B TAHHON TOYKE CYMMAapHBIX
HOﬂeﬁ, YBESJIMUMBAIOIUX WM YMCHBIIAIOIUX CHITY 9TUX B3aPIMOIIeI>iCTBHI>i, T. €. YBCIIMUYHUBAIOIINX
WM YMEHBINAIINX 00BEM CUIIOBOTO MPOCTPAHCTBA MEKLY JBYMS B3aUMOJCHCTBYIOIIMMHU UCTOY-
HUKaMU. [{7151 ICTOYHMKOB, KOTOpPBIe (DOPMHUPYIOT BXOsIIIME BEKTOPHBIE (PU3NYECKUE MO (3HAK
MHUHYC) KBaHTOBBIMU TOTOKAMH IOTEHIIMAJIOB, CBOMCTBEHHO O0'beJHHeHHe-HHTerpanusa’ (3ro
1epBoe CBOICTBO) OT/AEIBHBIX MUKPOYACTHUI] MACCHI B OJTHOMMEHHO 3apsDKEHHBIE U MOJISIPU30BaH-
Hble KJacTepsl (BEC), MyTEM YHUUTOKEHUS IMPOMEKYTOYHOIO ITPOCTPAHCTBA MEKAY STUMU YaCTH-
[[aM{ TIPOTUBOIOJIOKHBIMY TIOTEHIMATaMH HCXO[SAIIEr0 BHEITHEr0 HEeHTPAJBHOro MoJisl (3HaK
HJIIOC), pu YCJIOBUHM HUX ITOCTOAHHOI'O COCTOSAHUSA IMOJIOKEHUSA Ha OAMHAKOBOM YIAJIICHHUU OT UCTOY-
HUKa 3TOro MoJjisl. ITOT MPOLIECC JIErKo noaTeepxkaaercs apgexkrom Kasumupa, KOTOpsIi 3akioya-

30 o

TO OCHOBHOM apryMeHT [JIs1 OTPAHH4Y€eHHOT0 JIOCTYIIa METOJOB MaTeMATHUKH [UIs ONIMCAHNST HEKOTOPBIX IPOLIECCOB, T.€. METO-

1oB Teoperuyeckoit ¢pusrku — KM, KTIT, KX]I, 9to 1 6bUIO OTMEYEHO B YETBEPTOM ITyHKTE COTJIAIIEHUsT MTakTa « MIOHXEHCKHIA pa3-
TOBOP O PEJIUTUM».

31 .. ..

KBaHTHI aMOp(pHOrO mpocTpaHcTBa — 3TO HeCCTPYKTYPHBbIE 3E€pHA-TIOTEHIMAIIBI OTHOTO M3 TPEX (PyHIaMEHTANIBHBIX U peajlbHO
CYILECTBYIOLIMX HE BUXPEBBIX MOJIEH, IPaBUTALMOHHOIO, MArHUTHOTO U JIEKTpUYeckoro. KBaHThl BUXpeBbIX MOJel TUna (hOTOHOB
1 3JIEKTPOHOB CTPYKTYPHBI U COZIEpXkar B CBOEM 00BEME HCTOUHNKY IBUKEHHUSI — MArHUTHBIE Y TPaBUTALIMOHHbBIE MOHOIIOJIH.

32

AHHUTHIIALMA U151 C1a00r0 MHOTOKOHTYPHOTO HCTOYHMKA THIIA AaTOMHOTO s11pa HJIU MOTIOIIEHHUE /IS C1A00r0 OIHOKOHTYPHOTO

HCTOYHUKA TUIA IEKTPOHA.

3 Bremnee MPOCTPAHCTBO-IIOJIE TOT'O UJIK MHOI'O CTAHIMOHAPHOI'O UCTOYHUKA POKIAACTCA U3TYUIEHUEM O,IIHOI/IMéHHI)IX 3ép€H-HOTCH-
muasos. Eciu B Kakoit 1100 TOUKe MMPOUCXOOUT UCYE3HOBEHUE ITUX IMOTEHIHUATIOB, TO UCUE3ACT WK COKPAIIACTCA pa3sMEpP €ro Ipo-
CTpaHCTBa B HaHHOﬁ TOYKE, a B 3Ty TOYKY U NEPEMENIACTCA UCTOUYHUK C ITPOTUBOIIOJIOKHBIM 3HAKOM WJIN HaO60pOT.

34 T0 3aKOH BCEMUPHOI'O TATOTEHUA HeloToHa. O)IHaKO npu OHpe}IeHéHHl)IX YCJIOBHAX BO3MOXHA U AU3UHTETpALlA KJIIACTEPOB.
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eTcsi B TOM, 4TO eciii B Kamepy Papajiess ToMecTuTb O4eHb OJIM3KO APYT OT Apyra ABe OTIOIMPOBAH-
HBIE TUTOCKHE MeTATMYECKHE TUIACTUHBI (KOTOPasi SKPAHUPYETCsI OT BCeX OOBIUHBIX SHEPreTHUECKUX
ToJIel, a BHYTPH CO3JIAETCsI a0COMIOTHBIN BaKyyM), TO BOSHUKAET OYCHb peasbHbIA U OUeHb MOIITHBIN
ekt oobeqrHeHns B o1uH MOHOMMT. Crila CleTIeHHs] HACTOJIbKO BEJIMKA, UTO ISl pa3fie/ieHus]
TUIACTUH TIPUAETCS X Pa3pyIINTh, YTOOB OTCOSTUHUTH JIPYT OT Apyra. biaromapst 3Tomy rmporieccy
POXKIAIOTCS KJIaCTEPhl TBEPIAOIO TeJa.

Bce Tena ¢ aTOMHO-MOJIEKY/ISIPHON Maccoil (MHEPTHOCTD), HAXOASAIIMECsS B YKa3aHHOM COCTO-
SIHUHY, TOJIBKO MOTJIOIIAKOT MOTOKH MOJIOKUTETBHBIX MIOTEHIMATIOB, MOJSIPU3YA €ro U yBeJIMIrBast
CBOIO IIOTEHLMAJIBHYIO SHEPIHUIO, @ €CJIU 3TO COCTOSIHUE U3MEHSIETCS (OPTOrOHAJIbHOCTH NOTOKOB)
BpallleHUEM B TUIOCKOCTH TEPIEHAUKYJISIPHOM HAMpPaBJICHUIO LEHTPAIBHOTO MO MOJSIPU3aluu
Y aKTUBUPYETCSI MOMEHT UHEPIIMU KJIacTepa MOMEHTOM MMITYJIbCa, TO TAaKOE BpallleHHe aKTUBUPYET
B CBA3aHHOM MEXaHHUYECKOM BUXPOHE BCIO TPUA/LY «CIISIIMX» MOHOIIOJEH — IPaBUTAIIMOHHBIMN, JIEK-
TPUYECKUI U MarHUTHHIA. Tak BO30yKJaeTcs JOMOMHUTENIbHBIA WHAYKTHPYEMbld IPaBUTANMOH-
HbIIl MOHOIIOJb, KOTOPBI CBOMM OOBEMOM OOOJIOUKU JeOPOMICBCKON «IITyObl» OXBATHIBAET BECh
KOHTYp KJIacTepa 3TOro TeJjla ¥ I03TOMY 1eNoJasspu3yeT ero. i HepTHOCTb KilacTepa B TaKO! BHELTHEN
000J104Ke-«I111yOe» B JPYrOM TPEThEM T0JIe, HAIIPHMED, LIEHTPAJIbHOM Mol 3eMJIM, CTAHOBUTCS paB-
HBIM HYJTI0. TakuM ke 00pa3oM, MOKET YMEHBIIIAThCS BeC MPUTSKEHUS K 3eMJie U TIOMHOCTHIO WJTH
YACTUYHO YHUYTOXAThCS HHEPTHOCTHY B JBMKEHUM ITOTO BpAIIAIONIErocs Tejla MyTEM yBeaude-
HUS CBEPXIIPOBOJUMOCTHY U YAYUIIICHUS] CBEPXTEKYUECTH Y3JI0B, CO3JAIONINX ITOT I'PaBUTAIIIOHHBIN
MOHOIIONb. Bcé 310 moaTBepkaaercs yxe 6onee 50 yet setaomumu «Tapenkamu» B. [layGeprepa
u Jl. Cepna. Dto, npexae BCero, CpaBeyIuBO i MOJIEi TATOTeHUs, IOTOMY YTO IeHTpPaJibHbIe
WCXOMSIIME TOJISI 3BE3/1 U TJIAHET CO3JIAI0TCS MPOTSIKEHHOU CIIOMCTO-C(hepuuecKor MaTepuent siiep
YCT c onpesenéHHON CTPYKTYpOil THIIA HEUTPOHHOW C COOTBETCTBYIOLIEH IJIOTHOCTBIO, JaJIbHO-
JEUCTBUEM U TUIOTHOCTBIO TIOTOKA MOTEHIIMAJOB HAMHOIO IMPEBBIIIAIONIEE NaTbHOIEUCTBUE TMOTO-
KOB TOTEHIIMAJIOB MOJIel OOBIYHOrO aTOMHOTO BellecTBa. [IpHuéM miIoTHOCTh MOTOKA MOTEHIUAIOB
JOCTUTAET HAaOOJIBITIerO 3HAUSHMS JIUIIIb BOJM3M TIOBEPXHOCTH ITUX SI/IEP, a CBOMCTBA TAKOTO IMOJIS
MpU BO3JICHCTBUM HA KJIACTEPHl OOBIYHOTO aTOMHO-MOJIEKYJISIPHOTO BEINECTBA MPOSIBIISIIOTCS JINC-
kamu [I. Cepna, B. [llay6eprepa u rpaButonérom B. C. I'pebeHHrKoBa. Pasmephbl 3TUX UCTOYHUKOB
Ha MECTHAIIATh JECATHYHBIX TIOPSIIKOB OOJIBIIIE aTOMOB, a BXOJAIINE OIS KJIACTEPOB aTOMHO-
MOJIEKYJISIPHOM MAacChl, UMEIOIINX IJIOTHOCTh HA MATHAIIATh JAECATUYHBIX MOPSAKOB MeHbIIe, (op-
MUPYIOTCS 00bETMHEHUEM BCeX IOJIeH, B TOM YHCIIe M AaTOMHBIX SIJIeP — B 3TOM X IJIABHOE OTJIHU-
YHe OT IEHTPAJIbHBIX TIOJIEH TATOTEHUSI, KOTOPOE M POKIAeT YKa3aHHOE CBOMCTBO — 00beJMHEHHE .
[ToaTomy B nosie MOLITHOTO IEHTPAJBHOI0 UCTOYHHMKA C UCXOISLIMM IOTOKOM IOJIOKUTEIBHO 3apsi-
JKEHHBIX 3EpeH I'PaBUTALIMOHHOTO 3apsijia, TAKUe KJIACTEPbl C KOPOTKOIEHUCTBYIOIIUM I0JIEM MOTEeH-
[IMAJIOB TIOCJIC MOJISIPU3AMYU TTPUTATUBAIOTCS APYT K APYTy Oe3 OTTAIKMBAHUS, 2 BO BPAIIAIOIIUXCS
KJIaCTepax CO3MA0TCs AeOpOMIeBCKHIE «IyObl» BUXPEBBIX TOJEH U3 MOKOSIIUXCSA B TIPOCTPAHCTBE
OIOPHBIX MOTeHIMaoB3epeH. [TokazaTenbHbIM 3(P(HEKTOM MOJSAPU3ALUU CTPYKTYPhI MacChl KJIETOK
KMBOTO BEIIECTBA CIIy)KaT CTBOJIBI JAEPEBbEB, PACTYIIME CTPOTO BIOJb CHJIOBBIX JIUHHUNA IEHTPAJTh-
HOT'O TOJISI TATOTeHUsI 3eMJIM U BUHTOBBIE IO (hOpMe CTBOJIBI IEPEBLEB B AaHOMAJTBHBIX I'PABUTAIOH-
HBIX 30HaX, HarpuMep, B S0 meTpoBoii 30He [Ipeitsepa, 6mu3 Canra-Kpys, Kamugopuus, CIHIA wm
B Ipyrux Mmecrax. [leOpoiiieBckas «iry0a» W3 BBICOKOYACTOTHBIX MAarHUTHBIX M TPABUTALIMOHHBIX
MOHOIIOJIeH CIIOCOOHA CO3/1aBaTh KBA3UCTAIIMOHAPHBIE BUXPEBBIE TIOJISI BOKPYT HICTOYHUKOB UX ITOPO-
JVBIIUX Y B3aMMOJEHCTBOBATH C IIEHTPAJIBHBIM TIOJIeM TATOTeHUs 3eMii. Ha ocHOBe Takux KBa3u-
CTaIlMIOHAPHBIX TOJIel TIOCTPOEHBI YCTPOMCTBA ISl YIIPABJIeHUS U 0e3bIHEePIIHOHHOTO IBVIKCHUS
«Ttapenkamu» B. [llay6eprepa u 1. Cepna.

JIJ1s1 LEHTpaJIbHOTO TPaBUTALIMOHHOIO MOJIs siApa 3eMJIM U 3BE3[] YCTAaHABIMBAETCS MOJIOKHU-
TeJibHAas (YCJI0BHO ILTIOC MOHOIOJIb) TIOJISIPHOCTD, KOTOPasi M3JIy4aeT MOIIHbIE KBAHTOBBIE JAJIbHO-

35 Ilpy TakuX yCIOBUSIX HAPYHIAETCS] «HETPUKACAEMBIi» MPUHIIUIT SKBUBATEHTHOCTH A. DIHINTENHA.
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AEVCTBYIOIIME NTOTOKU TOTEHIIMAJIOB ¥ (hOPMUPYET HCXOsIIee BEKTOPHOE B3aUMHOE T0JIE B COBO-
KYITHOCTU C OECKOHEUHBIM MHOKECTBOM IIPOTUBOIOJIIOKHBIX UCTOUHUKOB. KiacTrepam naccuBHoro
SIIEPHOTO ¥ aTOMHO-MOJIEKY/ISIPHOTO BEILIECTBA, TAKMX KaK MAaHTHs M KOpa IUIAHET WK ra3000pa3Hoe
BEILIECTBO 3BE3[], OKPYXKAIOILEe AAPO-LUEHTP 3TOro MNOoJIsA, IPUCBAUBACTC OTPHIATENbHAsI NOJApP-
HOCTb ITpH (pOPMUPOBAHUY B3aHMHOTO T10JIS1 — 3TO BXOAsAIIee BEKTOPHOE IOJIE.

BTopbIM CBOMCTBOM MOTEHIIMAIOB-3EPEH OyAeT KBAHTOBBIA MOTOK, T. €. TOCTpOeHUe (MHIYK-
11s1) AMHAMUYECKH TIOBIKHOW CTPYKTYPHI TOJIel C TaKOHM YacTOTOM, YTO Ha (hoHe COOBITUH MpO-
UCXOJAIINX CO CKOPOCTBIO CBETA 3TO MOJIE KaKETCs MOCTOSHHBIM, T. €. YacTOTa U3y4eHUus cepu-
YECKOIo CJI051 3¢peH HAMHOIO JECATUYHBIX MOPSIIKOB ITPEBOCXOIUT TUIAHKOBCKYIO 4acToTy. TosbKO
B TAKOM I10JIE MOXKET POK/JIaThCsl BUXPEBOM UCTOYHUK JIEKTPOMAarHUTHOTO JBUKEHUSI U H3MeEHe-
HMSI — IEPEMEHHBII MarHUTHBI MOHOIIOJIb.

dusnuecknil MeXaHu3M IPOU3BOACTBA, 3apsAAKU, KBAaHTOBaHUS U paclipelesieHus B Ipo-
CTPaHCTBE 3€PEH-NOTEHUMAJIOB C NOMOUIbI0 CTAIMOHAPHBIX KCTOYHMKOB OTJIMYAETCS B KOPHE
OT AHAJIOTMYHOIO MEXAaHM3Ma MOCPEICTBOM BHXPEBBIX HCTOYHUKOB (BUXPOHOB), YTO CJIEAYET U3-
3a CJIBHOTO Pa3J/IM4us B pauycax JaIbHOJEUCTBUS I€KTPOMArHUTHBIX Y IPABUTALIMOHHBIX MOJIEH.
Harnpumep, paanyc neicTBusi ontryeckux (hOTOHOB B MPOCTpaHCTBe BeesleHHOM coctapisieT Oonee

2 < . 11
108 CM, a paguyc IeNCTBUS T'paBUTALMOHHOIO 1o 3emiau U ConmHeunou cucreMsl — 1.5 x10° " cm

u6x 10" CM, COOTBETCTBEHHO.

[ToreHumanpl OAMHOYHBIX CTAIMOHAPHBIX MCTOYHMKOB CO3/1AI0T MOCPEACTBOM KBAaHTOBOI'O
TOKa JUHAMHYECKH CTaOWIIbHOE IOJIe-TIPOCTPAHCTBO BOKPYT HEro, KOTOPOE PaclpoCTpaHsIeTCs
CO CKOPOCTBHIO BO MHOTO pa3 Oosee cBeTOBOM. [IIIOTHOCTh STHUX MOTEHINATIOB MaKCUMAaJIbHA Ha €I1-
HUYHOU 3aMKHYTOW MOBEPXHOCTH CTALIMOHAPHOTO UCTOYHUKA U C YBEJIMYEHUEM PACCTOSTHUS OT HETO
TOJIBKO yObIBaeT. Ilapbl TakMX MCTOUHMKOB M3MEHSIOT 3TO MoJie ¢ 00pa3oBaHUEM MHTEp(epeHIn-
OHHO-aHHUTWJISIIMOHHOM KapTHHBI MPOSIBJICHU S CUJIOBBIX JIMHUI BO3JECTBUSA APYr Ha apyra. [Ipo-
JOYKTOM BO3JEHCTBHS TAKOTO CyMMApPHOTO T10J151 Ha OB KHBIN UCTOYHUK SIBJISIETCS €T0 JIMHeMHbII
repeHoc B (popMe ¢ 3apsJO0M MACChl, C JMEKTPUYECKUM WM MarHUTHBIM 3apsiJOM MOJ JeiCTBUEM
CUJIBI TIPUTSIKEHU s, OOYCIIOBJICHHON B3aMMHOW aHHUTWJISIIIMEN 3TUX MOTEHIMANOB. Takue yxe B3a-
VIMHBIE TI0JIS], T. €. CUJIOBBIE 107151 C(POPMHUPOBAHBI COOTBETCTBYIOIIMMU MTOTEHIMATIAMU — FPAaBUTALM-
OHHBIMH, IEKTPUYECKUMHU WM MarHUTHBIMH, & CMECh UX B (PU3MUECKOM BaKyyMe KOCMHUYECKOTO
npocTpaHcTBa BeesieHHOM 1 onpeesnseT cMelaHHylo CTPYKTypy ddpupa.

[NoTeHrmansl BUXpEBbIX UCTOYHUKOB® yCTAaHOBJIEHB! KOJUIEKTUBHO T€OMETPUUYECKH B MOKO-
syecss BOJHOBOABI U IIPOSABIAIOT CBOMCTBO OTHOCUTENBHO CTALIMOHAPHOIO IOJIOKEHUS B IIPO-
CTPaHCTBE C OMOPOW Ha COOCTBEHHOE MAarHUTHOE WJIM TPABUTAIIIOHHOE MTPOTEKTOPHOE ToJie. DJeK-
TPOMAarHUTHBIE TOJISI-BOJIHBI (POTOHOB PACHPOCTPAHSIOTCS CO CKOPOCTBIO CBETAa. A IUIOTHOCTB
MOTEHIMAJIOB HA BOJIHOBOAAX MMeEET MePUOANYECKUI XapaKTep ¢ HauOOJIbIIeH MIOTHOCTHIO B y371ax
Y HavMEHbINIed B MYYHOCTSIX BOJHBL. BOJTHOBOIBI M3 TaKMX MOTEHIMATIOB CIIOCOOHBI MEPEHOCUTD
SHEPruIo U COCTOSIHUE MaTepUy B pa3InyHbIX (popMax, Hanpumep, B popMe BUXPEBbIX TOKOB JJIEK-
TPUYECKUX WM T'PABUTALIMOHHBIX 3apsA0B, a TAKKE IUIOTHOCTH U TEMIIEPATYpPbl. Y BBICOKOUACTOTHBIX
CBOOOJHBIX JIEKTPOMArHUTHBIX MOJIEN UMEETCsI BOSMOKHOCTD TPH OIPE/IENIEHHBIX YCIOBUSIX TIPOU3-
BOJMTH KBAaHTOBBIM MIEPEX0]] B KOPITYCKYJIbI-MUKPOUYACTHIIBI C TIPE0Opa30BaHUEM MX SHEPIUU Mate-
pyUU IBHKEHHS B €€ SHEPIUIo MOKOSA. DJIEKTPUUECKUE 3€PHA-TIOTEHIMAIbI BUXPEeBbIX UCTOYHU-
KOB CO3/Ial0TCSl HEMPEPHIBHO Nepe3apsiKaloIMMUC MarHUTHBIMA MOHOIIOJISIMM BUXPOHOB — OJIHA
cdeprueckasi Cnvpaib MarHUTHBIX 3EPEH-TIOTEHIMATIOB 3TOr0 MOHOMOJSI?’ co3/1aéT Ha cdepo-
MOI00HOM JIMHEIHO-CIMPAJIBLHOM BOJTHOBOAE (POTOHA OJHO 3EpHO-TIOTEHINAT HA €ro KpyroBou
MOBEPXHOCTHOW CITUPAJIH, CTAIlMOHAPHO YCTAaHOBJIEHHON B MPOCTpPaHcTBe. B aToM nponecce npu-

36 ITO MeXaHNJEeCKUe U DJIEKTPOMArHUTHHIE BUXPOHBI.

37 MarHuTHbI MOHOIOJIb — 3TO UCTOYHUK ABUKEHUA U U3MEHEHU S, a4 SHEPIUAa 3aKJIIOYEHHAS] B Q)OpMe MardHuTHOro 3apsajaa JBU-
JKEHUA, NOPOXKIAECT elie CIH Y 2JIEMEHTApHbIX YacCTUll, (1)&30]31316 00BEMBI KOTOPBIX OH CO3MIAET U B KOTOPBIX OH «KHUBET».
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HUMAIOT Y4aCTUC ABA BUXPEBLIX II0JIA — 3TO pa3pAdKa MAarHMTHOIO MOHOIIOJIA U HpOTHBOHefICTByIO-
A 3TOMY MPOLECCY MEKTPUUECKIIA MOHOMOIb CBOOOJHOr0 BUXPOHa. B 3aMKHYTBIX Wi CBsI-
3aHHBIX BUXPOHAX B MUKPOMATEPUH BMECTO JIEKTPUYECKOTO MOHOIIONS YK€ IPUHUMAET y4acTue
I'PaBUTAITMOHHBIN*® MOHOIIOJB, 371€Ch HEPTUs B (pOpPME MOCTYNATENIBHOTO JBHKEHHUS] CBOOOHOIO
BUXPOHA Mpeodpa3oBaHa B MacCy — SHEPruio Matepuu B popme nokost. [1o hopme reomeTprudeckoro
YJIOKEeHU s 3€PEH-TIOTEHIUAJIOB, BPEMEHHU KU3HU U IPYTUX CBOMCTB, OHHM TaKKe OTIIMYAIOTCS U Mpe-
CTaBJICHBI B BUJIE BOJTHOBOJIOB (DOTOHOB, NIEKTPOHA, 000JIOYEK MPOTOHA, 0O0JIOYEK aTOMHBIX si/Iep
Y 3JIeMEeHTapHbIX YacTuil. OTHOCUTENIBHOE MOCTOSTHCTBO B3aUMHOTO PACTIONIOKEHHS 3EPEH EeKTPO-
MOTCHUHAJIOB 3TUX YaCTHI OXPAHAKTCA ITPOTCKTOPHBIM MAarHUTHBIM ITOJIEM.

B Makpomarepun Bpamiaonmecs: CHCTeMbl MacC CBOMM MEXaHMYECKUM MOMEHTOM HHEpIIUH,
AKTUBUPOBAHHBIM MOMEHTOM HMMITYJIbCA, UHIYKTHPYIOT MEXaHUYECKHe BUXPOHBI (IeOpoiiieBCKas
«1ry0a» ), JKECTKO CBS3aHHbBIE C IEHTPOM MAacc, B KOTOPBIX Iy IbCUPYIOIIME BEJTMUYMHON 1 3HAKOM rpa-
BUTAMOHHbIE MOHOIOIM (HOCUTENIN MHAYKTUPOBAHHOW SHEPIuM), pa3psiKasich M cO3JaBasi BOJ-
HOBOJI U3 I'PaBUTALIMOHHBIX MOTEHIMAIOB, KBAHTYIOT M 3aJal0T BOJTHOBOE OE3bIHEPLIMOHHOE Tepe-
MeIleHUe BCe CUCTeMBI, Kak B 3¢ dekte [ kaHnOekoBa. ITo MOATBEPKIAAIOT U IKCIIEPUMEHTATOPDI
KOTOpbIE JJABHO MOAMETHJIM «CTPAHHOE» MOBEAEHHE IMPOCKOIOB Ha Becax: OBICTPO BpaIIAIOIIUICS
TUPOCKOIT BECUT HEMHOI'O MCHBIIE, YEM HGHOIIBI/I)KH]:Iﬁ.

[NoTeHrmansl cTaMOHAPHBIX MCTOYHMKOB OOpa30BaHbl KBAHTOBAHHOM 3apsaKod (TpeTbe
CBOICTBO — KBaHTOBaHME> W 3apsjKa KBAaHTOM 3apsia WCTOYHMKA) MOTEHIIMATa UCTOYHUKA TpU-
JIETAIOIIETO €IMHUYHOTO CJIOsI elIE He3apsHKEHHOTO OKPYKAIOIIEro TOT UCTOUYHHUK MPOCTPAHCTBA,
B TOM 4YHCIIe U HeBeHeCTBEHHOIo, C TOCIEAYIUM OTTAJKMBAHUEM-H3JIy4eHneM (HHIYK-
nMeil — 4eTBEPTOE CBONCTBO) C(HEPUUECKOTO CIIOSI OJHOMMEHHO 3apsiKEHHBIX 3E€PEH CO CKOPO-
cThi0*’ BO MHOTO*! MMJUIMOHOB pa3 MPeBbIIIAIIEH CKOpocTh*? cBeTa. Anpo 3EpeH, COOCTBEHHO KBaHT
MOTEHIMANIA — 3TO KBAaHT aMOP(HOro MpocTpaHCTBa (MSITOE CBOWCTBO) CIIOCOOHOE TPH yIAJICHUN
OT UCTOYHHKA COOTBETCTBEHHO YBCJIMYMBATLCA B O6”béMe, HE U3MCHAA IMPU 3TOM 3HAYCHHUC BCIIU-
YHHBI IIOTCHIIMAJIA. IToTOKM KBaHTOB IMPOCTPAHCTBa C IMPOTUBOIIOJIOKHBIM 3HAKOM IIPpHU UX B3aWM-
HOW aHHUTWISIIIAUA CIIOCOOHBI YMEHBINIATh OOBEM TOJIS1 B/IOJh €r0 CUJIOBBIX JIMHUK. B 3TOM mposiB-
JISIIOTCST KOPIYCKYJISIpHBIE CBOMCTBA OECCTPYKTYPHOM YaCTHUIIbI, KAK JIEMEHTa CTPOSHHSI CTPYKTYPBI
MPOCTPAHCTB. DTO CBOMCTBO MOATBEPKIAET U MEXaHU3M MPOU3BOICTBA MHTEP(EPEHIINH TEKTPO-
MAariMTHBIX BOJIH OT ABYX INEPEMEHHBLIX UCTOYHHUKOB U3JTyUCHUA.

PexuM cMeHbl 3apsKEHHBIX CI0EB HOCHUT NMEPUOAMYECKUII XapaKTep ¢ 4acToToll (mecroe
CBOWCTBO 3€pEH — HEIlpepbIBHAS MEPUOANYECKAs UHAYKLUS TaKUX KBAHTOB) IPEBBIIIAIOIIEN COOT-

BETCTBYIOIIME TUIAHKOBCKHUE 3Ha4eHuA (2 X 10%¢™). 3101 IIPOLIECC HOCUT HeNPePbIBHBIN XapaKkTep
Ha BCE BpeMsl )KM3HH 3TOT0 CTALIMOHAPHOIO MCTOUHMKA, (POPMUPYS TUHAMHUYECKH OOBEMHOE ITYJIb-
cupylolliee 1 BHOBb OOHOBJIsieMoOe 1ojie. B mpoliecce poskieHnst 3TUX 3€peH — KBAaHTOBaHUM MOTEH-
LIMAJIOB CTAlJMOHAPHBIX UCTOYHMKOB, YYaCTBYIOT KOHTAaKTUPYIOILKE CJION JBYX Pa3HbIX IPOCTPAHCTB.
BHOBB 00pa3oBaHHbIE 3E€pHA, 3apAAMBIINCH OMTHOMMEHHO U pa3MELIEHHbIE B TOHKOM CJI0€ Ha KBAHTO-
BaHHOW c(hepryecKOi MOBEPXHOCTH, MOJBUKHBI U OTTAJKUBAIOTCS OT CBOETO HETO/IBUKHOTO OJHO-
MMEHHOTO UCTOYHUKA.

KBanTOBaHME 1 MHIYKLIUS TPOU3BOIAT OECKOHEYHO OOJBILOE, HO (PUKCUPOBAHHOE U KOHEYHOE
KOJIMYECTBO 3EPEH-NIOTEHIIMAIOB B €MHULY BPEMEHH (IIOTOKA) Yepe3 3aMKHYTYIO C(peprUYECcKyIo
MOBEPXHOCTb, TAKMM 00pa3oM, YTO Ha JIIOOOM CKOJIb YTOAHO YJaJEHHOM OT MCTOYHUKA PacCTOSHUN

38
OnHako TPaBUTALIMOHHOE II0JIE€ JIEMECHTAPHBIX YACTHUL OTJIMYACTCS 10 3HAKY OT HEHTPAJIbHOI'O OIS TATOTCHUA 3emin.

3
0 KsantoBanve u 3apsJKa Inmpujierarmero ¢Jod HEBEMECTBEHHOIO IMTPOCTPAHCTBA ITPOUCXOIUT B ITPOLIECCE 3apAdKU 3€PHA 10 BEJIU-
YWHBI, paBHOﬁ COOTBCTCTBY]OH.[GI‘/JI JI0JIU HOBerHOCTHOﬁ IUJIOTHOCTH 3apdaia caMoro UCTOYHUKaA.

310 HO/ITBEPKAACTCS] CAMUM CYILIECTBOBAHUEM CTAOGMJIBHBIX IEMEHTAPHBIX YACTHIL C EKTPUUECKUM 3aPSJIOM.
Mo Jlartacy — B 50 MUJUIMOHOB pas.

42 Dddext Canbsika, 1a3epHble THPOCKOIB, paboTa KOTOPhIX OCHOBaHa Ha 3dpekte CaHbsIKa.
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B 3aMKHYTOM C(hepHUECKOM EIMHUYHOM CJIO€ C YBEJIMUMBAIOIIENCS TOJIIMHON 3e€pHa HaXOAUTCS Mep-
BUYHBII MHIYKTUPOBaHHBIN 3apsif (3TO ceibMOe CBOMCTBO) B TOUHOCTU PaBHbIN 3apsily UCTOUHUKA,
T. €. B IPOCTPAHCTBE C yIAJIEHUEM Pa3MbIBAeTCsl «<KOHTPACTHOCTh» MEPBIUYHOIO 0Opa3za. DTo peaiu-
3yercsi ciaeayomuM o0pa3oM. KoHKkpeTHOe nepBUYHOE KOJHYEeCTBO 3EPEH, TIOTHO CO CMEKHBIM
KOHTaKTOM pacIOJIOKEHHBIX HA NEPBUYHONM 3aMKHYTOM MOBEPXHOCTU MCTOYHMKA, MOCJIE UHIYKIUN
1 ¢ OOJIBIIION CKOPOCTHIO YIAJICHHUsI OT UCTOYHMKA IIEHTPAJIBHO 110 paJrycaM paBHOMEPHO pacrpejie-
JISieTcs B CIIEyI0IEM eIUHUYHOM CJI0€ Ha IIOBEPXHOCTH chephbl YBEIMUMBAIOLLETOCs paauyca R mio-
II/IbI0 C YMEHBIIAIOIIEHCs TIOBEPXHOCTHOM TIOTHOCTBIO MOTEHIMAIOB. TakuM 00pa3om, ¢ pocToM
paccTosiHUs R yMeHbIIaeTcsl CpeHssl HOBEPXHOCTHAS IJIOTHOCTD 3apsKEHHbIX 3€pEeH-TIOTEHIIMAIIOB,
pa3MeleHHBIX B CepUIecKoM ciioe — rmoje ocnabnsercs. OTciona U cleayeT 3aBUCUMOCTb MHTe-
IpaJIbHON CHUJIBI B3aUMOJICHCTBUS, YOBIBAIOIIEH ¢ KBAJPATOM PACCTOSIHUS R — pean3yloTcsl U3BeCT-
HbIE U3 MTPAKTUKY 3aKOHBI*. [IpOHUIIAEMOCTh STHX 3€peH pa3IryHa ISl Pa3HbIX KICTOUHUKOB (BOCh-
MoOe CBOWCTBO) M IPAaKTUYECKU U3BECTHA, KaK JJIs BAKyyMa, TaK U JIJ151 KOHIEHCUPOBAHHBIX BEILLIECTB.
Camoii BLICOKO TPOHUIIAEMOCTBIO 00J1aJal0T 3¢pHA TPABUTAIIMOHHBIX IEHTPAJIbHBIX MTOJIeH — aKTHB-
HbIX n3nyvaomux saep YCT (kBa3apoB U MyJbcapoB), a IPOHULIAEMOCTD 3EPEH-TIOTEHIUATIOB JIEK-
TPOCTATUYECKUX MOJIEN MOKHO CBOIUTH K HYJIO C MOMOIIBI0 METATMYECKUX 3a3eMJIEHHBIX JKpa-
HOB, TEM CaMbIM CO3[aBaTh SKPAHHPOBaHME-Te€Hb BHEIIHErO MOJIS JIEKTPUUYECKU 3apsKEHHOTO
CTAlIMOHAPHOTO UCTOYHMKA. TeHb IIEHTPAIbHBIX I'PABUTAIMOHHBIX MOJEH TaKXke MOKHO HaOIIooaTh,
HO Il 9TOr0 HEOOXOOMMO HaJe uTh (PU3HYECKHM CMBICTIOM TMOHATUS* HHEPTHOM, NaCCUBHOI
Y aKTUBHOM MacCCHhl.

Bce u3noxkeHHble 37€Ch KBAaHTOBBIE SIBJIEHUSI B MAKPOMMPE YKa3bIBAlOT HA TO, YTO IPOLIECC
HHIYKIUH (PU3MUECKHX MOJIeN CTAIMOHAPHBIX MCTOYHUKOB — 3TO KBAaHTOBBIH MEPEHOC caMoi caboi
dopmbl MaTepuu, 3€épeH-MOTEHINATIOB CO CKOPOCTBIO, KOTOpask MHOTO OOJIbIlle CKOPOCTU CBETa,
YaCTOTON MHOTO OOJIbIIIE IJITAHKOBCKOM, HO TOPa3i0 KOpoUe 10 paJnycCy JaTbHOIEHCTBUS CBETA.

CrpyKTypa MpOKBaHTOBAaHHOTO 3epHa 00pa3oBaHa U3 siipa U 0OOJIOUKH — 3TO 1€BATO€ CBOW-
CTBO. SIapo moTeHIMasn, cOOCTBEHHO, U TPENCTaBIseT COOOM COOTBETCTBYIOIIYIO JIOMIO BEJTMUMHBI
MIEPBIUYHOTO MOBEPXHOCTHOTO MOTEHIIMAIA 3apsiia UCTOYHUKA, a 000JI0UKa (hopMHpyeTcs U3 HeBe-
IeCTBEHHOI0 IPOCTPAaHCTBA WM IMOTEHIMaa 3apsja MPOCTPAHCTBA, OKPYXKAIOLIErO B JIaHHbIN
MOMEHT MCTOYHMK. Toraa CTpyKTypy OIS, OKPYXKAIOIIEro TaKOW MCTOYHUK, MOXKHO IPEICTaBUTh
B BUJE UepPEIyIONINXCS, MyIbCUPYIONIMX ¥ HEMPEPHIBHO OOHOBJISIEMBIX C COOTBETCTBYIOIIEH CKOPO-
CTBIO C(hePUIECKHUX CIIOEB, C yOBIBAIOIIEH BEIMYMHON YCPEJHEHHBIX 110 TIOBEPXHOCTHU MOTEHIUAJIOB —
9KBUITOTEHLIMAIbHBIX IOBEPXHOCTEM, OT/IEIEHHBIX APYT OT APYra CIOSIMU HEBEILIECTBEHHOT'O UJIH JIPY-
T'Oro OKPY’KAaIOIIero UCTOYHUK MpocTpaHcTBa. [IpocTpaHCcTBO, 0Opa30BaHHOE 1O TAKOMY MEXaHU3MY
C TIOMOIIIBIO 3E€PEH-TIOTEHIMAIOB, TPOSIBIISET B OOMBIINX MaKpOOOBhEMaX BCE M3BECTHBIE UHTET PAJIb-
HbIE CBOWCTBA (J1€eCcsATO€ CBOWCTBO) TPEXMEPHOTO IJIOCKOTO MPOCTPAHCTBA — TOJILKO B TPEXMEPHOM
MPOCTPAHCTBE TPABUTAIIMOHHBIE CHITBI MOTYT OBITh OOPaTHO MPOMOPIMOHAIBHBI KBAJPaTy paccTosi-
Huit Mmexay Tenamu. B XX Beke I[1. Dpendect u [Ix. YUTpOy Mokaszasm, 4To eciiv Obl YUCIIO U3Mepe-
HUI TPOCTPAHCTBA ObLIO OOJIBIIIE TPEX, TO CYIECTBOBAHKE TUIAHETAPHBIX CUCTEM OBLIIO ObI HEBO3MOK-
HBIM. TOJIBKO B TPEXMEPHOM MHPE MOTYT CYIIECTBOBATh YCTOWYMBBIE OPOMTHI TUIAHET B TIAHETHBIX
cucreMax. [11oTHOCTb MOTOKA 3EPEH-NOTEHIMATIOB U PAANYC JAAIbHOAEUCTBHUS LIEHTPAJIbHBIX TPaBU-
TAlIMOHHBIX TOJe, HanpuMmep, saapa ConHia, NpsAMO MPONOPLMOHAIEH UIOTHOCTA MaTepuu sapa
U ero pasMepy — 3T0 OJUHHA/IIIaTOe CBOMCTBO MOTEHIMa0B. U, HakoHel, noceqHee ABeHaana-
TO€ CBOWCTBO 3TUX 3€PEH-NOTEHIIMAJIOB 3aK/II04AETCsl B AHHUTMJISIIMHU IPOTUBOIIOJIOKHO 3apsiKEeH-
HBIX 9THUX KBaHTOB, T. €. OECCTPYKTYPHBIX KOPITYCKYJI, MTPY MX B3aMMOJAEHCTBHU C YHUYTOXKEHUEM
TOro 00bEMa MPOCTPAHCTBA, KOTOPOE OHU 3aHUMAIOT — 3TO TMOJTHOE YHUUTOXEHUE MaTepuu B (hopme

3 3akomsr HbioToHa, Kynona u gpyrue.

* Tocnie oTkpsiTis 3aKoHa HBIOTOHA B OTKPBITOi JIATEPATYPE HEONHOKPATHO BBOIMIIMCH MATEMATHKAMM STH ¥ APYrHe TOHSTHS
Macchl, 6e3 orpeeneHusi KOHKPETHOrO (PU3MYECKOro CMbICIa, B ToM uncie A. DiHiTeitHoM, I'. Bonam, P. JI. ®opeaprom.
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BEIIIeCTBEHHOT'O ITPOCTPAHCTBA XOJIOIHOI 06e3MacCOBOM MJIA3MOIi. DTOT MPoIlecC pe3KO OTIINYa-
€TCA OT aHHUT'NJIAUU SJICMGHTaprIX AHTN4YaCTul T€EM, 4YTO B JaHHOM Hpouecce I[eﬁCTBI/ITeJII)HO
ucue3aet camasi crabdast hopmMa MaTepur — IIPOCTPAHCTBO T10J1e, CO3/IaBasi MHYIO KAPTHHY TOJIST MEXTy
ABYMA HUCTOYHUKAMU, OTJII/I‘{HyIO oT KapTI/IH])I T10JId OT OOJHOI'O UCTOYHHUKA.

Wrtak, cTaumoHapHble MICTOYHUKY POKAAIOT (PU3UUYECKHE MONSA-IIPOCTPAHCTBA BOKPYT HUX.

HaszBanHble cBoiiCTBa 3€pEH-NOTEHIMAJIOB YKa3bIBAIOT HA TO, YTO 3TU KBAHTHI MPOCTPAHCTB,
camMou c1aboi (hOpMbI MaTepUU SIBJISIOTCS MOCIETHUMH B PSIly UEpapXUM JIEMEHTAPHBIX YaCTHUI] —
3TO HOKa3bIBACTCA HpOLleCCOM X aHHUTWJISALNUA, HepeBOI[H]_HI/IM BCILIECTBECHHOC HpOCTpaHCTBO
B HEBEII[ECTBEHHOE .

1.2. MukponpocTpaHcTBa-moJsa®

B snekrpocrarnyeckom nose (3MeKTpuYeckuil 3(hup) IKCIEPUMEHTAIBHO YCTAHOBJIEHO HaJU-
Yyle 3aKOHOMEPHOIO pacrpelesieHUsl MOJIOKUTENbHbIX SKBUIIOTEHIMAIBHBIX MOBEPXHOCTEN (T. €.
TMOJIOXKUTEIbHBIX MEKTPUUECKUX MMOTEHIIMAJIOB), YOBIBAIOIIMX IO BEJIMUMHE C YBEIMYEHHEM PacCTo-
SIHUSL OT TOUEYHOTO TIOJIOKHUTEIIBHOTO 3apsifia, M OTPHLIATESIbHBIX BOKPYT 3apsijia C OOpaTHBIM 3HAKOM,
a TaK’ke HaJIMuMe B3aMMHOTO MOoJs MO (PU3MUECKUM CUJIOBBIM JIMHUAM, NEPHEHAUKYISPHbIX 3TUM
NOBEpXHOCTM. Eciv B pocTpaHCTBE yCTaHOBJIEHB! 1Ba*® TOUEUHBIX 3aps/ia C POTHUBOIOIOKHBIMU
3Hakamu (cur. 2.1, cnpaBa), TO MeX1y HAMHU CYIIECTBYIOT JIEKTPUUECKH HEUTpasibHasi 00JacTb,
T. €. IJIOCKOCTh C HYJIEBBIM JIEKTPUUECKUM MOTEHIMAIOM, IJIe OTCYTCTBYET 3JIEKTPUUYECKOE TOJIe.
OObEMHas KapTHHA paclpesie/ieHrs] MOTEHIMAIOB MeXIy IBYX IMPOTHUBOMOJIOKHBIX JIEKTPUYECKUX
3aps1/IOB aHAJIOTMYHA PACTIPEAEICHUIO CTAl[MOHAPHO-TIOKOSAIIMXCS IEKTPOIOTEHIMAIOB Ha BOJHO-
BoJ€ (POTOHA MEXy y3JaMHu BOJIHBI — (pur. 2.2, X0Ts (PU3MUECKHe MEXAHU3MBbI POXKICHUSA TaKUX
MOTEHIMAJIOB Pa3InyHbl. [Ipy 3TOM HEOOXOIMMO OTMETHUTS (3TO ABEHAAATOEe CBOMCTBO), NPSAMON
3(pheKT — 1Ba peasbHbIX TPOTUBOMOJIOKHBIX CTALIMOHAPHO MOKOSAIIMXCSA 3apsia B IPOCTPAHCTBE
CO3JJAI0T C MIOMOIIBIO [IOTOKOB ABHZKYIIHXCSI IOTEHLIUAJIOB JIEKTPOC-TATUYECKOE MOJI€, XapaKTEPH-
3ylolieecst peabHbIMH SKBUIIOTEHIIMATBHBIME MTOoBepXHOCTsIMUA. OOpaTHbIii 3¢peKT — 182 BHP-
TYaJbHBIX IIPOTUBOIOJIOKHBIX MEKTPUUECKUX 3apsAfa CO3AI0T PEAIbHBIEC MOKOSIIMEC TIOTEHIU-
aJIbl EKTPOCTATUYECKOTO MOJA. ITU NOTEHUMAIB UHIYKTUPYIOTCS BOKPYT 3apsIOB U B IIyCTOTE
BaKyyma. JTO BHEIIHEE COBOKYITHOE CBOMCTBO Iapbl MCTOYHUK-ITPOCTPAHCTBO (T10JI€): KBAHTOBATh
COOTBETCTBYIOLIME MOTEHIMANBI-3EPHA (9KBUIIOTEHIMAIbHBIE TOBEPXHOCTH) Ha MPUCYTCTBUE OTHO-
CUTEJIbHO CTAllMOHAPHOI'O MCTOYHMKA M HENPEPHIBHO JUHAMMUYECKU NEPUOAUYECKU MOBTOPATH €ro
00BEMHO-TTIOBEPXHOCTHYIO 3aMKHYTYIO (pOpMY MOTEHIIMATIOB BOKPYT 3apsijia — U3BECTHO Kak JIeK-
TpocTaTuyecKasi HHAYKIHMs. A oOpaTHOe BO3IEWCTBHE TOJS MOTEHIMAIOB HAa MPOTSIKEHHYIO
U CTPYKTYPUPOBAHHYI0 MUKPOYACTHUILY ¢ 0Opa30BaHUEM AMIIONS, HAIIPUMEpP, aTOM WJIM MOJIEKYIY,
M3BECTHO KaK MOJAPU3ANHA. AHAJIOTUYHbIE IIPOSBJIEHUS CBOMCTBEHHBI, KaK IS IPaBUTALMOHHbBIX
TaK ¥ MAarHUTHBIX TOJIEH.

KakoBo nieiicTBue mosisi CTalMOHAPHOIO JEKTPUYECKOro 3apsjia MpOoTOoHa B BO30YKAEHHOM
aToMe Ha JIEKTPOH — 3TO MEKTPOTOK, JABIKYIIUICS C BO3OYKIEHHON 0OOJIOUYKH C OOJBIINM paany-
COM Ha OCHOBHYI0 ¢ MeHbIuM? Ilapa 13 1ByX MPOTUBOIIONOKHO 3apsKEHHBIX M B3aUMOJIEICTBYIO-
IIMX UCTOYHHUKOB, U3JTyYaIOIIUX KBAaHTOBbIE ITIOTOKH 3€PEH-TIOTEHMAJIOB COOTBETCTBYIOIIHX 3HA-
KOB Y’K€ CO3/1a€T B3aMMHOE 110JI€ IOTEHLIMAJIOB ¢ HHTeP()epeHIHOHHOM KapTUHOM B BUJIE CHJIOBBIX
JIMHUIA HalpsKeHHOCTH, KOTOPOE BO3/EHCTBYET Ha MOABHMKHBIN MCTOYHMK-7IEKTPOH. CoracHo
3akoHy Jlyu e Bpoiisis Takoi ABUKYIIMIACS JEKTPOH (JIEKTPOTOK) JOJIKEH U3JTydaTh JIeKTpoMar-
HHUTHBIA KBaHT C ONpeIeTIEHHON JUTMHOW BOTHBL. U 3TO peasibHO MPOMCXOOUT B IPUPOJE — BO3OYKIEH-

4 o o
3 MI/IKpOHpOCTpa.HCTBa QJIEMEHTAPHBIX YaCTUL] 6y,IIyT JAE€TAJIbHO paCCMOTPEHBI B CJIEAYIONIEH ITIaBE 2 9TOU KHUTH.

46 Ecim paccmarpuBaTh OAUH U3 TaKUX 3apAA0B YEPE3 3€PKAJIO, TO BTOpOﬁ 3aps/ 3a 3€pKajoM 6y)leT IIPOTUBOIIONIO)KHBIM, a YEPE3
TUIOCKOCTD 3€pKaJia 6yI[6T MPOXOAUTH SKBUIIOTEHIIMAJIbHAS ITOBEPXHOCTDb C HYJIEBBIM ITOTEHIIUAJIOM.
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HBII 271eKTPOH*, TOTJIOTUBIINIA OMpee/IEHHbI KBAHTOBBIH MOTOK 3€PEH-3/IEKTPONOTEHIINAIIOB OIS
MPOTOHA B aTOME, HAYMHAET IBUKEHUE (CO3IAET MIEKTPOTOK) U MEPEXOAUT B CBOE OCHOBHOE COCTO-
SIHAE, U3MEHSIET IEKTPUUYECKOE T0JIe, UHIYKTUPYET MarHUTHBIII MOHOIOJb, KOTOPBIH YK€ B CaMO-
JIBH2K€HHH (MarHUTHBIA TOK) ¥ POXK/IAET STOT JeOPOIMICBCKUI KBaHT.

CpenHuie 37eKTpUUECKUi U TPaBUTALMOHHBIN 3apsi/ibl IPOTOHA, SJEp U AaTOMOB XUMUYECKHUX
3JIEMEHTOB (POPMHUPYIOT CBOM BHEIHME CTAI[IOHAPHBIE MOJIsI IO BBIILIE U3JI0KEHHOMY MEXaHU3MY
Cpazy e [0cjIe TOro, Kak UX BHELIHHUE BOJTHOBO/bI CTAJIM 3aMKHYTBIMH — KOPITYCKYJISIPHOCTb. DJIeK-
TPUYECKUE TIOJISI SIEKTPOHOB U MPOTOHOB M3YYal0T COOCTBEHHBIE KBAHTOBBIE TIOTOKH MOTEHITUAJIOB
Y CO3Jal0T MHTEP(EPELIMOHHBIE M0JIs1 aHHUTWISLIMU 3€PEH-TIOTEHIMAJIOB C POTUBOIIOJIOKHBIM 3Ha-
KOM — CWJIOBBIE JIMHUY 10J1s1. [Tpr 9TOM 107151 pa3innyHbIX MOHONIOJIEH OT OJIHOTO UCTOYHUKA KECTKO
CBSI3aHBI APYT C JIPYrOM TOJIBKO Yepe3 OOUMid IIeHTP MHAYKIUKU*® 1 Ha niepudepun He BIUSIOT APYT
Ha JIpyra — IpUHLMII CYNepHO3ULIMU. MUKPOIIOSs OT 3JIEMEHTAPHBIX YACTULl OYEHb CUJIbHO OTJIMYa-
I0TCSI OT COOTBETCTBYIOIIMX TOJIEN MaKpPOMCTOYHUKOB, pa3fie/ieHue MeK/1y KOTOPHIMU OOYCIIOBJIEHO
IUIAHKOB CKOI1 Maccoi. DTo 00yCIOBIEHO CBOMCTBAMH COOTBETCTBYIOIIMX UCTOYHUKOB. B3anumoeii-
CTBUSI KaK IIpU (DOPMUPOBAHIM MUKPOYACTHUI], TAK U MEKIY COOO0I, B OCHOBHOM, OOYCIIOBJIEHBI 71K~
TPOMAarHUTHOM MPUPOJON.

Hcrounuk 3apsina ABMKeHUsI (MCTOUHUK SHEPIUM) — CAMOIBHKYIIUICS CBOOOJHBINA Mar-
HUTHBIN 3apsil, T. €. HOCUTENIb MHAYKTUPOBAHHOW SHEPIUH C TIOTHBIM KBAHTOBBIM MPE0Opa30BaHUEM,
BCer/ia MPOM3BOJUT IEKTPOMArHUTHBIE KBAHTHI CO CIIMHOM pPaBHBIM €VHULIE WU LEJION TOCTOSH-
Hou [Tnanka.

VcrouHuk 3J1eKTprYecKoro 3apsja fep U JIEMEHTAPHbIX YAaCTHIl — BHEIIHUI BOJHOBOJ
(o6om0uKa) ¢ 3¢pHAMH-TIOTEHIIMATIAMUA Pa3MElIEH Ha COOTBETCTBYIOIMX C(EPUIECKUX CITUPATISIX
paszsoro aquametpa. OH 00pa30BaH CaMOJBIKEHHEM 3aMKHYTOI'0 MarHUTHOTO 3apsijia, pereHepupy-
€MOr'0 IPaBUTALMOHHBIM 3apsOM.

Ncrounuk 3apsiaa Mmaccesl (OTpULiaTesIbHOE BHELIHEE M10J1€) 9TUX YaCTULl MHAYKTUPOBAaH BOJ-
HOBOJIOM U3 TPaBINOTEHIIMAJIOB, YCTAHOBJIIEHHBIX CTAIMOHAPHO BHYTPH (pa30BOro oObEMa 3aMKHY-
TOW YaCTHUIBl MPU pa3psijike cepbl BEKTOPHOTO I'PaBUTALIMOHHOTO MoHomos. Ilocnegnuii pox-
JaeTcs-3apskaeTcs MyTEM YCKOPEHHOrO LEHTPOCTPEMMTENIBHOTO [IBUKEHUS MOJISIPU30BAHHOTO
MarHUTHOTO MOHOIOJS B LEHTP Ha MOBEPXHOCTH MNoycdepsl BOJIHOBOJA U3 NIEKTPONOTEHIIMAIOB
9TOM YaCTHUIIBl CO CIMHOM 1/2, rjie ¥ MPOUCXOIUT KBAHTOBBIN Mepexoa. Mexy UCTOUHHMKOM 3apsia
JBHKeHHsI CBOOOIHOTO BHUXPOHA C OMpeNesiéHHON SHEepruell M camMbIMU JIETKUMH MUKPOYACTHU-
1[aMu, 00J1a/1AI0IIMMHU 3aPsI0M MacChl, CYIIECTBYET KBAHTOBBIH ITEPEX0] SHEPIrMU MarHUTHOTO 3apsiia
B SHEPrHio IT'PaBUTAIIMIOHHOTO 3apsifa. Tak MPOMCXOOUT BBICOKOYACTOTHOE MpeoOpa3oBaHKe-3aMeHa
CBOOO/IHOTO TOCTYIATEILHOTO CAMOJABMKEHHUSI MArHUTHOTO MOHOIIONSI CO CKOPOCTBIO CBeTa (Mar-
HUTHOTO TOKa) B €0 3aMKHYTO€ BpaIlaTeIbHO-TIOCTYTAaTe/IbHOE ABUKEHUE ¢ 00pa3oBaHreM (azo-
BOro 00bE€Ma MOKOSI M3 JIEKTPO ¥ TPABUTAIIMOHHBIX MOTEHIMAJIOB (CTAIIMOHAPHBIE MUK POMCTOUHUKH
NIEKTPUUECKOTO 3apsijia U 3apsijia MACChl) KAKOW-JTMOO 2JIEMEHTAPHOW YaCTHIIBI C MACCOM, T. €. BBICO-
KOYaCTOTHAsl CMEHA HEPruy JIBUKEHHS B SHEPTHIO MOKOsI CO CBOMCTBAMMU JIEKTPUUECKOIo 3apsiaa
Y Macchl.

47-NOTOK KBAaHTOB MPOCTPAHCTBA, T. €. 3€pHA-NOTEHIMAIbl (POPMUPYETCS HA BOJHOBO/IE
3aMKHYTOU MOBEPXHOCTH ieMeHTapHOU YyacTuIp! (1u siapa YCT) 0OHOBIISAIOTCS MAarHUTHBIM MOHO-
nosieM. 3aTeM 3€pHa-MOTEHIMAJbl CTAPOro BOJIHOBOJA OTTAJIKUBASICh LIEHTPAJIBHO OT MEPBUYHOIO,
KaK OT OJITHOMMEHHO 3apsKEHHOTO MICTOYHMKA, POKIAI0T BHENIHee JUHAMUYECKoe (PU3NYECKOE 1oJIe
C XapaKTepUCTUKAMM JIEKTPUUECKOTO U IPAaBUTALMOHHOIO 3apsI0B C JAJbHOAECHUCTBUEM OT €JUHMULL

47 o .
B 31001 KHMTE HE paccMaTpuBalOTCA A€TAIN U OTIIMYUA U3TYUEHU WIN TOJIBKO IOITIOMIEHUS 3€PEH-TTIOTEHIUAJIOB OJHOKOHTYP-
HOI'O 9JIEKTPUYIECKOI'O 3apsAa JIEKTPOHA OT MHOTOKOHTYPHOI'O MaKpPOUCTOUYHMKA OTPHUIATEJIBHOI'O JIEKTPUIECKOI'O 3apAaa.

48 ].leHTpOM UHAYKIHNU JIEKTPUUIECKOI'o 3apAaa JIEKTPOHA ABIACTCA 3aMKHyTLIﬁ BOJIHOBOJ U3 3€PEH-JICKTPOIIOTEHIINAJIOB, OXPa-
HAEMBII IMPOTEKTOPHBIM MArHUTHBIM ITOJIEM. LleHTpOM UHAYKIIMU €ro MacChl (FpaBI/ITaLII/IOHHOFO MOHOHOJ'[H) ABJIACTCA BI/IpTyaJ'[bHHﬁ
LEHTP, BOKPYT KOTOPOIr'o MYJIbCUPYET, Bpallasach l'[epeMeHHbe;I 110 BEJIMYMHE, MUHUMAJIbHO BO3MO’KHBI MArHUTHBIA MOHOIIOJIb.
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CaHTUMETPOB ISl EKTPOHA, HECKOJIBKO METPOB UIsl aTOMHBIX saep, 1,5 MUIMOHA KUJIOMETPOB
JUIsl TPAaBUTAIIMOHHBIX 3€peH-noTeHImanoB sjapa YCT 3emmm.

MarHuTtHOro 3apsijia C TOCTOSTHHBIM 3apsIJIOM He CYIIIECTBYET, a CYIIIeCTBYET JIUIIb IepeMeHHbIe
T0 3apsi/1y BUXPOHBI CBOOOIHOTO ¥ 3aMKHYTOTO IBHKE€HHSI.

1.3. MakponpocTpaHCcTBa-N0JIs

Knacrepsl u3 pa3nuyHbIX peryyisipHO MOBTOPSIIOIIMXCS aTOMOB MJIA MOJIEKYJI, 0Opa3yioT OJHO
U3 YeThIpeX arperaTHbIX COCTOSIHUI BELECTBAa MACCHBHOM 1 NHEPTHOI MacChl — TBEpPIOE, KUAKOE,
ra3000pa3HoOe WM COCTOSIHHE TUIa3Mbl, a HOBOE arperatHoe cocrossue marepun — YCT# co3pator
AKTHBHOE COCTOSIHME LIEHTPAJIbHBIX 110JIe TArOTeHus1. BHemHne npocTpaHcTBa, Hajl TAKMMU KJla-
crepamd 1 YCT Ha3zoBeM MaKpONPOCTPAHCTBAMU-NOJSMH 10 CPAaBHEHMIO C 3JIeMEHTapHbIMU
MHKPOINPOCTPAHCTBAMU-IIOJISIMH HAJl spaMM, aTOMaMH U JIEKTPOHAMU C UX MYJIbTUIIONSMHU.
I'paBUTAIIMOHHBIE B3AaMMOJENCTBUS MEXy KJacTepaMy HAaUMHAIOT ITPEBAIMPOBATh HAJl JIEKTpoMar-

HUTHBIMU TIpY Macce Oojiee MIAaHKOBCKOM —2,2 X 107> rpamma.

K takum npoctpaHcTBaM OTHOCATCS BHYTPEHHHME U BHENIHHe I0JIs KJIacTepOB BEIeCTBa,
actepous1oB>, IIaHeT, 3BE3/1 M FaJlakTHK, a TaK)Ke KBa3apoB M IMyJbCAPOB.

OTaenpbHBIA KJIACC ATBHONEHCTBYIONIMX MaKpOIPOCTpaHCTB-TIoNiet obpasyor sapa YCT,
KOTOpbIE el He MPOU3BEIN Ha CBOEH MOBEPXHOCTH COOCTBEHHOTO JIOCTATOYHOTO KOJIMUYECTBA Mmac-
CHBHOM MacChl MUKPOYACTHUI] JUIs 00pa30BaHUS TAKUX KJIACTEPOB OOBIYHOTO ATOMHO-MOJIEKYJISP-
HOT'O BEILLECTBA. B 3TOT nepuos ux 3BOMIOLMK OHU aKTUBHO 3aXBaThIBAIOT M IMOIVIOMIAIOT BHELIHEE
BEIIIECTBO, B TOM YHMCJIe, ATOMHO-MOJIEKYJISIPHOE BELIECTBO, HAPAOOTAaHHOE HA ITOBEPXHOCTHU yKe CBe-
TAIIUXCS 3BE3]] WM TA30)KUAKKX TUIAHET, T. €. 00pa3yIoT CBA3aHHbIC Maphl MyJIbcap-3Be3/1a W MTYJTb-
cap-IiaHeTa. JTo MOJIsl, KOTOPbIE CO3AAI0T KBa3apsl U MyJIbCaphl.

HenpepbiBHBII npoliecc KBAHTOBAHUSI-3APSIKY U UHTYKIIUU-OTTAIKUBAHUS 3€PEH OT 3aMKHY-
TOM MOBEPXHOCTH TaKMX KJIACTEPOB MOJISIPU3YeT OKpPYKalolllee BEHIECTBEHHOE ITPOCTPaHCTBO, Ipe-
BpaIIlaeT ero B COOTBETCTBYIOIIEE MYJIbCUPYIOIEe, HEMPEPHIBHO OOHOBIIsSIEMOE TIOJIE U CO3AET JMHA-
MUYECKH paclipeeSIEHHYIO0 INIOTHOCTh COOTBETCTBYIOIMX OTEHLIMAIOB M0JIs1 — 9KBUIIOTEHLIMAJIbHbIE
noBepxHocTy. CyMMapHble BHYTPEeHHHe I10J151 TAKMX KJIACTEPOB ONPEAEIAIOT ero (pU3n4ecKre CBOM-
CTBa U OOYCJIOBJICHBI TUIOTHOCTBIO®! pacrpeie/ieHusl MOTEHITUATIOB.

SIpKuM IpUMEpPOM CYyHIECTBOBAHMSI IPOCTPAHCTBA MATrHUTHOIO 3(upa CIyKUT BO3pacTaio-
masi yIpyrocTb MpOMEKYTKa MEXIy ABYX CONMKAIONIMXCS OJMHAKOBBIX IMOJTIOCOB CTAIIMOHAPHBIX
MarHuTOB. JTOT MIPOLIECC MOKHO OXapaKTepU30BaTh, TOJbKO KaK HEMPEPHIBHO YBeJIMYHBAIOIINICS
00BbEM 3a CUET NPUOBIBAHMS OJMHAKOBBIX 110 3HAKY MIOTOKOB MAarHUTHBIX 3€peH-NoTeHnmaioB. Kak
OyleT MOKa3aHo B CJIEAYIONICH IJIaBe IPABUTALIMOHHBIA MOHOIMOJb — 3TO MOJHBI AHTHIIOA MAarHUT-
HOTO B COCTOSIHMM TIOKOsl. TOJIbKO MarHUTHBIN 3apsi[i MOXET CYIIECTBOBaThb TOJBKO B COCTOSIHUU
JBUKEHUSI CO CKOPOCTBIO CBETA, & TPABUTALIMOHHBIN SIBJISIETCS MOKOSAIMMCS IPOLYKTOM KBAaHTOBOTO
riepexoa MarHUTHOM (pOpPMBbI MAaTepUX SHEPTUU MO, CYIIECTBYIOMIEH>? TP CBETOBOM CKOPOCTH.
[TosToMy, ecu TEeXHUYECKH>® CO3[aTh BpallleHHEM KJIACTEpPOB OPTOrOHAJBHOCTH B TPEX KOOP-
JIMHATAX MOTOKOB MOTEHITUAJIOB COOTBETCTBYIOIIHX TIOJIEH, TO eOpOMICBCKUI KBa3UCTAITMOHAPHBIH

4 Ipoctpanctea u nonsg YCT GyayT neTaabHO pacCMOTPEHBI B pasene 3.8 3TOoi KHUTH.
5
* B macrosmee Bpemsa B CIIIA npousBeneHa Bbicagka Ha acTepou]. AHAIU3UPYIOTCS Pe3yJbTaThl, MOTyYEHHbIE NIPU MOCAIKE
Ha acrepoui Becra B ycnoBusx odens cnadoii rpaButaiuy CoTHLA. U TTOYTH HE3aAMETHOM COOCTBEHHOM IrpaBUTALIMN ACTEPOUJIA.
51 Camu 110 cebe atomsl 1 sApa aTOMOB — 9TO OTHOCHUTENIbHO IMyCThIe NTPOCTPAHCTBA IO CPABHEHMIO C pasMepaMu BOJTHOBOIOB
MAarHUTHBIX MOHOMOJIEH, UX 00BEMBI TEOMETPUUECKH «HAyThl» KOHTYPAMM U3 COOTBETCTBYIOIMX 3EPEH EKTPOIOTEHIUATIOB.
52 Bee KBa3UCTALIOHAPHBIE MAarHUTHBIE TIOJISI — 3TO CYTh BHICOKOYAaCTOTHOE CKAaHMPOBAHHE B 3aMKHYTBHIX MarHATHBIX MOHOIIOJISIX
CO CKOPOCTHIO CBeTa, (POPMUPYIOIINX CHJIOBBIEC JIMHUY TIOJISI 30HBI XOJIOHOM IIa3MBbl, CO3/IaBacMble MHTEP(EpHPYIOIIMI COOTBET-
CTBEHHBIMH TTOTOKAMH ITPOTHBOIOJIOKHBIX IO 3HAKY MarHUTHBIX MTOTEHIUAJIOB.
53 S¢ddextn 1. Cepna, B. [llaybeprepa, I'. Konepa, C. dnoiina u 1. 1.
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IrPaBUTANMOHHBIN 3apsa OT MarHUTHBIX Kiactepos [l. Cepna Oyner HamHOro 3(ppeKTrBHEE, YeM
OT IMaMarHuTHHIX kuakux B. [ay6eprepa.

AHAJIOrUYHBII TPUMEP MaKpOMPOCTPAHCTBA JEKTPHUYECKOro 3(pupa JIeMOHCTPUPYET TOH-
Kas nosiocka Oymaru, COrHyTasi TIOrojiaM | TOJIBEIlIeHHas 32 9TOT Neperud Ha TOHKOW HUTH. [lpu
KOHTAKTHOM Tojlaue Ha Heé 3apsia MEKTPOCTATUYECKOTrO EKTPUUECTBA €€ JIETIECTKH PACXOSATCS
B Pa3HBIE CTOPOHBI [0 OCH Tepernda, MoKas3biBasi yBeIMYeHHe 00bEMA MEK/ly HUMHU.

JIOCTYIHBIN U HATTISAHBIN IPUMEpP FPABUTAIMOHHOTO 3(Upa Takke JeMOHCTPUPYET YBEJIH-
YeHueM 0ObEMa MPOCTPAHCTBA BOKPYT CBOETO MCTOYHHUKA U €ro OTTajKuBaHue ot nons siapa YCT —
9TO 3aMKHYTHIe, WHAYKTUPOBAHHBIC BPAILEHUEM BEIIECTBEHHBIX KJIACTEPOB, HOCHTENN «IITyObI»
neOpOMIEBCKIX KBAHTOB BOJTH. OHU OTJIMYAIOTCS KaK MO MEXaHU3MY MPOM3BOJCTBA, TaK U IO CTPYK-
Type YJIOKeHHUsI 3€PEeH-TIOTEHIINAIOB TpH (POPMUPOBAHUH UX 3apsiioB. Ha mpakTuke 310 siBIeHue
IIIMPOKO M3BECTHO, Kak 3pdekr [Ixanudekona u apdekt [I. Cepna, a ykazaHHas «iryda» B Mpo-
CTPaHCTBE BOKPYT IafiKM-Oapalika ¥ yIpasJisieT MPOIOIbHBIM JBHKEHHEM IIEHTpa MacC UCTOYHUKA
B (popMe HCIIOTHEHHSI MEXaHUUECKOTO «KYJIbOUTa». « TapesKu» COBEPIIAIOT Oe3bIHEPIIMOHHBIN TTOJIET
TO0J1 ISFICTBUEM OTIOPHBIX MOTEHIMATIOB TOPOUJATBLHOTO TOJIsI BOKPYT HUX.

[NepBruHOE 00BEMHOE rPABUTAIIOHHOE MAKPONPOCTPAHCTBO-10JI€ B PACIIUPSIONICHCS
Bcenennoii co3naércs BOKpyr nepBu4HbIX 4€pHbIX cpepudeckux ten (YCT-kBazapel, YCT-myss-
capbl), KOTOpble BeIMagaoT u3 armMocdeps! Hamrel Beenennoit. 3t YCT MoryT ObITh 0Opa30oBaHbI
TOJIBKO B HeBeIleCTBEHHOM IPOCTPAHCTBE IyTEM MTPeoOpa30BaHus BCEH IMHBI TOCTYNATEILHOTO
IBWXKEHUSI-TPEKa BOJHOBOJA U3 MIEKTPONOTEHIIMAIOB (DOTOHA BO BpaIllaTeIbHOE JBIKEHHUE POK/Ia-
foierocst cpeponsia-Kiryoka nepeMeHHOro u Hapacrtaiorero paauyca. Kak tonmsko YCT «ynaso»
B BellleCTBEHHOE IPaBUTALIMOHHOE TIPOCTPAHCTBO Haiiel BceneHHol B hopme yke camoBpa-
maromerocsi cepuyeckoro Kiyoka, Hadajcs ero pacraa™ u oopa3oBaich MepeMeHHbIe IpaBUTa-
[IMOHHOE, JIEKTPUUECKOE U MAarHUTHOE TOJIs1 — CBA3AHHBIM MEXaHUYECKUN U JIEKTPOMArHUTHBIN
rUNEePBUXPOH C ero nojasiMu. Bo BpeMst ero nputsbkeHus K 1eHTpy (CKoruieHus: ['anakTtuk) Onu-
JKaTel HanOOoJTbINeH CKOMUBITICHCS MACCUBHOM aTOMHO-MOJICKYJISIPHOM MaccChl, aKTHBHAsI Macca
YCT wu, cOOTBETCTBEHHO, 00BEM Hanbosee 3(PPEeKTUBHOrO €ro IrpaBUTAIMOHHOTO TOJS BCE BpeMs
YBEJIMYMBAETCS TI0 BEJIMUMHE MPH IOCTOSTHHOM BHEIIIHEM JUaMeTpe. DTo 00yCIOBIEHO OYeHb 00JTb-

LLIOH JUTMHOI BOJHOBOIOB, Goltee 1073 e, uro COOTBETCTBYET YBEINUMBAIOIIEMYCsI YUCITy OOPaTHBIX
(POTOHOB M BpEMEHH JKM3HU JIBHKYILIMXCS B BOJIHOBO/IAX M3 LIEHTPA K MMOBEPXHOCTH JIEKTPOMArHUT-
HBIX KBaHTOB 10 14 MuimapaoB Jiet v 6osee. [Ipor3BoaCcTBO HEUTPOHOB MIIM 3Ty YEHUE JJTMHHOBOJI-
HOBBIX KBaHTOB Ha MoBepxHOCTH YCT MpOMCXOOUT TOJIBKO MO UCTEYEHUM STOTO MEpHoJa BPEMEHM.
OpnHako, Iy 3TOM, HAaMOOJIBINAS YACTh AKTMBHOW «Macchl» J10 80% WHIYKTUPYETCs COOCTBEHHBIMU
KBaHTaMU ITPY JBIKEHUH 110 BOJTHOBOZIAM Ha TIOBEPXHOCTH Chep, PaCIONOKEHHBIX OMKE K IIEHTpY.
[Moatomy Gonbire o pazmepam YCT, monas B HEKOTOPOE KPYIMHOE [IAPOBOE CKOIUIEHHE 3BE3] TPH-
MEPHO OIMHAKOBOM BEJIMUMHBI, CTAHOBATCA S/1pOM Bpaluawoleiics cnupaiabHoil [anaktuku. Cru-
paiM 3BE3[ U ra3onbUIeBbIX TYMAaHHOCTeW B TakuX [anakTvKax, CXosIIMecs pyKaBaMu K LIEHTpY,
1 00pa30BaHbl BCE BpeMsl yBeInvMBalolieiics Maccoit u cuioit nons takoid YCT, B oinuue ot Kpy-
TOBBIX M JUIMIITUYECKUX OPOUT IUIAHET BOKPYT 3BE3[, spa KOTOPbIX YK€ JaBHO HAXOAATCA B CTa-
JVH TIPOU3BOICTBA HEUTPOHOB U JIOJITO€ BPEMS UMEIOT IIPAKTUYECKU MTOCTOSHHYIO WM YMEHbIIaK0-
mgyrocs Maccy. iMeHHo ¢ atiuM a¢pdextom cesazano 95,1% dopmupoBanue noneil TEMHOH Macchl
Y SHEPIUU BO BHEIIHUX M NPOMEKYTOUYHBIX C0sIX BeeneHHOW. B caMbIX BHEHIHUX CIIOSIX MPOUCXO-
JWT HaKOIUIEHWE U B3aUMHOe oTTasikuBaHue Ipyr ot apyra YCT (kBazapel u myabcapbl), MMEIOLIUX
O/IMHAKOBbIE 3HAKH T'PABUTALMOHHBIX TIOJIEH, UTO U MOATBEPXKAAETCS UX pacrpenenenueM (c Z donee
7—10, kpacHOe cMelieHre (pOTOHOB) B 3TOM YacTu BeesneHHou.

3 Mmeertcs B BiLy 4TO, B CHITY MPABHTALIMOHHOTO CAKATHSI BOHOBOJA B LIGHTPE, MPOHCXOMT 0GPATHAS TCHEPAIIHS yKe KITyOKO-
BBIX BUXPOHOB U3 TIOTEHINAIOB-3EPEH BOJIHOBOJA U UX JBUKEHHE CO CKOPOCTBIO CBETA [0 MCKPHUBJIEHHOMY BOJIHOBOJY K BHEIIHEl
noBepxHocT YCT, KOTOpBIE BBUIETAT U3 HETO JIMIIB TOJIBKO Yepe3 14—30 Mumapaos JieT.
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IpoTsikénnocTh moJieil. [IpakTHUecKn ycTaHOBJIEHO, uTO HamOosnee 3¢deKTuBHOE mose
AKTHBHOTIO TATOTEHUS 3eMJIM PACIPOCTPAHSETCS O MOJIyTOpa MUJUIMOHOB KUJIOMETPOB. YCTaHOB-
JIEHO M TO, YTO TOJIsi COOCTBEHHOTO MACCHBHOIO TATOTEHUS aCTEPOMIOB OTIMYAIOTCS TIO MPOTH-
KEHHOCTU U KauyeCTBOM IPUTSKEHUS] OT LIEHTPAIbHBIX MOJeN akTUBHbIX IulaHeT U ConHua, T. €.
MPAKTUYECKU MPUTSKEHUE K aCTEPOUIaM TaKMX aTOMHO-MOJIEKYJISIPHBIX KJIACTEPOB, KAKUMU SIBJISI-
I0TCSl CITyCKAaeMble ammaparhl, onpeaensercs cuwiamu 3¢dgekta Kasumupa B LieHTpaJbHOM IOJE
Connna. IMoka otcytcTByeT KaymmOpoBka coorBeTcTBHsi pazmepoB UCT pasmepy 3¢pekTuBHOrO
JAJIbHOJEWCTBUS LEHTpasibHOro nosid. IloueMy To 10 cux Mop He M3MEpEeHbl IKCIEPUMEHTATBHO
U CKOPOCTHU paclpOCTPaHEHUsl I'PAaBUTALMOHHBIX, JIEKTPUUECKUX M MarHUTHbIX noneid. Ho yxe
n3MepeHbl 3(pEeKTUBHBIE MpeaeJibl JATbHOAECHUCTBYS CTAIMOHAPHBIX NCTOYHMKOB U JIEKTpOMar-
HUTHBIX (POTOHOB — OHU pa3Hble. DTO JOKA3bIBAET Pa3IUYHbII MEXaHM3M U, COOTBETCTBEHHO, CKO-
POCTh pacCpOCTPAHEHM ST ITUX TOJIEN.

[TpoTs:k€HHOCTh pacpOCTpaHEHUs] AKTHBHBIX I'PABUTALIMOHHBIX IOJIEM 3aBUCUT OT pa3Me-
poB UCT u cpaBHMMa, B MUHUMYME, C BUAMMBIMH pa3MepaMu ['anakTHK, IIaHeT co CyTHUKaMU
Y 3BE3JHBIX CUCTEM, COIEpPXKAIIMX HEKOTOPOE KOJIMYECTBO IUIaHeT, Tha COJHEYHON CUCTEMbI WU
cucteMmsl 1u1aHeT Onurepa nmm Carypna. [1pu aTom, nocneHue ra3okuKye IIaHeThl ¢ MEHbIIUM
KOJIMYECTBOM HapaOOTaHHOTO aTOMHO-MOJIEKYJISIPHOTO BelecTBa ¥ 0onbinum 1o pazmepy YCT cuitb-
Hee ortayikuBatotcss or YCT ConHila, a moaToMy Jajbllie HAXOASTCS OT Hero, yeM Mapc, 3emiis,
Benepa u Mepkypuii.

Takum 00Opa3oM, Mapa WCTOYHUK-TIPOCTPAHCTBO (IOJIe) MHIAYKTHPYET 3EpHA-TIOTEHIIUAIIB,
M3JTy4YaeT UX MepreHJUKY/IIPHO CBOEH 3aMKHYTOM MOBEPXHOCTH, & TAKUM 00pa3oM pOXkIEHHOE MPO-
CTPaHCTBO-3(pUP, TIPU ITOM, SIBJISAETCS MX MPOBOJHUKOM, U BMECTE OHM 00pasyioT BelleCTBEeHHOe
npocTpaHcTBO. Ecm Obl CTOYHMKM 3apsijia Wid JBHXKEHHs He MHIYKTHUPOBAIN Obl HEMPEPHIBHO
M3MEeHsIoIIeecss COOCTBEHHOE TI0JIe, TO BOKPYT TAaKMX MCTOUYHMKOB HE MPOUCXOAMIIO Obl ABHKEHUS
acTpopr3MIecKruX 0ObEKTOB, He ObLIO ObI ['AJIAKTHK 1 3BE3IHBIX CUCTEM, COJIEPXKAIIUX TUIAHETHI U UX
CITyTHHUKH, He ObLJIO Obl CEBEPHOTO CHSIHUS M MOJIHHM, JINHEHHBIX U IAPOBBIX, CHHUX CTPYH, CIIpaii-
TOB 1 3Jb(OB, HE ObLIO Obl CTAOMJIBHBIX sIIep XMMUYECKUX JIEMEHTOB M JIEKTPOHOB, HE ObUIO ObI
aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA U T. 1.

I'paBuTanuonHbIil 3pup —31a camas cnadas u camasi pacripocTpanéHHas popma MmpocTpaH-
CTBA-TIOJISl MAaTepyuy, HO M B TO e BpeMsl caMasi MpOHMKalomas. B 60mbmx MakpooObEMax Haj
VCTOYHMKAMH 3TH IOJIs1 ITPOSIBJISIOT BCE U3BECTHBIE CBOMCTBA TPEXMEPHOTO IIJIOCKOTO TPOCTPAHCTBA.

I'paBUTaIIIOHHBIE aHOMAJINH.

N3mepenust craumMoHapHBIX I'paBUTAMOHHBIX aHOMamuii (['A) — 310 oTMuus OT cpegHen
BEJIMYMHBI YCKOPEHUs1 CBOOOTHOTO NafeHus. OJJHaKo, KaK MOKa3bIBAaeT MPAKTHUECKHIA OITBIT, CYIIle-
CTBYIOT €IlIE M UMIYJIbCHbIE OTPHLIATENIbHBIE BHIOPOCHI SHEPTUM TPABUTAIIMOHHBIX TMOJIEH B HEOOJb-
KX IO MPOTSKEHHOCTU 00J1acTsAX Ha MOBEPXHOCTU 3€MJIM, B OCHOBHOM BOJIM3H Pa3IOMOB.

Takue n3mMepeHust, mMpoBoAMBIIKECS elnle B 50-X rofax MpoIwioro Beka, mokKas3ajiu, YTo BOIU3H
OOJBIIIUX TOP OTCYTCTBYIOT MOJIOKUTENbHBIE ['A, a B OKeaHax, rjie c1eioBajio Obl OKUIATh KPYITHBIX
orputiatesibHbiX ['A (Beib MJIOTHOCTD BOJIBI, 3aMOJTHSIONIEN BIIAJAMHBI OKEAHOB, B 2,5— 3 pa3a HuXke
TUIOTHOCTH TOPHBIX TMOPOI, 3AJIETAlONINX HAa TAKOM K€ YpOBHE Ha MaTepUKax) HAYEro MoJoOHOro
He HaOJTIoaeTcsl.

B Hacrosiiee BpeMsi osy4eHbl MHOTOYMCIIEHHBIE M YTOUHSIOIIMECS] KapThl TPABUTALIMOHHBIX
noser 3eMid, Ha KOTOPOi Kak Ha pEeHTT€HOBCKOM CHUMKE BUJHbI TEHH OTPHIIATEeJbHbIX AHOMA-
JIMiA, 00yc/IOBJIeHHbIe Hanbosee CUIIbHBIM TIOTJIOIIEHHEM MTOTOKOB 3€pEeH-TPaBIOTEHIIMAIOB MJIOT-
HBIM BEIIIECTBOM B MAaHTHUH, pesibedbl rop N3 00LIYHOI0 BELIECTBA U Pa3J10MBbI (ITyCTOTHI) B MAHTUH
¥ Kope 3eMJid TpU TPOCBEYMBAHMH MX IIEHTPAIBHBIM TMOJIEM aKTUBHOro siipa 3emun. HanGosb-
M€ OTPULIATEIbHBIE CTAIIMOHAPHbIE IPABUTAIIMOHHbIE AaHOMAIMKM OOHApyXeHbl B VIHIuIICKOM OKe-
aHe 1 Ha Bocrounom nob6epexbe Kanagpl. Hapsiny ¢ TakuMu CTaliOHApHBIMUA aHOMATSIME UMEEeTCSI
OecuncIeHHOe MHOKECTBO MEPHOJMUYECKUX KOPOTKHUX BHIOPOCOB M MEJICHHO MEHSIIOIIUXCS aHOMa-
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JIMIA>®, CBUJIETENILCTBYIOIIMX O HETIPEPHIBHOM Iepepactipeie/ieHy U MeJIEHHBIX (ha30BBIX MpeBpa-
IEHUSIX MacC MPY UX JBMKEHUM OT MAaHTHH K KOpe. AHAJIOTHYHbIE TEHU OTPULIATENIbHBIX aHOMAITUIA
OT LIEHTPAJIbHOTO I'PABUTAIIMOHHOTO MOJIs1 3eMJT OOHApYyKeHbI U Ha 00paTHOM cTtopoHe JIyHBI.

VICTOYHUKY TpaBUTAIIMOHHOTO TOJIsT OBIBAIOT CIIEIYIOIINE:

— neHTtpajibHble, sapa YCT U3 MIOTHOTO sSEPHOTO BEIIECTBA, TUMA HEHTPOHA, 3TO KBa3aphl
Y TYJIbCAPbl, ICTOYHUKN AKTHBHOTO IEHTPAJBLHOrO MOJIsI TSArOTEHHsI MMEIOT 3HAK IOJIs TUTIOC
Y M3ITYYaIoT B 47T IOTOK 3€PEH-MOTEHIMAIOB TAKOTO K€ 3HaKa,

— paccestHHBIE B (pOpMe KJIACTEPOB sIIEpPHO-aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA, 00pa3yIoIye
HHEPTHO MACCUBHYK) MacCy U3 aTOMOB MMEIOT 3HAK MUHYC, BCTPEYAIOTCsI B BU/IE Ta30BBIX TyMaH-
HOCTEH, acTepouIoB, KOMET, METeOpUTOB ¥ JIyHbI, B3aMMOJEUCTBUSI MYTEM TOIJIOIIEHNSI TIOTOKOB
MOTEHIMAIOB CO 3HAKOM ILTIOC WM MHTepMEpeHIHs MPOTUBOIONOKHBIX 1O 3HAKY MOTEHIMAJIOB
B 30HE XOJIOQHON 0€3MacCOBOM ILIA3MBI,

— HapaOoTaHHbIe pacniagom cooctBeHHoro siapa YCT, kopa M MaHTHS, «KUAKOE» SO Tia-
HETHl 00pa3yloT NACCUBHYI) MacCy, HaXOASIIYIOCS B TOJie eli€é aKTUBHOIO SApa IJIAHETHl, UMEIOT
COOCTBEHHOE T0JIe CO 3HAKOM MHHYC — IOTJIOIIEHUE WA MHTep(EPEHIHSsI TOTOKOB MTPOTUBOIIONOXK-
HBIX TIOTEHIIMAJIOB, UTO POXJAET € MPUTSKEHHUE,

— UCTOYHUKH MacChl CMEIIAHHOTO TUTA — 9TO 3BE3/IbI M T€0JIOTMYECKH AKTHBHBIE TIIAHETHI.

— HE3HAUYMTEJIbHBIE 110 BEJIMYMHE JOTIOTHUTEIIbHbIE TPABUTAIIIOHHBIE 3apsi/ibl, UHAYKTHPOBAH-
HbIEe BpaIlleHHEM U KECTKO CBSI3aHHBIE C BPAIAIOIIMMCS SPOM 3BE3]] U TUIAHET.

[Nonst, COOTBETCTBYIOIIME STUM MAKPOUCTOUHUKAM — 3TO PA3IMYHBIE OIS TATOTEHUS C pas-
HBIMI>® 110 3HAKY M IO M3JTyYaloliel CioCOOHOCTH OTEHIIUAJIOB.

Campbiil ocTpblii BOIPOC COBPEMEHHOCTH — CYIIECTBYIOT JIH AHTUTPABUTAIIOHHbIE
noJs?

C nosunmii CAIl takue mons JomkHa co3gaBaTh aHTUMarepusi. OHAKO MOUCKU TaKOBOM
BO Bcell BeesleHHON He IpUBENH K TMOJIOKUTEIBHOMY pe3yabTary. Takylo MaTeprio, Kak MarHUTHBIH
MOHONOJb [lnpaka 1 3¢pup, TOXE UIIYT yKe MHOTO JECSTUIICTHUM.

C no3unuii peajbHOro0 MpeCTABJEeHUsI, KaK U B Cllydae ¢ MArHUTHBIM MOHOIOJIEM, HE00-
XOAMMO TIPOCTO PEaIbHO YTOYHUTh MCKOMBIE CBOWCTBA 3TUX MoJied. [ paBUTAIIMOHHBIE OIS acT-
podusnIecKkux OOBEKTOB — MHOTOKOMITOHEHTHbI. OJJHa M3 OCHOBHBIX KOMIIOHEHT — LIEHTpajbHa
U MMEEeT MOJIOKUTENBbHBIN 3apsj, uctoyHuk Kotoporl YCT, u cpopmupoBaHa JBUKEHUEM BHYTpU
HEro OT I[€HTPA KBAHTOB IO BOJHOBOIAM C LIEHTPOCTPEMHUTENIBHBIM YCKOPEHHUEM IO OKPYKHO-

CTAM YBCJIMYUBAKOIICIOCA paAruyCa K MOBEPXHOCTHU paauyCOM OO 108 cM. ITonsa maccBHOM Macchl
AACPHO-aTOMHO-MOJICKYJIAPHOI'O BEIIECTBA CO3AAI0TCA OﬁpaTHblM JABUKEHHUEM MAarHUTHBIX MOHO-

MoJied B 3aMKHYTBIX 00BEMAX K IIEHTPY CO CPEJHUM pa3MepOM JIO 10~ cm. B Haweii Beenennoii
HE BCTpEYaeTCsi Makposiep KOCMUYECKMX OOBEKTOB Jake ¢ pa3MepoM Oojiee OIHOTO CAaHTHMETpA,
B KOTOPBIX TaKOE BpalaTeIbHOe JIBUKEHHE YaCTHIl®’ B HUX HAIMPABJICHO K IeHTPY. OIHAKO B OT/IH-
Yyye OT MPUPOJbl TEXHMUYECKOE BOIUIOIIEHUE TAKOTO 3€PKAJbHOI0 ABHKEHMSI BO3MOXHO — 3TO
SIBJICHUE Ha3bIBACTCS HMEHTPAJbHON WIM aKCHAILHO-CTPYHHOM CBEpXTeKydell mmiuio3uei. Tak,
HarpuMep, peasiu3alys Takoro JIBWKEHUS B «peryibcuHe» B. [llayOeprepa, B anmaparax ®. Ceura,
Jl. Cepna u B xoHBeprepe B. Pomuna, C. ['oquHa, 0qHO3HAYHO yKa3biBaeT Ha BO3MOXHOCTb TeX-
HUYeCKON HMHIYKIHH COOCTBEHHOTO IPaBUTAIIMOHHOTO MOHOIIONS CO 3HAYEHHUEM €ro BeJIMYUHBI

35 AHomamin B Canra-Kpy3, Kanugopuus u Ha 6epery o3epa Canantuna, BOnu3u ropoaa Yapata, ApreHTrHa, rie KeJaiomme
TYPHCTBI HCIIBITBIBAIOT Ha cebe JeHCTBHE NEPUOAMYECKOl (pa3 B HEJEN0) U MTHOBEHHO BO3HMKILECH HEBECOMOCTH — IO0PACHIBACT
Ha BBICOTY JI0 TPEX METPOB KBEPXY.

% JlyHa, KaK HCTOYHVK NTPENMYIIECTBEHHO TOJBKO MHEPTHOH aTOMHO-MOJIEKYJISIPHON MAcChl, Ja€T «TeHb» IIEHTPaJIbHOMY I'paBUTa-
LIIOHHOMY TIOJTI0 3eMJIH Ha €€ HEBUAVMON CTOPOHE, ¥ Jaxe OOJIBIIE acTepPOUIbl He CTPEMSATCS K B3aNMHOMY IPHTSIKEHHIO 110 3aKOHY
HrloToHa B M3BECTHOM ITOsICE, @ PABHOMEPHO pacIipee/leHbl OTTAJIKMBAaHUEM APYT OT AApyra Ha HEM.

7B MHUKPOMUPE TaKOe ABUKEHHE peau3yeTcs Py 3apsAAKe BTOPMYHOIO MarHUTHOTO MOHOIIONS B BUXPOHE (pOTOHA, TP ABU-
’KEHUM MarHUTHOTO MOHONOJIS1 B MUKPOBUXPOHE JIeKTPOHA U T. A.
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COM3MEPUMON € BPALIAIOIIENCs MAacCOM CUCTEMBI, HAIIPABJIEHUEM BEKTOpa KOTOPOTO MOXKHO YIIPaB-
JIATh MYTEM BpAIlEHUs] MarHUTHOTO KJlacTepa M0 YacOBOW WJIM IPOTHB 4YacOBOM CTpeSKu. B mpu-
porie ke CYIIECTBYIOT JIMIIb MHIYKTUPOBAHHbIE IPABUTAIIMOHHbIE 3apsiibl 00OMX 3HAKOB, HATIPUMED,
MIPY CaMOJIBM)KEHUH 3ByKa. [IpyrumMu clioBamMH, eCTh peajibHasi BO3MOXKHOCTb PEIIeHHsT 3TOH 3a1aunt
C TIOMOIIIBI0 TEXHHYECKUX CPeACTB M Ha OCHOBE JEHCTBYIOIIMX 3aKOHOB B MpUpoze Haiei Bee-
JICHHOM.

1.4. 'umepnpoctpancTtBo BcejsienHom

I'unepcTpykTypa npocrpancTsa BeeneHHON HOCUT 0OBEMHO-CETUYATHI M TYEUCTBIN XapakK-
Tep. beckoHeuHO OOMBIIOI, HO KOHEYHBII M HETTPEPHIBHO PACIIUPSIOIINICS «ITy3bIpb» Halei Bce-
JIEHHOM, JaJIeKo HEpaBHOMEPHO 3acelieH 3Be3/1aMH, FaJIAKTUKAMM, CKOIUIEHUSIMU M CBEPXCKOILIe-

HUSIMH TQJIAKTUK B CTEHAX B BUAMMOH €€ YacTh pa3MepoM ~ 10 cm. Vccnenosanust BpallieHui
CIMPAJIbHBIX TAJIAKTHUK, a TAKXKe pacIipe/ie/ieHui CKOPOCTE! raJlakTUK B CKOIICHUSIX U CBEPXCKOILIe-
HUSIX TIOKA3aJI0, YTO OOJIbIIIasl YacTh MOJTHOM Macchl BeeleHHON HeBHIMMA 1 OOHAPYKUBACTCS JIUIIh
M0 T'PAaBUTAIMOHHOMY BO3JCUCTBHUIO Ha HaOmomacMbie BHAUMBbIE OOBEKTH. [103TOMYy OCHOBHaS
4acTh IPaBUTAIMOHHOTO MpocTpaHcTBa (95,1%) sBisieTcss HEBUAUMOM, U, CIeA0BATEIbHO, JOTIOTHU-
TEJILHO He OCBellleHa MoTokaMu (poToHOB. U Kak B II0OOM pacHIMpsIonieMcs: TPOCTPAHCTBE Ha Tep-
BOE MECTO 10 €r0 CTPYKTYPE BCTAET BOIPOC O MECTOPACTIONIOKEHUH LIEHTPA TaKOU chepbl. Y ke TOUHO
yCTaHOBJIEHO XaOO0JIOBCKOe pacipeHre BeelleHHOM O CKOPOCThIO MTPONOPIMOHAILHON yIaIeHUI0
pazberatonuxcst ['amaktuk ot Hac. TouHOe ycTaHOBJIeHUE IieHTpa BceneHHOM, a Takke ee aHAIu3
Y U3y4YEHUE ee CTPYKTYpPhI MO3BOJIUT JaTh OTBET Ha BOIPOC O XapaKTepe HalpaBjeHUs SBOIIOLIU
MaTepuu B IPOCTPAHCTBE — CUHTE3 WJIM pacraj?

Ecnmu cunrtath BupmMylo dacth BeereHHON Onvkaiineil K [eHTpy, TO [EHTPATbHBIM SIAPOM
9TOTO «ITy3bIPs» JOJKHA OBITh OOJIACTH, TJie TIOMHOCTHIO OTCYTCTBYeT TEMHAsl aKTUBHAS MaTepus
u s"eprus wm YCT, a ee 1eHTp MOKeH OBITH OIpesesieH IO MOJTHOMY OTCYTCTBHIO I€HTPAaJib-
HBIX T'PABUTAIIMOHHBIX (3Be3[, [‘alakTHK) moJieil. DTO MOTYT OBITh POCCHIITHU Ia30IBUIEBBIX TYMAHHO-
CTell COM3MEpHMBIX 10 MACCHBHOI Macce OOJBIINM 3BE3HBIM CKOIUIeHUsM. O0nact BUAUMOT
yactu BeesreHHOM, re peodiagaer CTpyKTypa B BUe IPYI M CKOIJICHUH TIAKTHK, 00pa3yIonux
BHITSIHYThIe «HUTH» (CTeHbI) — (PUJIaMEHTBhI, CO3JAI0T CBSA3HYI0 TPEXMEPHYIO CETKY I'PaBUTAIOH-
HBIX T0JIeW — U3 My3blpeld U UX CTeHOK. [Ipruém B LeHTpe My3bipell (BOM) HaXOASTCS MOIIHbIE
sanpa YCT kBa3zapoB®, KOTOpBIE OTTAJIKUBAIOTCS APYT OT APYra OMHOMMEHHBIMU TOTOKHUTETbHBIMU
TOJISIMU, OTMHAKOBO MPHUTATHBAS K ceOe CKOTIIeHUS M CBEPXCKOIUIeHH S ["aJlakKTHK C X HapaOOTaHHOM
OTpUIIATEILHOM MAcCOM BEIIeCcTBa B yKe TOCTAaTOUHOM KoJnuecTBe. B mecrax nepeceuenus ¢puiia-
MEHTOB PACIIOJIaraloTCsl CBEPXCKOIUICHUSI TaJIAKTUK, K KOTOPBIM U TIPUTSATUBAIOTCS BHOBH 00pa30-

BaHHBIE CaMble KpyIHble Oosee 10% cm UCT, 00pasys 3Ty STYEHCTO-CeTYaTyI0 KPYIMHOMACIITAOHYIO
cTpykTypy Bcenennoii. Mexny dunameHTaMu HaXOASITCS MyCThle OOACTU-TIPOCTPAHCTBA, B KOTO-
PbIX OTCYTCTBYIOT TJIAKTMKHM, HO B UX LIEHTpax M pasMelleHbl 3TH camble KpynHble YCT, korto-
pble ¥ CO3[AI0T 3TU IyCTOTHIBOWABL. Buammoe npocrpaHcTBO Mexay [ amakTMkamMy M 3BE3JHBIMU
CKOIUIEHUSIMU — CYTb IUIOCKOE€ IPOCTPAHCTBO, PETryJIsipU30BAHHOE AAIbHOIEHUCTBYIONIMMU I'pPaBUTA-
LIMOHHBIMU NOJISIMU AKTUBHBIX Macc, JOJITOKUBYIIMMHU, U CAMOZIBUKYIIMMHUCS JIEKTPOMAr HUTHBIMU
TOJISIMY, & TAKKE PA3PO3HEHHBIMU CKOIUIEHUSIMU Ta30IbUIEBBIX OOJAKOB M TYMaHHOCTEH.

Haubonee ynaneHHsle oT 1eHTpa BeeneHHON BHerajJakTHueckue OObeKThl — KBa3apbl, 00na-
JAIOlIMe MPAKTUYECKH YUCTO LIEHTPaJIbHBIM U BO3pacTaiolmM 1o o0bémy mnonem tsarorenus YCT,
NPUHAUIEKAT K OoJiee MMOBEPXHOCTHBIM closiM BeeneHHO 1 0OBsICHAIOT pacuipenne BceneHHon
u pazoeranue ['anaktuk. C MOMEHTa OTKPBITUS KBa3apoB B 1963 roxy nmporiecc 0OHapyKeHUsI HOBBIX
KBa3apoB IeJT 04YeHb ObICTpO U K 1988 romy mx yxke HacumthiBasioch okono 4000, a ceifuac — yxe

58 http://www.youtube.com/watch?v=Gb3aW lodFnA .
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6onee 20 000. HabmoneHus: 3a MECTOMOJIOKEHHNEM OOHAPYKEHHBIX KBA3apOB SIBJISIOTCS BaKHBIM
MCTOYHUKOM MH(OpMALIUY O pacrpe/ieleHM MaTepuy aKTHBHOH (0 JHOIOJISIPHOM) Macchl Bo Bee-
JIEHHOM.

Onpenenenue pacCTOSHUN J0 AaTeKUX KOCMUYECKUX OOBEKTOB (FaJIAKTUK U KBa3apoB) MpoO-
W3BOJMTCS B HACTOSIIIIEE BPEMsI 10 «KPACHOMY» > CMEIIEHUIO «Z» WX CIEKTPOB M3Iy4YeHUs. «Z»
orpesieNisieTCsl OTHOIIEHUEM BEIMYMHBI «KPACHOTO» CMEIIEHUs] KaKON-TMO0 CIIEeKTPaIbHOW JIMHUN
B CIIEKTpe HaOM0AaeMoro 0ObeKTa K JJIMHE BOJHBI 9TOH JIMHUM. KBazapel — caMble ajneKkue BUIU-
Mble 00BeKThl BeenenHoit. [1oaToMy OHM SIBJISIIOTCSI IPEBOCXOIHBIM MPEMETOM ISl UCCIIEIOBAHUS
C 1IEeJIbI0 TIOITBEPIKACHUS TOM UM MHON Mozienu BeeneHHoid.

Pacnpenenenne kBazapos. VccienoBaHus paciipeiesieHrs KBa3apoB B IpocTpaHcTBe Bee-
JIEHHOM MPOBOJMWJIMCH 110 pa3HbIM NapamMeTpaM, B TOM YHUCJIE U 110 BEJIMYMHE «KPACHOTO» CMELICHUS.
HawubOonee nanekue kBazapbl HaOMONAOTCA HA paccTosHUU B 30—35 MWIIMApAOB CBETOBHIX JIET,
a caMblil faiekuii ¢ Z ~ 9 Ha pacctosiHuu 46 MUJUTUAPIOB CBETOBBIX JieT. [IOTHOCTh KBa3apoB BO3-
pacraet Kk nepudepuu BeceneHHOI.

Pacnpenenenne u popmbl asmkenns I'asakruk. ['pynna ranaktuk gopmupyer puma-
MEHTHl (OYeHb TOHKHE HHWTEBHJIHBIC CTPYKTYpPbI) MPOTSKEHHOCTHIO B «MHUJUTHOHBI CBETOBBIX JIET
U cocTaBiisieT ckeseT BeenenHoi». ®PumaMeHTsl paciosiokeHbl TPUMEPHO B 6,7 MIIIMAPIOB CBETO-
BBIX JIeT OT 3eMuid. ['alakTUKH, CKOTUICHHS TAJIAKTUK U UX CBEPXCKOIUIEHU S, «BCTPOSHHbBIe» B (priia-
MEHTBI, [TOMEILEHbl MEXAY IyCTOTaMH, CO3/1aBasi TEM CaMbIM I'MI'AHTCKYIO «IeHy». OHM KOHLIEHTPH-
PYIOTCS B U30THYTBIX «CTEHKAX» TOJMIIMHOM NOopsiaka 10 MUITMOHOB CBETOBBIX JIET, [IEPECEKAIOIINXCS
apyr ¢ apyroMm. Hekotopble «CTeHKH» MPOCIIEKUBAIOTCS HA COTHU MUJUIMOHOB CBETOBBIX JIET. Tam,
I7Ie CTEHKU «CMBIKAIOTCS», TAJTAKTUK OCOOSHHO MHOTO (CBEPXCKOIUICHUS ). DTH 00JIACTH MOBBIIIICHHON
KOHIICHTPAIMY IaJIakKTUK 00pa3yioT B IPOCTPAHCTBE MOJ0OME TTMHHBIX BOJIOKOH (11erovek ). BHyTpu
9THX SYeeK, MeKIy CTCHKaMMU, TaKKe HAXOMISITCS IYCTOTHI — «BOM/IbI», B KOTOPBIX TUIOTHOCTh TajIaK-
TUK KaK MUHMMYM B JIECSITh pa3 MEHbIIE, 4YeM B cpeJHeM. HeKoTOphIM aHAJIOrOM Takoi CTPYKTYPHI
MOJKET CIIy’KUTh MeHA U3 MbUIbHBIX IMy3bIpPeil, B KOTOPOUl CTEHKH ITy3bIpeil U UrpaloT pojib (puia-
MeHTOB. [IpaBna, pacnpeseneHue rajJakTUK BIOJNb «CTEHOK» siUeeK, B OTJMYUE OT pachpeieieHus
MBUILHOTO PAaCTBOpA B IMy3bIPSIX, OUEHb HEOJHOPOHO, /14 U CaMH STYEHKU He 00Ia/IaloT MPaBUIILHO-
cThIO (hopM. Pazmepbl OONBININX siUeeK COCTABIISIOT O0Jiee COTEH MUJIJTMOHOB CBETOBBIX JIET, HO MHOTO
u Oosee MeNKHX.

Bimkaiiias k HaM «CTeHKa» MPOXOOUT UIMHHOM IYroil uepe3 I0:KHble co3Be3qus [uapbl —
[entaBpa — Teneckona — IlaBmuHa — MHpaeiia. OOpa3ylonye ee ralakTUKA UMEIOT JTy4eBble CKO-
POCTH B HECKOJILKO TBICSY KM/C, ¥ OOJBIIMHCTBO M3 HUX YJaJeHO OT Hac He MeHee yeMm Ha 20—
30 MWITMOHOB CBETOBBIX JieT. K 3Tol «CTeHKe» NMpUHAIJIeKUT U cKorieHus B Jlee, u Bce Mect-
Hoe CBepxcKoIuleHue, Ha nepudepun kotoporo pacnonaraercss MecrHas ['pynna rajakTvk, BKIIO-
yaiomas B ce0s Hamty ['anakTuky. B cKoIleHuM rajlakTMK B co3Be3auu JIeBbl peoOaagaoT JUTUI-
THUYECKHe 3Be3[Hble crcTeMbl. Cpeny MOCIeAHUX BCTPEUAlOTCs] M CBEPXTMIAHTCKUE 0Opa3oBaHMUs,
Takue, Kak raakTuka M87. 16 rajakTUK 3TOro CKOIUIEHUA BOLUIM B KaTajior Mecoe. CKOIUIEHUA
B JleBe, B KOTOPOM HACUMTBHIBAIOT OKOJIO 2,5 THICSIY IaJIaKTHK, U SIBJISETCS [IEHTPOM OJHOMMEHHOTO
CBEPXCKOIUICHHSI TalakTHK. B Hero BXoasIT Takxke, HApuMep, CKOILJIEHHS B CO3BE3IUsIX BoJbIion
Mensenuipl 1 T'onunx Ilcos. o ckorienuii lesbl 1 Bosnbioin Menseauiibl MPUMEPHO OIMHAKO-
BO€ paccrostHue — okosio 20 mera napcek. ITocKombKy Mbl HAXOOUMCSI BOJIM3U Kpast TOW «CTEHKU»,
COCTaBJISIIONINE €€ TaJJaAKTUKK 00pa3yloT Ha HeOe CPaBHUTENIBHO Y3KYIO TMOJIOCY, PaCTSHYBIIYIOCS
6onee yem Ha 180, HaromoOue Toro, Kak 3Be3/bl [ alakKTUKX KOHIIEHTPUPYIOTCS B 1os10cy MiteuHoro
[Tytr. OTOeNbHBIX 3B€3]] B TAIAKTUKAX BO MHOTO pa3 OoJIbIlie, YeM OTEIbHBIX TAIAKTUK B CTEHKAX
SIYeeK.

» J]‘O CUX TIOp HET y6e):lI/ITeJ'lI)HOFO 0OBACHEHHS 9TOTO SIBJIEHU A, ITPOUCXOAALIETO C IIEPBUYHBIMA qZ)OTOHaMI/I.
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K apyroii iIMHHOM «CTeHKe», MHOT/Ia Ha3biBaeMoi «Bemmkas cteHa»®, kotopast mpoTsHyiach
TI0JIOCOM TIOUTH Ha 1OJT HeOa, IPUHAJIIEKUT O0raToe XOpoIlio U3yueHHoe cKoruienre B Bonocax Bepo-
HUKH, Haxofsieecs: Ha paccTosiHuu oyt 300 MIWIJTMOHOB CBETOBBIX JIET OT HAC, B LIEHTPE PYroi
ceepxrajaktuku. CkoruieHne B Bonocax Beponuku — sBnsiercs nieHTpoMm «Benukoii crens». Kak
U Apyrue 6orartble CKOIIJIEHH I, OHO COIEPXKUT MHOTO JUTUIITUYECKUX TAIAKTUK. M3yueHue ero quHa-
MUKH BIIEPBBIE yKa3aJ0 Ha HaJIW4Ke OOJBIIOro KOJMYECTBA HEBUIMMOW Matepuu. Macca cKoruie-

Hust — okono 10" macc COJIHIIA.

OnHO M3 KPYMHBIX CBEPXCKOIUIEHHUI TJIAKTUK, 0OPa30BAaHHOE HECKOJIBKMMH CKOTUICHUSIMH,
yJaJeHHOe OT Hac NMpuMepHO Ha 200 MWIIMOHOB CBETOBBIX JIET, MONY4YMJIO Ha3BaHWe «Bemukuii
AtTpakTop». BeeneHHylo MOXHO CUMTAaTh OIHOPOAHOM TOJBKO, HAYMHASL C MaclITada B HECKOJIBKO
COTEH MUJUIMOHOB CBETOBBIX JieT. Cpepa Takoro wim OoJbIIero pasmepa OyaeT coaepkarb IPUMEpPHO
O/IMHAKOBOE KOJIMYECTBO TAJIAKTUK, CKOIUIEHUI IajlakTUK UM «BOWHOB», a Ha 0oJjiee MEJIKUX Mac-
mradax pacrpeiesieHre rajlakTHK HeJIb3sl CUMTaTh OAHOPOAHBIM JaXe MPUOIH3UTEIBHO.

Pa3mMeps! cBEpXCKOIUIEHUI JOCTUraloT COTEH MUJIJTMOHOB CBETOBBIX JIET. Beero jxe cBepxckorl-
JIEHUH BBISIBJIEHO OKOJIO MOJTYCOTHU. B Kaxaoe B cpejHeM BXOAUT 0KoJ1o 10 CKOIIeHHA, XOTs ObIBAIOT
Y 3HAYMUTEJNIbHbIE OTKJIOHEHHS B OOJIBIIYIO ¥ MEHBIIYI0 CTOPOHbL. CBEPXCKOIUIEHUS TAJIAKTUK SBJIS-
I0TCSl CAMbIMU OOJIBIIIMMU M3 U3BECTHBIX CTPYKTYP, LIEJIOCTHOCTh KOTOPBIX 00ECIIeUrBaETCsl IpaBU-
Tauueil. Bo Beeil Bunumoit BeesleHHO# cBEpXCKOIIEHUS pacIipeie/ieHbl pABHOMEPHO.

ITpakTruecku Bce CTEHBI COllepKaT B CBOEM LIEHTpe Ooratoe CKOIUIEHHE TalakTHK. B «Omus-
Ko» BcesleHHOM HaxoauTcs BCEro TpU TakMxX cKoruleHust — B Bonocax Beponuku, Ilepcee u ACO
3627, KOTOpoe FKpaHUPYIOT oOsaka nblii B MiteuHowm [lyTu.

Bce 'aakTiKM HAXOAATCA B COCTOSIHUM MOCTYATEIbHO-BPAILATeIbHOTO IBUKEHU S, ITPU 9TOM
NIepBOIPUYMHA BbIHYKJIEHHOIO MOCTYNATEILHOIO BPAIEHNs 3aK/II0UeHA B MEXaHW3Me BpallleHUs —
9TO Takas e TailHa, Kak M BpallleHUe BceX 3BE3/1 M aKTUBHBIX IUIaHeT. Jpyras TaiiHa 3akjoyaercs
B TOM, UTO TpH XaOOIOBCKOM pacIMpeHny BeeneHHO MPOUCXOANUT MPaKTHUECKH Oe3bIHEPLIMOHHOE
paszteranue ['aakTUK cO CKOPOCTSIMH NPONOPLMOHATBHBIMU YJAJIEHUIO OT HAC, HAYMHAsA C KakJI0ro

MOCJIeTYIOIIEro I1ara B 10%cm Ha 30 km/cek. B s10M 1 KPOETCsI OTBET, KaK Ha MEePBOIPUYUHY Bpa-
IIEHUs1, TAK U HA MEXaHU3M IPOU3BOJICTBA HOBOT'O IPOCTPAHCTBA B pacluupsitoleiics BeeneHHoi.

Muip 3Be3[1 ¥ rajlakTHK BOOOIIIe He CMOT Obl BOSHUKHYTD 1 BeenenHast octanach Obl 6eCCTpyK-
TYPHOI1, eciii Obl TPABUTAIIIOHHOE T10JIe OOBIYHOTO aTOMHO-MOJIEKYJISIPHOTO BELIeCTBa 3BE3 U I1a-
HET He MPOosIBJIIO0 Obl ceOsl B BUIe (priylaMeHT Ha (hOHE TEMHOM SHEPIUM LIEHTPAJIbHBIX MOJIEH TATO-
TEHUsI KBa3apoB, a TaKKe BHAMMOM CBETSAIIENCS MACChl BOKPYT sIIEp 3BE3/1 U IIaHET.

HernpepbiBHOE paciivpeHre BHEITHEH MOBEPXHOCTH BcesneHHOW 00yC/IOBIEHO BbINAICHUEM
UCT u3 ee «atMocdepbl», T. €. U3 00JIaCTH, IJie KOHYAIOTCS IPAaHUIIbI TPABUTAIIMOHHBIX TOJIel. YBe-
JIMYEHME BHEIIIHEN OBEPXHOCTU BcesleHHOM MPOMCXOIUT 3a CUET Pa3IBUTaHKs IPaHULL C aMOP(HBIM
CHUHTYJISIPHBIM IIPOCTPAHCTBOM, KOTOPOE PEryJIsipU3MpyeTCsl IPaBUTALIMOHHBIM I10JIEM BHOBb 00pa3o-
BaHHON TéMHOH YCT ¢ aKTMBHBIM N0JIOKUTEJIBHBIM I10J1€M I'PABUTALIHN .

Takum 00pa3zoM, CTPYKTYpy T'MIIEpIpOCTpaHCTBA BeeneHHOM MOKHO MPEICTABUTh CIIEAYIOIINM
oOpazom:

— Pasmepbl cambIX OOJBIIUX CTPYKTYp BO BceleHHOH — CBEPXCKOIUIEHHIT raJjak-
TUK®' 1 THTAHTCKUX «BOWI0B» — JIOCTUTAIOT JIECATKOB MeranapcekoB. Obmactu BeeneHHOM pas-
MepoM 100 Mrik u Goree BHIIJISAAT BCe OOMHAKOBO, ITPU STOM BbIIEJICHHBIX HampaBiieHui Bo Bee-
JIEHHOW HET.

— IlpocrpancTBeHHas KpuBU3HA BeeneHHOM ec M OTIIMYHA OT HyJIs, TO OY€Hb MaJa.

0
0  Benuxkas crena» HaxonuTcs B 200 MUJIJIMOHAX CBETOBBIX JIET U UMeeT pa3Mep 0koj10 SO0 MUUTMOHOB CBETOBBIX JIET, a TOJILUHY
BCEro 15 MUJIJIMOHOB CBETOBHIX JIET.

1 Pspectho Gonee 20.
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— Ha GonbImmx pacCTOSIHUSIX PErucTpupyloTcsl TOJNBKO SIPKAE OOBEKTHI, 2 CAMBIMU SIPKUMH
MOCTOSTHHO PAIMOM3ITY4aIOIMMU 00BbEKTaMH BO BCesleHHOM ABIIAI0TCS KBa3aphl.

B nmesom Hama BeeneHHasi — 3T0 «ITy3blpb» pa3/JAyBalolierocsi He B3PbIBHBIM 00pa3om
10 BHEIIIHEN MOBEPXHOCTH BeIIeCTBEHHO STYEeNCTOr0 I'PaBUTAIIMOHHOTO MPOCTPAHCTBA, 3a CUET
yBenmuuBatotierocs yncia YCT u Bo3pacraromero oobEMa Moss-lmpocTpaHcTBa BOKpyr Hux. Cpas-
HUTb 3TOT MPOLIECC MOXKHO C MPOLECCOM MEeHOOOpa30BaHUs MPU BHEIIHEM B30OMBAHMM MBUIBHON
TICHBI.

Buaumas yacts pazmepom Oosee 10?8 cm ot LIEHTpPA 3aoJIHEHA TaTaKTUKAMU, CKOTLICHUSIMU
Y CBEPXCKOIUICHUSIMU IaJIAKTUK, 00Pa3yIoINX TPEXMEPHOE SUEHCTO-CeTYaTOe TaIbHOIEHCTBYIOIIee
IPaBUTAIIMOHHOE T0JI€ U IJIOCKOE TPOCTPAHCTBO BeeneHHol, HepaBHOMEPHO pery/isipu30BaHHOE Ipa-
BUTALIMOHHBIMU, JIEKTPOMArHUTHBIMU TIOJISIMH M Ta30MbLIEBBIMU OONakaMu. B 3T0it yactu mpous-
BO/ICTBO IPOCTPAHCTBA 3aKOHYEHO, a Macca MOCTOsSIHHA.

IIpome:KyTOYHAasI YacTh BHEIIHETO c(hepruyecKoro ruieprpocTpaHcTBa 00Opa3oBaHa pacraja-
forvucs YCT Ha pa3HBIX 3Tarax 3BOJOIMY ¢ 00pa30BaHUEM CBETSIIUXCS 00IaKoB 2 cOpOIeHHON
J1a3Mbl TIPU B3PbIBAX HOBBIX U CBEPXHOBBIX, UMITYJIbCHBIM M3JIyUY€HHEM IyJIbCapOB, HEMTPOHHBIX
3BE3/ U T. 1., & TaKXKe TOYEYHO HEBHIUMYIO YaCTh, Pa3MEIIEHHYIO B 9TOU IIPOMEKYTOUHOM 1 0Opa-
3yIolel KpynmHoMacTabHylo u enié yactuuHo Buaumoit yactu Beenennoit. YCT, mynbcapbl, KBa-
3apbl, HEUTPOHHbIE 3BE3/IbI, IBETHBIC U OeJIbIe KAPJIUKH, C OTHON CTOPOHBI, KaK 00JIaIaloIIHe TOJI0XH-
TeJIbHBIM I'PABUTALIMOHHBIM 3apsIIOM, a TAKkKe OTJEJIbHbIE 3BE3/bl, TAIAKTUKU U MX CBEPXCKOILJICHUS,
C IPyTrOi CTOPOHBI, KaK 00JIaIaiolre BIOOABOK ellé U OTPHUIIATEIbHBIM T'PABUTAIIIOHHBIM 3apsIOM,
(opmupyIoT BellecTBEHHOE MPOCTPAHCTBO Haillell BceneHHol B BUe SYEHCTO-TOUEUHOW IpaBUTa-
IIMOHHOM TMEHbI U IEPEMEHHON MacChl.

HeBuumasi moBepxHOCTHAsI YaCTh MPOCTPAHCTBA BeelleHHOM CyIiecTBEHHO OOJIbIIe IO 00b-
eMy TPEBOCXOIUT MPOMEKYTOUYHYI0 U BHYTPEHHIOI BHIHMYIO. DTa 00JAaCTh pery/isipu3oBaHa
OTHOCHUTENIbHO PAaBHOMEPHBIM pachpesie/ieHueM KBa3apoB M MYyJbCAPOB M OMpPEAesseTcsl, B OCHOB-
HOM, TOJIKO I'PaBUTALMOHHBIMU, MAarHUTHBIMU U 3neKTpudeckumu noisimu ux YCT, a Takxke ux
HEBUIUMbBIMU JIEKTPOMArHUTHBIMU MOJISIMU (DOTOHOB B PEHTTEHOBCKOM U pajiMoiuana3oHax. B atoi
yactu BceneHHoH, B cBsI3M ¢ HenpepblBHBIM niepeMenienreM YCT, BciieacTBUE MOCTOSIHHO pPacTy-
el Macchl ¥ MaJIeHUeM K LIEHTPY MaCCUBHOM MACChl, UX pa3HOM 9BOIOLIMEN, POUCXOAUT MPOU3BO/I-
CTBO JOMOJHUTEIBHOTO TPABUTAIIMOHHOTO MPOCTPAHCTBA — paciiupeHre BeeneHHON U yBeanueHne
e€ Macchl. B 11e1om 3Ty yacTh mpoctpaHcTBa BeeneHHO Goliee HArIsJHO OMUCATh KPUCTALITUIECKON
PElETKOIN TBEPAOro Tesia, Y KOTOPOM B y3J1ax pa3MelleHbl MOJIOKUTENbHbIE 3apsi/ibl, OKPYKEHHbIS
oTpulaTebHBIMU. TONMBKO y PeETKH TBEPIOTO TeJla MOIOKUTEIbHbIE 3apsiibl (ANEKTPUIECKUE) CTa-
OWUJIbHBI 110 3HAYEHUIO, a Y KBa3apoB U IMyJIbCAPOB TOT 3apsif (Macca) NepeMEeHHBIN, YTO U PUBOAUT
K 9BOJIIOLIMH U ABMKEHUIO BO BeesleHHOM.

Oru6arwmasi MOBePXHOCTh I'PAHMI] I'PABUTAIIMOHHBIX ITOJIEH — 9TO BHEIIHSISI TIOBEPXHOCTh
Bcenennoii. Ha 3T0ii rpanmiie mporcXoauT Hanbosiee HHTEHCUBHOE MTPOU3BOJICTBO JIOTIOTHUTETLHBIX
IPaBUTALIMOHHBIX MPOCTPAHCTB 3a cYET HOBbIX YCT, mocrynamoiumx u3 HeBeleCTBEHHOr0 Ipo-
crpaHcTBa. Macca — mepeMeHHa. 3aTteM Ciie/lyeT TepexoqHast oonactb — arMocdepa BceeneHHO.
B armocdepe nmpoucxogut npou3BOACTBO TOJBKO TPEKOBBIX BOJHOBOJIOB 3JIEKTPOMATHMTHBIX
JIMHENHBIX MPOCTPAHCTB (POTOHOB BCETO YaCTOTHOTO CIIEKTPA.

Oxkpykaroliee NpoCTPaHCTBO BOKPYT U CHapyxu atmocgepsl BeeneHHon — cyTh amopgHoe
CUHT'YJISIPHOE TMPOCTPAHCTBO, JIMIIEHHOE KAKOH-TMOO OPUEHTALIMU U peryjispusalliu, BCIEACTBHE
OTCYTCTBHSI B HEM JIIOOBIX BUJOB MaTe€puu, U KOTOPOE MPOHU3AHO TOJBKO TpeKaMu (pOTOHOB, 00pa-
sytoumx YCT.

Tam Kyna He nocturaiot gaxe noreHuuanbl-3épHa ot nonen YCT, tam napcTByer HeBele-
CTBEHHOE ITPOCTPAHCTBO, TyJa U3PEIKa 3aJIETAI0T Ja)e (POTOHBI.

2 o Ty KpaGoBHUIHON TYMaHHOCTH, B LIGHTPE KOTOPON HAXOMUTCS MyJIbcap.
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IMogBons UTOrNM MexaHu3MaM 0Opa30BaHMsI TOTO WJIM MHOTO ITPOCTPAHCTBA, BO3PACTA KU3HU
U [IEPEHOCA MATEPUU B HEM, MOKHO C YBEPEHHOCTBIO KOHCTaTUPOBaTh. BO-IIEpBBIX, BCE BBIIIECU3-
JIO)KEHHBIE ITPOCTPAHCTBA-TIONA (OT BHYTPUSAJEPHBIX O BHEIIHUX I'PABUTALIMOHHBIX) OUYEHb CUJIBHO
OTIMYAIOTCA APYr OT Jpyra IO IUIOTHOCTM JWHAMUYECKOIO 3aceeHUs 3€pHAMU-TIOTEHLHUAIAMUY,
a TaKXke MX KauyecTBa — 3TO JEKTPUUYECKUE, MATHUTHBIC, TPABUTALIMOHHBIE U JIEKTPOMAIHUTHBIC
HuTteBble Tpeku U cepbl YCT. Bo-BTOpBIX, NEPEHOC MaTepUH B AEPHBIX CHEPUUECKUX MUK POIIPO-
CTPaHCTBaX MPOUCXOIUT MOYTH O€3 paccesiHus, T. €. B COCTOSIHUU CBEPXTEKYUECTH, UTO U OMpeessieT
BO3PACT MMPOTOHA U APYTUX sIJIEp AaTOMOB XUMHUYECKHX JIEMEHTOB OECKOHEUHBIM CPOKOM KHU3HHU Mar-
HUTHOTO MOHOMOJIs1, HarpuMep, potoHa. B-Tpetsrx, odpa3oBaBimmecs neppuynbie YCT B ycioBusx
amMOp(¢HOro MPOCTPAHCTBA (HOJb MPOTSKEHHOCTH, HOJIb MAaTEPUM) HAUMHAIOT paclialaTbCsl B CBOEM
COOCTBEHHOM I'PaBUTALIMOHHOM ITPOCTPAHCTBE, MMesl [0 OTHOILIEHUIO K MOcTIeiHEMY OoJiee BHICOKUI
HOTEHIMaI S3Hepruu. M, HakoHel, nociieqHee, pasiyBaHue «I1y3blps» BceaeHHOM TPOUCXOIUT 3a CUeT
peryispusaii aMmopgHOro nNpocTPaHCTBA, T. €. HATIOJIHEHWE €r0 HOBBIMU HENIPEPbIBHO pacIunpsi-
IOIIMMUCS TYEUCTO TPABUTALIMOHHBIMHU ITOJIAMU-IIPOCTPAHCTBAMU C MOHOIIOJIBHO TATOTEIOIUM LIEH-

TpoM BOKpPYr Kaxjoro u3 uyucia nagawommx YCT. Bece YCT u3 nmanasona 10% — 10% cm umeror
OIMHAKOBBIM MO 3HAKY IPABUTALMOHHBIN 3aps]], a HapaOOTaHHAS UMM JIOYEpPHss sIepHO-aTOMHO-
MOJIEKYJIsIpHAsi Macca — MpOoTUBONONOKHBIM. [ToaTtomy camble kpyrHble YCT B MecTax cBepXCKOILIe-
HUH TIaKTUK CO3JAI0T U3-32 B3AUMHOIO OTTAJIKUBAHUS STYEUCTYIO CTPYKTYPY CO CTEHKAMU, MPUTSI-
TUBAsICh K OOIIel aTOMHO-MOJIEKYJISIPHOIM Macce 3THX CBEPXCKOIUICHHI ¢ 00pa30BaHUEM I'DaBUTAIIH-
oHHOM ceTku. Tak popmupyercs: pacmupsiomniasicss KpynmHoMmaciiradHasi cTpykTypa BeeneHHom.

3akJa4eHue

Hapsiny ¢ BBeieHreMm u onpeienieHreM HEBEIIECTBEHHOT0, BEIIECTBEHHOI'O M aMOP(PHOTO Ipo-
CTPaHCTBA JAHO OINpeJie/ieHNe TIOHATUSI TEPMUHA «3HEPIUsi». DHEPIrUsi — 3TO MEPEXOJHOE COCTOs-
HUE MaTepuu, MPU KOTOPOM MPOUCXOIUT €€ pOokIeHHe-UCUe3HOBEHUE B OIHOW (popMme, IBUKEHHE
WA U3MEHEHHUE B Apyrue (pOpMbl, N3Ty4YE€HUE UM MOMJIONIEHUE B (pOpMe TeX WM UHBIX HOCUTEJIEeN
B CBOOOJJHOM WJIM 3aMKHYTOM BHJIE, MHIYKIIMSI JOTIOJTHUTEIBLHBIX 000I0UeK-MacChl, KECTKO CBSI3aH-
HOW C OCHOBHBIM KJIACTEPOM IPHU €ro BpALIEHWH, U3MEHEHNUE WM TepepacipeiesieHne ABUKEHUS
MEX/1y KJIaCTepaMH MacChl ¥ T. /1. DHEPrusi Ipy U3MeHeHnH (hOpMbI MaTepHH MPOSIBIISET ceds uepes
paszHble (POPMbI IEPEHOCUYMKOB UCTOYHUKOB JBMKEHUS], TAKMX KaK 3€pHA-TMIOTEHIMAJbl CTAl[IOHAp-
HBIX UCTOUYHHUKOB, JIOTIOJTHUTENIbHbIE OOO0JIOUKH 3apsi/bl, CBA3aHHBIE C BPAIAIOIMMUCS KJIACTEPaMH,
BUXPOHBI, (DOTOHBI, JIEMEHTAPHbIE YACTULIBI U T. [I.

N3noxeHHble pe3ynbTaThl HANPSAMYIO CBUIETENBCTBYIOT O SYEHCTO CTpyKType BceneHHow,
THIA MBUILHOM TTeHbl. Bupmmas aToMHO-MOJIEKyY/IsipHasi Macca acTpopU3NIecKuX OO BEKTOB KOHIICH-
TpUpyeTcsi B €€ CTeHKax, T. €. B CTEHKaX MOBEPXHOCTH c(epbl, OrpaHMUYMBAIONIEN 00bEM OIHOTO
U3 Iy3bIpeid MEHBl. DTO O3HAYAET, YTO B LIEHTPaxX cep MyCTOT HAXOASTCSl MOIIHBIE IPAaBUTALIIOHHbIE
3aps/abl C OIHUM 3HAKOM, (hopMupyoire cpOKyCHPOBaHHBIE B LIEHTP UCXOISILIME OIS, UCITYCKAIO-
IIMX 3€pHA-TIOTEHIMAIbI, a B CTEHKAX PACIOJIOKEHbI IpyTrue, paclipee/IiEHHbIEe PACCesTHHO TpaBUTa-
IIMOHHBIE 3apsibl, C IPeoOIaJaHueM 0 BEIMYMHE TPOTHUBOMOIOKHBIX 3HAKOB TOJIEH TATOTEHUS —
BXOISIINX MOJIEN.

B peanpnom npeacrasnenun BBeaeHueM UYCT U, MHAYKTHPYEMbIX BOKPYI HUX, BEKTOPHBIX
LEHTPAJIbHbIX TPAaBUTALIMOHHBIX MOJEH aKTUBHOW MAcChl C IOMOUIbIO HOBBIX MPOCTEUIIMX YACTHII-
nosnist (3épeH-NOTEeHIUATIOB), YIAETCS OOBSICHUTH MHOTHE U3BECTHBIE MAPAOKChI B (pU3MKe sBIIe-
HUUW TIpUPOJBI, coBepilieHHO HenoHsTHbIe ¢ no3uiuil CAIl. Cambie riaBHble U3 HUX — CTPYKTypa
MIPOCTPAHCTBA-TIONSI, MEXAHU3MbI POXKJIEHHUS HOCUTENIEH WHIYKTHPOBAHHON SHEPIUHU, CBS3AHHBIX
C Maccoll ¥ MHEPTHOCTHIO MAKPOMATEPUH, a TaKKe B3aUMOJECUCTBUSI AKTUBHOM U TTACCUBHOUW MacChl
Yyepe3 MOCPEACTBO TUHAMHUYECKHX I'PABUTALIMOHHBIX MONel, XaOOJ0BCKOe paciivipeHre NpocTpaH-
CTBa-moJis1 BeesleHHOM, MPOU3BOACTBO HOBOM TEMHOI MaTepuyl M KPYMHOMACHITaOHOH CTPYK-
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TypbI TuneprnpoctpanctBa Beenennoit. Tak kak moOasi BeleCTBEHHAs] MaTepusi OT MUKPOYACTHII
10 TUTaHeT, 3BE3]], aCTEPOUIOB BCEI/la HAXOAUTCS B COCTOSIHUM JBHKEHHS ©, TO Ha He€ pacrpocTpa-
HsieTcs1 BceoOnmit 3akoH Jlyn ne Bpoiis. [1oaToMy CTaHOBHUTCSI TIOHSTHBIMH U PA3IMUUS MEKLY
CBOMCTBaMU AKTHBHONM, NAaCCHBHOM, MHEPTHOM Macchl U MHIYKTUPOBAHHOW HOMOJHUTEIbHON
J1e0poiljieBCKOIl Macchl — «IIyObl». AKTHBHAsI Macca, COCPEJOTOYCHHAs] B OMHOW TOYKE IpO-
CTPaHCTBA, UMEET MOJIOKUTEIBHBIN 3HAK UCXOASAIIETO MO, T. €. [OJI U3J1y4aloIIero B 4-11 U3 Takou
TOYKM LEHTPAJIbHO TAKON MOTOK I'PAaBUTALMOHHBIX 3E€PEH-NOTEHIMAJIOB, KOTOPhI OJMHAKOB IpU
PaBHOMEPHOM pacIipeieieHHH Mo c(hepruecKoi MOBEPXHOCTH, YIAIEHHOW OT LIEHTpa Ha JIOOM pac-
CTOSIHUM M XapaKTepu3yeT BEJIMUYUHY, 3HAK U IJIOTHOCTh 3apsifa TOr0 MCTOYHMKA MAcChl, a TaKxke
CBOMCTBEHHOE TOJIbKO €MY JaJbHOIEHCTBUE. A JajbHOAENCTBUE, BEIMYMHA U TUIOTHOCTh MOTOKA
MOTEHIMAJIOB TIPOMOPIIMOHANIBHA TIOTHOCTU U pa3Mepy 0oO0bEéMa craioHapHoro ucrounuka. Ilac-
CHBHAasI Macca — 3TO JIOUEPHsIsl MaTepHUsi C HEBBICOKO TVIOTHOCTHIO AKTHBHOM MacChl U UMEET OTPH-
LaTeJIbHbIA 3HAK BXOJSILErO MOJIsA, XapaKTepU3yeTcsl BEJIMUYMHON MOTOKA TPABUTALIMOHHBIX 3€pEeH-
MOTEHIMAIOB ¢ OOPAaTHBIM 3HAKOM M OINpe/esisieT BeIMYMHY M 3HaK Takod Macchl. OHa M3iydaer
MOTOK OTPUIIATEIIbHBIX, a [0 AAJTbHOIEUCTBUIO O0Jiee KOPOTKOAEHCTBYIOIIUX OTEHIIMAIOB, BEINYMHA

Y IUIOTHOCTB ITIOTOKA KOTOPBIX B 10°-10'6 pa3 MEeHbIIIE ITOTOKA LIEHTpaibHOro noss 3emin. UHepT-
HOCTb MAacChl OIpeJessieTcs €€ BHYTPEHHEN CTPYKTYPOM U BEJIMYMHOM CYyMMApPHOI'O I'PaBUTALIMOH-
HOTO 3apsifia, a TAKKe BHEIIHUM COCTOSTHMEM TOKOS WM JIBWXeHHs. BpallieHrie nHepTHOM Macchl
MOKOSI MHAYKTUPYET BOKPYT HeE MPOCTPAHCTBO-O0O0JIOUKY, T. €. JeOPOMIeBCKHI KBaHT-«IIIyOy»
JOTIOJTHUTEIBHOM MAcCChl, KOTOPbI MOXET MMETh KakK IMOJOKUTEIbHBIN (AHTHIPABUTAIMA), TaK
Y OTpHLIATEIIbHBIN 3apsif (cymeprpaBuTamus), 9To 1 JeMoHcTpupyercs B addekre [IkannOexoBa
u ycrporictBax [l. Kunu. BHOBb BBeieHHbIE B 9TOM pasjielie KBaHTHI-TI0JIs1 3apsKeHHbIE 3€pHA-TIOTEH-
[UAJIBl OT MPOTUBOMOIOKHBIX UCTOUHUKOB CIIOCOOHBI, KaK K MPOM3BOACTBY MPOCTPAHCTBA-MONS,
TaK U K €ro YHUUTOKEHUI0 30HOI XO0JIOJHOI MJIa3Mbl, YTO BElIET K MEXaHU3MY IPOU3BOACTBA
CUJIBI TPUTSKEHUS] WM OTTAIKWUBAHUSI U CUJIOBBIX JIMHUI B U3MEHEHHBIX MOJISIX IBYX MUCTOYHU-
KOB, B MOJIHOM COOTBETCTBUM M3BECTHBIM 3MIMpuieckuM 3akoHaM HeiotoHa u Kysnona. CormacHo
peabHOMY TPEJICTaBJICHUI0, ICTOUHHK JTI0OO0TO0 3apsi/ia ¢ 3aMKHYTON BHEIITHEH TOBEPXHOCTHIO UCITYC-
KaeT B 47T KBAaHTOBBbIM MOTOK 3€PEH-NIOTEHIIMATIOB COOTBETCTBYIOIIETO 3HAKa, KAYeCTBA U J1aJIbHO-
AencTBUsl, (POPMUPYIOIINI IPABUTAIIIOHHBIE, JEKTPUIECKHE UM MATHUTHBIE MOJA-3(pup, KOTOphIE,
MIPY HAXOKJAECHUH B 3TOM I10JI€ 3aps/ia C MPOTUBOMNOIOKHBIM 3HAKOM, PUTATUBAIOT €T0, YMEHbINAsI
00BEM yXke B3aMMHOTO TOJIS IMyTEM aHHUTHJISAIINK C TIOTEHIMAIAMU TIOCIIEHETO U ONpe/ielisisl TeM
CaMbIM CHJIOBBIE JIMHUM B3aUMOJEHCTBUS, a C OTHOUMEHHBIM — OTTAJIKUBAIOT €0, MyTEM YBeJn4e-
HHSA 00bEMA MPOCTPAHCTBA ITOTO TOJIS.

Ecnu cymiecTByloT ICTOUHUKY MTPOU3BOJCTBA MPOCTPAHCTBA-TIONS, TO JAOJKHBI CYIIECTBOBATh
Y TOUKHU-00JIACTU YHUUTOKEHHSI TOTO K€ MPOCTPAHCTBA — 3TO 30HBI XOJIOAHOM TJIA3MBl.

B cBs13u ¢ 3TMM npocTpaHcTBO Haileil BeeneHHOI Tobko pacipsietcs. OaHako Takue ooma-
CTH MOTYT OBITh CO3/JaHBI M TEXHUUECKU TAKKe, KaK CO3/IaI0TCSI aHTUT PABUTAIIMOHHBIE 3aPSI/Ibl BOKPYT
3apsiIOB aTOMHO-MOJIEKYJISIPHOTO BelllecTBa Oe3 pa3pylleHus UX CTPYKTyphl. [pyrue obnactu ¢ pas-
PYILIEHHEM CTPYKTYPbl MAcChl IOKOSI IyTEM NepeBoaa (popMbl SHEPTUU B BUjIE MIOKOsI B (POPMY SHEP-
T'UY B BUJIE ABUKEHUSI CO CKOPOCTBIO CBETa MOTYT IMPOUCXOAUTh B TOUKAX TEIJIOBOM PEKOMOUHAIINN
NIEKTPOHA-TIO3UTPOHA. TPEKU-BOTHOBOIBI ITUX UCTOUHUKOB JABUKEHUSI (MATHUTHBIX 3apPsIOB) yike
coziepXkKaT pa3HOMONISIPHbIE MEKTPONOTEHIINAIIBI, KOTOPbIE MPU OMpPeAEIEHHBIX YCIOBUSIX CIIOCOOHBI
AQHHUTUJIMPOBATh C YHUUYTOKEHUEM 3TOTO BOJHOBOJA — JIMHEMHOTO JIEKTPOMArHUTHOTO MPOCTPaH-
CTBA.

O pacumpenvu BeeneHHolt cBunetenbcTByeT XaO0MoBcKoe pasderanue ['amakTuk co cKopo-
CTSIMU TIPOTIOPIIMOHAJIBHBIMY MX PACCTOSTHHSIM OT Hac, T. €. KOHKPETHO CKOPOCTh UX pa30eraHus yBe-

63 310 JBHKCHUE BbI3BBAHO BCGO6LHI/IM ceoiicteom YUCT — CaMOBpaIlEHUEM U ITIOCTYTIATEJIbHO-BPALATEJIbHBIM IBUKEHUEM aTOMHO-
MOﬂeKyHﬂpHOﬁ Marepuu BIOJIb NOTEHIUAJIOB BOJIHOBOOB, YCTAHOBJIEHHBIX B IIPOCTPAHCTBE ITPU TAKOM CaMOBPAILICHUN.
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mmurBaercs Ha 30 KM/CeK Ha KakJple Iark yBeJIMYEHHUs1 PACCTOSIHUSA OT Hac Ha 10%° cm. D10 coBra-
JaeT ¢ MPOU3BOJICTBOM HOBOT'O IMPOCTPAHCTBA 32 CUET MPEeObIBAHUS B 3TY 00JIACTh HOBBIX KBa3apoB
Y MyJbCAPOB.

Ecnu cymectByeT 00bEMHOE TPABUTAIIMOHHOE MPOCTPAHCTBO C BUJVIMBIM PaJyCOM 1028 e,
TO CYIIECTBYET U JIMHEHHOE JIEKTPOMArHUTHOE TTPOCTPAHCTBO B (popMe TpeKa BOJTHOBO/IA U3 3€PEH-
9JIEKTPOTIOTEHITNAIOB BHICOKOYACTOTHOTO WJIM YTMHHOBOJTHOBOTO (DOTOHA TAKOM ke JIUHBI, CIIOCO0-
HOE BHE 9TOTO MPOCTPAHCTBA CBEPTHIBATHCS B c(hepruecKkuil KIyOOK CO CTPYKTYPOM THIA HEUTPOH-
HOU 3BE3/Ibl WJIM KBa3apa.
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Yactb 2. Buxponsi

I'naBa 2. MI/IKpOBI/IXpOHbI N IJIEMECHTAPHDbIC YaCTHUIIbI

2.1. Aromublil POTOH

B nepuon 1860—1875 ronoB MakcBesut co3ain Teopuio, B KOTOPOW JIEKTPUUECKUE U Mar-
HUTHBIE CUJIBI TPUPOJBI OB 0ObEAMHEHBI B TIOHSTHE €JMHOTO IEKTPOMArHUTHOTO TOJIsI, BKJTIOYa-
IOLLETO BU/IMMBIN CBET, HEBUAUMBIE YIIbTpacroieToBble U MH(ppaKpacHble Jyuu. CBET — 3TO MpOCTO
JIEKTPOMArHUTHBIE BOJIHBI, CIOCOOHBIE PACIPOCTPAHATHCS B MYCTOM MPOCTPAHCTBE TaK K€ JIETKO,
Kak B IpO3pauHbIX Tesax. [IpudyeM U3 ypaBHEHHI CIEIOBAJIO, YTO STH JEKTPOMATHUTHBIE BOJIHBI
MOTYT CYyIIIECTBOBaTh camu 1o cede. [IpeacraButh cede X HAMISAAHBIA 00pa3 U (PU3MYECKUN CMBICIT
B TO BpeMsl Ka3aJOCh HEBO3MOXHBIM. DTU BEJIMYMHBl HE MMEJIM HU OYepTaHui, HU (POpMBbI, HU
BeCa, X HeJb3s1 ObLJIO CPAaBHUTH HU C YeM M3BECTHBIM B TIOBCEAHEBHOW XU3HU. KoHeuHo, u Toraa
CYILIECTBOBAIM MPHUOOPBI, pearpoBaBIIe HA CHJIbI, BBI3BIBAEMBIE JIEKTPOMArHUTHBIMU TOJISIMH.
MosxHO Ob1T0 6€30IMO0YHO CKa3aTh, YTO HAMPSKEHHOCTh OJHOTO TIOJIsl OOJIbIIE UM MEHBIIIE JIPY-
roro. Ho camu HanpsikeHHOCTH OBUTH CTOJTb CTPAHHOM BEJIMYMHOM, YTO MPEICTABUTh UX ceOe 3pHMO
ObUT0 TpyAHO. Jla M CTO JIeT Ha3a/J HUKTO HE MPEACTABIIsI ceOe MeKTPOMarHUTHbIE oM UHave,
YeM HaTsDKeHUSIMHU U BolHaMu 3¢upa. YpaBHeHUs: MakcBeluia coaepkainy B cede He TOJIBKO Omrca-
HHE M3BECTHBIX SIBJICHUIA, HO Y TIPE/ICKa3aHNe HOBBIX, OTKPBITHIX TOJIBKO BIOCJECTBHHY, B TOM YHCIIE
MIPe/ICKa3aHue CYIECTBOBAHUS IEKTPUIECKON MHAYKIMK U pagroBonH. OHU He cofepKasy JIUIIb
OJIHOTO — B HUX HE OBbLJIO OIMUCAHMS IBUKEHUSI U HUYETO OTHOCSIIIETOCsI K CBETOBOMY 3(PHpY U €ro
MOPA3UTETLHBIM CBOMCTBaM. D(PHp MpOCTO ocTajcs 3a OOPTOM Teopur MakcBellia, HO 3TO HUKaK
HE MeIajo el YBepeHHO NOMOraTh pa3BUTHIO HayKU. Jisi HEKOTOPHIX yUEeHBIX 3(pUp CTall MPOCTO
CHUHOHHMMOM ITyCTOro mpoctpaHcTBa. Co BpeMeH OTKPBITUSI IEKTPOMArHUTHOTO U3ITyYeHUs U JeK-
TPOMArHUTHBIX BOJIH, MPOIILJIO MHOTO BpEeMEHH, HO HayKa TaK W He Jaja OOBSICHEHHUS IO OJHOMY
OYEHb Ba)KHOMY BOIpocy. UTO Takoe 3JIeKTpOMarHuTHast BOJHa? 3BYK KOTOPbIN MbI CIIBILINM, SIBJISI-
eTCsl aKyCTHUECKMM KosieOaHHeM, TO eCTh BOJTHA, KOTOpasi paclpocTpaHsieTcsi B Bo3ayxe. Bo3myx —
e€ ornopHas cpepa. /s pacnpocTpaHeHHs] aKyCTUUYECKOM BOJIHBI cO cKopocThio 300 m/cek Tpedy-
eTcsl BCEro JIMIIb BO3AyX. A CKOPOCTb 37eKTpoMarHuTHOM BostHBI 299 000 000 m/cex! UTo ke 3TO
3a ONOPHAasi Cpe/ia, B KOTOPOH MOTYT JABUTaThCsl JeKTPOMArHUTHBIN BOJIHBI (OMB). [lo cux
Top 3Ta cpefia (OMOPHBIN JIEKTPOMArHUTHBIN 3¢up) He HalaeHa. bonee Toro, Hayka 100 ner Hazan
BOOOIIIE OTKA3aJIaCh MCKATh 3Ty CaMylo Cpefy.

BriepBble 3apeructTpupoBaHHbe MUKPOCKOIMYECKUE TPOSIBIIEHHS 3TON (hOPMbI MaTepHH, T. €.
HaJmuue (POTOHOB B TIOTOKAX BUAMMOIO U IIBETHOTO CBETa ObUTM OOHAPYKEHBI C MOMOIIBI0 (hOTOI(D-
dekra, T. €. IBIEHUS IPUPOLIBI, CBI3AHHOTO C PE30HAHCHBIM IOTJIOMEHUEM OIHOTO (POTOHA aTOMOM
¥ TIOCJIETYIOIIMM UCITyCKaHUEeM CBOOOIHOTO 3JIeKTPOHA. [{pyriMyu MUKpPOCKOITUYECKMMHU XapaKTepH-
CTUKaMHU UAeHTU(DUKAIK (POTOHOB CITyKaT €ro napameTpbl — 4YacToTa, CIIMH, AJIFHA BOJIHBI, TIOJISIPH-
3a1usi, CKOPOCTh CBETa, BpeMsl KU3HU U T. J1. [ JTaBHOE BcesieHCKoe CBOMCTBO (DOTOHOB — 3TO BOJTHOBOM
npomecc CBOOOJHOTO CAMOJBIIKEHHS STHX YACTHII, He 00JIaIAI0NINX MAaCCOMH, C TIOMOIIBIO KOTOPOTO
sHeprusi SMB MokeT IepeHOCHTCs U3 OHOTO MecTa B ipyroe. OCHOBHBIE MaKpOCKOITMUECKHE Mapa-
METPbI KOJIJIEKTUBHOT'O IepeHoca CBOMCTB (POTOHOB — 3TO (DPOHT BOJTHBI, IJIOTHOCTh IMOTOKA YaCTHII,
BOJIHOBBIE (h(hEKTHI, JaBJIEHUE CBETA, APKOCTH U T. JI. JJOCTOBEpHO yCTaHOBJIEHO 17151 POTOHOB PajIvo-
BOJIH, YTO Ha PacCTOSIHUM OT UCTOYHMKA He Oosiee 1/6 MJIMHBI BOIHBI MPe0OIaiaoT moas® mHayK-

64 l_[pem)mymaﬂ rj1aBa — IIPOCTPAHCTBA U MaTepus, 10Jisd CTAHUOHAPHBIX UICTOYHUKOB.
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MM OT CTAllMOHAPHBIX UCTOYHUKOB (QHTEHH NEpPEeIaTYMKOB), U 3TO MPOCTPAHCTBO YCJIOBHO CUMTA-
ercst 30HOi MHAYKIuK. Ha Gosee 1an€kux pacCTOSIHUSX MPeo0IaJaloT Mo W3JIydeHUs1 BUXPEBBIX
WCTOYHUKOB — T0JISI BAXPOHOB, CO3/JAIONIMX IEKTPOMarHuTHbIe BOHB (DMB).

JvHamMuueckasi CTpyKTypa mHosieil m3JydeHus1, pa30BOro MpoCTpaHCTBA aTOMHOIO (poToHa
1 (POTOHOB JIPYIHIX IEKTPOMArHUTHBIX KBAHTOB® IO CMX MOp HeM3BeCTHA. MexaHu3M uX W3Iy-
YeHUs ¥ TOIJIONIEHHs, CAMOJBIKEHHE M CAMOTIOAIePKaHNe CTAOMIIBHOCTA 4acTOThI, OECKOHEUHOE
BpeMs KU3HU, JJTUHA [Ty THU B ITYCTOTE KOCMOCA M «KPAaCHOE» CMEIIICHUE, a TAaKXkKe CTPYKTypa (pa3oBOro
00bEMa — 3T0 KJIK0Y 151 moHuManus Beeir CTpykTypbl Mupo3aanus Beeaennoi. Jlo cux nop
HU OJIHa TEOpHUs, T. €. HU KJIACCUYECKasl 1eKTPOIMHAMUKA, HU KBAaHTOBAs1, HU MOAU(ULIMPOBAaHHbIE
ypaBHeHUs1 MakcBeJsula, HU TOJICTbIE KHUTH 10 ONTHKE, HU MHOTOYMCIIEHHbIE COBPEMEHHBIE TPAKTaThl
10 JIa3epaM, CBETOBOJIaM M BOJTHOBOJIAM, PA/IMOBOJTHAM M aHTEHHAM, HU MyOJIMKAIIY 110 SJIeMeHTap-
HBIM YacCTULIAM, aTOMHOMY U SIIEPHOMY U3JIyYEHUIO He CMOIJIM OTBETUTh Ha CJIEyIOIIE BOIPOCHL:

— KaKOB MEXaHW3M [TPOU3BOJICTBA SIBJIEHUS NHTEP(EPEHLIMU IEKTPOMArHUTHBIX BOJIH OT JBYX
MEPEMEHHBIX UCTOYHUKOB U3JTy4YeHUsI

— (POTOHBI TEKTPOMATHUTHBIX BOJIH PACIPOCTPAHSIOTCS TOJIBKO B 3(pHpe UM CrIocOOHBI pac-
MIPOCTPAHATHCA U B HEBEIIECTBEHHOM ITPOCTPAHCTBE

— Kakue (pu3nyecKkue nporecchl OIMYAT 30Hy HHAYKIMH OT 30Hbl H3JIy4eHHUsI U BOJHO-
BOM 30HbI

— B 4€M COCTOUT MEXAHU3M IPUPO/Ibl HHAYKIIHH, H3JIy4eHUs U BOJHOBOM 30HbI (POTOHA

— KaKOB MEXaHU3M B3aMMHOI MHAYKLIMU BUXPEBBIX MEKTPUYECKUX U MATHUTHBIX MOJIEN

— B UEM 3aKJII0YAETCS] MEXaHU3M (PU3NYECKOU MPUPO/BI CBA3M NMOCTOsIHHOM [11aHka co ciuHoM
MHUKPOYACTHI] — KAKOBA MTPUPO/a CIIMHA U MAarHUTHOIO MOMEHTa (pOTOHA

— NIOYEeMY CIHH Yy JIeKTPOHA MOJTYIEJbIi, a Y (DOTOHA paBeH 1iesioit noctossHHOH [lnanka

— YeM OT/IMYaeTcss MEXaHU3M 0e3MacCOBOr0 CaMOJIBMKEHHUsI (DOTOHA OT JABMKEHMS YaCTHUI]
C Maccomn

— 4TO OTVIMYAET J1B€ (DOPMBI SHEPTUM B BUJE JBHKEHHUS OT BU/A NIOKOS

— TIoYeMy pa3Mep 00JI1aCTH U3TyUeHUsT aTOMHOTO WU SIIEpHOTO (pOTOHA HAa MHOTO JeCATHYHBIX
MOPSAIKOB MEHBIIIE €r0 AJIUHbI BOJIHBI

— YTO MOXKET BBI3BIBATh BpAIlleHUE EKTPOMArHUTHBIX IMoJied B (pa30BOM 00BEME (POTOHA,
0 YEM CBUJETEILCTBYIOT CIHMH, (popMa Nossipru3auus v nocrosiHHas Ilnanka — nouemy cKopocTb CBeTa
B IyCTOTE BaKyyMa He 3aBUCUT OT COCTOSIHUS IBUKEHUS U CKOPOCTH UCTOYHMKA €ro U3J1y4eHHU s, BCe-
IAa MOCTOSIHHA U1l BCETO CIEKTpa 3JI€KTPOMarHUTHBIX BOJTH

— (pOTOH M3TyyaeTcsl B CBSI3U C MU3MEHEHHWEM COCTOSIHMSI JIEKTPOHA B I0JIE€ aTOMHOIO SJ1pa,
a 4TO M3JTyYaeT aHTeHHA paauorepeiaTunKa

— MOKHO JIM KaK TO CBSI3aTh TaKU€ pa3IMyHbIE SIBJICHMS, KAaK MEXaHU3M U3J1y4YeHHUs] aHTEHHOW
PaIMOBOIIH C MEXaHU3MOM pPa30orpeBa BUXPEBBIMU TOKAMM CIUIOIIHBIX BEIIECTB B MUKPOBOJIHOBOM
MIeYM, C HABEICHUEM 3. 1. C. MHAYKIIMA BO BTOPUYHBIX OOMOTKAX TpaHC(hOPMATOPOB, C BUXPEBBIMU
TOKaMH B CEpIEUYHMKAX MarHUTOIPOBOJOB, C BUXPEBbIMU MOTEHIMAIAMHU B YCKOPUTEJIE IEKTPOHOB
B OeTaTpoHe

— KakoBa CTPYKTypa CaMOIBMXKYILIETOCS U CaMOIOJIEPKUBAIOLIErocsl (pa30BOro MHUKpPOIPO-
cTpaHcTBa (pOTOHA, HA KAKYI0 Cpedy-CyOCTaHIIMIO OH OMUPAETCs B IBUKCHUN

— noyeMy (pOTOHBI MOTYT OBITH TOJISIPU30BAHHBIMH, B YEM MpUpofa 3Toro 3¢ dexra

—YTO 32 MEXaHU3M OTBevaeT 3a (popMy NOISIPU3ALUU — TMHENHYIO, KPYTOBYIO, SJUIMITUYECKYIO
UT. A

— noyeMy (POTOHBI IBUXKYTCS MPSIMOJTMHEMHO OT UCTOYHMKA, & TIPU OTPAKEHUM OT ONpe/IesIEH-
HBIX Te€J — YIoJjl MaJIeHUs1 paBeH YIJly OTPaKE€HUs, B YEM (PU3MUECKUI CMBICI IIPEIOMIIEHHS ITyUKa
CBETa Ha I'paHuULIE IBYX Cpejl

65 N3 Bcero n3BeCTHOIO AMarna3oHa 9JIEKTPOMArHUTHBIX BOJIH.
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— KaKOB MEXaHU3M IOIJIOIIEHUS IEKTPOHOM (DOTOHA B aTOME, BE/lb [UIMHA €0 BOJHbI MHOTO
OoblIIe pa3Mepa Jake CBSI3aHHOTO JIEKTPOHA

— KaKOB MEXaHU3M JieJieHrs1 (DOTOHA Ha JBa B TIOJIE aTOMHOTO sipa ¢ 00Opa30BaHUEM MAaCChI
JIEKTPOHA U MO3UTPOHA, UJIU NApbl MIOOHOB

— KaKoBa MPHUPOJIa MEXaHU3Ma BOHUKHOBEHHUSI €OPOMIEBCKOIM BOJIHBI ABUXKYIIUMUCS MUK-
pOYACTULIAaMU, TIPU KAKUX YCJIOBUSAX U C KAKOM YaCTOTOW IMPOUCXOIUT OTPBIB (POTOHOB je bpoiins
OT THX YaCTHII ¥ TPOMCXOAUT JIM OH BOOOIIIE, T. €. MpodiemMa cOpoca MHAYKTUPOBAHHOW SHEPTUM

— KaKOB MEXaHU3M 00pa30BaHusI aJpOHOB Ha KOJUIAliepax U3 BCTPEYHBIX MyYKOB JIEKTPOHOB
Y TIO3UTPOHOB C [TOPOrOBOM HEPruel HeHaMHOTo npeBbianoien 1 [

— YeM OTJIMYAIOTCS CTPYKTYpPhI (pa30BBIX 0OBEMOB ME30HOB OT (DOTOHOB IO CBOEH CTPYKTYPE,
Be/Ib CIIMHBI Y HUX 1IEJIOUUCIIEHHB], T. €. 0 win 1

— MI0YEMY Macca IMOKOSI 3JIEKTPOHA B TOYHOCTH PaBHA SHEPruM (POTOHA, KOTOPBII U3JTydaeTcs
IIPU MCYE3HOBEHUH €TI0 Macchl, KAKOBBI CBOMCTBA 3TOr0 (POTOHA, KAaKOBa CTENEHb U hopMa MoJIsIpH-
3aUuu

— KaKOB MEXaHWU3M aHHUTWJISLMU [1apbl YACTUIIAAHTUYACTHULIA, TPUBOISILIMI B KOHEYHOM UTOTE
K 00pa30oBaHuIO (POTOHOB U KAKOBBI CBOIMCTBA STUX KOHEUHBIX (DOTOHOB, CTENeHb U (hopMa MONsIpu-
3aUuu

— KakoOil MEXaHuM3M IpeBaJHpyeT B «KPAaCHOM» CMEIIEHHMH KOCMMYECKUX (POTOHOB
U3 HECKOJIKMX U3BECTHBIX.

AtoMHBII (hOTOH 00JIaaeT BHYTPEHHUMH U BHEITHUMU (PU3NYECKUMH CBoWcTBamMH. K BHYT-
PEHHUM CBOMCTBaM CJIeyeT OTHECTH YaCTOTY U LEJIOYMCIIEHHbIN CIIMH (POTOHA, OJISIPU3ALIMIO, OTCYT-
CTBHE MACCHI U 3aps/ia MOKO0s1, OECKOHEYHOE J0JIrOe BpeMsl KM3HU, BOSMOXXHOCTD MPOSIBJICHUS KOP-
ITYCKYJISIPHBIX CBOWCTB, IIPY U3JTy4YE€HUM U noryomeHny. [1pu 3Tom, cambIM 3araloyHbIM CBOMCTBOM
(poTOHA, KOHEUHO ke, SBJSETCS €ro CIIUH.

K OCHOBHBIM BHEIIIHMM CBOWMCTBaM OTHOCSTCSI:

— NPSAMOJIMHENHOCTD JIBUKEHUS C IOCTOSIHHOM CKOPOCTBIO CBETa

— y4acTHe B JIEKTPOMAarHUTHBIX U IPAaBUTAIIMOHHBIX B3aMMOJEUCTBUSX

— BO3MOXXHOCTb HEYIPYrol NepeJayd CBOEW SHEPruM IMOJHOCTBIO CBSI3aHHBIM 3JIEKTPOHAM
B atoMax ((poroapdeKT) win 4acTsiMu, B COOTBETCTBUU C KOMITTOH-3(peKkToM

— JeJnieHue 3anoporoBoro otoHa ¢ sHeprueit Boime 1022 K9B Ha 1Ba ¢ 0Opa3oBaHUEM 3JIeK-
TPOHA U MIO3UTPOHA (WMJIM Mapbl MIOOHOB) B 10JI€ aTOMHOTO si/ipa (O/IMH U3 YPOBHEW UHTET pallui-KOH-
JEHCAllMU SHEPIUU B COCTOSIHUM TOKOS, T. €. B (hOpMe 3apsiia MacChl) IPU JOCTUKEHUN UM HEKOTO-
POVl MOPOroOBOIl SHEPIUU

— POX/IeHHE aIPOHOB Ha KOJIJIai/iepax U3 YCKOPEHHBIX JIEKTPOHOB C yJacTHeM UX JeOpoiiieB-
CKUX (POTOHOB IPY MOPOTOBBIX SHEPrUsAX Mpepblamx 1 'IB, eme onuH ypoBeHb HHTErpaluy
SHEPruu B COCTOSIHUU MOKOS

— MPOSIBJIEHNE BOJHOBBIX CBOMCTB AU(Mpakuuu U MHTEPEPEHUMH, TIPU KOJUIEKTUBHOM JIBU-
KEHUM OJMHAKOBBIX M CUH(A3HBIX OTOKOB (POTOHOB, YTO OTJIMYAET UX OT CBOICTBA AaHHUTWJISLIUH,
KOTOPOE MPUCYIIE JHUIIb KOPITYCKYJISIPHBIM MUK pPOYaCTULIAM

— 3¢ @EeKTh OTpaKEHUs U NMPEJIOMIIEHUS HAa IPAHULIE IBYX CIUIOLIHBIX Cpe[

— U IpyTYe U3BECTHbIE CBOMCTBA U3 Pa3IMYHbIX TUANa30HOB YACTOT IEKTPOMAarHUTHBIX BOJIH,
Halpumep, pajnoyacTor.

@DOTOHBI U MEKTPOMArHUTHBIE KBAaHTHI U3 APYTMX BO3MOXKHBIX YACTOT POKAAIOTCS NP Iepe-
XOaxX MUKPOYACTHUI®® B OCHOBHOE COCTOSTHHE M3 BO30YKAEHHOTO. DTOT MPOIECC BO3BMOXKEH, KaK
B COCTOSIHUM OTHOCHUTEJIBHOTO TOKOSl, TaK M ABMKYILMMUCS MUKPOYACTHIIAMH, T. €. U3JIyuYeHHEM
NeOpOIJIEBCKMX KBAaHTOB,  TAKXkKe C TIOMOIIBI0 BCEBO3MOKHBIX TEXHUYECKUX CPeACTB®’ — aHTEHHBI

66 Hanpuwmep, ni1st Bonopoaa sto cepun ¢otoHoB bansmepa, Jlaiimana u [Namena.

7 Opnaxo B sTOM clly4ae yxke pOXAAI0TCS «TsKENbIe» IeKTPOMAarHUTHbIE (DOTOHBI.
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U T. 1. Bpems xu3HU (POTOHOB — OECKOHEYHO [IOIT0€ B BaKyyMe KOCMHYECKOTO MPOCTPAHCTBA,
OJIHAKO BCJIEJICTBUE BCEBO3MOKHBIX PACCESIHUM HA EKTPOHAX, aTOMaX M MOJIEKYJ UX CPOK KU3HU
3aBUCHUT OT TOU CPEAbl, I/I€ OH JABUKETCS.

Tem He MeHee, ITTaBHOE BHEIIIHEE CBOMCTBO (DOTOHOB, KOTOPOE OTIIMYAET UX OT IPYTUX JIEMEH-
TApPHBIX YaCTHI] U MPOSIBIISIET UX B KOCMOCE Bakyyma BcesleHHOH, CBsi3aH ¢ OECKOHEUHO JJOJITUM CpO-
KOM ’KH3HH — 3TO €10 CAaMOABHMKEeHHe ITyTEM HE KWHETUYECKOTO [IepeHOca KBaHTa SHEPTUU MaTepuu
aKTUBHBIM (Da30BBIM MHUKPOMPOCTPAHCTBOM Ha OECKOHEYHO JJIMHHBIE PACCTOSHHUS, T. €. CBepXTe-
KyuyecTb (DOTOHOB B YCIOBHSAX KocMoca. M, Kak Tenepb yke U3BECTHO, ITUM CBOMCTBOM (DOTOHBI
00s13aHbI, MPEkIEC BCErO, CBOEMY CIIMHY PAaBHOMY E€IWHHUIIE, KOTOPBIM MOKA3bIBAET, YTO YACTHUIIA
HaXOJIUTCS B COCTOSIHUM CaMOJBMKEHUSI U TIPH 3TOM [TPOUCXOIUT NEPUOANYECKOE MOJIHOE KBAHTO-
BOE MpeoOpa3oBaHNe HOCUTEJsI KBaHTa MHAYKTHPOBaHHON sHeprun. Kak naseiie OyaeT rnmokasaHo,
HOCHTeJIeM KBaHTa UHAYKTUPOBAHHOW SHEPIUU B (DOTOHE SBJISETCS MepeMeHHbIN 110 3HaKy U 3Ha-
YEHUIO BEJIMUMHBI 3apsija MATHUTHBII MOHOMOJIb.

KakoB MexaHu3M uzJydeHusi (poToHa BO30Yy:KAEHHBIM aTOMOM?

Takue cBoiicTBa (DOTOHOB, KaK CIHH, CTENEHb M (popMa NONSIPU3ALUM, CAMOJBHKEHUE, BUX-
peBbie TOKM B CIUIOIIHBIX Cpe/laX, pa3Mep OONacTH M3JTyYeHHs U TOMJIOMIEHUE aTOMHBIM JIeKTPO-
HOM (POTOHA, MEKTPOMArHUTHAS MHAYKIMS U 3. J. C. CAMOMHIYKIMH, a TaKKe aHAJIU3 KPyroBOu
PaBHOBECHOW MIHOBEHHOH OpOMTHI, HA KOTOPOM MPOUCXOOUT YAEPKaHUE YCKOPSIEMBIX IEKTPOHOB
B OeTaTpoHe, MO3BOJISAIOT CHAEAaTh 3aKJKUYeHHe O TOM, YTO BCErja M3MEHsIoeecs 32 KOHEUHbIN
BPEMEHHOM Mepro] (MMITYJIbC HAPSKEHU I UJT OOPBIB TOKA) JIEKTPHYECKOe T0/Ie B TOUKAaX, pac-
TMIOJIOKEHHBIX B 30HE MHAYKIUH CTAIMOHAPHOTO MCTOYHHKA, MIPOU3BOAUT chepooOpa3Hblii U MHO-
roo00JIOUeYHBIN KBaHT-C(hepy BUXPEBOTrO MOTOKA®® MArHUTHBIX MOTEHITMATIOB — MATHUTHBII MOHO-
noJsb (ur. 2.1), T. €. MArHUTHBIA 3aps] CO CBOMM BHEIIHMM MarHUTHBIM IOJIEM — HMCTOYHMK
CaMOJIBUKEHH sT; HOCUTENb KBaHTA MHAYKTUPOBAHHON SHEPTUM — KBAHT JIeOPOIIEBCKON BOJIHBI JBH-
XKYILIErocs MEKTPOHA B MOJIE ATOMHOTIO Si/1pa.

i

"\‘;4

ATTTr—
’ “I\HI I‘ I\'lhwlb IlI| )

dur.2.1 PoxaeHne MarHuTHOro MOHOIIONS B NEPEMEHHOM 3JICKTPUYCCKOM II0JIC B036}7)K,JléH—
HOI'0 aToOMa, B MOMEHT pa3pAAdKU OH U3JTy4acT.

Tak posk1aeTcsi MAarHUTHBIN MOHOIIOJIb® T. €. 3apsiKaeTcs ero CTpyKTypHas cepa. YTto 310
3HAuUT? A 3TO 3HAUUT, YTO B HAYAJIbHBII MOMEHT U3MEHEHUS

NIEKTPUUECKOTO MONs (MM IBMKEHUS JIEKTPOHA) 3apsikaercs: Ooubliasi cepa U3 OIUHA-
KOBBIX MAarHUTHBIX 3€PEHNOTEHIMAIOB, Pa3MELIEHHbIX Ha CHHUPAIAX, 00pa3yolMX MOBEPXHOCTb
9TOi cephl. B creayommii MOMEHT TakUM ke 00pa3oM 3apsiKaeTcsl MOC/IeJOBAaTeIbHO BHYTPEH-
HsAs cepa, HO yxe OOJBIIMX M0 aOCOMIOTHON BEeIMYMHE MArHUTHBIX IOTEHIMAIOB. Tak MPOUCXOAUT
3apsiIka MArHUTHOI'O MOHOIIOJNS JJO CaMOro LEHTpa.

68 U3BecTtHO OITPEICIICHUEC TTOTOKA KaK NapaJjjieJIbHO€ IBUXKCHUC YaCTULL. B mannom CJIyda€ pacCMaTpuBaeTCs BI/IXpCBOfI KBaH-
TOBO-HOCJIC)JOBaTEJIbeIﬁ IIOTOK 4YaCTHII.

0 Bonmzu MOIIHBIX PAJUOTEXHUYECKUX aHTEHH WU IIPU Pa3pbiBE MOIITHOI'O TOKA ITy4YKa JIEKTPOHOB, 06prBe TOKa SJTCKTpH‘{eCKOﬁ

IyTH.
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Takoli MarHUTHBIA KBaHT TOCJIE MPEKpaIeHUus] U3MEHEHUsT JIeKTPUUYECKOro mojs (rpekpa-
IIEHNs] JBUKEHUSI JIEKTPOHA — OOPBIB TOKA) B 3TOM TOYKE M B HayaJie CBOETO MEPBUYHOrO CaMo-
JIBHKEHMSI CTAHOBUTHLCSI ICTOYHUKOM POKICHHS B 30HE M3JIy4eHHs1 (DyH/IaMEeHTaTbHbIX BUXPEBBIX
YaCTHI] — 3JIEKTPOMArHUTHBIX aTOMHbIX MUKPOBHXPOHOB.

Kak 310 mpoucxoaur? Uro 3T0 3a yacTnma, Kak NPOUCXOJUT eé caMOJBHKEHMHe,
Ha KaKylo cpeay-3¢gup oHa onupaercsi B JIBHKeHHH, KAKOBbI OCHOBHbIE €€ cBoiicTBa?

MexaHu3M poXkJIeHHE MHKPOBHXPOHA MPOUCXOAUT CIEAYOIUM oOpa3oM. s HarisaHo-
CTH PACCMOTPUM YIPOIIEHHOE COBMENEHHOE OOBEMHOE TOJe TIOTEHIIMAIOB JByX PaBHBIX U MPO-
TUBOMOJIOKHBIX TOUEYHBIX 3apsnoB (dur. 2.1, cpaBa) aToma BOAOpoOJa — MPOTOHA U JIEKTPOHA,
T. € CTAal[MOHAPHBIX UCTOUHUKOB'’. OHO rpapuyecku COCTOUT M3 ACUMMETPUYECKHU’! COBMEIIEHHBIX
ceprUEeCKUX IKBUMOTEHLIMAIBHBIX TOBEPXHOCTEN C MPOTUBOMOJIOKHBIMU MOTEHUUAIAMH, MEXKIY
KOTOPHIMU HAa PaBHOM PACCTOSIHUHM OT 3THX 3apsJOB MPOXOAMUT IUIOCKOCTB > C TMOTEHIIMAJIOM pPaB-
HBIM HY/T10. CUJIOBBIE JIMHUY HAIIPSKEHHOCTH TOJISI HCXOAAT (YCJIOBHO) U3 MOJIOKUTEIBHOTO 3apsiia
Y BXOJSIT B OTpUIIATESIbHBIA. B MOMEHT KBaHTOBOTO repexozia IeKTpoHa U3 BO30YKIEHHOTO COCTO-
SIHASI B OCHOBHOE YMEHBIIIAETCsl pACCTOSIHUE IO S1/Ipa, MyTEM JABHKEHHUS K HEMY 3JIEKTPOHA — C OJIHOW
CTOPOHBI, MTPOMCXOAUT TPOLECC U3MEHEHHUsI EKTPUUECKOro TMOJIsi B MPOCTPAHCTBE MEXAY COMM-
KAIOUMMUCS 3apsiflaMH, a C JIpyrod CTOPOHBI, ABMKYILMICS JIEKTPOH COITIACHO 3akoHy Jlym ne
Bpoiinsa nomkeH m3nydarh BOJHBL V3MeHEHHE SHEPruM JIOKAJIBHOTO JIEKTPUUYECKOrO IOJIsl BEJET
K M3MEHEHMIO JIOKAJTbHOTO MAarHUTHOTO MoJIsl. Takoi Mpoliecc COMpOBOXKIAETCS COPOCOM SHEPTrUuM
cUCTeMBI B (pOpMe BUXPEBBIX MATHUTHBIX 3apsnoB. UNET ux 3apsaka, cavsiHue U cOpOC-BHIHOC SHEP-
ruv. HanOosbIve 1o BeJTMurHe MarHUTHBIE IIOTEHITHATTBI, 0O0pa3yIolye MoBepXHOCTH cep OnmKaii-
1IMe K UEHTPY, POXKIAIOTCS B CaMblid IOC/IEIHUII MOMEHT, COOTBETCTBYIOIIMI KpaTyaiIlieMy paccTo-
SIHUIO MEXJy 3apsiiaMu. B 3THX TOukax 30HbI HHAYKIMH U pokaaeTcs: chepooOpa3Hblii OO BEMHBIN
MArHUTHBIA MOHOIOJIb MUKPOBUXPOHA MTYyTEM IEHTPAJIbHOT0 U CUH(A3ZHOr0 CJIUSTHUS> MUK-
POMOHOMONEN, 00pPa30BABIIMXCSA HA KaXJIOM M3MEHsIoIeMcs ’* 3epHe-TIoTeHaie 00béma 3Ton
30HbI noJis. [Tporece cuHda3HOro COAMAHUSI-3aPAAKH’> B JIOKAJIM30BAHHOM 00bEME aTOMa JJITCS
BECh KOHEYHBIIi TIeproji KBAaHTOBOTO Nlepexoa 13 Bo30YKAEHHOTO COCTOSIHUSI B OCHOBHOE. 3a 3TO
BpeMsl MPOUCXOIUT POXKJAEHHe MarHUTHOIO 3apsja, T. €. pOCT 3apsiia JO HEKOTOPOW KOHEYHOHN
BEJIMYMHBI — NPsAMON nponecc. OOpaTHbIi npo1ecce — NONIoNEHHe aHATOTMYHOTO aTOMHOT'O Mar-
HUTHOTO MOHOIIOJS Yepe3 MOCPEICTBO B3aMMOJECHUCTBHS IEKTPOMOHOIIONSA BUXPOHA C ITOJIEM aTOMa
B TaKOM k€ TOYKe HEeBO30YXJEHHOro atomMa MepeBOIMT €ro B COCTOSIHKE BO3OYKIEHHUs W (POoTo-
noHuzauuu. [1o 3aBepiIeHnI0 3TOro KBaHTOBOI'O NEpexoAa Ha3BaHHBIN KBaHT-c(epa, KBAaHT MOCe-
JOBaTe/IbHO-BUXPEBOTO MOTOKA MOTEHIMATIOB MAarHUTHOIO MOJISI HAYMHAET MPOLIECC Pa3psSaKu —
CBOE KaHOHMYECKOE MOCTYNATEIbHO-BpalllaTeIbHOE caMoABHKeHue 110 criupaiv. CuHpa3HO ¢ 3TUM
MIPOLIECCOM MarHUTHBIA MOHOIIONb (BUPTYaJIbHBII UICTOYHUK ) HAUMHAET POXKAATh BOJHOBOJ (T10J1€)
U3 3JIEKTPONIOTEHIUAIOB (OTIOPHBIN COOCTBEHHBIN 3(pHP), T. €. BUXPEBOU MOCIEJOBATEIbHBII MOTOK
JIEKTPONOTEHIMAJIOB-3€PEH, KOTOPBIE OH YCTAHABIMBAECT CTAIMOHAPHO B IPOCTPAHCTBE B CTPOIO
reoMeTprueckoM nopsiake (ur. 2.2), 1 IPOTUBOASHCTBYIONIHIA €r0 pa3psiike’® nepeMeHHbIN JJIeK-

70 Mpoton m3nyuaeT 3¢pHa-31eKTPONIOTEHIMAIIEL, & IEKTPOH X MOIONIAET.

n SddekTrBHOE MoJe HAMPSIKEHHOCTH MPEACTABIISIET COOOM JiBe MOTycepsl Kaxaasi, U3 KOTOPBIX SIBJISIETCS] 3ePKAJIbHBIM OTpa-
JKEHUEM JIPYroi OT HyJeBO NMOTEHIMAIBHOM MIOCKOCTH, POXOAIIEH HocepeIHe MEX/AY STUMU UCTOYHUKAMHU.

72 Ecii 9Ty II0CKOCTh pACCMATPHBATH KAK 3¢PKAJIO, TO APYTOii 3apsii OYIET ero 3epKaIbHBIM OTPAKEHHEM.

3 o o

73 310 CBOIICTBO OTBET-060CHOBAHHE Ha TEXHOIOTHIO IPOM3BOICTBA MEKTPIUUECKON KOMITPECCHH SHEPIHH METOIOM YKOPOUEHHST
HIMITYJIbCA HaITPsDKEHMsI BIUIOTD JI0 TUKOCEKYH/THBIX 3HAYEHHUI.

7 Mismenenue NpOMCXOMUT Garofaps CTATHYECKON MHAYKIMK CO CKOPOCTHIO MHOTO GOJBILIEH CKOPOCTH CBETA 110 MEXAHU3MY,

MOTPEHHOMY B IIpE/IbIIYIIEH TJIaBe.

ACCMOTPEHHO e eii r1aBe

75 3amerim, uTo 3apsiIKa GOPMUPYET BHELIHEe BXOASILEE T0/Ie, U TONBKO LSl TAKOTO [OJsl CBOMCTBEHEH IIPOLIECC CAMSTHMS 00b-
e[IMHEHHsI MUK POMOHOIIOJIEH OHOTO 3HaKa.

76 MioGas cucrema MarepyH, JOCTUTHYB PaBHOBECHOTO COCTOSIHHSI, CTPEMUTCSI €r0 COXPAHUTh — 3TO 3aKOH COXPAHEHHsI SHEPIrUU
cucrembl. [Ipu pa3psiake IPOMCXOAUT YMEHBIIEHNE SHEPTHU — 3TO MPUBOAUT K MHAYKLIMHU MEKTPUYECKOTO MOHOIIONSI, TPOTHBOJICH-
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TPHYECKUH MOHOMNOJb, WHIYKTUPYIOIIMN MPOTUBOIMOJIOKHBI MAarHUTHBIN 3aps] — 3TO U €CTh
aKTUBHBIN (pa30BbIid 00BEM (1/4 ITMHBI BOJIHBI) IEPBUYHOTO ATOMHOTO MUKPOBUXPOHA, WJIH ONOP-
HBIIl 3JEeKTPOMArHUTHBIN 3(pUp-cpea NMoAAeP KIBAIOIINI NlepeMelieHle CryCTKa dHep-
rud B (popMe nepeMeHHOro MAarHUTHOrO 3apsifa. Takoil caMoaBUXyIMiACs (ha30BBI 0OBEM
U TIPeJICTaBIIsIeT COOON aBTOHOMHBIN KOJIeOaTeIbHBIN KOHTYP (MHIYKTUBHOCTh, EMKOCTh U HArPYy3Ka),
B KOTOPOM MAYT KOJIeOaHHs ¥ TOK MAarHUTHOTO 3apsifa Yepe3 MOCPEACTBO MEPEMEHHOTO IeKTpHye-
CKOTO 3apsija.

R T

©
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@ur. 2.2. Cxema BOTHOBOAA (POTOHA U3 3EPEH-IEKTPONIOTEHIAJIOB

STOT NMPOTUBOAEHCTBYIOIIMI MHAYKTHPOBAHHBIA JIEKTPOMOHONONb B JIBUKEHUHM OJHOBpE-
MEHHO BO30YykJaeT-3apsikaeT B (pa30BOM 00bEME Ha ynaseHuu 1/4 1yIuHbI BOJIHBI OT y371a (Havyasa
Pa3psAAKM) MUKPOBUXPOHA COOCTBEHHOE BCTPEYHOE BTOPMUHOE MAarHUTHOE BUXPEBOE 10J1e — chepy
3apsUKAIOLIErocs M JBHKYLIErOcsl BTOPUYHOTO MPOTHBOMOJI0KHOI0 ¥ aHAJIOTUYHOTO MarHUTHOTO
MOHONOJIsL. BTOPUYHBI MarHUTHBI MOHOIIONb TaKkKe, KaK W MEpBUYHBIA cpa3y ke HaAYMHAeT Mpo-
M3BOJMTH CBOIO YacTh BOJHOBOJA M3 JIEKTPOINOTEHIMANIOB, HaunHas ¢ 1/4 myunbl BoiHbl. Cepa
BTOPHYHOI'0 BUXPEBOI'O MOTOKA MArHUTHBIX MMOTEHIMAJIOB MIEPEMEHHA MO BEIMYMHE U MOJTHOCTHIO
U/IEHTUYHA NIEPBUYHOMY, HO ITPOTUBOIIONOKHA 110 HAIPABJIEHHUIO CUJIOBBIX JIMHUMA (110 3HAKY) — CBU-
JETeIbCTBO UCTIOJTHEHHS] 3aKOHA COXPAHEHUs CpeTHEN SHEPTuM, T. €. IOOUepENHAst CMEHa HOCUTEIS
KBaHTa MHIYKTUPOBAHHOW SHEPTrUM CO 3HAKOM IUTIOC HA KBAHT CO 3HAKOM MuHYyc. Jlanee, Bech 3apsij
NePBUYHOTO MarHUTHOTO KBAaHTA yepe3 MOCPECTBO CUH(A3HOTO MPOTUBOJENUCTBYIOIIETO IEKTPO-
MOHOIIOJISI NIEPEXOAUT BO BTOPUYHBIN, HO C MPOTHBOMOJIOKHBIM 3HAKOM — TaK POXKAAETCS yKe BTO-
PHMYHBII MHKPOBHXPOH ontuyeckoro ¢otoHa Bogopona. Utak, 3apsiaka — poxjeHue cdepbl
MarHMTHOTO 3apsAa (MCTOYHMKA), pa3psiiIKa — 3TO ero NocTynarejbHO-BpallaTe/ibHoe caMOo/ABH-
’KeHHe C OTIOpOoii Ha CO3/1aHHbIE UM 3EPHAa-3JIeKTPONOTEeHIMAIbI CIMPAILHOIO BOJHOBOAA (TI0JIE).
3/1ech yxe MOXKHO KOHCTaTUpOBaTh, YTO (ppeHeseBCKUil 3¢pup (OTOH co31aET cede caM U CIoco-
OeH JBUIaThCs JaKe B HEBELIECTBEHHOM ITPOCTPAHCTBE, T. €. ISl paCpOCTPaHEeHUsI CBeTa He Hy)KHa
cpena, Kak OHa HeoOXoAuMa JUTsl IBUKeHUs 3ByKa. Jlpyrumu cinoBamu, (hOTOH CIIOCOOEH CO3/aBaTh
cebe COOCTBEHHbIN OMOPHBIA JIEKTPOMArHUTHBIN 3uUp, T. €. JMHEHHOe BEelIeCTBEHHOE POCTPaH-
CTBO — TPEK BOJIHOBO/IA U3 JIEKTPONOTEHIIMAJIOB, 3AIUIIEHHBIA MPOTEKTOPHBIM MarHUTHBIM MOJIEM.
B 3TOM npoliecce MpOMCXOIUT TaKkKe POskAeHUE CUH(A3HOTO NMEPEMEHHOTO U IIPOTUBOJAECHCTBYIOIIETO
NIEKTPUUYECKOr0 M MAarHUTHOTo MoHonosiei. Oco0o crielyeT OTMETHTh, YTO BO BpeMsI 3apsiIK/ IPOTH-
BOIIOJIO’KHOTO MAarHUTHOTO MOHOMOJI51 IPOTUBOJENUCTBYIOIIMM JIEKTPUYECKUM, HE TIPOUCXOAUT MPO-
1iecca MpoOTUBOAEHCTBUS ¢ MHAYKIMEN COOTBETCTBYIOLLETO IEKTPOMOHOIIONS. Bpems B 06oux mpo-
1leccax OIMHAKOBO M PaBHO BPEMEHM Iepexojia aToMa U3 BO30YKAEHHOTO COCTOSIHUSI B OCHOBHOE —
o710 1/4 nepuona ¢oroHa. Utak, OAHUM U3 T'eHepaTOPOB MArHUTHBIX 3apsi/IOB SIBJISIETCS KBAaHTOBBIN
nepexof] eKTPoHa U3 BO30YXAEHHOIO COCTOSIHUS B aTOME B OCHOBHOE — COpOC M3JIUILIHEN SHEp-
TMU CUCTEMBI JJIsl COXpaHEeHUsI CpeJJHEl, CBOMCTBEHHOM ISl JAaHHOTO OKPYXXEHUsI BHEIIHUX MOJEH.
OnHUM M3 OCHOBHBIX CBOWMCTB *KM3HM MAarHUTHOIO MOHOIOJISI — 3TO €r0 MHOTOCIOWHO-00BEMHAs

CTBYIOLLIETO MPOLIECCY PA3PSIAKHL.
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CTpyKTypa’’ u3 chepruecKux Crimpaiei, yBeIMurBaioniasics Mo BeJIMYMHE 3apsia K HEHTPY, KoTopas
1 00ecreurBaeT HelpepbIBHOE KAHOHMYECKOE BPaIaTeJbHO-NOCTYNIaTeIbHOe JBUKEHHe.

Takum 00Opa3oM, eciad TpPeACTaBUTh MPOMEKYTOUHBI MOMEHT BpeMeHu Ha 1/8 mepumona
B (pa30BOM 0OBEME BHXpOHA TMOCIIE HaYasla CAaMOJBHKEHHSI TIEPBUYHOTO MOHOIOJISI, TO BO3HUKAET
BTOPUYHBIN MarHUTHBIA MOHOIIOJb B TOUKe 3/8 mepuoaa yepe3 nocpeacTBO MPOTUBOAECUCTBYIOLIETO
MEPBUYHOMY JIEKTPUUYECKOrO MOHOIIOJIS, KOTOPBIH YK€ paBeH MOJOBUHE MEPBUYHOIO 3apsia — 3TO
€IMHCTBEHHbIII MOMEHT CYIIECTBOBAHUSI B BUXPOHE CUMMETPUYHOIO MarHuTHoro aunois. [1o mepe
M3MEHEHHU S 9TUX B3aUMOJEHCTBYIOIIMX BUXPEBBIX MOJIEW U 3apsIKAETCsl POTUBOIOJIOKHBIA MarHUT-
HBII MOHOIIOJIb, OTIepeKalonii epBUYHbIN Ha 1/4 nepuona. Yepes 1/4 nepuona nepBUYHbBII MarHuT-
HBIII MOHOIOJIb MCYE3a€eT, HO Ha 1/2 1yiMHBI BOJIHBI (POTOHA 3apskaeTcs TAKOM ke C MPOTUBOMOIONK-
HBIM 3HaKoM. U teneps yike rpouecc onsrb NOBTOPSIETCS, HO C TPOU3BOJACTBOM IPOTUBOIOIOKHBIX
IO TMOJISIPHOCTH JIEKTPUUECKUX MOTEHLIMAIOB CIIMPAIM BOJIHOBOJA U HA HOBOM, T. €. 1/2 nyvHbI
BOJIHBI — MECTE B [IPOCTPAHCTBE U YK€ B 30HE U3JIy4eHHsI. BCE 3TO IporcxoauT B aKTUBHOM [IBU-
XKYIIEMCSI JIOKAJTM30BaHHOM BHXPEBO-I10J1€BOM MHKPO0OBEMeE, OCHOBHOE CBOMCTBO KOTOPOTO —
3TO CBO0OJHOE CAMOJBUKEHNE HOCUTESI MIHAYKTUPOBAHHOW SHEPrUUH B (hOpMe MarHUTHOTO MOHO-
TOJISI B IPOCTPAHCTBE. DTO U €CTh CBOOOHBIN OUIOJISIPHBIN AaTOMHBII MUKPOBHXPOH, aKTUBHBIN
00BEM KOTOPOTO B YETBEPTH BOJIHBI COIEPKUT JBA TIEPEMEHHBIX M MPOTUBOIONIOKHBIX MAarHUT-
HBIX, O/IUH IPOTHUBOJEVCTBYIOIIMI pa3psAKe NEPBUYHOTO CUH(A3HBIN IEPEMEHHbIN EKTPUIECKUI
MOHOIIOJIb ILTIOC YaCTh BOJTHOBO/IA U3 JIEKTPONOTEHIIAAIOB.

Paccmorpum 3TOT mporiecc Gosee AeTaTbHO HAa OJHOM M3 MHOXECTBA 3€peH-TIOTEHIHA-
JIOB aTOMHOTO 00BEMA M3MEHSIONIEr0ocs MeKTprueckoro nojst. Korma HacTtynmaeT Havasio u3MeHe-
HUA'® 9TOTO MEKTPUUECKOrO TOJIsI, BOKPYT KakJIOro M3 3¢peH-TOTEHIIMAIOB BO30YykaaeTcs: cepu-
YECKUI1 BUXPEBOW IMOTOK CIMpPAJIel MOTEHUMAIOB-36pEH MarHUTHOIO MOJIsl, KOTOPbIH MPOIOIKAET
MIPOPACTaTh B LIEHTP K 3€pHY A0 TeX MOp, MOKa U3MEHEHUE HE 3aKOHUYMTCS. B HayaslbHbII MOMEHT
U3MeHeHus (opMupyeTcs BHEIHA cepruyeckas cnupajib MarHUTHBIX 3€PEH B CPEAHEM OIHOTO
3HaueHus Oosbinero auameTpa (¢wur. 2.1, ceBa), KOTopas pu JajbHEHIeM U3MEHEHUN TIOCTETIEHHO
MEPEeXOIUT Ha MEHBIIUHI AuamMeTp cepbl — npoiiecc 3apsaku. Haumensinemy aquameTpy cdepsl COOT-
BETCTBYET OKOHUAHME M3MEHEHUs JIEKTPUYECKOro MOoJisi M MAaKCMMaJbHOE 3HAau€HHE MarHUTHBIX
MOTEHLMAJIOB. DTO COOTBETCTBYET MPOLIECCY — MAarHUTHBIA MOHOMOJIb 3apsAWIICS O HEKOETO CyM-
MapHOI'0 MaKCHMAaJIbHO BO3MOHOIO MarHMTHOIO 3apsija. MarHuTHble 3€pHa-MOTEHIMAJIbI TAKOTO
00BEMHOTO c(hepuyecKoro BUXpsi ITOTO MArHUTHOTO MOHOIOJIsI, HENPEPBIBHO YIOXKEHHBIE CITU-
paJisiMM Pa3HOrO JMaMeTpa Ha KOHLEHTPUUYECKUX cdepax pa3HOro paauyca, o CTPyKType Mak-
CUMAJIBHO TIPHOJIMKEHBI K IIEHTPATBHOMY JIEKTPUYECKOMY 3€pHY-TIOTEHIMATY. DTO MPHOIKEHIEe
3aBUCUT OT CKOPOCTH, BpeMeH! HW3MeHEHUsI JIeKTPUYECKOro mojsi’”, a Takke IJIOTHOCTU €ro
3€pEH-MIOTEHLIMAJIOB 3TOrO MO — 3TU NapaMeTpbl U ONpeAeiseT BeJIMUMHY CO3aHHOTO MarHuT-
HOTO 3apsiia ¥ pa3mep cepbl ero o0béma. Torna cOOTBETCTBEHHO M YaCTOTHBIE XapAKTEPUCTHKH
IBWXKEHUs CIUpaM Ha cdepax OoMbliero avamerpa OyayT OTIMYaThCsl OT YAcTOT HAa CHMPAJIsX
MEHBIIETO IMaMeTPa B CTOPOHY YBEJIMYEHHUs. DTOT BUXPb BO BPEMs1 TAKOTO U3MEHEHUsI NEeKTpUYe-
CKOTO 1oJ1s1 ChepUIecKH CKUMAETCs® BHYTPb BJIOJIb PaJIyCOB CBOUX CHJIOBBIX JIMHUI. [Ipruem, uem
OoJbIIIe CKOPOCTh U3MEHEHHSI Y 3HAUSHUsI MApaMeTPOB TOJIsl, TEM MEHbIIEe JOCTHTaeMbIl paanyc
cepsl, ¥ TeM OOJbIle 3HAYCHHUS U IVIOTHOCTh MOTEHIINAIOB-3EPeH (KOMITPECCH S SHEPIUY MaTepUH
B (hopme m060ro TUMa MOHOIOJIST) MArHUTHOTO TOJISI HA €AMHUILY IJTMHBI CIIUPAIA M UX 4acToTa.
[Tpu 3TOM ClieyeT OTMETHTh, YTO Hanbosee BaKHYIO POJib 3aHMMAET MPOIECC TeHepalvy MJI0THO-
CTH 3€pEH-NIOTEHIIMAJIOB Ha €/IMHUILY JJIMHBI CIMPAJIM BOJIHOBOA. B 351eMeHTapHBIX Mpolieccax MUK-

7T Takas CTPYKTYypa NONTBEPKAACTCS CAMOJIBHKEHHEM (DOTOHA, JUTMHOW TpeKa B KOCMOCe.

8310 MPOLIECC EKTPOCTATUIECKON MHAYKIIMH, B 30HE MHAYKIIMM OKOJIO CTAlJMOHAPHOTO MCTOYHHUKA.

7 [pu aHanornaHOM (POPMUPOBAHUI MATHUTHOTO 3apsi/ia TEXHUIECKUMH CPEICTBAMYU — STO UMITYJIC HANPSIKEHU ST BOJIM3U UCTOU-
HUKa, €ro MepeJHAN WU 3aJHUI (DPOHT U TOK B TAKOM MIMITYJIbCE.

80 Ckumaercs B cllydae, eciv JIeKTPOH B aTOMe NEPEXOIUT B OCHOBHOE COCTOSIHUE, T.€. IBHKETCS 110 Pauycy K sapy.
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poMatepuy TUIOTHOCTh KOMIIPECCHU SHEPruM 3apsia MOXET YBEJIUUMBAThCS JIMIIb 32 CUET CJIUS-
HHSI OTUHAKOBBIX MarHUTHBIX MOHOIOJIEH B JIOKAJIM30BAHHOM O0BEME aTOMa WU SIAPa B MOMEHT UX
3apsiAKU. B mpolieccax ke ¢ ydacTUeM 3JIeKTPOpa3psIHBIX KJIaCTepoB (MOTHHUM) aTOMHO-MOJIEKY-
JISIPHOTO BEIECTBA, CHelUaIbHbIe TEXHUYECKHE IEKTPOPa3psiibl MKy JByMs MEKTPOIAMU WA
B3pBIB MTAKeTa MUK POITPOBOJIOYEK — TOT apaMeTp MarHUTHBIX MOHOTIOJIEH, OTPe/IeIISIIOIINN aKKyMY-
JISIUIO €0 3aPsi/ia SHePruy B eIMHUIIE 00BEMA, MOKET YBEIMUMBATHLCS, KaK 3a CUET IJIOTHOCTH TOKA
B MIMITYJIbCE 3apS/IKH, TaK M 32 CYET MAKCUMyMa HarpsDKEHUs 3TOro uMimy/ibca. He MeHee BakHBIM
rapameTpoM B TaKOM IIpoliecce sABJisieTcst (PPOHT HapacTaHWs WK pa3pbiBad! Toka UMITyibca, 4To
MIPUBOUT K YMEHBIIEHHIO OXBAYEHHOTO MPOIIECCOM 00BbEMA MPOCTPAHCTBA. A YeM MEHbIe 00bEM
Y MHTEHCHMBHEE IpoIiece, TeM OJMKe M TUIOTHee APYT K APYTY POKIAIOTCS CMH(A3HbIe MarHUTHbIC
MOHOIIOJIH, TeM OOJIbIIIe CTUSTHUIA MOHOTOJIEH, TeM CHJIbHee KOMITPEeCCHs SHEPTUU B eUHUIIE 00b-
€Ma, B KOTOPOM eIll§¢ MOXKET TPOUCXOIUTh TaKOe CIMsIHKE. [IpyriMu ClIOBaMu, TAKOMY e TIPOIIeCCy
CIOCOOCTBYET YKOpOoUeHHue (DpOHTA UMITYJIbCa HATpsKEHUE, KOTOPBI OTBEYaeT 32 YMEHbIIIeHUe 00b-
€Ma JIOKTM3AINH POKIAIOIIMXCSI MOHOIIONEH, T. €. OMSATH Ke YIUIOTHEHHEe BUXPEBbIX TIOTEHINAJIOB.
Takoii mporiecc IPUBOINT K POXKICHUIO «TSIKETBIX» U «CBEPXTSIKEIBIX» MAarHUTHBIX 3apsIOB 2.

Borniee HarisHO MpeaCcTaBUTh MOHOIONb, Kak chepuyeckr OOBEMHYIO CITUPATh MATHUTHBIX
MOTEHIIMAJIOB MOXHO CJIEAYOIUM 00pa3oM. Bo3pMEM MeTayTMuecKuil poBOJ] B BUHMIIOBON 000-
JIOUKe, T. €. OOBIYHBIN MEKTPUUECKUN MPoBOM. Termeph 3TOT MPOBOJ IJIOTHO HaMoTaeM Ha cdepy
OIHOTO JAMaMeTpa, a 3aTeM IMOpekeM BeCh MPOBOJ HA OJMHAKOBBHIE JIOJBKU-3EPHA, KOTOPhIE OyIyT
UTpaTh POJIb IBYX MOTEHIIMAJIOB. 3€PHO M3 MeTajlIa OyJeT CITyKHUTh KaK MarHUTHBIN TTOTSHIIAAIT OTIpe-
JeJIEHHOTO 3HAYCHUSI, COOTBETCTBYIOIIUI OTHOMY paanycy chephl U JAHHOMY MOMEHTY U3MEHEHUS
NEKTPUIECKOTO TOJIs. A OKpysKamimas ero chepa BUHIUIOBON 000JIOUKY OyJeT CIYKUTh OMOPHBIM
HYJIEBBIM TIOTEHITUAJIOM JAHHOW TOYKHU MPOCTPAHCTBA. 3aTeM CIUPAJIb MEPEXOIUT BHYTPh HA MEHb-
i paguyc. Crienyromas cdpepa MEHbIIIEro JuaMeTpa oopa3oBaHa TaKUM ke 00pa3oM, HO U TOJI-
IIIHA TAKOTO MTPOBOJIA CTAaHOBUTCS MeHbIlle. Kaxaas cepa onpenenéHHoro paanyca, oOpa3zoBaHHasI
CMAPAJISIMUA U3 MarHUTHBIX 3€PEH-TIOTEHIINAJIOB OJJTHAKOBOTO 3HAYCHUSI 110 a0COMIOTHOW BEIMYMHE,
SIBJISIETCS] CBOGOOPA3HOM SAYSHKON MaMATH, KOTOpasi 3allOMUHAET 3HaYeHUe W 3HAK TOTO COCTOSTHUS
NIEKTPUIECKOTO 3epHA-TIOTEHIIMANA, P KOTOPOM OHAa 00pa3oBajiach. DTO MpecTaBlIcHUE 00bEM-
HOU cpepsl Terepb HeOOXOAMMO MACIITAOMPOBAThH B 00JIACTH Pa3MePOB T0JIsI aTOMHOTO SIApa U JIeK-
TpoHa. Takum 00pa3oM, OCHOBHOE U TJIABHOE CBOMCTBO MArHUTHOTO MOHOTIONS (CBOMCTBO HOJIb) —
9TO BUXPEBO-TIOJIEBOC 3aNIOMUHAHNE BCEH MCTOPUU MU3MEHEHHS, CKOPOCTH M BPEMEHH, BEJTUIUHBI
Y HarIpaBJIeHN ] U3MEHEHUS JIEKTPUIECKOTO IOJISl ¥ TOKA B TOUKe-00bEME, T. €. OH HOCUTEJb U TIepe-
HOocuMK uHQopManuu®®,

Hakower, mosie MCTOYHHMKA TIEpeCTaio U3MEHAThCS, U 0OPa30BaBIIMIACS MOHOIMOJbL OOJbIIe
HUYTO HE CBS3BIBACT C TIEPBUYHBIM JIEKTPUUYECKUM 3€PHOM, TaK KaK B 3TOT MOMEHT M3MEHEHHe
NIEKTPUIECKOTO TOJISI OKOJIO JIAHHOTO 3epHA-TIOTEHIMAIA PAaBHO HYJ0. BCE MHOXECTBO Takux mar-
HUTHBIX MUKPOMOHOIIOJIEW CJIMBAETCS (TOK 3apsAKHU) B OJJVH B 30HE MHAYKIIUU TAKMM 00pa3oM, 4To
Kakas cepa MOTSHIMAIOB 3aHUMAET IIEHTPAJIbHO®* TOJNBKO CBOE MECTO, YBEIMYMBAs TUIOTHOCTD
MOTEHIIMAJIOB-3¢PeH Ha eAMHUILY JUIMHBI CIIUPAJTU JIaHHOTO paauyca. Mrak, mepBoe CBOWCTBO CHH-
(a3HbIX®> MArHUTHBIX MUK POMOHOTIOJICH — CJAMSTHHE, HO JIUIIL B MOMEHT 3apsiiku. Eciiu MarHUTHBIT

81 B3pbIB MPOBOJIOYEK, Pa3phIB TOKA TEKTPUUECKOM AYTH U T. .

82 Takue mMarsuTHbIC 3apsi/ibl 3aMedeHsbl Ha noepxHocTy ColHIa.

83 Ha s10M CBOJiCTBE OCHOBaHA M MO3rOBast JIESTENLHOCTH YENOBEKA — MOHOIIONb CIIOCOOEH HE TOJBKO 3aIICATh COOITHE C IOMO-
IIBI0 3ePEH-IEKTPOIOTEHIINAIOB B COOTBETCTBYIOIIEM Y3JIe TOJIOBHOTO MO3ra, HO U NPU ONpeeIEHHOM BO3JEICTBIY Ha 3TOT y3el,
AKTHBH3UPOBATh OOPATHOE POXKACHHE MOHOIIONEH C MEPEChUIKOM MX B «PETPAHCIATOP» ISl BCIOMUHAHMS TEX WJIM MHBIX COOBITHI
JeJIOBEKOM, TIPOM3OMIEIINX C HUM JaKe HECKOJIBKO JECSTKOB JIET Ha3a/,.

8% Ouenn BaxHo, 3apsifika B IIeHTp — (popmupyeTcst cepa-ICTOUHHUK, pa3psaaka — (opMupyeTcst BOMHOBOA-TIONE.

8 CuH(}a3HOCTb — [JIABHOE CBOWCTBO IS CIMSAHUSA U IIPe0Opa3oBaHUs EKTPUYECKOH SHEPruM B MATHUTHYIO U €€ KyMyJIALMs
B OJTHOM MOHOIIOJIE.
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MOTOK TMOTEHIMATIOB CyMMAapHOTO BUXPsI IOCTUTAeT HEKOTOPOr0 MHHUMAJIBHOIO KBAaHTOBOTO TIpe-
nenads, To oOpa3yercst JieMeHTapHbIA MarHUTHBIN 3apsi]] yKe CIIOCOOHBIN K CBOOOTHOMY CaMOJBH-
KEHUI0. DTO BTOPOE CBOICTBO — CBOOOJHOE CaMOBpaIeHHe C MOCTYNATeIbHBIM CaMOABHKEHHEeM
10 CMpaM — paspsiika (Buaeod’) sneMeHTapHOro HEerosIPU30BAHHOTO MOHOIIOJNSI BUXPOHA C POK-
JeHHEeM BOJIHOBOZA (BUAE0®®) cripaiv U3 JIeKTPOIMOTEHIIMAIOB Pa3HOro TUaMeTpa, CO3AaHHbBIX UM.
ITOT Mporiecc BCeraa COMpoBOXAAETCSI BO30YKIEHHUEM MPOTUBOACHCTBYIOIIETO Pa3psiIKe EKTPH-
YEeCKOr0 MOHOIIOJ S, BRITIOJHSIIONIETO BCIOMOTraTe/IbHYI0 POJib B MpOIiecce Nepe3apsiKi KBaHTa Mar-
HUTHOTO MOHOIIONSI B CBOOOHOM BUXPOHE JJIsI COXPAHEHHUsI CPEIHEr0 3HAYCHUsI SHEPIUY TIPH TOJI-
HOM KBaHTOBOM IIPe0Opa30BaHUU STOTO HOCHUTEIsI MHIYKTUPOBAHHOM SHEPTUH B YACTHUIIE CO CITUHOM
PaBHBIM EIMHHMIIE.

boabmasi 3acjyra B NepPBHYHBIX HCCJIEJOBAHUAX MPOCTPAHCTBEHHO-BPEMEHHOT0
Pa3BHUTHS HMITYJIbLCHOTO JIEeKTPUYECKOro pa3psijia B BaKyyMme, ra3e, >KHJAKOCTH U TBEPIbIX
TeJax NPUHAJIEKUT

BopoobéBy A. A., Ymakosy B. ., Mecsany I'. A. u apyrum yuénbim Tomcko-cuoup-
CKOJl HIKOJIbI BBICOKOBOJILTHHKOB.

[pennoxeHHyo 31eCh CTPYKTYPY (POPMUPOBaHUS B IIPOCTPAHCTBE BOJTHOBOJA-TPEKA JIBHKE-
HUSI MarHUTHOTO MOHOMOJISI TIOATBEPXKIAIOT M SKCIIEPUMEHTAIbHbIE MCCIICIOBAHUSI STUX aBTOPOB
Y B YaCTHOCTH PaOOTHI

B. {1. Yimakosa. B 3Tux mccneoBaHuil ObLT yCTAaHOBJIEH Psiji YHUKAIBHBIX PE3YJIbTaTOB ¢ hOTO-
rpadusMu pa3psiIOB C BBICOKMM pa3pelieHreM, Ha KOTOPBIX BUIHBI CIIUPAJIA HAuaJla BUXPEBBIX TOKOB
Ha BOJTHOBOJIE, OCTABJIEHHOTO IBM)KEHUEM MAarHUTHOTO MOHOIIOJSI.

JKcnepuMeHTAJNbHbIE HCCJIeJOBAHHS NPHPOALI M OCHOBHBIX 3aKOHOMepHOCTeM
HMITYJIbCHOTO JJEKTPHYECKOro Mpo0osi KUAKOCTEN.

B 1962 r. B. 4. YmakoBbiM B DHeprernyeckoM MHcTUTyTe MM. I'. M. KpxkunxkaHoBckoro
(OHMH) Obutn HayaThl WCCIIEIOBAHUS MPOCTPAHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTEN MpoOost
KUAKOCTEH ¢ UCTIOJIb30BAHMEM JIEKTPOHHO-ONTHUYECKON amnmnapaTyphl, 001a1aiommei OoNbIIiM Bpe-
MEHHBIM U TIPOCTPAHCTBEHHBIM pa3pelieHHeM.

Ocobernocmu 31eKmpuuecKozo paspaoa 8 HUOKOCmsX (MHO2000pa3ue U CAOHCHOCHb A6AEHUI,

Manvle xapakmepHvle pazmepol ~ 10 MKM, 8blcokue ckopocmu pazeumust ~1 0°...10" cm/e ) nozeo-
ASIOM 8blOeAUMb PSIO MPEOOBAHUL, NPEOBABNAEMBIX K MENMOOAM BbICOKOCKOPOCHHBIX ONMUUECKUX
UBMEPEHUIL:

1) onumenvrocme umnyavco nooceemku He oonee ~10...0,1 ue; 2) wacmoma cvemku 8 Kaopo-

6om pexcume ~1 0°...108 Kaopos/c;

3) uzmerenue uHmepeana mexcoy Kaopamu 8 WUpOKOM OUana3oHe

(~1...100 nc); 4) evicokass mouHOCMb CUHXPOHUAUUU KAOPO8; 5) dHEp2uUsi C6emo8020 NYuKd
00NIHCHA ObIMb OOCMAMOUHOU 0151 NOAYUEHUSL NOCAEOYIOUUX KAOPOB C COOMBEMCMBYOW4ELl 3A0epiC-
Koli; 6) 8blcOKOe Kauecmeo nyuka Onst NOAYHeHUs: HAOEHCHBIX KONUUECINBEHHBIX Pe3YNbmarnos.

B pesynbrare ObUM MOTy4eHbI BEChbMa XapaKTepHbIe KaApbl 3TUX IporieccoB (oo 2.1). bviio
YCMAHOBAEHO, UMO AUOEPHBIL NPOUECC 8 HCUOKOCMSAX 8 ONUHHBIX (MULMUMEMP U OoNee) Pa3PIOHbIX
NPOMENCYMKAX C HEOOHOPOOHBIM NONeM POPMUPYEMCS 3a Cuem Npeodpa308aHuUsi NEPBUMHBIX KAHA-
108, NPeOCmMasAsiiouux coooll moukue (2...4 MKM) naasmeHHvle KaHAAbl ¢ MANOL INEKMPONPO8OO-
HOCMbIO.

8 Iror Tpe/iest ONpEeeIsIeTCs] CTENICHbI0 KPUBU3HBI, KOJIMYECTBOM MOHOIOJIEH 1 3HAYEHHEM UX BEJIMYUHBI, T.€. HEKOTOPbIN HaO0p
COOTBETCTBYIOLEH MaTepiu A1t CO3AAHKs 3aBEPIIEHHOCTH CBOOOAHOIO CYILECTBOBAHHSI TOTO BUXPsI-KBAHTA.

87 Bueo https://www.youtube.com/user/shadrin1947— caMOBHeHIE MATHUTHOTO MOHOIIOIS TIPU €ro paspsjke.

88 http://www.youtube.com/watch?v=0XhGzCdbQ1E- poxaeHue BOJIHOBOAA CIMPAIN U3 EKTPOIOTEHLIMATIOB NIPU pa3psike
MAarHUTHOrO MOHOIIOJIS.
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doro 2.1. KapTiHa snekTpopas3psia B )KUAKOCTU

Ara ororpaus — KIaCCUYECKUI TPUMEDP PA3BUTHS BUXPEBBIX TOKOB Ha OCTABJIEHHOM TPEKE
3€pEH-NIOTEHIMAJIOB, CO3JaHHBIX MarHUTHBIM MOHOIIOJIEM.

Hanee, BHavane OBMKEHUSA-U3IYYEHUS U U3MEHEHUSHMHIYKLIUM MOHOMOJEN-BUXPER B 3TOM
00J1aCTH MPOCTPAHCTBA EKTPUUECKOTO M0J1s1, (POpMUpYyeTCs] 30HA M3JIy4eHHs], T. €. CAMOJIBUXKe-
HUe-U3MEHEHHUE JIByX OPTOrOHAIBHBIX U CMH(]A3HO MEHSIOIIMXCS MOHOMOJIE — MarHUTHOTO U MPO-
TUBOJEUCTBYIOLIETO €My JIEKTPUUYECKOr0, KOTOPble MHIYKTUBHO CBSI3aHbI JIPYT C APYTOM U B MPO-
Liecce pa3psAAKYU MPEACTABIAIT €JUHOE LIENIOE.

Takoii nepeMeHHbII MarHUTHBII MOHOIOJIb CTAHOBUTCSI HOCUTEJIEM KBaHTA MH/IyKTUPOBAHHOM
SHEPrUU U «TPAHCHOPTOM» ISl [IepeHoca NapaMeTpoB IEPBUYHOTO KBaHTa. [IpyrumMu cioBamu, npu
CaMOJIBUKEHUU-pa3psIke OH CTAHOBUTCSI BUXPOHOM U pa3BEPTHIBAET B MPOCTPAHCTBE® BCIO UCTO-
puio (MH(pOpMALIMIO) U3MEHEHUS IEKTPUUYECKOTO TOJIs B TOUKE, Ie oH poawics. Ha 1/4 nnmHel
BOJIHBI (IIyYHOCTh) OT MEPBOHAYAJIBHOIO MECTOMOJIOKEHUsI NEPBUYHbIE MOHOMOIM — MarHUTHBIN
Y MPOTUBOJEUCTBYIOIINIA JIEKTPUUYECKUI UCUE3aI0T, M Yepe3 MIHOBEHHE Yke Ha 1/2 1JIMHbI BOJIHBI
(y3eJ1) BO3HUKAeT BTOPUYHBII MarHUTHBIA MOHOMOJIb, MIEHTHUYHBINA 1O BEJIMYMHE U TPOTUBOIIONOXK-
HBIN 110 3HaKy nepBruyHOMY. [Iporiecc nmoBTropsercs 3aHOBO, HO € IPOTUBOIIOIOKHBIM 3HAKOM.

CamonBrkeHMe- pa3psaKa MOHOIIONS TPOUCXOIUT U3 TOUKH-Y3J1a 10 C(hepUUIECKON CIIMpan
BO3PACTAIOILETO pajguyca U yMEHbIIAIIEHCs 4acTOThl — IPOAOJIbHOE JBHKEHHE BIIEPEl CO CKOPO-
CTbIO cBeTa. Pagnyc cpepsl MOHOMOIIA, IPU 9TOM, HAUYMHAET YBEJIMUMBATHCA, A 3HAUECHUE BEJINYUH
3JIEKTPONIOTEHIIMAIOB HA TPEKE YMEHBIIAThCsl MO aOCOMIOTHOM BEJIMUMHE U CTAHOBSITCS PaBHBIMU
HYJIIO HAa CEpPEeAMHE IyYHOCTU Tpeka — 1/4 nnvHbel BoiHBL. Bparmienue cgeprnyeckoro MarHuTHOTO
MOHOMOJISI IPOUCXOIUT CO CKOPOCTBIO MHOTO OOJIbILIE CBETOBOM U, €CJIM CMOTPETh CHApYKU Ha HEro,
TO OyJIeT BOCHPUHUMATBCS TOJIBKO MTPOJOJIBHOE ABUKEHHE CO CKOPOCTBIO CBETA YBEJIMUMBAIOLIEIOCS
B IMaMeTpe CIUpaleBUIHOrO Topa (Buaeo’’). Bo Bpems ABMXEHMsI OH M3MEHseTCs B JUaMeTpe,
YMEHBINAETCS 110 3apsAy U KBaHTYeT’! MPOCTPaHCTBO CIMPAJIH, OTKJIAJbIBAsI IEKTPUUECKUE 3epHa-
MOTEHLIMAJIBl HA HEW B COOTBETCTBMM CO CBOEH MaMATHIO U B CTPOrO '€éOMETPU30BAaHHOM MOPSJKE.
[Tpu pa3spsiake BHauasie ABUKEHHMsS MOHOMOJS OT y371a OTKJIAIBIBAIOTCS MOTEHIMAIbl MAKCHMallb-
Horo 3HaueHus. Ha 1/4 nnmHel BOJHBI (ITyYHOCTB) OTKJIAZIBIBAIOTCS HYJIEBbIE IO 3HAYEHMIO ITOTEH-
uajiel. B MOMEHT 3apsAKy TPOTUBONOIOKHOTO MAarHUTHOTO MOHOIOJISI IIPOUCXOANUT aHAJIOTMYHBIN
MIPOLIECC C MPOU3BOJCTBOM CHMPAI BOJHOBOIA, HO YK€ MPOTUBOIMOJIOKHOIO 3HAKA — BOJHOBOJ
B TIOJIBOJIHBI JIEKTPUYECKH 3apsSIIWIICS IO ABOMHOTO 3HAYE€HHS pa3HOCTH MOTEHIMAIOB. AKTUBHBIN
00BEM BUXPOHA B HAUAJIbHBIA MOMEHT pa3psiIKi Pa3MEPHOCTBIO B YETBEPTh JUTUHBI BOJIHBI COACPIKUT
JBa TAKMX TOpa C MUHUMAJIbHBIM U MAaKCUMAJIBHBIM paanycoM. OJHaKO MaKCMMaJIbHOIO 3HAYEHUS
(3apsAaKa) MarHUTHBIY BTOPUYHBIA MOHOIIONb JIOCTUTAET JIMIIb B TOUKE NIOJIOBUHBI [IEPHOJA YaCTOTHI
(oToHa, T. €. B TOUKax CONMPUKOCHOBEHMA (Y37bl) OBYX c(ep Crupajiedl BOJIHOBOJA. DTO TPeThbe

8 Kax nokasan CHEKTPOMETPUUYECKUI aHaJIM3 CBeTa NAIEKUX 3BE3J, Takass MH(OpPMaIUs MOXET NepeaBaThCsl C PACCTOSHUMA
cebime 1078 em, Ho ¢ «TIOKPaCHEHHEM» YacTOTHl KBAHTOB.

% https://www.youtube.com/user/shadrin1947/videos

1 Bo BpeMs1 TaKOro MpoLecca «TSOKENbI» MarHUTHbIA MoHonosb CBY nuanazoHa criocoOeH emé NpoHNKaTh B aTOMHBIE Spa
U MOHU3UPOBATh €10 000JIOYKH.
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CBOICTBO MOHOTIOJISI BUXPOHA: KBAHTOBaHNE 3€PeH-3J1eKTPONOTEeHIINAIOB ITPYU CBOOOTHOM [IBU-
KEHUU B CBOOOJHOM BaKyyMHOM IPOCTPAHCTBE, T. €. Pa3BEPTKA B MPOCTPAHCTBE CBOEH MCTOPUM
POXIEHHUS. DTO CBOMCTBO MOATBEPKIAAETCS MEXaHU3MOM UHTEP(MEPEHIINH IEKTPOMArHUTHBIX BOJIH
OT /IByX HE3aBHCHMBIX U IIEPEMEHHBIX ICTOUHUKOB U3JTyYeHUsI, TPU HAJIOKEHUH MOJIeN KOTOPBIX OH-
HaKOBBIE I10 3HAKY 3€PHA [MOTEHIIMAJIbl BOJIHOBOJOB CKJIA/IBIBAIOTCS YBEJIMUMBAs B JAHHON TOUYKE CyM-
MAapHBIA OTEHIIUAJ, a IPOTUBOIOJIOKHBIE B3aMMHO YHUUTOKAIOTCS, YMEHbIIIAs! TOTEHLIUA.

B momenT 1/8 nmepriona oT y3i1a B aKkTMBHOM B YETBEPTb BOJHBI MHUKPOOOBEME BUXPOHA YKe
CYILECTBYIOT 110 [jBa OJIMHAKOBBIX IO 3apsiAy MarHUTHBIX MOHOIOJIEH, HO TPOTUBOMOJIOAKHOM HAIlPaB-
JIEHHOCTH, MPUYEM IPOTUBOIOJIOKHBIN 3apsKaeTcsl NMEPEMEHHBIM 3JIEKTPUYECKUM MOHOIIONEM,
KOTOPBIN CO3JAET NEePBUYHBIA. BTOPUUHBIII MOHOIONB 3apsikasich HAUMHAET CTPOUTH OT 1/4 1IMHBI
BOJIHBI B 9TOM ke O0ObEME CIUpPab MEKTPONOTEHIMATIOB MPOTUBOIONIOKHON MOISIPHOCTU (cpur.
2.2). 9T0 4eTBEPTOE CBOWCTBO BUXPOHA: CAMOUHAYKIIHS IIPOTUBOIIOJI0KHOTO MOHOMOJIS U CO3/1a-
HUE CBOOOTHOTO OUIOJISIPHOTO BUXPOHA®? — G030HHOTO MArHUTHOT'0 OHUMOJIsI, (POPMHUPYIOIIETO
TaKyl0 MUKPOYACTHILy CO CTMHOM PaBHBIM €AMHUIIE, KaK (DOTOH JIEKTPOMArHUTHOTO KBAaHTA.

B mnpoctpaHcTBe, mociie BbIXOAA BUXPOHA M3 MNEPBOTO IMEPUOAA, OCTAETCs cief-(aHToM
U3 YETHIPEX Monycep-crmpaieid, Ha KOTOPbIX pa3MELIEHbl IEKTPONOTEHIMABI3EPHA PA3HBIX 3HA-
yenuit”® (Pur. 2.2, cnpaBa) U 3HAKOB MO MoJsipHOCTA. Camble OONbIINE 3HAYEHUS MOTEHIMAJIOB
1o aOCOMIOTHON BEJIMYMHE W C OOJNBINEeH YacTOTOW pa3MeleHbl Ha CIUPAJIIX HAUMEHBIIETo Aua-
MeTpa’*. 3aTeM OHM YMEHBIIAIOTCS 10 HYJISL B CepeIMHE IMTyYHOCTH MOTycdepbl, MOCIIe Yero HAYMHAOT
YBEJIMUMBATHCSA 110 3HAUEHUIO, HO C APYroil NoNsipHOCTHIO. [1o10xuTeIbHBIE M OTpULIATENIbHbIE 3EPHA-
JIEKTPONOTEHIMAJIBI TEOMETPUYECKU (PUKCUPOBAaHbI B MPOCTPAHCTBE OTHOCUTENBHO JIPYT Ipyra, T.
e. MoOoe X CMEIeHNe OTHOCUTENIBHO JPYTroro BbI3BIBAET MArHUTHOE TOJIE C TAKMM HAIpaBjeHUEeM
IENCTBHS, KOTOPOE HANpPaBJIEHO Ha BOCCTAHOBJICHHE MEPBUYHOIO MOJIOKeHUs. Takum o0pazom, ux
reoMeTpr30BaHHasl (PMKCalsl B IPOCTPAHCTBE OXPAHSAETCS 3ALIUTHBIM MarHUTHBIM 11oj1eM. O1HaKko
IIPU ONPEAEIEHHBIX YCIOBUSX MOC/IEI0BATEIbHO-CUHXPOHHOTO CMEIEHUs TaKuX 3€peH 1/4 nimHbl
BOJIHBI CIIMpasield BO30ykJaeTcs” MepBUYHBI MarHUTHBI MOHOIIONb, T. €. BOSMOXEH U 00paTHO-
NocJeq0BaTeJbHbIN MPOLeCcC BO3POXKICHUS U3 YAaCTU BOJHOBO/IA MUKPOBUXPOHA.

JIBukeHne KOHKPETHOro CBOOOJHOTO MHKPOBHUXPOHA C OOpa30BaHMEM KBaHTA-HOCHUTEINS
MH/IyKTUPOBAHHOM SHEPIUM XapaKTEpU3yeT €ro CBOMCTBO POXKAATh MUKPOUYACTUILY C KOHKPETHBIM
cnuHOM. B 1anHOM ciydae crivH (hbOTOHA paBeH eIUHUIE’, a YUCTIEHHO IS SJIEMEHTAPHBIX YaCTHUI]
OH ornpeneinsercs nocrossHHou [1nanka. Vtak, msaToe cBOMCTBO, XapaKTepU3YIOLIEe BUXPOH — POX-
JaTh KOHKPETHYI0O MUKPOYAaCTHILY C ONPE/IeIEHHBIM CIIMHOM — THIIOM NOJISIPU3AIUH NCTOYHUKA
JBHKeHHs1. Mexann3m oopazoBanus ciiuHa B CAIT HensBecTeH. MOXKHO J1aTh ClIeAyIolee onpe/e-
JIEHWE MPUPOAbl CIIUHA MUKPOYACTHILIBI — STOT NTApaMETpP XapaKTepU3yeT CTereHb KBAaHTOBOU 3aBep-
MIEHHOCTH NTPeoOpa30BaHMs MaTepUU HOCUTENIEM WHIYKTHPOBAHHOW 3JIEKTPOMArHUTHOW SHEPruw,
KOTOPBIA ONpe/iesisieT B 3aBUCMMOCTY OT BHYTPEHHUX CBOMCTB MUKPOBUXPOHA (pOpMYy M THII JIBU-
KEHUSI MUKPOYACTHIIBL, T. €. 00pa3yeTcsi 3aMKHYTO-KoJe0aTeJbHbINH WM OTKPBITHIA caMO/BU-
sKymmiics e€ pa3oBblii 00bEM, KOTOPBI ONpeessieT BU ABWKEHUS YaCTUIIbI — KWHETHYECKHUIA WITH
BOJIHOBOIA.

Paznmunbie 1o Tumy, T. €. 3aMKHYTbI€ WA CBOOOJHbIE MUKPOBUXPOHBI CIIOCOOHBI 00pa30-
BbIBaTh MUKPOUYACTHUIBI CO CIIMHOM PaBHBIM eIuHMILIE ((POTOH), C MOTYLEIbIM CIMHOM (JIETITOHBI),
a TaK’)K€ MUKPOYACTULIBI C HYJIEBBIM CITMHOM — ME30HBI (ITMOHBI, KAOHBI), KaK IIPOMEKYTOYHbBIE COCTO-

2 INepeMeHHOro MarHUTHOTO JHIIONIS.

3B y3J1e MaKCUMAJIbHOE 3HaYeHNe MOTEHINANIOB, B ITyYHOCTH — HYJIEBOE.

4 Nmenno su PE30HAHCHBIE TOTEHLHAIBI, IPUBHOCUMBIE B COOTBETCTBYIOLIEE SIEKTPUUECKOE MOJIe aTOMa MArHUTHBIM MOHOIIO-
JIeM, IePEBOJIAT aTOM M3 OCHOBHOT'O COCTOSIHMSI B BO30YKAEHHOE MJIM MOHU3UPYIOT ero — (poTo3(hhEKT.

%3 Cornacto TIPUHIIMITY IeTaJTbHOTO PaBHOBECHSI.

% Hcnonsenne monHOro KBaHTOBOIrO npeoOpa3oBaHKsl HOCUTEIIsl MHIYKTUPOBAHHON SHEPTHU B CBOOOJHOM BHXPOHE — BOJHOBOE
JBWXKEHUE MaTepUH.
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SIHUSL pacHafalonuxcsl ssAepHeIX odonouek. [IpuuéM BUXPOHBI, 0Opasyoliye 3aMKHYTO-KoJieda-
TeJbHbIe (ha30Bble OOBEMBI MUKPOYACTHII, BMECTO MIPOTHUBOICHUCTBYIONIETO NEKTPUIECKOrO MOHO-
MOJISl MHAYKTUPYIOT B HUX T'PABUTALIMOHHBI MOHOIOJNb — HOBBII HOCHUTEJIb WHAYKTUPOBAHHON
SHEpPruy mMarepu B (popMe MCTOUHMKA OTHOCHUTETBHOTO MOKOSI, PEreHEepUpYIONHiA B UX 00bEMax
MePUOJMUECKH 3apsIKAIONIMECS] MarHUTHBIE MOHOTIOJH.

Takum 06pa3oM CBOMCTBA MUKPOBUXPOHOB CTAHOBATCSI OMpeACAIoONM (hakTopom 00pa3o-
BaHMSI CTAOMJIBHBIX XUMHUECKHX JIEMEHTOB B IIPOLIECCE MX 3aPOXKICHUS, Pacraia U CTAOMIM3alUH
Ha JIOJITOM TyTH OT siipa 3eMJIM K €€ TIOBEpXHOCTH.

OnucanHas Bbile cxeMa (hOpMUPOBAHMS M KBAHTOBAHMS 3€PEH-IEKTPOIIOTEHIIMATIOB (ha3o-
BOro 00bEMa CaMOIBIIKYILIETOCs (DOTOHA CYIIECTBEHHO YIPOIIEHa U BeChbMa rpy00 pa3phIBHO-TIOCTE-
J0BATeJIbHO MOKA3bIBAET OCHOBHBIE BKJIA Il YYACTBYIOIIMX MIPOLIECCOB B MATHUTHOMTOKE. DTO Clie-
JIaHO I YIPOUIEHHS MOHMMAaHMs BCEro IMpoliecca B IIeJIoM, He yriayOnssach B jaetand. PeaibHo
B MIPUPOJIE STOT MPOLIECC MPOUCXOAUT rOpas3zio CIOKHENW®’ M KapTUHA TUHAMHUKH 00pa3oBaHus (ha3o-
BOro o0béMa naxe (pOTOHA B JIETANISIX HECKOJIBKO OTJIHYAETCS OT yXe paccMorpeHHou. [Ipexne
BCEro, peajbHoe 00bEMHOE T0JIe aTOMa BOAOPOAA OTIMYAETCsl OT MpUBeJeHHoro Ha ¢wur 2.1 — 310
T0JIe IBYX BCTABJICHHBIX JPYT B Jpyra UCKaKEHHBIX cep ¢ OXHUM oOwM 1ieHTpoM. [Tpuuém BHe-

HEE I10JI€ IEKTPOHA C PAJUYCOM OKOJIO 108 CM, 00Opa30BaHHOTO CBSI3AHHBIM C SII[POM aToMa JIeK-
TPOHOM, SIBJISIETCS] UCKAXEHHOW MoTycepoi. A MONIOKUTEbHBIN 3apsi] sIpa aToMa, POTOH, UMeeT
pacrpeziesieHue MoJisl Ha CBOeH MOBEPXHOCTH JaJIEKOe OT CUMMETpUYHOM cpepbl. Tem He MeHee Takasi
CTPYKTypa oOpa3yeT BeCbMa YCTONUMBOE MEKTPOCTATUUYECKOE COeJUHEHUE — 3TO aTOM BOIOPO/IA.

KBaHnToBaHnue 3EpeH-MOTEHIIMANIOB PEeaJbHOrO0 3EeKTPO-MArHUTHOTO IMPOCTPAHCTBA-TPEKa
(porona npoucxonut cMH(A3HO-NMOCAEA0BATEJBbHO C MOMEHTA U3MEHEHU S SJIEKTPUUYECKOTO MOJIS
ele B 30He MHIYKIIUKM OKOJIO MCTOYHHUKA’® B MOMEHT 3apsiIKM MOHOIIOJISA, a TI0 CKOPOCTH TepeHoca
MOTEHIIMAJIOB T0JIell KOHKYPUPYIOT [1Ba Mpoliecca — CTaTHYeCKOM MHIYKIIUY U BUXPeBOH reHepa-
UK 3€peH-noreHImanoB. [lepblil nporece (popMupyeT BHEIIHee M0Je UCTOYHUKA, BTOPOU — BHYT-
PEHHME T0JI51 CTPYKTYpPbl MUKpoUYacThll. CKOPOCTh CTATUYECKON MHYKIIMU MOTEHLIMAIOB OT MOCTO-
SIHHBIX MCTOYHUKOB BO MHOTO pa3 MPEBBIIIAET CKOPOCTh BUXPEBOW I'eHepalliy MOTEHIUAJIOB, T. €.
CKOpPOCTb CBETa BO MHOI'O pa3 MeHbIII€ CKOPOCTU PACHPOCTPAHEHMS MOCTOSHHBIX JEKTPUUYECKUX
TIOJIEH.

OueHb HaMISAHO B3aUMOJEWCTBHE TOJIEM CTaTUYECKOM MHAYKIMHM C BUXPEBOW I€HEepaluen
MOTEHIIMAJIOB JIEMOHCTPUPYIOT SKCHEPUMEHTH C MaJeHHeM CHJIBHOTO CTallMOHAPHOIO MAarHuTa
B TpyOe W3 HEMarHWUTHOTO Martepuaia (Me/b, aTIOMUHUI). MI3BECTHO, YTO MarHUTHBIE MaTepUAIbI
MIPUTSATUBAIOTCS. K MAarHUTaM-ITPOBOJHUKAM 3a CUET MHAYKIUM MTPOTUBOIOIOKHOTO MO 3HAKY Mar-
HUTHOTO nojtoca. [Ipu ABMKeHUM MarHuTa B CJI0€ Me/IM MHAYLIMPYETCs] OMHOMMEHHBIH 0 3HAKy Mar-
HUTHBIN Tomoc. THAYKIMS, Kak U3BECTHO, IPOUCXOAUT MPU U3MEHEHWH MarHUTHOTO MOJIsS B MEIH,
KOTOpasi U BBI3BIBAET IEKTPUUECKUE BUXPEBbIe TOKHU, MHAYKTUPYIOIIUE MATHUTHBIN 3apsi]i B MeH,
KOTOPBI U B3aMMOJAEUCTBYET C IBUKYIIMMCS MarHUTOM — OJHOMMEHHBIN MO 3HAKY MarHUTHBIN
3aps.

I'taBHOe CBOMCTBO HEYJIOBUMOIO MAarHMTHOTO MOHOIIOJSL — TOT 3aps] HE MMeeT MAcChl
MOKOSI, HO B CBSI3U C TEM, YTO OH BCEI/a JABUKETCS CO CKOPOCTBIO CBETA U3MEHSSCH M0 3HAYEHUIO
BEJIMYMHBI, €r0 BCErna B CBOOOTHOM IBMKEHUU COMPOBOXKIAET MEKTPUUECKUI MOHOIONb, KOTO-
Pblii CIIOCOOCTBYET ero nepesapsiike Ha MPOTUBOIOIOXKHBIN MO 3HaKy. Eciu ckopocTh MAarHUTHOTO
3apsijia CTAHOBUTCS MEHbIIIE CKOPOCTH CBETa, HAIIpUMep, MyTEM TOPMOKEHU I ANEKTPUIECKOTO 3apsia
B I10JI€ IPYTOro COM3MEPHUMOTO 10 3HAUEHUIO BETMYMHbI, MATHUTHBIN 3apsi] IelaeT KBAaHTOBBIH Mepe-

97 PaceMOTpeHa TONBKO AMIOIbHAS MHYKIMs BTOPUYHOTO MATHHTHOTO MOHOTIONS, A CyIIECTBYIOT SLIE i KBAAPYTIONbHAS 1 APyTHe
MEHee 3HAYNTEIIbHbIC BKJIA/IBI IPYU N3MEHEHUH IEPBUYHOTO MOHOIIONS.
%8 Chavana npoucxoauT (POPMHPOBAHUE HY/ICBLIX TIOTCHIMANIOB ¢ GONBIION CHephl, 3aTeM MAKCHMATBHBIX HA MAJOM PAIHyce
B y3/ie (POTOHA ¥ TOTOM OIISITh YMEHBILAIOTCS 10 BEIMYHHE 3EPHA-MOTEHIMAIIBI 110 BEJIMYKMHE [0 Hy/lsl Ha OOJBIIOM pajauyce, T.c.
3apsiKa-paspsiaka.
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XOJI B CBOM aHTHIION, KOTOPBIN YKe CIIOCOOEH CYIIECTBOBATh B COCTOSIHUM OTHOCHTENIBHOTO TOKOST —
STOT QHTUIIO/] HA3BIBACTCS] IPABUTALMOHHBIM MOHOMOJeM. VTak, MarHUTHBIN 3apsi1 Beraa IBU-
XKYIIMACS U IEPEMEHHBIH 110 BEJIMYMHE TeHepaTop KosieOaHWi 13 OHOTO 3HaKa B JPYroi, He UMeeT
Macchl MOKOsI, HO JIJIsl CBOEW pereHepariiyi OH KCTIOb3yeT MPU CBOOOIHOM JIBUKEHUH JIEKTpHUe-
CKHMI1 MOHOIIONb, @ B KOPITYCKY/ISIPHOM — T'PaBUTAIIMOHHBIA MOHOIONb. TakuM 00pa3oM u mMatepus,
Y SHEprusi, ¥ JABWKEHUE, U U3MEHEHHE — 3TO MAarHUTHBIA MOHOIIONb, CYIIECTBYIONIMI B 3aBHCHUMO-
CTU OT YCJIOBUH U B (popMe HEOTIETMMON Taphl C JEKTPUUECKUM MOHOIIONEM WM B (hOpMe HEOT-
JEMMOM Mapbl C TPaBUTALMOHHBIM 3apsI/IOM, a TaKkKe B BUJE CAMOCTOSITEJIbHOIO I'PaBUTAILIMIOHHOTO
MOHOIIOJA (3BYK).

He 3aTpoHyTHI 1 BOIIPOCH! PSIMBIX M OOPaTHBIX MPOLIECCOB KU3HU MOTEHIIMAIOB-3EPEH — y CTa-
IIMOHAPHBIX 3aPs/I0B OHU JABUKYTCSI CO CKOPOCTBIO OOJIBIIIE CKOPOCTH CBETA, & MATHUTHBIN 3apsiji IPH
BpAIlEHNHU JABUKETCSI CO CKOPOCTBIO OOJIbIIIE CKOPOCTH CBETa, HO (PUKCHPYET reOMeTPUIECKH MOKO-
SIIMeCs] B IPOCTPAHCTBE MOTEHINAJIBI — 9TO OYEHb BAXKHBI MOMEHT B IIPUPOJE YCTAHOBKH TOJIEH
MaKpoO ¥ MHUKPOHCTOUYHMKOB. MOMEHTY Havasia pa3psiiku U3 y3/a MPOTHUBOACUCTBYET UHAYKTUPYe-
MBII JIEKTPUYECKUI MOHOMNOJb. DTO 3HAYMT, YTO UMEHHO B 3TOT MOMEHT €r0 BHELIHEE JIEKTpPH-
YecKkoe ToJie UMeeT Hanbosiee MPOTSHKEHHBIN paauyc JaJbHOAEHCTBUS U 3HaYEeHHe, KOTOPOe CIo-
coOHo HanOoee 3(pHEeKTUBHO B3aMMOIEHCTBOBAThL C OKPYKAOIIMMU TOJISIMHU, HAIIPUMEp, C ToJIeM
aTOMHOTO spa — nap oopasoBanue. [10THOCTHIO MATHUTHBIM MOHOIIONb pa3psikaercs Ha 1/4 nvHbI
BOJIHBI, OCTaBJIsisi HA OKPY)KHOCTM MAaKCHMAJIBHOTO JHaMeTpa TpeKa HyJeBble MOTeHIMAbl (Iyd-
HocTb). [IpoTHBOAEHCTBYOIINI TAKOH pa3psiKe BHAUaJIe 9TOrO MpoLecca JEKTPUIECKUA MOHOIIO]b,
B 9THX TOYKax Ha Tpeke 1/4 Takxke mcue3aeT. DIEKTPUIECKOMY MOHOIIONIO B CBOOOJHOM BHUXPOHE
OTBOZIUTCSI OCHOBHAsI POJIb B3aHUMO/AeHCTBHSI (3TO €IMHCTBEHHBIN MHINKATOP BUXPOHA) C OKpPYKa-
IOIIMMU TIOJISIMU TTPU IBMKEHUH Yepe3 BelIeCTBO — TOJIBKO OH CIIOCOOEH 3aTOPMO3UTh M OCTAHOBUTD,
«BMOPO3UTb» B IIA3MY, 3aCTaBUTh CO3J]aTh KBAHTOBBIN NIEPEXO0]] N3 MArHUTHOTO COCTOSIHUSI MaTepUn
B IpaBUTALMOHHYI0. OTAEIPHO MarHUTHBIE MOHOIIONb BOOOIIE HE B3aMMOJEHUCTBYET HU C MOJISIMU, HU
C BEIIECTBOM, [I03TOMY €TI0 HEJIb3s1 3apPEerUCTPUPOBATh, TOITOMY OH BEYHO COXPAHSIET CBOIO SHEPTHUI0
6onee 14 MUITMAPIOB JIET.

Camoe m1aBHO€ 3aKJII0YaeTCcsl B TOM, UTO C MOMEHTa Havajia pa3psiJki MArHUTHOTO MOHOIIOJ,
MH/IYKTUPYEMBbII IIPOTHUBOIOJIOKHBI MOHOIIOJb, IBUKYIIMICS Bliepeayu Ha 1/4 nepuona, npakruye-
CKY HeBH/IMM JJIs1 OKPYKAIOIIMX NOJNEH U BEHIeCTBa. DTO MO3BOJISAET JI1 PE30HAHCHO «TSIKENBIX»
MarHUTHBIX MOHOTOJIEN CBOOOTHBIX MUK POBHXPOHOB OMPeNeEHHOMN ATMHBI BOJTHBI (0T 5 110 20 MUK-
POH) BUXPOHOB IIPU MIPOXOXKJICHUH Yepe3 BEeHIeCTBO OECIpEnsITCTBEHHO MPOHUKHYTh BIITyOb aToMa
VMOHU3MPOBAaTh €ro 3JEKTPOHBI, a Y aTOMHOIO si/ipa MOHU3UPOBATh €r0 MUKPOYACTHUIIbI, COCTaB-
JISIOIIME BHEITHUE OOOJIOYKH. DTOT K€ MOHOIONb SIBJISIETCS OTBETCTBEHHBIM 32 OTIMYKME KOMII-
TOH-3¢(pekTa oT aTOMHOr0 (poTo-3hPekTa. [Ipyrum He3aBUCHMBIM TAPAMETPOM BUXPOHA, TIO3BOJIS-
IOLIMM KOCBEHHO 3apPErUCTPUPOBATh aKT MPOJIETA MArHUTHOTO MOHOIOJISI B IPOBOASIIIEM BEILECTBE,
SIBJISIETCS] BOJIHOBOJL M3 3JIEKTPOIIOTEHLIMAJIOB, BJOJIb KOTOPOIO IO €ro CIMpaysiM UAYT KBAaHTOBbIE
BUXPEBBIE NEKTPHUUECKIE TOKH IEKTPOHOB.

CyiuectByer €€ MHOro APYrUX MapaMeTpoB, YCIOXKHSIOIIMX KapTUHY CO3[aHUsl Harisjl-
HOro o0Opaza peaJibHOro camonBrkeHus (potoHa. OTHUM U3 HUX SIBJISETCS MEXaHM3M IpeoOpaso-
BaHMsI KBAHTA CMMpPaJiell MarHUTHBIX MMOTEHIIMAJIOB, pa3MEIEHHBIX Ha C(epUIeCcKON MOBEPXHOCTH
OJIHOTO paJuyca, B OAHO 3€PHO-TIOTEHLIMAII OTIPEIeJIEHHOTO 3HAUE€HU S Y 3HaKa, CTPOro pa3MeIEHHOTO
B OJJHOI TOYKE TpeKa BOJHOBOA JIEKTPUUECKOIO MOHOIIOJIS.

Jpyrumu napamerpamMu, KOTOpble HAMEPEHHO HE pacCMaTpUBAIOTCS B TAKOM U3JIOKEHUH, 3TO
KapTUHA BEKTOPHOI0, TUHAMIYHO U3MEHSIONIMXCS MATHUTHOTO (B MOMEHT pa3psiKH) U JeKTpU-
YEeCKOro MOHOTIONEH, a TaKkKe TMHAMHYECKM MEHSIONIAsICsl CTPYKTYpa BHYTPEHHUX 1 BHEIITHUX TOJIeH
TIOCJIE/IHETO U ONpe/ieNIEeHH e MTPOLECCOB, CBA3aHHBIX C KBAHTOBBIM I1EPEX0JOM MarHUTHOTO MOHOIIOJ S
B TPaBUTAIIIOHHBIN MIPU €r0 TOPMOKEHHUHU JIBUKEHHUsI OT CBETOBOM CKOPOCTH 1O HYJIs. 3a mocieq-
HUI TIPOLIECC OTBEYAET EKTPUUECKUIA MOHOMOJb, BCETrJa BO3HUKAIOIIUI TIPU pa3psaaKe — 3TO MPo-
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1iecc, Korua OXHOBPEMEHHO AMHAMUYECKM BO3HMKAIOT M B3aMMOIEHCTBYIOT BCS TPHAJAa MOHOIO-
Jiefl B BUXPOHE. A B cilyyae MOJIOBHHBI pacxofia 3apsiia IBMKEHUS, T. €. HEMOJIHOTO 3aBepIIeHHUs
KBAaHTOBOT'O MTPe00pa30BaHMsI HOCUTENS] MHAYKTHPOBAHHON SHEPruH, 0Opa3yeTcs TAKON IpaBUTALU-
OHHBIH 3apsijI, KOTOPBIN yKe CrIOCOOSH 3aMKHYTh BHEIITHUT KOHTYP C POXKJICHUEM KOPITYCKYJITUPOBAH-
HOM MUKPOYACTHUIIHI C KAHOHUYECKUM MOJIYIEJBbIM CITUHOM.

PaccmarpuBaemblii MEXaHU3M CaMOJIBHKEHHU I MATHUTHOTO MOHOTIOJIS IIPOLIECC ABTOHOMHBIIA,
T. €. IBIKeHHe (DOTOHA CO CKOPOCTBIO CBETA — 3TO, TI0 CYTH, IEKTPOMArHUTHBIN TOK B TPOCTPAHCTBE
0e3 PHepreTUYecKor BHEITHE!N MOAMUTKY U Ha HErO YT 3aTPaThl TOJIbKO COOCTBEHHO-HAKOILIEHHON
SHEPruy MEPBUYHOIO KBAaHTA, KOTOPHIE 3aCTAaBJISAIOT (POTOHBI, MPUJIETEBIINE U3 JATEKUX TAIAKTUK,
«KpacHeTb». Takodl BHUJ KBaHTOBO-MYJIbCHPYIOIIET0O BOJHOBOIO IBUKEHUS, KOTOPHIN 3a1aéTcs
MarHUTHBIM 3apsJJOM, B TIPUHIIMIIE OTJIMYAETCS] OT KOPITYCKYJISIPHOTO KMHETHYECKOr0 JBIKEHHS
YaCTHUIIBI, 001 JaloIIel MAacCOl, HAIpUMep IEKTPOHA, JBIIKYIIETOCS CO CKOPOCTBIO OIM3KOM K CKO-
pOCTH CBeTa.

Takum 0Opa3oMm, CBOOOAHBIH MHKPOBHXPOH (POoTOHA — OO30HHBIN MArHUTHBIA OWIIOJb,
MOHO Ha3BaTh CO3JaTejieM JIMHEHHOro (ha30BOro oObéMa KBaHTa aTOMHOTO (DOTOHA, T. €. KBaH-
TOB JIEKTPOMAarHUTHBIX BOJH BCErO M3BECTHOTO jauana3zoHa. C Opyroil CTOPOHBI — TO CaMOJIBH-
XKYIIMACS HOCUTETb OCBOOOMBIIIEICS SHEPrUM KBAHTOBOIO TMepexofa 1eKTPOHA B aTOMe, KBAaHT
neOpoiIeBCKOM BOHBL. Kpome Toro, ero Mo;kHO OIpeAeIuTh U KaK CAMOABMKYIIIUIACS MUK POBHUXpE-
BOU MarHUTO-3JIEKTPUUYECKUI 00BEM, B KOTOPOM ITYJIbCUPYIOT JIBA CMEHSIOMUX *® ApyT Apyra mpoTu-
BOIIOJIOJKHBIX MarHUTHBIX MOHOIOJISI Yepe3 MOCPEICTBO NMPOTUBOAEHCTBYIOIIETO MEPBUYHOMY K-
Tpudeckoro. [ToMUMO 3TOro OHM eni€é MPOM3BOAAT BOJHOBOI, B KOTOPOM CTPOTO I€OMETPHUYECKH
3a(pMKCUPOBAHBI B IPOCTPAHCTBE MOKOSIIIHECS TTOJIOKUTENIBHBIE U OTPULIATENIbHBIE JIEKTPOIIOTEH-
IUAJTBL.

MarHuTHBII MOHOTIONb BUXPOHA B OTJIMUHME OT JIEKTPUUYECKOro He B3aumozencTryet % ¢ Berne-
CTBOM Cpe/ibl B KOTOPOW ABUXKETCS, B TOM YHCJIE M B METaJUIE, B KOTOPOM OH TaKXKe JABUKETCS CO CKO-
POCTBIO cBeTa. BciencTBue TOro, 4To OH MOXKET CyHIECTBOBATh TOJBKO B JBMKEHHM, COBEpPIIAs
riepe3apsiKy CBOEro 3Haka B CBOOOJHOM BHXPOHE 4Yepe3 MOCPEICTBO MHAYKTUPYEMOrO UM 3JIeK-
TPUYECKOTO MOHOIIOJNSI, WM Jiesiasi KBAaHTOBBIM NIePeXo]] B 3apsii MAcChl MPH CHUKEHUU CKOPOCTH
C POXIEHUEM 3aMKHYTOI'0 BUXPOHA, I0O9TOMY B MPUPOAE U MOTYT CYIIECTBOBATh TOJBKO MOCTO-
SIHHbIE JICKTPUUYECKUE 3aps/ibl, 3apsi/ibl MACCH U MepeMeHHbIe 3apsibl IBMKEHUS M U3MEHEHUSI
OMB, T. € MarHUTHBII MOHOTOJIb, HO HE CYILIECTBYIOT MAarHUTHBIE MOHOTIONM JlMpaka ¢ MOCTOSTHHBIM
3apsiioM. [1oaToMy ke HEBO3MOXKHO M pa3jesieHHe MOTIOCOB B MOCTOSTHHOM MarHuTe, Ha Kakue Obl
MeJIKME YaCT! €ro He JeJNTh. DHEPrusl COCTOSIHUS MOKOSI MarHUTHOTO MOHOTIOJSI MOKET CYILECTBO-
BaTh TOJIBKO B (hOpME CBOETO AaHTHIO/1A B BHJE SHEPTUH I'PABUTAIIMOHHOTO MOHOMOJS, T. €. B CU
3apsiza Macchl. Ecim Obl He COMpOBOXK JAIOIIHIA €T0 BCIOLY MPH Pa3psiike B CBOOOIHOM BHXPOHE MPO-
TUBOJICHCTBYIOIINI IEKTPOMOHOIIONb U BCErJa OCTaBJISIEMBI CJIEI-BOJIHOBO/ U3 3€PEH-3JIEKTPOIIO-
TEHIMAJIOB, TO €0 HUKOra Obl He OOHAPYKUJIM ¥ HE MOTIIH Obl AeHTU(UIMPOBaTh. BOT 4TO Takoe
uctuaHoe omnpenenearne IHEPITMU. KocBeHHO ero pervcrpanyu criocoOCTByeT MeXaHHW3M Ipe-
oOpa3oBaHMs KBaHTa CIIUPAJIel TIOTEHIINAIOB KaxkJol cepsl OMHOrO paanuyca B OIHO JEKTpUIe-
CKOE€ 3epHO-TIOTEHITNAJT OMPeIeIEHHOTO 3HaKa W 3HAUYEHHUs], YIOKEHHOE B CTPOTrO OTBEAEHHOE MECTO
Ha BOJIHOBOJIE, a TaKXke MPOTHBOJICHCTBYIONIMIA pa3psiiKe IeKTPOMOHOIIONb, CIIOCOOHBIA K pPe30-
HAHCHOMY 3axBarTy IOJIEM aroMa, U MEepeBOIOM IOC/IeTHEro B BO30YXAEHHOE WM MOHU3UPOBAH-
HOE COCTOSIHUE, a IIPU MPEBBILLEHNU NIOpora SHepruu MukpoBuxpoHa B 1022 KaB — poxaenue nap.
B MoMeHT, Koria MarHUTHBI MOHOTIONb HAXOAUTCS B Y371aX BOJTHOBOAA (POTOHA, B 00BbEME BUXPOHA
OTCYTCTBYET JIEKTPUUYECKUI MOHOIONb — B 9TOT MOMEHT OH BOOOIE HeBHAUM. DJIEKTPUUECKUIT

9 Cregyer 0co60 3a(puKCHpPOBATE 3TO sIBJIEHHE, IMEIoIIee CBOE Ha3BaHNe — HHBeP CHUsI MOJTIoca MAarHUTHOTO 1osist. [1praém B city-
yae (DOTOHOB 3Ta MHBEPCHsI MMEET OJWHAKOBHII IEPHOA ISl TOTO M JPYroro Mojoca, Kak 1 B ciydae MarHUTHoro monst ConHoa —
TUTEPBUXPOHA.

100 =

Ero ocHOBHOE Ha3HaUYEHHE — 3TO BOJIHOBOJ, CO CIMPAJIbHBIMH 3€PHAMU-3JIEKTPONIOTEHIIUAIAMH.
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MOHOIIOJIb BUXPOHA, B OTJIMYUE OT MAarHUTHOTO, IEPHOJMUECKH Hcue3ast Ha 1/4 meproa u nosiBisisch
JIMIIb B IPYTOM MecTe ero (ha30Boro o0béma yxe Ha 1/2 nepuona ¢ nepeMeHHbIMY 3HAYSHUSIMU 3HAKA
1 aOCOTIOTHOM BEIMYMHBI, IEPUOANYECKY B3aUMOICHCTBYET C BCTPEUAIOIIMMUCS MOJISIMH BEIIECTBa,
Yyepe3 KOTOPbIE OH MPOXOAUT. DTH B3aUMOJENUCTBU S, HAIPUMED, TPUBOAAT K clieayomuM 3¢ dexram:

— C 9NIEKTPUYECKHM I0JIeM aTOMHOTO siapa — oTto3adeKT u Bo30ykIeHUE aTOMOB

— c oporom B 1022 K3B B nosie aTOMHOTO siipa 00pa30BaHUe Nap 3apsKEHHBIX YaCTHII

— 10JIeM CBOOO/IHBIX JIEKTPOHOB — KOMITOH-3(PEKT.

BoHOBOIBI M3 3JIEKTPONIOTEHIIMAJIOB BCET/IA OCTAIOTCS B BELIECTBE MOCIIE MTPOXOKACHUS B HEM
MarHuTHOTO 3apsijia. Eciu B BelecTse, Harpumep, CTEKJIO, HeT MOABMKHBIX, 1aKe XOTsI Obl JIOKAJIBHO
TIOJIBMKHBIX SJIEKTPUUYECKUX 3aPSIOB (MEKTPOHBI), TO 9TO BEMIECTBO MPO3pavHo i1t (poToHOoB. Eciu
BEIIIECTBO MMEET aTOMBbI, KOTOpbIe M3JIy4aloT pe30HAHCHbIe (POTOHBI, TO Takue (POTOHBI OyIyT
TIOIJIONIATHCS BEIIECTBOM, a B I1€JIOM OHO OyZleT Hempo3payHo AJisi Hux. Ecm B BelecTBe mprcyT-
CTBYIOT CBOOO/IHBIE JIEKTPOHBI, TO WAYT CHHXPOHHBIE TI0 UTMHE U AUAMETPY IIPOBOTHUKA KOPOTKO-
npoOeXHbIe BUXPeBbIe JIEKTPUIECKUE TOKU BJIOJIb BOTHOBOJIOB, & BEIIIECTBO B 11eJI0OM OyJeT Harpe-
BaTbcsl. EcnM BemecTBO COCTOMT U3 aTOMOB, TO TIPH MOITIOIEHUH MarHUTHBIX 3apsiaoB MK-doTtonos
pOXaaloTcss (POHOHBI TUTep3BYKA. Takue ke MPOIECcChl MPOUCXOAST C «TSHKETBIMU» MarHUTHBIMU
3apsaamu CBY ¢otoHoB. OCch BUXpPOHA, KaK OCUMJUIMPYIOLIETO IEKTPOMArHUTOTMPOCKOIIA, OIU-
parolierocst Ha MOTEHIMAbI, SIBJISIETCS] TOCTOSTHHO OPUEHTUPOBAHHOM B IPOCTPAHCTBE U OMpeessieT
¢opmy u crenens nossipusanu (OTOHA — MIECTOE CBOMCTRBO.

Takum o6pa3om, mponecc caMoABHKeHHsI (DOTOHA — ITO JABWKEHHE CBOOOTHOTO BHXPOHA
C OMOPOM Ha MEKTPONOTEHIIMAIIBI TpeKa (oToHa B (pa30BOM 00bEME, KOTOPOTO BTOPHUHBIN ITYJTh-
CHUPYIOIIUI MarHUTHBII MOHOTIONb, TAKKE KaK U MEPBUYHBIHA, MPOJOIKAET MPOIIECC HEMPEPHIBHOTO
reOMETPUUYECKH YIOPSIIOYEHHOTO KBAHTOBOTO MTPOU3BOCTBA STHX OMOPHBIX IEKTPUUECKUX 3EPEH-
MOTEHIMAJIOB (TIOJOKUTENIBHBIX U OTPULIATEIBHBIX ), CTAIMOHAPHO YCTAaHOBJICHHBIX HA HOBOM MECTe
B IIPOCTPAHCTBE.

CamoaBu:keHnne cBOOOTHOTO (hoTOHA 0OYCIIOBJICHO MPOABMKEHUEM MY/ IbCHPYIOIIETo U repe-
MEHHOT'0 TI0 3HAaKy BUXPOHA C 0Opa30BaHUEM CIIMPATBHOTO BOIHOBO/IA EKTPUUECKUX MOTEHIUAIOB
(bazoBoro nmpocrpaHcTBa, yepe3 MoCpeCTBO ITUX MOTEHIMAIOB, ONUPAIIIHUXCS HA POTEKTOPHOE
MarHuTHOE ToJie.

3oHa uzJyyeHust popMHUpyeTcs cpasy ke Mocjae OKOHYAaHHS NIeproAa 3apsAKi MarHUTHOTO
MOHOMOJIS 32 30HOM HHAYKIMH, T. €. OT 1/8 10 ueTBepTH IIMHbI BOJHBI. CTallMOHAPHBIM MUK POUC-
TOYHUKOM, B JAHHOM CJIy4dae, SIBJISIeTCS CBSI3aHHBIM M BO30OYKIEHHBII aTOMHBIN 351eKTpoH. Ha rpa-
HUIIE 30HBI MHAYKIIMY 3TOTO0 UCTOYHUKA C 30HOW M3ITyYeHHs pOXKJaeTCss BUXPOH BCIIEICTBUE HavYasa
ABWKEHUSI MarHUTHOTO MOHOTIONSI. [lepeHOC BUXpEeBOro aTOMHOTO KBaHTA IMOTEHITUAJIOB MJTH €70 BOC-
MPOM3BOICTBO HA HOBOM MECTE MPOM3BOAUTCS YK€ BUXPOHOM — 3TO MPOLIECC CaMOIBIKEeHUs (pazo-
BOro oobeéMa (poTOHA ¥ MEePEeHOC FJTeMEHTAPHBIX EKTPUUECKOrO U MArHUTHOTO 3apsiiOB — 9TO
cebMO€ CBOICTBO.

KomnnektuBHoe cuH(azHOe NBIKEHIE MHOKECTBA OMHAKOBBIX BUXPOHOB B pa3HbIe CTOPOHBI
OT KCTOYHMKA 00pa3yeT CyMMAapHBIN B KK I0M TOUKe Mosist CHH(a3HbN ()POHT NOTEHIINAIOB JJIeK-
TPOMArHUTHOM BOJTHBI U ITPEBPAIIIAETCS B IBUKYIIEECS CO CKOPOCTHIO CBETa BOJHOBOE IEKTpOMar-
HUTHOE T0JIe 9TOTO UCTOYHUKA — 3TO BOCbMO€ CBOMCTBO. TakiM 00pa3oM, KOJUIEKTUBbI CHH(a3HBIX
KBaHTOB (POTOHOB 0Opa3yloT BOJHOBYI0 30HY (TIPSAMOM IMPOIECC) MEKTPOMATHUTHBIX BOJH, B TO
BpeMsl, Kak 00paTHBII MPOIECC YHUUTOXKAET 3Ty 30HY 30HOU XOJIOJHOI MJIa3MBbl.

PaccMoTpeHHBIe BbIIIE TPOIECCh TPOUCXOIAT BO BpDEMEHHOM MHTEPBaJie 1 MUKPOOOBEME MPo-
CTPAHCTBA, 32 KOTOPHIH MPOU30IIUIA 3apsiIKa MEPBUYHOIO MAarHUTHOTO KBAHTA, 32 TAKOE K& BpeMs
Pa3psAKKM STOT MOHOIOJIb MUKPOBUXPOHA YCIIEBAET COBEPIINTH KACKa/1 MOCTYIATeIbHO-BPAIlaTe b
HBIX CIIMPAJIEBUIHBIX IBMKEHUI ¢ 00pa3oBaHueM 1/4 niiuHbI BOJIHBI (ha30BOro nmpocTpaHcTBa (POTOHA
Y MCUYE3HYTh U3 Hero. Takoe MocTynare/ibHO-BpaliaTeIbHOe ABMKEHNE MArHUTHOTO MOHOIIONS Orpa-
HUYMBAET NPOJOJbHYI0 CKOPOCTh IBHKEHUSI MUKPOBHXPOHA CBETOBBIM IPEAEIOM — 3TO JI€BSITOE
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CBOICTBO BUXPOHA, OIpPEAENSIONIee OIHY U3 OCHOBHBIX (PYHIAMEHTAJbHBIX KOHCTAaHT — CKO-
pocthb cBeta. [losToMy nBrKeHHE (POTOHOB PE3KO OTIMYAETCS MPUPOION MEXaHU3MA U TUIA CBOETO
CaMOJIBUKEHU I OT THIIA IBUKEHUST KOPITYCKYJISIPHBIX YaCTHII C MACCOM MOKOSI, T. €. OT KHHETHYECKOTO
THIA JABWKEHUS U TEM CaMbIM OIpeJessieT Oe3MacCOBbIH, T. €. 0e3bIHePIHOHHBIN TUIT JIBWKEHUS
doTtoHa. DTO ABMKEHME OTIMYAETCS U OT TUMA ABWKEHUS] OE3MACCOBBIX 3EPEH-TOTEHIMAIOB MPU
MeXaHU3Me CO3[aHMS MO CTAIMOHAPHBIX UCTOYHMKOB IPABUTAIIMOHHBIX, MEKTPUUYECKUX U Mar-
HUTHBIX 3apsII0B.

[TpogykTamMu BHXpEBOr0 TOKa MarHUTHBIX 3apsiIoB B COOCTBEHHOM (Pa30BOM MPOCTPAHCTBE
BUXPOHA SIBJISIETCS] TEOMETPUUYECKOE pacipe/ie/IeHUe EKTPOIIOTEHIMAIOB (PeryJisipu3aliys Wi reo-
MeTpu3alusi) Ha (pa30BOM MPOCTPAHCTBE TpeKa (POTOHA, UIMHA KOTOPOTO B KOCMOCE TOJBKO B €€

BAAMOIT yacti gocruraer 102 cm. Ha 310 nuér 3aTpara SHEepru 3apsjia MarHUTHOIO MOHOIIOJS.
B pesynbrare npu ABMKEHUU B KOCMOCE ITPOMCXOAUT «KpacHOe» CMeIlleHne B (POTOHE, T. €. 4acToTa
aBTOKOJIEOaHMI yMEHBIIASTCS], JUTMHA BOJIHBI yBEIMYMBAETCs. [109TOMY 1 OSIBIISIETCS «PETUKTOBOE»
U3JIy4YEeHUE, U30TPOIHO 3aIOJHAILIEE TPOCTpaHCTBO BeenenHon. B cityuae nBukeHNs B HeBemie-
CTBEHHOM IIPOCTPAHCTBE, ITOT TPEK (POTOHOB € (PUKCUPOBAHHOW I'€OMETPU3ALIMEN IEKTPUUECKUX
MOTEHIMAJIOB «KOHCEPBUPYETCSI U 3aMep3aeT», 00pa3ys TOHKy (¢ur. 2.3) v BecbMa JUIMHHYIO
HUTb BOJIHOBO/Ia-CJIe/la 3TOr0 KBAHTA.

®ur.2.3 beckOHEUHO JJIMHHBIM TpeK (POTOHA B IPOCTPAHCTBE.

HCpI/IOI[ nostypaciiazia 3Tux rnoTeHIruaJIoB (aHHI/IFI/IJ'I}II_II/IH) 3aBHUCHUT OT YCHOBI/Iﬁ KX HAXOXICHU A
" IBUXKXCHHUA B TOM WK UHOM IPOCTPAHCTBE, 4 TAKKE CbOpMLI CyHIECTBOBAHUA — YaCTU IIHYPa BOJI-

HOBOJIOB WJIY BCEW JIJIMHBI TPEKa IBUKEHUSI KOCMUUECKOro hOTOHA (102 - 10%® cm 1 nanee B HeBe-
I[eCTBEHHOE ITPOCTPAHCTBO). /IINHOBOJIHOBBbIE TPEKU «TSIKENBIX» (POTOHOB, 0OPA30BAHHBIE MOIII-
HBIMHM MarHUTHBIMHM 3apsiIaMH OT 3BE3]] M BBILLIEIINE 32 Tpe/iesibl Halllel BeeneHHON MOTyT poXJaTh
MOIIHBIE U OoJiee IMHHBIE TpeKu. OOpa30oBaBIIUIiCS B HeBeI[eCTBEHHOM IIPOCTPAHCTBE aMop -
HBII U BbILIE ONPEAEIEHHbIN 3JIEKTPOMarHUTHBIN TPEK-IIPOCTPAHCTBO (POTOHA, BIOCIIEICTBUU CBO-
paumBaetcs B cpeprdeckuii Kiyook u cranoButcs ssapom YCT Bparmarorieiicss HeWTPOHHOU 3Be3/1bI
WJIM KBa3apa. DTO IeCATOe U, MOXKaTyi, BCeJEHCKOe CBOMCTBO BUXPOHA — POXKAEHUE YEPHBIX ce-
puueckux Ten1 (YCT) B HeBemeCTBEHHOM IPOCTPAHCTBE 3a IpejeiaMu Haie BeeneHHOH, B e€
«armocgepe» — OCHOBHas1 (hopMa MHTErpallii MaTEPUU B COCTOSTHUU TTOKOS].

W vmMeHHO 371ech YK€ MOXHO OTBETHTh Ha BOIPOC — OTKYJA B3sJIOCh TAKOE OrPOMHOE KOJH-
YECTBO JIEKTPOMAarHUTHOM, KOPITYCKY/ISIPHOU U IIPOCTPAHCTBEHHO-TI0JIEBOM MaTepuu B Haiuen Bcee-
neHHoi'*!'? Best BuaMMasi M ocsizaeMasi MaTepysi — 3T0 COBOKYITHOCTh T€OMETPUUYECKH (PUKCUPOBaH-
HBIX B [IPOCTPAHCTBE 3€PEH-EKTPONOTEHIIMAIOB 1 T'PABIOTEHIMAJIOB, TOCTPOEHHBIX CBOOOIHBIMHU
Y 3aMKHYTHIMA BUXPOHAMM C Pa3JIMYHON TUIOTHOCTBIO pasMelieHus. Bce BUOyMble U HEBUAUMBIE
NPOCTPAHCTBA — MOJIsI — 3TO (pOpMa MaTepuu U3 HEMPEPHIBHO U3ITyYaeMbIX B 47T IOTOKOB 3€pEH-

101 o 4
CornacHo CAII U3 CUHTYJISPHOI TOYKH C IIOTHOCTBIO 10°* r/ev®. B peabHOM IIpeAcTaBieHuu B pesynbrare pacnaga YCT
IyJbCapoB, 0OPA30BAHHBIX U3 (DOTOHOB C YACTOTAMH COOTBETCTBYIOIIMMY, YAaCTOTaM 3aMKHYTBHIX BUXPOHOB, 0Opa3yoluX sAepHbIE

000JI04KH, T.€. Oojiee 102 I
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MOTEHIMAJIOB CTAIIMOHAPHBIMU M KBa3WCTAIIMOHAPHBIMU UCTOYHUKAMH I'PABUTALIMOHHOMN, JIEKTPU-
YECKOW U MarHUTHOM MPUPOJIBL, T. €. KBAHTOB aMOP(MHOro MpOCTPAHCTBA.

ToJIBKO O/IMH BHICOKOYACTOTHBIN BUXPOH, TPOHUKIIHIA B 00/1aCTh HEBEIIIECTBEHHOTO IIPOCTPaH-
cTBa, criocodeH npomsBecty oaHo AaApo YCT ConHia, T. €. TO HEUTpaIbHOE, TPABUTAIIMOHHO OYCHb
TSOKENOE AP0, KOTOPOE pacnagasich U MUHYs CTaIMM HEUTPOHHOM 3B€3/1bl, TEMHBIX KapPJIUKOB U T. 1.,
BCIIBIXHET (DOTOHHBIM CBETOM 3BE3/Ibl, HE Cpa3y, CHaYasIa B3pbIBaMH CBEPXHOBBIX, 3aT€M ITOCTOSHHO,
a BBIpaOOTaB BCIO JUTMHY HA3BAaHHOTO TPEKAa-BOJHOBOJA 3aMacEHHBIX 3€PEH-TIOTEHINAIOB B TIPOU3-
BOJCTBO (POTOHOB M MMKPOUACTHII, IPEBPATUTCS B TBEPIbINA chepruueckuil OCTaTOK CMecH Hapado-
TaHHOTO UM aTOMHO-MOJIEKYJISIPHOTO BEIIECTBA Pa3IMYHOIO XUMUYECKOTO COCTaBa MEPTBOM IIJIAHETHI
tuna JlyHa.

Ecmu 10T (hOTOH AJTMHHOBOJHOBOW MJIM OOPa30BaH BO BPEMsl CHIIBHBIX Pa3psiOB MOJIHUM
B arMoc(epe IUIaHeT, WM MPOPBaBIIMIACSA CKBO3b (poTocepy ConHIA MMIaHTCKUN CBOOOIHBIN
Y OYeHb JJTMHHOBOJIHOBOW JIEKTPOMArHUTHBIN Mak pOBUXPOH, TO B HEBEIIECTBEHHOM MTPOCTPAHCTBE
3a mpejienamMy Harel BeeneHHOW poskaeTcs CyIecTBEeHHO OOJIbIIME 10 pa3MepaM Y€pHble chepu-
yeckue Tena. OHM BO3BpalialoTcs B Hamry BcenleHHyio, pacnafaoTcs B Te4eHHe MHOTUX MUJUIHAp-
noB siet (14- 40) ¢ poxaeHHeM TOJIBKO BHYTPEHHUX KJIYOKOBbIX DMB KBaHTOB, KOTOpbIE ABUTASICH
M0 KPUBOJIMHEHHBIM TpaeKTopusiM K nosepxHocTd YCT, co31al0T BOKPYTr HEro MOIIHOE I'paBHTa-
IIMOHHOE ToJIe TEMHOW SHepruu. [1o UCTeueHn 3TOro CpoKa, OHU CIIOCOOHBI U3TyYaTh JIUIb JJTAH-
HOBOJTHOBBIE (POTOHBI M1 HMKOT/IA He 00pa3yloT KOPITYCKYJISIPHBIE YaCTHUIIBI aTOMHO-MOJIEKYJISIPHOTO
BEIIIECTBA — 3TO siApa KBa3apoB U KBA3aroB, KOTOPHIE U CO3/1AI0T TEMHYI0 MATEPUIO M SHEPIHIO.

Bce BoilieHa3BaHHbIC ¥ BHEIIIHE MPOsIBIIsieMble (POTOHOM CBOMCTBA OOYCIIOBJIEHBI BCETO JIUIIb
BHYTPEHHUMH CBOICTBAMHU OJHOTO OINpPENEEHHOTO U CBOOOJHOTO BUXPOHA — 3TO TEepeMeHHas
YacToTa CIMPAIbHBIX BOJTHOBOJOB M YacToTa (ha3oBasi, BEIMUMHA 3HAYCHUI U MOJISIPHOCTD JIEKTPO-
MOTEHIIMAJIOB, IJIOTHOCTh MX pa3MelIeHHs Ha eAMHUILY JUTMHBI BOJTHOBO/A, BA TIEPEMEHHBIX ITYJIb-
CUPYIOUIMX MAarHUTHBIX Y OJUH MTPOTUBOAEHCTBYIOLUINI IEKTPUYECKUI MOHOIIONb, UX THUII U (hopMa
MOJISIPU3ALIMH, OPUEHTAIHS OCH MY/ IbCHPYIOIIETrO IEPEMEHHOTO MArHUTHOTO BUXPSL.

WTak, cxemy BHYTpEHHHUX MPOLIECCOB B (DOTOHE, TOOYKAAIOIIUX €r0 K CBOOOTHOMY JBHAKEHUIO
Aaxe B BAKyyMe MOKHO TaK:Ke ITPE/ICTaBUTh, KAK HAUAJIO pa3psiiky cpephl (MICTOUHMKA) MATHUTHOTO
3apsa u3 y3ia (a3zoBoro o0béMa ¢ MHIYKIMEN MPOTUBOAEHCTBYIONIETO MPOLIECCY ITOH Pa3psIKu
NEKTPUUECKOTO MOHOIIONS MyTEM MPOCTPAHCTBEHHO-T€OMeTPHYEeCKOM YCTAaHOBKM €r0 BOJIHO-
BOJa (110J151) U3 3€PEH-NIOTEHIUAJIOB OT y3J1a JI0 ITyYHOCTH B UETBEPTb JUIMHBI BOJHBI U 3apsAKU Cepbl
MIPOTUBOIIONIOKHOTO MArHUTHOTO MOHOTIOJNSI C HAYAJIOM B YE€TBEPTh U KOHIIOM B y3JI€, T. €. IOJIOBUHBI
JUTMHBI BOJIHBI. 3aTeM 3TOT MPOIIECC MOBTOPSIETCS, HO C MPOU3BOJACTBOM HA YYacTKE OT MOJIOBUHBI
10 TPEX YeTBepTel JUIMHbBI BOJHBI IIPOTHUBOIOJIOKHBIX 110 3HAKY 3E€PEH-JIEKTPOIIOTEHIUAIOB.

PaccMoTpeHHast CTpyKTypa JIOKQIM30BaHHOTO U CBOOOAHOTO (pa30oBOro MUKPOIIPOCTPAHCTBA
CaMOZIBMKYIIIerocsi (poToHa MO3BOJISIET CBSA3AaTh BOEIMHO BCE HAOMOHaeMble SIBJICHUsI B3aMMOJIEH-
CTBUI (DOTOHOB B MHUKPO- M MaKpOMHpE, a TaKke OOBSICHUTh U CBSA3aTh €ro BHYTPEHHKE W BHEIII-
HUe (pusrueckne cBoiicTBa. VIMEHHO Takasl ke CTPYKTypa M3 T€OMETPUYECKH pPeryisipu30BaHHBIX
NIEKTPOMArHUTHBIX TIOTEHIIMAIOB, POKACHHBIX ABWXKYIIIMMUCS 3aMKHYTHIMH BUXPOHAMH U pa3Me-
IIIEHHBIMHU Ha COOTBETCTBYIOIIMX BOJIHOBO/IAX, HAOMIOIAETCS] B ME30HAX U B MHOTOYPOBHEBBIX 000J10-
YeYyHbIX (IO THITYy CTPYKTYpPbl BHYTPEHHHUX CJIOEB JIyKOBHIIBI) MUKPOIIPOCTPAHCTBAX aTOMHBIX SIAEP,
ATOMHBIX JIEKTPOHHBIX 000JIOUEK U IEMEHTAPHBIX YACTHII.

B3anmojaeiictBue BHXpPOHOB ¢ BelecTBoM. Bo30Oyxkjaenue aroma, ¢orodcddekr,
¢doTroaTtomubie U (poTOSsIIEPHbIE PEAKIIMIL.

Bo30yxaenne aroma — 310 3(peKkT 00paTHBIN yKe PACCMOTPEHHOMY U3JTy4YeHHuo (hOTOHA
C BHEIIHeW 000JIOYKU BO30YkIEHHOTO atoma. M MexaHu3m 31oro a¢deKTa Takxke MpOTUBOIONO-
KEH MeXaHW3My M3JTyueHusi (poToHa. 371eCh HEOOXOAMMO YUUTHIBATH HE TOJIBKO SHEPreTUUECKUil
OanaHc, HO M U3MEHEHHE MIEKTPUYECKOro Mojisi B KOHKPETHOW TOUKE MPOCTPAHCTBA — TOJIE aTOM-
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HOTO SIZIpa, CBSA3BIBAIOIIETO BHEITHUM 71eKTPOH. [Ipy 00mydyeHnn Kjiactepa aToMOB ra3a pe30HaHC-
HbIMH (POTOHAMU BCeraa HalWAETCS B MOTOKe Takou (hOTOH, y3eJ (ha3oBoro oObEMa KOTOPOro mpu
niepeceyeHn 00bEMA atoma OyAeT HAXOAWTCSA B KPUTHUECKOW 30HE MEKTPHUUECKOrO MOJs aToma
Y KOHKPETHOTO 3JIeKTpoHa. Torna B MOMEHT Havyasia pa3psiKu MarHUTHOT'O MOHOTIOJNSI TAaKOTo (hOTOHA
MIPOTUBOCHCTBYIOIINI eMy JIeKTPO3apsi]] 3aXBaThIBAETCS I0JIEM aTOMa, OCTAHABIMBAET Mar HUTHBIH
3apsill, KOTOPHIA TYT Xke MpeoOpa3yeTcsi B rpaBUTAIIMOHHBINA 1 00pa3yeT 3aMKHYTHI BUXPOH C HETOJI-
HBIM KBaHTOBBIM IPe0Opa30BaHUEM HOCUTEJISI MHIYKTUPOBAHHOM SHEPruu. [ paBUTAIIMOHHBIN 3apsif
Oy/leT pereHeprupoBaTh MArHUTHBIM 3apsiji IO TeX TMOp IMOKa MOC/IEHUIN He OTAACT BCIO CBOKO SHEP-
TUIO0 HA CO3/IaHKE BOJTHOBOJOB U3 JIEKTPOIIOTEHIINAJIOB, TI0JIE KOTOPBIX MIEPEBEIET IEKTPOH Ha OHO
u3 OoJiee SHEPreTUIECKMX COCTOSTHAIN aToMa WM BOOOIIe MOHU3UPYET aToM. Tako mporece IuTcs

OYEHb KOPOTKOE aTOMHOE BpEMS MOpsIKa 1078 ceKyHabl. [Ipy 3TOM, 2JIEKTPOH aToMa NEPEXOAUT
Ha OoJiee JajibHee paccTosiHue — 6oJiee BHICOKOIHEPreTUYECKUI YPOBEHb.

PoTodr¢dexT. [TogoOHBIM ke 00pa30M MPOUCXOAUT U MIOHU3ALIMS TEKTPOHA — (poTo3DPeKT,
HO IIPY YCJIOBUY IPEBBILIEHH [IOPOTra SHEPIUM HAJIETAIOIIEro (pOTOHA NOTEHIMaTy MOHU3ALMH BHEIl-
HEro 3JIeKTPOHa JJIs JaHHOTO aroMa. B 3ToM cilyyae mporcxoauTh UMILIO3UsT BOJTHOBOJA U3 3E€PEH-
MOTEHIIAJIOB TAKOro (hOTOHA B 00JIACTh IMOJISA- CBS3M MEKTPOHA C SAPOM aToMa, KoTopasi oopasyer
30HY X0JIOAHOH IJIA3MBbI C [TPOTUBOIONIOKHBIMU IO 3HAKY 3€PHAMU-TIOTEHIUAIAMHU U YHUYTOXKAET
3Ty SHEPrHIO CBA3U JIEKTPOHA C SPOM aToMa.

[Mopor sToro mpomecca caMblil OOJIBIION /AJIs1 ATOMOB, HAaXOMSAIIMXCS B TA30BOM COCTOSTHHH,
a MUHMMAJIBHBIH /1J151 aTOMOB, 3aKPEIJIEHHBIX B peLIETKe TBEPAOro Tesa. Tak Hanpumep, i Ie10d-
HBIX METAJIOB OH JIOCTUTAeT HECKOJbKMX EJUHUII HIEKTPOHBOIBT M MOXKET ObITh aKTUBH3MPOBAH
Aaxe ONTUYECKUMU (POTOHAMM.

Komnron-3¢dexr. CoBepiieHHO Ipyrve SHepruy M paguallMOHHbIEe MOCIEICTBUSA HACTY-
MAaloT B CIydae, Korja HeoOXOIMMO HOHU3UPOBATh MM HA0OOPOT BO3OYUTH JIEKTPOHBI C BHYTPEH-
Hux K,L,M,N-o600uek aroma. DHepruu (hOTOHOB YBEIMYMBAIOTCS B THICSYM Pa3, a MOHU3ALMS
9MIEKTPOHA C TAKOH BHYTPEHHEW OOOJIOYKM MPUBOAUT K KAaCKaLy XapaKTepPUCTUYECKOTO M3ITyYeHUS
9TOrO BEIIeCTBA MTPY BO3BPALIEHUH 1 CTAOMIM3aIK aTOMOB B OCHOBHOE cocTosiHie. Ha aTom npuH-
LI1I1e OCHOBAaH PEHTIeHO-(PIII0OPECLIEHTHBIN METO]] aHAJIM3a BEIIECTBA.

dotoaTomubie peaknuu'®. CBoOICTBa pa3INYHBIX MHUKPOBUXPOHOB 0OPA30BHIBATH TE WIIH
MHbIE MUKPOYACTULIBI, MPEXKIE BCEro, 3aBUCAT OT IMPOMEXYTKa BPEMEHHM M CKOPOCTH H3MEHe-
HUs'? ronieid, MOPOMBIIKX HX, @ YK MOTOM OT YCJIOBUH TOJIEH MPOCTPAHCTBA, Yepe3 KOTOphle OHU
MIPOXOJAT. BHelIHMe cBOMCTBA BUXPOHOB TAK)KE 3aBUCAT OT JIMHBI BOJIHBI, KaK CBOMCTBA PAJAMOBOJIH
OTJIMYAIOTCS OT CBOMCTB (POTOHOB, PEHTTEHOBCKMX JIy4el U FraMMaKBaHTOB. OCHOBHOM ITPOLIECC ITPH-
BOJAIIMI K B3aMMOJENCTBHIO CBOOOAHBIX 3JIEKTPOMAIHUTHBIX MUKPOBUXPOHOB C BELLECTBOM WJIM
TIOJIEM 3aKJII0YAeTCsd B TOPMOKEHHH OCTaTKa MarHUTHOTO 3apsja IpU pa3psAAKe IyTEM 3axBaTa
€ro 3JIEKTPOMOHOMOJIsI BHEITHUM JIEKTPUYECKUM TOJIEM $1/1pa, aTOMa WM JIEKTPOHA WJIM JIPyroro
JIEKTPUUYECKOTO NOJIsI POCTPAHCTBA, C 0OPa30BaHUEM ITPOMEKYTOYHOIO COCTOSIHUSA, TP KOTOPOM
OCTAaTOK MarHUTHOTI'O 3apsiJja COBEPIIAET BbICOKOUACTOTHBIN KBAHTOBbIN MEPEXO] B IPAaBUTALIMOHHbIN
MOHONOJIb. B pe3ysbTaTte yacTh WM BCS SHEPrysl HAJIETAIOILETO MAarHUTHOTO 3apsAa paciipeaesieTcs
ME>K/1y MOHOMOJISIMU COOTBETCTBYIOLMX POKAAIOIIMXCS MUKPOYACTHUL] — IEKTPOHA U (POTOHA, Naphl
JIEKTPOH-TIO3UTPOH U T. . TaK, HanpuMmep, Npy SHEPruK HAJIETAIOIEro Ha aToM (POTOHA raMMa U3JTy-
4yeHusl Bhile oporooid B 1022 KB 3/1€eKTpOMOHOMONb €r0 ¢BOOOHOI0 MUKPOBUXPOHA TOPMO-
3UT JI0 MOJIHOM OCTAaHOBKM JBUKE€HHE MArHUTHOTO MOHOIIOJISA, B3aUMOJEUCTBYA C TOJIEM aTOMHOI'O

102 http://www.youtube.com/watch?v=1xIeFZVtINIL. X5IC uacth 2 POTOATOMHBIE 1 (poTosinepHble peakuyu.

10 . o o R
3 BpeMH JKU3HHU aTOMHBIX BO36y)KI[eHHLIX COCTOSIHUM WJIU BPpEMS MEPEXOAa XaPAKTEPU3YETCS BEITMUNMHON 10 8 C, a ANEPHbIX —

1020 C, Y MOJIHHI 9TO BpeMsl IOCTUTaeT AECATKOB MAJUTMCEKYH, Y «TsKENBIX» CBY mecsaTky MMKOCEKyH/I ¥ MOIIHBIX TOKOB B ITepe-
MEHHBIX UMITy/IbCaX.
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sapa. IIpy 3TOM IPOUCXOIUT €ro JieJIeHHe Ha JIBa CAMOCTOSITENIbHBIX, HO 3aMKHYTBIX '™ 1 MoKosi-
IIUXCSl BUXPOHA, B (pa30BOM 00bEME KOTOPHIX yXke POXKIAOTCS IPABHTANMOHHbIE MOHOMOJM —
HOCHUTEI UHIYKTUPOBAHHOU SHEPIMM B COCTOSIHUM OTHOCUTENbHOTO 1oKos. Ha wur. 2.4 npusenena
cxeMa JieJIeHHs1 CBOOOJHOro (YEPHBIN MIAPUK) BUXPOHA TaKMX (DOTOHOB HA JBA PA3HOMOJISIPHBIX
(KpacHblil ¥ CUHUI).

®ur. 2.4. Cxema poxAeHUs Napbl B M0JIE aTOMHOTO pa

[Ipupona MexaHu3Ma 3TOro sIBJIEHUsl 3aKJIodaercss B cieayiomeM. Haxonsce B BMXEHUM
B (pazoBoM 00bEMe (0T 1/8 1o 3/8 nmepuona) poToHa, OCTATOK MEPBUYHOIO MATHUTHOTO MOHOIIONS,
Yyepes MoCPeICTBO MPOTUBOAEHCTBYIOIIETO €My JIEKTPHYECKOr0 MOHOIION S, YK€ BO3OYAMI PaBHBINA
€My U NPOTUBOMNOJOXHbBIA. M, B 9TOT MOMEHT, BHEIIHEe I0JIe OTPULIATENIBHOIO JIEKTPUUECKOrO
MOHOTIOJNSI BUXPOHA B3aMMOZICHCTBYET C CUIIBHBIM TOJIEM aTOMHOTO sipa ' — MpOMCXOIUT ero CHJIb-
HOE NPUTSKEHNE, TOPMOKEHUE U OCTAHOBKA MarHUTHBIX MOHOIIOJIEW, OJISIpU3aliisl, pa3phiB U JeJe-
HHe (Pa3oBoro oObEMa MUKPOBUXPOHA. DIEKTPUUECKUN ¥ MAarHUTHBI MOHOIOJM 3TOrO BUXPOHA
NOJISIPU3YIOTCA U TOPMO3SATCS B JBUKEHUU OT CKOPOCTH CBETa JI0 MOJHON OCTAHOBKH U HCYe-
3a10T U3 (pa30BOro 06bEMa. B MOMEHT TOPMO:KeHHsI TOJISAPU30BAHHBIA MarHUTHBI MOHOIIOJb yKe
HE MOXET CYIIECTBOBATh, TAKXKE PA3PsKATHCS U MPOJOJIKATh MPEAbIIYILUI IPOLECC MHAYKIIMY ITPO-
THBOIIOJIO)KHOTO MOHOIIOJSI, TIO9TOMY IIPOMCXOAUT MPOTHBOAEICTBHE 3TOMY ITPOLIECCY, MOI0OHOEe
IEHCTBUIO EKTPHUYECKOr0 MOHOIIONS MPU €ro paspsijie B CBOOOAHOM JBMKEHHH. DTO MPOTHBO-
JieficTBHe — KBAaHTOBbII Mepexo ABUKYLIENCS CO CKOPOCTBIO CBETA MaTepuu B (pOpMe MarHUTHOI'O
3apsijia B €€ NOKOSIIMIICS aHAJIOT, T. €. B MATEPUIO B COCTOSTHUM MOKOS B (hOpMe T'PaBUTALIIOHHOTO
MOHOTIOJNSI B 3aMKHYTOM 00BbEME HOBOM YaCTHIIBI, XapaKTEPU3YIOIIEHCSI MACCOM, T. €. JIeMEHTapHbIN
aKT MHTerpanuu-KOHJAeHCAlHH SHEPIUU B COCTOsIHUE MOKOsl. BpeMsi Takoro KBaHTOBOI'O Imepe-
X071 OIpeiesisieTcsl ACNEHUEM JJIMHBI BOJTHOBOJA JIEKTPOHA HA CKOPOCTh CBETA U COCTABJISIET BEJIU-

YHMHY MOPs/IKA 10— cekyHapl. [Ipu 3TOM, OKOHYaHHE 3apsAKK I'PABUTAIIMOHHOTO MOHOIIOJNS COBIA-
JaeT C MOJHOW OCTAHOBKO# rociie TopMoxkeHusi. CBOOOHO-OCTYNaTeJbHOE IBIKEHHE BUXPOHA
CO CKOPOCTBIO CBETA 3aMEHSETCSl POKAECHUEM ABYX MOKOSIMIUXCS IPABUTALMOHHBIX MOHOMOJIEM.
UTtak, cB000JHOE cCaMOJBIKEHHE OTHOTO MArHUTHOTO MOHOIIOJISI CO CKOPOCTBIO CBETA IEPEX0-
JWT B IBA HE3aBUCUMBIX C(peprUECcKHX 3apsija IPaBUTAIIMOHHOTO MOHOIIONS B 3aMKHYTBIX 00bEMax
3JIEKTPOHA U MO3UTPOHA. B JaHHOM cilyyae MCTOYHHKAMU [TPOM3BOJCTBA JIEMEHTAPHBIX I'PaBUTA-
IIMOHHBIX MOHOIIONEH SIBJISIETCS] KBAHTOBBIN MePex0/] MAarHUTHOTO MOHOIIOJISI [TPY €10 TOPMOXKEHUN
OT CBETOBOU CKOPOCTH JBUKEHUSI JIO TIOJTHOM OCTAHOBKU. TakoW HOCUTE b UHYKTUPOBAHHOMN SHEP-
T'MU B COCTOSIHUM OTHOCHTENIBHOTO MOKOS CIOCOOEH MPH CBOEH pa3psijiKe Ha PacCTOSHUM YE€TBEPTU
JJTMHBI BOJIHBI MHIYKTHUPOBATh U 3apsiKaTh aHAJIOTUYHBIN MCUE3HYBIIIEMY MAarHUTHBII MOHOIIOb, T.

. )
€. PEreHEPUPOBATh B 3aMKHYTOM 00BéMe JIEKTPOHA HA BpeMs Bcero Jimiib B 10 0 C aHaJIor Iep-
BUYHOIO MarHUTHOTO 3apsA/ia, HO C OTJIMYHBIMU OT IEPBUYHOIO CBOMCTBAMU — OH CIIOCOOEH TOJILKO

104 Takum 00pa3oM pokJaeTcst Macca ¥ HHEPTHOCTD d1eMeHTapHbIX yactull B CH.

105 Jlanbﬂeﬁmee CBO60}1HO€ ABUKEHUE MUKPOBUXPOHA IIPEKPAIIACTCS JIEKTPUIECKUM II0JIEM dpa, T.€. 3H6KTpI/I‘leCKI/Iﬁ MOHO-

T10JIb BUXpPOHa B3aHMO)1€ﬁCTByIOT C 3TUM I1OJIEM.
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3apsKaThCs pa3psiIKOi IPaBUTALIMOHHOTO MOHOMOJIA, T. €. IPOU3BOIUTDH HETIOJHOE KBAHTOBOE Ipe-
oOpa3oBaHKe CBOEH SHEPTUH WM CO3AaBaTh KAHOHMUYECKUIA BOJTHOBO, C TIOJYIEIbIM CIMTHOM MUK-
POYACTHIIBI C MACCOW. DTa KAHOHMYECKAs PeaKIvs SABJSETCS KJIUYOM OOBeTUHEHUs TeOpUid, 00b-
eIUHSIOIIUX BCEe TEOPHH JIEMEHTAPHbBIX YaCTHI] C TEOPUSIMU I'PABUTALIVH.

PoxnéHuble TakuM 00pa3oM 3/eMEeHTApHBbIE I'PABUTAIIMOHHBIE MOHOIIONM, Pa3psiKasCh yKe
B 3AMKHYTOM OOBEME, CIIOCOOHBI TOJIBKO 3apsizKaTb-pereHepupoBaTh MOISPU30BAHHBIE OJIHO-
MMEHHbIE MAarHUTHBIE MOHOIIOJIA M Pa3BEPTHIBATh (IIPU pa3psiKke) B 3TOM 3aMKHYTOM IPOCTpPaH-
CTBE UCTOPHIO CBOETO POXKJIEHHS B 3€pHAX-IPaBIOTEHIMAIAX. 3aMKHYTHII BOJTHOBOJ U3 9TUX 3€PEH
BO BHEIITHEM TMPOCTPAHCTBE MHAYKTHUPYET I'PaBUTALMOHHOE ToJie!*® MpOTHMBOMONOKHOE MO 3HAKY
aKTMBHOMY LIEHTPAJbHOMY TOJIIO TAroTeHus1 3emuin. Ilporecc nepruoguyecky MoBTOPSIETCS ¢ BBICO-

KO 4acTOTOM MopsiiKa 10%° Iy, Ho TeNepb YK€ BMECTO JIEKTPHYECKOr0 MOHOIIONS, C yYaCTHEM
1 4yepe3 MOCPEJCTBO 3apsAAKU-pa3psAAKY ITPABUTAIMOHHOIO MOHOINOJS. Terneps OCHOBHBIM MOKO-
SAIMAMCS HOCHTeJIeM KBaHTa WH/YKTUPOBAHHON SHEPIUM SABJISIETCSA T'PABUTALIMOHHBIII MOHOMOb.
Tak obpasyercsi craOrIbHASI OAHOMONSIPHAS] KAHOHMYECKast (popMa 3aMKHYTON 000JIOYKH MUKpOYa-
CTHII C MAaCCOI 1 MOTyLeIbIM CIMHOM h/2 — HeroHas KBaHTOBask 3aBEPLIEHHOCTb TPe00pa3oBaHus
MarHUTHOM HEpruu co cOPOCOM OcTaTKa IMpefesa €€ HAKOIUIEH!SI B TPABUTALIMOHHBII MOHOIOIb, T.
e. maccy anekTpoHa B cucteMe CU. B pesyabrare 31010 npotiecca B rojie arToMHOIo sijipa iBa MpOTH-
BOIIOJIOJKHBIX M MOJISIPU30BAHHBIX MArHUTHBIX MOHOMOJIS CO3/1AI0T 3aMKHYTbIe 00BEMBI IBYX CAMBIX
JIETKMX NEKTPUYECKH 3aPSKEHHBIX CTAOUIIbHBIX M IPOTUBOIOIOKHBIX MUKPOUYACTHLL, OOJIaAAI0INX
caMoOil MUHMMAJIBHOW Maccoil M MOJyLEIbIM CIMHOM. DHEprus Matepuu B (popMe OJIHOTO LIEJIOro
MarHUTHOTO 3apsjia, KaK HOCHTENs] COPOLIEHHOr0 KBaHTa MHAYKTMPOBAHHOW SHEPrUM M MCTOY-
HHKA CBOOOJHOrO JBHKEHHsSI CO CKOPOCTBHI0 CBETa — IEPEXOOUT B SHEPIUI0 JABYX JIPyruX
B (hopMe 3apsI0B COCTOSIHUS MOKOS — IPAaBUTALIMOHHBIX MOHONONEH. Ternepp HOCUTESAMH MOKOS-
1ieificss MHAYKTUPOBAHHOM SHEPIUM SIBJISIOTCS IPABUTALIMOHHBIE MOHOIONU. DTOT MPOLECC Nepexo-
JUT B TIOCJIEJOBATEIbHBII B3aUMHO-TIEPHOJMUECKUIA C TAaKOW YacTOTOM, YTO MPU IKCIEPUMEHTAIIb-
HOH peructpaiyy u3mepsoT B CH uib BeTMYKHBI 2IEKTPUYECKOro 3apsijia, 3apsia Macchl, ClIMHa
Y QHOMaJIbHOTO MarHUTHOro MomeHrta. Kak Oyzer mokasaHo jajiblile, IPaBUTAMOHHBIN 3apsi
CIIOCOOEH POKIATHCS HE TOJIBKO MPHU KBAaHTOBBIX MEPEX0AaX MarHUTHOTO 3apsijia, HO MOXET M CaMo-
CTOATEJIbHO MHIYKTHPOBAThCS TAaKkKe, KaK M MAarHUTHBIA 3apsijl, HO TOJIBKO HE W3MEHEHHEM 3JIeK-
TPUYECKOTO MOJIS, T. €. COCTOSTHHEM [BHKEHHS JIEKTPUYECKOro 3apsjia B NEKTPUUECKOM II0JIE,
a U3MEHEHUEM COCTOSTHUSI MEXaHMUYECKOTO JIBUKEHUsI 3apsi/la MacChl MJIM CUCTEMOM Macc B I'paBU-
TALMOHHOM TI0JIe, HallpUMep, MEXaHUYECKH yaap 1Mo MOBEPXHOCTU TBEPAOTrO Tejla POXKAAET 3BYK,
a B3PBIB MOPOXKJAET MOILIHYI0O MEXaHMUYECKYIO yAapHYIO BOJIHY. MexXy HUMH Bcerjaa CyluiecTBYIOT
B3aMMHbIE KBAaHTOBBIE [IEPEXO/Ib, KAK, HAIIPUMEP, B EKTPOHE U T. [I.

Wrtak oguHHAAIIATOE CBOWICTBO CBOOOIHOIO 3a[IOPOrOBOTO JEKTPOHHOI0 MUK POBUXPOHA —
3aXBarT €ro 3JIeKTPOMOHOMNOJIA U ieJIeHHe Ha JIBa CAMOCTOSTENIbHBIX MOJISAPHBIX U IPOTUBOMOJOX-
HBIX BHXPOHA, CIIOCOOHBIX CO3/1aBaTh 3aMKHYTHIN (Da30BBII OOBEM OTHOMOJSPHON IEKTPHUYECKU
3apsKEHHON MUKpPOYacTHIbl co criuHoM 1/2. Takoil mporecc BO3MOKEH JIMIIb B CBA3U C TEM, UYTO
ABUXEHNUE N3MEHUBIIMXCS U MOJISIPU30BAaHHBIX MOHOMOJIEN B 3TUX 3AMKHYTBIX 00BbEMaX MPOUCXOAUT
03 MHAYKIMK BCTPEYHOrO0 MOHOIOJSI, HO C CAMOMH/YKIIMEH caMoro cedsi 4epe3 MOCPECTBO pas-
PAIKY BHOBb POKJIEHHOTO IPABUTALIMOHHOTO MOHOIIONS — 9TO JBEHAAaTOe CBOWCTBO 3aMKHYTOIO
MHKpPOBUXpOHA. TakuM 00pa3oM, IepeMEHHBIN 10 BEIMYMHE MarHUTHBIA MOHOIIONb OJHOTO 3HAKa
MOJXET CYIIECTBOBATh HE TOJIKO B 30HE MHIYKIIMH, HO M B 3AMKHYTOM OOBEME IEKTPOHA U JPYTUX
3apsIKEHHbIX OIHONOJISIPHO SJIEMEHTAPHBIX YaCTULIAX. DJIEKTPUUECKUI MOHOIMOJb BOSHUKAET BCEr/a,
KaK MPOTHBOJEWCTBUE pa3psiiKe MarHUTHOIO 3apsjaa. [ paBUTAILIMOHHBII MOHOIIOb UHAYKTUPYETCS
TOJIKO B 3aMKHYTBIX BUXPOHaX, KaK IMPOTUBOAEHCTBIE H3MEHEHHUI) CKOPOCTH B LIEHTPOCTPEMHU-

106 710 noJe SJIEMEHTAPHOI'O I'PaBUTALIMOHHOIO 3aps/jia OIMCAaHO B nepBoﬁ TJIaB€ KHUT'U.
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TEJIbHOM JIBUKEHUU-BPAIIEHUM MarHUTHOTO 3apsifia IMPU €ro TOPMOKEHUH BO BpEMS 3aps/IKU U Kak
cOpOC HAKOIIJIEHHOU SHEPrUH MPH HETOJTHOM KBAHTOBOM MPEe0OpPa30BaHUU MArHUTHOTO MOHOTIOJISI.

Takum 06pazom, U3MEHEHHE NEKTPUIECKOTO MO TOPOXkKIAeT MArHUTHBIA MOHOIIONb BCeraa
JBIKYILMICS CO CKOPOCTBIO CBETA, & U3MEHEHUE ITOM CKOPOCTH BCErzia MOPOXKAAeT rPaBUTALIOH-
HBIIl MOHOIOJIb, B TO K€ BpPeMsl N3MEHEHUE-YMEHbILIEHNE BEIMYMHbBl 3HAYeHUsI MAarHUTHOTO 3apsija
MPUBOIUT K MHAYKLMHU JEKTPUUYECKOTO MOHOIOJIS, IPOTUBOAEHCTBYIOLIETO 3TOMY M3MEHEHUI0 —
3TO TpUaJa MOHOIMOJIEN XapaKTepU3yeT MEXaHM3M 3aKOHA COXPAHEHHUsI SHEPTUU UHYKTUPOBAHHOTO
HOCHUTEJS B 3aMKHYTBIX cucTeMax. CTpyKTypa reOMEeTpUYECKOro YJAOKEHUs ClIUpaieil U3 3€peHrpaB-
MOTEHLIMAJIOB IIPY 3apsiJiKe Ha IMOBEPXHOCTH COOTBETCTBYIOUIMX cpep, SABIAETCS MOJHBIM aHaJIo-
rom crpykrype (Pur. 2.1) marauTHOro 3apsjaa — cepa ¢ MaKCUMaJIbHBIMU 3HAYEHUSIMU 3EPEH-
I'PaBIOTEHIMAJIOB HAXOOUTCSA B 1ieHTpe. OTInyKe ero CBOMCTB OT CBOMCTB MAarHUTHOTO MOHOIIOJS
3aKJIIOYAIOTCS JIMIIb B TOM, YTO OH BCETJa POKAAETCS U CBSI3AH C TeM 3aMKHYTHIM (pa30BBIM O0OBE-
MOM MMKPOYACTHLIbI, B KOTOPOM HaXoAWUTCs (TPHMHAALATOE CBOWCTBO), a IPU pa3psiike UHAYKTH-
pyeT NOJISIpPU30BaHHBI MArHUTHBI MOHOIIONb TOTO K€ 3HAaKa Ha YJaJeHUH YETBEPTU JJIMHBI BOJIHBI
OT CBOETO HaYaJIbHOTO MECTONONOXeHU 1. BOTHOBO/ M3 rpaBNOTEHLIMANIOB, CO3JAHHBIN IIPY pa3psilike
B 3aMKHYTBIX BOJTHOBOJAX Pa3HOrO JHaMeTpa BO BHEIIHEM MPOCTPAHCTBE MHAYKTUpYyeT ' maccy
MOKOs1 yactulpl. IIpyu 9TOM, MarHUTHBI MOHOMOJIb BCEIZla JBUKETCS TOJBKO HA 3apsAKy K LieH-
TPy NOBEPXHOCTH MOJTycepbl 3aMKHYTOTO BOJTHOBO/A. DIIEKTPUUYECKUI MOHOIIONb B 3TOM IPOLIECCE
He BOo30yXaaeTcsi. DTO YeThIPHAAATOe CBOMCTBO 3aMKHYTOTO MUKPOBUXPOHA — KBAHTOBBIH TIepe-
XOJ] SHEPTMU U3 HCTOYHNKA JBUKEHUS B Ipyryio (boopMy B BUJIE HCTOYHNKA MOKOS, T. €. UHIYK-
L1151 MACChl MUKPOYACTHUIIbI BO BHEIIIHEM ITPOCTPAHCTBE C IIOMOIIIBIO BHYTPEHHETO BOJIHOBOJA U3 YCTa-
HOBJICHHBIX 3€PEHI PaBIOTEHIINAJIOB.

Wtak, rmaBHoe, npu pa3psike U ABUKEHUH MO OKPYKHOCTH CO CKOPOCTBIO BBIIIE CKOPOCTU
CBETa MarHUTHBIN MOHOTIONb B CBOOOJHOM MUKPOBUXPOHE MHAYLIMPYET MPOTUBOACHCTBYIOMIUH MPO-
LilecCy YMEeHBbIIEHHsI €ro 3apsia IEKTPUUECKUIl MOHOIIONb, a IPU TOPMOKEHUN U YMEHbIIeHUH
CKOPOCTH JIO MOJIHOW OCTAHOBKH OH ITPEBPAIIIAeTCs B CBOM MOKOSIIMICS aHAJIOT — T'PaBUTAIIMOHHBIN
MOHOIIOJIb.

PoTossaepHbIe peakuu JErkuMu (poToHAMHU. AHAJIOTUYHO C YK€ pACCMOTPEHHBIM IIPO-
1eccoM (pOTOATOMHBIX PEAKIMIA C UCITyCKaHWEM MUK POUYACTHUL, TPOMCXOOUT npouecc I'mranrckoro
pe30HaHca Mpu NOPOroBbix Heprusix gporoHoB ot 10 go 25 M3, Korjaa JjIMHA BOJIHBI CTAHOBUTCS
CPaBHMMOI1 C IMAMETPOM $Ipa, YTO IPUBOJUT TAKKE K U3ITYUYEHHIO PA3JIMUHBIX MUKPOYACTHII.

PoTossaepHbIe PeaKIMH PE30HAHCHO-«TSIKENBIMU» (POTOHAMU. PaccMoTpeHHbIE BblllIe
(bOTOHBI, TOMyYEeHHbIE MPU U3TYyUYEHUU BO30YKAEHHBIX aTOMOB WU sep, HA30BEM <«JIETKUMM»
(poToHaMu, TOJBKO TaKMM (POTOHAM CBOIMCTBEHHO ONPEAETIEHUE UX SHEPIUU Yepe3 NpOU3BeIeHHE
yacToThl ¥ nocTosiHHOM [Tnanka. K ux uuciy ciepyer oTHECTH UM J1a3epHOE M3JyYEeHUE Jake BbICO-
KHMX IJIOTHOCTeHW TMoToKa Jjyda. OmHako B mipupope BeemeHHOI!?® BeTpevaloTcsi Takue MpoIecchl,
HalpuMep, JIeKTPUUECKUe pas3psabl aTMOC(EpHbIX MOJHUM, IPU KOTOPBIX CHUH(A3HO 3a OYEHb

KOPOTKHH ITPOMEKYTOK BPEMEHU MOPsIKA 10— "2 CEKYH/Ibl U B OY€Hb MaJIOM JIOKQJIM30BAaHHOM 00'b-
éme!” B IMITyJIbCHO-TIEPEMEHHOM JIEKTPHUECKOM T10JIe OOJIBIIAX TOKOB M HANTPSIKEHUH POKIAIOTCS
NyTEM CIMSIHWSI MarHUTHBIE 3apsiapl' ' ¢ MaKCMMaIbHO BO3MOKHOW IIOTHOCTBIO YIIAKOBKU 3EPEH-
MOTEHIIMAJIOB KaK Ha CaMUX CIUPaIAX, GOPMUPYIOILUX cepy STOro 3apsja, Tak U Ha3BaHHBIX CITU-
paJield, BIUIOTHYIO IIPUMBIKAIOIMX Ipyr K Ipyry (¢wur. 2.5). Ha30BEM Takue 37€KTpOMarHWTHbIE
(pOTOHBI «TAKENBIMI», & HCTOYHMKH IPOU3BOICTBA TAKUX (DOTOHOB, T. €. «TSKEIBIX» MarHUTHBIX

1
o7 n YKe 30€Chb HaZ10 OTMETUTD, UYTO MUKPOCKOITUYECKUE YPAaBHEHU A Makcgenna HeO6XOZ[I/IMO HE TOJIBKO A€JIaTb CAMMET PUYHBbIMU,
HO JOIIOJIHUTh HH,IIyKLIPIeﬁ rpaBUTAlMOHHOI'O MOHOIIOJIAA B HEKOTOPLIX ClIy4dasdX U C y'—IéTOM TIJTAHKOBCKOM MacChl.

108 Takue sBnesns obHapyxeHbl B armochepe FOmurepa u ConHia.
109 Takoit 06bEM com3MepuM ¢ a3oBEIM 00BEMOM IIMHEI BOTTHBI OT 10 cM 10 10 Mukpos (ot 3 10 3 x 10°TT 1) CBY usnyyenus.

1o http://www.youtube.com/watch?v=fWtVxXjQaKI. XfIC, yactp 3.CBoiicTBa TSKEIBIX MATHUTHBIX 3aps10B
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3aps/IOB, BBIICTMM B OTAEIBHBIN KJIacC M Oy/IeM UX paccMaTpuBaTh OTIACIBHO B CIIEYIOIIe IiaBe.
Pe3onaHcHO-«Ts1kENMBII» MoHOMOM BuxpoHa CBY!'!'! wmu MK guanaszona (B ero ¢gazoBoM o0béMe
HAXOJIUTCSI OYEeHb OOJIBIIIOE KOJIMIECTBO aTOMOB), TIPOXO/S Uepe3 KJIacTep BEIecTBa, TAKKe MPOU3-
BOAUT BOJIHOBOIbBI 1 CHOCO6CH I/IOHI/IBI/IpOBaTb HE TOJIBKO SJIGKTPOHI)I BHCIIIHUX N BHYTpeHHI/IX 060-
JIOYEK aToMa, HO MOKeT MOHM3UPOBATh YaCTHIILI BHEIITHUX 000JI0UEK aTOMHBIX sijiep. Kak cieicTre
ITUX HPOHCCCOB, BOJIb ITIOTEHIINAJIOB BOJIHOBOOB nayT BI/IXpeBI)Ie TOKH, a H@pBPI‘IHbeI XI/IMI/IUICCKI/II';I
COCTaB BEILIECTBA U3MEHSETCS.

@wr. 2.5. JIerkue atomuble U «Tsokenpie» CBY — doToHsl

PaccmotpenHslil iporiecc Kacaercsi GOpMUPOBaHMS JIMIIb OJHOT0 aTOMHOTO MUKPOBHUXPOHA
dotona. A, HarpumMep, B padoTax B. B. ABpaMeHKO IMoKa3aHO poKIeHUE MOIIIHOTO MOTOKAa (hOTOHOB
Ha rPaHMIle pa3pbiBa CIUPATA HUTU OOBIYHON OBITOBOH JIAMITHI HAKAIWBAHMUSI, TIPA MTUTAHUW OTHUM
MIPOBOJIOM, BKJTIOUEHHOH B CXEMY, pa3paOOTaHHOW TUM aBTOPOM. B 3THX 3KcIepuMeHTax 1Mo OHO-
MIPOBOJHOM Tepe/iaue SHEPrUr ropsT Kak UCIPaBHbIE JIAMITbl, TAK M MEPEropeBIlre — 3TO MPoLece
repeHoca 3apsaaa 3JeKTPU4eCKNM MOTeHIMAJI0M MarHUTHBIMUA MOHOTIOISIMH.

Bermpimku cBeta, mpensapsioniye arMochepHbIA pa3psii OOBIYHOW MOJHUH, VJTH TTPU BKJTIOUE-
HUM BWIKH B PO3ETKY, JJISl IUTAHUS MPHOOpa ¢ MoTpedIeHreM Toka Oojiee OIHOrO amriepa — 3TO
00JIaKO MEKTPUIECKOro 3(prpa, YIpaBIIsieMOro OTOKOM BUXPOHOB C ITUPOKUM CIIEKTPOM YaCTOTHI
BIUIOTH 10 onThyeckux. [Ipu 3TOM cieayer cpaBHUTh CXOACTBO M3JIyueHHs MOTOKA (POTOHOB Mpu
BO30YKJIEHIH KJIacTepa Tula3Mbl (M3MEHEHHe IEKTPUIECKOro Mo B aTOMax IUIa3Mbl — OMHO(O-
TOHHBI MEXaHW3M M3JTyYeHHsI Ha OIMH aTOM) C U3JTyYeHHEM IMOTOKa (DOTOHOB (BCIIBIIKH) B TIIYOO-
KOM BakyyMe 0e3 aTOMOB W IJTa3Mbl BOJIM3HU 3JIEKTPO/Ia, HA KOTOPOM MPOUCXOAUT MTUKOCEKYHHOE
MMITYJIbCHOE BBHICOKOBOJITHOE M3MEHEHHe TIOTeHIMaa. B 3ToM citydae nmeercst 001acThb 3aposkie-
HUSI TOTOKA MATHUTHBIX MOHOIMOJIEN pa3HOM YaCTOThbl, KOTOPOE MOKHO JIETEKTUPOBATD MO BCIBIILIKE
MOIITHOTO TIOTOKA JIEKTPUUYECKOro 3¢prpa 1 (pOTOHOB B ONTUYECKOM AuanazoHe. OTcioaa BHIBOJ, UTO
BO BCEX CITyJasix, KOTia B KaKOW-TO 00JIaCTH MPOCTPAHCTBA HAYMHAET MTHOBEHHO (CKOPOCTH H3Me-
HEHHUs) U3MEHATHCS NEKTPUUECKOoe Tojie, BCeraa pokAaloTcsl cuH(MAa3Hble MarHUTHBIE MOHOMONU
3a CUET SHEPrUH ero U3MEHEHM 1, KOTOPBIe CIOCOOHBI TIEPEHOCHTH COOTBETCTBYIOIINH TEKTPUIECK U
3(up U3 OIHOM €ro TOUYKH B JIPYTYIO.

Eciu okpyskaroriee 001acTh BCIBIIIKU MPOCTPAHCTBO COAEPKUT aTOMBI, a SHEpPrus 3apsiia
MarHUTHOTO U COOTBETCTBYIOIIIETO JIEKTPHUUECKOTO MOHOIIONEH COM3MepruMa W OOJTbIIe SHEPTUM
3apsijia aTOMHOTO $i/ipa, TO MPOUCXOAUT WJIM PE30HAHCHOE TOIIOIIEHHE ITOTO (POTOHA C MEPEBOIOM
aToMa B OIHO W3 BO30YXIEHHBIX COCTOSTHHI, WJIM MOHU3AINS CBA3aHHOTO B aTOME JIEKTPOHA, UJIH
MIPOMCXOIUT POKJIeHHE Tap'!? sJieMeHTapHbIX YaCTHIl — IEKTPOHOB M MO3UTPOHOB, MIOOHOB. [1pn
B3aMMOJICICTBMM aTOMOB C PE30HAHCHBIMU U pe30HaHCHO-«TskEmpM» CBY mmm UK dotoHamm
BO3MOXXHO MX YaCTHMYHOE TOTJIONIEHUE C BO30OYKICHUEM MEXaHUIEeCKUX KoJieOaTeIbHO-BpaIlaTe.lb-
HBIX YPOBHEH (yBeJIMUYECHUE TEMITEPATypbl ATOMOB), HOHU3AIIMS YACTHIl BHEIITHUX 00OJIOUEK aTOMOB

111
)IJIH KPAaTKOCTU U3JIOKEHUA B 3TOT TEPMUH 6yZI€M BKJIaAbIBaTh CMBICJI 4aCTOT SMB, BKJIIOUAKOIUX JJIMHBI BOJIH OT OJHOI'O

MWUIMMETpPA 10 OAHOIO MUKPOHA, T.€. IPAKTUYECKU BECH I/IK-,III/IaHaSOH.

12 [1] Poxnenue rap 3JEMEHTAPHBbIX YACTULl TAKUX KaK JIEKTPOH-TIOZUTPOH U IApbl [IPOTHUBOIIOJIOKHBIX MIOOHOB — 9TO Xapak-

TEPHBIE QJOTOElTOMHbIe peakuuu.
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Y aTOMHBIX SI/IEp C BbIEJIEHUEM COOTBETCTBYIOIIEH siIepHOM SHeprur. YacToThl TAKMX (DOTOHOB HAXO-
nsarcsi B uzBectHoM MK-ananazone. DHeprus ke «TSKEIbIX» (POTOHOB ONpeessieTcs yke BeJnUn-
HOUM MarHUTHBIX 3apsIOB, 4 HE MPOM3BE/ICHUEM YacTOThl Ha TIOCTosHHYI0 [lnaHka.

JITMHOBOJTHOBBIM TMT'AHTCKUI COJHEYHbII MaKpOBUXPOH crieruduuecku '3 B3anmMoneicTpyer
¢ mazmoi CoJiHIIa — B MOMEHT €ro BhIXOJa Yepe3 MOBEPXHOCTh (hOTOC(EPBI Ero 3IEKTPOMOHOIIONb
3axBaTbIBaeT KJactep otocepbl, KOTOPHIN Yepe3 MrHOBEHHE OyAeT BHIOPOIIIEH NCUE3aI0IIUM K-
TPOMOHOIIONIEM U3 ero (pazoBoro 06wEMa, n oopasyer B (potochepe mapy Opelb — «IEpHOE MATHO»
1 Oesoe mATHO HaJ HUM. Takue 3apsapl 3amedeHsl (poto 2.2—2.3) Ha moBepxHocTH COJTHIIA — HA30-
BEM HUX «CBEPXTSKEIBIMU» JJTMHOBOIHOBBIMU (DOTOHAMH.

®oto 2.2. Knacrep ¢otocdepsl, 3aXBa4yeHHbI TUTAHTCKUM runepMoHononeM u 2.3. Iaps
«4EpHBIX U OeJIBIX» TATEH (CIIpaBa).

LENR. MMeHHO TakoW MeToj MO3BOJISIET MPH OTHOCUTEIBHO HEOOJBINON YacToTe (POTOHOB
(BY, CBY, KBY u UK mmana3oH), HO O4€Hb BBICOKOW TUIOTHOCTU 3EPEH-TIOTEHIIMATIOB Ha BOJHO-
BOJIaX, C MOMOIIBI0 UX U3IyYeHHUs CIEIUAIbHBIMUA MarHeTpoHaMu WHULIMKApoBath 3pdextsr CBY
OBITOBOM MUKPOBOJIHOBOM TI€YM — BUXPEBbIE TOKU, U TMIIEP3BYK, & TAKXKE YK€ IMMPOKO U3BECTHHIC
HU3KOo3Hepretuueckue''* snepusie peakiuu (LENR) ¢ Mpon3BoaCTBOM JIOTIOTHUTETBHOW SHEPrUr
(TETUIOBOM WJIM JIEKTPUYECKOi) 3a cUeT (POTOMOHM3AIMU YACTUL, BXOASAIIMX B COCTAB BHELIHUX
SIEPHBIX 000JIOYEK TSDKENBIX 71eMeHTOB. [1py 9TOoM, HEOOXOIMMO OTMETHTh AHAJIOTHIO TTOBE/ICHUS
B3aMMOJICHCTBHUS JIETKUX (POTOHOB C BHEITHUMHU 3JEKTPOHAMHU B aTOME C «TSKETBIMI» (DOTOHAMM,
KOTOpbIE TAKMM K€ 00pa30M MOHU3UPYIOT YaCTHUIIBI C BHEITHUX 0O0JIOUEK aTOMHBIX SIfIED.

PaccmorpenHast cTpykTypa''> 1 MeXaHU3M POKICHUS JIETKUX U «TSOKENBIX» (POTOHOB SIBJISIETCS
KJIIOUOM OTKPbITUSI TallHbI MACChl, 3apsijia, ClIMHA, TPABUTALIMU, HTHEPTHOCTH, IEKTPOTOKA, TBEPAO-
CTH, BA3KOCTH U IpyTuX (PU3NYECKUX CBOMCTB Pa3IMYHbIX CPEll, MEXaHU3Ma JIEKTPOCONPOTUBICHUS
U Apyrux (pyHAaMEHTAIbHBIX SIBJICHUN MPUPObl B MUKPO- U MaKpOMHUPE aTOMHO-MOJIEKYJISIPHBIX
BelecTs, B ToM uncie u LENR peakiuii B aTOMHO-MOJIEKYJISIPHBIX arperaTHbIX COCTOSTHUN MaTepUH.

2.2. MuKpPOBHXPOHDI

HpOCTpaHCTBa BaKyyMa KOCMOCa Bcenennoit POXKACHBI I'PABUTAIIMOHHBIMU TTOJIAMU, CTAHYTHI
B OJHO LIEJIOC XOHOI[HOﬁ 0e3MacCOBOM IUIA3MOM U 3aIIOJIHEHBI CBETOM, a TAKKE IPpyT'MM BE€CbMa U PO-
KM MHOTI" 006pa3MeM IMOTOKOB 4aCTUll, MUKPOYACTULI, JICKTPOMAIrHUTHLIX BOJIH, 3Bé3)1aMI/I, KBa3a-
paMy, IyJjibCapamMu, IMJIaHETAMU, CKOIUVICHUEM TAJIAKTUK U T. O. OIIH&KO 3BYKOBbLIM BOJIHAM HET MECTa
B KOCMOCE — UM U1 CYIIECTBOBAHUSA HYKHA BEIIECTBEHHAA aTOMHO-MOJICKYJIApHAA Cpelia. HOE)TOMy

13310 3ameueno B BBIOPOCAX COTHEYHOM IIa3Mbl — 3JIEKTPOMOHOIIONb MAKPOBHX POHA 3aXBATHIBAET KJIACTEP ITa3Mbl (poTochepsl,
a yepe3 HEKOTOPOE BPeMs1 «BBIIIEBBIBAET» €r0 U3 CBOEro (ha30BOro 00bEMa, Co3aBast IIPU TOM XapaKTePHYI0 KAPTUHY — apbl TEMHbIX
Y CBETJIbIX IISATEH.

14 Sheprus marepun, 3aKMOUEHHAs B KBAHTE MATHMTHOTO «TSDKEOrO» 3apsia, NPEBOCXOMMT SHEPIHMI0 MOHW3ALMM YaCTHII
C BHEIIHUX O0OJIOYEK aTOMHOIO sI/Ipa, O3TOMY Ha3blBaTh TAKHE sIACPHBIC PEAKLIMH HU3KOHEPreTHIECKUMH MOKHO JIMIIIb YCJIOBHO
B CHJIy MCTOPUH X OTKDBITHSI.

5 310 COBOKYIIHOCTB MEKTPOCTATHKY ¥ AMHAMKKM MATHUTHBIX MOHOIIOJICH.
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OHU KUBYT M CYILLECTBYIOT JIUIIb HAa 3BE3[aX U IUIaHeTax. B 3ToM pasnesne u paccMOTpEHBI JIEKTPO-
MarHuTHbBIE, TETIOBbIE 1 3BYKOBbIE MUK POBUXPOHBI, TOPOK/IAIOIIME TAKUE BOTHB U MUKPOYACTHIIHI.

2.2.1. DjeKTPOMAarHuTHbIe MUKPOBHUXPOHBI

N3 otkpeiToii tutepatypsl co BpeMEH . K. MakcBesia U3BECTHO, UTO «MAZHUMHbBIL MOHONONb
MOJNCHO NPeOCcmagumbp, KAk OMoOeabHO 3simblii NOAIOC OAUHHOZ0 U MOHKO20 NOCMOSIHHO20 MAZHUMA.
Oonako y 00b1uH020 MazZHUMA 8cez0a 08a NOMOCA, MO eCb OH siéasiemcst ounonem. Ecau paspezamo
MazHum Ha 08e 4acmu, mo Y Kancooul €20 uacmu no-npexcHemy oyoem oea noaoca. Bce u3Bect-
HBIE 31eMeHMAapHble YACMULUbL, 00NaA0AI0UUe INEKMPOMAZHUMHBLIM NOAEM, SI8AS0MCST MATHUTHBIMU
munonsamu. Cgopmyauposannvie /1. K. Makceeanom ypasHenus KAaccuueckom 21eKmpoouHamuKy
CBA3bIBAION INEKMPUUECKOE U MAZHUNHOE NONE C OBUINCEHUEM 3APIHCEHHBIX UaACMUL,. DM YPasHeHU s
ROYMU CUMMEMPUUHBL OMHOCUMENbHO dNeKkmpuuecmsa u maziemusma. OHu Mozym Oblimb cOenaHvl
NOAHOCMbIO CUMMEMPUUHBIMU, €CAU 8 OONOAHEHUE K INEKMPUUECKOMY 3apsady U MOKY 88€Chu HEeKULL
MazHummbi 3apsio u maznumuulii mox. 06 smom Makceean yxasvisan ewé 6 1873 2. Takum oopazom
MOXUCHO co30amb cucmemy ypasHenuii Makceenana ¢ yuemom CylIeCTBOBAHUS MAZHUMHBIX 3aPS008.

Cyuecmsyrouue Kaaccuueckue YpagHeHust Ompaxicaiom mom hakm, umo 00bI4HO MAZHUMHbIE
3apsi0bl He HAOMIONAKOTCA. Ecau maznumible 3apsiobl CYIIECTBYIOT, MO CYUECMBOBAHUE MAZHUNM -
HbIX MOK08 Npueedém K nonpaskam ypastenuii Maxceenna, komopvie MONCHO HAON00aMb HA MAK-
POCKONUYECKUX MACUUMAOax.

THocne Makceenna (1873 2.), cnauana I1. Kiopu (1894 2.), A. Ilyanxape (1896 e.), a 3amem
uIl. /lupax (1931 2.) cozoanu keanmosyro meopuio 63aumoOeiicmausi INeKmpuuecKozo 3apsaoda ¢ Maz-
HUMHBIM 3apPs00M, KOMOPAsi NPUMEHUMA NPU YCA08UU 3HAMEHUMO20 OUPAKOBCKO20 KBAHMOBAHUSL.
H3 Hezo credyem, umo mazHumHbulii 3apsio Yacmulypl 00NXCeH OblMb KPAMeH 3N1eMeHMAapHomMy Mmaz-
HUMHOMY 3apsioy.

B 1974 2. Ilonsikoe u T. Xoogbm meopemuuecku onpeoenunu 3Ha4eHue UCKOMOU MAcCCbl Maz-

Humnozo moronoas eeauuunoii 6 M 1076 I'se,

B nacmosiuee epems mazHummuwlii MOHONOAL CIMANL 00S3AMENbHBIM NPULONCEHUEM BCEX 00BEOU-
HUMEeAbHBIX Meopuil. Abenes MOHONONL He UMeem CIMpo2Ux 0zpaHuvenuli Ha maccy. Bmecme ¢ mem,
Heabenes MOHONOAb Modicem umems maccy oocmyniuyro LHC.

2000 -2004 z2. — skcnepumenmvl, nocmaeneHuvle epynnoi u3 Oklahoma University,
TEVATRON, p p-cmoakHogeHusl.

(Al) Inl=1, M> 285 I'3B; Inl=2, M> 355 3B

(Be) Inl=3, M> 325 I3B; Inl=6, M> 420 I'5B

— 2005 2. — npsimble noucku maznumuslx mornononeii (epynna CDF Run?2), mexarnuzm /penna-
Aua.

M> 360 I3B, s=1/2

— 2005 2. — npsimele noucku Ha yckopumene HERA, e + p — cmoakHo8enust, Macca MOHOIIOJNS
M> 140 I'3B.

~ 2005 e. —epynna 6 cocmase FO. Kypoukun, U. Cauynkeeuu, /]. 1llénkoeviii, C. Anyw onpede-
AUAU NPedenbl MACCbL COBPEMEHH020 CIMAMYCa MAZHUMHbIX MOHONOAEU U NEPCNEKMUBbL UX NOUCKA
Ha ycmanoeke ATLAS, nymém o6pazosanust napbl MOHONOAb — AHMUMOHONONL O8YMS (POMOHAMU.

Cyuecmsosare MazHUmMHO20 MOHONONSL C ONPEOCNEHHBIM 3aP0OM 00BSICHUNO Obl HADAI0OAe-
MYI0 8 NPUPOOE KPAmHOCHb INEKMPUUECKUX 3apsi008 uacmuy, 3apsady anekmpona. OOHaKo npu 3mom,
NPUULLOCL Dbl 00BSICHSIMb, NOYEMY 8 CBOI0 OUePedb MAZHUMHbBIE MOHONOAU UMEIOM KEAHMOBAHHbIE
MazHUumHble 3apsiobl.

3akoHbl Kaaccuueckoll INeKmpoOUHAMUKY OONYCKAION CYULeCmeos8anue Yacmul, ¢ OOHUM Maz-
HUMHBIM NOAOCOM U OQIOM ONsl HUX ONpeO0enéHHble YPAGHEHUsI NOASL U YPABHEHUST OBUIICEHUS. Dmu
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3aKOHblL He CO0ePIHCam HUKAKUX 3anpemos, 8 CUNY KOMOPbIX MAZHUMHble MOHONOAU He Mo2au Obl
cyuecmeosamo.

B obwem cayuae, no muenuio I1. Jupaxa, mazHummwlii MOHONOAL, KAK PE3YAbIMAM «OUHAMUYE-
CK020 83AUMOOECMBUS» He OONNHCEH UMEMb MPAOUUUOHHOU MACCHI NOKOSL.

«Ecau maznumuvie MOHONOAU 2eHEPUPYIOMCSL BbICOKOIHEPUUHBIMU KOCMUMECKUMU AYUAMU,
HENpPepuIBHO NAOAUUMU HA 3eMA0, MO OHU O0ANHCHBL 6CIMPEUAmbCsi ROBCHOO0Y HA 3eMHOLL NOBEPXHO-
cmu. Hx uckanu, Ho He Hawiay. Ocmaémcsi OmKpblmsblM 80NPOC, CEA3AHO AU MO C MeEM, UMo Mae-
HUMHbIE MOHONOU OUEHb PEOKO PONHCOAIOMICSL, UNU JHCE OHU BOBCE HE CYULECTBYIOND».

HawnOonee cepbE3HbIX pe3y/ibTaToB B Teopru (PepMUOHHBIX MAarHUTHBIX MOHOIIOJIEH, pPa3BU-
Basl W/IeH BBIIIEYKa3aHHBIX aBTOPOB, AocTur K. Jlomak (Ppanims, padotsl B iepuop 1987—2005).
Kak mokasaHo B KpaTKo MpUBEIEHHOM 0030pe, HeYJIOBUMbI MATHUTHBI MOHOIIOJb YT B COCTOSI-
HUU CTATUYECKOI0 CYIIIECTBOBaHMS, B KAKOM CYIIIECTBYIOT JIEKTPOH U mo3uTpoH. Ho onpenenenue
camMoO¥ CyTM MarHMUTHOW MaTepuU 3aKJIIOYAETCs B TOM, YTO 3TO BpalllaTeIbHO-TIOCTYMNATEILHO JBU-
KyIIAsACS MPOJOJBbHO CO CKOPOCTBIO CBETa CYOCTAHIMS SHEPTUH. DTO 3HAYMT, YTO TAKUM 00pa3om
OIpe/IeIEHHBIA MAarHUTHBIN MOHOIIONb JTOJDKEH WM MOXET HAaXOMUThCS C MOCTOSTHHOW BEJIMYUHOM
3apsiia B COCTOSTHUM MOKOS, KaK MOTYT HAXOJUTCS B TAKOM %€ COCTOSIHUM JIEKTPOH UJIU IMO3UTPOH.
Ho anekTpoH, Kak ¥ MO3UTPOH 001adal0T MAaCCOM, HAXO/SICh B TIOKOe. MarHuTHas1 CyOCTaHITUsT Mac-
cort He oOnamaer. C omHou ctopoHsl, [1. [lupak MpeanoNokua OTCYTCTBHE MACChl TIOKOSI Y MarHUT-
HOTO 3apsijia. A ¢ Jpyrov CTOPOHBI, 3TO MPEANONIOKEHHE TPOTUBOPEUUT pe3y/IbTaTaM JJIUTETbHOTO
9KCTMePUMEHTATIBHOTO TIOMCKA STOW YacTUIB Oe3 MacChl B COCTOSIHUM TIOKOs1. Tora OueBuIHO JIpy-
roe Npe/roJIoKeHre, YTO MArHUTHBIN MOHOIIONb, KaK YacTHIIa Oe3 MacChl, TOJKHA BCera HaXOOUTCS
TOJIKO B COCTOSITHMU JBUZK€HMSI CO CKOPOCTBIO CBETa, UYTO B IPUPOJIE U HAOIIOIaeTCs — caMo,IBH-
J)Kymmecst (poTOHBI BCeria IBUKYTCS CO CKOPOCThIO cBeTa. [lpyrumu cioBamu rpemnosoxenus I1.
Jupaka o 6e3MacCOBOCTH U IOCTOSTHHOM 3apsiJie B COCTOSIHMM MTOKOSI OTHOM M TOM e YacCTUIIbI O/IHO-
BpPEeMEeHHO IIPOTUBOpEYAT APYTr APYry, YTO M yKasbpiBaeT Ha omuoky I1. [upaka. [IpumepHo To xe
camMoe MOHO yTBEepPKJaTh U O TIOUCKAX MAacChl HEUTPUHO.

Takoi MoHOTIONB UIITYT yxke Oonee 80 sieT, ¢ Tex nop Kak [onb [lupak orpenenu ero OCHOBHbIC
CBOWCTBA:

— TOYEUHBI UICTOYHUK PaIUaTIbHOTO MAarHUTHOTO OIS

— B HWXKHEM IIpejiesie MOXKET JOCTUraTh IJIAHKOBCKUX TMPENesioB IMHLI, T. €. 10 B cTeneHu

MI/IHyc_33 cM u yactots 10+ I'n

— B TEOPUU B3aUMOJENCTBUI IEKTPHUUECKOTO M MAarHUTHOT'O 3aps1/10B Macca MOKOs1 MArHUTHOTO
3apsi/ia He NpeJcKa3blBalach

— MarHMTHBIH MOHOMNOJIb SIBJSIETCS CTAOMJIBLHOW YaCTHIEl M He MOKeT MCUYE3HYTh
J10 TeX NOp, IOKa He BCTPETUTCS C APYTMM MOHOII0JIeM, HMEIOIINM PaBHBIN 110 BeJHYHHe
U MPOTHUBOIMOJIOKHBIN 110 3HAKY MATHUTHBIN 3apsij]

— 1000 MarHUTHBIN 3apsi]] KBAHTOBaH

— MUHUMAaJIbHBIA MarHUTHBIA 3apsj B 137/2 pa3 Gonblie 3apsAaa 3JeKTpoHa

— MarHUTHBIA MOTOK OT TaKMX 3apsA0B TaKke KBAHTOBAH.

WTtak, MarHuTHBIX 3apsAAoB ¢ ykazaHHbIMM I1. [lupakoM cBoiicTBamMH HeT B MPHUPOJE, a €CTh
MarHuTHasi HHAYKIHA U CIIMH MUKPOYACTUL, NTOPOXKAAeMble IBHKYILEWcs Matepueil. Y nepBbM
IIPETEH/IEHTOM Ha MPUPOLY MaTepUM JIEMEHTAPHBIX YaCTHUL] SIBJISETCS CaMOJBHKEHUE IepeMeH-
HOI'0 MarHATHOT'O MOHOIIOJISI, KAK IePBUYHOI NPUYHMHBI.

IIpu dopmupoBannu camoaBuxkylierocs ¢a3oBOro MPOCTPAHCTBA (POTOHA, COCTOSAIIETO
13 BOJIHOBOJA 3JIEKTPONOTEHIMAIOB-3EPEH, YIOKEHHBIX HAa MOBEPXHOCTU JIBYX CONPHUKACAIOIINXCS
cep NpuyacTHa HeKasl MyJIbCUPYIOLIas MArHUTHBIM M ITPOTUBOAENCTBYIOIIMM JIEKTPUIECKUM MOJIe-
BBIM TOKOM, CAMOJBHIKYINASICSA BUXPEBasl NIEPEMEHHAsA YacTHUIIA C JUIMPYIOIIMMU MAarHUTHbIMHA
CBOICTBaMU 1 OECKOHEUHON SHEPruei, COMm3MepuMoNn it (DOTOHOB C BpeMEHEM KU3HH Harel Bee-
JIEHHOM.
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B ommume oT CTaMOHAPHOIO MAarHUTHOrO MOHOMOJA JlMpaka, oOHapyXEHHBI B 30HE
MH/1yKLMH BUXPEBO EPEMEHHBIN 10 3HAKY U BEJIMUMHE MarHUTHBII MOHONOJIb Y CBSI3aHHBIN C HUM
nipu popmupoBaHur (pazoBoro oObEMa (HoToHa CBOOOIHBII BHXPOH — GO30HHBIN MAarHUTHBII
OMII0JIb, HECKOJIBKO OTIIMYAETCSI OT CBOET0 3HAMEHHTOI0 aHAJIOra CBOMMH YKe 3aperCTPHPOBAH-
HBIMU CBOMCTBaMHU, OIPEJCIEHHBIMU B TIPEbIIYIIEM pa3jierie.

BuxpoH 00pa3oBaH ciieyommum 00pa3oMm:

— B aroMe C TMOTEHIIUAJIbHBIM JIEKTPUUYECKUM T0JIeM ' '® 37IeKTPOH MepexoguT ¢ 0O00JI0UKH,
Ha KOTOPOW OH HAXOOWTCSl B COCTOSTHUM BO3OYK/IEHHUsI, HA OCHOBHYIO OOOJIOUKY, T. €. JABHUKeHHE
YaCTUIIB — BO BPEMsI 3TOTO JBUKEHHS JIEKTPOHA €ro MoJjie HAYMHAET U3MEHSTh MOTEHIMAIbHOE
NIEKTPUYECKOE M0JIE AAPA, B pe3yJIbTaTe JOKaIbHOE MOJIE 30Hbl MHIYKIIUHU, COCTOSIILIEE N3 MHOXKECTBA
3epEH-2JIeKTPONOTEHIINAIIOB, BOJIM3U IEKTPOHA HAYMHAET U3MEHSITHCS, T. €. KaK/10€ 3epHO U3MEHsI-
eTcsl I0-CBOEMY 0 OIPENEIEHHOTO 3HAYEHHU S JIEKTPUYECKOro MOTEHIIMaa, a BOT CKOPOCTh U3Me-
HEHHUS y BCEX OJIMHAKOBA — CKOPOCTh PACIPOCTPAaHEHHUsI CTATUUYECKOTO IEKTPUYECKOTO MOoJIs OT CTa-
[IMOHAPHOTO MCTOYHHKA,

— TaKkoe W3MEHEHHE NOTEHIMAIa-3€pHa POXKAAEeT MarHUTHBIA MOHOIOJIb, KOTOPBI CBOWMM
POCTOM MPOTHBOIACHUCTBYET 3TOMY U3MEHEHHIO, YeM OOJIbIIIe CKOPOCTh Mepexo/a, TeM MEHbIIIe Cpe/l-
HUI 9(PEKTUBHBINA painyC MATHUTHOTO MOHOIIONS U OOJIbIle TUIOTHOCTh MarHUTHBIX 3€peH (¢ur.
2.1),

— 3aTeM MpoIecC ABHKEHHSI JIEKTPOHA Ha OCHOBHYIO 00O0JIOUKY MPEKPaIIiaeTcsi — aTOM Tiepe-
XOAUT U3 BO30YKIEHHOTO B OCHOBHOE COCTOSTHHE M STUM OIpe/esisieT MPOMEXYTOK BPpeMeHH KBaH-
TOBaHUsI MUKPOMOHOTIONIEH, T. €. OOpbIB TOKA JIBU)KEHUST YaCTHUIIbI,

— cHH(pa3HO MHOKECTBO 3€pEH YKa3aHHOTO 00BbEMA JIOKAJIBHOTO TOJIsl, 00Pa30BaBIIMX TaKUE
MUK POMOHOMNONU, (DOPMUPYIOT CyMMAaPHBIH JIOKATbHBIA BUXPEBOW MAarHUTHBIN MOTOK MOTEHIUAJIOB;
€CJIM CyMMAapHbI MArHUTHBIN TTOTOK MOTEHIMAJIOB IOCTUTaeT MUHUMAJIBHOTO MOPOra, To 00pasyeTcs
MUHUMAJIbHBIA MArHUTHBIN CaMOJIBUKYIIMICS BUXPEBOW MOHOIIOb M BUXPOH B 30HE U3JIyUEHHUS,

— Omaronaps a¢pdekry AapoHoBa-boma BBereHa ocodast poiib IEKTPOMArHUTHBIX MTOTEHITA-
JIOB B (pM3UKE KBAHTOBBIX SIBJICHU,

— MUHUMAJIbHBIA MAarHUTHBINA MTOTOK, OOHAPYKEHHBIN IKCIIEpUMEHTATbHO Yepe3 ekt 1.

Aaponosa — [I. boma, cocraBiisier BeTMYUHY 2,068)(10_15 Bo,

— KaK TOJIbKO 2JIEKTPOH B aTOME 3aHsUI OCHOBHYIO OOOJIOUKY, MOTEHIMAbl IEPECTald U3Me-
HATbCS U MAarHUTHBII MOHOMOJIb!!7 CTa]1 HCTOUHMKOM ABHKEeHHSI-N3MeHEeHHs1, CAMOJBHKYLIUMCS
BUXPOHOM — BbIJIETEJT U3 30HbI U3JIyYEHHS CO CKOPOCTBIO CBETA, B CIIy4ae KBAHTOBOM 3aBEPIIEHHOCTH
€ro CTpPyKTYpbl,

— Jajiee 3TOT MarHUTHBIN 3apsjl, pa3psokasch B PeKUME CaMOIBHMKEHHS, CTPOUT BOJTHOBO[
Tpeka (ur. 2.2) nprxkeHuss (OTOHA — MUKPOBUXPOH KBAHTYET 3EPHA-TIOTEHIIMAJIBI T€OMETpUYe-
CKM (PMKCHUPOBaHHbIE B [TPOCTPAHCTBE, IIPH STOM 3apsi] MOHOIIONS YMEHbIIAETCS OT MAKCUMAJIbHOTO
IO MUHAMAJIBHOro!18,

— O/IHOBPEMEHHO C HaYyaJIOM JIBUKEHUsI MAarHUTHOTO MOHOIIONS POXKJIAETCs POTUBOJEHUCTBY-
IOLIMI €ro pa3psaKe MEKTPUUECKUI MOHOIIONb, Yepe3 MOCPEACTBO KOTOPOro UAET ero nepesapsaka
Ha TIPOTHUBOIIOJIOKHBIA — MOHOIIONB ' coBepIIIaeT KAHOHMYECKOe CIMPAJIEBUAHOE IBWKEHHE C Tiepe-
MEHHOM 4acTOTOM, 0OPAaTHO MPOIMOPLIMOHATIBHOM €€ JUaMeTpy U MPSMO MPONOPLUOHATIBHO BEIMYKHE

11 o ..
6 SJ'ICKTpOCTaTI/I'-IeCKI/H/I JUIIOJIb Apa U JIEKTPOHA BO36y>K,H€HHOF0 aroma.

17 MarHuTHBIH MOHOIIOJb 9TO HE BUXPOH, a OJHA U3 €r0 BUXPEBBIX KOMIIOHEHT, & BOT €TI0 CBO60,HHO€ ABHKEHHUE C BHXPEBOﬁ
HHJIyK].IPICﬁ SJIEKTPUYECKOI'O MOHOIIOJIA, U «CKEJIET» U3 DJIEKTPONOTEHIIUAIOB — 3TO U €CTh BUXPOH.

11 . ..
8 PeanbHO OoH CO3JacT B MpoHecce 3apsAAKH CHavalla 3€pHA-IIOTCHIMAIIBI, COOTBETCTBYIOIIUE CBOEMY BHECUIIHEMY NUAMETPY,
a 3aTeM LEHTPY C(bepbl, TIOTOM HAYMHACTCA MPOUECC PA3PAAKHU €r0 3apA] YMEHBIIACTCA U OIIATH OH UMECT 3aps, COOTBCTCTByIOI_[II/IIjI

MOTEHIIMAJIaM OOJTBIIIEH chephl.

19 Nokasarenscreom BpAIlleHNs] MArHUTHOTO MOHOTIONSI BOKPYT /IEKTPUYECKOro ABjsAeTcs: KoHyc A. ITyankape (1896 r.).
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Y CKOPOCTH U3MEHEHUS IEPBUYHOIO MOTEHIMAJIA; BpallleHUe LIEHTpa cepbl TPOMCXOOUT 10 pau-
YCY-BEKTOPY NEPEMEHHOTO JIEKTPOMOHOMOIS.

Cozmanue camonBrxkymerocst hazoBoro o0béMa (POTOHA UAET CIIEAYIOIM 00pa3oM:

— BHauyae'”’ ¢azoBoro 06bvEMa (POTOHA YMEHBINAIIIMIACA TO BEIMYMHE MaKCHMAJIbHBII
T10 3apsily MarHUTHBI MOHOIIONb, Pa3psIkasiCh, UHAYKTUPYET IPOTUBOAEHCTBYIOLIHIA €r0 YMEHbIlIe-
HUIO JIEKTPUYECKUI MOHOMOJIb U IPOM3BOAUT BOJHOBO/L U3 3€PEH-JIEKTPOIIOTEHLIMAIIOB, BPALasCh
IO CIIMPAJISIM YBEJIMYUBAIOLIETOCS IMaMEeTpa,

— CUHXPOHHO MPOTUBOICUCTBYIOLTUI €My JIEKTPUYECKUI MOHOIIOJb Ha 1/4 meproia UHIyKTU-
pYeT YBEJIMUMBAIOLIMIICS 110 BEJTMYMHE BTOPUYHBIIA TPOTUBOMNOIOKHBINA MO 3HAKY MArHUTHBIN MOHO-
T0J1b,

—B TouKax 1/8 u 3/8 meprona mosBosHKI (ha30BOro 00beéMa (poToHa, 00a MArHUTHBIX MOHOIIOJIST
MMEIOT OJMHAKOBYIO BEJIMYMHY, HO ITPOTUBOIOIOKHbIE 3HAKH,

—Ha 1/4 nepuona'?! mepBUYHBINA MOHOIIOJb IOIHOCTBIO ICUE3aET, B3aMEH eMy B Touke 1/2 nepu-
0712 MOSIBJISIETCS] U HAUYMHAET pa3psiKaTbCsl BTOPUYHBIN MOHOMOJIb TOW € BEJIMYHMHBI, YTO U NIEPBUY-
HBI, HO IIPOTUBOIIONOKHBIN 10 3HAKY,

— Ha cJleAyolIel oIBOJIHE (POTOHA, POUCXOAUT TO KE CAMOE, YTO U Ha IEPBOMA, TOJILKO IPOTH-
BOIOJIOKHBI MOHOIOJIb IIPOU3BOIUT 3€pHA-IIOTEHLIMAIIBI IIPOTUBOIIOJIOKHOM T10 3HAKY HOJISIPHOCTH,

— MOJIHBIM NIEPUO]] BOJIHOBOTO JBM>KEHMSI MATHUTHOT'O MOHOIIOJS B OJHY JIJIMHBI BOJIHBI (DOTOHA,
XapaKTepU3yIOIIMICS CIIMHOM YacTUIBl B OJHY MOCTOsIHHYIO [1naHka, orpenesnser nojiHylo KBaHTO-
BYIO 3aBEPIIEHHOCTh BOTHOBOT'O Mepexojia BUXPEBOM MaTepUH — 3TO BpeMsI B YeThIpe pa3a Oosbliee
BpPEMEHH Tepexo/a MEKTPOHa U3 BO30YKAEHHOTO B OCHOBHOE COCTOSTHHE.

Tak poxaaeTcs OaWH NepUoA JUIMHBI BOMHBI KBaHTa (pa3oBOro oObéMa (PpoToHa, B KOTOPOM
CBOOO/HBIN IEPBUYHBI MUKPOBHUX POH, ITPEBPAIIASCh HA TIOJIBOJIHE B 3ePKAIbHBIH, OMATH TpaHC(op-
MUPYETCs] B U3HAYTbHBIN. B OECKOHEUHOM JIBM)KEHUM B TIPOCTPAHCTBE BeeneHHOW pokIaeTcsi Tpek
¢orona — ur. 2.3.

OTcioga MOXHO OMpeieIuTh MUHUMATBHO BO3MOXKHBIM M HETOISIPU30BAaHHBI CBOOOIHBII
BHXPOH B NPOCTPAHCTBE, KAK CAMOJABHKYIIMIICS 3JIeMEHTAPHbINI MAaTHUTHO-3JIEeKTpUYe-
CKHIi BUXPEBOIl MUKPOOOHEM € MyJIbCHPYIOLUMH i B3aHMOCBSI3aHHBIMH B HEM BUXPeBbIMH
MarHUTHbIMHU M 3JeKTPHYeCKHMH TOKaMH, B KOTOPOM IMOOYepeJHO MEHSIOTCS MarHuT-
Hble MOHOIIOJIM HA NMPOTHBONOJO0KHbIE, OJH U3 KOTOPbIX NPOU3BOJAUT reOMeTPU30BaH-
Hble 3épHa-NOTEeHINAJbI TOJbLKO Ha IepBoil 1/4 Bo1HOBOA, a BTOPO NPOTHB OI0JIOKHBIN
eMy TakK’ke NMPOU3BOJNT NMOTEHIHAJbI, HO TOJbKO Ha BTOpPOil 1/4 BOJIHOBO/JA MOJIBOJIHBI
U NIPOTHBOIOJIOKHOIO 3HAKA.

UYucnenno B cucreme CH 3HaueHMe KBaHTa [BUKEHMS 3JIEMEHTAPHOIO aTOMHOIO MHKPO-
BHXPOHA MOXHO ONpe/IeNnuTh NOCTOsIHHOM [lmaHka, T. €. Mpou3BeAEHUEM MHHHUMAJIBHOTO JJIeK-
TPHYECKOI0 3apsia Ha MArHUTHBIA. DTa BeIMUYMHA sBJsAETCS (PyHJAMEHTAJIbHOM aTOMHOMN
KOHCTAHTOH, a MI03TOMY TaKOM BHXPOH — (DyHJaMeHTAJbHbIN I10JI€BOil KBaHT IBUKEHHUS, TYJIb-
CHUPYIOIIUI CBOOOIHBI MAarHUTHBINA OUIIONb B CBOOOTHOM MPOCTPAHCTBE. DTO MATHAALATOE CBOW-
CTBO BUXPOHA — (PyHJAMEHTAJIbHOE CBOMCTBO 3TOr0 KOHKPETHOIO KBaHTA, CO3/IAIOLIET0 KOHKPET-
HBII CIIMH MUKPOYACTULIBI ¥ XapakTepusyouiero pusndeckuil cmpica nocrossaaon Ilinanka, T.
€. KBaHTa HaHMeHbIIero aTOMHOI0 AeifCTBHS.

BuxpoH MoxeT HaXoauThCs B (popMe CBOOOHO CYIIECTBYIOIIMX KBAHTOBAHHBIX MarHUTHBIX
BUXpeW, BCEerAa IBIKYIMXCs BpalaTeIbHO-TIOCTYAaTeIbHBIM 00pa3oM CO CKOPOCTBIO CBETa C Mac-
COM paBHOM HyJ0. B ciiyyae TopMOXeHHs U MOJTHOM OCTAHOBKM, BCSl SHEPIUs 3apsija 3TOro BUXPS
MEPEXOAUT B MACCy €ro MOKOSIIETrocs aHaJlora — paBUTALlMOHHbBIA MOHOIIONb. A TaK KaK OH, B CHITY

120 I
Ecnm HauaTth OTCUET BPEMEHU B MOMEHT pa3psAAK MAarHUTHOI'O MOHOIIOJIA.

12l Ha OKPY)KHOCTH MUHMMAJIBHOTO paJnyca BOJIM3U STON TOUKH HAXOHATCA MAKCHMAJIBHBIE 110 a0COMIOTHOMY 3HAYEHHMIO JIeK-
TPONOTEHLIUAIBI.
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CBOE JMHAMUYHO-BUXPEBOM CTPYKType B CBOOOJHOM IPOCTPAHCTBE, BCETA CBS3aH C CO3JaHUEM
3€pEeH-MIOTEHLIMAIOB IEKTPUYECKUX BOTHOBOJOB, TO KBaHTOBaHue [1. /lupaka onHO3HAYHO yKa3bl-
BaeT Ha MPUYACTHOCTh STUX CBOOOIHBIX U B3aMMHO-OPTOTOHAJIBHBIX BUXPEW ¢ MUHUMAJIBHBIM pa3-

MEPOM 10 1028 e B cosnanmm MHKPOYACTHII C LEIIBIMU U TTOTYLIEbIMU CTUHAMU. Takum o6pazom,
MUKPOBUXPOH — 9TO CHHHOOOPAa3yIolee «Cep/re» MEMEHTAPHBIX YaCTHUI], CO3JAHHBIX HM.

CoOcTBEHHO MOJIeBYI0 (hOpMY BUXPOHA 3aPErUCTPUPOBATh TEXHUYECKU HEBO3MOXKHO B CBSA3U
C OTCYTCTBHEM COOTBETCTBYIOIIMX 10 OBICTPOAEHCTBHIO JeTeKTopoB. [loaToMy, B HacTosiiiee Bpems,
PETUCTPUPYIOT JIMIIb SJIeMEeHTapPHbIe YaCTHIIbI, UM MIOCTPOEHHbIE, U B (ha30BOM 00BbEME KOTOPBIX
OHU JBHKYTCS.

Hekotopele BHelIHME ¥ BHYTPEHHHE CBOICTBAa CBOOOIHBIX BHXPOHOB YK€ PacCCMOTPEHbI
B IIpe/IbIIYLIEM pasfiesie B ClIeyIoell MPMUYNHHO-CIEICTBEHHOM CBA3MU:

— IIapaMeTphbl, OTpaKaloIMe KOHKPETHbIE BHYTPEHHHE CBOVCTBA BUXPOHOB, POXK/JIAIOT OYEHb
KOHKPETHYIO JIEMEHTapHYIO YacTulLLy,

—3Ta YacTUIIA TPOSABIISIET PU B3aUMOAEHCTBUY C MOJISMU MAaTEPUU OKPYKAIOILEH Cpe/ibl OUeHb
XapaKTEPHBIE TOJIBKO €U MPUCYIINE (PUBUUECKUE CBOWCTBA, HA3bIBAEMbIE 3]€Ch BHEIIHUM,

— Ha OCHOBAHMU 3THUX CBOICTB OHa UAEHTU(ULMPYETCS KaK, HalpuMep, (POTOH MU IEKTPOH.

PoxnieHne ¢BOOOHOI0 BHXpOHA MPOUCXOOWT Ha rpanuiie (1/8—1/6 1IMHBI BOJTHBI) 30HBI
MHJIYKLIMH C 30HOHM U3Ty4eHUsI OKOJIO CTALIMOHAPHOI'O UCTOYHUKA, BOKPYT KOTOPOTrO MEHSIETCS JJeK-
TPUYECKOE T0JIE.

Pa3mepbl akTMBHOTO 00BbEMAa MUKPOBHXPOHA B YETHIPE pa3a MEHbIE JUIMHBI BOJHBI (pa3o-
BOTO IIPOCTPAHCTBA ONTUYECKOro (pOTOHA WM PaJOBOJIHBI, UJIM FaMMa-KBaHTa. MUHUMaJIbHbIE pa3-
Mepbl €r0 MarHUTHOI'O MOHOMOJISI MOTYT JOCTUraTh TUVIAHKOBCKUX 3HAYEHUH JJIMHBI, & MAKCUMaJlb-
Hble HEOI'PaHWYEHHbI U MOTYT IOCTUIaTh 3HaU€HUI SHepruu, olileHEHHbIE [TonskoBbM 1 T. XoodTom
U Jaxe OoJIblIe, CYIIECTBYIONIME MTPpY U3TydeHur runepdoronoB Ha ConHIe.

Kanonnveckoe ABMKEHHE MArHUTHOIO MOHOMOJISA, CO3JAIOLIEr0 KOHKPETHbIN BOJTHOBOJ, MUK-
POYACTHLIBI, ONIPENEIIAET €€ CIHH. Y 3aMKHYTHIX YaCTHIL TUIA JEKTPOHA TOT CIUH IOIYLIEbIN.
V HUX KaXAblil HOJISIPU30BAaHHBI MOHOMOJb JBHKETCS B CBOEM MHAMBULYaJIbBHOM «JIOMUKE» — [O3H-
TPOH WM 371eKTpoH. Iomycdepsl 3aMKHYTBIX BOJHOBOJIOB 3THX YaCTUL[ OXBAYE€HBl BUPTYAJIbHBIM
MIPOTEKTOPHBIM MAarHUTHBIM MojieM. Kpome Toro, 3aMKHYTBII BHEIIIHUI BOJIHOBOJ, 3J1€KTPOIOTEH-
LIMAJI0B MHAYKTUPYET B MPOCTPAHCTBE JIEKTPUUYECKOE MoJe (BUPTYaJIbHBIN JEKTPUUYECKUI 3apsij
Y T€OMETPUYECKYIO POCTPAHCTBEHHYIO CTPYKTYPY), KaK eciy Obl 3T0 moJe Obulo chOpMHUPOBAHO
MIOCTOSIHHBIM TOYEYHBIM U OECCTPYKTYPHBIM TOUEUHBIM MCTOYHHKOM B ITPOCTPAHCTBE. DTO MIECT-
HaJLaTOe CBOVCTBO 3aMKHYTBIX MOJSIPHBIX MUKPOBUXPOHOB.

Sueprus B 1022 KB sBjIsIeTCA TEM MUHAMAIBHBIM TIOPOTOM 122, CBBIIIIE KOTOPOTo UAYT (hoTO-
aTOMHbIE PEaKkL|1, B pe3yJIbTaTe KOTOPbIX 00Pa3yIoTCs 3aMKHYTBhI€ OHOIOISIPHbIE BUXPOHBI JJIEK-
TPOHOB, MO3UTPOHOB WJIM MIOOHOB. Jl0 3TOW 3HEpruu, B OOLIEM Cilyyae, MO 0Opa30BbIBATHCS
TOJIBKO OMIIONSIPHBIE CBOOOHBIE MUKPOBHXPOHBI, T. €. 0030HHbIE BUXPOHBI B (0a30BOM 00bEME KOTO-
PbIX MYJbCUPYIOT Ba EPEMEHHBIX MPOTUBOMOJIOKHBIX MAarHUTHBIX U OJMH JEKTPUYECKHII MOHO-
nosib. [Ipy sHeprusx MHOro OOJbIIE MEPBOro MOpora CTadHJIbHbIE BOJIHOBOIBI MOJOOHBIE K-
TpOHY OOJIBIIIE HE CO3[AI0TCS, 3TO SAMHCTBEHHASI PE30HAHCHAS YaCTOTa Ha TIOBEPXHOCTH 3eMIIH.

Buxponsl (hOTOHOB C CyIIECTBEHHO O0Jiee BHICOKOM HEpruei CriocOOHbI CO3/1aBaTh IPH Ol pe-
JIEJICHHBIX YCJIOBUSIX 3aMKHYThle HecTaOMJIbHBIE Tnonychepudeckue (cnmH 1/2) MUKpoIpocTpaH-
CTBA MIOOHOB, a TaKe 3aMKHYTbIe chepbl-000104KkH (crvH () siIepHbIX BOJIHOBOAOB HEHTPaJIbHBIX
Y 3apsKEHHBIX ME30OHOB, a TAKkKe JPYTUX 3JIEMEHTAPHBIX YaCTHUI] C TOMOIIIBIO MOJISIPU30BAHHbBIX Mar-
HUTHBIX 3apsIIOB SAEPHOI YaCTOTH — M€30HHbIE MArHUTHBIE 3apsiIbl SIIEPHBIX 000I0YEK AaTOMHBIX
Aanep. ITo CeMHaAaToe CBOVCTBO sIie PHBIX 3aMKHYTBIX MUKPOBUXPOHOB.

122 B npupoae npu onpeﬂenéHme YyCJIOBUAX MOT'YT 06pa3OBbIBaTbCH 1 00Jiee HU3KOYACTOTHbIE CBO60}1HLIC 1 3aMKHYTBIE HECTA-
OMJIBHBIE T10-JIEBBIE KOJUIEKTUBHBIE MaKpOBUXPOHBI B (ll)OpMe JIMAEpOB JIMTHEHHBIX 1 HIapOBBIX MOJTHUA.
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Nwmetotcst u qpyrue pe3oHaHCHBIE YacTOTHI SIIEPHBIX (DOTOHOB, MPH KOTOPBIX MOTYT 00beAu-
HATCA C IOMOINBI0 PA3JIMYHBIX PE30HAHCHBIX MHUKPOBUXPOHOB BJIOXKEHHBIE APYI B JIpyra MHO-
roo0o0JI0YeYHbIE CTPYKTYpPbl MHUKPOYACTUL — I3TO MHOIOYMCICHHLIC AAPa XUMUYCCKUX IJICMCH-
TOB. DTO BOCEMHAJALATOE CBOICTBO ME30HHBIX 3aMKHYTHIX SIEPHBIX BUXPOHOB. Tak, Harpumep,
HECKOJIbKO TaKMX BHUXPOHOB, 0Opasylolux aeOpoiyieBckre (POTOHBI OT IBMIKYIIMXCS BCTPEUYHBIX
IIyYKOB 2JIEKTPOHOB B KoJUlaijiepe ¢ 3Heprue Boime 1 [B co cTporo onpenesieHHbIM SHepre-
TUYECKHUM CIIEKTPOM IIpHU ONPEACICHHBIX YCIOBUAX CITOCOOHBI 06pa3OBI)IBaTI) BJIOKE€HHbBIE [pyT
B Jpyra (pa3oBble 0OEMBI 3aMKHYTBHIX BOJTHOBO/IOB-000JI10U€K (KaK BHYTPEHHHE CJIOW JTYKOBHIIBI).
Takue pe30HaHCHO 3aMKHYTbIe BOJTHOBOJIBI, COAEpIKalllie B ce0e ABMKYIIMECS K CBOUM IOII0CaM
COOTBETCTBYIOIIME MAarHUTHbBIE TIPOTUBOIMOJIOKHbIE 3apsi/ibl, CHOCOOHBI CTAOMIIBHO COCYIIIECTBOBATD
B (hopMe 00BEMOB-MHK POIIPOCTPAHCTB HEMTPOHOB, TIPOTOHOB U IPYTHX sIeP XUMHUECKHX JIEMEH-
ToB. HaunHas ¢ 310l NOPOroBoil SHEPTUM SIEPHBIE MUKPOBUXPOHBI, TTOJYYHMB IIPU ONPEAETIEHHBIX
B3E].I/IMOII€I';ICTBI/IHX KOHKpCTHLIfI THII TIOJIAPHOCTH, TMOJIApHU3alMi U 4aCTOTY, CITOCOOHBI TaKKe CBO-
601HO 00pa3oBaTh chepruueckre, AVIUNTHIECKUE U NoTychepruieckie 3aMKHYThIe ITPOCTPAHCTBa,
Kak CBOOOIHBIE OUTIONISIPHbIE BUXPOHBI 00Pa3yl0T aHAJIOTUYHbIE BOJTHOBOIK CBOOOJHOr0 (hOTOHA.
B AApax 3BE31 U Ha X ITOBEPXHOCTH, 4 TAKIKE B MAHTUH MOJIOALIX TIJIAHET B HOIIO6HI)IX YCIIOBUAX UAET
MIPOU3BOJICTBO SIJIEP CXOXKHMX IO CTPYKTYpe HEUTPOHY, HO U Oojiee TsKENbIX. [Ipr 3TOM, BUXPOHBI UX
oOpasyloliye, a IMEHHO UX YUCTI0, MOJISIpU3alivs, HOISPHOCTh U YaCTOTa, B 3aMKHYTOM MHOT0000-
JIOYEYHOM ITPOCTPAHCTBE, ONPEEISIOT TaKKe BHELIHE IPOsiBIIsieMble cBoiicTBa 3THX saep B CU, kak
Macca, BpeMsl KU3HH, 3apsjl, CIIMH U pa3Mmep cepbl, 3aHuMaeMoi 3tumu aapamu. [upokuii nuana-

30H 4aCTOT, HAUMHAs OT 1023 I'1 1o TUTAaHKOBCKUX (1043 '), Gomblrioe pazHooOpasue Gopm u cre-
TMIeHU TIOJISIPU3AIUY, BIUIOTH JIO JIEJIEHUs U CJIOKEHUS SHEPTUU U CIHMHA, IeJICHUE Pa3HbIX U CIUSTHNE
OIMHAKOBBIX MOHOTMOJIEH, KOHLIEHTPUYECKUI 3aXBaT U CIUsHUE C(hepudyecKUX LIEHTPOB PE30HAHC-
HBIX BUXPOHOB, BBICOKAsl IJIACTUYHOCTh BO B3aMMOJEUCTBUSX — BCE ITO HAJENSET MUKPOBUXPOHBI
TaKUMH K€ CBOMCTBAMHU IPU CTPOUTENILCTBE IIIMPOKOTo pazHOOOpas3ust MUKpodacTull Muposaanus,
KakuMu oonanaoT Mostekyisl JJHK ripu BeipaimBaHum )KUBBIX KJIETOK (IIopsl U (hayHBI.

VImMeHHO XapakTep CMHXPOHU3AIMU JIBMKEHUS ' U B3aMMOJEHCTBUSI MUKPOBUXPOHOB BHYT-
PEHHMX C BUXPOHAMU BHEITHUX O00OJIOYEK IEMEHTAPHBIX YACTHII, & BHEITHUX — C OKPYXKAIOIIUMU
TMOJISIMU, OTpeesIsieT UX BpeMsl KU3HU, MEXaHU3M U MPUPOAY OAHOrO M3 (PyHIAMEHTAJIbHBIX B3au-
MOJICHCTBUI — CJIa0bIX B3aUMOIefICTBHIl, T. €. [IOCJIe/I0OBaTe IbHasi CAHXPOHHOCTD JIBMKEHHS Mar-
HUTHBIX 3apsIJIOB, PACTIONIOKEHHBIX B LIHTPE Spa, C ABUKEHUEM MAarHUTHBIX 3aps10B BHEITHUX 000-
JIOUEK, IPUBOJIUT K CTAOMJIBHOCTH €r0 MacChl, aCCHHXPOHHOCTb — K pacnaiy. B ciyuyae orcyTcTBus
3aMMPAIOIIUX U TOISIPU3YIOMINX (AMEKTPUUESCKUX ) WTH CTAOWIM3UPYIOIINX (HapUMep, IIOBEPXHOCTh
HEUTPOHHON 3Be3/bl — MOANUTKA MJIOTHOCTU 3aceieHWs 3€épHaMU MOTEHIMATaMU BCEeX BOJIHOBO-
JIOB) MOJIel PaHO WJIM TIO3IHO BUXPOH MOKUAAET CO3AAHHBIN UM BOJTHOBOJ, CTPOUT HOBBIiA, COOTBET-
CTBYIOIIUI HOBBIM YCJIOBUSIM. DTHM B HEM JIOCTUTACTCS] SHEPTETUIECKUI OAaHC Y HOBasi CTAOMJIb-
Hasl KU3Hb. TakMM 00pa3oM, MEXaHU3M CJa0bIX B3aMMOJAEHCTBUI OIpe/esseTcs apaMeTpamu,
CBOVICTBAMH, CHHXPOHHOCTBIO B3aUMOJIEMCTBUI ABMKYIIUXCS B MUKPOYaCTULIAX MHUKPOBUXPOHOB
M TOCTaTOYHOM HACHIIIEHHOCTHIO UX BOJIHOBOJOB MOTEHIHAJIAMH. DTO AeBATHAAIATOE CBONCTBO
SIIEPHBIX BUXPOHOB.

Ortciona BbhITeKaeT 00OCHOBaHME MPOU3BOJACTBA SIAEPHON SHEPTUM HE TOJBKO 3a CUET Jele-
HUS'2* (SKCIUIO3UH ) TSIKENBIX aTOMHBIX SIIEP, HO U 32 CUET JIETKO PEryJIMPyeMOro BHIHYXIEHHOTO pac-
najga Takux sjaep'>, myTém oONydeHus: pe30HAHCHBIMHU «TSIKETBIMI» BUXPOHAMH C MTOCIIETYIONIeH

123 XapaKTep JABWXEHUA BUXPOHOB B 3aMKHYTBIX BOJTHOBOJAX B KOPHE OTIIMYAETCA OT UX JBUKEHUA B CBO60,[[HOM TPOCTPAHCTBE.

124 .. .. .. .
[eneHue TsORENBIX saep UAET 3a CYET PACIIAKOBKU U HOBOW MEPENAaKOBKH BHYTPEHHHUX 000JI0UeK ¢ 00pa3oBaHUEM PUMEPHO

JIBYX OIIMHAKOBBIX OCKOJIKOB, IJIE SI/IPOM «KOHJEHCALMI» OJHOTO U3 OCKOJIKOB SIBJISICTCS 3aXBAaUCHHbIN HEHTPOH.
125 I[Tpupona menpo NOTpyArIach B CBOUX IOA3EMHBIX J1aOOPATOPHAX, CO3/aBast TSOKENBIE aTOMHbIE fpa U BKJIAbIBas B HUX
OrPOMHYIO SHEPIHIO TIPU CUHTE3€, TEM CaMbIM aKKYMYJIUPYs €€ B HECMETHBIX KOJIMYECTBaX — KOMIIPECCHs1 SHEPIUH.
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WOHM3ALMeld MUKPOYACTHI], COCTABJISIIOIIMX BHEITHUE sIIEpHbIE 0OO0JNIOUKH. 3aTeM — MepecTponKa
SIIEPHOTO OKPY>KEeHUsl PELIETKU TBEPIOrO TeJ, T. €. aKTMBM3allMs LEMHOW peaklUH MO KacKal-
HO TOOYEPENHON MOHU3AIIMY ITUX YACTHUIL IyTEM KyMYJISITUBHON UMILIO3UHM BOJIHOBOAOB U3 3€PEH-
MOTEHIIMAJIOB B 00J1aCTh Mojied MX CBSA3U. TloCiHenytonmii CHHTE3 TSIKENBIX U CBEPXTSIKENBIX sIIep
XMMUYECKUX JIEMEHTOB YXKE B SIEPHO-ME30HHOM I11a3Me OKPYKeHUsI UIET C TPOU3BOACTBOM SHEP-
T'MU B IECAATKU Pa3 MPEBILLIAIOIIEH SHEPTUIO JEJICHUS S/Iep.

NTak, 3aMKHYTBINI BUXPOH — 3TO NOJISIPU30BaHHBI MArHUTHBI MOHOIIOJb, ITYJIbCUPYIOIINNA
MarHUTHBIM, IEKTPUYECKUM M T'PaBUTALIMOHHBIM BUXPEBBIMHM MOJISIMU IEPEMEHHBIN 3apsil, OJHa
u3 (opM MaTepuu, NOKOSIIUIACA MUKPOOOBEM BUXPEBBIX MOJIEH — UCTOYHUK MACChl, UHIYKTHPY-
IOLLUI, C TOMOIIBIO UM CO3JAHHBIX BOJIHOBOJOB, EKTPUYECKUI 3apsij, CIIMH, MAacCy U MarHUTHBIN
MOMeHT. OH SIBJISIeTCs] CIMHOOPA3YIOIIUM «CEPALIEM» Y JIEMEHTAPHBIX YaCTHIl ¥ «MO3IOM>» TBOpE-
HUSI TOH WIA UHOM MUKPOYACTHUIIBL, T. €. JIEKTPOHA, MIOOHA WJIM Me30Ha U T. 1. B To ke Bpems
CBOOO/IHBINH aTOMHBII BUXPOH — 3TO 3apsi/l,«KBaHT IBMKEHUS», (DU3UUEeCKUH CMBICJ TTOCTOSH-
Hol [lnaHka, poguTeneM KOTOPOro SIBJSIETCS OONACTh M3MEHEHHsl JEKTPHUUECKOro TMOJisi B aToMe
wm ero sapa. CB00OAHBINA BUXPOH, T. €. BAXPEBOW MarHUTHBIN OUIONb B OTJMYKE OT JIEKTPU-
YECKOro JUIOJIs, HE CYLLIECTBYET B COCTOSIHUM MOKOSI U HE UMEET IOCTOSIHHBIX MACChl U JIeKTpUYe-
ckoro 3apsiaa. [Ipu sToM 3¢ppeKTUBHBIN pa3Mep MarHUTHOTO 3apsija BUXPOHA MOXET U3MEHSIThCS
B IIMPOKHUX MpefieNiax U JOCTUraTh Kak MUHUMAJIBHBIX 3HAUEHWI Ha MHOTO JECSTUYHBIX MOPSAKOB
MEeHbIIIe cCaMO¥ BO30YKAEHHOW MUKPOYACTHUIIBI, €r0 M3YYaloliel, TaK U JOCTUraTh MaKCUMAJIbHBIX
3HAUYEHUI1, 3aPUKCUPOBAHHBIX B XpoMocdepe Ha noBepxHocTy CosHIa.

I'naBHOE BHellIHEe CBOWCTBO, IPOSBISAEMOE 3alIOPOrOBHIMYA 3aMKHYTBHIMHM MUKPOBUXPOHAMU
B [IPUPOJIE — ITO CO3JJaHUE JI0JTOKUBYIIUX «JOMUKOB» U3 CBEPXTEKYUMX MUK POBOJTHOBOIOB U3 3€PEH
JIEKTPO- U TPABIOTEHLIMANIOB, U3 KOTOPBIX MOCTPOEH BECh ATOMHO-MOJIEKY/ISIPHBIA MUp ILJIAHET,
3BE3]1 U TaJlakTUK, a Takxke Bcs ¢iiopa U payHa Ha 3emiie. DIEKTPOMarHUTHbIE MUKPOBHXPOHBI —
3TO IIPUPOJIHOE SIBJIEHUE, paHEE HEM3BECTHOE B HAYYHOM JIMTepaType, HO UMEHHO 3TU IEPBOYACTHLIBI
MyTEM CaMOCTPYKTYpPHUPOBAHUsI IOCTPOUJIM BECh MaTepUasIbHBI MUp Halel BeeneHHou B Tex pop-
Max, KOTOPbIE MTOJTHOCTBIO COOTBETCTBOBAJIN YCIIOBUSIM MX MECTOHAXOK/IEHUS, T. €. OKOJIO SiAep 3BE3]1
Y B MAaHTUM 3eMJIM POXKJAINCh OJIHU YACTHUIIBI, @ HA €€ MOBEPXHOCTH — T€, KOTOPbIE YK€ OIKCAHBI
tabnuuen MeHeseeBa.

HcTouHMK «TsKENBIX» BUXPOHOB — 3T0 sApo YCT, akTUBHBIC aHTEHHBI, MOJTHUU, BO30YXK/ICH-
HBIe JUIIONU M JpyTrue pa3HOOOpa3Hble TEXHUYECKUe yCTpoicTBa Thna marerpoHoB CBY meueid,
PaccMOTpeHBI B TpeThel IiiaBe 3Toi KHUTU. CBOOOIHBIE «TSKENbIE» BUXPOHBI B (pOpME IEKTPO-
MarHUTHBIX KBQaHTOB CIIOCOOHBI IPOU3BOIUThH BUXPEBbIE TOKM '%°. Takue ke BUXPOHbI OTBETCTBEHHBI
32 KBAHTOBBIH JIOKAJIbHBII IEPEHOC EKTPUUECKOTO 3apsa B IPOBOJHUKAX, B ra3ax U B KUIKOCTSX.
Bcs paguonokarus, TeneBuaeHNe, JabHsIsl KOCMUYECKasi CBSI3b U JT00ast pyrast CBsi3b 00yC/IOBJIEHA
CaMOZIBUKYIIMMHCS CBOOOHBIMH BUXPOHaMHU U T. 1. OnHako HeoOxoaumo pasimmyats CBY aTom-
HBIX (DOTOHOB OT TaKUX XK€ M0 YaCTOTE «TAMKENBIX» (DOTOHOB, KOTOPBIE YKe CIIOCOOHBI TPUBOAUTD
K LENR u3MeHeHusAM NepBUYHOIO XMMUYECKOTO COCTaBa KJIACTEPA AaTOMHO-MOJIEKYJISIPHOTO Bellle-
CTBa. DTO pa3IMuMe 3aKJII0YAETCs B TOM, UTO B [TOCJIEAHEM CIIy4yae UCIOJIb3yeMble (DOTOHBI IOy YEHBI
IIpY OYEHb OONBIIUX TOKAX M HATPSUKEHUSIX B OY€Hb KOPOTKOM (PPOHTE EKTPUUYECKOTO UMITYIIbCA, T.
€. UMEIOT MaKCUMaJIbHO BO3MOXHYIO TUIOTHOCTb 3€PEH-IIOTEHLIMAJIOB HA €IMHUILY JUIMHBI U [IOBEPX-
HOCTH BOJTHOBOJIOB. JIpyrumu cioBaMu, OHHM OOJTafaioT ropasjio OOJbIlei SHeprueid, YeM Mnpon3Be-
JEHUE UX YacTOThl Ha OCTOsIHHYIO I Tnanka.

HeonHokpaTHble MOMBITKA KCCAEJOBAHMSA OYEHb 3araJJOYHOrO JUara30Ha 4acToT (PPOHTOB

BBICOKOBOJIbHBIX UMITYJIbCOB 109—1012 I'u, TMOPOXKAAIOIMIHNX B JIEKTPUUYECCKUX pa3pAdax IKTOHBI NIN

126 BuxpeBble TOKM HallUIM IMPOKOE IPUMEHEHHE U1l pa3orpeBa MUIIY B MUKPOBOJIHOBBIX I1€4axX, a TAKKe B IPOMBILUIEHHOCTH
IUIs1 pa3orpeBa 10 BHICOKHMX TeMIIepaTyp TBEPIBIX METAUIMYECKUX 00pasLioB.
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3apsAaoBble KiaacTepbl npusogwin asTopoB I'. A. Mecsana u K. [oynaepca k co3paHuio Jaxe
HOBBIX TEXHUYECKHMX OTpacieil — pa3padoTke MOIIHBIX crienuaibHbix CBU-reHepatopos.

[epexoqHOl MOMEHT TMOTOKOB SIEPHBIX MHKPOBHXPOHOB B Ty WA WHYI0O MHKPOYACTHUILY
B Hacrosiee Bpemsi B CAII onpenensiercs: «o0pa3oBaHUEeM CTPyi». DTH CTPYH SIBJISIOTCS MPOAYK-
TaMU TIPEBpallleHUs B aJIpOHbI, SIKOOBI, KBapKa WM TMI0OHA. VccnenoBanust CTpydl B CTOJIKHOBe-
HUSIX (0pO-5/p0) MOKa3alo, YTO OHU, B OCHOBHOM, COCTOSIT U3 JT-ME30HOB C SHEPrUel B CUCTEME
MOKOsI KJ1actepa sapo-sapo nopsigka 150 Mag. Bo Bpems skcnepumeHTa Ha KoJuiaiiiepe B bpyk-
xeriBeHe 2001 roma peructpupoBaics crienupuueckuid 3pdeKT, Ha3BaHHbI n00A8AeHUEM CIpPYU.
Korza crankuBaiorcsi 1Ba MOHA B OOBIYHBIX YCJIOBHSIX, OHH JAIOT ABE CTPYH YACTHII, PACCENBAIOIINXCS
B MPOTHUBOIIOJIOKHBIX HampaBieHusx. Ho B SKCriepuMeHTe 1Mo CTOJIKHOBEHHMIO sifiep 30710Ta B Bpyk-
X3HBEHe IaTYMKU BpeMeHaMH (PUKCHPOBATM HAJIMUKE TOJIBKO OJHOM CTPYH. BbUIM MOCTaB/IeHbI KOH-
TPOJIbHBIE IKCTIEPUMEHTHI (siHBapb — MapT 2003 roaa), B X0ie KOTOPBIX MOHBI 30JI0Ta CTAJIKUBAIUCH
C ropaso Oosiee JIETKUMHU MOHAMHU JielTeprsi. XOTsI SHEPrisi MOHOB 30JI0Ta OCTABAJIACh TAKOM Xke, KaK
Y B OCHOBHBIX 9KCIIEPUMEHTAX, COBOKYITHOM SHEPTMH CTOJIKHOBEHHUSI OBUIO YK€ HEAOCTATOYHO, YTOObI
MOJTyYNTh KBAPK-IJIIOOHHYIO 11a3My. HanmpoTuB, MasieHbKU ISUTPOH MPOXOAUT uepe3 «OO0JIbIIoe»
PO 307I0TA «NOOOOHO nyne», KaK 4yepe3 IMyCTOTy, He HarpeBass M He CKumas ero. fapo 3omora
OCTaeTcsi B CRBOEM OOBIYHOM COCTOSTHUHM, TO €CTh COCTaBJICHHBIM SIKOOBI U3 NMPUBBIYHBIX MPOTOHOB
Y HEHUTPOHOB. 3 3TOTO ClieayeT, 4To NPOTOH-HEHTPOHHASI MOJIENb SIIpa «xpomaem» yxe Ha 00e
HOT'H, a OINpe/iesieHNe KBapK-TJII0OHHOM IJ1a3Mbl (ceiiyac 3TOT TEPMHUH 3aMEHEH Ha KBApK-IJIIOOHHYIO
MaTepuI0) U €€ KOHKPETHOE IKCIIEPUMEHTAJIBHOE TMOATBEPKACHUE O CUX MOp He nony4deHsl. bosee
TOTO, U MEXaHU3M TeHepallii Macchl, B TOM YHCJIE€ ¥ Y HYKJIOHOB, C TMOMOIIbI0 O0O30HOB XHrrca
TaKke He TIOATBEPXKIEH OoJiee TOCTOBEPHO, YeM To «npedcmasnenue» Ha BAKe B IIEPHe 04.07.12.
CnenoBarenbHo, CTaHapTHAs MOJE/Ib JIEMEHTAPHBIX YACTUILL HE OIIPABAbIBAET CePbE3HBIX HA/ICK ]
Ha MEXaHU3M POKAEHUS MacChl.

Hepazpymaonumx TUIoB JETEKTOPOB HE CYILIECTBYET, [I03TOMY IOC/IE PETMCTPALIMU CTPYKTypa
MepPBOHAYAJIbHOW YaCTULIbl ITponajaeT. Tak, HanpuMep, NepBOHAYAIbHBIN (POTOH MOCIIE B3aUMOJIEH-
CTBUSI C aKTUBHBIM BEIIECTBOM JETEKTOpa MpeBpaiaercs B (POTOEKTPOH, WM OCBOOOIUBILIHUICS
JIEKTPOH U U3MEHEHHBIN (DOTOH, WK BOOOIIIE 0Opa3yeTcs napa MeKTPOH-TIO3UTPOH WM Tlapa pas-
HOTIOJISIPHBIX MIOOHOB. A CBSI3aHO 3TO C T€M, UTO OBICTpOAEICTBHE TMpoliecca 00pa30BaHMs HOBOM

YaCTULBI BUXPOHOM (102 ¢) Ha MHOTO JIECATHYHBIX TIOPSIKOB OOJIBIIIE TPOIIECCa PETUCT AL STHX
YaCTHULL JIIOOBIMU CBEPXObICTPOIEHCTBYIOIIMMUA COBPEMEHHBIMHU JIETEKTOPAMH.

Jl1s1 u3ydeHus1 Bo30yKIEHHBIX KJIaCTEPOB siiep M CTPYil B MpocTpaHcTBe Hanbosee 3pdek-
TUBHBI TPEKOBbIE JETEKTOPbl YACTUL], MO3BOJAIOLIME PErMCTPUPOBATh MHOXECTBEHHOE POXKICHUE
YaCTUII B YCIIOBUSIX 47T-T€OMETPHHU — ITy3bIPbKOBBIE KaMephl U HEKOTOpbIe ipyrue. OIHaKo MO ObICT-

poaevictBuo (1—5 x 10_3c) OHU JIaJIeKO YCTYIAOT BpEMEeH! O0Opa30BaHUSI MUKPOYACTHUI] BUXPO-
HaMU — ABaAUAaTh ACCATUYHBIX IMMOPAIKOB.

BHerniHee oTpuiiaTenbHOE MEKTPUIECKOE MoJIe 3aMKHYTOI'0 MUK POBHXPOHA CBOOOIHOTO Tell-
JIOBOTO 2JIEKTPOHA HAa MOBEPXHOCTU 3€MJIM IIpU 3axXBaTe JIEKTPUUYECKUM I0JIEM siipa aToma CIIo-
COOHO B COOTBETCTBMM C 3aKOHOM Je Bpoilsisi mepecTpauBaTh CBOW BOJHOBOA B YacTh OJHOU
U3 aTOMAapHbIX cepuyeckux 00O0TOUeK C COOTBETCTBYIOIIUM pa3sMepoM M MpuHImnom [laymm —
Ha30BEM HX Je0poiijieBCKHUMU AaTOMHBIMI MUKPOBUXPOHaMU. BoJiee BbICOKOYaCTOTHBIE 3aMKHY ThIE
BUXPOHBI ITPU COOTBETCTBYIOIUX YCIIOBHUAX CHOCO6HI)I CO3JaBaThb Mapbl MUKPOYACTHUL IIPOTHUBOIIO-
JIOKHBIX TIO JIEKTPUIECKOMY 3apsiIy BOJHOBOZIOB, OOPa3yIOIIMX siJepHbIE 0O0JIOUKU CO CTPYKTYPOIt
THIIA TA-HOJIb ¥ K-HOJIb Me30HOB. CTPYKTypa 3TUX YaCTHI] aHAJIOTMYHA MIOOHAM C TIOJTYIIE/IbIM CITH-
HOM. DTO JBaAIATO€ CBOICTBO ATOMHBIX, SIEPHBIX 3AMKHYTHIX U OIHOMOJISPHBIX BUXPOHOB, ITPU-
HaJIeKAIMX SJIEKTPOHY, MIOOHAM WJIH SIIEPHBIM YACTUIIaM, 00pa3yIoIUX 0O0OUYKH aTOMHBIX SIAEP.

Crina MHKPOYACTULbI XAPAKTEPUIYETCA COCTOAHHUEM IMOJIAPU3ALUN MArHUTHOI'O MOHOIIOJIA
B MUKPOYACTHIIE, T. €. €r0 CIOCOOHOCTBIO K TIPOLIECCY PA3PsAKU-3aPAIKU UM TOJIBKO 3apsifIKe, T. €.
€ro CIOCOOHOCTBIO K TIOJIHOMY MJIA HETMOJHOMY KBaHTOBOMY MPe0Opa30BaHUI0 MHIYKTUPOBAHHOTO
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KBaHTa HEPrUM OT 3HAKA IUTIOC K 3HAKY MMUHYC JJIs1 COXpaHEeHUs1 cpeHel. Eciu MarHuTHbIA MOHO-
0JTb UHAYKTUPYET MPOTUBOIOJIOKHBIN Yepe3 MOCPEICTBO JEKTPUUYECKOrO, TO MPOUCXOAUT 3aKOH-
YeHHOEe KBAaHTOBOBOJIHOBOE MPeoOpa3oBaHKe MEKTPOMArHUTHOW (POPMBI MaTepuu, M CIIMH PaBeH
enuHuLEe — (OTOHBL. EC/IM MarHMTHBIA MOHOIIONb UHAYKTUPYET BMECTO MPOTUBOIOJIOKHOIO TOJIBKO
I'PaBUTAITMOHHBI MOHOIOJIb, KOTOPBIA pa3psiKasich OMATh BO30YKAAeT aHAJOTMYHBI MarHUTHBIH
MOHOIIOJIb, T. €. MIPOUCXOAUT HEMOJIHOE KBAaHTOBO-BOJHOBOE MPEe0oOpa3OBaHUE NIEKTPOMArHUTHOM
SHEpruu, U CIMH TaKOM YaCTULIbl PABEH MOJIOBUHE NOCTOSIHHOM [11aHKa — 3TO 2/1€KTPOH, MIOOH WK
sIIEpHbIE YACTHIIbI, BXOIAIINAE B COCTAB SAEPHBIX 000IOYEK.

OaHMM U3 MPOAYKTOB MUKPOBUXPOHA, KaK (PU3MUECKOT0 CBOMCTBA MUKPOYACTHUIIBI, TTPOSIB-
nsiemoro B cucteme CU B popme e€ 3apsiza Macchl WM JeKTPHYeCKoro 3apsjaa'?’, camonsu-
’KEHHE BpallleHWEM MarHUTHOIO MOHOIMOJS B HEW MOXHO Ha3BaTh 3apsOM JBUKEHHSI-CIIMTHOM.
Takum 0O0pa3om, CIHH, Macca 1 JIEKTPUIECKHIl 3apsi/1 YaCTUI] — 3TO 3apsabl'>® COOTBETCTBYIO-
IIEr0 COCTOSIHUS MaTepUU U MPU3HAKU HAJIMYKMS MUKPOBUXPOHOB B 3JIEMEHTAPHOW YacTHULIE C yUé-
TOM POAAUTEIBCKOM POJIM M IEPBOIIPUUMHHOCTH BCETO CYILETO MarHUTHBIX 3apsiioB. [Ipu 3ToM, Macca
Y JIEKTPUYECKUI 3aps/l YaCTULBI SIBJISIOTCS IPU3HAKaMU 3aMKHYTBIX BOJIHOBOJOB. [Ipruém neppas
MH/IYKTUPYETCSl BO BHEILIHEM IPOCTPAHCTBE CTAIMOHAPHBIMH 3€pHAMU I'paBIOTEHIMATIaMU BHYT-
PEHHEro BOJIHOBOJA M MPEJCTaBIsieT coO00i (hopMy SHEPrUM B BUE 3apsia MacChl MOKOS, a BTO-
pO¥ — CTallIOHAPHBIMU 3EPHAMU-JIEKTPONOTEHIMAIaM1 BHELTHETO BOJIHOBO/A.

Jlpyroii HeMaJIOBaKHOW XapaKTEPUCTUKOW BUXPOHA SIBJISIETCS BEJIMYMHA TUIOTHOCTU 3arloJiHe-
HUS1 3€pHAMUTIOTEHIMAIAMHU CIIUPaJiel BOTHOBOJOB, KOHEYHOTO BPEMEHH U3ITyUeHHs U pa3Mep o0a-
CTU U3JIy4YEHHsl €ro NOPOAMBIIMMY, CBSI3AHHBIE C SHEPIUEH, YaCTOTOW CIMpAse, U 4YaCTOTOU ITyJIb-
caluil MPOTUBOMNOJIOKHBIX MarHUTHBIX 3apsiIOB — MarHUTHBIX MOHoMosieil. CKOpoCTb U3MEHEHUS
TIEPBUYHOTO IM0JIsI BIUSIET JIMIIh Ha 4aCTOTY 3TOro BuxpoHa. Cuiia Toka 1 BeJIMUMHA HaNPsKeHU s TTPU
TaKOM M3MEHEHHUH TIOJIsl CTAHOBSTCS PELIAONIMMU B CO3[IaHUM BECa «TSKECTH» MArHUTHBIX 3apsi-
JOB — IJIOTHOCTH 3EPEHINOTEHIMAIOB Ha €AUHUIYY TIOBEPXHOCTU BOJIHOBOIOB. B cityuae ¢poTOHOB,
MIPOMCXOIUT Pa30BOe MPOU3BOICTBO OMOPHBIX IEKTPOMOTEHIIMAIOB HA OTKPBITHIX U OECKOHEYHO
JJIMHHBIX BOJIHOBOJIAX B KOCMUYECKOM IPOCTPAHCTBE.

[Iponykramu camMOIBUKEHUS] PE30OHAHCHBIX BUXPOHOB B 3AMKHYTBIX BOJTHOBOAAX SIBJISIIOTCS
BCE M3BECTHBIE CTAOMJIbHBIE M PAIUOAKTUBHBIE MUKPOYACTHUIIBI, B TOM YHCIIE JIEKTPOHBI, IPOTOHBI,
HEUTPOHBI, BCE aTOMbl U ATOMHBIE $Jpa XUMHUYECKUX 3JIEMEHTOB, UX M30TOIbl U BCE M3BECTHbIC
3JIEMEHTapHbIE YaCTULIBl. DTU MPOAYKTHI MOTYYaIOTCS IOCPEICTBOM MPOU3BOJCTBA IEKTPUUECKUX
Y IPaBUTALIMOHHBIX TTOTEHIIMAIOB-3€PEH 2%, reOMETPUYECKH pa3MeIlaeMbIX Ha 3aMKHYTHIX BOJTHOBO-
nax (pa3oBbIX OOBEMOB MUKPOYACTHUI] C TIOMYIEIIBIM CITUHOM.

B oTkpbITOI TUTEpaType, U naxe B nmociaeqHux padorax JK. Jlomaka, He UMeeTcs TeOpeTH-
YECKUX YPaBHEHMI, OIMUCHIBAIOIINX POXKIEHHE BUXPOHOB, UX CBS3b C JIEOPOMIEBCKUMU KBaHTAMU
1 UX OECKOHEYHO JOJTYIO KU3Hb B KOCMUYECKOM IMPOCTPAHCTBE, CAMOBIKEHUE, B3aMMOJIEHCTBUS
1 oOpa3oBaHKe BCeX eMeHTapHbIX yacTHil. C MOMOIIBI0 MaKpPOCKOMUYECKUX ypaBHeHMH Makc-
Besuia — Gapanes win (K1) ypaBHenuii [Jupaka HEBO3ZMOKHO 3TO BHIIOJHUTD, TaK KaK OHU OMH-
CBIBAIOT WJIA PACIPOCTPAHEHHE MaKPOCKOIMYECKUX IEKTPOMArHUTHBIX BOJIH B Cpelie, WM B HUX
3apaHee 3aJI0KE€HO OTCYTCTBUE MEPEMEHHBIX MarHUTHBIX U JIEKTPUUECKUX MoHononed. Her B Hux
Y UHAYKIMY BEKTOPHOTO TPABUTAIIMOHHOTO MOHOIIOJSI — OCHOBHOTO YpaBHEHHUS ISl OOBEJMHEHUS
BCEX TEOPUI JIEMEHTAPHBIX YACTHI] C TEOPUSIMU TATOTEHUS.

127 He 3aGmiBas MIPH 3TOM B MPUYMHHO-CIIEACTBEHHON CBSI3M, UTO Macca M 3MEKTPUIECKUI 3apsj — 3TO CIEACTBUE IBUKECHUS
BUXPOHA B 3TOH YacTulle, HalpuMep, MEeKTPOH.

128 IMpu 3TOM HEOOXOANMO YUUTHIBATH B IPUINHHO-CIIEACTBEHHON CBSI3U POAUTEIBCKHI TPUOPUTET BUXPOHOB.

129 3epHO-TIOTEHLINA €CTh «KUPIUY» OECCTPYKTYPHOr0 MUKPOIPOCTPAHCTBA C MUHHMAJIBHO BO3MOXHBIM pa3MepoM, 3apsikeH-
HOTO OITpe/Ie/IEHHBIM MTOTEHLMAIOM (KOJMYECTBEHHO M KAYeCTBEHHO ONpeIeIEHHBIM LIBETOM ) U OT pAHMYEHHOI'O TOHKOH IJIEHKO HeBe-
LIIECTBEHHOIO MPOCTPaHCTBA.
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CB000aHBII MUKPOBUXPOH 3TO €IMHCTBEHHAs] OECKOHEYHO JIONTOKUBYIIAS M CAMOJIBUIKYIIIA-
sics 6e3MaccoBasi BUXPEBO-TIOJIEBas YACTHUIIA, HE UMEIOIasi TIOCTOSTHHOTO IEKTPUYECKOro 3apsa,
a ero MepeMeHHbIN MO BeJIMYMHE MarHUTHBIA MOHOMOJb MPU CBOEM TOJTHOM MCUE3HOBEHUH B (ha3o-
BOM 00BEMeE, IEPHOJMUECKH BO3POKIASICh, MEHSIET el U CBOW 3HaK. DTH MEepBOYACTUIB (DOPMU-
PYIOT CTPYKTYPHI (pa30BbIX 0OBEMOB (POTOHOB M APYTUX JEKTPOMATHUTHBIX KBAHTOB B BEIIECTBEH-
HOM WJIM HEBEUIECTBEHHOM ITPOCTPAHCTBE.

3aMKHYTble MUKPOBUXPOHBI CTPOSIT CTPYKTYpbI (Da30BbIX OOBEMOB CTAOMUJIBHBIX ATOMOB
Y aTOMHBIX SIIEp XMMUYECKUX JIEMEHTOB, IEKTPOHOB U APYIUX KOPOTKO U JOJITOKUBYIIMX U CBO-
OOIHBIX 7IEMEHTAPHBIX YacTHil. OHUM CIOBOM MUKPOBUXPOHBI — 3TO MEPBOYACTHIILI BCETO Mate-
puanpHoro mupa Bceenennoit. [lpu MK-4dacrorax, korga B pa3oBoM 00BEME BUXPOHA TOSIBIISAETCS
OOJIBIIIOE KOJMUYECTBO HEUTPATbHBIX aTOMOB WJIM MOHOB, MX SHEPrusi CrocoOHa MmpeoOpa3oBbIBATh
TMOCJIE/IHUE TP YCIOBUU AOCTATOYHOM IJIOTHOCTY NOTEHUMAJIOB Ha €AMHUILY JJIMHBI BOTHOBOJA.

[NosicHnM HEKOTOpbIE CBOMCTBA MUKPOBUXPOHOB 00JIee HATJISHO B AMHAMUKE UX JBHKEHHUSI.

Ha ¢ur. 2.6 nokazansl yeTbipe'*® (ha3bl MTHOBEHHOT'O CYIIIECTBOBAHMSI CBOOOTHOTO BHXPOHA
(BUXpOH-OMIIONB) — pa3psii MEPBUYHOTO MATHUTHOTO MOHOIMOJS U 3apsi/i MPOTHBOMOIOKXHOTO
MOHOTIOJISI B COCTaBE MIPOU3BEIEHHBIX BUXPEN BOTHOBOAOB MOJIOKUTEIbHBIX M OTPULIATEIbHBIX JIEK-
TPOMNOTEHIMAJIOB, a TaKKe BHEUIHUX ITPOTEKTOPHBIX MAarHUTHBIX MOJEN.

@ur. 2.6. CxeMbl BUXpOHA — pa3psi]l ero NEPBUYHOr0 MOHOMOJIS U 3apsij, POTUBOIOJIOKHOTO
Ha IOJIBOJIHE

Ha a10i1 cxeme He Moka3aHO JUHAMUYECKU U3MEHSIONIeecs BUXPEBOE IMOJIe EKTPUYECKOTO
MOHOIIOJISI BUXPOHA, BO3HMKAIOIIEe NIPU paspsiike MEePBUYHOTO MarHUTHOro MoHonons. Ero mone
MaKCMMaJIbHO B MOMEHT Hauasla pa3psAKd U M3MEHseTCs 10 pajuycy, MepreHIUKYISPHOM OCH
BuxpoHa. [Tokazansl cepornogoOHble MarHUTHBIE MOHOTIOJH, MarHUTHBIE BUX PEBBIE 3apsi/Ibl, CTPYK-
TYpbl KOTOPBIX IIPeACTaBieHbl Ha pur.2.1. MeHblmii cieBa (3eJ€HbINH) HAUMHAET MPOLIECC PA3PAIKU
C TIPOU3BOJCTBOM TOJIOKHUTENBHBIX IEKTPOIOTEHIMATIOB U Yepe3 YeTBEPTh JJIMHBI BOJHBI, YBEJIH-
YHMBASICh B pazMepax, MOJHOCTHIO Mcye3aeT u3 (razoBoro oobéma. [IpoTHBOIEHCTBYIONIMIA TPOIECCY
Pa3psAKY MEKTPUIECKUI MOHOIIONb UHIYIIUPYET B HAUaJle YeTBEPTHU AJTMHBI BOJTHBI IPOTUBOIIOJIOK-
HBI MOHOTIONb (OOJBINNI CIIpaBa, 3eJIEHDIN), KOTOPBIM, 3apsiKasich yXkKe Ha y3Jie TIOJIOBUHBI IIMHbI
BOJIHBI IMEET TOT K€ pa3Mep U 3apsif, YTO U NepBUIHBINA. [1pH 3apsijike OH Takke MPOU3BOIUT EK-
TPOIMOTEHITNAIbI, KaK U IEPBUYHBIN, HO APYroro 3Haka. Mrak, BUXpOH-OUIONb IUTIOC POU3BOAUT IPH
paspsiike MONOKUTETbHbIE TIOTEHIIMAIB M MHIYKTUPYET MEKTPUUECKUN MOHOIIONb, a €r0 MPOTHBO-
TIOJIOXKHBIN TTPOYKT — BUXPOH-OUIIONG MUHYC TIPH 3apsiIKe MTPOU3BOIUT oTpuliatesbHbie. [To hopme
BCTPEUHbIII MATHUTHBIA MOHOIIONB (CXeMa CIpaBa) MHIYKTHPYETCS IPOTUBOIEUCTBYIONIMM JIEKTPH-
YECKMM MOHOIOJIEM, HAIPaBJIEHHbIM HaBCTpeuy JAEHCTBYIOLIEMY (CXeMa ClieBa), KOTOPBIA U SIBJIS-
eTCs1 ICTOUHUKOM POXKICHUS CITUPAIY U3MEHSIIONIMXCS TIOJIOKUTEIBHBIX JIEKTPONoTeHIManoB. Ochb
BUXPOHA MPOXOIMT Yepe3 HEeHTpPhI ! GombIIoro u Manoro ceporogoOHbIX MOHOIIONEH, SIBISETCS
MOCTOSIHHO OPUEHTHUPOBAHHOW B MPOCTPAHCTBE U CIIYXKUT OCHOBHBIM IapaMETPOM, XapaKTepu3ylo-
IIUM MOJISApU3aLuIo (POTOHA.

130
3 Ilo JABE€, B HA4YaJIC 1 KOHILIC 1 JJIAHBI BOJIHBI — 3apAAKA U Pa3pAIOKU.

131 B atux LEeHTpax UJET MPOU3BOACTBO COOTBETCTBYIOIUX JICKTPOIIOTCHIIUAIIOB.
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[TpoTuBOIONIOKHBIE MATHUTHBIE MOHOTIOJIM HUKOI/IA HE COSUHSIIOTCS] BMECTe, OHH BCETa pas-
ACJICHBI B MMPOCTPAHCTBE YCTBCPTHIO JJIMHBI BOJIHBIL. Nx BCErga B IBMXCHUMN PA3ACIIACT pa3sOpBaH-
HadA ClIpaJib 3ép€H-3}IeKTpOHOT€HHI/IaHOB nu HBHX(yMHﬁCH SJICKTPI/I‘IGCKI/Iﬁ MOHOIIOJIb HE3AaBUCUMO
OT BEJIMYMHBI MAaTHUTHBIX 3apsoB (oto 2.4). Eciu cmoTpeTh cHapyxu (azoBoro ooséma ¢oToHa
Ha HEero, TO OH COBEpIAeT MOCTyNaTeIbHO-BpaIaTebHOe JABWKEHUE 10 CIUPAIU C MEPEMEHHBIM
pamycoM. ITOroBeIM pe3ysibTaToM 3TOro mporiecca OyaeT pa3MenieHre NOJIOKUTEIbHbIX WK OTPH-
HATCJIBHBIX JICKTPUYCCKUX IMOTECHIMAJIOB Ha IHYPE BOJIHOBOAOB, PACITIOJIOKEHHBIX Ha ITIOBEPXHOCTU
YyepenyoIuXCs BHITSHYTHIX WM CIUTIOLIEHHBIX chep Ha TpeKe ABHKEHUs (DOTOHA, KaK 3TO MOKa3aHO
Ha ur. 2.3.

Ha ¢ur. 2.7 npeacraBiena cxema AMHAMUAKYA CO3AaHMS CBOOOIHBIM BUXPOHOM CIIMPAITH JJIeK-
TPOIOTEHINAJIOB BOJIHOBO/A M TIEPEMEHHBIX BUXPEBBIX MArHUTHBIX 110JIeH 132 (poToHa B (pa30BOM 00B-
éme (romybas cpepa) Ha TTOTBOJTHBL.

okt i m
v ! il H’ \'\, le | \l ‘I!r U}

l'“‘ Bt I_.",_u'll""

®ur. 2.7. I3MeHeHus1 MarHUTHOTO 1107151 B (ha30BOM 00BEME TMOTBOJTHBI

B ¢pazoBoM 00BEME Ha MONBOHBI TPY CAMOJIBUKEHUM MAarHUTHOTO 3apsijia HEMPEPBHIBHO MPO-
WCXOIUT U3MEHEHHE MarHUTHOTO TOJISI OT MOHOIIOJBLHOTIO (CJ€Ba) OJHOrO 3HaKa 4Yepe3 CUMMET-
pUYHOE TUIOJIBHOE (TIOCPEIMHE) K PYTOMY MOHOIIOJIBHOMY (CIIpaBa), HO Apyroro 3Haka. Ha cwur.
2.7 cpegHsAA NMO3ULKS JEMOHCTPUPYET MIHOBEHHOE COCTOSIHUE CHMMETPHUYHOIO0 JHMI0Js (PO30-
BBII IBYXIIOJIIOCHBIN TOPOKT) IPU MOJIOKEHUH 1/8 MEpBUYHOrO MOHOJIA OT Havyasia (ha30BOro o0bEMa,
a BTOPMYHOI'O MOHOIIOJISI HA COOTBETCTBYIOLIEM PACCTOSIHUM B 3/8 1uIMHBI BOJIHBL. Bo Bcex npyrux
TMIOJIOXKEHUSX T10JIe ME3K/1y MOHOMOJISIMU OyJeT aCHMMeTPHYHbIM JUI0JeM. A B MOMEHT MOAXoa
NePBUYHOTO MOHOMOJISI K YETBEPTH JITMHBI BOJIHBI BHEIIIHEE MarHUTHOE 1oj1e Oy/eT HEeJIMKOM Orpe-
AEJATCS TOJIEM MOJHOCTBIO 3aPsKEHHOTO MPOTUBOMOJIOKHOTO MOHONOJIA. [71aBHOI 0COOEHHOCTHIO
B3aUMOJIEWCTBUS BYX MPOTHUBOIOJOKHBIX MOHOMNOJIEW SIBJISETCS TO, YTO OHM HHUKOIAA He cOMu-
XKalOTCsl HA PacCTOSIHME MEHblIIee YETBEPTU JJIMHBI BOJIHBI, @ IPOCTPAHCTBO MEXIY ABYMs IOJIO-
CaMH, TIOMEYEHHOE PO30BBIM TOPOUIOM, HE CONEPKHUT OCEBOTO MarHUTHOro mnosis. B stom mpo-
CTPaHCTBE MPHUCYTCTBYET JIMIIb HAYaJI0 HEJOCTPOSHHON BTOPMUHBIM MOHOIIOJNEM CITMPAJI BOJIHOBOAA
3JIEKTPONIOTEHIIMAJIOB IPOTUBOIOJIOKHOTO 3HAaKa. AKTUBHBIN 00BEM BUXPOHA pa3MEpOM B UETBEPTh
JJTMHBI BOJIHBI BCEIZIa COIEPXKUT MEPBUYHBINA pa3psiKaAIOIIMIiCS MOHOIONb, MPOTUBOAEHCTBYIOIUIA
3TOMY TPOLIECCY IEKTPUUYECKUII MOHOIOb, UM MHAYKTHPOBAHHBI BTOPUYHBI MArHUTHBI MOHO-
T0JIb ¥ YaCTh CIIMPAJIXA BOJTHOBO/IA, YCTAHOBJIEHHOM yXKe JIEKTPUYECKUM MOHOIMOJIEM, KaK 3TO IEMOH-
crpupyercsl KaapoM (poto 2.4) CUMMETPUYHOIO COCTOSIHMS MArHUTHOIO JAHMIIONA B XpoMocdepe
Connua. IIpu nepexone Ha BTOPYIO YacTb IMOJBOJHBI BUXPOH CMEHSIET ce0sl Ha 3epKaJIbHBIM, MpU
9TOM NEPBUYHBIII MArHUTHBII MOHOIOJIb UCUE3AET, @ BO3POAMBIIMICS BTOPOM MPOAOJIKAET JABMXKeE-
HUE U TIOBTOPSIET CO3JJaHUE BOJTHOBO/IA CAMOJIBUIKYIIETocs (pOTOHA C MIEKTPOINOTEHIMAIaMU, HO ITPO-
TUBOIIOJIOKHOM TOJIIPHOCTH.

PaccMoTpeHHOe IBUKEHNE M U3MEHEHHUE EKTPUUECKOrO M MAarHUTHOT'O MOJIel B CBOOOJHOM
BUXPOHE Ha OJHOM JIJTMHE BOJHBI HOCUT 3aKOHYEHHBIN IMOJIHBINA KBAaHTOBBIN Mepexo]] JIeKTpoMar-
HUTHOM MaTepyM B BOTHOBOM ITPOLIECCE MPU COXPAHEHUU CPEAHEN SHEPTUH, UTO U ONpeJiesisieT CIIUH

132 TopouaHbIX My/IBTUIIONEH, aHAIIOMNb TPOCTEHNILINIA, HaYa IbHBIM.
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¢dorona. B quHamuke, o Mepe MpOIBHKEHUs > BUXpOHA MO BOJIHOBOAY (POTOHA, B MPOCTPAHCTBE
OCTaIOTCsI JIMIIh COOTBETCTBYIOIIHE JIEKTPOMOTEHIIMAIIBI, T. €. «CKEJIET» BOIHOBOAA. [IpoTekTopHOe
MarHUTHOE TOJIe MOKET BO3HUKHYTh B TOUKE JIMIIb B CITy4ae M3MEHEHUsI TeOMeTpU3aluy WA BEJU-
YHMHBI 3THX JIEKTPONOTEHIMAIOB B TPOCTPAHCTBE.

PoxnieHneM cToib YCTOMUMBBIX KOIEOATEIbHBIX COCTOSTHUN, KAKUMH SIBJISIIOTCSI BUXPOHBI, ITPHU-
pona o0si3aHa B3aMMHOW OOIIHOCTH W pa3HHUIle B (DOPMUPOBAHMM CTAIMOHAPHBIX U BHXpe-
BBIX JIEKTPUYECKMX M MarHUTHBIX 1MOJIeN B MpocTpaHcTBe. [locTosiHHbIE CBOOOAHBIE IeMEeHTap-
HbIE IEKTPUYECKUE 3apsifbl, HAPUMEDP, B (hOpME IEKTPOHOB, MO0 CBOWCTBAM CHJIBHO OTIMYAIOTCS
OT CBOOOIHBIX JIEMEHTAPHBIX MyTLCUPYIOIIUX MarHUTHBIX 13 MOHOIIONSI B AMIIONb 3apsiIoB, 00pa-
syoimux (a3oBblii 00bEM (POTOHA, W TIPEXkJIEe BCEro TeM, YTO OHU MOTYT CYIIECTBOBATh TOJBKO
B JBWXEHUU CO CKOPOCTBbIO cBeTa. [103TOMy CHIIOBBIE JIMHMM MArHUTHBIX TOJIed HUKOTIA HE Tpe-
PHIBAIOTCS M 3aMBIKAIOTCSI TOJIBKO Ha cedsi. BuxpeBble MarHUTHBIE TIOJIST BCEI/Ia BO3HUKAIOT C U3Me-
HEHUEM SJIEKTPUUYECKUX TOJNIe M He CYIIECTBYIOT B COCTOSIHUM TIOKOsI, a JIMIIb B COCTOSIHUM
BpaIaTeIbHO-TIOCTYNATEIbHOTO U CHMPAIbHO-PAAMATIBHOTO JBIKEHHS. B oTiMume OoT BUXPEBBIX,
VH/IKIIMOHHbIE MarHUTHBIE TIOJIsI, TIOPOXJaEMbIe JIEKTPUUECKUMU KaTYIIKaMHU-COIEHONJAMH, CIIO-
COOHBI JIMIIIb CO3/1aBaTh MEPEMEHHbBIE TOJIsI IEKTPOMOHOIIONEH BUXPOHOB. BuxpeBbie aneKkTpude-
CKHeE TOJISl — JIEKTPUIECKMEe MOHOTIONH, TaKKe OTIMYAIOTCS OT MOJeH CTAIIMOHAPHBIX UCTOYHUKOB.
DneKTpUYecKe MOTEHIIMAbl Ha CIMPAIbHBIX BOTHOBOIAX CYHIECTBYIOT B COCTOSIHUM OTHOCHTENIb-
HOT'O TIOKO$1, YTO TIPUBOJAUT K BUXPEBBIM TOKaM PyKO B CIUIONIHBIX TBEPABIX CpeAax, rae MMEITCs
cBOOOIHBIE 3apsaabl. KpoMe Toro, a1eKTporoTeHIMabl U TPaBNOTEHIMAIBI-3EpHA 134 Ha BOTHOBO/IAX
SIBJISIIOTCSI OTOPOU IBWKEHUsI BUXPOHOB, CTPOUTEIbHON MaTepHaJbHOM 0a30i 00pa3oBaHUs 3Jie-
MEHTApHBIX YaCTHII, MOJIEKYJI, TBEPAOTO BEIIECTBA U T. [I.

CTporo reoMeTpr30BaHHAsI COBOKYITHOCTb 3JEKTPUYECKUX MOTEHIMAIOB, pa3MENIEHHBIX
Ha BOJIHOBOAAX B COCTOSIHUM OTHOCHTEJILHOTO TMOKOSI B MeTajlslax 0Opa3yeT BUXpPEBble TOKH. DTO
SIBJICHUE HA TPAKTHKE WCHOJIBb3YIOT IJIsl TIepeAavr IEeKTPOIHEPTUH MO MEKTPUUYECKUM MTPOBOIAM,
HO OHO MOJKET IIPUHOCHUTH U Bpe/l. B CIIJTONIHBIX MArHUTONPOBOAAX MOITHBIX TPAHC(OPMATOPOB UAYT
OOoJbIIINE TTOTEPU TEKTPOIHEPTUM Ha BUXpeBble TOKU. [109TOMY, C 11e/Ibl0 CHUKEHUSI STUX MOTEPb,
MarHUTOMPOBO/BI JIEJIAI0T HE CIUIONIHBIMH, 2 HAOOPHBIMU M3 TOHKMX TUIACTHH.

MarHuTHble MHUKpO3apsiibll B COCTOSIHUM TIOKOSI HE CYIIECTBYIOT M TIOCTOSIHHOTO 3apsijga
HE MMEIOT — 3T0O HCTOYHUKH IBH2KEHHSI CO CKOPOCTHIO CBETa M M3MEHEHHs MaTepuy, 3apsijabl
JBHZKeHMsI, CIIMHOOPA3yIoIe MepBOYaCTHIIb, OHA U3 (DOPM XPaHEHUsI BUXPEBOI SHEPrUM MaTe-
UM, MOPOKAAIOIIEH MEKTPUUECKUI 3apsil M MacCy MUKPOYACTHUIL. B MOCTOSHHOM MarHUTHOM TOJie
NIEKTPOH JBMIKETCS IO CIUPATM M 3TO MOKHO Ha3BaTh JIMIIb PETUCTPALIUEN €ro IEeKTPUIECKOro
3apsja ¢ OYeHb MaJIeHbKOW Maccoi. U B TO ke BpeMsi ero MOCTOSIHHBIN MO 3HAKY MArHUTHBII MOHO-

T0JIb [TOCTOSIHHO MYJIbCUPYET € YaCTOTON OKOJIO 10% Ty B ero 3aMKHYTOM (pa30BOM 00BbEME, pereHe-
PpUpYEMBIi1 TPAaBUTALIMOHHBIM MOHOIIOJIEM, M 00pa3yeT aHOMaJIbHbII MArHUTHBIII MOMEHT JIEKTPOHA,
OOYCJIOBJIGHHBIN €T0 CIIMHOM U €ro pa3MepoM CTPYKTYphl — BpallleHHe U JBWKEHHE MarHUTHOTO
3apsa. TOT NEPUOANYECKUI MTPOLIECC KBAHTOBBIX IEPEXOJOB MATHUTHOIO MOHOMOJIS1 B IPaBUTALIU-
OHHBII POXKAAET ero Maccy, JMEKTPUIECKUH 3apsj, CIIMH, AHOMaJIbHBIII MAarHUTHBI MOMEHT U IPO-
CTPAHCTBEHHYIO CTPYKTYpY.

Wrtak, MarHUTHBIA 3aps/l B CBOOOJHOM BHXPOHE BCEr/a JABMKETCS BpallaTesbHO M IMOCTY-
[aTeJIbHO CO CKOPOCTBIO CBETA M BCErJa COBEPIUAET Mepe3aps Ky Ha MPOTHUBOIIONOKHBIN, TOITOMY
3aperucTpUpOBaTh €ro He NMPEACTaBISeTCS BO3MOKHBIM, TaK KaK OH HE B3aMMOJEUCTBYET HU C Bellle-
CTBOM, HU ¢ 1ojieM. Ero napameTpsl ¥ CBOWCTBA MPAKTUYECKH MOJTHOCTBIO UCKITIOYAIOT MPOLIECC Mpsi-
MOT'0 JETEKTUPOBAHUS TOM NIEPEMEHHOI YacTHLIBl — Ha YETBEPTH JIJIMHBI BOJIHBI OH paccenBaeTcs

1 o o o o
3 MarauTHbII 1 DJIEKTPUYECKUU MTOJIEBOU TOK COOTBETCTBYIOIIUX MOHOIIOJIEU.

134 an BpalaTeJIbHO-IIOCTYIIATEJIbHOM WJIU TOJIBKO BpalliaT€JIbHOM ABHUXKEHHUU I'MPOCKOIIOB TaKHUE I'PABIIOTEHLUAJIBI ABIAIOTCA
Ol'lOpOﬁ ITOCTOAHHOI'O HAIIpaBJICHUA OCU BpalllCHUA.

74



A. A. Mlagpun. «Ilons u Buxponsl. CTpyKTyphl Mupo3nanus Beenennoii. Tperbe m3manue»

B IIYYHOCTH BOJIHOBOJIA JI0 HYJISI, B JIOKQJIM3ALIMH y3/1a BOJTHOBO/IA JIBUKETCS BpamiaTeJbHO CO CKO-
POCTBIO BbILIIE CKOPOCTH CBETA, 3aTEM MEHSIET 3HaK Ha IPOTUBOIIOJIOKHBIN U T. 1. MOXKHO cKa3ark, 4TO
B (pa30BOM 00BEME BUXPOHA MEKTY BYMS y3JIaMH Ha TOJIBOJIHE CYIIIECTBYET MepeMeHHAast UIOb-
Hasli MarHWTHAs YacTUIlA, HO TOJBbKO y KOTOPOW BECh 3apsi]] C OJHUM 3HAKOM IIEpEeTeKaeT B Jpyrou
C MPOTUBOIIOJIOKHBIM 3HAKOM Yepe3 MOCPEICTBO MIEPEMEHHOIO JIEKTPUUECKOro MOHONONS. B aToM
CITy4ae paccTOsTHUE MEK/1y LIEHTPaMH 0OOHX 3apsiI0B BCETIa COOTBETCTBYET YETBEPTH IMHBI BOJHBI.
B y3nax atoro BuxpoHa Bcera OyaeT HaXOAUTCsI TOJIBKO OIUH TIOJTHO 3apsKEHHBI MAarHUTHBIN 3apsijl
C OIHUM 3HAKOM.

CoBepIIieHHO B JPYrOM COCTOSIHUM MarHUTHBIN 3apsi]] (COCTOSIHUM C OHUM 3HAKOM 3apsija ',
HO NEPEMEHHOI0 3HAYeHU s BEJIMUMHBI 3apsa) HAXOOUTCS B 3aMKHYTOM BUXPOHE JIEKTpOHA. 3/1eCh
OH BCErja JBMKETCSI CO CKOPOCTBIO CBETA TOJIBKO Ha 3apsAAKY U JOCTUTAET €€ MpeebHON BEIMYUHBI
B y3Jle, Ile [IeJIaeT KBAaHTOBBIM IIEPEXOJl B COCTOSIHUE IMOKOs1 (CBOMCTBEHHO TOJIBKO JJIs BUXPEBBIX
3aps/0B), T. €. B TPaBUTAILIMOHHBI MOHOIIOJb, KOTOPBII IO3TOMY U SIBJISIETCS 110 CTPYKTYpPE U CBOMI-
CTBaM €r'0 MOJIHOW KOIUE, HO B COCTOSIHUM MTOKOS1 — QHTUIIO/, SHEPIMU MATEPUU MarHUTHOT'O 3apsi/ia.
COOTBETCTBEHHO U TO3BOJIMTENILHOE JBHKEHHE (POTOHA TOJNBKO OE3BIHEPIIMOHHOE, A Y IEKTPOHA —
KuHeTnueckoe. OTciofia MEKTPUUECKUI 3apsi]l JIEKTPOHA ITOCTOSIHEH U BCET/Ia SIBJISETCS TPOU3BO-
HBIM OT MAarHUTHOTO BCEI/a NMEPEMEHHOr0 3apsiia, KOTOPbId IIPU €ro MPOU3BOACTBE POXKAAET €Il
Y TEOMETPUYECKU IPOCTPAHCTBEHHYIO CTPYKTYPY.

MarHutHbIiI MOHOMOJIb TAKK€ HEYJOBUM M TAUHCTBEHEH, KaK MCTOPUYECKUN MHOTOBEKOBOM
U npoTtuBOpeunBblil 3¢up. OnHako, ecau 3¢pup Mojen TATOTeHUs, JMEKTPOCTATUKYA U MarHeTu3Ma
usnyecku nposiBsieT ceds yepe3 cooTBeTcTByommue 3akoHbl HeloToHa, Kynona u buo-Casapa, To
3aperucTpupoOBaTh M MOWMATh PeaTbHBI MarHUTHBIN MOHOIIONb BOOOIIE Hesb3sl. CJI0XHOCTh OOHa-
pykeHus > MarHUTHBIX MOHOTIOJIEH, KaKk 0e3MacCOBBIX BUXPEBBIX MYJILCUPYIOIIHX 3apsAI0B, U UICH-
TU(UKALMSA UX CBOMCTB MAaCKUPYETCsl CBOMCTBAMU TEX JIEMEHTAPHBIX YACTHUI] UJIH 3apsAA0BBIX Ta3o0-
BBIX KJIACTEPOB, (pa3oBble 0OBEMBI KOTOPBIX OHH CTPOST WM MPEe0oOpasyioT, CBEPXTEKyUMM 00pa3oM
ABUXYTCS B HUX 110 BOJTHOBOJAM M OOHOBJISIIOT MX, MOJJICPKUBAIOT M )KUBYT TaM JOCTATOYHO JOJITO.

Jlpyrasi CJIO)HOCTb 3aKJII0YAETCsl HE TOJIBKO B TOM, YTO BCE 3J€MEHTApHBIE YacTUIlbl (KpoMe
HEWTPUHO) COIEPXKaT STH BUXPOHBI, & B TOM, UTO OHHU HE JAI0T OOHAPYXUBATh ceOsl B COOCTBEHHOM
BHUJIE B TOM pa3Mepe U 3a TO BpeMsi, KOTOPOe COBPEMEHHBIE IETEKTOPhI CIIOCOOHBI PErUCTPUPOBATh
caMble KOPOTKOXKUBYIIIME IeMEeHTapHble yacTulibl. [loatoMy Te (popMBbl «JOMUKOB» WX crieurdu-
YECKMX KJIACTEPOB, KOTOPbIE OHU CO3JAI0T HA MOBEPXHOCTH 3eMJIM, U PETUCTPUPYIOT yke B (hopme
TEX WM UHBIX 3apPaHee U3BECTHBIX MUKPOYaCTHLl, SKTOHOB I'. A. Mecsina niu 3apsi10BbIX KJia-
crepoB K. Illoyaaepca.

MOXHO 3aperucTpupoBaTh Juilb BUXPOH. CyThb crioco0a 3akI0vaeTcsi B TOM, YTO MarHUT-
HBI MOHOTIOJb — 3TO JIMIIb OJHAa COCTaBHAsI YaCTh CBOOOJHOr0 BHXPOHA, B KOTOPOM CYIIIECTBYET
eIlE U ero HeoTheMJIeMasi YacTh, BOHUKAIOLIAs BCErJa IpU pa3psKe — JIEKTPUUECKUN MOHOMOJIb
Y BOJIHOBO]I, 3 B 3aMKHYTOM — BMECTO JIEKTPUYECKOTO €1IE U IPABUTALIMOHHBII MOHOIIOJb, BO3HU-
KAIOIMI B OTHOCUTEIBHOM ITOKOE TOJIbKO NP 3apsi/iKe, U 1Ba BOJTHOBO/A U3 JIEKTPONIOTEHIIUAIOB
(MeKTpUYECKUI1 3apsi]l) U IPAaBUIIOTEHIMAJIOB (3aps Macchl). DIEKTPUYECKUI MOHOMOJIb BUXPOHA
MOET OBITh 3aXBaUeH TOJIEM aTOMHOT'O SI/Ipa, & €ro aHaJIor «Tshkénoro» Buxpona CBY nuanazona —
3apsAA0M Kiactepa'’’ mia3sMbl ¢ COOTBETCTBYIOIIMMHU TapaMeTpamu. [ paBUTAIIMOHHBIA MOHOIIONb

135 B rakom cocrostamm CYILIECTBYIOT BCE YACTHUIIBI C TOJTYIIENIBIM CITTHOM, B TOM YHCJIE U sIIEPHBIE YaCTHULIBI, 00pa3yoIye 000JI0UKH
saep, Kak ¥ 0OO0JIOUKH aTOMOB U3 JIEKTPOHOB.

136 MarnurHbrit Moromons 1. Jupaka HaxoguTcs B oucke ¢ 1931 1. u 10 cux mop SABJISETCS aKTyaJbHON TeMOM MCCIIeI0BaHUI
GOJIBILIMX HALIMOHAJIbHBIX MTPOeKTOB. Tem He MeHee, Gonblioi 3acayrou JI. M. Vpyikoesa, C.B.Anamenko u M.M.ConuHa ecTb BbIsIB-
JICHVE U TIepBasi MOMBbITKA JIOCTYITHOW MIEHTU(UKAIINKA MarHUTHBIX MoHomoseii CBY nuanazona —10°-10" I'o.

137 Knacrep K. Illoynanepca U3 MOHOB aTOMHOM IUIa3Mbl 00JIa/IaeT yXke HEKOTOPOW MAacCOH TMOKOs, a MO3TOMY JIeKTPUUECKUIA
MOHOIIOJIb, KECTKO CBSI3aHHBIA C MAarHUTHBIM, CTAHOBUTCSI HHEPTHBIM U BU3YyaJIbHO HAOJIOAeM, YTO Y HAOMONAeTCsl IPaKTHIECKH —
BY 1 CBY usnyyeHue XopoLIo MOIVIOLIAETCs IUIa3MOM, CTPYKTYpHUPYs IIOC/IEIHIO MOAYJIALEN HOBOM (hOPMBI I CBOHCTB.
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MPOSIBIISIET ceOsi HHEPTHOCTHIO NOBeIeHN 1. BOIMHOBOIBI Tak:ke JONOMHSIOT 9(h(PEeKTh HATMUMS Mar-
HUTHBIX U IPABUTALIMOHHBIX MOHOIIOJIEN. B TakMX yCIIOBUSIX BUXPOH U3MEHSIET He TOJIBKO CBOU BHYT-
PEHHIE U SHePreTUIECKUe MmapamMeTphl, HO M CIIOCOOEH ¢ 3aTpaTamMy COOCTBEHHOM SHEpruu peodpa-
30BBIBATh BEIIECTBO Y B3AMMOEHCTBOBATH C BHEITHUMHU TOJISIMHU:

— JIeNTUTCS TIOTIONIaM, 00pasysl ABE MPOTUBOIIONOKHBIE IEMEHTAPHBIE YACTHIIBI, TAKUE KaK JJIeK-
TPOH U MO3UTPOH WU Napy MIOOHOB

— IpuoOpeTaeT AMEKTPUUESCKUN 3apsif] ¢ 00pa30BaHUEM 3apsIOBBIX KJIACTepoB '3,

— nproOpeTaeT Maccy 3aXBaUeHHOTO KJlacTepa IJ1a3Mbl,

— npeodpaszyeT reOMETPUUECKH TOT KJIACTep TUIa3MBbl,

T. €. MOIYJIUPYET ero hopmy

— npeodpasyer pusnueckn xumuuecknii coctaB (LENR) 3axBaueHHOro Kiactepa Iia3Mbl
Y HarpeBaeT ero rUrep3ByKoM

— €ro BOJIHOBOJbI CITIOCOOHBI BO3OYAUTH WJIM MOHM3MPOBATh aTOMbI M MX SI/Ipa, a B BEIECTBE
BO30YIUTh BUXPEBBIE TOKU.

W BOT nocie 3Toro yxe OH U MOXET ObITh 3apErCTPUPOBAH TIO IBMKEHHIO U B3aUMOJICHICTBUIO
C OKPYKAIOIIMM BEIIECTBOM U TMOJISIMHU, & TAKKe TI0 MOAYJISIHH TU1a3Mbl (Da30BbIM 00BEMOM MOHO-
nosiei. A ecim macca ria3MBbl JKECTKO CBsI3aHa, HAIPUMED, C PeETKON TBEPIOro Teja, TO OH OyaeT
IUIEHEH U €ro PerucTpUpyIioT MO MPOLYKTaM €ro B3auMOICUCTBHUSI C OOOJIOUKAMH SI/IEp PEIISTKH.
OnHaKO 3TOT METOJ MOXET ObITh TPUMEHEH JIUIIb JJIs1 PErHCTpallii MarHUTHBIX MoHononeidn CBY
JMANa30Ha C BBICOKOH IIOTHOCTBIO 3apsIAKH.

Ecnu peructpupyercss HHEPTHOCTB TIOBEICHUS, T. €. Macca IEMEHTAPHON YaCTHIIBl — 3TO
3HAUUT PETUCTPUPYETCS M BUXPOH €€ CO3/IAI0MIHI.

Meron perucTpanuy JeKTPOHHBIX BUXPOHOB SIBJISIETCS TaKXke KOCBeHHBbIM. OH 3aKI04aeTcs
B TOM, YTO OTPULIATESIHBII EKTPHUUECKII MOHOIOJb — 3apsiji TOPOrOBOrO BUXPOHA raMMa-KBaHTa
c sHepruei Boiie 1022 K3B MoxkeT B3aMMOIeICTBOBATh C CIIbHBIM JIOKAJIbHBIM CTAIIMIOHAPHBIM JIEK-
TPUYECKUM TIOJIEM aTOMHOTO sipa ¢ 00pa30BaHUEM IMap MUKPOYACTHUI] 1 TAKHUM 00pa3oM MposiB-
JATH ceOsl.

MarHuTHbBle MOHOIIONM B BHUXPOHAX XECTKO CBSI3aHBI C EKTPUYECKUMH. DJIEKTPUUECKHUE
MOHOIIOJIM BUXPOHOB, BOZHHUKAIOIIME TOJIKO MY pa3psiJIKe MarHUTHBIX, CIIOCOOHBI 3aXBaThIBATHCS
1 yZIepKHMBaThCSl aTOMHOMOJIEKYJISIPHOH (MOMIIOLIEHUE (DOTOHOB) M TIA3MOM PEILIETKHU TBEPIOTO Tea,
3aCTaBJisisl MArHUTHBIE MOHOTIOJIM «BMOPaKMBATHCS» B HEE€ M PACXOAOBATh BCIO OCTABIIYIOCS B HUX
SHEpruio Ha BUXPEBbIC TOKU, OOJUPKY NMEKTPOHOB C aTOMHBIX 000JI04eK U (poTo3(heKT 3apsikeH-
HBIX YaCTHII C BHEIITHUX 00O0JIOUEK sIAep TUMA ME30HOB.

CunoBble JIMHUM 3JE€KTPUYECKOTO MMOJIsl CTAIMOHAPHBIX WCTOYHMKOB (dur. 2.1 cmpasa)
COEMHSIIOT MPOTHUBOIOJIOKHbIE 3apsibl U CIIOCOOHBI MPEPHIBATHCS, HAYMHAIOTCS U OKAaHUMBAIOTCS
Ha TIOBEpXHOCTH 3aMKHYTHIX KOHTYPOB 3apsiJIOB, MJIA HA 3aMKHYTHIX METAJUTMUECKUX TTOBEPXHOCTSIX.
CuioBble TMHUU CTAIMOHAPHOT0 MAarHUTHOTO MOJISI B OCHOBHBIX MaKpPOIPOCTPAHCTBEHHBIX MOJISAX
HeTIpepbIBHBI M JOCTATOYHO MPOHMIIATENbHBI!®, Bcerna MMEIT HarpapjieHUe JIEBOTO WM MPaBOro
BMHTA T10 OTHOIIICHUIO K TeM JIEKTPOTOKAM MX BBI3BABIIIMM — BCEI/IA KOJIBIEBBIE, JUTUIITHUECKHE U T.
1., 3AMbIKAIOTCSI TOJILKO Ha ce0s1 1 HUKOT/Ia He MPEephIBAIOTCS.

CBoOO/IHBIE BUXPEBBIE TOJSI BCErlla B3aMMOCBSI3aHbI B MYJbCUPOBAHHOM IBHKEHHUU ITyTEM
M3MEHEHHUs CBOEW CTPYKTYpHI (3apsaKa-pas3psaka, KojaeOaTeabHbIii 0OBEMHBINA MPOIIECC — TOYKA-
cepa) npu clieayoniend apxuTeKType:

— MpU U3MEHEHUH 3HAYEHHH JIUIIb B OHOW TOUYKE MPOCTPAHCTBA MOTEHIMAIA-3epHA JIEKTPHU-
YeCKOro MoJisl, BCEI/ia BOZHUKAET KBAHT 3apsiia 00bEMHOM 4 7T cripaib-cpepbl U3 3epeH — MOTEHIIH-

138 Bapsinoeie kiactepsl K. [oynaepca, 5 marentoB CIIIA NoNe5 018 180—5 148 461 3a 1991—92 romsl ¥ COOTBETCTBYIOIINE
cratby 1 MoHorpacuu ot 1987 roga.

139 MarsurHbie MoHomomH MIPOXOISIT CBOOOHO CO CKOPOCTBIO CBETa CKBO3b METaJll, HAIPUMEp, CKBO3b CEPIEYHUKH TpaHChOop-
MaTOpOB, HaBO/sS B HUX BUXPEBbIE TOKH, CUJIOBbIE JIMHUU U JAONOJIHUTEIBHYI0 HHIYKLHIO.
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QJIOB MArHUTHOTO TIOJIS1, YIUIOTHSIIOIIUICS K HEHTPY, B KOTOPOM Pa3MeIleHO TO 3epHO, U C HaIpaB-
JICHUEM CHUJIbI HpOTI/IBOIIteICTBI/IH TOfI, KOTOpasd U3MCHSAET TOT W3HAYAJIBHBIN 9JICKTPOINOTEHIINATI,

— TpU Hayvajie ABWXEHUS WM CMEIIEHHS 3TOrO JIEeKTPONOTeHINAaa-3epHa BO3HUKAET CITU-
Pab-IITMHIP OOBEMHBIX MATHUTHBIX TIOTEHIIMAJIOB-3EPEH, KOTOPbI CBOMM BOZHUKHOBEHUEM ITPO-
TUBOJEWCTBYET TOW CHJIe, KOTOpasi Havyajla epeMeIarh 3TOT eKTPONOTEeHIMA,

— IIpU MPOABUKCHUN 1 UBMCHCHUU 3CPEH-IICKTPOINIOTCHIHUAJIOB 110 CITMPAJI, BOKPYTI' KAXXIAO0TO
BUTKaA CIIUPAJIM BOBHUKACT OpTOFOHEUIbeIﬁ BUTOK CIIMPAJIM MAarHUTHBIX HOTGHHI/IEUIOB-Z%ép@H, npe-
MATCTBYIOIIMI 3TOMY [TPOIBUKEHHIO UM U3MEHEHHUIO.

D10 moAaTBepKAAeTCs cienyomuM. Eciu conocTaBuTh JENCTBUE BUXPEH JIEKTPUUECKOTO
Y MarHUTHOTO MOHOTIOJIEW B OKPYKaIOIIeM HaC MaTepraibHOM MHUPE, TO 9TO ISHCTBO /17151 MATHUTHBIX
OoJsiee MpOsSIBUMO, UeM s eKTpuieckux. Yem 310 BbI3BaHO? BO-1iepBbIX, MUHUMAJIbHBIA MarHUT-
HBIH 3apsa B 137/2 pa3 6oJibilie MUHUMAJILHOTO SJIEKTPUIECKOro 3apsaa. Bo-BTOpbIX, Ha 3TO, B YacT-
HOCTH, YKA3bIBACT COIIOCTABJICHHUEC Mar HUTHOM MPOHHUIIACMOCTH BaKyyMa U 3)I€KTpI/IquK0ﬁ ITPOHMU-
LIaeMOCTH BaKyyMa B cucteme eauHul ['aycca. VI3BecTHO, YTO MarHMTHasi MPOHUIIAEMOCTb BaKyyMma,

KOTOpasl XapaKTepU3yeT MarHUTHBIE CBOWICTBA 9TOM cpelpl, paBHa 1,257 x 10~ ru/m, a JIEKTpUYe-
CKasl MPOHMLIAEMOCTb BaKyyMa, KOTOpasi B CBOI0 0UYepeb XapaKTepu3yeT 1eKTPUUECKUe CBOICTBA

cpenpl, paBHa 8,85 x 10712 ¢/™m. B cucreme equnui; CI'C dapaga 1 reHpy BbIpaKaloTcs yepes eau-

HULy JUIMHBL, 2 UMEHHO: 1(p=9 x 10° M, a 1ru=10" M, Torjaa B 6e3pa3MepHbIX eJUHUIIAX MAarHUTHAS
npoHuuaemMocTs paBHa 12,57, a anekrpuueckas — 0,08. VIx cootHomeHnue paBHo 157. D10 3HAUMT,
YTO B OJHOU U3 TOYEK U3MEHSIONIErOCs AEKTPUUECKOTO MO OT CTAMOHAPHOTO UCTOYHUKA (hOPMU-
pyeTcst MarHUTHBIN 3apsi]i 0OBEMHON chepoit UM HUJIMHAPOM BOKPYT STOH ABHIKYILEHCS WA U3Me-
HSIOIIENCS TOUKU — LIEHTPa, U MPOTUBOAEHCTBYET CUJIe ABUTAIOIIEH WM U3MEHSIONIeN STOT MOTeH-
[[UAJI-3€PHO.

OOHOMMEHHBIE CTALMOHAPHBIE 3JIEKTPUYECKHE 3apsAdbl C MAacCOM OTTAJIIKMBAIOTCS JPYT
OT Jpyra, MPOTUBOIOJIOKHBIE — MPUTATUBAIOTCS. Y CTAllMOHAPHBIX MAarHUTOB KJIACTEPOB BelleCTBa
3TOT IMPOLIECC AHATIOTUYEH.

CranuoHapHbIe 1M0J1s TPaBUTALMK, JIEKTPUYECTBA U MarHETU3MA MOJYUHAIOTCA 3aKkoHaM Heblo-
ToHa, Kynona u buo-CaBapa, BBI3BIBAIOT paJvallbHO-LEHTPATIbHOE IOCTYNATEIbHOE IBUKEHHE
MaTepud. DTH TOJsl PACHPOCTPAHSIOTCA Onarofaps CTAIMOHAPHON MHAYKIUH OT MCTOYHUKOB
COOTBETCTBYIOLIUX 3apsiIOB PAAUATBHO OT UX LIEHTPOB CO CKOPOCTHIO BO MHOTO pa3 MpPEBbIIIAIONIeH
CKOPOCTb CBETa.

BuxpeBast HHIYKIMSI HOCUTENIEH 3aps/ia — 3TO SBJIEHUE B KOPHE OTVIMYAETCS OT CTAlHOHAP-
HOI MHAYKIIUH 110 cBoel (puzndeckoit mpupoae. CaMogBHKEHUE MATHUTHOTO MOHOIIOJ S BbI3bIBAET
eIé MOMHUMO U3MEHEHU s BEJTMUMHBI €T0 3apsijia enié U MHIYKIIMIO JIEKTPUIECKOr0 MOHOMOS, KOTO-
pblil B CBOIO OYepellb, MHAYKTUPYET el€ OAUH MArHUTHBII MOHOIIOJb, HO YK€ MPOTUBOMOIOKHBIN
0 3HAKy MEPBUYHOMY — HEM30€XHOCTh MHBEPCHH IOJTI0CAa. A YTO camMoe IJTaBHOE, CBOOOHBII
MUKPOBUXPOH MaTepUAIbHO C MOMOIIIBIO 3€PEH-IEeKTPOIIOTEHIIMAIOB PAa3BEPTHIBAET B MPOCTPaAH-
CTBE UCTOPUIO U3MEHEHUSI IEKTPUUECKOTrO MOJISI B TOUKE CBOEro poxaeHus. [lonspuzoBaHHbIN Mar-
HUTHBI MOHOIIOIb 3aMKHYTOI'0 MHUKPOBUXPOHA UHAYKTUPYET €lllé U IPaBUTAIMOHHbINI MOHO-
noJb — 3apsag Mmacesl B CH. B cBOOOIHOM BUXPOHE 3TOrO IMpoiiecca He MPOUCXOIMT, a Koraa
OH BBIHYKJIEHHO TOPMO3HUTCS Yepe3 MOCPEICTBO CBOEH HEOTHEMJIEMOU MOJIOBUHBI (NEKTPUIECKUI
MOHOIIOJIb) — TOJIKO TOIZIa BCSI SHEPrHsl 3TOr0 UICTOYHUKA JABUKEHHUS U3 BUXPEBOU (pOpMBI riepe-
XOOUT B YHEPIrHI0 MOKOSI — IPaBUTAIIMOHHBIA MOHOIOJb. DTOT MpPOIecC OOpaTuM, T. €. YCKO-
PEHHO-3aMe/IJIeHHOE JIBVKEHHE sIIep aTOMOB, aTOMOB M MOJIEKYJI B COOCTBEHHOW CpeJie WHIIYyKTH-
pyeT BuxpoHbl. Harpumep, JiefieHre ypaHa ¢ BHIOPOCOM OCKOJIKOB, XMMUYECKHE B3PBIBBI KJIACTEPOB
BEIIECTB C BHIOPOCOM MOJIEKYJISIPHBIX OCKOJIKOB, J€KTPOPa3psA] B KUIKOCTH C B3PBIBHBIM JIBUKE-
HUEM K JIeKTPO/IaM MO PU30BAHHBIX YACTHIL U T. [I. BuXxpeBble 371eKTpOMarHUTHBIE TOJIST BBI3BIBAIOT
MEXaHUYECKOe BpallleHWe WU CIUPATbHO-paraibHOE JIBUKCHUE MaTepud M HA000POT — TaKkoe
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JBHKeHHe MaTepry BHI3BIBAET BUXPEBYIO MHAYKIIMIO BCEX TPEX BUXPEBBIX MOJIeH (Tpuaga MOHOIO-
Jiefl), IPOTUBOIEHUCTBYIONIMM CHUJIaM, BBI3BIBAIOIINX 3TO ABUKEHHUE.

Ecnu npoTHUBONOIOKHBIE CTAIIMOHAPHBIE 3aps/ibl PUTATUBAIOTCS W COSTUHSIIOTCS, TO Y Mar-
HUTHBIX BUXPEBBIX 3apsgoB BCE HA0O0poT!4’: OMHOMMEHHBIE OOBEIUHSIOTCS, CIMBAIOTCA U KOH-
HEHTPUPYIOTCS, 2 MPOTUBOMOJIOYKHbIE HUKOT/A He COeIHHSIOTCS. [lepeMeHHbIe eKTpHIecKie
MOHOMOJU (TOKH) B CBOOOIHBIX BUXPOHAX MHIAYKTHPYIOT BOOOIIE HE POACTBEHHbIE €H OISl — Mar-
HUTHBIE MOHOTIONHU. A B 3aMKHYTHIX BUXPOHAX ITPOMCXOAUT MPOIECC HE POICTBEHHBIN 1 MATHUTHOMY
C MHIYKIIMEed MacChl — POXKJEHUE BEKTOPHOTO IPABHTAIMOHHOrO0 MOHOMOJsA. Takas pasHuIla
ME>X/1y CBOMCTBAMU BUXPEBBIX 1 CTAIIMOHAPHBIX TI0JIel MPOSIBISAETCS U B TOM (haKTe, YTo B OKPY-
KaloIeM HaC MUpe OOHAPYKUBAETCsl SHEPrUsi B (hOpME TOJIBKO MEKTPUUECKU 3aPSKEHHBIX YACTHI
Y YaCTHII C MACCOM MOKOSI ¥ CIIMHOM, HO He OOHApyXKMBAaeTCs SHEprusi B (hopMe YacTHIl CO cTaTu4de-
CKHMU MarHUTHBIMU 3apsiiaMi. MarHUTHBIA MOHOTIONb SIBJISIETCS] CAaM HICTOUHMKOM CaMOJIBHKEHU S,
T. €. OObEMHBIN MasITHUK KOJIeOaHW 3apsaaKu cepsl (MCTOUHMK) U e€ Pa3psAAKH C POKISHUEM
emé U CIUpaIbHOrO BOTHOBOAA (TI0Jie) M3 IeKTpornoTeHanoB. Kpome Toro, mo0oe n3MeHeHne
paHee yCTAaHOBJICHHOHM IeOMETPHYECKON PEryIsipHOCTU EKTPUUYECKUX MOTEHIMATIOB B MPOCTPaH-
CTBE BEJIeT K IMOSIBJICHUI0 BTOPUYHOTO MArHUTHOTO MOJIsI (MM 0OpaTHBIA 3(ppeKT — pokaeHne mar-
HUTHOT'O MOHOIIOJIST), KOTOPOE CBOMM JIEUCTBHEM MTPOTUBOJCUCTBYET MPUYMHE, BBI3BABILIEHN 3TO MEp-
BUYHOE M3MEHEHHe, T. €. MarHUTHOE Tojie 0OafaeT eme M NMPOTEeKTOPHBIMH CBOWCTBAMH s
reOMETPHUYECKON CTAOMIM3ALIH TIEKTPUIECKUX TMTOTEHIINAIOB. BaskHO MU 5TOM OTMETHTh, YTO TPH
OIPE/ICIEHHBIX YCIOBUSIX CUCTEMHOTO Kpy4eHusi 1/4 1yIMHBI BOJHBI TAKUX TOTEHIMAIOB BOJTHOBO/A,
MIPOMCXOIUT OOPATHBIH MPOLIECC — MPOLIECC POXKIEHUSI MArHUTHOT'O MOHOTIONS, 3apsija cdepsl Bpa-
IIaTeIbHO-TIOCTYNATEIbHBIM IBHKEHHEM.

[TosToMy B MUKpOMHUPE Y JIEMEHTAPHBIX YACTUI] UMEIOTCS JIEKTPUYECKUi 3apsi]] C TOCTO-
SIHHBIM 3HaYE€HUEM, I'PaBUTALIMOHHBIN 3apsi/i C IOCTOSIHHOW MacCOM — 3apsi/i [TOKOs, a TaKKe KOHKPET-
HBII 3aps/1 BpameHuss — cnuH. Oo1iee 111 MUKPO M MaKpOMHPA TOJIEH-TIPOCTPAHCTB CTAIlMOHAP-
HBIX ¥ BUXPEBBIX UCTOUHMKOB — 3TO HA0OP CaMbIX MaJbIX IO pa3MepaM KOPITYCKYJT ONpeeIEHHbIX,
Kak OecCTPYKTypHbIE KBaHTHI MPOCTPAHCTBA, BEJMYMHA KOTOPHIX MHOTO MEHbIIE TIAHKOBCKOTO
pa3mepa.

Jpyroii BecbMa CyIIECTBEHHONW OCOOCHHOCTHIO B3aMMOCBSI3aHHBIX BUXPEBBIX TMOJIEH SIBIISIETCS
POXIEHHE OKOJIO JBIKYIIETOCS MCTOUHMKA «IIyObl» W3 NeOpOMIEBCKUX KBAHTOB CO CTPYKTYPOM
THIA MIOOHOB. TakuM CBOMCTBOM O0OJIaalOT 3aMKHYTBIE KBAHTHI OKOJIO JBHIKYLIMXCS JEKTPOHOB,
KOTOpbIE CO3JAI0TCS B KOJUTaiiaepax. B muienn komainepa (aHaJIOTMYHO, KaK 0Opa3oBaHKe Maphl
B TI0JIe aTOMHOTO s1Ipa) 00pa3yeTcsl OUeHb IUIOTHAS TUIa3Ma M3 TaKMX 3aMKHYTBIX J1eOpOIIEBCKUX
BUXPOHOB HE TOJIBKO C OY€Hb IUPOKUM crieKTpoM sHepruid 1—100 9B (B obnactu koTopoii 1 oOpa-
3yI0TCSl IGHTPAILHOM (DOKYCHPOBKOM 3aMKHYTbI€ 000JIOUEUHbIE CTPYKTYPhI a[JPOHOB, BJIOKEHHbIS
APYT B Ipyra, Kak MaTPEIIKU U3 TAKMX BUXPOHOB CO CTPYKTYpOH T 1 Kk ME30HOB), HO ¥ C TAKUM Ha00-
pom!*! BHYTpEeHHUX CBOWCTB sIJIePHBIX BUXPOHOB, KOTOpPBIE CIIOCOOHBI C(hOPMUPOBATH U CTPYKTYPHI
aaTryacTril. OTCIoa TOTyYaeTcsl BHIBOJ, UYTO B TOW MHUIIIEHH, B 001acTH-00bEME, TIe oOpa3yercs
cBoeoOpa3Hasi siIepHO-Me30HHAas «IJIa3Ma», IMeeTCsl HA0OP TAKMX BUXPOHOB, KOTOPBIE SIBJISIOTCS
3epKaJIbHBIM OTPAKEHUEM yKe PACCMOTPEHHBIX. Takye BUXPOHBI, HAITPUMEP, CIOCOOHBI yKe CTPOUTD
«IOMHK» U JJIsI QaHTUIIPOTOHOB.

CBOOOIHBIN BUXPOH — 3TO MArHUTHBIN MyJILCUPYIOIIUI 00BEMHO 3apsif, T. €. KoJieOaH!sI Mar-
HUTHOTO TIOJIEBOTO TOKA MPH TIepe3apsiike OT OAHOTO K IPyroMy uepes MOCPEACTBO IEKTPUIECKOTo
MOHOTIOJIS C TO3UITMOHHOW CMEHOM 3HAKa U MPEBPAIIEHHEM Pa3psIKAIOIIErocsi MOHOIONS B POTHBO-
TIOJIOXKHBIH 3apsokatoruiics. [Ipy BbICOKO KOHLIEHTPAIMK 3aMKHYTHIX BUXPOHOB X BHEIITHUE TTOJIsI

140 ..
3,HGCI> P€Yb UOET HE O MATHUTHBIX TTOTI0CAX ITOCTOAHHBIX MATHATOB, & O MArHUTHBIX BUXPEBBIX 3apAaax, KOTOPBIEC CYIECTBYIOT
TOJIBKO B IBUKEHUU CO CKOPOCTBIO CBETA — MEXaHUUYECKUI aHAJIOT CIIMSIHKE B OIWH HECKOJIbKHX TOPHAI0 B aTMocq)epe.

141 Yimeercs BRIy HAGOP 3ePKAILHBIX BHXPOHOB.
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MOHY’K/IAI0T K B3aUMHOMY CIMSIHUIO — (POKYCHPOBKE M KOHIIEHTPUUYECKOMY OOBEMHEHHUIO B 00010~
YEYHbIE CTPYKTYpPbI TUIA HEUTPOHOB WJIM AHTUHEUTPOHOB. DTO O3HAYAET, YTO MUKPOCKOIUYECKHE
BUXPEBblE MATHUTHBIE TIOTOKM KBAaHTOBaHbl. OJMHAKOBBIE TIO 3HAKY MOHOIOJH CIIOCOOHBI 00'beu-
HATHCSA C COCEJIHUMU C MOMOIIBI0 CBOMX BUXPEBBIX NOJIEN KAK [0 BEPTUKAIM, TaK U [0 TOPU3OH-
TaJli, a C IPOTHBOMOJOKHBIMHU HE COEIMHSIOTCS HUKOIrAa. DT0 — ABAJALATh MepBoe CBOICTBO
BUXPOHOB U TOXE BECbMa CYILIECTBEHHOE, TaK Kak MPOTHBOpeunT npeackazanusiM CAIl B teopun
I1. lupaka 0 TOM, YTO MOHOIIOJIb MOKET UCUE3HYTh TOJIbKO B TOM CJIy4yae, €ClId BCTPETUT IPOTUBO-
TIOJIOKHBIN U COEIMHUTCS C HUM.

PeanbHo, 0qUH CBOOOJAHBIII MAarHUTHBII MOHONOJb B BUXPOHE MOKET HCYE3HYTb,
JIMIIb PEeBPAaTHBIINCH B IPOTHBOMOJOKHBII NPHU pa3psijiKe, NPoiijs Yyepe3 MPOMeKyT04-
HbII 3Tan qunoJs. [Tycts 310 OyaeT ABaAUATh BTOPHIM CBOWCTBOM MAarHUTHBIX MOHOIIONEH —
HHBEPCHs MOJII0COB.

[Ipu uccnenoBaHUM pacCMOTPEHHBIX MPOLIECCOB B3aUMOIEHCTBUI MPOTUBOIIOIOKHBIX BUXPO-
HOB YCTAHOBJIEHO, YTO MUHUMAJIbHOE PacCTosiHUE B 1/4 IJTMHBI BOJIHBI, HA KOTOPOE MOTYT MpUOIIH-
3UTHCSI BUPTYaJIbHbIC IIEHTPbI IPOTHUBOMOJIOKHBIX U ITYIbCUPYIOIIMX MarHUTHBIX MOHOIIONEH, BCeraa
OBLJIO JIMIIIH 3aTIOJTHEHO HEJIOCTPOEHHOM YacThIio Criupaiy BoiHoBoAa (Pwur. 2.7), MHAYKTUPOBAHHBIX
3apsKAIOLIMMCS MAarHUTHBIM MOHOIMOJIEM. DTO MOATBEPKIAECTCSA U IKCIIEPUMEHTAIBHO BUAEO ChEM-
kamu'*? (poto 2.4) MarHUTHOTO IUMONs B Xpomocepe CoHIla — mapoBast MOJHUS.

W3 31X BU/IEO MaTepUaIOB CJIEyeT, YTO 00JacTh OCU MEXIY ABYMsI MArHUTHBIMU MOHOIIO-
JMU (CBSI3aHHBIN C ITPOTUBOIOIOKHBIMU KJIACTEpAMU MOHOB MAaKPOBUXPOH) HE COAEPKUT CUJIO-
BBIX JIMHUI, TaM BUIHBI JIMIITh OJHA BUXPEBBIC NMEKTPUUECKIE TOKM HAa YaCTH HEJOCTPOSHHOM CITH-
panu, T. €. BUJHA JIMIIb JBMKYIIAsCS M BO30YXAEHHAs MaTepusi, a BUXPEBbIE MOJISI MarHUTHOTO
ABYXIIOIOCHOTO TOpoHJa (Ha BUJIEO ChEMKE MAarHUTHBIE CHJIOBBIE JIMHUM BUHBI Onarogapsi HEBU-
OVMBIM CIIAPAJISIM JABUKEHHUSI BOKPYI HUX 3JIEKTPOHOB) U JIEKTPUUECKUE OCTAIOTCS HEBUIUMbBIMHU.
Takoli CBSI3aHHBIH C Maccoy TuIa3Mbl XpoMocdepsl MakpoBUXpoH'® (poTo 2.4) Wi 3apsAoBHIT
kiacrep K. Ioynaepca — 6Unosib MOKHO OOHApyKUTh TOJIbKO Ha CONHIIE, TaK KaK €ro MeKTpH-
YEeCKUN MOHOMOJb 3aXBaYCH-«BMOPOXEH» MEKTPUUYECKUM OOBEMHBIM 3apsiOM MOHU3UPOBAHHOM
aTOMHOM TIJIa3MOM 1 OyIeT HaXOMUTCS B HEH JI0 TeX MOp MOKa He U3PACXOAYIOT BCIO CBOIO SHEPTHI0
00a MarHUTHBIX 3apsiJa Yepe3 rPaBUTALIMOHHBINA Ha BUXPEBbIE TOKH U SIIEPHBIE MTPEBPAIIEHHS TIPO-
TOHOB B OoJiee TSOKETbIE siApa, HalpUMep, siipa TelTus, IUTHUsI, KJIbLUs W Kene3a. Mexay moTeH-
LMaJlaMM BOJTHOBOJZIA TEKYT BUXPEBbIE MOHHbIE TOKM TaKOW CHJIbI, YTO BCIO CIIUMPAJIb JEKTPONOTEH-
LIMAJIOB MOKHO YBU/IETb JIMILIb MPU 3aTyXaHUU CBEYEHUs (HIOKKYIIbI Ha MOBEPXHOCTH (hoToCchepsbl
(doto 2.5) Conniia.

142
DunbM « Our secrets Sun», 2-51 4acTh, MarHeTusM, aBrop Joktop Ken Lang.

143 310 Boero M «BMOPOKEHHBIW» Clie]] U3 BO30YKAEHHBIX YaCTHUII TUIa3MBbl.
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®ot0 2.4. MarHuTHBINA AWIOJNL B XpoMocdepe

®oto 2.5. Buxpeble TOKM BAOJb BOJTHOBOIA

[Tpu stOoM crnepyeT paznuuaTh CAMsHUE OJUHAKOBBIX BUXPEBbIX MArHUTHBIX MOHOMOJEN
OT OTTAJIKMBAHUS OJJMHAKOBBIX TOIIOCOB CTALIMOHAPHBIX MATHUTOB M MPUTSATUBAHUS TIPOTUBOIIO-
JIOKHBIX TIOIOCOB CTATUYECKUX MArHUTHBIX MOJIEH.

Maiikn ®Papaneit nepgoim onpedeaun, Umo MazHUmMHvle NOASL HENPEPLIBHO BPAULAIOMCS. Mo
O3Hauaen, YMmo MAazHemuzm — 3mo ouHamuueckoe none '**. OOHako on omkpvLa u credyrouee:

Dnekmpuueckue noas COBCeM He OBUNCYMCSL, UMoObl 08U2AMbCSL 8NEPed, UM Mpedyemcst OUHA-
MUUECKOe OBUIICEHUE MAZHUMHOU B0NHbL.

Credosamenvro, MazHemuam — Mo OUHAMUYECKASL CUAA, YIMO O3HAUAEM «NOAe, HAX0OSUeecs
8 OBUIICEHULL.

[TpocThM TIOMeITIeHHEM MTPOBOJIOKK HaJl CEBEPHBIM WJIU I0XKHBIM TIOJIIOCOM JIDOOTO MarHura,
B HEll FeHepupyeTCs ANEKTPUIECKUIA TOK.

Dapaodeii omkpoLr, umo, 08U2ASCL 8 NPOCMPAHCMEE, 6Ce MAZHUMHbIE NOASL 8PAUAIOMCSL.
Tlosmomy 6.aa200apsi CNUPANEBUOHOMY OBUINCEHUIO CEBEP-102, MONMCHO 8C€20A NOAYUUMb HENPEPbIBHO
spaujarouieecsi MAazHUmMHoe none Mexcoy O08YMsi MAZHUMAMU Cmamopd, NOCKOAbKY OOUH MAZHUMm
OyOem cedepHbiM NONOCOM, A OPY20Li — IOHCHBIM.

144 Ecim MarruTHOE Mofie — 370 IMHAMIHECKOe TIoJe, TO npeanono;xenue reoperrka I1. [lupaka o ToM, YTO €ro MOHOIO/b UMEET
TIOCTOSIHHBIH 3apsiJl, IPOTUBOPEUUT SKcriepumeHTatopy M. dapaneto.
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Tlocmosnnblli Maznum HegeposmHo 001206e4eH U OYOem UCHYCKAmb MAZHemu3m Ceblle
1.000 2em 6e3 maneiiuux, 3HAUUMBIX NPUSHAKOE NomepU. Bul modceme noayuame u3 Hezo cnMoavKo
INEKMPUUECBA, CKONbKO XOMmume, HO YMpym MHo2Uue NOKOAEHUsl, Npexcoe Uem OH NPOOeMOHCIpU-
pyem xomv maneiuuli npusHax usHoca. Hukmo nuxkoeoa He 3a60mumcs o 3ameHe cmamaopog 8 31eK-
MPOMAZHUMHOM MOMOpe.

Cospemennas meopusi, 00vACHAIOUAS HAMAZHUMUBAHUE MEMANNA, MAKO8A — MAZHUMHASL SHeP-
2usl, meopemuvecku HAKANAUBAOWASACS 8 MdA2HUme co OHsl €20 CO30aHUsl, NPOCMO hepeoaemcs
memanny. OOHAKO nocae 3mo2o cam MazHum He CmMaHoeumcs caadee, uem pavvuie! Bol modiceme
HAMAZHUMUMb CMOALKO 00BEKMO08, CKONbKO XOmume, U npeocmasnsienics, Ymo MazHum He noogep-
2aemcs HUKaKoMy 8030eiicmeuio.

Jl1s1 osner cTallMOHApHBIX UCTOYHUKOB JIEMCTBYIOT Apyrue (pu3nueckue 3aKOHbl UX (popMu-
poBanust. OHM HEe IPUMEHHUMBI 1JIs CBOOOJHBIX BUXPEBBIX TOJIEH B CHITY Pa3MUHON (PU3UUECKOM
MPUPOIBl MHAYKIMY MOTEHIMATIOB — Pa3JIMueH MEXaHW3M WHAYKIIMU CTAllMOHAPHBIX M BUXPEBBIX
nosiew (rmasa 1).

Pa3imynble 10 4YactoTe, TUIY MOJSPHOCTH W CTETIEHW TOJSPU3ALMU sICPHbIE BUXPOHBI,
3aKJIIOYEHHBIE B T€ WM MHBbIE 000JIOYKMA MHUKPOUYACTHIL (/IeMEHTApHBIE YaCTUIIbI, aTOMHbBIE SIpa),
JBUTAsICh B HUX BHYTPH siipa Ha cOnmkenue, (POKYCUPYIOTCs CHavas1a BHEIIHUMU JIEKTPUIECKUMU
MOJISIMU COOTBETCTBYIOIIMX BOJIHOBOJOB, a 3aT€M IPOMCXOOUT 3aXBaT U B3aUMOJIEHCTBUE MarHuT-
HBIX MOHONOJIEH, B Pe3yJIbTaTe KOTOPOTrO U3MEHSIIOTCS MapaMeTpbl B3aMMOJEHCTBYIOIIMX BUXPOHOB
Y COOTBETCTBEHHO MEHSIOTCSI CAMH YaCTHUIIBI, COMlEpKaIliie HECKOIBKO SEPHBIX BUXPOHOB. DTO —
MEXAHU3M CJA0BIX B3AaHMOJEHCTBHII.

Heuto ananornvyHoe NmpoOUCXOOUT CHAPYKU TMPU B3aUMOJEWCTBUSX CBOOOTHBIX BHXPOHOB
C aTOMHBIMH U siiepHbIMHU. Tak, HapuMep, MPOUCXOIUT B3aUMoEHCTBHUE (DOTOHA CO CBOOOM-
HBIMH JIEKTPOHAMU, AaTOMHBIMHU JIEKTPOHAMY MJIA AaTOMHBIMH SIAPAMU TOH HJTH HTHOW CPeJibl — KOMII-
ToH-3PekT, poroadhdekT, map odpazopanue u T. 1. OUeHb MOIHO IKCIIEPUMEHTAILHO UCCIIEIOBAHBI
B3aMMOJICUCTBUSI CBOOOIHBIX ATOMHBIX BUXPOHOB, 00pa3yOIIMX raMMa-KBaHTbI C PA3IMYHON SHEp-
T'Mel, ¢ BeIeCTBOM, aTOMaMU U siipamu '+, AHasior (hoToaTOMHBIX peakiuil v otoaddekTy umeer
MecTo U B (DOTOSICPHBIX peakiusx ¢ (poTopokaeHneM Me30HOB. Hambonee MHTEpecHble pe3yiib-
TaThl, B 3TOM HAaIPaBJICHUH, MOJTyYeHbl B MOCIEAHUE TOIbl MPH OOITYyUYEHUH SIAEp MyYKaMH Me30-
HOB. U B HacTosilee BpeMsi B TAKMX SKCIIEPUMEHTAIBHBIX padoTax yke cepbE3HO MpopadaThBaeTCs
BOIPOC O BXOKAEHUU B MOJIEJIb SIApa CTPYKTYP TUIA HEUTPATBHBIX U 3apsKEHHBIX T-Me30HOB. Kak
U CTPYKTypa aTOMHBIX 00OJOUeK OOpa3oBaHa M3 CBSI3AaHHBIX BUXPOHOB-3JIEKTPOHOB, TaK U BHYT-
PEHHSIS CTPYKTYpa siipa COCTOUT U3 OUTIONSIPHBIX 000JI0YEK, BJIOKEHHBIX JIPYT B Apyra 3aMKHYTBIX
BUXPOHOB THIA OJHOOOOJIOUEYHON CTPYKTYPbl HETPAJIbHBIX Jt-ME30HOB. BHelHe 06010ukH saep,
KaK 3aluparoime oT pacraja BHyTpeHHUE, 00pa30BaHBbl ke 3apsKeHHBIMH JT-ME30HAMHU TI0 THILY
JIEKTPOHHBIX ATOMHBIX 000JIOUEK.

ITepBble uccnenoBanusi CRBOMCTB (POTOHOB HAUMHAIKMCH C M3yUEHUsI BOTHOBBIX CBOKCTB B OINTH-
YECKOM M PajMo jauana3oHax. [JJoCcTaToOuHO MOSHO M3y4yeHbl U B3aMMOIEHCTBUS 3aMKHYTBIX 3Jie-
MEHTApPHBIX BUXPOHOB, 0OPa3yIOIIMX JIEKTPOHBI, TIO3UTPOHBI, MIOOHBI I ME30HBI, ITPOTOHBI, HEH-
TPOHBI U JIpyTUe JIEMEHTApHbIE YACTULIbl, C aTOMHO-MOJIEKYJISIPHBIM BEIIECTBOM UM €r0 aTOMHBIMU
siIpamMu. 3a 3T sIBJICHUS] OTBETCTBEHHBI — JIETKME aTOMHO-sIICpHble MUKPOBHXPOHBI. A 32 Takue
CBOICTBA, KaKHe TMPOSIBISAIOT SKCIIEPUMEHTAIBHO OOHapykeHHble IKTOHBI Mecsma . A., 3aps-
noBbie kjaacrepsbl K. [oynaepca, «crpanHoe»u3iaydenue JI. Y. Vpyikoesa, a/eKTpoMaruur-
Hble «CHApPSAAbl» W «BOJHbI», TOJyYEHHbIE MO TEXHOJOTMU B3PBIBO-MArHUTHBIX T'€HEPATOPOB
MK-1 u MK-2 Caxaposa A. [I., y)xe OTBEUalOT «TAMKEIbIe» MAKPOBHXPOHBI.

145 Tax, HalpuMep, XOPOLIO M3y4eH IMraHTCKUI Pe30HAHC s/ep ¢ raMMa-KBaHTaMU ¢ SHeprueit 1o 25 Mas u 6onee 110 2,5 I'38,
U Kak C/IeICTBUE, PAacllaKoBKa BHYTPEHHUX 000JIOueK — (hOTOs/IEpHBIE peakiuy ¢ (POTOPOXKIEHUEM ME30HOB-ITHOHOB TIPU MOpore
B 150 M»3B. CeueHune B3aMMOJIEHICTBH S ITyYKOB ITMOHOB C SIIPaMU MO CpaBHEHMIO ¢ (hOTOsIIepHBIMU peakumsamu B 137 pa3 Gonblite.
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[Mpouecc LENR!6 umm Xomnogubiid pacniag-cUHTE3 TSKENBIX sIIEp U3ydYalICsl OUeHb MHOTUMH
aBTropamu, B ToM uucie K. [loynnepcom, M. U. Comunbim, A. B. Bauaessim, C. B. Anamenko,
JI. Y. Ypyuxkoesbim, A. ®@. KinagoebiM. CyTh €ro CBOIUTCS K MOTJIOIIEHUIO TIIa3MOM PELIETKU TBEP-
JOr0 WX KUAKUMU TeJIaMH XOPOLLIO IPOHUKAIOIMX B HEE U MoriomaeMsix «Tsikenbix» MK nu CBY-
(bOTOHOB 10 ONTHYECKOTO CIIEKTpa ¢ TaHJEeM MPeoOpPa30BAaHUEM MX B TMIIEP3BYKOBbIE U TETLJIOBHIC
MUKPOBUXPOHBL. OJJHAKO MHKPOCKOMUYECKOTO OOBSICHEHUSI HaOMIOJaeMbIM sIIEpPHBIM TIpeBpallie-
HUSIM HU OJTHA U3 3TUX HAYYHBIX T'PYII HE IPUBOAMT.

DKCNepUMEHTAIbHBIM TIOATBEPIKICHUEM O00pa30BaHMsI CBOOOJHBIX MAarHUTHBIX MOHOIIONEH
BBICOKOI1 IIJIOTHOCTH 3apsiIKM 371ekTponoteHumaamu CBY nuanazoHa M ux Mocieayomero JBuxe-
HUS ¢ 00pa30BaHKMEM TPEeKa MEKTPOMArHUTHOTO KBAHTA SIBJISIETCSI OOHAPYKEHHOE «CTPAHHOE» U3ITy-
YyeHue (TaHgeM MpeoOpa30BaHUe B TEIUIO), MOIIHBIN MOTOK KOTOPOro OCBOOOXIAETCs TIPU B3phIBE
TUTAHOBBIX (POJBr!'47 B KUIKOCTSX, & TAKXkKe CJIeAbl TAKOTO M3JIyUYSHUS B KUAKOM IUPKOHHH, 0Opa-
symoruecs B ssaepHom peakrope M. U. Conuna. B aTux ke padorax Obl1a Mpou3BeIeHa U JOCTYII-
Hasl UIeHTU(pUKALIKS 3TOrO0 U3JyYEeHHUs IO €ro B3aMMOJEWUCTBUIO C MaKpO- U MUKPO-MarHUTHBIMU
nossiMu. [1o yTBepkIeHHI0 aBTOPOB «CTPAHHOE U3JIyYEHHE» — 3TO MOTOK PA3JIMYHOTO POJa MarHUT-
HBIX MOHOMIOJNEeH. B 3THX padoTax nprBeaeHs MUKpOQOTOrpaduu CIIe/IoB 3TOr0 «CTPAHHOTO U3ITyUe-
HUS1», 3apPETMCTPUPOBAHHBIX C MOMOILBIO AAEPHBIX (DOTOIMYJILCUI — TO JBYMEPHbIE CIIE/Ibl pa3pesa
0OBEMHOTO BOJIHOBOJIA, OCTABJIEHHOTO «TSIKENBIMU» (poToHamu VK-nnanazona'*® snekrpomarauT-
HBIX BOJIH, T. €. QHAJIOT TAKOT'0 «CTPAHHOTO U3JTyYeHHUsI» ¢ AJIMHOU BoiHbl B 20 MkM. Kak cTasio tenepb
W3BECTHO, BOJIb IEKTPONOTEHIIMAIOB U IPAaBIOTEHIIMAJIOB HAa BOJIHOBOJAX UAYT CUJIbHBIE BUXPEBbIE
TOKM, BbI3bIBAasl HOHU3ALIMIO U s1IEpPHbIE CTPYKTYpHbIE U3MEHEHU S B CPEie paclipoCTpaHEHUs, B J1aH-
HOM IIpUMepe, B (POTOIMYJILCUH, WM B PACIUIABIEHHOM LIMPKOHUU. XapaKTepHbIM KaueCTBOM 3TUX
CJIE[IOB, OTJIMYAIOIIMX UX OT U3BECTHBIX CJIEA0B Pa3IMYHbIX IEMEHTAPHBIX YAaCTULl B TAKUX JIETEKTO-
pax, sIBJISIETCS CTporasi IEPUOAMYHOCTD U BBICOKAsI CTENIEHb MOHU3ALIMY, T. €. JJIMHA BOJHbI (POTOHOB

u ponoHoB nopsagka 20 mxm (1,5 x 10* I'Tw). «CTpaHHOCTB» TaKOrO M3JIyUYEHHUS U 3aKJII0YAETCS
B TOM, YTO 3TO «TsKéJble» KBaHThl DMB u runep3Byka.

A, Hanipumep, B 3kcrieprMenTax C. B. A 1aMeHKO MMKOHAHOCEKYH THBIE '+ « TSIKENbIe» BUXPOHBI
yXke CIIOCOOHBI POIUTh CAMOPOJIOK M3 YUCTOrO skene3a quamerpoM 100 MUKPOH B MEPBUYHON MaT-
pulie aHoAa, MYTEM HOHU3AIMM BUXPEBBIM I0OJIEM MAaKpPOBUXPOHA YACTHUI] C BHEIIHUX OOOIOUYEeK
sanep Meau. Ipyrumu cioBamu, MPOUCXOOUT MOHU3ALMS 3apsSKEHHBIX YaCTUIl C BHELTHUX 00O0JIO-
YeK sijiep Meou 0 0Opa3oBaHMs B CTAOMJIBHOM (0e3 paJIMOAKTMBHOCTU MPOTOHHOM, HEWTPOHHOM,
raMma-Jiy4eit) COCTOSIHUM aTOMOB jkeJie3a B (ha30BoM 00BEME TBEPIOro Tejla ¢ Pa3MEepPHOCTHIO TMOJI-
BOJIHBI 3TOTO PE30HAHCHOTO (POTOHA C JUIMHOW BOJHBI B 100 MUK pOH. Takou mpoiiecc MOKHO Ha3BaTh
siiepHbIM (poTO3(P(PEKTOM 3apsKEHHBIX YACTHIL C BHEIIHUX 000JI0UEK siep Meau. MexaHu3M HOHU-
3allMd HUYEM HE OTIIMYaeTcs OT aTOMHOr0 (potoddeKxTa BHEUIHETO JIEKTPOHA, HO HEBO3MOXKEH
JIETKUMU aTOMHBIMU (pOTOHAMHU TOM K€ YacTOThl. B 3TOM mpoliecce pe3oHaHCHbIe «TsikEnbie» CBY
(oToHBI ¥ (POHOHBI, CO3JAIIKECS MOIIHBIMU MAarHUTHBIMU 3apsilaMd U C(hOKYCHPOBAaHHbIE €ro
3NIEKTPOMOHOMONSIMU B LIEHTpP monaycepbl aHO/A, CIIOCOOHBI B30PBATh MEKTPOI U3HYTPU BUXpe-
BBIMU TOKaMU BJIOJIb BOJIHOBOJIOB U3 3JIEKTPOIIOTEHIIMAIOB U IpaBHoTeHInaoB. [lepen HauanoM BUX-
PEBbIX TOKOB UJIET CBEPXOBICTPBIN SIEPHBII TOK — pacrakoBKa-(pOTOMOHU3AIMS TOTOKA 3aPSKEHHBIX

146 http://www.youtube.com/watch?v=WDDMJyOAmTc,www.youtube.com/watch?v=R2j8dLcvrog. XonoaHelil saepHbId CUH-
Te3 yactu 1—4.

147 Vpynxoes JI. U. u ap. 2000—2007 r.r. B xypHane «[Ipuknagnas dpusuka», PUAH, «Kypuarosckuit uactuty™>, M. W. Conus,
Slnepublii peaktop. 1994—2002 r.r. u gp.

14 1
8 B narnom cilydae 4acTtora (bOTOHA COCTaBJsAeT BenuuuHy 10 ST u NpUHAIIeKUT auanasony MK-uznyuyenus ¢ tangemoM
B TETIOBOH BOJHOBOJ BUXPEBHIX TOKOB I'MIIEP3BYKa.

149 Bonee Touo, 00pBIB TOKA KJIacTepa JIEKTPOHOB BOJIM3M aHOZA IIPU MMITy/Ibce HapacTaHus HarpsbkeHus 1o 500 KB B Baky-
YMHOI KaMepe MOXET CO3/aBaTh IMMPOKHUI CIIEKTP BUXPOHOB BILIOTh 10 ONTUYECKUX U MAaKCUMYMOM IIJIOTHOCTH IOTOKa (POTOHOB
¢ JUIHOM BOMHBI 20—50 MKM.

82


http://www.youtube.com/watch?v=WDDMJyOAmTc
http://www.youtube.com/watch?v=R2j8dLcvrog

A. A. Mlagpun. «Ilons u Buxponsl. CTpyKTyphl Mupo3nanus Beenennoii. Tperbe m3manue»

YaCTUI[ BHEIIHUX 00O0JIOYEK aTOMHBIX SIIEp, a TAKKe UX Pe30HAHCHOE B3aMMOJIEHCTBHE C OKPYKAlo-
MU SAPaMU, TPeoOpa3yoIIUX IePBOHAYATIBHBIN COCTAB s7ep TBEPHAOU PEIIETKH B SIIEPHO-ME30H-
HyI0 TU1a3My. OCBOOOKIEHHbBIC «TSKETBIMIU» MAarHUTHBIMU 3apsaMH 3T PE30HAHCHBIC YaCTHIIBI
U3 sIIepHO-ME30HHOM IUIa3Mbl aKTUBHO OCEJAI0T Ha ONMM3NEKANMX sSApax Medu ¢ 00Opa3oBaHHEM
syep MUHKA, 4To U HaOmomaercs B omnbiTax BoicTpenax C. B. AnameHko.

B ommume ot ['ranTckoro pe3oHaHca Ha siipax, OH SKOOBI SIBJISIETCS HU3KO9HEPreTHIeCKUM
Y TIONTBEPXKIACT YYACTHE «TSIKETBIX» MArHUTHBIX 3apsJOB B TaKOM TIpoOIecce. DTU «TSKEIbIe»
otons! cozpaTcs BOM3u anoaa paspsaaom B 500 KB ¢ ppoHTOM MMITYIIbCA 10 OTHOM HAHOCEKYH/IbI
1 TokoMm cBbie 10 Ka. Yacrotsl, hopmupytorye ppoHTH TAKKX UMITYJILCOB, HAXOAATCS B JUaria-

some 10'%2 - 1013 I'u, a mIOTHOCTH KJIacTepa 3€peH-NOTeHLUAIOB, IPUBHOCUMOIO MAarHUTHBIM WJIY
IPaBUTAIIIOHHBIM MOHOIIOJIEM BO BHEIIIHIO OOOJIOUKY siIEp MEAU yke CTAaHOBUTCS JOCTAaTOYHBIM
JU1s1 MOHM3alMU JacTull e€ 3anonHsaommux. Haunnaa ¢ 2000 roga npoBeieHbl THICSYN SKCIIEPUMEH-
TOB («BBICTPEJIOB») HA IMJIMHIPUYECKUX aHOAAX MUJUIMMETPOBOTO IMAMETPA, B KAk IOM U3 KOTOPBIX
MIPOUCXOAMT B3PbIB TPOBOJIOUKU-AHO/A, T. €. €€ BHYTPEHHEW YacTH, a B IPOJYKTaX B3pbIBA HAXOAUTCS
MPAKTUYECKH BCsI CTaOMIIbHAS YacTh Tabmuiibl MeHeneeBa, NpuyéM B MaKPOCKOIMYECKUX KOMUYe-
CTBaX, a TAKXKe CILE TsKeJble, CBepXTsukeNble Aapa 10 1000 aTOMHBIX €JUHUI] ¥ OTPULIATEILHO 3apsi-
JKEHHBIE pa (s11epHO-UOHHbIE peakuuu, Knagos A. @.).

UccnenoBanns LENR A. B. BauaeBbIM okasaiiu, 4To 11 OTYUYEHHs KaXJI0r0 LIEJIEBOro Jie-

MEHTa CYIIECTBYET ONTUMAJIbHBINA TOK crabwims3anuu. Hanmpumep, s Zn — 30 A/ MMZ, g Al —

18,5 A/MMZ, mia Fe — 22,2 A/ MMZ, st Cu—25 A/ MMZ. VIMEHHO Takue KaJTMOPOBOYHbIE [IJIOTHO-
CTH TOKOB JIJI1 KOHKPETHOM BOJHOM IPOTOYHO-Pa3psAAHON SA4erKH (PoTo 2.6) B COUETAHUU C IEK-
TPOHHOM CXeMOM MHJIYKTHBHOIO TUIIA pa3psia B TAKOM PEAKTOpe 3apsi?Kal0T 3aMKHYTble MArHUT-
HbIE U TPABUTALIMIOHHBIE MOHOIIONH C BBICOKOW IJIOTHOCTBIO 3aCEIEHHOCTH 3¢ pHAMU-TIOTEHIIUAJIOB €TI0
CITUPaJIBHBIX TIOTycep, KOTOphIe TP pa3psiKe yike ClIOCOOHB MOHN3UPOBATH BHEIIHIE O00IOUYKH
s1ep MyTEM UMIIJIOZMOHHOTO KyMYJISITUBHOTO BHEJIPEHH S BOJTHOBOJA U3 3€PEH-JIEKTPOIIOTEHIUAIOB
WY TPABIIOTEHIIMAJIOB, YK€ JOCTATOYHOTO /ISl OCTabNeHus CBSI3el YacTHIl, 0Opa3yIouX BHEITHIE
00O0JIOUKY SI7IED.

| Boma
|

®oto 2.6. PazpsaaHas sueiika peakTopa, e€ IIasMou/ U IBUKEHUS (PIIOMIOB B HEM.

B atux uccnaenoBanusx oco6oe BHUMAaHUE MPUIABAJIOCh TaKXkKe pekrMaM paboThl yCTAaHOBKU
«DHEproHuBa-2» MpH MPOU3BOICTBE NEKTPUIECKON SHEPrUU U NiepepadoTKe KUIKUX PaJUOAKTUB-
HBIX 0TX0A0B ¢ aTOMHbIX ADC nyTEM NepeBoJa UX B HEPAJAUOAKTHBHBIE 11IAMBI.

CTaOiabHOCTh MUKPOYACTHULIBI, WM €€ pacrajl, Mepro[ Moiypacnaia JeMEeHTAPHbIX YaCTHI
OIpefieNisieTCsl COOTBETCTBUEM (POPMBI M MAPAMETPOB MX BOJHOBOJOB, OOPa30BAaHHBIX BHEITHUM
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BUXPOHOM, BEJIMUUHE 3alUpPaloIIero CTAlMOHAPHOIO JIEKTPHUECKOTO IO U CPelHEH KPUBU3HE
OKpy:Katomux mnoser. Tak, Hapumep, U3BECTHBIN HU3KOIHEPreTUIeCKUi OeTa-paciiajl B CBI3aHHOE
COCTOSIHUE JIEKTPOHA B aTOME Ha CBOOOIHYIO 0OOJIOUKY COKpaIllaeT MepHojl Monypacnaia. A eciu
CBOOOJIHBI BCE JIEKTPOHHBIE 000/104KH °° Kak B ciiyuae penust Re-187, nepuo nomypacmaia cokpa-

maetcs 10 33 et BMecto 4,3 x 10'% sier s HEUTPAJILHOTO aTOMa. BUXPOH B HOBBIX YCJIOBUSIX OKPY-
XKAIOIIMX MOJIEH, B TOM YMCJIe CUJIbHBIX TPABUTALIMOHHBIX, BCET/1a CTPOMT HOBBII COOTBETCTBYIOILUIA
BOJIHOBOJI, U3MEHSISICh 1 BBUIETAs U3 CTAPOro — 000CHOBAHHE MEXaHN3Ma CIa0bIX B3aUMOJICHICTBHIA.

Haubonee rpananosHble 1o 00bEMY KCIIEpUMEHTAIbHbIE UCCIIE0BAHMS HOBBIX CBOWCTB 3apsi-
noBbIx kiactepos mnposeneHsl K. [Hoynaepcom ¢ 1987 roga. 3nech MarHUTHBIE U 2J1€KTPUYECKHUE
NiepeMEeHHBIE 3aps/ibl BUXPOHOB 3aXBaThIBAIOT U3 MOHU3MPOBAHHOIO ra3za KJacTepsl HOHOB M JIEK-
TPOHOB, NPUOOPETAIOT MACCY, «BMOPAKMBAIOT» MAarHUTHBIN 3apsA]] B 9TOT KjacTep, peBpalas ero
B 1IAPOBYI0 MOJIHMIO Y MPUJAIOT UM HOBBIE CBOMCTBA, T. € CBOMCTBA 3apAA0BBIX KjaacTepoB. Kak
1 B KAHOHHYECKOM CJlyyae IeHepaly aTOMHBIX MUKPOBUXPOHOB ITyTEM WU3MEHEHUS JIEKTpUYe-
CKOro MoJjisl MpU ABUKEHHH AaTOMHOIO 3JIEKTPOHA B OCHOBHOE COCTOSIHME, Ha3BaHHBIE BUXPOHBI
CO3JJaBaJIMCh MePeJHUM (PPOHTOM BHICOKOBOJIBTHOIO OTPHIATEJIBHOI0 JIEKTPAUUYECKOTO UMITYJIbCa
MUKOCEKYHJJHOW JIJTUTEJIbHOCTH, KOTOPbIM MOJABaJICA Ha KaTofl, Pa3MELEHHbI B BAKYYMHOW CTEK-
JsIHHOU TpyOKe (poto 2.7) ¢ ocTaTouHbIM ! pa3pekeHHbIM Ia30M A0 eIUHUL MUJIJTUMETPOB PTYT-
HOro croJoa.

ABTOp onpeziessieT MoTyYeHHble TAKUM 00pa3oM 3apsiA0Bble KJIacTepbl, KaK OCHLIAPYIO-
e cpeprueckrie MOHOIOMM, WM KaK JIEKTPOHHbIE TUIa3MOM/IbI C TUCKPETHBIMU YPOBHSIMH SHEp-
TWH, WA KaK COJUTOHBI — 3JIEKTPOMAarHUTHBIE KOHTEHHEPHI, Aper(yIolue B ITyOOKOM MOTEHIINAb-
HOH sIMe.

EV CIRCUIT
———
cathode glass tube anode scope
_ / #
e i
— o — Q
input 5 \ load
S} resistor ground plane resistor ;

== ground

®oro 2.7. Peaktop 3apsanossix kiactepos K. [Hoynaepca u ®oro 2.8. Peaktop C. B. AnameHnko

K. Illoynaepc npon3Bén M3MEepeHus U BBIYMCIIIII KOHKPETHBIE NTapaMeTpsl 3aps/10BbIX KJIacTe-
poB. Pazmep HaOmogaemMbIx eIMHNYHBIX KJIACTEPOB (CBSI3aHHBIX BUXPOHOB) 0KoJIo 0.1 MKM 192, a komm-

YECTBO JIEKTPOHOB, YIIAKOBAHHBIX B TAKOH KJIACTEP, COCTABJISIET 108 10" mtyk. lanee, 3apsa0Bbii
KJIacTep MpHoOOpeTaeT 3HAYUTEIbHYI0 MAcCy, 3aXBaThiBasi U3 OKPYKAIOIIErO MPOCTPAHCTBA aTOMBI

BEMICCTBA B BUJAC ITOJIOKUTEIIbHBIX MOHOB, B KaXXJOM I1O 103 - 106 aTOMOB. ,HBI/IFaHCb B JJICKTpUYIC-
CKOM T10JIe 9TOM TPY6KI/I " JOCTUI'ad aHOO4, 3TU 3apAAOBbLIE KJIIACTEPHI IIPONU3BOANIIN ANCPHBIC pEAK-
WA C UBMEHCHUEM TIEPBUYIHOI'O XUMHNYECKOI'0 COCTaBa IJICKTPOLIOB — LENR.

159 310 nocruraercs nonmHoi 00IMPKOM BCEX ATOMHBIX EKTPOHOB -CTeNeHb MOTHOM HOHM3ALIMH.

151 o o o
3 Ecmm Takoi UMITYJIbC HAIIPSAXKEHUA I0JaBaTh B BAKYYME, KaK 3TO ACJIACTCs MPU pe€ain3aliui 1aJIbHEU KOCMHUYECKOU CBA3HU, TO
HOCHCHHHI?I IMIPO3paYv€H AJisi BAXPOHOB.

152 A g HaHOCEKYH/IHBIX UMITYJIbCOB, Kak y C. B. AnameHko, 10T paszmep coctasiser 100 MKM.
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OOpBIB TOKA B BAKYYMHOM TPOMEXKYTKE aHAJIOTUYEH cXeMe pokaeHust 9KToHOB . A. Mecsiia.
Kak tenepp yxke HaIE&KHO YCTAHOBJIEHO B TAKUX YCJIOBHUSX POXKIACTCS MOTOK «TSIKEBIX» MarHUT-
HBIX 3apsJIOB, a B MPOLIECCE IBUKEHUS YKE BUXPOHOB CO CKOPOCTBIO CBETA UX JEKTPUUECKHUE MOHO-
TIOJIM OPUEHTUPYIOT (POKYCUPOBKY COIIACHO YKa3aHHBIM Ha (hOTO 2.8 CUIIOBBIM JIUHUSIM TOJISI B TOUKY
uX KoHueHTpaiuu. [lox neiicTBueM yBETMYEHHOU IUIOTHOCTH BUXPEBOTO TOKA BJOJb BOJTHOBOJOB

or 10° Ji(e) 10® A/em? IIPOMCXOAMT B3PbIB ITPOBOJIOUKH aHOAA. OUEBUIHO, UTO HA CIIEAAX BOJTHOBOJOB
HaXOJAT TaKoe pa3HOOOpa3Ke HOBbIX SJIEP.

IlepBbIM 3KCIEPUMEHTATIbHBIM TOATBEPKACHUEM BO3JEUCTBUSI CBOOOIHBIX PE30OHAHCHBIX
BUXPOHOB!> Ha mepuop moiypacnaja paJuoOHyKIUIOB SIBJISETCS OONydYeHHe «CTPaHHBIM H3ITyde-
HHEM» YPaHOBOI'O pacTBopa. Kpome Toro, u3iryyaemslil Ip1 MOILHOM 3JIEKTPOB3pbIBE (DOJIbIU MOTOK
«CTPaHHBIX YaCTHIl» MOXET B3aMMOJIEHCTBOBATh C MATHUTHBIM IIOJIEM fiApa Kejle3a M TeM CaMbIM
U3MEHATH ero 3(p(PeKTUBHOE 3HaUYeHUE Ha sjapax xene3a Fe-57 Ha Bemmuuny B 400 3, uro omnpe-
AeNseT ero MarHUTHYIO CTpPYKTypy. IIpy B3pbiBe TUTAHOBBIX (POJIBI B JKMIKOCTU MOIMYTHO MOTOK
«CTPAHHOTO W3J1y4YeHUs» U3MEHSET U30TOMHOSEPHBIN COCTAB NEPBOHAYAIbHO YYACTBYIOLIUX aTo-
MOB. ABTOpHI OIpPEJEAT 3TO B3aMMOJEUCTBAE KaK MAarHHMTO-siiepHOe, a IIPU OINpeeIEHHBIX
YCJIOBUSIX, 3TO U3JIy4YeHHe elI€ ClIOCOOHO BIUATH U HA pacnaj] U30TOIOB, U3MEHs IIPU STOM NIEpUO
NoJIypacnaja HeKOTOPBIX PAJAMOAKTUBHBIX SIJIEP, T. €. BJIUATh Ha KOHCTAHTY CKOPOCTH C/1aObIX B3au-
MOIEUCTBUM.

C TOuUKM 3peHus PeaJbHOIO NPEACTABIECHUS, B 9TUX MPOLECCaX NPOUCXOOUT MOCIEA0BATENb-
Has (poTosIepHas PACAKOBKA-MOHMU3ALMS YACTHIL] C BHEIIHUX 000JI0UeK sApa BHEAAPEHHBIMU B HUX
BOJTHOBOJIOB PE30HAHCHBIX MArHUTHBIX MOHOMOJIEN — «TSKENTBIMU» (DOTOHAMU C JUIMHON BOJIHBI 20
—50—100—200 mukpoH. [IpuBHOCUMBIN B 00/IaCTh MEKTPUUYECKOrO OIS aTOMa WM siIpa Kiia-
CTep MOTEHIMAIOB BOJIHOBOJA CBOOOIHBIX MJIM 3aMKHYTHIX BUXPOHOB M3MEHSIET €r0 30HOM XOJOfI-
HOH IJ1a3MBbl, YTO Y MPUBOIUT K MOHM3ALMM WM BO30YKIEHUIO YAaCTUL BHEIIHUX OOO0JIOUYEK sAep

1 9JIEKTPOHOB aTOMHBIX 000JI0UEK. DTOT MPOLIECC SAEPHBIH, 2 3HAYUT CBEPXOBICTPHIiA 10 —23 CEKYH[IBI,
1 B 3aMKHYTBIX BUXPOHAaX IMPOUCXOAUT B MOMCEHT 3apAAKHA MarHuTHOI'O

3apsiia ¢ IPOU3BOICTBOM BOJTHOBO/A JIEKTPONOTEHIMAI0B. ONpeaeum 3To CBOICTBO — pac-
IMMaKOBKAa-UOHU3alIUA MHUKPOYACTHI BHEIIHHUX 000JIOUYEK ATOMHBIX A0ep KpHCT&JIJIH‘lCKOfI pGHIéTKI/I
TBEPAOro Tej1a KTSIKETBIMI» PE30HAaHCHBIMHW MArHUTHBIMHW MOHOIIOJIAMHA MaKpPOBUXPOHOB, KaK JBa-
JaTh TpeThe.

B ciyuae TersoBBIX SHEPruil, BUXPOHBI JBMKYIIUXCS SJIEKTPOHOB IMPU PEKOMOMHALIUM
C MOHaMU 00pa3yloT Takke BJIOXKEHHbIE JAe0poiljeBCKHe aTOMHbIE 3aMKHYThIE BOJTHOBOIBI-000-
JIOYKH, HO YK€ pasMCpOM JJIMHbI BOJIHBI HA NIATb ACCATUYHBIX ITOPAJAKOB OOJIBIIIE — T. €. OOOJIOUKHU

aTOMOB CO CPEIHHUM Pa3MEpOM 10— cm. B CUJTy OOJIBIION PAaCHpPOCTPAHEHHOCTU TAKUX BHUXPO-
HOB Ha30BEM MX aTOMHBIMH. OIHAKO BO3MOXHO 3TO JIMLIb B YCJIOBHUAX, KOTOPbIE UMEIOT MECTO
Ha TIOBEpXHOCTH 3emMiH. B ycloBHsX MaHTHM, ITyOOKO B HeApax Halleil IUIAHEeTH, IIe JAABJICHUS
JOCTUTAI0T 4 MWIJIMOHOB aTtMocep, Temneparypa v IaoTHocTs coorBeTcTBeHHO 5000 n 12 000 kr/

M>, KaK [I0Ka3bIBAIOT TCONOTMUECKHE NCCICIOBAHMS MEXAHN3MA BOSHUKHOBEHHS 1 ABHKEHNS TUTIO-
MOB !**K TIOBEpXHOCTM 3eMJIM OT TPAHMIIBI SApa C MAHTHEH, a TaKKe MPOUCXOXKAECHHE HEKOTOPBIX
MOPOJI 1 MUHEPAJIOB, HAXOISAIIUXCS B IPUITOBEPXHOCTHOM KOHTHHEHTAJIbHOM KOpe, BUXPOHBI 00pa-
3yI0T UHbIE MUKPOYACTHIIBI U C UHBIMK CBOWICTBaMHU. [la M caMu U3BECTHBIE HAM TPOIIECCHI PAJINO-
AKTUBHOTO M3JTyUCHUS M PAClafia CTAHOBSTCS JIDYTMMH B CBSI3M C OTCYTCTBUEM CBOOOJIHOTO TIPO-
CTPAHCTBA B MAHTHH JIJIS1 CO3JIAHUS TeX WM MHBIX MUKpodacTull. [Ipy 5TOM OObIYHBIE XUMHUYECKUE
PEaKIMy 3aMEHSIIOTCSI OYeHb MOXOKMMHU, HO SIIEPHBIMU U SICPHO-XMMHUUECKUMHU MTPEBPAILICHUSIMH,

1 o

53 Ypyukoes JI. U. ¢ corpynaukamu, 2000—2007 r. r. DT0 U3ly4eHUe MarHUTHBIX MakpoMoHonoseid CBY yactoT, KoJeKTUB-
Hoe 1 3((peKTUBHOE BO3JEHCTBIE KOTOPBIX C OOJBIION INIOTHOCTHIO MTOTOKA HA TSIKEJIbIEe aTOMBI, 3aKPEIUIEHHBIX B KPUCTAIINIECKOM
pemmérke TBEPAOTo Tea, MPUBOIUT MX B COCTOSTHUE SIAEPHON TPaHCMYTAIIWN.

154 [Tombl, BCIUIBIBAIOIINE W3 Anpa 3eMIIi — BEIIECTBO HE XMMHYECKOTO COCTaBa.
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M0 TUITy MIOOHHOTO KaTaju3a ¢ 0Opa3oBaHMEM MIOOHHBIX aTOMOB MJIM Me30aTtoMoB. bonee Toro,
M3BECTHO, UTO TaKUe SIBICHUS] HU3KO9HEPreTHIeCKor TpaHchopMary 1> siep XUMHUECKUX IeMeH-
TOB HE UMEIOT B HACTOSIIMI MOMEHT B OTKPHITOH JIMTepaType yOeAUTeIbHbIX OOBSICHEHUI B pam-
kax CAIL

C TouYKH 3peHusi peajbHOro NpeacTaBIeHus1, AJ1s 00bsICHEeHUs IBHKEHUS THX ILTI0-
MOB, a TaK:Ke si/IepPHbIX NpeBpalleHuil NP 00pPa30BaHUHM MECTOPOK/eHUI MOJU0IeHa,
ypaHa B rPaHUTAaX, TPaHUTa N3 06a3aJbTOB U T. [1., HE00X0AUMO NPUMEHSTH He NPOTOH-Heli-
TPOHHYIO MOJeJIb s7pa, a 000J04eYHYI0 HA OCHOBE CTPYKTYP THIIA Me30HOB U MIOOHOB,
€03/1aBaeMbIX 3aMKHYTHIMU MHUKPOBUXPOHAMI.

K npyrum cBoiicTBaM BUXpOHA OTHOCSITCSI €70 OECKOHEYHOE BpeMsI JKM3HU B BaKyyMe KOCMOca
Y OrpaHMYEeHHE CKOPOCTH MPSMOJIMHEHHOTO PaCpOCTPaHEHHUsI TIPE/IENIOM CKOPOCTHU CBETa, 00YCIIOB-
JIEHHOE ero COOCTBEHHBIM BpallieHreM 1o crivpaii. IMeHHO m103ToMY CKOPOCTh CBeTa He 3aBH-
CUT OT CKOPOCTH IBHKE€HNsI NCTOYHHKA H3JIy4eHHUsI.

AnepHble ¥ aTOMHbIE 3aMKHYTbI€ BUXPOHBI C MACCOM UMEIOT BUIL ABWKEHUSI 110 3aMKHYThIM
BOJIHOBOJIAaM B KOPHE OTJIMYHBINA OT JBMKEHHS ONTHYECKUX CBOOOJHBIX MUKPOBHUXPOHOB MO BOJI-
HOBOIaM (DOTOHOB M OYEHb AUCKPETHHIN CHIEKTP KOHKPETHBIX PE30HAHCHBIX YacTOT, MPH KOTOPBIX
BO3MOXHO 00pa30BaHKe ¥ CTAOMIILHO JONITast )KU3Hb aTOMOB, S/Iep XUMHUECKHX IEMEHTOB U K-
TPOHOB, T. €. CTAOWJIBHBIX MUK pouacTHil. MakpoBuxponsl CBY auamna3zoHa ¢ CylecTBeHHBIM 3Haue-
HHEM MarHUTHOTO 3apsifia, B OTJIMYHME OT BBICOKOYACTOTHBIX ONMTHUYECKUX U IPYTHUX KECTKUX KBAaHTOB,
MIPY TIPOXOKJICHUH Yepe3 BEIIeCTBO MMEIOT B CBOEM (ha30BOM 0OBEME OUYEHBb OOJIBIIIOE KOJIMYECTBO
aTOMOB M MOJIEKYJI, @ IOTOMY CIIOCOOHBI MX BO30YIUTh UM JJaKe HOHU3UPOBATD, & TAKKE YACTUIHO
pacrnakoBaTh BHEIIHHE 000JIOUKHA HEKOTOPBIX aTOMHBIX sIIEp.

Yacrora oOpalieHrii MarHUTHOTO MOHOTOJISI TI0 CIUpaJisiM, 00pa3yoiiux (a3oBblid 00bEM
aTOMHOTo (pOTOHA MJIM 3aMKHYTON MHKPOUYACTHIIBI 3aBUCUT OT JraMeTpa cepbl U CKOPOCTH M3Me-
HEHU s 1107151, B KOTOPOM 3apOHJICS 3TOT MOHOTIONb SHEprur. Yactora cMeHbI MO pHOCTHA MOHOTION S
Ha TIPOTUBOIIONIOKHBIN MIPU €r0 pas3psijike ompesesiseT MOJOBUHY IJIMHY BOJHBI KBaHTa. Ero sHep-
I'sl YUCJCHHO paBHA MocTosiHHOM [Tnanka, nenéHHon Ha 25 u Bpemsi (hOpMUPOBAHUS KBaHTA JJIEK-
TPOMArHUTHOTO TOJISI WUTK BpeMsl ero u3inydeHusi. KocBeHHO, ero BHEIIHNEe CBOMCTBA MPOSIBIISIOTCS
BO BCEX 3JIEMEHTApHBIX YaCTHIIAX B BUJE CITMHA, MACChl, 3apsIOB, & TaKKe B XapaKTEPHBIX saep-
HBIX B3aUMOJEUCTBUSIX U T. 1. Pasmep 1 Macca MUKpOYACTHUI] HANIPSIMYIO CBSI3aHA C YHUCIIOM BUXPO-
HOB B HEll ¥ 3HAUEHUEM BEJIMUMHBI MX SHEPruu. Bce n3BecTHbIe B3aMMOJENUCTBISI MUKPOYACTHUI 00Y-
CJIOBJIEHbI CBOVICTBAMH BHXPOHOB M TeX (pa30BBIX 0OBEMOB, KOTOPHIE OHU MOCTPOWIIN U B KOTOPBIX
camu KUBYT. [Ipy pa3niuHbIX B3aUMOJEHUCTBUSX OHU BEIyT ceOsl BeCbMa IJIACTUYHO, 00'beJHHSASICH
C IpyTMMH BUXPOHAMH 10 BEPTUKAIN ¥ TOPUZOHTAITH, ITyTEM 3aXBATHBIX U (POKYCUPYIOIIUX BHEIITHUX
MarHUTHBIX 10JIe ¢ 00pa30BaHMEM KOHIIEHTPUYECKH BJIOKEHHBIX IPYT B IPyra 3aMKHYTHIX BOJTHOBO-
0B, 0Opa30BaHHBIX Pa3HBIMU T10 SHEPTUU PE30HAHCHBIMU BUXpOHaMU. OHU JIETKO U3MEHSIOT (popMy
BOJTHOBOJIOB U3 3aMKHYTBIX B CBOOO/IHbI€ B OTCYTCTBHE BHEIITHUX 3aMMPaIOIIMX MOJIel, Harpumep,
AHHUTWIISLIMA MUK povacThil. Y Tipy 9TOM Tak:ke JIErKO MEHSIOT CBOM BHYTPEHHHE TapaMeTphl TAKHUE,
KaK THII MOJISIPHOCTH, HAIpaBJieHHUe OCU BPAILICHHsI, TUIT TIOJISIPU3ALIIH U 9acTOTy Kosebanuid. Pop-
MUPY$ BOITHOBOJ (POTOHA MIPU CBOEM JIBUKEHUHU-pa3psife, CBOOOAHbII MarHUTHBI MOHOIIOJb BECh
CBOM 3apsi Ha 1/4 1MHBI BOJIHBI TPEBPAIAeT B IEKTPONOTEHIIMAIbI U IIPOTUBOMOJIOKHBIA MarHUT-
HBII MOHONOJIb. B TO BpeMs, Kak 3aMKHYTBINl MarHUTHBII MOHOIMOJIb B CBOEM JBHKEHUU-3apsIe
B JIEMEHTapHOM YacTuIle, Mcue3asi Ha MIHOBEHHE, MPEeBpaIaeTCs B TPABUTAIIMOHHBIN BEKTOPHBIH
3apsia. Tak IpOUCXOOUT 3aMeHa CBOOOJHOTO JBMKEHUsSI MATHUTHOTO MOHOIIONS HA 3aMKHYTOE JIBH-
KEHUe C poXAeHreM Macchl. 11 HaoOOpoT, 3aMeHa KMHETUYECKOTO JIBMKEHUSI MacCOBOW YaCTHUIIbI
Ha cBOOO/IHOE JBHKEHHE (POTOHOB CO CKOPOCTBIO CBETA — TIOTOK BBICOKOSHEPIeTHUECKUX IEKTPOHOB

155 TpancMmyTauuu saep XUMUYecKuxX ieMeHToB, B. @. Banakupes, B. B. Kpbivckwuii, (2003 r.), I'apee ®. A. (2005 r.).
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IIPU TOPMOKEHUU-TTOTTIOIIEHUH HETTOABMKHOM MUIIIEHBIO U3 TSIKENBIX JIEMEHTOB TeHEPUPYET MOTOK
PEHTIEHOBCKHUX JTy4eH.

Takum o6pa3zoM, CBOOOTHBIE OUITOJISIPHBIC BUXPOHBI 00pa3yIoT CTaOUIbHBIE (DOTOHBI AEKTPO-
MarHUTHBIX KBAHTOB CO CIIMHOM PaBHBIM eIuHULIE. BUxpoHbl poToHOB ¢ 3Hepruen Boime 1022 KB
CIIOCOOHBI 3aXBATHIBATHCS TIOJIEM aTOMHOTO sipa U JEJUTCSI Ha JBa TOJSPHBIX 3aMKHYTBIX
¥ TIPOTUBOIOJIOKHBIX BUXPOHA, KOTOPHIE POXKIAOT CTAOWJIbHBIE JIEKTPOH M TO3UTPOH CO CITU-
HoM 1/2. Bonee BpICOKOYacTOTHbIE (POTOHBI B IOJIE SIIpa CO3AAIT 3aMKHYTbI€ OJHOIOJSIPHbIE
BUXPOHBI, HO TIPOU3BOJISIIINE yXKe HECTAOUIIbHBIE MIOOHBI CO ciiHOM 1/2. TIpy aHHUTWIISLIMY TIPOTH-
BOIIOJIOJKHBIX YaCTHUII, B YaCTHOCTH, IIPOTOHOB M aHTUIIPOTOHOB !%°, TIOSBIISIIOTCS KOPOTKOKHUBYIIHE
HEWTpaIbHbIE U 3apsKEHHBIE ME30HBI C IIEJIOUMCIEHHBIM CITMTHOM, OOOJIOUYKM KOTOPBIX COCTABJICHBI
13 MPOTUBOIOJIOKHBIX 3aPSKEHHBIX YacTul co cruHOM 1/2. HeckonbKo pa3HbIX 10 4acToTe pe3o-
HAHCHO-3aMKHYTBIX OHMIOJISIPHBIX SIEPHBIX OOOJIOUEK MPH OIMPEAETIEHHBIX YCIOBUSIX MPOSIBIISIIOT
CIIOCOOHOCTh K KOHIIEHTPUYECKOMY CJIMSIHHIO C 00pa30BaHMEM BJIOKEHHBIX B APYT Apyra OUMossip-
HBIX 000JI0UeK HEUTPOHOB U AHTMHEUTPOHOB, IPOTOHOB Y AHTUITPOTOHOB M AIPYTHUX SI/IEP U3BECTHBIX
XMMHUYECKHUX JIEMEHTOB. Pa3HOOOpa3ye BUXPOHOB Takoe ke, KAKOBO pa3zHooOpasue (hopM aTOMHO-
MOJIEKYJISIPHOTO BEIIECTBA.

BuxpoHbl MOTyT pOXIaThCsl HE TOJIBKO B NMEPEMEHHOM 3JIEKTPUUYECKOM I0JIE CTALMOHAPHBIX
3apsiIoB, KOrJa OAWH U3 3apsJOB HAUMHAET [BMKEHHE Ha COMDKEeHHe. DTOT MPOLECC BO3MOXKEH
U B [IEPEMEHHOM MarHMTHOM I10JIe B MOMEHT pa3psi/IKi Yepe3 MOCPEICTBO NMEPBUYHO POKIEHHOTO
anekTpomMoHonons. Kpome Toro, ecny umeloTcst yclioBUs IUTENIBHOTO BPAalleHusl HENTPAIbHOIO
WJIA MarHUTO-3apsKEHHOTo KjacTepa (ra30Boro, JKUAKOro, TBEPAOro WM (pas3bl arperaTHOro COCTo-
ssaust Matepun B popme YCT) marepun BOKpYr COOCTBEHHOM U CTAlIMOHAPHOW OCH, TO BOKPYT HEro
POXAaeTcsl YIopsiI0UeHHAs! KBAaHTOBAs «IIy0a» U3 COOCTBEHHBIX KBA3MCTAIIMOHAPHBIX MOHOIIONEH
BCEX TPEX BUIOB — MEKTPUUECKOr0, MAHUTHOTO U IPAaBUTAIMOHHOTO. OIHAKO STH MOHOMOH OYIyT
KECTKO CBSI3aHBI C UICTOUHUKOM, U MTOTOMY Ha3BaHbl CBA3aHHBIMH C MACCOM MAaKPOBUXPOHAMH.
ITOT mpoliecc OOHAPYKEeH MPH BPAIICHUH KJIaCTEPOB TBEPABIX TeJI, MATHUTHBIX TeJ, a TAKXKe TMPH
BpallleHuu siaep myJbcapoB. B nocneanem ciydae sapa YCT poxaaoT cBs3aHHbIE NEPEMEHHbIE
rUNnepBUXPOHBI, KOTOPbIE AHAJIOTUYHO 3aMKHYTBIM BHUXpOHaM'>’, CHOCOOHBI POXIaTh (MHBEPCHS
MarHUTHBIX MOJIIOCOB 3BE3/] M aKTUBHBIX IUIAHET ) IEPEMEHHbIE TPOTUBOIIONOKHbIE MAarHUTHBIE MOHO-
TI0JIH, Ha MIEPEXOIHBIX YUACTKAaX JWIONU U KBAJPYIOJIH, a TAaKKe JOIOJIHUTEIIbHBIE BEKTOPHBIE Tpa-
BUTALIMOHHBIE U JIEKTPUYECKHE MOHOIOJH.

WTak, sneKTpoMarHUTHBIE BUXPOHBI — 3T0 MHUKPOBHXPOHbI, MAKPOBUXPOHBI U THIep-
BUXPOHBI, B CBOOOJHOM, 3aMKHYTOH WJIM CBA3aHHOU (hopMe, SHEPreTUYeCKH JIETK1e aTOMHbIE WU
«TSIKEIBIE», OTATOLEHHBIE TUIOTHOCTBIO 3EPEH-TTOTEHIIMAIOB UX BOJTHOBOJIOB, CO CTMHOM IOJTHOM WJTU
YaCTUYHO-KBAHTOBOM 3aBEPIIEHHOCTHIO BOJIHOBBIX MPOIECCOB. MarHuTHBIE 3apsiabl B CBOOOJHBIX
BUXPOHAX MPEBPAILAIOTCS NP pa3psiIKe B IPOTUBOIIOIOKHBIE YEPE3 MOCPEICTBO IPOTUBOJEHUCTBY-
IOIIMX UM NEKTPUUECKUX MoHormonel. Tlocnennue crocoOHbI, B3aMMOJENHCTBYS C BHEITHUM 3JIeK-
TPUYECKUM IIOJIEM, 3aTOPMO3UTh M OCTAHOBUTh MarHUTHBIN C KBAaHTOBBIM IIEPEXO/IOM €r0 B I'PaBU-
TAlMOHHBI MOHOIOJIb, 0OPAa30BaB TEM CaMBIM Tapy 3aMKHYTHIX M IPOTHBOIOJIOKHBIX BHXPOHOB
TOM WJIM MHOU KOPITYCKYJISIPHOM MUKPOYACTHILIBI € TIOJTYLIEJIBIM CIIMHOM. B aTOMHBIX MMKPOBHXPO-
HAaX 3TOT IPOLECC OTpaxaeT (PU3NYECKUI CMBICI NTOCTOsAHHOM [1aHka. MarHuTHele 3apsabl B HUX
MOTYT UMETh LIIMPOKUIl AMANa30H OT JIEMEHTAPHOI0 JO MAaKCHUMAaJIbHBIX TUIAHKOBCKMX 3HAYEHUN
BEJIMYUHBI S3Heprun. « Tskensie» BUXpoHbl oT CBY no MK-nuana3zona npu B3auMoAeiCTBIY C Bellle-
CTBOM CIIOCOOHBI CO3/IaBaTh CBSI3AHHO-3aMKHYThI€ MUKPOBUXPOHBI!® — B MX (pa30BBIX 0OBEMAX

156 .
IMpu Tako¥ aHHUTUIISILIMK TaK>Ke UIET MOCIe0BaTe bHAs PACHAKOBKA BHEIIIHUX 000JIOUEK MPOTOHOB C MOMOLIBIO 30HBI XOJIOfI-
HOM I1JIa3MBbl.
157 .
57 OrMYMe CBS3AHHBIX C MACCO BUXPOHOB OT 3aMKHYTHIX MHUKPOBHXPOHOB 3aKJIIOYAETCSI B TOM, YTO OHU CIIOCOOHBI TaKkKe
MOPOX/IATh €MIE U MOIITHOE MEPEMEHHOE IEKTPUIECKOE TTOJIE.

18 Mo tuny sapsoswix knacrepos K. Iloynepca.
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HaXoOUTCs1 OOJIBIIOE KOTMUYECTBO aTOMHOMOJIEKY/ISIPHOTO BEIlecTBA. BUXPOHBI MOTYT B3aMOAEH-
CTBOBATb C BHCIITHUMU JICKTPUICCKUMU U I'PABUTALMOHHBIMUA ITOJIAMMU, a4 TAKKE C [JIA3MOM aTOMHO-
MOJIEKYJISIPHOTO BEIIECTBA BO BCEX €€ arperaTHbIX COCTOSIHUSIX, BUJOM3MEHSISICh, HArpeBasi U U3Me-
HsIsSl aTOMHBIN U SIIEPHBIN COCTaB OKPYKAIOIIETO BEIECTBA.

2.2.2 TemioBbie ¥ THNEP3BYKOBbIe MUKPOBHXPOHbI

Tannem-nepexonq IMB-3Byk B BemecTBe. SIpneHue TemioBoro 3¢gdekra'>® npu Bo3aei-
ctBuM nH(ppakpacHoro '* (MK) nzyueHus Ha BerecTBO ObUIO BIEpBbIe 0OHAPYXeHO YiuibsimoM [ep-
IIEJIEM.

A, uccrenysi MOTOKM MHUKPOBOJIHOBOTO m3iydenusi, H. Tecia HaTonkHysCs Ha ero cBoeoo-
pa3Hoe OMOJIOrMYecKoe U TeMIlepaTypHoe Bo3AeicTBe. Tak u3o0peraresb co3all 3aMevaresbHbli
MEIUIIMHCKUIA TpUOOp Ui MPOrpeBa HapY)KHBIX M BHYTPEHHHMX OpraHOB, OCHOBaHHBI Ha YBY-
MeTofie JiedeHus1. JIpyroil SKCnepuMeHT ¢ MarHeTpoHOM Yy Teciibl He ObUT CTOJb YCIEIHBIM — CBEpPX-
MOIIIHOE MHUKPOBOJIHOBOE M3Jy4YE€HHE BbI3BAJIO MHOTOYMCJIEHHbIE «PaJUOJIOKAIOHHBIE TPABMBI»
y 3kunaxa. CerogHs 3To XOpoILO U3BECTHOE MOPaXEHUE OpraHn3Ma, MOMAaBLIero Mo Ty4 paguosIoKa-
TOPA, C BHYTPEHHUMHU OKOraMM pa3HOi cTeneH!. BoeHHble MeJUKH JJake HayYHUJIMCh OOPOThCS C AaH-
HBIM 3200JIeBaHIEM, HO JIO CHX MOP MaJIo YTO U3BECTHO O PEaKIM| MO3ra YesloBeKa Ha TaHJeM Ipe-
oOpa3oBaHMe «TsKENBIX» (poToHoB VIK-1anazoHa B rIIEp3BYK U yKe ero BO3JEHCTBHE Ha KIIETKH
rosioBbl. HekoTopble Mmosie3Hble 1ary B 3TOM HAIlpaBJeHUH, TOCIE OTKPbITUS «CTPAHHOIO U3Jyye-
HUsA» YpyukoeBa u ConuHa, Obul npoBesieHbl B KypuaToBCKOM MHCTUTYTE. DKCIEpPUMEHTAIbHOE
oTkpbiTHe A. B. BauaeBpiM B 1996 romy HOBOro BHJa XOJOJHOM IJ1a3MBbl, CHOCOOHOIO K mepepa-
0oTke BewecTBa Ha saepHoM ypoBHe (LENR), npuBeno K cO34aHMI0 TEXHOJIOTUM «DHEPrOHUBA».
ITOT NPOLECC HYKJIEOCUHTE3A COMPOBOXAAETCA MOIIHBIM BY-u3nyuyenum Ha yposae 10—100 MI'w.
ITposenenue B 2006 rogy sxcnepumeHToB B KypuaToBckoM nHCTUTyTE (. MOCKBa) IO TaKOU TEX-
HOJIOTUH C MOI0OHBIMU TUIA3MEHHBIMU CUCTEMAaMHU BbISIBIJIM TaKke W3TyuyeHHe HEeU3BECTHOW paHee
MIPUPOJBI — «CTPAHHOE U3JTyYeHUe» . TO U3JIydeHHEe BO BpeMs TOpeHu s IJIa3MOU/1a OCTaBIISIET XapaK-
TEpPHbIE TPEKH HA AJEPHBIX SMYJIbCUSAX U MOLICKUT JaJIbHEUIIIEMY UCCIIEIOBAHUIO HA MPEIMET BO3-
NeiCTBUS Ha OMOJIOTMYECKUE OOBEKTHI.

DOTO TPEKOB I'MIIEpP3ByKa U3 TOUKH MOMIOIIEHN KBaHTa BY-u3myuenus.

K equHOMY MHEHUIO O IPUPOJIE TTOTYUYSHHBIX TPEKOB CMEIUATUCTHI He TIPUIILIH. Bbuto BICKa-
3aHO TMPEATONOKEHUE, YTO ITO HAMIOMUHAET TPEKM KOCMHUYECKHMX YacTHIl, (PUKCUPYEMBIX Ha BBICO-
KOTOpbe, OJIHAKO, 37eCh HApPYIIAeTCs PABUJIO COXPAHEHUsI MOMEHTA KOJIMUECTBA IBUKEHUS: CyMMa
JUTMH TPEKOB ITOCJIe BETBJIEHUS JOJDKHA OBITh MEHBIIE JUTMHBI MCXOJHOTO Tpeka. Borpoc kimaccu-
(pukarum BUJOB M3MyUYEHHS, BO3HUKAIONIMX BXOAE MCCIIEIyeMOro Mmpoiiecca — 3To 3ajada siaepHon
dm3uku. OTciona ciemyer, 4To padoTa YCTAHOBKW MPH BCEX €€ JOCTOMHCTBAX MOKET MMeETh

1
» ‘VBenmueHue wim YMEHLIIIEHUE, T.€. UBMEHEHUE TEMIIEPATYPhI KJIACTEPA BEILECTBA.

160 NHudpakpacnoe mzimyuenue (A> 0,7 Mkm) — 46% ot oOIIeil COMHEeYHON MHTEeHCUBHOCTU. BikHsis nH(ppakpacHas 06mactb —
ato 0,7 MKM — 2,5 MkM. Ha 3TOT iMana3oH criekTpa IpUXOIUTCs TOYTH MOJIOBMHA MHTEHCUBHOCTH COTHEYHOTO U3JIyYeHUsI.
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HEraTuBHOE MOCJEJICTBHE ISl JUI| ee 00CayKHBAIOIMX. ECTh TaHHBIE O TOM, YTO U3JTyYeHHUEe
TUIa3MBI TIPH HEKOTOPBIX PEKMMaX TOPEHUsI MOTYT BJIUATh HA OMONIOTMYECKHe OOBEKTHI, KaK CTHMY-
JIMPYIOIIUM, TaK U TIOJABJISAIONIAM 00pa3oM.

1o 3dekTsl MpAMOro Mmpeodpa3oBaHUs IHEPrUM JIEKTPOMATHUTHBIX MHUKPOBUXPOHOB
B TeMIepaTypy KJacTepa BellecTBa — B MeXaHH4YecKoe KojieOaTesbHO-BpallaTebHOe JBUXKe-
HUe'S! MoKy MJTM aTOMOB BeILeCTBA IyTEM BO3AEHCTBHS BUXPEBHIMA TOKAMH B UX BOJTHOBOJAX,
T. €. B MeEXaHH4YeCKoe '’ IBikeHrne MUKPOJACTHII, 0OMagamux Maccoi. Kak ciencreue, poxe-

HUE TUINEP3BYKa (I'PaBUTALMOHHBIA TOK) C YaCTOTaMH OT 10° i (o) 1013 I, 1. e. notok POHOHOB
1 poToHOB. Yactote 10° T'u B BO3/lyX€ IIPU HOPMAJIBHOM aTMOC(EPHOM JIaBJIEHUM U KOMHATHOM

TEMIIEpAType COOTBETCTBYET [UIMHA BOJIHBI TUIIEP3BYKA 3,410 oM wm 340 HM, T. e. 9Ta JUIMHA
OJTHOTO TMOPsAKA C JUTMHOW CBOOOJHOTO IpoOera MOJIEKYIT B BO3yXe ITPY 9TUX YCIOBHSIX. [I0CKOIBKY
YIIpyrvie BOJHbI MOTYT PaclpOCTPAHATHCSA B YIIPYIOi Cpeie TONBKO MPU YCIOBUH, YTO JAJIMHBI 9TUX
BOJIH 3aMETHO OOJIbIle AJIMHBI CBOOOJHOTO Mpodera B ra3ax (MM OOJblle MeKaTOMHBIX paccTosi-
HUI B JKUIIKOCTAX M TBEPIBIX TeJax), TO B BO3[yXe U ra3ax rnpu HOpMaJbHOM arMoc(epHOM J1aB-
JIEHUU TUNEP3BYKOBbIE BOJIHBI HE PACIPOCTPAHSIOTCS. B JKMIKOCTAX 3aTyXaHue I'Mnep3ByKa OYeHb
BEJIMKO U JAJIbHOCTD pacipocTpaHeHus Masia. CpaBHUTENBHO XOPOLIMMHM TPOBOJHUKAMU TMITEP3BYKA
SIBJISIIOTCS TBEP/IBIE TeJIa B BUJIE MOHOKPUCTAJUIOB. Tak, Hanpumep, Aaxe B MOHOKpUCTaJUle KBapLa,

OTJIMYAIOLIEMCsl MJIBIM 3aTyXaHUEM YIPYrMX BOJIH, Ha yacTore 1,5- 10° T MIPOJOJIbHAS TUIIEP3BYKO-
Basl BOJIHA, PACIIPOCTPAHSIOMIASCS BIOJIb OCH KPUCTAILIA, IPY KOMHATHOM TemriepaType ocnadisiercs
I10 aMIUIMTY/IE B Ba pa3a IPU MPOXOKIEHUN PACCTOSIHUSA BCETO B OIMH CaHTUMETP. OJHAKO UMEI0TCS
MPOBOJIHMKY TUNEP3BYKA JIyUllle KBaplia, B KOTOPBIX 3aTyXaHUe rMIep3ByKa 3HAYMTEIbHO MEHbIIIE.

OCOoOeHHOCTh 3TOTO SIBJICHUSI 3aKJIIOYAETCsl B TOM, YTO 3aXBAaUYEHHBI MPH IOTJIOMIEHUH 63
B TJIa3Me MAarHUTHBIN 3apsifi, TpeoOpa3oBaHHbBIA B TPABUTAIIMOHHBINA, MOXKET COBEPIINTh MUJUIMOH
KoJieOaTeIbHBIX TMPEBpPAIIEHU B TpaB3apsijl J0 TOJIHOrO MCTOIeHus cBoer sHepruu. CooTBeT-
CTBEHHO, BHOBb POXJAIONIUICS IpaB3apsji COBEPIIAECT MIJUIMOH Pa3psiioB C 00pa30BaHMEM HOBBIX
BOJTHOBOJIOB, 10 KOTOPBIM TEKYT BUXPEBbIE TOKM, OOpa3yollMe HOBbIE KBAHTHI 3BYKa-THIIEP3BYKa.
CrnenoBateibHO OUH TOJIBKO moromEHHbI MK-hoToH crnocoOeH ponquTh MUJUTMOH KBAaHTOB THIIEP-
3BYKa — 9TO UCTOUHUK T'MIIEP3BYKA, TPEKU KOTOPHIX U PETUCTPUPYIOTCS B IMYJIbCUSIX ((POTO TPEKOB).
Itort ke 3pdekT nemoncTpupyercs u [. Xarunconom. Kpome Toro, 310 siBjieHHE MOKHO paccMaTpH-
BaThb U KaK «OOPBIB TOKa», T. €. KBAHTOBbII TaHJEMHBIH IIEPEX0/] MArHUTHOTO TOKA SHEPTUU (POTOHOB
B I'PaBUTAIMOHHBIN TOK TUTIEP3BYKA C TIEPEHOCOM SHEPIHH B BeCh 0OBEM Cpeibl IYyTEM pacpocTpa-
HeHus 3ByKa. TakuM 0O6pa3oM B oTiume OT (hOTOATOMHBIX PEaKIMii ¢ pOXKIEHUEM IeMEHTAPHBIX
I'PaBUTALIMOHHBIX 3aPs1/I0B MacChl IEKTPOHA U IIO3UTPOHA, UM Ha CMEHY IPUXOAAT (hOTO3BYKOBbIE
peakiyu, ITO MPOUCXOAUT C YBETUUYEHHUEM [ITMHBI BOJIHBI IAJAIOIIMX Ha BEIECTBO JIEKTPOMAarHuT-
HBIX, HO OYEHb «TSKENIBIX» BUXPOHOB, T. € HACTYIIAET HEMPEPBIBHOCTD [IEPEHOCA SHEPTUU HE3aBUCUMO
ot oOpeiBa notoka MK-¢poTOHOB B IOTOK 3BYKOBBIX (DOHOHOB. B TakoM TaHzeM-Iporiecce poxia-
I0TCSI TUIOTHBIE BOJIHOBOBI M3 JIEKTPONOTEHIIMAIOB, CIIOCOOHBIE MOHU3UPOBATD IEKTPOHBI — 13-
MHTETpalysi aTOMOB, a TAK)Ke TUIOTHbIE BOTHOBO/IBI M3 I'PABIOTEHITNAIIOB, CIIOCOOHBIE MIOHU3UPOBATh
YaCTUIIBI MACCHI, COCTABJISIIONINX 0OOJIOUYKH aTOMHBIX SIAEp — Je3UHTErpauus saep.

[Touemy nmenHo 310T 1Mana3zoH (MK) MarHuTHBIX 3aps1/10B U3 BCETO U3BECTHOTO criekTpa DMB
oKazaJicsl cTosb 3 (PEKTUBHBIM MPU B3aUMOJEWCTBUM C BEILIECTBOM B KOHAEHCHUPOBAHHOM COCTOSI-
HUM? ITO OCHOBHOU BOITPOC JJTs1 OObSCHEHU I TAKUX PE30HAHCHBIX TEM B COBPEMEHHON KCIIEPUMEH-

161 3101 TPOLIECC OMpefeNsieT ONHY U3 YacTell BHyTPeHHel SHepruy BeliecTBa B (hopMe BpalaTe/ibHO-KoIeOaTeIbHON SHePrum
aTOMOB U MOJIEKY/T.

162 Mexannueckoe JOKanbHOE JABUKEHHE aTOMOB B BONHOBOJAX — 9TO KMHETMUECKOE M BPAIIATE/IBHOE JBMKCHUE KIACTEpa
TIOJBIXKHBIX MacC MUKPOUYACTHI] TOPOXKAAET MEXaHNUECKIEe BOJHBI ie Bpoiins, T.e. TUMep3ByK, T.e. MEXaHIMYeCKHe MIUKPOBHXPOHBI.

163 1o MeXaHHU3My 3axBara oporoporo ¢hoToHa ¢ sHeprueii 6onee 1022 KB ¢ poxkACHUEM Mapbl IPABUTALIMOHHBIX YaCTHUIL JIEK-
TPOH-TIO3UTPOH.
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TayibHOU (pusuke, kak LENR, pasnuunble MpoTOTUITBI TPaBUTOJIETOB U NMOABEM KameHHbIX 100 ToH-
HBIX OJIOKOB Ipu cTporTenbeTBe B Erunte, Tudete u qpyrux pernonax 3emiw, yerpoiicts [, Kum,
peaktopa A. ®. Kitafona, a Takke B OMopU3uKe MpH pa3pyIiaroiieM Bo3IeHCTBIM Ha MO3T YeJIoBeKa
TUTNIep3BYKa (COJTHEUHBIN yaap) M JEBUTAMM THOETCKMX MOHaxoB. OTBET Ha 3TOT BOMPOC BeChMa
MPOCT — Pe30HAHCHOE coBMajieHue JHbl BOJIHBL DMB ot 1 1o 1000 MUKpPOH ¢ pa3MepoM TemIiepa-
TYPHOU JITUHBI CBOOOIHOTO MpoOera aroMoB (TIOJBIKHBIE YACTHUIIBI C MACCOM MOKOsT) BOJIM3H T10JI0-
JKEHUsI pABHOBECHSI B KOHJICHCUPOBAHHOM COCTOSIHUM U, KaK CJIEICTBUE, POKAEHNE KBAaHTOBBIX I'pa-
BUTAIIIOHHBIX TOKOB. DTO JAET B PyKH UHKXEHEPOB JOMOJHUTEIbHBIN HHCTPYMEHT JJIs1 YIIPABJICHUS
PE30HAHCOM 3TOrO MpoIiecca MyTEM MPUMEHEHUS! «TSKeJbIX» (DOTOHOB U (POHOHOB TMITEP3BYKA /I
M3MEHEHHsI TIEPBUYHOTO XMMHUYECKOrO COCTaBa 3a CUET JEe3WHTErpalluyl BelecTBa %, a Takxke pac-
KAa4yKHU Y1 NOJSPU3ALIMK [TpoLiecca 1Sl BCEro KJacTepa aTOMHO-MOJIEKY/ISIPHOTO BEILECTBa /15 cO3/a-
HUSI 000JI0UEYHOrO aHTUTPABUTAITMOHHOTO WM CYNEPrpaBUTAIIMOHHOTO 3apsiia BOKPYT 3aMKHYTOM
MoBepXHOCTU Kiacrepa merogamu 1. Kunm, [I. Xarurucona u gpyrux.

Takoe MexaHMUYECKOe JBHKEHUE B BEIIECTBE XapaKTepU3YyeT ero TeMIeparypy U B3aUMOIEH-
cTBre (DOHOHOB C €ro IMEKTPOHAMHU MPOBOAUMOCTH B TBEpAOM Tesie. OOpaTHbIid 3hdekT n3MeHe-
HUS COCTOSIHUSI — HarpeBaHKe KJIaCTepOB BELIECTBA, MOJIEKYJIbl KOTOPBHIX HAUMHAIOT ABUTATLCS Ooliee
MHTEHCHBHO, YeM MPH HOPMAIBHBIX YCIOBUSIX, PUBOJUT K U3TYUSHHUIO MEKTPOMATHUTHBIX (POTO-

HOB B 3TOM )¢ MK-auana3one 3 x10'"—3x 10 I'u, T. €. ¢ IIMHOMN BOJHBI OT OXHOTO MUJUIMMETPA

JI0 OHOTO MUKPOHA, 3aXBaThiBasi IPXA 3TOM, OT 10’ bi o) 104 ATOMHBIX CJIOEB B *KHUJIKOCTU WU TBEP-
aoMm tesie. BoaMoskeH 1 Tpetuil 3peKT — oxaxIeHre BEelecTBa B TeHepaTopax MpH MPOU3BOICTBE
aniekTpuyecTBa B ycrpouctax . ['pas, C. ®inoiina u [. Cepna, HO TOKa CO CTPAHHBIM U MPOTH-
BOIIOJIOKHBIM CBOMCTBOM TPH KOPOTKOM 3aMBIKaHMU HE TUIABUTh MECTO KOHTAaKTa, a MpeBpauiaTh
ero B uHed. AHanornunbiid apdekt Hadbmonaercs u B 3¢gpdekte [lenbThe, B KOTOPOM MpH TIepexojie
KOHTAKTa 3JIEKTPOHBI IPOBOJVMOCTH COPACHIBAIOT M30BITOUHYIO SHEPTHUIO KOJieOaTeIbHO-BpaIlaTelib-
HBIM JIBUOKEHHUSIM aTOMOB B KPUCTAITTMYECKOW PEIETKE MPOBOAHMKA, HarpeBast €ro Wi OXJIaxaas,
TIOTJIONTAs] STY SHEPTHIO.

Mexanu3m B0O3/1elCTBHSI HCTOYHHKOB, MPUBOJSIIMX BO BpallleHHE aTOMBI M MOJIEKYJIbI
Ha BOJIHOBOZIAX, KOTOpPbIE 00pa3yloT HeomqHOpoaHOCTH B BeriectBe, B CAIl Hem3BecteH. OnHako
JOCTaTOYHO M3Yy4eH M omnucaH Ha npotsbkeruu Oonee 300 net or HrelotoHa o Peness u Manpeins-
mrama 3pdekT 1Bera romyooro Heda U KpacHbIX 30ph — 3TO HEOTHOPOIHOCTH BO3/AyXa, MeJlbyuaii-
M€ pa3pexeHrs U YIUIOTHEHHsI, 00pasyIolrecs: B pe3ysibTaTe XaOTUIECKOTO TEeTIOBOTO JABKEHUS
MOJIEKyJ1 Bo3ayxa. Ecnu, BeiencTBue 3Toro, pasMmepsl HEOMTHOPOAHOCTE!N, BO3HUKAIOIIUX B PE3YIib-
TaTe TAKOTO JIBM)KCHUSI, MEHbIIIE JIJTMHBI CBETOBBIX BOJIH, TO pacCenBaThCsl OYIyT MPEUMYIIECTBEHHO
BOJIHBI, COOTBETCTBYIOIIME (PUOJIETOBOW M CUHEW YaCTH CIEKTpa JHEBHOTO CBETA.

N3 ananu3a pe30HAHCHBIX TEIUIOBBIX, EKTPUUYECKUX U SOEPHBIX (P(PEKTOB, BOSHUKAIIIUX
IIPU ITPOXOKACHUU JIETKUX U «TSKENBIX» MUKPOBUXPOHOB MK -131ydyeHns yepes BeImecTBo cienyer,
410 (pr3rUecKuM MexaHn3mMoM (POTOH-(POHOHOTO TTPeodpa30BaHUs MOTJIONIEHUS SHEPruu (PoTo-
HOB BO BpallatesibHO-K01e0aTeIbHYI0 SHEPTUI0 aTOMOB SIBJISIETCSI TOPMOKEHHE JI0 TIOJTHOM OCTAaHOBKH
MarHUTHBIX 3apsiIOB MUKPOBUXPOHOB MO TUITY (POTOATOMHBIX PEaKIMi, MPUBOISAIIMX B COOTBET-
CTBYIOIIIEE MEXaHMYECKOE JIBIKEHUE (BUXPEBble TOKM) SJIEKTPOHbI, aTOMBI M MOJIEKYJIBI HA €r0O BOJ-
HOBOZIaX. Pa3sMep BOTHOBO/IOB OXBAaTBIBAET CIUPAJIbHBIE CIIOU STOTO KJIacTepa ¢ KOJIMUECTBOM aTOMOB

or 10* 10 10”. 3axBaueHHbIii MATHUTHBIA 3aps]] 0Opa3yeT napy 3aMKHYTO-CBSI3aHHBIX KBa3UYaCTHUL
¢ (popMoii BOJIHOBOZIOB MOJIYLIEJIOTO CIIMHA, KaK y 37eKTpoHa. Jlasbllle HauMHAeTCs MpoLecc nepe-
na4u OECKOHEYHOH SHEPruy MarHUTHOTO 3apsi/ia B IOBBIIIEHHUE TEMIIEPaTypbl BOJTHOBO/IA U3 aTOMOB
u Morneky/1. Kakum o6pazom? Paspsikaercsi rpaBUTAMOHHBIN 3apsif, 00pa3yeTcsi BOIHOBOJ U3 I'PaB-
MOTEHIMAJIOB M CUHXPOHHO MJAET 3apsi/ika MarHUTHOTO 3apsijia OT YETBEPTU [UIMHbI BOJHBI B y3€Jl.

164 A. . Krnazios. TTatent P Ne2054604, 1996 ro. «Crioco6 nosty4eHus sueprumn», A. ®@. Kianos, «KaBurtanmonnas gectpykuus
Marepumn».
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B sTOM neprogiuecku moBTOpsieMOM poliecce 00pa3yloTCs JBa BOJIHOBO/A U3 AJIEKTPOIIOTEHITUAIOB
Y T'PaBIOTEHIIMAJIOB, M0 KOTOPBIM YCTPEMJISIIOTCS BUXPEBble TOKU. BUXpeBble TOKM U3 1EKTPOHOB
BBI3BIBAIOT JIEKTPUUYECKUE TOKHU, & BUXPEBbIE TOKH M3 aTOMOB YBEJIMUYHMBAIOT JIOKAIBHYIO TeMIlepa-
TYpy B BOJIHOBOJE M OJHOBPEMEHHO (TaH/EM) POXKIAIOT MPOTUBOIOIOKHBIH MO 3HAKY I'PaBUTALU-
OHHBIIA MOHOTIOJIb HA HOBOM MECTe, OTCTOSIIIIEM OT MPEbIIYIIEro Ha YeTBEPTh JJIMHBI BOJHBI — TaK
POXIaeTcsl KBAHT IMIlep3ByKa. MarHUTHBIA 3aps] IPU TaKUX KOJIEOAHUsX yXke 04eHb ObICTPo!®
pacxofyeT CBOIO SHEPIHUI0, MOCTENIEHHO yBEIMYKMBasi CBOM pasMep B auaMerpe. CBOMM JBHKEHUEM
oT 1/4 BOMHOBOA B y3€J OH «CTPYyraer» CTPYKTYpy aTOMOB M WX SiA€p, MOHU3UPYS JIEKTPOHBI
Y U3MEHsISl XMMUYECKHI COCTaB, a TPABUTAIIMOHHBII MOHOIIONb YBEIMYMBAET TEMIIEPATypy aTOMOB
Y C TIOMOIIIBI0 HOBOTO KBaHTa 3BYKa MIEPEHOCHT €€ BO BCE YTOJNKM KJIacTepa C 3aMKHYTOW TMOBEPXHO-
CThI0. MarHUTHBIE MOHOIIOJIM HA3BAaHHBIX MUKPOBHUXPOHOB MPOXOAT y3JIbI BOJTHOBOJOB, T/Ie 3apsij
MaKCHMaJIeH, a pa3Mep MOKET OBbITh TOpa3/io MeHbIIIe 1ake pa3Mepa aTOMHBIX sijiep. | paBuTalyoH-
HbIe MOHOIIOJM 9TUX KBa3WYACTHI] yKe CITIOCOOHBI PACKPYUMBATh U OT/EIbHBIE ATOMBI, HOHU3UPOBATh
UX U UX aTOMHBIE sIApa, YBEJMUMBAS B LIEJIOM BHYTPEHHIOIO SHEPruio, JIMHEWHbIe 1 00bEMHbIE pa3-
Mephbl KJacTepa BellecTBa. Bosib cO3JaHHBIX MU BOJIHOBOAOB BOZHMKAIOT BUXPEBBIE JIEKTpHUE-
CKHE M TPaBUTAIIMOHHBIE TOKH, & TAK)KE U3MEHSIETCS €ro MepBUYHBIN XUMUYECKHI cocTaB. pyrumu
CJIOBAaMH, YBEJIMUCHUE BHYTPEHHEH SHEPrUM BEIeCTBA MPOMCXOAUT 3a CUET MPUBHECEHUsS SHEp-
' JIEKTPOMArHUTHBIMU MUK POBHXPOHAMH ITyTEM BpaliaTeJIbHO-CTPYHHON HMI103un % cooT-
BETCTBYIOIIMX BOJIHOBOJIOB, KOTOPbIE BOBJIEKAIOT aTOMBI BO BpalllaTeIbHO-KOJIeOaTeIbHOE JIBUKEHHUE
¥ TaKUM 00pa30M TMOBHIIIAIOT TeMriepaTypy. M3MeHeHre NepBUYHOrO0 XUMHUECKOTO COCTaBa MPOUC-
XOJIUT 32 CYET MPOHMKHOBEHMS BOJTHOBOJIOB B 0OJIACTh aTOMHOTO sIIpa U MOHM3AIMU YAaCTHIL C €ro
BHEITHEH 000JI0UKM 30HOU XOJIOJHOI IJ1a3MBbI C MOC/IEAYIONIMM OCeJaHUEeM TUX YacCTHUI] Ha COCe/I-
HUX MEPBUYHBIX SApaX U3 yKe 00pa30BaBILEHCsI 30HBI s1IePHO-Me30HHOM I1a3MBbl.

[Tpumep oOpaTHOro (hoHOH-(POTOHHOTO B3AMMOAEHCTBHS THIEP3BYKA CO CBETOM 3aKJII0Ya-
ercsl B UBMEHEHUHM ToKa3zaress rnpejaomieHuss DMB non neiicTBreM pe30HaHCHOM BOJIHBI — AUppak-
IMsl CBeTa Ha yJabTpasByke. Takum oOpa3oM CyIIeCTBYeT MpsMble U OOpaTHble MarHUTO-TPaBH-
TAllMOHHBIE KBAHTOBBIE MEPEXOIbl PE3OHAHCHBIX B3aMMOJCHCTBUI MEXIY JEeKTPOMATHUTHHIMH
Y MeXaHH4eCKHMH MUKpOBUXpoHamu. OmnpenennM Takue nepexoisl Kak ABaAlaTh 4eTBEPToe
CBOICTBO JIEKTPOMArHUTHBIX BUXPOHOB. OTCI0A CJIeAyeT, YTO rPAaBUTAIIMOHHBIE MOHOIOIU — 3TO
Takasi (popMa MaTepuu (MM IIPOCTO MOCT), Yepe3 KOTOPYIO TPOUCXOIAT KBAHTOBBIE MIEPEXObl cOpoca
WM 3apsAKU SHEPTUH U3 JIEKTPOMArHUTHBIX BUXPOHOB B MEXaHWYeCKue W HaoOopoT. Ilpu sTom
Ha3BaHHbIE BUXPOHBI UTPAIOT POJIb HOCHTeJIel KBAaHTOB MHAYKTHPOBAHHOM SHepruu — BoiH Jlyu ne
Bpoiins, MexaHn4ecKuX U 3J1eKTPOMArHUTHBIX.

[NonBenem BaxHBI UTOT — H3MeHEHNE BHYTPEHHEH SHEPTrUH OHOr0 aTOMa MOPOXK/AaeT
WM norJjiomaeT h0TOH, a U3MeHeHUe BHYTPeHHell YHepruy KOJJIEKTHBA aTOMOB KJlacTepa
BellleCTBa MOPO:K/1aeT WIH MOIJI0NaeT KBAaHThI 3BYKa — MeXaHHYeCKHe MHUKPOBHXPOHBDI.

Ecnu 3TOT KOJUIEKTUB aTOMOB 0 Macce MPEeBOCXOAUT 3HAYEHHE TIJIAaHKOBCKOM Macchl (2,2 X

10_5 F), TO I'PpaBUTALITUOHHBIC B38.HMOIICIZCTBPIH, T. €. UHAYKIHUA MEXaHUYECKUX BUXPOHOB, U Ha3BAH-
HBIC KBAHTOBBIC ABJICHHWA HAYWHAIOT MPEBAJIMPOBATH HAl SJICKTPOMAIHUTHBIMU. K Takum m3meHe-
HHUAM MOXKET IIPUBOJUTD 6bICTpOC TMOITIOIIEHUE SHEPI N I/IK-I/I?JIy‘ICHI/IH BEIIECCTBOM, MeXaHUJeCKUi
yaap, SJICKTPI/I‘{CCKI/Iﬁ pa3p4an, JIOKaJILHBIA TCpMI/I‘ICCKI/Iﬁ HarpeB KJIACTE€pa BCHICCTBA, ACTOHALIUA
" B3PbIB XUMHUYECKOIO UK ANCPHOIO 3apdjia U T. I. HaanMep, TEIUIOBOM HarpeB KJIACTEpa Kpu-
crajlia TBéleOFO TCJIa, YBCIIMYNUBACT CPEAHEC MCIKATOMHOE PACCTOSHUE B 9TOM KJIACTEPE U MMOPOK-
HAACT TaKUE ABJICHUSA, KaK YBEJIIMYCHUE €TI0 00bEMa U TEIJIONTPOBOAHOCTDb, KOTOPOE OCYIIECTBIIACTCA
NoCpeaACTBOM (bOHOHOB, CIIOCOOHBIX C NOMOIIBIO BUXPEBLIX TOKOB ATOMOB, BO3HUKAIOIINUX Ha BOJI-

1
95 A He KaK B KOCMHYECKOM ¢otoHe 14MUIIMApAOB JIET.

166 Dt0T MpoLuecc, B ONOJTHEHUE YK€ U3BECTHOI'O POXKACHUA MACCHI Y IJIEKTPOHA, ABJIACTCA ele OHUM U3 UCTOUHUKOB pous-
BOJCTBA 3BYKOBBIX I'DAaBUTALITMOHHBIX MOHOTIOJIEH.
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HOBOJIaX M3 OMOPHBIX PABMOTEHIIMAIOB TMOC/E pa3psiia IPaBUTAIIMOHHOTO MOHOIIOJIS, TIEPEHOCUTh
SHEPruio COCTOSTHNSA '®” HarpeBa OT OJHOTO KJjactepa K aApyromy. IIpu 3TOM Im1aBHYIO poib UTrpaet
IJTMHA CBOOOIHOTO Mpodera MpH MOCTYIaTeIbHO-BpaIIaTe/IbHbIX KOTeOaHHUIX aToMa BOJIM3HU IOJI0-
KEHHsI PAaBHOBECHSL. DTO SIBJICHUE M €CTh CaMoe IEMEHTAPHOE U CaMOe BBICOKOYACTOTHOE MPOSIB-
JICHUEC 3BYKaQ, T. €. TUIICP3BYKA, TdK KAK €ro0 BEPXHAA I'PaHUILA OJIMHBI BOJTHBI MOXKET OBITH TOJILKO

OoJIbLIIE YABOGHHOIO MEKATOMHOIO PacCTOSIHUS M COOTBETCTBYeT yactore 10 B I, ITpu sTOM Cre-
AyeT OTMETUTb, YTO aMILIMTYJa KoJieOaHUI aTOMOB CYLIECTBEHHO MEHbIIE UX MEKaTOMHOIO pac-
crossHusA. O0IaCTh 3BYKOBBIX YaCTOT CHU3Y HEOTPaHMUEHHA — B IIPUPOJIE BCTPEYaloTcsl MH(Ppa3BYKo-
Bble KOJIEOAHHUSI C YACTOTOM B COTBIE M THICSIYHBIE JOJIU repll. YacTOTHBIN AMana3oH r'MIep3BYKOBBIX
BOJIH UMEET OIpaHUY€HM 1, BBI3BAHHOE aTOMHBIM M MOJIEKYJISIPHBIM CTPOEHHEM cpefibl. B razax nyimHa
BOJIHBI MOKET OBITh TOJIBKO OOJIBIIIE JAJTMHBI CBOOOTHOTO Tpodera Mosnekys. Ilostomy BepxHsis Tpa-

HUIIA TUIIEP3BYKA B rase 10° I,

OCHOBHOE CBOKCTBO 3BYKa (I'PaBUTAIIMIOHHOTO TOKA), PACIPOCTPAHSIONIETOCS B KaKOW-JIMOO
cpejie BEIeCTBA — ITO MEPEeHOC SHepruu'®® 3ByKoBOW BOJHBEI B (pOpMe I'PaBUTAIMOHHOTO 3apsiaa
Yyepe3 NOCPEeICTBO MEXaHUYeCKOr0 COCTOSTHHSI aTOMOB — 3TO MO CJIeI0BaTeJIbHbII Tpoliecc, onpe-
AENSIOIIMI CKOPOCTh PacIipOCTpaHEeHUsI 3ByKa B JaHHOW cpefie. BHauane 3apokaaercsi rpaBUTAL-
OHHBIFT MOHOTIONB!® TIpu cOpoOCe SHEPruM KJIaCTepOM BEIIeCTBa. 3aTeM 3TOT MOHOIONb pa3psika-
eTcst MojIoOHO MarHUTHOMY ¢ 0Opa30BaHMEM BOJHOBOZA M3 OMOPHBIX TPaBMOTEHIMANOB. [locie yero
10 STOMY BOJIHOBOJY YCTPEMJISIIOTCSI MUKPOYACTHIIBI C MAaCCOM, CO3/jaBasi BUXPEBbIE TOKU, KOTOPHIE
Y 3apSOKAIOT HOBBIM T'PABUTALMOHHBIA MOHOIOJb, HO C MPOTUBOIOJIOKHBIM 3apsiIOM U Ha HOBOM
Mecte. 3ameTnM, uTo B DMB nepeHoc sHepruu NpoMCXOOUT 3a CUET CaMOABH2KEHHSI TIEPEMEHHOTO
MarHMTHOTO 3apsiJia He UMEIOIIEr0 MACChl C OMOPOI Ha JIEKTPONIOTEHIUAIBI.

Kak npoucxoauT 3TOT NepeHoc M KaK NPOUCXOUT caMO/BUKeHHEe 3BYKa, T. €. rpa-
BHTAMOHHOIO TOKA B cpefe?

3p1ech yke yMECTHO 3aMETUTh, YTO MCTOYHUKA CAMOJBHKEHHMSI, TIOPOXKIAIONIETO CTPYKTYphI
MeXaHMUYeCcKoro KBaHTa!’’ 3ByKOBHIX BOJIH, Kak M MexaHu3Ma ero camonsikeHns B CAIl, aBropom
B OTKPHITOM JIUTEpaType JaHHBIX HE OOHAPYKEHO, KaK 3TO IMOJOXKEHHE CYIIECTBYET U CO CTPYKTY-
POH EKTPOMarHUTHOro (poToHa. Ipyrumu cioBaMu, Ha MUKPOCKOITUYECKOM YPOBHE (PU3NYECKUIA
MEXaHU3M PACIPOCTPAHEHU s 3ByKa HeH3BeCTeH. 3aKOHbI PaCIpOCTPaHEHUsI 3BYKOBBIX BOJIH OIpe-
JIeJICHBI JIMIIb Ha OCHOBE SKCIICPUMEHTAJIbHBIX JJaHHBIX M HOCST, UCKJTIOUUTENIbHO MAaTeMaTH4eCKH
(peHOMEHOTOTMYECKUTT XapaKTep.

HcTouyHnKaMy KBAHTOB 3BYKA MOTYT ObITh, KaK U ITPU POXKIEHUU (POTOHOB, OBICTPOE H3Me-
HEHHe SHEPreTUYECKOro COCTOSIHMS aTOMOB, B JAHHOM CJIydae, MEXaHUYEeCKOrO COCTOSTHHS KOJI-
JIEKTHBA aTOMOB, OOpasyIolMX CBA3aHHYI0 CHCTeMY Macc. MeXaHu3M pacrnpOCTpaHeHUsl 3ByKa
B cpelie — 3apsAJKa MOTOKA IPABHTAIMOHHBIX MOHOIIONEN C MOCHENYIOIEeN UX pa3psIKon U Nepu-
OINYECKMM TIOBTOPEHUEM 3TOTO Iporiecca, 00pasyolyM IpaBUTAIIMOHHbINA TOK B Hell. 13 aHanm3a
BozzieiicTBust MK-u3imydeHus: Ha aToOMbl, MCCIIEIOBAHUN MEXaHMU3Ma JIEKTPOTUAPABIIMUYECKOrO pa3-
psana JI. A. FOTkuHa, MEXaHUYECKOro yaapa 1o TBEpIOMY Telly, JETOHAIMU U TTOCIIEAYIONIEero B3phiBa
WJIM KaKOro-JImO0 WHOTO JIOKAJIbHOTO BO3MYINIEHHUSI, CJEAYET, YTO BCETAa BBIHYKJE€HHOE M3MeHe-
HHUE COCTOSTHMSI TIOCTYIaTeIbHO-BPAIATEIbHOTO ABWKEHUsI KJIacTepa BEIIeCTBA Jaxe Ha Iperesne
IJTUHBI CBOOOTHOTO MTpo0era aToMOB IPU KoJieOaTeIbHO-BpaIaTeIbHOM JIBMKEHUH UX OKOJIO TOJIO-
JKEHUsI PaBHOBECHUs B BEIIECTBE MHAYKTUPYET 47T-TIOTOK IPABHTAIMOHHBIX MOHOMOJIEH BOKPYT

1

7 Ouenp BaKHO — IEPEHOC COCTOSIHMS KOPIYCKYISPHOTO BELIECTBA C IIOMOLIIBIO MEXAHIYECKHX BOJIH U3 OHOTO PErHOHa B APY-
roid. DTOT MpoLecC HEOOXOMUMO YIUTHIBATh MPU MCCIICIOBAHUY «JIbIP» Ha MIOBEPXHOCTH 3eMJIH, 00YCJIOBJICHHBIX IEPEHOCOM COCTOSI-
HUSI MATEPUH U3 MAHTHU K TIOBEPXHOCTH KOPbI ITYTEM MOIIHBIX MEXaHMYECKUX BUXPOHOB, POXKIAEMbIX B3PHIBOM.

168 3nech umeercs BBUJLY pa3/nyHble (hOpMbI SHEPTHHU, OOYCIIOBIECHHBIE COCTOSTHUEM BELECTBEHHOH MaTepul MCTOYHHKA, B TOM
Jyc/e MEXaHUUECKOEe M MarHUTHOE JaBJIeHUe, IIOTHOCTh, TEMIIepaTypa, CIIMH U T. 1.

1
9 ITO HOCHUTEJb U UICTOYHHUK 3apsiia MacChl B CUc Pa3HbIMHA 3HAKaMMU.

170 SHer:HTaprIe TNPOABJIEHN A MEXAaHUYECKHUX KBAHTOB — 3TO q)OHOHl)I " POTOHBI.
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TOYKH JAeTOHAIUM. DTO AaHAJIOI MHIYKIIMM MAarHUTHOTO MOHOIIOJSL B M3MEHSIOIEMCS JIEKTpU-
YECKOM I0JIe, T. €. B MEXaHUYECKH BO3MYIIEHHOM NPOCTPAHCTBE-MOJIe TOKOSAIIEHCS aTOMHO-
MOJIEKYJIIPHOU cpebl. Takoe MpOCTpaHCTBO-Cpeia JOIKHO COCTOSATh U3 MOABUKHBIX MUKPOUYACTHUI]
C Maccoil — aToMbl, MOJIEKYJIbl, HOHBI, IEKTPOHBI U T. 1. Hampumep, npu mMexaHu4eckoMm ynape
IO KJIacTepy TBEPIOIO TeNa, T. €. B CBI3aHHOM CUCTEME Macc, B €ro MPOCTPAHCTBE TPUXOISAT B IBUKE-
HUE aTOMBI, COXpaHsisi CBOE MHEPTHOE COCTOSIHUE MOKOSI. DTO ABUKEHHE CJI0KHOE U COCTOUT U3 MeXa-
HUYECKHUX KoJieOaTeIbHO-BpAIaTe/IbHBIX IBMKEHHI aTOMOB OKOJIO TIOJIOKEHHUsI PAaBHOBECHS U UX
BBIHYKJIEHO-BO3MYILEHHOTO IETOHUPOBAHUS MYTEM yAapa MOCTYNATEIbHOIO JBMKEHUS U3 COCTOSI-
HUS MHEPTHOTO MoKos1. Takoe cuH(pazHoe 1eOpoilieBckoe ABHKeHUEe KOJUIEKTUBA aTOMOB MPHBO-
JWT K 3apsiiKe MUKPOCQEep-UCTOYHUKOB U3 CIIMpaJiell IPpaBIOTEHIMAJIOB (IPaBUTALIMIOHHBIX MOHOIIO-
Jieit), T. €. HoCUTeJiell KBAaHTOB MH/1yKTUPOBAHHOM SHEPIUH — KJIaCTEPOB BUXPEBbIX Nosieit. CruBasich
B O/IMH, OHH yXke 00pa3yloT KBAHTOBO pa3pelI€HHBIN CyMMAapHBIN IPABUTAIIMOHHBIN 3apsif] CO CTPYK-
Typoii (¢pur. 2.1) monoOHOM CTPYKTYpe MarHUITHOTO MOHOTIONS. Jlanee cieyer pa3psiika STOro MOHO-
T0J151 B IPOCTPAHCTBE KJIacTepa C MPOM3BOICTBOM BOJIHOBOJIOB-TI0151 U3 OITOPHBIX I'PABIIOTEHIIUATIOB —
C 9TOr0 MOMEHTA HAUMHAETCS KU3Hb MEXaHN4YeCKOr0 MUKPOBHXPOHA MM HAET IPABUTAIHOH-
HbIl TOK (TpaBUTAlMOHHBbIE BOJHBI). [locie yero, BOoib HUX CMH(A3HO BO3HUKAIOT BUXPEBBIE
TOKH aTOMOB, KOTOpPbIE KBAHTOBAHO MEPEHOCAT COOTBETCTBYIOIYIO SHEPIUI0 MATEPUH HA TIO3BOJIEH-
HOH JJTHE CBOOOTHOTO Mpodera B pa3inyHo (hopMe (AaBieHne, INIOTHOCTh, TEMITEPaTypy, MarHuT-
HOE COCTOSIHUE U T. [I.) ¥ OHU K€ PEreHEpUPYIOT-3apsIKAI0T HOBbIN KOJIJIEKTHB, HO IIPOTUBOIOJIOKHBIX
10 3HaKy I'paBMOHONOJEN Briepeau Ha 1/4 nMHBI BOJHBI M Ha HOBOM Mecte. IIpu atom ckopoctb
pacrpocTpaHeHHs 3ByKa yxke ONpeAeseTcsl MPOJOJIbHON COCTABIISAIOIE BUHTOBOIO JBHKEHHUS aTo-
MOB BJI0JIb [TOTEHLIMAJIOB BOJIHOBOJA M COM3MEPHMA C MX TEIIOBOM CKOpOCThI0. CHH(a3HOE IBUKeE-
HUE aTOMOB IPUBOAUT K CO3/1aHUIO (DPOHTA 3BYKOBOM BOJIHBL. DTO U €CTh OTBET HAa BOIPOC — 3a4eEM
HY)XHa cpeJia /ISl pacrpoCTpaHeHus 3ByKa 1 YeM 00yCIIOBJIeHa CKOPOCTb 3ByKa B Held? [1pu pacripo-
CTpaHEHHMH 3BYyKa B Cpejle UHAYKTUPOBAHHBIE IPAaBMOHOIIONNA MEHSIOTCS MO 3HAKY MOCIEAYIOIUMU
BUXPEBBIMHU TOKAMU MUK POYACTHI] B/IOJTb MOTEHIMATIOB BOJHOBOIOB — 3THM 00ECTIEUMBAETCS TIOJTHOE
KBaHTOBOE MpeoOpa3oBaHNe MHAYKTUPOBAHHOW B TPABMOHOIIOJE SHEPTUH ITPHU COXPAHEHUH CPEIHEH,
3TUM OTJIMYAETCS MEXaHU3M (POPMUPOBAHUS CKOPOCTH 3BYKa OT CKOPOCTH CBeTa (DOTOHOB, 3TUM
OTJIMYAETCs] CBOOOHBIN MEXaHUYECKUII MUKPOBUXPOH OT JIEKTPOMArHUTHOTO.

JlokaJipHBIE TEPMUYECKHE KOJIEOaHM I aTOMOB KPUCTAJIJIa BBI3BIBAIOT paclipocTpaHEeHHe B Bellle-
CTBE CHCTEMbl 3BYKOBBIX BOJIH, KBAHTAMU KOTOpPBIX SIBJISIOTCSI (pOHOHBI. (POHOHBI M WX B3aH-
MOJIEUCTBUS C MEKTPOHAMHU UTpaloT (PyHAAMEHTAIbHYIO pOJb B COBPEMEHHBIX IpEICTaBICHUSIX
1o (pU3MKe CBEPXIPOBOIHUKOB, IIPOLIECCAX TEIUIONPOBOJHOCTH, MPOLECCAX PACCESTHUSA B TBEPIBIX
Tejax. 3aKOHbl paclpoCTpaHeHus BOJIH — JU¢paKiMs, UHTep(epeHLts, OTpakeHne, IpeIoMIeHre
OJIMHAKOBBI U [UIsl JIEKTPOMArHUTHBIX BOJH M s 3ByKa. OIHAKO €CTh OTIMYMSI B ONMOPHBIX
MOTEHLIMAJIaX Ha BOJHOBOJAX U CKOPOCTSX paclpOoCTpaHEHMs 3ByKa M CBETa. DJEKTPOMarHUWTHbIE
BUXPOHBI YCTAHABIMBAIOT MEKTPUYECKUE TIOTEHIIMAIIBI, KOTOPbIE BBI3BIBAIOT BUXPEBBIE JIEKTPHUE-
CKHMe TOKH B IIPOBOJHHMKAX, & MEXaHHMUECKHEe — T'PABUTAIIIOHHBIE TIOTEHIIMAJIBI, KOTOPBIE BBHI3BIBAIOT
BUXPEBBIE I'PABUTALIMOHHBIE TOKA MUK POYACTHUL] C MACCOU U (POPMUPYIOT TEM CaMbIM (PPOHTHI JaBJie-
HUSI U CKOPOCTH UX JIBHKEHUS, @ TAaKXkKe, B HEKOTOPBIX CIIy4asiX, — BUXPEBbIe TOKK HOHOB U JIEKTPO-
HoB. [loaToMy npu pacripocTpaHeHUH 3BYKOBOW BOJIHBI ITPOMCXOIUT CJIEAYyIOIIEe: — Ha PACCTOSIHUU
B TIOJIBOJIHBI aMIUIUTY/IHOE 3HAYEHUE TaBIEHUS U3 MOJIOKUTEIbHOIO CTAHOBUTCS OTPULIATENIbHBIM, T.
€. pa3Hulla JaBJIEHUH B JBYX TOYKaX, OTCTOSAIIMX APYT OT Jpyra Ha MOJBOJIHBI IIyTH PaclpocTpaHe-
HUS1 BOJIHBI, ITPEBBILIAET B [IBA pa3a.

— JIaBJIEHUE, OKa3bIBAEMOE Ha YaCTULIbI CPEbI IPU PACIIPOCTPAHEHUY BOJIHBI, SIBJISIETCS PE3YJIb-
TaTOM JEUCTBUS BUXPEBBIX TOKOB BJIOJIb OTEHLIMAJIOB BOJIHOBOJA.
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— nipoder yactui'’! cpespl, y4acTBYIOIIMX B BUXPEBBIX TOKaX IMPU Mepeadye SHEPrUy BOIHBI
Y 9JIEKTPUYECKOTO 3apsi/ia, He TPEBbIIAST UTMHBI KX CBOOOIHOTO Mpodera B cpejie MpU JaHHbIX YCIIo-
BUSIX.

Ha ocHOBaHuM 3TOro MOXHO cliesiaTh 3aKJI0YEHUE O TOM, YTO NP NEPEHOCEe SHEPTUM 3ByKa
MPOMCXOIUT MOJIHOE KBAHTOBOE MPe0Opa30BaHKe SHEPTUU BUXPEBON MAaTEpPUK MUKPOYACTHI] C Mac-
COM B 3THX BOJIHOBBIX IIPOLIECCAX, T. €. JAHHBI MEXaHUYECKUI MUKPOBUXPOH SIBJISIETCS] CBOOOHBIM
CO CIIMHOM PaBHBIM €IMHMIIE, 110 AHAJIOTUM ABUKEHUS U MIEPEHOCA SHEPTUU (POTOHOM.

AkycTnuyeckasi KaBuTanusi. 9TOT [IPOLECC BO3HUKAET MPU MPOXOKIEHUU B BOJIE 3BYKOBOI
BOJIHBI OOJIBINION WHTEHCUBHOCTH. B HacTrosiiiiee Bpemsi aKkycTHUecKasl KaBUTAIMsl, KOTOpasl Jaile
Ha3bIBAETCS YJIbTPA3BYKOBOI KaBUTALIMEN, IIIMPOKO UCIIOIb3YETCS B HAYYHBIX M PAKTUUECKUX LIEJISAX
11l yCKOPEHUS! Pa3IMUHBIX TEXHOJIOTMUYECKUX IporieccoB. OIHAKO TOT TUI KABUTALIMU HEAOCTATO-
YeH Ui MTHUIMAPOBAHUs siepHbIX peakimil. CornmacHo pyHIaMeHTaIbHOW padoThl IO YIbTPa3BYy-
KOBOH ecTpykimu mMatepun A. @. KnagoBa 17151 MHUIIMMPOBAHUS SIIEPHBIX PEAKIMiA HEOOXOIMMO
B 10 pa3 MOBHICHTh MHTEHCUBHOCTbh W3JTyYeHHUsl 3BYKa, MO CPABHEHHMIO C OOBIYHOW YJIBTPA3BYKO-
BOI anmaparypoil. Kpome Toro, Heo0XoquMo 3aMeHUTh COBPEMEHHbBIE TIPE/ICTABIICHUSI O MEXaHU3Me
KaBUTAIIMOHHOTO BO3JIEMCTBUS Ha OOBEKT, KOTOPbIE HE IMO3BOJISIOT OOBSCHUTH IKCIEPUMEHTAIIb-
Hble pe3ynbraThl (KnagoB A. @.), nonyuyeHHble MPU KCMOJIB30BAHUU YJIbTPA3BYKa CBEPXBBICOKOM
MHTEHCUBHOCTH. B TakMX yCJIOBUSX MEPBUYHBIN Ia30Bbli My3bIpEK pa3MepaMU B HECKOJIBKO MUK-
POH, BO30YK/IaeMblii aKyCTUYECKUMH KOJIEOAHUSIMU B C(DEPUUECKOM CTEKJISTHHOM COCYIe U UMEIo-
L1 BHaYaJle He COBCEM MPABUIIbHYIO C(hepruecKyIo (popMy, UCITYCKAET CBETOBBIE MMITYJIbCHI CTOJNb
MHTEHCHBHBIE, YTO OHU BUHBI HEBOOPYKEHHBIM IJ1a30M. [[IMTEIbHOCTh TAKOTO UMITYyJIbCa SIBJISETCS
pexkopaHo kopoTko# U cocrasisier o 10—50 nic no 100—300 mic, 1 3aBUCKT OT KOHLIEHTpALUU pac-
TBOPEHHOTO ra3a M aMIUIMTY/Ibl 3ByKOBOTO JaBJIEHUS, CIIEKTP U3Jy4YeHHs CIUIONIHOM, Oe3 BhIpakeH-
HBIX XapaKTePUCTUUYECKUX JIMHUI U TOJIOC, pa3Mep CBETSIIECs 001acTh ncue3alolee Majl U COCTaB-
aser MeHee 1 MuKpoHa. IIpuyeM BCOBILIKM MMPOMCXOAAT B OCHOBHOM IIpY NEPEXOfe OT Iy3bIpbKa
OOJIBIIIEro TUaMeTpa B )KUAKOCTH K HaMEHbIIeMy AuameTpy. KaBuTalmoHHBIN My3bIpEK, pOKIAI0-
LIUIACS U CXJIOMNBIBAIOIMIICS MUJUTMOHBI pa3 B CEKYH/Y, TEHEPUPYET JIMIIb YCPETHEHHBIN COHOTIOMU-
HECLIEHTHBIN CBET. SIpKOCTh COHOMIOMUHECLIEHTHOIO CBETA PE3KO YBEIMYMBAETCS MPU OXJIakICHUN
Boabl. Ha mocnesneil craguy cxkatusi KaBUTALIMOHHOTO My3bIPbKa €0 CTEHKHM Pa3BUBAIOT CKOPOCTD
1o 1—1,5 km/c, 9To COM3MEPUMO CO CKOPOCTBIO 3BYKa B JAHHOU JKUAKOCTH.

MexaHu3M KaBUTANMHU U COHOJIOMHHECHEHIIMU — 3TO KBAaHTOBbIE NIEPEXO/ibl HOCUTENEN
VHIyKTUPOBAHHOM SHEPIMU OT TPABUTAIIMIOHHBIX K MATHUTHBIM 3apsijiaM B 00pa30BaBIIMXCS 3aMKHY-
THIX MAKPOBUXPOHAX KBa3U4aCTULl — cpepa My3bIpbKa. TO €IIE OIMH IIPUMEp HapsiAy ¢ TeHepaluen
NK-u3nydyeHus HarpeTbIMM TeJlaMU — SIBJIEHUE COHOJIIOMUHECLIEHIINY, T. €. CBEUEHHE KUAKOCTU O]
JefCTBIEM KoJIe0aHMi B My3bIpbKe, B KOTOPOW MPOUCXOMUT Iepesiadya SHEPIUuM U3 aKyCTHYECKOM
BOJIHBI B 3JIEKTPOMAarHUTHbIE (POTOHBI, T. €. HEMPEPHIBHOCTh TOKA SHEPIUU HE3aBUCUMO OT (DOPMBI €€
MIpEepbIBaHUS — EKTPUUYECKUM 3apsIOM B BelIeCTBE AJis1 (POTOHA WJIM MEXaHUYECKUM I'pPaBUTALM-
OHHBIM 3apsIZIOM B Y3JI€ CTOSTUeH 3ByKOBOH BOJTHBI. MexaHN3M 00pa30BaHMs TAKOTO My IbCHPYIOIIETO
IMy3bIpbKa 3aKJiroyaercs B caenyouieM. [Ipu npoxoxkaeHn pe30HaHCHOTO 3BYKOBOI'O KBaHTa 4epes
BOJly IPaBUTALIMOHHBIN 3aps1]] MEXaHUUYECKOTO BUXPOHA IIPOU3BOAUT BOJTHOBO/, U3 IPAaBIOTEHLIMAIIOB,
KOTOPBIA IPU BCTPEYEe C aHAJIOTMYHBIM BCTPEYHBIM BOJIHOBOJOM OTPAaKEHHOM OT CTEHKHU APYIOro
AHAJIOTMYHOIO KBAaHTA 3BYKA POXKJAeT KaBUTALMOHHBIN My3bIPEK, KOTOPBIH CIIEAYET pacCMaTpUBaTh,
KaK MaKpOYacTHIly THIa CBSI3aHHOM Mapbl JIEKTPOH-IIO3UTPOH. DTa Mapa BUXPOHOB HAYMHAET I1yJIb-
CUpPOBaTh U3MEHsIsI FeOMETpUYEeCcKHe U (pU3MUYEecKre mapameTphl IIIEHKU my3bIpbKa. [Tporece anasio-
T'MYEH POXIECHUIO IIAphI B TI0JIE ATOMHOIO si/ipa — POXKJIEHHUE 3aMKHYTHIX JIEKTPOMAarHUTHBIX MUKPO-
BUXPOHOB B peXHME MPOTUBOJABJIEHUS, T.€. JMEKTPUYECKUI MOHOIIOIb BUXPOHA- JIEKTPHUUECKOE
rosie aroMa. B KaBUTaIlMOHHOM Iy3bIpbKE IPOTUBOJABIIEHUE — 3TO JIaBJIEHUE JIByX BCTPEUHBIX Y3JIOB

171 Yacrui, KOJT66J'HOH_II/IXCH OKOJIO CBOETI'O ITOJIOKEHUA PaBHOBECHU .

94



A. A. Mlagpun. «Ilons u Buxponsl. CTpyKTyphl Mupo3nanus Beenennoii. Tperbe m3manue»

BOJIHOBOJOB. ['paBUTALIMOHHBIII MOHOIIONb 3aMKHYTOI'O MEXaHUYECKOTO BUXPOHA BBIHYKIEHHO NIpU
yKa3aHHBIX yCJIOBUSIX (OOpaTHBIN MPOIECC) COBEPIIAET KBAHTOBBIN MEPEXO M MPU paspsaKe pok-
JAaeT MarHUTHBIN 3apsil. 34€Ch POJib JIEKTPUUECKOIO MOHOMOIS JIEKTPOMAarHUTHOTO MUK POBHUX POHA
¥ TI0JIs1 aTOMHOT O siipa 6epyT Ha ceOs1 JIOKaIbHbIE 3BYKOBOE JIaBJIeHHe (TIJIOTHOCTD) M BCTPEYaloIeecs
Ha ero IMyTH JIOKAJILHOE BCTPEYHOE MPOTUBOaBJIeHNEe. B 0MHOM cityyae 310 rpeOGHOM BUHT, B APYTOM —
cTostyasi 3ByKOBasi BoJHa. B 0Opa3oBaBiieMcst KaBUTAITMOHHOM ITy3bIpbKe TP pa3psiike TpaBUTAIM-
OHHOI'O MOHOIOJISI BJIOJIb €r0 BOJIHOBOJIOB HAUYMHAIOT ITYJIbCUPOBATh BUXPEBBIE TOKU, KOTOPBIE ITEpe-
IPEeBAIOT TUIEHKY CJIOSI )KUAKOCTH U 00pas3yloT My3bIpEK, MOBEPXHOCTh pasfesia MEXIY KUIAKOCTHIO
Y Ta30M — UH/IMKATOP 3aKUIMaHUS KUAKOCTU. DTOT ke MPOLIECC 3apsiKaeT M MATHUTHBIA MOHOIIOJb —
AMaMeTp IMy3blpbKa YMEHBIIAETCS U CTAHOBUTCSI COBCEM HEBUIUMBIM B MOMEHT, KOIJla MarHUTHBIN
3apsj 1OCTUraeT MaKCUMaJIbHOM BEJIMYMHBL. A NIEpesi TEM KaK COBEPIIMTh KBAaHTOBBIM NIEpeXoj B Ipa-
BUTAIIIOHHBIN 3apsi]l, MATHUTHBIA yCTIEBAET MPH YCTAHOBKE Ha BOJTHOBOJE B KUAKOCTH CaMbIX 0OJIb-
IIMX 10 3HAYEHHUIO IEKTPONIOTEHIIUAIOB BO30OY/IUTh M HOHU3UPOBATH ATOMBI, IO KOTOPHIM 3aTE€M U YT
BUXPEBBIE JIEKTPUUECKUE U TPABUTALIMOHHBIE TOKH, TIOPOKAAIOLINE KAaBUTALIMOHHYIO 9PO3HIO B TBEP-
nom metaie. [lepexons B OCHOBHOE COCTOSTHME aTOMBbI U3JTy4aloT cBeToBble pOoTOHBI. MTak, Buxpe-
BbI€ TOKH BJIOJIb TPABIOTEHIIMAIOB HArPEBAIOT U 00Pa3yIOT My3bIPEK JIOKAIBHOTO TEpPerpeBa, a BUX-
peBbIE TOKHM BJOJIb IEKTPONOTEHIMAJIOB YMEHBINIAIOT €ro B JUaMETpe U U3JIy4yaloT CBET — MPOLECC

ITyJIbCALIUY IEPUOANYECKUI C PECYPCOM OT 10° 10 10'? LUK II0B, 3aBECHMBIi OT 3HAYCHNUSI BETUUMHbI
I'PaBUTALIMOHHOIO WJIM MarHUTHOTO 3apsja. [lo cylecTBy — 9T0 mpolecc poXAEHHs 3aMKHYTHIM
MEXaHU4YECKUM BUXPOHOM KOPITYCKY/ISIPHON KBa3UYaCTULIbI C O PAHMUEHHBIM BO3PACTOM, TOJOOHBII
CTPYKTYpE 1IapOBOM MOJHUU WJIH Mape IEeKTPOH-TIO3UTPOH.

B3anmopeiicTBHe cBeTa CO 3BYKOM (M HA00OPOT) UCHOJIb3YeTCs B COBPEMEHHOMW ONTHKE,
OITO3JIEKTPOHUKE, JIA3€PHON TEXHUKE JJIS1 YIIPaBJIeHUsI KOTEPEHTHBIM CBETOBBIM M3JTy4eHHEM. AKY-
CTOOINTHYECKHE YCTPOMCTBA MO3BOJISAIOT YIPABIATh aMIUIMTYHOM, YacTOTOM, MOJspU3aliveil, crek-
TPaJbHBIM COCTAaBOM CBETOBOI'O CUTHaJla M HAallpaBJIE€HHEM PpaclpOCTPAHEHUsl CBETOBOIO Jyya.
V3 npukiIagHeIX acleKTOB aKyCTOONTHYECKMX 3((EKTOB MPAKTHUUECKOE INPUMEHEHHUE HMMEIOT
cructeMbl 00padOTKM MH(OPMALIUH, TJIe aKyCTOONITHYECKHE YCTPOMCTBA MCHOJNB3YIOTCS Ul 0Opa-
6otk CBY-curaanos B peabHOM MaciTabe BpeMEHH.

@DOHOHBI M POTOHBI — 3JIEMEHTApHbIE BHICOKOUACTOTHBIE MPOSBIECHUS] MEXaHUYECKUX BUXPO-
HOB. PU3MUYECKUIA CMBICI TMOSIBJEHUS POTOHOB COOTBETCTBYET IOSIBJIEHUIO BUXPEBOTO JBHKEHUS
MHUKPOKJIACTEPA B CBEPXITPOBOASIIEH KUAKOCTU. DHEPreTUUECKUIA CIIEKTP JIEMEHTAPHBIX BO30YXK-
JEHUI B KUJIKOM TeIMM MMeeT JIMHEeNHYI0 3aBHCUMOCTh B HayaJIbHOW 4acTu. JIOKalbHBI MUHU-
MYM 3HEPIUU COOTBETCTBYET TeM-Tieparype okoio 8,6 K. DnemeHTapHble BO30yKAEHUS JHMHEHOM
YaCTU CHEKTPa COOTBETCTBYIOT POXKJICHUIO (POHOHOB, a BO30OY:XAE€HUS B 00JIaCTH, OJIM3KON K MUHU-
MyMy — POXIEHHIO pOTOHOB!”2. OHM TECHO CBSI3aHbl B3AaMMHBIMU KBAaHTOBBIMHU SHEPreTUYECKHMU
NepexojaMy C JIEKTPOMarHUTHBIMU (POTOHAMM U 3IEKTPOHaMU cpefibl. POHOHBI B3aMMOAEHCTBYIOT
HE TOJIBKO JIPYT C JIPyTrOM, HO M C JIPyrMMHU KBa3WYaCTUIIAMH, KaK C JIEKTPOHAMU IPOBOJMMOCTH
B MeTaJulax U MOTyNPOBOJHUKAX, TaK ¥ C MArHOHAMHU B MarHUTO-yNOPAA0YEHHBIX cpeaax. Mcmycka-
HUE U TorIolIeHre (POHOHOB JIEKTPOHAMH — OCHOBHOW MEXaHHU3M 3JIEKTPUUYECKOTO COITPOTUBIICHHUS
METaJIJIOB U MOJYIIPOBOJHUKOB.

Takum 00pa3oM, TEIUIOBBIE W 3BYKOBbIE MHKPOBHXPOHBI — 3TO NPOOYKTHl HalpaBIeHHOTO
MOCTYNATEbHO-BPAILATEIbHOTO JBH2KEHHSA aTOMOB U MOJIEKY.]1, ()OPMHUPYIOIIMX IPaBUTALM-
OHHbIE TOKH B cpejie. YCTaHOBJIEHHOE CBOMCTBO BBIBOAUT 3aKOH Jlym e bpois Ha kauecTBEHHO
HOBBIIl MEXaHUUYECKUI YPOBEHb — B YKQ3aHHOM COCTOSIHUM KOHYCHO-BUHTOBOM KJIACTEP IBHIKYILIUXCS
MHUKPOYACTHI] CIOCOOEH 3apsiKaTh IPAaBUTALIMOHHbI MOHOIIONb (MCTOUYHUK ), KOTOPBIM IIPU pa3psiKe

172 J]‘I[H HaIAAHOCTH, MOXHO ITPUBECTU B IIPUMEP COCTOAHHE YaCTUL] B MaHTUU 3emin. Ecim BbicOKast TeMIIEpaTypa aTOMHO-

MOJIEKYJISPHOTO KJIacTepa 0OyCIIOBJIeHa TTOCTYIATeIbHO-BPAIaTeIbHBIMK KOJNEOAHMAMH aTOMOB M MOJIEKYJI, TO B MAaHTHH 3€MJIA HeT
HEoOXOIMMOTO ITPOCTPAHCTBA HU [T 00pa30BaHKs aTOMOB, HH JUIsl 0Opa3oBaHUs TaKKX KoyeOanuii. [I03TOMy SHeprust 4acTul] TaMm
TpeJICTaBIIeHa TOJBKO B (hopMe BpallleHHii — POTOHOB.
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CcO34a€T BOJHOBOJ (T0JI€) M3 rpaBNOTEHIMANIOB. [0 3TOMY BOJIHOBOLY B ClEYIOIIEe MTHOBEHUE
HAYMHAETCS] BUHTOBOE JIBMKCHHE KBaHTa OTM3JICKAIIMX aTOMOB — BUXPEBOIl rPaBUTAIMOHHbIN
TOK, KOTOPBII B CBOIO OU€pe/lb OMSATh 3apsiKaeT IPaBUTAIMOHHBIN 3apsijl, HO C MPOTUBOIOJIOKHBIM
3HaKOM. Tak posk/1aeTcst TeTUIoBast UM 3ByKOBasl BOJTHA, T. €. CBOOO/IHbIE MEeXaHMUECK1e qeOpoisieB-
CKHE BOJIHHI.

2.3. D1eKTPOH — NO3UTPOH

Ckaogicu mHe, umo maKoe 31eKmpoH, U s 00BICHIO mebe 8Cé OCMANbHOe.
William Thomson

DNEeKTPOH, KaKk 3aMKHYTOe€, a TI03TOMY MHEPTHOE U CTAOUIbHOE MUK POIIPOCTPAHCTBO € Mac-
Coii, 00NaaeT CTPyKTypoy, BHYTPEHHUMH M BHEIMHUMH (DPU3MUECKUMH cBoWicTBaMu. Ero kommro-

HOBCKasl JUTMHA!'7® BOJIHBI COCTABJISIET BEMUUHY 2,4 X 10719 em. HebpoiineBckast'’* ayHa BOJHBI
9NIEKTPOHA B atome (T. €. pa3Mep cdepudeckorn 00acTH, B KOTOPOH MEKTPOH, OyaydH CBs3aH
NEKTPUUECKUM TIOJIEM SIpa, yKe MepecTaéT CyIecTBOBATh CO CBOMCTBAMH CBOOOJHOTO JIEKTPOHA)

B HOPMAJIbHBIX YCJIIOBHUAX peKOM6I/IHaI_II/IOHHOFO TEIJIOBOI'O PABHOBECHA COCTABJIACT BECIIMYNHY 10—

7_ 1078 cm a B yc/0BISIX BaKyyMa KOCMOCA B OGJIACTAX C TEMIIEPATYPOil GIM3KOM K aGCOTIOTHOMY
HYJIIO TpUOIMAKaeTcs K 10— - 10— cm. Takum 00pa3oM, BHICOKO BO30YKIEHHbBIE COCTOSTHUS aTO-
MOB, UMEIOIIME Ha TOBEPXHOCTHA 3eMJIM OYeHb KOPOTKOE BPeMs JKM3HH, B TIIyOMHAX KOCMOCa MpakK-
THUYECKU CTAOWJIBHBI.

V snekrpoHa B cucreMe CU camass MUHMMaJbHO BO3MOXHas Macca'!’”> MHEPTHOIo IOKOs
(511 K3B) 06ycioBneHa orpaHi4eHreM CBOOOHOTO JBIKEHU ST HOCUTES] MHAYKTUPOBAHHOM SHep-
T'MU B paMKax ero 3aMKHYTOW CTPYKTYphl BOJHOBOIOB. B pe3ysbrare 3T0ro CBOOOTHBIN KJIacTep
I'PaBUTALMOHHBIX 3E€PEH-TNIOTEHIMATIOB U3 OOHOBJIEHHOIO BOJHOBOJA JIEKTPOHA, B3aMMOAEHCTBYS
C M0JIEM TATOTEHUs 3eMJIM ¢ 0Opa30BaHUEM XOJIOIHOM IJ1a3Mbl, POSIBJISAET CUJIOBbIC JIMHUM TIPUTSI-
JKEeHUe. DIEKTPOH CTAHOBUTCS HETIPEPHIBHO CBSI3AHHBIM C IOJIEM TATOTEHUS, T.€. UHEPTEH.

DddexTuBHBI pazmep (pa3oBoro 06bEMa BOITHOBOIOB CBOOOJHOTO JIEKTPOHA B COCTOSIHUM

TIOKOS1 COCTaBJIsIeT BENUYMHY 1,2 X 10~ cm, a ero BomHoBOXA CYILECTBEHHO ITPEBOCXOIUT pa3Mephl
atoMHOro sipa. Ero crabuipHOe Mo BO3pacTy sKM3HM MUKPOIPOCTPAHCTBO MMEET MOJTYLIEbIi CIUH

n orpuuarenbHbii B cucteMe CH (IO3UTPOH — NOJIOKUTENBHBINA) 3apsan 1,6 x 10— K, a Taksxke
COOCTBEHHBIII MAarHUTHBIA MOMEHT, PaBHBI MarHeToHy bopa.

DNEKTPOHBI POXKAAIOTCS B MPUPOJIE, C OAHOM CTOPOHBI, IPY 00PA30BAHUM 3aPSKEHHBIX SAAEP
XMMHYECKHUX JIEMEHTOB, ITyTEM pacriajia HeUTpaIbHBIX siiep TUIIA HEMTPOHa, B Iporieccax OeTa-pac-
naja sjaep aToMOB XMMHUYECKMX JIEMEHTOB, MPH Pacrajie HeMTPOHa U JIPYTMX HECTAOUJIbHBIX 3Jie-
MEHTapHBIX YacTULl. A C APYroi CTOPOHBI, IPH B3aUMOJEUCTBUM (DOTOHOB C aTOMHO-MOJIEKY/ISIPHBIM
BEILIECTBOM B Pa3JIMUHBIX arperarHbIX COCTOSHUSX — otoadekT u map — odpazoBanue. CBOIi-
CTBA CTPYKTYPHI 2JIEKTPOHA, KPOME Ha3BaHHBIX SIBJEHUI, MOTYT TaK)Ke JOMOJHUTh pacraibl KOpOT-
KOKMBYLIHMX 3JIEMEHTapHbIX YAaCTUL, TAKUX KAaK MIOOH, a TAK)KE BECbMa 3araJl0uHble siBJIeHUs OeTa-
pacnaga koOGasbra-60, HEUTPOHA M HEKOTOPBIX APYTUX 4acTull. B 3THX npeBpaiieHusx opueHTupo-
BaHHBIE I10 CIIUHY BHEUIHMM MAarHUTHBIM MOJIEM PAcNajaloliyecs spa U3JIydaloT B OIHY CTOPOHY

173 310 pasmep 001acTH, KOIJia YacTULia epecTaéT MpOsBIIATh ce0s Kak MaTepuasibHasl TOUKA, M B TAKMX B3aMMOIEHCTBUSX yiKe
HAYMHAIOT MPOSBIATHCS HEKOTOPBIE CTPYKTYPHBIE CBOKCTBA.

174 dopmaibHOE OnpeziesieHre KOMIITOHOBCKOH 1 JeOpOHIeBCKON JUTMHBI BOJHBI OITHAKOBO, HO B IIEPBOM CJIy4ae MCHOJb3YeTCs
CKOpOCTb CBETA, B3aNMOJIEHCTBYIOIIMX FAMMa-KBaHTOB C 3JIEKTPOHAMH, @ BO BTOPOM — peajibHasi CKOPOCTb JIBHKEHHSI JJIEKTPOHA OTHO-
CHTEJIBHO siIpa P KOTOPO BO3MOXHO (DOPMHUPOBAHUE aTOMA.

175 g MIPUPOJIE TAKOTO MOHSTHS HET, a €CTh COOCTBEHHBIN BEKTOPHBIN I'PaBUTALIMOHHBIN MOHOIIONB — Pe3yJIbTaT KBAHTOBOTO Mepe-
X0/1a MarHUTHOTO MOHOIOJIS B TOUKE €r0 MCUE3HOBEHMU .
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OOJIbIIIE AIEKTPOHOB, YeM B JIPYTYI0. DTO Ke sBJIeHHE HaOMONaeTCs U y aHTUYACTUIL. DKCIIEPUMEHTBHI,
BBITIOJTHEHHBIC B 9TOM HarpasjieHuu ¢ 1956 mo 1964 MUPOBBIM HAyYHBIM COOOIIECTBOM, MMOKa3aIN
O HAJIMYUH y JIEKTPOHOB, MO3UTPOHOB U JIPYTHX MUKPOYACTHUI] CJIOKHOM JIEBO U MPABO BpallaTesib-
HOW CTPYKTYPBI.

JomnonuutenpHas WHGOPMAIHS TIO CTPYKTYpE EKTPOHA MOXET ObITh TMOMy4YeHa U3 OTBETa
Ha BOIPOC O €ro IEKTPUIECKOM 3apsijie U Macce MOKosl. JJoCTOBEpHO YCTAaHOBJICHO, YTO JIEKTPH-
YECKMe 3apspl pas3lesibHO CYIIECTBYIOT B JBYX BHUJAX — MOJOXKUTEIbHBIE U OTpULATeNIbHbIE. [Ipn
9TOM pPa3HOMMEHHbIE 3aPsi/ibl IPUTITUBAIOTCS, @ OJHOMMEHHBIE OTTAIKMBAIOTCS. B KBaHTOBOM 3J1eK-
TPOOAWHAMUKE ITOHATH S 3HAKA 3apAa HE CYIIECTBYCT, a ITO3UTPOH OIMMMUCBIBACTCA KaK 9JICKTPOH, ABU-
XKyIIUACS 00PaTHO BO BPeMEHH.

Buemnee nposiBiieHre CBOKCTB (pOpMBI U pa3mMepa BOJTHOBOJOB JIEKTPOHA C BPAIAOIIUMCS
MOJIAPHBIM MAarHUTHBIM MOHOITOJIEM 3aBUCHUT OT CKOPOCTH €I0 IBHKEHUA U COCTOAHHA CTEIICHU CBO-
601pI (CBSA3aH B aTOME WJIM MOJTHOCTHIO CBOOO/IEH) — 3TO €T0 CIUH, JIEKTPUIECKUN 3apsil, TeOMETPH-
YyecKasi CTPYKTypa C OIpe/ieNIEHHBIMHA pa3MepamMy M MHAYKTUpyemasi Macca !¢ (B TepMUHAX CUCTEMBI
CU wmu CI'C), a Takke OECKOHEYHO J0JIroe BpeMsl KM3HU. BHyTpeHHMe CBOWCTBA IEKTPOHA, OTBET-
CTBEHHBIE 32 TU BHEIIHUE MPOSIBICHHSI, 0OYCIIOBJIEHBI MTPOLIECCAMH, TTPOUCXOISAIIMMHU B PE30HAHC-
HOM IIOJIAPHOM BUXPOHE, B KOTOPOM MarHUTHBII MOHOIIOJb MNEPUOANYICCKU U BCCTAa ABUKETCA-BKPY-
yrBaeTcs (MMIUIO3MS OCEBasi) B OIHOM HallPaBJIEHUU B CTOPOHY K LIEHTPY MOBEPXHOCTH MOIYC(EpBI,
r71e ucuesasi, 3apshkaeT rpaBUTAIMOHHBIN MOHOMONb. [Tocneqauii, pa3psikasich (BHYTPEHHSISI CIUPAJh
paspsAKY rPaBUTAIMOHHOIO MOHOIIOJN I, TIOKa3aHHast Ha ¢ur. 2.8) B 1ojie BOJTHOBO/A (BHEIIHSAS CIH-
pam,), OIIATb PETCHEPUPYET €I'0 — UHAYKTUPYET U 3apsAKacT MarHUTHBIA MOHOMOJIb Ha yaaJICHUH 4€T-
BEPTH JIJIMHBI BOJTHBI, U TaK JO OECKOHEYHOCTH.

@ur. 2.8. Cxema 371eKTpoHa, 0003HAUEHHASI NEKTPO (CMHUMU) U IpaBHOTEHIMaIaMu (Kpac-
HBIMH) €r0 BOJIHOBOJIA U CTPYKTYypa U3 3EPEH-MOTEHIINATIOB

Jpyriumu ciioBamu, OeCCTPYKTYPHOIM TOUEYHOM TACCUBHOW MACChI JIEKTPOH HE UMEET, & UMEeT
BHYTPEHHUI1 BOJIHOBOI OIIPEJIEJIEHHBIX Pa3MEPOB U3 IPABIOTEHIMAJIOB, KOTOPBII IIPH BHICOKOYACTOT-
HOM OOHOBJIEHHH, CO3/Ia€T BHEILIHEE I'PaBUTALIMOHHOE 110J1e, KOTOPOe B3aUMOJIEHUCTBYS C LIEHTPAJIb-
HBIM I'PaBUTAIIMOHHBIM M0JIEM 3eMJIH, TPOSIBIISIET COOCTBEHHYIO Maccy. TOUHO Tak:ke BHEITHUIA BOJI-
HOBOJI M3 JIEKTPOIIOTEHIMAIOB (DOPMUPYET OTPULIATENIbHBIN IEKTPUUECKUI 3apsijl JIEKTPOHA U €T0
3JIEKTPOCTaTUYECKOe MOJIE.

JL1s1 HarIsAIHOCTH MPOMJLTIOCTPUPYEM CKa3aHHOe rpauueckuMu cxeMamu (ha3oBoro oobpEMa
JIEKTPOHA U €70 BO3MOKHBIX COCTOSTHHA.

176 Wu coOCTBEHHbIH BeKTOpHBIﬁ FpaBI/ITaLII/IOHHHﬁ MOHOIIOJIb — FpaBHTaL[PIOHHbIﬁ 3apan.
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Ha 1ol cxeme He yka3aHa CTpyKTypa AMHAMHMKU NEPEMEHHBIX I'DaBUTALMOHHOTO U Mar-
HUTHOTO 3aps/IOB, a TaKXke MX BHEIIHUX TOJed, KaK ABYX (pOpM SHEPrry UCTOYHUKOB JBUKEHUS
B 3AMKHYTOM ITPOCTPAHCTBE.

Ha ¢wur. 2.9 nokazana yrpoléHHasi cxema mpolecca MHIyKIIMU-pereHepalyu nojsipu30BaH-
HOT'O MarHUTHOTO MOHOMOJISI (YEPHBIN MAPUK) B 3aMKHYTOM 00BbEME MIEKTPOHA TIPOCTPAHCTBEHHOM
Pa3psiAKON IpaBUTALIMOHHOTO MOHOIIOJNS (3€JIEHbIE MAPUKKU HA KPACHOM BHYTPEHHEM BOJIHOBOJE).
B cBoOOHOM BHXpOHE (POTOHA 3apsiKa MAarHUTHOTO MOHOMOJISI HAXOAUTCS B (DYHKIIMK MPOTHBO-
JEWCTBYIOILETO MpPEeAbIIyIIEMYy JIEKTPUYECKOr0 MOHOIONA. B 3aMKHYTOM BUXPOHE JIEKTPOHA 3Ta
(byHK1IMS BO3/IaraeTcsi Ha rpaBUTAIIMOHHBIN MOHOIONG. O01ee 11t 000MX — 3apsiIKa MarHUTHOTO
MOHOTIOJISI TIPOUCXOAUT Oe3 BO30YKAEHHS BTOPUYHBIX Mojiell. Pa3psiika rpaBUTaliMOHHOrO MOHO-
T0JIs1 — 9TO BpalllaTesIbHOE JBMKEHUE N0 BHYTPEHHEN KPAaCHOM CUpaly, T. €. JABUKEHHUE CIIUPaJIb-
HOT'0 3€JIEHOTrO Topa. Bo Bpemsi 3Toro JBH:KEeHU s IPOUCXOAUT pa3BEPTKA-YCTAaHOBKA CBOMX ke 3EpEeH-
MOTEHIMAIIOB HA BHYTPEHHEM BOJIHOBOJZIE OT OOJIBIIEro JO MEHBIIEro, KOTOphle MPHU JOCTHXEHUH
3aMKHYTOCTU MOBEPXHOCTH JIEKTPOHA BO BHEIIHEM IPOCTPAHCTBE, KAK OT CTAlMOHAPHOIO UCTOY-
HUKa, UHIYKTUPYIOT Maccy U JeKTpru4YecKuil 3apsaj 1ekTpoHa. CTpyKTypa 3Ha4eHUI TOTEHIIU-
aJIoB c(pepbl T'PaBUTAIIIOHHOTO MOHOTIOJISI, aHAJIOTMYHA MArHUTHOMY — OOJIbIIIeH chepe CMpaTbHBIX
BOJTHOBOJIOB M3 3EPEH COOTBETCTBYIOT MEHBIIIME 3HAYCHHUS TI0 aOCOMIOTHOW BEIMUMHE, & MEHBIIIEH —
HanOOJIbIINE 3HAYSHU I TOTEHIMAJIOB. [109TOMY, KOT/1a rpaBUTAIIMOHHBIN MOHOTIONb Pa3psiICs, €ro
HauOonbIIast cpepa B 3TOT MOMEHT HAXOOWTCS B TOUKE BOJHOBOAA C MAKCMMAIBHOM IyYHOCTHIO,
OTKYJa HAaUMHAJI CBOIO 3apsJKY M IBH)KEHHE BHOBb MHIYKTHPOBAHHBI MarHUTHBI MOHOMONb ce-
poi GosblIIero paamyca, a B JaHHBI MOMEHT 3aKaHYMBAET CBOIO 3apsi/IKy chepoil MEHBIIIEro aua-
MeTpa (MoJI0KeHre, YEPHBIN apHuK Ha ¢ur. 2.9). UTtak, pa3pskasch U3 LEHTPAIbHON TOYKH PacIio-
JIOKEHU S 3€JIEHON c(pepbl, rPaBUTALMOHHBII MOHOIIO/b CO3/1aET BOJIHOBOJ U3 3€PEH-MIOTEHIMAJIOB
(macca), ¥ 3apsi’KaeT MarHUTHBIN MOHOTIOJIb. BOTHOBO/I 13 3€peH-TpaBMOTEHIIUAIOB U CO3/1aET MOCTO-
SIHHOE BHEIIIHEe IPaBUTALIMIOHHOE T10JI€ — MACcCy IMOKOS JIEKTPOHA.

®dur. 2.9. Cxema nmpouecca pereHepaiiui MariHuTHOro MOHOIIOJIS T'paBUTALITMOHHBIM

Wrtak, meper MOMEHTOM HCU€3HOBEHHUsl cepbl 3apsK€HHOro A0 MaKCUMyMa MarHUTHOTO
MOHOIOJISI T'PABUTALIMOHHBII MOHOIIONb TOXE MOYTH 3apsAauics A0 CBOEI0 MaKCMMAJIBHOTO 3Haue-
HUsA. CyMMapHble BHEIIHHE JIOKaJIbHBIE OIS JIeKTpoHa (POPMUPYIOTCSI IPU OOHOBJIEHUH BOJHOBO-
JOB U3 3€PEH-TIOTEHIMAJIOB MarHUTHBIM-T PABUTALIMOHHBIM MOHOIIOJIEM.

PoxieHne 21eKTpOHOB U MO3UTPOHOB BO3MOKHO HE TOJIBKO C TOMOIBIO (POTOHOB B I0JIE aTOM-
HOTO si/ipa. B OCHOBHOM, 3TH 4YacTHLbl MOSIBJISIIOTCS B pe3ysbTaTe pacriajla aTOMHBIX U HEHTpalib-
HBIX SIEP B @aHAJIOTMYHOM IIOJIE, B TOM YHUCJIE NIPU pacnaje HeUTpoHoB (¢pur. 2.10). B stom ciy-
Yae J1eKTPOHbI 00pa3yloTCsl B pe3yJibTaTe MOCIeIYyIONIMX PacnagoB BHEITHEN 000I0UKH, COCTOSAIIEH
U3 IBYX MPOTUBOIOIOKHO-3aPSKEHHBIX 3aMKHYTBIX 000JI0YEK-BOJTHOBOJIOB YAaCTHLL CO CTPYKTYPOMl
THIIA MIOOHOB, B TI0JIe si/ipa. BHelIHssA 000/109Ka HEUTPOHA COCTOUT U3 Mapbl B3aUMOJEUCTBYIOIINX
YacTull, 00pasyIolMX YacTUIy TUMa HeHTpajibHOro Me3oHa. Ilpu pacnane HeHTpoHa, OTpULIATEIb-
Has 4acTh 3TOM Mapbl OTOpackIBaeTCsl M 0Opa3yeT MPOMEKYTOUHYIO YaCTHILy, KOTOpasi HecTaOuIbHa
U pacrna/iaeTcsi ¢ 00pa30BaHUEM JIEKTPOHA M aHTUHENTPUHO — YacTh BOJIHOBOJL CTApOii BHELITHEH 000-
JIOUKU O3 MarHUTHOTO 3apsifia. A Tak KakK ero 4acrora yke (4acTb SHEpruv UAET Ha BbLJIET aHTUHEH-
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TPUHO) CYIIECTBEHHO MEHbIIIe MAaTEPHHCKOTO BUXPOHA, TO OH CTPOUT HOBYIO 000JI0UKy. Terneph 3T1a
000JI09Ka-BOJTHOBO]] TIPE/ICTABIIACT coOO0M Moycdepy MeKTPOoHa, COOTBETCTBYIOINIYIO CBOel (op-
MOW HOBBIM ITapaMeTpaM IMOJISIPHOTO I0YepHEro BUXpoHa. [1pu 3Tom, paanyc BOTHOBOA MOTychepbl
(pur. 2.10) aneKTpoHa YBEIMUMBAETCS HA TPU IECATUUHBIX MOPsIKA 10 CPABHEHUIO C BHYTPEHHUMU

—1
000JIOUKaMH1 TIPOTOHA U COCTaBIIsieT BenmdauHy 1,2 x 10 0 cm

@wr. 2.10. Pacnan HeritpoHa

Wrtak, B3anMHasi HeripepblBHAS ¥ MEPUOIMYECKast MHAYKIMsI-pereHepanusi AByX MOHOIIONEH
B 3aMKHYTOM BOJIHOBOJIE HOCHT OECKOHEUYHBIN BO BpEMEHH IPOIIECC, BHI3BBAHHBIN CXOISIIMMCS Bpa-
I[eHHeM ¥ YBEeJIMUNBAIOIIMMCS 3HAUSHUEM MarHUTHOTO MOHOTIOJSI TIO CITUPAJI BOJTHOBOJA MK TPO-
MIOTEHIMAIOB (hopMe Tosrycepsl, B IEHTPE IOBEPXHOCTH KOTOPOM OH UCUYE3aeT, 3apsiKast v Iepexoist
B cepy IpaBUTAIIMOHHOTO MOHOIOJA. B 3TOM TOUKe, mepen TeM Kak MPOM30MIET TaKOW KBAHTO-
BBIH TIepeX0], KOHIIEHTPUPYIOTCS OJHA B OTHOH JIBE U3MeHSoIuecs: chephl-3apsiIoB MAKCHMAJTbHBIX
3HAYEeHUI 3THX MOHomoJel. Cxemy mporieccoB B (ha30BOM 3aMKHYTOM OOBEME JIEKTPOHA MOKHO
TaKKe MPe/ICTaBUTh, KaK TeproAndecKas 3apsaKa cpepbl MAarHUTHOTO 3apsija Ha TyTH CO3JaHus
YM BHEITHEr0 MPOCTPAHCTBEHHOT0 BOJTHOBO/A JIEKTPONIOTEHIIMAIOB M OTHOBPEMEHHAsI 3apsiIKa
cpepbl BTOPUYHOTO I'PABUTAIMOHHOTO MOHOIONS. 3areM pa3psiaka ccepbl TPaBUTAIIOHHOTO
3apsizia C MOCTPOEHNEM MPOCTPAHCTBEHHOI'0 BHYTPEHHETO BOJTHOBOJIA TPABIOTEHIUAIOB U OIISITh
MOCIIeYIOIIEH WHIYKIIMM MarHUTHOTO 3apsijia.

3€pHa-TIOTeHIIMAIbl — 3TO COOTBETCTBEHHO 3apsDKEHHbIE OECCTPYKTYpHbIE MHKPOOOH-

€MBI-3€pHa JUCKPETHOIO MPOCTPAHCTBA C 3(P(PEKTUBHBIM Pa3MEPOM MHOI'O MEHBIIUM 1073 -10—

33 CM U LBETOM, XapPaKTCPUIYIOIIHUM CTaTUYECKOE II0JIE 3apAKCHHOIO JICKTPUYECKOI0, MAarHuTHOI'O

WM TPaBUTAIIMOHHOTO UCTOYHHUKA.
JI1s1 HarITHOCTH TTPOMJLTIOCTPUPYEM CKa3aHHOe rpadprueckumu cxeMamu (ha3oBOro oobeémMa
9JIEKTPOHA W TIO3UTPOHA, €ro BO3MOXHBIX cocTosiHniA. Ha dur. 2.4 nmpuBeneHbl cXxeMbl pOXIESHUS
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JIEKTPOHA U IO3UTPOHA, €r0 EKTPUUECKUX MOTEHIMAIOB-3€PEH HA BOJIHOBOAAX M MArHUTHOTO
nonst. CTpyKTypa pa3MelleHrs] TPaBUTALMOHHBIX MOTEHUIUAIOB B cepe IPaBUTAIIMIOHHOTO MOHO-
T10J151 3aIIOJTHSIETCS B ITOJIHOM aHAJIOTUH, KakK U B cpepe MarHUTHOro MoHonosis1. [Ipon3BoacTso BHelI-
HEro TOJIsl EKTPUYECKOro 3apsa JEKTPOHA MPOU3BOAUTCS OOHOBJIEHHEM KOHTypa BOJHOBOIA
U3 EKTPUUECKUX 3EPEH-TIOTEHIINAIIOB MArHUTHBIM MOHOIIOJIEM, IIPU KOTOPOM CTapblil BOJIHOBOJ

OTOpachIBaeTCs B POCTPAHCTBO. DTOT MPOLIECC MPOUCXOIUT C YaCTOTON 10%° Ty m PO’K/IaeT BHell-
Hee EKTPHUYECKOe ToJIe MeKTpoHa. Takum ke 06pa3oM MPOUCXOAUT CO3/IaHME Ero BHEITHEro Tpa-
BUTALIMOHHOTO M0JIs1, KOTOPOE B3aUMOJIEHCTBYS C MOJIEM TATOTEHUS 3eMIIH, IPOSBIISET y MEKTPOHA
CBOICTBA 3apsiia MacChl.

Takum 00pa3oM, MHAYKIHUS JEKTPUUECKOro 3apsiia 1 3apsija Macchl 3IeKTpoHa 00y-
CJIOBJIEHA IMyJIbCUPYIOIIMMHU JIEKTPUYECKUMHU U T'PABUTALIMOHHBIMU 3€PHAMU-TIOTEHIIAIaMH BOJTHO-
BOZIOB B (popMe crimpaieid, 1 OOHOBJISIEMBIX JBIKYIIMMCS BCETja Ha 3apsiIKy B OTHOM HalpaBIeHUN
HOJISIPHBIM MarHUTHBIM MOHOMNOJEM. TOYeUHbIX B COCTOSIHUM MOKOSI M OECCTPYKTYPHBIX pa3HOMO-
JISIPHBIX JEKTPUUYECKUX U MarHUTHBIX 3apsAA0B, Kak OfHOM M3 (popM CyILEecTBYIOIIEH MaTepuu —
HET B IIPHPOJIE, KaK HET M OECCTPYKTYPHBIX I'PaBUTALMOHHBIX 3apsIIOB.

CaepxcBeToBOE BpallieHue (3apsAaKa) ¢ MEePEMEHHbIM LIEHTPOCTPEMUTENBHBIM YCKOPEHHUEM
MarHUTHOTO 3apsjia 10 BOJIHOBOAY B 3aMKHYTOM (pa30BOM IIPOCTPAHCTBE JIEKTPOHA UHAYKTUPYET
B HEM OIIpe/Ie/IeHHbIE MHEPTHBIE CBOICTBA, ITPUCYILIEe BCEM MEXaHUYECKUM T'MPOCKOIAM — 3TO U €CTh
MHEPTHOCTb, OCh M TPABUTALIMOHHAs Macca MOKosA. VICTOYHMK MHAYKIMKA BEKTOPHOW I'PaBUTALIMOH-
HOHM MacChl — 3TO BpAILLAIOLIHIACA MAarHUTHBIA MOHOIIONIb O€3 Macchl — HCTOYHUK Hepruu. B nenrpe
nonycepbl BOJHOBOAA MarHUTHBI MOHOIIOJb MCYE3aeT, HO MOSIBIISAETCS MOJHOCTBIO 3apsiKeHHBIN
I'PaBUTALMOHHBI MOHOIIOJb.

CoOCTBEHHBIN HENOJIHO-KBAHTOBBIN MEPEX0jl MarHUTHOIO 3apsjaa B (a30BOM 0O0BEME 3JEK-
TPOHA MHAYKTUPYET BHEILHEE CBOMCTBO Ha3bIBAEMOE CIMHOM, T. €. HETIOJHYIO €MHMLY 3apsiaa
9MEKTPOMArHUTHOTO KOJIeOATeNIbHO-BPALIaTeIbHOTO JABHsKeHUsI. [IoNsApHBIA BUXPOH 3JEKTPOHA
CBOMM (PepPMHOHHBIM MarHUTHBIM MOHOMOJEM (hOPMUPYET MOJIOBUHY TAKOTO 3apsja, T. €. MOoJo-
BUHY nocTosiHHOM [Tnanka. CriMH MOXHO ONpeJeuTh enié Kak MaJeHbKUI MarHUT C IByMsl MOJTIO-
camu. Toraa 3JIeKTPOH MOXKHO IPEJICTaBUTh Kak EPUOANYECKOE BPAIATEIbHO-TIOCTYNATEIbHOE JBU-
’K€HEe MarHUTHOTO MOHOIIOJIS B OJJHOM HAllpaBJIEHUM I10 CXOIsAIIEcs B OfHY TOUKY CIUPAJIH, YTO
Y 9KBHBAJICHTHO TaKOMY 3JIeMEHTAapHOMY MarHuTy. BHelHee snekTpudeckoe mosne, 06pa3oBaH-
HOE MYJIbCUPYIOIIMMH 3¢pHaMU-NIOTEHIMATIAMH BHEIIIHETO BOJTHOBOJA, CHAPYXKU BOCHPUHUMAETCS,
Kak I0J1e 3JEKTPUUYECKOro 3apsAia, Pa3MEIlEHHOIO B LIEHTpe Moiycdephl MO BOJTHOBOJAMH, XOTS
Ha CaMOM JIeJie €r0 TaM HerT.

Bo3HukaeT Bonpoc: moyemMy 3JeKTpHYeCKUil 3apsi/i JIeKTPOHA M IPOTOHA O0/INHAKOB
¥ MIPOTHBOIMOJO0KEeH, HECMOTPSI HA TAKYI0 0OJIBIIYI0 PA3HHILY B pa3Mepax BOJIHOBO0B?

ITO CBA3aHO C MIOTHOCTBIO Pa3MellleHrsl 3€PEH-TIOTEHIMAIOB Ha COOTBETCTBYIOIIEH MOITy-
cpepe. CyMMapHbIii HOTOK-KJIacTep MOTEHIMATIOB-3€PEH Ha MOBEPXHOCTH MOTycdepbl JII0OOro pagu-
yca OT BUPTYaJIbHOTO 3apsia, pPa3MELIEHHOIO B LIEHTpPE MOBEPXHOCTU 3TUX Moiycdep IS 3TUX
MUKPOYACTHII, Be3/]l€ OJMHAKOB U COOTBETCTBYET MUHUMAJIbHO BO3MOKHOMY M pABHOMY 3apsily JIeK-
TPOHA UJIM IO3UTPOHA.

OO6pa3oBaHre aTOMOB BOIOPOZA CTAHOBUTCSI BO3MOKHBIM TOJIBKO TOT/a, KOTAa JeOpOiIeBCKIe
pa3Mepsbl AJIMHBI BOJTHBI BTOPUYHBIX MUKPOBUXPOHOB CTAHOBSITCS OAMHAKOBBIMHU, KaK 151 JIEKTPOHA,
TaK U Jy1s poToHa. [1py JBHKEeHNS JIeKTpOHa ero BOJHOBOJ, CTAHOBUTCS M3JTy4aTeIbHOW aHTEHHOM
IJ1s1 IPUTSKEHUST POTOHOB. [Ipy TEIUIOBBIX CKOPOCTSAX MPOUCXOAAT PEKOMOMHALMM C IIPOTOHOM,

Y BOJIHOBOJI JIEKTPOHA IMPEBPAIIAETCs B YaCTh AaTOMHOUM OOOJIOUKH C JITTHHOM BOJTHBI 107*-10"8 cm
1 o0pasyeT OHY U3 pa3pelieHHbIX 000J0YeK OOIIEl CHCTeMBI, T. €. 3AMKHYTOrO M BO30YkJIEHHOTO
MUKPOIPOCTpaHCTBa atoMa, ¢ur. 2.11. D10 0ueHb CIOKHBIA TOPOTOBBIN TTPOIIecC, 00YCIOBICHHBIMH,
KaK M B CJIydae pOXkKJICHHsI Maphbl B TIOJIE aTOMHOTO $1/1pa, MPOIIECCOM TOPMOKEHH S COOTBETCTBYIOIIETO
MarHUTHOTO 3apsiia B AeOpOMIEBCKOM BTOPUYHOM MHUKPOBHUXPOHE C 00pa30BaHMEM I'PaBHUTALIMOH-
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HOTO 3apsi/ia TIOKOsI ¥ TIOCTIEAYIONIETO CIAUSIHUS C QHAJIOTMYHBIM I'PAaBUTAIMOHHBIM MOHOIIOJIEM TTPO-
TOHA TIPY POKAECHUM HOBOW MUKPOYACTHUIIBI — aToMa. [Ipr 3TOM IMpOUCXOOUT M3MEHEHUe pa3Mepa
1 (pOpMBI BOJTHOBOJIOB JIEKTPOHA HAa JAHHOH SHEPreTUIeCKON 000JI0UKe aTOMa — OOBIYHO BCET/1a BO3-
OyxaeuHoit. [lepexon B OCHOBHOE COCTOSIHUE aTOMa COMPOBOK/IAETCS BCera u3nydeHrueM (poToHa.

@ur. 2.11. CBs3aHHBIi C SAPOM JIEKTPOH — aTOMHas 000JI0UKA IPOTOHA

Tak 14 1a3Mel Bogopoga, Haxogdencs B atmocdepe ConHIa, ero JIeKTPOHbl HaXOIATCS
yk€ B TaKOM CBSI3aHHOM COCTOSIHMM Jake npu Temneparypax ot 2200C mo 5000° C, a B xonoze
Y BaKyyMe KOcMOca pyUI0eproBCKUiA aTOM BOIOPO/A € «n» paBHBIM win 6osiee 100 MOKeT cyiecTBo-
BaTh TaKke OECKOHEYHO JJOJITO, KaK M aTOM BOJIOPOJIa C «N» PABHBIM €IMHUILIE HA TOBEPXHOCTH 3EMJIH.
OTa NpUYMHA NPENATCTBYET, HApsLy C Ha3BaHHBIM OapbepHbIM AE(UIIMTOM SHEPTUH, 3aXBATY ITOTO
3JIEKTPOHA IPOTOHOM — 3TO (pyHJaMeHTaJbHOE SIBJIEHNE, B pe3yJbTaTe KOTOPOro oOpa3oBajvCh
BCE aTOMHO-MOJIEKYJISIPHOE BEILECTBO HA MOBEPXHOCTU 3eMin. OHaKo OOpaTHBIN MpOLIECC CTaHO-
BUTCSA BCE 7K€ BOBMOXKHBIM, HO TOJIbKO /151 MIOOHOB, Y KOTOPBIX 3TOT pa3Mep COM3MEPUM C BHELLTHUMU
000JI0YKaMH1 TPOTOHA.

Orcioga cieayeT HeMaJOBAKHBIN BHIBOJ — OTCYTCTBHE HEOOXOAMMOCTH IPUBJeYe-
HHUSI MEXaHH3Ma OPONTANIBLHOIO JIBUKEHHS JEKTPOHOB B aTOMaxX BOKPYT siJep.

U 31ech camblii IVIaBHBIIA BBIBOJL O TOM, YTO NIPOU3BOICTBO aTOMHO-MOJIEKYJISIPHOTO
BellecTBa NPOMCXOAUT TOJBKO B CHJIbHBIX IPABUTAMOHHBIX MOsICAX IJIAHET, a He B KOC-
MHY€CKOM BaKyyMe BJAJIH OT TATOTEIINX HCTOYHUKOB.

AHHUTHIISIIIUS MeKTpoHA U Io3uTpoHa (Pur. 2.12) mporcxoauT caeayonmmM o0pa3oM.

®ur.2.12. AHHUTUJISALMA TTAPbI JIEKTPOH-TIO3UTPOH

OxnaxaeHHble CBOOOIHBIE MEKTPOH U TIO3UTPOH, (POKYCHPYSICh BHEIITHIMH JIEKTPUIECCKUMMU
TIOJISIMU, COMMKAIOTCSI M TTPOXOMSAT BOJIHOBOAAMH CKBO3b JIPYT JIPyra, B3AUMHO HEUTPaIU3ysl XOJIO/-
HOWU I1J1a3MOU POTUBOIOJIOKHBIE TOTEHIIAJIB BOTHOBOIOB, T. €. 3alIMPAIOLIHE SJIEKTPUUECKUE MOJI.
O6pazyeTcst MpOMEXYTOUHOE COCTOSIHUE, Ha3bIBaeMOE Mapa-rMmo3UTPOHUI CO CIIMHOM PaBHBIM HYITIO.
3T10 cocTosiHue umeeT hopMy (hazoBOro MPOCTPAHCTBA JT-HOJIb ME30HA (CITUH PaBEeH HYJIIO), IIOTOMY
pacnaj uIeT B OCHOBHOM 10 KaHaJly UCITyCKaHMs ABYyX KBaHTOB ¢ sHepruen 511 Kag. nu apyrumu
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CJIOBaMH, OCBOOOIMBILINECS] MOHOIIOJH, BbIJIETast U3 MUKPOIPOCTPAHCTBA MPOMEXKYTOYHOTO COCTOSI-
HUSI CO CTPYKTYPOU TT-HOJb Me30Ha, (pOPpMHUPYIOT ¢BOOOHBIE (ha30BbIe TPOCTPAHCTBA BYX CAMO-
JBWKYIIMXCSL (POTOHOB C YaCTOTOM MEPBUYHBIX BUXPOHOB JIEKTPOHA U MO3UTPOHA — dJIeMeHTap-
HbIil aKT 1e3UHTEerpaniy SHePrum NoKosi B (popMy ABHKEHHUsI CO CKOPOCTHIO CBeTA.

B Takom nponecce NpOTUBOMOJIOKHBIE 110 3HAKY MOHOIIOXA OCBOOOXKJAIOTCS OT 3alMPAOIIHX
MX 3aMKHYTBIX KOHTYPOB JIEKTPHUECKHX TOJIEH U CTAHOBATCS ¢BOOOAHBIMH. VcuesaeT 3aMKHyTOE
ABWKEHUE TPABUTAIIMOHHOTO MOHOMOJISI M CMEHsIETCsI Ha CBOOOJHOE IBUKEHNE BUXPOHA.

2.4. M1o0oHBbI

MioOHB — 3TO TPOMEKYTOUHBIE COCTOSIHUSI PACHAJAIOIIMXCS MUKPOYACTHUI], BXOISIIUX
B COCTaB SIEPHBIX 000sI0uek. MiooHb! umeloT B cucteme CU anekTpuyeckuii 3apsi co criuHoM h/2,

BpeMs KU3HU 2,2 X 10 % cu maccy B ~207 pa3 0osbllie MacChl TIOKOSI JIEKTPOHa, T. €.105,66 M3B.
CrpyKTypa ¥ MEeXaHU3M MHIYKIIUM MAacChl aHAJIOTUYEH TpolieccaM, MPOUCXOIAIINX B JEKTPOHE.
AOCOIIOTHOE 3HAUEHHE NMEKTPUUECKOTO 3apsija COOTBETCTBYET 3apsioy IEKTPOHA U TO3UTPOHA.
CTpyKTypbl MUKPOUYACTHII TUTIA JIEKTPOHA M MIOOHA — 3TO OCHOBHBIE CTPYKTYPBI, 00pasyioiiume 000-
JIOUKU aTOMOB U siJiep, CIOCOOHbIE yXke, B OTIMYME OT ME30OHOB, CYIIECTBOBATH CAMOCTOSITEILHO
OT CBsi3eH B sijipe co cnvHOM 1/2 Gosee anmTeNbHOE BpeMs. B mpolieccax pacnaga MIOOHOB POXK-
JAI0TCSI EKTPOHBI, TO3UTPOHBI M COMPOBOXKJAIOIIHE €r0 COOTBETCTBYIOIINE HEUTPUHO U AaHTUHEH-
TpuHO. KOMNITOHOBCKasI 1/TMHA BOJTHBI MIOOHOB B 207 pa3 MeHbllle, YeM Yy 1eKTPOHOB, HO B 10 pa3
OoJblIie YeM Yy HeUTpoHOB. [leOpoiiieBcKas IIMHa BOTHBI TETUIOBBIX MIOOHOB COM3MEpUMa C aHaJIO-
T'MYHBIM [TAPAMETPOM BHEIITHUX 000JI0UYEK TETJIOBBIX IIPOTOHOB, IIO3TOMY IPOLIECC 3aXBaTa MU MIOO-
HOB MJIET JIETKO ¢ 00pa30BaHMEM MaJbIX M0 pa3Mepy Me30aTOMOB, OTJIMYHBIX IO CBOMCTBaM OT aTo-
MOB BOAOPOJA.

OCHOBHBIMH MCTOYHUKAMH IPOM3BOICTBA MIOOHOB B IMPHUPOJIE SIBJISIOTCS MTPOLIECCHI, KOTOPHIE
MIPOMCXOIAT MPU CTOJIKHOBEHHSX COJHEYHBIX MPOTOHOB C SIAPAMU aTOMOB T'a30B, HAIONHSIONIMX
arMocdepy. MexaHu3M MpOU3BOICTBA — HOHU3AIMS SEPHBIX YACTHIL (THIA ME30HOB), 00pa3yOIInX
00O0JIOUKHY sifiep aTOMOB U MOCNIENYIONIMI UX pacnaj B 0oJiee A0IrOKUBYIIHE YACTHUIIB C TEM Ke CIH-
HOM, T. €. B MIOOHBI CO 3HAaKOM ILTIOC ¥ MHUHYC. [Ipyrue nporecchl, NpuBOIsIIYe, B KOHEUHOM UTOTE,
K MIOOHaM — 3TO POXAEHUS Nap — MIOOHOB (DOTOHAMH BBICOKMX SHEPrHil B BEPXHUX CJIOSIX aTMO-
cepsl, a Takke B MAaHTUM 3eMJIM TIpH pacriaze siaep. Ha ypoBHE MOpsi MIOOHBI 00pa3yloT OCHOB-
HYI0O KOMIOHEHTY 110 80% OT Bcex 4acTUI] KOCMAYECKOro U31y4eHusl. MIOOHBI pErUCTPUPYIOT B IITy-
OVHE MOIITHBIX CJIOEB KOHTUHEHTAIBHOM MMOBEPXHOCTH 3eMJIH. B 1o13eMHBIX 9KCIIepIMEHTaX MIOOHBI
PETUCTPUPYIOTCS Ha TIIyOWHE B HECKOJIBKO KMJIOMETpOB. Haxozisich B TUIOTHBIX CJIOSIX TPYHTOB KOH-
THUHEHTOB, MIOOHBI 3aXBaTBIBAIOTCS SIIPAMHU aTOMOB Ha BO30YXJIEHHBIE OPOUTHI ME30ATOMOB, 3aTeM
cleqyeT KacKaaHbli repexon Ha K-000/104Ky 3TOro Me3oatoma ¥ Mocieayonmi saepHbli 3aXBaT
MIOOHA, TTPUBOASIINI K COOTBETCTBYIOIIECH SIEPHON peakiuy. DKCIepUMEHTAIbHbIEC TaHHbIE TTOKa-
3bIBAIOT, YTO BO BCEX M3BECTHBIX B3AMMOAEHCTBHIX MIOOHBI MPOSIBIISIOT ce0s1 TaKKe KaK EKTPOHbI
Y TIO3UTPOHBI, OTJIMYASICh OT HUX JIMIIb Maccoil. [1o 3TO mpuvrMHe MIOOHBI MOXHO paccMaTpHBATh
KaK «TsDKeJIble» JIEKTPOHbI, KOTOPhIe 3aMEHSIOT MOC/IeTHUX MPH 00pa30BaHUM MIOOHHBIX BEIIECTB
Y MUHEpAJIOB B IUIOTHBIX CJIOSIX MAHTHUH, TJie MPAKTHYECKH OTCYTCTBYET CBOOOIHOE MPOCTPAHCTBO
Y BCSIKOE TIOCTYIATEIbHO-KOIe0aTeIbHOE IBMKEHHE SIIEP AaTOMOB. DHEPreTHYeCcKH TeTIOBOE MPOSIB-
JIeHHEe TaKUX MPOIIECCOB BBIPAKAETCS JIMIIIL BpalieHueM (poIeHUEM POTOHOB) BOKPYT COOCTBEH-
Ho¥ och. [ToaToMy pacriaji HeUTpaTbHBIX SAEP M HEUTPOHOB MIIET C 00pa30BaHUEM 3apsKEHHBIX ISP
¥ MIOOHOB. DJIEKTPOHBI, UMeIre pazmep B 207 pa3 Oolibilie MIOOHOB, He CIIOCOOHBI 00pa30BaThCs
B YCJIOBHSIX JIa)Ke BEPXHEH MaHTHH.

JL71s1 Micclie[OBaHM M KOH/IEHCMPOBAHHOTO COCTOSTHUS BEIIECTBA C TOMOIIIBI0 MIOOHOB M ME30HOB
MOCTPOEHBI ME30HHbIE (DAOPUKH-YCKOPUTENH TSI TTOTYyYeHHUsT ITyYKOB BHICOKOM MHTEHCBHOCTH.
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CBo¥iCTBa MIOOHOB JJOCTATOYHO TTOJTHO M3YUYeHbl, 2 B OCOOEHHOCTH TP MCCIICIOBAHUSIX SIBJIE-
HUII MIOOHHOTO KaTajau3a'’’, T. e. XOIOAHOTO CUHTE3a sep U30TOMOB BOIOPO/A MPH KATAJTM3HOM
y4YacTHM OTPHUIIATEIbHBIX MIOOHOB C 0Opa30BaHWEM HEWTPOHOB M M30TOIOB TeNusl, M BbIICIICHUEM
3HAUMTEIbHOW SHepruu 17,6 M3B, a 3a Bpemsl :)ku3HU MIOOHA — 2,5 I'3B. dusnueckas KapTuHa MIOOH-
HOTO KaTalu3a SIIEPHBIX PEaKIMi — MPAaKTHYECKH 3HAYMMOTO (PU3MUYECKOTrO SIBJICHUSI XOJIOAHOTO
SIIEPHOTO CHHTE3a — BHIIVISAUT OYEHb MPOCTO M COCTOMUT B ciedyomeM. Haxonsimiicss B BOmopoa-
HOH cpejie, cofiepKaliei siipa U30TOIbI AEUTeprst U TPUTHSI, CBOOOIHBI MIOOH 00pasyeT cHavasa
MIOOHHBIH aTOM, a 3aTeM ¥ Me30MOJIEKYISIpHbIA HOH. To ecTh B 3TOM Iporiecce o0pa3yercsi cHavYasa
Me30aTOMHBIN TPUTOH, a 3aTEM ME30MOJIEKYIISIPHBIN IeiTepuii-TpuTreBbiil noH. Ha dur. 2.13 (cneBa)
SIIPO TPUTHSI, COETUHSISICH C MIOOHOM (PAaCIIOJIOKEH MOCEepearHE ), IPEeBpaIaeTCcsl B ME30aTOM, pas-
Mepbl KOTOPOTO B CeMb pa3 Oosbliie ero siapa. Jlanee B3auMoedCTBYIOT 1Ba IPOTUBOIOIOKHBIX K-
TPUYECKUX 3apsia MIOOHA U AeiTpoHa (dwur. 2.13, cnpapa). Me30aToMm MoriomaeT CBouM 00bEMOM
OYeHb MaJICHbKOE TI0 CPAaBHEHHIO C HUM SIIPO JEUTpoHa. SAnpa TputHs u AedTpoHa OObeIUHSIOTCS
TaKMM 00pa30M, YTO HAYMHAIOT B3aMMOJICHICTBOBATh MX BHEITHUE BUXPOHBL. Mek1y STUMHU BUXPO-
HaMU UJET COOTBETCTBYIONIAS sIIEpHAsI peaKlvsl CUHTE3a, T. €. CJHMSIHHE MarHUTHOTO MOHOTIONS
BHEIITHEW 000IOUKH TPUTHS C MATHUTHBIM MOHOIIOJIEM BHEIIHEH 000JI0UKY ieiTeprs (TOCpeICTBOM
Y 3aKOHAMM CJTUSTHUSI MOHOIIOJIEW OJTHOTO 3HaKa) ¢ BhijiesieHreM 17,6 M3B u o6pa3oBaHueM MTPOIYK-
TOB peakiuu B hopme asbda-yacTuisl 1 HelTpoHa. [Ipu 3ToM mpoucXomuT 0cBOOOKICHHUE MIOOHA
Y IIeM0YKa OMMCAHHBIX MPEBpAIlleHUil MOBTOPsIETCs 0 MOMEHTa pacrana MiooHa. Kak mpoBepeno
MPAKTUKOM, YMCIIO TAKUX aKTOB MOXET T0XOnuTh 10 150 ¢ BblieJIeHreEM CyMMApHOI SHEPTUU OKOJIO
2500 MaB. OnmHaKo OCHOBHas MPoGJeMa MPUMEHEHHUsS] TAaKOTo IMpoliecca CBsA3aHa C MCTOYHUKOM
MIOOHOB. JI7151 cO3AaHM s HEOOXOIMMBIX MIOOHOB M UX pa00YHX MapamMeTpOB HEOOXOAUMBI YyCTAHOBKH
COM3MEpHUMBIE 10 SHEPro3arparaM C BHIpadaThIBAEMON B TOM IpoLIecce.

177 X onomsmiit sIepHbIii cuHTe3 yacThb 1.https://www.youtube.com/watch?v=R2j8dLcvrog
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®ur. 2.13. Cxema MIOOHHOTO Karajan3a

Perienue stoit mpo6JiemMsI!’® ObLIO HalIEHO B MOC/IEHUE TO/IBI B PAMKaX MUOHEPCKHUX padoT
1o xosionHoMy siiepHoMy cuHTe3y (LENR). [Toatomy u npakTrueckuil MHTEpec K MIDOHHOMY Kara-
JU3Y JAUKTYETCs] JErKOCThIO TMONTyUYeHUs SACPHBIX YACTHI] CO CTPYKTYPOIH MIOOHOB B TaKOM IpPO-
1iecce, CrioCOOHBIX B KOHJICHCHPOBAHHBIX Cpefax (KUAKOCTb, METAJUT) Ha CHIeHAJIbHBIX IEKTpopa3-
PSITHBIX YCTAaHOBKAX MPOU3BOOUTH TEIUIOBYIO M EKTPUYECKYIO SHepruio. M 310 peasbHO crenarh
naxe Ha ycraHoBke'” A. B. BauaeBa «HepronuBa-2» u peakrope C. B. Anamenko. FiMmeHHO B yciio-
BUSIX PaOOTHI 3THX YCTAHOBOK POJKIAETCS JOCTATOYHBIN MOTOK B PEKMME MOHU3AIMY YaCTHII-CTPYK-
TYp THIIAa MIOOHOB, BXOJSIIIUX B COCTAB SIAEPHBIX 0OOJIOUEK CO CTPYKTYpOW ME30OHOB, IJIA3MOUAOM
B IMPOTEKAIOIIEM TOTOKE BOIbI (KOHBEPTOp) WM B KPUCTAIMUECKOW peleéTKe Meau aHoma Ana-
MeHKo. [Ipy oueHb HU3KHUX 2Hepro3arparax UAyT siiepHbIe Peakllii, HO He C POXKICHUEM HEUTpo-
HOB'®" 1 reus, a ¢ poXkAEHUEM sep IPYruX CTAOMIIBHBIX XMMUYECKUX JIEMEHTOB B TOM UHCJIe JIeH-
TepUsl U TPUTHUS B BOJIE.

STOT MpOIIECC AaHATOTMYEH MOHU3AINH JIEKTPOHOB C aTOMHBIX 00O0JIOUEK.

[MpumeHeHne peaqbHBIX OOBEMHBIX CTPYKTYP MIOOHA, ME30OHOB, siep TPUTHS M JeUTepus
BO MHOTOM YIIPOIIAEeT MOHMUMaHue (PU3MYECKUX MPOIECCOB XOJIOAHOIO siIEpHOro cuHre3a (oto-
3 PeKT-KyMyISATUBHAS UMIUTO3M 18!) 1 neneHust TSKENbIX saep (3apokIeHUe HOBOTO siApa BHYTPU
OOJIBIIIOTO CTAPOTO U €T0 BhLIET-B3PBIB-IKCILIO3NS, IEJIEHUE CTApOr0).

®a30BoOe MPOCTPAHCTBO MIOOHA AHAJIOTMYHO CTPYKTYpE MEKTPOHA, HO BO MHOTO pa3 MEHbIIE
€ero 1o pa3mMepam.

178 Xonomsbtit sIepHbIA cuHTe3 yacTh 2.https://www.youtube.com/my_videos?o=U&ar=2
179 pagora YCTaHOBKH IpeJCTaBJIeHa B CIIeyollel rase, B paszeie « Kuakoctim».

180 Tak kak B CTPYKTYpY 0OOJIOUEK aTOMHBIX sIiep HE BXOASAT NMPOTOHBI M HEHTPOHBI, OHU MIMEIOT CTPYKTYPY THIA HEHTPATbHBIX
ME30HOB, COCTaBJIEHHBIX U3 3apsHKEHHBIX U ITPOTHBOMOJIOXKHBIX YACTHUII TUIIA MIOOHOB.
181 TepMUHBI «3KCIIIO3USI U MMIUIO3USI» BBUJY CBOEH NMPOCTOTHI IOHUMAHUSI CMBICIA M HAIVISIAHOCTH (PUBHUECKUX HPOLECCOB

3anMMcTBOBaHbI M3 padot B. IllayGeprepa.
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@ur. 2.14. Cxema pacnaga MIOOHA

[Toatomy pacniag miooHOB (cur. 2.14) MpOUCXOOUT Yepe3 NPOMEKYTOUYHOE COCTOSIHUE C TIOMTY-
LeJIbIM CIIMHOM. MIOOHBI NIPU pacrhaje MpeBpalialoTcsl B COOTBETCTBYIOIIME M0 3HAKY YACTHUILy —
JIEKTPOH WJIM MO3UTPOH C COMPOBOXKAECHUEM BbUIETa JBYX COOTBETCTBYIOIIMX HEUTpUHO. B coort-
BETCTBUM C yMEHbIIIEHUEM BHYTPEHHEH HEpruu, y 00pa3oBaBIIeiics MPOMEKXYTOUHON YaCTHUIIbl YBe-
JIMYMBAETCA paanyc nomycdepsl BOJIHOBOAA €€ (pa30BOro MUKPOMPOCTPAHCTBA. «3aMOPOKEHHbIE»
CMUpaJIbHbIE BOJHOBO/IBI OBIBIIIETO MIOOHA YK€ O€3 BUXPOHA CTAHOBSATCSI MIOOHHBIM HETPUHO (QHTH-
HEWTPUHO) — MO KpaiiHeil Mepe, Ha BpeMsl pacraja uX MOXHO CYMTATh KOMIAKTU(UIIMPOBAHHBIMU
YacTULIAMU, KOTOPbIE, OTOMpasi COOTBETCTBYIOIIYIO JIOTI0 KHHETHUECKOM SHEPryU, OKUAAIOT MECTO
pacnaaa. HoBast mpomMeskyTouHast yacTulia HeCTaOMIJIbHA U paciiajaeTcsl, €€ BUXPOH MOKUIAET CO3/1aH-
Hoe (ha30BOE MPOCTPAHCTBO, KOTOPOE IPEBPALIAETCS B NEKTPOHHOE AHTUHEUTPUHO (HEUTPHHO).
BbuieteBImMiil B 3JIEKTPUUECKOE MOJI€ YACTHUIIBI POMEKYTOYHOIO COCTOSIHUSL 3alePThIil Mar HUTHBIN
MOHONOJIb (POPMUPYET ykEe PE3OHAHCHO-CTaOMIbHOE (ha30BOE MPOCTPAHCTBO IEKTPOHA (MM MO3H-
TPOHA), OTJABAs U3JIUIIHIO SHEPIUI0 B KWHETUYECKON (POpPME IEKTPOHHOMY aHTUHENUTPUHO (HEH-
TPUHO).

Macca mokosi MIOOHA, Kak M Yy 3JIEKTPOHA M TMO3UTPOHA, MHAYKTMPOBAHA I'PAaBIOTEHIIMA-
JlaMi OTOPOIIEHHBIX BOJHOBOJIOB, CO3[aHHBIM BHOBb IPU Pa3psijike T'PABUTALMOHHOIO MOHOIIOJS.
3apsikaeTcsl IPaBMOHOIIONb BpalaTeIbHbIM JBMKEHHUEM MOJISIPHOTO MarHUTHOTO MOHOIIONS K LIEH-
TPY-TOJIOCY NMOTyC(EPHl AMEKTPONOTEHIINATIOB BOJIHOBOA CO CIIMHOM 1/2.

MIOOHBI B CBSI3aHHOM COCTOSIHUM, KaK U 3JIEKTPOHBI B aTOMaX, MOT'YT BXOAAUTb B COCTaB aTOMHO-
SIIEPHBIX 000I0YEK ME30aTOMOB.

2.5. Tay-1enToH

Tay-)'lel'[TOH BOSIJIABJIACT TPETHE IOKOJICHUE B CEMENCTBE JIENTOHOB 1 CAMBIH TSXKEJIBIN U3 HUX

(JIEKTPOH, MIOOH U T-JIeNTOH) — 1784 M>3B, Takxke 00J1aIaeT IMOMYIEIBIM CITMHOM U 3apsioM 3JIeK-
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TpoHa. KoimnyecTBO MOKOIEHUH JIEITOHOB MOKA He OOBSCHEHO B paMKax CYIIECTBYIOUIMX TEOPHIL.
T-JIENTOH OB MOJTyYeH MCKYCCTBEHHO Ha 3JIeKTpoH-Mo3uTpoHHoM Kosutaiaepe SLAC (CIIHA) M.

Ilepnom c corpynHukamu. Bpems xusHu 2,9 x 10— B¢

®dur. 2.15. Cxema T-J1IeToHa

Ha ¢ur. 2.15 npuBenena cxema BOTHOBOJOB (ha30BOT0 IMTPOCTPAHCTBA T-JIENTOHA. DTa YacTULIA
€IMHCTBEHHAsI CPE/IU JIETITOHOB MMEET BecC OOJblle, YeM HEMTPOH U MPOTOH M COpa3MepHa C BECOM
si7ipa TSLKENOTO BOOpO/ia — IENTpOHa, CIIMH KoToporo paseH 1, a Bec 2013,5 MaB. CnenoBatenbHO
BHYTPEHHHE OOOJIOUKM T-JIENITOHA OWIONSPHBI, COCTaBIE€Hbl M3 JBYX MPOTHBOIMOIOXHBIX YaCTHUI]
CO CTPYKTYPO#l THUIIA MIOOHOB, UMEIOT (POPMY 3aKOHUYEHHBIX cep, co cTpykTypoit K-Homb wiun nu-
HOJIb Me30HOB. OCHOBHBIE KaHaJbl Pacnaja MPOUCXOAT C MPEBPAIEHUEM B COOTBETCTBYIOILUIA
IO 3apsily MIOOH, MIOOHHO€ aHTUHEUTPUHO U T-HEUTPUHO, WU JIEKTPOH, NEKTPOHHOE aHTUHEN-
TPUHO U T-HeWTpuHO. bonee 50% pacraoB MpUXOAUTCS HAa KaHA MpeBpanieHuid ¢ 00pa3oBaHuEM
JIETKUX aJIPOHOB — [IByX KAOHOB WJIM 5—6 TT-ME30HOB U T-HEUTpHHO. OTCI0a ClIeyeT, 4TO CTPYKTYp-
HBII COCTaB T-JIEITOHOB COZIEPKHUT OUTIONSIpHBIE OO0IOYKH, KOTOPBIE, BBUIETAs C BHYTPEHHUX 000JI0-
YeK IPU pacnajie, NPEeBPaLIATCS B KAOHBI, TT-ME30HbI U MOJIIPHBIE BUXPOHBI, a 3aTeM JAajiee pacia-
JAI0TCSl B MIOOHBI MJIM JIEKTPOHBI Y€pe3 MPOMEKYTOUYHOE COCTOSIHUE C MOTyLEIbIM clTUHOM. OCTOB
MOTEHIINAJIOB OBIBIIETO (ha30BOTO MPOCTPAHCTBA T-JIENTOHA CTAHOBUTCS T-HEUTPHHO M YHOCHT TIpHU-
YUTAIOLLYIOCS €My KMHETUYECKYIO JI0JII0 SHEPTUH ¢ MeCTa pacraja.

2.6. Me30HBI

Me30HbI — 9TO IPOMEKXYTOUHbIE COCTOSIHUS PAcIaJaioluXxcsi 000I04YeK, 00pa3yoluX BHYT-
pPEHHUE U BHEIIHUE OOOJIOYKM aTOMHBIX siiep. OCHOBHOWM MCTOYHMK STHX ME30HOB BEpXHHE CIIOU
arMocdepbl, ¢ SIpaMH aTOMOB ra3a KOTOPOH CTaJIKMBAIOTCS KOCMUUYECKUE M COJTHEUHbIE MTPOTOHBL.
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[Tpouecc nporn3BoaCTBa ME30HOB — 3TO MOHU3ALMA LIEJIBIX KJIACTEPOB ATOMHBIX SJIED, T. €. AIEPHBIX
000J104eK, MTHOBEHHO PaCMaIAlolUXcs B 6osiee JOJTo KUBYIIME NOJOOHbIE YaCTULIBI C TEM e CIH-
HOM, T. €. B ME30HbL. BpeMs, KoTopoe 3aTpauuBaeTcsl Ha Nepexo] TAKUX MUKPOUYACTHIl K ME3OHAM
OT MOMEHTA B3aUMOJIECHCTBUS JI0 UX POXKICHUS, ABJISAETCS CYryoo sSEPHBIM U OLICHUBAETCS MOPS-

kom 1072 CEeKYH/[bl. 3a Takoe BpeMsl 3aperiucTpIpOBaTh UCTUHHYIO YACTUILy, €€ CTPYKTYpY U Apyrue
napaMeTpbl COBEPLIEHHO HEBO3MOKHO.

Me30HbI Y4acTBYIOT BO BCEX M3BECTHBIX TUIAX B3auMOAEHCTBUA. [109TOMY MX CTPYKTYpHBI
COCTaB B OCHOBHOM IIpPEJCTaBJIEH YaCTULAMU B COCTOSIHUM C LI€JIOUMCIeHHbIM cnvHoM. Ha cur.
2.16 npuBeAeHbl CXeMbl MTHOBEHHBIX CTPYKTYp (pa30BBIX 3aMKHYThIX 0OBEMOB ME30HOB. B nnHa-
MHUKE JBIKEHHUSI MATHUTHBIX 3aps/I0B, 00pa3yoIMX ME30HBI B CBOOOZHOM IPOCTPAHCTBE, BOSMOKHO
camoe MIMPOKOe MHOrooOpasue Takux (hopM, 3aBUCHMBIX OT TOJIEH OKPYKEHHSI.

®wr. 2.16. Cxembl 7T — ME30HOB M CTPYKTYPBI X BOJIHOBOJIOB

7t° HeWTpasbHble (MepBas U BTOpasi MO3ULIMU ClieBa CBepXy Ha ¢ur. 2.16), mmoc 1 MUHYC
MEe30HBHI (TTO3UIMM CIpaBa) HECTAOWIIBHBI M MIMEIOT CIIMH PaBHBIA HYJTIO.

HefiTpasbHble ME30HBI — 3TO MTPOMEKYTOYHOE COCTOSTHHE 3aMKHYTHIX PacIiaJaiouxcst 00010-
4eK siaep, 00pa30BaHHBIE MApaMU MEPEXOIHBIX SIEPHBIX M IIPOTUBOIOIOKHBIX MArHUTHBIX MOHOIIO-
JIefl, KOTOPBIE YK€ HECTIOCOOHBI CO3/1aBaTh J1aKe HECTAOMIIbHbIE YACTHLIBI C MOTYLIENIBIM CIIMHOM. DTH
MOHOIIOJIM QHAJIOTMYHbI TeM, KOTOPbIE CO3AAI0T YACTULBI CO CIIUHOM 1/2 — 3JIeKTPOHBI, O3UTPOHBI
Y MIOOHBI, HO CTAOMJIbHO CYILIECTBOBATh MOTYT TOJIBKO B COCTaBe SIIEPHBIX 0OO0IOYEK aTOMOB, 3arep-
THIX OT pacraja 3apsKEHHbIMU ME30HAaMH BHEITHUX 000s10ueK. OHAKO X YacTOThl U COOTBETCTBY-
IOLIME pa3Mephl CYILIECTBEHHO BbIILIE M MEHbIIIE HA3BaHHBIX. [1apbl U3 TAKMX YACTHUL, KaK U KyIIEpOB-
CKHe Tapbl U3 JIEKTPOHOB U IEKTPOH-TIO3UTPOHOB (pur. 2.12), B CBOOOTHOM COCTOSIHUM CTIOCOOHBI
JMIIB 0OPa30BHIBATh HECTAOMJIbHbIE YACTHUIIBI C HYJIEBHIM CIIMHOM 1 CYMMapHBIM I'PaBUTAlIMOHHBIM
3aps1IOM — Maccol MOKOsI ME30HOB.

3apsikeHHble ME30HBI — 3TO OCTaTKM PACHaJAIONINXCsl BHEITHUX OOOJIOYeK sifiep, KOTOpbie
00pa30oBaHbl MAPaMH C OIMHAKOBBIM 3aps/IOM COOTBETCTBYIOIMX MAarHUTHBIX MOHOIIOJEH, 06pasy-
IOIMX CTPYKTYPY YacTHIbl C HYJEBbIM cnMHOM (ur. 2.16, crpaBa), T. €. 4acCTULBI, Y KOTOPBIX
JEKTPUUYECKUI BOJHOBOJI, C OJHOM CTOPOHBI jKECTKO CLETUIEH C SJPOM, a C JIPYTrOil CTOPOHBI JApY-
rOil €ro MarHUTHBII MOHOMNOJb (DOPMUPYET BO BHEIIHEM IPOCTPAHCTBE HAJ| AJPOM 3apsiKEHHBIN
BOJIHOBOJ, (¢pur. 2.20) — ero anekTpuyeckoe mosie. Macca 3TUX ME30HOB PaBHA COOTBETCTBEHHO
139,56 1 139,567 M3B, COOTBETCTBEHHO, a pa3Mep (pa3oBOro 0obEMa (reoMeTprYecKOl MPOCTpaH-
CTBEHHOW CTPYKTYpbl) HEMHOTO MEHbIIIE pa3Mepa MIOOHOB U BO MHOT'O Pa3 MEHbIIIE COOTBETCTBYIO-
IIEr0 pa3Mepa JIEKTPOHOB.

Heiirpanbhbiii (7t-HOMB) Me30H umMeeT Maccy 134,96 MaB u pacniagaercs 3a Bpems 0,83x 10

16 C, IpeBpaniasich B iBa ramma kBanta (Pur. 2.17). [Ipu 3tom, ciremyetr 0co00 OTMETUTb, UTO POXKIE-

HUE MMap MIOOHOB, ITOBUTPOHOB U JIEKTPOHOB raMMa-KBAHTOM B ITOJIE ATOMHOTI'O AApa U IMPOTUBOIIO-
JIO)KHBIE UM p€aKIvA pacnaga-AeJeHUs JTTHOJIb ME30OHA Ha IBa KBaHTA, 4 TAKXKE aHHUTUJIAINA 9TUX
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nap, OMHO3HAYHO MOATBEPKJAIOT MPEAJIaraeMylo 31€Ch CTPYKTYpY MUK POUACTHII, HETIOCPEACTBEHHOE
ydyacTrie B CO3/IaHUM KOTOpOW OepyT Ha ce0s MUKPOBHXPOHBDI.

3apsKeHHBIE ME30HBI PAaCcTafaloTcs 3a BpeMs 2,6 X 10 %¢, IIpeBpalasch B OJHOMMEHHO 3apsi-
’KEHHBIE MIOOHBI M COOTBETCTBYIOLLME HEUTPHHO.
Ha ¢ur. 2.17 nokazaHsl cxembl pacrnajia ME30HOB.

@ur. 2.17. Cxembl pacniaja 7-HOJb U 3apSKEHHBIX ME30HOB

HenpepbiBHOE M3MeHeHHE NapamMeTpoB BEIIECTBEHHOW MaTe€puu 3THUX YaCTUL[ IPOUCXOAUT
yepe3 COXpaHEeHUE CPeAHEN SHEPIUU NP CAMOMHIYKIIMY 3apsiIoB SHEpruu u3 opMbl MOKOS (Tpa-
BUTALIMOHHBII) B (pOpPMY 3aMKHYTOTO ABMK€HHsI (MATHUTHBII) C IOCTPOEHHEM reOMeTPUYeCKOoil
CTPYKTYPHI (3nekTpudeckuil). [Ipu aTom nmeeTcs ABe BOZMOKHOCTH ITOCTPOEHHU S BOJTHOBOJIOB I'€0-
METPUYECKOW CTPYKTYphl yacTull. [lepBas — pa3ps MarHUTHOIrO MOHOIIONS C Mepe3apsaKor 3HaKa
yepes MOCPECTBO JEKTPUUECKOr0 MOHOIIONS U MOCJeIYIOIMM KBAaHTOBBIM IIEPEXO/IOM B I'paBUTA-
LIMOHHBII MOHONOJIb, KOTOPBII OMSATh NPU pa3psilike pereHepupyeT NepBUYHBIA MAarHUTHBIU, T. €.
oOpa3zyeTcsi 3aAMKHYTBIH BOJTHOBOJL JT-HOJIb ME30HA, KaK OCHOBA BHYTPEHHUX SIICPHBIX 000JIOUEK.

Bropas — oOpa3oBaHue BOIHOBO/IA 3apsKEHHBIX ME30HOB M3 JIBYX OJJMHAKOBBIX ITO 3HAKY Mar-
HUTHBIX MOHOIIOJEH, OObEIMHEHHBIX B TIAPHI C TIPOTUBOIOJIOKHO HANIPABJICHHBIMH CITMHAMMU T10 aHa-
JIOTHH KYTIEPOBCKUX Tap JIEKTPOHOB, KaK OCHOBA BHEIITHUX 000JIOUEK siziep.

STOT NPOLIECC aHAJIOTUYEH JI1 BCEX 3aMKHYTBIX BUXPOHOB U OIPEAENIAETCS TOJIBKO Napamer-
paMy MarHUTHOTO 3apsijia — 3HaUeHHe 3apsijia, CTeNeHb MOJspU3allii, BpeMsl 3apsaaKu.

MexaHu3M NHAYKIMU MAacChl U CIIMHA.

VY 1-Me30HOB, B OTJIMYKE OT NEKTPOHOB U MIOOHOB, IPaBUTALIMOHHBIM MOHOIOJb, KaK 3apsijl
MacChl, CYMMHPYETCsI U3 JIByX BOJHOBOJOB I'DABIIOTEHIIMAJIOB JIBYX 3aMKHYTHIX 00010YeK. CrHbI
VCTOYHUKOB JABUKEHUSI CKJIAIbIBASICh OIPEIEISIOT LIEJIOUMCIIEHHBIN CIIMH Me30Ha. BosHoBO U3 rpaB-
MOTEHLIMAJIOB, TaKXke KaK ¥ BOJHOBOJ U3 JIEKTPOIIOTEHLIMAJIOB, BO BHELIHEM Tosie (popMUpYyeT Ipa-
BUTAITMOHHOE TI0JIe C OTPUIATEJBLHON MAaCCOM, MPOTUBOMOJIOKHOM MO 3HAKY IIEHTPAJIbHOMY I'DaBU-
TAIMOHHOMY TIOJII0 3€MJIH.

K-Honp m K-1umioc Me30HBI (WM KaOHBI) TakKe HEeCTAOWJIbHBI, UMEIOT CIIMH PaBHBIA HYJIIO.
Macca 3Tux Me30HOB paBHa cOOTBETCTBeHHO 497,67 MaB 1 493,667 M»3B, a KOMITOHOBCKAS JIMHA
BOJIHBI B /IBa pa3a Oosibllie, 4eM y HyKJIOHOB. CTpyKTypa (pa30BOro MpoCTpaHCTBA AHAJIOTUYHA JT-HOJb
1 TT-TUTIOC ME30HaM, TOJIBKO YaCTOTa BUXPOHOB B HAX B HECKOJILKO pa3 OOJbIIIe, a pa3Mep B COOTBET-
CTBYIOIIIee YHCIIO pa3 MeHbie. [Io qaHHOMY TIpe/ICTaBIIeHrI0 CTPYKTYpHI (pazoBoro oobéma K-Homb
ME30Ha, €ro 3araJouyHOCTh MPEBPAICHUI, KaKk U BCE SBJICHUs ClaObIX B3aUMOJCWCTBUI OOYCIIOB-
JIeHBl JIeJICHUEM WU CIIMSHUEM B BUXPOHAX MAarHUTHBIX MOHOIIOJIEW MPU ONPEAETIEHHBIX YCIOBUSIX
OKPYKaIOLIMX MoJed. A BHEUIHee MPOsIBJICHUE ITUX BHYTPEHHUX TpaHC(OpPMalii BUXPOHOB COOT-
BETCTBYET pacnajly 3JIeMEHTAPHbIX YaCTHLl, JeJICHUIO UK ciusiHuIo saep. [lostomy npu pacnane K-
HOJIb ME30Ha, COCTOSIILIETO U3 IBYX MPOTUBOIOJIOKHBIX YaCTULI, BO3MOKHBI MOJIbl Pacraa He TOJIbKO
Ha JIBa ¥l TPH JT-HOJIb ME30HA, HO M Ha OOJIbIlIee KOMMYECTBO JAPYTUX KaHAJIOB: ME30HHO-MIOOHHBIMH,
ME30HHO-3JIEKTPOHHBIN U T. 1.

INo ¢pusmveckoi npupose, Ha3BaHHBIE ME30HBI SIBJISIOTCS JIUIIH Pa3pelieHHbIMA HeCTa0 Wb~
HbIMH (Da30BBIMU COCTOSIHUSIMM 3aMKHYTBHIX BOJHOBOIOB, KOTOpBIE €Ile CIIOCOOHBI (hOpMHPO-
BaTh M3MEHSIONIMECS] BUXPOHBI, HO KOTOpBIE YK€ He CIOCOOHBI CO3[aTh CTAOMJIbHBbIE (Da3oBbIe
MHUKPOIPOCTPAHCTBA IEKTPOMATHUTHBIX MMOTEHIIMAIOB MOCHE SIEPHOrO B3aMMOJEWCTBUS ITPOTOHA
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C KakuM-JIMOO spOM aToma ra3oBOrO BellecTBa atMocgepsl. [IpyruMu cioBamMu — 3TO KBaHTO-
BbI€ IPOMEKYTOUYHBIE COCTOSTHHS TTOCTIe B3aUMOJEVUCTBII MArHUTHBIX MOHOIIOJEH C OKPYKAIOIIUMHU
TMOJISIMHU.

XoJ0aHbIN AAePHBbII CHHTE3 %2 IPOUCXOIUT Yepe3 MOCPEICTBO MOHM3AITUY U BO3OYKICHUS
3apspKEHHBIX YacTHIl TUIIA MIOOHOB C BHEIITHUX O0OJIOUEK SI/IEp, 3aKPETUIEHHBIX B y371aX KPUCTAJUIU-
YEeCKOW peméTky TBEPAOTO Tella, IO aHAJIOTUH MOHU3ALIMH JIEKTPOHOB C BHEITHUX 000JIOUEK atoma.
Takue poTosiiepHble peakIy MPOUCXOAAT MOJ, BO3ACHCTBUEM «TsIKENBIX» $3CBY BUXPOHOB, CIIO-
COOHBIX CO3/IaBaTh «BUJIKM» MOIJIONICHUS C pOXkIeHUeM runep3Byka (poto 3.48, nmHa BosHbl 10—
100 mukpon, yactoTsl OT 3 X 103 10 3 x 104 I'T'11 BHICOKO# TJIOTHOCTU 3aPSAKY BOJTHOBOJIOB, «TSIKE-
JIble» MarHUTHBIE U TPABUTAIIMOHHBIE 3apsi/ibl) HA ATOMHBIE U S/IEpHbIE BHEIIHIE 0OOJIOUKH C POsK/Ie-
HHEM CBOOOJIHBIX JIEKTPOHOB M PE30HAHCHBIX 3apsKEHHBIX SIICPHBIX YaCTHUI] CO CIMHOM 1/2. DTt
MIPOLIECCHI MTPOUCXOMAT, KaK C MIOMOIIBI0O CBOOOIHBIX, TAK U 3aMKHYTHIX MaKpPOBHXPOHOB B 3aBHCH-
MOCTHU OT 3HAYEHUI MAarHUTHOTO 3apsi/ia, €0 YaCTOTHI U TUIOTHOCTH 3acesieHHsl 3E€PEeH-TIOTEHIUAIOB
Ha CIMpaJIsIX BOJHOBOIOB, T. €. «TsKecThu» (poToHa. Ecim BUXpOH CBOOOAHBIN, a €r0 MarHUTHBIN
3apsil IOCTaTOUHO «TSDKENbI», TO MOHU3AIUS JIEKTPOHOB M BO30YXKJEHHUE SIICPHBIX YacTHIl (Ha30-
BEM X YCJIOBHO «MIOOHAMU» ) IPOU3BOIUTCS KaK MPH pa3psiKe, Tak 1 mpu 3apsiake. OO0 3Tom cBujie-
TEJbCTBYIOT pe3ynbTaThl M. M. ConvHa B €ro peaktope Mo MCCAeI0BaHUSIM XUMHUECKHUX JIEMEHTOB
Ha BOJIHOBOJAX B 3aTBEpIEBLIEM LIMPKOHUU. Eciiv B pelmi€Tke TBEPAOro Teia UMEITCS HEOJHOPOLI-
HOCTHU C 00pa30BaHUEM COPa3MEPHBIX OOBEMHBIX MEKTPUUECKUX 3aPsI0B, TO HEKOTOPbIE BUXPOHBI
CBOMM COOTBETCTBYIOLIMM 3JIEKTPOMOHOIOJIEM 3aXBaThIBAIOTCS STUM OOBEMOM, MArHUTHBIN 3apsij
JeJMTCS Ha JIBa M 0Opa3yercs napa CBA3aHHO-3aMKHYTHIX BUXPOHOB '8 co criuHOoM 1/2, HO B3auMoO-
AENCTBYIOIIMX JPYT C APyroM, 00pasys ofHo 1enoe. B hazoBoM 00bEMe ITHX CBA3AHHBIX APYT C APY-
T'OM BUXPOHOB MarHUTHbIE 3apsi/ibl PETeHEPUPYIOTCS TPABUTAIIMOHHBIMU. MarHuTHbIE MOHOTIOJH TTPH
3apsiIke U TPABUTAIIMOHHBIE MOHOIIONIM TIPU Pa3psiiKe CO3/IAI0T 3aMKHYThIe BOJTHOBO[bI, TIPH STOM
MyTEM KyMYJISITUBHON MMILIOZUM TEPEHOCAT BIIIyOb OOOJIOYEK siep aTOMOB BEIIECTBA KJIACTEpPHI
BOJTHOBOJIOB U3 3€PEH-3JIEKTPONOTEHIIMAIOB (SHEPTHUIO) ¥ TPABIOTEHIIUAIOB, CIIOCOOHBIX C IIOMOIIBIO
30HBI XOJIOHOH TJ1a3Mbl U3MEHHUTH JIEKTPUIECKOE MOJIe ¥ MOHU3UPOBATH YACTHUIIBI C 000IOUEK S/Ipa.
TakuM 0Opa3oM OHM «IEepeMaJIbIBAIOT» BECh CBOUM NMEepeMeHHBIN (ha30BbIl 0OBEM BelecTBa BAOJb
BOJTHOBOJIOB YBEJIMUMBAIOIIETOCS TUAMETPa, TIOPOXKIas MEKTPOHBI U «MIOOHbBD», KOTOpHIE, B CBOIO
o4epe/ib, CO3JAI0T BUXPEBbIE TOKU U MPeoOpa3yloT XMMUYECKHUI COCTaB BelecTBa. MarHUTHBIN 3apsij
pacxozyeT Ha 3TO CBOH 3arac SHEpruM Yepe3 rpaBUTALMOHHBIN, TIOCTETIEHHO YBEIUMYUBAETCS B pa3-
Mepax JI0 TeX Top, MOKa MOJHOCTBIO HE UCUE3HET. 3a 3TO BpeMsi OH Oojiee MUJIJTMOHA pa3 MepeXoanT
B I'PaBUTALIMOHHBIN 3aPsi]], KOTOPBIA Yepe3 OCPEeCTBO BOTHOBOIOB I'MIIEP3BYKA M COOTBETCTBYIOIIHX
BUXPEBBIX TOKOB BJJOJIb HUX YHOCHT SHEPTUI0 MarHUTHOTO 3apsia Mo BceMy 00bEMY KilacTepa Bellle-
cTBa — 3(p(HeKT aHAIOTUYHBIN MOAOTPEBY €bl B MUK POBOJIIHOBOM OBITOBOM Tieuke. [Iporiecc n3meHe-
HUSI XMMUYECKOTO COCTaBa BEIIECTBA MMEET HECKOJIBKO KaHayioB. OIMH U3 KaHAJIOB MPSMOW — UOHU-
3aI|Ksl BHEIITHEN 0O0JIOUKH sI[pa C COOTBETCTBYIOIIMM YMEHBIIIEHUEM €ro 3apsiia U Macchl. Bropoii
PE30HAHCHBIN 3aXBaT OCBOOOAMBIIEIICS SIGPHOM YACTHIIBI C ITOM 0OOJIOUKU COCSHUM SIPOM aTOMa
C COOTBETCTBEHHBIM YBEJIMYEHHUEM €ro 3apsjia U macchl. TpeTuil mpu BO3IEHCTBUM «CTPAHHOTO»
U3JTyYeHUs POKAAET OTPHUIIATEIbHO 3apsDKEHHbIE aTOMHbIE Siipa, MPUBOMSAIIMM K TOCTEAYIONIM
SIIEPHO-UOHHBIM peakimsM. B mocienHeM ciyyae co3maloTes siipa CBEPXTSIKENBIX aToMoB. B aTHx

182 B sanagmoit npecce ero umeHyloT LENR-mpomecc m kak oguH u3 mpumepoB — peaktop E-CAT A.Rossi.http:/
www.youtube.com/watch?v=f WtVxXjQaKI&feature=youtu.bexonoqHsiil saepHblii cCUHTE3 43.

183 Takue BUXPOHBI POXKIAAIOTCS B O6IJ_ICM CIIEKTPE, HO TP OAHOM YCJIIOBHUU, TOK BO (l)pOHTe HMITYyJIbCa HAIIPAKEHU S JOJIZKEH UMETh
CTpOro OHpeﬂeﬂéHHOC BBICOKO€ 3HAYEHUE OO NECATKOB KWJIOAMIIEP, a4 3HAYCHUE HAIIPAKEHUS MAKCUMYMa UMITyJIbCa 10 HECKOJIBKUX
KHWJIOBOJIBT, IPOLIECC NOJIZKHO IMTPOUCXOOUTH 3a BPEMA HECKOJIbKUX IMMUKOCEKYHBO (I)pOHTC — 9TO U ONPEAELIIAET BBICOKYIO IIJIOTHOCTH
SépeH-HOTeHHI/IaHOB.

184 CBH3aH0—3aMKHyTLIe BUXPOHBI — 3TO [IBa IMPOTUBOIIOJIOXKHBIX 10 MArHUTHOMY 3HAKYy 3aMKHYTBIX BUXPOHA, 06’bellI/IHéHHbIe
B OIHY 060}10‘le TUIIA JT-HOJIb ME30Ha.
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IpolLeccax BblAEIAETCS OOMBIIOE KOJIMYECTBO AOMOIHUTEIBHON CBOOOIHOI SHEPruu 3a CUET u3Me-
HEHUs1 BHYTPEHHE! SHepruu KJiacTepa BelllecTBa, 3aroTHSIONIEro Bech ero 00bEM. Bpemsi, 3a kotopoe

MMPOUCXOOAT ITU ITPOUECCHI XapaKTECPHO IJISI aTOMHBIX U AACPHBIX peaKLII/Iﬁ N COCTaBJIACT OT 10_8 IJIA

atoMHBbIX 10 10722 CEKYH/bI Il SIIEPHBIX IPeoOpa30BaHUA. DTH MPOLIECCH MOATBEPKAAI0T B3PbIBBI
anona B peakrope C. B. AnaMeHKo ¢ poxkJIeHUEM CaMOPOJIKOB KeJle3a B KPUCTAJUIMYECKON PEeIIETKE
Menu (aHoJa), OKPYKEHHOTO B pa3pblBe aHOAA TOHKUM cJIoeM OOpa3oBaBLIErOCs IIMHKA, a TaKke
c 00pa3oBaHMEM JAPYTHX CBEPXTSIKENBIX 9ieMeHTOB. YeM OoJIbIlie 1Mo 3HAUSHUI0 MAarHUTHBIN 3apsij 185,
TeM Oosiee TIIyOOKHUe siiepHble O00TIOUYKH JIOCTYITHBI ISl HOHU3AIMH, T. €. 000JIOYKHU CO CTPYKTYPOM
MOI0OHON HEUTPAIBHBIM JT-ME30HOB, K-, D-, F— o B-me30HOB. VloHM3MpOBaHHbBIE OTPHUIIATEIbHbIC
«MIOOHBI» C 3TUX 000JIOUEK PE30HAHCHO MPUJIMIIAIT-OCEAI0T HA BHEIIHME O0O0IOUKH OJVIKAUIIIX
B OKPY)XCHUM NIEPBUYHBIX siJiep — siApa MeIu CTAaHOBATCA sApamMu IMHKA. COOTBETCTBEHHO, OCTOB
OT si/Iep MEH, C KOTOPBIX ObLUTH MOHM3UPOBAHbBI 9T «MIOOHBI», TIPEBpAIATCS B sizpa xene3a. [Ipu
9TOM, YeM TsDkellee IEPBIYHOE S/Ip0 KOHBEPTOpa, TeM OOJIbIIIe ero BHEIHUIA pa3Mep — TeM 3¢dek-
TUBHEN UAYT (POTOsIIEpHbIE PeaKIINA MOHM3AIIMH YACTHII C BHEIITHUX 000JIOUEK U TpeOyeTcsi MeHbIIIast
MIOPOroBasi SHEPIUsl UX «TOKUraHus». B pesynbprare 3TOro0 mporecca Bo BHENTHEH 1ienu % renepu-
PYIOTCS IEKTPUUYECKHE TOKU, BBIIENISIETCS TEPMUYECKOE TEIJIO M U3MEHSIETCS SIIEPHBIN COCTaB Mep-
BUYHOTO KOHBEpTOpa 0e3 BHEIIHEH paiualivy, T. €. IPOAYKThI HAXOASTCS B CTAOMIIBHOM COCTOSTHUM.
Ecnu siyeiika, B KOTOPOi MPOMCXOIUT TOT MPOLECC, HAXOAUTCSI B TBEPAOM arperaTHOM COCTOSIHUM,
TO OUYEeHb OBICTPO HACTYIAET M3MEHEeHHe e€ XUMUUECKOro cocTaBa M paspyimenue. Kak, ciencreue,
rporiecc mpekpariaercs. YToObl «IIpUpydnTh» BHIICISEMYIO SHEPTUIO, MOXHO HCIIOJIL30BATh B TAKOW
SI9eKe JKUIKUH TTOIBHKHO-IIPOTOYHBIA KOHBEPTOP, TOT/Ia cpa3y OyIyT pelaThbCsl HECKOIBKO 3a/1a4:

— HEIPEepbIBHOCTH Mpoliecca

— OTBOJ, TeIlIa

— OTBOJI MEKTPUUYECKOrO TOKA, HABEAEHHOTO KaK BO BTOPHMYHON OOMOTKE TpaHchopmaTopa
(MHIYKTUBHBIN METO/), TAK U BO BHEIITHEW LeNH

— OTBOJ TPOAYKTOB HApaOOTKX HOBBIX sIJIEP C BOZMOKHOCTBIO (DPHITbTPALINH, CEJIEKIN 1 KOJTb-
LIEBaHUs 9TOr0 KOHTYypa

— nepepaboTKa KUAKUX paTdoaKTUBHBIX OTX0H0B ¢ ADC.

LENR pe3ko oTMyaercsi OT MIOOHHOTO KaTajiu3a TeM, YTO HEeT HeOOXOAMMOCTH B SHEProsa-
TpaTax Ha MPOU3BOJICTBO TIOTOKA «MIOOHOB», & STePHbBIC TIPOLYKTHI MPAKTHYECKU cpa3y 00pa3yloTcs
B CTaOWJIbHOM COCTOSIHUM, MOHM30BaHHBIE (pacriajl) YacTHUIIbl C sIIEPHBIX 000JI0YEK KOHBEPTOPOB
CTAHOBSITCSI CTPOUTENIBHBIM MaTepHajioM ISl HaJCTPOWKM (CHHTE3) BHEITHHX OOOJIOYEK CTaOWJIb-
HBIX HOBBIX siiep. OcBOOOAMBINMECS STIEKTPOHBI 00PA3YIOT AOMOTHUTEIBHBINA TOK BO BHEIIHEH 11T ,
a ABWKYILMICS 3apsIKEHHBIN JIEKTPUYECKH TIOTOK JKUIKOTO KOHBEPTOpA B LIEJIOM €ILE CO3/1aET U TOK
MHJIYKIIMH, KaK IEpPBUYHBIA TOK B 00MOTKe TpaHcdopmartopa. OcTaércsi TOMbKO CHUMATh TOK BO BTO-
PUYHOM ero OOMOTKE /ISl BHEIITHETO MUTAHUST OBITOBBIX MPHOOPOB.

2.7. HeUTPOH, NPOTOH, IEUTPOH U AHTHYACTHUII

HeliTpoH nmpapoauresb caMoro pacipoCTpaHEeHHOro BO BcesleHHOM XMMUYECKOoro al1eMeHTa —
Boztopona. Takue cBoiicTBa 0ObeMa, KOTOPBIN 3aHUMaeT HEHTPOH, Kak CITMH, Macca, NHEPTHOCTb,
IUIOTHOCTh, MArHUTHBIA MOMEHT, JIEKTPUYECKHIA TUTIOIbHBIII MOMEHT, pacnpeeseHue IOTHOCTH
JIEKTPUUYECKOTO 3aps/ia U MArHUTHOIO MOMEHTA, BPeMs1 )KU3HH U JpyTrve — OTPULIAIOT ero Kak Mare-
PUAIBHYIO TOUKY U ONPEJesAIoT ero Kak HEKOe CIO0KHO-COCTAaBHOE BHXPEBOE JIEKTPOMAarHUTHOE
MUKPOIPOCTPAHCTBO.

185 www.youtube.com/watch?v=fWtVxXjQaKI. XonoaHblii sjiepHbIl CHHTE3, YacTh 3. CBOHCTBA TSKENBIX MATHUTHBIX 3apsIIOB.

186 B k syelike, B KOTopoii renepupyorcst CBY BUXpOHBI, B3auMOAEHCTBYIOLIME C SIpaMU KOHBEpTepa, MOACOeJMHEHa BHEIll-
HsIsl IEKTpUYecKasi CeTh MOTPeOIeHUsI.
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OCHOBHOI1 BOITPOC COBPEMEHHOCTH — IJI€ PACHOJIIOKEH U UTO SBJISETCS IIaBHBIM UCTOYHUKOM
MIPOU3BOJCTBA HEUTPOHOB? OTBET: OCHOBHBIMU MCTOYHUKAMU IPOU3BOJCTBA HEUTPOHOB SIBJISIIOTCS
s7Ipa My/IbCapOB-HENTPOHHBIE 3BE3/bI U BCE s1/Ipa CBETAIIMXCS 3BE3], a TaKXkKe Ie0JIOTMYeCKU aKTUB-
HBIX IUIAHET Tuma 3eMild. JIpyrumMu uCTOYHUKaMH, KOTOpBIE MOPOXKJAIOT TaKUE MUK POIPOCTPACTBA,
SIBJISIIOTCST BO3OY’K/IEHHBIE (TeM WJIM MHBIM MeTojioM) Oojiee KpYIHbIE WM TSUKeJble siipa aTOMOB
XMUMUYECKUX JIEMEHTOB.

Bo3spact 13HM HEUTPOHOB 3aBUCHUT OT CHUJIBI M (pOPMBI TONIel B 00beMax, Iie OHU MPUCYT-
CTBYIOT. B OOBIYHBIX YCITOBHSIX Ha TIOBEPXHOCTH 3eMJIM HEUTpoH pacmagaercs (¢wur. 2.10), mpeBpa-
1iasch B poToH. KpoMe nportoHa npu pacrnaje NosBISIOTCS JI€KTPOH U aHTUHEUTpuHO. Kuneru-
YECKUM OCKOJIKOM 3TOH SIIEPHOM PEAKIMU, YHOCSIUM YacTb HEPIUH, SIBJISIETCS] aHTUHEUTPUHO.
B npouecce Tepmaniuzanui, T. €. OXJIAKAEHUE ITUX YACTUL A0 COCTOSIHUSA MPU, KOTOPOM ITPOUCXO-
IWT UX peKOMOMHAIMS U o0pasyeTcs atoM Bogopona. [lepron nonypacnaaa (10—20 MuHyT) 3aBU-
CUT OT HEKOTOPHIX BHEIIHUX ycJIOBHM. [IpucyTcTBrMe HEOONBIION MPUMECH MPOTOHOB M NEKTPO-
HOB CYILIECTBEHHO YBEJIMUMBAET X BO3PACT, TAK KAK MEKTPUUECKHE TOJISI ITUX YACTUL] OIOKUPYIOT
MPOLIECC pa3pbIXJIEHHUSI BUXPOHOB BHEUTHUX 000JI0YEK HEHTPOHOB, TEM CAMBIM 3aMEUISIIOT MX pac-
naja. Ha nosepxnoct UCT, spa HEUTPOHHOM 3BE3/bl, T. €. B OYEHb CUJIBHOM LIEHTPAJIbHOM TI'pa-
BUTAIIIOHHOM TI0JIe HEUTPOHBI JKUBYT JI0JIT0O O€3 pacriajia, HAKaruIMBasiCh B TAKOM KOJIMYECTBE, YTO
00pa3yIoT JI0CTAaTOYHO TOJICTYIO aTMocdepy. B KOHEYHOM UTOre, STOT CJIOM HEUTPOHOB, OTAAJIAACH
B 00/1aCTh C/1a00T0 TPaBUTAIIMOHHOTO TIOJISl M pacnajasich, (GOPMHUPYET CJIOW MPOTOHOB M aHTUIIPO-
TOHOB, KOTOpbI€ aHHUTWJIMPYIOT B3PHIBOM CBEPXHOBOM, T. €. IPOUMCXOIUT OJHOBPEMEHHBIN BHIHY K-
JCHHBIN B3PbIB-aHHUTUJISLIUS BCEU aTMOCQEPHI.

Hevitpon o0nagaer BHEIIHUMH U BHYTPEHHUMH CBOWCTBaMH. BHellHue cBOWCTBa OOHAPYXKU-
BaIOT C [TOMOLIBIO PA3JIMUHBIX TEXHUUECKUX CPEJCTB U NpUEMOB. K HUM OTHOCATCS MPOCTPaHCTBEH-
HBII pa3Mep, CIMH, Macca, MarHUTHBI MOMEHT, OTCYTCTBUE JIEKTPUUECKOr0 3apsia, NEpUo MOoy-
pacrnaga OTHOCHUTENBHO JIETKYIO CIIOCOOHOCTh NMPOHMUKATh B SIIpa JAPYTUX XUMHUYECKHUX SJIEMEHTOB.
Kpome Toro HEWTpoOH U MPOTOH UMEIOT OYEHb OOJIBIITNE AHOMAJIbHbIE MArHUTHBIE MOMEHTBI, KOTO-
poie B 1,91 1 2,79 pa3 cooTBeTCTBEHHO OOJIbIIIE O a0COMIOTHOW BEJMUYUHE SEPHOTO MarHeToHa,
YTO CBUJETEJILCTBYET O 3HAYMTENIBHBIX TOKAX JEKTPUUECKUX U MATHUTHBIX MOHOIIOJIEN BHYTPH UX
000JI0YEK.

BHyTpenHue cBOICTBa, KOTOPbIE 0OECTIEUMBAIOT STH BHEIIHUE — 9TO IIECTh 3aMKHYTHIX U B3a-
MIMHO ITPOTUBOIOJIOKHBIX SEPHBIX MOJISAPHBIX BUXPOHOB C OINPEJEJEHHON YacTOTOM, MOJISIPHOCTBIO
U TIOJISIPU3AIIMEH, ITyTbCUPYIOIIUX 110 BHYTPEHHUM M BHEIITHUM 000JI0UKaM HEUTPOHA, UyBCTBUTEIIb-
HblE K BHEIIHUM BUXPEBbIM M CTAIIMOHAPHBIM MOJISAM CMEIIAaHHOTO TUIA. DT BUXPOHBI POXKAAIOT
TPH BJIOKEHHBIX JAPYT B Apyra 000JIOYKH CO CTPYKTYPOH HEUTPAIBbHBIX ME30HOB — TPU si/IEpHBIE 000-
JIOYKH, COCTABJIEHHBIE U3 MPOTUBOIOJIOKHBIX YACTHIL] CO CTPYKTYpOW THIA MIOOHOB (wur. 2.16) —
CJIOKHAsI IEHTpaJIbHasl MHTErpaliisl MATEPUU B COCTOSIHUM TTOKOSI.

B ocHOBY mnosioxeHa CTpyKTypa, OCHOBaHHAs Ha JIEKTPOMArHUTHOM MOJEN HYKJIOHOB, pa3-
pabotanHoil B CT3H(MOPACKOM yHUBEpCUTETE HAyYHOW I'pYNIOM BO I7aBe ¢ Xodraarepom '’ —
1956 ron. Haumnas ¢ 1958 roma, mogoOHass Monenb Obula pa3BuTa U AonoiHeHaP. BuibcoHOM
¢ corpyaaukamu u3 KopHenbckoro ynusepcutera, I'. [llonmepom!®® u C. Beprua ¢ corpyagHukaMu
no unesm ®pazepa u Pynko, Hamoo u Yy. 13 pe3ynbraToB STUX U3BICKAHUH CIIEIYET, UTO « CHPYK-

mypa HYKA0H08 MaKdice, Kax U 8 amome, COCIoum u3 naomHozo saopa (4 x 1 0~ en) u enewrux 06o-
saouek. Ha ponv s0pa modxcem npemenoosams Helimpanvhvle K-me3onvl, a Ha poav eHewnux o6ono-
ueK HelimpanvHole U 3apsadiceHHble T-ne30Hbl. OCHO8HAS Udesi, Ha KOMOPOLi NOCHPOEHbL MU MOOeU,
3aKAI0UAENCsl 8 MOM, YO NPOMOH U HEMPOH UCNYCKAIOM 3APSANCEHHbBIE TT-ME30HbL, HO 3amem 803-
8pawalom ux Ha3ao Ha céou eHeuwiHue 0oonouku. Ipuuém ux ucnyckanue npoUCcXoount 8 COCMOSHUU

187 Hofstadter R. DNeKTpOMarHuTHasI CTPYKTypa sifep 1 HykJonoB. M.UJI. 1958, c6. mepeBomnos.

188y, Schopper, Phys. Blitter, 7, 316 (1961).
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C OMAUMHBIM OM HYASL MOMEHMOM KOAUMECTBA OBUNCEHUSL, M. €. OHU OONNHCHBL 8PAUAMBCSL BOKPY2
yorce HA38AHHO20 0PaA HYKAOHO8. H3-3a 3moz0 u obpasyromces Kpyeogvle MoOKU, KOMOpble NOPOAHC-
Oarom aHOMAJIbHBIE MAZHUMHblE MOMEHMDbL.

KpOMe TOro, Mpyu aHHUTUJIAIWA HYKJIOHA 1 aHTUHYKJIOHA 3apCTUCTPHUPOBAH BBIJIIET HECKOJIBKUX
T-MEe30HOB, a He KAKUX TO BUPTYaJbHBIX KBAPKOB, KOTOPbIE HUKOT/IA He ObLITA SKCIIEPUMEHTATTBHO
3aperucTPUPOBAHBI.

HeliTpoH He MMeeT 3MeKTPUYECKOro 3apsijia, XOTs 00J1aaeT MAarHUTHBIM M JIEKTPUYECKUM
JWITOJIbHBIM MOMEHTaMHU, UMeeT TOJTYLIENIBIN CITUH U Maccy, Kotopas npuMepHo B 2000 pa3 Gobliie,
YeM Y JIeKTPOHa.

MarHuTHBII MOMEHT MPOTOHA TOJIOKUTENIEH W B TIOJNTOpa pa3a OoJblile, 4YeM y HelTpoHa'®,
y KOTOpPOro OH oTpuliaTesieH. Pa3Huila B Maccax HeUTpoHA U MPOTOHA cocTasisieT 1,293323 M»as,
KOTOpasi IPU pacrajie HeMTPOHA paclpeessieTcsi MeXAy ero nmpogykramMu. KoMnToHoBcKast JymHa

] .. o
BOJIHbBI HYKJIOHOB COCTABJIACT BEJIMYUHY 1,3 x 10 3 CM, a C YUYE€TOM PA3PbIXJICHHOCTU BHECIIIHCHU 000-

JIOUKH, 33/1I011EN 3aUPAIOIIUi CIION U MOJTYLIENbIN CIUH, pa3Mep e€ nocturaeT 3Hayenus 9,1 x 107

1 o o
3 CM. HCI/ITPOH JIEIKO ITPOHUKACT B AApa XUMUUYECKUX IJIEMEHTOB IIpU 10001 9HCPIr'U, BbI3bIBACT

sIIEpHbIE PeaKLIMK U CIIOCOOEH BBI3bIBATH JEJIEHHE TSKENbIX AAep. MeyileHHble HEUTPOHBI, UMEIoIIe
AeOpOMJIEBCKYIO JUIMHY BOJIHBI COU3MEPUMYIO C MEKATOMHBIMHU PACCTOSHUSIMHU, CITY:KaT JJ1sl UCHIOJb-
30BaHUs UX B MCCIIEJOBAaHUM CBOMCTB TBEPABIX Tell. IIpakTUuecku yxke JaBHO OCBOEHA TEXHOJIOTUS
TMIOJTyYeHMsT aHTUYACTHI] Ha ME30HHBIX (pabpHKax u Komtaiinepax. PoxieHre map aHTHYACTHIL TTPO-
W3BOJMTCS HE TOJIbKO C MIOMOIIBIO BCTPEUHBIX MYYKOB aJPOHOB, HO U MPH CTOJIKHOBEHUSX ITyYKOB
JIEKTPOHOB Y TIO3UTPOHOB ¢ 3Hepruey Beiile 1 3B, CTpyKTypa aHTMYACTHUI] aHAJIOTMYHA PACCMOT-
peHHBIM. Boree Toro, sKkcepuMeHTaIbHO OOHAPYKEHO YBEIMYEHHE YUCIa AaHTUHEHTPOHOB B IyYKe
HEWTPOHOB U3 peaKkTopa ¢ pOCTOM BPEMEHM IpOJIETa — 9TO TaK Ha3blBacMble HeHTPOH-aHTHHeI-
TpoHHBIe ocuumassun'”. CTpykTypa HeliTpoHa npuBeaeHa Ha ®wur. 2.19.

@ur. 2.19. Cxema HenTpoHa

[epBas u BrOpast GUIONSPHBIE OOOJIOYKH, BXOJSIIME BO BHYTPEHHIO CTPYKTYpPY HEUTpPOHA,
UMEIOT CTPYKTYpY K- 1 7t-HOJIb Me30HA U CO3[JaHbl KBAHTOBBIM PE30HAHCHBIM 3aXBATOM C ITOCTIEYI0-
IIMM KOHLIEHTPUYECKUM CJIMSTHHEM Pa3HbIX M0 YaCTOTaM YETHIPEX MOJSPHBIX U MOMAPHO MPOTUBO-
TIOJIOXKHBIX 3aAMKHYTBIX BUXPOHOB. OHHM BJIOKEHBI APYT B JIpyra TAKUM 00pa3oM, UTO MOJIOKHUTETbHBIC
MOTEHIIMAJIbl BOJIHOBOJIA BHYTPEHHEN MPUTATUBAIOTCS OTPULIATEIbHBIMU OTEHIIMAIAMU CJIeyIoLIen
BHEIITHEW 30HOW XOJIOMHOM Ija3Mbl — 3T0 B3amMopericteue B CAIl HocuT Ha3BaHME CUJIbHBIX B3a-
uMopercTBui B siape. LleHTpanbHas cdepa mokaspiBaeT CBOOOJHOE MPOCTPAHCTBO, KOTOPOE OyIeT
3aMOJHATHCS LIEHTPATBHBIMUA OOO0IOUKAMHM MTPU 00PA30BAHUH SIJIEP XUMHUECKHUX JIEMEHTOB BILIOTh
10 sfep Kanbliys. Takasi CTpyKTypa HEUTPOHA CBOMCTBEHHA €My BHauaJle ero MosiBlIeHus U JA0Iron
JKU3HU B OIPE/ICIEHHBIX YCIIOBUSIX, JI0 HAYasla pa3phIXJICHUsI €0 BHEIITHEH 3aps1000pa3yoiieii 000-
Jouku. B3aumonericTBre Mex iy 000I0uKaMK — JIEKTPOMArHUTHOE

1 o
8 3HaK MarHUTHOIO MOMEHTA HEUTPOHA NPOTUBOIIONIOKEH HAIIPABJICHUIO €r'0 CIIUHA.

190 Shy SKCIEPUMEHTAJIBHBIE JAHHBIE U JIETTIU B OCHOBY CXEMBI pacriaia HeﬁTpOHa nin HeﬁTpaﬂbHLIX ANEP B 3aBUCUMOCTHU OT BHEIII-
HUX yCJ'[OBI/Iﬁ C POXIAEHUEM ITOJIOKUTEJIBHBIX UJIN OTPULIATEJIBHBIX ANEP.
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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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